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INIRQOUCTION

:Every Fortran S-language program has a base register and a ULlimit

register. The area between the addresses in these registers is
used as data space cnly. Code segments are stored by the MCP at
any available memory location. The data space includes a
non-overlayable aresr which contains the evaluation stacks  and
another area containing overisyable data. The overd{ayable area
may contain more than one data segment.

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

A typical Ffortran oprogram layout in memory is shown in Figure
1-1.

'-hs---—‘-----o -----'

! i

i S=CODE 1
1 i
'-—-----—o----;é--c-'
BASE REGISTER |=eeemceccccconaacacyc-=~ STACK BASE
1 : 1
1 STACK (]
t (not overlayable) 13
H 1
jeesececacnmeanemmms == STACK LIMIT
1 !
{] DATA ARERA 1
! (overl ayable) 1
1 1
LI“IT REGISTER '-n----on-n---------'
(extendible at B0J) |} 1
] RUN STRUCTURE 1
i NUCLEUS 1
1 B |
ln-o—-—-----—.-----—‘
'------o--------nu--l
1 1
1 S=CODE 1
{ 1

R L EEEEELY

Figure 1-1: Typical Memory Layout
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DEEINITIOQNS AND ABQREVIATIONS

The foltowing d2finitions and abbreviations are used }throuqhout~
this specification?

Mark=Stack Word (MSW) A 3p=tit word - in the stack
containing the 18=bit
base~relative value of the
previous return control register,
concatenated v with the
base-relative v al ue of the

previous mark=stack register.

Mark-Stack Register (M3R) Contains the stack address of the
{tatest MSW on the stacke

Item Refers to logical entities on the
: stacke An item consists of one
or two wWwords and has a type
(e.g.r address, integer, real or
double precision) associated with

it.

Next=Instruction Pointer (NIP) Points to the next instruction to
: be executeds

Return Control wWord (RCW) Contains the segment and
displacement of the instruction
following the current subprogranm
caill. The value 1is a 10-bit
segment number concatenated with
an 18=tit displacement. These 2%
bits are right-justified in the
Ip=pit wordae o

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

foP-0F=-STACK (taS)H RPepresents the item most recently
' ' placed on the stack.

TOP=0F=STACK=-MINUS=CNE (T0S=1) Represents the second most

recently placed item.

Word Is 36 bits 1long 3and has no
intrinsic "logical™ meaning.



1-3
BURROUGHS CORPORATION COMP ANY CONFTIDENTIAL
COMPUTER SYSTEMS GROUP B1BOO0/B1700 FORTRAN S=LANGUAGE
SANTA BARBARA PL ANT » Pe S« 2201 6737 (D)

ERIVILEGED INSIRUCTIONS

The following S-instructions are privileged and may be generated
only by an 1/0 compiler. They are intended for use 1in writing
instrinsics. Data input to them is not necessarily checked for
val idity; it is the Fortran progranmmer®s responsibitity to give
valid parameters.

COMM
CSRP
LDB
LDOCR
L0DA
aDs
HSSW
S5TC
STOP
WIiD
XTRF



2=1

BURROUGHS CORPORATION COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GROUP £1800/81700 FORTRAN S-LANGUAGE
SANTA BARBARA PLANT Pe Se 2201 6737 (D)
SIRUCTURE

PROGRAM PARAMETERS

Parameters unique tc Fortran program execution are to be found_in
the scratchpad area in the run structure nucleuse. They are
Listed in Tabla 2-1.

Parameter Significance

Stack Size Original size allowed for stack
Stack Leng3th Current remaining stack length
Stack Address Current stack address
Mark=Stack Register pddress of tatest MSW

Return Control Register Address of Latest RCW

Table 2=1: Uniague fFortran Parameters

EQRIRAN ADORESSING

Addressing breaks down into three basic types == code segmentse
data segments and a stack == with items in the stack being coder
data or addressese.

Address references to the stack may be:
Imaptlied Generally T0S and T30S=1 (e.3.» ADD, SUBTRACT).

Direct Positive or negativer relative to the RCW (this
type appears in the code) or base-relative (this
type appears in the stack itself and refers to
items in the stack).

A reference to a dats segment address consists of 3 base and a
displacement. The base is an index into the data dictionary and
tocates the segment containing the desired dat 3. The
displacement 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 a displacement; the base is an index into the code
dictionary and the displacement is the bit 1location relative to
the beginning of the segment. 1f the reference is to the same
segment which contains the references the address 1is the
displacement fror the beginning of the segment.
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Code and data segment references use the MCP?’s virtual memory
management to place the segments in memory. The dictionaries
record the memory address of esch segment.

ERRAARENESEANNE AR TA &

* *
AR R RN R AR AN kA BASE‘
* *\
ARRRARAARRENA R RAAE N\
1==>« STACK VALUE * 0\
] I EZ 2 TIE I E RSN T N \
1 * * /7 STACK
{ I ZXZ222XR 222228222 8 /
IR R R R R 2 f===« STACK ADDRESS * /
[P EXZETET R Y 2223 2 X2 XXXTR Y4
*SEGMENT» * *
me=>a ADDRESShwoccwncacacaada i Attt AR F AN Ak &\
i [T EREZE XSS * * \
1 2223222 E L ELELEE RS ESR22ZRERER R 2 2 X4 \ DATA
1 ! * DATA ITEM * > SEGMENT
3 1 _ I ZX XTI RS RT RN R V4
<BASE DISPLACEMENT> * x /
] { AXKNXNKRKRENR AR RN RA & /]
1 KA NEERAER 1 * ®
] Ak kAR AR & ] Ak bk hhaenrbnaxnrs LIMIT
1==>¢SEGMENTx==t=oom= * *
*ADDRESSx 1} 1 * *
Ak hkkhhk k& & i i * *
IR EXYRT R 1 IEREES ISR STITERILIEER TR 2 R AN cOD¢t
| Rl S~CJDE * > SEGMENT

AERRREAE SRR AN AN RE &/
& ' *
AWK NA AR AR A&

Figure 2=1: Addressing Methods

FORTRAN STACK

The Ffortran S=machine includes one evaluation stack, wWhich is
used for expression evaluations subroutine dinkage and subroutine
parameter passing. '

The stack 1is in static memory but does not necessarily begin at
the base register. 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 bits dong. Ffntries on the stack may
be one word long (esger integer and real values or simple
addresses) or two words (ee.g.s array addresses or double
precision values). Double=word items are pushed to the stack by

first pushing the Qlow~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 item.

An important consequence of this arrangement is that double-word
items appear to be 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 doutle precision 1.D¢0» then by 1.Cs they would 1logically
appear in the stack as: :

T35 501800000 (r2at 1.0)
T0S-1 301800000 (upper bpits of double precision value)
T0S=2 0necaon0d0 (lower tits of double precision value)

T05~3 9000000303 Cinteger 3)

Howevers, a hexadecimsal mewmory Jump would show these in the stack
as-s )

000000003 000600000 DOC180OC0QQD 501800009
Note that the nigh-order kit of the double precision 'value

apppears in memory to ©ce 3djacent to the low=crder bit of the
bottom 36 Dits.

SUBROUYINE LINKAGE
In addition to the stack being used for expression evaluation, it
is alsa wused for parameter passing and subprogram 1inkage
information. Invoking a subprogram is a four-part process?

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

2. Load parameters to the stack.

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

4. Transfer to the new location.
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Tuo registers are maintained in the S=machine to help ‘a
subprogram to return to the program from which it was called.
Ones the mark-stack register {(MSR), is a pointer into the
evaluation stack. :

It B points to the Llocation of the mark=stack word ' (MSW),

(d2scribed below) and it points tc the place to <cut the stack
back to when exiting from the current subprogram.

The other return control register (RCR)» 1is a pointer into the
evaluation stack where a return control word {(RCW) is flocated.
The code address in the PCW tells where control should transfer
to when exiting from the current subprograme.

Since there are only one MSR and one RCP in the S=machine, their
contents must be saved on each call to a subprogram and restored
on each return from a suborogranm. Their values are saved in the
MS4» which contains two 18=bits base-relative pointers. The leoft
half is the previous RCR and the right hatlf is the previous MSR.

