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SECTION I 
GENERAL DESCRIPTION 

1.1 GENERAL 

1.2 This publ ication provides information relating 
to the Time-Multiplexed Communication Channel option 
manufactured by Scientific Data Systems, 1649 
Seventeenth Street, Santa Mon ica, Cal iforn ia. 

1.3 In this publ ication, the Time-Multiplexed Com­
munication Channel option is referred to as "TMCC". 
The models covered,with their description and the 
figure references,are I isted in table 1-1. 

Table 1-1. TMCC Models 

Channel 
Model Description Used Figure 

92200 6-bit characters with W(A), C 1-1 
interlace 

92210 6-bit characters with Y(B), D 1-1 
interlace 

92201 12-bit characters with C 1-1 
interlace 

92211 12-bit characters with D 1-1 
interlace 

92202 24-bit characters with C 1-1 
interlace 

92212 24-bit characters with D 1-1 
interlace 

93200 6-bit characters without W(A), C 1-2 
interlace, singl e channel 

91210 Interlace option for Model 
93200 

93201 12-bit character extension 
option for Model 93200 

93202 24-bit character extension 
option for Model 93200 

93221 6-bit characters without W + y 1-2 
interlace, two channel s (A + B) 

91210 Interl ace option for either 
channel of Model 93221 

93201 12-bit character extension 
option for Model 93221 

93202 24-bit character extension 
option for Model 93221 

1. 4 The information in this publ ication relates to the 
TMCC as util ized with the 925/930/9300 computers. 
Other publications containing information relating to 
the TMCC and input/output operation are I isted in 
table 1-2. 

Table 1-2. Appl icable Publ ications 

Title of Publ ication Publ ication No. 

SDS 925/930/9300 TMCC 
Input/Output Unit Logic 
Layouts, Current and History 900557 

SDS 925 Computer Reference 
Manual 900099 

Model 925 Computer, 
Technical Manual 900633 

SDS 930 Computer Reference 
Manual 900064 

Model 930 Computer, 
Technical Manual 900066 

SDS 9300 Computer Reference 
Manual 900050 

Model 9300 Computer, 
Technical Manual 900570 

1.5 PURPOSE OF OPTION 

1.6 The TMCC is a time-multiplexed input/output 
channel utilized for communication between peripheral 
devices and the 925/930/9300 computers. Its operation 
is designated IItime-multiplexed" because it gains access 
to the computer memory through the same path util ized 
by the computer and must, therefore, momentarily inter­
rupt computation to store or obtain a word of informa­
tion. Up to four TMCCs may be connected to one com­
puter and all may be active simultaneously but since 
their operation is time-multiplexed, only one channel 
at a time communicates with the computer memory. 

1. 7 DESCRIPTION AND LEADING PARTICULARS 

1.8 A computer may have from one to four TMCCs 
connected to it. These are designated by letter symbols 

. in the order of their installation. When only one 
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Channel 
W (or A) 

92200 

One Channel Configuration 

Channel 
W (or A) 

92200 

Hardwired 

Channel 
Y (or B) 

922]0 
92211 
92212 

Channel 
C 

92200 
92201 
92202 

Three Channel Configuration 

S DS 900685.C 

Channel 
W (or A) 

92200 

Hardwired 

Channel 
Y (or B) 

92210 
92211 
92212 

S ep tembe r 1965 

Two Channel Configuration 

Channel 
W (or A) 

92200 

Hardwired 

Channel 
Y (or B) 

92210 
92211 
92212 

Channel 
C 

92200 
92201 
92202 

Hardwired 

Channel 
D 

92210 
92211 
92212 

Four Channel Configuration 

Figure 1-1. TMCC Configuration, Models 922XX 
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Channel 
W (or A) 

93200 

One Channel Configuration 

Channels 
Wand Y 

(or A and B) 

93221* 

Channel 
C 

93200* 

Three Channel Configuration 

SDS 900685C 

Channels 
Wand Y 

(or A and B) 

93221* 

Two Channel Configuration 

Channels 
Wand Y 

(or A and B) 

93221* 

Channels 
C and D 

93221* 

Four Channel Configuration 

* Note: The Interlace feature, Model 91210, is requ ired on channels Bf C and Df and is optional on W, 
A and Y. All channel s may have 93201 or 93202 options. 

Figure 1-2. TMCC Configuration, Models 932XX 
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channel is used it is specified as the W channel on the 
925 and 930 computers or as the A channel on the 9300 
computer. As additional channels are added they are 
designated, in order, V (or B on the 9300 computer), 
C, and D. Because single-word input/output instruc­
tions (Memory Into W, Memory Into V, Memory Into A, 
W Into Memory, V Into Memory, and A Into Memory) 
are not avai labl e for all channel s, the interlace feature 
is mandatory on channels B, C, and D. 

1.9 Primary differences between the models occur in 
the hardware layouts, connections between channels, 
and the options available. 

1-10 PHYSICAL DESCRIPTION 

1. 11 The TMCC consists of plug-in modules contained 
in chass is consisting of four or six rows of modul es. 

Each row contains 32 connectors thereby allowing the 
insertion of up to 32 modules in each row. Physical 
location of each module is given in Section 4 of this 
manual. 

1. 12 T MCC Models 922XX 

1. 13 In TMCC Models 922XX, the character length is 
fixed for a particular model and the interlace feature is 
included. One channel must be six bits to allow enter­
ing a program into the computer. 

1. 14 On~ Channel Configuration 

1. 15 A one channel configuration TMCC(Model 
92200) consists of a single chassis containing four rows 
of modules (C through F). The quantity and type of 
modules are listed in table 1-3. 

Table 1-3. Models 922XX Module Complement 

Quantity 

92200 92201 92202 92210 92211 92212 
6-Bit 12-Bit 24-Bit 6-Bit 12-B it 24-B it 

Item Description Model IIW II IIAII or "C" "V" "BII or "0" 'IV" IIBllorllD" "V II "BII or II 0" 

1 Triple Flip-Flop FB52 19 21 25 18 20 24 

2 NAN 0 F I ip-F lop FB54 14 14 14 13 13 13 

3 Cable Driver No. 2 AB55 2 2 2 1 

4 NAND No.2 IB56 5 5 5 5 5 5 

5 Band NAND IB57 4 4 4 4 4 4 

6 NAND Module IB52 2 2 2 

7 Shift Register DB50 3 3 3 3 3 3 

8 Rece iver Inverter Buffer AB53 2 2 2 

9 Termination Modul e ZB52 2 2 2 

10 Interface +8 to +4 NB50 1 2 2 1 1 1 

11 Cab I e Driver AK53 9 10 11 3 1 2 

12 Cable Driver NB52 3 3 3 

13 Termination Module +4 ZB50 7 7 7 7 7 7 

14 Termination Module ZB55 1 1 

15 Receiver, Inverter AB52 2 2 2 

16 NAND No.4 IB59 5 5 5 4 4 4 

17 Schmitt Trigger AK54 1 1 1 

18 Termination Module ZB56 1 2 

19 Termination Module ZB57 1 2 
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1. 16 Two Channel Configuration 

1. 17 A two channel configuration TMCC consists of 
two chassis, one containing four rows of modules (C 
through F) and the other containing two rows of modules 
(A and 8). These two chassis are physically bolted 
together and hardwired to allow mounting as a single 
unit. The two channel configuration consists of a 
Model 92200 for channel W (or A) and either a six bit 
option (92210), a twelve bit option (92211) or a twenty­
four bit option (92212) for channel Y (B). The options 
sel ected determine the quantity and type of modul es. 
Table 1-3 lists the modules required for each model. 

1. 18 Three Channel Configuration 

1. 19 The three channel configuration consists of three 
chassis, two containing four rows of modules and the 
third containing two rows of modules. Channel W (or 
A), consists of a Model 92200; channel Y (or B) con­
sists of a six bit option (92210), a twelve bit option 
(92211), or a twenty-four bit option (92212); channel 
C consists of a six bit option (92200), a twelve bit 
option (92201), or a twenty-four bit option (92202). 
The quantity and types of modules for each option are 
listed in table 1-3. 

1.20 Four Channel Configuration 

1.21 The four channel configuration consists of four 
chassis, two containing four and two containing two 
rows of modules. The four channel configuration con­
sists of a Model 92200 for channel W (A); a six bit 
option (92210), a twelve bit option (92211) or a twenty­
four bit option (92212) for channel Y(B); a six bitoption 
(92200), a twelve bit option (92201), or twenty-four bit 
option (92202) for channel C; and a six bit option 
(92210), twelve bit option (92211), or a twenty-four bit 
option (92212) for channe I D. The quantity and types 
of modules are listed in table 1-3. 

1. 22 TMCC Models 932XX 

1.23 In TMCC Models 932XX, the interlace registers 
are optional equipment. Interlace options may be 
installed in any of the four TMCCs that a 925/930/9300 
computer may have. However, channels C and D (and 
B on the 9300 computer) must have interlace installed 
since there ore no computer instructions allowing use of 
these channels without it. 

1.24 One Channel Configuration 

1.25 A one channel configuration TMCC (Model 
93200) consists of a single chassis containing four rows 
of modules. The quantity and types of modules are 
I isted in tabl e 1-4. 

1.26 Two Channel Configuration 

1.27 The two channel configuration consists of a single 
chassis containing six rows of modules. For channels W 
and Y, a Model 93221 TMCC may be used. The Model 
93221 may be extended to twelve bit or twenty-four bit 
characters by addition of modules as I isted in table 1-4. 
The Model 93221 must have the Model 91210 Interlace 
installed in either or both channels. The modules com­
prising the Model 91210 Interlace are indicated in 
table 1-4. 

1.28 Three Channel Configuration 

1.29 A three channel configuration TMCC consists of 
a single chassis containing six rows of modules and 
another chassis of four rows of modules. Channels W 
and Y (or A and B) are as given in paragraph 1.27. 
Channel C consists of a Model 93200 TMCC (with char­
acter extension options) and must incl ude a Model 
91210 Interl ace. 

1.30 Four Channel Configuration 

1.31 A four channel configuration TMCC consists of 
two chassis, each containing six rows of modules. Two 
Model 93221 TMCCs may be used with character exten­
sion options if desired. Model 91210 Interlace options 
must be installed on at least channels C, and D (and B 
on the 9300). 

1.32 SEMICONDUCTOR COMPLEMENT 

1.33 The semiconductor complement may be derived 
from the Material Lists and Module Data Sheets con­
tained in Section 6. The module complement for each 
model of TMCC is contained in tables 1-3 and 1-4. 

1. 34 INTERLACE FEATURE 

1.35 The purpose of the interlace feature is to provide 
the TMCC with a means of transferring blocks of words 
without requiring a separate instruction for each word. 
To do this, two counters are added to the TMCC. One 
counter is loaded with a count of the number of words in 
the block, and the other counter is loaded with the 
address of the memory position of the first word in the 
block. Then, as each input or output word is transferred 
to or from memory, the Word Counter and the Address 
Counter are incremented. The Word Counter hoi ds the 
one's complement of the count; thus the count is 
decreased as the counter counts up. In addition to the 
two counters, the interlace logic also includes Channel 
Command Interrupt Enables, and all the necessary con­
trol logic. 

1-5 
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Table 1-4. Models 923XX Module Complement 

Quantity 

93200 93221 93201 
6-Bit 6-Bit 12-Bit 

Item Desc ription Model "W" "W" & "Y" "W" or "Y" 

1 Triple F I ip-F lop FB52 6 11 2 

2 NAND Flip-Flop FB54 13 25 -

3 Cable Driver No. 2* AB55 3 4 -
4 NAND No.2 IB56 4 8 -

5 Band NAND IB57 3 7 -

6 NAND Module IB52 2 2 -

7 Shift Register DB50-2 3 6 -

8 Receiver Inverter Buffer AB53 2 2 -

9 Termination Module ZB52 2 2 -
10 Interface +8 to +4 NB50 1 2 1 

11 Cable Driver AK53 9 13 1 

12 Driver Cabl e Interface NB52 1 1 -
13 Termination Module +4 ZB50 6 10 0 

14 Priority Interrupt ** SK61 2 2 -

15 Rece iver Inverter AB52 2 2 -

16 NAND No.4 IB59 3 5 -

17 Schmitt Trigger AK54 1 1 -

*SK61s are located in computer basic interrupt: 925/930 Reference Drawing 107352 
9300 Reference Drawing 107626 

**One AB55 is located in 5E (930 only) if I/O is used as a "C II or "C-D" channel. 
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SECTION II 
PROGRAMMING 

2.1 PURPOSE 

2.2 The 925/930/9300 computers include as standard 
equipment one Time-Multiplexed Communication Chan­
nel (TMCC), without interlacing capabil ity, as well as 
provision for three additional channels. The interlace 
unit is available as an option. The Wand Y channels 
are available with or without interlace; the C and D 
channels are available only with interlace. The W 
channel on the 925 and 930 computers is equivalent to 
the A channel on the 9300 computer and the Y channel 
on the 925 and 930 computers ie equivalent to the B 
channel on the 9300 computer. (The B channel on the 
9300 must also have the interlace feature). These 
channels are capabl e of automaticall y control I ing the 
flow of data to and from memory at rates up to one word 
every 3.5 microseconds. These channels run independ­
entl y of the central processor and onl y commun icate 
with it to transfer data to or from memory. 

2.3 GENERAL OPERATION 

2.4 Utilizing channels Wand Y (or A), characters, 
and words can be transmitted between memory and 
peripheral devices under the direct control of single 
instructions. Each of these channels has associated with 
it two instructions to facil itate direct control operations. 
For channel W, W INTO MEMORY (WIM) (channel A, 
A INTO MEMORY (AIM», causes a word from a periph­
eral transmission to be taken from the channel W (A) 
buffer register and placed di recti y in the specified 
memory location without disturb ing any internal regis­
ters. MEMORY INTO W (MIW), (MEMORY INTO A 
(MIA», causes a word to be taken from a specified 
memory location and placed in the channel W (A) buffer 
reg ister to be read out to the currentl y operating periph­
eral device connected to the channel. WIM (AIM) and 
MIW (MIA) are preceded by instructions from the EOM 
group that set up the input/output operation. YIM and 
MIY instructions function in an analogous manner for 
chan~el Y. The general test instruction, SKIP IF SIG­
NAL NOT SET (SKS) provides the facil ity for testing 
error indications and/or for testing various peripheral 
device indicators. 

2.5 Additional I y, using any channel incl uding channels 
Wand Y (A and B) with interlace, data can be transmitted 
to and from core storage under channel control. Opera­
tion of a channel is initiated by the execution of a 
sequence of instructions in the central processor. Once 
started, the channel operates independentl y of the 
centra I processor, automaticall y transferring each word 
at the correct time. 

2.6 Three instructions control the process of trans­
mitting and receiving data between channel peripheral 
equipment and the central processor. These instructions 
are: 

EOM ENERGIZE OUTPUT M 

POT PARALLEL OUTPUT 

SKS SKIP IF SIGNAL NOT SET 

2.7 EOM instructions activate one of channels W (A), 
Y (B), C, or D, to select the peripheral device to be 
used, and to set up the initial conditions of the data 
transmission, including the peripheral operation to be 
performed. An EOM instruction also specifies terminal 
conditions for an operation. 

2.8 PARALLEL OUTPUT (POT) instruction sends out to 
the channel the number of words in the transmission and 
the address at wh ich the output begins. 

2.9 SKIP IF SIGNAL NOT SET (SKS) instruction can 
test the Error indicators, End-of-Transmission indicators, 
and other input/output control indicators, such as 
printer end-of-form or card hopper empty. 

2. 10 The general order of use of these instructions for 
interlaced operation is: 

Instruction 

EOM 

EOM 

POT 

Function 

to address the channel, connect the 
peripheral device, specify various input/ 
output conditions, and alert the optional 
channel interlace (see Communication 
Channel Input/Output, paragraph 2.30). 

to specify the terminal conditions and 
interrupts desired during the transmission 

to transmit to the channel a word con­
taining the transmission starting address 
and block length 

Bits 0 through 9 of this latter word contain the ten lower 
order bits of the word count; bits 10 through 23 contain 
the 14 bits of the starting address. The second EOM 
contains the high-order bits of the word count and 
starting address when needed. 

2. 11 DIRECT PARALLEL INPUT/OUTPUT 

2.12 The direct paraller input/output (POT/PIN) facil­
ity allows any word in core memory to be presented, in 
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parallel, at any special system connector or applicable 
standard peripheral connector; or, conversel y, allows 
signals sent to a connector to be stored in any core 
memory location. EOM and SKS instructions control 
parallel input/output operations in the same way as in 
channel operations. POT/PIN instructions al50 gener­
ate or check for correct parity with each word 
transmitted. 

2.13 SINGLE-BIT INPUT/OUTPUT 

2.14 EOM and SKS instructions also perform single-bit 
input/output and testing for special or standard devices. 
The execution of an EOM transmits a single signal of 
approximatel y 1. 4 microseconds duration to an external 
connector and also provides the connector with a 15-
bit address for the destination of this signal. SKS tests 
whether a similar signal is present on an external con­
nector and skips accordingly. 

2.15 PRIMARY INPUT/OUTPUT INSTRUCTIONS 

2.16 ENERGIZE OUTPUT M (EOM) 

° 1 2 3 
00 01 

02 
I 

8 9 23 
02 03 04 05 06 07 

2. 17 The major instruction for preparing channel W (or 
Y, C, D) and an attached peripheral device to perform 
a data transmission or other peripheral activity is the 
multi-purpose instruction, EN ERGIZE OUTPUT M 
(EOM). This instruction operates in four distinct modes 
with many functional configurations. These modes are 
Buffer Control, Input/Output Control, Internal Control, 
and System Control. In the third and fourth modes, 
EOM controls and initiates non-commun ication channel 
operations such as special systems transmissions. Each 
of the frequentl y used EOM instruction confi gurations 
has a mnemonic tag used with standard SDS assemblers. 
The different modes of operation are program-selectable 
by the setting of two bits (10, 11 of octal position 3) 
within the EOM instruction format: 

Octal Bit Posi- Bit Posi-
Value tion 10 t ion 11 Area 

0 0 0 Buffer Control 

0 Input/Output Control 

2 0 Internal Control 

3 System Contro I 

2.18 A Buffer Control mode EOM operates essentially 
as a set-up or preparation facil ity for data transmissions 

2-2 

or other peripheral activities using the channel. The 
channel to be used, the peripheral un it on that channel, 
the operation to be performed, and the type of charac­
ter format to be used are all detailed within this EOM. 
It also details the use of BCD or binary data transmis­
sion, the allowance or not of a leader (as in paper tape), 
and the direction of operation (as in forward direction 
for magnetic tape), Execution of such an EOM "con­
nects ll the specified peripheral unit to the channel. An 
EOM in thi"s mode can also alert the interlace, which 
is the optional, automatic buffer control for input/output. 

2. 19 An EOM in the Input/Output mode directs periph­
eral devices to perform non-transmitting operations such 
as rewind magnetic tape and upspace the printer. This 
EOM selects certain channel operations such as inter­
rupt response and input/output terminal function 
desired. It al erts periphera I devices that a PARALLEL 
INPUT (PIN) or PARALLEL OUTPUT (POT) instruction 
follows. It also can give an extension of the word 
count to l5-bits for the number of words to be trans­
mitted and an extension of the address specification to 
15-bits. Without disturbing the associated channel, 
this EOM can also set up the interlace unit. It is with 
the input/output mode EOM that the user selects his 
I/O operation as compatible or extended I/O modes. 

2.20 This coding sequence initiates such an interlaced 
channel operation (compatibl e mode): 

Instruction 

EOM (Input/Output 
Control Mode) 

POT 

EOM (Buffer 
Control Mode) 

Function 

Alert the interlace 

transmit starting address and 
block length to interlace 

address channel, connect 
peripheral device, specify 
various input/output condi-
tions, start transmission 

2.21 Initiating an interlaced input/output operation 
via this sequence of instructions facil itiates checkout by 
allowing the programmer to s ingle-step through th is por­
tion of the program. The fi rst two instructions, EOM 
(lac) and POT, set up the interlace with data address 
and block length. Therefore, single-stepping through 
the sequence allows the interlaced channel to complete 
the input/output operation. When a single EOM (Buf­
fer Control mode) sets up the channel and interlace with 
a POT instruction following, the programmer cannot 
step through the sequence since the input/output opera­
tion proceeds before the next stepped instruction (POT) 
places the address and block length in the interlace. 

2.22 An EOM in the Internal Control mode ynables and 
disables the interrupt system. EOM in this mode also 
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can prepare the system for the selective arming and 
disarming of the system interrupt levels. This mode 
does not directl y concern the input/output programmer. 

2.23 An EOM in the System Control mode is specific­
all y coded for a given installation and system. Address 
capability is 15-bits or 32,768 combinations for these 
special system designations. 

NOTE 

If an interrupt occurs during the 
execution of an EOM in any mode, 
no acknowledgement occurs until 
the completion of the execution of 
the instruction following the EOM. 

2.24 SKIP IF SIGNAL NOT SET (SKS) 

o 1 2 3 

40(20) 

I II 
8 9 10 11 12 

00 01 02 03 04 
23 

05 06 07 

2.25 The principal instruction for testing the states and 
responses of data channels and the ir attached peripheral 
devices, as well as testing internal and external indi­
cators, is the multi-purpose instruction, SKIP IF SIG­
NAL NOT SET (SKS). SKS is a "skip class" instruction 
yielding a decision and transfer capability to all chan­
nels, devices, indicators, and systems that require it. 
It operates in four distinct modes: Special Internal Test, 
Channel and Device Test, Internal Test, and Special 
System Test. In the second mode, SKS tests channel­
oriented, input/output functions. Each of the fre­
quentl y used SKS instruction configurations has a 
mnemonic tag, used with SDS assemblers. 

2.26 These different modes of operation are program­
selectable by the setting of two bits (10, 11 of octal 
position 3) within the SKS instruction format: 

Octal Bit Posi- Bit Posi-
Value tion 10 tion 11 Area 

0 0 0 Special Internal Test 

1 0 Channel and Device Test 

2 0 Internal Test 

3 Special System Test 

2.27 In the Channel and Device Test mode, SKS tests 
a channel for channel Ready (not active), interlace 
Word Count Equal to Zero, and Error. This mode also 
tests peripheral devices directl y. These incl ude testing 

indicators in a magnetic tape unit such as Beginning-of­
Tape, End-of-Tape, File-Protect Ring present, and 
End-of-File. For example, an SKS instruction might 
address an indicator within the printer to determine 
whether the paper is at the End-of-Form. 

2.28 In the Internal Test mode, SKS tests whether the 
interrupt system is enabled or disabled, whether a break­
point switch is set, and whether Overflow is set. 

2.29 In the Special Internal and Special System Test 
modes, SKS tests signals of special configuration as the 
specific system requires. 

2.30 COMMUNICATION CHANNEL INPUT/OUTPUT 

2.31 GENERAL INFORMATION 

2.32 SDS Communication Channels provide fully buf­
fered, input/output control and transmission, multi­
plexed or simultaneous with computation. Up to four 
data channels can connect to the central processor, all 
operating independently of each other. 

2.33 Each channel can control as many as 30 input/ 
output devices and automaticall y handles character, 
word assembl y and disassembl y, input/output parity 
detection and generation, data transmission to and from 
memory, and End-of-Transmission detection. 

2.34 All channels are bi-directional and can communi­
cate with 6-bit character devices or word devices of up 
to 24-bits. In the case of character-oriented devices, 
the program specifies the number of characters to be 
contained in each word during the transmission. 

2.35 A channel buffer assembles and disassembles data 
words as they are transmitted between core memory and 
the peripheral equipment. The buffer maintains control 
of operations such as characters per word transmitted and 
direction of peripheral operation {as in magnetic tape 
forward/reverse} . 

2.36 A Buffer Control mode EOM sets up the channel 
buffer for operation. The execution of th is EOM sets 
the operation controls, places the unit address in the 
buffer, and initiates data assembl y/disassembl y. The 
presence of the un it address activates the buffer, caus­
ing it to look for data coming from the peripheral device 
or from memory, as determined by the un it address. 

2.37 When in use, a channel interlace controls the 
transfer of the data words going through the associated 
channel buffer. Th is interlace suppl ies the memory 
address of data coming from or going to memory and 
maintains the word count- determining the number of 
words transferred. The terminal interrupts, 
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End-of-Record and Zero Word Count, come from the 
interlace and are under its control. The interlace con­
trols input/output termination functions during inter­
laced operation. 

2.38 Two EOM instructions and a POT instruction alert 
and set up a channel interlace. The first EOM alerts 
the interlace, that is activates the interl ace and 
instructs it to expect a word count and starting address 
to be sent to it by the POT instruction. The second 
EOM is an Input/Output mode EOM that specifies the 
interrupt and the terminal function to be used. This 
EOM also can specify a 15th address bit and five more 
high-order word count bits expanding the word count 
from 10-bits to 15. This sequence is written: EOM 
(Alert), EOM (I/O), and POT. When the channel 
buffer is being set up at the same time, the buffer con­
trol EOM can alert the interlace. When the buffer is 
already set up, during a continuing I/O operation, the 
programmer may use the I/O EOM, ALERT CHANNEL 
(00250000), to alert the interlace. 

2.39 When the programmer does not desire to program 
the Extended Mode with the input/output terminal 
functions, interrupts, and additional count or address, 
onl y the EOM (AI ert) and the POT are necessary to set 
up the channel interlace (Compatible mode). 

2.40 In the Extended Mode, the four channels are 
programmed in the same way. 

2.41 The Time-Multiplexed Channels use the memory 
logic of the central processor to facil itate input and 
output of data words. The transfer of each word 
between a time-multiplexed channel buffer and memory 
requi res two memory cycles. During this time, computa­
tion stops in the central processor. Priority for the use 
of the word input/output logi c is in the order: Channel 
D, C, Y (B), W (A). Any Time-Multiplexed Channe I 
operating with interlace has priority over the central 
processor for memory access. 

2.42 COMMUNICATION CHANN EL DESCRIPTION 

2.43 Up to 30 periphera I devices may be connected to 
one channel. Each of these devices has a unique, two­
digit, octal address by which it is selected for an input/ 
output operation. To select the peripheral device, the 
program loads the proper un it address into the 6-bit 
Unit Address Register (UAR) in the channel buffer. This 
address selects both the device and, if appropriate, the 
function to be performed. Placing a non-zero unit 
address in the Unit Address Register "connects" the 
periphera I un it addressed to the channel and it becomes 
Ilactive li

• When the UAR contains a zero address, or 
any time that a terminal or initial condition clears the 
contents of UAR, the channel is II inactive. II The zero 
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in UAR also means that it is not connected to a periph­
eral unit. 

2.44 When the channel and the peripheral un it to be 
used have been connected, the channel must have 
information pertaining to the location in memory of the 
data to be transmitted or received and pertaining to the 
number of data words in the transfer. 

2.45 TIME-MULTIPLEXED CHANNEL REGISTERS 

2.46 In the Time-Multiplexed Channels W (A) through 
D, there are two registers important to the programmer, 
the Word Assembly Register (WAR) and the Single­
Character Register (SCR). The WAR, a 24-bit, word­
sized buffer, contains the word of data activel y be ing 
rece ived or transmitted during an input or output opera­
tion. During input, 6-bit characters (plus parity) enter 
the Single-Character Register where the channel buffer 
assembles them, one at a time, into the WAR. Then the 
completed word is placed in memory. Depending on the 
number of characters per word specified, the word 
assembled and placed in memory during input has the 
form: 

Word in Memory 

One character per word mode 

o 
Unpredictable 

I I I 
17 18 

0 11 12 17 18 

Three characters per word mode 

I Unpred I 1 st I 2nd 
I I I 

0 5 6 11 12 17 18 

Four characters per word mode 

I 1st I 2nd I 3rd 
I I I 

0 5 6 11 12 17 18 

1st 
I 

3rd 
I 

4th 
I 

23 

23 

23 

23 

2.47 The unfilled character positions contain unpredict­
able data. When assembled during a one-word opera­
tion, a WIM (AIM) instruction places the word into 
memory. Under interl ace control, the interlaced chan­
nel automaticall y places the word in memory when 
assembled. 

2.48 When the end of an information record is detected 
by a buffer, the buffer automati call y disenga'ges from 
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the device and is then "ready" for another operation. 
The buffer logic is reset, except that the state of the 
error indicator is maintained and the last word of the 
input is still in the word register. If the number of 
characters in the input record was not a multiple of the 
number of characters assembl ed into each computer 
word, then zeros are automatically forced into the 
least significant positions of the last word. This last 
word can then be stored in memory by a BUFFER INTO 
M WHEN READY WIM (AIM) or YIM instruction after 
the buffer has disengaged. I f the number of character s 
in the input record was a multiple of the number of 
characters assembled into each computer word, then the 
word remaining in the W buffer is either the last group 
of characters from the input device, if they were not 
previousl y transferred to memory by a BUFFER INTO M 
WHEN READY WIM (AIM) or YIM, or zeros if the last 
group of characters had been transferred to memory. 
In either case, it is safe to issue one such instruction 
after the buffer has disengaged without II hanging Up" 
the computer. 

2.49 During output, words come from memory into the 
WAR where the channel buffer disassembles them into 
the SCR one 6-bit character at a time. Depending on 
the characters per word mode specified, the 6-bit char­
acters within the word are output as follows! 

Function 

Output one character 
from bits 0 through 5 

Output two characters 
from bits 0 through 5, 
6 through 11 

Mode 

One character per word 

Two characters per word 

Output three characters Three characters per word 
from bits 0 through 5, 6 
through 11, 12 through 17 

Output four characters Four characters per word 
from bits 0 through 5, 6 
through 11, 12 through 
17, 18 through 23 

2.50 As required, the characters are transferred into 
the One Character Register and output with generated 
parity. After each character transfer, the word in the 
WAR is shifted left six bits to be ready for the next 
transfer. Only those characters needed from each word 
are used; when required, a new word is brought to the 
WAR for the next character. For special applications 
a Time-Multiplexed Channel may be equipped with a 

12- or 24-bit 0 ne Character Register. The external 
device which has a character size greater than 6-bits 
specifies to the channel what its size is, 12- or 24-bits. 
Standard 6-bit devices are unaffected by the installa­
tion of a wider SeRe 

2.51 Interlace Registers 

2.52 A channel interlace contains two working regis­
ters, the Word Count Register (WCR) and the Memory 
Address Register (MAR). In the set-up sequence -­
EOM, EOM, POT -- for an interlaced input/output 
operation, the POT instruction transmits to the interlace 
a data word made up of the word count (that is, length) 
and the starting address of the data block. The 15-bit 
Word Count Register (WCR) contains the data word 
count during a data transfer. The number of data words 
is decremented by one and the new count replaces the 
old one in the WCR for each word transmitted. 

2.53 The count is assembled into the WCR from two 
places: the least significant 10-bits is from the IIPOTed" 
word and the most significant 5-bits is from the IIHI 
COUNT" field of the second EOM. The form of the 
IPOTed" word is: 

Word Count Start Address 

o I I 
9 10 

I I 
23 

2.54 When the word count is equal to zero, the trans­
mission is complete. During output, this causes a termi­
nation; during input, the interl ace allows any further 
data to fill the channel buffer and generates the End-of­
Word interrupt, if enabled. 

2.55 The Memory Address Register (MAR) contains the 
starting destination or source address in memory of the 
transmitted data. The memory locations to or from 
whi ch data words are to be transmitted enter the MAR at 
the same time the word count does. During transmission 
of data, the interlace increments the contents of the 
MAR after each word as it decrements the contents of the 
WC R. These two registers provide the interlace control 
of block transmissions. The high-order 15th address bit 
comes from the second EOM, also. 

2.56 COMMUNICATION CHANNEL PROGRAMMING 

2.57 The ENERGIZE OUTPUT M (EOM) used in the 
Buffer Control mode addresses and connects the specified 
Channel W (A), Y (B), C, or D, and selects the desired 
unit address. The detailed instruction format is: 

o 1 2 3 
00 01 

02 

I 
89101112131415161718 

Unit 
I 

02 03 04 05 06 
23 

07 
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Bit Octal Octal 
Designation Position Value 

B1 00 2 

B2 05 

02 01-2 02 

liN 03 4 

00 03 o 

FIR 04 4 

LIN 04 2 

DIB 04 

c/W 05 

UNIT 06-7 
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Function 

B it positions 1 and 17 
specify the channel to 
be activated. 

Channel W (A) is num­
bered 00, channel Y (B) 
is 01, channel C is 10, 
and channel D is 11. 

Bit positions 3 through 8 
contain 02, the instruc­
tion code for EOM. 

A l-bit in position 9 alerts 
the buffer interlace. 

Bit positions 10 and 11 
contain the EOM mode 
indicator for the Buffer 
Control mode. 

Bit position 12 specifies 
the direction in which 
the peripheral device 
will operate. A "0 11 

specifies the forward 
direction. A 11111 specifies 
the reverse direction. 

Bit position 13 specifies 
whether the device 
should be started with 
a I eader as in paper 
tape. A "0 11 specifies 
a start with I eader. A 
111" specifies a start 
without leader. 

Bit position 14 specifies 
th e mode of c ha racter 
format. A 110 11 specifies 
BCD format. A 11111 
specifies Binary format. 

B it positions 15 and 16 
specify the number of 
characters to be assem­
bled into, or disassem­
bled from, each trans­
mitted word. 0 ne 
character per word is 
specified by 00, two by 
01, three by 10 and 
four by 11. 

B it positions 18 through 
23 spec ify the unit and 
the funct ion to be per­
formed with that un it. 

2.58 STANDARD EOM CHANNEL INSTRUCTIONS 

2.59 Several EOM function configurations have stand­
ard uses. These have standard, assembl er-type mnemon i cs 
and are separate instructions. 

2.60 ALERT CHANNEL (ALC) 

x I 
023 

02 
I 

8 9 

50XOO 
I 

23 

2.61 ALC alerts the channel interlace. This instruction 
does not disturb the channel buffer in any way. ALC 
has no effect on W or Y Buffers without interlace. The 
channel A lerts are: 

Mnemonic 

ALC a 
ALCl 

ALC 2 

ALC 3 

Alert Channel 

W(A) 

Y(B) 

C 

D 

2.62 DISCONNECT CHANNEL (DSC) 

023 

02 
I 

8 9 

OOXOO 
I 

Instruction 

00250000 

a 02 50100 

20250000 

20250100 

23 

2.63 DSC disconnects the channel. It unconditional I y 
sets the Unit Address Register to 00 regardless of whether 
the channel is currently addressing a device. This 
instruction disconnects any device which may be con­
nected to the channel. It also unconditional I y makes 
the channel Ready (Inactive) and clears the Error 
indicator. 

Mnemonic 

DSC 0 

DSC 1 

DSC 2 

DSC 3 

Disconnect Channel Instruction 

W (A) 0 02 00000 

Y (B) 

C 

D 

00200100 

2 0200000 

2 02 00100 

2.64 ALERTTO STOREADDRESS FROMCHANNEL (ASC) 

023 

02 

I 8 9 

12XOO 

I 

2.65 ASC alerts an interlaced channel so the PIN 
instruction that follows can store the contents of the 
Memory Address Register. This instruction does not 
affect the operation of the channe I. 

23 
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2.66 ASC is always used in conjunction with PIN to 
determine the current status of a peripheral operation 
being performed by the selected channel. The two 
instructions are written together: 

ASC n 

PIN m, x 

2.67 When the program executes these two instructions, 
the contents of the effective memory location designated 
by the PIN instruction are: 

B it Positions Contents 

o through 8 Zero 

9 through 23 Contents of channel's 
Memory Address Register 

Mnemonic Channel Instruction 

ASC 0 W (A) o 02 12000 

ASC 1 Y (B) o 02 12100 

ASC 2 C 2 02 12000 

ASC 3 D 2 02 12100 

2.68 TERMINATE OUTPUT OF CHANNEL (TOP) 

x 

o 2 3 

02 
I 

8 9 

14XOO 
I I 

23 

2.69 When the last word of a block enters the channel, 
TOP terminates channel output. After the execution of 
this instruction, the fo Ilowing occurs. When the chan­
nel buffer del ivers the last character to the peripheral 
devi ce, the buffer disconnects. 

2.70 TOP always terminates a non-interlaced channel 
output operation. It may be used with all communica­
tion channels if the particular function selected is ter­
minal function 11 but no further data output is required. 

Terminate 0 utput 
Mnemonic on Channel Instruction 

TOP 0 W (A) o 02 14000 

TOP Y (B) 002 14100 

TOP 2 C 2 02 14000 

TOP 3 D 2 02 14100 

2.71 COMPATIBLE/EXTENDED INPUT/OUTPUT 
MODES 

2.72 The termination of an I/O operation and the 
interrupts that may be associated with that termination 
fall into two classes: Compatible and Extended. The 
choice of one of these two "modes" of input/output 
operation determines how the system behaves when the 
termination of an I/O operation occurs. 

2.73 Interrupts occurring at the same level (e. g. , 
location 30, 31, etc.) can have difference names (e. g., 
Count Equal Zero and End-of-Word). These names 
reflect the different I/O mode in operation when the 
interrupt occurs. The differences incl ude the timing of 
interrupt occurrence relative to the I/O operation and 
type of interrupt requested. 

2.74 The Compatible mode of operation for channels 
W (A), Y (6), C, D is directly compatible with the SDS 
900Computerseries modes of I/O operation. The types 
of interrupts that can be requested are the End-of-Word 
and End-of-Transmission interrupts. 

2.75 The Extended mode for all channels expands the 
I/O capabil ities to include the "terminal functions II 
discussed below. The types of interrupts that can be 
requested are the Count Equal Zero and End-of-Record 
interrupts. 

2.76 The I/O mode is sel ected in the Input/O utput 
EOM via bit 12, the Interrupt Arm bit. A O-bit makes 
the system operate in the Compatible mode; a 1-bit sets 
the system in the Extended mode. 

2.77 In particular, the Interrupt Arm (IA) bit deter­
mines whether any of the Extended functions operate; 
that is, a "0" in IA means that the other Extended mode 
controls, bits 13, 14, 15 and 16, have no effect. 

2. 78 INPUT/OUTPUT CLASS EOM 

2.79 The Input/Output EOM selects the I/O operation 
mode. When the Extended mode is selected, this EOM 
also selects (arms) which interrupts are to be operational 
and selects the desired terminal function. This EOM 
appl ies to channels W (A), Y (6), C, and D. 

0 61 0 02/06 o 0 1 I E Z 
F C 62 A HI Count 

I 
A R C 

I 
I , 

8910111213141516171819 o 1 2 3 
00 01 02 03 04 05 06 

23 
07 
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Bit Octal Octal 
Designation Position Value 

o 

B1 
B2 

02/06 

01 

IA 

ER 

2-8 

00 
05 

2 
1 

01-02 02 

03 

04 4 

2 
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Function 

B it positions 0 and 2 are 
not used with th is EOM. 

Bit positions 1 and 17 
specify the channel. 

B it positions 3 through 8 
contain 02/06, the 
instruction code for EOM. 

B it positions 10 and 11 
contain the EOM indica­
tor for the Input/O utput 
control mode. 

Bit position 12 selects the 
mode of I/O operation. 
A "0" specifies the Com­
patible mode. The oper­
ation of bits 13, 14, 15, 
and 16 are disallowed. 
Channels W (A), Y (B), 
C and D operate in this 
mode which is completely 
SDS 900 series compati­
ble. If interrupts are 
required, the user 
enables the Interrupt 
System, thus enabl ing 
and arming the End-of­
Word and End-of­
Transmission interrupts. 

A "1" specifies the 
Extended mode. All 
channels can operate in 
this mode. This allows 
the use of bits 13, 14, 15, 
and 16. If interrupts are 
required, the user arms 
the associated ones by 
placing 1-bit in bits 13 
and/or 14. The "termi­
nal function" to be used 
is selected via bits 15 
and 16. 

B it position 13 controls 
the arming of the End­
of-Record interrupt. A 
1-b it arms the interrupt. 
A O-bit disarms the 
interrupt. 

Bit Octal Octal 
Designation Position Val ue Function 

ZC 

FC 05 

A 

Bit position 14 controls 
the arm ing of the Zero 
Word Count interrupt. 
A l-b it arms the inter­
rupt. A O-bit disarms 
the interrupt. 

Bit positions 15 and 16 
specify the terminal con­
dition function to be 
performed with the trans­
mission. 

Bit position 18 is the 
high-order address bit. 

HI Count Bit positions 19 through 
23 contain the most 
significant four bits of 
the 15-bit word count. 
These positions specify a 
word count greater than 
1023. 

NOTE 

A 1-bit in 13 and/or 14 does the 
following: 

1. Arms that interrupt during this 
complete I/O operation; discon­
necting this channel disarms the 
interrupt. 

2. Once armed by bits 13 and/or 14, 
the interrupt can be enabled or 
disabled by the Enable/Disable 
feature of the Interrupt System. 
If a channel generates an extended 
mode I/O interrupt while the sys­
tem is disabl ed, the designated 
interrupt level goes to the Waiting 
state. When the program again 
enables the interrupt system, the 
interrupt goes to the Active state 
when its priority allows. 

2.80 TERMINAL FUNCTIONS; EXTENDED MODE 

2.81 A 2-bit function code in the Input/O utput EOM 
controls the termination of input/output operation in 
the extended mode. These functions are described 
below with the letter C representing the specified word 
count of the transmission. 
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2.82 INPUT/OUTPUT OF A RECORD AND 
DISCONNECT (lORD) 

2.83 Input 

2.84 Read C words. If C equals zero before the End­
of- Record is detocted, the rest of the record is ignored. 
At the End-of-R cord, the peripheral device is dis­
connected and the channel becomes inactive. 

2.85 Output 

2.86 Write C words. When C equals zero, output is 
terminated (i. e., the device is signaled that the last 
characters have been transm itted). When the peripheral 
devi ce has generated the end of record and, if neces­
sary, checked the val idity of the record, it sends an 
End-of-Record response to the channel buffer. 'When 
received by the buffer, the End-of-Record signal gen­
erates an End-of-:-Record interrupt (if armed) and dis­
connects the channel. 

2.87 The I ine printer generates the End-of-Record 
response when it completes the printing of a I ine. If 
the printer encounters any print errors or faults, it 
sends a signal to the channel that sets the channel error 
indicator; this can occur since the printer has not dis­
connected from the channel. The lORD is useful when 
the program is to print several I ines and the program is 
not otherwise to use the channel between I ines. When 
the printer completes each I ine, it causes an End-of­
Record interrupt {assumed to be armed}, notifying the 
program that it can immediatel y transmit the next paper 
control instruction and the next I ine image. 

2.88 The unbuffered card punch operates similarly. 
It generates the End-of-Record response after punch ing 
each row. If any faults occur during the punching of 
the entire card, the card punch sends a signal to the 
channel that sets the channel error indicator; this occurs 
after punch ing the last row (row 9). 

NOTE 

A program should not use lORD with 
devices 1 lat do not have End-of­
Record conditions on input (e. g. , 
typewriter) or generate End-of- Reco rd 
responses u?on output termination, 
(e. g., devices such as the paper tape 
punch and typewriter). These devices 
do terminate output but give the pro­
gram no indication when they receive 
the I ast characters. 

2.89 INPUT/OUTPUT UNTIL SIGNAL THEN 
DISCONNECT (IOSD) 

2.90 Input 

2.91 Read C words. When C equals zero or when the 
End-of-Record is encountered, the devi ce is discon­
nected and the channel becomes inactive. If the chan­
nel disconnects because of a zero count, an EaR inter­
rupt (if armed) will be generated in addition to the count 
equal zero interrupt. If both are armed, C = 0 will 
occur first. 

2.92 Output 

2.93 Write C words. When C equals zero and when 
the last character has been transmitted, the channel 
disconnects the device and becomes inactive. If an 
End-of-Record signal is received before the count 
reaches zero, the channel will disconnect immediatel y. 

NOTE 

The I05D is designed for use on 
devices which are normal I y 
operated on the basis of the word 
count only. Typewriters and paper 
tape devices are of this type, as 
are the printer and card punch 
when the user does not wish to 
stay connected unti I the operation 
is complete. 

2.94 INPUT/OUTPUT OF A RECORD AND PROCEED 
(IORP) 

2.95 Input 

2.96 Read C words. If the channel counts C down to 
zero before the peripheral device encounters the End­
of-Record (EaR), the channel ignores the rest of the 
record (to the End-of-Record). When the peripheral 
device sends the End-of-Record signal to the channel, 
the channel sets its End-of-Record Indicator; this signal 
sets the End-of- Record interrupt (if armed). The chan­
nel does not disconnect. The channel is now in an 
II Inter-record" condition. 

2.97 When the peripheral device is magnetic tape, the 
tape cont inues to move when the tape handl er encounters 
the End-of-Record. The End-of-Record occurs when the 
tape read-heads encounter tape gap; this also causes a 
Tape Gap signal to IIcome high ll

• If the program 
executes a new read tape or scan tape EOM during the 
inter-gap time (approximately one millisecond while 
the Tape Gap signal is high), the tape remains in 
motion and proceeds to read or scan the next record. 
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If the program executes no such EOM before the Tape 
Gap signal drops, the channel disconnects and the tape 
comes to a stop. No additional interrupt occurs. This 
is the onl y condition that causes a channel to disconnect 
automaticall y. 

2.98 All other input devices remain connected until 
the program takes further action. The paper tape reader 
remains in motion; the program should issue a "dis­
connect channel II instruction if the program is not read­
ing any more tape. To proceed after the End-of-Record 
occurs, the program first executes a Buffer Control mode 
EOM to re-initial ize the Channel Un it Address Register 
and then reloads the interlace portion of the channel 
(the program can al ert the Interlace via the Buffer Con­
trol EOM). Otherwise, the channel immediately ter­
minates any attempt to use its interlace portion since 
the channel is aware that it is sti II active and in the 
End-of-Record condition. When the program continues 
from an Inter-record condition, the program shoul d use 
an extended mode terminal function. An IORP should 
not be used to read devices which do not have EOR 
signals (e. g., the typewriter and paper tape punch). 

2.99 Output 

2. 100 Write C words. When the channel interlace 
counts C down to zero, the Interlace notifies the chan­
nel buffer that it has received the last word that is to 
be output; when the buffer outputs this last word, it 
sends a signal to the connected peripheral device indi­
cating that the device has the last word now. When the 
peripheral device" receives, outputs and checks the 
val idity ofll th is last word, it sends an End-of- Record 
response to the channel buffer. When received by the 
buffer, the End-of-Record signal generates an End-of­
Record interrupt (if armed) and sets the Inter-record 
indicator; the channel does not disconnect. 

2. 101 When the peripheral device is magnetic tape, 
the tape continues to move after it signals End-of­
Record. As in reading tape, the signal causes the Tape 
Gap signal to come high. If the program executes a 
new write tape or erase tape EOM during the inter-gap 
time (approximately one mill isecond), the tape remains 
in motion and proceeds to write or erase a new record. 
If the program executes no such EOM before the Tape 
Gap signal drops, the channel disconnects and the tape 
comes to a stop. No interrupt occurs at this time. This 
is the only condition which causes a channel to discon­
nect automatically. 

2.102 To proceed after the End-of-Record occurs, the 
program first executes a Buffer Control mode EOM to 
re-initialize the Channel Unit Address Register and 
then reloads the interlace portion of the channel (the 
program can alert the Interlace via the Buffer Control 
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EOM). Otherwise, the channel immediately terminates 
any attempt to use its interlace portion, since the chan­
nel is aware that it is sti II active and in the End-of­
Record condition. When the program continues from an 
Inter-record condition, the program shoul d use an 
extended mode terminal function. 

2. 103 A program should not use IORP with devices that 
do not generate End-of-Record responses upon output 
termination; such devices are paper tape and typewriter. 
These devices do terminate output but give the program 
no indication when they receive the last char~cters. 

2.104 The IORP should also not be used with the printer 
and card punch since these devices expect the channel 
to disconnect after they send EO R. 

2.105 INPUT/OUTPUT UNTIL SIGNAL THEN 
PROC EED (IOSP) 

2. 106 Input 

2. 107 Read C words. If the channel counts C down to 
zero before the periphera I device encounters the End­
to-Record, the channel generates a Count Equals Zero 
interrupt (if armed). The program should reload the 
interlace portion of the channel to continue reading the 
record. As far as the peripheral device knows, nothing 
happens at this time. Failure to reload the Interlace 
before the peripheral device sends enough characters to 
overfill the channel buffer causes a rate error; this sets 
the channel error indicator. 

2.108 When the peripheral device encounters the End­
of-Record, IOSP operates identically like the IORP 
command. 

2. 109 Output 

2. 110 Write C words. When the channel counts C down 
to zero, the channel generates a Count Equals Zero 
interrupt (if armed}j the channel does not terminate out­
put. The program should reload the interlace portion of 
the channel to continue writing in the same record. 
Fail ure to reload the Interlace before the buffer trans­
mits all of the characters in its registers and before the 
peripheral device requests the next character from the 
buffer results in a rate error; this sets the channel error 
indicator. 

2. 111 If the program executes a TERMINATE 0 UTPUT 
(TOP) instruction after the channel has counted C down 
to zero, the channel terminates the output and operates 
identically like the IORP from this point on. 
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2.112 CHANNEL AND DEVICE SKS 

2. 113 The Channel and Device Test mode SKIP IF 
SIGNAL NOT SET (SKS) tests the indicators in a chan­
nel as well as devices attached to it. To test the chan­
nel, use unit address 00. The instruction format is: 

2.114 CHANNEL TESTS 

00 

I o 1 2 3 8 9 1 0 11 1 2 13 14 15 16 17 18 23 
00 01 02 03 04 05 06 07 

B it Octal Octal 
Designation Position Value Function 

40(20) 

01 

Cl 
C2 
C3 

R 

C 

E 

00 

01-02 40(20) Bit positions 3 through 8 
contain 40(20), the SKS 
instruction code. 

03 

03 
00 
05 

04 

05 

4 
2 

2 

4 

B it positions 10 and 11 
contain the' mode 
selection. 

Bits C 1, C2, C3 used as 
an octal address, specify 
the channel to be tested. 
Channel W (A) is 0, chan­
nel Y (B) is 1, and so on. 

Test for ready. A 1-bit 
selects the test. Skip if 
Ready or Inactive. 

Test if indicator for 
Word Count Equal to 
Zero is set. A I-bit 
selects the test. Skip if 
word count zero. 

Test for error indicator 
reset. A I-bit selects 
the test. Skip ifnoerror. 

Test for Inter-record 
condition. 

Bit positions 18 through 
23 are zero to specify a 
channel test. Each of 
these tests causes a sk ip 
when the test condition 
is true. 

2.115 STANDARD SKS INSTRUCTIONS 

2. 116 Several SKS function configurations have 
standard uses. These have standard, assembl er-type 
mnemon i cs and are a Iways used as shown. 

2.117 CHANNEL ACTIVE TEST (CAT) 

x 
o 2 3 

SKIP IF CHANNEL NOT ACTNE 

40(20) 
I 8 9 

14XOOO 
I I 

23 

2. 118 If the channel is ready to accept a new input/ 
output instruction, the computer skips the next instruc­
tion in sequence and executes the following instruction. 
If the channel is active, or in the process of disconnect­
ing a peripheral unit, the computer executes the next 
instruction in sequence. 

Channel 
Mnemonic Active Test Instruction 

CAT 0 W(A) o 40(20) 14000 

CAT 1 Y (B) 040(20) 14100 

CAT 2 C 2 40(20) 14000 

CAT 3 D 2 40(20) 14100 

2.119 The following SDS 900 series compatible instruc­
tions make the identi cal test as the above instructions on 
channels Wand Yi 

BRTW o 40 21000 W BUFFER READY TEST 

BRTY 04022000 Y BUFFER READY TEST 

2. 120 The indi cator that CAT tests is reset onl y by the 
next EOM that connects and al erts the same channel. 

2.121 CHANNEL ERROR TEST (CET) 

SKIP IF NO ERROR ON CHANNEL 

x 
023 

40(20) 
I 

8 9 

11XOOO 
I I 

23 

2.122 CET tests the error indicator in the channel for 
being in the set condition. If the error indicator has 
not been set, the computer skips the next instruction in 
sequence and executes the following instruction. If the 
error indicator has been set, the computer executes the 
next instruction in sequence. 

Mnemonic Channel Error Test Instruction 

CET 0 W(A) o 40(20) 11000 

CET 1 Y (B) 040(20) 11100 

CET 2 C 2 40(20) 11000 

CET 3 D 2 40(20) 11100 

2-11 
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2. 123 The following SDS 900 series compatible instruc­
tions make the identical test of channels Wand Y: 

B ETY 0 40 20020 Y BUFFER ERROR TEST 

BETW 0 40 200:0 W BUFFER ERROR TEST 

2. 124 The indicator that C ET tests is reset onl y by the 
next EOM that connects and alerts the same channel. 

2.125 CHANNEL IERO COUNT TEST (CZT) 

SKIP IF CHANNEL WORD COUNT IS ZERO 

o 
x I 40(20) I 

I 
23 

12XOO 
I I 

2 3 8 9 

2.126 CIT tests whether the contents of the Word 
Count Register in the channel have been reduced to 
zero. If the contents of WC R are zero, the computer 
skips the next instruction in sequence and executes the 
following instruction. If the contents of the WCR are 
non-zero, the computer executes the next instruction 
in sequence. 

Channel Zero 
Mnemonic Count Test Instruction 

CIT 0 W(A) o 40(20) 12000 

CIT 1 Y (B) o 40(20) 12100 

CZT 2 C 2 40(20) 12000 

CIT 3 D 2 40(20) 12100 

2. 127 The indicator that CZ T tests is reset onl y by a 
POT instruction to set up the word count and data 
address in the same channel. 

2.128 CHANNEL INTER-RECORD TEST (CIT) 

o 2 3 8 9 23 

2.129 CIT tests the Inter-record indicator in the 
selected channel. If the Inter-record indicator is set, 
the computer skips the next instruction in sequence and 
executes the following instrIJction. If the indicator is 
reset, the computer executes the next instruction in 
sequence. 

2-12 

Channel 
Mnemonic Active Test Instruction 

CIT 0 W (A) o 40(20) 10400 

CIT 1 Y (B) o 40(20) 10500 

CIT 2 C 2 40(20) 10400 

CIT 3 D 2 40(20) 10500 

2. 130 The Inter-record indicator is set only during 
extended mode operation when using a Proceed Function; 
the indicator is set for an inter-record or zero count 
condition. The indicator is reset by the next alert and 
connect EOM. 

2. 131 DEVICE TESTS 

2.132 The SKIP IF SIGNAL NOT SET (SKS) below, 
used in the Channel and Device Test mode, tests the 
condition of the peripheral devices in the system directl y. 
The peripheral device sections contain the jndividual 
instruction descriptions. 

0 1 2 3 
00 01 

Bit 
Designation 

C1 

C2 

C3 

40(20) 

01 

Octal Octal 
Position Value 

03 4 

00 2 

05 

16 17 18 23 
05 06 07 

Function 

Bit positions 9, 1, and 
17 are used as an octal 
digit to spec ify the 
channel. 

Channel W (A) is 0, 
channel Y (B) is 1, and 
so on. 

01-02 40(20) B it positions 3 through 
8 contain the SKS 
instruction code. 

