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PREFACE

Abstract:

This document describes the basic instruction list for the

Strategic Air Command Data Processing System.



1.0

2.0

INTRODUCTION

The SACCS computer word is n.bimry 48 bit word with‘nogaﬂvo numbers
éxpressed in one's complement form. For arighmtic processes, the ”'md
can be treated as i'otngl- lign-‘kitfp_léll.s.“'? -bit‘wovd. o:r &8 a pair of llgu-btt- ,
pPlus-23.bit "half-words." - | | - .

For logical or arithmetic purposes, nloéud sets of 6 conlicutivc 'bf:p B

(called ""bytes'') can be operated upon. There are ¢ight of these bytes to a

word. Some logical operations can treat less than 6 bits at time. The

instruction word takes several forms, but all forms include 4 bits for index

seveh ’ ‘ >3 ,
selection and oight bits to specify the bntc.lnotructlo(n, mﬂ? ﬂm RS a e
(BXH, BXE, 55)9%.) MJ«; Ve &Wﬁm\’@‘?%wﬂ“7% ¢ W i i
ADDRESSING ’ U

Initially 32,768 or 2. 15 registers of core memory shall be provided in the

SACCS machine, Fequiriag—té-bits foraddreseing: Since 18 bits have been
allocated for addressing, room has been provided to expand memory.

Special modifiers or address codes will be used to address the internal

registers,

2.1 Direct Adduui_n‘_

The "direct'' method of addressing is to use the right-most 18 bits
of an instruction to specify the Adduu of the core memory (or
internal), iogiaur which contains the operand, next instruction, otc.

2.2 Immediate Addressing

"Immaediate' or "roal-dafa. " addrouing is & method in which the o ("W?
A '

'ri.ht-rhott 24 bits act as the operand.

2.3 Indirect Addressing : /&L oy

"Indirect" addressing is a method in which the rtght-mo.; 18 bits of -
~the word specify the address of a word containing the operand address, o
or branch address. Multi-level "indirect" addressing shall be permissible.

-1




2.4 Indexing

In all of the above addressing schemes, it is possible to change these
addresses by a number contained in an 18 bit register called an "index
register.' There are 4 (expandable to 13), of these index registers, and
the right accumulator and program counter may also be used in this
manner. Four bits of the instruction word are used to specify the index
register to be used in this process. One bit of the instruction word is
used to specify whether the mode of indexing will be director indirect.

2.4.1 Direct Indexing
In this mode of indexing, the contents of the specified index
register are added to the right-most 18 bits of the instruction
word. The resulting address ‘shall hereafter be referred to as
an "effective address, " Wiih'd,dressing, maultiple in-
dexing is possible. That is, an fndex register can be specified
and used in the instruction word, and the same index register

(or another index r‘egiéter)g:p/n be used in the addressed word
which contains the ope rang‘address (or branch address).

<

(Z. 4.2 Indirect Indexing

In this mode of indexing, the index selection bits (IX,) contained '
in the instruction word' (I )-specify the index register'whose con-
tents specify the address of a second word 1. The address por-
tion of I; (A;). is added to the address portion (_Ai'oid the original -
instruction word, and the indirect index tag of 1; is examined, If
this tag is set, the index selection bits of 1; specify the index
register whose contents specify a memory address for a third ,
word Ip. : g

The process described above will continue until the indirect in.
dex tag of a word I is found to be zero. At this time an address
Aot Ay Ay . . . . A, plus the contents of IX, is formed. This
addrese will specify the address of an operand, or the address of
& ward containing the operand address depending upon the value
of the indirect address tag of the word I,. Once the process of
indirect {ndexing has been completed (i. e., the I,th word), no
further reference to the indirect indexing tag shall be made for
the duration of the instruction, : L

2.5 Addressabls Rigisterg

Many "internal" registers of the central computer and peripheral unit
processor shall be addressable. These shall include the following:
contaol punsl suviheh 1y, Logical sy, |
(1) Test memory (wagboard, taggle switeh,)live)
(2) Index registers (v
(3) Accumulator-
(4) B register
(5) Program register,
.2-



3.

0

b Q-W | 3

(7 Clock regi-totM (réﬁl time) .pni'l 20 M'g N ﬂg‘d"' : ,ff"
Aotk Condihe» T i e s S

A '+ A
(8) Alarm registers i

(9) I-[O counters (word;/%d réss) “angular-pos ition)

(10) DL abeitesn repuatton |
The i'\ru six of these can be read, set, or used to increment the BAR

Lo (k) s .
(Branch to Addrees plus Reguur)ﬂmurucuon Jt-will-be-possible-to-

o
branch to-test-merory. The clock and slarmrregisters canhba read,or

, ‘m~w/vm,,m‘7¢ﬂv\

Wmomw
sl 240, o Zujd«: o Her s nilra Al (5AC-ST) o aufrie A2 (PACSD), TH

CONFIGURATIONS Wi ahorogp MG . Con g e wask Fo tnrsmint rhe BAR 400,

Various configurations are possible with the SACCS word. These include

full -word, dual-(or half-) word, and byte configurations.

A3'

3.

1

2

Full Word

The full word shall consist of a sign-bit (= +, 1 = -} and 47 magnitude
bits in one's complement form (i.e., the negative of a number shall be
obtained by complementing all 48 bits). In Multiplication and Divtsioa.
the full -word product ;nd dividend shall occupy 96 bits, the most’
significant half having its sign a; the sign-bit of the left accumuloltor

and its magnitude in the remaining 47 bits of the accumulators, 'and the
least significant half having an identical sign in th§ sign bit of the left

B register and its magnitude in the remaining 47 bits of the B register.

Dual Words

Dual words shall denote pairs of half -words. Half-words shall consist
of a sign bit and 23 magnitude bits in one's complement form, similar
to the full-word form. Again, in Multiplication and Division, the half-

word product and dividend shall occupy 48 bits of the left-accumulator/

-3



3.3

loft~B-reg£stor. or tightficcumulatorlright-ﬁ-rogiitor. havmg'itl
sign in the sign bits of the appropriate accumulatox; and B register,
and ita magnitude in the r-mammg 46 bite of these half- ugutcn

As with the full word, tho most sxgntfxcant half is in the accumulator.

Bytes ’

P

A memory word can ba“considerod to be composed of eight 6-bit "bytu."‘,
These can, by byte-configuration control, be bro ught into, or utor@d
from, the arithmetic element, displaced by any‘aumbor cf byte potitiou‘t,fk:
from fto 7 Up to eight bytes may be loaded into, or stored from,

bytes within the accumulator or B-register word. Byte displacement

is on a cyclic basis. For example, displacement by 4 byte pouitioni
sends byte P to (or from) byte 4, and 1 to 5, but sends byte 4 to byte ﬁ.
Byte -configuration control tukes place between a register called the
"Exchange'' register and the "A" register. Transfer paths are set wp
from the former to the latter. Loading and adding involve the tranofc’vz"

of the memory word to the Exchange register, and the active bytes

along the proper path to the A rogfilter. and thence directly to the proper .
register in the arithmetic element. Llnactive bytes may be set in the ‘
A register, Storing involves the placing of the memory word dtrcctly
in the A register, and modifying it there via the transfer paths Iram'
the Exc hange register. The A register is then restored to memory. -

There are some special byte configurations, used for '"twin" opsrations. .



4.

