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It is very important for any pi:.ogrammer to recognize in which 

way the parameters are conununicated from one module to another for 

every implementation of the programming languages available. 

For most programming languages this talk is not so different 

since the designers of the compilers have no other choice but to 

implement that particular type of call as stated by people who have 

designed the language. For example: 

- in ALGOL the default argument transmission mechanism is by 

namej it can be changed to transmission by value by specifying the 

parameter as such in the procedure header. 

- In PL/l the default argument transmission mechanism is by 

reference; it changes to transmission by value when the argument 

is enclosed in an extra set of paranthesis, in the CALL statement 

or in the function reference. Also transmission by value arises when 

the argument is a constant or involves operators. 

- In COBOL the arguments are transmitted by reference. 

fts far as FORTRAN is concerned several approaches are used: 

- the strategy announced in CDC manuals 11
•
21 is said to be the 

call by name with the call by value of expressions appearing as 

actual parameters; also the call by value is used by internal 

functions. This approach applies to both FTN and RUN compilers 

available on CYBER machines. 

the IBM approach 131 used in FORTRAN F , G , H compilers makes use 

of the call by value result, parameter passing mechanism, as 

default, with the user option to request the call by reference, 

by enclosing the dummy arguments between slashes. 

The practical implications of such different points of view 

are: sometimes the same program compiled by different FORTRAN com-
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pilers {and even at different optimization levels of the same com­

piler) gives different results when executed. 

This might look queer for someone not aware of the fact that 

for FORTRAN the convention concerning the parameter passing mecha­

nism is lax and somehow it is left to the compiler designer to 

decide about the parameter passing mechanism. 

To illustrate this idea we present in table 1 the results ob­

tained when the main program and the subroutine from example # 1 

were translated by sev.eral compilers available around. 

x 
y 

z 

1.0 

2.0 

7.0 

CALL SUB (X,X,X+Y,Z) 

PRINT l,X,Y,Z 

1 FORMAT(lH, 3FIS.1) 

STOP 

END 

EXAMPLE 1. 

COMPILER TYPE OF CALL, 
ACCORDING TO 
THE MANUALS 

FTN OPT=O Call by name 

FTN OPT"'l Call by name 

FFORTRAN Call by value/ 
result 

FFORTRAN Call by reference 

RUN Call by name 

BESM-6 Call by reference 

TABLE 14 
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SUBROUTINE SUB (A,B,C,D) 

B 

D 

A + A 
A + C 

RETURN 

END 

VALUES 

x y z 
z z s 
2 2 4 

4 

2 2 s 

2 2 4 

2 2 s 

OBSERVATIONS 

User request OPT"'O 

User request OPT=l 

Used the default 
type of call. 

The user requested 
call by reference. 



Let us briefly examine the four basic types of parameter commu­

nication mechanisms and some details of their practical implemen­

tation. 

- A./ Call by reference 

It is eventually the easiest to implement and practically consists 

of passing the addresses of the actual arguments to the called pro­

gram. As far as our example 1 is concerned, the expression: 
w = x + y 

is first evaluated and a stack consisting of the addresses of 

X,X,Wand Z is constructed (see appendix 1.2 and figure #1) 

address Q ai.t ress o x 

address of x 

Rl~ address of w 

address of z 

FIGURE #1. The call by reference implementation in ------ FORTRAN F compiler. 

The calling program loads in general purpose register Rl the 

address of a memory location Q where a pointer to the stack is to 

be found. It is the responsibility of the linkage editor to fill 

Q with the stack address. 

When entered the subroutine copies the stack and throughout the 

computation operates with the locations in the main storage for 

X,X,W and Z, as defined by the calling program. 

In this situation side effects can occur; one of the most 

unpleasant ones occures when a constant is passed as an actual 

argument and the called module attempts to modify the dummy argu­

ment to which the constant is associated. In case of example #.2 

presented below, most FORTRAN compilers would lead to the result 

J•ll. 
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N = 8 

M 6 

J 8 

CALL S 

J = J 

PRINT 

1 FORMAT 

STOP 

END 

(l,M,N) 

+ 1 

l,J 

(lH • IS) 

EXAMPLE # 2. 

