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Rf TURN <RTNl ••••••••••••••••• 
COMPARE PARAMETER ATTRIBUTES <CPA> 
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Every Fortran s-tanguage program has a base register and a li•it 
register. The ar·ea between the addressas in these re9isters is 
used as data soace enty. Code ~egments are stored oy the MCP at 
any available memory location. The data spat~ inctudes a 
non-ov~rlayable area~ which contains the evaluation stack. and 
another area containing overlayabte data. The overlayabte area 
may contain more than one data segment. 

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

4 typical Fortr~n orogram layout in memory is shown in Fiqure 
1-1~ 

BAS£ R£GIST~R 

I 
i 
1 

• 

S·CODE 
I 
1 
I 

1-------G-------~---1<--- STACK BASE 
I I 
I STACK t 
t <not overlayabte> t 
I 1 

1 
1 

• t 

D•TA AREA 
<overtayabte> 

t 
I 
1 

LIMIT REGISTER l·------ 0 ---------·-J 
<extendible at HOJ> I 

1 

• f 

RUN STRUCTURE 
NUClfUS 

I 
I 
t 
J 

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

S•CODE 
t 
I 
I 

1-------------------· 
figure l•l: Typical ~emory Layout 
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The ftiltowing d?finitions and abbreviat~ons are used throughout 
th~s specification: 

Marlk·Stack Word CMSW> 

Mark-Stack Reqjster <MSP> 

Hem 

A ~6-bit word in the stack 
conta~ning the 18-bit 
base-relative value of the 
previous return controt register# 
conc~tenated with the 
base-relative value of the 
previous mark-stack register. 

Contains the stac• address of the 
latest MSW on the stJc•. 

Refers to togicat entities on the 
stack. An item consists of one 
or two words and has a type 
Ce.9.,. addl'ess. integer. real or 
double precision> associated with 
i t. 

Next-Instruction Pointer <NIP> Points to the neKt instruction to 
be executed. 

Return Controt Wo•rd <RCW> Co'ntains the segment and 
displacement of the instruction 

Re t ur n Control R e qi st e·t <? CR > 

tdP-or-stAc~ ctosi 

f o t l ow i n g t h e c ur re nt s uh pro gr am 
call. The vatue is a lO•bit 
segment number concatenated with 
an 18-bit displacement. These 2~ 
bits are right-justified in the 
36•bit word. 

Points to the stack 
containin9 the tatP.st RC-. 

word 

?~p~eserits the ite~ ~ost r~cently 
placed on the stack. 

TOP-or-STACK-MINUS-ONE <TOS-1> Represents the second most 
recently placed item. 

Wor· d I s 3 6 bi t s l on g and has no 
intrinsic "logical• meaninq. 
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The following S·instru~tions are pr~viteged and •ay be generated 
only by an IIO co•piter. They are intended for use in writing 
fns~rinsics. Data tnput to them is not neces$arily checked for 
v a t i d i t y ; i t i s t h e f" or tr a n p r o gr am " er • s r e s p o n s i b ; t i t y t o q i v e 
valtd parameters. 

COMM 
CSRP 
LOB 
LOCR 
LOOB 
QOS 
QSSW 
STC 
STOP 
WIO 
XTRF 
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Parameters unique tc Fortran program execution are to be found in 
the scratchpad area in the run structure nucleus. They are 
listed in Tabla 2-t-

Para11eter "·--------
Stack Size 
Stack Len:Jth 

Significance 

-------------------------------
S t a c ~ Ad dr e s s 

Q1r i c;inat si za aU owed for st act< 
Current remainin~ stack tenqth 
Curf"ent stac'lc address 

Mark•St1ck Register Address of t~test MSW 
Retu~n Control Register •ddress of latest RCW 

Table 2-t: UniQ~e Fortran Parameters 

Addressin; brea~s down into th,ee basic types -- code seg~ents~ 
data segMents and a stack -· with items in the stack beinq code. 
data or adaresses. 

Address references to the stack may be: 

Impt;ed 

Direct 

Generally TOS and TOS·1· (e.g.- A001 SUBTPACT). 

Positiv~ or negative~ relative to the RCW <this 
type appears in the code> or base·relativ~ Cth~s 

type ar:>rH:iats tn the st.~ck itself and re·fers to 
items in the stacJc),. 

A r e f er e n c e t o a d a t a s e gm en t a d d ~r e s s con s i st s · o f a b a s e a n d a 
disptacement. The base is an indeK i~to the data dictionary and 
locates the segment containing the desirAd data. The 
di sp'lacement is a weird index ; nto the segment. 

If a ~eference to a code segment address is in a segment other 
than that containing the desired code segm~ntP the add~ess is a 
base and a disptace•ent; the base is an index into the code 
dictionary and the displacement ~s the bit location relative to 
the beginning of the segment. tf the reference is to the same 
segment which contains the reference. the address is the 
displacement fro" the beg;nning of the segment .• 
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Code and dat~ segaent references use the MCP•s v~rtual Nemory 
management to place the segments in memory. The dictionaries 
record the memory address of each segment. 

********* 
******•k** 
*SEGMENT• 

******************* 
* * 
******************* 8-SE 
* ., 
******************* \ 

H-·>• STACK VALUE * \ 
II 
11 

******************* 
* ft 

3 ******************* 
~--·• STACK -DOQESS * I 

*******************' 
* 

\ 
I 

I 

-··>•ADDRESS•··-------·-·>•******************\ 
I ********* * * \ 

Sf ACK 

1 ********* '•·-·····-->••***************** \ DATA 
1 t * DATA ITE~ • .> SfG~ENT 

I 1 *******'************ I 
<BASE DISPLACEMENT> * * I 

• • *******************' 
I ********* t * * 
t ********* I ******************* LIMIT 
t••>•SEGMENT•••+••••• 

•ADDRESS• t t 
********* I I 

* 
* 
• 

• 
• 
* 

********* 1---->*******************' 
1------·-·>• s-cooE • > 

**************•****' 
* " 
******************* 

r; gure 2-1: Addressing Methods 

CODE 
SEGl1ENT 

The Fortran s-~achine inctudes one evaluation stack, which is 
~sed for expression eviluation. subroutine tintage and sub~~Jtine 
parameter passing. 

The stack is in static memor~ but does not necessarily begin at 
the bdse regi~ter. It grows •up" from the base register end of 
me~ary toward the timit registe~ end of memory. 
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E1ch word of the stack is 36 bits tong. Entries on the stack may 
bd one word tong <e.g.~ integer and real values or simote 
addresses> or two wo!rds <e.9., array addresses or double 
precision vatue~>. Double-word ;tems ara pushed to the stack by 
first pushing the low-orde1"' 3b•t· it word followed by the 
h i ~ h - or d er 5 6 - b i t w Of' d ; t h i 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 
word is on the stack for that item. 

An important consequence of this arrangement is that double-word 
it en1s appear to be b ac kw.u ds in memory. This is i naport ant when 
reading f"ortr!ln dui.tps pf'oduced by the ducno anatyzer. f"or 
example~ if the integer 3 is pushed onto the stac•, fottowed by 
the double precision 1.0+0~ then by 1.c. they would togicatly 
appear in the stack as: 

TOS 50130000') <r~al t.0) 

ros-1 001800000 (upper bits of double precision value) 

ros-2 000000000 <tower bits of double precision vatuel 

T OS- 3 000000003 <integer :s> 

However, a heK~deci1al memory dump woutd show these in the stack 
as: 

000000003 000000000 001!00000 501800000 

Note that the high-order 
j~DQ~•CJ in memory to 
bottom 36 nits. 

bit of the doubte p~ecis~on value 
b e a d 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 evaluation- ft 
; s at s o u s e d f or p a r a m e t er p a s s i n g a n d s u t: pr o .~ r a m il i n k a g e 
information. Invoking a subprogra~ ~s ~ four•part processt 

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

2.. Load parameters to thP. stack. 

J. Push a return control word (PCW) to the stack. 

4 • r r a n s f er t o t h e n ff w l o c a t 1 on • 
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Two regjsters are maintained jn the S·machine to hetp a 
subprog~am to return to the program fro~ ~hich it was called. 
One~ the ~ar~·stack register <MSR>~ is a pointer into the 
evaluation stact. 

It points to the locatjon of the ~ark-stack word 
(d~scribed below> and it points to the place to cut the 
back to when eKitin9 from t~e current subprogr~m. 

The other return control register CRCR>• is a pointer into the 
evaluation stack where a return controt word <RCW> is located. 
T~e code address in the PCW tells where control should transfer 
to when exitinq fros the current subprogram. 

Si~ce there are only one MSR a~d one RCP in the s-~achine. their 
contents must be saved on each call to a subprogr3~ and restored 
OA each return from a subprograM. Their values are saved in the 
M~w, which contains two 18-bit, base-relative pointer~. The t~ft 
half is the previous PCR and the right hatf i$ the previous MSR. 

the return control register• in addition to pointing to an RCW~ 
atso serves as a ~eference pointer in the stack. Wben a Fortran 
subprogram references a paramete~, the parameter js found by 
referencing a w~rd in the stack, relative to~the current R~R. 
The compiler, when referencing a parameter, will set the stack 
bit in the S·instruction which causes the interprete,r to 
reference the ~th word down from the cur,ent RCW toward the 
current MSW <N is found in the address field of the 
S•irnstruction>. In addition. the co~piter can generate code to 
reference a data item thdt is N items "up" from the current qcR. 
This is useful for local data ite~s which need not be maintained 
G~er s~ccessive C3ils to the subproqram and for temporary storage 
of inter•ediate results when evaluating expressions. 

