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Chapter I 

INTRODUCTION 

1-1 GENERAL 

This document covers the operating procedure, updating 
procedures, copy procedure and the various messages 
associated with the magnetic tape library. All procedures, 
with the exception of the operation procedure, are 
tutorial. 

1-2 OPERATING PROCEDURE 

1-3 TO LOAD PROGRAMS FROM MAGNETIC TAPE 

a. Remove write ring from tape reel and mount to 
tape unit O. 

b. If the systems configuration prohibits the contents 
of the upper core from being destroyed (for example, 
shared memory system), set sense switch 1 and reset sense 
switches 2, 3, and 4. Otherwise, reset all sense switches. 

c. Execute a LOAD from the processor control panel 
.' .P). If sense switch 1 is set, the program will come to 

WAIT. Enter the maximum memory address to general 
register 1, reset sense switch 1 and cleartbe WAIT 
condition. If sense switch 1 is reset, the program will 
not come to aWAIT. 

d. A message giving the magnetic tape library title 
will be typed to the operator keyboard, KSR, and control 
will be given to the KSR for input. 

e. Type in the program name, followed by a NL 
(New line-EBCDIC 15) character. Th~ program will be 
loaded, the tope rewound and control transferred to the 
program. 

f. Refer to individual program write-ups for each 
. program. 

Further explanations assume that the program has been . 
loaded and is ready to receive data from the operator. 

1-4 INPUT PROCEDURE 

a. Valid inputs to the KSR can be a program name, 
a simple NL (New Line - EBCDIC 15) character, or a 
utility request for UPDATE. 

_ b. All valid KSR input wi II be terminated with 
~ termination character, NL (New Line - EBCDIC 
. 5). 

c. Input errors to the KS R can be cleared by 
the EOM (End of Message - EBCDIC 08) character 
if the EOM character is input before the termination 
character (NL). . 

1-5 PROGRAM NAME LISTING PROCEDURE 

a. A message giving the magnetic tape library 
title will be typed to the operator keyboard, KSR, and 
control will be given to the KSR for input. 

b. Type in a Nl (New Line - EBCDIC 15) 
character. 

c. Program name, revision level, loader type, if 
the program is interfaced to the diagnostic program 
monitor, and the starting address of the program wi II be 
printed. 

The program name will be listed in the following format: 

. XXXX ••• XXX ABC YYYYY 

XXXX •• X 

A 

B 

C 

YYYYY 

Program nome. This is the nome used in 
colling the program from the magnetic 
tope Ii brary • 

Program revision leve I. This should always 
correspond to the latest revision level. 
The revision leve I is not requi red as a 
port of the nome to call a program. 

Loader Type. If this field is blank, it 
means that the program uses the Re locatable 
Diagnostic (Sigma 5 ~nd 7 Program No. 
704356, Sigma 2 and 3 Program No. 
705299) Loader Program. If this field 
prints letter L, it means that the program 
uses the CPU Loade r. 

Diognostic Program Monitor. If this field 
is blank, it means that the program is a 
stand-alone program and does not interface 
to the diagnostic program monitor. 
(Refer to Sigma 5 and 7 Program No. 
705682, Sigma 2 and 3 Program No. 
705681). If this field prints letter M, 
it means that the program uses the diagnos­
ti c program mon i tor. 

The starti ng address of the program in 
hexadecimal. 

1·1 
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1-6 PROCEDURE TO FOllOW WHEN OPERATOR DOES 
NOT KNOW OR CANNOT REMEMBER PROGRAM 
NAME 

a. list program names as described in paragraph 1-~. 

b. Find the appropriate name. Input the nome to 
the KSR, followed by a NL (New Line) character. The 
program will be loaded, the tope rewound, and control 
transferred to the program. 

1-7 PROCEDURE TO FOLLOW WHEN OPERATOR 
REMEMBERS PARTIAL PROGRAM NAME 

a. Type in the partial program name followed by a 
Nl (New Line) character. 

1·2 
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b. All program names with a matching partial 
program name will be listed on the operator keyboard, 
KSR. Then the partial name wi 11 be typed on the KSR. 
The' user will complete the program nome and tenni nate . 
input with the Nl (New line) character. The program 
will be loaded, the tape rewound, and control transferred 
to the program. 

1-8 OTHER OPERATING FEATURES 

All message outputs can be terminated by the user by 
depressing the BREAK key. 
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Chapter II 

OPERATING PROCEDURE 

2-1 GENERAL 

The magnetic tope library updating function requires a 
minimum of two tope drives. The availability of a third 
drive can reduce all operator interventions. The updating 
function covers the program addi ng feature, the program 
deleting feature, and the program replacing feature, all 
of which are very similar aperations. 

2-2 UPDATING PROGRAMS TO THE MAGNETIC TAPE 
LIBRARY 

a. The master tape is assumed to be mounted to tape 
unit 0 with the write enable ring removed. Insert write 
ring to scratch tape and mount to unit 1. If a third 
drive is available, insert a write ring to the tape that 
the new magnetic tape library is to go on and mount to 
unit 2. 

b. Place on update control card in front of each ob­
iect deck and place an update termination cord at the 

tEtom of the deck. See paragraph 3-1 for control card . 
, at and description. The deck must be sequenced in 

. e some order that the program names exist on the library 
tope. 

c. Stack the card deck in the card reader and set 
card reader ready. 

d. Type in UPDATE followed by a NL (New line) 
character. 

e. The cards will be read, and the updating will start. 
Users with only two tape drives -wi II be alerted to leave 
the scratch tape on unit 1 and mount a scratch tape (the 
tape that is to be designated as the new master) on uni t 2. 
To do this, the master must be removed from unit O. Users 
with three tope drives will ignore this message. 

f. The completion of the updating of programs is in­
dicated by a message informing the operator that the copy 
portion of update is completed on unit 2. 

g. The operator now has the option of verifying the 
new master tape or of taking the new master without verifi­
cation. Users wishing to verify the new tape should refer 
to paragraph 2-7. 

2-3 ADDING PROGRAMS TO THE MAGNETIC TAPE 
LIBRARY 

a. To odd programs to the magnetic tope library, the 
operator must make certain that the first 38 characters of 

the program nome being assigned to the program, in the 
program name field on the control cord, are unique. The 
operator should then follow the instructions in paragraph 
2-2 to perform the update. See Sigma 2 for deck set-up. 

b. If the operator has any doubts about the nome, 
check all program names by listing them as described in 
paragraph 1-5. 

2-4 REPLACING PROGRAMS ON THE NV>.GNETIC 
TAPE LIBRARY 

a. To replace programs on the magnetic tape library, 
the operator must make certain that the first 38 characters 
of the program nome, in the program name fie Id of the 
control card, correspond to the existing nome of the 
program to be replaced. The new revision level letters 
shoutd reflect a difference of one level. Refer to para­
grqph 3-5 for a graphic depiction of deck set-up. 

b. When the program names have been checked, 
follow the instructions in paragraph 2-2 to perform the 
update. 

c. If the operator has any doubts about the name, 
list the program name as described in paragraph 1-5~ 

2-5 DELETING PROGRAMS FROM THE MAGNETIC 
TAPE LIBRARY 

a. Deleting programs from the magnetic tape library 
does not require object decks behind the control cards as 
described in step (b) of paragraph 2-2. 

b. To delete programs from the magnetic tape library, 
the operator must make certain that the first 38 characters 
of the program nome, in the program name fie Id of the 
control cord, correspond to the name of the program to be 
de leted. Refer to paragraph 3-5 for an illustration of 
deck set-up. 

c. Stock the delete control cords, place a termina­
tion cord at the bottom of the deck and follow the instruc­
tions of paragraph 2-2 to perform the update. 

d. If the operator has any doubts about the nome, 
list the program nome as described in paragraph 1-5. 

2-6 COPYING THE MAGNETIC TAPE 
LIBRARY 

a. Copying the magnetic tape library is accom­
p�ished through the update m~chanism and only 

'·3 
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aUires a !ennination card to be put in the card reader. 
Refer fo paragraph 3-7 for an illustration of deck set­
up. 

b. Follow instructions in paragraph 2-2 to perform 
the copy. 

2-7 VERIFYING THE UPDATED MAG NETIC TAPE 
LIBRARY 

o. After the magnetic tape library addition, de letion 
and/or copying function is completed, the operator may 
veri fy his new master tope. 

! tOft 
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b. To verify the updated magnetic tape, leave 
the new master tape on unit 2. If the user is only 
using two tape drives, mount the old master tape on 
unit O. If three tape drives are avai rabie, leave th,e 
tapes in the original updating configuration and restack 
the cards in the hopper. 

c. When the verifi catiQn is completed, the opera­
tor will be notified by a message informing him that 
update is complete and that he should remove the write 
ring from the tape on unit 2. 
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Chapter III 

CONTROL CARD FORMATS 

. 3-1 CARD FORMATS 

There ore two types of card formats, the updating card 
"format and the terminotion card format. Column 1 is the up­
dating control character field. Columns 2 through 39 are the 
program name field. Columns 40 through 59 are the revision 
letter and date field. Columns 60 is the loader type field. 
Column 65 is the diagnostic program monitor field. Columns 
70 through 74 are the starting address field. 

3-2 ADDING AND/OR REPLACING PROGRAM 
CONTROL CARD 

a. Column 1 must contain a + (plus). 

b. Columns 2 through 39 must contain the program 
name. When adding programs to the magnetic tape library, 
the name in this field must be unique from any name cur­
rently on the magneti c tape library. When replaci ng or 

deleting prograns on the magnetic tape library, the name 
in this field must be -identical to an existing name on the 

·-egnetic tape library. . 

Columns 40 through 59 should contain the letters represent­
ing the program revision level and a date, if desired. 

c. Column 60 must be left blank if the program uses 
the meta-symbol loader (Program No. 704356)~ Column 
f:IJ must contain an L if the program uses the CPU format 
loader. (Program No. 704029). 

d. Column 65 must be left blank if the program is not 
interfaced to the Diagnostic Program Monitor (Program No. 
705682). Column 65 must contain an M if the program is . 
interfaced to Diagnostic Program Monitor. 

e. Columns 70 through 74 must contain the starting 
address of the program in hexadecimal. 

3-3 DELETE PROGRAM CONTROL CARD 

a. Column 1 must contain a - (minus). 

b. Other fields are identical to the description in 
paragraph 3-2. 

3-4 END CARD 

a. All END cards have the same format. 

b. Column 1 must contain an ! (exclamation). 

c. Columns 2 through 39 must contain the magnetic 
tape library title. 

d. Columns 40 through 59 must contain the magnetic 
tape library revision level arid creation date. 

This information will become the new title which is printed 
on the operator keyboard, KSR, when the magnetic tape 
library is loaded. 

3-5 DECK SET-UP ADDING AND/OR REPLACING 
PROGRAMS 

I END MTL REV 1/1/70 

3-6 DECK SET-UP DELETING PROGRAMS 

I END MTL REV 1/1/70 

1·5 
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3"-7 DECK SET-UP COPYING PROGRAMS 

tEND MTL REV 1/1/70 

1-6 
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3-8 MESSAGES 

Most messoges are self-explanatory. Those messages 
which require operator intervention will continue to 
print in 30-second intervals until the operator intervenes. 
In the cases of card reader errors, the updating can pro­
ceed by taking the cord which causes the error and re­
stacking it in the cord reader. 
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PROGRAM LOADER 

.GRAM OBJECTIVES 

Chapter I 

PROGRAM OBJECTIVES 

The Sigma 5 through 9 Relocatable Diagnostic Program 
Loader is designed to use a minimum instruction repertoire 
and to provide adequate flexibility to the user. The pro­
gram provides the capability to detect sequence errors, 
checksum errors, and many input device errors. In addition, 
the loader protects itself from self destruction. The loader 
may be used as a subroutine to load additional programs. 
This is described in the usage section. 

OPERATING REQUIREMENTS AND SPECIFICATIONS 

Requited Equipment 

Sigma 5 through 9 with minimum 4K memory. ASR/KSR for 
message input/output if relocation is desired. Paper tape 
reader, card reader, or magnetic tape for program input. 

loading Procedure 

1. 

2. 

e· 

Set compute switch to idle. 

Clear memory by simultaneously pressing CPU/CLEAR 
and CPU/RESET switches for Sigma 5/6/7 or by 
pressing the memOry clear switch for Sigma 8/9. 

Set the unit address switches to the address of the 
desired input peripheral device. 

4. Set the watchdog timer switch to halt. 

5. Set the interleave switch to the desired position, 
'interleave or diagnostic mode. 

6. Set the parity error mode switch to continue. 

7. Set clock mode switch to continue. 

8. Set the address stop swi tch to the off posi tion. 

9. For Sigma 9 press not normal switch and check for 
normal indication. 

10. Set sense switches for desired options (see program 
options). 

11. Press I/O reset and then load switch. 

12. Move compute switch from idle to run. 

At this point the program will be loaded according 
to the sense switch settings. . 

.gram Options 

Sense Swi tch 1: 
OFF Loading will complete without waits. 

ON Loading wUI halt after the loader has been stored 
in lower core. At this time a prompt message wi II 
be output to the ASR/KSR. The prompt messages 
are: 

Message: 

. Relocation bias for resident loader in hex 

Response: 

1. (Hex value) N/L - This value will be the starting 
location of the loader. 

2 •. A NIL with no preceding characters tells the loader 
to place itself at the top of memory. 

3. An EOM specifies that the preceding input should be 
disregarded. 

Message: 

Relocation bias for diagnosti c program in hex 

Response: 

1. (Hex value) N/l - This value will be the starting 
location of the program to be loaded. 

2. A N/l with no preceding characters tells the lo~der 
to use the bias where the program has assembled. 

3. Same as 3. above. 

Message: 

Alternate input device address 

Response: 

1. (Hex value) NIL - This is the address that the diag­
nostic program wi II be loaded from. 

2. A NIL with no preceding characters tells the loader 
to use the address indicated by the unit address 
switches. 

3. Same as 3. above. 

Sense Switch 2: 
OFF loading will complete without waits. 

ON After loading is complete .and just before the 
loader transfers con tro I to the loaded program, 
SS2 is checked and the loader comes to a wait 
with the contents of register 12 pointing to the 
starting address. Indicated on the end card. 
Clearing the wait executes a branch indirect on 
register 12. . 

2-1 
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PROGRAM WAITS AND lOOPS' 

.hen~. wait occurs at 'ocation OOOFO ~r 00149, the ASR/ 
KSR did not respond to device address 1. Store correct 
address into register 2 and clear wait. 

USAGE 

Use as a subroutine to load additional object modules. 
Register 1 contains the starting location of the looder. 
This must be saved to communicate with the loader. The 
contents of the location pointed to by register 1 is the 
address of table. The contents of table are as follows: 

Table 
Table+l 

Table+2 
Table+3 

Table+4 

.fjable+S 

Table+6 

o 
o 
loader Address 
BA of loader 

Teletype Address 

UA Address 

lIC Address 

T able+7 Expr Address 

T able+8 FOB Address 

Table+9 ENOPROGRAM 

Other useful locations are: 

SCNT Table Address 

SCNT + 1 I/O Retum 
Address 

ttNT
+

2 

SCNT+3 

2-2 

lOCO 

* 

These locations are for 
future expansion. 

These are the values that 
are used to protect the 
loader from self destruction. 

These values may be altered 
to protect additional memory 
locations. 

The device address used to 

notify the operator of errors 
that occur during the load 
operation. 

This address is where proc­
essing starts. 

This address ~ntains a NOP 
and could be used to insert 
a branch instruction for user 
interpretation of buffer data, 
input by the loader. 

Address of on useful sub­
routine. 

Address of an useful sub­
routine. 

First location above loader 
{Table +2)+(Tabfe +9)=First 
unused location. (Table+2) 
+478=last unused location. 

SCNT is the label that is 
attached to location i ndi­
cated by register 1. 

When input is done by the 
user, this IS where sequence 
and checksum checking 
storts. 

lOCO used by the loader 
510. 

SCNT+4 Address of the loader 510 

SCNT+5 Input Device Address 

SCNT +6 last Memory Address 

600P81 036 

SCNT+7 Buffer Address used by the loader for input. 

I 

When using the loader as a subroutine, register 11 should 
contain the address that the loader returns to. If register 11 
contains a zero, the loader goes to the address indi cated on 
the end card of the objec:t deck. Register 0 must contain 
the amount of relocation bios to be added to the object 
module to he loaded. This value can not be negative. An 
example would be: 

lI,O RElOCA TlONBIAS 

lI,l lOAOERAODRESS 

8A411. 8,1 

GO The loader will return' here. 
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SUBJECT MODEL -- This program is used as the operating monitor 
program for DPM peripheral test programs~ Refer to the individual 
test programs for further information. 

PROGRAM LOADING INSTRUCTIONS 
From Magnetic Tape library 

• Mount tape on unit 0 (without write-ring) and set its 
address on the control panel 

• Reset all sense switches 
Exception: Set sense switch 1 ifthe upper core 
protection is desired 

• Execute a LOAD from the control panel: 
1. If sense switch 1 is reset, the loader is loaded 

to the upper end of memory. 
2. If sense switch I is set, the following occurs: 

a. If the keyboard printer is not on lOP 0, 
device address I, the program will come 
to a wait. Enter the correct address into 
register 2 and clear the wait. 

b. If the keyboard printer is at the standard 
address or the correct address has been 
entered, the following three messages will 
be printed: (Reset sense switch I once 
printing has begun) 
• RELOCATION BIAS FOR RESIDENT 

LOADER IN HEXi Type in the 
hexadecimal memOry address of the first 
location the resident loader is to occupy 
in memory followed by a carriage return. 
Minimum address is 400 and the maximum 
address is IFEOO or maximum memory size 
less 200. 

• RELOCATION BIAS FOR DIAGNOSTIC 
PROGRAM IN HEX; DPM programs may 
not be relocated, therefore type in only 
a carriage return. 

• ALTERNATE INPUT DEVICE ADDRESSi 
. To continue loading, type in only a 
carriage return. 

• Loading will continue following the third 
entry 

A message giving the tape library title and revision 
letter should be typed out from the keyboard 

• Type in the program name desired and a Nil 
1. If a listing of allprogroms on tape is desired, type: 

I LIST , ADR, NIL Nil where ADR = output device 
address in hex. Default is to the keyboard printer. 

2. If the full name cannot be remembered, type in the 
partial nome and a NIL. Complete the partial name 
by selecting the desired name from the suggested 
names typed aut by program. 

• Ta make a copy of the MTL, mount MTl on unit 0 and execute 
a LOAD. Mount scratch tope on unit 1 and make ready. 
Type: !COPY. The MTL tape will be copied to the scratch 
tape and verified. 

From Card Deck (same for Paper Tape) 
• Place card deck in Card Reader and set its address on the 

control panel 
• Reset all sense switches 

Exceptions: Set sense switch 1 if the upper core 
protection is desired or sense switch 2 if register control 

SIGMA 5-9 DIAGNOSTIC PROGRAM MONITOR 
(DPM) 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; 
Input Device: Cord Reader, Paper Tape Reader or Magnetic 
Tape Input; Output Device: Keyboard Printer or line Printer. 
The remote facility is available in systems with more than 
16K of memory. 

is desired by tfle keyboard printer (ASR DPM) test, 
program no. 705651 

• Execute a LOAD from the control panel: 
1. If sense switch I is reset, no wait wil I occur unless 

sense switch 2 is set (see 3.) 

2. If sense switch 1 is set, the following occun: 
o. If the keyboard printer is not on lOP 0, 

device address I, the program will come 
to a wait. Enter the correct address into 
register 2 and clear the wa it. 

b. If the keyboard printer is at the stondard 
address or the correct address has been 
entered, the following three messages will 
be printed: (Reset sense switch 1 once 
printing has begun) 
• RElOCATION BIAS FOR RESIDENT 

LOADER IN HEX; Type in the 
hexadecimal memory address of the first 
location the resident loader is to occupy 
;n memory, followed by a c;arriage return. 
Minimum address is 400 and the maximum 
address is IFEOO or maximum memory size 
less 200. 

• RELOCATION BIAS FOR DIAGNOSTIC 
PROGRAM IN HEX; DPM programs may 
not be relocated, therefore type in only 
a carriage return. 

• ALTERNATE INPUT DEVICE ADDRESS; 
To con,tinue loading, type in only a 
carriage return. 

• Loading will continue following the third 
entry 

3. If sense switch 2 is set, the program comes to a wait: 
• Clear the wait, the program will come to a second 

wait 
• Enter X'FFFFFFFF' into register 0 
• Reset sense switch 2 
• Clear the wait 
• The test program is automatically loaded (without 

requiring Q "LOAD" directive) and comes to a wait. 

• The KSR/ASR program will operate in register control 
mode. 

Exceptions: Sense switch, 2 option was used or the 
keyboard is not on lOP 0, device address 001. 

I. If sense switch 2 option was used, "LOAD" 
directive will automatically be performed 

2. If keyboard is not address 001, the program 
will come to a wait: 
• Enter lOP and device address of the 

keyboard into register 2, i.e. X'l05' 
• Clear the wait 
• "!" should be typed on keyboard 

• Type in "LOAD" and a "Space Character" if sense 
switch 2 option was not used. A message giving the 
program name and revision letter should be typed out 

3-1 
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DIRECTIVES -directives are entered after a "!" is typed out 

Parameter 

Name Format 
10 Definition Value Range 

Monitor Directives 

Message Output Device MOD, A, IXX A Device type TY (KSR/ASR) 
LP (Line Printer) 

I lOP number o -IF 
XX Device controller address 00-7F 

Message Input Dev i ce MID, A, IXX A Device type TY (KSR/ASR) 
CR (Cord Reader) 
PR (Paper Tape Reader) 

I lOP number o -IF 
XX Device controller address 00- 7F 

Dump Memory DMP, HI, H2 (,C ] HI Starting address 0- FFFFF 
H2 Ending address 0- FFFFF 
C Relative address flog (displacement C t 0 

from the starting address) 

OumpMemory TDMP, HI, H2 [,C] HI Starting address 0- FFFFF 
an ASR/!<SR H2 Ending address 0- FFFFF 

C Relative address flog (displacement C -I 0 
from the starting address) 

AI ter Memory ALT, HI, Xl [ , ••• ,XN] HI Memory address 0- FFFFF 
XI 

} Values to be inserted 
into memory starting 
from HI 

XN N 5254 

Load Program LOAD, [HI] HI Laad device address O-·IFFF 
(from object deck) 

Program Directives - Environmental Directives 

System Environment SYST, 01, 02, H3, 01 Device or controller model number The 'SYSTdirective . 
H4, ••• ,HN 02 interpretation and 

value ranges are 
H3 supplied by the program 
H4 loaded by the 'LOAD' 

directive. Refer to 
the applicable 
diagnostic program 
reference manual. 

HN Also, the diagnostic 
program will generally 
print its 'SYST' format 
following the 'LOAD' 
operation. 

Pragram Directives - Testing Directives 

Test Directives Determined by Supplied by the Diagnostic 

(used to test a Diagnostic Program Program. Refer to the 

device or to madify applicable Diagnostic Program 

test data) Reference Manual. 

Note: Parameter of any directive beginning with a 0 means decimal, with an H means hexadecimal. 

(Conttnued) 
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Standard Value 
(default) 

TY 

0 
01 

TY 

0 
01 

0 

0 

Initial loading 
device 
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DIRECTIVES (Cantinued) 

Name Format 
10 

3. SIGMA 5-9 DIAGNOSTIC PROGRAM MONITOR 
(DPM) 

Parameter 

Definition Value Range Standard Value 
(default) 

Monitor Directives (Available Only If Memory Size> 16K). 

These directives simulate PCP control and provide remote troubleshooting facilities. 

Tum On SON [,01, 02. 03, 04] 01 Sense switch number 1 - 4 01 thru 04 
PseudO Sense Switches 02 Sense swi tch number 1 - 4 =0, display 

03 Sense switch number 1 - 4 pseudo sense 
04 Sense switch number 1 - 4 switches 

Tum Off SOFF [,01, 02, 03, 04] 01 Sense switch number 1 - 4 01 thru 04 
Pseudo Sense Switches 02 Sense switch number 1 - 4 =0, display 

03 Sense swi tch number 1 - 4 pseudo sense 
04 Sense switch number 1 - 4 switches 

Use Reol Sense Switches SSWC 

Simulate PCP Reset RES 

Set Address Stop STOP [,HI] HI Stop address 0- FFFFF 01 = 0; 
Remove 
address stop 

Continue with next GO 
instruction ofter program (continue with next 
wait or address stop location after wait) 
(from stop directive) 

GOI 
(continue with next 
location + 1 after ,wait) 

Start Progtam at BR, HI HI Branch address 0- FFFFF Note: Registers 
location II. or flogs may 

not be set up 
correctly. 

Allow Remote User lOG, A, H2, H3 A 4-character password Alpha/num 
10 log On characters 

H2 COC address 0- lF7F 
H3 010 address of COC O-F 0 

Swap Conbot Between SWAP 
Controller and Observer 

Disconnect RemOte Users ROFF 

load Another Program BOOT [,HI] HI load device address 0- IFFF Initial loading 
ftOm MTl device 
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LOADER ERROR MESSAGES 

Error Message Description of Error 

600P81 036 

Sequence Error Job Aborted The last record read was out of sequence (if reading cords, the deck may be missing 
a card) and loading has been aborted 

Checksum Error Job Aborted The last record read had a checksum error (the input media may be damaged) and 
loading has been aborted 

Dev Nat Redy The input device failed to come 'READY' following t~ last read operation and 
loading has been aborted 

Illegal load ITM The last record read contained an illegal load item type and loading has been aborted 

1. If any loader error message is printed, loading has been aborted 
2. Retry entire loading procedure: 

a. If identical error occurs, obtain a new copy of the program 
b. If loading still foils, check input device for correct operation 

MONITOR ERROR MESSAGES 

All monitor error messages are output to the keyboard, KSR, and 
have the follow ing format: 

MONITOR ERROR XXXX where XXXX is a four-digit 
number. 

The fow-digit error numbers have the follow in.£! interpretation: 

ERROR NO. 

0700 

1000 

1100 

1200 

1201 

1202 

1203 

1301 

1302 

1303 

1800 

DESCRIPTION OF ERROR 

Illegal address (AlT directive, DMP directive, 
message print routine) 

Illegal device mnemonic, parameter AI, MOD 
directive 

Illegal device mnemonic, parameter A I, MID 
directive 

Illegal character in a hexadecimal parameter 

Illegal character in a decimal parameter 

No termination or continuation character in first 
72 characters of a record containing a directive 
input from a device other than the keyboard/printer 

First character of a continuation line is not an 
exclamation 

First character of a record is not an exclamation 

Illegal directive 

More parameters indicated for a directive than 
authorized 

No parameters with SYST directive 

1801 

1802 

1804 

2201 

2202 

2203 

2204 

2205 

2206 

2301 

2302 

2303 

2304 

2305 

2306 

2307 

Diagnostic program does not show the madel 
number specified in a SYST directive that is 
executed while diagnostic program is loaded 

Context data block in diagnostic program is not 
long enough 

Context data table in diagnostic program shows 
zero madel numbers to which a context data 
block applies 

SIO yielded lOP halt 

510 yielded incorrect length indication 

510 yielded lOP memory error indication 

SIO yielded memory address error indication 

SIO yielded transmission memory error indication 

SIO yielded transmission data error 

SIO not accepted after maximum delay 

I/O address not recognized 

I/O interrupt fails to reset 

Device not operational 

Controller not operational 

SIO reiected after operational status byte obtained 

Manual mode 
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SIGMA 5-9 DIAGNOSTIC PROGRAM MONITOR 
(DPM) 

START PROCEDURE 

1. Sense Switch Options 

Sense Switch Position Function 

1 Reset Continuous operation, no looping 
1 Set Loop on failing test or selected test if SSW3 is set 
2 - Not used * 
3 Reset Wait on error or successful completion of tests. (Clearing the wait causes looping on the 

error or selected test. PCP instruction address increment before clearing the wait continues 
the program without looping.) 

3 Set No wait after error or successful completion of test. See SSW 1 for looping 
4 Reset Print all message(s) 
4 Set No message printout except from the monitor 

*Note: Sense switch 2 may be used during the loading of the Diagnostic Program Monitor, see Program Loading Instructions. 
2. Monitor Directive Options - Desired Monitor Directive(s} entered 
3. Environmental Directives - SYST directive is entered for test environment (Diagnostic Program Dependent) 
4. Test Strategy Selection (Diagnostic Program Dependent) 
5. Repeat 1, 2 and 4 when the program terminates. Repeat 3 only if system environment is to be changed 

TERMINATION IND£ATION 

1. Completion of a directive - Control returns to the message input device or loops on an instruction sequence 
2. Error indication - Error message printout or looping on an instruction sequence 
3. PCP interrupt - Control returns to the message input device and the current operation is aborted 
4. Watchdog timer trap - WAIT without message (if no jumper for I/O reset) 

- Looping with message (if no jumper is connected, Sigma 5: 4C17 to 6C15, 
Sigma 7: 27G21 to Graund) 

S. Other traps or interrupts - The following type-out will occur: 
TRAP/INTER: XX TCC: YYYY REGSAVE = AAAAAAAA 
PSWI : TTTTIlTT PSW2: RRRRRRRR 

where: XX Denotes the trap or interrupt location 
YYYY Denotes the trap condition codes 
AAAAAAAA Denotes the location in memory where the register contents at the time of the trap or interrupt 

are stored 
TmTTTT and RRRRRRRR are the contents of the Program Status Doubleword saved by the LPSD instruction 

. executed as a result of the Trap or Interrupt 
a. Memory Fault Trap or Interrupt only - The program will 

Type-Out: (Sigma 8 and 9 only) 
M5WO == WWWWWW MSW I == EEEEEE MSW2 == RRRRRR 

Giving the status of the faulted memory 
b. Processor- Fauh Interrupt only - The program will type-out: (Sigma 8 and 9 only) 

PROC. NO. 5S F/5TAT: C 
Giving the faulted processor address and the fault status 

RESTART PROCEDURE 
1. Perform applic:oble steps under Start Procedure 
2. Depress System or CPU reset switches and return the system to a RUN condition. C~ntrol returns to the message input 

device and the current operation (if any) is aborted 
3. PCP Interrupt - Control returns to the message input device and the current operation (if any) is aborted 
4. If program foils to restart correctly, reload the program 
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SIGMA 5-9 DIAGNOSTIC 'PRQGRAM MONtTO~ 
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REMOTE FACILITY 
Control 

To allow a remote user to log on, the controller must use the directive! lOG. The parameters contoin the pa1sward, the COC address. 
'and the 010 Address (0 -F) e. g~, ! lOG, olAG, 5, 1 

Upon receipt of this directive, the eoe will be activated and all lines scanned for input. If land whenlo connect signal is received, 
a log in message is sent to that line. The valid reply to the log in message is password. If the password is received, that teletype 
becomes the observer and all other lines are ignored. The controller is informed when the user has logged on. 

To transfer control from the controller to the observer, the controller must use the directive! SWAP. There are no parameters for the 
directive.' . 

To disconnect the coe and the remote user, the local user when he is the controller can issue the directive! ROFf. No parameters are 
required. 

If the program detects that the remote user is "lost" due to some malfunction, the progra~ continues with the local user as the controller 
even if the remote user was controller; and the eoe is set up ready' to reconnect the remote user equivalent to its state following a 
! lOG directive. 

If the local ASR/KSR is "lost" due to a malfunction, ·the program will 'WAIT ". 

Directive Mode 

600P81 036 

In directive mode the controller is issuing a directive to the system. The observer obtains a copy of the directive but cannot communicate 
with the system or the coqtroller. 

The system is in directive mode when: 

o. The oPM has typed out a ! and is awaiting input." 
b. The system was running and the controller types in a !. 
Co The local user, if controller, stops output with break key. 
d. The renote user, if controller, stops output with the! or escape key. 

The system is not running when in directive mode. 

If the local user is the controller, the local ASR,/KSR is in input mode and characters input are passed to the system for use as the directive 
and any associated parameters. The input is copied to the remote user. Input from the remote user is ignored except as outlined under 
Message Mode. 

If the remote user is the controller, chorocters from this device are used as the directive and its associated parameters. All characters input 
are echoed to the device and copied to the locol ASR/KSR. Input from the remote user is ignored except as outlined under Message Mode. 

Directives are terminated by any character other than: 
A - Z 0 - 9, i - C )! 

Message Mode 

In message mode, the twa users can communicate with each other via their respective teletype devices. The characters are passed from one 
to the other and do not effect the system operation. 

The system is in message mode when: 

a. The program is running. 
b. The system entered directive mode and the controller has not input any characters. 
Co The system was in directive mode and the contraller types in a C. This condition continues until the controller types in a ) or a !. 

Characters from the remote user are echoed to the device and copied to the local ASR/KSR. 

Input from the local ASR/KSR is copied to the remote user. The local ASR/!<SR is input mode at all times unless chracters need to be output 
to it. 

If the local user is the controller and the device is not in input mode because of output the user con obtain control by the procedure described 
under System Output. 

System Output 

System output is sent to both the local ASR/KSR and the remote user. 

Input other than a !, escape, or NUL character from the remote user is ignored. 

Output can be stopped by the controller in twa different ways. 

o. Output of a single message line con be terminated by the controller hitting the NUL key if he is the remote user or depressing 
the break key from .1to.9 seconds if he is the local user. 

b. Output con be terminated and the DPM forced into directive mode by the controller hitling the! or escape key if he is the 
remote user or depressing the break key for more than 1 second if he is the local user. 
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PCP FACILITY 

Sense Switches 

Real sense switches - these ore the hardware sense switches on the PCP which are switched manually and their position can be found by a 
read direct instruction. 

Pseudo sense switches - these are four positions in a defined memory location. If the bit is a one, the switch is on. Directives are available 
to change the settings. 

After loading, if no information is received from the magnetic tope lihrary control program about pseudo sense switches. and until (if ever) 
a directive is used to adjust the pseudo sense switches. the real sense switches control the program. 

Following 0 directive to set/reset one. or more of the pseudo sense switches, the pseudo sense switches control the program. A directive allows 
the system to switch bock to using the real sense switches. 

If the magnetic tape library control program informs the DPM that the pseudo sense switches are in use, then the settings will be used as 
received and pseudo switches will control the program unti I the! SSWC (see below) directive is used. 

The pseudo sense switch directives are: 

For fuming switches on: 

!SON, "1'"2'"3'n4 

For fuming switches off: 
ISOFf, n1,n2' n3' n 4 

Any number of parameters up to a maximum of four con be used and the values must be in the range 1 to 4. 

e.g.. !SON,3 
!SOFF,4,1 

Turns on pseudo sense switch 3 
Turns off pseudo sense switch 4 and 1. 

If the first pseudo sense switch directive used following the use of the reol sense switches does not change all four switches, the state of the 
others are copied from the corresponding real switches. 

Following a pseudo sense switch directive the state of all the switches are shown, e.g., assume that reol switches are 0101, and this is the 
first pseudo sense switch directive. 

ISON,I 
!!SWl234 
II 1101 

If no parameters ore given, no switches are set or reset but a printout of the current positions occurs. 

A type-in of either: 
!SON or !SOFF 

results in a type-out of: 
!!SW1234 
! I 0101 

To revert to the use of reol sense switches the directive! SSWC is used, no parameters are required. 

WAIT Instructions 

Because WAIT instructions cannOt be observed or cleoredfrom a remote location they will be eliminated as far as possible from the system. 

A WAIT instruction in the last program is replaced by a call to a subroutine in the DPM. The routine will type a message and then give the 
user control, e.g., 

BAl,lS 
DATA 

:WAIT 
MESS I 

(address via MlT+43) 
ADDRESS OF MESSAGE 

The controller can use the !ALT directive to adjust any locations required and use the !GO or !GOl directives described below to continue 
the program. 

The only situations which still require PCP control are: 

1. If after loading, an ASRjKSR cannot be found - a WAIT is performed and the user puts a valid ASR/KSR address in register 2. 
2. If I/O to the ASR/KSR cannot be performed the program will WAIT. 
3. If a manual reset is required after a trap - the program hangs. 
4. If the locol user depressed control panel interrupt switch to gain control of the program. 
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SIGMA 5-9 DIAGNOSTIC PROGRAM MONITOR 
(DPM) 

PCP FACILITY (Cantin'ued) 

. AddreSs Stop Function 

A directive is implemented to simulate the address stop feature of the pCP. 

To set an address stop the controller uses the! STOP directive. The parameter is the address at which the program should stop, e.g., 

!STOP,2FE. 

6ooP81 036 

This directive will cause an XPSD to be placed into the address specified. If the XPSD is executed. a type out of the saved PSWl, PSW2 
and the address of a stack containing the saved PSWl, PSW2 and all the registers (0-15) will accurand the user obtains control. The PCP 
wi" nat reflect the saved machine state. 

The u.ser may change the saved PSWl, PSW2 and registers by use of the !ALl directive. The layout of the stack will be: 

ADDRESS PRINTED 

and the address of register zero will be on a 16 ward boundary. 

REGISTER 0 
REGISTER 1 

REGISTER 15 
PSWI 
PSW2 

The controller can continue tlie program with the replaced instruction, or with the new environment if he has changed any of the saved 
values, by using the ! GO directive. 

A second! STOP directive with a new address causes the initial instruction to be replaced at its conect address and the XPSD to replace the 
instruction at the address specified. . 

A ! STOP directive without an address causes the' XPSD to be removed and the location replaced with its valid instruction; i.e., the address 
stop is removed. 

Reset Function 

A directive is implemented to simulate a reset from the PCP. A reset from PCP is performed by: 

G. Hitting the interrupt button. 
b. Putting the CPU into IDLE, hitting reset, and putting CPU to RUN. 

This function can be simulated by the controller using the ! RES directive. No parameters are requited. 

A reset does not disconnect the remote user. In all cases theDPM will remember if there was a remo,fe user. Control after a reset will revert 

to the controller. 

Continue Function 

Two directives are implemented to work in conjunction with the! STOP directive, the programmed WAIT instruction and to simulate the 
RUN/lDlE switch on the PCP. When the program has stopped running because: 

a. It arrived at the simulated stop address. 
b. It arrived at the :WAIT subroutine. 
c. The controller typed in on ! character or stopped output via break key. 

The program can be continued correctly at the next "logical" instruction by using the ! GO directive. No parameters ore required. The next 
"logical" instruction is defined in the three cases above as: 

G.' The instruction which was replaced by the XPSD, or the new environment if the user altered PSWl, PSW2 and/or ony of the 

saved registers. 

b. The instruction which presently follows the WAIT instruction. 

c. The next instruction in the main line code which would have been executed if the s~em had not switched to directive mode. 
There will be a loss of output if break key stopped output. A continuation of the test (with GO directive) may lead to error 

printouts. 

At present following a WAIT associated with the sense switch routine the user either clears the WAIT and continues at the next instruction, 
or he increases the Instruction Register by 1 and then continues. The! GO directive simulates the former action and another new directive 

!GOl will simulate the latter action. 
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(DPM) 

PCP FACILITY (Continued) 

Between the time the program stops running and the issuance of the !GO or !GOI directives the user may issue any of the following 
directives: . 

!lOG, lSON, !SOFF, !SSWC, ISTOP, !MID, !MOO, !DMP, !ALT, lTOMP 

If any other directives are issued the OPM will "forget" the "place to go", e.g., 

SYSTEM RUNNING 
I DMP (DPM remembers next logical instruction) 
!AlT 
!SON 
IGO 
System restart at next logical instruction 
SYSTEM RUNNING 
!SON (OPM remembers next logical instruction) 
ITST1 
System restarts with Test 1 and forgets the logical instruction address. 

Branch function 

A new directive is implemented to allow the controller to bronch to any location he requires. The directive requires one parameter: 

!B~2FE. 

The diredive is intended to allow the user to deport from the normal diagnostic program procedure. Having taken the branch there is no 
guarantee that the program will perform according to the specification. The directive must be used with coution. 

COMMAND DOUBlEWORD FORMAT 

o 78 1516 2324 310 2 3 4 5 6 78 1516 2324 

0 I C 
C 

Z C BYTE COUNT 
C 

ORDER MEMORY BYTE ADDRESS 

SKIP 
SUPPRESS INCORRECT LENGTH 
INTERRUPT ON UNUSUAL END 
HALT ON TRANSMISSION ERROR 
INTERRUPT AT CHANNEL END 
COMMAND CHAINING 
INTERRUPT ON ZERO-COUNT 
DATA CHAINING 

31 
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INPUT /OUTPUT INSTRUCTIONS 

I/O AODRESS 

Multiunit device controllers (bit 24 is 1) 

Operotion 
Code 

R x 
xxx 

I/O STATUS RESPONSE 

510, HIO, TIO, AND ToV 

Word into register R 

Reference address Sigma 8/9 
Subchannel 000 Current command address 

o Status 
I 

01 3 4 7 8 1112 14151617181920 232425 2728 31 0 
T 
34 78 101112 -" 19 20 23 24 2728 31 

1·1 
6E 

01 

Y 
Sigma 8/9 systems on Iy 
000= HIO 
001 = RIO 
010 = POLP 
01.1 = POLR 

GENERAL CONDITION CODES 

Word into register Rul 

Status Byte Count 

o 1516 31 

Note: These condition codes apply to most devices but they may differ. Refer to the individual device reference manual for correct condition code. 

The condition code settings are: 

2 3- 4 Result of 510 

o 0 I/O address recognized and SIO accepted 

o I/O address recognized but SIO not accepted 

o - - device controller is attached to a "busy" selector 
lOP or Sigma 8/9 MIOP operating in Burst Mode 

1 - - I/O address not recognized 

2 3*" Result of TlO 

o 0 I/O address recognized and acceptable 
SIO is currently possible 

o 1 - - I/O address recognized but acceptable 
SIO is not currently possible 

1 0 - - device controller is attached to "busy" selector 

lOP or Sigma 8/9 MIOP operating in Burst Mode 

1 - - I/O adckess not recognized 

2 3* 4- Result of HIO 

o 0 I/O address recognized and device controller is 
not "busy" 

o 1 - - I/O address recognized but device controller was 
"busy" at the time of the halt 

1 - - I/O adckess not recognized 

2 3 .. Result of RIO {Sisma 8/..9 onl~! 

0 0 I/O address recognized 

- - I/O address not recognized 

2 3 .. Result of POLP or POLR (Sigma 8/9 only) 

0 0 - - processor fault interrupt not pending 

o processor fault interrupt pending 

- - processor address not recognized 

2 3* 4 Result of TOV 

o 0 I/O address recognized 

o I/o address recognized and device-dependent con­
dition is present 

I 0 - - device controller is attached to "busy·i selector 
lOP or Sigma 8/9 MIOP operating in Burst Mode 

I/O address not recognized 

2 3*" Result of AIO 

o 0 - - normal interrupt recognition 

o 

o 

- - previous operations ended with unusual end or 
transmission error 

AIO is accepted 

no interrupt recognition 

·On Sigma 8/9 systems only 
CC 3 = 0 Status information in general registers is correct 
CC 3 = 1 Status information in general registers is incorrect 
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STATUS BITS FOR 110 INSTRUCTIONS 

Position and State in Register Ru 1 

3. SIGMA 5-9 DIAGNOSTIC PROGRAM MONITOR 
(DPM) 

Device Status Byte Operational Status Byte • 
Significance for 
SIO, HIO, and TfO 

Significance for 
TOV o 2 3 .. 567 

- 0 0 -
- 0 1 -
- 1 0 -
- 1 1 -

- 0 
I 

- 0 0 -
- 0 1 -

1 0 
1- 1 

- 0 

Position and State in Register R 

Device Status Byte 

o 123 

- I--
1 -

.. 5 6 7 

- 1 
1 o­

J 

8 9 1011 121314 15 

- 1 
1 -

- 1 
1 -

Operational Status Byte • 

8 9 1011 12 131415 

- 1 
1 -

- 0 - -
- - 0 -

o 

Dev Interrupt Pending 
Dev Ready 
Dev Not Oper 
Dev U,dvailable 
Dev Busy 
Dev Manual 
Dev Automati c 

Dev Unusual End 
Dev Cntr Ready 
Oev Cntr Not Oper 
Dev Cntr Unava iI 
Dev Cntr Busy 
Unassigned 

Incorrect length 
Trans Data Error 
Trans Mem Error 
Mem Addr Error 

lOP Mem Error 
lOP Conti Error 
lOP Halt 
Selector lOP Busy 

Significance for 
AIO 

U, ique to the 
device and 
device controller 

Incorrect length 
Trans Data Error 
Zero BC Interrupt 
Channel End Intrpt 

Lhusual End Intrpt 
U,assigned 
Lhossigned 
U,assigned 

U,ique 
to the 
device 
and the 
device 

cntr 

• 
Some 
os for 
510, 
HIO, 
TlO 

• 
• 
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MONITOR LINK TABLE (MtTI 
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The MlT toble allows the interfaced diagnostic program access to subroutines with the DPM and allows for data/information exchonge 
between the DPM and the interfaced program 

Memory location 

N~ Definition Progrom Core 
Location location 

MU Absolute progrom recovery address MlT+O X'200' 

MU01 P~rometer 1 MLT+l X'201' 

MLT02 Parameter 2 MLT+2 X'202' 

MU03 Parameter 3 MlT+3 X'203' 

MLT04 Parameter 4 MLT+4 X'2Q.4' 

MLT05 Unassigned MLT+S X'20S' 

MlT12 MLT+12 X'20C' 

MlT13 Temporary ASR mode flog MLT+13 X'20D' 

MLT14 Unassigned MLT+14 X'20E' 

MlT15 'DMP' directive routine call location for interfaced programs MlT+15 X'20F' 

MlT16 DPM Reentry MlT+16 X'210' 

MlT17 Parameter status word MLT+17 X'211' 

MLT18 Unassigned MLT+18 X'212' 

MlT19 Binary coded decimal (BCD) to binary, conversion subroutine interface location MLT+19 X'213' 

MLT20 Directive return address - returns control to the DPM MlT+20 X'214' 

MlT21 Unassigned MLT+21 X'21S' 

MlT22 Binary to EeCblC conversion subroutine interface 10caHon MLT+22 X'216' 

MLT23 Decimal to EBCDIC conversion subroutine interface location MlT+23 X'217' 

MLT24 Hexadecimal to EBCDIC conversion subroutine interface location MLT+24 X'21S' 

MlT25 One-byte input subroutine interface location MLT+2S X'219' 

MlT26 Current character counter for one-byte input routine MlT+26 X'21A' 

. 
MlT27 Error report subroutine interface location MlT+27 X'21B' 

MLT28 Message print subroIJtine interface location MlT+2B X'21C' 

MLT29 Sense switch check subroIJtine interface location MlT+29 X'21D' 

MlT30 'WAIT' instruction, after I/O failure of 'MOD/MID' device MLJ+30 X'21E' 

MlT31 Branch instruction - retry after I/O failure MlT+31 X'21F' 

MlT32 I/O address of cIJrrent 'MO~' device (branch instruction) MLT+32 X'220' 

MU33 I/O address of cIJrrent 'MID' device MLT+33 X'221' 

MLT34 I/O address of initial looding device MlT+34 X'222' 

MtT3S Teletype print rOIJtine location MLT+3S X'223' 

MlT36 I/O address of default 'MOD/MID' device MLT+36 X'224' 

MlT37 Computer type code storage, 0 :- Sigma 5/1, 9 - Sigma 8,19 MLT+37 X'22S' 

MLT38 Relocation bias of OPM program MLT+38 X'226' 

MLT39 Rt!Sident loader base address MLT+39 X'227' 

(Continued) 
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MOlnOR LINK TABLE (MLTI (Continued) 

Memory location 

Name 
. 

Definition Program Care 
Location Location 

MLT«l Unassigned MLT+40 X'228' 

MU.cl Parameter error report subroutine interface location MLT+41 X'229' 

MLT.f2 Ouick sense routine address MLT+42 X'22A' 

MlT.cJ Woit routine address MLT+43 X'22S' 

MLT44 DPM directive dictionary bose address MLT+44 X'22C' 

MLT.cS length of DPM directive dictionary MLT+4S X'22D' 

MLT.f6 Address of lost memory location MLT+46 X'22E' 

MlT.f7 Address of last memory location interfaced program may use MLT+47 X'22F' 

MLT48 Base address of 120 byte input buffer MLT+48 X'230' 

MLT49 Base address of 40 word parameter input buffer MLT+49 X'231' 

MUSO 'LOAD' directive memory location MLT+50 X'232' 

MtTS1 Input routine address MLT+51 X'233' 

MLT52 Output routine address MLT+52 X'234' 

MLT53 Error routine address for DPM 10 errors MLT+53 X'235' 

MLT54 Directive preprocessor MLT+54 X'236' 

MUSS Unassigned MLT+55 X'237' 
/ · 

· 
· 

MLT63 MLT+63 X'23F' 

_e-

-
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(DPM) 

PROGRAM INTERFACE TABLE (PIT) 

600P81 036 

The PIT table is established by the user program at 'LOAD' time ~d provides the DPM with information describing the user diagnostic program. 

Memory Location 
Name Definition Progrom Core 

Location Location 

PIT Unassigned PIT+O X'300' 

PITOI Address of the user program's title message PIT~l X'301' 

PIT02 Address of the liser program's directive dictionory PIT+2 X'302' 

PIT03 The count of the number of words in the user program's directive dictionary PIT+3 X'303' 

PIT04 Address of the user program's absolute recovery routine PIT+4 X'304' 

PITOS Address of the user program's context description table PIT+S X'30S' 

PIT06 The count of the number of words in the user program's context description table PIT +6 X'306' 

PIT07 Unossigned PIT+7 X'307' 

PIT08 Address of the user program's initializer routine PIT+8 X'308' 
---~-~ - ---

PIT09 Contains the lost device model number input via 'SYST' . directive transferred to a context PIT+9 X'309' 
data block 

PlllO Specifies the number of the faulty parometer in a parameter error message PJT+1O X'30A' 

PIT 11 The DPM stores a zero in PITt I prior to branching to the user pragram's initialization PIT+ll X'30B' 
routine. If this location is non zero upon returning to the DPM, the contents are assumed 
to be a message address and the message is printed 

PIT12 The user program's RUN switch. This location must be non zero to execute a user directive. PIT+12 X'30C' 
If zero when a user directive is called, the error mesage: 'ENTER SYST DIRECTIVE' is 
printed 

PIll 3 Unassigned .- PIT+13 X'30D' 
PIT14 PIT+14 X'30E' 

PIllS Address of the user program's trap and fault interrupt handling routine PIT+15 X'30F' 

PIT16 Unassigned PIT+16 X'310' 

. 

. 
-' 

PIT31 PIT+31 X'31F' 
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600P81 036 4. SIGMA 5-9 KEYBOARD PRINTER (ASR/KSR) 

SUBJECT MODEL -- KSR. Model number 7012, ASR, Model number 7020 

REQUIRED EGUIPMEIIT -- Minimum Memory Size: 8K: Input Device: Cord Reader, Paper Tope Reader or Magnetic Tope Unit: 
Output Device: Keyboard Printer or line Printer 

PROGRAM PREREQUISITES 
If the keyboard printeJ is inoperative, register mode of operation must be selected at program load time. 

The ASR punch tests require blank paper tape and the reader tests require prepunched paper tope from the corresponding punch test. 

GENERAL OPERATING PROCEDURES 
. General operating plOcedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (DPM) apply to this program. 

The following additional operoting procedures are unique to this program. See' also START PRCCEDURE. 

Program loading Inshuctions 

If the message input/message output device is the device to be tested, the method of loading is determined by the operational state of the KSR/ASR. 

KSR/ASR Operational 

The test program can be loaded either from cards ·or MTl using normal loading procedures. (Sense switch 2 must be OFF if loaded from cords.) 
Program/User communication is via the message input/message output device {operation mode n. 

KSR/ASR Not Operational 

The test program can be loaded only from cards./ Since the KSR/ASR is not available for program/user communication, a procedure is established 
to automatically load the test program and to control the program via registers. 

• Set sense switch 2 to ON position. 

• Boot in loader. The deck consists of: 

loader 
Relocation Card 
DPM 
ASR/KSR test program 

• Clear fim wait. 

• On second wait enter a -1 in register 0 and clear wait. 

• The DPM and the ASR/KSR test program are loaded. 

• Test proglWm defaults to register communication mode (operation mode 0), 

Operation Modes 

Mode 0 

In mode 0 operation. all program-operator communication is accomplished using the PCP general registers for directive input and message output. 
This mode is normally used when the ASR (or KSR) under diagnosis is the only message device available in the system and the device cannot be 
relied upon for error-free communication with the program. Test directives 'TSIO', 'T511 , and 'TST2' can be invoked in the operating mode. 
Messages and error number messages appear in a general register. 

Mode 1 

In mode 1 operation. program-operator communication is accomplished using the input/output device{s) specified by the operator {refer to DPM 
directives 'MID' and 'MO~'). Also, pertinent status and data information is available in the generol registers (this is due to the duality of the 
program). 

Changing of Operation Modes: 

If the program opeTOlion mode is to be changed fram mode 0 t? mode 1, press PCP reset switch and go to RUN. The program will type a \. 

To chonge from mode 1 to mode 0, enter SYST directive with parameter 4 ,. O. 
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DIRECTIVES - directives ore entered after a II ! .. is tYPed out when operating in mode 1. 

see START PROCEDURE for entering directives via general registers when operating in mode O. 

Parameter 

Natne Fonnot 
10 Definition Value Range 

Standord Value 
(default) 

Program Directives - Environmental Directives 

System Environment SYST, 01, H2o H3, H4 01 Device model number lQJl.KSR 
7020 ASR 

H2 Revision number 
H3 lOP and device address 0- 1FFF 
H4 Operation mode O-=-ModeO 

register 
communication 

1 = Mode 1 
MID/MOD 
communication 

Program Directives - Testing Directives 

Comprehensive Test TSTO 
(all functional tests 
1 - 13, arid random 
tests 1 - 2) 

Functional Test TSTl 01 First· subtest to be executed 1 - 13 0 
02 lost subtest to be executed 1 - 13 0 

.01, 02 = 0 011 subtests 
0< 01 $. 02 $. 13 

Random Exerciser Test TST2 01 First test to be executed 1 - 2 0 
D2 last test to be executed 1 - 2 0 

o < 01 $. 02 $. 2 

Utility Test TST3, 01; 02 
~ 

01 Utility test selection 
D2 Function selection 
01=1 Printer character spacing 

02 - not used 
01=2 Paper tope punch/read/verify 

02 =- 1 Punch a preselected 
pattem with 20 byte 
leader 

02 = 2 Punch a preselected 
pattern wi thout 
leoder 

02 = 3 Read paper tape 
ignoring leader 

02 = 4 Read paper tape 
immediate 

02 '" 5 Read paper tope 
(ignoring leader) and 
verify with preselected 
pattem. 

02 = 6 Read paper tope 
(immediate) and verify 
with preselected pattem 

01=3 Mechanical print check test 
02 - not used 
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DIRECTIVES (Continued) 

Paramelel' 

Name- Format 
10 Definition Value Range 

Standard Value 
(default) 

Program Directives - Optional Directives 

Pattern Selection DATA, 01, H2, H3 01 == 0, Fixed pattern 0-4 
(for Uti lity Test = 1, Incremental pattern 
T5T3,2) = 2, Random pattern 

= 4, Paper tape pattern 
H2 Pattern seed (for 01 = 0, 1, 2) t~ H3 Incrementing constant (for 0 ::: 1) _ .-

Length of Record LEN, 01 OJ Length of record in bytes Min. =4 
Selection {for Utility - (Must be a multiple of 4) Max. = 1600 
Test T5T3,2) 

Pass Control and LIMT, 01, 02, 03 01 = 2 Effect pass control only 2 
Pass Count Printout 02 Number of passes after which D2~O 
for TSTO,2,3 pass count is to be printed out. 

03 Total number of passes to be D3~O 
completed. 

" 
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4-4 

START PROCEDURE 

1. Sense Switch options. Monitor Directive Options, ond Environmental Directives - Refer 10 DPM section of this monual. 
2. Test Strotegy Selection 

Comprehensive Test Functional Test Random Exerciser Test Utility Test 

. Recammended Normal Usage Solid Failure Detection and In term ittent Fa i lure T est Printer, Paper 
Application Specific Problem Analysis Detection Tape Reader/Punch 

Test Directive TSTO TSn T5T2 TST3 

Prerequisite None None TST1 TSn 

Optional Directives L1MT LIMT tlMT lIMT, DATA, LEN 

Subtests All functional subtests 13 subtests (see error Print; punch and read Print; punch and read 
(1-13) and random messages for the test types) paper tape paper tape 
exerciser tests 

Error Message Foonat 1. ERROR NO. DODD ERROR NO. DODD LOC Se I f-explanatory Self-explanatory 
(from MOD or LOC XXXX XXXX 
generol register) 2. Self-explanatory 

3. Stort/Restart Pracedures (unique to this program) 

START: 

Mode 0 - After the program is successfully loaded, the,program comes to a wait condition with message'l in general register 1 (X '80000001 '). 
The user may then input into register 0 the desired test directive in the following format: 

8yte 0 - Test number 
O:c TSTO 
,1:c TST1 
2=TST2 

8yte 1 - Must be 0 
8yte 2 - Starting subtest number (in hex) 
8yte 3 - Endi~ sub test number (in hex) 

Clearing the wait causes the test to begin. 

Mode 1 - After the program is successfully loaded and the program identification' is printed, the operatar may specify any test directive(s) 
(using, the message input device). 

Unless a 'SYST" directive is entered, the program assumes (by default) model 7012 (KSR), device address X'OI' and mode 0 operation. 

RESTART: 

Mode «) - The pcp interrupt switch, when depressed, causes the program to request a directive be entered into register O. The PCP system 
reset switch, when depressed, causes the program to re-initialize and request a directive input from the last declared message input device. 
In this manner, the conversion' from mode 0 to mode 1 may be accomplished, as the operator may then enter a 'SYST' directive specifying 

mode 1 operotion. 

Mode I - Both the PCP interrupt and system reset switch, when depressed, causes the program 10 re-initialize and request a directive input 
from the last declared message input device. 

lUMINA TlON PROCEDURE: 

The completion of a test or subtest is indicated by the directive input request message '1 (mode 0) or by the message input device's request 

for a directive. 

SUCCESS-FAILURE INDICA nONS: 

WAITS: 

The program comes to a wait condition: 

1. During an error message report (SSW~O). 
2. After a test completion (SSW3=O). 
3. During a message requesting future operator intervention. 
4. If the device address was not recognLted, the wrong address will be found in register 2. To continue, enter the new device 

address in register 2 and clear the wait. 

lOOPS: 

The program loops an an instruction sequence praducing an error or loops on a test or subtest (SSW1= 1 or SSWl='O)' 
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PROGRAM TEST DESCRIPTION 

The following is a de5Cription of the tests contained in the ASR/!<SR test program. 

TSTO 

The directive selects the comprehensive test consisting of the functional tests (subtests 1-13) and the random exerciser (subtests 1-2). 

TSTI 

The test descriptions of each functional test are included at the beginning of each subtest error number in the Functional Subtest and Related 
Error Message sec tion. 

TST2 

The rondom exerciser operates the device in a random manner in order to detect intermittent logic failures. The random exerciser consists of 2 
subtests, each svbtest independently selectable. Punching and reading part ions of the random exerciser test are automatically bipassed if the KSR 
is under test. 

Subtest 1 - Print ripple pattem,punch random paper tape. 
Subtest 2 - Read and verify the random paper tape. 

TST3 

This directive selects one of the following utility tests. 

TST3,l Character spacing adjustment and ribbon shift option test 
A set of 12 pre-determined characters is printed to aid in keyboard printer character spacing adjustments. The ribbon shift option 
is checked by sending shift-out and printing the first 6 character lines in red then sending shift-in and printing the second 6 
character lines in black. 

TST3,2 Paper tape punch/reader tests 
The DATA and LEN directives are available to specify the pattem and record length respectively. 

TST3,2.1 Paper tape punch with leader 
A paper tape is punched with a 2O-byte leader. The punched pattern is selected by the 'DATA' directive. 
The punched pattern length is selected by the 'LEN' directive. 

TST3,2.2 Paper tape punch 
A paper tape is punched (without leader). The pattern and length are selected by the 'DATA' and 'LEN' directives, respectively. 

TST3,2.3 Paper tape read ignoring leader 
A paper tape is read (ignoring leader). The length is selected by the 'LEN' directive . 

. TST3,2,4 Paper tape reod immediate 
A paper tape is read (immediate)' The length is selected by the 'LEN' directive. 

TST3,2,S Paper tape read and verify 
A paper tope is read. (ignoring leader) and verified. The length is selected by the 'LEN' directive and the pattern used for 
~erificotion is selected by the' DA TA' directive. 

TST3r2.6 Paper tape read immediate and verify 
A paper tape 1S read (immediate) and verified. The length is selected by the 'LEN' directive and the pattern used far verification 
is selected by the 'DATA' directive. 

TST3,3 Mechonicol print check test 
A «) tine pattern is printed ta verify the mechanical alignment of the printer. 

ROO CODES 

X"OO' Stop 
X'Ol' Punch 
X'02' Read 
X'OS' Type 
X '06 , Read keyboard continuously until EOM character is typed or) 

·count done- signal 
X'S2' Read immediate 
X'86' Read keyboard until control character [codes OS {Hn, 

08 (EOM\, or 15 (NU) is typed or "count done" signal 

Applicable Devices 

KSR ASR 
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TOY STATUS 

BITS 
MODEL 

0 1 2 3 .- 5 6 7 

7012 NOT USED 

7020 NOT USED Read Manual Unit Off-line NOT USED 

AIO STATUS 

BITS 
MODEL 

0 1 2 3 " 5 6 7 

7012 NOT USED 

7020 NOT USED 
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FUNCTIONAL SUBTESTS AND RELATED ERROR MESSAGES 

MESSAGE PRINTOUT 

Mode 0 During mode 0 operation, program messages have the follow­
ing format in register 0: 

(REG 0) ~ X '80000000 , where 00.,. message number 
defined under register operation messages. 

The error messages have the following format in register 0: 
(REG 0) - X'COOOOOOO' where DODD'" error number 

defined in the fault index. 

Mode 1 During mode I operation, the standard error messages have 
the following format: 

ERR NO.DDDO lOC.XXXX where OOOO~error message 
number defined in the fault dictionary and XXX X is 
the listing location where the error was detected. 

REGISTER OPERATION (MOOE 0) MESSAGES 

Register Operation Messages: 

0001 
0003 

0004 
0005 
0006 
0007 

Enter a test directive into register O. Clear wait. 
Enter one or two foiling characters (in EBCOIC) into Reg 0 
(bytes 2 and 3) and clear wait. If no foiling character{s), 
depress the PCP instr addr increment switch and clear wait. 
Echo test 1 is to begin. Clear wait. 
Echo test 2 is to begin. Clear wait. 
Echo test 3 is to begin. Clear wait. 
Insert punched paper tope into reader. 

FAULT INDEX OESCRIPTION - FUNCTIONAL SUBTESTS 

The fault index contains a brief description of each functional subtest 
and a list of associated error numbers with a brief description of each 
errar. The subtests and error numbers are arranged in ascending 
sequence. The description of subtest NN is numbered NNOO. The 
first two digits of the error number correspond to th~ associated subtest; 
the last two numbers correspond to the individual errors within the 
subtest. 

NN:: 0 indicates a general error messoge. 

Functional Test Error Messages: 

0001 Test ditective porameter PI invalid. Input correct directive. 
0002 Test directive parameter P2 invalid. Input correct directive. 
0003 Test directive porameter P3 invalid. Input correct directive. 
0004 Test directive invalid. Input correct directive. 
0005 Watchdog timer trap has occurred indicating on 10 instruc­

tion hong-up. (Reg 1) -= address of trapped 10 instruction. 
0006 Trap hasoccurred.(Reg 1) -= address of trapped instruction. 
0007 Spurious interrupt received from a disarmed interrupt 

location. 
0008 AIO instruction condition codes 1,2 indicate device address 

not recognized. Previous SIO received address recognition. 
0009 AIO instruction results in invalid condition codes 1,2 - 10. 
0010 AIO instruction results in unusual interrupt recognition 

condition codes 1,2 ~ 01. (Reg 2) :c status, device address. 
0011 AIO instruction status bit(s) set indicating fai lure in status 

line(s}. (Reg 2) - status, device address. 
OOl2 AIO instruction returned device address unequal to specified 

device address. (Reg 2) ::- status, device address. 
0013 SYST directive parameter invalid. Program will return to 

monitor for error message printout attempt. 

Subtest Description: 

0101 

0102 

0103 

TSH,1 Tests the HIO, TOV and TlO instructions. 

HIO instruction results in invalid condition codes 1,2 - 10. 
(DOR(TTSH» 
HIO instruction condition codes 1,2 indicate address not 
recognized. (DOR(TTSH») 
HIO instruction status indicates both device, controller not 
operative. (REG2, REG3) == STATUS OW. (UNEN/DCB) 
(STATUS(TSH) 1,2) 
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0104 

0105 

0106 

0107 

0108 

0109 

0110 

0111 

0112 

0113 

0121 

0122 

0123 

0124 

0125 

0126 

0131 

0132 

0133 

0134 

Hl0 instruction device status bits 1,2 unequal to controller 
status bits 5,6. (REG2, REG3) - STATUS OW. 
( STATUS(TSH)6) 
HIO instruction device status bit 3 reset to indicate device 
is manual. (REG2,REG3) - STATUS OW. (RAUT:R\ 
(STATUS(TSH)3) 
HtO instruction device status indicates device not available. 
(REG2,REG3) - STATUS OW. (STATUS(TSH)1) {RAUT:RI 
HtO instruction device and controller status bits 1,5 unequal. ' 
(REG2,REG3) - STATUS OW. (STATUS(TSH)t,S) 
HIO instruction condition codes 1,2 - 01 indicating previous 
HIO foiled to clear busy condition. (REG2, REG3) - STATUS 
OW. (SUBCONTROLLER PBLM) (JOR(HtO)) (OCBUSY) 
HIO instruction condition codes 1,2 - 00 while device status 
indicates device busy. (REG2, REG3)- ST ATUS OW. (OCBUSy) 
HIO instruction condition codes 1,2 - 00, device not busy 
while controller status indicates controller busy. 
(REG2,REG3)- STATUS. (STATUS(TSH)5,6) 
HIO instruction interrupt pending status bit set. IREG2,3) 
STATUS OW. (CIL) (STATUS(TST)O) 
HIO instruction unusual end status bit set. 
{REG2,3)=-STATUS OW. (UNE) (STATUS(TST)4) 
HIO instruction status bit 7 set. (REG2,3)-STATUS OW. 
(ST A TUS{T SH) 7) 

TOV instruction condition codes 1,2 indicate device address 
not recognized after previous HIO received address recogni­
tion. (SUBCONTROllER PROBLEM) 
TOV instruction condition codes 1,2-:-01 indicating subcon­
troller in test mode. IREG2,3)-cSTATUS OW. 
(IOR(TOv)) (TEST) 
TOV instruction condition codes 1,2::-10 indicating busy 
selector lOP. (REG2,3)-STATUS OW. 
(SUBCONTROLLER PBLM) 
TOV instruction status bit(s) 0 thru 2 or 5 thru 7 set. 
(REG2.3)-STATUS OW. (STATUS(TSH)0,1,2,5,6,7) 
TOV instruction status bit 4 set indicating device off-line. 
{REG2,3)=STATUS OW. (NONllNE) (STATUS(T0v)4) 
TOV instruction status bit 3 set indicating device reader 
manual. (REG2,3)'-STATUS OW. (NRAUT:R) (STATUS(TOv)3) 
TlO instruction condition codes 1,2 indicate no address 
recognition. Previous HIO and TOV received address 
recognition. (SUBCONTROllER PBLM) 
TlO instruction condition codes 1,2=-10 indicating busy 
selector lOP. Previous HIO, TOV condition codes 1,2-=00. 
(REG2,3)"STATUS. (SUBCONTROLlER PBlM) 
TlO instruction condition codes 1,2:-01 indicating SIO not 
possible. Previous HIO condition codes 1,2 and status 
correct. (REG2,3)-=STATUS OW. (NDCBUSYl (CIL) 
(OPER/S]) (SUBCONTROllER PBlM) 
TlO instruction status error after successful HIO. (REG2,3)­
STATUS OW. (SUBCONTROllER PBlM) 

TST1,2 Tests the S10 instructions associated with the print:ng 
operation. Tests TlO busy indications. Tests the SIO 
instructions associated with the input operation 
function. 

0201 

0202 

0203 

0204 

0205 

0206 

0207 

0208 

0209 

SIO instruction condition codes 1,2 indicate device address 
not recognized. (5UBCONTROllER PBlM) 
SIO instruction condition codes 1,2-10 indicating busy 
selector lOP. (REG2,3)- STATUS OW. ISUBCONTROlLER 
PROBLEM) 
SIO instruction condition codes 1,2-01 indicating SIO not 
accepted. (SUBCONTROllER PSLM) 
510 instruction device and/or controller status error. 
(REG 2,3)-STATUS DW. 
TlO instruction condition codes 1,2-11 during SIO execu­
tion. (REG2,3)-5TATUS DW. 
TlO instruction condition codes 1,2-10 during SIO execu­
tion. (REG2,3,- STATUS DW. 
TlO instruction condition codes 1,2-01 while status indicates 
not busy during SIO execution. (REG 2,3)-5TATUS DW. 
(STATUS(TSH)1,21 (OCBUSy) (UNEN/OC8) 
TlO instruction status indicates device not operational after 
SIO accepted. (REG2,3)- STATUS DW. 
TlO instruction status indicates device not available after 
510 accepted. (REG 2,3)- STATUS OW. 
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TS11,2 (Continued) 

0210 TIO instruction condition codes 1.2 and status indicate device 
not busy 50 msec after SIO (print) accepted. 

0211 

0212 

0213 

0214 

0215 

0216 

0217 

0218 

0219 

0220 

0221 

0222 

0223 

0224 

0225 

0226 

0227 

0228 

(REG 2.3)~STATUS OW. (NCoN/SIEN) 
TlO instruction condition codes 1.2-00 while status indicates 
device busy 50 mseC after SIO (print) accepted. (oCBUSY) 
TlO instruction device status indicates busy while controller 
status does not. Condition exists 50 msec ofter S10 (print) 
accepted. (REG 2,3)-c-STATUS OW. (STATUS(TSH)5,6) 
TlO instruction status indicates operational error during SIO 
(print). (REG 2.3)=STATUS OW. 
TlO instruction status interrupt pending bit set during SIO 
(print) but no interrupt requested. (REG 2,3)~STATUS OW. 
(Cll) (CIl/S]) 
TlO instruction condition codes 1,2 and status indicate .device 
busy after SIO (print) accepted but status unusual end bit 
set. (REG 2,3)=STATUS OW. (OOP:R) (ORoENA8LE) 
TlO instruction condition codes 1.2=00 indicates SIO (print 
2 characters) terminated prematurely after 175 msec. 
(REG 2,3)=STATUS OW. 
TlO instruction condition codes 1,2=01 indicating SIO (print 
2 characters) not terminated after 275 msec. 
(REG 2,3)=STATUS OW. (PROUT) (CTR/e) 
TIC' instruction status error after SIO (print) execution. 
(REG 2,3)=STATUS OW. 
SIO instruction (read) not accepted. Previous SIO (print) 
accepted and completed. (SU8CONTROLLER PBLM) 
510 instruction status error after previous 510 status correct. 
(REG 2.3)=STATUS OW. 
TIO instruction condition codes 1,2=00 after S10 (read) 
accepted. (REG 2,3)=STATUS OW. (K81NP) (lNSR) 
TlO instruction byte count reduced from 2 during S10 (read) 
with no input expected. (REG 2,3)=STATUS OW. (1NSR) 
TIO instruction status indicates device not busy during 510 
(read). (REG 2.3)=STATUS OW. 
TlO instruction status indicates controller not busy during 
510 (read) execution. (REG 2.3)=STATUS OW. 
HIO instruction condition codes 1,2==00 during 510 (read) 
execution. (REG 2,3)=STATUS OW. 
TlO instruction condition codes 1.2 indicate HIO instruction 
did not terminate 510 (read) execution. (REG 2,3)=STATUS 
OW. (HIOU) (PHSl.TlOO) ~ 
TlO instruction byte count not equal to 1 at 50 msec after 
510 (print 2 characters) accepted. (REG 2.3)=STATUS OW. 
(KAle) (CNTRlC) (CSl/Sl) 
TlO instruction byte count not reduced to 0 at 175 msec 
after 510 (print 2 characters) accepted. 
(REG 2.3)=STATUS OW. 

TSTl,3 Tests the AIO instruction, the channel end and the 
zero byte count interrupts. and the HIO instruction 
interrupt - clearing. 

0301 510 instruction condition codes indicate no address 

0302 

0303 

0304 

0305 

0306 
0307 

0308 

0309 

recognition. 
No channel end interrupt received after 510 (print 2 
characters) terminated. TlO instruction indicates device not 
busy, and no interrupt pending status. 
(REG 2,3)'"'STATUS OW. (SUBCONTROLLER PBLM) 
No channel end interrupt received after SIO (print 2 char­
acters) terminated. TIO instruction indicates device not 
busy but status interrupt pending bit set. 
(REG 2,3)=STATUS OW. (10 INTERRUPT P8LM) 
TlO instruction condition codes 1,2 indicate SIO (print 2 
characters with interrupt) not terminated after 225 msec. 
(REG 2,3)-STATUS OW. 
TIO instruction condition codes 1,2 indicate SIO (print 2 
characters with interrupt) not terminated after 225 msec but 
status interrupt pending bit set and no interrupt received. 
(REG 2,3)~STATUS OW. 
AIO instruction status bites) 1 thru 7 set. (REG 2) - STATUS. 
AIO instruction status bit 0 set after SIO (print 2 characters 
with interrupt) indicating data overrun. (REG 2)- STA TUS. 
AIO instruction operational status after SIO (print 2 char­
acters with interrupt) indicates operational error. 
(REG 2)-STATUS. 
AIO instruction operational status channel end interrupt bit 
nat set after S10 (print with channel end interrupt). Interrupt 
was received. (REG 2)~STATUS. 

600P81 036 

0310 no instruction indkates AIO did not clear interrupt pending. 
(REG 2,3)~STATUS OW. (SUBCONTROllER PBLM) 

0311 no instruction ;ndicates device not ready after SIO (print 
2 characters with interrupt) terminated. Interrupt was 
received and cleared. (REG 2,3)· STATUS OW 

0312 TIO instruction indicates channel end interrupt pending 
status not cleafed. (REG 2,3)- STATUS OW. 

0313 No zero byte count interrupt received after SIO (print 2 
characters with Z8c) accepted. 

0314 AIO instruction sfatus indicates error. (REG 2)- STATUS. 
0315 AIO instruction operational status zero byte count interrupt 

bit not set ahef SIO (print 2 characters with ZBO 
terminated and interrupt received. (REG 2)-STATUS. 

0316 Disabled interrupt received after SIO (print 2 characters) 
terminated. (REG 2)-AI0 STATUS. (10 INTERRUPT PBLM) 

0317 TIO instruction condition codes 1,2 indicate SIO possible 
after 510 (print 2 characters with interrupt) terminated and 
no AIO issued to dear interrupt. (REG 2,3)-STATUS OW. 

0318 no instruction condition codes 1,2::-01 after SIO (print 2 
characters with interrupt) but status interrupt pending bit not 
set. No AIO issued to clear IP. (REG 2,3)=STATUS OW. 

0319 HIO instruction condition codes 1,2 not 00 when instruction 
issued to clear interruprpending. (REG 2,3)=STATUS OW. 

0320 TIO instruction indicates device nat ready after HIO. 
(REG 2,3) = STATUS OW. 

0321 TIO instruction indicates HIO did not clear interrupt pend­
ing. Device not ready. (REG 2,3)~STATUS OW. 

0322 TIO instruction indicates HIO did not reset interrupt pend­
ing status bit. {REG 2,3)=-STATUS OW. 

TSTl,4 Tests the printing of all alpha and numeric characters. 
Subtest prints failing character input by the operator. 

0401 

0402 

·0403 

0404 

0405 

0406 

Operat;on Intervention: 

Operator visually verifies the alpha and numeric char­
acters. Operator may enter one ar two characters into 
Reg 0 (bytes 2,3) for continuous printing (SSW1::-IL 

HIO instruction condition codes 1,2 or status error after 
previous HIO. {REG 2,3)=-STATUS OW. 
510 instruction not accepted after previous HIO successful. 
(REG 2,3)::-STATUS OW. 
TlO instruction indicates previously accepted SIO (new 
line carriage movement) was nat terminated after 500 msec. 
(REG 2,3)=STAIUS OW. 
TlO instruction indicates a status error after SIO (new line 
carriage movement) terminated. (REG 2,3)=STATUS OW. 
510 instruction not accepted after previously successful TIO. 
(REG 2,3)=STATUS OW. 
TlO instruction indicates a status error or failure to complete 
510 (print 1 character) after 110 msec. (REG 2,3)=STATUS 
OW. 

TSTl.5 Tests the; printing using variable length records. 

0501 SIO instruction status error after HIO. (REG 2,3)- STATUS 
OW. 

0502 no instruction indicates an SIO iprint new line carriage 
movement)stotvs error. (REG 2,3)-STATUS OW. 

0503 TIO instruction indicates status or operational status error 
after SID terminoted. {REG 2,3)-STATUS OW. 

TSTl,6 Tests tf,e dota chaining function. 

0601 510 instruction (print with data chaining) not accepted or 
status error. {REG 2,3)- STATUS OW. 

0602 TlO instruction indicates accepted 510 (print with data 
chaining) terminated prematurely at 400 msec. 
(REG 2,3)-STATUS OW. 

0603 TIO instruction indicates the SIO command address not 
changed from rtrst lOCO address to second lOCO address. 
(REG 2,3)-STATUS OW. 

0604 n6 instruction indicatesSIO not terminated. 
(REG 2,3) = STATUS OW. 
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TSTl,7 Tests the command chaining flmction. 

0701 SIO instruction not accepted/status error after HIO. 
(REG 2,3)=-STATUS OW. 

0702 TlO instruction indicates SIO terminated prematurely. 
(REG 2,3)-=-STATUS OW. 

0703 

0704 

0705 

0706 

TlO instruction indicates an unexpected command address 
during SIO. (REG 2,3)0 STATUS OW. 
TIO instruction indicates device terminated after first opera­
tion of the 510 {command chainingL (REG 2,3)=STATUS OW. 
TIO instruction indicates the second command address not 
present during second operation of 510 (command chaining). 
(REG 2,3)-STATUS OW. 
TlO instruction indicates a status error at 510 (command 
chaining) termination. (REG 2,3)=STATUS OW. 

TSTl,8 Echo test 1. Test the input SIO instruction and func­
tion by printing each received character input by the 
operator. 

OBOI 

0802 

0803 

0804 

OBOS 

0806 

0807 

OB08 

Operator intervention: 

Operator inputs characters 'HT''''(horizontal tab), then 
"NL'=(new line} then any characters. Each character 
is echoed back. Termination choracter is 'EOM'. 

After the EOM char is detected, up to 80 chars/line 
are printed 10 times. 

SIO instruction not accepted or status error after HIO. 
(REG 2,3)=STATUS OW. 
No channel interrupt received within 15 seconds indicating 
either operator hod not entered character or logic failure 
has occurred. (KBINP) (KSROJ) (KAO/SEN) 
TIO instruction indicates a status error after SIO (input 1 
character) channel end received. (REG 2,3)=STATUS OW. 
Character received during 510 (input) not 'HT' (X'5') 
character. (REG 2)=CHARACTERS RECEIVED. 
(OLO thru OL7) 
First character received during 510 (input) not 'HT' (X'S')' 
Second character is 'HT' indicating operator error (first 
character required to be'HT'). (REG 2kCHARACTERS 
RECEIVED. 
TIO instruction indicates 'HT' character did not terminate 
SIO (input 2 characters, order code X'86'\ operation. Byte 
count not 1 as expected. (REG 2,3)=STATUS OW •. 
(KBEOM/OEl) (KBLA:O) 
Character received during SIO (input) not 'NL' (X'IS') 
character. (REG 2)=CHARACTERS RECEIVED. 
(OLO thru OL7) 
First character received during SIO (input) not 'NL' (X'IS'). 
Second character received is 'N L' indicating operator error 
(first charocter required to be 'NL'). (REG 2)=CHARACTERS 
RECEIVED. 

OB09 TIO instruction indicates 'NL' charader did not terminate 
510 (input 2 characters, order code X'86') operation. Byte 
count not 1 as expected. (REG 2,3)=STATUS OW. 

0810 TIO instruction indicates a status error after SIO (input 1 
character, order X'06') terminates. (REG 2,3)-STATUS OW. 

OBl1 TIO instruction byte count not reduced to zero after SIO 
(input 1 choracter, order X'06') terminates. 
(REG 2,3)-:-STATUS OW. 

0812 TIO instruction indicates status error ofter SIO (input 2 
characters, order X'86'\ terminated by 'Nl' character. 
(REG 2,3)=STATUS OW. 

0901 

TSTl,9 Echo test 2. Test 10 lines by printing of 16 characters 
and requiring the operator to input each character as 
.it is printed. 

Operator intervention: 

Operator inputs each character as it is received. 

SIO instruction not accepted or status error after HIO. 
(REG 2,3)=STATUS OW. 
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0902 TIO instruction status error after SIO (print new line char­
acter) terminated. (REG 2,3)=STATUS OW. 

0903 510 instruction not accepted or status error. (REG 2,3)= 
STATUS OW. 

0904 Character received not equal to previously printed character. 
(REG n"-PRINTEO BYTE. (REG 2)=OBSERVEO BYTE. 

1001 

(OLO thru OL7) (KAO/Sl thru KA7/SI) 

TSTl,10 Echo test 3. Test 10 lines and multiple character 
input by printing 8 characters and requiring the 
operator to input the characters after the printout is 
complete. 

Operator intervention: 

Operator inputs character string identical to that 
received. 

SIO instruction not accepted or status error after HIO. 
(REG 2,3)=STATUS OW. 

1003 Character string received not equal to previously printed 
character string. (REG l}=PRINTEO 4 BYTES. (REG 2\= 
OBSERVED 4 BYTES. 

TSTl,l1 Tests the SIO instruction and paper tape punching 
function. Automatic bipassing of test if KSR unit 
under test. 

Operator interven·tion: 

Operator insures blank paper tape is in punch station. 

1101 SIO instruction not accepted or status error after HIO. 
(REG 2,3\=STATUS OW. 

1102 TIO instruction indicates device busy after ma·ximum allow­
able time (2.4 sec) of SIO (punch leader) operation. 
(REG 2,3)=STATUS OW. 

1103 TIO instruction indicates device not busy but SIO (punch 
leader) byte count not reduced to O. (REG 2,3)=STATUS OW. 

1104 TlO instruction indicates status error after SIO (punch 
leader) terminated. (REG 2,7)=STATUS OW. 

1105 TlO instruction indicates status error after SIO (punch 
pattem) terminated. (REG 2,3)=STATUS OW. (OUT:O) 

1106 Error detected during punching of 80 byte trailer (blanks). 

1201 

1202 

1203 

TSTl,12 Tests the SIO instruction, paper tape read function. 
Automatic bipassing of test if K SR unit under test. 

Operator intervention: 

Operator visually verifies first partion of paper tape 
and inserts tape into read station: 

BYTES PUNCH 

0-15 Blank 
16-19 X'fF' 
20-23 Blanks 
24-31 X'Ol' 
32-39 X'02' 
40-47 X'04' 

(etc) 
80-87 X'80' 
88-95 Alt. X'OO'-X'FF' 
96-103 Alt. X'S5'-X'AA I 

104-307 Random numbers 
308-388 Blank 

510 instruction not accepted or status error. (REG 2,3)"­
STATUS OW. 
TlO instruction indicates SIO (read ignoring leader) not 
terminated within 15 sec. (REG 2,3\~STATUS OW. 
TlO instruction indicates status error after SIO (r~d ignor­
ing leader\ terminated. (REG 2,3)=STATUS OW. 
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TSTl, 12 (Continued) 

1204 TlO instruction indicates SIO (read ignoring leader) byte 
count not equol to O. (REG 2,3)=STATUS OW. 

1205 First four bytes read not equal to X'FF'. (REG ])=EXPECTED 
4 CHARACTERS. (REG 2)=RECEIVED 4 CHARACTERS. 
(DlO:R thru Dl7:R) (ASR{X)KA/S) 

1206 SIO instruction not accepted or status err~r. (REG 2,3)== 
STATUS OW. 

1207 TIO instruction indicates SIO (read immediate) accepted but 
device not busy. (REG 2,3)==STA TUS DW. 

1208 TlO instruction indicates SIO (read immediate) accepted, 
device busy, but byte count not being reduced. (REG 2,3)== 
STATUS OW. 

1209 TlO instruction indicates SIO (read immediate) terminated 
but byte count not reduced to O. (REG 2,3)=-STATUS OW. 

1210 Character received not equal to character expected. (REG 1\ 
==EXPECTED CHARACTER. (REG 2)=CHARACTER RECEIVED. 
lASR(X)KA/S) (OLO:R thru DL7:R) (DAO thru OA7) 

TSTl,13 Checks for channel end and unusual end interrupt when 
break key is depressed. 