The return control register» 1in addition to pointing to an RCH»
also serves as a reference pointer in the stack. When a Fortran
subprogram references a parameter, the parameter is found by
raferencing a3 word in the stacks relative to'the current RCR.
The compiler, when referencing a parameter, will set the stack
pit 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 1in the address field of the
S=instruction). In additions, the compiler can generate code to
reference a data item that is N items "up™ from the current RCRe.
This is useful for local data items which need not be maintained
over successive calls to the subprogram and for temporary storage
of intermediate results when evaluating expressions.

PARAMETER PASSING

Parameters may be passed by value or by address. The value of a
par ameter is accessed directly or indirectly from the stack by
addressing a word relative to the RCR. When 1oading the vatlue of
a parameters the 1interpreter 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 toaded, with
type bits set according to the rules for value loading. If the
type bits indicate that the stack item is an address {type bits =
binary 10)» the data address is decodeds the data segment made
present (if necessary) and the desired value 1loaded. '
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SIACK QVEPRFLOW-UNDERELON MANAGEMENT

If stack overflow occurss it will cause an abnormal terminatione.
Since the compider is assumed to generate correct codes stack
underflow cannot occur; therefore it is not checked.

ARRAY BOUNDS

A Fortran array reference C(ALA» LA, ALV or CAD) will contain a
base address, a minimum subscript and a maximum subscripte. The
value found on the TO0S will be the actual subscript and will be
checked to insure that it §is greater than or egqual to the minimum
subscript and Less than or equal to the maximum subscript values
given in the instruction. The minimum and maximum subscripts
will be 18<bit numbers in twos complement. The maximum number of
array elements will therefore be 2%=17 - 1,

The base address will be adjusted ty the compiler (binder) so
that before baing adjusted ty the subscript at run times it may
not (and typicatlly will not) reference data in the array. In
particular, the subscript will be adjusted packwards by one to
atlow for the Fortran convention of arrays beginning at element
one rather than 2eroe. Further variation may result fronm
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.

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

bits = binary 11)» the subscript is doubled before teing used to
adjust the base2 address.
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EQRMATS

SIACK EQRMAY

Stack items can be S=code addressess data addresses or values.

With the exception of the mark-stack and return control
addressess the first seven bits of a stack item have meanings as
shown in Figure 3-i.

’-—--—--' --‘—--"—- -_--,‘ ----u--;’------—“-------:’ --n--'

t stack | code ) data 1 array § stack=relative | <ec. |
I type | flag | type | flag | flag 1 1

l-------' o--‘-p’ -O-‘-n‘-—-’-Q—'-—---nc'--‘-u--“ ----o‘ '

0 1 2 z 4 S B
Figure 3=-1: Stack Item Prefix

Th2 two=bit stack type flag is 0C for an integer value, €1 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 is meaningful for values only. The array
ftag is 1 only when the item is an array. The stack=relative
flag is5 meaninaful for data addresses only.

Address fFormats

Address=generating cperators are LA» ALAs» CAD» CSRP» MKSs SMKSs»

and CALL. The six types of addresses are sinpte variable
addresses» array item addressess stack-relative addresses» code
addresses» mark=stack addresses and return control addresses.

Each address occupyies 36 or 72 bits. With the exceptions of
mark~stack and return Controt addressess the first two bits are
10 and the next five indicate «codes» typas _ array and
stack=relative values.
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Simple Variable Adyress

11 bits 10 bits & tits

‘-“-‘---‘—-----"-0-' e | L ERE TR TS | ----.o-l LR L E L PR R L XY |

1 1 1 data 1} ] 1 ] ] 1
1 101 0 4 type 1 0 & 0 1 not used 4 tase 1 displacement |

R e e e e e PR T Y|

01t 2 3 4 5 5 7 17 18 27 28 35

Acray Address

11 kits 10 bits 8 bits

‘o-uol-o—l--o-—-’---’an-.---ao----u'-o-‘—--'-o‘--“------o'

{ [ 1 data | ] | i {] ]
1 10 3 0 14 type ¢+ 1 1 D ¥} not used 1! base 1 displacement 1
‘.c---'---'---—-- 'au-‘ -."-—----‘-'-.-.-‘-‘-’------Q_------‘
2 1 2 3 & 5 n 7 17 18 27 238 L

g tits 18 bits .
L] rinimum bound | maximun bound 1
1 {see Array B8Bounds) 1 {see Array Bounds) |
36 53 54 71

Stack-Relative Address

S pits 24 bits
'-‘-nl --n‘----u-ln-.‘n‘ﬂ'h‘-----.--.-' ---.----------—-----—l
1 1 1 data 1 i t 1 kit displacenment 1
1 10 4 0 1 type 1 0 3 1 1 not used 1 from stack base ]

3-—&:-:.---’----—-’-c-i-c“----.-.un-' - s e w --‘-----‘

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

10 bits 18 bits

.-"-‘---'—----- 1 ‘--l --."-----‘--—-‘ L E L L] ---n—---------:‘

1 1 I 1 | 1 ] 1 |
1t 10 4 1 1 00 1 01 0 | not used | base | displacement 1

i--—-i---,‘--—-- -x"---‘ ---I----------’ —-----] ---‘-‘—-—-----1

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

Mark=3tack Address

18 bits 18 bits
‘------_------—-—--—--- -a--—’ R L L T Ty --n-—--_‘
i previous return i previous mark=stack 1
] control register i wor ds ]

Retucn Control Address

1 bit 10 bits 18 pits
e eercecncccrcs e s e r e s |enssn e e nccenessssnncanae |
] i previous i previous 1.
1 unused { NIP 1 NIP 1
1 1 segment 1 displacenent 1

‘------Q---------‘—---' ---------‘—-----—------~----------’

YALUE FORMATS

‘Of the four types of value formats, three can be found either on

the stack or in a data segment. These three are integer, real
and double precision. The fourth types found only in data
sagmentss is catled "uninitiatized”. Bits 3 and 4, the data type
field» are 00 for integer or logical variables, 01 for reat
variables or 11 for double precision (10 is undefined).

) ¢ ’
Integers and the fraction portion of non~integers are stored 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 {ess than 256. Ffor
exampler an exponent of 259 becomes an "excess 256" exponent af
t+3. The exponent is the power to which two is to be raisedes The
normalized fracrtion is a number less than one and greater than or
equal to 0.5, except in the case where a fraction 2quals zero.
The fraction part of all nonzero floating point numbers must be
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norﬂaiized: otherwises the value is undefined. |

Negative numbers are represented with a sign cit of 1, bositive‘
with a sign bit of 0. Zero is represented by all zeros except in
the type field.

An exponent equal to zero and a nonzero fraction (e«ger N#**0.2)
will result in an exponent underflowr divide by zeros and/or
undefined results as the result of an arithmetic operation. An
exponent that is nonzero with a zero fraction is wundefined and
will cause undefined results in an arithmetic operation.

The second word of a 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 1ike a single-precisions
floating=point number, except that the type tits are 1l.

Integer
9 bits . 24 bits
R e L R R e e L bbb
1 ] { high=order 1| L]
4 00 §signtl part of 1 integer 1
1 1 | extended i ' . 1
1 1 1 integer ] 1
{====|eseejemmeccecaccc]|mocccaconenacaoacccc et cccanananann=]
0 1 2 3 i1 12 35

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

Real
9 bits 24 tits
’----l--u-’o---—-----add-"o-o-n---’---o---u-uc----------.--‘
1 01 tsignl "excess 256" 1 normal ized fraction i
1 ] ] exporent 1 1

'--—-' ---u‘-—--.--‘.--u--.-----.--------------‘------------‘ :

0 1 2 3 11 12 35
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Double Precision

9 bits 24 bits
"uu--’ .-.-' - e - --v' -----.-------n-—.--u-—-—------o-o—"
4 11 tsignl "excess 256" | normalized fraction 1
[} 1 L] exporent 1 i
.--nn‘ ---a‘—----nn-a----n' LR L EE R LR EFLEIEELEEEEELEE L A |
0o 1 2 LN 11 12 35
36 bits
IELEEEE LR LR EL LR S LR R PR L L L R L L L AL L]
i 1
] lower=order 36 bits of double~precision fraction ]
1 : , i |
,a----_‘---—‘---ovn-—-—— T XY R R PP Y PR R REY TR R W TN Y] --a---m C
36 : S 71
Uninitialized

Uninitialized data have type field 10, The remainder of the
format is undefined. Uninitislized data widll never be loaded to
the stack but witl be detected by a "LV™ or "ALV®™ S=instruction.