03 B it positions 10 and 11 
contain the mode 
selection. 

Unit Tests 04-05 B it positions 12 through 
16 sel ect the particular 
test and are system 
dependent. 

UnitAddress 06-07 B it positions 18 through 23 
specify the unit address. 
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2.133 SINGLE-WORD DATA TRANSFER VIA 
CHANNELS W (A) AND Y 

2. 134 INSTRUCTIONS 

2. 135 Channels W (A) and Y can be programmed as 
single-word input/output buffers. Data transfer is per­
formed under direct program control or with the aid of 
the interrupt system. Interl ace is not used with these 
instructions. 

2. 136 The following two instructions perform data 
transfer using channel W. 

2.137 MEMORY INTO CHANNEL W WHEN EMPTY 
(MfW) 

12 M 

o 1 2 3 8 9 10 23 

2. 138 MIW transfers the contents of the effective 
memory location into the channel W word buffer. If 
necessary, the central processor "hangs Upll until the 
buffer is empty and ready to accept the data word. 

2. 139 The W buffer must be connected to the desired 
peripheral dev ice by a previous II connect" EOM instruc­
tion that selects the buffer, the unit address, and all 
appropriate contro I functions. 

2.140 CHANNEL W INTO MEMORY WHEN FULL 
0NIM) 

32 

o 1 2 3 8 9 10 

M 
I 

23 

2. 141 WIM transfers contents of the channel W word 
buffer into effective memory location. If necessary, 
the central processor "hangs up" until the buffer is full 
and ready to del iver the data word. 

2. 142 MEMORY INTO CHANNEL Y WHEN EMPTY 
(MIY) 

10 

o 1 2 3 8 9 10 

M 
I 

23 

2. 143 MIY transfers the contents of the effective 
memory location into the channel Y word buffer. If 
necessary, the central processor "hangs Upll until the 
buffer is empty and ready to accept the data word. 

2.144 CHANNEL Y INTO MEMORY WHEN FULL 
(YIM) 

H10~1 __ 30 __ ~I~[I~~~M~~ 
o 1 2 3 8 9 10 I 23 

2. 145 YIM transfers the contents of the channel Y 
word buffer into the effective memory location. If 
necessary, the centra I processor hangs up" unti I the 
buffer is full and ready to del iver the data word. 

2.146 MEMORY INTO CHANNEL A WHEN EMPTY 
(MIA) 

30 M 

o 1 2 3 8 9 23 

2. 147 The contents of the effective memory location 
are transferred into the channel A word buffer. The 
central processor "hangs up" until the buffer is empty 
and ready to accept the data word. 

2. 148 CHANNEL A INTO MEMORY WHEN FULL 
(AIM) 

32 M 

o 1 2 3 8 9 23 

2. 149 The contents of the channel A word buffer are 
transferred into the effective memory location. The 
central processor "hangs Up" until the buffer is full and 
ready to del iver the data wo rd. 

2. 150 SINGLE-WORD OPERA nONS 

2.151 The single-word buffer operations are used in 
two ways. Data words transfer between the channel and 
memory under direct program control. The II connect" 
EOM and the input or output channel instruction are in 
sequence and the computer "hangs Up" until the buffer 
is ready to perform the transfer. This delay is usually 
due to buffer tie-up while the buffer is actively trans­
mitting or receiving the previousl y requested data word. 

2. 152 Use of the priority interrupt system el iminates the 
tie-up of the central processor. The interrupt system 
allows the program to connect the device to be used in 
the transfer, to enable the interrupt, and then to con­
tinue processing in the main program. When the buffer 
is ready to receive from, or transfer to, memory, the 
End-of-Word interrupt to the corresponding interrupt 
location notifies the program that the buffer is Ready. 
A service routine entered via a BRANCH AN D MARK 
PLACE (BRM) instruction in the appropriate interrupt 
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location processes the interrupt. This routine contains 
the instruction (MIW or WIM, for example) that can 
execute immediately without computer tie-up. 

2. 153 During singl e-word operations, a parity error or 
incorrect timing error sets the buffer error indication in 
the channel. The incorrect timing error occurs when 
characters enter the buffer during input before the 
removal of the previous word; during output, buffer 
error indication occurs if characters are needed for out­
put before the buffer receives the next word. The 
transmission does not terminate upon detection of any 
of these errors. 

2-14 

2. 154 The interrupt system can detect an End-of-Record 
termination. During output, use of TERMINATE OUT­
PUT (TOP) after the final MIW (MIY) causes an inter­
rupt to the appropriate End-of-Transmission location 
when that final data word has been processed by the 
buffer. This interrupt takes the place of the End-of­
Word interrupt; the End-of-Transmission condition 
inhibits the End-of-Word interrupt. During input, the 
End-of-Transmission interrupt is sent to the End-of­
Transmission location when the End-of-Record is 
detected. During input from devices which do not 
generate an End-of-Record, an EOM disconnects (DSC) 
the channel to terminate the transmission. This termina­
tion generates no End-of-Transmission interrupt. 
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SECTION III 
THEORY OF OPERA nON 

3.1 GENERAL 

3.2 The TMCC communicates with an external system 
or device by means of a sh ift register uti I iz ing 6, 12, 
or 24-bit characters plus a parity bit. The maximum 
character size depends on the optional registers that 
may be installed. In TMCC Models 922XX, the char­
acter length is fixed at 6, 12, or 24 bits and can not 
be varied from one size to another. However, TMCC 
Models 932XX having the larger character length 
options may be switched from one size to another under 
control of the external system. The length is selected 
through activation of one of the character size control 
I ines. External devices may activate these I ines as 
necessary but if none are activated the TMCC assumes 
6-bit characters. The rate of information transfer is 
determined by a clock signal from the external device. 
For both input and output, the TMCC slaves itself to 
the clock frequency of the device up to the TMM maxi­
mum data rate of two machine cycles per character. 

3.3 The TMCC communicates with the computer by 
means of a 24-bit shift register which transfers words, 
an octal group at a time, between the TMCC and the 
computer C Register. The TMCC thus has two registers 
for data storage. These provide the means to assemble 
input characters into words or disassemble words into 
output characters. The number of characters per word 
is under program control but is I imited to a maximum of 
four 6-bit characters, two 12-bit characters, or one 
24-bit character. 

3.4 Information may be input or output by executing 
an instruction for each word (channels W (A), or Y, 
only). The instruction may be given in advance of the 
time it is needed, in wh ich case the computer remains 
idle until the channel is ready. Or the computer inter­
rupt system may be employed so that the channel can 
ca II for an instruction when it is ready to use it. Th is 
allows the computer to continue with other computa­
tions· when not actually engaged in the input/output 
(I/O) process. 

3.5 An optional interlace feature may be installed in 
the TMCC to facilitate I/O operations with fewer in­
structions. The interlace logic allows a program to 
designate to the TMCC how many words are to be trans­
ferred and the memory location of the first word. Then, 
without further instructions, the TMCC can assemble 
or disassemble the number of words spec ified and time­
share with the computer each time it is ready to trans­
fer a word to or from memory. The I/O process may 
thus be interlaced with computation or with similar 
I/O operations on other channels. 

3.6 Figure 3-1 is a block diagram of the TMCC. As 
indicated on the figure, the princ ipal parts of the TMCC 
are the Character Buffer, Word Assembly Register, Unit 
Address Register, Word Counter, and Address Counter. 

3.7 CHARACTER BUFFER 

3.8 Depending on the option, the Character Buffer is 
a single character storage register of 6, 12, or 24 bits. 
It is implemented with S-R type fl ip-flops connected in 
a series-parallel manner so shifting takes place in octal 
groups (i. e. three bits in parallel). Transfer of data 
between the Character Buffer and an external system is 
entirely parallel for the whole character whether it be 
input or output. 

3.9 WORD ASSEMBLY REGISTER 

3.10 This register is also connected in series-parallel 
to allow shifting in octal groups. It is composed of 
three parallel registers of eleven flip-flops each. The 
register includes twenty-four fl ip-flops to store a com­
plete word plus additional flip-flops on the ends of each 
series string to allow for timing considerations. The 
Word Assembl y Register is impl emented with fl ip-flops 
connected in such a manner that continuous rec ircula­
tion occurs. 

3. 11 UNIT ADDRESS REGISTER 

3.12 The 6-bit address code to select a specific 
peripheral device is set-up in the Unit Address Register. 
The register is composed of five fl ip-flops whose outputs 
are sent to the peripheral unit for decoding. A sixth 
fl ip-flop, assoc iated with the Unit Address Register, is 
also set-up at the same time to signal the external 
device whether an input or an output is to take place. 

3.13 WORD COUNTER 

3. 14 The Word Counter is part of the optional inter­
lace equipment. It is a fifteen stage fl ip-flop counter 
used to store the number of words to be transferred dur­
ing an interlaced I/O operation. With each word 
transfer, the counter is decremented by "one II. (Actu­
ally, the complement of the count is incremented. ) 

3.15 ADDRESS COUNTER 

3.16 This counter is also part of the optional interlace 
feature. Its purpose is to store the address of the d 
memory location currently being accessed. Each time 
a word is taken from or sent to memory, the Address 
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Counter is incremented by lIone II to prepare for loca­
ting the next word. 

3. 17 INPUT PROCESS 

3. 18 A brief outline of a non-interlaced input process 
follows. The TMCC is initialized by an EOM instruc­
tion to set-up the address code of the peripheral de­
vice, to designate input or output, and specify the 
number of characters per word. When the address is 
decoded by a peripheral device, the device is activ­
ated and begins sending clock signals and data to the 
channel. 

3. 19 Input clocks are synchronized with TMCC tim ing 
by clock counter fl ip-flops which detect the peripheral 
device clock, transfer the input data to the Character 
Buffer and cause the Word Assembly Register to c ircu­
late through the Character Buffer. Ordinarily the 
Word Assembly Register recirculates on itself but as 
each new input character is ready it circulates through 
the Character Buffer for one machine cycle to pick up 
the new character. A mach ine cycl e is defined as 
eleven computer clock pulse periods. 

3.20 As each character is clocked in, the character 
counter (yV7 W8) is decremented until the count reaches 
zero, signaling that a complete word has been formed. 
Depending on the particular channel (TMCC W (A) or 
Y) a WIM, AIM, or YIM instruction may be used to 
transfer the word from the TMCC to memory. When the 
instruction is executed, a word is shifted in octal groups 
from the Word Assembly Register to the computer C 
Register and then stored in the memory location speci­
fied by the effective address of the WIM, AIM, or YIM 
instruction. 

3.21 To prepare for the next word, the Character 
Counter is reset to its original count which was de-
s ignated by the initial iz ing EOM instruction. Storage 
of the original count is accomplished by utilizing ex­
cess positions of the Word Assembly Register. 

3.22 The input process may be term inated by another 
EOM instruction or by detection of an externally 
applied halt condition. 

3.23 OUTPUT PROCESS 

3.24 A non-interlaced output process is started in the 
same way that an input operation is initial ized. A MIW 
(MIY or MIA) instruction can then be used to transfer 
words from memory to the Word Assembly Regist"er via 
the computer C Register. 

3.25 Each time the external device sends a clock sig­
nal to the TMCC, it is detected by the Clock Counter. 

At a certain point in the counter sequence, the device 
extracts information from the Character Buffer. At the 
end of the counter sequence, the Word Assembly Re­
gister recirculates through the buffer for one machine 
cycie. At the conclusion of the cycle, a new character 
is available in the Character Buffer awaiting the next 
clock. The C lock Counter also decrements the Char­
acter Counter. When it is decremented to zero, the 
last character of a word is in the buffer. By th is time 
another MIW (MIY or MIA) instruction should be exe­
cuted; or the instruction may be call ed for through the 
interrupt system. As with input, the Character Counter 
is reloaded between words from the Word Assembly 
Register. 

3.26 The output operation is concluded by a Terminate 
Output EOM instruction. 

3.27 Parity 

3.28 During input, a parity fl ip-flop accepts the input 
parity bit and checks the character for odd parity. The 
same fl ip-flop is also used to generate the parity bit for 
output characters. 

3.29 TMCC AND INTERLACE CONFIGURATION 

3.30 The theory of operation contained in this manual 
is appl icable to all models of the Time-Multiplexed 
Communication Channels for the 925/930/9300 Com­
puters. The operation is for the most part identical for 
all models. Those differences that do ex ist, however, 
are covered in the explanation where appropriate. 

3. 31 DETAILED DESCRIPTION 

3.32 Many portions of the TMCC logic are common to 
both input and output operations. Other portions of the 
logic are specifically related to input only, outputonly, 
or interlace only. The following logic description 
begins with the common logic functions. 

3.33 Subsequent to the logic descriptions are the 
Glossary of Logic Term and the Logic Equations. 

3.34 PULSE COUNTER 

3.35 The pulse counter consists of flip-flops Qr1, Qr2, 
Qr3, and Qr4. These fl ip-flops perform the same func­
tion for the TMCC that the pulse counter, Q1 through 
Q6, does for the central processor (CPU). The counter 
is included in the TMCC in addition to the counter in 
the CPU in order to avoid excessive delays and loading 
that would occur if all timing signals were obtained 
directly from the CPU. The Pulse Counter defines the 
pulse times, T8, T7, T6, T5, T4, T3, T2, Tl TO, Tr, 
and Tp needed for timing of all processes within the 
unit. Refer to table 3-1 for the Pulse Counter Truth 
Table. 

3-3 
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Table 3-1. Pulse Counter Truth Table 

Qr1 Qr2 Qr3 Qr4 

Tp 0 0 0 0 

T8 1 a 0 0 

T7 1 a 0 1 

T6 ·.ji 1 l 1 

T5 0 1 1 1 

T4 0 0 1 1 

T3 a 0 1 0 

T2 1 0 1 0 

Tl J 1 1 a 
TO a 1 1 a 
Tr a 0 0 a 
Tp 0 0 0 0 

3. 36 It is logically impossible to set Qr2, Qr3, and 
Qr4 unless Qr 1 has been previously set. Therefore, 
without the additional set signal provided by Tpc, the 
counter would soon reach the reset state of time Tr + 
Tp and then stop counting. However, Tpc, the Tp 
signal from the CPU, is used to advance the TMCC 
pulse counter from Tp to T8. Thus, both counters ad­
vance to T8 at the same time and both remain in syn­
chronism. An examination of the logic also indicates 
that the two pulse counters will synchronize regardless 
of the turn-on state. 

sQrl Tpc + Qr2 Qr3 Qr4 

rQrl Qr2 

sQr2 Qr 1 Qr2 Qr4 (Qr4 + TO) + Qr 1 Qr3 

rQr2 Qrl 

sQr3 Qrl Qr4 

rQr3 Qr3 Qr4 (Qr4 + TO) 

sQr4 Qrl Qr3 

rQr4 Qr1 Qr2 

Only those pulse times or combinations of pulse times 
that are need for timing in the TMCC are decoded. 
For example: 

TO Qrl Qr2 Qr4 

T6 - TO Qr3 

3-4 

3.37 In examining the pulse counter and the TO decod­
ing logic, it appears that the term (Qr4 + TO), as used 
on the inputs of Qr2 and Qr3, conta ins redundant logic. 
This is a result of logic mechanization and the redun­
dant terms are not sign ificant to the counter operation. 

3.38 A TMCC pulse counter is associated with each W 
and C channel. The Yand D channels share the same 
pulse counters as the Wand C channels, respectively. 
Other logic is shared in a similar manner by two chan­
nels and will be noted as each case arises. 

3.39 INPUT/OUTPUT PROCESSING 

3.40 When an EOM instruction of the form, EOM­
OXXXX or EOM4XXXX, is executed to start an input or 
output process, a Buffer Control Signal, Buc, produces 
a clear signal, Wc, and a set signal, Ws. These two 
signals, Wc and Ws, permit initialization for the inputj 
output operation. The Unit Address and the Character 
Count are set up from the C-Register. The registers are 
first cleared by Wc and then set by Ws. Refer to 
figure 3-2. 

Buc Eom Cl0 ITl CT * 

Wc Buc C17 (T6 + "T5) + St + ... 

Ws Buc C17 (T3 - TO) 

*C 1 is used in place of CT for Channels C and D. 
Similarly, C17 and C17 distinguish between the Wand 

Y channels, or between the C and D channels. 

(16 + T5) and (T3 - TO) are decoded timing signals from 
the pulse counter. Frequent use is made of such pulse 
times throughout the manual without further explanation. 
The term C 17 distinguishes enabl ing of the W channel 
rather than the Y channel. The combination of terms 
which make up the input of Buc indicate that the com­
puter is in phase (0) 5 of the execution of an EOM 
Buffer Control instruction. The term, St, is produced 
by the start switch wh ich maya Iso be used to reset the 
TMCC. The register logic involved in the clear and set 
sequenc i ng is: 

sW14 = Ws C23 

rW14 = Wc 
I I 
I I 
I I 

sWl1 = Ws C20 

rWll = We 

sW10=WsC19+ ... 

rWl0 = Wc 

Unit Address Register 

5-b its provide 31 address­
ing codes and a discon­
nect code. 
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sW9 = Ws C1B 

rW9 = Wc 

sWB = Ws C16 + .. 

rWB = Wc + ... 

s W7 = Ws C 15 +. . 

rW7 = Wc + ... 

""" 

W9 

W9 

1 for output 

o for input 

Character Counter 

\ W7 W8 Characters/'Nord 

1 1 4 

1 0 3 

0 1 2 

0 0 1 

3.41 At the end of the Buc type instruction and during 
the last pulse time (TO) that Ws is on, the fl ip-flop, W4, 
is set on for three pulse times. 

sW4 

rW4 

Ws TO + . 

W4 TB + ... 

During this time, W4 allows the contents of the char­
acter counter to be copied into the W-Register. The 
bit in W7 goes into Wwl and the bit in WB goes into 
Ww2. 

Ww 1 W4 W7 (T7 - TO) + . 

Ww2 W4 WB (T7 - TO) + . 

During this period, W4 or timing singals inhibit the 
other inputs to the W-Register. 

3.42 Th is process provides a means for the TMCC to 
remember the initial character count wh il e using fl ip­
flops W7 and WB to perform the actual count-down of 
the characters as each word is assembled on input ordis­
assembled on output. As a word is processed, the 
original count is reloaded into the counter to get ready 
for the next word. 

sWB Wxx Wn2 (T7 - TO) W4 

sW7 Wxx Wn 1 (T7 - TO) W4 

The term Wxx is true during the transmission of a word 
be ing processed. Thus, in addition to its normal word 
handl ing functions, the W-Register provides storage of 
the character count for W7 and WB. 

3.43 W-Register 

3.44 The W-Register is a one word rec irculating fl ip­
flop register with additional fl ip-flops at the read and 
write ends. The Write input signals to the first fl ip­
flops of the register are designated Ww-, the inter­
mediate Read fl ip-flops are designated Wr- and these 
drive the last fl ip-flops which are designated Wn-. The 
n represents now. 

3-6 

3.45 During normal recirculation, the outputs of the 
n fl ip-flops are fed to the w inputs, which, in turn, 
feed the remaining serial shift circuits. There are a 
total of eleven stages in a recirculating loop, one for 
each pulse time of a machine cycle. Three recircula­
ting loops are required to hold a 24-bit word. The first 
recirculating loop holds only the most significant bits 
of each of the eight octal digits in a word. The second 
recirculating loop holds the middle bits of the eight 
octals. The third recirculating loop holds the least 
significant bits of each of the eight octals. If the octal 
word 07030407 (000 111 000 011 000 100 000 111) 
were being held in the register, its bits at pulse time 
Tp would appear as follows: 

---+ Lc 0 1 0 0 0 1 0 1 C C -.J -+ 
C = Characte r 

----. Lc 0 1 0 1 000 1 C C .-J -+ 
Count 

x = Irrelevant 

----. Lx 0 1 0 1 000 1 X X OJ -+ 

At the next pulse time, T8, all bits would be moved one 
bit position to the right and for succeeding pulse times 
as the register recirculates. At the least significant 
pulse time, T7, the bits of the least significant octal 
digit are in the ir respective now fl ip-fl ops, Wn 1, Wn2, 
and Wn3. At succeeding pulse times the now fl ip-flops 
present the corresponding octal digits. The additional 
positions beyond the eight octals of the register act as 
fill-in bits to satisfy logic timing requirements (so that 
a word is back in its original position after one machine 
cycle of 11 clock pulses) and are also used to store the 
character count. Normal recirculation is allowed by 
the following log ic: 

Ww 1 = W4 Wn 1 Wxx + .. . 

Ww2 = W4 Wn2 Wxx + .. . 

Ww3 = W4 Wn3 Wxx + .. . 

W4 Wxx indicates the 
W-Register is not par­
ticipating in some other 
operation. 

3.46 The Character Register is composed of six, twelve, 
or twenty-four R-S type fl ip-fl ops. When sh ifting an 
input character from the Character Register into the W­
Register or an output character from the W- Register to 
the Character Register, W4 is set for the period (T7 - TO) 
of one machine cycle. This enables the gating of one 
character precession in the W-Register by causing the 
data in the W-Register to recirculate through the Char­
acter Register. Refer to figure 3-3. 

Ww 1 W4 Wb 1 (T7 - TO) + . 

Ww2 W4 Wb2 (T7 - TO) +. . . 
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Ww3 = W4 Wb3 +. . . 

sRwl W4 Wxx (T7 - TO) Wn1 +. 

rRwl W4 Wxx Wnl + ... 

sRw2 W4 WXX (T7 - TO) Wn2 +. 

rRw2 W4 Wxx Wn2 + ... 

sRw3 W4 Wxx (T7 - TO) Wn3 + . 

rRw3 W4 Wxx Wn3 + ... 

Wxx is a signal denoting that an MIW, WIM or Time 
Share operation is occurring. 

Wxx Rx Pwy + .. * 

Pwy 05 ** 

*Rx is always false for the C-channel. Another term, 
not shown allows Wxx to function in that channel 
only on an interlaced basis. 

**In Model 92200. See 05, Pw5 in the Glossary of 
terms. 

3.47 The Time Share Operation is discussed beginning 
with paragraph 3. 102. Since there are no WIM/MIW 
type instructions for TMCC-B, C, or 0, Rx is always 
false for these channels. 

3.48 The tim ing signals (T7 - TO) on the inputs of Ww 1 
and Ww2 are necessary to prevent interference with the 
storage of the character count which was previously 
described. The character count does not precess but 
recirculates. This recirculation is allowed by: 

Ww 1 W4 Wn 1 (T7 - TO) + . 

Ww2 W4 Wn2 (T7 - TO) + . 

3.49 During the input or output precession, the sh ift 
logic for the character register is as shown below. De­
pending on the 12- or 24-bit character option, all bits 
may not be installed. 

sRw4 

rRw4 

sRw5 

rRw5 , 
I 
I 
I 

sRw23 

rRw23 

3-8 

W4 Rw4 Rw1 +. 

W4 Rw4 Rwl +. 

W4 Rw5 Rw2 +. 

W4 Rw5 Rw2 +. 

W4 Rw23 Rw20 + . 

W4 Rw23 Rw20 + . 

sRw24 

rRw24 

W4 Rw24 Rw21 +. 

W4 Rw24 Rw21 +. 

The shift inputs for Rw1, Rw2, and Rw3 are given in 
paragraph 3.46. The precession of characters is con­
trolled by W4. When a WIM or MIW instruction is 
executed, Wf is set. Wf remains set until the count in 
W7 and W8 is 00. 

sWf Rx TO Twy 

rWf W7 W8 W4 (T6 + T5) 

Rx Pwy = Wxx which indicates a WIM or MIW instruc­
tion is occurring. Wf is later used to indicate to the 
computer when the W-Register is full on input or empty 
on output. 

3.50 Two other flip-flops, W5 and W6, detect external 
device clocks (which may occur either before or after 
Wf is set). The clock fcw is first detected by W6 as 
follows: 

sW6 W5 fcw T8 W10 Wll W12 W13 W14 

rW6 W4 TO + Wc 

At the next TO pulse after the device clock goes false, 
W5 sets allowing W6 to reset again. Setting of W5 in­
hibits further clock detection until the current clock is 
processed. 

s W 5 W 5 W 6 fcw TO +. . . 

rW5 = W4 TO + ... 

Setting of W4 is interlocked with W5 and Wf to allow 
one precession of the W Register to take place after 
each external clock signal. 

sW4 W5 Wf T8 Wg + . 

rW4 W4 TO + ... 

The term, Wg, explained in detail in paragraphs 3-66 
and 3-150) is assumed to be true at this time. 

3.51 The equation for Wf contains W7 W8, indicating 
that precession is complete when the character count 
reaches 00. The count down is enabled by W4 and is 
accompl ished by: 

sW8 W7 W8 W4 TO +. 

rW8 W8 W4 TO +. . . 

rW7 W7 W8 W4 TO + . 

3.52 The foregoing discussion was I imited to processes 
common to input and output operations. The interrupt 
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function, which allows the TMCC to signal the computer 
when it is ready to transfer a word to or from memory, 
was omitted. In subsequent paragraphs, features pecul­
iar to input or output operation are discussed separately. 
Details concerning interrupt operation are included. 

3.53 INPUT PROCESS (W9 true) 

3.54 The characteristics of a typical input clock signal 
and its relationship to the input data and Clock Counter 
fl ip-flops are illustrated in figure 3-4. Exam ination of 
fjgu~3-4 indicates that if the data is to be sampled by 
W6 W5 it has to be on by the time the clock, Ecw, re­
turns to zero volts. Also, in order not to be read by 
the previous or next clock, the data may not come on 
until at least one machine cycle after the previous 
clock and must go off before the next clock appears. 

3.55 Two detailed examples of the clock signal, Ecw, 
are illustrated in figure 3-5. To be assured of a timing 
pulse occurring during the on period (to set W6) and 
the off period (to set W5) of Ecw, each of these periods 
must be at least one machine cycle in length. This 
prescribes an input clock cycle of no less than two 
machine cycles. The clock rate must be somewhat 
slower than this for proper operation of W6, W5, and 
W4. Figure 3-5a illustrates two input clocks with tim­
ing such that the second clock is missed. Any clock 
rate slower than that illustrated in figure 3-5a would be 
satisfactory, however, a safety margin must be provided 
to compensate for noise and variations in waveshape and 
frequency. 

3.56 The input frequency may be i~creased as illus­
trated in figure 3- 5b if the c locks are interlocked with­
in the peripheral device with W5 and W6 from the 
TMCC such that 

@ = (Device Clock) W5 W6 

In this case, only two machine cycles per input clock 
are needed. Some of the peripheral device couplers 
include this interlocking feature. 

3.57 . When a Buc type EOM instruction is executed to 
activate the TMCC for an input operation, the halt 
detector, Wh, is reset and the computer interlock fl ip­
flop, Wf, is set by the clearing signal, Wc. 

Wc Buc C17 (T6 + T5) + - - -

sWf Wc Wh + .. 

rWh Wc (T6 + T5) + 

Th is prepares the Character Register to precess the first 

input character into the W- Register enabl ing W4 which 
gates Wwl, Ww2 and Ww3. 

3.58 The Character Register and parity fl ip-flop are 
cleared originally and again between each input char­
acter by W9 W6 W5 W4. After processing the Buc type 
EOM instruction, the Character Register is ready to re­
ceive an input character and clock even though a WIM 
instruction is not immediately given. The input bits, 
Zw 1 through Zw24 and the parity bit Zwp, are gated 
into the Character Register and the Parity FI ip-Flop by 
W9 W6 W5. W9 signifies an input operation and W6 
W5 indicate an input clock has been detected from the 
peripheral device. 

sRwl W9 W6 W5 Zwl 

rRwl W9 W6 W5 W4 
I I 
I I 

I I 
I I 

sRw24 W9 W6 W5 Zw24 

rRw24 W9 W6 W5 W4 

sRwp W9 W6 W5 Zwp 

rRwp W9 W6 W5 W4 

3.59 Precession then takes place as described earl ier 
and another input character can be read into the Char­
acter Register. This read-precess cycle is repeated for 
each input character until the Character Counter is 
decremented to 00 causing Wf to reset. Resetting of Wf 
inhibits further precessions and indicates to the computer 
that the W- Register is fu II and ready to transfer a word 
into memory. The program should now provide a WIM 
instruction to enable the transfer. One more character 
may still be stored in the Character Register before re­
ceiving the WIM instruction. Further input characters 
are blocked because W4 is inhibited while Wf is reset. 
This prevents W5 from resetting, which in turn disables 
clock detection by W6. When a WIM instruction does 
occur late, The Error Detection FI ip-Flop, We, is set. 
This condition can be tested by an SKS instruction. The 
error detection fI ip-flop is reset by Wc which occurs 
with an EOM-Buc instruction. 

sWe WO W6 W5 Ecw T8 + ... 

rWe Wc Wh 

Th is equation sign ifies that a WIM instruction is late if 
the clock signal, Ecw, is received before the previous 
character has been precessed out of the Character Re­
gister. The WO, Halt Interlock, and Wh, Halt Detec­
tor, signals appearing here are discussed in detail in 
paragraphs 3.65 and 3.66. When the interlock feature 
of figure 3-5 is employed, the condition W6 W5 Ecw 
cannot occur to set We. Under such circumstances, the 
peripheral device {or coupler} must be capable of de­
tecting its own rate errors and reporting them via the 
Error Signal line, @ . 

3-9 
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sWe = Wes + ... 

3.60 The Input Timing Chart, figure 3-6, indicates the 
flow of the basic input process. The first WIM instruc­
tion is shown occurring late to ill ustrate how the Char­
acter Register accepts one more character after the W­
Register is full. 

3.61 The error detector fl ip-flop may also be set if the 
input character has even parity. 

sWe = W9 W6 W5 W4 Rwp Wg Npw Iwg + ... 

In th is equation, W9 indicates an input process, W6 
W5 W4 indicates that the received character has 
al ready been precessed into the W-Register when We is 
set. The term Npw is a signal received from the periph­
eral device to disable parity checking when a parity 
bit is not suppl ied. Wg and Iwg are End-of-Record and 
Extended Mode signals. These are discussed in para­
graph 3-131 deal ing with Interlace. Rwp is the Parity 
FI ip-Flop which is toggled while the character is pre­
cessing out of the Character Register. During input, 
the operation of Rwp takes place as follows; Initially 
and again between each character precession, Rwp is 
reset by W9 W6 W5 W4. If the parity bi~ the input 
character is a one, Rwp is set by W9 W6 W5. 

sRwp W9 W6 W5 Zwp + ... 

rRwp W9 W6 W5 W4 + Wc + . 

Since W6 is set at pulse time T8 in the above equations 
Rwp may be set (if Zwp = 1) at the next pu Ise time, T7. 
At the next TO, W5 is set and the state of Rwp is re­
versed at T8, three pulse times later. 

sRwp Wf W5 T8 Rwp + . 

rRwp Wf W5 T8 W9 Rwp + . 

As a result of this reversal, Rwp is set if the input parity 
bit was a zero and reset if the bit was a one. The parity 
of the 6-, 12- or 24-data bits of the input character is 
now examined. This takes place while the character is 
being precessed into the W-Register. While precession 
occurs, the three bits of each octal group appearing as 
the output of the Character Register are tested by (Wb 1 

<±> Wb2 (3) Wb3). This parity logic term is true when­

ever there is an odd number of one's in a three bit 
group. It is used to reverse the state of Rwp for each 
such octal group containing an odd number of ones. 

3-12 

sRwp = W9 W4 Rwp (Wb 1 <±> Wb2 ~ Wb3) 

(T7-TO)Qwl + ... 

rRwp W9 W4 Rwp (Wb 1 (!) Wb2 e Wb3) 

(T7 - TO) Qw 1 + ... 

The proper state of Rwp is thereby ach ieved, establ ish­
ing whether the incoming character had a parity error. 
For example, if the following twelve bit character were 
received, 

1 0 1 1 0 1 1 11 00 1 

'--(parity bit) 

its parity bit would cause Rwp to start off by setting 
then being reversed to the reset state. Of the four 
octal groups, two of them have an odd number of ones. 
Th is would cause Rwp to change state twice as preces­
sion took place thus returning to the reset condition. 
With Rwp reset, no parity error would be reported by We. 

3.62 The number of octal groups that must be checked 
for each character precession and wh ich outputs of the 
Character Register to be monitored for 6-, 12-, and 24-
bit characters must also be determ ined. The number of 
octal groups to check is solved by (T7 - TO) Qwl, which 
is true for 2, 4, or 8 pulse times in accordance with the 
character length. Table 3-2 lists the val ues of signal 
Qw 1. The character I ength may be determined by hard­
wired logic or by gating of Wx12 and Wx24 signals 
(depending on the model). Wh ich outputs to monitor is 
solved by using the same gating signals, Wx 12 and Wx24, 
or by hardwiring to se lect the proper outputs. Whether 
gating or hardwiring is employed depends on the equip­
ment model number. The variations in model~ are 
detailed in table 3-2. 

3.63 The characters have now been read into the Char­
acter Register, precessed into the W-Register, and par­
ity has been checked. The contents of the W-Register 
must now be transferred to the C-Register in the Central 
Processor Unit (CPU). Each time a WIM (AIM) instruc­
tion is executed, the contents of the W (A) and C­
Registers are interchanged. At this time (0'4 of the WIM 
instruction execution) precession is blocked by W4 a~ 
recirculation is blocked by Wxx. The condition Wf W9 
is used to signal the computer that the exchange can 
take place. 

Wxx = Rx Pwy + . . . (Pwy = 05 in Model 92200) 

Rx indicates that a WIM or MIW instruction is being 
processed. It is always false for the C and 0 channels, 
since no WIM or MIW type instructions ex ist for those 
channels. 

Wwl = W4 C21 r (T7 - TO) Wxx 
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Table 3-2. Value of Parity Timing Signal Qwl 

TMCC Time When (T7 - TO) 
Model No. Value of Qwl Qwl is true 

92200 Qwl = Qrl Qr4* T7, T6 

92201 Qwl = Qr4* T7, T6, T5, T4 

92202 Qwl = 1 (Qwl is deleted) * T7 through TO 

93200/93221 Qw1 = Wx12 Qr4 + Wx12 Wx24 Qrl Qr4 T7, T6 

*Qw 1 is replaced by the signal shown. 

Ww2 W4 C22r (T7 - TO) Wxx 

Ww3 W4 C23r (T7 - TO) Wxx 

The terms C21r, C22r, and C23r are logically equiv-
01 ent to the outputs of the C-Register, C21, C22, and 
C23, respectively, but are implemented through special 
drivers for this transfer function in order to minimize 
the delay. The three parallel portions of the C-Register 
behave in a manner similar to one another, therefore 
only one is I isted below (all three are illustrated in 
figure 3-7). 

sCO = Cr3 (Rx Rn1 + ... ) 

rCO Cr3 (Rx Rn 1 + ... ) 

sRn 1 Rwyl Tsr + 

rRn1 Rwyl fu + ... 

3.64 The data transfer takes place during one machine 
cycle of the WIM instruction (Rx) and when completed, 
the computer Interlock FI ip-Flop, Wf, is set to prepare 
the TMCC to accept the next input word. 

sWf = Rx TO Twy + ... 

Terminating an input operation can take place in one 
of several ways. The more sophisticated methods are 

3-14 

if Wx 12 and Wx24 are off. 

T7 through T4 

ifWx12 is on. 

T7 through TO 

if Wx24 is on. 

discussed in paragraph 3. 131 deal ing with the interlace. 
The simplest procedure is to program an EOM instruction 
to disconnect the peripheral unit after a sufficient 
number of WIM instructions have been processed. Other 
methods will now be discussed and illustrated as they 
apply to specific devices. Use will be made of the 
interlock and interrupt signals while considering these 
devices. These features are appl icable to other I/O 
units as well. 

3.65 A photoreader input process (refer to figure 3-8) 
can be terminated by detecting tape gap following a 
block of input data. The tape gap consists of one or 
more tape frames where only the sprocket hole is 
punched. However, the photoreader must be able to 
initially read through a tape gap or leader without ter­
m inating at every tape frame. This is accompl ished by 
the Halt Interlock FI ip-Flop, WO, which detects the 
start of a block of data and is used by the peripheral 
device coupler to inhibit sprocket clocks until the first 
(or second) character is sent to the TMCC. Clocks for 
these first characters are derived from the characters 
themselves. The equation for WO is given below, but 
to fully understand its action, the equation for a typical 
photoreader clock signal is also shown. 

sWO W9 W6 W8 Ecw + . 

rWO Wc +. 

~--
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September 1965 SDS 900685C Paragraphs 3.66 to 3.70 

Ecw ~wl+Zw2+Zw3+Zw4+Zw5 

+ Zw6 +Zwp + WO) Sp Re 

In the latter equation, Zw 1 through Zw6 are the char­
acter reader signals, Zwp is the parity bit signal, Sp is 
the sprocket hole signal, and Re is a photoreader en­
able level. The result of this combination is that while 
WO is reset, the clocks are derived from the character 
bits. After setting WO, the term in parentheses is 
always true so Ecw ~aries with Sp only. When the first· 
character is read following leader, a clock is produced 
which sets W6. W6 allows WO to be set. The term 
W8 on the input of WO prevents setting of WO until the 
second character appears (in the four character per word 
mode). Waiting until the second character is desirable 
when reading from magnetic tape so a single noise 
character within a gap does not set WOo It is also 
important during a reverse scan of magnetic tape to 
avoid setting WO on the longitudinal parity character. 

3.66 After WO has been set to enable the clocks to 
read in data, the End-of-Record Detector, Wg, is used 
to detect the first all-zeros, or gap, character (all 
zeros including the parity bit). Wg then enables the 
Halt Detector Flip-Flop, Who 

sWg = W9 W10 Wll W12 W13 

rWg 

sWh 

(Rv;l M M R;4 W R;6 R;p) W5 

(T7 - TO) (W10 W11 W12 W13 W14) 

Wc 

Wg Iwg TS 

The combination, W9 W10 W11 W12 W13, at the input 
of Wg decodes the fact that paper tape reader number 1 
or number 2 is being used for input. The terms (W10 
Wll W12 W13 WT4 are redundant and are due to the 
logic mechanization. 

3.67 After Wg sets, parity errors no longer set the 
Error Detector FI ip-Flop, We. 

sWe = W9 W6 W5 W4 Rwp Wg Npw Iwg + ... 

Disabl ing We avoids pa rity testing for the next few 
machine cycles. During this time a complete word is 
precessed into the W-Register if the input did not supply 
sufficient characters to finish the last word. In the 
case where Wh sets but the W-Register is not yet full, 
W4 is set for successive cycles until the character 
counter reads 00. This process is termed "flushing". 
When W7 W8 read 00, Wf is reset and a Wc signal is 
generated to disconnect the TMCC. 

sW4 = Wh Wf T8 + ... 

rW4 = W4 TO + ... 

sWf Wc Wh + ... 

rWf W7 W8 W4 (T 6 + T 5) + . 

Wc Wh Wf (T3 - TO) + ... 

The clear signal, Wc, disconnects the tape reader and 
clears the character counter, End-of-Record Detector, 
and Halt Interlock. 

rWO Wc 

rWg Wc 

The Halt Detector is then reset at the next T8 pulse 
time. 

rWh = Wh Wf T8 

3.68 By allowing the character counter to count down 
to 00 before resetting, the final input word is filled-in 
with zero characters. The Phototape Term ination Tim­
ing Charts illustrate the flow of this termination precess. 
Figure 3-9 illustrates the case where the last input word 
does not contain a full complement of characters. 
Figure 3-10 illustrates the timing for the case wherethe 
last word does have all characters filled before an all 
zeros character is detected. 

3.69 If the interrupt system is enabled during the ter­
mination process, the Wf Wh condition generates an 
interrupt signal to call for a final WIM instruction from 
the computer. 

I2w = (En +@) Iwg Wh Wf 

The signals En and@are programmable and manual 
enable signals for the interrupt system. The final WIM 
instruction, as provided by a halt subroutine, stores the 
last word even though it may not have originally con­
tained a sufficient number of characters. The final 
WIM instruction may be executed before or after the 
channel is disconnected. However, additional WIM 
instructions after that cause the computer to lock-up 
because it would be waiting for another input word. 

3.70 When operating with devices other than punched 

paper tape, the input process is very similar to that iust 
described, although the method used to derive the 
clock signals may vary somewhat from one device to 
another. Also, the gap {End-of-Record} signal, when 
required, is normally suppl ied by the external device 
rather than developed within the TMCC as is done for 
paper tape. 
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3.71 An information flow diagram for magnetic tape 
input is illustrated in figure 3-11. The input timing 
for magnetic tape using the two character per word 
mode is illustrated in figure 3-12. When terminating, 
the magnetic tape unit generates a halt signal with a 
time delay triggered by the tape gap and WOo The halt 
detector is then triggered by the delayed signal. 

sWg Whs (T7 - TO) W10 W11 W12 W13W'i4 

rWg Wc 

sWh Wg Iwg T8 

Whs is a halt signal from the peripheral device. In 
this case, it is the delayed signal from the magnetic 
tape unit. The delay allows time for the tape reader 
to check the longitudinal parity character following 
the block of data. Refer to figure 3-11. When a 
longitudinal pa~it error occurs, the tape reader sends 
an e@9nal es and the Error Detector is set. 
The es signa may also result from a rate error. 

sWe = Wes + ... 

Other devices may also supply error inputs via the 
@ line. Unl ess inh ibited by Npw, character 

parity is checked by Rwp when precession takes place. 

3.72 Input termination timing for magnetic tape is 
illustrated in figure 3-13. The figure illustrates the 
case in which the input furnishes only three characters 
for the last four character word and the remaining 
character is filled with zeros. Also illustrated in 
figure 3-13 are the Halt Interrupt, call ing for one more 
WIM instruction, and the final WIM instruction, itself. 

3.73 Another type of input operation in which the 
TMCC participates is the scanning of magnetic tape. 
The process is similar to the usual magnetic tape read­
ing process except that the character counter is pre­
vented from reaching 00 again after WO is set. The 
counter fl ip-flop, W8, is held in the "one II or set state 
by: 

s W8 = W7 W9 W lOW 11 Wh +. 

In this equation, W9 W1 0 W11 indicates a scan process 
has been programmed. A forward scan can be initiated 
by an EOM 0363X instruction. It may also be pro­
grammed by modifying a read process. Wh ile magnetic 
tape is be ing read, if an EOM 14000 instruction is given, 
the fl ip-flop, W10, is set to convert directly from 
reading to scann ing of the same tape. 

3-20 

sW10 = (Ioc C12 C17 C19 C20 C21 C22 C23) 

W9W10+ ... 

With W8 of the character counter held in a set state,the 
Buffer Full Signal, W9 Wf, and the normal interrupt 
signals are prevented by keeping Wf from being reset. 

rWf W7 W8 W4 (T6 + T5) + ... 

I1w Wf WO Wh (En +@) Iw Ew Iwg + ••. 

I2w {En +@} Iwg Wh Wf + ... 

Th is allows each input character to be precessed into 
the W-Register without requiring WIM instructions to 
set Wf. However, when the end of a data block is 
reached, Wf is reset by a gap signal from the tape 
reader. 

rWf W9 W10 W11 WO Mtgw W7 (16 + T5) Wh 

And an interrupt is generated. 

11 w = Wf WO Wh (. . .) 

Th is interrupt calls on the computer to enter a sub­
routine to execute a WIM instruction. The WIM instruc­
tion stores the last four characters read from the tape 
and which were precessed into the W-Register. The 
WIM instruction sets W7 and Wf in preparation for 
scanning another record. 

sW7 = Wxx Wn1 (T7 - TO) W4 +. 

sWf = Tx TO Pwy +. .. (Pwy = 05 for 92200) 

3.74 Based on a block counting program or an examina­
tion of the last four characters, the computer may reset 
WO with another EOM0363X instruction, to cause the 
scan process to continue without a pause through the 
gap and into the next record. I~ is not reset, the 
scan process is terminated by a ~ signal from the 
tape unit in a manner similar to that previously des­
cribed for normal input termination. When the scan 
process does terminate, a halt interrupt signal is 
generated. 

I2w = (En +@) Iwg Wh Wf 

3.75 During the scan process the character parity is 
checked by the Rwp fl ip-flop and the longitudinal parity 
is checked by the tape unit {only if WO is reset after 
the longitudinal parity character}. Any error during the 
scan process sets the Error Detector fl ip-flop, We. 

3.76 A reverse scan of magnetic tape is started by an 
EOM 0563X instruction. The process is similar to a 
forward scan, except that the WIM instruction at the 
end of a data block scan stores the first four characters 
of the block in reverse order. The longitudinal parity 
is not properly checked, with the result that We may be 
erroneousl y set. 
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3. 77 In the Magnetic Tape Forward Scan Tim ing Chart 
(refer to figure 3-14) and Reverse Scan Tim ing Chart 
(refer to figure 3-15), when the first interrupt informs 
the computer that the gap has been reached, a WIM 
instruction stores the last four characters read. An­
other EOM instruction then resets WO to continue the 
scan process through the next block 

rWO = (Ioc C12 C17 C19 C20 C21 C23) 

W9 TO + ... 

Dotted lines indicate the reaction if the process were 
terminated. In case of termination, WO allows the Tape 
Reader Halt Signal, Whs, to come through. 

sWg 

sWh 

Whs T7-TOW10 Wll W12W'13 WT4+ ... 

Wg Iwg T8 + ... 

Whs sets Wg, which in turn sets Who After Wh is set, 
the Character Counter FI ip-Flop, W8, is no longer 
held on and a count-down begins. 

sW8 W7 W9 W lOW 11 Wh +. 

rW8 W8 W4 TO + W c 

This process is very similar to that described for termin­
ating a normal read operation and Wf is reset as soon as 
the count-down reaches a point where W7 and W8 are 
both reset. 

rWf = W7 W8 W4 (T6 + T5) 

A clear signal, Wc, then resets the TMCC after the four 
precessions. 

Wc = Wh Wf (T3 - TO) + . 

3.78 OUTPUT PROCESS (W9 true) 

3.79 When an EOMOXXXX or EOM4XXXX instruction 
is executed to start an output process, an interlock 
signal, Wf 0/VO + ... ) is immediately sent to the com­
puter. And, if enabl ed, an interrupt calls for the com­
puter to load the W-Register with the first output word. 
If the interrupt is disabled, the program should supply 
the MIW loading instruction before it is needed (i. e. 
before a clock signal is received from the peripheral 
unit). 

rWf = WsC18+ ... (denotesWregisterisempty) 

sWO Ws C 18 W9 +. . . 

<19 = Wf WO Wh (En +@) Iw Ew Iwg +. 

3-24 

3.80 Each MIW instruction, or time-share operation 
if interlace is being used 0/Vxx), exchanges the W­
Register and the C-Register. Refer to figure 3-16. 

Ww1 = W4 C21r (T7 - TO) Wxx + . 

Ww2 W4 C22r (T7 - TO) Wxx + . 

Ww3 

sCO 

rCO 

sRn1 

rRn 1 

Wxx 

W4 C23r Wxx +. . . 

Cr3 [Tsr + Rx) Rn1 + .. J 
Cr3 [i'sr + RX) Rn 1 +. . J 
similarly for C1 and C2 

Rwyl Tsr + Rr1 Tsr 

Rwyl Tsr + "RrT Tsr 

similarly for Rn2 and Rn3 

Rx Pwy +. .. (Pwy = 05 for 92200, 
Rx is always false for 
TMCC-C) 

3.81 As with the input process, Wxx blocks recircu­
lation and with W4 false precession is blocked at th is 
time also. When precession does take place, as enabled 
by W4, an output character is sh if ted from the W­
Register to the Character Register and Rwp is used to 
generate an odd parity bit. During the output operation 
the parity fl ip-flop operates in a manner similar to its 
action during input. 

3.82 Rwp is initially set by Wf W5 T8. Then, when 
precession occurs, each octal group com ing from the 
W-Register is examined for an odd or even number of 
ones. This checking is done by {Wn 1 e Wn2 (±) Wn3} 
which is true whenever there are one or three ones in 
Wn 1, Wn2, and Wn3. Each time this term is true dur­
ing the checking period, Rwp is switched to its opposite 
state. 

sRwp = W9 W4 Rwp Wxx 0/Vn 1 <±> Wn2 

<±> Wn3) Qw2 (T7 - TO) 

+ Wf W5 T8 Rwp + . 

rRwp = W9 W4 Rwp Wxx (Wn 1 (±) Wn2 

(±) Wn3) Qw2 (T7 - TO) +. . . 

Qw2 is a term sim ilar to the Qw 1 used during the input 
process. Qw2 with (T7 - TO) establ ishes the pulse times 
during which the parity checking is done. It may either 
be hardwired or function with the gating signals Wx 12 
and Wx24 depending on the equipment model number. 
Refer to table 3-3. 
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Table 3-3. Value of Qw2 Parity Timing Signal 

TMCC Pulse Times When (T7 - TO) 
Model No Value of Qw2 Qw2 is True 

92200 Qw2 = Qr2 0i=4 * TO, Tl 

92201 Qw2 = Qr4 * T3 through TO 

92202 Qw2 = 1 (Qw2 is del eted) T7 through TO 

93200/93221 Qw2 = Wx12 Qr4 + Wx12 Wx24 Qr2 Qr4 TO and Tl, if Wx 12 and Wx24 
a re both off. 

T3 th rough TO, if Wx 12 i's on 
T7 through TO, if Wx24 is on 

*Qw2 is replaced by the signal shown above for Models 92200/201/202. 

3.83 As an example of output parity generation, con­
sider the twelve-bit character 111 010 101 001. Rwp 
would start in the set condition and would then switch 
states three times, once for each of the octals contain­
ing an odd number of ones. Thus, Rwp would conclude 
its switching operation in the reset state to produce a 
zero parity bit for an odd parity output character. 

3.84 The basic flow of the output process is illustrated 
in figure 3-17. The execution of the second MIW in­
struction is shown occurring late to depict how the 
Character Register is cleared when a new output char­
acter is not available. If another output character is 
still not available when the next clock signal, Ecw 
appears, the error detector (We) is set as is done during 
an input process. 

sWe WO W6 W5 Ecw T8 + ... 

rWe Wc Wh 

3. 85 In the output processes (as in the input processes), 
the Character Register is initially cleared by W9 W6 
W5 W4. The first output character to be read is, there­
fore, all zeros. Th is is appropriate for a leader or gap 
in paper tape punch ing. However, for some forms of 
output, such as typing or leaderless punching, and 
magnetic tape writing (the tape unit automatically gen­
erates leader), the first output character should be in 
the Character Register before the first clock signal. For 
this type of output, an EOM2XXXX instruction with a 
"one" bit in C 13 is used. Th is code bit is used to set 
W5 which then causes the first loading of the W­
Register to be followed directly by precession of the 
first output character into the Character Register. In 
this case the sequence of operations again starts by 
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resetting Wf and setting WO with the resulting interrupt 
Ilw. However, now W5 is also set by the Ws signal. 
Then, as usual, when the MIW instruction is executed 
and Rx goes true, Wf is set. With W5 on, W4 can be 
set at pulse time T8 just after the data transfer takes 
place. Figure 3-18, Output Timing Chart 2, illustrates 
the flow of th is process. 

sWf Rx TO Pwy +. (Pwy = 05 for 92200) 

rWf Ws C18 + ... 

sW5 = Ws C'/3 C18 Wl0 Wll W12 W13 W14 + ... 

rW5 W4 TO + Wc 

sW4 Wr Wf T8 Wg + . 

rW4 W4 TO + ... 

3.86 To terminate an output process, the MIW instruc­
tion which loads the last output word into the W­
Register is followed by an EOM 14000 instruction to 
reset WOo An EOM14100 instruction is used to termin­
ate the Y channel. 

rWO = (Ioc (12 C17 (19 C20 C21 C22 C23) 

W9 TO + ... 

lac Ioc 1 C 1 &" Qr3 

lac 1 Eom (1 0 C 1 1 

Er is a signal inhibiting Eom and lac when the Interlace 
Prepare fl ip-flop (to be discussed later) has been set. 
The (1 bit, wh ich appears on lac, indicates a W or 
Y channel instruction. C 1 is used with the C and D 
channels. 
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3.87 Resetting of WO results in the following: Further 
normal interrupt signals are blocked. 

Iw 1 = Wf WO Wh (. . .) 

Further late-load error signals are blocked. 

sWe = WO W6 W5 Ecw T8 + ... 

The WIM/MIW Interlock Signal Wf WO is blocked. As 
a result of inhibiting the interlock and interrupt signals, 
no further MIW instructions are processed and, there­
fore, Wf is not set again after the last character is pre­
cessed into the Character Register. 

sWf Rx TO Pwy +. .. (Pwy = 05 for 92200) 

rWf W7 W8 W4 (T6 + T5) + ... 

With Wf reset, W4 is prevented from setting after the 
I ast output character is precessed. Th is resul ts in the 
state, WO W4 W5 W6, following the precession. 

sW4 W5 Wf T8 Wg + . 

rW4 W4 TO + W4 T8 

sW6 W5 Ecw T8 W10 Wll W12 W13 W14 +. 

rW6 W5 WO + Wc 

sW5 W5 W6 Ecw TO + . 

sW5 W4 TO + Wc 

The state, WO W5 W6, is used to set the halt detector 
unless magnetic tape is being used (Wll indicates not 
magnetic tape). 

sWh = W9 Wll WO W5 W6 (Iwg + ... ) T8 + ... 

When the output is to a magnetic tape unit, the state 
WO W5 W6 is sent to that unit and after a suitable 
delay {while the tape unit generates a longitudinal 
parity character} a Whs halt signal is received back to 
set Who 

s Wh = Whs W 11 T8 + . . . 

Regardless of the method of setting Wh to term inate an 
output process, the Halt Interrupt Signal, @ , is 
generated in the cycle in which Wh is set. 

I2w = (En +@) Iwg Wh Wf + . 

Ana a clear signal is generated. 

Wc = Wh Wf (T3 - TO) + ... 

Then Wh is reset, as well as the rest of the TMCC. 

rWh = WhWf T8 + Wc (T6 + T5) 

The Output Termination Timing Charts indicate the flow 
of these output termination processes for devices other 
than magnetic tape (refer to figure 3-19) and for 
magnetic tape (refer to figure 3-20). 

3.88 Two additional timing charts are included to 
ill ustrate the output sequences for specific devices. The 
flow of the comp I ete output process for a paper tape 
punch operation is illustrated in figure 3-21. The 
EOMOXX4X start instruction causes tape I eader to be 
punched while the device inhibits clock signals. An 
all zeros character is also punched for the first output 
clock signal. After the last output character is proc­
essed, a halt interrupt signal is generated. 

3.89 The flow of an output process using magnetic tape 
is illustrated in figure 3-22. A time delay triggered by 
the EOM02X5X start instruction causes a tape gap to be 
recorded first while inhibiting output clock signals. 
WO W5 W6 signals the tape unit to count three clocks 
and record the longitudinal parity character, and 
triggers a second time delay to cause a gap to be re­
corded after the data block. When the gap is completed, 
the tape unit generates a @ signal to halt the out-

put process. Each character parity and the longitudinal 
parity of the characters reproduced at the read head are 
checked by the tape unit and an error signal, @ , 
is generated to set We for any detected errors. Several 
other error conditions are also checked, such as slew, 
ampl itude, and rate error. 

sWe = Wes +. 