SUBROUTINE S (I,J,K) 

K K + J 

RETURN 

END 

+ 2 

Sometimes to protect against unpleasant surprises, FORTRAN 

manuals 131 warn that "input parameters must not be changed inside 

the called module" (must not appear as the left-hand side- of an 

assignation statement). 

Another type of side effect is due to the fact that the call 

by reference is associated with the call by value of expressions 

appearing as actual parameters, as in the case of example #1; there, 

the expression is first evaluated using the old value for X. This 

type of side effect does not occur if the rule of not modify~ng 

the input parameters is observed and if every variable appearing 

in the expression is considered as an input parameter. 

- B./ Call by value 

Instead of passing the parameter addresses , in this case their 

values are communicated in a stack. 

If the machine has enough registers the values of the parame­

ters can be passed into the registers, thus saving time. 

It should be noticed that there is no feedback from the called 

module to the calling one so that 1 though this strategy is most 

suitable for input parameter passing, it leaves no hope for output 

parameter communication. This is precisely the reason why this 

type of call has a limited use. As stated before the FTN compiler 

us~s this type of call for internal functions since only input 

parameters are to be passed, their number is limited and anyway 
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the result is returned as a variable with the same name as the 

function name. 

- C./ Call by value/result 

As in the previous case the values of the actual parameters are 

passed but also a pointer to a stack of parameter addresses is 

communicated. As a result, the called module opperates with the 

values passed, but before returning to the calling module the 

values of actual arguments are updated. 

If we examine appendix 1.2 we see that when the subroutine SUB 

is entered, the general purpose register Rl contains the address 

Q, where a pointer to the stack of addresses is inserted by the 

linkage editor; a copy ,of parameter values is made (the sequence 

of instructions starting at label A20). Then the computation 

suggested by statements 2 and 3 of the subroutine is performed 

(the sequence of instructions starting at label A52). 

Before returning, Rl is loaded with the address of a memory loca­

tion, where a pointer to the stack of parameter addresses is to 

be found (the sequence of two instructions starting at label A36), 

then all four parameters X,X,W,Z get their values updated (the 

four palrs of instructions, load and move LOnstanl). 

It results that in addition to the side effects previously 

encountered, in connection with the call by reference, here 

occures an additional one; the computations performed by the 

called module are using the initial values of the input parameters. 

- D./ Call by name 

The call by name seems to be the most natural to communicate para­

meters since it is ment to implement the textural substitution and 

thus no side effects can possibly occur. 

In case of our example #1, A is substituted by X, B by X, C by 

X+Y, D by Z and the executable statements of the subroutine are: 

X X+X ; /X = l+l = 2/ 

Z X+ (X+Y);/Z = 2+2+2 = 6/. 

Obviously since the names of variables have a significance only 

within a module some sophisticated mechanism must be available 

so that when a reference is made to X in 'the called module, its 

address should be supplied. It means that at run-time, a routine 

must be entered every time a parameter is referred to, to supply 
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its address. This leads to considerable inefficiency and it is 

rather difficult to construct. 

As far as the FTN compiler is concerned the type of call is by 

no means a call by name. Appendix 2.1 proves this statement when 

optimization level one is requested. Examining the COMPASS expan­

sion we see that: 

- registers XS,X4,X3,X2 

and Z using the po.inter to 

the initial value of X 

are loaded with the addresses of X,X,W 
the stack, provided in A0. 

(value 1), is loaded into Xl. 

the new value for X (value 2) is computed in X7 and the 

memory location reserved for X is updated. 

when Z is computed, the old value of X, existing in Xl, is 

used so that the result 4=1+3 is obtained. 

In appendix 2.2 we see that when optimization level zero is request­

ed, the same procedure is followed, but for X it is used the value 

in memory address and not the one in register; so that the result 

5=2+3 is obtained. 

A sumnlary of values to be expected for the program in example 

# 1 for the four possible types of parameter passing mechanisms 

is presented in table 2. 

