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It is very important for any programmer tc recognize in which
way the parameters are communicated 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 cheoice 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/! the default argument transmission mechanism is by
reference; it changes to transmission by value when the argument
is enclosed im 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:

827 35 said to be the

- the strategy anncunced in CDC manuals
call by name with the call by value of expressions appearing as
actual parameters; alse the call by value is used by internail
functions. This approach applies to both FIN and RUN compilers

available on CYBER machines.

- the IBM approach’m

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-



rilers {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 cencerning 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 I the results ob-
tained when the main program and the subroutine from example #1

were translated by séveral 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)
STQP
END
EXAMPLE 1.
COMPILER TYPE OF CALL, VALUES OBSERVATIONS
ACCORDING TO —
THE MANUALS X v Z
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 mname 2 2 4
BESM-6 Call by reference 2 2
"TAEBLE 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

It is eventually the ecasiest to implement and practically comsists

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+¥X

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 OF X

address of X

address Q

R1 address of W

address of Z

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

The calling program loads in gemeral purpose register R1 the
address of a memory location Q where a pointer to the stacl 1s 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 maedify 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 =38 SUBROUTINE § (1,J,K)

..... K=K=+J
M=6 I =1+2
J =8 RETURN
CALL & (1,M,N) END
J=J+1
PRINT 1,J

1 FORMAT (1H , 1I5)
STOP
END

EXAMPLE #2.

Sometimes to preotect 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 theé call
by reference is associated with the call by value of expressions
appearing as actual parameterﬁ, 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 medifying
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.

1f 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, tﬁough 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
uses this type of call for internal functicns since only input
parameters are to be passed, their aumber is limited and anyway



the result is returned azs 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 te 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 AZO). 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 twe instructions starting at label A306),
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 previcusly
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, B by Z and the executable statements cof the subroutine are:

X = XX 5 /X = 1+1 = 2/ '

Z o= X+ (X+Y);/2 = 2+42+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 te, tec supply



its address. This leads to considerable inefficiency and it is
rather difficult to constrgct.

As far as the FTN compiier 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,¥
and Z using the pointer to the stack, provided in A@,

- the initial wvalue 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 I 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 rzero is request-
ed, the same precedure is followed, but for X it is used the value
in memory address and not the one in register; so that the result
5=Z+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 A
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 gives 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
net 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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Tests made with the FORTRAN F compiler.

1.

APPENDIX

FORTRAN main program and its ASSEMBLER expansion.

The subroutine SUB in FORTRAN and its ASSEMBLER expansion

is used (APPENDIX 1.1)

then call by value result

1.

(APPENDIX 1.2}
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The subroutine SUE in FORTRAN and its
ASSEMBLER expansion produced by the

APPENDIX 1.1.

FORTRAN F compiler, when standard (call by

value/result) parameter passing is requested.
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The subroutine SUB and its ASSEMBLER

APPENDIX 1.2.

expansion when call by reference is requested

by the user.
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APPENDIX 2.

compiler.

Appendix 2.1.
when OPT=1.
Appendix Z.2.

&M START 73/7%  DFT=i
e p— F—

GrAaM START (IHPUYT,QUTPUT)

L]

CALL SUB KXy X4Y,7)
PRINT 14%y¥4Z

i FURMAT(1H ,3F15,1}

3G
=1.(
=240
EXE%S

TN = M

SToP
£uD

D0L144% DATA,
0041kl DETA. 175040000005 000C000G
066145 AT A 1724400526650 000LN0T
QU414 E DAT A, 172270003 LAE00TLLYSD
L0uiy 3 DATA, NONDANBREGLLLROLIGOD
0341506 UATA.
G041t DATA.
004132 UDATA.
004113 CODEa CGLEACD LI

B1LG0GHL 4G
pO4114 CODE, 513000 0t4E
: £11280%125
904115 CODC. 13758

30 4h

L0ehy
no4116 LOVE. 5170006150

2LTUE
004112 COBES SLelgoeist

10633
O0412¢ CODE. 5170064132

G100l F2
004121 CODE. 0100BUCLUIG

QT IaSEE]
[G4122 SODE. 5139004133
004123 CODE. G109usT Tt

[NAE-HIERRES

004124, CODE. S110BU 4147
cLaibubage
0CL125 CODE,.
804125 CODE. Uo000eDEQGEULO0CLLSD
004126 CUDE. HIB060L 0SCOGCEC0LISE
004127 CODE. 00000C00E000LRDRLL 32
00&130 CODE,. GOGO00B00L000GALaLLSR
06041334 CODE. 0000051 000020G0C0OC0
004132 CODE.