0

These axe configurationg”in which byte paths which go todne A register ;
. ’ ¥ . : i
. ( o

he other. In the "twin\mode with no byte dis-

placement, tra r paths are set up as describeég above except that

the left Exchinge-register.bytes are connected to both A registers. g

INSTRUCTIONS

The SACCS }nltructions shali be di;/ided into ten classes: Load, Arithmgg&;"f,,
Store, Shift, Branch, Convert.‘Logical.Reut. Miscellaneous, al"din/oug_
The word layout, m.odifier deocvyription. and a general description of tbgj L
:1“' are given with each class of instructions. 'fhe list of each clnsnﬁiﬁ
contain the mnemonic codes of efch instruction withva brief descriptionwé'ffﬁme' :

instruction action, a word layout, and modifier description, if different trow

those of the instruction class.

4.1 L,o!d Cu-s Instructions

anasre

4{'\-ep P A TR | X413, 1 Adde, |

' M@rﬁq’%ﬁﬂ; : ”

s-7 8 10 W 1314 2 22 23 24 2526-29 30 -, 47
Au instructions in this class are indexable.
Modifiers

For all load class instructions, the Exchange and A registers are initia

cleared. The addressed memory word is then loaded into the Exchange
registers (half-woktd addressable machine registers are loaded into the y
right exchange registers; the six-bit auxiliary logical register'ia loa‘dod.i
into the right -most byte of the exchange register). Coufi‘gv'.xraticn control

is applied in the Exchange register - to - A register transfer according

-5




to the following scheme:
A, Byte Activity - This modifier is an eight bit mask and is |
applied to either or both A registers. It specifies which .

6

bftcs are loaded frc;.m;oxchangi register hyte‘l.‘ Bits A,
),:’{. e e e .%’;c.oruspoqd to the first, second, .. ."k. .
eighth A register bytes. For each bit: |

¢ - Corresponding A register bytes are Iq,;dod
from the Exciungc register.
1 + Corresponding A register bytes not loaded,

P | Byte Displacement - This three bit ta g specifies byu
pocitiontdg between the exchange and A register bytes,
The binary code specifies the numbo} of byt.‘ poniuon.
each Exchango register kbyto is displaced to the right\ as

it is transferred to thq A register. (The eight bytes of a
full register are considered ta form a ring - that is, bftcs
are displaced from byte position 7 to byte position 0).
Byte displacement in the twin mode is essentially the |
same u above .

M Mode Selsction - This modifier specifies the aritl;mitié
mode in which the instruction operation takes place. The
binary codes are interpreted as follows: o
000-}(’ Full Word - For this mode of operation, there
is one arithmetic clomont’ The combined left aﬁd right
accumulators (A registers, B rigist.n. etc . ) aro‘ considered:
to form a single register containing a signed quantity with

47 bits of magnitude.

e
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ol |
+6¢ Dual Mode - The instruction is exscuted indopondﬁnﬁy

in both arithmetic slements,

il |

46T Left Mode - The instruction is executed only in the,
left arithmetic element.
0t0 : -
6 Right Mode - The instruction is exscuted only in the

right arithmetic element.

100

in\the same ma ' ual Mode, except that at the

co mode operation, a +4 byte

For example, if a load class instruction is given, specifying

, ot ol o
twin mode, an A modifier of 11011110, and P modifier of 010,
transfers would occur according to the following d'u‘ram‘:‘

Byte O 1 2 3 4 5 6 1

Exchange Register % X @

A Register | X ' X 4

N

will be active. T

This is arxived at in the follfwing manner:

The A modifie t bytes 2 and 7 of the A register
odifier indicates that the infarmation .
d 5 of the Exchange register. Finally,

the +4 byte displagementtakes place, transferring (rmn» ‘



b}

.~

correspghfding bytes in the

Spurious rgsults may be obtained i
left and righf\half Word {0 and 4, 2 a etc.) are sclected, or
if a P modifief\is chosen such thar ‘ tion would be trans-

ferred

T- Signed Data Tag

After tne byte-transfer from Exciange to A registers have been
made; this tag is examined. If it is set, then for ecach (active}
A register:
The computer looks at the first bit of the left-most byte
- that received data from an Exchangye register. If this bit
is a ""I", then all hytes that did not receive Exchange register
data are set to '"1'". That i;. all six bLits in each of theue_ bytes
are set. If the first bit of the left-most byte is a ""0", or if the-
T tag is’ not set, ro action is taken upon thé A registers.
R-  Real Data Tag
Real data tag indicates whether the address portion of the word is to be
dsc’d as real data or a constant:

A '"0" indicates the address portion rcfers to a memory location.

A "1'"indicates tht‘a address portion is to be used as a constant. i,
- . f . . s
%:V"_;j"“" 72?: w:‘m nght o 7%%»@%(,&% 2,#-47)4»“‘/
Adrfart Aoth The Ly ¥ mght Aehmgl 4Gl A )" il e
o Ve ingln . ol ia 1o fe'uird ol ' eprtely Lt walidg ke wght
I- Indirept Address Tag “ ) ot gund 7 W“‘f»ﬁh

When a '"1" bit is present in this bit position the addressing mode will be

indirect. If the bit in this position is "0" the addressi'ng mode is direct,

_8-



>< Indirect Index T

When a 1" is present in this pogftion the indexing mode will be

If the Xit in this posipffonis Y0'' the indexing mode is direct.

P, Doble ol Tog - Whon iz Lokrs ank 1" Fle mpde
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+-LAC

LBR

-LBC

LLOAD CLASS INSTRUCTIONS

Load Accumulators

The contents of the accumulator are replaced by the contents
of the memory location specified by the address portion of the
instruction.

Load B Registers

The contents of the B register are replaced by the contents of
the memory location specified by the address portion of the
instruction.

Load.; B Registers Comflcmont

The contents of the B register are replacéd by the complement of

" the contents of the memory location specified by the address portion

of the‘ instruction.

Load -Mi ‘nitude

LCP

LDL

pr

Load Complement

The contents of the accumulator are replaced by the one's complﬁmcm
of the contents of the memory locat:on opaciﬁod by the address pcrnon
of the m-tmction

Load ngical R;cgieter

The contents of the logical register are nplaced by the contents of the
memory location specified by the address portion of the imtrucnon




4.2 Apithmetic Class Instructions

N ,,.‘ / - g
A__| 7 / , A
§-7 8 710 11 13 14 21 22 .23 24 25 2629 30 47
S0P IR %’(ﬁ% N A P
§-0All instMuctio his class aro’ﬂxdom. 4 25 262 Z0 49
Modifiers : :

The above format is used with all Arithmetic Class lnatrﬁcttqm.
The modifiers are identical to those used with Load Class iu- k'
structions and yield the same results. That is, they serve to
determine the configuration of data which arrives th the A
register(s), and the arithmetic slements in which instruction

operation takes place.

~11-



ADD

SUB

ADM

SBM

ARITHMETIC INSTRUCTIONS

Add

This innructipn algebraically adds the contents of the opoclihd
memory location ;o the contents of the accumulator and uplscu
the contents of th. accumulator with the resulting sum.

Subtract

This instruction algebraically subtracts the contents of the
specified memory Iocati;n from the contents of the accumulator
and replaces the contents of the accumulator with the ruu.lt}n.
difference.

Add Magnitude

This instruction algebraically adds the magnitude of the contents

of the specified memory location to the contents of the accumulator

and replaces the contents of the accumulator with the resulting
sum. The sign of the contu;‘u of the memory location is lgnbrtd.
Subtract Magnitude

This instruction algebraically subtracts the magnitude qt‘ the
contents of the specified memory location from the contents of

the accumulator and replaces the contents of the accuxxiulawt with
the resulting difference. The inatruction {s performed by firet :
complementing the contents of the ipoctﬂcd memory location, if ;

positive, and then Proceeding as in addition.