TYPE OF CALL VALUES/EXAMPLE 1 

x y z 

Call by reference 2 .o 2.0 5.0 

Call by value LO 2.0 7 .o 
Call by value/ 2.0 2 .o 4.0 

result 
Call by name 2.0 2 .o 6.0 

TABLE 2 

CONCLUDING REMARKS 

-1. The call by name is by far the best method of parameter 

passing since it gives no side effects; it is the most diffi-
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cult to implement and eventually leads to inefficiency as far 

as execution time is concerned. It ,has not been encountered 

in any of the compilerS under scrutinity. 

-2. As far as the unprejudiced programmer is concerned, he must 

not take for granted whatever manuals state, but he must try 

to understand what lies behind each type of call and he must 

be able to test the compiler _he is using. 
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APPENDIX 1. Tests made with the FORTRAN F compiler. 

FORTRAN main program and its ASSEMBLER expansion. 

The subroutine SUB in FORTRAN and its ASSEMBLER expansion 

1. ~hen call by value result is used (APPENDIX 1.1) 

2. ~~en call by reference is used (APPENDIX 1.2) 

oi:-1~ FUl<.TPAN iV ?.60N··FD- 47q 3 ·'3 "'IAINPGM DATE z· 
( :) ') ! 
0Cn)2 
('.)')3 
0004 
(: )1)5 
0.106 
OOOT 
,Jl. J 8 

X=J • J 
Y= 2, 0 
1=1 0 
(/I.LL SUP.(X,X,X+Y,ZJ 
WRJTC:l?,ll )(,y,z 
FClR~ATllH ,3F9 11 
STOP 
fN[) 

DOS f!lQ.TRAN JV 36CN-F-0-£i79 3 6 

L(J(ATIJ~ 
CJUOJO 
OJOJu2 
00--1<)06 
0··1 JOCll. 
o.,::i:J:ti: 
fJ.;.')J1 2 
0"!J0)4 
U<''LJ): 8 
o··:.;o? c 
OJJ.J?) 
v •J..JZ4 
er o•J23 
OJJlGP 
0J010C 
caot: J 
OJ0114 
000118 
00 O 11 ll. 
OJOIJ[ 
OJ:Jl 20 
OJ0122 
o::•Ol?f:> 
0)0125 
00012C 
0)01 30 
0:)0134 
0001:?:8 
0-J013C 
0~1 0140 
0J)l4'+ 
0J0148 
0J014C 
0'.JOl 5') 
GvOl 51+ 
000156 
0l'Ol 5A 
OJ015E 
000160 
O'JOl 64 
0D016R 
0J016C 
OUOl 70 
000174 
O"i0l78 
0001 7C 
OJ0180 
000184 
000188 
0001 BC 
0')0190 
000194 
O'L)l 9A 

STA NU~ 

2 

3 

4 

5 

7 

LABF'l 

A:'? 

A36 

OP 
BALR 
LM 
L 
LA 
ST 
BCR 
DC 
DC 
DC 
DC 
DC 
oc 
L 
L 
LM 
MV! 
BCR 
L 
LR 
LR 
BAL 
LR 

· LE 
STE 
LE 
STE 
LE 
STt 
LE 
AE 
ST= 
LA 
L 
BALR 
BC 
L 
BCR 
BAL 
DC 
DC 
L 
BAL 
DC 
BAL 
DC 
BAL 
DC 
OAL 
L 
BAL 
DC 
DC 
END 

1-'AJ ·~PGM 

OPERAND 
15 1 D 
213,34(15) 
13,30(01151 
15,2(0, 5) 
15,4(0,13) 
15,2 
00000000 
'1704ClC9 
0507(704 
OJOOOOOO 
0)0(10000 
0ov00000 
l? ,4{0,13) 
14,12101"131 
2,12,23 l3t 
121131,7.55 
15'14 
15,11210,13) 
12, 13 
13 ,4 
1416410,151 

a;2i~10 1 131 Q,96(01 31 o,2oa10,131 
0,10010,131 
0,21210,13) 
0,10410,131 
0,96(0,131 
0,10010,131 
Q,21610,131 
1 tll6I0,131 
151108'10,131 
14 t 15 
01410101 
15,J.IZI0,13) 

?4~4.(0,151 
00000003 
00000080 
15,112(0,13) 
14,810,15) 
04700060 

64l8686! 51 

641S686A 5
i 

l4,1610_il5) 
15,112101131 

b~46~~26 51 
1t040 

TOTAL MEMnpy R~QUJR[MENTS 00019A BY-TES 

10 

DATE 27 



APPENDIX 1.1. The subroutine SUB in FORTRAN and its 

ASSEMBLER expansion produced by the 

FORTRAN F compiler, when standard (call by 

0001 
(;(}0;:! 
o:.h)3 
OJ04 
vcos 

value/result) parameter passing is requested. 

