Latestresultsfrom the procedurecalling test,
Ackermannsfunction

B A WICHMANN
NationalPhysicalLaboratory Teddington Middlesex
Division of InformationTechnologyandComputing

March1982

Abstract

Ackermanns function hasbeenusedto measurethe procedurecalling over-
headin languagesvhich supportrecursion.Two papershave beenwritten on this
which arereproducedin this report. Resultsfrom further measurementarein-
cludedin this reporttogethemwith commentn the dataobtainedand codingsof
thetestin AdaandBasic.

1 INTRODUCTION

In spiteof the two publicationson the useof Ackermann$ Function[1, 2] asa mea-
sureof the procedure-callingfficiengy of programmindanguagesthereis still some
interestin thetopic. It is an easytestto performandthe large numberof resultsob-
tainedmeanghatanimplementatiorcanbe comparedvith mary othersystems.The
purposeof this reportis to provide alisting of all the resultsobtainedto dateandto
shaw their relationship Fen modernlanguagesio not provide recursiorandhencethe
testis appropriatdor measuringhe overhead®f procedurecallsin mostcases.

Ackermanns function is a small recursve function listed on page2 of [1] in Al-
gol 60. Although of no particularinterestin itself, the function doesperform other
operationgommonto muchsystemgprogrammingtestingfor zero,incrementingand
decrementingntegers). The function hastwo parameterd/ andN, the testbeingfor
(3, N) with N in therangel to 6.

Like all teststheinterpretatiorof theresultsis notwithout difficulty. Oneproblem
is that of optimization,at leastasfar ashand-codings concerned.JohnReiserhas
notedthat the calls of Ackermannconsistof one external call (in the test program)
and numerousinternal calls. The two can be distinguishedby the stacklevel. The
innermostcall in the lastleg of the algorithmmustbe with N>0 and hencethe first
testof the algorithmcanbe avoided. Dave Messhanof ICL wentfurtherin analysing
the casewhenN=1 to useessentiallythe resultthat Ackermann(1,M) = M+2. These
versionsarenotedin the listingsbut shouldbe discountedor comparatie purposes.

In previous publications the speedof the computatiorhasbeenreported. This is
no longeraddedto the databecausef measuremenproblemsand also becausehe
datacan be rapidly overtakenby hardwareimprovements. Suchdatafor a 360/370
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implementatioris muchlessusefulthanthe instructionsexecutedandthe codespace
in bytes.

Theinstructionsexecutedcanbefoundby anexaminationof themachine-codero-
duced. On somemachinesvery comple instructionsare usedfor procedurdinkage.
No accountis takenof this; it would be nice to analysethe numberof storeaccesses
but thisis too difficult andnot meaningfulwith cachememory For theimplementation
with a high overheadthetime takenhasbeenusedto estimate¢he numberof machine
instructionsexecuted.Theseestimatesireshovn in bracketsn the tablesof results.

The sizeof the codefor Ackermannis of considerablénterest. It shovs a major
influencefrom the machinearchitecture.The codesizeis measuredn 8-bit bytes(or
numberof bits divided by 8 if appropriate)andincludesary constantseeded.The
sizeis justthatfor the functionitself andexcludesary subroutineghat may be called
for performingprocedurdinkage. Thefactthatsuchsubroutinesrecalledis indicated
by a‘+’ afterthesizecolumnin thetables.Suchsubroutineslearly contributeto the
numberof instructionsexecuted.

In generalterms, it appearshatbothlanguagesindmachinesaregettingbetterat
subroutindinkage. The VAX is betterthanthe DEC-10andthe ICL 2900betterthan
thelCL 1900. Of course someof the bestfiguresare producedby software-designed
machinessuchasthe P-codeof UCSD Pascal.Onecouldreasonabharguethatthisis
not“fair” sincesuchmachinesvould notbe muchgoodat executing,say FORTRAN.

BishopandBarrondiscusgrocedureallingin a structuredarchitecturen [6]. The
measurementgresentedieredo not supporttheir contentionthatthe B6700is better
thanthe ICL 2900. The resultsfor the implementationlanguageS3 on the 2900are
superiorin both spaceand instructionsexecutedto the B6700. The reasonfor this
is that Ackermanndoesnot needa display which asBishopandBarronpoint out is
poorly supporten the2900. As often happensvith suchcomparisonsit is notclear
which approachs moreeffective overall.

2 Codingin variouslanguages

In mostlanguagesthe original Algol 60 codingcanbe followedwithout change.In-

deed,no changeshouldbe madeassometimedbetterresultsarepossible. For instance,
inverting the order of the parametersnay producebettercodein the last leg of the
algorithm (given the obvious stackimplementation).In two casesBasicandAda, a
codingis givenbelon. The Basiccodingis not obvious, and Ada (perhapsunfairly)

usesmorefeaturesf the language A similar codingto thatof Basic,for FORTRAN

is givenin [5].

