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&oftvaloa Solaloe S.e a tWd of -"1S41 ftld.ct to \be 

-'h4tural ooapoelti.oa ot ooaput• progf'ae. It .-..1Yfl4 froa 

the ob~ioa· tb\ *h1111D tao\ol" s. •• latear-1 pan ot .., 

.S.tteia t-est e4 that aatunl ~· tme ae .U. .. 

41-"-- '··~· .... goYtftled. 'bJ oeftda oatval '-'•· •••• 

llalibM4 has aaa Ml'tfala Jttpotb4a .... Ia tbS.e ngucL thea• haft 

bee 'tallcta\ed. OD --4&1'4 ~-· wlt\ea iD. •ariou• PI'OP-· 

iaa ~ the ee .. tW ·.otlvat.loo i.e to ~ tbe 

pertoJ'IIIftoe of ~- aoRwar• to.,_.. ot the tS.. tekeD to 

t..pltac!D\ it a4 the a__. ot WJore cadttect. tlhU.e proar-• 

..... 
Aa put of the• ,t,u4lee, , ... ..a tUOI'l•• but belft 

propoae4 1'11081lt~ to aplatn· \he c1l~ ot opellatora 8D4 

operar&41 :Ia oOIIPilhr pmar•• aa4 ,......_. Snte....,elat101ltlhlp• Ja 

tbla tbeele., •• oonoctn.te oa opente ·IIOdel•• We -.1., aU 

aoQla. ·p~aed tUJ. date D4 the propoae ao4Utoatioat to Ul-. 

!he tiOdUW.actl• are ... to Pl'fl'14e wtter f1t tba the ol4 

-. .. · -~· putOI.'Md \o •Stn at the• oaolualae wltll 

• prle·,~ptloG ot \btl •••• ot aonv.,. sotenoe ••• been. 

apla~Ded ·fA aaaU. 



At the -'-' l upl'eee rq bMrtrk,t, thaake to • 

1U1*flfJOI' a.. a. ~ tw b11 .. .u.- gulclaaot d 

atfeotl.oaate ~ 

1 •• a _.. ot pdttuctjl t.o »~'• La. hklttMDa~• 

vs..s.ts.a r~1ow. IICSII7l (liOII ·•-'· tl'Ot•:• m Raeu ). •• 

eacourqtd • .U aloDa 184 c••• Javaluable ._._.._. • 

., .-w tbarl.b .. 4• to nr. '·" albotf, o..n:t. 

Jlotol'a, a...,.., .tdoblpD, VS&. De ada on PJ/S P"lhN tbd 

haft beta 1lle4 tor tu \utrlq of the IIOCttle v.-. cM-..affta 

bla. 

hl_.thl.p S.. aa Saftl~e ..... I VODcleJl _, lr'-11 

· 40 ta)t. bow til$ ..- 'to vldcb thei.l' &004 VON• e4 00111f881 

S.tgome u4 -~ ... lfr ~attenleat; tb•ke \o lo• ~ 

-~ leheliM, Q.s.a. . ......,, l.flt ............. ad Bad iaa\ ...... 
the \JfSaa hall beea ._ bJ Mr.D.B. S.Va\. S. took 

pdae to pit £\ oea\q .S oo ...... Jr. I aa ~ 

1 a.u.4 the Ubhl7 end ~r taoWtie• of .tliU, · 

••. ~. ut, •• ~elhl aa4 tua, loabq. 

for a pan ot 111 M.tb11. oov• • JD, t vae a heipleat 

of u. Unl•ereltr suo~or .ReatUob r.uowdip. X aa .-.ra1. 
,It_, Dttlht. 

Da\ed lil . 1. · ~ \ 
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sortv•• aoleo• I.e a •ea•tlr «treloptti fW.4 ot ttudf 

. OOilOemecl •aSalr with the etruot.•el coapoalU. •' elgorl"- ad 

\bet.. tap).••uattoaa iD the ton ot ...,_._. prop••• It ataa at 

slY!Dg • objoo\lft eetlaate ot I!Oftv•• ta.U.tr ai o-.lal'J. 

w.- ••• the tll'llt to ... " ........... ctlaolpUa.. Ia the 

pftfaoe '• ld.•·book, •• .._,. ot Sottvwe Se'-ocf' (1]., • pete 

tozvaM aa izlterefii;Sag ...,.._la • 
"lw• .-b ~ obJ.-e u vrlttc t.bltnete an4 

~ PI'08ftlle .,. aaMtDtd bJ aatvalwa, .~db 1D theb 

Pl'..-atloa aad m their -alttaate tof!IIP • 

. Aot.U., a w. ot thi• ..rt vae p~4 bJ atpt· (a,e] 

•• .,.lr •• lat-e tortt.ea wbc be obMft'ecl that ~· 1e, _., 

0\hu tldlactt a b1ol.ogl.oal1 p.,..hoJ.oslcal aad aoolal p100eee. Be 

oarne4 .,. ~· - Datval lamgoage , •• ed to1114 that, 

tbe • .,._ \her*• aore o:r leaa, tollotti oenda apacitto dl-'rlbu.\. 

too. Be etated tbat U the vor4• appeadaa u a aa\val itmguage 

ta.t _.. ~eel lQ the cluo.S'ns one ot ttl* tnqucoy ot 

~· thea tlte 1\h •-' oo•• VOI"4 IJae a f.l'eq1BOJ' « 8PPi'O~ 
tdMtelJ, 



a 

for _. ooatt-.t o.. ftle, ao dciiM, la • ... 1\fAc o\,...atloa 

•• lt opeaa a.., dlta ot tatoratt.o. eoleaot. a., a1.g01'1\Jae, 

too, .,. ~to aatur&ll.epap , ... to a peat ••• 

etaoe the ._. ~ pocea Sa.olved '• •• _. ltortOYe&"'t 1\ 

tlboU1ct tlab mu. ewteftiDO• a as.. ~· •• &a tbSalrJna o• 
Vstl.tila• ..... Oft the• ,__,.,., Bal~M&4 twfO'bttiMl tha\ 

t.\aOdtha• _, v.U be cbanOtelHct bf oeftata l•• etallat to 

t.hod a plpl.oal •ltllOII• a. uat a eSaple CIOfiD\ of opea\Olra 

fiD4 . .,.., ..... ~~aa .fa ............. ~- .... . . 
-.snotJ. l'elatioallb&p. -. tb• tbat ton the ~taP. ot s.ttv-. 
aot..oe. the• ftletl.oaehips, SA tum, oa H -.ct .. '- pnd1ot 

oertala w-..ttng uc1 ··uaettat prop-'J.e• ot ~-.. .,.. or 
tha (to be eldoh\e4 later) Sa~ 

(al precJS.ftJ.oa of proan..tag ~·tor PIOPOaecl 

eotwan, pro3-'•• 
('b.) p~f.Oil ot ~_.,~ tSae te a aoJ/IIIl· ,......_. 

(o)p-..u.ot~ or Wt'-3. _.... .-.. , 

(4) 'wmt.ltatlve naluat.loD ot ~~~~ 1q\ape1 

( •) ettwb ot 110dadult7, M4 

(t ) a ae\bocl ot ... ..-Jag the <lltt...,_ betveeo ,..... 

ft'it'- "' .,..,.. ad tho• bJ DOdo-. 



.& w.U•tota14 ,..._ ., 1Mi npr414 •• ..,..tataa, 
..... ., .,....,,, aoa....,utable 1\ateaate 8114 deOl.e:htl•••• 

(a)Ol*U4• -' 

(b) .,.... ..... 

!he.owtltloatl.oa le .. 1.- clear Ia tt.·out or~-· 

lD& lao&Uaa•• w. ·ALGOL, PL/1 u.4 fORmAl. 87 optnnde ve .... 

.U ..Sales .81l4 coalkllte .,_.lac ia tu -..outal>le .tht..-•.• 
1J opuaoz-a •• .._ \bo• vhlob etttot the ftlu. or ol'deria& of 

oper.U. iaaplea ot open$ora iaol114• al'ltbMtio opet'attwa, 

8oo1eaD 0,..,... ..... ret .. - .u...r .. 
re aa daorttba ..-ene4 ta .a ~amwsta, ~·• 

the to:U.Wtal are 4lfeo\q -~ .a fora the ba$lo -'de• [1] 

ot SOftv.n Soienae • 

'\ .., .._ ot 41.tf.nct op.-ato••• 
Ita • Iabar ot 41-'laeft ~. 

~ .• '-'el .... ot .,.... ..... 

s1 • tiotaln•• ot oper&D481 aia4 

.; ·~ "-- ot 1/0 ,..... ... 



• 

I·~ •Ia• 

r,, ...... ot .......... of .. ith -· c-
.,. ... vheN l = J.•a• .. ••Dt• 114 

ta,t • .-,., ot ........ ot "• lth •• ••• 

.,.aDd; when 1 c 1,a, .... •lla• u.. 

1t · le o\wt.ouo \bat the tollad.ftl nl.atlolk*""• .bo14 • 

OJ. 
". s. ,, I.. 

l•l . ' ... 
••• s. , ... ' 

l•l .• 

I a 

' •• $ ~ '•.t• "1fl11.•1 ., 

(1.1.1) 

(l.l.i) 

8ofttran sos._,. atttapte to ~ q-ao\ltatt•• 

... _... •• the 'fatJ.aue pre4S.Ci.W.. prope:Jtlea ot ar.a ~orltha 

Sa \erlle ot the abo'fe ~ ~le utnoe. 

I...S oo S.ul\l•• naJODiaga, lalatta4[l) ~ata4 

tba\, glYc ~ baalo oom\e DJ, cd Da• the pstopw 1-at6 oaa 



..... I ""' ..... \h. quatltJ ••~~tat-s .. ...... I 1lh1ch 

._.., \he quaatl.tJ' .-.u, ....,.de Jt tbo'i14 be oott4 h•• 
\bat no lf.aos'ou .-..-loat. pl'oet \o tbl• Oquatioa 1e ourr•\Jr 

..._ 101M•; 0. pd to tea\ 1ft .... aJ...-S.A\t (•l•t(l,e)), 

lt w , .. t011l4 thd I S. Ia 8004 .......... vS.tb •• tt ashnlct 

.......... eel ... .,.. ,...,.... ,,.. lor 8ll0b ........... Ia 

Soft.Vare Sol•Of •• .U .,oeed to be po1llh.t IID4 tHe fi'OII 

·~&..-[1] •. 

l·• Jbcte1a tv the Fnquaot D1.t~• ot 0,.....,1', la ec.putter 

rroaraa 

he pl'l8arJ brPo'bltelt ot Software SoS.taoe alloat ••tad· 
too of pnpaa lt~Q~th, .... ' ~-'loa (1 ..... ) .,. ....... of 

lrrt••Uaa\S. u to wlaJ eaoll a r.ta\lODtblp eiaould llolA. IIIDI 

..... lgatore .... trhcl to .... \hie , ..... "' .... or ...a.. 
tw the tnq.,.,. 4llttrib1ttJ.oo ot op•-.tore et opeftllde appeadq 

*' ..,.._ pzop..,. tlbll• clv!aa ..apport to the t•cotaa l'elatt.oo
tldp, each a . ..a.I ., w.U kelp .. a~...- the ,...,_val 

GHpOilttaa ot aJsofttkaa m a better va, .a thu pi'OYU. ..,"-'· 

loG for othel' *""td lllftv:aft phftw••• 
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Ia \ld·• \1-.eltt •• ooa.-..-. • , ... fr«l_,. tll*l• 

Wtl.oa ot opentw• ia oeapater ,__.... •• tlf.&aU fPfl!f.,, Ia 

brlet, tJJe •uloue -.octel• papolt4 • tw .a t• &\\tllf' to 

..... - the poaat.bl• iaptM-- la tht.• .... - tla'bont• 

4el0dptloa tdl1 t.U. lA Ute latel' otatp\er• 

(l) atptltod.ll. a apt iav tor the·fJ'tqUeall 411\d.butta 

or WOJ'dt t.a aa\unl. ~· ,_., ( eca•tloa (1.1.1 > > s.. appllerl 

.. ,_ ... ot ..,.. ·~··· the .,. ~"' -- iD 

phdletloa the as.t~.dbuU.oa •• a...• at-'- [ 7 ], llebott [ e] ad 

otba'e h'ft ~ oa up.sa-te oa 4da fttCIIl proar- wi\t«l 

m AIAOL aacl fL/1• Althotagh l' doe1 aot &lft a soo4 •ppozlaati.GO 

to "'- obeen'e4 G4ribuUoa, tile hSab ~lftk\l«l _ooetllcl-.t 

~ tb4a pl't4So\e4 41.-'dbtltloa. aacl the ol»_..td ODe ooatlra, 

Utat thi• ·ll04el ctoee st.v. o 2aet.sh\ tato the aa\we ot dl-'dld· 

loa ot opeftkre Sal ..-. ..,_..... 

(U.) Btrer.Hoclel• • lqtr tnio.S three 11046\e [9,1,10]. 
!he•• OCI\CI8I'JI bo\h op...,._, u4 opvea4e. Like- alpt -.del, the 

OGJr latomatlclo t~~ploJecl to• predlo\i;Qg ''- frtllUIIIOJ' 4l-'J'lbuUo• 

of ...... s.. ita•. 

(W.) .,._ ltodfal. • It t.a baaioalJr a NYl•e4 ••.S. t 7] 

of tht aboYe .alpt -'-'- atpf laW oorreotect 19 MID4elbl'Ot 1t ,._1lw 
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modified to suit the behaV'iour of operators in computer programs. 

Here, both n
1 

and n
2 

are used to predict the distribution of 

operators. R:xper1menta on data from programs vritten in AWOL, 

PL/ I and FORTRAN show that this model is superior to the afore-

mentioned ones. 

