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INIRQRUCTION

Every Fortran S-language program has a base register and a ULiwmit
registere. The area between the addresses in these registers is
used as data space only. Code segments are stored oy the MCP at
any avaidlable memory location. The data space includes a
non~overlayable arear which contains the evaluation stack» and
ancther area containing overlayable data. The over layable area
may contain more than one data segment.

Various parameters required by the MCP and interpreter are stored
bayond the limit register in the run structure nucleus.

A typical Fortran oprogram Llayour in memory is shown in figure
1=1. _
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Figure 1=1: Typical Memory Layout
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QEEINITIONS AND ABOREVIAYTIONS

The following dz2finitions and abbreviations are wused throughout
this specifications

Mark=5tack HWord (MSW) A 3e=bit word in the stack

containing the 18=bit
base~relative value of the
previous return control register,
concatenated with the
base=relative v al ue of the

previous mark=stack register.

Mark-Stack Register (MSR) Contains the stack address of the
‘ latest MSW on the stacke.

Item fefers to Logical entities on the
: stacka An item consists of one
or two words and has a type
(e.g.r address» integers, real or
double precision) associated with
ita

Next=Instruction Pointer (NIP) Points to the next instruction to
be executed.

Return Control Word (RCW) Contains t he segment and
displacement of the instruction
following the current suhprogran
caill. The value 1315 a 1l0-bit
segment number concatenated with
an 18=tit displacement. These 28
bits are right=-justified in the
Ie=pit word.

Return Control Register (RCR) Points to the stack word
containing the latest RCWe.

top-0oF=-5TACK (tas) RépFesents the item most recently
: placed on the stack.

TOP=0F=STACK=MINUS=CONE (T05=-1) PRepresents the second most
recently placed item.

Word Is 36 bits 1long and has no
intrinsic "logical” meaning.



1-3

BURROUGHS CORPORATION COMPANY CONFTIDENTIAL
COMPUTER SYSTEMS GROUP 81800/81700 FORTRAN S=LANGUAGE
SANTA BARBARA PLANT P. S« 2201 6737 (D)

PRIVILEGED INSIRUCTIONS

Tha following S~instruttions are privileged and wmay be generated
only by an 170 compiler. They are intended for use 1in wWriting
instrinsics. Data input to them is not necessarily checked for
val idity’ it is the Fortran programwer?®s responsibility to give
valid parameters.

COMM
CSRP
LDB
LDCR
LODB
aDs
Q55K
STC
STOP
WID
XTRF
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SIRUCTURE

ERQGRAM EARAMETERS

Parameters unique tce Fortran program execution are to pe found in
the scratchpad area in the run structure nucleuse. They are
listed in Tabla 2-1. '

Parameter Significance

Stack Size Griginat size allowed for stack
~ S§tack Length , Current remaining stack tength

Stack Address Current stack address

Mark=Stack Register Address of latest MSH

Return Control Register Address of latest RHCW

Table 2=1% Unigue fFortran Parameters

CORIRAN ADORESSING

Addressing breaks down into three basic types == code segmentss
data segwments and a stack == with items in the stack being code,
data or addressese.

Address references to the stack may be:
Implied Generaltly T0S and T10S=1 (e.3.» ADD, SURTRACT).

Direct Positive or negatives relative to the RCKW Cthis
type appears in the code) or base=relative (this
type appedars in the stack itself and refers to
items in the stack).

A reference to a data sedment address consists of a base and a
disptacement. The base is an index into the data dictionary and
locates the segment containing the desired dat 3. The
displacegent is a werd index into the segment. ’

If a reference to a code segment address is in a segment other
than that containing the desired code segment, the address is a
base and a3 displacement; the base is an index into the code
dictionary and the displacement is the bit 1ocation relative to
the beginning of the segment. 1f the reference is to the same
segment which contains the referencee the addra2ss is the
displacement from the beginning of the segment.
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Code and datas segment references use the MLPYs virtual memory
management to place the segments ir memory. The dictionaries
record the memory address of each segment.

kA ARk kA d Ak Xk &

* *
kb hkhkahr b chankrs QASE
* *\
KRN ARNEARNAA R kA A N\
I==>x STACK VALUE * 0\
(] AR RRE N E ANk KRk & \
1 * %* / STACK
] AAXRARNNR AN E R R Ak AR & /
AAARAN A& jo==x STACK ADNRESS x /
(EE X TR Y X 2 I TSI NIRRT R V4
*SEGMENT » * *
wend>x ADDRESSkwwmvavcmws LT TR R TN T ETRTRELRLTE YN AN
i o ko kkkR * * \
1 AR ERANNAR JonmawmscanIs sk ANk hk hhkh & A\ DATA
1 \ « DATA IVEM * > SEGMENT
3 ] KRR ARAANTRER e kk Rk ® 7
<BASE ODISPLACEMENT> * « /
] { I EX RIS ETEERSRER RN
1 I ER XTI T ¥ ] * *
] kk khkhd ok * ] Ak hkhkkar hrwrdnx ks | IMIT
1==>«SEGMENT o=t wmen=- * *
*ADDRESSs 1 x : *
Rk hkh kW ] ] * *
(AR EXTEE R 1 BT T T RN R I ET TR T E IR AN CODE
|emecmcsvnayn S5~CODE * > SEGMENT
KRR ARKAKN SR RN AR AN A&/
& ) *

AR K ARG ARk kA ®

Figure 2-1: Addressing Methods

EQRIRAN STACHK

The Fortran S=machine includes one evaluation stack, Wwhich is
used for expression evaluation, subroutine dinkage and subroutine
parameter passing.

The stack is in static memory but does not necessarily begin at
the base registar. It grows ™up" from the base register end of
memory toward the limit register end of memory.
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Fach word of the stack is 36 hits Long. fntries on the stack may
be one word long (eages integer and real values or simple
addresses) or twoe words (e.ga.» array addresses or double
precision values). Double=word items are pushed to the stack by
first pushing the low=order 3t=rit word followed by the
high=-order 36~bit word; this insures that the top word of the

stack item contains the type bits which indicate whether a second
word is on the stack for that itesm.

An important consequence of this arrangement is that double-word
items appear to he backwards in memory. This is important when
reading fortran dumps produced by the dump analyzer. For
example, 1if the integer 3 is pushed onto the stack, followed by
the double precision 1.D¢0, then by 1.Cs they would Utogically
appe2ar in the stack ast

105 501800000 {rz2al 1.0)

T05-1 301800000 {upper bits of double precision value)

T0S8=~2 000000020 (lower pits of double precision value)

T305~3 000000003 (integer 3)

Howevers a hexadeciwral memory Jump would show these in the stack
ass

000000003 000C0Q000 DOLROJO0G 5018000090
Note that the high=order ©rit of the double precision value
apppears in memory to ©be adjacent to the low=crder btir of the
bottom 36 Dits.
SUBROUTINE LINKAGE
In addition to the stack being used for expression evaluation, it
is also wused for parameter passing and subprogram 4dinkage
information. Invoking a subprogram is 4 four~part process!?

1. Push a mark-stack word {(MSW) onto the stacke.

2 Load parameters to the stacke.

3. Push a return control word (RCW) to the stacke.

[ Transfer to the new location.
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Tuo reqgisters are maintained in the S+=wmachine to help a
subprogram to return to the proqgram from which it was called.
Ones the mark=stack register {(MSR)s i5 a pointer intao the

evaluation stack.

It points to the Llocation of the mark=stack word (M5W),
(d2scribed below) and it points to the place to cut the stack
back to when exiting from th2 current subtprogram.

The other return control register (RCR)» 1i5 a pointer into the
evaluation stack where a return control word {(RCHW) is fdlocated.
The code address in the PCW tells where control shoutd transfer
to when exiting fros the current subprograme.

S5ince there are only one MSR and one RCP in the S5=-machiner, their
contents must be saved on each call to a subprogram and restored
on each return from a subprogram. Their values are saved in the
M5 We which contains two 18=bits, base=relative pointers. The laft
half is the previous RCR and the right hatf is the previous MSR.

The return control registers in addition to pointing to an RCH»
also serves as a reference pointer in the stacke. When a Fortran
subpragram references a parameters the parameter is found by
referencing 3 word in the stacks relative to'the current RCR.
The compiler, when referencing a parameter, will set the stack
bit in the S-instruction which causes the interpreter to
reference the Nth word down from the current RCW toward the
current MSH (N is found in the address field of the
S=instruction). In addition, the compiler can generate code to
reference a data item that is N items "up” from the current RCR.
This is useful for local data items which need not be maintained
over successive catls to the subprogram and for temporary storage
of intermediate results when evaluating expressions.

