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BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

1.0 INTRODUCTION 

1.1 PURPOSE 

COMPANY CONFIDENTIAL 
S-MEHORY PROCESSOR 
P.S. #2201 6760 

1 

This specification deftnes the functional requirements of 
two S-Hemory Processors intended for general purpose data 
processing. Environmental conditions. safety conditions. 
reliability parameters. power requfrements. etc •• are 
specified in p.s. #1913 1739. 01700 CENTRAL SYSTEMS. 

Both processors have l/O bus interfaces for communication 
with the I/O subsystem. control panel interfaces for 
com•unication with the control panel. and 
me•ory-to•processor interfaces for communication with main 
memory <B1700 S-Hemory>. 

S-He•ory-Processor-1 can address up to 64K bytes <S12K 
bits> of memory. S-Memory-Processor-2 can address up to 
128K bytes C1024K bits>. 

Both processors are capable of operating with 2HHz as well 
as 4MHz clocks. 

An appropriate processor adapter~ either 2MHz or 4HHz- is 
required with S-Processor-1; S-Processor-2 reQuires no 
adapter but only a field adjtistment of the clock rate. 

PRODUCT IDENTIFICATION 

2205 0967 
2208 3141 
2208 3158 
2212 8276 

S-HEMORY PROCESSOR-1 
S-PROCESSOR-1 ADAPTER- 2HHz 
S-PROCESSOR-1 ADAPTER• 4MHz 
S-MEHORY PROCESSOR-2 



BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

COMPANY CONFIDENTIAL 
S-HEMORY PROCESSOR 
P.S. #2201 6760 

RELATED SPECIFICATIONS 

p .s. ' NAME .............. 
1904 5681 81700 SYSTEM INDEX 
1913 17 39 81700 CENTRAL SYSTEM 
2204 8623 81700 I/O BUS SUBSYSTEM 
1913 1754 81700 MEMORY SUB SY STEM 
2205 7376 81700 S•HEMORY STORAGE CARO 
2209 7968 Bl 700 CONTROL PA NE L 

s.o.s. # NAME 
,... __ ._._ ...... _ 
2204 8656 81700 S-MEHORY/S-PROCESSOR INTERFACE 
2210 0143 81700 CONTROL PANEL INTERFACE 

2 



BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

2.0 GENERAL DESCRIPTION 

COMPANY CDNFIOENTIAL 
S•MEHORY PROCESSOR 
P.S. 12201 6760 

3 

The S-Hemory Processor <or S-Processor) provides the 
combinatorial and arithmetic portion of the system along 
with other registers and hard storage that are appropriate 
for efficient operation. 

The s-Processor provides hardware sensitivity to a set of 
low-level m;cro·functions which are used in a program 
string to fetch and execute instructions. This 
micro-program ts contained in main memory CB1700 
S-Memory>. 

Included in the S-Processor are registers and pseudo 
registers which are addressable by the individual 
micro-operators. 

The registers are normally addressed by a 4-bit group Crow> 
number and a 2-bit select <column> number as shown in 
Table t. 

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 destinat~on 

registers. Also, some of the registers listed are actually 
subregisters which. although parts of larger registers~ 
can be individually addressed and manipulated. 

Table 2 summarizes the various conditions available by 
addressing particular pseudo source registers and actual 
registers; Figure 1 lists the micro-instructions and their 
variants; and figure 2 is a diagram of the major 
registers. 

Only the MARCA>, H, c, u. ML, and MIR registers are reset 
by a control panel CLEAR signal. 
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BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

COMPANY CONFIDENTIAL 
S-HEMORY PROCESSOR 
P.S. #2201 6760 

TABLE 1: M-PROCESSOR REGISTER SELECTION 

S El EC T NUMBER 
0 1 2 3 

-------------------------------------
0 TA FU x SUM 
1 TB FT y CMPX 
2 TC f LC T CMPY 
3 TD FLD l XANY 

4 TE f LE A XE: OY 
5 Tf f"Lf H MSKX 
6 CA BICN BR MSKY 
7 CB FLCN LR XORY 

GROUP 8 LA f A OIFF 
NUMBER 9 LB 

<!DPM;, 
UNASSIGNED FB MAXS 

10 LC ~IGNEO Fl MAXM 
11 LO . TAS u 

12 LE XYCN qgp 
13 LF XYST 
14 cc ((NcN;1 CMND 
15 co CPU NULL 

-------------------------------------
TOPM, PERR~ are not physically 
present in e - emory Processor-1 or -2. When 
any of them is addressed as a source- a binary value 
of zero is returned. When addressed as destination, 
the data is lost. <See P.s. #1911 1747, M-HEHORY 
PROCESSOR- for meaning in the 91700 M-Memory 
Processors.) 



BURROUGHS CORPORATION 
COMPUTE~ SYSTEMS GROUP 
SANTA BARBARA PLANT 

COMPANY CONf IDE~TIAL 
S-MEHORY PROCESSOR 
P.S. #2201 6760 

TABLE 2: SUMMARY or REGISTER CONDITIONS 

BICN: t LSUY t CYF I CYD & CYL I 

XYCN: I MSBX J X=Y I X<Y I X>Y I 

----------------------------------X YS T: I LSUX t INT I Y neq 0 I X neq 0 t 

--~~--~~~----~-~--~~-~-----~-~-~----~~-
FLCN: I Fl:Sfl I FL>SfL I FL<SFL t Fl neQ 0 I 

5 

-------------------------------------------------------
I CONTROL PANEL t TIMER I I/O BUS I CONTROL PNL I 

CC: STATE LAMP I INTERRUPT I INTERRUPT I INTERRUPT t 
FLIP-FLOP I I t 1 

~--~---~~--~----~~-~~----~~~~-~-~-~~-~~--~-~~-~-------~--~-
MEMORY ' MEMORY RSVO MEMORY RSVO MEMORY RSVO I 

c 0: READ DATA I WRT/SWAP AODR READ AODR WRT/SWAP AOOR ' PAR. ERR. • OUT OF BOUNDS OUT or BNOS OUT OF BOU NOS • INTERRUPT I OVERRIDE INTERRUPT INTERRUPT I 

-----------------------------------------------------------
() 

~----------....... 2-__ 3 ___ __; 



IC 

2C 

lC 

4C 

6C 

7C 

ec 
9C 

IOC 

llC 

lllC 

14~C 

40 

!)0 

60 

70 

eo 

'O 

2 E. 

3E. 

6[. 

3f 

· r,- MC MD ME. MF J 
MICRO NAME. 

1 
1~ 14 " 

1 
12 11 10 ' & 7 6 ~ 4 _, 2 1 o og ol 10 11 

I I l I : l I VARIANTS 000 001 010 011 100 IOI 1111 Ill 
RE.GI STER MOVE. I 0 0 0 I REG 1 GROUP REG 1 R E.G z R E.C. 2. GROUP t ~-----..--------_ .......... ______ .......... _...;.; __________ -. 