(iv) Elshoft Models a Elshof'f [a] bas proposed two models, 

z,ipf -A and Zipf' ..a 1 each a modified version of' the original Zipf' 

model. Eaeh employs information. regarding both n
1 

and n
2 

to 

predict the distribution or operators in computer programs. 

Experiments [s] on PL/I data show that Zip! ..a model is comparable 

to the 2w'eben model above. 

( v ) . 2M'eben...Halstead Modal 1 This model ( 11 J has recentq 

been reported for PL/I programs. It uses n1 and, unlike other 

models discussed above, B
1 

to prediot the distribution of operators .. 

It gives an emellent prediction in the case of fL/I programs; and 

is mueh superior to other models. 

In spite of these various models proposed so tar 1 several 

questions rEmain tmanS~Jered.. For example, we stated that the 

a.:ebeo-Balstead model u,sas the total count of operators, 1. e., N
1 

and/or n 2• N011, can the improved performance ot the model be 

attributed to the- fact that additional information regarding ll 
. 1 

is used? Is it possible to modify the previous models to take into 

consideration the kn01r1ledge of N1 , and if so, bow do they perform 

in comparison to the :Ueben-Halstead model? Moreover, we also 
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,-'f.tM thll tbe ar-..&la&eacl Mettl hae belA ftlldatei Oblr 

tot rL/1 .... Reoe1 ttbahfll' or ao\ the ·~ pert01111114e 

bol4t a the eaae ot propao tm''- to otbw laQplaea altO 

oeed• t.Jrteatlptt.oo. 

W• ba9t atte.pte4 to ,.,m.c.· •••• to th• q,Ubtloaa 

.s thu ~JP~.we tba poatlbll";r ot • aer .sel vbiob Pft8\Wablr 

ool'44 pezt'OI'a betw tbaa the •at.~&f.Da .... Ia thla ..,, •• •• 

)Nwe oea.Uered. the eJ.af,Dal zt.pt_ IIOCl.t, .,... aodtl 8ll4 llthOfl 

JIOdela tor ftlfthe -'1l41• &loh et .,_ ..a.le, baa b._ .a.tled 

to w. the Wotaatloft *'-' the toW. open\e ~ 1fa. So 

olftr to ooapare ...- ''- ar•••at•eact ..._. the odalGal 

a.,. 1I04ctJ.t haft .Moa to11l4 ... ,.,..._17 [eJ attA lleue • do 

DOt oaa.W• tbla. 

the ocmolualoa• ftP'dlaa sooe~A•• of tl\ ot Yarto.a 

110del.• an ...... Oil ~a 4et1Yt4 ti'CIII ~ witte. !a Ata0L 

and PI./I <- Appea4U A ttn the .-o• ot than.~.·)· a. 
baeea of .1-.... •• ..,....,loa 8DI1,r.ta M4 COIJ'elat!oo_ 

coetttolo <-~a tor the <~•••Sttloo) Mtv81D the 

ob•rn4 41-'l'l.tdl~ GD4 the pnd.lotect 41~1oa Sa eaob oa-. 

. , 

file lloct1tW zt.pt aa4 lltdtt1e4 ~.a _., • .,_ 

ooo.s.du.W.. lllp~ ewe tba oU 1104el• Both 0011pan v.U. ' 



• 
•• ,._ .,.,_ ..... .-.a .... l vhloh .... .,.. 11111, • .,. tu 
be&\ __, -'11\Sas ~ tM llo4ttW Upf.& .tl, •• .W. 

" •• , ... ta 0~- ., eiaplr cod••• with , .. Hodtt.H 

llpt ..a.. Beswalls llodUW .,.._ ~ it1 bahadoUI"i 

taUkt oth••· •• - .., .., ~---..... 1\ ebeN• 

a 4eoUae. •••• 11041tte4 ZSpt ta4.1bUtit4 lipt..a _...,_,, the 

'-''• h ... to be. k'w, ooafideSac the r•tft4ta ot -. 

........ oo 'b• ada ot "*" AWOL .ad tt,fl. ........ thlli 

M&lllt ~~'bot& ·Hl»c~W.el a,t.a II04d ai-des t~t• llol\ fS.t 1a the 

•• Silpothd ~ ot ~ •....-oh. flnalJr, to ......_ ... tile 

ICOP8 ot va11dGloat tb.eee •tW.e _,..be pu& to Me\ ca pt'O&ftN 

..stt. iD othe 'blallw lttf4lli.aDpase .. Wba\ w hue edbab1llhe4 

la t.lte ~fill ftlatioatldpe ....,.-.the '*fJDI'able qUBDtltlee 

~a· o.,.._. fl'OINJII· .a •• tc41Do, tovan. toUoldas 
pndlo\abl.e --dlmtti.Qu. 

ftle theole coaebt,e ot tl•• ohapt_... c..,_ 1, u 

-~ 110 fe; ie u ~tf.oa to the tle14 of .tftctl IID4 

the i11*1tl.o ~ af•4 •· ros.thw v1th • brtet __.., ot 

lb• vork 4oDe tlll 4a\e ia tht.e ._, 1\ a,.. .. u. ,o..,Uitr 
ot l'1ir\be nteU"ob. the n.Ue edftd at and \lut o:Oild.ulda• 

._ th...tna llh dfteeribed. Ia. shaft. 



Ghtptel' 2 cleaodtlea1 Ia 4.U., SOftvan 80la01 -' 

lte po\tatS.d applioats. .. We vu\ to -'-'• we tba\ tho• 

rll4wa iattraettd ••blJ t.a the ~ cllttl'llna\loo. ot 

oper~ la ~- fl'OIIUt aq V.U .w,. thb· obaf'et• 1\ 

con.,_.., of .,_ eactl••• fbe :tl•at •• 41.-.ea the •.ollltt4 

•~t~puttr Ola ... " appeulag ta GOilptltor posna-. the _.4 

__,._. PNP'•• vhlob .. ~ uae4 J.o ~-t.oc the 

.,U..&tlelle ot Soft1faJ~• ~oleo .. the &a-' eeniorl ......... t•• 
poteatlal appUo&loDa Sa t.ht •• ot eoftvaft qualby a4 

OQIPlaf.tJ• 

4'-'• I 1• J:e2.at1v..., ..U.. It CS.aorib•• tblt t$ra ..... 

actopk4 Ja OO'datt.aa tb• operatotoe a4 opeNDda appearSaa a 
0.,.. .. PJ'O# ... the d&aortp\loa illoludetJ tile prop-- mtta 

Ira AtAOJ., '"' a4 10lt$AR. 

Obap1ic • te a ~· deaGI"SptloD or tu aaf.Q pftbl• at 

the theeia, l.e., the aodele toi the ta-eqt18DC7 dietdblltloa of 

opentore lA ~- t"srae. It coas1-'e ot tvo -'loaa. 

.s.u. l ... - daborate 4eeoripUoo ot eU a:lttlraa ·"·· pstOJOIItd 

till cta\e. Ia ad<U.tiOD; lt upldrl1 t.be seep• ot POidbl• klftlti.p\• 

iOD fA th1e u-. s.otSQO a cte801'Sbea tbe Ueu cte9el.op«llll ooe.-

ol t•lt w.-s.aokm. we ..S.•• at .suw 111'e1oaa ot -· a:l.-'l.aa 
•cW.tt. 



. ..,_. I l• the Jatt Ollap\w 1lbloh at..,.... ta 

niQl.'• tMataN a4 1t ., tDta tbueciL fbla. ooatf.-'• ·of 

tbr• .-~oa .. lbt tb" -.. dtllfi.bta the htttaa -'"'til 
• ""'• w.J.et ot 1\• tts .s 'J. ot til ~ .a rJ(t 

,...,_ , .. 1W .,_~loa. AltO cl•• ue tu PIPle 

niJQlt• oonaeraba \be,......, as..-.•s. ot ·~·· • 
,~ bJ \be...._.--.. aplrln ••• a~ 
SI0$1oa a d180lll•• tile nealtt ob\alot4 -.4 \be ooaolueS.oat 

........... * ··--· .. ,. ftaGltta• ... u.u.... h 

,..,. ot f-'b• -- in \till .... 'lhl• 11 toUond "'th• 
• .,..., .. ot ... ~ boob .s ,., ... , ... .,......, at 

tbt .- coada, .. ...,..,.,._, the .-uro• ot ttw ~ ,........, 

........... ~-· .. ~\loa • ...u..., .... ,. * .... 
aa4 \be Uatiaa ot U. ~ 



Ia Obapter 1, •• cteiJH'lbed thit bado Mtrloe ot Sottnn 

Sotce• e4 tbe ..,idoel u;rttaloa for ,. ... lq\h lA ..,_ 

ot ,._. hre •• aha11 4et!IO'l'1M other aea.Ule pftpel"\lee ot 

tlsol'lthu vhloh are lder '\184 lA -""'iDa how SoRv&N aoleaoe 

.... '* ..... !Dg the toftvaN qaalt.\7 aDd OOIIP'l•.s.t, • ..,.,. 

iDlttatSaa aaob a 4eiiCrlpti:OAt •• va to an•• a the fOl.l.oriaa 

Sapon.t polat. the PJOih1l• ,.._ tor ett&47 in .U. ~te 

ot SOftVan Sol•o. ... aappoatd w M v.U.~te. fo clltt!apl.tb 

.-h Pl'OIJNIII ma eO-c.u.l "Sapun" ... , Jhl.t$-.4[1] t4taUtW 

tb o1•_.• ot !apwJ.tr• tho 41..S.ptiorl toU.e. 

(l) Oqpl_.,.., Opentora • IW ..,a ... ._, opentore, 

•••• , ...... ·~ .. appU.d ---·~to , ..... 
opera.& -~. • lilpurl.ty ot tld.t ,,. _, U'bitrarU, jno...._ 

\b.e pJOpa liM Vlf.boS .alteriQg ~ p#(tll'a ~· 

(U) Aab:f.aaoae OpenDd• • !btl .._ •ulable ...... lt 01114 

to npn-' two u •n opera4e Ja • pro8faJh Suoll Gill• ...auo., 
U. ~di>Uit7 ot a pJ"Op-. 

(.llt) ,_.,., .. Operact• ·'' tvo or ._. •ar16J.•....e. •• 
. 1lH4 to npNatnt the ... opmaract. !bl• .........u, ~ 



J.l 

. (lY) eo-. SobeJPr•aeloaa I t'M ,_ ,._,..uSa, 1 ... t 

ooaSa&Uoo ot """ .,.... --thea oao• .......... loa 

..., v.U •• replact4 11t a looal ~1• or a •- ,_.,..._ 

(•) v......., .A..Sgr&rt•• • A .._. ... ~oa la aetlantt 
"' . 

to a looal •Sable vbiob i• uetd OQJr oao• thla olwSous1r ..,,. 

DO ,.,. .. &8 U. Cllbapn ..... ao. Ut _,,_. .,... • .,.. fa 

tht ~ lt l• ooapl-.t to the &Nve Japvl'J• 

( Yi) fataot.or.S ... ..._. t AD GPftt"- that oaa . .,_ 

t•torfl4 ie ltft wataotorett att.otils olerl'J ot \H ~ !b1e 

Sap:ad'J' *••• S.e 4ittuet tJ'GII the ,r•S.U. oaq fa the ••• 

t.bat ao ... Jowd411 •ho4 ot ~ 1\ le --. 

Ia ..- et tM ..,... ·oa•a, llalttea4 [1] haa Jbwa tba\ 

tbe ..,...., .. '- oonup\ the prosnJle cd. ooa.u.eJr a.-.
~be aa...-J.e ~· _..._. to aottv ... Solaoe. 

W• ....U ct ... ih ..... u..rul ....._.le ohaftOtvltt\loe 

ot ~ pcop ... Sat ... of the •• .trio•• ua., ·'\• ... '. -llt lat I aa4 .. 4e...sbe4 in _Ohap\w 1. De .S.tidtioa• tha\ 

toJJ.ow an u by lalllht4 [ l]. 
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( 1) Program Volume a It is defined as 

V = N log2 n • (2.2.1) 

For a vocabulary o! n elements, the minimum number ct 

bits required to represent each element uniquely is log
2 

n. Thus, 

V refers to the total number o! bits required to represent the 

program. 

It depends on the language of implementation and ie lower 

in the case of a higher-level language. 

(ii) Potential v'olume : It is defined as the volume of the 

implementation employing the most compact language, presumably 

hypothetical.· In such a language, the function to be performed is 

supposed to be already defined and a. ample call will be required. 

In equation form, 

(2.2.2) 

where all quantities with asterisk represent the· corresponding 

minimal val.ue of those parameters. Naw, in the minimal case, · 

Furthermore, the total number of operators in this case will be 

only two; one for the name of the function or procedure and the 



ll 

oth• _,Sac •• a ...,_..,...., or 8J'01Piaa tfi!IIOl• !benton, 

ai ••• ,; .• of ••• , ... the .... ot 1/0 ............ 
lqua\loa , ••••• ) ,._ .,.. •• 

(a.a.a J 

lt ~~tou:w •• ..-.a that v• it • sa .. saeto 

~-loot u ._ltlla .. ~- ot the~· 

t111JlOJ14 Ia \be ~ P1'08ha• It ~· SD .._ dltlaltioa• 

of PfOJiha JAwel a4 lalapaae l•el ctuo..U.e4 bllo.t• 

(W)t"P• LeJ.-a. a 11M• there..,~ aon thl1l one 

lapl~loaa ot aa diOdtba ia a glftiQ. ~~ ~ • 

•• datiu PJOP. lMe1 ........... ot .... lr&.loa .......... 

