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SECTION 1 INTRODUCTTON

l.I Purpose of this document

This docrunent describes a special additional
phase which can be added Lo P<fL/2 compilers to
allow FORTRAN subprograms to be called from
RIL/2 modules.

L.2 The "I\{iddl-e End"

The production of special calling sequences for
, RTL/2 - to - FoRTRAN interfacing is performed. by

an additional compiler phase. This phase j-s run

after the Front End and before the Back End and

hence is referred to as a "Middle End".

1.3 Generality

Although the Middle End is inevitably targiet machine

dependent, and concerned with the coding styles of
both FORÎRAN and RTL/2 on the target machine, it has

been structured in such a \^ray that most of it is
portable. The middle end might also be enhanced to
generate interface code for PITL/2 calls to procedures

written in languages other than FORTRAN.

L.4 The Structure of thi-s Document

This document reflects the middle end structure and

philosophy; that is, some sections are target machine

specific, while others are general.
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SESIION 2 GENERAL DESCRIPTION

2.L Compiler Operation+

An RTL/2 compiler with the middle end operates as

far as possible with the same operating instructions
as one without the middle end.

ffiren the FORTRAN interface facility is not in use

there is no difference in the compiler output and

only a minimal compilation tjme overhead associated

with the middle end.

2.2 Reqges_ting F.ORTRAN Interfacing

(See AIso Section 4)

The user asks for FORTRAN interface code generation

by supplying an extra paraneter

FOR : v fssl
Refer to Section 4 for precise details, which are

host machine and operating system dependent.

2.3 Specifying FORTRAN procedures

Procedures which are FORTRAN subroutines or functions
are specified in the RTL/2 source text simply as

P{rL/2 ExT PROCS.

Vihen the FOR = Y parameter is specifiedr the compiler

will search the P{II,/2 source for a lisÈ of EXTPROC

names which are in fact FORTRAN written. The names

are separated by comrnas, spaces, newlines or Percent
signs (B) and an arnpersand (a) must appear immediately

before the first name and irmediately after Èhe last
name. The information must be in the form of an RTL/2
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corment to avoid causing front end errors and. Èhe

infor-mation must not be preceded by any ottrer
ampersand.

2.4 Making use of FORTRAN procedures

The RTL/2 text can make normaL RTL/2 use of
I'ORTRAN procedures. An RTL/2 procedure variable
may be set to point to a FORTRAN procedure and

the correct interfacing code will be executed when

the procedure variable is called.

As usual a procedure defined as returning a result
éan be used for side-effects only, the result
being ignored.

2.5 Call-by-reference and call-Fy-value

P<IL/2 offers only call-by-value. Call-by-reference
effect is obtained by call-by-value with REF

parameÈers. This is true also of FORTRAN calls
from RTL/2.

For example, if a parÈicular FORTRAN subroutine,
FSUBA, takes a single integer parameter then the
PT.T. /? :-'qrr nf i + rnâ\r riof i nc ei thgl; -.\Lut L re r44J

CI8 EXT PROC (INT) FSUBA;

in which case a copy of the llillleger para-meter

is made for FSUBA and the caller's data is immune

from FSUBA actions, or

B2B EXT PROC (REF INT) FSUBA;

in which case FSUBA is using a pointer to some

F{tI,/z variable to which it can thus assign.

2/2



2.6 Middle End Mechanism

The middle end has two main areas of work.

Firs1-lw if qacks references to anw of thc

FORTRAN procedures to rbend' these to be

references to interface procedures. Then it
adds the interface procedures to the semi-

compiled program.

z/J
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SECTION 3 TARGET MACHINE TNFORMATION

3.I PSOO _Coding Styles

Users are referred to:-

RTL/2 Reference 69, "The RIL/2
Run Time Environment on the philips
PSOO Series" (5122 gg1 28111)

for details of F'TL/2 coding stlzte, and to the
Phitips PSOO FORTRAN manual for FORTRjAITI

( ql>c oot r r rnr \\) tÉr ,/J I t t+v I J.

3.2 Main rncompatibilities

3.2.L Call Instruction

FORTRAN uses CF AL4,...
whereas RT'L/2 uses CF A6, ...

3.2-2 Register Usage

FORTRAN routines may use any registers (except

A15 which is reserved for sysÈem use, and Al4
which is preserved as a stack pointer.)
PITL/2 e><pects 412 and A13 to be preserved across
procedure calls.