1300 

1301 
1302 

1303 

1304 
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Operator intervention: 

Before entering subtest 13 insure that mode 1 is in 
effect with a SYST directive. This test will not run in 
mode O. Operator presses break key when message 
from KSR says 'PRESS BREAK KEY'. Break key should 
not be held down for more than 1 sec anyone time. 

SIO not accepted or device not recognized. Status. byte 
count in registef 5. 
Expected channel end, unusual end interrupts did not came. 
AIO instruction issued, expected CEI, UE1, bits not set. 
Status may be Found in reg. 2. 
TlO instruction issued, expected conditions: device ready, 
controller ready and/or device unusual end bit not set. 
Status may be found in register 2. 
AIO issued, condition code did not signal on expected 
unusual interrupt recognition. CC1,2. EXPECTED CC1,2=-01 
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5. SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 

(TEST) 

SUBJECT MODEL -- Card Reader~ Model Numbers 7120, 7121, 7122, 7140 and/or Card Punch~s Model Numbers 7160-1, 7160-2, 7165. 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Card Reader, Paper Tape Reader or Magnetic Tape Unit; Output 
Device: Keyboard Printer or line Printer. 

PROGRAM PREREQUISITES 
~ 

Test Deck: For card reader only systems. a test deck may be obtained from the Xerox software library. The test deck 
(706169-74A) consists of the following cards: 

a. Checkerboard deck - used for TST 1, 41 

b. 50 card test deck - used for TSTl, 49 

c. Invalid EBCDIC - coded card - used for TSTl, 50 

d. Mode switching card - used for TSTl, 51 

e. 500 random dato cards - used for TST2 

f. Blank cards required for TSTl are not included 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (DPM) opply to this program. 
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I r -' 
DIRECTIVES - directives are entered after a "!" is typed out 

Parameter 

Name Format Standard Value 
10 Definition- Value Range (default I 

ProgrO"l" Directives - Environ""'ental Directives 

System Environment SYST, 01, H2, H3 01 Device model number JZt?]l7121,.?122 oog 
(Norma lIy two SY ST 7140 cord readers 
directives would be ---entered for a system, 7160,~7"l65 card OO~ 
one specifying a card punches 
reader and one a cord --
punch. Only the H2 Revision number of controller o for cord readers. 
device selected by the 
lost SY5T directive o for }160-1 or 
will be used during the 7165 cord punches 
functional testing). 

2 for 7160-2 cord 
punch 

H3 lOP and device address 0- IFFF 

Note: A SYST directive with 
a device address of 'FFFFFFFf' 
will insure that no test will be 
attempted for that de vice. 
(T 0 be used for systems without 
either a cord reader ar cord 
punch). 

Program Directives - Testing Directives 

Comprehensive Test TSIO 
(all functional tests, 
1 -052, and random 
exerciser test) 
The functional tests " 

. 
will be run on the 
device specified in 
the most recent 'SYST' 
directive only. 
The random exerciser 
will process 750 cords. 
This test expects to 
punch and read verify 
cords. 
Note: See Program 
Test Description 
for detailed procedures. 

Functional Test TST! LDI r,D2d 01 The first subtest to be executed o (all subtests) 1- 52 0 
(Punch device specified o First subtest 

in most recent 'SYST' 02 lost subtest to be executed 
directive only) 

Random Exerciser Test TST2, 01, 02 01 Number of cords to be punched 01> 0 
(This test expects to 02 Number of punch retries 02 ~ 0 
punch and read verify 
cords). 
Note: See Program 
Test Description 
for detoi led procedures. 
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DIRECTIVES (Continued) 

Name 

Ut il ity Test 

Pattern Selection 
(for Utility Tests TST3, 
o and TST3, 1 Only) 

Set Testing lim its 

Format 
10 

5. SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

Parameter 

Standard Value 
Definition Value Range {default I 

Program Directives - Testing Directives (cantinued) 
, 

TST3, 01, H2, H3, H4 01 Utility test selected 
o Punch/Read EBCDIC cards 

H2 1 Punch 
2 Reader 

1 Punch/Read bi nary cards 
H2 - 1 Punch 

- 2 Reader 
- 2 Punch/Read cards 
H2'" 1 Punch 

-= 2 Reader 
H3 Valid Punch/Read arder 

3 Punch card matrix 
H2 X coordinate (row) 1 -12 is row 

10 is inval.id 
13 is all rows 

H3 Y coordinate (column) o Punch all columns 
1 - 80 is single column 

= 4 Punch/Reader speed test 
H2 -:: 1 Punch 

= 2 Reader 
= 5 Punch/Read then delay 
H2 = 1 Punch 

= 2 Reader 
H3 Number of cards 
H4 Delay in milliseconds 
= 6 Punch/Read functional test deck 
H2 = 1 Punch 

= 2 Reader 

" H3 = 0 All Decks --
= 40 Checkerboard deck 
= 48 50-Card test deck 
= 50 Invalid EBCDIC coded cord 
-= 51 Mode switchinq card 

= 7 Punch/Read shifting pattern 
H2 = 1 Punch 

-= 2 Reader 
H3 12 Bit pattern to be sh if ted 

throughout the card 
(Punch Only) 

Program Directives - Optional Directives 

DATA, 01, H2, H3 01 '"' 0, Fixed pattern (2 columns) 0-2 
=- 1, Incremental pattern (1 column) 
= 2, Random Pattern 

H2 Pattern seed t 00000000-
H3 Incrementing constani {for 01=-11 FFFFFFFF 

L1MT, 01, D2, 03 01 =- 1 Limit compare error printouts 
02 = Maximum number of printouts 
= 2 TST2 Random delay limits 
02 ~ lower delay limit in 

milliseconds 
03 0 High limit of delay in 

milliseconds 

Note: Parameter of any directive beginning with a D means decimal; with an H means hexadecimal 
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SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

START PROCEDURE 
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1. Sense Switch Options, Monitor Directive Options, and Environmental Directives - Refer to DPM section of this manual. 
2 • Test Strategy Select ion 

Comprehensive Test Functional Test Random Exerciser Test Utility Test 

. 
Recommended Normal Usage Solid Failure Detection Intermittent Failure Punch/Read Tests 
Application and Specific Problem Detection 

Analysis 

Test Directive TSTO TST1 TST2 TST3 

Prerequisite None None TSTl TSTI 

Optional Directives L1MT, Dl = 1,2 lIMT, Dl =: 1 L1MT, Dl =: I, 2 LlMT, Dl =: 1 

Subtests All functional sub tests 52 subtests (see error Punch and Read binary Punch or Read an 
(1 - 52) and random messages for the test types) and EBCDIC cards with operator selected pattern 
exerciser test random patterns 

Error Message Format 1. ERROR NO. DDDD ERROR NO. DDDD Sel f-explanatory Sel f-explanatory 
LOC XXXX LaC XXXX 

2. Se If-exp lana tory 

3. System reset should normally be used in order to insure the resetting of controller test mode logic. 
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PROGRAM TEST DESCRIPTION 

5. SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

The following is a description of the tests contained in the Comprehensive Card Equipment test program. 

TSTO 
The directive selects the comprehensive test consisting of the functional 
tests (subtests 1- 52) and the random exerc iser test. 

Parameters: None 

Test Variations: 
I. The functional test will be run on the device specified in the 

most recent 'SYST' directive (in sequence, subtest 1 thru 52). 
2. The random exercisor will attempt to simultaneously punch and 

read cords. The cord count and retry on error parameters are 
initialized to 750 and 2 respectively. If a failure is encountered 
an error message is printed and the exercising continues. 

3. T a ovoid exercising a cord punch or reade(, enter a SYST 
directive for a punch or reader with an address of 'FFFFFFFf' • 

Example: SYST, 7121,0, FFFFFFFF 
SYST, 7165, 0, 4 
TSTO 

I. The functional test will be run on the Model 7165 card punch 
at address 4 (in sequence, subtest 1 thru 52). 

2. The random exercisor"will be run only on the Model 7165 cord 
punch. 750 cords will be punched with on error re"try count 
of 2. 

Note: If only a cord reader is being tested {cord pu~ch inhibited}, the 
reader must be prelooded with a functional test deck and a 750 
card random exerciser test deck prior to running. 

TSTl ~ 
The directive selects the entire functional test (no parameters entered) or 
selects one or more contiguous functional subtests. This test will be run 
only on the device specified in the most recent SYST directive. 

Parameters: 01 - First Functional Subtest 
02 - Lost Functional Subtest 

Example: 

Example: 

Example: 

Where 0< 01502552 

TST1, 01, 02 

SYST, 7122,0, 3 
TSTl 

Run all functional subtests that apply to a Model 7122 cord 
reader on the device at address '3'. 

SYST, 7122, 0, 3 
SYST, 7165, 0, 5 
TSTl, 40, 40 

Execute functional subtest 40 on the Model 7165 card 
punch at device address' 5' • 

TSTl, 46, 46 

Execute functional subtest 46 on the device specified in 
the most recent SYST directive. Since sub test 46 applies 
only to a Model 7165 card punch, the most recent SYST 
directive should have been for that model cord punch. 

Note: The functional test card requirements are listed immediately 
following the error message listing. 

TST2 
This directive selects the rondom exerciser testl which exercises either • 
or both the punch and reader devices specified in the most recent SYST 
directives. Binary and EBCDIC cords with random patterns are randomly 
intermixed when punching. These same cards can be read in any order. 
Exercising for any device can be terminated by placing that device in 
'Manual'mode. 

Parameters: Dl-Numbet" of cards to be punched 
(0 ~Ol < 32,768) 

D2-Numbet" of punch retries 
(0502599) 

TST2, 01, 02 

Test Variations: 

Example: 

lIMT: The timit directive limits the range of the random 
delays introduced between successive card operations. 
SYST: A SYST directive for a cord punch or reader with 
a device odckess of 'FFFFFFFF' will exclude that device 
from this test. 

TST2, 2000, I 

The random exerciser will punch 2000 cards and/or read 
and verify 011 cards in the cord reader. 

This test punches valid binary (punches in rows 1 and 2 of column 1) and 
EBCDIC cards in random sequence using a regenerative pattern. All 
reading takes place in the automatic mode, therefore binary cords are 
read in binary mode and EBCDIC cards are read in EBCDIC mode. 
These cords have no special sequence. 

Cards in the punch error stocker should be read varified seperately to 
determine punch errors/check read errors. 

TST3 
This directive selects one of the following utility tests: 

TST3,0 

TST3, 1 

TST3, 2 

TST3, 3 

TST3, 4 

TST3, 5 

TST3, 6 

Punch or Reed EBCDIC Cords 
(Pattern punched and verified is that specified by the most 
recent dato directive). 
Punch or Read Binary Cords 
(Pattern punched and verified is that specified by the most 
recent dato directive). 
Using a valid device order specified by the operator, 
punch or read cords. 

Punch Card Matrix. Cords are punched with the punched 
positions selected by specifying the row number and column. 
A row nurnbeT of 13 will cause the punching of all rows; a 
column entry of 0 will couse punching of all columns. 

Punch/Reader Speed Test. The speed of the punch or reader 
is determined by punching or reading 31 cards and averaging 
the speed over t minute. 
Punch/Read then Delay. Binary cords with random patterns 
are punched; na verification is performed on a read 
operation. The number of cards punched/read, and the 
following delay ore specified by the operator. 
Punch/Read Functio";al Subtest Decks. All or individual 
functional subtest decks can be punched and verified. 
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PROGRAM TEST DESCRIPTION IContinued) 

TST3, 7 Punch/Read Shifting Pattem. 
When punching, a 12-bit operator specified pattern for 
column 1 is circularly shifted throughout the binary card. 
Read verification of these cards is provided. 

Test Variations: 
SYST: The utility tests assume that SVST directives for the 
devices to be exercised have' previously been entered by 
the operator. 
Sense Switches: The following sense switch options apply 
to all TST3 tests. 

SSW3 Reset - Wait at end of test 
SSWI Set - loop on test 
SSWI Reset - End Testing 

Parameters: DI-Utility Test Selection 
H2=1, Punch; H2=2, Read 
H3-Defined by the utility test selected 
H4-Defined by the utility test selected 

Examples: TST3, 0, I 
Punch EBCDIC cards using the pattern specified by the most 
recent 'DATA' directive. 

T5T3, 2, I, 40 
If the card punch last specified in a SYST directive was a 
madel 7165, punch an EBCDIC card with the pattern 
specified by the most recent data directive. 

600P810J6 

TST3, 3, 1, 52 
Punch cards with a single punch in row 1 of column 52. 

TST3, 3, 13, 5 
Punch Cords with punches in 011 rows of column 5. 

TST3, 4, 2 
Perform a speed test on the last card reader specified in a 
SYST directive 

TST3, 5, 1, 10, 10000 
Punch 10 cards then delay 10 seconds. Repeat if SSWI set 

TST3, 6, 1, 0 
Punch all functional subtest decks 

TST3, 6, 2, 48 
Read ond verify the SO-card test deck 

TST3,7, 1,00J 
Punch a binary card where the bit pattern of column 1 
(X'OOI') is shifted by 1 throughout successive columns of 
the card (Col. 2 -= X'OO2' I Col. 3 = X'OO4' I •• ) 
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SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

ORDER CODES 

Cord Punch Orders: 

Model 7160 (EBCDIC) 

X'05' 
x'oO' 

X'15' 
X'10' 

Stock cord in normal stocker. 
If no error, stock cord in normal stocker - on error, stack card 
in alternate stacker. 
Stock cord in alternate stacker. 
Stack card in alternate stacker. 

Model 7160 (Binary) 

X'OI' 
X'09' 

X'II' 
X')9' 

Stack card in narmol stacker. 
If no error, stack cord in normal stocker - on error, stock cord 
in alternate stocker. 
Stock card in alternote stacker. 
Stack card in alternate stacker. 

Model 714S(EBCOIC) Model 7165 (Binary) 

X'05' Stack card normally. X'OI' Stack card normally. 
X'45' Stack card normally and interrupt at data transmission complete. X'41' Stack card normally and interrupt at data transmission complete. 
X'OO' Offset stack on error. X'09' Offset stack on error. 
X'40' Offset stack on error and interrupt at data transmission complete. X'49' Offset stack on error and interrupt at data transmission complete. 
X'15' Offset stack. X'I1' Offset stack. 
X') 0' Offset stack. X')9' Offset stack. 
X' 55' Offset stack and interrupt at data transmission complete. X'S1' Offset stack and interrupt at data transmission complete. 
X' 50' Offset stack and interrupt at data transmission complete. X'59' Offset stack and interrupt at data transmission complete. 

Card Reader Orders: 

Model 7120 (EBCDIC) 

X'06' 
X'16' 
X'36' 
X'OE' 

X'IE' 

X'3E' 

Stack card in normal stacker. 
Stack card in alternate stacker 1. 
Stack card in alternate stocker 2. 
If no validity error or data overrun occurs, stock card in normal 
stacker; jf validity' error or data overrun..occurs, stock card in 
alternate stacker 2. 
If no validity error or data overrun occurs, stock card in 
alternate stacker Ii if validity error or data overrun occurs, 
stack card in alternate stacker 2. 
Stack card in alternate stacker 2. 

Model 7140 (EBCDIC) 

X'06' 
X'16' 
X'36' 
X'OE' 

X'IE' 

Stack card in normal stacker. 
Stack card in alternate stacker. 
Stack card in normal stacker. 
If no validity error or data overrun occurs, stack card in normal 
stacker; if val idity error or data overrun occurs, stock card in 
alternate stacker. 
If no validity error or data overrun occurs, stock card in normal 
stacker; if validity error or data overrun occurs, stack card in 
alternate stacker. 

X'3E' Stack card in normal stacker. 

Model 7120 (Binary) 

X'02' 
X'12' 
X'32' 
X'QA' 

X'lA' 

X'3A' 

Stack card in normat stacker. 
Stack card in alternate stacker 1. 
Stack card in alternate stacker 2. 
If no data overrun occurs, stack card in normal stocker; if data 
overrun occurs, stocl: card in alternate stacker 2. 
If no data overrun occurs, stock card in alternate stacker 1; if 
data ~verrun ocCurs, stack card in alternate stacker 2. 
Stack card in 'a1ternate stacker 2. 

Model 7140 (Binary) 

X'02' 
X"12' 
X'32' 
X'QA' 

X')A' 

X'3A' 

Stack card in nanna. stacker. 
Stack card in alternate stacker. 
Stack card in alternate stacker. 
If no data overrun occurs, stack card in normal stocker; if data 
overrun occurs, stack card in alternate stacker. . 
If no data overrun occurs, stock cord in normal stacker; if data 
overrun occurs, stack card in alternate stacker. 
Stack card in narmo' stacker. 

Note: Model's 7121 and 7122 accept all the above card reader orders, but offer no alternate stocking. 
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5. SIGMA 5-9 COMPREHENSIVE CARP EQUIPMENT 
(TEST) 

NORMAL TOV STATUS 

TDV SET 1 

MODEl 0 1 2 

BITS 

3 4 

7160-1/2 Data Not Used Read Check Parity Error Row 15 time 
Overrun 

7165 Data Not Used Punch Error .. 
Overrun 

CARD READERS Data Not Use 
Overrun 

TEST MODE mv STATUS 

BITS 

MODEL/SET 0 1 2 3 4 

7160-2 Punch Read Read 
PUNCH/READ/VERIFY Register Register Verify Bug 
SET 2 PROI PROI RVCB4 RVCB3 RVCB2 

7160-2 Row Skip 
ROW, SKIP, DECODE Counter RCTC TCTB TCTA Counter 
SET 3 RCTD(MSB) (lSB) SCTA 

~ 

7160-2 Data 
DATA BUFFER Buffer DBI/ DB2 DB3 OM 
SET 4 DBO(MSB) 

AID STATUS 

BITS 

MODEl 0 1 2 3 4 

7160 Data Not Used Read Check - Not 
Overrun (7160-2 

Only) 

7165 Data Not Used Punch Error .... 
Overrun 

CARD READERS Data Not Use 
-- "~.,., ... - Overrun 

..tI. 
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5 6. 7 

Test Switch +--Not Used ----+ 

Not Used -

5 6 7 

Motor Speed Chaining 
Mode 

RVCB1 

Binary EBCDIC 
SCTB Decode Decode 

DATAB DATAE 

DB5 DB6 DB7(lSB) 

5 6 7 

Used Stop 
Order 
Interrupt 

Not Used 
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SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

FUNCTIONAL SUBTESTS AND RELATED ERROR MESSAGES 
FAULT INDEX DESCRIPTION - FUNCTIONAL SUBTESTS 

The fault index contains a brief description of each functional subtest and a fist of associated error numbers with a brief description of each 
error. The subtests and error numbers are arranged in ascending sequence. The description of subtest NN is numbered NNOO. The first two 
digits of the error number correspond to the associated subtest; the last two numbers correspond to the individual errors within the subtest. 

TSTl, 1 HIO, TlO, TOV and AIO Instr. Recog. HIO, TlO, TOVand 
AIO instructions are issued and condition codes, status tested. 

0101 HIO instr. condo codes or status error. 
0102 TlO instr. condo codes or status error. 
0103 TOV instr. condo codes or status error. 
0104 AIO instr. condo code error. Expected na interrupt recognition. 

TSTl, 2 SIO invalid order test. An SIO is issued with on invalid 
order and the controller is tested for UE status. 

0201 

0202 
0203 

0204 

0205 

0211 

0212 
0213 

0214 

0215 

0221 

0222 
0223 

0224 

0225 

0231 

0232 
0233 

0234 

0235 

0241 

0242 
0243 

0244 

0245 

0250 

SIO condition codes indicate SIO not accepted. Card punch 
(Order = X'02'). 
SIO status error for invalid order. Cord punch (Order = X'02'). 
TlO status indicates contr. remains busy after invalid order. 
Card punch (Order = X' 02'). 
TlO status error after i nval id order. Expected UE status and 
contr. ready. Card punch (Order = X' 02'). 
Terminal byte count not the same.os starting byte count for 
invalid order. Expected term. BC = 120. Cord punch (Order = 

" X'02'). 
SIO condition codes indicate SIO not accepted. Cord reader 
(Order = X'OI'). 
SIO status error for invalid order. Card reader (Order = X'Ol'). 
TlO status indicates contr. remains busy after invalid order. 
Card reader (Order = X'Ol'). 
TIO status error after invalid order. Expected UE status and 
contr. ready. Cord reader (Order = X'01'). 
Terminal byte count not the some as starting byte count for 
invalid order. Expected term. BC = 120. Card reader 
(Order = X'Ol'). 
SIO condition codes indicate 510 not accepted. Card reader 
(Order = X'03'). 
SIO status error for invlaid order. Cord reader (Order = X'03'1. 
TIO status indicates contr. remains busy after inval id order. 
Card reader (Order = X'03'). 
TlO status error after inval id order. Expected UE status and 
contr. ready. Cord reader (Order = X'03'). 
Terminal byte count not the same as starting byte count for 
invalid order. Expected term. BC = 120. Cord reader (Order = 
X'03'). 
SIO condition codes indicate SIO not accepted. Card reader 
(Order = X'42'). 
SIO status error for inval id order. Card reader (Order = X'42'). 
TlO status indicates contr. remains busy after invalid order. 
Cord reader (Order = X'42'). 
TlO status error after invalid order. Expected UE status and 
contr. ready. Cord reader (Order = X'42'). 
Terminal byte count nat the same as starting byte count for 
invalid order. Expected term. BC = 120. Cord reader (Order -= 

X'42'1. 
SIO condition codes indicate SIO not accepted. Cord reader 
(Order;= X'86'). 
SIO status error for invalid order. Cord reader (Order -, X'86'1. 
TlO status indicates contr. remains busy after invalid order. 
Cord reader (Order = X'86'1. 
TlO status e;ror after inval id order. Expected UE status and 
contr. ready. Card reader (Order = X' 86'l. 
Terminal byte count not the some as starting byte count for 
invalid order. Expected term. BC = 120. Cord reader (Order -= 

X'86'I. 
Read check verification. The read check flag should be set by 
the invalid order (Models 7160-1 and 7160-2). 

TSTl,3 Test mode selection. SIO issued to select and reset 
controller test mode. TOV is used to verify test mode. 
(CC2 = 1 - Test mode). 

0301 
0302 

0303 
0304 
0305 
0306-
0307 
0308 
0309 

0310 

SIO instr. cond. code or status error. 
TlO instr. indicates contr. busy beyond normal termination time 
for select test mode order (X'13'). 
TlO indicates UE for select test mode order. 
TlO indicates status error for select test mode order. 
Test mode byte not token by contr. 
Contr. performed dota in instead of data out for test mode order. 
TOV cond. codes 1, 2 not equal 01 following test mode order. 
SIO condo code or status error while contr. in test mode. 
TlO indicates condo code or status error following test mode 
order to· reset test mode. 
TOY cand. code or status error following test mode order to 
reset test mode. 

TSTl, 4 interrupt generation test. The following orders are issued 
for a 7160-2 controller: X'13' (Data byte = 00), and X'02' 
in order to· test the ICE, IZe, and IUE interrupt generation. 
AIO and HIO instr's are used to test the interrupt clearing. 

0401 no indicates IPstotus nat present after X'13' order with ICE 
flag set in the lOCO. . 

0402 . TlO indicates condo code or status error after X'13' order with 
ICE flag set. 

0403 AIO instr. condo code, status or device address error following 
X'13' order raising IP. 

0404 HIO instr. did not reset IP in controller. 
0405 TlO indicates IP nat set by X'13' order with IZC flag set in the 

lOCO. 
0406 TlO indicates condo code or status error after X'13' order with 

IZC flog set in the lOCO. 
0407 AIO instr. condo code, status or device address error after 

X'13' order with Ize flag set in the lOCO. 
0408 A 10 or H 10 instr. did not reset I P in controll er. 
0409 no indicates invalid order with IUE flog did not set IP in the 

controller. 
0410 TIO indicates condo code or status error after invalid order 

with IUE flag set in roco. Expected UE and IP. 
0411 AIO instr. condo code, status or device error after invalid 

order with IUE flog set in the lOCO. 
0412 TlO indicates stotus error after AIO or HIO instruction to 

clear IP. 
0413 no indicates HIO or AIO instr. did not reset IP in contr. 
0414 AIO instr • did not reset IP in the controller. 
0420 'Interrupt pending' not reported by the Model 7160-1 punch. 
0421 AIO status error detected (7160-1). Expecting 'interrupt 

pending' ond 'unusual end' indications. Refer to printout for 
observed status. 

0422 TlO status error detected (7160-1). AIO did not reset 'interrupt 
pending' in the controller. 

0430 'Interrupt pending' not reported by the Model 7165 punch. 
0431 AIO status error detected (71651. Expecting 'interrupt pending' 

and 'unusual end' indications. Refer to printout for observed 
. status. 

0432 TlO status error detected (readed. AIO did not reset' interrupt 
pending' in the ~troller. 

0440 'Interrupt pending' not reported by card reader. 
0441 AIO status error detected (readed. Expecting 'interrupt 

pending' and 'Uf1Uwal end' indications. Refer to printout for 
observed status. 

5·9 
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r---, 

(TEST) 

TSTl, 4 (Continued) 
0442 TlO status error detected (7165). AIO did not reset 'interrupt 

pending' in the controller. 

TSTl, 5 10 interrupt generation. Using on invalid order, verify 
that the punch/reader can generate 'channel end' and 
'unusual end' interrupts. 

0501 Interrupt not received by the CPU 
0502 TlO status error after CPU received on interrupt from contr. 
0503 AIO condo code, status or device address error after ICE 

interrupt received by the CPU. 
0504 TlO indicates HIO did not reset IP in the controller. 
0505 AIO condo code, status or device address error after Ize 

interrupt received by the CPU. 
0506 TIO indicates HIO did not reset IP in the contra 

0507 AIO condo code, status or device address error after IUE 
interrupt received by the CPU. 

0508 TlO indicates HIO did not reset IP in the contra 
0510 Timeout occurred - No interrupt received. 
0511 Status error detected after interrupt received. Refer to 

printout for expected and observed status. 

TSTl, 6 command chain ing. Two test mode orders are command 
chained and chaining verified. Invalid order command 
chained to test mode order is tested for command chain 
termination after invalid order. 

0601 TIO indicates contr. busy beyond normal termination time for 
command chain operation. 

0602 TIO indicates status error during command chaining. 
0603 TlO indicates operational status error during command 

chaining. 
0604 Byte count not 0 following command chaining. 
0605 TlO indicates command chaining did not terminate with the 

second 10CD. 
0606 Contr. busy with invalid order. 
0607 TlO indicates UE not generated by contr. for invalid order. 
0608 TlO indicates status error for invalid order command chained 

to test mode order. 
0609 Terminal byte count not 1 for invalid order command chained 

to test mode order. 
0610 Command chaining not terminated by UE of invalid order. 

TST1, 9 motor speed (test mode). A binary order is issued in test 
mode and TDV status tested to insure .punch motor speed 
indicator is set. 

0901 Test mode selection error. Expected TOV CCl, 2 = 01. 
0902 SIO status error for binary order. 
0903 TlO indicates contr. busy with binary order beyond normal 

termination time. Motor speed indicatar is set. 
0904 TIO indicates status error for binary order. 
0905 TDV set 3 indicates motor speed indicator not set following 

a binary order. 
0906 TDV set 3 indicates motor speed indicator not set during a 

binory order. 

TST1, 10 stap and interr. A stop and interr. (X'80') order is 
issued and interrupt generation is verified. 

1001 Interrupt not generated by contr. for stop and interrupt order. 
1003 TlO condo code or status error after interrupt received. 
1004 AIO condo code, status or device address error for interrupt of 

the stop and interrupt order. 
1005 TlO indicates status error after AIO cleared the interrupt. 

TS11, 11 valid orders (test mode). The following valid orders are 
issued in test mode with a byte count of one: X'OO', 
X'OI', X'15', X'OD', X'l1', X'lS', X'19', X'10'. 
Correct termination of each order is verified. 

1101 
1102 
1103 

Test mode serection error. Expected TOV CCl, 2 = 01. 
510 status error for valid order. 
TlO indicates status error after valid order. 

600P81 036 

1104 TIO indicates contr. busy with valid order beyond normal 
terminqtion time. 

TSTl, 12 one-byte data buffer (test mode). A binary order is issued 
in test mode to transfer one byte (X' 00' thru X' FF') to the 
contra one-byte buffer. TOV set 4 is used to verify the 
buffer contents. 

1201 Test mode selection error. Expected TOV CCI, 2 ,01. 
1202 TlO indicates contr. busy with binary order b~yond normal 

termination time. 
1203 TlO indicotes UE for binary order. 
1204 TlO indicates status error for binary order. 
1205 TlO indicotes operational status error for binary order. 
1207 Terminal byte count incorrect. Expected 0, rece ived 1. 

1208 Data buffer contents not correct for binary order. See printout. 

TSTl, 13 punch order completion/chaining mode. (test mode). A 
binary order is issued in test mode with byte count = 120. 
Test is made that all bytes are transferred and the chaining 
modifier set. 

1301 Test mode selection error. Expected TOV CC I, 2 -= 01. 
1305 TlO indicates contra busy beyond normal terminotion time for a 

binary order with byte count of 120. 
1306 TlO indicates UE for binary order with byte count of 120. 
1307 TlO indicotes status error for binary order. 
1308 Terminal byte count not 0 for binary order with starting byte 

count of 120. 
1309 Operational status error for a binary order. 
1311 Chaining modifier not set. 

TSTl, 14 row counter (test mode). A binary order is issued in test 
mode and TOV set 2 is used to verify the row counter 
increments from cord row 1 (X'O') to cord row 15 (X'E'). ... 

1401 T est mode selection error. Expected TOV CC 1, 2 = 01. 
1402 TOV set 2 indicates row counter did not reset to row 1 (X'O') 

after the binary order. See printout. 
1403 TDV set 2 indicates row counter did not increment correctly. 

See printout. 
1404 T 10 indicates status error for binary order. 

TSTl, 15 skip counter (test mode). Bi nary orders are issued to test 
the binary skip counter. TDV set 2 is used to verify that 
the 2-bit skip counter assumes the following states in 
sequence: binary 10, 11 and 00. 

1501 T est mode ~Iection error. Expected TOV CC 1, 2 = 01. 
1502 TDV set 2 indicotes the skip counter did not increment correctly 

(10 ta 11 to 00 to etc.) after the binory order. 
1503 TlO indicates status error for binary order with byte count = 1. 

TSTl, 18 binary decode (test mode). A series of binary orders are 
issued with data bytes of X'OO', X'Ol', X'02', D'Q4' ••• 
and TOV set 2 is used to verify the binary decode output 
(OATAB) for each row time. 

1801 Test mode selection error. Expected TOV CCl, 2 - 01. 
1802 SIO sta:us error for binary order. . 
1803 TlO indicates contr. busy beyond normal time for one row. 
1804 TOV set 2 indicates raw counter did not increment correctly. 
1805 TDV set 2 indicates row counter did not increment correctly. 
1806 TDV set 2 indicates binary decode output (OAlABI incorrect. 

TS11, 19 EBCDIC decode (te~t model. A series of EBCDIC orders are 
issued with all EBCDIC bytes. lDV set 2 is used to 
determine the EBCDIC decode output for t'!ach character 
and row. EBCDIC decode is accumulated and verified at 
the condusion. 

1901 
1902 

Test mode selection error. Expected TOV C~I, 2 = 01. 
SIO status error for EBCDIC order with byte count 7 80. 
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TSTl,19«ontinued) 

1903 TlO indicates contra busy beyond normal termination time for 
EBCDIC order with byte count = 80. 

1905 TDV set 2 indicates row counter incremented incorrectly. 
1906 EBCDIC decode error. See printout. 

TSTl, 22 punch register/read register - shifting (test mode\. An 
EBCDIC order is issued with X'40' bytes and TDV set 3 is 
used to verify that the EBCDIC decode output (0 for X'40') 
is shifted through the punch register and through the read 
register. The test is repeated with X'OO' bytes (row 
punches T0981) to verify that a I bit is shifted to the 

2201 
2202 

2203 
2204 

read register. 

Test mode selection error. Expected TDV CC 1, 2 = 01. 
Channel end interrupt not received for the EBCDIC order with 
byte count = 80. 
Status error for EBCDIC order. See printout. 
TDV set 3 indicates the I bit was not shifted thru to the read 
register column I position. 

2205 TDV set 3 indicates the 0 bit was not shifted thru to the read 
register column I position. 

TSTl, 23 incorrect length (test mode). Binary orders with byte 
counts of 119 and 121 and EBCDIC orders with byte counts 
of 79 and 81 are issued to verify the incorrect length 
reporting. 

2301 Test mode selection error. Expected TDV CC I, 2 = 01. 
2302 Channel end interrupt not received. 
2303 Status error after EBCDIC or binary order. 
2304 Il status not reported. 

Tsf 1, 24 sense order (test mode). Sense orders are issued wi th byte 
counts of I to 80 in order to verify the contr. ability to 
transfer the 80-bit read register data to the CPU. 

2401 T est mode selection error. Expected TDV CC I, 2 = 01. 
2402 SIO status error for sense (X'04') order. 
2403 TlO indicates contr. busy after normal termination time for 

sense order. 
2404 Status error for sense order. 

TSTl, 27 punch register/read register - D's and I's (test mode). A 
series of EBCDIC orders are issued with X'40' bytes and 
sense orders used to verify that all O's are transferred to 
the read register for all row times. The test is repeated 
to verify all. I's are transferred for all row times. 

2701 Test mode selection error. Expected TDV CC1, 2 = 01. 
2702 TIO status error for EBCDIC order. 
2703 TIO status efTor for sense order. 
2704 Read register not all D's for EBCDIC order with X'40' bytes. 

See printout. 
2705 Read register not all l's for EBCDIC order. See printout. 

TSTl, 28 punch register/read register-random bits (test model. 
A series of binary orders are issued to transfer pi ternating 
l's and D's and random bits to the punch and read 
registers. Sense orders are used to verify the read 
register contents. 

2801 Test mode selection error. Expected TDV CCI, 2 ~ 01. 
2802 SIO status error for binary order. 
2803 TlO status error for binary order. 
2804 TIO status error for sense order. 
2805 Read register contents incorrect. See printout. 

TSTl, 29 punch register/read register - random bits (test model. 
A series of EBCDIC orders are iS$ued to transfer random 
bits to the punch and read registers. Sense orders are 
used to verify the read regi~ter contents. 

SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

2901 
2902 
2903 
2904 
2905 

Test mode selection error. Expect TDV CC I, 2' 01. 
SIO stotus error for EBCDIC order. 
TlO indicates status. error for EBCDIC order. 
TIO indicates status error for sense order. 
Read register contents incorrect. See printout. 

TSTl, 33 read verification registers A, B-incrementing test mode. 

3301 
3302 
3303 

An EBCDIC order is issued to transfer X'40' bytes. TDV 
set 3 is used to verify that 'read verify reg. B' contains 
all I's. (The )'s complement of 'read verif. reg. A' after 
it has received no EBCDIC decode 1 bits.) The test is 
repeated using data bytes producing 'read verif. reg. B' 
outputs of X'E' thru X'O'. 

Test mode selection error. Expected TDV CC 1, 2 .0 01. 
TIO indicates status error for EBCDIC order. 
TDV set 3 indicates read verification register B contents 
incorrect. See printout. 

TSTl, 34 read verification (test model. EBCDIC orders are issued 
with varying potterns producing EBCDIC decode outputs of 
o thru 15. TDV set 3 and 1 are used to verify the read 
verif. reg 8 contents and the read verification indicator. 

3401 Test mode selection error. Expected TDV CC 1, 2 = 01. 
3402 TlO indicates status error for EBCDIC order. 
3403 TlO indicates status error for 2nd EBCDIC order. 
3404 TDV set 3 indicates read verif. reg. B not X'F' after being 

decremented during 2nd EBCDIC order. 
3405 TDV set I indicates read verification error indicator set. 

TSTl, 36 cord feed test'1. Verify that the de"/ice can correctly i 

feed a blank cord. 

3601 Unsuccessful attempt to read on EBCDIC blank cord. See 
printout for expected and observed status. 

3602 Nonzero information was received from the cord. Ilformation 
should have been aU blanks (X'40'). 

3603 Unsuccessful attempt to punch on EBCDIC blank cord. See 
printout for expected and observed status. 

3605 Unsuccessful attempt to read a blank binary card. See printout 
for expected and observed status. 

3606 Nonzero information was received from the cord. Information 
should have been all blanks (X'40'). 

3607 Unsuccessful attempf to punch a binary blank card. See 
printout for expected and observed status. 

TSTl, 37 incorrect length. Verifies that the device can correctly 
respond to punch/read orders with the following byte 
counts: 79, 81, ti9-,I~ 

~ --
3701 Timeout on punch/read operation. TlO indicated that SIO 

still not currently possible. Byte count = 79. 
3702 Status error detected on punch/read operation. Refer to 

printout for expected and observed status. Byte count -= 79. 
3703 Timeout on punch/read operation. TlO indicated that 510 

still not currently possible. Byte count = 81. 
3704 Status error detected on punch/read operation. Refer to 

printout for expected and observed status •. Byte count = Sl. 
3705 Timeout on punch/read operation. TlO indicated that SIO 

still not currently possible. Byte count 119. 
3706 Status error detectt'd on punch/read operat ion. Refer to 

printout for expected and observed status. Byte count cc 119. 
3707 Timeout on punch/read operation. TlO indicated that 510 

still not currently possible. Byte count c· 121. 
3708 Status error detected on punch/read operation. Refer to 

printout for expec.led and observed status. Byte count' 121. 

\ /lSTl, 38 punch blank cards. A series of 10 binary orders are issued 
.)( to punch lOblonk cords, or a series of 12 binary orders 

are issued to read 12 cords. 
o£ 

3801 Status error detected on punch/read ·operation. Refer to 
printout for expected and observed status. 
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TSTl, 38 (Continued) 
3802 AIO status error on punch/read operation. Refer to printout 

for expected and observed status. 
3803 TIO status error. Controller remained busy after operation. 

TSTl, 40 checkerboard pattern. A series of 10 cards are punched 
with a double checkerboard pattern. Visual verification 
is optional. 

4001 10 interrupt not received for binary order. 
4002 Punch stotus errOl" for binary order punching checkerboard 

pottern. 

TSTl, 41 verify double checkerboard pattern. Read/verify 
double checkerboard pattern (deck of 10 cards). 

4101 Timeout on read operation. Refer to printout for expected and 
observed status. 

4102 Incorrect data entered by card reader. Refer to printout for 
- failing columns. 

TSTl, 43 read brushes - column punching. A series of 80 cords are 
punched with each column read brush tested by moving 
the column being punched from coil to col 80. All rows 
are punched. Visual verification is optional. 

4301 
4302 
4303 

SIO status error for binary order. 
TlO indicates status or terminal byte count error. 
TOV indicates read check error for indicated column. See 
printout. 

TSTl, 44 read brushes - row punching. A series of 12 cards are 
punched with each column read brush tested by moving 
the raws being punched from row 9 thru row 12. Visual 
verification is optional. 

4401 510 status error for binary order. 
4402 TlO status or term inal byte count error for binary order. 
4403 TOV indicates read check error. 

TSTl, 45 read check - EBCDIC punching. A series of 10 EBCDIC 
cards are punched with random patterns. Read check is 
verified. 

4501 Status error detected after binary punch operation. Refer to 
printout for expected and observed status. 

TST}, 46 interrupt at data transmission complete. Verify that for a 
model 7165 cord punch, the following orders generate on 
interrupt at data transmission complete: (X'45', X'40', 
X'55', X'50', X'41', X'49', X'5!', X'S9'). 

4601 
4602 

4603 
4604 

4605 

Timeout occurred - No interrupt received (Order = X'45'). 
AIO/TIO status error detected (Order = X'45'). Refer to 
printout for expected and observed status. 
Timeout occurred - No interrupt received (Order = X'40'). 
AIO/TIO status error detected (Order = X'40'). Refer to 
printout for expected and observed stotus. 
Timeout occurred - No interrupt received (Order = X'55'). 

4606 

4607 
4608 

4609 
4610 

4611 
4612 

4613 
4614 

4615 
4616 

AIO/TIO status error detected (Order = X'55'). Refer to 
printout for expected and observed stotus. 
Timeout occurred - No interrupt received (Order -= X'50'). 
AIO/TIO status error detected (Order = X'50'). Refer to 
printout for expected and observed status. 
Timeout occurred - No interrupt received (Order'" X'4I'). 
AIO/TIO status error detected (Order = X'4!'). Refer to 
printout for expected and observed stotus. 
Timeout occurred - No interrupt received (Order = X'49'). 
AIO/TIO status error detected (Order = X'49'). Refer to 
printout for expected and observed status. 
Timeout occurred - No interrupt received (Order = X'Sl'). 
A IO/TIO status error detected (Order = X'51'). Refer to 
printout for expected and observed status. 
Timeout occurred - No interrupt received (Order = X'59'). 
AIO/TIO status error detected (Order = X'59'). Refer to 
printout for expected cind observed status. 

TSTl, 48 punch 50-cord deck. 25 binary cards followed by 25 
EBCDIC cards are punched with pattern which aI/ow for 
visual verification. 

4801 Punch status error. 

TSTl, 49 read 50-card deck. The 50-cord deck punched by 
TST 1, 48 is verified. 

4901 Read status error and/or pattern error detected on punched 
card. See prjntout. 

TSTl, 50 trans. error test (reader). A prepunched invalid-coded 
EBCDIC cord is used to test the invalid EBCDIC code 
logic of the COTd reader. 

5001 Unsuccessful attempt to read the card. Interrupt not received 
from the device. 

5002 Read status error detected. Refer to printout for expected and 
observed status. 

.5003 Nonzero data was entered into the input buffer. All data read 
from the cord should have been zero. 

TSTl, 51 automatic mode switch test {readed. A prepunched mode­
switching cord is used to test the ability of the card reader 
to automatically switch from automatic to binary mode 
when rows. I and 2 of column 1 contain holes. 

5101 Timeout. TIO condo codes indicate that the device did not 
return to the 'ready' state after feeding a card. 

5102 TlO status error detected. Refer to printout for expected and 
observed status. 

5103 Error detected in observed data. Refer to printout for foiling 
columns. 

TSTl, 52 transmission error test (punch). Any prepunched card is 
used to test the obility of the punch to detect extraneous 
punches. 

5201 Unsuccessful attempt to punch the card. Interrupt not received 
from the device. 

5202 Punch status error detected. Refer to the printout for expected 
and observed status. 



600P81 036 
5. SIGMA 5-9 COMPREHENSIVE CARD EaUIPMENT 

(TEST) 

FUNCTIONAL TEST (TST1) (S51 = 0, SS3.= 1) 

INITIALIZING CONDITIONS AND EXPECTED RESULTS 

1. Initializing Conditions: 
Cord Reader Test: (All Models) 
The following subtests will expect the following number of cards 
with their respective patterns to be in the card reader before each 
subtest 

Subtest 
Number 

Pattern of Each Card 
af cards 

36 2 Blank 
37 4 Blank -
38 12 Blank (Command Chained) .. 
41 10 Double Checkerboard -
49 50 50-Card Test Deck -
50 1 Invalid-Coded EBCDIC Cord -
51 1 Mode Switching Card -

2. Expected Results: 
Card Punch Test: 
Expected ResUlts of each Subtest. 

, 
Sub test 

Number 
Pattern of Each Cmd 

of Cards 

Model 7160 36 2 Blank 
38 10 Random (Command Choined) 
40 10 Double Checkerboard 
43 80 All Rows of a Column 
44 12 All Columns of a Row 
45 10 Random 
48 50 Standard Test Deck 
52 2 Operator loads a Prepunched 

Deck into the Punch 

Model 7165 36 2 Blank 
37 4 Blank 
38 10 Blank (Command Chained) 
40 10 Double Checkerboard 
43 80 All Raws of a Column 
44 12 All Columns of a Row 
45 10 Random 
46 8 Random (4 Offset Stacf(ed) 
48 50 Standard Test Deck 
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5. SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

TEST/DEVICE REFERENCE TABLE 

Device Model Numbers 
Test 

7160- I 7160-2 7165 7120 7121 

lSTO X X X X X 

1511 
1 X X X X X 
2 X X X X X 
3 X 
4 X X X X X 
5 X X X X X 
6 X 
7 
8 
9 X 

10 X X 
11 X 
12 X 
13 X 
14 X 
15 X 
16 
17 
18 X 
19 X 
20 
21 
22 X 
23 X 
24 X 
25 
26 
27 X 
28 X 
7!/ X 
30 
31 , 

32 
33 X 
34 X 
35 
36 X X X X' X 
37 X X· X 
38 X X X X· X 
39 
40 X X X 

".41 X X 
42 
43 X X X 
44 X X X 
45 X X X 
46 X 
47 
48 X X X 
49 X X 
50 X X 
51 X X 
52 X X 

lS12 X X X X X 

1513 
0 X X X X X 
1 X X X X X 
2 X X X X X 
3 X X X 
4 X X X X X 
5 X X X X X 
6 X X X X X 
7 X X X X X 
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Not 
7122 7140 Used 

X X 

X X 
X X 

X X 
X X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X X 
X X 
X X 

X 

X X 
X 

X 

X X 
X X 
X X 

X X 

X X 
X X 
X X 

X X 
X X 
X X 
X X 



600P81 036 
5. SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 

(TEST) 

CARD SAMPLES (TSTll 

.. II II II II .. II II II II II II II II II II II II II .. 
II II II .. II 11 II II II II II II II II II II II .. II II 
1011,;: II; G 11< G II~ a II' ~ 110 '110 ,II' ',II' 'II_ til: ell e 'II' _II" :110'11' til. 'II' 'lIe~" 
11;;ii,;iii; 'Ii, ;Ii; ;11' ;II"ii"II"II';';i."'li',7ill'"I'li'17ii'~IIIIII; ,.i, 'ii,', 
1<111111121111111111:,1111112111: ! lin 111:11: '11:,11"1111111: 111.111111: III!!" ,r- I 

IIlIlIlllI) 1111,111 JII13111;1I' , II. II : III, II;: II' .lIlJII) .1111113311 I III- ,1111 

--IIHllull"II .. II"II"II'" II-n .... II 11 .. 11 11 11 ...... 11 .......... 11 
I 

111111111111111 III 11111 .. ~ ',II" II ~ III; 'II 1111,'_' III III ~ 'II ~ III. III \ 'II' ,III-n" 

, .llull" II 10 II "Iii :IILi II" II !{ .. E ( .. ; ,II £til- : II HII"II E! II "II, ."', •• ".11 
"n"nIl1 ;11111111111111111111111111111111111111 11111111; 1111 111"11' 'IInl,'1 
11111111111111111,11'1111111' ,II 1I11i1 II 1111 , illl! 11'111, .111111 t 'IIIIII! .... tll 

~'! !~!~; !,I,~ II!: : I!!;!~: ~ I!:, -II' ~ II ~ ~ I! I,!~~; ~~! ~ !!~I -II' zl ~ !!!~ ,~Z!!~ !!!! II!~;~!~! 
Double Checkerboard Pattern, 10 Identical Cords (TSTl, 40 and 41) 

•• DO O.ID g 0 I 0 001 0 0 0' I '"'" 0 ~ ft 8 0 I 0 0 0 1811.111 I II uea 8 I 0 III. G GO. 0 0 0 0 0 I 0 0 0 ... ulfe II 

; : : i ; i; ; i '1: I'; 'II ; I;; i ';i. ~~~~ ~177 ~III i;' 7 ~ i~' ~ i7ii;I~'1 7';i77, ~'·;;\7' 7';i'l'II~"l ';·l·~,·i;· ~ ;~;'i;~;i~'7 
lllllZllllll1111111111111111 I III 11111111111 111111211111111111111111111 11tlllllli 

1111111111 I III III I 1111 llill I III I III I II 1111 I llil I JIll I Jillil 1111 1 I 3tl I J llllIll JII 

•• ,.11 'III '.' "III. I. II,." '1.1.1'.11 .. '" Clil U 1II'IIII.IIIIIIIIIIIII'llu"UII 

1111111111111111111111,111111 IIIIUIIII I II 11\11111 I I 1111111 I III III II SIIIISIIII; I 

,iH"IIU"'I"'I'I'I£II"IIIII'I"I"I""''''"IIIII!''II'I'III'IUIIIIHil',' 
111111'1111" 1'" '" 1111 .. 11" "" 1" 1"111111111""" 111" " ll1lUll n IH!111 1 
I! II ~ 1111 II i.! 1 III'IIIIIII! .,11 III'"IIII!~ 1IIIIIIIIllllllllll18 8111" InIU ... I 

Transmission Error Test Card (TSTI, 50) 

! ~ ~ ~! ~ ~ ~ ~ COd a ~ d' ~ ~!!~ ~~!~!~.~~~ ~!~ ~~ !~~~:~!~!! !!!!!~ ~~. !~!~~~!~!~I!~~ O:~I~~~!!~!~'!!! 
111111111111'111111111' III I 11 II 11III1III1111I1I11111 J 1II1 11111111111 II J 111111111 

1111111111111111111111111; 1111111111111l1l11IlZl1111111111111111111111111U 11III 

IllI I I I I II JIll I 1] I I 1 I I J IIIl J 111 I 11 I I) II1Illllllll I I I I Illl I I I I I n I I II I I I llJllllll 

•• U"U. UllI'IIIHIIClIII 'I' 4 UIIIIl ............ IIII ........ II •• II • ., .. UIl .. 1 

I HI I II \ I \ I \ II I \ I I I I lIS IIIIIIIIIIIHI I IIIISISISIIHIIII III \ \ \ IS \ I III II S5S!BIHS 

111'1 lIH"" iii i \ ~ 6'" '" ii' II ""' """""""111'" 111111111111" ""lOll" 
I r " " 1 " 11111 r , 11 1 , " r , 11 r " 1 r ; " 111111 " '"'' r 11111 '11 , 11 " 111111 , 11 'HII" rr" 
111111111 e I' 1/'11111 t! 1IIIIIIIIIIIlIII 1111111 III1UIIIIIIIII! III I! IIIUUn!! H. 

Automatic Mode Switching Cord (TST1, 51) 
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SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 600P81 036 

50 CARD TEST DECK (TSn, 48 AND 49) 

I I •• I , I I I I I I I I I I I I I I I I I I I I I I 1.1 I I I I I • I I I I 

111111I11111I1111111111111111II11111111I 
1:1 ~I:I :1'1 f I: IOI~ I, I 1'1" I, 1,1'1'1: I~ II: IUUo ICI~ I; IU' I~ IU~ 10 If I, Ie 1010 I; la 
li:iii,i;lllliii'lil,i i i'I'li:i,i;i,i',';i;i7.,I,ili,i:i',.;'i'II'·iil,ili,i,i,. 

111111111,11111:1:111: Ii 1,Ii I; 11 111:111: Ill; Illll<1! 1:1; I: li'l I: I:'; 1,1; I; Il'i'l 

Jil' 11 Jill :Ilill Jill Jill '1 ,I'll Il'lll II Ii Il I: I IllII' I '. ,I 'I j I'll I' I .• II Il I: I :11 I 

1'1'1'1'1'1 '1'1'1'1'1' I'" 1'1'1' I' I' I' I' I' I' I' I' I' 1'1' 1'1' 1.1: I. I. I: I: I: Ill. 1.1. 
II II 1,:,,11111,11111\ III \ II II I i II Ii II 11'1 II II II I, I. I: 1,1' i II I'll I: II II 1\ I'll II I 

ISllllllillil61611111'IEI!IIIIIi "hl'lllil'I'161'111'1' IlIII.I' I! III, 1,111, III! 
111111111111:1 :lll:lllil; 1111 I' I: 11111:1: I: I; I; Ii I' Ii I; I: I: 11 Ii I; I: 111:.1' III: I: I 

1I1111111l1ilei 1IIIIIilel81i I! II U III! Ii lSI! IUe Ie I!I'I' II I' 181i 181.lili Ii Ie I, II 

'1'1;1 1111!lllllllllllll! I! I! II II 1111151'11 II II II I' I. I,ll I' 111, I~ I", I! 111", I' I 
.:·,'·It'" ':\. ·.':"'1.·.·1;·.\ .... / • ., ... ,:1' .. 1\.· .. "01; ........ " ................ •. ,t .• ""t ....... -. ... "I( ,","."'". ,.t.l 

Card 1 

11.1111111.llllllllllllllllli 1111.111 •• 1 

11111111111111111111111111111'.1111 III. II 

'10101 DIDio 111110 101 0 I 0 I 0 10 101 OlDie 10 10 Ie Ie Ie 10 I j IG to 10 Ill~ 10 10 IC II 10 10 IG II Ib 10 I 
I;i;i; i ;i':':.'; .'; I ':. ~1';ii;'I'~I;.; II i 11~1717I'II;'171;'I;1 ~I ;1;I;i~1 ~'17i 7'~1;' i;1 ;',; I ;',7 
212111 211111211111111111111111111111111121212 1111121111111112 111212 1"1111111111 

I lill 1.1111 11 J I llll1lll111111111111111iJIlilI1IJ 1111IJ IJ Il'J Ill) 111311lJ IJ IJ 1111 

414141 414141.1414141'1'141414141,141'1' 1414141. '4141.141. 1.14141414'4141114141.1 

111,11111111'1111111111111111 I 1111111111111111111111hlllll\ 1111111111111111 1111 

1111 '''III 616111116 16 I 6"161116161' II161&'s Is 1.1615 Ii II I' Is" 16 1016 ,11' I' 1I1I III 
111/111/11'1111111111111111111111/111/111111111 i 11111/11111111111.1 1/1111111; 1111 

.1'111 81811181"1"111811111. IllilllllaI81.'8 'IIII~ IIIII! 1811111111111,le"18111 

~ 1'!~!'!!!~ ,~~.~m!mmm!!!!!~!!! ~!mz~~!!!!!!!~!!!!~!!!!~!!!!!Z!!~~II~!~!~! 

Card 2 

1111111111111111111111111111'111111111111111111111111111111111111"'111111111111 

! ~ ~ ~ ~ ~!!!!~ ~1~! !!~ !!!! ~!!!!!!!! ~! ~!!!! !~!~ !~!!!!!!!!!!!!!~!!!~!~!!!!!!!~ ~~I~ ~~~ !!! 
11119'111111111111/11111111111111111111111111111111111111111111111111111111111111 

112 222 21H2 ZZ2 22 ZZ ZZ 2 1 ZZ 2 ZZ 2 2 2 1 2 2 2 ZZ 11111 2 1111112112212222 2 HI2 III I 2 111111111111 

lllIIJ] I]]]]] 1]1]] ]]]] IJ I J] J I J IJ 11 1 11 ]11 1 J 11 1 J11)) 1 JJlllll ]1111] JJ llJllll]]I]]) 1 

UH .. HU .... 14. UH .U4 41 4 4 4 4 414 4 4 4 4144' 41 4 4 U ••• U 4 4)4 4 4.4 •• 41".41 41 4UUU 4 

SSS BBSSHB 5 55 555 55 55 5 5 5 55 5 55 5 1S5 5 5 5115 5 555 5 5 I 15s\5l155 5 5 5 5 555 5 55 5 5 5 5 55155 5SS1 

'"'' I"""""" I'" I'" II'" 111'1'1161' I 6' 11111'111"'" I'''''''' II'" II '" I' 
11/1/111111111/11 II 1111111 /11 1/11 1/ III 1/ 1 11111 1/ 11111111 1111 "/11 //1111 /11 " 11/ / 

111111.1111.11111 11111111111.111.11111118111.11111111.11111 •• 1111 ... 1111111111 •• 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 
1'" ,. " t' •• " ,",',,,. ·"t~I"I!:11'."'!'5I· ... n ... 11J1)1t\Il,I.:'P.t-U.)6 ... , •. '.:1'" ~.·I~~·\'l'V)t'.;'if~',a-~:"6(."""."'1'J""'_·· •••• 

Card 3 

.. 1 .. 11111.111111111111111111111111111111111111111111111 ... 111111111111111111111 

." .... 1101111000 1l1101D 00 00 tGl~ OtD I 0110 0 OOGO I iiI I GOOD II 00 II 0 IDIG. 01 Q oDe 10118 110 

.;; i i; i ;;7~1:'1";': ;';;';i~!lr~';-~71;7~~~~~I;~~;'777;'~tll~~7i'777;'~n;~\;7~7~1'~~'~~777~7~;-~ 'rri',\1,';'~;7 
2HI 11111 ZZ III !llllllllllll 2 I !lIllI/Ill 11 III 2 lllllllllllllll lllllll 2 111111111111 

III 1I11 JIll 111 JI Jllll J 1 I llllllll JlIIl II 1 1111 J Illllllllllll lllllll J 1111 J II J Illlll 
....... U44 ..... 4444 .... 4.U.4 ••• u4.uun.U •••• 4 ....... 44 ....... U' •• 4.41 ... . 

55115551111 1SIIIIIIIIIIII15111111511111151151515111SSI 1 IB 5111\S5I5 51151 5555 I 511 

'" I"'" 15 5""'" I" 5'" 5' 51' 51""" 6' I"""" "i"" 5 i 5' 5 """ "" 5' 1'1" I 
1111//111/11/11/11111/11///11111/111//1111/11111/1///111///1111/11/11//1.11111111 

.. 111111111111111111111111111111111111111111111.1111111111111111111111111111111I 

'" 111"I1',II! 11111 II!! lilt II IIII! II"!! I! '" I! "'! II' II!' '" B! II" I, !!"H'''' 
'1'" \. - ••. ,-,.,.,"'\" '"'ll''I~''' ,·f,.. .. :'II:y.,.!:11'.~ .. '· ,~ •• · ... u ... · •• , .. nlo:~'''u ... ·~ .... I""·.:U ... · .. , It"'~. ·1 •. J

." ...... . 

Card 4 

1111111111111111111111111111111111111111111111111111111111.1111111111111111.1111 
'l,.,.".t·,." •.• "~··.I:"t\ .. ·· .... , .. ,,··, .. ~ •• " .............. ">I\.\:\ ... ' ........... ' ..... ) ......... ~ .• :'1 ..... "., ••• 

Illrllllllllllllllllllllllllllllllllllllllllllllllllll111/111/11111'111111111111 

I Zllll I 11111 III Ill! I 2 111 2 1111111 I! Illlll! 1111111 1111111112 III III III Z 111111111112 

J JlI J llllllllll II J III I Illlll IIlllllllJ llllllllll J I] 1I1 Jl J 1I1IIllIl 1 JllllJ • I 1 1111 
... U4 .... U .................. UUUIU •• 1 .. 44 ..... " •••••• 4""", " .......... . 

111111111111111111111111111111111 II I I \ I 5; I11I \ II I11I1 \ \11 I \ I I II II \ I I I \ I I I I I; I I I I 

6i "ii HI I' "II' Iii 1'1'" I" II I 1'111 iii I' ii' I" HI' I i >I!' II" iI I'" II"" I""" 
1111111111'"1111111111111111111111111"1111111111111111111111111111111111111111 
11111"" 1111111111.111 ""111111111111111111 1111 1111 i II II''' III! I'III!' 11111 I! I 

H" "' II.'''' """ I" I' ""'"' '''1'' 'Ull" 1\" 1"!'''''' "'"'' """,,,,,,, : ,.,'1" '! ...... 'r':':." ... · .•• " .. ll .. "'.I ..... , •• ,.~· ..... ft.,··,. .... ·.t\..· .. , .• ·~ .... ··j·· • ., ··r 

Card 5 

ca' 0 ICC ~ H. II r C 10 or IDeo 0 II'U' -,' 0 00 H' ,." ~ 1 : J' u ~": ~ r ,. '/ HO II ,.11111111111. 

li'i'i.iillllili.ii .. iiiillli"'lIlliiiilllllliliillllil'lilillii,iiiililiti.i.i.i 
: 11;: : 2; !1 :: I:: 11: n :: : ? : : ::::: : :: : : :: : : : : : _ : ' : :: : : : : : ; : : : , : : : : 112: III Ill:: III : I 

J';" 111 flll ) 1 1 1111' 1; I; 'lillI, J' 1 I J J ' , ,; , I' '" j ., J) ",;; I.' J I 1 1 J 1 1 1: 1 1 l! 1 11111 

• •. u .... !. It .. t,lf J "'H ... JfS'!l!"'!:': !S! !'.!!u·:'t =':.I!J !J'!!U4'! !H,Itf ........ .. 

1\1' \1;\11\5111111'\;11\\<1,;1\:"1\\\1\;1,\'\\' <; ,I' ',:;\,'I\IIHI\I\1111511111 

11111111111'.1.111.1111 .. 1 .... 111111111111111111 .... 11.1.1111.111111111111.111.1 
il;:11111111111111111"rJl:;:ili.lrl1!jil;,'::i:l:ii:i:1;:;;';li71111:111itl11j;1? 

'""II! II II! .11111.11111111 filII II 'I'" I!" It!l!' '11'1" R ~111I •• 1t IIIIJlIIIIII. 

~ ~ ~!!! ~!! ~ G ~.~!.~! ~! ~!~! ~ .~.~!~:!!!: ~!!~! ~!!! ~.!~!!!!!!,~ ~~,~,~ !,G ~ ,~!~ ~~,!~.!~!! ~ ~~. ~)~! ~~ ~~! 
/1"11111111111/111111111111111;111111"1111'11'111111Illllllllllllllllllllllllll 

III.IIIIIIIIIIIIII •• IIIIIIIIUIIIIIII.IIIIII ..... IIIIIIIIIIIIIItl.IIIIIII.IIIII. 
IlIJ J lllJJ Inlllllllll J J J 1 Ill)Jll l lJ J I J 1 1 III J 1 III J 1 J 1 J J 111 J I J J JIll JlllJl Il J 11111 
............ HI ... 4111. UIUItU' •• ! ............. , .. 14.' •• ,.1 ............... ," 4 

IIIIII.III.II.IIIIIIIIIIIII •• IIIIIIU.IIIIIIIIII.IIIIIIIIIIIIII11.11111111.111.1 

i6 IS .. " ""Hlii' II'" "liilH'" Iii. Ii Ii" II 6 16 6 I" 610 6' 6 61611' I! 6'61" 5 611 '" 

11 n 11111117111111 I III 11 IIIl 11 11111111111111/ 1111111111111111111/11/11111111111 1 

• 88111111111 ..... II.IIIIHUIIUIIIII. ,1I1I11I11I11I1I1I1I!! 81111 31!' 11111 81111. 

!!H "",,,,,,,,,, 9 "'!, IB'Uff!!"!!"!'!l"'!'!!!lS II!! !!'! "'! Ill! "'" H'" 
I .. I f 1 , , .... ,t' II It :\1111 .. • ... t'~·:'}."An ..... U )I.". t: .".",· .... tt." ... loIV v \HoI II .! ...... tI.' •. 'j .. u ... ·.~,,·.~·:: J"', •.• ". 

Card 7 

~ ~! ~ ~ ~ ~! ~!! ~~ ~ ~!~ !!.~~ ~~~!!!!~!~~ ~!!!!'!!!~ !~!!!!!!!! ~!.~!!~!!!~!!,!!!!!!!! ~!!~:~ !~.! 
1/1111111111111111111111111111111111111111111111111111111111111111111111111111 II 

Z2 1112 11211122 1111121111 21lUlllll1/1111ll11 2 III 11111211111111111 illlllllll 2 2 III 

111111111111111111"111111111111.111111111111111111.1111111111111.11.11111111111 

1111111111111111111111.1111111'111111111111111111111111111111111111111111111 .. 11 
1515 \ 111511 115 5115 I < I I I 5111HHI151 \ \\ III III \ 1115111 I I I I I I I I I I II \ 5 \ \ I \ II \ I I II II I 

I"'" Ii S I 11111" 1'111" IIU"iI" II""""'" I' n 5" ii" 161""" I'll'" 5' III' 

/11/111111111 11111111111111111111111 III? /1111/11111//11/11111111111111111111 1 IF 1 

1I11111111111 •• II.I'"I.IIUUUIIIIIIIIIII.IIIIIII •• II.lllllli ••• i III. i I I .11111 

Card 8 

I' I 

t 
ICIO."OUlllOaoll lOla a DI .. I'&IIIIIIIOOoIOI8II00.IOIOI, 0 OIolllallto. OIUlio 'tI .. a 
I: ; ; i ~ ; ; i ~!i '; .';'11';. ';'1'71:;1IJ1;I~i ~i~7 7 i ~7;'7 ~7i; ;'7i7~ 7i:~ 'i'iI~;~71';\;7i ~','~i~~'7i~~' 't.';',"t. ft~t7 
1111111111111'111'2 Illllllnll111l1111111'2 11111111111111111111 i 1111111111111'21 

11 JJ Jil J llllllJ llil 1 IllllllJlll 1 1'1 J 1'111'1 1 111 1 111 1 III J 111 llllll'JJ lllllllllil I 

.1.' .141 '1' •• 1 ••• 1' "I' 141cull ( ••• , I'.' '1 •• '1" 4'. 4 '14' .114' I., .1 •• II.' .1. 4 '1' 1 
51 I I 1151111111\ I ~II I III IIUHII\ S III III I 1111 I 1115'! 1115 I I'll S 11\ I 1111151111 11'\ I 

"Ii I 51' i 'I' ".," .,,' II "'Uil5 16111 \lu61, 6 \Iii i"', I'" Iii' Is" Iii"" 1165 i U 
1111111/11111 '1/11111111 /lllUlll11111111/1/1 illlll/11111111111111'1111111111-;ll 

I !lIlltllll! 1 •• 11 ••• 11111 ...... 11111 1".llltllI.IIII •• II.II.IIII •• 11I1I11I1I1 1'1 

~ ~~!!;~ ~!!~ ~.~! ~.!'! ~!I'!~ ~!~!~!!!~!!!!! ~ ! !!! Z !!!,!~!!!!~.!~!~~, !!,'! ~,~Z1!.~Z~! ~~ ~I!': ' ! ~! 
Card 9 

11110 a "IC Olt I C,IIDlII ;llUIII4" U,' / It! 0 ou oalle C", O;al CII'OI II 1111 C II! 101'"1 
; ; ~ i; iii; ; "1' '; ;i; 7 '; i~ ~':' ii; 7~ i77 iii; ,i I ; ;i~ ; .! i l 7', i7;; .', 71 i, ; " i', ~ '1 itl 7'; i"; " 11 t ; I i l t I'i 
'lIl'Il/lllllllllll 1111l1IHll1111111;:: 1//1111111 nll1 111111'1 n11111111'11I1111 

• 111 1111111 III 1 II 1 1 1 I)lliu Illlllllll!lllll 'I! I11Ill111 I I 1 I 1 '11111 llllll' I 111111 

I ( •• 1' II'. ul. III.' .1" '1."I".lu •••• '1"'" 111.141.' .111 '1'" I' 4 ,I' •••••• , .. 4 

11\ \11 \111 \\IIISISI \111 11\\ :'1 II'II~'I \ III \ III' ,II II11I '11\\11 \1'1 11'1 I III I \111 I 

"" ilii 11'''111111 iill Hll"lii! Ii ii'li \ Iii! I' iilii '1'''11',," 'Ii till 11111111' 
'I! I ;11 i ll111111111111 11 'In II: I II; , 'I; 1 ) I:: I'" II' : 11 r ; 11111111111' 1//111111. I 

IIIIII! 111111'"1111111111""" 'IIIII!! '1' I 1'111'1' III •• 11' 111111111111.11.1111 

I'! ~;!'! !!"'~~!'~ ~"., ~~!!! 'I~' '!~ !,I !~!~~:~:!~!:~.' '!'! -I :!.' !.~,~~!.' !!~~, I ~~ ~ I ~~! 
Card 10 



5. 
6ooP81 036 

I!I! I all aGIo UI' I '10 c nlll!lo P 010 oclOo 0 11: 0 I: 0 010 e 011 0 I 10 I Oil' 1IlIl,"olooolC a GlO 
~ ; I ; ; ~ i ~ ~ : 11 I ; i ; 1 ; i ~ I ': I : ~ ;. l' ; ; I ~t ;' ~ I ; ; ~ i 7 '1 ': i ;'~' 7 ii 7 7 7 i 'I' I ; I ~'1 ~ i 7 ~ ~ ';~7i 77 ~ i ~I;' ;', ~;" ~. i~ 
!! II 11111111111111111 7 : 11111 ' 1 : 11 : : 111 : 111111111111 I: 1 : 11 : 111 Ill) 1111 n 111111111 
11 )1 II ) II ) )1) ) ] I) ) ) I) ! ] I) ) ) 11 ) Jill) 11 ) 11' ) ) I) J J I) 1 ) I ) J ll) ) ) I) II III J I JJ J I) ) ) I) J 11 

I I II II III I II! I "I" I "1"'"1" "11'"1'"1""1'" '1' I III I II, I II' I III I II ... 1 .. III I II .. II 

II1I1111I1111 I ~II I III i III I III I III II1I I 11II ill 1\11\ III 1\11 I III I 111>1111 \'1111\1 II 

Ii' .1 •• ii' "" iii" 'I" 'I., 'I" i Iii ,to i' II i II' I ,Ii. I to I 'Ii \ Illli'." II" I', ii" i 

I I r r 11 rIll 111 r 1111 1111 I 1111 ] 1111111 ; 111 111 i II: I 111111' I : 11111/111" ] 11111/1 ; 111 I 

II! 1111 II! ""11111111111111111 lI81, II! !18 88111111111! 8 'Ii! 81i ,,1t .. 11I811111' 81 

II ~ ;~!!:~ ~ I!I ~ ~ ~I ~ ~.!~! '. ~I~~ ~!~! I~;: ~ I: ~!~!! !,!!~,!~~ ~ I ~~! ~ I~ \,~~~~;~;~ !,~~ ~ Ill, l ~ I: ~; 

Cord 11 

'" 0 Gil 0 III ulOO 0100 011101 00 010 0 016 0 0 10 0 ote 0 010 0 oue 110 0 aU! 010"108111' 0 II 0 Oil 0 

; i; ; ; i; ; : i ~ -; 'II ii'~'~ \' i '~7"1','1; ~ i :1' 7\' i!; ~'11' i '; ~ I i ';·7'1 i'l 1(7i'I' 7', i"1 ~\;i~ 7~i i;7 t

; i~'7~i~7't I~'~! ',I,';' '; 'I' i 1'7 
11111111111111111112 2 212111/ 2 1111 /11111/1 2111111111111111112 11111 111111111112112 

lllllllllllllllllllJ l Jill III J ll) l Jllllllllll J III J lll) ll) lllllllllllJ j JIJ J 1ll JllJ 

441 I 1'11.1111 III I III I III I III I III I III. "1"'11"'"1" "'11.11." III 44lu "'1 I III I III I III 

I1111111I ~ I \ I I II \ II I I \ I \ \ II \ \ \ III \, I \ I I I i III \ III I ; II I I II \ III I \ 1\ 11111111 I I II I 11\ 

"111"111.'111111 I ill' Iii 1.11' Iii 1.11 1611.6116 6 Ii 161" i 166 ililil' Ii 16 iI'll ,to i I I 
111111111111111111111111111111111111111111111111111111111111/1111111111111111111 

'''" 11111111111111118111111111111 818111888111818.1I1111111I11I11 .. 1111111811! 81 

Cord 12 

1111111111111 

lUll II 1111 II 

1111111111111 

1111111111111 

1111111111111 

IIIIIIIIUIII 

! ~ ~~~~mm~~~~ ~ ~,~!! ~~! ~!~!~! I~I~~ II!~~~~ ~ ~,~!~ !,O,~O ~ ~~~m~ !mm~!~, ~!~,~, ~ ~ ~~, ~.~! 
"1'111111111111111 , I 1 'I 11 ] , 1 111111111111111 ! I I 1 I, 1 I 1 I ] 1111111111111111 , , , ; 1 I' 11 

Z Z1 Z 111111111111112211/1211221111111111111112 11112/1/211111111111111111111111/11 

Jl11ljlllllllllllll) J l J J 1 l II II J JIIIIIIIIIIIII) J J J l) llll J J )11I1.III1I1I1J J J 1 JJ lJ 1 

4 I 4144 41111111111111.1 I "" I I I I I I .11111111111111 I I I I I I 1.1.1 IIIIIIIUIIIIII I I I I I I I 

1\51\ I I 11111111111111\ I I I 1111 \ I J I I 11111111111111 II I 1111 \ \ I I 111111111111111 II I III 

11'11 Ii 111111111111111. i"" I 611 101 111.111111111.;. i I 6 6 i.,., .. 111111111111.6 6' 6' 

1111111111111111111111111111111111; i 1IIIIIIIIIII111111IA 11111/1 .. 111111111111111 

II lllll II 1111111111111118 I I ! 88 81811! 811.111111111181 e 188 e 18 8.1111111111111118881 

!!!!!!!!!!~ ~ ~mlm~~m~,~!~ ~~ ~~! !~~ ~!!~~~~~!~!!!Ig ~~~!!,~?,!n~ .. '!!~!!!lm~!I; ~~ 

Cord 13 

111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111 ... 

III .. 
01111111111111000000000100 atllllllllliliO 0 0 0 0 0 0 b I 0 ooollllll .... UIO 0 0 110 0 0 litO 01 
i : iiiii iiiilli. '; 'I' '''I'~;' ;';';7 7'1 ~Iilllil ilili .'1 ; ;'; ~;' ~;';;' ~ ;';. ill, i i.ii.ii ~~.;';' ;",';';' ; 'I' I';'~ 
11 11l1l11l1l1l1l111111111111111111111111111 12 II! 1111 1111111111111111111111111111 

lllllllllllllllllll J) III J I J II I 1111 111111111 II J II J J) II 1 J JIIIIIIIIIIIII) J 11) I) 1 J lJ 

4 H ulUIIIIIIIIIII I I I I I I I I I I "'1111111111111." II I .. "'"11.1111111111111"' I II I I I" 

11511111111111.11111 \ I I \ II \ 1I11 11111111111111, \ II 111111 \ I 111111111111111 I I S 11\ II 

,,",,111111111111116" III"" 1111111111111111.;, 5" II I i 16, IUIIIIIIIIII" i' iii I 

111111111111111111111111: 11111/111111111111111111 i 11111/1 1 i 111111111111111111111 

11.11111 .... 111111111111 •• 11111111 111111111111118. iii 81 iii i 111111111111.111 i BIll 

'!!!!!! ~! !"~~~~Imllt;,~!;~;! ~ ~ ~!,~;~! !~,I~~~~!~!!; \!, \ !,~11 ~,!~.~~.I!.I~~mlll~I:' ~ ~~ 

Cord 14 

IIU II II II 

11111111111 

11111.1111111 

1111111111111 

II.IIIU.IIII 

1111111111111 

11111 

1111 

111111111111 0 0 G 081000 a 0: Q 1111111111111, G ~ 3 C" Q: CDO'~ 1IIIlIIIIIII,e C Q Q C Q 0 lle 10 Q III 
.iiiiiiiilill" ; ; I; ; ~I li'I';;' Iliimi Ii Iii', ·1 " ',": 7'1 777 I I 'ililiiii'i.i7'1 7':;, ,';';;; I :' ii 
1111111111111111: 11111 1121111111111111111 111: 11111 i 111111111111111:: //: 12 I I: 1;: I 

lllllllllllllil l 11l1lll) ) 11 J 1111111111111 j l J l 1 ill J i ] l ) IIIIIIIIIIIII! J ) i ) i )' . ! j J J 

1'"111.111111111' I I II "" I I I I 11111111111111'" I I 1'1' I.' 11111111111111", 11'1 "'" 
IS I 1111111.111111 1\ \ \ I I \ \ I I, I i 1111111111111', \ \ \ 1\ \ : \ \ \ I \ 111111111111'1 ~ I \ I ' , ' : , i 

"illlIlIllIllIlIl' 1111 i illi ii i 1111111111111.;, 1'1 ii ", •• 1111111111111, \; ';, ,\, I 

111111111111111111111111: I: I : ' ; :11111111111111' ; ; ; : ! : 1; 1 : ·1111111111111' . 

1111111111111111111111111 i! II! 1111111111111111; 'II!! IIIH 111111111111111",' "1' 

"!!!! I :~~III~I~I~~!II! :;~ \ !~!;:~ ~ I!I!!!~~~~~!I!,::" 1 ;;, ~':' " ,1.1,1,',111111111" ; " 

Cord 15 

SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 

11111111 

111111111 

1111111111.11 

1111111111111 

1111111111000 GOO O! 00:: cllll ... IIII1. 

lilililiil" :'; 1; I";; I, 'r' ,'Ieliiillli ... ~, 
1IIIIIIUII'I?: 1111111: I: lI.nUIIIIII· 

1111111111111 

1111111111111 

IIIUII 

111111 

. lcc~.IIIIIIIII .. I~oo\OnIlIOOIIIlIl 
, , "~ ;",' 'lIIi.ililiiii ~',~', ;~'I" i ,',' '.' liii 

, . : : : : I : 1111111111111: : I : 1 :: : : : : : 'III 

1111111.11111 J J l J j J j J' J) i :1111111111.11 l'· . ,: '" J llllllllllllll" )':' ,II 

'11111111111111 I II"'" I "' 'UIIIIIIIIIIII'::"!: I 1 I" 11111111111111'" I"""" I 
I i 11111111111 II i \ \ \ \ i; \ i I I I ,IIIIIIUIIIII, . , 1 : i , ; Iii I ,111111'111111' 1\· \ \ \ i , ' , 1 ' 

h illlllllllllllh" Iii iI i ".111111 .. 11111· "i, b;, \,,;; 1111111111111."" , "t :. 

1 j 111111111111111;' Ill] 11 ! 1;; '1111111111111" , I: , : ;! .. ': : 11111111.1111 ., :: ; 

111111111111111111 i Ii II II III' HIIIIIIIIIIIII~ i! d " ! ! • i! Ii 1111111111111 Ii' ,; .e! II 

'1111,111111111111', !" I! , II Hnlllllllllllll, ,!! J' II 1'1\ j 111111111111" ""I! II 
'llt\6<"'C '.)~ "'1:1 • ... '!1,. ... '''1! .. ,.,~,· .. ·, ..... , ... \ .... ., ... \\:'1'''~' ., ... , ••• , ........ ,,:,.' ..... ' •.. ,' •• 

Cord 16 

111111 

1111111 

III II II UII .. 

11111111 ... 11 

1111111111111 

1111111111111 

111111111 

11.11111 

IIIIIIIIOOOOOOOO! 0 0 0 01111.11 .... 110 J coo 0000 ,e I C 1IIIIIIIIIIIIe a" coo 0 Q 00 0 0 91111111 
II,iii.ii; I; '; ,. ;-;1 ';;~ '1IIi ••• iilllliiii; , ~; 7', 'I '1 .;'; 7'1 'l'llalli I 1.1. ii ';'i ~;'7';7;";'II']' :' III Iii 

1I1I1I11I1111111111! 12! 1I1I11I"1I1I1! 11121122111111111.1111111 211111112: n 11111 

11111111.111 JJJ 11Jl J lJl J "11111111111 1 J 1 J l) l l) II JJIIIIIIIIIIIIIJ J IJ J J)l J J J J JIIiI 

1 .. 1111111111 I I .... I II I I 1 .. 1111111 .. 111 I II I I I I "'" I 111111111111111 41111 I I I "' I 1111 
11111111111111 1\ \ \; I 1\\ I I 11 .... 111111111 I \ I \ I I i \.\ \ \ \ 11111111111111 \ I I \ I I I \ I \ I \11 

111111111111111.11" Hi" "1111111111111" I; i';; I" i i IIIIIIIIIIU., i I II £ ii' ,t" I 
1 111111111111111/1111 ] 111111 .. 1111111111111 ] 11111/111 ;1111111111111; 11111/11 i 111 

11111111111111118" IlIli I IiH' .. 1I11I1I11I18 8 8818188! 1111I11I1I11I1I8118811! 8881 

: ~ ~ ~~!Imll~~~~~; ;~;~;.~W!!!~~~!!!~!!!~~~:,;.!~,!!!; ~~,~~!~!mm~!~!!!~ ~ ~,~~ ~l ;~! 

Cord 17 

1111 

11111 

IUIIIIIIIIII 

1111111111111 

1111111111111 

1111111111111 

11111111111 

1111111111 

1111111 0 6 0 0 0 0 0 0 0 0 0 011111111111110 co, nOB 6 00 9 G ~IIIIIIIIIIIUo Q ~ 0 0 0 gOOD 0 G 0 111111111 
I.ii.i.; ; '; ; '; I"~;';';; ';1"" 1UIIIllli.II;;;; ~ ~~·I;·'I';;'7ii'.lllililil~'I~'''~~'7'i~77'; '1'lIlillii 

111.1111/1·1111111111111111111111111 Z 11111/11111111111111111'11111111121111111111 

1IIIIIUllllll 1 11 J lllJIIIIIIIIIIIII! II J 1 j ll) J 1 1 JIIIIIIIIIIIIIJ J J) 1 J j II J J J) 111111 

.1111111114 .. I I I I 1.1 "' I UIIUII II II I I I I 11'" I I' .111111111111111 I I 1.1' 1.1",11111 

11111111111\ III \ I I I 11\ \ IIIUllnlllll1 II \ I \ I I \ \ \ \ 11111111111111\ \~ I I \\ II \ \ I ilill 

111111111111' Ii Ii" I"" 'IIIIIIUIIIII" 6 "'" Ii i" 1111111111111"" 16' Iii; ii III 
1111111111111' 11111/111111 .... ".11111.11111 i 11111/ 1'11111111111111111111111; 111 

!IIIIIIIIIIIIII i 1111 il8 U ItllnUlIlU II !I Ii 118 i 8 II!! 111111111111181111 B 18! III 81 

: ~m!lmlll~~.;! ~.~ !~~~~,~!~;!m~m~!!!~!:,:,:,!:!!!~ ,~;,!!!mmm!~Z~,;!.~ ~ ,:;! I ;.~~ 
Cord 18 

II 

III 

111111111111. 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

111111111111 

11110 oaDlD a 0' 0 0 001111111111111' ~ 0 3,0600600011111111111110000 Q 0 0 0 090 0 011111111111 
iiii.; ; ; ; ~'; ; 1";;;; '; Ililii .ili.i. ~ j''';; 'I' ~ ~~;' ',"1' ;'.i.ililliii I i. ~~'~;' ~:'~77~' ~~';' illi. illii 
1III1I11111/11111111111110UIII12111111111 nlllllll.1I1111111111111111111111111 

11I1I1I11111111llllll1lIlU.IIIIIJ J J I J J n) J J) llllllllllllllll l J j lllll J 1 J 11111111 

111111111 I 1.11 I II I I 111111111 ... 111.1 4 I I I I I 1.1 I 111111111111111 I 1.1 I I "'" I I 11111111 

11111.11111 Ii II \1 I I 1\ I IIlIlnlllllll II I I 1\11111 11I1I.Ullnlll I I I \ 11I1 \ \ I I 111111 

1111111111 & II Ii 1'11111111111111111111. i'!' ill" 1.1111111111111.116 i" III! I' .UII 
11111111111 ] ] II ] III ] 1 i 111111111111111/ ] 111111 i 1 ] I: 111111111111111/1/ ] ] I I: 1111111 

IIIIIIIIIIII! I i 1811111111.111111111111111888111' 1811111111111111! III 8 811111! 1111 

IIIIIIIIIIIII! ! Ill! 'II II llllllllllllllil II II I!! \ l! l! IIIIIIIIIIIII!! i!! Ill!"! ~ .. 
'1' I. I" • }".' '. '"~'l:/l;.::.,· """', lAr"~I,f ,,,.," •• !,,,\.,,,,,,,.~ '../\ ... 1 .... ··'II.·.:.· .. H ... , ... ' .. "" :.', .. \ •. lit. 

Cord 19 

1111111111111 

11111111111 .. 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

11,;:0 ~ no! 0 CI 0 OIIlIIlIIlIUI::,: ~ c a 6C C u 11111111111 II: 0 0' no, n a 0 ~ 0 ~ 1111111111111 
Iii; t; : ; ; ; 1 11 ,. : ; .iilllillitii: I' 7; ': ~ ;7', ',i'iiiilimi I ~ , ~;~'" ','~'t7', ~,illlili I iii 
.111: : ; 1 111: Ill!: II UI II 111111 : , i : ; , : : ; : i : : 1111111111111' : i ; 11111 : ; 111 .. 11111111 

11111 i J ) )J 1 I 1 J 1) ) j 11111 I UIIIII : ; ! I, ! ; i ) J J j j 1111111111111 ;: J ! J J l ! I 1) J 1111111111 

111111' I I I. "'""" 111111111111 .. ""'" "'"!' 11111111111111' I"'."" I" 111111111 
1111.11\ \ \, III j IIII illlllllUlnl, , \, II, \ 11111111111111' i \, ii \1 II i \ \IIUIIII 

.. JlIIII' ! ~ t H ii ; ; • (\ 1I.IIIUIIIII· , , ' , " i .. ' Ii 1111111111111 d Hi; b H 01 tlllIlIlI 
111111111 . : ] ; : , 1 ! : , I , IIIIIUUII.II' . . , ' : ; ; : ; 1111111111111· : : 1 ! I ; : I : , 1 1111 ... 

