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To: all interested 

Fro m : \tJ d 1 t e r \~ a I 1 a C h 

Subject: FUR1RAN S-Languape lRevlsedJ 

Date: 7/Nov/71 Memo No. 3c:.7 

Abstract: 

Tnis memo revises Memo jll, the FURfRAN d-Lanquage ~pecif,catlon. 

A Floati~g Point Data Error txception ;s introouced to capture 
invalirl or unnormalized floating pOif"lt data. 

1 FURTRAN S-Languape 

In thp followinp descr1Ption of the SPRINT 
type aefinitions, instructions definitions, and 
are written in ~PL. 

1.1 Operand Types for the FURIRAN S-Languaae 

FUR1RAN aialect, 
most ,nstruct10nS 

Instructions are of two oasic types: arithmetic and control. 
The arithmetic ,nstruct10ns define operations on one, two or tr,~ee 

operands r~ngin9 from simple assignment (move) to CUMPLcX arlth­
metic and transcenrlental functions. the control instructions each 
define some deciRion and branch. Tne decislon may De Daseo on a 
comparison or an arithmetic result, or 1t may be unconoitional 
(bOlO or CALL). The oranch may be relat1ve to the l-stream or 
absolute (relative to the start of some procedure oDject). 

1.1.1 Relative branches 

A relative branch instructlon specifies as an operano a 
"relative offset" syllable. This syllable ;s a t,-bit literal 
denoting a signed, intPgral, niable granular offset relatlve to the 
current PC (i.e., tne address of the instruction conta1n1ng the 
relative branch. The.ls.-bit relative offsf'!t syllahle is mult1plied 
by four to obtain a blt-qranular offset and then siqn-extended to 
3~ bits. This value 1S then added l?'S complement addition) to thp 
offset port10n of thf'! current PC. interpretation r~sumes at thls 
new I-streAm location. 

Note that a rplative branch is always intra-Procedure Oeject, 
since only the offset of the PC is mooified. 



1.1.2 Offset branch 
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An offset ~ranch is an intra-Proceaure aDject oranch specified 
relative to the start of the current ~rocedure Uhject. An offset 
name operand is evaluatea (like any other name), )ieluinq an 
integral offset (signed or unsi~ned, as specified in the associated 
Name lable Entry). This offSet v~lue represents a bit-8ranular 
off~et which is auded to the offset portion of t~e current ~ro­

cedure UbJect Pointer (POPT~). Tne result of this a~ait;on repla­
ces tne PC. 

1.1.3 Data Representations 

The FOKT~AN lanquage defines two classes of storace Whlcn, OY 
definition, may never overlap in a "standard conforminR" program. 

Al I addresses are oit granular, locatinq con~ainer;zea dota. 
All lengths are bit lenqths. In Reneral, operand lenaths are 
specified in the length field of the operand's NTt. In some cases, 
however, the opcoae may imply a length. Uata representation is 
always impliea ~n the opcorie. ho type cheCking is oertormedi tne 
type field of the N1E is icnoreu. 

1.1.3.1 CHARALTtP Data 

lhe first storaqe class is that of a CHAHACTtR maChine. lhis 
machine is implementea as an ~-oit hyte containerized macnlne, 
where bytes reSide at addresses divlsihle oy ti. The ~tanQard 
insures that ~H~RAC1ER data may not De ~~U1VAL~N~Eu to 
non-character data. 

In most CAses, tne len~th of a character string is known at 
compile time. ~nen the length maY vary lcharacter parameters), 
length may De specified "as a name" in the i~ame lADle. In these 
cases, length should be passed as an INfEbE~ parameter. 

1.1.3.2 Classical F0RTRAN Data 

The second storage class is that of a "classlcal" FwRIRAN 
maChine, a containerized storage machlne with the expecteu FuRIRAN 
operations. we implement this class as a lb-oit woro maChine 
(addressed in a bit-granular fashl0n) ann,utilize data representa­
tions compatible ~it~ Ib~ 3bO and E~llPSE data types. lh~re are no 
restrictions concerning woro alignment otner than the policy that 
all containers will begin on a bit anaress divisible Oy lb. 
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1.1.3.2.1 IIHt.Gt.R 

Al I lntegers are 2's complement an0 OCCUPY an~ 3c.-oit storage 
conta1ner. All IwTtGtR operations are c.'s complement operations. 
Overflows are detected on comp1etl0n of an operation that overflows 
the container and prior to storing the result. 

INTEGEH data is addressed at its 'eft-most (l.e. low-~ddress) 
end, right-justified ana sign-f11 lea on the left, truncated on the 
left (see discussion of "Execution Lxcept10ns" Delo~). 

TYPE integer IS RIT(32) TAKt.N Ad 
-(2**SlJ •• ( (C.**31)-1 1; 

INIEGEH*2 is a half-sizp 2'5 complement integer. 
from INTEuEK only in length. 

INTfGEH*2 data is addressed at the left-most 
address) end, riqht-justified and sign-fi lled on tne 
cated on the left (see discussion of exceptions). 