3.90 A special case of a magnetic tape output opera­
tion is the erase function. The tape erase is started by 
an EOMOl X7X instruction. The erase procedure is 
performed in the same way as any other output to mag­
netic tape but the W10 bit is used by the tape unit to 
cause writing of all zero data regardless of what may be 
ajJpearing at the character register outputs. 

3.91 SYS GATE 

3.92 The system control EOM instruction has little 
effect on the TMCC. It is included here only because 
the Sys signal is gated through the TMCC channel. 

3.93 When an EOM instruction, containing 1I0nes'l in 
bits 10 and 11, is executed, an Sys signal is generated 
as an output from the TMCC on the Sys line. 

Sys = EomC10 Cll C9 
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® = Sys (T5 - Tl) Tsr Pwy 

(delete Pwy for 92200 and 92210) 

The ® signal may be used in conjunction with the 

C-Register output lines@through @ to select 

and control special system devices. One ® line 
is provided on each TMCC W (A) channel or each 

W(A) + Y(B) channel pair. One more ~ I ine is 

provided on the C or C + D channels (for a maximum 
of two lines). 

3.94 SKIP GATE 

3. 95 The Sk ip Gate, Skr, and its assoc iated line 
driver, ~ provide interrogation response signals 
for use with SKS instructions. 

The equation for the line driver is: 

/'51<i=Z7 = lli (C 1 0 ell Ssc) 

(Cl C9C10C11 Sio). * 

*C 1 becomes C 1 for TMCC-C and TMCC-D 

This signal is inverted in the CPU and sampled during 
execution of an SKS instruction to determine if a 
response has been received. At times other than when 
being tested, the signal is changing levels and has no 
meaning. The inverse of ~ is: 

Skrz = Skr + C 1 0 C 11 Sec 

+ C 1 C9 C 1 0 ell S i 0 +. . . 

3.96 The dashed I ines indicate that other response 
signals may be connected to satisfy special system re­
quirements. Sio is a response from the addressed 
peripheral I/O unit. The addressing is performed using 
SKS instruction bits 18 through 23 and the same address 
codes as assigned for EOM instructions. The output lines 
@through @ provide the necessary addressing 

and control connections to the peripheral units. As 
seen above, Sio is used in con junction with C 1 C9 C 1 0 
C 11. Bits 1 and 9 (along with bit 17 decoded by the 
peripheral device) select one channel out of four TMCC 
and four DACe channel s. Bits 10 and 11 determ ine the 
type of the SKS instruction. 

3.97 Ssc is an interrogation response from external system 
equipment. Th is type of interrogation is sel ected by an 
SKS instruction with "ones" in bits 10 and 11. The con­
trol and address bits may be assigned as required. Again 

the @ - @ I ines provide the necessary connections. 

3.98 The remaining term in Skrz is Skr, the output of 
the Skip-Gate in the TMCC. The use of Skr is similar 
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to that of Sio just described except the SKS instruction 
address bits (19-23) are "zeros". This causes the instruc­
tion to address the I/O channel itself rather than 
peripheral devices. 

Skr = C1 C17C9C1OC11 C19C20C21 C22C23C15Wsc 

+ Cl WC9C10C11 C19C20C21 C22C23 C12 

W10 W11 W12 W13 W14 

+ C1 rnC9C10C11 C19C20C21 C22C23C13Iwf 

+ C1 WC9C10Cll C19C20C21 C22C23 C14We 

3. 99 In these equations, bits 1, 9, and 17 sel ect one 
of eight channels (TMCCs and DACCs). Bits 10 and 11 
determine the type of SKS instruction. IIZerosli in bits 19 
through 23 address the channel rather than a peripheral 
unit. Bits 12, 13, 14, and 15 select the particular test 
function. A lIone" in bit 15 tests the Signal-Complete 
flip-flop. Similarly, a "one" in bits 12, 13, or 14 
tests the Unit Address Register, the Interlace Address 
Register, or the Error FI ip-Flop, respectively. 

3.100 Two additional TMCC channel tests, similar to 
two of those just described, are provided by the Skr 
gate. These also test the Unit Address Register and the 
Error FI ip-Flop but with a different type of SKS instruc­
tion. Th is is done to provide program compatibil ity 
with the S DS 910/920 Computers. 

Skr = C10 C11 C14 W10 W11 W12 W13 W14 CT 

+ C 10 en C20 We CT +. . . 

3.101 The equations shown in this discussion are speci­
fically appl icable to the W(A) channel TMCC. To 
sel ect the other channel s C 1 must replace C 1 for chan­
nels C and D. To distinguish between Wand Yor 
between C and D, C 17 is switched (except in the last 
two equations where C 14 and C20 are used for Wand 
are changed to C13 and C19 for the Y channel). 

3. 102 INTERLACE, COMPATIBLE MODE (Time Share) 

3.103 The Interlace register is enabled by a "one" in 
bit position 9 of either BUC or IOC type of EOM in­
struction. These produce Buc or Ioc signals which are 
derived from EOMOXXXX and EOM 1 XXXX instructions, 
respectively. Therefore, the interlace register can be 
enabl ed by the same instruction that sets up the other 
TMCC registers, (i. e., by Buc), or it can be enabled 
without disturbing the rest of the TMCC, (i. e., by Ioc). 
Either of the EOM instructions clears the entire inter­
lace register then sets the Enable FI ip-Flop, Ew. 

Interlace Clear: Iwc = Eom C9 C10ClC17 (T3 - TO) 

CT Becomes C 1 for TMCC-C 
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Interlace Prepare: sEw Iwc Ew (T3 - TO) 

rEw Wc TO + ... 

3. 104 For a Buc instruction, Ew is first reset by Wc at 
pulse time TO then reset during the next pulse time. 
The above equation for Iwc is specifically related to 
the W(A) channel. To select any of the other three 
TMCC channels, different combinat ions of C 1 and C 17 
are used. 

Channel 

W(A) 

Y(B) 

C 

D 

Cl 

o 
o 

C17 

o 

o 

With Ew set, the computer can preset the interlace reg­

ister with the starting memory address and the word 
count for an I/O process. Refer to figure 3-23. The 
loading of these counts is accompl ished by a POT in­
struction. The POT instruction, which produces a Potl 
signal, is ordinarily used to parallel transfer data from 
the C-Register to an external device. Pot 1, then, 
produces the loading signal, 

Iwp = Potl (T6 + T5) Ew 

then resets Ew, 

rEw = Pot 1 (T3 - TO) Ew + ... 

3. 105 The Word Counter, WcO through Wc 14, is 
initially cleared by Iwc which sets all stages of the 
counter. The one's complemen~ the count is then 
produced by resetting the counter fl ip-flops for corre­
sponding "ones II in the C-Register during Iwp. Actu­
ally, this applies to only the ten least significant bits 
of the counter. If a word count greater than 1023 is 
needed, the five most sign ificant bits of the counter 
must be preset by a second EOM instruction. Th is in­
struction must be executed after the Interlace is enabled 
and before the POT instruction is executed. An Ioc 
instruction, without bit 9, is given for this purpose and 
it generates an Iwe load signal. 

Iwe = Ioc 1 (T6 + T5) Ew 

Iwe then resets the most significant bits of the Word 
Counter to compl ete the storage of the one's complement 
count. 

sWc14 Iwc + ... 

rWc14 Iwp C9 + ... 
I I 
I I 
I I 

sWc5 Iwc + . 

rWc5 Iwp CO + . 

sWc4 Iwc + ... 

rWc4 Iwe C23 + . 
I I 
I I 
I I 

sWcO Iwc +. 

rWcO Iwe C19 + . 

3.106 Using the one's complement, the Word Counter 
can count up rather than down and produce a term ina­
tion signal when it contains "ones II in all of its stages. 
The counting is performed by triggering each stage of 
the counter on the fall ing edge of a previous stage. For 
example: 

s Wc 13 = Ew W c 13 W c 14 E; 

rWc13 = EwWc13Wc14E;" 

where the under! ined term represents the clock or trig­
gering level. This method of counting conserves gating 
but produces a propagation delay through the counter. Th is 
delay is minimized to a satisfactory level with some increase 
in the number of gates by arranging the fifteen counter 
stages into five octal groups. The first stage of each 
group is connected to only the last stage of the previous 
group. An example of one octal group is: 

--- -
sWcl0 Ec Wcl0 Wcll Ew 

rWcl0 "Ec"" Wc 1 0 Wc 11 Ew 

sWc9 Ew Wc9 WclO Wcl1 Ew 

rWc9 Ew Wc 9 W c lOW c 11 Ew 

sWc8 Ew Wc8 Wc9 Wc 10 Wc 11 Ew 

rWc8 Ew W c8 W c 9 W c 10 Wc 11 Ew 

Here it is seen that for this octal group, a common clock 
term Wc 11 E; is used for a II three stages. 

3. 107 This reduces the propagation delay for each 
group to the delay that would be expected for a single 
fl ip-flop. The delay for the entire fifteen stage counter 
is therefore equivalent to that of five fl ip-flop stages. 
The double appearance of Ew is due to the clocking 
arrangement and the fl ip-fl op module layout. During 
the loading operations, Ew is set to allow the clock pulses 
to appear as the Gc4 clock for use by the fl ip-flop. 
After Ew is reset and the counting is to take place, 
Gc4 is held off wh ile E; Wc 14 performs the triggering. 
Refer to figure 3-24. 
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Figure 3-24. Interlace Word Counter - Typical Clock Input 

3. 108 The Address Counter is set up in much the same 
way as the Word Counter. Again the counter counts 
up, but in this case the one's complement is not used. 
With the Address Counter, the actual address of the 
first memory location to be used is placed in the reg­
ister. As with the Word Counter, Iwc cl ears the 
counter then Iwp or Iwe sets up each stage with data 
from the C-Register. For some stages of the counter, 
the fl ip-flops are reset by Iwc then set with the data. 
For other stages, the fl ip-flops are set by Iwc then re­
set with the complement of the data. Either way, the 
same th ing is accompl ished. It was a matter of con­
venience in wiring for one method or the other to have 
been used. 

3. 109 The counting of the Address Counter is handled 
in the same way as the Word Counter. The least signi­
fi cant stages of both counters are triggered by Iwa EW. 

Iwa ::: Rxw Tsm 

Rwx is the Time Share Select Flip-Flop and is covered 
in detail in paragraph 3.113. Tsm is a signal from the 
CPU indicating that counter information for each word 
has been received by the CPU. 

3.110 In the instruction sequence, EOM, EOM, POT, 
used to set up and start the interlace operation, the 
second EOM may be omitted if the most significant bits 
of the Word and Address Counters are IIzeros ". Refer 
to figure 3-25 for the relationship between the instruc-

tion bits stored in the C-Register and their respective 
positions in the counters. 

3.111 The POT instruction which resets the Interlace 
Prepare Flip-Flop, Ew, also sets the Interlace Active 
Flip-Flop, Iw. 

sIw ::: Pot 1 (T3 - TO) Ew Iw 

Ew furnishes the ready signal required for the POT in­
struction. Both the Ew and Iw flip-flops inhibit W­
channel interrupts. 

Ilw = Wf WO Wh (En +(§)) 

Iw EW Iwg 

3.112 Refer to figure 3-26 for the timing for the inter­
lace loading process. The Interlace Active FI ip-FI op, 
Iw, allows the buffer to issue a'time share request 
{Trqw} to the CPU whenever the channel needs access 
to memory. 

Trqw = Wf WO Wh Iw Iwf 

Trqw is combined with sim ilar signals from the other chan­
nels to produce a common request term for all TMCC's. 

Trqx 

Trq 

Trq{c) + Trq(d) 

Trqx + Trqw + Trqy 
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Figure 3-25. Relationship of Instruction Bits to Address and Word Counter Bits 

3.113 When two or more TMCC's make a time share 
request at the same time or when one channel makes a 
request while another is already performing a time 
share operation, the TMCC priority logic determines 
which channel is allowed to access memory first. For 
th is purpose, each channel has its own Time Share 
Select flip-flop. No more than one of these flip-flops 
may be set at any time. The priority establ ished by the 
fl ip-flops for the four TMCC channel s is D, C, YI and 
W in descending order. However, once a channel has 
been selected, it is allowed to complete the processing 
of its word without being disturbed by other channels. 
Using the Time Share Request signals mentioned pre­
viously, the priority logic to select the channel is: 

Channel Wi sRwx Tsm Trqw Trqy Trqx (T7 - TO) 

rRwx Tsm TO 

Channel Yi sRyx Tsm Trqy Trqx (T7 - TO) 

rRyx Tsm TO 

3.114 The TMCC's for the C and D channels are 
identical to those for the Wand Y channels and so use 
the same logic nomenclature as above. But a request 
signal, Trqx, is not brought into the C and D units from 
other higher priority TMCC's. Then, for simplicity the 
C and D channel equations may be written: 
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Channel C, sRcx Tsm Trq (c) Trq (d) (T7 - TO) 

rRcx Tsm TO 

Channel D, sRdx Tsm Trq (d) 

rRdx Tsm TO 

The terms Rcx and Rdx are used here for clarity but do 
not actually appear in the logic equations for the 
equipment. 

3.115 If a TMCC channel makes a time share request 
and has the highest priority of those making such a re­
quest, and if Tsm is true, then the channel can set its 
Time Share Select fl ip-flop. Tsm indicates that the 
CPU is not al ready engaged in a time share operation. 
Confining the discussion to the W channel, Rwx would 
set at pulse time Tr - T8. 

3. 116 The Interlace Prepare fl ip-flop (Ew) al so pro­
duces Er which prevents output signals, Eom and Ioc, 
from reaching external devices while initializing the 
Interlace. 

Er Ew Ey . 

Ioc Ioc 1 CT Er Qr3 

S Eom Er 
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EOM Instructions, I 
flJ5 Suc U ~5 Ioc #< Eom ---I 

POT Instructions, 
Pot 

Clear Interlace, 
Iwc 

Interlace Prepare, 
Ew 

Interlace Load, 
Iwp 

Interlace load, 
Iwe 

Interlace Active I 
lw 

Clear TMCC, 
Wc 

__ ~r-l~ __________________________________________ __ 

__________________________ ~Il _______________________ _ 

________ ~Il~ ____________________________________ __ 

~~---------------------------
Time~ 

*Second EOM may be eliminated if not needed to set count in most signif­
icant bits of Address and Word Counters or to set up the extended mode. 

Figure 3-26. Interlace Regi ster Loading Timi ng Chart 
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The CPU then answers the request with a Tsr signal 
which remains on for two machine cycles. Tsr enables 
Wxx to permit a data transfer between Wand C reg­

isters. While Tsr is true, the CPU sets Tsm to incre­
ment the Word and Address Counters. 

Iwa 

Wxx 

Rwx Tsm 

Rwx Tsr Iw 

count trigger 

load buffer from C 

3.117 Refer to figure 3-27 for the timing of the signals 
involved in the data transfer between the W andC Registers. 

Figure 3-27, indicates that Wxx remains on for two 
machine cycles. This allows the data exchange totake 
place twice. The two cycles are used as follows. 

a. Input Operation. The first cycle exchanges 
the input word and any word currently in the C-Register. 
Then between cycles, the input word is copied from the 
C-Register into memory (in parallel). During the 
second exchange cyc Ie, the word temporarily stored in 
the W-Register is returned to the C-Register where it 
can continue in whatever function it may have been 
participating. 

b. Output Operation. The fi rst cycl e sh ifts any 
information which was being operated on in the C­
Register to the W-Register for temporary storage. The 
word requested by the TMCC Interlace Address Counter 
is then parallel transferred from memory to the C­
Register (between cycles). The second exchange cycle 
then returns the word from the W-Register back to the 
C-Register and brings the word out of memory from the 
C to the W-Register. 

3. lIB The double exchange cycle thus provides the 
TMCC with a means of: 

a. moving a word from the W-Register through 
the C-Register to memory or vice versa, and 

b. preserving the contents of the C-Register 
while the transfer takes place. This is important if the 
CPU is engaged in some form of computation when the 
time share takes place. Figure 3-2B is an illustration 
of the timing involved for a typical interlaced I/O 
process. 

3. 119 Another important aspect of the Wand C­
Register data exchange duri ng an interlaced output 
concerns the path taken by the output word in getting 
to the W-Register. If a clock has read the last word 
out of the Character Register when the exchange takes 
place, the next word is precessed simultaneously with 
its transfer to the W-Register. This occurs as follows. 
During both of the exchange cycles, Wxx is on because 
of Rxw and Tsr. 
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Wxx = Rwx Tsr Iw +. . . 

3.120 If at this time a clock has already been detected 
{to read the last character of the previous word} so that 
W5 is set, W4 is set at pulse time TB in the beginning of 
the second exchange cycle. 

sW4 = W5 Wf TB Wg 

3.121 Thus, during the second cycle, Wxx and W4 are 
both true. The output word may then be sh if ted directl y 
from the C-Register to the Character Register and on 
through to the W-Register. A one cycle precession is 
thereby automatically accompl ished and the character 
may be read by the next clock without waiting for 
another precession to take place. 

sRw1 W4 Wxx C21r +. 

rRw1 W4 Wxx C21r +. 

sRw2 W4 Wxx C22r + . 

rRw2 W4 Wxx C22r + . 

sRw3 W4 Wxx C23r + . 

rRw3 W4 Wxx C23r + . 

Wwl W4 Wb 1 (T7 - TO) + ... } Refer to figure 

Ww2 
3-3 for Wb I, 

W4 Wb2 (T7 - TO) +. . . Wb2, and Wb3. 

Ww3 W4 Wb3 + ... 

3.122 This same path for loading the W-Register 
through the Character Register is also followed when 
the interlace is initially set up and the first word is 
called for, if the EOM instruction calls for starting 
without leader. In this case W5 is first set by Ws C13 
instead of a clock signal from the peripheral unit. 

sW5 = Ws C13 C18 W10 Wl1 W12 W13 W14 

Figure 3-29 illustrates the use of this feature in loading 
the fi rst word. 

3. 123 When transferring data directly from the C to 
the Character Register, the parity bit is generated as 
previously described except that Cpr is used in place of 
(Wn 1 G> Wn2 B Wn3). Cpr performs a similar func­
tion but originates in the CPU and monitors the parity 
of the octal groups coming from the C-Register rather 
than from the W-Register. 

sRwp W9 W4 Rwp Wxx Cpr Qw2 (T7 - TO) + .. . 

rRwp W9 W4 Rwp Wxx Cpr Qw2 (T7 - TO) + .. . 

Refer to figure 3-4 for Qw2. 
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TO 

Wf 

Trq 

Tsr 

Tsm 

Rwx 

Wxx 

Iwa 

Jn~ ____ ~n~ ____ ~n~ ____ ~n~ 

Time~ 

L 

CPU SIGNALS: sTsm = Tsm Tsr T4 

rTsm = Tsm {Ts Tsr} T4 

sTsr [Mit (Trq + Tsm)] Tr 

rTsr = [Mit (Trq + Tsm) ] Tr 

Figure 3-27. Interlace Word Transfer Timing Chart 
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Figure 3-28. Interlace Input/Output Timing Chart 
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Pot 
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Clock 
Detector, 
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Precess ~ 
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. 

W5 
Precess W J r1l 
Register, f2l r3l f4l 
W4 
Character ~ Counter, 
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Computer ---, Interlock, 
Wf 
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Time Share n 
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Trqw 
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Register, Wxx 

Word ---, Count = 0, 
Iwf 
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Ew 
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Iw 
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Interlock, 
WO 
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Detector, 
Wh 

----------------------------------------------------~~~----------
Time~ 

2 Characters;Word 

Figure 3-29. Interlace Output Timing Chart 
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3. 124 As each I/O word is processed, the Word and 
Address Counters are incremented by Iwa. Iwa also sets 
Wf again after it has issued the time share request via 

Trqw. 

Iwa Rwx Tsm 

sWf Iwa Mit TO 

The term Mit, when false, denotes that a direct access 
I/O channel (DACC) is accessing the memory. Since 
the DACC may .!!.S.ui re access during an I/O operation 
by the TMCC, Mit is used to momentarily stop the 
TMCC's action. Memory access by the DACC, 

although producing Tsm, thus cannot set Wf. 

3. 125 When the Word Counter reaches the all "ones" 
condition, the count is decoded by Iwf. 

Iwf = WcO Wc 1 Wc2 Wc3 Wc4 Wc5 Wc6 Wc7 

'Yvc8 Wc9 Wc 10 Wc 11 Wc 12 Wc 13 Wc 14 Ew 

Iwf inhibits further time share request signals and resets 
the Interlace Active flip-flop. 

Trqw = Wf WO Wh Iw Iwf 

rlw = Iwf T8 

time share request 

Interlace Active 

3.126 If the Interlace is controlling an input process, 
the next word loaded into the W-Register after Iw is 
reset, generates a Word Ready Interrupt, Ilw. 

Ilw = WfWO Wh (En +Cfu») Iw Ew Iwg 

At this time the program can reload the interlace if 
reading is to continue. On channel W (or Y) the con­
tents of the buffe r can be stored wi th a WIM (or YIM) 
instruc tion. 

·3.127 During the input process, if an End-of-Record 
is encountered before the word count is completed, 
termination takes place as described earlier for the non­
interlaced input. Wg detects the gap and sets Who 

sWh = Wg Iwg T8 

An interrupt is generated and the TMCC is cleared in 
the usual manner. 

I2w = (En +@) Iwg Wh Wf + ... 

3.128 If the Interlace is controlling an output process, 
Iwf resets the Halt Interlock flip-flop, WO, and blocks 
11 wand Trqw. 

rWO = W9 Iw Iwf (Iwg + •.• ) (T7 - TO) 
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Ilw = Wf WO Wh (En +@) Iw Ew Iwg 

Trqw = Wf WO Wh Iw Iwf 

Thus, Rwx is not set again and Iwa cannot be turned on. 

sRwx Tsm Trqw Trqy Trqx (T7 - TO) 

Iwa Rwx Tsm 

Then when the last word is precessed out of the W­
Register, Wf is not set again. 

sWf = Iwa Mit TO 

This results in a situation similar to that for the non­
interlaced output. The condition, WO W4 W5 W6, 
exists following the precession of the I ast character. 
The state, -wo W5 W6, then sets Who Or, if magnetic 
tape is being used, WO W5 W6 is detected by the tape 
unit and after a delay, Whs is generated to set Who 

sWh W9 Wl1 WO W5 W6 (Iwg + ••. ) 

T8+WhsWl1T8+ ••• 

Then, halt interrupt and clear signals are generated and 
the TMCC, including Wh, is reset. 

I2w 

Wc 

rWh 

(En +@) Iwg Wh Wf + . 

Wh W f (T 3 - TO) + • 

Wh Wf T8 + ... 

3.129 The termination timing for a typical interlaced 
input process is illustrated in figure 3-30. In general, 
termination of a Compatible Mode I/O process is much 
the same as that for a non-interlaced I/O operation, 
but figure 3-30 illustrates the relationship of the addi­
tional interlace signals involved with those shown in 
earlier figures. 

3. 130 As with other forms of I/O operation, a dis­
connect EOM (address 00) can also terminate an inter­
laced operation. This is done by resetting the Interlace 
Active FI ip-Flop and thE; Extend Operations FI ip-Flop 
through Ws and Wsc. (Refer to the ,paragraphs on Ex­
tended Mode beginning with 3-100 for explanation of 
Iwg. ) 

rIw = Ws Ci9 C20 C21 C22 C23 (T3 - TO) Iw + ••. 

rIwg = Wsc T8 Wl0 Wl1 W12 W13 W14 Iwg + • 

sWsc = Ws C 19 C20 C21 C22 C23 + ••• 

3. 131 INTERLACE, EXTEN DED MODE (Time Share) 

3. 132 The WordCounteTand Address Counter set-up pro­

cedures are similarforboth the Compatible and Extended 
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Modes. That is, the same sequence of instructions is 
used, (EOM-EOM-POT). However, to select the 
Extended Mode of operation, it is necessary to place a 
Iione ll in bit 12 of the second EOM (Ioc) instruction. 
When this instruction is processed, the Iwe loading si g­
nal sets bit 12 into the Extended Operations F I ip-F lop, 
Iwg. 

Iwe Ioc 1 (T6 + T5) Ew 

slwg Iwe C12 

Prior to this, Iwg was cleared by the first EOM instruc­
tion as was the rest of the Interlace logic. 

Iwc Eom C9 ETO C1 C17 (T3 - TO) CT becomesC1 
for TMCC-C 

rlwg Iwc + .•• 
\ 

3. 133 To use the Extended Mode, four additional flip­
flops are loaded by the Ioc instruction. Two of these, 
Iwh and Iwi, comprise the Channel Command Register 
which selects the type of termination. The remaining 
two fl ip-flops, Iwj and Iwk, are employed to arm the 
12w and Ilw interrupts on a selective basis. 

sIwj 

rlwj 

Iwe C 13 

Iwc + .. 

sIwk = Iwe C14 

rlwk = Iwc + ... 

sIwh Iwe C 15 

rlwh Iwc 

slwi Iwe C16 

rlwi Iwc 

By decoding Iwj and Iwk, the Extended Mode can per­
form the four different terminal functions I isted in 
table 3-4. Each function can be used to control either 
an input or an output operation. In the following 
paragraphs, each of the four functions is discussed in 
detail. In each case, it is assumed that the interlace 
registers have al ready been loaded by the EOM-EOM­
POT instructions and that the interlaced I/O operation 
is proceedi ng normal I y. 

3.134 lORD - Iwg Iwh Iwi 

3. 135 Output 

3. 136 Wri te C words. When C equal s zero, output is 
terminated (i. e. the device is signaled that the last 
characters have been transmitted). When the peripheral 
device has generated the End-of.-Record and, if 
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necessary, checked the val idity of the record, it sends 
an End-of-Record response to the channel buffer. When 
received by the buffer, the End-of-Record signal gen­
erates an End-of-Record interrupt (if armed) and discon­
nects the channel. 

3. 137 The I ine printer generates the End-of-Record 
response when it completes the printing of a I ine. If 
the printer encounters any print errors or faults, it sends 
a signal to the channel that sets the channel error in­
dicator. This can occur since the printer has not dis­
connected from the channel. The lORD is useful when 
the program is to print severaJ I ines and the program is 
not otherwise to use the channel between I ines. When 
the printer completes each I ine, it causes an End-of­
Record interrupt (assumed to be armed), notifying the 
program that it can immediatel y transmit the next paper 
contro I instruction and the next I ine image. 

3.138 The unbuffered card punch operates similarly. 
It generates the End-of-Record response after punching 
each row. If any faults occur during the punching of 
the entire card, the card punch sends a signal to the 
channel that sets the channel error indicator; th is occurs 
after punching the last row (row 9). 

NOTE 

A program should not use lORD with 
devices that do not have End-of-Record 
conditions on output (e. g., devices 
such as the paper tape punch and type­
writer). These devices to terminate 
output but give the program no indica­
tion when they receive the last 
characters. 

After the last word is accessed from memory, zero word 
count is establ ished. 

3.139 The interlace is counted by the Interlace Count 
Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
flip-flop, Iw is reset. 

Iwf WcO Wc1 Wc13 Wc14 Ew 

rlw IwfT8 

The Halt Interlock, WO, is reset. 

rWO = W9 Iw Iwf (Iwg + Iwh + Iwi) (T7 - TO) + . 

If the End -of-T ransmission Inte rrupt Enab Ie, Iwk, has 
been previously anTled, an Ilw interrupt occurs and Iwk 
is reset. 

Ilw = Iwg Iw Iwf Iwk + ... 
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Table 3-4. Interlace Extended - Mode Terminal Functions 

Terminal Function 

lORD 

Input/Output of 
record then 
disconnect. 

IOSD 

Input/Output 
until signal 
then disconnect. 

10RP 

Input/Output of 
a record then 
proceed. 

10SP 

Input/Output 
until signal 
then proceed. 

Iwg Iwh Iwi 

100 

o 

o 

rIwk = Ilw Iwk T8 + ... 

Summary of Operation 

The I/O operation proceeds until the word count equals zero 
then terminates. On input, the channel disconnects when the 
End-of-Record is encountered. On output, the channel signals 
the device that the last character has been transmitted then 
disconnects after the device provides an End-of-Record 
response. 

The channel disconnects when the word count equals zero or 
at the end of a record. 

The I/O operation proceeds until the word count equals zero 
but does not terminate. On input, the channel sets the inter­
record indicator when the end of a record is encountered. On 
output, the channel signals the device that the last character 
has been transmitted then sets the inter-record indicator after 
the device provides an End-of-Record response. The channel 
does not disconnect (except for magnetic tape). 

When the word count equals zero, the program should either 
reload the interlace to continue, or terminate the operation 
before the next clock is received; otherwise a rate error will 
occur. 

If the Halt Signal, Whs, is received the Halt Detector 
Wh, is set and a disconnect occurs. 

When the last character of the last word has been pre­
cessed into the Character Register, Wf is reset. sWh W9 Iwh T8 Whs + . 

Wh Wf (T3 - TO) + . rW f = W7 W8 W 4 (T 6 + T 5) + . . . 

Because the Halt Interlock, WO, and Interlace Active, 
Iw, have been reset, a Time Share Request, Trqw, can 
not be made. 

Trqw Wf WO Wh Iw Iwf 

Any further clocking, Ecw, of the buffer generates a 
Halt Interlock Signal condition. 

sW6 W5 Ecw T8 W10 Wll W12 W13 W14 

sW5 W5 W6 Ecw TO + •.• 

rW6 W5 TO + •.. 

Halt Interlock Signal (decoded by the peripheral device) 

= W5 W6 WO 

Wc 

rW9 Wc 

rW10 Wc 

etc. 

The Signal Complete fl ip-flop, Wsc, is set. 

sWsc = Wh Wf T8 + . 

If the End-of-Record Interrupt Enable t Iwi, has been 
previousl y armed, an 12w interrupt occurs and Iwi is 
reset. 

12w 

rIwj 

Wsc Iwi Iwg + .. 

12w Iwi T8 + .• 

The Extend Operations fl ip-flop, Iwg, and the Si gnal 
Compl ete fI ip-flop, Wsc are then reset. 
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rIwg = Wsc T8 W10 W11 WT2 W13 W14 Iwg + . 

rWsc = Wsc Iwg T8 

3.140 IOSD - Iwg Iwh Iwi 

3. 141 Output 

3. 142 Write C words. When C equals zero and when 
the last character has been transm itted, the channel 
disconnects the device and becomes inactive. If an 
End-of-Record signal is received before the count 
reaches zero, the channel disconnects immediately. 

NOTE 

The IOSD is designed for use on devices 
which are normally operated on the basis 
of the word count only. Typewritersand 
paper tape devices are of this type, as 
are the printer and card punch when the 
user does not wish to stay connected 
until the operation is complete. 

3. 143 The interlace is counted by the Interlace Count 
Trigger, lwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
fl ip-flop, Iw, is reset. 

Iwf 

rIw 

WcO Wc1 

Iwf T8 + 

Wc13 Wc14 Ew 

The Halt Interlock, WO, is reset. 

rWO = W9 Iw (Iwg + Iwh + Iwi) (T7 - TO) +. 

If the End-of- Transm ission Interrupt Enabl e, Iwk, has 
been previously armed, an Ilw interrupt occurs and Iwk 
is reset. 

Ilw Iwg Iw Iwk Iwk + . 

rIwk Ilw Iwk T8 + ... 

When the last character of the last word has been pre­
cessed into the Character Register, Wf is reset. 

rWf = W7 W8 W4 (T6 + T5) + ... 

Because the Halt Interlock, WO, has been reset, a Time 
Share Request, T rqw, cannot be made. 

Trqw Wf WO Wh Iw Iwf 
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Any further clocking, Ecw, of the buffer generates a 
Halt Interlock Signal condition. 

sW6 W5 Ecw T8 W10 Wl1 W12 W13 W14 

sW5 

rW6 

W5 W6 Ecw TO + . 

W5 TO +. 

HQlt Interlock Signal 

= W5 W6 WO 

For devices other than magnetic tape, the Halt De­
tector, Wh, sets upon reach ing zero Word Count, Iwf, 
and after the last character has been clocked from the 
buffer. 

sWh = W9 Wl1 WO W5 W6 {Iwh Iwi + ... )T8+. 

The Halt Detector, Wh, also sets upon the occurrence 
of a Halt Signal, Whs, from the magnetic tape unit. 

sWh = W9 Iwh Whs T8 + ... 

The setting of the Halt Detector, Wh, initiates a buffer 
disconnect sequence. 

Wc Wh Wf (T3 - TO) + . 

rW9 Wc 

rW10 = Wc 

etc. 

The Signal Complete fl ip-flop, Wsc, is set. 

sWsc = Wh Wf T8 

If the End-of-Record Interrupt Enable, Iwj, has been 
previously armed, an I2w interrupt occurs and Iwj .is 
reset. 

I2w Wsc Iwj Iwg + .. 

rIwj I2w Iwi T8 + ... 

The Extend Operations fl ip-flop, Iwg, and the Signal 
Complete flip-flop, Wsc, are then reset. 

rIwg = Wsc T8 W10 W1l W12 W13 Wl4 Iwg + . 

rWsc = Wsc Iwg T8 

3. 144 IORP - Iwg Iwh Iwi 

3. 145 Output 

3. 146 Write C words. When the channel interlace 
counts C down to zero, the interlace notifies the channel 
buffer that it has received the last word that is to be 

--
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output; when the buffer outputs this last word, it sends 
a signal to the connected peripheral device indicating 
that the device has the last word. When the peripheral 
device rece ives, outputs and checks the va I idity of 
th is last word, it sends an End-of-Record response to 
the channel buffer. When received by the buffer, the 
End-of-Record signal generates an End-of-Record inter­
rupt (if armed) and sets the Inter-Record indicator; the 
channel does not disconnect. 

3. 147 When the periphera I device is magnetic tape, 
the tape continues to move after it signals End-of­
Record. As in reading tape, the signal causes the Tape 
Gap signal to come high. If the program executes a 
new write tape or erase tape EOM duri ng the inter-gap 
time (approx imately one mill isecond), the tape remains 
in motion and proceeds to write or erase a new record. 
If the program executes no such EOM before the Tape 
Gap signal drops, the channel disconnects and tape 
comes to a stop. No interrupt occurs at th is time. Th is 
is the only condition which causes a channel to dis­
connect automatically for an IORP. 

3. 148 To proceed after the End-of-Record occurs, the 
program first executes a Buffer Control mode EOM to re­
initialize the Channel Unit Address Register and then 
reloads the interlace portion of the channel (the pro­
gram can al ert the Interlace via the Buffer Control 
EOM). Otherwise, the channel immediately terminates 
any attempt to use its interlace portion, since the 
channel is still active and in the End-of-Record con­
dition. When the program continues from an Inter­
Record condition, the program should use an extended 
mode terminal function. 

NOTE 

A program should not use IORP with 
devices that do not generate End-of­
Record responses upon output term in­
ation; such devices are paper tape and 
typewriter. These devices do term in­
ate output but give the program no 
indication when they receive the last 
characters. The IORP should also not 
be used with the printer and card 
punch since these devices expect the 
channel to disconnect after they send 
EOR. 

3. 149 After the last word is accessed from memory, the 
Interlace is counted and zero word count is establ ished. 
The Interlace is counted by the Interlace Count Trigger, 
Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
fl ip-fiop, Iw, is reset. 

Iwf WcO Wc1 ... Wc13 Wc14 Ew 

rIw Iwf T8 + ... 

The Halt Interlock, WO, is reset. 

rWO = W9 Iwf (Iwg + Iwh + Iwi) 

(T7 - TO) + ... 

If the End-of-Transm iss ion Interrupt Enable, Iwk, has 
been previousl y armed, an 11 w interrupt occurs and Iwk 
is reset. 

I1w Iwg Iw Iwf Iwk + .. 

rIwk I1w Iwk T8 + ... 

When the last character of the last word has been pre­
cessed into the Character Register, Wf is reset. 

rWf = W7 W8 W4 (T6 + T5) + ... 

Because the Halt Interlock, WO, and Interlace Active, 
Iw, have been reset, a Time Share Request, Trqw, 
cannot be made. 

Trqw = Wf WO Wh Iw Iwf 

Any further clocking, Ecw, of the buffer generates a 
Ha It Interlock Signal condition. 

sW6 

sW5 

rW6 

W5 Ecw T8 W10 W11 W12 W13 W14 

W5 W6 Ecw TO + . 

W5 TO + . 

Halt Interlock Signal 

= W5 W6 WO 

3.150 For non-magnetic tape devices, the buffer 
awaits the receipt of a Halt Signal, Whs, from the de­
vice. The End-of-Record Detector, Wg, is set. 

sWg = Whs (T7 - TO) WlO Wl1 W12 W13 \iVl4 +. 

The Signal Complete Detector, Wsc, sets and if the 
End-of-Record Interrupt Enable, Iwi, has been pre­
viously armed, an I2w interrupt is generated and Iwj is 
reset. 

sWsc = Wg Iwg Iwh T8 (Iwf + ... ) + .. 

I2w = Wsc Iwj Iwg + . 

rlwj = I2w Iwi T8 + .. 
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The device does not disconnect because Wh is not per­
mitted to set. 

3.151 For magnetic tape, the buffer awaits the re­
ceipt of a gap signal, Mtgw. The End-of-Record 
Detector, Wg, is set. 

sWg = Mtgw TO Iwg Wll 0/V0 W5 W6 W9+ ... )+ ... 

The Signal Complete Detector, Wsc, sets and if the 
End-of-Record Interrupt Enabl e, Iwj, has been pre­
viously armed, an I2w interrupt is generated and Iwj 
is reset. 

sWsc = Wg Iwg Iwh T8 (Iwf + ... ) + . 

12w Wsc Iwj Iwg 

rIwj 12w Iwj T8 + . 

The magnetic tape system can continue if the interrupt 
sub-routine executes an EOM to the tape within 
approximately one millisecond from the occurrence of 
the interrupt. If no EOM is executed, the tape 
generates a Halt Signal, Whs, and the Halt Detector, 
Wh, sets. The magnetic tape is disconnected and the 
buffer is cleared. 

sWh Whs W11 T8 + ... 

Wc Wh Wf (T3 - TO) + . 

rW9 Wc 

rWIO Wc 

etc. 

rIwg Wsc T8 Wl0 Wll W12 W13 W14 

Iwg + ... 

rWsc Wsc T8 Iwg 

rWh Wh Wf T8 +. 

3.152 IOSP - Iwg Iwh Iwi 

3. 153 Output 

3.154 Write C words. When the channel counts C 
down to zero, the channel generates a Count Equals 
Zero interrupt (if armed); the channel does not termin­
ate output. The program should reload the interlace 
portion of the channel to continue writing in the same 
record. Fa i I ure to reload the Interlace before the buffer 
transmits all of the characters in its registers and before 
the peripheral device requests the next character from 
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the buffer results in a rate error; this sets the Channel 
Error Indicator. 

3.155 If the program executes a TERMINATE OUTPUT 
(TOP) instruction after the channel has counted C 
down to zero, the channel terminates the output and 
operates identically I ike the IORP from this point on. 

3.156 After the last word is accessed from memory, 
the interlace is counted and zero word count is 
establ ished. 

The Interlace is counted by the Interlace Count Trigger, 
Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, occurs and the Interlace Active 
fl ip-flop, Iw, is reset. 

Iwf WcO Wcl . Wc 13 Wc 14 Ew 

rIw Iwf T8 + ... 

If the End-of-Transmission Interrupt Enable, Iwk, has 
been previously armed, an 11 w interrupt occurs and 
Iwk is reset. 

Ilw Iwg Iw Iwf Iwk +. 

rIwk Ilw Iwk T8 + ... 

The program, upon receipt of an Ilw interrupt, should 
reload the Interlace to permit the transmission to con­
tinue with a new set of parameters (i. e., word count, 
address, terminal functions, etc.). The loading of the 
Interlace with a zero word count could permit conver­
sion of the current IOSP to some other terminal function, 
for example to an lORD, thereby effecting a disconnect. 

3.157 Execution of a TERMINATE OUTPUT (TOP) 
instruction, e. g., EOM 14000, would convert the IOSP 
to an IORP. The TOP instruction resets the Halt Inter­
lock fl ip-flop, WOo 

rWO Ioc C 12 C 17 C 19 C20 C21 C22 C23 W9 

TO + ... 

Any further clocking of the channel by Ecw generates 
a Halt Interlock Signal condition when the last charac­
ter has been clocked from the buffer. 

sW6 = W5 Ecw T8 WID Wl1 W12 W13 W14 

sW5 W5 W6 Ecw TO + ... 

rW6 W5 TO + ... 
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rW5 = W4 TO +. 

Halt Interlock Signal 

= W5 W6 WO 

The Halt Interlock Signal is representative of the buffer 
status had the IOSP been an IORP. 

3. 158 lORD - Iwg Iwh Iwi 

3. 159 Input 

3. 160 Read C words. If C equals zero before the 
End-of-Record is detected, the rest of the record is 
ignored. At the End-of-Record, the peripheral device 
is disconnected and the channel becomes inactive. 

3. 161 When the W-Register acquires the specified num­
ber of characters, a Time Share Request, Trqw, is 
generated. 

Trqw = Wf WO Wh Iw Iwf 

When memory is accessed, the interlace registers are 
counted by the Interlace Count Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, may occur and the Interlace 
Active fl ip-flop, Iw, is reset. 

Iwf = WcO Wc1 •.. Wc13 Wc14 Ew 

rIw = Iwf T8 + ... 

If the Zero Word Count Interrupt Enable, Iwk, has been 
previously armed, then an 11w interrupt occurs. 

Ilw Iwg Iw Iwf Iwk + .. 

rlwk Ilw Iwk T8 + ... 

Additional characters entering the channel after Zero 
Word Count has been reached are precessed into the 
W-Register. 

sW6 W5 Ecw T8 W10 Wll W12 W13 W14 

rW6 W5 TO + ... 

sW5 W 5 W6 Ecw TO + . 

rW5 W4 TO + ... 

sW4 W5 Wf T8 Wg + 
--

+ Iwg W9 Iwi W5 Iwf T8 + . 

sW4 Wr TO + ... 

Wwl W4 Wb 1 (T7 - TO) + . 

Ww2 = W4 Wb2 (T7 - TO) + . 

Ww3 = W4 Wb3 + ... 

However, Time Share Request, Trqw, is inhibited. 

Trqw = Wf WO Wh Iw Iwf 

Parity errors cannot occur after Zero Word Count. 

sWe = W9 W6 W5 W4 Rwp Wg Npw 

(Iwg + Iwi + Iwf) + ... 

Rate errors cannot set We while W4 is enabled by Iwg 
W9 Iwi Iw. 

sWe WO W6 W5 Ecw T8 + . 

After Zero Word Count is establ ished, detection of a 
Halt Signal or Photoreader Gap sets the End-of-Record 
Detector, Wg. 

sWg = Whs (T7- TO) W10 Wll W12 W13 W14 
----

+ W9 Wl0 Wll W12 W13 

(Rw 1 Rw2 Rw3 Rw4 Rw5 Rw6 Rwp) 

W5 (T7 - TO) W10 Wll W12 W13 W14+ ... 

The Halt Detector, Wh, sets. 

sWh = Whs Wll T8 + Wg W9 Wll Iwh Iwg T8 

(Iwf + ... ) + ... 

The buffer is flushed (i. e., allowed to precess without 
receiving input clocks until the Character Count equals 
zero) until it is assured that Wf is reset. 

sW4 Wh Wf T8 + ... 

rWf W7 W8 W4 (T6 + T5) + . 

The buffer is cleared and the peripheral device 
disconnected. 

Wc = Wh Wf (T3 - TO) +. . . 

If the End-of- Record Interrupt Enabl e, Iwj, has been 
previously armed, and End-of-Record Interrupt, Iw2, 
occurs. 

sWsc Wh Wf T8 + . 

rWsc Wsc T8 Iwg 

I2w Wsc Iwj Iwg +. . 

rIwj I2w Iwj TO + ... 
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rIwg = Wsc Iwg WIO Wl1 W12 W13 W14 TS + ... 

Should an End-of-Record occur before Zero Word Count 
is establ ished, the End-of-Record Detector is set. 

sWg = Mtgw TO Iwg Wll fYVO W9 + ... ) 

+ Whs (T7 - TO) W10 W11 W12 W13 W14 

+ W9 W10 Wll W12 W13 

(R;l MMR;4M~ Rv;p) W5 

(T7 - TO) W10 W11 W12 W13 W14 

Any character remain ing in the W-Register are fl ushed 
by W4 and a Time Share Request, Trqw, is generated. 

sW4 = Iwg Wg Wf WO Wev Iw TS W7 W9 W10 

where: 

Wev 

rWf 

Trqw 

W11 Wh + ... 

WS Wn2 W7 Wn1 + WS Wn2 W7 Wn1 

+ WS Wn2 W7 Wn1 + WS Wn2 W7 Wn1 

W7 WS W4 (T6 + T5) + . 

Wf WO Wh Iw Iwf 

and W7 W9 W10 W11 Wh indicates that a scan opera­
tion is not taking place. 

3. 162 As a result of one Time Share operation, Wf is 
set. 

sWf = Iwa Mit TO + ... 

The Character Counter is reloaded with its original 
count, making Wev true and the flush operation ceases. 

3.163 The Halt Detector, Wh, is now permitted to set. 
For Magnetic Tape operation tris occurs upon receipt 
of a Halt Signal, Whs. 

sWh = Whs W 11 TS + Wg W9 W 11 Iwh 

(Iwf + Wev Wf) TS Iwg +. . . 

Before the buffer is cleared, the buffer is again flushed 
but a Time Share Request, Trqw, is inhibited. 

sW4 

rWf 

Wh Wf TS + ... 

W7 WS W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

The buffer is then cleared. 

Wc = Wh Wf (T3 - TO) + . 
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If the End-of-Record Interrupt Enable, Iwj, has been 
previously armed, an End-of-Record Interrupt, I2w, 
occurs. 

sWsc 

rWsc 

I2w 

rIwj 

rIwg 

Wh Wf TS +. 

Wsc TS Iwg 

Wsc Iwj Iwg 

I2w Iwj TS + . 

Wsc Iwg W10 W11 W12 
----
W13 W14 TS +. 

3. 164 IOSD - Iwg Iwh Iwi 

3. 165 Input 

3. 166 Read C words. When C equals zero or when the 
End-of-Record is encountered, the device is disconnec­
ted and the channel becomes inactive. If the channel 
disconnects because of a zero count, an EOR interrupt 
(if armed} is generated in addition to the count-equal­
zero interrupt. If both are armed, the count-equal­
zero interrupt occurs first. 

When the W-Register acquires the specified number of 
characters, a Time Share Request, Trqw, is generated. 

Trqw = Wf WO Wh Iw Iwf 

When memory is accessed, the interlace registers are 
counted by the Interlace Count Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, may occur and the Interlace 
Active fl ip-flop, Iw, is reset. 

Iwf WcO Wc1 ... Wc13 Wc14 Ew 

rIw Iwf TS + .. . 

If the zero Word Count Interrupt Enabl e, Iwk, has been 
previously armed, then an 11w interrupt occurs. 

11 w Iwg Iw Iwf Iwk + . 

rIwk I1w Iwk TO + . 

The Halt Detector is set. 

sWh = W9 W11 Iwg Iwh Iwi Iwf TS WO + . 

The buffer is flushed, but no Time Share Request, Trqw, 
may be initiated. 

sW4 Wh Wf TS + .. 

rW4 W4 TO + ... 
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rWf 

Trqw 

W7 W8 T8 + 

Wf WO Wh Iw Iwf 

The channel is cleared and the peripheral device dis-
connected. . 

Wc Wh Wf (T3 - TO) +. . . 

If the End-of-Record Interrupt Enable, Iwj, has been 
previously armed, and End-of-Record Interrupt, I2w, 
occurs. 

sWsc 

rWsc 

I2w 

rIwj 

rIwg 

Wh Wf T8 +. 

Wsc Iwg T8 

Wsc Iwj Iwg + . 

I2w Iwj T8 = ... 

Wsc Iwg WIO WI I Wl2 Wl3 Wl4 

T8 + ... 

Should an End-of-Record occur before Zero Word Count 
is establ ished, the End-of-Record Detector is set. 

sWg = Mtgw TO Iwg WI I 0/VO W9 + ... ) 

+ Whs (T7 - TO) W10 W11 W12 W13 W14 

+ W9 W10 W11 W12 W13 

(Rwl Rw2 Rw3 R;4 M Rw6 Rwp) 

W5 (T7 - TO) W10 WI1 Wl2 Wl3 W14 

Any characters remaining in the W-Register are flushed 
and a Time Share Request, Trqw, is generated. 

sW4 = Iwg Wg Wf WO Wev Iw W7 W9 WlO WIl 

Wh T8 + ... 

where: 

Wev W8 Wn2 W7 Wn1 + W8 Wn2 W7 Wn1 
------- ---

+ W8 Wn2 W7 Wnl + W8 Wn2 W7 Wnl 

rWf W7 W8 W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

As a result of the Time Share operation, Wf, is set. 

sWf = Iwa Mit TO 

When the term Wev is true the fl ush and store operation 
ceases. The Halt Detector, Wh, is perm itted to set 

sWh = Whs W11 T8 + Wg W9 W11 Iwh 

(Iwf + Wev Wf) T8 Iwg + ... 

Before the buffer is cleared, the buffer is again flushed 
but a Time Share Request, Trqw, is inhibited. 

sW4 = Wh Wf T8 + ... 

rWf = W7 W8 W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

The buffer is then cleared. 

Wc = Wh Wf (T3 - TO) + . 

If the End-of-Record Interrupt Enable, Iwj, has been 
previously armed, an End-of-Record Interrupt, I2w, 
occurs. 

sWsc 

rWsc 

I2w 

rIwk 

Wh Wf T8 +. 

Wsc Iwg T8 

Wsc Iwj Iwg + . 

12w Iwk T8 + ... 

rIwg Wsc Iwg W10 W1l Wl2 W13 W14 

T8 + ... 

3. 167 Should an lOS,? mode be used on input with 
magnetic tape devices, no disconnect will occur at Iwf. 
Should additional characters enter the buffer after Iwf, 
a rate error may occur. 

sWe = WO W6 W5 Ecw T8 + . 

Disconnect occurs upon receipt of a Halt Signal, Whs, 
from the magnetic tape system. 

s Wh Whs W 1 1 T8 +. . 

sW4 Wh Wf T8 + .. 

rW4 W4 TO + ... 

rWf W7 W8 W4 (T6 + T5) + . 

Wc = Wh Wf (T3 - TO) + . 

3.168 IORP - Iwg Iwh Iwi 

3. 169 Input 

3. 170 Read C words. If the channel counts C down to 
zero before the peripheral device encounters the End­
of-Record (EaR), the channel ignores the rest of the 
record (to the End-of-Record). When the peripheral 
device sends the End-of-Record signal to the channel, 
the channel sets its End-of-Record Indicator; this signal 
sets the End-of-Record interrupt (if armed). The chan­
nel does not disconnect. - The channel is now in an 
"Inter-Record" condition. 
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3. 171 When the peripheral device is magnetic tape, the 
tape continues to move when the tape handler encoun­
ters the End-of-Record. The End-of-Record occurs when 
the tape read-heads encounter tape gap; this also causes 
a Tape Gap signal to come high. If the program exe­
cutes a new read tape or scan tape EOM during the 
inter-gap time (approximate Iy one mill isecond while 
the Tape Gap signal is high), the tape remains in motion 
and proceeds to read or scan the next record. If the 
program executes no such EOM before the Tape Gap 
signal drops, the channel disconnects and the tape comes 
to a stop. No additional interrupt occurs. This is the 
only condition that causes a channel to disconnect auto­
matically in an IORP. 

3. 172 All other input devices remain connected until 
the program takes further action. The paper tape reader 
remains in motioni the program should issue a "discon­
nect channel" instruction if the program is not reading 
any more tape. To proceed after the End-of-Record 
occurs, the program first executes a Buffer Control mode 
EOM to re-initialize the Channel Unit Address Register 
and then reloads the interlace portion of the channel 
(the program can alert the Interlace via the Buffer Con­
trol EOM). Otherwise, the channel immediately termi­
nates any attempt to use its interlace portion since the 
channel is aware that it is still active and in the End­
of-Record condition. When the program continues from 
an Inter-Record condition, the program should use an 
extended mode terminal function. An IORP should not 
be used to read with dev ices that do not have EO R s i g­
nals (e. g., the typewriter). 

3. 173 When the W-Register acquires the specified 
number of characters, a Time-Share Request, T RQW, is 
generated. 

Trqw = Wf WO Wh Iw Iwf 

When memory is accessed, the interlace registers are 
counted by Interlace Count Trigger, Iwa. 

Iwa = Rwx Tsm 

Zero Word Count, Iwf, may occur and the Interlace 
Active fl ip-flop, Iw, is reset. 

Iwf WcO Wc1 Wc13 Wc14 Ew 

rlw Iwf T8 + ... 

If the Zero Word Count Interrupt Enable, Iwk, has been 
previousl y armed, then an 11 w interrupt occurs. 

Ilw = Iwg Iw Iwf Iwk + . 

rlwk = Ilw Iwk T8 + ... 
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3. 174 Additional characters entering the channel after 
Zero Word Count has been reached are precessed into 
the W-Register. 

sW6 = W5 Ecw T8 W10 Wll W12 W13 W14 

rW6 = W5 TO + ..• 

sW5 = W5 W6 Ecw TO + . 

rW5 = W4 TO + ... 

--
sW4 = W5 Wf T8 Wg + Iwg W9 Iwi W5 Iwf T8 + . 

rW4 = W4 TO + ... 

Ww1 = W4 Wb1 (T7 - TO) + . 

Ww2 = W4 Wb2 (T7 - TO) + . 

Ww3 = W4 Wb3 + ... 

However, Time Share Requests, Trqw, are inhibited. 

Trqw = Wf WO Wh Iw Iwf 

Parity and rate errors cannot occur after Zero Word 
Count. 

sWe W9 W6 W5 W4 Rwp Wg Npw (Iwg 

+ Iwi + Iwf) +WO W5 W6 Ecw T8 +. 

Detection of magnetic tape gap, photo reader gap or a 
halt signal sets the End-of-Record Detector. 

sWg = Mtgw TO Iwg Wl1 (WO W9 + ... ) 

+Whs (T7-TO) W10Wll W12W13 W14 

+ W9W10Wll W12W13 (Rw1 Rw2Rw3 Rw4 Rw5 

Rw6 Rwp) W5 (T7-TO)W10 Wl1 W12 W13 W14 

If the End-of-Record Detector is set before Zero Word 
Count has occurred, then the buffer is flushed and the 
compl eted word is stored in memory. 

sW4 = Iwg Wg Wf WO y.:;;;Iw W7 W9 W10 Wll Wh T8+ ... 

rW4 = W4 TO +. 

where: 
---

Wev = W8 Wn2 W7 Wn 1 + W8Wn2W7 Wn 1 

+ W8 Wn~ W7 Wn 1 + W8Wn2 W7Wn 1 

Wf is reset and Time Share Request is inhibited. 
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--
rWf = W7 W8 W4 (T6 + T5) + . 

Trqw = Wf WO Wh Iw Iwf 

sWf = Iwa Mit TO + ... 

If W g is set, Wsc is set after the buffer is fl ushed or 
immediately if Zero Word Count exists. 

sWsc = Wg Iwg Iwh {Wev Wf + Iwf} T8 4- ••• 

rWsc = Wsc Iwg T8 

If the End-of-Record Interrupt Enable, Iwi, has been 
previousl y armed, an I2w interrupt occurs. 