PARAMEIER EASSING

Parameters may be passed by value or by address. The value of a
par ameter 1is. accessed directly or indirectly from the stack by
addressing a word relative to the RCR. When doading the value of
a parameter» the interpreter checks the type bits of the
designated stack item. If the type bits indicate that the iten
is a value {(type bits ~= binary 10)» that value is toadeds with
type bits set accordiny to the rules for value loading. If the
type bits indicate that the stack item is an address {(type bhits =
binary 10)» the data address is decodeds the data segment made
present (if necessary) and the desired wvalue 1oaded.
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SIACK QOVERFLOW-UNDERFLON MANAGEMENY

If stack overflow occurss it will cause an abnormal termination.
Since the compider is assumed to generate corfrect codes stack
underflow cannot occurs therefore it is not checked.

ARRAY BOUNDS

A Fortran array reference C(ALA» LA, ALV or CAD) wild contain a
base addresss a minimum subscript and a maximum subscripte. The
value found on the T0S will be the actual subscript and will te
checked to insuyre that it is greater than or equal to the minimum
subscript and Less than or equal to the maximum subscript values
given in the instruction. The minieum and maximum subscripts
will be 18<bit numbers in twos complement. The maximum number of
array elements will therefore be 22217 - 1§,

The base address will be adjusted ty the cowmpiler (binder) so
that before baing adjusted by the subscript at run timer, it may
not (and typicatly will not) reference data in the array. In
particular, the subscript will be adjusted backwards by one to
atlow for the Fortran convention of arrays beginning at element
one rather than zeroe. Furthes variation may resutt from
optimizing array references of the form ACI*C), where C is some
integer constant. The base address of the array will be adjusted
by the compiler to allow for the constant C.

1f a subscript is reals it is truncated to an integer.
1f the type bits in the operator indicate doubhle precision (type

bits = binary 11)%s the subscript is doubted tefore teing used to
adjust the base addresss
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EQRMATS

2LACK EQRMAY

Stack ditems can be S-code addresses», data addresses or values.

Mith the exception of the mark=-stack and return control
addresses, the first seven pits of a stack item have meanings as
shown in Figure 3=1,

i-“’---ﬁl-.--ﬂ-n"ﬂd -u--‘-n-m—ou’-noc---o------o-" LR L T |

t stack | code | data | array | stack=relative 1| .. |
I type U flag t type | fdag | flag 1 1

I---‘-a-{-,‘ w----u-!—v.-ﬁm-‘ bndl-u-m‘q-‘ono-u-o-u-----l ---~—' !

0 1 2 3z 4 S H
Figure 3=1: Stack [tem Prefix

Tha two=bit stack type flag is 0C for an integer value, 01 for a
real value, 10 for an address or 11 for a double precision value.
The code flag is 1 only when the item is an S=code address. The
two=bit data type flag dis meaningful for values only. The array
flag is ! only when the itam is an array. The stack=relative
flag is wmeaninyful for data addresses only.

Address Formats

Address=generating operators are LA» ALA» CAD» CSRPs» MKSs SMKS»

and CALL. The six types oaof addresses are simple variable
addresses» array item addresses» stack~relative addresses, code
addressess» mark=stsck addresses and return control addressese.

Each address occupyies 36 or 72 bits. With the exceptions of
mark=stack and return control addresses» the first two bits are
10 and the next five indicate codes types array and
stack=relative values.
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Simpile Yariable Adyress

11 bits 10 bits a8 tits
{mevejecamacnen jocnfocn]uansacrenn] ccanace|messncnceenera]
] 1 1 data | i { { ] ' .
1t 10 1 0 % type 1+ 0 1 2 | not used 4 base 1 displacement |

'----—‘ —-—-'uo--‘n— "-Oj--“m--‘—--m'--" - e omewmw- ’l»--_-n-—‘a--‘--‘

0o v 2 3 4 5 5 7 v 17 18 27 28 35

Array Addcess

11 bBits 10 bits 8 bits

!--uo—l——-'-p--—-‘-- «‘l-n-.u----ao.—-m"n—o--qn‘--o------’-----’

{ 1 i1 data | i [ ] L] v i
1t 10 4 0 4 type ¥+ 1 2 0 V not used | bhase | displacement 1

lu-u-'---"--u-u— ’_'I.‘.Q.-'----w-c.'ﬂﬁ'--“ﬂﬁ-‘-----"\Q------"

0 1 2 3 4 5 ) 4 17 18 27 23 x5
18 tits ' 18 bits
'--.--..--,---B---‘tﬂﬂ----‘---' -l---ﬂ'-------------'.“ﬂ----"’
1 mrinimum bound 1 maximum bound i
{] (see Array Bounds) 1 {see Array Sounds) ]
,.--U“O.'ﬂ--"‘u —-n_u—-u---a-.‘-Jnn-n——------—----- -‘-----"

36 53 5S4 v 71

Stack-Relative Addfess

_ 5 bits 24 bits
lnu--‘---‘--'-n-:‘--o"ﬂ"-q-—-n---m' -m-uoc--‘-—---n------,
1 { 1 data 1 i | 1T kit displacement 1
1 10 4 0 4 type 1+ 0 4 1 1 not used 1 from stack base 1

3""'?]"""“‘""‘:’""1 nn—'---o-n‘-aa;" e T L L --------l

" 1 2 3 4 5 5 7 11 12 : 35
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Code Address

1D bits 18 bits

l-----’ --a’--n--ul-«-n‘ ---:l-c-u--mo-w.‘ -w--u-‘l --—---o-------:‘

i 1 1 1 | 1 1 1 ' i
1t 10 4 1+ 00 P 0O L 0 1t not used | base 1 displacemant 1§

i‘“wug‘n--,‘u---nu"lﬂu-l‘ nn-‘n---—--n--nl ----n-:j N Ry N ) ---—'

2 1 2 3 4 5 5 7 8 17 13 35

Mark=3Stack Address

18 bits 18 bits
’ﬂ-l----_------ﬂ--ﬂ-n-‘---ﬂ-v‘--‘-Q!I.--—----------‘-----ﬂ‘----l
i previous return I previous mark=stack S |
1 control register 1 words ]

_’--m--'-,----naul----n---uu---,'-- ----u--n-----ao--o.--------l

Return Control Address

1 bit 10 bits 18 bits

R e e B D D LAl
| ] previous i previous 1.
1 unused 1 NIP H NIP , 1
| 1 segment 1 displacement 1

l-qm-n--‘-n---nn-?nm-nn % up o anam e w @ ‘ nmu----'--_-r-nhnn--cnunbﬂj

YALUE EORMATS

0f the four types of vdlue formats, threes can be found either on
the stack or in a data segment. These three are integers, real
and doubfle precision. The fourth types found only in data
segmentss is called "uninitiatized”. Bits 3 and 4, the data type
field», are 00 for integer or logical variablesr, 01 for real
variables or 11 for double precision (10 is undefined).

\
Integers and the fraction portion of non-integers are storéd in
sign=magnitude notation. Exponents are in "excess 256" notation?
that iss an exponent is positive by the amount that it is greater
than 256 or negative by the amount that it is 4{ess than 256, For
examples an exponent of 259 becomes an ™excess 256" exponent aof
+3. TYhe exponent 35 the power to which two is to be raisedes The
normalized fracetion is a number less than one and greater than or
equal to 0.5, except in the case where a fraction equals zero.
The fraction part of atl nonzero floating point numbers must be
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normalized; otherwise» the value 15 undefined.

Negative numbers are représented with a sign vit of 1s positive
with 3 sign bit of 0. Zero is represented by all zeros except in
the type field. '

An - exponent equal to zero and a nonzero fraction (8sges N*##%0.2)
will result in an exponent underfliows divide by zeros and/or
undefined results as the result of an arithmetic operation. An
exponent that is nonzero with a zero fraction s wundefined and
will cause undefined rasults in an arithmetic operation.

The second word of a3 double=precisions floating=point number is
treated merely as a 36~-bit extension to the rijht of the fraction
part of the first word of the number. The first word of a double
precision number Ltooks ~ just 1li ke a single=precision,
floating=point number, except that the type btits are 1l.

lnteger
9 bits 24 bits
BRI Ly R R L P R P L L R L L R Y PN
i ] i high=aorder | |
4 30 ¥signt part of L] integer (|
] ] 1 extended i : 1
1 ] 1 integer ] |
R R R R L LR Rl bt ELLL LI LA LR L LA LEL LR LIS
0 1 2 2 11 12 35

An extended ihteger is indicated by a nonzero high-order part.