1.1.3.2.3 REAL 

TYPt integer*d IS BITllb) TAKtN Aj 
-(2**15) •• ( (2*~15)-1 ); 

It d1 fters 

(i.e., low 
left, trun-

A1 I sinolp precisl0n PtA~ values occuPy a ~;nale ~2-bit 

storage container and are "19M format" binary float1ng p01nt Li.e., 
an algebraic sign b1t fo1 lowed by a 7-bit, excess-h4 heXadecimal 
exponent, followeo by a 24-bit hexadecimal normalized mantissa). 

kEAL data is addressed at 
'eft-justified ana zero-fil led 
right. 

the left-mO'5t 
on the right, 

(IOw-adaress) ena, 
truncate,j on the 
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T Y P t. rea I I::) d I 1 ( S 2 ) I A 1\ E 1'1 A 5 R t CuR () 
siqn :(u=pos;t;ve, 1=ne9at;Ve); 
exponent :BIT(7) rA~EN Aq 0 •• 12,; 
mantissa :RIT(2q) TAKEN A~ u •• (d**2q)-1; 
END Rt.ClIRIH 

+--~+---------+-~------------------~---~.-----------+ 
1 s 1 p.xPor'lentl 
1(1)1 t7) I 

mantissa 
(24) 

+---+---------+----------------.~-~~--------~-------+ 

1.1.3.?4 CuMPLtX 

LOMPLEx data is rep~esentea ,r'l storage as an ordered ~alr 
RtAL values, addresseu as a unit bY addressing the low-aduress 
of the low-address ~EAL value. The two values re~resent the 
part and the imaainary part of a ~OMPLEx value, re~pectively. 

of 
enrl 

real 

The two values must oe fetched senarately ano processeo as two 
different ~EAL values. tach part is fetched left-Justifled, 
zero-filled, truncated on the r;qht. 

+---t-----t---------------t---+-----+---------------+ 
Is' p,xp I 
1(1)1 (n I 

mantissa 
(2ll) 

1 5 I pxp I 
1(1)1 (I) I 

mantlssa 
(~4) 

1 •••••• kFAL part •••••••••• 1 ••••••• JMA~ ~art ••••••••• , 

TYPt complex IS Rt.CuRL) 
real_part:real; 
imag_part:real; 
END Rt:.CIJR(); 

1.1.3.2.5 DUUdLt PR~C1SIO~ 

uouhle precision data occupies two 3d-bit stora~e contalners. 
No address ali~nment restrictions Are enforced; any 32-bit con­
tainer may be the start cf a douole precision value. The oata 
representation is also "II,jM format" (s;gn hlt follC'lwed by a 7-uH, 
excess-b4 hexadecimal exponent, followel.l by a 50-oit hexadecimal 
normal;zp.d mantissa). 
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Uouble precision values are andreSsPo at tne low- a~ur~ss eno, 
left-Justifieo, zero-filled on the right, truncated on the right. 

+---+-----+----~-------------------------------t 
I s I exp I 
I(UI en I 

mantissa 
(';0) 

+---+-----+------------------------------------t 
T Y P t <) 0 u b 1 e _P r e cis ion I:) i.H i (b Ll ) r A t\ E N A S R t. C v R u 

5iqn :lO=positive, 1=neQative) 
exponent :bTT(/) TAKLN Aj O •• t~7, 
man t ; s sa: b I r ( ':l 6 ) I A K E I~ M S 

0 •• (2**:,6)-l; 
END ~t.CURu: 

Type DUUbLt ~Rt.ClSION oiffers from Rt.AL in lengtn only. 

1.1.3.2.6 COl'WLtX DLJllt:.\LE 

~OMPLEA UOURLE data 15 represent eo as an ordered palr of 
DUUt>LE PRt.ClSlnl~ values, a~dressed from tne low-address end ot the 
low-address value. The value~ represent the real part dna the 
imaginary part of a CUMPLtX valup, respectivply. Tney are fetched 
separately, left-Justified, zero-fi l'ed on the right, an~ treated 
as two UOURLE PHELJ~IUN values. 

TYP~ complex_double Ij ~ECOKD 

1.1.3.2.7 LUGICAL 

real_part :double precision, 
imaginary_part :aouble precision; 
END RE.CURu; 

LO~ICAL data is represented as a 52-b,t containerizea bit 
vector, of which only th~ first (low-address) bit is si~nlf1cant. 
The res t 0 f the con t a ; n e r ; s i q nor e d • The r 0 r< T K A i~ S t a 11 dar are -
quires that LuGICAL's be represented in this way. 

LOG!LAL rlata is addressed at the low-arloress end, 
riqht-justified and sian-filled, truncated on the right. 



1.1.3.3 General Notes on Data Tynes 

Memo no. 3~7 
7/Nov/77 
page ~ 

Length and fetch mode fielos aictate alignment anu parloin~ 
upon oata fetch and truncation upon data store. Sianiticant oits 
of a floatinQ point (~EAL or UOuBLE PkELI~IUN) value lost tllrough 
truncation are lpnoreo. Significant bits of an II~TtG~R Value lost 
due to truncation are considereo a fixed p~int overflOW and must 
generate an exce~t;on trap. 

Arithmetic instructions are typpeo only, and imply no 
containerizatlon. Uperana length is specified Oy the o~erand's 
associated I~Tt. fhe ~Tt also controls fetcning anrl storina (i.e., 
dlctates justification, fil I, and truncation). ~y policY, a 
compi ler will never oenerate an uncontainerizeo instruction with 
different operand sizes. ~uch an instructlon is undeflned within 
the FUR1RAN machine. 

Certain instructions do denote containeriz~tion. These 
instructions implement untypea bit moves, conver~ions between data 
representatl0ns, and/or containerlzation changps. The opcodes of 
such lnstructlons are unique. 

1.2 Execution ExcePtions 

The fn~TKA~ machine defines a number of execution exceptions. 
When an excePtion arises, several scenarios are possiol~. The 
first is to tr"p immediately with an appropriate error irlrlicatlon. 
Tne seconD is to totally ianore the exception and store M pOSSibly 
incorrect result. A third scenario is to suppress the exceptl0n: 
i.e., store some approximate result and continue processing. In 
any case, a record of the exception is made in virtual maChine 
state which may be tested (and cleared) by the program at a later 
time. 