12w = Wsc Iwj Iwg + ... 

rIwi = I2w Iwg T8 +. . . 

3.175 In general, the buffer does not disconnect, as 
the Halt Detector has not been set. For magnetic tape 
operation, a new EOM may be given within 0.75 milli­
second from the occurrence of 12w to permit the magne­
tic tape system to proceed to a new record. In the case 
of magnetic tape, failure to give an EOM results in the 
tape stopping and the buffer disconnecting. 

sWh = Whs W11 T8 + ... 

The buffer is flushed but not stored as Trqw is inhibited. 

sW4 Wh Wf T8 + .. 

rW4 W4 TO + ... 

rWf = W7 W8 W4 (T6 + T5) 

Trqw = Wf WO Wh Iw Iwf 

The buffer is cl eared. 

Wc = Wh Wf (T3 - TO) + . 

3.176 IOSP - Iwg Iwh Iwi 

3. 177 Input 

3. 178 Read C words. If the channel counts C down to 
zero before the peripheral device encounters the End-of­
Record, the channel generates a Count Equals Zero 
interrupt (if armed). The program should reload the 
interlace portion of the channel to continue reading the 
record. As far as the peripheral device knows, nothing 
happens at this time. Failure to reload the Interlace 
before the peripheral device sends enough characters to 
overfill the channel buffer causes a rate error; this sets 
the channel erl9r indicator. 

3. 179 When the peripheral device encounters the End­
of-Record, IOSP operates identically like the IORP 
command. An IOSP is identical to an 10 RP in operation 
except that when Zero Word Count occurs it is antici­
pated that the interlace will be reloaded. Failure to 
reload the interlace in time results in rate errors. Parity 
error detection is not inhibited after Zero Word Count. 

sWe = W9 W6 W5 W4 Rwp Wg Npw (Iwi + ... ) 

+ WO W6 W5 Ecw T8 + . 

3. 180 PIN ADDRESS COUNTER 

3. 181 The PIN Address Counter fl ip-flop allows a PIN 
instruction to interrogate the Interlace Address Counter. 
The fl ip-flop is set by an I/O Unit Control instruction 
EOM (Ioc) in which the address bits are "zeros" and bit 
13 is a "one". Bit 17 of the instruction selects either 
the W or Y channel TMCC. 

sWpa = Ioc C17 C13 C19 C20 C21 C22 C23 TO 

The loc signal indicates that an I/O control instruction 
is be ing processed and also distinguishes between the 
W - Y channels and the C - D channels. 

loc = Ioc 1 C1 Er Qr3 

Ioc 1 = Eom C 10 C 11 

C 1 becomes C 1 
for TMCC-C & D 

3.182 After Wpa is turned on, the Interlace Memory 
Address Counter flip~s are~ to the CPU via the 
parallel input lines @ - ~. For this purpose, 
only fifteen of the lines are required. 

@ = (WaO Wpa) (YaO Ypa) + . 

(Wa14 Wpa) (Ya14 Ypa) + . 

The dotted I ines indicate other parallel signals may be 
connected to the same lines. 

3. 183 When a PIN instruction is executed, Wpa is re 
reset and the interrogation is complete. 

rWpa = Pin TO + St 
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3. 184 GLOSSARY OF LOGIC TERMS I2w 

Buc 

co - C23 

C21r - C23r 

/CiO!- /Ci23! 

Cpr 

Ecw 

En+@ 

Eom 

Er 

Ew 

Ilw 

3-58 

A control signal derived from the 
EOM instruction used to activate the 
TMCC and peripheral devices. 

The 24 signals received from the C 
register in the CPU. 

A signal from the C1 flip-flop in the 
C register in the CPU. C 1x is uti-
1ized to distinguish between TMCC 
W or Y and TMCC C or D. C1x 
becomes C 1x for TMCC C or D. 

Signals from the C register in the 
CPU used when serial transfers occur 
from the C register to the W register. 

Input data I ines that are read by the 
C register in the CPU during a PIN 
instruction. 

The 24 si gnals derived from the C 
register in the CPU and transmitted 
on the interconnecting cable 

A signal from the CPU indicating the 
parity of C21 r - C23r from the C 
register as information is serially 
transmitted to the TMCC. 

The clocking signal from external 
devices used in clocking of infor­
mation into or out of the TMCC. 

A signal from the CPU denoting that 
interrupt system is enabled. 

A signal from the CPU occurring 
during an EOM instruction. 

A signal which inhibits Eom and Ioc 
to external devices when an Inter­
lace Prepare fl ip-flop has been set. 

A flip-flop which when set prepares 
the interlace to be loaded. 

An interrupt signal indicating in the 
compatible mode that a WIM or MIW 
instruction should either empty or 
load the TMCC and in the extended 
mode indicating that the interlace 
word count is zero. 

Ioc 

/IrO; - /Ir 141 

Iw 

Iwa 

Iwc 

Iwe 

Iwf 

Iwg 

Iwh, Iwi 

Iwj 

Iwk 

Iwp 

September 1965 

An interrupt signal indicating in the 
compatible mode that the input or out­
put process has been term i noted and 
the external device has been discon­
nected and in the extended mode 
indicating that an End-of-Record 
condition has been detected. 

An input/output control signal 
derived from Earn. 

Interlace address signals transmitted 
to the CPU. 

A fl ip-flop wh ich when set denotes 
that the interlace system is active. 

A signal which counts the interlace 
word and address counters when a 
memory access is performed. 

A signal occurring during the inter­
lace loading sequence which clears 
the interlace registers. 

A signal occurring during the EOM 
instruction of an interlace loading 
sequence whi ch sets the high order 
bits of the interlace counters and set 
several flip-flops used in the ex­
tended mode. 

A signal denoting that the Interlace 
Word Count Register has reached zero 
word count. 

A flip-flop which when set denotes 
extended mode operation. 

Two flip-flops comprising the Channel 
Command Register used in the ex­
tended mode to control terminal 
functions of the TMCC. 

The Channe I Command Interrupt 
Enable flip-flop used in the extended 
mode to permit selective arming of 
the I2w interrupt signal. 

The Channel Command Interrupt Enable 
flip-flop used in the extended mode to 
permit selective arming of the I1w 
interrupt signal. 

A signal occurring during the POT in­
struction of an interlace loading 
sequence which sets initial word count 
and memory address information into 
the Interlace Word and Address Counters. 
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/KccO/ -/Kcc2/ 

/Kcclx/ 

Kccw 

Mit 

Mtgw 

Npw 

os, Pwy 

Pin 

Pot 

Qr1-Qr4 

Qw2 

/R9/' 

SDS 900685C 

Switch controlled signals from the 
Control Console used to select a 
particular TMCC or DACC for Unit 
Address and Error display on the 
Control Console. 

A switch controlled signal used to 
distinguish between TMCC W or Y 
and TMCC C or D. /Kcc 1/ becomes 
/Kcc 1 xl for TMCC C or D. 

A signal decoded from /KccO/­
/Kcc2/ such that when true enables 
displaying the TMCC-W Unit Address 
and Error status. 

A signal derived from memory indi­
cating the DACC is in process of 
accessing the memory. 

The magnetic tape gap signal gener­
ated by the magnetic tape system. 

A signal from external devices used 
to inhibit parity checking by the 
TMCC. When Npw is low, parity 
checking is inhibited. 

A signal from the CPU Operation 
Code Register, of the SDS 925 and 
930. "05" is always true from the 
9300. 

A signal from the CPU derived from a 
PIN instruction. 

A signal from the CPU derived from a 
POT instruction. 

The four flip-flops in the TMCC 
comprising the pulse counter. 

Timing signal sent to external devices 
which is true from T5 through TO. 

Timing signal sent to external devices 
whi ch is true from T6 through T3. 

Timing signal sent to external devices 
whi ch is true from T7 through T 4. 

Timing signal which varies when a 
TMCC character length is expanded. 

A si gna I transm itted from the TMCC to 
the CPU defining whether the TMCC 
memory access operation isa load orstore. 

/RaO/-/Ra3/ 

/Rd9/-/Rd14/ 

/Rde/ 

/ReO/ -/Re3/ 

/RrT/-/Rr3/ 

Rti 

Rwl-Rw24 

Rwp 

Rwx 

Signals from the TMCC to the CPU 
denoting which particular TMCC's 
are active. These signals are displayed 
on the SDS 9300 Control Console and 
not used on the SDS 930. 

Signals from the TMCC to the CPU 
denoting Unit Address Register con­
tents for the particular TMCC selected 
for displays. These signals are dis­
played on the Control Console. 

A signal from the TMCC to the CPU 
denoti ng the status of the Error 
Detector for the particular TMCC 
selected for display. This signal is 
displayed on the Control Console. 

Signals from the TMCC to the CPU 
denoti ng the Error Detector status for 
each particular TMCC. These signals 
are displayed on the SDS 9300 Con­
trol Console and not used on the 
SDS 930. 

Serial data signals transmitted from 
the TMCC to the CPU during time 
share operations. 

A ready signal from the TMCC on ex­
ternal devices used to release PIN or 
POT instructions from >12. 

A signal from the CPU to external 
devices indicating that a PIN instruc­
tion has terminated. 

Twenty four fl ip-flops comprising the 
character buffer. Rw 1 through Rw6 
are basic. Rw7through Rw12 are 
optionally added to expand the char­
acter buffer to 12 bits. Rw7 through 
Rw24 are optionally added to expand 
the character buffer to 24 bits. TMCC 
Y, C, D are the only buffers which 
may be expa nded. 

The parity flip-flop in the TMCC. An 
"odd" parity system is used. 

A flip-flop in each TMCC which is 
set if a Time Share Request for the 
particular TMCC can occur. 

/Rwyl/-/Rwy3/ Serial data signals transmitted from 
the TMCC to the CPU during WIM 
instructions. 
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Rx 

Sio 

Skss 

/Skz; 

Ssc 

St 

Sys 

A signal from the CPU denoting that 
a WIM or MIW instruction is 
occurring. 

A response signal from peripheral 
devices interrogated by an SKS 
instructions. 

A signal generated in the CPU during 
SKS instructions and sent to external 
equipment to be used as a strobe. 

A signal generated by TMCC's or 
DACC's which is sent to the CPU for 
interrogation during SKS instructions. 

A response signal from external sys­
tems equipment interrogated by SKS 
i nstructi ons. 

A signal from the CPU derived from 
the manual start button. 

A control signal for systems commu­
nication derived from EOM. 

T8, T7 -TO, Timing pulses used in the TMCC de-
T6 + T5, T6-TO, coded from the Pulse Counter, Orl 
T 4-TO, T3-TO, TO through Or4. 

Tpc 

Trq 

Trqx 

Trqw 

Tsm 

Tsr 

3-60 

A timing pulse from the CPU used to 
synchronize the Pulse Counter, Orl 
through Or4 in the TMCC with the 
Pulse Counter, 01 through 06, in 
the CPU. 

A signal transmitted from the TMCC 
to the CPU indicating that a TMCC 
requests a Time Share operation. 

A signal transmitted from TMCC C 
and D indicating to TMCC Wand Y 
that TMCC C and D are requesting a 
Time Share operation. 

A signal generated by TMCC-W in­
dicating that TMCC-W is requesting 
a Time Share operation. 

A signal from the CPU indicating that 
the i nterl ace address counter i nfor­
mation has been received by the CPU. 

A signal from the CPU indicating 
that a Time Share operation is in 
process. 

W4 

W5 

W6 

W7, W8 

W9 

W10-W14 

WaO-Wa14 

Wbl-Wb3 

Wc 

WcO-Wc14 

We 

Wes 

Wev 

Wf 

Wg 

Wh 

September 1965 

A flip-flop in the TMCC which con­
trols the precessing of data between 
the Character Buffer and the W 
register. 

A flip-flop which detects that a pre­
cess should occur. 

A flip-flop which detects that an 
externa I clock is present. 

Two flip-flops comprising the 
Character Counter. 

A flip-flop which is part of the Unit 
Address Register defining whether a 
process is input or output. 

The Unit Address Register which des­
ignates to the TMCC and peripheral 
devices which device is activated. 

Fifteen fl ip-flops comprising the 
Interlace Address Register. 

Inputs to the W register from the 
Character Register wh i ch wi II vary 
depending on whether the TMCC is 
expanded. 

The signal which resets the TMCC and 
prepares it for a new operation. 

Fifteen fl ip-flops comprisi ng the 
Interlace Word Counter. 

The Error Detector fl ip-flop. 

An error signal from peripheral 
devices. 

A signal whi ch when true indicates 
that the Character Counter is set to 
the same character count as it was 
when initially set up by the EOM. 

A flip-flop which when reset denotes 
on input that the W register is full 
and on output that the W register is 
empty. 

A flip-flop used to detect End-of­
Record conditions. 

The Halt Detector flip-flop. 
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Whs 

Wnl-Wn3 

WO 

Wpa 

Wr1-Wr3 

Ws 

Wsc 

Ww1-Ww3 

Wxx 

Zwl-Zw24 

Zwp 

A halt signal from peripheral devices. 

The" now" flip-flops of the W register. 

The Halt Interlock flip-flop used on out­
put to enable the Halt Detector after out­
put has been terminated and used on input 
to denote that the input process has pro­
ceeded to process characters. 

The PIN Address Counter flip-flop 
which when set allows a PIN instruc­
tion to interrogate the Interlace 
Address Counter. 

The" read" fl ip-flops of the W register. 

The signal derived from an EOM in­
struction whi ch initi ally sets up the 
TMCC. 

The Signal Complete flip-flop. 

The signals which permit "writing" 
into the W register. 

A signal which denotes that an MIW, 
WIM or Time Share operation is 
occurring. 

The twenty four inputs to the Charac­
ter Register from peripheral devices. 

The input to the Parity fl ip-flop from 
peripheral devices. 

3.185 LOGIC EQUATIONS 

3. 186 Pulse Counter 

sQr1 Tpc + Qr2 Qr3 Qr4 

rQr1 Qr2 

sQr2 Qrl Qr2 Qr4 

(Qr4+TO) +Qrl Qr3 

rQr2 = Qrl 

sQr3 Qrl Qr4 

rQr3 Qr3 Qr4 (Qr4+ TO) 

sQr4 = Qd Qr3 

rQr4 

Tp 
T8 

T7 

T6 

T5 

T4 
T3 

T2 
T1 

TO 

Tr 

Tp 

Qr1 Qr2 Qr3 Qr4 

0 0 0 0 
1 0 0 0 

1 0 0 1 

1 1 1 1 

0 1 1 1 

0 0 1 1 

0 0 1 0 

1 0 1 0 

1 1 1 0 

0 1 1 0 

0 0 0 0 

0 0 0 0 

T8 = Qrl Qr3 Qr4 

T6 + T5 = Qr2 Qr4 

T7 - T4 Qr4 

T7 - TO = Qr3 + Qr4 

T6 - TO Qr3 

T6 - T3 (Qr4 + Orl Qr2) Qr3 

T3 - TO Qr3 Qr4 

TO = Qrl Qr2 Qr4 
T5 - Tl Qr3 Qrl Qr4 TO 

T5 - TO Qr3 Qrl Qr4 

3. 187 Buc, Ioc, Sys, etc. 

Buc Eom Cl0 Cll C1* 

Ioc 1 Eom Cl0 Cll 

Ioc Ioc 1 C 1 Er Qr3* 

Sys Eom Cl0 Cll C9 

*Cl becomes C1 for TMCC-C and TMCC-D 

3. 188 CPU Signals Received 

CO 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

Cl0 

Cll 

C12 

C13 

C14 

C15 

C16 

C17 

= /CiOj 

= ICil?! 
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C18 = /CilS/ @ = C7 
I 

C19 I @) = C8 

C20 
I 
I 
I 

C21 = I 
I 

C22 I 
I 

@) = C9 

@) C10 

@J) Cll 

C23 = /Ci23/ @ = C12 

Tpc = /Tpc/ 

Eom = /Eom! 

Pot 1 = /l5Ot/ 
Pin = /Pm/ 
Rti = /Rtf/ 
Cpr = /Cpr/ 

C21r = /C21 r/ 

C22r = /C22r/ 

C23r = /C23r/ 

Rx = /Rx/ 

Tsm = /iSm7 
Tsr = /Tsr/ 
C1x = /C1x/ *ForTMCC-C and TMCC-D: 

C1x = /ITx/ 
Pwy = /Pwy/ (Pwy = 05 for 92200 

and 92210) 

Mit = /Mit/ 

En + C0> = /En + ® / 
St = /st/ 
Skss = /SksS/ 
Kccw = /KccOj + /Kcc 1/ + /Kcc2/* 

Kcc2 = /Kcc2/ 

@ C13 

@> C14 

@ C15 

@ = C16 

@ = C17 

@ C18 

@ C19 

@ C20 

@]) = C21 

@) C22 

@> C23 

@ C17 

@) Cpr (93200 and 92331 only) 

C§J) Qr3 (Qr1 Qr4) = T5 - TO 

@ (T7 - T3) Qr3 = T6 - T3 

@ Qr4 T7 - T 4 Replaces Mtgw on POT 
connectors at 23F & 24F 

@ Buc 

® Ioc 

(§) Eom Er 

® Sys (T5 - T1) Tsr Pwy (delete Pwy for 
92200and 92210) 

Kccy = /KccO/ + /Kcc 1/ + /Kcc2/* ® St 

*For TMCC-C and TMCC-D, /Kcc 1/ becomes /Kcc 1/ 

3. 189 Input/Output Signals Generated 

@ CO 

@ = C1 

~ C2 

® Pin 

~ 
Pot 1 

Pot Pot 1 (T5 - Tl) Tsr Pwy (delete Pwy for 
92200and 92210) 

S§ Rti 

Skss = Skss 

@ C3 

@ C4 
3. 190 CPU Signals Generated 

@ C5 /Rd9/ = W9 Kccw Y9 Kccy . 

@ C6 /Rd10/ = W10 Kccw Y10 Kccy ..• 
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/Rdl1/ ~ 
= W 11 Kccw Y 11 Kccy . . . :~ ... 

/Rd12/ = W12 Kccw Y12 Kccy .•. CdB - CdS •.. 

/Rd13/ = W13 Kccw Y 13 Kccy .• @ =@WaO Wpa YaO Ypa . 

/Rd14/ = W14 Kccw Y14 Kccy .•. ~ =~Wol Wpa Val Ypa .. 

/Rde/ = We Kccw Ye Kccy ... 

/RaO/ = W10 Wll W12 -W13 W14 ~ /Ra2/ for TMCC-C Cd1 

/Ra1/ = Y10 Yl1 Y12 Y13 Y14 @ 
/Rci3/ for TMCC-O 

/ReO/ = We /Re2/ for TMCC-C err Wo7 Wpa Ya7 Ypa • 

/Re1/ Ye /Re3/ for TMCC-O = @WoS Wpa YaS Ypa • 

/Wf (WO+W9)/ Wf (WO + W9) = @Wo9 Wpa Ya9 Ypa • 

/Yf (y0+Y9)/ = Yf (YO + Y9) Cd19 Wo10 Wpa YolO Ypa . 

/TrCV = Trqw Trqy Trqx 

/11w/ = 11w /11 c/ for TMCC-C Cd21 Wa12 Wpa Ya12 Ypa . 

/12w/ = 12w /12c/ for TMCC-C =~wa13WpaYa13ypa . 
/Ily/ =iiY /11 d/ for TMCC-O = Cd23 Wa14 Wpa Ya14 Ypa • 

/12y/ 12y /12d/ for TMCC-O ==CRDNap + Ew Yap + Ey . . . 

/Skrz/ =Skr C10 C11 Ssc C1 C9 =@ (93200 and 93221 

Cl0 Cl1 Sio . * only) 

*Cl becomes C1 for TMCC-C and TMCC-O ® =® (93200 and 93221 only) 

/Rr1/ Wrl Rwx Yr1 Ryx . /lrO/ WaO Rwx YaO Ryx . 

/Rr2/ = Wr2 Rwx Yr2 Ryx • /Irl/ Wal Rwx Yal Ryx . 

/Rr3/ . Wr3 Rwx Yr3 Ryx . /Ir2/ Wa2 Rwx Ya2 Ryx . 

/Rwy1/ = Wrl Pwy Yrl Pwy ;1r3/ Wa3 Rwx Ya3 Ryx . 

(Pwy = 05 for 92200 and 92210) ffi4/ Wa4 Rwx Ya4 Ryx . 

/Rwy2/ = Wr2 Pwy Yr2 Pwy /Ir5/ Wa5 Rwx Ya5 Ryx .. 

(Pwy = 05 for 92200 and 92210) (ir6/ Wa6 Rwx Ya6 Ryx . 

/Rwy3/ Wr3 Pwy Yr3 Pwy /Ir7/ Wa7 Rwx Ya7 Ryx . 

(Pwy = 05 for 92200 and 92210) /IrS/ WaS Rwx Ya8 Ryx . 

CdO /Ir9/ Wa9 Rwx Ya9 Ryx ... 

/IrlO/ Wa10 Rwx YalO Ryx . 

Cd2 ,!TiTi/ Wo 11 Rwx Ya 11 Ryx . 

@ /Ir12/ Wa 12 Rwx Ya 12 Ryx ... 

@) /Ir13/ Wa13 Rwx Ya13 Ryx . 

@ /lr14/ Wa 14 Rwx Ya 14 Ryx . 

@ /R9/ W9 Rwx Y9 Ryx . . . 
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3. 191 TMCC Signals Received 

Er = /tr'/ 
T rqx = /Trqx/ 

3.192 Input/Output Signals Received 

Sio 

Ssc 

=(§S 
= (];5 

3. 193 TMCC Signals Generated 

fir/ EWEr· .. 
/Trqx; = Trq(c) Trq(d) 

3. 194 LOGIC EQUATIONS FOR W BUFFER 

3. 195 Unit Address Register 

sW14 = Ws C23 

rW14 = Wc 

sW13 = Ws C22 

rW13 = We 

sW12 = Ws C21 

rW12 = We 

sWl1 = Ws C20 

rW11 = We 

sWl0 Ws C19 + (Ioe C12 C17 C19 

C20 C21 C22 C23) W9 WTO 
rWl0' We 

3.196 Input/Output 

sW9 Ws C18 

rW9 = We 

sW5 Ws W6 ~ TO + Ws C13 C18 TO Wl0 Wll 

W12 W13 W14 

rW5 = W4 TO + Wc 

sW4 

rW4 

= W5 Wf T8 Wg 

+ Ws TO 

+ Wh Wf T8 

+ Iwg W9 Iwi W5 Iwf T8 

+ Iwg Wg Wf WO Wev Iw T8 W7 W9 W10 

Wll Wh 

W4 TO + W4 T8 

3. 199 Character Counter 

sW8 Ws C16 

+ W7 W8 W4 TO 

+ Wxx Wn2 (T7 - TO) W4 

+ W7 W9 W10 Wll WFi 
rW8 W8 W4 TO + Wc 

sW7 Ws C15 

+ Wxx Wn1 (T7 - TO) W4 

rW7 Wc 

+ W7W8w4TO 

3.200 Character Counter Even 

Wev W8 Wn2 W7 Wn1 + W8 Wn2 W7 Wn1 
------- --

+ W8 Wn2 W7 Wn1 + W8 Wn2 W7 Wn1 

3.201 Halt Interlock 

sWO W9 W6 W8 Ecw 

+ Ws C18 W9 

rWO We 

3.197 Clear and Set Signals + (Ioc C12C17 C19 C20C21 C22 C23)W9 TO 

We 

Ws 

Sue C17 (T6 + T5) + Wh Wf (T3 - TO) + St 

Sue C 17 (T3 - TO) 

3. 198 Clock Counter 

sW6 W5 Ecw T8 W10 Wll W12 W13 W14 

rW6 = W5 TO + We 

3-64 

+ W9 Iw Iwf (Iwg + Iwh + Iwi) T7 - TO 

3.202 Computer Interlock 

sWf = We Wh 

+ Iwa Mit TO 

+ Rx TO Pwy *(Pwy = 05 for 92200) 

*Rx is always false for TMCC-C 
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rWf = W7 W8 W4 (T6 + T5) 

+ Ws C18 

+ W9 W10 Wll WO Mtgw W7 (T6 + TS) Wh 

3.203 End-of-Record Detector 

sWg = MtgwTOIwgWl1 (W0W9+WoW5W6W9) 

+ Whs T7 - TO W10 W11 W12 W13 W14 

+ W9 W10 W11 W12 W13 (R;"i M Rw3 

Rv;4 RW5 RW6 R;p) WS T7 - TO 

W10 W11 W12 W13 W14 

rWg = Wc 

+ Wg Iwg W11 TO 

3.204 Halt Detector 

sWh Wg Iwg T8 

rWh 

+ Whs W11 T8 . 
+ Wg W9 Wl1 Iwh (Iwf + Wev Wf) T8 Iwg 

+ W9 W11 WO WS W6 (Iwg + Iwi Iwh) T8 

+ W9 W11 Iwg Iwh Iwi Iwf T8 WO 

+ W9 Iwh T8 Whs 

Wc (T6 + TS) 

+ Wh Wf T8 

3.205 Signal Complete 

sWsc Wg Iwg Iwh (Wev Wf + Iwf) T8 

+ Wh Wf T8 + St 

+ Ws C19 C20 C21 C22 C23 

rWsc Wsc T8 Iwg 

3.206 Interrupt Signals 

I1w = Wf WO Wh (En +@) Iw Ew Iwg 

+ Iwg Iw Iwf Iwk 

I2w (En +@) Iwg Wh Wf 

+ Wsc Iwi Iwg 

3.207 WIM + MIW Interlock 

Wf (WO + W9) 

3.208 Load Buffer from C 

Wxx Rx Pwy + Rwx Tsr Iw* 

(Pwy = OS and Iw del eted from 92200) 

*Rx is always false for TMCC-C 

3.209 Time Share Request 

Trqw = Wf WO Wh Iw Iwf 

3.210 Time Share Select 

sRwx 

rRwx 

Tsm Trqw Trqy Trqx (T7 - TO) 

Tsm TO 

3.211 Time Share Priority 

Trqx Priority signal from TMCC-C and TMCC-D 

Trqx Trq(c) + Trq(d) 

Trq Trqx + Trqw + Trqy 

3.212 W Register 

Ww1 

Ww2 

= W 4 W7 (T7 - TO) 

+ W4 Wn1 (T7 - TO) 

+ W4 Wn1 Wxx 

+ W4 Wb 1 (T7 - TO) * 

+ W4 C21r (T7 - TO) Wxx 

= W 4 W8 (17 - TO) 

+ W4 Wn2 (T7 - TO) 

+ W4 Wn2 Wxx 

+ W4 Wb2 (T7 - TO)* 

+ W4 C22r (T7 - TO) Wxx 

: sWrl, 2, 3 = Wwl, 2, 3 Delayed by 9 pulse times 

sWn 1, 2, 3 = Wr1, 2, 3 respectively 

Wb1 = Wx12 Wx24 Rw4 + Wx12 Rwl0 

+ Wx24 Rw22 

Wb2 = Wx12 Wx24 RwS + Wx12 Rw11 

+ Wx24 Rw23 

for 93200 
and 93221 
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Ww3 = W 4 Wn3 "\j:j;; 

+ W4Wb3 * 
+ w4 C23r Wxx 

. * Wb3 = Wx12 Wx24 Rw6 + Wx12 Rw12 for 93200 
+ Wx24 Rw24 and 93221 

Wb 1, 2, 3 equals Rw4, 5, 6 respectively for 92200 

Wb 1, 2, 3 equals Rw 1 0, 11, 12 respectively for 92201 

Wb 1, 2, 3 equals Rw22, 23, 24 respectively for 92202 

3.213 Character Buffer* 

sRw1 W4 Wxx (T7 - TO) Wn1 + W9 W6W5Zw1 + 

W4 Wxx C21r 

rRw1 W4Wxx Wn 1 + W9 W6 W5 W4 + 

W4 Wxx C21r 

sRw2 = W4 Wxx (T7 - TO) Wn2 + W9 W6 W5 Zw2+ 

W4 Wxx C22r 

rRw2 = W4 Wxx Wn2 + W9 W6 W5 W4+ 

W4 Wxx C22r 

sRw3 W 4 Wxx (T7 - TO) Wn3 + W9 W6 W5 

rRw3 W4Wxx 

Zw3 + W4 Wxx C23r 

Wn3 + W9 W6 W5 W4+ 

W4 Wxx C23r 

sRw4 W4 Rw4 Rw1 + W9 W6 W5 Zw4 

rRw4 W4 Rw4 Rw1 + W9 W6 W5 W4 

sRw5 W4 Rw5 Rw2 + W9 W6 W5 Zw5 

rRw5 W4 Rw5 Rw2 + W9 W6 W5 W4 

sRw6 W4 Rw6 Rw3 + W9 W6 W5 Zw6 

rRw6 W4 Rw6 Rw3 + W9 W6 W5 W4 

*For 12-bit extension, add Rw7 through Rw12 

For 24-bit extension, add Rw7 through Rw24 

Character Size 

12 b it character = Wx 12 

24 bit character = Wx24 
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(93200 and 93221 only) 

(93200 and 93221 only) 

3.214 Character Buffer Extended to 12 Bits 

sRw7 W4 Rw7 Rw4 + W9 W6 W5 Zw7 
- -------

rRw7 W4 Rw7 Rw4 + W9 W6 W5 W4 

sRw8 W4 Rw8 Rw5 + W9 W6 W5 Zw8 
- ------

rRw8 = W4 Rw8 Rw5 + W9 W6 W5 W4 

sRw9 = W4MRw6+W9W6W5Zw9 
- --_. _. 

rRw9 W4 Rw9 Rw6 + W9 W6 W5 W4 

sRw10 W4 Rw10 Rw7 + W9 W6 W5 Zw10 

rRw10 W4 Rw10 R;? + W9 W6 W5 W4 

sRw11 W4 Rw11 Rw8 + W9 W6 W5 Zw11 
- ----

rRw11 W4 Rwll Rw8 + W9 W6 W5 W4 

sRw12 W4 Rw12 Rw9 + W9 W6 W5 Zw12 

rRw12 W4 Rw12 Rw9 +W9 W6 W5 W4 

3.215 Character Buffer Extended to 24 Bits 

sRw13 W4 Rw13 Rw10 + W9 W6 W5 Zw13 

rRw13 W4 Rw13 Rw10 + W9 W6 W5 W4 

sRw14 W4 Rw14 Rwll + W9 W6 W5 Zw14 

rRw14 W4 Rw14 Rwl1 + W9 W6 W5 W4 

sRw15 W4 Rw15 Rw12 + W9 W6 W5 Zw15 

rRw15 W4 Rw15 Rw12 + W9 W6 W5 W4 

sRw16 W4 Rw16 Rw13 + W9 W6 W5 Zw16 

rRw16 W4 Rw16 Rw13 + W9 W6 W5 W4 

sRw17 = W4 Rw17 Rw14 + W9 W6 W5 Zw17 

rRw17 W4 Rw17 Rw14 + W9 W6 W5 W4 

sRw18 W4 Rw18 Rw15 + W9 W6 W5 Zw18 
-- -----

rRw18 W4 Rw18 Rw15 + W9 W6 W5 W4 

sRw19 W4 Rw19 Rw16 + W9 W6 W5 Zw19 
-- ------

rRw19 W4 Rw19 Rw16 + W9 W6 W5 W4 

sRw20 W4 Rw20 Rw17 + W9 W6 W5 Zw20 
-- ------

rRw20 W4 Rw20 Rw17 + W9 W6 W5 W4 

sRw21 W4 Rw21 Rw18 + W9 W6 W5 Zw21 

rRw21 W4 Rw21 Rw18 + W9 W6 W5 W4 

- -
sRw22 W4 Rw22 Rw 19 + W9 W6 W5 Zw22 

rRw22 W4 Rw22 Rw19 + W9 W6 W5 W4 
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sRw23 

rRw23 

sRw24 

rRw24 

W4 Rw23 Rw20 + W9 W6 W5 Zw23 

W4 Rw23 Rw20 + W9 W6 W5 W4 

= W4 Rw24 Rw21 + W9 W6 W5 Zw24 

= W4 Rw24 Rw21 + W9 W6 W5 W4 

3.216 Parity FI ip-Flop 

sRwp = W9 W 4 Rwp (Wb 1 Q Wb2 G Wb3) 

rRwp 

(T7 - TO) Qwl * 

+ W9 W4 Rwp Wxx (Wn 1 (±)Wn2C±>Wn3) 

Qw2 (T7 - TO) * 

+ W9 W 4 Rwp Wxx Cpr Qw2 (T7 - TO) * 

+ W9 W6 W5 Zwp 

+ Wf W5 T8 Rwp 

W9 W4 Rwp (Wb 1 GWb 20wb 3) 

(T7 - TO) Qw1 * 

+ W9 W4 Rwp Wxx (Wn1@Wn20Wn3) 

Qw2 (T7 - TO) * 

+ W9 W 4 Rwp Wxx Cpr Qw2 (T7 - TO) * 

+ W9 W6 W5 W4 

+ Wf W5 T8 W9 Rwp 

+ Wc 

* Qwl Wx12 Qr4 + Wx12 Wx24 Qrl Qr4 

(for 93200 and 93221) 

Qw2 = Wx 12 Qr4 + Wx 12 Wx24 Qr2 Qr4 

(for 93200 and 93221) 

Qwl = Qr1 Qr4 for 92200 

Qw 1 = Qr4 for 92201 

Qwl is deleted for 92202 

Qw2 = Qr2 Qr4 for 92200 

Qw2 = Qr4 for 92201 

Qw2 is deleted for 92202 

3.217 Error Detector 

sWe = W9 W6 W5 W4 Rwp Wg Npw 

(Iwg + Iwi + Iwf) 

+ WO W6 W5 Ecw T8 

+ Wes 

SDS 900865,C Paragraphs 3.216 to 3. 225 

rWe Wc Wh 

3.218 Interlace Prepare 

sEw = Iwc Ew (T3 - TO) 

rEw Wc TO 

+ Pot 1 (T3 - TO) Ew 

3.219 Interlace Clear 

Iwc = Eom C9 C10 C1 C17 (T3 - TO) * 

* C1 becomes C 1 for TMCC-C 

3.220 Interlace Load 

Iwp 

Iwe 

Pot 1 (T6 - T5) Ew 

Ioc 1 (T6 + T5) Ew 

3.221 Interlace Active 

sIw = Pot 1 (T3 - TO) Ew Iw 

rIw Iwf T8 (T7 - TO) 

+ (Wc + Iwc + Ws C 19 C20 C2l C22 C23) 

(T3 - TO) Iw 

3. 222 Zero Cou nt 

Iwf WcO Wc 1 Wc2 Wc3 Wc4 Wc5 Wc6 Wc7 

Wc8 Wc9 WclO Wcll Wc12 Wc13 Wc14 

Ew 

3.223 Interlace Count Trigger 

Iwa = Rwx Tsm 

3.224 Interlace Counter Clock Enables 

Computer Clock Enable: 

Counter Clock Enable: 

3.225 Extend Operations 

slwg Iwe C12 

rlwg Iwc+WscT8W10W11 W12 W13 W14 Iwg 
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3.226 Channel Command Interrupt Enables 

sIwj = IweC13 

rIwj Iwe + I2w T8 Iwj 

sIwk Iwe C14 

rIwk = Iwe + I1w T8 Iwk 

3.227 Channel Command Register 

sIwh Iwe C15 

rIwh = Iwe 

sIwi Iwe C16 

rlwi = Iwe 

3.228 Word Counter 

sWe14 

rWe14 

sWe13 

rWe13 

sWe12 

rWe12 

---Iwe + Ew We14 Iwa Ew 

Iwp (9 + Ew We 14 Iwa Ew 

Iwe ' + Ew We13 We14Ev; 

Iwp (8 + Ew We13 We14 EW 

Iwe + Ew We12 We13 Wel4 E; 

Iwp (7 + Ew We12 We13 Wel4 E; 

(Eor) 

(Iwf) 

--- -
sWell 

rWell 

sWelO 

rWelO 

sWe9 

rWe9 

sWe8 

rWe8 

sWe7 

Iwe + Ew Well We12 Wel3 We14 Ew 

Iwp (6 + Ew Well We12 Wel3 Wel4 EW 

Iwe +EwWelOWe11 Ew 

Iwp (5 + Ew WelO Well E; 

--
Iwe + Ew We9 We10 Well Ew 

Iwp C4 + Ew We9 We10 Well Ew 

Iwe + Ew We8 We9 We10 Well Ew 

Iwp C3 + Ew We8 We9 WelD Well E; 

--- -
Iwe + Ew We7 We8 Ew 

rWe7 Iwp C2 + Ew We7 We8 E; 

sWe6 

rWe6 

--- -Iwe + Ew We6 We7 We8 Ew 

Iwp C1 + Ew We6 We7 We8 Ew 

sWe5 = Iwe + Ew We5 We6 We7 We8 Ew 

rWe5 Iwp CO + Ew We5 We6 We7 We8 Ew 
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sWe4 

rWe4 

sWe3 

rWe3 

sWe2 

rWe2 

sWel 

rWel 

sWeO 

rWeO 

= Iwe + Ew We4 We5 Ew 
- -

= Iwe C23 + Ew We4 We5 Ew 

Iwe + Ew We3 We4 We5 E; 

Iwe C22 + Ew We3 We4 We5 E; 
--

Iwe + Ew We2 We3 We4 We5 Ew 

Iwe C21 + Ew We2 We3 We4 We5 Ew 

Iwe + Ew We1 We2 Ew 

= Iwe C20 + Ew We1 We2 E; 
---

Iwe + Ew WeO We1 We2 Ew 

Iwe C19 

3.229 Address Counter 

sWali1 

rWa14 

sWal3 

rWal3 

sWal2 

---
Iwe + Ew Wa14 Iwa Ew 

Iwp C23 + Ew Wa 14 Iwa Ew 

---
Iwe + Ew Wa13 Wal4 Iwa Ew 

Iwp C22 + Ew Wa13 Wa14 Iwa Ew 

Iwe + Ew Wal2 Wa13 Ew 

rWal2 = Iwp C21 + Ew Wa12 Wal3 Ew 

sWa11 

rWall 

sWalO 

rWa1D 

sWa9 

rWa9 

sWa8 

rWa8 

sWa7 

rWa7 

sWa6 

rWa6 

sWo5 

rWo5 

Iwe + Ew Wall Wa12 Wq13 Ew 

Iwp C20 + Ew Wall Wa12 Wo13 E; 

--- --Iwe + Ew WalO Wall Wa12 Wq13 Ew 

Iwp C19 + Ew WalO Wall Wal2 Wa13 E; 

---
Iwp C18 + Ew Wo9 Wa10 Ew 

Iwe + Ew Wa9 Wa10 Ew 

Iwp C17 + Ew Was Wa9 WelO Ew 

Iwe + Ew Wo8 Wa9 Wo10 Ew 

--- --Iwp (16 + Ew Wo7 Wo8 Wo9 WolO Ew 

Iwe + Ew Wo7 Was Wa9 Wa 1 0 Ew 

--- --
Iwp C15 + Ew Wa6 Wo7 Ew 

= Iwe + Ew Wa6 Wa7 Ew 

Iwp C 14 + Ew Wa5 Wa6 We7 E;" 

Iwe + Ew Wo5 Wo6 Wa7 E; 
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sWa4 

rWa4 

sWa3 

Iwp C13 + Ew Wa4 Wa5 Wa6 Wa7 E; 

Iwc + Ew Wa4 Wa5 Wa6 We7 E; 

Iwp C12 + Ew Wa3 Wa4 E; 

rWa3 = Iwc + Ew Wa3 Wa4 Ew 

sWa2 

rWa2 

sWe1 

rWa1 

sWaO 

rWaO 

Iwp C11 + Ew Wa2 Wa3 Wa4 Ew 

Iwc + Ew Wa2 Wa3 Wa4 Ew 

Iwp C10 + Ew Wa1 Wa2 Wa3 Wa4 E; 

Iwc + Ew Wa 1 Wa2 Wa3 Wa4 Ev; 

Iwe C18 + Ew WaO Wal E; 

Iwc 

3.230 PIN Address Counter 

sWpe Ioc C17 C13 C19 C20 C21 C22 C23 TO 

rWpa Pin TO + St 

3.231 Skip Gate: 

Skr = C1 C17 C9 C10 C11 ru C20 ffi C22 

C23 C15 Wsc* 

+ C1 C17 C9 Cl0 Cll C19 C20 C21 C22 

C23 C12 WlO Wl1 W12 W13 W14* 

+ C1 C17 C9 C10 C11 C19 C20 c2f C22 

C23 C13 Iwf* 

+ C1 C17 C9 Cl0 Cll C19 C20 C21 C22 

C23 C14 We* 

+ C10 Cl1 C14 W10 Wl1 W12 W13 W14 Cl * 
+ Cl0 en C20 We C1* 

+ 

*C 1 becomes C 1 for TMCC-C 

3.232 Input/Output Signals Received 

Zwp =@ 
Zwl =@ 
Zw2 =@ 
Zw3 =@ 
Zw4 

=~ Zw5 = Zw 

Zw6 = Zw 

Zw7 

Zw8 

Zw9 

ZwlO 

Zwll 

Zw12 

Zw13 

Zw14 

Zw15 

Zw16 

Zw17 

Zw18 

Zw19 

Zw20 

Zw21 

Zw22 

Zw23 

Whs 

Wes 

Mtgw 

Npw 

Ecw 

Wx12 

Wx24 

= 

Zw1 

C@ 
@ 
C§ 
<§) 
@ 

=@ 
=~ 

(93200 and 93221 only) 

(93200 and 93221 only) 

3.233 Input/Output Signals Generated 

@ Rwp 

Cf0) Rwl 

Q Rw2 

@ Rw3 

@ Rw4 

Q Rw5 

Q Rw6 

@) Rw7 

C@) Rw8 

~ Rw9 

~ 
Rwl0 

Rwl = Rwll 
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§ Rw12 

§ = Rw13 

<8> Rw14 

~ 
= Rw15 

Rw16 Rw16 

~ 
= Rw17 

Rw18 = Rw18 

~ 
= Rw19 

Rw20 Rw20 

~ 
= Rw21 

Rw2 = Rw22 

<@ = Rw23 

c§3> Rw24 

® = W9 

= Wl0 

W11 

W12 

= W13 

= WO 

W5 

W6 

= Iw 

3.234 LOGIC EQUATIONS FOR Y BUFFER 

3.23S Unit Address Register 

sY14 = Ys C23 

rY14 = Yc 

sY13 = Ys C22 

rY13 = Yc 

sY12 = Ys C21 

rY12 = Yc 

sY11 = Ys C20 

rYl1 ::: Yc 

sY10 = Ys C19 +(Ioc C12 C17 C19 C20 C21 C22 

C23) Y9 Y10 

rYl0 = Yc 

3-70 

3.236 Input/Output 

sY9 = Ys C18 

rY9 = Yc 

3.237 Clear and Set Signals 

Yc Buc C17 (T6 + TS) + yh Yf (T3 - TO) + St 

Ys Buc C17 (T3 - TO) 

3.238 Clock Counter 

sY6 = YS Ecy T8 Y10 Y11 Y12 Y13 Y14 

rY6 = YS TO + Yc 

sYS = YS Y6 Ecy TO + Ys C13 C18 TO 

Y10 Yll Y12 Y13 Y14 

rY S = Y 4 TO + Y c 

sY4 = YSYfT8Yg 

+ YsTO 

+ Yh Yf T8 

+ Iyg Y9 Iyi YS Iyf T8 

+ Iyg Yg Yf YO Yev Iy T8 Y7Y9Y10Y11 Yh 

rY 4 = Y 4 TO + Y 4 T8 

3.239 Character Counter 

sY8 

rY8 

sY7 

rY7 

= Ys C 16 

+ Y7 Y8 Y4 TO 

+ Yxx Yn2 (T7 - TO) Y4 
_ ----i _ 

+ Y7 Y9 Y10 Y11 Yh 

= Yc 

+ Y8Y4TO 

= Ys C1S 

+ Y xx Y n 1 (T7 - TO) Y 4 

= Yc 

+ Y7 Y8 Y4 TO 

3.240 Character Counter Even 

Yev = Y8 Yn2 Y7 Yn1 + Y8 Yn2 Y7 Ynl 

+ Y8 Yn2 Y7 Ynl + Y8 Yn2 Y7 Ynl 
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3.241 Halt Interlock 

sYO = Y9 Y6 VB Ecy 

+ Ys C18 Y9 

rYO = Yc 

+ (Ioc C12 C17 C19 C20 C21 C22 C23) 

Y9 TO 

+ Y9 Iy Iyf (Iyg + Iyh + Iyi) T7 - TO 

3.242 Computer Interlock 

sYf 

rYf 

= Yc Yh 

+ Iya Mit TO 

+ Rx TO Pwy * (Pwy = 05 for 9221 0) 

= Y7 Va Y 4 (T 6 + T 5) 

+ YsC18 

+ Y9 Y10 Yll YO Mtgy Y7 (T6 + T5) Yh 

*Rx is always false for TMCC-D 

3.243 End-of-Record Detector 

sYg = Mtgy TO Iyg Yll (YO Y9 + YoY5 Y6 Y9) 

+ Yhs T7 - TO Y10 Yll Y12 Y13 Y14 

+ Y9 Y10 Yll Y12 Yi3 (RYi RY2 RY3 RY4 
RY5 RY6 Ryp) Y5 T7 - TO Y10 YTl Y12 
--
Y13Y14 

rYg = Yc 

+ Yg Iyg Yll TO 

3.244 Holt Detector 

sYh = Yg Iyg T8 

+ Yhs Yll T8 

+ Yg Y9 Yll Iyh (Iyf + Yev Yf) T8 Iyg 

+ Y9 Yll YO Y5 Y6 (Iyg + Iyi Iyh) T8 

+ Y9 Y11 Iyg Iyh Iyi Iyf T8 YO 

+ Y9 Iyh Yhs T8 

rYh = Yc (T6 + T5) 

+ Yh Yf T8 

3.245 Signal Complete 

sYsc 

rYsc 

= Yg Iyg Iyh (Yev Yf + Iyf) T8 

+ Yh Yf T8 + St 

+ Ys C19 C20 C21 C22 C23 

= Ysc TO Iyg 

3.246 Interrupt Signals 

Ily = Yf YO Yh (En + @ ) Iy Ey Iyg 

+ Iyg Iy Iyf Iyk 

I2y (En +@) Iyg Yh Yf 

+ Ysc Iyj Iyg 

3.247 YIM + MIY Interlock 

Yf (YO + Y9) 

3.248 Load Buffer from C 

Yxx Rx Pwy + Ryx Tsr Iy* (Pwy = 05 and Iy 
de I eted for 9221 0) 

*Rx is always false for TMCC-D 

3. 249 Ti me Share Request 

Trqy = Yf YO Yh Iy Iyf 

3.250 Time Share Select 

sRyx = Tsm Trqy Tr9x (T7 - TO) 

rRyx = Tsm TO 

3.251 Time Share Priority 

Trqx 

Trqx 

Trq 

Priority Signal from TMCC-C and TMCC-D 

Trq{c) + Trq(d) 

Trqx + Trqw + Trqy 

3.252 Y Register 

Ywl = Y 4 Y7 (T7 - TO) 

+ Y 4 Y n 1 (T7 - TO) 

+ Y4 Ynl Yxx 

3-71 



Paragraphs 3.253 to 3. 255 SDS 900685JC September 1965 

+ Y 4 Yb 1 (T7 - TO) * 

+ Y 4 C21r (T7 - TO) Yxx 

Yw2 = Y4 Y8 (T7 - TO) 

+ Y 4 Y n2 (T7 - TO) 

+ Y4 Yn2 Yxx 

+ Y 4 Yb2 (T7 - TO) * 
+ Y 4 C23r (T7 - TO) Yxx 

- --
Yw3 = Y4 Yn3 Yxx 

+ Y4 Yb3 * 

+ Y4C23rYxx 

sYr1,2,3 = Yw1, 2, 3 delayed by 9 pulse times 

sYn 1,2,3 = Yr1, 2, 3 respectively 

* Yb1 =Yx12Yx24Ry4+Yx12 Ry10 

+ Yx24 Ry22 

Yb2 = Yx12 Yx24 Ry5 + Yx12 Ryll 

+ Yx24 Ry23 
----

Yb3 = Yx12 Yx24 Ry6 + Yx12 Ry12 

+ Yx24 Ry24 

for 93221 

Yb 1,2,3 equals Ry4, 5, 6 respectively for 92210 

Yb1,2,3 equals Ry10, 11, 12 respectively for 92211 

Yb 1,2,3 equals Ry22, 23,24 respectively for 92212 

3.253 Character Buffer Extended to 12 Bits 

sRy7 = Y 4 Ry7 Ry4 + Y9 Y6 Y5 Zy7 

rRy7 = Y4 Ry7 Ry4 + Y9 Y6 Y5 Y4 

sRy8 = Y4 Ry8 Ry5 + Y9 Y6 Y5 Zy8 

rRy8 = Y4 Ry8 Ry5 +Y9 Y6 Y5 Y4 

sRy9 = Y4 Ry9 Ry6 + Y9 Y6 Y5 Zy9 

rRy9 = Y4 Ry9 Ry6 +Y9 Y6 Y5 Y4 

sRy10 = Y4Ry10Ry7+Y9Y6Y5Zy10 
- ----

rRy 10 = Y4 Ry10 Ry7 + Y9 Y6 Y5 Y4 

-- -
sRy 11 = Y4 Ryll Ry8 + Y9 Y6 Y5 Zy11 

rRy 11 = Y 4 Ry 11 Ry8 + Y9 Y 6 Y 5 Y 4 
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- --
sRy12 = Y4 Ry12 Ry9 + Y9 Y6 Y5 Zy12 

rRy12 = Y4 Ry12 Ry9 + Y9 Y6 Y5 Y4 

3.254 Character Buffer * 

sRy1 

rRy1 

sRy2 

rRy2 

sRy3 

rRy3 

sRy4 

rRy4 

sRy5 

rRy5 

sRy6 

rRy6 

= Y4 Yxx (T7 -TO) Yn1 + Y9 Y6 Y5 

Zyl + Y4 Yxx C21r 

= Y4 Yxx Ynl + Y9 Y6 Y5 Y4 + Y4 

Yxx C21r 

Y4 Yxx (T7 -TO) Yn2 + Y9Y6 Y5 

Zy2 + Y4 Yxx C22r 

Y 4 Yxx Yn2 + Y9 Y6 Y5 Y 4 + Y 4 

Yxx C22r 

Y4 Yxx (T7 -TO) Yn3 + Y9 Y6 Y5 

Zy3 + Y4 Yxx C23r 

Y4 Yxx Yn3 + Y9 Y6 Y5 Y4 + Y4 

Yxx C23r 

= Y4Ry4Ry1 +Y9Y6Y5Zy4 
- ----

= Y4 Ry4 Ry1 + Y9 Y6 Y5 Y4 

= Y4 Ry5 Ry2 + Y9 Y6 Y5 Zy5 

= Y4 Ry5 Ry2 +Y9 Y6 Y5 Y4 

= Y4 Ry6 Ry3 + Y9 Y6 Y5 Zy6 
- ----= Y 4 Ry6 Ry3 + Y9 Y6 Y5 Y 4 

* For 12-bit extension, add Ry7 through Ry 12 

For 24-b it extension, add Ry7 through Ry24 

Character Size 

12 bit character Yx 12 (93221 only) 

24 bit character Yx24 (93221 only) 

3.255 Character Buffer Extended to 24 bits 

sRy13 = Y4 Ry13 RylO + Y9 Y6 Y5 Zy13 

rRy13 = Y4Ry13RylO+Y9Y6Y5Y4 

- -
sRy14 = Y4 Ry14 Ryll + Y9 Y6 Y5 Zy14 

rRy14 = Y4Ry14Ryll +Y9Y6Y5Y4 
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- --
sRy15 = Y 4 Ry15 Ry12 + Y9 Y6 Y5 Zy15 

rRy15 = Y4 Ry15 Ry12 + Y9 Y6 Y5 Y4 

sRy16 = Y4 Ry16 Ry13 + Y9 Y6 Y5 Zy16 

rRy16 = Y4 Ry16 Ry13 + Y9 Y6 Y5 Y4 

sRy17 = Y4 Ry17 Ry14 + Y9 Y6 Y5 Zy17 

rRy17 = Y 4 Ry 17 Ry 14 + Y9 Y 6 Y 5 Y 4 

sRy 18 = Y4 Ry18 Ry15 + Y9 Y6 Y5 Zy18 

rRy18 = Y4 Ry18 Ry15 + Y9 Y6 Y5 Y4 

sRy19 = Y4 Ry19 Ry16 + Y9 Y6 Y5 Zy19 

rRy19 = Y4 Ry19 Ry16 + Y9 Y6 Y5 Y4 

sRy20 = Y4 Ry20 Ry17 + Y9 Y6 Y5 Zy20 

rRy20 = Y4 Ry20 Ry17 + Y9 Y6 Y5Y4 

sRy21 = Y4 Ry21 Ry18 + Y9 Y6 Y5 Zy21 

rRy21 = Y4 Ry21 Ry18 + Y9 Y6 Y5 Y4 

sRy22 = Y4 Ry22 Ry19 + Y9 Y6 Y5 Zy22 

rRy22 = Y4 Ry22 Ry19 + Y9 Y6 Y5 Y4 

sRy23 = Y 4 Ry23 Ry20 + Y9 Y6 Y5 Zy23 
- ----

rRy23 = Y 4 Ry23 Ry20 + Y9 Y 6 Y 5 Y 4 

sRy24 = Y4 Ry24 Ry21 + Y9 Y6 Y5 Zy24 

rRy24 = Y4 Ry24 Ry21 + Y9 Y6 Y5 Y4 

3.256 Parity FI ip-Flop 

sRyp = Y9 Y 4 Ryp (Yb 1@Yb20Yb3) (T7 -TO) Qy 1 * 

+ Y9 Y 4 Ryp Yxx (Yn 10Yn20Yn3) Qy2 

(T7 - TO) * 

+ Y9 Y 4 Ryp Yxx Cpr Qy2 (T7 - TO) * 

+ Y9 Y6 Y5 Zyp 

+ Yf Y5 T8 Ryp 

rRyp = Y9 Y 4 Ryp (Yb 1(9Yb20Yb3) (T7 - TO) 

Qyl * 

+ Y9 Y4 Ryp Yxx (Yn1GYn2G Yn3) 

Qy2 (T7 - TO) * 

+ Y9 Y 4 Ryp Yxx Cpr Qy2 (T7 - TO) * 

+ Y9 Y6 Y5Y4 

+ Yf Y 5 T8 Y9 Ryp 

+ Yc 

* Qyl = Yx 12 Qr4 + Yx 12 Yx24 Qrl Qr1 for 93221 

Qy2 = Yx12 Qr4 + Yx12 Yx24 Qr2 Qr4 for 93221 

Qy1 = Qr1 Qr4 for 92210 

Qy1 = Qr4 for 92211 

Qr1 is deleted for 92212 

Qy2 = Qr2 Qr4 for 92210 

Qy2 = Qr4 for 92211 

Qy2 is deleted for 92212 

3.257 Error Detector 

sYe = Y9 Y6 Y5 Y 4 Ryp Yg Npy (Iyg + Iyi + Iyf) 