§1;~~2ur1 NF SUB { A·1 B' c 'D} 
D=A+C 
fl!:TURN 
f-ND 

nns FOQTPlN IV 360N· FC-479 3-~ SUB 

<;(Al.-.R 1"AP 
Lf'CATinN 

90 
SY~~'OL LDCATION 
A 94 

ODS FO~TP~N IV 36CN· FC·47q 3 ~ 

lQCATTOl\l 
0:.0000 
(,:)0004 
OQOOOR 
C1C,UJOC 
OuOO l.J 
OCJQ1 4 
('C·(10l6 
.J\JJOIA 
GO·)Olf. 
o: J02?: 
c:,.002r+ 
("":J'J29 
(.)J02C 
GUO:J[ll'! 
(!r)JOOC 
ci:·voF2 
(•0JQf~6 
D(:JOEC 
CC•JOF·1 
'J~J.)QF6 
OC'OOFA 
GC<ilO:) 
(J(..')102 
000106 
('(!')l.09 
OJOlOC 
O:.JOilO 
ou..;114 
Cl"OllB 
0'J011E 
(_.,·,~· l?;: 
GJJ1213 
CllJl ZC 
Ov01?2 
00013!:. 
(l;J013C 
C0Jl40 
C.·:)0144 
000143 
U0014C 
000!4E 
OOJ 52 
000156 
0001 SA 
OOJ15F. 
000162 
OJ0166 
UJ0168 
00016C 

STA NUM 

2 

3 

4 

LA8C:L 

J\20 

A52 

OP 
BC 
DC 
DC 
ST'-1 
LM 
LR 
L 
ST 
$TM 
BC R 
DC 
oc 
DC 
L 
MVC 
L 
MVC 
L 
"1VC 
L 
MVC 
811.LR 
L 
BCR 
DC 
L 
L 
L 
MVC 
L 
MVC 
L 
MVC 
L 
MVC 
L 
L 
LM 
MVI 
BCR 

k~ 
STE 
LE 
AE 
STE 
SR 
L 
BCR 
ENO 

SUB 

TOTAL 1"·E,..nRY RFOUIREMENTS OD016E BYTES 

The results obtained in this case: 
x = z.o y = 2.0 z = 4.0 

OPERAND 
15112{0,J.5) 
07E2E4C2 
40404'.)40 
14,12,12!13) 
21314·J{15) 
4, 13 
13116(0,151 
13,810,4) 
314101131 
15, 2 
00000000 
•)00C·OCi0 1) 

OC-OGQ~)00 
'lota,11 
li013113l,0121, 
2 ,410 11) 
96(3,131,0121 
2,a10, l 1 
108(3,13110(21 
2112(0 1) 
1(;4{31i11,0121 
2,0 
316 (Q,2) 
15 13 
00000000 
11410,131 
1124(0111 
2101011) 
013,2 1100113) 
2 ,4 (0 ,1) 
~l§l5lij6{13l 
al3,2f 110RC13J 
:~.1210111 
')13,211104{13) 
13,4(:),13) 
l 1-l"1lZIO,l3l 
'?:112129(13) 
l<:'.{lj),255 
15{14 
01 0010113) 
0,100101131 
0196(0,131 
0,10010,131 
01108(0,13) 
rs~~~{Q,131 
110101131 
15.t 1 

Indeed a call by value results is used. 
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APPENDIX 1.2. The subroutine SUB and its ASSEMBLER 

expansion when call by reference is requested 

by the user. 
OC! Jl 
C.J02 
O:JJ3 
0004 
Q,JJ5 

SUBROUTJNfO SUB(/A/,/B/,/C/,/0/1 
B=A+A. 
D=A+C 
PE TURN 
END 

DDS FO'<:TPA~ IV 360N· FO· 479 3 8 SUB 

SCALAP. MAP 
SYMP-Ol 
B 

Lf'CATJJ-N 
90 

SY~OOL LUCA.Tl ON 
A 94 

DOS FnQTPA~ JV 36GN Fr 479 ? 