11111111111.1111, II "" IIltnlll .... ·• III" IIIIIIIIIIIIIIIIIII;!! 141111111111111 

11111111111: ... ~ ~ 1I!; :1II1I1I"~"'" ~,'!: ,:; ~~ :~,: 1II1II1~1I~lr,' ~! ~,;:! \!: I ,.~~! 
Cord 20 

5·11 



5. SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 600P810J6 

111111111111. 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111111 
au u ~ C G GI H 0 cllIllIlIllIlI,,,, ' ; "; ',~: '1111111111111: ( • , ; H ~,:, H 1IIIIIIIIIIIIe 0 

I; ;:;; I ;; I I I I; lilillillilil" I I , I I III , :,~ ilillliilllll;' :, ;, ','1 ',':';j, iilllilililll'j 
II:: l' 11;,1111 ;1111111111111: 1: 111;,: 11: ,lIlIlIlIinlll:':: 1:; 1]]: 11111111111111 

1111 I 1 1 1 llll II 1 11111111111111' 1 j I 1 J J j) 1); :IIIIIII .. IIIIJ J J) JJ 1 J 1)) , '111 ..... 1111 

1111' II'" II .... '111111111111.""""'::" 1111111 ... 11.':' II ........ 1111 .. 111 .. 

.111111 I I I II III I I 11111111111111, \ \ I \ \ \:' \' i ·11 .... 1111.11\ I \ I \ II \ II \ I III.UIIII. 

II .... i 11111111"" .1111.11111111" i ,I<!I! ', .. 11111 ..... 1, Ii iii II 161 B ....... 11 
111111,111111111117; 111111111111111;; I:;:: /7; : 111111 ... 11 .. / 7 7//111 rI/lll1 .... 1I1 

IIIIIIIIIIIIII! 11111 ! 1111 .... 111118 II! lie' 8: i 111 .... 111111111 i 11111 li II!! 1111.11 

III~I~'~~ ~ 1 ~', ~~ ~ ~!', .1.n,m~m~l~m~ 1: 1,;: ~~,!~,!~ !!!"'~~~I~I!~!.!,~!.~!!!:" ~ ',I~I~~! 

C f 0 I' 0 O!! 11111 0 CO, !OOOI D o .. u~~ ;111 ......... 1111.1111111111111111 Ifll ..... " .. It 
: ' • \. •• .., t'"· "........ . ... "... • .• • • • .......... • • .. • ..... ~:61"".''''''' .,: I 1"-"'" ',. 

1111111I'llllll11'II""I'I'I':'II"/IIII'!11'I'III:1111111111111111111111111111 

111/1 U 1: :'1111:: 11: 11: u :1:: I: /111::: 1:: :.:: 1 n nl:::::: :1111111111121111l/1111 

Jlli I ) ) ) I 1 )11 I 11 J I 1111 I 11 HI) j J J I J II])) I J I J'I J 1 I I ) 11/1 ) ) 1 I lllllll I I II I 1 I llllllll 

.,' 'I"'" HI •••••• '1" H .............. , ••• '1"'" 4 .14 •• ' ••• 1. "1 .. 114 II 4. U" U 

15, \ 51 I I I I \ \ II I i I I I I I I I I I I \ 111111 I I I \ II \ 5 I II I II I I 5 I I 115 I I I I I I I I III \ I I 1III1 \ I I I I I 

, • i ! ' , I 5 , I i II Iii I t I i "'! I ! I ! , i • I • II Ii II, I ; I , ill' , III i Iii , I , I i I I, 1111 , i 1111 , III , , 

111 I // II I I ; 1 I 7 71 1/1111/111; 1: , : 11 I 11;: ;1: Till ; /1/1/ , , 1 ; '11/1//11////11 I I I /1 I 111 I 

"'! 111'1181! "'111111111111""1 1I.1l ! S IIIIIIIIIIIIIIIIIIIIIIII.I •••• IIIIIII! II 

lll!! 111111111111""" ~IIII""!' "'" 'IIIIIIII!"'!' "1111'111,, II!" III '" I! I 
'f\. ,~" " ~ .• ,: '"':-'.' .. 1"'''' '"j''''' ...... ! ... ;.I.t ....... "' ... "'.,~·, ...... \ ... , ... ·.I1, •• ~ ....... ·.'·'l·.\_ .,. 

Card 21 Card 26 

5·18 

1111111111111 

1111111111111 

lIillllllllll 

1111 .. 1111111 

1111111111.11 

1111111111111 

'01 0 ID 0 I a 001111111111111 0 0 0 0 0 0 0 0 0 I 0 0 0 11111111 11111 a 0 0 B 0 I 0 0 BOO D 0 11111111111111 III 

;;; i;;;; I;'; iliiiliillili. ;'1'777; II; j';1 :liiiilliiilll~'i;';~'I;';7;~;'7Iiiiillliiilll'I';'7 
H2ll2/1111l11111111111111111111111!!llll1ll1ll1l1l1l!] 111111] l11111Ulllllllll1 

111111 J I J 111111111111111111) II J 1111 J 1)] ;fll II II 111111) II) I)) I) I I)) UIII II II 1111 I 

11 •• 114 U 4 4 4 4 411111111111111' 4 414' 4 •• 141111111111111114 It 14" I •••••• 111111111111 

1111555 II I I I I \ 1111111111111111 5 I IS II I III; 111111111111111 \ \ I I I I I I 1111111111111111 

111166' 11111' 16111111111111111" 5 E 6\1 i 1611' 1111111111111, II i' ii' 1111111111111111 

