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l!Jl B.1HBL-'11.Q ti 

Every For~ran s-tanguage prograM has a base regjster and a limit 
register. The area between the addresses in these re9isters is 
used as data space cnty. Code ~egments are stored oy the MCP at 
any avaitabte •emory location. The data spac~ inctudes a 
non•overtayable area. which contains the ev~luation stack. and 
another area containing overtayable data. The overlayabte area 
may contain more than one data segment • 

Various parameters required by the HCP and interpreter are stored 
beyond the limit register in the run structtire nucleus. 

A typical fo.rtr~n program layout in 111e111ory is shown in f'igure 
1-1. 

BAS£ REl.JIST€R 

·-------------------· 
' • 1 

S·COOE 
1 

' I 
·--------------~----· 
• • 
• • 
1--------------~~---t<·--
I I 
I STACK • 
I Cnot overlayabte> I 

' t 
1-----------~-------1<---I 

• I 
t 

onA AREi\ 
Coverlayabte> 

I 
1 
I , 

LIMIT REGISTER 1·····------·••••••·J 
<extendible at BOJ> I 

' t 
• 

RUN STRUCTURE 
NUClfUS 

I 
I 

• • ·-------------------1 
• • 
• • 
·-----------------~~ . 1 
1 

' 
S•COOE • I 

I 

·-~~-------------~~-· 

figure l•l: Typical ~emory Layout 

STACI< BASE 

STACK LPtJT 
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The foltowing d?finitions and abbreviations are used throughout 
tkis specification: 

Mar1('•Stack Word OfSW) 

Mark-Stack Reqiste' <MSP> 

It e11 

Neit•Instruction Pointer <NIP> 

Return Control ~o~d <RCW> 

Peturn Control ~egiste~ <RCR> 

tdP-or-StAct ctosi 

A J6•bit ward ;n the st actc 
16 •bit conta~ning t~e 

base-relative value of the 
previous return controt register, 

the 
the 

concatenated with 
base•retative value of 
previous ~ar~·stack register. 

Contains the stactc address of the 
latest MSW on the stact. 

Refers 
stack. 
or two 
(e.g •• 
double 
1 t. 

to logical entities on the 
An item consists of one 

words and has a type 
address. integer. reat or 

precision> associat~d with 

Points to the next instruction to 
be executed. 

Contains the s.egment and 
displacement of the insttuction 
fotlowing the current subprogram 
caU. The value is a lO•bit 
segment number concatenated with 
an l8•bit displaceMent. These Z~ 
bits are right-justified ·in . the 
36-bit word. 

Points to the stack 
containing the tatast RC~. 

word 

Pep~eserits the ite• mos~ ~~~~ntly 
placed on the stack. , 

TOP·Or·STACK-fflNUS•ChE <tOS·l> Represents the second ~6$t 
·recently placed ite91. 

Word Is 36 bits tong and has no 
intrinsic "logical• meaning. 
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The following S•instruetions are prjviteged and •ay be generated 
only by an I/O co•piter. They are intended for use in writing 
instrjnsics. Data input to them is not neces$~rity checked for 
validity; it is the Fortran program•er•s resp-0nsibilitv to qive 
valid parameters. 

COMH 
CSRP 
LOB 
LOCR 
LODB 
QOS 
QSSW 
STC 
STOP 
WIO 
XTRF 
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Paraa~ters unique tc Fortran program execution are to be found in 
the scratchpal1 area in the run structure nucleus. The)'· are 
listed in Tabl3 2-t. 

Par a ii et er 

---------Stack Size 
Stack Len:Jth 
Stack Addf'ess 
Mark ·St ;i etc Re qi s t er 
Qeturn Control Pegister 

T.able 2-t: 

Significance 

-----~--------~~---~----·------Original s;ze at.towed for stack 
Current remainin~ stack tenqth 
Current stactc address 
Address of t~test MSW 
lddress of latest RCW 

UniQ~e Fortran P~rameters 

Addressin; brea~s down into three basic types ~- code segments, 
data se~•ents and a stack -- with items in the stack befnq code~. 
d at a or adores s e s. 

Address references to the stack may be: 

I111ptied 

Direct 

Generally TOS and TOS•l <e.9., ADO, SUBTPACT). 

Positiv• or negative. relative to the P~W <this 
type appears in the code> or base-relative Cttds 
type app~ats in the stack itself and refers to 
ite111s in the staclc>. 

A reference to a data stgment address consists of a base and a 
displacement. The base is an index into the data dictionary and 
locates the segment ~ontaining the desired data. The 
displace1ent is a wef'd index into the seg11ent. 

If a reference to a code segment address is in a segment other 
than >that containing the desired code segment• the addt"ess is a 
base and a disptace•ent; the base is an index into the code 
dictionaf'y and the displacement ~s the bit location relative to 
the beginning of the segment. If the reference is to the same 
segment which contains the reference, the address is the 
displace•ent fro" the be9inn;ng of thP. segment. 
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Cade and datJ segeent references use the MCP•s vtrtual me•ory 
management to place the segments in memory. The 1ictionaries 
reeord the memory address of each segment. 

I 
I 
1 
I 

<BASE 

• t 
t 

•• * •••••• 
********* 
a SEGMENT• 

******************* 
* * 
******************* BASE 
* ., 
******************* ' ·-->• STACK VALUE • ' t ••••••••••••••••••• ' I * * I 

I ••••••••••••••••••• I ·---· STACK .. ooqE s s * I 

···············~·••/ 
* * 

* * ' 

ST4CK 

•••••••••• 
********* ·-------·-->•****************** \ DATA 

' ' OISPLACf.MENT> 

• *** •••••• • 
********* t 

* DATA ITE~ * > SE' GME NT 
******************* I 
* * I 
*******************' 
• * 
*"***************** Lt HIT 

t••>•SEGMENT••·•----- * 
• 
• 

• 
• 
• 

•40DRESS• I I 
********* t I 
••••••••• t 1-~-->••···············••\ CODE 

1-----··-->* s-cooE * > SE GHENT 
*******************' 
* 
******************* 

ftgure 2•1: Addressing Methods 

EJlft!B.AH ~IA~! 

The Fortran S·•achine inctudes one evaluation stact• ~~•Gh is 
~sed for e•pression evituation. subroutine tintage and sub~~~tine 
parameter passing. 

The stack is in static memor) but does not necessarily begin at 
the base re9i~ter. It grows •up• from the base register end of 
111e11ory toward the limH registef' end of 111e111ory. 
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£1ctt word of the stack is 36 bits tong. Entries on the stack 11.:1y 

bd one word long Ce.g., i~teger and real values or simple 
addresses> or two wo1'dS Ce.9.. array addresses or double 
precision values>. Double-word ~tems are pushed to the stack by 
first pushing the low•o,-def' 3b•t·it word followed by the 
h i ;i h-or d er 5 6 -b i t w or d; t hi s i n s ur e s t h a t t h e t op w or d o f t h e 
stack item contains the type bits which indicate whether a second 
w or d ; s on t h e s t a c k f o r t h a t i t e m • 

An important conseQuence of this arrange•ent is that double-word 
ite11s appear to be bactw.1rds in me111ory. This is important when 
.Y-eading Fortran du11ps produced by the dt.n10 anatyzer. for 
example. if the inte9er 3 is pushed onto the stack, fottowed by 
the double precision t.DtO .. then by 1.c. they would logica• ly 
appear in the st acl< as: 

T 05 501~00001) <r~al 1.0) 

TOS-1 D01800000 (upper b~ts of double precision value> 

r os-2 01)0000000 (lower bits of double precision value) 

T OS· 3 000000003 <integer- 3> 

Ho~ever# a heK3deci1al memory dump would show these in the stack 
as: 

000001)003 000000000 001eooooo 501800000 

Not9 that the hi9h·order 
l~QQA~CJ in memory to 
bottom 36 nits. 

bit of the doubte precis;on value 
b e a i.l j a c en t t o t h e l o w - or de r b i t o f t h e 

In addition to the stack being used for expression evatuat~on• it 
is at s o used f or p a r a I'll e t er p a s s i n g a n d s u t: pr o ~ r a 111 t i n k a 9 e 
information. Tnvotr.ing a subprogra111 ;s a four•part process: 

1. Push a ~ark-stack word <MSW> onto the stack. 

2. Load parameters to t~~ stack. 

J. Push a return control word <PCW> to the stack. 

4. Transfer to the nffw location. 
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Two registers a~e maintained in the S••achine to hetp a 
subprogram to return to the program fro~ ~hich it was catted. 
One. the •ark-stack register <HSR>- is a pointer into the 
e~atuation stact. 

It points to the location of the 'lle:trk•stack word 
Cd~scribed below> and it points to the ptace to cut the 
tiack to when exiting froM the current subprogra~. 

<"SW>• 
s.t acic 

The other return control register <RCR>• is a pointer into t~e 
evaluation stack where a return controt word <RCW> is located. 
he code address in the PCW tel ts where control should transfer 
to whe~ exiting fro• the current subprogr~m. 

