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1.0

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=MEMORY PROCESSOR
SANTA BARBARA PLANT PeSe #1913 1747
INTRODUCTION

PURPOSE

This specification defines the functional requirements' of
two M~Memory Processors intended for general purpose data
processing. Environmental conditions» safety conditions,
reliability parameters, power requirements, etc.» are
specifisd in P.5. 21913 1739, B1700 CENTRAL SYSTEMS.

Both processors have I/0 bus interfaces for communication
with the I/0 subsystem and controil panel interfaces for
communication with the control panel.

M-Processor=-1 has a Port Adapter—~Port Device Interface and
requires the use of Port Adapter=1 in Port Interchange-1l.
Port Interchange~1 provides the communication paths to the
system's main memory and to other port devices such as the
B1700 Multiline Control. '

M=Processor=2 has a Processor Adapter Interface that
provides for acceptance of either Processor Adapter-1 or
~2« Processor Adapter~1 provides a direct interface to
main memory. No porg interchange s used. Processor
Adapter=-2 provides a direct interface to Port
Interchange=2 {no port adapter is used) which, in turn,
provides the communication paths to main memory and to
other port devices such as the Multiline Control.



1.3

BURROUGHS CORPORATION
COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

COMPANY CONFIDENTIAL
M=MEMORY PROCESSOR
PaSs #1913 1747

PRODUCT IDENTIFICATION

2204 8839 M=MEMORY PROCESSOR=1

2212 8318 M=MEMORY PROCESSOR=2

2212 8326 M=PROCESSOR ADAPTER=1 (Direct Connect) =
2212 8334 M=PROCESSOR ADAPTER=2 (Port Connect) =
2204 BBAT M=MEMDRY ADAPTER-1 2KB ww

2212 1982 M=MEMORY ADAPTER=2 BKB s«xs

2212 1990 M=ME MORY ADAPTER=2 6KB ws«

2212 2006 M=MEMORY ADAPTER=2 4KB wes

2212 2014 M=ME MORY ADAPTER=2 2KB #n«

2212 2022 M=MEMORY EXP KIT=2 2KB ans

* Used with M=Processor=2

"k Used with M=-Processor-1\
«x% Used with M=-Processor-1 or =2

RELATED SPECIFICATIONS

PeSs £

1904 5681
1913 1739
2204 8623
1913 1754

1913 1788

2209 7968

2200 2083
2210 0143

NAME

B1700
B1700

81700

B1700
B1700
B1700

NAME

B1700
B1700

SYSTEM INDEX
CENTRAL SYSTEM
I/0 BUS SUBSYSTEM
MEMORY SUBSYSTEM
PORT INTERCHANGE
CIONTROL PANEL

PORT ADAPTER = PORT DEVICE INTERFACE
CONTROL PANEL INTERFACE



BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M-MEMORY PROCESSOR
SANTA BARBARA PLANT PeSe #1913 1747

2.0 GENERAL DESCRIPTION

The M=Memory Processor (or M=-Processor) provides the
combinatorial and arithmetic portion of the system along
with other registers and hard storage that are appropriate
for efficient operation.

The M-Processor provides hardware sensitivity to a set of
Low=-level micro-functions which are wused in a program
string to fetch and execute instructions. This
micro=progranm is contained in either a local high~speed
Read~Write M-Memory or in the somewhat slower but Llarger
main memory (81700 S=Memory) or in both. M=Memory is
modul ar in increments of 2K bytes up to a maximum of 3K
bytes.

Included in the M-Processor are registers and psSeudo
registers which are addressable by the individual
micro~operatorse.

The registers are normally addressed by a &4-bit group (row)
number and a 2-bit select (column) numper as shown in
Tablie 1.

Some of the registers listed, such as the Pseudo Sum
Register, can serve only as source registers while others
are capable of serving both as source and destination
registers. Also., some of the registers listed are actually
subregisters whichs although parts of larger registerss,
can be individually addressed and maniputlated.

Table 2 summarizes the various conditions availabte by
addressing oparticular pseudo source registers and actual
registers; Figure 1 Llists the micro=instructions and their
variants; and Figqure 2 15 a diagram of the major
registerse.



BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=MEMORY PROCESSOR
SANTA BARBARA PLANT PaSe #1913 1747

TABLE 13 M~PROCESSOR REGISTER SELECTION

D AR R D R P AR WS D W R R W DS W S WD R DGR WS R AN W TR S N D W 4P OB W W @B =R

SELECT NUMBER

0 1 | 2 3
0o 1 TA  FU X SUM
14 ™8 FT ¢ Y CMPX
2 1 TC  FLC T CHPY
3 ™ FLD L XANY
1
b TE  FLE A XE 0Y
5 TF FLF M MSKX
6 1 A BICN BR MSKY
7o €8  FLCN LR XORY
1
GROUP 8 1 LA TOPM FA DIFF
NUMBER 9 | LB UNASSIGNED  FB MAXS
10 1 Le UNASSIGNED  FL MA XM
1 LD  PERR TAS u
‘ .
12 LE XYCN cP MBR
13 1 LF XYST MSM DATA
14 cc INCN READ CMND
15 1 D CPU WRIT NULL



BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=-MEMORY PROCESSOR
SANTA BARBARA PLANT PaeSe #1913 1747

TABLE 2: SUMMARY DF REGISTER CONDITIONS

BICN: 1 LSUY ¢ CYF | CYD t CYL 1

S L e SR WD AR MR G AP G WD W AN TP YD AR SN AN 4R WS

XYCN: P MSBX 1 X=Y § X<Y § X>Y |

LR E R T R R R R X N L R

LR K E X L R P R B L L K E B R I T E L X F T X ]

XYST: 1 LSUX 1 INT I Y neq O 1 X neq 0 1}

FLCN: I FL=SFL § FL>SFL t FL<SFL t FL neqg 0O |
INCN: 1 PORT { PORT i PORTY i PORT
{ DEVICE MISSING | HI PRIORITY | INTERRUPT { LCCKOUT 1

I CONTROL PANEL 1 TIMER ! 170 BUS | CONTROL PNL 1
CC: | STATE LANMP 1 INTERRUPT | INTERRUPT 1 INTERRUPT 1

1 FLIP-FLOP 1 1 1 1

t MEMORY * | MEMORY { MEMORY 1 MEMORY 1
CD: 1t READ DATA | WRT/SHWAP ADDR | READ ADDR I HRT/SWAP ADDR |

1 PAR. ERR. 1 OUT OF BOUNDS 1 OUT OF BNDS 1 0OUT OF 30UNDS 1

§ INTERRUPT ¢ OVERRIDE I INTERRUP 1 INTERRUPT t
* Both S=Memory and M=Memory {5ee Section 3.3.16 for

details)



iIc
2¢C
ac
4C
5C
6C
7¢C
8C
9cC
18c
e
123¢c
145C
2D
3D
‘4D
5D
6D
70
oD
9D
(1 2
2E
SE
4E
S
6E
TE
IF
zF

3F
4F

ZERO

: MC MD _ ME MF .
ICRO NAME 5 14 S 2z fn 10,9 817 6.5 4l s 2 [ [ 99 ol 10 1"
M o | | : ! ; ! 1 . \ ] VARIANTS | 000 001 010 oi 100 (] e 1
0 0 0 1 REG | GROUP i REG1 : REG 2 REG 2 GROUP
REGISTER MOVE ’ SOURCE REGISTER | SELECT | SELECT | SINK REGISTER- !
" 50 1 0 | REGISTER GROUP REG MOV 'DPW DOUBLE PAD WORD MOVOIR: |Pe—R [ReP :
SCRATCHPAD MOVE SOURCE OR S3INK | SELECT | DIR: 12 ADDRE S 1/2 DPW : [ LEFT | RIGHT i
4 BT io ¢ 1 |REGISTER GROUP, 'REG MANIPULATE | 4 BIT MANIP, { MANIP. | 5ET [AND | OR [EOR | INC | INC DEC :DEC
MANIPULATE F 4BIT SOR & SNK __ |SEL__ VARIANTS LITERAL 3 VARIANTS: TEST TEST
BIT TEST REL ® 1. 0 0 | REGISTER GROUP, (REG TESTBIT |D5P| RELATIVE BRANCH |{ DSP SIGN: |+ = i
BRANCH FALSE H 4 BIT SOURCE SEL _NUMBER |SGN |DISPLACEMENT MAG.! i
BIT TEST REL | 0 [} '\ |REGISTER GROUP |REG TESTBIT :DSP{RELATIVE BRANCH || DSP SIGN: [+ — ‘
| BRANCH TRUE |4 4 BIT SOURCE I SEL_NUMBER | S6N DISPLACEMENT MAG. : | P
SKIP WHEN [ [ 1 0 | REGISTER GROUP (REG SKiP TEST | 4BIT TEST MASK SKIP TEST | ANY | ALL | EQL | ALL ' ANY/'ALL/ EQL / ALL /
| 4 BIT SOR & SNK__ iSEL VARIANT 5 VARIANTS: | CLR/. CLR/. CLR/| CLR | CLR/.CLR/ LR 7 LR
READ/WRITE |{ 6 [ 1 | {R/W|[COUNT FA/FL ! DATAREG: TW: DATA TRANSFER R/W VAR: | READ | WRT : : i
MEMORY VAR| VARIANTS | CODE SG6N; WIDTH MAGNITUDE 4 CNT VAR: NOP |Fat FAS | FAV | FAS | LFAG
Move 81T~ |3 T80 6 0 | REGISTLR GROUP; | ENTIRE & BITS OF 8 BIT LITERAL REG SEL - x v PP IRLe L PRLb G Py
LITERAL REG SEL IS 2., : TW SIGN: 3 - . | | | ;
- . — T W SIG ;
MOVE 24 BIT 1 0o o [ REGISTER GROUP ; jx "8 MOST SIGNFICANT BITS OF 3 i |
LITERAL | REL SEL 152, | FULL 24 BIT LITERAL
SHIF T/ROTATE 1 [ 1 3 SINK REGISTER | SNK REG S/R' LEFT SHIFT/ROTATE 3/ R VAR: SHFT | ROT i :
GROUP SELECT VAR « COUNT . ! 1 !
TEXTRACT FROM [ ) [ [ RIGHT BIT POINTER SNK REG  EXTRACTION FIELD | { SINK REG | '
T REG . FOR EXTRACTION FLD CODE WIDTH CODE : X Y hs L : ;
TBRANCH 1 1 o [D5P; X _ "
RELATIVE 8GN RELATIVE DISPLACEMENT MAGNITUDE DSP SIGN: | + T j
T eawn T B35 osP SieN. ;
RELATIVE ! 1 V128N RELATIVE CALLED ADDRESS MAGNITUDE DSP SIGN:| + - | :
o o6 o©° o o o | 0 |DATAREG : TW DATA TRANSFER WIDTH|{ TW SIGN ; | + — . : ) ;
SWAP MEMORY CODE__ SGN____MAGNITUDE ifrec cooet [x Iy T o | E
CLEAR 1o o o o o o 1 T L T v x 1 FaFL Fu cp ¢ | :
_REGISTERS REG 1'E3 RE__C:_BQ_GRLG REG REG REG! i ; :
[ SHIFT/ROTATE || 0 ©o o o0 | o0 1 6 0 |S/RDIR [ X/Y LEFT ORRIGHT. XORY | {X/Y VAR: [x _ I¥ 1 ’ !
X OR Y VARlANT]" VAR |SHIFT/ROTATE COUNT_ |{5/R,DIR: | SFT=—iSFT-=ROT= ROT -+ '
SHIFT/ROTATE [§ 6 €& © 0] 0 1 0 1 |S/ROIR| ‘LEFT OR RIGHT XANO Y |{5/R, DI® |srte sFrt— ROT= ROT i
T X AND ¥ VARIANT | SHIFT/ROTATE COUNT _ _ 1 VARIANTS: [SFT— ROT < ROT~ »
COUNT F FA/FL 0 0 o 0 4 i 1 0 | COUNT FA/FL COUNT SCALAR |3 CoUNT FA/ [N@P | FAY FA Y © FAY | ' FAd
VARIANTS | MAGNITUDE FL VAR: FLe { FL# FLt | | FLe | FL
" w I1°¢ © o0 0 o [ 1 0 SINK DPW SOURCE DPW !
LXCHANG( DPW ADDRESS ADDRESS } R
SCRATCHPAD 4] 0 Q 0 | 0 0 0 DSPF LEYT HALF PAD 05P SIGN: | + -
WLLATEL FA | _SON| WOURD ADDRLSS )
MONITOR 1 0 o 0| 3 0 0 V| TERAL OCCURRENCE IDENTIFIER
EATCH ] 0o 0 o 0o o & o0 .0 0 O 1 DISPATCH  SKP | { 5KP FLAG : | FAIL . SUCC !
OIaPA ! VARIANTS FLG!{ DISP VAR : | LOCK WRTLO READ !R&.c _WRTHI ABSNT UNDEF UNDEF)
CasseTTE 13 o0 o0 o0 06 o0 0 0. 0 o 1| 0 ]|CASSETTE | - |]{CASSETTE |START STOP®STOPON UNDEF unocr(uuucrnoron unpeF]
CONTROL | MANIP VARIANTS / 4 MANLIP: TAPE | GAP - X#Y X=Y
) 6| o o o o 0 0 1 1 BIAS TST{{TEST FLG: [TST/ TEST ]
BiAS H® . | VARIANTS . FLG}{ BIAS VAR: JUNIT | F s FS fNEP FCP |NOP |NgP
STORE F INTO |{ o o 0 o o o o °o. ¢ 1 [) ° SINK DPW
D PW H ADDRESS 1
| LOAD F FROM [ L) 2. o 0 © o, 0 1 ) 1 SOURCE DPW
D PW , ] ADDRESS
CARRY FF |40 o o o] o o o q o 1 1 ofcyricye cxFieyF
MANIPULATE . CYD CYL 1 | © !
EXERCISE ) o o o o o o o o [ [ 1] o o . o R/WI|{R/W VAR READ |WRIT | ! |
MsM (L) | , VAR i
HALT ] '] 0 0 0 ] 0 [ i 0 ] 0 o 0 0 0 {
OVERLAY I o o o © o o o o ° o o o o 1 o |
__MISTRING ] ) L i
NORMALIZE X 4 ° (] 0 [ [ [] o 0 0 0 ] ° ] [ 0 1 ! {?
BIND [ o 0 [4 0 ) ) ] ) ) ) [ ] [
| A, TOPM,MBR ___ ; + ’
NO OPERATION [} o o0 o0 o [} o o0 0 ] ) og 0 [] ] [ .i
FIGURE 1 M=PROCESSOR MICRO-INSTRUCTIONS AND VARIANTS