~timle• It l• CW!ae4 u 

L •'f/V • (a.a .• •) 

POl' a at.•• algorlttra. tbe pi'OSftll ulttea b7 • ·~ 

.W. Pft11WiiQ' hue a ••1'• '9'01 .. a4 bal-cHt a~ pnpa 

J....a. "- the one vritlle _,. a ••lo-. 

fo bt:re • .,s.d4a1 twada tor \he prop• lefel Ill 

t.-e ot \be beND,........_., lla1etea4 [1] ~~~Utd ~the propa 

~.t ~ tnorea .. with the .-. ot 4i.ttaot opena4e az M4 

ae..aae with tao\b the a-. ot 41.tlao\ o,...ator. Itt .a. tb4t 

tOhl ~ ot op__.. Ia• He, -.r.ron, pl'OpO..S the lollCiflag 
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progrron level estimator : 

(2.2.5) 

This empirical equation was Put to teat for various standard 

OA(}! programs [1]. The good statistical results validate this relation

ship-. 

(iv) Language Level 1 For e. given programming language, when 

* different algorithms are considered, it is observed that as V increases, 

• • • 
L decreases proportionately so that the product LV remains fairl.f 

constant for ·a given language. This product is defined. aa the language 

level A so that 

• 
}.. =LV • (2.2.6) 

Halfrt;ead [1} considered some English texts and a variety ot 

programs writ~en in different programming languages and computed the 

value or }.. in each case. The table follOiois. 

Language A Variance . 
English 2.16 0.74 

PL/I 1. 53 0.92 

. ALGOL 58 1.21 0.74 

.FORTRAN 1.14 0.81 

PilOT+ 0.92 0.43 

Assembly 0.88 0.42 

+ Purdue Instructional Language for Oper&ting Systems and Translators 



1f 

Vlth \be JawaaiJq .U.Jt 11&4t Sa the l'eoa\ P.-' 

tovaftta dedef.Dc aer P•at••'aa ~ ~ .., ,... u a 

8004 ... _.. ot 4-'..S.Soe the P"&reMIIJ ~s.ntr 

....... "' tiiiP1oJ1Da • ..wa 1aaaaa-· 

·(.,) rtosr·-· ltton • ,, la a ...... ot - ..-al 

ttton ftqllb.a to lllpl_... aa eJpdb Ia a aJ.•• PJ~GP .. IDI 
l~Dpap. 11• aote tba\ the tol_. V (~ (1.1.1)) ot a 

JI'Oift8 .., be •....-a •• • ... _.. or the totll _.. ot ..-• 
. ~1eau nqld.Jted to ,__..te ·u. PI'O'ana It •• Wte ~ 

8MI'Ob •• \he baala ot -..cu-. r.t,he, .-oh MO\el oaaparl• 

·~· a .....,... ot e1••1&17 aatal 4leorild.aattoat vh!4h 

dltia• tho 4ltt!ou1tr ot \b• taiL Reoa11181 the ~tloa ot the 

snara 1..-1 • (equa\t.oa (a,. a., J), •• .., .._ J1s. •• \he __.. 

ot thk 41tftot4tr •. lime the toW o•• ot ... _, actal 

dl•JataaU•e, t...t •• prop .. taa etfod a, _, M 4.tlne4 •• 

I •V/• 

v.s.ac equatt.• ·(a.a.t ), S.•·, J, • f'/f , 
i 

fbte ~· that ''- acW. .ettottt nq\d.ra4 to ........ a ~-

thoald .,_, u \he aquan ot 1ta 901._. fa _, leapap, 
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B _, be ftl'J'•.-t.a Sa the toll.ovilg o\bW foae .t.to• 

a l;i V/£ =t v~/L1 • ti)1/(J.v*'J1 c ,,.,•,~. (a.a.o) 

~~w .... bu b .. .,. ot the dltlrd.ti.OA ot -· lupap laftl. '1\ • 

s.-., ~-loa (a.a.t) • 

• stao• v s.. ttacl ttt~ a at-• alao•t\ba, til• lad 

tqUaJ.t.v JA the ••• fKtlla\toa .,.,. tbat hl.aber...._tl a.oauaa•• 
ah0144 ..-.-.the .rton ot ~· 

(d) t,J.OOsrasmtaa tlae • tbt paropawtaa ttae fdt.olpated 

ta • PfOpoeed eoftval'e proJeot _, b• a ........ •-'lute to 

.-. It is deflaecl ae the ratio bttwea the Pl'O~. ettoxt. B 

ad the IPeeti • of tlut ,...._.. fbaJ the ''-....u.tor .., be 

•~PM•*' .. 

. (a.a.») 

lal.lted ( 1] ha• md. t:tee of a CODO'ft de'tfll.olecl liJ. a 

Ptii1Coloaidi lobD ttl'OUd Sa a papw tltllld "'Il• llDI· Sbruo\we ot 

PtrcbG1oaSo~ ·ftaett • G'rnd ha• -.eiJfad that 

;., 

' • 1/S D Y/(SL ) • 



lt 

""' f -., bt · e9refted ·1n terms of the baelc matrioe as follow' a • 

· i = a1R2B log a 
aaa2 

~her, 1 trca tqu&tion (1.3.1) aq be cntl>etrltut~ tor I 

g1"11Dg 

' ' = ~·~(~loaa ~~t• ~ losaea> ~~a li ' . (a.a.l3) 
asa2 

With S taken &I ls/eaCOild; all other ~·r~ to the right 

are direotl7 aeaetU"able tor arq coaputer propoaa. 

Bavbg 4ot1ne4 the 9at'lous aeat.mrable pl'Operties of 

compu.te pro&z'alle• ve want to state the tollowinc• Given a olear 

4esQription of • pi'Oblea u<i the l~e to be el!ploJ'e4, ·~·e., · 
' * . . . knoltlas zta aild. -,.. .. ! .· it 1$ poeslbl..a to eeti~e the bas14 

utrica ot the OOQputer prop-sa_ to be vrittea. lalstead [1] ha$ 

derived such relatloaablpe. We abN.l qlJ ldiate the. 

• •. a· . .i. . .. · . . • . 

(n losa a ) = ~(.,_lo._ ll;J.•aa ~)lo~t(~~;a_•~l· (a.~.JJ) 

· · ..• .Ae is apparent, m :.:*'erative eoll&ioD ilaJ be .req$ecl to 

get tht values ot ~a1 ad lla· boviDg (\ M4 ..; • 
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Tba 1mportance of the above solution 11f1s in the fact 

that en approximate estimate of the important measurable properties 

of the algorithm coo be made befo~ actus.lly writing the program. 

2.3 Potential Applications of Software Science 
• 

In the light of the discussions in the previous sections 

about various measurable properties of computer programs, we shall 

describe some possible applications of Software Science. 

(i) Estimation of Programming Time : From equation (2.2.9 ), 

we know that 

' . 
* 3 2 E=(V )/'n. 

Now, V , which is a characteristic property of an ·algorithm., is 
* . 

directly expressible in terms of n
2 

(equation (2.2.3 )). Thus under 

the conditions that 

(a) a clear description of the problem is available, 

(b) the programmer is nuent in the selected programming 

language, and 

(c) high concentration exists, 

equation (2.2.13 ), viz., 

T = n 1 N2(n 1 log2 n 1 + n 2 lo~ n 2) log2. n 

2 S n
2 

may be used to predict· the programming time. 

Several experiments (e.g. ,[1,12,13]) have been performed 



\o t•at tM va1Ul'J of tld.a etts.ator. XD oae _,....._. [11], 

Ill ••• CACM eJaultlluw.,. tMh wrltt\al Sa tbr" d.Utu• 

~~ - IO&ta&llt fL(l. an4 AfL. !be .o\81 t.tae• \UID bl4 

tb• tollwilig oOlftlatloo ooetftoiet• vf.th tbe OO»fteJO..u..a 

pndloW Ua•• t 

roataAI O*ef 

. ·~ o ••• 
ltfL o.ta 

(ttl latf.a\loa ot laltltl Brlv W•• • a ~ ,..... 

ot eoftv•• clnel.oplleat. ooo.S.• Ja cltbUaba • tn.ot.t.aa &ll4 

&'~ th• ...._. latzoctooe4 4Vlna the !dUal tld.tioc phaae. 

Coa81Cl'*'~' a lllloVbdae about f.attW ...,...._ ot urore to be 

-.pao\et 1a a ,tYea '"'-' _,. be 'f8l'J ..rat.. On• puttoel utllful

••a ot SOftware Sol-.e liu Ia the tallt that it piMlcttl ·• 

~lt&ift 14M of \lwt potalble laitlal ..OJ'$ Sa a ._,._. 

,,..... 
Ail ... -- .... the ... of ... fttq1'at.n4 to ilp'-t,t 

a . ..,._ PJ'D&I"• d.,.a41 • the --.~ of el .. ta~J". aeatal 

~loa. I that lt nqdr>ea. It, th-.f_.., followe \bat the 

...__. ot pola\a at wbt..eb it S. poaalble to Mb • enw tboUl4 ·al.IO 

:h rela\ecl to th• 'hil• ot & VD4ei" tba u.-.p\ldD •that tn.a lwaia 

~~dUO• a nsalt tz., tlve 0 obwak' Sa lte ....,, 



"' Salt*_. [l] laM dulvel tH tol1olrbg ettl-. 8 fft tbe .._ 

ot .tmp sa • sl•• s.,J...-uta • 

,.. 1/3 
8 u B /1000 • 

foeltl•• -'-'11\f.oall'.-lt•[l] ._.,. et*abll..._ tra. •• 

to~Soa be\w .. "'• ettm 1 anti tu ~ ot \mce 1a • 

st.•• .... 4 lapltMDtdloL llc:lf.,., 1\ ~ be oote4 tba\ ,, 
~..,. .... 

,..U.ota OJJ1F ''- ~a,t.tW .-.r or .,.,..,, ''" -.. aot ... .,.. 

••U:t••--rean~ 

(W)iYaluat.laa ~J CoaOtP'• • Sottwan Bolencele 

U18tul lo aAI&lrda& PfOB..,..S"C ~ prlfto1p1ee that U. 

. ~ tdth ~l\7 [l,U]. tile Bttcm ... _.. B pHddet 

a q:aaat.ltatS." ••• to \ht• que-'ioa• V. no.U tbe Wldt

ot 1 tne ~toa (a. a. a), 1. •, s • v'tl. ss.ao. ·,.. ot tt. 

-.., •• 1• lese -· tbe ...,... or tbe ... " ill .,p•a tbatt tJte 

pi'Opr..tas .rtut. •ectuon tor putlti..olaeJ.e ~· 

WJJ\ead [ 1] U. 41eeu•.a the foJ.1otd.as tov app.roaollea 

"'-' ohu'-'-'" -~,. • 
(a) 41e1ualiNtS. ot "-''• 

(b ) tdaJalsa\loD ot the ~ potatial Y01u., 

(o) J.t.altiag ~ ot vaw<4ne ,..._., eel 

(4) p~loglca1 ormotpt ot •o__.. 

aa. aad attbla [11] oarried out ...-~. oa the 

ptlb11ahed. ... tro• 100 pnsr-.. ,..,. ... , .. to • .,. "- OCID41ttoa. 



.... vbl.ell· 1104aladsat1oo t.a b•fttl.oW.. ,.., t~• tba\ tht 

lftm _ _... 1 at••• a qaaatttatlft 14ea to· thb .rt.-. 

(1Y) .... iDa the Df.ft .... . .,.,._flO#- Vri\kl 

b7 ~· aa4 tho• "' lod.o•• • tbla appltoatloo 11 ~· 
etraiab't..,a'td, ·\hO'fgb obriootil¥ "" Ulltlft4· fl'Ogna l•el L 

la aa etr.nt•• ••SOH to:r tb1e parpo-. A•• lt ci• .. • ldla 

abn\ the JOaaibl• ~aprcw ... , in • p.I'Oplllt 

Jfovtfe, lt le 1IJOJ'Ul. atatfoaSQg ben the naalt• of u 

., ....... 1J7 , • .._ • u-. (uJ. a.,· •••• to •••taat• 
-·(a)vhlthtl' Software So1tOOe••-- ooult lora a 

:reliQl• bt.et.s tor a\AOIIatt.o ~ of ltudlllt ~~ 

U») ,._ uouraor ot o..W. app~loll• Sa Softvan 

Solmoe, 811\1 

(o) ·tt. ~ l•el ot P&tJJAit Sa the -• ot •blah" 
Ol' • .,. .. ~ltle4 W Softw.-. SoltmOe. 

A -'•h t-'ve of the ..,...... ••• tq J.urs• ...-r 

ot PI'O&I'U• ............. 'uooo· ',,.,,.,.. vntt. bt ..... lOG 

:1\wt_. .. the ,...a,t• ot *he ~., aa Jobn-'oa 1114 £hhr 

olala, _... DOt -~ tor Softll..-. llolc\oe •vloe to be ,._ 

•• a •a.ar• ot sottvan qUU.ty at ._J.alt,. fte. tia4lfta• ee 

the loJJ.owiDa • 

· (a) the oonehtlon taetv-. the .rton ... ._.. a1l4 \Ita 

,._.., •••_. ot ..S.t a4 olwlt7 waa .. u, 



(')the nJ.W.Ui\7 ot the l~Da'b -.bllla\ol' I wu 1004• 

Bovwe, 'h• J.w.t •-'llla\or L vu u\ • ., a-e'Ltlbl• ... t.t abotllfl 

~· --epataOJ ,.. ,, ad 

(o) ~ flU aot OaDt*aa\ tor PASOAL. 

llov ... t .. the mbarl thftle1Yet a4td.tt \bGr& ~ H 

-vaJJ4 na.oJ&a tor the -satlve i'M'Dlt• ,... ot -. .. la01111• 

(a) atuaent pt08ftU oftea ooctaia f.a#arltlea at 'heT 

4o DDt a.llfq.e vae ~ tea\UN1 • beet .a.aat.'le, 

(')the .. ldas .... -· - tlaelJ ~ .. 
,(O) it tf ... dUfioult to eaapute ,• OOII.U,• 

(Y) ~ , .. r . .,oboloaioal· Callpldltt or ~-. 
Hat.nt__,e tuJca • loftVan lldftte~MD~oe l• u '-9ortaat aa U.. 

