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INTRODUCTION 

The B 1700 series of computers are small-to-medium-scale systems which 
utilize the latest data processing concepts, such as defined fields1 
delayed binding, and interpretive structure. The technique of micro
programming is used to accomplish most data manipulation. This concept 
brings to Burroughs Corporation users a new level ~f computer respon
siveness for business and scientific problem~, as well as in data 
communications. This responsiveness is available to even the smallest 
organizatidn that has a .requirement for electronic data processing. 
Speed and flexi·bi lity are the key words which describe this ·system. 
10 support this, Burroughs Corporation offers: 

a. Bit addressability. Main memory is addressable to the 
indi~idual bit. It has no preferred word or byte 
b o u n d a r i e s w h i c h a r e v i s. i b l e t o t h e r e s t o f t h e s y s t e m • 

b. Memory ~odularity is provided, from a minimum of 16K 
bytes to 40K bytes of main memory on the B 1712 and 
64K bytes on the B 1714. The B 1726 systems contain 
two types of memory: main memory and control memory. 
Control memory is up to four times faster than main 
memory in either 2K bytes standard or 4K bytes 
optionally. Main memory size is provided from 24K bytes 
minimum to 98K bytes maximum. 

c. Higher-level programming languages available are: COBOL, 
FORTRAN, BASIC, RPG, and a Master Control Program CMCP>. 

d. Flexibility of the system lies in its ability to be mi~ro
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. 
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SECTION 1 

SYSTEM DESCRIPTION 

This section contains an overall description of the 8 1700 series of 
dat·a processing systems without explaining th~ specifics of the hard
ware. The systems ar~ designed for modularity utilizing monolithic 
circuitry. The basic B 1710 System consists of a processing unit, main 
memory, peripheral I/O controllers, console control panel, power sup-
plies, and cabinets. The basic B 1720 System consists of a processing 
unit1 port interchanq~p main memory, control memory, peripheral I/O 
controllers, maintenance console, power supplies, and cabinets. 

S~SI~~-~Q~EIGUB~II0~.1 
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. 

PROCESSING 
UNIT 

MCU 

MAIN 
MEMORY 

Figure 1-1. 8 1712/B 1714 Systems 
Configuration 
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I 

CONTROL 

MEMORY j 
PROCESS I NG 

,___~UNIT~~~ 
~~ 

MAIN 
MEMORY 

Fiqure 1-2. B 1726 System Configuration 

Table 1-1 

System Comparison 

Characteristic f3 1712/[\ 1714 f:3 1726 

Processors 1 1 
Clock rate 2 MHz/4 MHz 6 ~~Hz 

Main memory Yes Yes 
Minimum size 16,3.Sli bytes 2lh576 bytes 
Maximum size 40,960/65,536 bytes 93,304 bytes 

Control Memory No Yes 
Size Not applicable 2048 bytes standard 

an additional 2048 
bytes optional 

Port interchange No Yes 
Maximum number 
of ports Not applicable 2 



Tab 1 e 1 -1 (cont) 

System Comparison 

Cha ract.e r i st i c B 1712/B 1714 B 17 26 

1/0 controllers Yes Yes 
Minimum number 1 1 
Max t mum number 8 8 

1-3 



Table 1-2 

System Configuration Chart 

Unit 
Number Description Capabilities Remarks 8 17 12 B 1714 11 1726 

1351 Single Line Control x x 
Std. Asynch. x x 
Std. Synch. x x 

9111 Card Reader 80 col. aoo C PM x 
9112 Card Reader BO col. 1400 CPM x 
9115 Card Read~r 80 col. 300 CPM x x x 
9116 Card Reader 80 c 0 l • 600 CPM x x 
9119-i Card Readei 96 col; 300 C PM x x x 
9131-1 Reader Sorter 1000 DPM 1 3 pocket x 
9134-1 Reader Sorter 1625 OPM 4/g/12/16/pocket x 
9135-2 Reader Sorter 900 rw;-4 t3 pocket x x 
9135-3 Reader Sorter 900 DPM 12 pocket x x 
9136-5 Reader Sorter 600 f') p !~ 9 pocket x x 
9136-6 Reader Sorter 500 OPM 12 pocket x x 
9210 Card Punch 80 col. 100 CPM x x x 
9240-1 Line Printer 4 7 C) LPM 132 prt. pos. x x 
9240-2 Line Printer 700 LP;v! 132 prt. pos. x x 
9240-3 Line Printer 1040 LPM 132 ort. pos. x 
9245-16 Line Printer 300 L p ~~ 132 prt. pos. x x 
9245-19 Line Printer frnO L p \1 132 prt. pas. x 
9247-3 Line Printer 750 LPM 132 prt. oos. x x 
9249-1 Line Printer 90 LPM 132 ort. pos. x x 
9249-2 Line Printer 180 LP:-1 132 ort. pos. x x 
9319-2 Card Reader 96 col. x x x 

Punch 300/60 CPM 
9319-4 Hiqh Speerl 96 c 0 l. x x 

Reader Punch 500/120 CPM 
9340 Console Printer 10 CPS x x x 
9 37 1 - 7 H-P-T DF Memory Bank 20ms avg access 7MB storaqe cap. x 

ti me; 231K8 avg 
tr sf rate. 

9371-14 H-P-T DF Memory Bank 40ms avg access 14M8 storaqe cap x 



• VI 

Un it 
Number· 

931.9-2 

931.9-4 

9340 
9371-7 

9371-14 

9374-10 

9374-14 

93a1-12 

9381-13 

93&1-14 

9381-22 

93a1-2a 

9381-24 

93 <l0-3· 

Description 

Card Reader 
Puhcti 
High Speed 
Reader Pu!nc Ii 
Co.nso le 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) 

Magnet!ic, '1Tape 
Unit 
Magnet.1ic. \Tape 
Unit 
Mag netfi c. \~ape 
Unit 
Ma~ ne tfi c: \Tape 
Unit 
Magnet:ic; \Tape 
Unit 
Magnet!ic; \Tape 
Unit 
Magnet.'ic. \Tape 
Unit 

Ta.ble .1-2· (cont) 

System Conf i9uration Chart 

Ca pa b i 1 i t i e s Remarks B 1712 B 1714 B 1726 

96 co1. x x x 
300/60 -CPM 
96 cd'I. 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 tinie; 14MB storage cap. x 
238KB avg trsf rate. 

20ms avg access time; 
231 KB avg trsf rate. 

7MB storage cap. x 

9 c'h. ·800 BPI 18KB - 2st. r x x 
NRZ c l\uster 
9 c'h. ·800 BPI 18KB - 3 s't. x x 
NRZ c liuste r 
9 di. ·800 BPI 18KB - 4 s't •. x x 
NRZ cl\uster 
9 c'h. r800 BPI 36KB. - 2 st. x x 
NRZ Cluster 

9 ch. ·800 BPI 36KB - 3 st •. x x 
NRZ c l\uster 
9 c'h. ·800 BPI 36KB - 4 s't • . x x 
NRZ c 1'1uster 

.7 -ctta n ne 1 tape 18/50 KC x 



Unit 
Number Description 

941.9-2· Card Reader Punch/ 
Data Recdrder 

9419-6~ Multi-purpose 
Card Unit 

94aO-i· DisK Storage 
94&0·2· Disk St.or age 
94a1-1. Disk St.orage 
94a1 -2· Disk Storage 
94<l1-2· Magnetic. \Tape 

Un it 
9486-2 O I sk Stora~e 

Table .1-2 (cdnt) 

System Configuration Chart 

Ca pab i 1 it i es 

96 co1. 
300/60 CPM 
96 cdl. 
300/300/60 CPM 
2. 3- megabyte 
4 .6· megabyte 
4 •. 6· megabyte 
9. 2- meg ab yte 
lOKB Drive 
9 ctiannel 
95 .S megabv te 

Remarks 

6 stackers 

Single 
Ou.a 1 
Sing le 
Dual 

Dual 

B 1712 B 1714 B 17 26 

x 

x 

x 
x 
x 
x 
x 

x 

x 

x 
x 
x 
x 

x 

x 

X I 

x 
x 
x 
x 

)( 



SYSTEM CONCE.P'f I 

This series of cdmputers can be described as systems that execute their 
programs under control of "micro" instr.uctiion's. It is impract ic.al f.or 
the programmers to .write mi,cro-programs; therefor~, -various higher 
le~el languages have been developed for customer use on the systefu, It 
is not the intent of this sect ion to describe these higher,-lev.el lan-
guages but to de.s.crHbe the re 1 at ion ship that exists between the mlcr.o-
program and the higher-lev.el language's. 

S (secondary) language instruct\ions are intermediate instructions which 
are equivalent to the machine language of a conventional system. ·For 
each .S-instruction there exists a string of micno-lnstructions which 
interpret iv.el y execute the fuhctions sp.ec if led by that .S-instr.uct io'n. 

It must be. remembered that the .$-language instruct ion does not d irectil y 
cause the hardware to perform a fuhctlo'n. 

Because .s- instructi ions are sof tw.are def i·ned by the sequence of mlcro
instruct. f on~, they may be as complex as the language designer requiret. 
In most case~, -=S-instr.lact tons contain data addresses or base r.elat ive 
addresse-s, "'length of data fi.elc}s, ·units of dat·a, ·and an operation to be 
performed upon the dat~. 

s-tnstructions may completely specify a compiler-lev.el languag'E:?. 
Burroughs Corporation has defined the .S-instructions and has written 
the necessary interpreters and compiler programs for several compiler 
languages: COBOl, -FORTRAN, -RPG (Report Program Gener.ator·). and 
BASIC. These compiler programs generate the necessary .S-language in
struct ions to perf.orm the various operations spec if ied by the h lg her 
1eve1 1 ang uag'e. 

IN TE RP RE TE R'S. 
In addition to the .S-language program (compiled user program), another 
program which is referred to as an interpreter is uti 1 ize'c:J. An inter
preter has been developed for e.ach of the hig.h-level .S-languages: 
COBO-L, FO:RTRA-N, ·RPG, ·and BASit. It is the function of the interpret.er 
to fetch the .S-language instruct ion(s) from ma in memor·y, "'and interpret 
or execute the'm. The .s-tnstruct ions are decoded and a series of micr.o-
instr~ct ions are ex~cuted to c~use the hardware to perform the function 
specified by the .S-language instr.Uct.\lo'n. On cdmpletion of the ex.ecu
tion of a series of mf.cno-instr.uctHons .(representing an .S-instruct ion-), 
the tnter.preter fe,tches the next .S-language instruct.\fon and the oper.a
tion continues In this manne'r. The serfes of ml.cr\o-instrllct.ions to 
perf.orm each .S-language instr.uct ion may be stored in contr.ol memor·y, 
ma in me mo r·y , ":"0 r be c.a 1 1 e d . f r om d i s'k • 

The .s-·1anguage programs and required interpreters are lbcated and 
loaded from disk under cdntr.ol of the Mast.er Control Program {MCP'). On 
completion of the load, -the MCP then passes control to the .S-language 
progra'rn. The MCP is written in either SOL or micno-cdd~. The SOL 
version (MCP H) requires the SOL interpreter or a port ion of it to 
always be present in the systefu. For COBOL programs a COBOL inter
preter is called and is in memory with the SOL inter.prete·r, when r.e-
qu i re'c:I.. The memory resident portion of MCP I is m f.cro-cdded; ther.e-
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fore, -only the interpreter required for the user program need be 
pre sent. 

INTERRUPT SYSTEM CONCEPT. 
The inte.rrupt system is de.'sc:r\ibed as a "soft" ijnterrupt syste'm. That 
i-s, ·any tnte.rrupt that o.t:curs does not cause any spec if ic .hardw.are 
fuhction and is only recdgnized by the softwar~. On recognition of 
the interrupt by the softw.are, -there are no spE~c lf ic rules for handling 
the inte.rrupt and it is. left s.olely to the dis.c:retion of the program
met. The handling of these interrupts will be discussed in the MCP 
Ref.erehce Manual (not yet ava i lab lei). 

DEFINED FIELD CONCEPT. 
An inte.gr,al part of the m1 i.cr~o-programmtng technique is the defined 
field.: cohceipt (bit addressabil tty'). This assumes that storage is de-
!scrd bed in uni ts of bit's. It is a genera 1 i zed scheme f.or hand 1 i ng 
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 fields may 
cr.oss hardware "byte" boundaries. Speci\al hardw.are has been implemen-
ted to achieve bit addressability and variable length data fi,elds 
within main memor'y. The hardw.are conta Ins 1 og i c to ad just the address 
and length v.alues In the addressing. register's. Mict1o-instr.uctions in 
turn .are capable of setting the prbcessor contr.ol cr~rcuits to operate 
on d iff.erent units of data and iterating the mlcno-instr.uctlion sequence, 
until the fi.eld in main memory is exhauste'c::I. Data units may vary .from 
one bit to 15 bit's. Field length may v.ary from one to 6-5,5-35 bit's. 

Example: Assume a Write command to main memory from bit address 2014 
(hexadecimal) with a f i.eld length of 12 bit's. the data to be .written 
is three decimal (.4-b·it) dig its with a value of 34'S. A Write f.orward 
results in the 11 ·3 11 beginning at bit ad.dress 2014 (see fig.ure .1-3'). 

:~:,':AL I oo1:-....,11----o-100-
4
---+1-o-1-o

5
-1 -ffi 

t f f 
ADDRESS 2014 201F 2020 

Fi g.u re -1-'3·. Wr i te Forward 

Howev.e·r, -a Write rev.erse results in a 11 3 11 beg Inning at address 2008 
(see figure .1-4'1. 

DIGIT ~~1 °-1~ .......---1 °10: ffi 
t t t 

DECIMAL 

ADDRESS 2008 20121 2014 

Fi g.ure .1-4-. Write Reverse 
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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 syste~ 
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-generatad 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
dressi.ng conflict between the bit-oriented data accesses and the byte
oriertted 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/O 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 per:i_pheral. 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 fans~ 

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. 

REGISTER 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. 
fetch state as 

This light indicates the processor is in the execute or 
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 m 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 processor. On the B 1712 and B 1714 the switch clears the 
MAR(A), M, c, and U regis1:ers. On the B 1726, the switch clears 
all interrupts in the por~ interchange, memory control unit and 
I/O controllers. 

HALT SWITCH. This is a pushbutton switch wh:Lch causes the processor 
to halt execution at the c~nd of the present micro-instruction. The 
next micro-instruction to be executed is fetched and stored in the 
micro-instruction register (M register). Wh:ich 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 swj_tch that enables manual 
writing or reading of data into memory. ThH 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 da~a at the address in the A register to be dis
played in the register display lights. For a write operation the de
sired destination address must be loaded in the A register. The Regis
ter Column and Register How 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 functions). (Refer to table 1-3.) 

Row 

1--· 

0 
1 
2 
3 
!+ 

.5 
6 
7 
8 
9 
A 
B 
c 
D 
E 
F 

Table 1-3 

Register Select Switch 
Colunm-Row Matrix 

Column 0 Column 1 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( -q) FA 
LB Reserved FE 
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 
NULL 

I 

The rE~gister ROW SELECT switch is p.n 18-posi tion rotary switch which II 
selects one of 16 rows of registers (or functionsl· Two rows are re
peated for convenience; they aro rows 4 and 13 (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 colunm.s. The particular register (or 
function) selected by the intersection of the colunm 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 fi.eld 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 techniquEi. 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 poin~ to a byte within main 
memory where t.he 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 36 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 I-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 consist 
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-functions 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 right-adjusted and zero-filled to 
the left. Each micro-instruction to be loaded from memory is ORed into 
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. 

MICRO-INSTRUCTION ADDRESS REGISTER (MAR). 
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 
lncated at bit addresses exactly divisible by 16. When used in this 
manner the low-order four bits of MAR are ignored. Thus, only the 
left-most 15 bits of MAR 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-fnstruction 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 sigui-

' ' . 6 ficant. Direct addressing of 40,960 bytes on the B 1712 and 65,53 
bytes on the B 1714 is pos;:;ible 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 ~~s 
been made 24 bits wide to allow for operand storage. (See figure 2-1.) 

Li~.--i11---: 
l ,• 
i 
~ 

i 

~--------
[ 

b:==--24 BITS------>i 

Figure 2-1. A Stack 

16 ELEMENTS 

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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GE~JERAL PURPOSE REG I STE RS (l, -.r, ··X, Y'). 

L REGISTEfZ. The L register (figure .2-2.) is a 2.4-b·it gener.a.1-purpose 
registe'r. It is addressable as a source or as a destination registe·r, 
either 24 bits in par.a.l lel or in .4-b·it group's. Sihce' the L register is 
addressable in .4-b·it .group-s, ·its.· contents is available f.or analysis and 
alt.eration via the .4-bit fu.hction bo'x. Manipulate, -Skip, ·and Bi.t
Test-Brahch m'i.cr.o-instruct\ions may operate on the data in the L re.g
iste'r. The L register is one of four registers (·X, -.y, ··L, ·T) capable 
of Read/Write operations with main memory. 

LA LB LC LD LE LF 

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

23 ~ 0 

Fi g.ure .2-2.. L Register 

T REGISTE'R. The T register (figure .2-3·) is a 2.4-bit general-purpose 
reg iste'r. It is addressable as a source .or as a destination reg iste·r, 
either 24 bits in par.allel 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 
a 1 te r a t i· on v i a t he 4 -b. i t f u .h ct i on b o'x • Ma n i p u 1 a t e , · S k i ·p , ·a n d B i. t - Te s. t -
Brahch instrtictions 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 reg ist.er is also capable of Shift/Rotate 
and Extract operations. 

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 REGISTER'S. The X reg ist.er and the. Y register are 24-b it gen-
eral purpose register~. They are used primarily to hold and act as 
sources for two of the three operands of the combinatorial section (the 
24-b it fuhct ion bo·x) of the processo'r. The other operand is the CYF 
reg i s te r ( c a1 r r y f 1 i. p- f 1 op') • The X and Y reg i s te r s .a re bot h add re s s ab 1 e 
as sou~ce and destination register~. 

Both reg ister-s, "."along with the L reg ist.er and the. T reg iste·r, ·are 
capa.b le of Read/Write ope rat ions with ma in memor'y. · Both registers .are 
capable of the Shift/Rotate operatio'n. The X register is affect.ed by 
the Normalize operat io'n. 
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FIELD (F) DEFINITION REGISTEn. 
The F register (field definition) speci.fies the address and lengths of 
data fields in main memory (see f ig.ure .2-4). It is a 4.8-b.it register 
wh'ich is functional 1 y divided into two port ions: 'a 24-b.it FA (field 
addres·s) register and a 24-·b·it FB register which is divided into a .4-
b it FU (fi,eld unit) regist.e-r, -a .4-bit FT (fi!eld typ-e) regist.e·r, ~and a 
1.6-b-it FL (f i.eld length) re:g iste'r. 

FLE FLF 

3 0 3 0 
____ F_A ______ Fu _ __.__~~T -f~ :~D 

3 0 :J 0 15 FL -------o 
23-FA- 0 23 --- ----- FB ---------- 0 

Fi ~1.ure .2-'4.. F Reg i ste r 

FA PORTION OF THE F REGISTE~. The FA register holds the absolute main 
memory address of a data fi,eld and has the capability of addressing 
524,4-88 bits (64KB) without regard to phys'ic.al boundarie's. F/:\ may be 
addressed as either a sou'rce or de st inat ion reg i st.e'r. 

FB PORTION OF THE F REG I STE'?.. FB may be considered as one 24·-b it reg-
ister or as various subreg ister's. The FU reg ist.er holds desc1r ipt ive 
information reg.ard ing the 1Jn its of data wh.'ich make up the addressed 
field in ma in memory (binary or .4-b~it .groups'). The FT reg ist.«~r holds 
additional de.'scJ'\ipt ive informat io'n. The FU and FT values do not aff.ect 
t he ma i n me mo r y ope rat i o'n • The F U and F T v a l u e s a re usual 1 y :supp 1 i e d 
by .S-instrllction's. The FU may also be used with the BIAS mi.crto-
i n st r .u ct i on to se t t he CPU and CPL reg i s t.e r's • The F L reg i s t.e r ho 1 d s 
the total length in binary of the field being operated on in main 
memor--y, and is capable of descr.ib ing f i.elds up to 6-5,5·36 bits in 
1 e ng t'ti. 

FB may be addressed as either a source or destination register or 
addressed i n part as FU ( 4 b it ·s·) , -f T ( 4 b it ·s·) , ·and FL { 16 b i ts') • FL 
may al so be addressed in .4·-b·it subf j,elds (FLC, ·FLO, -FL£, ~or FLF'). 

SCRATCHPAO. 
A ~c~atcHpad of 16 word~, ~~ch 48 bits wide, is provided to hold field 
de.scl"'liptors of operands (see f ig.ure .2-50. Scrtatchpad may be addressed 
as 16 4.8-b·it w.ords { SOO-S·Vi) .or 32 24-b-it words ( SOOA-S·15·A, -SOOB-S-158'). 
Any word may be a source .or a de st inat ion and may be used to hold 
pointer·s, ·valu~, -0r any other informat io'n. 

The second half of the first 4.8-b-lt w.ord (SOOB·), ~along with FU and F·L, 
i s a 1 w a y s en te red as i n put to the .4 -b. i t f un ct i on box and used i n ce r -
tain d~cftsian-making log it. The field length value in the FL register 
is continually being cdmpared against a cdrresponding portion (SFL) of 
the SOOB word to determine the relationship of their contents: high, 
low, ·equa-1, -or zerb. This r.elationship may then be used in the Bi.t
Test-Brahch mlcro-instrltc'bion (ref.er to FLCN register·'). The FU and FL 
portions of the F register and the 1 ike portions (SFU and SFL) of SOOS 
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A PORTION B PORTION 

S15 
S15A S15B 
23 --o 23 ... 0 

S14 S14A S14B --- --

S13 
THAU 
S02 

-

S01A ..filll.a_ --
S01 

-I 
23 0 

SOOA SOOB 
soo 

-I 23- 0 SFU SFL 
3 0 3 0 15 0 

LEFT SIDE RIGHT SIDE 

F i g.u re .2-'5 ... Sc rtatc hpad 

may also be used in the combinatorial s~ction to set the value in the 
C P po r t i on of t he C reg i s te.+ • 

FIELD LENGTH CONDITIDN (FLCN) REGISTE~. 
The FLCN reg ist.er (f ig.ure .2-6·) is a .4-b·it reg ist.er which contains the 
result of a' comparison between the FL portion of the F regist.er and ,the 
corresponding portion of the first ~c~atcHpad word (right-most 16 bits 
of SOOB) which is cal led SF1... It has the fol lowing inter.pretation: 

FLIO - FL not equal to 0 
FL<-SFL - FL less than SFL 
F L > SF L - f L .g re ate r than SF L 
FL=SFL - FL equal to SFL 

FL>sFL 

2 

FL<sFL 

Fi g.ure .2-6 .• · F LCN Reg i st.er 

F L::f:o 

0 

The relevant btts of FLCN arP SET by compartn9 FL and SFL as positfve I 
16-btt quant1tles. A one bit in a positton of the FLCN re9istP~ 
indicates that the respective condition is truP.. 
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• 

BASE AND LIMIT REGISTERS (BH, ·LR'). 
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 sou 'r ce. 
or de st inat ion register's. They are used for memory protect ion and 
for base re 1 at iv e add res s i n1~ • Me mo r y protect i on i s prov id e d f.o r i n 
the MCP by checking the main memory ad.dress in all memory Write oper.a
tions with the BR and LR allowing the operation to take place only 
within these 1 imit~. 

CONTROL (C) REGISTE~o 
The C register (cdntro·l) is a coll~ction of independent registers which 
are utilized by the interrupt system of the processor and the combina
t o r i a 1 s e ct. i on ( s e e f i g u re . 2 - r> . The C reg i s tE~ r i s 2 4 b i t s w i de a n d i s 
d i v i de d i n to t hr e e . 8 - b. i t f un c t i on a 1 pa r t's • 

-
CP 

CA CB CD CYF CPU CPL 

3 0 3 0 0 1 0 4 0 

- 8BITS. --~-1-- 8BITS - 8BITS 

24 BIT s 

Fi g.ure .2-7. C Reg i st.er 

CA AND CB REGISTER'S. This portion of the C re9ister is addres:sable in 
4-b·it units as CA and CBo These portions are available as general-pur-
pose soutce and destination register~. 

CC AND CO REGI.STER'S. This portion of the C re~~ister is addressable in 
two .4-b it units defined as CC and CO. CC and CD are used f.or st.orage 
of the proce.ssor states and for prbce.ss.or inte.rrupts as shown in the 
following paragraph~. 

CC Reg j ste'r. 
The bit meanings for the CC register are as follows: 

'a • B i t 0 - c d n so 1 e i n te r r u p't • 
b. Bit 1. - 1/0 serv·ice reques't. 
'c: • B i t 2. - t i me r i n t e r r u p't • 
ij. Bit ~ - console stat~. 

The console interrupt bit is set from the cons.ole INT ( int.e.rrupt) 
switch and al lows the softw.are to come to an .orde,rly sto'p. The 1/0 
service request interrupt bit is set by an I/o cdntroller when it 
issues a service request to the proce.sso'r. The micr.o-program must 
determine what caused the interrupt and .transf.ers or receives data .from 
the devic~. The timer interrupt bit is set by the hardware timer e~ery 
1 O O mi 1 1 i se co nd's. Once. the t i mer interrupt b i t is set, ·it stays set 
until the MCP resets i't. 
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CD Reg i stet. 
The bit meanings for the CD register are as follows: 

'a • B i t Q - .re se r v e'c:I 9 

b • B i t 1. - ·re s.e r v e'c:I • 
·c • - B i t 2. - re se r v e'ci • 
'<i • B i t 3. - me mo r y par i t y er r o r i n te r r u p't • 

Any parity error detected during a main memory operation sets the 
memory parity error interrupt bit (CD bit 31. 

Al 1 interrupts in the prbce.ss.or are soft and no reaction o.ccurs as 
a result of an inte.rrupt bit being set until the mlcr.o-p.rogram tests 
for s~ch setting~. 