SOURCE REGISTER .SE.LE.CT SE.LE.CT SINK RE.GISTE.R ! I i 
5CRATCHPAD MOVE. --o--o---,--O-+--=R"'E'""G,-,-17'5TE.R GROUP R E.G t.AOV ·DPW DOU5Lf. PAO WORD lt-:M-=-o=v-=o:-:-:-=R:-:--+-:P::-----:R::---::R::----:p=-------;-, ---,------.-,,---I 
__ . _ . ---- ------· SOURCE OR 51NK __ ,'. SEL.E.CT DIR 112 ADDRE.5.5 l/Z DPW: LU'T : RIGHT 1 

'4 BIT 0 0 I I RE.GiSTE.R CROUP, RE.G MAN,IPULATE -.. -BIT MANIP-:---- --· M-ANIP~- siTiAN0--0-R--E-O-R--IN-C--,-N-C--D-E.--c-·-D-E._C_ 
MA!\11 PULATE. •BIT SOR&. SNK : SE.L, VARIANTS LITE.RAL 

1 
VARIANTS: TEST Tf:ST 

slf-f'EsT-REL o 1 o o REGrsT-ERGRouP,RE:GT(5T-"Bl-T · osP RELATrvE. BRANCH~ ,__o,-s-=P-,-s1_G_N_:___,r-+----.---------------:__--------1 

_BR_~N~.!1__~!°-L~E.__ 4 BIT 50URCE. • .5f.L NUMBE.R SGN DISPLACE.ME.NT MAG.~ i - j l i 
BtT TEST RE.L o 1 o 1 RE.Gt5TER GROUP :Rf.GTEST-Bli-~ RE.LAT1vE. BRANCH t t---=o=--=5=--=p=--=5:-:-1G-=-=-N=-:___,r-+---,-----,--_._1 ___ ,.___--;T------------1 
~ANC:H _T_f'{LJ.~- 4 BIT SOURCE: SE.L NUMBE.R '5GN DISPLACEMENT MAG.i -------if----------' __ _.__ __ ---------1 

t---R~M-E.K_A~E.Po_M __ /o::"~--~~1-E.T--E.~-1 o I I O -:~~~$~~~- ~~~~ ~~~ s:-I~:l~i~ j 4-B1T-TESTMA5K-t ~~::rA~~;~ ~~:;' ~t~, ~~~/ ~t~ ANY/ I-LL I ~~ j tC~ I 
o • ' ' R/wTcouf\l-r-1:-._7,,.L 

1 
oA.=rARE:G-=r-w-- -DATA TRANSFER ! 'R!w-v~REAo. wRr cLR/j'j'cLR 

/ 

VAR VARIANTS CODE SGN WIDTH MAGNITUDE. I CNT VAR: N0P 'FAt ' FAt I FA• . FAt i FAt 

--MOVE. e BrT-, ~-,--o---o--o-t-R£G1STE.R GROUP; , ENTIRE. e e.iTs oF e B•T LrTE.RAL RE.G $EL: x : v I FL' I FL• FL' i FL t i FL• 
LITERAL --------+--~E~ ?EL_I_~ ~· 1 TWSIGN: + - T L j : i 

MOVE 2.c BIT 1 o o 1 Rr.G1sTER GROUP, I e MOST s1GNfrCANT BITS OF t 
1 

T. , ! l 1 
1 

LITERAL RE.L .5EL 15 Z. FULL Z4 BIT LITERAL I l 

5H .. -1-FTT/R"R.-6GT.AT~-J I 0 I 0 SINK-Rii.tSTER I SNI( IU'.G S/R-~FT SHIFT/ROTATE 1 :!>/R VAR: 5Hf"T: ROT' i T 
'- -----------t----·-GROUP SE.LECT VAR COUNT 

4 I I ; 

..... E.XTRACT-FR_O_M_ I I 0 I I RIGHTBiTPQlNTE~-5NK-R~)('TRACTIO-N FIE.L.0 t . SINK RE.G ! ii I 
T R E. G J FOR E. 'XTRACTI 0 N FL D. CODE. WI OT H ,.__c_O_D_E._:_-+-_x __ 1 .... v __ _l-+-T ___ L __ ,__ ________ j_+" ----1 

BRANCH I I I 0 J DSP: RE.LATIVE. 015PLACE.ME.NT MAGNITUDE. 

t---~~t{~~~YE.~ - r ---1--,---, _.1gI~--:---R·--E.LATIVE. CALLED ADDRE.5S MAGNITUDE. 

DSP 51GN! + 

D5P SIGN: + 

5HIFT/ROTATE 
X OR V 

SHIFTAlliill--lllt 
X AND Y --- --·--·---

COUNT FA/FL 

E.XCHANGE OPW 

SCRATCH PAD 
RE.LATE. F'A 

MONITOR 

I ! ' I ! 11---+---~--+-:-1.__· -+-: ____,_i ______ i--,-_., _______ l _____ .._,_. ~l ! I l I J . I ! i 

0 0 0 i 0 I 0 0 5/R DIR iX/YjLE.FT OR RIGHT. XORY i I X/Y VAR: l{ V ' : l 
1
, ,1 

_____ _,__ ________ VARIANTL VARi!>HlfT/ROTATE. COUNT I j $/R, Dl_R_:---l-_5_F_T_-_5_f_T_-_R_O_T_-_RO_T_-_' _________ r---
-o--o 0 0 I 0 I 0 I 5/R:OIR r TrFT ORlm:.HT x ANl:tY l' ~7R,-OIR 5FT- sn- i ! 1· I 
_
0
--------+-----------t--V_A_RIANTL SHIFT/ROTATE. COUNT__J_ VARIANTS: 1BIT 1BIT; RE.S. ! RE.5. i 1 ! 

