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Abstract

A substantiahmountof statisticainformationis givenof Algol programsunattheNationalPhysical
Laboratory This involvedthe monitoringof 155million instructions.Informationfrom this canbeused
by compilerwriters in decidingwhich featuresof a compilerare worth optimising. Statisticsare also
givenof theoccurrencef basicsymbolsin sourcetext andof instructionsn compiledprograms.

Fromtheexecutionstatisticsan Algol mix hasbeendevised. Thishasbeenrunon 18 Algol systems
giving a clearindication of the weaknessgeand merits of eachone, aswell asa comparisonof their
executionspeeds.

Contents
1 Introduction 2
2 Whetstone Algol dynamic analysis 2
2.1 Introduction. . . . . . . . 2
2.2 Outlineofthestatistics . . . . . . . .. . .. . . 3
2.3 Analysisof thedynamiccounts. . . . . . . ... ... ... 4
231 0Operations . . . . . ... e e 4
2.3.2 Useofconstants . . . . . . . . . . e 4
2.3.3 LabelsandSwitches . . . . . .. . ... .. 5
234 Forloopcode. . . . . . . . 5
2.3.5 Procedureentrycode. . . . . . ... 5
2.3.6 Useofformals . . .. .. . .. ... .. . e 7
2.3.7 Expressiongsactualparameters . . . . . . .. ..o 8
2.3.8 Unconditionadumps. . . . . . . . .. 8
2.3.9 Analysisof arithmeticvariablestoreandfetch. . . . . . .. ... ... ... ... 9
3 Whetstone Algol static analysis 9
3.1 Introduction. . . . . . .. e e e 9
3.2 Theanticompiler . . . . . .. 10
3.3 Useof theanticompiler. . . . . . . .. ... . 11
3.4 Remarkntheoperationcounts. . . . . . . .. .. 11
4 Statistics from the Algol source text 11
4.1 Analysisof particularbasicsymbols . . . . . ... ... .. o 12
4.1.1 Theforsymbol . . . ... ... .. . 12
4.1.2 Useofthe:symbol. . . . .. ... .. ... . .. 12
4.1.3 Thetoperator . . . . . . . . e 13
4.1.4 The=-o0perator. . . . . . . . i i e 14



5 Weighting factorsfor the simple statements 14

5.1 Introduction. . . . . . . . .. e 14
5.2 Operationcodesfor thesimpletiming statements. . . . . .. ... ... .. ... .... 14
5.3 Calculationof theweightingfactors . . . . . .. .. ... ... ... .. ... . . ..., 16
5.4 CommentontheAlgol mix . . . . . . . . . . 18
5.4.1 Notesonthemachinetimes . . .. ... . ... ... ... .. ... . ..., 18

5.4.2 Therelationshipof the Algol mix totheGibsonMix . . . ... ... .. ... .. 23

A Statistics of each Whetstone Interpretive I nstruction 25
B Basic symbol frequencies 29
C Matrix of statement weights 33
D Observed and estimated statement times 35
E Analysisof thetimes 40
F Residual matrix 42
G Document details 47

1 Introduction

A large part of the statisticsgatheredand analysedin this report are dependenbn the Algol compiler
describedn RandellandRussellsbook“ALGOL 60 Implementation’{1] . Fortunatelythis bookcontains
sufficientdetailfor thosewithoutaccesso a KDF9 to maketheir own analysisof thestatisticsgivenin this
report.

Threegeneralmethodshave beenusedto gatherstatisticsfrom the KDF9 WhetstoneAlgol system.
Firstly, the interpreterhasbeenmodifiedto obtaindynamiccountsof eachinterpretive instruction. Sec-
ondly a staticcountof theseinstructionshasbeenmade. Thirdly, the Algol sourcetext, storedasfiles on
the systemslisccanbe scannecndanalysedn variousways.

This work hasbeendoneover a period of nearlytwo years. Much help hasbeengiven by various
peopleincludingA.L. Hillman, R. GreenandM. Parsons Additional statisticalinformationhasalsobeen
provided by Dr. C. Phelpsof Oxford University which is analysedn section2. Many helpful comments
principally by R. Scaven and M. Woodgerhave resultedin amendmentso the work. Also additional
timing datahave beensentto the authorsincethe publicationof [3] whichappeaiin 5.4.

2 Whetstone Algol dynamic analysis

2.1 Introduction

Thereadeis expectedo befamiliarin outlinewith RandellandRussellsbookALGOL 60 Implementation
[1]. Referencedo the book usethe sectionheadingprecededy RR, e.g.:-RR 2.6.2. The interpretive
instructionsareexpandedwith the abbreviation left in capitalletters,for instanceMake StorageFunction,
whichis writtenasMSFin [1] andin partsof this reportwherethe contet is clear

Executionof the objectprogramoperationds implementedvith oneswitch on the currentoperation
number This partof theinterpretercanbe modifiedto addup the numberof timeseachtype of operation
hasbeenexecuted.Theinterpretelis extremelyslow to execute— typicalinstructiontimesare300to 800
microsecondskor this reasoradding40 microsecond$o accumulatéhedynamiccountsdoesnot degrade
the systemsignificantly Consequentlyhis modificationcaneasilybe usedon all programssubmittedto
the Whetstonesystem.This avoids the samplinginvolvedin somemethods.

At first, the modifiedinterpreteroutputthe countsof eachprogramto paperntape.Almostall programs
were monitoredin threedaysseparatedy a fortnight in orderto capturedifferentprograms.A similar



modificationwasdoneat Oxford Universityby Dr. C. Phelps.Later, themodificationwasrepeatedut the
countswereaccumulatecutomaticallyon the disc. Becauseof this, it waspossibleto monitor programs
continuoudor overamonth.A total of nearlyathousangrogramsveremonitoredalthougha substantial
numberof rerunsmeanghatonly abouttwo hundredof theseweredistinct.

In interpretingtheseresults,one mustbearin mind the ervironmentwithin which thesefigureswere
obtained.The NationalPhysicalLaboratoryis a researchestablishmenin which in generalthe scientists
do their own programwriting anddehugging. Programdevelopmenttakesa large shareof the available
computertime, almostall of whichis in ALGOL. The WhetstoneAlgol systemis usedonly for program
developmentandproductionrunsusetheKidsgrove compiler[2]. It is thoughtthatafairly high proportion
of theusershave little programmingxperienceandthatthisis reflectedin the programshey write.

SinceWhetstoneALGOL is usedfor programdevelopmentonly, productionprogramsare likely to
shaw differentproperties.Someof thesecanbe guessedt. For instancean operatorlike Make Storage
Functionwill probablyonly be executeda few timesper programregardlessof the amountof computing
time used.Onewouldimaginethattheuseof the standardnput/outputroutineswould notincreasdinearly
with theamountof computettime used.

2.2 Outline of the statistics

The completetable of statisticson the interpretednstructionis givenin AppendixA. For the purposeof
the calculationof variancethefigureshave beendividedinto sevengroupsasfollows:

¢ 1) Threedaysseparatedby afortnightat NPL, collectedin OctoberandNovember1960
¢ 2) FigurescollectedOxford Universityduring April 1969by Dr. C. Phelps.

e 3)to 7) Figurescollectedautomaticallyat NPL during FebruaryMarchandApril 1970. Thesehave
beendividedinto groupsrepresentingbout? to 10 daysuseof the WhetstoneAlgol system.

Sometimest is appropriatdo give all sevenfigures,in which caseit is written as“total (f1, f2, {3, f4,
15, 6, f7)". Whereappropriatefiguresareroundto threeplaces.Usuallyoneis interestedn thefrequeny
of executionof one of the interpretedinstructionsin which casethe averageof the frequeng from the
sa/en sampleds given. The varianceof the seven frequenciesasa percentagés thengivenin brackets
asanindicationof the reliability of the information. For instance the frequeng of execution of Block
Entry is 13 400 (26) operationsper million. As expected,the more frequentoperationshave a smaller
variance(typically 10 percent)asopposedo thelessfrequentoneswith a varianceof often 100 percent.
In general,the numberof programsin the seven sampless an indication of the comprehensienessof
the data. In the caseof thefirst sample rathermore carewastakenover its collectionwhereashe other
onesaremerelyall programssubmittedover a particularperiodof time. The lastfour samplesarein date
orderandso,becausef thegraduallychangingpopulationof programsbeingrun, the correlationbetween
sampleanight be expectedto correspondo the differenceof the samplenumbers.A goodcheckon the
statisticawould beto seeif the Oxford Universityfiguresaresignificantlydifferentfrom thoseat NPL.

The numberof programsexecutedwas 949 (93, 120, 122,349, 71, 121, 120). The numberof ele-
mentaryoperationsn eachsetwas 155 (12, 6.3, 16.3,67, 12, 25.4,15.8) millions. Hencethe average
numberof operationsn eachprogramwas152000(165000,63500,133000,192000,170000,210000,
132000). The averagetime takento executeoneinstructionwas664 (738,761,598,593,616,655,687)
microsecondsThepercentag®ef programdo terminatewithout errorwas54 (58,55, 51,55,41,49, 63).

2.3 Analysisof the dynamic counts

The figuresgive very accuratedetailsof someaspectf the useof ALGOL. For instance the number
of timeseachstandardfunction was usedis known. But in other casesthe operationcountsgive little
information. For example,type corversionis not explicit soit is not known how often a floating point
numberhasto befixedto storeit in core.Also, theoperationdNDA andINDR do notgive thedimensions
of thearrays.So,in orderto proceedurtherwith someanalysist is necessaryo makeguessegaboutsome
of themissinginformation.



Opeifator | Frequency| Variance
X 36800 9
+ 31000 (14)
— 26300 (11)
/ 11000 (27)
= 6980 (26)

NEG 5230 (21)
> 3600 (24)
0 3530 (59)
< 3290 (38)
+ 2230 (56)
\Y 2180 (32)
< 1030 (70)
> 914 (86)
A 884 (74)
= 481 (70)
- 115 (107)
= 1 (241)
D 0 | (infinite)

Tablel: Frequeng of executionof the Algol operators

| Opemtor | Frequency| Variance |
Takelnteger Constantl 43200 4
TakelntegerConstant 22500 (33)
TakelntegerConstan® 6630 (25)
TakeRealConstant 5450 (44)
TakeBooleanConstantalse 124 (68)
TakeBooleanConstaniTrue 78 (126)

Table2: The constanbperations

2.3.1 Operations

Thefrequeng of arithmeticandbooleanoperationcanbe founddirectly from correspondinglementary
operationfrequenciesandarelistedin Tablel.

Unfortunatelythe type of the operandss not known, for instancex is executedfor real or integer
operandsr indeeda mixture in which casethe integer operandis convertedto real. A roughguessis
attemptedn theratio of realto integerworking baseduponotheroperationgseesection2.3.9and2.4).

Thefactthatmultiply appearsigherin the tablethanadddoesnot meanthatthe machinenstructions
for multiplication arelikely to be usedmore often thanthosefor addition. In fact, additionoccursmore
frequentlythanmultiplicationbecauséf its usein addresgalculation(INDex Address]NDex Result)and
storageallocation(Make StorageFunction,ProcedureEntry, Block Entry, Call Block etc). The possibil-
ity of calculatingthe frequeng of executionof variousmachineinstructionsin Algol compiledcodeis
examinedin detailin section5.4.2.

2.3.2 Useof constants

WhetstoneAlgol insertsconstantsn the codewhenrequired,soit is not possibleto find out how much
storagavould be savedif eachdifferentconstantppearednly one.

Thefrequeng of therelevantoperationss asin Table2.

In analysingthese allowancemustbe madefor the fact that constantasactualparameterso proce-



duresdo not give rise to theseoperations.The useof specialoperation-codefor 0 and1 is clearly fully
justified,but it is thoughtthatalarge proportionof theintegerconstant:iot0 or 1 arein factsmallintegers.

2.3.3 Labelsand Switches

Comparedvith implicit transfers|abelsarevery rarelyused.

The useof switcheswasonly aboutfive percentof thegoto’s: Frequeng of goto’s=2 010(51) from
GoTo AccumulatorFrequeng of the useof switches= 94 (105)from Take Switch Address.

Theaveragevalueof the switchindex canbeseerfrom theratio (Decremenswitchindex/TakeSwitch
Addresswhichis aboutfifteen (with alarge variation).

Onecanalsotell how frequentlylabelsarepassedn aprogramsincetheoperationTRACE is generated
for eachcall of a procedurgProcedurdentry) or passinga label.

Frequeng of passingalabel= 3 370(44)

Percentagef goto’s/passin@labelis 58 with astandardieviation of 8 percentfrom thesevensamples
(whichis surprisinglyconstanin view of thewide variationof thefrequencies).

2.3.4 For loop code

Thefor loop controlcodeis rathercomple, soa carefulreadingof RR2.6is advisable.

Oninitialising thefor loop, Unconditionallump,Call FunctionZeroandFor Block Entry areexecuted.
For eacharithmeticelementtwo LINK andone For Arithmetic is executedtogetherwith For Returnon
completionof the controlledstatementFor eachwhile elementhreeLINK’ s oneFor While andthenFor
Returnis executed.The step until elementds morecomple in thatfour LINK’ s FORS1andFor Return
areusedfirst time roundtheloop andfour LINK’ s, FORS2 andFor Returnsubsequently

Thefiguresrevealasexpectedhatthestep until elements muchmorefrequentlyusedthantheothers.
Otherfactscanalsobededuced.