Since there are only o~e ~SR and one RCP in the s-~achine• their 
coRtents must be saved on each catt to a subpro9r1~ and restored 
oA each return fro111 a subprogra•. Their values are saved in ~he 
HSW• which contains two l8•bit• base-relative pointers. The l9ft 
half is the previous PCR and the riqht hatf i~ the previous MSP~ 

The return control 'egister.. in addition to pointing to an RCW• 
also •erv~s as a reference pointer in the stack. Wben a Tortra~ 
subprogram references a paramete~, the parameter is found ~Y 
referencing a word in the stack .. relative to'the current R'=R· 
The compiler. when referencing a parameter, wilt set th~ stac.fc 
bit in the S•instruction which causes the interprete~ to 
reference the Nth word down from the clJf'rent RCW towaf'd the 
c11rrent MSW <N is found in the address field of the 
S•instruction>. Jn addition~ the compiler can gene~ate code to 
reference a data ite111 that is N items "up" fra111 the current ~c-R. 
This is useful for local data items which need not be maint~ined 
o~er successive cat ts to the subprogram and for te~porary stora9e 
of inter•ediate results wh~n evaluating expressions. 

Paramet~rs may be passed by value or by address. The va1ue of a· 
parameter is accessed directly or indirectly from the sta~~ by 
addressing a word relative to the RCR. When taading th~ value of 
a para11eter• the ;nterpreter checiks the type bits of. the 
d~signated stack ite11. If the type bits indicate that the item 
is a value <type bits 1 ~ binary 10>• that value is loaded, with 
ty~e bits set accordin9 to the rules for value loading. lf the 
type bits ind~cate that the stact item is an address <~ype ~its = 
binary 10), the data address is de~oded• the data segment ma4e 
present <if necessary> ~nd the desired value to~ded. ' 
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If stack overflow occur•# it ~ill cause 1n 1bnormat termination. 
Since the compiler is ~ssumed to generate correct code. stae~ 
u~derftow cannot occu~; therefore it is not checked. 

AB.BJ! a.O.\Ut.Q~ 

A Fortran array reference <AlA .. LA .. ALV or CAO> will contain a 
base address. a minimu• subscript and a maximu• s~bscript. The 
vat~e found on the TOS will be the actua1 subscript and will be 
checked to in~ure that it is greater than or equal to the minimum 
subscript and tes~ than or eq~at to the ma•imum subscript values 
giwen in the instruction. The mini•u• and maximu• subscripts 
wftl be l8•bit numbers in twos complement. The maximu• number of 
arrav ete•ents witt therefore be 2••17 - 1. 

The base address wiU be adjusted ty the compiler <binder> so 
that before being adjusted by the sub~cript at run time. it may 
not <and typically wi'lt not) reference data in the array. In 
particular• the subscript will be adjusted backward~ by one to 
atlow for the fortra~ convention of arrays ~eginning at ete•ent 
one rather than zero. further variation mav result from 
optimizing array references of the form A<l•C>• where C is soae 
integer constant. The base address of the array will be adjusted 
by the co•piler to altow for the constant c. 

If a subs.cript is real• his tf'uncated to an integer. 

If the type bits in the operator indicate double precision <type 
bits= binary 11)# the subatript is doub1ed before teinq used to 
adjust the base addres•• 
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Stack items can be S·code addresses. data addresses or values. 
With the exception of the mark-stack and return control 
addresses. the Hr st o;even bi ts of a stack itern have 11eanin9s as 
shown in Figure 3·1~ 

1------~1------1------·-------·----------------1-----1 I ~tac~ I code I data t array • stack-relative I ••• f 
I type I ftag 1 type 1 ftag I flag t 1 

·---~-~-·------1------·-------1----------------·-----· 
0 t 2 3 5 

f1 9 Ur e 3 • l : S t a Ck t t e ftl Pr e f ix 

The two-bit sta.ctc type flag is 00 for an integer vatue, 01 for a 
real vatuep 10 f o~ an address or 11 for a double precisi~n value. 
Ihe code fl-19 is 1 only when the ite11 is an S•code address. The 
two•bit data type ftag is Meaningfut for values only. The array 
flag is 1 only when the ite11 is an array. The staclc•relative 
fta9 is meanin,lful for data addresses only. 

Address•generatjng cperators are LA• ALA• CAO, CSRP• HKS• SM~S• 
and CALL. The six types of addresses ate si•pte variable 
addresses. array item addresses. staclc•ret ative addresses• code 
addresses. mart-stack addresses and return control addresses. 
Each address occuoyies 16 or 72 bits. With the exceptions of 
11ark•stack and return controt addressesP the f'irst two bits are 
10 and the next fi~e indicate codeP type. array and 
stack·relati"e values. 
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11 t its 10 bits a tits 

1-~--·---·------1---·---1----------·------·1-----·--------1 I I 1 data I I I I I t 
I 10 I 0 I type I 0 t 0 I not used t base I disptace111ent I 

1----·---·------1---1---1----------1----~--1----~---------· 0 1 z l 4 5 6 7 17 t8 27 28 35 

ll hits 10 bits 8 bits 

·----1---1------1---2---1----------1-------1--------------· I dat~ I I • I 
' 10 I O t type t 1 i O I not used t base t di '>Placement I 

a----1---1------1---•---1---------~1-------•--------------• 0 1 l 3 4 5 o r 17 16 27 28 .35 

18 tits 18 bits 

1--------------------------~-1---------------------------1 • 
' 

•ini•uia bound 
<see Array Bou" ds > 

I 
I 

maxi mum bound 
<see Array Bounds> • I 

1------·---------------------1----------------~----------· 36 5 3 54 71 

5 bits 24 bits 

1----·---1~-----1---·····------~---1---------------------1 I I t data 1 t f 1 tit displacement ~ 
1 10 t 0 I type I 0 t 1 I not used t f.rom stack bise I 

(J l z 3 4 5 6 1 11 12 35 
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10 bits 18 bits 

·----1---·------1---1---1----------1------1--------------i 
I t I t t I 1 1 I 
t 10 4 l I 00 I 0 IO I not 1.1sed I base J displacerRent t 

1----·---·-----~1---·---1----------1------1--------------1 :> 1 2 3 4 5 7 8 1T 18 35 

18 bits 18 bits 

·---------------------------·----------------------------· 
I 

• 
pr e v 1 o u s r e t Uf' n 
control register 

previous mar~·stack 
words 

t 
1 

·------·--------------------·----------------------------· 

1 bit 10 bits 18 bits 

1----------------1--------------1------------------------1 • t 
I 

unused 
pr ev; ous 

Nf P 
segment 

previous 
NIP 

d;sptacement 

1 

• t 

·----------------·--------------·--------~---------------· 

Of the four types of v~tue formats. three can be found either on 
the stack or in a data segment. These three are integer,. real 
and double preceston. The fourth type. found only in data 
segments• is catted •urtfnitiatized•. Bits 3 and 4• the data type 
field. are 00 for integer or ilogicat variables,. 01 for real 
v.ariabtes or 11 for double precision <10 is undefined). 

Integers and the fraction portion of non-integers are ~idr~d in 
sign-magnitude notation. Exponents are in •excess 256• ndtatto~# 
that is,. an exponent. is pos1tive by the amount that it is greater 
than 256 or negative by the amount that it is less than 256. For 
example• an exponent of 259 becomes an •excess 25&• expon~n~ of 
•J. The e~ponent is the power to which two is to be raised. The 
nar11athed fraction is a number tess than one ,3nd greater than or 
equal to o.s~ except in the case where a fraction equals zero. 
The fraction part of att nonzero U.oatin~ point numbers must be 
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Negative number5 are represented with a sign bit of l• positive 
with a sign bit of o. Zero h repiresented by alt 1eros except in 
the type field. 

An exponent eQuet to zero and a non1ero fraction <&•9•• N••0.2> 
~itt result in an exponent unde~ftow. divide by lero. ind/or 
u~defi~ed results as the result of an arithmetic operation. An 
exponent that is nonzero with a zero fraction is undefined ~nd 
wilt cause undefined re~utts in an arithmetic operation. 

The second word of a double•prectsion• floatinq•point number is 
.treated •erely as a 36•bit extension ta the ri·~ht of the fractton 
part of the first word of the number. The first word of a double 
precision number loots just lite a single-precision. 
floating•point number. except that the type bits are 11. 

ln1.1.uc. 

9 bits 24 bits 

·----·----·-----~-----~·-----------------------~-~---------· I I t hi·}h•order I 
t 00 tsignl part of I 
I I I extended t 
t • • integer • 

integer • 
' ' ' ·----·----·------------·-----~-----------------------------· 0 1 2 3 11 12 35 

An e x t en de d i n t e g er i s i n d 1 c at e d by a non z er o h i g h • or de r p a r t • 

au! 

9 bits 24 tits 

·---··~---·-----------·~~·----------------~~--------------~. I 01 tsignl "excess 256• 1 
a f • exponent ' 

nor mat ized fraction • 1 

·----·-··-·--------------·---------------------------------·. 0 1 z tt 1? 35 
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9 bits Zit bits 

·----·----·--------------·---------------------------------· I 11 lsignl "excess 256• I 
I 1 I exponent 1 

normalired fraction I 
t' 

1----·----1--------------1---------------------------------1 0 1 z 3 11 12 35 

3& bits 

·----------------------·-----------------------------------· • • 
' 

lower-order 3& bits of doubte·preci~ion fraction 
I 

' • 
·---------~------~--~------------~-------------------------~ 16 71 

Yn.inili.1!i1Jto 

Uninjtiatized dat~ have type field 10. Th~ remai~der a• the 
format is undefined. Uninitialized data witl nevgr be loaded to 
the stack but ~itl be detected by a "LV" or "ALY" S•in•truction. 

