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It is very important for any programmer to recognize in which
way the parameters are communicated from one module to auother 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
name; it can be changed to transmission by value by specifying the
parameter as such in the procedure header.

- In PL/1 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.

As far as FORTRAN is concerned several approaches are used:

- the strategy announced in CDC manuals ‘"2’ 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/y used in FORTRAN F , 6 , 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 progran compiled by different FORTRAN com-



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 several compilers available around.

X =1.0 SUBROUTINE SUB (A,B,C,D)
Y=2.0 B=A+A
Z=17.0 D=A+C
CALL SUB (X,X,X+Y,Z) RETURN
PRINT 1,X,Y,Z END
1 FORMAT (1H, 3F15.1)
STOP
END
EXAMPLE 1.
COMPILER TYPE OF CALL, VALUES OBSERVATIONS
ACCORDING TO —_
THE MANUALS X Y 2
FTN  OPT=0 Call by name 2 2 5 User request OPT=0
FTN  OPT=1 Call by name 2 2 4 User request OPT=1
FFORTRAN Call by value/ 2 2 4 Used the default
result type of call.
FFORTRAN Call by reference 2 2 5 The user requested
call by reference.
RUN ' Call by name 2 2
BESM-6 Call by reference 2 2
TABLE 1.



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
1t 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 address of X

address of X

RlE{ address of W

address of 2

F1GURE #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 staclk 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,Wand 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=11.



N=28 SUBROUTINE S (I,J,K)

ceeen K=K+J
M=6 I=1+2
J=38 RETURN
CALL S (1,M,N) END
J=J+1
PRINT 1,J

1 FORMAT (1H , I5)
STOP
END

EXAMPLE #2.

Sometimes to protect against unpleasant surprises, FORTRAN
manuals ‘¥ 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 modifying
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, 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 FIN compiler
uses this type of call for internal functions since only input
parameters are to be passed, their number is limited and anyway



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 opperatzs with the
values passed, but before returning to the calling mcdule 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 AS52).

Before returning, R1 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 pairs of instructions, load and move constant).

It results that in addition to the side effects previously
encountered, in connaction 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 = 1+¢1 = 2/

Z = X+ (X+Y)};/2 = 24242 = 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



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 X5,X4,X3,X2 are loaded with the addresses of X,X,W
and Z using the pointer to the stack, provided in Ap.

- the initial value of X (value 1), is loaded into X1.

- 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 X1, 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 summary 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 2.0 2.0 5.0
Call by value 1.0 2.0 7.0
Call by value/ 2.0 2.0 4.0
result
Call by name 2.0 2.0 6.0
TABLE 2

CONCLUDING REMARKS

-1. The call by name is by far the best method of parameter
passing since it zives no side effects; it is the most diffi-



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 h. 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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Tests made with the FORTRAN F compiler.

APPENDIX 1.

FORTRAN main program and its ASSEMBLER expansion.

SUB in FORTRAN and its ASSEMBLER expansion

The subroutine

is used (APPENDIX 1.1)

1. When call by value result

2. When call by reference is used

(APPENDIX 1.2)
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APPENDIX 1.1, The subroutine SUB in FORTRAN and its

ASSEMBLER expansion produced by the

FORTRAN F compiler, when standard (call by

requested.

value/result) parameter passing is
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The results obtained in this case

Z=4.0

Y = 2.0 .
Indeed a call by value results is used.

X = 2.0

1"



The subroutine SUB and its ASSEMBLER

APPENDIX 1.2.

expansion when call by reference is requested

by the user.

SUBRDUTINF SUB(/A/+/8/¢/C/+7D7)

BrA+A
D=A+C
RETURN

END
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The results obtained in this case

X=2.0

Z=5.0

Y=2.0

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

Appendix 2.1. Main program and subroutine COMPASS expansion
when OPT=1.
Appendik 2.2. The same but for the case OPT= O
8N STAAT 7377% ££L:1 FIN f,64023

PEDGIAM START (INPYT,OUTPUT)
%=1el

CALL SUBUULX A4y, 2D
PRINT 14X4¥s2
1 FOURMATILIH 43F15.3)