Frequeng of entryto for loopsFor Block Entry = 2700(24)

Frequeng of exits from for loopsby exhaustion(For StatemenEnd)= 2510(27)

Percentagef for loopsfrom which anabnormalexit hasbeenmadeis 3.6 (106)

It is not possibleto find outhow mary arithmeticelementsarein afor loop, or how mary timeswhile
is obeyed, but with the step until thisis possible.

Averagenumberof timesroundstep until for loop (FORS1/FORS?2Y.9 (15) Thisis a numberwhich
onewould expectto increasesubstantiallyfor productionrunsasopposedo the programtestingwhich
wasmonitored.

2.35 Procedure entry code

Becausehe correspondencketweenactualandformal parameterss checkedat runtime (RR 2.5.6),an
analysisof parameterss possible. However the parameteoperationsare not executeddirectly, so an
analysisis only possibleof theformal parameter®y inspectingthe frequeng of thecheckoperations.
Thetable3 givesalist of all the checkoperationsandtheir frequeng. Also takulatedis the “average”
numberof parametersf the check-typethatis, frequeng/proceduresntry count.
The sumof the checkoperationgjivesthe averagenumberof parameterso procedureswhichis 1.88
(19).

Procedures without parameters Thesearecalledby Call FunctionZeroandCall Formal Function
Zeroinsteadof Call FunctionandCall Formal Function.UnfortunatelyCFZ is alsousedin for statements,
but the useof CFZ andand CFFZto call functionswithout parameterganbe found from (PE-CF-CFF).
This hasameanof 788(104)operationgermillion. Thepercentagef callsof proceduresvithoutparam-
etersout of all proceduresveragesat4.33with avarianceof 108.



Opemtion Meaning Frequency| Variance | Frequency/| Variance
Proc. Entry | (Freg/PE)
Procedureentry 20100 26
CheckandStoreReal realby value 18100 26 .922 26
CheckandStorelnteger integerby value 13100 26 .664 17
CheckArithmetic real/integerby name 2480 79 .140 89
CheckSTring string 1790 76 .089 54
CheckArray Real realarrayby name 656 34 .036 45
CheckArray Integer integerarrayby name 471 180 .018 160
CheckandStoreBoolean booleanby value 113 93 .006 | verylarge
CheckLabel labelby name 59 91 .003 | verylarge
CopyRealFormal Array realarrayby value 43 85 .002 | verylarge
CheckBoolean boolearby name 24 170 .001 | verylarge
CheckPRocedure procedure 9 153 | verysmall
CheckFunctionReal realprocedure 3 169 | verysmall
CheckandStoreLabel labelby value 2 208 | verysmall
CopylntegerFormalArray | integerarrayby value 0 223 | verysmall
CheckFunctionBoolean booleanprocedure notused
CheckFunctioninteger integerprocedure
CheckSwitch switch
CheckArray Boolean booleanarrayby name
CopyBooleanFormal booleanarrayby value

Table3: Procedurdntry andCheckOperations

Code procedures The standardfunctions are not dealtwith as ordinary code proceduresand are
consideredn the next section.Althoughtheusercanwrite codeprocedureshe mostfrequentlyusedones
arealmostcertainly“write (integer, integer, real)”, “read (integer)”, “write text (integer, string)”, whereall
the parametergexceptthe string) areby value.

At Oxford University, the WhetstoneAlgol systemis somavhat differentso that theseinput-output

proceduresre treatedas standardiunctions. In this case,it is possibleto determinethe percentagef
procedurecallswhich arefor standardnput-outputroutines.Thisis 59 percent.

A typeproceduras enteredby theinterpretve codeR DOWN, | DOWN or B DOWN asappropriate,
but ordinaryproceduresreenteredy theuseof R DOWN.

Thepercentagef theseoperationgo thetotal useof proceduress

¢ RDOWN 40.7(38)
e | DOWN 4.2 (large)
¢ B DOWN O (verylarge)

(The R DOWN valuefrom Oxford hasbeencorrectedo do this calculation).

Standard functions The standardfunctionsare dealt with as ordinary proceduresxcept that the
body of the procedurés a singlesyllableoperationcodeuniqueto thatfunction. Hencethe useof eachof
the standardunctionscanbe determinedrom the tablesandis repeatedn Table4.

Thetotalfor all the standardunctions8 718 (56) operationgpermillion.

As a percentagef the useof proceduresthe usedstandardunctionsis 41.8 percentwith a variance
of 37.

From the last section,the total useof codeproceduresand standardunctionsis 86.8 per centof all
proceduregvarianceonly 9). This ratio canalsobe determinedrom (RETURN-CBL)/PE,which gives
the fraction of pureAlgol proceduregassumingoroceduresvereleft by the ordinarymechanisninot by
gotoetc)).



| Opentor | Frequency| Variance |

SQRT 1750 (49)
CoSs 1490 |  (101)
ABS 1390 (40)
SIN 1020| (108)
ENTIER 909 | (122)
EXP 831 (92)
LN 644 (83)
ARCTAN 501 |  (149)

SIGN 82 (82)

Table4: Thestandardunctions

| Opermator | Frequency| Variance |
TakeFormal Address 24400 (39)
TakeFormalReal 2690 (40)
TakeFormal Addressinteger 1890 (42)
TakeFormallinteger 1820 (109)
TakeFormal AddressReal 1700 (93)
TakeFormalBoolean 85 (143)
TakeFormalLabel 0 (151)

Table5: The TakeFormaloperations

2.3.6 Useof formals

Within the procedurethe useof formalsspecifiedby namecanbefoundfrom inspectingthefrequeng of
therelevantTakeFormaloperationgRR 2.5.6),seeTable5. The useof formalsspecifiedby valuecannot
be separatedrom theuseof non-formals.

It is possibleto seehow mary timeson averageeachformal is accessedThe operationsTFI, TFAI,
TFR andTFAR correspondo a formal which hasan appropriateCheckArithmetic operation.Hencethe
averagenumberof referenceso arithmeticcall by nameparameterss 4.46(49).

The repeateduseof arrayscalledby namecanbe found from the ratio TFA/(CAR + CAIl + CAB) =
29.4(52).

(TFA isin factusedin assignmentt formal Booleansandalsoin theuseof formal switches put their
frequeny is solow thatthis canfairly safelybeignored.)

2.3.7 Expressionsas actual parameters

The calling sequencavith anexpressiornasa parameteconsistf a subroutinestartingwith Block Entry
andendingwith End Implicit Subrouting(RR 2.5.4.3). Although Block Entry occurson entry to blocks
(RR 2.2.3)andalsowith EndImplicit Subroutinein switchdeclaration§RR 2.4.2)theseoccurrencesire
nagligible in comparisorto their usein expressiorparametersThetotal numberof parameters/hich could
have hadexpressionsasparameterss known from the relevantcheckoperationsnamelyCSl, CSR,CA,
CL, CSB,CSL andCB. However in the caseof CA, CL andCB the expressiorcould have beenevaluated
morethanonce,andsothe countsof therelevanttakeformal operationsnustbe addednstead TFI, TFR,
TFB, TFL, TFAI, TFAR). (Theuseof TFA in theassignmento formal booleanss againignored.)
Hencethe percentag€on the basisof execution)of expressionparameterss 35.2(16).

2.3.8 Unconditional Jumps

TheUnconditionaldumpcodeappearsn about? differentcontexts asfollows:



Contt | Frequency| Variance
1 197 (51)
2 98 (51)
3 2067 (34)
4 0 )
5 94 (105)
6 19528 (29)
7 2594 (23)
TOTAL 24578 (20)

Table6: Unconditionaljumpsby context

1. After Call BLock (RR 2.2.7)andsohasexactly the samecountasCBL

2. After Block Entry (RR 2.2.8)in orderto jump roundproceduréodies.For two or moreconsecutie
procedureshereis only the onejump, soallow abouthalf the CBL countfor this.

3. Jumproundelse in conditionalexpressionor conditionalstatement¢RR 2.1.5and2.1.6). If the
conditionalstatementalwayshadandelse onewould expecta countof abouthalf of If FalseJump
for this.

4. Jumpround switch declaration§RR 2.4.2). Onewould expectcountfor this to be muchlessthan
CBL andsongligible.

5. Jumpto endof switchdeclaratiorafter evaluatinga switch designato(RR 2.4.2). Samefrequeny
asTakeSwitch Address.

6. Jumpround actualoperationg RR 2.5.3) Exactly the sameasthe Call Functionplus Call Formal
Functioncount.

7. Jumproundaddresgalculationof control variablein for loop (RR 2.6.1). This is the sameasthe
countfor Call FunctionZeroin this context.

But since Call FunctionZero can arisein the call of procedureswithout parametersthis mustbe
subtracteqsee3.5.1).

Sinceonly thejumpsof type 3 cannotbe estimatedvith ary accuray, thetotaljump countcanbeused
to find their frequeng, completingthetable®6.

The ratio of 3 to If FalseJumpis 13.3% (variance21). Sincethis is significantly lessthan half, it
appearshatconditionalstatementaremorecommonthanexpressionsandthatthe el se clauseis oftennot
preseni{or the conditionis usuallyfalse,which seemsunlikely).

Notethatalarge numberof transfersn factimplicit, suchasRETURN,andFor Return,and,of course,
the evaluationof expressionparametersvhich startswith BE andendswith EIS.

2.3.9 Analysisof arithmetic variable store and fetch

Onewould clearlylike to know the proportionof realto integer fetchsandstoresandalsothe proportion
of arrayelementaccessingo simplevariables.Unfortunatelythe operationcodesdo not give thesefigures
directly, for instancelNDex AddressandINDex Resultdo not give the dimensionof the arraysaccessed.
Soavery approximateanalysishasbeendone.

Sincethe booleanvariables(asopposedo relationaloperatorsjreusedvery rarely only integerand
realquantitiesareconsideredMore significantlythe useof formalsin the operationTakeFormal Address
is omitted althoughan allowancehasbeenmadefor this by adjustingthe Take Real Addressand Take
Integer Addresdfiguresfor arrayaccessingThefactthatINDex Resultis usedin switcheds alsoignored.

Thefor loop controlcodeis dealtwith ratherdifferentlyfrom otherstatementssothe effectthishason
the countsshouldbe removed. Making the assumptionthatmostof thefor loopsareof the form:



Use Proportionaspercentage| Variance

Integer 57.0 7

Real 43.0 9

Fetch 77.3 2

Store 22.7 6

1) Integersassubscripts 245 6

2) Integerin controlloop 16.0 17

3) Integerarrayfetch 2.8 20

4) Integerarraystore 1.8 29

5) Realarrayfetch 9.2 9

6) Realarraystore 5.6 13

7) Integerfetchexcluding 1 and2 9.4 24
8) Integerarraystoreexcluding 2 2.3 18
9) Realfetch 20.7 17

10) Realstore 7.6 16

Table7: Variableusage

for i :=1step 1until ndo
we have that TIA is usedtwice andTIR oncefor every FORS2operation.Reducingthesecountsby the
appropriateamountwe have (TIA) modified= 16 800,(TIR) modified= 111000.

If onefurtherassumeshatsubscriptexpressionsnvolve only onesimpleintegervariable andthatthe
averagearraydimensionis 1.26(seesection4.1.2) then:= (INDA + INDR) x 1.26.

Theresidueof the TIR is thus80 400.

Soalarge proportionof integerwork is involvedin fetchingsubscripts.

TheoperationsTIA andTRA areusedto fetcharraywords,andTFA is usedexclusively for this (again
ignoringformal booleanstc.). SinceINDA or INDR is executedfor eacharraywordfetch,onecanreduce
TIA andTRA by proportionto allow for this.

(TIA) corrected= 7 630,(TRA) corrected= 24 800.

Thesefiguresshouldthereforerepresenthe approximatefrequeny of storingto simpleinteger and
realvariables.

Theseresultscanbe summarisedn thefollowing way:.

Total useof simpleandarrayvariables= 329000 operations/million

By makingvariousassumptionaboutthe useof variablegable7 canbe constructed.

3 Whetstone Algol static analysis

3.1 Introduction

The WhetstoneAlgol systemin useat this laboratoryis the oneworking underthe PROMPT operating
systemprovided by ICL. The compiler readsthe Algol text off the disc and compilesthe programin

its own core area. After successfutompilation,threeitems are written backto the disc. First thereis

the WhetstoneAlgol interpretive codeasdescribedn [1] secondlythereis a referenceable giving the
correspondenckeetweersyllablenumberdn theinterpretive codeandthe Algol text (it is usedto give the
positionsof run-timefailure), andlastly thereis the machine-codeesultingfrom the compilationof code
procedures.

The compileris notload andgo, sothereis a separateunning phasein which a controller program
readsthe relevantblocksfrom thediscandinterpretshe WhetstoneAlgol code.In fact, ary programcan
readthisinformationoff thediscsoit is possibleio write anAlgol programto “anticompile”theinterpretive
codeof ary program.



Opeiation Addressfield
UnconditionadJump pointsto Call Function
30
‘string’
ParameteiSTring pointsto ‘string’
Parameteitnteger Constant pointsto ‘30’
Call Function

Table8: Exampleof procedurecall

3.2 Theanticompiler

This programmakesa single passthroughthe interpretive code,printing out the codein a binary format
togetherwith the instructionin thetextual form for instance,TakeInteger Result. The programwill anti-
compileseveral programsoneaftertheother, printing out thetotal numberof operationgor eachprogram
andfinally the total for all the programs.The anticompilationitself is not asstraightforwardas might be
hoped.Eachelementaryperationis of theform

<function><operand-
wherethe functionis 8 bits andthe operanda multiple of 8 bits which is determinedoy the function. So
the decodingtableusedby the anticompilerconsistf the size of the operandandtext for eachfunction.
The complicationcomeswith procedureparametersvhereexplicit constantsand stringsare storedwith
the codeandsomustbe avoided. This canbe doneby inspectingthe relevant parametepperationsvhich
precedehe Call Functionor Call Formal Functionoperation.