S=INSTRUCTILON EQRMAIS

An S=instruction consists of an operation code (S-aperator) which
may be followed by a descriptor and/or other operands. There are
two S=-operator iengths: three bits for the most frequently used
instructions and ningd bits for aitl others. ALl nine-bit
S=operators begin with bits 111. Many S—instructions operate on
items from the stack, while others have one or more operands
appended to the insteruction itsetlf. Detailed information on.
operands is given in  the " S=INSTRUCTIONS"™ section with
descriptions of each affected S-instructione.
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Tabte 3-1a lists all possitle kinds of op2rands and the number of

bits for each occurrence. The six
ltisted in Table 3-1t.
NO-

Operand Bits
Flag 1
Type indicator 2
Parameter type 4
Descriptor 6
No. of operands 8
Small positive integer

or segment no. 1¢
Code address or

array bound (max. or min.) 18
Literal 36

Table 3-1a: OQOperands List

of a descriptor are

No. of
Meaning Bits

LR K B I K R L E R E R X X}

Code fdag
Type field
Array flag
Stack field
Unused

s e [N\ p

Table 3-1b: Descriptor 8its
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SZINSTEUCTIONS

LISTING 8Y INSTRUCTION

Operation

Instruction Name : Mnemonic - Code
ABSCLUTE VALUE ABS 111 101 011
ADD ADD 111 010 110
AND ; AND 111 001 9921
ARITHMETIC IF ’ ‘ ATF 111 000 110
ARRAY LOAD ADDRESS ‘ ALA 910 o
ARRAY LOAD VALUE ALV 011
GRANCH FALSE 8RFL 111 000 101
CHECK TYPE ' . CKT 111 110 100
COMMUNICATE COMM 111 001 100
COMPARE PARAMETER ATTRIBUTES CPA 111 011 Ot
COMPLEMENT E NOT 111 011 110
COMPUTED GO TQ CGO 111 001 090
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 TQ MIMGRY ~ DPRS 111 100 191
DIVIDE DIV 111 011 091
DOUBLE _ DBLE 111 101 0190
DS JO8 QDs 111 110 110
DUPLICATE=ONE , DUP1 111 101 100
DUPLICATE=TWO DyP2 111 101 101
DYNAMIC BRANCH " DBCH 111 110 000
EQUAL ; EQ 111 010 000
EXCHANGE , E XCH 111 10C 001
EXTRACT FIELD X TRF 111 011 111
FIX FIX 111 101 001
FLOAT FLOT 111 000 000
G0 TO . GOTO 111 000 111
GREATER THAN aT 111 010 911
EREATER THAN 0OR EQUAL GE {11 oio 101
HARDWARE MONTITOR HMON 111 100 190

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

LESS THAN

LESS THAN OR EQUAL
LOAD ADDRESS

LOAD SMALL INTEGER
LO0AD BITS

LOAD BYTE

LOAD CUMMUNICATE REPLY
LOAD SINGLE PRECISION LITERAL
LOAD VALUE ' :
MAKE TWD

MARK STACK

MAXTMUM

MINIMUM

MOVE

MULTIPLY
MULTIPLY-LITERAL~ADD
NEGATE

NOT EQUAL

OR

RETURN

RETURN VALUE AND EXIT
SENSE SWITCH

SPECIAL MARK STACK
STATEMENT FUNCTION LINKAGE
STORE BITS

STORE CHARACTERS

STORE DESTRUCTIVE
STORE NONDESTRUCTIVE
SUBROUTINE CAalL
SUBTRACT

WRITE INTEGER DIGITS

4=2

COMP ANY CONFIDENTIAL
B18C0/B1700 FORTRAN S=LANGUAGE
°, S, 2201 6737 (D)

Dpefation

Mnemonic Code ‘
LT 111 010 010
LE 111 010 100
LA 000
L ST - 110
L0038 111 011 010
LD3 111 0Ct 110
LDCF 111 100 0090
LITY 101
o 001
MAK?2 111 120 111
MKS 111 000 100
MAX 111.101 111
MIN 111 101 110
MOVE 111 110 C11
MUL 111 011 009
MLA 111 011 100
NEQ 111 100 010
NE 111 010 001
OR t11 001 0190
RTN 111 000 011
RTNV 111 000 010
SSW 111 110 101
SMXS 111 100 011
SF 111 001 O11
5708 111 001 111
STC 111 110 001
STD 100
STND 111 001 101
CALL 111 000 001
sus 111 010 111
WID 111 110 010

Table 4~1: S-Instructions Listed by Instruction Name
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LISTING EY MNEMONIC

Instruction Name

ABSOLUTE VALUE

ADD

ARITHMETIC IF

ARRAY LOAD ADDRESS

ARRAY LOAD VALUE

AND

BRANCH FALSE A '
CONSTRUCT ARRAY CESCRIPTOR
SUBROUTINE CALL

CHECK TYPE

COMMUNICATE

COMPUTED GO TO

COMPARE PARAMETER ATTRIBUTES
CONSTRUCT STACK RELATIVE POINTER
DYNAMIC BRANCH

DOUBLE

DIVIDE
DECREMENT=MULTIPLY=ADD PARAMETER
DEPRESS THE STACK TO MIMORY
DUPLICATE=ONE

DUPLICATE=THKO

EQUAL

FIX

FLOAT

GREATER THAN OR EQUAL

GO TQ

4~3

COMP ANY CONFIDENTIAL

GOTO

81800781700 FORTRAN S~LANGUAGE

P. S. 2201 6737 (D)

Operation

Mnemonic

ABS 111
ADD 111
AIF 111
ALA 010
ALV 011
AND 111
8RFL’ 111
- CAD 111
CALL 111
CKTY 111
COMM 111
CGO 111
CPA 111
CSRP 111
DBCH 111
DBLE 111
Div 111
DMAP 111
DPRS 111
pur1 111
pupP2 111
EQ 111
FIX 111
FLOT 111
GE 111
111

{Taple 4-2 is continued on the next page)

Code

101
010
000

001
000
100
000
11
001
001
011
101
110
101
011
o11
100
101

101

010

101

000
610
000

o11
110
110

001
101
110
001
100
100
000
011
000
000
010
001
101
101

100

101
000
201
000
101
111
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Instruction Name

P L L L X T TR T T P R

GREATER THAN

HARDWARE MONITOR

LOAD ADDRESS

LOAD BYTE

LOAD COMMUNICATE REPLY
LESS THAN OR EQUAL
LOAD SINGLE PRECISION LITERAL
LOAD SMALL INTEGER
LESS THAN

LOAD VALUE

MAKE TWO

MAX T MUM

MININUM

MARK STACK
MULTIPLY=LITERAL=ADD
MOVE ‘

MULTIPLY

NEGATE

COMPLEMENT

OR

0S JosB

RETURN

RETURN VALUE AND EXIT
STATEMENT FUNCTION LINKAGE
SENSE SWITCH

STORE CHARACTERS
STORE DESTRUCTIVE
STORE BITS

SUBTRACY .
WRITE INTEGER DIGITS
EXCHANGE '
EXTRACT FIELD

COMP ANY CONFIDENTIAL
B1800/31700 FORTRAN S~-LANGUAGE

Pe Se 2201 6737 (D)