The following is a list of execution exceptions: 

o -- ~xponent Overflow 

The result of a PEAL or DOU~L~ PKECI~IUN computatlon has 
exceeded the range representable by the machine. It the 
exception ;s iqnored, the exponent wraps around, so the 
result;n~ exponent lS the the low order 1 hits of the 
proper result exponent. 1f the exception ;s suppressed, a 
result of infinity (i.e., the largest value representaole) 
is stored with the proper alqebraic si~n. 
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1 -- exponent Underflow 

The result of a RtAL or DuU~Le PReC1SION computatlon lS too 
small to be represente0 by t~e machine. If the exception 
is ipnoreo, tne exponent wraps arouna, so the resultin9 
exponent is the low order 7 b,ts of the proper result 
exponent. if the exception is suppressed, a result of 
l/infinity (i.e., the smallest nonzero value repr€'sentable 
by the mach,ne) is stored wlth the proper alpebralc siqn. 

2 -- rloatino Point Oivlrle bY Zero 

A ReAL or JOURLE PRtClSlON dlv;sion by zero has 
attempterl. This e~cept,on may not be i8norerl. 1f 
suppressea, a result of inf,n,ty (i.e., the }Arqest 
reoresentahle by the machlne in floating point) 15 
with the proper alqebraic sion. 

3 -- Floatino Point Data ~rror 

oeen 
1 t 1 S 

value 
stort:c' 

The value reCleVeQ as a floating pOlnt op€'rand lS either 
not properly norm~lizeu or is unnormalizable (e.g., a 
nonzero exponent and zero mantissa). If the exceotion lS 
ignored, the value is normalized prior to attemptln~ tne 
operation (or a true zero is lnserterl). Ihe exceptlon maY 
not be suppresserl. 

4 -- Illegal uperano value 

The arqument of an operation is out of ranpe; for example, 
ExP(x) where raising e to tne x would result in an exponent 
overflOW. If the exception is iqnored, the o~eration is 
attempted with the specifiea value. Any sUbSequpnt excep­
tions are handlerl as they occur. This exception may not oe 
5uppresseo. 

5 -- Protection or Access Violation 

No response other than trap is possihle. 
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6 -- ~ixed Point Uverflow 

A fIxed point (iN1E~EK) result contains more slqnificant 
hits than can fit in the specified container. S,gnificant 
data bits (,.e., oits other than copies of the sign uit) 
must oe truncated from the left end of the result. 

The result is not stored. 

fhis exception may not be Ignored or suppresseu. 

7 -- INTEGE~ Conversion Error 

The result of a FlX 
I i~ T t:. G t:. R con t a i n e r • 
possible. 

operat,on cannot fit in 
No response other than 

8 -- fixed POInt uiviue hy lE'ro 

a 3.::: b 1t 
trap IS 

Inteqer diVIde Oy zero has ueen Attempted. This excePtion 
may not be ianorea or suppressed. 

9 -- !11e8al intra-Procedure JbJect Aadress 

An absolute name syllable resolvea to an address 
not within the current procedure ooJect. This 
may not he IqnOreo or suppressed. 

10 -- Si7e t:.rror 

Which is 
exception 

The source operand in an assignment operation is too large 
to fit in the specified sink operand. If this exception is 
ignored, the source is truncated to fit in the sink con­
tainer (on the right for floating point, on the left for 
INTEG~R and CHAHACTeR). 

1.3 VIrtual Machines for FORTRAN S-LangU9ge 

lhe FOKTHA~ S-LanQuage standard defines two diSJoint ciasses 
ot storaqe: CHAKACTtR and classical. For the purpose of manlPula­
ting these oatH classes, ~e define two S11RhtlY overlappinq virtual 
FURTRAN machines. rhe untypeo MOVE instruction is shared Uy both 
virtual maChines. 
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l"Ioves are accomplished usinq the untyped move instructlon. 

if_=string <name-a> <name-b> <relative offset> 

character strlngs "a" And "b" are compareo and, if equal, the 
relative oranch is t~Ken. uth~rwise, the next se~uential in~truc­
tion is executed. 

Exceptions: 5 

* if_>string <name-a> <name-b> <relative off~et> 

character strings "a" an~ "b" are compared and, if strlng "a" is 
Rreater than strinq "b," the relative branch is taken. ,~ote that 
the bytes are compared as unsioned, ~-bit values. 

Exceptions: 5 

* if_>=str;nq <name-a> <name-b> <relative offset> 

character strings "a" and "b" are compared and, if strinw 
greater than or equal to strinq "0," the relative branch is 
Otherwise, the next sequential instruction is executed. 

"a" is 
tat<en. 
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Strings Are Addressed from Inw-adaress ena of left-most nyte. 

Strinqs are compared as unsigned, 8-uit value~, space fi Ilerl 
on the right 1f "ecessarv to m~ke the comparand strinas equal in 
length. 

Substrino O~eration 

The suhstrino operation is real1zed by treatino the string as 
cnaracter arraY, i.e. usinq the indexing facillty to locate 
start of the suostring and using the untyped move to move 
deslred characters. 

Concatenate Operation 

a 
the 
the 

The concatenate operation is simply an untyped move, couplea to an 
integer arithm~tic operation of the "nameo" lenqth if necessary. 
The operation on the lenqth is included as a separate instruction 
in the I-stream. 
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A~CII spaces are movea to the string 
spaces to be stored is determined hy 
of "a"> mod A is not zero, a size 
Character stored is truncated to tit 
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The number of operand "a." 
the lenqth of J.f <length 
error exists, ana the last 
in the source strinQ. 

"a." 

Exceptions: 5, 10 

1.3.2 Classical FuRTRAN Macnine 

1.3.2.1 lJnary Operations 

* MUV <name-b> <name-a> 

move value of "b" to variable "a." 
assumed that this instruct10n ;s 
iaentical containers. 

This is an untypeu move. It is 
useo to move values between 

Exceptions: 5, 10 (containers not iaentical) 

MUVkEAL <name-b> <name-a> 

Floating point value "b" 15 moved to floatinp point variable "a." 
If necessary, "D" is zero extenaed on the right or truncateu on the 
right to fit properly in "a's" container. 

Exceptions: 3, ':> 
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Both components of ~nMPLEX value "b" are zero extenoea or truncated 
to fit the containerization of COMPLEX variable "a." Eacn compon­
ent replaces the corresponding component of "a". 