Example

Algol: write text (30, ‘string’ ) producegheinterpretive codein table8.

Sothe actionof the anticompileris asfollows. Eachoperationds decodedn a simple manneruntil
an UnconditionalJumpoperationis met. Simple decodingcontinuesunlessthis pointsto a Call Function
or Call Formal Functionoperation.In the caseof a function call a backwardscanis madeof the param-
eteroperationgthe numberof parameterss in the operandpart of the call function instruction). When
the parametepperationis a ParameteBooleanConstantParameteiReal Constantor Parameteinteger
Constanthe six syllablesof the constantare skippedOver. If the operationis ParameteiSTring, thena
skip is madeto the next whole word, the stringis printedin Algol basicsymbolform, andanotherskip
to the next wholeword is madeto getthe anticompilerbackin step. The mostcomplex caseis whenthe
parameteoperationis ParameterfSubRoutine.Thena sequencdeginning with Block Entry and ending
with End Implicit Subroutinemustbe decoded.Sincethis caninclude a function call, variousvariables
usedin decodinghefirst functioncall mustbestackedandthenunstackedby the Endimplicit Subroutine.
Notethat End Implicit Subroutinecanoccurin switchesandin this caseno unstackingnustbe done(the
stackdepthis thenzero).

3.3 Useof the anticompiler

40 programsvereanalysedisingtheanticompiler but only thetotalnumberof operationgor eachprogram
was printed. The anticompilerworkedat about120 elementaryoperationger secondor aboutonethird

the speedof the WhetstoneAlgol compiler This meantthat this static analysiswas substantiallymore
expensve in computertime thanthe dynamiccountsusedin section2. For this reasononly 40 programs
weretaken.

The40 programshadthefollowing meanvalues:ProgramText size6.05discblocksor about389048
bit words,Size of machinecode1097words,Sizeof interpretive code1031words,Numberof operations
1934,Numberof syllablesfor eachoperation3.3.

Themainoutputwasthefrequeny perthousandf theelementaryperationgprintedin AppendixA).
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3.4 Remarkson the operation counts

Althoughonly 40 programsavereexamined the staticcountsarenotsovery unreliable. Thereasorfor this
is thatthereis no equivalentof a small“computeloop” to have a large effect on the countswhich happens
with thedynamiccounts.

Someof the countsarebestexpressedn so mary operationgper program. For instancethe average
programcontains

¢ 2.5Blocks(from Call BLock)
¢ 30codeproceduregfrom R DOWN + B DOWN + | DOWN)
¢ 2 standardunctions(from abs,sqrtetc)

e 36 proceduregfrom Procedurdentry)

The parameteoperationglo appeatin the staticcountsbut not in the dynamiconesincethey arenot
executeddirectly.

Although the staticanddynamiccountsdo not comefrom the sameseriesof programsthe ratio be-
tweenthe two doesshaw the expectedbehaiour. An obvious exampleis FORS1and FORS2. These
necessariljhave thesamestaticcount,but thedynamiccountfor FORS2is naturallyvery muchlargerthan
thatfor FORS1. So, becausef the for loop mechanisnmin FORS1,For Block Entry, and For Statement
End have a higherstaticcountto dynamiccountratio. Similarly becausef the proceduremechanisnin
UnconditionalJump,Call FunctionandREJECThave a high ratio. The ratio givesa compilerwriter an
indication of thosepartsof compiledcodeoutputon which he shouldconcentratén reducingcodesize
ratherthanexecutiontime.

4 Statistics from the Algol source text

On KDF9, programtext is ordinarily kepton the discin aninternal Algol basicsymbolcode. For this
purposethe 116 Algol basicsymbolsare extendedby the editing characterspace tab and newline and
alsosomeadditionalcompoundsymbolsneededor thesystermamelyK DF9, ALGOL, EXI T, segment,
library, — and=-. The symbolsK DF9 andALGOL areusedto bracketthe body of proceduresvritten
in machine-codeThecharacter— terminatesachtext file, while the othersareusedfor otherpartsof the
systemwhichis notrelevantto the presennote.

AppendixB containsa table of the frequenyg of the KDF9 Algol basicsymbolsobtainedfrom 200
programsanda total of 955599 symbols. The programignoredsymbolsappearingoetweerK DF9 and
ALGOL andbetweercomment and;. The othertwo typesof commentwerenotignored(end comment
andparametecomments).

A further programwaswritten to analysisthe lengthof identifiersanddigit sequencesThelengthof
identifiersis distributedroughly on a negative exponentialso that the probability of having an identifier
of lengthn is half thatof lengthn — 1. The digit sequencesvere similarly distributedbut with alocal
maximumaroundthe machineaccurag of 11 decimalplaces.

4.1 Analysisof particular basic symbols

A furthertext analysisprogramwaswritten to examinethe useof particular‘'rare’ symbols.This worked
merely by printing out every line containingthat symbol. This programwas usedto examinefor loops,
arrayboundsandthe exponentialandintegerdivide operators.

411 Thefor symboal

A total of 824for loopswereexaminedfrom 37 programs.Theresultsarebestsummarizedy meansof
two tables,9 and10.
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Number | Percentage

Onestep - until element 780 94.7
list of expressions 26 3.2
Containingwhile 7 .8
Otherforms 11 1.3

Table9: Overall structureof for loop

Type Number | Percentage
(A) <constant- step 1 until <sv> 414 51.6
(B) <sv> 1 until <sv> 69 8.6
(C) <other> step 1 until <sv> 69 8.6
(D) <constant- step 1 until <other> 66 8.2
(E) <constant- step 1 until <constant 55 6.8
(F) otherloopswith step 1 9 1.1
(A) to (F) thatis, all step 1 loops 682 84.9
(G) <sv> step -1 until <constant- 20 25
(H) <other> step -1 until <constant- 34 4.2
(I) Otherformswith step -1 36 4.5
(G)+(H)+(1) thatis, all step -1 loops 90 11.2
(J) Otherformswith step <constant- 8 1.0
(K) Otherformswithout constanstep 22 2.7

Table10: Classificatiorof step - until elements

Sincetheanalysigprogramonly printedout oneline of text, in somecasesll the symbolshetweerfor
anddo werenot output. This happeneanly with lists of expressionswvhich weretoo long for aline, in
which caseit wasassumedhatthelist continuedwithoutastep - until or while element.

For similar reasonsthe typesof variablesusedin the for loops are not known althoughthe simple
variablesarethoughtto beintegersexceptin two or threecases.

Theonly type of loop which is worth while analysingfurtheris thestep - until element.The 803 step
- until elementsvereclassifiednto groupsby the complity of the threeexpressionsThethreetypesof
expressiongonsideredcire

1. <constant = explicit constantpossiblywith a sign
2. <sv> =simplevariable
3. <other> = expressiorbut notthelasttwo

The803step - until elementxanbe classifiedn table10.

4.1.2 Useof the: symbol

Linescontainingthis symbolwere printedout to determinevaluesof the arrayboundpairsin arraydecla-
rations.

A total of 272 bound pairs were found from 47 programs. Of these137 had both boundsconstant
(possiblysigned).Theelower boundswereasfollows:

e lowerbound=0,57times
e lowerbound= 1, 208times

¢ otherconstan® times(in fact, alwaysequalto -1),
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Numberin list | Total count
127
31
24
10

Hoo~NoohswNeE
RFrRroMOA

Table11: Bound-paircounts

¢ otheronce.

The dimensiondistribution wasasfollows:
e 161onedimension

¢ 54two dimensions

¢ 1threedimensionsandno others

Sothe averagearraydimensionwas1.26.
Thedistribution of the numberof arraysdeclaredvith onebound-paitist wasasin Table11.

4.1.3 Thet operator

A total of 524 1 symbolswere found in 76 programs. 416 of thesesymbolswere not (apparently)in
commentor afterthefinal endof the program(a systemfeature). Theseoperatoravereusedasfollows:

e 1 2:2690ccurrences
e 1 3: 21 occurrences
e 1 4: 3 occurrences

e 1 5:7occurrences

e otherl0loccurrences

Unfortunatelyit is not possibleto tell with the 101 othercaseghetype of the exponenti.e. integeror
realor thatof thebase.

414 The = operator

Thiswascomparatiely rarecomparedvith thelastthreesymbols.Only 63 occurrencesverefoundin 146
programs.Theseweredividedup asfollows:

¢ divisionby constant29,
¢ testto seeif variableis divisible by a constantfor instance = i — 4 x 4: 25,

e general9.
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5 Weighting factorsfor the simple statements

5.1 Introduction

In a previousreport[3], the authorcould not assignweightingfactorsto the simple statementsisedin a
timing comparison.Henceit wasnot possibleto give an overall figure of performancesincethe relative
significanceof eachof the statementsvasnot known.

Thecountspresentedh section2 do allow oneto estimateveightsfor thesestatementsSothis section
givesan exampleof how the operationcountscanbe used. As in therestof this paper the weightsare
calculatedsesen timesfor eachsetof counts. As before,the resultsare usually givenin the form of an
averageandvarianceasa percentagef the sevenfigures.

Eachof the simple statementgan be thoughtof asa numberof elementaryoperations.Clearly one
wishesto find weightsfor eachof the statementsothattheweightedsumof all theelementaryoperations
is ascloseas possibleto the countsgivenin AppendixA. The degree of matchshouldbe measuredn
termsof computingtime ratherthan operationnumbers. Although this could be consideredas a simple
minimising problem, the weightscanbe estimatedmore easily sincemary of the operationcodesonly
occurin oneor two statements.

It mustbeemphasisethat,dueto theverywide naturalvariationin Algol programstheweightscannot
berelieduponwith ary accurag (asis indicatedby thevariance).

5.2 Operation codesfor the simple timing statements

A list of the operationcodescorrespondingdo the simple statementgollows. The operationin brackets
representgxecutedcodeplacedapartfrom the opencodeof the statemenitself.

1. z:= 1.0,code:TRA X', TRC'1.0’, ST.

2. z:=1,code:TRA X, TIC1,ST.

3. z:=y,code:TRA'X, TRR'y’, ST.

4. z .=y + z,code:TRA X, TRR'y’, TRR'Z, +, ST.
5. 2 :=y x z,code:TRA X, TRR'Y’, TRR‘Z’, x , ST.
6. z := y/z,code:TRA ‘X', TRR'Y', TRR‘Z’, /, ST.
7. k:=1,code:TIA 'k, TIC1,ST.

8. k := 1.0,code:TIA ‘k', TRC'1.0’, ST.

9. k:=1l4+m,TIAK, TIRT, TIR'm, +,ST.
10. k := 1 x m, code:TIA ‘K, TIR'I', TIR‘m’, x,ST.
11. k := 1+ m, code:TIA 'k, TIR'I', TIR‘m’, -, ST.
12. k :=1,code:TIA ‘K, TIR'I, ST.
13. z :=1,code:TRA ‘X', TIR'I', ST.
14. | .= y,code:TIA I, TRR'y’, ST.

15. z:=y 1 2,code:TRA X', TRR'y’, TIC ‘2,1, ST.
16. z :=y 1 3, code:TRA ‘X', TRR'y’, TIC'3',1, ST.
17. z .=y 1 z,code:TRA X', TRR'Y', TRR'Z",1, ST.
18. el[1] := 1, code:TIA ‘el’, TIC 1, INDA, TIC 1, ST.
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19. €2[1,1] := 1, code:TIA ‘e2’, TIC 1, TIC1,INDA, TIC 1, ST.

20. e3[1,1,1] := 1, code:TIA ‘€3, TIC1, TIC1, TIC1, INDA, TIC 1,ST.

21. 1 :=el[l], code:TIA ‘I, TIA ‘el’, TIC1,INDR, ST.

22. beginreal a; end, code:CBL, UJ,BE, RETURN.

23. begin array «[1:1]; end, code:CBL, UJ,BE, TIC1, TIC1, MSF, RETURN.

24. begin array a[1:500]; end, code:CBL, UJ,BE, TIC1, TIC ‘500’, MSF, RETURN.

25. begin array a[1:1, 1:1]; end, code:CBL, UJ,BE, TIC1, TIC1, TIC1, TIC1, MSF, RETURN.

26. begin array «[1:1, 1:1,1:1]; end, code:CBL, UJ,BE, TIC1, TIC1, TIC1, TIC1, TIC1, TIC1, MSF
RETURN.

27. begin goto abcd;abcd:end, code:TL ‘abed’, GTA, TRACE ‘abcd’.

28. begin switch ss:= pq; goto ss[1]; pg: end, code: CBL, UJ, BE, UJ, BE, DSI, TL ‘pg’, UJ,ESL,
EIS, TSA'ss’, TIC 1,INDR, GTA, TRACE ‘pq’, RETURN.

29. z := sin(y), code:TRA ‘X', UJ,PR'y’, CF'sin’. (TRACE ‘sin’, PE,CSR,'sin’.)
30. cos insteadof sin.

31. abs insteadof sin.

32. exp insteadof sin.

33. In insteadof sin.

34. sqrt insteadof sin.

35. arctan insteadof sin.

36. sign insteadof sin.