3/t



3.2.3 Parameters

The following pararaeter types are supported
in the middle êDd:-

rNT

REAL

REF ARRAY BY1E )

REF ARRAY INT ) (Single dimension only)
REF ARRAY REAL )

REF INT

REF REAL

3.2.4 Result passing

Bottr FORTRAN and RTL/2 results are passed in
registers using Al onwards.

3.3 Interface Code Generated

3.3.f Calls on EORTRAN procedures
+

The niddle end changes references to E)CI PROCs

which have been specified to be FORTRAN to be

references to local procedures. These references

include the static and dyna.nic settinq of
procedure variables as well as literal procedure

calls.
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3.3.2 Local Interface Procedures

The local procedures are interface procedures;

one interface procedure is generated for each

FORTRAN procedure name which is not only quoted

in the FORTRAN names list (and specified in the
RIL/2 module as an EXT PROC) but also is referenced
within the RTL/2 module.

The name of an interface procedure is the
corresponùing FORTRAN name with a ,f' nrefixea.

3.3.3 Interface Details

Each interface procedure consists of procedure

entry and exit control routine calls, between

which is a CODE statement.

Ihe CODE contains instrucLions to:-

(I) Save registers Al2, A13.

(2) Reformat the parameters into a FORTRAN

argunent list with A4 pointing to the list.

(3) Call the FORTRAN routine.

(4) Restore registers 412, 413.

3.3.4 Use of FORTRAN names in CODE statements

The normal philosophy of CODE statements appties
i.e. it is the userrs responsibifity to use

FORTRAN names correctly where they appear in CODE

statements. Bending of the reference takes place

3/3



if the name follows a trip-I character.
Thus if RSINE were a FORTRAN procedure a CODE

statement may contain

(a) &RSTNE

i-n which case it is transl-ated to be a reference
to the generated interface procedure brick,

f nsrun,

or

(b) RSINE

in which case a direct reference to the actual
FORTRAN routine is made, unbeknown Lo the RTL/2

cnmni I or
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SECTION 4 RUNNTNG TI]E COMPTLER

Opera9ing Instructions

Users are referred to:-

RTI./2 Reference 73, "Philips PSOO

mM RTL,/2 User Manual"

(5tzz 99t 28111)

for details of the conrnand strinqs used to drive the

r('r'lJ/ Z comprler.

The compiler with the middle end may be used

transparently when no FORTRAN interfacing is to be

performed; all existing command files can continue

to be used without conversion.

Usinq the FOBJRAN interface facility

The middle end is activated by an additional parameter,
--1FoR = Y lESl

ff this parameter is specified, the middle end will
search the ntl/2 source for a a sign. It will then

read the names of the FORTRAN subprograms, separated

by a comma, a I sign or a neitr line until it encounters

another & sign. Obviously, this information should

be enclosed in ? signs, to make it an PIT.L/2 comment,

otJrerwise an RTL/2 syntax error will occur. The comment

should be near ttre start of the program, to save time

when the compiler is searching through the source and

because the informaÈion must not be preceded by any

other ampersand (&).

4.L

4.2
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4.3 Example

Compile as

$RTT- FN=pRoG, LS=2, XREF=X:PRoG, FoR=y

The source mod.ule, PROG, wili have a comment near

ttre beginnj-ng sometLr-ing like this:

%FORTRAN NAf'ES ARE S,FSUBA,FSUBB%

%FSUBC, FSUBD&%

4.4 Environment Errors

Any of the environment errors described in the
P\1T,/) lTqar Mânrral marz 

^ô^rrr
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SECTION 5 REPORT FORMAT

5.1 Fortran Interface Report

The middle end contributes the followinq to the

Compiler listing/report output.

(a) The title:-

FORTRAN SUBPROGRAM REPORT

(b) When ttle source program is being listed, a

line nr:rnbered listinq of the FORTRAN names

as input.

(c) Error messages of the form:-

FORTRAN NAME '.xx)o(x'' ERROR nnn

For details of error nrrmbers, nnn, refer
to Section 6. "xxxxxx" is the FORTRAN

subprograrn name associated with the error.

(d) Messages of the fo:rn:-

FORTRAN NAME "xxxxxx" PROCESSED LINE nnn

indicating where references to FORTRAN

subprograms have been processed by the middle

^-Âçllq.

5.2 Other differens_es from standard compiler report

5.2.L Brick Names and Sizes

The bricks generated by the niddle end (with names

beginning \,rith '.f') appear in the brick size table.

s/t
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SECTION 6 ERRORS DETECTED BY THE FORTRAN I}ITERFACE

6.1 Front and back-end errors

All the usual errors detected. by the front-end
and back-end of the compiler are possible.

hlhen an error (otfier than a warning) is
detected by the front-end, neither the back-end

nor the middle end wiII be run. When an

error (other than a warninq) is detected by the

middle end, the back-end will not be run.