Fxceptions: 

lhe above instructions implement converSl0ns between ReAL and 
CuMPLtX containerizations. 

* I~rx <name-a> <name-i> 

I F I A con v e r t s R t. A L u r D u U t1 L t. P R t. CiS 1 0 I~ va j u e " a II toll\! I E ~ F.: K ( 0 r 
INTtGtR*2); the result replaces TNTLGtR var1able ~i." 

Exceptions: 3, '-;), 7 

This instruction imolements a KEAL to INrE~Fri conversion. Tne 
source operand mAy be Rt.Al or D0UdLt. PRI:.ClS10!~; the S1nK operand 
may be INTEGEK or INTtGER*2. 

* FlORT <neme-i> <name-a> 

I 1'oJ T t:. G I:. R 0 I' i N'1 F G E R * t!. val u e "i" ; s con v p r ted 
PHECISIUN. The result replaces RI:.AL or DuUdLt. 
"a." 

Exceptions: 5 

to HEAL or UOuBLE 
PKECTjluN variable 

fhis instruction imolements the conversion fron! Ii~Tt:.Gt.R or 
INTEGER*2 to ~EAL or UOUBlE P~ECISION. Lengths are implied by the 
operands' NTE's. 
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1.3.2.2 Pointer Instructions 

The followlng lnstructions build and convert pointers. 
FuRTRAN stanrlaro dnes not define point~rs, howev~r, tney are 
neeoed to aurlress parameters and resolve extp.rnal calls. 

* 

The 
s t ; 1 1 

The pointer value "q" is moveo to pointer variable "q." 
formats may be changeo tor efficiency. 

Pointer 

fxceotions: ~ 

* AUDk <name-a> <name-o> 

The 10glcal adrlress of "a" is moved to pointer lip". 

the stored pointer 1S Chosen for efficiency. 

Exceptions: 5 

ihe tormat of 

lwo pointer formats are useful within the FOHT~ft~ ruachlne: the 
UID pointer anrl the self-absolute pointer. ~ince self-absolute 
pointers are more efficient, they are useo whenever possiulb. 

A pointer is always converted to internal format upon tetch. 
It the source pointer was -3 selt-absolute pointer, the internal UID 
ot the pointer's logical address 1S inserted as the fetched 
pointer's internal uIlJ. If the internal urI) of this pointer is the 
same as that of the rlestination variable's logical aodress, the 
pointer is stored as a self-absolute pointer. Otherwise, the 
internal uII) must be converteo to a real u10 ana the pOlnter stored 
as a full U1D pointer. 

In pushino parameter pointers, the call instruction DUlldS 
self-absolute pointers whenever the parameter resides in the stack 
oeject (when the parameter's logical address reflects the U1D of 
the stack object, in whicn the parameter pointer will res,de). 
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* NtG <nnmp.-b> <name-a> 
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Compute O.OU minus HEAL or 00U8LE PHELISI0N value "0", tne result 
replaces REAL or uOURLE PRECISIUN variaole "a". 

Exceptions: 

* INEG <name-j> <name-i> 

Compute the 2's complement of I~T~GER or INTfGtR*2 variable "J," 
the result replaces INTEGER or INTEbEH*2 variable "i." 

Exceptio,.,s: 5, 0 

* 
Compute tne aDsolute value of RtAL or DUUdLt PRECISlnl~ value "b," 
the result replacing HEAL or UOUALE PHECI~IuN variaole "n." 

Exce~tions: 
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* IA8S <name-j> <name-i> 

Compute the aosolute value of INTtGtR or INrE6EK*~ value "J," the 
result replaces I~TtGtR or INrE~EH*~ variable "i." 

Exceptions: 5 

1.3.2.4 A~SIGNMtNl Instructions 

In the following instructions, "real" means either 
DUU~Lt PRtCrSlON~ "inte9~r" means INTtGtR or INrE~EH*2. Uy 
no compller will generate an instruction with oifferln9 
lengths. SUCh an instruction is undefineo. 

1.3.2.4.1 Two Address Real 

* AUD~ <name-d> <naffiP-b> 

KEAL or 
POllCY, 
operand 

Add the real values of "a" and "b," the result replacing "a." 

0, 1, 3, ':) 

* SUB~ <name-a> <name-b> 

Subtract the real values "a" and "b" (a minus b), tne result 
reolecinp "a." 

Exceptions: 0, 1, 3, :) 
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multiply real values "a" ano "b" (a times h), the result replacing 
"a." 

Exceotions: 0, 1, 3, '::> 

* DlV2 <name-a> <name-b> 

DIV~ oiviaes real value "a" by real value "e," the reSUlt replacing 
"a." 

Excer>tions: 0, 1, ?, 3, 5 

1.3.2.4.2 Two Aadress Inteqer 

* IADu? <name-;> <name-J> 

Aad inteaer values "i" ana "j", the result replaclng "i" 

Fxceptions: 5, 6 



* I~Uti2 <namp-;> <name-j> 
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Subtract inte\:jpr value IIj" trom "1", the re-sult replacinq ",". 

Exceptions: r:;, b 

* TMUL2 <name-i> <name-j> 

Multiply 1nteger values "i" and "j", the re!;;ujt reolacinq "," 

Exceptions: 1:), b 

* IuIv2 <name-;> <name-j> 

Divlde integer value IIi" DY inteaer value "J", result reolacina "," 

Exceptions: 5, b, P, 

1.3.2.4.3 Two Aadress LuG1CAL 

* NUT <name-h> <name-a> 

10Rical complement of b,t string value "h" 
variaole lIa" 

replaces hit string 



Exceptions: 

1.3.2.4.4 Three Address Real 

* AUDj <name-o> <name-c> <name-a> 
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add real values of lib" ana "c", result rpplacin\:~ redl varldole "a" 

Exceptions: 0, 1, 3, :;, 

* SUBS <na~e-b> <name-c> <name-a> 

subtract rpal values of "0" and "c", result replAcino real variahle 
"a" 

Exceptions: 0, 1, 3, :;, 

* MULS <name-o> <name-c> <name-a> 

multiply real values of "b" and "e", result replaeinR real VAriable 
"a" 

Exceptions: 0, 1, 3, S 



* nlV~ <name-b> <name-c> <name-a> 
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divlde real value of "b" oy He", result replacino "a" 

Exceotions: 0, l, 2, .s, 5 

1.3.2.4.5 Three Address Complex 

In the followino instructions, eaCh name operAnd refers to " 
pair of real or double precision values reoresenting complex 
(either complex or complex double) values. 