Paramet~rs may be passed by value or by address. The vatue of a 
parameter is accessed directly or indir~ctty from the stac~ by 
addressing a wo'd retattve to the ?CR. When toadiPg the value of 
a parameter- the interpreter checks the type bits of the 
designated stack item. If the type bits indicate that the item 
is a value (type bits ,= binary 101. that value is loaded~ with 
type bits set accordin1 to the rutes for value loading. If the 
type bits indicate that the stack item is an address (type bits = 
binary 10), the data address •s decoded# the data segment made 
present <if necessary> ~nd the desired vatue to~ded. 
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If stack overflow occurs# it ~ill cause ~n abnormal termination. 
Since the compiler is ~ssumed to generate correct code- st~c• 
underflow cannot occu~; therefore it is not checked. 

A Fortran array reference <ALA• LA- ALV or CAO> will contain a 
base address- a minimum subscript and a maximum subscript. The 
value found on the TOS wilt be the actual subscript and will be 
checked to insure that it is greater than or equal to the minimum 
subscript and less th~n or eq~al to the maximum subscript values 
gjven in the instruction. The mini•u• and maximu~ subscripts 
will be 18-bit numbers in twos complement. The maximu~ number of 
arrav elements witt therefore be 2••17 - 1. 

lh e b as e ad dr e s s w i U b e a d i us t e d t y the co mp i t er C b i n de r > s o 
that before being 3djusted by the sub~cript at run tiMe, it may 
not <and typicatly wi11 not) reference data in the array. In 
partjcular, the subscript will be adjusted backwards by on~ to 
allow for the Fortra~ convention of arrays beginning at element 
one rather than zero. Further variation may result from 
optimizing array references of the form ~<I•C>• where C ;s some 
integer constant. The base add~ess of the array will be adjusted 
by t h e co mp it er to al t o w for t h e con st an t C • 

If a subs.cript is real• h is truncated to an integer. 

If the type Dits iTI the operator indjcate douhle precision (type 
bits = binary 11 h the subs·cript h dou'Med before t'eing used to 
a1just the base address. 
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Stack items can ba S-code addresses~ data addresses or values. 
With the ex~eption of the mark-stack and return control 
addresses,. the first ~even bits of a stack ;te~ h1ve meanings as 
shown in Figure 3•1o 

1------~1------1------1-------1----------------J-----1 
f stack I code I data I array I stack-relative t ••• t 
I type 1 ftag 1 type I f 1lag I ftag t •I 

·---~-~-·------1------·--·----1--·-------------i-----J 
0 l 2 3 4 .:; 

.J 

ft g ur (~ 3- 1 : St a ck I t em Prefix 

Th e t w o - b it s t a c 1c: t v p e ft a g i s 0 0 for an 1 n t e g er v a ·t u e ,. 0 1 f or a 
real value. 10 for an address or 11 for a double preci$ion vatue. 
The code flag is 1 only when the item is ~n S•code address. The 
two•bit data type flag is roeaningfut to~ values only. The array 
flag is 1 only when the ite~ is ~n array. The stack-relative 
flag is meanin1ful jfor data addresses onty. 

Address•generating operators are LA, ALA• CAO• CSRP, MKS- SMKS~ 
and C~ll. The siM types of addresses are simple variable 
addresses- array ite11 addresses" stack·re't ative addresses. code 
addresses- martc-st.ack .addresses and return controt addresses. 
Each address occupyies i& or 72 bit$. With the exceptions of 
mark•stack and return controt addresses. the first two bits are 
10 and the next fi~e ind~cate coder type. array and 
stack·relati\le values. 



BURROUGHS CORPORATIO~ 
COMPUTER SYSTEMS GROUP 

COMPANY CONFIDENTIAL 
Bte00/81700 ~ORTR~N s-LANGU4GE 

SANTA BARBARA PLA~T P. s. 2201 67 H (0) 

11 t i ts 10 bits 8 t it -s 

--~--1---·------1---t---1----------·-----·-1--------------· • I t 1 data a I f t 
I 10 J 0 I type I O t O I not used 1 base J disptacement I 

1----·---·------·---1---·----------1-------1--------------· 0 1 2 l 4 5 & 7 11 te 27 28 55 

1.1 t·i1ts 10 bits 8 bits 

·----1---1------J---1---1------··--1~------1--------------t 
I dat 3 I a I 

t 10 I O t type 1 1 l 0 t not used t base t dj~placement 1 

1----1---·------1---·---1------·-·-·-------·--------------1 0 1 l 3 4 5 6 1 17 16 27 28 .35 

18 tits 18 bits 

1----------------------------1---------------------------1· I 
I 

iaini•urn bound 
<see Array Bouridsl 

I 
I 

ma>d mura bouna 
Csee Array Bounds> ' I 

1----------------------------1---------------------------t 36 5 5 54 71 

5 bits 24 bits 

1----·---·------1---·-···----------1---------------------1 1 1 1 data 1 I t 1 tit displ~cement • 
1 10 I O t type t 0 I 1 I not used I f.rom stack b1se I 

·---~1---1------2---·---1----------1---------------------1 
1) 1 z 3 4 5 6 7 11 12 35 
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10 bits 18 bits 

1--·-1---·------·---·---1----------1---~--i--------------1 
I 1 I :I I I 1 t a 
I 10 f 1 I 00 IO IO I not "'sed I base t d·isplacement t 

J----t---·------1--··---1----------1------1--------------1 
3 1 z 3 ·it 5 7 8 17 18 35 

18 bits 18 bits 

1------------------ 0 --------1----------------------------1 
I 

• 
pr e v i o u s If" e t ur n 
control registur 

prevjous mark-stack 
words 

t 
1 

1-••••~------••••••o••-•••-•f-•d•-•••-••••••••••••••-••••I 

l bit 10 bits 16 'bits 

1----------------·--------------1---------------------~--1 • I 
I 

unused 
previous 

Nf P 
segment 

' I 
t 

previous 
NIP 

d;sptacemant 

1 

' ' ·----------------·~-------------·------------------------· 

, I 

Of tthe four types of vatue formats. thir'ee can be found either on 
tne stack or in a data segment. l'hese th,ree are integer, real 
and double precisfon. The fourth type. found only in data 
segments. is catted •unlnitiattzed". Bit5 3 and 4, the data type 
field• are 00 for inte9er <>r ilogicat vari.ibtes- 01 for real 
v a r ii ab 1l e s or 1 l f or d o u b t e pr e c 9 s i on < 1 0 i s u n d e f i n e d > • 

Integers and the fraction portion of non-integers are ~tcir~d in 
sign-magnitude notation~ Exponents are in "excess 256" notatton# 
that is,. an exponent. is positive by the amount that ·it is greater 
th a n 2 5 6 or neg a t 1 v e b y t h e am o u n t t h a t i t i s l e s s t h an 2 5 6 • f or 
exampte. an eiponent of 259 becomes an •exces~ 25&• exponent of 
•J. The exponent is the power to whjch two is to be raised. The 
normatiz·ed fraction is a number less than one and greater than of" 
equal to o.s. e1cept in the case where a fraction equals zero. 
The fraction part o·f alt nonzero Uoat1n~ point numbers must be 
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normati1ed; otherwise~ the value is undefined. 

Neqattve number$ are represented w1th a sign oit of i- positive 
with a sign bit of o. Zeif'o ;s replf"eSef'\ted by itlt zeros except in 
the type fietd. 

An exponent equet t-0 zero and a nonz~ro fraction <e.g.~ N••0.2> 
wilt result in an exponent unde~ftow. divjde by zero~ a~d/or 
undefined results as the result of an arithmetic operation. An 
exponent that is nonzero with a zero fraction is undefined and 
wilt cause undefined results in an arithmetic operation. 

The second word of a doubte•prectsion. floating-point number is 
tr e a t e d 11 er e l y a s a 3 6 • b it e x t en s i on t o t h e r 1 '1 h t of t h e fr a c t 1 o n 
part of the first word of the number. The first word of a double 
precision nu~ber looks just ti~e a singte-p,ecision. 
floating•pof nt number• except that the type bits are tl. 

l nt.1.9.1r. 

9 bits 24 bits 

1--
0

-1----a--------·---t-------------~---------------------1 I I • h i ·:J h - or cl er • ' ' Q() Is i gnl part of ,, 
integer ' t I I ext e ndecl I , 

,, 
I I integer • ' a••o•J••••t••••••••••••J••••-••••••••-•••-••••••-••••••••••I 

0 1 2 3 11 12 35 

An e " t e n d e d i n t e g er i s 1 n d i c at e d b y a n o n z e r o h ; g h - or d e r p a r t • 

9 bit~; 24 'tit 5 

1••••1-•-•t•--•••••o••••~e----•o••--••••••••--•••••••••••-•t 

I 01 tsignl "excess 256" 1 
I t I exponent 1 

nor mat iz ed fr ;ic ti on • I 

1----1----·--------------·---------------------------------1 0 1 2 J tt 1? 35 
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9 bits 24 bit 5 

·----1----1-----------·--t---------------------------------· l 11 1signt "excess 256• I 
I 1 I expon~nt 1 

normalized fraction I ,. 
1----1----1--------~-----1---------------------------------1 0 1 2 3 11 12 35 

3& bits 

·----------------------------------------------------------· J 

• I 
lower-order 36 bits of double-preci~ion fraction ' f 

• 
1·------------------~--------------------------------------1 16 71 

Ynini!ii.!il.UI 

Uninitialized data have type field 10. The remainder of the 
format is undefined. Uninitialized data witl nev~r be loaded to 
the stack but ~f tl ba detected by a "LV" or "~LV" S•jnstructjon. 