37. entier insteadof sin.

38. p0, code:CFZ‘p0’, REJECT
(TRACE ‘p0’, PE,RETURN).

39. pl(z), code:UJ,PR'X’, CF‘pl’, REJECT
(TRACE'p1’, PE,CSR,RETURN).

40. p2(z,y), code:UJ,PR'X, PR'Y’, CF'p2’, REJECT
(TRACE 'p2’, PE,CSR,CSR,RETURN).

41. p3(z,y, z), code:UJ,PR'X, PRy, PR‘z’, CF‘p3’, REJECT
(TRACE'p3’, PE,CSR,CSR,CSR,RETURN)

It hasbeenthoughtworthwhileto addoneadditionalcalculationto thelist of Algol statementsThisis
the loop codeinvolvedin for i := 1 step 1 until n do. Thereasorfor this is thatthis codecanbe givena
significantweightandthe lengthof time is calculatedasa by-productof timing the otherstatementsilt is
alsoshavn thatsomecompilersoptimisestepl to reducethis time whereasthersdo not. The additional
code,notationalfor case42: gives

42.looptime FORS2,TIC1, LINK, TIA, LINK, TIR, LINK, FR.
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5.3 Calculation of the weighting factors

Denotetheweightsby anarray wt[1:42]. Mary of theweightscanbe determinedrom singleoperations.

o Wt[28] = 94 (105)from TakeSwitch Address.
e Wt[27] =2010(51) from thefrequeng of GoTo Accumulatot.

The 1 operatorappeardn the threestatementd5, 16 and17. Sothe frequeng for + mustbe split
betweenthesethreeasthe weights. The last statement: := y 1 z is very differentfrom the othertwo
sinceit mustbeimplementedin general)by calling the In andexp routines. Also, thereis no statement
involving (integer)f(integer)whichis ratherdifferentsinceeventhetype of the answeilis now known until
execution,sinceit depend®on the signof theexponent. Thefiguresgivenin 4.1.3canbeusedto estimate
the split betweenthe statementsSaythat half of the generalcasesare{(integer) andis to be assignedo
the first two statements.Also group? 3, 4, 5 undert 3 andthenaddthe half from the generalcasein
proportionto the previousweights. This givesasplit of 315:35:50from which onehas

o W[15] = 2780(59).
o Wi[16] = 309(59).
o WH[17] = 442(59).

In section4.1.2 the obsered proportionof one, two and three dimensionalarray declarationsvas
161:54:1. Splitting the onedimensionaldeclarationin half, the frequeng of MSF canbe usedto weight
statemen®3, 24,25 and26. This gives,

Wt[23] = 59 (49).

Wt[24] = 59 (49).

Wi[25] = 39 (49).
Wi[26] = .73 (49).

Unfortunatelythis meansthat Call BLock is oversubscribedincethe ratio Make StorageFunction:
Call BLock is 1.25:1which cannotbe presered by the statementsFor this reasonit would seembestto
putthe weightfor statemen2to zero.

o W[22] = 0 (0).

Theweightfor statemen88is determinecy the CFZ countin this contet, asgivenin section2.3.5.1,
SO

o W[38] = 788(104).

The weightsfor statement89, 40 and41 canbe obtainedby matchingthe PE and checkoperations.
Sinceonly CheckandStoreRealappearsn the statementdt seemgeasonabléo matchthetotal countof
all the checkoperationsthatis, the averagenumberof parametersOf course PEandCSRhave already
appearedn the standardunction callsandsoonly theremainingweightneedbe assignedThis givestwo
conditionson thethreeweightssotakearbitrarily the weightfor 39 and40 to be the same.Sowe have

o Wi[39] = 2316(87).
o W[40] = 2316(87).

o Wi[41] = 6053(28).

10theroperationsarewt[6] (/), wt[11] (DIV), wt[29] (sin), wt[30] (cos),wt[31] (abs),wt[32] (exp), wt[33] (In), wt[34] (sqrt),
wt[35] (arctan) wt[36] (sign)andwt[37] (entier).
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Statemen#2 canbeweighteddirectly from the FORS2frequeny so

wt[42] = 17 800(21).

The statementivolving INDex AddressandINDex Result(18 to 21) cannotbe dealtwith very well,
sinceit is impossibleto keepboththe INDA/INDR ratiosandthe dimensionratio correct. Sothetotal of
INDA andINDR is split amongsthe four statementso keepthe dimensionratioscorrectandtaking the
sameweightfor 18 and21. This gives

WH[18] = 23796(7).
WH[19] = 15962(7).
WH[20] = 296(7).

Wt[21] = 23796(7).

To assignweightsto thestatementd, 5, 9 and10 onerequiresan estimateof the proportionof realand
integeruseof the operatorst and x. The estimateusedis baseduponthe analysisgivenin section2.3.9.
Thecateyories3), 4) and8) aretakenasanestimateof the useof integers,and5), 6), 9) and10) asthatfor
reals.Thisgives

Wt4] = 26 694(16).
wt[5] = 31212(12).
wt[9] = 4 300(23).

WH[10] = 4 978(17).

Theeightremainingstatementarenot characterizethy anoperationsincethey only involve storeand
fetchoperation.n fact, the storeandfetchinstructionsarealreadyoverweightedwhichis basicallydueto
thefactthatthe 42 statementsre someavhat shorterthanis typical of mostprograms.On the otherhand
abouttenpercentof the elementarpoperationgemainunaccountedor. Thetotal discrepang of about40
000is thereforedividedamongsthe remainingstatements.

An examinationof a numberof programsby handhasshawn thatintegersoccurnot infrequentlyin
realexpressiongasin statement® and13) but thatthe converseis muchlesscommon.Soarbitrarily take
thefollowing weights

wi[1] = 10 000.
wt[2] = 7 000.
wi[3] = 10000.
wi[7] = 3 000.
wi[8] = 500.
wi[12] = 5 000.
Wi[13] = 4 000.
wi[14] = 500.

Thecompleteweightmatrix is reproducedn AppendixC.
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54 Commentson the Algol mix

Timesfor the simple statementsire availablefor 18 systemswhich aretatulatedin AppendixD. This is
doublethe numberthatwaslistedin [3]. Also, someof thetimeshave beenrevisedbecausef alterations
to thesystemor improved accurag of the measurement.
Two methodsareavailableto assesshe performancef the system.Thetechniqueusedin [3], which
doesnot give weightsto the statementsandnix figure basedupontheweightmatrix givenin AppendixC.
The table with the unweightedmeasureandthe seven mix figurestogetherwith the averageof the
sa/enappearsn AppendixE.

5.4.1 Noteson the machinetimes

Atlas This compilerproducesopencodefor almosteverythingexceptgoto’s. The subroutineused
for goto’sis a generalonecateringfor formal labelsandjumpsout of blocksandswitches.Consequently
this time is very long. In contrastmostof the othertimesare very good. The large numberof registers
on Atlas (about90) meansthat a display can be maintainedin these. This makesprocedureentry very
straightforwardn all cases.The generalproceduresntry mechanisiris usedfor the standardiunctions.
This hasa noticeableeffect on abs,signandentierwhich could be doneby afew instructionscompiledin
line. Onedifficulty with nottreatingthe standardunctionsasordinaryproceduress thatit maynotthen
be possiblefor the userto redefinethem,atleastby independentompilation(if this exists).

The compilerdoesvirtually no optimisation,but producesvery acceptableesultswithout. It is one
of the few compilersnot to treatstep 1 asa specialcaseso the for loop control codeis very slow. One
difficulty is thatthe machine-codg@roduceds very long, althoughthis is partly dueto the long address
length of the machine(24 bits) which is not usedvery fully. The sizeof the machine-codés ratherless
critical on apagedmachine.Thetiming wasdoneby F.R.A. Hopgoodatthe Atlas Computer_aboratory

KDF9 - Kidsgrove Algol compiler  Thiscompileris describedn moredetailin [2]. It wasproduced
ratherearlyin the developmenbf Algol compilersandcontainsoptionalfacilities for optimisation.Unfor-
tunatelythesefacilitieswereratheroverambitiousandin consequenceometimedail to translatgprograms
or eventranslatethemincorrectly This hasmeantthatoptimisationhasnot beenusedvery much. There
is no interruptconditionon KDF9 for overflow sothis systemchecksoverflow on eachassignmentThis
makeghe shortstatementsignificantlylargerthanthoseof EgdonAlgol which makeno suchcheck.

Proceduresire classifiedto seeif opencodecanbe producedfor procedureentry andexit. This is
successfufor the standardunctionsandthe dummyprocedure0, p1, p2 andp3. However, otherpro-
ceduresxceptinput-outputonesare unlikely to be so simple. Thetime takenfor comple proceduress
slightly longerthanEgdonAlgol. This meanghatthe weightedfiguresmay be ratheroptimistic. Without
optimiser no specialcodingis usedfor step 1 andsotheloop time is long. Thetimefor z := y 1 z is
lessthanthatof (In + exp). This is becausehe run-timesystemspotsthat = is integral (actually1.0) and
performsthe calculationby repeatednultiplication.

Egdon Algol compiler on KDF9 This compilerwas producedvery much later than the last one.
Although it was producedvery quickly it relies on someof the experiencegainedwith the Kidsgrove
compiler No optimisationin a globalsensénasbeendonealthoughsubscripthandlingis betterandstep 1
is doneby specialcoding. The machine-cod@roducedn substantiallymorecompacthanthatof thelast
compiler

Thestandardunctionsaretreatedspecially abs,signandentieraredoneby opencodeandtherestuse
the“external” Fortrancalling corvention. Thisis quickerthanthe ordinaryprocedurecalling mechanism
which is usedfor pO0, p1, p2 andp3. Unfortunatelyabouthalf the weightassignedo pO0 etcis for input-
outputproceduresvhich arecalledby this externalmechanismConsequentlghe mix figuremayberather
pessimistic.

Thetiming wasdoneby Dr. M.D. Pooleat CulhamLaboratory UKAEA, but the shorterstatements
weretimed by executionof a numberof copiesof the machinecodesequenceasdescribedn [3].
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ICL 4130 (2usand 6us) and ICL 503 The compilersfor the first two machinesareidentical,and
the compilerfor the 503 was codedfrom the sameoverall logic asthe 4130 one. Hencethe times for
the statementshaw a rathersimilar pattern. Subscript checkingis donein all threecasesput the 4130
hasspecialhardwareto enablethis to be donerapidly. This is not true of the 503 as can be seenfrom
the residualmatrix. The codingof the procedurdn in all threecaseds abouttwice aslong asmight be
expected.The4130compilerevidently optimisest 2 andt 3 but the 503 onedoesnot. Simpleprocedures
aredealtwith very quickly on the 503 which is thoughtto be dueto languagerestrictionsallowing fixed
locationsto be usedfor parameterandlinks.

RREAC This machine(andcompiler)wasproducedat the Royal RadarEstablishmentiMalvern. It
was never commerciallyproduced so the figuresare not of wide interest. The compilerassignsstorage
at procedurdevel (techniqueis describedn [2]). This meansthatbegin real a, end producesno code.
The time takenfor this hasbeensetat one microsecondtherwiseit would introducea singularity into
the unweightedanalysis. The Kidsgrove Algol compileralsoassignsstorageat procedurdevel but does
producecodefor block entry. This codeis unnecessarif the block containsno arraydeclarationsut is
neverthelesgenerated.

Thetiming wasdoneby S.N. Higginsof the RoyalRadarEstablishment.

1907 (2us) Thesetiming figureswere producedsometime ago. The compiler (XALE) hasnow
largely beensupersededly (XALT) which is the next oneto be considered However, thesetimesarethe
samefor the simplestatementsandthe 2u:s 1907is morewidely availablethanthe machineuponwhich
the XALT timingsweredone. Theresidualsvary very little, sothe weightingis notvery critical ascanbe
seenfrom thevariousmix figures.

Thefasttimefor £ := 1.0 is apparentlydueto thefact thatthetype conversionis doneat compiletime.
This is not very important,but the corversecorversionof integersappearingn real expressionss much
morecommon.Doing this corversionwould usuallygive identicaltimesfor z := 1.0 andz := 1, which
canbeseerto be notalwaysthecase.

Thereis apparentlysomespecialcodingin theln functionwhich givesa fasttime for In(1.0) which is
ratherunfortunate.

ALGOL 60 at Royal Radar Establishment Thesetimesareincludedfor comparisorwith the next
oneswhich arefor an Algol 68 compileron the samecomputer As alreadystatedthis compileris an
enhancementf the oneusedfor the 1907 (it is XALT Mark 1D). Storageis assignedat procedurdevel,
sothe zerotime for bagin reala; endhasbeenincreasedlightly to avoid the singularity The machineis a
dual-processot907. Thisis slower (usingonly oneprocessqrof course)thananordinary1907dueto the
logic time requiredto overcomeproblemsof clasheof accesgo the core-store.

The reasonfor somedifferencedrom the 1907 timesis not known. For instance the long time for
k = | x m anddeclaringan array with 500 elements. The array declarationtime may be dueto an
initialisationto checkfor non-assignmerdsa postmortemfacility.

Thetimesweremeasuredby Dr. C.T. Sennettaitthe RoyalRadarEstablishmenandarenot thoughtto
beveryaccuratg10%error).