An S•instruction consists of an operation code <S•aperator> which 
~ay be followed by a descriptor and/or other operands. There are 
two S·operator l~ngths: three bits for the most frequently used 
instr~ctions ~nd nin~ bits for att others. Alt nine-bit 
S•operators begin with bits 111. Many S•instructions operate on 
ite•s fro• ihe stac~. ~hite others have one or ~ore operands 
appended to the instfUction itself. Detailed infor•ation o~ 
operands is 1iven in the "S~J~STRUCTtONS" secti-0n with 
descriptions of each affected S•instruction. 

55,r 
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t~bte 3•1a lists alt possible kinds of op9rands and the nu•ber of 
bits for each occurrence. The si1 tits of a descriptor are 
listed in Tabte 3•\t>. 

Opera,,d 

-·------·------------------Flag 
Type indicator 
Para•ete.- type 
Descriptor 
No. of operands 
Small positiv• integer 

~o. of 
Bits ·-----

1 
2 
4 
6 
8 

or seg111ent no. 10 
Code address or 
array bound <max. or min.) 18 

literal 36 

Table J·la: Operands List 

Meaning ............... 
Code flag 
Type fiet d 
Array ft ag 
Stack field 
Unused 

No. of 
!Ji ts ......... 

l 
2 
1 
1 
1 

Tabte 3-lb: Descriptor Bits 
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Instruction Nam~ 

-----·------------~---~--------------
ABSOLUTE VALUE 
ADD 
ANO 
ARITHMEf IC If 
ARRAY LOAD \OOPESS 
ARRAY LOAD VALUE 
BRANCH f'ALSE 
CHECK TYPE 
COMMUNICATE 
COMPARE PAR4H£TER ATTRIBUTES 
COMPLEMENT 
COMPUTED GO TO 
CONSTRUCT A~RAY DESCRIPTOR 
CONSTRUCT STACK REL~TIVE POINTER 
DECREMENT•MULTIPLY•ADD PARAMETER 
DEPRESS THE STACK TO MEMORY 
DIVIDE 
DOUBLE 
OS J06 
OUPLICATE•ONE 
OUPL ICATE• TWO 
DYNAMIC 8RANCH 
EQUAL 
EXCHANGE 
EXTRACT FIELD 
f I >C 

flOA T 
GO TO 
GREATER THAN 
bREAlER THAN OR EQUAL 
HARDWARE ~ONlTOR 

Hne11onic -----·----
ASS 
ADD 
ANO 
A.If 
ALA 
ALY 
SRf L 
CKT 
CO"M 
CPA 
NOT 
CGO 
CAO 
CSRP 
OHAP 
OPRS 
orv 
DBLE 
QDS 
OUPl 
DUP2 

. OBCH 
EQ 
XCH 
XTRf 
rrx 
FLOT 
GOTO 
GT 
GE 
HHON 

<Table 4•1 is continued on next page> 

Operation 
Code 

--------·-
111 101 011 
111 010 110 
lll 001 ~'.)l 
111 000 110 
010 
011 
111 000 101 
111 110 100 
111 001 lOQ 
111 011 011 
111 011 110 
111 001 Or).O 
111 100 110 
111 101 000 
111 011 101 
111 100 11)1 
111 011 001. 
111 101 .010 
111 110 110 
111 101 11)0 
111 101 101 
111 110 000 
111 010 000 
111 100 001 
111 011 111 
111 101 001 
11 l 000 000 
111 000 111 
111 0.10 1)11 

itt oio io1 
111 100 100 

, n ·mci.,; 
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lESS THAN 
LESS THAN OR EQUAL 
L 0 A 0 A 0 O~ ES S 
LOAD SMALL INTEGER 
LOAD Blf S 
LOAD BYTE 
LOAD COMMUNICATE REPLY 
LOAD SINGLf PRECISION lITEP~l 
LOAD VALUE 
HAKE TWO 
MARK STACK 
MAXIMUM 
MINIMUM 
MOYE 
MULTI Pl Y 
~ULTIPLY•LifERAL•ADO 
NEG~TE 
NOT EQUAL 
OR 
RETURN 
RETURN VALUE AND EXIT 
SENSE SWITCH 
SPECIAL HAR~ STACK 
STATEMENT FUNCTION LINKAGE 
STORE BITS 
STORE CHARACTERS 
STORE DESTRUCTIVE 
STORE NONDESTRUCTIVE 
SUBROUTINE CA.LL 
SUBTRACT 
WRITE INTEGER DIGITS 

COMPANY CONFIOENflAl 
81800/81700 FORTRAN S·LANGUAG£ 

9• s. 2Z01 &7H <D> 

Mnemonic 

LT 
LE 
LA 
l St 
LOOS 
Loa 
LDCF 
LIT 
L.V 
M AK2 
MKS 
MA)( 
MIN 
HOVE 
HUL 
Ml A 
NEQ 
NE 
OR 
RTN 
RTNV 
SSW 
S Ml( S 
SF 
ST00 
STC 
STD 
STNO 
CALL 
sua 
WIO 

Op er at ion 
Code ----·---· ----

111 010 010 
111 010 100 
000 
110 
111 011 010 
111 001 110 
111 100 000 
101 
001 
111 100 111 
111 000 100 
111.101 111 
111 101 110 
111 110 011 
111 011 000 
111 011 100 
111 100 010 
111 010 001 
111 001 010 
111 000 011 
111 000 010 
111 110 101 
111 100 011 
111 001 011 
111 001 ltl 
111 110 OQ 1 
100 
111 001 101 
111 000 001 
111 010 111 
111 110 010 

Table 4•l: S•lnstructions Listed by Instruction Name 
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Operation 
Mnemonic Code 

------------~------~-------~--------- ------·- ---------
ABSOLUTE VALUE ABS 111 101 011 
ADD ADD 11 l 010 110 
ARITH"ETIC If Alf 11 l 000 11.0 
ARRAY LOAD ADDRESS ALA 010 
ARRAY LOAD VALUE ALV 011 
ANO ANO 111 00.l 001 
BRo\NCH FALSE BRfL. . 111 000 101 
CONSTRUCT ARRAY CESCRIPTOR CAO 111 100 110 
SUBROUTINE CALL CALL 111 000 01)1 
CHECK TYPE CKT 111 llC 100 
COMMUNIC4TE COMM 111 001 11)0 
COMPUTEO GO TO CGO 111 001 00 I) 
COMPARE PARAMETER ATTRIBUTES CPA 111 011 011 
CONSTRUCT STACK RELATIVE POINTER CSRP 111 101 000 
DYNAMIC BR A NCH DBCH 111 110 000 
DOUBLE OSLE 111 101 010 
DIVIDE DIV 111 011 00 l 
O(CREHENT•MULTIPLY•AOO PAR4HETER DMAP 111 011 101 
DEPRESS THE STACK TO MEMORY OPRS 111 100 101 
DUPLICATE•OfiE OUPt 111 101 100 
DUPL ICUE·T wa OUP2 111 10 l 101 
EQUAL EQ 111 010 000 
fIX f' I X 111 101 001 
fl OAT fl OT 111 000 000 
GREATER THAN OR EQUAl GE 111 010 101 
GO TO GOTO 111 000 111 

<Tlt>le 4-2 is continued on the next paqe > 
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Instruction Name 

--~------------------------------
GREATER THAN . 
HARDWARE HO~JTQR 
LOAD ADDRESS 
LOAD BYTE 
LOAD COMMUNI~ATE REPLY 
LESS THAN OR EQUAL 
LOAD SINGLE PRECISION LITERAL 
LOAD SMALL INTEGER 
LESS THAN 
LOAD VALUE 
HAKE TWO 
HAX1 MUM 
MINIMUM 
HARK STACK 
MULTIPLY•LJTERAL•ADO 
MOVE 
MULTIPLY 
NEGATE 
COMPLEMENT 
OR 
OS JOB 
RETURN 
RETURN VALUE ANO EXIT 
STATEMENT FUNCTION LINKAGE 
SENSE SWITCH 
STORE CHARACTERS 
STORE DESTRUCTIVE 
STORE 8ITS 
SUBTRACT 
WRITE IN1EGEP DIGITS 
EXCHANGE 
EXTRACT FIELD 

COMPA"Y CONFIDENTIAL 
81800/Bl700 FORTRAN S•LANGUAG£ 

p. s. 2201 &731 (0) 

Mnemonic ........... 
GT 
HMON 
LA 
LOB 
LOCR 
LE 
Lil 
L SJ 
LT 
LV 
M Al<2 
H~X 

HIN 
MKS 
"1LA 
H01E 
MUL 
NEG 
NOT 
Ofil 
QDS 
RTN 
R TNV 
Sf 
SSW 
STC 
STD 
STOS 
sue 
WIO 
XCH 
XTRF 

Operation 
Code 

--------.--
111 010 Oll 
111 100 100 
000 
111 001 110 
111 100 000 
l 11 0.1.0 11)0 
101 
110 
111 010 010 
001 
111 100 111 
111 1 O'l, 1l1 
111 101 tlO 
111 000 100 
111 C1l 100 
111 110 011 
111 011 000 
111 100 010 
111 011 110 
111 001 010 
111 110 110 
111 000 011 
111 000 010 
111 001 011 
111 ·110 101 
111 llC 001 
100 
111 001 111 
111 010 111 
111 110 010 
111 100 001 
111 0.11 111 

fable 4•2: S•fristructions Listed by MneMonics 

m 
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Ll~lUHi .£il .1Jff..!!A11Il.M:~Q.0£ ~AL.Uf 