An S·instruct~on consi$tS of an operation code <S-aperator> which 
may be followed by a descriptor and/or other operands. There are 
two s-operator lengths: three bits for the most frequently used 
instructions ~nd nine bits for att others. Alt njne•bit 
S•operators begin with bits 111. Many S•instructions operate on 
items from the stac•• While others have one or more operands 
appended to the instructfon itsetf. Detailed information o" 
operands is 1iven in the "5·J~S1RUCTIONS" section with 
descrjptions of each affected s-instruction. 
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T~bte 3•1a lists alt possible k6nds of op9rands and t~e number of 
bits ~or each occur~ence. The six tits of ~ descriptor are 
tisted in Tabte 3•tb. 

Operatid 

---------------------------flag 
Tvpe indicator 
Parameter type 
Descriptor 
No. of operands 
Smalt positive integer 
or segment no. 

Code .iddress or 
array bound (max. or min.) 

literal 

T ab t e J - 1 a : D p e;r an d s l i st 

~o. of 
Bits 

l 
2 
4 
6 
8 

lC 

18 
56 

He3ning 

Code U.ag 
Type field 
Array flag 
Stack field 
Unused 

No. of 
Bits 

l 
2 
l 
1 
1 

Tabte 3-lb: Descriptor 8Hs 
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Operation 
Mnemonic Code 

-------------------------------0--~--
__ .. _____ ______ .. ___ 

A0SOLUTE VALUE ABS 111 101 011 
ADO AOO 111 010 110 
ANO AND 111 001 ()') 1 
ARITHMEf IC If Alf 111 000 110 
ARRAY LOAD ·- 0 OPES S ALA 010 
ARRAY LOAD VAlUf Al V 011 
8Rl\NCH fALS£ 8RfL 111 000 101 
CHECK TYPE CKT 111 110 100 
COMMUNICATE CO~M 111 001 100 
COMPARE PARAMETER ATTRIBUTES CPA 111 011 011 
COHPlEHENT NOT 111 011 110 
COMPUTED GO TO CGO 111 001 01)0 
CONSTRUCT ARRAY DESCRIPTOR CAO 111 100 110 
CONSTRUCT STACK REL~TIVE POINTER CSRP 111 101 000 
OECREHENT·MULTIPLY•AOD PARAHETFR OMAP 111 011 101 
DEPRESS THE ST AC t( TO Hf.MORY DPRS 111 100 1') 1 
DIVIDE DIV 11 l 011 001 

. DOUBLE DBLE 111 101 . 0 l 0 
DS JOB QOS 111 110 110 
DUPLICATE-ONE OUP1 111 101 100 
DUPLICATE-TWO DUP2 111 101 11) 1 
DYNAMIC 8RANCH . DBCH 111 110 000 
EQUAL EQ 111 010 000 
EXCHANGE XCH 111 lOC 00 l 
£XTRAc·r FIELD XTRf 111 011 111 
f I )( FIX 111 10 l 001 
rLOA r fl OT 111 000 000 
GO TO GOTO 111 000 111 
GREATER THAN GT 111 010 1)1 t 
tREA.TER THAN OR EQUAl GE it t oio 101 
HARO WARE '10N I TOR HMON 111 100 100 

{ r able 4- l i s continued on next pa gel 
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lESS THAN 
LESS fHAN OR EQUAL 
L 0 A 0 A 0 DR ES S 
LOAD SMALL INTEGER 
l 0 A.0 8J1' S 
l OAD BYTE 
LOAD CO~HUNICATE REPLY 
LOAD SINGlf PRECISION LTTEP~l 
l OAD \I ALUE 
MAKE two 
HARK STACK 
MAX I MUM 
MINIMUM 
MOVE 
MULTIPLY 
~ULTIPLY•LirERAL·AOO 
NEG~TE 

NOT EQUAt 
OR 
RETURN 
RETURN VALUE ANO EXIT 
SENSE SWITCH 
SPECIAL ~AR~ STAC~ 

StATEHENT FUNCTION LINKAGE 
STORE BITS 
STORE CHARACTERS 
STORE DESTRUCTIVE 
STORE NONDESTRUCTIVE 
SUBROUTINE CALL 
SUBTRACT 
WRITE INTEGER DIGITS 

4-2 

C1J MP ANY CO NF I DENT I Al 
Bl8CO./Hl700 FORTRAN S-L A NGUA GE 

IQ . s. 2201 &TH :( 0) 

Operat 1on 
Mnemonic Code -----.--- ____ ,. ______ 

LT 111 010 010 
LE 11 l 010 100 
LA 000 
l SI 110 
LOOS 111 011 010 
t oa 111 001 110 
LDCF 111 100 000 
LIT 10 l 
l.V 001 
MAK2 111 100 11 1 
M~S 111 000 100 
MAX 111. 10 1 111 
HIN 111 10 l 110 
HOVE 111 110 011 
MUL 111 011 000 
MLA 111 011 100 
Nf Q 111 l 0 0 010 
NE 111 010 001 
OR 111 001 010 
R TN 111 000 011 
f? PP/ 111 000 010 
SSW 11 1 110 101 
SMKS 111 100 011 
SF 111 001 011 
STOO 111 001 111 
STC 11 1 110 001 
STD 100 
STND 111 001 10 1 
CALL 111 000 00 l 
SUB 111 010 111 
WID 111 110 010 

Table 4-l: S•tnstructfons listed by Instruction Name 



BURROUGHS CORPORATION 
CO~PUTER SYSTEMS GROUP 
SANTA BARB~Rl PLANT 

Instruction Name 

COMPANY CONflDENTIAL 
81800/Fl1100 f"ORTR4N S-LANGllAGE 

?. S. 2201 6737 <O> 

Mnemonic 
Operation 

Code 

--------------------·----------------
ABSOLUTE VA.LUE 
ADO 
ARITH"ETIC If 
ARRAY LOAD ~ODRESS 

ARRAY LOAD VALUf 
ANO 
BRANCH f'ALSE 
CONSTRUCT ARRAY DESCRIPTOR 
SUB R 0 U TI NE CA LL 
CHECt( TYPE 
COMMUN IC-TE 
COMPUTED GO TO 
COMPARE PAR,M£TER ATTRIBUTES 
CO~STRUCT STACK RElATlYE POINTER 
DYNAMIC BRANCH 
DOUBLE 
DIVIDE 
OECREHENT•HULTIPLY•ADO PAR4METER 
DEPRESS THE STACK TO MEMORY 
DUPLICATE•0"1E 
OUPL IC ATE· TWO 
EQUAL 
f' I X 
fl OAT 
GREATER THAN OR EQU~l 
GO TO 

ABS 
ADD 
Alf 
ALA 
ALY 
AND 
BRfl. 
CAO 
CALL 
CI{ T 
COMM 
CGO 
CPA 
CSRP 
DBCH 
D8LE 
DIV 
OHAP 
OPRS 
DUP 1 
OUP2 
£Q 
FIX 
fl OT 
GE 
GOTO 

CT1ble %•2 f s continued on the next paqe> 

111 101 011 
111 010 110 
111 000 110 
010 
011 
111 001 001 
111 000 101. 
111 100 110 
111 000 001 
111 llC 100 
111 001 lflO 
111 001 000 
111 011 011 
111 101 000 
111 110 000 
111 101 010 
111 011 001 
111 011 101 
111 100 101 
111 101 100 
111 101 101 
111 010 000 
111 101 ~01 

111 000 000 
111 010 101 
111 000 111 
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GREATER THAN 
HARDWARE MONITOR 
LOAD ADDRESS 
LOAD BYTE 
LOAD COMMUNICATE REPLY 
LESS TH~N OR EQUAL 
LOAD SINGLE PRECISION LITERAL 
LOAD SMALl 1NTEGER 
LESS THAN 
LOAD VALUE 
HAKE TWO 
MAXIMUM 
MINIMUM 
HARK STACK 
HULTIPLY-LJTERAL•AOO 
MOVE 
MULTIPLY 
NEGATE 
COMPLEMENT 
OR 
OS JOB 
RETURN 
RETURN VALUE AND t Xt T 
STATEMENT FUNCTION LINKAGE 
SENSE SWITCH 
ST 0 RE CH AR ACT ER S 
STORE DESTRUCTIVE 
STORE BITS 
SUBTRACT 
WRITE INTEGER DIGITS 
EXCHANGE 
EXTRACT FlflO 

4-4 

COMPANY CONFIDENTIAL 
81800/81700 FORfRA~· 5-LANGUAGE 

?. s. 2201 6737.(0) 