+ YO Y6 Y5 Ecy T8 

+ Yes 

rYe = Yc Yh 

3.258 Interlace Prepare 

sEy = Iyc Ey (T3 - TO) 

rEy = Yc TO 

+ Pot 1 (T3 - TO) Ey 

3.259 Interlace Clear 

Iyc = Eom C9 C10 C1 C17 (T3 - TO) * 

*C 1 becomes C 1 for TMCC-D 

3.260 Interlace Load 

Iyp Pot 1 (T6 + T5) Ey 

lye Ioc 1 Ey (T6 + T5) 

3.261 Interlace Active 

sly 

rIy 

Pot 1 (T3 - TO) Ey Iy 

Iyf T8 

+ (Yc + lye + Ys C19 C20 C21 C22 C23) 

(T3 - TO) Iy 
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3.262 Zero Count 

Iyf YeO Yel Ye2 Ye3 Ye4 Ye5 Ye6 Ye7 

Ye8 Ye9 YelO Yell Ye12 Ye13 Ye14 Ey 

3.263 Interlace Count Trigger 

Iya = Ryx Tsm 

3.264 Interlace Counter Clock Enables 

Computer Clock Enable: Ey Iy 

Counter Clock Enable: 

3.265 Extend Operations 

sIyg = lye C12 

rIyg lye + Yse T8 YI0 Yll Y12 Y13 Y14 Iyg 

3.266 Channel Command Interrupt Enables 

sIyj lye C 13 

rIyj lye + I2y T8 Iyj 

slyk lye C14 

rIyk = lye + Ily T8 Iyk 

3.267 Channel Command Register 

sIyh lye C15 

rIyh lye 

sIyi lye C 16 

rIyi lye 

3.268 Word Counter 

sYe14 

rYe 14 

sYe13 

rYe13 

sYe 12 

rYe 12 

sYe 11 

rYe 11 
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lye + Ey Ye 14 Iya Ey 

Iyp C9 + Ey Ye 14 Iya Ey 

lye + Ey Ye 13 Ye 14 Ey 

Iyp C8 + Ey Ye13 Ye14 EX 

lye +EyYe12Ye13Ye14Ey 

I yp C7 + Ey Ye 12 Ye 13 Ye 14 'EX 

lye + EyYe11 Ye12Ye13Ye14Ey 

Iyp C6 + Ey Yell Ye 12 Ye 13 Ye 14 EY 

sYe 10 

rYe 10 

sYe9 

rYe9 

sYe8 

rYe8 

sYe7 

rYe7 

sYe6 

rYe6 

sYe5 

rYe5 

sYe4 

rYe4 

sYe3 

rYe3 

sYe2 

rYe2 

sYe 1 

rYe 1 

lye + Ey Ye 1 0 Ye 11 EX 
Iyp C5 + Ey YelO Yell EY 

lye + Ey Ye9 Ye 10 Ye 11 EY 
Iyp C4 + Ey Ye9 Ye 10 Ye 11 EY 

lye + Ey Ye8 Ye9 YelO Yell EY 
I yp C3 + Ey Ye8 Ye9 Ye 1 a Yell EY 

lye + Ey Ye7 Ye8 EX 
Iyp C2 + Ey Ye7 Ye8 EY 

lye + Ey Ye6 Ye7 Ye8 EY 
Iyp C1 + Ey Ye6 Ye7 Ye8 Ex 

lye + Ey Ye5 Ye6 Ye7 Ye8 EX 
Iyp CO + Ey Ye5 Ye6 Ye7 Ye8 EX 

lye +EyYe4Ye5EY 

lye C23 + Ey Ye4 Ye5 EY 

lye + Ey Ye3 Ye4 Ye5 EY 
lye C22 + Ey Ye3 Ye4 Ye5 EX 

lye + Ey Ye2 Ye3 Ye4 Ye5 EY 
lye C21 + Ey Ye2 Ye3 Ye4 Ye5 EX 

lye +EyYelYe2EY 

lye C20 + Ey Ye 1 Ye2 EY 

sYeO lye +EyYeOYelYe2EY 

rYeO lye C19 

3.269 Address Counter 

sYa14 

rYa14 

sYa13 

rYa13 

sYa12 

rYa12 

sYa 11 

rYa 11 

sYa10 
rYalO 

lye +EyYa14IyaEy 

Iyp C23 + Ey Ya14 Iya EY 

lye +EyYa13Ya14Iya Ey 

I yp C22 + Ey Yo 13 Ya 14 I yo Ey 

lye + Ey Ya12 Ya13 EX 
Iyp C2l + Ey Ya 12 Ya 13 EY 
lye + Ey Yall Ya12 Ya13 EX 
Iyp C20 + Ey Yo 11 Ya12 Ya13 EX 
lye _+ ~ Ya10 Vall Ya12 Ya13 Ey 
I yp C 19 + -E y Yo lOYall Ya 12 Yo 13 Ey 
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sYa9 Iyp C18 + Ey Ya9 Yal0 Ey 

rYa9 lye + Ey Ya9 YalO Ey 

sYa8 Iyp C 17 + Ey Ya8 Ya9 Yo 10 Ey 

rYa8 = lye + Ey Ya8 Ya9 Yal0 Ey 

sYa7 Iyp C 16 + Ey Ya7 Ya8 Ya9 Yo 10 Ey 

rYa7 lye + Ey Ya7 Ya8 Ya9 YolO Ey 

sYa6 Iyp C15 + Ey Ya6 Ya7 Ey 

rYa6 lye + Ey Ya6 Ya7 Ey 

sYa5 Iyp C14 + Ey Ya5 Ya6 Ya7 Ey 

rYa5 lye + Ey Ya5 Ya6 Ya7 Ey 

sYa4 Iyp C13 + Ey Ya4 Ya5 Ya6 Ya7 Ey 

rYa4 lye + Ey Ya4 Ya5 Ya6 Ya7 Ey 

sYa3 Iyp C 12 + Ey Ya3 Ya4 Ey 

rYa3 :::: lye + Ey Ya3 Ya4 EY 

sYa2 = Iyp C11 + Ey Ya2 Ya3 Ya4 Ey 

rYa2 lye + Ey Ya2 Ya3 Ya4 Ey 

sYa1 Iyp C10 + Ey Ya1 Ya2 Ya3 Ya4 Ey 

rYa1 lye + Ey Yo 1 Ya2 Ya3 Ya4 Ey 

sYaO lye C18 + Ey YaO Yo 1 Ey 

rYaO lye 

3.270 Pin Address Counter 

sYpa loe C 17 C 13 C 19 C20 C21 C22 C23 TO 

rYpa Pin TO + St 

3.271 Skip Gate 

Skr = Cl C17 C9 C10 Cll C19 C20 C21 C22 

C23 C15 Yse* 

+ Cl C17 C9 Cl0 Cl1 C19 C20 C21 C22 

C23 C12 Yl0 Yll Y12 Y13 Y14* 

+ CT C 17 C9 Cl0 Cll C19 C20 C21 C22 

C23 C13 Iyf* 

+ Cl C17 C9 C10 Cll C19 C20 C21 C22 

C23 C14 Ye* 

+ C10C11 C13Y10Yll Y12Y13Y14C1* 

+ Cl0 Cll C19 Ye CT* 

+ - - -

*C 1 becomes Cl for TMCC-D 

3.272 Ineut/Outeut Si9na1s Received 

Zyp =@ 
Zyl =@ 
Zy2 =@j 
Zy3 =@ 
Zy4 =@) 
Zy5 =@ 
Zy6 =@ 
Zy7 =@ 
Zy8 =@ 
Zy9 =@ 
Zyl0 =@ 
Zy11 =@ 
Zy12 =@ 
Zy13 =@ 
Zy14 =@ 
Zy15 =@ 
Zy16 =@ 
Zy17 =@ 
Zy18 = Cf0]) 
Zy19 =@J) 
Zy20 =@ 
Zy21 =@ 
Zy22 =@ 
Zy23 =~ 
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Yhs =@ 9 Ry14 

Yes =@ ~ Ry15 

Mtgy =@§> ~ Ry16 

Npy =@£) ~ = Ry17 

Ecy =® c§) = Ry18 

Yx12 =@ (93221 only) <0 Ry19 

Yx24 =@ (93221 only) C§ Ry20 

3.273 InEut/OutEut Sianals Generated @ Ry21 

C§> Ryp @ Ry22 

C0> Ry1 (§) Ry23 

@) Ry2 0 Ry24 

@) Ry3 ® = Y9 

<B> = Ry4 

@ 
@ = Y10 

Ry5 

(0) Ry6 @ = Yll 

® Ry7 
@ = Y12 

~ Ry8 ® = Y13 

@ Ry9 @ = Y14 

~ Ry10 ® = YO 

~ Ry11 @ = Y5 

C§ Ry12 @ = Y6 

@ Ry13 CD = Iy 
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SECTION IV 
INSTALLATION AND MAINTENANCE 

4.1 GENERAL 

4.2 This section contains information relating to the 
installation and maintenance of Model 932XX series 
TMCCs. As the Model 922XX series TMCCs are no 
longer being installed, only the Model 932XX series is 
covered in th is section. 

4.3 INSTALLATION 

4.4 The basic 925/930/9300 computers are shipped 
with the TMCC physically installed. After installation 
of the computer, the intercabl ing of the TMCCs must be 
performed. 

4.5 INTERCABLING 

4.6 Figure 4-1 ill ustrates typical intercabl ing of the 
Model 93200 TMCC for the 925/930/9300 computers. 
Figure 4-2 ill ustrates the intercabl ing of the Model 
93221 TMCC. Power distribution for the various chassis 
is ill ustrated in figure 4-3. 

4.7 Intercabl ing of the input/output devices to the 
W (or A) channel may be found in the appl icable input/ 
output device technical manual. 

4.8 After intercabl ing the TMCCs and the input/ 
output devices, a program should be run to ensure 
proper operation of the W (or A) channel. Any diagnos­
tic program util izing the input/output device may be 
run. 

4.9 925/930COMPUTERWCHANNEL TEST PROGRAM 

4. 10 Table 4-1 I ists a sample program which may be 
run to check out the W channel for proper operation. 
This test program causes the message ASSEMBLY DONE 
ENTER NEW PROGRAM to be typed out under program 
control. The computer stores the internal codes for 
these characters in memory beginning in location 2000. 
The routine inserts the carriage return code, 52, and 
the space code, 12, where needed and requests End-of­
Record interrupt. It is written as a closed subroutine 
using interrupts, channel Wand Typewriter N umber One. 
The internal code for the output message is as follows: 

ASS E M B L Y Sp DON E C/R E N 
21 6262 25 442243 71 12 244645 25 52 25 45 

2000 

T E R Sp NEW Sp P R OG RAM Sp 
62 25 51 12 452566 12 47 51 46 27 51 21 44 12 

2004 

4. 11 9300 COMPUTER A CHANNEL TEST PROGRAM 

4. 12 Table 4-2 I ists a sample program which may be 
run to check out the A channel for proper operation. 
This test program causes the message ASSEMBLY DONE 
ENTER NEW PROG RAM to be typed out under program 
control. The computer internal codes for these charac­
ters are stored beginning in location 02000. The car­
riage return code, 052, and the space code, 012, are 
inserted where needed. The End-of-Record interrupt is 
requested. The routine is written as a closed subroutine 
which uses interrupts, channel A, and Typewriter Num­
ber One. The internal code for the output message is 
the same as given in paragraph 4. 10. 

4.13 MODULE LOCATION 

4. 14 Figure 4-4 ill ustrates the location of all modul es 
for the various models of TMCCs. 

4.15 MAINTENANCE 

4. 16 The following information is presented as an aid 
in maintaining the Models 932XX TMCCs. Presented 
herein are descriptions and timing diagrams of the sig­
nals available on the various input/output connectors 
and the diagnostic test programs for maintenance of the 
TMCC. 

4.17 PERIODIC INSPECTION 

4.18 No periodic inspection is required for the TMCC 
other than that required for the computer as a whole. 
No attempt should be made to periodical I y check for 
loose wires, poor so Ider connections, or bent pins 
because of the packaging density of the wiring and com­
ponents and the possibi I ity of causing malfunctions. 
Wiring layout and length is critical in some areas and 
should not be touched except for correcting a malfunction. 

4. 19 CORRECTIVE MAINTENANCE 

4.20 If it should become necessary to replace a com­
ponent on a module, the physical location of the com­
ponent, quantity, type, and part number are indicated 
on the module drawings contained in Section 6. 

4. 21 INPUT/OUTPUT SIGNALS AND TIMING 
RELATIONSHIPS 

4.22 The signals described are available on the input/ 
output connectors as illustrated in figure 4-5. The sig­
nals are theoretical and do not take into consideration 
circuit and transmission delays which tend to add 200 to 
400 nanoseconds of delay. 
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Table 4-1. 925/930 Computers, W Channel Sample Test Program 

Instruction Address 

PZE 

CLR 

STA SWICH 

TYP *0, 1, 4 

EXU WRITE 

POT WRITE + 1 

BRR 1000 

EO M 00403720 16200 

BRM OKAY 

PZE 

MIN SWICH 

BRU *OKAY 

Comments 

This instruction is an assembler instruction, used as 
a convenient way to reserve the entry location for 
subroutine use. 

Clears the A and B Registers. 

Clears the location called SWICH. SWICH later 
indicates to the main program that output is 
complete. 

Connects Typewriter Number One to channel W for 
output, specifies four characters per word mode, 
and alerts channel W interlace. The instruction is 
an EOM with octal configuration, 0 02 40641. 

Causes the Input/Output EOM in location WRITE 
to be executed. 

Sends the word count and starting address in 
WRITE + 1 to the channel. 

Branches back to the main program. 

Specifies output function code 00 and the End-of­
Record interrupt. The word in WRITE + 1 specifies 
that eight words will output from memory beginning 
in location 2000. According to output function 00, 
when the word count equals zero during the trans­
mission, the output terminates, and when the last 
character is out, the device disconnects and the 
interrupt occurs. 

. Branches and marks to location OKAY elsewhere 
in memory. 

Saves the entry location 

Increments location SWICH as an indicator for the 
main program. 

Branches to the main program and clears the 
active interrupt. 
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Table 4-2. 9300 Computer, A Channel Sample Test Program 

Instruction Address 

PZE 

STZ SWICH 

TYP *0, 1, 4 

EXU WRITE 

POT WRITE + 1 

BRR 01000 

EOM 00403720 016200 

BRM OKAY 

PZE 

MPO SWICH 

BRC *OKAY 

Comments 

This instr!Jction is an a!i:iembler instruction used as 
a convenient way to reserve the entry location for 
subroutine use. 

Clears the location called SWICH. SWICH is later 
used to indicate to the main program that output is 
complete. 

Connects Typewriter Number One to channel A for 
output, specifies Four characters per word mode, 
and alerts channel A interlace. The instruction is 
an EOM with octal configuration, 0 02 42641. 

Causes the Input/O utput Control EOM in location 
WRITE to be executed. 

Sends the word count and starting address in 
WRITE + 1 to the channel. 

Branches back to the main program. 

SpeciFies output function code 01 (lOS 0) and the 
End-oF-Record interrupt. The word in WRITE + 1 
specifies that eight words will be output from 
memory beginning in location 03720. According 
to output function 01 (I0SD) when the word count 
equals zero during the transmission, the device is 
disconnected when the last character is out and the 
interrupt then occurs. 

Branches and marks to location OKAY elsewhere in 
memory. 

Saves the entry location. 

Increments location SWICH as an indicator for the 
main program. 

Branches to the main program and clears the active 
interrupt, level 011. 
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4.23 The logic terms for signals generated in the main 
frame referred to in these paragraphs represent the 930 
computer logic equations. Although the 925 and 9300 
computer implementation may differ somewhat from the 
930 computer, the functions achieved are similar. 

4.24 c.§;]), @, and W (See figure 4-6) 

4.25 ~,~, and~are clocking signals 

provided to external devices. They are functionally 
similar to the Q 1 and Q2 signals provided to external 
equipment on the 910 and 920 computers. Signals 

@,~, andWare derived from the Pulse 
Counter, Qrl through Qr4, in the TMCC. 

c:§;]) = Ts - TO 

T5 - TO = Qr3 Qr1 Qr4 

@= T6 - T3 

--
T6 - T3 = Qr3 Qr4 + Qr3 Qr2 Qrl 

C§V= T7 - T4 

T7 - T4 = Qr4 

t-l. 75\Js~ 

T p nL....------In,-------,n n'---_L 
W 
CW 
<W 

Figure 4-6. 930/9300 Timing Diagram, 

C§}), C§3>, @) 

4.26 8 '@'@' @ (See figure 4-7) 

4.27 @is the execution signal for the EOM 
instruction. 

~= Eom & 

The term Er inhibits@during the interlace loading 

sequence. @ is derived from the CPU and trans­

mitted to the TMCC. ~ is true from T7 through Tr. 

~= Q501040STs(Q2+Q5)+. 

Q 2 + Q 5 = T7 - T r 

During FILL operations, a pseudo Eom is generated. 

~= IxGoHt@(A2+QS)+ •.• 

The term Ts inhibits~during all time share operations. 

4.28 @ is a control signal derived from the EOM 

instruction and is used to activate the TMCC and 
peripheral devices. @ is true from T7 through Tr. 

~ = Eom C 1 0 C 11 C1 

For TMCC channels C and D, 

~ = Eom C10 Cll C1 

Peripheral devices must use C 17 and C 17 to distinguish 
between channels Wand Y and similarly, between 
channels C and D. 

4.29 Qis an input/output control signal derived 

from the EOM instruction. ~ is true from T6 
through TO. 

~= EomC10C11 C1 ErQr3 

Qr3 = T6 - TO 

For channels C and D, 

~= EomC10C11 C1 ErQr3 

The term Er is used to inhibit~during the interlace 

loading sequence. Peripheral devices must use C17 and 
C 17 to distinguish between channels Wand Y, or 
similarly, between channels C and D. 

Tp n n ~ 
9 J 
~ J 

9 ~ 

® ~ 
@J 

Figure~ 9~OO Timing Diagram, 

~,~/®,® 

4-9 
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4.30 egis a control signal for systems communica­

tion derived from an EOM instruction. ® is true 
from T5 through 11. 

® = Eom Cl0 Cll C9 Tsr (T5 - Tl) 

Systems devi ces must use C 17 and C 17 to distinguish 
between channels Wand Y, or sim ilarl y, between 
channels C and D. The term Tsr inhibits Sys during 
time-share operations with the TMCC. 

4.31 @,CE),@,® 
(See figures 4-8, 4-9, and 4-10) 

4.32 The PIN instruction permits direct parallel entry 
of up to 24-bits of data to memory via the C register. 

A "Ready for Input" signal,@, is provided by the 
TMCC to external equipment. 

@= Pin 

Pin F1F2F30206TsQl 

Q1 = T7 - TO 

While the Pin signal is true, the C register is first reset 
and then the external data, @, is strobed. 

rCn = Cxi Q2 

Cxi F 1 F 2 F 3 02 06 T s Q 1 

Q2 T7 - T3 

sCn = Cxi Cdn 

Cdn=@ 

The process of resetting the C register and then strobing 
the data repeats until the external device provides a 

"Ready" indication by making@false. The data 

lines~, must be in a stable condition prior to the 

time Rt goes false and shoul d remain stabl e for the 

duration of the@signal. Until@goes false, the 
PIN instruction was locked in phase 02, but is now per­
mitted t~eed to phase 04. A "PIN Complete" 
signal, ~, is generated and sent to the external 
device. 

sRf 06 F2 F3 Q2 Rt + . 

Rt =V 
sF 1 = F 1 F 3 0 1 03 04 I a R f T p + . 

4-10 

rF2 

Rti 

F 1 F 3 01 03 04 Ia R f T p + . 

04 01 04 06 Ts (Q2 + Q5) 

(Q2 + Q5) T7 - Tr 

@= Rti 

If@is always held false during the PIN instruction, 
the PIN instruction remains in phase 02 for only one 
cycle. 

Tp n n'-------In ~ 

J U 

Cxi J u 
Cxi Q2 

Rf ________ ~r--l~ ________ _ 

Figure 4-8. 930/9300 Timing Diagram, 

@,®,~,@ 

Tp 

@J 

® 
@ 

® 
Cxi J 

CxiQ2~--------------------

Rf 

Figure 4-9. 930/9300 Timing Diagram, @, 
®, @, @,@Initially False 



September 1965 SDS 900685.C Paragraphs 4.33 to 4.35 

@J U 
® 
@ ---------------------------------------------:-1.--.. ~I D~t~-I-i~~s-;t~bi~--u--------------

C]![)------------------------------------------------~ 

Cxi J """'-_____ --..1 U 
CxiQ2~~ ______________ ~~~ _____________________ __ 

Rf 

Ts 

Figure 4-10. 930/9300 Timing Diagram, @,®,@,@, 
Effects of Time-Share 

4.33 Should a time-share operation occur during phase 
02 of the PIN instruction, the@signal is inhibited. 
At the completion of the time-share operation, depend­
ing on the condition of@,at least one more cycle of 
the@signal occurs. Should a time-share operation 
occur during phase 04, the "Pin Complete" signal is 
inhibited until the time-share operation(s) is/are 
completed. 

4.34 0 ' 0 ,G),@ 
(See figures 4-11, 4-12, and 4-13) 

4.35 The POT instruction permits direct parallel output 
of up to 24-bits of data to externa I devices from memory 

via the C register. The 0 signal denotes to 
external devices that the computer is in the process of 
executing a POT instruction. 

Pot 1 

Pot 1 Fl F2 F3 0206 

The 0 signal denotes to external devices that the 

contents of the C register may be strobed. 

Q = Pot 1 (T5 - T1) Tsr 

T p n'--_-"n'--_-"n'"--_---'fl-
0J 
o 
® 
@J 

Rf ____________ ~r--l~ ________ _ 

Figure 4-11. ~300 Timing Diagram, 

0, ~,®,@ 
Tp 

0J 
@ ---11 _____ _ 

(0 

@J 
Rf ~ 

The 0 signal stays true and the 0 signal 
repeats as long as the computer is locked in phase 02. 

Figure 4-12. 930/9300 Timing Diagram, 0 I o ,®, @,®Initially False 
4-11 
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_ Tp n n~_----Jn,---_---, 

@J 

<0 
® 
@J 

Rf 

Ts 

n n n n n fL 
L 

'---_____ ...... f 

L 
L 

Figure 4-13. 930/9300 Timing Diagram, 0 ' @ '®'@ Effects of Time-Share 

When the Ready signal,@, from the external device 

goes false (Io~he POT instruction proceeds to 

phase 06. ~ and @ are then inhibited. 

sR f = 06 F 2 F 3 Q 2 R t 

Rt =~ 
---

sF 1 = F 1 F3 01 03 04 Ia T p Rf 

If@is always held false during the POT instruction, 

the POT instruction remains in phase 02 for only one 
cycle. 

4.36 Shoul d a time-share operation occur during the 

phase 02, the 0 signal remains true but 0 
is inhibited. At the completion of the time-share opera­

tion, depending on the condition of V, at least one 

more cycl e~f Q and 0 occurs. It is neces­
sary that®be held at ground until the computer 
acknowledges receipt of the Ready signal by making o go false. 

4.37 @, © (See figure 4-14) 

4.38 On instructions for external system devices, an 

Sks strobe pulse, @, is provided from the TMCC. 

@ Skss 

Skss 

Q3 +Q5 

05 01 04 Ts (AOO (Q3 + Q5) + C9) 

T6 - Tr 

The SK S instruction remains in phase 05 for two cycles 
to permit the C register outputs, @, to attain a 

4-12 

stable configuration at the external system device. The 
signal @ is generated during the second cycle if 
C9 is true. @ is true for approximately two cycles 
if C9 is true. The response from external system devices, 

®, (false for a skip condition) is received by the 

TMCC and is sent to the computer as Skrz. If a skip is 
to occur, the Sk fl ip-flop is set at Tr time during the 
second cycl e of phase 05. 

sSk 05 01 04 AOO Tr Sks + . 

Sks Skrz + ... 

If a time-share operation occurs during the SKS instruc­
tion, phase 05 is repeated for two cyc les, thereby per­
mitting the C register outputs,@, to attain a stable 
configuration prior to the generation of the @ probe 
pulse. 

Tp n n 
@ifC9 

@ -------~-----------------I .. ~------_I .. -.tl C Reg. stable 

sSk ____________ ~n~ ________ __ 
® 
@ifC9J 

Figure 4-14. 930/9300 Timing Diagram, 

@'@'@ 

--~-
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4.39 If C9 is true, the @ signal may occur for 

onl y one cyc Ie if a time-share operation occurs during 
the SKS instruction. At the ~tion of the time­
share, however, a two cycle Skss signal occurs. If 
C9 is true and time-share operation occurs, the @ 
signal occurs only once, during the last of the two phase 
05 cycles. 

4.40 TEST PROGRAMS 

4.41 Proper operation of the TMCC can be checked by 
performance of the appl icable test program. Operation 
in the compatible mode of the TMCC can be checked by 
perform ing the test program for the input/output device 
connected to the TMCC. The sample test programs 
given in tables 4-1 and 4-2 may be performed. Test 
programs for the extended modes are given in the fol­
lowing paragraphs. 

4.42 EXTEN DED MO DE I/O TEST PROGRAM FOR 
925/930 COMPUTERS 

4.43 Th is program tests as many of the extended I/O 
operations as possible with paper tape. Any 925/930 
computer with a typewriter attached to the W channel 
and a paper-tape punch and reader on any interlaced 
communication channel may be utilized. The W chan­
nel need not be interlaced for the typewriter. 

4.44 The program occupies 83810 locations from 0177 
to 1714 octal. It is suppl ied on paper tape with a self­
loading bootstrap. To load, insert tape in tape reader 
and perform fi II procedure. 

4.45 Fill 

4.46 The fill procedure is as follows: 

a. Set up sel ected input device with the input 
program. In itial portion of the program contains the 
"bootstrap" program. 

b. Set RUN-IDLE-STEP switch to the IDLE position. 

c. Press START switch. 

d. Press PAPER TAPE FILL switch. Th is causes a 
WIM 2 (03200002) instruction to be inserted into the 
instruction register and loads the Index Register with 
77777771. The FILL switch also prepares the channel 
to operate in the forward, binary, four characters per 
word mode. 

4.47 Operation 

4.48 To sel ect the reader and punch units to be used 
enter: 

"CU" P to select punch 

"CU" R to select reader 

The letter C is the channel number and may be any 
dig it 0-7, and the letter U is the unit, either one or 
two. The reader and punch need not be on the same 
channel. 

4.49 The test is started by entering the letter liS". 
Control of the test operation is then a function of the 
Breakpoint Switches. Table 4-3 summarizes the switch 
functions. 

Table 4-3. 925/930 Computers Breakpoint Switch Functions 

Breakpoint 
Switch Reset Set 

1 Run in the normal mode as determined Stop and return to keyboard 
by the other switches control at the end of the 

current pass (punch or read) 

2 Continue to run test selected by Cycle test runs from punch to 
switch 3 read to punch and so on 

3* Selects punch mode Selects read mode 

4 Stop and type diagnostic messages Do not stop and type on errors 
whenever an error occurs but continue to run. 

*Used when switch 2 is reset or when starting test 

4-13 
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4.50 When running cycl ic tests from puch to read, the 
tape from the punch should be inserted into the reader. 

4.51 Punching 

4.52 The program punches f.our blocks of 64 characters 
each in one pass. The char,cters form a counting 
sequence from 00 to 778. The first block is started with 
leader and output with an IOSP. All punching is done 
in the one character per word mode. When the word 
count reaches zero, an IOSD is loaded to punch a 
second block of 64 characters. No leader is punched 
between the first and second blocks. This results in 
one physical block 128 characters long. Starting with 
leader, two additional blocks of 64 characters are then 
punched with an 10S0. 

4.53 At the concl usion of each output operation, the 
channel address register is stored and compared with the 
expected value. If they do not agree, the program 
types the expected and actual values. 

4.54 The program tests the channel during the output 
operation to see if the channel should erroneously dis­
connect before the word count reaches zero. 

4.55 Reading 

4.56 Each of the four blocks is read with a different 
set of commands and counts so as to test as many opera­
tions as possible. After reading a block, a general 
subroutine checks for input parity errors, channel end 
address for agreement with the expected address, and 
the data read character by character. Error messages 
with block numbers are typed in the event of anyone 
of these tests fail ing. If a test fails, reference shoul d 
then be made to the test program flow diagram and 
troubleshooting information in Section 5 of this manual. 
The handl ing of each block is as follows: 

a. Block 1. The first block is one-half of a 128 
character physical block. Reading one character per 
word, an IOSD with a count of 64 is used to read this 
block. The progr~m checks to see if the count reaches 
zero and the chann'el becomes inactive at the same time. 

b. Block 2. This is the second half of the first 
physical block and is read with an IOSP with a count 
of 65. The read should terminate because of the end of 
record. The program checks to see that the word count 
does not reach zero and the channel remains active 
after the CIT (inter-record test) instruction skips. The 
tape is finally stopped with a disconnect before the 
data is checked. . 

c. Block 3. Block 3 is a 64-character physical 
block. It is read with two channel commands. The 

4-14 

fi rst is an 10SP with a count of 32. If the count goes to 
zero before the channel disconnects, an IORP with I. 

count of 33 is loaded. This shaul d cause the inter­
record indicator to be turned on at the end of the reccrd. 
The count should not reach zero and the channel should 
remain active. The tape is again stopped w;th a dis­
connect before the data is checked. 

d. Block 4. This is the third physical block of 
64-characters and is read with an lORD with a count of 
56. The program waits for the channel to be inactive 
then checks to see if the channel ignored the last eight 
characters. If the tape was erroneousl y stopped after 
the 56th character it will show up as a fail ure on the 
first block of the next read pass. 

4. 57 T est Program 

4.58 Table 4-4 gives the test program for the 925/930 
computers I/O extended mode. 

4.59 EXTENDED MODE I/O TEST PROGRAM FOR 
9300 COMPUTER 

4.60 This program tests as many of the extended I/O 
operations as possible with paper tape. Any 9300 com­
puter with a typewriter attached to the W channel and 
a paper-tape punch and reader on any interlaced com­
munication channel may be util ized. The W channel 
need not be interlaced for the typewriter. 

4.61 The program occupies 83810 locations from 0177 
to 17148. It is suppl i ed on paper tape with a self­
loading bootstrap. To load, insert tape in tape reader 
and perform fill procedure. 

4.62 Fill 

4.63 The fill procedure is as follows: 

a. Press POWER switch on. When power is on, 
the switch is lighted. 

b. Press IDLE switch. 

c. With computer in IDLE, press RESET switch. 
This cl ears the D register and the program counter. 

d. Press RUN switch. The computer now executes 
the instruction in the D register (wh ich is a HALT 
instruction). The program counter advances to 00001. 

e. Press PAPER TAPE LOAD switch. This switch 
causes an AIM 2 (O 32 00002) instruction to be inserted 
into the D register and clears the HALT instruction. 
Index 1 is loaded with 00 1 77771. The LOAD switch 
also prepares the channel- to operate in the forward, 
binary, four character per word mode. 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 1 of 20) 

1 TYPE 
2 * 

EQU 930 MACHINE DEFINITION: 930/925 

3 * 
.. * 
5 * 

EXTENDED MODE 1/0 TEST PROGRAM. (925/930/9300 ALL CHANNELS) 

6 * A.U. ENGLAND. SDS 
7 * 
8 * 
9 * 

10 * 
11 * 
12 * 
13 * 
14 * 
15 * 
16 * 
17 * 
18 * 
19 * 
20 * 
21 * 
22 * 
23 * 
24 * 
25 * 
26 
27 • 
28-· 
29 * 
30 * 

THIS PROGRAM USES T~E PAP~R TAPE RE~DER AND PUNCri T6 CHECK THE 
OPERATI~N OF THE 1/0 CHANNELS IN THE EX1ENDED INTERLACE HODE OF 
OPERATION. THE READER AND PUNCH MAY BE CONNECTED TO ANY INTERLACED 
TMCC OR DACC. THEY NEED NOT dE ATTACHED TO THE SA~E CHANNEL. THE 
PROGRA~ ADDRESSES THE KEYBOARD FOR INFORMATI~N AB6UT UNIT AND CHANNEL 
SELECTI~N. 

TO SELECT PUNCH TYPE: ·CU·p 

TO SELECT READER TYPE: ·CU·R 

UHERE ·C· REPRESENTS CHAN~EL NO. AND MAY HAVE THE VALUES 0-7; 
AND ·U· REPRESENTS UNIT NO. AND MAY HAVE THE" VALUE 1-2. THE LETTER 
P OR R CAUSE THE SELECTION TO BE MADE UITH THE TUO PREVIOUS DIGITS. 
SPACES SHOULD NOT BE TYPED BEr~EEN DIGITS OR CONTROL CHARACTER. 

TO START THE TEST TYPE: ~ 

PAGE 

BREAKPOINTS OR SENSE SUITCHES CONTROL THE RUNNING OF THE PROGRAM: 

-- ---- ------ ---3T -.---- --- -s1l rrCH----

32 • 

RESE 

33 • 34-· --

35 * 
36 * 
3'---'~~ 

3d * 

-SP -I_--RUN-TN--TH E---N"Blrt'fAT-- M6DE -----s TffP--AT-THrENlJ-~~~RnI'-
su 1 AS DETERMINED BY fHE PASS AND RETURN TO KEY BOARD 

OTHER SwITCrlES. CONTROL 

39 * BP 2 CONTINUE TO RUN TrlE CYCLE TEST RUNS FR~M READ TO 
--4-0--.--- --SU 2 TES-r~6DE Sc:.L~uBY POFrCH Ttt READ. E fC. 

41 * S~]TCH 3. 
42 * 
43 * 
44 * BP J SELECTS PUNCH MOOt SELECTS READ MeDE. 
45 * SW 3 (USED WHEN S~ITCH 2 IS RESET OR UHEN STARTING THE TEST) 

.- -··-46-·--

47 * 
48 * BP 4 ST6P AND .TYPE DIA~NOSTIC 06 NOT STOP OR TYPE ON ERRORS. 

Vl 
C1l 

""0 ...,. 
C1l 
3 
0-
C1l ... 

~ 
01 

Vl 

o 
Vl 

-.0 o 
~ 
ex> 
01 
() 
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Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 2 of 20) 

49 * 
50 * 
51 * 

SIJ 4 MESSAGES IJHENEVER AN 
ERROR OCCURS. 

c-er;fT-I NuE RUNN I NG REGAROrrss-.---
~--~ 

52 * 
53 * 
54 * 
5~--* 

NOTE: TO RUN CBNTINOUS FROM READ TO PUNCH THE OUTPUT OF THE PUNCH 
SHOULD BE FED INTO THE READER. A LOOP SHOULD BE USED TO RUN 
CONTINOUS ON THE READER. 
PAGE 56 

57 * 
58 * 
59 * 
60 * 
o! • 
62 * 
63 * 

THE FftL(o~iIN-G-~'-ECTION OF CODE DEFINES EITHER A 925/930INSTRIJC-TTtfN~­
SET OR A 9300 INSTRUCTI~N SET. THIS IS DONE ON TH~ BASIS OF THE 
MACHINE TYPE STATEMENf AT THE BEGINNING ~F THE DECK. 
--.----~-------.-~ -~-~--- -----------

-----~"---

64 * 
65 PROC 
66 DF9300 NAME 

-------67 -sf Nsl - FORM - --3;-6;T5-- --------- ---- --
68 P PROC 1 DEFINE INDEX Op·S TO IMPLY Xl. 
69 SLDX NAME 017 

----------,70 5S-Tx--NAMt------(rl;--~------------

71 58RX NAME 057 
72 INST (P(*1)*/2)++1.PCO).P(1) -- ---- - ---------f3-----------E-fnj~- ----------- -----~--------

74 P PROC 
75 SXAB NAME 037733 DEFINE ceMPATIBLE RE~lsrER op·s 

- ---76-SA3C- ---- NAlfE------ 037 7 ~fI---
77 S8AC NAME 037713 
78 SCLR NAME 037711 

---------~~---7-9--- ---- --I N-Sf" --- o.-040-;P( 0 

80 END 
81 P PROC 1 

-----82---iR~H--NAME ----cfoo--- --- ---~-- --Ot:-FIN""E~CO-H"PATI 8L~--s"HTFTI 

83 SRCV NAME 002 
84 SLSH NAME 004 

----- --- ---- --- ---8~--$L-~-Y-- -- N"XffE-------o06---

86 $N~D NAME 044 
87 SSHFT FORM 3.6.6.9 

------ ----88--~- ------ SHF-r- ----p-et)..; 060. P (u ) # P ( 1 ) * * 0 777 

89 END 
90 P PROC 

- 9"(- -,fort N--~- -N AM e 
92 $toliB NAME 
93 $BIM NAME 
94 INST 
95 END 
96 * 

1 
071 
030 
032 

DEFINE MISC. COMPATIBLE op·s. 
-_._------ ~ ..• - .. ---- --.-------~-

(P(*1)*/2)++P(2).~(O).P(1) 

til 
o 
til 

~ 
~ 
00 

?) 

til 
(l) 

""0 .... 
(l) 

3 
C"'" 
(l) .., 
-c 
0-
til 

.- - - --.... --.--- .. ----.-~.-- ... ~------------.-------~-- --~~-'-'-



t 
""'-J 

Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 3 of 20) 

97 IX 
98 * 

~QU 

99 A6RG 
100 SEODC DATA 
101 * 

0177 
04000000 

DE~INE INDEX TAG·~· FOR Xl 
EOD CBNST~NT 

E6D CBNSTANT 

102 sSwTFRM FORM 3.6.3.12 
103 Q PR6C 
104 S8PT NAM~ 

105 SOVT NAME 
106 SReV NAME 
107 $SOV NAME 
109 S~TFRM 

109 END 
110 END 
111 * 
112 PR~C 
113 Df930 NAME 
114 * 

1 
040000 
014040 
04000 
00040 
O.022.Q(O)*/C-12)**7.Q(0)**07777++CQ(1»u)*/(o-QCll) 

115 * IF N6T A 9300 THEN DB TH~ fOLL~~ING 6PERATI6NS 
116 * 
117 P 
118 $MIS 
119 $811'1 
120 INST 
121 
122 
123 • 
124 $X 
125 • 
126 • 
127 
128 $E~DC 
129 • 
130 • 
131 N 
132 $S~V 
133 
134 
135 * 

-136 M 

PROC 
NAME 
NAME 
FORM 
INST 
END 

EGiU 

ABRi7 
DA1A 

PRt)C 

NAMi:. 
BRR 
END 

PR6C 
NAME. 

1 
012 
032 
3.6.1.14 
P(2).PfO).P(*I).P(I) 

2 

0177 
0400000 

$.4 

DEFINE lIB INSTRUCTIONS 

DE~INE INDEX lAG ·X· Fe~ 2 ON 930 

EtJD CCtNSTA"i 

SC: 1 ttVERfLl:n. 

1 - -BRANCH AND CLEAR -INTERRuPT 

De 1'1(*1).1.2 
137 $8Re 
138 

-------------139 ---aRlr----l1rIJ ------

140 
141 - -- --f42--
143 P 
144 SDSC 

BRU "$+1 
PZE M(l) 
END ----------------------- ------

PROC 
NAME 

1 
o 

Vl 
(1) 
-u .... 
(1) 

3 
CJ 
(1) ..., 

-.0 
0-
Ol 

Vl 

o 
Vl 

-.0 o o 
0-
00 
Ol 
() 



t ..... 
Q) 

00177 

00200 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00210 
00211 
002.2 
00213 
00214 
00215 
00216 
00217 
00220 
00221 
00222 
00223 
00224 
00225 
00226 
O.::'::~' "7 

Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 4 of 20) 

145 SALC NAME 
146 SASC NAME 
147 $TSP NAME 

050000 
012000 
014000 

-------------~148-I------F O-R-M 3.6~lS- -
P(I)**2.(P(1)**4)*/3++2.P(0)++(P(1)**1)*/6 149 I 

150 END 
---------15T-P----PR-e-C 1 

152 SCAl NAME 014000 
153 SCET NAME 011000 

54--S C TT N A -r'1 E---o 1 04foo---
155 SCll NAME 012000 
156 I FeRM 3.6.15 

--------:c-1 5-7------ - I P ( 1)o-*-*---C2::--.---CO::--4-'-0=--.-P~( 0=----) -+--:-+--, ""P-'-(-'1-'-)-*-*~4--,)--c.-I--=I--=2.--c+:--c+:---(,-·p"--'--( I=------) -:--. -:--. ~1-r) -:-*-.1-=6------

158 END 
159 END 

----------:160 D~ TYPE a 9300 

00400000 

o 76 0 00233 
o 35 0 000)1 
o 35 0 00032 
o 01 0 002)4 
o 23 0 01241 
o 23 0 01231 
a 46 30003 
o 35 0 01444 
o 02 0 020)1 
9 32 0 01445 
o 76 0 01445 
o 75 0 01636 
o 70 0 01637 
o 01 0 00217 
o 01 0 00233 
o 70 0 01640 
o 01 0 00222 
o 01 0 002!>6 
o 70 0 01641 
a at 0 00225 
o 43 0 00317 
o 72 0 01642 
o 01 0 00236 
o 75 0 01444 

161 DF9300 
162 DO TYPE<9300 
163 DF9~3~0~------

164 PAGE 
165 * 
166 * THE STARt 6F THE PROGRAM 
167 * 
168 
169 BEGIN 
170 
171 
172 BRUG~ 
173 KyeD 
174 
175 G02 
176 
177 
178 GOI 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

AORG 
LDA 
Sf A 
STA 
BRU 
EXlJ 
EXU 
CLR 
STA 
RKB 
BIM 
LDA 
LOB 
SKM 
BRU 
8RU 
SKM 
BRU 
BRU 
SKM 
8RU 
BRM 
SKA 
BRU 
LOB 

0200 
BRUGO 
1 
032 
KYBO 
RDIS 
PDIS 

Tl 
0.1.1 
Tl+1 
Tl+1 
z077 
:. 

$+2 
PO =. 
5+2 
RO =. 
5+2 
SO 
=070 
Gf)2 
Tl 

p. 

R· 

s· 

INITIALIZE RECOVERY LOCATI~NS 

READ CHARACTER 

CHECK FeR CONTROL CHAR. 

CHECK FOR DIGIT 
IF NOT CONTROL eR DIGIT CLEAR 

C/) 

o 
C/) 

--0 

8 
0-

ffi 
() 

VI 
(l) 

""0 
-to 
(l) 

3 
c­
(l) 
~ 

--0 
0-
01 



~ 
I 

--0 

00230 
00231 
00232 

o 36 0 01446 
o 3S 0_01444 
o 01 0 00211 

00233 0 43 0 00323 
002j-4-oFl - 0 01-643 
00235 2 76 0 01234 
00236 0 14 0 01644 
O(i237---6-16 0 01446 
00240 0 35 1 00235 
00241 0 41 0 00235 
OCY2-42---0 7 1 --0- 01 -645-
00243 ~ 76 a 01227 
00244 0 14 0 01646 
b 0 245 0 1 6 0 if 1 4 47-
00246 0 35 1 00243 
00247 0 41 0 00243 
o (Y25 0 -071 0 016 i3-----
00251 2 76 0 01212 
00252 0 14 0 01647 
00253 -0 16 0 01430 
00254 0 35 1 00251 
00255 a 41 0 00256 
00 i 56" 0 4 1 0 - 002:5 1 
00257 0 76 0 01230 
00260 a 14 0 01650 
o 0 2 6 1 -0- 1 6 0 0 1 4 4 d 

00262 0 35 0 01230 
00263 0 16 0 01651 
00264 - -0 35- --0 -01227 
00265 a 01 0 002)4 

002660 -43 
00267 a 71 
00270 2 76 
0027 1---0---14 
00272 0 16 
00273 0 35 
00274 0 41 
00275 0 71 
00276 2 76 
00277 0 14 

o 00323 
o 01643 
o 01244 
0--cf164i---- -
o 0144f-
1 00270 
o 00270 
o 01643 
o 01240 
o 01646 
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193 
194 
195 

STB 
STA 
8RU 
PAGE 

11+2 
T 1 
GOI 

196 
197 * 
198 * 
199 * 

pUNeHC~~~~EC-SET UP RjUTINE 

200 PO 8RM 
2 0 1 --COX ------
202 LOA 
203 ETR 

MAKECH 
=-4**0177777 
PALC+l.X 
=050277677 204 -- ---- -- -MR-G - T 1 +2---- ----~ 

205 STA *$-3 
206 8RX $-4 

SAVE CHANNEL NUMBER IN 11+2 
SAVE UNIT NUHBEK IN 11 

GET CHANNEL NO. BUILT. ~AVEO IN Tl+2 
UPDAf E-::OM/EOD- S 

INSERT CHArlfNEI.--oE5 I GI't4A-T-I ~N-

-207- -------- - L-n x- = -3 * * 01 77 i77-------- -UPDATE. S K5-· S ---- -----------

203 LDA PCET+l.X 
209 ETR =057737677 
21b MRG Tf~3-

211 STA *$-3 
212 8RX $-4 

-21 j- ------------LOX =-4**017777f---- -- ---uPDA. I E--CHANNEL CCH1MAiiD-S---
214 LDA PI:;SD+2.X 
215 ETR =Of;0277777 
216--- - ---MRG-------fI+-4--- -----------_ .. _ .. _-- -

217 STA *$-3 
210 
219-
220 
221 
222 
223 
224 
22::; 
220 
227 * 

8RX $+1 
8RX $-5 
LDA PTL 
ETR =-2 
r-fR-G T 1 
STA PTL 
MRG =02000 

- -g TA-----P P-t--

8RU KY8D 

- -22-~--*-- ---frEAOt:-R CHA-NNET-sET UP ~ouT INc.-

229 * 
230 * 

--2:rC"lfO-------9R}1 . ----tfAKEC H 

232 LDX =-4**0177777 
233 LDA RALC+l.X 

---234---- ~-ETlr - - =0502716-77 
235 MRG T1+2 
236 STA *$-3 
237 BRX $-4 

UPDAtE UNIT NOc 

MAr'\:: Ne L _ Jc.t<! EeM 

Gt:T C~.ANNEL Nt) 3UILT--­

UPDAIE. Et"tM/EBiJ'5 

238 LDX =-4**0177777 dUILD SKS·S 
239 lDA RCIT+l.X 
240 ETR =057737677 

l/} 
(1) 

""Q. 
(1) 

3 
0-
(1) ., 

--0 
0-
01 

l/} 

o 
Vl 

--0 
o 
~ 
ex:> 
01 
() 



~ 
I 
~ 
0 
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00300 
00301 
00302 
00303 
00304 
00305 
OOJ06 
00307 
00310 
00311 
00312 
00313 
00314 
00315 
00316 

00317 
00320 
00321 
00322 

o 16 0 01447 
o J5 I 00216 
o .. I 0 00276 
o 71 0 01652 
a 76 0 0122A 
o 14 0 01653 
o 16 0 01450 
o 35 1 OOJJ~ 
o 41 0 00311 
o 41 0 00lJ4 
o 16 0 01240 
o 14 0 01650 
o 16 0 01444 
o 35 0 01240 
o 01 0 002lA 

o 02 00000 
o 40 20100 
o 01 a 00640 
o 01 0 00356 

2.1 
2"2 
~.3 
2 .... 
2~5 

246 
247 
2 .. 8 
249 
250 
251 
252 
2153 
254 
255 
256 * 
257 * 
258 * 
259 * 
260 SO 
261 
262 
263 
264 
265 * 

MRS fl+J 
STA .5-3 
8RX S-4 
lOX ·-10··0177177 
LDA RIORO+2.X 
ETR -070277177 
MRli Tl+. 
STA ·$-3 
BRX s+. 
BRX 1-5 
LDA RPT 
ETR =-2 
MRG Tl 
STA RPT 
BRU KYBD 

START TE~T RUNNING 

DSC 0 
BPT J 
BRlJ IN 
BRU OUT 
PAGE 

BUILD CHANNEL CO""AND E~"/EDD·S 

BUILD RPT ~ITH UNIT HO. 

DISCONNECT 
START READ OR PUNCH? 
READ 
PUNCH 

-2-6-t)-.---auILtfcHAN-NEI N~.- SUBR(fUTINt--------- ----- - --- ---

267 * 
00323 0 00 0 OOOJO 268 MAKECH PZE 
00~O~f6-;jOO(f3--------- --;2tr9--------CCR------
00325 0 76 0 01446 270 LOA T1+2 
00326 0 72 0 01654 271 SKA =4 
oo32"7--o-fs-O OOi7-t---- 272---- LDEr--- -E-6-nc-
00330 0 36 0 01430 273 STB Tl+4 
00331 0 14 0 01655 274 ETR =3 
00332- --03-5--5 0 i ~f46----- - ----27-5----5 T A-- ---Ti-+;2-----
00333 a 71 0 01446 276 LDX T1+2 
00334 0 76 0 01450 277 LDA Tl+4 

-- ----- ---- ~-----.-~ 

GET CH. NO. 
EOD REQUIRED 'it: s ----- ------

NO. SAVE EOD BIT. 

OO~r35--2-16 0 OOj~2--------278-- ---MR-G-~-ffAKETS~-X-- --------eUn.:-D--t:-tJM/EODSELEC~N 

00336 0 35 0 01446 279 STA Tl+2 SAVE E6M 
00337 a 46 10012 280 8AC BUILD SKS SELECTION 
00-346----072-0--06177 --------2-8-1-------S1(A----r-~DC-------- ----------

00341 0 75 0 01656 282 LOB =040000 
00342 a 46 00014 283 XAB 
if034-:f-216-0-ocf35-2-----------284 --------l1R-(;- --MAlrcT8. x 
00344 0 35 0 01447 285 STA Tl+) SAVE SKS 
00345 0 76 0 01444 286 LOA T1 BUILD UNIT NO. BIT 
b-O-)46-(j-T4(j-oi 6~-7-----287-- ----ETR------ =f 
00347 0 17 0 01657 288 E8R =1 

Vl 
o 
Vl 

-.0 

8 
0-
(X) 
OJ 
() 

Vl, 
en 

"1J 
-t" 
en 
3 
0-
en .... 
..... 
-.0 
0-
OJ 
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(1) 

"'0 
(i) 

08350 o 35 0 CJ144A 28') ST" T 1 SAVE UNIT N". BIT 3 
0-

00351 051 o 06323 ~ ------: 2 9 ()"-- 3R R~~ MAKECt-i -- -EX-iT -_._- --- --- -~~------- (1) ... 
291 * .... 