4tftlop .. t. Ia t•ot.1 ••urotsa hquUe4 for ..so.teoaac. .,.. touad 

to lit Jdaber tbae thole tor or.sop..t" SoAvan So'- ..,. be 

'Gild to ~ au Wtie1 eatlate ot the •e'LhbUt.tJ' ot DOdlti

••*• -'for the t.tae w~ ~ ._.,._, th•• CUI'th elb • .l.l17] 

.-ploJc llalttea4 AD4Ioetlbe [11] •rtoa iA tvo ........... to 

IM•ttta• the toU.ovirac Pl'Olt1e11t • 

(a) ... atadtDs ar& eattttas .pi'Ogha, u4 

<•) illpl.-atiQB .w"loaUofta to lt. 

ft vaa tOUII4 that the Bal~ Mbio11 lib JlcCU. Mrlo., 

)fOvW ~· iatonatloa ~·the dlttiottlty -~· 

atab' ~ ta 1SD4el'a\•at.Ds aa4 ~ a •.S.et-Saa .oftwaa. 
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(fl.) Qaaa\S.taS.•• AuJrll• ot lft;Uab ,,. .. t •• baa .. 

a..er•ed ••u..r a s.tloll 1.1, • ttaat.. ot' Softtlv• ~~at.ata '• 

t.u •-. ,..,... t.o ,. mtt• ..... 8114 tllat t\ '• "*· 
,.,..,. or • '*''oalcr ~ .. ., .... ~atwt•saw ....., 
tWI&J~ ...,..t•tldt• .,. ,_ \o bol4 a "* -.. ot utanl 

liquaa .. deo [ 1 ]. ftle al••• ...-.. IIPJOft to thit thl4 ot 

l'hc1l b a .ore &...nl ooa\eJt. Ia\ •• a 001tpd• fl'OIPI'• 11 

...,.nbJ.• JA\o O,.,atue ea4 opthl\4e, Jaaalleb PJ'O .. ,.., aliD .... 

41..t.c1tcl lao Wo o~.ta .. J 

(a) tuaaoUoa ,_.., u4 

(b) --- .... 

l'tlanloa ,......._ ..,.S.M. uU.olee· proiiO'Qil.... ftWWVII .... ~.._. -·- -~~ . . . ' . . ~ ~·~~ . . , 
ooa;.ouooa and ..w., ...,, eU.. '*"-' v.4• 1ao1• ..... ..... .,.., ........ . 

Wt$W [1] 0..W Ot6 .., ...... OD ~ fltelbh 

'"'• to ....... .,pllo.u.a, ot aotW-. Sof.tiaot , .... ,_ 

1ftt.o ooui....uon •• ot \be .laherea\ dltf ..... bt\v- ;Jlatuft1 

lao8Qieo •• c.,-w ~·•• be f.-4 •• ••autta to be aU 

to.S.U•• ~ ttha ~'~'--' lt'*'r• 

W• .- ap tlale ctllapter vltb the toJ.lolftas ._.- 'r 
., ......... ,..,. [ i4] • 

"aoftwaN Sot.•o• 1e....,. Wte ....... ......_ ot 

~ .... • , .... ~.-.., .... 1\ ,. ... a. to pa*e«iot '"'' pr0p1dt .... 



Of the vholt. tlmt ''* Softvan Soleo• • ..,. • .., bt t.uoouratt 
vhe II'PUtd to la4l'd4ul proptaae, ln1t thel 'btoo• .-. .___.. 

*• appUe4 to large llUIIbtr ot ..,.,. ... , auoh u an toa« ta 



Chapter III 

THE COUNTING STRA1'IDY 

As stated earlier, the various properties of Software 
/ 

Soienoe are defined in terms of the following basic metrics : 

(a) number of unique operators n
1

, 

(b) number of unique operands n 2 , 

(c) total count of operators N 1' 

(d) total count of ·operands N2 , and 

• ( e ) number of I/0 parameters n 
2 

• 

Therefore, before discussing the experiments on standard 
I 

programs and the conclusions draw, it is imperative to describe 

clearly the counting procedure adopted. Our description about the 

counting strategy will mainly concern the constructs of AV-lOL, PL/I 

and IDRTRAN. Hor.1ever, the procedure followed may well be extended, 

with minor revisions, to the programs in other languages, e. g., 

FASOAL. 

Basically, the counting program may include a lexical 

an~zer and a parser - similar to those found in a compiler. It 

recognises the symbols, constants, variable names and keywords and 

parses the various statements. Karl J. ottenstell:l [19] has written 

& program in ANSI-FVRTRAN to count operators and operands in 

ANSI-FORTRAN modules. Specifically, the basic rules followed are 



as \mder 1 

( 1) Materials extraneous to the pure algorithm, i.e., 

comments, declaratives, non-executable statements eto. are ignored. 

(ii) All arithmetic, Boolean and replacement operators are 

counted. 

(iii ) Function names including built-in ones are counted 

as operators. 

( iv) The grouping operators, viz. 1 BIDIN-END pair, DO-CONTINUE 

and the grouping paranthesia •( )11 are treated alike as an operator. 

(v) The subscripting operator "(]• is treated distinct 

from the grouping operator. 

(vi) The initialization statements of AI/'AL and PL/I 

programs, as opposed to DATA statements in FORTRAN, &r6 considered 

as operators. 

(vii) IF is treated as sn operator. HOW'ever, when ~· .TH&l •• 

ELSE appears, ELSE is taken as a separate operator. Same applies to 

operators like FOR •• UNTIL •• no. 

(viii ) A label is not an operand. 

( ix ) GOTO L 1' say, is an operator distinct from, say, GOTO 

L2 • A computed GOTO statement, e.g., GOTO(L:t,~~···) 1, 1 = 1,2, ••• 

is taken as consisting of 1 GOT0 1 a. 
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(x) J.n ASSIGN s~~·tament for an assigned GOTO is cotmted 

as a replacemant operator. 

(xi) A oomma appearing 1n ill e:x.aoutable statemants, e.g., 

as a separator in an argument list, is counted as an operator. 

( rli ) All constants are mapped into real numbers and treated 

as any other operand. The boolean constants .TRUE. and .FALSE. are 

mapped to 1.0 and 0.0 respectively. Hollerith constants are ignored 

since they are permitted only in DATA statements. 

(xiii) statement functions are ignored. 

(xiv) Positional notation denoting the end of a statement, 

e.g., " ; n in PL/I is counted as an IDS (End Of statement) 

operator. 

( xv) In I/0 statements, only the keywords which are operators 

and the referenced variables which are operands are counted. 

(xvi) CALL-entry point· is treated in a fashion simllar to. 

GOTO-label, i.e., CALL A and CALL B are cotmted as separate operators. 

(xvii) Unless they are involved in a separate impurity class 

(20] to which the follwing three rules app~, all variables and 

constants in FORTRAN programs are counted as operands. 

(:xviii) Formal parameters are not considered unique because 

they are synonymons with _actual parameters which are recognized as 



dllltlao\ ia the ollliaa proar•• aeU ocftft'•o• 0011\:rt.bllt• 

,. ... 1nlt tot .. .... 

( zt.a) ·~ .. ot • cs..-. aft'.,. ..W.le wlth tho 

_. s.a. •• oo...W..td to bt oa1··1aa •t~Pft•doaa .a 
Ot>Wlte4 u ooourrtDO• ot a ~ 'hdab1e ·np~aolq that 

.... .,_ .. ft'lrlab~. 

(a) •Sgut.\r ta tbe '* ot &ooal YUlablee vbioh haYt 

'hf ....... ta dUtertd ~· t. n.ol'feel b7 '\tle COUll\• 

IDa alprltb. 

AU rat.. ...,. UDtp\ the t..- ,._ .. aq . .._ taka aa 

ut..-ic ol' I.Gtd.tiftlr obdou. !be lUb tbNe ( 6J ~:e.:Lt traa 

\be taot. tba\ the roaruJ ~ 4oaa • pJ:OYlt. ed.tllt1e 

•obo'•• •7 vh1ob the ~ oaa MOld .U. oo011.17eoea ot 

............ t. ..... t.gaou .,.. .. ,... ull .,..,.... 

.,...,_.. .. 
lt te vo~tlllhS.a. ••loa hen tbat tN nJ.• ~bote _,. 

., be «~~Pl-'• Ia , ............. that there.., " cll.tt .... 

ooaa P•ll'-•f'• acaJ'dlq a ,., ot thee~ l'Ol•• Jtovwe.-. 8IIOh 

dUt ..... wsu be .saw .. it '• ~ that the ··-'· 
._ the .... pzopaa _. d.lttered ,...,.. dU oot be qon.,...Jr 
att..- , ..... coila •• 



lllDBLJ fOI taB JUQ1Jilllt Ditrld81JIXOll Of (flaAtOBS D COWtlfil 

f&OGIWfl 

Ia Cbapkl lt •• da.ulb.S, ta Uleft thtt llted tor a4 

-~ of Md.ta to• the tao..--01 41.-'~ ot opentof'• 

al'l4 .opuw&da :fa ooapul• propeaa. a ... •• 1IW14 .:leborG• lt Ja 

tuU ct.t.U. ooaoe~~trat!Da ..-. oo \be operator dlat~S.. 

v. noell. \be ,......., bJpc:fthelia of SoRvan aot••• 
•• ••leas'h ..... of. OGap\1&81' propa , ...... (1.8.1)), 

..sa., 

lhla l'ela\ioraablp •• beeo 'hll4de4 oa ctda troa dandlld OOIIPUt• 

,..._ (-.g. ,(l,t] ) • ..,...,, ao dprou utlaellatloel psroot· J.a 

OVI'•tlr kDrNL thla, tbtnfor•, leave• aa op• tu-'lon •• to Wbt 

.. h a eq'Wltloa abould hoJ4. Ala fAteea~tSac erea or Sneetiaa\loa 

..,. be to anall• the ~letS.• ot opentor• eDC1 ..,._. ..a 
padlot tt.lr lnquqcJe• ot dla..auticla 4a _,.. ,,...,. the 

ba.S.O •'''-• ••• ol, aa, 11, 11 •· .., be ·ueett •• ,_..-... 

tor *hi• pepo•• !D a441t1oa to P"'9f.dt.Ds IDPJI)l't to the .., • 

..-.ts.aaJdp, • at-., to We atten.., etp~al.a .-.. ob•n-t4 

aoftvare p1laoMAa al• &04 tlma help UD.Cle-'814 the 1Jtihldttll'a1 · 

~ ot algori.tlaaa 1ft a bAte v.-. Von.• to Utle tlela. 

bate -.eat.a 1104-a.e tor tU tnq'-01 4l~.ioa ot ~pwatore lD. 



~- Pft,_,. We ehaU cl...,I'!M ,._aU_. thea·~ 
aw 804tle vhS.oh M01Ye4 atte ~ ~· poulbUl\7 of 

.. IOdQI the --JAg .... ,. haft Oll'ritcl oat ..,.....,. Oil 

-'lfl4lllt4 &GOL lli4 P'£/l fl'Oanu (t• 11011l'M1 .. ~db: 4) to 

...... OCMifa't&tl•• .. .., ot .u. liOdtl• !aol.ua, , .... onta. 

the pwtOfllalaoe ot tht ••touo .W.e bat bND I1J4at1 • the 

••• ot tM reare..S. ~· Md va. ~loa oo.ttt.ole\ 
( ... ~~tor tho ctaoripUoa)M\tl.., the aotual4ltt•11d• 

t.oa e4 the ~ 4ltttJ.'1buU.oa s. each ••· 

(l J ZSpt lWt1 • a..utaa tho· ten that the tr.aa tho'D&ht 

JIOO•• ilrlolved Ja tbe GOIJOsitioa ot o..,.aer PI'OP'UI it -. • 

leu alatlar to tW 1D the oat\'hll.apaat tft\e, llpt Jar r. 
or4 tzrequeacl• ta na\ural J.eapaae ••• _, w.U be .-.-4 to.r 

...Soatloa ~n·t• oa• ot &11o•Wido '-'• il.pt lav 1a lt• Ol'lcf.Da1 

toa ( equatioll (1.1.1)) lta\ea that the lth •-' oo- vor4 Ia a 

aatval laDgaap telll OCOIIh vl-\h .a IJrtqaeDCJ equal to C/11 tor _.. 
. I 

COD-.at c. tie -r a a4opM4 tor the case ot OOipV.\e pop- it 

-. ot t.he ~- la ...... to be ...._.., thu eD.abllas thii 

•s.tl• ot the OOll.... a. "-••••'-• •• _, ., that the 

leut taqUtDt OJtea\or fa a ~ pN~ftt~D. appeaq ~ oao-. s..e. 
t1· .• • = 1. fti• sl•u. r• Zlpt 1104ttlt 0 • •• ·tbQ. the II04e1 ta • 1 . ~ . -

• stanlaa tzooa CbQ\11' 1, •• loU.orr the ...,_.._ ot ct.aotSag the 

operator tnqutDoJ bt t1,1 ud o,....a ~...., bt t 1,s• 
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Ao\uall7.. llpt ao4t1 vaa '-*'• [t] t• the 4l-'r1b1$1oa • 

ot' both- optt-.e ,IIDCI opaftl'l4e; bub lt v .. tOdaet to be Na•a'ble 

~ 2a tlle.oaae,ot_.,..,. ••• ~ !hS.a t.·.ftc4 -~-Vh'!l • 
wtcall tba~ llpt 1av vu -~ alwe to»· thft ,vor4 _,.eq~lea 

- . ' . . . ' ' .·. .. ~ 

la Datunll~· , •• 8114 •uiat tb ••••••• ·~l.fd.t71J .. tea 
. · . 