../z‘.



DIM

MUL

Difference Magnitude

The absolute value of thov contents of the specified x;nomor,r
location are subtracted from the absolute valu§ of the contents
of the accumulator.” The instruction Proceeds as does the

ADD 'uutrucn'or; éxcept that, first the specified memory location
is complomantod.fu' positive; the accumulator is complemented,
if negative. |
Multiply

Dual, Left or Right:

The contents of the left accumulater are multiplied by the
contents of the left memory register and/or similarly for the
right acc‘umulator. At the conclusion of the multiply: the
accumulatoxf bits 1-23 contain the 23 most significant bits of the
product, the B register bits 1-23 contain the 23 least significant
bits of the product, the accumulator sign and B register sign
contain the algebraic sign of the product.

Full Word: .

The full accumulator and the full contents of the .pcctﬁyd
memory location, treated as signed, 47-bit magnitudes, are
multipuod. At the conclusion of the mult(ply: the accumulator |
bits 1-47 contain the 47 mon‘signtﬁcant bits of the pr@uct.

The B register bits 1-47 contain the 47 least oignmc.ant bite

of the product, the ac'chmuluor (left) sign and B register »(ylolft)

8ign contain the algebraic sign of the product,

-73-



MPR

DVD

Multiply and Round
This instruction executes a2 multiply followed by a round.
Divide

Full Word:

~ The 94-bit dividend is placed in full accumulator bits 1-47

and B-register bite' 1-47 The left accumulator sign bit and

left B-’ug'utor sign bit contain the algebraic sign of the dividend.
The divisor is treated as a signed quantity with 47 bits of
magnitude. The sign plus Q? bits of the quotient appear in

the accumulators; the sign plus 47 bits of the remainder

appear in the B-registers.

Dual, Left or Right: J{(Gembined)

The contents of the left Accumulator/left B register are divided

.by the contents of the left memory register and/or similarly for

the right Accumulator/B register and right memory register,
Before executing a Divide instruction, the dividend must be placed
in the combined accumulator/B register. It takes the same form

as the product of a Multiply instruction. That is, the dividend sign

‘is loaded into both accumulator and B-Register sign position; the 23

most significant bits and the 23 least significant bits of the dividend

are loaded, respectively, into accumulator bits 1-23 and B-roghttt

bits 1-23. The divisor, which is taken from the specified membry
location, is a signed é;uantity with 23 bits of magnitude. At the

conclusion of the divide operation, the accumulator contains the

+47-



sign and 23 bit quotient. The B register contains Qu sign and 23
bit remainder. The sign of the remainder is identical to that of the
quotient,

NOTE: Prior to division, t’h,c ACC-B Reg. sign will be compared. If unlike,
the B reg. will be ‘cdm\plomentod to conform to the sign of the accum-

ulator,

A test for illegal divisian will be made prior to beginning divide
{illegal is l divisor , s , dividond,). A signal to the interrupt syetem

will be generated if illegal conditions occur.

./5',‘.
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4.3 Floating Point Operations
A floating point number shall be represented by a quantity
2" X a fractional que/mti'Fy (7). "The number shall be stored in a

register as shown below.

o’

s c ] ‘P ]

8 1 11 12 47

S - The sign of F is in the 3 position of the word.

F - The magnitude of F 1s in bit positions 12-47. A negative
f;action is expressed in ones compliment form. A floating point
fivary number is said to be normalized when 1/2 {|F |{|.

C - The characteristic of a number is stored in positions 1-11. The
characteristic of the fraction is formed by adding 1024 to the exponment -

n. The characteristic of a negative pumber ahall be expressed in

W . :
é————-’ ompliment form S P

» M#W

" The modified bits ,(of the left w.r vord) deacribed in previom

ot

. ‘sections shall /havn no meanimg in rolating poinf. 1mtructiwa
- A
{Unless, c*‘xerwile noted, all floating point 1nstructiou sre por -

malised prior to completlon. AJ.l instructions in this class are
1ndembla. | -

(IR AT .

FLT - l"loat

This instruction will operate on non-floating words within the
| 'acc@lamr. The fraction will be shifted until it occupies the
last 3€ bit positions of the accumulator with tﬁe remaining bits
in bit positions 12 thru 22 of the B Register. The right most 11
bits of the contents of the effective address shall bo depo;ited in
bits 1 thru 11 of the accumilatar. The resultant floating point
number shall then be normaliged and the characteristic suitably
-~



FRN - Floating Round

If position 11 of the B Register contains a "1", the magnituue
of the fraction {n the accwmlator 15 increased by adding a "1" iamto
position 57. The contents of the B Register are unchanged. For the
special case where the coutents of the accumulator 12-47 are all omes

and a carry is propagated from positionl2 into positiom 11 of the
accumilator, a "1" ie inserted into position 12 of the accumulator.

- IGQ.



FAD

FAM

FSB

FSM

FMP

FDV

Floating Add

The contents of the specified memory location are algebraically added
to the contents of the accumulator according to the rules of floating
point arithmetic and the resultmg sum replaces the content: of the

accumulator and the B register

FloatigLAdd Magnitude
Same as floating add except the magnitude of the contents of the speci-
fied memory location is used.

Floatig_chubtract

Same as floating add except the negative of the contents of thtnp‘eci-

fied memory location is used.

Floatin, Subtract Magnitude

Same as floating add except the negative of the magnitude of the

specified memory location is used

Floating_Multi ply

The contents of the specified memory location are mnltiplied by the

contents of the accumulator. The most significant part of the product

appears in the accumulator, and the least significant part appears in .

the B register. The product of two normalized floating point numbers
n SR < | ‘

is in normalized form A If either the multiplier or multiplicant is not

normalized, the product may or may not be in normalized form.

Floati ing Divid_g_

The contents of the accumulator are divided by the contents of the
specified memory location. The quotient appears in the Accumulator

and the remainder appears in the B Register. A test for illegal division

-,.1‘



‘will be made prior to divide (a successful divide chieck implies that
O < QF < 2). A signal to the interrupt system will be generated if

illegal conditions occur.

Note: An operate instruction will be provided to enable the program
to set the B Register to 10 to conform to the sign of the accu- ‘

mulator.

UFA Un- o\r@.uzeg/ Floating Add

This instrugdtion is identical to FAG ex ept that no attermpt will be
N !

y

This instruction is identical to Pﬁ"e"xcept that no attempt ‘....1 be

, Ve
made to ngrmalize at the comp}e’tio tot’ the operation.