111111 I I I I 1111111 ]1111111111111111//111/ I I 1/11111111111111111 I 1111 I 11 '.111111111 

11111111 I! II 1 1I1I1 11111111111111111111111 11111111111111111.1 11I111I1I1I11t1l1l1l 

~~~~~!I:! ,~,~ ,;~ ,!;! ~ !,~mmm!!m~! L~! !!~!:,!!!~!!~~!!!mm~~.~!!!!!.;!~ ~ ~~!~~~~! 
Card 22 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

!!!.~ ~!! ~m~mmm~!~!~ .~~~~ ~~~~ !~!!!~~~~m!!~~ ~~~~.!~! ~!~~~!!!!!m~m~~, o,!! 
111111111111111111111111 I I I I I I 11 I I I 111111111111111 III I 11 I I I I 1111111111111111 III : 

Z! 211111111111111111111112111112112 21111111111111111/112111211111111111111111111 

11111111111111111111111111 I I I I I I I J I I I) 11111111111111 I I I I J I J I I I I I 11111111111111 I I 

444.44444 4 4 4 411111111111114 4" • 4 •••• 4. 11111111111111 ••• 44 ••• 44. 4 .11111111111114. 

1\ \ I 1111 I \ \ I \ 111111111111111 5 5 \ II I I \ I I 5 5 11111111111115 \ I I 5 SIll I II I 11111111111111 

111111 "111111111111111111111 II 11111 C 5 E i i 111111111111111" i i Ii i 6",1111111111111 

1111" 11111 1117111111111111111711111111///IIIIUIIIIIIII//111111 I I I 1111111111111 

111111111111111 I 111111111111111 1 111! 11118 i B II 1I11t1 111119 S II! 8! 11118 ,.1111111111 

~m~~!!!,!,~,~,~,~,~!~.~m~~mmm,~!~!~!!!~!':,!~!mmm!~!~!.~~,!,!.~!~~.~;~m~!I!!! 

Card 23 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

1111111111111 

II lOaa 11111111111111 0 Q 0 0 ~ 0 0 e ~ G J G JI III 1111 11111 0 0 J C 0 ~II 10 8! I 111111111111'0 1110 01 0 

I; ;; ~; ; ; ill.iiiliiilll';';i;;';;~~ ~ 'I 'I'; ~ mlliiiilliI7';~~ i ';~';;';~';7illlllll'llii":'I';;I";7 
III I 111111111111111111/11111111/111111111111111111111111111 : /1111111111111111111 

Illl] 1 II 1 11111111111111 I I II I 1 I I I Jl 1 J 1111111111111 1 JJ 1 J l'llllllllllllllllllll 1 1 I I 

11414 II U 4 '11111111111114" 14 4. 4.4. "11111111111111"" .... 4 II '111111111111114.4 

III I I I \I I II 11111111111111 5 511111 I 1151 111111111111111 \ I i I I 15 I I I 5111111111111111 \ I 

"I' 51' II" II 111111111111 IS I i I I I i II I ,I € IIIIIIIIIIIIII'.I! i' II i III! 1111111111111, I 
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Cord 35 

SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
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SIGMA 5-9 COMPREHENSIVE CARD EQUIPMENT 
(TEST) 600P81 036 

... "Hu .. uee ~erfl ~! U G·H'J'tfH~ II'·' e ,; " .... HlIll! U .. !! .. " ...... II II II. 
'" , • I., : I,.., •. -: . -:0 ~."" ...... ' ..... ,. .. - ....... ., .... ' .'0. " ... " .... C; ....... , .... 7 . , .... 't ....... . 

'",I"I',I,',I,I,IIIIIIIIIII""",."I!IIIII/II!"!"",.111/1111/1111111,/11111 

11 ;: 1: 1111111111111 : ! ! 111! 11 !! : : 11: ! 11111 : Z II; 111111111 ; : I ; Z I: 1111111 : 111Hll111 

III III I J llllllllllllJ J J Il : I II I ) !! JJ ! llll: ; ; II I IIll I ! II I !Ill I I III I lJ Ill)) I I JJ j I I J 

•• UC! •••• " ••• , •••••• t ••• U ••••• 4C'.':!!!:.: •• , • .& ••••••• ••••• U.:', .... ' ..... , ...... . 
1 ...... 1111 ••••• 11 •• 11 ............. 1.11.11 ............................ 1 •• ' ••••• 1 

t HII!! i 5111" I \" II \; II; ill'." IH; H( 6!; i' I ii III! i\! II f,; i iii il i' I; II II'! 6 i i II 

1; 1111 ; 11 ' 1111111/ II /11/ 1/1/ 11111111 I! IllIfIllI III f/ ~ 11111I ; ) i I ) i ; III III I ; 111 ill 

•• 1111 •• 11' ••• I.! II '11., ••• , '"! III P ..... ! 11.11.11' I ••• P 111 ••• 111 •• tll" •• " .. 11 

!! 'I!! !IIIII!! 'IIII!I till It.!! I!!l" 'H""'!!! "'!! I! H' 'I! "'!' 111', 'II!" III' 
• , •• ) "' ....... : . :1"'1'· .. r~.".J· J,j1'1II".' ....... : ... ~ ............. ! ........ "·'w.'" L" ... t •••••• r ."1. , ••.• ,.,. 

Card 41 

II 01 ............. I II g a. I' ..... tllIll 0 I a a, a, a. a III ~ 110 a "11" 11111 .. e. 'IIIIG! II II 
• , J' $ • " ...... :.) .•• , ..... , •• :"1" r.!! • •. ",.n.It ... u n .. ~ ." ""C" .I.· .. " • ..:.,,:.J, l.,"u .. :\ .. \' .... ,' ... ; ..... ,; ..... :t 11:. r •. ·~ II" :fl,. 
I II 1 II I 1 I III I I I II I 11111 I I I I I I I I I I I 11I111 I I I I I I I I I I I 1 I I III I 1111111 11111111111 I III 

I1I1I 11111 lllll 11Ill II III 11111 11111 11111 11111 III III 11111 II 1111111112111111111111 

I I HI III I I I I II I I II I I I I I I I J I I I I1I111I11 I 11111 I I) I I I I I I I II I J I I I III I I III I I II I 1I111 I 

U •• " ......... "" I., I ... " .'U." •• ,." Il •• " ".II, ... , •• ,U ......... " ...... . 
ISSIIIIIIIIISIIIIIIIIIIIIISSIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIISISHIIIISIISIIIIIII 

............. 11 •••• 1.1 ............. 1 •••••••• 1 ........................ 1 ......... . 

II II 1111111111111/11111111111111 11111; 1111111/1111/1111 1111111111111111; 11111111 

11111.111111111 II II 1111 111111111111 .1'11.1111111111111111111.".""1 II 11111111. 

" ,,, " "" "",!,!""""'''!''!'''' ""!, ", ",,,,,,," '" """ 11,."", "" • l ,.,' f" .,'1 !rl''''~ "11',:,,,1' ~n."'::''''I.lt.JI.''''A.!I' ••• ''''U''~.''.'''''\<~lU'''\'~'''''''.''UU''''.&I''"''':I J"""lilt~ 

Card 42 

II.IIIU". II I ........ II .... a II. l"OflUI8II a. a IIIIH I a III ... " .. 11.11 •• I.I.IU. 
'r 1.,. I, , .... '11.,.tillll .. ".tr.,nM-nll.IM8 .. JtI1D~ruul ..... I('.H.a\.UJ,.. ... \I..,u ... ·,"",w"."",,,,,,, • .,lIlf,,,."'J"'):"lr'''''. 
I I "" 1111111111111111'11'" 11111111.111111111111111111111 I I 111111111 I 1111111111 

1111l1111211111! 1111I111111l11111111111111111111111111111111111l1111111111111111 

)) IJ"J I II I I I I IIJ llll II I I I II I III lllll JlI lllll I I) II IJ Illl)lllJ I III I Illlll I I 1l11111) 

•• u ............................ 11.1 .Ifl""""" ................. ' ••••• II.U,. 
IIISIIIIIIS51ISS$ISSSI15511ISS55SBI5ISIISSIIIISIIIIII11IISIIIISIISISISIII!!1151 

55""'"'''' i'" I i U" 55 i'" 11'1 i II ii"'" 511"" 6! i' i' iii" 556 "" 6 iI It'"'' I 6 
111111.1 ..... 11.11 ...... 11 •••• 111.11 ••••••••• 1 •• 1 ............ 111 ... 1 ... 1 ..... 1 •• 

11.1I1111 •••• I.' ••••••• II' •• IIII,,,,,,,, ••• !il'.".' •• ,,,!"'!8I'II'I'II!""II' 

""!""""""""!""!!!!!"""!,,!,,,,,,!,,,!,,"""","!",!!!""",, 
I I • t " ,. ,ttl 'I ':'! " •• ".,""tnn~r."/rllll."" !J)"'.l1.""IIT"';"~."'."'.\oi \'"'"" " .. ~. »~II""Ufl •• "".1I11 "" · •. -Sll" ..... 

Card 43 

•• 01 •• 1 ••••••••••••••• , •••••••••••••• , •••••• aa.I •••••••••••••• I ••••••••• I., •••• ' 
• f ~ • \ •• , ."., IIIJIII,,,lI., "!'II' "f!'l;r.It!lt'.lI." ::PJr."" •••• - 1:.' ..... "'.,..."!:",.,, •• '''~.UIlIlU .. U' .. f ... fIIltn.'J'''u .. ; ,,"'. 

II. " II 1111 III I 1111 I I I I III I I " I I III I I I I I I I I I I I I " I I I II I I III I 11111111 I II III " III I 

1l11l11l/lllIlll/ III / 1111117711 / IlIlIIIII II 111111 / I / III / 111111121 / 11/ ll!l / 1I111l 

J J) I) I III J) J 1] II I J I I I II) I I) I) J)' II I I I J I I I J) I I) I) I I) I) I I I HI I I I JJ I)) III I I I I l11J I 1 

• 1I ••• II ••••••• ,.,.,." •• t ••• , ••• " ••••••• ,.,.' •• ' •• III.' •• ' ..... 11' •••••••• 11'. 
ISS liS 5151S SIIS 15 5 I 5 I I I I I III I 15 I 151lSl I I lSI 15 I I 15115 II I II I II 115 51 IS 51 II I I liB I II 

'51' 55' 1'1"""'" I"" I'" I \I" \I""'" II1II 'II""'" i' is'" I "'"'' II' un, 
1111111 Ill" II 1/' I" 111111/1 I 111' /1/1111//1111111111111111111111111111111 1111111 

1111 ... 1111 •• 1111 •• 1111 •••••• 11 •••• 1 ... 11'.11 ••• 1 .. 1 ...... 1 •• 1 ... 1 ....... 1 ...... 

"! I! ""! I""''',''!'""", '''' ",!! "!""'" "!!" 1I!1" 9!!"'''',,,,!!!,! " • : •• , •.• t If ,t"'. """" t~:- ~ :'."llt; !t)'t.'" 12 11.". I' .. ~ ... ~ t/." .. \ •• t ... ,.~ !o \1'loI"."'" ...... '.:-11"''' ... · .... 'I.:; '!"'~ 11:;" •• 

Card 44 

.1I.II.tllltl 1.11 ••• a II .... It .... IIIt. 0 a' 1.01 •• 111. ,to .... e .................... . 
• r •••• , , • II' ':., ... , .. , ... ·t.:;» ,. n/'ll\.":';L'''Pll' U "'" ... ' •• ..-j .. a:., .................. \H' !ot'~':'\ .. "' •• ., ..... ~ ... • .... II:. ~·1· .......... ,:,_ 

1111111111111111111111111 I 111111111 I 1111111 II I I I I 111111 I 11111 I III" 1 111111 I!I I 11 

11 1111111/' 1111 / UIl!I! 111111 11111111 /IZ II III! 11111I11111! I / 1111111 1 III 1 lII1IIIl 

IllllllIlIllI I1I11III I I Il I III 1lll1lU 1l11l1l1l1l1l11l1 I I 11111 1IlIllIllIIIIJl I 11 I 

• II ...... U ... , .. ' .... "'" .... I." .... J ............................... , ....... . 

II IIHS IIII I III II I S I I I I s\ I is I I 11511 I \ 15 I 15 I lSI I \ III \ I I I I \\.111 III Sli II II II I II I III 

111""111"""11111 "" 1"'" I" I" II 11111 II 1'11111111 111'111 IIII! HIIHII f II' 

1/; 111/11111'1/1" /1111111/11171111111/11" 1/111111111/1; T /111111; 111) T 111111111 

1111111111111111111111 .tlfllIlIlI.IIIIIIIII.IIII.IIII! I i I! II "'111' "'"! 11.1111 

If. ~ I!.! H I ii I ~. ~. ~~! "'!~ ~~!! !III ~. !I!! ~~ ~~~ ~!~!!!' tI.I!' ~~! ~ ~.~ ~!~! ~ .... ~.~ I ~ ~~ 

Card 45 

•••••••••••••••• ' ••• 1 •••••• 

•••••••• 1 •• 1 •• ' •••••••• 11 •• 

ac.nl9o'ftli~ ,.e ~'Oll' :.r "IH",'O c.' '.' '1.' -.:: ''-11' r.· "1 110' .".,' ....... 11 ... 
i;;i; ;.; ;i: ;I;.i 1 .'i; '.:;.; :r:., ,ii',".: :i' 'i~'" i" 7.:,., ;.~ I i:7i'.; i;'7i7;·'. ;.; .i. :i~ 
l.n'Il'11'liI11,11': :'1 :,7=,: :'1:': ., ..• :: •. :1: :.: :.::.: '.: :1:;.:11: :.: :.;:.::1 

I l'lJ,lI' !I'!]'ll'l i' l J'll'''') ;.;;." •.• '.' '.' 11;;" "l "l "lIIJl'II'll'] 1'1 J 
• •••••••• •••••• A. !u., f U!!!&',U!! U" U': i !,. U. t l ....... .......... ~ •••••••• , ...... t. t 

IIII1111 III IIIII II \\ \; i \ ;I\h'\ Ii; . \ \ ," \ .. , ,i \ il\1 ,I·S i I: III IIII\) IIIIIII \ III 

i 111111"';\ II Ii III iii \I, H" H H,' • , •• II .. h' I" ;" "I i I ;,1\ 111111 i 1\" 1\" \III 
r T r T 11 T II T 11 TIll; I: II r II T 1.11: ,;;":;:: .. : -::':; r;;;;"':; T;; 11111111111111111111 T 

• I"! •• ! """'" 113 81""""" i" 1""1 ,., !'8' I~ '1I"u,s 11.11 •••• I"""" II, 

!I~ !~~ '!! ~.! ~!~~'! ~.!'~; ~~~ :t~· t~ ~!:'! :!~; ~ !~1~!?!,I'~~'!~ !~~ '," ~~! '!~~"'~';'~ ~~ 

Card 46 

.11 •• 111 •••••••• 1 ••••• 1 •••• 

•••• 1.1 •••••••• 1 •••••• 1.1 •• 

. ! ~~ ~!~ ~ ~~ ~ O. ~!~ ~ ~ ~ ~!~~ ~~~~!!!!I 0. ~~ 0" ~~' ~~~,:,~!~ !!! ~~~ !~!~!~!~ ~!!~!!!!!~ !~~ .... Q ~~,! 
111,. I 1" III I 1111 I I I II I I 111 flll" '1 j,l,. 1 1 11"/11 1 II I 1 1111 1 I I I I I 1111 1111111, •• I I 

'11'11,IIIIIIII'll'II'll1n'H'II'.l T" :1/1111'/1'/1'11'11'11'11'11'11'11'11'11'1 

1'1 l'll') 1111' I 1'1 111 III l'IiIH'1 1'1 III Jlll'l 1'1 1'1 I 111'11'11'11111'1311 III 1'1 II 

"I'" 111111"" "11" "",u'HIII'I"~ ," '1"""" III'" '"""" '''11' ."." 
HIIIII II s\ 1111 I I S III I I i 51USiIISlI II i I llH II I II I II I II I I; I III I 51 151S SS 111111151 I 

, II " , Ii "151 Ii I , '"I" II "ii"" III \I" " , , I " II 16 " III ,,1\ " , " '" II 1 " , \I " , I 

II II 1/1111111111111111111111 H 11/l 1111 T 111111 1111 11111 1111111 1111111111111111 111 

'.1' "" 11""'1'1" i "" .. 'H'U """'''"''1. 1I".IIt"., ••• II.I ••••• II." .11 

?~!!~ ~ !!! !~,! ,~~~m,~m~~;!~!~!t~~!!! !!!!!!!.!:'1~!~ !~!~~~!~ !'2;~~!~l,I!W~~ !~~~!!! 

Card 47 

•• 1 ••••••••••• 1 •••• 1 ••••••• 

•• 1 •••••• 11 ••••• 1 ••••• ' •••• 

!~!! ~!!!~ !,~ ~~ !!!~ ~!!~~ ~.!.~!'!;!~ ~!~ ~!~:!?!~ !!!!!!~ ~~,O I !~! .~!!!!!!!!~!!~ ~ !~~,'~ a !~! 
1IIIIIIIIIIIIIIIIIIIIIIIIII"fl'IIIII11'"1111111111111111111111111111'11/"'1;, 

111l1111l111111l11111111IHIUIIIl111112111111112111111111111111 11 / II 1 !llllllill 

Ill' I III l' I 1,1l'1 l'll'lllllIHIl 1'1 1'1 I Ill'l II J 1'11'1111 I 'llil lillil JlII'II'1 1'1 

""" '11 ' •• "ul"" 'II 'lulu.' tlft" 1""1, •• '.' """ ...... ,.' ,.,'.11" .,'4, 
11'1 I'II'III! l'II'II'II'lltHIII'; 1'1 1'1 i'l 1'1 1'1 1,1 1'11'1 1'1 III 1'1 III 1'11115'i I 

I H'"II'"'''''' 11116 IIHUHUII"""II" I'" IIlI.1 1111 HI III '1111 "" I" i llil 
. 1/" 1111111 ; 1 1/ r 1///1 T III 111 IF 1111111 r 11 1/ 11111 T/ 1 11111 T/ 11 T/ 1 T/ IT j 11111111111 ; I 

1 •• ".11." 1I1'1"',"",nlu'tlll'I, ••• !1t ""1, I It 'I! "1 .'n ••.•. , ... 1.111' II 

!~! !~! !!! ~I! .~!,~mm 'W!!!~!!!!!!! ~ I!!!Z~!!!!!!!~ ~~~;!~!!Z.'!.~~~!,'!!!W!~ ~~~~! 

Card 48 

•••• 1 •• 11 •• 1 ••••••••••••••• 

•• 1111 •••••• ,1 •• 1 •••• ",'" 

.''''1' 1 ••• tD ..... flllfl ... 3'.as.1 D '1110010 III G 10 a.a I" 0 ID 0 """'0 •• a '1'1111", 
1 t •• ~ • , • '''11 il'l .. tJI&II ... tn:tt, .:Jl.:\.,. ... ~11111 U IS. n ... " .... t.'l.I ... 14" ..... ,." VU "U""loI""t'UlJlln.'I"." ,; IJ1)" '\ .• , .... ~. 

I II I 11111 I 1111111111I1111 I lJl 11111.1,.111111111111111111,1 I 1111.111 I! II 11111 I I I ! 1 

111l111l1112111111111111InlllIl11l11111111111l1/ 1111II1I1 / 11 III I 1 II! 1111111 1 III 

J) I III Jl J) lllllJ I III IllllllJ1l111 I lJ 1 J II II J) I IlIll lllllllll J Jl I II I I 11 I I I Illllll ] 

•••• , ' ..... ' ... 111 ....... 41 ... · •• '.".' "11"'1' '.' .1."'""" •.• ' ," ."",." ' •• 
5111'11111'11'11'1 1'1111 l.nl~I'1 III \ II I 1IIII11I \'11'1111 I II 1'1 1'1 1'1 1'1 I 111'111 

III' I'IIIUI! stHliI'llll ilu." Iii" III ill' 161 Iii 1111111I i 11'111 hlll"i""" I 

1111111111111/111/1111' 111111 11111111 711111 r'" 1111,1111111',1111111111111111111 

'11" 11""" fllI ••• IIII'it't! lu'''I! .'1111 11"'1.1 •• 11"1","111"'.111".1" 

,~!!~! '!! ~.~ ~~'!I~ m~ .. ;!!~!!!!!~ !!!;!!!!;'!!!!~!!!~.~ ~~W !!~,~!W!~ !~!~,.~, ~I~ ~! 
Cord 49 

.1 •• 11 •• 1 •••••• 1.1 •••• 1 • 11 • 

I • I • I • • • I • • • I I • I I • I I I. • • • • • 

~ !~!:!'!! ~~~~!~!~ !!~~~ ~!! :~!!!; ~~: !!~! !!!!~!~ ~!!!!!~~ !~!~!!!~ !!!!!~ !!~! ~',.,'~' ~a.! 
1,1,1111,1,1,111,11,,11111 .. ",111,11,',1,./111,,1,.,11,111111111111111111, •• ,11 

11111 1I111111/1I111l11l11Ul: III! 1 1I1I /ll! 11111111111111111111111111111 1 11111111 

III I J IlII I I 11111 I 1111 I 1I UUlll I lIlllll Jill 111111 I 1111111 I I I Illl J I 111II III III III 

., ..... 41 •• ' ••• 1 ............... ,., ............... 1 ••••••••••••••• C •• 4 •••••••••• « •••• 

'1 '11,', \'11'\ III III 1', \I~!'\ "i :'1111 III 1'1 1'1 1'11'1 \'1 \'11'11'1 \ II 1'1 1'1 \'1 \ II 

1'11,"'1 lllilll,",t"1 I'H'" '11" 1,,~II','1i '11'1 \ II 1111'" 11;'f III i hi', \ '1 •• 

11'1 T ,11'11" " j r,; "1 '.; ;f! ~ II 111 T" '.: : I' ; I: II; 1 I r r .; '. r 11; ;'1 l' r ; " :'1 "1 '.; 1 

•• !.' '.'!.! "",,'11 !.~ Iluifl" II!!II i'''''''! II.'" ,,! 'l"li "I! '1." ,'1'" ••• 

'. ~:'; '!! :";~. \.~;It ": "'~~~'I:';': '!~1~: ~!~ ~~!!!"'~'~' :I.!:~! .;',','!~ \"'~':" :! 

Card 50 



I 

Section 6 

SIGMA 5 - 9 

COMPREHENSIVE RAD/CARTRIDGE DISK 
TEST (COMPR RAD) 

PROGRAM NO. 705730 



Subject Model .... 
Required Equipment 

Section 6 

CONTENTS 

Program Prerequisites ............................. . 
General Operating Procedures ........... -•.•........•...•.... 
Directives ........ . 
Start Procedure ..... . 
Program Test Description 
Order Codes ....... . 
TDV and AID Status 
Test Mode Data Byte ... 
Addressing "Format 
Functional Subtests and Related Error Messages 

Page 

6-1 
6-1 
6-1 
6-1 
6-2 
6-3 
6-4 
6-4 
6-4 
6-5 
6-5 
6-6 

iii 



600P81 036 
6. SIGMA 5-9 COMPREHENSIVE RAD/CARTRIDGE 

DISK TEST (COMPR RAD) 

SUBJECT MODEL-- RAD Controllers, Model numbers 7201, 7211, 7231, New Extended Interface Controllers, Model numbers 7201-3, 
7231-3, Cartridge Disk (CD) Controller 7250, RAD Storage Units, Model numbers 7202, 7203, 7204, 7212, 7232, Cartridge Disk (CD) 
Drives 7251, 7252 

REOUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Card Reader, Paper Tape Reader or Magnetic Tape Unit; Output 
Device: Keyboard Printer or line Printer 

PROGRAM PREREOUISITES 
None 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Sigma 5 through 9 Diagnostic Program Monitor (DPM), apply to this program. 

6-1 



6. .SIGMA 5-9 COMPREHENSIVE RAO/CARTRIDGE 
DISK TEST (COMPR RAD) 

DIRECTIVES - directives are entered after a "!" is typed out 

Porometer 

Nome Format 
10 Definition Value Ra"ge 

Program Directives - Environmental Directives 

System Environment SYST, 01, 02, H3, H4, Dl Controller model number r7201, 7211, 7231,7250 
OS, H6, [, H7, D8, H9 H2 lOP Type and Revision number H2 = OOOOOOXX; MIOP 
••• , H2S, 026, H27] H2 = 000001 XX; SlOP 

H2 :: OOOOOXOl; 
(7201-3, 7231-3) 
~2 :: oooOOXOO; 
(all other RADs) 

H3 Valid TOP and Controller but ~O -IFFF (H blank, or 
nvalid Storoge Unit address p, or 8 un its are spec-

H4 Device address of the first RAD/CD 
ified, TSTl, 2 is skipped) 
~O-lFFF 1fO 

05 Model number of the first ~202, 7203, 7204, 7212, 
~torage Unit 7232, 7251, 7252 

H6 Write protection of the first ~XYOOZW (See table 
~torage Unit for X. Y, Z, W at next 

page) 

H7 } Same as H4, OS, H6 except 08 
H9' for the second RAD/CD 

H2s } Same as H4, Ds, H6 except 
026 
H27 

for the eighth RAD/CD 

Program Directives - Testing Directives 

Comprehensive Test TSTO, 01, 02 DT Number of ordered sequences 0-99999999 
(all functiona I tests, executed by random exerciser 
1 - 50, and random 02 Number of retries 0-99999999 
exerciser test) 

Functional Test TS T1~ DIG D2]] Dl The fi rst sub test to be executed o (all subtests)-50 
D2 last sub test to be executed 1 

Random Exerciser Test TST2, 01, D2 Dl Number of cycles to be perfarmed Dl>O 
02 Number of retries before next cycle 02:::0 

Utility Test TST3, Dl, D2, D3, D4 Dl Surface test 1 
D2 = 0, Write and read (verify data) 0-4 

lit= 1, Write only 
= 2, Read only (verify data) 
= 3, Read only (no data verification) 
= 4, Checkwrite 

D3 Number of retries 03::: 0 
04 Number of reads after write 04>0 

(when 02 = 0) 

Program Directives - Optional Directives 

Pattern selection DATA, Dl, H2, H3 Dl == 0, Fixed Pattern 0-3 
(for Utility Test) == 1, Incremental Pattern 

= 2, Random Pattern 
:: 3, Current Seek Address 

H2 Pattern seed (for D I '" 0, 1, 2) } 00000000-
H3 Incrementing constant (for D == 1) FFFFFFFF 

Usable surface area SEEK, DI, D2, D3, 04 01 Starting track (bond) address 0-511 (0-63) 
limitation D2 Starting sector address 0-15 (0-81) 

D3 Ending track (bond) address 0-511 (0 - 63) 
D4 Ending sector address 0-15 (0- 81) 

• 
limitation of Error UMT, Dl, D2 01 == I Limit Compare error I 
printouts printouts/sector to D2 

02 Maximum number of printouts 02 :::0 
(No limit if D2 ' 0) 

Pass Control and Pass lIMT, DI, 02, D3 DJ " 2 e ffec t poss contro I on I y 2 
Count Printout for D2 Number of po~~es ofter which D2~O 

TSTO, 2, 3 pass count is to be printed out. 
03 Total number of posses to be D3~O 

cOrolpleted. 

I/O buffer area MEM [, HI, H2] HI First location of I/O buffer area Obtainable by 
definition H2 Last location of I/O buffer area typing in MEM/ 

600P81 036 

Standard Value 
(default) 

5000 (01 = 0) 

0 

a 
01 / 

Area between 
Diag. Prog. 
and DPM 

6-2 
Note: Parameter of ony directive beginning with a D means decimal, with on H means hexadecimal 



600P81 036 
6. SIGMA 5-9 COMPREHENSIVE RAO/CARTR lOGE 

DISK TEST (COMPR RAD) 

DIRECTIYES (Continued) 

Write Protection Parameter in SYST directive 

Models 7202,7203,7204 (16 secto~/tra'Ck) Model n12 (64 bands avai lable) 
7232 (12 sectors/track) (82 secto~/bank) 

Protected Track Available Protected 
XY 

Tracks ZW Tracks 7202 7203 7204 7232 
XY Protected ZW Protected 

Bonds Bands 

00 None - - - - 00 None 00 None 00 None 
01 0-31 - - - - 01 All 01 0-3 01 All 

02 0-63 - - - - 02 32 - 51 I 02 0-7 02 4 - 63 
03 0-95 - - - - 03 64 - 51 I 03 0- 11 03 8 - 63 
04 0-127 - - - - 04 96 - 51 I 04 0-15 04 12 - 63 
05 0-159 - - - 05 128 - 511 05 0-19 05 16 - 63 
06 0-191 - - - 06 160 - 511 06 0-23 06 20 - 63 
07 0-223 - - - 07 192 - 511 07 () - 27 07 24 - 63 
08 0-255 - - - 08 224 - 511 08 0-31 08 28 - 63 
09 0-287 - - 09 256 - 511 09 0-35 09 32 - 63 
10 0-319 - - 10 288 - 511 10 0-39 10 36 - 63 
11 0-315 - - II 320 - 511 J1 0-43 11 40-63 
12 0-383 - - 12. 352 - 5J1 12 0- 47 12 44 - 63 
13 0-415 - - 13 384 - 51 I 13 0-51 13 48 - 63 
14 0-447 - - 14 416 - 511 14 0-55 14 52 - 63 
15 0-479 - - 15 448 - 511 15 0-59 15 56 - 63 
16 All - - 16 480 - 511 16 AU 16 60 - 63 

NOTE: For 725X Cartridge Disks. the parameter must be set to zero. 

START PROCEDURE 

t. Sense Switch Options, Monitor Directive Options, and Environmental Directives - Refer to DPM section of this manual. 
2. Test Strategy Selection 

Comprehensi ve Test Functional Test Random EXefciser Test Uti I ity Test 

Recommended Norma I Usage Solid Failure Detection Intermi !tent Failure Surface Test 
Application and Specific Problem Detection 

Analysis 

TSTO TST! T5T2 TST3 

None None TST1 TST1 

Optional Directives SEEK, L1MT, MEM SEEK, lIMT, MEM SEEK, llMT, MEM SEEK, L1MT, MEM, DATA 

Subtests All functional subtests 49 sub tests (see error 1. Exerciser Initiation: WRITE only 
( 1 50) and random messages for the test types) Random dalo wriften 
exerciser test •. on entire surface READ only (Verify data) 

2. Random Seledion of: READ only (No data 
a. Device veri ficotion) 
b. Orde .. Sequences 

CHECKWRITE c. &,ffer Areas 
d. Buffer length WRITE/READ TEST 
e.Dota 

Error Message Format 1. ERROR NO. DODD ERROR NO. DDDD LOC Self-explanatory Self-explanatory 
lOe xxxx xxxx 

2. Self-explanatory 

6-3 



6. SIGMA 5-9 COMPREHENSIVE RAD/CARTRIDG·E 
DISK TEST (COMPR RAD) 

PROGRAM TEST DESCRIPTION 

600P81 036 

Test descriptions of each functional test are included at the beginningaf each subtest error number in the Functional Subtest and Related Errar 
Message Section. 

6-4 

ORDER CODES 

X'Ol' WRITE 
X'02' READ RECORD (Report any transmission error of "count done') 
X'OJ' SEEK 
X'04' SENSE 
X'Q5' CHECKWRITE 
X'12' READ SECTOR (Terminate data transfer and report any 

transmission error at end of current sector if error is 
encountered) 

X"ll' TEST 

TOY AND AIO STATUS 

BITS 

0 1 2 3 4 

Not Used Sector Write-Protect No Data Overrun 
Unavailable Violated ~ Syncronization 

* 
... For TOV on extended RAD controller and 725X only. 

5 6 7 

NOT USED --



6ooP81 036 
6. SIGIVIA 5-9 COMPREHENSIVE RAD/CARTRIDGE 

DISK TEST (COMPR RAD) 

. TEST MODE DATA BYTE 

I 

I 
o 

For Models 7201-3, 7231·3 and 7250 only 

TOV Status 

I 
2 3 4 

Unassigned 

Test Modes 

5 6 7 

J 

TOV Status Byte - Track registers 5-7 ~ 
Sec tor registers 0-3 

TOV Status Byte -
Bit 0 WRITE-READ enable 
Bit I lone-byte interface 

o two or four-byte interlace 
Bits 2-7 Track registers 0-4 l 

-Test Mode 1 - Buffer turnaround test 

_ Test Mode 2 - Data turnaround at controller 
side of storage unit interface 

'-- Modifier Bit - Parity error reporting check 

TOV Status Byte - Parity registers as responsed 

ADDRESSING FORMAT 

1. The format of the two byte sent to the RAO by '1 SEEK order is: 

Model 720X, 723X, 725X 

Byte I I Byte 2 

000 j Track I Sector 

0123456701 234567 

2. The format of the bytes received on a SENSE order is: 

Model nox, 723X, 725X 

Current 
Sector 

0 

Model 7211 

Byte I I Byte 2 

Bond I Sector 

1234567 o I 2 3 456 7 

Model 7211 

Byte 3 Byte 4 

Current Sector Foiling Track 

012345670123456701234567 0234567012345670123456701234567 

Where: S 
T reck (Band) 

Sector 
Current Sector 

Foiling Track 

is the setting of the write-proted switch lor the indicated track (bond) (0 not write-protec!ed; I 
is the track (bond) number selected by the RAD controller address register 
is the sector number selected by the RAD controller address register 
is the current sector position of the RAO 
bits 0-7 indicate that track 0-7, respectively, have fai led (8 trocks/bond) 

NOTE: Bits 0, I, and 2 of the track address are not used. 

write-protected) 
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6. SIGMA 5-9 COMPREHENSIVE RAD/CARTRIDGE 
DISK TEST (COMPR RAD) 600P81 036 

FUNCTIONAL SUBTESTS AND RELATED ERROR MESSAGES 
FAULT INDEX DESCRIPTION - FUNCTIONAL SUBTESTS 

Tht· fOlJlt indE'x contoin~ 0 brief description of t'och functionol subt{'st ond 0 list of msocialt'd "110' num~'s with 0 brit·f df'scriplion of ('ach error. Tht' 
subtf'st~ ond E'rror numbers ore. orrangf'd in aSCf'nding Sf'qUf'nCl'. Th", df'sCI iption of subt .. st NN i~ numbt-•• ,d NNOO. T"" fi.st two di!")its of tilE' erlor 
numbf" CO"f'~pond to tht' ossociatf'd wbtrs!; Ihf' lost two numb!',s correspond to tht' individual I'IIOr~ wi'hin 'ht' sub! .. ')t. 

XX in 11)(' following me,>sogE'S indicatf's If'st numbf'r. 
XXOO Watchdog timer trap 
XX90 A control fault was d!'tE'ctf'd by thE' TE'st Modf' R!'st·, ')ub'outifl!'. 
XX91 A control fault WI]S detectE'd by thf> Set Tf'S~ Modp I sub.outirw. 
XX92 A control fault wos dE'tE'ct('d by the SE't Test Mod(' '} subrouti;,('. 
XX9S A control fault wos detec!('d dUling th(' ex('cution of tlw 'SEEK' 

subroutine. 
XX96 A control fault was detrct('d durill9 th(' E'x!'cution of th!' 'WRITE' 

subroutine. 
XX97 A control fault was dekctE'd during the E'xE'cution of til!' 'SENSE' 

subroutine. 

rST I, 01 Interrupt Pending Test 

0115 H 10 did not reset pending interrupt, flO reset generatE'd. 

TSTl, 02 Volid Controller Address but Invalid Storage Unit Address 
Test (Bypossed if H3 a of SYST Directive) 

0710 Testing HIO, CCI wos 0 shauld b!' 1 
a. Condition Code error 
b. Device address recognition where one shouldn't exist. 

0711 Testing HIO, CC2 wa~ 1 should be 0 
a. Condition Code error 
b. Controller should indicate controller addrE'ss rE'cognition but 

not device address. 

TST', 03 H 10 Instructio~ Recognition Test 

0310 Testing HIO, CCI was 1 should be a 
a. Condition Code error 
b. I/O address not recogn i zed 

t 031.J Testing HIO, CC2 was 1 should be a 
o. Condition Code error 
b. I/O address not recognized 
c. I/O address recognized and device controller was busy 

0312 Device status byte error during execution of HIO, only "device 
automatic" bit should be set. 

TST 1, 04 TIO Instruction Recognition Test 

0410 Testing TlO, CCI was I should be 0 
a. Condition Code error 
b. 1/0 address not recognized 

0411 Testing TlO, CC2 was 1 should be 0 
a. Condition Code error 
b. 110 address recognized but 510 can't be accepted 
c. I/O address not recognized 

0412 Device status byte error during execution of 510, only "d('vic!' 
automatic" bit should be set. 

TST 1, 05 TOV Instruction Recognition Test 

0510 Testing TDV, CCI ~as 1 should bE' 0 
a. Condition Code error 
b. I/O addrE'ss not recognized 

0511 Testing TDV, CC2 was 1 should be 0 
a. Condition Code error 
b. I/O oddress not recognized 
c. I/O address recognized but previous op('fation was trlminat('d 

due to a fault condition. 
0512 Testing TOV, status bits should be-.,II 2NOS but w('((' not. 

1ST t, 06 SIO Instruction RE'cognition Tf'st 

0610 

0611 

0612 

0613 

0615 

0616 
0617 

0619 

T('stin9 SIO, CCI was 1 ""ould b.· 0 
a. Condition Ca<W PlfO. 

b. I ° add.P5s not ft'cognilt'd 
Tp .. tin~J 510, CC7 was I should bt· 0 
o. Condition Codt· pllor 
b. I ° address not rl'cognin,d 
c. 1"0 address recognized but 510 not accepted. (RAD wos 

busy or devic(' interrupt pending) . 
D('vic<' s.tatus byte ('rror from SIO, only "device automatic" bit 
sho:J Id be set. 
T ('sting 510, byte count was reduced by "STOP" order, should 
not be. 
T E'st ing SIO, status bytes of TDV were not returned as all zeros. 
Th('y should be. 
RAD was in "BUSY" state when it was halted. 
DevicE' status byte erroneously returned from HIO, only "unusual 
end" ond "device automatic" should be set. 
"Unusual end" bits. were not reset by HIO, but should be. 

TST 1, 07 Bock to Bode SIO Test - RAD should accept bock to bock 
"STOP" SIO's without watchdog timer trapping or returning 
incorrect status (Order STOP; Flags SKIP; Byte Count 
Variable). 

OlIO 

0711 
0712 

SIO, CC2 was 1 should be 0 
a. Condition Code error 
b. I/O address not recognized 
Byte count should not be reduced between SIO's, but was. 
Device status byfe error from 510, only "device automatic" and 
"unusual ('nd" bits should be set but were not. 

TSTl, 08 Interrupt Generation Test - RAD should generate on interrupt 
and return status and condition code (Order STOP; Flogs UE, 
SKIP; Byte Count Variable). 

0810 Device status byte error from TlO, only "devicE' automatic" and 
"unusual end" bits should be set but were not. 

0011 "Interrupt pending" bit was not set by TlO, but should be. 
0012 TlO, CC2 was o should be I 

0813 

0814 
0815 

0016 
0817 

0818 

a. Condition Code error 
b. RAD in "ready" condition with no intNrupt pending 
c. I/O address not recognized 
OpE'fational 5tatus byte error of TlO, all bit5 should be 0 but werE' 
not. 
No interrupt occurred despite on actual interrupt pending. 
TOV, CC2 was I should be 0 
a. Condition Code error 
b. Previous operation terminated due.to a fault condition 
TOV 5totUS bits were not returned as all 0'5 but should be 
"Interrupt f.J(,nding" bit in TlO status should bp reset by HIO but 

wos not. 
Pending interrupt should b(' r('set by HIO but was not (may be 
caused by not having HIO reset mode in lOP) 

TSTI, 09 AIO Instruction Test - P.AD should gf'nertlte on int(,Hupt with 
a "STOP" order then clear it with an "AIO". (Order 
STOP; Flags UE, SKIP; Byt(' Count Variablel 

0910 Oevic(' status byte ('rrOl" from no, only "device automatic", 
"interrupt pE'nding", and "unusual end" bih should be s('t. 

091 I "Interrupt pt'nding" bit was not v't during TlO, but should bE'. 
0912 TlO, CC2 was 0 ~hould be , 

0913 
0914 

a. Condition Code error 
b. RAD i\ in "r..ody" condition Nith no df'vice interrupt 

pending. 
IntNrupl did not occur, E'''l''n though ant' was pe-ndi"9' 
AIO did not clror th .. pending intNrlJpt. 
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TS TI, 09 (Continued) 
0915 AIO, CCI was 1 should be 0 

a. Condition Code error 
·b. Interrupt not recognized 

0916 AIO returned address did not compare with the expected. 
0917 AIO, CCI was o should be ! 

a. Condition Code error 

6. SIGMA 5-9 COMPREHENSIVE RAD/CARTRIDG.E 
DISK TEST (COMPR RAD) 

TST I, 14 Sl'nst' Tt,\t "1 - V(!fify order recognition, count done recog­
nition, order-in generation and length testing logic by 
SENSE operotion with byte count less than required. 

• Do not apply to high speed RAD' 

b. Abnormal interrupt was not recognized 1410 Verifying 'incorrect length' response to SENSE order, IUE flag, 
byte cQunt equals 2. See error message. 0918 "Unusual end" bit was not set during AIO, but should be. 

0919 "Interrupt pending" bit of TlO was not reset by AIO, but should be. 1415 Data in the input buHer was not altered by the SENSE operation.' 
More data was altered in input buffer than was expected by the 
SENSE operation. 

1416 

TSTl, 10 SEEK T est 1 - Verify order recognition, count done recog- 1420 Verifying 'incorrect length' and 'unusual end' response to the 
SENSE order, HTE flog, byte count equals 2. See error message. 
Verifying 'channel end' response to the SENSE order, ICE flag, 
byte count equals 2. See error messoge. 

nition, order-in generation, terminal order generation and 
length testing logic. 1430 

1010 Verifying ~xecution of SEEK order, HTE fleg, byte count equals 
2. Check error message. 

1015 Data in the output buffer was altered by the SEEK. 
1020 Verifying execution of SEEK order, IUE flog, byte count equals 

2. Check error message. 
1030 Verifying execution of SEEK order, IZC flog, byte count equals 

2. Check error message. 
1040 Verifying execution of SEEK order, ICE flog, byte count equals 

2. Check error message. 

TS11, 11 SEEK Test 2 - Verify order recognition, count done recog­
nition, order-in generation and length testing logic by 
SEEK operation with byte count less than 2. 

*00 not apply to high speed RAD* 

1110 Verifying "incorrect length" response to SEEK order ,IUE flag, 
byte count equals 1. Check error message. 

1115 Data in the output buffer was altered by the SEEK. 
1120 Verifying "incorrect length" and "unusual end" response to SEEK 

.. order, HTE flog, byte count equals 1. Check error message. 
1130 Verifying "channel end" response to SEEK order, ICE flag, byte 

count equals 1. Check error message. 

TSTl, 12 SEEK Test 3 - Verify .order recognition, count done recog­
nition, order-in generation, terminal order generation end 
length testing logic by SEEK operation with byte count 
greater thon 2. 

*00 not apply to high speed RAD or RAD on SlOP. 
*Specify SlOP with SYST directive parameter 2. 

1210 Verifying "incorrect length" and "channel end" response to SEEK 
order, ICE flag, byte count equals 3. See error message. 

1215 Data in the output buffer was altered by the SEEK. 
1220 Verifying "incorrect length" and "unusual end" response to SEEK 

order, HTE flag, byte count equals 3. See error message. 
1230 Verifying RAD not reporting "unusual end" in response to SEEK 

order, IUE flog, byte count equals 3. See error message. 
1240 Verifying RAD not reporting "zero byte count" in response to 

SEEK order, IZC flag, byte count equals 3. See error message. 

TSTl, 13 SENSE Test 1 - Verify order recognition, count done recog­
nition, order-in generation and length testing logic by 
SENSE operation with byte count of 4 (for Model 7212) or 3 
(for others). 

1310 Verifying proper execution of SENSE order, IUE flag, byte count 
equals 4 (or 3). See error message. 

1315 Data in: the input buffer was not altered by the SENSE operation. 
1316 Moore dota was altered in input buffer than was expected by the 

SENSE operation. 
1320 Verifying proper execution of SENSE order, HTE flog, byte 

count equals 3 (or 4). See error message. 
1330 Verify "zero byte count" response to SENSE order, IZC flag, 

byte count equols 3 (or 4). See error message. 
1340 Verifying 'channel end' response to SENSE order, ICE flog, byte 

count equals 3 (or 4). See error message. 

TSTl, 15 SENSE Test J - Verify order recognition, count done recog­
nition, order-in generation and length testing logic by 
SENSE operation with byte count more than required. 

1510 Verifying "incorrect length" and "channel end" response to 
SENSE order, ICE flag, byte count equals 5 (or 4) • See error 
message. 

1515 Data in the input buffer was not altered by the SENSE operation. 
1516 More data was altered in input buffer than was expected by the 

SENSE operation. 
1520 Verifying 'incorrect length' and 'unusual end' response' to the 

SENSE order, HTE flog, byte count equals 4 (or 5). See error 
message. 

1530 Verifying 'unusual end' response to the SENSE order, IUE flag, 
byte count equals" (or 5). See error message. 

1540 Verifying no 'zero byte count' response to the SENSE order, IZC 
flag, byte\~ount equals 4 (or 5). See error message. 

TSTl, 16 BUSY/NOT BUSY Test - Device is made busy and then 
ready. 

*00 not apply to high speed RAD* 
*Error message may be reported if an XP or MS RAD is connected to a 
SIOP* 

1610 TlO, CC2 was 0 (ready) should be 1 (not ready). 
1620 At the time of HO, RAD storage unit and controller were NOT 

BUSY should be BUSY. 
1630 TIO, CC2 was 1 (not ready) should be 0 (ready) ofter SEEK 

was accepted. 
1640 RAD storage unit or controller remained BUSY after SEEK was 

accepted but should be NOT BUSY. 
·Apply to Model 7201-3, 7231-3, 725X only· 

TST}, 17 TEST Mode Test - Verify that controller can be set into and 
out of TEST Mode. 

1710 Reset TEST Made test, flags HTE, IUE and ICE, byte count = 1. 
A control fault occurred during accepting and decoding a TEST 
mode reset operation. 

1715 Reset TEST mode test,TDV was issued, CC2 = J should be O. 
Controller has faheJy entered a TEST mode state. (T 0 clear TEST 
mode, press RESET on the PCP). 

1720~ 1727 Set TEST mode order test, flogs HTE, IUE and ICE, byte 
count· 1. A control fault occurred during accepting the TEST 
mode order and entering the TEST mode state. The last digit of 
the error number (O-7Jidentifies the one-bit in the TEST Mode 
Data Byte. 

1730-1737 Set TEST mode order test, TDV was issued, CC2 =; 0 should 
be 1. Controller hos not entered a TEST mode state. The lost 
digit of the error number (0-7) identifies the one-bit in the TEST 
Mode Data Byte. 

1740-1747 Reset TEST mooe order test, flogs HTE, IUE and ICE, byte 
count 1. A control fault occurred during order execution. 
The last digit of the error number (0-7) identifie~ the one-bit 
in the TEST ModE' Data Byte which was used to set the controller 
into TEST mode. lEST Mode Data Byte ~ X'OO' when reset. 

1750-1757 Reset TEST mode order tes~t, TDV was issued. CC2 '.- I 
should be O. Controller remains in TEST. mode after a TEST 
mode reset. The lost digit of the error number (0-7) indicates 
the one-bit of the TEST Mode Dota8yte which was used to set 
the controller into TEST mode. . 
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SIGMA 5-9 COMPREHENSIVE RAD/CARTRIDGE 
DISK TEST (COMPR RAD) 600P81 036 

TSTl, 17 (Continued) 
1760 Set TEST mode order test, TEST Mode Status Byte = X'40'. Bit 1 

of TDV Status Byte was 0 should be 1 (one-byte interface). 

TSTJ, 18 Byte 'A' Data Path Test - The sequence of input data flow is 
as follows: lOP to 'CA' register to 'J' register to track and 
sector registers. When data is retrieved via the TDV TEST 
mode path, data flow is from the track and sector registers 
to the· function response lines of the I/O bus. When data is 
retrieved via the SENSE operation, the output data flow is 
as follows: track and sector registers to 'K' register to 'DA' 
register to lOP. 

"Apply to Model 7201-3,7231-3, 725X only" 
1825 Data or transfer fault in data path for byte 'A'. The following 

assumptions can be mode about a single fault, as a likely couse 
of the fault: 

TDV SENSE 

Byte Byte Byte Byte Conclusion 
1 2 1 2 

Good Good Good Good Test Passed 

Bod Bod Good Good If single bit fault, check correspond-
ing function response line. 

If multiple bit fault, check transfer 
term to function response lines. 

Bod Good Good Good Check transfer logi c from track reg-
ister to function response lines. 

Good Bod Good Good Check transfer logic from track/ 
sector register to function response 
lines. 

Good Good Bod Bod If single bit fault, check correspond-
ing bit in 'K' register, 'DA' regis-
ter, data line driver. 

y If multiple bit fault, check transfer 
logic for 'K' to 'DA' register and 
'DA' to data line dri verso 

Good Good Bod Good Check transfer logic from track reg-
ister to 'K' register. 

Good Good Good Bod Check transfer logic from track/ 
sector register to 'K' register. 

Bod Bod Bad Bad If single bit fault, check correspond-
ing bit of data line receiver, 'CA' 
register and 'J' register. 

If multiple bit fault, check transfer 
logic from data line receivers to 
'CA' register and 'CA' register to 
'J'register. 

Bad Good Bad Good If single bit fault, check correspond-
ing track register FF. 

If multiple bit fault, check transfer 
logic from' J' register to track reg. 

Good Bad Good Bod If single bit fault, check correspond-
ing track/sector register FF. 

If multiple bit fault, check transfer 
logic from 'J' register to track/ 
sector register. 

TST1, 19 Current Sector Test - All sectors of the RAD can be sensed. 
Each sector is sensed once. When error occurs, a table will 
be output showing the number of times each sector was 
sensed. 

TSTl, 20 SEEK/SENSE Test - All sectors and tracks (bonds) can be 
SEEKed then SENSEd. When error occurs, a table will be 
output showing the number of times each sector or track 
(bond) was sensed. 

2010 A sector was not found or was found more than once during SEEK 
and SENSE operations. (A table would be output). 

2020 A track (bond) was not found or was found more than once during 
SEEK and SENSE operations. (A table would be output). 

TSTl, 21 Track (Bond) Availability and Not Write-Protect Test - All 
tracks (band,) allocated to the functional test are both 
available and not Write-protected. 

2110 The track (band) number I isted on the printout should be available 
but was not. 

2120 The track (bond) number listed on the printout was reported write­
protected in the TDV status but should not be. 

2130 The track (bond) number listed on the printout was reported writ~-· 
protected in the returned sense word but should not be. 

TSTI, 22 Unavailability Test - Sector unavoilable will be reported 
whenever on unavailable sector or track (bond) is SEE Ked • 

2210 This test seeks unavailable sector. Check error message for the 
type of failures. (Does not apply to Model 7201, MS RAD). 

2220 This test seeks unavailable track (band). Check error message 
for the type of failures. 

TSTl, 23 Command Chaining Test - The ability to detect and respond 
to command chaining. 

2310 Command chaining did not occur properly. 
2311 Command chaining did not toke place after execution of H 10. 
2312 Device did not stop on STOP order. 
2320 Command chaining occurred on a STOP order. Check error 

message for the type of failure. 
2321 Command chaining took place on a STOP order. 

TST1, 24 FAM Write/REAO Byte Count Test - This test is designed to 
operate the controller in TEST mode I. It transfers from 1 to 
16 bytes of data from. the I/O buffer which storts on a word 
boundary to the FAM in the cantroller and subsequently 
transfers 1 to 16 bytes from the FAM to the I/O buffer. 

"Apply to Model 7201-3, 7231-3, 725X only" 

2421-2436 WRITE byte transfer test (test mode I): Flogs IUE, ICE; 
byte count 1 to 16. Error numbers 2421 to 2436 define the 
corresponding byte count of 1 ta 16 which was used for the 
WRITE operation during which a control fault occurred. 

2441-2456 READ byte transfer test (test mode 1): Flags IUE, ICE; byte 
count 1 to 16. Error numbers 2441 to 2456 define the correspond­
ing byte count of 1 to 16 which was used for the READ operation 
during which a contra I fault occurred. 

TST1, 25 FAM WRITE/READ Doto Test-This test is designed taoperate 
the controller in Test mode I. Th is test checks the data path 
to and from the FAM and the' 4-byte data path to and from 
the lOP. 

*Apply to Model 7201-3. 7231-3, 725X only" 

2510 WRITE test; Flogs IUE, ICE and DC; byte count = 1. This test 
checks that 16 lOCO's can be executed ta fill the FAM over the 
byte 'A' data path without control faults. 

2511 WRITE test; Flogs IUE and ICE, byte count = 16. This test checks 
that 16 bytes can be transferred to fill the FAM aver the 4 byte 
interface (if it is installed) without control errors. 

2512 WRITE test; Flogs IUt, ICE and DC; byte count -= 1. This test 
checks that 16 lOCO's can be executed to fill the FAM over the 
byte 'A' data path .... ithout control faults. 

2520 READ test; Flags IUE, ICE and DC; byte count" 1. This test 
checks that 16 lOCO's can be executed to rpod the FAM via the 
byte' A' dato path wi thout control fau I ts. 

2521 READ test; Flags IUE, ICE and DC; byte count = I. This test 
checks that 16 lOCO's can be executed to read the FAM via 
the byte 'A' data path without control faults. 

2522 READ test; Flags HTf, IUE and ICE; byte count'" 16. This test 
checks that data can be transferred from the FAM via the 4 byte 
interface (if it is installed) without control faults. 

.2530 Data or transfer failure in data path 'A'. The failure is most 
likely in the output of the J register, the FAM, the input to the 
K register or in the associated control logic. 
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TSTl, 25 (Continued) 

2531 Data or transfer failure in data path '8,C, 0'. The failure is most 
likely in the input path from the data lines to the 'C8', 'CC' 'CD' 
registers or in the transfer logic to the J register. 

2532 Data or transfer failure in do to path '8, C, 0'. The foilure is 
most likely in the output path to the lOP, the 'C8', 'CC', 'CD' 
registers, the '08', 'DC',' DO' registers or associated control logic. 

TST!, 26 FAM WRITE/READ 8yte Alignment Test - This test is designed 
to operate the controller in TEST mode I. It tests the abil ity 
of the controller to handle data patterns that do not start on 
word boundaries in memory. 

*Apply to Model 7201-3, 7231-3, 725X only* 

2620 WRITE alignment test; Flags IUE and ICE; byte count co 16. This 
test checks thot a WRITE operotion starting at byte 1 can be 
executed without control faults. 

2621 WRITE alignment test; Flags IUE and ICE; byte count '- 16. This 
test checks that a WRITE operation starting at byte 2 can be 
executed without control faults. 

2622 WRITE alignment test; Flags IUE and ICE; byte count - 16. This 
test checks that a WRITE operation starting at byte 3 can be 
executed without control faults. 

2623-2625 WRITE alignment test; Flags IUE and ICE; byte count'"' 16. 
These tests fill the FAM for the READ alignment test. Error 
indicates a control fault during the execution of a WRITE. 

2630-2632 READ alignment test; Flags IUE, ICE; byte count = 16. These 
tests empty the FAM for this WRITE alignment test. Error indicates 
a control fault during the execution of a READ. 

2633 READ alignment test; Flogs IUE, ICE; byte count = 15. This test 
checks that a READ operation starting at byte 1 can be executed 
without control faults. 

2634 READ alignment test; Flogs IUE and ICE; byte count = 14. This 
test checks that a READ operation starting at byte 2 can be 
executed without control faults. 

2635 ~ READ alignment test; Flogs HTE, IUE and ICE; byte count = 13. 
This test checks that a READ operation starting at byte 3 can be 
executed without control faults. 

2640 Compare alignment data failure; WRITE starts with byte 1 and 
consists of 16 bytes; READ storts on word boundary and consists 
of 16 bytes. See compare printout for railing bytes. 

2641 Compare alignment data failure; WRITE storts with byte 2 and 
consists of 16 bytes, READ storts on word boundary and consists 
of 16 bytes. See compare printout for foiling bytes. 

2642 Compare alignment data failure; WRITE starts with byte 3 and 
consists of 16 bytes, READ storts on word boundary and consists 
of 16 bytes. See compare printout for foiling bytes. 

2643 Compare alignment data failure; WRITE starts on word boundary 
and consists of 16 bytes, READ storts with byte 1 and consists 
of 15 bytes. See compore printout for foiling bytes. 

2644 Compare alignment data failure; WRITE storts on word boundary 
and consists of 16 bytes, READ storts with byte 2 and consists 
of 14 bytes. See compare printout for failing bytes. 

2645 Compare alignment data failure; WRITE starts on word boundary 
and consists of 16 bytes, READ starts with byte 2 and consists of 
13 bytes. See compare printout for foiling bytes. 

TSTl, 27 READ 8yte Counter Register Test - This test verifies the 
byte counter, the pority register, the data register, the 
data path from the parity register and the associoted 
control logic. This test starts with a READ order of 1 byte. 
After each READ operation the byte count is incremented 
by 1 and another READ operotion is performed. When the 
byte count equals 1 sector, the dota is also verified. 

*Apply to Model 7201-3, 7231-3, 725X only* 

2710 READ byte counter test; Flogs HTE, IUE and ICE; 1 ~ byte count 
~ (8YTCURR). This test checks that all byte counts from 1 to 
(8YTCURRl con be performed. Error indicotes that a control 
fault occurred during the execution of a READ. 

2720 READ byte counter test; Flogs HTE, IUE and ICE, byte count = 
(8YTCURR). This test checks that dota for 1 sector can be 
READ. Error indicates that a control fault occurred during the 
execution of a READ. 
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2725 Data compare error after "reading 1 sector in test mode 2. The 
READ data is generated by the byte counter. The data flow is 
from the byte counter to the parity reg ister, data register, and J 
register and finally into the FAM. See compare printout for 
expected and observed data. 

TSTl, 28 Parity Error Test - This test verifies that the controller can 
detect and respond correctly to forced parity errprs. Both , 
READ X'02' and X'I2' orders are executed for single and 
multiple sectors to verify correct data transfer termination. 

*Apply to Model 7201-3, 7231-3, 725X only* 

2810 Parity error test; order = X'02'; Flags HTE, IUE and ICE; byte 
count = 1 sector. This test checks that the modifier bit was set 
and detected by controller, and that the controller can detect 
and respond correctly to a pori ty error. Error i ndi cotes a control 
or detection fault occurred during the execution of the READ. 

2820 Parity error test; order = X'02'; Flags HTE, IUE and ICE; byte 
count "- 2 sectors. This test checks that the controller can detect 
and respond correctly to parity errors in multi length sectors. 

2830 "Parity error test; order = X'12', Flogs HTE, IUE, ICE; byte count 
-, 1 sector. This test checks that the controller can detect and 
respond correctly to parity errors in a single sector. 

2840 Parity error test; order = X'12', Flogs HTE, IUE, ICE; byte count 
:; 1 sector + 3. This test checks that the controller can detect 
and respond correctly to parity errors in multi length sectors. 

TST!, 29 WRITE Parity Generate Test - This test verifies the data path 
from the 'K' register to the data register, the parity generat­
ing logic, the preamble generating logic and its transfer to -
the data register and the generation of the WRITE enable 
signal. This test- first writes data in a normal foshion to the 
controller, it then retrieves the resulting parity byte 
generated via the TDV test mode path. 

"Apply to Model 7201-~ 7231-3, 725X only* 

291d WRITE parity generate test; Flags HTE, IUE and ICE; byte count 
= 1 sector. This test checks that a WRITE operation can be 
performed without control faults. No data will be written on the 
RAD. 

2915 Parity generation or data transfer fault; the sequence of events 
tested by this test is as follows: The 'K' register is transferred to 
the dota register, the data register is shifted one byte at a time 
to the pari!'1 generator logic, the parity register is shifted to 
store new generated parity bit. The error comparison printout 
displays 4 differently generated parity bytes compared to 4 
expected parity bytes. " If an error exists in the some 1 bit 
position for each parity byte the fault is most likely in the 'K' 
register. Otherwise the fault can be either in the shifting of the 
data register or parity register or in the parity generating logic. 

2935 WRITE enable test; TDV status indicates that WRITE enable is true 
while the controller is in a READY state. 

2940 WRITE enable test; error indicates, byte count was never decre­
mented for WRITE operation. 

2945 WRITE enable test; TDV status indicates that WRITE enable is 
false while the controller is writing. 

TST!, 30 CHECKWRITE 8yte Count Register Test - This test verifies 
tflot the checkwriting logic works properly. It first 
CHECKWRITEs patterns that are in error by 1 bit to verify 
that the error detect ion logic does indeed detect and report 
errors. It also CHECKWRITEs a good pottern to verify thot 
the CHECKWRITE logic does not report errors on a ~atching 
Pattern. 

*Apply to Model 7201-3, 7231-3, 725X only· 

3010 CHECKWRITE error test; Flags HTE, IUE and ICE; byte count = 
I sector. This test checks the abil ity of the controller to 
generate and report the detection of a data error when a bit 
from the lOP" I and the bit "from the byte count register ~- o. 

3020 CHECKWRITE error test; flogs HTE, IUE and ICE, byte count = 
1 sector. This test checks the ability of the controller to 
generate and report the detection of a data error wht'n 0 bit 
from the lOP = 0 and the bit from the byte count register = 1. 
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TSTl, 30 (Continued) 

3030 CHECKWRITE test; Flags HTE, IUE and ICE; byte count' 1 sector. 
This test checks the ability of the controller to compare the 
pattern generated by the byte counter with an identical pattern 
sent from the lOP. Error indicates a data error. 

TSTl, 31 WRITE Test 1 - The ability to correctly receive and respond 
to WRITE a sector. 

\ 3110 

3115 
3120 

3130 

3140 

Order WRITE, Flags HTE and IUE, byte count = 1 sector of data. 
Check error message. 
Data was altered in the output buffer by the WRITE operation. 
Order WRITE, flog IlC, byte count -= I sector of data. Check 
error message. 
Order WRITE, Flog HTE and IUE, byte count = 2 sectors of data. 

. Check error message. 
Order WRITE, Flag IlC, byte count = 2 sectors of data. Check 
error message. 

TSTl, 32 WRITE Test 2 - The ability to correctly receive ond respond 
to WRITE less than a sector. 

3210 Order WRITE, Flags HTE, IUE and ICE, byte count = less than 1 
sector of data. Check error message. 

3215 Data was altered in the output buffer by the WRITE operation. 

TSTl, 33 WRITE Test 3 - The ability to correctly receive and respond 
to WRITE greater than a sector. 

3310 Order WRITE, Flogs HTE, IUE and ICE, byte count = more than 1 
sector of data. Check error message. 

3315 Data was altered in the output buffer by the WRITE operation. 

TSTJ; 34 Sector Increment Test - Verify that the SEEK address register 
can be incremented. Each sector or track (band) is SEE Ked 
once. Any error detected a table will be output showing 
the number of times a particular sector or track (band) was 
observed. ' 

3410 A sector was not found or was found more than once pel' trock 
(band) during the execution of WRITE a sector and SENSE the 
increment of address register until the entire track (band) is 
attempted. A table should be output. 

3420 A track (band) was not found or was found more than once during 
the execution of WRITE a sector and SENSE the increment of 
address register to the next higher track (band) until all tracks 
(bands) specified by 'SYST' and 'SEEK' directives are attempted. 
A table should be output. 

3430 RAD did not report sector unavai lable when the address register 
is incremented past the end of logical surface. This test is 
performed only if the end of the logical surface is available and 
not limited by 'SYST' and 'SEEK' directives. 

TST1, 35 READ Test] - Ability to correctly receive and respond to 
READ (order X' 02' ) a sector. 

3510 

3516 

3520 

No track (band) anywhere on the RAD has a sync pattern after 
being written. 
Searches the tracks (bands) on the RAD until one good track 
(band) is located. Error reports a good track (band) cou Id not 
be found. Check error message. 
Order READ (X'02'), Flag IlC, byte count = 1 sector of data. 
Check error message. 

TST1, 36 READ Test 2 - Ability to correctly receive and respond to 
READ {order X'02'} less than a sector. 

3610 A good track (bond) could not be found. 
3616 A good track (band) could not be located by the test. Check 

error message. 
3620 Order READ (X'02'), Flag IlC, byte count = less than 1 sector 

of data. Check error message. 

TSTl, 37 READ Test 3 - Ability to correctly receive and respond to 
READ (order X'02') greater than a sector. 

3710 A good trock {band I could not be found. 
3716 A good track (band) could not be located by the test. Check 

error message. 
3720 Order READ (X'02'1, Flag IZC, byte count -= more than 1 sector 

of data. Check error message. 

TSTl, 38 WRITE-READ Test - Ability to WRITE and READ a pattern. 
Only preamble and the data transferred is tested. First, find 
a good track (bondl. If none exists, the test assumes the 
surface area is good but the logic is failing. 

3810 A good track (band) could not be found. 
3816 A good track (bond) could not be located by the test. Check 

error message. (Either the logic generates or the logic checks 
the preamble is defective). 

3820 The byte count was not reduced to zero by the test. 
3825 Order READ {X'02'}, Flag IlC, byte count = 1 sector of data. 

This test compares the data pattern received from a track of no 
preamble error against the increment pattern wrjtten there. If 
on error is detected, another track of no preamble error will be 
tried. After 10 tries, if the data received still in error, hardware 
failure is assumed. Check error message. 

TSTl, 39 Parity Test. Test the parity checking logic of the RAD. 

3910 A good trock could nat be found. 
3916 A good trock could not be located by the test. Check error 

message. 
3920 Verify that the pattern (X' 55AA55AA, , X'AA55AA55', 

X'55AA55AA', etc.) may be written/read without pority errors. 
Check error message. (Order READ (X'02'), Flog ICE, byte 
count = 1 sector of dato). 

3930 Verify thot the pattern (X'AA55AAAA', X'AA55AA55', 
X'55AA55AA', etc.) may be written/read without parity errors. 
Check error message. (Order READ (X'02'), Flag ICE, byte 
count = 1 sector of data). 

3940 Verify that the pattern (X'55AA5555', X'AA55AA55' I 
X'55AA55AA', etc.) may be written/read without parity errors. 
Check error message. (Order READ (X'02'), Flog ICE, byte 
count = 1 sector of data). 

3950 Verify that the pattern X'OOOOOOOO', X'OOOOOOOO', X'OOOOOOOO', 
etc.) may be written/read without parity errors. Check error 
message. (Order READ (X'02'), Flog ICE, byte count = 1 sector 
of data). 

3960 Ve~ify that the pattern (X'FFFFFFFF', X'FFFFFFFF', X'FFFFFFFF', 
etc.) may be written/read without parity errors. Check error 
message. (Order READ (X'02'), Flag ICE, byte count = 1 sector 
of data). 

TSTl, 40 WRITE/READ (X'02') Test. READ on entire sector to verify 
that in writing less than a sector, the remaining sector is 
written with zeros. 

4010 
4016 

4020 

4025 

4035 
4040 

The RAD could not find a good track. 
A good track could not be located by the test. Check error 
message. 
Verify that the RAD has reduced byte count to zero. Check error 
message. {Order READ (X' 02' ), F lags ICE, byte count = 1 sector 
of data). 

, Data written in shortened sector was not correct. Check error 

message. 
The zeros were not written in remaining sector area. 
Parity error was reported due to this operation. 

TSTJ 41 TRACK (BAND) SEARCH Test 1. Tests the ability of the RAD 
I to WRITE and READ an tracks (bonds) per sectors from the 

lowest to the highest available track (bond). 

4107 Error appeored d'Jring the execution of writing on all zero pattern 
on the RAD startil'g at the lowest available track (bond). Check 
error message for type and location of fai lure. 
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TSTl, 41 (Continued) 

~108 Error appeared during the execution of reading an all zero pattern 
from the RAD starting at the lowest available track (band). Check 
error message for type and location of failure. 

4109 Surface or addressing error, detected during the testing of the zero 
pattern read from the disc surface. See table printouts to determine 
types and locations of failures. 

4110 Error appeared during the writing of a random pattern on the RAD 
starting ot the lowest available trock (band) to highest available 
track (bandh Check error message. 

4111 Error appeared during the reading of a random pattern from the 
RAD starting at the lowest available track (bond) to highest 
available track (band). Check error message. 

4112 Surface or address error was detected during the testing of the. 
disc surface. Check error message. 

TSTl, 42 TRACK (BAND) SEARCH Test 2. Tests the ability of the 
RAD to WRITE and READ all tracks (bands) per sector from 
the highest to lowest available track (band). 

4210 Error appeared during writing of a random pattern on the RAD 
starting at the highest available track (band) to lowest available 
track (bond). Check error message. 

4211 Error appeared during the reoding of a random pattern on the 
RAD starting at the lowest available track (band) to the highest 
available track (band). Check error message. 

4212 Surface or address error was detected during the testing of the. 
disc surface. Check error message. 

TSTl, 43 READ (X'12') Test. Tests the ability of the RAD to receive 
and respond correctly to READs (Order X'12') of a sector. 

4310 The RAD did not respond and receive correctly to READ of a 
~ sector. 

4320 Verifies that RAD will report "incorrect length" to byte transfer. 
of greater than a sector but less than 2 sectors. Check error 
message. (Order READ (X'12'), Flags IZC, byte count = greater 
than 1 sector of data). 

TSTl, 44 CHECKWRITE 1 Test. Find a good track, build a pattern, 
write this pattern on one sector of the RAD and then check 
this pattern with a CHECKWRITE. A comparison is 
expected. 

4410 The RAD could not find a good track. 
4416 A good track could not be located by the operations. Check 

error message. 
4420 Verify that no errors are detected when a pattern of all zeros is 

compared to on identical pattern by means of a CHECKWRITE. 
4430 Bit 0 of sense byte 4 (failing track) was a "I" should be "a". 

Test applies to H.S. RAD (7212) only. 
4431 Bit 1 of sense byte 4 (foiling track) was a "I" should be "a". 

Test applies to H.S. RAD (7212) only. 
4432 Bit 2 of sense byte 4 (foiling track) was a "I" should be "a". 

Test applies to H.S. RAD (7212) only. 
4433 Bit 3 of sense byte 4 (fai ling track) was a "1" should be "a". 

Test applies to H.S. RAD (7212) only. 
4434 Bit 4 of sense byte 4 (foiling track) was a "I" should be "a". 

Test applies to H.S. RAD (7212) only. 
4435 Bit 5 of sense byte 4 (failing track) was a "I" should be "a". 

Test applies to H.S. RAD (7212) only. 
4436 Bit 6 of sense byte 4 (failing track) was a "I" should be "a". 

Test applies to H.S. RAD (7212) only. 
4437 Bit 7 of sense byte 4 (failing track) was a "I" should be "0". 

Test applies to H.S. RAD (7212) only. 
4440 Verify that no errors are detected when a pattern of all ones is 

compared to on identical pattern by means of a CHECKWRITE. 
4450 Bit a of sense byte 4 (failing track) was a "1" should be "a". 

Test applies to H.S. RAD (7212) only. 
4451 Bit 1 of sense byte 4 (foiling track) was a "1" should be "a". 

Test applies to H.S. RAD 172121 only. 
4452 Bit 2 of sense byte 4 (failing trackl was a "I" should be "a". 

Test applies to H.S. RAD (7212\ only. 
4453 Bit 3 of sense byte 4 (failing trackl was a "I" should be ;'0". 

Test applies to H. S. RAD (7212\ only. 
4454 Bit 4 of sense byte 4 (failing track) was a "1" should be "a". 

Test applies to H.S. RAD (7212) only. 
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4455 Bit 5 of sense byte 4 tfailing track) was a "1" should be "0". 
Test applies to H.S. RAD (72121 only. 

4456 Bit 6 of sense byte 4 (foiling track\ was a ")" should be "0". 
Test applies to H.S. RAD (72121 only. 

4457 Bit 7 of sense byte 4 (foiling track) was a "I" should be "a". 
Test applies to H.S. RAD (7212) only. 

TSTl,45 CHECKWRITE 2 Test. Find a good track, build a pattern, 
WRITE this pot tern on one sector of the RAD and then • 
alter this pattern so that I bit a poss will couse on error: 

4510 The RAD couJd not find a good track. 
4516 A good track could not be located by the operation. Check 

error message. 
4520 Bit a from lOP was a "I" and from the RAD was a "0", but no 

transmission error was detected. 
4521 Bit 1 from lOP was a "1" and from the RAD was a "a .. , but no 

transmission error was detected. 
4522 Bit 2 from lOP was a "1" and from the RAD was a "a", but no 

transmission error was detected. 
4523 Bit 3 from lOP was a "1" and from the RAD was a "a", but no 

transmission error was detected. 
4524 Bit 4 from lOP was a "I" and from the RAD was a "a", but no 

transmission error was detected. 
4525 Bit 5 from lOP was a "I" and from the RAD was C' "a", but no 

transmission error was detected. ./ 
4526 Bit 6 from lOP was a "I" and from the RAD was a "0", but no 

transmission error was detected. 
4527 Bit 7 from lOP was a "1" and from the RAD was a "a", but no 

transmission error was detected. 
4530 Bit a of sense byte 4 (failing track) was a "0" should be a "]". 

Test applies to H.S. RAD (7212) only. 
4531 Bit 1 of sense byte 4 (failing track) was a "0" should be a "I". 

Test applies to H.S. RAD (7212) only. 
4532 Bit 2 of sense byte 4 (failing track) was a "a" should be a "I". 

Test applies to H.S. RAD (7212) only. 
4533 Bit 3 of sense byte 4 (failing track) was a "O"should be a "I". 

Test applies to H. S. RAD (7212\ only. 
4534 Bit 4 of sense byte 4 (failing track) was a "a" should be Q "I". 

Test applies to H. S. RAD (7212) only. 
4535 Bit 5 of sense byte 4 (failing trock) was a "a" should be a "1 ". 

Test applies to H.S. RAD (7212) only. 
4536 Bit 6 of sense byte 4 (foiling track) was a "a" should be a "l ". 

Test applies to H.S. RAD (7212) only. 
4537 Bit 7 of sense byte 4 (failing track) was a "0" should be a "I". 

Test applies to H.S. RAD (7212) only. 
4540 Bit 0 from the lOP was a "0" and from the RAD was a "l", but 

no transmission error was detected. 
4541 Bit 1. from the lOP was a "a" and from the RAD was a "1", but 

no transmission error was detected. 
4542 Bit 2 from the rop was a "a'· and from the RAD was a "1 ", but 

no transmission error was detected. 
4543 Bit 3 from the lOP was a "0" and from the RAD was a "1 ", but 

no transmission error was detected. 
4544 Bit 4 from the lOP was a "a" and from the RAD was a "1 ", but 

no transmission error was detected. 
4545 Bit 5 from the lOP was a "a" and from the RAD was a "I ", but 

no transmission error was detected. 
4546 Bit 6 from the lOP was a "a" and from the RAD was a "1-", but 

no transmission error was detected. 
4547 Bit 7 from the lOP was a "a" and from the RAD was a "1 ", but 

no transmission error was detected. 
4550 Bit a of sense byte 4 (failing track) was a "0" but should be a 

"1". Test applies to H.S. RAD (7212) only. 
4551 Bit 1 of sense byte 4 (foiling track) was a "0" but should be a 

"1 ". Test applies to H.S. PAD (7212) only. 
4552 Bit '2 of sense byte 4 (foiling trackl was a "0" but should be a 

"I". Test applies to H.S. RAD (7212) only. 
4553 Bit 3 of sense byte 4 (failing track) was a "0" but should be a 

"I". Test opplies to H.S. RAD (7212\ only. 
4554 Bit 4 of sense byte 4 (foiling trcck) was a "a" but should be a 

"1". Test applies to H.S. RAD (7212) only. 
4555 Bit 5 of sense byte 4 {foiling track) was a "0" but should be a 

")". Test applies to H.S. RAD (7212) only. 
4556 Bit 6 of seose byte 4 (failing track) was a "0" but should be a 

"1". Test applies to H.S. RAD (7212) only. 
4557 Bit 7 of sen1e byte 4 (foiling track) was a "0" but should be a 

"I". Test applies to H.S. RAD (7212) only. 
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TSTJ,46 HALT WRITE Test. Verify thot a HIO can stop a WRITE 
operation and cause the device to report the condition of 
the RAD just prior and after the HALT occurs. 

HIO, CC2 = 0 
a. Condition Code error 
b. I/O address was recognized and RAD was not busy 

when HALT occurred but should have been. 

4620 Incorrect status was returned from HA L T operation. Check error 
message. 

TST1, 47 HALT READ Test. Verify that a HIO can stop a READ 
operation and couse the device to report the condition of 
the RAD just prior and after the HALT occurs. 

4710 HIO, CC2 = 0 
a. Condition Code error 
b. I/O address 'was recognized and RAD was not busy when 

HALT occurred but should have been. 
4720 Incorrect status was returned from HALT operation. Check error 

message. 

TSTl, 48 Data Overrun. This test forces a Data Overrun to occur by 
executing many 1 or 4 byte da.ta chained lOCO's. This test 
is not run on 725X (CD). 

*False errors may be reported if an Extended Performance 
RAD with 4 byte option is connected to an SlOp· 
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4810 Data Overrun did not occur for a series of WRITE short data 
chained lOCO's. 

4820 Data Overrun did not occur for a series of READ short data 
chained lOCO's. 

TSTl, 49 WRITE PROTECT Test. Verify that all tracks (bonds) con 
report Write Protection, both from sense information and 
status return from a WRITE operation. Set the desired 
Write-protec.t switches to be tested. Test is limited by 
both the 'SYST' and 'SEEK' directives. This test is not 
run on 725X (COL 

4910 Reports that Write Protecti~n switches were set and detected as 
part of the status returned after a WRITE operation. This is not 
an error if the Write-protect switches are set. 

4920 Reports that Write-protect switches were set and detected as 
part of the sense word returned by a device SENSE operation. 
This is not an error if the Write-protect switches are set. 

TS11, 50 CHECKWRITE Test. This subtest verifies that checkwrite 
of less than or greoter thon a sector functions correctly. 

5010 
5016 

5020 

The RAD could not find a good track. 
A good track couldnot be located by the operation, check error 
message for type of foilure. 
Checkwrite error for the checking of byte counts not equal to a 
·sector. Checkwrite expects the lost port of a sector to contain 
zeros. If transmission error is reported this was not the case. 
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7. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 

(724X) 

SUBJECT MODEL -- Removable Disk Controller, Model number 7240, Removable Disk Storage Units, Model numbers 7242, 7246 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Card Reader, Paper Tape Reader or Magnetic Tope Unit; 
Output Device: Keyboard Printer or Line Printer 

PROGRAM PREREQUISITES 

None 

GENERAL OPERATING PROCEDURES 

General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (DPM) apply to this program. 
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SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

DIRECTIVES - directives are entered after a ", .. is typed out 

Parameter 
Nome Format 

10 Definition Value Range 

Program Directives - Environmental Dire,-tives 

System Environment SYST, 01, 02, 01 Controller model number 7240 
02 Revision number 0 

H3, H4, H5, H6 H3 Storage Unit Device Address (I st) 80 ~ IFFF 
,H7 ••• ,H17,HI8 H4 Available cylinders (1st) OOXYOOZW 

H5 Storage Unit Device Address (2nd) 80 - 1FFF 
H6 Available cylinders (2nd) ooXyooZW 

H17 } Same as H3, H4 except for xy . 1st cylinder 
HI8 8th Storage Unit ZWc lost cylinder 

Program Directives - Testing Directives 

Comprehensive Test TSTO, DI, D2 DI Number of ordered sequences executed o ~ 99999999 
(all functional tests, by random exerciser 
1 70, and random 02 Number of retries 0- 99999999 
exerciser Test) 

Functional Test TST1 G DI C D2J] D1 The fi rst subtest to be executed o (all subtests) - 70 
D2 Last subtest to be. executed I 

Random Exerciser T es TST2, Dl, 02 01 Number of cycles to be performed Dl-· 0 
D2 Number of retries before next cycle D2::- 0 

Utility Test TST3, Di, 02, 03, H4 Dl - Utility Test selection 
D2 - Function selection or serial number 
D3 -Retry count; not used if 01 == 3 

01 = 1 Surface Test 
02 == 0 Write and then read all 

sectors .. 
02 ~ 1 Write all sectors 
02 == 2 Read all sectors 
D2 == 3 Read all sectors (no data 

check) 
02 == 4 Checkwrite all sectors 
02 == 5 Write and then checkwrite 

~ 
all sectors 

01 == 2 Header Test 
02 == 0 Write and then read all 

headers 
02 == 1 Write all headers 
D2 == 2 Read all headers 
02 == 3 Read all headers (no data 

check) 
01 == 3 Disk Initialization 

02 = Pock serial Number 
03 = 0 - Not used 
H4 = Date == OOMMDDYY 

01 == 4 Flaw A Track 
02 == Altemate Cylinder Address 200 - 202 
03 == Altemate Head ADR 0-19 

Program Directives - Optional Directives 

Pattern selection DATA, D1, H2, H3 01 == 0, Fixed Pattem 0-3 
(for Utility Test) == 1, Incremental Pattem 

= 2, Random Pattern 
== 3, Current Seek Address 

H2 Pattem seed (for D I = 0, 1, 2) } 00000000-
H3 Incrementing constant (for D ~ 1) FFFFFFFF 

Usable surface area SEEK, 01, 02, D3, D4 DI Starting cylinder address 0-202 

limitation 02 Starting head address 0-19 
03 Starting sector address 0-5 
04 Additional sectors to be used after (0 - 81) 

starting address 
01, D2, 03 

limitation of Error LlMT, Dl, 02 01 "" I Limit Compare error I 
printouts printouts/sector to D2 

02 Moximum number of printouts 02 -. 0 

(No limit if 02 - 0) 

I/O buffer area MEM G HI, H2] HI First location of 1/0 buffer orea Obtainable by 

definition H2 last location of 1/0 buffer area typing in MEM/ 

I/O Reset RSET 0 

600P81 036 

Standard Va lue 
(default) 

. . 

5000 (D1 ~ 0) 

0 

0 
DI 

Area between 
Diog. Prog. &. DPM 

Not ovoi loble 

Note: Parameter of any directive beginning with 0 0 means decimol, With on H means hexadecimal 
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START PROCEDURE 

1. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

1. Sense Switch Options, Monitor Directive Options, ond Environmental Directives - Refer to DPM section of this manual. 
2. Test Strategy Selection 

Comprehensive Test Functional Test Random Exerciser Test Utility Test 

Recommended Norma I Usage Solid Failure Detection Intermittent failure Surfoce Test 
Application and Specific Problem Detection 

Analysis 

Test Directive TSTO TST! T5T2 TST3 

Prerequisite None None TST! TST! 

Optional Directives SEEK, L1MT, MEM SEEK, L1MT, MEM SEEK, LIMT, MEM SEEK, L1MT, MEM, DATA 

Subtests All functional subtests 70 subtests (see error 1. Exerc iser Initiotion: WRITE only 
(1 - 70) and random messages for the test types) Random dota written READ only (Verify data) 
exerciser test on entire surface READ only (No data 

2. Random Selection of: verification) 
o. Device READ header 
h. Order Sequences CHECKWRITE 
c. Buffer Areas WRITE/READ TEST 
d. Buffer Length WRITE header 
e. Data 

Error Message Format 1. ERROR NO. DODD ERROR NO. DODD LOC Self-expla~tOfy Self-explanatory 
LOC XXXX XXXX 

2. Self-explanatory 

Procedure 2 of Restart Procedure of DPM should normally be used to clear 0 wait from a watchdog timer trap. 
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7. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

PROGRAM TEST DESCRIPTION 
Test descriptions of each functional test are included at the beginning of each subtest error number in the Functional Sub test and Related 
Error Message Section. 

ORDER CODES 
X'OO' STOP 
X'01' WRITE 
X'02' READ 2 (Report any transmi$$ion error at "count done") 
X'03' SEEK 
X'04' SENSE 
X'OS' CHECKWRITE 
X'12' READ 1 (Terminate data transfer and report any 

transmission error at end of current sector if error is 
encountered) 

X'13' SelECT TEST MODE 
X'80' STOP AND INTERRUPT (at location X'SC') 
X'09' HEADER WRITE 
X'QA.' HEADER READ 
X'33' RESTORE CARRIAGE 
X'23' RELEASE 

TOV STATUS 

MODel 0 1 2 

REM DISK Data Flaw Mark Sector 
Overrun Unavailable 

AID STATUS 

MODel 0 1 1 2 

BITS 

3 4 S 6 7 

Unassigned Header Head On Seek Header 
Verification Cylinder Timeout Parity 
Error Error Error 

BITS 

I 3 4 S 6 7 

600P81 036 

REM DISK Dato I UNASSIGNED 
I Device Head On Seek Unassigned 

Overrun Interrupt Cylinder Timeout 

I I Error 
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'EST MODE OAT A BYTE 

7. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

Test Modes 
I 

o 2 3 4 .5 6 

I 

Un~ssigned ~ 
Modifier Bit - Parity error reporting check 

ADDRESSING FORMAT 

1. The format of the four byte sent to the Disk Pack by a SEEK 
order is: 

Model 7240 

Byte 0 Byte 1 Byte 2 Byte 3 

0 I Cylinder 0 Head I 0 

i i i i 
I 

3. 70 3. 70 2 3 • 70 J • 5 

where S signifies sector number. 

2. The format of the bytes received on a SENSE order is: 
SENSE (X'04') 

The Sense order causes the controller to transmit up to 10 bytes 
of information to the fOP, as fol lows: 

Byte 0 Byte 1 

0 I Cylinder 

i 
3. 70 3. 

. t 
Byte 4 Byte 5 

H 
o 1 

o 

where 

0 I cs I I 
3 4 5 70 3. 

Byte 8 Byte 9 

Diagnostic Status Bytes 

3. 10 3. 

signifies sector number 
signifies modifier bit 

Byte 2 

0 Head 

i 
70 2 3 • ., 0 

Byte 6 

Diagnostic Status Bytes 

70 3. 10 

S 
M 
CS signifies current sector number 

Byte 3 

0 I 
3 • 5 

Byte 7 

3. 

s 

S 

tThree bits of byte 4 indicate current sector number, but if the most 
significant bit (M) is a I, the arm was in motion at time of sense and 
current sector number is meaningless. If the head number is 
nonexistent, (M) will a Iso be a 1. 

I 

I 

I 
7 

Test Mode 1 - BuHer turnaround test 

Test Mode 2 - Data tumoround at controller side 
of storage unit interface 

3. The format of the 8 bytes sent to the Disk Pack by a WRITE 
header order is: 

HEADER WRITE (X'09') 
The Header Write order causes the controller to consider all subse­
quent data bytes as header information. Each header requires the 
following bytes: 

Byte 0 Byte 1 Byte 2 Byte 3 

Flaw Mark I 0 Cylinder 0 I Head 

i 
3. 10 34 10 34 70 2 3 • 

Byte 4 Byte 5 Byte 6 Byte 7 

0 S I Alt. Cylinder 0 IAI:- H~dl 0 

, • i 
01 3 • 5 70 1. 70 2 3 • 70 3. 

Sense Status Bytes 8 and 9 

Byte Bit Function 
No. No. 

8 0 Dolo parity error 
1 Check-Write errar 
2 Sector verification error 
3 Head verification error 
4 Cylinder verification error 
5 Sector address not zero at start of 

header write operation 
6 OiUerence select sent to device 
7 Sector se leet sent to dev iee 

9 0 Control select sent to device 

- 1 Head select sent to device 
2 Cylinder select sent to device 
3 ~ek forward set 
4 Read gate sent to device 
5 Write and erase gate sent to device 
6 Read cylinder select sent to device 
7 Not used 

Note: Bytes 8 and 9 Ole used by diagnostic programs. 
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SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

FUNCTIONAL SUBTESTS AND RELATED ERROR MESSAGES 
fAULT INDEX DESCRIPTION - FUNCTIONAL SUBTESTS 

600P81036 " 

The fault index contains a brief description of each fun-;ti"nol subtest and a list of associated error numbers with a brief description of each error. The 
subtests and error numbers ore arranged in ascending sequence. The description of subtest NN is numbered NNOO. The first two digits of the error 
number correspond to the associated subtest; the last two numbers correspond to the individual errors within the subtest. 

System error numbers 
8500 Controller did not return to Ready condition after Test Mode order. 
8501 Controller not in Test Mode after Test Mode order. TDV CC -c O. 
8502 Controller in Test Mode after resetting Test Mode. TOV CC = 4. 
8510 Controller did not return to Ready condition after Restore order. 
8511 Device not on cylinder after a Restore order. 

TSTI, 01 AIO, HIO, TlO, TDV instruction recognition. 

0110 
0111 
0112 

AIO Condition Code error. No interrupt recognition expected. 
H 10 Condition Code or Status error. See print-out. 
TlO Condition Code or Status error. See print-out. Preceding 
HIO did not reset Status. 

0113 TOV Condition Code error. See print-out. 

TSTI, 02 SIO Invalid Order Test 

0210 SIO for Invalid order not accepted. See print-out. 
0211 Controller not ready after Invalid order (00 or F8). Order output 

and order input phases must be executed. 
0212 Status error after Invalid order. UE expected. 
0213 Byte count was changed during execution of Invalid order. Data 

phose not required. 

TSTI, 03 Test Mode Selection Test. A TDV instruction is used to 
verify setting and resetting of Test Mode. 

0301 
0302 
0303 
0310 
0311 

Test Mode byte = X'FF'. 
Test Mode byte = X'OI'. 
Test Mode byte = X' 02' • 
TDV CC2 reset. Device controller not in Test Mode. 
Output buffer changed during Test Mode order (Select). Data 
in phase not expected. 

0312 TDV CC2 set. Device controller remains in Test Mode. 
CC2 = 0 expected. 

0313 Output buffer contains ones after Test Mode order (Reset). 
0315 TlO CCI or CC2 set. Controller not ready after Test Mode order. 
0316 TDV, TlO Status error or byte count error. See preceding print-

out. Operation: Order out (X'13'), data out (1 byte), order in. 
0321, 0322, 0323 TSTl, 3 Data byte of FF, 01, and 02 was used during 

data output phose. See preceding print-out. 

TSTl, 04 Interrupt generation and HIO, AIO Instruction Test. The 
following orders will be issued: X'OO', X'13' (data byte = 

01), X'l' (data byte =: 00) in order to set Interrupt Pending 
due to IUE, ICE and IZC respectively. Each order will be 
repeated once to allow resetting of IP with on H 10 and an 
AIO instruction. 

0410 TlO Status error during TSTI, 4 after SIO. IP must be set and 
controller and device must be ready. IUE, ICE, and IZC flogs 
are used. 

0411 H 10 did not reset IP. No reset generated. 
0412 AIO Status error during TSTI, 4. Preceeding SIO resulted in IP. 
0413 AIO did not reset IP. No reset generated. 
0421, 0422, 0423 TST!, 4 lOP flogs for IUE, ICE, end IZC used 

respectively. See print-out. 

TSTl, 0510 Interrupt Test. A Test Mode order with ICE flog will be 
issued and tests will be performed to verify that the program 
is only interrupted if the 10 Interrupt is armed and enabled. 

0510 TlO Status error during TSTl, 5 after 510. IP must be set. 10 
Interrupt is disarmed/disabled. Program should not be . 
interrupted. 

0511 Program was interrupted while 10 Interrupt was disarmed/d+sabl~d. 
0512 Program was interrupted while 10 Interrupt was armed/disabled. 
0513 Program was not interrupted while 10 Interrupt was armed/enabled. 

TSTl, 06 Command Chaining Test. Two Test Mode orders will be 
Command Chained. Command Chaining will be tested. 
Invalid order Command Chained to a Test Mode order should 
not result in Command Chaining. 

0610 

0611 

TlO Status error during TSTl, 6 after Command Chaining or 
Command Chaining not performed. See preceding printout. 
TlO Status error duri ng T ST I, 6. Status error or Command 
Chaining not inhibited by UE from Invalid order. 

TSTl, 07 FAM Write/Read Byte Count Test. Write and Read orders 
with byte counts varying sequentially from 1 to 16 are issued 
in Test Mode 1. Zero byte count expected. 

0710 Controller not ready after Write order in T M I. 
0711 Controller not reody after Read order in TM I. 
0712 Byte count not equal to zero after Write order in TM I. 
0713 Byte count not equal to zero after Read order in TM 1. 

TST1, 08 FAM Write/Read Data Test. Write Command-Chain Read 
orders wi II be issued with varying data pattern. The Read 
data will be compared to the Write data. During the 2nd 
port of the test 4 Write/CC/Read orders with counts of 13 

- will be issued to test the byte alignment logic. 

0810 Controller not ready after Write/CC/Read order in TM!. 
0811 Compare errors during TST1, 8. Output buffer: 108FI, Input 

buffer: IOBUF. 
0812 Controller not ready after Write/CC/Read (BC =- 13) Test Mode 1. 
0813-0816 Read Data compare error following Write/CC/Read (BC 13) 

If last digit is 3, doto started on word boundary 
If last digit is 4, data started at byte 1 
If last digit is 5, data started at byte 2 
If lost digit is 6, data" started at byte 3 

TSTl, 09 Test Mode 2 - Seek O"rder Byte Count Test. Seek orders 
with byte counts of 3, 4, 5 are issued to the controller and 
the status response is tested. 

09)0 Controller not ready after Seek order in Test Mode 2. 
0911 Status error after Seek order in Test Mode 2. Expected: Il, UE, 

zero byte count, on-cylinder. See printout. 
0912 Status error after Seek order in Test Mode 2. Expected: Not Il, 

zero byte count, on cylinder. See printout. 
0913 Status error after Seek order in Test Mode 2. Expected: Il, byte 

count ~ 1, on-cylinder. See printout. 
0914 Output buffer (:JOSF1) altered during Seek in TM2. 

TSTl, 10 Test Mode 2 - Seek Order Interrupt Address Test. Seek 
orders wi II be to dev ic e 0 throug h 7 in seq uen ce and th e 
address returned with the AIO Status will be verified. 
Change above mask from X'04000000' to X 'OCOOOOOO , if 
Device Interrupt Engineering Order is avai lable. 

1010 Status error after Seek order with Interrupt Modifier bit. 
Expected: IP, zero byte count, on cylinder. See printout. 

1011 AIO Status error alter Seek order with Interrupt tv\odiFier bit. 
IP set prior to AIO. Expected: Address veri fication. See 
printout. 

1012 Preceding AIO did not clear Seek complete interrupt (TlO/lP 0). 

TST1, 13 Test Mode 2 - Sense Order Byte Count Test. Sense orders 
with byte counts of I through 11 are issued to the controller 
and the Status Response is tested. 

1310 Controller not ready after Sense order in Test Mode 2. 
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TSTl, 13 (Continued) 

1311 Status error after Sense order in Test Mode 2. No unusual status 
expected. See print-out. 

1312 Byte count not equal to zero after a Sense order with a byte 
count ~ 10. See print-ou·t. 

1314 First 8 bytes of input buffer (lOBFll not changed during Sense 
order. Data input expected. 

TSTl, 15 Test Mode 2 - Seek Tog line Test. See/Command Chain/ 
Sense orders are executed and the Tog Line information in 
byte 8 of the Sense data is verified'. 

1510 Controller not reody after Seek/CC/Sense order in Test Mode 2. 

7. 

1511 Status error after Sense order or Command Chaining not performed. 
See print-out 

1512 Seek Tog line error or Sense order not functioning properly. 
Sense buffer: IOBF I. See print-out. 

TSTI, 16 Test Mode 2 - Head and Sector Address Test. Seek/CC/ 
Sense orders are issued sequentiolly varying the Device 
Address from 0 - 7. Sense data is verified. Sense orders 
are issued sequentially to all devices to insure that the 
addresses are not changed. The some sequence is repeated 
with the Device Address varied from 7 - 0. The complement 
of the data pattern in pass 1 is used in Pass 2. A unique 
pattern is used for each device. 

1610 Controller not ready after Seek/CC/Sense order in Test Mode 2. 
1611 Controller not ready after Sense order in Test Mode 2. 
1620-1627 Head and Sector Address obtained during Sense not equal to 

original data. lost digit of error number indicates Device 
Address used. Address sequen ce 0 - 7. Orde r sequence: Seek/ 
CC/Sense. 

1630-1637 Head and Sector Address obtained during Sense not equal to 
original data. Check addressing of Head and Sector FAM. lost 
digit of error number indicates Device Address used. 

1640- 1647 Some as 1620- 1627. Address sequence 7 - 0. 
1650-1657 Some as 1630-1637. 

TSTl, 17 Test Mode 2 - Heod and Sector Address Validy Test. Seek 
and Sense are issued 203 times varying the Sector Address 
from 0-7 and the Head Address from 0-25. Sector 
unavailable will be tested for Sector Address> 5 and Head 
Address> 19. The combined Sector and Head Address which 
is returned as Cylinder Address during Seek will be verified. 

1710 
1711 

1712 
1713 

1714 
1715 

Controller not ready after Seek order in Test Mode 2. 
Status error after Seek order in Test Mode 2 with illegal sector 
Address (7). UE, sector unavailable, on cylinder expected. 
See 1711. Illegal Head Address was issued during Seek. 
Status error after Seek order in Test Mode 2. Legal Head and 
Sector Address were used. See print-out. 
Controller not ready after Sense order in Test Mode 2. 
Seek/Sense compare error. The Head/Sector Address was not 
returned correctly as the Cylinder Address. See print-out. 

TSTl, 19 Test Mode 2 - Cylinder Difference logic Test. Seek and 
Sense orders are issued systematically varying the Cylinder 
and Head/Sector Address. 5 passes will be performed: 
1. Cyl and Hd/Sect == 0 - 202. 
2. Cyl =: 0 - 202, Hd/Sect -= 0 
3. Cyl '" 0, Hd/Sect =: 0 - 202 
4. Cyl = 202- 0, Hd/Sect = 0 
5. Cyl == 0, Hd/Sect = 202 - 0 

1910 Controller not ready after Seek order in Test Mode 2. 
1911 Controller not ready aFter Sense order (Byte count -= 10) in Test 

Mode 2. 
1912 The difference between Head/Sector and the Cylinder Address 

returned in byte 7 of the Sense order is not correct. See print­
out. 

1913 Controller not ready after the 2nd Seek order in Test Mode 2. 
Two Seek orders are required to obtain the cOrrect difference 
in byte 7 of the Sense data. 

SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

TSTI, 20 Test Mode 2 - Illegal Cylinder Address Test. Seek orders 
are issued with illegol Cylinder Address (203 - 255) and the 
Status Response is verified. 

2010 Controller not ready after Sense order in Test Mode 2. 
2011 Status error after Seek order in Test Mode 2 with Illegal Cylinder 

Address (203 - 2551. UE, sector unavailable, on cylinder 
expected. 

TS T1, 23 Test Mode 2 - Restore Order Test. A Seek/CC/Restore and 
Sense order sequence is sequentially issued to all devices 
(0 - 7). The test verifies the status after the Restore orders 
and verifies with a Sense order (Byte count = 10) that the 
Head and Sector Address in the FAM are cleared to zero 
and that the Restore order generated the correct Tog Lines. 

2310 Controller not ready after Seek/CC/Restore orders in Test Mode 2. 
2311 Status error after Restore order in Test Mode 2. Not UE, byte 

count = 1 (no chonges). See print-out. 
2312 Controller not ready after Sense' order in Test Mode 2. 
2313 Bytes 2 (Head) and 3 (Sector) of Sense data not O. Preceding 

Restore order did not clear controller registers (FAM). 
2314 Restore Tog line error. Sense buffer: IOBF1. See print-out. 

TSTI, 24 Test Mode 2 - Release Order Test. A Release order and a 
Sense order is issued. The test verifies the status after the 
Release and yerifies with a Sense order (Byte count = 10) 
that the Release order generated the correct Tag Lines. 

2410 Controller not ready after Release order in Test Mode 2. 
2411 Status error after Release order in Test Mode 2. N?t ~E. byte 

count =: 1 (No change) expected. See print-out. 
2412 Controller not ready after Sense order in Test Mode 2. 
2413 Release Tog line error. Sense buffer: IOBF1. See print-out. 

Tsn. 25 Test Mode 2 - Read Order Tog line and Dota Test. Read 
orders X' 02' and X'12' are issued in sequence. The status 
and byte count are verified. The Read data is. compared to 
the expected information. A Sense order verifies that the 
Tog lines are correctly generated for a Read order. 

2510 
2511 
2512 

2513 
2514 

2515 
25J6 
2517 
2518 
2519 

2520 

Controller not ready after Read order (02) in Test Mode 2. 
See 2510. Read order (12). 
Status error after Read order in T est M~e 2. Not UE, not I L, 
not TE, byte count = 0 expected. See print-out. 
See 2512. Read order (12). 
Data compare error in Test Mode 2; Read order (02). See print­
out. 
See 2514. Read order (12). 
Controller not ready after Sense order in Test Mode 2. 
Read (02) Tog line error. Sense buffer: IOBF 1. See print-out. 
See 2517. Read order (12). 
Status error in diagnostic Sense byte (byte 8 of Sense data) 
defines Read error. 
See 2519. Read order (12). 

TSTI, 26 Test Mode 2 - Read Order Incorrect length Test. Read 
orders ore issued with byte <:ount sequentially varied from 
1008 to 1025 (not 1024). The status will be verified. For 
byte counts < 1024 the test verifies that the controller 
terminates data-in at the correct byte count. 

2610 
261 '-

2612 

2613 

Controller not .ready after Read order (02) in Test Mode 2. 
Remaining byte count after Read order with incorrect length not 
zero. See print-out. 
Status error after Read order in Test Mode 2. Il expected. See 
print-out. 
Data compare error in Test Mode 2; Read order (02). For byte 
count < 1024 the remaining bytes in input buffer must be zero. 

TST 1, 27 Test Mode 2 - Read Order/Head and Sector 'ncrementation 
Test. Seek/CC/Read and Sense order sequences are issued 
with a Read byte count of 1024. Sector ond Head Address 
incrementation is verified. 

7-7 



7. 

7-8 

SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(724X) 

1S11, 27 (Continued) 

2710 Controller not ready after S~ek/CC/Read (02) orders in Test 
Mode 2. 

2711' Status error after Seek/CC/Read in Test Mode. No abnormal 

2712 
2713 

status expected. See print-out. 
Controller not ready after Sense order in Test Mode 2. 
Address received during Sense not expected. Head or Sector 
Address may not increment properly. See print-out. 
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TST I, 35 Test Mode 2 - Header Write Order Test. Seek/CC/Header 
Write order sequences are issued with Header Write byte 
counts of 48. The Header doto consists of 0 X'A5A5A5A5' 
pottern. The status and byte count ore verified. A Sense 
order verifies that the Tog lines are correctly generated 
and that the Head and Sector Address increment correctly. 

3510 Controller not ready after Seek/CC/Header-Write orders in Test 
Mode. 2. 

TSTl, 28 Test Mode 2 - Read Order Cylinder Boundary Test. A Read 
order with a byte count of 1025 is issued starting at Head 19, 
Sector 5. Read operation will terminate after I sector and 
sector unavailable will be reported. 

- 3511 Status error after Header Write order. No abnormal status 
expected. See print-out. 

2810 Controller not ready after Seek/CC/Read (02) orders in Test 
Mode 2. 

2811 Status error after Read order (Seek Address == Head 19. Sector 5, 
byte count == 1025). UE, sector unavailable, byte count == I 
expected: See print-out. 

TST 1, 29 Test Mode 2 - Header Read Order Test. Seek/CC/Header 
Read orders sequences are issued with Header Reod byte 
count of 8. The status and byte count are verified. The 
Header Read data is compared to the expected information. 
A Sense order verifies that the Tag lines are correctly 
generated and that the Head and Sector Address are 
incremented correctly. 

2910 

2911 

2912 
2913 

2914 

2915 

2916 

Controller not ready after Seek/CC/Header-Read orders in Test 
Mode 2. 
Status error after Header Read order. No abnormal status 
expe cted. See pri nt-ou t • 
Header data compare error in Test Mode 2. See print-out. 
Controller not ready after Sense order in Test Mode 2. See 
print-out. 
Header Read Tog line error. Sense buffer: IOBUF. See print­
out. 
Status error in diagnostic Sense byte (Byte 8 of Sense data) 
defines Header Read error. 
Address received during Sense not expected. Head or Sector 
Address may not increment properly. See print-out. 

TSTl, 30 Test Mode 2 - 120 Sector Header Read Test. A Seek/CC/ 
Header Read order with a Header Read byte count of 960 
is issued. The Header data is verified. No dota error 
indicates that the Head and Sedor Incrementation logic 
performs correctly. 

3010 Controller not ready after Header Read order in Test Mode 2. 
3011 Byte count not zero after Header Read order (960 bytes). 
3012 Status error after Header Read order. No abnormal status 

expected. 
3013 Header data compare error in Test Mode 2. See print-out. 

TST 1, 31 Test Mode 2 - Header Read Byte Count Test. Header Reod 
orders with byte counts of 7 and 9 are issued to the 
controller and the Status Response is tested. 

3110 
3111 

3112 

Controller not ready after Header Read order in Test Mode 2. 
Status error after Header Read order (byte count 7). Expected: 
IL, no UE, byte count == O. See print-out. 
See 3111. Header Read order byte count = 9. 

TSTl, 32 Test Mode 2 - Header Read Order Cylinder Boundary Test. 
A Header Read order with a byte count of 9 is issued 