Mnemonic

- e - .- e -

6T
HMON
LA
LD8
LDCR
LE
LIV
LSy
LY
LV
MAK2
MAX
MIN
MKS
MLA
MOVE
MUL
NEG
NOT
OR

- QDS
RTN
RTNV
SF
SSW
STC
ST
STO8B
sus
WID
XCH.
XTRF

Operation

Code

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

Yable 4~2: S*Instructions Listed by Mnemonics

010
100

001
160

010

010

100

101

101
000
c11
110
o11
100
o011

001l

110
000
000
0C1
‘110
11C

001

010

110
100
cl1

011
100

110
000

1190

010

111
111
110
100
100
011
000
010
110
010

110

011
019
o011
101
0C1

111
111
010
co1t
111



C

BURROUGHS CORPORATION

4=5

COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GRQOUP 31800781700 FORTRAN S=LANGUAGE

‘ SANTA BARBARA PLANT

LISTING BY QPERATION-=CODE YALVE

Ihree-3it Qpecration Codes

Octal Value Binary VYalue Mnemonic

LA E B K 2 L W N X ¥ 1 LR W R X R X - e w -

0 600 La

1 001 Ly

2 10 ALA
3 011 ALY
4 100 STD
5 101 LIT
6 110 Lel

Table 4=33: S~Instructions Listed by

Nine=Bit QOperation Codes

- Octal Value Binary Value Mnemonic

LA B R N L R % F T 1 LI E B L E X R ¥ N J - . mwms

700 111 000 000 FLOT
701 111 00C 001 CALL
702 111 000 010 RTNV
703 111 000 011  RTN
704 111 000 100 HKS
705 111 000 101 BRFL
706 111 000 110 ATF
707 111 000 111 GOTO
710 111 001 000 CGO
T11 111 001 001 AND
712 111 001 010 CR
713 111 001 011 SF
714 111 001 100 COMM
715 111 001 101 STND
716 111 001 110 Lo8
717 111 001 111 ST08
720 111 010 000 £Q
721 111 010 001 NE

Pe Se 2201 6737 (D)

Instruction Name

LE T F T R N X X 2 LR J

LOAD ADDRESS

LOAD VALUE

ARRAY LOAD ADDRESS

ARRAY LOAD VALUE

STORE DESTRUCTIVE

SINGLE PRECISION LITERAL
INTEGER LITERAL

Op Codes (Three Bits)

Instruction Name

FLOATY
SUBROUTINE CALL
RETURN VALUE AND EXIT
"RETURN

MARK STACK
BRANCH FALSE
ARITHMETIC IF
GO TO

COMPUTED GO TO
AND

OrR

STATEMENT FUNCTION LINKAGE

COMMUNICATE

STORE NONDESTRUCTIVE
LOAD 8YTE :
STORE BITS

EQUAL

NOT EQUAL

(Table 4=3b is continued on next pagé)
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‘Octatl value

LR X R IR W ¥ Y

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

736
737
740
741
742
743
744
745
746
747
750

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

3inary value

111
111
111
111
111
111
11t
111

111

111
111
111

111
111
111
111
111
111
111
111
111

111

111

111

111

111
111
111
111
[
111
111
111
111
111
111

11

010

01¢
01C
n10
010
01¢C
011
011
011
011
VR R
011

011
011
100
10C
10¢
100
100
100
100
100
1C1
1¢1
101
101
101
101
101
101
110
110
110
110
110
11¢
110

01
911
100
101
100
111
000
001
010
o1t
100
101

110
111
000
001
010
011
100
101
110
111
coo

001
010
011
100
fot
110
111
000
001
010
a1t
100
101
110

Mpamonic

LT
GV
LE
GE
ADD
sus
MUL
DIy
LOD8
CPA
MLA
DMAP

NO T
XTRF
LDCR
XCH

NEG

SMKS
HMON
DPRS
CAD

MAK2
CSRP

FIX
DBLE
ABS
puei
pupé
MIN
MAX
DBCH
STC
WID

MOVE

CKT
SSW
eDs

4=6
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Instruction Name

LESS THAN

GREATER THAN

LESS THAN 0R 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
HARDWARE MONITOR
DEPRESS THE STACK TO MEMORY
CONSTRUCT ARRAY DESCRIPTOR
MAKE TWO

CONSTPUCT STACK RELATIVE
POINTER

FIX

DOUBLE

ABSOLUTE VALUE
DUPLICATE=ONE
DUPLICATE=THO

MINIMUM

MAXT MUM

DYNAMIC BRANCH

STORE CHARACTER

WRITE INTEGER DIGITS

MO VE

CHECK-TYPE

SENSE SWITCH

DS J03

Table 4=3b: S'Ihstructioné Listed by 3p Codes (Nine Bits)
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DESCRIPTIONS
Acithpetic Qperators

ABSOLUIE YALUE (AB3)

Format:

’l---n--—----‘-'

1 !
] op code L]
¢ 111 10t 011 1
1 ]
l----n-—------,’

0 2

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

AQD €AQD)
SUBTRACT (548)
MULTIPLY €MUL)
DIVIDE £DIV)

Format:

Ll L) |
1 {
1 op code {
1111 010 1101
1 ‘ 1
jommrevnsnnnay
) ]
CADD)

£ach of

105=-1. DIV

these

’ -q-..-d%dn-;‘

1 []
1 op code
1111 0190 1114
1 1
joemccccdana]
c 8
(sus)

four

causes abnormal terminatione.

functions
performs the indicated operatione.
be mixed» with the results described in Table 4-4.
the operation is pushed onto the stacke.
divides 105 intoc T0S-1.

’-----------‘

i i
1 op code |
1111 011 0001
] i
jeremranccann]
0 8
(MyL)

[ ]
1 op code 1
1111 011 0011
i 1
el R il |
0 8
(DIV)

pops tuo items off the stack and
The mode of the operands

The result of
SUB subtracts T0S
Attempting to divide by zero
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second operand type

' R D D AN A D D e T P W D WP D A D P U WD NS W D R RSP U WAL WS RS U AR R AR

first operand typel integer | resl fdouble precision

::::2:::::::::2::2‘ IZVI=ZRz=_;=== ' TITITIIZTI==T=== l Pt e g
] 1 ]

integer tintegers 1real ldouble precistion

reat {reatl ireal 1double precision

double precision 1double prec.idouble prec.idoutle precision

xinteger division yields a truncated resuite.

Table &=4: Modes of Arithmetic Results

QQUBLE (DBLE)

Format:

1 1
] op ccde i
f 111 101 20140 1
i } i

0 2

D3LE converts the item at T0S from integer or real to double
precision and reptaces the original i1tem with the converted item.

EIX C(FIX)

Format:

’-----Q-—-n-.-i
! SR
1 op code !
1 111 1C1 001 4
1 i

" ‘-’----------’

0 8

FIX replaces the item at T3S with a (bossibiy extended) integer
value. The fraction part of a real or doutle precision item s
truncated, not rounded.
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ELOAY CFLOAT)

Format:

'-uu----------,‘

i op Code [
§ 111 000 000 1
] |
|mememmamcncanay
0 [y

FLOAT examines the type field of the item at TUS. If it is real,
the item is teft unchanged. 1If an integer, the item is converted
to real; some loss of precision is possitle if the integer was
an extended integer, although rounding will te  performed after
normalization.