LOCf\TIJN 
GOJJOO 
0l).)J04 
(iJJ00R 
000JOC 
1j;1iJ·)l J 
0-100J 4 
00fJQ16 
000014 
[.·.").J)l~ 
C·JJJ2? 
(lJ00?.4 
(•Q(;Q23 
U'JJ02C 
00.J0-[)9 
Q·iJODC-
0".l JOEO 
C'.Jv0E4 
0'100E8 
001JOEC 
(..J'.)OFO 
(;0JJF4 
OOUOF13 
Of1JOFC 
UC!Jl ·JO 
000104 
c.:111oa 
U·)JlOA 
Q'}·Jl OE 
GJ~ll 10 
000114 
080118 
OQ·JllC 
0.JJ12·J 
(,;0124 
(·00128 
ova i 2c 
00-'Jl2E 
O-jQl32 
ODDj.26_ 
0'..)0 3A 
oo.:-113E 
000142 
OOJ146 
00014A 
C<>Ol4E 
O.J:)l52 
000156 
00)158 
Q<;Jl SC 

STA NU"'1 

3 

4 

LAf't=L 

A20 

A36 

A52 

OP 
BC 
DC 
DC 
STM 
LM 
LR 
L 
ST 
STM 
BCR 
DC 
DC 
DC 

~. 
ST 

~A 
ST 
l 
LA 
ST 
L 
LA 
ST 
BALR 
L 
BCR 
DC 
L 
L 
L 
L 
LM 
MVI 
BCR 
L 
LE 
AE 
L 
STF 
LE 
L 
AE 
L 
STE 
SR 
L 
BCR 
END 

SUB 

TOTAL MEMORY RFOUIREMENTS 8001 SE BYTES 

The results obtained in this case: 

X = 2.D Y = 2 .0 z s.o 

SYM90L 
D 

OPERAND 
15 ,12 (0,151 
07E2E4C2 
40404040 
14,12,12{)31 
2,3,40{15) 
4113 
l:::S,36(0,15) 
13 ,eco,4> 
3,4,Q{l3) 
15 ,2 
00000000 
Q0'.)00000 
00000000 
2,o10,1) 
2,0<210.) . 
2,100 01131 2 ,4 co,1 
2,ocz,01 
2t9610i131 2,eco, 1 z,ocz Q) 
2,1oslo,131 

~:bi~0Q\l 
2,104Jo,131 
2.0 
3t6I0,21 
15t3 
00000000 
1.4(0,131 
1124(0,11 
13,410,13) 
14,12(0,131 

r~~f3j~~§§' 
15,14 
1CtlOOfCl131 
010(0,10 
o.oco ,101 
1119610113) 
o,uco,1 ) 
o,oco,101 
lo:: ,1oaco,131 
o,oco,121 
ll.J,104(01131 
010 C0,10 
,,,15 
l tOf0,13J_ 
15 'l 

They indicate that it is really a call by reference. 
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APPENDIX 2. Tests with the FORTRAN Extended - FTN 

compiler. 

00~144 
(l04144 
OOti.1~ 5 
0 IJ 4! 4 E 
u l)l.i 14 ;I 

C OL;.15 D 
0 [) 4 :!._~· 1 
004132 

004113 

004114 

'304115 

i:io411b 

0 D411?. 

004120 

0Ct+121 

l! Ot+l 22 
00~123 

004124. 

or 41 2 s 
00t.t2,5 
00412 & 
V-04127 
00~13U 

001+131 
0!14132 

Appendix 2 .1. Main program and subroutine COMPASS expansion 

when OPT"'l. 