0 0 0 0 I I 0 COUNT FA/FLT .. COUNT SCALAR- COUNT FA/ N0P FA t I FA t : ;~: FA. i FL.t ~ FA. 
. VARIA ~ T_S_ ~.-r-M~.GNt'."U ?_f:: ___ 

1
_ t---F_L_V_A._R_: __ +-------'------F_L_+_T: _F_L_t _.,__ _ ___, ___ ! __ _._1 _F_L_t _-1 

I ;6tt,~~::r____L_s~g~g~~~PW ' ! ! . i l : i 
,.._-~-----~ ....... --------+--~-~------+----------< 

0 

0 0 0 

I o o o o 1 , o o o / 1 /. iv 1 D~P_1 LE:F_ T HALF PAO , D5P SIGN= + 
1
1- i 

1
1 1 

1
i 

1
1 T 

t 
/ __l::'. - iSC.N! WORD ADDRE.55 I· l l I . o __ o ___ o ___ o ____ , __ o __ o_---.-+-~ITE.RAL OCCUR~~~~~~l ! ! T T T I T 

t--~----t : 

i i i l 

REGISTER ~tlf.CT 

~f:GISTU~ 0 2 3 

~ROUPi r-l _!_f--E-~-. ~--~-'--~-~--"--~-~-

.. TE FL[. t.AAR(A) X[.OV 

7~!1 ,, TC';_ FLI" 1111 1\.1!>10( 
., "" &lCN &Fl M:!IKY 

i C& f'LCN LR XOF!V 

& i LA 
9 I L & 
.. I L c 

;; Ii ~; 
•• c e 
15 I CD 

FA. 
F& 
f"L 
TA!> 

Oll'F 
MA.X5 
MA.XM 
u 

XYCN CP RE.!>. 
XV~T RE.!t. DATA 
1u:s. READ CMNO 
CPU WRIT NULL. 

INDIVIDUAL BITS OF 50ME. 4-&IT 
RE.G15TE.R5 HAVE. SPE.CIAL 
ME.ANING.S AS NOTE.O BE.LOW: 
NOTE.: 
-BITS ARE. NUMf>ERf.D HERE 

ACCORDING TO THf. HA.RDWARE. 
CONVE.N"TION : 