-.0 
00352 00000000 292 MAKErB DATA 0.0100.020000000.u20000100 ~ 

LIl 
0035 3-""OOOCrO-l 00 

---<,._------- -.-- - -~.--.~- --_._- --.--.-~--.---~----~-- _._-- - - - --_ .. --~ ----- - --- ---

00354 ~OOOOOOO 

00355 20000100 
29J PAGE 
294 * 
295 * PAPER TAPE PUNCH "UTPUT SECTldN. 
296 * 

00356 o 71 o 01650 297 ~UT lOX =-64**0177777 SET UP OUTPUT IMAGt:: IJITh 64 IJOROS 
00357 o 46 30003 298 CLR 
00360 2 35 0 0134" '199 STA IMAGE+64.X 
00361 o 55 0 01651 300 ADD =OI00Df)OO 
00362 o 41 0 00350 301 BRX $-2 
00363 o 23 0 01230 ~02 OUT4 EXU PTl STARl PUNCH IJITH LEADER 
00364 o 23 0 01233 303 EXU PALC AL~RI CHANNEL 
00365 o 23 0 012)6 104 LCH PIOSP L6AD IOSP IMAGE.64 
003.66 0 13 0 012)7 VI 

00367 o 71 o 01643 305 LDX =-4··0177777 SEt UP F~R SUBROUTINE TE' TyPE: 0 
VI 

00370 o 75 0 01652 306 LOB =ERMS';1 I~SP. OUTPUT -.0 
00371 o 76 0 00431 307 LDA PCATC 0 

0 
00372 o 43 0 00610 30~ 8RM \.IC1 ~AIT FOR CHANNEL COUNT = ZERO ~ 

ex:> 
00373 o 23 0 01226 30 i EXU ?CET E~ROI'< ftN ~UTPUl LIl 

n 
OJ374 o 40 20040 310 BPT 4 ViS. CH~C" tjP4 Ft1rt N~ ~Iep 

00375 o ~1 a 00416 31 1 BRU (JJT4~ N::J. Nt) SH:tP eN t~~eR 

OD376 o 23 0 01231 312 OUT2 EXU PDIS E~Re~ .. DI:,CONNECf CrlANI":.L 
00377 o 02 0 02641 31J TYP J # 1 .. 4 TY~E GENE~AL ~~~B~ M~S5~GE 

00400 0 12 0 01653 314 HI8 =J~2121-225 l E 
01]401 0 12 0 01654 31~ M18 =051'514651 R~'R 
00402 0 12 0 01~,5 31b MI2 =]12246451 :JJR 

00403 0 12 0 016~6 317 MI8 =8314:'2712 IN:; 
00404 o 46 00014 31!) l(AB TY~~ SPfCIFiC ER~dR MES~AGE 
00405 0 16 0 01635 31~ H~G MIRX 
00406 o 35 0 004)7 320 STA $+1 
00407 0 12 0 000)0 321 1118 00 T~ at R~PLACED AT RUN IIM~ 

00410 o 61 o 004J7 322 MIN $-1 
00411 o 41 o 004)7 323 8RX $-? 
00412 o 02 14000 324 G~TOP TOP 0 
00413 o 40 14000 325 C4T 0 
00414 o 01 o 00413 320 SRU $-1 
00415 o 01 o 002)4 327 t?HU KY8D 

32d • 
00416 o 43 0 0047f 32~ tlUT4A 8RM (JUTPIN G j PIN ANij CHt.C .... ...;,.. A "~i~ E L ADDH::,S;J 
004 "17 

" " 

o 23 0 01224 330 EXU 
-~ -

peAT IF CrlAt-;NEL INACTI~~ ~E.uDRESS PwNCH 
~ 00420 o 01 o 00422 331 8RU $+2 
I 

'" 00421 o 23 0 01227 332 EXU PPT 



~ 
I 

"-> 
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Cf0422-Cf 23 0 01233 
00423 0 23 0 01210 
00424 0 13 0 01211 

333 - EX U----P-A [c-
334 LCH PI6SD 

00425--071--001643 ------335--0UTI LOX =-4**of77-r77 
00426 0 75 0 01657 336 LDB =ERMSG2 
00427 0 76 0 00431 337 LDA PCATe 

LOAD CH. IOSD IMAGE.64 

~rET --lJf;)---ERR6R ~-f1ES S A-GE-:----
13SD. CUT PUT 

00430-0-43- -0 00610 ---3~rB-------eRM--UCZ'~------- U-Afr-F"OKC6UN-rE-(YUAL -ZfKtf-
00431 0 23 0 01224 339 PCATC EXU PCAT CHAN. ACTIVE? 
00432 0 01 0 00431 340 BRU $-1 YES 
00433 0 2 3 0 0 12-26------------j4--iE: x U----P CE T NO. ERR 0 R -: 
00434 0 40 20040 342 BPT 4 YES. IS STOP ALLOwED1 
00435 0 01 0 00437 343 BRU $+2 N6 E~ROR OR NO ST~P 
00436 0 01 0- 00376-------j44-------SRU OUT2 ERROR----sT01S"AL[1f\;jElJ~---------

00437 0 43 0 00476 345 8RM OUTPIN G~ PIN AND CHECK CHANNE~ ADDRESS 
00440 0 46 30003 346 CLR 
0044 1 0 35 0 -0 145-2---- --:f~r7- ·-S~T~A~-~P R F R ( PUNCH REPEAT) 
00442 9 23 0 01230 348 OUTtA EXU PTL 
00443 0 23 0 01233 349 EXU PALC 
OO,f44---o2-~r 6--of21O- 350 LCH P leSoft------------.--L---..O.,A.'"'D..----.I .. O"'S ... D..----.----,IMu-;-A""G....-E-.-::;O-6~4----------
00445 8 13 0 01211 
00446 0 71 0 01643 351 LOX =-4**0177777 SET UP ERROR MESSAGE: 
0044i--O--750-61657-- 3-52 LOB =ERM5G2 ~---------------

00450 0 76 0 00431 353 LOA PCATC 
00451 0 43 0 00610 354 BRM UCl 
00452--9-230--0122-4------3-5 5 -------E.----.-Xc;-;-U-:----------;;:P~C.---:A.:---.T.----------~C~H~A.~N~.~A~C~T~I~V~E~1~----~-------

00453 0 01 0 00452 356 8RU $-1 YES 
00454 0 23 0 01226 357 EXU PCET NO. CHAN. ERROR 
00455 0 40 20040 358 8PT 4 YES. IS ERROR STOP ALLewED 
00456 0 ot 0 00450 359 8RU $+2 NO.NO 
00457 0 01 0 00376 ~60 8RU OUT2 YES 
00460-043--6--00-i76--------36T-------SRM Ourp I N Gf) P-TIfANlJCHE~C~RANNrr_AD-rrRTSs 

00461 0 53 0 01452 362 SKN PRF PUNCH REPEAT 
00462 0 01 0 00454 363 BRU $+2 RESET 
00463 -oof-b- Od-457--------36-4--------~BRU OUT3 SET--------~--~-

00464 0 76 0 01670 365 LOA =-1 S(PUNCH REPEAT) 
00465 0 35 0 01452 366 STA PRF 
00466 0 01 0 00442 367 8RU 

00467 o 40 20400 
00470 o 01 0 002).4 
00471 o 40 20200 
00472 o 01 0 00640 
00473 o 40 20100 
00474 o 01 0 00640 
00475 o 01 0 00356 

3t;tj * 
369 * 
370 OUT,) 
371 
372 
373 
374 
375 
376 
~77 * 

8Pl 
8RU 
BPT 
8RU 
BPT 
BRU 
BRU 

BuTIA 

1 
KY8D 
2 
IN 
3 
IN 
BUT 

G3 O~ STOR 
ST~P 

Gl. CYCLE1 
YES 
ONE ONLY 

378 * SUBROUTINE TO CHECK CHA.~NEl AUORESS 

V'l 
o 
V'l 

--0 
o 
~ 
OJ 
U'I 
() 

V'l 
C\) 

"'C 
-t' 
CD 
3 
0-
CD .., 
--' 
--0 
~ 
U'I 
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o 00 0 000)0 
o 23 0 01232 
o J3 0 01444 
o 76 0 01444 
o 17 0 01611 
o 72 0 01670 
o 40 20040 
o 51 0 0041f-
o 37 0 01445 
o 46 00014 
o 16 a 01635 
o 35 0 00530 
o 76 0 01611 
o 43 0 00537 
o 35 a 00577 
o 36 a 006JO 
o 76 0 01444 
o 43 0 00537 
o 35 0 006J5 
o 36 0 006J6 
o 23 0 01231 
o 71 0 01612 
o 02 0 02641 

00476 
00477 
00500 
00501 
00502 
00503 
0050.1 
00505 
00506 
00507 
00510 
00511 
00512 
00513 
00514 
00515 
00516 
00517 
00520 
00521 
00522 
00523 
0052.1 
00525 
00526 
00527 

o 
o 

00530 -0 
00531 0 
00532 a 
00533 0 
00534 2 
00535 0 
O(iS-3-6 - -0 

2 12 0 0051.1 
Al a 005?~ 

11 0 01445 
12 0 000)0 
61 0 00530 
41 0 00530 
71 0 01673 
12 0 00610 
41 0 00534 
01 - 0 004.-2--

379 * 
380 OUTPIN PtE 
361 EXU 
382 PIN 
383 LDA 
384 EOR 
385 SKA 
'386 BPT 
387 8RR 
JB8 STX 
389 XAB 

o 
PASC 
TI 
TI 
=IMAGE+64 
=-1 
4 
OUTPIN 
Tl+l 

390 MRG "18X 
391 STA OTPINI 
J92 LDA =IMAGE+64 
39J BRM MK~CT 

394 STA OTPNMI 
395 ST8 OTPNMl+1 
396 LDA Tl 
397 B~M MK6CT 
3Qd STA OTPN~2 

399 ST~ OTPNH2+1 
400 EXU PDIS 
401 LUX =-15**0177777 
402 TYP 0.1.4 
40J MIB OTPNM+15.X 
404 B~X $-1 
405 LDX fl+1 
406-0TPINI MIB 00 
407 ; MIN $-1 
408 BRX $-2 
409 OTP I N2 LDX --;:':12**0177777 
410 MIS OTPN~2+3.X 

411 BRX $-1 Ari------- ----BR-U---G-OTOP-----------

413 * 
414 11 

ALERl TO STORE PUNCH CHANNEL 
STeRE. ADDRESS 

COMPARE WITH EXPECTED 

NOT tQUAl 
E~UAL ~~ ERROR ST~P N~T PERMIrT~D 

SAVE LENGTH ~F ER~6R MF~SAGt 

SET uP ERROR 6UTPIJTTER 

GENE~ATE EXPECTED PIN W~RD IN BCD 

SAVE EXPECTED 

GENERATE ACTUAL PIN ~ORw IN BCD 

DlsceNNECT PUNCH CHANNE~ 

eUTPur MESSAGE 

~JTPUT SPtCIAL ME~SA~~ 

OuT PUT R E C E 1 V E D A :'1 D EX P ::: C TED --,., E S SAG E 

----415--*~-SU8RB-UTINE TO MAKE ONE w(fRiJ-T1~ro ~acD-o-tlALDIGfr~;-

416 * 
00537 0 00 0 OOOJO 417 MK~CT PZE 
065-40-6 --71 0 01614 -- 4Ta------Cox-
00541 0 46 20005 419 ABC 
00542 0 6700 003 420 LSH 
00543 - -2 35 (f () 1 456---- -----~r21- ---~S-TA 
00544 0 76 0 01675 422 lDA 
00545 0 41 0 00542 423 BRX 

o 
=-6**0177777 

3 
Tl+10.X 
=0 
$-3 

00546 o-4i6---jociOJ---- 424 CLR ---------
t 00547 0 71 0 01674 425 LDX 
~ 00550 0 6720 006 426 Ley 

=-8**0177777 
6 

o TO WORD TO 8 
SHIFT OUT OCTAL DIGIT 
SA VrSC-DCH AR"-CTE; .... R:------------

CLEAR A 

REASSEMBLY 8CD CHARACTE~S INTO A + 3. 

Vl 
It) 

"'0 
;-
3 
cr-

- It)­., 

-0 
0-
L1'I 

Vl 
o 
Vl 

-0 o 
,0 
0-
00 
L1'I 
() 
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I 
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00551 2 16 b-of~r56------ --42/~ ~-~-HR~G 

00552 0 41 0 00550 428 BRX 
00553 0 46 00014 429 XAB 
OCf55-4~-o-sf-o-005:f7-------~430 --~~-8RR 

431 * 
432 * 

Tl+10.X 
$-2 

MK6CT EXIT 

----------0-433 * ERR"R MESSA GES F"R CHANNEL ADDRESS TEST SUBR"Ul I NE 

00555 52254524 
00556 -12 21;r42-4 
00557 51256262 
00560 12265146 
0056 1 44122336~----

00562 21454525 
00563 43122431 
00564--2412-4"546-
00565 63122127 
00566 51252512 
00567 
00570 
00571 
00572 
00573 
00574 
00575 
00576 
00577 
00600 
00601 
00602 
00603 
00604 
00605 
00606 
00607 

66316330 
12256747 
25236325 
a4122126 
63255112 
25674725 
23632524 
1~1~1212 

00000000 
00000000 
13121252 
51252325 
31652524 
12121212 
00000000 
00000000 
33125252 

434 * 
435 OTfitNM BCD 

436 BCD 

431 BCD 

438 "TPNMI DATA 

439 BCD 

440 OTPNM2 DATA 

441 BCD 
442 PAGE 
443 * 

52. lEND ADD~ESS F~OM CHANNEL DID N"T AGREE ~ITH EXPECTE 

8.D AFTER 

12.EXPECTED 

0.0 

16 •• lRECEIVED 

0.0 

4 •• 11 

444 * 
445 * 

\.I~(fT-f-()-R- COUNT-EQUAL lE~O- SUB~!juln~~. ---------~ 

00610 0 00 
00-6-1-1-0- 35 

00612 0 55 
00613 0 35 
--~~--- --

00614 0 40 
00615 0 01 
00616 0 51 
-olf61)---6-40 
00620 0 01 

o 000)0 446 WCl ?lE 
ST-A 0-006-17----- ----447 

o 01657 
o 00614 
12000 
o 00617 
o 00610 
14000 
o 00614 

448 ADD 
449 STA ------------ ;E,o -ClT-
451 BRU 
452 Bfo(R 

---~453 -- - --------CA T 

454 BRU 

$+6 
=1 
$+1 

-()()-~-.-.~~ -

$+2 
WCZ 
00 
$-4 

ENTRY 
-s-A-vl---t-(I PC 

MAKE A eZf 
SAVE R/PCZT 

NO 
YES 

. C-H A ffNET-,rc fIVE,--
YES 

Vl 
0 
Vl 

'-0 
0 
0 
0-co 
~ 

Vl 
(1) 

-0 -(1) 

3 
0-
(1) ..., 

'<). 
0-
01 



~ 
I 

'" (,)'J 

Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 11 of 20) 

00621 0 40 20040 455 
-b-06~ii- -0 -5-1-000610 - -:---45-6-
00623 0 37 0 01444 457 
00624 0 46 00014 458 

BPT 
8RR 
STX 
XA8 

4 
wct 
T 1 

N~. IN~18IT ERR~R~ 

~YES 
N~. PRINT ERROR M~SSAGE 

006-25~ ~O- 16 - 0 01635- -- --~-4 59~--- -MRG -MTB:f-- ----,,_ .. _- -----~- -- -- ---~ ~ ------ --~---

00626 0 35 0 00634 460 
00627 0 71 0 01676 461 
00630 0- 02 0 0264 C-- -46-2 
00631 2 12 0 015)0 463 
00632 a 41 0 00631 464 
00633- --0--710 01444 465 
006J4 a 12 0 000)0 466 
C0635 C 61 0 00634 467 

STA 
LDX 
TYP 
MIB 
BRX 
LDX 
MI= 
MIN 

$+6 
=-13**0177777 
0.1.4 
DISMS:.i+13.X 
$-1 
T i 
Ou 
$-1 

00636 ) 41 0 0]63a 46~ :lRx $-2 
C0637 ~ Jl 0 00412 46~ BRu G~Tj;l 

00640 
00641 
00642 
00643 
00644 
00645 
00646 
00647 
00650 
00651 
00652 
00653 
00654 
00655 
00656 

00657 
00660 
00661 
00662 
00663 
00664 
00665 
00666 
00667 
00670 
00671 
00672 
00673 

9 43 0 01177 
o 02 20001 
13 23 0 01243 
o 23 0 01212 
9 13 0 01213 
a 23 0 01235 
o 01 0 00657 
Q 23 0 01234 
o 40 20040 
o 01 0 00670 
o 71 0 01676 
o 02 0 02641 
2 12 0 01525 
o 41 0 00654 
o 01 0 00412 

o 23 0 01234 
o 01 0 00645 
o 23 0 01235 
o 01 0 00654 
o 01 0 00670 
o 71 0 01645 
o 75 0 01677 
o 76 0 00647 
o 43 0 00610 
o 76 0 017)0 
o 75 0 017)1 
o 43 0 01055 
() 43 0 01177 

PAGE 47lJ 
471 * 
472 * INPUT SECTIBN 
473 * 
474 IN 
475 
476 
477 

SRM ST,ARTP 
RBV 
EXU RALC 
LCh RleSD 

478 INOS EXU 
479 BRU 
480 RCAle EXU 
481 BPT 
482 8RU 
483 LDX 
484 lYP 
.85 MIS 
486 BRX 
487 BRlJ 

4B8 * 
489 I NO 
490 
491 
492 
493 
494 
495 
496 
497 
498 I NOA 
499 
500 
~o 1 IN 1 

EXU 
9RU 
EXlJ 
SRU 
9RU 
LDX 
LDB 
LDA 
8RM 
LDA 
LOB 
8RM 
aRM 

RCtT 
INC 
RCAl 
4 
INOA 
=-13**0177777 
0.1.4 
ERMSG4+13.X 
$-1 
G~l~P 

RCAT 
INOB 
RCZl 
$+2 
INOA 
=-3**0177777 
=ERMSG5 
RCATC 
WC] 
=033120152 
=8UFFER+64 
CHECK 
STARlP 

STARI PEADE.K 

AL~RT 

LjAD 16S0 ~UFFE~.64 

c=o 
N~ 

YES. CHAN. ACTIVE 
YES. ERR6R Sl~P PERMIll~D 

NB. NO CBN1. 
YES 

CHAN. ACTivE STILL? 
YES 
N~. c=o 
N~ 

YES 
SET UP ERROH HESSA~E 

G~ D~ DISCBNNECT ~RR'R lEST 
BL'CK N~. 1 
END ADDRESS ExP~CJ~D 

G~ CHECK DATA 
STARl ~~ADER IF DATA C~~CKED (j.K. 

VI 
eD 

"'0 
-T 
eD 
3 
0-
eD .... 

-.0 
0-
(,)'J 

VI 

o 
VI 

--0 
o o 
0-
ro 
lr1 
n 



~ 
I 

~ 
00674 0 02 20001 
00675 e 23 0 01243 
00676 0 23 0 01214 
00677 0 13 0 01215 
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502 
~OJ 
504 

RtlV 
EXU 
LCH 

RAl C 
HI6SP L~AD IOSP 8UFFER.65 

00700 0 76 0 01670 505 LDA =-1 
o07di 0~35 0 01451 506 ST~ -- --SPF------ -----S-CIBSP- I NPOT) 

00702 a 23 0 01237 507 IN4 EXU RCIT INTERRECORD CONDITION 
00703 0 01 a 00735 508 8RU $+2 N~ 

0-07 0-.r---6---o 1 0 00732 509 BRU--- -IN2 't~S-----------

00705 a 23 0 01234 510 EXU RCAl CHAN. ACTIVE 
00706 a 01 0 00716 511 BRU INIA YES 
0-d;iOf--0--4 02 b d 4 b --~------512---------S P T-- 4 N C • t. K Keto( ::> f IJ to' I'" to. K Mil I t. u 

00710 0 01 0 00732 513 8RU IN2 N~ 
00711 a 71 0 01672 514 LDX =-15**0177777 YES 
00712-0--0-2--0 o 26-4-C- ---5 f-s--------rv P 0.1.4 -------------------
00713 2 12 0 01547 516 MIS ERMSG6+15.X 
00714 0 41 0 00713 517 8RX $-1 
o07Ts--ocff-d--0 a 412 513 8 frU,-----;G;;;-;B""T .. -;O"'P..-----------------------------

519 * 
00716 0 23 0 01235 520 INIA EXU RCZT C=O o O-rr'---ooT--6-oo-i'J2 5-2-1 8 RU ..-------I ... N-=4------------,Nr.-S,.-------------------
00720 a 23 0 01237 522 EXU RCIT YES. CHAN. INTER-RECORD 
00721 0 01 0 00732 523 8RU IN2 NO 
(fel) 22 0-- 46-2004-0 524 S P~T~--4-:-----------~Y""E""Sc-.---..E..,.R~R".-"O~R..,--,S""T.-O-=-cp----P~t:.~R~M~I~T-T~t:.=D-------

00723 0 01 0 00732 525 8RU IN2 NB 
00724 0 23 0 01241 526 EXU RDIS YES. STOP TAPE 
00725--0--7'---6-0-17)2-- 527 LDX =-17**0177777 
00726 0 02 0 02641 528 TYP 0.1.4 
00727 ~ 12 0 01570 529 HIS ERMSG7+17.X 
ooj3-o--b~-o--00727 530 BR~X----~$--~I---------------------------------------------------------

00731 0 01 0 00412 531 8RU GOTOP 

00732 0 23 0 01236 
00733 4 51 0 00733 
007J4 0 23 0 01241 
00 7-;:rS-O-530 01 45:-:1----
00736 0 01 0 00756 
00737 a 76 0 01733 
607-400--75 0 Of44-4---
00741 a 43 0 01055 

00742 -04;3001IT)---
00743 0 02 20001 
00744 a 23 0 01243 
00745 
00746 
00747 
00750 

02300121'6 
o 13 0 01217 
a 71 0 01645 
o 75 0 017)4 

532 * 
533 ~IN~2~--~E=X~U----~R~C=E~·T~---------------~I=F-=C~H~A=N~N=E~L~E~R~ROR 

534 S~V SET OVERFL~~ 

535 EXU RDIS ST~P TAPE 
536 SKN SPF IOSP1lfP~LAG 
537 BRU IN3 RESET 
538 LDA =033120252 SET. GET 8LOCK NO.2 
539 LDB BUFFER+64 END ADDRt~XP~CIrE=D-----------------
540 BRM CHECK CHECK DATA INPUT 
541 * IF C~RRECl CONTINUE. 
542 8RM STARTP STjRT TAPE 
543 ROV 
544 EXU 
545 

540 
547 

LCH 

LDX 
LD8 

RALC 
Rlt'}SPI 

=-3**0177777 
=ERMSGB 

ALERT 
LOAD IOSP 8UFFER.J2 

SET UP ERROR MESSA~E 

VI 
o 
VI 

-0 

~ 
~ 
() 

VI 
CD 

"0 
""t­
CD 
3 
0-
CD .., 

-0 
0-
01 



t 
~ 

00751 
00752 
00753 
0075. 
00755 
00'756 
00757 
00760 
00761 
00762 
00763 
0076. 
00765 

o 76 0 006.7 
il--.3- 0 -006-10 
o 23 0 01236 
• 51 0 00754 
o 23 0 01234 
o 01 0 007S0 
o 23 0 012.0 
9 23 0 01243 
o 23 0 01220 
o 13 0 01221 
o 46 JOOOJ 
o J5 0 014S1 
o 01 0 007J2 

00766 0 76 0 017J5 
00767 0 75 0 01731 
00770 0 43 0 01055 
00771 0 43 0 01177 
00772 0 23 0 012'3 
00773 0 23 0 01222 
00774 0 13 0 01223 
00775 0 23 0 01234 
00776 0 01 0 00775 
00777 0 71 0 01674 
01000 0 76 a 01636 
01001 2 72 0 01444 
01002 0 01 0 01024 
01003 0 41 0 010)1 
01004 0 71 a 01674 
01005 0 76 a 01642 
01006 2 J~ 0 01444 
01007 0 55 0 01657 
01010 0 41 0 010)6 
01011 0 76 0 017)6 
01012 0 15 a 017)7 
01013 0 02 20001 
01014 8 43 0 010S5 
01015 0 40 20400 
oTo 16---0 0 i 0 002)4 
01017 0 40 20200 
01020 0 01 a 00356 
Of02i 0 40 20100 
01022 0 01 0 00640 
01023 0 01 0 00356 

01024 
01025 
01026 

o 40 20040 
a 01 0 010)4 
o 71- 0 01674 
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548 
-549 
550 
551 
552 
553 
554 
555 IN5 
556 

557 
556 
559 
560 * 
561 IN3 
562 
563 
564 
.,65 
566 

Sf7 
56B 
569 
570 
971 
572 
57 J 
574 
575 
570 
577 
57t\ 
57-/ 
580 
581 
5~2 

583 

IN.3b 

LOA 
-aRM­

EXU 
SttV 
EXU 
BRU 
EXU 
EXU 
LCH 

CLR 
STA 
BRU 

LD~ 

LDB 
8RM 
B~M 

EXU 
LCM 

EXU 
SkU 
LUX 
LD~ 
SKA 
BRU 
t:Ho(X 
LDX 
LOA 
STA 
AIJD 
BRX 
LDA 
lliB 

RBV 
8RM 
BPT 

RCATC 
UCZ 
RCET 

ReAT 
IN5 
RPT 
RALC 
RI6RP 

SPf 
IN4 

=033120352 
=BUFFER+64 
CHECI( 
Sl~RTP 

RALC 
HIt'RD 

RCAl 
$-1 
=-e**0177777 
=077 
aUFFE~+64.X 

IN3A 
$-2 
=-fh*u177777 
=070 
SUFFER+64.X 
=1 
$-2 
=033120452 
=:jLJFFE.k+56 

CHECK 
1 

584 BRU KY8D 
585 BPT 2 
586 BRU BUT 
587 - --gp-r-------- j ---

588 BRU IN 
589 BRU BUT 

-- -----590-·----
591IN3A BPT 
592 BRU 
59 J -- -- -- -- --- L [ X 

4 
JN38 
=-~**OI7t7t7 -- ----

GO UAJT FOR C=O 
IF CHANNEL ERROR 
St:T OVERFLtHI 
IS R~ADER STILL RUNNING 
YES 
N6. ~~START TAPE READER 

LOAD lORD BUFfER+J2.J3 

R(IOSP INPUT) 

BU'CK "'0. 3 
END ADDRESS EXPECTED 
G" CHECI( DATA 
STARt TAPE 

LOAD IO~D BUFFER.S6 

CI"UIlt. ACTIVE 
YES. ~~IT fOR STOP 

CH.~N. I NAC T I VE 

CHECK FOR 0·5 IN LAST 8 CHARACTERS 

O.K. INSERl CO~~Ecr 8 C~ARACTERS 

Bl~CI< N~. 4 
E~D AUDRESS E(PECTED 

Go CHECK DATA 
TEST STOP] 
YES 
TEST CYCLE7 
YES 

- TEST ~p~~ crNL Y. 
READ 
PuNCH 

ERROH STO~ PERHlrr~D 

NO 
r 0 R Y, A r LAS T :: I G h T .: --' 4>< ACT t: R s---,:-a--R -or yp~ 

(J') 
('D 

"'0 .... 
('D 

3 

~ 
~ 
lJl 

(J') 

o 
(J') 

-0 

8 
0-
eo 
VI 
() 



t 
~ 
(X) 
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01027 0 46 30003 594 CLR 
01030 2 76 0 01444 595 IN30 LOA S0FFER+64.X 
OC03 i-o- 6700 OO:r-- -- 596--------I-SH- ----3--------- ---------------------
01032 2 16 0 01444 597 MRG BUFFER+64.X 
01033 0 14 0 01710 598 ETR =0707 
01034- -0 16 0 0 1711-~9~------MKG-----=552120(I50 
01035 0 6700 006 600 LSH 6 
D103f 2 35 0 01055 601 STA MSGIMG+8.X 
oTb31Cf 41 6 01030 602-------SRX---
01040 0 71 0 01712 603 LDX =-19**0177777 
01041 0 02 0 02641 604 TYP 0.1.4 
01 b 42 -2 T 2- do 1-6 f6- -- ------ --6cf5 ;-,-rs--- ---ERM5G9+T<j-;X 
01043 0 41 0 01042 606 8RX $-1 
01044 0 02 14000 607 TOP 0 
oTcf45-- 0 -40- - 1400-0 - ___ n_ ---6(r8- C A -.- 0 
01046 a 01 0 01045 609 8RU $-1 
01047 0 02 a 02041 610 TYP 0.1.1 
aTa!:) 0-- --0-71--0 -cf 16 -'-4-- -- 6 IlL D x = - 8 .... 0 1 77t77--
01051 2 12 a 01055 612 MI8 MSGIMG+8.X 
01052 0 41 a 01051 613 BRX $-1 
010S-3---cf-i2--0--Cfl,SJ3-h

----- -614 MIS E~GT+~ 

01054 0 01 0 00412 615 BRU G~T~P 

616 * 

01055 

01065 
01066 
01067 
01070 
01071 
01072 
01073 
01074 
01075 
01076 
01077 
01100 
01101 
01102 
01103 
0110.4 
01105 
01106 
01107 

a 00 
o 35 
o 23 
o 01 
o 40 
o 01 
a 23 
o 33 
o J6 
o 76 
o 17 
o 72 
o 01 
o 71 
o 76 
a 75 
2 70 
a 01 
o 55 

Q OOOJO 
o 01626 
o 01236 
o 01141 
20001 
o 01141 
o 01242 
o 01444 
o 01445 
o 01 .. 44 
o 01445 
a 01670 
o 0115A 
o 01650 
o 01675 
a 01636 
a 01444 
a 01112 
a 01657 

617 * 
618 MSGIMG RES 8 
61~ PAGE 
620 * 
621 * CHECK INPUT DATA SUBROUrINE. 
622 * 
623 CHECK 
624 
~25 
626 
627 
628 
621} 
630 
631 
632 
633 
634 
635 
636 
~37 

630 
63~ 

640 
641 

C~ECt<2 

PZE 
STA 
EXt; 
8RU 
OVT 
BRU 
EXU 
PIN 
S18 
LDA 
EttR 
SKA 
BRU 
LOX 
LilA 
LDB 
SKM 
BRU 
ADD 

ERMSGO+6 
RCET 
PAR ERR 

PARERR 
fotASC 
Tl 
T1+1 
T 1 
Tl+1 
=-1 
PINERR 
=-64**0177777 
=0(' 
=077 
8lJFFER+64.X 
CHECKl 
=1 

OUTPUT ERROR MESSAGE 

OUTPuT 8 CHARACTE~S 

C~~------

---------- -~-~ 

SAVE BLttCK NO. 
CHECK FOR ERROR 
GO T~ PARITY ERRttK ROUTINE 
CHECK FOR PREVIOUSLY NorED ERROR 
GO TO PARITY ERROR ROUTINE 
ST~Rt CHANNEL ADDKESS 

S~VE E.XPECTED 

CO"PARE ACTUAL wlrH EXP~CTED 
AGREE. 
NO 
YES 

CHECK INPUT BUfFE~ 

ERROR 

Vl 
o 
Vl 

-0 

~ 
co 

~ 

Vl 

.g 
~ 

CD 
3 
cr­
CD .., 

~ 
01 



~ 
I 

N 
-0 
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01110 0 41 0 01115 
01111 0 51 0 01055 

642 BR)( 
64J B~R 

644 * 
6.5 CHECKI BPT 
64b St<R 
647 STA 
648 LSI1 
649 MRG 
~5u ETR 
651 LSH 
652 MkG 
653 SlA 

$-3 
CHfCt< 

4 
CHfCt< 
Tl 
3 
11 
=0707 
6 
=01,2000052 
ERM~GO+9 

654 LDA dUFFER+64.X 
65~ ~SH 3 
b56 LDA BUFFER+64.X 
657 LSH 3 
658 ETR =0707 
659 LSH 6 
660 I1RG -----=Or2000052-
661 STA ERMSGO+12 
662 LDX =-13**0177777 

EXIT IF All C~~RECT 

E~R&~ Slap PER~ITfED1 
N&. EXIT 
YES 
F~~MAI EXPECTE-.D 

SrORE. EXPECTED 
Ft:)~MAT ~ECEI\lED 

- ~---- ~--- -.-.. ------------~ 

srORE RECEIVED 

01112 0.0 200.0 
01113 0 51 0 01055 
01114 0 35 0 014.4 
01115 0 6700 003 
01116 0 16 0 01444 
01117 0 14 0 017le 
01120 0 5700 006 
0112~ 0 16 0 01713 
01122 0 35 0 01631 
01123 2 76 0 01444 
01124 0 5600 003 
01125 ~ 76 0 01444 
01126 0 6700 003 
01127 0 14 0 01710 
01130 0 6700 006 
01TJ'1-o--T6- 0 01713 
01132 0 35 0 01634 
01133 0 71 0 01676 
o113-i~-6 --23--0 01241 66J -EyU-----RDI g---- -- ---------- D rSCttNNEC TREADt-R-C-HAN~-t:L 

01135 0 02 0 02641 
01136 2 12 0 01635 
01 1 J j ~-o- 4 1 0 0 1136 
01140 0 01 0 00412 

664 TYP 0.1.4 
665 MIS ERMSGO+13.X 

- ---666 ---- --SRX-- $-1 

667 BRU GOT~P 

668 * 
--- -- -(i6-9---.PAfrfrY-E k R e'fC SU B R 6 U T J N E 

670 * 
01141 0 40 20040 671 PARERR BPT 4 
011'42---0--5-1 0 01055 ----'-----672--------gRR Cl'lE-C-r-
01143 0 23 0 01241 673 EXU RDIS 
011.4 0 02 0 02641 674 TYP 0.1.4 
01T4-S--0--' 1 -0- 01714--- - - --67S-----LlJX-----=--"9-.-.-rrr77777 
01146 2 12 0 01627 676 MI8 ER~SGP+9.X 
011~7 0 41 0 01146 677 SRX $-1 

,) 

ERROH STOP PERMITTED1 
NO 
YES. DISCONNECT READER CHANNEL 

OUTPUT PARITY ERRoR MES~AGE 

rr~50-~~~-1400~---- -- ---~~-----~U~ O~---------~----~-----------~-~ 

01151 0 40 14000 679 CAT 0 
01152 0 01 0 01151 680 BRU $-1 
o-lT5~r---a--(jf o-cfffj2--- - - -l5'ln--------SHU CHEC~-

01154 0 40 20040 
01155 0 01 0 011)2 
oTfs6-0 -76-0- -0-1444 
01157 0 43 0 00537 
01160 0 35 0 006)5 

682 * 
683 * PIN ADDRESS ERROR SUSROUTINE 

685 PIHERR BPT 4 
e86 8RU CHECK2 

-----687 LDA T 1 
68d 
68~ 

8RM 
STA 

MKOCT 
6TPNM2 

RE.IURN 10 CH'Et;K'-NUMBE.RS 

ERROR STOP PERMITTED 
NO 
Y E'S-----------

EXPAND ACTUAL TO aCD 
SAVE 

Vl 
<0 

"0 .... 
<0 
3~ 
CJ"' 
<0 .., --'0-
(>.. 
0'1' . 

Vl 
0' 
Vl' 

-0 
0, 

~ 
0). 
0'1, 
h· 



~ 
I 

W 
o 
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01161 0 36 a 006J6 690 STB 6TPNM2+1 
01162 0 76 0 01445 691 LDA Tl+1 E~PAND EXPECTED TO BCD 

BRM MK6CT 
STA~~~-6TP~----- ~ -----SAVE~-

01163 0 43 0 00537 692 
oi16-4-o--35-b--00577-~--~-----~--693 

01165 0 36 0 006JO 694 STB 6TPNM1+1 
01166 0 23 0 01241 695 EXU ROtS DISCONNECT READER 

01167 0 02 0 62641 696 T,"P 0*1.4 
01170 0 71 0 01672 ~91 lDX =-15**0177777 
01171 l 12 0 00574 69B MIB OTPNM+15.X OUTPUT GENERAL MESSA~E 

01172 '0 41 0 01171 69Y BRX $-1 
01173 0 12 0 01624 700 tiJ8 ER~SGO+4 OUTPUT BLOCK NO. 
01174 0 12 0 01625 701 MI8 EiH'SGO+5 
01175 0 12 0 016~6 702 MId ERMSGO+6 
~01176 0 01 0 00533 703 8RU OTPIN2 GO OUTPUT RECEIVED AND ~XPECTED 

01177 o 00 0 OOOJO 
01200 o 71 0 016~O 
01201 o 46 JOO03 
01202 2 3~ 0 01444 
01203 o 41 0 012J2 
01204 o 23 0 01240 
01205 o 51 0 01177 

01206 002 146 0 )0 
o 120 7~oT66---0 12 -~f4- ---
01210 002 142 0 )0 
'01111 0100 01244 

~1212 002 142 0 )0 
012,13 0100 01344 
o 1 2 1 4-ocfi -~ 1 4 6 0 ) 0 
0)215 OIPl 01344 
01216 002 146 0 )0 
01217-- ~Ob~4 b 6 1344 -
:0 1 220 00 2 t4 4' 0 ) 0 
01221 0041 01404 
o 122~-60 i f4 0 --'0 )0 
01223 0070 01344 

Of224-- 0 4014000 

704 * 
70S. START TAP~ READER SUB~OUTINE 

706 * 
707 ST4RTP 
700 
709 
710 
711 
712 
71.3 
714 
115 * 

PZE 
LDX 
,CLR 
&TA 
BRX 
EXU 
BRI-( 

=-64**0177777 

PAGE 

BlJFFER+64.X 
$-1 
RPT 
ST1.RTP 

-'16 * f7BcHAr-ff\{C:l-cO"'MANDS--
717 * 
718 PIOSP IOSP IMAGE.54 

719 PIOSD I~SD IMAGE.c4 

720 * 
721 RIOSU IOSD BUFFER.54 

722 -R f (3S p' 10 S P - ----S-UF F't ff*'6 5 

'723 RloSPI 
- -

'724 R I ORP 

~- ----'2SR I (j R D 

726 * 
-- ---'1-t7- * 

I15SP B,UFFER.32 

115RP 8UFFER+32.33 

115RD B UF FE: ~-Jl-5 5 
--" -- -----

728 * 1/15 CHANNEL INSTRUCTIONS. 
729 * 

----~---736-PCA T CAr 0-

CL::At-f BUffER 

STARl TAPE 
EXIT 

- ---- -~ ~- - --- ----~-~- ----- ----

-.-~---

V') 

o 
V') 

-.0 

~ 
CD 

~ 

Vl 
ct> 

"U 
~ 

ct> 
3 
0-
ct> ... 
-.0 
0-
01 



J:-. 
I 

w 

01225 0 40 12000 
01226 0 40 11000 

01227 0 
01230 0 
Oi231----0 

02 0 02044 
02 a 00044 
Q2-CfO()OCf 

01232 0 
01233 0 

02 12000 
02 50000 

01234 0 40 14000 
01235----0 40 12000 
01236 0 40 11000 
01237 0 40 10400 

01240 
Ol?41 
01242 
01243 

01244 
01344 

01444 
01461 
01462 

01463 
CH454 
01465 
01466 
cff467 
01470 
01471 
01472 
01473 
01474 
01475 
01476 

--

-

o 02 0 (20)4 
o 02 00000 
o 02 12000 
o 02 50000 

5223J021 
45452543 
12255151 
46314664 
02437012 
24316223 
46454525 
23632524 
12222526 
46512512 
23130073 
12246451 
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131 PClT 
732-PCET 

-- --'-33 * 
734 PPT 
735 PTL 
730 PD fs 
737 PASC 
73d ?ALC 

-739 * 
740 * 
141 RCAl 
742 RClT 
743 RCEl 
744 RCll 
745 * 
746 RPT 
747 RDIS 
748 RASC 
749 RALC 
750 * 
jl51 * 

ClT 
CET 

PPT 
PTL 
risc 
ASC 
ALC 

CAT 
ClT 
CET 
CIT 

RPl 
DSC 
ASC 
ALC 

o 
o 

0.'.1 
0.1.1 
o 
o 
o 

o 
o 
n 
o 

O. 1. 1 
o 
o 
o 

752 * OuTPUT IMAGE AREA. INPUr aUFF~R AREA 
753 * 
754 IMAGE RES 
155 BUFFER RES 
756 * 
757 * 

04 
64 

758 * TEHP~RARY SJ6RAGE AND FLAGS 
75~ * 
760 TJ 
761 SPF 
762 PRF 
76J 
764 * 

RES 
RES 
RES 
PAGE 

13 
1 
1 

165 - * ERR(fR-A-~.fD-STA TUS -MESSAGES.--------
766 * 

I~SP INPUT FLAG 
PUNCH REPEAT FLAb 

767 DISMSG BCD 52.1CHANNEl ERRORoUSlY DISCONNECTED 8EF~RE C=O. DURING 

VI 
(D 

""0 

CD 
3 
(J 

~ 

-0 
0-
01 

VI 
o 
VI 

-0 
o o 
0-
00 
tTl 
() 



~ Table 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 18 of 20) 
~ 
'" 01477 31452712 

01500 :51466247 768 ER/1SGI BCD 16_ ItlSP _ BU fPUr. 1 ! 
01501 73124664 
01502 03476463 
01503 33125252 
01504 31466224 769 ERr1SG2 BCD 16_lo.SD. BUTPUT. 11 
01505 73124664 
01506 63476463 
01507 33125252 
01510 52233021 770 ERr1SG4 BCD 52_!CHANNEL DID N~T DISC6NNECT ~HEN C:O ON 16SD INPUTl 
01511 45452543 
01512 12243124 
01513 12454663 
01514 12243162 
01515 23464545 
01516 25236312 
01517 66302545 
01520 12231300 
01521 12464512 
01522 31466224 Vl 

01523 12314547 0 
Vl 

01524 64635212 -0 

01525 31466224 771 ERMSG5 BCD 12_16S0. INPUT! 
0 
0 
0-

01526 73123145 ex> 

01527 .7646352 
~ 
() 

01530 52233021 772 ER"SG6 BCD 52.!CHANNEL DISC6~NECrED DURING IOSP INP~T. CIT NEVER 
01531 ~5'525'3 
01532 l22.J162 
01533 2346~545 

01534 aS236325 
01535 ~A122464 

01536 51314527 
01537 12314662 
01540 47123145 
01541 .7646373 
01542 12233163 
01543 12452565 
0154~ 25511212 
01545 63516.25 773 BCD a.TRUE. I 
01546 J31!~212 
01547 522~6451 774 ERHSG7 BCD 48.JDURING IOSP IHPUT C=o INDICATING E~R PA~T BUT C 
01550 31452712 Vl 

01551 31466247 
CD 

"'0 

01552 12314547 <b 
01553 64631223 

3 
tJ 

01554 13001231 
CD ..., 

01555 45243123 --0 
01556 21633145 0-

<.n 
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Tab I e 4-4. 925/930 Computers, Extended Mode I/O Test P rog ram (5 heet 19 of 20) 

01557 27122546 
-01560 5112~721 

01561 62631222 
01562 6~631223 
01563 31631266 
01564 21621245 
01565 25652551 
01566 12635164 
01567 25331252 
01570 31466247 
01571 73123145 
01572 47646352 
01573 32314651 
01574 ;l4124645 
01575 12314547 
01576 64631224 
015 "-7 --!Jri412 4 5-··_·--· .. _- --. 

01600 46631231 
01601 ~7454651 
016 a 2~t5T26J 3 0---
01603 25124321 
01604 62631210 
.016.05 12-23302Y· 
01606 51212363 
01607 25516273 

775 BCD 

776 ERMS.:i8 BCD 

777 ERI'tSG9 BCD 

01610~r2-220463---- --.-----------7-Tg------BC1l 
01611 12512521 
01612 24126330 
016-r3-~sl-2-2646---·-·-~----~--

01614 43434666 
01615 31452752 

20.IT ~AS N~VER TriVe. ! 

12.IOSP. INPUT! 

52.JIORD ~N I~PUT DID NO. IGNORE THE LAST B CHAKACTERS. 

24. SurREAu TAE ,. tfCUrOTNG 1 

01616--5""2-5-2 47-2-C---------- -.-- --TT9~lis~_an ---s-:;n-nlITTY 
01617 51316370 
01620 52314547 
01621-6"46-3 r2-2 5-----
01622 ?1514651 
01623 12314512 o 16-~22434-6 2 ~----------
01625 42124546 
01626 33124552 
01627- 256747 i5------

01630 2363~524 

01631 12242452 
01632~-51252325 

01633 31652524 
01634 12242452 

01635 0 12 0 000)0 

780 ERI1SGO BCD 
--------

781 BCD 

.-., a-t ........ ---- ---
783 MI8X MIB 

40.1INPUT E~R~R I~ BLOCK NO. NLEXPECTED DOl 

12. R E C·ETvE-DOO--! ----

o B J T PUT INS T RUe T I 0 I~ 

til 
(l) 

'"0 .... 
(l) 

3 
0-

_.lD ., 

~ 
Ol 

til 
o 
til 

-.0 

8 
0-
m 
01 
() 



~ 
I 

W 
~ 

01636 
01637 
01640-
01641 
01642 
0164J 
01644 
0164$ 
01646 
01647 
01656 
01651 
01652 
01653 
01654 
01655 
01654 
0165~ 
0166C) 
0166l 
0166 
01663 
0166.-
01665 
01666 
01667 
01670 
01671 
01672 
0167~ 
0167i 
01675 
01676 
01677 
01700 
01701 
01702 
01703 
01704 
01765 
01706 
01707 
01710 
01711 
01712 
01713 
01714 

00000200 
00000077 
00606047 
00606051 
00606062 
00000070 
00177774 
50277677 
00177775 
57737677 
50277777 
77777776 
00002000 
00177766 
"0277777 
00000004 
00000003 
00040000 
00000001 
00177700 
01000000 
00001500 
52121225 
?1514651 
12246451 
31452712 
00001504 
77777777 
00001344 
00177761 
00177764 
00177770 
00000000 
00177763 
00001525 
33120152 . 
00001444 . 
00177757 
33120252 
00001570 
33120352 
33 f20452 
a0001434 ' 
00000707 
i2120000 
00177755 
12000052 
00177767 

Tobie 4-4. 925/930 Computers, Extended Mode I/O Test Program (Sheet 20 of 20) 

784 * 
785 * 
786 END BEGIN 

VI 
o 
VI 

"'0 

~ 
~ 
() 

VI­
CD 

"'0 -CD 
3 
0- ' 
CD ... 
-0 
0-
tn 



September 1965 SDS 900685C Paragraphs 4.64 to 4. 73 

4.64 Operation 

4.65 To sel ect the reader and punch un its to be used 
enter: 

"CUll P to select punch, 

IICUII R" to select reader. 

The letter C is the channel number and may be any 
digit 0-7 and the letter U is the unit, either one or 
two. The reader and punch need not be on the same 
channel. 

4.66 The test is started by entering the letter" S II. 
Control of the test operation is then a function of the 
Breakpoint Switches. Table 4-5 summarizes the switch 
functions. 

4.67 When running cycl ic tests from punch to read, 
the tape from the punch should be inserted into the 
reader. 

4.68 Punching 

4.69 The program punches four blocks of 64 characters 
each in one pass. The characters form a counting 
sequence from 00 to 778. The first block is started with 
leader and output with an IOSP. All punching is done 
in the one character per word mode. When the word 
count reaches zero, an IOSD is loaded to punch a 
second block of 64 characters. No I eader is punched 
between the first and second blocks. This results in 
one physical block 128 characters long. Starting with 
leader, two additional blocks of 64 characters are then 
punched with an IOSD. 

4.70 At the concl usion of each output operation, the 
channel address register is stored and compared with the 
expected value. If they do not agrcc, the pr~gram 
types the expected and actual val ues. 

4.71 The program tests the channel during the output 
operation to see if the channel shaul d erroneousl y dis­
connect before the word count reaches zero. 

4.72 Reading 

4.73 Each of the four blocks is read with a different 
set of commands and counts so as to test as many opera­
tions as possible. After reading a block, a general sub­
routine checks for input parity errors, for channel end 
address agreement with the expected address, and the 
data read character by character. EI rar messages with 
block numbers are typed in the event of anyone of these 
tests failing. In the event of a test failing, reference 
should then be made to the test program flow diagram 
and traubleshooting information contained in Section 5 
of this manual. The handl ing of each block is as 
follows: 

a. Block 1. The first block is one-half of a 128 
character physical block. Reading one character per 
word, an IOSD with a count of 64 is used to read this 
block. The program checks to see if the count reaches 
zero and the channel becomes inactive at the same time. 

b. Block 2. This is the second half of the first 
physical block and is read with an 10 SP with a count of 
65. The read should terminate because of the end of 
record. The program checks to see that the word count 
does not reach zero and the channel remains active after 
the CIT (inter-record test) instruction skips. The tape is 

Tabl e 4-5. 9300 Computer Breakpo int Switch Functions 

Breakpoint 
Switch Reset Set 

1 Run in the normal mode as determined Stop and return to keyboard 
by the other switches control at the end of the 

current pass {punch or read} 

2 Continue to run test selected by Cycle test runs from punch to 
switch 3 read to punch and so on 

3* Sel ects punch mode Selects to punch and so on 

4 Stop and type diagnostic messages Do not stop and type on errors 
whenever an error occurs but continue to run 

*Used when switch 2 is reset or when starting test 

4-35 



Paragraphs 4.74 'to 4. 75 50S 900685C 5 eptembe r 1965 

final I y stopped with a disconnect before the data is 
checked. 

c. Block 3. Block 3 is a 64 character physical 
block. It is read with two channel commands. The first 
is an IOSP with a count of 32. If the count goes to zero 
before the chann"el disconnects, an 10RP with a count 
of 33 is loaded. This should cause the inter-record 
indi cator to be turned on at the end of the record. The 
count should not reach zero and the channel should 
remain active. The tape is again stopped with a dis­
connect before the data is checked. 

4-36 

d. Block 4. This is the third physical block of 64 
characters and is read with an lORD with a count of 56. 
The program waits for the channel to be inactive then 
checks to see if th e channel ignored the last eight 
characters. If the tape was erroneousl y stopped after 
the 56th character, it will show up as a fai I ure on the 
first block of the next read pass. 

4.74 Test Program 

4.75 Table 4-6 gives the test program for the 9300 
computer I/O extended mode. 



00022124 

~ 
I 

C".) ......, 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 1 of 20) 

1 TYPE EQU 9300 MACHINE DEFINITION: 9300 
~ ~-

3 * 
4 * EXTENDED MODE 1/0 TEST PR6GR~M. (925/930/9300 ALL CHANNELS) 
5 * 
6 * A.~. EN~LA~D. 5DS 
7 * 
8 * 
9 * 

10 * 
11 * 
12 * 
IJ * 
14 * 
15 * 
16 * 
17 * 
16 * 
19 * 
20 * 
21 * 
22 * 
23 • 
24 * 
25 * 
26 
27 • 
26 * 
29 * 
30 * 
31 * 
32 * 
3J * 
34 * 
35 • 
36 • 
37 * 
38 • 
39 * 
40 * 
41 * 
42 • 
43 • 
44 * 
45 * 
46 * 
47 .. 
48 * 

THI~ PR~GRAM USES THt PAP~R TAPE READER A~D PUNCrl TO CHEC~ THE 
OPERATION OF THE 1/0 CHANNELS IN THE EXTENDED INTERLACE M~DE OF 
OPERATI3N. THE READER AND PU~CH MAY BE CONNECTED TO ANY INTERLACED 
lMCC OR DACe. THEY NEED NfiT dE ~TTACHED TO THE SAME CHANNEL. THE 
PROGRAM ADDRESSES THE KEY90ARD FO~ INF~RMATION AB~UT UNIT AND CHANNEL 
SELECTltlN. 

TO SELECT PUNCH TYPE: ·CU·p 

TO SELECT READER TYPE: ·CU·R 

UHERE ·C· REPRESENTS CHANNEL NO. AND MAY HAVE THE VALUES 0-7; 
AND ·U· REPRESENTS UNIT NO. AND MAY HAVE THE VALUE 1-2. THE LETTER 
P OR R CAUSE THE SELECTl~N TO BE MADE ~ITH THE TUO PREVIOUS DIGITS. 
SPACES SHOULD NOT BE TYPED 8Ef~EEN DIGITS OR CONTROL C~ARACTER. 

TO START THE TEST TYPE: ~ 

PAGt;, 

8REAKPeiNTS OR SENSE S~ITCHES CONTROL THE RUNNING OF THE PROGRAM: 

SUITCH 

BP 1 
S~ 1 

BP 2 
S~ 2 

RESET 

RUN IN THE NORMAL MODE 
AS DETERMINED BY lHE 
OTHE~ S\JITCHES. 

CONTINUE TO RuN THE 
TEST MODE SELECTED BY 
SUITCri 3. 

SET 

STOP AT THE END of THE CUR~ENT 
PASS AND RETuRN TO KEY BOAkD 
CONTROL 

CYCLE TEST RUNS FRtlM RtAU re 
PUNCH TO RE~u. ETC. 

BP J SELECTS PUNCH MOD£ SELECTS READ M~uE. 

S~ J (USED ~HEN SUITCH 2 IS RESET 'k ~HE~ ~T~~TING T~E liST) 

BP 4 ST~P AND TYPE DIA~NOSTIC De NOT STfiP ~? rVPt ON E~R~~S. 

VI 
0> 

-0 
CD 
3 
(j"' 
t'b ..... 

'0 
~ 
0'1 

VI 
o 
VI 

'0 

8 
~ 
00 
OJ 
() 



~ 
I 

W 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 2 of 20) 

49 * 
50 * 
51 * 
52 • 

S\..I 4 MESSA~ES UHENEVER AN 
ERROR OCCUR.:>. 

CBNTINUE RUN~ING REGARDLESS. 

-53·* NOTE: 10 RuN Cf}NTINBUS F~O~' RE~D TO PUN-CH THE OUTPJT ~F THE PUNCH 
54 * SH~uLJ 8E fED INTO THE READER. A LOOP SHOULD BE USED TO RUN 
55 * CBNrIN~JS ON THE R~ADER. 

56 PAGE 
57 • 
58 * 
59 * 
60 * 
61 * 

THE FOLLOwING SECTION OF CODE DEFINES EITHER A 925/930 INSTRUCTION 
SET OR A 9300 JNSTRUCTI~N SET. THIS IS DONE ON THE BASIS OF THE 
MACHINE TYPE STATEMENT Ar THE BEGINNING 6F T~E DECK. 

62 * 
63 * 
64 * 
65 
66 
67 
68 
69 
70 
71 
72 
73 

DF9300 
SINST 
P 
SlOX 
SSTX 
SBRX 

74 P 
75 SXAB 
76 SA!C 
77 !BAC 
78 $CLR 
79 
~o 

fl1 p 
8~ $RSH 
8J $RCY 
84 $l SH 
80 $LCY 
86 
87 
~8 

89 

$Nt)D 

~SHFr 

00 P 
91 $MIN 
q2 $MI8 
Q.3 SRIM 
q4 

95 
96 • 

PR6C 
NAME 
FORM 
PROC 
NAME 
NAME 
NAME 
IHSr 
END 
PROC 
NAME 
NAME 
NAME 
NAME 
INST 
END 
PROC 
NAME 
NAMe: 
NAME 
NAME 
NAMt:. 
FORM 
SHF r 
END 
PkOC 
NAMt: 
NAME. 
NAMt. 

INST 
END 

3.6.15 
I 
017 
077 

DEFINE INDEX Op·S TO IMPLY Xl. 

057 
(P(*1)*/2)++1.PCO).PC1) 

1 
037733 
037731 
037713 
037711 
O.040.P(0) 

1 
000 
002 
004 
006 
044 

DEFINE COMPATIBLE REGISTER OP·S 

DEFINE COMPATIBLE SHIFTS 

3.6.6.9 
P(2).060.PCO).P(1)**0777 

1 
071 
03C 

D~FI~E MISC. COMPATIBLE Op·S. 

03~ 

CP(*1)*/2)++P(2).~(O).?(1) 

Vl 
o 
Vl 

'0 

8 
0-
(X) 

~ 

Vl 
('1) 

"'0 ..,. 
('1) 

3 
0-
('1) 

'<> 
0-
01 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 3 of 20) 

97 SX 
-96 * 

EQU 1 

99 AORG 0177 
04000000 100 SE'DC DATA 

101 * 
102 SSwTfRM F(tRM 3_6.3.12 
103 Q PR6C 1 

NAME 040000 
NAME 014040 
NAM~ 04000 
NAME 00('140 

DEFINE INDEX TAG'X' F6R Xl 
EOD C"NSTANT 

EOD CONSTANT 

104 SBPT 
105 St'tVT 
106 $R6V 
107 $SOV 
108 
109 

S~TFRM O.022_Q(0)*/(-12)**7.Q(OJ**07777++(Q(1»O)*/(~-Q(1» 
END 

110 END 
111 * 
112 PROC 
113 DF930 NAME 
11-4 * 
115 * IF NOT A 9300 THEN DO THE F6llaVING CPERATIONS 
116 * 
117 P 
118 $MIB 
119 $81M 
120 INST 
121 
122 
123 * 
1-24 $)( 

'125* 
126 * 

PROC 
NAME 
NAME 
FORM 
INSl 
END 

EQtJ 

127 ACR,:; 
12~ "f~DC DATA 
12~ * 
130 • 
131 N 
112 $SjV 
133 
134 
135 * 
136 M 
137 $BRC 
138 
139 
140 
141 
142 
143 p 
144 SDSC 

PROC 
NAt'li 

BRR 
E~D 

PROC 
NAME 
DO 
BRU 
BRlJ 
PZE 
END 
PROe,; 
NAME 

1 
012 
032 
3.6.1.14 
P(2).PCQ).P(*lJ.Ptl) 

2 

0177 
04('0000 

1 

$.4 

1 

M(*1 ).1.2 
M ( 1 » 
*$+1 
f1 ( 1 J 

1 
o 

DEFINE 1/0 INSTRUCTI~NS 

DEFINE INDEX rAG 'X' F6~ 2 ON 9JO 

EtlD CONSTANT 

SET t'~ERFlOU 

BRANCH AND CLEAR JNTERRUPT 

VI 
(1) 

-0 ...... 
(1) 

3 
0-
(1) .., 

-0 
0-
01 

VI 
o 
VI 

-0 

~ 
(X) 

VI 
() 



~ Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 4 of 20) I 
~ 
0 

145 SALC NAI'1t:: 050000 
146 SASC NAME: 012000 
147 $l~P NAME 014000 
148 I FORM 3,6.15 
149 -- J P(-I)-*-*2.-(P(1 )**4)*/J++2.P(O)++CP(1 )**1 )*/6 
{50 EN'D 
151 P PROC 1 
152 SCAl NAME 014000 
153 $CEl NAME 011000 
154 SCll NAME 010400 
155 $C.lT NAME 012000 
15-6 I FORM 3,6,15 
157 I P(I)**2.040.P(O)++(P(I)**4)*/12++(P(I)*'-I).-/6 
158 END 
1-.59 END 
160 DO TVPE=9300 

00177 0.4000000 161 DF9JOO 
162 DO TYPE<9300 
16.3 DF930 
It'4 PAGE. Vl 

165 * 0 
Vl 

166 * THE START OF THE PROGRAM --0 

167 .- 8· 
0. 