REGISTER SELECT

REGISTE [ 2 3

GROUP

2

oNIMm Ono» UM O0NP) (o

R

FELE]

w0 NAPS un-—-O

TAS

ce
MMA DATA
READ CMND
WRIT NULL

MBR

£
NOF e Frre 0ndd

INDIVIDUAL B8ITS OF SOME. 4-BiT
REGISTERS HAVE SPECIAL
MEANINGS AS NOTED BELOW:

TS ARE NUMBERED HERE.
ACCORDING TO THE HARDWARE
CONVENTION

LATLB LC LDILE |LF
3 ©3 03 ©3 o3 o3 ¢
5B L L58
23 oc
BIT# BICN XYCN XYST FLCN
° cvL x> X¥O FL%O
' [37+) X<Y Y %0 FL<IAL
2 CvYF KXoy INT OR FL>SFL
3 LSUY  MSBX  LSUX  FL=3FL

INT OR = ANY 1 OR MORE OF 1
CLO L0 02 CUO LDI INCN T INCH D |

INCN
0 PORT DISPATCH LOCKOUT
I PCRT DISPATCH INTERRUPT

2 PORT M1 PRIORITY DISPATCH INTURMPT
3 INTERRUPT FOR MISSING PORT
ccECcp
€CO  CONSOLE SOFT HALT INTERRUPT .
CC1  1/0 BUS SERVICE REQUEST INTERPT.
€C2 REAL TIME CLOCK {100 m3S) INTERPT,
€L3 STATE FLAG (DISPLAYED ON CONSOLE ).
CDO MEMORY WRITE /SWAP ADDRESS
OUY OF BOUNDS INTERRUPT .
CD1 MEMORY READ ADDRESS OUT OF
BOUNDS INTERRUPT .
€2 MEMORY WRITE/SWAP ADDR ouT
OF BOUNDS OVERRIDE FLAG .
CD3 MEMORY READ DATA PARITY

ERROR INTERRUPT .
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INTERRUPT
OR
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cyL

3Y CPL,ARE:
SUM X+Y BINARY OR .4 BIT 8D
CMPX X NOT COMPLEMENT X
CMPY Y NOT COMPLEMENT Y
XANY  Xe¥ AND
XEOY X@®Y EXCLUSIVE OR
MSKX X MASKED
MSKY Y MASKED
XORY  X+Y OR
DtFF X-Y BINARY OR 48ITBCD
24
X | { Y

K3

4 BIT
FUNCTION

BOX
-

DECR SOR6
L38 Br

® &

4

CONCURRENCY
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12.LT

40T

XYST,
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L
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TANT : MAXM o144 ® 5148

S513A 5138

. - L cvL INTERRUPTS
1 cYp

ONSTANT: MAXS S0ZA 202D

SO1A SELECT| BTN cC yco

i ®©
SO00A (z? 095 sSTaTE |
[ C
CvF ) ol = LAMP

TA[TB|TC|TDITE[TF|
T

M-STRING
MEMORY
MSMA .

16 BIT FL
ADDER

STACK POINTER

e DATA ONLY
Lo TAS @ ] cPL m
(01)
—LR INCN B.LIT LHROR
{o2) D - CormECTION
= A+MBR 7L88.T
(23) [ BR | lra FA ®
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(31) @ 28 24 é) l
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L
| B |
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LiMIT PORT DEVICE
S+-ADDR INTERFACE
CHECK CONTROL

@) 24 R[A‘D A WRITE

.
o
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)49

:

FIGURE 2

M=PROCESSOR REGISTERS
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3.1.2

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=-MEMORY PROCESSOR
SANTA BARBARA PLANT PeSe #1913 1747

PRODUCT DESCRIPTION
PROCESSOR REGISTERS

o]

The M Register (micro-register) is a 16-pit register wused
to hold the active micro-instruction (M-instruction or
micro-operator or M-ople. The state of this register is
decoded to enable the different control signals within the
processor to perform the operations called for by the
M=0p. The M Register is broken into 4 fields for decoding
that are structured such that 60 distinct M=ops <can be
decoded.

The M Ragister is addressable as a source and as a sink
(destination). When used as a sink registers the source is
bit-0Red with the upcoming M~op. Exception: In TAPE mode.,
the source is not bit-0ORed with the upcoming M~op.

MSM .

The MSM (micro-string memory or M-Memory) Register 1is a
pseudo register that is addressable as a source when the
control panel shows HALTY» or as a sink when the control
panel 13 switched to TAPE mode. As a sourcer» MSM contains
the micro-instruction that is pointed to by the A Register
(See Section 3.1.3). It is addressable as a sink by the
micro-instructions MOVE 24=-BIT LITERAL and REGISTER MOVE
in the TAPE mode. (See Section 3.4.1s REGISTER MOVE.)

M=Memory i3 a high-speed memory used to hold the sequences
of micro-instructions that perform the macro-operations
called for by S-~lLanguage operators. - The S=-op®s are
normally located in main memory (B1700 S-Memory). M=Memory
is available in increments of 1024 16-bit words up to a
maximum of 4096 16-bit words. Any excess strings of
micro~instructions which do not fit 1dinto the instatled
M=Memory are located in main memory.

Normal micro-programming should order micro-instruction
sequences = sn that the fastest execution speed possible is
achieved regardless of the actual size of the installed
M-Memorye. Significant improvements in throughput are
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achieved when more and more of the important sequences of
M-instructions are located in the M-Memory, since the
M-Memory 1is at least five times faster than main memory.
The M=Processor is capable of overlap operations with main
memorye.

M=Memory is addressable as a source and as a sink. The
tocation accessed is usually determined by the contents of
the A Register, which normally point to the next
micro~operator. However» the micro-cperator READ/WRITE MSM
accesses the word determined by the contents of the L
Register as does the MOVE SMEM TO MMEM (overtay)
micro-operator. v '

M=Processor=-2 provides an additional parity bit wused to
check parity. "0dd” denotes good paritye

A» MBR AND TOPM REGISTERS

The A Register is a 14-bit micro=program address register
capable of addressing 16,384 micro-operators located in
M=Memory and/or main memorye.

The A Register is capable of having binary increments from
0 through 4095 added to or subtracted from 1it. A
high-speed <carry adder facilitates micro=program
branchings The A Register {5 automatically incremented
during RUN mode. Wrap-around can occur and is permitted.

The A Register can be addressed as a source and as a sinke.
When wused as 3 sources the contents of the A Register are
multiplied by 16« #When wused as a destinations the
rightmost 4 bits of the source are lost.

Associated with the A Register is a &4-bit TOPM (Top of
M-Memory) Register. This register, multiplied by 512, is
compared with the A Register to determine from which
memory (M-Memory or main memory) the micro-operator is
addressed.

If the address in the A Register is equal to or is greater
than the address denoted by {(512) X (TOPM)» the
micro-operator is obtained from main memory., otherwise, it
is obtained from the M-Memory. :
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To obtain the micro-operator from main memorys the A
Address is multiplied by 16 and added to a 24-bit MBR
(Micro=Instruction B8ase Register) to yield a bit address
pointing to the micro-operator. (In S-Memory Processor=2.
the Bit Address Modulo 16 must equal zero).