2.1 Adaversion

In Ada, several actionscan be taken. Firstly, the timing statementgan be included
aspart of the codealthoughthe interpretationof the figuresmay be upsetby multi-

programming. Secondly the parametergan be constrainedo be positive (or zero)
which thenteststheability of the compilerto remove unnecessargonstraintchecking.
Lastly, the exceptionStorageError canbe usedto trap stackoverflow soasnotto go

toofar in theevaluation.Theresultingcodingis:

with Text 1O, Calendar; use Text | QO Cal endar;
procedure Ti me_Ackermann is



package Qut _Tinmes is new Fi xed_| Q(Duration);
package Qut_Int is new Integer_IlQ(Integer);
use Qut _Tines, Qut_Int;

Before, After: Tine;
I, J, K K1, Calls: Integer;

subtype Positive is Integer range O..Integer’ Last;

function Ackermann( M N Positive) return Positive is
begi n
if M= 0 then
return (N + 1);
elsif N= 0 then
return Ackermann( M- 1, 1);

el se
return Ackermann( M- 1, Ackermann(M N - 1) );
end if;
end Acker mann;
begi n
K:=16; KL :=1; | :=1;

while Kl < Integer’Last/512 | oop
Before : = O ock();
J = Ackermann( 3, 1);
After := O ock();
if J/=K- 3 then
Put ( "Wong val ue");
end if;
Calls := (512*K1 - 15*K + 9*| + 37)/3;
Put ( "Nunber of Calls " );
Put( Calls );
Put( " Time per call " );
Put( (After - Before) / Calls );
New | i ne;
I =1 + 1;
KL := 4 * Ki;
K:=2%* K
end | oop;
exception
when Storage_Error =>
New | i ne;
Put ( "Stack space exceeded for Ackermann( 3, " );
Put( I );
Put( ")" );
New | i ne;
end Ti me_Acker mann;

Notethatthisversionis for RevisedAda (July 1980)andwill requireasmallchange
for the ANSI standard.



2.2 Basicversion

Thefollowing codingwasrunonaZx81 andtookaboutl2 minutesto calculateAcker-
mann(3,3)Onthe TRS-80,it took about2 hoursfor Ackermann(3,3)Theonly coding
known to be slower wasfor ML/1 ona PDP11.The codingexecutes?3.5 statements
percall.

10 DI M S(510) sufficient for 3,3
20 LET P=1

30 PRI NT " ACKERVANN(";
40 I NPUT S

50 PRINT S; ", ";

60 GOSUB 400

70 INPUT S

80 PRINT S§; ")";

90 GOsSUB 400

100 GOsUB 150

110 PRINT "="; S

| 20 STOP

150 GOSUB 500 Acker mann
160 LET N=S

170 GOsSUB 500

180 LET MES

190 IF M <> 0 THEN GOTO 220
200 LET S=N+1

210 RETURN

220 |F N < > O THEN GOTO 290
230 LET S=m1

240 G0OsUB 400

250 LET S=1

260 GOsUB 400

270 G0sUB 150

280 RETURN

290 LET S=m1

300 GOsUB 400

310 LET S=M

320 GOsUB 400

330 hET S=m 1

340 GOsSUB 400

350 G0suB 150 -

360 GOsSUB 400

370 G0OsUB 150

380 RETURN

400 LET S(P)=S Push
410 LET P=P+1

420 RETURN

500 LET P=P-1 Pop

510 LET S=S(P)

520 RETURN



Becausef theinterpretive natureof Basic,the numberof machineinstructionss
not easilydetermined Hencethe time per call andthe spacearemeasuredThe space
figureis for lines 150-520above.

2.2.1 Basicresults

Language Compiler Instr./call Size(bytes) Source
ZX81 0.301(slow mode) 421 B A Wichmann
TRS-80 3.0 ? R F Maddock

3 Tablesof Results

Eachresultis listed in the following tablesunderfive columns. The first givesthe
languagethe secondthe compiler the third the instructionsexecuted,the fourth the
codesizeandlastly the personsupplyingthe information. Readersarewarnedthat it
hasnotalwaysbeenpossibleto checkthe dataprovided.

Eachresultis listed threetimes (in general). Firstly underthe machinearchitec-
ture, secondlyunderthe languageused,andlastly in orderof the numberof machine
instructionsexecuted. Within thefirst two headingsthe resultsarelistedin termsof
increasinghumberof instructionsexecuted.