Appendix 2.2. The same but for the case OPT"' O 
7317'+ 

PJ;)Gf;A~~ START (It~PtJT,OUTPUTJ 

X= i. ( 
y = 2 c (' 

z:; 7 ~ [ 
CALL SUiJ{~'.,X,X+Y,ZJ 

PRit~T 1,X,l",Z 
f(J~:Mf.Tl1H ,3F15.!J 
STOP 
[ !J'.J 

OAT A. 
O~ T Ao 17Z040LOCOtGODOU~OOD 

OAT Ao 172140PG:DODC01JCL~OV 

OAT fl.o j7227?li0~1 t~Lll 1JSCL,lGP 
DAT A. 0Jaooouc~D~1.raorooro 

lJA TA• 
DAT Ao 
[IAT Ao 

c.oo c. 'jl~·-Q(ltl41ii4 

:,1L(\Q~4145 

CODE. 51300[11~11+6 

~110(!Dt;.125 
(l)Q[. 10 755 

3l' () +~ 
10 b1+4 

COUE. 5170[101t~51} 

CL; 7l\(-
coot.. '..} 11", IJ 0 u 1.:-1:, 1 

1(· G 31 
CODE. S1700(l1t132 

SiE:OOl:ti.152 
CODE. {l100Gi'.il LiJL 

(Ul·50f.4111 
'.:;ODE. S11!J0641 .33 
CODE. t11(! 0 \J ;, i.: C-;; c 

l'Ot•oot-~111 

CODE. 5110004147 
Cl+OOGU{i~(;C 

cooE. 
cooE. uoooono~ODDU~OOC4t5D 

c.ooE. O!JOOOOC Q'j(;(l,J{,0(101+150 
CODEo 00000[.0U~OOOLQOO~t32 
CODE. G~DOOOCOOOVOGOD0~152 

COD£. OOQOCG~OOOOQOOOtOOGO 

CODE. 

DATA. 
111.l!~ .. 
DAT Ao 
coot.. 

OAT il 0 

OAT I\. 

CDOE. 
D~TAo 

< ~. XT > 

DATA. 
<EXT> 

PATA. 
<E.XT > 

DATA. 
OAT Ao 
CODE. 
OA.T A. 
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FrM '•.G+42S 

CO~!• s:;;s LB 
llATA 172040U000DrGDUULI~UOl 

n AT A 172140JDOODG~OO~GOOi1B 
:JAlA 17227G089DOn~rU0~0GC~ 
Di:.T A 0Qoo0Jo~~oe~roooono~1 
t XT ST'lP. 
t X T ourc1. 
E_XT SUll 
l XT ({8 ~lT :::, v • 

x 1 s-s 1 R 
y ·1ss l8 
z 3SS 1a 

us:: coot:. 
• LI 

Sil? CON. 
:.;.'\4 co~. +11J 

'.:;A3 CO~!. +23 
SA1 [A P1 
ljX 7 XO 
FX o XI;+ X5 
'3X6 X4 
S~7 x 
~iX 7 8~, ::o 
sri-s y 

-JXb X3 
SA 1 ST, 
SAS ' + R.JT SlllJ ,5°' 

SA1 ]101 
+ P.JT OUTCI01E·~ 

SAl cori.+1a 
fQ STOP• 

i AP1 ~SS 06 
APL x 
~.Pl x 
APL ST, 
APL ' APL 

sr, GSS lB 

" END STl'>.R. T 



APPENDIX 2.1. The subroutine SUB in FORTRAN and its 

COMPASS expansion when the user requested 

optimization level one /OPT=l/ to the FTN. 

ITI N:: SU•3 73/7~ 

~U3RO!JJINf SUO<A,fl,C,D) 
B=A+A 
p:ctl +C 
R.ETUKN 
f:IHJ 

CO.L>Ll:'ASS coa.e as generatea. by the F'..l.'!11 compiler : 

USE DATA. 
USE START• 

tiOOOCli STllRT. 
G(IQ[l['j STt·F'.T. 
OlHJl·G2 '.:.TAF<T. 
UO(lOL 3 STl'.~T. 
000004 ~r11i::r. 