Algol 68 at the Royal Radar Establishment Thenext two setsof timesarenot for asubsebf Algol
60, but for Algol-like language# adwanceof Algol 60. Hencethecomparisons notnecessarilyafair one.
SinceAlgol 68 containsmary morefeaturesjt would seemunlikely (at first sight) that thesestatements
could be compiledary better Storagecannotapparentlybe assignecht procedurdevel so the statement
begin real a; end doesproducesomeexecutablecode. The proceduremechanisnis simplersinceit is
never necessaryo generate “thunk” for a parametefsee[8] for anexplanationof this). Thetimesgiven
arethe oneswhich applywhen“garbagecollection” is not necessary— areasonableestrictionsincethis
is not necessaryn Algol 60 (withoutdynamicown arrayswhich mostsystemsmit).

The switch hasbeenreplacedby a casestatementptherwisethe coding of the statementss straight-
forward. The proceduresbs,signandentiercanbe replacedby operators— which allows the compiler
writer to useopencodewithoutviolating ary redefinitionfacility.
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Thetimeswereproduceddy Dr. C.T. Sennetiat the Royal RadarEstablishmenandarenot thoughtto
beveryaccurate.

Althoughthe Algol 60 timescomeout fasterwithouttakingtheweightsinto accountthe Algol 68 fig-
uresaresignificantlyfasterby about20%whentheweightingis done.This is mainly dueto the procedure
times.

Algol W on an IBM 360/67 at Stanford University As with thelasttimes,thesefiguresarenot for
Algol 60 but for alanguagewhich is a directdevelopmentof Algol 60 (see[2] and[5]). Similar remarks
applyto the codingof the statementsthe switchwasdoneby a casestatemenaindabs,signandentierare
codedby theuseof operators.

As with the othercompilers,arrayaccessindgime is in the fastestmode,whichin this caseis without
subscriptchecking. The time for the casestatemenincludeda boundcheckon the casenumber The
shorterinstructionsequencesvere takenfrom the sum of the averageinstructiontimesas given by the
manual. Thelongeronesweretimedusingaprogramby E. Satterthwaitet StanfordUniversity.

At leasttwo major enhancementsave beenmadeto the compilersincethetiming testwasfirst done.
So,to a certainextent, the compilerhasbeentimedto do well with this test. Theimprovementmadehas
beenabout50%, mainly with procedureentry,

Thesdasttwo setsof times,shavsthatradicaladditionscanbemadeto anAlgol-like languageavithout
having a detrimentaleffect upon the execution of the Algol-60 features. Indeed,due no doubtto the
competenc®f the compilerwriting teams,thesenawv languageslo distinctly betterthantheir Algol 60
counterparts.

Algol 60 in an IBM 360/65 at University College, London Fromthe point of view of instruction
executionspeedghis machineis virtually the sameasthe 360/67 at Stanford. The contrastin execution
speedf the statementss rathersurprising.

This compiler andthe next threeto be consideredapparentlydo checkingof formal-actuakcorrespon-
denceof parametersit run-time. This makesproceduresntry very slow. In addition,on entryto a block
thecompilerrequestgin generallcore-stordrom thesupervisorAlthoughthe operatingsystenmusedixed
partitions, this supervisorcall obviously increaseghe time substantially It canclearly be seenthat the
standardunctionsdo notinvolve this mechanism.

The compileroptimisesconstantsubscriptsasdoesthe ALCOR compiler This is ratherunfortunate
sinceit really invalidatesthe weightinggivento the arrayaccesstatementggiving the mix too optimistic
avalue). However, the poorprocedure/bloclentry performancedegradesthe systemalarmingly It must
berememberedhatabouthalf theweightassignedo proceduresvasfor input/output. If thisis doneby a
fastermechanismthenthe mix figurewill be pessimisticmemix figuresvary very widely becausef the
unerenperformancef the statements.

The times were obtainedby Miss J. Garrettfor Dr. PA. Sametof University College, London, in
Januaryl969.

The Norwegian compiler for the CDC 3600 Timing figuresfor this systemweresentto theauthor
by PerM. Kjeldasat the Kjeller Computernstallation,Norway.

Fromtheresidualmatrix, onecanseethatthis compilergivesapoorperformanceavith proceduresntry;,
but unlike the 360/65givesgoodresultsfor block entry. Onewould imaginethata small amountof work
on thecompilerto improve z := y 1 2,z := y 1 3 andgoto would be worthwhile. Thefastblock entry
times, which hasa noticeableeffect on the unweightedanalysishaslittle effect with the mix sincethe
weightto thesestatementsrevery low. Hencethis doeslittle to stopthe degradationin performancedue
to the procedurdimes.| have beentold thatthe procedureentrytimesarelong dueto optimisationof call
by namewhenthe actualparameteis a simplevariable. This seemaunfortunate sincevalueparameters
aresomuchmorecommon(see2.3.5).

CDC 6600 Of the machinesconsideredn this report, this is usually acknaviedgedto be the most
powerful. The performancef the Algol systemis very disappointing.
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Most of the simpleassignmenstatementarevery fast,althougharrayaccessings not quite sogood.
Thestatements: := y 1 2,z := y 1 3 areparticularlynotevorthy. Block entryis ratherpoor, but this is
not too significantfor the mix calculation. Thetime for goto is not good. This is thoughtto be dueto a
division of the programinto blockswhich meanghatjumps,evenimplicit ones,aredoneby a subroutine
which hastherelevantstoraganformation.

The standardfunctionsare not particularly fast, althoughthe generalprocedureentry mechanisnis
obviously notused.Thisis presumablybecaus®f the extra calculationinvolvedto getthe 60 bit precision
of the6600.

Improvementhave beermadeto thecompilerto makeprocedureentryfaster(by about50%). However
this consistf remaving someparametechecking.This seem®f doubtfulbenefitsinceit is very difficult
to testall possiblecalls of procedureén orderto be confidentthatthe checkingcanberemaoved. Clearlyit
is very muchbetterif the parametecheckingcanbedoneatcompiletime.

Thetimeswereproducedy A.G. Bell whenhewasat C.D.C.FranceandaredatedMay 1969.

Univac 1108 (Standard compiler) The times for thesestatementshowv a similar patternto the
360/65with poor procedureand block entry times. In fact, subscriptcheckingwas done, so the array
accessingtatementsareabout50% longerthanthey would be otherwise. This clearly degradesthe mix
figures,sincesubscriptcheckinghasnot,in generalpeendonewith the othersystems.

In UnivacAlgol, variablesincludingarrayvariables areinitialised to zeroon declaration.This clearly
putsanadditionaloverheacntheblock entry statements— particularlythe declaratiorof anarrayof 500
elementsThis hasratheran unfortunateeffect on the analysis.It makesthe statemenfactorfor declaring
the 500 word array about25% more thanthat for an array of one element. Sincethis andthe Algol 60
compilerat RRE arethe only compilersto give differenttimesfor thesestatementst upsetgatheralot of
the otherfigures. A moreelaboratamathematicatechniquecould possiblyalterthis, but would hardly be
worthwhile.

The procedureentry times are poor due to parametercheckingat run-time. No type conversionis
allowedfor parameterdpr instancearealvalueparametemaynothave astheactualparameteaninteger.
Theinput/outputfacilities arenot doneby proceduresut by Fortran-typestatementsHencethe weight
associatedvith input/outpu givento the procedurecallswould give a pessimistiovaluefor themix figure.

In contrastthe statement@volving, andthe standardunctionsarevery fast.

Thetimeswereproduceddy Dr. M.D. Poolewhenhewasatthe NationalEngineering-aboratorywith
the compilerdatedApril 1968.

The B5500 Algol Compiler As is well known, the computerhasspecialhardwareto facilitate the
executionof Algol 60. In fact, thereis no assemblefin the ordinarysense)yvailablefor the 5500andso
Algol is usedinstead.This meanghatthe designaim of B5500Algol hasbeento provide effective access
to the machinedacilities ratherthanprovide a strict Algol 60 system.

Only two registersare available for the top of the stack. This meansfrom the point of view of core-
accessingthe 5500 doeslittle betterthan a one-addressnachinewith evaluationof expressions. The
instructionlengthon the 5500is only twelve bits which meansthatcodeis extremelycompact typically
onethird the sizeof mostothersystems.

One consequencef the 5500 architectureis that array declarationinvolvesa supervisorcall. This
accountsfor the very long time for thesestatements.The statements: := y + 2 andz := y 1 3 are
optimisedby usingthe “bit pattern”techniquefor exponentiatiorwith ary integerlessthan1024 (see[7]
page399).

The stackmechanisnhasa substantiaéffect on the proceduresntry mechanisnwhichis relatively the
fastestwhereno specialcodinghasbeendone(ason 2 and6). A restrictionon B5500Algol makesthe
procedureentry mechanismsomavhat simpler— namelyvariablesdeclaredn one procedurecannotbe
accesseth a procedurenestedwithin this.

Thetimeswereproduceddy Mr. J. Thomasof the PostOffice Telecommunicationkleadquarters.

ALCOR - Illinois compiler on the 7094/1 at NEUCC Copenhagen This compileris describedn
[6]. It is oneof the few Algol compilersto do extensie for loop optimisation.Timesweretakenwith this
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in actionsincethisis necessaryo suspendubscriptchecking.As with the 360/65,this really invalidates
the weight assignedo the array accessingtatementsgiving an optimistic valueto the mix. Clearly, to
assesshe performanceof the arrayoptimisationonewould requiresomedetailedstatisticsin the overall
structureof Algol programsUnfortunatelythis reportdoesnot give suchinformation.

Apart from procedureentry, thetimesarefairly consistentabs,signandentierappearo be doneby
opencodeandpresumablyin(1.0) hasbeencodedexceptionally The generaprocedureentrymechanism
hasobviously not beenusedfor the standardunctions. Sinceinput/outputis Fortran-like ratherthanby
procedurecalls, the mix figure may be somevhat pessimistic. Parametercheckingis apparentlydoneat
compiletime, sothereasorfor the slow procedureentrytimesis notclear

Thetimeswereproduceddy Dr. E. HanseratNEUCCin October1969. An additionaltestshavedthat
programswith heary arrayaccessinganrun threetimesquickerwith the optimisationratherthandoing
the subscripicheck.

ICL 4/70 This computeris amemberof the system4 rangeof ICL andis compatiblewith the 360
series.lt is themostpowerful of thegenerallyavailablemachinesn thisrange.

Thetimesshav acompletelydifferentpatternto ary of theothermachinesif £ .= 1,k := [+ m &k =
I = m, k := [ is takenasa measuref the speedof doingintegerworking, thenthe computeris quite fast.
However the standardunctionssin, cos,exp, In, sqrtandarctanareon averagetwice aslong asonewould
expector five timesslower thanthe averageperformanceof the integer statementsHencethetime taken
for ary benchmarks likely to depenccritically onthe proportionof integerto realworking. Surprisingly
thebasicfloatingpointassignmenstatementappeato executeat aboutthe expectedspeed.The slowness
of thestandardunctionscouldbedueto extremecareover numericalaccurag or lack of hardwareo deal
with guardbits requiredto maintainaccurag in the calculation.

Thetimeswere producedby the PostOffice Communication$eadquartersaking substantiabareto
getfiguresconsistento five percentandagreeingwith the manufacturerspecificatiorfor the instruction
times.

5.4.2 Theréelationship of the Algol mix to the Gibson Mix

A measursometimesisedfor computemprocessoperformanceés theGibsonmix. Thisis ameasuref the
rateof executionof instructionswheresomeallowances madefor theaddressingtructureof themachine.
Gibsonmix figuresareoftenquotedoy manufacturers thetechnicakpecificatiorof themachine Weights
areassignedo aboutadozenmachindnstructionsn calculatingthemix in avery similarwayto the Algol
mix.

If the GibsonMix is regardedasa measureof processothardware”performanceandthe Algol mix
asa measuraef this plusthe compiler thenthe ratio shouldgive someindicationof the efficiengy of the
compiler

Theratio for machinedor which the GibsonMix figurewasavailableis in thefollowing ordet

. ALGOL W 360/67
. B5500

. ICL 4130(6us)

. ALCOR 7094/1

. ICL 4130(2us)
ICL 503

. ICL 1907 ( 2us)

. KDF9 - Egdon

. CDC 3600
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10. Atlas

11. ICL 4/70
12. KDF9

13. Univac1108
14. IBM 360/65
15. CDC 6600

A major contributory factorto the substantiatiifferenceqa factorof 8 differencebetweerthetop and
thebottom)is the easewith which a machinearchitectureallows oneto compileefficient code.Producing
acompilerfor the B5500(atleastwith therestrictionamposediy themachine)s substantiallyeasietthan
for mostothercomputersin contrastijt is very difficult to makegooduseof theautonomousiccumulators
onthe CDC 6600without increasingcompilationtimesinordinately CDC have clearly decidedto putthe
major partof their compilerwriting expertiseinto solvingthis problemfor the compilationof FORTRAN.

It is possibleto calculatea machineinstructionmix from the Algol mix. To do this, one takesa
hypotheticalone-addresésay) computerandcompiles(by hand)the 42 statementsThis shouldbe done
on the basisof a simple compilerwithout extensive optimisation— otherwisefor i := 1 step 1 until n
do =z := y; could be optimisedto = := y, and constantsubscriptscould be calculatedat compile-time
invalidatingthe mix assumptionsFromthe Algol weightsfor the statementsyweightscanbe deducedor
therelevantmachineinstructions. Thegenerabvailability of the GibsonMix figuresmakeghis preferable
to inventinganothemachineinstructionmix.