Real
9 bits 24 tits
‘--m-’--—-‘-a------q-a-bqﬁ‘¢m--na--’-q--_--u—------»a—-.n-----.
1 01 1signl "excess 256" 1 normal ized fraction 1
i i i exporent 1 1

l—n-n-' -..-Q ---nnn-.n-un--'-a---o-—---—-----—-------——-.o---—l -

¢ 1 2 3 11 12 35
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Qoyble Precision

9 bits 24 bits
’qqn-}’ --«au’ -u-u-h-a‘m--.--i»-n----‘---n-—---‘--q-—---—n---ﬂq-ur--l
1 11 t1signt "excess 256" 1 normalized fraction 1
! 1 i exponent 1 i
l--—--q ---u‘---n--n--n-—---'---—nv----no--un-----------— L L L K]
0 1 2 3 11 12 315
36 bits
i—n—---‘--.--‘-n-duunun-a--na-----u—-mun---—--—--—-—- ----.-----,'
] 1
] lower~order 36 bits of double-precision fraction 1
1 : 1
‘u---cu-u-m-—aquﬁ-Vnnmd-nann---.--auunn---‘-m--n------ LLELEE L LE N
35 : 71
Upinitialized

Uninitialized data have type fieldad 10, The remainder of the
format is undefined. Uninitislized data widll never be loaded to
th2 stack put will be detected by a "LV™ or TALV" S-instruction._

S=INSIRUCIION EQRMALS

An S=instruction consists of an operation code {S-operator) which
may be followed by a descriptor and/or other operands. There are

two S=operator Hengths:. three bits for the most frequentily used
instructions and ning bits for all others. ALl nine-bit
S=operators hegin with bits 111, Many S=instructions operate on

items from the stacks, While others have one or more operands
appended to the instruction idtself. Detailed information onr
operands is given in the " S=INSTRUCTIONS" section with
descriptions of each affected S~-instruction.
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QREBAND EQRMATS

Table 3-1a lists all possible kinds of oep2rands and the number of
bits for each occurrence. The six tits of a3 descriptor are
tisted in Table 3-1t.

No. of No. of

Opearand Bits Mesning Bits
Flag 1 Code fdag 1
Type indicator 2 Type field 2
Parameter type 4 Array flag 1
Descriptor 6 Stack field 1
No. of operands 8 Unused 1
Small positive integer

-ar segment no. 1C

Code address or

array bound (max. or min.) 18
Literal 316

Table 3-13: OQOperands List Tabte 3=1b% Descriptor Bits
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SZINSTRUCTIOQNS
LISIING 8Y INSTRUCTION

Operation

Instruction Name ‘ Mnemonic Code
ABSOLUTE VALUE ABS 111 101 011
ADD ADD 111 010 110
AND AND 111 001 991

ARITHMETIC IF ' ATF 111 000 110

7 ARRAY LOAD ADDRESS ALA 010

JARRAY LOAD VALUE ALV 01t
BRANCH FALSE BRFL 111 000 101
CHECK TYPE ’ CKT 111 110 100
COMMUNICATE COMM 111 001 100
COMPARE PARAMETER ATTRIBUTES CPA 111 011 Ot
COMPLEMENT NOT 111 011 110
COMPUTED GO TO : ‘ cGo 111 001 099
CONSTRUCT ARRAY DESCRIPTOR CAD 111 100 110
CONSTRUCT STACK RELATIVE POINTER CSRP 111 101 000
DECREMENT=MULTIPLY=ADD PARAMETER DMAP 111 011 101
DEPRESS THE STACK YO MEMCORY DPRS 111 100 191
DIVIDE DIV 111 011 001
"DOUBLE DBLE 111 101 019
DS Jos QDS 111 110 110
DUPLICATE=~ONE puUP1 111 101 199
DUPLICATE~THWO nue2 111 101 101
DYNAMIC BRANCH ’ " DBCH 111 110 000
EQUAL £Q 111 010 000
EXCHANGE , : XCH 111 10C 001
EXTRACT FIELD XTRf 111 011 111
FIx FIX 111 101 001
FLOAT FLOT 111 000 000
GO YO GOTo 111 000 111
GREATER THAN \ 5T 111 010 011
EREATER THAN CR EQUAL GE {11 ofo 101
HARDWARE MONITOR HMON 111 100 100

{Table 4~1 is continued on next page)
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Instruction Name

LA R R K N N X N R R B K ¥ 31

LLESS THAN

LESS THAN OR EQUAL
i.0AD ADDRESS

LOAD SMALL INTEGER
LOAD BITS

LOAD BYTE

LOAD CUMMUNICATE REPLY
LOAD SINGLE PRECISION LITERAL
LOAD VALUE ’

MAKE TwWd

MARK STACK

MAXTMUM

MINI MUM

MOVE

MULTIPLY
MULTIPLY-LITERAL~ADD
NEGATE

NOT EQUAL

oR

RETURN

RETURN YALUE AND EXITY
SENSE SWITCH

SPECTAL MARK STACK
STATEMENT FUNCTION LINKAGE
STORE BITS

STORE CHARACTERS
STORE DESTRUCTIVE
STORE NONDESTRUCTIVE
SUBROUTINE CaLL
SUBTRACT

WRITE INTEGER DIGITS

4=2
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e ]

Mnemonic

- -

Ly
LE
LA
L ST
1.CD3
1LDB
LDCF
LIY
LV
MAK2
MXS
MAX
MIN
MOVE
MUL
ML A
NEQ
NE
ORr
RTN
RTNY
SSH
SMKS
SF
5708
STC
51D
STND
CALL
s5U8
WID

Se.

2201 o737 (D)

Operation
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 C11
111 011 000
111 01t 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
111 001 111
111 110 001
100

111 001 101
111 000 001
111 010 111
111 110 010

Table 4~1: S~Instructions Listed by Instruction Name



4=3

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 81800781700 FORTRAN S~=LANGUAGE
SANTA BARBARA PLANTY ' Pa S. 2201 6737 (D)

LISTING £Y MNEMONIC

Operation

Instruction Name Mnemonic Code
AGSOLUTE VALUE ABS 111 101 011
ADD ADD 111 010 11¢
ARTITHMETIC IF ATF 111 000 110
ARRAY LOAD ADDRESS AL A 010
ARRAY LOAD VALUE ALYV ' 011 ,

AND AND 111 001 001}
BRANCH FALSE _ v BRFL 111 000 101
CONSTRUCT ARRAY DESCRIPYOR CAD 111 100 t10
SUBROUTINE CALL CALL 111 000 001
CHECK TyPg CKT 111 11C 100
COMMUNICATE COMM 111 001 1920

COMPUTED GO TO - CGO 111 601 000
COMPARE PARAMETER ATTRIBUTES CPA 111 011 011
CONSTRUCT STACK RELATIVE POINTER : CSRP 111 101 000
DYNAMIC BRANCH DBCH 111 110 000
DOUBLE . DBLE 111 101 0190
DIVIDE DIV 111 0tt 001
DECREHENT‘MULTIPLY'ADD PARAMETER DMAP 111 011 101
DEPRESS THE STACK TO MEMORY DPRS 111 100 101
DUPLICATE~ONE DuP1t 111 101 100
DUPLICATE-THO purP2 111 101 101
EQUAL £EQ 111 010 000
FIX FIX 111 101 9201
FLOAT FLOT 111t 000 0090
GREATER THAN 0OR EQUAL GE . 111 ¢10 101
G0 TC GOT0 111 000 111

{Table 4=2 §s continued on the next page)
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Instruction Name

L E R K B N N F P F R 2 X 3 I N T I W W R R R R RN R

GREATER THAN

HARDWARE MONITOR

LOAD ADDRESS

LOAD BYTE

LOAD COMMUNICATE REPLY
LESS THAN OR FQUAL
LOAD SINGLE PRECISION LITERAL
ILOAD SMALL INTEGER
LESS THAN

.OAD VALUE

MAKE TWD

MAXTMUM

MININUM

MARK STACK
MULTIPLY=LITERAL=ADD
MOVE

MULTIPLY

NEGATE

COMPLEMENT

OR

DS JOB

RETURN

RETURN VALUE AND EXIT
STATEMENT FUNCTION LINKAGE
SENSE SWITCH

STORE CHARACTERS
STORE DESTRUCTIVE
STORE BITS

SUBTRACT ‘
WRITE INTEGER DIGITS
EXCHANGE

EXTRACT FIELD

4=4
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Mnemonic

67T
HMON
LA
LD8
LOCR
LE
LIY
LY
Ly
LV
MAKZ
MAX
MIN
MKS
MLA
MOVE
MUL
NEG
NOT
OR
a0s
RTN
RTNV
SF
SSH
STC
STYD
STOB
sus
WID
XCH
XTRF

Operation

Code

111
111
000
111
111
111
101
110
111
001
111
111
111
111
11
11
11
111
111
111
11
111
111
111
111
111
100
111
111
11
11
111

Table 4=2: S*Instructions Listed by Mnemonics

010
100

001
100

0190

010

100
101
101
000
c11
110
011
100
o1l
001
110
000
000
0C1
‘110
11C
001
010
110
100
cl1

o11
100

110
000 .