Oct at Value a i nary Ya lue Mnemonic Instruction Name 

----------- ------------ ·-- -·- --- ---------~------
0 000 LA LOAD ~DORE SS 
l 001 LY LOAD VALUE 
2 010 ALA ARRAY LO AO AOORESS 
3 011 ALY ARR.\ Y LO AO VALUE 
4 100 STO STORE DE ST?UCTJYE 
5 101 LIT SINGLE PRECISION LITERAL 
6 110 LS J INTEGER LITERAL 

Table 4•Ja: S·Instructions listed by Op Codes <Three Bits> 

!tiu:lit .O.ra r..111!1.o ~S!.2!.i 

Oct at Value a i nary Value Mnemonic Instruction Name ... ________ .. 
.. ----·--·--- -------- ----------------

700 111 000 000 FLOT FLOAT 
701 11 1 ooc 001 CALL SUBROUTINE CALL 
702 11 l 000 010 RTNV RE TUP.~ VALUE ANO EXIT 
103 111 000 011 RTN RETURN 
704 111 000 100 MKS MARK STACK 
705 111 000 101 0Rfl BRANCH f" ALSE 
706 111 000 110 Alf ARITHMETIC rr 
707 111 000 111 GOTO GO TO 
710 111 0 01 000 CGO COfi!PUTEO GO TO 
111 111 001 001 ANO ANO 
712 111 001 010 OR OR 
713 111 001 011 sr STATEMENT FUNCTION LINKAGE 
714 111 001 100 COMM COMMUNICATE 
715 111 001 101 STNO Sf ORE NOND::STRUCTIVE 
716 111 001 110 toe LOAD IHTE 
717 111 001 l 11 STOB STORE BJ TS 
720 111 010 000 EQ EQUAL 
721 111 010 00 l NE NOT EQUAL 

<Ta bt e 4•3b i s continued on next page> 
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Oct al Value ainary vatue ~nemonic Instruction Name ··----------
722 
723 
724 
725 
726 
727 
730 
731 
732 
733 
7.54 
7 35 

736 
737 
740 
741 
742 
743 
744 
745 
746 
747 
750 

751 
752 
753 
754 
755 
756 
757 
760 
761 
762 
763 
764 
765 
766 

------------ -----~--
111 0 10 0 11) 

111 OlC 011 
111 010 100 
111010101 
111 010 100 
l 11 010 111 
111 011 000 
111 011 001 
111 011 010 
111 011 011 
111 Ott 100 
111 011 101 

111 011 110 
111 011 111 
111 100 000 
111 1 oc 001 
111 100 010 
111 100 0t1 
111 100 100 
11 l 100 l 01 
111 l 00 110 
111 100 111 
111 tea coo 

111 101 001 
111 101 010 
111 101 011 
111 101 too 
111 101 HU 
111 101 tto 
111 101 111 
111 110 000 
11 t 110 ~o l 
l l 1 110 010 
111 110 (J l l 
111 110 100 
111 110 101 

.111 110 110 

lT 
GT 
LE 
GE 
ADD 
sue 
MUL 
OJ y 
LOOB 
CPA 
MLA 
DMAP 

NOT 
>CTRF 
lOCR 
XCH 
NEG 
SMl<S 
HMON 
OPPS 
CAD 
HAKZ 
CSRP 

FIX 
DBlE 
ABS 
OUPl 
OUP2 
MIN 
MAX 
OBCH 
STC 
WIO 
MOVE 
CKT 
SSW 
QDS 

-~-~------------
LE SS THAN 
GR EA TEP TH AN 
LESS THAN OR EOU•l 
GREATER THAN OR EQUAL 
ADO 
SU 8.TP 4C T 
"4ULTIPL Y 
DIUOE 
LO AO BITS 
COMPARE PARAMETER ATTRIBUTES 
MULTIPLY•LJTE~AL~Aoo 
DECREHENT-MULTJPLY·A~O-

PARAMETfP 
COMPLEMENT 
EXTRACT FIELD 
LOAD COMMUNICATE REPLY 
EXCHANGE 
NEGATE 
SPECIAL M-RK STACK CALL 
HARDWARE MONITOR 
DEPRESS THE STACK TO MEMORY 
CONSTRUCT ARRAY DESCRIPTOR 
i.tAKE TWO 
CONSTPUCT STAC~ RELATIVE 

POINTEP 
FIX 
OOUBLf 
ABSOLUTE VALUE 
DUPLICATE-ONE 
DUPLICATE· TWO 
MINIMUM 
~A XI HUM 
DYNAH IC BR OiC H 
STORE CHAR~CTER 

WRITE lNTEGER OIGITS 
MOVE 
CHECK-TYPE 
SENSE SWITCH 
OS JOd 

Tabt~ 4•3b: S·Ihstroetions Listed by Op Codes <Nine Sit~> 
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t 
1 op code I 
• 111 101 011 t 
i I 
1-- - -·------.-- 11 

0 
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ABS turns off the siqn bit for the vatue on the top of the stack. 

A.tW i!.12Ill 

~~!Ji!.C I i~JHU 

!HlL.IltL! !lUILJ 

!2.Ul.Qf. l!2lll 

For •at: · ---·--- ·-----· t 
I op code f 
t 111 010 1101 
t I ·----,--·---·-· 
0 8 

CADD> 

• -·-··-iitli••·-· 
I I 
t op code I 
• 111 01() 1111 
I I I·····--• ••••1 

0 8 
CSU0) 

t-----.-------· 
I I 
I op code I 
1111 011 0001 
t • , ______ .. _____ , 

0 8 
01UL) 

I ••••••-•-.i•••t 

• • I op code I 
1111 011 OOH 
I 1 ·-----.-------· 

0 8 
<DIV> 

Each of these four functions pops two items off the stac« stut 
perforas the indicated operation. The mode of the operan~• ·~~ 
be mixed, with the results described in Tibte 4•4. The result of 
the operation is pushed onto the stac~. SUB suttracts TOS from 
TOS·l. DIV divides TOS into TOS•l. Attempting to divide by zero 
ciiuses abnormal ter11ination. 
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second operdnd type 

·-----~------------------------------------~ first operand typet integer I real ldouble precision 
==================•============•============•================= 
integer 
re at 

J I I 
•integer• treat ldouble precision 
treat &real tdoubte precision 

double precision tdouble prec.1double prec.-tdouble precision 

•integer division yields a truncated result. 

fabte 4•4: Modes of Arithmetic Pesutts 

12.fl.Y.aLE. i.1211.L.EJ 

Format: 

·---~----····--· 
I .1 
I op code f 
1·ttl 101 l.)10 I 

• • .. 

· ·--·-·--·-··---· 
0 e 

DillE converts the ite11 at TOS from integer or· real to double 
precision and replaces the original item w~th the co~verted ite•. 

Ell !E!!l 

rormat: , ____ ,. ____ ....... 
• 1 

• op code • 
t 111 1Cl 001 f 
I , .... -- ............ , 

0 

FIX replaces t'e ite~ at TOS with a (possibty extended> inte1er 
valu•. The fra~tion part of a re~t 6r double precision item is 
truncated, not rounded. 
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for11at: 

f.L.lJ!I if l...Q..!IJ 

. ---·---·-·. ---· 
I op code I 
I 111 000 000 I 
t I 

·-·-----------· 0 
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FLOAT examines the type field of the jtem at ras. If it is reat. 
the ite11 is left unchanged. If an integer. the item is converted 
to real; some loss of precision ts possible if the integer was 
an extended integer. although rounding wilt be performed after 
nor 11al i z at ion. 

If the item is doubte precision. it is rounded and truncated to 
real. 

for 11at: 

·-------------· I I 
t op co de I 
I 111 101 111 I 
t • 
t -- • ----· ........... ,, 

0 e 

MAX pops the top two items off the stack and pushes the greater 
of t~e• back onto the stac•. Th~ two items need not be of the 
s3me type. 
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' op code I 
t 111 101 110 • 
t • 

·-------------· 0 
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MIN pops the top twc ite•s off the stactc and pushes the minimum 
of them bact onto the stac•. The typPs of the two ftems need not 
be the same. 