23250 2:- ~~ 5:.~5 5i· li [' ~· [' 3 
i;avD~~~t~oon~o~~~rcr 

~;130(11.C D(l1~·2l·30DOCOD 
JI•( ;i ~~l(I (11) 3C1(i 00 ltO~ 0 0 
711vo0:,1,c,1r. s1 e..or ore r 1 

TRACE SUB,SU9,~B 

0000c:s coor. 

OOC'C·C C LODE, :,o 3::tt.:r·l· r•01 
~-rzo,JU!•DL·3 

000007 CuDEo 5315U 
3l' 711 

~ 3~4\J 
~- 37 J {. 

OC.L·01l• GODE. 3J(·51 
2'i-UCI [ 

:-3l~2G 

000011 lOOE. ~400bc0oc2 ~TART. 

FOR:PAR A 
FO~.Ptl.R U 
fO~PAR C 
FO~'.Ptl.R 0 
USE DATA.• 
us:;: UATA •. 

USE 

SA5 
SA4 
SA3 
SA2 
SA1 
FX7 
SAS 
SA7 
FXO 
NX6 
SA6 
lQ 

z, [t~O 

The results obtained in this case (they indicate a 

call by value/result parameter passing mechanism): 

x = 2.0 y = 2 .o z = 4 .o 

The FORTRAN Extended Reference manual 111 states that 

the call by name constitutes the standard parameter 

passing mechanism, associated with a call by value for 

expressions appearing as actual parameters. Differences 

between different optimization levels in this respect 

are not mentioned. 
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,CODE, 

AO 
AC+28. 
AG+:! 8

1 

Al•+361 
-XS I 
X1•X1 
X4 
X3 
X5+Y1 
!30' x (\ 
X2 
!::XI T, 



Sll8 

APPENDIX 2.2. The subroutine SUB in FORTRAN and its 

COMPASS expansion when the user requested 

optimization level zero /OPT-="O/. 

7 31( '-t 

'.:.lJ'.lROUTI'Jf SU'1{A,~,C 1 DJ 
'.:. =A+A 
De:: A+C 
~.LTUF. 

~ ll D 

FTN L;.6+428 

·COMPASS code as generated by the FTN compiler 

USE DATt., 
usr: STAR.T. 

OOGOUO SlORTo 
Ol!OOG1 STOP.To 
OD(l(lt.2 STt..RTe 
00CCC3 STA_f{T, 
OOO(lt. Li. START, 
0(l00G. S STflF'.To 

z32~c~~5sss~~sotoru4 
OOOOODtGOOODOOOO~JDU 
513!JD ', L- 0•l1:· 2[r 3,; CG-~· er 
&it- 271'/ 7 ::,3f.1t- ?.'Jii[.. [. u r, 
~40 C J.;Ol C· J l; 61 G IJl}t;.O(: D (' 
74110C5~C1D~160000001 

T~ACC SU8,SUU,L3 

ooncr &CODE. 

00000 7 CUClE. 

OOU010 COJf, 

000(111 COD[, 

000012 CODE. 

000013 CODE. 

b1021)!.'llJOG3 
5450G 

5030000002 
5J200Cti.IJC3 

53:' 3Q 

21+ 70 ~ 
:-.·372 0 

61(12(1G0C.84 
04(.:JO[Qt,[,2 ST.ll~;To 

• 

FO~~PflR A 
FO'-'.PAR l3 
FOFPAf'. C 
ro~:PAP '.l 
llSt llATt,, 
u::;E DAT t.. 

us~ 

SIJ'.} 
SA~ 

SA4 
FX7 
st 3 
SA7 

~,~o 

SA5 
SAi+ 
SA3 
SA2 
$A5 
FXO 
l~X 7 
SA7 

SBO 
EQ 

z. 0 NO 

The results obtained in this case (they indicate a call 

by reference, parameter passing mechanism): 

x = 2.0 y = 2.0 z = s.o 
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COOE, 

'32+ ?a 
AO 
X5 
xi, +X~ 
Af\+1 R 
X3 

32 +3 f3 
AL 
x~: 

~.': + 2 B 
A::; +3 B 
X3 
X5+Y4 
CliJ t x ::i 
X2 

82+48 
EXIT. 