starting at Head 19 Sector 5. Read operation will 
terminate after one sector and sector unavailable will be 
reported. 

3210 Controller not ready after Header Read order in Test Mode 2. 
3211 Status error after Header Read order {Seek address:::; Head 19, 

Sector 5, byte count = 9). UE, sector unavailable, byte 
count = 1 expected. 

3512 
3513 

Controller not reody after Sense order in Test Mode 2. 
Header Write Tog line error. Sense buffer: IOBF 1. See print-
out. 

3514 Status error in diagnostic Sense byte (byte 8 of Sense dotal 
defines Header Write error. 

3515 Address received during Sense not expected. Head or Sector 
Address may not increment properly. See print-out. 

TSTl, 36 Test Mode 2 - 120 Sector Header Write Test. A Seek/CC/ 
Header Write order sequence with a Header Write byte 
count of 960 is issued. ~ Sense order is issued to verify that 
the Head and Sector Address are incremented to Head 20\ 
Sector O. 

3610 Controller not ready after Seek/CC/Header-Write orders in Test 
Mode 2. 

3611 Byte count not zero after Header Write order (960 bytes). 
3612 Status error after Header Write order. No abnormal status 

expected. 
3613 Controller not ready after Sense order in Test Mode 2. 
3614 Address received during Sense not expected. Header or Sector 

Address have nat been incremented past Head 19 Sector 5." 

TST1, 37 Test Mode 2 - Header Write Byte Count Test. Header Write 
orders with byte counts of 7 and 9 are issued to the controller 
and the Status Response is tested. 

3710 Controller not ready after Seek/CC/Header-Write order in Test 
Mode 2. 

3711 Status error after Header Write order (byte count 4). Expected: 
IL, no UE, byte count = O. See print-out. 

3712 See 3711. Header Write order byte count == 9. 

TST1, 38 Test Mode 2 - Header Write Order Cylinder Boundary Test. 
A Header Write order with a byte count of 49 is issued 
starting at Head 19 Sector O. Write operation will terminate 
after 6 sectors and sector unavailable w ill be reported. 

3810 Controller not ready after Header Write order in Test Mode 2. 
3811 Status error after Header Write order (Seek Address -= Head 19, 

Sector 0, byte count == 49). UE, sector unavailable, byte count 
= 0 expected. 

TSTl, 39 Test Mode 2 - Header Write Start ing Address Test. Header 
Write orders with Starting Sector Address of 0 through 5 
are sequentially issued. For all Starting Addresses except 
0, byte 8 or the Sense data will indicate Header Address 
error • 

3910 Controller not reody after Header Write order in Test Mode 2. 
3911 Status error after Header Write order. No abnormal status 

expected. 
3912 Controller not ready after Sense order in Test Mode 2. 
3920-3925 Status error in diagnostic Sen~e byte (byte 8 of Sense 

dotal. The least significant digit of error number reflects the 
Slerting Sector Address of the Header-Write operation. 
Heoder-Address error is expected for all Starting Address 
except Sector O. 
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TSTl, 40 Test Mode 2 - Wri te Order Test. Seek/CC/Write order 
sequences are issued with Write byte count 3 or 1024. The 
Write data consists of byte values starting at 224, with each 
successive byte = byte (N) + 1. These values reflect the 
byte counter in the controller at the time of writing each 
byte. Status and byte count are verified •. A Sense order 
verifies that the Tag lines are correctly generated and that 
the Head and Sector Address increment correctly. 

4010 Controller not ready after Seek/CC/Write orders in Test Mode 2. 
4011 Status error after Write order. No abnormal status expected. 
4012 Controller not ready after Sense order in Test Mode 2. 
4013 Write Tag Line error. Sense buffer: 10BF 1. See print-out. 
4014 Status error in diagnostic Sense byte (byte 8 of Sense data) 

defines Write error. 
4015 Address received during Sense not expected. Head and Sector 

Address may not increment properly. See print-out. 

TST 1, 41 Test Mode 2 - Write Order Incorrect Length Test. Seek/ 
CC/Write order sequences are issued with byte counts 
sequentially varied from 1008 to 1025 (not 1024). The 
status will be verified. 

4110 
4111 

4112 

Controller not ready after Write order in Test Mode 2. 
Remaining byte count after Write order with Incorrect Length 
not zero. See print-out. 
Status error after Write order in Test Mode 2. IL expected. See 
print-out. 

7. 

TSTl, 42 Test Mode 2 - Write Order Cylinder Boundary Test. A Write 
order with a byte count of 1025 is issued starting at Head 19 
Sector 5. The Write operation will terminate after 1 sectar 
and sector unavailable will be reported. 

4210 
4211 

Controller not ready after Write order in Test Mode 2. 
Status error after Write order (Seek Address = Head 19, Sector 5 
byte count 1025). UE, sector unavailable, byte count = 0 
expected. 

TSTl, 45 Test Mode 2 - Check-Write Order Test. Seek/CC/Check­
Write order sequences are issued with byte counts of 1024. 
The Check Write data consists of byte values starting at 
224, with each successive byte =.byte (N) +1. A Sense 
order verifies that the Tag Lines are correctly generated 
and that the Head and Sector Address increments correctly. 

4510 

4511 

4512 
4513 

4514 

Con.troller not ready after Seek/CC/Check-Write orders in Test 
Mode 2. 
Status error after Check-Write order. Na abnormal status 
expected. See print-outs. 
Controller not ready after Sense order in Test Mode 2. 
Check-Write Tog Line error. Sense buffer: 10BF 1. See print­
out. 
Status error in diagnostic Sense byte (byte 8 of Sense data) 
defines Check-Write error. 

4515 Address rece ived during Sense not correct. Head or Sector 
Address may not increment properly. See print-out. 

TSTl, 46 Test Mode 2 - Check-Write Order Incorrect Length Test. 
Seek/CC/Check-Write order sequences are issued with 
byte counts sequentiolly varied from 1008 to 1025 (not 
1024). The status will be verified. 

4610 Controller not ready after Seek/CC/Check-Write order in 
Test Mode 2. 

4611 Remaining byte count after Check-Write order with Incorrect 
length not zero. See print-out. 

4612 Status error after Check-Write order in Test Mode 2. Il 
expected. See print·-out. 
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TSTl, 47 Test Mode 2 - Check-Write Order Cylinder Boundary Test. 
A Check-Write order with a byte count of 1025 is issued 
starting at Head 19 Sector 5. The Check-Write operation 
will terminate after one sector and sector unavailable will 
be reported. 

4710 Controller not ready after Check-Write order in Test Mode 2. 
4711 Status error after Check-Write order (Seek address = Head 19, 

Sector 5, byte count 1025). UE, sector unavailable, byte 
count =' 0 expected. 

-TSTl, 48 Test Mode 2 - Check-Write Transmission Error Test. Seek/ 
CC/Check-Write order sequences with byte counts of 2048 
are issued. The Check-Write data consists of byte values 
starting at 224 (X'EO'), with each successive byte = byte 
(N) + 1. During the first 8 passes one bit in byte 32 (X'FF') 
is sequentially dropped starting with bit 0 ending with bit 7. 
During the 2nd 8 passes one bit in byte 33 (X' 00') is 
sequentially picked-up starting with bit 0, ending with bit 7. 
The test verifies that a single bit failure in a sector is 
detected and reported as TE and that the operation terminates 
after the first sector. The remaining byte count must be ~ 
1000. 

4810 Controller not ready after Seek/CC/Check-Write order in Test 
Mode 2. 

4811 Remaining byte count after Check-Write order (2048 bytes) less 
than 1008. Check~Write operation did not terminate after one 
sector. 

4812 Controller not ready after Sense order in Test Mode 2. 
4813 Address received during Sense not correct. Head or Sector 

Address moy have been incremented by two sectors. 
4814 Status error in diagnostic Sense byte (byte 8 of Sense data) should 

indicate Check-Write error. 
4820-4827 Status error after Check-Write order. TE and not IL or UE 

expected. The least significant digit of the error number 
indicates which bit of byte 32 of the Check-Write data was 
dropped to induce a Check-Write error. 

4830-4837 See 4820-4827. The least significant digit of the error 
number indicates wI, ich bit of byte 33 of the Check-W~ite data 
was added to induce a Check-Write error. 

TSTl, 49 Test Mode 2 - Halt On Transmission Error Test. Seek/CC/ 
Write order sequences with byte counts of 1020 are issued 
ta test settrng of UE, Il and lOP/Halt. Seek/CC/Check­
Write order is issued to check setting of TE. 

4910 

4911 

4912 

4913 

Controller not ready after Seek/CC/Nrite (or Check-Write) in 
Test Mode 2. 
Status error after Write order in Test Mode 2. UE, Il and IOP/ 
Halt setting expected. 
Status error after Write order in Test Mode 2. Il and not UE and 
not lOP/Halt setting expected. 
Status error after Check-Write order in Test Mode 2. UE, TE and 
10P/Halt setting expected. 

TSTl, 50 Test N\ode 3 (Parity) - Read Order 12 Parity Test. A 
Sense/CC/Read 12 order sequence is issued with a Read 
byte count of 2048. The controller will generate a 
parity error. The test verifies the status (TE and not UE) 
and verifies with a Sense order that the Read order 
terminated after a sector. The remaining byte count must 
be = 1024. 

5010 Controller not ready after Seek/CC/Read 12 order in Parity 
Test Mode. 

5011 Remaining byte count after Read 12 order (2048 bytes) not equal 
to 1024. Read 12 operation did not terminate after one sector. 

5012 Status error after Read 12 order. TE and not Il or UE expected. 
See Print-out. 

5013 Cantroller nof ready after Sense order in Parity Test Mode. 
5014 Status i'!rror in diagnostic Sense byte (byte 8 of Sense data) 

should indicate data parity error. 
5015 Address received during Sense not correct. Head or Sector 

Address may have been incremented by 2 sectors. 
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T511, 51 Test Mode 3 (Parity) - Read Order 02 Parity lest. A SenseI 
CC/Read 02 order sequence is issued with a Read byte count 
of 3072 (3 data-chain operation). The test verifies that 
Reading continues untit the byte count ~ zero. The 
expected status is TE, not UE. 

5110 Controller not ready after Seek/CC/Read02/DC/Read02/DC/ 
Read02 in Parity Test Mode. 

5111 Status error after Read02 order. TE and not Il or HE and byte' 
zero and Current Command Address ::0 Starting Address ~ 3 
expected. 

5112 Controller not ready after Sense order in Parity Test Mode. 
5113 Address received during Sense not correct. Head or Sector 

Address did not increment correctly. 

TS11, 52 Normal Mode - Restore Order Test. A Restore order is 
issued to the storage unit. The test verifies thot the 
controller and device are ready and that positioning is 
complete and that no time out error has occurred. 

5210 Controlled not ready after Restore order. 
5211 On cylinder bit TDV(5) not received after Restore order. 
5212 Status error after Device order. See print-out. 

TSTl, 53 Normal Mode - Seek Order Test. A Restore order is issued 
to the storage unit. The test proceeds to issue Seek orders 
for all sectors on cylinder O. No head motion is involved 
except possibly during the Restore order. The test verifies 
that Seek orders can be completed without errors. 

5310 
5311 

5312 

Controller not ready after Seek order. 
On-cylinder bit TDV(5) not received after Seek order. No head 
motion required. 
Status error after Seek order. See print-out. 

TSTl, 54 Normal Mode - Release Order Test. A Release order is 
issued. The test verifies the status after the release. 

5410 Controller not ready after Restore order in normal mode. 
5411 Status error after Restore order in normal mode. Not UE, byte 

count = 1 (no change) expected. See print-out. 

TSTl, 55 Header Read - Failure Iso lotion Test. A Restore order is 
issued to position the heads at cylinder O. Seek/Ce/ 
Header-Read sequences will be issued for all 120 sectors of 
cylinder O. No errors wi II be reported unti I all operations 
are completed. A summary of all errors wi II be printed. 
The test will proceed to loop on the first failure with 
immediate error print-outs. Information other than zeros 
in the flaw byte or alternate Address byte will not be 
considered an error. 

5510 Controller not ready after Seek/CC/Header Read order. 
5511 Status error after Header-Read order. See print-out. 
5512 Compare error of Header data. Bytes 0, 5 and 6 of each 

Header are not tested. 

TSTl, 56 Normal Mode - Sense Order/Angular Position. A Restore 
order is issued to the storage unit. The test issues a Sense 
order ond verifies the status. The test proceeds to issue up 
to 6 Sense orders in order to verify angular position O. 
Following position 0, 5 Sense orders are issued to verify 
angular posi tion 1-5. 

5610 
5611 
5612 
5613 

Controller not ready after Sense order. 
Status error after Sense order. See print-out. 
Controller not ready after Sense order. 
6 attempts failed to find angular position of 0 in byte 4 of 
Sense data. 

5621-5625 Controller not ready after Sense order. The least 
significant digit of the error number indicates the current 
angular position expected in the Sense data. 

5631-5635 The expected angular position as indicated by the least 
significant digit of the error number not in byte 4 of Sense 

data. 

1ST 1, 57 Normal Mode - Sense Order Test. A Restore order is issued 
to position the heads at cylinder O. Seek/CC/Sense 
sequences' will be issued for all 120 sectors of cylinder O. 
The test ve~ifies that the Address returned during the Sense 
operation is correct and that normal status is returned. 

5710 Controller not ready after Sense order. 
5711 Status error after Sense order. See print-out. 
5712 Compare error of Seek and Sense data. See prfnt-out. 
5713 Status error in diogflOstic Sense byte (byte 8 of Sense data) shoul,d 

indicate no errors. 

TSTl, 58 Sequential HeoCI Positioning Test. Sequential Seek orders 
are issued to the disk storage unit. After verifying successful 
completion of each Seek order, a Sense order is issued to 
verify the Seek operation. If a Header parity error is 
detected during the Sense order, the Sense operation wi II be 
automatically retried six additional times before on error is 
reported. If the cylinder Address obtained is correct, the 
next Seek/Sense sequence wi II be initiated. On retries 

5810 
5811 

5812 
5813 

after a cylinder compare error, the Seek Address wi II be 
decremented by 1 (not " 0) and a Restore order wi II be issued 
prior to retry. 

Controller not ready after a Seek order. 
Controller not ready after Sense order. Arm was in motion 
execution of Sense order. 
Arm in motion bit in byte 4 of Sense data not received. 
On cylinder bit iDV(5) not received after Seek order. The Seek 
order intiated head motion. 

5814 Controller not ready after Sense order. Arm motion was 
previously compJeted. TDV(5) '" 1. 

5815 All six Sense orders issued to the drive unit indicate that a 
Header parity error was detected. 

5816 Compare error of Seek and Sense data. See print-out. 

TSTl, 60 Complex Head Positioning, Seek Access Timing and Seek 
Complete Interrupt Test. This test consists of four posses. 
The passes differ by the type of head motion. 
1. Seek (M) Sense Seek (N) Sense 203 times. M varies 

from 0 10 202, N is always ,- o. 
2. Seek (M) Sense Seek (N) Sense 203 times. M is always 

202. N vories from 202 to O. 
3. Seek (M) Sense Seek (N) Sense 203 times. M varies 

from 0 to 202, N varies from 202 to O. 
4. Seek (R) Sense Seek (R) Sense 203 times. R is a random 

number. 
During retries the lost successful Seek/Sense sequence is 
repeated. Average Seek access time is computed and if it 
exceeds the limit, it is printed out. The test is initialized 
if retry is requested. 

6010 Controller not ready after Seek order. 
6011 Expected Seek complete interrupt was not received. 
6012 Status error after Seek complete interrupt has been received. 

See print-out. 
6013 Controller nat ready ofter Sense order. 
6014 Header parity emw indicated by bit 7 of TDV following Sense 

orders. The Sense order has been issued 7 times to automatically 
recover from the problem. Possible bod Headers on the disk. 

6015 Head positioning error. See preceding print-out. The expected 
Sense data defines the Seek Address. The observed Sense data 
defines the Currenf Address in the controller. Prior to the Seek 
operation. 

6016 Average Head ~itioning time greater than 95 msec. All Seek 
operations in this lest are used in the computation of the overage 
time. 

TSTl, 63 Comprehensive Write/Reod/Checkwrite Test. During the 
first phase of Ihis test, attempts are made to locate a cylinder 
with error-free Headers. The cylinders used are determined 
by the SYST-directive entry for each device. Once a good 
cylinder has been located, a Write/Reod/Checkwrite pass 
will be performed 3 times, each time with a different pattern. 
Poss 1: Fixed pattern of X'AA55AA55' 
Pass 2: Incremented pattern of X '000 10203 " X'04050607', 

X'08Q90A08 ' 
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TSTl, 63 (Continued) 
Poss 3: Current Seek Address X'OOOOOOOO' for cyl ' 0, HD' 0, 

6310 

6311 
6312 
6313 
6314 

6315 

6320 
6321 
6322. 

6330 

Sect 0, X'OONN0803' for cyl NN,HD08,Sect-3. 
Any recoverable error '(6 retries are automatically attempted) 
or solid failure will couse the selection of another cylinder. 
The objective of this procedure is to avoid looping on an 
error which may be caused by surface flows. 

Attempk to find a cylinder (120 sectors) with good Headers and 
no assigned Alternate Addresses not successful. Program used 
only those cylinders which were mode available to the program 
with the SYST directive. 
Controller not ready after Header Read order of 120 sectors. 
Byte count after Header Read order not reduced to zero. 
Status error after Header Read order. No unusual status expected. 
Header data compore error. See print-out. If a flow byte or on 
Altemote Address is found in the Header, the current cylinder 
will not be used for the Write/Read/Checkwrite portion of this 
test. 
Header Read operation not successful for current cylinder. Errors 
6311 through 6314 describe the nature of the failure. Next . 
cylinder will be automatically selected. 
Controller not reody after Seek order. 
ControUer not ready after Sense order. 
Seek/Sense compare error. See expected and observed data. 
The Sense order was issued after a Write, Read, or Check write 
order. The Sense data should reflect the current Address. 
Controller not ready after Write order. Preceding Seek order 
succeSsful. 

6331 Status error after Write order. No unusual status expected. The 
Write order will be automotically retried 6 times. 

6332 Status error after Write order. The diognostic Sense byte 
(byte 8 of Sense data) should indicate no errors. 

6333-6335 See 6330 through 6332, respectively. Current order was a 
Read. The sector in error may have been incorrectly written. 

6336 Read compare error. See print-out. The error may result from 
incorrect writing of the data. . 

6337-6339 See 6330 through 6332, respectively. Current order was a 
Chec*write. The sector in error may have been incorrectly 
written if Read errors are detected. 

6340 Write errors on current cylinder. If Sense Switch 1 is reset and 
3 set. the Read and Check:"Write portion of this test will be 
skipped and a new cylinder will be selected. Fixed pattern of 
X'AA55AA55AA5 ••. '. 

6341 Read erros on current cylinder. If Sense Switch 1 is off and 3 on, 
the Checkwrite portion of this test will be skipped and a new 
cylinder will be selected. Fixed pattern of X'AA55AA55AA5 ..... 

6342 Checkwrite errors on current cylinder. If Sense Switch 1 is off 
and 3 on, a new cylinder wi II be selected. Fixed pattern of 
X'AA55AA55AA5 .•• '. 

6343 See 6340. Write errors. Incremented pattern X'00010203Q40506 •• ' 
6344 See 6341. Read errors. In cremented pattern X '000 1 0203040506 • .' 
6345 See 6342. Check-Write errors. Incremented pottern 

X'OOO10203040506 .•. '. 
6346 See 6340. Write errors. Current Seek Address used as pattern. 
6347 See 6341. Read errors. Current Seek Address used as pattern. 
6348 See 6342. Check-Write errors. Current Seek Address used as 

pattem. 

TSTl, 64 Short Record Write Test. During the first phose of this test, 
attempts are mode to lo~ate a sector which can be recorded 
and verified. Once a good sector has been located, 0 4 byte 
record is written and verified with a Read order. Bytes 4 
through 1023 are expected to be zero. 

6410 Controller not ready after Seek/CC/Vlrite order. 
6411 Stotus error after Write order. Normal termination expected. 
6412 Controller not ready after Seek/CC/Read order. 
6413 Status error after Read order. Normal termination expected. 
6414 Data compare error on current sector. 
6415 Controller not ready after Seek/CC/Vvrite order (4 bytes\. 

The remaining bytes of the current sector should contain zeros. 
6416 Status error after Write order (4 bytesL Only Il is expected. 
6417 Controller not ready after Seek ICC/Read order (1024 bytes)' 

The preceding Write order re~!-,rded only 4 bytes of data. 
6418 Status error after Read order. Norma I termi not ion e xpec ted. 
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6419 

6420 

6430 
6431 

Data compare error on current sector. If word count of compare 
error MSG > 0, the controller failed to write zeros for bytes 4 
through 1023. 
Write or Read errors on current sector. Another sector, if 
available, will be selected. 
Device not ready after Seek/CC/Read (BC- 253) ICC/Sense. 
Status error ofter Seek/CC/Read (Be 253)jCC/Sense. Normal 
termination eKpected. 

6432 Device failed to report correct sector on sense at least once in 
256 cycles of: Seek/CC/Read (BC 253)jCC/Sense. 

TSTl, 65 Header Write Test. This test will only be executed if 
cylinder 202 is mode available to the test program with the 
SYST directive. The test will write all Headers on 
cylinder 202 for Heads 16 through 19. The original Headers 
wi II be saved at the start of the test and restored at the end 
of the test. 

6510 Controller not ready after Seek/CC/1'ieader Write order 
(6 sectors). . 

6511 Status error ofter Header Write order. Normal termination 
expected. 

6512 Controller not ready after Seek/CC/1'ieader Read order 
(6 sectors). 

6513 Status error after Header Read order. Normal termination 
expected. Headers may have been incorrect.ly written. 

6514 Header compare errors. Each Header consists of 8 bytes. 
Headers may have been incorrectly written. 

6515 Controller not ready after Sense order. 
6516 Status in diagnostic Sense byte (byte 8 Sense data) should 

indi cote no errors. 
6517 Attempts to save 24 Headers starting at cylinder 202, Head 16, 

Sector 0 not successful. Remainder of this test wi II be skipped. 

TSTl, 66 Header Error Detection Test. This test will only be executed 
if cylinder 202 is mode avai lable to the test program with 
the SYST directive. The test consists of the following 

6610 
6611 

6612 

6620 

6621 

6622 

6623 

6624 

3 sections: . 
1. Headers with flow bytes are written for cylinder 202, 

Head 17 Sense, Header Read, and Read orders are 
issued to veri fy the detection of the flow byte and 
setting of UE (UE will not be set during Header Read). 

2. Headers with a cylinder address of 225 are written for 
cylinder 202, Head 18. A Sense order is issued to 
verify the setting of verification error, UE, and 
cylinder compare error (byte 8 of Sense data). 

3. Headers for cylinder 202, Head 19contain the 
following information: Sector 0 OK, Sector 10K, 
Sector 2 OK, Sector 3 cylinder wrong, Sector 4 Head 
wrong. Sector 5 sector wrong. 

4. Header Read and Read orders are issued to verify that 
cylinder, head, and sector compare errors are set 
(byte 8 of Sense data) and that the orders terminate 
correctly after detection of on erroneous Header. 

The original Headers wi II be saved at the start of the test 
and restored at the end of the test. 

See 6517 
Controller not ready after Seek/CC/1'ieader Write order 
(24 sectors). 
Status error after Header Write order. Normal termination 
expected. 
Controller not ready after Seek/CC/Sense order. All si x headers 
starting at cylinder 202, Head 17 have flow bytes recorded from 
preceding Write Pass. 
Status error after Sense order. UE, flow byte (TDV bit 1) and 
not TE expected. All six headers starting at cylinder 202, 
Head 17 have flaw bytes recorded from preceding Write poss. 
Controller not ready after Seek/CC/HeaderRead order. See 
also 6620. 
Status error after Header Read order. Flaw byte, not UE or TE 
expected. See also 6621. 
Controller not ready after Seek/CC/Read order. See 
olso 6620. 
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TSTl, 66 (Continued) 
6625 Status error after Read order. UE, flaw byte (TDV bit) and not 

TE expected. See also 6621. 
6626 Controller not ready after Seek/CC/Sense order. All six headers 

starting at cylinder 202, Head 18 have a wrong cylinder Address 
(cylinder 255) recorded from preceding Write order. 

6627 Status error after Sense order. UE, verification error (TDV bit 4) 
not UE, and byte count - 0 expected. See 6626 for header data. 

6628 Controller not ready after Seek order. 
6629 Controller not ready after Sense order. Status after Sense order 

wi II not be tested. 
6630 Controller not ready after Header Read order at cylinder 202, 

Head 19, Sector 3. Header of Sector 3 was previously written 
with wrong cylinder Address. 

6631 Status error after Header Read order. UE, verification error, 
and byte count =- 0 expected. See also 6630 for Seek Address 
and data. 

6632 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate cylinder compare error. See also 6630 for Seek Address 
and data. 

6633 Controller not ready after Header Read order at cylinder 202, 
Head 19, Sector 4. Header of Sector 4 was previously written 
wi th wrong Head Address. 

6634 Status error after Header Read order. UE, verification error, and 
byte count = 0 expected. See also 6653 for Seek Address and 
data. 

6635 Status in diagnostic Sense byte {byte 8 of Sense data} should 
indicate Head compare error. See also 6633 for Seek Address 
and data. 

6636 Controller not ready after Header Read order at cylinder 202, 
Head 19, Sector 5. Header of Sector 5 was previously written 
with wrong Sector Address. 

6637 Status error after Header Read order. UE, verification error, and 
byte count = 0 expected. See also 6636 for Seek Address and 
data. 

6638 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate Sector compare error. See also 6636 for Seek Address 
and data. 

6639 Controller not ready after Header Read order (17 bytes) at 
cylinder 202, Head 1.9, Sector 2. Header of Sector 2 0 K, 
Header of Sector 3 was previously written with the wrong 
Cylinder Address. 

6640 Status error after Header Read order (17 bytes). UE, verification 
error, and byte count = 1 expected. Headers for Sectors 2 and 3 
should be read. See also 6639 for Seek Address and data. 

6641 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate cylinder compare error. See also 6639 for Seek Address 
and data. 

6642 Controller not ready after Read order (1 byte) at cylinder 202, 
Head 19, Sector 3. Header of Sector 3 was previously written 
with wrong Cylinder Address. 
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6643 Status error after Read order. UE, verification error, byte 
count 1 expected. See also 6642 for Seek Address and data. 

6644 Status in diagnostic Sense byte Ibyte 8 of Sense data) should 
indicate Sector compare error. See also 6642 for Seek Address 
and data. 

6645 Controller not ready after Read order 11025 bytes\ at cylinder 202, 
Head 19, Sector 2. Header of Sector 2 OK, Header of Sector 3 
was previously wr.tten with wrong Cylinder Address. 

6646 Status error after Read order. UE, verification error, byte 
count· 1 expected. See also 6645 for Seek Address and data. 

6647 Status in diagnostic Sense byte Ibyte 8 of Semp. data) should 
indicate cylinder compare error. See also 6645 for Seek Address 
and data. 

6648 Controller not ready after Read order (1 byte) at cylinder 202, 
Head 19, Sector 5. Header of Sector 5 was previously written 
with wrong Cylinder Address. 

6649 Status error after Read order. UE, verification error, byte 
count: 1 expected. See also 6648 for Seek Address and data. 

6650 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate Sector compare error. See also 6648 for Seek Address 
or data. 

6660 Controller not reody after Seek order (cylinder 202, Head 17, 
Sector O)//CCII HD Read//CC//Seek (cylinder 202, Head 18, 
Sector 0)/ /Read. 

6661 Status error. No UE, no flawmark, Command Address +3 
expected. 

TST1, 70 Dual Controller Test. An SIO order is sent to the first 
controller which will reserve the device until a Release order 
is issued. The second controller wi II now try to influence 
that device while the first controller is in both Busy and 
Ready state. After the test sequence is completed, the 
second controller is tested in the same way. Device Address 
must be entered with the SYST directive: 

SYST, Dl, X2, X3, X4, X5, X6, X7, X8, X9, XI0 
where each pair (X3, XS), (X7, X9), etc., must have 
the same device on different controllers. A minimum 
of 1 pair must be entered (maximum 4 pairs). 

Example: SYST, 7240, 0, FO, 202, lFO, 202 
Or: SYST, 7240, 0, FO, 202, EO, 202 

7010 Expected 2 or more Device Addresses entered by 'SYST' directive. 
7011 Release order for device 2 not accepted. See print-out. 
7012 Release order far device 1 not accepted. See print-out. 
7013 S10 to device 1 not accepted. See print-out. 
7014 10 order to device 2 was accepted, should have been rejected. 

See print-out. 
7015 10 interrupt did not occur within time limit. 
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8. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 

(7270/71) 

SUBJECT MODEL -- Removable Disk Controller Model number 7270, Removable Disk Storage Units, Model number 7271, 
Removable Disk Controller Modified, Model number 7240, Removable Disk Storage Unit, ISS Madel number 715)(. 715DX 

REQUIRED EQUIPMENT --Minimum Memory Size: 16K; Input Device: Card Reader, Paper Tape Reader or Magnetic Tape Unit; 
Output Device: Keyboard Printer or Line Printer 

PROGRAM PREREQUISITES 
None 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (DPM) apply to this program. 
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SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(7270/71) 

DIRECTIVES - directives are entered after a ", .. is typed out 

Po~meter 
Name Format 

10 Definition Value Range 

Program Directives - E~vironmental Directives 

System Environment SYST, 01, 02, 01 Controller model number ·12·70, 7240 
02 Revision number 0 

H3, H4, HS, H6 H3 Storage Unit Device Address (1st) 80 - IFFF 
,H7 ••• ,HI7,HI8 H4 Avai lable cylinders (1st) ",85 - ~OOXYOOZW 

H5 Storoge Unit Device Address (2nd) 80 - lFFF 
H6 Available cylinders (2nd) t;oS - ~ OOXYOOZW 

H17 } Some as H3, H4 except for XY = 1st cylinder 
H18 . 8th Storage Unit ZW'" last cylinder 

Program Directives - Testing Directives 

Comprehensive Test TSTO, Dl, 02 01 Number of ordered sequences executed 0-99999999 
(all functional tests, by random exerciser 
1 thru 70, and random 02 Number of retries 0- 99999999 
exerciser Test) 

Functional Test TSTl G 01 G D2J] 01 The first subtest to be executed o {all subtests} - 70 
02 last subtest to be executed 1 

Random Exerciser Tes TST2, 01, 02 01 Number of cycles to be performed 01-· 0 
02 Number of retries before next cycle D2=- 0 

Utility Test TST3, 01, 02, 03, H4 01 - Utility Test selection 
02 - Function selection or serial number 
03 - Retry count; not used if 01 '"' 3 

01 '"' 1 Surface Test 
02 = 0 Write and then read alt 

sectors 
02 :: 1 Write all sectors 
02 = 2 Read all sectors 
02 :: 3 Read all sectors (no data 

check) 
02 :: 4 Checkwrite all sectors 
02 = 5 Write and then checkwrite 

all sectors 

TSf3.2.0 ---~ 
.........--.. ,01 =.~ Header Test 

02 = 0 Write and then read all 
headers 

02 == 1 Write all headers 
02 = 2 Read all headers 
02 == ~ Read all headers (no data 

check) 
01 == 3 Disk Initialization 

02 = Pock serial Number 
03 == 0 - Not used 
H4 = Date = OOMMDDVY 

01 == 4 Flow A Track 
02 == Alternate Cylinder Address 400-405 
03 = Altemate Head ADR 0-19 

Program Directives - Optional Directives 

Pattern selection DATA, Dl; H2, H3 01 == 0, Fixed Pattern 0-3 

(for Utility Test) = 1, Incremental Pattern 
= 2, Random Pattern 
= 3, Current Seek Address 

H2 Pattem seed (for Dl " 0, I, 2) } 00000000-
H3 Incrementing constant (for 0 - 1) FFFFFFFF 

Usable surface area SEEK, 01, 02, 03, 04 DI Starting cylinder address 0-405 

limitation 02 Starting head address 0-19 
03 Starting sector address 0-5 
04 Additional sectors to be used after (0 - 81) 

"'. starting address 
01, 02, D3 

limitation of Error. lIMT, Dl, 02 01 ,. 1 limit Compare error 1 

printouts printouts/sector to 02 
02 fv\aximum nlJmber of printouts D2 -. 0 

(No limit if 02 ~ 0) 

1/0 buffer area MEM G HI, H2] HI First location of I/O buffer area Obtainable by 

definition H2 last location cf I/O buffer area typing in MEM 

I/O Reset RSET 0 

60oP81 036 

, 

Standard Value 
(default) 

, 

5000 (01 = 0) 

0 

0 
01 

Area between 
Diog. Prog. & DPM 

Not available 

Note: Parameter of any directive begtnnon9 With a D means deCimal, With on H means hexadeCimal 
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START PROCEDURE 

8. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(7270/71) 

1. Sense Switch Options, Monitor Directive Options. and Environmental Directives - Refer to DPM section of this manual. 
2. Test Strategy Selection 

Comprehensive Test Functional Test Rand"m Exerciser Test Utility Test 

Recommended Normal Usage Solid Fai lure Detection Intermittent Failure Surface Test 
Application and Specific Problem Detection 

Analysis 

Test Directive TSTO TST! TST2 TST3 

Prerequ isi te None None TST! TSTl 

Optional Directives SEEK, LIMT, MEM SEEK, L1MT, MEM SEEK, LIMT, MEM SEEK, LIMT, MEM, DATA 

Subtests All functional subtests 70 subtests (see error 1. Exerciser Initiation: WRITE only 
(1 -70) and random messages for the test types) Random data written READ only (Verify data) 
exerciser test on entire surface READ only (No data 

2. Random Selection of: verification) 
a. Device READ header 
b. Order Sequences CHECKWRITE 
c. Buffer Areas WRITE/READ TEST 
d. Buffer length WRITE header 
e. Octo 

Error Message Format 1. ERROR NO. DODD ERROR NO. DODD LOC Se I f-exp lana tory Se I f-exp lana tory 
lOC XXXX XXXX 

2. Self-explanatory 

3. Procedure 2 of Restart Procedure of DPM should normally be used to clear a wait from a watchdog timer trap. 
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8. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(7270/71) 

PROGRAM TEST DESCRIPTION 
Test descriptions of each functional test are included at the beginning of each subtest error number in the Functional Subtest and Related 
Error Message Section. 

ORDER CODES 
X'OO' STOP 
X'Ol' WRITE 
X'02' READ 2 (Report any transmission error at count done) 
X'OO' SEEK 
X'04' SENSE 
X'05' CHECKWRITE 
X'12' READ 1 (Terminate data transfer and report any 

transmission error at end of current sector if error is 
encountered) 

X'13' SnECT TEST MODE 
X'80' STOP AND INTERRUPT (at location X'SC') 
X'09' HEADER WRITE 
X'OA' HEADER READ 
X'33' RESTORE CARRIAGE 
X'23' RELEASE 
X'83' SEEK (and couse a device interrupt 

on position complete or time out) 

TDV STATUS 

MODEL 0 1 

REM DISK Data Flow Mark 
Overrun 

AlO STATUS 

MODEL 0 1 J 

2 

Sector 
Unavailable 

2 

BITS .. ( 

3 4 5 6 7 

Unassigned Header Head On Seek Header 
Verification Cylinder Timeout Parity 
Error Error Error 

BITS 

I 3 4 5 6 ·7 

600P81 036 

REM DISK Data II Device Head On Seek Unassigned 
Overrun UNASSIGNED Interrupt Cylinder Timeout 

1 I Error 
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TEST MODE DATA BYTE 

8. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(7270/71) 

Test Modes 
I 

o 2 3 4 

Unassigned ~ 
Modifier Bit - Parity error reporting check 

ADDRESSING FORMAT 

1. The format of the four byte sent to the Disk Pack by a SEEK 
order is: 

Byte 0 

: 
Byte 1 Byte 2 Byte 3 

0 I Cylinder 0 Head 0 I 
I I I 

0 34 6 70 34 70 2 3 4 70 3 4 5 

where S signifies sector number. 

2. The format of the bytes received on a SENSE order is: 
SENSE (X'04'). 

The Sense order causes the controller to transmit up to 10 bytes 
of information to the lOP, as follows: 

o 1 

H 
o 1 

o 

Byte 0 

: 

Byte 1 

0 I Cylinder 

• 2 34 5 6 70 34 

Byte 4t 

I 
Byte 5 

0 I CS 
i 

3 4 5 70 34 

Byte 8 Byte 9 

Diagnostic Status Bytes 

34 70 34 

signifies sector number 
signifies modifier bit 

I 0 

Byte 2 

I I Head 

70 2 3 4 10 

Byte 6 

o;:gn""k ~.o.u, By: .. 
10 34 70 

where 
S 
M 
CS signifies current sector number 

Byte 3 

0 I 
3 4 5 

Byte 7 

34 

I 
5 

S 

S 

tThree bits of byte 4 indicate current sector number, but if the most 
significant bit (M) is aI, the arm was in motion at time of sense and 
current sector number is meaningless. If the head number is 
nonexistent, (M) will also be a 1. 

I 

I 

6 
I 
7 

Test Made 1 - Buffer turnaround test 

Test Mode 2 - Data turnaround at controller side 
of storage unit interface 

3. The format of the 8 bytes sent to the Disk Pock by a WRITE 
header order is: 

HEADER WRITE (X'09') 
The Header Write order couses the controller to consider all subse­
quent data bytes as heoder information. Each header requires the 
following bytes: 

Byte 0 Byte 1 Byte 2 Byte 3 

Flow Mark o Cylinder o I Head 

I 
34 10 

Byte 5 

34 

Byte 6 

S 
Alt. Cylinder· 
Index 0-5 

o Alt. Head 

01 3 4 5 70 34 .0 2 3 4 

"'The alternate cylinder index (8 bits) represents 
a cylinder index into cylinder 400-405 • 

Sense Status Bytes 8 and 9 

Byte Bit 
Function 

No. No. 

8 0 Data parity error 
1 Check-Write error 
2 Sector verification error 
3 Head verificotion error 
4 Cylinder verification error 

70 

5 Sector address not zero at start of 
header write operation 

6 Difference select sent to device 
7 Sector selec~ sent to device 

9 0 Control select sent to device 
1 Head select sent to device 
2 Cylinder select sent to device 
3 Seek forward set . 
4 Read gate sent to device 

Byte 7 

o 

34 

5 Write and erose gate sent to delfice 
6 Read cylinder select sent to device 
7 Not used 

Note: Bytes 8 and 9 are used by diagnostic programs. 
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FAULT INDEX DESCRIPTION - FUNCTIONAL SUBTESTS 

The fault index contains a brief description of each functional subtest ond a list of associoted error numbers with a brief description of each error. The 
subtests and error numbers are arranged in ascending sequence. The description of subtest NN is numbered NNOO. The first two digits of the error 
number correspond to the associated sub test; the lost two numbers correspond to the individual errors within the sub test. 

System error numbers 
8500 Controller did not return to Ready condition after Test Mode order. 
8501 Controller not in Test Mode after Test Mode order. TDV CC - o. 
8502 Controller in Test Mode after resetting Test Mode. TDV CC 0 4. 
8510 Controller did not return to Ready condition after Restore order. 
8511 Device not on cylinder after a Restore order. 

TS11, 01 AIO, HIO, TiO, TDV instruction recognition. 

0511 Program was interrupted while 10 Interrupt was disarmed/disabled. 
0512 Program was interrupted while IC lnterrupt was armed/disabled. , 
0513 Program wes not interrupted while IC Interrupt was armed/disabled. 

TST1, 06 Command Chaining Test. Two Test Mode orders will be 
Command Chained. Command Chaining will be tested. 
Invalid order Command Chained to a Test Mode order should 
not result in Command Chaining. 

0110 
0111 
0112 

AIO Condition Code error. No interrupt recognition expected. 0610 TIO Status error during TSTl, 6 after Command Chaining or 
Command Chaining not performed. See preceding printout. HIO Condition Code or Status error. See printout. 

TlO Condition Code or Status error. See printout. Preceding HIO 0611 
did not reset Status. 

TIO Status error during TSTl, 6. Status error.or Command Chain­
ing not inhibited by UE from Invalid order. 

0113 TDV Condition Code error. See printout. 

TS11, 02 SIO Invalid Order Test 

0210 
0211 

0212 
0213 

SIO for Invalid order not accepted. See printout. 
Controller nat ready after Invalid order (00 or FS), Order output 
and order input phases must be executed. 
Status error after Invalid order. UE expected. 
Byte count was changed during execution of Invalid order. Data 
phose not required. 

TS11, 03 Test Mode Selection Test. A TDV instruction is used to 
verify setting and resetting of Test Mode. 

0301 
0302 
0303 
0310 
0311 

Test Mode byte = X'FF'. 
Test Mode byte = X'Ol'. 
T est Mode byte = X '02'. 
TDV CC2 reset. Device controller not in Test Mode. 
Output buffer changed during Test Mode order (Select). Data 
in phose not expected. 

0312 TDV CC2 set. Device controller remains in Test Mode. 
Ce2 = 0 expected. 

0313 Output buffer contains ones after Test Mode order (Reset). 
0315 TlO CCI or CC2 set. Controller not ready after Test Mode order. 
0316 TDV, TIO Status error or byte count error. See preceding print-

out. Operation: Order out (X'13'), data out (1 byte), order in. 
0321, 0322, 0323 TSTl, Three data byte of FF, 01, and 02 ';"as used 

during data output phase. See preceding printout. 

T5Tl, 04 Interrupt generation and HIO, AIO Instruction Test. The 
following orders will be issued: X'OO', X'13' (data byte = 
01), X'I' (data byte = 00) in order to set Interrupt Pending 
due to IUE, ICE and IZC, respectively. Each order will be 
repeated once to allow resetting of IP with an HIO and on 
AIO instruction. 

0410 TlO Status error during TST1, 4 after S 10. IP must be set and 
controller and device must be ready. IU~ ICE, and IZC flogs 
are used. 

0411 HIO did not reset IP. No reset generated. 
0412 AIO Status error during TSTI, 4. Preceding SIO resulted in IP. 
0413 AIO did not reset IP. No reset generated. 
0421, 0422, 0423 TS11, 4 lOP flogs for IUE, ICE, and IZC used, 

respectively. See printout. 

T5T1, 07 FAM Write/Read Byte Count Test. Write and Read orders 
with byte counts varying sequentially from 1 to 16 are issued 
in Test Mode 1. Zero byte count expected. 

0710 
0711 
0712 
0713 

Controller not ready after Write order in TM1. 
Controller not ready after Read order in TM1. 
Byte count not equal to zero after Write order in TM1. 
Byte count not equal to zero after Read order in TM1. 

TSTl, OS FAM Write/Read Data Test. Write Command-Chain Read 
orders will be issued with varying data pattern. The Read 
data will be compared to the Write data. During the second 
port of the test 4 Write/CC/Read orders with counts of 13 
will be issued to test the byte alignment logic. 

0810 Controller not ready after Write/CC/Read order in TM1. 
0811 Compare errors during TSTl, 8. Output buffer: 10BFl, Input 

buffer: 10BUF. 
.0812 Controller not ready after Write/CC/Read (BC"='- 13) Test Mode 1. 
0813-0816 Read Data compare error following Write/CC/Read (BC ,- 13). 

If last digi t is 3, data started on word boundary 
If lost digit is 4, data started at byte 1 
Hlest digit is 5, data started at byte 2 
If last digit is 6, data started at byte 3 

TST1, 09 Test Mode 2 - Seek Order Byte Count Test. Seek orders with 
byte counts of 3, 4, 5 are issued to the controller and the 
status response is tested. 

0910 
0911 

0912 

0913 

Controller not ready after Seek order in Test Mode 2: 
Status error after Seek order in Test Mode 2. Expected: Il, UE, 
zero byte count, on-cylinder. See printout. 
Status error after Seek order in Test Mode 2. Expected: Not IL, 
zero byte count, on cylinder. See printout. 
Status error after Seek order in Test Mode 2. Expected: Il, byte 
count := 1, on-cylinder. See printout. 

0914 Output buffer (:IOBFl) altered during Seek in TM2. 

TSTt, 10 Test Mode 2 - Seek Order Interrupt Address Test. Seek orders 
will be to device 0 through 7 in sequence and the address 
returned with the AIO Status will be verified. Change above 
mask from X '04000000' to X 'OCOOOOOO , if Device Interrupt 
Engineering Order is available. 

TST1, 05 10 Interrupt Test. A Test Mode order with ICE flog will be 1010 Status error after Seek order with Interrupt Modifier bit. 
Expected: IP, zero byte count, on cylinder. See printout. issued ond tests wi II be performed to verify that the program 

is only interrupted if the 10 Interrupt is armed and enabled. 1011 

0510 TlO Status error during TSTl, 5 after SIO. IP must be set. 10 1012 
Interrupt is disarmed/disabled. Program should not be interrupted. 

AIO Status error after Seek order with Interrupt Modifier bit. IP 
set prior to AIO. Expected: Address verification. See printout. 
Preceding AIO did not clear Seek complete interrupt 
(TIO/1P:i). 
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T511, 13 Test Mode 2 - Sense Order Byte Count Test. Sense orders 
with byte counts of 1 through 11 are issued to the controller 
and the Status Response is tested. 

1310 
1311 

1312 

1314 

Controller not ready after Sense order in Test Mode 2~ 
Status error after Sense order in Test Mode 2. No unusual status 
expected. See printout. 
Byte count not equal to zero after a Sense order with 0 byte 
count ~ 10. See printout. 
First 8 bytes of input buffer (lOBF1) not changed during Sense 
order. Data input expected. 

T511, 15 Test Mode 2 - Seek Tag line Test. See/Command Chain/ 
Sense orders are executed and the Tog line information in 
byte 8 of the Sense data is verified. 

1510 Controller not ready after Seek/CC/Sense order in Test Mode 2. 
1511 Status error after Sense order or Command Chaining not performed. 

'See printout. 
1512 Seek Tag line error or Sense order not functioning properly. 

Sense buffer: IOBF). See printout. 

TSTl, 16 Test Mode 2 - Head and Sector Address Test. Seek/CC/ 
Sense orders are issued sequentially varying the Device 
Address from 0 - 7. Sense data is verified. Sense orders 
are issued sequentially to all devices to insure that the 
addresses are not changed. The same sequence is repeated 
with the Device Address varied from 7 - O. The complement 
of the data pattern in pass 1 is used in pass 2. A unique 
pattern is used for each device. 

1610 Controller not ready after Seek/CC/Sense order in Test Mode 2. 
1611 Controller not ready after Sense order in Test Mode 2. 
1620-1627 Head and Sector Address obtained during Sense not equal to 

original data. last digit of error number indicates Device 
Address used. Address sequence 0 - 7. Order sequence: Seek/ 
CC/Sense. 

1630-1637 Head and Sector Address obtained during Sense not equal to 
original data. Check addressing of Head and Sector FAM. last 
digit of error number indicates Device Address used. 

1640-1647 Same as 1620-1627. Address sequence 7 - O. 
1650-1657 Same as 1630-1637. 

TST1, 17 Test Mode 2 - Head and Sector Address Validity Test. Seek 
and Sense are issued 406 times varying the Sector Address 
from 0-7 and the Head Address from 0-25. Sector unavai 1-
able will be tested for Sector Address> 5 and Head Address 
> 19. The combined Sector and Head Address which is 
returned as'Cylinder Address during Seek will be verified. 

1710 Controller not ready after Seek order in Test Mode 2. 
1711 Status error after Seek order in Test Mode 2 with illegal sector 

Address (7). UE, sector unavailable, on cylinder expected. 
1712 See 1711. Illegal Head Address was issued during Seek. 
1713 Status error after Seek order in Test Mode 2. legal Head and 

Sector Address were used. See printout. 
1714 Controller not ready after Sense order in Test Mode 2. 
1715 Seek/Sense compare error. The Heod/Sector Address was not 

returned correctly as the Cylinder Address. See printout. 

TSTl, 19 Test Mode 2 - Cylinder Difference logic Test. Seek and 
Sense orders are issued systematically varying the Cylinder 
and Head/Sector Address. Five passes wi II be performed: 
1. Cyl and Hd/Sect 0 - 405. 
2. Cyl 0 - 405, Hd/Sect 0 
3. Cyt: 0, Hd/Sect 0 - 405 
4. Cyl 405 - 0, Hd/Sect 0 
5. Cyl 0, Hd/Sect 405 - 0 

1910 Controller not ready after Seek order in Test Mode 2. 
1911 Controller not ready after Sense order {Byte count 1m in Test 

Mode 2. 
1912 The difference between Head/Sector and the Cylinder Address 

returned in byte 7 of the Sense order is not correct. See printout. 

8. SIGMA 5-9 REMOVABLE DISK STORAGE TEST 
(1270/11)' 

1913 Controller not ready after the second Seek order in Test Mode 2. 
Two Seek orders are required to obtain the correct difference in 
byte 7 of the Sense data. 

TST1, 20 Test Mode 2 - Illegal Cylinder Address Test. Seek orders are 
issued with illegal Cylinder Address (406 - 511) and the 
Status Response is verified. 

2010 Controller not ready after Sense order in Test Mode 2. 
2011 Status error after Seek order in Test Mode 2 with Illegal Cylinder 

Address (406 - 511). UE, sector unavailable, on cylinder expected. 

TSTl, 23 Test Mode 2 - Restore Order Test. A Seek/CC/Restore and 
Sense order sequence is sequentially issued to all devices 
(0 - 7L The test verifies rhe status' after the Restore orders 
and verifies with a Sense order (Byte count -=- 10) that the 
Head ond Sector Address in the FAM are cleared to zero and 
that the Restore order generated the correct Tog Lines. 

2310 Controller not ready after Seek/CC/Restore orders in Test Mode 2. 
2311 Status error after Restore order in Test Mode 2. Not UE, byte 

count 1 (no changes). See printout. 
2312 Controller not ready after: Sense order in Test Mode 2. 
2313 Bytes 2 (Head) and 3 (Sector) of Sense data not O. Preceding 

Restore order did not clear controller registers (FAM). 
2314 Restore Tog line error. Sense buffer: lOBF1. See printout. 

TSTl, 24 Test Mode 2 - Release Order Test. A Release order and a 
Sense order is issued. The test verifies the status after the 
Release and verifies with a Sense order (Byte count 0- 10) 
that the Releas~ order generated the correct Tag Lines. 

2410 Controller not ready after Release order in Test Mode 2. 
2411 Status error after Release order in Test Mode 2. Not UE. byte 

count' 1 (No change) expected. See printout. 
2412 Controller not ready after Sense order in Test Mode 2. 
2413 Release Tag line error. Sense buffer: IOBFt. See printout. 

TSTl, 25 1~st Mode 2 - Read Order Tag line and Data Test. Read 
orders X'02' and X'12' are issued in sequence. The status and 
byte count are verified. The Read data is compared to the 
expected information. A Sense order verifies that the Tag 
lines are correctly generated for a Read order. 

2510 Controller not ready after Read order (02) in Test Mode 2. 
2511 See 2510. Read order (12). 
2512 Status error after Read order in Test Mode 2. Not UE, not IL, not 

TE, byte count - 0 expected. See printout. 
2513 See 2512. Read order (12). 
2514 Data compare error in Test Mode 2; Read order (02). See printout. 
2515 See 2514. Read order (12). 
2516 Controller not ready after Sense order in Test Mode 2. 
2517 Read (02) Tog line error. Sense buffer: IOBF1, See printout. 
2518 See 2517. Read order (12). 
2519 Status error in diagnostic Sense byte (byte 8 of Sense data) defines 

Read error. 
2520 See 2519. Read order (12). 

TST1, 26 Test Mode 2 - Read Order Incorrect length Test. Read orders 
are issued with byte count sequentially varied from 1008 to 
1025 (not 1024). The status will be verified. For byte counts 
" 1024 the test verifies that the controller terminates data-in 
at the correct byte count. 

2610 Controller not ready after Read order (02) in Test Mode 2. 
2611 Remaining byte count after Read order with incorrect length not 

zero. See printout. 
2612 Status error after Read order in Test Mode 2. Il expected. 

See printout. 
2613 Data compare error in Test Mode 2; Read order (02). For byte 

count·- 1024 the ramaining bytes in input buffer must be zero. 
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TST1. 27 Test Mode 2 - Read Order/Head and Sector Incrementation 
Test. Seek/CC/Reod and Sense order sequences are issued 
with a Read byte count of 1024. Sector and. Head Address 
incrementation is verified. 

2710 

2711 

2712 
2713 

Controller not ready after Seek/CC/Reod (02) orders in Test 
Mode 2. 
Status error after Seek/CC/Read in Test Mode. No abnormal 
status expected. See printout. 
Controller not ready after Sense order in Test Mode 2. 
Address received during Sense not expected. Head or Sector 
Address may not increment properly. See printout. 

TST1. 28 Test Mode 2 - Read Order Cylinder Boundary Test. A Read 
order with a byte count of 1025 is issued starting at Head 19, 
Sector 5. Read operation will termin'ate after 1 sector and 
sector unavailable will be reported. 

2810 Controller not ready after Seek/CC/Read (02) orders in Test 
Mode 2. 

2811 Status error after Read order (Seek Address - Head 19. Sector 5. 
byte count - 1025). UE. sector unavailable. byte count - 1 
expected. See printout. 

TSTl, 29 Test Mode 2 - Header Read Order Test. Seek/CC/Header 
Read orders sequences are issued with Hepder Read byte 
count of 8. The status and byte count are verified. The 
Header Read data is compared to the expected information. 
A Sense order verifies that the Tag lines are correctly gener­
ated and that. the Head and Sector Address are inc~emented 
correctly. 

2910 Controller not ready after Seek/CC/Header-Read orders in Test 
Mode 2. 

2911 Status error after Header Read order. No abnormal status 
expected. See printout. 

2912 Header data compare error in Test Mode 2. See printout. 
~13 Controller not ready after Sense order in Test Mode 2. See print­

out. 
2914 Header Read Tag line error. Sense buffer: IOBUF. See printout. 
2915 Status error in diagnostic Sense- byte (Byte 8 of Sense data) defines 

Header Read error. 
2916 Address received during Sense not expected. Head or Sector Ad­

dress may not increment properly. See printout. 

TST1. 30 Test Mode 2 - 120 Sector Header Read Test. A Seek/CC/ 
Header Read order with a Header Read byte count of 960 is 
issued. The Header data is verified. No data error indicates 
that the Head and Sector Incrementation logic performs 
correctly. 

3010 Controller not ready after Header Read order in Test Mode 2. 
3011 Byte count not zero after Header Read order (960 bytes)' 
3012 Status error after Header Read order. No abnormal status 

expected. 
3013 Header data compore error in Test Made 2. See printout. 

TST1, 31 Test Mode 2 - Header Read Byte Count Test. Header Read 
orders with byte counts of 7 and 9 are issued to the con­
troller and the Status Response is tested. 

3110 Controller not ready after Header Read order in Test Made 2. 
3111 Status error after Header Read order (byte count 7). Expected: 

JL, no UE. byte count - O. See printout. 
3112 See 3111. Header Read order byte count - 9. 

TST1. 32 Test Mode 2 - Header Read Order Cylinder Boundary Test. 
A Header Read order with a byte count of 9 is issued start­
ing at Head 19, Sedor 5. Read operation will terminate after 
one sector and sector unavailable will be reported. 

3210 Controller not ready after Header Read order in Test Mode 2. 

3211 Status error after Header Read order f Seek address Head 19. 
Sector 5, byte count 9).- UE, sector unavailable, byte count 

1. expected. 

TS11. 35 Test Mode 2 - Header Write Order Test. Seek/CClHeader 
Write order sequences are issued with Header Write byte 
counts of 48. The Header data consists ofaX'A5A5A5A5' 
pattern. The stotus and byte count are verified. A Sense 
order verifies "IIIoCIf the Tag lines are correctly generated and 
that the Head and Sector Address increment correctly. 

3510 Controller not ready oher Seek ICC !Header-Write orders in Test 
Mode 2. 

3511 

3512 
3513 
3514 

3515 

Status error after Heocfer Write order. No abnormal status expected. 
See printout. 
Controller not ready after Sense order in Test Mode 2. 
Header Write Tog line error. Sense buffer: IOBF1. See printout. 
Status error in diagnostic Sense byte jbyte 8 of Sense data) defines 
Header Wri te error. 
Address received during Sense not expected. Head or Sector 
Address may not inaement properly. See printout. 

TS11, 36 Test Mode 2 - 120 Sector Header Write Test. A Seek/CC/ 
Header Write order sequence with a Header Write byte count. 
of 960 is issued. A Sense order is issued to verify that the 
Head and Sectcw Address are incremented to Head 20, Sector 
Sector O. 

3610 Controller not readyofter Seek/CC/Header-Write orders in Test 
Mode 2. 

3611 Byte count not zero after Header Write order (960 bytes). 
3612 Status error after Header Write order. No abnormal status expected. 
3613 Controller not readyofter Sense order in Test Mode 2. 
3614 Address received dwing Sense not expected. Header or Sector 

Address have not been incremented past Head 19, Sector 5. 

TST1. 37 Test Made 2 - Header Write Byte Count Test. Header Write 
orders with byte counts of 7 and 9 are issued to the controller 
and the Status Response is tested. 

3710 Controller nOt ready after Seek/CC/Header-Write order in Test 
Mode 2. 

3711 Status error after Heoder Write order (byte count 4). Expected: 
Ilo no Uf. byte count - O. See printout. 

3712 See 3711. Header Vlrite order byte count 9. 

TST1. 38 Test IIAode 2 - Header Write Order Cylinder Boundary Test. 
A Header Write p;der with a byte count of 49 is issued start­
ing at Head 19. Sector O. Write operation will terminate 
after six sectors and sector unavailable will be reported. 

3810 Controller not ready ofter Header Write order in Test Mode 2. 
3811 Status error after Header Write order (Seek Address Head 19, 

Sector 0, byte count - 49). Uf. sector unavailable. byte count 
. 0 expected. 

TS11. 39 Test IIAode 2 - Header Write Starting Address Test. Header 
Write orders with- Starting Sector Address of 0 through 5 are 
sequentially i~. For all Starting Addresses except O. byte 
8 of the Sense doto will indicate Header Address error. 

3910 Controller not ready after Header Write order in Test Mode 2. 
3911 Status error after He-ader Write order. No abnormal status 

expected. 
3912 Controller not ready after Sense order in Test Mode 2. 
3920-3925 Status error in diagnostic Sense byte (byte 8 of Sense dotaL 

The least significant digit of error number reflects the Starting 
Sector Address of the Header-Write operation. Header-Address 
error is expected few all Starting Address except Se.:tor O. 
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15Tl, 40 Te~t Mode 2 - Write Order Test. 5eek/CC/Write order 
sequences are issued with Write byte count 3 or 1024. The 
Write data consists of byte values starting at 224, with each. 
successive byte byte (N) + 1. These values reflect the 
byte counter in the controller at the time of writing each 
byte. Status and byte count are verified. A Sense order veri­
fies that the Tog lines are correctly generated and that the 
Head and Sector Address increment correctly. 

4010 Controller not ready.after Seek/CC/Write orden in Test Mode 2. 
4011 Status error after Write order. No abnormal status expected. 
4012 Controller not ready after Sense order in Test Mode 2. 
4013 Write Tag line error. Sense buffer: IOBF1. See printout. 
4014 Status error in diagnostic Sense byte (byte 8 of Sense data) 

defines Write errol". 
4015 Address received durlng Sense not expected. Head and Sector 

Address may not increment properly. See printout. 

TSTl, 41 Test Mode 2 - Write Order Incorrect length Test. Seek/ 
CC/Write order sequences are issued with byte counts 
sequentially varied from 1008 to 1025 (not 1024). The 
status will be verified. 

4110 Controller not reody after Write order in Test Mode 2. 
4111 Remaining byte count after Write order with Incorrect length 

not zero. See printout. 
4112 Status error after Write order in Test Mode 2. Il expected. See 

printout. 

TSTl, 42 Test Mode 2 - Write Order Cylinder Boundary Test. A Write 
order with a byte count of 1025 is issued star~ing at Head 19, 
Sector 5. The Write operation will terminate after 1 sector 
and sector unavailable will be reported. 

4210 
4211 

Controller not ready after Write order in Test Mode 2. 
Status error after Write order (Seek Address - Head 19, Sector 5 
byte count 1025). UE, sector unavailable, byte count - 0 
expected. 

TST1, 45 Test Mode 2 - Check-Write Order Test. Seek/CC/Check­
Write order sequences are issued with byte counts of 1024. 
The Check Write data consists of byte values starting at 
224, with each successive byte - byte (N) + 1. A Sense 
order verifies that the Tag lines are correctly generated 
and that the Head and Sector Address increments correctly. 

4510 Controller not ready after Seek/CC/Check-Write orders in Test 
Mode 2. 

4511 

4512 
4513 

4514 

Status error after Check-Write order. No abnormal status 
expected. See pr-intouts. 
Controller not ready after Sense order in Test Mode 2. 
Check-Write Tog Line error. Sense buffer: IOBF1. See print-
out. 
Status error in diagnostic Sense byte (byte 8 of Sense data) 
defines Check-Write error. 

4515 Address received during Sense not correct. Head or Sector 
Address may not increment properly. See printout. 

TSTl, 46 Test Mode 2 - Check-Write Order Incorrect length Test. 
Seek/CC/Check-Write order sequences are issued with 
byte count sequentially varied from 1008 to 1025 Inot 
1024\. The statu~ will be verified. 

4610 Controller not ready after Seek/CC/Check-Write order in Test 
Mode 2. 

4611 Remaining byte co un t after Check-Write order with tncorrect 
length not zero. See printout, 

4612 Status error after Check-Wri te order in T est Mode 2. Il l l 
expected. See printout. 

TSTl, 47 Test Mode 2 - Check-Write Order Cylinder Boundary Test. 
A Check-Write order with a byte count of 1025 is i'ssued 
starting at Head 19, Sector 5. The Check-Write operation 
will terminate and after one sector and ~ector unavailable 
wi II be reported. 

4710 Controller not ready after Check-Write order in Test Mode 2. 
4711 Status error after Check-Write order (Seek address Head 19, 

Sector 5, byte count 1025). UE, sector unavailable, byte count 
o expected. 

TSTl, 48 Test Mode 2 - Check-Write Transmission Error Test. Seek/ 
CC/Check-Write order sequences with byte counts of 2048 
are issued. The Check-Wri te data consists of byte values 
starting at 224 iX'EO'), with each successive byte - byte 
IN) I 1. During the first 8 passes one bit in byte 32 (X'FF') 
is sequentially dropped starting with bit 0 and ending with 
bit 7. During the second 8 passes one bit in byte 33 (X '00') 
is sequentially picked-up starting with bit 0 and ending with 
bit 7. The test verifies that a single bit failure in a sector is 
detected and reported as TE and that the operation terminates 
after the first sector. The remaining byte count must be 
2:1000. 

4810 Controller not ready after Seek/CC/Check-Write order in Test 
Mode 2. 

4811 Remaining b)·te count after Check-Write order (2048 bytes) less 
than 1008. Check-Write operation did not terminate after one 
sector. 

4812 Controller not ready after Sense order in Test Mode 2. 
4813 Address received during Sense not correct. Head or Sector 

Address may have been incremented by two sectors. 
4814 Status error in diagnostic Sense byte (byte 8 of Sensedata) should 

indicate Check-Write error. 
4820-4827 Status error after Check-Write order. TE and not IL or UE 

expected. The least significant digit of the error number indicates 
which bit of byte 32 of the Check-Write data was dropped to 
induce a Check-Write error. 

4830-4837 See 4820-4827. The least significant digit of the error number 
indicates which bit of byte 33 of the Check-Write data was added 
to induce a Check-Write error. 

TSTl, 49 Test Mode 2 - Halt On Transmission Error Test. Seek/CC/ 
Write order sequences with byte counts of 1020 are issued 
to test setting of UE, Il and lOP/Halt. Seek/CC/Check­
Write order is issued to check setting of TE. 

4910 Controller not ready after Seek/CC/Write (or Check-Write) in 
Test Mode 2. 

4911 Status error after Write order in Test Mode 2. UE, tl and lOP / 
Halt setting expected. 

4912 Status error after Write order in Test Mode 2. tl and not UE and 
not lOP /l-Ialt setting expected. 

4913 Status error after Check-Write order in Test Mode 2. UE, TE and 
lOP/Halt setting expected. 

TSTl, 50 Test Mode 3 (Parity) - Read Order 12 Parity Test. A Sensei 
CC/Read 12 order sequence is issued with a Read byte count 
of 2048. The controller will generate a parity error. The 
test verifies the status (TE and not UE) and verifies with a 
Sense order thot the Read order terminated after a sector. 
The remaining byte count must be - 1024. 

5010 Controller not ready after Seek/CC/Read 12 order in Parity Test 
Mode. 

5011 Remaining byte count after Read 12 order (2048 bytes) not equal 
to 1024. Read 12 operation did not terminate after one sector. 

5012 Status error after Read 12 order. TE and not Il or UE expected. 
See Printout, 

5013 Controller not ready after Sense order in Parity Test Mode. 
5014 Status error in diagnostic Sense byte (byte 8 of Sense data) should 

indicate data parity error. 
5015 ·Address received during Sense not correct. Head or Sector Address 

may have been incremented by two secton. 

TSTl, 51 Test Mode 3 (Parity) - Read Order 02 Parity Test. A Sensei 
CC/Read 02 order sequence is issued with a Read byte count 
of 3072 (3 data-chain operation). The test verifies that 
Reading continues unti I the byte count,.. zero. The expected 
status is TE, nol UE. 

5110 Controller not ready after Seek/CC/Read02/0C/Read02/0C/ 
Read02 in Parity Test Mode. 
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TSTt, 51 (Continued) 

5111 

5112 
5113 

Status error after Read02 order. TE and not It or UE and byte 
zero and Current Command Address . Starting Address ~ 3 
expected. 
Controller not ready after Sense order in Parity Test Mode. 
Address received during Sense not correct. Head or Sector 
Address did not increment correctly. 

TSTl, 52 Normal Mode - Restore Order Test.· A Restore order is 
issued to the storage unit. The test verifies that the' 
controller and device are ready and that positioning is 
complete and that no time out error has occurred. 

5210 Controlled not ready after Restore order. 
5211 On cylinder bit TDV (5) not received after Restore order. 
5212 Status error after Device order. See printout. 

TSTl, 53 Normal Mode - Seek Order Test. A Restore order is issued 
to the storage unit. The test proceeds to issue Seek orders 
for all sectors on cylinder O. No head motion is involved 
except possibly during the Restore order. The test verifies 
that Seek orders can be completed without errors. 

5310 
5311 

5312 

Controller not ready after Seek order. 
On-cylinder bit TDV (5) not received after Seek order. No head 
motion required. 
Status error after Seek order. See ·printout. 

TSTl, 54 Normal Mode - Release Order Test. A Release order is 
issued. The test verifies the status after the release. 

5410 Controller not ready after Restore order in normal mode. 
5411 Status error after Restore order in normal mode. Not UE, byte 

count - 1 (no change) expected. See printout. 

TSTl, 55 Header Read - Failure Isolation Test. A Restore order is 
issued to position the heads at cylinderO. Seek/CC/ 
Header-Read sequences will be issued for all 120 sectors of 
cylinder O. No errors will be reported until all operations 
are completed. A summary of all errors will be printed. 
The test will proceed to loop on the first failure with 
immediate error printouts. Information other than zeros 
in the flaw byte or alternate Address byte will not be 
considered an error. 

5510 Controller not ready after Seek/CC/Header-Read order. 
5511 Status error after Header-Read order. See printout. 
5512 Compare error of H~ader data. Bytes 0, 5 and 6 of each 

Header are not tested. 

TSTl, 56 Normal Mode - Sense Order/Angular Position. A Restore 
order is issued to the storage unit. The test issues a Sense 
order and verifies the status. The test proceeds to issue up 
to 6 Sense orders in order to verify angular position O. 
Following pasition 0, 5 Sense orders are issued to verify 
angular position 1-5. 

5610 
5611 
5612 
5613 

Controller not ready after Sense order. 
Status error after Sense order. See printout. 
Controller not ready after Sense order. 
Six attempts failed to find angular position of 0 in byte 4 of 
Sense data. 

5621-5625 Controller not ready after Sense order. The least 
significant digit of the error number indicates the current 
angular position expected in the Sense data. 

5631-5635 The expected angular position as indicated by the least 
significant digit of the error number not in byte 4 of Sense data. 

TSTt, 57 Normal Mode - Sense Order Test. A Restore order is issued 
to position the heads at cylin(jer O. Seek/CC/Sense 
sequence will be issued for all 120 sectors of cylinder O. 
The test verifies that the Address returned during the Sense 
operation is correct and that normal status is returned. 

5710 
5711 
5712 
5713 

Controller not ready after Sense order. 
Status error after Sense order. See printout. 
Compare error of Seek ond Sense data. See printout. 
Status error in diagnostic Sense byte (byte 8 of Sense data) should 
indicate no errors. 

TST1, 58 Sequential Head Positioning Test. Sequential Seek orders 
are issued to the disk storage unit. After verifting successful 
completion of each Seek order, a Sense order is issued to 
verify the Seek operation. If a Header parity error is 
detected during' the Sense order, the Sense operation will be 
automatically retried six additional times before on error is 
reported. If the cylinder Address obtained is correct, the 
next Seek/Sense sequence wi II be ini tiated. On retries 

5810 
58lt 

5813 

5814 

5815 

5816 

after a cylinder compare error, the Seek Address will be 
decremented by 1 (not 0\ and a Restore order will be 
issued prior to retry. 

Controller not ready ofter a Seek order. 
Controller not ready after Sense order. Arm was in motion 
execution of Sense order. 
On cylinder bit TOV (5) not received after See order. The Seek 
order initiated head motion. 
Controller not ready after Sense order. Arm motion was 
previously completed. TDV(5) 1. 
All six Sense orders issued to the drive unit indicate that a 
Header parity error was detected. 
Compare error of Seek and Sense data. See printout. 

TSTl, 60 Complex Head Positioning, Seek Access Timing and Seek 
Complete Interrupt Test. This test consists of four posses. 
The posses differ by the type of head motion. 
1. Seek (M) Sense Seek (N) Sense 406 times. M varies 

from 0 to 405, N is always' O. 
2. Seek (M) Sense Seek (N) Se.nse 406 times. M is always 

405. N varies from 405 to O. 
3. Seek (M) Sense Seek (N) Sense 406 times. M varies 

from 0 to 405, N varies from 405 to O. 
4. Seek (R) Sense Seek (R) Sense 406 times. R is a random 

number. 
During retries the last successful Seek/Sense sequence is 
repeated. Average Seek access time is computed and if it 
exceeds the limit, it is printed out. The test is initialized 
if retry is requested. 

6010 Controller not ready after Seek order. 
6011 Expected Seek complete interrupt was not received. . 
6012 Status error after Seek complete interrupt has been received. 

See printout. 
6013 Controller not ready after Sense order. 
601"4 Header parity error indicated by bit 7 of TDV following Sense 

orders. The Sense order has been issued seven times to automat­
ically recover from the problem. Possible bad Headers on the 
disk. 

6015 Head positioning error. See preceding printout. The expected 
Sense data defines the Seek Address. The observed Sense data 
defines the Current Address in the controller. Prior to the Seek 
operation. 

6016 Average Head positioning time greater than 48 ms. All Seek 
operations in this test are used in the computation of the overage 
time. 

TSTl, 63 Comprehensive Write/Read/Check write Test. During the 
first phose of this test, attempts are made to locate a cylinder 
with error-free Headers. The cylinders used are determined 
by the SYST -directi"e entry for each device. Once a good 
cylinder has been located, A Write/Read/Checkwrite pass 
will be performed three times, each time with a different 
pattern. 
Pass 1~ . fixed pattern oi X'AA55AA5S' 
Pass 2: Incremented pattern of X'OOO10203', X '04050607', 

X'08090AOB' 
Poss 3: Current Seek Address X '00000000 , for cyl 0, HD 0, 

Sect 0, X'OONN0803' for cyl NN,HD-08, Sect 3. 
Any recoverable error six retries are automatically attempted) 
or solid failure will couse the selection of another cylinder. 
The objective of this procedure is to avoid looping on on 
error which may be caused by surface flows. 
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Tsn, 63lContinued) 

6310 

6311 
6312 
6313 
63U 

Attemptl to find a cylinder 1120 sectors) with good Headers and 
no osligned Altemate Addresses not successful. Program used 
only ~e cylinders which were made avai lable to the program 
with the SYST directive. 
Controller not ready after Header Read order of 120 sectors. 
Byte count ofter Header Read order not reduced to zero. 
Status error after Header Read order. No unusual status expected. 
Header data compare error. See printout. If a flow byte or on 
Alternate Address if dound in the Header, the current cylinder 
will not be used for the Write/Read/Checkwrite portion of this 
test. 

6315 Header 'Read operation not successful for current cylinder. Errors 
6311 through 6314 describe the nature of the failure. Next 
cylinder will be automatically selected. 

6320 Controller not ready after Seek order. 
6321 Controller not ready after Sense order. 
6322 Seek/Sense compare error. See expected and observed data. 

The Sense order was issued after a Write, Read, or Check write 
order. The Sense dato should reflect the current Address. 

63JO Controller not ready after Write order. Preceding Seek order 
successful. 

6331 Status error after Write order. No unusual status expected. The 
Write order will be automatically retried six times. 

6332 Status error after Write order. The diagnostic Sense byte 
(byte 8 of Sense data) should indicate no errors. 

6333-6335 See 6330 through 6332, respectively. Current order was a 
Read. The sector in error may have been incorrectly written. 

6336 Read compare error. See printout. The error may result from 
incorrect writing of the data. 

6331-6339 See 6330 through 6332, respectively. Current order was a 
Checlcwrite. The sector in error may have been incorrectly 
written if Read errors are detected. 

6340 Write errors on current cylinder. If Sense Switch 1 is reset end 
3 set, the Read and Check-Write portion of this test wi II be 
skipped ond a new cylinder will be selected. Fixed pottern of 
X'AA55AA55AA5 ••. ' • 

6341 

6342 

Read errors on current cylinder. If Sense Switch 1 is off and 3 on, 
the Checkwrite portion of this test will be skipped and a new 
cylinder will be selected. Fixed pattern of X'AA55AA55AA55 •.. '. 
Checfc.write enors on current cylinder. If Sense Switch 1 is off 
and 3 on,' a new cylinder will be selected. Fix~d pattern of 
X'AA55AA55AA55 ••• ' . 
See 6340. Write errors. Incremented pattern X '00010203040506 .. ' 
See 6341. Read errors. Incremented pattern X·OOOI0203040506 .. ' 
See 6342. Check-Write errors. Incremented pattern 
X·OOO10203040506 .•..• 
See 6340. Write errors. Current Seek Address used as pattern. 
See 6341. Read errors. Current Seek Address used as pattern. 
See 6342. Check-Write errors. Current Seek Address used as 
pattem. 

6432 Device failed to report correct sector on sense at least once in 
256 cycles of: Seek/CC/Read (BC 253)jCC/Sense. 

TSTl, 65 Header Write Test. This test will only be executed if 
cylinder 405 is made available to the test program with the 
SYST directive. The test ",.ill write all Headers on 
cylinder 405 for Heads 16 through 19. The original Headers 
will be saved at the start of the test and restored at the end 
of the test. '. 

6510 Controller not ready after Seek/CC/Header Write order 
(6 sectors). 

6511 Status error after Header Write order. Normal termination 
expected. 

6512 Controller not ready after Seek/CC/Header Read order 
(6 sectors). 

6513 Status error after Header Read order. Normal termination 
expected. Headers may have been incorrectly written. 

6514 Header compare. errors. Each Header consists of 8 bytes. 
Headers may hove been incorrectly written. 

6515 Controller not ready after Sense order. 
6516 Status in diagnostic Sense byte (byte 8 Sense data) should 

indicate no errors. 
6517 Attempts to save 24 Headers starting at cylinder 405, Head 16, 

Sector 0 not successful. Remainder of this test will be skipped. 

TSTl, 66 Header Error Detection Test. This test will only be executed 
if cylinder 405 is' made available to the test program with 
the SYST directive. The test consists of the following 
3 sections: 
1. Headers with flaw bytes are written for cylinder 405, 

Head 17 Sense, Hea'der Read, and Read orders are 
issued to verify the detection of the flow byte and 
setting of UE (UE will not be set during Header Read). 

2. Headers with a cylinder address of 445 are y.lritten for 
cylinder 405, Head 18. A Sense order is issued to 
verify the setting of verification error, UE, and 

. cylinder compare error (byte 8 of Sense data). 
3. Headers for cylinder 405, Head 19 contain the 

following information: Sector 0 OK, Sector 10K, 
Sector 2 OK, 'Sector 3 cylinder wrong, Sector 4 Head 
wrong, Sector 5 sector wrong. 

4. Header Read and Reael orders a.e issued to verify that 
cylinder, head, and sector compare errors are set 
(byte 8 of Sense data) and that the orders terminate 
correctly after detection of on erroneous Header. 

The original Heoders will be saved at the start of the test 
and restored at the end of the test. 

TS11, M Short Record Write Test. During the first phase of this test, 
attempts are made to locate a sector' which can be recorded 
and verified. Once a good sector has been located, a 4 byte 
record il written and verified with a Read order. Bytes 4 
through 1023 are expected to be zero. 

6610 
6611 

See 6517 
Controller not ready after Seek/CC/Header Write order 
(24 sectors). 

6410 Controller not ready after Seek/CC;Write order. 
6411 Status error after Write order. Normal termination expected. 
6412 Controller not ready after Seek/CC/Read order. 
6413 Status error after Read order. Normal termination expected. 
6414 Data compare error on current sector. 
6415 Controller not ready after Seek/CC;Write order 14 bytes). 

The remaining bytes of the cvrrent sector should contain zeros. 
6416 Status error after VJrite order (4 bytes). Only IL is expected. 
6417 Controller not ready aFter Seek/CC/Reod order \1024 bytes!. 

The preceding Write order recorded only 4 bytes of data. 
64i8 Status error after Read order. Normal termination expected. 
6419 Data compare error on current sector. If word Count of compare 

error MSG> 0, the controller failed to write zeros for bytes 4 
through 1023. 

6420 Write or Read errors on current sector. Another sector, if 
available, will be selected. 

6430 DeviCe not ready after Seek/CC/Read (BC 253)jCC/Sense. 
6431 Status error after Seek/CC/Read (BC 253)jCC/Sense. Normal 

termination expected. 

6612 

6620 

6621 

6622 

6623 

6624 

6625 

6626 

6627 

6628 

Status error after Header Write order. Normal termination 
expected. 
Controller not ready after Seek/CC/Sense order. All six headers 
starting. at cylinder 405, Head 17 have flaw bytes recorded from 
preceding Write Pass. 
Status error after Sense order. UE, flaw byte (TDV bit 1) and 
not TE expected. All six headers starting at cylinder 405, . 
Head 17 hove flaw bytes recorded from preceding Wri te Pass. 
Controller not ready after Seek/CC/Header Read order. See 
also 6620. 
Status error ofter Header Read order. Flaw byte, not UE or TE 
expected. See also 6621. 
Controller not ready after Seek/CC/Read order. See 
also 6620. 
Status error ofter Read order. UE, flaw byte ITOV-bit) and not 
TE expected. See also 6621. 
Controller not ready after Seek/CC/Sense order. All six headers 
starting at cylinder 405, Head 18 have a wrong cylinder Address 
(cylinder 455) recorded from preceding Write order. 
Status error oher Sense order. UE, verification error /TDV bit 4) 
not UE, and byte count 0 expected. See 6626 for header data. 
Controller not ready after Seek order. 
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1ST!, 66 (Continued) 

6629 Controller not ready after Sense order. Status after Sense order 
will not be tested. 

6630 Controller not ready after Header Read order at cylinder 405, 
Head 19, Sector 3. Header of Sector 3 was previously written 
with wrong cylinder Address. 

6631 Status error after Header Read order. UE, verification error, 
and byte count - 0 expected. See alro 6630 for Seek Address 
and data. 

6632 Status in di agnostic Sense byte (byte 8 of Sense data) should 
indicate cylinder compare error. See also 6630 for Seek Address 
and data. 

6633 Controller not ready after Header Read order at cylinder 405, 
Head 19, Sector 4. Header of Sector 4 was previously written 
with wrong Head Address. 

6634 Status error after Header Read order. UE, verification error, and 
byte count 7 0 expected. See also 6653 for Seek Address and 
datci. 

6635 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate Head compare error. See alro 6633 for Seek Address 
and data. 

6636 Controller not ready after Header Read order at cylinder 405, 
Head 19, Sector 5. Header of Sector 5 was previously written 
with wrong Sector Address. 

6637 Status error after Header Read order. UE, verification error, and 
byte count 0- 0 expected. See also 6636 for Seek. Address and 
data. 

6638 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate Sector compare error. See also 6636 for Seek Address 
and data. 

6639 Controller not ready ofter Header Read order (17 bytes) at 
cylinder 405, Head 19, Sector 2. Header of Sector 2 OK, 
Header of Sector 3 was previously written with the wrong 
Cylinder Address. 

6640 Status error after Header Read order (17 bytes). UE, verification 
error, and byte count ~ 1 expected. Headers for Sectors 2 and 3 
should be read. See also 6639 for Seek Address and data. 

6641 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicote cylinder compare error. See also 6639 for Seek Address 
and data. 

6642 Controller not ready after Read order (1 byte) at cylinder 405, 
Head 19, Sector 3. Header of Sector 3 was previously written 
with wrong Cylinder Address. 

6643 Status error after Read order. UE, verification error, byte 
count ~ 1 expected. See also 6642 for Seek Address and data. 

6644 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate Sector compare error. See also 6642 for Seek Address 
and data. 

6645 Controller not ready after Read order (1025 bytes) at cylinder 405, 
Head 19, Sector 2. Header of S~ctor 2 OK, Header of Sector 3 
was previously written with wrong Cylinder Address. 

6646 Status error after Read order. UE, verification error, byte 
count - 1 expected. See also 6645 for Seek Address and data. 

6647 Status in diognostic Sense byte (byte 8 of Sense datal should 
indicate cylinder compare error. See also 6645 for Seek Address 
and data. 

6648 Controller nof ready after Read order 11 byte\ at cylinder 405, 
Heod 19, Sector 5. Header of Sector 5 was previously written 
with wrong Cylinder Address. 

6649 Status erro'- after Read order. UE, verification error, byte 
count 1 expected. See also 6648 for Seek Address and data. 

6650 Status in diagnostic Sense byte (byte 8 of Sense data) should 
indicate Sector compore error. See also 6648 for Seek Address 
or data. 

6660 Controller not ready after Seek order (cylinder 405, Head 17, 
Sector m/ ICCI IHD Read! ICC! ISeek !cylinder 405, Head 18, 
Sector Ol!!Read. 

6661 Status error. No UE, no flawmark, Command Address -1.3 
expected. 

TSTl, 70 Dual Controller Test. An SIO order is sent to the first 
controller which will reserve the device until a Release order 
is issued. The second controller wi II now try to influence 
that device while the first controller is in both Busy and 
Ready state. AFter the test sequence is completed, the 
second controller is tested in the same way. Device Address 
must be entered with the SYST directive: 

SYST, 01, X2, X3, X4, X5, X6, X7, X8, X9, XlO 
where each pair (X3, X5), (X7, X9), etc.., must have 
the some device on different controllers. A minimum 
of 1 pair must be entered (maximum 4 pairs). 

Example: SYST, 7270, a, Fa, 202, 1 FO, 202 
Or: SYST, 7270, a, FO, 202, EO, 202 

7010 Expected 2 or more Device Addresses entered by 'SYST' directive. 
7011 Release order for devi ce 2 not accepted. See printout. 
7012 Release order for device 1 not accepted. See printout. 
7013 SIO to device 1 not accepted. See printout. 
7014 10 order to device 2 was accepted, should have been rejected. 

See printout. 
7015 TO interrupt did not occur within time limit. 
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9. SIGMA 5-9 ROTATING MEMORY TEST 

(726X/7275) 

SUBJECT MODEL -- Rotating Memory Devices with Removoble Disk Storoge System Model 726X ond 7275 through 7277 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Card Reader, Paper Tope Reader, or Magnetic Tape Units; Output Device: • 

Keyboard Printer or Line Printer. 

PROGRAM PREREQUISITES 
Disk Pocks with Pren'corded Headers Without Flawmarks and with altemate cylinder and head fields containing ones if the alternate 
address field is not used. 

o. If a Disk Pack has flawmarks written in some of its headers, some ~ubtests of the functional test will report errors. e.g.: Flawmark in 
sector zero of head zero and cylinder zero will make the subtests 70, 71, 73, 82, 83, 84, 86, 87, 88, 90; 93, 95 and 100 foil. 

b. Using a Selector lOP might cau~e errol printout in some subtests of the functional test for the 726X. 

TSTl; 98 and 99 are duol acces~ tests and require explicit relea~e mode. 
TSTl, 79. 87 89 and 90 cannot be interrupted. If interrupted, the original header at cylinder 202, head 0, sector 0 is lost. 
TSTl, 106 lequires a CE Pock and the tester, 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor apply to this program. 

g., 
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SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

DIRECTIVES - directives are entered after a "!" is typed out • 

Parameter 

Name 

System Environment 

Comprehensive Test 
(all functional tests, 
1 - 99, and random 
exerciser test) 

Functional Test 

Random Exerciser Test 

Utility Test 

Format 
10 Definition 

Program Directives - Environmental Directives, 

SYST ,Dl,X2, D3,X4, 
X5,,,X24 

01 Controller model number 
X2 0 
03 Device type 

5: Disk A: 203 Cyl, 20 Heads, 
11 Sect/T rock 

7: Disk 33: 411 Cyl, 19 Heads, 
11 Sect/Track 

X4 Description Device Number 1 

8it 0: lOP Type '} 0 I 
o Multiplexor A

ua 
ccess 

1- Selector 8 
Bits 1-15: Device Address 
Bit 16: lOP Type ' } Dual 

(same above) Access 
Bits 17-31: Device Address A 

X5 Description Device Number 2 

Value Range 

7260 or 7275 
o 
5,1 

D(N) Device type 5, 7 
X(NH) Description Device Number 1 

Program Directives - Testing Directives 

TSTO 

TSTlI,Dl[, D21,D3, 041 01 1st Subtest 1-106 
02 last Subtest 02> 01 
03 loop count 1-999 
D4 Message suppress mask 0- FFFF 

TST2,DI,D2 01 Number of I/O operations to 1-65535 
perform 

02 Retry' count 0-99 

TST3,Dl,D2,D3,D4 01 1 Surface Test 02 0,1,2,3,4,5 
2 Header Test 02 0,1,2,3 
3 Disk Pack Initialization and D2 o or alternate 

Flawing address in Hex to be 
assigned. 
Bits 8-15 cylinder, 
bits 16-23 head, 
bits 24-31 0 

02 - 0 Write, Read and Verify 
1 Write 
2 Read and Verify 
3 Read 
4 Checkwrite 
5 Write and Read 

D3 Retry count 0-99 

D4 Read ofter Write count 0-65535 

-600P81 036 

Standard Value 
(default) 

D1 1 
D2 99 
1 
0 

(TSTJ,l,O 
TST3,1,5 
TST3,2,Oonly) 
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DIRECTIVES - (Continued) 

Nome 

Pattern Selection 

limitation Parameter 

\ 

9. 

Format 
ID Definition 

SIGMA 5-9 ROTATING MEMORY TEST 
(126X/7275) 

ParOllleter 

Standard Value Value Range 
(default) 

Program Directives - Optional Directives 

DATA,D1(,H2,D31 01 Pattern type 0,1,2,3 01 - 0 
01 0, Fixed Pattern H2 . 0 

H2 Pattern 0- FFFFFFFF 03 . 0 

03 0 
01 1, Incrementing Pattern 

H2 Starting Pattern O-FFFFFFFF 
03 Increment o -FFFFFFFF 

01 2, Random Pattern 
H2 Starting Seed 0- FFFFFFFF -
03 0 

01 3, Seek Address Fixed Pattern 
H2 0 
03 0 

L1MT, 01,021,03, H4J 01 1, Limit the compare error print-
out to 02 lines. 02-=5 

01 2, Summary message, pass control 
02 o Inhibit cycle summary 

messoge(s). 
N Print pass summary message 

every N passes. 02 1,03 I 
03 N Total number of passes to 

perform. 
Dl 3 

02 o Reset 
I Display unconditional 

(T est I only) 
2 Suppress constant part of 

messages. 
4 Suppress stepping tests. 02 ·0 

DI 4 TST2, TST3 error message print/ H4 '- X'FFFFFFFF' 
inhibit. 

02 0 -
03 0 
H4 32-bit message mask 

(Bit O-Suppress; Bit I-Print) 

Bit Message 
0 TSTX 10 Address XXXX 

I --------------------
2 Time 
3 (Test Description), NL, ..... 
4 Interrupt Not Expected 
5 SIO Not Expected 
6 Timeout 
7 Status Error 
8 Data Error 
9 **" 

10 "'''Stort of Operation""" 
11 S10 Status 
12 TDV Status 
13 Stort Time 
14 Seek Address 
15 Commond Word Address 
16 lOCO 
17 ... 
18 •• ·Status at End of Oper .... 
19 Interrupt Not Received 
20 AIO Status 
21 TlO Status 
2i TDV Status 
23 Current Command DoublewOl'( 
24 Remoining Byte Count 
25 Status Correct 
26 (Sense Data Avoil. Flag) 
27 Sense Data (W Issue) 
28 ... 
29 • ··Data ot End of Oper."· 
30 (Compare Data) 
31 (System Status) 

9-3 
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(726X/7275) '. 600P81 036 

DIRECTIVES - (Continued) 

Parameter 

J 
Name Format 

Standard Value ID Definition Value Range 
(default) 

Memory limitation MEM,Hl,H2 HI Starting Buffer Word Address 0- Mex Mem Maximum avail-
for I/O Buffer H2 Ending Buffer Word Address HI < H2 able memory reset 

to default value. 
Set by SYST 
directive. 

Surface Limitation SEEK, Dl, D2,,03, 04 01 Starting Cylinder or Track o ~ 202 (Disk A) The Entire Surface 
I 

0- 410 (Disk 33) 
02 Starting Head or 0 o ~ 19 (Disk A) 

0-18 (Disk 33) 
D3 Starting Sector o -10 

04 Number of Sec tors to be tested o -44660 (Disk A) 
o -85899 (Disk 33) 

9-4 
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START PROCEDURE 

9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

,. Sense Switch Options, Monitor Directives Options, and Environmental Directives - Refer to DPM Manual No. 901649 
2. T est Strategy Selections 

Comprehensive Test Functional Test Rondoin Exerciser Utility Test 

11: • Recommended Norma I Usage Solid Failure Detection Intermittent Failure Surface Test 
Application and Specific Problem Detection 

T est Directive TSTO TSTl TST2 TST3 

Prerequisite None None TSTl TST! 

Optional Directives SEEK, L1MT, MEM L1MT, DATA SEEK, LlMT, MEM I SEEK, lIMT, MEM, DATA 
(Test 104 Only, ! 

Subtests Functional test 1 - 99 106 sub tests I. Surface Initialization 1. Surface Test 
~nd Random Exerciser Four of them require 2. Random Exercising 2. Header Test (Disk Pack) 

operator intervention. 3. Surface Verification 3. Disk Pock Initialization 
See description. and Flowing 

Error Message Self-explanatory Self-explanatory Self-explanatory Self-explanatory 
Format 

9·5 



9. SIGMA 5-9 ROTATING MEMORY TEST 
fJ26X/7275) 

PROGRAM TEST DESCRIPTION 

. 600P81036 

The following isa description of the tests contained in the Rotating Memory Controller Test Program. 

TSTO Comprehensive Test 
This directive selects the functional test I -99 and the random exerciser 
ond executes them with reporting of Start and End of the tests. 

9-6 

Parameters: N~ne 

TS1I Functional Test 
The functional test performs testing on one or more devices one device 
at a time. 

Parameters: PI Number of first subtest 
P2 - Number af last subtest 
P3 Loop count 
P4 Message suppress flag 

Default Values: For TSTI: Pll, P2-99, P3 landP4 0 

The functianal test consists of over 100 subtests. These sub tests are 
arranged in a sequence in order to perform the basic functions first and 
then the more complex ones: 

Numbf'r Subject of Test Mode 

1- 5 
6- 9 

10- 64 
65- 99 

100-106 

Basic lOP and cont. functions Normal/test mode 
FAM buffer tests Buffer test mode 
Controller functions Contr./l ncr. contr. T M 
Device and contr. functions Normol/device test mode 
Special tests with manual intervention 

There are three ways of selecting these subtests with the directive 'TS11': 

1. No Parameter, e.g., TSTl (Equal to TST1, 0, 0) 
All subtests from I to 99 are performed sequentially. 

2. One Parameter, e.g., TSTl, 15 
Only one subtest is performed. 

3. Two Parameters, e.g., TST1, 10, 15 
The .suhtests from subtest parameter 1 to subtest parameter 2 are 
performed sequentially. 

When the selected subtest(s) is (are) finished, the next device 
(according to SYST directive) will be tested. The subtests I to 64 
are testing only cantroller functions. They are issued with the 
controller address' XXXF'. No actual device is needed to perform 
these sub tests • Yet a model number and a dev i ce address are to be 
inserted with the SYST directive. This determines the device type. 
According to this device type are the cantroller functions tested. 

Print out will not occur, if the subtests run successfully and display 
mode was not selected. (Exception: subtests 101,102, and 103, 
which need manual intervention) 