LA, LB LC LO • LE. LF 
3 o's OS 01.S 0.3 OS 0 

L LS& 
00 

BIT# ruQ! ~ XY ST f"LCN 

CVL x>V xoto F"L>tO 
CYD x<v Voto FL<!trt. 
CYP' X•Y INT OR l'"L>Sn._ 

3 L!tUV M!t&X L!>UX FL.•!>f'L 
INT OR• ANY 1 OR MORE. OF: 
cco CCI cc.a CD3 

CA55E.TTE. O 0 0 0 0 0 0 0

1
: 0 0 I 0 CA55E. TTE ' / CA55E.TTE START 5TOP'@STOP OM.UNDE.F UNCX.F .. UNOEF UNOEF UNOEF 

CONTROL MANI P VARIANTS,/ 
1 
__ M_A_N_l _P_: ~'---T:_A_P_E_G_A_P~_X_*_Y ______ ~------1-1---~ CC & CO 

~~~---~~-0--0 ___ 0 ___ 0~-o---o--o---o~-o---0--,---,~--~-:-R-,~-s~l!~ ~~:~ ~~iT~T: 5 lFs :~PiFCP N~~~~: ~~~~~~~~~-
~---------··----------+----------t,---------~------~--;.1------t----~. ---+---~1 ---+-1 

.• --_._-----+----1 CC2 R~.r.L T1~E.C!-O<;K000MS) INT~qPT. 
\ l, ! j 1, CC.3 STATE. ""LAG (O•SPL.r.YE.0 ON CON5QL£.). 

----------t----------+----------r---------;~-----+------------.---~---.,.--~---r--~ COO R~S~F!VEO 

CARRY FF 
MANIPULATE 

HALT 

NORMALIZE. X 
t---··-----

0 

0 0 

o I 

0 0 0 0 

0 0 

l I l ! i : I 

0 0 0 0 0 0 I 0 0 

0 0 o I 0 

CD 1 RE.5E.RVE.D 

CD2 RE.SE.RVE. 0 

CD3 MLMORV RE.AO DATA PARITY 
E.RROR INTIC.RRUPT • 

!E.RO NO OPE.RATION ~~ 0 o I • 0 0 0 • 0 

f IGUR£ 1 S-PROCESSOR MICRO-INSTRUCTIONS A~O VARIANTS 
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The MAR<A> Register is a micro-program address register 
capable of addressing micro-operators located in s-Memory. 
When used in this manner the lower-order 4 bits are 
ignored and the operator ts fetched and stored in the M 
Register- bypassing the rotator (field isolation untt>. 
[The MARCA> Register is comprised of 19 bits in 
S·Processor·l and 20 bf ts in S-Processor-2.l 

Binary increments from O through 4095 <multiplied by 16> 
may be added to or subtracted from MARCA> by means of a 
high-speed carry adder that facilitates mic~o-program 
branching. MARCA> is automatically incremented by binary 
16 during run mode. Wrap-around can occur and is 
permitted. 

Note: The fetch of an H-op from the last <highest 
addressed> 16 bits of installed S-Memory is not permitted 
since the automatic fetch of the next M-op will in some 
cases address portions of memory that are not present 
which, in turn- may result in parity errors. In addition~ 
the maximum allowable S-Memory is subject to change. 

The MARCA> Register addresses 16-bit micro-operators in 
S-Hemory by assuming them to be located at bit boundary 
addresses exactly divisible by 16. These addresses are 
obtainable by 1gnor1ng the rightmost 4 bits of the 
register. 

The MARCA> Register is addressable as a source and as a 
sink. When addressed as a source, all bits are produced. 
However~ the rightmost 4 bits are masked to zeros. When 
addressed as a sink• the rtghtmost 4 bits of the source 
are moved to the rightmost 4 bits of the MARCA) Register~ 
but are not significant. 

The MARCA> Register also serves to address s~Memory for the 
READ/WRITE micro-operator. In this case the address of the 
next micro-operator is temporarily stored in a scratchpad 
holding register and the address in FA is moved to the 
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MAR<A> Register. The most significant bits of FA 
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are used to address memory at any o;t location. The 
is passed through the rotator. 
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are 
and 

data 

Note: When addressing S-Memory via the REAO/wRITE 
micro-operator- data returned from non-present memory 
locations will be zeros with odd parity if the address in 
MAR<A> is in-bounds. and zeros with wrong parity if the 
address in MARCA> is out-of•bounds. In addition, if 
maximum S-Memory is installed~ data and ~arity from the 
extremes of memory <lowest addressed portion if addressed 
in the forward direction and highest addressed portion if 
addressed in the backward direction> will be bit-ORed with 
the zeros and odd parity bits, obtained because of the 
out-of-bounds condition. This,. in some cases,. may result 
in parity error. 

H 

The M Register <micro-register> is a 16-bit register used 
to hold the active micro-instruction CM-instruction or 
micro-operator or M-op>. 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-Op. The H Register is broken into 4 fields for decoding 
that are structured such that 60 distinct M-ops can be 
decoded. 

The M Register is addressable as a source and as a sink 
(destination>. When used as a sink register, the source is 
bit-ORed with the upcomin~ M-op. Exception: In TAPE mode, 
the source is not bit-ORed with the upcoming M-op. 

A STACK 

The A Stack is 16 words deep by 24 bits wide. does not have 
automatic hard overflow, and operates as a push·down stack 
with a last-in, first-out type of structure. Using this 
stack. the microcoded routines operate in the normal 
software call-return type of programming. This allows for 
a highly shared microcode structure and reduces the 
associated memory requirements. Although the A Stack ;s 
not intended to be used cts an operand stack. it has 
purposely been made 24 bits wide to allow limited 
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w r a p around o f th e TA~ i n t er i s prov i de d • Th at is ,. G;> 
consecutive pops or 2 onsecutive pushes will cause the 
TAS pointer to contai its original contents. 

TAS 

The TAS <Top of Stack> Register is a 24-bit register which 
is the top of the A Stack. The TAS Register is addressable 
as a source and as a sink. References to TAS result in the 
stack being automatically pushed or popped. 

X ANO Y 

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

Both registers,. along with .the L Register and the T 
Register. are capable of read/write operations with main 
memory. 

Both registers are capable of the SHIFT/ROTATE operation. 
The X Register is capable of the NORMALIZE operation. 

L 

The l Register is a 24-bit general purpose register used 
ty~ically to hold logical flags for the micro-program 
code. The l Register. as well as each 4-bit group of l 
(denoted as LA• LB• LC. LD, LE• and LF> is addressable as 
a source and as a sink. 

Since the L Register is addressable in 4-bit groups,. 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 is one of 4 registers ex. v. L• and T) 
capable of read/write operations with ·main memory. 

7 
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The T Register is a 24-bit·general purpose register used 
primarily for the interpretation of S-Language 
instructions. The T Registerp as well as each 4-bit group 
of T denoted as TA- re- re- TOP TE- and TF- is addressable 
as a source and as a sink. 

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

The T Register is one of 4 registers ex, y, L- and T> 
capable of read/krite operations with main memory. 

The T Register is also capable of the SHIFT/ROTATE and 
EXTRACT operations. 

FA 

The FA Register <Field Address> is a 24-bit register used 
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 point. 

The FA Register is addressable as a source and as a sink. 

The FA Register is capable of betng 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 
field. It can be incremented or decremented by a value in 
a left scratchpad word. It also has the capability of 
being loaded, stored~ or swapped along with FB into ~ 
double scratchpad word. 

Neither overflow nor underflow of FA is detected. The value 
of FA may go through its maximum value or its minimum 
value and wrap around. 
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The FB Register is a 24-bit register which can be 
functionally divided into three portions: a 4-bit FU 
Cfield Unit> Register, a 4-bit FT Cfield Type> Register. 
and a 16-bit fl <field Length> Register. 