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

MAXIMUM (MAX)

Format:

i-----.-------'

L] |
] op cade [
$ 111 101 111 3
1 ]

10-.------0‘--'

0 g

MAX pops the top two items off the stack and pushes the greater
of them back onto the stacke. The two items need not he of the
same type.
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MINIMUM (MIN)

Format:

'—--nac-o----"

i i
1 op code i
1 111 101 110 1
] : ]
EAEELIELELE L

0 a

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

NEGATE (NEG)

Format:

l===commoonacony
- C | 1 L |
3 ‘ 1 op code A
i 1 111 100 010
1 i
j=srmeemsncncn-|

0 : 8

NEQ complements the sign bit of the top item on the stack.
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~ Branchipa Qperators
g . ARLTHMETIC IE CALE)
Format:
t 1 ! ! '
1 op code 1 } ~ ] 1
t 111 000 110 1 address 1 | address 2 | address 3 1
1 1 ! B '
0 g 9 26 27 44 45 62

AIF pops the stack. If the papped word is negatives the first
code 3ddress is5 added to the current-segment base and this
location is used to fetch the next executable S=~instruction. If
the popped word 1is 2zero» the seccond address is used. It
positiver the third address is used. ‘

COMPUIED GO 10 £CGO)

format:

AR LIS ELY EA L LI it LAl El Ll Rl LDl Rl bl bl
] , | 1 ] [} 1 ]
] op code 1 number 0f 1 address 1 address {...1 address 1
1 111 001 000 4 addresses 1 1 1 2 | 1 N 1
1 L] 1 1 { ] 1
IEELLEEEE it EALEELELELES EXELELELES AL LEL it RLES EA Ll Lt |
3 8 9 16 17 34 35 52

Tha CGO dnstruction expects an integer on T0S, which it compares
with the nurber of addresses following the operation code. If
the stack integer is greater than that number or less than .ohe»
controt transfers to the instruction folloutnq the CGO
instruction. Otherwises the integer is used as an index iAto the
address list in the CGO instruction (note that indexing starts
with 1 not 0). The address in the list is a segment=relative
address shich becomes the next instruction pointer. A maximum of
295 addresses may be specified. If the TOS is nat  an intejgers
then CGO forces it to integer.
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DYNAMIC BRANCH £DBCH)

Format:

‘-na- - .- - '

| 1
1 op code i
f 111 110 000 1
] 1

l -.--c—---‘—n-‘

0 ’ A

DBCH expects a code address. The address is popped and execution
continues at T05. [f the segment field is zeros» the address is a
bit displacement redative to the start of the current code
segment.

60710 (5070 <CODE ADDRESS2)

Format:

l--.o--n--u---'---.--.oo--o‘-—‘

| ! ! i
| 1 op code | |
3 1 111 000 111 ¢ code address |
’ ' 1 i ]
jm=~cemmccmcccjecnecanacncnany

O g 9 26

GOTQ obtains the program base-relative code address» converts it
to an absolute address ano places it in the next instruction
pointer. - ’ -
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BRANCH FALSE (BRFfL)

fFormat:

’--‘----.-“--"—‘.'-C----‘—--i

] op ctode | -4
1 111 000 101 } code address H§
] ] 1
R A R LE LR L L LR LY
0 & 9 26

3RFL pops the stack and examines the least significant tit of the
value. If the kit is zerc» the next insteuction pointer is set
to the absolute address resuiting from conversion of the projram:
base-relative code address passed in the instruction. Otherwise»
the next instruction pointer is increased by the Ulength of the
BRFL instruction.
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Logical Uperators

AND CAND) and QR £UR)
Formats
| el b b R i | |memmmcomenene|
1 ] ] ]
{ op code i 1 op code 1
i 111 001 201 1 1 111 001 010 19
i 1 1 i
jorecanccncsnw] jorennrcocacacann]
o , 8 0 e
AND CR

. Either of these oferations pops two value operands from the

stack. If the opersnds are both single=word length or are both
double-word dengths, the indicated operation is performed on ail
bits except the type Lbtits of both cperands. The type is set to
double precision if either operand is double prec:sxono to real
if either is reals otherwise to 1nteger.

If one operand is single~word and the other is double=words, the

single=word operand is assumed to have an all-=zero second worde.
A pitwise "logical and”™ or "logical or”™ is then per formed on the
two operands and the result is pushed onto the stacke. ‘

COMPLEMENT (NQT)

Format:

AR bl b |
N 1
1 op code ]
1 131 011 1190 1
] ]

‘----o-u--“ubn"

0 | 8

NOT pops the stackr» checks the type and perforas ones complement
on atl bits indicatedr except for the type itself (e.g., if tha
descriptor indicates double precision» 72 bits minus the
descriptor are complemented). The result is pushed onto the
Sstacke.
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Retational Operstors

EQUAL CEQ)

NOT EQUAL (NE)

GBEATER THAN (GI)

GREAJER IHAN 0% EQUAL (GE)
LESS THAN (LI)

LESS THAN OR EJUAL (LE)

g
j

Format:
| jemeccrnennnan| | Rl R L | jrmecmccscce==]
3 1 1 1 11 1
] op code 1 L] op code ] 1 op code 1
i 111 Q10 GO0 1 1 111 01C GO1 14 {1 111 010 011
] 1 1 i L] i
{mesccncsnenan] el i | jeemrrccncnncn=|
| 0 8 0 8 0 8
| £e NE GT
|emeveccncnn=a] jeememcccccnca] |emccecmmecas=]
{ ] 1 1 1 1
i op code 1 1 op code 1 1 op code {

fach

I 111 010 101
1 |

0 a
GE

of these

1 111 010 Q10 1

1 |

fommmmmamemanny

0 2
Ly

comparators pops tuwo
performs the indicated comparison.
integer 1 is
pushed.

1 111 010 109 1

1 t

jemeeccccacansy

9 8
LE

items off the stack and

I1f the result is
pushed onto the stack.»

trues

an

otherwise an inteder 0 is

The operation is performed as <T05=1><relation><T05>.
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Store Operators

SYOQRE DESTRLCYIVE (31D)
STJRE NONDESIRUCIIVE C35IND)

format:

‘---—-u.---‘ l-----------‘—’

1 L] 1 ]

1 op code | ] op code 1

] 100 1 1 111 001 101 1

] ' 1 1 1

{rommmeea=] {emomemccenes=]

0 2 0 8
STD STND

Both STD and STND axpect the top word of the stack to be an
address and the word below to be a value. The vatlue is stored at
the address with restrictions placed by the descriptors according
to TYable 4-5. The address is popped from the evaluation stack.
With STD onty, the value is atso poppede.

Address Value Rule

Iinteger Integer Assign

Integer Real Truncate tc an integer and assign

Integer Double Precision Truncate tc an integer and assign

Real Integer Float and assign

Real Real Assign

Re al Double Precision Round to 24 tits and assign most
significant part

Double Prec. Integer Extend to double prec. and assign

Double Prec. Real " E£xtend to double prec. and assign

Double Prec. Double Precision Assign

Table 4-52 Assignment Rules for STD and STND
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MOVE (MOVE)

Formact:
2 or &4 Os 4» B or 19
9 bits 1 bit 18 bits bits bits
R EE LR L LR Ry KL LRl Rkt bbb
1 op code 1 stack t destination 1 variant § source (may 1
$ 111 110 H11 1 i address ] 1 be nonexistant) |
e R R il ELEL L L Ll ELE LRttt bl
0 2 9 10 27 2¢ 29 30 35, 37
Birts 28 Bits 30
and 29 and 31 ' Interpretation
00 00 no source fields source implied to bte 0
- 00 01 no source field; source implied to be 1
00 10 scurce field is four=bit tliteral in bits 32...35"
00 11 undefined ‘
0t - no source field; source implied to be TOS
10 - scurce field is 19 bits? bit 30 is a stack

Boolean and bits 3l...48 are a3 segment-
cisplacement address

11 - source field is bits 30...37; it is a word
displacement in the same segment as the
destination address

Type conversion is never performed. The type field 1in the
destination will be set the same as in the source. For variant
00» type is set to integer in the destination.
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Load fperators

LCAD ADDHRESS LLA)
Format 1: '

l--‘---"---l -‘-9-—, --“ --“---'----'—' B e W » - - ‘A.---u--—-o-l

i op 1 \ 1 1 I not 1

f code V' 0 1 type 4 0 1 stack 1 used 1 base and displacement 1
1 200 1 [} 1 1 i L] {

’__m--n-‘ q-u"----—-x’—--’ Q-a---al---uc-‘ --—-----q-u-------n-‘---'

J 2 3 & 5 & 7 8 9 26

format 2:

'—---c-, ---‘ -—--ﬂn—.“ - e n--l—---!---------v‘e---’—---—’-—-n----—,

1 op | 1 1 { tnot tbase and Iminimum= imaximum= |
! code 1 0 ftypet 1 Istackiusedldisplace~lsubscriptisubscripotl
1 000 1% i 4 1 ] 1ment {vatlue {value 1
R IR L R R R e e R L e LD R L DRt

b) 2 3 4 5 & 7 8 9 26 27 44 45 62

Format 3:

'a-----‘ .---‘ - m - ‘—-u'-- ‘--‘uqno ' ----.01---.--"‘-‘-4- ----n--—--‘-‘-’(

{ op 1 fnot 1+ 1 inot 1} 1 1
i code 1 1 tusedtl 1 tstackluseal hase 1t ‘displacement 1
1 300 1 ] 1 ] 1 | | ‘ |
R R R R e L S EL L LR R et |
2 2 3 4 h 7 8 9 1e 19 ' ‘ 36

If the stack bit is zeror then the descriptor bitss base and

~displacement are wused in creating either a simple variable

address (format 1)» array address (format 2)» or code address
{farmat 3) at T0S.