190

010

111
11
110
100
100
011
000
010
110
010
110
011
010
011
101
001

111
111
010
001
111



4=5

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 318007491700 FORTRAN S=LANGUAGE
SANTA BARBARA PLANT Pe S. 2201 6737 (D)

LISTING BY OPERATION=CODE YALUE

Ihree-3it Qperation Godes

Octal Value Binary Yalue Mnemonic Instruction Name
0 000 LA LOAD ADDRESS
1 001 Ly LOAD VAL UE
2 910 ALA ARRAY LOAD ADDRESS
3 011 ALV ARRAY LOAD VALUE
4 100 STD STORE DESTRUCTIVE
5 101 LIT SINGLE PRECISION LITERAL
6 110 LST INTEGER LITERAL

Table 4=33: S~=Instructions Listed by Op Codes (YThree Bits)

Nine=Bit Qperation Codes

-~ Dertal value Binary Value Mnemonic Instruction Name

LR B N2 B R L L J SRS 95 W WS Wi W WD W WA w LA R B X X N . RS D WD R S -

700 111 000 00C FLOT FLOAT

701 111 00C 001 CALL SUBROUTINE CALL

702 111 000 010 RTNV RETURN VALUE AND EXIT
703 111 000 011 RTN "RETURN

704 111 000 100 MKS MARK STACK

705 111 000 101 BRFL BRANCH FALSE

706 111 000 110 ALF ~ ARITH™METIC IF

707 111 000 titi GOTO GO TO

710 111 001 000 CGOD COMPUTED GO TO

T11 111 001 001 AND AND

712 111 001 010 QR oR

713 111 00t 011 ~SF STATEMENT FUNCTION LINKAGE
714 111 001 100 COMM COMMUNICATE

715 111 001 101 STND STORE NONDESTRUCTIVE
716 111 001 110 L08 LOAD BYTE

717 111 001 111 sTo8 STORE BITS

720 111 010 000 EQ EQUAL

721 111 010 001 NE NOT EQUAL

({Table 4=3b is continued on next page)
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‘Octal value

722
723
724
725
726
r27
730
731
732
733
734
735

736
737
740
741
742
T43
Tha
745
746
747
750

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

Pt P gt P el P P P s pad b e

3inary value

PO e PD Pt b b b s g s s
. il b P b jub B ek b b b ek

(o
Pt P e e e
A ok s et e e

e i
— g
e s

111

11

111

111

[
-
[y

111

p—
I
Ll

P PR D b BB gt b g s
P gt e eGP b et pun P
. pae b b ok e peb s

010
014
01¢C
n10
010
01G
011
011
0t1
0%l
011
011

011
011
100
106
100
100
100
100
100
100
101

101
101
101
101
101
101
101
110
110
110
110
110
110
110

019
o111
100
101
100
111
000
not
010
ottt
100
101

110
111
000
no1
019
011
100
101
110
111
Goo

001
010
011
100
fot
fi0
111
000
001
010
a1
100
101
110

Mpamonic

LT
Gv
LE
GE
ADD
sus
MUL
DIy

L0D8

CPA
MLA
DMAP

NOT
XTRF
LDCR
XCH
NEG
SMKS
HMON
DPRS
CAD
MAKZ
CSRP

FIX
DBLE
ABS
puel
puré
MIN
MAX
DBCH
STC
WID
MO VE
CKT
SSW
QDS
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Instruction Name

LESS THAN
GREATER THAN

LESS THAN OR EQUAL

GREATER THAN OR EQUAL

ADD

SUBTRACT

MULTIPLY

DIVIDE

LOAD BITS |

COMPARE PARAMETER ATTRIBUTES
MULTIPLY=LITERAL=ADD
DECREMENT=MULTIPLY=AND=
PARAMETER

COMPLEMENT

EXTRACT FIELD

LOAD COMMUNICATE REPLY
EXCHANGE

NEGATE

SPECTAL MARK STACK CALL
HARDWARZ MONITOR

DEPRESS THE STACK TO MEMORY
CONSTRUCT ARRAY DESCRIPTOR
MAKE TWO

CONSTRUCT STACK RELATIVE
POINTER

FIX

DGUBLE

ABSOLUTE VALUE
DUPLICATE=ONE
DUPLICATE=TWO

MINIMUM

MAXTMUM

DYNAMIC BRANCH

STORE CHARACTER

WRITE INTEGER DIGITS

MOVE

CHECK=TYPE

SENSE SWITCH

DS 404

Table 4~3b: S~Inhstructions Listed by Op Codes (Nine Bits)
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QESGRIPTIIONS
Acizhuiig Qperators

ABSOLUTE YALUE CA83)

Farmat:

IELERETLLELELEL Y]

1 !
] op code |
¢ 111 101 011
1 i
IELERE L ELE L LY ]
0 8

ABS turns off the sign bit'for thé value on the top of the stacke.

ADD €AQD2
SUBIRACT (SU8)
MULIIPLY CMUL)
DIVIDE £0IV)

fFormat:

IEEEELEEE L ALY |
1 ]
1 op Code 1
1111 010 1101
{ |

) 8
(ADD)

Each of

10S5~1.

these
performs the indicated operation.
be mixed» with the results described in Table &=4.,
the operation is pushed onto the stacke.
DIV divides T0S into TO05-1.

!q--m--‘ﬁ‘n-a
] !
1 op code 1
1111 010 1114
| 1
’ - an - u--.-:l
0 8
(sus)

four

causes abnormal teraination.

‘----q-.-----‘

i |
f. op code 1
1111 011 0CM
1 i
jreomomumeane=]
0 8
{MyL)

] |
1 op code 1}

1111 011 0014

i 1

0 8
(DIV)

functions pops two items off the stack and
The mode of the operands

The result of
- SUB subtracts TOS
Attempting to divide by zero
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second operand typ=z

‘ DR R R L F R X E N N R NN L N E LN X X E L N N R XX R RS

first operand typeﬂ integer | real fdouble precision

::::::22:::2:“_’.::::‘:::.‘:::-3:32:.::1' mRIIER 2::.‘.‘.:’.‘:‘=====2=:=====2==,=
1 i 1

intager tintegers ireal 1double precision

raal treal ireal fdoubte precision

double precision Jdouble prec.ldouble prec.tidouble precision

xinteger diwision yields a truncated resuita.

Table 4=4: Mpodes of Arithmetic Results

QUUBLE (DBLED

Formats:

lﬂﬂ‘---m----‘-,'

1 1
i op code i
§ 111 101 910 1
i _ i
lu--—u-um-n----’

o 2

D3LE converts the item at T0S from 1integer or real to double
precision and replaces the original 1tem with the converted iten.

EI1X CEIX)

Format:

’-u---a-—--‘uu-l
1 ' !
{ op code i
f 111 10t 001 4
1 i

‘, --n---mn-u-ﬂn'

0o a

FIX replaces the item at TOS with a (possibly extended) inteqer
value. The fraction part of 3 real or double precision itemp is
truncated, not rounded.
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ELDAY CELOATD

Format:

'-an--uu--o-n-—,’

! op code !
§ 111 000 000 1
U 1
'—----nm-n--n‘a
9 2

"FLOAT examines the type field of the item at TOS. TIf it is realos
the item is left unchanged. If an integer, the itenm is converted
to reals some loss of precision is possitle if the integer was
an extendad integeres although rounding will ba  performed after
normalization.

I1f the item is double precisions it is rounded and truncated to
real. ‘

MAXIHMUM (MAX)

Format?:

Rl L LA b
] ' !
1 op code ]
1 111 101 111 4
] 1

'uno--.n-uddud]

0 e

MAX pops the top two items off the stack and pushes the greater
of them back onto the stack. The two items need not he of the
sama@ type.
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MINIMUY (MIND

Format:

== rmvcaconme|
i 1
] op code i
4 111 101 110 3
i : ]

'--nn--.n-‘--"-"

0 g

MIN pops the top twc items off the stack and pushes the mininmum
of them back onto the stacke The types of the two items need not
b2 the same.

NEGAIE ANEG)

Format?®

jomsmemcnnnan-]
i 1
{ op code A
111 100 010G 4
1 ]

;’ - -w--nuduu'ue‘

0 2

NEQ complements the sign bit of the top item on the stack.
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-Branghipng {Jperators

ARLIMMEIIC IE (ALE)

Format?
| mvesnesnescn|menrcaccsnrenne]crsranrcecnsnn jescne aennanreeas ]
| 1 ] 3 ]
1 op code 1 i - ] 1
t 111 000 110 1 address 1 ] address 2 | address 3 1
| 1 :) 1 ]
| eersrmcnrmcene | rconansnncenen|cesnrmusssnes |snnarccnneenses]
0 g 9 26 27 44 45 he

AIF pops the stacka If the popped word is negatives the first
code address 4s added to the current-segment base and this
location is used to fetch the next executable S~instruction. 1f
the popped word is 2zeros the second address is used. 1f
positiver the third address is used.