N. B. + after Sze(bytes) denotesuseof out-of-line code. Instr./call in bracketds
anestimatebasedupontime taken.

3.1 List of results, by machine architecture
3.1.1 IBM 360/370

Language Compiler Instr/call Size(bytes) Source
Assembler BAL-360 3.994 64 JF Reiser
Assembler BAL-360 6 106 D B Wortman
CDL2 Berlin,opt+mods 13.5 ? C Oeters
RTL/2 ICI-360 14.5 102 JBarnes

IMP Edintburgh,360 18 122 P D Stephens
BCPL Cambridge 19 116+ M Richards
CDL2 Berlin,opt 19 ? C Oeters
MARY 360 20 114 SwvenTapelin
ALGOL 60 Edinkburgh,360 21 128 P D Stephens
CDL2 Berlin 22.5 ? C Oeters

LIS Siemens-360 26.5 192 JTeller
PASCAL Siemens 32 224+ M Sommer
PASCAL Manitoba 42.5 ? W B Foulkes
PL/I OPTv1.2.2 (61) ? M Heale
ALGOL W  StanfordMk2 (74) ? Sundblad
ALGOL 60 Delft,360 (142) ? B Jones

PL/ Fv5.4 (212) ? M Healey
SIMULA NCCv5.01 (230) 146 R Babcicky
ALGOL 60 IBM-F (820) ? Sundblad




3.1.2 ICL 1900
Language Compiler Instr/call Size(bytes) Source
Assembler PLAN 7.5 57 W L Findlay
PASCAL BelfastMk2 27 111+ JWelsh
ALGOL 68-R Malvern(noheap) 28 153 P Wetherall
PASCAL BelfastMk1 32.5 129+ W L Findlay
ALGOL 60 Manchestel900  33.5 ? JSRohl
ALGOL 68-R Malvern(heap) 34 162+ P Wetherall
ALGOL 60 ICL XALV (120) ? M McKeag

3.1.3 DECPDP11
Language Compiler Instr/call Size(bytes) Source
Assembler PAL-11 3.496 30 JF Reiser
Imp77 Edinburgh(PDP11) 7 28 P S Robertson
Assembler PAL-11 7.5 32 W A Wulf
Bliss CMU-11, opt 7.5 32 W A Wulf
Bliss CMU-11 10 64 W A Wulf
PALGOL NPL 13 86 M J Parsons
MODULA  Univ York 135 74 JHolden
BCPL RMCSv7 17.5 76 RobertFirth
CORAL66 RMCSvV7 17.5 76 RobertFirth
ALGOL 60 RMCSv7 18.5 80 RobertFirth
BCPL Cambridge-11 20.5 104 M Richards
PASCAL Unix-11,Amsterdam 22 126 A Tannenbaum
C-opt Unix V7, 11/45 25 64+ W Findlay
C UNIX 26 62+ P Rlint
Sue-11 Toronto 26.5 176 JJHorning
C Unix V7, 11/45 27.5 82+ W Findlay
RTL/2 ICI-11 30.5 70+ JBarnes

3.14 DEC-10
Language Compiler Instr/call Size(bytes) Source
Assembler PAL-DEC10 3.010 54 JP Reiser
Assembler PAL-DEC10 5 85 JPalme
Bliss CMU-DEC10 15 103+ W A Wulf
Imp77 Edinburgh(DEC10) 16 130 I A Young
PASCAL Hamlurg-DEC10 20 166 D Burnett-Hall
C MIT 235 157 A Synder
ALGOL 68 DEC-10-C 27 140 | CWand
Ada Intermetrics,vl 44 936 BenBrosgol
SIMULA DEC-Stockholm (158) ? JPalme

3.1.5 Burroughs - stack m/cs
Language Compiler Instr/call Size(bytes) Source
ALGOL 60 XALGOL-6700 16 57 G Goos
ALGOL 60 XALGOL-5500 19.5 57 R Backhouse
PASCAL Tasmania 245 73 A HJSale




3.1.6 ICL 2900 Series
Language Compiler Instr/call Size(bytes) Source
Assembler 2900-ICL 0.2 52 A Montgomery
S3 2900-ICL 11 52 A Montgomery
PASCAL 2900-ICL 175 88 B A Wichmann
IMP 2900-ERCC 19 86 P D Stephens
ALGOL 60 2900-ICL 19.5 84 A Montgomery
ALGOL 60 2900-ERCC 21 96 P D Stephens
ALGOL 68 2900-SWURCC 25 94 A Montgomery
SCL 2900-ICLinterp (3409) ? A Montgomery
SCL 2900-ICLsemi-comp (22200) *? A Montgomery
3.1.7 CDC 6000
Language Compiler Instr/call Size(bytes) Source
Assembler Compass 6.490 67.5 JP Reiser
Assembler Compassfast 9 97.5 A Lunde
Assembler Compass-opt 9.5 60 D Grune
Assembler Compass,conseative 9.5 1125 A Lunde
Assembler Compass 155 83 W M Waite
Bliss Oslo 17 127.5 A Lunde
PASCAL Zurich,March 76 36.5 ? U Amman
PASCAL Zurich3.4 38.5 232 N Wirth
ALEPH Amsterdaml7.1 41.5 292 D Grune
Mini-ALGOL 68 Amsterdam 51 292 L Ammeraal
ALGOL 68 CDCv1.0.8 (60) ? H Boom
SIMULA CDC (800) ? R Conradi
JCL Kronos (140000) ? A W Colijn
3.1.8 Univac 1100
Language Compiler Instr/call Size(bytes) Source
Assembler 1108 (9) ? R Conradi
ALGOL 60 Univac (175) ? R Conradi
SIMULA Univac (120) ? R Conradi
3.19 CTL Modular 1
Language Compiler Instr/call Size(bytes) Source
CORALG66 CTL 155 66 V Hathway
BCPL CTL 25 66+ V Hathway
3.1.10 Norwegian SM4
Language Compiler Instr/call Size(bytes) Source
Assembler SM4 11 ? R Conradi
MARY Trondheim 30.5 ? R Conradi