* CADD3 <name-b> <name-c> <name-a> 

Complex values "b" ana "c" are a~ded, 
imaginary Dart to imaginary part, the 
variable "a" 

real part to real 
result replaclnd 

Exceptions: 0, 1, 3, ':) 

* CSU~3 <name-b> <name-c> <name-a> 

part, 
complex 

Complex values "b" anu "c" are subtracted (IIC" from "0"), real part 
from real part, imaginarY part from imAginary pArt, the result 
rep\acinq complex variaole "a" 

Exceptions: 0, 1, 3, ':) 
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Complex values "b" ana "c" are multipliea, 
complex variable "a". 

the result replecinR 

* 

Exceptions: 0, 1, 3, '::l 

Note: l.ompl~x llIultiDI ication proeeeris as follo~s; 

"uti = r + js "e" = t + ju 
h*c = (r + JS) * (t + ju) 

., (r*t T r*Ju) + (js*t + js*Ju) 
= rt-su + j*(ru + stl 

wnere RI:.AL (b) =r, IMAr; (0) =s; kEAL (c) =t Ii"lAb lC) ;;u 

CU!V3 <name-h> <name-e> <name-a> 

Complex values "b" an~ "cIt are aiviaed according to the rUles for 
complex arithm~tie, the result replaces complex varlaole "a". 

Note: 

Exceptions: 0, 1, 2, .!:J, S 

Ihe fol lowing ~s the definltion of complex dlvlslon: 
qiven the operation a = b I c for a, 0, anrl c 
complex variables, 

RtAL La) ;; lRtAL(b)*RtAL(C) + IMAb(D)*IMA~(c)) 
/ ( (~EAL(c))**2 + lIMAG(c»)**? ) 

IMAG(s) = (lMAG(b)*kEALlc) - HEALlb)*lMAGlc) 
/ ( (rifAL(c))**~ + lIMAGCc))**? ) 



1.3.2.4.6 Three Aadress Inteqer 

* IADU3 <name-j> <name-k> <name-i> 

* I ;jl.)tn 

* Ij\iIUL 3 
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Add, sUbtract, or multiply integer values "J" and "k" (J+K, j-k, or 
j*k), the result replacing integer variable Hi". 

~xceptions: S, b 

* I ivjQ LJ 3 

Divide integer values "j" by "k"; the remainder of this aivision 
replaces integer variable Hi". 

fxceptions: 5, b, 8 



* IUIv3 
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divide integer variables ".i" lJy "k", tt'le quotient of this uivision 
replaces integer variable "i". 

Exceptions: 5, b, 8 

1.3.2.4.7 Three Address LOGICAL 

* AND3 <name-J> <name-k> <name-,> 

* 

* XUR.$ 

Logical "and", "Dr", or "exclusive-or" bit strinp values of "J" ~nd 
"K", result replacina b,t strlng variable "i" 

Exceptions: 5 

1.3.2.5 If Instructions 

Two-comparand instructions specify three-operand ~yl lables-­
two names fo1 lowed by a re1atlve oranch syllable. 

une-comparano lnstructlons specify t~o-operand sYI'ables--one 
name followed by a relative branch syllable. 



M~mo no. 3~7 
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Relative branch syllables are signed, nioble-pranular values. 

if the relation is sat,sfied, the current PL is up1ated bY 
sign-extending the relative brancn operand value, multiplyinq it Uy 
four, and adding it to the PC offset, effectinp a uranch that is 
relative to the start of the I~ instruction. ~ee "Kelative 
Rranches" in the aoove spct,on titleu "uperan~ Types tor the 
FUR1RAN S-Languaqe." 

1.3.2.5.1 Two Comparand IF's 

The fOllowlng operation coo~s op~rate 
integer data. both co~parands must be of th~ 

on eit~er 
same type. 

* If= <name-a> <name-o> <relativ~ offset> 

The real or inteper values of "a" ana "0" are 
braical1y and, if they are equal, a relative oranch 

Exceptions: 5 

* IF<> 

COmpared 
is taken. 

or 

aloe-

The real or inteoer values of "a" ana "0" are comparee aloe­
braical ly ann, if they are not equal, a relative oranch is taKen. 

Exceptions: 5 

The following operation COdes operate on a particular uata 
type. 



* 
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The real values "a" and "0" are compareu algeoraically ana, it a is 
greater than 0, a relative branch is taken. 

Exceptions: 5 

* 
The real values "a" and "b" are compared dlbegraically ana, it a is 
greater than or equal to 0, a relative brdnch ;s taKen. 

Exceptions: 5 

* 
The inteper values "i" and "J" are compared alqehraicdlly And, 1f 
is greater than j, a relAtive branch is tdken. 

Exceptions: 5 

* 
The integer values "i" and "J" are compared alqebraical Iy and, 1f 
is greater than or equal to J, a relative branCh is taken. 

fxceptions: 5 



1.3.2.5.2 One Comparand If's 
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Ihe following o~eration coaes operate on either real or 
integer data. l~e second comparanri is impliC1t)y a true zero. 

* If=O <name-a> <relative offset~ 

The real or integer value of U a " is comPdred a1deoraically to a 
true zero and, if a equals zero, a relative branch is taken. 