COMPUTED GO 10 £CGO)

format:

|mecmcmcrcncne]rrmencencne|eccsnecanleecccnrcec]ene]eencanncan]
1 ] : 1 ‘ 1 ] 1 1
{ oap code 1 number b¥ 4 address 1 address $...1 address |
I 111 001 000 4 addresses 1 1 1 2 ! ] N 1
1 ! ] 1 | 1 i
| Il bl R Ll A EE Rl bl b Ll E AL L LA L E R LA g Ll R ALl il |
1) A 8 9 16 17 34 35 52

The CGO instruction expects an integer on Y05, which it compares
with the nurber of addresses following the operation codes If
the stack ipteger is greater than that number or less thdn ohes
controt transfers to tha instruction following the CGO
instruction. Dtheruwises the integer is used as an index ifto the
address list in the CGO instruction (note that indexing starts

with 1» not 0). The address in the Llist is a segment=relative
address which becomas the next instruction pointer. A maximuym aof
255 addresses may be specified. If the TNS is not = an 1{intajers

then CGO forces it to integer.
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QYNAMIC BRANCH £DBCH)

Format:

oo mmmammnm-— |

1 B |

1 op code §

$ 111 110 Q00 1

1 1

I EE R R LR L datal

o a
DBCH expects a code address. The address is popped and execution
continues at T05. I[f the segment field is zeror» the address is a

bit- displtacement relative to the start of the current code
segment.

G0TQ €50Y0 <CODE ADDRESS2)

Format:

‘-nan--;--q---’---.------n‘_—'

1 i i
1 op code ] L]
1 111 000 111 ¥ code address 1)
i i L
jrme=mcmccenansjocccnnncancaun]
0 g 9 26

GOTO obtains the progrim base-relative code address» converts it
to an absolute addrass and places it in the next instruction
pointer.
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BRANCH FALSE (BRfFL)

Format:

im-—-—-u---.—u‘--nu'——--- ---n—‘

i ! -1

{ op code 1 (]
1 111 000 101 § code address #
] ] 1
{mmceccomccnenjecncncccnnccan)
0 a 9 26

BRFL pops the stack and examines the least significant bit of the
value. If the kit is zerc» the next instruction pointer is set
to the absolute address resulting from conversion of the projram
base=relative code address passed in the instruction. OQOtherwises
the next instruction pointer i5 increased by the length of the
BRFL instruction.
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Logical Uperators

AND CAND) and QR LOQR)
Formats?

'---a--m—n----] .--——---Qn-m---'

1 1 1 ]

1 op code (| 1 op code [

i 111001 201 1% 1 111 00% 010 ¢

1 1 { i

bRl i bl | jommmcencccana|

] 8 0 é
AND oR

~fither of these ogerations pops two value operands from the
stacka. If the opersnds are both single=word length or are both
doubls=word Adlengths, the indicated operation is performed on ail
bits extept the type bits of both operands. The type is set to
double precision if either operand is double precisinnes to real
if either is reals, otherwise to integer. ’

If one operand is single~word and the other is double=word, the
single~word operand is assumed to have an all=zero second word.
A pitwise "logical and” or "Logical or™ is then performed on the
two operands and the result is pushed onto the 5tack. '

COMPLEMENT (NOT)

Format:?

R A b S |
' 1
1 op code ]
1 111 011 110 1
| : (]
jevmrernccs e~

v 8

NOT pops the stacks, checks the type and performs ones cComplement
on atl bits indicatedr, except for the type itself {e.g.,» {f the
descriptor indicates double precisions» 72 bits minus the
descriptor are complemented). The result is pushed onto the
5t acke.
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Relational {persators

EQUAL €E£Q)
NOT EQUAL (NED

GHEATER IHAN (GI)
GREAIER IHAN 02 EQUAL (GE)

LESS IHAN (LI)

LESS THAN OR EQUAL (LE)

Cach

Format:

'----uu-'------‘
1 o
1 op code |
i 111 Q10 GO0
1 1
'-n-n-».wa--a-'
0 8

£EQ

’----«---w-----'

{ !

i op code 1

it 111 010 101 1

| i

B LDl

0 a
GE

of these

is

comparators
performs the indicated comparison.
integer 1
pushed.

-----na.-a-'-"

111 01C 0Q1 ¢
i

1----’-.-'----‘4.1

]
1
] op coade ]
1
1

0 8
NE
jreemccsnnane=]
1 1
1 op code 1
§ 111 010 Q10 1
] 1
I RALA LIRSS
0 ' 2
Ly

pops

two
I1f the result is
pushed onto the stack»
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jrememcsscrana]
] ]
i op code ]
{1 111 010 011 1
| 1

0 8
GT

=== eecrmcnnman]
i 1
1 op code ]
1 111 010 100 1
1 \
jemmemccnacwna]
] 8
Le

2201 6737 (D)

items off the stack and

otherwise an inteder 0
The operation is perfoermed as <T0S5~1><relation><T(5>,

truey

an
is
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STJRE NONDESIBUCTIIVE (3IND)

formats:

'---“--Q'n‘

1 L]

1 ap code 1§

L 100 |

] 1

jromerman=]

0 2
STD

Both STD and STND axpect the top word
address and the word below to be a valuee.

'-—'(--—----ann’

1 i

] op code 1

1 111 0C1 101

] 1

| Rkl |

0 a
STND

the stack to be an
The value is stored at

of

the address with restrictions placed by the descriptors according

to Yable 4-=5.
Wwith STD only,

Address value

Integer Integer

Integer Raal

Integer Double Precision
Real Integer

Real Real

Real Double Precision
Double Prec. Integer

Double Prec. Real

Double Prez. Double Precision

Yable 4=5:

Assignment

The address is popped from the evaluation stack.
the value is also

pappede.

Rule
Assign
Truncate to an integer and assign
Truncate to an integer and assign
Float and assign
Assign '
Round to 24 bits
significant part
Extend to double prec.
Extend to double prec.
As5ign

and assign most

and assign
and assign

Rules for STD and STND
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MOYE C(MOVE)

Formag? .
2 or &4 Os 4 B or 19
9 bits 1 bit 18 bits bits bits
R e it Bt L e e Ll
1 op code ! stack 1 destination 1 variant | source {may ]
! 111 110 011 1 i address 1 1 be nopexistant) 1
R R N R I LR L LR LT LR Y|
0 3 9 10 27 28 29 39 35, 37
Birs 28 Bits 30
and 29 and 31 Interpretaticn
R N R K _E N J LE R N K R N ) IR TR EREY RN ETE R LT REEREREYERELELNEELEREEERT Y ERYEFEREYEENR Y F R
Q0 00 ne source fields source implied to be 0
00 o1 no source fields source implied to be 1
00 10 source field is four=bit titeral in bits 32...35
00 11 undefined '
01 - no source field? source implied to bte T0S
10 - source field is 19 bits? bit 30 is a stack

Boolean and bits 3l...48 are a segment=~
cisplacement address
11 - source field is bits 30...377 it is a word

dispiacement in the same segment as the
destination address

Type conversion is never performed. The type field 1in the

destination wiil be set the same as in the source. For variant

00» type is set to intdger in the destination.
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Load f{lperators

LOAD ADDEESS LLA)
Format 1:

'--u-u-;‘ -u.--‘ —---n-.n--. —-n"----'-n-----g LR L E LR R L LR Rt E |

i op i 1 1 [} I not 1
f code ' 0 1 type 4 0 1 stack | used 1 base and displacement 1
1900 1 1 1 H { 1 1

:‘«--ln-—n-“ Q--lu-ﬂ-m-i' EE R | d---nu-,‘uu-m—-l --—-n-n---u-----nau.---'

J 2 3 4 95 © 7 8 9 26

Format 2:

1 -----ma “',‘ LERREE ELENFE L] ---1--nn!'n--ﬂ----n-;’ﬁnan'—--'--’m--qn-a—--i

1 op 1 1 1 i tnot thase and iminisum= Imaximunm= |
! code 1 0 ftypel 1| Istacklusedldisplace~isubscriptisubscriptt
1 000 1 1 ] I ment fvatue tvalue 1
|==sscejecejeccajecn|esacn]osnc|mcccnreen|ocncrecas | acncanaa]

9 2 I 4 5 o 7 ] 9 26 27 44 45 62

Format 3:

'---n-n' ﬂ-—"-—-- '-—-‘n----‘-n--'-c---u.-—-q-n-’------a---n---'

{ op i Inot | ] inot 1} 1 1
i} code 1 ! tusedl 1 istackiuseatl bhase t displtacement |
t 300 1 | 1 1 1 ] ] |
S R IR R LI R L R R L R R kel
0 2 3 4 H 7 8 9 18 19 ' ' 36

If the stack bit is zeros then the d2scriptor bitss base and
displacement are wused in creating either a simple variabile
address (format 1)» array address (format 2)» or code address
{farmat 3) at T0S. : -

If the stack bit 1is 1» the base and displacement form a word

index rellative to the return control register. The index s
positive if the leftwost bit of the base is zero and negative {f
one. The index is rultiplied bty 36 ard added to the RCR to fora
a pointer into the stacke. I1f the item pointed to i5 an address»
it is copied into T0Sa. 1€ it is a wvalue, a stack-relative
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address using the pointer is ptaced at TOS.

In either caser, the T0S pointer is bumped appropriately.

