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INTRODUCTION 

The B 1700 series of computers are small-to-medium-scale systems 
which utilize the lates~ data processing concepts, such as defined 
fields. delayed binding. and interpretive structure. The technique 
of micro-programing is used to accomplish most data manipulation. 
This concept brings to Burroughs Corporation users a new level of 
computer responsiveness for business and scientific problems as 

' well as in data communications. This responsiveness is available 
to even the smallest organization that has a requirement for elec­
tronic data processing.· Speed and flexibility are the key words 
which describe this system. To support this Burroughs Corporation 

' offers: 

a. Bit addressability. Main memory is addressable to the 
individual bit. It has no preferred word or byte 
boundaries which are visible to the rest of t.he system. 

b. Memory modularity is provided, from a minimum of 16K 
bytes to over 40K bytes of main memory on the B 1712, 
64K bytes on the B 1714, and 98K bytes on the B 1726. 

c. Higher-level programing languages available are : COBOL, 
FORTRAN, BASIC, RPG, and a Master Control Program (MCP). 

d. Flexibility of the system lies in its ability to be micro­
programed. Micro-instructions operate on a set of hardware 
registers available to the micro-programmer. Sets of micro­
instructions called interpreters are supplied by Burroughs 
Corporation. 

e. On the B 1726 System two types of memory are available: 
main memory and control memory. Control memory is up to 
four times faster than main memory. 
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SECTION 1 

SYSTEM DESCRIPTION 

GENERAL. 
This section contains an overall description of the B 1700 series 
of data processing systems without explaining the specifics of the 
hardware. The systems are designed for modularity utilizing mono­
lithic circuitry. The basic B 1710 System consists of a processing 
unit. main memory peripheral I/O controllers console control panel 

7 ' ' ' power supplies, and cabinets. The basic B 1729 System consists of a 
processing unit, port interchange, main memory, control mem9ry, peri­
pheral I/O controllers, maintenance console, power supplies, and 
cabinets. 

SYSTEM CONFIGURATION. 
The equipment is modular and can utilize any peripheral units within 
the scope of the I/O controllers described in this manual. System 
configurations and comparisons are given in figures 1-1 and 1-2, and 
in tables 1-1 and 1-2. 

CTJ 
I 

lcTLL--c-·· 
PROCESSING . [_~ 

UNIT __ 

·------

..... -~-·~-· .......... -~-- ,,._....-~.--,-----··---·-· .......... ----:~ 

MAIN 
MEMORY 

Figure 1-1. B 1712/B 1714 Systems 
Configuration 
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I 

CONTROL 
MEMORY 

CTL 

"--· 

CTL CTL 

PROCESSING lcT~~~ 
UNIT 

~~- ....... -----"' ---
MC U ---

MAIN 

MEMORY 

Ss 

Figure 1-2. B 1726 System Configuration 

Table 1-1 

System Comparison 
------... -~ ---·---,-----··-•~--~~---,_,_. ___ _....,.. ____ ..,...... ___ • ___ , __ ,...~------r_. __ . ..__• 

Characteristic I B 1712/B 1714 B 1726 
-·-·- -------·------·---- --·-,.·--+ ··-·--•-- ----···- ·--·-··-- -·-- ·----··• .. ~"---··-~ -·-••-.. •-·m-~-···-·~·-·~----·-··-"--·• --,,•~·•· •-·'"'' ·••· 

f 

1-2 

Processors 
Clock rate 

Main memory 
Minimum size 
Maximu.m size 

Control Memory 
Size 

Port interchange 
Maximum number 
of ports 

1 
2 MHz/4 MHz 
Yes 
16 _, 384 bytes 
40,960/65,536 bytes 
No 
Not applicable 
No 

Not applicable 

1 
6 MHz 
Yes 
24,576 bytes 
98,304 bytes 
Yes 
4096 bytes 
Yes 

2 



Table .1-1 (cont) 

System Comparison 
,.,-

Charact.er i st'ic B 1712/B 1714 B 17 26 

1/0 controllers Yes Yes 
Minimum number 1 1 
Maxi mum number 8 8 

.1-3 
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Unit 
Number 

1351 

9111 
9112 
9115 
9116 
911.9-1 · 
9131-1 
913.4-1 
9135-2 
913.5-3 
913.6-5 
913.6-6· 
9210 
9240-1 
9240-2 
9240-3 
9245-16 
924.S-19 
924.7-3· 
924.9-L 
924. 9- 2~ 

Desc~iption 

Single Line Control 
Sttl. ·As yhc'h. 
St<t. ·Syh c'h. 
Card Reader 
Card Reader 
Card Reader 
Card Reader 
Card Reader 
Reader ,Sor tier 
Reader Sorter 
Reader •Sor tier 
Reader ·Sor tier 
Reader Sort-er 
Reader Sorter 
Card Puhch 
L tne Pr Inter 
Line Pr Inter 
LI ne Pr Inter 
Line Pr l·nter 
LI ne Pr inter 
L i n e Pr i n te r 
Li n e Pr i n te r 
Line Printer 

Table .1-2. 

System Con f i g.u rat i on Cha r t 

Ca pa b i 1 i t i es Remarks B 1712 Bt71H 
x x 
x x 
x x 

80 co1. · 800 CPM x 
80 c&I. ·14 00 CPM x 
80 c.o1. · 300 CPM x x x 
80 co'l. · 600 CPM x I x 
96 c.dl. · 300 CPM x x x 
1 000 DPM 13 pock\et x 
1625 DPM 4 /8/12/16 pocke~ x 
900 DPM 8 pock\et x x 
900 DPM 12 pock\et x x 
600 DPM 8 pocket x x 
600 DPM 12 pocket x x 
80 cd'I. · 100 CPM x x x 
475 LPM 1 3 2 pr t.. p os • x x 
700 LPM 132 prt·. pos. x x 
1040 LPM 13 2 pr t·. pos • · x 
300 LPM 1 3 2 pr t· • p OS • x x 
400 LPM 1 3 2 pr ti. po s • x 
750 LPM 13 2 pr't. ·po's. · x x 
90 LPM 13 2 pr't. ·po's. - x x 
180 LPM 13 2 pr't. ·po's. · x x 

::,,~ 



~~ z s. 
-~ 0 Q. 
VI \0 
-.l -

- 00 VI-
VI -.l 

O·N 
0 a' 
-'< 

• V1 

Un it 
Number 

931.9-2· 

931.9-4· 

9340 
9371-7 

9371-14 

9374-10 

9374-14 

938.1-12 

93a1-1.3 

93a1-14 

938.1-22 

93 8.1-2·3 

938.1-24 

93 <l0-3· 

De.sc r. i pt ion 

Card Reader 
Punch 
High Speed 
Reader Pu.'nc h 
Cons,o 1 e Printer 
H-P-T DF Memory Bank 

H-P-T DF Memory Bank 

Add-on increment 
(for 9371-14) 

Add-on increment 
(for 9371-7) 

Magnetic .Tape 
Un it 
Magnet.ic .rape 
Unit 
Magnet.ic ;rape 
Unit 
Ma~net'ic \Tape 
Unit 
Magnet'ic \Tape 
Unit 
Magnetic\ Tape 
Unit 
Magnetic ·,rape 
Un it 

Table .1-2 (cont) 

System Configuration Chart 

Capab-i 1 it ies Remarks B 1712 B 17 14 B 1726 

96. co'l • x x x 
300i60 CPM 
96 co'l o x x 
500/120 CPM 
10 CPS x x x 
20ms avg access time; 7MB storage cap. x 
231 KB avg trsf rate. """' 

40ms avg access time; 14MB storage cap. x 
238KB avg trsf rate. 

40ms avg access time; 14MB storage cap. x 
238KB avg trsf rate. 

20ms avg access time; 7MB storage cap. x 
231 KB avg trsf rate. 
9. c'ho ·800 BP I 18KB - 2st. - x x 
NRZ .c 11.uste r 
9 c'ho ·800 BP I 18KB - 3 s't. · x x 
NRZ cluster 
9 c'h. ·800 BPI 18KB - 4 s't. - x x 
NRZ c l.uster 
9 c'h. ·800 BPI 36KB. - 2 s't. · x x 
NRZ Cluster 
9 c'h. ·800 BP I 36 KB - ·3 s't • · x x 
NRZ c l.uster 
9 c'h. ·800 BP I 36KB - 4 st. · x x 
NRZ cluster 
-7-cttanne 1 tape 18/50 KC x 
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Unit 
Number 

941.9-2· 

941.9-6· 

94 s.0-1. 
948.0-2. 
94a1-1-
94 8.1 -2· 
949.1-2· 

94 86-2 

Oescr.iption 

Card Reader Punch/ 
Data Recorder 
Multi-purpose 
Ca rd Unit 
Disk Storage 
Disk Storage 
Disk Storage 
Disk Storage 
Magnetic .Tape 
Un it 
D I s k St or a1g e 

Table .1-2. (cdnt) 

System Configuration Chart 

Ca pah i 1 it i es Remarks B 1712 B 1714 B 1726 

96 co"l. x x x 
300/60 CPM 
96 co'l. · 6 stackers x x x 
300/300/60 CPM 
'2. 3- megabyte Single x x x 
-4 .6· megabyte Du.a 1 x x x 
-4 • 6· megabyte Single x x x 
'9 o 2- megabyte Du.al x x x 
1 OKB Drive 
9 cHannel 

x x x 

95 .S megabyte Dual x 



SYSTEM CONCEPT. 
This series of computers can be descnibed as systems that execute their 
programs under. control of 11 m.icr:o 11 instr.uction's, ·It is impract.'ic.al f.or 
the programmers to .write mi.cr.o-programs; therefor-e, -various higher 
lev.e 1 1 ang uages have been dev.e 1 oped f.or cu.stome r use on the systefo. It 
is not the intent of this sect\ion to de~c~ibe these higher-level lan-
guages but to de.s.cr'.ibe the r.elationship that exists between the micr.o-
program and the higher-level language~. 

S (secondary) language instructdons are intermediate instructions which 
are e qu iv a 1 e n t to t he mac h i n e 1 an g u a g e of a co nv en t i on a 1 s y stein • · F or 
each .S-ins.truct\ion there exists a string of m.i.cr.o-instructdons which 
interpretiv.ely execute the fuhctions sp.ecH ied by that .S-instruct\io'n. 

It must be. remembered that the .$-language instruction does not directily 
cause the hardware to perform a funct io'n, 

Because .S-instructiions are software defined by the sequehce of mf.cr~o­
instruction~, ~hey may be as complex as the language designer requiret. 
In most; case~, ~s-instrt1ctdons contain data addresses or base relative 
addresse-s, ·length of data fi.eld·s, ·units of dat-a, ·and an operation to be 
performed upon the dat~ • 

. S-instr.uctions may. completely spec ~fy a. compiler-lev.el languag'e, 
Burroughs Corporation has defined the .S-instr.uctions and has .written 
the nec~ssary interpreters and compiler programs for se~e~al compiler 
languages: 'COBOl, f'ORTRM~, ·RPG (Report Program Generator·), ·and 
BASlt. ·These compiler .programs generate the necessary .$-language i.n­
str.uc,tions to perf.orm the various operations speci.fied by the higher 
1eve1 1 ang uag-e, · 

IN TE RP RE TE R'S • · 
In addition to the .$-language program (compiled user program), ·another 
program which is referred to as an inter.preter is uti 1 ize'd, · An inter­
preter has been developed f.or each of the hig.h-lev.el .S-languages= 
COBO·L, ·FORTRAN, ·RPG, ·and BASlt. · It is the function of the interpreter 
to fe.tcti the .$-language instrtJctdon(s) .from ma in memor·y, -and interpret 
.or execu\te the'm, · The .$-instruct ions are decoded and a series of m'f.cr.o­
instrLlcbions are executed to' cause the hardware to perform the fuhction 
sp.eci\f ied by the .$-language instr.uctioh, ·On completion of the execu-. 
t ion of a series of m.lcr.o-instrucoions (representing an .S-instrucoion·), 
the interpreter fe.tches the next .S-language instr.llct\ion and the oper.a­
tion continues in this manne'r. ~The series of micno-instructions to 
per~orm e~ch .$-language instruction may be stored in· cont~ol memo~y, 
ma in memor·y, -:or be cal led .from d is'k. · 

The .S-1 ang uage .programs and required i nte r.prete rs are 1 bcated and 
loaded from disk under; contr.ol of the Mast.er Control Program (MCP'). On 
completion of the load, ·the MCP then passes contr.ol to the .$-language 
progra'rn. ~The MCP is .written in either SOL .or m·icno-cdd~. ~The SOL 
version (MCP I"I) requires the SOL interpreter or a portion of it to 
always be present in the system. ·For COBOL programs a COBOL inte.r­
preter is cal led and is in memory with the SOL interprete·r, ·when r.e-
qu ire'c:I. ·The memory resident portion of MCP I is micr.o-cdded; ther.e-
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fore, ·only the interpreter required for the user program need be 
present. 

INTERRUPT SYSTEM CONCE-P'T. 
The interrupt system is de·scr.ibed as a "soft" interrupt syste'm .. · That 
i-s, ·any in te.rrupt that occurs does not cause any spec i'f'i c .hard\'la re 
function and is only recognized by the software.· On recogniti"n of 
the interrupt by the software, -there are no spec if ic .rules for handling 
the interrupt and it is left solely to the discretion of the program­
me1r. · The handling of these interrupts wil 1 be discussed in the MCP 
Reference Manual (not yet available'}. 

DEFINED FIELD CONCEP~. 
An i nte.g r.a 1 pa rt of the m f.c r.o-prog ramming tee hn i que is the def i ned 
field' cohce.pt (bit addressab i 1 i t·y'). · Th is assumes that storage is de­
'scr.ibed in units of bit's.· It is a generalized scheme for han.dl ing 
field lengths ranging from one bit to a large number of bits through 
the use of a bit address and bit lengt·h, ·regardless of how f i.elds may 
.cross hardware "byte" boundarie1s. · Spechal hardware has been implemen­
ted to achieve bit addressability and variable length data f f.elds 
within main memor1y. ·The hardw.are· contains logic to adjust the address 
and length values in the addressing register's.· Micr\o-instrllctions in 
turn .are capable of setting the proce;ssor contr.o 1 c i~rcu its to operate 
on different units of data and iterating the micno-instruction sequehce 
until the fi.eld in main memory is exhauste~. ·Data units may vary .from 
one bit to 15 bit's.· Field length may vary .from one to 6-5,S-35 bit1s. 

Example:, Assume a Write command to main memory from bit address 2014 
(hexadecl;ma·l) with afield length of 12 bit's.· the data to be .written 
is three deci.mal {.4-b·it) dig its with a value of 34-S. ·A Write forward 
results in the "3" beginning at bit address 2014 (see fjg.ure .1-3~). 

DECIMAL 

Ff: 
I 

4 5 0 

DIGIT 0100 0101 0000 

t t t 
ADDRESS 2014 201F 2020 

F i g. u re . 1 -'3 ·• · Wr i t e F o r w a rd 

Howev.e·r, ·a Write reverse results in a "3" beginning at address 2008 
( see f i g u re .1 -4') • · 

DECIMAL 3 4 5 0 

DIGIT 0011 0100 0101 0000 

t t t 
ADDRESS 2008 2013 2014 

Fi g.ure .1-4-. · Write Rev.erse 
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Also note that a Write forward from bit address 2014 is equivalent 
to a Write reverse from bit address 2020. 

DELAYED BINDING. 
The noncommitment of resources until the actual need for these re­
sources arises may be referred to as delayed binding. The proper 
utilization of resources enables the user to get the maximum system 
throughput per dollar investment. 

Main memory is completely managed by the B 1700 Master Control Pro­
gram. User code that is called into memory by the MCP may or may not 
be in one contiguous area. This allows for utilization of even small 
areas of memory. 

Data space is within the area specified by the base and limit regis­
ters and is divided into two portions: overlayable and nonoverlayable. 
Program code is not in the area specified by the base and limit reg­
isters. 

Compiler-generated code is completely independent of absolute memory 
locations and consequently is not restricted to particular areas of 
memory. Re-entrant code may exist; that is, one COBOL Compiler may be 
resident in memory for two or three compiles that are being accom­
plished, with each compile having a unique data area assigned to it. 

Virtually infinite memory, proper control of input/output resources, 
bit addressability, and a flexible system architecture are other fea­
tures which provide for proper utilization of resources on the B 1700 
family of computers. 

FUNCTIONS OF MAJOR UNITS. 

PROCESSING UNIT. 
The processing unit provides the control and combinatorial portion of 
the system along with various addressing and data manipulation 
registers. 

I/O INTERFACE. 
The I/O interface is connected to the processor and handles all commun­
ications between it and the I/O controllers on the B 1700 Systems. The 
I/O interface is capable of handling up to eight I/O controllers. 

PORT INTERCHANGE. 
The port interchange, if applicable, is the access path to main memory. 

MEMORY CONTROL UNIT. 
Main memory is connected to the memory control unit, which handles all 
memory access requests. The memory control unit resolves the ad­
dressing conflict between the bit-oriented data ~ccesses and the byte­
oriented parity checking. On the B 1710 Systems, the memory control 
unit is connected directly to the processor; on the B 1726, the memory 
control unit is connected to the port interchange which is connected 
to the processing unit. 

Revised 9/8/72 by 
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CONTROL MEMORY. 
Control memory, if present, is used to store the sequences of micro­
instructions which perform macro-operations (COBOL and FORTRAN). Con­
trol memory is four times faster than main memory and is available in 
two sizes: 1024 or 2048 16-bit words. If sufficient control memory 
is not available, portions of main memory are utilized for storage of 
micro-instructions. 

I/ 0 CONTROLLER ( S) . 
Each I/O controller controls the operation of the peripheral(s) con­
nected to it. Each controller is a special-purpose device to inter­
face with one type of peripheral. In most cases an I/O controller 
interfaces with a single device; however, in some cases a single I/O 
controller interfaces with two or more devices on a timed-shared basis 
(magnetic tape unit. disk files). 

CENTRAL SYSTEM CABINET. 
Connectable cabinets are used to contain all central system modules: 
memory, power supplies, and circulation rans. 

CONSOLE CONTROL PANEL. 
The console control panel is an integral part of the processor, con­
sisting of a display panel plus various register- and data-manipulation 
switches. It is located on the front of the cabinet containing the 
processor. (See figure 1-5.) 

CONSOLE DISPLAY LIGHTS. 

H.EGISTER DISPLAY INDICATORS. These consist of a row of 24 lights which 
monitor the status of the 24-bit main bus of the processor. In the 
HALT state the register (or function) designated by the register select 
switches is displayed. 

POWER INDICATOR. This switch/indicator is used to turn power on or off 
and to light the appropriate ON/OFF indicator. 

RUN INDICATOR. This light indicates the processor is in the E~xecute or 
:fetch state, as opposed to the HALT or Read/Write main memory state. 

STATE INDICATOR. This light, which is software-controlled, indicates 
that either control (MCP) or normal state operations are presently 

II being executed. It is lit when the system is in control statE~. 

BOT INDICATOR. This light indicates that the tape cassette is at the 
~eginning Qf Tape position. The light is under hardware control. 

PARITY INDICATOR. This light indicates that an irrecoverable parity 
error has occurred while reading a tape cassette. The light is under 
hardware control. 
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CONSOLE CONTROLS. 

CLEAR SWITCH. This is a pushbutton switch that clears the registers 
in the proce~sor. On the B 1712 and B 1714, the switch clears the 
MAR(A), M, c, and U registers. On the B 1726, the switch clears 
all interrupts in the port interchange, memory control unit, and 
I/O controllers. 

HALT SWITCH. This is a pushbutton switch which causes the processor 
to halt execution at the end of the present micro-instruction. The 
next micro-instruction to be executed is fetched and stored in the 
micro-instruction register (M register). Which register the register 
select switch is pointing to is displayed on the 24 register display 
lights. 

LOAD SWITCH. This is a pushbutton switch that causes the data dis­
played on the register display lights to be entered in the register 
pointed to by the register select switches. 

DATA ENTRY SWITCHES. These consist of a row of 24 toggle switches 
which are operative only when the processor is in the HALT state. 
The desired bit configuration may be entered into the register se­
lected by the register select switches by using the appropriate tog­
gle switches. The data entered is displayed on the register display 
lights. (Refer to READ/WRITE switch.) 

INT (INTERRUPT) SWITCH. This is a toggle switch that causes a con­
sole interrupt condition to be set in the processor control register 
(c register). This interrupt is testable by the MCP, and the MCP 
decides what the appropriate system reaction is to be. 

START SWITCH. This is a pushbutton switch that initializes various 
functions within the system. It is used in conjunction with the con­
sole MODE switch, the CLEAR pushbutton, and the READ/WRITE pushbutton. 

INC-A SWITCH. This is a pushbutton switch which increments the control 
memory address register (A register) by one micro-instruction word ad­
dress when displaying or writing control memory from the console. The 
register select switch must be set to MSM and the console MODE switch 

' must be set to TAPE. 

READ/WRITE SWITCH. This is a pushbutton switch that enables manual 
writing or reading of data into memory. The processor must be in the 
halt state and the desired data address must be loaded into the A 
register. To read data the register select switches must be set up 
for (pointing to READ) a read operation. Depressing of the READ/WRITE 
switch will cause the data at the address in the A register to be dis­
played in the register display lights. For a write operation the de­
sired destinat'ion address must be loaded in the A register. The Regis­
ter Column and Register Row Select Switches must point to the WRIT 
position and the desired data to be written must be entered into the 
system via the 24 Data Entry Switches. Depression of the Read/Write 
Switch completes the Write operation 
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REGISTER COLUMN AND REGISTER ROW SELECT SWITCHES. The register COLUMN 
SELECT switch is a 4-position rotary switch which selects one of four 
columns of registers (or funct.ions). (Refer to table 1-3.) . 

Row 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
c 
D 
E 
F 

Table l-3 

Register Select Switch 
Column-Row Matrix 

Column 0 Column l Column 2 

TA FU x 
TB FT y 

TC FLC T 
TD FLD L 
TE FLE A (MAR) 
TF FLF M 
CA BICN BR 
CB FLCN LR 
LA TOPM( *· 1) FA 
LB Reserved FB 
LC Reserved FL 
LD Reserved TAS 
LE XYCN CP 
LF XYST MSM(*l) 
cc INCN(*l) Console READ 
CD CPU Console WRIT 

Column 3 

SUM 
CMPX 
CMPY 
XANY 
XEOY 
MSKX 
MSKY 
XORY 
DIFF 
MAXS 
MAXM 
u 
MBR(*l) 
DATA 
CMND 
NTTLL 

I 

The register ROW SELECT switch is an 18-posi tion rotary switch which II 
selects one of l6 rows of registers (or functions). Two rows are re­
peated for convenience; they are rows 4 and l3 (D) in table 1-3. These 
two repeated rows are the most utilized. 

The various registers are addressed within the micro-instructions or 
from the front console by a series of co-ordinates. The first co-or­
dinate is to select one of 16 rows of registers and the second co-or­
dinate then selects one of four columns. The particular register (or 
function) selected by the intersection of the colllillll and row is dis­
played when the processor is in the HALT state. 

CONTROL MODE SWITCH. The control MODE switch is a rotary switch with 
the following positions: STEP, RUN, and TAPE. 

*l Not available on B 1710 Systems. 
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When the switch is in the STEP position, pressing the START switch 
causes the micro-instructions in the M register to be executed and 
the next micro-instruction to be fetched. 

When in the RUN position, pressing the START switch causes the con­
tinuous fetch and execution of micro-instructions from the address 
specified in the micro-instruction address register. 

When in the TAPE position, pressing the START switch causes the tape 
cassette reader to start reading the mounted TAPE cassette. The pro­
cessor then enters a fetch-execution phase wherein micro-instructions 
are accepted and executed directly from the tape cassette. The tape 
cassette may contain load routines, confidence checks, or maintenance 
test routines (MTR). Initial micro-instructions on the cassette tape 
can cause subsequent micro-instructions to be loaded into memory from 
any I/O device. 

CASSETTE REWIND. This is a pushbutton switch which causes the tape 
cassette to rewind to the BOT (beginning of tape) mark. 

CASSETTE ON/OFF. This is a toggle switch which controls power to the 
tape cassette unit. 

CONSOLE PRINTER/KEYBOARD. 
To operate with the Burroughs Master Control Program, a console print­
er/keyboard is required for communications between the Master Control 
Program and the system operator. 

MAIN MEMORY. 
Main memory is addressable to the individual bit and has variable 
operation lengths from 0 to 24 bits in parallel. The length, direc­
tion, and address of operation is under micro-program control, either 
up or down within the address continuum. Main memory has no preferred 
word or byte boundaries which are visible to the rest of the system. 

Main memory is a logical part of the processor since most of its con­
trol logic is part of that unit. The processor is the only unit to 
which main memory interfaces. The actual storage medium is, however, 
physically separate from the processor and is modular in design to 
allow for expandable capacity. 

ADDRESSING. 
Main memory is addressed by a 24-bit absolute address a 1-bit field 

' direction indicator, and a 5-bit field length value. The address is 
modified by the field direction bit. The field length value specifies 
the number of data bits in the direction indicated to be accessed and 
varies from ?ero (no operation) to 24. For field length values g;eater 
than 24 bits, address values may be incremented and micro-instruction 
sequences are re-executed until the entire field has been accessed. 

PARITY CHECKING. 
Reliability of data within main memory is maintained with a hardware 
parity checking techn.ique. Main memory is physically byte oriented 
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with a parity bit for every eight data bits. The main memory con­
trol logic resolves addressing parity checking data rotation 

' ' ' and compaction as described in the following paragraphs. 

The high-order 21 bits of an address point to a byte within main 
memory where the operation is to begin. This "key byte" and three 
more bytes above or below, depending on the field direction bit, 
are read into the read memory information register (R-MIR) in the 
memory control unit. Parity is always checked on all J6 bits with­
in this register. 

Next, the low-order three bits of the address along with the field 
length value and the field direction bit (both contained in the 
micro-instruction) determine what is passed to or from main memory. 

A parity error on any operation sets a bit in the processor C regis­
ter (CD bit 3 set to 1), and appropriate action is taken by the MCP. 

MEMORY DATA TRANSFER 
Data is transferred, right-adjusted, 24 bits (three bytes) is paral­
lel to and from main memory. Any operation calling for less than 
24 bits will have leading (left) zeros supplied by the memory con­
trol unit. The field length controls the main memory operation and 
leading zeros are ignored or generated as needed within the memory 
control unit. 

READ OPERATION. 
A 24-bit address, a 1-bit field direction sign, and a 5-bit field 
length value are received with the Read request by the memory con­
trol unit from the processor. The Read is non-destructive of the 
data in memory and parity is checked during the operation. The 
data is then stripped of parity, right-adjusted, and masked with 
leading zeros as it is moved into the processor. 

FIELD LENGTH. 
The 5-bit field length value indicates the length of the data, right­
adjusted, to be read from or written into memory. The normal field 
length value range is from zero to 24 bits. 

The value of zero leaves the data in main memory unchanged. A value 
of 25 or 26 implies a field length of 24 and forces correct parity 
or incorrect parity on data written during the Write or Swap opera­
tion. Field lengths greater than 24 are reserved. 
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SECTION 2 

B 1710 PROCESSORS 

GENERAL. 
This section discusses the B 1710 processing unit (s), which consi.st 
of the control portion and the combinatorial portion of the system 
along with the various addressing and data manipulation registers. 

PROCESSING UNIT. 
The processor is the general-purpose data manipulator of the system. 
It performs the basic micro-fllllctions necessary for a variety of 
commercial, scientific, and data communications applications. These 
micro-functions are performed by a set of elementary operators called 
micro-instructions. Micro-instructions operate on strings of bits 
within registers that were formerly the responsibility of the hard­
ware .logic. 

By stringing a series of micro-instructions together, a macro-opera­
tion comparable to that defined by an assembler or compiler-level 
instruction may be implemented. This micro-instruction string is an 
interpreter for a macro "S-instruction" operation. Micro-instruction 
strings are executed in a "read-only" mode and are stored in main 
memory. 

PROCESSOR REGISTERS. 

MICRO-INSTRUCTION (M) REGISTER. 
The M register (micro-instruction register) is a 16-bit register used 
to hold and decode the current micro-instruction which has been ob­
tained from main memory or the TAPE cassette. The M register is ad­
dressable as a 16-bit source or destination register. The right-most 
16-bits, if more than 16 are transferred, are loaded into the M reg­
ister. Data is always transferred rigl1t-adjusted and zero-filled to 
the left. Each micro-instruction to be loaded from memory is ORed ~nto 
the M register. Thus, moves to the M register allow modification of 
the next micro-instruction without altering the original micro-instruc­
tion in main memory. The state of this register is decoded by the pro­
cessor to enable various control levels to perform the operation called 
for by the current micro-instructions. 

M.ICHO-INSTRUCTION ADDRESS REGISTER (MAH). 
The MAR (micro-instruction address register) is a 19-bit register capa­
ble of addressing micro-instructions located in main memory. It ad­
dresses 16-bit micro-operators in main memory which are assumed to be 
located at bit addresses exactly divisible by 16. When used in this 
manner the low-order four bits of MAH are ignored. Thus, only the 
left-most 15 bits of MAH are actually utilized in addressing. 

The MAR is capable of having binary increments from 0 through 4095 
added to or subtracted from it, with a high-speed carry adder to fa­
cilitate micro-program branching. The MAR is automatically incre­
mented by one word (16 bits) as each micro-instruction is fetched. 
Memory wraparound can occur and is permitted. 
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The MAR is addressable as a source or destination register. When 
addressed as a source, the low-order four bits are set to zero. When 
used as a destination, the low-order four bits of the source are stored 
in the low-order four bits of the MAR. They are, however, not signi­
ficant. Direct addressing of 40,960 bytes on the B 1712 and 65,536 
bytes on the B 1714 is possible through the MAR. 

The MAR also serves to address main memory for the Read/Write memory 
micro-instruction. The address of the next micro-instruction is 
temporarily stored in a scratchpad holding register. The main memory 
address to be accessed is obtained from the FA register. 

ADDRESS (A) STACK. 
The A stack is a 16-element deep, 24-bit wide memory which operates 
as a push down stack, i.e., a last-in-first-out (LIFO) structure. 
Address wraparound occurs when more than 16 entries to the stack are 
made. Data is not destroyed on a removal from the stack. The micro­
instructions Call and Move to TAS (top of A stack) result in a "put 
into" (push) stack request, whereas Exit and Move from TAS result in 
a "take out of" (pop) stack request. 

Using this stack, the micro-routines operate in a normal call-return 
mode. This allows for highly shared micro-routines. The A stack is 
not intended to be used exclusively as an address stack; it has 
been made 24 bits wide to allow for operand storage. (See figure 2-1.) 
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Figure 2-1. A Stack 

TOP OF THE ADDRESS STACK (TAS) REGISTER. 
The TAS register (top of the A stack) is the 24-bit register which is 
currently on the top of the A stack. Moves to or from TAS result in 
data in the A stack being automatically moved to or from the A stack 
on a last-in-first-out basis. 
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GEtJERAL PURPOSE REGISTERS (l, ... T, .··X, -Y'). 

L REG I STE n • Th c L reg i s t e r ( f i g u re .2 - 2 .) i s a 2.4 -b. i t gene r.a. 1 - pu r pose 
regist.e'r. It is aq.dressable as a source .or as a destination registe·r, -
either 24 bits in par.a.l lel or in .4-b·it .group's. Sihce1 the L register is 
addressable in .4-b·it .group-s, -its.· contents is available for analysis and 
alteration via the .4-bit fu.hction bo'x. ·Manipulate, -Skip, ·and Bi.t­
Test-Brahcli mlcr.o-instruct.ions may operate on the data in the L reg-
i s te 'r • The L reg i s te r i s one of f o u r reg i s t.e r s ( · X , . -. Y, -·L , · T ) cap ab 1 e 
of Read/Write operations with main memorY. 

LA LB LC LO LE LF 

3 0 3 0 3 0 3 0 3 0 3 0 

23 0 

Fi g.ure .2-'2·. · L Reg i st.er 

T REGISTE1<. The T register (f ig.ure .2-3.) is a 2.4-b·it general-p.urpose 
reg iste'r. · It is addressable as a source .or as a destination reg ist.e·r, 
either 24 bits in parallel or in .4-b·it .group's. · Sihce the T register is 
addressable in .4-b·it .group-s, -·its contents is available for analysis and 
alteration via the .4-b·it fu.hction bo'x. ·Manipulate, ·Skip, -and Bi.t-Test­
Brahch instr~ctions can operate on the data in the T registe~, ~eing 
one of t he four reg i st e rs ( ·X , . "Y, ·~T , ··l ) cap ab 1 e of Re ad I Wr i t e opera t i on s 
with main memor'y. The T register is also capable of Shift/Rotate 
and Extract operatiorrs. 

TA TB TC TD TE TF 

3 0 3 0 3 0 3 0 3 0 3 0 

23 0 

Fi g.ure .2-'3 .• '.· T Register 

X AND Y REGI.STER'S. The X reg ist.er and the. Y register are 24-b it gen-
eral purpose. register's. They .are used primarily to hold and act\ as 
sou~ces for two of the three operands of the combinatorial s~ction (the 
24-b it fuhct.ion bo·x) of the .processo'r. ~ The other operand is the CYF 

-'register .(cairry .fl i.p-f.lop'). · The X and. Y reg ist.ers .are both addressable 
as sou~ce and destination register~. 