For1ut i . ;. _____________ , 
t 

l op code .l 
• 111 100 010 f 
• t 

··--- --- ------ --- t 
0 

NEQ co11pte111ents the si':)n bit of the top item on the stactc • 

-------
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1-------------1--------------1-------------1----~---------~· 
t ' I op code i 
t 111 000 110 I address 1 
I 1 

J • 
I t 
1 address 2 I address 3 

1 ' 

• I 
I 

• 
·--~----------·--------------·-------------·---------------· 

0 e 9 ?.6 27 44 41:) f, 2 

Alf pops the stack. If the popped word is negative. t~e first 
code ~ddtess js added to th~ current~segment base and.this 
t~cation is used to fetch the next executable S-instr.uction. If 
the popped WOf'd is. zero.. the second address is used. ff· 
positive .. the third addres• is u~ed. 

for 111at: 

·-------------1-----------·---------1---------·---1-~--------1 
t i I J I t 
t op code t nu111ber of • address 1 address t ••• a address 1 
a 111 001 ooo t addresr.;es t 1 I 2 t I N 1 
I I t t t' I 

·-----~-------·-------~-~-·---------4---------1-~-1----------· 8 9 16 17 34 35 52 

The CGO instruction exp•cts an integer on tos. · which it co•pares 
~ith the number of ad~ress~s following the operation code. If. 
th~ stact i{'~eger is dreater than that n.,im~er c;>r les$ th~n .. onf!
corHrot ttansfer~ to th~ instrucHdn fotlowin~. the CGO 
instruction. Otherwise. the integer is used as .lln index ir\to the 
address list in the CGO instruction <note that indexing 9tattt 
with i .. not O>. The address in the list is a seq•ent•retativ~ 
address ~hich be~omes the next instruction pointer. ' ~axi•w~ ~f 
255 addresses may be spetified. It the TOS is not an integer• 
then CGO force$ it to integer • 
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Format: 

I ............. •.•••·-· I 

• • I op code • 
I 111 110 000 I 
I t ·---.----------· 

0 

DBCH expects a code address. The address is popped and execution 
continuf!s at ros. If the segment field is zero- the address is a 
bit displacement relative to the start of the current code 
seqment. 

O For 11e1t: 

1--·----------··--·----------1 
I I ' 
t op code t t 
• 111 000 111 I code address I ' . . 
1-------------1--------------1 

0 e 9 2& 

GOTO obtains the progr~• base-relative cod~ address- converts it 
to an absolut• addr~ss and places it ih the next insttuction 
point er. 
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1 
I op code I t 
t 111 000 101 a code address I 

' I I 

·--~---~------·--------------i 0 9 26 

SRFL pops the stack and eMaM1nes the least significant bit of the 
value. If the tit is tero• the next instruction pointer is set 
to the absolute address resutting from conversion of the pro1~a• · 
base-relative code address passed in the instruction. Otherwise• 
the next instruction pointer is ~nc~eased by the length of the 
BRfl instruction. 
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For11at: 

·-·--------·---·· 
t t 
I op co de I 
I 111 001 001 I 
• t ·-------------· 

B 
ANO 
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1·-----·--------1 
I f 
J OP CO de J 
I 111 001 010 f 
I ·-- ... --- ... ------·· 

0 
OR 

. Either of these o~erations pops two value operands from the 
stack. If the operands are both single-word length or are both 
double-word length• the indicated operation is pertor11ed on atl 
bits except the type bits of both operands. The type is set to 
double precision if either operand is double precisi~n. to real 
if either is real• otherwise to integer. 

If one operand is sing\e•word and the other is doub\le•wordr the 
single-word operand is assumed to have an att·zero second ~ord. 
A bitwise "logical and• or "logicat or• is then performed on the 
t~o operands and the result is pushed onto the stack. 

Format: 

1-------------1 
• 1 
I op co de I 
I .l11 011 110 • 
J • ·--.-------·---. 

0 8 

NOT pops the stack~ chec~s the type and performs ones complement 
on alt bits indicated,. except for the type itself <e.g.,. if the 
descriptor indicates doubte precision~ 72 bits minus the 
descriptor are compteir.ented>. The resutt is pushed onto the 
st a ck. 
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~ill.!la !t~l 

tHH ~QJJ.!.L 111~1 

i~A.!f..B. ltt!~ i~!l 

~B,Al~B IHA~ il~ £2~A1 i~~l 

L.E~j I.tta t1 11..11 

J.U~ !.tiAti QB .E:H!AL iJ...El 

Form at: 

• - -----.. ·-- .• --- f 
1 'I 
1 o·p code • I 111 010 000 • I • 1---------------1 

0 8 
F..Q 

1--------------1 
I 

I op code 1 
I 111 010 101 ' 
I t 

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

GE 

........... _______ , 
• • 
' op code • I 111 010 00 l J 

• f ,._ ... __ ., _______ , 
0 a 

·-------------· 
' f t op code 1 
• 111 010 010 t 
I I 

1--------------· 
0 

LT 

1-------· --·-- - J 
1 ' I op code I 
I 111 010 011 I 
I I 
I •·• • • • • • • - - • - • I 

0 B 
GT 

t - - - - - - ... - - - ·- - - f 

• • 
I op co de J 
I 111 010 100 I 
1 t ·---------- ... -- ..... 

8 
LE 

Each of 
performs 
integer 
pushed. 

these comparators pops two items off the stact and 
the indicated comparison. If the resutt is true, an 
l is pushed onto th~ stack~ otherwise an inteder O is 
TbA operation is performed as <TOS·l><relat~on><TOS>. 

#'ii!ttWtii--· 
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For 11at: 

·---.......... -· 1--------------1 • • t • 
a op code I • op code 1 
I 100 I I 111 001 101 I 
I I I I . ·----···-· ·--------------· 0 2 0 8 

STD STND 

Both STD and STNO expect the top word of the stack to be an 
addres~ and the word below to be a vatue. The value is stored at 
the address with Testriction~ placed by the desc~iptor• according 
to Table 4·5. The address is popped from the evatuation stact. 
With STD onty~ the value is atso popped. 

Address .......... 
Integer 
Integer 
tn.teger 
Real 
Real 
Real 

Double Pf"ec. 
Ooubl e Pree. 
Double Pree. 

Yatue -----
r n teger 
Re at 
Double Precision 
Integer 
Re at . 
O o ubl e Pf' e ci s ion 

Integer 
Rea'l 
Ooubl e Precision 

Rule 

Assi11n 
Truncate to an integer and assign 
Truncate to an inte•ier and assign 
rtoat and assiqn 
Assign 
~ound to 24 tits and assign most 
significant part 

Extend to double prec. and assign 
Extend to double prec. and assign 
Assign 

table 4•5: -ssignment Rules for STD and STND 
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Format: 
2 or 4 O, 4, 8 or l 9 

9 bits 1 bit 16 bits bit 5 bits 

1-------------1-------1-----~--~----1---------·-----------------1 t op code I. stactc: 1 destination 1 var;ant I source <may I 
I 111 110 011 I I address t 1 be nonexistant) t 

·-------------·-------1-------------1---------1---------~-------1 0 

Bits 26 Bits 30 
and 29 and 31 .·------- --·----

00 00 
00 01 
00 10 
00 11 
01 --
10 

11 --

9 10 21 2e 29 30 

Int e f" pr et at i o n 

-------·----------------------~--------~----~~--n~ source field; source implied to be O 
no source field; source 1mptied to be 1 
source field is four•bit titerat in bits 32 ••• 35 
undefined 
no source f'ietd; source implied to be ros 
source field is 19 bits~ bit 30 is a stack 

Boolean ~nd bits 3t ••• 48 are a segment· 
dtsp\acement address 

~ource field is bits 30 ••• 37; it is a word 
disptace•ent in the same segment as the. 
destination address 

Type conversion is never performed. The type field in the 
destination will be set the same as in the source. For variant 
oo. type is set to integ~r in thP. destination. 
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·------·---·~-----·~--·-------··-----·-----------------------· I op I I I I I not • t 
I code 1 () t type • () 1 staclc I used 1 base and disptace111ent 1 
I 000 I I I I I I I 

t------·---1------t---·-------·~-----·-----------------------· 2 3 .ft 5 6 7 8 9 26 

For111at z: 

1------1---1----1~-~·-----1----1---------·----~----·---------1 I o p I t 1 t J n o t 1 b a s e a n d t JP i n i 11 um - I • a x i 11u 111 • t 
I code t O ttypel l lstacttusedldisp•ace•lsubscripttsubscriott 
I 000 • • t 1 ·1 J11ent lvatue lvatue 1 

·------·---·----i---·-----·--··t-----·---1----~----1---------· •) 2 3 l+ 5 6 1 9 26 27 44 45 62 

format 3: 

·------1---·----·---1-----1----1--------------1--------------1 I op t lnot I t 1not 1 
I code I 1 tusedt 1 JstacklU$eat 
I JOO t J I I t 'I 

·base 
I I 
I displacement I 
J I 

1------1---·----·---·-·---·----1--------------1~-------------· 4 6. 1 8 9 ie t 9 36 

If the stack bit is zerc• then the de~criptor 
displacement are used in c~eating either 
addrets (format lh array address < for11at 21• 
<format J) at ros. 

bits• base and 
a ~i•ple variable 
or code addreas 

If the stack bit is 1, the base and disptace11ent for11 a wot"d 
index relative to the return control register. The ind•• ts 
positive if the teft•ost bit of the b~se is zero and riegative if 
one. The index is •Ultiplied ty 36 and added t-0 the ~CR to form 
a pointer into the stactc. If the ite• pointed to is an address. 
it is copied into TOS. If it is a value. a stack-relative 
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address using the pointer is ptaced at TOS. 

In either case. the TOS pointer is bumped appropriately. 