LOAD VALYE (LY)

Formats:

’.--mnn-u.‘nn LR EERE SRR L) -nf.n.n-a-‘ LI ELERLEIRELLELELREEEN
{ op code 1 type 1 stack 1 not ] tase and |
1 001 i 1 t used 1 displacement |
‘--a»—--u--r‘nc——-u"—--n--u' - .- . LA R Rl Ll Rl R LR |

0 2 3 b 5 6 4 24

If the stack bit d§s 0s LV fetches the value at the indicated
base~displacement address and puts it on the stack. If the type
field is 10» LV f1oads the value with the type field as it appears
in memory; otherwiser it forces the type field equal to that in
the S=instruction. '

~If the stack bit is 1» the tow~order 17 bits of the btase and
displacement are taken as an offset from the current return
control register. This vatue s aultiplied hy 36. If the
high-order bit is set, this wmultiplication result is then
"subtracted from (otherwise it is added to) the current RCR. 1f
the item thus 1ocated in the stack is a values then LV doads it
to the top of the stacke. If the item found was an address» LV
uses the found address to locate the data wvalue and 1loads the
found wvalue to the top of the stack. If the tyne field in the
S-instruction is 10, LV 1o0ads the value with that type field as
found in the value; otherwisar it sets the type field equal to
that in the S=instructions

If the type field in the value does match the type field in the
S=instruction, conversion 15 not performed although the type
field is modified as dascribaed above.

Th2 program is terminated with "uninitialized data” if the type
field on the vatue is 10.
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ABRAY LQAD ADDKESS (ALA)

formatz:
inﬁn---l---1---~I~~mlé--*-lv---I--'----~-l-------u-l---------f
i op ' ] 1 1 {not lbase and 1minimum~ (maximum= |
1 code ¢ 0 ftypel 1 tstacklusedidisplace~isubscriptisubscripti
1.010 1% 1 ] i i {ment fvalue {value ]
jrerrenjesn]jrann jesn|cenrujarne {reranncen|secrncrcane jescananaa]
Q 2 3 4 5 6 7 8 9 26 27 44 45 62

ALA places a simple variable address at T0S5. The address is
formed as for LA, except that T0S has a subsceript used 1in
modifying the base address as described in Section l. 1f the
stack bit is 1» the minimum and maximum bounds do not appear in
the code but appear as part of the address in the stack which is
pointed to by the base and displacement.

ABRAY LOAD YALUE CALY)

Format:

jereceajercfjencc]enrjeccnnjuccajecnccnrccn]mcncnccnn]|mccenncan]
i op 1 i B 4 inot {base and tminimue= Imaximum~= |
1 code 1 0 ¥typel 1 istacklusedldisplace=isubscriptisubscripti
f 211 1 1 1 1 i ment Ivat ue fvalue |
|=wssmejecsjecevqean]eccnc]acns|ontncnccn]ensnccnnsjeonsnana]
0 2 3 4 5 6 7 8 9 26 27 L4 45 62

ALY places a value at T0S by performing an ALA but placing the
addressed value at T0S ihstead of the address. The type field of
the Loaded value is set to the type specified in the operator,
uniess the S-instruction?s type field is 107 in this caser it is
set Like the type field of the data item in memory. The progran
is  ternminated with "uninitiatized data” if the type field of the
itenm in memory is 1Q.
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CONSTRYCT ARPAY DESCRIPIQR €CAD)

Format:

R R R e R R R LR e e e tutaid
1 1 ] 1 | 1 not 1 base and ]
1 111 100 120 1t 0 1 type 1 1 ) stack ? used 1 displacement |
i 1 1 1 | I i ] i
j=mteescscccmajencjonacan|sanfjerennan] concnn]enancnnnananan]
4] 8 9 i0 11 12 13 14 15 32

'------nn-mo-. --ﬂnnnh.o—-‘--nnon'n.-‘.-------n.-qn-.

1 : { 1
1 minimsum subscript 1 maxinrum subscript |
] (] { ]
33 50 51 68

‘Using the item on TUSs, CAD modifies the base, displacement,
minimum and maximum subscript, then places an array descriptor on
the stack (after popping the top item)., If the stack bit = 1»
CAD wuses the array descriptor in the stack referenced. In this
caser minimum subscript and maximum subscript are not given in
the S=instruction. Sea Section 1 for description of base and
array bound formats.

CONSIRULT SYACK RELATIVE PQINTER (CSRP)

fFormat:?

'u-u-ﬂ-mau-..-a

1 i
i op Code |
1 111 101 1900 1
] 1
1--‘-—-««..&»-1
0 8

CSRP uses the TOS as a word pointer to construct a stack=-relative
address description. The T0OS fitem indicates the number of words
from the return control register to point to. A positive {ndex
is toward the stack bases 2 negative index §is away from the base.
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LOAD SMALL INIEGER (LSI)

Formats

4 ) )
1 110 & diteral |
1 1 i
T R L P P ey
0o 23 12

L5 wuses the 10-bit 1literal as the rightmost 12 bits of the
mantissa of a 36~bit integer. The integer formed is assumed
positive.

L0AD SINGLE PRECISLON LIIERAL (LII)
Format?

Qcanan-u-—‘ PR R LY PR Y Y X .

1 { . |

{ op code 1 . ]
1 101 1 Literal B |
1 1 1
jrocmrrnsnjeccrsncs s cscanenanunnsn= |
0 2 3 38

LIT places the 3p~bit Literal on T05 and increments the T0S
pointer. _
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MAK INQ (MAKZ)

Format:

i--—--u-‘-----'

i ]
] op ¢ode i
111 100 111 4
{ ]
femmrmcccanana]
0 , 2

MAKZ? makes the item at TOS occupy two words in the stack. [If the
item at T0S is not a double=wcord item (i.e. is integer or real
value or a nonvwarray address)s then MAKZ copies the item forward
in the stack and wakes its former position in the stack all
Z2T0S. _

This is used in passing parameters» where the formal parameter
may be a scalar (Coccupying one word in the stack) or an array

where the actual parameter was a subscripted variabie (could
occupy one word) or &n array.
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Subroutine Call Operators
SUBRQUTINE CALL (CALL)D

Format:

'.--w—a-----r--‘ —w-----um--—oan-'—\---.--o-- -en e .--’

1 1 ] ]
] op code ] ~ 1 | i
!} 111 000 001 ! segment nuaber | code address |
] 3 1 1
T R R R Y L R R L R Ty |
0 B 9 18 19 36

If the segment numter is not zeror. CALL sultiplies the segment
number by 80 to get an index into the segment dictionary. If the
needed segment is not presentr it issues a COMMUNICATE to the MCP
to fetch it. Wwhen the segment is present, the code address is
added to the absolute base address of the new segment, to get the
next~instruction pointer. The mark=stack register is then moved
to the return control register.

If the seaegment number is zeros CALL multiplies the code address
by 36 and subtracts the product from the return control register
to get an index into stack. It then gets the segment number and
code address from the stack (see LOAD ADDRESS for the format) and
performs the actiors described above for a nonzero segment
nuaber.

)
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REIURN VALUE AND EXIT (RINV)

Format?:
“".-‘--’/—."-‘---]
] 1
) op c¢ode ]
1 111 000 010 1
{ : ]
’----n-m--—naml
0 A
RTNY pops the TOS and saves the value which is on - the T0S5. A

RETURN is performed and the saved value is pushed onto the stack.

REIURN (BIN)

Format:

jomrmancaneam
] i
] op code 1
§ 111 000 011 1
1 ]

‘—-uu-tm--- L L X |

0 4

The RETURN instructibﬂ uses the return control register to get
the segment-relative address from the stack, brings in the prooer

segment then setd the instruction address register
{next=instruction pcintér) to the absotute address of the next
instruction. The 7TVO0S pointer i§s set to the contents of the

mark=stack register, the MSR is loaded with the contents of the
rightmost 18 bits of the T0S and the RCR is loaded with the
leftmost 18 bits of the TO0S.
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COMPARE PARAMEIER ATIRIAUIES (CBA)D

Syntax: CPA <no. of parameters> <PARAM.1> SPARAM.2> L.0 <PARAMJN>

Format:

bbb bl Rl bbbt Rl L Ll R ld EELES R ALl b bds |
1 1 1 1 1 ] 1
i op code i nuaber of ] 1 1 ]
P 111 0t1 011 1 parameters 1 PARAM.1l 4 PARAM«2 1§ .. & PARAMN 1
1 [} 1 : L] 1 1 1
R R B e e R L L L R L LI LRI L L LS
] a4 9 16 17 20 21 24

The CPA instruction insures that the parameters in the stack
agree in number and type with those expected by the called
subprogram. Starting with the operand after the mark=stack words,
CPA checks the descriptors of all parameters passed on the stack
against the types in the CPA instruction. 1f 2 non=match occurs
or the number of parameters gassed in the instruction disagrees
with the number of parameters between the mark=stack and return
controd words, then a run~time error occurs.

Fach paramerer is assumed to occupy two words in the stack.
I€f an. operand on the stack begins with a binary 10, (iceer

operand is an address)s then the pext four bits of the stack
operand are conmpared wWwith the parameter type found in the CPA

instruction. I1f the parameter is an array and the CPA array bit
is 2zeros then the parameters are considered satching and the
array bit in the paraméter description is set to z2ro. This

facilitates passing subscripted arrays to scatars.