.. 

1101'41 Jo natural·~·-.. .• •4 Ol*doh t.o-alc~tbldi '*'•• 
~ 

!t. le the tou.o.dAI• fba ,.._.. ot ·\h 116\uftl ~e ptohlblte 

Olftda pm, Ot .... , .. ~ ~-r,, .1-' the ... var 

oen.-~Sou or op_.,.n _..not .u.c..Ato ~ 

WbeJa ~t&.cl Oa AlGOL -~· [f], vb1oh tn ol nlatlWlJ 

-12 alae, t .... 1104~ Ia •• to petoa veU ·uoapt tor the ta.o\ 

,._,, ta •-' -. .. , lt _'-4• to cwerp...atft tn IIO'fe ~ 

ooOurdoc ~--~ a4 1114elphdlct * _lAt• ~ ••• WJi8la 

· '-'"' oo '"' PIOShas [aJ,. vh1ch .... ., nwt.mr laJo&• etse, 
· tlle pertoaaao~ ~~- .,, tha\ aoo4- Hov.._, the na~ btall 

OOJTelathll ~loleat ...,.. ·the aotull· a~~ u4 the 

·pftdl$e4 one lo dt"- ., ... nqea\a tbG thle m4a\ do" gtw • 

faeigh\ .. fa\o the bellado11r ot o,..aore Ia CIQIIpllter propae a1l4 



"*' 'h•• l• • aoope ot '-'h. f.Jpro'flDs ''· lit. tad, •• of 

th• Wei' IDdtle •• 1104lf1oattoaa to W.. -'.:&. OlilJ:• 

(a) Moaet A 1 Itt 40ea laot cllt&Siaguteb lMJWMil oPGfttota 

U4 ..-edl• It ta •••••4 Oat • OOIIpllt• pHpaa ooall.ata ot 

a(• ~ + .. ) total dlattaot -'"'•• ,aa4 that the prograa _, bt 

.,..,dect ·tw •aa4oalr ohootlaa one ot tu,. a eltatlde, 111\h poealb~ 

ft~,, \MU -.oh hae be• ollOMl d. lqet aoe. 

())) Mo44 I t It ncoP.• optJidon ..a openu4e •paratt2r• 

It 1.• ••.-.4 that the operators 8ll4 openrade tea4 to tlttna\e iD a 

oOII!Ip'd\er PNSr• M4 t.b«' ,__..u. ot the progrq oOD.S.tt• SJa fir~\ 

~ran40la17 cbooalq oae ot t'- operan4• .a. theta .aaematelf' ohOoeiDC 

operator• aD4 C)pel"alle" with poHlbl• npllt.o..ot, etU eaeb baa 1.-ea 

.~~.., •• , *-' oaoe. 

(o ) Hr:.cie1 c a lt S.. a tunher •a1ttoattor& to Hoclfil a. It 

. •••-- ot the pJOpei\F ot ~tld.oatS. ot oo.,. &!lllbqftaslootia 

o~ prosnaa. .It • OOIII'bSiaatloD ot ter. appeal's 110ft tball oooe 

Ill a -.,8er pzo.,.., .U. ~ •• ooov.tenoe ot IJ'I1dl a ..._.. •• t.oa 

MJ 1M f'Q1aoect bf a \e11P0ft17 Yulabltt o~ ~· .At _, ._.., . 
. the open\e~ ·pair te IIDOb that th-. are a~ $Ubaequaoea ot 

Ol*•t...,..._..,_ .. tdpl .. v.ltb two or ••• <tltJjoid OCUNrnROee. 



ro.r ID4.t At the _,.,ect lrf1Cl.W7 ot ta. el..ta 

aQt the .,.oted 1eath ot-$he ~ *" _....,_[!]to be p.-. 

•.,..U•el.J' ., 

' t• a.( I_ _ , ) cs 1 • 1_ _ , 
A ••· J•l 

where the,.. is utllrM w M 0 tfha laO, M4 

. .·. . , a 1 
BA(I )JtUl 1: __ r ,., 

At~ '• ...u.at, the apte\.S ,.._.. le&'b l• the _. u that 

tlbea te-'ed [f) • tn .- ftr-' lt G.ICJr ALQOL PlOP .. , 

1' tau beeD toad that Bv• .tel A, 11Q1S te zt.pt· 1104e11 terl41 to 

\111dc'pN41o\ , ........... act-~ ... 1•• 
OGaiDD .... 

.u ......- aocteb a .a c vJd.ch 40 41-'~ bet11•• 
opontora u4 openact., ttt. tonadag U.• itboU1d hol4 .pod • 

•• c '\• 1_-~ 

lwet'el', ftOa tea&• oa the .- -' ot OAGJI P>lftalt lt 11 .. tOilltl 

Uta\ thla equation 4oea ..- holcl true fO't Glfl ot the alsot1thll• But 

Me aooct .ohaJ'.-erldto ot la1w -.. • npmtd b7 Bal~ lll4 

a.,_. [U) Ia thatr th•- J.a&th• ot ,,. ..... pn4lGt-' bJ each ot the• 

IIOdela ._.. ne~ w.U vlth \Ito• pnc1ifted bJ eq•tt.cm (1.1.1 ,). 



31 

A naark here t.t wontlrbUe. Zlpt atei 1104 ..,_. aodtla 

40 .-.u. ... lae1ght t.ato "'- ,,......, ill ...... ot 0,.,.,.... 
to .• .,.. fiOS'au thoueb the7 •• 110\ ~ to be ooaeW.et 

•• 1004 ..s..l• 1\ ahou14 bt aotta tba\ ow ..,..,...., • ctea 

troa ._..4 PI'O&I'_, 40 GO\ Jactlud• 8111/ of tlle B.-• ..aela. ·fh• 

rfi&IOD tw tb1• 1• that; thlt 4o lW4 ..,_. (8] ta'fOVa'Dlr VS.tb·the 
.r 

ob181"fe4 diaVI.Iftttloll aa4 ... thentOMt of blftodoal !~pori_. 

ODir· 

. ( W) Zvlbe Hodel • ate1MD [fJ, e.tt. pfOPW UA1dnatloD ot 

• I• poaalltJ.e •Clele bolalloa the above~ on .. , toa4 tW 

,Zlpt llodel oou14 be tu. .. tb• ~ta.le ot tanher· iG"-'Se&ttoa. Be 

••me4 that tbe diaonpaDClet appeattq a1i ·the blab t&-e~~.••r eD4 

SA \be _. ~ Z1pt aodel .CftU be •ec~Dotcl to a4tataae bJ fM~Ias 

~~a OOReOUoa W Zlpt J,., Sa tt• oa .. of -- tnqu.cl•t 

ta aatwal18118"111• _.,. a.4elbrot baa .., .... U.t, tor 

- ..u l, 

' 1_+. 
fJ.••t.l-11 .• ,. . J •• 

' •l,a, .... ,J~;L• 

iD the .._ ot woHe Sa. Datval ~· ,_.,, ...._ a la a pan. 

lllltu vboae •alu diPCI41 011 \he vq tta. wot4e an _... .. ad ia 

vnal)¥aboS 1. 
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aa4e Ia thle tcpe.tloa b..W.- .U act ~· •aJ.•• ot l. Ia 

..... to IUO'f8 tbs. ubladtJ. be 4ttlot4 • a the ... 

eqaat.loD u 

rtaatlr, Znb• OOMS4ere4 the .tten ot \he GPt.r_., 
- . 

oa ~ fftMI.IWilol•t. Slau, tor •• a1ptltU., tile a-. 

of 41dtact- •,en.4• eaoatdl thd ot \a dldtao\ openton, tlia 

-.rteot I.e aocnate4 to.,. bJ altlplrlaa eaoh opwa\or tnq'**"1 -, 

·a,J-s .... w. ~atSo ..... urd''" 
.., .. to dw aU _....., -.. •• atilt• P* tONIJ4 

'be .tel 1ft the tolJ.owllaa toa I 

-~--f. • t. , l,S. +. 1,1-

s. = 1,1, .... ~. 

vhen t~.,1 == -<avttal and a i• give b7 er&udt.oa (4kl.sJ 

........ 
.. 
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ZV.b• .ae:L le ... to clft b"'- ~loa , ... tbe ,... .. 

aoctel .. fbi• u .,,. .. fJOa the poaltlwe htDlta ot nar-e.S. 

AQil.rtle •ct COI'ftktt.oo cotrtloi.at. a. .. Wei lt tor ~ 

witt• ta Gh•l....-, .sa., ~01\ftA~, COII'ASS (til• ,.,__. 

~ ot CJC 6$)0) al• e4 f01B4 lt to k N&eoaO~ S004t at 

1-.t. W\v the \be pHrloue ou•· We flail etallal' tl\ lD \he 

oaae ot lL/l ·~ft~ftU .teo. · 

(b) u•tt aoaw a Blehott [a] ,_ toa8d two .Sele 

. ., nti.r&Sal lt.pt law Sa Jd.• 0111\ .,. 

(•) Upt.A Mo4el • lt .... tba\ 

(b) apt-a Jlo4d • Xt ••,_.. tb& the ·.or1aSaaJ. eJP"~etoft 

4ue *" Zlpt ~ hue • at4S.ttohl f•'-• o to acc.DtJDt tor the 

~lea a\ the ed pola\a .of \he ••~ &Jhott *-a 

PIOPO..a tha\ 

Vbflh a OOU14 h _,h that, iD a&lltloA to ...._ina tile aJIOUiiH 

at the ed polat.,., te ..oh ._ ......... poSa\ Sa the 41-'riRtlola, 

c·. 1• i...._.IJ nlattd to • 41ft•._ bdve• 11a .-4 •t• Be 



whU• "2. < az , 

.l. s .~·· --~~ (t "'; 1 ~( 
• • •1 l•a .. . · (o1 ·1) j ' 

Bwev•, Biahotf le not .,Uolt. about the •• vh• 

"1 > ·"a• aa4 the .,.,. ••••loll tor c oaaaot be \aka .So. We . 

,o .... r~ the &rgahllta pn~~eDted b7 ll.ebott. • ftl• ot 

o • 1 eppeare ftatJCHtablt tor a.... > 11a• ftus, the Zlpt.a 1104el 

tate• the to11c:adoa toa• a 

tl l ~~~ 5.,1 • (aa • al) (J. ·1 )(t 
t (_ (al-1) J 

vbll• "a>~' a4 

l • 1,1, ••• ,a1 • · 

m...J.,, tide 1104el appttetdutea the -«~point teatune · 

ot the atlbtD •dal tor \)le aore co,._,lf ·~ opvatore aa4 the 

lipt .ael tor the lta1 tl'eqllllltlf' •-' ~re. 

lllbott [ 8] -..-. both ot th ... ao&lla oa ff./1 4ak 

acataet all .-~ae. ext~~Uaa •del• aact awl..a •• sooct etattattoal 



nSilta, ,_,..,iallr ira the oaee ot atpt .a aodel vblolt OC*pll'ee 

v.U vi\h Jtebea ..stl. Aetualll't fA .-. ••• ot fL/1 PM--• 

ZS.pf-8 ·1104e11e ... to be bett. \baa are• llQ4e1. I'\ ie .,.., 

t.- tbt .rMdt• ot oar 01111 • ...-.-.. 

(•) Jql)-~ Jlodel • lid.• 1104t1 •• flnt 

reponed [U.) t• IL{l ~Fort.-'"'-' tiM, a Jcawledp 

.,.. th• total .,_~r oouat 'J_ iD addltlaa to the _... .t 

dia'f.DO\ opw*"ora ~~ vaa uaed to &4ftntiC• ar•• ad lalw\.ad 

-.lorei an •Alcon~ Searob fl'OOI4ue tor,..,,.... OtMn.tt••[as] 

to ...... the tUD.Otloilal nlatiolablp .,., ... operdOI' 

tnqueaoiea a4 thell' rab. t• pnoedUre vorb 1a two ••• • 

· toUova • 

(a) .-IMU01i ot th•' tnqueaoy ot ·t.lle •at; oOtiiiO'A opera\v, .. 
(b) .-tlaa\loD ot the thqutGOJ ot .U. other opeatore ltl 



.. " ... , "'• ...... ..-s.• ..,. ftq\\f.ft .. ~lte 

eOJ.aloa; to -' 'J_ tma --. ~ .a a1 .. o.. ;. u t.tme 

oal.cu1Mt4, the at~toA oa a. ~ tna equatt.oa (t.a.u) 

•••• ftt w....-1.01) .. ~· total -- of the opeatore, ...... 

•1 pu\e a&lltloul OCIDt$rat.o\ oa the 41~1oD .~ that t.be 
~-- ~ ' 

to\a1 coat of Ute .,_., ... pndlotecl tlml, .,.te .that. •otua:Ur 

........ fbls , ........... a aU pred.Oua· ..,. ... 

JR .. &Wr .We !a t.b etatltlt.J.ca1 n.-lte b.._ 

Vha ._,.,. [u] • the .... "' ot &ebOtt' • '"' 

,.,__., tW.e .a.1 t.. ... to at•• ca .. .u., tl,. 

t.a a.lo4e1• 

A oloae' ..-Sar ot the a.••~ ao4el. nt.81 two 

laponad qaatiou t 

(It) tld.e .W., 11alite pf8doDa ._., f~Plot• the bollbda• 

ot RJ_ .a... Caa the fllpl'om p..tm... bO ••~ to tbla 



M41.ttou1 w..-... , 1lba\ happtQ• "'*' oth_. .-1,, too, .,. 