For11at: 

·---------·------·-------·------·-------------------· I op code i type 1 stack I not f 
I 0 0 l 1 t t us e.d I 

base and 
di spl ac e1u nt 

I 
I 

1---------·------1-------1------1-------------------1 0 2 3 4 5 ., 24 

If the stac~ bit is o, LV fetches the vatue at the indicated 
base-displacement address and puts it on the stack. If the type 
field is 10. LV toads the vatue with the type field as it appears 
in Memory; otherwise• it forces th• type field equal to that in 
the S•instruction. 

If the stact bit is i. t.he low-order 11 bits of the base and 
disptaceaent are taken as an offset from the current return 
control r~gister. This vatue is •uttfptied by 36. Jf the 
hiqh•o,-der bit is set~ this mulHplfcation result is then 
subtracted fro• <otherwise it is added to> the current RCR. If 
the ite• thus tocated in the stact is a value. then LY toads it 
to the top of the stact. If the ite• found was an address. LY 
uses the found address to locate the data ~atue ~nd toads the 
found value to the top of the stact. If the tyoe field in the 
S•instruction is 10• LV loads the vatue wjth that type field as 
found in the value; otherwise. it sets the type field equal to 
that in the s-instruct1on. 

tf the type fi•ld in th• value does match th~ type field in the 
S•instruction. conversion is not perfo~med although the type 
field is modified as described above. 

The pro~ra• is terminated with •uniniti11ized data• if the type 
field on the vatue is 10j 
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1------·---1-~--·---1-----1----1---------1-~----~--·--·----~-· 
a op I I I t lnot lbase and 111inimu11• tmaxi111u11• I 
t code t 0 ltrpel 1 tstactlusedfdtsplace-Jsubscripttsubscriptt 
1.010 I I 1. t t taie"t tvalue tvatue I 

1------·---1----1---·-----·----1---------1---------1---------1 
J 2 J 4 5 6 1 8 9 26 27 44 45 &2 

ALA places a simple variable address at TOS. fhe address is 
for·11ed as for LA, except that TOS has a subscript used in 
modifying the base addtess as described in Section t. tf tke. 
stact bit.is 1 .. the •ini11u• and •axi•u• bounds do not appear in 
the code but appear as part of the address in the stack wh;ch is 
pointed to by the base and displacement. 

For•at: 

·------·---·----1---1-----1---·t·----~---t---------·---------· I op I I 1 I tnot tbase atid lmini11u11· 111axi11ur.• I 
I code 1 O ltype1 1 tstact:lusedldisplace•lsubscriptlsubscriptl 
I •) 11 I I 1 I t I 11e nt t vat ue t v at ue t 

1--~---1---1-·--1---1-----a----1---------1---------1---------1 z 3 4 5 6 7 8 9 26 Z1 .44 45 62 

ALY ptaces a value at fOS by perfor11ing an ALA but placing the 
addressed value at TOS instead of the address. The type field of 
the loaded value is set to the type specified in the operator, 
unless the s-instructitn•s trpe field is 101 in this case. tt is 
s e t t ft( e th e t y p e f i et d t> f the d at a i t e • i n 11e111 or y • The pro gr a 111 

is terminated with •uriinitiatized data• if the type field of the 
it e • in me11 or y i s l 0. 
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·-------------·---1------·---1-------1-----··--------------· I • I • • I not I base and 1 
I 111 100 110 I O 1 type I l • stactc t used I disptacenient I 
t It I I a I I 

1-------------·---1------1---1-------1-----~·--·--~--------· () 8 9 10 11 12 13 14 15 32 

·-----------------------~·----------~-------------· • I 

• 
minimum subscript • • 

' 
maximu• ~ubscript • I 

' 1------------------------1------------------------1 33 50 51 68 

Using the item on Tos. CAD modifies the base. displacement. 
•inimu• and maximu• subscript, then ptaces an array descriptor on 
the stack (after popping the top item>. If the stack bit ::: l• 
C40. uses the array descriptor in the stact referenced. Irt this 
case. •inimu• subscript and maxi•um subscript are not given in 
the S•instruction. See Section 1 for description of base and 
array bound for•ats. 

Far•at: . ---.......... ··-· 
I I 
I op code · I 
• t 1 l 1 01 I) 00 1 
I f , ___ ................ , 

0 

CSRP uses the TOS a$ a word pointer to construct a stact•retative 
address description. The TOS item indicates the number of word$ 
fro• the return control register to point to. ~ positive tnde1 
is toward the stac~ base• a negative index is aw~y fro• the base. 
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·--·--t·---~------1 4 • 
t 110 ' 
I t 

I 
t iterat l 

I 

·-----·-----------· 0 2 3 12 

4-22 
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LSI uses the lO•bH literal as the r;qht11ost 10 bits of the 
mantissa of a JG•bt~ integer. The integer ·formed is assumed 
positive. 

for1ut: 

·--·----~-·--------------------~---· I 
I op code I 
I 101 I 
I I 

t; t er al 

I 

' I 
I 

·-----~---·----------~--------~·---· () 2 3 38 

Lil places the lG•bft literal on TOS and increments the TOS 
PD int er. 

( 

L~-------
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!!il lll.Q .lli!Zl 

·---·---~------· I t 
I op code I 
I 1 l l l 00 111 J 
I 1 . ., _____________ , 

0 
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MAK2 makes the ite• at TOS occupy two words in the stact. If the 
item at TOS,ls not a double•word item <i.e. is integer or real 
~atue or a non•array address>• then MAK2 copies the ite• forward 
in the stact and 1ates its former position in the stact atl 
zeros. 

This is useo in passing parameters• where the format paraliet,er 
may be a scat~r <oceupying one word in the stack> or an array 
whe~e the actual parameter was a su~scripted var~abte <could 
occupy one word) of' an array. 
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l.U.aR.!llH 1.tiE. .t.!LL ik!L.Ll 

for 11a t: 

·-------------·----------------·----------------· . ' I op code I 
I 111 000 001 1 
I I 

• • segment-nu11ber I 

' 
c ode ad dr es s 

• 
I 
I 
I 

·---~---------·--------~-------·----------------· 
0 6 9 18 19 16 

If the segment numter is not zero, CALL •ultjplies the segment 
number by 60 to get an index into the seg•ent dictionary. If the 
needed segaent is not present• it issues a COMMUNICATE to the MCP 
to fe~ch it. When the segment is present• the code address is 
added to the absolute base add,ess of the ne~ segment. to get the 
nett•instruction pointer. The mark•stack register is then •oved 
to the f'etuf"n control register. 

If the segment nu•ber is zero• C•LL multiplies the code address 
by 36 and subtr3cts the product from the return corttrol register 
to get an inde~ into stact. It then gets the se9ment number and 
code addf"ess from the stack <see LO"D ADDPESS for the for11at) and. 
perfor•s the actio~s described above for a nonzero seq•ent 
nu1ber. 
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BU.YEN 1.!1 .. Y.t .!1H2 £!11 ! !Ut!11 

format: 

a-··- --- .......... - t 
I I 
• op code I 
I 111 000 010 1 . ' 
·--------·----· 0 

RfNV pops the ros and saves the value which is on the TOS. A 
RETURN is performed and the saved vatue is pushed onto the stack. 

Bil UR M i EI!:U 

For mat: 

·---------------1 
I i 
• op code • 
I ttl 000 011 1 
I I 
.......... 49 _____ , 

0 

The RETURN instructidri uses the return contr~l reqister to get 
the seg•ent•relative addtess from the stact. brings in the prooer 
segment then set; the instruction addf"ess ireqister 
<next-instruction pcint•t> to the absolute address of the ne~t 
i•struction. The TdS pointer is set to the contents of the 
aark•stack register. t~e KSR is loaded with the contents of. the 
rightmost 18 bits of the TOS and the RCR is toaded with the 
leftmost 18 bits of the tos. 

-CEZ 7' 
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Syntax: CPA <no. of pa!f'ameters> <PAR•M.t> <PAR.,M.2> ••• <PAR4M •. N> 

format: 

·-------~-----1------------1---------1---------·----1---------· 
I I I I I ' I 
I op code I number of • I I I I 
• 111 011 011 I para11eters i PA•:UM.t • PARAM.2 ' ••• PARAM.N I 
I I t I t f I 

1-------------·--------·---·---------1---------1----·---------· 0 8 9 16 17 20 21 24 

The CPA instruction fn~ures that the parameters in the stact 
agree in nuaber and type 1i1ith those expected by the called 
subprogram. Starting with the operand after the •ark-stack word• 
CPA ch ects the des er i pt ors of at l par ameter.s passed .on the st a etc 
agatn•t the types in the CPA instruction. If 3 non-•atch oc~~rs 
or the number of oara111eters passed in the instruction disaq.rees 
with the number of. para11eters between· the aark•stack and return 
control word. then a run•ti•e errof" occ ... rs. 

Each para•eter is ~ssu•ed to occupy two words in .the stact. 

If an. oper~nd on the stac~ begins with a binary 10. (i.e •• 
operand is an address>• then the flext four bits of the stact 
operand are co11pared with the p.arameter t.yoe found in the CPA 
tnst:ructfon. If the parameter is an ac-ray and the CPA arra)' bit 
is zero. then the parameters are considered eatchin~ and the 
arrar bit in the paraa4Wttr description is set to zero. This 
facilitates passing subsertpted arrays to scalars. 