STOP
£no
006164 DATA. COMe B3S LB
L0414 DETA, 1750400 0CBEG0OGLOC00 UDATA 172040LEOO0ETELLYLRDT
004165 DATR, 1721400622060 000L00C NATA 1721400DJC0SFEO0CRANS
DU4146 DATA, 172272602C0e095CLEOD DATA 172276uG0C00L0R0LIGTD
00414 % DATAs . 0JVAROCDECLLCOOCRLPD DATA 050PCHOSIBCLLOOCANDTS
£XT STOP,.
EXT ouTCl.
£XT sug
tXT NBNTRY,
£0L150 DATA. : X 155 1B
D0LASL DATAs Y 355 18
004152 LATA. z 3ss 1B
: us: CODE W
. LI
004113 CODEe T51L00N MG DATA, SAS CONe
L1LBOGUILS UATA. LaL CONy +13
004114 CODE. 5130004146 DATA. SA3 CON,+23
: £110006125 CODE. SA1 iapg
004115 CODE, 10755 BX7 x5
300 4% FXu X&+ XS
10LhY RX6 X4
004116 CODE, - B17 0004150 DATA. SA7 X
267¢h : NXT B, X0
00411 % CODEe 5160006151 DATA,. SAG Y
) 16633 36 X
004120 CODE. 5170004132 CODE. SA7 STe
G16GOCYHIE2 DATA, SAb bd
004121 COOE. 01008ILOIL <EXT> + RJT SIL-E
COL500411
604122 CODEe 5140004133 DATA. SA1 1101
004123 CNDE. 3100¢HTCot <EXT> + PJT DUTCI ¢4&B
(0UB0001ILY
004124. GODE, 5120004147 DATA. SA1 COHe +1R
£4O00ULDLD <EXT> EQ STOPe
DC4125 CODE. {APL ass 06
004525 CODEe uoDDDODPLOODLLOOCHLSD DATA. . APL X
004126 CODE. 00000D{ 05600L0004IS0 DATA. APL X
004127 CODE. 00000C000000LOODLL32 CODEs aPL ST
004130 CODE, 09000600UCTD00G0LLS2 DATA. APL z
004131 CODE. g00006L000000806C00C0 aPL
004132 CODE. STe ] 18
Ze END START

13
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APPENDIX 2.1, The subroutine SUB in FORTRAN and its
COMPASS expansion when the user requested
optimization level one /OPT=1/ to the FTN.

JTINE S
————

SU3 73774 opT=1 Tt T FTN heBEB2R

LHUBKOUTINE SUB(AB4+Cy D)
B=A+A .

h=beC .
RETURHY

Enn

COwrASS code as generated by the FuN compiler :

USE DATR,
USE START.
0000CU START. 2325028 LESEGEEILLIES TRACE  SUB,SUB,bLB
geo0e1 STERT. BOCOUEDESOCELRLLOTLE
00ul62 STAKT 51300H1 0010203000000 PENTRY  SUB,FNTRY. 040
G0COL 3 START, W AL000301000L5500
00UDDY START, 74L0P5 601651600000
: FOKPAR A
FORPAR @
FOHPAR C
FOLPAR O
USE DATA..
UST UATA. -
USE CODE,
¥
000LE5 CODM, L4500 sas a0
5640000002 SA4 AC+2R
00CCE & CODE, 593000021 SA3 . AG+18
a620300063 SA2 AL+30)
000007 CuDE, 53150 . sa1 X5
3711 FX7 X1+X1
£ 354 sA5 AL
£ 3730 SA7 X3
pOLTLL CODE, 31651 FXO XS4Y1
2:00€ NX6 BOsXD
. s3p2t SAG x2
000011 LUDE, 2460000 LTART. Lq £XIT,
: 1. £un

The results obtained in this case (they indicate a
call by value/result parameter passing mechanism):

X = 2.0 Y=2.0 Z=24.0

The FORTRAN Extended Reference manual’l 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.

14



APPENDIX 2.2. The subroutine SUB in FORTRAN and its
COMPASS expansion when the user requested
optimization level zero /OPT=0/.

sup 7377 OPT=D TPACE ’ FIN Lo fe428
aus LU, R LA L
LUSROUTINE SUR(A,8,CyM
T=fed
D= A4
L TUR
)

COMPASS code as generated by the FTN compiler

USE DATE,
USE START.