3.111 KDF9

Language Compiler Instr/call Size(bytes) Source
Assembler KDF9 14 ? B Wichmann
PALGOL KDF9 - NPL 245 74 D Schofield
ALGOL 60 Kidsgrove 68.5 ? B Wichmann
ALGOL 60 Whetstone,interp. (1550) ? B Wichmann
BABEL KDF9 (310) ? B Wichmann
3.112 VAX
Language Compiler Instr/call Size(bytes) Source
Assembler VAX MAC 7 32 RobertFirth
Ada York,library unit 8 52 C Forsyth
C-opt Unix 32V, 11/780 9 56 W Findlay
C Unix 32V, 11/780 10 80 W Findlay
Ada York,nestedinit 11 64 C Forsyth
BCPL RMCSVAX generator 11.5 65 RobertFirth
CORAL66 RMCSVAX generator 11.5 65 RobertFirth
Imp77 Edinburgh(VAX) 12 71 G Toal
ALGOL 60 RMCSVAX generator 12.5 69 RobertFirth
PASCAL DECVAX V1.2 25 187 RobertFirth

3.1.13 TI 9900 (microp)

Language Compiler Instr/call Size(bytes) Source
Imp77 Edinburgh(TI1990) 17.5 110 G Toal
Eh Waterloo 32 92 M Gentleman

3.1.14 Hungarian R10

Language Compiler

Instr./call

Size(bytes) Source

CDL

Budapest (60) ?

Z Mocsi

3.1.15 GEC 4080 (mini)

Language Compiler

Instr./call

Size(bytes) Source

BCPL Warwick, GEC4000 19.5 58+ JM Collins
PASCAL GEC4080 (175) 220+ B A Wichmann
3.1.16 IRIS80

Language Compiler Instr/call Size(bytes) Source

LIS o]l 24 192 JD Ichbiah

3.1.17 CDC 3000

Language Compiler Instr/call Size(bytes) Source

SIMULA  3300- NRDE 369 324




3118 E1-X8

Language Compiler Instr/call Size(bytes) Source
ALGOL 60 Karlsruhe (4400) ? JWinkler

3.1.19 MI1 - microprocessor

Language Compiler |Instr/call Size(bytes) Source
PALGOL MI1-NPL 12 36 R E Milne

3.1.20 P1000 - Philips m/c no longer marketed

Language Compiler Instr/call Size(bytes) Source
ALGOL 60 Eindhoven 98.5 120 KrusemanAretz

3121 MODCOMP IV

Language Compiler Instr/call Size(bytes) Source
CORAL66 Leasco-MODCOMP 21.5 96 Hetherington

3.1.22 NORD-10

Language Compiler Instr/call Size(bytes) Source
Assembler NORD-10 7 50 T Noodt
PASCAL  Oslo 27 82+ Terje Noodt
PASCAL NORD-10(P) 102.5 136+ T Noodt

3.1.23 PE 3200 (formerly Interdata 8/32)

Language Compiler Instr/call Size(bytes) Source
Assembler CAL 9.5 50 RobertFirth
Imp77 Edinburgh(PE3220) 11.5 66 G Toal
CORAL66 RMCS,PE3200 16.5 90 RobertFirth
BCPL RMCS,PE3200 17.5 96 RobertFirth
ALGOL 60 RMCS,PE3200 17.5 94 RobertFirth

3.1.24 Computer Automation NM4

Language Compiler Instr/call Size(bytes) Source

BCPL HPAC generatgNM4 15.5 70 RobertFirth
CORAL 66 HPAC generataNM4  15.5 68 RobertFirth
ALGOL 60 HPAC generataNM4 16.5 70 RobertFirth

3.1.25 Ferranti Argus700

Language Compiler Instr/call Size(bytes) Source
Imp77 Edinburgh(F700) 13 50 F King

3.1.26 Motorola 6809

Language Compiler Instr/call Size(bytes) Source
Imp- Edinburgh(6809) 16.5 61 G Toal




3.2 Listing of results by language types
321 ALGOL 60

Language Compiler Instr/call Size(bytes) Source
Imp77 Edinburgh(PDP11) 7 28 P S Robertson
Imp77 Edinburgh(PE3220) 11.5 66 G Toal
PALGOL MI1-NPL 12 36 R E Milne
ALGOL 60 RMCSVAX generator 12.5 69 RobertFirth
PALGOL NPL 13 86 M JParsons
Imp77 Edinburgh(F700) 13 50 F King
ALGOL 60 XALGOL-6700 16 57 G Goos
Imp77 Edinturgh(DEC10) 16 130 | A Young
ALGOL 60 HPAC generatgNM4  16.5 70 RobertFirth
Imp- Edinburgh(6809) 16.5 61 G Toal
ALGOL 60 RMCS,PE3200 175 94 RobertFirth
Imp77 Edinburgh(T1990) 175 110 G Toal