..uw to tab '"' w ... u.oat 

........... to laftatlaat• t.h .. cpaea-'laot btptac .ta 

ldal a. po,.tble *'01utloa ot A• ....W.(• )• lha .,.,, \aktla to• 
,....._ ,., .. 

. (a)Zlpt ...W.. 

,, ) .... .w. .... 
(o) atpt..a 110Cle1. 

· · BepMI.rag Bpt-1. ot Sl.~, •e vW. be lllll 11lortlr, Mdtlioabt.oa 

tt at l...a.• w \be _. ·.ael ObWaed bJ' aodtt)'Sas the OJ'Sg!Dd 

llpf .W• Vo ._. ..utalned tu tPt:rit ot the orlstad -*la Sa 

........ !he acdtloatloa oa.sln• _ _, Sa la\Jroclwlolfta the 

tatcnatioa ... the total o;ez'dol' .... ·~· lbf..· t. ... .,. 

INl\ifta .... lolloviq OODI\I'alll\ t 

.. , 
'J.•I t, 1 . 

1=1 ., 

Altbctuah it f.t tltl'fdcbVoward, •m DaD• ot tile atOJ'eMiltlonecl 

1104e1 .. .-.1'\ as. •a.r.bea-111_... aodel, bu sA lbla prope1't7• 

Ve til'-' noall ettu\lcm ( t.l.l ); s.-., 11, 1 • ry 1 

oorrei()Oadt•s to alpt .c.:~.. ·tftlea l' le IIOCUIW •• Uut 

OOD_. .. , of *~Udt.oa (t.l.l) aboYe, :the -.1 ...... vW. 



•• 

• (t.a.a) 

W• _.. ,_. tbt.\ llpt-A tto4e\ ot Sl.lhoft, -. t.u atlc:M 

c--'•ala\• vlU ooal•eo• to thle IOI'Il OliJI'• 

... , w no.U tq12dioa (t.J..i)ocmo..,..._. to tbe 

Ol'lgl.oa1 arflbo IIOdll. the coa.-aJat ot the -raa\HD (t.t.l) 

Vft14 J1eJ4 t•• toU.lnc ten of 'hellodltt..t ar._ ~ • 
t .... -,. • Jl• a,l., O~uwr • ..,.. (l+a) ... 

a, ot __. .. , la 'h• ·.- u 'btfon1 l.e., 

• • <aa .. s J/11;1 • 

, ..... ) 
<•·•·•> 

,_.Jr, w noall 4q.vatioa (t.l..a) ol', t• that ,.....,.,., 

eq•loD• <•·L»a) .t (t.l.JDb}oo...,..atatc to \he 01'lslAa1 

at.pt...a aldel • w swt. llel'• the -at1oatt.oa .., be ... ...,., 

aa fo.J.lclw• We detloa a taotOJl ct __. \hat 

.1 
C • IJ/ S t1 t(ftWW'·) t 

lcl ' -·• 

l • 1,1, ••• ,.,., 

(t.a.a) 



vh.re tl,l(oq) ton._.., to the .wl.s$Ml Zlpt• 1104.:&.. lht 

aoatl.S ftreloa, Ia 'hit O&lt; ,. cM.s..t - elapJr aul\lplr· 

IDa •b ftequeor ot '" •t.puJ. 414~S.OO 1t7 a. raotw C(. 

Ia r.n, •dltto.uobe t.n tba toaR tMo •••• . .,. al• 4IC(Ilva.leat 

to al.\l.plflq \he J~eepeoti•• wlslul 41.aVlbatloraa bt a faoMr 

ei•''Jar; ia aoh • ..,., to « • 

fU naul\8 cMdaed. tor \he aL•IIJ •• w.U •• .., 

11Ht11 vW. be pn8a'ed f.A tba •• ohaJ*•• fte OODCluel.oa• · 

· ._. .SU be ap~ tl'Cie the Yd'Qa ot the "PO-.. 
ooetftct..\e M4 t-ht OOlnlatta oo.tt1cltD.t• CO..t.e 011 the 
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Table 1A 
~bs;r~ed Parameter~.oi iLGOL Pro~rams 

Proaram # gtat~"'~) E;a2t~ltl~ Nt 
1. 11 ~8 53 
2. 13 7 4~ 
3. 20 ~9 ~7i 
4. 20 12 61 
5~ 17 12 64 
6. 14 ~2 56 
1. 1 a ao 
e. t5 ~6 74 
9. 20 16 142 

10. 10 iO 26 
11. 10 10 29 
12, 12 io 34 

~~: ~~ ;~ g~ 



Table 1B 
Parameters ot ;L/1 Pto9rams 

Proaram 
1 ,• 
2. 
3. 
4, 
5 •. 
6. 
7.,. 
e. 
9, 

to. 
11. 
12,. 
1.3. 
14 .• 
15 .• 
l6. 
17. 
18. 
19. 
20, 
21 .• 
22. 
23. 
24,. 
25 .• 
26. 
27. 

·2 B,. 
29. 
30. 
31. 
32 .• 
33. 
34. 

# Etail~) E;a2~~ Nl 
33 1~1 ~3P 
46 31'8 1678 
50 214 892 
45 1Q5 782 
96 6~1 3579 
.9~ 5J9 3036 
45 73 417 
63 2~9 1~79 
43 343 1S29 
54 sot 2~s~ 
51 5?2 2616 
37 6?4 3065 

isS 7A6 4539 
37 1~3 600 
90 271 179~ 
73 3A7 1~18 
28 ~2 ast 
32 Q1 §12 
26 ~6 438 
33 1~5 §4;7 
37 o9 556 
43 4Q3 2738 
53 4~0 3024 
26 11'0 490 
22 ~1 277 
23 it 150 
22 ~3 175 
19 ;s 119 
24 ~4 940/ 
24 tn3 39~ 
51 2~7 1269 
31 2.~1 ~69 
2a tn9 339 
41 5~0 i2l'l99. 



Table 2A 

SciiDple Observation 

Distribution of Operators in .A.IOOL Program #3 

Sl.No. Operator Frequency 

l. assignment 52 

2. BEG IN -END or ( ) 47 

3. semicolon 38 

4 •. ( ~ubscript) 32 

5. 20 

6. + 15 

7. IF 12 
" 

e. * ll 

9. < 10 

10. I 8 

u. FOR ••• 7 

12. ABS 7 

13. GOTO NEKT 4 

14. SQRT 2 

~5. ENTIRE l 

16. GOTO ST .li}l 1 

17. ** 1 

18. >= 1 

19. = 1 

. 20. GOTO OUT 1 



Tabl€, 2B 

Sample Observation 

Distribution of Operatorf; in PL/I Program :lr'7 

Sl.rlo. Operator frequency 

1. semicolon lll 
2. ( sub script ) 53 
3. assignment 49 
4. DO 27 
5. IF 25 
6. EQ 21 
7 •. TO-BY 15 
8. ( e:Xpression ) 14 
9. (argument) 13 

10. binary - ll 
11. binary + 10 
12. commas 8 
13. * 4 
14. GT 4 
15. unary - 4 
16. ELSE 4 , 
17. initial 4 
18 I 3 
19. CALL POOl 3 
20. CALL P002 3 
21. LT 2 
22. NE 2 
23. ON 2 
24. llRITE 2 
25. READ 2 
26. CALL P003 2 
27. ** 1 
28. & 1 
29 •. BEniN l 
30. OPEN l 
31. c:wss l 
32. PUT l 
33. GOTO AOOl 1 
34. GOTO A002 .l 
35. GOTO A003 1 
36. GOTO A004 1 
37. GOTO A005 1 
38. GOTO .A006 1 
39. GOTO A007 l 
40. GOTO A008 l 
41. GOTO A009 l 
42. GOTO AOlO 1 
43. GOTO AOll 1 
44. GOTO f..Ol2 1 
45. GOTO A013 l 

n
1 

= 45, N1 = 417 



Table 3A 
., SamPle Result 

vatious MOdel~ on OR~ritor .D~atrib~t~on 
ALGOL ~rogram #3 

SL~ NO~ fJBsEJWED ZipF ZWEBEN ZIPF•A ZipF •5 ZWB•HLSO MOD,..ZIP,F MOo-~WBN tiQQ,.iP,f'~ 
1· s2 2o.oijo ,9,~oo 39.ooo 31.ci9o 79,37 3 7§&315 · sa,t6t jS~2V6-
2~ ~7 to.ooo 25.55~ 19.500 t9,ooo 50.358 i7,G63 3~,630 il.5i4 
3, jB 6.667 1B,740 13~000 tt.Jll 33.49$ 25il08 .2$,j82 i6·~~4 
4. 32 s.ooo 14.625 9,7so 9,obo 23,248 18~83t ~2.111 !9.~!A 
s. 20 4.ooo tt.slo 7~8oo !,ooo 16,959 15•065 i7,9gs ~~~~ao 
6, is 3,333 -9,896 6.soo 5,6~7 12.soo 12~554 14,960 l2la~) 
7. 12 2.~57 8,412 ~.571 4.7i4 9•612 10~761 12.717 f~•lll 
a. 11 2.5oo 7,25& 4.875 4.o9o 7,$9~ 9,416 io,9•o ~,~748 
9. 10 2.222 - 6,33o 4.333 3.4~4 ~.tst tH!J69 -9.s'o ~;t$93 

to. B 2.ooo 5,~,1 3.9oo a,ooo s,o92 7,533 8.4~3 ~~501 
11. 1 ~~s1e 4,939 3,545 1,636 4,299 ''84~ 7.~67 .s~,i~ 
12• 7 le667 4,403 3,250 2,333 3.694 ~t277 6,557 5•1Q3 
13• 4 1e538 3,944 3.000 2,0J7 3,224 $,794 , $,262 4:.$92 
14. 2 1·429 3.545 2.786 1.8~7 2e355 s.J~o 5.3~0 ~~~,~ 
15. 1 1~333 3.t97 2.6oo 1,667 2.s~o s~o22 4,Ss3 a#~~$ 
t6. 1 1.250 2.sat 2.438 l,5oo 2.!21 4•loa 4.3,8 ~~~Qi 
11. 1 t.t76 2.6ts 2.294 t.a~3 2.t21 4~tat J.9s4 a.~~9 
10. 1 1·111 2.3qo 2.167 1.222 1.99~ 4,185 3,5&3 t~~la 
19, 1 1~053 2.tso 2~053 1,105 1.883 3~t64 ~.250 ~.4jZ 
2o. 1 1.ooo t.9So t,95o 1,ooo 1,121 Jil6& 2,q4a ~~Ji1 - ' .. .. ... ... .,.. ~ . . '• - ,~ ... ,. 

---------------------------------- --~~---------------------------------------------------------------------~-~-----TbTAL COUNf~ . 2j1 . ~~.9~5 - 179,253 14Q,312 123,910. 270,,&4 ~!1~000 ~~J.OOO .. ljt;ouo 
DEVN. bF TOTAL CoUNT: ~3.448% J3,855% 48,224% 5~.2'71 o.o&o% ·-o~OOO~ -0.000% v·&~OQOi 
INTERCEPT: 0·219· ··1.IH5 o.426 •0,563 •2,412 Oeft24 1,989 r:t't~BO. 
S~OPE: . 0·249 o,564 - o.486 0 .• 4~9 let77 Oi'939 o,$53 t'•D!t 
CORR. COEFF.~ 0,895 0,96j 0.~95 Q,89S 0,941 O~iQs 0,963 ••i!~ 



co;,;parison of 
Table 3B 

_ sample Resul.t 
Various ModelS on OP.Prator 

PL/I Program tt? 

SL~ NO. bB~~RVED Zt~F 
9

ZWEBEN ZtPF•A Z1PF•B ZWB~HLSD MOOrZtPf ~OD•tWBN ~~~~~~[& 
t• lit 4S•ooo .J.ooo 73.ooo 7a,ouo ii5~8i6 '4'~~2 69,3t2 tDB•t~3 
2~ 53 22•5bO 48.301 36~500 36.1~~ 23,335 41j44t tS.~01 -~~~ti7 
3· ~9 i5·ooo- 35.aat 24,333 23.9o9 4a,s2~ 3ti627 94.o&9 ja,zaa 
4. 27 11·250 28~407 18.250 1,,713 33,405 23,720 ~6.9;2 2~~~~-
5. 2s 9.ooo 23~415 t4,6oo 1~.0?1 23.889 1aia76 22.2B2 i'w~19 
6. ~1 7.5oo i9,8•s 12;167 11.6~6 i7 •. 573 t5i814 i8,8A2 ii~J~~ 
7. t5 6,429 17.t64 so;429 ~.8~3 13.339 13lsss !6,2'7 tj.tZi 
a. i4 5.62~ t5.o7s 9~125 8,568 io.39$ t1~86o i4,3i6 j'r1i2 
9. 13 5,obO 13,408 8~111 7.5t5 ·s,3ot 10~542 t~,961 10~6~6 