- p-



4.4 Store Class Instructions

o

- - / .’" o , ’
[op coa” M/’fa T| = 'IXMG'W
s/ 7,9/1011-131421 22°13 zx’z?zs ztz*fao
) e - I
Modifiers 1 ks ARA RS o Llen 12

T This modifier is used as in.the Lo&d and Arithmetic instructions fo»rva

2

signed data tag; however, it applies only to the ADR and ATR instructions.
A, P These modifiers are analogous to thci A and P modifiers used with Lo&d ,
and Arithmetic instructions. They are presented here as they .pply to
the simple store instructions (SACfS?B). Tiair use with the SPR: AOll;.
aan;TR instructions is defined separately with each of these innructimo
At the beginning of a store class instruction, the contents of the ;ddrolaad
“memory location are’ loaded into the exchange register and transferred
té the A register. During this portion of the instruction cxocuﬁpn. anly
_those bytes specified not active {i.e., containing a "1' bitin the A modiﬁﬂ')
ar; transferred, and the P modifier is not referenced. The conhntl(;. P
of the accumulator are then transferred to the exchange register. Thﬁ
A modifiers now specify which A register byteo are to receive inform&-
tion (i.e., active bytes are opectv_x’lod by 0's). The P modifier lpeciﬁol
the byte displacement as previously d;-cribod. The contents of the A
registers ar§ tho‘n transferred to memory. The A register may be con-
sidered as an assembly register for the word to be returned to mc:mo‘ry.
Thus, on store chis instructions the A field specifies those :pcmo_ry'
bytes which are to receive information. Where the lnctructibn LAC.
A-111110}11, P - 010, M - 000 brings memory hlyte 3 into uccuthator
byte 5, the instruction SAC, A - 11111011, P - 010, M - 000 stores
s accum'ulatdr byte 3 into memory byte S.‘ ) Mﬂ“”s ;7:; —her ’”
m e = Ly /mmlz ' , ATR atoa,




.Q,‘?g 7
S4¢C ) STI3 S'P/?
AOR Add One to Register

All values of the M modifier, except for twin.’ shall be legal 10? this
instruction and shall be interpreted . s Lreviously described. The A
registers are loaded with memo_y bytes such that the active byte (.)

in the exchange register (specihed by "0" in the A field) {s tr&ndﬂ‘rod
to the A register. The P modifier during this portion of the inltru«:ﬁon |
specifies the ‘namber of byte positions each exchange register. byh il
displaced to the right as 1t is transferred to the A registers. A one i’-l
added to bit 23 of the leftfor right udder (duxl mode), or to bit 47 (full
word); the results appear in each uccumalator (dual) or in the combipod
accqm’uhtor (full words). The aceumulator {8) ure then stored into
memory in a manacr analogous to the SAC mstru\cn’on except that during
this portion of the instr;xctiun the P modifiers specify the number of

byte positious each exchanye register byte is displaced to the left as it

is transferred to the A register,

Either or both half word accumulators or the combined 48- bit acclm'm-
lator are changed by this instruc'txon. The T modifier, if used, ﬂu |
act as previously described; however, tho inactive memory bytes
within the specified memory location will remain undisturbed ;ﬂ:oi ccm-
pletion of the instraction. » N |

SOR Subtract One from Register

This instruction is analagous to AOR except that a one is jubtractﬂd

from the active byte(s).

-21-



ATR

ECH

STL

Add to Register
Modifiers are interpreted as with the AOR iustruction. The A registers

are loaded with memory bytes as with the LAC instruction. The A‘“(‘iﬂ?

“ters und accumualitor(s) are then“added. The M modifiers will gm'!etn

the adder connections (i.e., dual, dual left, dual right, or full). The
accumulator(s) are thgh stored into memory as with the AOR inatruttiou.
Exchunge
This instructioun éxc'zuuges selected memory and accumalator byte(s)
without disturbing inactive bytes i1 either reg.ster. The instruction
ECH; ‘AullllllOl, P--1 will exchauge memory byte 6 with acgmalato_rt
byte 7. |

Store Log.ic ey:s

The contents of the addressed memory locations are tranilerred to thc
A registers. The coutents of the Inogical register are transferred
to the Exchange reyisters. Selected exchiange register bytes GClac:Q:

A register bytes without disturbing non-active byte position. The

A registers are then transferred to the addressed memory location.

-2



4.5 Shift Class Inltructions

= > ~
(orLeTm [o]_—T= 20 Tl

0 /76 20/t 18187 23 23

.All Shift Class instructions are indexable
Modifiers.
R: Real Data. This bit applies to SFT and CYC only. If this
bit is set, the shx}t count (number of bits to shift) is taken
{rom the effective address. If it is not set, the effective
address specifies a memory word whose effective address

in turn specifies the shift count.

I Indirect Address Tag. Whena "1 bit i present in this po-
sition, the addressing mode will be indirect. If the bit in

this positio ‘% ""0"" the addressing mode is direct.

P! :PMM&« Tq/

M: Mode. This modifier specifies in which arithmetic elements
ohi{tihg will take place. "Fuyll' also specifies a connective or
connectives. The left element bit 2 3 is connected to the right.
elemeut sign bit, and shifting takes place through the right

sign bit. The codes are as follows:

-23-



RC K

000 QYO0 Full
21| roe— Dual Mode
02 ™~ Left Mode

el@ nNo_ Right Mode

Connectives. These bits specify connectives or variations
p

for both cycle and shift instructions.

000 Accumulator/B register
001 - Accumulator(s) only
0}l0 B-Register(s) only

100 M Invert

The last code, Invert specifies that the accumulator(s) are
cycled in one direction (as specified by G, below) and the
B register(s) in the upposite direction. This code ‘ia legal
only for CYC., The sign bit of the active accumulator(s)
(as specified by M) is connected to the sign bii of the active
B register(s), and the least li'.nificant bit of the active ac~
cumulator(s) is connected to the least significant bit of the

active B register(s).

Round. If this bit is set, rounding is performed; that is, if
the most significant magnitude bit of the appiopriate B u‘iu- »
ter(a) differs from the sign of the B regintet‘(l). the absolute

value of the contents of the accumulator(s) is increased by one.

29~



N:

The B register(s) remains unchanged. This modifier affdc:;

only N()R and SFT.

'Diuction of Shift (Cycles). This- mod:ﬁer which i: uged eniﬁ

in SFT and cYc, apecxhe. in which direction the ahiftxug or

cycling is to take Place. It is the most significant bit of the |

effective address’ The c»:odec‘ are as follows:

| / Left
o/ Iiight

Number of Shu't, (cycles). This modifier (the last seven bits
of the effective dddress) specifies the shift count. When G

(the most significant bit of the effective address) is set the N
bits specify the ones complement of the number of shifts to be

performed,

lnstrucgions

SFT:

CYC:

Shift. The designated 24, 48 or 96 bit number is shifted to the
left or right, as specified. Sign bits (cee modxﬂorn) are bv
palud.’ Bits shifted out one end of the word are lont. bit po-i—

tions which are vacated are nlltd with the value of the sign bit

Cycle. This is similar to SFT, except that sign bitg are hnot by-

Passed and vacated bit pPositions at one bend of an element are

-8 -



filled with the bits which are cycled out of the other end.

NOR: Normalue. For this m:tructmn. the C modd;cr mun have

H

the value 00, and the K. amd”G modifiers are mean&ng!ou. |
The contents of the cpeciﬂed accumulator or accumulato:-
B-register configuration are shifted left until bit one of the
left (or right\, U M=>1900or 119) accu;nulator is different
from the left (right) sign bit. That is, the shifting continues
uatil the absolute value of the number being shifted ie2l/2
(the binary point being immediately to the right of the sign
bit). The number of shifts is stored in the right-half-word
of the memory register .peciﬁed by tjxe ‘ef.(ective address.

If the D modifier is set, rounding 1s perior‘me‘d. provided JGi:e

Cc modiﬁe;’xu 2000, I rounding causes overflow, the-cam-

el i ron. WM,@W
mwMJ/MMM M«QWWM ﬂ"‘"‘"’"‘

of e wgnAK

-2¢-



KAIHE;

4.6 Deset %mmwu«:

cP >< /1\ X
AR
o / g FA
All tntmtim in this chn are indexabdble
OP, R, IX, X I, AMr. have the meaning previously -poeiriod.
H Half vord modifier - the modifier specifies the half vord of thh

wwhmdlammcutiuofmimtmt}m. The
modifier shall have the following meaning:
0 - Right balf memery vord 1s used
1 - Laft half semory verd is used.
ml-odifhruhsuhavnnonmaavbcnmn-odiﬂnum |
X Index Register Selection - This modifier refers to the &m :
register vhich is modified or 5 rored/
LIX Load Index Register
If the R modifier is set, the contents of the address portiom
of the instruction is losded into the index register specified

eak Bute. fraye it will e Love < T mgpmal PHETNIL
by XR 1f Jis-sct m.mw

AlX Md to Index Register A
Same as Losd Index Register except that the selected informatien 1s
added to the coutents of the specified index register instesd of
replacing 1¢. |

~-27-



S1X

Store Index Register

The contents of the index regiater specified by modifier "X" s
deposifadin the right-most 18 bita" (mr vord specified by H) of the
semory location lpocified by the effective address of the in-

struction. The R -odifief is not interpreted.