Both the TOPM and MBR Reqgisters are addressable as sources
and as sinkse

The TOPM Register is cleared to the binary value 1000 by
the system clear signal.

The MBR,» A» and TOPM Registers are addressed as destination
registers by the micro-operator "BIND".

3.l A STACK

The A Stack is 32 words deep by 24 bits wider does not have
automatic hard overflows and operates as a push-douwn stack
With a last=in, first-out type of structure. Using this
stacks the microcoded routines operate in - the normat
software call-return type of programming. This allows for
a highly shared microcode structure and reduces the
associated memory requirements. Although the A Stack is
not idintended to be used as an operand stackes it has
purposely been made 24 bits wide to altlow Llimited
capabilities for operand storage.

Wrap around of the TAS pointer is provided. That is», 32
consecutive pops or 32 consecutive pushes will cause the
TAS pointer to contain its original contents.

315 TAS

The TAS (Top of Stack) Register is a 24-bit register which
is the top of the A Stacke. The TAS Register is addressable
as 8 source and as a sink. References to TAS result in the
stack being automatically pushed or popped.
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X AND Y

The X Register and the Y Register are 24-bft general
purpose registers used primarily to hold and to act as a
source for the two operands of the arithmetic and
combinatorial unit. Each register 1{is addressable as a
source and as a sink.

Both registerss, along with the L Register and the T
Registers are capable of read/write operations with main
memorye.

Both registers are capable of all SHIFT/ROTATE operations.
The X Register 1is capable of the NORMALIZE and the
READ/WRITE MSM operations.

L

The L Register is a 24-bit general purpose register used
typicalty to hold Logical flags for the amicro—-progranm
code. The L Register», as well as each 4-pit group of L
(denoted as LAs LBes LC» LD» LE» and LF)» is addressable as
a source and as a sink.

DISPATCH operations use the L Register as the source or
sink for a 24-bit message (usually an address) which 1is
stored in/fetched from S-Memory location zero.

OVERLAY M-MEMORY operations use the | Register as the
source of the starting M=Memory address to be used in the
M-Memory overtlay operation.

The BIND cperator uses the L Register as the source of the
24=pit value to be moved to the MBR.

Since the L Register is addressable in 4-bit groupss its
contents are available for analysis and alteration via the
4=-bit function box. MANIPULATE» SKIP and BIT-TEST-BRANCH
instructions can operate on L data.

The L Register {5 one of 4 registers (X» Y, L, and T)
capable of read/vrite operations with main memory.
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The READ/WRITE MSM operator uses the L Register as the
source of the M=Megmory address to be used in the
operatione.

3.1.8 T

The T Register is a 24-bit general purpose register wused
primarily for the interpretation of S=Language
instructions. The T Register, as well as each 4=bit group
of T (denoted as TA» 18, TC» TD» TE» and TF)» is
addressable as a source and as a sinke

DISPATCH operations use the least significant seven bits of
T as the source or sink for the port and channel
information associated With the DISPATCH operation.

The BIND operator uses the T Register as the source of the
4=bit value to be moved to the TOPM Register and as the
source of the 1l4-bit value to be moved to the A Register.
The value to be moved to TOPM s contained in the
rightmost (LSB) 4 bits of T while the value to be moved to
A is contained in the teftmost (MSB) 20 positions of T.
Note that when data is moved to As it will be truncated on
the Left.

Since the T Register is addressable in &4=-bit groups, its
contents are available for analysis and alteration via the
4=-pit function box. MANIPULATE», SKIP and BIT-TEST-BRANCH
instructions can operate on T data.

The T Register is one of & registers (X» Ys» Lr and T)
capable of read/write operations with main memory.

The T Register is also capable of the SHIFT/ROTATE and
EXTRACTY operationse.

3.1.9 FA

The FA Register (Fiald Address) is a 24-bit register wused
primarily to hold an absolute bit address for main memory.
It has the capability of directly addressing any bit in
the memory starting at any pointe
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The FA Register is addressable as a source and as a sink.

The FA Register is capable of being counted up or down by
a Literal in a micro-instruction or by the value contained
in CPL in order to facilitate iteration through a memory
fietd. It can be incremented or decremented by a value in
a Lleft scratchpad worde. It also has the <capability of
being 1oadeds storeds, or swapped along w«ith F3 into a
double scratchpad worde.

Neither overflow nor underflouw of FA is detected. The value
of FA may go through its maximum vatue or 1its minimum
value and wrap around.

J.1.10 FB

The FB Register is a 24-bit register which <can be
functionally divided into three portions: a 4=bit FU
(Field Unit) register, a 4~bit FT (Field Type) register,
and a 16-=bit FL (Field Length) register.

The FB Registers as well as each &-bit portion of F8
denoted as FU, FT» FLC» FLD» FLE, and FLF is addressgble
as a source and as a sfnk. In additions the 16-bit portion
comprised  of FLCes FLOs FLE» and FLF and denoted as fFL is
‘also addressable as source and as a sink.

The FU Register holds the length of the unit which makes up
a field in memory. The FT Ragister holds field type

information while the FL Register holds the total Llength

of the fields FL i3 capable of describing fields up to

65,636 bits and can he adjusted up or down by a literal in

a micro-instruction or by the vatlue contained in CPL in

order to facilitate iteration through a memory field.

Note: Overflow of FL is not detected. The value of FL
will go through its maximum value and wrap around.
Underflow of fFL is detected and will not wrap
around. The value of zero is left in FL.

Since the FB Register is addressable in 4-bit groups, its
contents are available for analysis and alteration via the
L=hit function box. MANIPULATE, SKIP and BIT=-TEST~BRANCH
instructions can operate on FB data.
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FB has the capability of being loaded» stored, or swapped
along with FA into a double scratchpad memory word.

FU and FL along with corresponding portions of the first
cell of scratchpad are used to set the various conditions
of FLCN (see Section 3.1.12, FLCN) and the various
conditions of the CP register {(see Section 3.4.20, BIAS).

SCRATCHPAD

A scratchpad memory of sixteen 48-bit words is provided to
hold field descriptors during the iteration of operandse.
some cells may be used to hold S~Language stack pointers

and other processor registers which are under constant
manipulation.

The FU and FL portion of the FB Register and like portions
of the first cell of the scratchpad are used to set the
various conditions of FLCN (see Section 3.1.12» FLCN) and
the various conditions of the CP register (see Section
3.420» BIAS).

FLCN

FLCN (field length condition) is a 4~bit pseudo register
that holds the result of a static comparison of the FL
portion of the FB register and the corresponding portion
of the first scratchpad word. 1[It 1is addressable as a
source only.

B A D WS W WD CE M WD W SN N S P W W R W SR A A B A W AR WD SR S e DO WE RS WS AR e AR e

FLCN2 | FL=SFL | FL>SFL § FL<SFL { FfL neq 0 |

BR AND LR

The LR and BR Registers are both 24=-bit registers and are
used for memory oprotection and for base relative
addressing. Memory protection is provided by checking the
memory address in FA with the BR (Base Register) and the
LR (Limit Register) for all memory cycles. Any address
outside these bounds is flagged in the CD Register. A
memory READ operation is always allowed whether inside or
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outside the boundary., but HRITE or SWAP operations are
allowed outside the boundary only if the override bit of
the CD register is true. A memory address equal to the BR
or LR is5 considered in bounds. Note: The memory protection
is provided only on the initial pointer and does not
provide protection on those memory bits accessed when the
Field Length is greater than one. The COUNT operation
specified by the count variants will take place regardless
of wuhether or not the memory cycle takes place.

Each register is addressable as a source and as a sink.

c

The C (control) Register is a 24~bfit register which is not
addressable is an entity but which is functionally divided
into one 8~pit section and four &4=bit sections.

CP (CYFs CPU,» CPL)

The 8-bit sections addressed as CP» is comprised of the
arithmetic wunit carry flip~flop (CYF)» the 2=-bit unit
control for the arithmetic wunit (CPU) and the 5-bit
variable data length control (CPL). cPuU is also
addressable as a source and as a sink and when so
addressed can be treated as if it were a 4-bit register
whose Leftmost 2 bits are always equal to zero.

T e R AR WS W e W A A AR A WS WD A W NS e

ce: § CYF t CPU 1t CPL 1
i 0-..1 ] 00003 ] 0...31 i

W DA AR W WS AR R A TR Em WD SR G A R G WS MR WR WS D W W wD e

i
======L5B

CA» CB» CC» CD

The remaining 16-bits of the C Register are addressable in
4-pit groups as CA» €B» CC and CD. Their contents are
available for analysis and alteration via the 4-bit
function box. MANIPULATE, SKIP and BIT-TEST-BRANCH
instructions are applicable.
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The 4~bit groups designated as CA and C3 have no special
functional assignment and are avaitable as general purpose
4L=Hit storage registers.

The two 4-bit registers designated as CC and CD are wused
for the storage of varjious processor states and conditions
as shown below:

I CONTROL PNL TIMER 1 Is/0 BUS t CONTROL 1

CC: 4 STATE LANP | INTERRUPY | INTERRUPT 1 PNL |
i FLIP~FLOP { | f INTERRUPT |
/N
i
LS8
1 MEMORY { MEMORY ADDR I MEMORY ADDR 1 MEMORY ADDR 1
CD2 4 READ DATA { WRITE/SHAP I READ 1 WRITE/SHWAP 1

I PAR ERROR | OUT OF BOUNDS & OUT OF BNDS 1 OUT OF BNDS |
! INTERRUPT 1 OVERRIDE CNTL 1 INTERRUPT ! INTERRUPT 1
A
1
LS8

The control panel state lamp flip~flop when true will cause
the STATE lamp to tlight.

The timer interrupt signal is developed from the primary
pouer frequencyr» field adjustable for either 50Hz or 60Hz.
The interrupt signal is received and is used to set the
appropriate CC bit once every 100 milliseconds.

The 1/0 Bus interrupt level is derived from the various I/0
controls connected to the processor?s [/70 Bus, The tlevel
is the result of a sarvice request by one or more controls
and is used to set the interrupt bit every clock time.

The control panel interrupt level is derived from the on
position of the control panel®s INTERRUPT switch. The
Level from the switch is used to set the 1interrupt bhit
every clock time.
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The memory read data parity error interrupt is s2t as ~a
result of a parity error detected during:

(1) console READ of S=Memory by M-Processor=1,
(2) READ/SWAP/DISPATCH overtay from S-Memorys

€3) Micro~op fetch from M-Memory if H/F flip-flop = 1 (no
halt),

(4) MOVE MSM TD REGISTER if H/F flip-flop = 1 (no hatt).,

{(5) micro~op fetch from S-Mamory by Processor=1 {(program
halts)

The S=Memory {(main memory) parity error signal is received
from the Port Interchange via the port=processor
interface, .or in the case of direct connection, from main
memory. The M=-Memory parity error signal is developed fronm
logic in the processor.