Bot h reg i st e r-s , ~a l o ng w i t h t he L reg i s t.e r and t he. T reg i st e·r , ·are 
·capable of Read/Write operations with main memor'y. ·Both registers .are 

capable of the Shift/Rotate operat io'n. · The X register is affect,ed by 
the Normalize operat io'n. 
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FIELD (F) DEFIIHTION REGISTE'R. 
The F re~ister (f ie1d definition) specifies the address and lengths of 
data fields in ma in memory (see figure .2-4). · It is a 4.8-b·it register 
w h i c h i s f uh c t i o n a l l y d i v i de d i n to two po r t i on s : a 24 -b. i t F A ( f i e 1 d 
address) register and a 24-bit FB reqister which is divided into a A­
b it FU (field unit) reg iste·r, -a .4-b·it FT (f teld typ·e) reg ist.e·r, ·and a 
1.6-b·it FL (fi.eld 1ength) registe'r • 

.--· 

FA FU FT FLC FLO FLE FLF 

3 0 3 0 3 0 3 0 

3 0 3 0 15 FL 0 

23-FA- 0 23 FB 0 

Figure .2-1.J .• · F Register 

FA PORTION OF THE F REGISTER.· The FA register holds the absolute main 
memory address of a data field an<l has the capability of addressing 
524,4-88 bits (64K8) without re'.Jard to phys·ical boundarie's. FJ\ may be 
addressed as c ither a sou'rce or destination reg iste'r. · 

F B P 0 RT ION 0 F THE F RE G I STE 'R • · F G ma y be con s i de red as one 24 ··b · i t reg -
ister or as various subreg ister's. · The FU register holds des.er ipt ive 
information regarding the units of data which make up the addressed 
field in ma in memory (binary or .4-b·it .groups'). · The FT register holds 
add i t i on a 1 de sc r i pt iv e i n f o r rn at i dn • · Th e F U and F T v a 1 u e s do not a f f e ct 
the ma in memory ope rat io'n. · The FU and FT values are usually supplied 
by .S-instruction's. ·The FU may also be used \·.Jith the BIAS mi.cr.o-. 
instruction to set the CPU and CPL register~. The FL register holds 
the total length in binary of the field being operated on in ma in 
memo~y, ~nd is capable of describing fields up to 6~,~36 bits in 
·1ength. · 

FB may be addressed as either a source .or destination register or 
add res se d i n part as F U ( 4 b i t ·s·) , ·F T ( 4 b i t s·) , ·and F L ( 16 b i t s') • · F L 
may also be addressed in .4-b.it subf i-elds (FLC, ·FLO, ·FL-E, ·or FLF'). · 

SCRATCHPAO. · 
A scratchpad of 16 v10rd-s, ·each 1+8 bits wid-e, is provided to hold field 
descriptors of operands (see figure .2-51. Scr.atchpad may be addressed 
as 16 4.8-b.jt w.ords ( soo-s.15) .or 32 2.4-b·it vwrds ( SOO.A-S·lS·A, ·SOOB-S.158'). 
Any \'lord may be a source .or a de st inat ion and may be used to hold 
pointer·s, ·value-s, ·or any other informat io'n. · 

The second half of the first 4.8-b-it word (SOOB·), along with FU and F-L, 
is always entered as input to the .4-b.it function box and used in cer­
tain dee i\s ian-mak ing logic. · The field length value in the FL register 
is continually being compared against a corresponding portion (SFL) of 
the SOOB word to determine the relationship of their contents: high, 
low, ·equa-1, -or zer-0. This relationship may then be used in the Bi.t-
Test-B.rahch micr.o-instruction (ref.er to FLCN register'). · The FU and FL 
portions of the F register and the 1 ike portions (SFU and SFL) of SOOB 



A PORTION B PORTION 

S15 
S15A S15B 
23 0 23 ..... 0 

S14 S14A S14B - -- --

S13 
THRU 
S02 

....., 

S01A -5.QlB._ --
S01 23 0 -

SOOA SOOB 
soo 

-I n- 0 SFU SFL 
3 0 3 0 15 0 

LEFT SIDE RIGHT SIDE 

Figure .2-s .• · Sc na tchpad 

may also be used in the combinatorial section to set the value in the 
CP portion of the C register. 

FIELD LEtJGTH CONDITION (FLCN) REGISTE-1~. 
The FLCN register (f ig.urc .2-6.) is a .4-b-it register \vhich contains the 
result of a· comparison between the FL portion of the F register and the 
corresponding portion of the first ~cratchpad word (right-most 16 bits 
of SOOS) which is called SFt.. ·It has the following interpretation: 

FL#O - FL not equal to 0 
FL<SFL - fl less than SFL 
FL>SFL - FL .greater than SFL 
FL=SFL - FL equal to SFL 

FL=SF L FL>sFL 

3 2 

FL<sFL 

F i g u re . 2 -6 ·• · F LC N Reg i s te r 

FL=rfo 

0 

A 1 1 16 b i t s of F L a re com pa red a g a i n st t he 1 6 b i t s of SF t • · A one b i t 
in a position of the FLCN register indicates that the respective 
condition is tru~. 
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BASE AND LIMIT REGISTERS (BR, -un. -
The base reg i s te r ( BR } a n d 1 i m i t reg i st e r ( LR} may be used as source 
or de st i n at i on reg i s te r's • · The y a re used f o r me mo r y protect i on and 
for base re 1 at i v e add re s s i n~ • · Me mo r y protect i on i s prov i de d f.o r i n 
the MCP by' checking the main memory address in all memory Write ope~a­
tions with the BR and LR allowing the operation to take place only 
within these 1 i mi t's. · 

CONTROL (C} REGISTE'Ro · 
The C register (cdntro·l) is a collection of independent registers which 
are ut i 1 i zed by the interrupt system of the .prbce\ssor and the comb ina- . 
tori al sect, ion (see f iCJure .2-r}. · The C reg ist.er is 24 bits w:ide and is 
d i v i de d i n to t hr e e . 8 - b. i t f uh ct i on a 1 par t' s • · 

CA CB cc CD CYF CPU CPL 

3 0 3 0 3 0 3 0 0 1 0 4 0 

- 8BITS - 8BITS - 8BITS 

24 BITS 

Figure .2-7·. · C Reg i st.er 

CA AND CB REGISTER'S.· Th is port ion of the C register is addressable in 
.4-b-i t uni ts as CA and C13 o • These portions are ava i 1 able as genera.1-pu.r­
pose sou~ce and destination register~.· 

CC A ND CD REG IS TE R'S • · Th i s port i on of the C reg i s te r i s add re s s ab 1 e i n 
two .4-b-it units defined as CC and CO. · CC and CD are used for storage 
of the procc.ssor states and for process.or inte.rrupts as shown in the 
fol lowing paragraph's.· 

CC Reg iste'r. · 
The bit meanings for the CC register are as follows: 

-a • E3 i t 0 - c d n so 1 e i n te r r u p't • · 
b • 8 i t 1. - ·II O s e r v · i c e re ct u e s't • 
'<:. B it 2. - t i mer inter r u p't. · 
'd. Bit 3. - console state. · 

The console interrupt bit is set from the console INT (interrupt) 
s w i t c h a n d a 1 1 ow s the so f t w.a re to co me to an o r de r 1 y st o'p • · The I I 0 
servic~ request interrupt bit is set by an I/o controller when it 
issues a servic~ request to the prbcesso~. The mic~o-prograrn must 
determine what caused the interrupt and transf.ers or receives data from 
the de v i d~ • · The t i me r i n te r r up t b i t i s s e t b y th c ha rd w a re t i me r ev.e r y 
100 mill isecdnd's. ·Once. the timer interrupt bit is se·t, -it stays set 
un t i 1 the MC P resets i't. · 
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CD Reg i stet • 
The bit meanings for the CD register are as follows: 

~ • 8 i t 0 - .re se r v e'<:I .. 
b. Bit 1. - .reserve-a. 
'<:. - B i t 2. - re se rv e'<.1. 
(1. Bit 3. - memory parity .error interrup't. 

Any parity error det~cted during a main memory operation sets the 
me mo r y par i t y err.or interrupt b i t ( CD b i t 31

) • · 

All interrupts in the prbcessor are soft and no re~ction bccurs as 
a result of an interrupt bit being set until the ~ic~o-program tests 
for such setting's.· 

CYf, ·CP.U, -Arm CPL REG I STE R'S. · The least-s-ign if icant bits of the C reg­
ister are· composed of the arithmetic .unit carry fl i.p-.f.lop (CYF-), ·the .2-
b it ar ithmet'ic .unit type (CPU·), ·and the .5-b·it combinator i.al data length 
control (CPL'). Moves .from CP to a 24-b.it reg ist.er automat.ical 1 y i.n­
serts 16 leading zero's. Moves to CP .from any register use only the 
least-s·ignif icant eight bits of the field being move'd. · 

The Carry mi.cr.o-instri..lction is supplied for manipulating CYf, ·thereby 
remembering the status of a barry ·Or borrow beyond the length of an 
operan(J. For SUM and DIFF res,ult·s, ~CYF is always an input to the co.m­
binat.orial section along with the X and. Y register's. CPU controls the 
.arithmetic ·,unit type of the combinatorial s~ction and is addressable 
only as a destination registe'r. The possi,ble settings and their 
meanings are 1 isted below: 

~ Qata Type 

00 Binary 
0 1 .4 -b i t b i n a r y 
10 Undefined 
11 Undef i ned 

CPL controls the length of the operands being entered as input to the 
combinatorial s~ction and should be an integral multiple of the data 
type speci.f ied by CPU for val id arithmetic ·.result's.· The maximum al lo.w­
able value of CPL is 24, ~hi ch is an inte.gral mult i,ple of both data 
type's. · Larger values are reserve-ti. 

MAXIMUM SIZE OF MAW MEMO.RY (MAX'S) REG I.STER. 
The MAXS register is a 24-b.it pseudo register which is set by a field 
engineer to ind'icate the maximum size of the installed main memor'y. · 
The MAXS register is addressable as a source register onl~. 

.2-7· 



MAXIMUM SIZE OF CONTROL MEMORY (MAXM) REGISTE'R. 
The MAXM register is a 24-b-it pseudo register which is set by a field 
engineer to indicate the maximum size of the installed control (mlcr.o­
instrtict ion) memorY. For this prbcessor MAXM always contains a value 
of zerb. The MAXM register is addressable as a sou·rce register onl'y. 

TAPE CASSETTE INPUT (U) REGISTER. 
The U register is a 1.6-b-it register used primarily to a.ccuimulate input 
(usually micr.o-instrllctions) from the console TAPE cassetteo ·The U 
reg i s t e r i s add re s s ab 1 e on 1 y a s a 1.6 - b. i t sou 'r c ~ .• 

On 1 y the m k r.o- in st rllct1 ion Reg i ~te r Move may acde.ss the U reg is te'r. 
In TAPE mode the contents of this register can be moved by a micno­
program on the tape to the M register f.or execut io'n. 

DATA REGISTE'R. 
The DATA regist.er is a 2.4-b-it pseudo register which can act as a sou.rce 
or de st i n at i o'n • · I t i s used to t ran s f.e r data be tween t he II 0 de v: i c es 
and the processo'r. · When used as a source it accepts 24 bits of data 
from the I/O control le'r. · When used as a destination reg iste·r, ·data is 
p 1 aced i n to t he DAT A reg i st e r a n d i s sen t to t he I I 0 cont r o 1 le'r • 

COMMAND (CMND) REGISTER. 
The CMND register (cdmmand) is a 24-b-it pseudo register wh fch. can act 
as a de st inat ion only and is used to transf.er 1/0 commands to the 1/0 
dev ice's. 

NULL REGISTE'R. 
The NULL register is a 24-b-it pseudo register which' contains zero's. 
Moves from NULL may be used for clearing various registers to zero~o 

1t!E ARITHMETIC ANQ COMBlNA.IORIAL SECTION (24-B.IT FUNCTION BOXl....· 
The 2.4-b-it arithmetic .and combinatori.al section (figure .2-8.) is 
composed of a 2.4-b·it arithmetic .unit and a 2.4-b·it combinatorial unit. 
It has as data inputs the contents of the X and Y registers and the 
ca,rry ind'icator (CYF'). · It also uses the CPU and CPL portions of the 
C reg i ste1r. · 

All results from the combinatorial section are generated immediately 
and are continuously available to the micrto-programme~. A move to one 
of the input reg ist.ers or an alteration of a value in the CYF, ·CPU, ·or 
CPL registers immediately generates a new resul't. The results are a.c-. 
cessed by moving the cdntents of a result register to a destination 
register or by testing one of the .4-b·it condition register's. 

The results are most of the commonly used functions between two oper-
and's. These ihcl1ude the ANO, -0-R, ·EXCLUS.IV.E-OR, -su-m, ·carry out, ·d iff.e.r-
ehce, -and borrow fuhction-s, -and the set of equ.al to, ~greater than, ·and 
less than relational's. ·The results of the unary operations of com­
plementation and masking are also available.· 

The results of the arithmet'ic .unit are under· co.ntr.ol of the CPU and 
the CPL reg i st.e rs as fo 11 ow's. · 
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00 
01 
10 
11 

CYF CPU CPL 

i i J 
24-BIT XY FUNCTION BOX 

FUNCTIONS OF X AND/OR Y 

SUM X+Y BINARY, 4-BIT 

CMPX NOT X COMPLEMENT 

CMPY NOTY COMPLEMENT 

XANY X•Y AND 

XEOY x©Y EXCLUSIVE OR 

MSKX X MASKED CONTROLLED BY CPL 

MSKY Y MASKED CONTROLLED BY CPL 

XORY X+Y OR 

DIFF X-Y BINARY, 4-BIT 

THE LENGTH OF ALL FUNCTIONS IS CONTROLLED BY THE 

VALUE IN CPL. 

t t 
x y 

Figure .2-'8 .• ·Arithmetic and Combinatorial 
Sect.ion (2.4-B.it Fuhct.ion Box) 

Un it Type 

.1-b·it operands 

.l+-b·i t ope rands 
Undefined 
Undef I ned 

Possible CPY Values 

1 to 24 
4 , ... 3 , -1-2 , • 16 , · 2-0 , ·o r 2 4 

XYST 

.. XYCN 

BICN 

CYL 

CYD 

Qata Type 

Binary 
.4-bit binary 

For val id .ar ithmet'ic operat ion·s, ·the operand length ~ be an exact 
multiple of the length of the unit speci'.fied by CP'u. · 

Each of the following register contents are generated immediately and 
are ·available to the micr.o-programmer upon reques't. · 

SUM RESULT REGISTE~. 
The sum of the ·X, ··Yt ·and CYF registers .<·X, .. y, and CYF a~e inputs to the 
24-b.Jt fuhction bo-XJ is produce.a and place.cl 1n the 24-b·tt pseudo sum 
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register. Zeros in the mor.e-s.ignif.icant bit positions (lef.t-most) of 
the 24-b·it result are produced when the length s:iiven by CPL is less 
than 2'4. CYF should be set to zero at the start of a sum gene:rat io'n. 

The ad de d 1 o g i c \ p e r f o rm s d i f f. e re n t 1 y f.o r t he f o u r po s s i .b 1 e v a 1 u e s i n 
the CPU register as follows: 

'a • IF C Pu = 0-0 , -t he b i n a r y sum i s pr o d Lt c e'd • 

'b. If CPU = 0·1, ·the dee r.rnal sum is .produced by considering the 
input to be' comprised of up to six .4-b.it unit's. · The .4-b.it 
units are added deci1mally and a' carry is propagated .from one 
.4-b·it unit to the next more significant .4-b·it unit whenev.er 
the binary sum of two .4-b,it units e.'xceeds '9. 

c .. I f C PU = 1 0 ·O r 1·1 , -t he s u m i s no t def i n e'd • 

DIFFERENCE (DIFF) RESULT REGISTE'R. · 
The diff.erehce of the ·X, ··Y, ·and .CYF. registers (·X, ... y, ·and CYF .are inputs 
to the 24-b.it fuhction bo·x) is produced in the 2.4-b·it pseudo DIFF reg­
iste'r. ·Zeros in the more significant bit positions (lef.t-most) of the 
24-b.it result are produced when the length determined by CPL is less 
than 2'4. · Di f ferehce: resu 1 ts a re generated by adding the' contents of X 
to the one' S. complement of both Y and CYf. · The complement values are 
hardware generated and do not alter the values of. Y or .CYf. 

The absolute value of (Y + CYF) may be .greater than the value in X 
and produces a negative resul't. ·Such negative results are in comple­
ment form an<l are indicated by CYD (carry diff.erehce) = 1. · If CYD = O, 
the di fferehce. result va 1 ue is a positive numhc'r. · CYD is generated 
from al 1 24 bits of X and_ ·'Y. · It is not control led by the value of CP'L. 
CYO may be used to alt.er the value of CYf. · Int.ermediate underflow may 
thus be remembered by CYF through iterations of a f ie18. 

The d i f f ere h c e. l og i c . pr od u c es re s u 1 t s u n de r cont r o 1 of t he C PU reg i st e r 
a s f o 1 1 ow s : 

'a • I f C PU = 0-0 , · t he b i n a r y d i f f e re h c e· i s p r o du c e'O • t leg at i v e 
results are expressed in 2'~ complement form when CYD = 1. 

b. If CPU= 0·1, ·the decimal difference is produced by considering 
the input to be comprised of up to six .4-b·it unit's. The .4-b.jt 
units are subtracted and any borrow is propagated .from one .4-
b it unit to the next as in deci':mal subtract.io'n. ·Negative r.e­
s u 1 t s a re e x p re s s e d i n 1 0 ' s comp 1 e me n t f o rm "'hen CY D = 1 • 

c. If CPU = 10 or H, ·the difference is not def ine'd. 

AiJD/OR/EXCLUSIV.E-OR (XAN·Y, ·XEO·Y, ·XO.RY) RESULT REGISTER'S.· 
The results of the appropriate logical functio-n, ·At'JO/OR/EXCLUSIV.E-OR, 
of the X and. Y registers ( X and_ Y are inputs to the 24-b.jt function 
box) are produced and placeid in the appropriate 2.4-b·it pseudo register 
(XAU·Y, ·XEO-Y, ·XOR·Y, ·respectively).· Zeros -in the more significant bit 
positions are produc~d when the length determined b¥ CPL is less than 
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24. 

COMPLEMENT X/COMPLEMEtH. Y (CMP-X, ·CMPY) RESULT REGISTER'S. 
The one'~ complement of the appropriate register X -0r Y (X or. Y and CPL 
are i n p u ts to t he 2.4 - b · i t f uh c t i on b o -x) i s produced a n d p l ace. d i n t he 
a ppropr i ate 24-b·i t pseudo reg is te·r, -CMP X or CMP·Y, ·respective l'y. Zeros 
in the more sign if.icant bit posit ions of the 2.4-b.it result are produce.cl 
when the length given by CPL is less than 24. 

MASKE 0 X/ MASKED Y ( MSK·X, +1SK Y) RESULT REG I STE R'S. 
The mask of the contents of the appropriate register X or Y (X or Y and 
CPL are inputs to the 24-bit function bo~) is prodUc~d and placed in 
the appropriate 24-b.it oseudo registe·r, ·MSKX or MSK-Y, ·respectively (see 
fig.ure .2-91. The value of CPL determines the numb.er of bits placed in 
MSKX or MSK'Y. Zeros in the more significant bit positions of the 24-
bit result are prod~ced when the length given by CPL is less than 2~. 

X REGISTER CPL 

111111111111111111111111 
1~ 

00110 

23 0 4--0 

24-BIT FUNCTION BOX 

000000000000000000111111 

24 MSKX 0 
REGISTER 

F i g u r e . 2 -'9 .• · MS K X Re s.u 1 t Reg i s t e r 

B HJ A.R Y C 0 ND I T IO t J S ( B I C N ) RE G I STER • 
The BICN reg ist.er (f ig.ure .2-10) is a .4-b·it pseudo register which may 
act a s a sour c d on 1 y a n d i n d ·; cat e s t he fo 1 1 ow i n g b i n a r y con d i t i on s : · 
CYL (carry out leve·H, "'CYD (ho.rrow out leve·l-), ·CYF (carry f la~r), -and 
L S.U Y ( 1 e a st s i g n i f i cant u n i t of Y) • 

CYF CYD CYL 

2 0 

F i g u re .2-11). BI C N Reg is te r 
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The LSUY is true if the least significant unit of the Y register is 
e qua l to 1 a n d C PU e qua 1 s 0-0 , -o r t he l e a st s i g n i f i c an t u n i t of the Y 
register is equal to 1001 (nine) and CPU is equal to 0'1. If CPU equals 
10 or 1-1, ·LSUY is not def ineCI. 

The carry out and borrow out levels .are a function of the inputs (-X, ... y, 
and CYF) and CPl. CYF may be manipulated by a speci.al mlcr.o-~nstr.uc~ 
tion or as data in the hi9h-o~der position of the CP registe~. 

X/ Y C 0 ND I T IO N ( X Y C N ) REG I ST E'R • 
The XYCN reg ist.er (f ig.ure .2-1=1) is a .4-b it oseudo reg ist.er wh'ich may 
act as a so.utce only and contains the fo.1 lowing. relational· conditions: 
X > Y (X is greater than -Y·), -X < Y (X is less than Y·), ·X = Y (X equals 
Y·), and MSBX (the most sign if ica.nt bit of X'). 

MSBX X=Y x<v x>v 
3 2 0 

Figure .2-11. · XYCN Register 

The re 1 at i ona l conditions are based on the 24-b~it binary va 1 ue of both 
X and 'Y. ·The MSBX is true if the most-s.ignif'icant bit of the X re"J-
i s t e ·r , ·a s de s i g n a t e d b y C P·L , · i s a '1 • 

XI Y ST A TE ( X Y ST ) REG 1 STE 'R • 
The XYST register (figure .2-12) is a .4-b-it pseudo register wh·ich may 
act as source only and contains the f.ol lowing relational conditions: 
X # 0 ( X is not equa 1 to zero·), ·Y '# 0 ( Y is not equa 1 to zero .. ), ·Inter­
rupt (INT is .true if any of the following conditions contained by CC 
and CD are .true:' timer inte.rrup·t, ·1/0 service request interrup-t, ·con­
sole interrup~, ~nd memory parity error interrupt1, ~nd LSUX (the least 
sign if ·i cant u n 1 t of X') • -

LSUX INT 

3 2 0 

Figure .2-1'2. · XYST Register 

LSUX is true when the least significant unit of the X register is a 1 
and CPU equals 0-0, ~r when the least si~nif icant unit of the X register 
equals 1001 (nine) and CPU equals 01. If CPU equals 10 or 1-1, ·LSUX is 
not def ine'c::J. · 

The relational conditions are based on the binary value of all 24 bits 
of X or 'Y. 

FOUR-8-IT ARITHMETIC ANO CQMBINATDRIAL SE.CTION (EJlUR-B.IT FUNCTION BOX). 
The .4-b-it arithmetic :and combinator J,al section of the processor is used 
to generate most of the norma 11 y used fuhct\ ions betv-1een two .4-b·lt oper-
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ands and can atdept as input the· contents of any one of the fo.llowing 
.4-b·i t reg i s t.e r's • 

TA TB TC TD TE TF 
LA LB LC LO LE LF 
FU FT FLC FLO FLE FLF 
CA CB cc CD 
BICN XYCN XYST FLCN 

A second input is obtained .from the Four-B~it Manipulate mi.cr.o-instr.Uc-. 
tion itself. It has as possible results the commonly used functions 
between two operand's.· these ihclude: · SE·T, ·ANO, ·OR, ·EXCLUSIV.E-OR, ·B.i-
nary Modulo 16 Sum, ·and Binary Modulo 16 Diff.erehce\ function's. The 
results may only be directed to the same reg ist.er wh'ich acted as the 
sou~cg. The sum and difference result can be tested for overflow and 
underflow, ·respectivel'y. 

The B I C·N , X Y Ci~ , -X Y S·T , ·a n d F LC N reg i st c rs .a re av a i 1 ab l e as so. u.r c e reg -
i s te r s on l 'y • 

The .4-b·it combinatorial section also .provides for the selectdve testing 
of any of the bits within the .4-b·it registers and relative .branching 
based on the results of the test (B f.t-Test-Brahc-h, ·micr.o-instri.Jction-s') o 

The Skip When mlcr.o-instrllction .also tests any combination of bit·s, ·up 
to fou·r, ·and brahches on the resul't. 

Listed in table .2-1. is a summary of the various .4-b-it. conditions which 
are available to the micr.o-programme'r. · (l{ef.er to table .1-3· f.or the 
registers and functions in the column-row ma.tri'x.)· 

Register 

BI CtJ 
XYCN 
XYST 
FLCN 
cc 

CD 

LSUY 
MSBX 
LSUX 

Bit 3 

FL = SFL 
Console state 
lamp 

Me mo r y par it y 
interrupt 

Table .2-1 

.4-B·i t Conditions 

Bit 2 

CYF 
x = y 
INT 
FL > SFL 
Timer 
interrupt 

Reserved 

Bit 1 

CYD 
x < y 
y -1. 0 
FL < SF L 
1/0 service 
interrupt 
request 
Reserved 

Bit 0 

CYL 
x > y 
x -I 0 
FL t 0 
Console 
interrupt 

Reserved 
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SE;CTION 3 

B 17 26 PROCESSOR 

GENERA'\.. 
This section discusses the B 1726 .prbcessing unit wh'lct'\.' consists of the 
cdmbinat.oriial portion of the system ,along with the various addressing 
and data man i pu 1 at ion reg i st.e r's. 

PROCESSING UNll'f. 
The .prbcessor is the gen.ena1-p.urpose data manipulator of the .system. 
It perf.orms the basltc \m:t.cr\o-fuhct\ions necessa.ry f.or a v.ariety of,' com­
metc i\a·1 , ·.1sc fient i f!k ,\ ·and data.' commun!i cations a pp 1 i cation's. · These 
nri.cno-fuhctions .are perf.ormed by a set of ielementary operators! cal led 
m't.cno-instr.l1ct:Hon's. · Mi.crto-instrlJctions operate on strings of bits 
within regist.ers that w.ere f.orme1r.ly the responsibility of the hardw.are 
log!Vc ii" 

By stringing a series of m.'i.cr~o-instrucoions togethe-r, -'a macfl.o-operat ion 
comparable to that defined by an assembler .or.1 cdmpiler.-level instruc-4 ~ 
tion may be implemente1d. ~This mlcr.o-in.strllctlion string is an inter- . 
. pr.eter f.or a m'acr\o ".S-instr'uctiioh" oper,ation (ref.er to .S-lnstrllct.ion·s'). 
Mi.crto-instr.Uction strings .are executed in a ."read-only" mode and are 
usual 1 y st.ored in the h ig.h-s.peed.' contriol memory of the system. ~ They 
rna-y, ·howev.e·r, -be ex.ecuted directly .f.rom the ma In memory of the syste'm. 
Contr.ol memory may .also be ov.e;rlaid with m'i.cno-instruct\ions ,from main 
memor'y. 

CONTROL MEMO.R'Y. 
This Read/Write memory resides within the .prbcessing unit and is used 
only to hold m'i,cr.o-rnstr.uctHon's. If the set of mlcr.o-instructions in 
use e.xce\eds available. contr.ol memor·y, ·the e.xcess mlcrto-instrucoions .are 
stored in, -andi can be e xecllited .f ro;o, ·ma in memor'y. The .processor .prop-
,er 1 y addresses the mlcr~-instructions in either loca1tion .(ref.er to 
Mi.crto-lnstruction Addressing'). Mi.crlo-instr.llctions which .are being exe­
cu.ted .from main memor·y, ~howev.e··r,. ·result in a de.cr'iease in system 
throughput. i This de.er.ease btcurs because: cdntr.ol memory is four times 
faster than main memorly. Mlc.rto-in.struction sequehces that .are exe­
cuted many times .are. located in.' contr,ol memor1y. Mi.cno-in.str.uctions 
may be ov.e.rla id from ma in memory into. contr.ol memor'y. The larger the 
amount of control memory the .greater the system throughput. 

Control memory size is 1024 .or 2048 w,ord's. Each word is 16 bits wide 
to .atddmmodate one mlcrto- instruct ion. ~ The m.'i-cr\o-pro.g rammer should 
lbcate the sequences of' cdde atdord ing to their expecoed .frequehc~ of 
usag~. ~ The .great.er the .frequehc~ of usag-e, ·the, low.er their ad.dress in 

·control memor'y. Th is is done to give the highest execution speed 
posstble f,or the system,. 'reg.ar.dless of the inst.alled size of.'contr,ol 
memor'y. Mi.crto-instr.llctions whiich normally would have been st.ored in 
the missing portion of control memo.ry .are located in availaible main 
memory and ad.dressed direcbl~. Cont~ol memory operations .are over­
lapped with ma in memory operations e,'xcept f.or the Read, '"'Write, ·Di.s­
pa.tcti, -and ov.e.rlay mii.c~o-instr.uctiion's. ·Control memory oper,ates in a 
nread on.ly" mode, -with the two e!xcept ions of the Ov.e;rlay mi.cr.o-instruc~ 
tion and the' cdns.ole.' contr.ol panel in the halt/dis.play mode. 
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MICRO-INSTRUCTION ADORESSINti. 
To faci\l itate the fetcli and ex.ecution of mi.cr.o-instri.tctiions which are 
located in contr,ol memo.ry and/.or ma in memor·y, -three hardw.are registers 
and certain dectsion-making, logic have been implementeij. The three 
reg ist.ers are the A register ( 1.4-b·it addres·s·), -the. TOPM register (top 
of ·contr.ol memory·), ·and the MBR register (m.lcno-instruction base'). The 
addressing logic operates in the fiollowing manne'r. 

As each micr.o-instruction is fetched, ·the A register is automat'ic,al ly 
ihcriemented by 1. The mlcr~o-in:strllction just fe.tched is ex~cute'd. 
Bef.ore fetching the next m'i.cr\o- instruction, -the v.alue in the A reg­
ister is compared to ,(TOPM x 512'). 'i The; TOPM register normally.' contains 
a Vialue equ,al to the number of bytes (MOD 1000) of· contr.ol memo.ry .pr.e­
sent on the system, -so that multi.plying; TOPM by 512 yiields the number 
of the f.irst mi.cr.o-instruction outside.' contr.ol memory. 

If 1 the value in the A register is less than .(TOPM x 512·), ·the next 
m' i.c no- i n st r Lt ct i on i s f e .t c he d . f r om cont r.o 1 me mo r y at the a d.d re s s g i v en 
in the A registe'r. The process then returns to the initial m:i.crto­
instruction fetche~. 

If the va 1 ue in the A register is equa 1 to .or .greater than ,( TOPM x 
512-), -the next mi.cr\o-instrllct\ion is fe.tched .from main memor'y .. ~The 
bit ad.dress of that instructlion is obtained .from the f,ollowing f.ormula: 

( A x 16 ) + ·MB R 

The MBR register. contains the base ad.dress ab·ove wh'icti mlcr .. o-instr.Uc~ , 
ti ons in main memory are st.ore'd. The .process then ret.u rns to the 
mlctio- instrllct\ion fe.tcHetl. If the address generated by the above f.or- ~ 
mula is equal to ·Or .greater than the value in the MAXS reg_ist .. e·r, ·a me.m­
or.y-read-ad.dress-out-of-bounds inte.rrupt btours \'lhen the f.etch is 
attempte'd. 

Figure .3-1. illustrates the above sequence of oper.ation'so 

For exampl-e, -suppose there .are 4K bytes (2048 w.ord-s) of contr,ol memory 
and 64K bytes (524,2'88 bit·s) of main memo.ry installed on the systefo. 
In this cas-e, ·the TOPM reg ist.er should be set to 4 by the MCP to indi­
cate the size of contr,ol memor'y. · If the MBR register is set by the MCP 
to bit address 426,<t84, ·there is suff.'ici\ent space f.or 40.96 mlcr.o­
instrllcb ions to be st.ored in ma in memo.r'y. · Mi.cr~o-instruct ions .are 
fetched .from control memory unt,il the A reg ist.er is equal to 2048 ,(TOPM 
x 512·), ·ind;icating that the size of control memory has been e.'xceede'c:I. 
At this time, ""the processor beg ins to fe.tch m'i.cr.o-instr.uctions .from 
m·ai.n-memor·y, -starting at bit address 45·9,7·52 ((Ax 16) +MBR'). ~This 
process continues until the A regist.er is· reset by a mi.cr.o-in,struction 
or u n t i 1 t he end of ma i n me mo r y i s re a c he d (( ( A x 16 ) + MB R) > MA X'S') • 
In the first.' cas-e, ·a .bra.heh is ex.ecuted to a diff.erent .area of con-
tr.ol .or ma in memor:y; in the secdndl cas-e, -"a memor.y-read-address-out-
of -bounds interrupt btcu r's. -
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FETCH MICR.0-
INSTRUCTTON 

YES FROM MAIN 

.-------- ·----------····-

. ..,--"-....i· MEMORY AT 
ADDRESS: 
(A x 16)+MBR 

NO 

FETCH MICRO 
INSTRUCTION 

-·-·-.. ·----···"--···-·1 
-----a FROM CON­

TROL MEMORY 
AT ADDRESS: 
A REGISTER , 

INCREMENT A 
REGISTER 

BY 1 

,_.,._.,~-~·-.. --· . -·--~' 

Figure 3-1. Micro-Instruction 
Fetch and Execution 

PERFORM 
ICRO-INSTRUCTIO 
JUST FETCHED 

Note the apparent discrepancy between the value in the MER. register 
and the address where the first micro-instruction is fetched from 
main memory. The area between the two addresses is exactly the size 
of the installed control memory (as indicated by (TOPM x 512)), and 
is available for data or code storage by S-instruction programs. 