6.1.I Back End. Error I may occur in particular,
if there is insrrfficient space for the generation

of FORTRAN interface code.

6.2 Environmental Errors

See Section 4.

6.3 Middle End Errors

Tïro classes of error are distinguished warnings

and serious errors. Vùarnings have error nrrrlibers

greater than 2OO and do not affect subsequent

execution. Serious errors have numbers from IOO

to 2OO and will prevent running of the back end.
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Table 6.3.1 Middle End Errors

Error No.

Errors

LO2

ro3

104

105

106

108

Warnings

20L

Meaning

Name in FORTRAN names list is not an EXT

PROC.

Too many FORTRAN names (Maxj-mum : 256)

FORTRAN procedure with unsupported parameter

or result type.

Compiler tables cannot accommodate add.itional
names for interface procedures.

Compiler tables cannot accommodate additional
name characters for interface procedures.

Supposedly FORTRAN brick present in RTL/2

modulel

Name specified in FORTRAN names list
not appear in RTL/2 modul-e.

does

6/ p,



SECTÏON 7 EXAJVIPLE

This is a program which actually runs and the
FORTRAN and RTL/2 components are both
illustrated.
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$RTL F N=I]HLLSF , L5=Z, F 0R=ï, iNF 0=1,,OP=KPF
f10V CALLSF,/5
REF /Dq
RDâ /BF , i-U\
A56 /BD , DK
ASG /BE, DK
l'l0V RTL,/L,5n6,,'Fû

1la



RUN

DATE û9 ilrs i-r-r TiiiE -u.lH-q5t'|-3'{5-

LABEL = SPLuOPY ÛâTE = 1ô.6.?6 PACK NBR = t'l RTL?

RTL/? 0N PHILIPS Pët]û 5. P. L. VERSI0N 1,.1

0 IDENT LHLLSF
l, LET VT=ii;
c. Lh I NL=-LU;
3 LET FF=\Z;
r.l 5U[, DHTH RRSi0;
5 PRUI{ i BYTE iN;
6 PROÛiBYTEi OUT;
7 ENÛDATH;
I
9 U F0RTRÈN NHiiES HRE &NPRInE,ZZZALG,5INE6&l

],0 EXT PROC ( REF ARRHÏ BYTE ) TIJRT;
1.1, ËXT PRoL i iNT i PROû i i BYTE RROPI;
1A EXT PROI iiNTi PROC, (BYTE} RROPO,RROPOS;
1,3 EXT PRù[ ( PROL i i BYTE i RRCLSI ;
],q EXT PRO[, i PRO[ ( BÏTE i ) RRCLSO;
lrs
],6 EXT PROt ( REI{L i RilRT;
l,? EXT PR0L t , REI{L RREAD;
1A EXT FRUL i lNT i IIJRT;
.LV EÀt rX()LtlNt,lNtrltfKtf ;
AO EXT PROC I REF iNT i iNT NPRII1E;
?7' EXT PROL I REHL i REÉIL 777ALE I
?2
e3
A'+ ÊXT PROÛ ( REF f{RRÈÏ REAL, REF ARRAY REAL } 5INE6 ;
é5 I,N I I'KOL KKJOB I ,| ;
c6 tN I ti=éi
2.7 PROû(iBïTE TïiN:=RR0PItl,);
eA PRù[iBYTE, TYOUT:=RR0P05(1,),LP0UT:=Rç0pç,t,'
?9 iN:=11i;,i'
JU 0Ul:=1-y991'
3], OUT{FF i;
3e TijRT("iiNLiiPRiii[ NiJllBERS$lrl[_$*************SNLS");
33 T0 Z.ir ûû
Jrf lu 5 uu
J5 l:=NrHrnhtlr;
36 iiiRTF(i,iûi;
J/ l:=l+1,;
Jë KEI';
39 ÙUTiNLl;IIO REP;
rtl outttt );qe TNRT i "5 iNEiJHVEiiNL*********$J{L* " } it{3 OUT: =1igg1 'qq TilRT i "iiNliiiNTERVI{L=$VT*" } ;tlS ûUT: =iPgg1;116 SINEPL0T(i;
T/ UUI:=I YUUI;
tlë ULOLK t(t f.lL Â ! =|J. g '
'{9 Ë0T0 F iR51;
50 iiiiilE X'û. ti D0
51, 0uT(NLi;
5e TiiRTt"iiNLiiL06E (X)=");
53 RIJRT(ZZZALEtX) );OUT(VT);
5t{
s5 F iRSî:
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56 TURT( "iûNLiiX=SVTS");
57 X: =çREPIO a ' '
5g REP;
5Y ENUULULK;
60
61'
6? RRLLSI i TfiN i ;
63 RR tL50 t T ïOriT ) ;
6tI RRÛLSO ( LPOUT i ;
65 I.NUPKAL;
66
6?
68 DHTA SINED;
6? ITRRHY i .t,ût i REI{L Ri, R2;
?0
/-b ENUUHlH;
7?
?3 PROr 5iNEPLOT( 1;
?q REHL i:=Rç669a,'
?5 FOR j:=i 10 itû D0
?6 Rl,tii:=1p i=i THEN 0.0 ELSE R1,(J-1)+I END;
| | Ktl,;
7ê SINE6 i Ri, RZ i ;
lv f ux J!=1 lu -LUU uu
8B iNT K: =iP1( 39. tl*R? ( J ) ) ;
ô1, OuTiiûi;
Ae iF X )û TiiEN
83 T0 39 D0 OUT(' ') REP;
8q 0L,T('i'ii
A5 TO K DO OUT ( '*' ) REP;
86 ELSEIF K=û TiiEN
ê? T0 39 D0 OiiT(' ') REP;
ê8 OUT(t*''t:'
89 ELSE
90 T0 39+K D0 0UT(' ') REP;
91' T0 -K D0 OUîi'*') REP;
9? OuT('I'i;
93 END;
9q REP;
?5 OUTiNL);
96 ENDPRO[;
97
9g : EOF