to. 11 4~5oo 12.ot1 7.Joo 6,727 6wi73 9iABa 11.4~3 -~.slo 
11. 10 4,o91 !o,9o~ 6.636 t.o~a s.695 8~62~ .to.lSt ~,$§~ 
12. 8 3,750 9~937 6.o83 s.5Po 4~712 7~9o7 ~9.4SS ~.i~s 
13. 4 3.462 9~11o 5~615 s.oas 4.1o6 7i299 8,t5o l~t~a 
14· 4 3•214 8,a93 5~214 4.623 3~594 6,q77 7,969 ~iS~6 
t5. 4 3.ooo 7.766 4~967 4.22~ 3~170 ~ta25 •~3'4 OrQ•b 
16· 4 2•813 7•212 4,56j 3,9~6 2•8•7 St93o 6,8~8 $~6~6 
11. 4 2.647 6,720 4,294 a,6_5 2eS67 5'591 6,3&1 $J~~4 
ta. 3 2.5oo 6.2ao 4,os6 a.~ss 2,344 51271 5,90~ 4iila 
t9. 3 2.368 5,883 3.842 a.~99 2•t6o 4t~94 5,5§6 ~~ji~ 
20. 3 2.2~0 5,524 3~650 B,Ot5 2~0Q6 · 4~744 5.2~5 1.~~$ 
21. 2 2.t43 5.-t99 3i.476 2,B:7o 1,876 4JSt8 4.986 i't0~7 
22. 2 2e045 4~900 3~318 2,7it 1~766 4i813 4,653 a,esi 
23. 2 1~957 ~.62~ 3,174 2.5~5 1.62~ 4T125 4,3,3 s,t2G 
24. 2 1.s1s 4~3J6 3~o42 2,4§2 1~591 3i953 4,tss a.Aaa 
25, 2 t.aoo 4,144 2~920 2,309 1.s22 ~il9$ 3,995 l•2tt 
26, 2 1.731 3,929 2~808 2.1?6 1.461 3,649 3,7j1 -~lij4 
27. 1 t.66' 3,730 2~704 2,0?1 i,4Q9 3li14 3,541 2,,~~ 
28. 1 t.6Q7 3,544 2~6o7 1,9?4 1~363 313~9 3.365 tiBiB 
29, 1 t.5S2 3•371 2.s11 1,9o3 1.323 3t272 a.~~~ 2~19o 
Jo. 1 t.56o 3;2o9 2~433 t,&tft 1.2sa 3it63 3,o4' 2.~1o 
3t. 1 1·4~2 3;os' 2~355 1.1~9 1~257 3~o6 1 2,9~~ ~.41~ 
32. t 1.466 2,914 2.2s1 i,6:s 1.2,o 2t~6s 2.•01 2,~~~ 
33. 1 1·3~4 2.78b 2·212 .1.5~5 1t206 2i875 2,6~9 2~~~5 
34. 1 1•324 2.65j 2~147 1.529 t.t84 2i29t ~.5i9 ~~4~2 

t::. 6 . A6 .T I 35.. 1 1•28v 2!533 2~08. 1~r.~..:8 ~.!05 2l111 2,40$ 2f·l)~~ 
36. 1 1•2§0 2~420 2w028 1,409 fe148 2}636 ~.298 J~ifj 
37. 1 1•216 2~313 1··973 t.$~4 ii!33 ~i564 2.t9§ ,,,,4 
JB, 1 t.t84 2~211 1~921 1.ao1 '~119 2it97 2,o99 A~~-~ 
39. 1 t.tS4 2~tt4 1~e12 1.2~2 ~.lo7 21~33 ~.oo7 1~76~ 
4o. 1 1·125 2,022 1·825 1.2o5 ,.o97 2'972 t~92o &i]ij~ 
41• 1 t.o98 1,935 1~780 1~1~0 1•097 26814 1.~87 j~Oil 
42. 1 ·1.011 1,9851 t,738 1,111 t.o78 2"259 1.1sa t.s1~ 
43. 1 1·047 1,111 1~698 t.ol6 t.o7o 2.~o7 1,612 ~~~it 
44. 1 1·023 1,695 1~659 1.0~7 ~.003 2il56 1.6~? 1t410 
45. . 1 t•ooo 1,622 t•622 t •. ooo t,.os7 2'i1oe , 1,59o 1•~1-t 
_.,.. -·. ' '• .... . •• ... ' ~. - . ' ' ~. i .~ .·.t.· -

----------------------------------~-------------------------------~-------------------------------·---------~"·~----ToTAL ~bUNT# 4i7 . 197.773 4~9,188 320,831 29~,9?2 4~~~,755 ~J7'H)OO 4irF.OOO . . ~4~;9p0 
DEVN. OF roTAL CoUNT: 52,573% •5,321% 23,062% 2~.2$9% 

1
0,059% •oAooo' -0,000% ~~tOPO' 

IN~ER9EPT: 0.873 3,35~ 1.416 Q,7?2 10il85 11B4t 3,18~ iiJiO 
&LOPE: , , . 0,380 0,691 0.617 Q,6~2 t,Q8~ opJot o.~~~ fhii~ 
CORR. COEFF.: 0,993 0.984 0.993.. g,9o.,3 Q,,9i8.. 0;,8~3 0,9_84 Q:,~~8 

~. . - f 



, _ • Tab 1 e 4 i . 
Mean and Std. oev• o£ the Interc~Pt' Slope and corr• coetf.. 

corresponding to A;:c(JI, PToCJtams 

ZIPF 
ZWEBEN 
ZIPF•A 
ZIPF•B 
ZWB•HLSD 
Mpo-zipF 
Moo-zwaN 
MOD•ZPFB 

INTERCEPT 
MEAN SD 

-0 ~ 0 11 o. 4 31 
o.645 o.666 
0~046 0,511 

-o'.191 o.45t 
o~2o1 o.77B 
o .• tos o.546 
o.642 o.672 

-o~239 o.5t4 

.sLoPf: . 
MEA'M SO 
o.s46 o;3~3 
t.o;;7 o.2s1 
0,9~1 o.26t 
o.9~8 o.2sa 
o.9o8 o.121 
1.o0e o.t35 
o.BA4 0.112 
1.0~1 0,130 

CORR. 
MEAN 
0,943 
0.969 
0.943 
0.943 
0.969 

' 0.943 
0,969 
0.943 

COEFF. 
SD 

o.o2s 
0.014 
0.028 
o.o2e 
o.ots 
0.028 
0.014 
0.028 



TiH:>le 4f3 
Mean and Std. oev. b£ the IntercePt, S~bp~ and corr, coeff, 

correspondinij to Pili Prqgr•ms 

4IPF 
'ZWEBEN 
4IPF•A 
ZIPF .. B 
ZWB•HLSD 
Moo-zipF 
MDD•ZWBN 
MDD•ZPFB 

INTERCEPT 
MEAN 
1.037 

12'~ 427 
5,.919 
1,646 

·3.527 
6_.879 

10-.548 
2.194 

so 
o,48t 
8,813 
4,435 
2.231 
4,357 
s.l12 
7"'6'6 
3,109 

sLOP~ 
MEAN 
0,178 
0,716 
0,644 
o.656-
1wOq3 
0,7t;7 
0,6jO 
0,923 

so 
O~JI3 
o.ttf1 
0.109 
o.t13 
o.o99 
0,087 
0,08) 
0,1'05 

CD~R, 
MEAN 
o.986 
0,977 
o.9a6 
o,9S6 
0,980 
0,9~6 
!1,977 
0,9~6 

CDEFf', 
SD 

0,011 
0.012 
0,011 
0,011 
o.ot3 
0.011 
o.o12 
o.ou 
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tU ........ ,. oa AJli01; .a, tJ;,/1 ,.,....., an u ••· 

(1 )· Xo aU AlDOL and tJ.!t propeaa, the eozorelatlaa 

ooetttol~a fe zt.pt, Zlpt-A, apt.a, Koclttie41lpt 8D4 Mocd.tie4· 
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models. In the case of the Zweben-ilalste&d model, the predicted 

total count is slightly deviated {of the order of o.l% or less) 

from the actual count Nl" This;, hao~ever, is due to the error 

involved in the iterative solution of equation (4.2.12 ) •. 

{iii) Among old models, viz., Zipf, 2lleben, Zipf-A and 

Zipf ~, the 2weben model ie seen to give the best appro:dro.a.tion 

in both ALGOL and FL/I programs. This is apparent from. the slope 

of the least square line in moct programs, s.s also fro..: the 

average slope. However, surprisingly enough, when these models ere 

each modified to take the information of N1 also, the Hodified 

Zipf, Modified Zipf -B ~s also 21-.reben-E:alstead model are each seen 

to be better than the Modified 2weben model in both AWOL and 

. PL/I programs. In fact, while the Modified Zipf and Modified 

Zipf -B models are better than the Zipf and Zipf -B models, respectively, 

the Modified aleben model performs poorly in comparison to the old 

G..reben model. 

{ iv) In the case of PL/I programs, 4}Jeben-Halstead model is 

seen to be the best among all models. This ·is a.ppe.l'ent 'from the 

average slope which has got e. value closest to unity and the sma.llest 

standard deviation. The correlation coefficient, of course, is 

slightly less. 

However, in the case of ALC.OL progra:-ns, the beP..aviour of 

Zweben-Halstead model is not that good. Modified Zip£ and Modified 
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1Gdl.d4ual AUlOL ,....,._ IQ8PG• -..t ltodltW Zipt ..W. 1• 

elJ.chUr be\kr 'Ulaa the ModUW atpt...a ao4el Sa the _... tba\ 

lt provS.4cq a better fit to the ao\ual at~ of opentote 

tor aon Ulber or pnpoat~ AltD; tbe &'NI'aP elope ot tbe 

.. 4UW llpt .td aa ~eel to that ot the Roc1Uie4 Slpl..a 

•del l• alSihtlt olo• to ural\7, althov&h wlth a J.t.q• d.iapth• 

toa •. fbe afti:NI• ~• aleo te ••1J.er. a. COlft1att.oD 

ooettiof.tGt, bat••••· t. ... ..., .,._.. tlpee _.. aU .~ 

.r.- tablet!. 

-( yl) In the cue· ot P£/1. pnpua1 HD41tled Zipt..a 1104e1 

ia ..- to ..,... fai11'lr ve1l with the :area.&&L.-bead. .tel 

vhioh vae ._u_. .._ to be the be" .-ong .U. ex:lettag. 110clele. 

tbll, ot ....... le the aofJb ~ut &41Qg ot our re...,.h~ 

fte dl.U.Uatrl.oa b.W..a the• tvo 1104el• le ecaill -..,. ~, .ftld 

t~Mt· .. •e:r •• that bdvea Ko4lt1e4 .ZJ.pt· ID4 Jlo41rla4 ztpt..a 
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models for A.U.~OL programs. When individual P 1/I progrwns are 

examined, ~eben-Halstead model is seen to perform better than 

the Modified Zipf -B model in more number of cases. However, the 

mean of the slope of the Modified Zipf -B model h closer to 

unity than that of the 2Meben-Halstead model, although with a 

slightly larger standard deviation. Average intercept and · 

average correlation coefficient also suggest in favour of the 

Hodified Zipf -B modal. Thess figures are appar(;.!lt from Table 11-B. 

5. 3 Conclusions and Scope for Further Study 

Keeping in mind the findings of the experiments, the 

following conclusions have been dra.Yn : 

(a) Halstead' s hypotheses regarding functional relation

ships among the operators and operands of an algorithm seem to be 

justified. 

(b) Two models among the modified ones, viz., Modified 

Zipf and Modified Zipf-B show clear improvement over the old ones. 

However, there does not seem to be a· single model that does better 

than all. others for both ALGOL and PL/I programs. 

( c ) Modified Zipf -B model appears among the best two 

models in both ALGOL and PL/I progrr...ms. In this sense, this model 
I 

can be taken as the best one a.vailcblc; s:J far. 
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One .reason why ALGOL and PL/I procn.r~s do not quite 

conform to each other may be the relatively small size of the 

.A.UXIL programs. What is requir-ed fUrther is testing of the 

models on programs of fairly large size. Also, programs in 

other lant,'U&.ges, e. g., FORTRAN, .P ASOAL should be included. 

Finally, it should be noted that the more ve know 

about how in.formation is organised, whether :in natural language 

texts or in. &.lgoritb.mic texts, the better use we ca."l make of 

that information. It is this. po~t 'Which is moSt iinportant in 

studies like this~ 



References t 

[l] Halstead, H. H., 11 Elemente of Software S_cienc_2.n, Elsevier 

Computer Science Library, New York, 1977. 

(2] Zi.pf, G.K., '1.Human Beh!lyiour and the Pr.fficiple of Le~ Effort", 

Addison-Wesley, Reading, 1-fu.ss., 1949. 

[3) Zipf, G.K., ~''The Psycho-biology· of Lene.~e An Introduction 

~- )2ynamio Philology", HIT Press, 1965. 

( 4 J Oldehcef't and Bass, nDynamic s,_,ftwa.re Science \o/'ith Applicatiorlsn-, 

1979. 

[ 5 J Elshoff, J .L., ~easuring PL/I Programs using Helstead1 s 

criteria", AaM SIGPLJ.J; Notices; Vol.ll, No.5, pp. 38-46, 

May 1976. 

(6] Bulut, N., Ha.lstead,·M.H. andBayer, R., 11 Experimenta1Ve.lidation 

of a. Structural Property of FO.RTR.l....~ Algorithms'', GSD TR ll5, 

Purdue University, Dept. of Computer Sciences, W.Lafayette, 

Ind., April 1974. 

( 7) 2Meben, S.H., t!iphysica.l Structure of Algorithms", IEEE Trans. 

Soft-w. mg., Vol. SE-3, No.3, pp.250-258, Mey 1977. 

Elsboff, J .L. , u A study of the Stru.ct'l.Lral Gonmosit ion of PL/I 
' ~ . 

Programsu, ACM SIGPLAN Notices, Vol.l3, No.6, pp. 29-37, 

June 1978. 

[ 9 J Halstead, M. H. and Bayer, R., n Aleorithm Dynamicd', Proc~ ACM 

A..·nma1 Gonf., At~anta, pp. 126-135, Aug. l973G 



52 

[10] Beyer, R., ltJ Theoretico.l Study of Halstead's Softw-are 

P'henomeLon•, OSD TR 69, Purdue University 1 Dept. of 

Computer Scie-.'1ces, W. Lafayette, L11d., lf.ey 1972. 

[ ll] ZWeben, S.H. and Halstead, M.H., "The. Frequency Distribution 

of Operators in PL/I Programs•, IEEE Trans. Softw. Eng., 

Vol. SE-5, No.2, pp. 91-95, ~~h 1979. 