PROCESSOR H.EGISTERS. 

MICRO-INSTRUCTION (M) REGISTER. 
The M register (micro-instruction) is a 16-bit register used to hold 
and decode the current micro-instruction which has been obtained from 
control memory or main memory. 

The M register is addressable as a 16-bit source or destination reg­
ister. The right-most 16 bits, if more than 16 are transferred, are 
loaded. Each micro-instruction to be loaded from control memory is 
ORed with whatever may be in the M register. Thus, moves to the M 
register allow modification of the next micro-instruction without 
altering the original micro-instruction. The state of this register 
is decoded by the processor to enable various control levels to per­
form the operation called for by the micro-instructions. 

CONTROL/MICRO-STRING MEMORY (MSM) REGISTER. 
The MSM register is a 16-bit pseudo register which is addressable as 
a source when the console control panel is in a halt/display mode or 
as a destination register when the console control panel is in the 
tape mode. As a source register MSM contains the micro-instruction I 
which is pointed to by the A register. It is addressable as a desti­
nation register by the Move 24-Bit Literal micro-instruction and by 
the Register Move micro-instruction in the tape mode. 
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ADDRESS (A) REGISTER. 
The A register {address) is a 14-bit register capable of addressing up 
to 16,384 micro-instructions {each 16 bits in length) located in main 
memory and/or control memory (see figure 3-2). The A register is 
capable of having binary increments from 0 to 4095 added to or sub­
tracted from it with a high-speed carry adder to facilitate micro-

' program branching. The A register is automatically incremented by 
one as each micro-instruction is fetched. 

r 

13 

17 

BINARY ADDRESS 

0 

4 3 

0 0 0 0 

0 

Figure 3-2. A Register 

The A register is addressable as a source or a destination. When ad­
dressed as a source, its contents are automatically multiplied by 16. 
When used as a destination, the right-most four bits of the source are 
.lost. These functions are accomplished by the presence of four non­
functioning bits appended to the low-orcjer end of the register which 
are always zero. When used as a source, the A register is actually 
transferred as an 18-bit field, thus automatically accomplishing the 
multiplication by 16~ As a destination, the source is moved right­
justified into the 18-bit destination field, with the four low-order 
bits masked to zeros. TI1ese extra four bits cannot be addressed and 
are completely transparent to the micro-programmer. 

TOP OF CONTROL MEMORY (TOPM) REGISTER. 
The TOPM register {top of control memory) is a 4-bit register which may 
act as a source or a destination (see figure 3-3). This register is 
automatically multiplied by 512 and compared with the address in the A 
register to determine whether the next micro-instruction should be 
fetched from main memory or control memory. This automatic multipli­
cation is accomplished by the presence of nine nonfunctioning bits 
which are always zero, appended to the low-order end. These extra nine 
bits cannot be addressed and are completely transparent to the micro­
programmer. For each lK bytes of control memory the TOPM register is 
incremented by l. 

··------·----·-·--·--.---------------------· 
0 1 0 0 0 0 0 0 0 0 0 0 0 

3 0 

TOPM 

Figure 3-3. TOPM Register 
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MICRO- INSTRUCT ION BASE REG l;STE R ( MBRI). 
The MBR (mTcr.o-instr.ucbion base reg iste·T) is a 2.4-b~Jt. register wh:ich 
may act\ as a source.or a destinatio'n. ·It. is used to: contain the base 
address (modulo 16) ab·ove wh.tictt ;all mJl;crto-lnstrllctions stored in main 
memory .are, lbcate'CI. ~ The mli.crto-instr.Uctions do not beg in exac,bl y at 
the ad.dress in the MBR reg iste'r. 

The address in main memory of the next wl~rto-instruction to be fe~ched 
is equial to the' cdntents of ·the A register times 16 added to the.' con-, 
tents of MB-R , ro r ( A x 16 ) + . · MB'R. 

ADDRESS (A) STAC~. 
The A St.ack (f ig.ure .3-4~) is a 3.2-eilement deep, •24-b~tt wide memo.ry wh'ich 
operates as a push-down stack, ..11 .'e-. ,. -a, 1 ast in, f. i r st out (LIFO) str.Uc4 
tur~. ·Address .wraparound b.cdurs when more than 32 en.tries to the stack 
.are mad'e. ·Data is not destroyed on a remoVial .from the stac~.; The 
m!i.cr~o-instructHons Ca.11 or Move to. TAS (top of A st.ad~). result in a 
"put i.ntb" (push) stack reques..r., ~hereas Exit and Move .from TAS result 
in a· "take out o.f 11 (pop) stack request. 

Using th is stac-k, .:the mtcr.o-ro.ut ines operate in a cal.1-return mode 
whictt al lows. f.or h igihl y shared m'l;cr.o-rout Ines and reduces the! contr.ol 
memory requ. i reme:nt"s. t. The A stack is not i.ntended to be used exte.n- ~ 
siv.ely as an operand stack; it has been made 24 bits wide to .allow f.or 
operand storag,~. 

[ TAS } 

32 ELEMENTS 

.,.___ ____ 24 BITS 

Fi g.ure .3-4~. · A Stack 

TOP OF ADORE SS ~STACK ,( TAS) REG liSTE'R. · 
The: TAS register (top of the A stack) is the 24-b~it reg ist.er wh!ich is 
currently the top of the A stac14. ·Moves to .or .from the. TAS register 
res,ult in data in the A stack be Ing automat.'ical 1 y moved to .or .from 
the A stacW on a. last ifl, ·f.irst out basi's. · 

.3-51 



GENERAL PURPOSE REG I.STE RS (-L, --T, ,X,_ Y'). · 

L REGlSTER. · The L reg ist.er (f ig.ure .3-5) is a 24-b~i-t, -general-purpose 
reg ist.e'r. · It is addressable as a sou.'rce .or as a destination reg ist.e-r, 
either 24 bits at a t irne .or in .4-b it .group's. · Since the L reg ist.er is 
addressable in .4-b~it .groups, ·its contents .are available f.or analysis 
and alteration via the .4-b·it function bo'x. ·Manipulate, ·Ski-p, -and 
Bi.t-Test-Bra.hcti mi.cno-instrllct.ions may operate on the data in the L 
reg i s te'r • The L reg i s t.e r i s one of four. reg i s te r s ( ·X , .... Y, ... L , ... T) cap- , 
able of Read/Write/Swap operations with main rnemor'y. -

~ 3 LA 0 I 3 LB 0 I 3 LC 0 LO I LE I LF ~ 
3 0 3 0 3 0 

0 

Fi g.ure .3-'5·. · L Reg i ste r 

The Dispatch m'i.cr.o-instruct ion uses the contents of ·the L reg ist.er as 
the 2.4-b it address of the first 1/0 descr' ipt ion in ma In memor-'yo · 

T REGISTER. - The. T register (f ig.ure .3-6.) is a 2.4-b·it general-purpose 
reg iste'r. · It is addressable as a source .or a de st inat ion reg iste·r, · 
either 24 bits at a time -or in .4-b·it group's. Since the, T regist.er is 
addressable in .4-b~it .group-s, ..iits contents are available f.or analysis 
and alteration via the 4-b·it function bo'x. · Manipulate, -Sk i-p, and 
B i.t-Te st-Branch in st ructions can operate on the data in the T reg i st.e'r. 
It is one of the four reg i st.e rs (-X, Y, ·-T, ·l) capable of Read/Write/ Swap 
operations with main memor~. The T register is capable of Shift/Rotate 
and Ex.tract operation's. · 

I TD I TE I TF ~ 
3 0 3 0 3 0 

0 

Fi g.ure .3-6·. T Reg i ste r 

X At~D Y REGISTER'S. The X reg ist.er and the Y register .are 2.4-b i·t, -gen­
eral-purpose register~. They are used primarily to hold and act as 
sou.'rces f.or two of the operands of the combinator i.al sect ion (input to 
the 24-b·it fuhction box) of the prccesso'r. · The other operand is the 
C YF reg i s t.e r ( car r y f 1 i. p-f lop') • · The X and Y reg i s te rs are add re s s ab 1 e 
as sou.rce and destination register's • 
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Both reg ister-s, ·along with the L register and the, T reg ist.e;, ~are 
capable of Read/Write Swap operations with main memor'y. ·Both regist.ers 
.are; capable of the Shift/Rotate ope rat io'n. 

F IE L D ( F ) DE F I N, I T ION REG I.STE 'R • 
The F register (fi;eld definition) speci'.fies the address and. lengths of 
data fi,elds in main memory (see fig.ure .3-7';). ·It is a 4.8-b,it. register 
wh:icH is fuhctional ly divided into two port ions: 'a 24-b~it FA (f i.eld 
addres·s). register and a 24-b~it FB register wh.'ich is divided into a .4-
b i t F U ( f i.e 1 d u n i t ). reg i s te-r , ~a .4 -b ~ i t F T ( f l.e 1 d t y pe ) reg i s t.e·r , ·and a 
1.6-b~it FL (f i·;eld length) reg iste'r. · It may be, loade-d, .:store-d, ror 
swapped 4 8 bi ts in para.11e1 with .'sc r\a.tchpad memo.r'y. · 

FA FU FT FLC FLO FLE FLF 

3 0 3 0 3 0 3 0 

3 0 3 0 15 FL 0 

23-FA-O 23 0 

F i g.u re .3 -'l ·• F Reg i s t.e r 

FA POHTION OF~ THE F REGl;STE'R •. , The FA register holds the abs,olute b.i­
nary main memory address of a data field and has the capabil i~y of di­
rectly addressing lt>,7·7-7,216 bits without reg.ard to phys!ical bounda­
rie's. FA may be addressed as either a 24-b.it sou:rce .or destination 
reg i ste'r. 

FB PORTION OF. THE F REG I:STE'R. ·· FB may be:· cons Ide red as one 24-b~it reg-
ister .or v.arious subreg isters: < F-U, "f-T, ·and F'l. ~The FU register holds 
de~c~iptive information regarding the units of data wWlctt make up the 
addressed fi;eld in main memo~ry (binar-y, :4-b!i·t, ..or .8-b.Jt .groups').-; The 
:FT reg ist.er holds additional de.'scr\i.pt ive inf.ormat io'n. ~ The FU and f T 
v.alues .are usu:al l y supplied by .S-ins·tr.l.actlions and the FU may .also be 
used with the Bias m!i.crto-in:strllctiion to set the CPU and CPL register's. 
The FL register holds the tot,al length in binary of the fi,eld being 
operated on in main memo~y, ~nd is capable of de~cr\lbing fields up 
to 6-5, S-36 in le ng t11. 

FB may be addressed as a sou:rce .or destination .or in part as FU (4 
b i t ·s-) , ~F T ( 4 b i t ·s-) , ·and F L ( 16 b i t ·s') • · F L ma y a 1 so be add re s s e d a s 
.4-b-it subf i·.elds (FL-C, -FLO, -FL£, -:or FLF'). 

SCRATCHPA{). 
A .'scr.atchpad of 16 w.ord-s, ·eacti 48 bits wide, .:is .provided to hold f field 
de!scr.iptors of operands (see f fg.ure .3•·8'1. Scr\a,tchpad may be addressed 
as 16 4.8-b!tt words (SOO-S~lS) .or 32 24-b~lt words (SOOA-S~lS-A, ~soaB-S~lSB'). 
Any w.ord may be a sou.rce .or a dest in.at ton and may be used to hold 
po inte r-s, va 1 ue-s, :or any other i nf.orma ti o'n. 
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A PORTION 8 PORTION 

-

815A 5158 
815 

23 0 23 0 

514 814A 8148 

813 . 
THRU . 
802 . . 

- > .•,-, ~•M• 

S01 501A 
5018 
23 0 

- ~ - . 

500A 5008 
23 0 

800 
~ -- -i-- - ,.- - -i 

8FU I I SFL 
-1 I-
3 O_t3 oj15 0 

LEFT 

F i g.u re .3 -"8.. - Sc rtat c tip ad 

The second half of the first 4.8-b,it w.ord {SOOS-), ~along with FU and F-L, 
is always entered as input to the .4-b.it fuhctifon box and is used in 
ce'.rta in dee i~s ion-making log'i'c.·· ~ The f i!eld length value in the FL reg-
ister is: cdntinually being' compared against a corresponding portion 
(SFl) of the SOOB word to determine the. r.elationship of their. contents: 
hig-h, -low, ··equa-1, ·or zerb. i This r.elationship may then be used in the 
B i.t-Test-.S-rahch mlc r.o- in st rllc1:\i on (ref.er to F LCN reg i st.er'). -, The FU and 
FL p.ortions of the F register and the. like portions {SFU and SFl) of 
SOOB may ·also be used in the: combinatorial section to set the value in 
the CP portion of the C registeT. 

FIELD LEN.GTH COND.ITIONS (FLCN) REGISTE~o 
The FLCN reg ist.er (f ig.ure .3-"9·) is a .4-b.Jt. register which.contains the 
re su 1 t of a.' comparison be twE:en the FL portion of the F reg i ste r and 
the c.orrespond ing port ion of the first .1scr,a.tchpad word Cr ight-most 16 
bits of SOOB) which is cal led SF'L. - It has the fol lowing 
in te r.p re tat ion: 

FL ~ 0 - FL not equal to 0 
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FL<SFL - FL less than SFL 
FL>SFL - FL .greater than SFL 
FL= SF L - FL e qua 1 to SF L 

FL<SFL 

F i g u re .3 -'9·. F LC N Reg i s t.e r 

All 16 bits of FL are compared against the 16 bits of SF~. A one bit 
in a posit ion of the FLCN register indicates that the respe·ct ive 
condition is true. 

BASE AND L IMJ T REG lS TE RS (BR, -LR'). 
The base register (BR) and 1 imit register (LR) may be used as source or 
destination register's.-: Th.ey are used for main memory protection and 
for base. re 1 at i v e add re s s i n'g • 

Memory protection is .provided f.or in the MCP by checking the main 
memory address (in FA) on ,a.11 Read/Write/Swap ope rat ions with the BR 
and LR allowing the operation to take .place. only within those, 1 imit's. 
Al 1 out-o.f-bound request·s, -whether ,a,1 lowed or not, ~are ,flagged in the 
CD portion of the C register (CD bits 0 and 10. Any Write ~peration 
.or the write portion of a Swap operation outs Ide the va 1 ues in the 
base and 1 imit reg ist.ers is inhibited unless the out·-of-bounds ov.er­
r i de b i t i s on i n t he C reg i s te r ( CD b i t 2 = ·n • Re ad out - of -bound 
operations are execute~. 

Memory .protection is o,nly provided on the main memory address in the 
FA register and not on any of the 23 adjacent bits when the value in 
the f teld length (Fl) reg ist.er is .greater than on'e. 

CONTROL (C) REGISTE~. 
The C reg ist.er (contr.0·1) is a collection of independent registers which 
are utilized by the interrupt system of the proc~ssor and the combi- · 
natori,al sect\io'n. ~The C register is 24 bits wide and is divided into 
three .8-b·it fuhctdonal parts (see f ig.ure .3-10'). 

CA CB cc CD CYF CPU CPL 

3 0 3 0 3 0 3 0 0 1 0 4 0 

8BITS 8BITS ..... 8 BITS ..... 

24 BITS 

Fig.ure .3-H>. · C Reg ist.er 
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CA AND CB REGI:STER'S. This portion of the C register is addressable in 
.4-b·it units as CA and C13. These portions are available as gener,a"l­
purpose storage register~. 

CC AND CD REGliSTER'S. This portion of the C register is addressable in 
two .4-b~it units defined as CC and CO. CC and CD .are used f.or st.orage 
of the prbc~ssor states and for processor interrupts as desc"ibed in 
the fo,l lowing paragraph's. 

CC Reg is t.e'r. 
The bit meanings f.or the CC register .are as fo.l lows: 

a • · B i t a - con so 1 e i n te. r r u pt • · 
bf' · Bit 1. - ·1/0 service request interrup't. 
'<: • · B i t 2 - .t i me r i n te. r r u p't • 
ti.· Bit 3. - console state. 

The! cdnsole inte.rrupt bit is set .from the console INT (interrupt) 
sw i tctt and a 11 ow s the sof tw.are to' come to an .orde.r 1 y sto'p. ; The I/ 0 
se r v :i c e re quest i n te r r up t b i t i s set .b y an I I 0 cont r,o l le r when i t 
issues a servtice request to the prbcessdr. The timer inte.rrupt bit is 
set by the hardw.are timer ev.e·ry 100 mUl isecond's. · Ohce the timer i.n­
te.rrupt is se-t, -it stays set until the MCP resets it. The console 
ST.ATE 1 i g ht is a 1 so under: contro 1 of the mlc r.o-prog ramme'r. 

CD Reg i ste'r. · 
The bit meanings for the CD. regist.er .are as follows: 

a. Bit a 
b. . Bit 1. 
1c .1 · Bit 2 
'c:I. Bit 3. 

----
memory 
memory 
memory 
memory 

Write/Swap address out of bounds inte.rrup't. 
Read ad.dress out of bounds interrupt. 
Writ~/Swap address out of bounds o~errid~. 
parity .err.or in te.r rup't o 

The out-of-bound signals used to set CD bits O and 1 are derived .from 
log.:i c \wh'i ch' compares the.· contents of the FA· register with the contents 
of the base (BR) and 1 imit (LR). reg lst.er'so ~The out-o.f-bounds ov.erride 
bit (CD bit 2 set to ·1) allows a Write operation .or the .write portion 
of a Swap operation to be ex.ecuted ·but does .D.Q.k inhibit the setting of 
the Write/Swap address out-of-bounds bit (CD bit O') • ., The Read c.1y.cl\e 
is nev.er inhibited but sets the Read Address out-of-bounds bit (CD bit 
·1) if the address is not between the v.alues in the base and 1 imit reg­
ist.er's. Any parity .err.or detected during a ma in memory operat i·on sets 
the memory parity .err.or interrupt (CD bit J'). ·All inte.rrupts in the 
processor .are soft and no reaction occurs as a result of an inte.rrupt 
bit being set until the ~ic~o-program tests for stich setting~ • 

. CYf, ·CP-U, ·AND CPL REGISTER'S.~ The. least signif.'icant eig.ht bits of the 
C register ( CP) are composed of the ,ar i thmet.ic ·unit. car.ry f 1 i .. p-.f .J.op 
(.CYF·), ·the .2-b-it ar ithmet .. ic iun it type (CPU·), ·and the .S-b!it comb in.a­
tor ia 1 data length contr.ol (CPL').· Moves .from CP to a 24-b it register 
automat.'ica.11 y insert 16 leading zero-s, .:and moves to CP .from any reg-
ister use only the least sign if.leant eight bits of the f i:eld being 
move'd. · 
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The Carry mi.cri.o-instruction is supplied f.or manipulating CYF and ther.e­
by remembering the status of a carry .or borrow beyond the length of an 
operan'd. For SUM and DIFF res,ult-s, CYF is .always an input to the co.m­
binatori.al section along with the X and Y regist.er's. ·CPU is address­
able only as a dest inat io'n. CPU contr,ols the .arithmetic unit type of 
the combinatorial s.ectio'n. The possi.ble settings and their meanings 
are 1 i s te d be 1 ow. · 

~ Data, Type 

00 Binary 
01 .4-b·it b ina.ry 
10 Undef ined 
11 .8-b,it numeric (EBCDIC) 

CPL cont~ols the length of the operands being entered as input to the 
combinatori.al section and should be an integral multi.ple of the data 
type specified by CPU f.or valid arithmetic result's. The maximum allow­
able value of CPL is 24, ~hich is an integral multiple of all allowable 
data type's.· Larger values .are. reserve'd. 

MAXIMUM SIZE OF MAIN MEMO.RY (MAX-S) REGlSTE't\ .• 
The MAXS reg i st.er is a 24-b~i t pseudo register which is set by a f i!e 1 d 
engineer to ind!icate the maximum size of the installed main memo.r'y. 
The MAXS register is ad.d ressab 1 e as a sou'rce register on l'y. · 

MAXIMUM SIZE OF CONTROL MEMORY (MAXM) REGl.STE'R. · 
The MAXM register is a 24-b~it pseudo register which is set by a fi,eld 
engineer to ind.'icate the maximum size of the inst,al led contr1ol (m'i.cno­
instrllction) memor'y. ~ The MAXM reg ist.er is addressa.ble as a sou.rce 
reg ist.er onl'y. · 

TAPE CASSETTE !NP.UT (U) REGlSTE'R. · 
The u reg ist.er is a 1.6-b .. it reg ist.er used to atoumulate input (m4.crto­
instr.Llct\ion·s) from the console tape cassett'E:?. • The U register is 
add res sable on 1 y as a 1.6-b it sou.rce reg i st.e'r. 

Only the mi.cno-lnstruct ion Reg ist.er Move may acoe.ss the U reg iste'r. If 
data is not yet ·available in the reg iste-r, ·the m.i.cno-o.perator is de­
laye'd. · o.uring TAPE mode the contents of this register is moved by a 
mlcr.o-program to the M register f.or execution if the prev tous m1i.cr\o­
instruct ion did not move the contents ou't. · 

DATA REGlSTE'R. 
The o.ATA register is a 24-b.it pseudo register which can .act as a soutce 
or dest inatio'n. · It is used to transf.er data to and .from the respective 
I/ O c d n tr o 1 1.e r's • · When used as a so u:r ce, ..:t he D;A TA reg i s te r at oe pt s 2 4 
bits of data .from the respective ·110 cdntrol J.e'r. · When used as a dest.i­
nat ion, the DATA register transf.ers up to 24 bits of data from a soutce 
in memory to the 1/0 controller's. · 
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COMMAND (CMNO) REGlSTE'R. · 
The CMND register <'(cdmmantl) is a 24-b..it pseudo reg ist.er wh'lchl can actl 
as a de st inat ion onl'y. - It is used to .transf.er 1/0 commands to 1/0 
dev:ices on the respect\ ive Ito· control 1.e+. 

NULL REGI:STE'R. 
The NULL reg ist.er is a 24-b~it pseudo register which:' contains ;~ero's. · It 
may be addressed only as a source reg iste1r. Moves .from NULL may be 
used f.or setting various registers to zerds. 

ARITHMETIC ANO COMBIN,ATORIAL SECTION CZ4-B,IT FUNCTION BOX').· 
The 24-bJt .arithmet.icland. combinat·ori.al section (fig.ure.3-1:1) is;· cam-~ 
posed of a 24-b.it arithmet:ic \unit and a 24-b,it combinatori:al unit.· It 
has as data inputs the contents of the X and. Y registers and th~ carry 
,fl i.p-f.lop (CYF'). - It a 1 so uses CPU (cdntr,o 1 f.or the .ar i thmet:i<: \unit) 
and CPL (the .S-b·it v.ariable operand length) .from the CP port ion of 
the C reg i st.e.t. 
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CYF CPU CPL 

24-BIT XY FUNCTION BOX 

FUNCTIONS OF X AND/OR Y 

SUM X+Y BINARY, 4-BIT 

CMPX NOT X COMPLEMENT 

CMPY NOTY COMPLEMENT 

XANY X•Y AND 

XEOY x E9 y EXCLUSIVE OR 

MSKX X MASKED CONTROLLED BY CPL 

MSKY Y MASKED CONTROLLED BY CPL 

XORY X+Y OR 

DIFF X-Y BINARY, 4-BIT, 8-BIT 

THE LENGTH OF FUNCTIONS IS CONTROLLED BY THE 

VALUE IN CPL. 

x y 

1----XYST 

1----XYCN 

1----BICN 

1----CYL 

1----CYD 

fjg.ure .3-FI. · Arithmet.ic ·land Combinat.ori.al 
Section 



A 11 re su 1 ts .from the.' comb i nat.or ta 1 seco ion .are generated i mmed i.ate 1 y 
and .a re: cdnt i nuous 1 y ava i 1a:b1 e to the m'f.c r\.o-prog ramme/r. · A move to one 
of the input registers .or an ialter.atfon of a v.alue in the CP portion of 
the C register immediately generates a new. res.ul't.; The. res.ults .are 
ava i1ab1 e to. the next mlc rlo- instruction and .a re at:de1ssed by moving the 
contents of a. result. register to a dest inat ton reg ist.er ·Or by testing 
one of the .4-b,f t' condition reg i st·e r's. 

The resu 1 ts .are most of the. common 1 y used f uh ct ions between two oper­
and's.-. These ihcl\ude the ANO, -OR, -EXCLUSIV.E-OR, -sum,. ·car.ry ou·t, -dif.f­
.ere.hce, ·and borrow fuhctions and the -set of equ.al t-o, ~re:ater than, ·and 
less than. relational's. ~The· res\ults of the unary oper.ations of 
cdmplementation and masking are also availabl~. 

The. results of the.arithmetic \un.it .are under control of the CPU and the 
CPL registers as follow~. 

ill.! 

00 
01 
10 
11 

Un It. Type 

.1-b~i t operands 
.4-b,f t operands 
Undefined 
.8-b~it operands 

Pdsslhle CPL Valyes 

1 to 24 
-4, -8, +2, -16, -2-0, -:or 24 

-8, +2, ~or 24 

Data Tyoe 

Bi na.ry 
.4 -b ~it b i nary 

EBCDIC 

For v.al id .ar ithmet·ic 11oper.at ion-s, -the operand length 'Cas spec i\f ied by 
CPL) must be an exact\ mult iiple of the. length of the unit sp~cfif i·ed by 
c P'\J. 

Each of the f1ol lowing. register' cdntents is gener:ated immed lately and 
is ava i 1a.b1 e to the m'f.c rto-.prog ramme'r. · 

SUM RE SULT REG liS TER. 
The sum of the ·X,~ .. y, -and .CYF reg ist;ers (·X,~ .. y, -and .CYF are entered as 
inputs to the 24-b·it function bo·x) is .produced and placed in the 24-b-it 
pseudo SUM reg iste/t. Zeros in the most-s~ign if.icant bit posit ions 
(lef.t-most) of the 24-b~it. res:ult .are .produced when the. length given by 
CPL is. less than 2~. · .CYF should be set to zero at the start .of a sum 
gene rat i o'n • 

The adder; log.'ic ·iperf.orms diff.erent.ly f.or the four possible v,alues in 
the CPU register as f;ollows: ( 

'c3. If 1C PU = 0-0, -the binary sum is produce'd. 

'1>. If ·CPU = 0.1 , -the dee ima 1 sum is .produced b yJ consider t ng the 
input to be.' comprised of up to six .4-b~it unit's. ~ The .4-b~it 
units .are added dee nmal 1 y and a. carry is .propagated ;from one 
.4 -b~ i t u n i t to t he next most - s · i g n i f: i cant .4 -b. i t u n i t when ev.e r 
the sum of two .4 -b~i t un its e;'xceed s .19. · 
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c .; · If C PU = 1-0 , -t he sum i s u n def in eCJ • · 

H. · If CPU = 1-1, -the dee ~mal sum is .produced by' cons id.er ing the 
input to be comprised of up to three .8-b~it un it.1s. ~ The leas.t­
s ign if icant 4 bits of each unit .are added in a manner similar 
to the .4-b·it un i·t, ·ih .... l'.ud ing carr ie's. The most-s~ign if'icant 
bits of e.ach unit ·-:onta in the ihcl\us iv.e-OR of the 
corresponding bits of the input's. 

DIFFERENCE (DIFf) RESU.LT REGl,STE'R. 
The d iff.erehce of the X, ... y, ·and .CYF registers (·X,. ·Y, -and .CYF are en­
tered as inputs to the 24-b·it fuhction bo·x) is .produced and .place.cl in 
the 2.4-b~it pseudo DIFF reg ist.e'r. · Zeros in the most-s~ignif.icant bit 
positions (lef.t-most) of the 24-b.it· result are produced when the length 
given by CPL is less then 2-4. Diff.erehce results .are generated by 
adding the contents of X to the one' 3:.1 cdmpl ement of both. Y and CYf. 
The cdmplement values -are hardware generated and do not alter the 
va 1 u es of Y or C Yf • · 

The absolute value of (Y + CYF) may be ·great.er than the value in X and 
produces a negative res1ul't. · Such negative res.ults .are in complement 
f.orm and .are ind'icated by CYO .(carry d iff.erehce) = '1. · If .CYD = -0, -the 
diff.erehce r.esult value is a positive numbe'r. · CYD is generated .from 
all 24 bits of X and Y and is not: contr,ol led by the value in CPl. · .CYO 
may be used to alt.er the value of .CYf. Intermediate under.flow may thus 
be remembered by CYF through it.erat ions of a f iel~. · 

The difference logic prodtices results under the: control of the CPU 
register as follows: 

~. 

b. -

·ij. . 

If CPU= 0-0,·-the binary diff.erehce is -prodllce'd. · Neg_ative 
res.ul ts .are expressed in 2' $.'complement f.orm when .CYD = '1. 

If CPU= 0·1, ·the decimal diff.erehce is .prod.uced by. considering 
the input to be: comprised of up to six.4-b~it unit's.·. The.4-bjt 
units .are subtracted and any borrow is .propagated .from one 
.4-b·it unit to the next as in deci~mal subtractdo'n. ·Negative 
results .are expressed in 10'5-' complement form when .CYO ='I. 

If CPU = 1-0, ·the d iff.erence is undef ine'd. · 

If ·CPU= H, -the deci\mal diff.erehce is .produced by. considering 
the input to be comprised of up to t.hree.8-b·it unit's.-: The 
least-s~ignif.'i-cant 4 bits of each unit .are subtrac~ed in a 
manner similar to the .4-b.it units ihcl\uding borrow's .• ·The 
most-s·ignif.'icant bits of each unit: cdntain the ihcllusiv.e-OR 
of the corresponding bits of the input's. · Negative resu 1 ts 
are e x pressed i n 1 0' S. comp 1 e me:n t f.o rm when .C YD = '1 • · 

AND/OR/EXCLUSIV.E-OR (XA.N-Y, -XE.GY, -XO.RY) RESULT REGlSTER'S. · 
The result of the appropriate. log'ic.al fuhceion AND/OR/EXCLUS.IV.E-OR of 
the x and y registers ex and. y .are inputs to the 2.4-b~it function box) 
is .produced and .placed in the appropriate 24-b\it pseudo reg i:ster (XAN-Y, 
XEGY, -XORY'). ·Zeros in the most-s·ignif:i·cant bit positions In the 24-b~it 
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result .are .produced when the length given by CPL is, less than 2'*• 
COMPLEMENT X/COMPLEMEiNT. Y ( CMP·X, -CMP·Y) RE SU.LT REG I,STE'R. 
The one's. complement of the appropriate. regist.er x.or·. Y (X.or. Y and 
CPL .are inputs to the 24-b~it fuhct\ion bo·x) is .produced and .pl.aced in 
the appropriate 24-b.it pseudo reg iste-r, -CMPX .or CMP·Y, ·respect\iv.e.l'y. 
Ze r o s i n the most -s ~ i g n i f i: cant b i t po s i t ions of the 24 -b ~ i t. re su 1 t .a re 
produced when the length given by CPL is less than 2'*. 
MASKED X/MASKED Y (MSK-X, rMSKY} RESULT REGI.STE'R. 
The mask of the contents of the appropriate. register x.or. Y (X.or. Y 
and CPL ;are inputs to the 24-b,it fu.hction bo·x) is .produced and .placed 
in the a ppropr ia te 24-b-i t pseudo reg i ste-r, ~MSKX .or MS.K-Y ,. ·resp.ect i Vie 1 y 
(see figure .3-le'}. • The value of CPL determines the number of bits 
in MSKX .or MS.K'Y. · Zeros in the most-s·ignif leant bit posit ions of the 
24-b~it res,ult .are .produced when the. length given by CPL is, less than 
2~ •. 

X REGISTER 

111111111111111111111111 

23 ---------- 0 

24-BIT FUNCTION BOX 

000000000000000000111111 

23 __ _ 
MSKX 

REGISTER 
---0 

Fi g,:ure .3-1'2. · MSKX Register 

BINA.RY CONDITIONS (BICN} REGlSTE-'R. 

CPL 

~ 
r:=:l 

The BICN register (f ig.ure .3-13) is a .4-bJt pseudo reg lster whlcli may 
act as a sou,rce only and ind.'icates the f:ollowing binary conditions: 
.CYL (carry out lev,e.-1-), -:CYD (borrow out levie,.1-), -:CYF (carry flag), -and 
LS.UY ( 1 east significant unit of~ ·V). 
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~ I 
CYF CYD CYL 

2 0 

F i g.u re .3 - 1 ~ • BICN Reg i st.er 

The LS.UY is .true if: the, least sign if.'icant unit of the. Y reg ist.er is 
equal to 1 and CPU equals 0-0, ~or the right-most 4 bits of the. least 
signif.'icant unit of the. Y register is equal to 1001 (nine) and CPU is 
equal to 01 or M. · If CPU is equal to 1-0, "'LS.UY is undef i.ne'<:I. 

The.' carry out and borrow out levels .are a function of the inputs (-X, .... y, 
and CYF) and CP1... · .CYF may be manipulated by a specilal mi.cr.o-instruc-l 
tion ·Or as data in the hi9h-order position of the CP registe~. 