006000 STBRT. 2325028 5555555000 Ch TPACC  SUD,SUL4L3
000061 START, D00OCCCHNOOGO00DGIOE
000RL2 STERT. 513004500928 2630C6200 FENTRY  SU3,ENTRY. 541
0000C3 START. 6102777753614 220408
00000 & STERT. C40G4NLEI466109046L00
00006 5 START, 74500540105160000001 )
FOLPAR A
FOLPAR 8
FOFPAR ©
. FORPAR 0
USE DATE..
USE DATA.
usE CODE.
. -,
00000 € CODE, 6182000062 ' $89 32423
S4500 . SAS A0
. } 5345 SA4 X5
00000 7 CUNE, 30744 : FX7 Xt 6X4
: 303000000 Sh3 AT+1B
53720 SAT X3
-
0000190 CODE, 6102000003 SRO 32438
R 54500 SAS &t
© . &345C ShG f3a
000011 CODEs , 5030000002 SA3 10428
: 53200600T 3 sh2 Au+3B
000612 CODES 53630 Sa% X3
3L05h FX0 XS+yy
24700 nx?7 AUy X0
- 53720 saz7 X2
* . .
000013 CODE. 6102000694 SBO g2+L8
. 0400000662 START, EQ EXIT.
' Zs LENO

The results obtained in this case (they indicate a call
by reference, parameter passing mechanism):
X =2.,0 . Y=2.0 Z =35,0


file:///LTUKN

ol

F T2l TIRALE

1 r6AY STERT (IHPUT,OUTPUT)

¥

7

=tev
=2el

=7al

CALL SH3(XyeXgX¢Y 2}
FEINT 14X3Ye2
1 FOMETUIH ,3F15.1)

S
0BbL153
004151
goy1t e
AGLIC3
0041%¢8

COy1t S
CO041E O
00,157

N0y1le

o115

(O4ilb

Bhui1r7

00w 2L
004121

qpuize
4123
004124

€0412F

pE4126
oeu127

004130

004131
004132
004132
004133
004134
006135
804336
004137

Tap
(1]
DATLe
DAT A,
UAT A,
UAT AL
UATA.

DATA,
LAY A,
DAT A.
CUYE.

COOF,

e t] 3

00,

CODE.

CODE.

CO2E.
CODFE,

COJE.

COJE,

CODE.
CUDE.

LODE .

CODE.
CODE,
CODE.
COL,.
Cuar.
CODF.
CODE.
COUE.

170GH0EUIELCLO0CLO000
irzagdLoeceoeoolol e
J72270cGnlLGLRBLEITL
GeLovie0eeeReORE00DC

vit2nacoee
5150004151 DATA,.

107¢5
5176004155 DATA,.
citelyr i3
5150005152 DAT,.
10755
53170064156 DATA.

6112000024
£150004153 DLATA,
10788
31TLLELIG? DaTA.

6102001005

£150004955 DATA,.
$140074356 DATA,.

110004132 CODE.
30645

2t70¢C

&170C( 137 CoOF,
yigeegeLoue <EXT>

CL05004111

etg20tL0Ce .

. 6110006860 DATA,

0100000000 <EXT>
0£CE00L111

61020 0LC1L
, £110L0EL S DATA,
04C000L 000 <CXT>

DICOOCLLCEUTO0L 4155 DATA,
00GOCOECCLIOCO00415E DATA,
DOLOLLLENC0LE000004E37 CODE.
000000C000C000N0GIET7 DATA.
00L00RCLDOCO000CODCD

FTH tynea2B
————————

CONe 3SS €8 )
DATA 1720%000600060P0000003
PATA 172143000000000600003
OATA 17227:00000CCC0L0D0L 3
OATA ULICLOARBLOSALOFOPD00D3

CXT STOP.
CXT QUTCI.
FXT Su3 14
EXT FTHRPY,
X 35S 16
Y 8SS 18
4 3SS 18

use CoDE,

S60 [: L ¥4

SAS CON.
Bx7 x5 -
saz X

»

+ 580 82438
SA5 COM. 412
BX7 x5
sa7 Y

-

+ SBO az+18
SAS CON, +2B
BX7 X5
sa7 z

N

+ ) SBU - 82458
S&5 X
SAk Y
sa1 (apy
FX0 XL4X5
NX7 8O, X0
Sa7 STs

+ RJT SUR,58

sao Bze+oB
SAL 1101
+ RJT OUTCIupbj

S8h B2+1C9
SA1 CON, +38

EQ STOP.

(4P1 BSs 0B
aPL X
APL X
"APL STe
APL 2

. APL
STe 8ss 18

Ze END STARTY
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