The memory address out-of-bounds signals are derived from
Logic which compares the contents of the FA Register with
the contents of the Base (BR) and Limit (LR) Registers on
all wemory accesses. The state of the out-of-bounds
override control bit does not affect the setting of
out-of-bounds interrupt bHits but does affect the
occurrence of the subsequent write operation. (See Section
33.7» Base and Limit Registers.)

No reaction occurs as a result of any interrupt until the
micro=program tests the interrupt bit.

A micro=instruction or the control panel CLEAR pushbutton
is capable of resetting a bit in the C Register. The bit
being resat will be false for at least one clock perind
following the reset regardless of the continued existence
of the condition to set the bit (e.g.» control panel or
service regquest interrupts). Any test micro-operator
executed in this clock period will find the bit false. If
the condition does not continue to exist beyond the reset
times a failure to set the bit may occur (ee.g.» timer
interrupt).
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MAXS»s MAXM

MAXS and MAXM are both 24-bit pseudo registers that can be
field-adjusted to give the actual size of the memories
installed in the system. Both are addressable as sources
only. MAXS5, for main (S) memory, has 4K-byte resolution
(least significant 15 bits are atlways zeroces). MAXM, for
control (M) memory has a 1K-word resolution (least
significant 10 bits are always zeroes).

U

The U Register is a 16-bit register wused primarily ¢to
accumulate the bit-by=-bit input from the control panel's
tape cassette. The U Register is addressable as a source
register onlye.

In RUN mode, if data is not yet available in the register»
the micro-operator will be delayed. Data not accepted in
time will be lost.

In TAPE modes», the register's contents are automatically
moved to the M Register for execution except when
executing micro-operators that reference the U Register as
a source. In these cases the source data is moved directly
from the U Register to the destination and will not be
treated as an instruction to be executed. The next
instruction from the tape will follow this data. For MOVE
24-8BIT LITERALs the 8 bits of ¢the Lliteral in the M
Register are also moved to the destination. For
CONDITIONAL BRANCH» the A Register may be changed but the
next micro-operator read from the tape will also be
executed. _

Note: In RUN mode, the U Register may not be addressed
after the issuance of a CASSETTE STOP micro.

DATA

DATA is a 24-bit pseudo register that can act as a source
or as a destination. It is used to transfer data to and
from the 1/0 Bus. When it 1is wused as a sources the
processcr generates the RC (RESPONSE COMPLETE) signal to
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the interface and accepts the 24=bits of data from the
bus. When used as a destinations, the processor generates
the RC signal to the interface and the data from the
designated source to the bus.

CMND

CMND (Command) is a 24-bit pseudo register that can act as
a destination only. It is used to transfer commands to
devices on the I/0 Bus. The processor generates the CA
signal to the idnterface and moves the data (or the
command) from the designated source to the bus.

NULL

NULL is a 24-bit pseudo reqgister that can act as a source
and as a destination. When addressed as a source, all
zeros are supplied to the destination. When addressed as
a destinations, the source data is not accepted. However,
NULL is useful as a destination in order to pop the TAS
Register without affecting other registerse.

READ

READ is a 24-bit pseudo register that can act as a source
only. When addressed as a source, infarmation on the

positions of the control panel switches is supplied to the
destination.

WRIT

WRIT is not permitted to be addressed as a source or as a
destination, but is used in conjunction with a memory
WRITE operation from the control panel.
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24~BIT FUNCTION BOX

The 24-bit "function box™ 1is composed of a 24=hit
arithmetic unit and a 24~bit combinatorial unit. [t has as
data inputs the contents of the X and Y Registers and the
carry flip~flop (CYF). It also uses CPU {control for the
arithmetic unft) and CPL (the 5S-bit variable operand
tength) from the CP portion of the C Register.

ALt results from the combinatorial section are generated
immediately and are continuously available to the
micro=programmer. A move to one of the input registers or
an alteration of a value in the CP portion of ¢the C
Register immediately generates a new result. The results
are available to the next micro-instruction and are
accessed by moving the contents of a result register to a
destination register or by testing one of the 4-bit
condition registers.

The results are most of the commonly used functions between
two operandse These include the And» Or» Exclusive-Qr»

sums carry=-outs, difference, and borrow functions and the

set of equal=tos greater=-thans, and Less-than relationalse.

The results of the unary operations of complementation and

masking are also available.

The results of the arithmetic unit are under control of the
CPU and the CPL Registers as follows.

cPu UNIT TYPE POSSIBLE CPL VALUES DATA TYPE

00 1~-bit operands 1 to 24 Binary

00 4=bit operands 4,8,12,16,20r0r 24 4=bit binary
10 Undefined ' _

11 8-bit operands B8, 16, 24 EBCDIC

For valid arithmetic operations., the operand Llength (as
specified by CPL) must be an exact multiple of the length
of the unit specified by CPU.

The contents of each of the reqisters described in the
following subsections are immediately available to the
micro-programmer.
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J.2.1 SuUM

SUM is a pseudo register equal to the sum of the X» Y» and
CYF Registers (X ¢« Y + CYF). Zero bits 1in the more
significant bit positions of the 24-bit result are
produced when the length as determined by CPL (5=-bit
variable data length control) is 1less than 24. Results are
not defined for CPL values 25 through 31. The carry-out
level i3 generated from the bit position of the output
specified by CPL. If CPL = 0» the carry=-out level is equal
to CYF. If CPL = 1» the carry=out level is generated from
the rightmost bit of X» Y and CYF. See Section 3.1.14.1,
CP (CYF» CPU» CPL).

If CPU (2=bit arithmetic unit control) = 00, the binary sum
is produced. Se8 Section 3.1.16.1» CP {CYF,s CPU, CPL).

I1f CPU = 01» the decimal sum is produced by considering the
X and Y inputs to be comprised of six 4-pit units. Results
are not defined for non-Binary Coded Decimal (8BCD) unitse.
CPL must be a multiple of four.

I1f CPU = 10 or 11, the sum is undefined.

3.262 DIFF

DIFF is a pseudo register equal to the difference of the X,
Ye and CYF Registers (X - Y = CYF). Zero bits appear in

the more significant bit positions of the 24-bit result

when the length as determined by CPL is {ess than 24.

Resuits are not defined for CPL values 25 through 31. The

borrow-out level, generated from the static comparison of

all 24=bits of X & Ye i8 true if X < Y or if X = Y and CYF

is true.

1f CPU = 00} the binary difference is produced.

If CPU = 01» the decimal difference 1is produced by
considering the X & Y inputs to be comprised of six 4-hHit
units. Results are not defined for non-BCD units. CPL must
be a multiple of four.

If CPU = 10 or 11» the difference is undefined.
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A negative result is in 2's complement form in the binary
case and in 10's complement form in the decimal case.

XANY, XORY» XEDY

XANY (X and Y)» XORY (X or Y), and XEOY (X exclusive-or Y)
are 24-bit pseudo registers that hold the results of the
specified Logicat functions. Zero bits are produced in the
more significant bit positions of the 24-pit result when
the 1length as determined by CPL is less than 24. Results
for the CPL values 25 through 31 are not defined.

CMPX» CMPY

CMPX (complement of X) and CMPY (complement of Y) are
24=bit pseudo registers that hold the 1's complements of
the specified registers. Zero bits are produced in the
more significant positions of the 24~bit result when the
Length as determined by CPL is less than 24. CPL values 25
through 31 have undefined results.

MSKX» MSKY

MSKXs (mask of X) and MSKY {(mask of Y) are 24=bit pseudo
registers that hold the mask of the appropriate register
{X or Y). B8eginning with LSB of X or Y, the number of bit
positions included in the mask is determined by the value
of CPL. Zero bits are produced in the more significant bit
positions of the 24-bit result when the tlength as
determined by CPL i3 less that 24. Results are not defined
for CPL values 25 through 31.

BICN

BICN {binary conditions) is a 4-bit pseudo register that
holds the following binary conditions, considered as a
4=bit group»,. and addressable as a source only:
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NOTE: CYF is also addressed by the SET CYF M-Instruction
as well as being available in the (8-bit) group
addressed as CPe.

Lo A X R P E N L R N R E 2 N R K F X ¥ W 2 1

BICN: f LSUY § CYF 4 CYD ¢ CYL |

L L] 1 ]

i | { Carry Out tLevel
i 1 Borrow-gut Level

{ Carry Flip=Flop

Least Significant Unit of Y

The carry-out Level is a function of X» Ye CPL» and CPU.
See Section 3.2.1. The borrow~out level is a function of
Xe Y» and CYFe. See Section 3.2.2» DIFF.

LSUY is true if the Least significant unit of Y is equal to
1 and CPU = 00 or 10» or if the least significant unit of
Y is equal to 1001 and CPU = Q1 or 11.

J.2.7 XYCN

XYCN (XY condition) is a 4-bit pseudo register that holds
the foltowing relational conditions, considered as a &4=-bit
group and addressable as a source onlys:

L L P B Er T R TR R P Y R Y FF P Y R oy

XYCN: | MSB8X 1 X=Y 1 X<Y § X>Y 1

L E PR P E L E PR EEEEL R E Y R T ¥

MS5BX is true if the bit in X referenced by CPL is 1. CPL =
1 references the rightmost bit of X while CPL = 24
references the leftmost bits. MSBX = 0 §f CPL = 0.

The relational results are based on the binary value of all
24=bits of X and Y.
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3.2.8 XYST

XYST (XY states) is a 4-bit pseudo reagister that holds the
following relational conditionss considered as a 4-bit
group and addressable as a source only:

XYS5T: § LSUX 1 INT t Y neq 0 § X neq O |

L L L X P ¥ L T X T R R X T R T N P T Y N

LSUX is true when the least significant unit of X is equal
to 1 and CPU = 00 or 10» or when the least significant
unit of X is equal to 1001 and CPU = 01 or 1l.

The relational results are based on the binary vatue of all
2% bits of X or V.

INT is true if any of the following conditions as reflected
in INCN» CC» and CD are true. (See Section 3.1.1C» INCN
and 3.1.14.2» CA, CB» CCs» CD.)

1. Missing Port Device

2e Port Interrupt

3. Timer Interrupt

ba Bus I/0 Interrupt

S5 Control Panel Interrupt

6e Memory Parity £rror Interrupt

7. Memory lrite/Swap Address QOut of Bounds Interrupt
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INCN

INCN (interrupt conditions) is a &4~-bit pseudo register.
source onlys, that reflects the state of certain interfacae
Lines between the processor and the port interchange.