X/Y CONDITIONS (XYCN) REG l.STE'R. 
The XYCN reg ist.er (figure .3-14) is a .4-b,it pseudo reg ist.er which may 
act as a source only and' contains the following. r;elational. conditions: 
X>Y (Xis .greater than. ·Y, ~x<Y (Xis. less than. ·y-), -X=Y (X equ.als. Y-), -and 
MS B X ( mo st s i g n i f i c an t b i t of X') • 

I MS:X 
I 

X=Y x<v x>v 

2 0 

F ig.ure -3-1 14. .XYCN Reg i st.er 

The r.elational conditions are based on .a.11 the binary values of 24 bits 
of both X and. 'Y. MSBX is .true if the bit pointed to by CPL is a ,.1. 

X/ Y STATES (.XYST) REG lSfE'R. 
The .XYST reg ist.er (f ig.ure .3-15) is a .4-b,it pseudo register wh'ich may 
act\ as a sou.'rce only and contains the fo.llowing r.elational.' conditions: 
X ¢ 0 (X is not equal to zero);. Y 'f. 0 .(Y is not equ:al to zero); INT 
{ inte.rrupt) is .true if any of the fo.1 lowing conditions. ref lec'ted by 
INC·N, -GC, -and CD are .true: {missing port device, -port interrup·t, ·timer 
i n te r r u p-t , -·I I 0 se r v · i c e re q u e st i n te. r r u p-t , -con so l e i n t.e. r r u p·t , ··me mo r y 
parity .err.or inte.rrup-t, ·and memory Write/Swap address out-of-bounds 
i n te· r r u pt ; L SU X ( t he 1 e a st s i g n i f i c an t u n. i t of X) • 

L SU X i s . true when the 1 e as t s i g n i f: i cant u n i t of t he X reg i s te r i s a 1 
and CPU equ;al s 00 ·or when the low-order 4 bits of the least significant 
unit of the X register equ.als 1001 (nine) and CPU is equal to 01 .or 11. 
If CPU equ.als 1-0, "'LSUX is undef ine'<:.1 • 
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l~ux 
I 

INT WO X#J 

2 0 

Fi g.ure .3-l~. .XYST Reg i st.er 

FOUR-B-IT ARITHMETIC AND COMBINATORIAL SE.CT ION CEOUR-B.IT FUNCTION BOX'). 
The .4-b.it .arithmet'ic \and. combinatori;al sect\ion of the -prbcessor is used 
to generate most of the normally used fuhctdons between two .4-b·it ap-
.erands and' can ~tdept as an input the contents of any one 6f the ~a1-
low i ng .4-b·i t. register's. A second in put is obtained .from the E our-B,i t 
Manipulate m'i.cr.o-instruction itsielf. 

TA 
LA 
EU 
CA 
BICN 

TB 
LB 
f T 
CB 
.XYCN 

TC 
LC 
FLC 
cc 
.X Y,ST 

TD 
LO 
ELD 
CD 
FLCN 

TE 
LE 
ELE 
TOPM 
INCN 

TE 
LF 
FLF 

It has as poss i:b le. res.u 1 ts most of the fuhct\ ions be1:ween two operand's. 
These ihcl\ude: SE-T, ·ANO, -"OR, -EXCLUSIV.E-OR, ~ inary modulo 16 sum, -and 
binary modulo 16 diff.erehce fuhct\lon's. ·The results. may only be di­
rect\ed to the same. register which act\ed as the sou.re~.· The sum and 
diff.erehce results: can be tested for ov.erf low and under.flow, 
respect\ iv.e l'y. 

The BIC-N, ·.XYC-N, ·.XYS-T, "'FLC-N, •and INCN regist.ers are available as source 
reg i st.er s o:nl'y. 

The .4-b·it combinatori.al section .also .provides f.or the select\ive testing 
of any of the bits within the .4-b,it. registers and r:elat ive .branching 
based on the. results of the test (Bi.t.-Tes.t-Bra;nch m'i.cno-instructHo·n'). · 
The Skip When mli,cr.o-instr.uct\ion ialso. tests any; combination of bit·s, -up 
to fou-r, -and .brahches on the result. 

INTERRUPT CONDJTIO~S C INCN) REG lSTE'f). 
The INCN reg ist.erf i·g.ure .3-16) is a .4-b,it reg ist.er wh.'ich.' contains the 
inte-rrupt conditions of part1ie:ul.ar interface 1 ines between the .pr.o- . 

. ; cessor and port inte.rchang1e. 

PORT PORT PORT 

MISSING HIGH PRIORITY INTERRUPT PORT LOCKOUT 

DEVICE INTERRUPT (NORMAL) 

3 2 1 0 

E i g.ure .3-16. INCN Reg i st.er 
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Listed in table -3-1 is a summary of the v.arious .4-b~it conditions wh..ich 
are av a i 1a:b1 e to the m i.c r.o-pro.g ramme'r. · (Ref.er to tab 1 e .1-3 f.or the 
registers and functions in the cdlumn-row matri~~} 
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w 
• 
'° 

Register 

BICN 
XYCN 
.XYST 
FLCN 
INCN 

cc 
co 

LS.UY 
MSBX 
LSUX 

Bit 3 

F L=SF L 
Port 
device rn i ss ing 
Unassigned 
Memory parity 
err.or interrupt 

Tab le .3-L 

.4-B~i t Conditions 

_CYF 
X.=Y 
lNT 

Bit 2 

FL SFL 
Port 
h i g h pr i.o r i .t y 
Ti mer i.nte-rrupt 
Memory 
i~r i te/ Swap 
memory address 
out-of-bounds 
ov.err ide 

_CYO 
x_ y 
Y;t'O 

Bit 1 

FL SFL 
Port i nte.rrupt 

I/ O i n te. r r up t 
Memory 
Read ad.dress 
out-of-bounds 
inte.rrupt 

CYL 
X. y 
X#O 
FL;iO 

Bit 0 

Port lockout 

Console interrupt 
Memory 
i·Jr i te/ Swap 
address 
out-o.f-bounds 
interrupt 





GENERAL. 

SE;C T ION 4 

MICRO-INSTRUCTIONS 

Mi.cno-ins-tr.Uction routines. can be. related to read-only memories of past 
systems that cdntain a hard set of m·icno-programs whicW control most of 
the action taken by the processo'r. Because. read-on 1 y memories are ex­
pensive and difficult to change ohce a system has been designed for a 
certain environmen·t, ·it i-s, in most case-s, ~estined to stay suited for 
that environmerrt. 

With the advent of Read/Write control memories and mlcno-programming 
technique-s, ·Burroughs Corporation now provides the ability to change 
the system a'rchitecture to whatev.er is desire'd. By changing the micr.o-
.program (interpreter·), ·a system eff ic rent in COBOL ca.n be changed to a 
system eff I c i1ent in F O.R TRA1"J. 

Ml CRO- INSTRUCT ION QESCR I.PT ID'N .. 
Al 1 m'icno-instr.uct:;ions .are· 16 bits in length and are pl.aced in the M 
reg ist.er (micr.o-in:str.llction) f.or executio'n. The M register (f ig·ure 

.4-1) is 16 bits. long and is divided into four .4-b it sect ions which are 
not addressable as individual regist.er's. 

4 BITS 4 BITS 4 BITS 4 BITS 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT NUMBER 

16 BITS 

F i g.u re .4 -1.. M Reg i s te r 

The m'i.c r.o- in st rllct ions .a re ref.erred to by name and he xadec i;ma 1 va 1 ue 
within the sp~cffic portion of the M registe+. For example, ~he Reg­
ister Move mic~o-instr~ctiion has a hexad~cimal value of 1 in the first 
4-b!i t portion of the M reg i ste r; the mi·cr\o in machine code for a Reg -
ister Move is '1. The Halt m.icno-instr.lJction has a hexadectmal v;alue of 
1 in the last .4-b·it port ion of the M register; the m'f.cro in machine 
code f.or a Ha 1 t command is 0001 o The other port ions of the M reg i st.er 
(if ·not part of machine code) are used for the select.ion of source and 
destination register and .a 1 so f.or any v.ar iants assbc f:ated with the 
respective mlcr.o-cdmmand's. 

Sou.rce and destination register selection and other var ia.bles are 
determined by the hexadeciimal value .pl'aced in the remaining .4-bit 
section's. F.or the Reg ist.er Move command, ·these hexadecimal values 
po i n t to t he des i red reg i s te r as shown i n tab 1 e .4 -1 o If the he xa -
deci'.mal value in the second .4-bit portion is equal to a 1100 (row C) 
and the most-signif.icant two bits of the third A-bit portion are 
equal to 01 (column 1), XYCN is selected as the soutce register for 
the Register Move mlcr.o-instrucuio'n. 
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Row Co 1 umn 0 

0 TA 
1 TB 
2 TC 
3 TD 
4 TE 
5 TF 
6 CA 
7 CB 
8 LA 
9 LB 
A LC 
B LO 
c LE 
D LF 
E cc 
F CD 

REG I.STER MOVE C 1 NNN'). 

Tab 1 e .4-1 

Register Selec~ Switch 
Co 1 umn-Row Ma.tr ix 

C.olumn 1 Column 2 

FU x 
f T y 
FLC T 
FLO L 
FLE A(MAR) 
FLF M 
BICN BR 
FLCN LR 
TOPM{ *2) FA 
Reserved FB 
Reserved FL 
Reserved TAS 
XYCN CP 
xv.ST MSM{ *2) 
IN CN-( *2) Con so le READ 
CPU Console WRIT 

Column 3 

SUM 
CMPX 
CMPY 
XA.NY 
XE.DY 
MSKX 
MS.KY 
XO.RY 
DIFF 
MAXS 
MAXM 
u 
MBR{ ·tr2) 
D:ATA 
CMND 
NULL 

The fuhction of this micr.o-instr.lactiion (f ig.ure .4-·2:} is to move the con-
tents of the sou:rce reg i st.er to the de st inat ion reg ist.e'r. If the move 
is between reg ist.ers of unequal length-s, !the data is right justified 
with left zero bits supplied .or with data .truhcated from the lef-t, 
w~icHe~er is appropriat~. The source register is unaffected unless it 
is also the destinatio'n. 

MS and CPU are excluded as sou~ce register~. 

When M is used as a destination regist.e~, ~he operation is changed to a 
Bit-OR which modifies the next mi.cr'o-instructiion to be executet.I. It 
does not modify the micr.o-instr.uction as stored in memor'y. 

BICN, -FLC·N, ·XYC·N, -XV.ST, -and INCN are excluded as destination reg ist.e·r's. 

MSM is not available as a destination regist.er in STEP and RUN mod~. 
It is permitted as a destination register in TAPE mode onl~. 

2 Not available on B 1710 Systems 
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M REGISTER 
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7 6 5 4 3 

2 1 2 1 8 

2 1 

4 2 

0 

1 

M REGISTER BIT 
BIT VALUES 

~ ~ N N N N 

DESTINATION 
.____ __ REGISTER ROW 

0-F 

DESTINATION 
L--------- REGISTER 

COLUMN 0-3 

SOURCE 
'------------REGISTER 

COLUMN 0-3 

SOURCE 
....._--------------REGISTER 

ROWO-F 

Fig.ure .4-'2 .• Regist,er Move {lNNN) 

The U register is e~cluded as a source register in STEP and TAPE mode 
but is permitted as a so.u'rce regist-er in the RUN mode. 

A 1 l reg i st.e rs and pseudo reg i ste rs in co 1 umn se 1 ect three are exc l\uded 
as destination reg ist.ers except MB-R, -CMNO, ·and D.AT1\. 

When CMND .or DATA is designated as a sou:'rce reg i ste·r, -CMND and DATA are 
prohibited from being destination register~. 

SCRATCH PAD MOVE ( 2 NNN') I 

The fuhction of this mic~o-instr~ction {figure A-3) is to move the con­
tents of either .'scr.atchpad memory to the selected reg i st.er or the con­
tents of the selected register to sc~atchpad memory as designated by 
the micro-in·strllct:\io'n. The contents of the sou.'rce reg i ster/scr\a.tchpad 
word is uhchanged by the mov~. 

MS-M, U, ·and CPU .a re e:'xc l uded as soutce reg i st.e r's. 

When Mis used as a destination registe~, the operation is changed to a 
Bi.t-OR which modifies the next micr.o-in:strtlction to be executed but 
does not mod i.fy the mi-cr\o-in:strllct ion as stored in memor'y. 
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N 
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N N N N 

3 2 

8 4 

N N 

1 

2 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

-r-- ..., -r- --...----
SCRATCHPAD WORD 

.___ __ ADDRESS (0-F) 

SCRATCHPAD WORD 
0-LEFTWORD 

(24 BITS) 
1-RIGHT WORD 

(24 BITS) 

DIRECTION 
'--------- 0-TO SCRATCHPAD 

1-FROM SCRATCHPAD 

REGISTER SELECT ---------· COLUMN 0-3 

REGISTER GROUP 
'---------------ROW 0-F 

Fi g.ure .4-~~. .Sc rta.tchpad Move ( 2NNN) 

BIC-N, ·fLC-N, -.XYC-N, ,;.XYiS-T, INC-N, -and MSM .are e:xcl~uded as destination 
register's. 

All registers and pseudo registers in column s.elect three .are e.xct~uded 
as destination reg ist.ers except MB-R, -CMNO, -and 0,AT'A. 

FOUR-B~IJ MANIPULATE C3NNt-0. 
The fuhction of this micrto-instruction (figure 4-4) is to perform the 
Manipulate operation as sp.ecified by the m.icr.o-instruction variants on 
the add res s e d 4 -b i t reg i st e r u t i 1 i z i ng the. 1 i te r.a 1 s pee if i ed i n Mf • 

Only two columns of reg ist.ers .are available to the four-B·it Manipulate 
mi.cno-in:struction ·(columns O and l'). Bit seven contains eithier a O .or 
1 to enable selection of the registers in columns 0 or 1 as expressed 
i n tab 1 e .4 -·1 .• 

Bits four through six designate the sp~cff Jc operation to b~ performed 
on the addressed register and its r.e lat ionsh Ip with the 4-b it; 1it.er.a1 
expressed in bits zero through thre~. The possible operations 
permitted by respective variant v.alues are g·iven below. 
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15 14 

8 4 

0 0 

M REGISTER 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 

2 1 8 4 2 1 1 4 2 1 8 4 2 1 

1 1 N N N N ~ ~N N N N N N N 

......_ ___ 3 

Figure 4-4. Fou~·Bit Manipulate (3NNN) 

M REGISTER BIT 

BIT VALUES 

Varjant Operation 

000 

001 

010 

011 

100 

1 0 1 

11 0 

1 1 1 

Set the addressed register equal to the value of the 
1 t te r a'l • 

Set the addressed register to the logical AND of the 
addressed register and the 1 i tera1. 

Set the addressed register to the logical OR of the 
addressed register and the l i tera'l. 

Set the addressed register to the logical EXCLUSIVE OR 
of the addressed register and the 1 itera1. 

Set the addressed register to the binary sum of the 
addressed register and the 1 itera1. 

Set the addressed register to the binary difference of 
the addressed register and the 1 itera1. 

Set the addressed register to the binary sum of the 
addressed register and the 1 iteral, and skip the next 
micro-instruction if a carry is produce~. 

Set the addressed register to the binary difference of 
the addressed register and the 1 iteral, and skip the 
next mic~o-instruction if a borrow is produced. 
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BIT TEST BRANCH ON FALSE C4NNN1. 
The function of this mlcr-o-instruction (figure .4-5) is to test. the de.s­
lgnated bit (0-3) within the specified register and branch relative to 
the next instruction by the displacement magnitude value if the di.s­
placement sign bit is zero. If the displacement sign bit is one, a 
displacement value of zero is assumed and the next mic~o-instruction 
in line is executea. A displacement value Indicates the number of 16-
bit words from the next i-n-line mlcr.o-lnstructio'n. This value~ may not 
exceed 15 (hexadecimal E1. 

15 14 13 12 11 

8 4 2 1 8 

0 1 0 0 N 

----4 

10 

4 

N 

M REGISTER 

9 8 

2 1 

N N 

7 

1 

N ..,.. 

6 5 4 3 

2 1 1 8 

N N N N 

2 1 

4 2 

N N 

0 

1 

N 

M REGISTER B11" 

BIT VALUES 

-i-- """T"" 

LITERAL, RELATIVE 
...___ ___ DISPLACEMENT 

MAGNITUDE (O·F=) 

DISPLACEMENT SIGN 
-------0- POSITIVE 

1 -NEGATIVE 

REGISTER BIT TO BE 
----------TESTED 0-3 IN THE 

ADDRESSED REGISTER 

REGISTER COLUMN 
'-------------OOR1 

Figure 4-~. Bit Test/Branch 
on False (4NNN) 

Only the 4-bit registers shown in columns O and 1 in table 4-1 may be 
used as the addressed register on which this mic~o-instruction may 
ac't. 

BIT TEST/BRANCH ON TRUE (5NNNJ. 
The function of this micro-instruction (figure 4-6) is to test the des­
ignated bit (0-3) within the specified register and branch relative to 
the next instruction by the signed displacement value if the displace­
ment sign bit is one. If the displacement sign bit is zero, a di.s-
P 1 acement va 1 ue of zero is assumed and contro 1 passes to the next i.n-
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line micro-instruction. a displacement value indicates the number of 
16-b it words (micr.o-instruct ions) from the next i.n-1 ine micr.o­
instruct ioh. This value may not exceed 15 (hexadecimal F). 

15 14 13 12 11 

8 4 2 1 8 

0 1 0 1 N 

-----5 

M REGISTER 

10 9 8 7 

4 2 1 1 

N N N ~ 

6 5 4 3 

2 1 1 8 

2 1 

4 2 

0 

1 

M REGISTER BIT 

BIT VALUES 

~ ~ N N N N 

LITERAL DISPLACEMENT 
,__---MAGNITUDE RELATIVE 

0-F 

DISPLACEMENT SIGN 
"---------0 - POSITIVE 

1 - NEGATIVE. 

REGISTER BIT TO BE 
'-----------TESTED 0-3 IN THE 

ADDRESSED REGISTER 

Figure 4-6. Bit Test/Branch 
on True (SNNN) 

Only the 4-blt registers shown in columns 0 and 1 in table 4-1 may be 
used as the addressed register on which this mic~o-instruction may act. 

SKIP WHEN (6NNNJ. 
The function of this mlc~o-instruction (figure 4-7) is to test only 
the bits tn the designated regi.ster that are referenced by the 1 bits 
In the mask contained In the mic~o-instruction, to Ignore all others, 
and to perform the action as specif led by the variants. 

The possible actions which may be specif led by the 3-blt variant 
field are as follows. 

.4-7 



4-8 

15 14 13 12 11 

8 4 2 1 8 

0 1 1 0 N 

I ...... ---6 

10 

4 

N 

M REGISTER 

9 8 

2 1 

N N 

7 6 5 4 

1 4 2 1 

N N N N 
""T'" 

3 2 
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M REGISTER BIT 

BIT VALUES 

.___ ___________ REGISTER COLUMN 

OOR1 

....__ ______________ REGISTER ROW 

0-F 

Figure 4-7. Skip When (6NNN) 

Variant Operation 

000 If any of the referenced bits are 1, skip the next 
micro-instruct1oh. 

001 If all the referenced bits are 1, ski·p the next 
micro-instructioh. 

010 If the register ts EQUAL to the mask, skip the 
next mrcro-lnstructioh. 

011 If all the referenced bits are 1, skip the next 
micro-Instruction and CLEAR the referenced bits 
to zero. 

100 If any of the referenced bits are 1, do not skip 
the next mtcro-instructtoh. 

101 If all the referenced bits are 1, do not skip the 
next micro-instructioh. 

110 If the register is EQUAL to the mask, do not skip 
the next mtcro-tnstructloh. 

111 If any of the referenced. bits are 1, do not skip 
the next mtcro-instructioh. 



NOTE 
If the mask equals 0000,the (any) result 
Is fals~. The skip is made if the va~i­
ant is a 001 or 011 but is not made for 
101 and 11 '1 • 

BICN, FLCN, XYCN, XYST, and lNCN are 
excluded as operand registers when the 
variant ts equal to 011 or 111. 

Only the 4-bit registers shown in columns 0 and 1 tn table 4-1 may be 
used as the addressed register on which this micro-instruction Is to 
act. 

READ~WR IT, ME MOR y F NNN2. 
Theunct on of th s micro-instruction (figure 4-8) Is to move the 
contents of the addressed register to the main memory location that 
Is specified in FA (field address register) or move the contents of 
the main memory location specif led by FA to the addressed register, 
depending on the direction bit tn the Instruction. 

15 14 

8 4 

0 1 

13 12 

2 1 

1 1 

'-----7 

11 10 

1 4 

N N 
~ 

M REGISTER 

9 8 7 6 

2 1 2 1 

N N N N 

5 4 3 

1 16 8 

N N N 

2 1 

4 2 

N N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

1 MAIN MEMORY FIELD 
LENGTH (0-23) 

FIELD DIRECTION 
--------0 - POSITIVE 

1 - NEGATIVE 

ADDRESSED GENERAL 
PURPOSE REGISTER 

.._ __________ oo.x REGISTER 

01-Y REGISTER 
10-T REGISTER 
11-L REGISTER 

---------------VARIANTS 

MOVE DIRECTION BIT 
------------------0-TO REGISTER 

1-TO MEMORY 

Figure 4-S. Read/Write ·Memory (7NNN) 
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If the value specified in the main memory field length Is less than 24, 
the data from memory is right justif led into the addressed register 
with left-most zero bits supplied while data from the register is trun• 
cated from the left when placed into memory. Values above 24 in the 
field length are reservea. The contents of the sourc~ is unchangeH. 

If the value of the main memory field length as given in the mic~o­
instruction Is zero, the value in the CPL portion of the C (control) 
register is util I zed instea~. 

The possible variant conditions are as follows: (FA= field address 
register and FL= field length register.) 

Varjant Condition 

000 No incrementation 
001 Binarily increment FA (FAt) 
010 Binarlly Increment FL (Flt) 
011 Binarily increment FA and decrement FL (FAt-FL•> 
100 Binarily decrement FA and increment FL (FAt-FLt) 
101 Btnartly decrement FA (FA•> 
110 Blnarlly decrement FL (Flt) 
111 Btnarlly decrement FA and FL (FA•·FL') 

MOYE 8-BIT LITERAL C8NNN?. 
The function of this mic~o-lnstruction (figure 4-9) is to move the .a­
b it 1 iteral contained in the micro-instruction to the destination re~­
iste~. If the move is between registers of unequal lengths, the data 
is right justified with left zero bits supplieH. Only registers X, Y, 
T, L, A, BR, LR, FA, FB, ·FL, TAS, and CP can be specif ieH. The reg• 
ister row number is assumed to be two. MSM can be specified as a 
destination in TAPE mode only. 

MOVE 24-BIT LITERAL (9NNN?. 
The function of this mic~o-instruction (f lgure 4-10) is to move the 24· 
bit 1 lteral given in the mic~o-instruction to the de~tination reg.iste~. 
If the move is between registers of unequal lengths, the literal Is 
truncated from the left. The least-significant 16 bits of the llteral 
to be moved must be contained in the next word of memory following the 
Move 24-Bit Literal micro-instruction. 
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-----------------

M REGISTER BIT 

BIT VALUES 

8-BIT LITERAL 

(00 ... 255) 

DESTINATION 

REGISTER 

ROW 0-F 

REGISTER COLUMN 

2 IS ASSUMED 

F i g u re 4 - '9 • Move 8 - B I t L i t e r a 1 ( 8 N N N ) 

13 12 11 

2 1 8 

0 1 N 

I ----9 

M REGISTER 

10 9 8 7 6 5 

4 2 1 n n n 

N N N N N N 

4 3 2 

n n n 

N N N 

1 

n 

N 

0 

n 

N 

M REGISTER BIT 

BIT VALUES 

8 MOST-SIGNIFICANT 
BITS OF LITERAL 

DESTINATION 
REGISTER 

---------------ROWO-F 

REGISTER COLUMN 
2 IS ASSUMED 

f t g u re 4 - 1 0 • Move 2 4 - B I t LI t e r a 1 ( 9 N N N ) 

Only the registers X, Y, T, L, A, BR, LR, FA, FB, FL, TAS, and CP can 
be specif tea. The register row number Is assumed to be twb. MSM (only 
perm 1 t te d on B 1 7 2 6 ) can be spec i f I e d as a de st ii n at i on reg I st e r I n t he 
TAPE mode on 1 'y. 

NOTE 
The least-sign if leant 16 bits· of the 
literal are found automatically by bl­
narily Incrementing the address (A) 
register by 16 (100001. 

4-11 



SHIFT OR ROTATE I REGISTER LEFT CANNN), 
The function of this micr.o-instruction (figure 4-11) is to shift or r.o­
tate the T register left by the number of bits specified and then move 
the 24-bit result to the destination registe~. If the move is between 
registers of unequal lengths, the data Is right Justified with data 
truncated from the left. for the shift operation, zero fill on the 
right and truncation on the left occur. The contents of the source 
register ts unchanged unless it is also the designated destinatioh. 

15 14 13 12 

8 4 2 1 

1 0 1 0 

I 

11 

8 

N 

A 

M REGISTER 

10 

4 

N 

9 8 

2 1 

N N 

7 6 5 4 3 2 1 0 

2 1 1 16 8 4 2 1 

N N N N N N N N 
---r- -r-

1 

---------

M REGISTER BIT 

BIT VALUES 

SHI FT/ROTATE 
COUNT 
1TO24 BITS 

SHIFT/ROTATE 
SPECIFIER 
0-SHIFT 
1-ROTATE 

DESTINATION 
...__ ________ REGISTER 

COLUMN 0-3 

DESTINATION 
-------------REGISTER 

ROWO-F 

Figure 4-11. Shift or Rotate I 
Register Left (ANNN) 

If the value -0f the shift/rotate count as given in the instruction is 
zero, the value given in CPL is useij, 

When M is used as a destination register, the operation is changed to 
a Bit-OR which modifies the next mic~o-instruction to be executed but 
does not modify the mic~o-instruction as stored in control memor~. 

BICN, FLCN, XYCN, XYST, INCN, and MSM are excluded as destination 
reg i st e r's • 

EXTRACT FROM I REGISTER CBNNN), 
The function of this mic~o-;nstruction (figure 4-12) is to rotate the 
I-register left by the number of bits specified and then extract the 
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number of bits specified and move the results to the destination reg­
ister. If the extract bit count is less then 24, the data is right 
justified with left zero bits supplied. The contents of the T reg­
ister is unchanged unless it is also the designated destination. A 
rotate value of 24 is equivalent to zero. 