The fB Register, as well as each 4-bit portion of FB 
<denoted as FUP FT• FLC• FLO~ FLE, and Flfl is addressable 
as a source and as a sink. In addition, the 16-bit portion 
comprised of FLC- FLO, FL£, and flf and denoted as FL 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 Register holds field type 
information while the FL Register holds the total length 
of the field. fl is capable of describing fields up to 
65#636 bits and can be adjusted up or down by a literal in 
a micro-instruction or by the value contained in C?l in 
order to facilitate iteration through a memory field. 

Note: Overflow of fl is not detected. The value of FL 
will go through its maxi•um value and wrap around. 
Underflow of fl is detected and will not wrap 
around. The value of zero is teft in FL. 

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

fB has the capability of being 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 va~ious conditions 
of flCN <see Section 3.1.11, FLCNl and the various 
conditions of the CP register <see Section 3.4.16, BIAS>. 

SCRATCHPAO 

A scratchpad memory of sixteen 48-bit words is provided to 
hold field descriptors during the iteration of operands. 
Some cells may be used to hold S-language stack pointers 
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and other processor registers which are under constant 
man ipul ati on. 

The fU and fl portion of the fB Register and t;ke port;ons 
of the first cell of the scratchpad are used to set the 
various conditions of fLCN <see Section 3.1.11,. flCN> and 
the various conditions of the CP register (see Section 
3.4.1611 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. It is addressable as a 
source only. 

---------------------------------------FLCN: I FL=Sfl I FL>SFL I fl<SFL t FL neq 0 I 

BR ANO LR 

The LR and BR Registers are both 24-bit registers­
addressable as sources and destinations. 

c 

The C <control> Register is a 24-bit register which is not 
addressable is an entity but which is functionally divided 
into one 8-oit section and four 4-bit sections. 

CP ccvr- CPU. CPL> 

The 8-bit section• addressed as cp, is co~prised of the 
drithmetic unit carry flip-flop <CYF>• the 2-bit unit 
control for the arithmetic unit <CPU> and the 5-bit 
v~riable oata length control <CPL>. CPU is addressable as 
a sink only. 
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The remaining 16-bits of the C Register are addressable in 
4-bit groups as CA. CB, CC and co. Their contents are 
available for analysis and alteration via the 4-bit 
function box. MANIPULATE• SKIP and BIT-TEST-BRANCH 
instructions are applicable. 

The 4-bit groups designated as CA and ca have no special 
functional assignment and are available as general purpose 
4-bit storage registers. 

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

t CONTROL PNL I TIMER I I/O BUS t CONTROL 
CC: I STATE LAMP I INTERRUPT I INTERRUPT t PNL 

I fLIP-fLOP I I I INTERRUPT 

/I\ 
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The control panel state lamp flip-flop when true will cause 
the STATE lamp to light. 

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

The 1/0 Sus interrupt level is derived from the various I/O 
controls connected to the processor•s I/O Bus. The level 
is the result of a service 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 interrupt bit 
every clock time. 

The memory read data parity error interrupt is set as a 
result of a par1ty error signal received from the 
interface to main memory. 

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 I 
oeing reset will be false for at least one clock perioa 
following the reset regardless of the continued existence 
of the condition to set the bit <e.g.,, control panel or • 
service request 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 
time, a failure to set the bit may occur <e.g., timer 
int er rupt J. ..... .. =-
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MAXS is a 24~bit pseudo register that can be field-adjusted 
to give tne actual size of the main memory installed in 
the system. It is addressable as a source only. MAXS has 
4K-byte resolution. The least significant 15 bits and the 
most significant 5 CS-Processor-1> or 4 CS-Processor-2> 
bits of the register are always zeroes. MAXH, also a 
24-bit pseudo register. atways has a value of zero for the 
S-Proce ssor s. 

u 

The U Register fs a 16-bit register used pri~arily to 
accumulate the bit-by-b;t input from the control panel's 
tape cassette. The U Register fs addressable as a source 
register onty. 

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 mode. the register's contents are automatically 
moved to the H 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-BIT LITERAL• the 8 bits of the literal 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 I/O Sus. When it is used as a source,. the 
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processor generates the RC <RESPONSE COMPLETE> signal to 
the interface and accepts the 24-bits of data from the 
bus. When used as a destination. the processor generates 
the RC signal to the interface and the data from the 
designated source to the bus. 

CMNO 

CHNO <Command> is a 24-bit p5eudo register that can act as 
a destination only. It is used to transfer commands to 
devices on the I/O Bus. The processor generates the CA 
signal to the interface and moves the data <or the 
command> from the designated source to the bus. 

NULL 

NULL is a 24-bit pseudo register that can act as a source 
and as a destination. When addressed as a sourcep all 
zeros are supplied to the destination. When addressed as 
a destinationp the source data is not accepted. Howeverp 
NULL is useful as a destination in order to pop the TAS 
Register without affecting other registers. 

READ 

READ is a 24-bit pseudo register that is not permitted to 
be addressed either as a source or as a destination in the 
S-Processors. It is used in conjunction with a memory read 
operation from the control panel. <See P.s. #1913 1747 for 
meaning in the M·Processors.> 

WRIT 

~RIT is not permitted to be addressed as a source or as a 
destfnationp but is used in conjunction with a memory 
write operation from the control panel. 
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The 24-bit •function box" is composed of a 24-bit 
arithmetic unit and a 24-bit combinatorial unit. It has as 
data inputs the contents of the X and Y Registers and the 
carry flip-flop <CYF>. It also uses the CPU and CPL 
portions of the c Register. 

All 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 immedi~tely generates a new result. The results 
are available to the next mfcro•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 r~gisters. 

The results are most of the commonly used functions between 
two operands. These include the And, Or. Exclusive-Or. 
sum. carry-out, difference, and borrriw functions and the 
set of equal-to. greater-than, and less-than relationals. 
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 
00 
00 
10 
11 

UNIT TYPE POSSIBLE CPL VALUES 
1-bit operands 1 to 24 
4-bit operands 4,a,12,16,20,or 24 
Un defined 
Undefined 

DATA fYPE 
Bi nary 
4-bit binary 

For valid arithmetic operations- the operand length <as 
specified by CPL> must be an eKact multiple of the length 
of the unit specified by CPU. 

The contents of each of the registers described in the 
following subsections are immediately available to the 
micro-programmer. 



3.2.1 

3.2.2 

BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

SUH 

COMPANY CONFIOENTIAL 
S-MEMORY PROCESSOR 
P.s. #2201 6760 

19 

SUM is a pseudo re9ister equal to the sum of the x, y, dnd 