Op er at ion 
Mnemonic Code -------· .......... ._ __ 

GT 111 010 011 
HMON 111 100 100 
LA 000 
l OB 111 001 110 
LOCR 111 100 000 
LE 111 010 1 l)Q 

LIT 101 
L SJ 110 
LT 111 010 010 
LV 001 
M AK2 111 100 111 
H AX 111 101 111 
MIN 111 101 110 
MKS 111 000 100 
MLA 111 Clt 100 
MO~£ 111 110 011 
MUL 111 011 000 
NEG 111 100 010 
NOT 111 011 110 
OR 111 001 010 
QOS 111 110 110 
RTN 111 000 011 
R TNV 111 000 010 
Sf 11 l 001 011 
SSW 111 110 101 
STC 111 11C 00 l 
STD 100 
STOB 111 001 111 
SUB 111 010 111 
WIO 111 110 010 
XCH 111 100 001 
X TR F 111 011 111 

fable 4•21 S•Instructions Listed by Mnemonics 



BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
S4NTA BARBAR\ PLANT 

Oct at Vatue Binary Value ..................... -... -----.. --.... 
0 000 
l 001 
2 010 
3 011 
4 100 
5 101 
6 110 
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Mnemonic Instruction Name -------.-
LA 
LV 
ALA 
-LY 
STD 
L I ·r 
LS I 

., .. ------ --- ----
l 0 A 0 A 0 0 RE S S 
LOAD VALUE 
ARRAY LOAD ADDRESS 
ARRAY LOAD VALUE 
STORE DEST?UCTJVE 
SINGLE PRECISION LITERAL 
INTEGER LITERAL 

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

!iin.1=lit IJIU! !:iil.!Ul .k2..s1~i 

Octal Value fH nary Value Mnemonic Instruction Name 
~----.- -- ----- ..... _______ : __ ---------

.. _______________ 

100 111 000 000 FLOT FLOAT 
701 111 ooc 001 CALL SUBROUTINE CALL 
702 11 l 000 010 RTNV RETUP.~ VALUE ANO EXIT 
103 111 000 011 RTN 'RETURN 
704 1 l 1 000 100 MKS MARK ST A·CK 
705 111 000 1 () l SR fl BRANCH f Al SE 
706 11 l 000 1to Alf ARITHMETIC If 
707 111 000 l l 1 GOTO GO TO 
710 111 0 01 000 CGO CO~PUTEO GO TO 
711 111 0() l ()O 1 ANO AND 
712 111 001 010 QR OR 
713 111 001 011 Sf STATEMENT FUNCTION LINKAGE 
714 111 001 100 COMM COMMUNICATE 
715 111 0 01 101 STND STORE NO NO£S TR UCTI VE 
716 111 001 110 LOB LOAD HYTE 
717 1 l l 001 111 STOB STORE 81 TS 
720 111 010 000 EQ EQUAL 
721 111 010 001 NE NOT EQUAL 

<Ta bt e 4•3b i s continued on next page> 
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Oct a I V a t u e ---·- ------
722 
72 J 
72 I+ 
725 
726 
727 
7 30 
731 
732 
733 
7 ·34 
7 35 

736 
737 
140 
741 
742 
743 
744 
145 
74& 
747 
750 

751 
752 
753 
754 
755 
756 
757 
760 
7&1 
762 
763 
764 
765 
766 

a i n ar y v a t u e 

------------
111 010 OM 
111 010 IJll 
111 010 100 
111 010 101 
111 010 100 
111 01.0 111 
111 01.l 000 
111 011 001 
111 011 010 
111 OU 011 
111 01ll 100 
111 OU 101 

111 011 110 
111 011 111 
111 100 000 
111 10~ 001 
111 100 010 
111 100 011 
111 100 100 
11 l 100 l 01 
111 l co 110 
t 11 100 111 
111 101 coo 

111 101 001 
111 101 010 
lll 101 011 
111 101 100 
111 101 tot 
i11 101 tlo 
111 101 lll 
111 llO 000 
111 1·10 001 
t t 1 110 010 
111 110 0 l l 
111 1.10 100 
111 110 101 
111 110 1.10 

COMP~NY CONFIDENTIAL 
Bl800/Bl700 FORTR~N S-LANGUAGE 

f,. s. 2201 6137 (0) 

!WI r.emon'i c Instruct ion Name ------·-
lT 
GT 
l.E 
GE 
~DO 
SUB 
~WL 
OJ y 
LOOB 
CPA 
MLA 
DMAP 

MOT 
>CTRF 
l.OCR 
lCCH 
NEG 
SMt<S 
HMON 
DPPS 
CAO 
f4AK2 
CSRP 

FIX 
OBlE 
ABS 
OU Pl 
fDUf>2 
MIN 
MAX 
OBCH 
STC 
WIO 
~OVE 
CKT 
SSW 
QDS 

............. ______ ... 

LESS THAN 
GREATEP THAN 
LESS THAN OR EOUAL 
GREATER THAN OR EQUAL 
•DO 
SUBTP~CT 

fl4ULTIPLY 
DI VI OE 
LOAD BITS 
COMPARE PARAMETER ATTRIBUTES 
~ULTIPLY-LITERAL·AOD 
OECREMENT-MtJLTIPLY•Aflf)• 

PARAMETfP 
COMPLEMENT 
EXTRACT FIELO 
LOAD COMMUNICATE RfPLY 
EXCHANGE 
NEGATE 
SPECIAL M-RK STACK CALL 
HAROW4P£ MONITOR 
DEPRESS THE STACK TO MEMORY 
CONSTRUCT ARRAY DESCRIPTOR 
AotAKE TWO 
CONSTPUCT STACK RELATIVE 

POINTEP 
FIX 
DOUBLE 
ABSOLUTE VALUE 
DUPLICATE-ONE 
DUPLICATE-TWO 
Mt NI MUM 
t-4AXIHUM 
llYNAMI C BP ~NCH 
STORE CHAR4CTER 
WRITE tNTEG~R DIGITS 
MOVE 
CHECK· TY Pt 
S€NSE SWITCH 
OS JOH 

Table 4•3b: S•Ihstructions listed by Op Codes CNine Bits> 
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!I 111 101 011 t 
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0 
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ABS turns off the siqn bjt for th~ vatue on the top of the stack • 

for111at: 

.A.QJl i!!Hll 

lllalRA& ! · i~JHll 

!!YL..llf.L! 111.YLl 

J2.lll12E. i.lllll 

·-----------· ·------~··--· ·-----------· ·------*----· t 
I op code I 
tlll 010 1101 
t I 

• I 
t op code I 
1111 01a 111.1 
I I 

. ' . . 
I op code :1 I op code I 
1111 011 0001 . 1111 011 0011 
t I I t 

·-----------· 1--- 0 --···-·1 ·-----------· ·-----------· 0 8 0 8 0 8 0 8 
<ADD> ~cs ua > {._.UL> <DIV> 

Eac' of these four functions pops two items off the stack a~d 
perfora9 the indicated operation. The Mod~ of the operand$ 84Y 
be mi1ed, with the results desc~ibed in Tibte 4-4. The result of 
the operation is pushed onto the stack~ SUB su~tracts TOS from 
TOS-1. DIV divides TOS into TOS·l. Attempting to divide by zero 
causes abnormal ter 111inat ion. 
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second operdnd type 

·-----------·-------------------------------first operand typet integer D real ldoubte precisjon 
===:==============t============U============t================~ 

I I I 
integer tilnteger• treat ldouble precis~on 
reat •real ilreat tdoubte precision 
double precjsion tdouble prec.~double prec.1double precision 

•integer di~ision yields a truncated result. 

f3btn 4•4: Modes of Arithmetic Results 

121BJ~Lt. 1 IH.U.JU 

Format: 

I·•••••• 4•• ••-••-·I 
I I 
I op code I 
I 111101 'JlO ·I 

• • I ... ·•••••••••.•• I 
0 e. 

O~LE converts the item at TOS from integer or real to double 
precision and replaces the original item with the converted ite•. 

format: 

El~ !El!l 

, ... 119.__ .... ., ......... I 

• t op 1r:;Q de 
j 111 101 001 
I 1 ---- ____ ,. _____ t 

0 

FIX replaces the ite~ at TOS with a (possibly extended> inte~er 
value. The fraction part of a reat or double precisfon item is 
truncated, not rounded. 
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EL.llAI .U:lc!l!ll 

1-------·11··----f 
I 
I op coda I 
I .111 000 000 1 
t I 
1---.-............ , 

0 

COMPANY CONFIDENTIAL 
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FLOAT eKamines the type field of the item at TOS. If it is reat. 
the item is left unchanged. If an integer, the item is converted 
to real; some loss of p~ecisjon is possible if the integer was 
an extended integer~ although rounding wjll b~ perfor•e~ after 
nor1ulization. 

If the item is do.ubte p:recision~ it is rounded and truncated to 
·re all. 

f orr 11 at : 

, .... ----··--- ---t 
t I 
t op <:ode a 
I 1 l l l 0 1 1. 1 1 I 

• • 1--------------1 
0 e 

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

·--------··---· 0 
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MIN pops the top twc ite•s off the stac~ and pushes the mini~um 
of them back onto the stack. The typPs of the two items need not 
be the same. 

format: 

1-----~~-----~t 
I I 
1 op code t 
• 111 100 010 J 
I 1 

j-·-----------t 
0 

NEQ co•plements the si~n bjt of the top item on the stac~. 
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!Bl!H~t!lt 1£ !AlEl 

format: 

1--·----------1--------------1-------------1---------------1 I t 
I op code .a 
t 111 000 ltO I address 1 
ii • 

I ~ 

I t 
I address 2 I address 3 
I t 

• 1 
I 

• 1-------------1--------------1-------------1---------------1 
0 e 9 26 27 44 4'i 

AIF pops the stack. If the popped word is negative~ the 
code address js added to th~ current-segment base and 
location is used to fetch the next executable S•instruction. 
the popped wo~d is zero- the second address is used. 
positive~ the third address is used. 