The error printout is controlled by the sense switches and the 
limit-directive. 

The interrupt and reset buttons on the CPU Control Panel should 
not be used to stop the execution of 0 ~ubtest. The use of these 
buttons might couse errors in the next selected sub test becouse 
controller ond device are not reset to the initial state. 

Definition of the Sense Switches 

SSW 1 2 3 4 Definition 
X X X I Print inhibit 
X 0 0 X Wait ofter test sequence(if error )/sequence of subtesh 
o 0 1 X Continue with next test sequence(if error )freturn to DPM 
1 0 1 X Loop on test sequence(if error)/sequence of subtests 
X 1 X X Loop on intermittent error . 

A test sequence consists of one or more I/O instructions and tests on 
data. It is the smallest unit in the functional test on which looping 
and reporting is performed. A sequence of subtests consists of the sub-
tests selected thru the parameters I and 2 of the TST1-directive. , . 

Priorities of Looping ond Printing Control 

Priority Means of Control 
Printing 

1 Sense switch 4: Print inhibit 
2 Display directive: Print unconditionally 
3 Print inhibit set by program 
.. Print of errors 

LoOping 
1 Loop inhibit set by program 
2 Sense switch 1,2 and 3 in functional test driver 
3 Loop count after sub test 
.. Sense switch 1,3 after subtest 

The third parameter (P3) of the TSTJ-directive specifies a loop count. 
It specifies how often a subtest sholl be repeated, before the next sub­

. test can be performed. 

Default Value: (0 is set equal 1) 

The fourth parameter (PAt) of the TSTI-directive specifies a suppress 
flag. The suppress flag is a 16 bit mask written as a hexadecimal 
number. Each bit in this mask stands for one of 16 functional test sub­
routines: 

Bit Mask 
0 8000 T1APT Pattern spread routine 
I 4000 TJATM Test mode selection routine 
2 2000 TlASK Seek routine 
3 1000 TlAIS Instruction sequence routine .. 0800 TlAEX Execution routine 
5 0400 TIAESI Escape routine I (special testing) 
6 0200 TlASIO Start I/O routine 
7 0100 TlAWT Wait for 10 completion routine 
8 0080 TlAES2 Escape routine 2 (special testing) 
9 0040 TlAST Stepping routine 

10 0020 TlAIOI fO instruction routine I (TlO,TDV,HIO,AIO) 
11 0010 TJAI02 10 instruction routine 2 (TlO, TDV ,HIO ,AIO) 
12 0008 TIAI03 10 instruction routine 3 (TlO,TDV,HIO,AIO) 
13 0004 T1AS~ Sense routine 
14 0002· TJACP Compare routine 
15 0001 TlAES3 Escape routine J (special testing) 

If the corresponding bit is set, no report is made for this subroutine. If 
any bit is set, the heading with subtest number and 10 address is sup­
pressed also, e.g., 'FFFC' suppresses aff but the printout of the compare 
routine and the escape routine. See error printout example for the use 
or parameters. 

Default Value: 0 

Some subtt'sts ar~ performed under certain conditions: Sub test 98 and 99 
are onfy performed for a dual access configuration. 

Different Modes to be used in TSTI 

Display Mode 
'" display mode a report is printed out after each execution of a test 
sequence, this mode is selected by the limit directive. 
e.g., LlMT,3, I Sets display, LfMT,3,0 Resets display 

Suppress Modf' 

In suppress mode aff constant text is suppressed in the printout. Only 
th~ decimal, hexadecimal or binary numbers are printed. This mode is 
selected by the limit din·ctive. 
e.g., lIMT,3,2 Sets suppress mode. LlMT,3,0 Resets 
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fuppress Stepping Tests 

In th is mode all tests using stepping mode are suppressed. This mode is 
selected by the lIMT directive. 
E. G.: lIMT, 3,4 sets suppress stepping tests 
These1ection of TST2 or TST3 also causes a suppression of these tests. 
The suppression by TST2 or TST3 selection cannot be reset, because the 
memory area containing the expected stepping data is used as buffer 
area for TST2 and TST3. 

TST2 Random Exerciser 
The random exerciser performs testing on one or more devices in (J 

pseudo random manner. All devices are kept as busy as possible. 

Parameters: 

Exomple: 

PI' Number of I/O operations to perform 
P2 Retry count 

TST2, 5000, 1 
Perform the exerciser for 5000 operations. 
Retry of errors: one 

The exercising consists of three parts: 
1. Surface Initialization - Random data is placed on all surface (or 

surface limited by seek directive). 
2. Random Exercising - Individual and combinations (DC and CC) 

of operations are performed on randomly 
selected surfaces. 

3. Surface Verification - Surface is read and data re-verified. 

Flaw marks are acceptable (correct termination status is checked). 
Status or data errors couse operation to be repeated P2 times. Status 
errors inhibit checking of corresponding data. Exercising is controlled 
(in order of precedence) by: 
1. Number of 10 operations specified in TST2 directive. 
2. Number of passes to perform specified in LlMT directive. 
3. Looping controlled by sense switch 1. 

All available memory is used unless limited by the MEM directive. 
However, a minimum of 1025 words are required for buffer area. The 
LlMT directive may be used to suppress all error message constants and/ 
or suppress any portion of the error message. 

TST3 Uti lity Tests 
The utility tests consist of a set of tests to perform sequential surface 
and header testing and disk pack initialization/flowing. 

Parameters: PI - 1 Surface Test 
P2 - 0 Write, Read and Verify 
P2 1 Write 
P2 2 Read and Verify 
P2 3 Read (No Verify) 
P2 4 Checkwrite 
P2 - 5 Write and Read (No Verify) 

Pl 2 Header Test (Disk Pack Only) 
P2 0 Write, Read and Verify 
P2 1 Write 
P2 2 Read and Verify 
P2'" 3 Read 

P1 3 Disk Pack Initialization and Flawing 
P2 0 or Alternate (in HEX) to be assigned 

(Bits 8-15 CYl; Bits 16-23 Head) 
P3 = Retry Count (0 ~ P3 -; 99) 

Default 0 
Po1 = Read after Write Count (lSTJ, 1,0 and TSTJ, 1,5 

and TST3,2,0 Only) 
(0 -=P4 65535) 

9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

Surface Testing - All surface is used unless limited by Seek directive. 
Status errors are retried a maximum of P3 times. 
Data errors with no accompanying status errors can­
not be retried. Data' used is specified by the data 
directive. Flaw marks are acceptable (correct 
termination status is checked>. 

Header Testing - All surface is used unless limited by Seek directive: 
Status errors are retried a maximum of P3 times. 
Header data errors (including flaw marks in header) 
with no accompanying status errors cannot be 
retried. Therefore flaw marks are reported as errors. 

Disk Pack Init 
and Alternate 
Assignment 
Flawing 

Initialization consists of one pass each: Write 
Header, Read Header, Write Data, Read Data. All 
surface is used unless limited by Seek directive. 
Data used is specified by Data directive. Header 
status errors cause premature termination of test. 
Surface errors are retried a maximum of P3 times. 
Failure after P3 retries causes all sectors of the 
failing track (CYL,HEAD) to be flawed (Flaw mark 
placed in headers of sectors 0 thru N) •. Flawing of 
more than 6 tracks (CYL,HEAD) causes premature 
test termination. No alternates are assigned. 

Alternate assignment/flowing consists of writing of 
headers in sectors 0 thru N of the cylinder and head 
specified in the Seek directive. The headers 
written contain flaw marks and alternate CYL, head 
assignments specified by TST3 directive P2. Note 
that P2 non-zero selects the assignment/flowing 
operation. Therefore CYL 0, HEAD 0 cannot be 
used as alternates. 

Speed of testing is a function of the type of data used. All available 
memory is used unless limited by the MEM directive. However, a 
minimum of no words are required for buffer area. 

Testing is controlled (in order of precidence) by: 
1. Number of sectors specified 
2. Read after Writ.e count specified by TST3 directive P4 (TSTJ,l,O 

and TST3, 1,5 and TST3,2,0 only) 
3. Number of passes to perform specified in LlMT directive. 
4. Looping controlled by sense switch 1. 

Example: 

Result: 

Sense Switch 1 -= 0 
LlMT, 2,1,2 Entered 
SEEK, 0, 0,0,220 Entered 
DATA, 2, 12345678 
TST3, 1,0,4,50 Entered 

All sectors of cylinder 0 are written with random data, 
then all sectors of cylinder 0 are read and data is 
verified, then all sectors of cylinder 0 are read and 
verified 50 additional times, then all above is 
repeated once again (since L1MT directive pass count 
set to 2). All status errors result in operation retries 
not to exceed 4. 

The LlMT directive may be used to suppress all error message constants 
and/or suppress ony portion of the error messages. 

A particular random pattern found foiling on particular sector{s} during 
the random exercising may be used during the surface test by limiting 
the surface with the Seek directive and specifying Data, 2, P2 directive 

. with P2 equal to the value of the "Bose Seed" printed in the error 
message of TST2. 

9-7 
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SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 600P810J6 

ORDER CODES 
X'OI' 
X'02' 
X'03' 
X'04' 
X'05' 
X'07' 
X'09' 
X'QA' 
X'OF' 
X'12' 
X'13' 
X'lF' 
X'17' 
X'33' 
X'S3' 
X'B3' 

WRITE 
READ 2 
SEEK 
SENSE 
CHECKWRITE 
RESERVE 
HEADER WRITE 
HEADER READ 
CONDITION RElEASE INTERRUPT 
READ 1 
SelECT TEST MODE (See Test Mode Data Bytes) 
CONDITION RElEASE INTERRUPT (and Set a Cil on Device Release) 
RelEASE 
RESTORE CARRIAGE 
SEEK (and Couse a Device Interrupt on Positioning Complete or SEEK Timeout Errod 
RESTORE CARRIAGE (and couse a Device Interrupt on Positioning Complete) 

TDV STATUS 

MODEL BITS 

0 1 2 3 4 5 6 7 

RMC Not Assigned Flow Programming Write Protect Parity Error Operational Verification Header Parity 
Detection Error Violation (lOP) Enor Error Error 

AID STATUS 

MODEL BITS 

0 1 2 3 4 5 6 7 

RMC Rate Error Attention Release Not Assigned On-Sector Not Assigned Seek Timeout Not Assigned 
(Data overrun) Interrupt Interrupt Interrupt Error Interrupt 

DETAILED DESCRIPTION OF TDV STATUS 

Bit 
Position Function Value 

TDV Bit 1 ,-- F law Detection 

1 1 Flaw byte detected during Header Read, Write, Read. or Checkwrite 

TDV Bit 2 -- Programming Error 

2 1 Invalid order detected; or illegal address (address X'F' used for orders other than Select Test 
Mode or Conditional Release Interrupt); or invalid Seek address; or address incremented out of 
limits while attempting a Read or Write order; or involid test made; or Seek order received 
while arm was in motion; or first seven bits of Seek order were not zero; at incorrect length 
detected for Seek, Sense, Header Read, or Header Write order. 

TDV Bit 3 -- Write Protect Violation 

Write-protect violation 

TOV Bit 4 -- Pority Error (lOP) 

Order parity error detected; or Seek address parity error detected; or even parity received on a 
terminal order; or lOP detected on address parity error (channel address parity erro,). 

TDV Bit 5 -- Operational Error 

Device interface error detected; or missing on on-sedor signal from device during a multi--sector 
Read or Write; or missing Read or Write clock, command strobe, or status request acknowledge-
ment from the device; or detection of Seek address tt-onsfer verification comparison error during 
Seek, Read, or Write; or device unavailable error. Of "not operational" signal detected from 

~ device by the controller, or a seek error during a Read or Write. 

TDV Bit 6 -- Verification Error 

6 Verification 1 Head address verification error detected; or -sector address verification error detected; or 
cylinder 'lddress verification error detected. 

TDV Bit 7 -- Header Parity Error 

7 Header check byte 1 Header check byte error 
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TEST MODE DATA BYTE 

9. SIGMA 5-9 ROTATING MEMORY TEST 
("126X/7275) 

'est mode order puts the controller in test mode and requests two data bytes from the lOP. 

1st Data Byte T est Mode 
2nd Data Byte Device type or diagnostic conditions 

1st DATA BYTE 2nd DATA BYTE 

Bits Meaning 

When 
Set 

7 Buffer Test Mode 
6 ~ Controller Test Mode 
5 Device Test Mode 
4 Incremental Clock Test Mode 
3 Force Device I/O Parity Error 
2 Force Reod Data Error 
1 Force lOP Input Parity Error 
0 Force lOP Output Parity Error 

(Bits 0-7 0 Invalid Test Order) 

ADDRESSING FORMAT 

1. 

2. 

The format of the four bytes seek address is: 

Byte 0 Byte 1 

Description of Parameters: 
Cylinder 0 - 202 (Disk Drive A) 

0-411 (Disk Drive 33) 
Head 0 - 19 (Disk Drive A) 

o - 18 (Disk Drive 33) 
Sector = 0 - 10 

Byte 2 

Head 

Byte 3 

Sector 

The format of the sixteen bytes of information to be received by the 
lOP when a sense order is issued is: 

Byte 0 Byte 1 Byte 2 Byte 3 

Sector 

012345670 70123 70123 7 

Byte 4 Byte 5 Byte 6 Byte 7 

Configuration Devi ce Status 0 ----- 0 

o 1 2 70 70 70 

Byte 8 Byte 9 Byte 10 

Faults I Faults 

0 70 70 78 

Byte 12 Byte 13 Byte 14 

Check : Byte> 

0 150 

These four words describe the controllers current stote. 

Description of Parameters: 
W Write Protect Bit. 

If set, current address is Write Protected. 
Cylinder 9-Bit Cylinder Address 
Head Head Address 
Sector Sector Address 
M ' Modifier Bit. 

If set, arm is in motion and file inaccesible. 

7 

Byte II 

15 

Byte 15 

15 

Bits Meaning 

0-7 Diagnostic Test Conditions for the Device 
(In Device Test Mode only) 

5-7 Device Type Code 
(In Controller Test Mode only) 
X'5' = Disk lXive A 
X'7' = Disk 33 

R Reserve/Release Mode. 
If set: Implicit reserve, explicit release in effect 
If reset: Implicit reserve and release in effect 

Angular Position: A Sector Number. 
When this equal to sector address, file is 
accessible. 

Configuration Bit 0 (Set) = Addressed device has the dual access 
feature. 

Bits 1-3 Device Type 
X'5' Disk Drive A 
X'7' = Disk Drive 33 

Bits 4-7 Device Physical Address 
Device Status Status Received 
Faults Diagnostic Foult Dato. Resulted from 'Transmission Errors' 

and 'Unusual End' terminations. They are as follows: 

Byte 8 

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

Check Data lOP Rate Head Arm in Order Test 
Write Check Parity Error Address Motion Parity Mode 
Error Byte Error (Data Incre- Error Error Order 

Error Over- mented Error 
run) Out of 

Limits 

Byte 9 

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

Seek Device Head Sector Cyl. Unas- Channel Read/ 
Address Error Address Address Address signed Address Write 
T rons- Verifi- Verifi- Verifi- Error Error 
fer cation cation cation 
Error Error Error Error 

Seek Modifier Bits Seek IRestore Carriage Modifier Bits. 
Bit 0 Device Address 0 
Bit 14 Device Address X'E' 
A "One" set in any bit position means an 
interrupt is pending or ~eek timeout. 

Checkbytes last check bytes received by controller. 
Difference Difference lost computed by controller during a seek 

orde. execution. 
least 5ig. Bit Bit 15 
Most Si9. Bit Bit 7 
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ADDRESSING FORMAT (Continued) 

3. The format of the eight bytes header size is: 

o 

Byte 0 

Flow 

Byte 4 

Sector 

7 

Byte 1 

Byte 5 

Alternate 
Cylinder 

Description of Parameters: 

Byte 2 

Byte 6 

Alternate 
Head 

-I 
Byte 3 

Head 

Byte 7 

0----0 

Flow flow Byte. This is written X'ff' in every sector header 
of a track in which a flaw is detected. If na flaws, the 
flaw byte is all zeros. 

Cylinder Current Cylinder Address. 
Head' Current Head Address. 
Sector C:Jrrent Sector Address. 
Alternate Cylinder Address of an alternate cylinder should this 

sector be flawed, otherwise it is all ones. 
Alternate Head Address of alternate head should this sector be 

flowed. Otherwise it is all ones. 

600P81 036 
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fUNCTIONAL SUBTESTS 

FUNCTIONAL SUBTESTS - DESCRIPTION 

TSTl,OI HIO, TlO, TOV Recognition Test 

Mode: Normal Mode 

HIO, TlO and TOV instructions are issued. I/O address recognition and 
normal status expected. This subtest and the subtest 02 to subtest 64 are 
using a modified device address to select only the controller. The least 
significant 4 bits are set to X'F' . 

TSTl ,02 Inval i d Order Test 

Mode: Normal Mode 

510 instructions are issued with all valid orders except test mode selection 
order and condition release interrupt order. With device oddress 'F' these 
orders are terminated as invalid orders with TlO bit 4 and TOV bit 2 set. 
The byte count is 1. It is expected that the byte count is not changed. 

An Hio is used to reset the TIO!Tov status. The reset is verified with 
another TIO!T DV. 
Test Variations: 
1. Check of TIO status 
2. Check of TOV status 

TSTl,03 Test Mode Selection Test 

Mode: Buff~r/Controller/Oevice T est Mode 

Test mode selection orders are issued with the bytes X'OI', X'02', and 
X'04' in order to switch the controller in buffer-, cantroller-, and 
device-test mode. Set and reset of the test mode indication is verified by 
a sequence of TOV, HIO and TOV instructions. 
Test Variations: 
1. First T estmode Byte' 01 
2. First T estmode Byte· 02 
3. First T estmode Byte ~ 04 

TST 1,04 In terrupt Generation Test 

Mode: Normal Mode 

Test mode selection orders are issued with 1 Byte equal zero. There­
tore unusual end is always expected. The interrupt flogs are set to test 
interrupts on unusual end, channel end and zero byte count. In three 
posses, the following conditions are tested: 
T est Variations: 
1. Interrupt disarmed, reset in into pend. by HIO 
2. Interrupt disarmed, reset of into pend. by AIO 
3. Interrupt armed, reset of into pend. by Ala, another AIO 

is issued to check for no into recogn. 

TSTl,05 Command Chaining Test 

Mode: Normal Mode 

Two test mode selection orders are issued command chained. 
Test Variations: 
1. T estmode Byte 0, no CC expected 
2. T estmode Byte ,~ 1, CC expected 
TlO and TOV instructions are used to verify the correct execution. 

TSTl,06 FAM Write/Read: Byte Count Test 

Mode: Buffer Test Mode 

Write and Read orders are issued. The byte counts I thru 32 are used. 
Final byte count of zero is expected. A TlO instruction is used to 
verify the correct execution. 

9. SIGMA 5-9 ROTATING MEMORY TEST 
r;26X/7275) 

TSTl,07 FAM Write/Read: Interface Test 

Mode: Buffer Test Mode 

Write and Read orders are issued to test the byte alignment logic of the 
controller. 
Test Variations: 
1. 4 lOCOS (2 Write,Be 2 and 2 Read,B(2) 
2. 3 lOCOS (2 Write, Be 2 and 1 Read,BCc-4) 
3. 3 lOCOS (1 Write,BC4 and 2 Read,BC~2) 
4. 2 lOCOS (1 Write,BC=4 and 1 Read,BC=4) 
A TlO instruction is used to verify the correct execution. The observed 
data ~re compared with the expected data. 

Four passes are executed with the data: X'010203041 " X'FI F2F3F4 " 
X'lF2F3F4F'. X'A55AC33C' 

TSTl ,08 FAM Write/Read: Byte Alignment Test 

Mode: Buffer Test Made 

Write and Read orders are issued with byte counts equal 13 to test the 
byte alignment logic of the controller and the lOP. 

The 4 byte alignment cases are exercised in 4 posses. Before each pass 
the lst and the 4th words of the Read Data Buffer are fi lied with the 
pattern X'FFFFFFFF'. A TlO instruction is used to verify the correct 
execution. The observed data ore compared with the expected data. 

TSTl,09 FAM Write/Reod: Random Data Test 

Mode: Buffer Test Mode 

A Write order commond chained to a read order is issued. The by te 
count is 32. 

A TlO instruction is used to verify the correct execution. The observed 
data are compared with the expected data. 

The test sequence is repeated 100 times with random data. 

T5T1 , 14 Sense Test 

Mode: Incremental Controller Test Mode 

A Sense order is issued. TOV instructions are used to increment the 
controller clock and to collect data from the following modules of the 
controller: Phase Register , Byte Count Register, Device Command 
Register and Data Bus. 

Phose Data, Byte count data and device command data are verified by 
comparison with expected data. Bus data are not checked. 

TST 1,15 Sense Test 

Mode: Controller Test Mode 
Test Variations: 
1. Sense orders are issued with byte counts 1 thru 16. TlO and TDV 

instructions are used to vel ify the correct execution. 
2. A Sense order is i~sued. Controller foult bits and interrupt modifier 

bits are check ed for zeros. 

T5Tl, 16 Condition Release Interrupt Test 

Mode: Controller Test Mode 

A condition release interrupt order is issued. TlO and TOV instructions 
ond a sense order ore used to verify the correct execut ion of the order. 
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9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

TST 1 , 17 Release Test 

Mode: Controller Test Mode 

A Release order is issued. TlO and TDV instructions and tJ Sense order 
are used to verify the correct execution of the order. 

TSTl, 18 Restore Test 

Mode: Incremental Controller Test Mode 

A Restore order is issued. TOV instructions are used to increment the 
controller clock and to collect data from the following modules of the 
controller: Phase Register, Byte Count Register, Device Command 
Register and Data Bus. Phose dota, byte count data, device command 
data and data bus data are verified by comp~rison with expected data. 

TSTl, 19 Restore Test 

Mode: Controller Test Mode 

A Restore order is issued. TlO and TOV instructions and a Sense order 
are used to verify the correct execution of the order. 

TST 1 , 20 Seek Test 

Mode: Incremental Controller Test Mode 

A Seek order is issued. The Seek address consists of the pattern 
X'FFFFAAOO'. TOV instructions are used to increment the controller 
clock and to collect dota from the following modules of the controller: 
Phase Register, Byte Count Register, Device Command Register and 
Data Bus. Phose data, byte count data, device command data and 
data bus data are verified by comparison with expected data. 

TSTl,21 Seek Test 

Mode: Controller Test Mode 

A Seek order is issued. The Seek address is Cylinder - O. Head - 0, 
Sector· O. TlO and TDV instructions and a Sense order are used to 
verify the correct execution of the order. 

TST 1 , 24 Seek: Incorrect length Test 

Mode: Controller Test Mode 

Seek orders are issued. The Seek oddress is 0/0/0. Incorrect length 
is checked with the byte counts of 1,2,3 and 5. TlO and TOV 
instructions and a Sense order are used to verify the correct execution· 
of the order. 

TSTl,25 Seek: Inconect Address Test 

Mode: Controller Test Mode 
Seek orders are issued. The Seek address is always incorrect. 
Test Variations: 
1. Incorrect Sector Address 
2. Incorrect Head Address 
3. Incorrect Cylinder Address 
TlO ond TDV instructions and a Sense order are used to verify the 
correct execution of the order. 

TST1,26 Seek: Difference Test 

Mode: Controller Test Mode 
Two Seek orders' are issued. The Seek address of the first Seek order 
is constant: Cylinder· O. Head O. Sector O. The Seek address of 
the second Seek order is changing the Cylinder address from 0 to N, 
Head 0 and Sector - O. TlO and TDV instructions and a Sense 
order are used to verify the correct execution of the order. 
N 202 for Disk A 
N 410 for Disk 33 
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TST 1,27 Seek: Device Interface Error Test 

Mode: Contra"lIer Test tJoode 

Seek orders are issued in controller testmode with Seek oddresses different 
from zero. Sense orders are issued to verify that address transfer error is 
set (Sense byte 9, bit 0). 

Test Variotions: 
1. Cylinder Address 
2. Head Address 1 
3. Sector Address 1 

TSTl,28 Seek: Address Buffer Test 

Mode: Controller Test Mode 

Seek orders are issued with 011 device addresses and the Seek oddress 
consisting of the following potterns: 
Disk: X'OOOOOF07' and X'OOOO1008' 
RAD: X'OIFFOOOB' and X'OlAAOOO7' 
Sense orders are isSued to read these oddresses back for verification. 

TSTl,29 lOP Device Addr~ss Parity Error Test 

Mode: Controller Test Mode 
Sigma 9 Only 
T est Variations: 
1. The test mode selection order is set to force a deviCe parity error 

during ASC. The parity of forced to 'I'. Therefore. all addresses 
with odd parity will result in a parity error. 

2. The test mode selection order is set to force a device parity error for 
I/O instructions. If the device is in the busy state, the parity line is 
forced to a '0'. Therefore, 011 oddresses with even parity will result 
in parity errors.· 

TSTl,32 Header Write Test 

Mode: Incremental Controller Test Mode 

A Header Write order is issued. TOV instructions are used to increment 
the controller clock and to collect data from the following modules of the 
controller: Phose Register, Byte Count Register, Device Command 
Register and Data Bus. Phose dota, byte count data, device command 
data and data bus data are verified by comparison with expected doto. 

TSTl,33 Heoder Write Test 

Mode: Controller Test Mode 

A Header Write order is issued. The byte count is 8. TlO and TOV 
instructions and a sense order are used to verify the correct execution of 
the order. 

TST 1,34 Header Read Test 

Mode: Incremenlal Controllt>f Test Mode 

A Header Read order is issued. TOV instructions are used to increment 
the controller clock and to collect data from the following modules of 
the controller: Phose Register, Byte Count Register, Device Command 
Register and nato Bus. Phose data, byte count dato, device command 
data and dato bus doto ore verified by comparison with expected doto. 

TSTJ,35 Header Read Test 

Mode: Controller T est Mode 

A Header Read order is issued. The byte count is 8. TlO and T OV 
instructions and a Sense order are used to verify the correct execution 
of the order. The Header dota ore verified. All dota in controller test 
mode consist of the repetitive pattern X'803FD56A'. 
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TSTI,36 Read Test 

Mode: Incremental Controller Test Mode 

A Read order is issued. TOV instructions are used to increment the 
controller clock and to collect data from the following modules of the" 
controller: Phase Register, Byte Count Register, Device Command 
Register and Data Bus. Phose dota, byte count dota, device command 
data and data bus data are verified by comparison with expected data. 

TSTl,37 Read Test 

Mode: Controller Test Made 

A Read order is issued. The byte count is 1024. TlO and TOV 
instructions and a Sense order are used to verify the correct execution 
of the order. The Read data ore compared with the expected data. 

TSTl,38 Write Test 

Mode: Incremental Controller Test Mode 

A Write order is issued. TOV instructions are used to increment the 
controller clock and to collect dato from the following modules of the 
controller: Phose Register, Byte Count Register, Device Command 
Register and Data Bus. Phase data, byte count data, device command 
data and data bus data are verified by comparison with expected data. 

TSTl ,39 Write Test 

Mode: Controller Test Mode 

A Write order is issued. The byte count is 1024. TlO and TOV 
instructions and a Sense order are used to verify the correct execution 
of the order. 

TSTl ,40 Check Write Test 

Mode: Incremental Controller Test Mode 

A Check Write order is issued. TOV instructions are used t~ increment 
the controller clock and to collect data from the following modules of 
the controller: Phose Register, Byte Count Register, Device Command 
Register and Data Bus. Phose data, byte count data, device command 
data and data bus data are verified by comparison with expected data. 

TSTl,41 Check Write Test 

Mode: Controller Test Mode 

A Check Write order is issued. The byte count is 1024. TlO and TOV 
instructions and a Sense order are used to verify the correct execution 
of the order. 

TSTl ,42 Short Record Test 

Mode: Controller Test Mode 

Read, Write and Check Write orders are issued. The byte counts are 2. 
TlO and TOV instructions and a Sense order are used to verify the correct 
execution of the order. The Read data are compared with the expected 
data. 

TSTI ,43 Checkwrite Error Test 

Mode: Controller Test Mode 

A Check Write order is issued. The byte count is 1024. 
Test Variotions: 
1. Checkwrite error in 1st byte 
2. Checkwrite error in 1024th byte 
TlO and TOV instructions and a Sense order are used to verify the 
correct execution of the order. 

9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

TSTI,45 Heoder Write, ••• : Incorrect length Test 

Mode: Controller Test Mode 

Header Write and Header Reod orders are issued. Incorrect length is 
checked with the byte counts of 6,7,9 ond 10. TlO ond TOV 
instructions and a Sense order o~e used to verify the correct execution 
of the order. 

TST 1,46 Write, ••• : Incorrect length Test 

Mode: Controller Test Mode 

Write, Check Write and Read orders are issued. The byte counts are 
number of bytes per sector plus -2, -1, II, 12. TlO and TOV 
instructions and a Sense order are used to verify the correct execution 
of the order. 

TST1,47 lOP Halt Test 

Mode: Controller Test Mode 

Write, Check Write and Read orders are issued command chained to a 
double transfer in channel. An lOP halt is forced during the execution 
of the orders by the double transfer in channel. TIO and TOV 
instructions and a Sense order are used to verify the correct execution 
of the order. The test is repeated with the byte counts of 512, 256, 
128, 64, 32, 16, 8 and 4. 

TSTl,48 HIO Halt Test 

Mode: Controller Test Mode 

Write, Check Write and Read orders are issued. An HIO is issued during 
the execution of th~ orders. TlO and TOV instructions are used to 
verify the correct termination. 

TSTl ,49 lOP Output Parity Error Test 

Mode: Controller Test Mode 

The test mode selection order is set to force lOP output parity errors: 
in five posses the following subjects are tested: 
T est Variations: 
1. failure in Order Out, Seek Order X'03' (Sigma 9 Only) 
2. failure in Data Out, Seek Order X'83' 
3. failure in Data Out, Write Order 
4. failure in Data Out, Write Order (Sigma 9 Only) 
5. Failure in Terminal Order, Read Order (Sigma 9 Only) 

TSTl,50 lOP Input Parity Error Test 

Mode: Controller Test Mode 

The test mode selection order is set to force lOP input parity errors. 
1. Read order is issued with a byte count of 1024. 
2. Write ord~r is issued with a byte covnt of 1023. (Sigma 9 Only) 
TlO and TOV instructions and a Sense order are used to verify the 
correct execut ion of the order. 

TSTI,51 Rate Error Test 

Mode: Controller Test Mode 

Write, Check Write and Read orders are issued with a byfe count of 
and data chaining. The continuous data chaining and transf~r in 
channel slow the lOP down in it~ byte transfer rate to couse rate error. 
TlO and TOV instructions and a Sense order are used to verify the 
correct execution of the order. 



9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

TSTJ ,53 Interrupt Modifier Bit Test 

Mode: Controller Test ModE> 

The interrupt modifier bit test verifies the correct \etting of the Seek 
modifier bits on Seek orders X'S3' or Restore orders X'B3' (Disk Only) 
and the correct resetting by AIO's for 011 device addresses. This test 
also verifies for 011 device addresses: 
1. The generation of interrupt pending 
2. The rejection ofSIO's to addresses with interrupt pending 
3. The execution of SIO's while interrupts are pe!"ding for other 

addresses. 

TST 1 ,54 Wr ite, .•• : Address Incrementing 

Mode: Controller Test Mode 

Write, Check Write, Reod, Header Write and Header Read orders are 
issued to check the oddress incrementing. TlO and TDV instructions 
and Q Sense order are issued to verify the correct execution. The 
Seek address is varied in two passes: 
Test Variations: 
1. Cyl/Heod/Sect - 0/0/0 
2. Cyl/Head/Sect - 0/0/9 

TST 1, 56 Wr i te, ••• : Address Boundary Test 

Modp: Controller Test Mode 

lIrite, Check Write, Read, Header Write and Header Read orders are 
issued to check the boundary. TlO and TDV instructions and a Sense 
order ore issued to verify the correct execution. The byte count is 
1024. 
Test Variations: 
1. The Seek address is set to Write, .•• at the lost sector of Cyl. 0 
2. Another Write, ... order is issued without a previous Seek order. 

TS11,57 Controller Busy Test 

Mode: Controller Test Mode 

A Read order is issued with the device address 'F'. During the 
execution of this order 510, TIO, TDV and HIO instructions are issued 
with device addresses 0 to E. 

lST 1,65 Inval id Order Test 

Mode: Normal Mode 

SIO instructions with invalid orders are issued. All invalid orders are 
used. 
Test Variations: 
lst T est of TlO status 
2nd Test of T DV status 

TSTl,66 Sense Test 

Mode: Incremental Device Test Made 

TDV instructions are used to increment the controller clock and to 
collect data from the following modules of the controller: Phase 
Register, Byte Count Register, Device Commond Register and Data Bus. 
Phose data, byte count doto ond device command data are verifipd by 
comparison with expected data. Bus data are not checked. 

TSTl,67 Sense Order and Angular Positi,," Test 

Mode: Normal Mode 

Sense orders are issued. TlO and TDV instructions are issued to verify 
tM! correct execution. Ail Sense data are verified, except byte 5, 
bit 0 (Dual Access Configuration flag), byte 5, bit 4-7 (Hardware 
Device Address) and byte 12 and 15. 
Test Variations: 
1. A maximum of It Sense orders are issued to find sector zero. 
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2. With 10 Sense orders. angular position 1 thru 10 is checked. 

TSTl ,68 Seek Test 

Mode: Incrementol Device Test Mode 

A Seek order is issued. The Seek address consists of the pattern 
X'OOCA 1309'. TDV instructions are used to increment the controller 
clock and to collect dota from the following modules of the controller: 
Phase Register, Byte Count Register, Device Command Register and 
Data Bus. Phase data, byte count data and device command data are 
verified by comparison with expected data. Bus data are not checked. 

TSTl,69 Seek Test 

Mode: Normal Mode 

Seek orders ore issued. TIO and TDV instructions and a Sense order are 
issued to verify the correct execution. 
Test Variations: . 
1. Seek address: Sector 0 thru to 
2. Seek address: Head 0 thru 19 (Disk A) 

o thru 18 (Disk 33) 

TSTl,70 Heoder Read lest 

Mode: Normal Mode 

The sequence of orden Seek - Header Read is issued. TlO and TDV 
instructions and a Sense order are issued to 'Jerify the correct execution. 
The byte count is 8. The Header data are expected to be zero. The 
dota buffer for observed data (Buffer B) is filled with the pattern 
X'FFfFFFFF', X'FFOOOOFF'. 

TS11,71 Write, Check Write and Read Test 

Mode: Normal Mode 

The sequences of orders Seek - Write, Seek - Check Write, and Seek -
Read are issued. TlO and TDV instructions and a Sense order are issued 
to verify the correct execution. 
Test Variations: 
1. Write order 
2. Check Write order 
3. Read order 
The byte count is 1024. The Read data are compared with the expected· 
data. 

TSTl,72 Reserve and Release Test 

Mode: Normal Mode 

1. A 510 instruction is issued with a reserve order. TlO and TDV 
instructions ore used to verify the correct execution. 

2. A 510 instruction is issued with a release order. TlO ar.d TDV 
instructions ore used to verify the correct execution. 

No operation is expected by these orders. 

TSTl,73 Matrix Test 

Mode: Normal Mode 

The matrix test is supposed to check all heads and to print errors in the 
form of a matrix. 

Header Read orders are issued to 011 heods. The errors unu .. ual end, 
. verification error, flaw mork ond the abu·rved header dota ore printed 
out for each foulty head. 
e.g.: 

UE V F HEADER DATA 
Head 001 1 1 I ff 00 0001 0000 0000 
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TST1,74 Restore and Seek Test 

rode: Normal Mode 

Restore and Seek orders are issued. TlO and TDV instructions and a 
Sense order are issued to verify the correct execution. The Seek address 
is Cyl N, Head 0, Sector O. Test Variations: 
1. Restore order 
2. Seek order 
3. Restore order 
4. Seek order /CC/ Restore order 
Address and difference of Sense are tested. 
N 202 for Disk A 
N 410 for Disk B 

TSTl,75 Seek Order: Interrupt Test 

Mode: Normal Mode 

Seek orders are issued. (Seek with interrupt on Sector Flagol TlO and 
TDV instructions and a Sense order are issued to verify the correct 
execution. Test Variations: 
1. Check for interrupt 
2. Check for withdrawal of interrupt during one revolution 

TSTl,76 Restore 0 rder: Interrupt Test 

Mode: Norma I Mode 

Restore orders are issued. (Restore with interrupt on Sector.) TlO and 
TOV instructions and a Sense order are issued to verify the correct 
execution. Test Variations: 
1. Check for interrupt 
2. Check for withdrawal of interrupt during one revolution 

TSTl, n Seek Order: Head Moving Test 

Mode: Normal Mode 

Seek orders with command chained Sense orders are issued. TIO and 
TOV instructions are issued to verify the correct execution. The 
Cylinder address is incremented from ° to N and then decremented 
from N to 0. Head and Sector address are zero. Byte 4 Bit 0 of 
the Sense data is checked (Head in motion bit). 
N 202 for Disk A 
N - 410 for Disk B 

TSTl,78 Seek Order: Head Positioning Test 

Mode: Normal Mode 

Seek orders are issued. (Seek Interrupt Flag.) TlO and TDV 
instructions are issued to verify the correct execution. Header Read 
orders are issued to verify the Seek posi tion. Two Seek addresses are 
used in sequence. These two addresses Addr. 1 and Addr. 2 are va 
varying the Cylinder address part in four passes. The Head and Sector 
parts of the addresses are zero. Test Variations: 
1. Addr. 1 is increm. from 0 to N, Addr. 2 ° 
2. Addr. 1 is decrem. from N to 0, Addr. 2 N 
3. Addr. 1 is increm. and Addr. 2 is decremented 
4. Rondom addresses Jor Addr. 1 and Addr. 2 (N+ 1 times). 

After each pass the average access time is computed. An overaae 
access time greater than M mSec is an error which causes a printout. 
N = 202 for Disk A M = 57 msec (Disk A) 
N =- 410 for Disk 33 M =- 48 msec (Disk 33) 

TS11,79 Header Write and Header Read Test 

Mode: Normal Mode 

The sequences of orders Seek - Header Read and Seek - Header Write 
are issued. TlO and TDV instructions and a Sense order are issued to 
verify the correct execution. The Seek address is Cyl 202, Head 0, 
Sector =- O. The byte count is 8. Test Variations: 
1. Header Write: Data -= 0,0,202,0,0, X'FFFFOO' 
2. Header Read with compare 
3. Header Write: Data 0,0,202,0,0,0,0,0 
4. Header Read with compare 

9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275 ) 

TSTl,82 Write Order: Multiple Sector Write Test 

Mode: Normal Mode 

Write orders are issued to Write qll sectors of Cyt. O. TlO and TDV 
instructions and a Sense order are issued to veri fy the correct 
execution. The byte count is 1024. The Write arder is repeated by 
using data chaining and transfer in channel until an interrupt on 
unusual end OCCurs because of boundary error. The minimal time for 
this operation is: 

25 MseclSect x 30 Trocks/Cyl 500 MseciCyl 

TST1,83 Header Read Order: Multiple Sector Read Test 

Mode: Normal Mode 

Header Read orders are' iuued to Read the Headers of all sectors of the 
first" cylinder. TlO and TDV instructions and a Sense order ore issued 
to verify the correct execution. The byte count is 8. The Header Read 
order is repeated by using data chaining and transfer in channel until 
an interrupt on unusual end occurs because of boundary error. The 
minimal time for this operation is: 

25 Msec/Sect x 20 Trocks/Cyl 500 MseclCyl 

TSTI,84 Short Record Test 

Mode: Normal Mode 

The sequences of orders Seek - Write, Seek - Check write and Seek -
Read are issued. TlO and TDV instructions and a Sense order are issued 
to verify the" correct execution. Test Variations: 
1. Short Record Write: Byte count 4 
2. Short Record Checkwrite: Byte count 4 
3. Short Record Read: Byte count 4 
4. Checkwrite: Byte count 1024 
5. Read: Byte count 1024, compare of data 

TSTl,86 Surface Test 

Mode: Normal Mode 

The sequences of orders Seek - Write and Seek - Read are issued. TlO 
and TDV instructions and 0 Sense order are issued to verify the correct 
execution. Random data pattern are used. The seed for the random 
pattern is a random number combined with the Seek address by an 
exclusive or operation. The Read data are compared with the expected 
data. Test Variations: 
Di~k: 1. Write on all sectors of Cyl. 1,78,201,0,2,77,79,200,202 

2. Read from all sectors of Cyl. 1,78,201,0,2,77,79,200,202 

TSTl,87 Header Read: Check Byte Error Test 

Mode: Device Test Mode 

A Header Write order is issued ta Write a flaw mark on Header Cyl 202, 
Head 0, Sect 0. The test mode selection order is set to force check 
byte errors on the following Header Read order. (The first two bits are 
forced to zero. \ TlO and TDV instructions and a Sense order are used 
to verify the correct execution of the order. 

TSTl, 88 Read: Cheel: Byte Error Test 

Mode: Controller Test Mode 

A Write order is issued to Write a data pattern. The test mode 
selection order is set to force check byte errors on the following Read 
orders (X'02' and X'12'\. (The first two bits are forced to zero.) 
T est Variations: 
1. Byte count is 2048 
2. Buffer address not muhiple 4 
TlO and TDV instructions and a Sense order are used to verify the 
correct execution of the order. 
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TSTl,89 Flaw Mark Test 

Mode: Normal Mode 

The sequences of orders Seek - Header Write and Seek - Header Read 
are issued. TlO and TDV instructions and a Sense order are issued to 
verify the correct execution. The Seek address is Cyl 202, Head 0, 
Sector,O.· 
Test Variations: 
1. A Header with a flaw mark is written 
2. Header Read order 
3. Write, Check write and Read orders 
4. The Header of Cyt. 202, Head 0, Sector 0 is rewritten; 
Byte 0 - 3 of the Sense data (Address) is verified. 

TSTl,9O Wrong Address Simulation Test 

Mode: Normal Mode 

The sequences of orders Seek - Header Write, Seek - Header Read, 
Seek - Write, Seek - Check write and Seek - Read are issued. TlO 
and TDV instructions and a Sense order are issued to verify the correct 
execution. The Seek address is Cyl = 202, Head = 0, Sector ,- O. 
Test Variations: 
1. Header with Cyl. = 0 
2. Header with Head - 1 
3. Header with Sector - 1 
4. Rewrite Header only 
In the first three passes, Write, Check write, Read and Header Read 
orders are issued and the error indication verified. 

TS11,94 Double Seek Test 

Mode: Normal Mode 

A Seek order (X'03') command chained to another Seek order is issued. 
TlO ond TDV instructions and a Sense order are issued to verify the 
correct execution. The Seek address is Cyl/Head/Sect· 202/0/0. 

TSTl,95 Write: HIO and Device Reset Test 

Made: Device Test Mode 

This subtest verifies that the HIO instruction and the device reset 
command are not destroying any data. 
Test Variations: 
1. Write, Disk Cyl. 0,1,2,3 
2. Write, Address = X'020000', HIO during phase 'Write Data' 
3. Read and Verify 
4. Write, Disk Cyt. 0,1,2,3 
5. Write, Address ~- X'020000', Dev. reset phase 'Write Data' 
6. Read and Verify 

TSTl,96 Device Address Parity Test 

Mode: Device Test Mode 

A Seek order is issued. A previous test mode selection order has set 
the condition for a device address parity error simulation. The device 
will go 'not operational'. A device reset order is issued to clear the 
device again. 

TSTl,97 Seek Order: Time Out Test 

Mode: Device Test Mode 

1. A Seek order is issued wi th the address C yl 12 (190) 
2. The device is set in incremental device test mode and a second 

Seek order is issued with a Cylinder addr. 0 (202). The Seek 
operation is performed only to the point where the address is 
stored in the device. . 

3. Seek time out interrupt is expected 
4. A restore order is issued 
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CThis test is volid only in dual access configurations with explicit 
release feature installed) 
An 510 instruction with a Reserve order reserves device A. TlO and 
TDV instructions ore used to verify the correct execution. A TlO 
instruction is issued to device S to verify the reservation. A Release. 
order is issued to device A. TlO and TDV instructions are used to 
verify the correct execution. A TIO instruction is issued to device S 
to verify the release. Sense data are checked for dual access flag 
tbyte 5, bit 0\ and explicit release flag ibyte 4, bit n. 
Explanation: 
Device A Access to disk with controller A 
Device B Access to disk with controller B 

T ST1, 99 Reserve and Re lease: Interrupt Test 

Mode: Normal Mode 

(This test is valid only in dual access configurations with explicit 
release feature installed) 
An SIO instruction with a Seek order is issued to reserve device A. 
A condition release interrupt order is issued to controller S. A Release 
order is then issued to device A. 
Test Variations: 
1. Condition reI. with interrupt modif. bit interrupt expected. 

Verification of device address. 
2. Condition reI. without interrupt modif. bit no interrupt expected. 
Sense dota are checked for dual access flag (byte 5, bit Q) and explicit 
release flog (byte 4, bit 1L 
Explanation: 
Device A Access to disk with controller A 
Device 8 Access to disk with controllerS 

TST1,l00 Device Power Down Test 

Mode: Device Test Mode 

The sequences of orders Seek - Write and Seek - Read are issued. This 
subtest verifies that dota is not destroyed during a power down sequence. 
The power down sequence is forced by the TDV address'S' (set diagnostic 
condition) and the 2nd Test mode byte X'SO'. 
Test Variations: 
1. Write, Disk Cyl. 0,1,2,3 
2. Write, Address X'020000', TDV during phase 'Write Data' 
3. Read and Verify 

TST1,101 Write Protect Test 

Mode: Normal Mode, Device Test Mode 

The sequence of orders Seek - Write is issued twice. TlO and TDV 
instructions and a Sense order are issued to verify the correct execution. 
Test Variations: 
1. Write Protection by Controller 
2. Write Protection by Device 
This subtest prints the message: 'Set All Write Protect Switches For This 
Test'. After setting these switches, the operator has to inset any 
character at the KSR to continue the test. 

TS11,102 Attention Interrupt Test 

Mode: Normal Mode 

Wait for attention interrupt. This subtest prints 'he message: 'Set 
Attention Interrupt'. After setting attention interrupt, the operator has 
to insert any character at the K SR to continue the test. 
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TSTl,103 Not Operational Test 

Made: Device Test Mode 

This subtest prints the message: 'Set Any Error: Interlock Error, Envir. 
Error'. After setting any of these errors, the operator has to insert any 
charader at the KSR to continue the test. A printout of this test 
sequence occurs for this subtest independent from errors. The operator 
has to verify the correct setting of the corresponding bits. 

TSTl, 104 Write, Read, Check Write: Surface Test 

Mode: Normal Mode 

This subtest is designed to perform a complete and fast test of the disk 
surface. In order to achieve the desired operational speed, data 
chaining plus transfer-in-channel back to the first lOCO is used. The 
data chaining operation is performed unti I on interrupt on unusual end 
terminates the sequences. There are three reactions on this termination: 
Error Recoveri es: 
1. Cylinder End: Continue with next Cylinder. No error, no report 
2. Flow Mark: Continue with next Track (Addr. derived from Sense 

data. ) No error, no report 
3. Any other error: Issue a Restore and continue with next sector 

(Addr. derived from Sense error: reporting, 
summary) 

After writing the entire surface with the same data pattern which was 
specified by the Data directive, the entire surface is Read (Check 
Written) in the some way with data chaining. At the termination of 
the choining sequence, a data comparison of the last data is mode. 
The error recovery is the some as in the Write operation. 
The following operations are performed: 

1. Write the surface once} Default 
2. Read the surface once 
3. Check write the surface once 
4. Read the surface B more times 
At program load time, the default value is set to 2 for one Write and 
one Read pass. The default value may be changed to a value from 1 
to 11. A value of 10 performs item 1. 2. and 3. above and 7 Read 
passes of item 4. 

9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

TS11, 105 Read Strobe Test 

Mode: Device Ted Mode INormal Mode 
Device Type: Di~ 

This subte<t executes write, lead and checkwrite operations in a 
simi lar fash ion as subtest 104. ThE: operat ions wr ite, lead, 
check write .••. are executed twice in two passes. 
Passl: Read StroLe Advanced 
Pass2: Read Strobe retarded 
The read strobe advanced Iretarded mode is set for each I/O operation 
separately. The wr ite, read, or checkwrite operations are executed 
in normal controller mode. 
The default value for the loop count is 2. The loop count can be 
changed with the alt-directive. By changing location X'242'. For 
example: Alt, 242, N. N A value 3-11 indicating the number of 
reads. 

TS11, 106 Head Alignment Test 

Mode: Device Test Mode 
Device Type: Disk 33 

Thi~ subtest requires a CE Pack and the tester. 

The test perform< the following steps: 
1. 1500 seek operations ale performed to cylinders 240 and 245. 
2. The offset values for each head or e determined in the following 

sequence: 
Reverse direction and po<itive polarity 
Forward direction and positive polarity 
Reverse direction and negative polarity 
Forward direction and negative polarity 

The initial and final sign values as well as the offset values are 
saved for all head for evaluation in Step 3. 

3. The offset value is computed using the following formula: 
« lOR-POSITIVE (lFFSEn - (IOR-NEGA T1VE OFFSEnll2 
The polarity of the offset is determined by the sign at 0 offset 
position. 

A summary of all heads is reported. Offset values greater than 
t()R- 150 micro inches are indicated by ***. The out of range 
messages means that there was no sign change within tOR-
1200 micro inches. 
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9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

lST 1 - EXAMPLE OF ERROR REPORTING 

Printout 

TSTl.037 10 ADDRESS 04AF 

.** ERROR *** 
READ TEST 
*** 
*** 
SPREAD DATA 
PATTERN TYPE : a 
BUFFER : 003192 
CLEAR BUFFER B : 003294 
*** 
TEST MODE SELECTION EXECUTED. BYTES 0205 
*** 
SEEK EXECUTED • ADDRESS 0000 00 00 
.,.** 
*** START OF 10 OPERATION *** 
SIO STATUS 

01234567 89ABCDEF CC(1-4) 
EXP OXX1XOOO XXXXXXXX OOXX 
OBS 00010000 00000000 0000 
COMMAND WORD ADDRESS 001E32 
lOCO 0200CA50 08000400 
*** STATUS AT END OF 10 OPERATION *** 
TIO STATUS 

01234567 89ABCDEF CC{1-4) 
EXP X001XOOO XXXXXXXX OX XX 
OBS 00010000 00000000 0010 
CURRENT COMMAND DOUBLE WORO ADDRESS rxp 000F19 OBS OOOF19 
REMAINING BYTE COUNT EXP OOOO·OBS 0000 
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*** 
TIO STATUS 

01234567 
EXP 00010000 
OBS 00010000 
*** 
TDV STATUS 

01234567 
EXP 01000011 
OBS 010000 11 
*** 
*** ERROR *** 
SENSE OAT A 

89ABCDEF CC(l-4 ) 
00000000 OOXX 
00000000 0010 

89ABCOEF CC(1-4) 
XXXXXXXX OIXX 
00000000 0110 

BYTE 0 1 2 3 4 5 14 15 
EXP XX XX XX XX XX XX XX XX 
OBS 00 00 00 01 00 00 00 00 
DEVICE FAULTS (BYTE 6) 
EXP XXXX XXXX 
OBS 0000 0000 
CONTROLLER FAULTS (BYTE 8.9) 
EXP 0100 0000 0011 1000. 
OBS 0000 0000 0011 1000 
INTERRUPT BITS (BYTE 10.11) 
EXP 0000 0000 0000 0000 
OBS 0000 0000 0000 0000 
CHECK BYTES (BYTE 12.13) 
EXP 1000 0000 0011 1111 
OBS 0000 0000 0000 0000 
*** 
*** ERROR *** 
COMPARE OF DATA 
BUFFER A : 003192 
BUFFE R B : 003294 
COMPARE ERROR 

*BYTE 0 * *BYTE 1 * *BYTE 2 • ·BYTE 3 * 
EXP 1000 0000 00 11 1111 1101 0101 0110 1010 
OBS 0000 0000 0000 0000 0000 0000 0000 0000 
EXP 1000 0000 00 11 1111 1101 0101 0110 1010 
OBS 0000 0000 0000 0000 0000 0000 0000 aooo 
EXP 1000 0000 00 11 1111 1101 0101 0110 10 10 
OBS 0000 0000 0000 0000 0000 0000 0000 0000 
EXP 1000 0000 0011 1111 1101 0101 0110 1010 
OBS 0000 0000 0000 0000 0000 0000 0110 1010 
[XP 1000 0000 00 11 1111 1101 0101 0110 10 10 
OBS 1000 0000 0000 0000 0000 0000 0000 0000 
PRINT LIMIT : ERROR COUNT 02]9 
•• * END *** 

WO ern 
0000 

000 1 

0002 

000] 

0015 

600P81 036 

Printed by the Functional Subroutine 

Header (Supplied by Test Driver! 

Pattern Spread Routine ~X'8000') 

Test Mode Selection Routine (X'4000') 

Seek Routine (X'2000') 

Execution Routine (X'0800') 

10 Routine 1 (X'OO20') 

10 Routine 2 (X'OOlO') 

Sense Routine (X'OOO4') 

Compare Routine (X'OOO2') 

END (Supplied by Test Driver) 
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GENERAL EXPLANATION 

1. The underlined test heading defines the failing test and unit. 
2. The line following the heading indicates that the test failed if the 

'*** ERROR ***' line is printed. If display is selected and the 
current test did not fail, '*** DISPLAY ***' is indicated. 

3. Groups of lines are separated by a '***' line. Each group of lines 
is printed by a functional test subroutine. The name of each 
functional test subroutine responsible for the output of the above 
example is indicated. The hexadecimal number following the sub­
routine nome indicates the mask value which must be entered with 
parameter 4 of TSTl in. order to suppress the corresponding lines. 

4. Those functional test subroutines which detected an error during 
testing will display on '*"'* ERROR *"*' line following the 
'***' line which is a group separator. 
In the preceding example (page 1-18), errors were detected in the 
Sense Routine and the Compare Routine. 

5. Expected data bits which represent a 'don't core' condition, ore 
indicated by an 'X'. 

9. SIGMA 5-9 ROTATING MEMORY TEST 
(726X/7275) 

ANALYSIS 

1. From the test subroutine description for TSTl,37, it can be seen 
that a read order in test mode was attempted. 

2. From the test mode selection routine printout, it can be seen that 
the test mode data bytes are X '0205'. F rom the test mode data 
byte description, this test mode is a controller test mode for device, 
type 5 (see also SYST directive). 

3. The lOCO line of the execution routine printout indicates that a . 
read order of X'400' bytes (1024) was used during this test and 
that the operation terminated with a byte count of zero. 

4. The first error is indicated by the Sense Routine. The controller 
fault bytes indicate that the second bit of byte 8 is in error and 
from the sense data byte description, the error is a "data check byte 
error". Bytes 12 and 13 of the sense order show the expected and 
observed check bytes and confirm that the check bytes do not match. 

5. The subsequent compare error printout shows that the data received 
from the controller is art zeros. 

6. Conclusion: 
Since the read operation itself operated correctly and terminated 
with a byte count of zero, the only problem appears to be that the 
simulated read data from the controller turnaround operation was 
not generated properly. 
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10. SIGMA 5-99-CHANNEL MAGNETIC TAPE 

TEST 

SUBJECT MODEL -- Magnetic Tape Controller Model numbers 7320, 7321. Mognetic Tape Storage Units Model numbers 7322, 7323. 

Potter Magnetic Tape Units Speeds 75, 120, 150. 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Cord Reader, Paper Tape Reader or Magnetic Tope Unit; Output Device: 
Keyboord Printer or line Printer . 

PROGRAM PREREQUISITES 
None 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (DPM) opply to this program. 
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10. SIGMA 5-9 9-CHANNEL MAGNETIC TAPE 
TEST 

DIRECTIVES - directives are entered after a "!" is typed aut 

Parameter 
Name Format 

10 Definition Value Range 

Program Directives - Environmental Directives 

System Environment SYST,01,02,03 Dl Device stotion model number 
,7322, 7323, 
75-,120-, ISO-

[,04,05,06,07 02 = 0 0 
,D8,D9,Dl0] 03 Valid lOP, Controller and 80 - lFFFF 

device address of first unit 
04 Oevice address of the second unit 80 -IFFFF . 
010 Oevice address of the eighth unit 80 -IFFFF 

Program Directives - Testing Oirectives 

Comprehensi ve Test T5TO, Dl ,02 01 Number of ordered sequences 0-99999999 
(Functional tests, executed by random exerciser 
1 - 37, and random 02 Number of retries in the random 
exerc iser test. exerciser 
functional tests 38-41 
are not executed) 

functional Test TSTl [,01 [,02]] 01 The first subtest to be executed o {all subtests)-41 
02 last subtest to be executed 1- 41 

Random Exerciser Test T5T2, Dl,02 01 Number of cycles to be performed 01> 0 
02 Number of retries on error 02 ~ 0 

Utility Test TST3,01,02,03,04 OJ = 1 Tape Test 
02 = 0 Write, Rewind, Read 

Forward, Read Backward 
03 Records 

= 1 Write 03 records 
= 2 Reod forward 03 records 
= 4 Read ,forward and backward 

03 records in sequence 
03 = 0 Continue operation until 

EOT or BOT is reached 
04 Delay in milliseconds 

between operation sets 
01 = 2 Oeskew Test 

02 = 0, 1 Write to EaT and 
rewind 

= 2 Read forward to EaT and 
rewind 

= 3 Read backward to BOT 
= 4 Read forward to EaT and 

backword to BOT 
-:: 5 Capstan slippage exerciser 

OJ = 3 Sync on a Character Test 
02 = 1 Read forward and space 

record backward 
-:: 2 Read back word and space 

record forward 
03 Byte to sync on 
04 Oelay in milliseconds 

between syncs 
- 01 ." 4 Compatibility and Noise 

Pattern Test 
02'" 0, 1 Write, Read backword, 

read forward a II records 
-= 2 Space forward, read 

forward, read backward 011 
records 

-:: 3 Read forward, read 
backward, space forward 
all records 

-= 4 Read forward all records 
-= 5 Write all records 

(1-1500) 
,. ..... 03 " No of Records 

10-2 
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Standard Value 
(default) 

NOTE: 
Intermixing of 
tope stations 
of 75 IPS ond 
150 IPS during 
TSTO or TSTI 
is not allowed 

000 (01 = 0) 

0 
41 

NOTE: 
To alter retry 
count in TST3, 1; 
change loco X'240' 
for writing and 
loco X'241' for 
reading. Preset 
value for bath -= 5. 
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DIRECTIVES 

Name 

Pattern selection 
(for Utility Test TST3,1) 

Length of record 
selection (for Utility 
Test TST3, 1) 

limitation of Error 
printouts 

Farmat 
10 

10. SIGMA 5-9 9-CHANNEL MAGNETIC TAPE 
TEST 

Parameter 

Standard Value 
Definitian Value Range 

(default) 

Program Directives - Testing Directives (Continued) 

D1 c 5 Read/Space Test 
02 0 0 Rewind and read forward 

N records 
= 1 Rewind and spac.e forward 

N records 
-:: 2 Read forward N records 
= 3 Space forward N records -
= 4 Space backward N records 

D3 Number of records (N) 
D4 = 0 Do not print record 

= 1 Print record in error 
= 2 Print record N 

Program Directives - Optional Directives 

DATA,Dl,H2,H3,H4 D1 = 0, Fixed Pattern 0-5 
= 2, Random Pattern 
= 5, Bit Crowding Pattern 

H2 Pattern seed (for 01 = 0, 2) 0- FFFFFFFF 
Two Track Numbers (for DI -= 5) 01- 78 

H3 Byte string for first track 01 -= 5 0- FFFFFFFF 
H4 Byte string for second track 

LEN,D1 D1 length of Record in Bytes Min. =0 
Max. = Function of 
Memory Size 

UMT,D1,02 01 = limit Compare error 1 
printouts/record to 02 

D2 Maximum number of printouts 02 ~O -
(No limit if 02 = 0) 

Note: Parameter of any dir.ective beginning with a D means decimal, with on H means hexadecimal 
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10. SIGMA 5-9 9-CHANNEL MAGNETIC TAPE 
TEST 

START PROCEDURE 

600P81036 

1. Sense Switch Options, Monitor Directive Options, and Environmental Directives - Refer to DPM section of this manual. 

10-4 

2. Test Strategy Selection 

Comprehensive Test 

- Recommended Normal Usage 
Appl ication 

Test Directive TSTO 

Prerequisite None 

Optional Directives LlMT 

Subtests Functional subtests 
(I - 37) and random 
exerciser test 

Error Message Format 1. ERROR NO. DODD 
2. Self-explanatory 

ORDER CODES 

Write 
Read Record (Forward) 

X'Ol' 
X'02' 
X'03' 
X'04' 
X'OC' 
X'13' 
X'23' 
X'33' 
X'43' 
X'4B' 
X'53' 
X'SB' 
X'63' 
X'73' 

Sset Correction} Not used with Potter units 
ense 

Read Record Backward 
Rewind and Interrupt 
Rewind Off line 
Rewind 
Space Record Forward 
Space Record Backward 
Space File Forward 
Space File Backward 
Set Erase 
Write Tape Mark 

Functional Test Randont Exerciser Test Utility Test 

Solid Failure Detection Intermittent Failure Deskew Adjustment, 
and Specific Problem Detection Threshold check, Capstan 
Analysis Ramp Adjustment, 

Compatibility Check 

lSTI TST2 TST3 

None TSTI TSTI 

lIMT lIMT lIMT, LEN, DATA 

41 subtests (see errOr Random $erection of: See program directive 
messages for the test types) Order sequence TST3 

Buffer length 
Dato 

The identical operation 
is performed on eac h 
selected device in turn, 
then tIM: next operation 
is begun. 

ERROR NO. DODD Sel f-explono tory Sel f-explana tory 
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TDV STATUS 

MODel 
0 1 2 3 

7322/3 Rate Error Write Write End of File 
Permitted Protect Error 

~ ~ 

*TDV bit .4 always set for Potter units. 

AIO STATUS 

MODel 
0 1 2 3 

7322/3 Rate Error Device End Write End of File 
Protect Error 

10. SIGMA 5-9 9-CHANNEL MAGNETIC TAPE 
TEST 

BITS 

4* 5 6 7 

Uncorrectable Load Point End of Tape Rewind 
Read Error On-line 

~ 

BITS 

4 5 I 6 I 7 
I I 

Uncorrectab I e ... NOT USED .. 
Read Error 

I I 
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10. SIGMA 5-9 9-CHANNEl MAGNETIC TAPE 
TEST 

fUNCTIONAL SUBTESTS AND RELATED ERROR MESSAGES 
FAULT INDEX DESCRIPTION - FUNCTIONAL SUBTESTS 

600P81 036 

The fault index contains a brief description of each functional subtest and a list of associated error numbers with a brief description of each error. The 
sub tests and error numbers are arranged in ascending sequence. The description of subtest NN is numbered NNOO. The first two digits of the error 
number correspond to the associated subtest; the lost two numbers correspond to the individual errors within the subtest. 

DESCRIPTIVE ERROR MESSAGES 

Error numbers can be preceded by descriptive messages which will aid in the isolation of failures. 

FUNCTIONAL TEST 

TS11, 1 AIO, HIO, TlO, ToV Test 
Check the ability of the 9-track mag tope system to correctly 
respond to the AIO, HIO and the ToV instructions. AIO 
will only check the no interrupt pending condition. Verify 
address recognition and status response to these instruc.tions. 
Any error in this test may indicate a possible problem in the 
sub-controller area. 

0101 A 10 condition code error. No interrupt recognition expected. 
0102 H 10 condition code or status error. See printout. 
0103 TIO condition code or status error. See printout. 
0104 TDV condition code or status error. See printout. 

TS11, 2 Invalid Ord~r Test 
Check the invalid order detection by issuing two SIO's with 
invalid order codes (X'09', X'7B'). This test is designed to 
check order decoding, order-output and order-input phases 
in the controller and unusual end detection. The remaining 
byte count will be tested to verify that no data phases were 
executed. Check the ability of the HIO to reset UE condition. 

0201 510 for invalid order not accepted. Condition code error. 
0202 510 for invalid order status error. UE and no interrupt pending 

expected. (WRITE backward) 
0203 H 10 did not reset interrupt pending bit in status. 
0204 510 for invalid order not accepted, condition code error. 
0205 510 for invalid order status error. UE and no interrupt pending 

expected. (WRITE TM backward) 

TST 1, 3 Erase Order Test 

0301 
0302 

Check the execution of the first valid order. This test is 
designed to further check order decoding, order-output and 
order-input phase in the controller, and order termination 
without unusual end. The remaining byte count will be 
tested to verify that no data phases were executed. The 
status response wi II be tested. 

SIO condition code error on set erase. 
TlO status error on set erase. No UE or byte count reduction 
expected. No data phases executed. 

lST1, 4 Set Correction Order Test (Bypassed for Potter Units) 
This test is designed to verify the data-output phose in the 
controller and order termination. 
Three set corrections will be used: 
1 • Byte count = 1, Data byte = X' Ff' 
2. Byte count = 1, Data byte = X'OO' 
3. Byte count = 2 
The remaining byte count will be tested to verify that data 
transfer can be terminated by the controller and that a data­
output operation was actually performed. The status response 
will be tested. 

0401 510 for set correction condition code error. (BC = 1, 
INFO = 00) 

0402 TlO for set correction stotus error. No UE or INT pend 
expected. 

0403 510 for set correction caused information to change from 00. 
0404 510 for set correction condit ion code error. (BC = I, 

INFO = FF) 
0405 TlO for set correction status error. No UE or INT pend 

expected. 

1006 

0406 
0407 
0408 

0409 

510 for set correction caused information to change from FF. 
SIO for set correction condition code error. (BC = 2, INFO = 00) 
TlO for set correction status error. BC = 1, No UE and no INT 
pend expected. . 
510 for set correction cous~d information to change from 00. 

TST1, 5 Sense Order Test (Bypassed for Potter Units) 
This test is designed to verify the data-input phose in the 
controller and order termination. 
Three sense orders will be used: 
1. Byte cOunt = I, Data byte ir, buffer = X'FF' 
2. Byte count = 1, Data byte in buffer = X'OO' 
3. Byte count = 2 
The remaining byte count will be tested tCl verify that data 
transfer can be terminated by the controller and that a data 
input operation was actually performed. The status response 
will be tested. 

0501 SIO for sense condition code error. (BC = 1, INFO = 00) 
0502 TlO for sense status error. BC = 0, No U E expected. 
0503 510 for sense caused information to change from 00. 
0504 510 for sense condition code error. (BC = 1, INFO = 00) 
0505 TlO for sense status error. BC = 0, No UE expected. 
0506 510 for sense should cause information to change from FF to 00. 
0507 510 for sense condition code error. 
0508 TlO for sense status incorrect. BC = I, no UE expected. 
0509 510 for sense caused information to change from 00. 

TSTl, 7 Interrupt on UE, CE, ZBC, and AIO (Bypassed for Potter Units) 
Check the ability of the controller to generate on interrupt on 
unusual end, channel end, and zero byte count using a WRITE 
backward, erose, and sense order respectively. Check the 
execution of the AIO instruction. Verify that AIO and HIO 
con reset the interrupt pending condition. All status responses 
w ill be tested. 

0701 
0702 
0703 

510 for invalid order condition code error. (WRITEBKW, UE set) 
No UE interrupt on invalid WRITE backward with UE 'iet. 
No UE set on AIO after invalid order or INT pending not reset 
after AIO. 

0704 510 for set erose condition code error. (Erase, CE set) 
0705 No CE interrupt on erase with CE set. 
0706 No interrupt pending set after HIO following the erose order. 
0707 510 for sense condition code error. (Sense, BC = I, IZC set) 
0708 No IZC interrupt on sense with IZC set. . 
0709 No interrupt pending reset after AIO following sense order or IZC 

not set in AIO status. 
0710 HIO status response error following AIO. UE or IP should not be 

set. 
0711 TlO status response error following HIO. IP should not be set. 

TSTt, 8 I/O Interrupt Test 
Check the ability of the lOP and CPU to interrupt the program 
whenever on interrupt call is generated by the controller. 
Verify proper operation of interrupt arm/disarm and enable/ 
disable modes. 

0001 TIO status response error after on invalid order. IP and UE should 
be set. (WRITE BKW, UE set with INT disarmed) 

0002 TIO status response error after interrupt armed and disabled. 
0003 No interrupt received on involid order with UE set after interrupt 

armed and enobled. 
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TSTl, 9 Command Chaining (8ypassed for Potter Units) 

Test the command chaining ability of the controller by issuing 
an erase/set correction/sense order sequence. Test the 
termination of the command chaining sequence by issuing a 
WRITE-backward/sense order sequence. All status responses 
will be tested. 

0901 510 condition code error on command chaining order (erase set 
correct ion ,and sense). 

0902 
0903 

0904 

No interrupt on command chaining erose, set correct, and sense. 
The lost double word address is incorrect on command chaining. 
The address should be sense. 
510 condition code on command chaining order. (WRITE BKW, 
sense). 

0905 No interrupt received on command chaining WRITE BKW, erase. 
0906 The lost double word address is incorrect on command chaining. 

The address should be WRITE backward. 

TSTl, 11 Rewind Test 
Check the execution of a rewind on-line order. The test 
will verify that the tope is positioned at lood point after 
completion of the rewind order. Check the execution of 0 

rewind and interrupt order. This test will verify thot the 
tape remains at load point ond that the device initiates on 
interrupt request. Verify that on AIO and HIO instruction 
can reset the interrupt pending condition in the tope 
controller cind the tope station. Verify that device end 
status is returned during the AIO. All status responses will 
be tested. 

1101 TOV status error after rewind an line. No load point bit set. 
1102 TlO status error after rewind and interrupt. No interrupt pending 

set. 
1103 TIO status error after HIO on rewind with interrupt. 
1104 TlO status error after rewind with interrupt. Interrupt pending 

not set. 
1105 AIO status error after rewind with interrupt. Device end not set. 
1106 TlO status error after Ala. Interrupt pending not reset. 
1107 TOV status error after rewind with interrupt. No load point set. 

TSTl, 12 READ, Space Record and File Backward from BOT Test 
Check the execution of a READ, space record, and space 
file order in the backwa~d direction with tope positioned at 
load point. Verify that the controller responds with unusual 
end, end of file (TDV and Ala) and load point status. The 
test will check that the tope remains at load point. The byte 
count for all orders specified must remain unchanged. 

1201 No interrupt received after READ backward at load point. (BC=2) 
1202 TlO or TOV status error on REA 0 8KW at load point. U~, load 

point, and BC -= 2 expected. 
1203 No interrupt on space backward at load point. (BC"" 2) 
1204 TlO or TOV status error on space 8KW at load point. UE, load 

poi nt, and BC -= 2 expe cted. 
1205 No interrupt received on space file backward at load point. 
1206 TIO or TOV status error on space file BKW at load point. UE, 

load point, and no EOF expected. 

TSTl, 13 WRITE Tope Mark Test at BOT 
Check the execution of a WRITE tope mark order. The test 
will verify that tape can be moved off load point and that 
the order can be terminated with both controller and 
station .returning to ready. If tope run-away, issue HIO. 
Rewind tape and test load point. End of file status will 
not be tested. The byte count for the order must remain 
unchanged. 

1301 No interrupt on WRITE tope mark at load point. (CE and BC 
-= 2 set) 

1302 TlO or TOV status error on WRITE tope mark at load paint. 
EOF and BC .,. 2 expected. 

10. SIGMA 5-9 9-CHANNEl MAGNETIC TAPE 
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TSTl, 14 Space Record Forward Test 

1401 
1402 

1403 
1404 

Check the execution of a spoce forward order. The test wi II 
verify that tope can be moved off the load point and that the 
order can be terminated wi th both controller and station 
returning to ready. If tape run-away, issue HIO. Rewind 
tape and test for loodpoint. End of fi Ie and unusual end 
status will not be tested. The byte count for the order must 
remain unchanged. 

No interrupt received on WRITE tope mark after rewind. 
No interrupt received on space forward over a tape mark at load 
point. (CE and BC 2 set.) 
Byte count on space fWD at load point error. Should be 2. 
TIO status error on space FWD at load point. No error expected. 

TSTl, 15 WRITE T est (Byte I to 64) 
Check the execution of WRITE orders using X'FF' as data 
pattern and a starting at a byte count of one up to a maximum 
byte count of 64. The test wi II veri fy that tape can be 
moved off the load point, that the order can be terminated 
with both controller and tape station returning to ready, that 
a data-output operation is actually performed, and that the 
byte count is always reduced to zero. Verify that incorrect 
length is not detected. Rewind tape and test for lead point. 
TE (Transmission errors) not checked in this test. 

1501 T10 or TOV status error on WRITE records 1-64 byte length. No 
incorrect length or UE expected, Be 0 00. 

TST1, 16 READ Test 
Test the execution of READ orders using a starting byte count 
of one up to a maximum count of 64. WRlTE 64 records with 
a fixed byte count of 100 bytes (Pattern c X'H') and rewind 
tape. This test wi II check the response to a READ forward 
operation (off Iood point, zero). Rewind tape and test load 
point. TE (Transmission errors) not checked in this test. 

1601 TIO or TOV status error on writing 100 bytes all bits on. No 
incorrect !ength or UE expected, BC - 00. 

1602 no or TOV status error on READ forward 100 bytes all bits on 
with Byte count 1-04. Incorrect length and no IZC expected. 

TSTl, 17 EOF Test (PoHer Units Only) 

1701 Record write error'no UE, write permitted, no data error, zero 
byte count). . 

1702 Incorrect load point indication. 
1703 load point expected. 
1704 Read backward error (device and controller not ready, no UE, no 

incorrect length, zero byte count, write permitted. 
1705 Space file backward error (no UE, EOF, no data error). 
1706 Space file forward errtH- (no UE, EOF, no data errorl. 
1707 Read forward error (some as 1704 read backward error). 
1708 Incorrect record number. 
1709 Double EOf detected. 

TSTl, 18 WRITE READ Oato Test 
WRITE N records with a fixed byte count and data pattern of 
X'FF'. Rewind tope and READ N records in the forward 
direction. Verify that data can be recorded and READ from 
each track. lE (transmission errors) not checked iOn this test. 

1801 TlO or TOV status error on writing 100 bytes all bits on. No 
incorrect length or UE expected, BC 00. 

TSTl, 19 WRITE, READ Data Test (Data X'OO' to X·SO') 
WRITE N records with a fi xed byte count and the current 
data pattern data will be varied from X'OO' through X'SO'. 
Rewind tape and READ N records in the forward direction. 
Verify for each pass thot only one track contains information 
and that all other tracks are zero. After each pass, loap on 
the data pottern which has caused an error and continue 
testing until a successful pass has been made. 

1901 WRITE, READ forward, on information errors when saturating one 
track. 100 records. of 100 bytes pattern 00, 01, 02, 04, 08, 10, 
20, 40, BO. 

10-7 



10. SIGMA 5-99-CHANNEL MAGNETIC TAPE 
TEST 

TSTl, 20 Set Erase-WRITE Test 
Check thecapabi lity of the tape station to sk ip over an area 
on the tope by checking the delay between the start of the 
WRITE order ond the start of the data tr~nsfer. 

2001 Erase time set too long. See message printout. 
2002 Erase time set too short. See message printout. 
2003 No interrupt an zero byte count occurred within 9 ms. 

TSTI, 21 WRITE, Space fWD and BKW Test 
WRITE N records with a fixed byte count. Rewind tape to 
load point. Space one record in the forward and backward 
direction. Space another record in the backward direction 
and check load point indicator. Space N records in the 
forward direction and then the reverse direction. Check all 
status response. Rewind to load point. 

2101 TlO or TOV status error on writing 100 bytes all bits on. 
2102 TlO or TOV status error on spacing forward over 100 bytes at load 

point. 
2103 TlO or TOV status error on spacing bock ward over 100 bytes one 

record beyond load point. No UE or load point expected. 
2104 TlO or TOV status error on spacing backward one record at load 

point. UE and load point expected. 
2105 TlO or TOV status error on spacing forward over 100 bytes all 

bits on. No Uf or error expected, Be ~ 00. 
2106 TIO or TOV status error o~ spacing backward over 100 bytes all 

bits on. No UE or error expected, BC - 00. 

TSTl, 22 WRITE Tape Mark Test 
WRITE N tape marks and verify that end of file status is 
reported after each order. A II tape marks are read forward 
and backward. 

2201 TlO or TOV status error on writing a tape mark. Tape mark and 
no UE expected. 

2202 TlO or TOV status error on reading backward over 100 tape marks. 
T ope mark and UE expected. 

2203 TlO or TOV status error on reading forward over 100 tape marks. 
T ope mark and UE expected. 

TSTl, 23 WRITE Tape Mark - Space file and Space Record Test 
WRITE N tope marks and rewind to load point. Space file in 
the forward direction and verify end of file and no unusual 
end status. Space file backward and check end of fi Ie and 
no unusual end. Space file backward again and check end 
of file, beginning of tape and no unusual end. Verify all 
othl'- status. Verify that unusual end and end of file status 
is' .JOrted when spacing or reading over a tape mark. 
WRITE N records followed by a tape mark. Verify space 
record in both directions. 

2301 TlO or TOV status error on writing a tape mark. Tape mark and 
no UE expected. 

2302 TIO or TOV status error on space file forward. Tape mark and no 
UE elCpec ted. 

2303 TIO or TOV stotus error on space file backward. Tope mark and 
no UE expected. 

2304 TlO or TOV status error on space file bock ward at load point. 
load point, tq>e mark, and no UE expected. 

2305 TIO or TOV stotus error on writing a record 100 bytes. No error 
expected, Be = 00. 

2306 TlO or TOV status error on writing a tope mark. No error 
expected, tape mali<. 

2307 TlO or TDV status error on spacing backward over a tape mark. 
UE and tape mark expected. 

2308 TIO or TOV slatus error on spacing forward over a tape mark. 
UE Old tape mork expected. 

TST 1, 24 T ope loop Test 
Rewind with command chain. Write with data chain 27,000 
words loop back to rewind. This sequence is repeated 
10 times in an effort to cause the tape to loop out in the 
vacuum columns. 

2401 TlO or TDY stotus error after rewinding and writing a record of 
27,000 words.. looping 10 times. No error expected. 

10·8 

600P81 036 

TSTl, 25 WRITE, READ Backward Data 
WRITE N records with a fixed byte count. READ N records 
backward and verify data and status. READ another record 
backward and test beginning of tape status. 

2501 TlO or TOV stotuserror on writing a record of 100 bytes. No UE 
expected, Be - 00. 

2502 TlO or TOY status error on reading laO bytes backward. No UE 
expected, BC 00. 

2503 Incorrect information on reading 100 bytes backward all bits on. 
2504 TlO or TOY status error on reading a record backward at load ' 

point. UE, lood point and EOF expected. 

TSTl, 26 Incorrect length Test 
WRITE a record and READ in both directions by using byte 
count -1 byte count q for the READ orders. Verify incorrect 
length and all other status indications. Suppress incorrect 
length feature in the lOP will a150 be tested. 

2601 TlO or TOV status error on writing 100 bytes all bits on. No 
errors expected. BC - 00, no incorrect length. 

2602 TlO or TOY status error on reading a record backward. No error 
expected, Be ~ 00. No incorrect length. 

2603 TlO or TOV status error on reading a record forward. No error 
expected, Be ,- 00, no incorrect length. 

2604 TlO or TOV status error on reading a 100 byte record backward 
with a Be, 99. Incorrect length, UE and BC - 00 expected. 

2605 TlO or TOV status error on reading a 100 byte record forward 
with a BC = 99. Incorrect length, UE and Be ,- 00 expected. 

2606 TlO or TOV status error on reading a 100 byte record backward 
with suppress inc length, BC c 101. Inc length, BC - I, no UE 
expected. 

2607 TlO or TOV status error on reading a 100 byte record forward with 
suppress inc length, Be ,- 101. Inc length, BC c 1, no UE expected. 

2608 TlO or TOV status error on reading 'forward a 100 byte record with 
suppress inc length, BC ,- 99. Inc length, Be - 0, no UE expected. 

TST 1, 27 Data Chaining Test 

2701 

2702 

2703 
2704 

2705 

Test the data chaining capability of the lOP using WRITE 
and READ orders. 

TlO or TOV status error on writing 2 bytes data chain 98. No 
errors expected. BC ~ 00. 
TIO or TOV status error on reading backward 6 bytes data chain 
chain 94. No error expected, Be ,- 00. 
Information error on reading a record BKW 6 bytes data chain 94. 
TlO or TOV status errors on reading forward 48 bytes data 
chain 52. No error expected, Be =- 00. 
Information error on reading a record FWD 48 bytes data chain 52. 

TSTl, 28 Byte Boundary Test 
This test performs READ and WRITE operations from 011 
possible memory boundaries. For Potter tape units, the 
minimum byte count II instead of 4. 

2801 TlO or TOY status error when writing from WA, WA~1 byte, 
WA~2 bytes, WA~3 bytes. 

2802 TlO or TOV status error when reading BKW into WA, WAt 1 byte, 
WA+2 bytes, WAt3 bytes. 

2803 Information error when reading BKW into WA, WA~ I byte, 
WA+2 bytes, WAt3 bytes. 

2804 TIO or TOY status error when reading FWD into WA, WAq byte, 
WA+2 bytes, WA~3 bytes. 

2805 Information error when reading FWD into WA, WA~ 1 byte, 
WA+2 bytes, WA+3 bytes. 

2806 TlO or TOY status error on writing a record 4, 16, 32, 64, •.• 
bytes in length. 

2807 TlO or TOV status error on reading a record BKW 4, 16, 32, 64, 
••• bytes in length. 

2808 Information error on reading backward 4, 16, 32, 64, ••• bytes. 
2809 TIO or TOY status error on reading a record FWD 4, 16, 32, 64, 

••• bytes in length. 
2810 Information error on reading forward 4, 16, 32, 64, •.• bytes. 
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TST 1, 29 Ooto Test Noise Patterns and Bit Crowding 
This test will WRITE and READ variable data patterns. The 
sequence will always be WRITE, READ reverse and READ 
forward. The record size wi II be varied after each record. 
Noise sensitive and bit crowding data pattern will be used. 
WRITE and READ retries will be allowed if sense switch 1 is 
set. 

2901 TlO or TOY status error on writing an incremented record with 
saturated tracks and noise pattern. 

2902 TlO or TOY status error on reading backward on"incremented 
record with saturated tracks and noise patterns. 

2903 Information error on reading BKW incremented record with special 
saturated tracks and noise patterns. 

2904 TlO or TOY status error on reading forward an incremented record 
with saturated trocks and noise patterns. 

2905 Information error on reading forward an incremented record with 
saturated tracks and noise pattern. 

TSTl, 31 CRC Test (Bypassed for Potter Units) 
Check the ability to set all bits in the CRC character. A 
blank CRC character will also be written, READ FWD, and 
READ BKW 100 times. CRC register bits 123456789 

Where 1 = Parity Bit 
Where 2 -= MS8 
Where 9 = LSB 

3101 TlO or TDY status error on writing a record with one bit set in the 
CRC character. 

3102 

3103 

3104 

3105 

3106 

3107 

3108 
3109 

3110 

TlO or TOY status error on reading a record backward with one bit 
set in the eRC character. 
Information error on reading a record FWD with one bit set in the 
CRC character. 
TlO or TOY status error on reading a record forward with one bit 
set in the CRC character. 
Information error on reading a record BKW with one bit set in the 
CRC character. 
TIO or TOY status error on writing a record with a blank CRC 
character. " • 
TIO or TOY status error on reading a record backward with a blank 
CRC character. 
Information error on reading a record BKW with a blank CRC char. 
TlO or TOY status error on reading a record forward with a blank 
CRC character. 
Information error on reading a record FWD with a blank CRC char. 

IST1, 32 READ - Set Correction Test (Bypassed for Potter Units) 

3304 
3305 
3306 
3307 
3308 
3309 
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TlO or TOY status error on sense with information byte 00. 
Information error on sense. Should not change from 00. 
TlO or TOY status error on reading a record FWO with 100 bytes. 
Information error on reading a record forward with 100 bytes. 
TIO or TOY status error on sense with information byte 00. 
Information error on sense. Should not change from 00. 

TSTl, 34 Ready - Busy Test 
Check the busy condition after issuance of 0'1 order. The test 
will also attempt to issue an SIO to a busy controller and to 
a ready controller and a busy station. 

3401 TlO error. Oevice should be busy while writing 1000 bytes. 
3402 No interrupt received after writing 1000 bytes. 
3403 TIO or TOV status error on writing a 1000 byte record. 
3404 no error. Controller should be busy whil reading 1000 bytes •• 
3405 No interrupt received after reading a record BKW with 1000 bytes. 
3406 SIO error. Controllef" should be busy on initiating rewind. 
3407 TlO error. Device should be busy on rewinding. 

TST 1, 35 Tape Creep Test 

3501 
3502 
3503 
3504 
3505 
3506 
3507 
3508 
3509 

This test will WRITE one record followed by a set erase order 
and another WRITE order. A space record backward and 
rewrite sequence will now be repeated N times. After 
reading and verifying the data of the first record, READ the 
second record and compute the delay between the start of the 
REAO order and the start of the data transfer. The direction 
of the creep wiU be determined by comparing the delay to the 
original value. 

TIO or TOV error on writing a 100 byte record. 
TIO or TOY error on spacing backward over a 16 byte record. 
TlO or TOY error on writing a 16 byte record. 
TlO or TOY error-on spacing backward over a 16 byte record. 
TlO or TOV status error on spacing backward over 100 bytes. 
TlO or TOY status error on reading a 100 byt"e record forward. 
Information error on reading a 100 byte record forward. 
Tope creep tolerance exceeded in the tape creep test. 
Tape creep negative in the tape creep test. 

TSTl, 36 Erase Verification Test 
This test will test the erose order by rewinding tape and then 
writing N one byte records. The records are followed by a 
tope mark. After a rewind, WRITE one record, set erase, and 
WRITE one record. The tape is rewound. The records are 
counted to verify the erase order execution. 

The test will WRITE one error free record and sequentially set 3601 The erase order did not remave the correct number of records when 
one bit at 0 time in the error pattern register for both forward verifying the erase order. 

, 3201 

3202 

3203 
3204 

3205 
3206 
3207 
3208 
3209 
3210 
3211 

and reverse READ modes. The data will be verified after each 
READ order to insure that the data remains unchanged. 

TIO or TOY status error on writing a record 100 bytes. No error 
expected. 
TIO or TOY status error on reading a record backward with 100 bytes. 
No error expected. 
Information error on reading a recard 8KW with 100 bytes. 
TlO and TOY status error on reading a record forward with 100 
bytes. No error expected. 
Information error on reading a record FWO with 100 bytes. 
TlO or TOY status' error on set correction bytes 01-80. 
TlO or TOY status error on REAO backward with set correction. 
Information error on reading BKW with set correction bytes 01-80. 
TlO or TOY status error on set correction bytes 01-80. 
TlO or TOY status error on READ forward with set correction. 
Information error on reading FWO with set correction bytes 01';80. 

TSTJ, 33 READ - Sense Test (Bypassed for Potter Unitsl 

3301 
3302 
3303 

WRITE one error free record in both directions. The sense 
order after each READ order should return a byte of all zeros 
to the lOP. 

TlO or TOY status error on writing a 100 byte record. 
TlO or TOY status error on reading a record BKW with 100 bytes. 
Information error on reading a record backward with 100 bytes. 

TST I, 37 Gop Length Timing Test 
This routine verifies gap timing and is intended as a scoping 
a id for adj ust iog the forward and reverse romp. The test co n 
only be run an a system with a real time clock. 
Operator intervention required if 5S 1 is set. 

3701 TlO or TOY statuscO'or on writing 16 bytes in the I.R.G~ test. 
3702 TIO or TOY status error on spacing backward aver 16 bytes. 
3703 TlO or rOY status error on writing 16 bytes in the I.R. G. test. 
3704 TlO or TOY status enor on spacing backward over 16 bytes. 
3705 I.R.G. time is inconect. See printout. 
"I.R.G. Inter Record Gop 

TSTl, 38 End of Tape rest (Bypassed for Potter Units) 
This test wi II continue to WRITE records until the end of tope 
indicator is detected. One additional record will be recorded 
and the EOT condition will be verified again. 'Two records 
will be REAO in the backward dii'ection. After the second 
REAO order, the EaT indicator should be reset. The tope 

3801 
3802 

will be rewound. 

TlO or TOY error Wlfting 1000 bytes in the end of tape test. 
TlO or TOY error _iting 1000 bytes beyond EOT indication. 

End of tape flog s"wld be set. 
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ISTl, 38 (Continued} 

3803 TlO or TDV enor reading ~ckward JOOObytes at EaT. The EOT 
flag should be set. 

3804 TIO or TDV error reading backward 1000 bytes near EaT. The 
EaT flog should be reset. 

TST1, 39 Set Correction Test (Bypassed for Potter Units) 

3901 
3902 
3903 
3904 

3906 
3907 

3908 
3909 
3910 

3911 

3912 
3913 

3914 
3915 
3916 
3917 
3918 
3919 

This routine requires the user to force a READ error as 
specifi-:d by the program. This test will verify that READ 
errors can be corrected and that a noncorrectable status 
will be returned if the error is caused by at least two tracks. 
For the READ with correction test to prevent setting READ 
register F/F when the AR signal is missing in all dual 
threshold: 
Put jumper from GND to 7W43 

GND to 15W41 
GND to 15W07 

To install jumpers for recoverable READ errors: 
Trod 1 (CH 0 - Data Bit 0) 3V23 (lRCT) to 19W43 
Trod 2 (CH 1 - Data Bit 1) 3V23 (lRCT) to 19W28 
Trod 3 (CH 2 - Data Bit 2) 3V23 (lRCT) to 19W12 
Trod" (CH 3 - Data Bit 3) 3V23 (lRCT) to 19W33 
Trod 5 (CH .4 - Data Bit 4) 3V23 (lRCT) to 19W17 
Trod 6 (CH 5 - Dota Bit 5) 3V23 (lRCT) to 19W02 
Trod 7 (CH 6 - Data Bit 6) 3V23 (lRCT) to 18W13 
Trod 8 (CH 7 - Data Bit 7) 3V23 (lRCT) to 18W33 
Tradt 9 (CH P - Dota Parity) 3V23 (lRCT) to 18WI8 

Operator intervention required 

TIO or TDV status error on writing 100 bytes. 
TIO or TDV status error on reading backward 100 bytes. 
TIO or TDV status error on reading forward 100 bytes. 
Error when reading backward with a track error forced. An 
uncorrectable TE is expected. 
Status error on sense in the track correction test. 
Information from sense is incorrect. (80, 40, 20, 10, 08, 04, 02, 
01, 00). 
Status error on set correction in the track correction test. 
Status error on READ 8KW and correct in the track correction test. 
error when reocfing forward with a track error forced. A correctable 
IE is expected. 
error when reading forward with 2 track errors forced. An 
un correctable IE is expected. 
Status error on sense in the track correction test. 
Information from sense is incorrect. (80, 40, 20, 10, 08, 04, 
02, 01, (0). 
Status error on set correction in the track correction test. 
Status error on READ FWD and correct in the track correction test. 
Information error verifying 100 bytes in the 8KW direction. 
Information error verifying 100 bytes in the FWD direction. 
Information error reading 8KW and correcting 100 bytes. 
InFormation error reading FWD and correcting 100 bytes. 

TST 1, 40 Operator Control Panel Test 
This test will check every switch on the operator control 
panel in the sequence specified by the program and verify the 
WRITE protect feature. Messages are printed describing the 
action required by the operator. 
Operator intervent ion requ ired. 

4001 Status error on writing a record designation unit 0, 1, 2, 3, 4, 
5, 6, 7. 

4002 Status error on reading BKW with designation unit 0, J, 2, 3, 
4, 5, 6, 7. 

4003 Information error reading 8KW record From unit 0, J, 2, 3, 4, 
5, 6, 7. 

4004 Status error on reading FWD with designation unit 0, I, 2, 3, 
4, 5, 6, 7 • 

.cOOS Information error reading FWD record from unit 0, I, 2, 3, 4, 
5,6, 7. 

4006 Status error when trying to WRITE on a unit with the WRITE ring 
removed. A WRITE protect is expected. ' 

.cOO? Status error when trying to WRITE '1 tope mark with the WRITE 
ring removed. A WRITE protect :, expected. 

4()()J No interrupt was received when the attention button ~as set by 
the operator. 
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4009 Status error on rewind and put off line. The device should be 
manual and the controller ready. . 

4010 TOV status incorrect. load paint and ready expected. 

RANDOM EXERCISER TEST AND RELATED ERROR MESSAGES 

TST2 RANDOM EXERCISER TEST 

This test provides a ~ns of operating a magnetic tape system with 
pseudo-random operation, order sequence, data pattern, '1/0 area, time 
delay, and record size for the purpose of detecting intermittent failures 
and exercising all tope units. All Potter units are rewound and put 
off-line at the end of test. 

The random exerciser test will report errors as they occur, but only as to 
the ,function that foiled. No error looping is provided except for limited 
retries. 

01 -= Number of cycles, set to 1000 IF O. 
02 = Number of error retries. 

From the random seed the following masks are used to get type of 
operation, word size of record, and time delay in milliseconds. 

X'OOOO3FFO' To get random'record word size 
X'OOIFOOOO' To get rondom time delay in milliseconds 
X'OOOOOOOF' To get random operation set 

Random Opera1 ion Sets 
o WRITE, WRITE, WRITE, WRITE, WRITE 
1 WRITE, WRITE, WRITE, WRITE, READ BKW 
2 WRITE, WRITE, WRITE, WRITE, Spoce BKW 