-Z7-



4.7

Branch Class Instructions

Branch Class

All branch-class instructions are indexable unless otherwise speci-
fled. All, except BﬁC. always set tl{.lf.;ogrum Register from the Pro-
gram Counter and the Program Counter from the effective address, pro-

vided the branch is "active. "

BUC Branch Unconditionally o

05/’—\'{?{ 3 X an,.wx \ IX
S \’ ! i

.

fs |19 21 54 25 26 2930

Branching is performed unéonditionany. but the S modifier

"of the instructions. if set to ''one, ' indicates that the Proginm_
register is not set from the Program Counter. The index
register specified in the X modifier is set from the Program
Counter (specifying index register ""zero'" nullifies this aétion).

BAR Branch to Address Plus Rcﬂ-tor

Word Layout:

O N a2 0 4 2 P K
~ o T T > ’ [~ k

‘ | B 1 X Abg}z{s

L& <

s £l 13 14 24 25 26 3930 47

Branching is uﬁconditional, and the Program register is set
from the Program Counter. The-branch address (address to
which the Program Counter is set) is calculated ‘by adding to
tﬁe effective address th; contents of the right most 18 bits of

the internal register whose address relative to 777 écog is

'.29.



given by the L modifier. That is, the address of the internal r.giaier
:8 calculated by addiag (777 600)g to the contents of thé L modifier. If
the internal register is 4 tull 48 bit register, the H nodifier specifies the

half word used.

H codus arc 1 - left, 0 - riglt:

BAL Branch to Address Plus Logicul Register

/

X

is to be utilized by the instruction,

L, First Bit - This modifier s, ecifiés the active first bit of the auxiliary

logical register. @ - 5 are legal vulues, 6 and 7 are illegal.

L3 Number of Shifts - Tris modifier specifies the number of bit positions .

the auxiliary logical register is shifted to the right. 7& bt ¢Z2¢1'3
st fold foFnoom U< Latly 24 %m%’f‘é“ﬂ
W”"ﬁ“*’/ e provkt iz g wﬁamc&;{%.«f/(w;‘a LA fxﬁw M“#\)

m Couynter are

Branching 1s unconditional, and the contents of the Prog
stored in the Program register. The branch address is calculated by adding to the

instructions effective address to the selected bits of the Logical regisie r,

o pwsmsn (L7 ]2 L RS
oo vy N A

Modifiers _
A: Activi'; - This modifier specifies the active bytes of the accumaulator,

~ 4. o~



BOZ

}i:_B.Branch on condition not met - This bit is used for
conditional branches, and, when set, causes the branch to

take place only when the condition for branching is not met.

ov: Variation - This bit specifies the condition for branching.

The codes are as follows:

0 - Condition met if all active signs are plus.

1 - Condition x‘net if all active $\g0s A% neqobive.

This instruction and its variations (N,Pagyand 'A) provide

the facility to branch if any, or all, of any set of accumulator
bytes are positive, or negative. (That is, ify left most bit d byte
is "0" or ''1'" respectively). If the branch is active. the |
Program register is set from the Program Counter, and the

Program Counter is set from the instructions effective address.

Otherwise, the next instruction is taken in sequence.

Branch on Zero js -4 4 1020 ] J06-23 | 24 )25

L

! M\ o

| (A N o piax RESS \}\
4 ) \“n_:.“ e g / . : '
8 1 4 H a2z 23 g8 95 & F ‘

&

Modifiers

Z - Zero Definition - Zero, as used in the V variation is

defined by Z as follows:

00 '"'Zero' means '"+0'" only

0l '"Zero' means "-0'" only

10-11 "Zero" means "+0"( all active bytes having same sign)

NG
A, NV have the meanings as described in the BSG instruction.

.3,.



This instruction and its variations (N‘.‘V’.A -ar‘zd Z) provide

the facility to branch if any, or all, of any set of accumulator
bytes are ''zero' or "non-z.ro; " where ""zero" is defined by'
the Z modifier. 1If the branch is performed, the program |
register is set from th? program coﬁntcr and the program
counter is then set from the instructions effective Addriel..

Otherwise, the next instruction is taken in sequence.

. S : o ;
. N d
8>' 4& PaS M

BLC Branch on Logical Compare

the logical register is to be utilized by the instruction.

T 3 M . B—Byte-Musk- - This modifier contains the bit configuration

W to which the selected byte of the logical register will be compar.db., :

vB )( Branch on Condition not met -
 The contents of the 6-bit B modifier are compared ‘bit-loi'vbit
with the contents of the sclected byti of the Logical r.git“r;
If they are identical, and the N modifier is not set. or if they
differ, and N is set. then the branch is performed and the
Program Countor and Program Register are set as in other

branches. Otherwise, the next instruction is taken in sequence.

..32'-
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4 v

BSN Branch on Sense Unit

Mcodifiers:

N - Branch if condition is not met‘.

U - Code au";xgned to sense unit. If N is not set, br‘anch |
if the sense unit is ‘on'’; if Nfis set, brinch if the unit is

"off."" 1f the branch is performed, set the Program Counter

and Program register as in other branch-class instructions.

% \pranch on Bﬁiltayl’lul

\ o the next instruction in/sequence.

BXH Branch on Index Hijb_

oP o PF ;}z 1| x ADDRESS
S 5 6 23 24 25 26 29 130 47

This instruction is non-indexable.
yF 9{ - Decrement - This field represents an 18-bit number.
If the number in the specified index register is greater than the

decrement, iy, the computer shall branch to the addreas specified

-33-



by the address portion Qf the instructign. Otherwise, the
computer takes the next instruction in sequence. In the inter-
prctatic;n of this instruction ''40' shall be consideud greater
than "'-0".

BXL Branch on Index Low

If the number iﬁ: the specified index register is less than the
decremsnt%. the computer shall branch to the address specified
by the uddress pértion of the instruction. Otherwise the comp‘uur'
takes its next instruction in sequence. In the interpretation of

this instruction "+0'" shall be considered gre ater than ' -0,

No 'mdoxiné 18 possible with this instruction.

BXE Branch on Index Equal

If the number in the specified index register is equal to the
decrement %‘. the computer shzll branch rto the address specified
by the addre ss portion of the instruction. Otherwise, the
corriputer takes the next instruction in sequence. In the inter-
pretation of this instruction ''+0" shall be considered greater

than "-0". No indexig shall be possible «ith this ins*: ‘~tion. .

BSX Branch and Set Index

This instruction replaces the contents of the specified index
F |

register with the value of the decrement B¢. and unconditionally

branches to the location specified by the address portion of the

instruction No indexing shall be possible with this istruction.

-34-



BIX

BPX

BNX

Branch and Increment Index

This instruction replaces the contents of the specified index

register with the algebraic sum of the decrement and the

original value of the 'i':{d'ex.'ug‘uur. and unco,nditi‘onally
branches to the location specified by the addrees part of the

instruction. No indexing shall be poss:ble with th.s instruction.