I _1 If', ··rT=r· Ti~fl(_.E 

f ~;'JGf:AI' srr~T IIllPUT,OUTPUTI 
x = 1. l' 
y =.?. t 
z = 7. (.: 
Cflll ::;IJ•JCX,X,Xf.YtZl 
1-'f,!l~T 1,x,r,z 
ro;'.Ml'T(jH ':::F15.1) 
S T·JP 
':Ill) 

()04151 !Ji:JTA. 
004j5j DATA. 
Of.1t;.1;;2 UATA. 
r)(;L,~S3 OtlTJl, 
0{l4j '.;:I; 0/lTA, 

DO<t1~S UATAo. 
('Ot,15 0 UAl A, 
!!01;!57 DATfl, 

f10 .. 11•• co::iE. 

004115 COD[, 

[·01t11 b snnr. 

O(t1.t12c coor. 

0(.4121 CODE. 

oou122 co::.iE. 

004124 COJE, 

001+12!.: COJE. 

ovi.120 cooE. 

0(14127 cooE. 

001t13l) (,.(l[)f. 

004131 cooE. 
C04132 CO!JE. 
004132 C00E. 
004133 CO'}L. 
004134 co:ir. 
00413 5 CO!Jf • 
!104:130 CODE, 
004137 CODE. 

17;: C 40 8 U :ll·l' f.(o OOl<li n (r C 
17<:·14:i [ [• ['( Q GG 0 OLGl r r· 
1722 7,1 c· Gf· Cl !h: flG( r;t ( [ 
01iGPutouroceono1.oooc 

l>lf12fJ:J(!l02 
~15~0P41~1 DATA, 

101~.s 

S17GOrti155 

1('755 
Sl7CDL4l56 O~T~. 

f,1£· ?f!Ol 034 
~1~000!,.153 UATA, 

10 7~':5 
317'.:C.(41'.>7 

G1C 200l OJ5 
~15!lOP!i-1S5 DATA, 

Sj40~~~j~6 DPTA, 

3[1()45 
21,700 

!-1100U413? COOE. 

~,170[.l[t;.137 GOOF.. 
lJlf'(lQ[;( DUD <EXT> 

tC:050(•4l.1j 

&102Vll'(I06 
• 511000kl~r DATA. 

0100DODUOC <EXT> 
ODC&OOt:.11! 

&1L2(:;l(!C:IC! 
!·110~r~t54 OPTA, 

U4~0Dill000 <EXT> 

0Jt{lDCCtJrCt~tooL4155 OATA. 
OD~ODO~CG~P0(0004155 UATA. 
UOl·OLtUOOOC:OOOOD4137 CODE. 
oooooooooo~ofjooo\1~1 DATA. 
OOLOO~UOOO~ODOOL~OVO 
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cot~. ::iss va 

x 
y 

z 

• 

• 
• 

• 

• 
• 

• 
• 

• 
• 

DATA 112o~onvooonoooooooo~ 
rATA 11211+Gorooorooocooo03 
OJI.TA 17?27!•00000fC~OLO~O~~ 

1ATA lJ1r~onU~DDUCOP0000003 
CXT STOP. 
CXT OU TC I, 
!XT 
EXT 

SU3 
FTNRPV. 

?~S 18 
8SS !B 
ass 10 

USE CODf • 

[AP:! 

sso 
SA5 
8X7 
SA7 

5!30 
SA5 
8X7 
SA7 

SBO 
SA5 
BX7 
SA7 

SBO 
Sfl5 
SA4 
SAl 
FXO 
"IX7 
SA7 
R~ T 

sec 
SA1 
R.JT 

82f.2B 
cnN~ 

X5 
x 

132f.38 
coir. +ill 

X5 
y 

S2+lB 
CON. f.28 
X-5 
z 
132+38 
x 
y 
l A P2 
Xl+XS 
Bf!, X ('I 
sr. 
SUF!,58 

82f.68 
JIO:I 
ourcr. ,E., 

82+:1 c 9 
COiie f.38 
STOP. 
OB 
x 
x 
ST• 
z 

' 

ST• . z. 

SBlJ 
SAl 
EQ 
BSS 
APL 
APL 
APL 
APL 
APL 
SSS 
ENO 

18 
STAq,T 
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