Format: 

first 
this 

If 
If 

1•• 0 •-••••--•-J•••••••••--1•-••-••••J-•-••---•t•-•l-••••••-••1 
:1 J 
I op code 1 
J 1 u 0 0 l 000 f 
1 

number of 
add'f'e sl!i es 

;I 

• • 
' 

• add·ress 1 
1 I 

t 

t 
addre·s s I ••• a address I 

2 I t N 1 

;I ' t 

·-------------·---------···---------·---------1---1----------· 8 9 l& 17 34 35 52 

The CGO instruction expects an ~nteger on ros, wnich it co~pares 
with the n~mber of addresses following the oper~tion code. If 
~h~ st~c~ i~teger f s dr~ater than that n~mber Qr less th~n 6he­
cori~rol t~ansf er~ tb th~ instruc~i~n fott~win~ t~~ CGO 
instruction. Otherwise. the integer i5 used as ~n indeK into the 
address list in the CGO instruction <note that indexing start~ 
wtth l• not O>. The address in the list is a segment-relative 
address ~hich becomes the next instruction pointer. ' ~aximum of 
255 addresses may be specified. If the TOS is not an integer. 
t h e 1n C G 0 f o' c e 5. i t lt o i n t e g er • 
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format: 

I ·• • ..., - - .. • ~- .. • • - -- I 

f ' I op ciode 4 
I 111 110 000 I 
I t 
1-·-----,·----·-a 

·O 

OBCH expects a code address. The address is popped and execution 
continues at ros. If the segment field is zero. the address is a 
bit disptacement retative to the start of the current code 
se~1ment. 

For11dt: 

1--·----------1---·----~-----1 
1 I 4 
t op code t 4 
I 111 000 111 I code address I 
' . . 
·-------------·--------------· 0 ·8 9 2& 

GOTO obtains the progr~~ base-relative code a1dress. converts it 
to an absolute addr~ss and ptaces it ~~ the next instruction 
poh;,iter. 
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BRANCH FALSE <BRFL> 

IF or mat: 

t op code I t 
1 111 000 101 a code address I 
' I I 

·-------------·--------------· 0 8 9 26 

P. 5. 2201 6737 CO> 

dRfl. pops the stack and exantines the least significant hit of the 
value. If the tit. is zero• the next instruct! on pointer is set 
to the absotute address resulting from conversjon of the pro1~a~ 

base•re'lative code a1ddress passed in the ;nstruction. Otherwise. 
the next instruction pointer is ~ncr~ased by the length of the 
BRFL instruction. 
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1-- .. ., ..... ,,.. ... ---1 
• 1 
I op co de I 
f 111 001 001 ' 
t 1 
t .................... , 

[) 

AMO 

COMPANY CONfIOENTl4l 
81800/81700 FORTPAN S·LANGUAGE 

?. s. 2201 6731 (0) 

1-------------- .. 1 
·I f 
J op co de J 
I 111 001 010 1 
,, _________ ... ___ , 

0 
OR 

. Either of these o~erations pops two vatue operands from the 
stac~. If the operands are both single-word length or dre both 
double-word tengthP the indicated operation is perforNed on alt 
bits except the type bits of both operands. The type is set to 
doubte precision if either operand is dGubte precisi~n. to reat 
if either ~s real• otherwise to integer. 

If one operand is sing'le·•word and the other is doub\le•word.. the 
singte•word operand is assumed to have an att-zero second ~ord. 
~ bitwise "logical and• or "(ogicat or• is tben performed on the 
t~o operands and the result is pushed onto the stack. 

Format: 

t .. • - • • •. - - - • • • - I 
• 1 
t op code I 
l Ill 011 110 a 
J • 
4----------·---1 

0 8 

NOT pops the stack, chects the type and perfor•s ones complement 
on alt bits indjcated~ except for the type itself (e.9., if the 
descriptor ;ndfcates doubte precision~ 72 bit$ minu~ the 
descriptor are compter.ented>. The resutt is pushed onto the 
stack. 
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.E.a.U!t. !~~1 

.tH.lI .t: QJJ ! ls 111!1 

~Ht!l[B lli!~ !ill 

»E,A1Lfi lliAN U~ ~2~~1 i~~l 

L.E~~ !liA .t! i.Lll 

.Lil~ IJ:iA ti QB .E~YA.L 11..El 

r or mat: 

I • • • • • • - .• • • • .. - t 

'I op code I 
I 111 010 000 t 
I t 

·-··---·------· 0 8 
EQ 

, ........ ._ _________ , 
I 

I op code 1 
I 1. 1 1 0 l 0 1 0 1 j 

I t 
1 .. --.-- .... -- - ---- .. , 

0 
GE 

1---------------1 
• 1 
I op code I 
1 111 0 10 00 l J 
I I 
1 •••• ·-·••••·••I 

0 8 

1-..------------1 
t t 
:I op code 1 
I 111 010 010 I 
I I , ______ .. ______ _ 

0 8 
LT 

,_49 ___ .... ______ , 

I op co de t 
I 111 010 011 t 
t I 

1-------------1 
0 8 

GT 

' --- ---·- _._ ..... 119 t 
• t 
·I op code J 
·1 111 010 100 I 
.• ' ,,_ .... _ .. ________ .. , 

0 8 
Lf. 

£aclii of these comparators pops two items off ttte stact and 
performs the indicated comparison. If the resu~t is true, an 
integer 1 is pushed onto the stackP otherwise an intede~ O is 
pushed. Th~ operation is performed as <TOS-l><relation><TOS>. 
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l!JlE.E U.EilB.J.it!l~t .!j!f.U 

~IaB£ ~U!2£i1R~'!lli ij!~UJ 

Format: 

1--------··- .. , 1---··--------.---1 
1 t 

ii .ap code t • op code 1 
I 100 I I 111 001 101 I 
I I I I 
t••••••••·•I 1--------------1 

0 2 0 
STO ST hD 

Both STD and STND expect the top wo~d of the stack to be an 
address and the word below to be a vatue. The val~e is stored at 
the address with Testrfctions placed by the descriptor• according 
to Tabte 4-5. The address is popped from the evaluation stac~. 
With STD onty~ the value is atso popped. 

Address -·-···--
lnt,eger 
Int 1e9er 
Integer 
Re at 
Re at 
Re at 

Oouble Pree. 
Double Pree. 
Double Pre.-:. 

Vatue 
. ----
Integer 
Re at 
Double Precision 
I' n t eg er 
Re al 
Oouble Pf'ecision 

Jnteger 
Re a'l 
O o u b l e Pr e c ·i s i on 

Rute 

~ssign 

Truncate to an inte~er and assign 
Truncate to an inte11er and assign 
float and ass;qn 
Assign 
Round to 24 bits and assign most 
significant part 

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

Table 4•5: Assignment Rules for STD and STNO 
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9 bits 1 b lit 18 bits 
2 or 4 
bits 

0 • 4 • 8 or 19 
bits 

1-------------1---- 0 --1-------------1---------1-----------------1 t op code I stack I des t ·i n a 1t 1 ·On :1 var ; ant f sour c e ( may I 
I 111 110 011 t I address I 1 be nonexistant> t 

1-------------1---- 0 --1-------------1---------1-----------------t 0 9 10 21 2 e 29 30 

Bits 2B Bits 30 
and 29 and 31 Interpretation 

·------- ------- -·-----------0----------------------------------00 00 no source field; source impljed to be O 
00 01 no source field; source implied to be 1 
00 10 source field iis four•bit titerat in bit·s 32 ••• 35 
00 ll undefined 
O t no 'source f i e 4. d; source i 11p l i e d to be T 0 S 
10 source field is 19 bits1 bit 30 is a stack 

Boolean and bits 31 ••• 48 are a segment· 
cisptacement address 

11 source ffeld is bits 30 ••• 37; it is a word 
disptacet1en1t in the same segment as the 
destination address 

Type conver5ion is never performed. The type field in the 
destination witt be s6t the same as in the source. ror variant 
oo. type is set to int6g~r fn the destination. 
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for1ftat l: 

1------1---·------1---1--~----1------1-----------------------1 
I op I 4 not • t 
I code ·1 0 ·4 t y p e cl 0 J st a C·I< I used 1 base and d is pt .3 cement 1 
I 000 I I I 1 ·1 I t 

1·-----j·--1------t---··------·q-----J-----------------------1 
2 3 .ft 5 6 1 8 9 26 

Format z: 

t------t-~-1----1~--·-----1----1---------t----~----1---------1 
I op I f 1 I Jnot lbase and tminimum· 1111axfmum- f 
I code I 0 ltypel l 1stacttusedldisplace•lsubscriptfsubscriott 
I 000 • I t 1 I ;f!flent 'va·lue lva!lue 1 

3 4 5 6 1 8 9 2& 27 44 45 62 

format 3: 

·------1---·----·---·-----·----1--------------·--------------1 I op • lnot • 1 1not 1 
I code I 1 tused1 1 tstackluseot 
I )00 t J t t t :1 

base 
I 

I displacement I 

4 ' 1------1---·----1---1-----1----1--------------1--------------· 
4 1 8 9 1e 19 36 

If the stac~ bit is zero• then the d~~criptor 
displacement are used in c~eating either 
add re ts t format 1 h array address < for 11 at 2 l • 
(format J) at ros. 

bits. base 3nd 
a simple var;abte 

or code address 

I f t he st a ck bit i s 1.,. t h e b a ·s e a n d d 1 s p l ace 11 e n t f or m a w or d 
indeK relative to the return controt register. The inde• i$ 
positive if the left•ost bit of the base is zero and negative if 
one. The index is ~ultiplied ty 36 a~d added to the ~CR to form 
a oointer 'into the staclc. If the ite• pointed to 1> an address. 
it is copied into TOS. ff it is a value. a stack-relative 
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address us~n1 the pcinter is ptaced at TOS. 