00200 168 AORG 0200 CD 
01 

00200 o 0 16 002)3 169 BEGIN LDA 8RUGO INITIALIZE RECOVERY LOCATIONS h 
00201 o 0 76 000)1 170 STA 1 
00202 o 0 76 00032 171 STA 032 
00203 o 0 01 002)4 172 8RuG6 BRU KYBD 
00204 o 0 21 01241 173 10'3D EXlJ RDIS 
00205 o 0 21 01231 174 EXU PDIS 
00206 o 40 37711 175 Ge2 CLR 
00207 o J 76 01444 170 STA T 1 
00210 o 02 0 020)1 177 RK8 0.1.1 
00211 o 32 01445 178 GOI 81M Tl+l READ CHARACTER 
00212 o 0 16 01445 179 LDA T 1 + 1. 
00213 o 0 14 01636 180 LDB =077 
00214 o 0 55 01637 1.8.1 SKM =' p' CHECK FOR CONTROL CHAR. 
00215 o 0 01 00217 182 8RU $+2 
00216 o 0 01 00233 183 BRU PO 
00217 o 0 55 01640 184 SKM =' R' 
00220 o 0 01 00222 185 BRU $+2 
00221 o 0 01 00256 186 BR.U RO Vl 

00222 o 0 55 01641 187 SKM =' 5' 
en 

"U 
-to 

BRU 00223 o 0 01 00225 18d. $+2 en 
00224 o 0 03 00317 189 BRM SO 

3 
a-

00225 o 0 :)4 01642 190 SKA =070 CHECK FOR DIGIT 
en ... 

00226 o 0 01 002J6 191 BRU GO:? IF N~T CONTROL ~R DIGIT CLEAR --0 
00227 o 0 14 01444 192 LDB T 1 0-

<..n 
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Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 5 of 20) (1) 
-0 ..... 
(1) 

3 
00230 o J 74 01446 tQJ 518 Tl+2 SAVE C~ANNEL NUMB~R IN 11+2 CT' 

---(1) 

002Jr-·--0-J7601444 194 STA T 1 SAVE UNIT Nur1ct.~ IN r 1 .., 
OQ232 o 0 1)1 00211 195 8RU GOI ...a 

196 PAGE ~ 
til 

197 * 
198 * PUNCH CHANNEL SET UP ROUTINE 
199 ,. 

002JJ o 0 OJ 00323 200 PO 8RM MAKECH GET CHANNEL NO. BuILT. 5AVED IN Tl+2 
00234 1 17 01643 201 LDX =-4**0177777 UPDAIE EBM/EOD·S 
00235 o 1 16 01234 202 LDA PALC+l.X 
00236 o 0 11 01644 203 ETR =OC:;0277677 
00237 o 0 13 01446 204 MRG 11+2 JNSE~T CHANNEL DESJGNATleN 
00240 1 0 76 00235 205 S1A *$-3 
00241 1 57 00235 206 BRX $-4 
00242 1 17 01645 207 LDX =-~**JI77777 uP DA H:. SKS· S 
00243 o 1 16 01227 208 LDA PCfT+l.X 
00244 o 0 11 01646 209 ETR =057737677 
00245 o 0 13 01447 210 MRG 11+3 
00246 1 0 76 00243 211 STA *$-3 
00247 1 57 00243 212 8RX $-4 Vl 

00250 1 17 01643 213 LDX =-~**JI77777 UPDAIE C~ANNEl COMMANDS 0 
Vl 

00251 0 1 16 01212 214 LDA PIOSD+2.)( ...a 
00252 o 0 11 01647 215 ETR =0C:;0277777 

0 
0 
~ 

00253 o 0 13 01450 216 I'1RG Tl+4 OJ 

00254 1 0 76 00251 STA 
01 

217 *$-3 n 
00255 1 57 00256 218 BRX $+1 
00256 1 57 00251 219 8RX $-5 
00257 o 0 16 01230 220 LDA PTl UPDAIE UNIT NO. 
00260 o 0 11 01650 221 EIR =-2 
00261 o 0 IJ 01444 222 MRG Tl 
00262 o a 76 01230 223 STA PTL 
00263 o 0 13 01651 224 I'1RG =02000 MA~E N6 LEADER E~M 
00264 o 0 76 01227 225 STA PPT 
00265 o 0 01 002)4 226 8RG KYEiD 

2£7 • 
228 * ~EADER CHANNEL SET UP Io{thJTINt.. 
22Y • 
230 * 

00266 o 0 03 00323 2~1 Rr MRM ~I A ~ t C rl Gt:T C"i.ANNt.L Nf1 gUilT 
00207 1 17 01643 232 LDX =-4*·J17777J UPIlAIt: E~M/':I"\L·.:> 

00270 o 1 10 C1244 2]j Ln. RAlC+l .. X 
00271 o 0 11 01644 234 ETR =050277677 
00272 o 0 1.3 01446 235 MRG Tl·2 
00273 1 o 76 ClO27(1 236 S1A *$-3 
00274 1 57 00270 237 BRX $-l! 
00275 1 17 01643 23B LDX =-4**J177777 BUILD SKS·S 

~ 00276 (} 1 16 012dO 239 lDA RCJT+l .. X I 

:t 00277 o 0 11 0164f 240 ETR =057737677 



~ Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 6 of 20) I 
~ 
~ 

00300 o 0 13 01447 241 MRG T1+3 
00301 1 0 76 0027f- 242 SlA *$-3 
00302 1 57 00276 243 BRX !-4 
00303 1 17 01652 244 LDX =-10**0177777 BUILD CHANNEL COMMAND E6M/E6D-S 
00304 O· 1 16 012'24 245 LDA RTORD+2.X 
00305 o 0 11 01653 246 ETR =070'277777 
00306 o 0 13 01450 247 MRG Tl+4 
00307 1 0 76 00334 248 Sl.\ *$-3 
00310 1 57 00311 249 BRX $+1 
00311 1 57 00304 250 BRX $-~ 

00312 o 0 16 01240 251 LDA RPT BUILD RPT ~ITH UNIT N~. 

00313 o 0 11 01650 252 ETR =-2 
00314 o 0 13 01444 253 MRG T1 
00315 o 0 76 01240 254 STA RPT 
00316 o 0 01 002)4 255 BRU KYBD 

256 * 
257 * 
258 * START TEST R0NNING 
259 * 

00317 o 02 00000 260 So DSC 0 DISCtlNNECT Vl 

00320 o 22 4 0013 261 BPT 3 STARl READ OR PUNCH? 0 
Vl 

00321 o 0 01 00640 262 8RU IN READ -.0 

00322 o 0 01 00356 26J 8RU 6UT PUNCH 8 
264 PAG€ 

0-
00 
01 

265 * () 

266 * BUILD CHANNEL N6. SUBROUTINE 
267 * 

00323 o 0 00 000)0 268 MAr<ECH PZE 
00324 o 40 37711 269 CLR 
00325 o 0 16 01446 270 LOA 11+2 GET CH. NO. 
00326 o 0 5401654 271 SKA =4 E6D RE.QUIRED 
00327 o a 14 00177 272 LOB EtlDC YES 
00330 o 0 74 01450 273 SIB Tl+4 NO. SAVE Eon BIT. 
00331 o a 11 01655 274 ETR =3 
0033,2 o 0 76 01446 27'5 STA Tl+2 
00333 1 17 01446 276 LDX Tl+2 
00334 o 0 16 01450 277 LOA Tl+4 
00335 o 1 13 00352 278 MRG HA~ETB.X BUILD EOM/EOD SELECTI~N 
0033'6 o 0 76 01446 279 ST. T1+2 SAVE EOM 
00337 e 40 37713 l80 BAC BUILD SKS SElECTIjN 
00340 o 0 54 00177 l81 SKA EeDC 
00341 o 0 14 01656 282 LDB =040000 Vl. 

00342 o 40 377.33 283 XAB 
(1) 

-0 ..... 
00343 Q, 1 13 00332 284. MRG MAKETB.X (1) 

00344 o 0 76 01447 285 ST~ Tl+3 SAVE SKS 
3 
0-

00345 o 0 16 01444 286 LDA Tl BUILD UNIT NO. 81T 
(1) 
""I 

00346 o a 11 01657 287 ElR =1 -.0 
00347 o 0 12 01657 2A~ EBR =1 0-

01 



~ 
I 

tl 

00350 0 0 76 01444 
00351- 0. 0 41 00323 

00352 
00353 
00~54 

00355 

00356 
00357 
00360 
00361 
00362 
00363 
00364 
00365 
00366 
00367 
00370 
00371 

000372 
00373 
00374 
00375 
00376 
00377 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00410 
00411 
00412 
00413 
00414· 
00415 

00416 
00417 
00420 
00421 

00000000 
onQ00100 
2-0000000 
20000100 

1 17 01660 
o 40 37711 
a 1 76 01344 
o 0 05 01651 
1 57 00360 
o 0 21 01230 
o 0 21 01233 
o 0 21 012J6 
o 0 31 012)7 
1 17 01643 
9 0 14 01652 
o 0 16 00431 

,,0 0 03 006 1 0 
o 0 21 01226 
o 22 4 0004 
o 0 01 00416 
o 0 21 01231 
o 02 0 02641 
o 30 01663 
o 30 01664 
o 30 01665 
o 30 01666 
o 40 37733 
o 0 13 01635 
o 0 76 004J7 
o 30 00000 
o 71 00407 
1 57 00407 
o 02 14000 
o 20 1400n 
o Q CH 00413 
o a Jl 002)4 

o 0 03 00476 
o 0 21 01224_ 
o 0 01 00422 
o 0 21 01227 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 7 of 20) 

2ACJ STA 
290 BRR 
291 * 
292 I'U.t<ETB DATA 

293 
294 * 

PAGi: 

Tl 
MAKECH 

SAVE UNIT ~O. 81T 
EXIT 

O.OtOO~020000000.u2000J100 

295 * PAPER TAPE PUNCH ftUTPUT SECTI~N. 

196 * 
297 ftUT 
298 
299 
300 
301 
302 ftUT4 
303 
304 

LDX 
CLR 
STA 
ADD 
BRX 
EXU 
EXU 
LCH 

305 LDX 
306 LD8 
307 LOA 
308 8RH 
309 EXU 
310 BPT 
J 11 BRU 
312 ftUT2 EXU 
313 TYP 
314 HIS 
315 HIB 
~16 HIS 
317 MI8 
~ld XA8 
319 MRG 
320 STA 
121 MIB 
322 MIN 
323 BRX 
324 GtTt:}P T~P 

325 CAT 
3?b 8RlJ 
327 8RU 
32~ * 
32Y ~:WT4A 

330 
331 
332 

'3RI'1 

EXU 
8RU 
EXU 

=-64**0177777 

IMAtiE+64.X 
=01000000 
$-2 
PTL 
PALC 
PI~SP 

=-4**JI77777 
=ERHSGl 
PC.aTC 
UCZ 
PCET 
4 
OlJT4A 
POlS 
0.1.4 
=052121225 
=051514651 
=012246451 
=031452712 

MI8X 
$+1 
00 
$-1 
$-? 
o 
o 
$-1 
KYED 

OUTPIN 
PCAT 
$+? 
PPT 

SET UP 6UTPUT IHAGt ~IT~ 64 ~O~DS 

START PUNCH ~ITH LEADER 
ALERl CHANNEL 
LOAD I~SP I~AGE.64 

SET UP FftR SUBRftUTINE T~ TYPE: 
J~SP. RUTPUT 

UAIT FOR CHANNEL COUNT = ZERft 
ERROR ON OUTPUT 
YES. CHECK BP4 Fft~ N~ STOP 
Ntl. NO STOP ftN ER~6R 

ERRftR. DISCONNECT CHANNEL 
TYPE GENERAL ERRO~ MESSAGE 
1 E 
RRtlR 

DUR 
ING 
TyPE SPECIFIC ERROR MESSAGE 

TO BE REPLACED .T RUN TIHE 

GJ PI~ AND CHEC~ C~A~NfL ADU~cS~ 

IF CHANNEL INACTIvE ~EADDRE~S PUNCH 

Vl 
CD 
~ 

CD 
3 
0-

~ 
..... 
'D 
0-
01 

Vl 
o 
Vl 

'D 
o 
~ 
ex> 
01 
() 



t Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 8 of 20) 
t 

00422 o 0 21 01233 333 EXU PALC 
00423 o 0 21 01210 334 LCH PleSD LOAD CH. IOSD IMAGE.54 
00424 a i) 31 01211 
00425 1 17 01643 335 OUTI LOX =-4·*0177777 SEf UP ERROR MESSA~E: 

.0-0.4-2-6· 0 .. .0 -1.4 -0.1.6--57 3-3"6 LD-8 . :: E RM-S-G-2 l,jS·O. OUTPUT 
00427 o 0 16 00431 337 LOA PCATC 
00430 o a 03 00610 338 8'RM WCZ \,JAIT FOR COUNT EQ~AL ZERO 
00431 o 0 21 01224 339 PCATC EXU PCAT CHAN. ACTIVEl 
00432 o 0 01 00431 340 8RU $-1 YES 
00433 o 0 21 01226 341 EXU PCET NO. ERROR? 
00434 o 22 4 0004 342 SPT 4 YES. IS STBP ALLOwED? 
004'35 o 0 01 00437 343 BRU $+? NO ERROR OR NO STOP 
00436 o 0 01 00376 344 BRU OUT2 ERROK STOP ALLOWED 
00.37 o 0 03 00416 345 8RM OUTPIN G~ PIN AND CHECK CHANNEL ADDRESS 
00440 o 40 37711 ~46 CLR 
00441 o 0 76 01452 J47 STA PRF R(PUNCH REPEAT) 
00442 o 0 21 01230 348 OUTIA EXU PTL 
00443 o 0 21 01233 349 EXIJ PAlC 
00444 9 0 21 01210 350 LCt-! PleSD LOAD 1050 IHAGE.64 
00445 o 0 31 01211 Vl 

0 
00446 1 17 01643 351 lOX =-4**0177777 SET UP ERRBR MESSA~E: Vl 

00447 o 0 14 01657 352 LOB =ERMSG2 '<> 

00450 o 0 16 00431 353 LOA peATe 8 
0-

00451 o 0 03 00610 354 8RM \.JC7 CD 
OJ 

00452 o 0 21 01224 355 EXU peAT CHAN • .ACTIVE? () 

00453 o 0 01 00452 356 SHU $-1 YES 
00454 a a 21 01226 357 EXU PCET NO. CHAN. ERROR 
00455 o 22 4 0004 358 SPT 4 YES. IS ERROR STOP ALLftwED 
00456 o 0 01 00450 359 BRU $+? N~.i'4n 

00457 o 0 01 0037f: 360 8RU 60T2 YES 
00460 o 0 03 00476 361 8RM 6UTPIN Gj PIN AND CHECK CHANNEL ADDR~SS 

00461 a 0 53 01452 302 SKN PRF PUNCH REPEAT 
00462 . 0 0 01 004~4 363 I3RU $+7 Rt::SET 
00463 0001004:'7. 364 8f-<U ~UT3 SET 
00464 o 0 16 0167(', 365 LDA =-1 S(PJNCH REPEAT) 
00465 o 0 76 01452 366 STA Pf-<F 
00466 o 0 01 00442. ~67 BRU OUTIA 

36,8 * 
369 * 

0'04&1 0' 22 '4 0043 370 OUT3 BPT 1 Get 6R ST~R 
0047'0' o 0 01 '0'0'234 371 BRU KYBD ST~P 

0'0.'7'1 O· 22' :4 002J 372 BPT 2 GO. C·YCLE1 Vl 
(1) 

00.72 0' 0 0'1 00640 37J 9RU IN YES -0 ..,. 
00.73 o 22 4 0013 374 BPT 3 6N~ ONLY (1) 

3 
0'O4~7 4 o 0 01 00640 375 BRU IN' 0""" 

(1) 

0'047'5 o 0 01 00336 376 8RU OUT .., 

377 * -0 

378 * SUBROUTINE TO CHECK CHANNEL A~nRESS 
0-
OJ 



t 
& 

-0-0-4;7·6---0-0- ·00. ·OOO-JO-
00477 0 0 21 01232 
00500 G. 0 ~J 01444 
00'5,01 0 0 16, 014,44 
00502 0 0 12 01671 
00503 0 0 54 01670 
00504 a 22 4 0004 
00505 a a 41 00476 
00506 1 77 01445 
00507 0 40 37733 
00510 0 0 13 01635 
00511 0 0 70 00530 
00512 0·0 16 01671 
00513 0 0 03 00537 
00514 0 0 76 00577 
00515 0 0 74 006JO 
00516 0 0 16 01444 
00517 0 a 03 00537 
00520 a 0 76 006)5 
00521 0 0 74 006)6 
00522 0 0 21 01231 
00523 1 17 01672 
00524 0 02 0 02641 
00525 1 30 00574 
00526 1 57 0052S 
00527 1 17 01445 
00530 0 30 00000 
00531 0 71 00530 
00532 1 57 00530 
00533 1 17 01.673 
005JA 1 30 00610 
00535 1 57 00534 
00536. 0 a 01 00412 

00537 
00540 
00541 
00542 
00,543 
0054A 
00545 
00546 
00547 
00550 

o 0 00 00000 
1 17 01674 
o 40 37731 
o 60 04 003 
a 1 76 01436 
o 0 16 01(>75 
1 57 00542 
o 40 37711 
1 17 01674 
o 60 06 005 

T abl e 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 9 of 20) 

379 * 
J.SO-O-UlP Uot -P·ZE--
381 EXU 
38,2 PIN 
J8J LOA 
384 EOR 
385 
386 
J87 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
39~ 

399 

SKA 
BPT 
8RR 
STX 
XA8 
MRG 
STA 
LOA 
BRM 
STA 
STB 
LOA 
8RM 

STA 
STB 

400 EXIJ 
401 LUX 
402 TYP 
403 MIB 
404 8R.( 
40::' LOX 
406 OTPINI MIS 
407 MIN 
408 BRX 
409 OT'IN2 LOX 
410 MIS 
411 BR)( 
412 8RU 

413 * 
414 * 

-0 
PASC 
Tl 
11 
=IMAGE+64 
=-1 
4 
OUTPIN 
Tl+1 

MI8X 
OTPINI 
=IMAGE+64 
MKOCT 
OTPNM1 
6TPNMl+1 
Tl 
MKOCT 
OTPNH2 
OTPNM:?+1 
POlS 
=-15**0177777 
0.1.4 
OTPNM+15.X 
$-1 

T 1 + 1 
00 
$-1 
$-2 
=-12**0177777 
OTPNM2+3.)( 
$-1 
GOTOP 

ALERt TO STORE PUNCH CHANNEL 
ST~RE ADDRESS 

COMPARE ~ITH EXPECTED 

N~T EQUAL 
E~JAL BR ERRBR ST~P NBT PERftITTED 
SAVE LENGTH OF ER~OR MESSAGE 
S~T UP ERROR OUTPuTTER 

GENEHATE EXPECTED PIN W~RD IN BCD 

SAVE EXPECTED 

GENERATE ACTUAL PIN UORD IN BCD 

DISC~NNECT PUNCH CHANNEL 

euTPuT MESSAGE 

OuTPUT SPECIAL ME~SA~E 

OUTPUT RECEIVED AND EXPECTED MESSAGE 

415 * SUBROUTIN€ TO ~AKE ONE ~ORD INTO 8 BCD OCTAL DIGITS 
416 * 
417 MKOCT 
418 
41y 
420 
421 
422 
423 
424 
425 
426 

PZE 
LDX 
ABC 
LSH 
STA 
lDA 
8RX 
ClR 
lDX 
Ley 

o 
=-8**0177777 

3 
Tl+10.X 
=0 
$-3 

=-8**0177777 
6 

o TO \JORO TB 8 
SHIFT OUT ~CTAL DIGIT 
SAVE BCD CHARACTE~ 
CLEA~ A 

REASSEMBLY clCD CHARACTERS INT~ A + B. 

VI 
I'D 

"1J 

CD 
3 
0-
CD ..., 

-.0 
~ 
<.n, 

VI 
o 
VI 

-.0 

8 
'" (X) 
01 
() 



~ 
I 

~ 
00551 
00552 
00553 
00554 

00555 
00556 
00557 
00560 
00561 
00562 
00563 
00564 
00565 
00566 
00567 
00570 
00571 
0057.2 
00573 
00574 
00575 
00576 
00577 
00600 
00601 
00602 
00603 
00604 
00605 
00606 
00607 

00610 
00611 
0061~ 
00613 
006114 
00615 
00616 
00617 
00620 

o 1 13 01456 
1 57 00550 
o 40 37733 
a 0 41 00537 

52254524 
12212424 
51256262 
12265146 
44122330 
214.54525 

·43122431 
24124546 
Q31221.27 
~1252512 

66316330 
12256747 
a5236325 
Z4122126 
~3255112 
25674725 
23632524 
12121212 
00000000 
00000000 
~3121252 
51252325 
j1652524 
12121212 
00000000 
00000000 
33125252 

a 0 00 00030 
o 0 7,6 00617 
o 0 05 01.657 
o 0 76 00614 
o 20 12,000 
o 0 01 00617 
a 0 41 00610 
a 20 14000 
o 0 01 00614 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 10 of 20) 

427 HRG Tl+10.X 
428 BRX $-2 
429 XAB 
430 BRR MK6CT fXIT 
4~1 * 
432 * 
.3J * ERROR MESSAGES F6w CHA~~EL ADURESS T~ST SUBROUTINE 
434 * 
435 OTP~M BCD 52. lEND ADDRESS F~6M CHANNEL DID N~T AGREE UITH EXPECTE 

436 BCD 8.D AFTER 

437 BCD 12.EXPECTED 

43d OTPNMI DATA 0.0 

439 BCD 16.. 1RECEIVED 

440 OTPNM2 DATA 0.0 

441 8CD 4.. 11 
442 PAGE 
443 * 
4A4 * WAIT FtlR C6UNT EQUAL ZERO SUBKOUTINE. 
445 * 
446 WCZ 
447 
44·8 
449 
450 
451 
452 
453 
454 

PZE 
Sf A 
ADD 
STA 
ell 
BRU 
8RR 
CAT 
BRU 

$+6 
=1 
$+1 
00 
$+2 
\.IC1 
00 
$-4 

EI~TRY 

SAVE R/PCAI 
MAKE A ell 
S,AVE RIPelT 
C = 021 
N~ 

YES 
CHANNEL ACTIVE1 
YES 

Vl 
o 
Vl 

-0 

~ 
~ 
() 

Vl 
CD 

"'0 ...... 
CD 
3 
0-
CD 

~ 
t1l 



""'''j~''V' 

9300 Computer, Extended Mode I/O Test Program (S.heet 11 of 20) 
c.n 

Table 4-6. (1) 
'-0 
;-
3 

00621 o 22 4 0004 455 BPT 4 NC. INHIBIT ERR6RS 0-
--~(1), 

00622:-010 41 0061~ -456--- eRR WCI YES .., 

00623 • 11 01444 457 STX Tl NO. PRI~T ERROR "ESS4;E '<) 

00624 o 40 377J3 458 XAB 0-
-Ol 

00625 o 0 13 01635 459 f1RG MIBX 
00626 o 0 76 006JA 460 STA $+6 
00627 1 17 01676 461 lOX =-13**0177777 
00630 o 02 0 02641 462 TYP 0.1.4 
00631 1 30 01500 463 MIS OISMSG+IJ.X 
00632 1 57 00631 464 8Rx $-1 
00633 1 17 01444 465 lDX Tl 
00634 o 30 00000 466 MIS 00 
00635 o 71 00634 467 MIN $- J 
00636 1 57 00634 468 BRX $-2 
00637 o 0 01 00412 46'J BRU GIjTOP 

470 PAGt:. 
471 * 
472 * INPUT SECTION 
473 * 

00640 o 0 03 01177 474 IN 8RM STARTP STAR. READER c.n 

00641 o 22 0 400) 475 ROV 0 
c.n 

00642 o 0 21 01243 476 EXU RAlC ALERt '<) 

00643 o 0 21 01212 477 lCH RI6SD U1AD 16SD BUFFER.64 
'0 
0 
.0-

00644 o 0 31 01213 'co 

00645 o 0 21 012J5 478 INOa EXU RCZT C=O 
,VI 
() 

00646 o 0 01 00657 479 BRU INO Net 
00647 o 0 21 0123.1 480 RCATe EXU RCAT YES. CHAN. ACTIVE 
00650 o 22 .. 0004 481 BPT 4 YES. ERROR ST6P PERMITTED 
00651 o 0 01 00670 482 BRU INOA Net. Nt) CONT. 
00652 I 17 01676 483 LDX =-13**0117777 YES 
00653 o 02 0 02641 484 TYP ·0.1.4 
00654 1 30 01525 485 .11 B ERf"lSG4+13.X 
00655 1 57 00654 466 BRX $-1 
00656 o 0 01 00412 467 BRU GOTOP 

488 * 
00657 o 0 21 01234 469 I NO EXU RCAT CHAN. ACTIVE STJLL? 
00660 o 0 01 00645 490 BRU IN08 YES 
00661 o 0 21 01235 491 EXU RCZT NO. C=O 
00662 o 0 OJ 0065.1 492 8RU $+2 NB 
00663 o 0 01 00670 493 BRU INnA vt:S 
00664 1 17 01645 494 LDX =-3**0177777 SET UP ERRBR MESSAGE 
00665 9 0 14 01677 A95 lDB =ERMSG5 
00666 o 0 16 00647 A96 LOA RCATC 
00667 o 0 03 00610 497 BRM UC1 G~ D~ DISC6NNECT £RR'R TEST 
00670 o 0 16 017)0 A98 INQA LDA =0~3120152 BLOCK N6. t 
00671 o 0 14 017)1 499 LDB =8UFFER+64 END ADDRESS EXPECTED 

~ 00672 o 0 03 0105~ '500 aRM CHECI( GO CHECI( DATA I 

~ 00673 o 0 03 01177 501 INI BRM STARTP STARl READER IF DATA C~ECKED ~.K. 



.f:Io. 
9300 Computer, Extended Mode I/O Test Program (Sheet 12 of 20) I Tobie 4-6. .f:Io. 

0) 

00674 o 22 0 400) 502 ROV 
00675 o 0 21 01243 503 EXu RAlC 
00676 o 0 21 0121i1. 504 LCI-4 RIRSP LCtAiJ I"SP 8UFFE.R.6~ 

OU677 o f) Jl 01215 
0-0700 o -0 r6 -01'6-7-0 50-:; L-OA =--1 . 

00701 o 0 76 01451 506 ST" SPF S( IOSP INPUT) 
00702 o 0 21 012-37 507 IN4 EXU RCIT INTERRECORD CONDlfl~~ 
00703 o 0 01 007)5 508 BRU $+2 NO 
00704 o 0 01 ,00732 509 BRU IN2 YES 
00705 o 0 21 01234 510 EXU RCAT CHAN. ACTIVE 
00706 o 0 01 00716 511 BRU INIA YES 
00707 o 22 4 0004' 512 ' BPT 4 NO. ERRBR STOP PE~MlrTED 
0071.0 o 0, 01 00732 513 BRU JN2 NO 
00,711 1 '17 01672 514 L'DX =-15·*0177777 YES 
007;12 '0 02002641 515 TYP 0.1.4 
,0071.3 1 30 01547 516 MIB ERMSG6+15.X 
0071,4 1 57 0071·3 517 BRX $-1 
00715 o 0 01 00412 '313 BRU GBIOP 

519 * 
00716 o D 21 01235 520 IN 1 A EXtJ RClT C=O Ul 

00717 o 0 01 007J2 521 8RU 1"14 NO 0. 
Ul 

00720 o 0 21 01237 522 EXU RCIT YES. CHAN. INTER-REC~RD -.0 
0 

00721 o 0 01 00732 523 BRU IN2 NO 0 
0-

00722 o 22 4 0004 524 BPT 4 YES. ERROR STOP PERMITTED ex> 
In 

00723 o 0 01 00732 ~25 BRU IN2 NO () 

00724 o 0 21 01241 526 EXU ROIS YES. STOP TAPE 
00725 1 17 01702 527 LOX =-17*·0177777 
00726 o 02 0 02641 528 TVP 0.1.4 
00727 1 30 01570 529 MIS ERMSG7+17.X 
00730 1 57 00727 530 BRX $-1 
00731 o 0 01 00412 531 8RU G~TOP 

532 .. 
00732 o 0 21 01236 53J IN2 EXU RCfT IF CHANNEL ERROR 
00733 0' 22 0 004) 534 StlV SET OVERFLOU 
00734 o 0 21 01'241 535 EXU ROtS ST~P TAPE 
00735 o 0 53014~1 536 SKN SPF IdSP INPUT FLAG 
00736 o a 01 00756 537 SHU IN3 RESEt 
00737 0' Cl 16 017)3 538 LOA =033120252 SET. GET BL(jCK NO.2 
00740 o a 14 01444 539 LDB 8UFFER+64 ENO ADDRESS EXPECTED 
00741 a 0 03·, 0 1 0 S·5 540 BRM CHECr< CrlE:CK DATA INPUT 

5'4-1 '* IF CORRECT CONTINUE. 
0.0742 o 0 '03 01117 542 3RM STARTP SrARI TAPE Ul 

00743; o 22 0 400) 54'3 RtiV 
en 

-u 
00744 o 0 2'1 01243 544" EXU RAt C ALERT CD 

3 
00745 O· 0 21 01216. ~4-5 LCH' RIRSP1 L'OAO II'}SP BUFFER.J2 c:r en 
00746 a 0 31 01217 .., 
00747 1 17 01645 546 LDX :-3**0177777 SET UP ERR"R MESSAGE -.0 
00750 9 0 14 017J4 547 LOB =ERMSG8 0-

In 



Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 13 of 20) 
Vl 
(b 

'U 
-+ 
(b 

3 
00751 o 0 16 00647 548 LDA RC.A TC 0-

(D 

-O:O-7-5Z--~o- 1}3- -O()6-1'O -5-4-9 -BRK U-CZ- Gtt\lAIT FctR C=O -- .. -~-~.., 

00753 o 0 21 01216 550 EXU RCET IF CHANNEL ERR"R -.0 
()I. 

00754 o 22 a 004J 551 SOV SET OVERFLOI.J t1l 

00755 o 0 21 01214 55.2 EXU RCAT IS READER STILL RuNNING 
00756 o 0 01 00750 553 BRU IN5 YES 
0,0757 o 0 21 01240 554 EXU RPT NO. WESTART TAPE KEADER 
00760 o 0 21 01243 555 1f'!5 EXU RALC 
00761 o 0 21 01220 556 LCH RI"RP LOAD lORD BUFFER+32.J3 
00762 o 0 31 01221 
00763 o 40 37711 557 CLR 
00764 o 0 76 01451 S5e STA SPF R (IOSP INPUT) 

-00785 o 0 01 007J-2 559 BRU IN4 
560 * 

00166 o 0 16 01735 '-61 INJ 'LDA =033120352 BLOCK NO. 3 
00767 o 0 14 017Jl 562 LDB =BUFFER+64 END ADDRESS EXPECTED 
00770 a 0 03 01055 563 BRM CHECK GO CHECK DATA 
00771 o 0 03 01177 564 8RM STARTP START TAPE 
00772 o 0 21 01243 ~65 EXU RALC 
0077J o 0 21 012~2 566 LCH RI~RD LOAD lORD BUFFER. 56 Vl 

0 00774 o 0 31 01223 Vl 

00775 o 0 21 01234 C;67 EXU RCAT CHAN. ACTIVE -.0 
0 

00776 o 0 01 00775 568 BRU $-1 YES. UAIT F~R STOP 0 
()I. 

00777 1 17 01674 569 lDX =-l'**0177777 CHAN. INACTIVE 00 
U'l 

01000 o 0 16 016J6 570 LDA =077 () 

01001 o 1 54 01444 ~71 SKA BUFFER+64.X CHECK FOR a's IN LAST 8 CHARACTERS 
01002 o 0 01 01024 572 SHU INJA 
01003 1 57 01001 573 eRX $-;':> 

0100A 1 17 01674 !574 INJB LDX =-8**0177777 O.K. INSERT CORRECT 8 CHARACTERS 
01005 o 0 16 01642 575 LDA =070 
01006 o 1 76 01444 576 STA aUFFER+64.X 
01007 ·0 0 05 01657 577 ADD =1 
01010 1 57 01006 578 BRX $-2 
01011 o I) 16 017)t- 579 lDA =033120452 BLOCK NO. 4 
010,12 ,0 0 14 01 ZJ7 5B-O LDB =i3UFFER+56 END ADDRESS EXPECTED 
01013 B 22 0 400) 581 ROV 
01014 o 0 03 01055 582 aRM CHECK Gt1 CHECK DATA 
01015 a 22 4 0043 5,8J BPT 1 TEST STOP? 
01016 o 0 01 00,2J4 584 8RU KYSD YES 
01017 o 22 4 002J 585 BPT 2 TEST CYCLE? 
01020 o 0 01 00356 586 BRU 6UT YES 
01021 o 22 4 001) 587 BPT J TEST ONE fiNLY. 
01022 a 0 01 -00640 588 BRU IN READ 
01023 a 0 01 00356 589 BRU OUT PUNCH 

590 * 
01024 o 22 4 0004 591 IN3A BPT 4 ERROR STOP PERMITTED 

~ 01025 o 0 01 010)4 592 BRU IN38 NO I 

~ 01026 1 17 01674 593 lDX =-~*·OI77777 F6RMAT LAST EIGHT CHARAcrERS FttR TYPE 



~ 
Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 14 of 20) I 

01 
0 r 

01027 a 40 37711 594 CLR 
01030 o 1 16 01444 595 IN3D LDA BUFFER+64.X 
01031 o 60 04 003 596 LSh 3 
010a2 o 1 13 01444 597 "RG BUFFER+64.X 
0-I-o-3-3---{)'-~-{)- 1-1 {)·1-7 -1-0- 5-9-8 E-T-R- =-0.7-0.7 
01034 o 0 13 01711 599 MRG =052120000 
01035 o 60 04 DOS 600 LSH 6 
01036 o 1 76 01055 601 STA MSGIMG+B.X 
01037 1 57 01030 602 BRX IN3D 
01040 1 170171.2 603 LDX =-19**0177777 OUTPUT ERROR MESSAGE 
01041 o 02 0 02641 604 Tl'P 0.1.4 
01042 1 30 01616 605 MIS ER"-'SG9+19.X 
01043 1 57 01042 606 8RX $-1 
01044 o 02 14000 607 T~P a 
01045 o 20 14000 60B CAT 0 
01046 o 0 01 01045 609 BRU $-' 
01047 a 02 0 02041 610 TYP O. J • 1 OUTPUT B CHARACTERS 
01050 1 17 01674 611 LOX =-P**JI77777 
01051 1 30 01065 612 MIEl MSGII1G+B.X 
01052 1 57 01051 6t3 BRX $-1 V') 

01053 o 30 01503 614 MIB ERMSGl+3 CK 0 
V') 

01054 o 0 01 01)412 615 8RU GfJT"P -.0 

616 * 8 
0-

617 * CD 
01 

01055 ~la MSGIMG ~ES P- h 
61·9 PAGE. 
620 * 
62.1 * CHECK INPUT DATA SU8ROUTINE. 
622 * 

01065 o 0 00 000)0 623 CHECK PlE 
01,066 o 0 76 0162t: 624 STA ERMSGO+6 SAVE 8U~CK NO. 
01067 o 0 21 01236 62.5 EXu ReEl CHECK FOR ERROR 
01070 a 0 01 01141 626 8RU PARER~ GO T~ PARITY ERRB~ RBUTINE 
01071 o 22 1 404) 627 O'VT CHECK FOR PREVIOUSLY N6TED ERRfiR 
01072 o 0 01 01141 628 8RU PARERR G~ TO PARITY ERRO~ R~UTINE 

0101.3 o 0 21 01242 629 EXU RASC STORE CHANNEL ADDRESS 
01074 o 0 33,0144.4 630 PIN Tl 
01075 o 0 74 01,445 6.31 STB Tl+1 SAVE EXPECTED 
010'76 o 0 16 0144A 632 LDA Tl 
0'10'77 8 0 12 01445 63J EOR II + 1 COMPARE ACTUAL ~ITH EXPECTED 
011'OQ, o 0 5. 01670 634 SKA =-1 AGREE 
01.101 o 0 01. 01·15,4 ~35 8RU PINERR NO V') 

01102 1 17 0166:0 636 CHECK2 LDX =-64··0177777 YES C'D 
"'0 

01103 o a 16 01675 6.37 LDA =00 
...,. 
C'D 

0:1104 o 0 14 01636 6Jd LDB =077 3 
c-

01105 o t 55 01 i4'i 6'39 SKM BUFFER+e>4.X CHECK INPUT BUFFER C'D .... 
01106 o 0 0101112 640 BRU Cl"iECKl ERROR -.0 
01107 o 0 05 01657 641 ADD =1 0-

11l 
01Jl0 1 57 01105 642 8RX $-3 



Vl 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 15 of 20) CD 
"'0 

it 
3 

01 t 11 o 0 41 01055 643 BRR CHECK EXIT IF ALL CORRECT 0-
(1) 

644 '* ----~- .... 

01112 o 22 4 0004 645 CHECKI BPT 4 ERROH STOP PERMITTED1 -.0 
0-

01113 o a 41 01055 646 8RR CHECK NO. EXIT OJ 

01114 o 0 76 01444 647 STA Tl YES 
01115 () 60 04 003 648 LSH 3 Ff)RM.T EXPECTED 
01116 o 0 13 01444 64~ MRG Tl 
01117 o 0 11 01710 650 EIR =0707 
01120 o 60 04 005 651 LS~ 6 
01121 o a 13 01713 652 MRG =012000052 
0117.2 o G 76 01631 653 STA ERP-1SGO+9 Sf'Rt EXPECTED 
01123 o 1 16 01444 654 LDA BUFFErt+64.X F(j~MAI RECEIVED 
01124 o 60 00 003 655 RSH 3 
01125 o 1 16 01444 65b LDA BUFFER+64.X 
01126 B 60 04 003 657 LSH 3 
01127 o 0 11 01710 658 ETR =0707 
01130 o 60 04 005 659 LSH 6 
01131 o 0 13 01713 660 MRG =012000052 
01132 o 0 76 01634 661 STA ERMSGO+12 ST~RE RECEIVED 
01133 1 17 01676 662 LDX =-13**0177777 Vl 

01134 o a 21 01241 663 EXU RDIS DISCONNECT READEH CHANNEL 0 
Vl 

01135 o 02 0 02641 664 TYP 0.1.4 -.0 
0 

01136 1 30 01635 665 MIB ERMSGQ+13.X 0 
0-

01137 1 57 01136 666 8RX $-1 00 
OJ 

01140 o 0 01 00412 667 BRU GOTOP () 

668 '* 
669 * PARITY ERROR SUBROUTINE 
670 * 

01141 o 22 4 0004 671 PARERR 8PT 4 ERR~H STOP PERMITTED1 
01142 o 0 41 01055 672 BRR CHECK NO 
01143 o 0 21 01241 673 EXU RDIS YES. DISCONNECT RfADER CHANNEL 
01144 o 02 0 02641 674 TYP 0 .. 1 .. 4 
01145 1 17 01714 675 LOX =-9**0177777 
01146 1 30 01627 676 MIB ERMSGP+9.X OUTPUT PARITY ERROR MESSAGE 
01147 1 57 01146 677 BRX $-1 
01150 o 02 14000 678 TOP 0 
01151 o 20 14000 679 CAT 0 
01152 o 0 01 01151 680 BRU $-1 
01153 o 0 01 011)2 681 8RU CHfCI(? RETURN T6 CHECK NuMBERS 

682 * 
683 * PIN ADDRESS ERROR SUBR~UTJNE 

fi84 * 
01154 o 22 4 0004 685 PINERR BPT 4 E~R6R ST6P PERMITTED 
01155 o 0 01 011)2 686 BRU Ct-IECK2 NO 
01156 o 0 16 01444 687 LOA Tl YES 
01157 o 0 03 00537 688 8RM MK6CT EXPAND ACTUAL TO ~CD 

.... 01160 o 0 76 006)5 68Y STA OTPNt12 SAVE 
I 

01161 o 0 74 006)6 690 STB OTPNt12+1 01 -



~ 
Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 16 of 20) I 

01 
to..) 

01162 o 0 16 01£145 691 LOA Tl+1 EXPAND EXPECTED TJ BCD 
011'63 o a 03 00537 692 BRM MKOCT 
01164 o 0 76 00577 693 STA OTPN"'l SAVE 
01165 o IJ 74 006)(} 694 ST8 OTPNMl+1 

··-0-1-166- -··0 Cl 2·1· -0-12 4 1 .6-C}:j- E-X-u- ·RDIS DI5C~NNECf READER 
01167 o 02 0 02641 696 TVP 0.1.4 
01170 1 17 01672 697 LDX =-15**0177777 
01171 1 30 00574 (,98 I'll B OTPNM+15.X OuTPUT GENERAL ME~SAGE 

01172 1 57 01171 699 BRX $-1 
01173 a 30 01624 700 MIS ERf'1SGQ+4 OUTPUT BLOCK NO. 
01174 P 30 01625 701 MIB ERMSGO+5 
01175 o 30 01626 702 MIB ERHSGO+6 
01176 o 0 01 00533 703 BRU OTPIN2 GO OUTPUT RECEIV~u AND EXPECTED 

704 * 
705 * START TAPE READER SUBROuTINE 
706 * 

01177 o 0 00 000)0 .70-7 STARTP PZE 
01200 1 17 01660 70,~ LDX =-64**0177777 
01201 o 40 37711 709 CLR 
01202 o 1 76 01444 710 STA BUFFER+64.X CLEA~ BUFFER Vl 

01203 1 57 01202 711 BRX $-1 0 
Vl 

01204 o 0 21 01240 712 EXU RPT START TAPE -0 

01205 o 0 41 01177 713 eRR STARTP EXIT 8 
714 PAGE 

~ 
00 
U1 

715 • () 

715 * 1/6 CHANNEL COMMANDS 

717 • 
R 01206 002 146 0 )0 718 PIOSP IOSP IMAGE.64 

01207 0100 01244 
R 01210 ,002 142 0 )0 719 PIOSD 1051) IMAGE.54 

01211 .0100 01244 
720 * 

R 01212 002 142 0 )0 721 RIOSD IOSIJ BUFFER. 54 
01213 0100 01344 

R 01,214 002 146 0 )0 722 RJOSP IOSP BUFFER.65 
01215 {)l01 01344 

R 0,1216 002 146 0 JC 723 RIOSPI 10SP 8UFFER.32 
01217 ,0040 01344 

fit ,01220 002 144 0 )0 724 RIIRP IORP eUFFER+32.3J 
01221 004.1 01404 

R 0.1222 002 140: 0 JC 725 RJ~RD lORD BUFFER.56 
01223' 0070 01344 Vl 

ro 
726 • ""0 

-t-

727 * ro 
3 

728 • 116 CHANNEl INSTRUCTIONS. 0-
ro 

129 * .., 
01224 a 2f) 14000 730 PCAT CAT 0 -0 
01225 o 20 12000 731 peZT CZ'T 0 

~ 
U1 



~ 
I 

01 
W 

01226 
--,--- - - -

01227 
01730 
01231 
01232 
01233 

01234 
01235 
01?36 
01?37 

01240 
01241 
01242 
01243 

01244 
01344 

01444 
01461 
01462 

01463 
01464 
01465 
01466 
01467 
01470 
01471 
01472 
01473 
01474 
01~75 
01476 
01477 

o 20 11000 

o 02 0 02044 
o 02 0 ()O044 
a 02 00000 
a ]2 12000 
a J? soaOD 

a :?O 14000 
o 20 12I"J.on 
a 20 11000 
o ~O 104Jo') 

o 02 0 02034 
o 02 00000 
o 02 12000 
o 02 50000 

52233021 
45452543 
12255151 
46514664 
62437012 
~4J16223 
.6454525 
a3632524 
12222526 
46512512 
23130073 
12246451 
31·452712 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 17 of 20) 

732 peEl 
733 '* 
734 PPT 
735 PTL 
736 PDIS 
737 PA5C 
738 PALe 
73~ .. 
710 .. 
7~1 ReAl 
74'::> RClT 
74J RC!:T 
74' RrIT 
745 * 
746 RPT 
147 RDIS 
748 RAse 
749 RALC 
750 '" 
751 .. 

CET 

PPT 
PTL 
DSC 
Ase 
ALe 

CAl 
ClT 
CEl 
CIT 

RPT 
DSC 
Ase 
ALC 

0 

0.1.1 
0.1.1 
a 
0 
0 

0 
0 
0 
0 

0_1.1 
0 
a 
0 

752" eUTPUT IMAGE AREA_ INPUT 3UFFcR A~EA 

753 '" 
754 IMAGE RES 64 
755 BUFFER RES 64 
756 '" 
'57 .. 
758 '" TEMPeRARY STBRAGE AND FLAGS 
759 '" 
760 Tt RES t3 
761 SPF RES 1 IOSP INPUT FLAG 
J62 PRF RES 1 PUNCH REPEAT FLAG 
763 PAGe: 
764 '" 
765 '" ERR~R AND STATUS MESSAGES. 
l66 * 
767 DISHSG BCD 52.1CHANNEL ERR~R~USLY DISC~NNECTED BEF~RE C-O. DURING 

tn 
m 

""0 

Cb 
3 
a­
m 

---,-

...0 
0-
0'1 

tn 
o 
VI 

...0 

8 
0-
00 
01 
() 



~ 
I 

Ut 
~ 

01500 31466247 
01501 73124664 
01502 63476463 
01503 J3125252 
015041146622·4 
01505 73124664 
01506 53476463 
01507 33125252 
Oi510 52233021 
01511 45452543 
01512 12243124 
01513 12454663 
01514 12243162 
01515 23464545 
01516 25236312 
01517 06 302545 
01520 12231300 
01521 12464512 
01522 31466224 
01523 12314547 
01524 64635212 
01525 J1466224 
01526 73123145 
01527 47646352 
01530 52233021 
01531 45452543 
01532 12243162 
01533 23464545 
01534 :l5236325 
01535 ~4122464 

01536 51314527 
01537 12314662 
01540 47123145 
01541 47646373 
01542 12233163 
01543 12452565 
01544 25511212 
01545 83516425 
01546 33125212 
01547 52246451 
01550 31452712 
01551 31466247 
01552 12314547 
01553 64631223 
01554 13001231 
01555 45243123 
01556 21633145 
01557 ~7122546 
01560 511;247.21 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 18 of 20) 

768 ERHSGI BCD 16 .. I~SP. aUTPUT. II 

769ER"S(;2 BCD 16 .. 18SD. IUTVUT. l' 

770 ER"SIi4 BCD 52.ICHANNEl DID N~T D1SC~NNECT ~HEN CaQ ~N I~SD INPUT! 

771 ER~SG5 BCD 12.105D. INPUT! 

772 ERI1SG6 BCD 52.1CHANNEL DISCO~NECTED DURING IOSP INPUT. CIT NEVER 

773 BCD 8.TRUE. 1 

774 ERP1SG7 BCD 48 .. 1DURING I~5P INPUT C=Q INDICATING fOR PAST BUT C 

U') 

o 
U') 

'0 

8 
0-

~ 
() 

U') 
(1) 

"'0 .... 
(1) 

3 
0-
(1) .., 

'" 0-
Ut 



9300 Computer, Extended Mode I/O Test Program (Sheet 19 of 20) 
VI 

Table 4-6. /1) 
-0 

m 
3 

01561 62631222 0-
-- /1)--

01562-- 6A631223 ""'l 

01563 31631266 775 BCD 20.IT WAS NEVER TKUE. J '" 0-01564 21621245 <.n 
01565 25652551 
01566 12635164 
01567 25331252 
01570 . 31466247 770 ERI1S~8 BCD 12.I'5SP. INPUT! 
01571 7312J145 
01572 47546352 
01573 52314651 777 ERI1SG9 BCD 52.1IjRD ttN INPUT [)ID NtH IGN~RE THE LASr ~ CHA~ACTERS. 
01574 24124645 
01575 12314547 
01576 64631224 ... --

0157' 312'12'5 
.. 6GO ~66J1231 
_01001 2,.5.651 
01602 25126330 
01603 25124321 

_.0--'604 62631210 VI 
0 01605 12233011 VI 

01606 51212363 '" 0.16.07 25516273 g 
0-01610 12226463 778 BCD 24. BUT RfAO THE FeLL3~INGI ex> 
<.n 01611 12512521 () 

01612 24126330 
01613 a!H226'6 
01614 43 .. 3.666 
01615 31~527'2 
01616 S2524721 77~ ER"S~P BCD 8.IIPARITY 
01617 ~1316370 
01620 52J14547 780 fR"S~O BCD 40.IINPUT ERRDR IN BLGCK Ne. NIEXPECTfD DOl 
01621 64631225 
01622 51514651 
01623 1231'512 
01624 22434623 
01625 42124546 
01626 JJI2~5_52. 
01627 2567.715 
01630 1363251. 
01631 12242452 
01632 51252J25 781 BCD 12.RECEIVED Doa 
016J3 J1652524 
01634 12242452 

782 • 
016J5 o 30 00000 783 MIIX "11 B 0 eUfPUT INSTRUCTIGN 

,J:Io.. 784 • 
I 

7P.5 • U1 
<.n 



~ 
I 

~ 

01636 
01637 
01640 
0-1-6·4·1-· 
01642 
01643 
016 .. 44 
01645 
01646 
0164.7 
01,650 
01651 
01652 
01653 
01654 
016.55 
0165,6 
016,.1 
01.660 
01661 
01662 
01663 
01664 
01665 
01.666 
01667 
01670 
01671 
01.672 
016,73 
01674 
01675 
01576· 
01677 
017'00 
01701 
01702 
01703 
01704 
01705 
01706 
01707 
01710 
01711 
01712 
01713 
01714 

( 
'. 

00000200 
00000077 
00606041 
00606051 
00-6.0-6-0-6'2--
00000070 
DO 17777.4 
$02776:77 
00177775 
~7737677 
50277777 
7777.777.6 
00002000 
00'17776.6 
702'77777 
00000004 
00.00'0003 
000.40000 
.0000001 
G0.l7·7700 
01000000 
000015'00 
521212.25 
$1.514651 
i2246451 
JI452712 
0000.1504 
77777777 
0000"1344 
0017'7761 
00177764 
00,177770 
00000000 
00177763 
00001525 
33120152 
00001444 
00177757 
33120252. 
00001570 
33120352 
33120452 
90001434 
00000707 
i2120000 
00177755 
12000052 
00177767 

Table 4-6. 9300 Computer, Extended Mode I/O Test Program (Sheet 20 of 20) 

1St» E~D BEGIN 

Vl 
o 
Vl 

'0 

8 
0-
co 
lJ1 
() 

Vl 
(1) 

"'0 

ro 
3 
0-
(1) .., 

'0 
0-
lJ1 



September 1965 SDS 90068~C Paragraphs 5. 1 to 5. 12 

SECTION V 
TROUBLESHOOTING 

5.1 dENERAL 

5.2 This section contains information useful when 
troubleshooting the Model 932XX series TMCCs. 

5.3 Troubleshooting information contained herein is 
based o~ the test programs given in Section 4 of this 
manual. When an error is indicated during performance 
of the tests given in Section 4, reference shoul d first be 
made to the Programming Flow Charts illustrated in 
figure 5-1 and then to the appl icable referenced data. 

5.4 TEST PROGRAM FLOW CHART 

5.5 Figure 5-1 illustrates the programming flow data 
for the extended mode test programs given in Section 4. 
An example of the usage of the flow charts is given in 
the following paragraphs. 

5.6 FLOW CHART EXAMPLE 

5.7 In presenting the example of usage of the flow 
charts, the following points will be assumed: 

a. Paper tape reader connected to one of the 
interlaced channel s. 

b. Breakpoint 1 switch reset. 

c. Breakpo int 2 switch reset. 

d. Breakpoint 3 switch set. 

e. Breakpoint 4 switch reset. 

f. An error exists in block 4. 

5.8 At the in itial ization of the test, the channel num­
ber has been inserted on the typewriter, the un it number 
being used, and the character" R" for the paper tape 
reader. The program begins at the top of sheet 1 of 
figure 5-1. The program in itial izes restart location, 
disconnects all channels, addresses the keyboard and 
reads the character typed. As the character typed is an 
"R", the flow proceeds to the right from CHAR: R to = R 
and is picked up again on sheet 2. The program then 
builds channel and unit mask words, and builds: RPT, 
RCAT, RCET, RCZT, RCIT, RALC, and RDIS (Read 
Paper Tape, Channel Active Test, Channel Error Test, 
Channel Zero Count Test, Channel Inter-Record Test, 
Alert Channel, and Disconnect Channel, respectivel y). 
The EOM/EOD commands are then constructed and the 
keyboard addressed to determine if the letter liS" has 

been inserted to start the test. The program returns to 
sheet 1, KYBD, where the keyboard is addressed, the 
character "s II is read and Breakpo int Switch 3 is inter­
rogated. As Breakpo int Switch 3 is set (paragraph 5. 7d) 
the line S is followed to IN. 

5.9 The program proceeds to sheet 8 (circle labeled 
IN), the tape is started, IOSD 64 is loaded (block 1), 
a check is made to determine if the count reaches zero 
and the channel is inactive. As the count has reached 
zero and the channel is not active, the program then 
proceeds to check the data as given on sheet 12. The 
subroutine is then performed to check End Address, 
Parity, and Input Data. The block number is then saved, 
no error exists, the channel address is stored and checked 
against the expected and the input data is compared. 
As the input data does compare, the program exits from 
the subroutine and is picked back up again on sheet 8 
and proceeds to IN 1. 

5. 10 IN 1 continues on sheet 9, the tape is started 
again and IOSP 65 is loaded (block 2). The program 
checks that the word count does not reach zero and the 
inter-record test occurs (CIT). It then proceeds from 
CIT? to IN 2. 

5. 11 The program then checks to determine if an error 
exists (sheet 10) and stops the tape before the data is 
checked. While the tape is stopped, the data check 
subroutine is performed (sheet 12). After comparison of 
the data, block no. 2 is entered and the program exists 
from the subroutine and proceeds (sheet 10) to start the 
tape (sheet 13) and then loads IOSP 32 (block 3). 

5.12 Subsequent to loading IOSP, the subroutine Wait 
For Count Zero (sheet 6) is again performed. When the 
count equals zero, the program exits from the subroutine 
and returns to the main program (sheet 10). As no error 
existed and the channel is not active, the tape is started 
again (sheet 13) and IORP 33 is loaded, SPF is reset, 
and the inter-record indicator (CIT, sheet 9) is turned 
on at the end of the record. The count should not reach 
zero and the channel should remain active. As no error 
exists (sheet 10), the tape is stopped and SPF is inter­
rogated. SPF has been reset and the program then con­
tinues to IN 3 (sheet 11). The data is then checked 
(sheet 12) and as it does compare, the program exits 
from the subroutine, block no. 3 is entered, and the tape 
is started again (sheet 11). The program then loads lORD 
56 (block 4), waits for the channel to be inactive and 
checks to determine if the channel ignored the last eight 
characters. As the last eight words were not ignored 
(paragraph 5. 7f), an error exists and the program 

5-1 



5-2 

Initialize Re­
start Location 

Disconnect 
All Channels 

Address 
Keyboard 

READ 
CHAR 

'----t SAVE CHAR 

sos 900685C 

Figure 5-1. Test Program Flow Chart (Sheet 1 of 13) 
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Septembelj 1965 

! 