CYf, CPlJ, ·AND CPL REGISTER'S. The least-s.ignif icant bits of the C reg-
ist.er are· composed of the arithmetic unit carry f 1 j.p-f lop (CYF·), the .2-
b it .arithmet'ic unit type (CPU·), -and the .S-b.it. combinatori.al data length 
control (CPL'). Moves .from CP to a 2.4-b.it reg ist.er automatically i.n-
se rt s 16 1 e ad i ng z.e ro's. Moves to C P from any reg is t.e r use only the 
least-s·ign if icant eight bits of the field being move'd. 

The Carry mlcno-instr.uct.ion is supplied for manipulating CYf, ·thereby 
remember·ing the status of a carry .or b.orrow beyond the length of an 
operan'c:I. For SUM and DIFF res1ult·s, -CYF is always an input to the com
binator tal section along with the X and_ Y register's. CPU. controls the 
arithmetic ~unit type of the combinatori:al section and is addressable 
only as a destination registe'r. The possi,ble settings and their 
mean i n g s are l i st e d he l ow : 

£Ell Data Tyoe 

00 Binary 
01 4-b·it binary 
10 Undefined 
11 Undef i ned 

CPL controls the length of the operands being entered as input to the 
combinatorial section and should be an integral multiple of the data 
type specified by CPU for val id arithmet'ic '.result's. The maximum al lo.w-
able value of CPL is 24, -which is an Integral multtple of both data 
type's. Larg.er values are reserve'<::I. 

MAXIMUM SIZE OF MAIN MEMO.RY (MAXS) REGJ.STE'R. 
The MAXS register is a 2.4-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 sou~ce register onl~. 
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MAXIMUM SIZE OF CONTROL MEMORY ( MAXM} REG I STE1~. 
The MAXM register is a 24-b.jt pseudo register which is set by a field 
e:ng ineer to 1nd;icate the maximum size of the :installed control (mlcr.o-
instr.l.tct ion) memor'y. For this .processor MAXM always contains a value 
of zer'o. The MAXM register is addressable as a sou.tee register onl'y. 

TAPE CASSETTE INPUT ( U) REG I STER. 
The U register is a 1.6-b·it· register used .primarily to accumulate input 
(usual 1 y mic~.o-instr.l.tctdons) from the console. TAPE ca·:ssettt:?o The U 
reg i s te r i s add res s ab 1 e 0 n ·1 y a s a 1.6 -b. i t s 0 u 'r ce .. 
Only the mlc rto- in st ri.Jc ti on Reg i ste r Move may acoe.ss the U reg is te'r. 
In TAPE mode the contents of this reg i st.er· can be moved by a m j.c rto
prog ram on the tape to the M reg is te r f.or e xec:Lit i dn. 

DATA REGISTE~. 
The D.ATA reg ist.er is a 24-b·lt pseudo register wh·ich can act as a source 
or dest inat io'n. It is used to transf.er data between the 1/0 dev.:ices 
and the processo'r. When used as a source it accepts 24 bits of data 
from the I/O cdntr,ol le'r. 'v-Jhen used as a de st i nation reg i ste·r, rdata is 
place.d into the DATA register and is sent to the 1/0 contr.ol l.er. 

COMMAND (CMNO} REGISTE~. 
The CMND register (cdmmand) is a 24-b.Jt pseudo register which' can act 
as a de st inat ion only and is used to transf.er 1/0 commands to the 1/0 
dev;i ce's. 

NULL REG ISTE~. 
The NULL reg ist.er is a 24-b·it pseudo register which' contains zeros. 
Moves from NULL may be used for clearing various registers to zeroso 

I.tl.EARITHMETIC AND COMB1N8JORIAL SE.CTION (24-tilI FUNCTION BOX'l..a. 
The 24-b.it arithmetic and combinatori.al section (fig.ure .2-8.) is 
composed of a 24-b·it arithmetic 1unit and a 24·-b·it combinator Lal unit. 
It has as data inputs the contents of the X and Y registers and the 
carry ind'icator (.CYF'). It a 1 so uses the CPU .and CPL port ions of the 
C reg i st.e'r. 

All results from the combinatorial s~cbton are generated immediately 
and are continuously available to the micro-programme~. A move to one 
of the i n put reg t s te r s .or an a 1 te rat i on of a v a 1 u e i n the C YF , -CPU , ·or 
CPL registers immediately generates a new resul't. The results .are a.c-1 
cessed by moving the contents of a result register to a destination 
register .or by testing one of the .4-b·it condition reg ist.er's. 

The results are most of the commonly used fuhc~ions between two oper
and's. These ihcl1ude the AND, -O-R, ·EXCLUSIV.E-OH, -su111, ·c.arry ou-t, -d iff.e.r
ehce\, .:and borrow fuhction-s, -and the set of equal t<:>, -:greater than, ·and 
less than relational~. The results of the unary operations of com-
plementation and masking are also availabl~. 

The results of the arithmetic .unit are under c0""tr.ol of the CPU and 
the CPL registers as fol low's. 
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00 
01 
10 
1 1 

CYF CPU CPL 

i i i 
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 

VA LUE IN CPL. 

I 
x y 

Fig.ure .2-'8 .• Arithmetic and Combinatorial 
Section (24-B·it Function Bo·x) 

Unjt Type 

.1-b·it operands 

.4-b·it operands 
Undefined 
Undefined 

Possible CPY Valyes 

1 to 24 
4, --8, -1-2, ·16, ·2-0, ·or 24 

XYST 

XYCN 

BICN 

CYL 

CYD 

Qata Type 

Binary 
.4 - b · i t b i n a r y 

For val id .ar ithmet'ic operat ion·s, ·the operand length !!J.!d.il be an exact 
mu 1 t i p 1 e of t he 1 e n g t h of t he u n i t s p.e c j, f i e d b y C Pll • 

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 reg ist.ers (~X, ~Y, ·and CYF are inputs to the 
24-b·it fuhction bo-XJ is producea and placed in the 24-b.it pseudo sum 
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register. Zeros in the mor.e-s.ignif icant bit pcJsitions (lef.t-most} of 
the 24-bit result are prodUced when the length given by CPL is less 
than 2~. CYF should be set to zero at the start of a sum generation. 

The added logic performs d iff.erentl y for the f,:>ur possible values in 
the CPU register as follows: 

a. IF CPU= 0-0, the binary sum is prodltceVd. 

b. If CPU= 0·1, the decimal sum is produced by considering the 
input to be comprised of up to six .4-b·i t unit's. The .4-b-i t 
units are added decimally and a carry is propagated from one 
.4-b it unit to the next more s ignif.icant .4-b-it unit whenev.er 
the binary sum of two A-bit units e~ceeds 9. 

c • If CPU = 1 0 or H , the sum i s not def l n e'd • 

DIFFERENCE (DIFF} RESULT REGISTER. 
The d if f.erence of the ·X, Y, ·and CYF reg i st.ers (·X, ... y, -and C YF .are inputs 
to the 2.4-b it fuhct\ion bo·x) is produced in the 24-b it pseudo DIFF reg
istelr. ·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~. Difference results are generated by adding the cdntents 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 produce. s a neg at i v e re s u l 't • Such neg at iv e- re s u 1 t s a re i n comp 1.e -
ment form and are indicated by CYD (carry d iff.erehce;) = 1. If CYD = -0, 
the diff.erehce result value is a positive numbet. CYD is generated 
from all 24 bits of X and. 'Y. It is not control led by the value of CP1.... 
CYO may be used to alt.er the value of CYf. Int.ermed iate under.flow may 
thus be remembered by CYF through iterations of a f ielH. 

The difference logic produces results under control of the CPU reg ist-er 
as f o 11 ow s: 

a. If CPU = 0-0, ·the binary d iff.erehce\ is produced. Negative 
results are expressed in 2' s complement f.orm when CYD = 1. 

b. If CPU = 0·1, ·the dee i-mal d iff.erehce is produced by co.ns id.er ing 
the input to be ccimprised of up to six .4-b·it unit's. The .4-b·it 
units .are subtracted and any borrow is propagated ,from one .4-
b it unit to the ne:xt as in deci\mal subtractio'n. Negative r.e
s u 1 t s a re e x pre s s e d i n 1 0 ' s comp 1 e men t form when C YD = ·1 • 

'c. If CPU = 10 or H, ·the d iff.erehce' is not def i·ne'd. 

MJD/OR/EXCLUSIV.E-OR (XAN-Y, ·XE.O.Y, ·XORY) RESULT REGlSTER'S. 
The results of the appropriate logical fuhcticrn, ·AND/OR/EXCLUSIV.E-OR, 
of the X and Y registers (X and. Y .are inputs to the 24-b.it fu.hctiion 
bo·x) .are prod.l.1ced and ,placed in the appropr iat.e 2.4-b·it pseudo reg ist.er 
(XAN·Y, ·XEO-Y, ·XOR-Y, ·respectively').· Zeros in the more signif'icant bit 
positions are prod~c~d when the length determined by CPL is less than 
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24. 

COMPLEMENT X/COMPLEMENT. Y (CMP-X, -CM.PY) RESULT REGISTER'S. 
The one'~ complement of the appropriate register X or Y (X or Y and CPL 

. are i n puts to the 24 -b. i t f uh ct i on b o·x) i s produced a n d p l aced i n t he 
appropr·iate 24-b-it pseudo reg iste-r, ·CMPX or CM.P·Y, ·respectivel'y. Zeros 
i n the more s i g n i f l cant b i t po s i t i on s of the 2.4 -b. i t re s u l t a re pr o d ll c e. d 
when the length given by CPL is less than 24. 

MASKED XI MASKED Y ( MSK·X, MS.KY) 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 fuhction box) is prodUc~d and placed in 
the appropriate 24-b-it pseudo registe-r, ·MSKX or MSK·Y, ·respectively (see 
figure .2-·r.>. The value of CPL determines the number of bits placed in 
MS K X .o r M SK'Y. Ze r o s i n t he more s i g n i f .; i cant b i t po s i t i on s of t he 24 -
bit result are prod~ced when the length given by CPL is less than 24. 

X REGISTER CPL 

111111111111111111 ---111111 00110 

23-------- 0 4--0 

24-BIT FUNCTION BOX 

000000000000000000111111 

24 ~ MSKX .... 0 
REGISTER 

Figure .2-'9·. MSKX Res.ult Register 

BINARY CONDITIONS (BICN) REGISTER. 
The BICN register (f ig.ure .2-10) is a .4-b.it pseudo register which may 
act as a sou.re~ only and ind'icates the following binary' conditions: 
CYL (carry out leve·H, "'.CYD (b.orrow out leve·l-), ·.CYF (carry f 1 ag-), ·and 
L S.U Y ( l e a st s i g n i f · i cant u n i t of Y) • 

CYL 

0 

F i g u re .2 -1'0. BI C N Reg is t.e r 
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The L SU Y i s . t rue i f the 1 east s i g n i f i cant u n i t of the Y reg i s t.e r i s 
equal to 1 and CPU equals ~l, ~r the least signif ic~nt unit of the. Y 
register is equal to 1001 (nine) and CPU is equal to 01. If CPU equals 
10 or 1-1, LSUY is not defin1~~. 

The carry out and b.orrow out levels are a fuhct ion of the inputs (·X, ... y, 
and CYF) and CPl. CYF may be manipulated by a special mlcr.o-instr.uc-
t i on or as d a ta i n t he h i g. h - o·r de r po s i t i on of t he C P reg i s t e 'r • 

X/Y CONDITION (XYCN) REGISTE~. 
The XYCN reg ist.er (f ig.ure .2-11) is a .4-b·it pseudo register wh.'ich may 
~ct as a sou~ce only and contains the following. relational conditions: 
X > Y (X is greater than Y·), ·X < Y (X is less than Y·), -X = Y (X equaL 
Y·), ·and MSBX (the most significant bit of X'). 

Figure .2-11 • XYCN Reg i st.er 

I ThP relPvant bits of XYCN are SET by comoartng X and· Y as positive 
24-btt ouantlties. The MSBX ts true lf the most-significant bit 
of the X register, as deslgnated by CPL, ts a l. 

XI Y ST ATE ( XV. ST ) REG 1 STE 1R • 
The X Y ST reg i s t.e r ( f i g u re . 2 - 1 2 ) i s a .4 -b . i t pseudo reg i s t.e r w h t c h ma y 
act as source only and contains the following relational conditions: 
X ~ 0 (X is not equal to zer~), Y ~ 0 (Y is not equal to zero), Inter
rupt (INT is .true if any of the fol lowing conditions contained by CC 
and CO are true: timer inte.rrup·t, ·1/0 service request interrup-t, ·con
sole interrup-t 1 ·and memory parity .e.rr.or inte.rrupt·}, and LSUX (the least 
sign if 'i cant un 1 t of X'). 

Figure .2-n. XV.ST Register 

LSUX is true when the least significant unit of the X register is a 1 
and C Pu e qua l s 00 , 70 r when t he 1 east s i ::J n i f i cant u n i t of the X reg i s te r 
equals 1001 (nine} and CPU equals 01. If CPU equals 10 or 1-1, -LSUX is 
not def i ne'c:I. 

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

FOUR-B-IT ARITHMETIC ANO cc.MBitj.ATORIAL SECTION CFQUR-BfIT FUNCTION BDX').a 
The.4-b·it arithmetic'.and combinatori.al section of the .prbcessor is used 
to generate most of the ncirma 11 y used fuhct ions between two .4-b·it oper-
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ands and can atdept as input the conte.nts of any one of the following 
.4-b·i t reg i s te r's • 

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

A secdnd input is obtained from the Four-Bit Manipulate mi-cno-instruc~ 
tion itself. It has as possible results the commonly used fuhctions 
between two operand's. these i.'nclude: SE·T, ·AND, ·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~c~. The sum and diff.erence result can be tested for o~erflow and 
underflow, ·respectivel'y. 

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

The .4-bit combinatorial section also provides for the selectdve testing 
of any of the bits within the .4-b it reg ist.ers and relative .brahching 
based on the results of the test (Bi.t-Test-Brahc-h, ·micr.o-instructdon-s')o 
The Skip When mlcr»o-instruction .also tests any combination of bit·s, ·up 
to f o u·r , ··and b rah c hes on t he re s,u 1 t . 

Listed in table .2-1 is a summary of the various .4-bit conditions which 
are available to the m·icr.o-programme'r. (Ref.er to table 1-3 f.or the 
regist.ers and functions in the column-row matri'x.)· 

Table .2-1 

A-Bit Conditions 

Reg i st.er Bit 3 Bit 2 Bit 1 Bit 0 

BICN LS.UY CYF .CYD CYL 
XYCN MSBX x =. y x < y x >. y 
XYST LSUX INT y 1- 0 x f. 0 
FLCN FL = SFL FL > SFL FL < SFL FL t:. 0 
cc Console state Timer 1/0 service Console 

lamp interrupt i nte.rrupt in te.r ru pt 
request 

CD Memory parity Reserved Res.e rved Reserved 
i nte.rrupt 
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SE,CT ION 3 

B 17 26 PROCESSOR 

GENEBAi. 
This section discusses the B 1726 .prbcessing unit whicti 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 UNI'f. 
The prbcessor is the genenal-p.urpose data man i pu la tor of the .system. 
It perf.orms the bas,'fc \m.'i.cno-fuhct\ions necessa.ry f.or a v.ar iety of com
me.rci,a·l, ·!scfientif.Tc,t -and data communications appl ica.tion's. These 
1n!i.cno-fuhctlions .are perf.ormed by a set of ;elementary operators cal led 
m'f.cr.o-instr1.1ctHon's. · Mi.cJi.o-instr.uctions operate on strings of bits 
within registers that w.ere f.orme·rly the responsibiility of the hardw.are 
logWc. 

By stringing a series of m.'i.cr~o-instructiions tog.eth~r, "'a macJi.o-operat ion 
comparable to that defined by an assernb 1.er .or: comp i ler-leve 1 instruc
tion may be implemente'<::J. This m1J.crto-instrllct\ion string is an inter
pr.eter f.or a m'acrio ".S-instr/uctiioh" oper,ation (ref.er to .s-Instr.l.1ct.ion·s'). 
Mlcrto-instr.Uctlion strings .are executed in a· .11 read-on.1·y 11 mode and .are 
usua 11 y st.ored in the hi g.h-s.peed.' cont r101 memory of the s ystein. t They 
ma-y, ·howev;e·r, --be executed directly .from the main memory of the syste'm. 
Contr.ol memory may .also be ov.e;rlaid with m.'i.crio-instrltct\ions .from main 
memor'y. 

CONTROL ME MO.R'Y. 
This Read/Write memory resides within the .processing unit and is used 
only to hold m'i.crio-instruct\ion's. ·If the set of mlcno-instructiions in 
use e.xce\eds available contriol memor·y, -the e:xce\ss mlcrto-instrltcbions .are 
stored in, -and/ can be e xeculted .from, -main memor'y. ; The .processor .prop
e.r 1 y addresses the m'i.cr\o-instructions in either lbcattion (ref.er to 
Mlcno-Instrt.Jction Addressing'). - Mi.cr\o-instr.llc1:\ions which are being exe
cuted from main memor·y, -howev.e··r,. -result in a de.cr\ease in .system 
throughput. This d~c~ease btdurs because cdnt~ol memory is four times 
faster than ma in memo.rly. - Mlcrto-in;structi lon sequehces that .are exe
cuted many times .are. located in contr:ol memor1y. - Mlcno-instrltc~lons 
may be ov.e.r la id .from ma in memory into control memo.r'y. The larger the 
amount of cont ro 1 memo.r y the .greater the system throughput. 

Contr,ol memory size is 1024 .or 2048 w.ord's. Each word is 16 bits wide 
to atddmmodate one m'i.crto-instructiio'n. The mlcr\o-pro.grammer should 
lbcate the sequehces of cdde acoord ing to their expect\ed .frequehcy of 
usag~. The .great.er the .frequehcy of usag-e, pthe. low.er their ad.dress in 
cdntr,o1 memor'y. ·This is done to give the highest execution speed 
poss Lb le f.or the system,. "'reg.ar;d less of the tnstial led size of contriol 
memor'y. · Mi.crto-in.str:i..1ctions wh!icti normal 1 y would have been stored in 
the missing portion of control memo.ry .are. lbcated in available main 
memory and addressed di rectil'y. - Contr.ol memory ope rat ions .are ov.er-
1 apped with main memory operations e:'xcept f.or the Read, .:write, -Di.s
pate-ti, ~and Qv.eirlay mlcr\o-in:str.Uctiion's. ·Control memo.ry oper.ates in a 
"read on.J:y" ~ode, l;with the two e!xce~tions of the ov.eirl.ay m:i.cno-instruc
t Ion and the· cdns.ole contriol panel rn the halt/d ls.play mod~. 

'! 
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Ml CRO- INSTRUCTION ADORE SS INt. 
To f~c~l itate the fetch and ex~c~tion of mi~no-instr~ctions which are 
located in contr.ol memo.ry and/.or ma in memor·y, -t,hree hardw.are registers 
and.: certain dee ~s ion-making. log 1lc ihave been implemente'<:l. The three 
reg ist.ers .are the A reg ist-er ( 1.4-b.it addres·s·), -the: TOPM register (top 
of'·contr.ol memory·), ·and the MBR register {m.lcr\c•-instruction base'). The 
addressing. log.'ic \operates in the f;ollowing manne'r. 

As each micr.o-lnstruction is fe,tched, -the A re9 ister is automat'ical ly 
ihcr\emented by '1. The mlcno-in:strl.lctiion just fe.tched is execut.e'd. 
Before fetching the next m1i,crto-instrllctito-n, -thE~ v,alue in the A reg
ister is' compared to .( TOPM x 5 12'). The; TOP M reg i ste r nor ma 11 y con tat n s 
a Vialue equ,al to the number of bytes (MOD 1000) of contr.ol memory pr.e
sent on the .syste111, -so that multi.ply1ng·i TOPM b')' 512 yi;elds the number 
of the f.irst mlcr.o-instruction outside.' contr,ol memor'y. 

If ·the value in the A register is less than ,(TOPM x 512·), ·the next 
m'i.cno-instr.Uct.\ion is fe.tched .from contr,ol memory at the address given 
in the A reg iste'r. The prbcess then returns to the initial mkr~o
instrllction fetche'd. 

If the value in the A register is equal to .or greater than (TOPM x 
512-), -the next mt.crto-instrlJct\ion is fe.tched from main memory. The 
bit address of that instrtictiion is obtained from the tollowing formula: 

{ A x 16 ) + i1B R 

The MBR reg tster contains the base ad.dress ab·ove which rn.lcr.o-instr.LLc~ 
t ions in ma in memory .are st.ore'd. The process then ret.urns to the 
~i~rio-instriJcbion fetcHeti. If ·the ad.dress generated by the a~ove for
mula is equ.al to .or .greater than the value in the MAXS reg iste·r, -a me.m
or.y-read-address-out-of-bounds inte.rrupt occurs when the fetch is 
attempte'c:l. 

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

For exampl€, ·suppose there .are 4K bytes (2048 w.ord·s) of control memory 
and 64K bytes (524 ,2"88 bits) of ma in memory installed on the systefo. 
In this cas~, ·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 426,9-84, ·there is sufficie.nt space f.or 4096 mlc:r.o
instrllctdons to be stored in ma in memor'y. · Mi.cr~o-instructi ions .are 
fe.tclied from control memory unt,il the A register is equal to 2048 .(TOPM 
x 512·), ind;icating that the size of control mc~mory has been e.xceede(l. 
At this time, "'the prbcessor beg ins to fetch m'i.cr·o-instr.uctions from 
mai.n-memor~y, ·starting at bit address 45-9,7·52 {{Ax 16) +MBR'). This 
prbcess continues until the A regist.er is. res•et 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) > MAX S') • 
In the f. lrst cas€, ·a .brahch is executed to a d iff.erent .area of. con-
tr.ol .or ma in memor:y; in the secdnd cas-e, "'a memor.y-rea.d-add res:s-out
of-bounds interrupt occurs. 
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NO 

FETCH MICRO
INSTRUCTION 
FROM MAIN 

~YE_S..iMEMORY AT 
ADDRESS: 
(A x 16)+MBR 

FETCH MICRO[ 
INSTRUCTION. 

-----iFROM CON
TROL MEMORY 
AT ADDRESS: 
A REGTSTER 

INCREMENT A 
REGISTER 

BY 1 

Figure J-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 contr51 memory {as indicated by {TOPM x 512)), and 
is available for data or code storage by S-instruction programs. 

PROCESSOR REGISTERS. 

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 bi ts, if morf~ 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 pane]. 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) i~3 a 14-bit register capable of addressing up 
to 16 384 micro-instructions (each 16 bits in length) located in main 
memor~ 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 r<::~gister is automatically incremented by 
one as each micro-instruction is fetched . 

..---------- -------
BINARY ADDRESS 0 0 0 0 

13 

17 

Figure 3-2. 

0 

4 3 0 

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-order end of the r.egister which 
a.re 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 clestinat~on field, with the four low-order 
bi ts masked to zeros. TheE;e extra four bi ts 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 
regi~ter to determine whether the next micro-instruction should be 
fetched from main memory or control memory. This automatic multipli
cation is accomplished by i::;he presence of nine nonfunctioning bits 
which are always zero, appr~nded 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 1. 

0 1 0 () 0 0 0 0 0 0 0 0 0 

3 () 

TOPM 

Figure 3-3. TOPM Register 
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MICRO-INSTRUCTION BASE REGI.STER (MBR'). 
The MBR {m.'f.cr~o-instr.t.1ct ion base reg ist.e·r) is a 2.4-b~it· register which 
may act\ as a source ·or a dest inat io'n. · It is used to. contain the base 
address (modulo 16) above wh'ich ;a,11 m.'i.crto-instructions st.ored in main 
memory are, lbcate1a. The mlcno-instructions do no~ beg in exactly at 
the address in the MBR registe~. 

The address in main memo.ry of the next m:i.crto-instr.ltction to be fe.tched 
is equ;al to the cdntents of the A register times 16 added to the. con
tents of MB~, ror {A x 16) + MB'R. 

ADDRESS (A) STAC~. 
The A St.acl< (f ig.ure .3-·4.) is a 3.2-e~lement dee-p, ~24-b·it w Ide memo.ry wh·ich 
operates as a push-down stack, .1;.1e-.,~·a, last in, ·f.irst out (LIFO) struc~ 
tur·~. · Address .wraparound b.cdurs when more than 32 en.tries to the stack 
are mad~. Data is not destroyed on a remoVial .from the stac~. The 
mi.crto-instrllctlions Call or Move to TAS (top of A st.adn. result in a 
"put i.nto" (push) stack reques-t., -whereas Exit and Move .from TAS result 
i n a " t a k e o u t o.f 11 ( pop ) st a c k re q u e st • 

Using th is stac-k, ~the m.Tcro-ro.ut ines operate in a. cal.1-return mode 
which al lows f.or h igih.1 y shared m1i;cno-rout ines and reduces the: contr,ol 
memory requ i reme.nt's. The A stack is not i.ntended to be used exte.n-
s ive 1 y as an operand stack; it has been made 24 bits wide to .allow f.or 
operand storag~. 

[ TAS J 

32 ELEMENTS 

.,_.__ ____ 24 BITS . I 
A Stack 

TOP OF ADDRESS STACK (TAS) REGISTE~. 
The TAS register (top of the A stack) is the 24-b!it register wh!lch is 
currently the top of the A stack. Moves to .or .from the. TAS register 
result in data in the A stack being automat!ioal.ly moved to or ·from 
the A stack on a. last in, ·first out basi'se 
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GENERAL PURPOSE REG I.STE RS (-L,. --T, .. X, -Y). 

L REGliSTE'R. The L reg tster (f ig.ure .3-5,) is a 24-b,it., -'gen.eral-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 time .or in .4-b.Jt .group's. Sihce the L reg ist.er is 
addressable in .4-b,it .groups, ·its contents .are available f.or analysis 
and ,alteration via the .4-bit fuhction bo'x. Manipulate, ·Ski-p, -and 
Bi.t-Test-Brahcti mlcno-instrlJct.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 t.e r s ( ·X, _ .. Y, ··L,. ~-n. cap
ab 1 e of Read/Write/Swap operations with main memor'y. · 

LO LE 

3 0 3 0 

Ft g.ure .3-s .• · L Reg t ste , .. 