If the stack bit is 1, the base and displacement form 3 word
index relative to the return control register. The index s
positive if the leftnost bit of the base is zero and negative if
one. The index is multiplied bty 36 and added to the RCR to fora
a pointer into the stacke. If the item pointed to is an addresss
it is copied inte T0S. 1€ it is a value, a stack=relative
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address usihq the pcinter is placed at TO5.

In either caser, the T0S pointer is bumped appropriately.

LOAD VALYUE (LY)

Farmat:

|memccscan|reccccfencanen]encncn|eennecnnancnnaesas=]
{ op code 1 type 1 stack | not 1 tase and i
1 001 1 1 1 used 1 displacement {
lememmcrcnfrccren]emccnen]erncre|ererccenccccnnnean=]
Q 2 3 4 5 6 4 24

If the stack ©bit is 0s LV fetches the value at the indicated
base~displacement address and puts it on the stacke. If the type
field is 10» LV fo0oads 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 btit is 1» the Low~order 17 bits of the tase and
displacenment are taken as an offset from the <current return
control register. ' This vatue s muitiplied by 36. I1f the
high=order bit is sets 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 valuer, then LV loads it
to the top of the stacke. If the items found was an address, LV
uses the found address to locate the data value and 1loads the
found value to the top of the stack. If the tyne field in the
S-instruction is 10, LV loads the value with that type field as
found in the value; otherwiser, it sets the type field equal to
that in the S-instruction.

If the type field in the value does match the type field in the
S=instruction, conversion 1is not performed although the type
field is modified as descrihed above.

Th2 program §s terminated with "uninitia%ized data” if the type
field on the vatue is 10.
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AFRAY LOAD ADDRESS CALA)

fFormat:

'O‘---Q. --—' a‘-—l---' -----'-’-u‘l---------'-----a---.-n-----c-'

it op ' i 1 1 lnot ibase and 1minimum= Imaximum= {
1 code & 0 ttypel 1 tstacklusedtdisplace=lsubscriptisubscriptd
1. 010 1 1 1 i 1 tment fvalue {vatlue 1

’----o-‘ --n'---- ‘ag-‘-----‘-o--'---------l‘--------'--o-.-u-—.

J 2 3 4 5 6 7 8 9 26 27 L4 45 62

ALA places a simple variable address at TO0S. The address is
formed as for LAs» except ¢that T0S has a subscript wused in
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 dispglacement. ‘

ABRAY LOAD VALUE (ALV)

Format:

P e e R L R R R e i
{ op 1 { 1 ] fnot tbase and fainimue= imaximum= §
i code | 0 Itypetl 1 istacklusedldisplace=isubscriptisubscriptl
f 211 1 ] ] ] 1 {ment fvat ue tvatue
R R e R R e EE L L L L Ly ALl bl bbbt

0 2 3 4 5 6 7 8 9 26 27 44 45 62

ALV places a value at T0S by performing an ALA but placing the
addressed value at T0S instead of the address. The type field of
the 1oaded value is set to the type specified in the operator,
unless the S-instruction®s type field is 105 in this caser it is
set Like the type field of the data itea in memorye. The program
is terminated with "unpinitiatized data™ if the type field of the
item in memory is 10.
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CONSTRUCT ARPAY DESCRIPIQR (CAD)

Format:

R e e R Ry By e e EE L PR TR L LY
{] ] 1 1 1 1 not 1 base and ]
1 111 100 110 1 0 1 type 1 1 4 stack { used ! displacement |
1 1 1 {] } ] ] 1
J==eccscecccmcfeccemnacec]onnjenscnccn]csncaa]eaancmancanacn]
) 8 9 10 11 12 13 14 15 32

’---—---—uu—----—-----———‘—---.-n-—-‘.‘---------——-'

1 1 1
1 minimum subscript ] maximum subscript ]
] 1 S 1
.--------oo-------n--.-n-,---—--------.'--fc---,uc--’
33 : 50 51 : 68

‘Using the item on T0Ss CAD modifies the base, displacemeht,

mininmum 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 referencede. In this
cases minimum subscript and maximum subscript are not given in
the S~instruction. Sea Section 1 for description of base and
array bound formatse.

CONSIRUCT STACK RELATIVE POINTER (CSRP)

format:

[} ------¢o-uu‘.ul

] i
i op code |
1 111 191 200 14
1 B
jmeerrecaccsian]
0 8

CSRP uses the T0S as a word pointer to construct a stack-relative
address description. The TDS item indicates the number of words
from the return control register to point to. A positive index
is toward the stack baser, 2 negative index is away from the base.
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LOAD SHALL INIEGER (LSI)

Format:

f=m=mejeccceccnann]
1 ] 1
1 110 4 titeratl 1
1 1 ]
IR R B L R L |
0 2 3 1?2

LSI uses the lo*bit {iteral as the rightmost 12 bits of the
mantissa of a 36~-pit integer. The integer formed s assumed

positive.

B ke o o ik s ialai gk

LOAD SINGLE PRECISION LIIERAL CLIT)

Format:

'--nu-n---' LR LR R R REEE LY R EYEEYEEEYE] ’

1 | ‘ !

1 op code | 1
q | 101 1 literal i
: 1 1 1
: jreercececejmeccecccccnecncnarenanan]
} ) 23 38

LIT places the 36~bit Lliteral on TO05 and increments the T0S
pointer. '
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MAX TWQ (MAKZ)

Format:

IRAAELEELLELE LSS ]
(] : ]
] op code ]
111 100 111 14
] 1

3------4-------'

0 a

MAK2 makes the item at TOS occupy two words in the stack.. If the
item at . T0S is not a double=wcrd item (i.e. is integer or real
value or a non-array address)s then MAK2 copies the item forward
in the stack and wmakes its former position in the stack alil
Zeros.

This is useg 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 variable (could
occupy one wWord) or &n arraye. ‘
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§an:gulins Call QOperators

SUSROUTINE CALL €CALL)

Fornat:

.---Q-a-----‘-' --a--n--c-co----.--------¢ -‘-—---.

] A 1 ]
] op code ] - | : i
1 111 00C 001 1 segment number 1| code address |
] ] ‘ { . 1
0 8 9 18 19 316

If the segment numter is not z2eror, CALL sultiplies the segaent
number by 80 to get an index into the segment dictionary. If the
needed segment is not presents it issues a COMMUNICATE to the MCP
to fetch it. when the segment is present, the code address s
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 segment 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 LDAD 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:

e cemacccan~]
1 , 1
| I op code ]
1 111 000 010 1
] : 1

0 A

RTNY pops the TUOS and saves
RETURN is performed and the

RETURN (RIN)

the value which is on the TO0S. A
saved value is pushed onto the stack.

uses the return control register to get

the segment-relative address from the stack, brings in the prooer

Format:
0 ‘--‘-------‘-—,
| 1 » !
] op code 1
§ 111 000 011 8
1 1
;I----.---—----'
0 ‘ 3
The RETURN instructian
segment then sets t

(next=instruction pcintér) to the absotute address

he address

of

instruction register

the next

instruction. The T0S pointer is 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

lteftmost 18 bits of tha T0S.
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COMPARE PARMMETER ATIRIBUIES (CPA)

Syntax: CPA <no. of parameters> <PARAM.1> <PARAM.2> ... <PARAM.N>

format:
{eeerrccncecncjecacnmacsnanjecsrcennejrecracnrn{ecsa] nmmmeases]
t ] 1 ] 1 ] 1
1 op code i number of ] 1 4 ]
P 111 011 011 § parameters 1 PARAM.1 J PARAM<Z2 § <o § PARAMGN 1|
1 ! 1 L] 1 1 1
Rt bbbl bt bbdllb St Redbdeboled Elebebebdababebd Rt Bebebb bbb bebe
0 8 9 16 17 20 21 2h

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 word,

CPA checks the descriptors of all parameters passed on the stack

against the types in the CPA instruction. I1f a2 non-match occurs

or the number of parameters passed in the instruction disagrees

with the number of parameters between the mark=stack and return

control words, then a run~time error occurs.