The importantadvantageof the Algol mix is thatit is measuredhroughthe softwareand so givesa
figure of performancen termsof the high level languaggyrogram.It necessarilyakesfull accounwof the
architectureof the machine sincethis will have hadits effect on the compiledcodeof the userprogram.
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A Statistics of each Whetstone I nterpretive I nstruction
Eaehinterpretiveinstructionis listedin the orderof decreasingise.

Column 1 givesthe frequeny per million executedinterpretive instructions. This is the averageof the
savenfrequencie®btainedrom 155million operations.

Column 2 givesthe varianceof the first column as calculatedfrom the sezen samples expressedas a
percentage So a varianceof ten per centor lessimplies thatthe first decimaldigit is significant,
whereasa varianceof 100percentsuggestshatlittle reliancecanbe placedon thefrequeng.

Column 3 givesthe staticfrequeng perthousandf eaehinstruction.Hencethis measurethefrequeny
of occurrene@f theinstructionin thecompiledeode.
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frequency| variance | staticfrequency| operation
per million perthousand
129000 10 73.5 | TakelntegerResult
84200 20 44.2 | LINK
68000 17 29.3 | TakeRealResult
55100 18 48.4 | TakeRealAddress
52200 12 31.0 | Takelnteger Address
49000 6 47.5 | STore
43200 4 39.5 | Takelnteger Constantl
39700 10 26.4 | INDex Result
36200 9 18.9| x
31000 14 15.7 | +
26300 11 134 —
24600 20 64.8 | UnconditionalJump
24400 39 10.2 | TakeFormal Address
24200 12 21.8 | INDex Address
23500 22 24.8 | TRACE
22500 33 37.6 | Takelnteger Constant
20100 26 18.7 | Procedurdntry
19400 29 46.1 | Call Function
19300 18 10.2 | For Return
18100 26 12.9 | CheckandStoreReal
17800 21 9.7 | FORS2
15400 16 12.8 | If FalseJump
13400 26 13.6 | Block Entry
13200 27 12.3 | EndIimplicit Subroutine
13100 26 15.9 | CheckandStorelnteger
11000 27 6.7 |/
7450 13 33.1 | REJECT
6980 26 59| =
6630 25 10.0 | Takelnteger ConstanO
6280 41 14.0 | RealDOWN
5450 44 9.8 | TakeRealConstant
5230 21 3.2 | NEGate
3600 24 27| >
3530 59 21|17
3380 28 12.5 | Call FunctionZero
3290 38 21| <
2730 44 3.6 | RETURN
2700 24 10.2 | For Block Entry
2690 40 1.3 | TakeFormalReal
2510 27 10.2 | For StatemenEnd

Table12: WhetstoneStatistics Part 1
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frequency| variance | staticfrequency| opemtion
per million perthousand
2480 79 2.60 | CheckArithmetic
2330 29 9.70 | FORS1
2230 56 180 | #
2180 32 1.20| v
2010 51 8.90 | TakeLabel
2010 51 7.40 | GoTo Accumulator
1890 42 1.80 | TakeFormal Addressinteger
1820 109 3.50 | TakeFormalinteger
1790 76 2.00 | CheckSTring
1750 49 0.22 | SQRT
1700 93 1.20 | TakeFormal AddressReal
1490 101 0.06 | COS
1390 40 0.19 | ABS
1370 207 1.60 | DecremenBwitchIndex
1330 125 4.60 | FORArithmetic
1030 70 1.20| <
1020 108 0.06 | SIN
987 154 0.81 | IntegerDOWN
977 48 2.30 | SToreAlso
909 122 0.17 | ENTIER
914 86 059 | >
890 120 1.60 | UP1
884 74 1.30| A
831 92 0.09 | EXP
817 85 0.85 | TakeBooleanAddress
753 61 0.93 | TakeBooleanResult
664 112 1.60 | UP2
656 34 4.60 | CheckArray Real
644 83 0.13 | LN
591 149 0.03 | ARCTAN
481 70 1.00 | DIV
471 180 0.63 | CheckArray Integer
377 91 0.10 | FORWhile
197 51 1.30 | CallBlock
157 49 3.40 | MakeStorageFunction
163 194 0.36 | Call FormalFunction
124 68 0.31 | TakeBooleanConstanfalse
115 107 0.24 | -
113 93 0.49 | CheckandStoreBoolean
103 92 0.22 | DUMMY

Table13: WhetstoneStatistics Part 2
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frequency| variance | staticfrequency| opeiation
per million perthousand
94 105 0.08 | TakeSwitchAddress
85 143 0.03 | TakeFormalBoolean
82 82 0.05 | SIGN
78 126 0.27 | TakeBooleanConstaniTrue
59 91 0.06 | CheckLabel
43 85 0.08 | CopyRealFormalArray
24 170 0.05 | CheckBoolean
9 153 0.04 | CheckPRocedure
4 56 0.52 | FINISH
3 169 0.65 | CheckFunctionReal
2 91 0.59 | BooleanDOWN
2 208 0.03 | CheckandStoreLabel
1 241 — | EQUIVALENT
0 0 0.08 | End SwitchList
0 223 — | CopylntegerFormalArray
0 223 — | TEST
0 151 0.09 | TakeFormalLabel
0 0 — | CheckFunctionBoolean
0 0 — | CheckFunctioninteger
0 0 — | Avoid Own Array
0 0 — | Call FormalFunctionZero
0 0 — | IMPlies
0 0 — | Make Own StorageFunction
0 0 — | Call Sggment
0 0 — | CheckSwitch
0 0 — | CheckArray Boolean
0 0 — | CopyBooleanFormal Array

ParameteSwitch
ParameteBooleanArray
ParameteBooleanConstant

6.50
0.93
0.80
33.50
0.12

ParameteReal Array
ParameteRealConstant
Parameteitnteger Array
Parameteinteger Constant
ParametelProcedure

1.90
0.16
14.10
0.12
8.60

ParameteiFormal
Parametet.abel
ParameteiString
ParameteBoolean
ParameteReal

19.40
12.20
0.70
0.04

Parameteinteger
ParametelSubRoutine
ParameteiFunctionBoolean
ParameteiFunctionReal
ParametelFunctioninteger

Table14: WhetstoneStatistics Part 3
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Symbol| Frequency/million
21101
7707
11877
15597
2537
9064
3115
4621
24809
7882
5144
8786
12121
18652
1172
9776
2685
18341
14540
24664
5106
3518
6 446
12136
6225
1917

N XS<CcCc—0n0-=-0Q TUOS3IRPX——ITQ—-0DQ0 T

Tablel15: Lower caseletters

B Basic symbol frequencies

Thefrequeng of Algol basicsymbolsasproducecdon KDF9 (seesectiord). Programscanusebothlower
anduppercasealphabeticharacterdut becausef theonecaseontheline printerlisting, the useof upper
casecharacterss discouraged.

Thestatisticsarelistedasfollows

1. Lower casdetters,total frequeny 286539/ million.
2. Uppercasdetters,total frequeng 50 270/ million.
3. Digits, total frequeng of 71 105/ million.

4. Otherbasicsymbolsin orderof decreasingise
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Symbol

Frequency/million

N<X<XS<CH0WITOUTUOZZIrXwe—IOMMUO®>

3938
1706
2208
2002
3721
2008

951
1123
3831
1093

661
2853
2210
2912
2330
2318

404
3344
2282
2703
1270
1393

489
1166
1085

269

Table16: Uppercasdetters

Symbol

Frequency/million

©ooO~NOOOUTA~,WNEFO

16402
23002
10518
9233
2789
3241
2079
1417
1298
1126

Tablel7: Digits
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Symbol

Frequency/million

(space)
(tab)
(new line)

e~ )] -

X
+
(openstringquote)
(closestringquote)
(Stringspace)
end
begin
if
then
for
do
step
until

/
procedure
real
integer
else
value
goto
comment
KDF9
ALGOL
array

143506
125162
54026
42232
40770
20618
17307
17306
15377
15377
7377
7041
7023
6 405
6404
4775
4474
4473
4137
4137
3534
3534
3411
3411
2807
2795
2721
2541
2169
2117
2062
1872
1502
1465
1438
1277
1277
1211

Table18: Remainingsymbols,Part 1
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Symbol | Frequency/million
< 775

> 737

+ 722

10 712

0 478

A 365

\Y% 257

< 233

> 222
- 209
-+ 206
library 200
string 106
true 102
false 100
Boolean 95
- 85
label 51
while 31
switch 19
segment 8
own 3
= 0

D 0

Table19: Remainingsymbols,Part 2
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C Matrix of statement weights

Table20 givesthe matrix of statementveightsfrom seven samplesascalculatedn section5.3.
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10000.00| 10000.00| 10000.00| 10000.00| 10000.00| 10000.00| 10000.00| z := 1.0
7000.00| 7000.00| 7000.00f 7000.00| 7000.00| 7000.00| 7000.00| z:=1
10000.00| 10000.00| 10000.00| 10000.00| 10000.00| 10000.00| 10000.00| = :=
22000.00| 25400.00| 26900.00 | 29900.00 | 34600.00| 26400.00| 21700.00| z ==y + z
29100.00| 36200.00| 25000.00( 29100.00| 35400.00| 31500.00| 32200.00| z :=y X z
11800.00| 6470.00| 13400.00| 11800.00| 15400.00| 10800.00| 7130.00| z :=y/=
3000.00f 3000.00f 3000.00| 3000.00| 3000.00| 3000.00] 3000.00| k:=1
500.00 500.00 500.00 500.00 500.00 500.00 500.00| £:=1.0
4370.00f 2360.00f 5470.00f{ 5570.00f 3970.00f 4410.00f 3950.00| k:=1+m
5800.00| 3360.00f 5080.00f 5420.00| 4060.00| 5260.00| 5860.00| £:=Ixm
725.00 910.00 224.00 947.00 193.00 287.00 83.00| k:=l+m
5000.00f 5000.00f 5000.00| 5000.00| 5000.00| 5000.00] 5000.00| k:=1
4000.00( 4000.00f 4000.00{ 4000.00f 4000.00f 4000.00f 4000.00| z:=1
500.00 500.00 500.00 500.00 500.00 500.00 500.00( [ :=y
5970.00| 4480.00f 1550.00f 1920.00, 2710.00| 1160.00| 1680.00| z:=y 12
664.00 497.00 172.00 214.00 302.00 129.00 187.00| z:=y 13
948.00 710.00 246.00 305.00 431.00 184.00 267.00| z:=y 1=
23300.00| 23900.00| 25700.00| 24500.00| 20500.00| 23000.00| 25600.00| el[l1]:=1
15600.00| 16100.00| 17 300.00| 16400.00| 13700.00| 15400.00| 17200.00| e2[1,1]:=1
289.00 298.00 320.00 304.00 255.00 285.00 319.00| e3[1,1,1]:=1
23300.00| 23900.00| 25700.00| 24500.00| 20500.00| 23000.00| 25600.00| [ := el[1]
0.00 0.00 0.00 0.00 0.00 0.00 0.00 | redl a;
32.00 119.00 73.00 66.00 32.00 46.00 40.00 | array a[1:1];
32.00 119.00 73.00 66.00 32.00 46.00 40.00 | array a[1:500];
22.00 80.00 49.00 44.00 22.00 31.00 27.00 | array a[1:1,1:1];
0.40 1.50 0.91 0.82 0.40 0.57 0.50 | array a[1:1,1:1,1:1];
1450.00f 1710.00f 2410.00| 3110.00| 1260.00| 3640.00 508.00| goto
0.00 131.00 50.00 306.00 13.00 131.00 29.00| switch
2600.00 104.00 539.00 646.00| 2860.00 264.00 109.00| z := sin(y)
4430.00 883.00 555.00 683.00| 3200.00 482.00 232.00| z := cos(y)
747.00 741.00| 1090.00| 1710.00| 1750.00f 2420.00| 1310.00| z := abs(y)
1700.00 317.00 449.00 493.00 377.00f 2310.00 167.00| = := exp(y)
172.00 888.00 31.00 130.00| 1530.00 592.00| 1160.00| = :=In(y)
719.00| 1120.00| 2200.00| 1420.00f 3600.00| 1630.00| 1580.00| z := sqri(y)
257.00 40.00 1.00 370.00( 2710.00 385.00 372.00| z := arctan(y)
103.00 47.00 2.00 65.00 119.00 22.00 216.00| z := sign(y)
132.00 20.00 827.00( 1180.00f 3430.00 767.00 9.00 | z := entier(y)
308.00( 1020.00 798.00f 2630.00 91.00 573.00 89.00 | p0
5430.00| 6780.00f 2150.00f 1770.00 340.00 192.00| 2070.00| pl(x)
5430.00| 6780.00f 2150.00f 1770.00 340.00 192.00| 2070.00| p2(z,y)
7380.00f 2520.00| 6010.00| 7440.00| 6540.00| 7750.00f 4960.00| p3(z,y,z)
13400.00| 21000.00| 17400.00| 15200.00| 14100.00| 18700.00| 24800.00| looptime

Table20: Matrix of statementveights
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D Observed and estimated statement times