The Dispa.tcli m'i.cno-instrllction uses the conte,nts of the L reg ist.er as 
the 2.4-b~it address of the first 1/0 de:scrdption in main memor'yo 

T REGISTE'R. ·The. T reg 1st.er (f ig.ure .3-6~) is a 2.4-b,it gener.al-purpose 
reg iste'r. · It is addressable as a sou.·rce .or a destination reg iste·r, 
either 24 bits at a time .or in .4-b·it .group's. Since the. T reg ist.er is 
addressable in .4-b,it .group-s, "'its.' contents .are available f.or analysis 
and alteration via the .4-b,it function bo'x. ·Manipulate, -Ski-p, -and 
Bi.t-Test-Brahch instruct\ions can oper.ate on th·e data in the. T reg ist.e'r. 
It is one of the four registers (·X,. ··Y,. ··T, -L).' capable of Read/.Wr ite/Swap 
operations with main memor'y. The. T register is capable of Shift/Rotate 
and Ex.tract operation's. 

~---T_E ____ t--__ T_F _____ ~ 
3 o I 3 o 3 o 

0 

F i 9 u re . 3 -·t> • T Reg i s t.e. r 

X AND. Y REGI.STER'S. The X register and the. Y register are 24-b,i·t, ·gen
eral-p.urpose register's. They .are used pr imar.i 1 y to hold and .act as 
sou.'rces f.or two of the operands of the combinatori.al section (input to 
the 24-b·it fuhction bo-x) of the prbcesso'r. ·,The other operand is the 
CYF reg i st.er (carry .f 1 i.p-f ,lop'). The X and~ Y reg i ste rs .are add re ssab 1 e 
as sou.'rce and destination register's • 
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Both reg ister-s, -along with the L reg ist-er and the, T reg lst.e-r, ~are 
capable of Read/Write Swap operations with main memor'y. Both reg ist.ers 
are capaib le of the Shift/Rotate ope rat io'n. 

FIE LO ( F) DEF IN, IT ION REG I.STEIR. 
The F register (f held def in it ton) spec r.f i·es the address and lengths of 
data fi,elds in main memory (see fig.ure.3-7{). It is a 4.8-b,ft. register 
whicH is fuhctiona11y divided into two port ions: a 24-b~it FA (f t-.eld 
addres·s) register and a 24-b~it FB register wh.ich is divided into a .4-
b it FU (f i.eld unit). reg iste·r, -'a A-b~it fT (f i.eld type). reg ist.e·r, ·and a 
1.6-b~it FL (f lield length). reg iste'r. It may bei loade-d, stor·e<I, ror 
swapped 48 bits in parallel with scr\a.tctipad memo.r'y. 

FA FU FT FLC FLO FLE FLF 

3 0 3 0 3 0 3 0 

3 0 3 0 1s- FL 0 

23-- FA-O 23 FB 0 

F i g.u re .3 -'l • F Reg i s t.e r 

FA PO:RTION OF THE F REGI;STE'R. The FA reg fster holds the abs.olute b.i
nary main memory address of a data fl~ld and has the c~pability of di-. 
r~ctily addressing 16,17~,·216 bits without regard to phy~ic~1 bounda-
r le's. FA may be addressed as either a 24-bJt sou:rce .or de st inat ion 
reg i ste'r. 

FB PO:RTION OF THE F REG I:STEtR. FB may be. cons Ide red as one 24-b~it. reg-
ister .or v.arious subreg isters: HJ, f"-T, ·and F'l. ~ The FU register holds 
de.'scr i·pt ive inf.ormat ion regard Ing the units of data wh'lctt make up the 
addressed f i·:eld in ma In memo~ry (b tnar-y, .J.-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 fT 
v.alues .are usual.ly supplied by .S-instrllct\lons and the FU may ialso be 
used with the Bias m.li;crto-ln:strllct ion to set the CPU and CPL reg lster's. 
The Fl register holds the total length in bina.ry of the fl.eld being 
operated on in main memor-y, and is capa;ble of descrilbing fiields up 
to 6-5, 5-36 in 1 eng t'li. 

FB may be addressed as a source .or dest lnat Ion or In part as FU (4 
bit,.s·), -:FT (4 btt~s-), ·and FL (16 bit·s'). FL may .also be addressed as 
.4-b it subfields (FL-C, 'fLO, 'fl£, 'iOr FLF') .. 

SCRATCHPAO. 
A scra,tctipad of 16 w.ord·s, "'each 48 bits wide, Is provided to hold field 
descriptors· of operands (see f fg.ure .3-·8'). Scr\altcttpad may be addressed 
as 16 4.8-b!it words C sao-s~15) or 32 24-b~it words ( SOOA-·s~15-A, ·SOOB-S15-S'). 
Any word may be a sou.Tee .or a destination and may be used to hold 
pointer-s, -v.alues, -:or any other informatio'n. 
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A PORTION 

-
S1 5 

S15 
A $158 

23 0 23 0 

S14 S1 4 A . S14B . 
-

S13 . 
THRU . 
S02 . 

-

S01 so IA 
$018 

23 0 
-

s JA SOOS 

23 0 

soo 
~ -- -i----.,. - - ~ 

SFU I I SFL 
-1 I-
3 o I 3 o ! 15 o 

Fig.ure .3-8. Scratctipa.d 

The second ha 1 f of the f. i r st 4.8-b,i t word ( SOOB·), ~a 1 ong with FU and F-L, 
i s a 1 w .a y s en te red a s i n put to the .4 -b, i t f uh c td on box and i s u s;e d i n 
ce.rtain decision-making 109i'c:. The fi,eld length v.alue in the FL reg
ister ts cdntinually being compared against a: corresponding portion 
(SFl) of the SOOB word to determine the rielationship of their contents: 
hig-h, -low, ··equa-1, ·or zerb. This r.elationship may then be used in the 
B i.t-Test-.B-rahch m'i.c r.o- t nst rllcb ton (ref.er to F LCN reg i st.er'). The FU and 
FL poTt ions of the F reg i ste r and the, 1 i ke portions (SF U and SFl) of 
SOOB may 1a 1 so be used in the combinator ta 1 section to set the Via 1 ue in 
the CP portion of the C re9 i st.e'r. 

FIELD LEN.GTH CONO.ITIONS (FLCN) REGISTE~ .. 
The FLCN reg ist.er (f i·g.ure .3-9) is a .4-b it· register which contains the 
result of a cdmparison between the FL portion of the F regis~er and 
the corresponding portion of the first scratchpad word (right-most 16 
bits of SOOB) which is called SFL. It has the following 
i n te r. pre tat i on : 

FL ~ 0 - FL not equal to 0 
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FL<SFL - FL less than SFL 
FL>SFL - FL .greater than SFL 
FL=SFL - FL equ1al to SFL 

FL<SFL FL:f O 

0 

flg.ure .3-'9·. · FLCN Reg ist.er 

The relev~nt btts of FLCN are SET by compartnq FL and SFL as positive 
16-btt quantltte~. A one btt 1n a posttlon of the FLCN re01ster lnrll
c~tes that the resoect1ve cdndltton ls tru~. 

BASE AND L IMJ T REG I;STE RS ( B-R, -LR'). · 
The base reg 1st.er (BR) and 1 imit reg lster (LR) m.ay be used as souirce ·or 
destination reglst.er's. -1 They .are used for main memo.ry .protection and 
f.or base r,e 1.at· Ive address i n'g. · 

Memory .protectHon is .provided f.or in the MCP by checking the ma in 
memory address (In: FA) <>n 1a1l l Read/Wr i·te/Swap ope rat ions with the BR 
and LR allowing. the operation to take place only within those1 1 imit's • 
. Al 1 out-o.f-bound request~, -whether ,ail lowed .or no-t, ~are ,flagged in the 
CO portion of the C register (CO bits O and "1'). ·Any Write oper.ation 
.or the .wr I te portion of a Swap ope r,at I on outside the v:a 1 ues in the 
base and 1 i mi t reg i ste rs is inhibited un 1 e ss the out-of •bounds ·ov.er
r ide bit is on in the C register (CO bit 2 = ·1 1

). ·Read out-of-bound 
operations are execute'de · 

Memo.ry .prote.cti ion is on.1 y .provided on the ma In memory address in the 
FA register and not on any of the 23 adjacent bits when the value in 
the f lie 1 d 1 eng th (Ft) reg i ste r is .g re.ate r than on'e. · 

CONTROL ( C) REG I.STE-R. · 
The C register (cdnt~o1) is a cdll~ctiion of Independent registers which 
are utt1 I zed by the interrupt system of the prbcdssor and th~ cdmbi
nator i1al sect\io'n.; The C register is 24 bits wide and is divided into 
three .8-b~it fuhct\lonal parts (see figure .3-l<Y). · 

CP 

CA CB cc CD CYF l CPU l CPL 

3 0 3 0 3 0 3 0 0 r 1 0 l 4 0 

8BITS· 8BITS 8BITS .... 

24 BITS ~ 

Fig.Ure .3·-10,. · C Reg I ste r 
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CA AND CB REGl•STER'S. This portion of the C register is addressable in 
4-bit units as CA and C13. These portions are available as gen.er.a-l
purpose st.or age reg i st.e r's. 

CC AND CO REGl,STER'S. This portion of the C register is addressable in 
two .4-b~it units defined as CC and CD. CC and CD are used f.or st.orage 
of the prbcessor st.ates and for prbcessor i nte.rrupts as descr1 ibed in 
the f o. l low i ng paragraph's. 

CC Reg i st.e'r. 
The bit meanings f.or the CC register .are as fo.'llows: 

~ • · B i t a - co nso 1 e i n t.e r r u pt • 
1J. · Bit 1. - 1/0 serv:ice request interrupt,. 
'<: • · B i t 2 - t i me r i n te r r u p't • 
1:1. · Bit 3. - cdnso le state. 

The console inte.rrupt bit l!i set .from the console INT ( inte.rrupt) 
sw itcti and al lows the softw.are to' come to an .orde.rl y stdp. The 1/0 
serv:ice request interrupt bit is set .by an 1/0 contr:ol l.er when it 
issues a servfice request to the prbcessdr. The~ timer inte.rrupt bit is 
set by the hardw.are timer ev.ery 100 mU 1 isecdnd's. Ohce the timer i.n
te.rrupt is se-t, it stays set until the MCP resets i't. i The cons.ole 
STATE 1 ight is a 1 so under ci:lntr.ol of the m'i.cr~o·-p.rogramme'r. 

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

a. · Bit 0 - memory Wr i'te/Swap address out of bounds inte.rrupt. 
b. - Bit 1. - memory Read ad.dress out of bounds interrupt. 
'c. · Bit 2 - memory Write/Swap address out of bounds overr 'id~. 
'<:I. Bit 3. - memory parity .err.or inte.rrup't. 

The out-of-bound signals used to set CD bits 0 and 1 are derived .from 
log'ic twh'ich· compares the contents of the FA register with the. contents 
of the base (BR) and. 1 imit (LR). reg ist.er's. The out-o.f-bounds ov.erride 
bit (CD bit 2 set to 1) allows a Write operation or the Mrite portion 
of a Swap operation to be executed but does .D.QS. inhibit the setting of 
the Write/Swap address out-of-bounds bit (CD bit O'). The Read.' c.1y.cl\e 
is ne¥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 memo.ry operation sets 
the memory parity .err.or inte.rrupt (CD bit 3'). All int.e.rrupts in the 
processor .are soft and no react.ion occurs as a result of an inte.rrupt 
bit being set unt.i 1 the mlc:r.o-program tests f.cir such setting's. 

CYf, ·CP-U, ·AND CPL REGISTER'S. The. least signif!icant eight bits of the 
C register ( CP) are composed of the .ar i thmet.ic: unit car.ry ,f 1 i.p-,f .lop 
(.CYF·), ·the .2-b·it ar ithmet.'ic: \unit type (CPU-), ·and the .5-b·it comb in.a
tor i.a 1 data 1 eng th. contro 1 (CPL'). 1"1oves from CP to a 24-b,it. reg i st.er 
automat.'ica.11 y insert 16 leading zero-s, "'and moves to CP .from any re.g-
ist.er use only the least sijgnif icant eight bits of the fi.eld being 
move'd. 

3-10 



The Carry m'i.cno-instruct\ion is supplied f.or manipulating .CYF and ther.e
by remembering the status of a carry .or borrow b.eyond the- length of an 
operan'd. f.or SUM and DIFF res,ult·s, -:CYF is .always an input to the co.m
binatori.al sect\ion along with the X and. Y register's. CPU is address
able only as a destinatio'n. CPU contriols the .arithmet.'ic iunit type of 
the· combinator i;al s.ect.io'n. The possible settings and their meanings 
. are. l i s te d he 1 ow • 

.c£.U, Data, Type 

00 Binary 
O 1 .4 -b ~ i t b i n. a.r y 
10 Undef tned 
11 .8-b~it numeric (EBCDIC) 

CPL contr;ol s the length of the operands being entered as input to the 
combinatori,al sectiion and should be an integr.al multi:ple of the data 
type specUied by CPU f.or vial id .arithmet.;ic \result's. The maximum .aillo.w
a.ble value of CPL is 24, ""Wh'.ictt is an integral multi.ple of all ;a,llowable 
data type's.· Larg.er V;a]ues .are. reserve'd. 

MAXIMUM SIZE OF MAIN MEMO.RY (MAX'S) REGI;STE'R. 
The MAXS reg ist.er is a 24-b~it pseudo register wh!lch is set by a f i!eld 
engineer to indicate the maximum size of the inst,al led ma in memo.r'y. 
The MAXS register is addressable as a sou.rce register onl'y. 

MAXIMUM SIZE OF CONTROL MEMO.RY ( MAXM) REG I.STE-R. 
The MAXM reg f.ster is a 24-b~it pseudo register wh'ich is set by a f i.eld 
engineer to indicate the maximum size of the Inst.al led control (m.'i.crto
instr.Uctdon) memor'y. The MAXM register is addressable as a sou.tee 
reg i st.er on l'y. 

TAPE CASSETTE INP,UT (U) REG !:STER. 
The U register is a 1.6-b·it register used to accumulate input (m'f.crto
instr.uct\ion·s) from the console tape ca:ssett'e. The u register is 
addressa.ble only as a 1.6-b~it sou:'rce reg ist.e'r. 

Only the m!f.crto-fniStructiion Reg I st.er Move may atdess the U reg iste'r. If 
data is not yet ·ava.i laible in the reg iste-r, '.the m:i.cno-o.perator is de
laye'd. D;uring; TAPE mode the contents of this register is moved by a 
m'i.cr~o-program to the M register f.or execution if the .previous mif.crto
instr.Uction did not move the contents ou't. 

OiATA REG l,STE1<. 
The DiATA register is a 24-b.ft pseudo register wh/icH can act as a sou.'rce 

.or dest inat io'n. It is used to transf;er data to and from the respect\ Ive 
I/0' cdntriol l;er's. When used as a soufrce, .\the OiATA register atoepts 24 
bits of data .from the respect\ive ·110 contriol 1.e'r. When used as a destl
nat io-n, ... the DATA register transf;ers up to 24 b Its .of data from a sou.rce 
in memory to the 1/0 cdntr.a 1 le r's. 
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COMMAND (CMN~) REGISTE-'R. 
The CMND reg i st.er (command) is a 24-b·i t pseud·o reg i st.er wh'i chi can act 
as a destination onl~. It is used to transfer I/0 cdmmands to I/O 
devices on the respective I/O cdntrol 1.et. 

NULL REG l:STE'R. 
The NULL reg ist.er is a 24-b~it pseudo register which' contains :zero's. It 
may be addressed only as a sou~ce reglste+. Moves from NULL may be 
used f.or setting various registers to zero's. 

ARITHMETIC AND COMBINATORIAL SE .. CJION C24-B.IT FUNCTION so·x1>. 
The 24-bJt .ar ithmet.'ic \and. combinator i1al sectiion (f ig.ure .3-1"1) is com
posed of a 24-b.it arithmet:lc \unit and a 24-bit combinatori,al unit. It 
has as data inputs the. conte.nts of the X and. Y reg ist.ers and the carry 
Jl i.p-f.lop (CYF'). It a 1 so uses CPU (cdntr,ol f.or the .ar ithmet.ic unit) 
and CPL (the .S-bJt v.ariable operand length) .from the CP portion of 
the C reg i st.e.t. 

.3-12 

CYF CPU CPL 

T _______ ....._! ___ T.....___ 
24-BIT XY FUNCTION BOX 

FUNCTIONS OF X AND/OR Y 

SUM >: + y BINARY, 4-BIT, 8-BIT 

CMPX l\IOT X COMPLEMENT 

CMPY l\IOTY COMPLEMENT 

XANY X•Y AND 

XEOY >~ e Y EXCLUSIVE OR 

MSKX >~MASKED CONTROLLED BY CPL 

MSKY Y MASKED CONTROLLED BY CPL 

XORY )~ + y OR 

DIFF )( - y BINARY, 4-BIT, 8-BIT 

THE LENGTH Of: FUNCTIONS IS CONTROLLED BY THE 

VALUE IN CPL 

1 
y x 

1----~-XYST 

•----XYCN 

1----BICN 

1----CYL 

1----CYD 

F i g. u re .3 - 1 '1 • Ar i t h me t.' i c and C om b i n a to r i.a 1 
Sect:. ion 



All results from the combinatori,al sect\ion .are generated irnmedi.atiely 
and are continuously avai la.ble to the mlcrto-pro.gramme,,r. A move to one 
of the input registers .or an :alt.er.atfon of a v.alue in the CP portion of 
the C register Immediately generates a new. res.ul't •. The. res.ults .are 
available to. the next mlcrto-instrl.lction and .are atdeissed by moving the 
contents of a. result register to a destination 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 commc1nl y used fuhct ions between two oper
and's. These ihcliude the AND, ·GR, -EXCLUSIV.E-OR, -su-m, ·car.ry ou·t, -d if.f
ere.hce, ·and borrow fuhct.ions and the set of equ.al to, ~re:ater than, ·and 
less than relational~. The results of the unary operations of 
complementation and masking are also availabl~. 

The results of the ar ithmet.ic tun it .are under control of the CPU and the 
CPL registers as follow~. 

CPU Un it. Type Poss jh le CPL Va 1 ues Pata Type 

00 .1-b ~it operands 1 to 24 Bi na.ry 
01 .4-b~i t operands .J+, "'8, -1·2, -16, -2-0, -:or 24 .4-b!i t binary 
10 Undefined 
11 .8-b~i t operands 8. 16. or 24 EBCDIC 

For v.al id ar ithmet·ic oper.at lon-s, -the operand length (as spec i1f ied by 
CPL) must be an exact multiiple of the; length of the unit speci1fi·ed by 
CP1.J. 

EacH of the f;oJlowing register cdntents is gener:ated immedi,ate.ly and 
is available to the mf.crto 1111programme'r. 

SUM RE SULT REG lS 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 prod.Llced and .placed in the 24-b-it 
pseudo SUM reg iste;f. Zeros in the most-s~ignif;icant bit posit ions 
(le~t-most) of the 24-bit result are prod~c~d when the length given by 
CPL is less than 2'4. CYF should be set to zero at the start .of a sum 
gene rat i o'n • 

The adde~ logic periorms dlf~erent.ly for the four possible ~alues in 
the CPU register as f;ol lows: 

~ • If 1 C PU = 0-0 , ""t he b i n ar y sum i s prod lJ c ed • 

-f>. If CPU= 0.1, -the dec~mal sum is produced by considering. the 
input to be comprised of up to six .4-bit unit's. The .4-bit 
units .are added dee i\mall y and a carry is propag:ated from one 
.4-b!it unit to the next most-s ignif' leant .4-b.it unit whenev.er 
the sum of two .4-b~i t uni ts exceeds '9. 
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c • If C PU = 1-0 , ·t he sum i s u n def in e'd • 

d. 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 unit's. The least
s ign if icant 4 bits of each unit .are added in a manner similar 
to the .4-b .. it un i·t, ihctud ing carr ie's. The most-sJgn if.icant 
bits of e~ch unit contain the ihctusi~e-OR of the 
cdrresponding bits of the input~. 

DIFFERENCE (OlFf) RESU.LT REGl.STE'R. 
The d iff.erehce of the -X, . .._y, ·and CYF reg ist..ers (·X, .... y, ·and .CYF are en
tered as inputs to the 24-b~it fuhction bo·x) is .produced and place.cl in 
the 24-b~it pseudo DlFF reg ist..e'r. Zeros in the most-s~ign if.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. D iff.erehce resu 1 ts .are generated by 
adding the contents of X to the one' g_· complement of both. Y and CYf 
The cdmplement values are hardware generated and do not alter the 
v.a 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 resiul't. Such negative res.ults .are in. complement 
f.orm and .are ind'icated by CYD .(carry d iff.ere.hc.e) = 1. If .CYD = -O, ·the 
diff.erehce res.ult value is a positive numbe'r. CYD is generated .from 
al 1 24 bits of X and. Y and is not' contr,ol led by the value in CP'l. CYD 
may be used to alter the value of CYf. Intermediate under.flow may thus 
be remembered by CYF through iterations of a f iel~. 

The difference logic prod~c~s results under the control of the CPU 
register as follows: 

a. 

b. 

c. 

d. 

If CPU= 0-0, ·the binary diff,erehce is prodLlce'd. Neg_ative 
results .are expre~>sed in 2's: complement form when CYD = 1. 

If CPU= 0·1, ·the decimal diff.erehce iis .prod.uced by considering 
the input to be cdmprised of up to s!ix 4-b,it unit's. The .4-b,it 
units .are subtracted and any borrow 'is propagated .from one 
.4-b·it unit to the next as in deci~mal subtractio'n. Negative 
results .are expressed in 10' S. complement form when CYD ='I. 

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

If CPU= 1-1, -the deci\mal diff.erehce is .produced by considering 
the input to be Cc;)mprised of up to three .8-b·it unit'so The 
least-s~ignif.tcant 4 bits of each unit .are subtracted in a 
manner similar to the .4-b.it units ihcl\uding borrow's. The 
most-s·ign if icant bits of each unit ccjnta in the ihcl~us iv.e-OR 
of the corresponding bits of the input's. Negative rE~sults 
are e x pressed i n 1 0' s comp 1 e men t f.o rm when C YD = 1 • 

AND/OR/EXCLUSlV.E-OR (XA.N-Y, ·XE.GY, -XO.RY) RESULT REGISTER'S. 
The result of the appropriate. log ic,al fuhction AND/OR/EXCLUSIV.E-OR of 
the X and. Y registers (X and. Y .are inputs to the 24-b,it function bo-x) 
is produced and .placed in the appropriate 24-b~it pseudo reg.ister (XA.N-Y, 
XEO-Y, ·XORYI). ·Zeros in the most-signif:I-ccint bit positions in the 24-bit 
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result are produced when the. length given by CPL is, less than 2'4. 

COMPLEMENT X/COMPLEMEiNT. Y ( CMP·X, -CMP·Y) RE SU.LT REG l.STE'R. 
The one's.'cdmplement of the appropriate. register x.or Y (X.or. Y and 
CPL .are inputs to the 24-b~it fuhct\lon bo·x) is .produced and .pl.ac~d in 
the appropr late 24-b·it pseudo reg ist~r, -CMPX .or CMP-Y, ·respect\ivie.l'y. 
Zeros in the most-s~ignlf'i,cant bit positions of the 24-b~it. result .are 
produced when the length given by CPL is less than 2'4. 

MASKED X/MASKED Y (MSK-X, -MSKY) RESULT REGl.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 fuhction bo-x) is produced and ,pl!aced 
in the a ppropr late 24-b-i t pseudo reg i ste-r, ..;MSKX .or MSKY ,. -resp.ect.\i Vie 1 y 
(see figure .J-le'). The value of CPL determines the number of bits 
in MSKX .or MS.K'Y ... Zeros in the most-significant bit positions of the 
24-b~tt. resiult .are prod.Laced when the length given by CPL Is, less than 
2'4. 

X REGISTER 

111111111111111111111111 
~-

24-BIT FUNCTION BOX 

000000000000000000111111 

23 __ _ 
MSKX ---- 0 

REGISTER 

Ft g.ure .3-1'2. · MSKX Reg is ter 

B IN ARY C 0 ND I T I 0 NS ( B I CN) REG l S TEtR. 

CPL 

~ 
r:=:i 

The BICN register (f lgur-e .3-13) is a .4-bJt pseudo reg lster which may 
act\ as a souirce\ only and indicates the f:ollowing bina.ry conditions: 
CYL {carry out lev;e··l-), CYD (b.orrow out level-), CYF (carry flag.), ... and 
LSUY (least significant unit of Y). 
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Ftgure 3-13. BICN Register 

The LSUY ts true if: the least slgnlficant unit of the Y register is 
equal to 1 and CPU equals oo, or the rlght-most 4 btts of the least 
slgnlficant unit of the Y register ts equal to 1001 (ntne) and CPU ts 
equal to 01 or 11. If CPU is equal to 10, LSUY ts undef tned. 

The c~rry out and borrow out levels are a function of the tnputs (X, Y, 
and CYF) and CPL. CYF may be mantpulated by a specfal mtcro-instruc~ 
tton or as data in the hlgh-order positton of the CP register. 

X/Y CONDITIONS (XYCN) REGISTER. 
The XYCN register (ftgure 3-14) ts a 4-bit pseudo register ·whtch may 
acti as a source only and contatns the following relational conditions: 
X>Y (X ts greater than Y, X<Y (X ts less than Y), X=Y (X equals Y), and 
MSBX (most significant bit of X}. · 

Figure 3-14. XYCN Register 

The re·levant btts of XYCN are SET by comparing X and Y as positive 24-bit 
quantltte~. MSBX ts true tf the bit to whlch CPL points is a 1. 

X/Y STATES (XYST) REGISTER. 
The XYST regtster (figure 3-15) ts a 4-bit pseudo register which may 
acti as a source only and contatns the followtng relational condttlons: 
X = 0 (X l.s not equal to ;~ero); Y = 0 (Y ts not equal to zero); INT 

·c interrupt) is true tf any of the fol lowing conditions reflect.ed by 
INCN, CC, and CD are true3 missing port device, port tnterrupt, timer 
tnterrupt, l/O service request Interrupt, ccinsole interrupt, memory 
parity error Interrupt, and memory Write/Swap address out-of-bounds 
t nte rrupt; LSUX (the 1 eas1; st gn t ft cant un It c>f X). 