Fach parameter is assumed to occupy two words in the stack.
If an. operand on the  stack begins with a3 binary 10,  (ie2.»

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

instruction. If the parameter is an array and the CPA array bit
is 2zeros then the parameters are considered matching and the
array bit in the paraméter description is set to zero. This

facilitates passing subscripted arrays to scatlars.

When the code flag (sed Figure 3=1) is on in both the CPA and the
parameter, special checking occurs. 1f the type bits 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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fomcmcmmeananny

1
1 . op code

4 111 000 100G 1

‘------“-‘---"

0

MKS concatenates the rightmost
register with the rightmost
and pushes the resullt onto the
sat to the T0S pointer ard the
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18 bits of the return control
18 bits of the mark~stack register
stack. The mark-=stack register is
105 oointer is incremented.

PECIAL MARK STACK (5MES)

Format:

I--- ----o-o--‘!

1.
] op code

¢ 111 100 211 1

0

SMKS is used for invoking exponentiation and complex arithmetic
routinese. It expects two arqguments on the stack. ~ SMKS moves
them up and inserts an MKS operation.



RPN

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

SYATEMENT FUNCTION LINKAGE CSE)

Format:

'----n.-------"o-—-c----—-------l

i ! " 1
A cp code 1 : 1
¢ 110 001 Q11 1% éddress [
1 1 1
|=ssemcacccccsjomccccancnncncncn=]

0 8 9 26

SF sets up linkage to a statement functions, then transfers
control. The statement function is not externals the code
address is a bit gisplacement fror the program base.

This is the same as calil, except that the code address s
current. The segment address is base-relative.
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Miscellapeogus

MULTIPLY BY LIJTERAL ANLC ADD (MLA)

Format:
joeemmerananann] senrrcrenanacacnan]
] ] )
i op code 1 1
t 111 011 100 ¢ {iteral . |
] 1 ]
Rt ERR LR LR L ELL L Y]
Q 8 9 26
MLA is used to form an index into an arraye. fFor an array A
dimensioned A(D1le D2» D3sae<D) and referred to by

A{Slsr 52¢ S535e.45)» the general index is calcul ated by:

(S1 = 1) ¢ D1(S2 = 1) + D1#D2C¢S3 = 1) 4...% D1*D2+D3...DNC(SN = 1).

D1 through ON are emitted as literals following the ML A
instruction. The MLA instruction multiplies the element on the
T0S by the literal passed in the instruction. The stack s
popped and the result created above is added to the new T0S. The
total is pushed onteo the stack.

DECREMENT=MULIIPLY-ADD PARAMETIELR (DMAP)

fFormat:

,‘——-------‘d."-’ ---.-Q-"--.-‘-l

] 1 1
] op code 1 base 1
f 111 011 101 ¢ displacement 1§
L] 1 1
R AL L bl Rkt etk et
0 8 9 26

‘DMAP is a specialized instruction used when variable dimensions

have been passed to a subprogranm. The cumutlative dimensiogn
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 vatue of this variable is placed on the stack.
I1f the word is a valuers then it is placed on the stack. The
value of the word pointed to by the base~displacement is then
multiplied by the decremented variable. The stack is popped and
the value on the T0S is added to the current totat. This sua is
placed on the T0S. :

Note: The value loaded by the base-displacement must not be
double precision. : :

DEPRESS THE STACK YO MEMORY CDPRS)

fFormat:

‘—-—---Q----o-l

] )
1 op code {
i 111 100 101 1
i 1
joemmsecemanaa

0 : 3

The DEPRESS operator insures that any occupied TQ0S registers are
pushed down into memory. :

DUPLICATE=ONE CDUP1) and QUPLICATE=TWO C(OUP2)

Format:

a--qqonnc‘-nudg .---—n--—----n‘

i ] 1 R |

L] op code ] ] op code ]

1 111 101 100 ¢ 1 111 101 101 4

1 ] 1 i

t Rl A S el ol | oo~ ccnmran]

0 3 0 8
purt bur2

DUP1 (or DUP2) pushes onto the stack one f(or two) value(s) ar
address descriptor(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)

format:

.-c-n.‘-.-uc----.‘
1 1
-4 op code 1
1 111 100 001 1
1 i

'.-c‘--w--c---’

0 8
XCH exchanges the top two 1items on the stacke. These may be
single~word or double~word stack items.

CHECK IYPE (CKT)

Format:

’--ﬁ----‘--n--‘---;“‘--—.-_----‘

] 1 1
| op code 1] {
t 111 110 100 4 wvariant 1
1 1 ]
oo reccncnccnrsanes|msccccvssnncan]
] 39 » 12
Variant Type
00 fnteger function
01 Redl function
10 , Subfoutine
11 Couble precision function

CKT requires that the fifst sing&e-uord item 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
ands if they are not equals the program is halted and an "INVALID
SUBPROGRAM TYPE™ message is generated.
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HARDWARE MONITQR (HMON)

Format:

.-—---- -—-----' “-0--0--‘
1 1 1
1 op code i monitor 1

1 111 100 100 ¢+ wvatue
{ ] 1

mmmmmom o ooaawe jeoeacaassecee=
! i

0 39 16

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

SENSE SWITCH £335M)

Format:

ommocmmemmanny
J '
1 op code 1
¢ 111 110 101 1
1 1

o .

5SW lLoads program switches 1 throughle (not 0 or 9) from the run
structure nucleuss as a 32-bit titeral, 2anc pushes this onto the

stacke.

|
4
5
i
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DESCRIFLIONS EOR 140 COMPILER QONLY

ALl instructions in this section are available in the I/0
compiler only, not in the standard compiler. ‘

COMMUNICATE (COMM <EIX:BII2)

Format:

PR R N YRR T RERELYES EEXEENRERELE]
1

] 1 ]

1 op code 1 1

$ 111 001 110 ¢ FIX.BIT

i ] 1

EREE L LR s R Ll |
] 8 9

COMMUNICATE Qloads the 48-bit RS.COMMUNICATE.MSG.PTR area of the
run structure nucleus with an SOL-type descriptor indicatiny a
tength 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 nmessage. The
address must be a simple (one=-word) address» not an array address
descriptor. If FIX<BIT = 1, then the 24=hit field at the message
address + 72 bits {(CT.2) is a right-justifieds 18=-bit,
segment-relative data address (base  followed by displacement).
This address must be converted to a base=relative address and the

indicated data segment must be made present refore <control is
transferred to the MCP.



h=34

BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B1800/B1700 FORTRAN S~LANGUAGE
SANTA BARBARA PLANT -~ Pe 5. 2201 6737 (D)

EXIRACY E£LIELD S(XIRE)D

Format:

{ 1 1
! ' op code 1 field indicator |
1 111 01t 111 ¢ 20 = fraction 10 = type ]
{ § 01 = exponent 11 = undefined 1

‘----------.--,-‘-‘.-----Q-Q_-- .---c------‘-‘--'

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

LOAD 81X (L0ODB)

Format:

|s=eemceccaaan])
1 |
[} op code 1
4 111 011 010 4
| : 1
IS A ELLEEELE LD

0 f
LODR toads 0 to 33 bits from a data area to the T0S», in the fornm
of an integer. It expects the following items on the stacks:
105 An address which may be an array addresse.
T0S=1 The address modifier, which is added to the above addréss
as a bit displacement into the field. The modifier Ray be

negative.