Obsenred andestimatedimesfor 18 machines— estimatedimesareshown in italics.
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ATLAS | KDF9 | KDF9-EGDON | ICL 41302us | ICL 41306us | Statement
6.0 27.3 22.0 18.7 36.0| z:=1.0
6.0| 118.0 26.5 24.0 440 | z:=1
6.0 27.3 22.0 17.0 370| z:=y
9.0 45.0 32.7 28.0 560| z:=y+=2
12.0 53.0 32.7 47.0 740 | z:=yx z
18.0 73.0 45.2 80.0 109.0| z:=y/z
9.0 24.3 18.3 11.0 240| k:=1
18.0 93.0 54.6 38.0 66.0| £:=1.0
12.0 40.0 32.7 16.0 350| k:=l+m
15.0 53.0 34.0 36.0 700 k:=Ixm
48.0| 121.0 1340. 40.0 640 k:=l+m
9.0 28.0 22.0 11.0 23.0| k:=1
6.0 1240 28.7 21.0 410 | z :=
18.0| 101.0 54.6 38.0 66.0| [ :=
39.0| 209.0 402.0 55.0 920| z:=y 12
48.0| 231.0 435.0 170.0 339.0| z:=y 13
120.0| 288.0 360.0 1700.0 29200 z =yt =2
21.0 78.0 38.7 46.0 99.0 | el[l]:=1
27.0| 181.0 67.8 60.0 136.0| e2[1,1]:=1
33.0| 367.0 247.0 120.0 174.0| €3[1,1,1]:=1
15.0 88.0 42.7 36.0 74.0 | | := el[l]
45.0 33.0 16.3 350.0 820.0 | redl a;
96.0 771 226.0 1000.0 2340.0| array a[1:1];
96.0 764 226.0 1000.0 2330.0| array a[1:500];
156.0| 995.0 509.0 1600.0 3790.0| array a[1:1,1:1];
216.0| 1050.0 600.0 2300.0 5200.0| array [1:1,1:1,1:1];
42.0 31.0 10.0 3.0 5.0 | goto
129.0| 591.0 465.0 900.0 1990.0| switch
210.0| 654.0 547.0 1100.0 1560.0| z := sin(y)
222.0| 696.0 595.0 1000.0 1650.0| z := cos(y)
84.0| 193.0 22.7 60.0 138.0| = := abs(y)
270.0| 676.0 434.0 700.0 1430.0| = := exp(y)
261.0| 783.0 301.0 1100.0 2020.0| z :=In(y)
246.0| 422.0 269.0 600.0 1140.0| = := sqri(y)
272.0| 1120.0 1040.0 1100.0 1710.0| z := arctan(y)
99.0| 191.0 32.0 60.0 152.0| = := sign(y)
99.0| 326.0 63.1 80.0 164.0 | = := entier(y)
54.0 80.0 276.0 390.0 900.0| p0
69.0| 110.0 295.0 410.0 930.0| pl(z)
75.0| 121.0 325.0 430.0 980.0 | p2(z,y)
93.0| 137.0 356.0 400.0 1010.0| p3(z,y, z)
57.0| 141.0 62.6 77.3 152.0| looptime

Table21: Statementimes,Part 1
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ICL 503 | RREAC | ICL 1907 | ALGOL60/RRE | RREALGOL 68 | Statement
20.0 47.0 15.0 15.0 140 | z:=1.0
53.0 98.0 14.0 15.0 540 | x :=
20.0 56.0 14.0 11.3 118| z:=y
42.0 94.0 23.0 23.0 230 | z:=y+=z2
63.0 129.0 31.0 39.0 390 | z:=yxz
87.0 185.0 47.0 72.0 710 | z :=y/z
20.0 45.0 8.0 8.0 80| k:=1
186.0 84.0 8.0 8.0 121.0| k:=1.0
36.0 80.0 15.0 12.0 130 k:=14m
85.0 147.0 37.0 78.0 750 | k:=1lxm
281.0 410.0 53.0 56.0 450 | k:=1l+m
18.0 53.0 11.0 8.0 80| k:=1
46.0 107.0 36.0 22.0 440 | z :=1
182.0 92.0 37.0 113.0 1220\l :=y
401.0 676.0 97.0 104.0 1800 z:=y 12
457.0 750.0 117.0 120.0 2130 z:=y 13
2970.0| 3170.0 232.0 286.0 978.0| z:=yt =z
216.0 109.0 17.0 29.0 220 el[l]:=1
347.0 208.0 37.0 71.0 54.0| e2[1,1]:=1
480.0 272.0 57.0 120.0 106.0| e3[1,1,1]:=1
236.0 118.0 20.0 29.0 220 [ :=el[1]
210.0 1.0 64.0 0.1 52.0 | real q;
910.0| 1060.0 357.0 664.0 242.0| array a[1:1];
910.0| 1060.0 324.0 4200.0 232.0| array a[1:500];
1220.0| 1590.0 407.0 854.0 352.0| array a[1:1,1:1];
1530.0| 1960.0 507.0 1010.0 452.0| array ¢[1:1,1:1,1:1];
28.0 58.0 14.0 16.0 16.0 | goto
288.0 208.0 109.0 54.0 62.0 | switch
1270.0| 1120.0 328.0 394.0 692.0| = := sin(y)
1180.0| 1300.0 357.0 404.0 462.0| z := cos(y)
36.0 97.0 70.0 84.0 22.0 | z := abs(y)
1340.0| 1110.0 386.0 494.0 562.0| z := exp(y)
1520.0( 1710.0 97.0 116.0 462.0| z :=In(y)
518.0 842.0 357.0 464.0 432.0| z := sqrt(y)
1730.0| 1750.0 490.0 564.0 622.0| z := arctan(y)
122.0 195.0 64.0 114.0 72.0 | z := sign(y)
211.0 151.0 96.0 164.0 152.0| = := entier(y)
27.0 255.0 104.0 284.0 72.0 | p0
42.0 332.0 187.0 414.0 92.0 | pl(x)
59.0 381.0 232.0 464.0 132.0| p2(z,y)
79.0 430.0 282.0 504.0 162.0| p3(z,y, z)
110.0 146.0 42.7 50.7 53.0 | looptime

Table22: Statementimes,Part 2
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ALGOL W 360/67 | IBM 360/65| CDC3600 | CDC6600 | UNIVAC 1108 | Statement
2.1 5.6 4.0 3.0 19| z:=1.0
9.0 21.7 4.0 2.0 19| z:=1
2.1 4.2 4.0 2.0 18| z:=y
4.6 4.4 9.0 2.6 37| z=y+=2
6.5 6.3 11.0 3.0 48| z:=yxz
9.4 7.3 18.0 5.2 11.0| z:=y/=
2.1 6.0 4.0 24 20| k:=1
38.5 324 4.0 2.0 179| k:=1.0
35 15.7 9.0 2.8 29| k=1l4+m
11.0 22.6 11.0 4.2 44| k:=Ilxm
14.9 26.5 24.0 5.6 138 | k:=1l4+m
2.1 124 4.0 2.2 16| k:=1
9.0 31.6 4.0 2.0 36| z:=1
38.5 31.5 9.0 4.6 1741 .=y
6.2 49.6 124.0 4.2 110| z:=y 12
93.0 54.2 130.0 4.8 10.7| z:=y13
209.0 131.0 99.0 22.6 124 z:=ytz
5.6 6.7 11.0 13.6 126 | el[l]:=1
12.5 6.9 29.0 17.6 204 | e2[1,1]:=1
19.5 6.8 40.0 19.8 4441 e3[1,1,1]:=1
5.6 5.1 9.0 13.0 13.0| I :=el[1]
21.3 327.0 5.0 111.0 52.3 | real q;
61.5 649.0 65.0 162.0 114.0| array a[1:1];
61.5 708.0 65.0 162.0 1020.0| array a[1:500];
87.9 685.0 89.0 163.0 126.0| array a[1:1,1:1];
114.0 661.0 113.0 166.0 141.0| array a[1:1,1:1,1:1];
2.2 7.2 12.0 29.0 1.1 | goto
11.7 344.0 98.0 153.0 157.0 | switch
96.9 83.7 131.0 112.0 42.9 | z := sin(y)
91.3 72.0 137.0 109.0 44.2 | z := cos(y)
3.0 2.8 23.0 4.2 19| z = abs(y)
104.0 78.0 141.0 113.0 40.8 | z := exp(y)
78.1 71.5 130.0 112.0 38.3| z:=In(y)
74.1 68.5 113.0 103.0 36.8 | z := sqrt(y)
84.7 54.0 159.0 113.0 74.9| z := arctan(y)
10.7 25.6 25.0 6.4 54| z := sign(y)
46.2 43.3 30.0 90.0 16.4 | z := entier(y)
21.3 373.0 114.0 235.0 73.9 | p0
41.9 500.0 246.0 278.0 171.0| pl(=)
61.3 603.0 362.0 304.0 268.0 | p2(z,y)
80.8 726.0 504.0 328.0 362.0| p3(z,y,=2)
4.9 25.9 18.9 12.6 7.5 | looptime

Table23: Statementimes,Part3
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B 5500 | ALCOR 7094/1| ICL 4/70 | Statement
121 6.5 69| z:=1.0
8.1 10.0 19.8| z :=
11.6 7.5 46| z:=y
18.8 9.5 92| z:=y+=
50.0 15.3 175| z =y x z
325 16.5 247 | z == y/z
8.1 6.5 25| k:=1
25.0 30.0 485 | k:=1.0
18.8 11.0 51| k:=Il4+m
35.0 15.0 97| k:=lxm
34.6 45.0 172 | k:=1l4+m
11.6 8.5 31| k=1
11.8 6.5 222 | z:=1
26.1 29.5 495 | 1l:=y
46.6 15.5 1020| z:=y 12
85.0 33.5 1100 z:=y 13
1760.0 381.0 582.0| z:=ytz
24.0 25.0 14.2 | el[l]:=1
42.8 21.0 252 | e2[1,1]:=1
66.6 22.0 120.0| e3[1,1,1]:=1
235 9.0 215 | :=el[l]
22.3 7.0 3.2 | real g;
2870.0 308.0 155.0| array a[1:1];
2870.0 308.0 155.0| array «[1:500];
8430.0 418.0 188.0| array a[1:1,1:1];
13000.0 526.0 214.0| array a[1:1,1:1,1:1];
31.5 7.8 7.5 | goto
98.3 205.0 175.0 | switch
598.0 265.0 564.0 | z := sin(y)
758.0 311.0 571.0| z := cos(y)
14.0 115 158.0 | = := abs(y)
740.0 206.0 585.0| z := exp(y)
808.0 80.0 587.0| z :=In(y)
605.0 168.0 470.0| z := sqrt(y)
841.0 336.0 755.0| z := arctan(y)
37.5 16.0 174.0| z := sign(y)
41.1 28.0 233.0| z := entier(y)
31.0 281.0 135.0| p0
39.0 407.0 143.0| pl(z)
45.0 503.0 150.0 | p2(z,y)
53.0 598.0 358.0| p3(z,y,z2)
38.5 28.1 49.5 | looptime

Table24: Statementimes,Part4
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E Analysisof thetimes

In orderto makethis reportself-containeda brief explanationis givenhereof theanalysiswhichis given
in full in [3].

Thetime for ary statemenbn ary machinecould be expectedto be the productof a factordepending
onthemachine(z) timesafactordependingnthe statementy) i.e.

tij ~ m; X Sj

ort;; = rij x m; x s; wherether;; areon“average”equalto 1.0. Themethodof calculatingm; ands;?
ensureghatthe productof the elementdn eachrow or columnof r;; is equalto 1.0. Missing valuesfor
thetimesareeatimatedy puttingthe correspondingalueof r;; equalto 1.

Oneabnormakaluecanupaethemachineor statementactors(usuallyboth),but with the 18 machines
and42 statementén this reportthe effect is insignificant. For instance recentsubstantiathangego the
timesfor mary ALGOL W statementsnly alteredthe machinefactorsfor othercomputersyy atmostone
percent.

Hencea numbergreaterthanonein the r;; matrix givenin AppendixF meansthatthe corresponding
statemenbn thatmachinetook longerthanexpected.