LSUX ts true when the least stgnlf lc~nt unit of the X register ts a 1 
and CPU equals 00 or when the low-order 4 bl 1:s of the least st gn If leant 
un It of the X reg tster equals 1001 (nine) and CPU ts equal tc> 01 or 11. 
If CPU equals 10, LSUX ts undef tneti. · 
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l':ux I 
INT f WO X=l-0 

2 0 

Fi g.ure .3-H> •. XYST Reg i st.er 

FOUR-8.II ARITHMETIC AND COMBINATORIAL SECTION CF OUR-BJ I EutiCTION BOX). 
The .4-b.it .arithmetic .and combinatori;al sectiion of the .prbcessor is used 
to generate most of the normally used fuhctions between two A-bit op
erands and can a.coept as an input the contents of any one of the f.0·1-
low ing A-bit register~. A second input is obtained from the Four-Bit 
Ma n i pu 1 ate m i.c r~o - i n st r u c t i on i t sie 1 f • 

TA 
LA 
FU 
CA 
BICN 

TB 
LB 
f T 
CB 
XYCN 

TC 
LC 
FLC 
cc 
_X Y.ST 

TD 
LO 
FLO 
CD 
FLCN 

TE 
LE 
FLE 
TOPM 
INCN 

TF 
LF 
FLF 

It has as possible. resu 1 ts most of the fun.ct ions between two operand's. 
These ihclude: SE-T, ANO, ·'OR, -EXCLUS:IV.E-OR, -binary modulo 16 sum, ""and 
binary modulo 16 diff.erehce fuhct\fon's. The results may only be di
rect\ed to the same. register which act\ed as the sou:rc'Ei. The sum and 
difierehce results can be tested for o~e~f low and underflow, 
respect i vie l'y. 

The BIC-N, ·.XYC-N, -~XYS-T, -FLC-N, and INCN regist.ers are available as sou:rce 
reg i st.er s o:n l'y. 

The .4-b·it combinator iia 1 sect ion ,a 1 so prov ides f.or the selective testing 
of any of the bits within the .4-b,it. registers and rlelat ive .branching 
based on the. res,ults of the test {81.t.-Tes.t-Bra:hch m1i.cno-instr.Uct\ion'). 
The Skip When mli.crto-instr.uctiion ialso. tests any combination of bit-s, -up 
to f ou-r, .:and .brahches on the result. 

INTERRUPT CONOJTIO~S C INCN) REGlSTE'B. 
The INCN regist.erfi·g.ure .3-16·) is a .If-bit regist.er wh'ich contains the 
inte.rrupt; conditions of part'ic.ul.ar Interface 1 ines ·between the pro-
cessor and port intetchang~. 

PORT PORT PORT 

MISSING HIGH PRIORITY INTERRUPT PORT LOCKOUT 

DEVICE INTERRUPT (NORMAL) 

3 2 1 0 

F ·i g.ure .3-16. · INCN Reg Is t.e r 

.3-17 



Listed in table .3-1 is a summary of the v.arious .4-b,it conditions wh.ich 
are availa:ble to the micrto-programme'r. ·(Ref.er to table .1-3 for the 
registers and fuhctiions in the column-row matri~~} 
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w 
I 
f-1 
\0 

«I' 

Reg i st.er 

BICN 
XYCN 
XYST 
FLCN 
INCN 

cc 
CD 

Bit 3 

LSUY 
MSBX 
LSUX 
FL=SFL 
Port 
device missing 
Unassigned 
Memory parity 
error inte.rrupt 

Tab le .3-1 

.4-B it Conditions 

Bit 2 Bit 1 Bit 0 

_CYF CYD CYL 
X=Y X_<Y X>Y ~-~:. • INT Y;t'O x;to ( 

FL>SFL FL<SFL FL~O • Port Port inte.rrupt Port lockout 
h i g h pr i.o r i .t y 
Timer i.nte.rrupt 1/0 inte.rrupt Console in te rru pt 
f"1emo r y Memory Memory 
Hr ite/Swap Read ad.dress Hr ite/ Swap 
memory ad.cl ress out-of-bounds address 
out-of-bounds inte.rrupt out-o.f -bounds 
ov.err ide interrupt 





GENERA'\,. · 

SECTION 4 

MICRO-INSTRUCTIONS 

Mi.crto-instr.Ltct.\ion routines. can be. r,elated to read-only memories of past 
systems that.' cdnta in a hard set of micr~o-programs which.· control most of 
the ~ct ion taken by the .prbce\sso'r. ·Because. read-only memories .are ex
pensive and d iff'.icult to· change o.hce a system has been designed f.or a 
certain env i ronmen·t, ·it i-s, -in most: case-s, ""'<lest ined to stay suited for 
that env. i ronmen't. · 

With the advent of Read/Write cdntrol memories and mi-cno-programming 
tecHn i que-s, -Burroughs Corpor.a ti on now -provides the ab: i 1 it y to.' cha_ng e 
the system a'rchitect.\ure to whatev.er is desire'd. ·By.· changing. the mlcr~o-
.program (interpreter·), -a system eff;'ic i1ent in COBOL can be. changed to a 
system eff.'ic flent in FORTRA'N. · 

M 1 CB 0- INS IR UC T ION Q E SC R l.P I ICJ'N • • 
Al 1 m'i.crio-instr.tJctions .are· 16 bits in length and .are ,pl.aced in the M 

· reg ist.er (m.'i.cr.o-in:str.ucoion) f.or execut io'n. ~ The M register Cf lg.ure 
.4-·1-) is 16 bits long and is divided into four .4-b~it sections 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 

Fi g.u re .4-'1 ~. · M Reg is te r 

. The m.'i.tno-instruct.\ions .are ref.erred to by name and hexadeci•mal v,alue 
within the spec i1f:ic \port ion of the M reg iste'r. · F.or example, "'the Reg
ister Move mii.crio-instr.lactiion has a hexad~c~mal v.alue of 1 in the first 
.4-b~it portion of the M register; the rn'i.cr\o in machine.' cdde f.or a Reg-~ 
ister Move is '1. ~The Halt m'i.cr\o-instr.Uctl.ion has a hexadectmal v.alue of 
1 in the last .4-b~it port ion of ·the M register; the m'f.cno in machine 

.' cdde f.or a Ha 1 t. command is 0001 o ~ The other portions of the M reg i st.er 
(ff ·not part of machine code) are used f.or the selectiion of source and 
destination register and ,a 1 so f.or any· v.ar iants assbc ~ated with the 
re speco ive m'i.cno~cdmmand's. · 

Sou.rce and destination register selection and other v.ariables .are 
determined by the hexadecimal Vialue .placed in the remaining .4-bit 
secoion's. · F.or the Regist.er Move;' command, -'these hexadecr.mal Vialues 
point to the desired register as shown in table .4-'l·o · If 1 the hexa- ~ 
deci\mal value in the secdnd .4-b~it portion is equ,al to a· 1100 (row C) 
and the most-s·ignif:f.cant two bits of the third .4-b·it port ion .are 
equal to 01 (c:dlumn l·), ~XYCN is seleC'bed as the sou.'rce register f.or 
the Register Move m:f.cr\o-instruct\ io'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 ( 1 NNN'). 

Tab 1 e .4-1 

Req i st.er Se lee~ Sw i.tch 
c:o 1 umn-Row Ma.tr Ix 

Golumn 1 Co 1 urnn 2 

ru x 
FT 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 
XYST MSM{ *2) 
INCN(*2) Console READ 
CPU Console WRIT 

Column 3 

SUM 
CMPX 
CM.PY 
XA.NY 
XE.DY 
MSKX 
MS.KY 
XO.RY 
DIFF 
MAXS 
MAXM 
u 
MBR{ -lt2) 
O;ATA 
CMND 
NULL 

The fuhction of this micrto-instrUctlion (figure A-2) is to move the con-
tents of the source register to the de st inat ion reg iste'r. If the move 
is between registers of unequal lengt~s, the data is right justified 
with left zero bits supplied or with data .truhcated .from the. lef-t, 
whichev.er is appropriat-e. The sou.rce register is unaffected unless it 
is also the destinatio'n. 

MSM and CPU are e~cnuded as sou~c~ register~. 

When M is used as a destination registe~, ~he operation is changed to a 
Bi.t-OR wh'ictt modifies the next micro-instruct:lion to be execute'd. · It 
does not modify the m'i.cr.o-instr.uctHon as stored in memor'y. 

BICN, -FLC+J, XYC-N, XYS-T, --and INCN are e.xcl\uded as destination reg ist.er/s. 

MS M i s not av a i l ab 1 e as a de st i n at i on reg i s te r In STE P and Ru N mo d'e • 
It is permitted as a destination register in TAPE mode onl~. 

2 Not available on B 1710 Systems 
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15 14 13 12 

8 4 2 1 

0 0 0 1 

11 10 

8 4 

N N 

9 

2 

N 

M REGISTER 

8 

1 

N 

7 6 5 4 

2 1 2 1 

3 2 

8 4 

1 

2 

0 

1 

M REGISTER BIT 
BIT VALUES 

~ ~ N N N N 

DESTINATION 
...____ __ REGISTER ROW 

0-F 

DESTINATION 
......__ _______ REGISTER 

COLUMN 0-3 

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

COLUMN 0-3 

SOURCE 
"----------------REGISTER 

ROW 0-F 

Fig.ure .4-'2.. Register Move ( 1 NNN) 

The U reg ist.er is e·xcl\uded as a source reg ist.er in .STEP and. TAPE mode 
but is permitted as a sou~ce register in the RUN mod~. 

Al 1 reg ist.ers and pseudo reg ist.ers in column select. three are excluded 
as destination reg ist.ers except MB-R, PCMND, and DAT'A. 

When CMND or DATA is designated as a sou~c~ registe~, ~MND and DATA are 
prohibited from being destination register~. 

SCRATCH PAD MOVE C 2 NNN'). 
The fu.hct\ion of this m:i.cr\o-in:structJion (f ig.ure .4-3.) is to move the con
tents of either sc"atchpad memory to the sel~cted register or the con
tents of the sel~cted register to ~cr\atchpad memory as designated by 
the mlcr.o-instrllct:\io'n. The cdnte.nts of the source reg ist.er/scr\a.tchpad 
word is uhchanged by the mov'e. 

M S-M, "lJ , ~ n d CPU a re e'xc 1 u de d as source reg i s t.e r's • 

When M is used as a destination reg ist.e·r, "'the operation is changed to a 
Bi.t-OR whicti mod if les the next mlcro-in:strllctiion to be ex~cuted but 
does not modify the m'i.crto-instrllct ion as stored in memory. 
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~ 
r-:~ 

4 13 

2 

1 

12 11 

1 8 

0 N 

L,_2 

M REGISTER 

10 9 8 7 6 5 

4 2 1 2 1 1 
-

N N 1\1 N N N . -~ -

4 3 2 

1 8 4 

N N N --

1 0 

2 1 

N N 

M REGISTER BIT 

BIT VALUES 

SCRATCH PAD WORD 

ADDRESS (0-F) 

SCRATCHPAD WORD 
0-LEFT WORD 

(24 BITS) 
1-RIGHT WORD 

(24 BITS) 

DIRECTION 
..___ _______ 0-TO SCRATCHPAD 

1-FROM SCRATCHPAD 

REGISTER SELECT 
COLUMN 0-3 

REGISTER GROUP 
ROWO-F 

F ig.ure .4-l;L. - .Scr\a.tchpad Move (2NNN) 

BIC-N, -FLC-N, ·.XYC·N, ,;.XYS·T, -'INC~~. -and MSM .are e!xcl\uded as de st inat ion 
reg is te r's. · 

Al 1 registers and pseudo reg ist.ers in. oolumn s,elect\ three .are e.xcltuded 
as de st inat ion registers e.'xcspt M&R, -CMNO, -and O,AT'A. · 

FOUR·B~I I MAN I PULATE C 3 NNN'L -
The fun·ctHon of ,th is mkrto-lnstructl ion (figure .4-4.) is to perf.orm the 
Manipulate operation as spei:Hi,ed by the m'f.cr.o·-instrllct)ion v.aria.nts on 
the addressed .4-5·it register utilizing the 1 itier.al specif led in Mf. -

Only two' cdlumns of. reg ist.ers .are ·available to the Four-B~it; Manipulate 
mi.crto- i n:st ructd on .'(co 1 umn s D and V). - Bit seven.· contains either a O .or 
1 to enable select.\ion of the registers in.' columns 0 .or 1 as expressed 
i n t aib 1 e .4 -1 ~. · 

Bits four through six designate the speci\f!J.c \operation to be perf.ormed 
on the addressed register and Its r:elatlonshlp with the .4-b~iti 1 iter:al 
expressed in bits ~ero through thre'e. ~The possible oper.ations 
permitted by respecoive· v.ar I ant v1alues .are g·lven bele>W. -
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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 ~ 1----N N N N N N N 

3 

Figure 4-4. Four-Bit Manipulate (3NNN) 

M REGISTER BIT 

BIT VALUES 

varjant Qperatjon 

000 

001 

010 

011 

100 

101 

11 0 

1 11 

Set the addressed register equal to the value of the 
1 itera1. 

Set the addressed register to the logical AND of the 
addressed register and the 1 itera1. 

Set the addressed register to the logical OR of the 
addressed register and the 1 i tera'l. 

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

Set the addressed register ~o the binary sum of the 
addressed register and the 1 i tera1. 

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 1itera1, and skip the next 
mic~o-lnstruction if a carry is produce~. 

Set the addressed register to the binary difference of 
the addressed register and the 1 lteral, and skip the 
next mic~o-instruction if a borrow is producea. 
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B I T TES I BRANCH 0 N FALSE ( 4 Nlitll.... 
The function of this micr.o-instruction (figure 4-5) is to test the des
ignated 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 zer~. If the displacement sign bit is one, a 
displacement value of zero is assumed and the next micro-instruction 
in 1 ine is execute8. A displacement va1ue Indicates the number of 16-
b it words from the next i.n-line micr.o-tnstructio'n. This value may not 
exceed 15 (hexadecimal F1. 

e 12 11 

2 8 

0 0 N 

[ 
4 

10 

4 

N 

M FtEGISTER 

9 

2 

N 

8 

N 

7 6 

2 

N N 

5 4 3 

2 !j 1 8 4 2 1 

N N N N N N c-
M REGISTER BIT 

BIT VALUES 

LITERAL, RELATIVE 
DISPLACEMENT 
MAGNITUDE (0-F) 

DISPLACEMENT SIGN 
0- POSITIVE 
1 - NEGATIVE 

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

ADDRESSED REGISTER 

REGISTER COLUMN 
--------·~-------OOR1 

REGISTER ROW 
----~~--~--------- 0-F 

Figure 4-'· Bit Test/Branch 
on False (4NNN) 

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

BIT TEST/BRANCH ON TRUE (SNl:il:il.a. 
The function of this micro-instruction (f lgure 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 on~. If the aisplacement sign blt is zero, a dis-
placement value of zero is assumed and control passes to the next i.n-

4-6 



1 ine micro-instruction. a displacement value indicates the number of 
16-bit words (micro-instructions) from the next j.n-1 tne micro
instruction. This value may not exceed 15 (hexadecimal F). 

15 14 13 12 11 

8 4 2 1 8 
I-

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 
1-------MAGNITUDE RELATIVE 

0-F 

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

1 - NEGATIVE 

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

ADDRESSED REGISTER 

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

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

s K I p w HE N ( 6 N N N) I 

The function of this micro-instruction (figure 4-7) is to test only 
the bits In the designated register 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-bit variant 
field are as follows. 

Revised 9/28/73 by 
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15 14 13 12 

8 4 2· 

0 1 0 

I 

Vartant 

000 

001 

010 

011 

100 

101 

, 1 0 

I 1 , 1 

4-8 

11 10 

8 4 

N N 

6 

-
-

M REGISTER 

9 8 
2 1 

N N 

7 

1 

_!'J_ 

6 5 4 3 

4 2 1 8 

N N N N 

2 1 

4 2 

N N 

0 

1 

N 

M REGISTER BIT 

BIT VAL.UES 

L MASKO-F 

--VARIANTSO ... 7 

_____________ REGISTER COL.UMN 

OOR1 

---·---------------REGISTER' ROW 
0-F 

Sk tp When (6tmN) 

Ope r a.li.Q.n 

If any of the referenced b'ts are 1, skip the next 
mlc~o-1nstructtoh. 

If a 11 the ref ere need b 1 ts are 1, sk 1 p the next 
mlcro-,nstructloh. 

If the reglster ts EQUAL to the mask, sk1P the 
next Mlcro-lnstructloh. 

If all the referenced bl ts are 1, sk t p the M~xt 
mlc~o"lnstruc~ton and CLEAR the refe~enced btts 
to zero. 

I f a n 'I of t he re f e re n ce d b l t s a re 1 , · d o no t s k l p 
the next mlcro-tnstruct1on. 

If al 1 the referenced bl ts are 1, do not sktp the 
next mlc~o-tnstructloh. 

If thi~ reg lster ls EQUAL to the Mask, do not sk 1 o 
the nAxt m'c~o-lnstructton. 

If a 11 the referenced b t ·ts are 1 , do not s k i p 
the next mtcfo-lnstructton; and clear the 
referenc~d blts to zerb. 



NOTE 
If the mask equals 0000,the (any) result 
is false. The skip is made if the vari
ant is a 001 or 011 but is not made for 
1 0 1 and 11'1 • 

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

Only the 4-bit registers shown in co1umns 0 and 1 in table 4-1 may be 
used as the addressed register on which this micro-instruction is to 
act. 

RE AD~WR IT, ME MOR y F NNN). 
Theunct on of th s micr.o-instruct ion (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 loc·ation specified by FA to the addressed register, 
depending on the direction bit in 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 
---r-

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 

.___ ___________ 00-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 justified 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 source is unchangea. 

If the value of the main memory field l'ength as. given in the mlcr.o
instruction is zero, the value in the CPL portion of the C (control) 
register is ut i 11 zed instea·GI. 

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

Variant Condjtjon 

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

MOYE 8-BII LITERAL (8NNN?. 
The function of this mic~o-1nstruction (figure 4-9) is to move the .8-
b i t 1 i t e r a 1 cont a i n e d i n th 1;? m i c r-o - t n st r u ct i on to the de st i n at I on r e.g -
iste~. If the move ts 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 lea. The reg
ister row number is assumed to be two. MSM can be spectf ied as a 
destination in TAPE mode only. 

MOVE 24-BII LITERAL (9NNN?. 
The function of this mic~o-Jnstruction (figure 4-10) is to move the 24-
b I t 1 i t e r a 1 g i v e n t n the m i c r;o - i n st r u ct i on to the de st i n at i on ire g i st e 'r • 
If the move is between registers of unequal lengths, the 1 tteral is 
t r u n ca t e d f r om t he 1 e f 't • T he 1 e a s.t. -s i g n i f I ca n t 1 6 b t t s of · the 1 I t e r a 1 
to be moved must be contained in the next word of memory following the 
Move 24-Bit Literal mlcro-1nstructioh. 

4-10 



15 14 

8 4 

1 0 

I 

15 

8 

1 

13 

2 

0 

14 

4 

0 

12 11 10 

1 8 4 

0 N N 

8 

M REGISTER 

9 8 7 6 5 4 3 2 1 0 

2 1 128 64 32 16 8 4 2 1 

N N N N N N N N N N 

'-------------------

M REGISTER BIT 

BIT VALUES 

8-BIT LITERAL 

(00 ... 255) 

DESTINATION 

REGISTER 

ROW 0-F 

REGISTER COLUMN 

2 IS ASSUMED 

Figure 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 

9 

M REGISTER 

10 

4 

N 

9 8 7 6 5 4 

2 1 n n n n 

N N N N N N 

3 2 

n n 

N N 

1 

n 

N 

0 

n 

N 

M REGISTER BIT 

BIT VALUES 

8 MOST-SIGNIFICANT 
BITS OF LITERAL 

DESTINATION 
REGISTER 

'----------------ROW 0-F 

REGISTER COLUMN 
2 IS ASSUMED 

Figure 4-10. Move 24-Blt Literal (9NNN) 

Only the registers X, Y, T, L, A, BR,. LR, FA, FB, FL, TAS, and CP can 
be specif iea. The register row number is assumed to be two. MSM (only 
permitted on B 1726) can be specified as a destination register in the 
TAPE mode only. 

NOTE 
The least-significant 16 bits of the 
literal are found automatically by ~i
narily incrementing the address (A) 
register by 16 (10000}. 
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SHIFT OR ROTATE I REGISTER LEET 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 fs right Justified with data 
truncated from the left. For the shift operation, zero fill on the 
right and truncation on the left occu~. The contents of the source 
register is unchanged unless it is also the designated destinatioh. 

M REGISTER 

-
15 14 13 12 11 10 B 8 7 

8 4 2 8 4 :2 1 2 

1 0 0 N N (\J N N ---
A 

6 5 

1 1 

N N 

4 3 2 1 

16 8 4 2 

N N N N 

~No1 M REGISTER BIT -:1 BIT VALUES 

-----L- SHIFT/ROTATE 
--COUNT 

1TO24 BITS 

SHI FT/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 of 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-instructlon 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 • 

E XI RAC T F R 0 M I RE G I STE R ( B N N N) • 
The function of this mic~o-instruction (figure 4-12) is to rotate the 
I-register left by the number of bits specified and then extract the 

4-12 



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 
justi:fied 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 ~L4 13 12 11 10 

8 4 2 l 16 8 

1 0 l l N N 

M REGISTER 

9 8 7 6 5 4 3 

Lt- 2 1 2 l 16 8 

N N N N N N N 

2 l 0 

4 2 l 

N N N 

~-----

M REGISTER BIT 

BIT VALUES 

WIDTH OF 
·EXTRACTION 
FIELD l TO 
24 BITS 

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

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

l 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 (figure 4-14) is to fetch the 
next micro-instruction from the location obtained by binarily 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 o:f 16-bit words. 

Revised 9/8/72 by 
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.15 14 

8 4 

1 l 

15 14 

8 4 

1 1 

CALL. 

M REGTSTER 

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 

L BINARY RELATIVE 
------- DISPLACEMENT 

VALUE 0 ••• 4095 

Figure 4-13. Branch Forward (CNNN) 

M REGISTER 

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

2 1 (2048) (o) B:IT VALUES 

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

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

VALUE 

Figure 4-14. Branch Backward (DNNN) 

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

0 ••• 409 5 

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 6 5 4 3 2 l 0 

2 l (2048) (o) 

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

M R.EGISTER BIT 

BIT VALUES 

BINARY RELATIVE 
---- E 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 l 

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 1.0 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 

Figure 4-14B. Call Reverse (FNNN) 

VALUE 0 ... 4095 

Revised 9/8/72 by 
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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 6 

1 8 4 2 1 2 1 

o· 0 0 1 0 N N 

-------------~ 02 

5 4 3 

1 16 8 

N N N --

2 

4 

N 

1 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 

--~~----~~~~----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 in 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 (OJNfil. 
The :function o:f 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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15 14 13 

8 4 2 

0 0 0 

SHIFT/ROTATE 
The function 
rotate the X 
specified by 
If the value 
is zero the 

' 

4-16 

CPU 

00 
01 
10 
11 

M REGISTER 

12 11 10 9 8 

l 9 4 2 l 

0 () 0 1 1 

.__ ______ 03 

7 

1 

N 
..., 

6 

l 

N -

5 

1 

N 
.., 

4 

l 

N 

-

3 

1 

N --

2 

l 

N 
..., 

l 0 M REGISTER BIT 

1 l BIT VALUES 

N N 

T lcp REGISTER 

L FU REGISTER 

----FL REGISTER 

------~~--FA REGISTER 

----------X REGISTER 

i--~--~~~~~~- Y REGISTER 

------------- --T REGISTER 

------·------· L REGISTER 

Figure 4-16. Clear Register (OJNN) 

X OR Y ( 0 4 NN) . 
of this micro-instruction (figure 4-17) is to shift or 
or Y register either left or right by the number of bits 
the shift/rotate count portion of the micro-instruction. 
of the shift/rotate count given in the micro-instruction 
shift or rotate is determined by CPU as follows. 

l bit 
l+ bi ts 
UndefinE?d 

Shift/Rotate Count 

8 bits (not available on B 1710 Systems) 



15 14 13 12 11 10 9 

8 4 2 1 8 4 2 

0 0 0 0 0 1 0 

l 

M REGISTER 

8 

1 

0 

04 

7 

1 

N -

6 5 4 3 

1 1 16 8 

N N N N - -

2 1 0 M- REGISTER BIT 

4 2 1 BIT VALUE 

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(*J) I 

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 ANDY (05NN). 
The function of this micro-instructi-on(*J) (figure 4-18) is to I 
concatenate the X and Y registers to become one 48-bit register 
with the X register 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 6ount is zero, 
the amount to be shifted or rotated is determined by the contents 
of CPU as follows: 

CPU Shift/Rotate(*J) 

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

I 

*J B 1726's allow SHIFT/ROTATE I 
B 1710's allow only SHIFT 
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I 

15 14 13 

8 4 2 

0 0 0 

M REGJ:STER 

12 11 10 9 8 

l 8 4 r) 
,::.. 1 

0 0 1 () 1 

-------05 

7 

l 

N 

6 5 4 3 2 1 0 M REGISTER BIT 

1 32 16 8 4 2 1 BIT VALUES 

N N N N N N N 

LEFT/RIGHT 
'--~~~----~~~~--SPECIFIER 

0-LEFT 
!-HIGHT 

SHJ:FT/ROTATE 
SPECIFIER 

'--------·-------- 0-SHIFT 
!-ROTATE 

Figure 4-18. Shift/Rotate X and Y (05KN) 

If the micro-instruction indicates a shift left operation, zero fills 
on the right and tn .. mcation on the left occur. For the shift right 
operation, zero f'ills on 1:he left and truncation on the right occur. 