IMP Edinburgh,360 18 122 P D Stephens
ALGOL 60 RMCSv7 18.5 80 RobertFirth
IMP 2900-ERCC 19 86 P D Stephens
ALGOL 60 XALGOL-5500 19.5 57 R Backhouse
ALGOL 60 2900-ICL 19.5 84 A Montgomery
ALGOL 60 2900-ERCC 21 96 P D Stephens
ALGOL 60 Edinburgh,360 21 128 P D Stephens
PALGOL KDF9 - NPL 245 74 D Schofield
ALGOL 60 Manchestel900 335 ? JSRohl
ALGOL 60 Kidsgrove 68.5 ? B Wichmann
ALGOL 60 Eindhoven 98.5 120 KrusemanAretz
ALGOL 60 ICL XALV (120) ? M McKeag
ALGOL 60 Delft,360 (142) ? B Jones
ALGOL 60 Univac (175) ? R Conradi
BABEL KDF9 (310) ? B Wichmann
ALGOL 60 IBM-F (820) ? Sundblad
ALGOL 60 Whetstone,interp. (1550) ? B Wichmann
ALGOL 60 Karlsruhe (4400) ? JWinkler
Imp77 Edinburgh(VAX) 12 71 G Toal

322 ALGOL 68

Language Compiler Instr/call Size(bytes) Source

S3 2900-ICL 11 52 A Montgomery
ALGOL 68 2900-SWURCC 25 94 A Montgomery
ALGOL 68 DEC-10-C 27 140 | C Wand
ALGOL 68-R Malvern(noheap) 28 153 P Wetherall
ALGOL 68-R Malvern(heap) 34 162+ P Wetherall
Mini-ALGOL 68 Amsterdam 51 292 L Ammeraal
ALGOL 68 CDCv1.0.8 (60) ? H Boom

10



323 ALGOL W

Language Compiler Instr/call Size(bytes) Source
ALGOL W  StanfordMk2 (74) ? Sundblad
324 SIMULA
Language Compiler Instr/call Size(bytes) Source
SIMULA  Univac (120) ? R Conradi
SIMULA  DEC-Stockholm (158) ? JPalme
SIMULA NCCVv5.01 (230) 146 R Babcicky
SIMULA  3300- NRDE 369 324 E Heistad
SIMULA CDC (800) ? R Conradi
3.25 PLI/
Language Compiler Instr/call Size(bytes) Source
PL/I OPTv1.2.2 (61) ? M Heale
PL/I Fv5.4 (212) ? M Heale
3.26 BCPL
Language Compiler Instr/call Size(bytes) Source
C-opt Unix 32V, 11/780 9 56 W Findlay
C Unix 32V, 11/780 10 80 W Findlay
BCPL RMCSVAX generator 11.5 65 RobertFirth
BCPL HPAC generatgNM4  15.5 70 RobertFirth
BCPL RMCSv7 17.5 76 RobertFirth
BCPL RMCS,PE3200 17.5 96 RobertFirth
BCPL Cambridge 19 116+ M Richards
BCPL Warwick, GEC4000  19.5 58+ JM Collins
BCPL Cambridge-11 20.5 104 M Richards
C MIT 235 157 A Synder
BCPL CTL 25 66+ V Hathway
C-opt Unix V7, 11/45 25 64+ W Findlay
C UNIX 26 62+ PRIint
C Unix V7, 11/45 27.5 82+ W Findlay
Eh Waterloo 32 92 M Gentleman
3.2.7 Bliss
Language Compiler Instr/call Size(bytes) Source
Bliss CMU-11,0pt 7.5 32 W A Wulf
Bliss CMU-11 10 64 W A Wulf
Bliss CMU-DEC10 15 103+ W A Wulf
Bliss Oslo 17 127.5 A Lunde
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3.28 PASCAL

Language Compiler Instr/call Size(bytes) Source
PASCAL ICL-Perq 13 41 B A Wichmann
PASCAL UCSD-Applell 14.5 40 B A Wichmann
PASCAL 2900-ICL 175 88 B A Wichmann
PASCAL Hamhiurg-DEC10 20 166 D Burnett-Hall
PASCAL  Unix-11,Amsterdam 22 126 A Tannenbaum
LIS Cll 24 192 JD Ichbiah
PASCAL Tasmania 24.5 73 A HJSale
PASCAL DECVAX V1.2 25 187 RobertFirth
LIS Siemens-360 26.5 192 JTeller
PASCAL BelfastMk2 27 111+ JWelsh
PASCAL Oslo 27 82+ Terje Noodt
PASCAL Siemens 32 224+ M Sommer
PASCAL BelfastMk1 325 129+ W L Findlay
PASCAL  Zurich,March76 36.5 ? U Amman
PASCAL  Zurich3.4 38.5 232 N Wirth
PASCAL NORD-10(P) 102.5 136+ T Noodt
PASCAL Manitoba 42.5 ? W B Foulkes
PASCAL GEC4080 (175) 220+ B A Wichmann