2The s; areprintedin AppendixE.
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Timein ps | Statement

65| z:=1.0
104 | z:=1
60| z:=y
101 | z:=y+ 2
146 | z:=yx 2z
212 | z == y/z
51| k:=1
186 | k:=1.0
88| k:=l+m
172 k=1l xm
291 | k:=1l+m
5.7 k =
11.7 | z :=
259 | 1l:=y
441 |\ x:=y12
687 | z:=y13
2340| z =yt =2
17.2 | el[l] :=1
29.0| e2[1,1]:=1
48.0 | e3[1,1,1]:=1
159 | [ :=el[l]
17.3 | redl a;

237.0 | array a[1:1];

295.0| array «[1:500];
337.0| array a[1:1,1:1];
414.0| array [1:1,1:1,1:1];

7.4 | goto
117.0| switch
228.0 | z := sin(y)
231.0| = := cos(y)
17.4 | = := abs(y)
226.0 | z := exp(y)
188.0| = :=In(y)
175.0 | = := sqri(y)
285.0 | = := arctan(y)
30.9 | z := sign(y)
54.6 | z := entier(y)
840 | p0
117.0| pl(=)

142.0| p2(z,y)
166.0 | p3(z,y, z)
26.8 | looptime

Table25: Statementimesfor anAtlas-poveredmachine
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Unweighted Average

measue, Sevenmix figures mix | Machine

= l/ml
1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000| 1.000 1.000 | ATLAS
0.276| 0.293| 0.284| 0.281| 0.282| 0.286| 0.290| 0.277 0.285| KDF9
0.428| 0.344| 0.364| 0.411| 0.389| 0.410| 0.446| 0.429 0.399 | KDF9-EGDON
0.347| 0.278| 0.304| 0.346| 0.330| 0.311| 0.367| 0.357 0.328 | ICL 41302us
0.176| 0.144| 0.150| 0.171| 0.163| 0.170| 0.182| 0.178 0.165| ICL 41306us
0.244| 0.179| 0.185| 0.186| 0.189| 0.188| 0.194| 0.183 0.186 | ICL 503
0.183| 0.152| 0.154| 0.167| 0.16s| 0.165| 0.175| 0.168 0.164 | RREAC
0.629| 0.546| 0.581| 0.595| 0.583| 0.616 | 0.627 | 0.645 0.599 | ICL 1907
0.529| 0.363| 0.363| 0.388| 0.380| 0.450| 0.431| 0.432 0.401 | ALGOL60/RRE
0.506 | 0.454| 0.513| 0.521| 0.517| 0.469| 0.531| 0.543 0.507 | RREALGOL 68
2.380| 2.090| 2.310| 2.370| 2.310| 2.420| 2.490| 2.580 2.370 | ALGOL W 360/67
1.030| 0.518| 0.499| 0.608 | 0.553| 0.967 | 0.727| 0.694 0.652 | IBM 360/65
1.420| 0.653 | 0.691| 0.765| 0.721| 0.981| 0.845| 0.845 0.786 | CDC 3600
2.130| 0.912| 0.884| 1.050| 0.966| 1.430| 1.230| 1.200 1.100 | CDC 6600
2.440| 1.050| 1.060| 1.140| 1.080| 1.680| 1.300| 1.280 1.230 | UNIVAC 1108
0.539| 0.484| 0.526| 0.581| 0.582| 0.461| 0.563| 0.589 0.541| B 5500
0.955| 0.488| 0.511| 0.590| 0.549| 0.739| 0.674| 0.661 0.602 | ALCOR 7094/1
0.750| 0.568| 0.669| 0.716| 0.686| 0.554 | 0.691| 0.729 0.659 | ICL 4/70

F Residual matrix

Table26: Performancelata

A valuegreaterthanoneindlcatesthatthe statementook longerthanexpected(asjudgedfrom the other
statementimes).Valuesin italics areestimatecandsoareautomaticalyl.0. The productof every row and

columnis 1.0 (by construction).
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ATLAS | KDF9 | KDF9-EGDON | ICL 41302us | ICL 41306us | Statement
0.927| 1.170 1.460 1.000 0.978| z:=1.0
0.575| 3.130 1.090 0.798 0.743| z:=1
1.000| 1.260 1.580 0.987 1.090| z:=y
0.895| 1.240 1.390 0.965 0980 | z:=y+=
0.821| 1.000 0.959 1.120 0891 | z:=yxz
0.851| 0.954 0.916 1.310 0.907 | z :=y/z
1.760| 1.310 1.530 0.745 0.825| k:=1
0.969| 1.380 1.260 0.710 0.626 | k:=1.0
1.370| 1.260 1.600 0.632 0702 | k:=1l+m
0.870| 0.850 0.845 0.724 0.715| k:=Ixm
1.650| 1.150 1.970 0.476 0387 | k:=1l+m
1.580| 1.360 1.650 0.669 0.710| k :=
0.513| 2.930 1.050 0.622 0.617 | z :=
0.696| 1.080 0.904 0.509 0.449| | :=
0.884| 1.310 3.90 0.432 0.367| z:=y 12
0.699| 0.930 2.720 0.858 0.869| z:=y 13
0.514| 0.341 0.661 2.520 2200| z:=y 1=
1.220| 1.260 0.965 0.928 1.010| el[l] :=
0.930| 1.720 1.000 0.716 0.824 | e2[1,1]:=1
0.687| 2.110 2.210 0.866 0.637 | e3[1,1,1]:=1
0.946| 1.530 1.150 0.787 0.821| [ := el[1]
2.610| 0.528 0.405 7.030 8.360 | real a;
0.406| 0.900 0.409 1.460 1.740| array a[1:1];
0.325| 0.716 0.328 1.170 1.390 | array «[1:500];
0.463| 0.816 0.647 1.650 1.980| array a[1:1,1:1];
0.522| 0.703 0.621 1.930 2.210| array a[1:1,1:1,1:1];
5.650| 1.150 0.576 0.140 0.118| goto
1.100| 1.390 1.700 2.660 2.990 | switch
0.919| 0.792 1.030 1.670 1.200| = := sin(y)
0.962| 0.834 1.100 1.500 1.260| = := cos(y)
4.840| 3.070 0.560 1.200 1.400| z := abs(y)
1.200| 0.829 0.824 1.080 1.120| = := exp(y)
1.390| 1.150 0.687 2.030 1.890| z :=In(y)
1.410| 0.667 0.659 1.190 1.150| = := sqri(y)
0.954| 1.080 1.560 1.340 1.060 | = := arctan(y)
3.200| 1.710 0.444 0.674 0.866 | = := sign(y)
1.870| 1.650 0.495 0.508 0.529 | z := entier(y)
0.643| 0.263 1.410 1.610 1.890| p0
0.588| 0.259 1.080 1.210 1.390| pl(z)
0.528| 0.235 0.979 1.050 1.210 | p2(z,y)
0.559| 0.228 0.916 0.833 1.070| p3(z,y, z)
2.130| 1.450 1.000 1.000 1.000 | looptime

Table27: Residuaimatrix, Part 1
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ICL 503 | RREAC | ICL 1907 | ALGOL60/RRE | RREALGOL 68 | Statement
0.752 1.330 1.460 1.220 1.090| z:=1.0
7.240 1.720 0.844 0.767 2.620| z :=
0.876 1.720 1.470 1.000 1.000| z:=y
1.020 1.710 1.440 1.270 1160 | z:=y+ =2
1.050 1.620 1.330 1.470 1350 | z:=yxz
1.000 1.600 1.400 1.800 1.700| z :=y/z
0.952 1.670 0.982 0.826 0.790| k:=1
2.440 0.829 0.271 0.228 3290 k:=1.0
0.999 1.670 1.070 0.723 0749 | k:=1l+m
1.200 1.560 1.350 2.390 2200 | k:=1lxm
2.350 2.580 1.740 1.020 0787 | k:=1l+m
0.769 1.700 1.210 0.742 0.709 | k:=1
0.958 1.680 1.930 0.994 1.900| z:=1!

1.770 0.652 0.899 2.370 2380 l:=y

2.270 2.870 1.380 1.250 2060| z:=y 12
1.620 2.000 1.070 0.924 1570 z:=y 13
3.700 2.490 0.625 0.648 2720l z:=y 1=
3.060 1.760 0.622 0.893 0.647 | el[l]:=1
2.970 1.310 0.801 1.290 0.940 | e2[1,1]:=1
2.430 1.040 0.746 1.320 1.720| e3[1,1,1]:=1
3.630 1.360 0.793 0.967 0.701| [ := el[1]
2.960 0.071 2.330 0.003 1.520| real a;

0.936 0.822 0.948 1.480 0.517 | array a[1:1];
0.751 0.660 0.690 7.530 0.398 | array a[1:500];
0.881 0.866 0.759 1.340 0.528 | array a[1:1,1:1];
0.899 0.870 0.770 1.300 0.552| array ¢[1:1,1:1,1:1];
0.977 1.430 1.780 1.740 1.090| goto

0.598 0.325 0.584 0.244 0.267 | switch

1.360 0.900 0.903 0.972 1.530| = := sin(y)
1.240 1.030 0.972 0.926 1.070| = := cos(y)
0.505 1.020 2.530 2.560 0.641| z := abs(y)
1.450 0.903 1.080 1.160 1.260| = :=exp(y)
1.970 1.670 0.325 0.327 1.240| z :=In(y)
0.727 0.882 1.280 1.400 1.250 | = := sqrt(y)
1.470 1.720 1.080 1.050 1.100| z := arctan(y)
0.962 1.760 1.300 1.950 1.180| = := sign(y)
0.942 0.507 1.110 1.590 1.410| = := entier(y)
0.078 0.556 0.778 1.790 0.433| p0

0.087 0.518 1.000 1.860 0.396 | pl(z)

0.107 0.491 1.030 1.730 0.470| p2(z,y)

0.176 0.474 1.070 1.600 0.492 ] p3(z,y,z)
1.000 1.000 1.000 1.000 1.000 | looptime

Table28: Residuaimatrix, Part2
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ALGOL W 360/67 | IBM 360/65| CDC3600 | CDC6600 | UNIVAC 1108 | Statement
0.773 0.894 0.878 0.989 0.715| z:=1.0
2.060 2.150 0.545 0.409 0444 z =1
0.838 0.727 0.952 0.715 0.735| z .=y
1.090 0.452 1.270 0.552 0.897| z:=y+=2
1.060 0.446 1.070 0.438 0.801l| z:=yxz
1.060 0.357 1.210 0.525 1.270| = := y/=
0.977 1.210 1.110 1.000 0.952| k:=1
4.940 1.800 0.306 0.230 2350 k:=1.0
0.951 1.850 1.460 0.681 0.806| k:=14+m
1.520 1.360 0.907 0.520 0.622| k:=Ixm
1.220 0.940 1.170 0.410 1150 | k:=1l=+m
0.877 2.250 0.997 0.823 0.684| k:=1
1.830 2.790 0.486 0.365 0.750 | z :=1
3.550 1.260 0.494 0.379 1.640| 1 :=y
0.335 1.160 3.990 0.203 0.608| z:=yt2
3.230 0.816 2.690 0.149 0380 z:=y13
2.130 0.578 0.603 0.207 0.129| z:=yt 2
0.777 0.403 0.910 1.690 1.790| el[l]:=1
1.030 0.246 1.420 1.290 1.710| e2[1,1]:=1
0.967 0.146 1.180 0.880 2.250| e3[1,1,1]:=1
0.842 0.332 0.807 1.750 2.000 | [ := el[1]
2.940 19.600 0.412 13.700 1.390| real a;

0.619 2.830 0.390 1.460 1.170| array a[1:1];
0.497 2.480 0.313 1.170 8.400 | array a[1:500];
0.621 2.100 0.375 1.030 0.909| array a[1:1,1:1];
0.658 1.650 0.388 0.856 0.831| array ¢[1:1,1:1,1:1];
0.705 1.000 2.290 8.320 0.361 | goto

0.238 3.030 1.190 2.780 3.260 | switch

1.010 0.379 0.815 1.040 0.458 | z := sin(y)
0.943 0.322 0.844 1.010 0.467 | z := cos(y)
0.412 0.167 1.83 0.516 0.267 | z := abs(y)
1.100 0.358 0.889 1.070 0.441| z := exp(y)
0.992 0.394 0.985 1.280 0.498| z :=In(y)
1.010 0.405 0.918 1.260 0.513]| z := sqrt(y)
0.708 0.196 0.793 0.849 0.641| z := arctan(y)
0.826 0.857 1.150 0.442 0.426 | z := sign(y)
2.020 0.820 0.781 3.520 0.733| z := entier(y)
0.604 4.600 1.030 5.960 2.140| p0

0.850 4.400 2.980 5.060 3.540| pl(z)

1.030 4.390 3.620 4.560 4590 | p2(z,y)

1.160 4.510 4.300 4.210 5.300| p3(z,y,2)

0.438 1.000 1.000 1.000 0.682 | looptime

Table?29: Residuaimatrix, Part3
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B 5500 | ALCOR 7094/1| ICL 4/70 | Statement
1.010 0.959 0.803| z:=1.0
0.419 0.916 1430 z:=1
1.050 1.200 0584 z:=y
1.000 0.902 0690 | z:=y+=z
1.850 1.000 0899 | z:=yxz
0.829 0.745 0.878| z :=y/z
0.853 1.210 0.362| k:=1
0.726 1.540 1.960| k:=1.0
1.160 1.200 0433| k:=1l+m
1.100 0.831 0422 k:=1lxm
0.641 1.470 0442 k:=1l+m
1.100 1.420 0.473| k:=1
0.544 0.531 1430| z :=
0.544 1.090 1440\ | :=
0.570 0.335 1.730| z:=y 12
0.668 0.466 1.200| z:=yt3
4.070 1.560 1870 z:=ytz
0.754 1.390 0.622| el[1] :=
0.795 0.691 0.653 | e2[1,1]:=1
0.748 0.437 1.870| e3[1,1,1]:=1
0.799 0.542 1.020| | :=el[1]
0.697 0.387 0.138 | real q;

6.550 1.240 0.493| array a[1:1];
5.250 0.997 0.395| array «[1:500];
13.500 1.180 0.419| array a[1:1,1:1];

16.900 1.210 0.388| array ¢[1:1,1:1,1:1];
2.280 1.000 0.757 | goto
0.452 1.670 1.120 | switch
1.410 1.110 1.850| = := sin(y)
1.770 1.290 1.860| = := cos(y)
0.435 0.632 6.830 | z := abs(y)
1.770 0.872 1.950| = := exp(y)
2.320 0.407 2.350| z :=In(y)
1.860 0.917 2.020| z := sqrt(y)
1.590 1.130 1.990 | z := arctan(y)
0.655 0.495 4.240 | z := sign(y)
0.406 0.490 3.20 | z := entier(y)
0.199 3.190 1.201| p0
0.179 3.310 0.914 | pl(z)

0.171 3.380 0.794 | p2(z,y)
0.172 3.430 0.712] p3(z,y,2)
0.775 1.000 1.390| looptime

Table30: Residuaimatrix, Part4
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G Document details
1. Corvertedin October2001. The text is muchsuperiorto the original. This reportseemdo bethe

lastthatwasproducedwvithout a word-processorAdditional commentson the text have beenadded
asfootnotes.The estimatedimesweremarkedwith a star ratherthanitalics.
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