7052 The 1length in tits (must be less than or equal to 33)» to
be 10aded to the evaluation $tacke.
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LOAD BYTE €LD3)

Format:

.----.---‘----l

] 1
{] op code ]
1 111 001 110 1
1 ]
b |
0 8

LD8 toads eight bits from a data area to the TOS in the form of
an integer. It expects the following items on the stack:

T3S An address which may be an array address. Currentty, this
address may not b2 the address of a stack~relative,
double-precision itemr unless T0S-1 is tess than 28.

10$=1 The address modifier, which is added to the above address
as a bit displacement into the field. The modifier may te
negative.

LOAD COMMUNICATE REPLY C(LDCR)

Format: ‘
bl
1 !
1 op code 1
4 111 160 000 1
1 i

.-a--na.--.‘.‘.-‘

0 8

LOCR loads the low=crder 36 tits of the run structure replv area
to the TOS.
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SIQRE 4lIs €5108)

Formats

’—--n--——-—--n!

[} 1
1 op code 1
f 111 001 111 1
i L]
jrecmmccnann==]
0 B

STO08 expects four pafameters on the stack:

10s An address (tase) of a data area. The address may be an
array address which requires bounds checkings Lut it %ay
not be the address of a stack-relativer» double-precision
ite.

T3S~1 An integer value which serves as an address modifier in
bits.

T135=2 An integer value which tells how many bits (from the
right) are to be stored.

T05-3 A valuer part of which is to te stored into the program®s
data area. The +vatue may be either single or double
precision.
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SIOEL CHARACTERS (31C)

Formac:

'--‘-“,-----‘-‘
1 1
1 op code ]

1t 111 110 501 1§
L] _ i

'—-----o----no?‘

o R
STC expects four items on the stack:
fas The base address of a storage fietd.
T0S=-1 A bit displacement into the field.
T0s=2  The length (in characters) of the field to te filled.

T0S=3 A single~ or douhle-sword item containingy the characters
to store. :

If the 1tength of the field to be fitled is greater than the
number of characters givens the given characters are sorted
cyclicatly and repeatedly until the fietd is filled. In a
single-word source (four characters), the characters will be
teft~justified 1in the 1low-orgder 32 bits. In a3 double-iength
source word (eight characters)s the first four characters will bpe
as in a single-length ites and the second four will be
laft-justified in the lLow*order 32 bits of the sacond 36 bhits.
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WRITE INIEGER DIGITS (¥ID)

Format:

‘--.----‘-ﬂ--—‘

1 1
i op code i
t 111 110 010 1
] 1

jrememcmmecean
0 8
WID expects four items on the stack:
105 The base address of a storage field.
TaS=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 (possitly extended) integer. |
It converts 105-3'fron binary to EBCDIC display <characters and

write the characters into the designated fieldr, right-justified,
and with zero fitl.
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DS J08 €QDS)

Format:

.-c-.—---nv---‘

] 1
1 0p code ]
$ 111 110 310 1
{ 1

‘--.---,------‘
0 R
DS expects three iteas on the stack:

T0S Base~displacement data address pointing to “DS™ or "DP"
error message. ' ' :

T0S-1 Message dength in tytes
10sS=2 COMMUNICATE verd C(always 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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INDEX

ABSOLUYE VALUE (A8S) L=7

ADD CADD) 4=7

Address Formats 3-1

AND L=14

AND CAND) and OR C0OR) =14

ARITHMETIC IF (AIF) h=11

Arithaetic Operators 4=7

Array Address 3=2

ARRAY BOUNDS 2-5

ARRAY LOAD ADDRESS C(ALA) 4=20

ARRAY LOAD VALUE (ALV) 4=29

3ranching Onerators 4=11

CHECK TYPE {CKT) =31

Code Addraess 3-3

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

COMPUTED G0 TO (CGOD) 4=11

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

DESCRIPTIONS FOR 170 COMPILER CNLY 4=33
DIVIDE (DIV) 4&=7

DOYBLE (DBLE) 4=8

Double Precision 3-5

DS JO8 (@NDS) 4=39

DUPLTICATE=ONE (DUP1) 4=30

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

DYNAMIC BRANCH (DBCH) 4=-12

EQUAL (EQ) =15

EXCHANGE (XCH) 4=31

EXTRACY FIELD (XTRF) - &-=34

Figure 1-13 Typical Memory Layout 1=2
Ffigure 2=1: Addressing Methods 2=2
Figure 3-1: Stack Item Prefix 3-1

FIX (FIX) 4=3

FLOAY (FLOAT) 4=9

FORMATS 1-1

FORTRAN ADDRESSING 2=1

FORTRAN STACK 2=2
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GOTO (GOTO <CODE ADDRESS>) 4=12
GREATER THAN (GTY) 4=15

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

INTRODUCTION 1-1

Item 1-2

LESS THAN (LT 4=15

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

LISTING BY MNEMONIC 4=3

LISTING B8Y OPERATION-CODE VALUE 4=5
LOAD ADDRESS LMD 4=18

LOAD BITS (LODSB) L=34

LOAD BYTE (LDB) 4=35

LOAD COMMUNICATE REPLY C(LDCR) 4=35
Load Operators 4~ 18

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

Logical Operators 4=14

MAK TWO (MAK2) 4=23

MARK STACK (MKS) 4=27

Mark=Stack Address '3=3

Mark=Stack Register 1=2s 2~4
mark-stack word 1=2

MAXTIMUM (MAX) 4-9

MINIMUM (MIN) 4=10

Miscellaneous =29

MOVE (MOVE) 4=-17

M5R 1=2

MS W 1=2

MULTIPLY (MUL) 4L4=7

MULTIPLY BY LITERAL AND ADD (MLA) 4=29
NEGATE (NEG) 4-10
Next~=Instruction Pointer 1-2
Nine~B8it QOperation Codes 4-5
NIP 1-2

NOT EQUAL (NE) 4= 15

OPERAND FOPMATS I-6

OR  &4=14 :
PARAMETER PASSING  2-4
PRIVILEGED INSTRUCTIONS 1-3
PROGRAM PARAMETERS 2=1

RER 1-2
RCHW 1-2
Re al 3=4

Relational QOperators 4=15
RETURN (RTN)D 4=25

Return Control Address 3-3
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Return Control Register 122, 2=4

return control word 1=2

RETURN VALUE AND EXIT (RTNV) 4=25

S=INSTRUCTION FORMATS 3=-5

S=INSTRUCTIONS h=1

SENSE SWITCH (S5W) 4=32

Siaple Variable Address 3=2

SPECIAL MARK STACK (SNMXS) 4=27

STACK FORMAT 3-1 ‘

STACK OVERFLOW=-UNDERFLOW MANAGEMENT 2=5

Stack~Relative Address 3=2

STATEMENT FUNCTION LINKAGE (S5SF) 4-28

STORE B8ITS (STQ08B) 4=36

STORE CHARACTERS (STC) 4=37

STORE DESTRUCTIVE (STD) 4=16

STORE NONDESTRUCTIVE (5TND) 4=16

Store Qperators k=16

STRUCTURE 2-1

SUBROUT INE CALL <(CALL) 4=24

Subroutine Call Operators 4=24

SUBROUT INE LINKAGE 2-3 ‘

SUBTRACT (SyB) 4=7 _

Table 2=1: Unique fortran Parameters 2=~1

Table 3-1a3 Operands List 3-8

Table 3=1b: Descriptor Bits 3=-6

Table 4=1: S=Instructions Listed bty Instruction Nanme 4=2
Table 4=2: S=Instructions Listed by Mnemonics 4=4

Table 4-3a: S=Instructions Listed by Op codes (Three Bits) 4-5S
Table 4=3b: S=Instructions Listed by Op Codes (Nine 8Bits) b=p
Table 4~-4z Modes of Arithmetic Results 4-8 :

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

Three=B8it Operation Codes 4=5

T0P=0F~STACK 1-2

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

10S 1=2

TOSHL 1=2
Uninitialized 3=5
VALUE FORMATS 3=-3

Hord 1=-2

MRITE INTEGER DIGITS (WID) 4=38