329 Ada
Language Compiler Instr/call Size(bytes) Source
Ada York,libraryunit 8 52 C Forsyth
Ada York,nestedunit 11 64 C Forsyth
Ada Intermetrics,vl 44 936 BenBrosgol

3210 Assembler
Language Compiler Instr./call Size(bytes) Source
Assembler 2900-ICL 0.2 52 A Montgomery
Assembler PAL-DEC10 3.010 54 JPReiser
Assembler PAL-11 3.496 30 JF Reiser
Assembler BAL-360 3.994 64 JF Reiser
Assembler PAL-DEC10 5 85 JPalme
Assembler BAL-360 6 106 D B Wortman
Assembler Compass 6.490 67.5 JP Reiser
Assembler NORD-10 7 50 T Noodt
Assembler VAX MAC 7 32 RobertFirth
Assembler PLAN 7.5 57 W L Findlay
Assembler PAL-11 7.5 32 W A Wulf
Assembler Compassfast 9 97.5 A Lunde
Assembler 1108 9 ? R Conradi
Assembler Compass-opt 9.5 60 D Grune
Assembler Compass,conseative 9.5 1125 A Lunde
Assembler CAL 9.5 50 RobertFirth
Assembler SM4 11 ? R Conradi
Assembler KDF9 14 ? B Wichmann
Assembler Compass 155 83 W M Waite
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3211 CORAL 66

Language Compiler Instr/call Size(bytes) Source
CORAL66 RMCSVAX generator 11.5 65 RobertFirth
CORALG66 CTL 155 66 V Hathway
CORAL66 HPAC generatgNM4  15.5 68 RobertFirth
CORAL66 RMCS,PE3200 16.5 90 RobertFirth
CORAL66 RMCSvV7 17.5 76 RobertFirth
CORAL66 Leasco-MODCOMP 215 96 Hetherington

13



3.3 Listing of resultson order of instructions per call

Language Compiler Instr/call Size(bytes) Source
Assembler 2900-ICL 0.2 52 A Montgomery
Assembler PAL-DEC10 3.010 54 JP Reiser
Assembler PAL-11 3.496 30 JF Reiser
Assembler BAL-360 3.994 64 JF Reiser
Assembler PAL-DEC10 5 85 JPalme
Assembler BAL-360 6 106 D B Wortman
Assembler Compass 6.490 67.5 JP Reiser
Assembler NORD-10 7 50 T Noodt
Assembler VAX MAC 7 32 RobertFirth
Imp77 Edinburgh(PDP11) 7 28 P SRobertson
Assembler PAL-11 7.5 32 W A Wulf
Bliss CMU-11, opt 7.5 32 W A Wulf
Assembler PLAN 7.5 57 W L Findlay
Ada York,library unit 8 52 C Forsyth
Assembler 1108 9 ? R Conradi
Assembler Compassfast 9 97.5 A Lunde
C-opt Unix 32V, 11/780 9 56 W Findlay
Assembler Compass-opt 9.5 60 D Grune
Assembler Compass,conseative 9.5 1125 A Lunde
Assembler CAL 9.5 50 RobertFirth
Bliss CMU-11 10 64 W A Wulf

C Unix 32V, 11/780 10 80 W Findlay
Assembler SM4 11 ? R Conradi
Ada York,nestedinit 11 64 C Forsyth
S3 2900-ICL 11 52 A Montgomery
BCPL RMCSVAX generator  11.5 65 RobertFirth
Imp77 Edinburgh(PE3220) 115 66 G Toal
CORAL66 RMCSVAX generator 11.5 65 RobertFirth
Imp77 Edinburgh(VAX) 12 71 G Toal
PALGOL MI1-NPL 12 36 R E Milne
ALGOL 60 RMCSVAX generator 12.5 69 RobertFirth
Imp77 Edinburgh(F700) 13 50 F King
PALGOL NPL 13 86 M J Parsons
CDL2 Berlin,opt+mods 135 ? C Oeters
MODULA  Univ York 13.5 74 JHolden
Assembler KDF9 14 ? B Wichmann
RTL/2 ICI-360 145 102 JBarnes
Bliss CMU-DEC10 15 103+ W A Wulf
Assembler Compass 155 83 W M Waite
BCPL HPAC generatgNM4 15.5 70 RobertFirth
CORAL 66 HPAC generataNM4  15.5 68 RobertFirth
CORALG66 CTL 155 66 V Hathway
ALGOL 60 XALGOL-6700 16 57 G Goos
Imp77 Edinburgh(DEC10) 16 130 I A Young
ALGOL 60 HPAC generataNM4 16.5 70 RobertFirth
CORAL66 RMCS,PE3200 16.5 20 RobertFirth
Imp- Edinburgh(6809) 16.5 61 G Toal
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Language Compiler Instr/call Size(bytes) Source