L L E KR B T R T 3 P R P T X T R E 2 R T T E T W T X PR T R E T T X T E L K X K T J

1 PORT I PORT 1 PORT t PORY |

INCN: J MISSING § HI PRIORITY 1 INTERRUPT | LOCKOUT 1
t DEVICE 1 INTERRUPT 1 i i
PERR

PERR (parity error) is a 4=bit register» source only, that
reflects error conditions as follows:

{ NO t M=-MEMORY {§ S~-MEMORY § CASSETTE |
§ ASSIGNMENT  PARITY 1 PARITY I PARITY 1
i 1 ERROR 1 ERROR -4 ERROR 1

The true stafa of any bit causes a console lamp to be
iltuminated_and a processor halte.

The PERR Register is cleared by:

(1) a general CLEAR .

(2) control panel STARY pushbutton depresseds

(3) console READ of S=Memory or M=-Memory i.e.» READ/WRITE
or INC pushbutton depressed.

The M=-Memory parity error bit is set if a parity error is
detected during:

(1) console READ of the MSM Registers, i.e.s READ/WRITE or
INC pushbutton depresseds

(2) fetch of a micro—operator from MSM if hatlt/flag C(H/F
flip flop) = 0 (HALT).,

(3) REGISTER MOVE of MS5M if hatt flag = 0»

(4) SCRATCHPAD MOVE of MSM is hatt flag = 0.



3.3

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=-MEMQORY PROCESSGOR
SANTA BARBARA PLANT PeSe #1913 1747

The S~Memory parity error bit is set if a parity error is
detected during:

(1) «console READ of S=Memorys ie€es» READ pushbutton
depresseds
(2) fetch of a micro~-operator from S—Memorye.

The cassette parity error bit is set if a parity error is
detected during a CASSETTE READ.

PERR is present in M=Processor=2 only. If addressed as a
source by a M-Processaor=-1., zero bits are returned.

4-BIT FUNCTION BOX

The 4~bit function box (4=bit arithmetic and combinatorial
section of the processor) can acceptr, as one of its
inputss the contents of any of the following 4~-bit
registers and pseudo registers. The second input is
obtained from the M=Instruction itself.

TA 18 TC T TE TF
LA LB LC LD LE LF
Fu FT FLC FLD FLE FLF
CA CB cc co TOPHM CcPU
BICN XYCN XYsST FLCN INCN PERR

Qutputs include the result of most of the commonly wused
functions between two operands; for example: set» ands, or.»
exclusive=~ors and binary sum and difference (both modulo
16). ODutputs are directed back to the source registere.

The sum and difference output can be tested for overflow
and underflow respectively and, based on the tests a skip
of one instruction can be made.

The 4=-bit function box also provides for the selective
testing of one of the bits of a four-bit group and
relative branching based on the result of the test. A skip
of one instruction based on the result of testing on a
combination of up to four bits in the group 1i5 also
provided.

BICN» XYCN, XYST» FLCN» and INCN are not actually registers
but can be sourced as if they were. They can be changed
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only as a result of changing the condition which they
reflect.

CPU is actually a 2-bit register but can be addressed as {f
it were a 4=-bit register whose leftmost 2 bits are always
equal to zero.

3.4 M=INSTRUCTIONS

Jehal REGISTER MOVE

1 0P 1 SOURCE ! SOURCE ! DESTINATION 1 DESTINATION |

FORMAT: | CODE § REGISTER | REGISTER 4§ REGISTER I REGISTER {
1 0001 1 GROUP # { GROUP # 1 SELECT # 1 GROUP # 1
{ 1 0 -15 {f Qeeel I Qeeeld I Deeal5S L]

D WD R G D A A AR A TR A AN 0SNG SR AR WD AN A N D R A D AR R R A A S TR WS UL AR WD SR SR G NS MR SR AR R D ED AR D R TR N AR @

Move the contents of the source register to the destination
register. If the source register is smaller than the

destipation register, data are right justified with Left

{most significant) zero bits supplied. If the source

register is larger than the destination register» data are

truncated from the left.

The contents of the source register are unchanged unless it
is also the destination register.

Exceptions:

1. When M is used as a destination register in RUN or
STEP modes» the operation is changed to a bit-0OR which
modifies the next micro-operation. It does not modify
the instruction as stored in the w@memory. In TAPE
moder, no bit-0OR takes place.

2a WRIT and CMND are excluded as source registers.

3. BICN» FLCNs XYCNese XYST» INCN» READ» HRIT; SUMs CMPX»
CMPY» XANY, XEOY, MSKX» MSKY, XORY» DIFF» MAXS, MAXM,
and U are exctuded as destination registers.

ba When DATA is designated as a sources, CMND and OATA
are excluded as destinations.
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Se When U or DATA is designated as a source and when the
next micro is to be obtained from main memory, M is
excliuded as a destination.

6e U is excluded as a source in STEP mode.

Joba?2 SCRATCHPAD MOVE
i oep { RGSTR {1 RGSTR | DIRECTION 1 SCRTCHPD 1 SCRTCHPD |
FORMAT: 1 CODE § GRP # | SLCT# & O TO SCRTCHPD { WORD 1 WORD i
1 0010 ! OeeelS | Quaeed § 1 FROM I O-LFY WRD I ADDRESS
i i i 1 SCRTCHPD 1 1-RT WRD (| Q.es15 i
Move the <contents of the register (SCRATCHPAD) to

SCRATCHPAD (registerl. If the move is between registers of

unequal Lengths, the data is right justified with Lleft

(most significant) zero bits supplied or with data

truncated from the left, whichever is appropriate.

The contents of the source register are unchanged.

Exceptions:

1. When M is wused as a destination register, the
operation is changed to a bit-or which modifies the
next micro=-operation. It does not modify the
instruction as stored in the memory.

e WRIT and CMND are excluded as source registerse.

e BICN» FLCN» XYCN», XYST» INCN» READs WRIT, SUM» CMPX,
CMPY» XANY» XORY» XEOY» MSKXs MSKYs DIFF» MAXS», MAXM

and U are excluded as destination registers.

44 U is excluded as a source in STEP mode.
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SWAP F WITH DOUBLEPAD WORD

AR WS W W WP TR D W SR WS U WO R WS R WD G W D U WD R D W R R WS R A W W -

1 OP { DESTINATION 1 SOURCE 48-BIT 1
FORMAT: t CODE { 48-8BIT 1 SCRATCHPAD {
i 0000 0111 {1 SCRATCHPAD { WORD i
1 I WORD ! 0eael5 1
i I Oesals | 1

Move the contents of the FA and FB registers to a holding
register. Move the contents of the left and right word of
the source scratchpad sord to the FA and ¥fB register
respectively. Move the contents of the holding register to
the left and right word of the destination scratchpad
Wword.

STORE F INTO DOUBLEPAD WORD

W R S D GB WD AR NS S D S NS SN D AN WD WD AR R D e

{ 0P { SCRATCHPAD i
FORMAT: 1 CODE I WORD ADDRESS ¢
1 0000 0000 0100 { 0...15 i

Move the contents of the FA and FB register to the Lleft and
right word respectively of the designated scratchpad word.

The contents of the source registers are unchanged.

LOAD F FROM DDUBLEPAD WORD

S D D SR WD A G R WS R e WS W D AR WD AW W U U R I R WS NS AN A e

{ gpP § SCRATCHPAD 1
FORMAT: 1 CODE i WORD ADDRESS 1
1 0000 0000 0101 | Oeeeld 1

Move the contents of the (eft and right word of the
designated scratchpad word to the FA and FB register
respectively.
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The contents of the source registers are unchangede.

MQVE 8-BIT LITERAL

1 0°p i DESTINATION 1 LITERAL 1

FORMAT: t CODE 4§ REGISTER i i
1 1000 1 GROUP 2 1 Cees255 1
i f O0eeel5 i 1

Move the 8-bit literal given in the instruction to the
destination ragister. If the move is between registers of
unequal Llengthss, the data is right justified with left
{(most significant) zero bits supplied. The register select
number is assumed to be 2.

Exceptions:

1) READ and WRIT are exciuded as destination registerse.

2) When M is wused as a destination register, the
operation 1is changed to a bit-or which modifies the
next micro idinstruction. It does not modify the
instruction as stored in the memory.

MOVE 24-BIT LITERAL

1 OP f DESTINATION | 24-BIT LITERAL 1§
FORMAT: { CODE {1 REGISTER I OeeeMAX 1
t 1001  GROUP # 1 {
1 f 0ae.lS i i

Move the 24-bit literal given in the instruction to the
destination register. If the move is between registers of
unequal lengthss, the literal is truncated from the Lleft.
The register select number is assumed to be 2.
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Exceptions:

1) READ, WRIT» M and MSM (except in TAPE mode) are
excluded as destination registers.

3.4.8 SWAP MEMORY
: 1 0P i REGISTER # ¢ FIELD I MEMORY 1
FORMAT: { CODE 1t 00 = X { DIRECTION i FIELD
4§ 0000 0010 ¢ O1 =Y ! 0 - POSITIVE 1 LENGTH 1
1 $ 10 =17 1 1 - NEGATIVE 1 0Q0...24 1
1 1 11 =L 1 ! i

Swap data from main memory uwith the data in the specified
register. If the value of the memory field is less than
24, the data from memory is right justified with left
(most significant) zero bits supplised while the data from
the register is truncated from the left.

Register FA contains the bit address of the memory field

whitle the field direction sign and field length is given
in the instruction.

If the value of the memory field length as given in the
instruction is zero, the value given in CPL is used.

Je4.9 READ/WRITE MEMORY
1 op { DIRECTION it COUNT 1 RGSTR # 1 FIELD { MEMORY 1
FORMAT: { CODE § O to RGSTR I VRNTS 1 00 = X § DIRECTION I FIELD 1
f 0111 ¢ 1 TO MEMORY 1 Qese7 1 01 =Y 1 0 = POSITIVE 1| LENGTH 1
1 i 1 1 10 =7 1 1 = NEGATIVE | D...26 |
I 1 1 111 =tr 1 i i

Move the register's (memory?s) contents to the memory
(register). If the value of the memory field tength is
Less than 24, the data from memory is right justified with
teft (most significant) zero bits supplied while the data



[¥¥]
™

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=MEMORY PROCESSOR
SANTA BARBARA PLANT PeSe #1913 1747

froe the register is truncated from the left.
The contents of the source is unchanged.

Register FA contains the bit address of the memory field
while the memory fiald direction sign and memory field
tength is given in the instruction.

I1f the value of the memory field length as given in the
instruction is zeros, the value in CPL is used.

Memory field Llength values (or CPL values if MFL = 0) of 25
and 26 are truncated toc the value 24. When used on a WRITE

operations the value 25 and 26 cause odd and even parity

respectively to be written into memory regardless of the

parity of the read datae

For a descrintion of the <count variantss see Section
Ta4e10, COUNT FA/FL

34410 COUNT FA/FL
1 OP i COUNT 1 LITERAL |
FORMAT: 1 CODE t VARIANTS | 0...31 |
1 0000 0110 & Oess? 1 i

o D AR N WD WD A SN GS R ADWD D G YD R B G W e -

Increment (decrement) binarily the designated register(s)
by the valué of the Literal contained in the instruction
or by the value of CPL if the value of the ({iterat is
Zero.