COlliT FA/FL ( 06~X). 
The function or this micro-instruction (figure 4-19), depending on the 
variant field, is to binarily increment or decrement ~he designated 
register(s) by the value of the literal contained in the micro
instruction or by the value of CPL if t11e 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 24 for FL are undefined, 

M REGISTER 

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

8 4 2 l 8 4 2 1 4 2 l 16 8 4 2 1 BIT VALL"ES 

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

----~---06 

Figure 4-.19. Count FA/FL ( 06~"""N) 
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Neither overflow nor underflow of FA is detected. The value of FA may 
exceed its maximum value and wraparound. Overflow of FL is also not 
detected. The value of FL may exceed its maximum V9-lue 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. 

Revised 9/8/72 by 
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Variant Condition 

000 No operation 
001 Blnarily 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 Binarlly increment FA and decrement FL (FA+-FL+) 
100 Binarlly decrement FA and Increment FL (FA+-FL+) 
101 Binarily decrement FA (FA+) 
110 Binarlly decrement FL (FL+) 
111 Binarily decrement FA and FL (FA+-FLJ) 

EXCHANGE OOUBLEPAQ WORD COZNN?. 
The f u n ct i on of t h i s m i c r.o- t n s t r u ct i on ( f i g u re .4 - 2 0 ) i s to move the 4 8 
bits of the field (F) def inttlon register to a holding register (refer 
to note) and then move 48 bits from a source register in scratchpad 
to the F reg iste'r. After this is accomplished the 48 bits are taken 
from the holding register and placed into the specif led destination 
register in scratchpa~e A doublepad word is equal to 48 bits of 
scratchpad memory. 

5 14 13 

8 4 2 

er 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 

2 1 8 4 

N N N N 

1 

2 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

SOURCE 48-BIT 
---- SCRATCHPAD WORD 

(0-F) 

DESTINATION 48-BIT 
...___----------SCRATCHPADWORD 

(0-F) 

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

NOTE 
The holding register is imbedded in the 
hardware. It is not specif led within 
the micro-instruction and is not access
ible to the mic~o-programme~. 

SCRATCHPAQ RELATE FA C08t:Ltil... 
Th i s m i c r.o - i n st r u c t i on ( f i g u r e 4 - 2 1 ) , de p e n d i n g on t he s i g n of ope r .a -
tion, binarily adds or subtracts the contents of the left half of the 
addressed portion of scratchpad memory (scratchpad locations SOOA I 
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I 

through SlSA) to/from the contents of the 24-blt field address (FA) 
register, and places the results in F~. 

15 14 13 12 11 10 

8 4 2 1 8 4 

0 0 0 0 1 0 

M REGISTER 

9 8 7 

2 1 4 

0 0 N 

08 

6 

2 

N 

5 4 3 

1 l 1 8 

N I N N 

2 

4 

N 

M REGISTER BIT 

BIT VALUES 

[.

--'---- LEFT SCRATCHPAD 
.... ---- WORD ADDRESS 

0-F 

SIGN OF OPERATION 
0-ADDITION 
1-SUBTRACTION 

...___ ___________ RESERVED 

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

MON ITOP, .< 09NN') I 

This micro-tnstruction {fi(1ure 4-22) sklps to the n~xt seolJential in
st r u ct i o ii • E xe cu. t i' on of th i s f n st r u ct t on b r i n 9 s a 1 e v e l t .~ th~ b a c k -
p 1 a n e • The e i ~1 h t , 1 e a s 1: - s t g n i f i c an t b l t s ( O t h r u 7 )_ o f t he r \ P, e i..J i s t e r 
may be Monitored concuri-·ently_. Also, the two, least-si~nificant bits 
of the mlcro-lnstruction are decdded; and one of four levels fs brou~ht 
to the backolane on the 8 1720 series, 

15 14 13 12 11 10 

8 4 2 1 8 4 

0 0 0 0 1 0 

M REGISTER 

---.· 
9 8 

2 1 

0 1 

09 

7 6 5 

1 1 1 

N N N 

4 3 

1 1 

N N 

2 

1 

N N 

M REGISTER BIT 

BIT VALUES 

l -LIFANVCOMBINATION, 
THE LEVEL COMES TRUE 

----------RESERVED 

Figure .4-22.. Mon Jtor ( 09NN) 

CASSETTE CONTROL C002Nl~ 
The f u n c t i on of t h I s m i c r.o - f n st r u c t i on ( f i g u re .4 - 2 3 ) i s to con t r o 1 
the cassette tape movemen't. 
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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 

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=f Y 
011-111 - RESERVED 

F i g u re .4 - 2 '3 • Ca s s e t t e Con t r o 1 ( 0 0 2 N) 

All tape stop variants cause the cassette tape to halt in the next 
available 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 ha 1 t's " 

BIAS (00.lfil... 
The functicin 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 5 4 

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

0 0 0 0 0 0 0 0 0 0 1 1 

'----------003 

3 

4 

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 isted below. 
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• 
I 

v ?..!JJLll!;. ya l..lJ..f:...~ 

000 F ~J 
OOl 24 or FL 
011] 24 or SF L 
011 24 or FL or SFL 
1 00 CPL 
1 01 24 or CPL or FL 
, 1 0 CPL 
1 1 , CPL 

When the variant field is equal to 010, the value of CPU is determined 
by SFU instead of FU. SFU ts contained Jn 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-instruction is skippea. 

STORE E IN QOUBLEPAQ WORD C004N1. 
The f u n ct i o n of t h I s m I c r. ,:>- I n st r u ct i on ( f I g u re .4 - 2 S ) i s to s to re the 
contents of the F register (FA portion= 24 bits and FB portion= 24 
bits) in the designated scratchpad wore.le FA goes to the left half 
(A) of the scratchpad word and FB to the right half (8) of the 
scratchpad wor(i. 

M REGISTER 

15 14 13 12 11 10 9 8 7 6 

8 4 2 8 4 2 1 8 4 -
0 0 0 0 0 0 0 0 0 1 

5 4 3 

2 1 8 

0 0 N 

2 1 

4 2 

N N 

0 

1 

N 

M REGISTER 

BIT VALUES 

L ·-------00•\ SCRATCHPAD 

----- DOUB u: WORD 

ADDRESS 

Figure .4-25. Store F intc> Doublepad 
Word ( 004 N) 

NOTE 
This mtc~o~instructlon Is available only 
on the B 1726 System. 

LOAQ f FROM POUBLEPAD WORD COOSN'). 
The function of this micr.o-instruction (figure .4-26) is to move all 48 
bits of the designated scratchpad word to the F reglstet. The left 
half (A) of the doublepad word ts 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 register. 

15 14 

8 4 

0 0 

13 12 

2 1 

0 0 

M REGISTER 

11 10 9 8 7 6 5 

8 4 2 1 8 4 2 

0 0 0 0 0 1 0 

1 

4 3 2 

1 8 4 

1 N N 

005 

1 

2 

N 

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

SCRATCHPAD 
,____ __ DOUB LE WO RD 

ADDRESS 

Figure .4-26. Load F from Doublepad 
Word (OOSN) 

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

SE T f YE C 0 0 6 N? 
Theunction of this micr.o-instruction (figure .4-27) is 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 

4 2 1 8 4 2 1 8 4 2 

0 0 0 0 1 1 0 N N N 

T 006 I 

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

0 

1 

N 

M REGISTER BIT 

BIT VALUES 

VARIANTS 

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

Varjant 

0001 
0010 
0100 
1000 

Set C YF to 'O. 
Set C YF to 1. 

Action 

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

HALT (0001'). 
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 r ·e .4 - 2 8 ) i s to ha 1 t the 
sequence of executable mic~o-instruction~. 

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 .4-2B. Ha 1 t ( 0001 ) 

1 

2 

0 

0 

1 

1 

M REGISTER BIT 

BIT VALUES 

0001 

The system halts with the next i.n-1 ine rnicr.o··instruct 1on in the M 
reg i st e r and t he add re s s of t he second i.n -1 i n e m i c r.o - l n st r u ct i on i n 
the address (A) register~v Whatever register ts pointed to by the 
console controls is displayed on the register display 1 ight~. 

OVERLAY CONTROL MEMORY (0002?. 
The function of this micr.o-instruction (figure .4-29) is to overlay 
control memory from main memory. This is desired because of faster 
micro-instruction execution time in control memory. 

15 14 

8 4 

0 0 

13 12 11 10 

2 1 8 4 

0 0 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 0 0 

1 

2 

1 

0 

1 

0 

M REGISTER BIT 

BIT VALUES 

'--~~~------~·------~-0002 

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 is taken from the FL register, and overlaying 
occurs until FL=O or the maximum amount of control memory is exceedea. 
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The execution of the mic~o-instructions proceeds as follows: 

~. A ts moved to TA~. 

b. L is moved to A. 

c. The first 16 bits are read from main memory and stored in 
control memory. Register FL is decremented by 16 bits, 
FA incremented by 16 bits, and A incremented by one wora. 

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

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

NORMALIZE X (0003). 
The function of this micro-instruction (figure 4-30) is to shift the X 
register left while counting FL down until FL is equal to zero or the 
bit tn X which is referenced by CPL is equal to one. Zero bits are 
shifted into the least-significant end of X during the shift operatioh. 

15 14 13 12 

8 4 2 1 

0 0 0 0 

M REGISTER 

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

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

0 0 0 0 0 0 0 0 0 0 1 1 

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

M REGISTER BIT 

BIT VALUES 

0003 

If CPL is equal to 1, the least-significant bits of X are referenced; 
if CPL is equal to 24, the most-significant bits of X are referencea. 

NO 0 PE RA I I 0 N { 0 0 0 Q'). 
The f u n c t i o n of t h i s m i c r.o - i n st r u c t i o n ( f i g u re 4 - 3 1 ) i s to r e s e r v e 16 
bits of memory (the length of one micro-instruction) and to utilize one 
machine cycle. 

When t h i s m i c r.o - i n st r u c t 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 mic~o-instruction occur~. 
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15 14 13 

8 4 2 

0 0 0 

.4-26 

-
12 11 '10 

1 8 4 
-

0 0 0 

M REGISTER 

9 8 7 

2 1 8 

0 0 0 

6 5 

4 2 

0 0 

4 

1 

0 

M REGISTER BIT 

BIT VALUES 

----------------------------0000 

Figure 4-31. No Operation (0000) 



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 operation. 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'sG 

I 0 COMPONENTS. 
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.) 

DISK 
CARTRIDGE 

I 
I/o j 

CONTROLLER 

l 

PROCESSOR 

I 

t mIN ~MORY 

B 1712/B 1714 

I/O CONTROLLERS. 

Figure 5-1. 

DISK 
CARTRIDGE 

L- I/O l 
NTRO CONTROLLER 

MORY ..----·--'-1-. 

I 
PROCESSOR 

~ mIN 
-~MORY 

B 1726 

I/O Subsystem 

The pE~ripheral I/O controllers are physically separate, logically inde-
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pendent devices. The periphera.1 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 t~o or more identical devices on a 
time-shared basis (i.e., serial disk drives or serial tape drives). 
r/o controllers have individual hardware buffers to aid in simultaneity 
of I/O operations. 

r/o CONTROLLER FUNCTIONS. 
The f'unctions 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 c~se 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 conclusian of an I/O operation the I/O controller returns a 
result descriptor to the processor. 
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SE CT ION 6 

1/0 DESCRIPTORS 

GENE RA'l, 
The purpose of input/output descriptors is to communicate control i~
formation to the various 1/0 controllers which perform the desired 
operation on the periphera1, 

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

AEA I RD LINK .._,,,.._. 
RESULT STATUS 

AREA 

OP A I B I c 

F i g u re .6 -'1 , I I 0 D e s c r i p to r F o r mat 

The fields shown above are each 24 bit~. The maximum size of any I/O 
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 involveo, The various f ie'lds are defined in the fol lowing 
paragraph'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 
(RO), which indicates the status of the just terminated 1/0 operation, 
The RSA is returned by the I/0 controller at the completion of each 
I I 0 opera 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 descriptor. Linking is further explained later in this section. 

or. 
The operation (OP) field contains the desired 1/0 command and its 
variants. 

A. 
The Afield contains the beginning binary address of the input/output 
main memory area, 
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13. 
The Bf ield contains the ending binary address+ 1 of the input/output 
main memory area. 

'C • 
The Cf ield is used in conjunction with disk l/O'• only and contains 
the absolute binary disk addres~. 

1/0 QESCRIPTOR CHAININt. 
The ab i 1 i t y to 1 1 n k or ch a i n toge t he r l I 0 de s c r i pt or s prov i de s for 
maximum utilization of the processor and peripheral device~. Shown 
in f tgure ~-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. 

---

~EA1 RC;1 i--~1 A1~ 
[:eA2 R[~ LINK2 I OP2 A2 B2 

_J 

~EA3 RD 3 LINK3 I OP3 A3 B3 

F igur 1e .6-'2. Sample Cha in of 
1/0 Descr t p·tors 

LINK-subl contains the address of RD-sub2, LINK-sub2 contains the ad
dress of RD-subJ, and L1NK-sub3 contains the address of RD-sub1. This 
forms a continuous chain of 1/0 descriptor~, one associated with each 
of the requested buffer~. 

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 descriptor's. At the ad
dress provided, the 110-complete bit of that result descriptor ts 
examined; if it ts a zero, the 1/0 descriptor is executed and a r.e
sult descriptor Is returned to location RD-sub1. If no exception con
dition has occurred~ the 1/0 descriptor pointed to by LINK-sub2 is 
executed, and so on, thus prov id Ing a cont lnuous cha in of 1/0 descr i.p
tor~. If the 110-complete bit Is set to one when examined, a pause 
of a spectf ied number of milliseconds occurs and ~e-examinatlon of 
the 1/0 complete-bit occur~. The 1/0-complete continues to be examined 
until it becomes zero; in this manner execution of the I/0 des,crlptors 
ts under MCP contro1. The MCP can get ahead of the actual execution of 
the 1/0 descriptors; that ts, the MCP may be releasing buffers faster 
than the 1/0 descriptors can be execute~. The I/O controllers can 
never get ahead of the MCP because each 1/0 controller remains locked 
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to eacl1 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 o:f the MCP. The MCP examines 
the I/0-complete bits and performs the above operation. 

DISK FILE AND DISK PACK CHAINING OPE.RATION. 
Since disk I/O descriptors all contain an absolute disk address, 
there is no danger o:f an operation being performed out of logical 
sequence as long as the controller does not 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 is 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 complex than that of disk. There is one chain of I/O descrip
tors for the entire tape subsystem, similar to the disk operation pre
viously described. The descriptors must, however, be executed in lo
gical sequence. To accomplish this, the lock descriptor has boen 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 llllit. LINK-A of tho 
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 o:f the lock descriptor always contains the memory address of the 
:first, physical I/O descriptor for the unit. This field 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 llllit. LINK
C is initialized by the MCP but is maintained by the magnetic tape 
controller. 
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STOP I 0 DESCRIPTOR. 
All I 0 controllers are capable of receiving and recognizing a stop 
I/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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[ UNtLSED RD LIN.KA LOCK LI~~T:~~~~]J~::--RD LIN.KA READ UNIT l LINKE LINKC 

l ~-

jUNt~rnD RD LINKA LOCK LINKB LINKC 

LOCK DESCRIPTOR 

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

vvv 

3 BITS 

vvv 

Figure 6-J. Typical Magnetic Tape Chain 

RRRRRRRRRRRRRRRRRRRRR1 

21 BITS 

= 111 - STOP I/O COMMAND 

R = RESERVED 

Fj_gure 6-h. 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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GENERA'l. 

SECTION 7 

INPUT/OUTPUT CONTROLLERS 

This section describes the I/0 controllers which may be connected to 
the B 1700 series of computer's. Al 1 input/output operations are in.i
tiated but not executed by the processo~. The execution of any speci
fied 1/0 operation is accomplished by the respective 1/0 controller~. 
The 1/0 operation may be executed simultaneously with a processor op
eration or other previously initiated I/O operation~. The type of 1/0 
operation is determined by an I/0 descriptor that is transferred to the 
1/0 control le~. At the conclusion of an I/0 operation, a result de-
scriptor that specifies any exception conditions and other pertinent 
i n f o rm at i on i s re tu r n e d b y t he l I 0 con t r o 1 1 e 'r • A 1 1 I/ 0 ' s a re i n i t i ate d 
by the Burroughs Master Control Program. 

CARD REAQER CONTROLLER, 
The card read 1/0 controller executes the card reader as initiated by 
the MC'P. It reads data into asce,nding memory locations beginning with 
the location spectf ied by the A addres~. 

CARD RE AD DESCRIPTOR (EBCDIC'). 
This I/0 descriptor controller (figure 7-1) is capable of translating 
the standard EBCDIC card code into the internal 8-bit EBCDIC code. 
When reading EBCDIC, 256 car.d-hole combinations are valiCJ. All invalid 
combinations are translated to the ? char~cte~. The card is read into 
ascending memory locations beginning with the location specif led by the 
A address and continuing to, but not including, ·the terminal location 
specif led 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 

3 BITS 

T RRRRRRRRRRRRRRRRRRRR I 

20 BITS 

F i g u re .7 -1 • Ca rd Re ad I I 0 De s c r i pt o r 

Referring to figure 7-1: 

'a• vvv = 000. - card read operation code. 
b. T = 0. - card read EBCDlt. 
'<: • T = 1. - card read bi na r'y. 
(i. R = re se rve(:f. 
~. A = beginning address of da t'a o 

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 l~cations beginning at the locations specif led by 
the A address continuing until, but not 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 
i n ma t n me mo r y. ( See f i g u re .7 - 1 • ) 

CARD TE ST. 
This 1/0 descriptor (figure J-2) returns a result descriptor ~ndicating 
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 exception1. The test result descriptor also contains the controller 
ID. 

~-~ ~RRRRRRRFIRRRRRRR I 
r3~ 2 -r--- 19 BITS 

Figure J-2. Card Read Test Descriptor 

Referring to figure .7-2: 

a. VVV = lOQ - test card reader and controller. 
b. TT = OQ result store Immediately. 
c. TT = lQ - result rs delayed until card reader is ready. 
d. TT = 01. - result kS stored when card reader is not ready. 
e. R = reserved. 

CARD READ RESULT OESCRIPT01~. 
At the completion of a card read operation, the controller returns 
a result descriptor which is described as follows: 

a. Bit 0 - I/ 0 comp 1 E' te. 
b. Bit 1. - exception condition (any bit on in bits .3-16). 
c. Bit 2. - not read Yo 
d. Bit 3. - v a 1 id i t y E! r r or .. 
e. Bit 4. - memory acc;e ss error. 
f. Bit s. - reserved. 
g. B 1 t 6. - read checl(. 
h. B t t s . 7 - 16. - reserved. 
i • Bits 1.7-23. - contro 11 er ID = 0101010 (test 1/0 only). 

CARD PUNCH CONT~~bLER. lne card pUnch controller executes 
and punches data from ascending memory 
location specified by the A address of 
of Information are punchedo It al lows 
and a b i n a r y p uh c h ope rat t o'n • 
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card punch 1/0 descriptors 
locations beginning at the 
the operand until 80 columns 
EBCDI£ card punch operation 



Information is transferred to the punch b i.t-ser ial 1 y for each punch 
position, with 12 separate aO-bit transfers being required to punch 
a card. Transfer of a given row to the puhch consists of 40 memory 
accesse~, obtaining punch information for two columns per access. 
The number of memory accesses required to punch a card is 480. A 
ful 1 card is always punche'd. The source program need not be 
concerned with the transfer of data to the punch. 

The controller provides a punch echo check which checks if fewer 
than 80 data bits are received for each row or if fewer than 12 
row cycles are counte~. 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. 

CA.RD PUNCH DE SC R I PT 0 R ( B IN ARY'} • 
A card is punched from ascending main memory loca.tions beginning with 
the location specified by the A address (see figure .7-3). Punching ts 
te rm i n ate d a f t e r t he p u n ch i n g of 8 0 co 1 u mn-s , -w he re each ho 1 e i n A to 
be punched in a card column is represente~ by a one bit In memory. 

vvv T SS RRRRRRRRRRRRRRRRRR 

3 BITS 1 2 BITS 18 BITS 

Figure .7-3. Card Punch 1/0 Descr.'iptor 

Referring to figure .7-3: 

a. vvv = 01 o. - card punch operation command. 
b. T = 0 - card punch EBCDIC. 
c. T = 1. - card punch binary. 
d. SS = oo. - normal stacker. 
e. SS = 01. - auxiliary stacke·r. 
f. SS = 10 - error stacker. 
9• R = res.e rved. 
h. A =beginning address of data. 

CARD PUNCH DESCRIPTOR (EBCDIC1. 
A card is punched from ascending main memory locations beginning with 
the address specif led in A (see figure ~~3). One column is punched for 
each EBCDIC memory char~cter and 80 cdlumns are always p~nched. 

CARD PUNCH TEST DESCRIPTOR. 
The card punch and card punch controller are tested, ~nd a result 
descriptor containing the controller ID number is returned (see 
figure .7-4). 
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RRRRRRRR~RRRRRR~ 

20 BITS 

Figure .7-'4. Card Punch Test Descriptor 

Referring to figure .7-4: 

a. 
b. 

vvv 
T = 

= lOQ - test the card punch and control le~. 
a - the result is stored immediately. 

{:. T 
'cl • R 

= 
= 

1. - the result is delayed until the reader is read'y. 
reserve(!. 

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

·a. Bit 0. - 1/0 comp 1 ut~. 
b. Bit 1. e xce.pt ion condition (any bit on in b its .3-16'). 
c. Bit 2 - not re ad'y., 
H. Bit 3. - punch check er ro'r. 
~. Bit 4. - memory access e rro'r. 
f. Bit s. - memory parity er ro"r. 
I Bits .6-16. re se rve{J. g. -
h •. Bits 1.7-23 - controller ID = 0000100 (test 1/0 on 1 y') e 

PAPER TAeE READER CONTROLLf:R..,. 
This controller stores one .8-b·it character of data per memory cycl't~. 
If the number of charact.e rs spec if i ed is not read, ·space.d, or bac.1"
spaced bec~use of termination by the reade~, the short record bit (bit 
9 of the result de.scriptor) is set. If the tE~rmination is caused by 
the end-of-tape or beginning-of-tape reflective strip, the appropriate 
EDT or BOT is set In the result descripto~. 

PAPER TAPE READ DE SCRl.PTOR. 
A record is read from the paper tape reader into ascending memory loca
tions beginning at the location sp~clf ied by the A address and contin
uing t-o, but not tnt-o, the address specified by the B address (see 
figure .7-51. If the T (type) variant of the read 1/0 contains a zer-o, 
eight bits received from the reader are transferred to memory via a 
BCL/EBCDIC translatot. If the T variant contains a on~, no translation 
occurs and eight bits received from the reader are transf.erred to 
memor'y • 
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vvv 

3 BITS 

T RRRRRRRRRRRRRRRRRRRR I 
20 BITS 

Figure .7-5. Paper Tape Read, Space, ·and 
Backsp~ce 1/0 Descriptor 

Referring to figure .7-5: 

a. vvv = 000 ... paper tape read operation command. 
b. vvv = 101. - paper tape space~. 

c. vvv = 11 o. - paper tape backspace .• 
d. T = 0 - translate BCL to EBCDIC and check. for odd 
e. T = 1. - no translation and check for even par tty. 
f. R = reserved for unit address. 
9• A = beginning address of data. 
h. B = ending address of data + 1 • 

PAPER TAPE SPACE DESCRIPTOR. 

parity. 

The paper tape Is spaced forward the number of characters specified 
unless stopped by an end-of-tape condition. The number of characters 
is specified by the d~fference between the A and B addresses of the 
I/ O de s c r I pt or ( f i g.u re .7 -5 ) • 

PAPER TAPE BACKSPACE DESCRIPTOR. 
The paper tape is spaced backward the number of characters specif led 
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 I/O de~c~iptor (figure J-5). 

PAPER TAPE REWIND I/0 DESCRIPTOR. 
The paper tape is rewound to the beginnin.g-o.f-tape position (see 
figure .7-6). 

VVV RRRRRRRRRRRRRRRRRRRRR 

3 BITS 21 BITS 

F i g u re . 7 -6 ·• Pa pe r Ta pe Rew i n d 
1/0 Des.er i ptor 

Referr·ing to figure .7-6: 

a. VVV = 011. - paper tape r~wind operation command. 
bo R = reserved for unit address. 
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PA PE R TAPE TE ST I I 0 DE SC R I PT OR • 
This descriptor (figure J-7) tests the designated unit and returns a 
result de scr i pto'r. 

RRRRRRRRRRRRRRRRRRRR I 

20 BITS 

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

Referring to figure .1-1.: 

a. vvv = 100. - tests the paper tape reader and control 1 e'r. 

b. T = 0 - the re su 1 t is stored immediately on comp l e t i o'n • 

'c: • T = 1. - the result is delayed until the reader is ready 
and it is not rewinding. 

PAPER TAPE READ RESULT DESCRIPTOR. 
At the completion of an I/D operat io·n, ·the l/D controller returns a 
re s u 1 t de s c r i pt o·r , for the ju st-comp 1 et e d I ID :• · 1 n the second 2 4 b i ts 
of the result status area. The result descriptor for the paper tape 
reader operation is: 

a. Bit 0 - 1/0 comol•~te. 
b. Bit 1. - e xce.pt ion condition (any bit on in bits .3-16). 
'<: • Bit 2. - not re ad'y. 
a. Bit 3. - tape parity er ro'r. 
~. Bit 4. - memory acce.ss e rro'r. 
f Bit s. - re se rveCI. I e 

Bit 6. end of tap~. g. -
'h. Bit 7. - beginning of tap'e. ,. Bit a re se rveCI. I • -,. 
J • Bit 9. - short re c1:i r'cJ. 
1<. Bit 10 - rewind i n9. 
1. Bits 1.1-16. - re se rveCI. 
'in. Bits 1.7 -2 3. - contro 1 le r ID = 0001110 (test 1/0 on 1 y1 ,. 

UNBUEFEREQ TRAIN PRINTER CONTROLLER. 
This controller provides printer speeds of 400 and 750 LPM with 132 
ch~r~~ters per 1 in~. It provides code conversion from internal EBCDIC 
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 acce.ss is missed, ·the con
trol waits until the same graphic is presented to it a second time and 
then cont i nue·s, thus prov id Ing automatic ,re cove r'y. 