Bliss Oslo 17 127.5 A Lunde
ALGOL 60 RMCS,PE3200 175 94 RobertFirth
Imp77 Edinburgh(TI1990) 175 110 G Toal

BCPL RMCSv7 175 76 RobertFirth
BCPL RMCS,PE3200 175 96 RobertFirth
PASCAL 2900-ICL 175 88 B A Wichmann
CORAL 66 RMCSv7 175 76 RobertFirth
IMP Edinburgh,360 18 122 P D Stephens
ALGOL 60 RMCSv7 18.5 80 RobertFirth
IMP 2900-ERCC 19 86 P D Stephens
CDL2 Berlin,opt 19 ? C Oeters
BCPL Cambridge 19 116+ M Richards
ALGOL 60 2900-ICL 19.5 84 A Montgomery
BCPL Warwick, GEC4000 19.5 58+ JM Collins
ALGOL 60 XALGOL-5500 19.5 57 R Backhouse
MARY 360 20 114 SwvenTapelin
PASCAL Hamhurg-DEC10 20 166 D Burnett-Hall
BCPL Cambridge-11 20.5 104 M Richards
ALGOL 60 2900-ERCC 21 96 P D Stephens
ALGOL 60 Edinturgh,360 21 128 P D Stephens
CORAL 66 Leasco-MODCOMP 21.5 96 Hetherington
PASCAL Unix-11,Amsterdam 22 126 A Tannenbaum
CDL2 Berlin 225 ? C Oeters

C MIT 23.5 157 A Synder

LIS Cll 24 192 JD Ichbiah
PALGOL KDF9 - NPL 24.5 74 D Schofield
PASCAL Tasmania 24.5 73 A HJSale
ALGOL 68 2900-SWURCC 25 94 A Montgomery
BCPL CTL 25 66+ V Hathway
C-opt Unix V7, 11/45 25 64+ W Findlay
PASCAL DECVAX V1.2 25 187 RobertFirth

C UNIX 26 62+ P Rlint

LIS Siemens-360 26.5 192 JTeller
Sue-11 Toronto 26.5 176 JJHorning
ALGOL 68 DEC-10-C 27 140 | CWand
PASCAL BelfastMk2 27 111+ JWelsh
PASCAL Oslo 27 82+ Terje Noodt

C Unix V7, 11/45 27.5 82+ W Findlay
ALGOL 68-R Malvern(noheap) 28 153 P Wetherall
MARY Trondheim 30.5 ? R Conradi
RTL/2 ICI-11 30.5 70+ JBarnes

Eh Waterloo 32 92 M Gentleman
PASCAL Siemens 32 224+ M Sommer
PASCAL BelfastMk1 325 129+ W L Findlay
ALGOL 60 Manchestel900 335 ? JSRohl
ALGOL 68-R Malvern(heap) 34 162+ P Wetherall
PASCAL Zurich,March 76 36.5 ? U Amman
PASCAL Zurich3.4 38.5 232 N Wirth




Language Compiler Instr/call Size(bytes) Source
ALEPH Amsterdaml7.1 41.5 292 D Grune
PASCAL Manitoba 42.5 ? W B Foulkes
Ada Intermetrics,vl 44 936 BenBrosgol
Mini-ALGOL 68 Amsterdam 51 292 L Ammeraal
CDL Budapest (60) ? Z Mocsi
ALGOL 68 CDCv1.0.8 (60) ? H Boom
PL/I OPTv1.2.2 (61) ? M Heale
ALGOL 60 Kidsgrove 68.5 ? B Wichmann
ALGOL W StanfordMk2 (74) ? Sundblad
ALGOL 60 Eindhoven 98.5 120 KrusemarAretz
PASCAL NORD-10(P) 102.5 136+ T Noodt
SIMULA Univac (120) ? R Conradi
ALGOL 60 ICL XALV (120) ? M McKeag
ALGOL 60 Delft,360 (142) ? B Jones
SIMULA DEC-Stockholm (158) ? JPalme
ALGOL 60 Univac (175) ? R Conradi
PASCAL GEC4080 (175) 220+ B A Wichmann
PL/ Fv5.4 (212) ? M Healsy
SIMULA NCCv5.01 (230) 146 R Babcicky
BABEL KDF9 (310) ? B Wichmann
SIMULA 3300- NRDE 369 324 E Heistad
SIMULA CDC (800) ? R Conradi
ALGOL 60 IBM-F (820) ? Sundblad
ALGOL 60 Whetstone,interp. (1550) ? B Wichmann
SCL 2900-ICLinterp (3409) ? A Montgomery
ALGOL 60 Karlsruhe (4400) ? JWinkler
SCL 2900-ICLsemi-comp (22200) ? A Montgomery
JCL Kronos (140000) ? A W Colijn

4 Notes

ALGOL 60 on P1000usesthunksanda compatibility checkto maintainsecuritywith
formal calls. Thefull thunkmechanisnis avoidedwith simplevariablesandconstants.
Thisimplementatiormethodis comparablavith ALGOL W.