Wwhen the code flag (sed8 Figure 3-1) is on in both the CPA and the
parameters, special chetcking occurs. If the type bizts in a
parameter descriptor are binary 10, the parameter is considered
"to match; in all other casess the descriptor bits must match
those of the CPA. A maximum of 255 parameter types may be
specified.
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MARK SYACK (MKS)

Format?

Ll bbb |
1 1
1 . op €code ]
1 111 000 100 1
1 1

joevessnvewe --m!

0 8

MKS concatenates the rightmost 18 bits of the return control
register with the rightmost 18 bits of the mark-stack register
and pushes the resudt onto the stack. The mark=stack register is
set to the T0S pointer ard the I0S vointer is incremented.

SPECIAL MARE SIACK (SMKS)

Format:

oo emanennean]
1 ]
1 op code 1
1 111 100 211 1
i 1

.-ncu-.----.--q'

0 b

SMKS is used for invaking exponentiation and complex arithmetic
routinese. It expects two arquments on the stack. SMKS moves
them up and inserts an MKS operation.
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SYATEMENT EFUNCYION LINKAGE €5F)

Format:

'--nan-----v---nnl‘on——-mn-u-u--.c-w'

i | - 1
1 op code 1 1
§ 110 o0t 011 1 address i
1 : 1 1
e bl Rl ek bl |
0 8 9 26

SF sets up linkage to a statement functions then transfers
control. The statement function is not externals; the code
address §s a bit disptacement frog the program base.

This is the sawe as cali» except that the code address is
carrent. The segment address is base-relative.
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MULTIPLY BY LITERAL ANC ADD (MLA)

Format:

jrecrenccasscnjeanusccscasnenncan]

[ ] L] 1

1 op code 1 i

111 011 100 1 {iteral 1

1 1 ]

R et EOLEL LR LR PR LS |

0] 8 9 : 26
MLA is used to form an index into an arraye. for an ‘array A
dimensioned ALDLy D2» D3rawsD) and referred to by

A{SLlsr 529 S5S3re+25)» the general index is calcul ated by:

(S1 = 1) # DI(S2 = 1) ¢ D1#D2C(S53 = 1) 4ascet D1%D2#D3...DN(SN = 1).

Dt through ON are emitted as diterals following the ML A
instructiona. The MLA instruction multiplies the element on the
705 by the Lliteral psssed in the instruction. The stack s
popped and the result created above is added to the new Y0S5. The
total is pushed ontao the stack.

DECREMENIZMULIILLY=ADD PARAMEILR (DMAP)

Format2

:‘ LR L B RE LEY] LD L EREEELEL LTS

| 1 1

| op code 1 base 1

1 111 011 101 4 displacement 1§

L ] )

|=meeeesmcaceejmenn e cacanna]

0 2 9 26
PDMAP is a speciatlized instruction used when variable dimensions
have been passed to a subprogranm, The cumutiative dimension
information cannot be given to the interpreter via a literal (as
in MLA). This information is calculated and stored relative to

the latest RCW.
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DMAP decrements (by 1) the value on the T0S and examines the
contents of the stack word to which the given base-displacement
points. If this word is a base~displacement address of a simple
variable, then the vatlue of this variable is placed on the stack.
If the word is a values then #t is placed on the stack. The
value of the word pointed to by the base-displacement is then
- muitiplied by the decremented variable. The stack is popped and
the value on the T0S is added to the current totafl. This sum is
placed on the T0S. '

Note: The vatue loaded by the base~displacement nmust nokt be
double precision. - ‘

DEERESS YHE SYACK YO MEMORY (DER3J)

Format:

i--n-n--num.-nl

1 ]
| op code ]
111 100 101 %
] ]
jomroccenacaa])

0 : 3

The DEPRESS operator insures that any occupied T0S registers are
pushed down into memory.

DUPLICATE-QONE CDUPL) and DUPLICATE-=TNQ (DUPZ)

Format:

l----‘ﬂ-m-m.--g v ‘--.----------_‘

1 ] 1 1

1 op code ] ] op code ]

1 111 101 100 % 1 111 101 101 4

1 ] 1 1

[ Bl S ol | j=omermcscnnany

0 ' 3 0 8
Duri pup2

DUPL Cor DUP2) pushes onto the stack one Cor two) value{s) ar
address descriptori(s) which exactly duplicate(s) the one (or two)
item(s) currently at the top. Any combinations of single~word or
double=word item{s) may be duplicated.
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EXCHANGE CXCH)

Fornat:

A S AR AR R W) .
1

. ] op code 1
1 111 100 001
1 ]

’-Q-‘-‘-.}---m--"

0 8
XCH exchanges the top tuo> items on the stack. These may be
single~word or double~word stack items.

CHECK IXYPE (CKI)

Fornat:z

’-‘-‘---ﬂ-_-n‘-‘---'gﬁ.ﬁﬂll--.\----—t

i ] ]
1 op code » { {
f 111 110 100 i wvariant ]
b 1 ]
joecerecmmnsscar e jroncnesonaean]
9 89 4 19
Yariant Type

00 Intéger function

01 Radl function

10 Subfoutine

1 Couble precision funcrion

CKT requires that the first single~-word iter below the RCW be an
integer  value. The value is popped from the stack and replaced
by the RCW. The value is compared with the type in the operator
ande if they are not equals, the program is bhalted and an "INVALID
SUBPROGRAM TYPE™ message is generated. '
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 HARDWARE MONIIQR CHMON)

Format:

'--n---—m-u‘-‘-.-'-——--—‘n'-‘

1 1 1
1 op code 1 monitor |

4 111 100 100 ¢t wvatue
] 1 1

lnu-u-'-uu-uu-.mna---upn‘

0 3 9 16

HMON outputs the eight=bit monitor vatue to the hardware monitor.

SENSE JWITCH €£334)

Format:

| bl b |
] i
1 op code 1
§ 111 110 101 1
5 L]

‘-ﬂ‘--.‘---ﬂ---'

0 a8

SSW Loads program'auitches 1 through‘8 (not 0 or 9) from the run
structure nucleus, as a 32=bit literal», 2nd pushes this onto the

stacke.
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RESGRIPIIONS EOR I/0 COMPILER ONLY

ALl instructions 1in this section are available in the 1[/0
compiler only» not in the standard compiler.

COMMUNICATE (CQMM <EIX.BI12>)

Format:

‘-u-u--m----n.“ [ELEIERELEEY

] 1 1

1 op tode | L]

f 111 001 110 % FIX.BIT

[ 1 1

R L i B L LR L Ll
0 8 9

COMMUNICATYE Lloads the 4B8-bit RS.COMMUNICATE.4SG.PTR area of the
run structure nucleus with ar SOL-type descriptor indicatiny a
Ltength of 120 bits and the absolute address of the message to be
communicated before giving up controt to the MCP.

The TOS must be the Fortran data address of the mwmessage. The
address must be 2 siwple (one-word) address» not an array address
descriptor. TIf FIX.BIT = 1s then the 24=hit field at the message
address + 72 bits (€CT.2) 45 a right=-justified, 18-bit,
segment "relative data address (hbase followed by displacenment).
This address must be converted to a base=relative address and the
indicated data segment Aust be made present rtefore control is
transferred to the WCP.
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EXIRACY EIELD S(XIRE)D

Format:

*u-u-u—n-n----‘ -----bnu----@-----—--n----—---n—.

(] L] 1
1  op code 1 field indicator ]
1 111 011 111 ¥ 00 = fraction 10 = type 1
i 1 01 = exponent 11 = undefined 1

' ‘.'-u‘----unm‘u--- .-cn-----u-c---‘--an‘------»'

XTRF extracts either the types axponent or fraction (from a real
value ondy) field from a single- or double-word item found on the
105. The resultant value replaces the original value on the
stack in integer format. The field to be isolated is indicated
by the two=bit value of the field indicator.

LOAD BII3 (L0DR)

Formats

jrrccvenncnnan)
1 ]
] op code ]
4§ 111 011 010 4
t : [
IR EL L L E LD |

] a8
LAODR Lloads 0 to 33 bits from a data area to the T0S» in the fornm
of an integer. It expacts the fotiowing items on the stack:?
108 An address which may be an array addresse.
T05=1 The address modifier, which is added to the above aédréss
as a bit displacement into the field. The modifier mdy be

negative.

T0S=2 The length in tits (must be less than or equal to 33)s to
he 1oaded to the evaluation stack.
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LOAD BYTE €LD3)

Format:

’uuam.u-n-----—'

| |
] op code !
1 111 061 110 ¢
1 |
e amecann)
0 ]

.08 toads efght hits from a data area to the T0OS in the form of
an integer. It expects the following items on the stack:

T0S An address which may be an array address. Currentiy, this
address may not b2 the address of a stack=relativer
double-precision items unless T0S~1 is tess than 28,

T05=1 The address modifier, which is5 added to the above address
as a bit displacement into the field. The modifier may be
‘negative.