F AO], LINE Z9
F AO], LINE 3Û
F ?O], LINE q3
F EO], LINE q5
F EO} LINE q7

'1/ 4



FORTRAN SUBPROËRÉi1 REPORT

FORTRâN NHiiE..NPRiiiE', PROf,ESSED LINE 35

FORTRAN NÈi.iE ''ZZZALË.' PROtESSED LTNE 53

F ORTRAN NHiiE ,'5iNE6 ,. PROCESSED LINE 7g

COIIPILHTiON OK

PR0G ELHPSED TiiiE: ûûH-ii.t,ii-065-060f15-

'7 lq



HSF C VËR. tiE

ritlr.Jû tl iDEi'iT ZZZALE
riûûi i FUNCTI0N ZZZALG(R)
tttz Z. ZZZALE=ÊL0G(R)
ÛI.183 3 RETURN
t][]TT T END

: E0F
PR0G ELHPSED TiiiE: ûtiii-00|l-055-760115-
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HSF C VER. û-c

ÛiJi]I.l Û IDENT SINEG
ûtû.ù i SUBROUTINE SINE€ ( RAIN, RÊOUT )

ÛÛÛE E DINENSION RAIN ( ],I]O ) , RAOUT ( 10CI )
Ét1r.i3 3 D0 1,0 I=L,1,00
tûtq q 1,0 RA0UT(I)=SIN(RAIN(I))TI.iÛs 5 RETURN
r.iiliiô ô END

: E0F
PR06 ELr{PSED TIiiE: tltiii-ilr.1ii-tl65-BABnS-
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HSF C VER. lr-c.

TiJiJT iJ IDENT NPRINE
I]TT1 i FUNCTION NPRIME(I}
UUUC é IL=I
tûti3 3 itl R=IL
tttiiq r S=SORT(R)iltE5 5 II=IFIX(5)+1,
tltitlô ô D0 e0 J=?, I I
ûût? 1 IF(IL-((IL/J)*J))e0,q0,a0
ttilê 6 e0 C0NTTNUE
t1r.ii19 I 3û NPRIIIE=IL
I]i]lÛ 1Û RETURN
Uiiil ii qû IL=IL+1,
ûti,e r'? 60 T0 10
ûr1i3 -r,3 END
tû1t{

: EOF
PRO6 ELHPSËD Ti,iiËr 0ûi{-i]ill'i-û45-q68ns-
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**+ $ï1iB$L TABLE *'**