15 14 13 12 11 10 

8 4 2 1 16 8 

1 0 l l N N 

B 

M REGISTER 

9 8 7 6 5 4 

4 2 1 2 1 16 

N N N N N N 

3 2 l 

8 4 2 

N N N 

0 

l 

N 

M REGISTER BIT 

BIT VALUES 

WIDTH OF 
EXTRACTION 
FIELD 1 TO 
24 BITS 

DESTINATION 
REGISTER 
00 = x 
01 = y 
10 = T 
Ll = L 

RIGHT BIT 
~~~~~~~~~~~~~~~~~~- .POINTER 

1 TO 24 bits 

Figure 4-12. Extract from T register (BNNN) 

If the right bit pointer value is equivalent to zero, the value ex­
pressed in CPL is used instead. 

BRANCH. 

BRANCH FORWARD ( CNNN). 
The function of this micro-instruction (figure 4-13) is to fetch the 
next micro-instruction from the location obtained by binarily adding 
the displacement value given in the micro-instruction to the address 
of the next in-line micro-instruction. The displacement value indi­
cates the number of 16-bit words. 

BRANCH BACKWARD (DNNN). 
The function of this micro-instruction (f'igure 4-14) is to f'etch the 
next micro-instruction from the location obtained by binariJy sub­
tracting the displacement value given in the micro-instruction from 
the address of the next in-line micro-instruction. The displacement 
value indicates the number of 16-bit words. 
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8 4 

1 1 

15 14 

8 4 

1 1 

CALL. 

M REGISTER 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT 

2 1 (2048) (o) BIT VALUES 

0 0 N N N N N N N N N N N N 

LC BINARY RELATIVE 
.----------------------- DISPLACEMENT 

VALUE o ... 4095 

Figure 4-13. Branch Forward (CNNN) 

M REGISTER 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 M Rl~GISTER BIT 

2 1 (2048) (o) BIT VALUES 

0 1 N N N N N N N N N N N N 

---··· D BINARY RELATIVE 
'--~~--~~~~--~-DISPLACEMENT 

Figure 4-14. Branch Backward (DNNN) 

NOTE 
For both of the above micro-instructions 
the address of next in-line micro­
instructions is determined by hardware 
by binarily incrementing the address (A) 
register by 16 (10000). 

VALUE 
0 ••• 4095 

CALL FORWARD (ENNN). 
The function of this micro-instruction is to push the address of the 
next in-line instruction into the ASTACK and then Fetch the next 
micro-instruction from the location obtained by binarily adding the 
displacement value given in the micro-instruction to the address of 
the next in-.line micro-instruction. The displacement value indicates 
the number of 16-bit words. 
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15 14 

8 4 
' 

1 1 

NOTE 
When the A address is stored in the A stack it 
is multiplied by 16 and stored as a bit address. 

M REGISTER 

13 12 11 10 9 8 7 

2 1 (2048) 

1 0 N N N N N 

----E 

6 

N 

5 4 3 2 1 0 M REGISTER BIT 

(o) BIT VALUES 

N N N N N N 

BINARY RELATIVE 
ADDRESS MAGNITUDE 

--~---~--DISPLACEMENT 

VALUE 0 ... 4095 

Figure 4-14A. Call Forward (ENNN) 

CALL REVERSE (FNNN). 
The function of this micro-instruction is to push the address of the 
next in-line instruction into the ASTACK and then fetch the next micro­
instruction from the location obtained by binarily subtracting the 
displacement value given in the micro-instruction from the address of 
the next in-line micro-instruction. The displacement value indicates 
the number of 16-bit words. 

15 14 

8 4 

1 1 

NOTE 
When the A address is stored in the A stack, it 
is multiplied by 16 and stored as a bit address. 

M REGISTER 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT 

2 1 (2048) (o) BIT VALUES 

1 1 N N N N N N N N N N N N 

---- F BINARY RELATIVE 
ADDRESS MAGNITUDE 

--------DISPLACEMENT 
VALUE 0 ... 4095 

Figure 4-14B. Call Reverse (FNNN) 
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PCN 1057155-001 4- 1 4A 



SWAP MEMORY (02NN). 
,The function of this micro-instruction (figure 4-15) is to swap up to 
24 bits of data from main memory with the data in the specified reg­
ister. If the value of the main memory field specified is less than 
24 bits, the data from memory is right justified into the specified 
register with left zero bits supplied while the data from the register 
is truncated from the left as it is placed into memory. 

15 14 13 

8 4 2 

0 0 0 

M REGISTER 

12 11 10 9 8 7 

1 8 4 2 1 2 

0 O· 0 1 0 N 

6 

1 

N 

5 4 3 

1 16 8 

N N N 
--

2 

4 

N 

l 0 M REGISTER BIT 

2 1 BIT VALUE 

N N 

MEMORY FIELD 
.,_ __ LENGTH ( 0-24) 

FIELD DIRECTION 
·~----~------~--~ 0-POSITIVE 

I-NEGATIVE 

ADDRESSED 
GENERAL PURPOSE 
REGISTER 

i.-------------· 00 = x 
01 = y 
10 = T 
11 = L 

Figure 4-15. Swap Memory (02NN) 

The field address register (FA) contains the address of the main memory 
location affected while the field direction sign and field length are 
given in the instruction. If the value of the main memory field length 
given ~n the instruction is zero, the value contained in CPL is used. 

NOTE 
This micro-instruction is available only 
on the B 1726 System. 

CLEAR REGISTER (OJNN). 
The function of this micro-instruction (figure 4-16) is to clear the 
designated register to zero if its respective flag bit is set. Reg­
isters not designated are unaffected. 

NOTE 
This micro-instruction is available 
only on the B 1726 System. 
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N N N 
..,.. - ~ 

1 0 M REGISTER BIT 

1 l BIT VALUES 

N N 

T lcp REGISTER 

'----FU REGISTER 

FL REGISTER 

FA REGISTER 

1--~~~-~----X REGISTER 

.---------- Y REGISTER 

----·T REGISTER 

..--------------· L REGISTER 

Figure 4-16. Clear Register (OJNN) 

SHIFT/ROTATE XOR Y (04NN). 
The function of this micro-instruction (figure 4-17) is to shift or 
rotate the X or Y register either left or right by the number of bits 
specified by the shift/rotate count portion of the micro-instruction. 
Tf' the value of the shift/rotate count given in the micro-instruction 
is zero, the shift or rotate is determined by CPU as follows. 

CPU Shift/Rotate Count 

00 l bit 
01 4 bits 
l 0 Undefined 
11 8 bits (not available on B 1710 Systems) 
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15 14 13 

8 4 2 

0 0 0 

M REGISTER 

12 11 10 9 8 7 

1 8 4 2 1 1 

0 0 1 0 0 N 

.,....._ ______ 04 

6 

1 

N 

5 4 3 2 1 0 M REGISTER BIT 

1 16 8 4 2 1 BIT VALUE 

N N N N N N 

[ ________ SHIFT/ROTATE 
COUNT 1 ..• 24 

REGISTER 
---------- SPECIFIER 

0-X 
1-Y 

LEFT/RIGHT 
SPECIFIER 

---~~~~~~~~--~---
0 - LEFT 
1-RIGHT 

SHIFT/ROTATE 
SPECIFIER 

---~·--·-----·~-------~~--· 0-SHIFT 
1-ROTATE 

Figure 4-17. Shift/Rotate X or Y (04NN) 

On the shift left the most-significant bits are truncated and zero bits 
occur on the right. On the shift right the least-significant bits are 
truncated and zero bits occur on the left. 

SHIFT/ROTATE X AND Y (05NN). 
The function of this micro-instruction (figure 4-18) is to concatenate 
the X and Y registers to become one 48-bit register with the X reg­
ister being the left-most or most-significant. The combined registers 
are either shifted or rotated left or right by the number of bits 
specified. If the shift/rotate count is zero, the amount to be shifted 
or rotated is determined by the contents of CPU as follows: 

CPU Shift/Rotate 

00 1 bit 
01 4 bits 
10 Undefined 
11 8 bits (not available on B 1710 Systems) 
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-----05 

Figure 4-18. Shift/Rotate X and Y (05NN} 

l 0 

2 1 

N N 

M REGISTER BIT 

BIT VALUES 

SHIFT/ROTATE BIT 
COUNT 0 ••• 48 

LEFT/RIGHT 
SPECIFIER 
0-LEFT 
1-RTGHT 

SHIFT/ROTATE 
SPECIFIER 

· 0-SHIFT 
1-ROTATE 

If the micro-instruction indicates a shift left operation, zero fills 
on the right and truncation on the left occur. For the shift right 
operation, zero fills on the left and truncation on the right occur. 

COUNT FA/FL (06NN). 
The function of this micro-instruction (figure 4-19, depending on the 
variant field, is to binarily increment or decrement the designated 
register(s} by the value of the literal contained in the micro­
instruction or by the value of~ CPL if the literal is zero. The field 
address (FA) register and the field length (FL) register are the only 
two registers affected by this micro-instruction. Results of values 
of greater than 2Y for FL are undefined. 

M REGISTER 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT 

8 4 2 1 8 4 2 l 4 2 l 16 8 4 2 l BIT VALUES 

0 0 0 0 0 1 1 0 N N N N N N N N 

Figure 4-19. Count FA/FL (06NN) 
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Neither overflow nor underflow of FA is detected. The value of FA may 
ex.ceed its maximum value and wraparound. Overflow of FL is also not 
detected. The value of FL may exceed its maximum value and wraparound. 
Underflow of FL is detected and does not wraparound, in which case a 
binary value of zero is left in FL. 

The possible variant conditions are as follows. 
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Variant Condition 

000 No operation 
001 Binarily increment FA (FA+) 
0 1 0 B t n a r i 1 y i n c re me n t F L ( F L + ) 
011 Binarily increment FA and decrement FL (FA+-FL+) 
100 Binarily decrement FA and increment FL (FA+-FL+) 
101 Binarily decrement FA (FA+) 
110 Binarily decrement FL (FL+) 
111 Binarily decrement FA and FL (FA+-FL•> 

EXCHANGE QOUBLEPAD WORD COZNN?. 
The function of this micr.o-instruction (figure .4-20) is to move the 48 
bits of the field (F) definition register to a holding register (refer 
to note) and then move 48 bits from a source register in scratchpad 
to the F registe~. After this is accomplished the 48 bits are taken 
from the holding register and placed into the specified destination 
register in scratchpa8. A doublepad word is equal to 48 bits of 
scratchpad memory. 

15 14 13 

8 4 2 

0 0 0 

M REGISTER 

12 11 10 9 8 7 6 

1 8 4 2 1 8 4 

0 0 1 1 1 N N 

-----07 

5 4 3 

2 1 8 

N N N 

2 

4 

N 

1 

2 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

SOURCE 48-BIT 
i------ SCRATCHPAD WORD 

(0-F) 

DESTINATION 48-BIT 
"-----------SCRATCHPAD WORD 

(0-F) 

Figure 4-20. Exchange Ooublepad Word (07NN) 

NOTE 
The holding register is imbedded in the 
hardwareo It is not specified within 
the micro-instruction and is not access­
ible to the micro-programme~. 

SCRATCHPAQ RELATE FA COB.litll.... 
This micro-instruction (figure 4-21), depending on the sign of oper~­
tion, binarily adds or subtracts the contents of the left half of the 
addressed portion of scratchpad memory (scratchpad locations SOlA 
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through S15A) to/from the contents of the 24-bit field address (FA) 
register, and places the results in F~. 

M REGISTER 

15 14 13 12 11 10 9 8 7 

8 4 2 1 8 4 2 1 4 
t---· 

0 0 0 0 1 0 0 0 N 

------08 

6 

2 

N 

5 4 3 2 

1 I 1 8 4 

N 1 N N N 

1 

2 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

LEFT SCRATCHPAD 
....._ ____ WORD ADDRESS 

0-F 

SIGN OF OPERA1rlON 
L---------- 0-ADDITION 

1-SUBTRACTION 

....._ __________ RESERVED 

Figure 4-21. Scratchpad Relate FA (08NN) 

MON I I 0 R ( 0 9 N NJ I 

Th i s m 1 c r.o - i n st r u ct i on ( f i g u re . 4 - 2 2 ) s k i p s to t he n e x t s e q u e n t i a 1 t .n -
struction. During the time this skipping is being executed the two 
least-significant bits of the mic~o-instruction are decoded and cer­
tain levels which are testable by afield engineer are set. 

M REGISTER 

15 14 13 12 11 10 9 8 7 

8 4 2 1 8 4 2 1 1 

0 0 0 0 1 0 0 1 N 

------09 

6 5 4 3 

1 1 1 1 

N N N N 

2 

1 

N 

1 

1 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

LIF ANY COMBINATION, 
THE LEVEL COMES TRUE 

Figure ~-22. Monitor (09NN) 

CASSETTE CONTROL C002N1. 
The function of this micr.o-tnstruction (figure .4-23) is to control 
the cassette tape movement. 
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15 14 13 12 

8 4 2 1 

0 0 0 0 

M REGISTER 

11 10 9 8 7 6 5 

8 4 2 1 8 4 2 

0 0 0 0 0 0 1 

1 

4 3 

1 4 

0 N 

002 

2 1 

2 1 

N N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

1--RESERVED 

VARIANTS (000-111) 
000-START TAPE 

.__ ___ 001-STOP TAPE 
010-STOP TAPE IF 

x+v 
011-111 - RESERVED 

F i g u re .4 - 2 ·3 • Ca s s e t t e Con tr o 1 ( 0 0 2 N) 

All tape stop variants cause the cassette tape to halt in the next 
avallable tape gap, not immediatel'y. If the processor is in the 
TAPE mode and a stop tape cassette condition occurs, the processor 
a 1 so h a 1 t 's o 

BI AS C 003 N'l .. 
The function of this micro-Instruction (figure 4-24) is to set the CPU 
register to the value of 1, ·3, or 0 depending on whether the value of 
the field unit (FU) portion of the F register is equal to 4, 8, or 
any other value .O-F, respectively. 

M REGISTER 

15 14 13 12 11 10 9 8 7 6 
8 4 2 1 8 4 2 1 8 4 

0 0 0 0 0 0 0 0 0 0 

5 4 3 

2 1 4 

1 1 N 

2 1 

2 1 

N N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

l TEST CPL:fO FLAG 
0-NO TEST 
1-TEST CPL RESULT 

'-----VARIANTS 000-111 

Figure .4-24. Bias (003N) 

Depending on the variants the value of CPL is set to the value denoted 
or to the smallest of the values 1 lsted below. 
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Var I ant ya 1 ue s 

000 FU 
001 24 or FL 
010 24 or SFL 
011 24 or FL or SFL 
100 NOP 
101 24 or CPL or FL 
11 0 NOP 
1 1 1 Reserved 

When the variant field is equal to 01-0, the value of CPU is determined 
by SFU instead of FD. SFU is contained in the first four bits of 
scratchpad word SOOB. If the test flag is equal to 1 and CPL is not 
equal to zero, the next mic~o-tnstruction is skippeCI. 

STORE E IN D DUB LE PAD WORD C 004 N'). 
The f u n ct i on of th i s m I c r. o- I n st r u ct i on ( f I g u re .4 - 2 S ) i s to store the 
contents of the F register (FA portion= 24 bits and FB portion= 24 
bits) in the designated scratchpad worCI. FA goes to the left half 
(A) of the scratchpad word and FB to the right half (8) of ~he 
scratchpad worCI. 

15 

8 

0 

14 13 

4 2 

0 0 

M REGISTER 

12 11 10 9 8 7 6 5 4 

1 8 4 2 1 8 4 2 1 

0 0 0 0 0 0 1 0 0 

L--------004 

3 2 

8 4 

N N 

1 

2 

N 

0 

1 

N 

M REGISTER 

BIT VALUES 

SCRATCHPAD 

..__--DOUBLE WORD 

ADDRESS 

figure .4-25. Store F into Doublepad 
Word ( 004 N) 

NOTE 
This mic~o-instruction is available only 
on the B 1726 System. 

LOAD F f ROM p DUB LE PAO WORD C 005 N?. 
The function of this mic~o-instruction (figure 4-26) is to move all 48 
bits of the designated scratchpad word to the F re9ister. The left 
half (A) of the doublepad word is placed Into the FA portion of the F 
registe~, and the right half (B) of the doublepad word is placed in the 
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FB portion of the F registet~ 

15 14 

8 4 

0 0 

13 12 

2 1 

0 0 

M REGISTER 

11 10 9 8 7 

8 4 2 1 8 

0 0 0 0 0 

l 

Figure .4-2b. 

6 5 4 3 

4 2 1 8 

1 0 1 N 

006 

2 

4 

N 

1 

2 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

SCRATCHPAD 
,____ __ DOUBLE WORD 

ADDRESS 

Load F from Doublepad 
Word ( 005 N) 

NOTE 
This mic~o-instructlon is available only 
on the B 1726 System. 

SE I ~YE C Q06N') 
fheunct1on of this mic~o-tnstruction (figure ~-27) ts to set CYF 
( ca r r y f 1 i. p -f 1 op ) a s s p e c i f i e d b y t he v a r I an 't • 

15 14 13 12 11 

8 4 2 1 8 

0 0 0 0 0 

M REGISTER 

10 9 8 7 6 5 4 3 2 1 0 

4 2 1 8 4 2 1 8 4 2 1 

0 0 0 0 1 1 0 N N N N 

l 00 6 I 

F i g u re .4 - 27 • Se t C YF ( 0 06 N) 

M REGISTER BIT 

BIT VALUES 

VARIANTS 

The available variants are represented below; all others are reserveij. 

ya r I ant Action 

0000 Set CYF to 'O. 
0001 Set CYF to '1 • 
0100 Set CYF to CYL (carry total for sums'). 
1000 Set CYF to CYD (carry borrow. from difference'). 
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CYL is generated under control of the length in CPL, and CYF ts an 
input to the arithmetic logic along with the X and Y registers. 

HALT ( 00011 I 

The f u n ct l on of th t s m i c r.o- i n st r u ct i on ( f i g u re .4 - 2 8 ) i s to ha 1 t the 
sequence of executable mic~o-tnstruction~. 

15 14 13 12 11 

8 4 2 1 8 

0 0 0 0 0 

M REGISTER 

10 9 8 7 6 5 4 3 2 

4 2 1 8 4 2 1 8 4 

0 0 0 0 0 0 0 0 0 

Figure 4-2~. Halt (0001) 

1 

2 

0 

0 

1 

1 

M REGISTER BIT 

BIT VALUES 

0001 

The system halts with the next i~-1 lne mlc~o-tnstructton tn the M 
register and the address of the second i~-1 tne mlc~o-tnstruction In 
the address (A) register~. Whatever register ts pointed to by the 
console controls is displayed on the register display 1 fght~. 

OVERLAY CONTROL MEMORY (0002?, 
The function of this mlc~o-tnstruction (figure 4-29) Is to overlay 
control memory from main memor~. This ls desired betause of faster 
mic~o-instruction execution time In control memor~. 

15 14 

8 4 

0 0 

M REGISTER 

13 12 11 10 9 8 7 

2 1 8 4 2 1 a 

0 0 0 0 0 0 0 

6 5 4 3 
4 2 1 8 

0 0 0 0 

2 1 

4 2 

0 1 

0 

1 

0 

M REGISTER BIT 

BIT VALUES 

Figure 4-2~. Overlay Control Memory (0002) 

The address for data from main memory is obtained from the ·field 
address (FA) register, and the address where data is to be placed 
into control memory is contained in the L register. The length of 
the data overlay bits ts taken from the FL register, and overlaying 
occurs until FL=O or the maximum amount of control memory is exceede~. 
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The execution of the mic~o-instructlons proceeds as follows: 

~. A t~ moved to TA~. 

b. L is moved to A. 

~. The first 16 bits are read from main ~emory and stored in 
control me~orY. Register FL is decremented by 16 bits, 
FA incr~mented by 16 bits, and A incremented by one wor~. 

~. Step c Is repeated until one of the two above mentioned 
ending conditions are met. 

NOTE 
This instruction is available only on 
t he B 1 7 2 6 Sy st e 'm • 

NORMALIZE X COQOl?. 
The function of this micro-Instruction (f 1gure 4-30) is to shift the X 
re;ister left while counting FL down until fl is equal to zero or the 
bit in X which Is referenced by CPL is equal to on~. Zero bits are 
shifted Into the lea$t•signif lcant end of X during the shift operatioh. 

15 14 13 12 

8 4 2 1 

0 0 0 0 

11 10 

8 4 

0 0 

M REGISTER 

9 8 7 6 5 
2 1 8 4 2 

0 0 0 0 0 

4 3 2 

1 8 4 

0 o. 0 

1 

2 

1 

0 

1 

1 

M REGISTER BIT 

BIT VALUES 

------------0003 

Figure .4-3'0. Normalize X (0003) 

If CPL Is equal to 1, the least-signif lcant bits of X are referenced; 
If CPL is equal to 24. the most-sfgntf lc~nt bits of X are referencea. 

NQ QPEBAIIQN C OOQQ}. . 
The f u n ct i on of th i s m i c r.o - t n st r u c t i on ( f t g u re 4 - 3 1 ) i s to re se r v e 16 
bits of memory (the length of one micro-Instruction) and to utilize one 
m~ch t ne c ye 1 e. 
When t h i s m t c r.o - t n st tu ct i on i s enc o u n t e red , a f a 1.1 - t hr o u g h to t he n e x t 
sequential mfc~o-lnstructton occur~. 
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F I g u re .4 -3 '1 • No Opera t ion ( 0 O 0 0) 
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SECTION 5 

B 1726 I/O SUBSYSTEM 

GENERAL. 
The I/O subsystem on the B 1726 System is designed to enhance simul­
taneity of I/O operat_i.on. The· MCP creates the various I/O descriptors 
and sends an interrupt message to the desired I/O controller. At the 
completion of the I/O event, either normal or abnormal, the I/O con­
troller returns the result descriptor which contains descriptive infor­
mation concerning the I/O operation just completed. Immediately fol­
lowing the result descriptor there may exist the address (link) of 
another I/O descriptor which is initiated by the MCP. This provides 
for chaining of I/O's. 

The I 0 subsystem has an ordered relationship among its components. 
From peripheral device to main memory the order is as follows. A 
peripheral device (disk cartridge, printer, etc.) interfaces and is 
controlled by an I/O controller which interfaces to the processor. 
Up to eight I/O controllers may interface with the processor which 
is connected to main memory. (See figure 5-1~) 

PROCESSOR 

b~::J 
B 1712/B 1714 

Figure 5-1. 

I/O CONTROLLERS. 

DISK 
CARTRIDGE 

rc:;TR~J. . . ~ON~~~~] EMORYJ _l 

-~-

MAIN 
MEMORY 

.... --·--·--· 

B 1726 

I/O Subsystem 

The peripheral I/O controllers are physically separate, logically inde-
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pendent devices. The peripheral side of each I/O controller is unique 
for each type of device. 

Each I/O controller is a special-purpose device specifically designed 
to interface one type of peripheral to the system. In most cases an 
I/O controller interfaces to a single device; in a few cases a single 
I/O controller interfaces with two or more identical devices on a 
time-shared basis (i.e., serial disk drives or serial tape drives). 
I/O controllers have individual hardware buffers to aid in simultaneity 
of I/O operations. 

I/O CONTROLLER FUNCTIONS. 
The functions performed by an I/O controller are to accept an I/O 
descriptor from the processor and to determine if it is a valid I/O 
descriptor. In the case of an invalid I/O descriptor an appropriate 
result descriptor is returned. Otherwise, the controller signals the 
processor that it is now ready to receive data. Hardware translation 
between the peripheral data codes and the internal memory code is 
performed by the I/O controller (i.e., BCL card code to EBCDIC). 

At the conclusion of an I/O operation the I/O controller returns a 
result descriptor to the processor. 
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SE CT ION 6 

I/0 DESCRIPTORS 

GENERAt, 
The purpose of input/output descriptors is to communicate control i~­
format ion to the various 1/0 controllers which perform the desired 
operation on the periphera1. 

1/0 DESCRIPTOR FORMAi. 
Each l/O descript~r (figure ~-1) consists of a series of 24-blt field~. 
The number of these 24-bit fields varies with the peripheral to which 
the I/O descriptor is directeij, These differences are explained in 
section 7. 

AEA RD LINK 

RESULT STATUS 

AREA 

OP A I B I c 

F i g u re .6 -'1 • I I O D e s c r I p to r F or mat 

The fields shown above are each 24 bit~. The maximum size of any I/0 
descriptor is 168 bits; the. minimum size is 96 bit~. Fields A, B, and 
C may be omitted depending on the 1/0 descriptor initiated and the 
peripheral involve'O, The various fields are defined in the fol lowing 
pa rag rap h's. 

RESULT STATUS ARE~. 
The result status area (RSA) consists of two 24-bit fields: the actual 
ending address (AEA), ·which is the ending binary address+ 1 of the 
last data bit affected by the operation; and a 24-bit result descriptor 
(RD)• -which indicates the status of the just terminated 1/0 operation. 
The RSA Is returned by the I/O controller at the completion of each 
II 0 ope r a t i o'n • 

L IN1<. 
The LINK field contains an address which points to the beginning ad-
dress of a result descriptor which is contained in the next desired 

. I / O de s c r i p t o'r • Li n k i n g i s f u r t he r e x p 1 a i n e d 1 ate r i n t h i s se ct I o'n • 

OP. 
The operation (OP) field contains the desired 1/0 command and its 
var t ant's. 

'A. 
The Afield contains the beginning binary address of the input/output 
main memory area. 
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13. 
The B field contains the ending binary address+ 1 of the input/output 
main memory are~. 

'C • 
The C field is used in conjunction with disk I/O's only and contains 
the absolute binary disk addres~. 

I/O QESCRIPTOR CHAININt. 
The abil'ity to link or chain together 1/0 descriptors provides for 
maximum utilization of the processor and peripheral devices. Shown 
in figure 6-2 is a sample chain of 1/0 descriptors which are created 
by the MCP because a user program has requested three output print 
buffer's. 

F i g u re .6 -2 • Sam p 1 e Ch a i n of 
1/0 Descriptors 

LINK-subl contains the address of RO-sub-2, LINK-sub2 contains the ad­
dress of RD-sub3, and LINK-sub3 contains the address of RD-sub1. This 
for ms a continuous chain of 1/0 descr i ptor·s, ·one associated w I th each 
of the requested buffers. 

The address provided to the 1/0 .controller by the processor contains 
the address of RD-sub1. This action locks in the particular 1/0 con­
troller and device to the proper chain of 1/0 descriptors. At the ad­
dress provided, the 1/0-complete bit of that result descriptor is 
examined; if it is a zero, the 1/0 descriptor ts executed and a re­
sult descriptor is returned to location RO-sub1. If no exception con­
dition has occurred, ·the 1/0 descriptor pointed to by LINK-sub2 is 
execute-cl, and so on, thus providing a continuous cha in of 1/0 descr f.p­
tors. If the 1/0-complete bit is set to one when examined, a pause 
of a specff ied number of mill tseconds otcurs and ~e-examlnatlon of 
the I/ 0 comp 1 e te-b it occu r's. The 1/.0-comp 1 e te continues to be examined 
until it becomes zero; in this manner execution of the 1/0 descriptors 
is under MCP contro1. The MCP can get ahead of the actual execution of 
the I/0 descriptors; that i~, the MCP may be releasing buffers faster 
than the 1/0 descriptors can be execute~. The 1/0 controllers can 
never get ahead of the MCP because each 1/0 controller remains locked 
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to each I/O descriptor until the I/O is complete. A stop I/O des­
criptor is provided by which any I/O controller may be stopped from 
executing an I/O descriptor. If an error condition occurs on any 
given I/O operation, that particular chain is broken and the MCP 
is notified. 

This process is completely under control of the MCP. The MCP examines 
the I/0-complete bits and performs the above operation. 

DISK FILE AND DISK PACK CHAINING OPERATION. 
Since disk I/O descriptors all contain an absolute disk address, 
there is no danger of an operation being performed out of logical 
sequence as long as the controller does no~ attempt to execute a 
descriptor that is already complete. Also, since disk addresses 
may be in the chain for many different programs and files, the con­
troller must not wait for any given descriptor to be released. On 
discovering an I/O descriptor that is already complete, the control 
must proceed to the next I/O descriptor immediately. 

As a consequence of this mode of operation, the controller could 
conceivably be continually searching the same chain of I/O descrip­
tors for one that is executable and therefore could be using all 
available memory accesses. For this reason, the test/pause I/O 
descriptor has been implemented. 

In summary, once a disk file is opened and its descriptors are link­
ed into the subsystem chain, they may or may not be executable de­
pending on the setting of the I/0-complete bit in the result des­
criptor which in turn i.s dependent on the read write and seek in-

' ' ' structions in the object program. 

MAGNETIC TAPE OPERATION. 
Because of the serial nature of magnetic tape operation, it is slight­
ly more c01:nplex than that of disk. There is one chain of I/O descrip­
tors for the entire tape subsystem, simi~ar to the disk operation pre­
viously described. The descriptors must, however, be executed in lo­
gical sequence. To accomplish this, the lock descriptor has been im­
plemented in the tape controls only. 

The lock descriptor contains three link fields, as shown in figure 6-J. 

There is one lock descriptor in the subsystem chain for each tape unit 
in the system. All I/O descriptors for that unit are linked, directly 
or indirectly, from the lock descriptor for the unit. LINK-A of the 
lock descriptor always contains the memory address of the lock descrip­
tor for the next unit in the subsystem or the address of a pause de­
scriptor. There is one pause descriptor for the entire subsystem. 
LINK-B of the lock descriptor alway~ contains the memory address of the 
first, physical I/O descriptor for the unit. This f'ield is initialized 
by the MCP when the file is opened. LINK-C contains the memory address 
of the logically next I/O descriptor to be executed on the unit. LINK­
C is initialized by the MCP but is maintained by the magnetic tape 
controller. 

Revised 9/8/72 by 
PCN 1057155-001 6- J 

I 



STOP I 0 DESCRIPTOR. 
All I 0 controllers are capable of receiving and recognizing a stop 
r/o descriptor. When this descriptor is received, the I/O controller 
stops operation and idles. The main use of this descriptor is to allow 
the MCP the ability to terminate a chaining operation. 

The format for a stop I/O descriptor is shown in figure 6-4. 
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r---------------------·-··-··-··--·--

UNUSED RD LINKA LOCK LINKB LINKC ~ AEA RD LINKA READ UNIT 1 LINKB LINKC 

UNUSED RD LINKA LOCK LINKE LINKC 

LOCK DESCRIPTOR 

TEST UNUSED 
AEA RD LINKA FOR READY 

LINKA ALWAYS POINTS TO NEXT LOCK DESCRIPTOR 
LINKE ALWAYS POINTS TO FIRST NON-LOCK DESCRIPTOR. 
LINKC ALWAYS POINTS TO CURRENT NON-LOCK DESCRIPTOR. 

Figure 6-J. Typical Magnetic Tape Chain 

VVV RRRRRRRRRRRRRRRRRRRRR 

3 BITS 21 BITS 

VVV = 111 - STOP I/O COMMAND 

R = RESERVED 

Figure 6-4. Stop I/O Descriptor 

DISPATCH OF I/O DESCRIPTORS. 
The Dispatch operation is used to send the address of an I/O descrip­
tor to a device on an I/O port. Information is also received from 
the I/O port via this operation. 
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GENERAL. 

SECT ION 7 

INPUT/OUTPUT CONTROLLERS 

This section describes the 1/0 controllers which may be connected to 
the B 1700 series of computer's. Al 1 input/output operations are ln.i-
t iated but not executed by the processo~. The execution of any speci­
fied 1/0 operation is accomplished by the respective 1/0 controllers. 
The 1/0 operation may be executed simultaneously with a processor op­
eration or other previously initiated 1/0 operations. The type of 1/0 
operation is determined by an 1/0 descriptor that is transferred to the 
1/0 controlle'r. At the conclusion of an 1/0 operation, ·a result de-
scriptor that specifies any exception conditions and other pertinent 
information is returned by the 1/0 controlle'r. All I/O's are initiated 
by the Burroughs Master Control Program. 

CARD READER CONTROLLE~. 
The card read I/0 controller ex~cutes the card reader as initiated by 
the MC~. It reads data into a~cending memory locations beginning with 