When the code flag Cse• Figure 3•1> is on in both the CPA and the 
parameter.. speciat chjc~ing occurs. If the type bits in a 
parameter descriptor ar• binary 10 .. the para11eter is considered 
to matchJ in atl oth~r cases. th~ descriptor bits Must match 
those of the CPA. • maximum of 255 parameter types may be 
soec if i ed. 
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I 1 
t . op code • 
• 111 000 !.00. 
t I 
I ••··--···-····1· 

0 6 

........ W' .... \" ......... ,.'ftitirifth•tt 
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MKS concatenates the rjghtmost 18 bits of the return ·control 
register with the rightmost 18 bits of the mark•stack register 
and pushes the resul.t onto t1'e stactr. The mark•st~clf req1ster is 
set to the lOS pointer ar.d the TOS oointer is incre•ented. 

·• -·- ----- -- ---1 
I f 
t op code 1 
t 111 100 ·;)tl I 
I I 

·---·-~---------. 
0 

SM~S is used fo~ invditng exponentiation and complex arith•etic 
routines. It expects two arg~ments on the stac~. SMKS •owes 
them up and inserts an MKS operation. 
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·-------------·------------------· • • t op code I 
t 110 001 011 ' 
I 1 

address 

1 
I 
t 

• ·-------------1------------------t 
(} 6 9 

SF sets up linkage to a statement function• then transfers 
control. The state11ent function is not external; the code 
address is a bit displacement fror the program base. 

Ttds is the sa•e as cau.. except that the code address is 
c~rrent. The segment address is base-relative. 
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for mat: 

!Bll..l.lf.L.l il 1.11.t.BAJ.. !Nit !IH2 1ttL!1 

·-~-----------1------------------1 ' . t op code t 
• 111 0 11 100 t 
I I 

tit er at 
' t 
' ' 1-------------1------------------· 0 8 C} 26 

MLA is used to for111 an index into an array. for an 
di•ensio~ed A(Dt• 02• 01 •••• 0> and referred 
A(Sl• S2• SJ, ••• S>• the general indeK is calculated by: 

array A 
to by 

<Sl • 1> + 01(52 • l) t 01•02(53 • 1> + ••• + 01•02*03 ••• 0NCSN • 1>. 

01 through ON are e•itted as literals fottowinq the HLA 
instruction. The MLA instruction multiplies the ele11ent on.-the 
TOS by the lite~at pissed in the instruction. The stack is 
popped and the result creat~d above is added ta the new Tos.· The 
total is pushed onto the stac~. 

for•at: 

12tkB.E.tst ti I.:.t11U.ll .f LI:..61l.Q .f JB!!1.El£B l~!f l 

•---------····•---·--·-------s • t 1 
t op code I base I 
t 111 011 101 t di splace111ent I 
I I I 

·-------------·-------·------J 0 s 9 26 

DKAP is a speciatized instruction used when variable dimensi~ns 
have been passed to a subprogram. The cumulative di••n~ion 
infor11at ion cannot be given to the interpreter vi a a literal fas 
in Ml4). This information is calculated and stored relative to 
the latest Rew. 
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DMAP decre•ents <by lJ the value on the ros and exaaines the 
contents of the stack word to which the given base-displacement 
points. If this word is a base·disptaceaent address of a simple 
variable. t~en the vatue of this variable is placed on the stact. 
If the word is a value. then ft is placed on the stact. The 
value of the word pointed to by the ba~e-disptacement is then 
•~ltiptfed by the decre•ented wariabte. The stack is popped and 
t~e value on the fOS is added to the current total. This sum is 
placed on the ros. 

Note: The vatue loaded by the base-dis~tacement must not be 
double precision. 

for 11at: 

1-.----··--·-----· 
t ' I op code I 
I 111 lQO 101 I 
a t 

1---~--------·1 
0 3 

The DEPRESS operator insures that any occupied ros registers are 
pushed down into memory. 

Format: 

·--·--·- -------· 
I I 
I op code I 
I 111 101 100 I 

• • ·-------------· 0 
OU Pl 

'-------------·· 
' I op code I 

I 111 101 101 I 
1 • 1-------------· 

0 8 
OUP2 

OUPt <or OUP2> pushes onto the stac~ one <or two> value(~) or 
address descriptor(s) which exactly duplicateCsl the one <or two> 
item<s> currentlv at the top. Any combinat;ons of single-word or 
double-word item<s> may be duplicated. 



4-:u 

8URRO~GHS CORPORATION 
COMPUTER SYSlEHS GRO~P 
SANTA BARBARA PLANT 

COMPANY CONflDENTIAL 
81800/81700 fORTR-~ S•LANGUAGE 

P. S. 2201 6731 (DJ 

Forlllat: 

I••••:-•••••--~ I 
• I 
t op code 1 
I 111 100 001 1 
I I , ........ --.------· 

0 8 

XCH exchan~es the top two ite•s on the stack. 
sin~te·word or doubte•word ~tac~ items. 

f'or 11at: 

1-----------------1-------~-----1 I 
I op code 
I 111 lJO 100 

' 

1 

• I variant 
I 

' • • • 
··----------------·-------·-----· 6 9 

Vari ant Type ------- ...... 
00 Jntt~er function 
01 Rejl function 
10 Sudtoutine 

lJ 

11 o~~&le precision function 

These •ar be 

CKf requires that the ft•st single-word ite• below the RCW be an 
integer vatue. The walue is popped from the stactc and replaced 
by the RCW. The value fs co•pared with the type in the oper3tor 
and• if they are not equat• the progr:u1 is halted and an •tNVAltO 
SUSPROGRAM TYPE• messaqe •s generated. 
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For mat: 

·------------~·---------· • I op e ode 
• 111 10 0 100 
I 

1 I 
t monitor I 
t value e 
I I 

·-------------·-------~-· 0 8 9 16 
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HHON outputs the eight•bit 111onitor value to the h ard .. are 111onitor.a 

fo.r11at: 

·-------------· 
I I 
t op code I 
t 111 110 101 I . ' 
·--.---~ ·• --- --~' 

0 

SSW loads program switches 1 thf'ough 8 <not O or 9) from the run 
structure nucleus* as a JZ•bit Hterat, =rnd pushes this onto the 
stack. 
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All instructions in tbis secti~n are available in the I/O 
co•pHer only- not in the standard co111pUer. 

For• at: 

·------------~·------~---' I t I 
I op code I I 
t 111 001 110 I FI•.BIT I 
I I I 

1------·-·----s---·--·---1 
0 8 9 

COMMUNICATE toads the 48•bit RS.COMMUNICATE.~SG.PTR area of the 
run structure nucleus with a~ SOL•type descriptor indicatin1 a 
lenqth of 120 bits and the absolute add'f'ess of the •essage to be 
co•munieated before giving up control to the MCP. 

The fOS •Ust be the Fortran data address of the •essage. The 
address •ust be a si•ple Co"e•wordl address. n~t an array address 
descriptor. tf r1x.e1r = 1. then the 24•bit field at the message 
address • 12 bits <CT.2> is a right•justified. 16•bit
seg•ent•relative data add~ess (ba•e· followed by disptace•ent>. 
Thts ad~ress must be conv~rted to a base•re\ative address and the 
indicated data segMel"!t lust be 111ade presttnt before control is 
transferred to the MCP• 

·•r tittitiit tr# hJ 
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·-------------·------------~-------------------· 
' I op code 
I 111 Ott tll 
I 

' I field indicator 
I QO " fr act ion 
I I) 1 : exponent 

I 

• 10 = type t 
11 = undefined I 

·-------------·--------------------------------· 
XfRf extracts either the type. exponent or fr~ction (from a real 
value ontyl field from a single• or double· word i te• found on the 
TOS. The resultant vatue replaces the original value on th~ 
stack in integer format. The field to be isotated is indicated 
by the two·b•t value of the field indicator. 

L~A,g .Ill!~ .U.WliU 

0 tof" 11at: 

. i 

f-j 
~j 
~-! ,. 
I 

1•••19:•·-------· • • I op code t 
t 111 011 010 I 
• 1 

1-- - -------·••:··· 
0 

lODB loads O to 33 bits from a data area to the ros.. in the .for• 
of an integer. It e1q:iects the foUowing ite111s on the stactr: 

TOS An address which aay be an array address. 

TOS•l Th~ address modifier.. which is add$d to the above a~~r•ss 
as a bit displacement into the fi~td. Jhe modifier ~ay be 
negati we • 

TOS•2 The length in tits <must be les~ t~an or equal to 33>• to 
b• loaded to the evaluation stact. 

E SW ·;,., 
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·-------------· 0 
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LOB toads eight bits from a data area to the TOS in the form of 
an integer. It expects the following items on the stac~: 

TOS An address which may be an array address. Currently- this 
address mar not be the address of a stack•relative. 
double•precision ite•• unless TOS•l h less than 2s •. 

TOS•t fhe address modifier- which is added to the abov~ address 
as a bit displacement into the field. The modifier •ar be 
negative. 

for 11at: 

·--------·----· ' . I op code 1 
t l 11 1 OQ dOO I 
I I 
1---------~ ... -1 

0 

ldc~ loads the low•crder 36 bi ts of the run structure repty ar~a 
to the tos.. · 
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for11at: 

1~------·-----·1 
& I 
I op code 1 
I 111 001 111 I 
I I 
• -- - --·- ---- ..... t 

0 

STOB expects four parameters on the stac~: 

TOS An addre~s <ta1e) of a data area. The address may be an 
array address which requires bounds checking. tut it •ay 
not be the address of a stac~·relativep doubte•precision 
item. 

r1J s-1 

ros-2 

TOS•3 

An integer vatue which serves as an address modifier in 
bhs. 