The two assemblewersionsfor the DEC10useinstructionswhich do two actions
atonce:addoneto aregister& jump, subtractonefrom a register& jump, andalso
usesstackinginstructions.

The codingsfrom JohnReiserdo two piecesof optimisation: distinguishing be-
tweenexternalandinternalcalls (the stackdepthcanbe usedto distinguishthe cases),
andavoiding thetestfor n=0whenn>0 oninternalcalls. The countof theinstructions
percallis baseduponfiguresfor Ackermann(3,6)Similarcodingshave beenproduced
by Dave Messhanof ICL which godown to .02instructiongpercall by essentiallyas-
sumingthe valueof Ack(1,n) = n+2. All theseversionsshouldprobablybe rejected
sincethey avoid the procedurecall which the testis designedo measure.

ThelLeasco-MODCOMPrersionusesa conditionalexpressiorandhencethecom-
piled codeis somavhatmorecompacthanthe ‘ordinary’ coding.

TheBerlin CDL2 resultscomein threeflavours: withoutoptimization with machine-
independenbptimizationandwith machine-dependemptimization. The last caseis
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designedut notimplementedfiguresfrom hand-coding).

The Pascalimplementatiorfor the NORD-10is baseduponthe Zurich P compiler
with the simplestmodificationto generateodeinsteadof interpreting.The codegen-
eratoris beingenhanced.

TheMODULA codefor thePDP11usesSPaddressindor local addressingimilar
to the PALGOL compilet

The PASCAL compilerfor the NORD-10hasanadditionaloptionto testfor stack
overflow which addsthreeinstructionson executionand8 bytesto the size.

The Pascalcompiler on the 2900 doesnot avoid the multiple assignmento the
function resultandalsoproducesa preludeat the endof the codewith a jump to the
startof the procedureOnethe 2972,it takes9.54microsecondsr .557microseconds
perinstruction.

The high figure for Pascalon the GEC4080is causedby the softwareoverhead
to allow the stackto extend beyond the directly addressablémit of 16K bytes(for a
singlesgment).

The RMCS generatoffor BCPL goesvia the usualOCODE route. However, gen-
eratorsfor both Coral 66 and ALGOL 60 are availablevia the sameroute giving es-
sentially the samefigures, as shovn underRobertFirth. He notesthat BCPL loses
someefficiengy becauseproceduresre calledvia procedurevariables. His Algol 60
generatofosesoneinstructionby assignmentf thefunctionresult.

The UCSD P-codeimplementatiorof Pascalhasnot beenaddedto thelist under
machinearchitecturesecauseof its (usually) interpretive nature. The Apple Il im-
plementatiortakesabout600 microsecondper P-codeinstruction. Stackoverflon on
(3,4) crasheshe system.

TheICL Pergrunsavery similar instructionsetto P-codebut this is microcoded.
Ackermann(3,7¢rashedhesystemalthough(3,6)rantoofastto time accuratelyFifty
callsof (3,6) took 355secondspr 41.2microsecondpercall. Thisis about200times
fasterthanUCSD Pascalon the Apple. The 13 instructionsfor a call wereestimated
by handcompiling the functioninto Q-code. The call instructionis relatively long so
thatthe averagetime for aninstructionis 3.17 microsecondsguite a bit lessthanthe
maximumof onemicrosecond.

Thetwo codingsin the commandanguagedor the ICL 2900series(SCLarewith
aninterpreterandwith partialcompilation.Notethatpartial compilationgivesa better
figurethanonetrue compiler Theinstructionsxecutedarederivedfrom aninstruction
counteron themachineandhenceshouldbereliable.

The codegeneratedy the Imp 77 compilerfor the PDP11is quite remarkable It
is betterthanwhat wasthoughtto be the optimal handcoding. PeterRobertsonthe
designerof the compiler, explainsthis by noting that the compileris in threepasses.
Allocatingthetwo parameterto registersmeanghatno stackframeis required.Clas-
sical optimizationis then effective, including code motion. The improvementover
Bliss is achiezed by makingthe entryaddresshethird instruction— the two previous
incrementinganddecrementingachparameterThis meanghatinstructionsaresaved
dueto thecommonalityof the expressionsn thecalls. Thistrick with theentryaddress
doesnot appeartto be usedwith the otherimp codegeneratorsalthoughgoodresults
areobtainedn mostcasesThe 6809generatois for a subsebf Imp.

Thetwo resultsfrom the York Adacompilerarefor alibrary unit andfor afunction
nestedwithin the main program(needinga display). The codingis the obvious one
without the subtypePositive andthe exceptionStorageError. The machinecodefor
thelibrary unit is essentialljthe sameasthatproducedby C. The Unix C optimiseris
usedby the York compilerto reducethe codesize.
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