Neither overflow nor underfiow of FA is detected. The value
of FA may go through its maximum value or its minimum
vatue and wrap around.

Overflow of FL is not detected. The value of FL will gqo
through its maximum value and wrap arcund. Underflow of FL

is detected and Wwill not uwrap around. The value of zero is
left in FL. .

Literal values (or CPL values if LIT = 0) of 25 through 31
are truncated to the value 2%.
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Count variants are as follows:

VvV = 000 No count
001 Count FA Up
010 Count FL Up
Q11 Count FA Up and FL Dowun
100 Count FA Down and FL Up
101 Count FA Down
110 Count FL DowWn
111 Count FA Down and FL Down

SCRATCHPAD RELATE FA

1 0P { RESERVED { SIGN OFF I LEFT SCRATCHPAD 1
FORMAT: 1 CODE 1 I SPAD WORD | WORD ADDRESS {
{ 0000 1000 1 000 1 O-POSITIVE | 0Q0...15 1
{ { i 1-NEGATIVE | i

. S W D W YR VD AN SR W WR G G P GO R M N WD R M RS W IR VIR TED R UD N R A D AN WD YER VE GR MR W G AN A D A WS GRS W G w

Replace the contents of the FA Register by the binary sunm
of the FA Register and specified scratchpad register.

Neither overflow nor underflow of FA is detected. The value

of FA may 9o through its maximum vatue or its minimum
value and wrap around.

EXTRACT FROM REGISTER T

N AR WD D NS WD W D AP AN N AR SED AR U R AR AR AP AR R N M AR WS WE D N G W WS AR SR AP SR D R WA .- e

{ OP t ROTATE 1 DESTINATION 1 EXTRACT {
FORMAT: § CODE {4 BIT COUNT § REGISTER { BIT COUNT 1
1 1011 1 0...24 1 00 = X 1 Deeall i
1 i 1 01 - Y 1 1
1 i 1 10 - 7 { i
i i 111 - L 1 i

Rotate register T left by the number of bits specified and
then extract from the right the number of bits specified.
Move this result to the destination register supplying
left most (most significant) zero bits if the extract
count is less than 24.
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The contents of the source registe
is also the destination register.

A rotate value of 24 is equivalent

SHIFT/ROTATE REGISTER T LEFT

1 oP t DSTNATN 1| DSTNATN
f CODE t REGISTR {1 REGISTR
1 1010 4 GROUP # § SELECTH#
1 1 Oeeel5 1| 0eead

FORMATS

SHIFYT (ROTATE) Register T left b
specified and then move the
destination register. If the move
equal Llengths, the data is righ
truncated from the left.

The contents of the source regist
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r are unchanged unless it

to 0.

t S/R VARIANT 1 S/R {

i 0 - SHIFT | BIT COUNT 1

| | i
y the number of bits
24=bit result to the

is between registers of
t justified with data

er are unchanged wunless

the source register is also the destination register.

Zero fill on the right and trunca
for the SHIFT operatione.

If the value of the SHIFT/ROTATE ¢
instruction is zero, the value giv

Exceptions:

1. When M Js wused as a des
operation 1is changed to a bi
next micro-operation. It

instruction as stored in the

2e BICN,» FLCN» XYCN» XYSTs» INCN
CMPYs XANY, XEOY» MSKX» MSKY»
and U are excluded as destina

tion on the left occurs

ount as the

en in CPL

given in
is usede.

the
the
the

tination register,
t-or which modifies
does not modi fy
memnory.

» READs WRIT» SUM»
XORY> DIFFs MAXS,
tion registers.

CMPX,
MA XM,
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Jaball SHIFT/ROTATE REGISTER X/Y LEFV/RIGHT

i op 1 S/R I L/R i X7Y I S/R I

FORMAT: { CODE I VARIANY { VARIANT § VARIANY | 81T 1
1 0000 0100 § O-SHIFT 1 O-LEFY | 0O=X REG I COUNT 1
{ f 1-ROTATE 1 1-RIGHT & 1-Y REG | 0...24 l

SHIFY (ROTATE) Register X or Register Y left (right) by the
number of bits specified.

Zero fill on the right and truncation on the left occurs
for the Lleft shift. Zero fill on the left and truncation
on the right occurs for the right shift.

34415 SHIFT/ROTATE REGISTERS XY LEFT/RIGHT
i opP i S/R 1 L/R i S/R {
FORMAT: t CODE I VARIANT ! VARIANT 1 BIT 1
§ 0000 0101 Vv O=SHIFT 1 O-LEFYT 1 COUNT 1
L 1 1~ROTATE {§ 1-RIGHT ! O...48 1§

R A . ST P S S AR AR U Wh R A N S A S e -

SHIFT (ROTATE) Register X and Y Left (right) by the number
of bits specifieds The register X is the leftmost (more
significant) half of the concatenated 48~bit XY register.

Zero fill on the right and truncatfon on the left occurs
for the Left shift. Zero fill on the Lteft and truncation
on the right occurs for the right shift.

3.4.16 NORMALIZE X
1 0OP i
FORMAT: 1| CODE i

i 09700 0000 0000 09211 1
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SHIFT the X Register left while counting FL downs wuntil
FL=0 or until the bit in X referenced by CPL = 1. Zeros
are shifted into the rightmost end of X.

CPL =1 references the rightmost bit of X while CPL = 24
references the {eftmost bit of X. CPL is undefined.

READ/WARITE MSM

FORMAT: 1 0P CODE i VARIANTS 1 R/W VARIANT |
f 0000 0000 0111 1t G/8B 1 H/F 1 S/N 1 O TO X {
L 1 § { 1 1 FROM X 1

EL E W T R R T EFEEFEEREEEERE LT L ELLEEEE E XL E T E L E R X 2 R L R T X J

Move the contents of the X Register to the M-Memory word
specified by the address contained in the L Register if
the R/M variant bit = 1. The data is truncated from the
left.

Move the contents of the M-Memory word specified by the
address contained in the L Register to the X Register if
the R/W variant bit = 0. The data is right justified with
left (most significant) zero bits supplied.

The lower 4 bits and the upper 8 bits of the address in L
are ignored.

READ/WRITE MSM causes the A register to be moved to the TAS
Register and the L Register to be moved to the A Register
before the instruction is executed. The TAS is restored to
A after the READ/WRITE MSM operation is completed.

The S Variant is used to enable the set/reset of the (/8
and the H/F flip flops. If S = 1, the G/8 and H/F flip
flops are set/reset by the G/78 and H/F variants. If S = 0»
no change is made in the G/8 and H/F flip flopse.

I1f the G/B flip flop is trues, 3il READ/WRITE MSM goperations
witt force bad parity in the addressed word. If the G/8B

flip flop is fatse, all READ/WRITE MSM operations witll

force good parity in the addressed word.
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1f the H/F flip flop is true, the processor upon reading an
M=-Memory word containing a parity error will flag the

error condition by setting a CD bit true. It will nrot

hatte. If the H/F fLip flop is false, the processor upon

detection of a parity error in reasding an M=Memory word

will flag the error condition by setting PERR bit 1 true

and then halt. Reading an M=-Memory word occurs when

fetching a M-op from M-Memory or when moving an M-Memory

Word to any destinatione.

The H/F and G/B flip filops are cleared to zero (false) with
the CLEAR signal. If S = 1, the G/B and H/F flip flops are

set/reset prior to the execution of the READ/JWRITE MSM

portion of the operatione.

3.4.18 CALL
1 0° § DISPLACEMENT | DISPLACEMENT 1
FORMAT: | CODE 1 SIGN 1 VALUE i
I 111 t 0=POSITIVE 1 0eeol095 1
i I 1=NEGATIVE i 1

Push the address of the next in=line micro-instruction into
the A Stack and then fetch the next micro-instruction from

the Location obtained by adding the signed displacement

value given in the instruction to the address of the next

in-line micro=-instruction.

A displacement values indicates the number of 16-bit words.

Note: When the A Address is stored in the A Stack, it is
multiplied by 16 and stored as a bit address.

Notes Exit 1is accomplished by employing the REGISTER
MOVE instruction with the TAS as the source
register and A as the destination register.
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Jekol9 BRANCH

- - s - MR N Y S R AR G D RS W S WE D G SR D D SN WS RGP WY AR GR WS W G

t OoP I DISPLACEMENT § DISPLACEMENT |

FORMAT: 1 CODE 1§ SIGN I VALUE |
1 110 1 0=POSITIVE I 0ueas095 i
| 1 1=NEGATIVE i |

L BT L P N L R R L LR B R L E 2 B X T X T X J

Fetch the next micro~instruction from the tocation obtained

by adding the signed displacement value given in the
instruction to the address of the micro-instruction
next-in=line.

A displacement value indicates the number of 16~bit words.

3.4.20 BIAS
1 op | VARIANTS | TEST CPL NEQ 0 FLAG I
FORMAT: | CODE i 1 0 - NO TEST i
1 0000 0000 0011 § Oeea7 { 1 - TEST CPL RESULT |

D A AR SRR AR S SR G N AR AR WS R R A R S A RS DD AR WS D R RGN D G W G W WD R N GRS R R AR WR D W R e

Set CPU to the value 1 §if the value of FU is 4 or 8 and to
0 otheruwiser unless Vv = 2. If V = 2, the CPU value 1is
determined by SFU in lieu of FU.

Set the value of CPL to the smallest of the vailues denoted
on each Ltine in the following table.

VALUES

FU

24 and FL

24 and SFL

24 and FL and SFL
CPL

24 and CPL and FL
cPL

cPL

NOVESEWNNEESO <
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If test flag equals 1 and final value of CPL is not 2zeros
the next 16=-bit micro~instruction is skipped.

3.4.21 SET CYF
{1 QP 1 VARIANTS |
FORMAT: 1 CODE 1 1

1 00600 0000 0110 § 1,2,4»8 |

Set the carry flip-flop as specified by the variants.
vV = Set CYF to 0
Set CYF to 1
Set CYF to CYL
Set CY¥ to CYD

[« -BF VI g

Note CYD = (X<Y) + (X=Y)CYFf.

3. 4022 4-BIT MANIPULATE

S S N R AR WS W WD RN G WD AR A N AR WS R ARG A MR R ER GBS DR WD AR WD S R R NS AR TS DGR W R e e

{ 0P f REGISTER § REGISTER 1 VARIANTS { LITERAL |
FORMAT: 1 CODE t GROUP # 1 SELECT # 1 i |
t 0011 1 0...15 ! O0e.el i Qeaa? 1 0...15 |

Perform the operation specified by the wvariants on the
designated register.

V = 0 Set the register to the value of the literal.

1 3Set the register to the logical And of the register
and literal.