In either case, the TOS pointe~ is bumped appropriately. 

Format: 

t---------1------·-------t------·------~------------1 ·I op code 1 type I s.tac.k I not t 
I 001 I t I used I 

base and 
displacement 

1-------~-·------1-------1------1-------------------· 0 z 3 4. 5 6 7 24 

If the stack bit is o~ LV fetches the value at the indicated 
b3se•djsptacement 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 Me11ory; otherwise11 it forces the type field equal to that in 
the S•instruction. 

I f t he st act b it h 1 _. t h e l ow- or d er 1 7 b it s o f th e b as e and 
displacement are taten as an offset from the current return 
control register. This vatue is muttiplied by 36. If the 
hiqh·order bit is set. this multiplication result is then 
subtracted fro• <otherwise it is added to> the current RCR. If 
the item thus tocated in the stack is a valuer then LV loads it 
to the top of the stack. If the ite• found was an address. LV 
uses the found address to locate the data value ind loads the 
found value to the top of the stact. If the tyoe fietd in the 
S·instruction is to~ LV toads the vatue wjth that type field as 
found in the value; otherwisev it set~ the type field eQuat to 
that 1n the s-inst1"'uctton. 

If the type field in the value does match the type field in the 
S·instruction. conversion is not perfo~med although the type 
fietd is modified as described above. 

The program is terminated with ~uniniti~1ized data• if the type 
field on the value is 10. 
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J~--.. 0
•• •I ----1 _.._. •·t ...... ~ -· .... ,.. , .. •••I ··• 19 

•-· ••• 1-.. ·-··-·· t •• .......... I 
1. op I t I t I not lbase and I minimum• lma•imum- t 
t code t O ltrpel 1 lstac~lusedfdisptace-lsubscripttsubscriptl 
1. 010 t I I I I tcnent lvatue tvatue I 

1---~------1----1---1-----·----~---------·---------·---------1 J 2 ·3 4 5 6 1 8 9 26 21 44 45 62 

ALA places a simple variable address at ros. The address is 
for•ed as for LA, except that TOS has a subscript used jn 
modifying the base addtess as described in Section l. If the 
stact bit is t... the 1dnil'ftu111 and raaximut1 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. 

ABRA! L~JQ l!LYi i!LJJ 

Faraat: 

1------·---·----1---1-----1----1---------1---------1---------1 I op t I I t fnot !base a,nd tminimum- tmaxh1um· 1 
I c o d e 1 0 I t y p e t 1 I s t a c ~ I u s e d I d i s pl a c e • I sub s c r i pt I sub sc r i pt I 
I ·l 11 I I I I I :1 11e nt Iv at ue t v at ue t 

·------1--~1----·--··-----·----·---------1---------·---------· 0 2 3 4 5 6 1 .6 9 26 27 44 lt5 62 

ALY places a value at tOS by pe1rfor11ing an ALA but placing th'e 
addressed value at TOS fhstead of the address. The type field of 
the loaded value is se~ to the type specified in the operator. 
unless the S·instructlon•s type field is 10; in this case. it is 
set like the type field ~f the data •tea in memory. The program 
is terminated with "uninitiatized data• if the type field of the 
it e • t n memory i s l O. 
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IF or raat: 

t••u•-•••---•-f•-•1---•-•f•-•f•-•--•-J•-•-••l•••••••--•-•-•1 
I J t 1 I I not I base and 1 
I 111 100 110 1 o 1 type I 1 • stack t used t disptace~ent • 
t 1 t I .1 a 1 I 

1-------------1---1------1---t··-----1-·----·--------------· 0 8 9 10 11 12 1 3 14 15 32 

·------------------------·----------~-------------· 1 
I 

• 
minimum subscript • I 

' 
maximum ~ubscript 

• :I 
t 

·------------------------1------------------------1 33 50 51 68 

Using the it~m on TOS, C~O modifies the baser disptacement~ 
•inimum and maximuM subscript, then places an array descriptor on 
the stack <after popping the toi» ite11>. If the stack bit = 1. 
CAO uses the array descriptor in the stac~ referenced. In this 
case~ minimum subscrfpt and manimum subscript are not given in 
the S•instruction. See Section 1 for description of base and 
arr a y bound f or 11 at s ... 

far mat: 

........... -................ , 
' I I op code I 
• l 1 t 1 Q l 0 00 1 

~ ' f-•·•·••• 111•••·•--1 
() 

CSRP uses the JOS as a word pointer to construct a stack-relative 
address description. The TOS ~tem indicates the number of word$ 
from the return controt register to point to. A positive index 
is toward the stack base, a negative index i~ aw~y from the base. 
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J.QA.0 ~!1.U • .L l~l~Y . .EB. l.L~l1 

For mat: 

1~----1--~--~-----1 
4 I I 
a 11 o I tit er at l 
1 I t 
1--~--1-~--------~1 

0 1.? 

LSI uses the 10-bit literal as the rightmost 10 bits of the 
~antissa of a 56-btt fnteqer. The inteqer · fo~med is assu•ed 
posttive. 

10!D ~lttiLt fEt~lll~tt Lll£R!L !Ll!l 

I op code I 
I t 0 l f '1; t er at 
t I 

1---------1------------------------1 2 3 38 

l I f pl aces t he :u;- b t t l i t e·r a 'l on T 0 S and i n ere 11 en ts t he T 0 S 
pointer. 
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·-------------· 0 
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HAKZ makes the item at TOS occupy two words in the stact. If the 
jtem at TOS is not a double-word item (i.e. is jnteger or real 
value or a non-array address>• then MAK2 copies the item forward 
in the stack and makes its former position in the stack atl 
zeros. 

This is useo in passing parameters- where the format paramete~ 
may be a scalar <occupying one word in the stack> or an array 
where the actual parameter was a s~bscripted variable <could 
occupy one word> or an array. 
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t-------------·----------------1----------------1 I t 
t op code I 
I 111 000 001 1 
I I 

0 6 9 

I 
I 

segment nu11ber I 
t 

18 19 

code address 

36 

• a 
I 
I 

If the segment numter is not irero, CALL •ultiplies the segment 
nu11ber by ao to get an index in1to the seg11ent dictionary. If the 
needed segaent is not present• it issues a COMMUNICATE to the ~CP 
to fetch it. When the segm~nt is present,. the code address is 
added to tha absolute base add,ess of the ne~ segm~nt, to get the 
ne•t•instruction pointer. The mark•&tack register is then •oved 
to the f' et urn co ntr ~ot reg; st er. 

If the segment nu~ber is zero• C~Ll multiplies the code address 
by 36 and subtracts the product from the return control register 
t·e> get an index 1nt 10 staclr. It then gets the segment number and 
.code address from the stac·k <se 1e LOAD AOOPESS for the for•at) and 
performs the actio~s described above for a nonzero seq~ent 
nu11bar. 
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BtIYRN 1ALY1 JN~ fJlI !Bl~l! 

Format: 

1- - - -~- ... -·- .... - J 
I t 
t op code I 
I 111 000 010 1 
• 1 
1--·--- ................. 1 

0 

Rf NV pops the ros and saves the value which is on the ros. A 
RETURN is performed and the saved vatue is p~~hed onto the st3~k • 

.Bf.IUB. ti ! BitU 

Format: 

, .................. -.1 

I J 
t op co de 1 
I 111 000 011 1 

' a .................. ,.., 
0 

The RETURN instructioft uses the return control reqister to get 
the segment•relative address from the stack. brin1s in the prooer 
segraent then set~ thi! instruction address ire qi st er 
< n e JC t - i " st r uc t i o n p c i n t er > t o. t he ab s o l u t e ad d r e s s o f t he n e x t 
instruction. The TdS pointer is set to the contents of the 
mark-stack regjster. the HSR is l6aded with the contents of the 
riqhtmost 18 bits of the TOS and the RCR is toaded with the 
teftmost 18 bits of the tos. 
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Syntax: CPA <no. of parameters> <PAR•M.1> <PAR .. ~M.Z> ••• <PARAM.N> 

far mat: 

1-------------1-----------··---------·---------·----1---------· I t I I I 
I op code I number of 4 I I 
• 111 011 011 1 parameters I PAq~M.1 • PARAM.2 I •• 
I I t I t 

• • 
I I 
t PARAM.N I 
f • 

1-------------·--------·---1--- 0 -----1---------1----·---------1 0 6 9 16 17 20 21 24 

The CPA instruction insures that the parameters ~n the stact 
agree in number afld type with those eKpected by the called 
subprogram. Starting with the operand after the •irk-stack word~ 
CPA chec~s the descriptors of all parameters passed on the stact 
again't the types in the CPA instruction. If 3 non-~atch occurs 
or the number of oarameters passed in the instruction disagrees 
with the number of parameters between the mark-stack and return 
co n tr o t w or d. t h en a r u n • t i • e err oil" o c C!fJf"' s. 