3 WRITE, WRITE, WRITE, READ BKW, READ BKW 
4 WRITE, WRITE, WRITE, READ 8KW, Space BKW 
5 WRITE, WRITE, WRITE, Space BKW, READ BKW 
6 WRITf, WRITE, WRITE, Space BKW, Space BKW 
7 WRITf, WRITE, WRITE, Space BKW, READ FWD 
8 WRITE, WRITE, WRITE, READ BKW, Space FWD 
9 WRITE, WRITE, READ 8KW, READ BKW, READ FWD 
A WRITE, WRITE, READ BKW, READ 8KW, Space FWD 
8 WRITE, WRITE, Space BKW, Space BKW, READ FWD 
C WRITE, WRITe, Space BKW, READ BKW, Space FWD 
o WRITE, READ 8KW, READ FWD, READ 8KW, READ FWD 
E WRITE, READ BKW, READ FWD, Space 8KW, READ FWD 
F WRITE, Space BKW, Space FWD, READ BKW,READ fWD 

Descriptive Error Messages 

Nate: Most of thos~ error messages listed under TSTJ may occur during 
TST2 
Terminating Message 
(Normally printed at the end of TSTO and printed at the end of 
TST2 if errors hove been detected) 

Device XXX X Perm WRT TAlY AAAA Temp WRT TAlY 8BBB 
Perm R 8 TAlY CCCC Temp R 8 TAlY DODD Perm RF 
TAlY EEEE Temp R F TAlY FFFF 

Device XXXX Reported the following errors: 
AAAA Permanent WRITE errors (retries unsuccessful) 
B88B Temporary WRITE errors (retries successful) 
ccce Permanent READ backward errors (retries 

unsuccessful) . 
OODD Temporary READ backward errors (retries 

successful) 
EEEE Permanent READ forward errors (retries 

unsuccessfu I) 
FFFF Temporary READ forward errors (retries successful) 

Random Exerciser Standard Error Messages 

Rand Word AAAAAAAA Dev. XXXX PASS HEX PPPPPPPP 
Foiling Seq: S,S,S,S,S 

Device XXXX Failed pass PPPPPPPP using random Data 
Seed AAAAAAAA while executing sequence of operations 
S,S,S,S.S 
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UTILITY TESTS 

T5T3 UTILITY TESTS 

The utility test routine allows the user to select a specific function and 
to control the data pattern (see data directive) and the record length 
(see 'LEN' directive). 
Parameters D 1 :: Utility test selection 

Dl ~ 1 tape test 
D 1 ~ 2 deskew test 
D 1 -= 3 sync on a character test 
D 1 :: 4 compatibi I ity and noise pattern test 
D 1 -= 5 read/space test 
D2 -= operations requested according to test 
D3 '" parameter requested according to test 
D4 .,., parameter requested according to test 

T5T3, 1 TAPE TEST 

This test allows the user to WRITE, READ forward, READ bockward, 
READ forward and then backward, or WRITE followed by rewind and 
READ forward and READ backward N records or until EOT is reached. 
Parameters D 1 -= 1 tape test 

Example 

D2 co 0 WRITE, rewind, READ forward, READ backward 
03 records 

1 WRITE D3 records 
2 READ forward D3 records 
3 READ backward D3 records 
4 READ forward and backward 03 records in 

sequence 
03 -= number of records to be written or read. 

If 03 -= 0 continue until EOT or BOT is reached 
04 -= delay in milliseconds between operation sets 
TST3, 1, 1, 1000, 5 
WRITE 1000 records with a 5 millisecond delay after 
each WRITE operation 

T5T3, 2 DESKEW UTILITY TEST 

This test is provided as a scoping aid during checking and adjusting 
the READ/WRITE skew. A pattern of all ones will be recorded as a 
continuous record. At EOT the tape will be rewound. 
Parameters D 1 -= 2 Deskew test 

Example 

D2 -= 0, 1 WRITE until EOT is reached and rewind 
2 READ forward until EOT and rewind 
3 READ backward until BOT is reached 
4 READ FWD till EOT, READ BKW till BOT, no 

rewinds 
5 capstan slippage exerciser 

03 = not used 
D4 -= not used 
TST3, 2, 2 
READ forward until EOT and rewind 

TST3, 3 SYNC ON A CHARACTE.R UTILITY 

This test is provided as a scoping aid by executing a unique I/O 
instruction (TDV) after the byte count specified in the test has been 
reached. 
Parameters 01 -= 3 SYNC on a character test 

D2 -= 1 READ forward and space record backward 
2 READ backward .and space record forward 

D3 -= Byte to SYNC on 
04 = Delay in milliseconds between SYNCS 

Example TSTJ, 3, 1, 375, 10 
READ forward 375 bytes, signal (TDV) and wait 10 
milliseconds. Space backward 

TST3, 4 COMPATIBILITY AND NOISE PATTERN TEST 

This test allows the user to WRITE, READ forward, READ backward, or 
READ forward and backward a predetermined incremented noise pattern. 
Parameters Dl =. 4 compatibility and noise pattern test 

02 -= 0, 1 WRITE, READ backward, and READ forword 
all records 

2 space forward, READ backward, READ forward 
all records 

3 READ forward, READ backward, space forward 
all records 

10. SIGMA 5-9 9-CHANNEl MAGNETIC TAPE 
TEST 

Example 

4 READ forward all records 
5 WRITE all records 

03 =. number of records (1-1500) 
04 =. not used 
T5T3,4, 5 
WRITE all records 

T5T3, 5 READ/SPACE TEST 

This test allows the user to READ or space N records with or without 
rewind. Only non-recoverable transmission errors will couse error 
printout, backspace and a holt . 
Parameters 01 -= 5 READ/space test 

Example 

D2 -= 0 rewind and READ FWD N records 
1 rewind and space FWD Nrecords 
2 don't rewind, READ FWD N records 
3 don't rewind, space FWD N records 
4 don't rewind, space BKW N records 

03 = number of records to READ or space 
04 -= 0 don't printout record 

1 printout record in error 
2 printout nth record 

TST3, 5, 0, 100, 1 
Rewind, READ 100 records, print error records 

OPTIONAL DIRECTIVES 

DATA The directive selects a pattern type to be used during the 
tape test (lSTJ, 1 only). 

Parameters 01 = pattern type 
o fixed pattern 
2 random pattern 
S bit crowding pattern 

02 = if D1 -= 0 fixed pattern 
if 01 = 2 random pattern seed 
if 01 -= 5 two track numbers 

03 = if 01 -= 5 byte string for 1st track 
04 = if 01 = 5 byte string for 2nd track 

Examples DATA, 2, 12876541 
Generate random pattern starting with seed 12876541 
DATA, 5, 37, FFOOFFOO, OOFFOCFF 
Generate a bit 'string FFO<FFOO on track 3, 
Generate a bit string OOFFOOFF on track 7 

LlMT The directive limits specific operation during execution 
of the test. 

Parameters 01 -0 limit type 
D2 = limit count 

01 =- 1 limit compore error printout 
D2 = number of compare errors to be reported in 

each record 
Example lIMT, 1, 5 

Report up to 5 compare errors for each record 

LEN This directive selects the byte length of the record to be 
used in the tape test (TST3, 1 only). 

Parameters 01 = byte length of record 
02 -= not used 
03 -= not used 
04 = not used. 

Example LEN, 980 
Generate 0 record of 980 bytes 
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11. SIGMA 5-9 1-CHANNEL MAGNETIC TAPE 

TEST 

SUBJECT MODEL -- Magnetic Tape Stations, Model numbers 7362, 7372, Magnetic Tape Controllers, Model numbers 7361/7365, 7371/7374. 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Card Reader, Paper Tope Reader or Magnetic Tape Unit; Output Device: 
Keyboard Printer or Line Printer_ 

PROGRAM PREREQUISITES 
None 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigmp 5 through 9 Diognostic Program Manitor (DPM) opply to this program. 

11·1 
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TEST 

DIRECTIVES - directives are entered after a It '" is typed out 

Parameter 

Name Format 
10 Definition Value Range 

Program Directives - Environmental DireCtives RW1/-1 .. 7122 
System Environment SYST, 01,02,03 01 Device station number /7362, 7365 (37.5 IV 
Example: [, D4, D5, D6, D7 7372, 7374 (75 IPS) 

SYST,7372,0,81,83,87 , D8,D9, DI0] D2 -=0 ..... 0 

Tape devices.81,83,87 03 V.alid lOP, controller and 

} CO -IFFFf 
on 7372 (75 IPS) device address of first unit 

SYST ,7362,0,80 04 Device address of 2nd unit 
Tape devices 80 on 
7362 (37.5 IPS) 

010 Device address of 10th unit 

Program Directives - Testing Directives 

Comprehensive Test TSTO,01,02 01 Number of loops on the 

} 0 - 99999999 
(all functional tests, random exerciser 
1 - 37 and random 02 Number ·of retries on the 
exerciser test) random exerciser 

Functional Test TST1 [,01,02 J 01 The first subtest to be executed 1-40 
02 last subtest to be executed 

Random Exerciser Test TST2,01,D2 01 Number of passes to be executed 0-99999999 
02 Number of retries if any errors 

Utility Test TST3,01 ,02[, 03, D41 01 = 1 Tape test 
02 -= ° Write, rewind, read 

forward, space backward 
03 records 

1 Write D3 records 
2 Read forward 03 records 
3 Space backward D3 records 
.. Read forward and space 

backward D3 records in 
sequence 

8 Write, rewind, read fwd, 
space backward D3 
records (BCD) 

9 Write D3 records (BCD) 
10 Reod fwd D3 records (BCD) 
12 Read fwd, space bkw D3 

records (BCD) 
03 -= Number of records to be 

written or read. If 03 -= 0 
continue until EOT or BOT 
is reached 

D4 -= Delay in milliseconds 
between operation sets 

01 ·co 2 Deskew test 
D2 - 0, 1 Write until EOT is 

reached and rewind 
2 Read forward until EOT 

and rewind 
3 Space backward until 

BOT is reached 
.. Reod fwd until EOT, space 

", bkw until BOT, no rewinds 
5 Capston slippage exerciser 

03 c Not used 
D4 - Not used 

01 - 3 Sync on a character test 
D2 J Reod forward and space 

record back ward 
2 Spoce backward and space 

record forward 
03 ~ Byte to sync on 
04 -:- £>E.lay in milliseconds 

between syncs 
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Standard Value 
(default) 

NOTE: 
Intermixing of 
tape stations of 
37.5 IPS and 75 
IPS during the 
functional test 
is not allowed 

If 01 = ° 
1000 loops and 
5 retries 
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DIRECTIVES (continued) 

Name 

Pattern selection 
(for Utility Test) 
(TST3, 1 only) 
Example: DATA, 2, 1287654 1 

Generate random 
pattern starting 
with seed 
12876541. 
DATA,5,36, 
FfOOFFOO, 
OOFFOOFF .• 
Generate a bit 
string FFOOFFOO 
an track 3. 
Generate a bit 
string OOFFOOFF 
an track 6. 

Byte length of record for 
TST3, 1 only 
Example: LEN,980 

Generate a 
record of 980 
bytes 

limitation 
Example: lIMT, 1,5 

Report up to 5 
compare errors 
for each record 

Format 

11. SIGMA 5-9 7-CHANNEL MAGNETIC TAPE 
TEST 

Parameter 

Stondard Value 
10 Definition Value Range (default) 

Program Directives - Testing Directives (Continued) 

01 ~ 4 Compatibility and noise . 
pattern test 

02 = 0, 1. Write, spoce backward, 
and read forward all records 

2 Space forward, space 
backward, read forward all 
records 

3 Read forward, space back-
ward, space forward all 
records 

4 Read forward all records 
5 Write all records 

03 = The number of records to be 
written (1 - 15(0) 

04 = Not used 
01 = 5 Read/space test 

02 = 0 Rewind and read fwd N 
records 

1 Rewind and space fwd N 
records 

2 Don't rewind, read fwd N 
records 

3 Don't rewind, space fwd 
N records 

4 Don't rewind, space bkw 
N records 

8 Rewind, read fwd N records 
with even parity, decimal 
(BCD) 

10 Don't rewind, read fwd with 
even parity, decimal (BCD) 

03 = Number of records to read or 
space 

04 -=0 Don't printout record 
1 Printout record in error 
2 Printout Nth record 

Program Directives - Optional Directives 

DATA, 01 ,H2 r,H3,H41 01 Pattern type 

}o.2.s 0= Fixed pattern 
2 = Random pattern . 
5 = Bit crowding pattern 

H2 Pattern seed (for 01 = 0, 2) 0- FFFFFFFF 
two track number (for D 1 = 5) 01 -78 

H3 Byte string for 1st track (for DI=5) }O -FffFfFFF 
H4 Byte string for 2nd track (for 01=5) 

-

LEN,DI 01 Byte length of record 0- (Function of memory 
size) 

LlMT,Dl,D2 01 Limit type 1 
1 = Limit compare error printout 

02 Number of compare errors to be 02 ~ 0 (No limit if 
reported on each record (for 0 I = I) 02 = 0) 

Note: Parameter of any directive beginning with a 0 means decimal, with an H means hexadecimal 

11-3 



11. SIGMA 5-9 7-CHANNEL MAGNETIC TAPE 
TEST· 

START PROCEDURE 

6ooP81 036 

,. Sense Switch Options, Monitor Directive Options, and Environmental Directives - Refer to DPM section of this manual. 
2. Test Strategy Selection 

Comprehensive Test Functional Test Random Exerciser Test Utility Test 

Recommended Normal Usage Solid Failure Detection Intermittent Failure Deskew adjustment 
Application and Specific Problem Detection Threshold check 

Analysis Capstan ramp adjustment 
Compatibility check 

Test Directive TSTO TSTl TST2 TST3 

Prerequisite None None TST1 TST) 

Optional Directives lIMT lIMT lIMT lIMT, LEN, DATA 

Subtests All function subtests 40 subtests (see error Random selection of See program 
(1-37) and rondom messoges for the test types) order sequence buffer directive TST3 
exerciser test length data. 

The identical operation 
is performed on each 
selected device in turn, 
then the next operation 
begins. 

Error Message Format 1. Error No. DODD Error No. DODD lOC Self-expfonotory Self-expl anotory 
lOC XXXX XXXX 

2. Self-explonatory 

PROGRAM TEST DESCRIPTION 

The following is a description of the tests contained in the Magnetic Tope Test program. 

TSTl Functional Test 

The functional test performs a systematic test of 011 logic functions of the 
tape controller and all tape devices specified by the SYST directives. 
The functional test consists of a number of subtests which may be selected 
individually or in groups. The functional tests con be run at any density 
if 75 IPS. The tape creep test (TSTl. 35) ond the gop length timing test 
(TSTl, 37) tolerance is set for 800 BPI. 

When a fault has been detected, automatic error looping thru sense switch 
control is implemented whenever possible. Write and read retries will 
only be done in the data test (TSTl, 33). 

For a description of individual subtesh refer to the Functional Subtest and 
Related Error Messages Section. Each sub test is preceded by a test 
descript ion. 

TST2 Random Exerciser Test 

This test provides a means of operating a Magnetic Tope System with 
pseudo-random operation, order sequence, dato pattern, I/O area, time 
delay, and record size for the purpose of detecting intermittent failures 
and exercising all tope units. The random exerciser test will report 
errors os they occur, but only as to the function that. foiled. No error 
looping is provided except for limited retries. 

11-4 

TST3 Utility Test Routines 

The utility test routine allows the user to select a specific function and 
to control the data patiern (see DATA directive) ond the record length 
(see 'LEN' directive). The utility tests can be run at any density if 75 
IPS. 

1. Tape Test . 
This test allows the user to write, read forward, read backward, read 
forward and then backWOf"d, or write followed by rewind and read 
forword and read backward N records or until EOT is reached. 

2. Deskew Test 
This test is provided os 0 scoping aid during checking and adjusting the 
reod/write skew. A pottern of all ones will be recorded as a continuous 
record. At EOT the tape will be rewound. 

3. Sync On Character Test 
This test is provided os 0 scoping aid by executing a unique I/O 
instruction (TDV) after the byte count specified in the test has been 
reached. 

.... Compatibility and Noise Pattern Test 
This test allows the user to write, read forward, read backward, or 
read forw(ud and ba·ckword a predetermined incremented noise pattern. 

5. Read/Space Test 
This test allows the user to write, read, or space N records, with or· 
without rewind. Only nonrecoverable transmission errors will couse 
error printout, backspace, and a halt. 
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ORDER CODES 

X'Ol' Write packed (binary) 
X'02' Read pocked (binary) 
X'05' Write (binary) 
X'06' Repd (b i nary ) 
X'OD' Write decimal (BCD) 
X'OE' Read decimal (BCD) 
X'13' Rewind and interrupt 
X'23' Rewind off line 
X'33' Rewind 
X'43' Space record forward 
X'4B' Space record backward 
X'53' Space file forward 
X'5B' Space file backward 
X'63' Set erase 
X'73' Write tope mark 

mv STATUS 

MODEl 0 1 

7362/72 Rate Error Write 
Permitted 

AID STATUS 

MODEL 0 1 

7362/72 Rate Error Device End 

2 3 

Write End of File 
Prote ct Error 

2 3 

Write End of File 
Protect Error 

11. SIGMA 5-9 7-CHANNEL MAGNETIC TAPE 
TEST 

BITS 

4 5 6 7 

Not Used Load Point End of Tape Rewind 
On-line 

BITS 

4 5 6 7 
I I I .. NOT USED .. 
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FUIClllNAL SUBlESlS AND RELATED ERROR MESSAGES 
FAULT INDEX DESCRIPTION - FUNCTIONAL SUBTESTS 

The fault index contains a brief description of each Functional subtest and a list of associated error numbers with a brief description of each error. The 
subtests and error numbers are arranged in ascending sequence. The description of subtest NN is numbered NNOO. The first two digits of the error 
numbE'f correspond to the associated subtest; the lost two numbers correspond to the individual errors within the subtest. 

TSII, 1 AIO, HIO, TlO, TOV Test - Check the ability of the 7-track 
mag tope system to correctly respond to the AIO, HIO and the 
TOV instructions. AIO will only check the no interrupt pend­
ing condition. Verify address recognition ond status response 
to these instruction·s. Any error in' this test may indicate a 
possible problem in the sub-controller area. 

0101 AIO condition code error. No interrupt recognition expected. 
0102 H 10 condition code or status ertor. See printout. 
0103 TlO condition code or stat;;s error. See printout. 
0104 TOV condition code or status error. See printout. 

TSTl, 2 Invalid Order r"est - Check the invalid order detection by 
issuing two SIO's with invalid order codes (X'OC', X'03). 
This test is designed to check order decoding, order-output 
and order-input phases in the controller and unusual end 
detection. The remaining byte count will be tested to verify 
that no data phases were executed. Check the ability of the 
HIO to reset UE condition. 

0201 510 for invalid order not accepted. Condition code error. 
0202 SIO for invalid order status error. UE and no interrupt pending 

expected (read backward). 
0203 HIOdid not reset interrupt pending bH in status. 
0204 SIO for invalid order ;10t accepted. Condition code error. 
0205 SIO for inval id order status error. UE and no interrupt pending 

expected (set correction). 

T511, 3 Erose Order Test - Check the execution of the first valid 
order. This test is designed to further check order decoding, 
order-output and order-input phases in the controller, and 
order termination without unusual end. The remaining byte 
count will be tested to verify that no data phases were 
executed. The status response will be tested. 

0301 SIO condition code error on set erase. 
0302 TlO status error on s'et erase. No UE or byte count reduction 

are expected. No data phases executed. 

TST 1, 7 Interrupt on UE, CE and A 10 - Check the ability of the 
controller to generate on interrupt on unusual end and channel 
end using a read backward and the set erose order in that 
sequence. Check the execution of the A 10 instruction. 
Verify that AIO and HIO can reset the interrupt pending 
condition. All status responses will be tested. 

0701 SIO for invalid order condition code error (read bkw. UE set). 
0702 No UE interrupt on invalid read backward with UE set. 
0703 No UE set on AIO after invalid order or interrupt pending not 

reset after A 10. 
0704 SIO for set erose condition code error (erase, CE set). 
0705 No CE interrupt on erase with CE set •. 
0706 No interrupt pendi ng set after H 10 follow i ng the erase order •. 
0710 HIO status response error following AIO. UE or IP should not be 

set. 
0711 TlO status response error following HIO. IP should not be set. 

TST1, 81/0 Interrupt Test - Check the ability of the lOP and CPU to 
interrupt the program whenever an interrupt co" is generated 
by the controller. Verify proper operation of interrupt arm/ 
disarm and enable/disable modes. 

0801 TlO status response error after on inval id order. If' and UE s~ould 
be set (read bkw, UE set with INT disarmed). 

0802 TlO status response error after interrupt armed and disabled. 
0803 No interrupt received on invalid order with UE set after interrupt 

armed and enabled. 

TSTJ·, 9 Command Chaining - Test the command chaining ability of the 
controll~r by issuing a set erose/read backward order sequence. 
Test the termination of the command chaining sequence by , 

. issuing a read-bkw/set erose order sequence. All status 
responses will be tested. 

0901 SIO condition code error on command chaining order (erose read 
backward). 

0902 No interrupt on command chaining erose, read backward. 
0903 The lost double word address is incorrect on command chaining. 

The address should be read backward. 
0904 SIO condition code on command chaining order (read bkw, sense). 
0905 No interrupt received on command chaining read bkw, erose. 
0906 The last double word address is incorrect on command chaining. 

The address should be read backward. 

TST 1, 11 Rewind Test - Check the execution of a rewind on-I ine order. 

1101 
1102 
1103 
1104 
1105 
1106 
1107 

The test will verify that the tope is positioned at load point 
ofter completion of the rewind order. Check the execution 
0(0 rewind and interrupt order. This test will verify that the 
tape remains at load point and that the device initiates on 
interrupt request. Verify that on AIO and HIO instruction 
can reset the interrupt pending condition in the tape 
controller and the tope station. Verify that device end status 
is returned during the AIO. All status responses '!IVili be 
tested. 

TOV status error after rewind on line. 'No load point bit set. 
T 10 status error after rewind and interrupt. No interrupt pend set. 
TIO stotus error after HIO on rewind with interrupt. 
TIO status error after rewind with interrupt. Inter/pend not set. 
AIO status error after rewind with interrupt. Device end not set. 
TlO status error after AIO. Interrupt pending not reset. 
TOV status error after rewind with interrupt. No load point set. 

TSl1, 12 Space Record and File Backward from BOT Test - Check the 
execution of space record and space file orders in the back­
ward direction with tope positioned at load point. Verify 
that the controller responds with unusual end, end of file 
(TOV and AIO) and load point status; The test will check 
thot the tope remains at load point. The byte count for all 
orders specified must remain unchanged. 

1203 No interrupt on space backward at load point. (BC - 2) 
1204 TlO or TOV status error on space bkw at load point. UE, load 

point, and BC -= 2 expected. 
1205 No interrupt received on space file backward at load point. 
1206 TlO or TOV status error on space file bkw at load point. UE, load 

point, and no EOF expected. 

T511, 13 Write Tope Mark Test at BOT - Check the execution of a 
write tope mark order. The test will verify that tope can be 
moved off. load point and that the order can be terminated 
with both controller and station returning to ready. If tope 
run-away, issue HIO. Rewind tope and test load point. End 
of file status will not be tested. The byte count for the order 
must remain unchanged. 

1301 No interrupt on write tope mark ot load point. (CE and 8C'2 set) 
1302 TIO or TOV status error on write tope mark at load point. EOF 

and BC - 2 expected. 

TST 1, 14 Space Record Forward Test - Check the execution of a space 
forward order. The test will verify thot tope can be moved 
off the load point and that the order can be terminated with 
both controller and station returning to rE-ady. If tape run­
away, issue HIO. Rewind tape and test For load point. End 
of file and unusual end status will not be tested. The byte 
count for the order must remain unchanged. 
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TSH, 14 (Continued) 

~401 No interrupt received on write tope mark after rewind. 
~402 No interrupt received on space forward over a tope mark at load 

point. (CE and BC 2 set) 
1403 Byte count on space fwd at load point error. Should be 2 
1404 TlO status error on space fwd at load point. No error expected. 

TST1, 15 Write Test (Byte 1 to 64) - Check the execution of write 
orders using X'FF' as data pattern and a starting at a byte of 
one up to a maximum byte count of 64. The test will ."erify 
that tape can be moved off the load point, that the order can 
be terminated with both controller and tope station returning 
to ready, that a data-output operation is actually performed, 
and that the byte count is always reduced to zero. Verify 
that incorrect length is not detected. Rewind tope and test 
for load point. 
TE (transmission errors) not checked in this test. 
Interrupt on zac checked in this subtest. 

1501 TlO or TOV status error on write records 1-64 byte length. No 
incorrect length or UE expected, BC ~ 00. 

1502 No interrupt recei."ed on writing 64 bytes with interrupt on ZBC. 
1503 AIO or TlO status error on writing 64 bytes with interrupt on ZBC 

set. 

TST 1, 16 Read Test - Test the execution of read orders using a starting 
byte count of one up to a ma~imum count of 64. Write 64 
records with a fixed byte count of 100 bytes (pattern = X'FF') 
and rewind tope. This test will check the response to a read 
forward operation (off load point, order transmission, data. 
input operation, byte count reduced to zero). Rewind tope 
and test load point. 
TE (Transmission errors) not checked in this test. 

1601 TlO or TOV status error on writing 100 bytes all bits on. No 
incorrect length or UE expected, BC = 00. 

1602 TlO or TOV status error on read forward 100 bytes all bits on with 
byte count 1-64. Incorrect length and no IZC expected. 

11. SIGMA 5-9 7-CHANNEL MAGNETIC TAPE 
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2101 TlO or TOV status error on writ:"g 100 bytes all bits on. 
2102 TIO or TOV status error on spat-ing forward over 100 bytes at load 

point. 
2103 TlO or TOV status error on spacing backward over .100 bytes one 

record beyond "load point. No UE or load point expected. 
2104 TlO or TOV status error on spacing backward one record at load 

point. UE and load point expected. 
2105 TlO or TOV status e·rror on spacing forward over 100 bytes all bits' 

on. No UE or error expected, BC = 00. 
2106 TlO or TOV status error on spacing backward over 100 bytes all 

bits on. No UE or error expected, BC·= 00. 

TSTl, 22 Write Tope Mark Test - Write N tope marks and verify thot 
end of file status is reported after each order. All tape 
marks are read forward and space bkw. 

2201 TIO or TOV status error on writing a tape mark. Tape mark and 
no UE expected. 

2202 TlO or TOV status error on spacing backward over 100 tape marks. 
Tape mark and UE expected. 

2203 TlO or TOV status error on reading forward over 100 tape marks_ 
T ape mark and UE expected. 

2204 Timeout error while command chaining set erose and space back­
ward. No interrupt received from set erose or TM flog missing 
when spacing over aTM. 

2205 TlO or TOV error when command chaining set erose and space 
backward over a tope mark. UE and T M expected. 

TSTl, 23 Write Tope Mark - Space File and Space Record Test - Write 
N tope marks and rewind to load point. Space file in the 
forward direction and verify end of file and no unusual end 
status. Space file backward and check end of file and no 
unusual end. Space file backward again and check end of 
File, beginning of tape and no unusual e~d. Verify all other 
status. Verify that unusual end and end of file status is 
reported when spacing or reading over a tope mark. Write 
N records followed by a tope mark. Verify space record in 
both directions. 

TSTl, 18 Write Read Oato Test - Write N records with a fixed byte 2301 TlO or TOV status error on writing a tape mark. Tope mark and 
no UE expected. count and data pattern of X'FF'. Rewind tope and read N 

records in the forward direction. Verify that data can be 2302 
recorded and read from each track. 
TE (transmission errors) not checked in this test. 2303 

1801 TlO or TOV status error on writing 100 bytes all bits on, No 2304 
incorrect length or UE expected, BC-= 00. 

2305" 

TSTl, 19 Write, Read Oata Test (Oata X'QO' to X'20') - Write N records 2306 
with a fixed byte count and the current data pattern data will 
be varied from X'OO' thru X'20'. Rewind tope and read N 2307 
records in the forward direction. Verify for each pass that only 
one track contains information and that all other tracks are 2308 
zero. After each pass, loop on the data pattern which has 
caused on error and continue testing until a successful pass has 
been made. 

TlO or TOV status error on space file forward. Tope mark and no 
UE expected. 
TlO or TOV status error on space file backward. Tape mark and 
no UE expected. 
TlO or TOV status error on space file backward at load point. 
load point, tope mark, and no UE expected. 
TlO or TOV status error on writing a record 100 bytes. No error 
expected, BC = 00. 
TlO or TOV status error on writing a tape mark. Noerror 
expected, tope mark. 
TlO or TOV status error on spac ing backward over a tope mark. 
UE and tope mark expected. 
TIO or TOV status error on spacing forward over a tape mark. UE 
and tope mark expected. 

1901 Write, Read forward, or information errors when saturating one track. 
100 records of 100 bytes pattern 00, 01, 02, 04, 08, 10, 20. 

TSTl, 24 Tape loop Test - Rewind with command chain. Write with 
data chain 27,000 words, Ipop bock to rewind. This sequence 
is repeated 10 times in on effort to cause the tope to loop out 
in the vacuum columns. 

TSTl, 20 Set Erose-Write Test - Check the capability of the tope station 2401 
to skip over an area on the tope by checking the delay between 
the start of the write order and the start of the data transfer. 

TlO or TOV status error after rewinding and writing 0 record of 
27.000 words, looping 10 times. No error expected. 

2001 
2002 
2003 

Erose time set too long. See message printout. 
Erase time set too short. See message printout. 
No interrupt on zero byte count occurred within 9ms. 

TSTl, 26 Incorrect Length Test - Write a record and read in the forward 
direction using a byte count - 1, byte count 1-. I for the read 
orders. Verify incorrect length and all other status 
indications. Suppress incorrect length feature in the lOP 

TST 1, 21 Write, Space FWD and BKW Test - Write N records with a fixed 
byte count. Rewind tope to load point. Space one record in the 
forward and backward direct ion. Space another record in the 2601 
backward direct ion and check load point indicator. Space N 
records in the forward direction and then the reverse direction. 2602 
Check all status response. Rewind to load point. 

will also be tested. 

TlO or TOV status error on writing 96 bytes all bits on. 
expected, BC ~ 00. No incorrect length. 
TlO or TOV status error on spacing a record backward. 
expected. 

No errors 

No error 
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TSTl, 26 (Continued) 

2603 TIO or TOV status error on reading a record forward. No error 
expected. BC 0 00. No incorrect length. 

2604 TlO or TOV status error on spacing a 96 byte record backward. 
No error expected. 

2605 TlO or TOV status error on reading a 96 byte record forward with 
o BC 95 incorrect length, UE and BC - 00 expected. 

2606 TlO or TOV status error on spacing a 96 byte record backward. 
No error expected. 

2607 TlO or TOV status error on reading a 96 byte record forward with 
suppress inc length, BC = 97. Inc. length BC - I, no UE 
expected. 

2608 TlO or TOV status error on spacing bkw over record. No UE 
expected. 

2609 TlO or TOV status error on reading forward a 96 byte record 
with suppress inc. length, BC 95. Inc. length, BC 0, 
no UE expected. 

TST!, 27 Oata Chaining Test - Test the data chaining capability of 
the lOP using write and read orders. 

2701 

2702 

2704 

2705 

TlO or TOV status error on writing 2 bytes data chain 94. No 
errors expected, BC- 00. 
TlO or TOV stotus error on spacing backward over record (2 
bytes data chain 94). No error expected. 
TIO or TOV status errors on reading forward 48 bytes data chain 
48 bytes. No error expected, BC = 00. 
Information error on reading a record fwd 48 bytes data chain 48. 

TST!, 28 Byte Boundary Test - This test performs read and write opera­
tions from all possible memory boundaries. 

2801 

2802 
2804 

2805 

2806 

2807 

2809 

2810. 

no or TOV status error when writing from WA, WA+ I byte, 
WA+2 bytes, WA+3 bytes. 
TIO or TDV status error an spacing backward. No error expected. 
TIO or TDV status error when reading fwd into WA, WAf I byte, 
WA+2 bytes, WA+3 bytes. 
Information error when reading fwd into WA, WAf I byte, WA ~2 
bytes, WA+3 bytes. 
TlO or TOV status error on writing a record 4,16,32,64 •••• bytes 
in length. 
TIO or TDV stotus error on spacing bkw over 4, 16,32,64, 128 •••• 
bytes in length. 
TlO or TOV status error on reading a record fwd 4, 16,32,64 •••• 
bytes in length. 
Information error on reading forward 4,16,32,64 •.•• bytes. 

1ST!, 29 Oecimal (BCD) Mode Data Test - This test will write data 
using translation. The data will be read and the information 
verified with and without translation. Transmission errors 
will be expected on reading without translation. 

2901 TlO or TDV status error when writing the BCO character set. No 
error expected. 

2902 TIO or TDV status error when spacing backward over BCO record. 
No error expected. 

2903 TIO or TDV status error when reading the BCD choracter set. No 
error expected. 

2904 Information error on the BCD character set record. 
2905 TlO or TDV status error when spacing over the BCD character set. 
2906 TlO or TDV status error when reading tre BCD character set with­

out translation. Transmission errors expected. 
2907 Information error on BCD record read without translation. 
2908 TlO or TDV error when writing a 4 byte record chec:king zero 

translation. No error expected. 
2909 TlO or TDV error when spacing bkw over zero translation record. 
2911 TlO or TDV error when reading 4 byte zero translation record. 

No error expected. 
2912 Information error on zero translation record. Information ('xpe.cted 

X'FOFOFOFO' • 
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TSTl, 30 Binary Mode Data Test - This h.'st will write data using the 
binary mode. The data will b, read and the information 
verified with and without translation. Transmission errors 
will be expected on reading with translation. 
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3001 TlO or TOV status error when writing a binary record X'OO'-X'3F'. 
3002 TIO or TOV status error when spacing bkw over binary record. 
3003 TlO or TDV status error when reading a binary record X'oo'-X'3F'. 
3004 Information error on reading binary record X'OO'-X'3F'. 
3005 TlO or TOV status error spacing bkw over binary record. 
3006 TlO or TOV status error when reading binary record with BCO. 

T ransmi ssion error expected. 
3007 Information error when reading binary record with 8CO. 

TST!, 31 Packed 8inary Oata Test - This test will write data X'OO' -
X'FF' using the pocked binary mode. The data wi II be read 
and verified. This subtest will be bypassed if not applicable 
to the system. 

3101 TlO or TDV status error when writing a packed binary record 
X'OO' - X'FF'. No error expected. 

3102 TlO or TDV status error when spacing bkw over a packed binary 
record X'OO' - X'FF"'. 

3103 TlO or TDV status error when reading a packed binary record 
X'OO' - X'FF' • 

3104 
3105 

3106 

3107 

3108 

Information error when reading a packed binary record. 
no or TDV status error writing pocked binary record of 6,7,8 
bytes to test the packed binary end condition. 
no or TDV status error when spacing bkw over packed binary 
record. 
no or TDV status error reading a packed binary record of 6,8,9 
bytes to test the end condition. 
Information error on packed binary record checking end condition. 

TSTl, 32 lRC Test - Check the ability to set all bits in the lRC 
character. The lRC will be tested in the packed binary, 
binary, and decimal (BCD) made. Any section not applicable 
to the unit being tested will be bypassed. 

3201 TlO or TDV status error writing a packed binary record to set one 
bit at a time in the lRC character. 

3202 no or TDV status error spacing bkw over packed binary record. 
3203 TlO or TDV status error reading a packed binary record to set one 

bit at a time in the lRC character. 
3204 Information error on packed binary record that sets a bit at a time 

in the lRC character. 
3205 TIO or TDV statu,> error writing a binary record to set one bit at a 

time in the lRC character. 
3206 TlO or TOV status error spacing backward over a binary record. 
3207 TlO or TDV status error reading a binary record to set one bit at a 

tlme in the lRC character. 
3208 Information error on binary record that sets a bit in the lRC. 
3209 TlO or TDV status error writing a BCD record with a blank lRC, 

then sets a particular bit and the parity bit in the lRC char. 
3210 TlO or TOV status error spacing bkw over BCO record. 
3211 TlO or TDV status ~rror reading the BCD record with a blank lRC, 

then sets a particular bit and the parity bit in the lRC char. 
3212 Information error reading a BCD record with a blank lRC, and 

particular bits in the lRC character. 

TSTl, 33 Oata Test Noise Patterns and Bit Crowding - This test will 
write and read variable data patterns. The sequence will 
always be write, space reverse and read forward. The record 
size will be varied after each record. Noise sensitive and 
bit crowding data pattern will be used. Write and read 
retries will be allowed. 

3301 TlO or TOV status error on writing an incremented record with 
saturated tracks and noi se pattern. 

3302 TlO or TDV status error on space backward over an incremented 
record with saturated tracks and noise patterns. 

3303 TlO or TOV status error on reading forward an incremented record 
with saturated trod,s and noise potterns. 

3304 Infofmation error on reading forward an incremented record with 
saturated tracks and noi~e patterns. 

TSTl, 34 Ready - Busy Test - Check the busy condition after isslJance 
of on order. The test will aim attempt to i1Sue an SIO to a 
busy controller and to a ready controller and a busy station. 
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Tsn. 
3401 
3402 
3403 
3404 
3405 
3406 
3407 

34 (Continued) 

TlO error. Device should be busy while writing 1000 bytes. 
No interrupt received after writing 1O00 bytes. 
TlO or TOV status error on writing a 1O00 byte record. 
TlO error. Controller should be busy while reading 1000 bytes. 
No interrupt received after reading a· record bkw. with 1000 bytes. 
SIO error. Controller should be busy on initiating rewind. 
TlO error. Device should be busy on rewinding. 

TSTJ, 35 Tope Creep Test - This test will write one record followed by 
a set erase order and another write order. A space record 
backward and rewrite sequence will now be repeated N times. 
After reading and verifying the data of the first record, read 
the second record and compute the delay between the start of 
the read order and the start of the data transfer. The direc­
tion of the creep will be determined by comparing the delay 
to the original value. The tolerance is set for 800 BPI if 75 
IPS. 

3501 TIO or TOV status error on writing a 96 byte record. 
3502 TlO or TOV status error when writing a 12 byte recOrd. 
3503 TlO or TOV status error when writing a 12 byte record. 
3504 TlO or TOV status error when spacing backward over a 12 byte 

record. 
3505 TlO or TOV status error spacing backward over 96 bytes. 
3506 TlO or TOV status error reading a 96 byte record. 
3507 Information error reading a 96 byte record. 
3508 Tape creep tolerance exceeded in the tope creep t~st. 
3509 Tape creep negative in the tape creep test. 

TSTl, 36 Erase Verification Test - This test will test the erase order by 
rewinding tope and then writing N one byte records. The 
records are followed by a tape mark. After a rewind, write 
one record, set erase, and write one record. The tape is 
rewound. The records are counted to verify the erase order 
execution. 

3601 The erose order did not remove the correct number of records when 
verifying the erase order. 

TSTl, 37 Gop length Timing Test - This routine verifies gap timing and 
is intended as a scoping aid for adjusting the forward and 
reverse ramp. The test can only be run on a system with a 
real time dock. The tolerance is set for 800 BPI if 75 IPS. 

3701 TlO or TOV status error writing 12 bytes in th e I.R. G . Test. 
3702 TIO or TOV status error on spacing backward over 12 bytes. 
3703 TIO or TOV status error writing 12 bytes in the I.R.G. test. 
3704 Tio or TOV status error on spacing backward over 12 bytes. 
3705 I.R.G. time is incorrect. See printout. 

TSTl, 38 End of Tape Test - This test will continue to write N records 
until the end of tape indicator is detected. One additional 
record will be recorded and the EOT condition will be 
verified agoin. Two records wiH be spaced in the backward 
d;rection. After the second space, the EOT indicator should 
be reset. The tape will be rewound. 

3801 
3802 

3803 

3804 

TlO or TOV error writing 1000 bytes in the end of tope test. 
TlO or TOV error writing 1000 bytes beyond EOT indication. End 
of tape flag should be set. 
TlO or TOV status error spacing backward over 1000 bytes at EOT. 
EOT flag should be set. 
TlO or TOV status error spacing bkw. over 1000 bytes near EOT. 
EOT nag should be reset. 

11. SIGMA 5-9 7-CHANNEL MAGNETIC TAPE 
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4006 Status error when trying to writ,> on a unit with the write ring 
removed. A write prot.ect is E.xpected. 

4007 Status error when trying to write a tape mark with the write ring 
removed. A write protect is expected. 

4008 No interrupt was received when the attention button was set by 
the operator. 

4009 Status error on rewind and put off line. The device should be 
manual and the controller ready. 

4010 TOV status incorrect. load point and ready expected. 
4013 The density dial is set incorrectly or the actual density of the 

1000 byte record was incorrect. 
4014 TlO or TOV statu~ error on writing a 96 byte record with the 

density dial set to a particular density. 
4015 TIO or TOV status error on spacing backward avera record with 

the density dial set at a particular density. 
4016 TIO or TDV status error reading 96 bytes with the density dial set 

. at a particular density. 
4017 Information error on the 96 byte record read with the density dial 

set at a particular density. 

TST2 RANDOM EXERCISER TEST 

This test provides a means of operating a magnetic tape system with 
pseudo-random operation, order sequence, data pattern, I/O area, time 
delay, and record size for the purpose of detecting intermittent failures 
and exercising all tape units. 

The random exerciser test will repart errors as they accur, but only as to 
the function that failed. No error looping is provided except for limited 
retries. 

Parameters 01 ::: Number of cycles, set to 1000 if 0 
02 = Number of error retries 

From the random seed, the following masks are used to get type of 
operation, word size of record, and time delay in milliseconds. 

X'OOOO3FFO' To get random record word size 
X'OO1FOOOO' To get random time delay in milliseconds 
X'OOOOOOOF' To get random operation set 

Random Operat ion Sets 

o Write, write, write, write, write 
1 Write, write, write, write, space bkw 
2 Write, write, write, space bkw, space bkw 
3 Write, write, write, space bkw, read fwd 
4 Write, write, space bkw, read fwd, space bkw 
5 Write, write, space bkw, space bkw, read fwd 
6 Write, write, space bkw, space bkw, space fwd 
7 Write, space bkw, read fwd, write, write 
8 Write, space bkw, read fwd, write, spoce bkw 
9 Write, space bkw, write, space bkw, read fwd 
A Write, space bkw, read fwd, space bkw, write 
B Write, Space bkw, read fwd, space bkw, read fwd 
C Write, space bkw, space fwd, write, write 
D Write, space bkw, write, space bkw, space fwd 
E Write, space bkw, read fwd, space bkw, read fwd 
F Write, space bkw, space fwd, space bkw, read fwd 

TST3 UTI LIlY TESTS 

The utility test routine allows the user to select a specific function and 
to control the data pattern (see data directive) and the record length (see 
'LEN'directive). 

TSTl, 40 Operator Control Panel Test - This test will check every Parameters Dl -= Utility test selection 
01 '" 1 Tape test 

4001 
4002 
4004 
4005 

switch on the operator control panel in the sequence specified 
by the program and verify the write protect feature. 

Status error on writing a record designating unit 0,1,2,3,.4,5,6,7. 
Status error spacing bkw. with unit designation 1,2,3,4,5,6,7. 
Status error on reading fwd. with desigNltion unit 0, 1,2,3~4,5,6,7. 
Information error reading fwd. record from u~H 0,1,2,3,4,5,6,7. 

01 ::: 2 Deskew test 
01 ::: 3 Sync an a character test 
01 ::: 4 Compatibility and noise pattern test 
01 ::: 5 Read/space test 
02 ::: Operations requested according to test 
03 ::: Parometer requested according to test 
D4 ::: Parameter requested according to test 

11-9 
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TST3, 1 Tope Te~t 

Thi~ te~t allows the user tel write, read forward, space backward, read 
forward and space backward, or write followed by rewind, read forward 
and space backward N records or until EaT is reached. 

Parameters 

Example 

01 - 1 Tope Test 
02 - 0 Write, rewind, read forward, space backward 03 

records 
1 Write 03 records 
2 Read forward 03 records 
3 Space backward 03 records 
4 Read forward and space backward 03 records in 

sequence 
8 Write, rewind, read fwd, space bkw 03 records 

(BCD) 
9 Write 03 records (BCD) 

10 Read fwd 03 records (BCD) 
12 Read fwd, ~pace bkw 03 records (BCD) 

03 = Number of records to be written or read. If 03=0 
continue until EaT or BOT is reached. 

04 = Delay in milliseconds between operation sets 

TST3, 1, 1, 1000, 5 
Write 1000 records with a 5 millisecond delay after each 
write operation. 

TST3, 2 Deskew Utility Test. 

This test is provided as a scoping aid during checking and adjusting the 
read/write skew. A pattern of all ones will be recorded as a continuous 
record. At EaT the tope will be rewound. 

Parameter 

Example 

11-10 

01 = 2 Deskew test 
02 = 0, 1 Write until EaT is reached and rewind 

2 Read forward until EaT and rewind 
3 Space backward until BOT is reached 
4 Read fwd until EaT, space bkw until BOT, no 

rewinds 
5 Capstan slippage exerciser 

03 = Not used 
D4 = Not used 

TST3~ 2, 2 
Read forward until EaT and rewind. 
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TST3, 3 Sync on a Character Utility Test 

This test is provided as a scoping aid by executing a unique tlO instruction 
(TOV) after the byte count specified in the te~t has been reached. 

Parameters 01 = 3 Sync on a character test 

Example 

02 = 1 Read forward and ~pace record backward 
03 = Byte to sync on 
D4 -: Delay in milliseconds between syncs 

TST3, 3, 1, 375, 10 
Read forward 375 bytes, signal (TOV) and delay 10 
mill iseconds. Space backward. 

TST3, 4 Compatibility and Noise Pattern Test 

This test allows the user to write, read forward, read backward, or read 
forward and backward a predetermined incremented noise pattern. 

Parameters 01 =4 Compatibility and noise pOttern test 

Example 

02 = 0, 1 Write, space backward, and read forward all 
records 

2 Space forward, space backward, read forward all 
records 

3 Read forward, space backward, space forward all 
records 

4 Read forward all records 
5 Write all records 

03 = Not used 
D4 = Not used 

TST3, 4, 5 
Write all records. 

TST3, 5 Read/Space Test 

This test allows the user to read ar space N records, with or without 
rewind. Only non-recoverable transmission errors will couse error 
printout, backspace, and a holt. 

Parameters 01 = 5 Read/space test 

Example 

02 = 0 Rewind and read fwd N records 
1 Rewind and space fwd N records 
2 Don't rewind, read fwd N records 
3 Don't rewind, space fwd N records· 
4 Don't rewind, space bkw N records 
8 Rewind, read fwd N records with even parity, 

decimal (BCD) 
10 Don't rewind, read fwd with even parity, decimal 

(BCD) 
03 "" Number of records to read or space 
04 = 0 Don't printout record 

1 Printout record in error 
2 Printout Nth record 

TST3, 5, 0, 100, 1 
Rewind, read 100 records. Printout error record. 
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12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 

TEST (744X!745X) 

SUBJECT MODEL -- line Printer Model Numbers 3451, 7440/7445, 7441, 7446, 7450, 7442 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; In~t Device: Card Reader, Paper Tape Reader or Magnetic Tope Unit; 
Output Device: Keyboard Printer or line Printer 

PROGRAM PREREQUISITES 
The vertical format tope must be removed when running the function test (TSTl) on model 7441. 7446, and 7442 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (DPM) apply to this program. 
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SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X/"l45X) 

DIRECTIVES - directives are entered after a "'" is typed out 

Parameter 

Name Format 
ID Definition Value Range 

Program Directives - Environmental Directives 

System Environment SYST, 01, X2, X3 01 Device model number 7440, 7441,7442,7445 
7446, 7450, 3451 

X2 Revision number of controller o for oil printers 
X3 lOP and Device address 01 - IF7F 

Program Directives - Testing Directives 

Comprehensive Test TSTO 
(all functional tests, 
1 - 73, and random 
exerciser test) 

Functional Test TSTl (,01 r,D2Jj 01 The first subtest to be executed o (all subtests) - 73 
02 lost subtest to be executed 

Random Exerciser Test TST2, 01 01 Number of cycles to be performed 01> 0 

Utility Test TST3, 01, 02, 03, 04 01 = 0 Hammer registration 02 Not entered -= 
Print continuously 

D2=line count 02=0 Print 1 line 
02;'0 Print 02 lines 

= 1 Checkerboard pattern 02 Nat entered=Print 
continuously 

D2=Line count = 0 Print 1 line 
"10 Print 02 lines 

= 2 Ripple pattern 02 Not entered=Print 
continuously 

D2=line count -= 0 Print 1 line 
"10 Print 02 lines 

= 3 Printer speed test 7450 Only 
D2=Character set count 1 ~ 02 .. 63 
7450 ONLY 

= 4 Printer load test 02 Not entered=-Print 
continuously 

D2=line count -= 0 Print I line 
10 Print 02 lines 

= 5 Broadside pattern 02 Not entered=Print 
continuously 

D2=line count = 0 Print I line 
10 Print 02 lines 

=- 6 Selectable pattern/position 02 Not entered=Print 
(Data determined by DATA continuously 
directive) 02=0 Print I line 
D2-=Number of I ines to be D2/0 Print 02 lines 

printed 
03-0 Print continuous 

D3o-Number of lines to be lines 
printed as a group IONo. lines/group 

D4=-Number of blank lines 0<,;04 
between groups 

= 7 Space lines (space orders 
are issued to each of the 15 
possible positions in sequence) 

= 8 Channel search 02 Not entered Skip 

D2Chonnei number to all channels in 
sequence 
0" 02 <,; 7 

~ 9 All Utility tests in 02-0 Print 1 line 

sequence 
02/0 Print 02 lines o 2 line count 

~ 10 line printer cleaner D2"il Print 1 line 

D2"'line count D2,Al Print 02 lines 

600P81 036 

Standard Value 
(default) 

. 
7441 

0 

1 

Size of 
character 
sets: 
7440/45=40 
7441 "'42 
7446 '=42 
7450 ==44 
7442 ==42 
3451 =40 
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DIRECTIVES (Continued) 

Name 

Pdhern selection 
(for Utility Test )(TST3. 6) 

limitation of program 
parameters 

Format 
to 

12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (144X/745X) 

Parameter 

Standard Value Definition Value Range 
(default) 

Program Directives - Optional Directives 

DATA, 01, 02, 03, 04 01 = 4 Voriable pattern -4 
02 Starting column 1 - 132 
03 Ending column 1 -132 
04 EBCDIC choracter string Any printable codes 

(up to 4 EBCDIC characters) 00- FF 
(FOf1F2F3) 

lIMT, 01, 02, 03 01 = 1 limit compare error printouts 1, 2 
D2=Moximum number of compare 

error printouts O~ 02 

= 2 limit delay time '-6 
D2=Minimum delay time 0502503 
D3=Moximum delay time 

Note: Parameter of any directive beginning with a 0 means decimal; with on H means hexadecimal. 
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TEST (744X/745X) 

START PROCEDURE 

• 
60oP81 036 

1. Sense Switch Options, Monitor Directive Options, and Environmental Directives - Refer to DPM section of this manual. 
2. Test Strategy Selection 

Comprehensive Test Functional Test Random Exerciser Test Utility Test 

Recommended Normal Usage Solid Failure Detection Intermittent Failure Print 
Appl ication and Specific Ploblem Detection Quality Verification 

Analysis 

Test Directive TSTO TSTI TST2 TST3 

Prerequisite None None TSTI TST! 

Optional Directives LJMT lIMT lIMT lIMT, DATA 

Subtests All functional subtests 73 subtests (see error Prints a predetermined Prints one or all of 
(1 .... 73) and random messages for the test set of test patterns predetermined patterns 
exerciser test types) 

. Error Message Format I. ERROR NO. DODD ERROR NO. DODD LOC Se If-explanatory Self-explanatory 
LOC XXX X XXXX 

2. Self-explaf)atory 

3. System reset should normally be used in order to insure the resetting of controller test mode logic. 
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PROGRAM TEST DESCRIPTION 

The following is a description of the tests contained in the 
Comprehensive line Printer test program. 

TSTO 

The directive selects the comprehensive test consisting of the 
functional test (subtests 1-73) and the random exerciser test. 

Parameters: None 

Example: 

TSTl 

TSTO 
1. The functional test will be run on the printer 

in sequence (sub test 1 through 73). 
2. The random exerciser will run unt.il six cy'cles 

have been completed. If a failure is encountered, 
an error message is printed and the exercising 
continues. 

The directive selects the entire functional test (no parameters 
entered) or selects one or more contiguous functional subtests. 

Parameters: D1 - First functional subtest 
D2 - Lost functional subtest 

where a < D 1 ~ D2 ~ 73 

Examples: Run all functional subtests. 

TSTl, 35, 49 

Run functional sub tests 35 through 49. 

TST2 

The directive selects thp. random exerciser test. 

Parameters: Dl - Number of cycles to be executed by random 
exerciser 

Example: 

TSTJ 

TST2, 3 

The random exerciser will run until three cycles have 
been completed. 

The utility test routine allows the user to select a specific utility 
function and/or print patterns which aid the operator in printer 
adjustments. 

Parameters: 01 - Utility test selection 
02 - Defined by the utility test selected 
03 - Defined by the uti lity test selected 
04 - Defined by the utility test selected 

01 = 0 Hammer registration 
02 = line count 

Generates pattern of broods ide character 'E' (some chqracter in all 
positions) continuously as a reference in checking printer hammer 
alignment 

01 = 1 Checkerboord pattern 
02 = line count 

Generates a worst-case pattern to expose ghost character printing. 
The pattern consists of alternating character 'E' and blanks. 

12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X!745X) 

TST3(Continued) 

01 = 2 Ripple pattern 
02 = line count 

Generates a pattern consisting of all characters per line, each 
succeeding line having the characters shifted one position to the left 

01 = 3 Printer speed test 
02 = Character count (7450 only) 

A 36-line pattern of characters is printed to produce maximum print 
rate. The overage time to print and upspace is calculated and the 
printer speed is determined and reported. 

01 = 4 Printer lood test 
D2 = line count 

Generates a pattern of on increasing number of character 'E' each 
line until 132 positions are printed, then a decreasing number of 
character 'E' each line 

D 1 = 5 Broodside pattern 
02 == line count 

Generates a 64-line pattern of all printable characters broods ide 

D1 = 6 Selectable pattern/position 
D2 = line count 
03 = Group/I ine count 
04 = Group/space count 

Generates a selectable character and position(s) pattern 

01 = 7 Space lines 
D2 = Unused 

Space orders are issued to each of the 15 possible positions in sequence. 

01 = 8 Channe I search 
02 = Channel number 

Channel searches are issued to the operator-specified chonnel. 

01 = 9 Utility test 
. D2 -= li ne count 

Run all utility tests in sequence 

Dl ~ 10 line Printer Cleaner 
02 line count 

Print ripple pattern with inhibit upspace 

Examples: TSTJ, 7 

Space orders are issued to each of the 15 possible 
positions in sequence. 

TST3, 8, 4 

Exercise the printer VFU control. Channe I 4 is to be 
searched. 

ORDER CODES 
X'01' 
X'41' 
X'03' 
X'43' 

X'OS' 
X'45' 

X'04' 
X'44' 

X'07' 

X'47' 

Print a line 
Print a line - interrupt at data transmission complete 
Format order (see format codes) 
Format order - interrupt at data transmission complete (see 
format codes) 
Print with format 
Print with formot - interrupt ot data transmission complete 

Diognostic sense (7441, 7442 and 7446) 
Diagnostic sen5e (7441, 7442 and 7446) - interrupt at data 
transmission complete 
Diogno5tic c:ontrol (7441, 7442 and 7446) (see diagn05tic 
control bytes) 
Diagnostic control (7441, 7442 and 7446) - interrupt at data 
transmission complete (see diagnostic control bytes) 
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12-6 

NORMAL ToV STATUS 
TOV SET 1 

MODEL 

7440/7445 
3451 

7450 

7441 
7442 

7446 

TEST MODE ToV STATUS 

MODEL/SET 

7441;7446/7442 
Printer States/Control 
Set 2 

7441;7446;7442 
Format Register 
Set 3 

7441;7442 
Paper Motion Control 
Set .. 

7446 
Paper Motion Control 
Set .. 

7441;7446/7442 
Address Counters 
Set 5 

7446 
Vertical Format Channel 
Set 6 

7441;7446/7442 
Set 7 

7446 
Buffer Output Register 
Set 8 

AID STATUS 

0 1 

NOT DATA 

0 

Not Used 

Not Used 

Not Used 

Not Used 

0 

State A 

Search 

PAPDR 

Paper 
Move 

X'ADO' 

VFUCHO 

SRO 

USED TRANSMISSION 
COMPLETE 
INTERRUPT 

BITS 

1 2 3 4 

Print Paper Top of Paper 
Fault low Page Moving 

Typeline Paper Top of Paper 
in Odd Low Page Moving 
Sector = 1 

Buffer Paper Top of Interlock 
Parity low Page 
Error 

Recovery Recovery Top of Buffer 
Mode 1 Mode 2 Page Parity 

Error 

BITS 

1 2 3 4 

State B State C State D State E 

Space Inhibit line Format 
Upspoce Marker Register 

Clocle Bit .. 

PSCD PAPSE LMCLK EClBl 

Paper End Hi End low End 
Stop Speed Speed Brake 

Boost Boost Boost 

X'AD1' X'AD2' X'AD3' X'AD4' 

VFUCHl VFUCH2 VFUCH3 YFUCH4 

NO USED 

SRl SR2 SR3 SR4 

For Model 7441/7446/7440/7445/7450 

BITS 

2 3 4 

NOT USED 

600P810J6 

5 6 7 

Paper Not Used Not Used 
Runaway 

Paper Print Maintenance 
Runaway Order Panel 

Expected Used 

Paper 10 Hammer 
Runaway Parity Drive 

Error Supply Low 

Code Disc 10 Print 
Parity Parity Error 
Error Error 

5 6 7 

Print Buffer Scan Control 
Complete Complete Byte 

Received 

Format Format Format 
Register Register Register 
Bit 5 Bit 6 Bit 7 

ECLB2 EBRBl EBR82 

Shift End Paper 
Format Clamp 
Scan 

X'ADS' X'AD6' X'AD7' 

VFUCHS YFUCH6 YFUCH7 

SR5 SR6 SR7 

S 6 7 

1--.---- ~ 
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FORMAT CODES FOR FORMAT OPERA liONS 

X'60' 
X'CO' 
X'Cl' 
X'C2' 
X'C3' 
X'C4' 
x'cS' 
X'C6' 
X'C7' 
X'C8' 
X'C9' 
X'CA' 
X'CB' 
X'CC' 
X'CD' 
X'CE' 
X'CF' 
X'EO' 
X'El' 
X'E2' 
X'E3' 
X'E4' 
X'E5' 
X'E6' 
X'E7' 
X'E8' 
X'E9' 
X'EA' 
X'EB' 
X'EC' 
X'ED' 
X'EE' 
X'EF' 
X'fO' 
X'Fl' 
X'F2' 
X'F3' 
X'F4' 
X'F5' 
X'F6' 
X'F7' 

Inhibit automatic space after print 
Space 0 lines 
Space 1 line 
Space 2 lines 
Space 3 lines 
Space 4 lines 
Space 5 lines 
Space 6 lines 
Space 7 lines 
Space 8 lines 
Space 9 lines 
Space 10 lines 
Space II lines 
Space 12 lines 
Space 13 lines 
Space 14 lines 
Space 15 lines 
Space 0 lines and inhibit automatic upspace 
Space 1 line and inhibit automatic upspace 
Space 2 lines and inhibit automatic upspace 
Space 3 lines and inhibit automatic upspace 
Space 4 lines and inhibit automatic upspace 
Space 5 lines and inhibit automatic upspace 
Space 6 lines and inhibit automatic upspace 
Space 7 lines and inhibit automatic upspace 
Space 8 lines and inhibit automatic upspace 
Space 9 lines and inhibit automatic upspace 
Space 10 lines and inhibit automatic upspace 
Space 11 lines and inhibit automatic upspace 
Space 12 lines and .inhibit automatic upspace 
Space 13 lines and inhibit automatic upspace 
Space 14 lines and inhibit automatic upspace 
Space 15 lines and inhibit automatic upspace 
Skip to channel 0 (bottom of page) 
Sk ip to channel 1 (top of page) 
Skip to channel 2 
Skip to channel 3 
Skip to channel 4 
Skip ta channel 5 
Skip to channel 6 
Skip to channel 7 

MODEL 7446 

X'DO' 
X'DI' 
X'D2' 
X'D3' 
X'D4' 
X'D5' 
X'D6' 
X'D7' 

Skip to channel 0 (BOP) and inhibit automatic upspace 
Skip to channell (TOP) and inhibit automatic upspace 
Skip to channel 2 and inhibit automatic upspace 
Skip to channel 3 and inhibit automatic upspace 
Skip to channel 4 and inhibit automatic upspace 
Skip to channel 5 and inhibit automatic upspace 
Skip to channel 6 and inhibit automatic upspace 
Skip to channel 7 and inhibit automatic upspace 

12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X/745X) 

X'60' 
X'CO' 
X'CI' 
X'C2' 
X'C3' 
X'C4' 
X'C5' 
X'C6' 
X'C7' 
X'CS' 
X'C9' 
X'CA' 
X'CB' 
X'CC' 
X'CD'· 
X'CE' 
X'CF' 
X'EO' 
X'fO' 
X'fl'. 
X'F2' 
X'f3' 
X'F4' 
X'F5' 
X'F6' 
X'F7' 

Inhibit automatic space after print 
Space 0 lines 
Space 1 line 
Space 2 lines 
Space 3 lines 
Space 4 lines 
Space 5 lines 
Space 6 lines 
Space.] lines 
Space 8 lines 
Space 9 lines 
Space 10 lines 
Space 11 lines 
Space 12 lines 
Space 13 lines 
Space 14 lines 
Space 15 lines 
Space 0 lines and inhibit automatic upspace 
Skip to channel 0 (bottom of page) 
Skip to channell (top of page) 
Sk ip to dlonnel 2 
Sk ip to channel 3 
Sk ipto channel 4 
Skip to channel 5 
Skip to channel 6 
Skip to channel 7 

MODEl 7450 

X'60' 
X'CO' 
X'Cl' . 
X'C2' 
X'C3' 
X'C4' 
X'C5' 
X'C6' 
X'C7' 
X'EO' 
X'EI' 
X'E2' 
X'E3' 
X'E4' 
X'E5' 
X'E6' 
X'E7' 
X'fO' 
X'FI' 

Inhibit automatic space after print 
Space 0 lines 
Space 1 line 
Space 2 lines 
Space 3 lines 
Space 4 lines 
Space 5 lines 
Space 6 lines 
Space 7 lines 
Space 0 lines and inhibit automatic upspace 
Space 1 line and inhibit automatic upspace 
Space 2 lines and inhibit automatic upspace 
Space 3 lines and inhibit automatic upspace 
Space 4 lines and inhibit automatic upspace 
Space 5 lines and inhibit automatic upspace 
Space 6 fines and inhibit automatic upspace 
Space 7 lines and inhibit automatic upspace 
Skip to channel 0 (bottom of poge) 
Skip to channell (top of page) 

12·7 



12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
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DIAGNOSTIC CONTROL BYTE (7441 ONLY) 

BIT 0 2 3 .. 5 6 7 

X X X 

DIAGNOSTIC CONTROL BYTE (7446 ONLY) 

BIT 0 2 3 .. 5 6 7 

0 0 0 

X 0 

X 0 

0 0 1 . 

0 

0 

X X X 
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MEANING 

0= Normal 
1 = Step mode (state r.:gister advances on TOY) 

0= Normal 
1 = Inhibit print (disable hommers and paper motion) 

Unassigned 

0= Normal 
1 = Inhibit buffer clear 

o = Input buffer 
1 = Input code disk 

Select TOY states 1 through 8 

MEANING 

Normal 

Step mode (state register odvances on TOY) 

Inhibit print (disable hammers and paper motion) 

Force print error during printing in state C 

Force code disk parity error during printing in state C 

Force buffer parity error during printing in state C 

Force 10 parity error on dato out in state B or stote 0 

o = Input buffer 
1 = Input code disk 

0= Normal 
1 = Inhibit buffer clear 

Select TOY status set 1 through 8 
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SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X/745X) 

FUNCTIONAL SUBTESTS AND RELATED ERROR MESSAGES 
FAULT INOEX OESCRIPTION - FUNCTIONAL SUBTESTS 

The fault index contains a brief description of each functional subtest and a list of associated error numbers with a brief description of each error. 
The subtests and error numbers are arranged in ascending seqvence. The description of subtest NN is numbered NNOO. The first two digits of the 
error number correspond to the associated subtest; the last two numbers correspond to the individual errors within the subtest. 

NOTE 

All functional tests for 7441 also applies for 7442 and all functional tests for 7440/7445 also applies for 3451. 

0101 
0102 
0103 
0104 

0201 
0202 
0203 

0204 

0205 

0301 
0302 

0303 

0304 

0305 
0306 

0307 

0308 

TSTl, 1 HIO, TlO, TOV and AIO instruction recognition (7440/ 
7445, 7441, 7446, 7450). HIO, TlO, TOV and AIO 
instructions are issued and condition codes status tested. 

HIO instruction condition codes or status error. 
TlO instruction condition codes or status error. 
TOV instruction condition codes or status error. 
AIO instruction condition code error. Expect no interrupt 
recogn ition. 

TSTl, 2510 invalid order (7440/7445, 7441, 7446, 7450). 510 
is issued with all invalid orders and controller tested for 
unusual end. 

510 instruction condition codes not 00 as expected. 
510 instruction status error. 
TlO instruction indicates controller busy 50 I.Is after 510. 
Expect UE. 
TlO instruction indicates status error after SIO (invalid order). 
Expected UE, controller not busy. 
TlO instruction terminal byte count not = 1 indicating 
controller accepted one byte for i nva 1 id order. 

TSTl, 3 Test Mode Selection. (7441, 7446). 510 issued to 
select and reset controller test mode. TOV is used to 
verify test mode (CC2 = I-test mode). 

510 instruction condition code or status error. 
TlO instruction indicates controller busy beyond normal 
termination time for select test mode order. 
TlO instruction indicates controller terminated with UE for 
select test mode order. 
TlO instruction indicates status error after select test mode 
order. 
Test mode byte not accepted by controller. 
T est mode byte disturbed by controller data in operation. 
Expected data out (one byte) operation. 
TOV condition codes not 01. Expected CC I, 2 = 01 (test 
mode selected). 
510 instruction condition code or status error while controller 
in test mode. 

0309 TIO indicates condition code or status error for reset test 
mode order. 

0310 TOV condition codes not 00 indicating reset test mode order 
F'Ot performed correctly. Expected CCl, 2 = 00. 

0402 

0403 

0404 
0405 

0406 

0407 

0408 
0409 

TSTl, 4 interrupt generation and HIO, AIO instruction resetting 
(7441, 7446). The following orders are issued: X'07', 
X'07', and X'OO' in order to test the generation of ICE, 
IZC and IUE. AIO and HIO instructions are issued to 
test the interrupt clearing. 

TlO instruction indicates IP status not present after X'07' 
order issued with ICE flog set. 
TlO instruction condition code or status error after X'07' order 
issued with ICE flog set. 
AIO instruction condition code, status or device address error 
following A X'07' order raising IP. 
HIO instruction did not clear IP in controller. 
TlO instruction indicates IP not set by X'07' order with IZC 
flag set. 
TlO instruction condition code or status error after X'07' order 
with IZC flag set. 
AIO instruction condition code, status or device address error 
after X'07' order with IZC flog set. 
AIO or H 10 instruction did not reset IP status in controller. 
TlO indicates X'OO' order with IUE flag set did not set IP in 
controller. 

0410 TlO indicotes condition code or status error ofter X'QO' order 
with IUE flog set. 

0411 AIO condition code, status or device address error after X'OQ' 
order with IUE flog set. 

0412 
0413 

TlO indicates no UE status for X'OO' order. 
TIO condition code or status error after AIO or HIO issued with 
IP status present. 

0414 AIO did not reset IP status in controller. 

0501 
0502 

0503 

TSTl, 5 data transmission complete interrupt (7441, 7446). A 
test mode order with OTC flog (X'47') is used to verify 
data transmission complete interrupt generation. 

Oata transmission complete interrupt not generated. 
TlO indicates condition code or status error for X '47' order. 
Expected IP status. 
Ala condition 'code, status or device address error after 
OTC interrupt generated in controller. Expected AIO status 
bit 1 set. 

TSTl, 6 10 Interrupt (7441, 7446). Test mode orders are issued 
with ICE, IZC and IUE flogs to verify the interrupts are 
received by the lOP and CPU. 

0601 Interrupt not received by CPU. 
0602 TlO status error after CPU received interrupt from controller. 

0603 Ala condition code, status or device address error after 
interrupt received by CPU. 

0604 TIO indicates HIO did not reset IP in controller. 
0605 AIO condition code, status or device address error after 

interrupt received by CPU. 
0606 TIO indicates HIO did not reset IP status in controller. 
0607 AIO condition code, status or device address error ofter 

interrupt received by CPU. 
0608 TIO indicates HIO did not reset IP in controller. 

0701 

0702 
0703 

TSTl, 7 Command Chaining. (7441, 7446) Two test mode orders 
are command chained and chaining verified. Invalid 
order command chained to test mode order is teste~ for 
command chain termination after the invalid order. 

TlO indicates controller busy beyond normal termination time 
for command chain operation. 
TIO indicates status error during command chaining operation. 
TlO indicates operational status error following command chain 
operation. 

0704 Byte count not a following command chaining operation. 
0705 TlO indicates command chaining terminated with first lOCO 

instead of seco~d lOCO. 
0706 Controller busy with inval id order. 
0707 TlO indicates UE not generated for involid order. 
0708 TlO status error following invalid order command chained to 

test mode order. 
0709 Terminal byte count not a following on involid order command 

chained to test mode order. 
0710 Command chaining not terminated by UE of inval id order. 

TSTl, 11 State Progression - Print order (test mode)(7441, 7446). 
A print order (X '01') is issued in test mode and TOV 
instruction used to step the controller through states A, 
B, A. TOV set 2 verifies the state progression. Print, 
buffer clearing and paper motion is inhibited. 

1101 Test mode selection error. Expected TOV CCl, 2:= 01. 
1102 TOV set 2 indicates controller not in quiescent state A. 
1103 SIO condition code or status error for print order, 
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TST 1, 11 (Continued) 
1104 SIO for print order accepted but TlO status does not indicate 

device, controller busy. 
1105 TlO device and controller status inconsistent. Expected device, 

controller busy for print order (state progression). 
1106 TIO status error during a print order (state progression). 

Expected controller, device busy. 
1107 TOV set 2 inconsistent. Expected controller in state 8 following 

a data out (one byte) phase. 
1108 TOV set 2 indicates controller did not progress from state A to 

state 8 for a print order (one byte transfer). 
1109 TOV set 2 inconsistent. Expected state A following a data out 

phose (one byte) in state 8. 
1110 TOV set 2 indicates controller did not return to state A following 

a data out phase (one byte) in state a. 
1111 TlO status error following a print order (state progression). 
1112 Terminal byte count not 0 indicating data byte not token while 

controller in data out state 8. 
1113 TOV set 2 inconsistent. Expected controller in state A following 

an order out phose. 
1114 TOV set 2 indicates controller not in state A following on order 

out phase. 

1201 
1202 
1203 
1204 

1205 

1206 

1207 

1208 

1209 
1210 

1211 

1212 

T5T1, 12 State Progression - Format order (test mode) (7441,7446). 
A format order (X'03') is issued in test mode and TOV 
instructions used to step the controller through states A, 
0, E, A. TOV set 2 verifies the state progression. Print­
ing, buffer clearing and paper motion is inhibited. 

Test mode selection error. Expected TOV'CC1, 2 = 01. 
TOV set 2 indicates controller not in quiescent state A. 
SIO status error for format order. 
TOV set 2 indicates controller not in stote A following an order 
out phose. 
TOV set 2 indicates control byte (format byte) not received' 
while controller in state O. Expected TOV bit 3, 7 set. 
TOV set 2 indicates controller did not progress from state 0 
(data out phose, one byte) to state E (paper motion inhibited). 
TOV set 2 inconsistent. Expected state A (order in,phose) 
following state E (paper motion inhibited). 
TOV set 2 indicates controller did not progress from state E 
(paper motion inhibited) to state A (order in phose). 
TIO status error following a format order. 
TlO indicates controller busy after a format order. Expected 
controller ready and no paper motion. 
Terminal byte count not 0 for a format order indicating con­
troller did not accept format byte while in state O. 
TOV set 2 indicates controller did not progress from state A 
(order out phase) to state 0 (data out phase, one byte). 

TSTl, 13 State Progression - Print W forinat order (test mode) 
(7441, 7446). A print with format order (X'05') is issued 
in test mode and TOV instructions used to step the 
controller tJ,rough states A, 0, E, a, A. TOV set 2 
verifies the state progression. Printing, buffer clearing 
ond paper motion is inhibited. 

1301 Test mode selection error. Expected TOV CC1, 2 = 01. 
1302 TOV set 2 indicates controller not in quiescent state A. 
1303 SIO status error for print with format order. 
1304 TOV set 2 indicates controller not in s-tate A (order out phase). 
1305 TOV set 2 indicates controller did not receive control byte 

(format byte) while in state o. 
1306 TOV set 2 indicates controller did not progress from state 0 

(dota out, format byte) to state E (paper motion inhibited). 
1307 TOV set 2 indicates controller did not progress from state E to 

state 8 (data out, one character). 
1308 TOV set 2 indicates controller did not progress from state a 

(data out, one character) to state A (order in). 
1309 TlO status error after print with formot order. 
1310 Controller busy in state A (order in phase). 
1311 Terminal byte count not 0 indicating format byte not accepted 

in state O. 
1312 TOV set 2 indicates controller did not progress from state A 

(order out) 10 state 0 (data out, format byte). 
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TSTl, 15 Print Order (test mode)(7441, 7446). Print orders are 
issued in test mode (buffer cleoring, printing and paper 
motion inhibited) with from 1 through 133 bytes 
transferred. Terminal status is verified: 

1501 
1502 
1503 

1504 
1505 
1506 
1507 
1508 
1509 

1512 
1513 

1514 
1515 

1601 
1602 
1603 

1604 

1605 
1606 
1607 

1609 

1610 

1611 

1612 
1613 
1614 

1701 
1702 
1703 
1704 
1705 

Test mode selection error. Expected TOV CC1, 2.0 01. 
SIO status error for pr int order. 
Controller busy after normal. termination time for print order 
with indicated byte count. 
TlO status error after print order with indicated byte count. 
Controller terminated. print order with UE. 
lOP error for print order with byte count -= 132. 
It status set for print order with byte count -= 132. 
Operational status error for print order with byte count = 132. 
TOV set 1 indicates on 10 parity error detected by controller 
during a print order with X'A5' characters transferred. 
Terminal byte count for print order not O. 
Il not set by controller for print order with byte count unequal 
to 132 bytes. 
lOP status error indicated for print order. 
Operational status error for print order with byte count unequal 
to 132. 

TSTl, 16 Print With format Order (test mode) (7441, 7446). Print 
with format orders are issued in test mode (buffer clearing, 
printing and poper motion inhibited) with from 1 through 
133 bytes traauferred. Terminal status is verified. 

Test mode selection error. Expected TOV Cel, 2 == 01. 
510 status error for pr int with format order. 
Controller busy beyond normal termination time for print with 
format order. 
TlO status error ofter print with format order with indicated 
byte count. 
Controller terminated print with format order with UE. 
lOP error after print with format order with byte count -= 132. 
Operational status error after print with format order with byte 
count = 133. 
TOV set 1 indicates controller detected a buffer parity error 
foro print with format order wit.h X'A5' bytes transferred. 
TOV set 1 indicates controller detected an 10 parity error for 
a print with format order with X'A5' bytes transferred. 
Il not set by controller for a print with format order with byte 
count unequal to 133. 
lOP status error for print wi th format order. 
Operational status error for print with format order. 
Terminal byte count not 0 for a print with format order. 

TSH, 17 Format Ordes (test mode) (7441, 7446). Format orders 
are issued in test mode (paper motion inhibit) with byte 
counts of 1 through 10. Terminal status is verified. 

Test mode selection error. Expected TOV CC 1, 2 = 01. 
510 status error for format order. 
Controller busy beyond normal termination time for format order. 
TlO indicates status error for format order with byte count> 1. 
TlO indicates UE not received for format order with byte count 
> 1. 

1706. 
1707 
1708 
1709 

lOP error for format order. 
Operational status error for format order with byte count -= 1. 
Il status set by controller for format order with byte count - 1. 
TOV set 1 indicates 10 parity error detected for format order 
with X'Cl' byte. 

1710 
1711 

1712 

1713 

1714 

1715 

TOV set 1 indicates buffer parity error for format order. 
IL status not set by controller for format order with byte count 
greater than one. 
lOP status ereor for rormot order with byte count greater than 
one. 
Operational status error for format order with byte count greater 
than one. 
Controller accepted more than one byte for a format order with 
byte COU'lt greater than one. 
TlO status error afler formot order with byte count = 1. 
Controller ready ond no UE expected. 
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TST1, 20 Address C~unter - Print order (test mode) (7441, 7446): 

2001 
2002 
2003 

2004 

Print orders are issued in test mode (buffer clearing. 
printing and paper motion inhibited) with byte counts of 
1 through 132. TOY set 5 verifies the incrementing of 
the character buffer address counter. 

Test mode selection error. Expected TOY CC1, 2 == Ot. 
Status error after print order with byte count -c 132. 
TOV set 5 indicates address counter is not incrementing. See 
printout. 
TOV set 5 indicates address counter is not incrementing 
correctly for a print order. See printout. 

TSTl, 21 Address Counter - Print with format order (test mode) 
(7441, 7446). Print with format orders are issued in test 
mode (buffer clearing, printing and paper motion 
inhibited) with byte counts of 1 through 133. TOV 

2101 
2102 
2103 

2104 

set 5 verifies the incrementing of the character buffer 
address counter. 

Test mode selection error. Expected TOV CC1, 2 = 01. 
Status error for print with format order. 
TOY set 5 indicates address counter not incrementing for a 
print with format order. 
TOY set 5 indicates address counter not incrementing correctly 
for a print with format order. See printout. _ 

TSTl, 22 Address Counter - Format order (test mode) (7441, 7446). 
Format orders are issued in test mode (poper motion 
inhibited) with byte counts of 1 through 10. TOV set 5 
-verifies that the character buffer address counter does 
not increment during the format order. 

2201 Test mode selection error. Expected TOV CC1, 2 == 01. 
2203 Status error for format order. 
2204 TOV set 5 indicates address counter not at X'OO' configuration 

after a format order. 
2205 Status error for· format order with byte count> 1. 

TSTl, 23 Sense Character Buffer Order (test mode) (7441, 7446). 
Sense character buffer orders are issued in test mode with 
byte counts of 1 through 132. Terminal status is tested 
and all sense bytes (character buffer contents} are 
verified to be X '00'. 

2301 
2302. 
2303 

Test mode selection error. Expected TOV CC1, 2 == 01. 
S 10 status error for sense order. 
Controller busy beyond normal termination time for ci sense 
character buffer order. 

·2304 

2305 
2306 
2307 
2308 
2309 
2310 

2401 
2402 
2403 

2~04 

TlO status indicates controller terminated sense character buffer 
order with UE. 
TlO status error for sense character buffer order. 
lOP error for sense character buffer order. 
Il status set for sense character buffer order. 
Operational status error for sense character buffer order. 
Terminal byte count for sense character buffer not = O. 
Sensed character buffer bytes not all X·OO'. See printout. 

TSTl, 24 Character Buffer - Data (test mode) (7441, 7446), Print 
orders are issued in test mode (buffer clearing, printing 
and paper motion inhibited) with byte counts of 132 and 
data bytes of X'OO' through X'FF'. Sense character 
buffer orders are used to verify the contents of the 
character buffer (character bits 2-7 oniy). 

Test mode selection error. Expected TOV CC1, 2 == 01. 
Status error for print order with byte count = 132. 
Status error for sense character buffer order with byte count 

of 132. 
Character buffer contents incorrect. See printout. 

12. 

2501 
2502 
2503 

2504 

SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X/745X) 

TSTl, 25 Character Buffer - Parity (test mode) (7441, 7446). Print 
orders are issued in test mode (buffer clearing, printing 
and paper motion inhibited) with byte counh of 132 and 
data bytes of X'OO' thru X'FF'. Sense character buffer 
orders are used to verify the contents of the character 
buffer including odd parity. 

Test mode selection error. Expected TOV CC1, 2 == 01. 
Status error for print order with byte count == 132. 
Status error for sense character buffer order with byte count 
of 132. 
Character buffer parity failure. See printout. 

TSTl, 26 Character Buffer - Byte Positioning (test mode) (7441, 
7446). Print orders are issued in test mode (buffer 
clearing, printing and p.aper movement inhibited) with 
byte counts of 132. Each data pattern of X'40' (blank) 
characters contains one X'Ff' character sequentially, 
then randomly placed in the pattern. Sense character 
buffer orders are used to verify character buffer contents. 

2601 
2602 
2603 

Test mode selection error. Expected TOV CC 1, 2::::; 01 • 
Status error for print order with byte count::::; 132. 
Status error for sense character buffer order with byte count 
of 132. 

2604 Character buffer failure in character positioning. See printout. 

TSTl, 27 Character Buffer - Blanks (test mode) (7441, 7446). A 
print order is issued in test mode (buffer clearing, 
prin~ing and paper motion inhibited) with byte count 
of 132 and data pattern of X'40' characters. A sense 
character buffer order is used to verify the character 
buffer contains X'OO' bytes. 

2701 Test mode selection error. Expected TOV CC1, 2::::; 01. 
2702 Status error for print order with byte count of 132. 
2703 Status error for sense character buffer order with byte count 

of 132., 
2704 Character buffer contents not X' 00'. See printout. 

TSTl, 31 Format Register - Format Order (test mode) (7441, 7446). 
Format orders are issued in test mode (paper motion 
inhibited) with format bytes of X'OO' thru X'Ff'. TOV 
set 3 is used to verify the format register and paper 
motion control values. 

3101 Test mode selection error. Expected TOV CC1, 2::::; 01. 
3102 510 status error for format order. 
3103 Status error for format order with byte count == 1. 
3104 TOV set 3 indicates format register contents and/or paper 

motion control signals incorrect. See printout. . 
3105 TlO status error after format order with byte count == 2. 
3106 TOV set 3 indicates format register contents disturbed by the 

format byte. 
3107 Terminal byte count for a format order (byte count == 2) not == 1. 

3201 
3202 
3203 
3204 

3205 

TSTl, 32 Format Register - Print with format order (test mode) 
(7441, 7446). Print with format orders are issued in test 
mode (buffer clearing, printing and paper motion 
inhibited) with byte counts of 1 through 133. Random 
format bytes are used and TOV set 3 is used to verify 
the format register contents. 

Test mode selection error. Expected TOV CC 1, 2 = 01. 
SIO status error for print with format order. 
Status error for print with format order with byte count = 133. 
Status error for print with format order with byte count unequal 
to 133. 
TOV set 3 indicates format register and/or paper control signals 
incorrect. See printout. 

TSTl, 35 Code Disk - Sense Order (test mode) (7441, 7446). Code 
disk sense orders ore issued in test mode to tronder from 
1 to 129 bytes of code disk information. Terminal status 
is tested. 
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TEST (744X/745X) 

TST1, 35 (Continued) 

3501 Test mode selection error •. Expected TOV CC 1, 2 = 01. 

3502 
3504 

3505 
3506 

S10 status error for sense code disk order X'04~. 
TlO indicates controller busy beyond normal termination time 
for sense code disk order. • 
Status error for code disk sense order. 
TOV set 1 indicates parity error during code disk sense ord'er. 

TSTl, 36 Code Disk -. Data and Parity (test mode) (744 1, 7446). 
A sense code order is issued in test mode to transfer 128 
bytes (two code images). Code disk imoges (including 
parity) are verified. 

3601 Test mode selection error. Expected TOV CCl, 2 ,,- 01. 
3602 Status error for code disk sense order. 
ll!O3 Code disk images not correct. See printout. 

TSTl, 37 Code Disk Timing {test mode} (7441, 7446). A sense 
order is issued in test mode and the transfer time between 
bytes (initiated by code disk clocks) is verified. 

3701 
3702 

Test mode selection error. fxpected TDV CCI, 2 = 01. 
Time between code disk clocks has exceeded the nominal 850 
IJS; 

TSTl,.Jj State Progression - Comparator (test mode) (744 I, 7446); "A print order is issued (printing and paper motion 
inhibited) and TDV instruction used to step the con­
troller through states A, B, C. A. TOV set 2 verifies 
the states and comparator scanning completion. 

4001 
4002 
4003 

4004 

4005 

4006 
4007 

4008 

Test mode selection error. Expected TOV CC 1, 2 =: 01. 
TDV set 2 indi cates controller not in state A after order out. 
TDV set 2 indicates controller not in state B (data out, 132 
bytes) after state A. 
TDV set 2 indicates print complete (pseudo indication for test 
mode) not set for state C (character buffer scanning state). 
TDV set 2 indicates controller did not progress from state C 
(character buffer scan) to state E (paper motion inhibited). 
Status error after print order with choracter buffer scan. 
TOV set 2 indicates character buffer scanning was not completed 
in state C 'blank' characters transferred to character buffer. 
TOV set 2 indicates controller did not progress from state B (data 
out, 132 bytes) to state C (character buffer scan). 

4009 TOV set 2 indicates controller did not progress fro'"!"l state E to 
state A (order in phase). 

4010 TDV set 1 indicates status error after print order with character 
buffer scan. . 

TSTJ, 41 Comparator - Character Buffer Clearing (test mode) (744 1, 
7446). A series of 64 print orders are issued and all 64 
printable characters are transferred. Sense character 
buffer orders are used to verify the comparator for all 
characters • 

4101 Test mode selection error. Expected TDV CC1, 2 =: 01. 
4102 TIO indicates controller busy for print order with byte count 

of 132. 
4103 TDV set 1 indicates a buffer parity error during character buffer 

sconning. 
4104 Status error for print order with byte count = 132. 
4105 Status error for sense character buffer order. 
4106 Character buffer not cleared by comparator scanning. See 

printout. 

4201 
4202 

TSTJ, 42 State Progression - Format Order/Paper Motion (test 
mode) (7441, 7446). A format order is issued in test 
mode and TDV set 4 is used to verify the paper movement 
control signals for a format byte (X'Cl' to X'CF' for 7441 
and X'Cl' to X'C5' for 7446). 

Test mode selection e-rror. Expe-ded TDV CCl, 2 == OJ. 
TOV set 1 indicates status error after format order with paper 
motion completion. 

12-12 
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4203-4211 TOV set 4 indicates paper motion control error. See 
printout. 

TS11, 43 State Progression - Print Order/Paper Motion (test mode) 
(7441, 7446l. A print order is issued in test mode and 
TDV instruction ,",sed to step the controller through states 
A, e, C, E, A. TDV set 2 verifies the progression and • 
terminal status and character buffer contents are verified.' 

4301 TOV set 1 indicoles paper low, interlock or hammer driver 

4302 
4303 
4304 

4305 

4306 

4307 
4308 

4309 

4310 
4311 
4312 
4313 

4314 

4315 

supply low for 7«1. TDV set 1 indicates TDV status error for 
7446. 
Test mode selection error. Expected TOV CC1, 2 -= 01. 
TOV set 2 indicates controller not in state A after order out. 
TOV set 2 indicates controller did not progress from state A 
(order out) to state 8 (data out, 132 bytes). 
TOV set 2 indicates controller did not progress from state B to 
state C (character buffer scan). 
TDV set 2 indicates character buffer scan not completed in 
state C. 
TOV set 2 in.dicates sentinel monitor signal not set in state C. 
TDV set 2 indicates control byte received signal in error in 
state C. 
TDV set 2 indicates controller did not progt"ess from state C to 
state f (paper motion). 
Test mode selection error. Expected TOV CC1, 2 =: 01. 
TOV set 1 indicotes interlock error for print order for 7441. 
Status error for print order with byte count -= 132. 
Character buffer not cleared while controller in state E. See 
printout. 
TOV set 1 indicates paper motion/printing error after print order. 

TDV set 1 indicates error after sense character buffer order. 

TSTl, 44 State Progression - Print with format order (test mode) 
(7441, 7446). A print with format order is issued in test 
mQde and TOV instruction used to step the controller 
through states A. D, E, S, C, E, A. TDV set 2 veri fies 
the progression. 

4401 
4402 
4403 

4404 

4405 

4406 

4407 

4408 
4409 
4410 

4411 
4412 
4413 

4414 

Test mode selection error. Expected TDV CC 1, 2 -= 01. 
TDV set 2 indicates controller not in state A after order out. 
TDV set 2 indicates controller did not progress from state A to 
state D (data out. format byte). 
TOV set 2 indicates controller did not progress from state D to 
state E (paper motion). 
TDV set 2 indicates controller did not progress from state E to 
state B (data out, 132 bytes). 
TDV set 2 indicates controller did not progress from state B to 
state C (character bufft:r scan, print). 
TDV set 2 indicates controller did not progress from state C to 
state E (paper motion) or print error occurred. 
Status error for print with format order. 
Test mode selecti<Y.l error. Expected TOV CC 1, 2 -= 01. 
TOV set 4 indicotes paper motion control signal error after 
paper motion. 
TOV set 1 indicates status error after print with format order. 
Status error for print with format (no data chain). 
TDV set 2 indicates controller did not progress from stote E to 
state A (data chain). 
TDV set 2 indicates controller did not progress from state E to 
state A (no data chcinl. 

TST 1, 45 State Progression - Format Order/Paper N\otion (high 
speed slew) (7446). A format order is issued in test mode 
and TDV set 4 is used to verify the paper movement 
control si9~1s for a X'C6' to X'CF' format byte. 

4501 Test mode selection error. Expected TDV eCl, 2 cOl. 
4502 TDV set 1 indicates status error after format order with paper 

motion completion. 
4503-4510 TOV set 4 indicates paper motion control error. See 

printout. 
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TSTl, 46 Paper Clamp - Print Order/Paper Motion (test mode) 
(7446). A print order is issued in test mode and TOY 
instruction used to.step the controller through states 
A, B, C, E, A. TOY set 4 verifies the paper clamp 
timing. 

4601 Test mode selection error. Expected TDY CCI, 2 =- 01. 
4602-4605 TOY set 4 indicates paper clamp control error (see printout). 

TSTl, 47 Print Order - Automatic Upspacing (7441, 7446). A print 
order is issued to print a pattern of 'E' characters. 
Terminal status is verified. 

4701 Status error for print order. 
4702 Test mode selection error. Expected TOY CCl, 2 -= 01. 
4703 TOY set 2 indicates print control error for print order. 
4704 TOY set I indicates print error for print order (7446). 
4705 TOY set 4 indicates print control error for print order. 

TSTl, 48 Print with Format Order - Inhibit Upspoce (7441, 7446). 
A print with format order is issued to perform a print 
operation with inhibit upspace format. Terminal status 
and character buffer verified. 

4801 Controller busy beyond nor~al termination time for print with 
format order (upspace inhibited). 

4802 Status error for print with format order (upspace inhibited). 
4803 Test mode sel~ction error. Expected TOY CCI, 2 = 01. 
4804 Character buffer not cleared for print with inhibit upspace order. 
4805 TDY set I indicates status err~r for print with inhibit upspace. 

TSTl, 49 Format Order - Space Lines (7441, 7446). A format 
order (X'CI' to X'CF' byte) is issued and terminal status 
verified. 

Status error for format order. 
Test mode selection error. Expected TOY CCI, 2 = 01. 
TOY set 4 indicates poper motion control signal error for format· 
order. . 
TOY set 3 indicates format register error after format order. 
TOY set 1 indicates status error for format order. 

TSTl, 50 Print N Format (7441, 7446). A print with format order 
is issued to space 2 lines and print line of 'E' characters. 
Terminal status is verified. 

5001 
5002 
5003 

5201 
5202 
5203 
5204 
5205 

5206 

Status error for print with format order. 
Test mode selection error. Expected TOY CCl, 2 == 01. 
TOY set 4 indicates paper motion control error for print with 
format order. 

TSTl, 52 Print Blanks (7441, 7446). A print order is issued to 