2 Set the register to the logical Or of the register
and literal.

3 Set the register to the logical Exclusive-0r of the
register and literal.

4 Set the register to the binary sum (modulo 16) of
the register and literal.

5 Set the register to the binary sum (modulo 16) of
the register and (Qiterals, and skip the next
M-Instruction if a carry is produced.
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6 Set the register to the binary difference (modulo
16) of the register and literal.

7 Set the register to the binary difference (modulo
16) of the register and literat., and skip the next
M=Instruction if a borrow is produced.

Exception

BICNs FLCN» XYCN» XYST» and INCNs, when specified as operand
registers, ara not changed as a result of this operation.
However, the carry and borrow outputs are oroduced and a
skip can result.

3. 4423 BIT TEST BRANCH FALSE
i 0P i REG 1 REGISTER {1 REG { DSPLCMNT 1 DSPLCMNT 1
FORMAT: { CODE § GROUP # 1 SELECT # § BIT # 1 SIGN 1 VALUE i
1 0101 1 Oe<.l5 ! Qeeel 1! OeveldI 1 0O-POS { DaeelbS {
[ { 1 i { 1-NEG { i

Test the designated bit within the specified register and
branch relative to the next instruction by the sianed
displacement value if the bit is zero. If the bit is one»
a displacement value of zero is assumed and control passes
to the next in-{ine M=instruction. A displacement value

indicates the number of 16-bit words from the next in-line
instruction.

See Section 3.1.14 for information on the reset of bits in
the C Register.

3o 4. 24 BIT TEST BRANCH TRUE
i OP § RGSTR I RGSTR 1 RGSTR 4§ DSPLCMNT I DSPLCMNT 1
FORMAT: 1 CODE ¢ GROUP # 1 SELECT # 1 BIT # { SIGN i VALUE i
I 0101 t D.e0el5 1 Cewatl ! Oeee3 1t O-POSITIVE 1 0...15 i
1 1 { i § 1-NEGATIVE | i

P T W T R T R R R R R R R - s an W ws wn e

Test the designated bit within the specified register and
branch relative to the next <instruction by the signed
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displacement value if the bit is one. If the bit is zeros
a displacement value of zero is assumed and congrol passes
to the next in-line M=instruction. A displacement value
indicates the number of 16-bit words from the next in-line
instruction.

See Section 3.1.14.2, CA» CBs CC» CD» for information on
the reset of bits in the C Register.

SKIP WHEN
1 0P f REGISTER { REGISTER ¢ VARIANTS | MASK I
FORMAT: 4 CODE 1 GROUP # 1 SELECT # | Qeae7? I Qeeel5 |
1 0110 | 0...15 f Qesel { i i

Test only the bits in the register that are referenced by
the "1™ bits in the masks ignoring all others unless ¥ =
2 or V= 6. If so0» compare all bits for an equal
condition. Then perform the action as specified below.

vV = 0 If any of the referenced bits is a "1", skip
the next M~instructione.
1 1€ all of the referenced bits are 1", skip the
next M-instruction.
2 if the register is equal to the masks, skip the
next M-instruction.

3 Same as V = 1» but atso clear the referenced bits
to zero without affecting the non-referenced bitse.
4 If any of the referenced bits is a "1", do not

skip the next M-instruction.

5 If ail of the referenced bits are ™1™ do not skip
the next M=-instruction.

6 If the register is equal to the masks do not skip
the next instruction.

7 Same as V = &» but also clear the referenced bits
to zero without affecting the non-referenced bitse.

Note: If the mask equals 0000, the ™ANY™ result is

false. The skip is not made for V = 0 and is made
for V = 4. 1If the mask equals 0000, the ™ALL™
result is true. The skip is made for VvV = 1 and V

= 3 and is not made for V = 5 and V = 7.
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Exceptionss

-, AR BAN e

1. BICN» FLCN» XYCN» XYST» and INCN cannot bhe cleared
with Vv = 3 or 7. However, they can be tested.

2ae See Section 3.1.14 retated to the reset of bits .in
the C Register.

CLEAR REGISTERS

1 0P REGISTER FLAGS
FORMAT: 1 CODE 8 BITS

t 0000 0011 Y1 x 1 F 1 fF
i 1 i i P AL L

- A - -

.‘_“
r~
-
-

Clear the specified register(s) to zero if the respective
flag bit is a one.

FORMAT: ¢t 0P CODE 1
1 0000 0000 0000 0100 1

Move the 24-bit value from the L Register to the MBR
Register. Move the least significant & bits from the T
Register to the TOPM Register. Move the most significant
20 bits from the T Register to the A Register truncating
the left most 6 hits of the source.
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3. 4.28 OVERLAY M=-MEMORY
FORMAT: 1 0P CODE |

1 0000 0000 0000 0010 1

e A A WD A am P WR U R S WD AR S e

Overlay M=Memory from main memory.
The starting addresses of both M~Memory and the main memory
are taken from the L Register and the FA Register

respectively. The Length of the data overlay in bits s
taken from the FL Register.

The execution of the instruction proceeds as follows:

1. A is moved to TAS with a stack push.

2. L is moved to A.
3. The first 16 bits are read from main memory and
stored in the M=Memory. Register FL is decremented

and FA and A are incrementede.

4. Step three is repeated until FL = 0 at which point
the process terminates with a move of TAS to A.

Jetha29 DISPATCH
gp i VARIANTS I SKIP VARIANTY
FORMAT: CODE 000~-LOCKOULT 0=-SKIP IF

] 1
f 001-WRITE LOW i ALREADY LOCKED
i 010=-READ I 1-SKIP IF NOT

1 011-READ & CLEAR I ALREADY LOCKED
f 100~-WRITE HIGH t (Applies only

! 101-PORT ABSENT 1 to lockout

1 1 variant)

- N G oy EE o e w

Dispatch operations are used to send/receive interrupt and
interrupt information to/from other ports.
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Since the interrupt system is shared by all ports, the
processor should gain control of the interrupt system by
successfully completing a LOCKOUT prior to a DISPATCH
WRITE.

LOCKOUT sets the Lockout bit in the DISPATCH Register and
allowss via the skip variant, skipping or not skipping the
next 1b6-bit instruction based upon success or failure
(already set) of the LOCKOUTY.

WRITE (High or Low) DISPATCH sets the Lockout and Interrupt
flip flops in the port interchange. It also stores the

contents of tha L Register into memory 0 through 23 and

the contents of the least significant 7 bits of the T

Register (designating the destination port # and channel

#) 1into the appropriate port interchange register. In

additions it sets (4rite High) or resets (Write Low) the

high Interrupt flip flop in the port interchange.

READ DISPATCH stores the contents of memory locations 0
through 23 into the L Register and the contents of the
Port Channel register into the least significant 7 bits of

the T Register. The other 17 bits of the T Register are
unaffected.

READ AND CLEAR DISPATCH in addition to performing the READ
DISPATCH operation clears the lockout flip flops the two
interrupt flip flops and the Port Device Absent flip flop
in the port interchange. It does not clear any memory
{ocations.

PORT ABSENT is executed by the processor when necessary to
return a Port Device Absent level signal to another port
indicating the absence of the designated channel.

Dispatch operations in the case of Processor-2 and
Processor Adapter=-1 (direct connect to memory) are limited
to the following:

1. LOCKOUT + SKIP-IF-NOT~-ALREADY-LOCKED: always sSkipse

2 WRITE LOW: Always sets Port Device Absent level true
{true indicates absence).

3o READ 2 CLEAR: Always sets the Port Device Absent
tevel false (false indicates present).
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No changes occur in the T and L Registers. In the INCN
Register only the Port Device Absent bit can change. The
Lockouts the Interrupts, and High Priority bits will always
be false. No other dispatch operations are defined.

CASSETTE CONTROL

FORMAT: { NP CODE i VARIANTS § RESERVED 1
1 0000 0000 0010 | QeWe? § FLAG BIT |
1 { 1 0.0l i

Perform the indicated operation on the tape cassette.

vV = § Start Tape
1 Stop Tape (The processor also hatts if it is in
TAPE mode.)

2 Stop Tape if X neg Y (The processor also halts if
it is in TAPE mode.)
3 Reserved
4 Reserved
5 Reserved
o) Stop Tape is X = Y (The processor also halts it it
is in TAPE mode.)
7 Researved
Note: ALl Stop Tape variants cause the tape to halt in
the next available gap.
HALT
FORMAT: | 93P C0ODE 1

f C000 0000 0000 0001 1

AR A AR A R AR R S R D AR AR A AR SN WS WA @R WS AR D A

Stop execution of the micro~instructions. In RUN mode the
next micro to be executed is fetched and stored in the M
Register and the A Register points to the next following
micro. In TAPE mode the next micro is not fetched and
stored in the M Register but the HALYT micro is left in the
M Register.
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NO OPERATION

FORMAT: | OP CODE {
{1 00006 0000 000C 000D 1

Skip to the next sequential instruction.

MONITOR

FORMAT: {4 OP CODE 1 VARIANTS i
1 0000 1001 1+ 7 4 61 S 4 & 4 3 1 21 01

T S W A S G ER B )G W NS GBS G WE W D R AD G GD G AR WP AR AR D A WD WS D A R S e

Skip to the next sequential instruction.

During the time this micro-operator is executing the
operator and the last two bits (0 and 1) are decoded,s
AND=-ed with the system clock and are present 1in the
backplane as follows:

MONITOR 0 True for the 0P Code

MONITOR OORO True if Llast two bits are 00
MONITOR 01R0 True if last two bDits are 01
MONITOR 02RO TYrue if Last two bits are 10
MONITOR Q3RO True if last two bits are 11

At the backplaner» the monitors are one-half clock from
Lteading edge to trailing edge.

CONCURRENT OPERATION (Processor-1 only?

In order to achieve maximum utilization of the processor
during processor memory cycless the micro=instructions are
classified into two classes -- a concurrent set and a
non=concurrent set. The non-concurrent set 1is that set
which must wait until the memory cycle is completed (data
has been accepted or released) before proceeding with its
execution. The concurrent set 1is that set which can
overlap 1its execution «with maemory cycle. The overlap
starts with the clock period following Address Accept and
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can extend up to and beyond the time data is accepted.

For a WRITE operations the processor presents data during
the «clock period immediately following Address Accept and
is reteased for a non=concurrent operation during the very
next clock period.

For a READ operation, the processor accepts data during the
first clock period in which data s present and s
released for a non-concurrent operation during the <clock
period immediately following this acceptance.

The M=-instructions comprising the concurrent set are:

READ MEMORY« COUNTY FA/FLs+ SCRATCHPAD RELATE FA

WRITE MEMORYx BIAS=s SHAP F WITH DOUBLEPAD WORD®«

SHWAP MEMORY» MONITOR«®« STORE F INTD DOUBLEPAD WORD««x
' BRANCH®« STORE F FROM DOUBLEPAD WORDx«

* A memory cycle operation overlaps with another only

during that portion of the cycle <comprising the
base~limit checking. The actual memory request s
made during the clock period following acceptance of
datae

* & A 1-clock concurrent micro-operator and the 2-clock
branch micro-operator has a 1=clock NOP (no
operation) nolaced after it by the hardware.