Each para•eter is ~ssumed to occupy two wards in the stack. 

If an. oper;ind on the stac·k begins with a binary 10,. (i.e.~ 
operand is an address>• then the ~ext four bits of the stact 
operand are co•pared with the parameter tyoe found in the CPA 
tnstructton. If the parameter is an array and the CPA array bit 
is zeror then the parameters are considered •atchin1 and the 
arr a y b i t i n t h e pa r a en It er de s c r i pt i on i s set t o z er o. T h i s 
facilitates passing subsC~fpted arrays to scatars. 

When the code flag Csee Figure 3-1> is on in both the CPA and the 
parameter. speciat chee~ing occurs. lf the type bits in a 
parameter descriptor are binary 10,,. the pararaeter is considered 
to match; in atl other cases. th9 descr~ptor bits must match 
those of the CPA. A maximum of 255 parameter types may be 
soec if i ed .. 
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I ... • .... - • ,., - .. · .... -· • t 
1 I 
;1 . op c:ode 1 
t 111 ooo too• 
t • 
t --------··----- .. , 

0 8 

COMPANY CONFIDENTIAL 
Bl80-0/B1700 FORTRAN S-LANGU4GE 

P. S. 2201 6737 CO) 

MKS concaten~tes the rjghtmost 18 bits of the return ·control 
register with the rightmost 18 bits of the m~rk•stack register 
and pushes the result onto the stact. The mark-st~c~ register js 
set to the TOS pointer and the IOS oointer is incremented. 

,,. ................. 1 

1 f 
I op code I 
I 111 100 011 I 
I I 1------··------1 

0 

SMKS is used for invdk4nq exponentiation and complex arithmetic 
routines. It expects two arq~ments on the stact. SMKS moves 
them up and inserts an MKS operation. 



BURROUGHS CORPORATIO~ 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

For 11111t: 

COMPANY CONFIDENTIAL 
01800/01700 tORTR'N S•LANGUAGE 

P. S. 2201 6137 (0) 

·-------------1------------------1 I t 
t op co de I 
• 110 001 011 ' 
J 1 

address 

1 
I 

' I 
.~------------·-----·------------t 8 9 

sr sets up tinkage to a statement functian~ then transfers 
control. The stateaent function is not extern~; the code 
address is a b'i t df splacement firor the program base. 

fh1s is the sa1e as cau.. except that the code address is 
c~rrent. The segment address is base-relative. 
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!HLLll.eL.l ill 1:.11.E.B.a.L !lilt AJl.C ittL,Al 

Format: 

1-------------1--------·---------1 t 
,. 

1 

• op code t t 
I l 11 0 11 100 • l ; it er al t 
I I 1 

1-------------1------------------· 0 8 9 26 

HL A i s used to f or m an t n de x i n to an arr a y. r or an array A 
dimensioned A<Dt~ 02• 03- ••• o> and referred to by 
A<Sl- sz,. s:h ••• s>- the gene:rat index is calculated b1: 

(Sl • 11 + 01(52 - 1> + 01•02<53 • l> + ••• + 01*02•03 ••• 0N<SN • 1). 

01 through ON are e•itted as literals foltowin1 the MLA 
instruction. The MLA instruction •~ttipties the element on the 
fOS by the lite~al passed in the instruction. The stack is 
popped and the result creatffd above is added to the new TOS. The 
total is pushed onto the stack. 

f--·-------·~--1--------------J 
I t 1 
t op co de I base I 
I 111 011 101 t displacement t 
I I t 

·-------------j-------~------1 0 s 9 26 

OMAP is a specialized instruction used when variabte dimensions 
have been passed t-0 a subprogram. The cumulative di•ension 
information cannot be given to the interpreter via a literal Cas 
in Ml~). This information is calculated and stored relative to 
the late st RCW. 
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DMAP decre•ents <by 11 th~ vatue on the ros and exa•ines the 
contents of the stack word to which the given base-displaceMent 
points. If this word is a base-displace•ent address of a simple 
variable. then the vatue of this variable is placed on the stac~. 
If the word is a value. then it ts placed on the stact. fhe 
value of the word pojnted to by the ba~e·djsptacement is then 
•uttiptied by the decre•ented variable. The stack is popped and 
the value on the lOS ;s added to the current total. This sum is 
place~ on the TOS. 

Note: The value loaded by the base•dis~tace•ent must not be 
double preci'Sion. 

format: 

1------ ----- 1··--1 
I t 
• OP Codie I 
I Ul 100 101. I 
a t 
f ••••• .. •••••••I 

0 3 

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

Format: 

Jl1U!L.l~!It:.2.1!1 111.Yfll .!!!.~ JHJfLl~!It.:.l.HU 1!HU!Z! 

, .... 49 ... --------·1 
I I 
I op c·ode t 
I 111 101 100 I 
1 • 
1------- .. ------1 

0 
OUPl 

'--l·~---------1 

' I op code I 
I 111 101 101 I 
1 I 
.J - - - ·- - - - - - - - - - t 

0 8 
DUP2 

OUP1 <or DUPZ> pushes onto the stack one <or two> value($) or 
address descriptorCs> which exactly duplicate<s> the one <or two> 
item<s> currently at the top. Any combinations of single-word or 
doubte•word item<s> say be dupticated. 
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Format: 

1----·-------- ··--1 
I I 
t op code 1 
1 111 100 001 1 
I I '··---·--,·---- ..... , 

0 8 

XCH exchan9es the top two iteMs on the stack. 
sin~le•word or double-word stack items • 

fof'11at: 

. &.t!.E.C! !If..t: 1~1Hl 

I 
I op code 
I l 11 1 l 0 10 0 
1 

Vari ant -----·---

1 

• I variant 

' 

Type ----
Int4iqer function 
Re'l function 
Sut1f out i ne 

t 

• a 
• 

1J 

00 
01 
10 
l 1 o~obte prec~sfon function 

These flay be 

CKf requires that the f ltst singte-word item below the PCW be an 
inteqer value. The walue is popped from the stack and replac~d 
by the RCW. The value f s compared with the type in the oper3tor 
and• if they are not equat. the progr3m is halted and an •JNVALIO 
SUdPROGPAM fYPE" messaqe js generated. 
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I op code 1 monitor J 
I 111 too 100 I vatue • 
j I I 

·-------------·---------· 0 8 9 16 

ca"PANY CONFIDENTIAL 
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HMON autputs the eight·bit monf·tor value to the hardware monitor .. 

format: 

1---9: .... --------1 
I I 
t op code I 
t 111 110 .101 I 

t ' :, ...... ---: ·• --- ____ , 
0 8 

SSW loads program switche!i 1 thf'ou 1gh e <not O or 9) from the run 
structure nucleus~ as a 32•bit literal~ ::lnd pushes this.onto the 
stack. 
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Alt instructions jn this section are available in the I/O 
co11pHer only. not in the standard compiler. 

for rn at: 

t------~------·---·------t I t I 
I op co de I I 
t 111 001 110 1 Fii.BJT I 
I I J 

·-------------t---·------1 
0 8 9 

COHMUNICATE toads the 48•bit PS.COHHUNICATE.~SG.PTR area of the 
run structure nucleus wfth a~ 50l•tvpe descriptor indfcatin1 a 
ten1th of 120 hits and the absolute address of the message to be 
co111nunicated before giving up control to the MCP. 

The JOS •ust be the Fortran data address of the message. T~e 
address 1ust be a siepte <one•word) address. nBt an array address 
descriptor. If FIX.BIT = t. then the 24-bit field at the message 
address • 72 bats <CT.2> is a riqht•justified. 18-bit­
seq•ent•relative data ~ddress (base foltowe~ by disptace~ent>. 
Thfs address must be converted to a base•re\ative address and the 
indicated data segment tlUst be 111ade pres'!nt before control is 
transferred to the MCP~ 
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For•at: 

a-------------J--------------------------------1 I t I 
I op co de I ff e t d ·i n d i c at or t 
t 111 Ott 111 I 00 : fraction 10 = type t 
I 1 01 = exponent 11 = undefined I 

·-------------·--------------------------------1 
XT Rf e JC t r a c t s e i t he 1r th e t y p e ,. e x pone .n t or fr .1 c t io n < f rr o 111 a r e a l 
value ontyl field from a siftgle· or doubte-word item found on the 
TOS. The resultant value replaces the original vatue on the 
stack in integer format. The fietd to be isotated is indicated 
by the two-c•t vatue of the field indicator. 

LQAJl .Bl!~ .U. !iHUU 

Format: 

1------·--····-1 
• f 
I op code I 
• 111 011 010 • 
• 1 , ______ I _______ , 

0 

LODB toads O to 33 bits from a data area to the ros.. in the for• 
o f an i n t e g er • It e K p e c t s t h e f o U o w i n 9 i t e m > on t he s t a c Ir : 

ros An address which may be an array ;iddress. 

TOS-1 The address modifier. which js added to the above addr~ss 
as a bit displacement into the field. Jhe modifier M~r be 
negative. 

TOS-2 The ten~th in tits <must be less than or equal to 33>• to 
be toaded to the evaluation stact. 
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1--------·-·--1 
t t 
I op code I 
t 111 001 110' 
I I 
I - • - ••• •·• •• ••• J 

0 
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LOS :loads 
an integer. 

eight bits from a data area to the TOS in the form of 
It expects the fottowing 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-1 h less than 2s. 