LOAD COMMUNICATE REPLY (CLOCR)

Format: _
jreecencncnnnay
1 '
] op code 1
$ 111 1¢0 000 1
1 1

‘uﬂ.--umn.‘ﬁﬂlﬁ‘

0 B

LUCR loads the low-crder 36 tits of the run structure reply aréa
to the TO0S.
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2108E 41Xs (35108)

formatz:

'-a‘u—--o-nﬂnal

i 1
1 op code 1
1 111 001 111 1
1 ]

I LR E P YL LS |

0 B
ST08 expects four parameters on the stack:

Y05 An address (tase) of a data area. The address may be an
array address which requires hounds checkings btut it may
not be the address of a stack~relativer, double<precision
item.

T0S=1 An integer vatue which serves as an address modifier in
Pitsa.

T35=2 An :integer vatlue which teftlls how many bits (from the
right) are to be stored. =

T05=3 A value. part of which is to te stored into the progranm's
data area. The wvalue may be either single or double
precision.
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SLQBE CHARACTERS €Q1C)

Formatcs

‘----—.c------n‘

] 1
L] op Code {

t 111 110 201 1
1 1

R DL L
0 A
STC expects four items on the stack:?
1as The base address of a storage field.
T0S~1 A bit dispihcement into the field.
T05=2 The {ength (in characters) of the field to te filled.

TOS=3 A single~ or douhle-word item containing the characters
to store. :

If the 1tiength of the field to be fitled is greater than the

number of characters givens the given characters are sorted
cyclically and repeatedly until the field is filled. in a
single~word source (four characters), the characters will obe

teft-justified in the 4dow~order 32 bitse. In a double=iength
source word (eight characters)s the first four characters will pe
as in a single~lendgth idites and the second four will be
laft~-justified in the Low~order 32 bits of the sacond 36 bits.
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WRLIE INIEGER DIGIIS (HID)

Formats

. -—.r--—qcu--u—‘

1 1
f op code ]
P 111 110 010 1
] 1

R R L LY
0 g
HfD expects four items on the stack:
T0S The base address of a storage field.
| TOS~1 A bit displacement into the field from the base.
105=2 The tength (in characters) of the field to te fitled.
¥0S=3 A {possibly extended) integer.
It converts 705-3 from binary to EBCDIC display characters and

write the characters into the designated fieldr, right-justified,
and with zero fitl. '
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Ds .08 €aD3)

Formats:

-‘--q------'--n’

] 1
] op code ]
111 110 G101
i 1

'u--------n---l
0 R
QDS expects three items on the stack:

T0s Base~displacement data address pointing to "DS™ or “ppn
error message.

105=1 Message dength in bytes
1DS5=2 COMMUNICATE wverd (2luways 29)

QDS causes a COMMUNICATE verb to be issueds causing the job to be
discontinued and the specified error message to be displayed.
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LNDEX

ABSOLUTE VALUE (A8S) b7

ADD CADD) =7

Address Formats 3-1

AND L=14

AND C(AND) and OR C(0OR) h=14

ARITHMETIC IF (AIF) =11

Arithaetic Operators =7

Arvay Address 3=-2

ARRAY BUOUNDS 2=5

ARRAY LOAD ADDRESS CALA) 4=20

ARRAY LOAD VALUE CALV) 4=29

granching Onerators 4=11

CHECK TYPE «CKT) b=31

Code Addrass 3-3

COMMUNICATE (COMM <FIX.BIT>) 4=33
COMPARE PARAMETER ATTRIBUTES (CPA) 4=26
COMPLEMENT (NOT) L=14

COMPUTED GO TO (CGO) 4=11

CONSTRUCT ARRAY DESCRIPTOR (CLAD) 4=21
CONSTRUCT STACK RELATIVE POINTER (CSRP) 4=21
DECREMENT=-MULITPLY=ADD PARAMETER (DMAP) 4=29
DEFINITIONS AND ABBREVIATIONS 1=2
DEPRESS THE STACK T0O MEMDRY (DPRS) 4=30
DESCRIPTIONS L=7

DESCRIPTIONS FOR 70 COMPILER ONLY 4=33
DIVIDE (O1v) L=7

DousLE (DBLE) 4=8

Double Precision 3-5

DS J08 (gnNns) 4=39

DUPLICATE~ONE (DUP1) 4-30

DUPLICATE=ONE (DUP1) and DUPLICATE~TWD (DUP2) 4-30
DUPLICATE=TWO (DUP2) 4230

DYNAMIC BRANCH (DBCH) 4=17

EQUAL (EQ) =15 ‘

EXCHANGE (XCH) 4=31

EXTRACY FIELD C(XTRF) - 4-=34%

Figure 1=-1% Typical Memory Layout 1=-2
Figure 2=12 Addressing Methods 2=2
Figure 3=1: Stack Item Prefix 3-1

FIX (FIX) 4=3

FLOAT (FLOAT) 4=9

FORMATS I-1

FORTRAN ADDRESSING 2=1

FORTRAN STACK 2=2
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60T0 (GOTO <CODE ADDRESS>) L=12
GREATER THAN (GTV) 4~15

GREATER THAN OR EQUAL (GE) 4=15
HARDNARE MONITOR C(HMON) =32
Integer I=4 '

INTRODUCTION 1~1

Iten 1-2

LESS THAN (LT) 4= 15

LESS THAN 0ORf EQUAL (LE) 4=15
LISTING BY INSTRUCTION 4=1

LISTING 8Y MNEMONIC L=3

LISTING BY OPERATION-CODE vALUE 4=5
LOAD ADDRESS CLA) 4-18

LOAD BITS (L0ODS) L=34

LOAD BYTE (LDB) 4=3%

LOAD COMMUNICATE REPLY C(LDCR) 4Lh=35
Load Operators h-18

LOAD SINGLE PRECTISION LITERAL (LIT) 4=22
LOAD SMALL INTEGER (LSI) L=22 :
LOAD VALUE (LV) 4=19

togical Operators h=14

MAK TWO (MAK2) 4=23

MARK STACK (MKS)  &4=27

Mark-Stack Address 3=3

Mark=~Stack Register 1=2+ 2~4

mark~

stack word 1-2

MAXTIMUM (MAX) L=9
MINIMUNM (MIN) 4=10
Mi scellaneous 4=29

MOVE (MOVE) =17
M5R 1=-2
M5 W 1=2

HULTIPLY (MUL) L=7 :
MULTIPLY BY LITERAL AND ADD (MLA)
NEGATE (NEG) 4=10

Next~Instruction Pointer
Nine-~

NIP

1
Bit Operation Codes 4
1=2

NOT EQUAL (NE) 4=15
OPERAND FORMATS 3-6

ar

b= 14

PARAMETER PASSING  2-4
PRIVILEGED INSTRUCTIONS  1-3
PROGRAM PARAMETERS  2-1

RCR 1=2
RCH 1=2
Re al 3=4

Relational Operators 4=15
RETURN (RTN) =25

Return Control Address 3-3
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Return Control Register 1=2, 2=4

return control word 1=2

RETURN VALUE AND EXIT C(RTNV) h=2%

S=INSTRUCTION FORMATS 3=-5

S=INSTRUCTIONS 4=1

SENSE SWITCH (S55W) L4=32

Simple Variable Address 3-2

SPECTAL MARK STACK (5MXS) Wh=27

STACK FORMAT =1 .

STACK OVERFLOW-UNDERFLOW MANAGEMENT 2=5

Stack=Relative Address 3=2

STATEMENT FUNCTIDON LINKAGE (5SF) 4=28

STORE 8ITS (STOB) 4=36

STORE CHARACTERS (57TC) L=37

STORE DESTRUCTEIVE (STD) b=16

STORE NONDESTRUCTIVE (5TND) 416

Store Operators k=16

STRUCTURE 2~1

SUBROUT INE CALL «(CALL) =24

Subroutine Catlt Operators L4=214

SUBROUT INE LINKAGE 2~3

SUBTRACT (Su8) 4=

Table 2~-1: Unique Fortran Parageters 2=1

Table 3-1a% QOperands List 3=6

Table 3~1b: Descriptor Bits 3=6

Yabte 4=1: S~Instructions Listed by Instruction Nane 4=2

Table 4=22 S~Instructions Listed by Mnemonics 4=4

Table &#=3as S=~Instructions Listed by Op codes (Three 8its) 4=5
Table 4=3b: S=Instructions Listed by Op Codes (Nine Bits) h=p
Tabtle 4-42 Modes of Arithmetic Results 4=8

Table 4=-53 Assignment Rules for STD and STND 4=16

Three=8it Operation Codes 4=5 ‘

TOP=0F=STACK 1=2

TOP~0F-STACK=MINUS~CONE 1=-2

T0S 1=2
TOSHL 1-2
Uninitialized 3=5
VALUE FORMATS -3
Wor d 1-2

WRITE INTEGER DIGITS (WID) 4+ 38

-
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