the location spec i.f fed by the A add re s's. 

CARD RE AD DESCRIPTOR (EBCDIC'), 
This 1/0 descriptor controller Cf igure 7-1) is capable of translating 
the standard EBCDIC card code into the internal 8-blt EBCDIC code, 
When reading EBCDIC, 256 car.d-hole combinations are val iCI. All invalid 
combinations are translated to the ? characte~. The card is read into 
ascending memory locations beginning with the location specified by the 
A address and continuing to, but not including, the terminal location 
specified by the B address, The contents of each card column occupies 
one .8-bit character position in memor'y, Reading is also terminated 
after 80 columns of information have been transferred to main memory. 

vvv T RRRRRRRRRRRRRRRRRRRR 

3 BITS 1 20 BITS 

Figure 7-1. Card Read 1/0 Descriptor 

Referring to figure 7-1: 

'a• vvv = 000. - card read operation code. 
b. T = o. - card read EBCDlt. 
'<: • T = 1. - card read bi na r'y. 
'ci • R = re se rve{i. 
'e • A = beginning address of dat~e 
f. B = ending address of data + '1 • 

CARD READ DESCRIPTOR (BINARY'), 
The card read controller is also capable of a binary read operation in 
which each hole in a card column is interpreted as a one bit and each 
non-hole is interpreted as a zero bit. The binary card image is stored 
in ascending memory locations beginning at the locations specif led by 
the A address continuing until, but n6t into, the end location speci-
fied by the B addres·s, ·or until 80 columns of information have been 
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read, whichever occurs first. Each column is stored as 12 bits of data 
in main memor'y. (See figure .7-1 .)· 

CARD TE S"T. 
This 1/0 descriptor (figure 7-2·) returns a result descriptor indicating 
that the test operation has been completed and the card reader is ready 
(operation complete) or the reader is not ready (operation not complete 
or exception}. The test result descriptor also contains the controller 
IO. 

I vvv 

3 BITS 

TT RRRRRRRRRRRRRRRRRRR 

2 19 BITS 

Figure 7-~. Card Read Test Descriptor 

Referring to figure 7-2: 

-a. 
b. 
c. 
{j. , 
e. 

VVV = 100 - test card reader and controller. 
TT = 00 result store immediatelyo 
TT = 10 - result is delayed until card reader is ready. 
TT = 01. - result is stored when card reader is not read'y. 
R = re s e r v e'c:I • 

CARD READ RESULT DESCRIPTOR. 
At the completion of a card read operation, the controller returns 
a result descriptor which is described as follows: 

-a. B t 0 - 1/0 complete. 
b. B t 1. - exception condition (any bit on in bits 3-16 1

). 

c. B t 2 - not read'y. 
{j. B t 3. - validity er rot • 
e. B t 4. - memory access er ro'r. 
'f. B t s. - reserveCi. 
I Bit 6. - read chec'k. g. 
11. 8 its .7-16. - reserve~. ,. Bits 1.7 -2 3. - controller ID = 0101010 (test 1/0 on 1 y'). I • 

CARD PUNCH CONTRObLEB. 
lhe card punch 17 controller executes card punch I/O descriptors 
and punches data from ascending memory locations beginning at the 
location specified by the A address of the operand until 80 columns 
of information are punche~. It allows EBCDIC card punch operation 
and a binary puhch operation. 
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Information is transferred to the puhch bi.t-serially for each punch 
positio-n, ·with 12 separate aO-blt transfers being required to pu.hch 
a car~. Transfer of a given row to the puhch consists of 40 memory 
accesse-s, obtaining punch information for two columns per acce,s's. 
The number of memory atcesses required to punch a. card is 48~. A 
f u 11 card is a 1 ways puhche'd. The source program need not be 
concerned with the transf.er of data to the pu.hc'h. 

The· controller provides a punch echo· check wh·ich checks if fewer 
than 80 data bits are received for each row or if fewer than 12 
row eyer.es are counte'ci. It also checks whether the number of punched 
holes agrees with the number of bits In the original data received 
by the 1/0 control unit. 

CARD PUNCH DESCRIPTOR (BINARY'}. 
A card ts punched from ascending main memory locations beginning with 
the location spec r~f ied by the A address (see figure 7-3'). Punching ts 
terminated after the punching of 80 columns, where e~ch hole in A to 
be punched in a card· column is represented by a one bit in memor~. 

vvv T ~ RRRRRRRRRRRRRRRRRR 

3 BITS 1 2 BITS 18 BITS 

Figure .7-'3. Ca rd Punch I/ 0 Desc r. i ptor 

Ref err Ing to f tgure .7-3: 

~. VVV = OlQ - card punch operation comman~e 
b. T = 0 - card punch EBCOlt. 
'<:. T = 1. - card punch b inar'y. 
ti. SS = OQ - normal st~cket. 
'e • S S = 0 1. - a u x t 1 i a r y s tac ke 'r • 
f. SS = 10 - error stacke~. 
·9 • R = re s.e r v etl • 
h. A =beginning address of dat~. 

CARD PUNCH DESCRIPTOR (EBCDIC1. 
A card is punched from a~cending main memory locations beginning with 
the address specff ied in A (see figure 7-31~ One column Is pu.hched for 
each EBCDIC memory char~cter and 80 cdlumns are always puncheij. 

CARD PUNCH TEST DESCRIPTOR. 
The card punch and card punch controller are tested, and a result 
descriptor containing the controller ID number is returned (see 
f i g u re 7-4·1. 
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I vvv 
3 BITS 

T RRRRRRRRRRRRRRRRRRRR 

20 BITS 

Figure 7-\-. Card Punch Test Descriptor 

Referring to figure 7-4: 

~. 
b. 

vvv 
T = 

= lOU - test the card punch and control le~. 
O - the result is stored immediatel~. 

'<:: • T 
'cl. R 

= 
= 

l - the result is delayed until the reader is read'y. 
re se rveCi. 

CARD PUNCH RESULT DESCRIPTOR. 
At the completion of an 1/0 operation the 1/0 controller retains a 
result descriptor, for the just-cdmpleted 1/0, in the sec6nd 24 bits 
of the result status are~. The result de~criptor information for 
the· card punch is as follows: 

·a. Bit Q - 1/0 comp let~. 
b. Bit 1. exc~ption condition (any bit on in b it S .3-16') e 
I . Bit 2 not re ad'y. c. -
-ct. Bit 3. - punch check er ro'r. 
I Bit 4. memory access e rro'r. e. -
f. Bit s. - memory parity er ro'r. 
I Bits .6-16. re se rve'd" g. -
'h. Bits 17-23 - controller ID = 0000100 (test 1/0 on 1 y'). 

PAPER IAeE REAPER CONTROLLER. 
This controller stores one 8-bit character of data per memory cycl~. 
If the number of charact.ers spec i~f ied is not read, spaced, or bac.k­
spac~d bec~use of termination by the reade~, the short record bit (bit 
9 of the result de.scriptor) is seto If the termination is caused by 
the end-of - tape or beg i n n i ng -o..f - tape ref 1 e ct iv e st r i p , t he a ppr op r i ate 
EDT or BOT is set in the result descriptor. 

PAPER TAPE READ DE SCR l.PTOR. 
A record is read from the paper tape reader into ascending memory loca-
t i on s beg i n n i n g a t the 1 o cat i on s pe c i f i e d b y the A add res s a nd cont i.n -
uing t-o, but not int-o, the address specified by the B address (see 
figure 7-51. If the T (type) variant of the read 1/0 contains a zero, 
eight bits received from the reader are transf-erred to memory via a 
BC L / E BCD I C t ran s 1 at o'r • lf the T var i ant cont a i n s a one , -no tr an s 1 at i on 
bccurs and eight bits received from the reader are transferred to 
memor'y. 
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vvv 

3 BITS 

T RRRRRRRRRRRRRRRRRRRR 

1 20 BITS 

Figure .7-S. Paper Tape Read, ·Space., and 
Backsp~ce I/O Descriptor 

Referring to figure .7-S: 

a. vvv = 000. - paper tape read operation comman'cJ. 
b. vvv = 101. - paper tape space. 
c. vvv = 11 o. - paper tape backspace. 
~. T = 0 - translate BCL to EBCDIC and check for odd 
' T = e. 1. - no translation and check for even part t'y. 
'T • R = reserved for unit add re s's. 
I A = beginning address of da t'a. 9• 
'h. B = ending address of data + '1 • 

PAPER TAPE SPACE DESCRIPTOR. 

par i t'y. 

The paper tape is spac~d forward the number of characters specified 
unless stopped by an end-of-tape conditioh. The number of characters 
is specified by the difference between•the A and B addresses of the 
I/O descriptor (figure 7-51. 

PAPER TAPE BACKSPACE DESCRIPTOR. 
The paper tape is spaced backward the number of characters specified 
unless stopped by a beginning-of-tape condition. The number of char­
acters is specified by the difference between the A and B addresses 
of the 1/0 descriptor (figure .7-5·). 

PAPER TAPE REWIND I/0 DESCRIPTOR. 
The paper tape is rewound to the beginning-of-tape position (see 
figure 7-6'). 

VVV RRRRRRRRRRRRRRRRRRRRR 

3 BITS 21 BITS 

F i g u re 7-6. Paper Tape Rewind 
I/0 Descriptor 

Referring to figure 7-6: 

~. VVV = 011 - paper tape rewind operation comman~. 
bo R = reserved for unit address. 
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PAPER TAPE TEST 1/0 DESCRIPTOR. 
This descriptor (f igurc J-7) tests the designated unit and returns a 
result descriptor. 

~-t---T~~t--~R_R_R_RR_R_R_R_R_R_R_R_R_RR_R_R_R_R_R---4 
~ 20BITS 

F i g u r c .7 -7 • Pa pe r Ta p e Test De s c r i pt o r 

Referring to figure J-7: 

ao vvv = 100. - tests the paper tape reader and control le'r. 

b. T = 0. - the result is stored immediately on completio'n. 
I T = the result is delayed unt i 1 the reader is ready c. -

and it is not rewinding. 

PAPER TAPE READ RESULT DESCRIPTOR. 
At the completion of an 1/0 operation, the 1/0 controller returns a 
result descripto·r, for the just-completed 1/-0, in the second 24 bits 
of the result status area. The result descriptor for the paper tape 
reader operation is: 

I a. B t 0. - 1/0 complete. 
b. B t 1. - exce.pt ion condition (any bit on in b its .3-16) • 
'c: • B t 2. - not re ad'y. 
{j • B t 3. - tape parity er ro'r. 
e. B t 4. - memory acce.ss e rro'r. 
f. B t 5. - re se rveCI. 
' B t 6. end of tap'e. g. -
'h. B t 7. - beginning of tape. 
!• Bit 8. - re se rve'ci. I • 
/• 
J • Bit 9. - short recora. 
'K. Bit 1 0. - rewinding. 
1 • Bits 1.1 -1 6. - re se rve'ci. 
fu. Bits 1.7-23. - controller ID = ODO 111 0 (test I/ 0 on 1 y'). 

UNBUFFEREO TRAHJ PRINTER COtHROLLER. 
This controller provides printer speeds of 400 and 750 LPM with 132 
c ha r act e rs p e r l i n e • It prov i de s code co nv e r s i on f r cm i n te r n a 1 E BCD I C 
to a binary code which is related to the graphic position for the stan­
dard 16, ·4·8-, ·64, and 96 chain's. If memory access is missed, the con­
tro 1 waits until the same graphic is presented to it a second time and 
then continue5, thus providing automatic recovery. 

This controller also includes a quick release feature which terminates 
the operation and enables the start of paper motion as soon as all non­
blank characters have been printe~. Printing speed with this feature 
is dependent on the number of blank characters; however, the effective 
rate is usually greater than the rated spee~. 
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BUFFERED LINE PRINTER CONTROLLER. 
This controller provides for EBCDIC to BCL translation on the data 
as it is transferred from memory to the printet. The 1/0 controller 
contains a one-character buffer which r~ceives information from memory 
serial 1 y by character and transfers the information serial 1 y by char­
act.er to the pr inter buffer. Transfer of paper mot ion control infor­
mation takes place after the printer buffer is f ille~. The 1/0 con-
t r o 1 1 e r i s · cap ab 1 e of 1 o ad i n g the pr i n t e r bu f f e·r , ·w h i 1 e pa p e r mot i on 
is occurring, in response to a previous 1/0 descriptot. After the 
paper motion of the previous command is completed, ·format information 
is received for the information in the buffe~, ~hich can now be 
printe~. The controll-er provides for printer speed options of 30-0, 
40-0, ~475, 70-0, -and 750 LPM vdth 132 characters per 1 ine. A 1040 LPM 
buffered line printer controller is available on the B 172~. 

LINE PRINTER WRITE DESCRIPTD'R. 
A line of data is printed from ascending memory locations beginning at 
the memory location spectfied by the A address (see figure 7-81. The 
length of the line is determined by the number of printer columns, ·80, 
12'0. 13·2, ·or until the location specified by the B address is reached, 
whichever occurs first. Spacing or skipping takes place after 
printing, and skipping takes precedence over spacin~. 

vvv I TTTT RRRRRRRRRRRRRRR u 

3 BITS 1 4 BITS 15 BITS 1 

F i g u re 7 - '8 • L i n e Pr i n te r Wr i t e De s c r i pt or 

Referring to figure 7-8: 

~. VVV = 010 - printer write operation commanij. 

b. I= 1. - inhibit reporting of EDP and skip to channel one if 
this operation calls for single or double spacin~. 

' TTTT = 0000. advance. ·c • no paper 

(j • TTTT = 1 11 o. single space after printing. 

e. TTTT = 1 1 1 1. doub 1 e space after print in~. 

f. TTTT = 0001. skip to channel 1 after printing. 
I TTTT = 11 oo. skip to channel 1 2 after print i nb. g. 

'h. TTTT = 11 0 1. skip to next channel after printing. 
I• 

I • R = re se rveij. 
I• u = 0. - printer unit /1 • J. 
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k. U = 1 - printer unit 2. 

1. 4 =beginning address of dat~. 

fu. a= ending address of data+ 1. 

LINE PRINTER SKIP DESCRIPTOR. 
Skipping is controlled by bits .4-8 as in the write descripto'r. 
Skipping takes precedence over spacin~. The skip 1/0 descriptor format 
i s t he same a s f or t he p r i n t e r w r i t e ( see f i g u re .7 - 9') • 

vvv I TTTT I RRRRRRRRRRRRRRR u 

3 BITS 1 4 BITS l 15 BITS 1 

Figure 7-~. Line Printer Skip Descriptor 

The printer space or skip operation command has VVV equal to 101. 
Variables are the same as for the write 1/0 descr.ipto1r. 

LINE PR INTER TE ST DE SCR lPTO'R. 
The status of the designated unit is tested and a result descriptor is 
returned which contains the controller ID (see figure .7-10·). 

vvv T RRRRRRRRRRRRRRRRRRR u 

3 BITS 1 19 BITS 1 

Figure .7-1'0. Line Pr inter Test Descr,iptor 

Referring to figure 7-10: 

'a. VVV = 100. - test the pr inter and the pr inter control le .. r. · 

b. T = 0. result is stored immediatel~. 

t. T = result is delayed until the printer is ready and 
paper motion is stoppe~. 

~. R, U - same as for the write I/0 descripto~. 

LINE PRINTER RESULT DESCRIPTO'R. 
At the completion of the 1/0 operation the controller returns a 
result descriptor to the second 24 bits of the result status are~. 
The result descriptor information is as follows: 
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a. Bit U - I/0 complete. 
b. Bit 1. - exception condition (any bit on in bits .3-16~). 
t. Bit 2 - not readY. 



~. Bit 3. - code par i t'y. 
~. B it 4. - re serve~. 
'f • B i t s. - me mo r y par i t y err o'r • 
~. Bit ~ - end of pag~. 
'h. Bits .7-.a-9.: 

1 ) 0 0 o. - 6 4 c ha r a c te r se t ( t e st I/ 0 on 1 y') • 
2 ) O O 1. - 4 8 c ha r a c te r se 't • 
3) 010 - 16 character set. 
4) O 11. - 96 cha ract•e r set. 
5) 100. - 192 character se't. 

'i. Bits 1.0-1.1: 
1) oo. - 860 LPM or 400 LPM (test 1/0 only'). 
2 ) 0 1. - 3 0 0 L Pt1 • 
3) 1 0. - 6 00 LPH. 
4 ) 1 1. - 1 1 0 0 L P1"1 • 

'j • B t t 1 2. - pa pe r i n mo t i on ( t e st I I 0 on 1 y') • 
'k. Bit 13. - motor-on test (test 1/0 only'). 
'1 • B i t s 1.4 - 1 6 : 

1 ) 0 o. - 1 3 2 co 1 u m n s p e r pr i n t 1 i n e ( t e st I I O o n 1 y') • 
2) 10 - 120 columns per pr int 1 in'e. 
3) 11. - 80 columns per print line. 

'tn • B i t 1 6. - ·re se r v e'ci • 
h. Bits 17-23 - controller ID= 0010000 (test 1/0 only'). 

CONSOL' PR INTER ( SPO) CQNTROLLE~ 
This I O controller is used to control the console printe~. The con-
trol provides a bidir~ctional translator which translates EBCDIC to 
USASCII (also referred to as ASCII and ANSCII) for the 128 USASCII 
code~. Translation for codes not sp~cif ied is undef ine~. 

Information between the console printer and the controller is trans­
ferred serially by bi·t, ·whereas it is transferred serially by character 
between the controller and main memory. 

The controller can be "input request enabled,"· at which time the co.n­
trol ler is sensitive only to the USASCll ENO code from the keyboar~. 
When the· controller receives this code, ~n interrupt is set. The ENO 
signal is remembered and is reported to main memor'y. Once. reported, 
the interrupt remembering an ENO signal is cleare'c-J. 

Upon rece.ipt of a read descripto·r, ·the controller automatically gen­
erates a signal to 1 ight an indic~tor on the console printer and to 
await an input message from the systems operatot. The controller is 
sensitive to the USASCII ETX (end of text) in an output message, which 
is translated to EBCDIC and transferred to main memory. 

The controller is also sensitive to the USASCII NAK code which is also 
translated and stored in main memory. The NAK and ETX signals 
terminate a read operation. 

The A and B addresses of the operand must define an integral number of 
8-b·i t character's. 
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Data entered into the console printer is first sent to the 1/0 con­
troller and then is retransmitted (echo back) to the teletypewriter 
for pr i n t i ng • 

Console printer I/O descriptors are described in the following 
par ag rap h's • 

CONSOLE PRINTER READ DE SCR I PTO'R. 
The message being typed on the typewriter keyboard is read into 
ascending memory locations beginning with the location spec•f ied by 
the A address and· continuing until an ETX code is det~cted, or up to 
the location speci.fied by the B address (see figure -7-1-1'). The ETX 
code is stored following the data stream only if the ETX signal 
terminates the operation. 

~v I T RRRRRRRRRRRRRRRRRRRR 
~T-S~~~~~--l---~--~~20-B-IT-S~~~~~-1 

Figure 7-11. Console Printer 
Read Descr. i ptor 

Referring to f i g u re .7-11 : 

13 • vvv = ooo. - console printer read operation 
b. T = a - EBCDIC translatio'n. 
(: •' T = 1. - no t r an s 1 a t i o'n • 
{J. R = reserve'c:f. 
e. A = beginning address of da t'a. 
'f. B = ending address of data + , • 

CONSOLE PRINTER WRITE DESCRIPTOR. 

comman'c:f. 

A message is typed on the console printer for ascending memory loca­
tions beginning with the location specified by the A address and con­
tinuing until an ETX code is detected, or up to the location specified 
by the B address (see figure 7-12). 

~v_v~---f~~T~---~-R_R_R_R_RR_R_R_R_R_R_R_R_R_RR_R_R_R_R~---' 
~ITS 20 BITS 

Figure 7-12. Console Printer 
Write De scr. I pt or 

The console printer write command has VVV equal to 01~. Other·va~i­
ables are the same as for the read descriptor. 
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CONSOLE PRINTER TEST DESCRIPTOR. 
The 1/0 controller and console printer are teste~, ~nd a result 
descriptor which contains the controller ID is returned (see figure 
7 -13') • 

vvv T RRRRRRRRRRRRRRRRRRRR 

3 BITS 20 BITS 

Figure 7-1'3. Console Printer 
Test Descriptor 

Ref e r r i n g to f i g u re . 7 - 1 ·3 : 

'c:l. vvv 
b. T = 
'<: • T = 
'c1 • R = 

= 1 0 O. - cons o 1 e pr i n te r te s't • 
0 - store result de~criptor immediately. 
1 - store result de~c~iptor when ENO is sense~. 
rese rve'd. 

CONSOLE PRINTER RESULT DESCRIPTOR. 
The result de~criptor for the console printer is as follows: 

'c:l. Bit 0 - 1/0 complete. 
b. Bit 1. - exception condition (any bit on in b i ts ,3 -17') • 
'<: •' Bit 2 - not read1y. 
{J. Bit 3, - NAK rece ive"1. 
e. Bit 4, - re se rvet!. 
'f. Bit 5. - memory parity e.r ro'r. 
' Bit 6. attempt to e·xceed maximum add re s's. g. 
fl • Bit 7. - ENO rece ive'c:l. ,. 
I • Bits .8-16. - re serve'd. ,. Bits 1.7-23. - controller ID = 0010110 (test 1/0 on 1 y'). J• 

READ~R SORTER CONTROLLER. 
The reader sorter controllers are used to ex~cute 1/0 operations on 
reader sorter~. One result de~criptor is returned for each 1/0 ope~a­
tion initiateti. The reader sorter control can store one char~cter per 
memory ~cdes~. The time between memory ~toess is approximately 420 
mi.c~o-secdnds for an MICR reaij. The A and B addresses of the 1/0 
descr1ptor must specify an integral number of 8-bit character~. Demand 
read operation is not permitte'c:t. 

The controls provide an MICR-USASCLI-8 translator which translates the 
f i r st 1 6 U SA SC I I code s ( 0 0 0 0 0 0 0 0 to 0 0 0 1 1 1 1 i n c 1. u s i v e ) to E B CO I C a s 
shown in table 7-1. 
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Sorter Symbo 1 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Amount (S2) 
Transit (S2) 
On-Us (S3) 
Hyphen ( S4) 
SS 
Cannot read 

Table 7-1 

Reader Sorter 
MICR/USASCll-8 Translation 

1/0 Controller 
Sorter Code Internal Code 

000 0000 0011 0000 
000 0001 0011 0001 
000 0010 0011 0010 
000 0011 0011 0011 
000 0100 0011 0100 
000 0101 0011 0101 
000 0110 0011 0110 
000 0111 011 0111 
000 1000 0011 1000 
000 1001 0011 1001 
000 1010 0010 0100 
000 1011 0011 1100 
000 1100 0010 0011 
000 1101 0010 1101 
000 1 1 1 0 0010 0111 
000 1 1 1 1 0011 1 1 1 1 

System 
Internal Internal 
Graphic EBCDIC Code 

0 ( F 0) 111 1 0000 
1 ( F 1 ) 1111 0001 
2 (F2) 1 1 1 1 0010 
3 ( F 3) 1 111 0011 
4 CF4) 1 1 1 1 0100 
5 CFS) 1111 0101 
6 (F6) 1 1 1 1 0110 
7 CF7) 1111 0111 
8 (F8) 1111 1000 
9 (F9) 1 1 1 1 1001 
'" (7B) 0111 1011 .,, 
Q) C 7 C) 0111 1100 . (7 A) 0111 1010 . 
- (6 0) 0110 0000 
I :(70) 0111 1101 
? (6F) 0110 111 1 

The MICR control provides a USASCll/EBCDIC translator which translates 
the center 64 USASCll codes (010 0000 to 101 11'11 inclusive) to the 
corresponding EBCDIC codes. (Refer to table 7-2.) In addition, the 
USASCll code 001 1010 fo~ SUB is translated to the USASCLI-8 code 0001 
1010 for sua. 
Va 1 Id lty checking for MICR reading Is as fol lows: 
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~. Amount field~ 1st and 12th character for amount symbols and 
intervening 10 characters for decimal digits. 

b. Transit field - 40th and SOth characters for transit symbols 
and intervening nine characters for decimal digits except for 
hyphen in position 45. 



Sorter Symbol 

Blank 
Vertical bar 
It 

"' " $ 
% 
& 

' 
( 
) 

* 
+ 
t -
• 
I 
0 
1 
2 
3 
4 
s 
6 
7 
8 
9 . • . 
' < 
= 
> 
? 

Table 7-2 

Reader Sorter 
USASCll/EBCDIC Translation 

Sorter EBCDIC Sorter . 
Code Code Symbol 

I 

010 0000 0100 0000 Q) 
i 

010 0001 0100 1 1 1 1 A 
010 0010 0111 1 1 1 1 B 
010 0011 0111 1011 c 
010 0100 0101 1011 D 
010 0101 0110 1100 E 
010 0110 0101 0000 F 

Sorter EBCDIC 
Code Code 

100 0000 0111 1100 
fOO 0001 1100 0001 
100 0010 1100 0010 
100 0011 1100 0011 
100 0100 1100 0100 
100 0101 I 1100 0101 I 

100 0110 1100 0110 
010 0111 0111 1101 G ' 100 0111 1100 0111 
010 1000 0100 1101 H 100 1000 ' 1100 1000 
010 1001 0101 1 1 0 1 I 100 1001 l 1100 1001 
010 1010 0101 1100 J 100 1010 1101 0001 
010 1011 0100 111 0 K lOO 1011 1101 0010 
010 1100 0110 1011 L 100 1100 

: 
1101 0011 

010 1101 0110 0000 M 100 1101 
I 

1101 0100 
010 1110 0100 1011 N 100 111 0 1101 0101 
010 1 1 1 1 0110 0001 0 100 1111 1101 0110 
011 0000 1 1 1 1 0000 p 101 0000 I 1101 0111 
011 0001 1 1 1 1 0001 Q 101 0001 1101 1000 
011 0010 1 1 1 1 0010 R 101 0010 1101 1001 
011 0011 1111 0011 s 101 0011 1 1 1 0 0010 
011 0100 11 11 0100 T 101 0100 ' 1 1 1 0 0011 
011 0101 1111 0101 u 101 0101 1 1 1 0 0100 
011 0110 1111 0110 v 101 0110 1 1 1 0 01 01 
011 0111 1 1 1 1 0110 w 101 0111 1110 0110 
011 1000 1111 1000 x 101 1000 I 1110 0111 
011 1001 1111 1001 y 101 1001 1110 1000 
011 1010 0111 1010 z 101 1010 1110 1001 
011 1011 0101 111 0 [ 101 1011 0100 1010 
011 1100 0100 1100 \ 101 1100 ! 1110 0000 
011 1101 0111 111 0 ] 101 1101 0101 1010 
011 1 1 1 0 0110 111 0 --, 101 1 1 1 0 ' 0101 111 1 
011 1111 0110. 1111 - 101 1 1 1 1 0110 1101 

Cannot read (SUB) 001 1010 0011 1 1 1 1 

NOTE 
Leading unreadable characters are not 
stored and are not reported as error~. 

Formatting for MICR reading is accomplished by storing all data except 
for hyphehs in the ON-US field Into descending memory locations until 
the first transit symbol is detected and then stor'ing blanks until the 
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40th character location is reache'ct. The transit symbol code is stored 
in the 40th character position followed by the remaining data. In no 
case is data stored more often than every eight mtc~o-seconds. 

In flow mode, the appropriate operation complete (OC) bit is inspected 
just p r i or to t he too - 1 ate - t.o - re ad t i me • If the 0 C b i t i s f a 1 se , the 
read takes place and the link address is used to obtain a new set of 
addresses for the next read operatio'n. If an OC bit ts true, al 1 sub­
sequent read operations associated with that station are disconttnuea. 
Howeve~, the other read station, if active, continues to read and 
store data. The feeder is stopped by the presence of the OC bit for 
either read stations or by a too-late-to-pocket-select condition or by 
a halt variant contained in the read OP code. 

Pocket select and interrupt information, if present, are obtained from 
memory via a swap operation just prior to the too-lat.e-t.o-pocke.t-select 
time. The controller first swaps a lockout pattern of 24 zero bits and 
then determines whether valid information Is present. The controller 
then stores the pocket select result lnformatio'n. If valid information 
is not present, the feeder is stopped; the current item and all sub­
sequent items are rejecte{:Jo The too-late b It is reported In the pocket 
select result descriptor area immed iatel'y. A new initiate can be ·a.c• 
cepted while the controller is rejecting previous Items. 

An interrupt can be requested at the completion of any read from the 
first station, the second station, or both. A pending interrupt does 
not prevent the storing of subsequent read data but does cause any 
subsequent request for an interrupt to be ignoreao 

If an unencoded item is encountered, it is reported as such in the read 
result descriptor. The read area in memory is unaffectea. 

If a batch ticket is encountered, it ts reported as such In the read 
result descriptor for the read area In which the batch ticket data has 
bee·n store Ci. 

If underspaced, overlength, ·or double items are detect.ed, the control 
does ~ read the fault item(s) but rejects them without any result 
1ndicatioho The feeder is not stopped and subsequent items are read 
normally. However, if the fault item is a batch ticket, it is reported 
in the read result descriptor as a rejected item. The read information 
is not val f{J. 

If an empty hoppe·r, full pocket, or sorter stop button is detected, all 
items in motion are processeijo The not-ready bit is reported in the 
pocket select result descriptor area when the last item read 
is poc ke te'ct. 

If a jam or missort is detected, the sorter stops the feeder and the 
control rejects all items in the feed 1 ine which have not been reaa. 
The jam-missort bit Is reported in the pocket select result descriptor 
area when the last item read is pocketea. After a pocket light 
descriptor is sent to the sorter, the sorter is placed in a not-ready 
status and accepts only pocket light operations. 
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The 1/0 descriptor for a reader sorter operation is shown inf igure 
7-1~. Each field is 24 bits wide. 

AEA1 RD 1 

F i g u re .7 - 14 • Re ad er Sor t e r I I 0 De ,sc r i pt or 

Referring to figure 7-14: 

a. Read station one. 
1 ) AE.A-sub l - ac tua 1 ending add re s's. 
2) RD-subl. - result descripto'r. 
3) LINK-subl. - 11nk addres's. 
4) OP-subl - operation code and variant's. 
S) .A-subl. - start addres's. 
6) .B-subl. - ending address of data + '1. 
7) PS - pocket select information and result. 

b. Read station two (present only if variants specJ.fy a read for 
both stat Ions'). 

1) AEA-sub2 - actual ending addres~. 
2) RD-sub2 - result descriptoT. 
3) .A-sub2. - start address of data. 
4) .B-sub2 - ending address of data + '1. 

POCKET SELECT INFORMATION. 
Pocket select information, if present, is obtained from the 24-bit PS 
portion of the 1/0 descriptor (see figure 1-15'). 

vv PPP PP RRRRRRRRRRRRRRRRR 

2 BITS 5 BITS 17 BITS 

Figure .7-lS. PS (Pocket Select) Portion 
of Reader Sorter 1/0 Descriptor 

Referring to f lgure 7-15: 

a. VV = OQ - valid information ts present and a normal pocket 
selection ts performe~. 

b. VV not equal to 00 - valid pocket select information is not 
present and the control waits and agaJn checks if valid 
information is present. 
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'c: • P PPP P = 0 0 0 O.O - 1 1 1 1 1. - f r om f o u r to 3 2 po c ke t s a re av a i 1 ab 1 e 
f o r s e 1 e c t i o'n • 

{j. R = reserve~. 
READ READ~R SORTER DESCRIPTOR. 
Read the data from the appropriate read station(s) Into descending 
memory locations starting at the location specif led by the B address 
of the 1/0 descriptor minus one and continuing until, but not into, the 
lbcation specff ied by the A address plus one or until all data from the 
item has been read, whichever occurs firs't. (See figure .7-16.) 

~v 
~ s 

R c D E F G H I J R H RRRRRRRRRR 

1 1 1 1 1 1 1 1 1 1 1 10 BITS 

Figure 7-16. Read Reader Sorter Descriptor 

Referring to figure .7-16: 

a. VVV = 000 - read reader sorter operation comman~. 
b. R = reserve~. 
'c: • C = 1. - read f i r st stat i o'n • 
~. G = l - read second stat oh. 
e. CG = 11. - read both stat on's. 
'T • D = 1. - format and v a 1 i d t y c he c k f i r st stat i o'n • 
9 • H = 1. - format and v a 1 i d t y c he c k second stat i o'n • 
h • D H = 1 1. - format and v.a 1 d i t y c he c k both st a t i o n's • 
'i. E = 1. do not store del mite·r, first statio'n. 
'j • I = 1. d o no t st o re de 1 m i t e ·r , sec on d. stat i o'n • 
'k. F = 1. de 1 i miter = b 1 a n·k, f i rs t stat i o'n. 
1. J = 1. del imlter = blan·k, second stat io'n. 
'm. H = l ha 1 t the f eede'r. 

BATCH COUNT DESCRIPTOR. 
The batch counter in the sorter is advance.cl by on'e. Flow must be 
stopped and all items must be pocket-selecte{j. (See figure 7-l?o) 

vvv RRRRRRRRRRRRRRRRRRRRR 

24 BITS 21 BITS 

Figure 7-17. Batch Count Descriptor 

Referring to figure 7-17, VVV is equal to 101, and R indicates 
reserve~. 
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POCKET LIGHT DESCRIPTOR. 
The light In the pocket speci:f led (.0-30) in the 1/0 descriptor is 111.u­
mtnatet.I. Flow must be stopped and all items must be pocke.t-selectea. 