This controller also ihcludes a quick release feature which terminates 
the operation and enables the start of paper motion as soon as all non
blank characters have been prlnt~d. 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 eRINTER CONTROLLER. 
This controller provides for EBCDIC to BCL translation on the data 
as it is transferred from memory to the pr inte+. The I/0 controller 
contains a one-charaC't.er buffer wh'ich rece. ives information from memory 
serially by character and transfers the information serially by char
act.er to the pr inter buff.e'r. Transfer of paper mot ion cont.rol I nfor
rnat ion takes pl~c~ after the printer buffer is fille~. The 1/0 con
troller is capable of loading the printer buffer, ~ht le paper motion 
is bcdurring, in response to a previous 1/0 descriptot. After the 
paper motion of the previous command is completed, ~ormat information 
is r~ceived for the information in the buffe~, ~hich can now be 
pr inte{:(. The controller provides for printer speed options of 30-0, 
40-0, ·47-S, 70-0, ·and 750 LPM v1ith 132 characters per 1 ine. A 1040 LPM 
buffered 1 ine printer controll.er is available on the B 1726. 

LINE PRINTER WRITE DESCRIPTD'R. 
A line of data is printed from asce.nd ing memory loca.t ions beg inn Ing at 
the memory location sp~ctfied by the A address (see figure J-8?. The 
length of the 1 ine is determined by the number of printer column·s, ·80, 
12~. 132, or until the location spectf ied by the B address is reached, 
wh'ichever o.ccurs first. Spacf'.ng or skipping takes place after 
printing, ~nd skipping takes pr~cedence over spactn~. 

vvv I TTTT RRRRRRRRRRRRRRR J -
3 BITS 1 4 BITS 15 BITS I 

E i g u re 7 -'8 • L i n e Pr i n t e r Wr i t e D e sc r i p to r 

Referring to figure 7-8·: 

a. VVV = 010 - printer write operation commanij. 

·b. I= 1. - inhibit reporting of EDP and skip to channel one if 
this operation cal.ls for single or double spac.f.ng. 

c. TTTT = 0000. no paper advance .• 

d. TTTT = 111 Q sing le ·space. after printing. 

e: • TTTT = 1 1 1 1. doub 1 e space after printing. 

f. TTTT = 0001. skip to channe 1 1 after print·in9. 

g. TTTT = 11 oo. skip to channel 12 after pr i nt.i ng. 

h. TTTT = 1101. skip to next channel after printing. 

i • R = reserved. 

j. u = 0 - printer un it '1 • 
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'k. U = 1. - pr inter un it '2. 

1. A= beginning address of dat~. 

fu. B =ending address of data+ 1. 

LINE PRINTER SKIP DESCRIPTOR. 
Skipping ts control led by bits .4-8- as in the write descr ipto'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') • 

~~T- ~~~RRRRRRRRRRRR 
~r,-1 4 BITS-r- 15 BITS 

Figure J-~. Line Printer Skip Descriptor 

u 

The printer sp~ce or skip operation command has VVV equal to 101. 
Variables are the same as for the write I/O descriptot. 

L IN E PR INT E R TE ST DE SC R I PT OR • 
The status of the designated unit is tested and a result descriptor is 
returned which contains the controller ID (see figure .7-10·). 

-~-v T 

s 1 

RRRRRRRRR~RRRRRRR:~ 
19BITS ~ 

Figure .7 -1 '0. Line Printer Test Descriptor 

Referring to figure J-10: 

a. VVV = 100 - test the printer and the printer control le~. 

b. T = a - result is stored immediatel~. 

c. T = 1. - result is delayed until the printer is ready and 
paper motion is stoppe~. 

d • R , U - same a s f o r t he w r i t e I I 0 de s c: r. i pt o'r • 

LINE PRINTER RESULT OESCRIPTO'R. 
At the completion of the 1/0 operation the controller returns a 
result descriptor to the s~cond 24 bits of the result status area. 
The result descriptor information is as follows: 

a. Bit a - 1/0 complet~. 
b. Bit 1. - exception condition (any bit on in bits .3-16'). 
c. Bit 2 - not read~~ 
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(! • · B i t 3. - code pa r i t'y • 
'e. Bit 4. - re se rve'd. 
'f. Bit s. - memory par it y er ro'r. 
·g • B i t 6. - end of pa g~ • 
11. Bits .7~a-9.: 

1) 000. - 64 character set (test 1/0 only). 
2) 001. - 48 character se't. 
3 ) O 1 o. - 16 char ac te r se't. 
4) O 11. - 96 cha n~cte r se·'t. 
5) 100. - 1 92 character se't. 

'i • · B i t s 1.0- 1 1 : 
1) 00. - 860 LPM or 400 LPM (test 1/0 only'). 
2) 01. - 300 LP11. 
3 ) 1 0. - 6 0 0 L P'M • 
4) 11. - 11 00 L Pt1. 

'j • · B i t 1 2 - pa pe r i n mot i on ( t e st I I 0 on l -y') • 
'k • · B i t 13. - mo t.o. r- -on te st ( t e st II 0 on 1 y) • 
'l • B i t s 1.4 - 1 5 : 

1) oo. - 132 columns per pr int 1 ine (test I/O only'). 
2) 10 - 120 columns per print 1 in~. 
3) 11. - 8 O co 1 u mn s per pr int 1 In~ • 

'rn • · B i t 16. - re se r v e'd • 
h ,. · B i t s 1.7 - 2 3 - co., tr o 1 1 e r ID = 0 0 1 0 0 0 O ( t e st II O on 1 y') • 

CONSOL' PRINTER ~SPO) CONTROLLE!L.. 
Th is I 0 control.er is used to control the co.nsole pr inte'r. The con-
trol provides a bidirectional translator which translates EBCDIC to 
USASCII (also referred to as ASCII and ANSCII) for the 128 USASCII 
code~. Translation for codes not specified ts undef ine~. 

Information between the console printer and the controller is trans
ferred serial 1 y by bit, ·whereas it is transferred serial 1 y by character 
between the controller and main memor~. 

The controller ca:n be 11 input request enable<J, 11
• at which time the co.n

trol ler is sensitive only to the USASCII ENO code from the keyboar~. 
When the controller receives this co.de, an interrupt is set. The ENO 
signal is remembered and ts reported to main memor'y. Once. reported, 
the interrupt remembering an ENO signal Is cleare'c:f. 

Upon receipt of a read descripto~, the controller automatically gen
erates a signal to 1 ight an indicator on the console printer and to 
await an input message from the systems operato·t. The co.ntrol ler is 
sensitive to the USASCII .ETX (end of text) in an output message, ·which 
is translated to EBCDIC and transferred to main memor~. 

The controller is also sensitive to the USASCll NAK code which is also 
translated a~d stored in main memor~. The NAK and ETX signals 
terminate a read operatio'n. 

The A and B addresses of the operand must define an integral number of 
.8-b it character's. 
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Data entered into the console ~rinter is first sent to the 1/0 con
troller and then is retransmitted (echo back) to the teletypewriter 
for printing. 

Console printer I/O descriptors are de~cribed in the following 
paragraphs. 

CONSOLE PRINTER RE AD DESCRIPTOR. 
The message being typed on the typewriter keyboard is read into 
ascending memory locations beginning with the location specified by 
the A address and continuing until an ETX code is detected, or up to 
the lbcation specified by the B address (see figure J-11). The ETX 
code is stored following the data stream only if the ETX signal 
terminates the operation. 

vvv T RRAAARRRAARAARRRRRAR 1 ~ ~ 
~3-B-IT-S·--+----~- ----2-0_B_IT_S ______ , ~ 24BITS1 

Figure .7-1'1. Console Printer 
Read Descriptor 

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

a. · VVV = 000. - con so 1 e pr Inter read operation command. 
b. T = a - EBCDIC translation. 
c. T = 1. - no transl at ion. 
d. R = reserved. 
e. A =beginning address of data. 
f. B =ending address of data+ 1. 

CONSOLE PRINTER WRITE DESCRIPTOR. 
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 f ig.ure .7-12). 

--.-vv-v---.~-T---.---RR-R;;~-R-R-RR_R_R_R_R_R __ R_RR_R_R __ =l 
3 BITS 20 BITS 

Figure .7-12. Console Printer 
Write Descriptor 

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~, and a result 
descriptor which contains the controller ID is returned (see figure 
.7•13). 

~~+-~T~--t~~R_R_RR_R_R_R~R-RR_R_R_R_A_R~RR_R_R_R--i 
~ 20BliS 

F i g u re . 7 • 1 3 • Con so 1 e Pr i. n t.e r 
Test Descriptor 

Referring to figure -7-13: 

a. VVV = lOQ - console printer test. 
b. T = 0. - store result descriptor immediat.ely. 
c. T = 1. - ·Store result de:scriptor when ENQ rs sensed. 
d. R = rese rve1:1. 

CONSOLE PRINTER RESULT DESCRIPTOR. 
The result descriptor for the console printer rs as follows: 

a. Bit 0. - 1/0 complete. 
b. Bit 1. - e xce.pt ion cond it I on (any b it on in b its .3-17'). 
c. Bit 2 • not ready. 
d • B i t 3. - NA K rec e iv e~ • 
e. Bit ~ - reserved. 
f. Bit ~ - memory parity error. 
g. Bit 6. - attempt to exceed maximum addres's. 
h. Bit i - ENO received. 
i • B its .8-16. - reserved. 
j. Bits 1.7-23 - controller ID = 0010110 (test 1/0 only). 

REAQ~R SORTER CONTROLLER. 
The reader sort.er controllers are used to ex.ecu,te 1/0 ope rat ions on 
reader sorters. One result de~criptor is returned for each I/0 opera
tion initiated. The reader sorter control can store one character per 
memory ~ccess. The time between memory access is approximately 420 
micro-seconds for an MICR read. The A and B addresses of the 1/0 
descr1ptor must specify an integral number of .8-bit characters. Demand 
read operation is not permitted. 

The controls provide an MICR-USASCLI-8 translator which translates the 
first 16 USASCII codes (0000 0000 to 000 1111 inclusive) to EBCDIC as 
shown in table J•l. 
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Sorter Symbol 

0 
1 
2 
3 
4 
s 
6 
7 
8 
9 

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

Table .7-1 

Reader Sorter 
MICR/USASCII-8 Translation 

I I 0 Con t r o 1 1 e r 
Sorter Cc>de Internal Code 

000 000() 0011 0000 
000 000·1 0011 0001 
000 001 () 0011 0010 
000 0011 0011 0011 
000 0100 0011 0100 
000 0101 0011 0101 
000 0110 0011 0110 
000 011 I 011 0111 
000 1001) 0011 1000 
000 1001 0011 1001 
000 1 0 1 I) 0010 0100 
000 1011 0011 1100 
000 1100 0010 0011 
000 1101 0010 1 1 0 1 
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 ( F 2) 1 1 1 1 0010 
3 ( F 3) 1 111 0011 
4 (F4) 1 1 1 1 0100 
s (FS) 1111 0101 
6 (F6) 1 11 1 0110 
7 (F7) 1 111 011 1 
8 (F8) 1 1 1 1 1000 
9 (F9) 1 1 1 1 1001 
J.I. ( 7 B) 0111 1011 IT 

Q) ( 7 c) () 111 1100 . ( 7 A) 0111 1010 . 
- (6 0) () 11 0 0000 
I ( 7 D) () 111 1101 
? ( 6F) ()110 1 11 1 

The MICR control provides a USASCII/EBCDIC translator which translates 
the center 64 USASCII codes (010 0000 to 101 1111 inclusive) to the 
corresponding EBCDIC code's. (Refer to table 7-2.) In addition, the 
USASCII code 001 1010 for SUB is translated to the USASCLI-8 code 0001 
1010 for sua. 

Validity checking for MICR reading is as follows: 

7-12 

a. Amount field - 1st and 12th character for amount symbols and 
intervening 10 characters for decimal digit~. 

b. Transit field - 40th and SOth characters for transit symbols 
and intervening nine characters for decimal digits except for 
hyphen in position 4S. 



Sorter Symbol 

Blank 
Vertical bar 
" .u. 

" $ 
% 
& 
I ' ( 

Table .7-2 

Reader Sorter 
USASCll/EBCDIC Translation 

Sorter EBCDIC Sorter 
Code Code Symbo 1 ' 

I 

010 0000 0100 0000 Q) I 

Sorter 
Code 

100 0000 
010 0001 0100 1 1 1 1 A i 100 0001 
010 0010 0111 1 1 1 1 B 100 0010 
010 0011 0111 1011 c 100 0011 
010 0100 0101 1011 0 i 100 0100 
010 0101 0110 1100 E 100 0101 
010 0110 0101 0000 F 100 0110 
010 0111 0111 1101 G 100 0111 

EBCDIC 
Code 

0111 1100 
1100 0001 
1100 0010 
1100 0011 
1100 0100 

I 1100 0101 
1100 0110 
1100 0111 

( 010 1000 0100 1101 H 100 1000 • 1100 1000 
) 

* 
+ 

' -
• 
I 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 . . 
; 
< 
= 
> 
? 
Cannot 

010 1001 0101 1101 I 100 
010 1010 0101 1100 J 100 
010 1011 0100 1110 K 100 
010 1100 0110 1011 L 100 
010 1101 0110 0000 M 100 
010 111 0 0100 1011 N 100 
010 1111 0110 0001 0 100 
011 0000 1 1 1 1 0000 p 101 
011 0001 1 1 1 1 0001 Q 101 
01 ·1 0010 1 111 0010 R 101 
011 0011 1 1 1 1 0011 s 101 
on 0100 1 1 1 1 0100 T 101 
011 0101 1 1 1 1 0101 u 101 
011 0110 1111 0110 v 101 
011 0111 1 1 1 1 0110 w 101 
011 1000 1111 1000 x 101 
011 1001 1111 1001 y 101 
011 1010 0111 1010 z 101 
011 1011 0101 1 1 1 0 [ 101 
011 t 100 0100 1100 \ 101 
011 1101 0111 111 0 ] 101 
011 1 1 1 0 0110 111 0 -, 101 
011 1111 0110 1111 - 101 

read (SUB) 001 1010 0011 1 1 1 1 

N.OTE 
Le ad Ing unread ab 1 e charact.e rs are not 
stored and are not reported as ~rrors. 

1001 1100 1001 
1010 1101 0001 
1011 1101 0010 
1100 i 

1101 0011 
1101 1101 0100 
1 1 1 0 1101 0101 
1 1 1 1 1101 0110 
0000 1101 0111 
0001 1101 1000 
0010 1101 1001 
0011 1 1 1 0 0010 
0100 1 1 1 0 0011 
0101 1110 0100 
0110 1110 01 01 
0111 1110 0110 
1000 1110 0111 
1001 1110 1000 
1010 1 1 1 0 1001 
1011 0100 1010 
1100 1110 0000 
1101 0101 1010 
111 0 0101 111 1 
1 1 1 1 0110 1101 

Formatting for MICR reading is accomplished by storing all data except 
for hyphens in the ON-US field Into descending memory locations until 
the flrst transit symbol is detected and then storing blanks until the 
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40th character location is reached. The transit symbol code is ftored 
in the 40th character position followed by the remaining data. In no 
case is data stored more often than every eight mic~o-seconds. 

In flow mode, the appropriate operation complete (OC) bit is inspected 
ju st p r i or to t he too - 1 a t.e - t.o - re ad t i me • If t he 0 C b i t i s f a 1 :s e , t he 
read takes place and the link address is used to obtain a new set of 
addresses for the next read operatlo'n. If an OC bit is true, al 1 sub
sequent read operations associated with that station are discontinuea. 
However, the other read station, if active, continues to read and 
store dat~. The feeder is stopped by the presence of the OC bit for 
either read stations or by a too-lat.e-t.o-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 ts present. The controller 
then stores the pocket select result 1nformatio'n. If valid information 
is not present, the feeder is stopped; the current item and all sub
sequent items are rejecte'<:to The to.o-late bit is reported in the pocket 
select result descriptor area immed iatel'y. A new tn it iate can be ac
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 ignoredo 

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

If a batch ticket is encountered, it is reported as such in the read 
result descriptor for the read area in which the batch ticket data has 
been storea. 

If underspaced, overlength, ·or double items are detect.ed, the control 
does~ read the fault item(s) but rejects them wjthout any result 
lndicationo 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 itefu. The read information 
is not val i'c:I. 

If an empty hopper, ful 1 pocket, or sorter stop button is detected, -al 1 
Items in motion are processe'<:to The not-ready bit is reported in the 
pocket select result descriptor area when the last item read 
is pocketea. 

If a jam or mi ssort 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 sorte·r, ·the sorter is placed in a not-read·y 
status and accepts only pocket light operation~. 
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The I/O descriptor for a reader sorter operation is shown inf igure 
7-14. Each field is 24 bits wide. 

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

Referring to figure 7-14: 

a. Read station one. 

1 ) AEA-s ub 1. - ac tua 1 end Ing add re s's. 
2) RD-subl. - result descripto'r. 
3) LINK~subl - link addres~. 
4) OP-subl - operation code and variant~. 
S) A-subl - start addres~. 
6) 8-subl - ending address of data+ 1. 
7} PS - pocket select information and result. 

b. Read station two (present only if variants speci.fy a read for 
both stat ions}. 

1} AEA-sub2 - actual ending addres~. 
2) RD-sub2 - result descriptoTe 
3) A-sub2 - start address of dat~. 
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 descr.iptor (see figure .7-15'). · 

vv PP PPP RRRRRRRRRRRRRRRRR 

2 BITS 5 BITS 17 BITS 

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

Referring to f lgure .7-15: 

a. VV = OQ - valid information is present and a normal pocket 
selection Is performed. 

b. VV not equal to 00 - val id pocket sel~ct information rs not 
present and the control waits and again checks lf valid 
information Is present. 
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c. PPPPP = 0000.0-11111. - from four to 32 poc·kets are available 
for select io'n. 

d. R = re se rve<J. 

READ REAO~R SORTER DESCRIPTO~. 
Read the data from the appropriate read station(s) Into descending 
memory lbcations starting at the location specified by the B address 
of the 1/0 descriptor minu~; one and continuin9 untH, ·but not into, the 
lbc~tion spectf ied by the A address plus one or until all data from the 
item has been read, -whichever occurs first. (See figure -7-lGti) 

vvv R c D E H RRRRRRRRRR 

3 BITS 10 BITS 

Figure 1-1~. Read Reader Sorter Descriptor 

Referring to figure ·7-16: 

a. VVV = 000 - read reader sorter operation comman'<:I. 
b. R = reserve'<:!. 
'c:. C = 1. - read f lrst station. 
a. G = 1. - read second station. 
e. CG= 11. - read both station's. 
f. D = 1. - format and validity check first station. 
9 • H = 1. - f or mat and v a 1 i d i t y c he c k second stat i o'n • 
'h. DH= 11. - format and validity check both station's. 
'i. E = 1. - do not store de 1 Im I te·r, f I rst stat i o'n. 
'j. I = 1. do not store de 1 i mi te·r, second stat i oh. 
'k. F = 1. del I miter = blan·k, first station. 
1 • J = 1. - de 1 i m I t e r = b 1 an ·k , s e con d st at i o'n • 
'rn. H = 1. - ha 1 t the f eede'r. 

BATCH COUNT DESCRIPTOR. 
The batch counter in the ~•orter is advance.cl by on'e. Flow must be 
stopped and all Items must be pocket-selecte'c:I. (See figure 1-17.) 

VVV ~RRRRRRRRRRRRRRRR 1~ 
24 BITS I 21 BITS I 

Figure .:1-17. Batch Count Descr fptor 

Ref err Ing to figure .7-17, ·VVV is equal to 10-·1, and R indicates 
reserve'<:I. 
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POCKET LIGHT DESCRIPTOR. 
The 1 ight in the pocket specif fed (.0 .. 30) in the 1/0 descriptor is 111.u
mfnate'ti. ·Flow must be stopped and all items must be pocke.t-selecte8. 
{ See f f g u re .7 - 1 '8 • )-

vvv NNNNN RRRRRRRRRRRRRRRR 

3 BITS 5 BITS 16 BITS 

F fgure .7-1'8. Pocket Light Oe.scr, iptor 

Referring to figure .7-18: 

~. VVV = 010 - pocket 1 fght enable operation comman'c:I. 

b. NNNNN = 0000.0-11111. - 1 ight spec if ic pocket q 
through 32 {.0-31'). 

c. · R = reserve'c:I. 

READE.R SORTER TEST DESCRIPTOO. 
The reader sorter and controller are tested,~ not-read~, jam, or mis
sort condition is reported, if present, and an appropriate result 
descriptor is returne'c:I. (See figure .7-1'9.)· 

T RRRRRRRRRRRRRRRRRRRR 

20 BITS 

Figure .7-1'9. Reader Sorter Test Descr,Jptor 

Ref e r r i n g to f i g u re -7 - 1 9 : 

a. vvv = 1oa - test reader sorter 1/0 controller 
and reader sorte~. 

b. T = 0 store result immediately. 

'<:. T = 1. store result when reader sorter is ready. 

'c:I • R = re se r v e'c:I • 

RE AOE.R SOR TE~ RESULT DESCRIPTOR. 
At the completion of the operation, the result status information Is 
stored at the specif led lbcatioh. The result descriptor information 
i S a S f 011 OW S : 

a. Bit 0 - operation complete. 
b. Bit 1. - exception condition (any bit on 3 through 16 set'). 
'<:. Bit 2 - not ready. 
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d. Bit 3. - unencoded d~cument. 
e. Bit 4. - memory ~ccess error. 
f. Bit 5. - cannot read docu.ment. 
g. Bit 6. - amount field error. 
h. Bit 7. - on-us field error. 
i • Bit a - transit fic:~ld error. 
jo Bit 9. double documents. 
k. Bit 10 - too late to read. 
1 • Bit 11. - jam. 
m. Bit 12 - mtssort. 
n. Bit 13. - batch ticket (no i tern left in path to be read). 
o. Bit 14. - flow stopped (no i terns left in path to be read). 
p. Bit 15. - empty hopper, f u 11 stacker, stop. 
q. Bit 16. - reserved. 
r. Bits 1.7-23. - contro 1 ID = 0010100 (test I/0 only)o 

DISK PACK CONTROLLER CB 172~ ONLY>. 
This 1/0 controller provides for the attachment of disk packs to the 
systemo The maximum capacity of each pack is 30 mill ion bytes. 

The controller can be used wlth two disk pack drives in a 1 x 2 
configuration. 

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

Correctness of information in main memory is verlf ied by the port 
interchange. If a parity error is detected during the fetch of any 
portion of an 1/0 descriptor, a message ts returned by the controller 
to the processor containing the address and 24 of the bits which 
have caused the memory parity error. Any error detected during data 
transfer causes the return of an appropriate result descriptor. 

The disk pack controller assumes a linked list of 1/0 descriptors. 
Once a control ts initiated with an address which points to a result 
descriptor, the control reads the first two bits (00) of the result 
desc~tptor. The control fetches that 1/0 descriptor and executes it. 
If not, the control exits by fetching the link address to the next 
result descriptoro 

Each disk pack consists of 10 disk platters; each has 20 data surfaces 
numbered Q0-19. There are 33 available segments on each surface in a 
c y 1 I n de r e xce pt the f i r st , on w h i c h f iv e a 1 te I" n ate se g me n t s are r .e -
served. 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~, and cylinder to 
cylinder 1 s permitte<l, ·but continuous ope rat ion from disk pack unit 
to unit is not. 

DISK PACK WRITE DESCRIPTOR. 
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 cdntinuing to but not from the end location specified 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 = l 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. 

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. 

() . 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 specified by 
the B address. A complete segment need not be stored but is 
parity-checked. (See figure 7-21.) 

f:I~---
- -:rr·-1 ~:s I RRR~::R~~r::r· r~:~~ r:~=; VV M R 

3 1 1 
TS ITS BITS 

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. 

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

d. 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. 

----·---· 
c 

--·---
24 
BITS 

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. 

vvv R R E R TI 

3 1 l 1 1 
1 l BITS 

PP RRRRRRRRRH 

2 10 
BITS 

Figure 7-22. Disk Pack Initialize Descriptor 

Referring to figure 7-22: 

a. VVV = 011 - disk pack initialize operation. 

7-20 



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 = 1 track mode. 

f. pp= 00 entire pack. 

g. pp = 01 cylinder only. 

h. pp = 10 track only. 

i. pp = 11 undefined. 

j • UUUU = 0-15 - unit m,1.mber. 

k. R = reserved 0 

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 i.:p. the segment. 

NOTE 
Relocated segments are also checked. 

vvv R R E R T pp RRRRRRRRRR uuuu 

3 l' l l 1 l 2 10 4 
BITS BITS BITS 

Figure 7-23~ Disk Pack Verify Descriptor 

Referring to figure 7-23: 

a. VVV = 001 - verify disk pack operation. 

·~B 
24 
BITS 

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

c. E - I disable automatic restore after see$ 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 . uuuu = 0-15 - Lmit number. 

k. R = reserved. 

DISK PACK RELOCATE DESCRIPTOR. 
The segment address designated by the given file address (~) 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 
relocated address field on track 00 are located by counting from the 
index on each track. 

NOTE 
An error cont'iguration 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 configuration is written 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.) 

-
vvv R R E R T NNN RRRRRRRR l 

J 1 1 1 1 1 J 8 
BITS BITS BITS B fi3 ri8 24 24 

BITS BITS BITS 

Figure 7-24. Disk Pack RelocatE~ Descriptor 

Referring to figure 7-24: 

a. vvv = 101 - relocate segment operation. 

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

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

d. T = 0 segment mode. 

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

g. R = reserved. 

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

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

vvv E. E p pl RRRRRRRRRRRRR UlJUU 

3 1 1 1 lJ 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. 

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 desc~ipto~. 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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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 second. 

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 riot 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 RE.AD 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 1 1 1 12 3 
BITS BITS BITS ~fE 24 24 

BITS BITS 

Figure 7-27. Disk Cartridge Read Descriptor 

Referring to f~gure 7-27: 

a. vvv = 000 - disk cartridge read. 
b. MS = 00 normal read. 
c. MS = 01 undefined,. 
cl. MS = 10 read immediately following the segment pulse. 
e • MS = 11 unde~ined. 

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
dres·s ( C) from as·cending 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 
l·ast segment. (See figure 7-28.) 
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vvv R M R 

3 1 1 1 
BITS 

-
s RRRRRRRRRRRRRR vuu 

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 irrunediately following 

e • MS = 11 undefinE·d. 