Exceotions: 5 

* IF<>O 

The real or inteaer value "a" is comparee algebra1Cally to zero 
and, 1f not e4ual, a relative brAnch is taken. 

Exce~tions: 5 

* IF>=O 

The real or integer value "a" is compared algebraically to zero 
and, if not less than, a relative branch is taken. 

fxceptions: 5 



* IF<=O 
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The real or integer value "a" is comparee alqebraically to zero 
and, if not greater, a relative branch is taken. 

ExceDtions: 5 

* IF>O 

The real or inteqer value "a" is comparee algebraically to zero 
and, 1f greater than, a relative Dranch is taken. 

Exceptions: 5 

* IF<v 

The real or integer valu~ "a" is compared alqebra1cally to zero 
and, 1f less than, a relative branch is taken. 

Fxceptions~ 5 

1.3.2.6 GuTU lnstruct10ns 



* 
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The current p~ is u~dated by the relative branch syllaole. See 
"Helative BranchPs" in the above section titled "Uperano rvpes for 
the FuRIRAN S-Languaqe.) 

Exceptions: 5 

* 
The integer value Hi" repjaces the offset portion of the current 
PL, etfecting an intra-procedure obJect branch. 

Exceptions: 5 

this instruction 1S used to implement ASSIGi~ea GW's and 
branches beyond the range of a relative syllable. A FOkTKAI' ldbel 
is assigned to an INT~GER variaole oy mov1ng an integral I iterai. 

* GO_COMP <addr-count> <name-selector> <relative_offsetl> ••• 
<relative_offsetn> 

This instruction is a computed ~OTO. fhe first operand i5 a 
literal syllable denotinq the numoer of branch addresses spec,fied. 
The second operand 1S tne name of an integer variablp representinp 
the selector value. une relative branch syllable fol lows for each 
branch address spec1f,ea in the literal count operanri. 

f-xceptions: 5 



:lit~rallt>, 
name_selector:name, 
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offset_l i st :array [addr_countJ 
of relative_ofTset)~ 

IF U < evall resolve( name_selector) ) < addr_count 
TrlE 1\1 

PC := PL t offset_llst[ t"val( resjovl?l name_selecto 
ELSi:. 
next_sequential_instruction; 
EI'JDIF; 

END p~nCFUU~E GO_comp; 

1.3.2.7 Du Loop Control 

* BeT <name-i> <relatlve offset> 

The integer value of Hi" is compared to zero and, if 
next sequential instruction is executed. Otherwise, i 
ted by 1, the result replacing i. Followinq this, 
branch is taken. 

Exceotions: 5, {) 

equal, thE' 
is decrernE'n­

a relative 

It may be assUmE'd that 
taken every time. 

is decremented ana the oranch i 5 



Hemo no. 3c:.7 
IIrwvl17 
page 2..., 

PI~OCElJUKE bet (name-i :nal'!'!e, 
reI at; v e _0 f f set : 1 1 t era 1 16) ; 

VARIAbLt operano_ptr :P01NIER; 
EI\ID VAR 1 At)U:.S i 

IF operano_ptr@ = 0 
THEI'4 next_seQuent1al_instruct1on 
Fd;t. 
operand_ptrw ;= operand_ptrw - 1; 
PC := PC t reJative_off~pt~ 
END If-; 

E~D PRO~EuUkF bct; 

* 8XLt. <name-;> <name-inc> <nal'!'!e-limit> <relative offset> 

* BXH 

The integer values of "i" and "inc" are aaded, the result 
i. Tne result 1S com~ared algeuraically to inteper value 
A relative branch is taKen if the comparison yields less 
equal (bXLE) or preater than (oXn). fhis instruction 
identlcally to the ~60 dXLE and BxH instructions. 

Exceptions: 5, b 

rePlacino 
"limit". 
than or 

funct10ns 
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* 

PHOCEUURE BXLt (name-; 
name-inc 
name-I; nd t 
relative_offset 

:namp., 
:name, 
:name, 
:literallCd; 

resolvel narne-i )a/ := resolve( name-i )01 t 
resolve( name-;nr. )~; 

If resolve( name-i )@ <= resolve( name-);mit)aJ 
THEN PC := PC + relative_offset 
ELSt next_sequential_instruction 
EI\lD It; 

eND PKOCEl,)llj~F. BXLt.; 

SALt.1 <name-i> <name-limit> <relative offset> 

The value of IN1EGER variable "in is incrementea by 1, tne 
replacinq i. If the result is less tnan of equal to lN1EGEK 
"limit", the relative oranch to "relative offset" 1S 
Otherwise, the next sequent1al instruction 1S executed. 

result 
vdlue 

taKen. 

This instruction functions identically to "dXLE" witn a an 
implicit increment of 1. 

Exceptions: 5, b 

1.3.2.8 Miscellaneous Instructions 
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The integer value "in is incremente~ DY 1, the result replacinp i. 

Exceptions: 5, b 

* Dt:.C <name ... ;> 

The inte~er value "in is oecremented by 1, the result replacinq ;. 

Exceptions: 5, 6 

* ZI:.RU <name-a> 

Va ria b 1 e den 0 ted 0 y n am e "f' " i scI ear edt 0 a t rue 2' e r 0 • Iii 0 t e t hat 
this is an untyped operation. 

Exceptions: 5 

* ONE <name-i> 

Integer value "i" is set to a 2's complement value of one. 

Exceptions: 5 



* ALLUNtR <name-;> 
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Integer or logical variable Hi" is set to a 2's comple~ent negative 
one (or the loqical complement of zero, i.e. all ones). 

Exceptions: 

* 
This instruction infor~s the fOHTriA~ machine of the desired excep­
tion response. The first operand is a literal syllaole represen­
ting an exception numoer lO to ~). The secona operand is a 11teraf 
representin~ a response scenario (0 to 2 in the case of the F~RIRAN 
machine). Kefer to the section on exceptions for a oiscussion of 
possiole exceptions and responses. 