TOS•t fhe address modifier, which is added to the abov~ address 
as a bit displacement int:o the field. The modifier may be 
negative. 

for rut: 
:1-- - --- ---- --- J 
I 1 
I op co de 1 
• 111 lCIO dOO I 
t f , ................ , 

0 

Ldc~ loads the low-c~der 36 bit~ of the run structure rept~ ~t~a 
to the tos, 
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forraat: 

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

0 8· 

STOS expects four parameters on the stac~: 

fOS An address <ta~e) 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~·retative• doubte•prectsion 
ite11. 

r11 s-1 

TOS•2 

TOS•3 

An integer value which serves as an address modifier in 
bits. 

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

A vat u e,, part o f w hi ch i s to t: e stored i n to t he pro gr a 111 • s 
data area. The vatu~ may be either sjngte or double 
precision. 
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format: 

t --,·--- 4·--------f 
I 1 
t op 1code t 
I 111 110 001 t 
I I 
I-... • ...... ~·- --- ••• 11 

0 

STC e1pects four ite•s on the stack: 

ros 

fOS• 1 

TOS-2 

fhff base address of a storage field. 

A bit displacement into the fietd. 

The length <in characters> of the field tote fflted. 

A sjngte- or dou~te·word item containing the characters 
to store. 

If the length of the fietd to be fitted is greater than the 
nu•ber of characters gi~en• the given characters are sorted 
cycticatly ·and repeatedty until the field is filled. In a 
single•word source (four characters>- the characters will be 
left-justified in the lo~·oraer 32 bits. Jn a double-length 
s o u r c e w or d < e i g h t ch a r act er s ) • t h e f i ,,. s t f our c h ar a c t er s w i l l b e 
as in a singte-length ite• and the second four witt be 
left-justified in the l~w-order 32 bits of the second 36 bits. 
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li.B.llt ltjl.t:!i.EH Jll~l!~ UU.0.1 

format: 

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

1) ~I 

WID eKpects four items on the stact: 

TOS Th~ base address of a storage f~eld. 

A bjt displacement into the field from the base. 

TO 5 ·• 2 The tength (in characters> of the field to ~e fitted. 

f.05•3 A (possibly eitended) integer. 

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

characters and 
right-justified, 
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format: 

t ... • ••• , •• •• ••im ·I 
I t 
J op code J 
I 111 110 010 I 
t I 

1-------------1 
0 
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QOS e~pects three ite•$ on the stact: 

TOS Base•displaceNent data address pointjnq to "OS" or "DP" 
error message. 

ros-1 Message length in bytes 

ros-2 COMMUNICATE verb <always 291 

QDS causes a COMMUNICATE verb to be issued~ causing the job to be 
discontinued and the s~ecified error message ta be disptayed. 
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1r:m~.! 

ABSOLUTE VALUE CABS) 4-7 
AOO CAOO) ft•7 
Address forMats J•t 
ANO 4•14 
ANO (ANO> and OR <OR> 4-14, 
ARITHMETIC If <Alf> 4-11 
Arithmetic.Operators 4•7 
Array Address 3-2 
ARRAY BOUNOS 2-5 
ARRAY LOAD ADDRESS <Al-) 4-?0 
ARRAY LOAD VALUE <ALV> 4•20 
Branching Operators 4•11 
CHECK TYPE (CKT> 4•Jl 
Code Add~ess 3•3 
COMMUNICATE <COMM <FIX.BIT>> 4-35 
COHPARt PARAMETEP ATTRIBUTES <CPA> 4-26 
COMPLEMENT <NOT> 4•14 
COMPUTED GO TO CCGO) 4•11 
CONSTRUCT ARRAY DESCRIPTOR <CAO> 4•21 
CONSTRUCT STACK P.El-TIVE POINTER <CSP.P> 4•21 
OECREMENT•HULITPLY-ADO PARAMETER COMAP> 4•29 
DEFINITIONS ANO ABBREVIATIONS 1•2 
DEPRESS THE STACK TO MEMORY <DPRS> 4•30 
DESCRIPTIONS 4•7 
DESCRIPTIONS FOR 110 COMPILER ONLY 4•33 
DIVIDE <DIV> 4•7 
00\J BLE <DBLE > 4•B 
Double Precision 3•5 
OS JOB (QDS> 4•39 
DUPLICATE-ONE <DUPl> 4•30 
DUPLICATE-ONE <OUPll and OUPLICATE•TWO COUP2> 4-30 
DUPLICATE•fWO (0UP2) 4~Jo 

DYNAMIC 8R4NCH <DBCH> 4-12 
EQUAL CEQ) ~-15 

EXCHANGE (XCH> 4•31 
EXTRACT ftELO <XTPf) 4•J4 
Figure 1-1: Typical Memory Layout t-2 
figure Z•l: Addressing Methods 2-2 
Figure 3•1: Stac~ Item Prefix 3-1 
FIX <FIX> 4•B 
fLOAT <FLOAT> 4•9 
fOR"A·TS .J-1 
fORTRAN AOORESSING c•l 
FORTRAN STACK 2•2 
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GOTO <GOTO <CODE AOORESS>> 4•12 
GREATER TH~N <GT> 4•15 
GREATER THAN OR EQUAL CGE) 4•15 
H~RDWAAE HONIJOR (HHONl 4•32 
lnte9er l-4 
INTRODUCTION 1-1 
Ite11 1•2 
LESS THAN <LT> 4-15 
LESS THAN OR EQUAL '(LE> 4•15 
LISTING BY INSTRUCTION 4-l 
LISTING BY MNEMONIC 4•3 
LISTING BY OPERATION-CODE VALUE 4•5 
LOAD ADDRESS <LA> 4•18 
LOAD BITS <L000) 4·3~ 
LOAD BYTE <LDB> 4•35 
LOAD COMMUNIC•TE REPLY <LOCR> 4-35 
Lo ad Op er at ors lt•l8 
LOAD SINGLE PRECISION LITEP-l <LIT> 4•22 
LOAD SMALL INTEGER <LSI> 4•22 
LOAD VALUE <LV) 4•19 
logical Operators 4-14 
MAK TWO <HAKZ> 4•23 
H~RK STACK <MKS> 4-27 
Kark ·Stack Address 3- 3 
Mark•Stact Register 1-2. 2-4 
•ark•stack word 1-2 
HAKIHU~ (MAX> 4•9 
MINIMUM (MlNl 4•10 
Hiscellane~us 4-29 
MOWE <MOVE> 4•17 
MSR l •Z 
MSW 1 •2 
MU l T I PL Y OWL l 4- 7 
MULTIPLY BY LITERAL AND ADO <MLA> 4•29 
NEG4TE <NEG> 4-10 
Next·lnstruct~on Point•r 1-2 
Nine-Bit Operation Codes 4-5 
NIP 1•2 
NOT EQUAL <NE> 4•15 
OPERAND FORMATS 3•6 
OR 4-14 : 
~~RAHETER PASSING 2-~ 
PRXYILEGEO INSTRUCTIONS 1-3 
PROGRAM PARAMETERS 2•1 
RCR l •2 
RCW 1•2 
Real 3•4 
Relational Operators 4•15 
RETURN <RTN> 4-25 
Re t ur n Cont rot A d dr· e s s 3 - 3 
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Return Control Register 1-2. 2-4 
return control word 1•2 
RETURN VALUE ANO £XIT <RTNV> 4-25 
S•INSTRUCTION FORMATS l•5 
S•INSTRUCTIONS ~-l 
SENSE SWITCH (SSW> ~-32 
Si•ple Variable Address 1-2 
SPECIA( MARK Sf ACK (SHKS> 4•21 
Sf ~CK FORMAT 3-1 
Sf ACK Of£RFLOW•UNDERflOW MANAGEMENT 2•5 
Stack•Relative Address 3-2 
STATEM£NJ FUNCTION lINKAGE <Sf> 4-28 
STORE 81TS <STOB> 4•J6 
STORE CHARACTERS <STCJ 4•37 
STORE DESTRUCTIVE CSTOJ 4•16 
STORE NOMD£SJRUCTIVE <STNO> 4•16 
Store Operators 4•16 
STRUCTURE 2-1 
SUBROUTINE CALL <CALL> 4•24 
Subroutine Call Operators 4•24 
SUBROUTINE LINKAGE Z-3 
SUBTRACT <SUB> 4-1 
Table 2-1:.Unique Fortran Para•eters 2-1 
Table 3•la1 Operands l•st 3-6 
Table 3•lb: Descriptor Bits 3·6 
Table 4•1: S-Instruction~ Listed by Instruction Name 4-2 
fable 4•2: S•Jnstructions listed by Mnemonics 4•4 
Tabte 4•3a: $~Instructions Listed by Op codes <Three Bits> 4-5 
Table 4•3b; S•lnstructions Lfsted by Op Codes <Nine Bits> 4-6 
fable 4•4: Hodes of Arithmetic Results 4~8 
table 4•5: Assign•ent Rules for STD and STNO 4•16 
Three-Bit Operation Codes 4-5 
TOP•Of•STACK 1•2 
TOP•OF·STACK-HtNUS·ONE 1•2 
TOS 1•2 
TOSM1 1-2 
Uninitiatiz.ed 3•5 
VALUE FORMATS 3-l 
Word 1-z 
WRITE INTEGER DIGITS <WID> 4•38 
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