~~ 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 identification. 

The disk cartridge test descriptor is shown in figure J-29. 

vvv MS RRRRRRRRRRRRRRRR uuu 

3 BITS 2 16 BITS 3 BITS 

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

Referring to figure J-29: 

a. vvv = 100. - disk cartridge test. 

b. MS = oo. return a resu 1 t immediately unconditionally. 

c. MS = 01. do not return any re su ft unless ready. 

d. MS = 01. do not ret.u rn any result but pause one to two 
mi 11 i seconds before fetching the next 1/0 descriptor. 

DISK CARTRIDGE RESULT DESCRIPTOR. 
The disk cartridge result desc~iptor is defined a s_ fo.'l 1 ow s : 

a. Bit 0 - operation co.mp 1 e ted. 

b. Bit 1. - exception condition. 

c. Bit 2 .. not ready. 

d. Bit 3, - read parity error. 

e. Bit 4. - memory access erroro 

f. Bit s. - memory parity error. 

g. Bit 6. - write 1 ockout operation not performed (test). 

h. Bit a. - overrun. 

i • Bits .7-8-9.: 

1 ) 000 not present (test'). 
2) 100 2200 BP I, 203 T (test). 

j. Bit 10 re se rveij. 

k. Bit 11 - seek timeout operation not pe rf or med. 

1 • Bit 12 - seek status (test). 

m. Bit 13. - reserved. 
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'n. Bit 14. - .seeking (test'). 

-0. Bit 1 s. - re se rveij. 

'p. Bit 16. - re se rve'd. 

·q. Bits 1.7 -23- - controller IO• 

MAGNET IC !APE CONIR.QL.L.' B~ I 

.7-TRACK MAGNET IC TAPE CONTROLLER. 
This controller is used with all 7-track free-standing transport~. It 
has the capability of operating at 20-0, 556, and 800 BPI densitie~. A 
maximum of six transports can be used on the contro11e~. The ability 
to perform non-stop forward operations is also include'c::I • 

. 9-TRACK MAGNETIC TAPE CONTROLLER. 
This controller is used with any .9-track free-standing transports and 

.9-t·rack magnetic tape cluster's. It has the capab i 1 i ty 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 described belo~. 

MAGNETIC TAPE READ DESCRIPTOR. 
This operation reads data from magnetfc tape In either a forward or 
backward direction into ascending or descending memory locations as 
specff ied by the A address and continuing until the end location 
sp.ecif ied by the B address (see f lgure .7-3-0'). 

r~~r-PPPP RRRRRRRR 

l~~T,T,~r 4 BITS 8 BITS 

uuuu l 
4 BITS 

Figure .7-3U. Magnetic Tape Read Descriptor 

Referring to figure .7-30: 

a. vvv = 000. - read ope rat ion comman'c:I. 
b. T = 0. - read f o rw.a r'cJ. 
c. T = 1. - read rev.ers~. 
'cl. c = 1. - current trac'k. 
~. FFF = 000 through 111. track numbe'r. 
f. pp pp = 0110 800 BPI even parity .7-trac'k. 
' 9• pp pp = 0111. 800 BPI odd pa r i t y . 7 - tr a c'k • 
'h. PPPP = 1011. 800 BPI odd par It y .9-trac'k. ,. 
I • pp pp = 0010 556 BPI even parity .1-t.rac'k. 
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lj. PPPP = 0011. - 556 BPI odd parity .7-t·rac'k. 
·'k. PPPP = 0000. - 200 BPI even parity .7-trac"K. 
'1. PPPP = 0001. - 200 BPI odd parity .7-trac~. 
1n. PPPP = 1111. 1600 BPI odd parity .9-t·rack (phase encoded'). 
'n • PPP P = O 1 0 0. - .( as s,e 1 e c t\e d b y s w I .t ch - even par i t y') • 
b. PPPP = 0101. (as select'.ed by swi.tch - odd parity'). 
'Po R = rese rve'd. 
~. A= beginning address of dat~. 
'r. B = ending address of data + '1. 
's. UUUU = 0000 through 1111. - tape unit numbe'r. 

MAGNET IC. TAPE WRITE DE SCRIP TOR. 
This operation .writes a data to tape moving in the forward direction 
from a'scendlng memory locations beginning at the. lbcation specJ.fied by 
the A address and' continuing until the location specff ied by the B 
addres's. (See figure .7-31.) 

MAG NE T I C TAPE ER A SE 0 E SC R I PT DR • 
Magnet.'ic ,tape is .erased in the forw.ard direction on the designated 
untt. The number of char~cters erased Is the number of characters 
wh'ich would be .writ ten for the same A and B addresse's. No memory space 
is use-cl, ·but memory' c:y.cle time is use'<:I. (See figure .7-3-1·.) 

vvv E T RRRR FFFF RR RR RR RR uuuu 

3 BITS 1 1 4 B'ITS 4 BITS 8 BITS 4 BITS 

Figure .7-31. Magnet·ic Tape 
Write/Erase De~cniptor 

Referring to figure .7 .3.1 : 

·13. VVV = 010. - tape .write operation comman'O. 
·b • E :: 1. - e r a s·e o 

c • T = 1 - w r I t e · tape ma r'k • 
~. All other variables are the same as In tape reaij. 

MAG NE TIC TAPE REW I ND DE SCR IPTD'R. 
Magnetic tape is rewound on the designated unit to the beginning 
of tape (BOT').· After the operation Is In It iate<I, ·a. res.ult de.scrdptor 
is returned with the 1/0 cdmplete bit set ON without waiting until the 
rewind is· complet~. ·(See figure .7·3~o)· 

vvv RRRRRRRRRRRRRRRRR uuuu 

3 BITS 17 BITS 4 BITS 

FI gure .7-3~. t-1agnet tc Tape Rew ind De.'scr, i ptor 
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Ref.erring to figure .7-32: 

a. VVV = 011. - tape rewind operation command. 
b. R = reserved. 
c. uuuu = oouo-1.111. - tape unit number. 

MAGNETIC TAPE SPACE DESCRIPTOR. 
Magnetic .tape is spaced forward or backward by the number of records 
specr.f ied by bits 1.3-20 of the tape space 1/0 descr.iptor (001 through 
255 physical r~cords) unless tape is stopped by det~ction of an end of 
file (EDF-), end of tape (EDT), ·or beginning of tape (BOT) condition. 
(See figure .7-33.) 

Eff,---i--T RRRR PP 

1 4BITS 4 

pp RRRRRRR s uuuu 

BITS 7 BITS 1 4 BITS 

Figure .7-3~. Mag net i c Tape Space Oe.scr i ptor 

Referring to figure .7-33: 

a. VVV = 110 - space operation commanij. 
b. S =a - sp~ce to next end of f tle (EDF). 
c. S = 1. - .space. one recortl. 
d. All other variables are the same as in the tape descr.ipto~. 

MAGNETIC TAPE TEST DESCRIPTOR. 
This de~criptor tests the unit sp~ctf ied and returns a result 
de~c~iptor (see figure J-34). 

VVV·~-TT-r RRRRRRRRRRRRRR~~ 
3 BITS 2 15 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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a. VVV = 100 - test operation command. 

b. TT= OQ - always return a result descr.iptor. 

c. TT = 10 - return a result de~criptor only if the 
unit is ready. 

d. TT = 01. - return c:1 result descript.or only if the 
unit Is not ready~ 

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



descriptor. 

MAGNETIC TAPE LOCK DESCRIPTOR. 
There is one lock descriptor in the subsystem chain for each magnetic 
tape unit (see figure .7-35'). 

~RRRRRRRRRRRRRRRRRRRR 

~ 21BITS 

Figure .7-3'5. Magnetic Tape Lock Descriptor 

Ref.erring to figure .7-35: 

a. vvv 
b. R = 
c. A = 
d. B = 

= 101. - magnetic tape lock operation. 
re se rve'd. 
address of first non-lock descriptor. 
address of current non-lock descriptor. 

MAG NE T I C TAPE RE SULT DE SC R I PT O'R • 
At the completion of an I/0 operation the following result descriptor 
information is returned: 

a. Bit 0 - I/O complete. 
b. Bit 1. - exception condition (any bit on in bits .3-16). 
c. Bit 2 - not ready. 
d. Bit ~ - tape parity error. 
e. Bit ~ - memory access error. 
f. Bit S - memory parity error. 
g. Bit ~ - end of tape (EDT). 
h. Bit 1 - beginning of tape (BOT). 
i • B i t a w r i te 1 o ck o u't • 
j. Bit 9. end of f i 1 e ( E OF ) o 

k. B t 10 - tape is rewinding. 
1. 8 t 11. - spacing of three feet of blank tape (timeout). 
m. B t 12 - cyclic redundancy check. 
n. B ts 1.3 -1 5 - track in error ( O QO- 111 ) • 
o. B t 16. - re se r v e'<:I • 
p. B t 1i - short record (incomplete record). 
q. B ts 1.8-23 - res.e rved. 

The magnetic tape test result descriptor is as follows: 

a. Bit 0 - I/0 completeo 

b. Bit 1. - except ion condition (any bit on in bits .3-16). 

c. Bit 2 - not ready. 

d. Bit ~ - busy. 

e • B i t s .4 -S - ·re s e rv e d • 
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'f. · Bit 6. - end of tape. 

g. Bit 7. - beginning of tap~. 

'h., Bit a - write lockou't. 

'i. · Bit 9. - ·reserve'c.i. 

'j. · B it 1 0 - ·rewind in~. 

k. ·Bit 11. - .reserve'c:i. 

'1 • B i t s 1.2 - 1 4 : 

1 > o o o. - .7 - t rack 2 o o B P'I • 
2 ) o o 1. - .7 - t ·r a c k 5 5 6 B P'I • 
3 > o 11. - .7 - t r a c k e o o s P'I • 
4 ) 1 o 1. - . 9 - t .r a c k e. o o B P'I • · 
5 ) 11 1. - . 9 - t .r a c k 1 6 0 O B P'I • 

m • · 8 i t s 1.5 - 1 6. - re s e r v e d • 

n. Bits 1.7-23 - contrcil ler ID. 

1) ID ::1. - 011001ti. 
2) ID ::z - 011000~. 
3) ID ::3. - 0110100. 
4) ID::~ - 011011~. 
5) ID ;:5. - 0111 OOt1. 

NOTE 
The cyclic redundancy check is a means 
of generating another ch~ck character 
during write operations and provides 
.error correcting capabil itie's. During a 
read, the generated check character must 
agree with the one that has been 
vJr it ten. 

DATA COMMUNICATIONS CONTROLLER$. 
A data communications controller provides for certain basic functions 
described below with non-standard functions peculiar to particular 
1 ine disciplines provided fc>r by the spec if ic 1 ine adapter. 
Basic functions of data communications controllers are: 

. 7-3-2 

a. I/O initiate handling. 

b. · I/0 descriptor fetch for an adapter. 

c. Provides for storage in an adapter for address of result 
status are-a, -beginning of data addres·s, ·and end of data 
address+ 1 • 



d. Initiating an adapter to the appropriate operating mode. 

e. Servicing an adapter request for character transfers. 

f • u SAS C l I - 7. to If r om E BCD 1 C trans 1 at i on as se 1 e c te d by v. a r i an t. 

g. Result descriptor and interrupt handling. 

The data communica.tions controller accepts all 1/0 initiate descriptors 
directed to it regardless of the state of an adapter. If an I/Ode
scriptor is directed to a busy adapter, the control forces the adapter 
to the new operating state, -destroying all traces of the previous 
operation including any pending interrupt~. 

On the controller a parity error or a memory access error does not 
te rm i n ate a read or w r i t e ope rat i on o 0 n a re ad , -an access f a. i 1 u re 
results in a loss of the character. - On a write, -an access failure 
results in the transmittal of a sync character on a syhchronous line 
and a steady marking condition on an asyhchronous 1 in~. 

S ING LE - L IN E C 0 NT R 0 LL E R • 
A s i ng l.e - 1 i n e cont r o 1 le ·r prov id e s connect i on be tween a s i ng 1 e I I 0 
channel and a single communications l ineo A line adapter is required 
to e qu i p the s i ng l.e - J.i n e cont r o 1 le r for use w i t h a par t i C1U la r t y p e of 
remote 1/0 device. The adapter determines code sensitivit~, 
transmission rate, ~nd char~cter length in bits. 

LINE ADAPTERS FOR SINGLE-LINE CONTROLS. 
The adapters are input/output devices that provide the terminal con
nections between a telephone or telegraph facility and an 1/0 channel 
via the single-1 ine controls. 

During inpu-t, ·all adapt.ers recedve data from the. line ser i.al 1 y by bit. 
When a bit has been st.ore-cl, "'the adapter signals the contr.ol to accept 
the bit. During outp~t, ~11 adapters rec~ive data serially by bit from 
the 1/0 cdntro'l. As each bit is transmitte'CI, ·the adapter requests the 
next bit from the control. 

The adapters provide for both a receive and a transmit brea'k. On r.e
ce ipt of a break 1/0 descriptor, ·the adapter terminates the operation 
in proces-s, if any, ·and transmits the break s igna·1. It does not return 
a result descriptor for an operation in process. The result descriptor 
for the break is returned after completion of the break operation. 

A time-out feature is provided for the 1/0 cdntroller/adapter hookup 
when using leased lines or direct 1 ine operation and provides a read 
time-out which detects the absehce of a data character for a period of 
time greater than one second. The time-out starts immediately after 
the receipt of the 1/0 descriptor. The time-out can be inhibited 
programmatically. The time-out period can be changed by a field 
engine.er to a 20-second perio'do 
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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 send. This time
out cannot be inhibited. 

Three types of standard line adapters are available. 

a. Standard syhchronous 1 ine adapter. 
b. · Standard asynchronous 1 i ne adapter. 
'<:. · Standard direct asynchronous 1 ine adapter. 

Standard line adapters .provide for the att~chment of the following 
terminals: 

a. Teletypes (models 3-3, -3-S, ·and 37'). 
b. Burroughs Input and Display. - (B 9353'). 
c. CRT Input and Display (B 9352). 
d. Burroughs T.C- Ser I e's. 
e • Bu r r o ug h s T. u- Se r i e'~; • · 
f • B u r r o u g h s RT - Se r i e's • 

SYNCHRONOUS LINE ADAPTER. 
The standard synchronous 1 ine adapter(s) provide for a connection of 
the listed 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 specif ieij. The clock is supplied by the data set. 

Burroughs 
Speed (BPS) Serv1.~ Data Set Qaka Sets 

2000 Dial WE 201A3 
2400 Leased WE 201B1 TA 713/TA 783 
4800 Leased WE 203 TA 713/TA 783 
9600 Leased WE 203 

ASYNCHRONOUS LINE ADAPTER. 
Standard asynchronous line adapter(s) provide for a connection of the 
listed terminals via the fo'llowing common carrier services and data 
sets. Data sets equivalent to those 1 isted can be used but must first 
be approved and specif Jed. The adapters may be modified to accommodate 
any one of the 1 isted transmission speeds. 

Burroughs 
Speed (BPS) Serv~ Qata Set Data Sets 

15 0 Dial WE 103 A 
1s0 Leased WE 103F TA 713/753 
300 Dial WE 202C 
300 Leased WE 2020 TA 713/753 
600 Dial WE 202C 
600 Leased WE 2020 TA 713/753 
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Burroughs 
Speed CBPSl Se ry Jee Qata Set Qata Sets 

1200 Dial WE 202C 
1200 Leased WE 202D TA 713/753 
1800 Leased WE 202D TA 783 

DIRECT ASYNCHRONOUS LINE ADAPTER. 
The standard direct asynchronous 1 ine adapter provides for a connection 
of the 1 isted terminals via a .2-w.ire direct connect interface. The 
adapter may be modified to accommodate any of the following listed 
transmission speeds (in BPS): 

a.· 110. 
b. 150. 
c. 300. 
d. 12 00. 
e. · 1800. 
f. 2400. 
g •. 4800. 
h •. 9600. 

ADAPTER CHARACTER I.ST IC'S. 
Transmission code is USASCLl-7 .• The seven data bits are transmitted 
1 east s i g n if i cant b i ts f i rs t f o 1 1 owed b y one par i t y b i t • · f.o r synch r.o
no us ope rat ion, character parity f s odd. · For asyhchronous ope rat ion, 
character parity is even. The adapter performs the parity generation 
and checking. One start bit and one stop bit frame the seven bits plus 
parity that make up the character; therefor~, ~for each character of 
dat~, 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 start code, up to and ihcludlng an end 
code, and is transmitted after the end code with appropriate character 
parity. 

Both EBCDIC and USASCll-8 codes .are capable of being received from 
memory by the. 1 ine adapterso EBCDIC code must be .translated to 
USASCLl-8 by the control. USASCll-8 is translated to USASCll-7 Jn 
the adapter by ignoring the high order bit. On input, USASCtl-7 is 
translated to USASCLl-8. in the adapt.er and then translated to EBCDIC 
by the control if requested by a variant in the 1/0 descr.iptor. 

The adapter assembles one character of data before. requesting service 
from the I/0 controller. 
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The following code sensitivity is provided by the adapter~. 

Function 

St.art 
End 
Positive response 
Negative response 
Enquiry 
Syhc 

SO-H, -STX 
E T·X, ·E TB 
AC-K, ·E N-Q, -BE·L, ·E T·X, -E TB 
NAK, ·EDT 
ENO 
SYNC 

Two SYNC codes must be r~ceived before a synchronous adapter is sensi
tive to any other codes. SYNC codes are not stored in main memory. 
After the receipt of the last leading SYNC code, ~n adapter stores 
in memory all subsequent codes, except the SYNC characte~, up to but 
not incl.ud ing a block check character.· SYNC c:haract.ers are not 
ihcluded in a BCC sum. At least four SYNC codes must be transmitted 
prior to data. Four SYNC codes are automatically generated by the 1/0 
controller prior to transmittal of data. 

A control code listed under the classifications of positive responses 
and negative responses is also defined to be an ending code if it is 
not preceded by a code classified as a start code. 

The control characters ETX and ETB are not considered to be a positive 
response unless followed by a corr~ct block check character (BCC). 

The negative response code EDT is a response code on a read only and 
never on a write. To enable an on-hook condition at a remote site, the 
adapter must receive a message such as DLE, ~GT~ ENO. To enable an 
on-hook condition at the central site, the adapter must r~ceive an 1/0 
descriptor with the disconnect varianto 

The receipt of an ENQ 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 desc~iptor is provided to ignore EDT as an ending 
code for reaH. This variant allows the· contr-0ller and the system to 
which it is att~cHed to act as a terminal and receive a polling se
quence from other systems. No hardware recdgnition of addresses is 
provided, however. 

The SLC 1/0 cdntroller and 1 ine adapters are designed to operate over 
the communications facilities def 1ned in table 1-3 and table ~-4~ 
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Tab 1 e .7-3 

Transmission Facility Classif.ication 

Designation Bandwidth 

Narrowband Variable -
generally 
up to 300 Hz 

Voiceband Nominal 4 kHz 

Wideband 48 kHZ and up 

Transmission Rate 

15.0-3 o o b i ts Is e c 

600/1200/1800/2000/ 
2400 bits/sec and 
h i g he r w i t h WE .or 
COAM modems 

40.& K bits/sec and 
higher 

Tab 1 e .7-4 

Conditioning 

Voiceband Conditioning Delay Distortion 

3002 None 17 50 us 
3002 Cl 1000 us 

1750 us 
3002 C2 500 us 

15 00 us 
3000 us 

3002 C4 300 us 
15 00 us 

DATA COMMUNICATIONS READ DESCRIPTOR. 

Remarks 

Gener.a 11 y private 
1 ine except for 
TE LEX and TWX 
services 

Private and 
dial lines 

Generally private 
line except DAtA
PHONE SO service 
from the Bel 1 
System 

Band 

80.0-26 00 Hz 
1000-2400 Hz 

80.0-26 00 Hz 
1000-2600 Hz 
. 6 Q0-2600 Hz 
s 0.0-2800 Hz 

1OQ0-2600 Hz 
6 0.0-3000 Hz 

Data is read from the remote device in ascending memory locations 
beg inning w Ith the location spec ff ied by the A addres's. Reading ts 
continued unt i 1 a control code denoting the end of text is detected. 
In no case is the data stored in the ending location specified by the 
B address. The complete message read must be terminated by a control 
code • ( See f i g u re .7 - 3 6 • ) 
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vvv TTT w 

3 BITS 3 BITS 1 

RR 

2 

D 

1 

RR RR RR RR~~ 

8BITS ~~ 

Figure -7-36. Data Commun'ications 
Read Descr. i pt.or 

Ref.erring to figure .7-36: 

a. vvv = 000. data communications read operation. 
b. TTT = 000. - no translation. 
c. TTT = 010. - USASCI.1-7· to EBCDIC translation. 
d. w = 0. do not disable ti me-out ti mer • 
e. ·W = 1. - disable time-out ti me'r. 
f. D = 1. - ignore EDT as a response C ')l;C r:e • 
g. cc = 00. - normal 1/0 chain i n'<.;J. 
h. cc = 01. - 1/0 cha in ing if negative response Is 
i • cc = 1 0. - 1/0 chaining if positive response is 
j. R = rese rve'c:I. 
k. uuuu = .0-1 s. - adapter number. 
1 • A =beginning address of data. 
m. B = end i ng address of data + 1 • 

receivedo 
received. 

DATA COMMUNICATIONS WRITE DESCRIPTOR. 
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 
loca.tion.speci.fied by the B address. (See fig.ure.7-37.) 

1----v_v_v_-+--_T_T_T_-'---__ RR_R_R_R_R_R._R R_R_R_R_R_R_'"~ ~ ~ 
3 BITS 3 BITS 14 BITS ~ ~ ~ 

Figure J-37. Data Communications 
Wr i te Des.c r i pt.or 

VVV is equal to 010 for the data communications write operatione Other 
variables are the same as for the read descripto~. 

DATA COMMUNICATIONS BREAK DESCRIPTOR. 
Send a break signal to the remote terminal or go on hook as specified 
by the variants in the I/0 descriptors. (See figure J-38.) 
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vvv RRR T RRRRRRRRRRRRR uuuu 

3 BITS 3 BITS 1 13 BITS 4 BITS 

Figure J-38. Data Communications 
Break De.script.or 

Ref e r r i n g to f i g. u re . 7 - 3 8 : 

a. ~ VVV = 111. - data communications break. 
b. ·· T = a - send break and do not disconnect. 
c. T = 1. - disconnect and do not break. 
d. · UUUU = .Q-1 s. - adapter numb.e'r. 
e. R = reserved. 
f. D = address of result status area. 

DATA COMMUNICATIONS TEST DESCRIPTOR. 
Test the adapter identification and for a received ENQ, and return a 
result descriptor which contains the adapter 1/0. (See figure ~-3~.) 

T RRRRRRRRRRRRRRRR uuuu 

1

·--+---------+-----1 

16 BITS 4 BITS 

Figure J-3$. Data Communications 
Te st De s.c f'\ i p tor 

Ref.erring to figure .7-3·9: 

a. VVV = lOQ - test the 1/0 controller. 

b. VVV = 111. - test the 1/0 contr.oller, return a result descriptor, 
and go idle. 

c. T = 1. - wait unt.i 1 ENO is received before completing I/O. 

d. R = reserved. 

e. D = address of resu 1 t status .area. 

DATA COMMUNICATIONS RESULT DESCRIPTOR. 
The data communications res.u 1 t de:scn iptor is as f.ol lows: 

a. Bit Q - 1/0 complete. 

b. Bit 1. - exception conditions (any oit on in bits .3-16). 
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c. Bit 2 - not readyo 

d. Bit 3, - parity error - cha ract.e r or BCC. 

e. Bit 4. - mernor y access er rot. 

f. Bit s. - memory parity error. 

g. Bit 6. - time-out. 

h. Bit 1. - break. 

i. Bit a ending control code expected but not received. 

j. Bit 3 chaining terminated. 

k. Bit 10 - reserved. 

1. Bit 11. - loss of clear to send. 

m. Bit 12 - carrier loss. 

n. Bit 13. - ·reserve'd. 

o. Bit 14. - off hook ( d i a 1 % 

p. Bit lS - ringing or enquiry received. 

q. Bit 1~ - reserved. 

r. Bits t7-23 - adapter ID (test 1/0 only). 

1) 1000000 =adapter not present. 
2) lOnnnnn = leased or direct connect. 
3 ) 1 1 n n n n n = s w i t c he d 1 i n e e 

NOTE 
The variable nnnnn is defined as: 

00010 - standard line adapter 
01000 - Teletype adapter 
00100 - ACU adapter 



I 

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 - transm~ssion parity error; read data error corrected. 

i. Bit 8 - overrun. 

j. Bits 7-9: 

k. Bit 

1 . Bit 

m. Bit 

n. Bit 

(). Bit 

P. Bit 

q. Bit 

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

10 - address parity error or 

11 - seek timeout. 

12 - seek status. 

13 - control no. 0 ••• 1. 

14 - seeking; seek ini ti.ated 

15 - segment address error. 

16 - reserved. 

verify error. 

flag; wrong cylinder. 

r. Bits 17-23 - controller ID = OOiLLlO (test I/o only). 

DISK CAHTRIDGE CONTROLLER. 
This I/O controller provides for the a ttach.rnent of disk cartridge 
drives to the system (see figure 7-26). 

E1·-·-·---·--[DRIVE :~ 
-

-----· .. i DRIVE :Q 

Figure 7-26. Disk Cartridge Controller 

7-24 



APPENDIX 'A 

REGISTER SUMMARY 

MICRO-INSTRUCTION CONTROL REGISTERS• 

Mnerrion le 

A 

TAS 

TOPM 

w f dt h 

1 9 

1 6 

24 

4 

Funct.ion 

Address reg, 

Mfcro-lnst. 

Top of stack 

Top c t 1 • ·rn eh • 

Usage 

Source./dest, 

Sourc~./dest. 