Exceptions: 4 (illegal exceptlon# or scenarlOR) 

* TtSi_tX~E~Tl0N <exceptionH> <name-i> 

This instruction tests for the occurrence of an exceptional 
condition. The first operand is a literal oenotina an exce~tlon #. 
The second operand is a name denotinq an lNfEbEK variahle. It the 
specified exception has occurred, the exception recora is cleared 
and an integer value 1 is stored replaclng Hi". Otherwise, an 
integer value zero replaces Hi". 

Exceptions: 4 (illegC'll exception #-), ~ 

1.3.2.9 CALL/~EIUKN Instructions 

Three types of cal I instructions are incluaeo in the FuRIRAN 
S-Languaqe. The first two implement internal calls; the tnird 



implements an external call. 

1.3.2.q.l Internal ~ALL's 

* PUSrlJ <relative offset> 
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The offset of the currpnt PL is pushed onto the stack and a rela­
t i vet> ran chi s t a k ~ n • j-J 0 t e t hat t his ins t r I.J c t ; 0 n doe s not a e t ; r1 e a 
new stack frame. 

* PUPJ 

The 3~-bits on the top of the stack (whether or not they represent 
a value) are assumea to be a unsigned integer. Th~ offset of thp 
current P~ is reolaced bY this value. The PO~J instruction l~~le­
ments a return from subroutlnes entered hy ~U$HJ. 

Exceotions: 5 

The above call is always intra-lan8Uaqe. NO entrY heauers are 
evaluated in such a cal I. 

The actual format of the pushed PC offset is mooel 
since this activation record is created and 
dynamically. 

1 • 3 • 2 • q • 2 I n t ern a 1 I- 0 R T k A ill C a I 1 s 

aependent, 
i rlterpreted 

&ince fORTRAN is a static lanquage, it is unnecessary to save 
the entire state of a general external call. The followin~ in­
structions implement an efficient intra-language, intra-proceoure 
object call. 
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lhe stacK is useo 
address and old frame 
locals (if necessary). 

to contain activation record~ (return 
pointer), actual argument pointers, and 

new Sp->+---·------~--~---------+ 

locals 

+--~--------------------+ link to state save 

new F~->+-----------------------+ 
argument pOinters 

+-----------------------+ 
010 PC {return addr 

+-----------------------+ 
010 fP (dynamic Ink) I 

old Sp->+-------------~---------+ 

old frame 

old FP->+-----------------------+ 

stack_frame I~ RECORD 
state_save :RECO~D 

old_FP 
old_PC 

:POINTE~ ~to caller's frame 
:~OlNTEK 4tO return point 

fND RtCURU; 

argument_ptrs :ARMAY[nJ OF POINrERS; 
save_link :P01NfEH fO state_save; 
locals :81TL initial_frame_size 1; 



* 

* 

CALLR <parm-count> <name-argt> ••• 

M~mo no. 3~7 
j1NOv!,7 
pa8~ 3~ 

<name-a ran> 

CALLA <p~r~-count> <na me-arg1> ••• <name-ar8n> ~name-l> 

This instructlon lmplements a full internal FURrRAN c~l I. ~ince an 
internal procedure utllizes the Same Statlc Dato ubJ~ct ana Stack 
Object as the cal linq procedure, only the FP offset and ~C offset 
need be saved and restored upon return. 

Since act1vation recordS are cr~ated and interpreted 
dynamically, state may be saved in any convient, morlel-depenuent 
manner without 1mpacting transoortabi lity of object pruorams or 
data. 

The first operand is an unsigned 11teral specifying the number 
of actual parameters tarquments) oe1ng passed. nne name ~Yllahle 
follows in the I-stream for each actual parameter. The last 
argument name is followed by an entry hea~er address specifieo as a 
relative offset (~ALLR) or an absolute offset (CA~LA). 

Exceotions: S 
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PROCEiJUKE CALLR (ar~_count ; 1; terCll 16; 
namE"-arq :AkRAYlar!=l_countJ uF 

names; 
rei At; V P. _0 f f set ; 1 it era 1 l6) ; 

VARIAbLt temp_rea: P01NfEk; 
END VARIAI:lU:.~; 

temp_re\;:1 ;= 8P; 
PuSrl(FP); 
PUSr1(PC) ; 

% The p~ ;s assumed to point to the NEXT ~E~UtNIIAL 
% instruction. 

FUR i:l •• ar9_count INCRtASJNG RtPtAf 
PUSH( resolvel namp._ara(iJ ); 
EI'J[) FUR; 

FP := 81-'; 
PUSH( temp_reg); 
SP := FP t lPL t rp.lative_offsetl.;n;tial_frame_slze; 
PC := (PC + relat;ve_offset).coae_po;nter; 

lhe absolute call (CALLA) oitters from relative cdll 
in that the initial frame s,ze and code pointer are locateu 
tlve to PuPTR hy eValuatinq name-" rather than relative 
current PC: 

(LALUO 
rela­

to the 

SP := FP + lPOPiRteval( resolvel name-;))).ln;t;al_frame_sizei 
PC := (POPTK + evall resolve( name-i))).code_po;nter: 



* Rl::..T 
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This instruction implements a return from a full internal FuRIRAN 
call. It reestabl ishes the state which was modi fied by c.;:t11 r or 
calla. 

Exceptions: 5 

PtH'lCEullr<E Rl::.. T ~no ope ranaS 

SP .- FP.save_l ink: %ola s.tack pointer ; s .-
% 1 ink to state Sdve area 

P~ .- F~.save_link@.old_PC~ . -
Ftl .- FP.save_link@.old_FPi .-
E!\ID PI"WLEulJt<F. RI:. T; 

1.3.2.9.3 External Call Instruction 

* CAlLX <parm-count> <name-argl> ••• <name-ar~n> ~name-entry> 

The f1rst operand is an unsipnea literal syllable indicatin8 the 
number of actual parameters. On~ name follows in the I-stream for 
each actual parameter. The last oPerana is a name Which resolves 
to the address of a Gate pointer 1n some Procedure Ubject. 