( See f I g u re .7 - 1 ~ • )· 

vvv NNNNN RRRRRRRRRRRRRRRR 

3 BITS 5 BITS 16 BITS 

Figure .7-1~. Pocket Light Oescr. iptor 

Referring to figure 7-18: 

a. VVV = 010 - pocket 1 lght enable operation comman(J. 

b. NNNNN = 0000.0-11111. - l lght spec if ic pocket q 
through 32 (.0-31'). 

'c:. R = reserve<!. 

REAOE.R SORTER TEST DESCRIPTOR. 
The reader sorter and controller are tested, a not-read·y, ja-m, or mt.s­
sort ccindition is reported, if present, and an appropriate result 
descriptor is returne(J. (See figure .7-1'9.)· 

vvv T RRRRRRRRRRRRRRRRRRRR 

3 BITS 1 20 BITS 

Figu.re .7-1'9. Reader Sorter Test Oescr.fptor 

Referring to figure 7-19: 

a. VVV = 10Q - test reader sorter 1/0 controller 
and reade.r so r te'r. 

b. T = 0 store result immediately. 

'c:.. T = store result when reader sorter is ready. 

(J. R = reserve(J. 

RE ADER SORTER RESULT OE SCR I PTO~. 
At the completion of the operation, ·the result status information is 
stored at the speci.fied location. The result de.scriptor information 
is as f o 11 ow s: 

a. Bit 0 - operation complete. 
b. Bit 1 - exception condition (any bit on 3 through 16 set). 
'c:. Bit 2 - not ready. 
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~. Bit 3. - unencoded document. 
~. Bit 4. - memory access erro'r. 
f. Bit s. - cannot read docu.men't. 
9. Bit 6. - amount f i e 1 d er ro'r. 
'h • B t t 7. - o.n -us f i e 1 d er r o·r • 
1i • B i t a - t r a n s i t f i e 1 d e r r o'r • 
Jo s·t ~ - double documents. 
~. B t 10 - too late to rea~. 
'1 • B t 11. - jam. 
m. B t 12 - mtssor~. 
'n. B t 13. - batch ticket (no item left in path to be read'). 
b. B t 1~ - flow stopped (no items left in path to be read). 
'p. B t 15. - empty hoppe·r, fu 11 stacke·r, sto'p. 
'q. B t 16. - reserve~. 
'r • B t s 1.7 - 2 3. - co n t r o 1 ID = 0 0 1 0 1 0 0 ( t e st II 0 on 1 y') o 

DISK PACK CONTROLLER CB 1726 ONLY). 
This 1/0 controller provides for the attachment of disk packs to the 
system. The maximum capacity of each pack is 30 mill ion bytes. 

The controller can be used with two disk pack drives in a 1 x 2 
conf igurat io'n. 

The disk pack control can store or fetch 24 bits of data per memory 
access and is capable of rec~iving and recording information at a 
five megabit per second rate. 

Correctness of information in main memory is verified by the port 
interchang~. If a parity error ts detected during the fetch of any 
portion of an 1/0 descripto·r, a message is returned by the controller 
to the processor containing the address and 24 of the bits which 
have caused the memory parity error. Any error detecbed during data 
tr an sf er ca u se s the re turn of an a ppr op r I ate re s u 1 t de s c r i pt o'r • 

The disk pack controller assumes a 1 inked 1 ist of I/0 descriptors. 
Once a control is initiated with an address which points to a result 
descriptor, the control reads the first two bits (00) of the result 
desc~ipto~. The control fetches that 1/0 descriptor and executes it. 
If not, the control exits by fetching the 1 ink address to the next 
result descrfptoTo 

Each disk pack consists of 10 disk platters; each has 20 data surfaces 
numbered 00-1~. There are 33 available segments on each surface in a 
c y l i n de r e xc e pt the f i r st , on w h i c h f i v e a 1 te r n ate se g me n t s are r .e -
serve~. These alternate segments are used for relocating segments 
which had been unrecordable in their original location. Continuous 
operation from segment to segment, track to tr~c~, ~nd cylinder to 
cylinder is permitted, but continuous operation from disk pack unit 
to un it is no't. 

DISK PACK WRITE DESCRIPTO~. 
Data is written to the disk pack starting at the given file address (C) 
from ascending memory locations beginning at the location specified by 
the A address continuing to but not from the end location speci~ied by 
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the B address. Zero bits are written to complete the last segment. 
(See figure 7-20.) 

vvv RR E c T NNN RRRRRRRRR uuuu 

3 2 1 1 1 3 9 4 
BITS BITS BITS BITS 

Figure 7-20. Disk Pack Write Descriptor 

Referring to figure 7-20: 

a. VVV = 010 - disk pack write operation command. 

b. R = Reserved 

c. E = 0 enable automatic restore after seek error. 

d. E = 1 disable automatic restore after seek error. 

e • c = 0 do not parity-check segment written. 

f. c = 1 parity-check all segments written (to be 
specified if required). 

g. T = 0 segment mode. 

h. T = 1 track mode. 

i. NNN = 000 normal segment address. 

j • NNN = 001 - spare segment #1 on selected track. 

k. NNN = 010 - spare segment #2 on selected track. 

1. NNN = 011 - spare segment #3 on selected track. 

m. NNN = 100 - spare segment #4 on selected track. 

n. NNN = 101 - spare segment #5 on selected track. 

o. uuuu = 0-15 - unit number. 

P. R = Reserved 

q. A = beginning address of data. 

r. B = ending address of data + 1. 

s. c = binary file address. 
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DISK PACK READ DESCRIPTOR. 
Data is read from the disk pack starting at the given file address (c) 
into ascending memory locations beginning at the location specified by 
the A address and ending at but not in the end location specifiE~d by 
the B address. A complete segment need not be stored but is 
parity-checked. (See figure 7-21.) 

Figure 7-21. Disk Pack Read Descriptor 

Referring to figure 7-21: 

a. VVV = 000 - disk pack read operation. 

b. M = 1 normal read operation. 

t

_A __ _ 
---· 
24 
BITS r

----; g:·--B C 
--- -
24 24 
BITS BITS 

c. M = 0 if reading a relocated segment, the address field 
returned contains all ones. 

ct. c = 0 enable error correction. 

e. C = 1 disable error correction. 

f. Other variables are the same as for the disk pack 
write descriptor. 

DISK PACK INITIALIZE DESCRIPTOR. 
Segment addresses, data (all zeros), and gaps in all tracks are written 
starting after the index pulse on the track decoded from the given file 
address continuing through the entire track, cylinder, or pack. (See 
figure 7-22.) The data consist of a 16-bit pattern obtained from 
ascending memory locations at the specified A address. This 10-bit 
pattern is repeated 90 times throughout each data segment. 

·~-v_v_v ____ R--~R--_E ___ R ___ T_,, __ [~~--HRRRRRRRRR 

3 
BITS 

1 l 1 1 
l '1 21' 10 

BITS 

uuuu 

4 
BITS 

Figure 7-22. Disk Pack Initialize Descriptor 

Referring to figure 7-22: 

a. VVV = 011 - disk pack initialize operation. 
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b. enable automatic restore after seek error. 

c. disable automatic restore after seek error. 

e. track mode. 

g. cylinder only. 

i. undefined. 

j. UUUU = 0-15 - unit number. 

k. R = reserved. 

DISK PACK VERIFY DESCRIPTOR. 
The disk pack is read and checked for address errors and information 
parity errors beginning with the first segment after the index pulse 
on the track decoded from the given file address, continuing through 
the entire track, cylinder, or pack. The positions of segments are 
verified by counting from the index on each track. 

The binary file address of the detected error(s) is reported into 
ascending memory locations beginning at the location specified by 
the A address plus 16. The data is checked by comparing the 16-bit I 
pattern at the location specified by the A address with each 16-bit 
group of data in the segment. 

NOTE 
Relocated segments are also checked. 

vvv Ri R E R T pp RRRRRRRRRR uuuu 

3 1 1 1 1 1 2 10 4 
BITS BITS BITS 

t 

Figure 7-23. Disk Pack Verify Descriptor 

Referring to figure 7-23: 

a. VVV = 001 - verify disk pack operation. 

~
B 

24 
BITS 

b. E = 0 enable automatic restore after seek error. 

c. E = 1 disable automatic restore after seek error. 

d. T = 0 segment mode. 
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e • T ·- 1 - track mode. 

f. pp - 00 entire pack. 

g. pp = 01 cylinder only. 

h. pp = 10 track only. 

i. pp = 11 undefined. 

j . umm = 0-15 - unit number. 

k. R = reserved. 

DISK PACK RELOCATE DESCRIPTOR. 
The segment address designated by the given file address (c) is flag­
ged with an error configuration, and is rewritten on track 00 in the 
space sector specified by N. Both the original address field and the 
re.located address field on track 00 are located by counting from the 
index on each track 4 

NOTE 
An error configuration is one byte of 
binary "ones" with clock pulses omitted, 
followed by one byte of binary "ones" 
(with clock pulses), followed by one 
byte of binary "ones" with clock pulses 
omitted. Also the Sync Code is changed 
to eight zeros. 

The error conf'igura ti on is writ ten in the address field of the desig­
nated sector. The standard test data pattern is also written in the 
relocated segment data field. (See figure 7-24.) 

RI 
j 

IT 
' 

vvv R1 E R NNN RRRRRRRR UUUl 
·- l 

1 T ii T 
I . i 

8 4 .J 1 I 1 I l I J i l i ! BITS BITS 
! ! ! BlTS BTT 

I 

+.J ~ 2:~ ~ ~~Ts I I BITsl I BITsl 

.F·igure 7-24. Disk Pack Relocate Descriptor 

Referr.ing to figure 7-21+: 

a. VVV = 101 - relocate segment operation. 

b. E = 0 enable automatic restore after seek error. 

c E = l disable automatic restore after seek error. 

d. T = 0 segment mode. 

e. T = l track mode. 
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f. NNN = 1-5 - indicates the spare segment in 28 through 32 
on track 00. 

g. R = reserved. 

DISK PACK TEST DESCRIPTOR. 
The disk pack drive is tested for the following conditions (see figure 
7-25): 

a. Readiness of.drive. 
b. Busyness of drive. 
c. Timeout of s~ek operation. 
d. Seek complete status. 
e. Seeking status. 
f. Control identification. 
g. Write lockout. 
h. Drive type. 

vvv E E p pl RR.RRR.RR.R.RR.R.R.R uuuu 

3 1 1 1 13 4 
BITS BITS BITS 

Figure 7-25. Disk Pack Test Descriptor 

Referring to figure 7-25: 

a. VVV = 100 disk pack test operation. 

b. EEP = 000 return a result immediately. Do not pause. 

c. EEP = 100 return a result only if the drive is ready and in 
a seek complete status; otherwise, unlock and fetch the next 
descriptor. 

d. EEP = 010 - returns a result only if the drive is present 
else unlock and fetch the next descriptor. 

e. EEP = 001 - if no I/O descriptor has been executed since the 
last encounter with a test descriptor with EEP = 001, unlock 
and then pause one to two milliseconds before proceeding to 
fetch the result descriptor field of the next descriptor. 

f. 

g. 

If an I/O descriptor has been executed, do not pause; unlock 
and then proceed immediately to fetch the result descriptor 
field of the next descriptor. Do not store a result in 
either case. 

P = l - put the drive off time for pack removal. 
1 

R = reserved. 
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DISK PACK RESULT DESCRIPTOR. 
At the completion of a disk pack I/O operation, the following result 
descriptor information is returned: 

a. Bit 0 - operation complete. 

b. Bit 1 - exception condition. 

c. Bit 2 - not ready. 

d. Bit 3 - read data parity error; write data parity error. 

e. Bit 4 - memory access error. 

f. Bit 5 - memory parity. 

g. Bit 6 - write lockout operation not performed. 

h. Bit 7 - transmission parity error; read data error corrected. 

i. Bit 8 - overrun. 

j. Bits 7-9: 

000 not present. 
001 20 surface - 203 track. 
010 20 surface - 406 track. 

k. Bit 10 - address parity error or verify error. 

l. Bit 11 - seek timeout. 

m. Bit 12 - seek status. 

n. Bit 13 - control no. 0 .•• 1. 

o. Bit 14 - seeking; seek initiated flag; wrong cylinder. 

P. Bit 15 - segment address error. 

q. Bit 16 - reserved. 

r. Bits 17-23 - controller ID= 0011110 {test I/O only). 

DISK CAR.TRIDGE CONTROLLER. 
This I/O controller provides for the attachment of disk cartridge 
drives to the system (see figure 7-26). 

--~e-·-·----·----·l DRIVE 1 

DPC-1 

•-------~--0--··-·'i DRIVE 2 

Figure 7-26. Disk Cartridge Controller 
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The controller can store and fetch 16 bits of _data per memory access 
and is capable of handling a data transfer rate from and to a drive of 
1.55 and 3.10 megabits per s~cond. 

Segment to segment, track to track, and cylinder to cylinder operation 
is permitted but continous operation from unit to unit is not 
permitted. 

Bad tracks should not be addressed by the software in any routines 
other than initialization routines. Bad tracks are not detected by 
the control, and reading and writing on or over bad tracks produces 
an undefined result. 

DISK CARTRIDGE READ DESCRIPTOR. 
Data is read from the disk cartridge starting at the given file address 
(c) into ascending memory locations beginning at the location specified 
by the A address and ending at but not in the end location specified 
by the B address. A complete segment need not be stored but is 
parity-checked. (See figure 7-27.) 

vvv R M R s RRRRRRRRRRRR uuu 

3 1 l 1 1 12 3 
BITS BITS BITS ~fE 24 24 

BITS . BITS 

Figure 7-27. Disk Cartridge Read Descriptor 

Referring to figure 7-27: 

a. vvv = 000 - disk cartridge read. 
b. MS = 00 normal read. 
c. MS = 01 undefined. 
d. MS = 10 read immediately following the segment pulse. 
e. MS = 11 undefined. 
f. uuu = 000-111 - disk cartridge unit number. 
g. R = reserved. 
h. A = beginning address of data. 
i. B = ending address of data + 1. 
j • c = binary absolute disk address. 

DISK CARTRIDGE WRITE DESCRIPTOR. 
Data is written to the disk cartridge starting at the given file ad­
dress (c) from ascending memory locations beginning at the location 
specified by the A address continuing to but not from the end location 
specified by the B address. Zero bits are written to complete the 
last segment. (See figure 7-28.) 
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vvv R M R 

3 1 1 1 
BITS 

s RRRRRRRRRRRRRR uuu 

1 14 3 
BITS BITS 

Figure 7-28. Disk Cartridge 
Write Descriptor 

Referring to figure 7-28: 

a. vvv = 010 - disk cartridge write. 

b. MS = 00 normal write. 

c • MS = 01 undefined. 

d. MS = 10 write immediately following 

e. MS = 11 undefined. 

~fB 24 24 
BITS BITS 

the segment pulse. 

f. Other variables are the same as for the disk cartridge 
read descriptor. 

DISK CARTRIDGE TEST DESCRIPTOR. 
The designated controller is tested for the following conditions: 

a. Readiness of cartridge drive. 
b. Write lockout. 
c. Timeout of seek operation. 
d. Seek status. 
e. Seeking status. 
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f. Control ident if'lcat io'n. 

The disk cartridge test descriptor is shown inf igure ~-2~. 

vvv MS RRRRRRRRRRRRRRRR uuu 

3 BITS 2 16 BITS 3 BITS 

Fig.ure 7-2'9. Disk Cartridge Test Descriptor 

Referring to figure 7-29: 

'a • V V V = 1 0 o. - d i s k car tr i dg e t e s't • 

b. MS = 00. return a result immediately unconditionall~. 

1c. MS = 01. do not return any result unless ready. 

'c.t. MS = 01. do not ret.urn any resu 1 t but pause one to two 
mill is~cdnds before fetching the next 1/0 descripto~. 

DISK CARTRIDGE RESULT DESCRIPTOR. 
The disk cartridge result de~criptor is defined as follows: 

a. Bit 0 - operation co.mp 1 e te'c:J. 

b. Bit 1. - exception conditio'n. 

'c • Bit 2 - not read'y. 

'c:J. Bit 3. - read parity erro'r. 

'E:!. Bit 4. - memory access erro'r o 

•f. Bit s. - memory parity er ro'r. 

g. Bit 6. write lockout operation not performed (test'). 

h. Bit a - ov.erruh. 
,. 
I • Bits 7 "'18-9·= 

1 ) 000 not present (test'). 
2) 100 2200 B P-1, 203 T (test'). 

,. 
J• Bit 10 - re se rve'c:I. 

1<. Bit 11 - seek timeout operation not pe rf orme(l. 

'1 • Bit 12 - seek status (test'). 

'rn. Bit 13. - rese rve(l. 
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'n • Bit 14. - ·Seeking (test'). 

-0. Bit 15. - re se rve'<:J. 

'p. Bit 16. - reserve'<::I. 

·q. Bits 1.7-23 - controller IO. 

MAGNETIC IAPE CONIRQl.L.'R~. 

7-TRACK MAGNETIC TAPE CONTROLLER. 
This controller is used with all -7-t·rack free-s·tanding transport's. It 
has the capability of operating at 20-0, ~56, and 800 BPI densitie~. A 
maximum of six transports can be used on the controlle'r. The ability 
to perform non-stop forward operations is also incl~de'<::I. 

9-TRACK MAGNETIC TAPE CONTROLLER. 
This controller is used with any 9-t~~ck free-standing transports and 
9-tr~ck magnetic tape cluster~. It has the capability of operating at 
1600 and 800 BPI density. 

NOTE 
200 and 556 BPI are not provideij. 

A maximum of six transports can be used on the controller. 

The magnetic tape 1/0 descriptors are descr.tbed b.elow. 

MAGNETIC TAPE READ DESCRIPTO'R. 
This operation reads data .from magnet'ic tape in either a forw.ard or 
backward direction into ascending or descending memory lbcations as 
sp~ctf ied by the A address and continuing until the end location 
sp.ec lf i ed by the B address (see f I g.ure .7-30'). 

vvv T c FFF PPPP RR RR RR RR uuuu 

3 BITS 1 1 3 BITS 4 BITS 8 BITS 4 BITS 

FI g ure .7-31). Mag net i c Tape Read Descriptor 

Referring to figure .7-30: 

a. vvv = 000 - read operation comman'<::I. 
b. T = 0. - read f orw.ar{i. 
c. T = 1. - read rev.ers~. 
'<i • c = 1. - current t rac'k. 
~. FFF = 000 t.hroug h 111. track numbe'r. 
f. PPPP = o 11 a 800 BPI even parity .7-tradk. 
g. pp pp = 0111. 800 BPI odd par i t y .7 - tr a c'k • 
'h. pppp = 1011. 800 BPI odd parity .9-trac'k. ,. 
I • pp pp = 0010. 556 BPI even parity .7-t.rac"k. 
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lj. PPPP = 0011. 556 BPI odd parity .7-trac'k. 
·1<. PPPP = 0000 200 BPI even parity .7-trac'k • 
.11. PPPP = 0001. 200 BP I odd parity .7-trac~. 
'm. PPPP = 1111. 1600 BP I odd parity .9-t~rack (phase eh coded'). 
'n • PPP P = O 1 0 0. .( a s se 1 e c t\e d b y s w i .t c h eve n pa r i t y') • 
b. PPPP = 0101. (as selectied by switch - odd parity'). 
'P o R = res e r v e'c:I • 
~. A= beginning address of dat~. 
'r. B = ending address of data + '1. 
's. UUUU = 0000 through 1111. - tape unit numbe'r. 

MAGNETIC TAPE WRITE DESCRIPTOR. 
This operation .writes a data to tape moving in the forward dir~ction 
.from ascending memory lbc~tions beginning at the lbcation specified by 
the A address and continuing until the location specff ied by the B 
addres~. (See figure 7-31.) 

MAG NE T I C TAPE ER A SE DE SC R I PT OR • 
Magnetic tape is .erased in the forw.ard direction on the designated 
unit. The number of characters erased is the number of characters 
wh'tch would be written for the same A and B addresse's. No memory space 
i s use~, but me mo r y O(c le t i me i s u se'c:I. ( See f i g u re .7 -3 l • ) 

vvv E T RRRR FFFF RR RR RR RR uuuu 

3 BITS 1 1 4 BITS 4 BITS 8 BITS 4 BITS 

F i g u re 7 - 3'1 • Mag net i c Ta p e 
Write/Erase Descriptor 

Referring to figure .7-3·1: 

~. VVV = 010. - tape ~rite operation commanij. 
·b • E = 1 - e r a se o 

c . T = 1 - w r i t e tape ma r'k • 
~. All other variables are the same as in tape rea~. 

MAGNETIC TAPE REWIND OESCRIPTO~. 
Magnetic tape is rewound on the designated unit to the beginning 
of tape (BOT'). After the operation is initiate<I, ·a result de.scriptor 
is returned with the 1/0 cdmplete bit set ON without waiting until the 
rewind is complete. (See figure .7-3~o) 

vvv RRRRRRRRRRRRRRRRR uuuu 

3 BITS 17 BITS 4 BITS 

Figure .7-32. ,....\agnetic Tape Rewind De.scr,iptor 
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Ref.erring to figure .7-32: 

~. VVV = 01 l - tape rewind operation comman{J. 
b • R = res e r v e{J • 
c •. uuuu = oouo-1111. - tape unit numbe/r. 

MAGNETIC TAPE SPACE DESCRIPTOR. 
Magnetic tape is spaced forward or backward by the number of records 
speclf ied by bits 13-20 of the tape sp~ce 1/0 descriptor (001 through 
255 physical records) unless tape is stopped by detection of an end of 
file (EDF), end of tape (EDT), ·or beginning of tape (BOT) conditio'n. 
(See figure 7-3~.)· 

PPPP RR RR ARR s uuuu 

s 4 BITS 7 BITS 1 4 BITS 

_v_v_v ___ T_~R 
3BITS 1 ~ 

F i g u re .7 - Y3 • Mag net i c Ta pe Space D e.s c r. i pt or 

Referring to figure 7-33: 

~. VVV = 11U - space operation comman~. 
b. S = 0 - space to next end of file (EOF). 
c. S = 1. - ·Space, one recort:I. 
H. All other variables are the same as in the tape descripto~. 

MAGNET IC TAPE TE ST DESCRIPTOR. 
This de~criptor tests the unit sp~ctf ied and returns a result 
de s c r i p to r ( see f i g u re .7 - 3 4 ') • 

TT RRRRRRRRRRRRRRR uuuu 
---1---2 --+------I 

15 BITS 4 BITS 

Figure -7-3'4. Magnetic· Tape Test Descriptor 

Ref e r r i n g to f i g u re . 7 - 3 4 : 
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~. vvv = 100 - test operation comman'ci. 

b. TT = OU - always return a re s,u 1 t descr. i ptot. 

'<: • TT = 10 - return a re su 1 t des.er. i ptor only lf the 
unit is read'y. 

H. TT= 01. - return a result descript.or only if the 
unit is not read~. 

~. All other variables are the same as for the tape read 



de.scr1 i pto'r. 

MAGNETIC TAPE LOCK DESCRIPTOR. 
There is one lbck de'scr.iptor in the subsystem chain for e.ach magnet.ic 
tape unit (see figure .7-35'). 

VVV RRRRRRRRRRRRRRRRRRRRR 

3 BITS 21 BITS 

Fig.ure .7-3;. Magnetic Tape Lock De.'scr·iptor 

Referring to figure 7-35: 

a. vvv = 101. - magnetic tape lock operatio'n. 
b • R = re se rv e'd • 
'c:. A= ad.dress of first no.n-lbck de.scripto'r. 
'<:J. B =address of current non-lock de'scripto'r. 

MAGNETIC TAPE RESULT DESCRIPTOR. 
At the' cdmpletion of an 1/0 operation the following result de~c"iptor 
information is returned: 

a • B 1 t O - I Io c d mp 1 e t'e • 
b. Bit 1. - e'xceptlon condition (any bit on in bits .3-16'). 
'c:~ Bit 2 - not read~. 
'cJ. B it 3. - tape par it y .er r.o'r. 
e. Bit 4. - memory a.tcess error. 
1f • B i t 5. - me mo r y par i t y .er r.o'r • 
~. Bit 6. - end of tape ( EOT'). 
fl • B i t 7. - beg i n n i ng of tape ( B.O T') • 
'i • B i t a - w r i te 1 b c k·o ut • 
'j. Bi t 9. - end of f i 1 e ( E OF') o 

1<. Bit 10 - ·tape is rewinding. 
'1. 8 it 11. - .spac i,ng of three feet of .blank tape (timeout')• 
'rn. Bit 12 -· c 1yclic redundancy cheek. 
'n • B i t s 1.3 -1 s. - ·t rack I n .er r or ( O 0.0 - 11 '1') • 
1
0. B it 16. - ·re se rv e'd. 
~. Bit 1i - short r~cdrd (ihcomplete record'). 
'q. Bi ts 1.8-23. - res.e rve~. 

The magnet.1ic tape test res.ult de.rscniptor is as follows: 

'a• Bit 0 - I/0 complete o 

b. Bit 1. - e'xcept ion condition (any bit on in b it 5 .3-16') • 

'c: • Bit 2 - not read'y. 

~. Bit 3, - bus'y. 

·e. Bits .4-S - ·re se rve'cl. 
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f. Bit 

' Bit g. 

'h. Bit 
,. '. Bit 

/• 
J· Bit 

1<. Bit 

'1 • Bits 

1 ) 
2) 
3) 
4) 
5) 

in. Bits 

'n • Bf ts 

1 ) 
2) 
3) 
4) 
5) 

6. - end of tap'e. 

7, - beginning of tap'e. 

a - write 1 ockou't. 

9 - ·re se rv e'd. 

10 - ·re w i n d i n9 • 

11. - -reserve~. 

1.2-14 : 

000 - .7-track 200 BP'I. 
001. - .7-t·rack 556 BP'I. 
011. - .7-track 800 BP'I. 
101. - .9--t.rack 800 BP'I. 
111. - .9-t·rac k 16 00 B P'I. 

1.5-16. - ·re se rv e'cJ. 

1.7 -2J - cdntro1 ler lO. 

ID :: 1. - 011001'0. 
ID :::2 - 011000'0. 
ID ::3. - 0110100. 
ID ::4. - 011011'0. 
ID :::s. - 0111 00-0. 

NOTE 
The cycMc :.redundancy check is a means 
of generating another ch~ck char~cter 
during write operations and provides 
.error' correcting capabllitle's. ·During a 
read, -the generated check character must 
agree with the one that has been 
writ te'n. 

PATA COMtjUNlCATIONS CONTROLLER'S. 
A data. communic~tions controller provides for certain basic ~functions 
descr;l.bed below with non-standard functdons pee:ul 1.ar to partic.u.lar 
1 ine disc j.pl ines prov tded for by the spec f,f le 11 ine adapte'r. 
Basic fuhctlons of data commun.·ications controllers are:· 
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~. II 0 initiate ha n.d 1 i n'9. 

b. I/O desc~iptor fetch for an adapte~. 

'<:. Provides for storage In an adapter f.or address of result 
status are~, ~eginning of data addre•s, ~nd end of data 
address + 1 • 



~. Initiating an adapter to the appropriate operating mode. 

e. Serv.·ic iing an adapter request for character transf.er's. 

'f. USASCI.I-7 to/.from EBCDIC .translation as select\ed by varlan't. 

9. Result de.scriptor and interrupt handl in9. 

The data commun'ica.tions contr,oller accepts all I/0 initiate de'scr.Jptors 
directed to it regard less of the state of an adapte'r. If an 1/0 de· 
sc~iptor is directed to a busy adapte~, the cont~ol forces the adapter 
to the new operating stat-e, ·destroying all traces of the previous 
operation ihclud ing any pending interrupt's. 

On the contr.o 1 le r a parity .error .or a memory access .e.r ror does not 
terminate a read .or .write operationo On a read, an acdess failure 
resu 1 ts in a 1 oss of the cha racte'r. On a writ~, an access failure 
results in the transmittal of a sync char~cter on a syhchronous line 
and a steady marking condition on an asyhchronous lin~. 

SINGLE-LINE CONTROLLER. 
A single-l·ine: cdntroller provides connection between a single I/O 

·channel and a single· commun·ications 1 in'eo A 1 ine adapter is required 
to equip the sing le-1 ine contr.ol ler for use with a part.icular type of 
remote 1/0 dev.ic~. The adapter determines. code sensitivit·y, 
transmission rate, and character length in bit~. 

LINE AOA.PTE RS FOR SINGLE-LINE CONTROL'S. 
The adapters are input/output devices that provide the terminal con­
nections between a t,elephone or tele.graph fac,i1l ity and an 1/0 channel 
via the singl.e-line. contr,ol's. 

Du r i n g i n p u·t , a 1 1 ad a p te r s rec e I v e data . f r om t he. 1 i n e se r i .a.1 1 y b y b it. • 
When a bit has been st.ored, ,.;the adapter signals the contr.ol to accept 
the b i't. Our ing outpu·t, a 11 adapters receive data ser i.al 1 y by bit from 
the I/0 cdntro'l. · As each bit is transmitte-d, ·the adapter requests the 
next bit from the.· contro'l. 

The adapters provide for both a receive and a transmit brea'k. On r.e-
. ceipt of a break 1/0 de.scripto·r, the adapter terminates the operation 

in proces-s, ·tf an·y, and transmits the break s igna'l. It does not return 
a result descriptor f.or an operation in proces's. The res,ult descr\iptor 
for the break · 1 s ret.u rned after comp let I on of the .break ope rat io'n. 

A time-out feature is provided f.or the I/O cdntrol ler/adapter hookup 
when using leased lines or direct 1 ine operation and provides a read 
time-out wh'ich detectis the absehce of a data: character for a period of 
t lme .greater than one secon'd. The time-out starts immediately after 
the receipt of the 1/0 de.'scr.ipto'r. The time-out can be inhibited 
programmat.'ical l'y. The time-out period can be. changed by a f i,eld 
engine.er to a 20-second per i o'd. 
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Time-out also .Occurs if the cl.ear-t.o-send signal from the data set is 
not returned within 20 seconds after the request to senCI. ·This time­
out' cannot be inhibiteij. 

Three types of standard 1 ine adapters are availabl~. 

~. Standard syhchronous 1 ine adapte~. 
b. Standard asyhchronous 1 ine adaptet. 
~~ Standard dir~ct asyhchronous line adapte~. 

Standard 1 ine adapters .provide for the attachment of the fo,1 lowing 
term i na 1 s: 

'cl. Teletypes (models 33, ·35, ·and 37'). 
b. Burroughs Input and Dis.play. - (B 9353'). 
c. CRT Input and Display (B 9352)'. 
'c.i. Burroughs T.C-Se r ie's. 
e. Burroughs T.U-Ser ie's. 
'f • l3 u r roughs RT- Ser i e's. 

SYNCHRONOUS LINE ADAPTER. 
The standard synchronous line adapter(s) provide for a. connection of 
the 1 isted terminals via the following common carrier services and data 
set~.· Data sets equivalent to those 1 isted can be used but must first 
be approved and spec i.f ie'cJ. The cl.ock is supplied by the data se't. 

Burroughs 
Speed (BPS) Se ry.j ce Data Set Qata Sets 

2000 Dial WE 201A3 
2400 Leased WE 20181 TA 713/TA 783 
4800 Leased WE 203 TA 713/TA 783 
9600 Leased WE 203 

ASYNCHRONOUS LINE ADAPTE~. 
Standard asynchronous line adapter(s) provide for a. conn~ction of the 
listed terminals via the following common carri.er services and data 
set's. · Data sets equivalent to those 1 i sted can be used but must f. i rst 
be approved and specff ie~. The adapters may be modified to accommodate 
any one of the 1 i sted .transmission speed's. · 

Burroughs 
Speed (BPS) Se rv'j ce Qata Set Pata Sets 

15 0 Dial WE 103A 
15 0 Leased WE 103F TA 713/753 
300 D j,a 1 WE 202C 
300 Leased WE 202D TA 713/753 
600 Dial WE 202C 
600 Leased WE 202D TA 713/753 
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Burroughs 
Speed C BPS> Se rytce Qata Set Qata Sets 

1200 Dial WE 202C 
1200 Leased WE 202D TA 713/753 
1800 Leased WE 202D TA 783 

DIRECT ASYNCHRONOUS LINE ADAPTE~. 
The standard dir~ct asyhchronous line adapter provides for a. connection 
of the 1 isted terminals vla a .2-w·lre direct, connecti lnterfac'e. ~The 
adapter may be modified to accommodate any of the fol lowing, 1 i sted 
transmission speeds (in BPS): 

~. 11'0. 
b. 15'0. 
c. 300. 
'cJ. 1200. 
e. 1 80'0. 
'f. 24 (){). 
~. 4 sot>. 
'h. 96 O'O. 

ADAPTER CHARACTER I.ST IC'S. 
Transmission· code is USASCLl-·7.. The seven data bits .are transmitted 
1 east s i g n i f i cant b i t s f i r st f o. 1 1 owed b y one pa r i t y b i't • f.o r synch r.o -
nous operation, ·cha ractie r parity is od'c:I. For as yhchronous operation, 
cliaract;er parity is eve'n. The adapt.er performs the parity generation 
and' checkin's,J. One start bit and one stop bit frame the seven bits .plus 
parity that make up the.· character; theref.or-e, for each charact.er of 
dat-a, ·10 bits .are sent down the 1 ine. 

A block check code (BCC) is normally transmitted fol lowing al 1 messages 
that contain a start' code. The BCC is formed by taking the modulo two 
sum on each data bit following a st.art code, ·up to and ih.cl1uding an end 
code, ·and is transmitted after the end code with appropriate charact.er 
par i t'y. 

Both EBCDIC and USA SC 1. 1-8· codes a re ca·pab 1 e of being rece lved from 
memory by the. 1 ine adapter'so EBCO IC code must be translated to 
US AS C L I - 8. b y the cont r d1 • US A SC I.I - 8. i s . trans 1 a te d to USA SC I. I - 7 I n 
the adapter by ignoring the high order bit.. On inpu-t, USASCl.1-7 is 