CYf Registers CX + Y + CYF>. Zero bits in the more 
significant bit positions of the 24-bit result are 
produced when the length as determined by CPL CS-bit 
variable data length control> is less than 24. Results are 
not defined for CPL values 25 through 31. The carry-out 
level is yenerated from the bit position of the output 
specified by CPL. If CPL = o, the carry-out level is equ~l 
to CYF. If CPL = t- the carry-out level is generated from 
the rightmost bit of x, Y and CYF. See Section 3.1.13.1, 
CP <CYF- cru, CPL>. 

If CPU <2-bit arithmetic unit control>= oo, the binary sum 
is produced. See Section 3.1.13.1, CP CCYf, CPU, CPL>. 

If CPU= 01, the decimal sum is produced by considering the 
X and Y inputs to be comprised of six 4-bit units. Results 
are not defined for non-Binary Coded Decimal CBCD> units. 
CPL must be a multiple of four. 

If CPU= 10 or 11, t~e sum is undefined. 

01rr 

DIFF is a· pseudo register equal to the difference of the x. 
y, and CYf Registers <X - Y - CYF>. Zero bits appear in 
the more significant bit positions of the 24-bit result 
when the length as determine9 by CPL is less than 24. 
Results are not defined for CPL values 25 through 31. The 
borrow-out level, generated from the static comparison of 
all 24-bits of X & y, is true if X < Y or if X = Y and CYF 
is true. 

If CPU = oo, the binary difference is produced. 

If CPU = 01. the decimal difference is produced by 
considering the X & Y inputs to be comprised of six 4-bit 
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 ~ XORYJI XEOY 

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

CMPX,. CMPY 

CHPX Ccomplement of X> and CMPY (complement of Y> ;re 
24-bit pseudo registers that hold the l's complemen~ of 
the specified registers. Zero bits are produced ,n the 
more significant positions of the 24-bit result .hen the 
length as determined by CPL is less than 24. c~ values 25 
through 31 have undefined results. 

HSKX,.HSKY 

M S K X ,. < ma s k o f '( > an d HS K Y < ma s k r·f Y > a r e 2 4 - bi t P s e u d o 
registers that hold the mask oj~he appropriate register 
<X or Y>. Beginning with LSB Jf X or YJI the number of bit 
positions included in the nask is determined by the value 
of CPL. Zero. bi ts are pro~ced in the more si gni f ic ant bit 
positions of the 24"'.\lit result when the length as 
determined by CPL is ~'ss that 24. Results are not defined 
for CPL values 2.5. thrtugh 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 H-Instruction 
as weH as being available in the <8-bit> group 
addressed as CP. 

3ICN: J L5UY I CYF I CYO I CYL t 

t 
I Carry Out Level 
Borrow-Out Level 

Carry flip-f Lop 
Least Sign; ficant Unit of Y 

The carry-out level is a function of x, y, CPL, and CPU. 
See Section 3.2.1, SUM. The borrow-out level is a function 
of x, y, ,e1nd CYf. See Section 3.2.2, DIFF. 

LSUY is true if the least significant unit of Y is equal to 
1 and CPU= oo, or if the least significant unit of Y is 
equal to 1001 and CPU = oo. 

XYCN 

XYCN <XY condition> is a 4-bit pseudo register that holds 
the following relational conditions• considered as a 4-bit 
group and addressable as a source only: 

XYCN: I MSBX I X=Y I X<Y I X>Y I 

MSBX 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 bit. MSBX = 0 if CPL= o. 

The relational results are based on the binary value of all 
24-bits of X and Y. 
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XYST CXY states> is a 4-bit pseudo register that holds the 
following relational conditions .. considered as a 4-bit 
group and addressable as a source onty: 

X Y ST: Y neq 0 I )( neQ O I 

LSUX is true when the least significant unit of X is equal 
to 1 and CPU= oo .. or when the least significant unit of 
X i s eq u a l to 1 0 0 1 and CPU = i s not e Qua l to 0 0. 

The relational results are based on the binary value of all 
24 bits of X or v. 

J1U i j r II e i f an Y 0 f th 0 f 0 l l 0 W f n g C 0 0 d it j 0 0 S a 5 r 9 fl 9 Ct 0 d 
.. in [NcN; cc .. and CD are true. CSee Section 3.a,.,9 .. INCN and 

3.1.13.2 .. CA. cs .. cc# CO.) 

1. 
2. 
·3. 
4. 

Ti mer Interrupt 
Bus I/O Interrupt 
Control Panel Interruot 
Memory Parity Error Interrupt 

c.c...(1) 
c.c {.1,) 

CG()) 
C l)(D) 

s~~.a'.s 
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INCN <interrupt conditions> and PERR <Parity error> are 
4-bit pseudo registers which are not physically present in 
the S·Processors. When either is addressed as a source~ a 
binary value of z~ro is yielded; when addressed as 
destinations, the data is lost. 

4-BIT FUNCTION BOX 

The 4-bit function box C4-bit arithmetic and combinatorial 
section ~f the processor> can accept, as one of its 
inputs. the· contents of any of the following 4-bit 
registers and pseudo registers. 

·TA 
LA 
f U 
CA 
CA 

TB 
LB 
FT 
CB 
CB 

TC 
LC 
flC 
cc 
cc 

TO 
LO 
FLO 
co 
CD 

TE 
LE 
FLE 

Tf 
Lf 
flf 

Outputs include the result of most of the commonly used 
functions between two operands~ for example: Set. And, Qr, 
Exclusive-or. Binary Sum and Difference <both modulo 16>. 
Outputs are directed back to the source register. 

The sum and difference output can be tested for overflow 
and underflow r9spectively and. based on the test. 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 is also 
provided. 

BICN# XYCN, XYST· and FLCN are not actually registers but 
can be sourced as if they ware. They can be changed only 
as a result of changing the condition which they reflect. 
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----------------------------------------------------------
I OP SOURCE SOURCE DEST I NAT I ON DESTINATION 

• CODE REGISTER REGISTER REGISTER REGISTER 
I 0001 GROUP fl. GROUP # SELECT ti GROUP # 
I 0 -15 0 ••• 3 0 ••• 3 0 ••• 15 
-~4·~-~--~-~-~--~~-~~--~---~~--~~-~~~-~~-~-~-~----~-~-----~ 

Hove the contents of the source register to the destination 
register. If the source register is smaller than the 
destination 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 destinat;on register. 

Exceptions: 

1. When M is used as a destination register in run or 
step mode, 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. In tape 
mode, no bit-OR takes place. 

2. CPU, WRIT, READ, and CMND are excluded as source 
registers. 

3.. BICN, FLCN. XYCN. xvsr, INCNP READ· WRIT, SUM, CHPX, 
CHPY1 XANY, XEOY, HSKX, MSKY, XORY, DIFf, MAxs, MAXM, 
and U are excluded ~s destination registers. 

4. When DATA, SUM, or Diff is designated as a source, 
CMNO and DATA are excluded as destinations. 

s. U is excluded as a source in STEP mode but is 
permitted as a source in RUN or TAPE mode. When U is 
used as a source, TAS. MARCA> and M registers are 
excluded as destinations. 
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6. When A,. M,. cp,. or DATA is designated as a source, all 
4-bit registers are prohibited as destinations. 

SCRATCHPAD HOVE 

OP I RGSTR I RGSTR DIRECT ION SCRTCHPO I SC R TC HPfl 
CODE I GRP fl. ' SLCT# 0 TO S CR TC HPO WORD J WORD 
0010 I 0 ••• 15 I 0 ••• .3 1 FROM 0-Lf T WRO I ADORE SS 

' • SCRTCHPD 1-RT WRO I 0 ••• 15 

I 

• 
I 
I 

----------------------------------------------------------------
Move the contents of the register <SCRATCHPAO> to 
SCRATCHPAD <register>. If the move is between registers of 
unequal lengths,. the data is right justified with left 
Cmost 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 used as a destinat;on register. the 
operation is changed to a bit-OR which modifies the 
next micro-operat;on. It does not modify the 
instruction as stored in the memory. 

2. CPU. WRIT, REA~. and CMND are excluded as source 
registers. 

3. BICN. FLCN. XYCN, xvsr. INCN. READ, ~RIT, SUM, CMPX, 