DATAS
LATAS
DATA,
CUOC

DATA,
DATA,
CODE.
ORTHS
<EXT>

DATA.
<EXT>

PATA,,

<EXT>

0ATA,
DATA.
CODE.
GATA.

13

Tests with the FORTRAN Extended - FTN

Main program and subroutine COMPASS expansion

The same but for the case QPT= O

FTHN L, 5+423
COMs B35S L8
DATA 1720400000000 yuue{ng
NATA 172180300005F000G00NT
OATA 2722706300000 0050003
DATA QIeocapdagroreocoanns
£XT STNP,.
EXT QUTCLa
EXT U8
EXT . NENTRY.
% 35S 1R
Y 355 13
4 355 18
Usz SO0
* LI
585 COMa
REL.E CON, +18
543 COMy+23
SAl [eP1
BEX7 X5
FXi XL+ x5
ans X4
SAT7 X
NXT A0, X0
182 Y
3Xb X2
SA7 ST
SAS z
+ RJT SUB,E3
SA1l 1101
+ RJT QUTCT «4008
3a1 COM,. +383
£q STOP.
1aP1 ASS e
APL A
APL X
APL S5Ta
APL, Z
APL .
ST BSS 18
Zs END STRRT



APPENDIX 2.1. The subroutine SUB in FORTRAN and its
COMPASS expansion when the user reguested
optimization level one /OFT=1/ to the FTN.

JTINE SU3 ¥3/75% opT=1 'MS
————— PSR,

CUSROUTINE SUD(R,B,C,0}
B=h+tA

[HEF RN

RETURMN

£un

COmraSS code @s generated by the PN compiler :

USE DATA.
USE START,
nplots START. 2325028 LEYEGERILILD 3 TRACE 5UB,SURs LB
Cooned STERT. GOEOCECES006EnuLITLT
0BULGZ START. 1300R0 001203000000 PEHTRY SUB,ENTRY. $0,0
GGROL 3 START. QL2400 0030100042500 ‘
0pGoD4 STaRT, 746005401 65160C000 D
FORPAR A
FORPAR B
FORPAR C
FORPER O
USE DATR..
UGS UATA, -
USE CODE.
x
goouc 5 Coof. Lusac SAS A0
S05G000402 SAL AQ+2Z8
DOCCC & CUDE, L0380 001 SA3 AG+1B
a2030000 3 Sh2 AU+36
geOCE7 CUDE. 53150 i . sAl XS
10711 FX7 X14%1
L3545 SAS Xt
CET2L SAT7 X3
peLGii COOE. 33851 EXQ Xs+r1
zuL0g NXE 004X0
‘ EZE2E i 5A6 Xz
0oon11 LODE. anp0BLHUED START. L EXIT,

Za END
The results obtained in this case (they indicate a

call by value/result parameter passing mechanism):
X = 2.0 Y = 2.0 Z = 4.0

The FORTRAN Extended Reference manual’’’ 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 cptimization levels in this respect
are not menticned.

14



suB

GOGaEd
00ga01
fo{eLz
goecee 3
1000% &4
00opoL S

00200 6 CODE.

29006 7

0ou0Lo

opoeld

gLz

000013

APPENDIX 2.2.

The subroutine SUB in FORTRAN and its

COMPASS expansion when the user requested

optimization level zero /OPT=0/.

OFT=0 TFACE

FTN La64428
SUBRCUTING SUACTAL2,C, 0}
=L+l
DA+
SETURN
i I]D
COMPASS code as generated by the FTN compiler
USE DATE,
. USE START.
START Z325L2C5ESBIRGHECLI UL TRACE SUB,SUB,L3
START. GNEELraa0nI0Y
STERT. 5130450 0ait2p3aCoane PEHTRY 3U3,ENTRY,. 3,1
START. HLiLETFITHIBLL2A0LIDE
STERT. SLECLALCILGIG00GLBLOD
STOART. 40540 1051640000001
. . FORPAR A
FOUPAR B
FORPAR C
FOREPAR 0
USE NATE ..
USE DATA,
usz COUE .
6102000052 s32 32+23
GL50D SAS Ad
. L34ER ShL ¥
cong., IpTLn FR7 XL aYL
SL3ILE0E0D] L3 Al+IR
S53TI0 SAT X3
CODE. S310200C003 SRG 32+38
54500 SAS AL
: ©Iysce SAL pe
CODE. 5930000002 SA3 n+28
sl200C0nt3 sa2 AG+3B
COlE. 53530 SA3 X3
JLESYG FX3$ Xot¥h
2nrot Sy &g S¢aX0
© R3720 SA7 X2
CODEs 61020004004 SB6 gz+Lg
S QuL0C0LEG 2 START,. £Q EXITe
z. LFNO
The results obtained in this case (they indicate a call

by reference, parameter passing mechanism):
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