print one line of blanks. Terminal status is tested. 

Status error for print blanks. 
Test mode selection error. Expected TOY Cel, 2 == 01. 
TOY set 2 indicates print control error for print blank line. 
TOY set 3 indicates format control error for print blank line. 
TOY set 4 indicates paper motion control error for print blank 
line. 
TDV set 5 indicates address counter not at correct terminal 
state. 

lSTl, 53 Print Continuous (7441, 7446). A series of 10 lines of 
'E' ~haracters are printed. Terminal status \is tested. 

5301 Status error for print 'E' character lines. 
5304 Test mode selection error. Expected TOY CCI, 2 == Ol. 
5305 TOY set 2 indicates print control error. 
5306 TOV set" indicates paper motion control error. 
5307 TOV set 3 indi cates format control error. 

TSTI, 54 Print Broadside Pattern (7441, 7446). A broadside 
paHern of all character> are printed. Terminal status 
is tested. 

5401 Status error for broadside line. 

TST1, 55 Error Induction/Reporting (7446). Using a print order 
and test mode to: (1) force print echo error, (2) force 
buffer parity error, (3) force 10 pority error, (4) force 
code disk parity error. Each time verify that induced 
error is reported correctly; 

5501 Test mode selection error. Expected TOV ce I, 2 ""' 01. 
5502 TOY set I indicates no print error reported. 
5503 TOY set 1 indicates no buffer pari ty error reported. 
5504 TOY set I indicates no 10 parity error reported. 
5505 TOY set 1 indicates no code disk parity error reported. 
5506 no status indicates no unusual end reported. 

TST1, 56 10 Parity Induction/Reporting (7446). The following 
orders are issued: 126 X'Ol', X'OO', X'05', and X'Ol' 
in order to test for the correct error reporting of data 
parity and order out for 5/7 and 8/9 computer. 

5601 Test mode selection error, expected TOV ec I, 2 = 01. 
5602 TOV set I indicates incorrect report of data parity error. 
5603 TOY set 1 indicates incorrect report of parity error. (Sigma 

8/9 order out) (Sigma 5/7 data parity). 
5605 TlO indicates incorrect byte count. 

TSTl, 58 Invalid Character Test (7442 only). Print two lines of 
invalid characters then two lines of mixed valid and 
invalid characters. After a long delay for each print, 
printer should still be busy. No printing occurs for 
invalid characters. 

5801 Line printer not busy after printing invalid character. 

TST1, 60 Format Order - Inhibit Upspace (7440/7445, 7450). 
A format order of a byte count of one, then a byte 
count of two is issued. Terminal status is verified 
and that no paper motion has occurred. 

6001 510 status error for format order. 
6002 Device, controller busy beyond normal termination time for 

format order. 
6003 
6004 
6005 

Paper motion occurred for a format with inhibit upspace. 
Status "!rror for format order. 

Byte count did not decrement after format order. 

lSi1, 61 Interrupt Generation and H 10, AIO Instruction Resetting 
(7450, 7440/7445). The following orders are issued: 

6101 

6102 

6103 

6104 
6105 

6106 

6107 

6108 
6109 

6110 

6111 

X'07', X'07', and X'OO' in order to test the generation 
of ICE, Ize, and IUE. AIO and HIO instructions are 
issued to test the interrupt clearing. 

TIO instruction indicates IP status not present after X'07' order 
with ICE flag set. 
no instruction condition code or status error after X '07' order 
issued with ICE flag set. 
AI0 instruction condition code. status or device address error 
fallowing a X'07' order rai5ing IP. 
HIO instruction did not clear IP in cont~olle~. 
no instruction indicates IP not set by X'07' order with Ize 
flag set. 
no instruction condition code or status error after X'07' order 
with IZC flag set. 
AIO instruction condition code, status or device address error 
after X'07' order with IZC flag set. 
AIO .or HIO instruction did not reset IP stotus in controller. 
no indicates X'OO' order with IUE flag set did not set IP in 
controller. 
no indicates condition code or status error after X'OO' order 
with IUE flag set. 
AIO condition code, status or device address error after X'OO' 
order with IUE flag set. 
no indicates no UE status for X'OO' order. 6112 

6113 no condition code or status error after AIO or HIO issued with 
IP status present. 

61}.4 AIO did not reset IP status in controller. 
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TSTl, 62 10 Interrupt Generation (7440/7445, 7450). A format 
with ICE flag is issued. Verify that the program is 
interrupted when the 10 interrupt is armed and enabled •• 

6201 TlO instruction indicates IP not set by 510, 10 interrupt is 
disarmed. 

6202 Program was interrupted while 10 interrupt was disarmed. 
6203 Program was not interrupted while 10 interrupt was armed/ 

enabled: 
6204 TlO indicates IP not cleared by an AIO instruction. 

TSTl, 63 Print with Format - Inhibit Upspace (blank characters) 
(7440/7445). A print with format order is issued to 
perform a print operation with inhibit upspace format. 
Terminal status and no paper motion is verified. Bytes 
of 2 through 134 are transferred. 

6301 
6302 
6303 
6304 
6305 
6306 

Paper motion has occurred for a print with format order. 
Byte count not equal to zero after a print with format order. 
IL not set for byte count unequal to 132. 
IL set for byte count equal to 132. 
Status error for print with format. 
510 status error for print with format. 

TSTl, 64 Print with Format - Inhibit Upspace (blank characters) 
(7450). First then second print with format order are 
issued. Printer expects first then second print order is 
verified. Byte 2 thr9ugh 129 are transferred. Terminal 
status and no paper motion is verified. 

6401 
6402 
6403 
6404 

6405 
6406 
6407 
6408 
6409 
6410 
6411 

Paper motion has occurred for a first print with format order. 
Paper motion has occurred for a second print with format order. 
Byte count not equal to zero after a first print with format order. 
Byte count not equal to zero after a second print with format 
order. 
Status error for first print with format order. 
Status error for second print with format order. 
510 status error for first print with format order. 
510 status error for second print with format order. 
Expect first print order TOV bit not set for first print order. 
Expect first print order TOV bit set for second print order. 
Typeline sector error (should always be one). 

TSTl, 65 Data Transmission Complete (OTC) Interrupt (7440/7445, 
7450). Using print with format and interrupt on data 
transmission complete, verify data transmission complete 
interrupt is generated. 

6501 Data transmission complete interrupt not generated. 
6502 TlO indicates condition code or status error for X'45' order. 

Expected IP status. 
6503 AIO condition code, status or device address error after OTC 

interrupt generated in controller expected AIO status bit 1 set. 
6504 Print fault - see printout. 

TST1, 66 Command Chaining (7440/7445, 7450) (Sigma 5/7). 
Using the invalid order, verify the command chaining 
operation; verify that the UE status terminates the 

command chaining. 

6601 TlO indicates controller busy beyond normal termination time 

fOf command chain operation. 
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6606 
6607 
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6610 
6611 
6612 
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TlO indicates stotus error during commondchaining operation. 
TlO indicates operational status error following command 
chain operation. 
Byte count not 0 following command chaining operation. 
TlO indicates command chaining terminated with first lOCO 
instead of second lOCO. 
Controller busy with invalid order. 
TlO indi cotes UE not generated for inval id order. 
TlO status error following inval id order command chained. 
Terminal byte count zero following on invalid order command 
chained. 
Command chaining not terminated by UE of invalid order. 
510 status error for inval id order command cha ined. 
SIO status error for command chained. 

TSTl, 68 Format - Space One Line (7440/7445, 7450). A format 
order is issued to space one line. Verify that paper 
motion ond no print operation occurs. 

6801 Status error for format order. 
6802 No paper motion for space one line format order. 

TSTl, 69 Print with Auto Upspace (7440/7445, 7450). Six 
print orders are issued to veri fy each code disk 
character. Verify that paper motion and no print 
error occurs. 

6901-6906 Status error for a print order. 
6907 Paper motion for print with auto upspace. 

TSTl, 70 Pr int Broadside Pattern (7440/7445, 7450). A broods ide 
pattern of all characters are printed. Terminal status is 
tested. 

7001 Status error for broadside line. 

TSTI. 71 Print - Sliding One Column Pattern (7440/7445,7450). 

7101 

7301 
7302 
7303 
7304 
7305 
7306 

Print with auto upspace is i$sued with incrementing 
byte counts of a sl iding 1 column pattern. Verify that 
no print errors occur. 

Status error for a print order. 

rSTl, 73 Pattern and Format Test (7440/7445, 7450). Run a 
selected set of utility tests in sequence. Verify that 
no print error or paper fault occur. 

Status error for hammer registration. 
Status error for checkerboard pattern. 
Status error for ripple test pattern. 
Status error for printer speed test. 
Status error for skip I ine test. 
Status error for channel search test. 
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TEST/DEVICE REFERENCE TABLE 

Model Number Not 
Subtest 

7440/7445 Used 7441 7446 7450 
3451 7442 

TSTI I X X X X 
2 X X X X 
3 X X 
4 X X 
5 X X 
6 X X 
7 X X 
8 X 
9 X 

10 X 
11 X X 
12 X X 
13 X X 
14 X 
15 X X 
16 X X 
17 X X 
18 X 
19 X 
20 X X 
,21 X X 
22 X X 
23 X X 
24 X X 
25 X X 
26 X X 
27 X X 
28 X 
29 X 
30 X 
31 X X 
32 X X 
33 X 
34 X 
35 X X 
36 X X 
37 X X 
38 X 
39 X 
40 X X 
41 X X 
42 X X 
43 X X 
44 X X 
45 X 
46 X 
47 X X 
48 X X 
49 X X 
50 X X 
51 X 
52 X X 
53 X X 
54 X X 
55 X 
56 X 
57 X 
58 X 
59 X 
60 X X 
61 X 'X 
62 X X 
63 X 
64 X 
65 X X 
66 X X 
67 X 
68 X X 
69 X X 
70 X X 
71 X X 
72 X 
73 X X 

12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X/745X) 

Model Number Not 
Subtest 

74040/7445 7441 Used 
3451 7442 

7446 7450 

TST2 X X X X 

TST3 Dl'X 7440/7445 7441 
7446 7450 

3451 7442 

1 X X X X 
2 X X X X 
3 X X X X 
4 X X X X 
5 X X X X 
6 X X X X 
7 X X X X 
8 X X X X 
9 X X X X 

FUNCTIONAL TEST (TSTl) (SSI= 0, SS3 = I) 
INITIALIZING CONDITIONS AND EXPECTED RESULTS 

1. Initializing Conditions: None 
2. Expected Results: 

Subtest Results 

Models 7441,7442 42 Space 1 to 15 lines in sequen ce 
and 7446 (7441 only} 

Space 1 to 5 lines in sequence 
(7446 only) 

43 Print 1 line broadside character 'E' 
44 Space 1 line and print 1 line 

broadside character 'E' 
45 Space 6 to 15 lines in sequence 
47 Print 15 lines of blank characters 

Print 132 lines of sliding one column 
pattern of character' E' 
Print 30 lines of one character 'E' 
random positioning 
Print 10 lines broadside character 'E' 
Print 30 lines random column, 
random number of columns 

48 Print with inhibit upspace 
49 Space 1 to 15 lines in sequence 
50 Space 2 lines and print 1 line 

broadside character 'E' 
52 Print 1 line of blank characters 
53 Print 10 lines broadside character 'E' 
54 Print 64 lines broadside pattern of 

all printable characters 
Mode I 7440/7445 68 Space 1 line 
7450 and 3451 69 Print 1 character per line: 

characters A, B, 0, H &, -
70 Print 64 lines broadside pottern af 

all printable characters 
71 Print 132 sliding one column pattern 
73 Print 32 lines broadside character 'E' 

Print 32 lines of alternating blank 
and character 'E' 
Print 132 lines of ripple test pattern 
Print 36 lines of printer speed test 
Print 263 lines of printer load test 
pattern 
Space 1 to 7 lines in sequence 
(7450 only) 
Space 1 to 15 lines in sequence 
(7440/7445 only) 
Skip to top and bottom of page 
(7450 only) 
Skip to all 7 channels in sequence 
(7440/7445 only) 
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12. SIGMA 5-9 COMPREHENSIVE LINE PRINTER 
TEST (744X/745X) 

COLUMN 
NUMBER 

7440;7445 
34S1 

I 2SG 
2 25G 
3 25G 
4 24G 
5 24G 
6 24G 
7 23G 
8 23G 
9 23G 

10 22G 
11 22G 
12 22G 
13 21G 
14 21G 
15 21G 
16 20G 
17 20G 
IS 20G 
19 19G 
20 19G 
21 19G 
22 lSG 
23 lSG 
24 lSG 
25 17G 
26 17G 
27 17G 
28 J6G 
29 16G 
30 16G 
31 lSG 
32 lSG 
33 1SG 
34 14G 
35 14G 
36 14G 
37 13G 
38 13G 
39 13G 
40 12G 
41 12G 
42 12G 
43 11G 
44 llG 
45 l1G 
46 lOG 
47 lOG 
48 lOG 
49 9G 
50 9G 
51 9G 
5~ SG 
53 SG 
54 8G 
55 7G 
56 7G 
57 7G 
58 6G 
59 6G 
60 6G 
61 5G 
62 5G 
63 5G 

12-16 

HAMMER DRIVER MODULE LOCATION CHART 

MODULE LOCATION 64 .4G 

7441/7442 
See note 1 

13HJ 
13HJ 
13HJ 
J3HJ 
13HJ 
13HJ 
13HJ 
13HJ 
12HJ 
12HJ 
12HJ 
J2HJ 
12HJ 
12HJ 
12HJ 
12HJ 
13HJ 
12HJ 
13HJ 
12HJ 
12HJ 
13HJ . 
12HJ 
13HJ 
llHJ 
llHJ 
llHJ 
11HJ 
llHJ 
llHJ 
llHJ 
llHJ 
10HJ 
10HJ 
10HJ 
IOHJ 
10HJ 
IOHJ 
10HJ 
10HJ 
llHJ 
10HJ 
llHJ 
IOHJ 
IOHJ 
llHJ 
lOHJ 
llHJ 
9HJ 
9HJ 
9HJ 
9HJ 
9HJ 
9HJ 
9HJ 
9HJ 
8HJ 
8HJ 
8HJ 
8HJ 
SHJ 
SHJ 
8HJ 

65 4G 
66 4G 

7446 
74S0 See note 2 

67 3G 
68 3G 
69 3G 

12HJ 13HJ 70 2G 
12HJ 13HJ 71 2G 
12HJ J3HJ 72 2G 
12HJ J3HJ 73 lG 
J2HJ 13HJ 74 lG 
12HJ 13HJ 75 lG 
12HJ 13HJ 76 IF 
12HJ 13HJ 77 IF 
l1HJ 13HJ 7S 1F 
llHJ 12HJ 79 2F 
llHJ 12HJ 80 2f 
llHJ 12HJ SI 2f 
llHJ 12HJ 82 3F 
llHJ 12HJ 83 3F 
llHJ 12HJ 84 3F 
llHJ 12HJ 85 4f 
IOHJ 12HJ 86 4F 
10HJ 12HJ 87 4F 
IOHJ 12HJ S8 SF 
IOHJ 12HJ 89 SF 
IOHJ 13HJ 90 SF 
10HJ 13HJ 91 6f 
IOHJ 13HJ 92 6f 
IOHJ 13HJ 93 6f 
9HJ llHJ 94 7F 
9HJ TlHJ 95 7F 
9HJ lH:U 96 7F 
9HJ llHJ 97 Sf 
9HJ llHJ 98 Sf 
9HJ llHJ 99 SF 
9HJ llHJ 100 9F 
9HJ llHJ 101 9F 
SHJ 10HJ 102 9F 
SHJ 10HJ 103 HI= 
SHJ 10HJ 104 IOF 
SHJ IOHJ 105 IOF 
SHJ lOHJ 106 llF 
SHJ 10HJ 107 llF 
8HJ· IOHJ 108 llF 
8HJ IOHJ 109 12F 
6HJ IOHJ 110 12F 
6HJ lOHJ 111 12F 
6HJ lOHJ 112 13F 
6HJ lOHJ 113 13F 
6HJ llHJ 114 13F 
6Hj llHJ l1S 14F 
6HJ llHJ 116 14F 
6HJ llHJ 117 14F 
5HJ 9HJ 118 lSf 
5HJ 9HJ 119 lSF 
5HJ 9HJ 120 lSF 
5HJ 9HJ 121 16f 
SHJ 9HJ 122 16F 
SHJ 9HJ 123 16f 
SHJ 9HJ 124 17F 
5HJ 9HJ 125 17F 
4HJ SHJ 126 17F 
4HJ 8HJ 127 lSf 
4HJ SHJ 128 lSf 
4HJ SHJ 129 ISF 
4HJ SHJ 130 19F 
4HJ SHJ 131 19F 
4HJ SHJ 132 19F 

Notes: 

1. In 7441/7442 printers, the front hammer driver chassis is for 
the odd-numbered columns; the rear for the even. 

2. In 7446 printers, the front hammer driver chassis is for 
the even-numbered columns; the reor for the odd. 

600P81 036 

8HJ 4HJ SHJ 
9HJ 3HJ SHJ 
SHJ 3HJ 8HJ 
9HJ 3HJ 8HJ 
SHJ 3HJ SHJ 
8HJ 3HJ 9HJ , 
9HJ 3HJ 9HJ 
SHJ 3HJ 9HJ 
9HJ 3HJ 9HJ 
7HJ 12HJ 7HJ 
7HJ 13HJ 7HJ 
7HJ 13HJ 7HJ 
7HJ 13HJ 7HJ 
7HJ 13HJ 7HJ 
7HJ 13HJ 7HJ 
7HJ 13HJ 7HJ 
7HJ 13HJ 7HJ 
6HJ 12HJ 6HJ 
6HJ 12HJ 6HJ 
6HJ 12HJ 6HJ 
6HJ 12HJ 6HJ 
6HJ 13HJ 6HJ 
6HJ 13HJ 6HJ 
6HJ 13HJ 6HJ 
6HJ 13HJ 6HJ 
7HJ IOHJ 6HJ 
6HJ IOHJ 6HJ 
7HJ 10tH 6HJ 
6HJ 10HJ 6HJ 
6HJ llHJ 7HJ 
7HJ llHJ 7HJ 
6HJ llHJ 7HJ 
7HJ llHJ 7HJ 
5HJ SHJ 5HJ 
5HJ SHJ 5HJ 
SHJ SHJ 5HJ 
5HJ SHJ .5HJ 
SHJ 9HJ SHJ 
SHJ 9HJ 5HJ 
5HJ 9HJ 5HJ 
SHJ 9HJ SHJ 
4HJ 7HJ 4HJ 
·4HJ 7HJ 4HJ 
4HJ 7HJ 4HJ 
4HJ 7HJ 4HJ 
4HJ 7HJ 4HJ 
4HJ 7HJ 4HJ 
4HJ 7HJ 4HJ 
4HJ 7HJ 4HJ 
SHJ 6HJ 4HJ 
4HJ 6HJ 4HJ 
SHJ 6HJ 4HJ 
4HJ 6HJ 4HJ 
4HJ 7HJ SHJ 
SHJ 7HJ SHJ 
4HJ 7HJ 5HJ 
SHJ 7HJ 5HJ 
3HJ 4HJ 3HJ 
3HJ 4HJ 3HJ 
3HJ 4HJ 3HJ 
3HJ 4HJ 3HJ 
3HJ 5HJ 3HJ 
3HJ SHJ 3HJ 
3HJ 5HJ 3HJ 
3HJ 5HJ 3HJ 
3HJ 3HJ 
3HJ 3HJ 
3HJ 3HJ 
3HJ 3HJ 
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600P81036 13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 

SUBJECT MODEL -- line Printer Model Numbers 7461, 7462, 7463, 7464,1465, 7466 

REQUIRED EQUIPMENT -- Minimum Memory Size: 16K; Input Device: Cord Reader, Paper Tope Reader or Magnetic -Tope Unit; 
Output Device: Keyboard Printer or Line Printer 

PROGRAM PREREQUISITES 
Need vertical format tape with all channels punched. 

GENERAL OPERATING PROCEDURES 
General operating procedures of the Xerox Sigma 5 through 9 Diagnostic Program Monitor (OPM) apply to this program. 
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13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) .6ooP81 036 

DIRECTIVES - directives are entered after a "! II is typed out 

Parometer 

Nome Format . Standard Value 
10 Definition Volue Range 

(default) 

Program Directives - Environmental Directives 

System Environment SYS-r, 01, X2, X3 01 Device model number 7461, 7462, 7463, 
7464, 7465, 7466 

X2 Revision number of controller o for all printers 
X3 lOP and Device address 01 - IF7F 7461 

Program Directives - Testing Directives 

Comprehensive Test TSTO 
(all functional tests, 
1 - 20, and random 
exerciser test) 

Functional Test TSTl l,DI [, D2d 01 The first subtest to be executed o {all subtests} - 22 0 
02 Lost subtest to be executed 

Random Exerciser Test T5T2, 01 01 Number of cycles to be performed 01> 0 I 

Utility Test TST3, 01, 02, 03, D4 01 = 0 Hommer registration 02 Not entered ~ 
Print continuously 

02=Line count 02=0 Print 1 lir.e 
02/0 Print 02 lines 

= I Checkerboard pattern 02 Not entered=Print 
continuously 

D2=Line count = 0 Print 1 line 
I o Print 02 lines 

= 2 Ripple pattern 02 Not entered=Print 
continuously 

02=Line count = 0 Print I line 
10 Print 02 lines 

= 3 Printer speed test -

02 ~:Chorocter set count I ,s; 02 ,s; 95 

= 4 Printer load test 02 Not entered=Print 
continuously 

02=Line count = 0 Print I line 
/0 Print 02 lines 

= 5 Broadside po ttern 02 Not entered=Print 
continuously 

02=Line count '" 0 Print I line 
/ 0 Print 02 lines 

-:c 6 Selectable pattern/position 02 Not entered=Print 
(Data determined by DATA continuously 
directive) 02=0 Print I line 
02=-Number of lines to be 02/0 Print 02 lines 

printed 
O:FO Print continuous 

03, Number of lines to be lines 
printed as a group 10No. lines/group 

04: Number of blank lines O,s; 04 
between groups 

7 Space I ines (space orders Space Order 
are issued to each of the 30 CO - CF 
possible positions in sequence) EO - EF 

= 8 Channel search 02 Not entered~Skip 

02=Channel number to all channels in 

03/0 Skip channel no. sequence 

with inhibit upspace o ,s; 02 < 7 

:-lOAII Utility tests in 02-=0 Print 1 line 
sequence 
02 line count 02/0 Print 02 lines 

:- 9 Paper Slew speed 
02 not used 
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600P81036 13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 

DIRECTIVES (Continued) 

Parameter 
Nome Format Standard Value 

10 Definition Value Range 
(defooh) 

Program Directives - Optional Directives 

Pattern selection DATA, 01, 02, 03,04 01 = 4 Variable pattern -4 
(for Uti! ity Test )(T5T3 . 6) 02 Starting column 1 -132 

03 Ending column 1 -132 
04 EBCDIC character string Any printable codes 

(up to 4 EBCDIC characters) OO-FF 
(FOF1F2F3) 

limitation of program lIMT, 01, 02, 03 01 = 1 limit compare error printouts 1, 2 
parameters D2=Maximum number of compare 

error printouts 0502 

= 2 limit delay time -6 
D2=Minimum delay time 05 02 ~ 03 
D3=Maximum delay time 

Note: Parameter of any directive beginning with a 0 means decimal; with an H means hexadecimal. 
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13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 600P81 036 

START PROCEDURE 
1. Sense Switch Options, Monitor Directive Options, and Environmental Directives - Refer to DPM section of this monuol. 
2. Test Strategy Selection 

Comprehensive Test Functional Test Random Exerciser Test Utility Test 

Recommended Normal Usage Solid Failure Detection Intermittent Failure Print 
Application and Specific Problem Detection Qual ity Verification 

Analysis 

Test Directive TSTO TSTI TST2 T5T3 

Prerequisite None None TSTI TST! 

Optional Directives L1MT lIMT lIMT lIMT, DATA 

Subtests All functional subtests 22 subtests (see error Pr ints a predeterm ined Prints one or all of 
(1-20) and random messages for the test set of test patterns predetermined patterns 
exerciser test types) 

Error Message Format l. ERROR NO. DODD ERROR NO. DODD lOC Se If-explanatory Sel f-explanatory 
lOC XXXX XXXX 

2. Self-explanatory 

3. System reset should normally be used in order to !nsure the resetting of controller test mode logic. 
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PROGRAM TEST DESCRIPTION 

The following is a description of the tests contained in the 
Comprehensive line Printer test program. 

TSTO 

The directive selects the comprehensive test consisting of the 
functional test (subtests 1- 20) and the random exerciser test. 

Parameters: None 

Example: TSTO 

TSTl 

1. The functional test will be run on the printer 
in sequence (sub test 1 through 20). 

2. The random exerciser will run until six cycles 
have been completed. If a failure is encountered, 
on error message is printed and the exercising 
continues. 

The direCtive selects the entire functional test (no parameters 
entered) or selects ane or more contiguous functional subtests. 

Parameters: 01 - First functional subtest 
02 - last functional subtest 

where 0 < 01 ~ 02 ~ 22 

Examples: Run all functional subtests. 

TSTl, 5, 9 

Run functional subtests 5 thru 9. 

TST2 

The directive selects the random exerciser test. 

Parameters: 01 - Number of cycles to be executed by random 
exerciser 

Example: 

TST3 

TST2, 3 

The random exerciser will run until three cycles have 
been completed. 

The utility test routine allows the user to select a specific utility 
function and/or print patterns which aid the operator in printer 
adjustments • 

Parameters: 01 - Utility test selection 
02 - Defined by the utility test selected 
03 - Defined by the utility test selected 
D4 - Defined by the utility test selected 

01 = 0 Hammer registration 
02 -= line count 

Generates pattern of broadside character 'E' (some character in all 
positions) cantinuously as a reference in checking printer hammer 
alignment 

01 1 Checkerboard pottern 
02 " line count 

13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 

TST3(Continued) 

Generates a worst-case pottern to expose ghost character printing. 
The pattern consists of alternating character 'E' and blonks. 

01 = 2 Ripple pattern 
02 ~ line count 

Generates a pattern consist ing of all characters per line, each 
succeeding line having the characters shifted one position to the left 

01 = 3 Printer speed test 
02 ~ Character count (7450 only) 

A 36-line pottern of characters is printed to produce maximum print 
rate. The average time ta print and upspace is calculated and the 
printer speed is determined and reported. 

01 = 4 Printer load test 
02 -= line count 

Generates a pattern of an increasing number of character 'E' each 
line until 132 positions are printed, then a decreasing number of 
character 'E' each line 

01 = 5 Broadside pattern 
02 = line count 

Generates a 64/95 line pattern of all printable characters broadside 

01 = 6 Selectable pattern/position 
02 '-= line count 
03 =: Group/line count 
04 '-' Group/space count 

Generates a selectable character and position(s) pattern 

01 = 7 Space lines 
02 -= Unused 

Space orders are issued to each of the 15 possible positions in sequence. 

01 = 8 Channel search 
02 = Channel number 
03 to Skip to channel number with inhibit upspace. 

Channel searches are issued to the operator-specified channel. 

01 ~ 9 Paper Slew speed 
02 ~ ('Jot used 

Spoce 15 lines, determine paper slew and report the results. 

01 ~ 10 Utility test 
02 =- line count 

Run all utility tests in sequence 

Examples: T513, 7 

Space orders are issued to each of the 15 possible 
positions in sequence. 

TST3, 8, 4 

Exercise the printer VFU control. Channel 4 is ta be 
searched. 

ORDER CODES 
X'OI' 
X'<tl' 
X'03' 
X'43' 

X'05' 
X'45' 

Print a line 
Print a line - interrupt at data transmission complete 
Format order (see format codes) . 
Format order - interrupt at data transmission complete (see 
format codes) 
Print with format 
Print with fOfmat - interrupt at data transmission complete 
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SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 

NORMAL TOY STATUS 

BITS 

MODel 0 1 2 3 4 5 6 7 

7461, 7462, Not Used Recovery Recovery Top of Not Not 10 Not 
7463, 7464, Mode I Mode 2 Page Used Used Parity Used 
7465, 7466 Error 

AID STATUS For Model 7461 7462 7463 7464 7465 7466 , , , , , 

0 1 2 

NOT DATA 
USED TRANSMISSION 

COMPLETE 
INTERRUPT 

FORMAT CODES FOR FORMAT OPERATIONS 

MODEL 7461, 7462, 7463, 7464, 7465, 7466 

X'60' 
x'cO' 
X'Cl' 
X'C2' 
X'C3' 
X'C4' 
X'CS' 
X'C6' 
X'C7' 
x'cS' 
X'C9' 
X'CA' 
X'CB' 
X'CC' 
X'CD' 
X'CE' 
X'CF' 
X'EO' 
X'El' 
X'E2' 
X'E3' 
X'E4' 
X'ES' 
X'E6' 
X'E7' 
X'ES' 
X'E9' 
X'EA' 
X'EB' 
X'EC' 
X'ED' 
X'EE' 
X'EF' 

Inhibit automatic space after pririt 
Space 0 lines 
Space 1 line 
Space 2 lin es 
Space 3 lines 
Space 4 lines 
Space 5 lines 
Space 6 lines 
Space 7 lines 
Space S lines 
Space 9 lines 
Space 10 lines 
Space 11 lines 
Space 12 lines 
Space 13 lines 
Space 14 lines 
Spoce 15 lines 
Space 0 lines and inhibit automatic upspace 
Space 1 line and inhibit automatic upspoce 
Space 2 lines ane! inhibit automatic upspoce 
Space 3 lines and inhibit automatic upspace 
Space 4 lines and inhibit automatic upspoce 
Space 5 lines and inhibit automatic upspace 
Space 6 lines and inhibit automatic upspoce 
Space 7 lines and inhibit automatic upspace 
Space 8 lines and inhibit automatic upspoce 
Space 9 lines and inhibit automatic upspace 
Space 10 lines and inhibit automatic vpspoce 
Space 11 lines and inhibit automatic vpspoce 
Space 12 lines and inhibit automatic upspoce 
Space 13 lines and inhibit automatic upspace 
Space 14 lines and inhibit automatic upspoce 
Space 15 lines and inhibit automatic vpspoce 

3 

BITS 

4 5 6 7 

NOT USED 

X'FO' 
X'Fl' 
X'F2' 
X'F3' 
X'F4' 
X'FS' 
X'F6' 
X'F7' 
X'FS' 
X'F9' 
X'FA' 
X'FB' 
X'FC' 
X'FD' 
X'FE' 
X'FF' 
X'OO' 
X'Dl' 
X'D~' 
X'D3' 
X'D4' 
X'DS' 
X'D6' 
X'D?' 
X'D8' 
X'D9' 
X'DA' 
X'DB' 
X'DC' 
X'OO' 
X'OE' 
X'DF' 

Skip to channel 0 (bottom of page) 
Skip to channell (top of page) 
Skip to channel 2 
Skip to channel 3 
Skip to channel 4 
Skip to channel 5 
Skip to channel 6 
Skip to chao-nel 7 
Skip to channel 8 
Skip to channel 9 
Skip to channel 10 
Skip to channel 11 
Skip to channel 8 
Skip to channel 9 
Skip to channel 10 
Skip to channel 11 
Skip to channel 0 (BOP) and inhibit automatic upspoce 
Skip to channell (TOP) and inhibit automatic upspace 
Skip to channel 2 and inhibit automatic upspace 
Skip to channel 3 and inhibit automatic upspace 
Skip to channel 4 and inhibit automatic upspace 
Skip to channel 5 and inhibit automatic upspace 
Skip to channel 6 and inhibit automati-c upspace 
Skip to channel 7 and inhibit automatic upspace 
Skip to channel 8 and inhibit automatic upspace 
Skip to channel 9 and inhibit automatic upspace 
Skip to channel 10 and inhibit automotic upspace 
Skip to channel 11 and inhibit automatic upspace 
Skip to channel 80nd inhibit automatic upspace 
Skip to channel 9 and inhibit automatic upspace 
Skip to channel 10 and inhibit automatic upspace 
Skip to channel 11 and inhibit automatic upspace 
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600P81 036 13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 

FUNCTIO~AL SUBTESTS AND RELATED ERROR MESSAGES 
fAULT INDEX DESCRIPTION - fUNCTIONAL SUBTESTS 

The fault index contains a brief description of each functional subtest and a list of associoted error numbers with a brief description of each error. 
The subtests and error numbers are arranged in ascending sequence. The description of subtest NN is numbered NNOO. The first two digits of the 
error number correspond to the associated subtest; the I;'st two numbers correspond to the individual errors within the subtest. 

TSTl,] HIO, TlO, TDV and AIO instruction recognition. 
HIO, TlO, TOV and AIO instructions are issued 
and condition codes status tested. 

TSTl, 06 10 Interrupt Generation. A format with ICE flag is issued. ' 
Verify that the program is interrupted when the 10 

0101 
0102 
0103 
0104 

HIO instruction condition codes or status error. 
TlO instruction condition codes or status error. 
TOV instruction condition codes or status error. 
AIO instruction condition code error. Expect no interrupt 
recognition. 

TSTl, 2 510 invalid order. 510 is issued with all invalid 
orders and controller tested for unusual end. 

0201 
0202 
0203 

0204 

0205 

510 indruction condition codes not 00 as expected. 
510 instruction status error. 
TlO instruction indicates controller busy 50 usec after 510. 
Expect UE. 
TIO instruction indicates status error after 510 (invalid order). 
Expected UE, controller not busy. 
TlO instruction terminal byte count not' 1 indicating 
controller accepted one byte for invalid order. 

TSTl, 03 format Order - Inhibit Upspace. A format order of a 
byte count of one, then a byte count of two is issued. 
Terminal status is verified and that no paper motion 
has occurred. 

0301 
0302 

0303 
0304 
0305 

0501 

0502 

0503 

0504 
0505 

0506 

0507 

0508 

0509 

0510 

0511 

0512 
0513 

S10 status error for format order. 
Device, controller busy beyond normal termination time for 
formot order. 
Poper motion occurred for 0 format with inhibit upspace. 
StoM error for format order. 
Byte count did not decrease after formot order. 

TST1,05 Interrupt Generation and HIO, AIO Instruction 
Resetting. The following orders ·are issued: X'03', 
X'03', and X'OO' in order t~ test the generation of 
ICE, IZC and IUE. AIO and HIO instructions are 
issued to test the interrupt clearing. 

TlO instruction indicates IP status not present after X'03' 
order with ICE flag set. 
TlO instruction condition code or status error after X '03' 
order issued with ICE flag set. 
AIO instruction condition code, status or device address 
error foHowing a X'03' order raising IP. 
HIO instruction did not clear IP in controller. 
TlO instruction indicates IP not set by X '03' order wi th 
Ize Hog set. 
TlO instruction condition code or status error after X'03' 
order with IZC flag set. 
AIO instruction condition code, status or device address 
error after X'03' order with Ize flog set. 
AIO or HIO instruction did not reset IP status in 
controller. 
TlO indicates X'OO' order with IUE flag set did not set 
lP in controller. 
TIO indicates condition code or status error after X'OO' 
order with IUE flag set. 
AIO condition code, status or device address error after 
X'OO' order with IUE flag set. 
TlO indicates no UE status for X '00' order. 
TIO condition code ar status error after AIO or. HIO 
issued with IP status present. 

051-4 AIO did not reset IP status in controller. 

0601 

0602 
0603 

interrupt is armed and enabled. 

TlO imtruction indicates IP not set by SIO, 10 interrupt is 
disarmed. 
Program was interrupted whi Ie 10 interrupt was disarmed. 
Program was not interrupted while 10 interrupt was armed! 
enabled. 

0604 TIO indicates IP not cleared by an Ala instruction. 

TSTl, 07 Print lI)tith format - InhibitUpspace (blank characters). 

0701 
0702 
0703 
0704 
0705 
0706 

A priot with format arder is issued to perform a print 
operation with inhibit upspace format. Terminal ~tatu5 
and no paper motion is verified. Bytes of 2 through 134 
are transferred. 

l'DV status error. 
Byte count not equal to zero after a print with format order. 
It not set for byte count greater than 132. 
Il set for byte countless or equal to 132. 
Status error for print with format. 
SIO status error for print with format. 

TSTl, 08 Data Transmission Complete (OTO Interrupt. Using print 
with format and interrupt o~ data transmission complete, 
verify data transmission complete interrupt is generated. 

0801 
0802 

0803 

0901 

0902 
0903 

0904 
0905 

0906 
0907 
0908 
0909 

0910 
0911 
0912 

1101 

Data transmission complete interrupt not generated. 
TlO indicates condition code or status . error. for X'4S' order. 
Expected IP status. 
Ala condition code, status or dellice address error after DTe 
interrupt generated in controller expected Ala status bit 1 set. 

TSTl, 09 Command Chaining. Using the invalid ~rder, verify the 
command chaining operation; verify that the UE status 
terminates the command chaining. 

TIO indicates controller busy beyond normal termination time 
for command chain operation. 
TIO indicates status error during command chaining operation. 
TI0 indicates operational status error following command 
chain operation. 
Byte count not 0 following command chaining operation. 
TIO indicates command chaining terminated with first lOCO 
instead of second lOCO. 
Controller busy with invalid order. 
TlO indicates UE not generated for invalid order. 
TIO status error following invalid order command chained. 
Terminal byte count zero fallowing an invalid order command 
chained. 
Command chaining not terminated by UE of invalid order. 
510 status error for invalid order command chained. 
SIO status error for command chained. 

TSTl, 11 Format - Space One line. A format order is issued to 
space one line. Verify that poper motion and no print 
operation occurs. 

Status error for format order. 
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TSTl, 13 Print Broadside Pattem. A broadside pattern of all 
characters are printed. Terminal stotus is tested. 

1301 Status error for broadside line. 

TSTl, 14 Print - Sliding One Column Pottem. Print with auto 
upspace is issued with incrementing byte counts of a 
sliding 1 column pattern. Verify that no print errors 
occur. 

1401 Status error for a print order. 

TSTl, 15 Unavailable Character Print Test. This test will 
print a line composed of all a-bit codes between 
o and 127 corresponding to unavailable characters 
followed by a similar line composed of all 8-bit 
codes between 128 to 255 corresponding to 
unavailable characters. 

1501 Invalid characters-print status error for a-bit codes 0 to 127. 
1502 Invalid characters print status error for 8-bit codes 128-255. 

1701 
1702 

TSTl, 17 Space line Test. This test will issue space lines to 
test the correct mapping of the format code. 
Operation is to observe if line printer have 
spaced the correct space. 

Space XX lines 10 status error. 
Skip to top of page 10 status error. 

TSTl, 18 Skip Channel Test. This test will issue skip to 
channel to test the correct mapping of the format 
code. Operator to observe the line printer have 
~kipped to the correct channel. 

1801 Skipped to channel XX 10 status error. 
1802 Print message 10 status error. 

TSTl, 19 Detect Top of Page Test. This test will issue skip to 
bottom of page then space one line until top of page 
is detected. 

1901 
1902 
1903 

Skip to bottom of page 10 status error. 
Space one line 10 status errors. 
Top of page not detected. 

TSTl, 20 Pattem and Format Test. Run a selected set of utility 
tests in sequence. Verify that no print error or paper 
fault occur. 

2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 

Status error for hammer registration. 
Status error for checkerboard pattem. 
Status error for ripple test pattem. 
Status error for printer speed test. 
Status error for printer load test. 
Status error for skip line test. 
Status error for channel search test. 
Status error for paper slew speed test. 

TSTl, 22 toP Halt Test (Sigma 7-9). This test will generate on 
lOP halt at the end of a data transmission of 1 through 
8 bytes with upspacing inhibited. After the generation 
of each lOP halt the entire line will be printed. This 
will verify the inhibit upspace and response to on 
lOP Holt. 

2201 
2202 
2203 
2204 

SIO status error with two TIC's. 
to status error with two TIC's. 
StO status error with one TIC. 
to status error with one TIC. 
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FUNCTIONAL TEST (lST1) (55 1 ~ 0, SS3"" 1) 
INITIALIZING CONDITIONS AND EXPECTED RESULTS 

1. Initializing Conditions: None 
2. Expected Results: 

SUBTEST 

TSTl, 11 

TSTl, 13 

TSTl, 14 

TSTl, 15 

TSTl, 17 

TSTl, 18 

TST1, 19 

TSTl, 20 

TSTl, 22 

13. SIGMA 5-9 LINE PRINTER DIAGNOSTIC (746X) 

RESULTS 

Space 1 line 

Print 64 lines broodside pattern of all 
printable characters 

Print 132 sliding one column pattern 

Print 2 lines of unavailable characters 

Space many lines 

Skip many lines 

Go to top of page 
~ 

Print 32 lines broadside charocter 'E' 
Print 32 lines of alternating blank and 
character 'E' 
Print 132 lines of ripple test pattern 
Print 36 printer speed test 
Print 263 printer load test pattern 
Space 1 to 15 lines in sequence twa times 
Skip to channel 1 to 12 in sequence two 
times 
Space 15 lines paper slew speed test 

Print 8 lines of all XXXX characters 

13-9 



Section 14 

SIGMA 5 - 9 

INTERFACE AND 

SWITCH REFERENCE DATA· 



Section 14 

CONTENTS 

Sigma Memory Processor Interface ... 
Sigma lOP - Device Controller Interface 
Sigma 010 Interface .......... . 
Sigma CPU - lOP Interface ................. . 
Sigma 9 High-Speed RAD Interface ............. . 
Sigma Extended Performance and Medium Speed RAD Interface ......... . 
Sigma 9 Access Code Card Selection . . . . . . . .......... . 
Sigma 9 Map Register Card Selection . . . . . . . . . . .......... . 
Sigma 8/9 Write Locks Card Selection . . . . . . . ..........• 
Sigma 8/9 General Register Card Selection ................... . 
Sigma 6/7 Map Register Card Selection ........... . 
Sigma 6/7 Lock Code Card Selection . . . . ..•........ 
Sigma 6/7 Program Control Bits Card Selection ...... . 
Sigma 6/7 General Register Card Selection ....•.... 
Sigma 5 General Register Card Selection 
Sigma 8/9 CPU, MIOP, RIOP Switches ..... . 
Sigma 8/9 Memory Switches . . . ....... . 
Sigma 5/7 Memory Switches . . . . . . . . 
Sigma 5/7 Memory Configuration '" .... . 
Sigma 9 Memory Remote Configuration .... . 
Sigma 5/7 Switches .............. . 
Sigma 30 OHM Cable Card Relationships 
Sigma 7 Port Expander ...... .. . 
Sigma 7 - 8457 Memory Interface " 
Sigma 7 CPU External Interrupt 
Sigma 7 REU Interfaces 
Sigma 7 CPU - Decimal, Power Monitor, Memory. lOP Interfaces . 
Sigma 8/9 MIOP Single Phase Operation Program .......... . 

Page 

14-1 
14-6 
14·12 
14-14 
14-17 
14-20 
14-21 
14-22 
14-23 
14-24 
14-25 
14-26 
14-27 
14-28 
14·29 
14-30 
14-31 
14-32 
14-33 
14-34 
14·35 
14-38 
14-39 
14-40 
14-41 
14-42 
14-43 
14-44 

IE 

iii 



60oP81 036 

PIN 
CABLE PANEL 

l/A 
D 2 
R 6 

2/B 
D I 
R 4 

3/C 
D 9 
R 10 

4/0 
D 3 
R 8 

5/E 
D 12 
R 13 

6/F 
D 15 
R 18 

7/G 
D 19 
R 20 

8/H 
D 23 
R 22 

9/K 
D 25 
R 27 

lO/l 
D 33 
R 34 

l1/M 
D 35 
R 36 

12/N 
D 37 
R 38 

l3/P 
D 39 
R 40 

14/R D 45 
R 42 

SIGMA 8/9 
CPU 
MIOP P: 
RIOP 
MEMORY PI: 

P2: 
P3: 
P4: 

SIGMA 5/6/1 
5CPU 
6/7CPU 
MIOP 
SlOP 
MEMORY A 

(OLD) B 
C 

MEMlRY 1 
(NEW) 2 

3 
4 

CFE-3 

14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 8/9 MEMORY - PROCESSOR .INTERFACE 

Coble 1 Coble 2 Coble 3 Coble 4 Coble 5 Coble 6 

MOl MIS M29 U6 AH UO 

MOO MI4 . M28 U5 MQ l1I /' 

M03 MI7 M31 U8 DR U2 

M02 MI6 M30 U7 AR 113 

M04 M18 L29 119 PE 114 

M05 MI9 l30 l20 SRA l32 

M06 M20 l31 l21 M32 MFI 

M07 M21 MWO l22 ABO DBUSY 

M08 M22 MWI l23 POK MUWS 

M09 M23 MW2 l24 MR MUWC 

MIO M24 MW3 l25 HPQ SIGMA9 

Mll M25 DG L26 ORll 

Ml2 M26 EDR L27 HOF 

Ml3 M27 OM L28 MFR 

ADD ADD ADD ADD ADD ADD 
03L,AG60 05L,AG60 10K,AG60 02K,AG61 07L,AG60 06K,AG60 
I4C,AG60 I7C,AG60 23C,AG60 25C,AG60 I9C,AG60 27C,AG60 
26D,AG70 30D,AG70 I5C,AG60 11C,AG60 18C,AG60 I3C,AG60 
06C,AG60 OBC,AG60 07B,AG60 OBA,AG 10 05B,AG60 06A,AG60 
IOC,AG60 12C,AG60 llB,AG60 12A,AGIO 09B AG60 10A,AG60 
23C,AG60 21C,AG60 22B,AG60 2IA,AGIO 24B AG60 23A,AG60 
27C,AG60 25C,AG60 26B AG60 25A,AG 10 2B8 AG60 27A,AG60 

12M,A Tll 25P ,ATl1 IBR,ATll' 15R,AT 12 I5S,ATll 
21S,ATll 19P ,AT 11 27N,ATll 15Y;ATl1 I4V.ATl1 
IBA,ATll 16A,ATll I4A AT70 12A,AT61 lOA ATl1 
20D,ATll lSD /ATlI I5D L ATlI ltD,ATl2 I3D,ATl1 
02A,A Tll 02B,ATll 04A ATll 04C.ATlO 06C ATll 
06A,ATll ObB,AT11 04B,ATll 02D,ATlO 04D,ATll 
08A,ATll OBB,ATll OBC,ATll 06D,ATlO OBD,ATll 
09B,AT60 10A,AT60 08A,AT60 06C,AT60 07B,AT60 
14B,AT60 15A,AT60 I3A,AT60 ltC,AT60 I2B,AT60 
19B,AT60 ISA,AT60 20A,AT60 22C,AT60 21B,AT60 
24B,AT60 23A,AT60 25A,AT60 27C,AT60 26B,AT60 
32B,ATll 30B,ATll 2B8,ATll 24B,A T12 26B,ATll 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P81036 

ABO 

AH 

AR 

DBUSY 

DG 

DR 

EDR 

HOF 

HPQ 

llO-L31 

l32 

14-2 

MEMORY-PROCESSOR INTERFACE 

Abort Signal - generated by CPU only. 
As a result of a write prote"ct violation, overrides a write operation and 
prevents chang i ng the contents of memory. 

Address Here - generated by addressed port. 
Indicates particular address exists. 

Address Release - generated by. addressed port. 
Indicates that memory cycle has started and Processor can drop MQ, L, 
MW, OM signals. 

Data Bus Busy- generated by addressed port. 
Inhibits data transmission from other banks on that port. Only used by 
memory units." 

Data Gate - generated by addressed port. 
During read operations gates data into Processors (MIOP) input register. 

Data Release - generated by addressed port. 
Indicates during write operation that the data lines may be dropped, during 
read operation indicates that next memory cycle can use data bus. 

Early Data Release - generated by addressed port. 
During read cycle RIOP uses signal to clear receiving register. Sigma 8/9 
CPU delays signal and generates Internal DG. 

Halt on Fault - generated by CPU PCP. (Unused by Sigma 8/9) . 
Causes address memory to stay busy until PEis cleared. 

High Priority Request - generated by Processor. 
Indicates requesting Processor wants priority changed to higher queue, used 
with MQ. (Unused in Sigma 5-7 processors, wired high in Sigma 9 MIOP, 
low in CPU but dynamic in Sigma 9 RIOP) 

Address Lines - sent by Processor. 
Location processor is requesting, signals must remain stable until AR. 

Address Parity Line - generated by Processor. 
Odd parity bit for L lO-L31, MWO-MW3 and OM. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

Memory-Processor Interface (Continued) 

MOO-31 

M32 

MFI 

MFR 

MQ 

MR 

MUWC 

MUWS 

MWO-MW3 

OM 

Memory Data Lines - bidirectional lines. 
During read cycle reset at DR time, during write cycle strobed. 

Memory Data Parity Line - bidirectional line. 
Odd parity bit for data lines MOO-M31. 

Memory Fau It Interrupt - generated by port. 
Indi cates to Processor a Data Loop Check Error, Parity Error, Overtemp 
or Voltage Irregularities in magnetics. Reset by MFR or MR. 

Memory Fau It Reset - generated by CPU. 
Resets memory fault latch, status latches and the memory fault light signals 
in all ports connected to CPU bus. 

Memory Request - generated by Processor. (Unused by Sigma 8/9) 
Initiates a request for a memory cycle in the addressed memory. 

Memory Reset' - generated by CPU. 
Resets memory. 

Multiple Word Control - generated by Processor. 
N/A, not currently used. 

Mu Itiple Word Service - generated by Processor. 
NjA, not currently used. 

Memory Write Byte Lines - generated by Processor. 
Used with OM to determine memory operation. If OM is false then MWO­
MW3 indicates which bytes are to be written into memory. Reset by AR. 

Operating Mode - generated by CPU. 
In coniunction with MWO-MW3 determines the type of memory operation. 
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lit. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P81 036 

Memory-Processor Interface (Continued) 

ORIL 

PE 

POK 

OM MWO MWl MW2 MW3 Sigma 9 Memory Response 

0 0 0 0 0 Read 

0 X X X X Any bit set will cause that byte 
to be written into memory. 

1 0 0 0 0 Load and Set 

1 0 0 0 1 Read and Inhibit Parity Trap 

1 0 0 1 0 Read and Change Par i ty - force P. E • 

1 0 1 1 1 Set Memory Margins 

1 1 0 0 0 Read Status Word 0 

1 1 0 0 1 Read Status Word 1 

1 1 0 1 0 Read Status Word 2 

1 1 1 0 0 Read Status Word 0 and clear all status 

1 1 1 1 0 Read Status Word 2 and clear all status 

1 1 1 1 1 C lear Memory 

Override Interleaving - generated by CPU PCP. 
Disables interleaving for all banks. 

Parity Error - generated by port. 
Indicates uncorrectable magnetic data po'rity error for read or partial write 
cycles, address or data bus parity at port; or port selection error in driver or 
matrix. {Different significance for Sigma 7 vs Sigma 9 memory} 

Parity OK - generated by port. 
No PE conditions (see above). 
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14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

Memory-Processor Interface (Continued) 

SIGMA 9 

SRA 

Generated by Processor. 
Indicates all memory interfaces are to be parity checked and also selects 
faster interface timing. 

Second Request A I Jowed - generated by port. 
Indicates to CPU, during read operation, that a new memory request can 
be initiated. Not used by Sigma 9 system. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

lOP - DEVICE CONTROLLER INTERFACE 

(AT56) (AT57) 

CA8LE PANEl Coble 1 Coble 2 Coble 3 Coble 4 

1/A 
D 2 

FR7 OA7 RST 
(35) 

R 6 (15) HPI (06) 

2/B 
0 1 

FR6 OA6 CLl 
(33) 

R 4 (07) .HPS (09) 

3/C 
D 9 

FR5' OA5 ES 
(31) 

R 10 (17) FAST (10) 
4 0 3 AVO (29) 

D R 8 
FR4 OA4 RSA (18) AVI (08) 

5/E 
0 12 

FR3 DA3 R 13 SIO ($) 

6/F 
D 15 

FR2 DA2 R 18 HIO ($) 

7/G 
0 19 

FRl OAl TlO R 20 (19) AVIHl 

8/H 
D 23 

FRO OAO TOV AVIH2 R 22 (:22) 

9/K 
0 25 

RS 
(07) 

DAP Ala DCOFF (30) 
R 27 (30) (02) 

lOlL 
0 33 

lOR 
(47) 

ED ASC R 34 (33) 

11/M 
0 35 

FSL 
(50) 

PC FS R 36 (36) 

l2/N 
D 37 

DX2 
(45) 

DaR SIC R 38 (35) AT83 

l3/P 
D 39 

IC 
(43) 

SC WADR (44) R 40 PANEL 

14/R 
D 45 

DX4 
(39) 

AP IER 
R 42 (45.) 

SIGMA 8/9 
MIOP 13H,AG70 10G,AG70 04G,AG70 04H,AG60 
MAINT .SUB 10J,AT56 13J,AG70 17J,AT57 04H,AG60 

SIGMA 5/6/7 
IIOP 5 10L,AT10 oal,Alll 09F ,All2 09E,ATll 
MIOP 148,AllO 32A,ATll 14C,ATl2 01D,ATl1 
SlOP 14 14E,AT10 2lE,ATll llE,ATl2 09E,ATll 
MAINT .SUB 31A,AT56 29A,AT60 27A,AT57 25A,AT83 
EP RAD 7231 32C,AT12 3OC,ATl1 28C,ATlO 26C, A T83 
HS RAD 7211 32D,AT12 3OD,ATl1 28D,ATlO 26D, AT83 
DISK PAK 32B,AT56 3OB,AT60 28B,AT57 26B,AT83 
1 8YTE CaNT 32x,AT12 3Ox,ATll 28x,ATlO 26x, AT83 
PERF SW X 32B,AT61 30B,AT60 288,ATlO 268, AT38 

248,AT61 228,AT60 20B,A TlO 18B, A T38 
32A,ATlO 3OA,ATl1 28A.AT12 26A,ATll 

PERF SW (7722) X 
Y 

Switched 

600P81 036 

Coble 5 Coble 6 

D80 DC4 

DB1, OC5 

DB2 OC6 

D83 OC7 

D84 8M 

D85 DDO 

D86 ODl 

DB7 DD2 

EDX2 DD3 

DCO DD4 

DCl D05 

DC2 DD6 

DC3 D07 

EDX4 

09F ,AG70 12E,AG70 
15J,AG70 27J,AG70 

19C,ATll 29A,ATll 
19E,A Tl1 17E,AT11 
19A,AT60 17A,AT60 
288,ATl1 31B,ATll 
27C,ATl1 3OC,ATll 
29A,AT60 31A,AT60 

23A,AT60 21A,AT60 
l5A,AT60 13A,AT60 
19A,AT 11 17A,AT1l 
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AIO 

ASC 

AP 

AVI 

AVIHl 
AVIH2 

AVO 

8M 

Cll 

DAO-7 

14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

lOP-DEVICE CONTROLLER INTERFACE 

Acknowledge I/O Interrupt - generated by lOP during Ala instruction. 
Used with FS and IC to identify type of instruction CPU is requesting 
interrupting device controller to perform. 

Acknowledge Service Call - generated by lOP. 
Used with FS and SC to signal that lOP is free to begin requested serv~ce 
cycle with highest priority device. 

Address Parity - generated by Device Controller. 
Odd parity bit for FRO-7 during servi ce cycles. Currently only recognized 
by Sigma 9 MIOP. (DX2 used to request address parity check) 

Available Input - signal received by Device Controller. 
Used with FS and function indicators to establish priority for a service cycle. 

Available Input - generated by lOP. 
High levels used by.special terminator to generate AVI into highest priority 
device controller. 

Available Output - signal generated by Device Controller. 
. Indicates to next device controller that this D.C. has received FS and was 
not addressed. 

Burst Mode - generated by Device Controller. 
Request lOP to continue service connection. Wide interface must be used 
(EDX4, DX4, NIER). Currently only recognized by Sigma 9 MIOP. 

1.024MH - clock transmitted by lOP. 
Crystal controlled signal driven cont,inuously by CPU. 

Data Lines - bidirectional. 
Exchange of data on DA I ines controlled "y RS and RSA. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P810J6 

14-8 

lOP-Device Controller Interface (Continued) 

DA LINES 

0 1 2 3 4 5 I 6 I 7 

lOP Uses 

TTSH Devi ce/Devi ce Controller Address 

ORDER OUT Order Byte . 
DATA OUT Data Byte 

TERMINAL ORDER INT CON CCH IOPH AE Not Used 

Device Controller Uses 

AIO Status 

DATA IN Data Byte 

ORDER IN TE IL CM CE UE Not Used 

DAP . Data Parity Line - bidirectional. 
Odd parity for data path in use, always generated by lOP, Device Controller 
may.or may not generate (see PC). 

DB, DC, DDO-7 Data Lines - bidirectional. 

DCOFF 

DOR 

DX2 

Optional data lines used during 4-byte data transfer sequences only. 
Controlled by DX4, EDX4 and IER. 

Device Controller Off - generated by Maintenance Subcontroller. 
Causes all device controllers to Go Off line. Program controllable FF 
generates signal. Only recognized by AT83, ATB7. 

Data/Order Request - generated by Device Controller. 
Identifies request (RS) during service cycles and condition code 2 during 
I/O Instruction. 

Two Byte Request - generated by Device Controller. Also see AP. 



600P81 036 
14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

lOP-Device Controller Interface (Continued) 

DX4 

ED 

EDX2 

EDX4 

ES 

FAST 

FRO-FR7 

FS 

Four Byte Request - generated by Devi ce Controller. 
Device Controller is requesting lOP to use wide interface (DA, DB, DC and I 

DD lines) for data path, requires that Device Controller have wide interface 
option and that the lOP signal has signalled wide interface option (EDX4). 

End Data - bidirectional line. 
. The lOP or Device Controller may raise ED to indicate no more data is to be 

transferred in this service sequence. If ED is true and ES is false lOP is 
signaling device Controller that a terminal order must be requested. 

Enable Two Byte - generated by lOP. 
Indicates lOP has wide interface (DA, DB line) installed, used with DX2, 
IER. (Not used in Sigma 5-9) 

Enable Four Byte -generated by lOP. 
Indicates lOP has wide interface (DA, DB, DC and DD lines) installed, 
used with DX4, IER. 

End Service - generated by lOP. 
The lOP drives ES and RSA to indicate the service sequence is to terminate 
on the byte be i ng transferred. 

Fast - generated by Device Controller. 
No ZBCI during Data chaining. 

Function Response Lines - generated by addressed Device Controller. 
When DC is responding to FS accompan ied by a TTSH (T 10, T DV, S 10, H 10), 
indicator FRO-7 carry D.C. status. During ASC or AIO functions-FRO-7 are 
driven with device address. 

Function Strobe - generated by lOP. 
Indicates device controllers should look at function indicators when they 
receive AVI. 

During TTSH addressed device controller responds by raising FSL, with status 
on FRO-7. During AIO or ASC highest priority calling (lC or SC) device 
controller responds by raising FSL, with DC add on FR0-7. FS and FSL work 
in a closed-loop manner. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P81 036 

1.d_10 

lOP-Device Controller Interface (Continued) 

FSL 

HID 

HPI 

HPS 

IC 

IER 

lOR 

PC 

RS 

RSA 

RST 

Function Strobe Acknowledge - generated by device controller. 
Indicates to lOP that a device controller has received AVI and identified 
the operation that the lOP signaled on the function lines. FS a·nd FSL 
~ork in a closed-loop manner. (See FS) 

Halt I/O Device - generated by lOP. 
Used with FS and DAO-7 to identify type of instruction CPU is requesting 
addressed device controller to perform •. 

High Priority Interrupt - generated and used by device controller. 
Used by device controller to put itself into hi.gh priority queue for AID 
function. No standard XDS equipment raises this line. 

High Priority Servi ce - generated and used by device controller. 
Used by device controller to put itself into high priority queue for ASC 
function. No standard XDS equipment raises this line. 

Interrupt Call - generated by device controller. 
Signal passed thru lOP to CPU causing interrupt to X' 5C' • 

Inhibit Extended Request - generated by lOP. 
Denies device controller usage of wide interface because of non word bound 
byte address or insufficient byte count, used to override DX4, EDX4. 

Input/Output Request - generated by device controller •.. 
Identifies request (RS) during service sequence, High Output, Low Input; 
condition code information during TTSH AIO.sequence, H = >NCOND1. 

Parity Check - generated by lOP and some Device Controllers. 
Request for pari ty to be checked on DATA (I;)AO-7). 

Request Strobe - generated by service connected Device Contrail er. 
Signals to the lOP that a data byte is to be exchanged on the DA lines. 
RS and RSA work in closed-loop manner. 

Request Strobe Acknowledge - generated by .IOP. 
Signals to the device controller that exchange of data byte is complete ,i.e. 
during input operation lOP has accepted byte sent by D.C., during output 
operation lOP is sending requested data byte. 

Reset - generated by lOP. 
Reset signal to all device controllers generated by CPU PCP I/O reset, or 
SYST reset switch, or as a result of a RIO instruction. (Sigma 9 only) 
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14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

lOP-Device Controller Interface (Continued) 

SC 

SIC 

SIO 

TDV 

TIO 

WADR 

ZBCI 

Service Call - generated by device controller. 
Device controllers use th is I ine -to request an lOP service cycle. The lOP 
will respond with FS and ASC. 

Special Interrupt Call - generated by lOP. 
Used when FAST is true to indicate ZBCI during Data Chaining, not used. 

Start I/O Device - generated by lOP. 
Used with FS to identify type of instruction" CPU is requesting addressed 
device controller to perform. FS is driven to DC's after SIO indicator" 
and DAO-7 (Device Address). 

Test Device - generated by lOP. 
Used with FS to identify type of instruction CPU is requesting addressed 
D.C. to perform. 

Test I/O - generated by lOP. " 
Used with FS to identify type of instruction CPU is requesting address 
controller to perform. 

Word Aligned Data Required - generated by lOP. 
Full word being transmitted. Sigma 3 uses~ 
Static I ine held true by lOP not capable of byte alignment on wide interface. 

Zero Byte Count Interrupt - generated by SlOP. 
Used when controller drives FAST, driven by SlOP when IZBC and DC flags 
are true and zero byte count is reached. 
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14. SIGMA ~9 INTERFACE AND SWITCH 
REFERENCE DATA 

BACK 
CABLE PANEL Cable 1 

l/A 
D 2 

OBOl 
R 6 

2/B 
D 1 

OBOO 
R 4 

3/C 
D 9 OB03 
R 10 

4/0 D 3 OB02 
R 8 

5/E D 12 OB04 
R 13 

6/F D 15 OB05 
R 18 

7/G D 19- OB06 
R 20 

8/H D 23 OB07 
R 22 

-9/K D 25 OB08 
R 27 

lOll D 33 DB09 
R 34 

11/M 
D 35 OB10 
R 36 

12/N 
D 37 

OB11 
R 38 

13/P 
D 39 

OB12 
R 40 

14/R 
D 45 

OB13 
R 42 

SIGMA 8/9 REG 
CPU 09K,AG60 
MIOP 32B,AG60 _ 
RIOP 04B,AG60 
EXT .INTER 

SIGMA 5/6/7 
5CPU 09M,AT11 
6/7CPU 23S,AT11 
MAINT .SUB 
COC 7611 
PERF. SW (7720) 
010 ADAP X 
(7710) y 

Switched 
CFE-3 23S,ATll 

14-12 
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010 INTERFACE 

Cable 2 Cable 3 Cable 4 

OB15 OB29 A03 

OB14 OB28 A02 

OB17 OB31 

OB16 OB30 A04 

OB18 FS AOO 

OB19 FSA AOl 

OB20 WO A08 

OB21 A05 A09 

OB22 A06 Al0 

OB23 A07 All 

OB24 A12 CC3 

OB25 A13 CC4 

OB26 A14 RES 

OB27 A15 1MHZ 

AUX AUX AUX 
22E,AG60 26E,AG60 29E,AG60 
30B,AG60 28B,AG60 15B,AG6O 
07B,AG60 OlA,AG60 03A,AG60 
22E,AG60 26E,AG60 29E,AG60 

22Q,ATll 26Q,ATll 29Q,AT11 
27Q,AT11 30P, AT 11 29N,ATll 
11A,AT11 13A,A Tll 15A,ATll 
13B,ATll 15B, AT 11 17B,AT 11 

04A,AT60 02A,AT60 
l8A,AT60 14A,AT60 lOA,AT60 
16A,AT60 12A,AT60 08A,AT60 
06A,ATll 04A,ATll 02A,AT11 
27E,A T 11 25E,A Tl1 300 ,AT 11 
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AOO-A 15 

CC3,CC4 

Cll 

OBOO-OB31 

FS 

FSA 

RES 

WO 

14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

010 INTERFACE 

Address lines - generated by CPU. 
16 least significant bits of the RO/WO instruction. 

Condition Code Lines - generated by Addressed Oevice. 
Can be used by device during RD/WO to set condition codes in CPU. 

1. 024 MHz Clock - generated by CPU. 
Crystal controlled signal driven continuously by the CPU~ 

Data Bus - bidirectional data lines. 
During WD, CPU puts R data on lines before sending- FSi during RD addressed 
device puts data on lines before sending FSA. (Some devices use only 
DB16-31). 

Functi on Strobe - generated by CPU. 
Signals devices to compare address lines (AOO-15) with their assigned address. 
FS and FSA work in a closed-loop manner. 

Function Strobe Acknowledge - generated by addressed device. 
Response to CPU FS. FSA signals CPU that device has recognized oddress and 
during WD has accepted data or during RD is transmitting data. FS and FSA 
work in a closed loop manner. 

Reset - generated by CPU. 
Raised by I/O RESET or SYST RESET switch on PCP or during power on or 
power off. 

Write Direct - generated by CPU. 
Sent with address to indicate operation that device is to perform. High = >Write 
Direct, low = >Read Direct. 

Address of 
1xxx = Mode 1 - Interrupt Control 
2xxx = Mode 2 - Testers 
30xx = Mode 3 - Communications Equipment 
9xxx = Mode 9 - Switch ing Equ ipment 
Axxx = Mode A - System Interface Un its 
Bxxx = Mode B - Miscellaneous 
(xxx = Mode C - System Interface Units 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

CPU - lOP INTERFACE 

. BACK Sigma 8/9 

CABLE PANEL Cable 1 Cable 2 

l/A 
0 2 

FNCO HMSPO 
R 6 

2/B 
0 1 

FNC1 HMSP1 
R 4 

3/C 
0 9 

FNC2 HMSP2 
R 10 

4/0 
0 3 

ADRS2 HMSP3 
R 8 

5/E 
0 12 

AORS3 HMSP4 
R 13 

6/F 
0 15 

ADRS4 HMSP5 
R 18 

7 0 19 *CNST ADRSl 
G R 20 CNST 

8 0 23 AVl 
AORS.o 

H R 22 * AVl/IN 

9/K 
0 25 

NCOND1 IRl 
R 27 

lOll 
0 33 

NCON02 IR2 
R 34 

l1/M 
0 35 

CllS IR3 
R 36 

l2/N 
0 37 

RIO PFI 
R 38 

13/P 
0 39 

IRO CON03 
R 40 

14/R 
0 45 

PR RQ 
R 42 

SIGMA 8/9 CONT CONT 
CPU PBP 15J,AG13 13J,AG60 

PBA 21J,AG 13 19J,AG60 
MIOP PBP 090,AG 13 030,AG60 

PBA 060,AG 13 01D,AG60 
RIOP PBP 18A,AG 13 16A,AG60 

PBA 13A,AG 13 11A,AG60 
SIGMA 5/6/7 

Sigma 5/6/7 

Cable 1 

FNCO 

FNCl 

FNC2 

IOPAO 

IOPAl 

IOPA2 

CNST 
CNST 

NCONOl 

NCON02 

CllS 

RIO 

IR 

PR 

5CPU 05F ,AT13 
6/7CPU 29l,ATll 
MIOP 12C,ATT3 
SlOP 10F ,AT13 

*These two signols are routed through the circular bus terminator locations, all other 
signals ~n cable one are terminated at these locations. 

14-14 

Sigma 8/9 Camp side Etch side 
PBP 06E,ZT23 & 04E,ZT23 in the AUX Frame 
PBA 10E,ZT23 & 08E,lT23 in the AUX Frame 

PBP is Processor Bus Primary 
PBA is Processor Bus Alternate (OPTIONAL) 

Bus selection is by SW1, 03J CON CPU 
SW1,OlB MIOP 
SW1,09A RIOP 

600P81 036 

Component SIDE 
Etch SIDE 
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14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

CPU - lOP INTERFACE 

ADRSO-ADRS4 Processor Address lines - generated by CPU only. 
If the Instruction is a TIO TOV SIO HIO POlP POlR or RIO, then lines 
contain Address of Processor that is to execute the indicated Instruction " 
(FNC). If the Instruction is an AIO, then ADRS3 and 4 contain the 
number of the CPU issuing the AIO. 

AVl, AVl/IN Bus Available - daisy chained signal used by the CPU's (8/9) 

CllS 

CNST 

NCOND1, 
NCOND2, 
COND3 

FNCO-FNC2 

HMSPO­
HMSP5 

In a multiprocessor system, indicated that the Bus is not in use. Response 
to ~ RQ signal, requesting CPU will stop AVl/IN and not pass AVL to 
next CPU. 

1.024 MHz Clock - generated by CPU. 
Crystal controlled signal driven continuously by the CPU. 

Control Strobe - daisey chained signal, originated by a CPU. 
Causes Processors to i nterogate address lines (ADRSO-4), the processor that 
recogn ized address wi II process instruction (FNCO-2) and respond with PR. 

Condition Code lines - driven by addressed processor. 
Indicates condition code information to the CPU. 
COND3 used only by Sigma 8/9. 

Function Code Lines - generated by the CPU. 
Indicates the instruction that the addressed processor is to perform •. 
000 = SIO 100 = RIO (8/9), 
001 = TIO 101 = POlP (8/9) 
010 = TDV 110 = AIO 
011 = HIO 111 = POlR (8/9) 

Homespace Bias - bidirectional lines (8/9) 
During TIO TDV SIO or H 10 instructions, the CPU sends Homespace so the 
lOP can access the correctly biased cell 20 and 21. During POlP or POlR 
instructions, the addressed processor indicates fai lure to CPU. 

8/9 CPU 8/9 MIOP RIOP 
HMSPO INST. EXCP. TRAP N/A N/A 
HMSPl DATA BUS CHECK DATA BUS CHECK DATA BUS CHECK 
HMSP2 MEMORY PARITY E CONTROL CHECK N/A 
HMSP3 WATCHDOG TIMER N/A N/A 
HMSP4 MAP PARITY ERR N/A N/A 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 6ooP81 036 

14-16 

CPU ~ lOP Interface (Continued) 

IRO-IR3 Interrupt Request Lines - generated by lOP's 
Triggers CPU interrupt X'5C'. One I ine assigned to each CPU in a multi­
processor system. 

PFI Processor Faul"tlnterrupt - .generated by erring processor (8/9) 
Triggers C.PU interrupt X'56'. Enabled by BCF or CCF in lOP's. Enabled 
by double PDF in CPU. 

PR Proceed - generated by addressed processor 
Incj~tes addressed processor has completed function (FNCO-2). CNST 
andp'R work in a closed-loop manner • 

. , 

RQ ~:E9UEST· -generated by CPU and used only by CPU (8/9) 
CPU desi"rlng use of Bus raises this I ine to request usage of bus then waits 
for AVi./IN before using Bus. 

RIO .. ,Reset 1/0- generated by CPU 
Raised by r70 RESET or SYST RESET switches on PCP or during power up 
or power dow~. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

SIGMA 9 HIGH-SPEED RAD INTERFACE 

BACK 
CABLE PANEL Cable 1 Cable 2 Cable 3 Cable 1 . Cable 2 Cable 3 ' 

l/A 
D 2 

CMD1 CM03 STAT1 
Pin# 

R 6 WENR for AT27 

2/B 
0 1 

CM02 CMD4 STAT2 
R 4 RENR 

3/C 
0 9 

DATA 06 CLOCK STAT3 
RD3D DVOD(07) 

R 10 WD6R 

4/0 
0 3 

DATA 07 ID2 
DS3D 

R 8 WD7R 

5/E 
0 12 

DATA05 
DS1D. TRPD( 19) 

R 13 
CLEAR ADDST7 WD5R NMANRST 

... 

6/F 
0 15 

DATA 04 STATO 
RD1D DVTD AN6D(21) 

R 18 ADDST6 WD4R 

7/G 
D 19 

DATA03 
DS20 DS7D AN5D(20) . 

R 20 
DATA 15 ADDST5 

WD3R 

8/H 
0 23 

DATA 02 DATA14 
RD2D RD7D AD4D(33) 

R 22 
ADDST4 

WD2R 
0 25 

DATA01 
DSOD DS5D AN3D(31) . 

R 27 DATA 13 ADOST3 
WD1R 

10/l 
0 33 

DATAOO DATAl 2 
RDOD RD5D AN2D(34) 

R 34 ADDST2 WDOR 

11/M ~ 35 
WCL DATA 11 

DS6D ANl D(44) 
36 ADDST1 

SC2R 

12/N ~ 37 
CMDO DATA10 

RD6D ANOD(45) 
38 ADDSTO 

SlNR 

13/P ~ 39 
101 DATA 09 

DS4D SPD(46) 
40 SP 

ID1R 

14/R ~ 45 
100 

RD4D IPD(47) 
42 DATA08 IP 

IDOR 
SIGMA 9 

RIOP UB: 21H,AG70 07H,AG70 27H,AG70 

7212 H.S. RAD SELECTION UNIT 30A,AT11 32A,ATll 32B,AT27 
7211 H. S. RAD CONTROLLER 11A,AT11 22A,AT11 30A,AT11 

Signal names given at H. S. RAD 
Selection Unit Interface. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P81036 

14-18 

ANO-AN6 

OSO-OS7 

OVT 
(STATO) 

ova 
(STAT3) 

100-101 

IP 

NMANRST 
(CLEAR) 

ROO-R07 

REN 
(CM02) 

SC2 
(WCL) 

SLN 
(CMOO) 

SP 

7212 HIGH SPEED RAO INTERFACE 

Angular Position - sent by Unit Selected 
Indicates the sector thqt is currently under the Heads. 

Data Strobe-- sent" by Unit Selected 
Used to- c'lock associated data channel (RDO-RD7) into the deskew logic 
in the" Controller during a reed operation. 

~- .' .-

Device Test - sent by Addressed Unit 
True if storage unit is be ing addressed and is operational (Disc up to speed 
and AC/DC power stable). . 

Device Operational ~ sent by Unit Selected 
True if storage unit is selected and is operational (Disc up to speed and 
AC/DC power stable). Monitored by controller during operation. 

Identifi cation Lines - sent by Controller 
Specifies one of four storage units during an I/O Instruction. 

Index Pulse - sent by Unit Selected 
One pulse per revolution of the disc, identifies sector zero. 

Not Reset Signal - sent by Controller 
Inverted reset signal to all storage units. 

Read Data - sent by Unit Selected 
Regenerated data from disk. Clocked to controller during a read operation 
by clock OSO-DS7. 

Read Enable - sent by Controller 
Enables data decoders in Unit Selected. 

3 MHz Write Clock - sent by Controller 
Used by Unit Selected to encode and format data (WDO-WD7) for writing 
on the disc, enabled by write enable signal (WEN). 

Select Now - sent by Controller 
Selects addressed (100 and 1) storage unit and deselects all other units 
during a SIO instruction. 

Sector Pulse - sent by Unit Selected 
80 pulses per revolution of disc, identifies beginning of next sector. 



600P81 036 
14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

7212 High Speed RAD Interface (Continued) 

TRP 

WDO-WD7 

WEN 
(CMD1) 

Track Protected - sent by Unit Selected 
True when selected band is write protected. 

Write Data Lines - sent by Controller 
During Write operation, Data for tracks 0 thru 7. During Sector Gap, Bond . 
Address on WD2-WD7. 

Write Enable - sent by Controller 
Enables write ampl ifiers,· data encoders and clock doubler. 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

EP AND MS RAD INTERFACE 

CABLE PANEL Cable 1 Cable 2 

l/A 
D 2 OAT IP 
R 6 

2/8 
0 1 . NMNRST PWRMONR 
R 4 

3/C 
D 9 SLN DS 
R 10 

4/0 . D 3 IDS SP 
R 8 

5/E 
0 12 DAM DAI 
.R 13 

6/F 0 1.5 WEN TRP 
R 18 

7/G 
0 19 

REN OVT 
R 20 

8/H 
D 23 SC2 DVO 
R 22 

9/1< D 25 SC1 TYPO 
R 27 

10/l 0 33 SAl TYPl 
R 34-

111M 
0 35 TRK ANO 
R 36 

12/N 
D 37 IDO AN1 
R 38 

13/P 0 39 
101 AN2 R 40 

14R 
0 45 

102 R 42 AN3 

E.P .RAO 
CON. 7231 28A,AT12 26A,AT10 
OEV. 7232 . 03A,AT10 05A,AT12 

M.S.RAD 
CON. 7201 32A,AT12 30A,AT10 
DEY. 720X 18A,AT10 28A,AT12 

600P81 036 
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14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

SIGMA 9 

ACCESS CODE CARD SELECTION (FG25) 

MPB REG LM Lines OUTPUT BITS 
ADDRESS 15 16 17 18 19 20 MPB15-22 

00 - 3F 0 0 C BYTE· 24A 
0 

40 - 7F 0 1 L 23A 
U 

80 - BF 1 0 M 24B 
N 

CO - FF 1 1 23B 

AUX FRAME 

ACCESS CODE FINAL BIT SELECTION 

IlM lines 21 22 OUTPUT BIT 

0 0 Selects MPB15 MPD16 

0 1 Selects MPB17 . MPB18 

1 0 Selects MPB19 MPB20 

1 1 Selects MPB21 MPB22 

MPBO MPB1 
ACCESS CODE WRITE CLOCKS 

MPB REG 
ADDRESS Bits 15-22 

ACCESS CODE DATA INPUT BITS 

00 - 3F MPBW.CK-13B21 
MPB REG 

40 - 7F MPBW.CK-13B28 ADDRESS Bits 15-22 

80 - BF MPBW.CK-13B24 00 - 7F S24-5 thru S31-5 

CO - FF MPBW.CK-13B43 80 - FF S24-6 thru S31-6 

AUXILIARY FRAME 
AUXILIARY FRAME 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

14-22 

SIGMA 9 

MAP REGISTER CARD SELECTION (FG25) 

MAP REG 
ADDRESS 

00 - OF 
10 - 1F 
20 - 2F 
30 - 3F 
40 - 4F 
50 - 5F 
60 - 6F 
70 - 7F 
BO - BF 
90 - 9F 
AO - AF 
80 - BF 
CO - CF 
DO - DF 
EO - EF 
FO - FF 

MAP REGISTER 
WRITE CLOCKS 

15 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

MAP REGISTER 

DATA INPUT BITS 

LM lines MAP REGISTER OUTPUTS 
16 17 1B 19 20 21 22 MAP10-14 & P MAP15-22 

0 0 0 C BYTE 32A 22A 
0 0 1 0 31A 21A 
0 1 0 L 30A 20A 
0 1 1 U 29A 19A 
1 0 0 M 328 22B 
1 0 1 N 31B 21B 
1 1 0 30B 20B 
1 1 1 29B 19B 
0 0 0 2BA 1BA 
0 0 1 27A 17A 
0 1 0 26A 16A 
0 1 1 25A 15A 
1 0 0 2BB 1BB 
1 0 1 27B 17B 
1 1 0 26B 16B 
·1 1 1 25B 15B . 

AUXILIARY FRAME 

MAP REG 
ADDRESS Bits 1 0- 14 & P Bits 15-22 
00 - 3F MAPW-1.CK-13B21 MAPW-3.CK-13B2B 
BO - SF 
40 - 7F MAPW-2.CK-13824 MAPW-4.CK-13843 
CO - FF 

AUXILIARY FRAME 

MAP REG 
ADDRESS Bits 1 0- 14 & P Bits 15-22 
00 - 7F 519-5 thru 523-5 524-5 thru 531-5 

SPARITY jBY23-1 
BO - FF S 19-6 thru S23-6 524-6 thru 531-6 

SPARITY /BY23-2 
AUXILIARY FRAME 

LB REGISTER 
TRANSFER TERMS 

MAP REG 
ADDRESS Bits 10-15 Bits 16-22 
00 - 7F LBXMAPjA-1 LBXMAP/A-2 
BO - FF LBXMAP/B-1 LBXMAP/B-2 

ADDRESS FRAME 
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14. SIGMA!)-;"9 INTERFACE AND SWITCH 

REFERENCE DATA 

WRITE LOCKS CARD SELECTION (FG25) 

LK REG OUTPUT BITS 
ADDRESS 15 16 17 18 19 20 LK15-22 

00 - 07 
20 - 27 C 
40 - 47 0 
60 - 67 BYTE 0 0 L 21K 
80 - 87 U 
AO - A7 M 
CO - C7 N 
EO - E7 
08 - OF 
28 - 2F 
48 - 4F 
68 - 6F 0 1 22K 
88 .- 8F WRIT.E LOCKS DATA INPUT BITS 
A8 - AF 
C8 ~ CF 
E8 - EF LK REG 
10 - 17 ADDRESS Bits 15-22 
30 - 37 00 - FF S24-7 thru S31-7 

t 50 - 57 
70 - n 1 0 23K 

ADDRESS FRAME 

90 - 97 
80 - B7 
DO - D7 
FO - F7 

WRITE LOCK WRITE CLOCKS 

18 - 1F 
38 - 3F LK REG 
58 - 5F 
78 - 7F 1 1 24K 
98 - 9F 
88 - BF 

ADDRESS Bits 15-22 
00 - FF LKW .CK-31 P22 

ADDRESS FRAME 

08 - DF 
F8 - FF 

ADD FRAME 

WRITE LOCK FINAL BIT SELECTION 

I LB Lines 21 22 OUTPUT BIT 
0 0 Selects LK15 LK16 
0 1 Selects LK17 LK18 
1 0 Selects LK19 LK20 
1 1 Selects ~K21 LK22 

LKO LK1 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 8/9 

GENERAL REGISTER CARD SELECTION 

REG BLOCK RL Lines 
ADDRESS 26 27 28 29 30 31 RROO-07 

0 0 0 C BYTE 16K 

1 0 1 
L 

10K U 

2 1 0 
M 

O4Q N 

3 1 1 26S 

REG ISTER CLOCKS 

REG BLOCK 
ADDRESS RROO-07 RR08-15 

o - 3 RWBYO. RWBY1 •. 
CK-03P03 CK-03P06 

REGISTER INPUT BITS 

REG BLOCK 

OUTPUT BITS 
RR08-15 RR16-23 

13K 14K 

05K 06K 

·OlQ 02Q 

30S 29S 

REGISTER FRAME 

RR16-23 RR24-31 

RWBY2. RWBY3. 
CK-03P43 CK-03P50 

ADDRESS RROO-31 

o - 3 sao thru 531 

14-24 
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RR24-31 

15K 

OBK 

03Q 

27S 

) 



600P81 036 
14~ SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

SIGMA 6/7 

MAP REGISTER CARD SELECTION (FT25) 

MAP REG OUTPUT BITS 
ADDRESS 15 16 17 18 19 20 21 22 MAP15-22 

00 - OF 0 0 0 0 C BYTE 17Y 
10 - 1F 0 0 0 1 0 l8Y 
20 - 2F 0 0 1 0 L 19Y 
30 - 3F 0 0 1 1 U 20Y 
40 - 4F 0 1 0 0 M 21Y 
50 - 5F 0 1 0 1 N 22Y 
60 - 6F 0 1 1 0 23Y 
70 - 7F 0 1 1 1 24Y 
80 - 8F 1 0 0 0 25Y 
90 - 9F 1 0 0 1 26Y 
AO - AF 1 d 1 0 27Y 
BO - BF . 1 0 1 1 28Y 
CO - CF 1 1 0 0 29Y 
DO - OF . 1 1 0 1 30Y 
EO - EF . 1 1 1 ·0 31Y 
FO - FF ) 1 1 1 1 32Y 

MAP REGISTER WRITE CLOCKS LB REG ISTER TRANSFER TERMS 

MAP REG MAP REG 
ADDRESS Bits 15-22 ADDRESS Bits 15-22 

00 - 4F MAPW.CK24U08 00 - FF MAP-1 & MAP 

50 - FF MAPW-l.CK24U08 

MAP REGISTER DATA INPUT BITS 

MAP REG 
ADDRESS Bits 15-22 

00 - 4F D24 thru 031 

. 50 - FF MAPW15 thru MAPW22 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA· 

SIGMA 6/7 

LOCK CODE CARD SELECTION (FT25) 

LOCK REG LB Lines OUTPUT BITS 
ADDRESS 15 16 17 18 19 20 LOCK15-22 

00 - 3F 0 0 C BYTE 05Y 
0 

40 - 7F 0 1 L 06Y 
U 

80 - BF 1 0 M OlY 
N 

CO - FF 1 1 08Y 

LOCK CODE FINAL BIT SELECTION 

600P810J6 

1- LB Lines 21 22 OUTPUT BITS 
0 0 Selects . LOCK15 LOCK16 
0 1 Selects LOCK17 LOCK18 
1 0 Selects LOCK19 LOCK20 
1 1 Selects LOCK21 LOCK22 

LaCKO LOCKl . 

LOCK REG ISTERS 

LOCK REG 
- ADDRESS Bit 15":'22 

WRITE CLOCK - 00 - FF LOCKW.CK-24U04 

INPUT BITS - 00 - FF NMAP 15 thru NMAP22 
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14. SIGMA -5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

SIGMA 6/7 

PROGRAM CONTROL. BITS CARD SELECTION (FT2S) 

PCB REG LM Lines OUTPUT BITS 
ADDRESS lS 16 17 18 19 20 PCB1S-22 

00 - 3F 0 0 C BYTE 09Y 
0 

40 - 7F 0 1 L lOY 
U 

80 - BF 1 0 M llY 
.N 

CO - FF 1 . 1 12Y 

PROGRAM CONTROL BITS FINAL BIT SELECTION 

I LM Lines 21 22 OUTPUT BITS 
0 0 Selects PCB1S PCB16 
0 1 Selects PCB17 peB18 
1 0 Selects PCB19 PCB20 
1 1 Selects PCB21 PCB22 

NPCBO NPCBl 

PROGRAM CONTROL BITS 

PCB REG 
ADDRESS Bits lS-22 

WRITE CLOCK - 00 - FF PCBW.CK24U06 

INPUT BITS - 00 - FF NMAP1S thru NMAP22 

14-27 



14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 6/7 

GENERAL REGISTER CARD SELECTION (FT25) 

REG BLOCK 
ADDRESS 23 24 25 26 27 RRO-7 RRS-15 

0 0 0 0 0 0 OIT 15T 

1 0 0 0 0 0 02T 16T 

2 0 0 0 1 0 03T 17T 

3 0 0 0 1 1 O4T 1ST 

LR2S-1 

REGISTER SELECTION BITS 
LR29-1 
LR30-1 
LR31-·1 

REGISTER CLOCKS 

REG BLOCK 
ADDRESS RRO-7 . RR8-15 RR16-23 

0-3 RWBO. RWB1. RWB2. 
CK-32P47 CK-32P45 CK-32P42 

REGISTER INPUT BITS 

REG BLOCK 
ADDRESS RRO-31 

0-3 RWO-31 

14-28 
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RR16-23 RR24-31 

01L 01Q 

02L 02Q 

03L 03Q 

O4L O4Q 

LR28-2 lR2S-1 
LR29-2 LR29-1 
LR30-2 LR30-1 
LR31-2 lR31-1 

RR24-31 

RWB3. 
CK-32P43 
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,14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

SIGMA 5 

GENERAL REGISTER CARD SELECTION (FT25) 

REG BLOCK RP lines OUTPUT BITS 
ADDRESS 24 25 26 27 RRO-7 RR8-15 RR16-23 RR24-31 

0 0 0 0 0 09K 19K 05S 09T 

1 0 0 0 1 10K 18K O6S lOT 

2 0 0 1 0 11 K 17K 07S 11 T 

3 0 0 1 1 12K 16K OSS 12T 

NIOFM/l NIOFM-1 
LR28-1 LR2S-0 

REGISTER SELECTION BITS . LR29-1 LR29-0 
LR30-1 LR30-0 
LR31-1 LR31-0 

REGISTER CLOCKS 

REG BLOCK 
ADDRESS RRO-7 RR8-15 RR16-23 RR24-31 

0-3 RWBO. RWB1. RWB2. RWB3. 
CK-32P42 CK-32P38 CK-32P45 CK-32P47 

REGISTER INPUT BITS 

REG BLOCK 
ADDRESS RRO-31 

0-3 RWO thru RE31 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 8/9 CPU SWITCHES 

CONT CONT AUX 
03J, SG 10 02J,SG10 03D,SG 10 

SWl NKPBALT KCPUNO/D INTCTRSW1 
SW2 KHMSP12 KCPUN1/D INTCTRSW2 
SW3 KHMSP13 KPBCPUEND INTCTRSW3 
SW4 KHMSP14 NKMPCUOP INTCTRSW4 
SW5 KHMSP15 - INTCTRSW5 
SW6 KHMSP16 - INTCTRSW6 
SW7 KHMSP17 - -

600P81 036 

INTCTRSW 1 & 2 = Counter 1 
INTCTRSW 3 & 4 = Counter 2 
INTCTRSW 5 & 6 = Counter 3 

0 0 500Mhz 
0 1 PWRFREQ 
1 0 2Khz 
1 1 EXT FREQ 

SIGMA 8/9 MIOP SWITCHES 

01B,SG10 07B, LG26 09C,LG26 

SWl PB/PRIM DIONO -
SW2 DIOABLE/SW DIONl CPUNO 
SW3 NCLKMGHI DION2 CPUN1 
SW4 - DION3 CCUNO 
SW5 - DION4 CCUN1 
SW6 - DION5 CCUN2 
SW7 - DION6 CCUN3 

SIGMA 9 RIOP SWITCHES 

09A, SG 10 05A, LG26 20A, LG26 

SW1 PRIALT MI:ADR5W4 CPUNO 
SW2 MI:DISABLE MI:ADR5W5 CPUN1 
SW3 - MI:ADR5W6 RIOPNO 
SW4 - MI:ADR5W7 RIOPN 1 
SW5 - MI:ADR5W8 RlOPN2 
SW6 UBABLE MI:ADR5W9 RIOPN3 
SW7 TYPE 1/1 MI:ADR5W10 RIOPN4 
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DRIVER A 
31B,ST49 

SWl SW:UNO 
SW2 SW:UN1 
SW3 SW:UN2 
SW4 SW:UN3 
SW5 -

. SW6 SW:L 10/SA* 
SW7 SW:L 11/SA* 

MATRIX 0 
02C,SG 10 

SWl INHPl * 
SW2 INHP2* 

W3 INHP3* 
SW4 INHP4* 
SW5 -
SW6 -
SW7 -

14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

- SIGMA 8/9 MEMORY SWITCHES 

DRIVER A DRIVER A DRIVER B . 
31C, ST49 31A, ST49 31A,AT49 

SW:L12/SA* CMO CMO Early Write 
SW:L 13/SA* CM1 CM1 Late Write 
SW:L14/SA* CM2 CM2 Early Strobe 
SW:L 15/SA* CM3 CM3 Late Strobe 
SW:L 16/SA* CM4 CM4 Early D~,PE, PO K 
SW:L 17/SA* SW:IL/BBIU* .. -
SW:L 18/SA* SW:IL/BTU* -

MATRIX 1 MATRIX 2 
02C,SG 10 02C,SG10 

INHP5* INHP9 * 
INPH6* INHP10* 
INHP7* INHP11 * 
INHP8* INHP12* 

- -
- -
- -

*These Switches must be in the UP position to enable the Remote Cable to the Memory 
Configuration Panel (MCP). . 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 5/7 8265/8465 MEMORY SWITCHES 

31C 29C PORT 1/5 

20C l8C PORT 2/6 

, 15C 13C PORT 3/7 

04e D2C PORT 4/8 

DRIVER A MATRIX MATRIX 
29B,ST49 ,ST49 ,ST49 

SWl BND L 15ASW L15BSW 

SW2 BNl Ll,6ASW L 16BSW 

SW3 BN2 L 17ASW L 17BSW 

SW4 BN3 L18ASW l18BSW 

SW5 AUXENB 'ENBASW ENBBSW 

SW6 IL4 BUSPARSW -
SW7 IL2 CPUBUSSW 
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600P81 036 
14. SIGMA 5-"-9 INTERFACE AND SWITCH 

REFERENCE DATA 

SIGMA 5/7 8265/8465 MEMORY CONFIGURATION INFORMATION 

SWl BNO L15ASW L 15BSW 
SW2 BNl L16ASW l16BSW 
SW3 BN2 L 17ASW L 17BSW 
SW4 BN3 L18ASW L 18BSW 
SW5 . AUXENB ENBASW ENBBSW 
SW6 ·IL4 BUSPARSW -
SW7 IL2 CPUBUSSW -

29B,ST49 ST49 " ST49 
DRIVER A MATRIX MATRIX 

Portl-31C Portl-29C 
Port2-20C " Port2-18C 
Port3-15C" Port3-13C 
Port4-04C Port4-02C 

CABLE PANEL CABLE CABLE CABLE 
A 01 R:BN3 RPi:L18A RPi:L 18B 
B 07 R:BN2 RPi:L17A RPi:L 17B 
C - - - -
D 24 R:IL2 RPi:CPUBUS -
E - - - -
F - - - -
G 26 R:IL4 RPi:BUSPAR -
H - - - -
K 

. 
- - - -

L 10 
M 28 R:AUXENB RPi:ENBA RPi:ENBB 
N - - - -
P 30 R:BNl RPi:L 16A RPi:L16B 
R 44 R:BNO RPi:L15A RPi:L 15B 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 9 MEMORY REMOTE CONFIGURATION CABLE 

PIN 
CABLE PANEL CABLE 

A 1 -
B 3 -
C 7 -
D 10 -
E 14 L/R: I L/SBIU 
F 18 L/R:IL/STU 
G 22 L/R:L10jSA 
H 26 L/R:L 11/SA . 
K 30 L/R:L12/SA 
L 34 L/R:L 13/SA 
M 38 L/R:L 14/SA 
N 42 L/R:L15/SA 
P 45 L/R:L 16/SA 
R 50 L/R:L 17jSA . 
1 4 L/R:L18/SA 
2 6 -
3 8 L/R:lNHP1 
4 12 L/R:INHP2 
5 17 L/R:INHP3 
6 19 L/R:IMHP4 
7 21 L/R:(NHP5 
8 24 L/R:INHP6 
9 28 L/R:INHP7 

10 33 L/R:INHP8 
11 36 L/R:INHP9 
12 40 L/R:INHP10 
13 43 L/R: INHPll 
14 47 L/R:INHP12 

30D,ZT23 
DRIVER A 
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Port e"pansion and Maintenance 5witches Real Time Clock 

M~mory location 20C 
is PORT 8 expanded? Yes, setSl-l 
is PORT A expanded? Yes, set 51-2 
For maintenance MOA set 51-3 
For maintenance MOB set 51-4 
For maintenance MOC set 51-5 

CPU Location 24W eo. for 8KHZ 
FREO CP3 CP2 CPl CP3 set (1 
8KHZ 51-5 51-10 51-15 51-5, rese 
2KHZ 51-4 51-9 51-14 (0) 51-4, 
500HZ 51-3 51-8 51-13 51-3,51-2 
LINE 51-2 51-7 51-12 
EXT. above above above 

Priority Int LT16 5witches sw's aff sw's off sw's aff 

Prior. Int Chas 5T 14 1J I 8411 Opt. LT16 in 15W? No set 51-1,51-6 J 
If LT 16 5et Int Level I Unals. Int. LT16 in 23W? No set 51-11 J 
is in Lac 5witches L5D 

}J Nane XO,XI 
8J 51-1 51-2 X2 X3 
9J 51-3 51-4 X4 X5 

10J SI-5,51-6 X6,X7 
14J 51-7 51-8 X8 X9 
15J 51-9 51-10 XA XB 

0 
1 

lA ~ ~ -10 -15 

16J 51-11 51-12 XC,XD 
17J 51-13 XE, XF 

Memory Fault-Door Number 

Mem 21C 51-8 51-9 51-10 
Door 0 0 0 0 

AA AJ -4 -9 -14 

A A A -3 -8 -13 

Door I 0 0 1 
Door 2 0 I 0 
Door 3 0 I I AA ~ -2 -7 -12 

Door 4 1 0 0 
Door 5 I 0 1 
Door 6 I I 0 
Door 7 I 1 I 

0 AAA VI 
. -I -6 -11 

-4 

:;;: 
Interleave Block 5ize 

Mem 21C 51-3 51-4 51-5 51-6 
None 0 

8K 1 
16K 0 
32K .0 
64K 0 

Memary 5ize 

Mem 21C 51-1 
4K 0 
8K 0 

12K I 
16K I 

0 
0 
I 
0 
0 

51-2 
0 
I 
0 
I 

0 
0 
0 
I 
0 

0 
0 
0 
0 
1 

Port 
expanders 
Fond 5 

Memory 5tarting Address (8451 ) 

5e t starting oddr sw's for LIS L16 L17 L18 L19 

M 
l(2OC) Port A 511 512 513 S14 S15 

emory L(2OC) Port B 56 57 S8 S9 510 
1<21C) Port C 511 S12 513 514 515 

F(240) 5(21 E) Port I 51 S2 S3 54 55 
F1240) 5121E) Port 2 56 57 58 59 510 
F(250) 5(22E) Port 3 51 52 58 54 55 
F (250) 5(22E) Port 4 56 S7 58 59 510 

!iit weight 641<. J21<. 161<. 8K 4K. 

Priarity Int. Group Addresses 

Pr ior. Int. Chas. LT26 30J 

for Group 51-1 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 1 

.risT] 
~ 
~Al ~ -1 
0-

52-1 53-1 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 

54-1 
0 
1 
0 
1 
0 
1 
0 

Group 51-1 52-1 
9 1 0 
A 1 0 
B 1 0 
C 1 1 
0 1 1 
E 1 1 
F 1 1 

ris7l 
~ 

ris7l 
~ 

5ub Controller DVC Number 

53-1 
0 
1 
1 
0 
0 
1 
1 

M5 010 Addr DVC Controller Lac 24 LT16 

M5 LT26 21A Addr Bit/ 0 I 1 
SI-1 Al0 5witch 154-21 53· 
52-1 A9 
53-1 A8 
54-1 A7 
51-2 A6 
52-2 A5 
53-2 A4 
54-2 A3 
5witches on 
23A and 22A To disable MS,'PUt, I 
must be up switch on 23A down 

REU Address 

REU Chas. LT26 32A 

54-1 For BLKs 53-2 53-1 52-2 
1 4-7 0 0 1 
0 8-11 0 1 0 
1 12-15 0 1 1 
0_ 16-19 1 0 0 
1 20-23 1 0 1 
0 24-27 1 1 0 
1 28-31 I 1 1 

510P 

510P Chas. LT26 8F 

5witch Functian 
51-1 lOP address bit 0 
51-2 5et if high priority 

bus shar. lOP 
52-1 lOP address bit I 
52-2 5et if bus shar. opt 
53-1 lOP address bit 2 
54-1 Set if lost lOP 

MIOP 

MIOP Chas. LT26 13C 

5witch Function 
51-1 lOP address bit 0 
51-2 5et if lost lOP 
52-1 lOP address bit 1 
52-2 5et if 4 byte opt(8473) 
_~:3-J ~ address~it.2 
53-2 Set if high prior bus 

shoring lOP (8473) 

CFE-3 

CF E cant.· chasis L T26 3A 

5witch Function 
51-1,51-2 
S2-1, S2-2 for test mode 
53-1 Test modeJ 1) 
53-2 T est mode clear 
54-1 CFE controller 10 or I) 
54-2 Test selector I-test 2 

:tiC/) 
mG') 
"TIS 
~:t> 
m(J'l 
21 nCD 
m 
0 2 
:t>-1 
-4

m 
l>~ 

» 
n 
m 
:t> 
2 
o 
C/) 

:E 
-1 
n 
:t 



14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

MATRIX SWITCH SETTINGS 
--

PORT I-OR 5 2 OR 6 

BANK A B A B 

SLOT 31 29 20 18 

64~ 0 0 0 -0 

STARTING 0 0 0 0 0 --
32KO 0 0 0 0 

ADDRESS 
if 

0 0 0 0 0 
16KO 
'if 

0 0 0 0 

0 0 0 0 0 
8KO 
if 

0 0 0 0 

0 0 0 0 0 
PARTITION PORT OUT YES 0 0 0 0 0 

if 
-- 0 0 0 0 0 

CHECK INCOMING DATA YES 0 0 

t>< 
0 

t>< PARITY if 
0 0 0 

CPU BUS YEr 0 

t>< 
0 

t>< 
If this switch is in the "yes" position any 
port encountering a parity error will cause 

0 0 the PE line for this port to be raised. 0 
- - -

3 OR 7 

A B 

15 13 

0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
.0 0 

0 0 
0 

t>< 0 
0 

t>< 0 
BLACKEN CIRCLES IN PENCIL r-o REPRESENT NORMAL SYSTEM SETTINGS 
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4 OR 8 

A B 

04 02 

O· 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 ( 

0 0 
-0 

t>< 0 
0 

t>< 0 



600P81 036 
14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

DRIVER SWITCH SETTINGS 
SLOT 298 

7 MSB 

0 
~O BANK NO.= 

0 

7 MEMORY FAULT 
INDICATOR-l 

0 

7 LSB 

0 

7 AUXILIARY BUS 
PARTITIONED OUT 

0 

~ FOUR WAY INTERLEAVE 

0 

~ TWO WAY INTERLEAVE 

0 
BLACKEN CIRCLES IN PENCIL TO 
INDICATE NORMAL SYSTEM 
SETTINGS 
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- ,AT 10 AT12 
~ 
~ 

I 
I I 
L_ __ J I ..., ,-

'-., I I r-.J r-
I I I I I 

P3 P1 P2 P3 P1 P2 P3 P1 
A 6 1 A 2 1 A 6 
B 4 2 B 1 2 B 4 
C 10 3 C 9 3 C 10 
D 8 4 D 3 4 D 8 
E 13 5 E 12 5 E 13 
F 18 6 F 15 6 F 18 
G 20 7 G 19 7 G 20 
H 22 8 H 23 8 H 22 
K 27 9 K 25 9 K 27 
L 34 10 L 33 10 L 34 
M 36 11 M 35 11 M 36 
N 38 12 N 37 12 N 38 
P 40 13 P 39 13 P 40 
R 42 14 R 45 14 R 42 

Etched 
Side 

AT13 

I 
I 
I 
I 

. I I __ ...J j 

r 

Pl P2 P3 P1 
2 1 A 6 
1 2 B 4 
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3 4 D 8 
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33 10 L 34 
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I _-lJ 

r 

Pl P2 
2 1 
1 2 
9 3 
3 4 

12 5 
15 6 

25 9 
33 10 
35 11 
37 12 
39 13 
45 14 

P3 P1 
G 20 
H 22 

19 7 
23 8 
P1 P2 

P3 (Etch) P2 (Com onent) 
Ground Ground 
A 1 
Ground Ground 
B .. 2 
Ground Ground 

Ground Ground 
P 13-
Ground Ground 
R 14 
Ground Ground 

.... 
~ 

:0 en 
me; 
"'s: 
~> 
mc.n . 21 
(")(£:) 

m-
C 2 
>-f 

~ 
-fm 
>~ ~ > () (") » m 

r- > 
;:::0 2 m C r-» en 
-f :E 
0 ~ 
Z n 
til ::z: 
::x: 
'"'0 
Vl 

W 
0 

0 
:r: 
~ 
() 
» 
to 
r-
m 
() 
» 
;:::0 

0 
Vl 

en = = ~ .... 
(:) 
w 
en 



8457 F 3 to 6 port expander 1 memory assy 130625 
8457 S 3 to 6 port expander 2nd memory assy 130626 
Module Location Chart - 133621 
.Installation Drawing Port Exp F 133762 
Installation Drawing Port Exp S 133688 
Switch Settings - see system switch settings 

ST 14S 24D, 25E F expander 
21 E, 22E S expander 

Cables connecting sources to port expander are 
connected normal from the bottom, but are attached 
upside down at the port expander. Cable pin 
numbers will have to be transposed when using the 
signal map in the interface section. 

Port Ex. Memory Cables, twisted pair ZT38 

Twisted Pair 
Mem Cab #1 

#2 
#3 
#4 
#5 

FROM 

XF XS 
6C 8e 
l1C 13C 
17C 19C 
21C 23C 
25C 27C 

TO 

Port A Port B 
2A 6A 
2B 6B 
4A 4B 
4C 2D 
6C 4D 

I 

Additional signals provided to the port expander, via the ZT38 
modules, on'memory interface cables 4 and 5. 

Port XF 21C 25C 
Port XS 23C 27C 
Mem Port A 4C 6C 
Mem Port B 2D 4D 

CABLE MEMORY MEMORY 
CONDUCTOR MOD PINS CABLE 4 CABLE 5 

7(S) NR08 START 
15 11 (L) 

17(S) NR16 TW500 
16 14(L) 

21 (S) NR32 TO 
17 26(L) 

29(5) NR64 NPFSRD 
18 28(L) 

31 (S) N51 
19 30(L) 

43(S) NSO 
20 44(L) 

21 
47(S) . (12K) 
46(L) 

(S) Source e.g. Memory Source Signal NR08 is provided 
(L) Load at pi'n 7 of the memory and is received 

at pin 11 in the Port Expander 

Vl 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P81 036 

PORT 1 2B ATll 2D ATll lOB ATll 18D AT10 26B ATll 
PORT 2 4B AT11 4D AT11 12B ATll 20B AT10 28B AT11 
PORT 3 6B AT11 6D AT11 14B ATll 22B AT10 30B ATll 
PORT 4 8B ATll 8D AT11 16B ATll 24B AT10 32B ATll 
CABLES CONNECTING SOURCES TO PORT EXPANDER BUS ARE 
CONNECTED NORMAL FROM THE BOTTOM, BUT ARE ATTACHED UPSIDE I 

DOWN AT THE PORT EXPANDER 

BACK MEMORY MEMORY MEMORY MEMORY MEMORY 
PANEL CABLE CABLE CABLE CABLE CABLE 

CABLE PINS PINS #1 #2 #3 #4 #5 

13,P 39 MOOD M14.D M28D l15D MOD 
40 MOOR M14R M28R 

14, R 45 MOlD M15D M29D l16D * 
42 M01R M15R M29R AHR 

11,M 35 M02D M16D M30D L17D * 
36 M02R M16R M30R ARR 

12,N 37 M03D M17D M31D l18D * 
38 M03R M17R M31R DRR -

10,6 33 M04D M18D l29D l19D * 
34 M04R M18R PER 

9,K 25 M05D M19D l30D l20D * 
27 M05R M19R SRAR 

8,H 23 M06D M20D L31D L21D * 
22 M06R M20R -

7,G. 19 M07D M21D·· MWOD l22D ABOD 
20 M07R M21R 

6,F 15 M08D M22D MW1D l23D * 
18 M08R M22R POKR 

5,E 12 M09D M23D MW2D l24D * 
13 M09R M23R 

4,D 3 MOOD M24D MW3D l25D * 
8 Ml0R M24R * 

3,C 9 M11D M25D DGR l26D * 
10 M11R M25R * 

2,B 1 M12D M26D EDRR l27D * 
4 M12R M26R 

1,A 2 M13D M27D * l28D * 
6 M13R M27R 

~7- 8457 MEMORY INTERFACE 

All SIGNALS DESCRIBED FROM THE POINT OF VIEW OF THE MEMORY PORT EXPANDER. 
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600P81 036 

Coble Pins 

1,A 

2,8 

3,C 

4,D 

5,E 

6,F 

7,G 

8,H 

9,K 

10,l 

ll~ M 

12, N 

13,P 

14,R 

14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

CPU EXTERNAL INTERRUPT INTERFACE 

8421 26J ATll 12J ATll 19J ATll 32J ATll 
CPU 30V ATll 

" 

Module Pins . Ex Int/CPU Ex Int/EO EX Int/EO Ex Int/EO 
2 L1NOl ECPUR5T2 ECPUR5Tl ECPUR5T 
6 DAT17 
1 LINOO 
4 DAT16 
9 LIN03 1510 154 

10 DAT19 
3 LlN02 1511 155 
8 DAT18 

12 L1N04 1515 159 153 
13 DAT20 
15 L1N05 1514 158 152 
18 DAT21 
19 L1N06 1513 157 151 
20 DAT22 
23 LIN07 1512 156 ISO 
22 DAT23 
25 LIN08 
27 DAT24 ERQ11 ER005 
33 L1NREQ 
34 DAT25 ER010 ER004 
35 
36 DAT26 ER015 ER09 ER003 
37 
38 DAT27 ER014 ERQ8 ER002 
39 
40 DAT28 ER013 ERQ7 ER001 
45 
42 DAT29 ERQ12 ERQ6 EROOO 

Interface Viewed At------External Interrupt Chassis------
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14. SIGMA 5-9 INTERFAcE AND SWITCH 
REFERENCE DATA 

REU-CPU INTERFACE 

CPU 5T AT11 19T ATll 5l AT11 50 ATll 
REU 27A ATll 15A ATll 25A AT11 6A AT11 

Cable Module Read;Write Read;Write Read;Write Read/Write 
Pins Pins Byte 0 Byte 1 Byte 2 Byte 3 

Address Address 

1,A 
2 
6 NlR28-2 RP24 

2,8 
1 
4 lR28-2 RP23 

3,C 
9 

10 lR30-2 RP26 

4,D 
3 
8 lR29-2 RP25 

5,E 
12 
13 lR31-2 RP27 

6,F 
15 
18 RWBO RWBI RWB2 RWB3 

7,G 
19 RRO RR8 RR16 RR24 
20 SORRWXSjO S8RRWXS/l. S16RRWXS/2 S24RRWXS/3 
23 RRl RR9 RR17 RR25 

8,H 22 S1RRWXS/0 S9RRWXS/l S17RRWXS/2 S25RRWXS/3 

9,K 
25 RR2 RR10 RR18 RR26 
27 S2RRWXS/0 SlORRWXSLl S18RRWXS/2 S16RRWXS/3 

10, l 
33 RR3 RR11 RR19 RR27 
34 S3RRWXS/0 SI1RRWXS/l S19RRWXS/2 S2RRWXSj3 

11,M 
35 RR4 RR12 RR20 RR28 
36 S4RRWXS/0 S12RRWXS/l S20RRWXS/2 S28RRWXS/3 
37 RR5 RR13 RR2l RR29 

12,N 38 S5RRWXS/0 S13RRWXS!1 S21RRWXS/2 S29RRWXS/3 
39 RR6 RR14 RR22 RR30 

13,P 40 S6RRWXS/0 S14RRWXS/l S22RRWXS/2 S30RRWXS/3 

14, R 
45 RR7 RR15 RR23 RR31 
42 S7RRWXS/0 S15RRWXS/1 S23RRWXS/2 S31RRWXS/3 

Signals represented from the 
point of view of the REU. 

Clocking-Clock Coble from the CPU Plugs into Position 30A of 
REU No.1. Coaxiol (Part No. 128147-372) and Additional 
CPU Wiring for REU's are as follows. 

Add Wire FROM TO 
For Sigma 7, CPU Coax Shield 'Coax 
REU '1 30A04 REU'1 30A02 12A13 REU'1 

28U ZT23 
30A ZT23 
~ 

Clock 1st 
CPU REU 

CRX2 
CREUI 

CRX2 
CREU2 

CRX3 
CREU3 

CRX4 
CREU4 

CRX5 
CREU5 

CRX6 
CREU6 

CRX7 
CREU7 , I 

Signal 
presence 
governed by 
the installa-
tion of the 
w ire changes 
below. 

Shield 
12A16 

2 28U03-29U 17 30A06 REU'1 30A05 12A13 REU'2 12A16 
3 28U07-29U 19 30A08 REU'1 30A09 12A13 REU#3 12A16 
4 28U10-29U21 30A 12 REU'1 30A13· 12A11 REU'4 12A16 
5 28U14-29U23 30A17 REU'1 30A16 12A13 REU'5 12A16 
6 28U 18-29U25 30A19 REU"~ 30A21 12A13 REU"6 12A16 
7 28U22-29U27 30A21 REU'1 30A23 12A13 REU'7 12A16 
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ZT23 
Cable=Module 
Pins = Pins 

1 4 
A 1 
2 6 
B 3 
3 8 
C 7 
4 12 
0 lO 
5 17 
E 14 
6 19 
F 18 
7· 21 

G 22 
8 24 
H 26 
9 28 
K 30 

10 33 
l 34 

11 36 
M 38 
12 40 
N 42 
13 43 
P 45 

14 47 
R 50 



600P81 036 
14. SIGMA 5-9 INTERFACE AND SWITCH 

REFERENCE DATA 

CPU-DEC, CPU-PWR MON-MEM, CPU-lOP INTERFACES 

SlOP 10F AT13 
MIOP 12C AT13 
MEM 2C AT11 
DEC 32C AT11 
CPU 18DAT11 30Q AT11 29L AT11 
PWR MON J5 AT13 

Cable Pins Module Pins DEC PWR MaN lOP 

1,A 
2 DUO (MFL 1) 
6 DUO FNCO 

2,8 
1 DU1 (MFLO) 
4 DU1 FNC1 

3,C 9 DU2 (MFL3) 
10 DU2 FNC2 

4,D 
3 DU3 
8 DU3 (ST) IOPAO 

5,E 
12 DU4 (MFL4) 
13 DU4 IOPAl 

6,F 
15 DU5 (MFL5) 
18 DU5 IO.PA2 

.7,G 
19 DU6 
20 DU6 (RTC) CNST 

8,H 
23 DU7 
22 DU7 

.. 

(lOEN) 

9,K 
25 Ncel 
27 DUCLOCK (ION) v 

10,1 33 NCC2. 
34 DUSTART (IOFF) 

.. 

11,M 
35 DUEND (MFL2) 
36 lMC 

12,N 
37 
38 DUCLEAR RIO 

13,P 
39 DU12 (MFL6) IR 
40 DUMDM 

14,R 45 DU13 . (MFL7) PR 
42 

Interface Viewed At DEC MEMORY lOP 
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14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 600P810J6 

SIGMA 8/9 MIOP Single Phase Operation Program 

This program will single phase the MIOP thru a complete SIO/IOCD sequencet After each 
phose step the program will come to a WAIT (location ll7Y. At that time Rl will equal the 
number of step operations completed and R5 thru Rf will contain status'information for that 
phose (the attached sheets provide expected data for eachoperotion). Modifications are 
provided to allow the program to be addressed to the TTY and/or to do single operation (each 
step will advance the MIOP thru a SIO, or 00, or 01 or 01 operation)~ 
26 68000100 B X'loo' 
TRAP ROUTINE 
46 OF 000080 XPSD,O X'80' 
80 00000000 DATA X' 00000000' 
81 00000000 DATA X' 00000000' 
82 00000084 DATA X'OOOOOO84' 
83 00000000 DATA X' 00000000' 
84 OEloo086 lPSD,l X'86' Clear PDF 
85 00000000 
86 000OOIOC OATA X'OOOOOlOC' 
87 00000000 OATA X' 00000000' 
PROGRAM 
100 22100001 lI, 1 X'OI' Initialize counter 
101 4F0040oo RIO,O X'OOQ' Reset MIOP 

*102 22480000 lI,4 X'80OO0' Put the M:S.Online and the 
103 6040200F WO,4 X'20OF' Controllers Offl ine. 
104 22403000 U,4 X'300@' Wait for the AT83's to go Offl ine. 
105 64400105 BDR,4 X'105' 
106 224700FF U,4 X'ZOOFF' Set M .• S. Address .,-: 07 and 
107 60402000 WO,4 X'200D' Data byte = FF. ' 

, 108 22401800 (1,4 X'18oo· Put the MIOP (CH A) in Single 
109 60402008 WD,4 X'2008' Phose Mode. ' 
lOA 22000090 U,O X'90' .... (126) 

'.~ 

*10B 4C200oo7 SIO,2 ' X'007' Start Operation 
lOC 6C5020OO RO,5, X'20OO' 

I 100 6C602001 RD,6 X'2001' Read CCU Groups 
10E 6C702oo2 RD,7" X'2Q02' 
lOF 6C802008 RD,8 X'2008' 

J 

110 6C902009 RO,9 X'2009' 
Read CH A Groups 111 6CA0200A RO,A X'2ooA~ 

112 6CB02ooB RD,B X'200B" 
113 6CC020OC RD,C X'20OC' 

J 

114 6CD02000 RD,O X'200D' 
Rea'd M. S. Groups 115 6CE02ooE RD,E X'200E' 

1'16 6DF02ooF RD,F X'2OOF' 
117 2EOOOOoo WAIT 
118 20100001 51 I 1 X'OI' Update counter 
119 60402008 WO,4 X'2008' Step MIOP 
11A 22503000 U , 5 X'30OO' Wait for MIOP to do Step 
118 645OO11B BOR , 5, X'l1B' 
lIC 680001OC, B X'lOC' Collect new Status 

I/O COMMAN D DOUBlEWORD ..---.,,_ - ) ~',:t-, , 
120 06000488 DATA X' 06oo01aav I,OCD to READ one Byte into 
121 00000001 DATA X' 0000000 1 ' location 122 
122 XX Data input locat ion 

*Changes to use TTY 
102 68000108 B X'108' 8ypass M. S. setup 
108 4C 20000 1 S10,2 X'OOP Address TTY 

'Changes to do single Operation stepping 
108 22403000 II ,4 X'3000' Put MIOP in Single Operation 
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600P81 036 

Single 
Phase 

(Rl) 

1 
2 
3 
4 
5 

6 
7 
8 
9 
A 

. B 
C 

0 
E 
F* 

10 

11 
12 
13 
14 

(R1) 

14. SIGMA 5-9 INTERFACE AND SWITCH 
REFERENCE DATA 

SIGMA 8/9MIOP Single Step Operation 

M. S. Address = 07 

Single. 
Operation 

" 

Group 0 Group 8 Group 9 Group C Group E Group F (Rl) 
SIO INSTRUCTION 

40040000 003D2XOO 00000000 00008400 00004800 
-<, 

00000020 00240180 00212000 0000C007 00008400 00000C80 
07800,020 00150180 22212600 00000007 00002400 00000C81 
07COO021 000C8190 04212400 00000007 00008408 00002C80 
07COO021 80000010 04352000 00000000 00008408 00002400 ~ 1 
ORDER OUT 
07COO021 -40000C30 26302200 00000000 00001408 '00002405 
07COO021 10018000 8CS 12800 00000000 ' 00001508 00008400 
07COO021 Oe008000 88S1ECOO 00000000 00001508 00008400 
00000121 040083CO 88S1E800 00000000 00001508 00008400 
00000121 0~01C240 88S1E800 00000006 00000008 00008COO 
00000121 01004000 88B1C800 00000006 00000008 00008EOO 
00000121 80004000 84F5C800 00000000 00008438 OOOOEEOO &- 2, 
DATA IN 
00000121 40004020 A6FDCAOO 00000000 00001438 0000EE05 
00000121 20018000 OC31 0800 OOOOFFFF 00001538 00000600 
04400122 01004180 88B1OC80 OOOOOOFF 000000'38 00008600 
04400122 80004000 84F50480 00000040 00008498 OOOOEEOO~ 3 
ORDER IN 
04400122 40004020 A6FDOC80 00000040 00001498 0000EE05 
04400122 20018000 8C81OCOO OOOOFFFF 00001598 00008600 
04400122 01004000 88BIACOO OOOOOOFF ' 00OOOD98 00008600 
04400122 80004000 80F5ACOO '00000000 00008480 OOOOCCOO ~ 4 

Group 0 Group 8 Group 9 Group C Group E Group F (Rl) 

*location 122 now has data byte of FF 
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	001
	01-001_705691
	01-003
	01-01
	01-02
	01-03
	01-04
	01-05
	01-06
	02-001_704356
	02-003
	02-01
	02-02
	03-001_705682
	03-003
	03-01
	03-02
	03-03
	03-04
	03-05
	03-06
	03-07
	03-08
	03-09
	03-10
	03-11
	03-12
	03-13
	03-14
	04-001_705651
	04-003
	04-01
	04-02
	04-03
	04-04
	04-05
	04-06
	04-07
	04-08
	04-09
	04-10
	05-001_706169
	05-003
	05-01
	05-02
	05-03
	05-04
	05-05
	05-06
	05-07
	05-08
	05-09
	05-10
	05-11
	05-12
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	05-14
	05-15
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	05-19
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	06-001_705730
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	06-01
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	06-04
	06-05
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	06-08
	06-09
	06-10
	06-11
	06-12
	07-001_705534
	07-003
	07-01
	07-02
	07-03
	07-04
	07-05
	07-06
	07-07
	07-08
	07-09
	07-10
	07-11
	07-12
	08-001_706424
	08-003
	08-01
	08-02
	08-03
	08-04
	08-05
	08-06
	08-07
	08-08
	08-09
	08-10
	08-11
	08-12
	09-001_706249
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	09-03
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	09-09
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	09-19
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	10-11
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