translated to USASCLI-8. in the adapt.er and then .translated to EBCDIC 
by the· control if requested by a var tant in the 1/0 descr ipto'r. 

The adapter assembles one character of data before. requesting service, 
from the I/O controlle~. 
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The following code sensitivity is provided by the adapter~. 

Function 

Start 
End 
Positive response 
Negative response 
Enquiry 
Syhc 

SO-H, ·STX 
E lX, ·E TB 
AC-K, ·Ef~-Q, ·BE·L, ·ET·X, ·ETB 
NAK, ·EDT 
ENO 
SYNC 

Two SYNC codes must be. rece.ived before a synchronous adapter is sens.i­
tive to any other code~. SYNC codes are not stored in main memorY. 
After the receipt of the last leading SYNC code, an adapter stores 
in memory all subsequent code·s, ·except the SYNC characte·r, up to but 
not including a block check characte'r. SYNC charact.ers are not 
included in a BCC su'rn. At least four SYNC codes must be transmitted 
pr i or to d a t'a • Four SYNC code s a re au to mat i ca 1 1 y gene rated b y t he I I 0 
controller pri.or to transmitt.al of dat'a. 

A control code 1 isted under the cl.assif ications of positive responses 
and negative responses is also defined to be an ending code if it is 
not preceded by a code cl.assif ied as a start code. 

The control characters ETX and ETB are not considered to be a positive 
response unless followed by a correct block check character (BCC). 

The negative response code EDT is a response code on a read only and 
never on a writ~. To enable an on-hook condition at a remote site, the 
adapt e r mu st. rec e i v e a me s sage s u c h as D L £ , ·E O·T , E N'Q. To en ab 1 e an 
on-hook condition at the central site, the adapt~r must receive an 1/0 
de sc r. i pt or w i t h the d i s connect v.a r i a n't " 

The r~ceipt of an ENO code or a ringing condition is recognized by the 
adapt.er when the adapter is in a test and wait state. It is not 
remembered or recognized in any other state. 

A variant in the 1/0 de~c~iptor is provided to ignore EDT as an ending 
code f.or reaH. This variant allows the controller and the system to 
which it is att~cHed to act as a terminal and receive a polling se­
quence from other system's. No hardware recdgnition of addresses is 
prov i de<:J, ·howev.e'r. 

The SLC 1/0 controller and 1 ine adapters are designed to operate over 
the communications faci.1 ities defined in table .7-3. and table .7-1.J .• 
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Tab 1 e 7-3 

Transmission Facf.1 ity Classif.ication 

! 
Des I gnat ion Bandwidth i Transmission Rate Remarks 

Narrowband Vari ab 1 e - 15.0-300 bits/sec Gener.a 11 y private 
gene r,a 11 y 1 i ne except for 
up to 300 Hz TELEX and TWX 

services 

Voiceband Nominal 4 kHz 600/1200/1800/2000/ Private and 
2400 bits/sec iand dial 1 i nes 
higher with WE .or 
COAM modems 

Wideband 48 kHZ and up 4'0. 8· K bits/sec land Generally private 
higher 1 ine except DAtA-

PHONE 50 service. 
from the Bel 1 
System 

Tab 1 e .7-4 

Conditioning 

Vo"iceband Conditioning O.e 1 ay 0 i st.ort ion Band 

3002 None 17 so us 80.0-26 00 Hz 
3002 Cl 1000 us 1000-2400 Hz 

1750 us 80.0-2600 Hz 
3002 C2 500 us 1000-2600 Hz 

15 00 us 6 Q0-2600 Hz 
3000 us s 0.0-2800 Hz 

3002 C4 300 us 100.0-26 00 Hz 
1500 us 60.0-3000 Hz 

DATA COMMUN I CAT IONS RE AO DESCRIPTOR. · 
Data is read from the remote dev·ice in a·scend ing memory locations 
beginning with the lbcation specl;fied by the A addres's. ·Reading Is 
cdntinued until a' control' code denoting the end of text is detecte'c:I. 
In no case ·is the data st.ored in the end Ing 1 beat ion spec i·f i ed by the 
B addres's. · The complete message read must be terminated by a control 
code.· (See figure .7-36·.» 
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vvv TTT w 

3 BITS 3 BITS 1 

RR D cc RRRRRRRR uuuu 

2 1 2 8 BITS 4 BITS 

Figure .7-36. Data Commun·ications 
Read De SC r. i pto r 

Ref.erring to figure 7-36: 

'a• vvv = 000. data communica.tions read opera t i o'n. 
b. TTT = 000. - no t r a n s 1 at i o'n • 
I c. TTT = 010. - USASCll-7 to EBCDIC trans 1 at i o'n • 
'c:t. w = 0. do not disable ti me-out ti me1t. 
'e • w = 1. - disable ti me-out ti me'r. 
f. D = 1. - ·ignore EDT as a response c ye l~e. 
I cc = 00. normal 1/0 chaining. g. -
'h. cc = 01. - 1/0 cha in ing if negative response is ,. cc = 1 0. 1/0 chaining if positive is I • - response ,. 
J· R = re s.e rv e'<i. 
1<. uuuu = .0-15. - adapter numbe'r. 
'1 • A =beg inning address of dat'a. 
'm. B = ending address of data + '1 • 

DATA COMMUNICATIOtJS WRITE DESCRIPTOR. 

rece i ve'c:t o 

rece i ve'd. 

Data is written to the remote device from ascending memory locations 
beginning with the location specified by the A address and continuing 
until a control code which denotes end of text is detected or up to the 
location speci.fied by the B addres's. (See fjg.ure.7-37.)-

vvv 

3 BITS 

TTT RRRRRRRRRRRRRR uuuu 

3 BITS 14 BITS 4 BITS 

Figure J-37. Data Communications 
Write Descriptor 

VVV is equa 1 to 010 for the data communications write ope rat io'n"' Other 
variables .are the same as for the read descripto~. 

DATA COMMUNICATIONS BREAK DESCRIPTO'R. 
Send a .break signal to the remote terminal or go on hook as specHied 
by the variants in the I/0 descr.iptor's. (See figure .7-3'8.) 
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vvv RRR T RRRRRRRRRRRRR uuuu 

3 BITS 3 BITS 1 13 BITS 4 BITS 

Figure .7-3'8. · Data Commun.icat ions 
Break Oe.scr; t pt.or 

Referring to fjg.ure .7-38: 

~. VVV = 111 - data commun·icat ions .brea'k. 
'b • T = 0 - -send .b re a k and do not d i .s con ne c't • 
'c. T = 1. - d i'sconnecti and do not .brea'l<. 
'ci. UUUU = .Q-1 s. - adapter numb.e.1r. 
~. R = reserve~. 
r • D = a d.d res s 0 f re SU 1 t stat u s a r e'a • 

DATA COMMUNICATIONS TEST DESCRIPTOR. 
Test the adapter ident if icat ion and f.or a received ENQ, and return a 
result de.:scr.iptor wh·ich contains the adapter I/0. (See figure .7-Y9.} 

vvv T RRRRRRRRRRRRRRRR uuuu 

3 BITS 1 16 BITS 4 BITS 

Figure J-3~. Data Communic~tions 
Te st Desc iii pto r 

Ref.erring to figure .7-3·9: 

'a • VV V = 1 0 O. - t e st the I I 0 cont r o 1 le'r • 

b. VVV = 111. - ·test the 1/0 contr.ol 1 e·r, ~return a resu 1 t descr. i pto-r, 
and go idl~. 

c. T = 1 - wait unt.il ENO is- rece.ived bef.ore completing I/D. 

'c:I. R = reserve'd. 

~. 0 = address of result status are~. 

DATA COMMUNICATIONS RESU.LT DESCRIPTOR. 
The data communications result descr·iptor is as follows: 

~ • B i t 0 - I I 0 comp 1 e t~ • 

b • B i t 1. - e ;x c e p t i on con d i t i on s ( a n y b i t on i n b i t s . 3 - 1 6') • 
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7-40 

'<: •• Bit 2 - not read'y o 

'cl • Bit 3. - parity err.or. - character ·Or act. 
Bit 4. - memory access .erro'r. 

'f. Bit s. - memory pa r i t y .er r o'r • 

Bit 6. - .ti me-out. 

11. B i t 7. - b re a1< • 

,,i. Bit a - ending cont ro 1 code e xpect.ed but not rece i ve'd. 

'j. Bit 3 - cha in i ng term i na te'c'J. 

1<. Bit 10 - reserve'd. 

'1. Bit 11. - .loss of clear to sen'<:I. 

'in. Bit 12 - carri.er los's. 

'n. Bit 13. - re se rve'd. 

b. Bit 14. - off hook ( d i,a 1 % 

~. Bit lS - ringing or enquiry receive'<:I. 

'q. Bit 16. - re se rve'<:I. 

'r. Bits 1.7-2:3. - adapter ID (test 1/0 only1. 

1) 1000000 =adapter not present. 
2 ) 1 0 n n n n n = 1 e a se d .or d i rec t connect. 
3) llnnnnn =switched 1 ineo 

NOTE 
The variable nnnnn is defined as: 

00010 - standard 1 ine adapter 
01000 - Teletype adapter 
00100 - ACU adapter 



APPENDIX A 

REGISTER SUMMARY 

MICRO-INSTRUCTION CONTROL REGISTERS, 

Moe moo ls:. Width fubct.joo Usage Remarks 

A 19 Address reg. Source,/ de st. 2000 KB 

MAR ( 17 00) 14 Address reg. Sou·rce/ de st. 64 KB 

M 16 M i c r.o - i n s't • Source/de st. 

TAS 24 Top of stack Source/ de st. Pseudo 

TOPM 4 Top ct'1. ·rnefo. Source/de s-t. Not av'l. -on B 1710 
Seri es 

rm R 24 Metn. ·base re9. Source/ de st. tfot av'l. ·on B 1710 
Seri es 

MAIN MEMORY CONTROL REG I STE R'S. 

Mnemon ·; c \ndth Function Usage Remarks 

OR 21+ Base re~. Source 

LR 24 Limit reg. Source 

FA 24 Field Ad'r. Source/de st. 8 17 00 64 KB I 

max. 

EL 16 Field 1 g t·fi. Source/ de st. E LC/0/E/F 

CP 8 Arit'h. ·ct.1. Source/de st. C Yf, -CPU, ·CPL 

CYF Carry flag Sou reel de st. 

CPU 2 Ari t'h. ·Unit Dest. 00 = binary 
01 = .4-b·i t 
11 = .8-b·i t 

CPL 5 Data 1 eng th Source/ de st. Ma'x. va-1 o ·24 

MAXS 24 Main metn. Source 
size 

MAXM 24 Control me'm. Sou.rce 
size 

FLCN 4 F 1 Cl. lg th. Source/de st. 
conH. 
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APPENDIX A (cont) 

INTERRUPT CONTROL REG I STE R'S, 

Mnemonic ~·Ji d th Fuhct. ion 

cc 4 In t'r. ·con'd. 

CD 4 In t'r. -con{:J. 

INCN 4 In t'r. ·con'd. 

GEt·JERAL PURPOSE REG I STE R'S. 

Mn~mon is;; VJj d th [unction 

x 24 
y 24 
I 24 
L 24 
CA 4 
CB 4 

HJP lJT S IO 2.4-B·I I F Ut·JC I IO f.J BO'~ 

Mnemon j c ~"id th Fuhction 

x 24 In put 
y 24 In put 
CYF 1 Carry flag 
CPU 2 Ar it'h. ·unit 
CPL 5 Data 1 cng th 

0 UT PU T S F R 0 M 2.4 - B ·I T f Ur JC T IO N E3 O'X • 

Mnemon j c 

A-2 

GI Ctl 
XYCr~ 

\·Jidth Fuhctjon 

Ginary cona. 
)( and y concl. 

Usage 

Source./ de st. 

Source/de st. 

Source./ de st • 

Usage 

Source/ de st. 
Source/ de st • 
Source/de st. 
Sou rec/ de st. 
Sou reel de st. 
Source/ de st. 

Usage 

Source/de st. 
Source/ de st • 
Sou tee/de st. 
Dest. 
Source/de st. 

Usaqe 

Source 
Source. 

Remarks 

0 = console in t'r. 
1 = I/0 se'r. ·r'q. 
2 = Clock i nt'r. 
3 = State flag 

0 = Wd:. ·out bd's. 
1 = RH. ·out bd's. 
2 = Out bd's. ·ovride. 
3 = RCI. ·pat. e'r. 

0 = Di s'p. l kou't. 
1 = Di s'p. i nt'r. 
2 = Priority di s'p. 
3 = Missing port 

Remarks 

In-p. to f unc't. ·box 
ln-p. to f u.nct .• ·box 

Used by DISPATCH 

Remarks 

Remarks 



Mnemgnic 

XYST 
CYL 
C YD 

4 
1 
1 

Eµhctjoo 

X and. Y states 
Carry out level 
Borrow out 
l eve 1 

AVAILABLE FROM 2.4-B·IT FUNCTION BO'X. 

Mnemon·j c 

SUM 
D IFF 
XORY 
XEOY 
XAtlY 
CMPX 
CMPY 
MSKX 
MSKY 

~·Ji d th 

24 
24 
24 
24 
21 ... 
24 
24 
24 
24 

Fuhct.jon 

x + y 
x -:J,y 
X OR Y 
X EXOR. Y 
X AND Y 
Compl. X 
Comp1 • Y 
Mask X 
Mask Y 

MISCELLANEOUS REGISTER'S. 

Mnemon j c 

u 
NULL 
DATA 
CMND 

Width Fuhctioo 

16 Cassette input 
24 
24 I/0 data 
24 1/0 command 

!Jsage 

Sou'rce 
Source 
Source 

Usage 

Source 
Sou.tee 
Source 
So.urea 
Source 
Source. 
Sou·rce 
Source 
Source 

Usage 

Source. 
Source 
Source/ de st. 
Des1t. 

APPENDIX A (cdnt) 

Remarks 

Remarks 

AND C YF 
Atm CYD 

AIJO CPL 
AND CPL 
AND CPL 
AND CPL 

Remarks 

Contains zeros 

A-3 





APPENDIX B 

HEXADECIMAL-DECIMAL 

CONVERSION TABLE 

The table in this appendix provides for direct conversion of deci.mal 
and hexadectmal numbers in the ranges: 

He xadec trna l Dec lma 1 

000 to FFF 0 to 4095 

For numbers outside the range of the table, ·add the fol lowing values 
to the table f ig.ure's. · 

He xade c i.ma J 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
AOOO 
BOOO 
cooo 
0000 
EOOO 
FOOO 

pee i-ma.1 

4096 
8192 

12288 
16 384 
20484 
24576 
28672 
32768 
36864 
40960 
45056 
4 915 2 
5 3248 
57 344 
61440 

.B-1 · 
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APPENDIX Il (cont'd) 

0 

000 0 
Oto t6 

020 32 

0 30 ll8 

040 64 

o~o RO 

060 96 

010 112 

080 128 

090 144 

0.&0 160 

Ol:fO 176 

oco 192 

ouo 208 

OEO 2~4 

Oto 240 

100 I 2';6 
l10 272 

120 ·1 268 

130 304 

140 320 

150 336 

160 352 

170 368 

180 384 

190 400 

tAO I\ 16 

lHO 432 

lCO 448 

100 A64 

llO 480 

lf 0 4 96 

17 

3l 

49 

65 

81 

97 

ll 3 

129 

145 

t6t 
t 17 

l9l 

209 

~25 

241 

257 

?73 

289 

305 

321 
337 

353 

369 

385 

401 

417 

433 

449 

465 

Ut 

07 

2 

2 
IA 
34 

50 

66 

82 

98 

1 tll 

!30 

146 

162 

tTB 

194 

no 
226 

2!l2 

258 

2711 

290 

306 

322 
)36 

354 

370 

386 

1102 

418 

434 

450 

466 

"82 

08 

3 

3 
1? 

35 

51 

67 

8l 
99 

tt5 

t 31 

t47 

t6) 

t79 

t95 

211 

'21 

'") 
259 

275 

291 

307 

323 
339 

]55 

311 

381 

401 

419 

4)5 

451 

1161 

481 

499 

• 
.. 

20 

36 

';2 

68 

84 

100 

tt6 

132 
t48 

164 

160 

196 

212 

228 

244 

260 

276 

292 

308 

324 
340 

356 

372 

368 

404 

•20 
436 

452 
468 

4All 

500 

5 

5 
21 

37 

53 

69 

85 

101 

111 

133 

149 
t 65 

181 

197 

213 

229 

245 

261 

271 

293 

309 

325 
Ht 

357 

37 3 

389 

405 

421 

437 

453 

469 

485 

501 

6 

6 
22 

l{J 

54 

78 

86 

10~ 

t 18 

134 
158 

!66 

!62 

193 

~ t ii 

230 

246 

26! 

21e 
294 

3U 

326 

34! 

358 

374 

jQO 

406 

42! 

"38 

454 

478 

486 

502 

7 

1 

23 

3~ 

55 

71 
61 

103 

119 

135 

151 

161 

t8l 

199 

215 

231 

247 

263 

279 
295 

311 

327 
343 

359 
37'5 

391 

401 

423 

439 

455 

117 t 
467 

503 

ft 

8 
24 

40 

56 

72 

88 

104 

120 

136 

1~2 

161\ 

184 

200 

216 

232 

246 

264 

2"0 
2Q6 

312 

326 

344 

360 

376 

392 

408 

424 

4110 

4'>6 

472 
4A8 

504 

9 

9 

25 

41 

57 

13 

1'9 

105 

121 

137 
153 

169 

t85 

201 

217 

233 

249 

2()5 

261 

297 

311 

329 

345 

361 

377 

39 3 

409 

425 

441 

457 
473 

4~9 

505 

A 

to 
26 

42 
.,6 

74 

90 

106 

122 

U8 

1 '54 

170 

l '3 6 

202 
218 

234 

2';0 

2~6 

2A2 
298 

314 

330 
346 

362 

376 

394 

410 

426 

114 2 

4~8 

47 4 

490 

506 

B 

lt 
27 

"3 

59 

75 
91 

107 

123 

139 

1 ~Cj 

1 7 t 

167 

203 

219 

235 

251 

267 

28] 

299 

315 

331 
347 

36) 

379 

39~ 

41\ 

1'21 

"" 3 

4';9 

475 

49\ 

507 

c 

12 
26 

"" 60 

16 

92 

106 

124 

140 

156 

172 

166 

20~ 

220 

236 

252 

268 

284 

300 

j16 

J:J2 
3 4 ft 

364 

360 

396 

412 

428 

4.q4 

460 

416 

492 

508 

D 

13 
29 

"' 
61 

17 

93 

109 

125 

1 4 1 

157 

173 

189 

205 

221 

231 

25 3 

269 

2n5 

301 

3!7 

3H 
349 

365 

38 t 

397 

413 

429 

445 

461 

477 

49 3 

509 

E 

g 

30 

46 

62 

76 

94 

110 

126 

142 

156 

174 

190 

206 

222 

na 
2'}11 

270 

2116 

302 

31 A 

334 
350 

366 

3A2 

396 

414 

430 

1146 

lll>?. 

478 

494 

510 

F 

15 
31 
41 

t3 

79 

95 

111 

127 

143 
159 

175 

l91 

207 

223 

239 

L>~5 

271 

287 

30 l 

319 

335 
351 

367 

36 3 

399 

415 

A3t 

447 

46 3 

419 

495 

511 



CJ 
I 
w 

APPENDIX B (cont 1 d) 

200 
210 

220 

230 

240 

2!>0 

260 

270 

260 

290 

2.lO 

2t:f0 

2CO 
2UO 

2EO 
2f 0 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

3AC 

380 

3CO 

0 

512 
528 

544 

560 

576 

592 
608 

6?4 

640 

656 

612 
686 

704 

720 

136 

752 

766 
784 

800 

816 

832 
848 

864 

880 

896 

912 

928 

9U 

960 

300 ,. 976 

JEO 992 

3f O t008 

l 

513 
529 

545 

561 

571 

593 
609 

625 

641 

657 

673 

689 

705 
721 

131 

753 

769 

785 

ROt 
811 

ft33 

849 

865 

88 t. 

897 

913 

929 

945 

961 

971 

993 

1009 

2 

5U 
530 

546 

562 

518 

594 

610 

626 

642 
658 

614 

690 

706 

722 

138 

754 

110 

786 

802 

818 

834 

850 

R66 

882 

898 

9U 

930 

946 

962 
978 

994 

1010 

) 

515 
531 

'541 

561 

579 

595 

611 

627 

643 

6.59 

675 

691 

7Q7 
723 

739 

755 

771 

787 
803 

819 

835 

est 
867 

881 

899 

915 

9 3' 

947 

963 

• 
516 
532 

548 

564 

580 

596 

612 

6?8 

644 

660 

616 

692 

708 
7'4 

740 

756 

772 

788 

804 

820 

836 

852 

868 

8A4 

900 

916 

932 

948 

964 

979 980 

995 996 

1011 1012 

5 

517 
533 

549 

565 

set 
591 

613 

629 

645 

661 

617 

693 

109 

n5 
741 

757 

113 
789 

805 

821 

837 
853 

869 

865 

901 
911 

933 

949 

965 

961 

991 

1013 

6 

511 
530 

550 

566 

582 

596 

614 

630 

646 

662 

678 

6911 

710 
726 

742 

759 

1711 

790 

806 

822 

838 
85• 

A70 

888 

902 

918 

930 

950 

96e 

7 

519 
5 3'5 

551 

561 

563 

599 

615 

631 

641 
663 

679 

695 

711 
727 

743 

759 

175 

791 
807 

823 

639 

855 

871 

887 

903 

919 

9 3'> 

951 

967 

962 983 

996 999 

1014 1015 

ft 

5,0 
536 

552 
S68 

SR4 

600 

616 

632 

648 
664 

680 

696 

712 

728 

7U 

1fi0 

176 

792 
808 

8'4 

640 
656 

812 

868 

9011 

920 

936 

9S2 

966 

9A4 

1000 

1016 

9 

521 
537 

553 

569 

585 

601 

617 

633 

649 

665 

681 

697 

713 

729 

745 

761 

111 

793 
809 

825 

841 

8S7 

873 

889 

905 

9:21 

937 

953 

969 

985 

10C1 

1011 

A 

522 
538 

554 

570 

5'36 
602 

618 

634 

650 

666 

6R2 

698 

714 

730 

746 

762 

778 

794 

810 

826 

84? 

8'58 

874 

890 

906 

922 

938 

954 

970 

9~6 

1002 

1018 

B 

523 
539 

555 
57! 

587 

603 

619 

635 

651 

661 

683 

699 

715 
7 3 t 

741 

763 

779 

795 

8tt 
827 

843 
859 

675 

891 

907 

92l 

939 

955 

971 

987 

1003 

1019 

c 

524 
540 

556 

572 

588 

604 

620 

636 

652 
668 

684 

700 

716 

732 

748 
764 

780 
796 

812 

828 

844 
860 

676 

892 

908 

924 

940 

956 

972 

988 

1004 

1020 

D 

525 
5Gl 

557 

573 

589 

605 

621 

637 

653 

669 

685 

701 

717 

733 

149 

765 

76 t 

191 

813 

R29 

845 

661 

671 

893 

909 

925 

941 

957 

973 

969 

1005 

1021 

E 

526 
542 

SSA 

574 

590 

606 

62? 

636 

654 

610 

686 

702 

718 

134 

750 

166 

782 
798 

814 

eJO 

846 

862 

87A 

894 

910 

926 

94?. 

95ft 

974 

990 

t006 

1022 

f' 

527 
543 

559 

575 

591 

601 

623 

() 39 

6S5 

671 

687 

703 

719 

135 

7~1 

167 

76 3 

799 

815 

f'31 

841 

863 

879 

895 

911 

921 

943 

959 

975 

991 

1007 

1023 
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• .+:"" 

400 
410 

420 

430 

440 

450 

46~ 

410 

480 
490 

uo 
4ij0 

•co 
4UO 

4E.O 

HO 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

5AO 

5~0 

sco 
5UO 

5E.0 

sro 

APPENDIX B (contwd) 

0 

10211 
1040 

t0'}6 

1072 

1068 

tl04 

1120 

1136 

lt52 

l H,8 

1164 

1200 

1216 
1232 

1248 

1264 

1280 
1296 

1312 

1328 

130 
1360 

t 376 

t 392 

1408 

1424 
t 1&40 

1456 

t 472 
1488 

1501& 

1520 

1025 
1041 

1057 

t01l 

1089 

1105 

1121 

1ll7 

11 s .! 
U69 

ll85 

1201 

1217 

1~33 

1249 

1265 

1281 
1297 

t 313 

1329 

1345 
1361 

1377 

139 3 

1409 

1425 

1441 

1457 

14 7 l 
!489 

1505 

1521 

2 

1026 
1042 

1058 

1074 

1090 

1106 

l t 22 

1138 

1tS4 

1170 

1186 

1202 

1218 
1?34 

1250 

1266 

1282 
t2~8 

1314 

1330 

131&6 

1362 

tl78 

1394 

tlHO 

1426 

1442 

1458 

1117" 
1490 

1506 

1522 

3 

1027 
1043 

1059 

1075 

1091 
1t07 

1123 

tl 39 

1t5'5 
tt 7 t 

1187 

1203 

1219 

1235 

1251 

1267 

1283 
1299 

1315 

1331 

1347 
ll63 

1379 
1395 

14 t l 
1427 

1443 

1459 

1475 

14 91 

1507 

1521 

4 

1028 
~-0114 

1060 

1076 

1092 

1108 

1124 

1140 

lt56 

1172 
1188 

1204 

1220 
1236 

1252 

1268 

1284 
1300 

1316 

t 332 

13118 

!364 

t 380 

1396 

1412 
1428 
1H4 

1460 

1476 
1492 

1508 

15~4 

5 

1029 
1045 

1061 

1077 

1093 
1109 

1125 

lUt 

1157 

U7l 

1189 

1205 

1221 
1237 

12_53 

1269 

1285 
1301 

1317 

1333 

1349 
ll65 

1381 

1397 

t" 1 l 
1429 
1445 

1461 

1417 
1493 

1509 

1525 

6 

t 03'> 
1046 

1062 

1078 

!090 

1110 
st26 

t142 

1150 
1174 

1190 

1206 

1222 
1238 

12511 

1270 

1286 
1302 

1318 

1334 

1350 
!366 

1382 
1398 

t 1114 

1430 
1446 

1462 

141$ 

1494 

1510 

1526 

7 

1031 
1047 

1063 

1079 

1095 

1111 

1127 

114 3 

1159 
1175 

1191 

1207 

1223 
1239 

1255 

1271 

1281 

1303 

1319 

1335 

1351 

136 7. 

1383 

1399 

1415 

14 31 
1447 

1463 

1479 

1495 

1511 

1527 

e 

1032 
1048 

1064 

1080 

1096 

1112 
11?8 

1144 

l Hd.1 

1176 

1192 

1208 

1224 
1240 

1256 

1272 

1286 

1304 

13?0 

1H6 

1352 
1368 

131'4 

1400 

t4t6 
1432 

1448 

1464 

14"0 
1496 

1512 

1528 

9 

1033 
1049 

1065 

1061 

1091 

1113 

1129 

1145 

1t61 

1177 

1193 

1209 

1225 
1241 

1257 
1273 

1269 

1305 

1321 

1337 

1353 
1369 

1385 

1401 

1417 

1433 
1449 

1465 

146 l 
1497 

1'51 3 

1529 

A 

103-
1050 

10'i6 

!OA2 

1098 

1114 
11 JO 

1146 

1162 
1178 

lt 94 

1210 

1226 

1242 

1256 

1274 

1290 

1306 

1322 

1338 

13154 
1310 

13"6 
1402 

1" 18 
t4 l4 

1450 

14~6 

14A2 
1498 

1514 

15)0 

8 

1035 
105t 

1067 

1063 

1099 

111~ 

113 l 

1147 

1163 

1179 

1195 

1211 

1227 
1243 

1259 

1275 

1291 
1)07 

1323 

1339 

135'; 
1371 

1367 

1403 

1419 

14 35 

1451 

1467 

1483 

1499 

1515 

1531 

e 

1036 
1052 

1068 

t084 

1100 

1116 

113? 

114~ 

1164 

1160 

1196 

1212 

1228 
1244 

1260 

1276 

1292 
1308 

1324 

1340 

1356 
1372 

1388 

1404 

1420 
1436 

1452 

11168 

14R4 
1500 

1516 

t532 

D 

1037 
1Q5l 

1069 

1085 

1101 

1111 
tt33 

1149 

1165 

118 t 

1197 

1213 

1229 
1245 

1261 

1277 

1293 
1309 

1325 

1341 

13S7 

t 37 3 

l3A9 

1405 

1421 

1437 
145 3 

1469 

1485 
1501 

1517 

1533 

E 

1038 
1054 

1070 

1086 

t! 02 

111 e 
1134 

1t 50 

1166 
1tA2 

1196 

1214 

2'30 

1246 

1262 

1276 

1294 
1310 

1326 

1342 

135A 
1374 

1390 

1406 

1422 

1436 

1454 

1470 

1486 
1502 

1516 

1534 

,. 
1039 
10~5 

1071 

1087 

1103 
1119 

1135 

1151 

1167 

1183 

tt 99 

1215 

1231 
124 7 

1263 

1279 

1295 
13 tl 

1327 

134 3 

1359 

1375 

139 t 

1407 

1423 
11139 

t 4·55 

1471 

1487 

1503 

1519 

1535 



CD 
I 

\J'1 

60U 

610 
620 

630 

640 
650 

660 

610 

680 

690 

6AO 

6BO 

6CO 
600 

6f.·o 

HO 

700 

710 

720 

730 

740 

750 

160 

HO 

780 

190 

7AO 

180 

1CO 

700 

7EO 
HO 

APPENDIX B (cont'd) 

0 

1536 

1552 
1568 

t584 

1600 

1616 

1632 

l6G8 

1661& 

1660 

1696 

17 t2 

17}8 

t7U 

1760 

t776 

1192 

1808 

1624 

1840 

1856 

1872 

1888 

t 904 

1920 

19 36 

1952 

1968 

1984 

?.000 

2016 

2032 

1537 
t553 

1569 

t585 

1601 
1617 

1633 

1649 

1665 

1681 

1697 

1713 

1729 
1145 

1761 

1777 

1793 
tR09 

1825 

1841 

1857 
1873 

1889 

t905 

1921 
t9l7 

t9Sl 

1969 

1965 

2001 

2011 

2033 

2 

1538 

1554 
1570 

1586 

1602 

1618 

lt.34 

1650 

1666 

1682 

1698 

1714 

1130 

1746 

1162 

1778 

17U 
1810 

1826 

1842 

1858 
1874 
1890 

t906 

1922 
t 918 

1954 

1970 

1966 

2002 

2018 

2034 

3 

1539 
1555 
1-; 71 

1581 

1603 

1619 

1635 

1651 

1667 
1683 
1699 

17 l 5 

1731 
1147 

1763 

1779 

1795 

1811 

1827 

1841 

1859 

1875 

1891 

1907 

1923 

1939 

1955 

1971 

1961 

2001 

20i9 

2035 

• 
1540 
1556 
1572 

1586 

1604 

1620 

1636 

1652 

1668 
1684 

1700 

1716 

1732 
1748 

17114 

t7RO 

1196 
1812 

1828 

1844 

tR60 

1876 

1892 

1906 

19?4 

t9QO 

1956 

1972 

1988 

2004 

20?.0 

~036 

5 

1541 
1557 
1573 

1569 

1605 

1621 

1637 

1653 

1669 
1685 

1701 

1711 

1733 
t 149 

1765 

1181 

1797 

1813 

1829 

1845 

1861 
1877 

1893 

1909 

1925 

1941 
1957 

1973 

1969 
2005 

2021 

2031 

6 

154, 
1551 
15 70 

1590 

1606 
162! 

1638 

1654 

1670 

1685 

t102 

1110 

l 7 34 

!750 

1766 

1782 

H9e 
1814 

1830 

1646 

1862 
1878 

1894 

191ft 

1928 
1942 

1958 

191• 

1990 

2006 

t>022 

2036 

1 

1543 
1559 
157'5 

1591 

1607 

1623 

1639 

1655 

1671 
1687 

1703 

1719 

1735 

1751 

1761 

1783 

1799 

1815 

1631 

1847 
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3375 

3391 

3407 
3423 

3439 

3455 

3471 

3467 

3503 

3519 

3535 
35!> l 

3567 

3583 
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EliO 
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lAO 

[80 

ECO 
EOO 
EE.O 

EfO 
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f10 
f 20 

no 

f 40 

f 50 

f 60 
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f 90 

f AO 
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f CO 
FOO 

ft.O 
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·APPENDIX B (cont'd) 

0 

3584 
3600 

3616 

3632 

3648 

3664 

3680 

3696 

3712 

3128 
3TU 

3760 

3776 

3792 

3808 

3824 

3840 

3856 

3872 

3868 

3904 

3920 

3936 

3952 

3968 

3984 

4000 

4016 

QO 32 

4048 

4064 

4080 

1 

3585 
3601 

3611 

3633 

)6119 

3665 

)681 

3697 

3711 

3129 
3745 

3761 

3711 

3793 

3609 

38215 

38111 
3857 

3873 

3869 

)905 

3921 

3931 

3953 

3969 

3985 

4001 

4011 

11033 

1i049 

4065 

4081 

2 

3586 
3602 

3618 

3634 

3650 

3666 

3682 

3698 

3714 

3130 

3746 

3762 

3778 

37911 

3810 

31\26 

3842 
3858 

3874 

3890 

3906 

3922 

3938 

3954 

3970• 

3966 

4002 

4018 

4034 

4050 

4066 

4062 

3 

9581 
3603 

3619 

3635 

3651 
!667 

3683 

3699 

3715 

3131 
3747 

3763 

3719 

379'5 

3811 

3827 

3843 
3859 

3875 

369t 

3907 

S923 

39 39 

3955 

397 t 
3987 

4003 

4019 

.-035 

4051 

4067 

4083 

• 
3588 
3604 

3620 

3636 

3652 

3668 

3684 

3700 

37t6 

3732 
3748 

3764 

3780 

3796 

3812 

3828 

3844 

3860 

3876 

3892 

3908 
392·4 

3940 

3956 

J9i2 
3988 

4004 

4020 

4036 

4052 

4068 

4084 

5 

3589 

3605 

3621 

3637 

3653 
36-69 

3685 

3701 

3717 

3733 

3749 

3765 

3781 

3797 

3813 

3829 

3845 
3861 

3671 

3893 

3909 

3925 

391i1 

3957 

3973 

3989 
4005 

4021 

4031 

•053 

4069 

4085 

6 

3590 
3606 

3622 

3638 

3654 

3670 

3686 

3702 

3718 

373t 
3750 

3166 

3782 
3798 

3814 

3830 

3846 
3862 

3878 

3A94 

391') 

3926 

39.41! 

3958 

3974 

3991 

4006 

4022 

11038 

4054 

4010 

4086 

1 

3591 
3607 

3623 

3639 

3655 
3611 

3687 

3703 

3719 

3735 

3751 

3761 

3783 

3799 

3815 

3831 

3847 

3863 

3879 

3895 

3911 

3927 

3943 

3959 

3975 
3991 

4007 

4023 

40 39 

4055 

4071 

4067 

8 

3592 

3608 

3624 

3640 

3656 

3672 

3688 

3704 

3720 

3736 

3752 

3768 

3784 

3800 

3816 

3832 

3848 

3864 

38AO 

3696 

3912 
39'-6 

3944 

3960 

3976 

3992 

4008 

4024 

'1040 

4056 

4072 
4086 

9 

3593 
3609 

3625 

36/f l 

3657 
367 3 

3689 

3705 

3n1 

3737 

3753 

3769 

3785 

3801 

3811 

3833 

38119 

3865 

3881 

3897 

3913 

3929 

3945 

3961 

)977 

3993 

4009 

4025 

4041 

4057 

4073 
41089 

A 

3594 
3610 

3626 

3642 

3658 

3674 

3690 

3706 

3722 

3738 

3754 

3110 

37@6 
381)2 

3818 

38 )II 

3850 

38~6 

38A2 

38'J8 

3914 

3930 

3946 

3962 

3978 

3994 

40\0 

40?.6 

4042 

40~8 

4014 

4090 

8 

3595 

3611 

3627 

36la3 

3659 
367'3 

3t91 

3707 

3723 

3739 

3755 

3771 

3787 

3603 

3819 

3635 

3851 

3867 

388 3 

3899 

3915 

3931 

3947 

3963 

3979 

3995 

401l 

4027 

4043 

4059 

4075 

4091 

c 

3596 
3612 

3628 

3644 

3660 

3676 

3692 

3708 

3724 

3740 
3756 

3772 

3788 

3804 

3820 

3636 

3652 
3668 

38A4 

3900 

3916 

3932 
3948 

3964 

3980 

3996 

4012 

4028 

40114 

4060 

lt"016 

4092 

D 

3597 
3613 

36?.9 

3645 

3661 

3671 

3693 

3709 

3725 

3741 

3757 

3773 

3769 

3A05 

3621 

3A37 

3853 
3A69 

3885 

390t 

3917 

3933 

3949 

3965 

3981 
39Q7 

4013 

4029 

4045 

4061 

4077 

"09) 

E 

3598 

3614 

3630 

~646 

3662 

'61e 
)694 

3710 

3726 

3742 

3758 

3774 
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3A06 

3622 

3A3R 

3854 
3670 
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3902 

3918 

3934 

3950 

3966 

3962 

3998 

4014 

4030 

4046 

4062 

lt078 

11094 

f 

3599 

3615 

3631 

3647 

3663 

3679 

3695 

3711 

3727 

3743 

3759 

3775 

3791 

3R01 

3823 

3839 

3655 
3871 

3887 

3903 

3919 
3935 

3951 

3967 

398 3 

3999 

4015 

4031 

4047 

4063 

4079 

A095 



MSM 

TOPM 

MBR 

INCN 

A stack. 

BR & LR 

CPU 

MAXM 

DATA/CMND 

XYST/cdnditions 

Swap memory 
micro 

Clear register 
m j.cro 

Store F into 
doublepad word 
mi c r.o 

Overlay .M-string 
rn i c r\o 

Cont ro 1 memory 

Port tnte~change 

B uf f.e r.e r I IO 
control le rs 

Proce'ssor 
clock rate 

APPENDIX C 

SYSTEM COMPARISON 

B 1712/B 1714 

No 

No 

No 

No 

16 e 1 ements 

MCP checking 
only 

00 =binary 
01 = 4 bit 

0 

Ut i 1 i zed 

Ti me·r, 1/0 
se rv i c e re q ue S·t , 
con so 1 e i n t e. r -
r u p-t , -me mo r y 
parity bits 

No 

No 

No 

No 

No 

No 

Yes 

2 MHz/4 MHz 

B 17 26 

Yes 

Yes 

Yes 

Yes 

32 elements 

CD reg. ·set 
out of bounds 

00 =binary 
01 = 4 bit 
11 = 8 bit 

·O, .. 4, 8 

Ut i 1 i zed 

1700 plu·s, -swap 
out of bound·s, 
port i n te. r r u p-t , 
miss i ng port 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

6 MHz 

.c-1. 



APPENDIX C (cdnt) 

Read c."y.c le 

Write cY,cle 

Ma in memory 
minimum 

Main memory 
maximum 

.C-2 

B 1712/B 1714 8 1726 

4 clocks 4 

6 clocks 6 

16 KB 24 

32 KB/56 KB 96 

tlOTE 
6 MHz = 167 nanoseconds (B 1726) 
4 MHz= 250 nanoseco.nds (B 1714) 
2 MHz= 500 nanoseconds (B 1712) 
1 KB = 1000 bytes 
1 byte = 8 bits 

c 1.ocks 

clocks 

KB 

KB 



POWE RS Qf nm' -BASE lP. 

2-.·:-.':o 

1 
2 
4 
8 

16 
32 
64 

128 
256 
512 

1 024 
2 048 
4 096 
8 192 

16 384 
32 768 
65 5 36 

13 1 072 
26 2 11~4 
5 24 288 

APPENDIX D 

CONVERSIONS 

l1 2 ·.'r -.·:a 

0 1 048 576 
1 2 097 152 
2 4 194 304 
3 8 3 88 608 
4 16 777 216 
5 33 554 432 
6 67 1 08 864 
7 134 217 728 
8 268 l~35 456 
9 536 870 912 
1 0 1 07 3 7 41 824 
1 1 2 147 483 648 
12 4 294 96 7 296 
13 8 589 934 592 
14 17 17 9 86 9 1 84 
15 34 359 738 368 
16 68 719 4 76 7 36 
17 137 438 953 !~72 
1 8 274 877 906 944 
1 9 549 755 813 888 

NOTE 
2~-n·rn me ans 2 raised 
to the power of 'n. 

B IN8RrLHE XAQ~C lMAblDEC IMl-\t .. 1 

Bjnary He xadec j.ma l Dec i.ma l 

0000 0 0 
0001 1 1 
0010 2 2 
0011 3 3 
0100 1.., 4 
0101 5 5 
011 0 6 6 
0111 7 7 
1000 8 8 
1001 9 9 
1010 A 1 0 
1011 [3 11 
11 00 c 1 2 
1101 D 13 

n 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

U-1 



APPENDIX D (cont) 

D-2 

f3inary 

111 0 
1 1 1 1 

He xadec irna 1 

E 
F 

Dec i.ma 1 

14 
15 
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