$FoRT etûq
ZNPR I TIEZ],?Û
F:ER Z.ZEb
F : ERl,l, ?.eËi)F:FX ZTEq
F: IX Z35IJ
F: RD e69q
F:RN ZBôH
F : RSIN ei{ôg
F :56 Z38E
iNPR0C iTBL
R: R00 Zi,{E
R: ROI{ ÛEôÛ
R: RO9 ÛE'H
R: R].'{ ÛEF L
R: RLô ir.iF,{
R: R?? iiEq
R: R?6 ii5q
RRA56 ûùi7
RRCLSO J,EôL
RRDCLE ÛÛi5
RREAD IlB8Z
RREXIT EÛT3
RRIPF lqDâ
RROPF iTFÛ
RR0P05 -r,ôûô
RRRBF EiF ô
RRSTR -t qer.l

RRIJT I 11 ÛEiô
ZZZALÊ iF tH

'iNPR 
iiiEZi9E

lbtNtb cuôÊt
F : ERÛ3 Z.Z.Û\
I. : L.KLK CC.E\
F: iD Z33A
T:LHIL UUUC
F : REC,V Z3Z.e
F:RP EHDC
t : KbuK c. t.\6
t :bf cc5é.
iiJRT ÛDD6
R: Rûi i,iô{
R: RÛ5 EEôFI
K: K.ùU UT.Bq
R: RiS ûF?û
R: Ri9 iÛFê
R: RZ3 .t .r,-w{
R: RZ? I-t 5û
KKf{ IUh UUUL.
KKLNHH UUU /
RRDtTi EETB
RRERR ÛI]ÛE
RRË BF EJ'LE.
KKJOB IJ5.LL
RROPi i5Bô
Ki(oxu I -ùLr.ô
RRSEû ûr1ûô
RRStiiT tûûD
Rr.iRT ûHgH

$srNE6 e090 R

F: CLOR 23?6 R

F:EROI{ ??DB R

F:FCT **t'* U
F : If1 ?3?8 R

F:PA ??7E R

F : RLO€ eSCB R

F:RS eAE0 R

F:5? e3DÊ R

F:T} a?Eg R

IURTF 096A R

R: R0? l,l,Bq R

R: R06 0E6A R

R: R],? OEBE R
R:RL6 0F66 R

R: R?0 l,l,tlO R

R: R?t{ l,l,l,A R

R: R28 1l,t{6 R

RRCANR 00LA Ê
RRCNLE 001,'{ â
RRDEL 001,9 A

RRERRX I]I1],6 â
RR6EL 1'?F 6 R

RRLDSE OOO? Ê
RR0PI15 001,9 â
RRORDO I,DAE R

RRSIO OOOE A

RRTIME OO],], A
SINEG 201,Ê R

ïFORT ?OO? R

F:Dl, e3DE R

F : ERI.TI ??DC R

F:FL ?A6C R
F: IOCV ?3?q R

F:RCOS ?II6E R

F : Rll 29BC R

F:RSEV ?3?E R

F:Stt e3D6 R

F : TYF C 0001, A

NPRIIlE EOBE R

R:R03 0Eqg R
R: R07 0E?A R

R: R1,3 0EBE R

R: Rl,? 1,096 R

R: RZL 1,0F C R

R: R?5 l,l,3E R

RRACTV TOOC A

RRCLSI ],E],8 R

RRCNTI OOCIA A
RROTOE OOT]F A
RREUEN CIO}E A

RRIOLK OOO], Ê

RRNUL 1,508 R

RROPO 15CA R

RRPAUS OO06 A
RRSTK OOOA A

RRI,IAIT OOOE A
TIJRT OAOE R

R

t(
R

R
R
X

R

R

R

R

R

R

R

X
R

R

R

R

A
t(
A
K
È
R

K

R

R

R

H

R

R

R

R

R
R
A
R

R

R

R

R

R

R

R

R

R

R

R

A
H

A
H

R

R

R

R

A
H

R

{.{.***.r

STHRT = iqeA LENGTH = eBÊE REGI0N = J'61,?
ERR. LKE.
: E0F
PR06 ELHPSED TIiiE: rlûii-rjeii-.t,?5-0q0n5-

7/e



PRIIlE NijiiBERS
** * * ****,*,t**,*

J
Jt7

3l
5?
79

.ùUJ
i3l,
157
-ùè-lr
é.lgJ'
e.3?
c.6v
zv3
JJ.Ù
359
Jô?
TP"I,
Tï7
q??
5Û9

5
JtV

I1,
é1
ôJ

.LU /
-tJ /
-bô3
-1,9i
ee3
Z{i
Z-ti'
JU/
337
sfjt
317
q3i
q5?
.t6?
sei

7
?3
rt3
67
A9

1,09
139
1,6?
l,?3
??7
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