Branch: on Positive Index

If the specified index register is positive, the index rcgutef
contents are decreased by the value of the %modiﬁer and

the computer branches to the location specified by the address
portion of the instruction. IUf the specified index register is
negative the computer proceeds to the next instruction and

the contents of the spucified index register remain undisturbed.
No indexing is possible with this instruction.

Branch on Negative Index

If the specified index 1egister s negative, the index register
contents are increased ?by the value of the %modd‘ur and

the computer branches to the location specified byb the uddress
portion of the mstrucuon‘. If the index register is positive, the
computer proceeds to thie next instruction and the contents of
the specified index register remain undisturbed. No indexing

is pbuible with this instruction.



4.8

Logical Class
Théu instructions deal with bytes or portions of bytes and involve
the use of the logical register (48 bitl_)’or the auxiliary logical

register (6 bits).

TR . oy
INS .Inurt s 0‘_ 1Y l’j, l :!,:t:lJ ﬂ:\:éﬂ g&glém‘ 30~¢4"7

Y

4 -

xl pil i v/ [ x/b/x | Mrm/g,f 7
8 7 ({'ll li/ 17 I?/ZJ 4 as ;

This instruction is indexable

Modifiers
vy Value The contents of this modifier are incorgnd iato
the specified memory byte.
B, Byte # This modifier specifies the memory byte w’hich |
is to receive information.
Yy  Mask Selector This modifier selects the mask which is
applied to V1. The meaning of this modifier 1s
as follows:
0- sp.;cme. that bits 12-17 of M1 shall be
used as a mask. ,
12 - 1
Specifies that bits 5~iPof M1 shall select
the byte of the logical register which serves
‘ as a mask. |
MK Mask This modifier serves ll'l mask or byto.indicatpt

lubjoét to the vnlue‘of the modiﬁor Y.

The contents ,o( the L modifier are deposited in the
opcciﬁod n"umory byte. Modifiers will determine whether
the M1 medifier or a specified logical register byte}

will. sexve.a8 s mask.. .5/ e



CoM

Complement Bits

Only modifiers Bl, and V1 are used in this instruction and shall have

the meaning described above. For the apeclif:;ed memory byte, bits corrupqndim‘

to 1's in the V1 modifiers are complemented. All other bits on the memory

vord remain unchanged.

SKB

Modifiers: s?2 8 9 u/ 8o2-25 2425 26-29 " g VA

Bl:

CON

Modifiers: s 78 9 10 ‘N N a2z

MsS

Skip on Bits @m[ :" L? Wm%zﬂm
o L] o/ LI WA N T sl

Byte Rumbers

This modifier specifies the memory byte to bLe traneferred to the
auxiliary logical register.

First Bit

This modifier specifies the active first bit of the auxiliary logical
register. d!.::ssare legal nlue;, ,G?&nd 7 are {llezal.

Mber of 3hifts - This modifier specifies the number of bit positions
the auxili logical register 1s shi right. o-5 W '7M

Thesrlug of Lo ¥ Lla must fatl I<L2+L34é If
Real Deta -"If set, the right half vord will be used as real data.

specified byte of the memory word is transferred to the auxiliary logical '50
register where modifiers L2 and 13 determine the bits of this byte to be

\ 2 4
added to the program counters. If 2 =4 and L3 = 2, bits ¥ through ¥ of

the auxiliary logical register will be added to the program counter.

gonnect T:’ [S1I2] 124 lﬁ{ &1[_[_&{]::-—?9 Z)

LW W by A
723 25 26 — 29 30 L

47
Mask Selector - This bit pf get, 8pecifies that the B register shall

be used as a mask. Wwhen this bit is not set, the instruction shall

act on active bytes Specified by the A modifier.

Acﬁvity - This modifier specifies the active bytes upon which the

instruction opemtes. This modifier has no meaning when the ,3 modifier is set.
: -317- ;



/ RS Results Stored:

cV

LDS

0 -« Accumulator

1 - Memory

Real Data - This modifier, 1f set, specifies that the right half word

) ‘ . "5" / m.l .
be used as data. ‘\L.—h '%"'%I’I‘/M’?’f / '3 r am RS e %,
Conpective - This four bit modifier specifies the logical operatiom.

Each kit of the C modifier corresponds to a combinatiom of a bit inm

memory and its counterpart in the accumilator. whenever this combinatiom
apprears, corresponding bit of the resultant is set to the value of the
associated bit of the C modifier. The combinations are as follows:

I1f Memory and Accumulator The Associated bit
bit is: bit is: in CMs bit:

0 ) B 1%
0 1 ),6 1%
1 0 | W 1 &
1 1 w15

To obtair the logical operation "exclusive or” the C modifier would de~

set to the value 0110 vhile to obtain the logical operation "and® the
C modifier would be set to OO01.

load and Shift

oPlIR]| BI L2 | L3 X i1 ) X ADDRESS J
s 3G = 11 i5-20a 23 24 25.2¢ 93 4

Modifiers:

-

E kK B

Real Data Teg
Byte Rumber
First bit of wvord

Rumber of bits

Modifiers are as previously described. /Mm Lﬂ‘sz Apoe R soml

| ot wo dglmsed £ SN & sroita,
This instruction process the memory byte specified by the Bl modifier.
This byte is tranmsferred to the auxiliary logical register where it is

shifted and masked (shifting and masking determined by 12, 13). ™e 31



resultant byte is then loaded into the lew order byte of the
accumulator. Inactive bytes of the accumulator are cleared.
STS Store and Shift |
The low order b te of the accumilstor is transferred to the euxiliary
logical register where it 1s shifted and masked as in IDS. The resulting

active bits are then deposfted imto the specified byte of the memory

vord. The L3 modifier in this instructionmn specify the number of P
shifts to the left. o LA ¢ L3 wwwm
e et mit e 0L La+L34 || ﬁw

SBS Serial Bit Sense

Inspruction word uyout —
a ,
oP [A ey [:fn|N Vi Nl ' X APoRESS
S 789 nuzi3NAEu £33 ¢ 73 26 2930 47
Modifiers: %\
A

A Store item numbers if bit = ) i

Bl Byte number This modifier specif}‘ag the Byte in the logical
register vwhich is to be used with th:k“d,apstmction.

c Compare Mode N
0 - LogicalCompare Py .
1l -« Arithmetic Compare i '

D Direction ’
0 ~ left to Right- S,
1 - Right to left
n Value - The contentsn of the last N bits of this modifiert (ll being
specified by the N noditier) replaces in the accunmhtor thﬁim ,‘
%

which check.

N Number of shifts - This modifier specifies the number of shifts
and the item length. The values O and 7 are illegal.
B Register Word layout




c1 r of comparisons - This modifier specifies the number of com-

which are made

Al Base A . 88 to Store item number - Count number of luccem

The memory word spedified by the effectiveaddress is brought imto the

ns are mde between N bit items of the accumulator amd
the last N bits of the ldgical register. After each check, the left B
register is increased by o&{ and the accumulator is shifted N places. After
each successful check, the ria t B register is increased by one and if the A
wodifier is set, the resultant ’ dress is used to specify the menory register

into which the following information is placed:

Left half word: Contents of Yeft B register
the vord of item compared

N

The contents of the last N bite of the ins

Right half word: location withim

tion left half word replace,
in the accumulator, these items which chack. ‘
After all the bits of the accumulator have been thecked, the instruction

is complete. If noAsucceutuJ. comparisons have ocﬁymd, one instructiom is

skipped; if any have occurred, the next instruction \h; taken in sequence.