Remarks 

32K mfcro-fnst. 
( r:ia x mer.10r y on 
B 1720 Serles) 
2 S 6 K m t c r.o- inst • 
on 8 1720 Serles 

Sou~ce/dest. Pseudo 

Sourc~/dest. Not avl, on B 1710 
Serles 

MBR 24 Mem. base reg. Source/dest. Not avl, on l3 1710 
Sert es 

MA HJ ME MO RY C 0 NT R 0 L g E G I SIERS • 

Mn~monlc 

13 f{ 

LP. 

FA 

FL 

FU 

CP 

C YF 

CPU 

CPL 

MAXS 

H f d tJ1.. F u n ct f on 

24 Base re9. 

24 Ltrnit reg. 

24 Field Adr. 

4 

8 

2 

5 

24 

Field untt 

Ari th. ctl. 

Carry fla0 

Arfth, untt 

Data len0th 

Mal n mem. 
sf ze 

!!? aue 

Source.ldest. 

Source/dest. 

Source/de st. 

Source/de st. 

~raa r ks. 

8 17-00 64 K8 max. 

FLC/D/E/F 

Source/de st. Pa rt of Fl3 

Sou.rce/dest. CYF' CPU, CPL 

Sou:rce/de st. 

Dest • 00 = btnar·y 
01 = 4-btt 
11 = 8 -b ft (Not av 1 • 
on B 1710 SerfP.s) 

Source Ides t • Ma x • v a 1 • 2 4 

Source 

Revised 9/28/73 by 
PCN 1057155-002 A -1 
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APPENDIX A (cdnt) 

Mnernontc Hidth Function ~~. R P-.l@..!..l?~ ---
MAXM 24 Control mefn. Source 

size 

FLCN 4 Fld. 1 g th. Source/ de st. 
cond. 

lNTERF»UPT C 0 NT R 0 L. RE G I .S. l~fil...a. 

Mnemontc Wtdth f U n C .. !.J...Q.D. llil~~ R~rn~ 

cc 4 In c·r. cond. Source/ de st. 0 = console tntr. , = 1/0 se r. rq. 
2 = Clock tntr. 
3 = State f1a9 

CD 4 lnt'r. co.nd. Source/dest. 0 = Hrt. out bd s. 
1 = Ra • ·out bds. 
2 = Out bds. ovride. 
3 = Ra. par. er. 

INCN 4 Int r. cond. Source/dest. 0 = Dtsp. lkout. 
l = Disp. intr. 
2 = Prtorlty disp. 
3 = Ml s s i n9 port 

I (Not av a ·1 • on B 1710 
Sert es) 

GENE RA L P UR P 0 S_E REG I SI E Rs_.. 

Mnemonic filstllt f_µ.ll. ct i 0 ..n ,\J.§.§1..i~ Re~ 

x 24 Source/ de.st. Gen. and tnp. to 
funct. box 

y 24 Sou·rce/de st. Gen. and t np. to 
funct. box 

T 24 Source/de st. Gen. 
L 24 Source/ de st. Gen. and 

DISPATCH 
used by 

CA 4 ~ou re.el de st. 

• CB 4 Source./dest. 
FT 4 Source/dest. Gen. - part of Fl3 
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lN PUTS TO 24 ·BIT £.UliCJ10N B DX. 

Mnemonic 

x 
y 
C Yf' 
CPU 
CPL 

Wtdt h 

24 
24 

1 
2 
5 

Fun ct. t ory_ 

Input 
Input 
Carry flag 
Arlth. unit 
Data length 

OUTPUTS FROM 24-BIT FUNCTION BOX 1 

Mnemonic 

B IC N 
XYCN 
XYST 
CYL 
CYD 

Hldth 

4 
4 
4 
1 
1 

Funct. ton 

8lnary cond. 
X and Y cona. 
X and Y states 
Carry out level 
Borrow out 
leve 1 

AVAILABLE FROM 24-BIT FUNCTION BOX. 

Mnemonic 

SUM 
DIFF 
XORY 
XEOY 
XANY 
CMPX 
CMPY 
MSKX 
MSKY 

~JI dt h 

24 
24 
24 
24 
24 
24 
24 
24 
24 

Function 

x + y 
x - y 
X OR Y 
X EXOR Y 
X AND Y 
Comp'l • X 
Comp1. Y 
Mask X 
Mask Y 

MISCELLANEOUS REGISTERS. 

Mnemonic 

u 
NULL 
DATA 
CMND 

Width Function 

16 Cassette Input 
24 
24 l/O data 
24 l/O command 

.v_sage 

Source /de st. 
Source/dest. 
Sou rce/dest. 
Dest. 
Source/dest. 

Usaqe 

Sour cs. 
Source. 
Source. 
Source 
Source 

Usage 

Source 
Source. 
Source 
Source. 
Source 
Source. 
Source. 
Source 
Source. 

Usage 

Source 
Source 
Source/dest. 
Dest. 

APPENDIX A {cont) 

Remarks 

Remarks 

AtW CYF 
AND C YD 

AND CPL 
AND CPL 
AND CPL 
AND CPL 

Remarks 

Contains zeros 

Revised·.9/28/73 by 
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APPErm1x B 

HEXADECIMAL-DECIMAL 

COt.JVERSIOrJ TABLE 

The table in this appendix provides for direct conversion of deci.raal 
and hexadeci,rnal numbers in the ranges: 

He xadec lma 1 Dec i.ma 1 

000 to FFF 0 to 4095 

For numbers outside the range of the table, add the following values 
to the table figures. 

I 
I 
I 

He xadeci:na 1 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
AOOO 
BOOO 
cooo 
DOOO 
EOOO 
FOOO 

pee i.ma 1 

4096 
8192 

12288 
16 384 
20484 
24576 
286 7 2 
32768 
36864 
40960 
45056 
4 915 2 
5 3248 
57344 
61440 
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co 
I 

N 

000 

Oto 
020 

030 

040 

o~o 

060 

010 

080 

090 

0.AO 

Ot!O 

oco 
OtJO 

OEO 

Qt 0 

100 

110 

120 

130 

180 

190 

tAO 

11.iO 

ltO 

100 

llO 

lf 0 

APPENDIX Il (cont'd) 

0 

0 

16 

32 

46 

64 

RO 

96 

112 

126 

144 

160 

176 

192 

208 

2::i4 

240 

256 

272 

268 

304 

320 
336 

352 
368 

384 

400 

"16 

432 

448 

A64 

480 

496 

t 
17 

33 

49 

65 
61 

91 

U l 

129 

145 

161 

177 

193 

209 

ns 
241 

?57 

Ul 
269 

305 

321 
331 

JS 3 

369 

385 

401 
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399) 

4009 

4025 

4041 

4057 

4073 
ff 0 4060 4061 ~062 4083 4084 4065 4066 4087 4086 ~Oe9 

A 

3594 
3610 

3626 

3642 

3658 

3674 

3690 

3706 

3722 

3738 
37'54 

3110 

37e6 

381)2 

3818 

3834 

3850 
3866 

38'!2 

l8Q8 

3914 

3930 

3946 

3962 

3978 

3994 

~0\0 

40'-6 

4042 

40§8 

401'4 

4090 

B 

3595 
3611 

3621 

3643 

3659 

3675 

3t91 

3707 

3723 

3739 
3755 

3771 

3787 

3803 

3819 

3835 

3851 
3867 

388 l 

3899 

3915 

39 31 

3941 

3963 

3979 

3995 

4011 

4027 

4043 

4059 

4075 

ii091 

c 

3596 
3612 

3628 

3644 

3660 

3676 

3692 

3706 

3724 

3740 
3756 

3772 

3788 

3804 

3820 

3836 

3852 
3866 

36R4 

3900 

3916 

3932 

3948 

3964 

3980 

3996 

4012 

4028 

4044 

4060 

4076 

0 

3597 

3613 

36?.9 

3645 

3661 

3677 

369 3 

370~ 

3125 

3741 
3757 

3773 

3769 

3A05 

3821 

3A37 

3853 

3A69 

3865 

3901 

3917 

3933 

3949 

3965 

3981 

39Q7 

4013 

4029 

IH)45 

4061 

14017 

4092 409) 

E 

3598 
3614 

3630 

,646 

3662 

,678 

;694 

3110 

3726 

3742 

3756 

3774 

3790 

3A06 

3622 

3A3A 

3854 
3870 

381;6 

3902 

3916 

3934 

3950 

3966 

3982 

3998 

4014 

4030 

4046 

4062 

4078 

11094 

f 

3599 
3615 

3631 

36il7 

3663 
)679 

3695 

3711 

3727 

3743 

3759 

3175 

3791 

3A07 

3623 

3A39 

3855 
3871 

3887 

390 3 

3919 

3935 

3951 

3967 

3983 

3999 

4015 

4031 

4047 

4063 

4079. 

A095 





MSM 

TOPM 

INCN 

A st acl( 

BR & LR 

CPU 

MAXM 

DATA/CMND 

XYST/condltions 

Swap memory 
mtcro 

Clear register 
mt c r.o 

Load I St ore F 
from/into 
doublepad word 
micro 

Ov e r 1 a y M- st r t n 9 
micro 

Cont ro 1 memory 

Po r t i n t e r c nan g e 

Buffered I/u 
-:ontro11ers 

APPEMDIX C 

SYSTEM COMPARISON 

B 1 71 2 l!L 1 7 1}!. 

No 

No 

No 

No 

16 elements 

MC P check 1 ng 
only 

00 =binary 
01 = 4 bit 

0 

Utt 1 t zed 

Least-s1gntf tcant 
unlt of X 
ANY- interrupt 
y = 0 
x = 0 

Mo 

No 

No 

No 

No 

No 

Yes 

B 17 26 

Yes 

Yes 

Yes 

Yes 

32 elements 

CD reg. set 
out of bounds 

00 = binary 
01 = 4 blt 
11 =8btt 

0' 4, 8 

Ut t 1 t zed 

The ANY-interrupt 
bit has several 
more i n p u t s • 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Revised 9/28/73 by 
PCN 1057155-002 C -1 
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APPENDIX C (cdnt) 

B 1712/B 1 !J~~ LJ,726 

Processor 2 MHz/4 MHz 6 MHz 
clock rate 

Read cycle 4 clocks 4 clocks 

l·lr i te cycle 6 clocks 6 clocks 

Main memory 1 6 Kf1 24 KrJ 
minimum 

II Main rnernor y 
maximum 

40 KB/65 Kl3 96 KG 

t·JOTE 
6 MHz = 167 nanoseconds (B 1726) 
4 MHz = 250 nanoseconds ( l1 1714) 
2 l·\Hz = 500 nanoseconds (B 1 71 2) 

I 1 KB = 1024 bytes 
1 byte :: 8 bits 

I 1 rnicro-tnstructton = 1 6 bits 

C-2 



APPEtJDIX D 

C 0 t,J VER S I 0 t·J S 

P~.J\·JERS Cf n1c ... ·HASf JP. 

. ~ .0. .z ·::~·:a .il 

1 0 1 048 576 20 
2 1 2 097 152 21 
4 2 4 194 304 22 
8 3 8 3 88 608 23 

16 4 16 777 216 24 
32 5 33 554 432 25 
64 6 67 1 08 864 26 

128 7 134 217 728 27 
256 8 268 li35 456 28 
5 1 2 3 536 870 912 29 

1 024 1 0 1 07 3 7 41 824 30 
2 Ol+ 8 1 1 2 lli 7 483 61+8 31 
4 096 12 4 2 9li 96 7 296 32 
8 192 13 8 589 934 592 33 

16 384 14 17 17 9 86 9 1 84 34 
32 768 15 34 359 738 368 35 
65 5 36 16 68 719 476 7 36 .36 

1 3 1 072 17 137 I+ 38 953 LO 2 37 
26 2 11~4 1 8 27 4 877 906 944 38 
5 24 288 1 9 5 4 9 7 55 813 888 39 

NOTE 
2:;h'tn me ans 2 raised 
to the power of n. 

B HJ8RXLH~ XAD~C lMA~LDEC IMAt ... 

Bjnary He xadec j.ms.l Dec j.ma 1 

0000 0 0 
0001 1 1 
0010 2 2 
0011 3 3 
0100 I+ 4 
0101 s 5 
0110 6 6 
0111 7 7 
1000 8 8 
1001 9 9 
1010 A 10 
1011 B 11 
11 00 c 1 2 
1101 D 13 

.0-1 



APPENDIX 0 (cont) 

.0-2 

Binary 

111 0 
1 1 1 1 

He xadec ima 1 

E 
F 

.Q.fil;. l ma 1 



APPENDIX E 

MICRO-INSTRUCTIONS 

OP CODE 

l I I l 10 I l l l l l l MICROMNEMON ICS I HEXADECIMAL) 16 14 13 12 11 !l 8 7 6 5 4 3 2 1 0 

SOURCE REG. DESTINATION DESTINATION 

REGISTER MOVE 1 n n n 0 0 0 , WURCE REG. ROW COL. REG. COL. REG. ROW 

RE~RK 
--I 

SCRATCHPAQ SOURCE/DESTINATION SOURCE/OEST SCRATCHPAD WORD 

MOVE 2 n n n 0 0 1 0 REG. ROW REG. COL. i;6·R~ 8 ADDRESS 

FOUR·BIT FIEG. MANIPULATE FOUR·BIT MANIPULATE 

MANIPULATE 3 n n n 0 0 1 1 AFFECTED REGISTER ROW COL VARIANTS LITERAL 

BIT TEST REL SOURCE REG. IFOUR·BITI REG. TEST BIT ~ RELATIVE BRANCH 

BR ON FALSE 4 n n n 0 1 0 0 ROW COL. NUMBER DISPLACEMENT VALUE 

BIT TEST REL SOURCE REG. IFOUR·BITI REG. TEST BIT ~ RELATIVE BRANCH 

BR ON TRUE 6 n n n 0 1 0 1 ROW COL. NUMBER DISPLACEMENT VALUE 

SOURCE REG. (FOUR·BITI REG. SKIP TEST 

SKIP WHEN 6nnn 0 1 1 0 ROW COL VARIANTS FOUR-BIT TEST MASK 

READ/WRITE [?w7f COUNT FA/FL DATA REG.~ 
MEMORY 7 n n n 0 1 1 1 VARIANTS O<YTLI ·R~V MEMORY FIELD LENGTH' 

MOVE EIGHT·BIT DESJ'INATfGN MG. ROW 
LITERAL 8nnn 1 0 0 0 COL 2 ASSUMED EIGHT·BIT LITERAL 

MOVE 24-BIT DESTINATION REG. ROW 
LITERAL 9nnn 1 0 0 1 COL 2 ASSUMED FIRST EIGHT BITS OF LITERAL 

SHIFT/ROTATE DEST REG. m SHIFT/ROTATE 
T REGISTER Annn 1 0 1 0 DESTINATION REG. ROW COL. COUNT (1·241 T 

F.XTRACT FROM RIGHT BIT POINTER 11·241 I DEST. REG. WIDTH OF EXTRACTION 
T REGISTER Bnnn 1 0 1 1 FOR EXTRACTION FIELD OP. CODE IXYTLI FIELD 11-241 

BRANCH REL. 
FORWARD C n n n 1 1 0 0 RELATIVE DISPLACEMENT MAGNITUDE 

BRANCH REL 
REVERSE Onnn 1 1 0 1 RELATIVE DISPLACEMENT MAGNITUDE 

CALL REL. 
FORWARD Ennn 1 1 1 0 RELATIVE CALLED ADDRESS MAGNITUDE 

CALL REL. 
REVERSE Fnnn 1 1 1 1 RELATIVE CALLED ADDRESS MAGNITUDE 

SWAP OEST. GEN. 

~ 
MEMORY FIELD 

MEMORY 02nn 0 0 0 0 0 0 1 0 PURPOSE LENGTH REG. [Xflll 

CLEAR L T v· x FA I FL I FU CP 
REGISTERS 03nn 0 0 0 0 0 0 1 1 REG. REG. REG. REG. REG. REG. REG. REG. 

SHIFT/ROTATE ~ ~ ~ 
SHIFT/ROTATE 

XOR Y 04nn 0 0 0 0 0 1 0 0 COUNT 11-241 . . 
SHIFT/ROTATE ~ ~ SHIFT/ROTATE 

. 
X ANO Y 05nn 0 0 0 0 0 1 0 1 

RES. 
COUNT 11·241 T . 

COUNT COUNT l.ITERAL 
FA ANO FL 08nn 0 0 0 0 0 1 1 0 VARIANTS MAGNITUDE 

F:XCHANGE DESTINATION 48-BIT SOURCE 48-BIT 
DOUBLEPAD WORD 07nn 0 0 0 0 0 1 1 1 SCRATCHPAD ADDA. SCRATCHPAD ADDA. 

SCRATCHPAD 1Z AILEFTI SCRATCHPAO 
RELATE FA 08nn 0 0 0 0 1 0 0 0 RESERVED WORD ADDRESS 

MONITOR 09nn 0 0 0 0 1 ID 0 1 LITERAL OCCURRENCE IDENTIFIER 

CASSETTE CASSETTE MANIP-
CONTROL 002n 0 0 0 0 0 0 0 0 0 0 1 0 ULATE VARIANTS RES. 

BIAS 

~~ BIAS 003n 0 0 0 0 0 0 0 0 0 0 1 1 VARIANTS 

STORE FINTO * DESTINATION SCRATCHPAD 
DOUBLEPAO WORD 004n 0 0 0 0 0 0 0 0 0 1 0 0 WORD 148 BITSI 

LOAD F FROM * SOURCE SCRATCHPAD 
C>OUBLEPAD WORD 006n 0 0 0 0 0 0 0 0 0 1 0 1 WORD (48 BITS) 

SET CYF I CVF I CYF CYF 
CYF 008n 0 0 0 0 0 0 0 0 0 1 0 1 J"~D J"~L TO 1 TOO 

HALT 0001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

OVERLAY * 
M-STRING 0002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

NORMALIZE 
x 0003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

NO 
OPERATION 0000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

*NOT AVAILABLE ON B 1710 SYSTEMS 
ONE BIT VARIANTS • 0 

© 1973 Burroughs - DO NOT REPRODUCE E-



FOUR-BIT MANIPULATE SKIP WHEN (6nnn) SKIP READ/WRITE MEMORY 

(3nnn) VARIANTS TEST VARIANTS (7nnn) VARIANTS 

BITS 4-6 CONDITIONS BIT~; 4-6 CONDITIONS BITS 6-7 CONDITIONS --- --
000 SET 000 ANY. SKIP 00 X REG. 
001 .O.ND 001 ALL. SKIP 01 Y REG. 
010 OR 010 EOU. SKIP 10 T REG. 
011 EOR 011 ALL CLR. SKIP 11 L REG. 
100 INC 100 NOT ANY. SKIP 

BITS 8-10 
101 INC/TEST 101 NOT ALL. SKIP 

CONDITIONS 

110 DEC 1 ·10 NOT EQU. SKIP 000 NOP 

111 DEC/TEST 1 ., 1 NOT ALL. CLR. SKIP 001 FAt 
010 Fd 
011 FA+ Fq 

EXTRACT FROM T REGISTER SWAP MEMORY 100 FA+ FL+ 
101 fA+ 

(8nnn) VARIANTS (02nn) VARIANTS 110 FL+ 

~ CONDITIONS BITS 6-7 CONDITIONS 111 FA+ Fq ---
00 X REG. 00 X REG. 
01 Y REG. 01 Y REG. 
10 T REG. 10 T REG. CASSETTE CONTROL 

1t L REG. 11 L REG. (002n) VARIANTS 

BITS 3-1 CONDITIONS 

000 START TAPE 
001 STOP ON GAP 
010 STOP ON X=l=v 

COUNT FA AND FL DISPATCH (001n) 011-111 RESERVED 
(06nn) VARIANTS VARIANTS 

BITS 5-7 CONDITIONS BITS 1-3 CONDITIONS ---
000 NOP 000 DISPATCH LOCK BIAS (003n) VARIANTS 

001 FA+ 001 DISPATCH WRITE BITS 3-1 CONDITIONS 
010 Fd 010 DISPATCH READ 
011 FA+ Fq 011 DISPATCH RD & CLR 

000 FU 

100 FA+ FL t 100 RESERVED 
001 24 OR FL 

101 FM 101 RESERVED 
010 24 OR SFL 

110 FL+ 110 RESERVED 
011 24 OR FL OR SFL 

111 FA+ FL+ 111 RESERVED 100 NOP 
101 24 OR CPL OR FL 
110 NOP 
111 24 OR CPL OR FL OR SFL 

REGISTER COLUMN 
CC REGISTER 0 1 2 3 I I I I 
0 = CONSOLE INTR. 
1 = 1/0 SERVICE REO. 

0 TA FU x SUM 
1 TB FT y CMPX 

2 = CLOCK INTR (100 MS) R 
2 TC FLC T CMPY 

3 =STATE FLAG E 3 TD FLO L XANY 
G 

CD REGISTER I 4 TE FLE A(MAR) XEOY 

0 = WAT/SWAP OUT OF BOS* s 5 TF FLF M MSKX 

1 = READ OUT OF BOS* T 6 CA BICN BR MSKY 

2 = OUT OF BOS OVERRIDE* E 7 CB FLCN LR XORY 

3 = MEM. RD. PARITY ERR. R 8 LA TOPM* FA DIFF 
9 LB RES. FB MAXS 

INCN REGISTER* R 10 LC RES. FL MAXM 
0 11 LO RES. TAS u 

0 = PORT DISP. LOCKOUT w 
1 = PORT DISP. INTR. 12 LE XYCN CP MBA* 

2 = PORT PRIORITY INTR. 13 LF XYST MSMA* DATA 

3 = MISSING CONTROLLER' ON PORT 14 cc INCN* READ CMND 

OR CHANNEL 15 CD CPU WRIT NULL 

*NOT AVAILABLE ON B 1710 SYSTEMS 
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.,, 
I 

~ T 3 
CARD VALIDITY 

READER CHECK 

CARD PUNCH 
PUNCH CHECK 

PAPER TAPE 
TAPE PARITY 

READER ERROR 

LINE PRINT 
PRINTER CHECK 

CONSOLE KEYBOARD 
PRINTER E. CANCEL 

READER UNENCODED 
SORTER DOCUMENT 

TAPE 
MAGNETIC PARITY 

TAPE ERROR. 
BUSY 

INV. CH. 
MFCU 

COL. 1 

READ 
DISK 

PARITY CARTRIDGE 
ERROR 

SINGLE PARITY 
LINE ERROR 

READ DISK 
PACK PARITY 

ERROR 

•TEST DESCRIPTOR ONLY 

4 
MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS I 
ERROR 

MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS 
ERROR 

MEMORY 
ACCESS 
ERROR 

5 6 1 8 9 
READ 

CHECK 

MEMORY 
PARITY 
ERROR 

END BEGINNING 
SHORT OF OF 

REC. RD. TAPE TAPE 

7-9 = CHAR. SET• 
MEMORY END 
PARITY OF 000 = 64 011 = 96 

ERROR PAGE 001 = 48 100 = 192 
010 = 16 

ATTP. TO 
INPUT 

EXECUTE 
END ADDR. REQUEST 

CANNOT 
AMOUNT ON-US TRANSIT 

DOUBLE FIELD FIELD FIELD READ DOCUMENTS ERROR ERROR ERROR 

MEMORY END BEGINNING END WRITE PARITY OF OF 
LOCKOUT OF 

ERROR TAPE TAPE FILE 

MEMORY 
READ PUNCH PRI. HOP. SEC. HOP. PARITY 

CHECK CHECK EMPTY EMPTY ERROR 

MEMORY TRACK OVERRUN DENSITY 
WRITE PARITY 

ERROR LOCKOUT 100 = 203T/2200 110 = 406/2200 

MEMORY 
BREAK END. CTL. 

CHAINING PARITY TIME-OUT CODE NOT DET. TERM ERROR RECEIVED 

MEMORY TRANS. P.E. OVERRUN TRK/DENS.• 
WRITE PARITY 

LOCKOUT 001 = 20SUR/203T 010 = 20SUR/406T ERROR 

COMMON RESULT DESCRIPTOR BITS: 
0 = 1/0 COMPLETE 
1 = EXCEPTION CONDITION 
2= NOT READY 

10 11 I 

UNIT 
REWINDING 

10-11 PRT. SPD. • 

00 = 400/860 
01 = 300 11=1100 
10 = 600 

TOO LATE 
JAM TO READ 

TIME-OUT 
UNIT (3 FT. 

REWINDING BLANK 
TAPE) 

SEEK 

LOSS OF CARRIER 
CLR. TO SD. LOSS 

ADDRESS 
PARITY SEEK 

T.O. ERROR 

12 13 14 15 

NO. PRT. POS. 
PAPER• MOTOR• 

IN ON 00 = 132 
MOTION TEST 01=120 

11 = 80 

EMPTY 
BATCH FLOW HOPPER, 

MISSORT 
TICKET STOPPED FULL 

STACKER 

CRC ERROR TRACK IN ERROR 

TRACK/DENSITY • 000-111 
000 = 7T. 200 101=9T. 800 (().7) 
001 = 7T. 556 111=9T. 1600 
011 = 7T. 800 

SEEK• 
SEEKING STATUS 

OFF RINGING 
HOOK OR ENO. 

SEEK• CTL. NO. 
SEEKING 

STATUS 0/1 

DATA COMMUNICATIONS CTL. ID. BITS 17-23 
1000000 =ADAPTER NOT PRl:;,SENT 
10nnnnn =LEASED OR DIRECT CONNECT 
11nnnnn=SWITCHED LINE 

nnnnn = 00010-STANDARD LINE ADAPTER 
01000 - TELETYPE ADAPTER 
00100 - A.C.U. ADAPTER 

16 17 CONTROLLER • 
ID. (17-23} 

CTL. 1 0101010 
CTL. 2 0010100 

CTL. 0000100 

CTL. 10001110 
CTL. 20001100 

CTL. 0010110 -....... 
CTL. 0010110 

0 

;o 
rn 

CTL. 0010100 (/) l> 
c -0 
r -0 

MTCl-0110010 ..... rn 
MTC2-0110000 LONG SHORT 

REC. REC. MTCJ-0110100 
MTC4-0110110 

z 
0 CJ 
rn ...... 

MTC5-0111000 (/) x 
("") 

CTL. 0001000 
;o ~ 
...... 
-0 ..... 

CTL. 0011100 0 
;o 
(/) 

SEE BELOW 

CTL. 0011110 
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	0002
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