CMPY,. XANY. XORY. XEOY. HSKX,. HSKY. DIFf. HAXS. ~AXM 

and U are excluded as destination registers. 

4. M as a source resutts in a transfer of 24 zeroes. 

s. U is excluded as a source in STEP mode. 
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I 0000 0111 
,1 
I 
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I 48-BIT 
I SCR ATCHPA 0 
f WORD 
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SOURCE 48-RIT I 
SCRATCHPAO I 
WORD I 
0 ••• 15 • 

I 

-------------------------------------------

26 

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 word to the FA and FB Register 
respectively. Move the contents of the holding register to 
the left and right word of the destina.tion scratchpad 
word. 

~ 8-BIT LITERAL 

I OP I DESTINATION J LITERAL 
FORMAT: t CUDE t REGISTER I 

I 1000 I GROUP # I o ••• 255 
1 1 o ••• 1s 1 

Move the 6-bit literal given in the instruction to the 
desti~ation register. If the move is between registers of 
uneQual lengths• the data is right justified ~ith left 
<most significant> zero bits supplied. The register select 
number is assumed to be 2. 

E xc epti ons: 

READ and WRIT are excluded as destination registers. 
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---------------------------------------I OP f DESTINATION 
FORMAT: I CODE I REGISTER 

I 1001 I GROUP # 
I I o ••• 15 

24-BIT LITERAL 
O ••• MAX 
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Hove the 24-bit literal given in the instruction to the 
destination register. If the move is between registers of 
unequal lengths, the literal is truncated from the left. 
The register select numoer is assumed to be 2. 

Exceptions: 

M· CP• READ• and WRIT are excluded as 
registers. 

READ/WRITE MEMORY 

destination 

----------------------------------------------------------------
• OP I 0 IR ECTI ON COUNT t RGSTR # FIELD t MEMORY I 
I CODE I 0 to RGSTR VRN TS I 00 = x DIRECTION I FIELD I 
I 0111 • 1 TO HE MO RY 0 ••• 1 I 01 = y 0 - POSITIVE I LENGTH I 
I ' I 10 = T 1 - NEGATIVE t 0 ••• 2& I 

' I I 11 = L I I 

----------------------------------------------------------------
Move the register's <memory's> contents to the memory 
<register>. If the value of the memory field length is 
less than z4, the data from memory is right justified with 
left <most signific~nt) zero bits supplied while the data 
fro~ 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 field directi~n sign and memory field 
length is qiven in the instruction. 
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If the value of the memory field length as given in the 
instruction is zero. the value in CPL is used. 

Memory field length values <or CPL values if MFL = 
and 26 are truncated to the value 24. When used on 
ooeration~ the value 25 and 26 cause odd and even 
respectively to be written into memory regardless 
parity of tne read data. 

O> of 25 
a -..rite 
parity 

of the 

For a description of the count variants. see Section 3.4.7. 
COUNT FA/fl. 

COUNT FA/fl 

I OP I COUNT I LITERAL I 
FORMAT: I CODE I VARIANTS I o ••• 31 J 

i 0000 0110 I 0 ••• 7 t f 

----------------------------------
Increment <decrement> binarily the designated 
by the value of the literal containea in the 
or by the value of CPL if the value of the 
zero. 

register Cs> 
instruction 
Literal is 

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

Overflow of fl is not detected. The value of FL will go 
through its maximum value and ~rap around. Underflow of FL 
is detected and will not wrap around. The value of zero is 
left in FL. 

Literal values <or CPL values if LIT= O> of 25 through 31 
are truncated to the value 24. 
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Count variants are as follows: 

v -- 000 No count 
001 Count FA Up 
010 Count FL Up 
011 Count FA Up and FL Down 
100 Count FA Down and FL Up 
101 Count FA Down 
110 Count FL Down 

. 111 Count FA Down and FL D O'WO 

SCRATCHPAO RELATE FA 

29 

OP t RESERVED a SIGN OFF 
FORMAT: CODE I I SPAD WORD 

LEFT SCRATCHPAD 
WORD AODRESS 

0000 1000 I 000 f O-POSITIVE o ••• 1s 
t f 1-NEGATIVE 

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

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

EXTRACT FROM REGISTER T 

I OP I ROTATE DESTINATION EXTRACT I 
FORMAT: • COOE I BIT COUNT REGISTER BIT COUNT I 

• 10.11 • o ••• 24 00 - x 0 ••• 24 I 
I I 01 - y I 
I • 10 - T • 
I I 11 - L I 
-~~---~---~-~~-~~~-~--~-~-~-~~~---~-~-~~~~----

Rotate Register l left by the number of bits specified ana 
then extract from the right the number of bits specified. 
Move this result to the destination register suoplying 
left most Cmost significant) zero bits if the extract 
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T he content s of the source reg i st er are u n ch an q e d u n l es s i t 
is also the destination register. 

A rotate value of 24 is equivalent to o. 

SHIFT/ROTATE REGISTER T LEFT 

I OP DSTNATN OSTNATN SIR VARIANT SIR 
FORMAT: • CODE REGIS TR REGIS TR 0 - SHIFT 8If COUNT 

I 1010 GROUP # SELECT# 1 - ROTATE o ••• 24 
1 o ••• 1s o ..... 2 
---~-~---~-~----~---~---~~~~--~--~~-------~-~-~-----~-

SHIFT <ROTATE> Register r left by the number of bits 
specified and then move the 24-bit result to the 
destination register. If the move is between registers of 
eQual lengths. the data is right justified with data 
truncated from the left. 

The contents of the source register are unchanged unless 
the source register ts also the destinati~n register. 

Zero fill on the right and truncation on the left occurs 
for the SHIFT operation. 

If the value of the SHIFT/ROTATE count as given in the 
instruction is zero. the value given in CPL is used. 

Exceptions: 

1. Whan H is used as a destination register~ the 
operation is changed to a bit-or khich modifies the 
neKt micro-operation. It does not modify the 
instruction as stored in the memory. 

2. BICN. FLCN. XYCN. XYST• INCN• READ, and WRIT. 
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SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT 

I OP I SIR l/R XI Y • FORMAT: I CODE . I VARIANT VARIANT VARIANT I 
I 0000 0100 I O-SHIFT O-LEFT o-x REG I 
I ' 1-ROTATE 1-RIGHT 1-Y REG I 

31 

SIR 
BIT 
COUNT 
0 ••• 24 

-----------------------------------------------------
SHIFT <ROTATE> Register X or Register Y left <right> by the 
number of bits specified. 

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

SHIFT REGISTERS XY LEFT/RIGHT 

--~~-~-~~--~------~---~~-~~--~~--· ---------- ..... 
I OP I SHIFT I L/R SHIFT 

FORMAT: ) CODE • .VARIANT= ' VARIANT BIT 
t 0000 0101 I 0 I 0-lEFT COUNT= 
I I I 1-RIGHT 000001 
~-~-~~-~--~~~~-~----~~-~~--~-~--- ~- .. ------ ... -. 

SH;:I the concatenated X and Y registers left <right> by qe:bfi:> The register X is the leftmost <more significant! 
a of the concatenated 48-bit XY register. 

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

of t he s h i f t c o u n t a s g i v e n i n t he i n s t r··~~ ;·i-~ ~·-1 
lP an undefined result will occur. ~ 

l co9 o,,i" 
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SHIFT the X Register left while counting fl down~ until 
FL=O or until the hit 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 leftmost bit of x. CPL is undefined. 

CALL 

• OP I DISPLACEMENT I DISPLACEMENT I 
FORMAT: I CODE I SIGN t VALUE J 

I 111 1 O=POSITIV£ I o ••• 4095 ' • I !=NEGATIVE I I 

--------------------------------------
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 tn the instruction to the address of the next 
in~line micro-instruction. 

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

Note: 

Note: 

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

Exit is accomplished by employing the REGISTER 