(40)



4.9

Convert Class
The convert operations enable a program to havé vary rapid access to

) 'mférmition stored as tables in cure storage. A single convert instruction
can perform a series of table look -up "opgrationl by making multi]pl.

references to core storage. 6'7?-[- ¥C ] ] ix
3"‘ 9 0=1? 20 24|25 26-%

The following format will be ised for these instructions:
. oy 1"’/ L

or | /p/lﬂ c;// //,f T A fﬂDRE;S///
s 71 7 1/ 7 3526 2530 4

Modifiers:

NC - Count This modifier specifies the number of
converts to be made.
#EYR - Index Register Selection - This modifier specifies the

index register to be loaded with the right-
most 18 bits of the final core memory
reference.

Direction When this bit is a "'0"", conversion shall

G X
| progress from left (byte 0) to right. When

this bit is a "1, conversion shall pro;’rdn

from right (byte 7) to Jeft.

CRA Convert by Replacement from the Accumulator

This instruction treats the contents of the accumulator as
eight 6-bit bytes and replaces these bytes by bytes from
core storage. The following discussion assumes that the

6%
P{ modifier is cleared.



Byte 0 of the a;:cumulator, is used to ,increment the addrese portion of the
instruction. Byte f of the contents of the~‘ﬂinc,rementod" address ro’pla(:et
byte P of the accumulator, and the right-most 18 Lits of the contents of the
"incremeénted" memory .regitter are,»a.d‘dg,d.l*td) byte 1 of the accumulator to form |
a second memory address. Byte § of the contents of the lecond'memory vaddrgn
replace Byte | of the accumulator; and Byte 2 of the accumulator increments |
the right-most 18 bits of the contents of the memory register to form a third
memory address. The process of replacement continues for the nun';ber of
times specified by the C modifier. The specxfiod index register is set to the
value of the right-most 18 bits of the contents of the final memory reference.

When the ;{Lmoduier is set, conversion shall begin with byte 7 and progress

.to the left.

CAB - Convert by Addition from the B-Register

This instruction treats the contents of the B-register as eight
six-bit quantities which are used to form memory addres- -e
previously described. Words selected from storage by the
references are added to the contents of the accumulator. No |
overflow alarm shall be generated as a result of the in-tructyion.'
The specified index register is set to the value of thé r!ghi-»mout
18 biis of the contents of the final memory reféronce. /”/‘{?é"
W »flﬁa «é/f . : ﬂ/[ﬁz -~ .e_,.///d.,ﬂ“\
wel  fn
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Miscéll&neous Class Instrucgibns

Tl;iu class iﬁcludes instructions which differ fx?om, each other, and from
other similar instructions in other clasnep.v~ For example, FST (Full-
word §tore) is one machine cycle shorter than lall other store-class vin-
structiouns. Thé word layouts andtmpdifiera ax;e deacribed for each in~

gtruction in the miscellaneous class. -

HLT Halt

op BA 7% 'ﬁl )1x. ] Aoorass J |

s oKX g 23 /%25 &6 29 30

The computer is stopped when all 1/O ope rations presently in
’

process are complete. When the gfmodiﬁcr is set, activating

the Program Continue Control located on the Operator's Con-

sole shall cause the program to start at the effective address

generated by the halt instruction, rather than the next sequen-

tial location. TAis M e "’C\fﬁ'&“’%‘éc .

FST Full Stare

v 22
oP 2]1// ;f_ R AboRESS
s 5)7' 8 . 24 25 e 29 30 47

\

The contents of the full accumulator are placed in the memory
word specified by the effective address of the instruction. When
S .
the E modifier is set, the instruction shall store zeros in speci-
] Q2 .
fied address. Sz ."”ﬂy“ ‘
PER " OPERATE |
oo ¥ vV ¥ _ler | [v]
: V4 34 / 16 —23
LK 147 2’1 TR

Right half word has no meaning

- 43-



U - Operate-unit co;‘le

The Operate instruction is used to actuate certain
electro-mechanical devices (e. g. . condition Jights,
area discriminator, etc.). Also, through the PER
instruction, m‘ilcropx?gg_‘ramming can be periorrﬁed.

That is, certain-;;mgnds. such as 'clear A register"”
and "tfansf(gr A-register contents to selected Memory‘
Buffer Reg:uter. " can be performed as Operate in- 7
struction. FWWMMW“J‘W %

CAS Coxr;pare Accumulator with Storage
£ . / L // a
'v.ry/A % 1{ 1x /ﬂooa!ss/
s " 78 o1 uliw - al22 4 2526 - 2930 ¢ 4
Ve [ 7 [ Pafer] [ A= [T [ X ||
5—6 9-1) 1> 13 I* 6-23" 24 125 2427 Bo — y
Modifiers 7

A5  Mask Selector - When set this modifier specifies

that the B reginter shall be used as .

kﬂ‘é‘f’"”"‘”‘ﬁ"""’p‘ he

a mask.) When this modifier is not

set, the instruction shall operate on Mf%ﬂri

.

bytes specified by the A modifier.

Modifiers P, and A are meani.g.css

wheaMS = 1.
P,A Displacement - These modifiers shall be interpreted
and Activity as in the load class 4

DA A& Difference in - If this bit is set, the difference,
Accumulator arithmetic or logical dé‘pending on the
¢
dg modifier, is left in the accumulator.

The logical difference means the "ex-
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\ .
7&?/;7%?}/20,77& M,MW}%%
%%JW “ W} W,&»m DA Fug 22
atf, MM ponditiome At

e " o
@) ms=_ . ol ionions T2 Mﬁw@ 3
(b)m4==0 /e st 1 ’ ‘e

i Lo
2, At (rpare | ‘ o
GYms=1( . Afre mbtuaden TR araihos Aoa A
| mm%w;nmﬂl-wf/@wwﬂ, |
G Ll gty i britn  cu TFom mady
9!&4““14%4)1,%? 4
k) ms =0 AUl smstbort Ao i LoV wrendn 0llf
he et Ko /”;91/)1,7'04 ,@M%
P e R of Yo L pgakt 2l
tyle, o frtl ok audly, ix Vi amade




/‘ .

Logical Compa';'e -

© Arithmetic Compare -

clusive or, " wkere 0's are left only
where corresponding bits compare.
The "arimmet;c difference' is the
difference resulting from a subtraction

of the operand from the contents of the

accumulator.

If the active bits of the accumulator

and memory word specified cdrtespond
bit for bit, the program counter is
stepped an additional time. If the bits
do not compare, the program counter

is stepped normally. The bits to be
compared are determined by the modi- i

fiers.

The accumulator ig compared with the
memory word. If the accumulator {s
greater than the memory word, the pro-
gram counter is stepped in the normal
manner. U the accurbulator is equal to
the memory word, t}:e program counter
is stepped one additional time. If the
accumulator is less than the memory
word, the program counter is stepped

.

two additional times.