-n integer value which tells how many bits <from the 
right> are to be stored. 

A vatuep part of which is to te stored into the program's 
data area. The valu~ may be either single or double 
precision. 
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Fear 11at: 

I ······~······----t 
• f 
t op code I 
I 111 110 001 I 
I I :1-------------1 

0 

src e1pects four i~e•s on the stack: 

f 05 

TOS•l 

TOS•Z 

TOS•3 

Thff b~se address of a storage field. 

A bit displacement i"to the. fietd. 

T he l en g th < i n ch ar act er s ) o f the f j. et 1J t o t e f H t e d • 

A single- of' dou,.,te-word item containin·~ the characters 
to store. 

If the length of the fietd to be fitted is greater than the 
nu•ber of characters given• the given c~aracters are sorted 
cyclically and repeatedty until the field is filled. Iri a 
single•word source (four characters>~ the characters will be 
left•justified in the to~·order 32 bjts. tn a doubt~-tength 
source word <eight .characters>• the first four characters wftt t>e 
as in a singte·ten~th ite• and the second four witt be 
left-justified in the l~w•otde~ 32 bits of the second 36 hits • 
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lt.B.11£ l?Ht~£R .Dlill~ !lUJlJ 

for 111at: 

................ , 
t I 
I op code t 
I 111 110 010 1 
I I 

·---------··--· 0 

WIO eKpects four items on the stact: 

TOS The base address of a storaqe field. 

ros-1 A bit displacement into the field fro~ the base. 

TO S•2 The length <in characters> of the field to be fitted. 

J.05•3 A <possibly eKtended) integer. 

It converts TOS-3 fro~ binary to EBCDIC display 
write the characters into the designated field, 
and with zero fitt. 

characters and 
r i gh t • i us t if i e d, 

rn-, 

J 
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for11at: 

· --------------· 
t I 
I op code J 
I 111 110 010 1 
I I 

·-------------· 0 

·-· ·-:·"¥··-·;e.,··a ·····-·~···--,·r ··-rr"f·······TrsJ· zz··"·· SF TEE m 
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QOS eKpects three ite•s on the stact~ 

TOS 

TOS•l 

ros-z 

Base-displacement data address oointin~ to •OS" or "DP" 
err or message. 

Me$sage ten~th in bytes 

QOS causes a COMMUNICATE verb to be issuedP causing the iob to be 
discontinu.ed and the s;:>eciHed er'l"or 111essage to be displayed. 
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ABSOLUTE VALUE CABS) 4•7 
AOO CAOO) 4•7 
Address for•ats J•l 
AND 4•14 
ANO (A.ND> and OR <OR> 4•14' 
AiHTHHETIC If CAif> 4•11 
Arithmetic Operators 4•7 
Array Address 3·2 
ARRAY aOUNOS 2•5 
ARRAY LOAD ADDRESS <Al') 4-?0 
ARRAY LOAO VALUE <At~> 4•20 
Branching Operators 4•11 
CHECK TYPE (CKT) 4•31 
Code Add~ess 3-3 
COMMUNICATE <COMM <FIX.BIT>> 4-35 
COMPARE PARAMETEP ATTRIBUTES CCPA) 4•26 
COMPLEMENT <NOT) 4•14 
COMPUTED GO TO CCGO> 4•11 
CONSTRUCT ARRAY DESCRIPTOR <CAO> 4•21 
CONSTRUCT STACK REL•TIVE POINTER <CSRP> 4•21 
OECREMENT•HULITPLY•AOO PARAMETER <DMAP> 4•29 
DEFINITIONS ANO A88REVIATIONS 1•2 
DEPRESS THE STACK TO MEMORY <OPRS> 4•30 
DESCRIPTIONS 4•7 
DESCRIPTIONS FOR I/O COMPILER ONLY 4•33 
DtVIOE <DIV> 4•7 
DOUBLE <OBLE> 4-8 
Ooub\e Precision 3•5 
OS J08 (QDS> 4•39 
DUPLICATE-ONE <OUPl> 4~10 
DUPLICATE-ONE <OUPl> and DUPLICATE-TWO CDUP2> 4-30 
OUPltCATE•fWO (OUPZ> 4•30 
OYNAHIC 8R~NCH <OBCH> 4•12 
EQUAl ((Q) 4•15 
EXCHANGE <XCH> 4•31 
EXTRACT f IELO C X TPf > lt•,~4 
Figure 1-1: Typical ~emory Layout 1-2 
fjgure Z•l: Addressing Methods Z•2 
Figure 3•1: Stac~ Item Pref ix 3-l 
FIX <FIX> 4•8 
FLOAT .(FLOAT) 4•9 
fOR"AlS 3-1 
FORTRAN ADDRESSING 2•1 
FORTRAN STACK 2•2 
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GOfO <GOTO <CODE AODRESS>> 4•12 
GREAT£ R TH ~N (GT > 4•15 
GREATER THAM OR EQUAL <GE> 4•15 
H~ROMARE MOMIJOR CHHON) 4•32 
Integer 3-4 
INTRODUCTION l•l 
Ite11 1-2 
LESS THAN <LT> 4•15 
LESS TKAN OR EQUAL <LE> 4•15 
LISTING BY INSTRUCTJON 4•1 
LISTING BY MNEMONIC 4•3 
LISTING BY OPERATION•CODE VALUE 4•5 
LOAD ADDRESS (LA> 4•18 
LOAD BITS <LOOB> 4•34 
LOAD BYTE <LDB> 4•35 
LOAD COM~UNIClfE R£PLY <LOCR> 4•35 
Load Operators 4•18 
LOAD SINGLE PR£CtSION LITEP-L <LIT> 4•22 
LOAD SMALL INTEGER <LSI> 4•22 
LOAD VALUE <LV) 4• 19 
logical Operators 4•14 
MAK TWO <"AKZ> 4~23 
MARK STACK <~KS> 4•27 
Mark•Stack Addf"ess 3-3 
Mark•Stact Register 1-2. 2•4 
•art~stact word 1•2 
HAXIMU~ <MAX> 4•9 
MINIMUM (MIN> 4•10 
Hisceltane~us ~-29 
HOVE <MOYE> 4•17 
HSR 1 •Z 
HS W l •Z 
MULTI Pl Y (NUL l 1+•7 
MULTIPLY BY lilERAL ANO ADD <MLA> 4•29 
NEGATE <NEG> 4•10 
Next-Instruction Pointer l·Z 
Nine•Bit Operation Codes 4•5 
NtP t•Z 
NOT EQUAL <NE> 4•15 
OPtRANO FOPMATS 3•6 
dil .. 4· 14 .. 
~ARAHETER PASSl~G 2-4 
PRIYILEG£0 INSTRUCTIONS 1-3 
PROGRAM PARAMETERS 2•1 
RCR l •Z 
RCW t •Z 
Real J•.4 
Relational Operators 4•15 
R(fURN <RTN) 4-zs 
Return Control Address 3•3 
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Return Control Register 1•2• 2-4 
return control word 1•2 
REJUftN VALUE ANO EXIT <RTNV> 4•25 
S•INSJRUCTION f O~MATS l•5 
S•INSTRUCTIONS ~~t 
SENSE SWITCH (SSW> 4•32 
Si•ple ¥ariable Address 3-Z 
SPECIAL MARK SfACK <SMKS> 4•27 
ST -CK f OR MAT 3•1 
STACK OW£Rf"lOW•UNDERfLOW MANAGEMENT 2•5 
Stack•Relative Address l•Z 
STAtEM£NJ FUNCTION LINKAGE <SF> 4•26 
SJORE 8ITS CSTOB> 4•J6 
STORE CHARACTERS <STC> 4~37 
STORE DESTRUCTIVE <STD> 4•1& 
Sf ORE NO~DESlRUCTIVE (STND> 4•16 
Store Operators 4•l& 
STRUCTURE Z•l 
SUBROtJTtNE CALL <CALL> 4•24 
Subroutine Call Operators 4•24 
SUBROUTINE LINKAGE 2•3 
SUBTRACT CSU8l 4-7 
Table 2•1:. Unique fortran Paf"a•eters 2-1 
Table l•ta1 Operands t•st 3-6 
Table l•tb: Desef"fptor Bits 3•6 
Table 4•1: S•Instructtons Listed by Instructi~n Na•e 4-2 
table 4•2: S•Jnstructions Listed by Hne•onics 4•4 
Table 4•Ja: $•Instructions listed by Op codes <Three Bits> 4•5 
Table 4•Jb: S•Instructions listed by Op Codes <Nine Bits> 4•6 
Table 4•41 Modes of Arithaetic Results ~~8 
Table 4•5: Assignm~nt Rules for STD a~d STND 4•16 
Three-Bit Op~ration Codes 4•5 
TOP•Of•STACK 1•2 
TOP•OF·STACK•MINUS•ONE t•2 
TOS 1•.2 
TOSMl 1•2 
Uninitiatized l•5 
VALUE FORMATS 1•3 
Word l-2 
WRITE INTEGER DIGITS <WIO> 4•38 