MO¥£ instruction with the TAS as the source 
register and MAR<A> as the destination register. 
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DISPLACEMENT 
VALUE 
o ••• 4095 

33 

fetch the next micro-instruction from the location obtained 
by adding the signed displacement value given in the 
instruction to tha address of the micro-instruction 
next-in-Line. 

A dfsplacement value indicates the number of 16-bit words. 

BIAS 

I OP I VARI ANTS 1 TEST CPL NEQ 0 FLAG 
F 0 R MA T : ·I C 0 0 E I I 0 - N 0 T £ ST 

I 0000 0000 0011 J o ••• 7 I 1 • TEST CPL RESULT 

Set CPU to the value 1 if the value of FU is 4 or 8 and to 
0 otherwise~ unless V = 2. If V = 2~ CPU is undefined. 

Set the value of CPL to the smallest of the values denoted 
on each line in the following table. 

v VALUES 
~---._ .. ,. 

0 FU 
1 24 and FL 
2 24 and Sf L 
3 24 and FL and SFL 
4 CPL 
5 24 and CPL and FL 
6 CPL 
r not defined 
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If test flag equals l and final value of CPL is not zero, 
the next 16-bit micro-instruction is skipped. 

SET CYF 

-----------------------------I OP 
FORMAT: I COOE 

VARIANTS I 
I 

1,z,4*8 I I 0000 0000 0110 

Set the carry flip-flop as specified by the variants. 

v = 1 Set cvr to 0 
2 Set cvr to 1 
4 Set CYf to CYL 
8 Set CYF to CYO 

Note CYO = CX<Y> + CX=Y>CYF. 

4-BIT MANIPULATE 

__ ..... _ ... _~- .. ._ _,_ ...... ----- ... ~...-~.-- -- ----- ~- ... ,., ... -....... ___ --·-19 .. _ -- --
I OP I REGISTER I REGISTER I VARIANTS LITERAL 

FORMAT: t CODE t GROUP # t SELECT # I 
1 0011 1 o ••• 1s t 0 ••• 1 • 0 ••• 1 0 ••• 15 

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

V = 0 Set the register to the value of the literal. 
1 Set the register to the logical And of the register 

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

and l i tera t. 
3 Set the register to the logical Exclusive-Or of the 

register and literal. 
4 Set the register to the binary sum <modulo 16) 6f 

the register and literal. 
5 Set the register to the binary sum <modulo 16) of 

the register and literal~ and skip the next 
H-Instruction if a carry is produced. 
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6 Set the register to the binary difference <mod~lo 
16> of the register and literal. • 

1 Set the register to the binary difference Cmodulo 
16> of the register and literal, and skip the next 
M-Instruction if a borro~ i5 produced. 

Exception 

BICN• fLCN, XYCN, XYST, and CPU, when specified as operand 
registers, are not changed as a result of this operation. 
However. the carry and borrow outputs are produced and a 
skip can result. 

BIT TEST BRANCH FALSE 

-~~-~~~~~--~~~--~~-~-------~~~~----~~---~--~-~------~--~-~-
I OP I REG REGISTER ' REG OSPLCMNT OSPLCHNT 
t CODE I GROUP fl. SELECT # I BIT # 5 I GN VALUE 
I 0100 I o ••• 1s 0 ••• 1 ' o ••• 3 0-POS o ••• 1s 
I I • 1-NEG 

-----------------------------------------------------------
Test the designated bit within the specified register and 
branch relative to the next instruction by the signea 
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-line M-instruction. A displacement value 
indicates the number of 16-bit words from the next in-line 
i nstruc ti on. 

See Section 3.1.13.2 for information on the reset of bits 
in the C Register. 

BIT TEST BRANCH TRUE 

OP RGSTR • RGSTR RGSTR OSPLC~NT OSPLCMNT 
CODE GROUP # I S ELECT # BIT # SIGN VALUE 
0101 0 ••• 15 I 0 ••• 1 o ••• 3 O-PO SIT I VE 0 ••• 15 

I 1-NEGA Tl VE 

-------------------------------------------------------------
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 zero, 
a displacement value of zero is assumed and control passes 
to the next in-line M-instruction. A displacement value 
indicates the number of 16-bit words from tne next in-line 
instruction. 

See Section 3.1.14.2, CAr CB• CC• co, for information on 
t~e reset of bits in the C ~egister. 

SKIP '~HEN 

I OP I REGISTER I REGISTER I VARIANTS I MASK i 
FORMAT: I CODE I GROUP # t SELECT fl. I o ••• 7 f Q ••• 15 I 

I 0110 I o ••• 15 I 0 ••• 1 t I 

Test only the bits in the register that are referenced by 
the •1" bits in the mask. ignoring all others unless V = 
2 or V = b. If SO• compare all bits for an eoual 
condition. Then perform the action as specified below. 

v = 0 

1 

2 

3 

4 

5 

6 

7 

Note: 

If any of the referenced bits is a "1", skip 
the next H-instruction. 
If all of the referenced bits are "1"~ skip the 
next M-instruction. 
If the register is equal to the mask, skip the 
next M-instruction. 
Same as V = 1, but also clear the referenced bits 
to zero without affecting the non-referenced bits. 
If any of the referenced bits ;s a "1"- do not 
skip the next M-instruction. 
If all of the referenced bits are "1" do not skip 
the next H-instruction. 
If the register is equal to the mask- do not skio 
the next instruction. 
Same as V = 4~ but also clear the referenced bits 
to zero without affecting the non-referenced bits. 

If the mask equals OOQO, the "ANY" result is 
false. The skip is not made for V = 0 and is ~ade 
for V = 4. If the mask equals 0000~ the •ALL" 
result is true. The skip is made for V = 1 and V 
= 3 and is not made for V = 5 and V = 1. 
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1. BICNP FLCNP XYCN~ and XYST cannot be cleared with V 
= 3 or 7. However~ they can be tested. 

2. See Section J.1.13.2 for information on the reset of 
bits in the C Register. 

CASSETTE CONTROL 

FORMAT: t OP CODE I VARIANTS I RESERVED 1 
1 0000 0000 0010 I o ••• 7 I f'LAG SIT I 
I I f o ••• 1 I 

Perform the indicated operation on the tape cassette. 

v = 0 
1 

2 

3 
4 
5 
6 
7 

Note: 

Start Tape 
Stop Tape CThe processor al so halts i f i t is in 
TAPE mode.> 

x ~y Stop Tape if <The orocessor also halts 
regardless of mode.> 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 

All Stop Tape variants cause the tape to halt ;n 
the next available 9ap. 

HALT 

FORMAT: t OP CODE I 
• OUOO 0000 0000 0001 I 

Stop executjon of the micro-instructions. The next micro to 
be executed is fetched and stored in the M Register and 
the MARCA> register ooints to the next following micro. 
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~to the next sequential instruction. 

3.4.25 ~ NO OPERATION 

FORMAT: 1 QP CODE l RESERVED 1 
I 0000 1010 I 0000 0000 I 

the next sequential instruction. 

.rn 

x 
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M-instruction clocks 

REG IS TE R M 0 VE 2 
CBCD source -- SUM~ OIFF• BICN with CPU = 01> 3 
<MARCA> as destination> 4 
<BCD source and MARCA> destination> 5 
< U as source> .-!any 

SCR.ATCHPAO MOVE 2 
CBCD source -- SUM- Olff• BICN w;th CPU = 01> 3 
<MARCA> as destination> 4 

SWAP F WITH OOUBLEPAO WORD 10 
~o;ea 6-BIT LITERAL ,?_ 

<MAR<A> as destination> 4 
~ 24-BIT LITERAL 6 

< TA PE mode> Many 
WRITE MEMORY 8 
READ MEMORY d 
COUNT FA/FL 
SCRATCHPAD RELATE FA 
EXTRACT FROM REGISTER T 
SHIFT/ROTATE REGISTER T LEFT 

4 
4 
.3 
~ 

5 
3 
6 

<MARCA> as destination> 
SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT 
SHIFT REGISTER XY LEFT/RIGHT 
NORMALIZE 7 /bit shifted 

<if fl goes to zero> 
Ci f M SB X = 1> 

CALL 
BRANCH 
BIAS 

C b r an c h t a ken > 
SET C YF 
4-BIT MANIPULATE 

<skip taken> 
BIT TEST BRANCH FALSE 

< b r an ch t a ken > 
CBCO source -- BICN with CPU = 01> 
CBCO source and branch taken> 

7/bit shifted pl us 
4 
5 
4 
•') 
'--

4 
2 
2 
4 
2 
4 
3 
') 

2 
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CBCD source -- BICN with CPU = 01> 
CBCO source and branch taken> 

SKIP WHEN 
Cbranch taken> 
<BCD source -- BICN with CPU = Otl 
<BCD source and branch taken> 

CASSETTE CONTROL 
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