Build Channe 1 
and Unit 

Mask Words 

Build: RPT, 
RCAT, RCET, 
RCZT, RCIT, 
RALC, RDIS 

Fix All 
Channel Comrn. 
For EOM/EOD 

S DS 900685.C 

Build Channel 
and Unit 

Words 

Build: PPT, 
PTL, PCAT, 
PCET, PALC, 

CZT 

Fix All 
Channel Cornm. 
For EOM/EOD 

Figure 5-1. Test Program Flow Chart (Sheet 2 of 13) 
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Start Punch 

5-4 

NO 

S OS 900685.C 

Generate 64 
Words of 

Irna e 

Start Punch 
With Leader 

Load: 
IOSP 64 

Load: 
IOSD 64 

R 
BP4 

S 

Figure 5-1. Test Program Flow Chart (Sheet 3 of 13) 
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Disconnect 
Channel 

Type: ERROR 
DURING--
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September 1965 SDS 900685C 

! 

YES 

BP4 

S 

R(PRF) 

Figure 5-1. T':st PlOrJram Flow Chart (Sheet 4 of 13) 
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Punch With 
Leader 

Load: 
IOSD 16 

YES 

S(PRF) 

SDS 900685C 

ERROR 

Figure 5-1. Test Program Flow Chart (S heet 5 of 13) 
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Septemb~r 1965 

--' 

S 

S 

YES 

s 

SOS 900685C 

Type: Channel 
Errorously Dis­
connected 
Before C=O 
Durin --

s 

Wait For 
Count Zero 
Subroutine 

Figure 5-1. Test Program Flow Chart (Sheet 6 of 13) 
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Store Addres s 

ForInat and 
Sto re Expected 

and Received 
Addresses 

Type Message 
With Expected 
and Received 
Addresses 

5DS 900685C 

YES 

S 

Subroutine to 
Check End 

Address FroIn 
Channel 

Figure 5-1. Test Program Flow Chart (Sheet 7 of 13) 
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----

Septembe!r 1965 

Subr. WCZ 
(10S0, Input) 

50S 90Q685C 

Load: lOSD 64 

NO 

Enter With 
Block No. 1 

S 

Fisure 5 ... 1. Test Prosram Flow Chart (Sheet 8 of 13) 

f~. 

Type: Chanl);:l;ii(;~ 
D ' I not lscomWl'! I 

When C =0 011 : 

lOSD Input 

5-9 



5-10 

Stop Tape 

Type: IOSP 
nput: C = a 

but no CIT 

SDS 900685C 

Load: 
IOSP 65 

S(SPF) 

Type: Channel 
Disconnected, 
During IOSP In­
put, but no CIT 

F ,gure 5-1. Test ProgramF low C hart(S heet 9 of 13) 

Set IOSP 
Input Flag 
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September 1965 

S(OYF) 

SDS 900685C 

Stop Tape 

R 

Load: 
IOSP 32 

YES 

YES 

------

YES 
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Figure 5-1. Test Program Flow Chart (Sheet 10 of 13) 
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interrogates Breakpoint Switch 4. Breakpoint Switch 4 
is reset (paragraph 5. 7e), therefore, the program types 
out: lORD on input did not ignore last two words. 
Reference should then be made to table 5-8 for informa­
tion concerning lORD on Input. 

5.13 TROUBLESHOOTING INFORMATION 

5. 14 The error printout during the test program is deter­
mined by the type of device used with the program. If 
the device is an output device, the following type of 
error codes may be printed out: 

a. typewriter -- Error during IOSD output 

b. Paper Tape -- Error during IORD/IOSD output 

c. Cards -- Error during IOSD/IORD output 

d. Printer -- Error during IOSD/IORD output 

e. Magnetic Tape -- Error during IORD/IORP 
output. 

5.15 If the device is an input device, the following types 
types of error codes may be printed out: 

a. Typewriter -- Error during IOSD input 

b. Paper Tape -- Error during IORD/IOSD/IORP 
input 

c. Cards -- Error during IORD/IOSD input 

d. Magnetic Tape -- Error during 10 RD/IORP 
input. 

5. 16 TROUBLESHOOTING 

5. 17 If a failure occurs during performance of the test 
program and an error message is printed out, determina­
tion must be made whether the malfunction is in the 
central processor unit (CPU), in the input/output device, 
or in the TMCC. Normally, this can be determined by 
performing a portion of the appl icable test routine for 
the input/output device and checking for proper opera­
tion. 

5. 18 If the determination is made that the malfunction 
is in the TMCC, reference should then be made to the 
applicable table (tables 5-1 thru 5-10) for that function. 
The table describes the function and references the 
paragraphs in the Theory of Operation section (Section 
3) where a deta iled description of that function is 
described. 

5.19 The logic equations pertaining to the particular 
function can be determined from the description in the 
theory of operations. A comparison of the logic equa­
tions and terms will indicate the particular terms pecul iar 
to the function which has failed, Reference to the logic 
layout drawings (I isted in Section 1) will indicate the 
module in which the term is used, the physical location 
of the module, and the terminal connections where the 
term can then be found. 

5.20 Normal troubleshooting procedures can be per­
formed to pinpoint the malfunction to a particular com­
ponent or terminal. 

5.21 Physical location of components and schematics of 
each module can be found in Section 6. 

Table 5-1. IOSP Output Function, W (A) Channel 

Iwg Iwh Iwi Output Fun ct ion Sec. 3, Par. Ref. 

1 1 1 1. 11 w at Iwf if Iwk 3. 152 
thru 

When the channel counts C down to zero (Iwf), the channel generates 
3.157 

a zero word count interrupt (I1w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue 
writing in the same record. Failure to reload the interlace before the 
buffer transmits all of the characters in its registers and before the 
peripheral device requests the next character from the buffer sets the 
channel error indicator. 
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Table 5-2. IORP Output Functfon, W (A) Channel 

Output Function 

1. I 1 w at I wf if I wk 

2. At Iwf, reset WO 

3. I2w at Mtgw or Whs Wll if Iwj 

4. At Whs Wll, disconnect 

When the channel interlace counts C down to zero (Iwf), the channel 
generates a zero word count interrupt (Ilw), if armed (Iwk), notify­
ing the channel buffer that it has received the last word that is to be 
output. At zero word count (Iwf), the Halt Interlock fl ip-flop, WO, 
is reset to inhibit additional time-share requests. When the device 
receives the last word from the buffer, it sends an End-of-Record 
response (Whs Wll) back to the buffer. If armed, (Iwj), the buffer 
generates an End-oF-Record Interrupt (I2w) and sets the inter-record 
indicator. If the device is magnetic tape, an End-of-Record response 
(tape gap signal, Mtgw,) signal is sent to the buffer but the tape 
continues to move. If the program does not execute an EOM to write 
a new tape before the tape gap signal drops, the channel disconnects 
(Whs Wl1) and the tape stops. 

Table 5-3. IOSD Output Function, W (A) Channel 

Output Function 

1. I 1 w a t I wf if I w k 

2. At Iwf, reset WO 

3. Disconnect at Iwf Wll or Whs 

4. 12w at disconnect, if Iwj 

When the channel interlace counts C down to zero (Iwf), the channel 
generates a zero word count interrupt (Ilw), if armed (Iwk), indicat­
ing the last character has been transmitted. At zero word count (Iwf), 
the Hal t Interlock fl ip-flop (WO) is reset inhibiting additional time­
share requests. For devices other than magnetiC tape (Wll), the Halt 
Detector fl ip-flop (Wh) is set on reach ing zero word count (Iwf) when 
the last character has been clocked from the buffer. The Halt Detector 
also sets on occurrence of a Halt Signal (Whs). Setting of the Halt 
Detector initiates a buffer dis'connect sequence. The Sig'pa I Complete 
fl ip-flop (Wcs) is set and if the End-of-Record Interrupt Enable (Iwj) 
has been previousl y armed, an End-of-Record Interrupt (I2w) is 
generated. 

September 1965 
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3. 144 
thru 

3. 151 

Sec. 3, Par. Ref. 

3. 140 
thru 

3.143 
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Table 5-4. lORD Output Function, W (A) Channel 

Iwg Iwh Iwi Output Function Sec. 3, Par. Ref. 

1 0 0 l. I 1 w at I wf if I wk 3.134 
thru 

2. At Iwf, reset WO 
3. 139 

3. Disconnect at Whs 

4. I2w at disconnect, if Iwj 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (11 w), if armed (Iwk), indicating that the 
last characters have been transmitted. At zero word count (Iwf) , the 
Halt Interlock fl ip-flop (WO) is reset inh ibiting additional time-share 
requests. If Halt Signal (Whs) is received, the Halt Detector (Wh) is 
set and a disconnect occurs. The Signal Complete fl ip-flop (Wsc) is 
set and, if armed (Iwn, an End-of-Record Interrupt (I2w) is generated. 

Table 5-5. IOSP Input Function, W (A) Channel 

Iwg Iwh Iwi Input Function Sec. 3, Par. Ref. 

1 1 1 l. 11 w at Iwf if Iwk 3. 176 
thru 

2. At Mtgw or Whs W11, flush and store last character{s) if Iwf 
3. 179 

3. 12w at Mtgw or Whs W 11 if Iwj 

4. Disconnect at Whs W11 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (11 w), if armed (Iwk), indicating the pro-
gram should reload the interlace portion of the channel to continue 
reading the record. If the End-of-Record (Mtg or Whs W 11) occurs 
before zero word count (Iwf), the buffer is fl ushed and the completed 
word is stored in memory. If the End-of-Record Interrupt Enable (Iwn 
has been armed, an End-of-Record interrupt (I2w) is generated when 
a tape gap (Mtgw) or halt signal (Whs) is detected from the device. 
For magnetic tape operation (W11), a new EOM may be given within 
one mi II isecond from the occurrence of 12w to permit the tape system 
to proceed to a new record. Failure to give an EOM results in the 
tape stopping and the buffer disconnecting. 
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Table 5-6. IORP Input Function, W (A) Channel 

Input Function 

1. 11 w at Iwf if Iwk 

2. Inh ib it rate errors if Iwf 

3. At Mtgw or Whs Wll, fl ush and store last character{s) if Iwf 

4. I2w at Mtgw or Whs W11 if Iwj 

5. Disconnect at Whs Wll 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (I1w), if armed (Iwk), indicating the pro­
gram should reload the interlace portion of the channel to continue 
reading the record. Additional characters entering the channel after 
zero word count are precessed into the W register. Parity and rate 
errors cannot occur after zero word count because of Iwf. Detection 
of magnetic tape gap (Mtgw) or a halt signal (Whs) sets the End-of­
Record detector. If the End-of-Record detector is set before zero 
word count has occurred (Iwf), the buffer is fl ushed and the completed 
word is stored in memory. If the End-of-Record Interrupt Enable (Iwj) 
has been armed, an End-of-Record interrupt (I2w) occurs. Fail ure to 
reload the interlace with in one mill isecond of I2w resul ts in the tape 
stopping and the buffer disconnecting. 

Table 5-7. IOSD Input Function, W (A) Channel 

Input Function 

l. Il w at Iwf if Iwk 

2. At Whs, flush and store last character(s) if Iwf 

3. Disconnect at Iwf W 11 or Whs 

4. I2w at disconnect if Iwj 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (11 w), if armed (Iwk). Should an End-of-
Record (Whs) occur before zero word count (Iwf) is establ ished, any 
characters remaining in the W register are flushed and stored. The 
Halt Detector is now permitted to set by Iwf Wl1 or Whs Wl1 and the 
channel is disconnected. If the End-of-Record Interrupt Enable (Iwj) 
has been armed, an End-of-Record interrupt (I2w) occurs. 

September 1965 
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Table 5-8. lORD Input Function, W (A) Channel 

Iwg Iwh Iwi Input Function Sec. 3, Par. Ref. 

1 0 0 1. 11w at Iwf if Iwk 3. 158 

2. Inh ib it rate errors if Iwf 
thru 

3.163 
3. At Mtgw or Whs Wll, fl ush and store last character{s} if Iwf 

4. Disconnect at Whs 

5. 12w at disconnect if Iwj 

When the channel counts C down to zero (Iwf), the channel generates 
a zero word count interrupt (Ilw), if armed (Iwk). Parity and rate 
errors {We} are inhibited by Iwf after zero word count is establ ished. 
Should an End-of-Record (Mtgw or Wl1s Wl1) occurbefore zeroword count 
is establ ished (Iwf), the End-of-Record detector is set and any charac-
ters remaining in the W register are flushed and stored. The Halt 
Detector (Wh) is permitted to set by Whs, the buffer is cleared and the 
channel disconnected. If the End-of-Record Interrupt Enable (Iwj) has 
been armed, an End-of-Record interrupt (2w) occurs. 

Table 5-9. Output Functions, Y Channel 

Iyg Iyh Iyi Output Function Sec. 3, Par. Ref. 

1 1 1 IOSP 3.152 
thru 

1. l1y at Iyf if Iyk 3. 157 

1 1 0 IORP 3.144 

1. 11 y a t I yf if I yk 
thru 

3. 151 
2. At Iyf, reset YO 

3. 12y at Mtgy or Yhs Yll if Iyj 

4. At Yhs Yl1, disconnect 

1 0 1 IOSD 3.140 

1. 11 y a t I yf if I yk 
thru 

3.143 

2. At I yf, reset YO 

3. Disconnect at Iyf Yll or Yhs 

4. 12y at disconnect, if Iyj 

1 0 0 lORD 3.134 

1. 11 y at I yf if I yk 
thru 

3. 139 
2. At Iyf, reset YO 

3. Disconnect at Yhs 

4. I2y at disconnect, if Iyj 

The output functions for the Y channel are identical to those of the W 
channel given in tables 5-1, 5-2, 5-3, and 5-4. The onl y difference 
is the substitution of the letter "yll for IIW

Il in the logic terms. 
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Table 5-10. Input Functions, Y Channel 

Iyg Iyh Iyi Input Functions Sec. 3, Par. Ref. 

1 1 1 IOSP 3. 176 
thru 

l. 11 y at Iyf if Iyk 3.179 

2. At Mtgy or Yhs Yl1, fl ush and store last character(s) if I yf 

3. 12y at Mtgy or Yhs Yll if Iyj 

4. Disconnect at Yhs Yll 

1 1 0 IORP 3.168 
thru 

l. 11 y at Iyf if Iyk 3.175 

2. Inhibit rate errors if Iyf 

3. At Mtgy or Yhs Yll, fl ush and store last character{s) if Iyf 

4. 12y at Mtgy or Yhs Yll if Iyj 

5. Disconnect at Yhs Yl1 

1 0 1 IOSD 3.164 
thru 

l. I 1 y a t I yf if I yk 3. 167 

2. At Yhs, flush and store last character(s) if Iyf 

3. Disconnect at Iyf Yl1 or Yhs 

4. 12y at disconnect if Iyj 

1 0 0 lORD 3.158 
thru 

1. 11 y at Iyf if I yk 3.163 

2. Inh ib it rate errors if I yf 

3. At Mtgy or Yhs YII, fl ush and store last character(s) if Iyf 

4. Disconnect at Yhs 

5. 12y at disconnect if Iyj 

The input functions for the Y channel are identical to those of the W 
channel given in tables 5-5, 5-6, 5-7, and 5-8. The onl y difference 
is the substitution of the letter "y" for "W" in the logic terms. 
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SECTION VI 
DRAWINGS 

6.1 GENERAL 

6.2 This section contains drawings useful when trouble­
shooting and maintaining the TMCC. 

6.3 SCOPE OF SECTION 

6.4 Included in this section are assembly drawings, 
schematic diagrams, and material I ists for each modul e. 

6.5 The type and quantity of each module are I isted in 
Section 1, table 1-4. Physical location of each module 
is ill ustrated in Section 4, figure 4-4. 

6.6 Also incl uded in th is section is the Semiconductor 
Cross Reference which provides a cross-reference between 
Scientific Data Systems semiconductor numbers, commer­
cial Electronic Industries Association (EIA) numbers, 
specification numbers, and replacements for obsol ete 
semiconductors. 
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5 Icontact. Conn UDDer 1100097 23 

6 !contact, Conn Lower 100098 24 
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-..J 4 
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f:E 5 ~- Contact. Conn Upper 100097 23 
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7 ~ran8istor. SDS 216 103242 7 01 

8 Transistor.') SDS 201 100092 7 02 

9 Transistor. SDS 209 100697 14 03.4 
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1 Board, Printed Wiring 107233 t- 1 

I: 0 
a ~ 

2 Handle, Circuit Card 100016 1 

--.J 3 Evelet. Tubular tQ.3896 -Ol~. 2 

~ 4 Strip, Marker 100197 1 

5 Contact, Conn. Upper 100097 23 

6 Contact, Conn. Lower 100098 24 

7 Transistor (SDS 216) 103242 24 Ql, 3, 4, 5, 6, 7 

8 Transistor (SDS 219) 106378 4 02 

9 Diode (SDS 101) 100025 8 VR1,2 

10 Diode (SDS 103) 100091 36 CRI thru CR9 

11 Diode (SDS 106) 100323 1 VR3 

12 Resistor 1/2 Watt 100111- 392 28 Rl. 2, 3,4, 6. 8. 9 

13 Resistor. 1/2 Watt 100111-153 12 RS, 10,11 

14 

15 Resistor, 1/2 Watt 100111-821 8 R13,14 

16 Resistor, 1/2 Watt 100111-102 4 R7 

17 R e siator, 1/2 Watt 100111-222 1 R12 

18 Caoacitor. Tantalum 100312-156 1 C1 

1q Canacitor. Mvlar 100308 -10 4 C2. 3.4.5 

20 Wire ~Solid Bare 100042-02 9 i rl 

21 Tubing ,Teflon 1002.74-02 ~ 9 i rl 

SDS-E-106B 
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NO. • c =1 Aoard _. -" Wil'iJul ,,,74Q 1 • • 2 HaacU.. Clr cult Card 100016 1 

-.J 3 Ey.l.t. Tubular 103196-016 1 

:!: 4 Strip, Mukel' 100l!7 1 

5 Contact, COIUl. Upp.r 100097 23 
6 Contact, CODD. Lo •• 1' 100091 Z"' 

7 Tl'aa.t.tol', 5DS 216 101a4J 10 01.4.5.6. L1.O ___ 11 14. 15 16 

• Tl'an.latol'. 5DS UO 106711 5 Q2. 3. 12. 13. 8 , Diod., SDS 103 100091 46 CRl thru Ca46 

10 IIlt •• nted Ckt. 5DS ~ 1 lOlllI 9 AI thru A9 

11 a •• t.tol'. t Watt 10011J-33Z 5 Rl. 2.3.4.19 

12 a •• t.tor ... Watt 100111-Z21 5 R5. 26.31. 21.28 

13 ••• l.tol', t Watt 100111-153 Z 86.30 

14 ••• ~.tol' ... Watt loalll-l0Z 1 .7. 10 13. 14 24 25.40il 

15 ••• t.tor. i YaH 100111-56Z 4 ,R8 CJ 33 3. 
16 ••• l.tor. i Watt 100111-101 5 Rl1.16. 38.43.21 

17 ••• 1.tor. I- Watt 10Olll-12-.l " RI2.15.39.42 
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26 20 22 21 2:1 31 23 24 36 43 42 CIRCUIT 16 32 17 I!I 19 18 13 14 
12 7 6 " 31 9 10 38 43 42 CIRCUIT 4 32 5 & 2 3 

... ~ ~ ~ ~ ~ ~ ~ ... 
:J 

~ ... .... z ... ~ Z 
::J 

0 .... ~ :J W ~ :J '" '" SIGNAL :J :J >-. 0 

t.J 0 -J 0 W U U 0 W 0 W ... ... v, >- m .... Vl NAME '" '" 
~ 

w w c{ w 3 3 w .., u, w w .... 
x '" oJ) w 

~ 
oJ) w Z u 

W IX '" W ofI <f) IX oJ! 
>- >- u w w ::J « 0 « ~ 

w 
a:: « ~ '" :I )( '" 

Z IX IX IX )( 

Z ~ ::l 0 :J 
0 0 c{ :I « 
::I' :I 
::I; 0 
0 u 
v 



Triple FI ip-Flop FB52 
104203D 

Pin 1 

Connector 
End 

Pin 47 



i a ""ftRIAL LlaT s(ti\S Ml .-.... •• Dwe. TITLI ........... a.a ••••••• 
~SEMBLY.P. w. 104203 D 
ITRIPLE FI.IP FI.oP ... , FB5Z DA" lZ/4/3IIIIIf Z ar2 , 

0 ... ' ITI" .... , T J Tl.t: DWG ... O. ItO,RIQ • ...... CIT, .1.1_. a 0 
N 

• ~ 1 Bo~rd. Printed WirinK 1042.02. 1 0 

" ..... » 2. Handle~ Circuit Card lOOOllt 1 Q 

3 [Eyelet. Tubular 103896-016 2 
-..J 4 StriDe Marker 100197 1 

~ 5 Cnnt;a r.t. r.n,.",." UDDer 100097 Z3 

6 Contact. Conn. Lower 100098 24 

7 Tran8istor, SDS Z16 1032.42. 21 01 thru 04. 07 thru 011 

8 Tranaiator. SDS 2.20 106781 6 05 •. 6 
9 Diode, SDS 103 100091 ~2 CRl thru CR-35, 37, 38,41 

10 
r ... ___ .: .. __ 

... 1:..- .... ]1\1\,1\.., "'''111\ '7. roo 1\ r. ," . - - -- --, " -
11 r·Aeustor, I watt 100111-103 1 RZ1 

12 CaDacitor. Mica 10 OlD7 -820 6 eiL7 

13 Can2 rH"r. Mv1ar 100308-103 3 CZ.3.4 

14 Caoacitor. Tantalum 100312-156 1 Cl 

15 Resistor. t watt 100111-102 3 R25 

16 Reaistor II l .. watt lOll111-562 ~ R17.18 

17 ResistorJ t watt 100111-302 6 R1S.16 

18 Resistor, watt 100111-470 7 R13, 14 ,23 

19 'ft ...... ~.tl1\.'l11 ,~, L 1:Ik'l_'l1"l1. --- , i ...... _ •• .-_ ............. v .. ~ .... , .. ~ 
2.0 Re sistor, t watt 100111-101 6 R7,8 

21 Resistor i_watt 100111-822 6 R9J 1 (l 

~Z Resistor. t watt 1 00 III -15_3 1> R5.~, -

23 Resistor, i watt 100111-332 13 Rl, l, 3, 4, ·Z 7 

24 Resistor, t watt 100111-1Z2 1 Rll 

2.5 Resistor .. ! watt 100111-681 1 ruo 
'}I.. g~.l.~.,. .l ur.a.tt 100 III -J 8-' 1 .~!!l 
27 Resistor. t watt 1 00111 -56.~ 1 ~4 

2.8 Wire, Solid Bare 100042 -02~ 35 in -

29 Tubing_ Teflon 100274-022 35 in 

~n r.~n~l"'ftnr Mi~a 100107 -47C 1 CS 

--
SDS-I-l0. -
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I 
u-9 
_&L 

~A-
~-w~ 
:r: 
Uo 
IIIZ 

10 < z 

+ 1111 

RI RZ III 
POLARIZING PINS: 32 £ 31 

I I~ I ~ ..., .. \IJ 
I/") .., 

II!! III! 
III ~ 
t... \;l 

I.dtl, , r 
II I i 

CM CR7 CR. ':" 

+16V 

.. ~ ::~ 
CRI CRZ CR3 CR4 IC 

-1611 

+ .. V .le, 1. 1. " -16Y 

GROUNO '::J I T T ClIICUIT I 23 22 21 2~ 

t 
Z 27 26 3& 2" 
3 I~ I" 13 17 .. 20 19 18 16 
~ ~ & 7 12 9 

CIRCUIT 6 3 2 10 II " 8 

>-

! ! ! ~ iii 
~ 
0 

LU LU LU ~ ~ 0 
~ ~ ~ -< -< z 
<!) <!) <!) <!) <!) -< z 

+ I&V 

+16Y +1611 

+"V -t .. Y 

R5 R8 R9 R2& R27 1130 
CRI6 CR36 

CRI2 CRII CII33 CR .. O 
RII R2" 

CR32 
CRI7 

CRI4 CR20 CR3. 

CIII:I CR21 
(R29 

CII30 CR37 

Q2 Q3 all 
':" 

+ 16V +4V 

R7 ':' ':" ':" ':' R29 
1110 tR .... R2~ 

-I&V -16V -16Y -16V 
1131 

Fl32 
CII 

CIIS CRIO CRII 41 CR42 CFI"3 

A33 ':' 

-16Y 

31 ~2 41 33 40 32 43 38 39 34 35 30 29 28 37 

~ .. z 
!oJ 

.. ::: .l> ... 
J a J 
a ~ ~ 

::>z 

" 
! ~ ~ ~ 0 

0:-
>- l- I-

::! .... 1- U I-- I-- .... I-
W W 

a 
iI:'" 

g w '" w w w 
W U '" '" '" '" '" 0'" u '" <II <II 

W W w --'~ '" '" '" c:: f- ::> ::> Q: 

« e: e: 
\!) 

iI: iI: 

3 3 



z 
» z 
o - ." 0= 

~"'O 
01, 
~." 
w­ma 

"'0 
." 
o;J 
01 
~ 

I l 
10 1::01 1::0 1::0 1::01 1::0 1 I 1 
n In I I 1 0 ~ ::0 (;i N = ::0 ~ I ::0 I I ... In I I ::0 I In I I ::0 I 10 I I .. ::0 ::0::0 T, N .. - rv If N::o.... ::0::0 -::0 ::0::0 -::0 ::0 

::0 :: ~ Q) 0 £1 011 I 1 0 I ~ 0 CD ~ '1' ~ t '1' ~ cr <p ~ ~ -'" ~ cr t ::0 
til I I 1i51~~R28_ 1 l'lt'l 1 rl-I- IN I I"'\'" I'" r~ 1 I'" r 1'"1% 

0 013 o£R23_ R4-L _R4-L _R4-L 

R34 1 CII C8 I CS-2_ CS-L _CS-L 

-_R33_ ~ _R22 .£.R2~ ~ 01-01 01-1'-\ O'H'~ O'H.O'~ 

O 10 CR29(>CR2S- R (.II U U U U U 
I 0 012 ~O .:tR25-Q06 1~3 ICR21 _C5-1_ _C5-3_ _C5-L 

~ T£ - CR30-oO 0Q40~ - _R2-_1 - _R2-L _R2-L 

"I ~ V 1'n _C5-L _C5-L _C5-S_ 

I r::o::o 02 - RI

Q
9 ee; 011" R2-2 R2-4 R2-6 -- ~TO ~ 0 I~I ~R8-1 ~R8-3 I ~R8-5-

I U I ::0 .£,R7-1 .£.R7-3 ~ .£R7-5 
R31 (>CR32- o-C 33- -CR36-() '"j CRS-to CRS-fO I CRS-;-O 9 <:rCRIS - -CRI8-Q -CRI9-Q 1- ~R5-1 oai5-3- i ~R5-5 

R7 £ -R9 - -CRI7=O - R2S- CR8-~ CR8-~ CR8-~ 
- - (i _R17 _ (>CR34- R21 CR7-2 ~ oi?f7- 4---V o£R7-~ 

I I cr-CRI4_ o-&~R~5- R30 ~6-!{) _CRS~ -CR6-6-Q 
~ _ R5 _ -CRI2 ~ _CR37 _ RI-2_ a:CR~4- _RI-S_ t!> 

I - RS _ (>CR38- o-~ .. c .. 39- ~R5-~ :kR2-_ R ~R5-!... ::0 
R28 .',' ::40--0 .£,.R2-Lo ..£R3 =-0::0 UC'R4-5 ~ 

n ~ o--CRIO_ CRII -CR4'- -f{\4~ ..,£.R3-Lo ...£.R4-~ ~ CR3-~ Acb 10 
til ! oSR9 ~ ~ - -.£R4~O .,£R4-!-o o;R2-~ q. CR2-~ ~O ~ I CI2 ~R2-~ o.gR3-~ ~R4-6 I rn 

_R35 _ - ,~R3-l.. o£R4-.!.. VCR3-S 6 0 
R36 --_.. ~ 

- o-CR4-2-

-0 () -0 

:J 0 3· 

~ 
m:J 
:J :J 
a...Cl) n -0 .., 



t 'MATERIAL LilT 

• UJ ·D"O. 'ITtl ~~-t 
ASSEMB1'YJ_ P • W. 
NAND. ,r'LIP FLOP 

............. A • ., ••••• 
M llo--"----_ .. _.---.11-.... ".,,' 

104563 ~_. 
... , FB54 1'"12/4 ... f Z or Z 

• 
~ ~~I~T_P._M~ ____ D~W_G~.~T~J~T_l_ .• _: ______ ~~_D-W_G-.-IO~.--._~-O.-•• -IQ~-.-a-MA--.. --.--.. ---C-.-,~ .. _I_' __ I._I.~, ~ 
~ ~~l_--Io-,;:;;B....;;;o.;;a;.;.r.:;;d:.., ...::P:...:r::.::i:;.;;n;.:.te;:.;d~W_l_·r_i_n .... 2._-11--... 10 .. ~4.&l~;5I11.1,61101~2 ___ .......... 1 __ ..... ____________ ,._,~. 

~ ~ 2 Handle, Circuit Card 100016 1 
Q ~--~~~~~~~~--------~----~~---+------~-----------------------~_t 

3 Eyelet, Tubular 103896-016 2 

....J 4 Strip, Marker 100197 1 
~~~~~--------~--~--~---+--------------~ 
.:::; 5 Contact. Conn Unoer 100097 23 

h r.nn+.-.rt Conn Lower 100n98 24 

13 Resistor» f watt 100111-470 10 RZ, 6, 16, 19, 28 

14 Resistor, t watt 100111-101 2 R14, 22 

~ Resistor, fwatt 100111-151 4 RS. ,27,35,36 

16 Resistor. t watt 100111-8Z~ Z R12a Z3' / 

17 Resistor. l watt 100111-681 1 R32 

~1~8~~R_e_s_i_s_to_r_I_~tw_a_t_t ________ ~~_1_0_0_1_l_1_-1_O __ Z~~Z~ __ ~Ru.l~,.1~.2~14~ __________________ ~ 

19 Resistor, ~ watt 100111-2ZZ 1 R34 

20 Resistor, watt 100111-30Z Z Rl7, 18 

ZI Resistor, i watt 100111-332 10 R1, 5, 9. Z6, 30, 

22 Resistor, twatt 100111-562 2 Rll,RZl 
~--~~----~~--~--------~~--------~+-~--~ 

23 Resistor.! watt lOOlll-lO]'4-......... 1 __ I-~R~.~1"'-_________ ... 

24 Resistor, t watt l00111-ZZ3 2 R10.25 

25 Resistor. t watt 100111-563 8 R3. 7. 2q 

~2~6~~W __ i_re_,~S_o_1~id~B~a_r~e~ ________ ~~1~O~0~0~4~Z~-_0~24-+~1~8~in,~-,+-~ ______________________ -t 

~2_7 __ +-T __ ub_l_·n_L2.~,. __ T_e_fi~o_n __________ ~ __ 1_0_0_2_7_4_-_0aZ:~Z ___ 18 in~ ________________________ ~ 

ZS Resistor, l watt 100111-121 1 R37 

29 Resistor. t watt 100111-182 1 R31 

...-3;.;:0~ ....... T ... • rw·' au,:n;.;ls,-&Ii.:,os t;.:::.ao.r ... · . ...IS~DIS ..... 2 .. : 2 ...... 0 ___ 1- ___ ~lOIl£,lI bl&.i~ 7 .... ' 8 .... , 1 ___ +-.... 20.....-_-+-=Q;;::.4.;;.1: II...:Q;::.7,;..-. __________ --4 

t--.;;:;.3,:;.1 ..... --=D~i;.;;;o.:d.;::.e~ .S;.:D~S~1 0;:-.;3 ________ ... _..:.;1 O~O::.:O::....~ 9c.=....1_~-7:..:2=---~C::::.:R=.:.:..1-=th::.r::..:u:::-.;:;C~R~5 • 7 thru 12. 14 

t--_-I-____________ t--____ --i ___ -+-lr. ..... :R~' ..... 1', •• _1 .... 6~t 1,_18 20 thru 30 

CR 32 thru 38.40 thru 46 

t---+-------------t-------........ --_'--______________ .~. 

~~~-.~-------------------~----------~----~~-----------------------~ SDS-t:-IO. 
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IA.I 
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u .. ..,J 
-;:) 
1-0 
<I,) 
22 
14.10 
.3z 
I/lc( 

10 z 

POLAR IllNG PI NS; 12 .. 3Z .4V I i I 
.16V ~7cr------------------~ 

-16V AI 

• 'IV 

GAOUND 

A4 

lelo 
T 
L 
T 

CIZ 

T 42 41 40 

Ae A2 A3 Ae R7 

-+ II)V + 16\1 

RI7 
A21 e~ 

AI8 
C6 R22 

CR27 CRIf) CRIT CR28 CRIB CR20 

R2S R26 
CRI CR2 CR3 CR4 CR5 CRI) 

-II)V -16V 

CIRCUIT I 37 39 43 18 16 17 15 14 

I 
2 36 35 34 
3 32 31 33 ... 
" 29 28 30 :> 

~ 12 13 II ~ ~ ~ !: 0 

I) 9 to 8 '" '" w '" 
0 z CIACUIT 7 6 7 2 ... !< !< ... < < < 

<.:) I!) \!l C> Z ... 
SIGNAL 

~ ~ 
::::I 

NAME 
0 

~ '" 
Q 

~ 
+16\1 z 

-< -< 
\!l C> z 

Rill 

R27 

-+ 16\1 

A20 
A24 

CA211 

tR7 tRe CR9 CRIO CAli CRI2 CAI3 CRI" 

-16V 

2" 26 25 23 20 22 21 19 27 

z 

~ :!: ~ 
0 

~ ~ ... ... 
::I !: :> ::::I 

.., 
'" 

.., ::I 

'" .... 0 0 
0 ~ ~ ~ u ... ... 0 0 

~ ~ ~ ~ z z C> 

'" ~ < 
~ Z 

\!l 



-

_R2S-L 

_CI-7_ 

JI7-7_ 

J29-L 

J2S-L 
JI7-6_ 

_RZS-L 
...1'17-5_ 

NAND Module 1852 
1038840 

~ 
I 

D 
CD 

b 
b 

_C5-7_ ..cR16-7-{) 
~CRl7-7-

-R2I-T- OCRI5-7- o£-R27..:! 
- R29-6- -.£ 1-6_ 

_C5-6_ -CRI6-60 
()-CRI7-6- ~R27-6 

-MI-6 - OCRIS-6- v-
-R29-S- ~1-5_ 

-CS-5 - ~R16-!lo 
OCRI7-S- .£R 1-~ 

£.RI-~ 
.,£.R2-Lo 

.£.RI-~ 
£,R2-.!..o 

- R21-S - O-CRIS-5. o£-R27-5 
_R30_ C2 .£.R2:Ao 

- C6 - -CR19 -<> ..£R4-o ~R6-o 
_R22C>CR2°O-CRI8_ o£R2L ~RS-o 

_ R3:f'" _ _CR 3-0 

_ C8 _ _CR25-o _C 4 CR 14--f"\ 
o-CR26- CRI2 CRI3 ~ 

- R24 - <>-CR24_ c:rfR29 -0 _CRIL(? 

CR21 o£R~Q.... ~RI0-o _R23_ ~ _ CR7 
o-CR2!- - £.RsO .£R9-o 

_C7 _ -CR22-o -0 

_ R31 _ - C 3 - CR2-4 

-R21-4.- O-CRI5-4. CR27-4,... CRI-'iO~ 
<:rCRI7-.{:. - --V 

_C5-4_ -CRI6040 CI-4 ~2-
_ - R29-4_ ~27-3 

_R21 Q:-CRI7-~CRI5-3- ~CRI-Lo C~~-~:!o 
- C5-3- -CRI6-30 CI-3 -.!:.() 

_R29-3 - -CR27-2 
-R21-2- o-CRI5-2o ~ -

C>CRl7-2- CI-2 
- C5 -2- -CRl6-2-() - - I 

_R29-2_ ~R2!:! I 1..-
-R21-1- ~CRIS-I_ CR1:L.o I N ~ 0::

1 crCRI7-i- D:: 

-CS-I";';" -CRI6-1{) ~ I I 
I 

CR2-l...o 

Pin 1 

Connector 
End 

_--' Pin 47 

'-----



I D I_ftiUlL LilY . ~ ML .-.... •• 
'lI!f 'IT'" D B ..................... 

D Y. PRlNTED WI 10·3884-
NAND MODULE -, Ift52 .Aft ... y~ .,~ 

• 
I ~ ITItM IV •• T 'Tl .• ~ I" ..... _.lla 1 .. 01 • el' ••• ,._. 

co 
co 

1 Board. Printed WirinQ 10388J 1 • ~ 
" 0 
~ ~ 

2 Handle. Circuit Card 100016 1 Q 
3 Eyelet. Tubular 103896·016 2 

--' 4 Striu. MarkAr 11)0197 1 

~ 5 Il":nnt.af'".t r.,..nn UnnAr 100097 21 

6 Contact. Conn. Lower 100098 24 

7 'TrA",a;atft'P ISDS 21'\ .1j)1242 In 01 'J. ':\ 4-
0 1_.1 ..1 11II:!'n.C! 1 "'':1\ 

~+~ .... " .- . ~- ~····l~~ .......... -_._- . ~R~ .. tftru ,.,...--.h'!ll .. ... " -- ,--~-. 
_ .. -

9 Capacitor. Silver Mica jOO~107 .. 4~7~ 10 CD '*7.8 

10 

11 l":An,..,..ltft'P Mvlar lOO.1.0A.ln'\ '\ t"'!ln 11 l' 

12 r.. ......... t"'p. Tant.111", lOO.1.12.1§" I C":Q 

13 Re ai.tor. t watt 10OIII-33l 10 R17.18.19.Z0 

14 D-.~ .. tftr. '" watt 100111 -4.'Zn: 10 R21 22 21 24-

15 Re·~·+ft .... '" watt 1 00111 -A~.1' 10 R21i 21,. 27 ,g 

1ft a ..... tft? '" watt lOO111.1S1 , R 1 +~ ... " 4. I.. "7. 8 

17 Wire. Solid Bare 100042-0Z4 10 in. 

18 Tubina. Tenon 100274.022 10 in. 

19 Diode (50S 103) 100091 56 CR1 thru CR14, 16, 17,18,20, 11 

, 
22. 23. 25th ru 30 

. 

\ 

... -&-1" -



h045~4 lsi 
~~ ~ IE-~~ ~ 

U i 
-

~! i 

I 
tiN 

: ~~ ~I <Q · 2 Z .~ I t · · ""< 
i · Oz I , 
~ · 1/1 10 1 

t:I f- f--1 III 

~ . 
~~ . i I 
DI~ · ~Ii i-J iii · 
~ · :~~~ 

- ~ 1J~ "" -
- I I I 

POLARIZING PINS: 32 , 36 
: 

II~I~ 
~ 

:g ~ 

Illtlll! 
CD ~ .... ... 

+'" "~ 
, I~ 

1 71" I.dd, I ... I 
-16V "6 ~ 

1 +" v "s a 
JI 12 

GROUND .:~ T T T 

+ ISV 
j 

• RI 

~-I 1'2 <i~ 
+"V ; .. CRI CR2 CR3 CR" CR5 CR6 CRT CRII CRIO CRII -

CRI2 R3 

1 I 

0 0 6 0 0 
-16 V b 

CIRCUIT I 28 18 17 19 20 16 2" 22 21; "I 
2 9 8 4 5 7 - - 3 2 

3 25 23 1"1 13 - - - 21 15 

" 29 39 "10 38 - - - 35 34 

5 33 32 31 30 - - - - 27 
6 II - - - - - - - 12 
7 II - - - - - - - 12 
II 36 - - - - - - - 3f 
9 36 - - - - - - - 37 

10 "12 - - - - - - - 43 

CIRCUIT II 6 - - - - - - - 10 

&> CJ' 

~ ~ 

'" '" ... ..... 
.; .; 
o,!) 

o,!) 



z » 
--'Z 
00 
~z 
010 
0... m 

"" -CO 
01 
0.. 

f I 
1 I I I I 
~ 1 I ~~ I I ~~ 

I I I :::u I :::u • I I :::u I :::u I I 
I 

l:::u 10 ~ 
I I 

I", I", 1 I", ~ ~ I", 1 1 
l::u I .. ::u 1 '0 '" 0) 1= '::u cr ::u l::u ~ I CD:::u", ",CD~ ",::U~UI-

l Ull 0 • I I :::u I UI Ull 
O:::u I ,CD 0) ,CD UI I~ I I ~ '" CD I I ~ 

'" I'" ,..... '" ::u 0) I I UI _ (.01 UI I 
I I UI I 0) 1 1_ I I N 

(.01 I ..... I 0), N IN ,=1 I ,0), I 
NUl.!.. 
.!.. .!.., 

jc5 I ICD ,UI I I I 
R 5-12- _CS-4_ R5-L R5-3_ 

CS-IO CS-5 CS-I CS-3 

(5 0(5 
...,BI-IO_ _C5-8_ 

-00 olj-CSO 
_C5-4_ I _C5-3_ I _C5-7_ 

'n '::u<t 
(JI N:::U 

I 1_ 

10 ,o~ 
CRIO~ 
CR9-!Q. 

~R8~~ 
CRI-!.2c 

I~ IfJ I~ 

R2-L 

_ C5-L 

_ R2-4_ 

_C5-L 

R2-!,... _R2-L 

~RII-~ ~RI\~ 
o*.RIO~ o*RIO.2 

...fR9-W ...fR9-i-o 
~R8-~ o;R8-~ 
~RII-!... h ~RII± 

..£.R 10:1b ~ ..,£.RIO-4Q 
~9-.!.. f ~R9-..1.. 
£R8-~O .£R8-#Q 
-f.RI-~ ~R4-2... 

~R4-.!. h o;R3-.2.., 
o£:R 3-~ ::u ~R2-L 

, o£R2~ ~~RI-L 

R2-7 _ 
_R2-3_ C5-S 

CRII-l.n _ 

CRIO~ 10 _R2-S_ 
OiR9"40 '!! CRII-~ 

CR8-3 ~ CRIO-S 
0tRII-1 '" ~R9-!o 
otRIO:.Lo CR8""!.. 

CRI2:Lo ~RII-L In 
- O<:R9-1- -.£R10:!o ~ 

-CR8-1" CR4~ 10) ~OCRI-3- CR3-~3 0 
:::u 2 3- - R9-7 ..... OCR - ~_ 
.!. CRS-f.-o VCR8-~ 6 CRS-!,..o CRI-!..o 

CR4-+-O 
CR3-+-o 

C ~ CRI-1...o 
_ R4_ 0 - o£RI-L 

CR2-Lo 

~ 
:::s 

~ 

() 
o 

m:::s 
:::s :::s 
Q..CD 

n 
o 
'""'I 

_CS-2_ 

CS-I\ 

00 
_C5-11_ 

_R2-11_ 

_C5-2_ 

_R2-2_ 

.,J;RII-;o 
~RIO~ 
~R9-;o 

~R8-2... 
~RII-1L 
.£RIO-~ 
~R9-!L 

CR8-1I_ 
I - ::-\J 
£~RI-L 
,c)..pR2-~ 
=~R3-2 o o£R4-2 

OcR5-2-

-CRI2-2-Q 

." -. :::s 
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i lLI 
MAn",IL LilY §lo\s Ml DW«I. .0. ::.:z~ 

Dva. J:",I ............... ., ..... 
ASSE LY. P. w. 10'4556 .c 
NAND t z .. , IB 56 DAft 12/4 IKCIY Z U Z 

• 
0 ~ ITIM . " .. TITI .• : '''G.''O • 110.1110 aac.au. n clr. DIIIG. a an 

'" 1 Board. Prillt.d. Wirbur • In~~'1I. • .. 1 

" 0 
:a .-4 Z Handle, Clreut Carel 100016 1 Q 

3 Eyelet. Tw. "lar 1038'6-016 1 
-.J 4 Strip, Marker 1001,1 1 

~ 5 r.~ .... lIi ,..t, • ~ft"ft II nn~ p 1000" 1.1 , Contact.. COftJl Lower 100091 24 

7 Trtn.llt""p ~ns 11' 101241 11 ;Ql 

a nln"'_ SDS 101 "100091 67 CRI thru CR.8. eRlO.11.12 
Q r..".,,"tor. SUv@r lAir .. 100107-410 II C§ 

10 r. ..... ,..ftft.. Uvlar 100308-101 3 ~2.].4 

'11 CaDacltor .. Tantalum lQ031Z-156 1 t:l 
11 Ite.tltor, I watt 100111-151 1 R4 

11 R~.I.top. l watt 100111-410 11 IU 

14 a •• lltor. I watt 100111·33Z 11 Rl ., 
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IT"'" DV •• TITI .• : DVG.IIO. _O •• IQ ........ CIY ••• ,1_. a ~ 

• ~ I Board. Print.d Wirina lO4.01§ 1 0 

" ..-4 

~ Z ~andl •• Circuit Card 100016 1 

3 lEyelet, Tubular . - - " 103896-016 Z 

....J 4 ~~I"~lJ. Marker 100197 1 

~ 5 Contact. r.ftnn UDDer 100097 Z3 

6 Contact. Conn. Lower 100098 Z4 

7 Capacitor I Mylar 100308-334- 3 CZ,3,4 
8 Capacitor, Tantalum 10031Z-156 1 Cl 

9 Reaiator, t watt 100111-151 4Z RZ thru R43 

10 WireL Solid Bare IOOO42-0Z5 5 in. 

II TubinQ'.' Teflon 100274-0ZZ 5 in. 

-

'1 

- .>;.., """ 
aDa-I-IO. 



II 

z 
.0 v-

;::i"" ':--J 
22;:) 0 ""etc ,-
~""'O 
0"'2 I 
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II~ I ~ N 
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CD ~ 

II!dll! .... 5? 
I .dd, 

, I 
,t I I 

POLARIZINO PlN,1 30' 31 

GROUNO ~~O----t--r1 1~1 I 1~1 1 1--'---""-'1 I l~l I 1 
42 5 36 D 21 M 21 ,I 15 12 t 6 3 I 

+ C3 " I AI 
+ CI 

"0 .11 I RI2 AI~ 

45 40 39 31 37 36 35 31 ~O 29 21 21 26 2~ 2~ 23 22 

+ , 

I AI. "'1 '0 '''1'' '''1'' "0 '"1''' 
21 20 19 II 17 16 15 14 13 12 II 10 9 
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Pin 1 
R26 - _. 

0- CI -- - R24 - - R25 -, 
0- CI4 -

R23 R22 - - - -
0- CI3 -R20 R21 - - - -
0- CI2 -

RI9 RIB - - - -
0- CII -RI6 RI7 - - - -
0- CIO -

RI~ RI4 - - - -
0-

C9 -
Connector - RI2 - - RI3 -

0- CB - End 
RII RIO - - - -

0- C7 -RB R9 t - - - -
0- C6 -

R7 R6 - - - -
0- C~ -R4 R~ - - - -
0- C4 -

- R3 - - R2 - I 
0- C3 -R2B RI - - - -
0- C2 -100..-

R27 - -
Pin 47 

.~ .... --.,,--.. ~,,-

Cable Termination Module ZB52 
104331E 



~ '""nRtAL LilT ~ ML 
IMfG. .0. ... 

lUJDVO • TITLI. S 0 S .............. eye ••• _ 

·.ASSEMBLY. P,. W~ CABLE 104311 E 
~ ElU.MNA.TIO'N limJjUL'l; _ .. ---~ 

NOD , ZB5Z DAft lZ/3 .HIIT Z or Z 
• 

0 - IT"-" DWG. TITI .• : DWG • .,O. JlO.IlIQ _lIMA ..... clr. DIIIG. z ~ 
~ 1 Eoard, ~r!nted Wiring 10.3)0 1 • ~ 

" 0 
::I -Z Handle, Circuit Card 100016 1 Q ~-

3 Eyelet. Tubular 103816-016 2 
-..J 4 StriD.I Marker . 100197 1 

~ 5 Contact. Conn. UODer 100097 Z3 

6 Contact. Conn. Lower 100098 24 
."! - ~ 1LL. ..'I 'AI'\~fta 'A. , A _. A.1. _,L 

I 

8 Capacitor. Tantalum 100312-156 1"4 Cl,thru elf. 
«) Reaistor.J.. Metal FUm 100680-330 2, Rl thru RZ.6 . 
10 Wire J Solid Bare 100042-024 1 in 

11 Tubin.a,· Teflon 100Z74-022 . 1 in 
.. ... ...... ... . .. 
&&. .. -"'-,- .. ----.--- .Lv",..,,·_ .- :1 

13 Heat.ink (Extruded) 106579 1 

. 14 r;C're.,;;. Ylat~Hd. PhilUna 100 I> 100012-301 2 

15 Walber, Flat 100018-30( 2 
16 Walher..f. Lock Int Tooth IOOOZ4-]O( Z 
17 Nut, Hex Machine 100008-300 Z 

-

, 

" 

~ -
~ o· ({ - .~ I 

5D5-1-10. 
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NOTES: 
(J) 

on (J) 
on o::r 

1. R3. R!i THRU R9, RII, RI4 THRU R33, ! I!dlll CD 0 
R35, R40, A41 & A42 AAE OMITTED. 

N -
• i ., I I.' U.' I I 

POLARIZING PINS: 12' 40 

+4V/+8V 4!J 

.1, 1, 1- 1. 
GROUND 44C I I I T 

I 10 

~R3 
~ ~ 

~R7 " " ~A14 ~RI~ ~RZO R2 ~R4 R!J ~R6 RS R9 RIO RII RI2 ~R13 RIG Rlr RIB RI9 A21 

l- f- ~ 

0 6 0 0 0 0 0 6 6 
2 3 4 !> 6 7 8 9 1O " 12 13 14 I!J 16 17 18 19 20 21 

" ~ A25 ~A26 ~ ~ " " ~ ~A34 ~R36 ~A31' ~'HI 
AZ2 A2l RZ4 R27 RZ8 RZ9 R30 A31 Al2 A33 R35 Al9 R39 A40 R42 A43 

~-~.-
.. 

0 0 6 0 ~ 6 6 0 0 0 b 0 6 0 0 6 ,0 6 C 
22 23 24 2!> 26 27 28 29 30 ~ 32 33 34 3!> 36 37 38 39 40 41 42 43 

T 
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Termination Module Z855 
1049948 

~I 

C4 

_R2 _ 

_ R4 _ 

_ R6 _ 

_ R8 _ 

_ RIO _ 

_ RI2 _ 

_ RI4 _ 

_ RI6 _ 

_ RI8 _ 

_ R20 _ 

_ R22_ 

_ R24_ 

_ R26_ 

_ R28_ 

_ R30 _ 

_ R32_ 

_ R34_ 

_ R36_ 

_ R38_ 

_ R40_ 

_ R42_ 

C2 

Pin 1 

_ R3 _ 

_ R5 _ 

_ R7 _ 

_ R9 _ 

_ RII _ 

_ RI3 _ 

_ RI5 _ 

_ RI7 _ 

_ RI9 _ 

_ R21 _ 

_R23 _ Connector 
_R25 _ End 
_R27 _ 

_R29 _ 

_ R31 _ 

_R33 _ 

_R35 _ 

_R37 _ 

_R39 _ 

_R41 _ 

_R43_ 

Pin 47 
_C1---O 
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ASSY. P. w. 
TERMINATION MODULE .. , %B55 I'" ]/Z4 1"11' 1. ., 1. - --• 

;0 •• ~ 'T'" ..... Y ITI·t . '''1 .• 0. .0, •• 0 .""HI • CI'. ".11. 
f : U- aA ... A - .1.4",. I n£ftlll 1 I • 

. \1 0 -

.~ -~ Handle. ~h·".nH "fta pd 1 nnnl "- I la 
1 Eyelet, Tubular 10389.-01' Z 

: -.J .. Strip, Marker 100197 1 I 

~ 5 r.A ...... ".t COIlD. Ih~ft.u· IDDOQ7 2.3 , Contact. CennLower 100098 1.4 

1 Capacitor. Mylar 100308-334 3 C2. 3.4 

• Ca~c:itoJ'. Tantalum 100111.-156 1 Cl I 

• a •• tUft .... _~ I nnl I 1 .l~l I 1 D~ £ 1 n L.2L' ,£ ~1I1'74~8 

a Wire .. .ioUd Bare 10""'&2 .. 02" 11m 

11 Tubin •• TenCtD 100Z7"-OZ~ 1 1 in I 0. 

f= I 
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1 --, -.-, 
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POLARIZING ,PIN!>: 30.!. ~ I 

GROUND .... cr-'~ll~III--r--r--TIII---,---,..--,III---r----r---11 I 1 
4l 39 36 33 l1 24 21 18 15 12 9 !i 3 I 

1"1' 
RI RB RIO AU r RI2 RI! 

40 39 31 31 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 

Rl8 + CI4 

AU "'I 
6 

• AI, RI'I" 

20 19 I" 

RI6 '''{ 
11 I' 15 14 13 " 10 

,,6 '''!t .. 
4:5 42 41 

llt-.-------
!. 



R24 
0-
-
0-

R23 

R20 0--

0-
RI9 

RI6 0--

0-
RI~ 

RI2 0--

0-
RII 

RB 
0-

0-
R7 

R4 0-

0-
R3 

R28 0--
-
0-

CI 

CI4 

CI3 

CI2 

CII 

CIO 

C9 

ce 

C7 

C6 

C~ 

C4 

C3 

C2 

R26 

R2~ 

R22 

R21 

RIB 

RI7 

RI4 

RI3 

RIO 

R9 

R6 

R~ 

R2 

RI 

R27 

Pin 1 

Connector 
End 

Pin 47 

Cable Termination Module Z873 
111991 A 
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i I~INO~ MATERIAL LIST ML 
D."WINCI NO. Rn. 

-< 
",."TlI'tC DATa .V.T .... 111991 A 

0 A •• y. P. W. Cable 

• _AWtNe T,rmiytigD Mgdule 1IlOO& NO. ZI73 DATJ.11165 sManLop-L 'nt'L. 
• • - ".. .. - 0" NO. D.,.WINe TI TL. _.NO. NO ..... .. .. ,..". ON CKT. D •• IG. 

• 0" -C - 1 Board. Printad Wirina 104330 1 • -• Z Handle. Circuit C •• d 108016 1 
.. -~~ 

--' 3 EYel,t. Tubular 103'96-016 Z 

:!! <-, .. SU1D. u ... \r_1" 100197 1 

5 Contact. Conn. UDDer 100097 Z3 , r, .... ... Conn. Law. I' 100098 Z4 

1 CaDacito .. I Tantalum lOOJ-IJ .. 156 14 C 1 thru Cl4 

• ••• iatol'. Metal Film ''''''''''.]It 2A _I thr" all 

9 Wi .. e. Soliel , .... IOO04J-OZ.fI lin 

10 Tubina. T.flon 100114-0Z2 lin 

11 II •• t.i",ld- "-~' lO'51iJ 1 

_1_1 
. . 100" 

Sc .. ew. riat HeI. PhUliD. 100012.10" 2 

13 Wa.he ... I"lat 100011-l0C Z 

14 W.ah.r. Lock Int. Tooth 10OOJ4-l0( Z 

15 Nut, H .. Machine loo001-l0( Z 

16 Sch.matic lt304] • ref 

11 Ow. Li.' 111044 a ref 

~. T •• t See!!! IllG4§ x ref 
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