Timing diagrams showing execution times for consecutive
processor M=instructions are shown below. The diagrams
assume that the instructions are obtained from M-Memory
and that the processor receives the memory cycle
immediately after requesting ite.
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i M=op Execution

- -

| M=op Execution

MEMORY CYCLE
M=0pP EXECUTION

i Base~Limit Check

1 Mem Req.
f Addr Accept

§{ Hrite Data

-== Concurrent M-op
Execution After
WRITE Starts Here

Non=Concurrent

M-op Execution

After WRITE

Starts Here

1

i
Non=Concurrent
M=op Execution
After READ
Starts Here

]
]
i

{processor execution of =->
ARITE terminates here) - -
]

! Read Data

f o e M e e | e v S ws S s e A w S

{Procassor execution of ==>
READ terminates here.)

i

]

]
K e s em ama e e e el e O e eh e
W e e e o e s SR e s G e

EXAMPLE ONE

{General)
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Memory Cycle
M~op Execution
(WRITE) or (READ)

»---)

{(proceassor
execution of WRITE
terminates here)

- -y

(processor
execution of READ
terminates here)

- o wp

i M~op

i M-op

G s AES ma awm SR s n ek W
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Execution

Execution

! Base=Limit Check
i Mem Reaqa
1 Addr Accept

- s o - - -

1 Hrite Data | M=-op Execution

1 1 M-op £xecution

{ Read Data i M-op Execution

EXAMPLE THO
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{Concurrent M=op's overlapped With WRITE or READ Cycle)
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1 M-op Execution
I M=op Execution
1 Base=Limit Check

{ Mem Regq

Memory Cycle
M-op Execution

(WRITE) 1 Addr Accept

1
i
1
i
1
' - s -
1
1
i
i
1

! WRITE Data Second 1 Base-Limit Check
——— Memory -

e Cycle ----
1 M=op Mem Req

Execution

|

I

!

!

1

i

1

- !
---- 1
1 {
- 1
!

1

|

'

i

|

1

v

f Addr Accept

!

EXAMPLE THREE

(2nd Memory Cycle overlapped with HWRITE Cycle)
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' | Base~-Limit Check
' - -
‘ - -
! i Mem Req
‘ - o -
l - -

Memory Cycle i i Addr Accept

M=-op Execution 1 -

(READ) i - -
L] { Second
i - Memory
i - Cycle
1 i M=-o0p
| - Execution
' - .-
i { Read Data

CXAMPLE FOUR

S e s Mk e s G G R She e M aEs M

| Hait

it
E:égse—Limit Check
i

1 Addr Accept

{(2nd Memory Cycle overlapped with Read Cycle)
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M=-INSTRUCTION (Processor-1)

The following instruction times (execute plus fetch of next
M=Instruction) are given for the case where the next
M=Instruction is contained in M-Memory. In general, five
clocks are added to the basic time if the M-instruction is
fetched from S=Memory (main,memory).

M=Instruction Clocks

REGISTER MOVE 1«
(MSM» SUM», DIFF as source) 2%
(DATA as source) I
(U as source) Us
(M as destination with A out-of-bounds 1

sAdd one additional clock if MSM, TOPM, A is
destination of §f MBR is destination with

A out-of-bounds. Add two if DATA, CMND is
destination.

SCRATCHPAD MOVE 1+«
{MSM» SUM, DIFF as source) 2
{(Data as source) 3
(U as source) u
(M3M, TOPMs» A as destination) 2%
(DATA, CMND as destination) I
(MBR as destination with A out-of-bounds) 2x
(M as destination with A out=of=-bounds) 1x

sAdd one additional clock if previous op was
WRITE INTO SCRATCHPAD

SWAP F WITH DOUBLEPAD WORD

STORE F INTO DOUBLE WORD

LOAD F FROM DOUBLEPAD MWORD

MOVE 8=-BIT LITERAL
(A» MSM as destination)

MOVE 24-BIT LITERAL
(TAS as destination with A out=-of-bounds)
(Others as destination with A out-of-bounds)
(TAPE mode) u+l

SHWAP MEMORY
{Followed by Non-concurrent M-op) 10
(Followed by Memory Cycle)
(Followed by 7 concurrent M=-gp's) 3

~N R NN e e

o
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M=Instruction Clocks

WRITE MEMORY
(Followed by non=concurrent M-op) 4
(Followed by Memory Cycle) 5
(Followed by 1 concurrent M-=op) 3
(I1f outside base=-Limit & inhibited) 1
READ MEMORY ‘

(Followed by non=concurrent M=op) 6

(Foliowed by Memory cycle) 5

(Followed by 3 concurrent M-op's) 3
DISPATCH LOCKOQUT Same as READ MEMORY + 1

(Skip taken) Same as READ MEMORY + 2
DISPATCH WRITE Same as WRITE MEMORY
DISPATCH READ Same as READ MEMORY + 1
DISPATCH READ AND CLEAR Same as READ MEMORY + 1
DISPATCH PORT ABSENT 1
COUNT FA/FL 1
SCRATCHPAD RELATE FA 2
EXTRACTY FROM REGISTER T 1
SHIFT/ROTATE REGISTER T LEFT 1

(Ar TOPM, MSM as destinations) 2

(DATA, CMND as destinations) 3

(MBR as destination with A out=-of=bounds) 2
SHIFT/ROTATE REGISTER X/Y L/R 1 plus S/R count
SHIFT/ROVTATE REGISTER XY L/R 1 plus S/R count
NORMALIZE 1 plus # of bits shifted
READ/WRITE MSM 6
CALL 2
BRANCH 2
3IAS 1

(5kip taken) 2
SET CYF 1
4=-BIT MANIPULATE 1

{Skip taken) 2

(BICNs FLCNs XYCN, XYST) 2

(BICN, FLCN» XYCNs, XYST, and SKIP taken) kS
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M=-Instruction Cloc

- wh s ey W we W - - - -

BIT TEST BRANCH FALSE
(Branch taken)
BIT TEST BRANCH TRUE
{Branch takan)
SKIP WHEN
{Skip taken)
(BICNs, FLCNs» XYCN, XYST)
(BICNs,» FLCN» XYCN., XYST and SKIP taken)
CLEAR REGISTER

Pt b ped ek e U N e A NN R TN s N e

BIND

Overlay M=Memory Le{b)(" of uord
(FL = 0 initially)

CASSETTE CCNYROL

HALT

NO OPERATICN

Monitor

54
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3.7 M=INSTRUCYION TIMING (Processor-2)

The following instruction times (execute plus fetch of next
M=Instruction) are given for the case where the next
M=Instruction is contained in M-Memory. In general, five
or six clocks are added to the basic time {if the next
M=-Instruction is fetched from S-Memory; five clocks for
the direct-connect to S—-Memory case and six clocks for the
port-connect case. Hhen consecutive M=Instructions are
fetched from two contiguous S-Memory locations and the
second Llocation is located on an odd 16-bit boundary., one
clock is addeds, for the second fetchs to the five (or six)
required for the first fetche.

M=Instruction Clocks
REGISTER MOVE 1+
(M3M» SUM» DIFF as source) 2%
(DATA as source) ' Ix
{U as source) us
(M as destination with A out=-of-bounds) 1

*Add one additional clock if MSM, TOPM,

A» is destination or if MBR is destination
with A out~of-bounds. Add two if DATA,
CMND is destination.

SCRATCHPAD MOVE 1«
{MSM, SUM» DIFF as source) 2
{DATA as source) 3
(U as source) u
{MSM», TOPM, A as destination) 2«
(DATA» CHMND as destination) Is
{MBR as destination and A out=of-bounds) 2%
{M as destination and A out-cf=-bounds) 1

«Add one additional clock if previous op was
WRITE into SCRATCHPAD

SWAP F WITH DOUBLEPAD WORD

STORE F INTO DOUBLEPAD KORD

LOAD F FROM DOUBLEPAD WORD

MOVE B8-BIT LITERAL
(A» M5M as destination)

N b b s gt



BURROUGHS CORPORATION COMPANY CONFIDENTIYAL
CUMPUTER SYSTEMS GROUP M=-MEMORY PROCESSOR
SANTA BARBARA PLANT PeSe #1913 1747
M=Instruction Clocks
MOVE 24=BIT LITERAL ‘ 3
(TAS as destination with A out=of=-bounds) I+ (5 or 6)
(Dthers as destination with A out-of-bounds) 2+ (5 or b)
{TAPE mode) U+1
(First portion of instruction aligned on
even 16-bit S~Memory boundary) 3
(First portion of instruction aligned on
odd 16=bit S-Memory boundary) 2¢« (S or &)
SWAP (DIRECT CONNECT) Be«
SWNAP (PORT CONNECT) 9xx
WRITE (DIRECT CONNECT) I
WRITE (PORT CONNECT) 4>
READ (DIRECT CONNECT) 7
READ (PORT CONNECT) 8

«Add 4 clocks if next op is a memory cycle

#«Add 6 clocks if next op is a memory cycle
COUNT FA/FL
SCRATCHPAD RELATE FA
EXTRACT FROM REGISTER ¥
SHIFT/ROTATE REGISTER T LEFT

(A» TOPM», MSM as destinations)

{DATA» CMND as destinations)

{MBR as destination with A out=of-bounds)
SHIFT/ROTATE REGISTER X/Y L/R 1 plus 5/R count
SHIFT/ROTATE REGISTER XY L/R 1 plus S/R count
NORMALIZE 1 plus # of bits shifted
READ/HRITE MSM ,

CALL
BRANCH
BIAS

(Skip taken)
SET CYF
4-817T MANIPULATE

(Skip taken)

(BICNs FLCNs XYCNs, XYST)

(BICN» FLCN» XYCN, XYST and SKIP taken)

N NN e bt D) s

NN ke e A) e )N O
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M=Instruction Clocks
BIT TEST BRANCH FALSE
(Branch taken)
BIT TEST BRANCH TRUE
(Branch taken)
SKIP WHEN
(Skip taken)
(BICN» FLCN, XYCN» XYST)
(BICN» FLCNs» XYCN» XYST and SKIP taken)
CLEAR REGISTERS
B IND
OVERLAY M~MEMORY (DIRECT CONNECT) b+4 (¢ of words
. moved)s
OVERLAY M-=-MEMORY (PORT CONNECT) 4+4,5 (# of uwords
: moved) ««
(FL = 0 initially) 1
«Add 2 if # of words is odd
sxAdd 2.5 if # of words is odd
CASSETTE CONTROL
HALTY
NO OPERATION
MONITOR

N e A NN P 1N =t N =

bbb b
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