. ) +5-



XEC

Execute

'46‘

- son) ahd the modifier is set, inactive"

bits shalbe cleaxed before comparison

This instruction shall cause the com-
puter to écrform the instruction located
in the memory addre‘u apeclﬁéd“;;:i thg
effective address without altering the
program counter. Upon the completion
of this instruction, the next instruction

is taken in sequence, unless the executed

instruction is an active branch inctructiori,

SIeB , o CAS atr,



(0 lugravetion uﬁ\

411 Hien Seego \fo Oraravion

SHO AN
° L{“"O‘Ji‘z"g‘\‘?ﬁl ial 23 ad 25 L v de 47
e A i d e | ’32;/ Corp o
7 7 7 7 7 4 4 .
. T TR xc 1

melect the: it u T

g_-q %,_;_,.-ra'x-.n EYOY ) Fisd A
Lenitts andd®r Ww(ﬁ/ﬁ(ﬂj’ow

ted for suecitic o

- A e (YOS @ BRI R L
< ey 1 b1

V-t 00l
Aol (Lo k Aciress Coonter) shail inhibit the stepping of

the | () address vo anter

0!9
bttt (Inhitet Adari. [hisconnect) shall be used for drarmns
]
to snhibil o its onned U cd ised by an alarm condition
‘0‘\
IMMV{ C&‘Wf‘_a - idim M pay’ W) Caviss A
FErEe IR blgn. trhre gkl W"i

'mo

A:l 8

L)

e Ldibd

wperation only Aedetarted—

ki T A TALE
++-_-L7 (Lage) stiadi Do
es begin st pection, < dthe Dearr—

st meblddplpbireTar s G
s PR TR ST

.

Lse b dran

e
W i atian DAT -,
R l"dtlwh

Soae
Gato ALl e gsable
vt Ainiressable-interleace by O {sxip every
Sther registe ri)
o \iietre sm;uke-‘az.terleu‘r by 4 (srkip 3

tegisters)

Vo8¢
el T LR T %W

lock transfer (transter of entare bluck

=ttt 0100
Letween aran, aud 1einorv starting at

the tirst possitile aduress)

M:‘—(.,ch-& Tt el dboseleg t the ?1;3_& soeted ot device
: - 47-



00000 | :"_:749‘5’\ Drcsna
000010 Aux, Mem, Prm [

' o2 00| P 2
020 (02 ) ‘1 v 3
o0jo0| T v

P
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(D - Rend Modle ld‘&aﬁiﬂﬂdyauwlafuafﬁﬁn,
WR~Walle Mod [ » AXL2 1 v a1
S’M"‘(‘f"‘ M‘MWM%MZ/ﬁs@'H’!

D Selection

e

SNA».L AuLOw F—ae, Au
iND.&!cf ’NblliNG
AM - (Inmiredt AcuressiNgYa i shall aliow fur irdirect addressing.

30-34 (lnaex Register,

Hoallow for selectiun uf a particular index

register.

35~ 47 (Contr A N Lurd Address\shall contain the memory location in

whicd the contpLul woradas ¢tored.

-48-



Cootrol Vords
mmmwumwmmwmwmmmxmm

vord function vhile all other high speed chaunels wse only one werd contaln-
luthttﬁMcmtudl/OMmt (refer to figure 2-2)

Firet Cantrol Word (weed only ty drums)

[= 3]#  [Egd |Beak]]

——t
o 56 - W13, 1MW, 2324 , 293 3938 41 -
vre e mMran Fiaco /&W )
Y )ﬁsn A Gxrs * V Seus Deues /
‘ 8 4 4 o

s

talnl e 8 ole

wa focie el Lite UWamtfin L o be sed for

yte) slaii Le ubed CUBMIG WitL 1/0 F Sfer

/

30-34 (Field felectio.) shais be used to seiect the drua fleld for s

irm i V operstio: . Fos_Frscr—Stveerron—-Cwa—Keran—te—

3s=-47 ‘rwmw ol 1veer ) Bldkia BliLLfy the oturt) . addreess of vord -

Lo blor ol L ot o tad rae Pleld.

49



Second Control Word of Druris (}‘i?étlci)i;{;})l Word of other High-Speed

Devices)

L L) a3 ay A 3 4n

VoWord Couwr l Scravme Aooress

6—23 (I/0 Word Count) shail contain the number of words to be read or

written.

30-47 (Starting Addrese) shall coutain the mcmor;' address of the first

word to be written or read.

%0~



il&mml’em:a» (Sto lvmeveriss Fanpar)

- PR L ) ~
loow speed vperation shall be 1nitiated by a SLO ('Select Low-Speed )

3 24 2N -
sou A’J:;. h“' QMW
I /ﬁp W7 /51 73
$—¢ | l4-00 LIS /Ma 24 zm 0
uru UJ! |

' 0-2 (Operatiorn Code) shall sele«t the SL.O mnrucuon to

initinte a low spced operation,

U Bem |2 (Uperate Coudes) 'shall be designated for special

vperations of low wpeed operations.

Lode Function

o? | Eiase Bacxkspace

oo Sy Rewind

ol U-u-u-l—e» | Write end of file
| |60 ee-!-»-n_;m CM»(M‘ Write end of tape '
ool—0]0 %T*"t*m'ﬁ'tﬁ‘ﬁ:‘" Punch operate codes (2)
0|0l L*f&ﬁﬁ"ﬂr‘rﬁ"""‘r" Printer operate codes (10)

y-le

l—-l--—i-v-(\!uuc) shall deternine the mude of operation for the

[, U uperation,

@% A- /% (read =0, write 2 1) shall signify whether
R |

Vperatlun is 1n a read or write imoude, v

/-k'ﬁ—\}:j‘r/'{.a‘:uv Oor—tdetrttty 1T T8 uscd 107 tapén-to

tll%.ﬂ

SR



=1 ) shall dis-

0 ’ (.t\fcen K Low Ol “\&H

Speratrom b . B e -
shall seleiUbVaTy or binary coded HovLomirw

! ue»‘»uj -
@ M ﬂBCW Ul"'rjllun,

17 (on life vperatioN = U, off line vperation s |)

) fedom
] BC ‘ o
o shall alfow tape to printr off line operation or
T ﬁ,aw.v%{, bis
|  Sfew adbwes
o W FE="TT (delection Cudes) shail select the 1/0

S Slptve

card feader t) tape oft lind\operation.

\ .
deviie 1o be used in the |,/ O transfer
.__L,(fdc (qu“\ ' ielcx_t‘um

bty 0)000 =00} 1) Tars Aparrea |

Wkl @f0000 —0/011|  Tasa Poama 2
M 011020=0 1111l ipn Aearves d
SHmdlg 100000 <160 1)  Tare Aparven 4

M
S Foe—hoxrrneg

Cer l16ocoo T\A tic Cournay .

&  cooplD hv«*’ta Counee

2 poooy| Pomanm

&« o000 . Cant Ruapeer
iecof Tecr Cranuse

TG ,,1000=10/11] o Tyrsurany -9

B4 (oeerdittmisspidad shiall allow J0r bt orrtet—hrper et
podifie's DL, T, TN ¢ adPese At Deoms

f
localtion 1n which/ the countrul word 18 storea

-5z- o



Control Words

Two control words are used only in tape operation. The
other low spced /O devices ox;ly make use of the second control
word. . - -

First Control -Word {ised cmly by tapes)

— e e

-] ; 3 ’ Nie : _ - |
/ R * .

| pEnTITY 1 “Tors loewriry Aponesa : |
6- 23 (1dent:ty) shall indicate the identity thriuen an c

tapes or cumpared with on reading from tapes.

320~ 47 (identity address) shall indicate the memory address

where the ident:ty of the record read from tapes should be i
stored during a status read operation.

' Second Control Word (First Control word 9( Other Low
Spctd Devices) i

- A . »»w

e mae 'i
“ 4TL”°W"°C"°*"'MHIw i $uuatﬁnwu'l

.

e et A T

6 - 13 (/0 word count) shall coﬁtam the mzmbcr of wordn

to be read or written

3@ -4 startmg addreu) shall contain the memory locatxon

of the first word to be wnttcn or read.
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