Exceptions: ~ 



* Rt.TX 

A return from an external call 1S performed. 

F.xceotions: ~ 
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The external call 1S deflned arch;t~cturally. ~~e th~ proouct 
descriPtion for a discussion of its operation. 

1.3.?10 txtended Instructions 

The fnllowin8 instructions are implemented in Doth slngle and 
douale preciRion versions (REAL and UOUBLE PRt.C1SI0~). "real" 
means R~AL, and "double precision" means UOUBLE PKE~T~J0N. 

1.3.2.10.1 fronscenaental Functlons 

* S1N <name-b> <na~e-a> 

The trigonom~trlc SIN of real value "b" is calculated and replaces 
real variable "a" 

Exceptions: 0, 1, 2, j, 5 

* Cus 

The trigonometric CU~ of real value "b" is calculated and replaces 
real variable "a" 

Fxcept;ons: 0, 1, 2, j, 5 



* TAN 
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The trigonometric TAN of real value "u" is calculated and repldces 
real variable "a" 

Exceptions: 0, 1, 2, .5, '5 

* AfAN 

Calculate thp arctanaent of douole precislon value "b" anu replacp 
the double precision variable "a" 

Exceptions: 0, 1, 2, 3, 5 

* ATAN2 <name-x> <name-y> <namp-a> 

Calculate the quotient of real value "y" diviaed oy 
If the calculation overflows, renlace real variable 
arctangent of "infinity". utnerwise, cdlculate the 
"y"l"x" and replace "a" 

Exceptions: 0, 1, 3, ':) 

* 

real value "x". 
II a" wlth th~ 

arctan\;lent of 

Calculate the sin of double precision value "0" and replace oouble 
precision variable "a" 



Exceptions: 

* Dcas 

0, 1, 2, .s, -; 
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Calculate thp cos of double precision value "b" and re~lace tn~ 
double precision variable "d" 

Fxceptions: 0, 1, 2, .5, 5 

* 
Calculate the tan~ent of oouble precision value "0" and replace tne 
dOUble precislon variable "a" 

Exceptions: 0, 1, 2, :" Ii 

* DATA~ 

Calculate the arctanoent of douDle precision value "b" and replace 
the douole precision variable "a" 

fxceptions: 0, 1, 2, ~, '; 



* PATANe:. <name-x> <name-y> <name-a> 
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Calculate the nuotient of douole preC1Slon values "y" divlded oy 
"x". If the calculation overflows, replAcP the rlou~le orecision 
variable tla" with thE> arctan of ",nfinity". Otherwise, calculate 
the arctanqent of "y"/"x" and replace "a" 

Fxceptions: 0, 1, 3, '::> 

1.3.2.10.2 Hyperbol ic Funct,ons 

* SlNri 

Calculate tne hyperbolic sin of real value "btl, the 
cing real variAble "a" 

fxceptions: 0, 1, 2, i, 5 

* COSH 

Calculate thp hyperoolic COS of real value "b", tne 
cing real variable tla tl 

Exceptions: 0, 1, f!, 3>, 5 

result repla-

result re,.::la-



* TANrl 
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Calculate the hyperoolic tangent of real 
replacil')o real value "a" 

value "b", the result 

fxcer'tions: 0, 1, 2, .;" 5 

* 
Calculate the hyperuolic sin of douale precision vAlue "~", the 
result replaclng oouhle prec ~ariable "a" 

Exceptions: 

* Ol.OSH 

Calculate the hyperoolic cos of double precision value "un, the 
result replacing double precision variable "a" 

Exceptions: 0, 1, 2, j, 5 

* DTANH 

Calculate the hyperoolic tanRent of double precision value "b", the 
result replacing double precision variaole "a" 

Exceptions: 



1.3.2.10.5 Jther lntrlnsic fUnctions 

* fXP 
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The real value Hp**<valul'" of real \/ariaole lib"> is cdlculatpL.o end 
replaces rpal variable "a" 

Exceptior"ls: 0, 1, 2, i, 5 

* LuG 

The natural 10Rarlthm of rp.al value "b" is calculated and 
real variable "a" 

Exceptions: 0, 1, 2, i, c:; 

* flO 

replaces 

Tne real value "10**<value of real variable "b"> is calculateo and 
replaces real variable "a" 

Fxcept;ons: 0, 1, 2, S, c:; 



* LUG10 
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Tne common lbase 10) logarithm of real value "b" 1S calcuiateu and 
replaces real variaule "a" 

Exceptions: 0, Jo, 2, ;" C; 

* SllIRr 

Calculate the square root of the real value of "h" the result 
replacinq the real variable "a" 

Exceptions: 

* DEXP 

Calculate the natural logarithm base ra1sed to the double orecision 
value "b", the result replacing tne douole precision variable "a" 

Exceptions: 0, 1, 2, -;" 5 

* DLOl.7 

Calculate the natural 10Qar1thm of the aouble precision value "b", 
the result replaclng the Double precision variable "a" 

Exceptions: 

l 
l __ 

0, 1, 2, j, 5 



* Dtto 

Memo no. 3r:.7 
7/Novll7 
r--age q,:) 

Calculate the common logarithm base (10.) raised to tne oouble 
pr~cision value "b", the result replAcinq dou~le precision varidble 
"a" 

fxceptions: 0, 1, 2, 3, C; 

* DLClGtv 

Cdlculate the common log. of aouble precision vdlu~ HU" the result 
replacinp douole prec variable "a" 

fxceptions: 0, 1, 2, .5, 5 

* 
Calculate the square root of aouble precision value "0", the result 
replacinp th~ douole ~recision variable "a" 

ExcePtio~s: 0, 1, 2, .$, r; 