[ 12] Gordon, R.n. and Ha~stea.d, M.H., 0 A."l Exparimen.t Co-..np~:tng 

FORTR.A..l'i Programming Time with the Software Physics 

Hypothesis", Proc. AFIPS, 1976, National Computer Cor.f. 1 

Vol. 45, pp. 935-937, AFlP.S Press, }iontvale, N.J. 

( 13] Halstead, M.H., "Using the Methodology of Uatural Science to 

understand Software"', GSD TR 1901 Purdue University, Dept. 

of Computer Sciences, W. Lafayette, Ind. 

[14] Fitzsimmons, A. and Love, T., "A Rev·iew and Evaluation of 

Software Science" 1 A.G>1 Computing Surveys, Vol. lO, No.1, 

pp. 3-1.8, March 1978. 

[1s] Baker, A.L. and ZMeben, S.H., fiTheUse of Software Science in 

Evaluating Modularity Gonoeptsu, IEEC: Trans. Softw. Eng., 
4' 

Vol. SE-5, No.2, pp. 110-120, l'.:.a.rch 1979. 

[16 J Johnson, D. B. and Lister, A.M., 11An Experiment in Software 

Science", Proc. Symposium on Lengusge Design &"ld Prog~e.rnmi.ng 

Hethodology, Sydney, Sept. 1979,_ Lecture Notes in Computer 

Science, pp~ 195-215, No. 79. 

[17] Curtis, B. et.al., ~Measuring the P~7chological Complexity of 

Software Maintenance Tasks with the Ha.J.::rt:cad and HcCa.be 

Metrics", IEEE Trens. Sos-tu ~- " 1 c-· c:: l. ·'~~· .:.:.U&•s ¥0 • ..,.!1-;;J, 

March 19?9. 



53 

[1a] HcCabe, T.J.; HA Complexity Measure11
, lt..EZ Trans. Sc:.fb.r. 

Eng. 1 Vol. SE-2, No.4, pp. 308-320, Dec. l976. 

[ 19] Ottenctain, K. J., "A Program to count Operators and Operands 

for ANSI-FORTRAN Modules", CSD TR 196, Purdue University, 

Dept. of Computer Sciences, w. Lafyette, Ind., June 1976. 

[ 20] Bulut N. and Halstead, M.E., "Impurities Found in AlgorithiJ'tic 

!mplernant:,tionsn 1 ACM SIGPLAI.'i Notioes, Vol. 9, No. 3, 

P?. 9-12, ¥-.arch 1974. 

[21] Maranda, P.B., "Surveyors' For'l.liL~, AGM Computing Su...voveys, 

Vol. 10, No.4,. ppe f£l3-504, Dec. 1978. 

[22] Bcli::er, T.P., 11 Surveyors1 Forumu, AGM Computing Surveys, 

Vol. 10, No.4, p. 504, Dec. 1978. 

[2s J Fe."1icbel, R., "Surveyors' Forumtt, ACM Corrrp·utLs.g Surv-eys, 

Vol. 11, No.3, p. 277, Sept. 1979. 

[ 24] Z\.reben, S.H., "Surveyors' Forurt11 
1 k.GH Computing 3Ul"'veys, 

Vol. 11, No.3, pp. 277-278, Sept. 1979. 

[2s) Halstead, M.H., Uber, G.T. and Gielow, K.R., nAn .Ugoritbmic 

Search Procedure for Program Generation", 1967 Spring 

Joint Computer Conf., AFIPS Conf. Proc., Atlantic City: 

NJ. AFIPS.Press, Vol. 30, pp. 657-662, 1967. 

[ 26] Love, L.T. and Bovn:nan, A.B., "An Independent Test of the 

T"neory of Software Pbrsics", AGN SIGf'LAN Iiot.ioes, Vol.ll, 

No.ll: PP• 42-49, Nov. 1976. 



54 

?roc. I~~~ Vol. 68, No.9, pp. 1149-1150, Sept. 

Kavipuraup, "Qn.antH'ica.tion of l..rchit-ectures u~lng Software 

Scier.ceu, Gompute:i:' Ar~hit.ecture Ne'-'l's, Vol. 7, No. 10, 

Oot. 15, 1979. 

Hensen, '..f. J., lfHeasu.rem.aut, of Program Complexity by the 

Notices, Vol.' 13, pp. 29-33, }.larch 1978. 



AU ·OW _,wtatata are baiiCl·OD 4&\~ 4wl•td 1-

PNPDI wt&tt• b. AtAOL aa4 t'£/I. fbe AI'40L cia\• ........ tMia 

fMdaed bt •UdJSac the tire\ lt ~tbaa f*lilhtd ·ia 

th•-.C~s.cu of th• &11001-0loa tor_c_.,_ Maob!ll., 

( 11t-'1DI CMJJl_- Vol. I, lo. a, Ptb. 1110 )• I'M Pl(l ·dda, oa 

th. other baDd, hM'e be• 4Md414 f.'ra Dr. ~.s.. a.•ott llho 

..Z,Mi M CO.G1'0W. fj,fl. prolftllie ta Ut at th• GfM1tal 

Motor Labon\ort. .. , v ....... , lloblpa, USA. 

~ ·oO'CIIltiDs ot ·the pnpua \aDD .b,r us lo• 

the ~. P.P,_, the 0012Q\ifts ot th• C.ADK AI40I,. ··PI'Oiftll8· 

••• ~ .... "' u vbl1e .. ot the ,L/1 ......, ....... c1oDa 

lQ' ilehotf [I] u4 ve ef.a.pJ, ~- 1\. 



fh• ftpNtloo .alfele ot a -' ot Uk p~SQ\e, Ia)'; 

ta:a.,r1 ), (:~j•la), .. • ,(*'at7a J ooattl\a ta ttaa1ag • atrdpt 11u 

ba'dag .. *" .... ~quant . .,., ftl&Uft - , .. ,s. .. pola\• 

(zt•J'&)lS •l,a. lt at\l!llpte to a..,-. a ftlatloatldp HWea 

'bt wo ftriable .. It ttua -'•aiah' Ua• ffPl'Odaat!aa tbt U.• 

- ot dak JOSat• - the ~Joa 

J •a •ba, 

'he the OOD-'ral.O ot lead aun ~ UlW ,.t.U. tbl 

tolkw!r&s equatloaa 1 

u, ••• IlEa,, 

sy1 • •tx1 • •sx:, 
1 •l,a, ••• ,a. 

. b • BS,.7_l ";'.(zaiJ (SJ&) 

. IS •f· (J: xjJ2 

1 •l,a, •••••• 

(t.l.l). 



a.saJ'4Soa oorJiel.UO. OoctSolto\1 lt b • .....-. ot ttle a.,... 
' . 

so. of the .. ot *'• .... ,,,,-.),, • 1, .• ~. .... . ...... 

•hiP' u.. a la ............. ol tbe -~ ot .. 

~loatldp b.W-.. ..... •wloble• X ad t• I\ lt a!ftll hW 

s. •l,a, ... ,a. 

e~ to~ 4ttir*S.. o1 .,._ ,_., .. 

. GMtftot..ate uct the oolhlaloa aoetfloid *"' w• ·tball ..._ 

~ ,._..,.,. epplloatlOQe .,.de 41oi4Saa -•• aOOctae•• ot lit 

ot thfl ....._ MdeJ:e. c.,.epoa4taa w fiW1It Pftl'• t.a. tw 
' . 

....... •• obteta tht 4l.Wl1Ntloot ,...ed b1 ...,.. 1104d. 1aota 

ot Uoee dlttiO\ltSoaa t.e ~- ~"'· vstb U. &dud tilb,..Soo 

7hl<lias ...,.,.._ ooetliolda ad o~ •etttolt~Dt. Uov••• 
l\ 1t wonll lltlltrSordla a.. the. 4lltko\Soa beW .. u.. two ••U-'iol• 

.... , .. , •• [11,18,11] ........... Oil • .., the~-

ot toftviM ..S.Oe ..uto• ie pup4 oo tM baale ot "-• .W.Setlo.,. 

ne OOiftla\ioD ooertJ.olel, •• "'...,.. --., 1• • ....,... ot '" 

...._ ot lm.a.·deptDtuo• b.-.. two ,.,._ •ad.abl ... lew ft?Rt191•1 

the oo•el4tSGG coettlol.t b.._, ..,, t-,.), t. •J,,a, ••• ,a ..,. 

(rs>· s. a l,a,...... vm " t.h• ..... tlai ---- (•-.J· 1 =l,a, ...... 
- (fJ£)1 l a l;81••••• wbAin 4( .a f: Ue CJOD.t.t~t .fhle 

lUll•-'• 'that the o~ioD cotft!otat oa ooJr· elM • W.a 



unt "• raatve ot \be _,,...... di.J\dbutloo 00111*14 \o that 

ot \he· aot1181 411trtbutt.oa •. lhi1 1.1 at~a ttcla _, olo• t.t f.J 

to alt7. &esr••doo aaalrela1 oa \he o\b.-baD4, ,.,,.. • 

· 14• .,_ boll beilt; the predtoW 4l-'Jilb11\loa -.ppt0alaate1 ttl• 

-'ul -.. lhi• it ,.. ttoa bow o1oee \he IA\.rotpt a 11 to 

... e4 the elope b to .S.ty. aean..s.. aa.Jrele [ at,aa,es,at], 
\he:J'efore, .... better _.,.,... to ~ .... th• aooaa- ot • •cteJ.. 

11• haft, .,_._., .dltendaat bo\h lhtiGloe. 



A.PPENDJX c 
Sllf·H·1APY Of Tlif PESLlLTS OF' ALGOL PRDGRf\MS 

nnsFRVE:D .ZIPF' z.vmBn·r Z IPF•f', ZIPF .. f) ZWB-HLSD l10D•ZlPf HOD ... z.l'lB t: MQD•ZPF'B 
PRG. # 1 ----·--.. --
TOTA {J cnLJwr: 53 33.219 f15.,3B2 54.358 48.772 52.959 53.00(' 53.000 53·000 
Dr~VN., OF TOTAl, CQUf'i'T: 37 ~323%, -7.3.362% ... ?,.562% 7.9713i> o.o7B% 0·00(1 ~; o.ooo% -0·000% 
It~1'ERCF:PT: ""0o1.26 0.,334 ... 0.206 -o. 91.4 (1.,160 -o.2ol 0.271 -0·993 
ST.JOPS: 0,.6!)3 1.164 ,.., 0 6B 1-1.10 ().,966 1·012 0.944 1•206 
(:I'JPR • coe:rr.: 0.921. 0.971. Oe921 Oo921 o.969 0·923 0*971 0•921 PRG. # 2 -------- .... 
ToTAL cnuur; 45 41.342 50,.609 41-342 41-312 45.041 45.ooo 45.000 45·000 DEVrJ. OF' TJTAl1 CtJUNT: B.l?9% -12.465% 8.1?.9% 8.129+. ... o .. o9l% o.ooo% o.ooo% OoOOO% 1 r1JTERcr:pr: 0.,157 0,.574. 0.157 0.157 0~565 O.l71 0.511 Oo171 
StJOpg; 0.873 0,.959 0.873 0.873 O.H3R 0.951 0.85?. 0.951 
COPH. COE:F'f.: 0,.915 Q .. 96t 0.915 0.915 0.960 o.9j5 0.961 0.915 PHG,. # 3 

------·--Tn'I'AL couN r: 271 71 .. 9!55 179.253 140 .. 312 1.23.9}0 270.704· 271·000 ?.71.00U 271·000 o:svtJ ~ OF TOTAL CDO~JT: 73.448~; :n"sss~; 48.224:% 54.277\'; O.OBO% "'0,.()0!1~;; o.ooo~; O.OOO% 
VJTJ~RCF:PT: 0,.239 1 .. 3l 5 0-426 -0.563 ... 2.41.2 O·U24 l.9n9 -1·230 SI .. OPE:: 0.2119 0..,564 0.486 0.499 1.177 (}.939 O.RS3 1·0~:11 CORR., COEFl",.: 0 .. 095 0.963 0.89!5 0.895 o.94fi o.n9fi 0.9b3 O·B95 PRG. # 4 ···-------TnTAL c:nuNr: 61 71..955 91..,925 71.955 71.95!5 fi1.053 61 .. ('0( 61.000 61·000 D'({:V N. OF' TOTI\L r OUN'f': ... 17,.9S9Si:, -so.f19o% -17 .. 959% -17.9S9il •(),.087% -O.(iOG% 0 .. 000% -0·000% It~TERC F'PT: 0.450 1.104 0.450 o.4so 0.630 ().381 0.732 0 dB 1 
Sf..,OPE:: l .. 032 l .. 145 l.o032 1·032 o.794 ().,875 6 .. 76() () • 8 "/5 
COPR,. CDF.Ff,.: o.q?5 o.<1~}?. 0.9?.5 0.9.).5 0.962 0-9~5 0.952 0·925 
PHG. # 5 

---------TOTAL Cf)llN r: 64 58.472 73.543 ~.;8.472 58 .. 47/. G4.051 64.()00 &4,.000 64•000 
O:I::VN • OF' TOTAL COllNT: B .. 637%. -14.910% 8 .. 637% e .6 .n * -o.o7Q% 0. 00{'% 0.000% 0·000% Ifl1'ERCF.PT: 0.131 0.623 0. j 3' 0·1 H o.311 0 o143 0.542 0·143 SLOPE: 0.879 0.9B4 0.879 0. B /9 0.918 0.962 0.856 o.9&2 
CORR,. COE:FF'.: 0.,9:/4 o.97c 0.924 Oo924 o. 96'9 0·924 0 .. 97<) o.9:l4 PHG. # 6 

·---·----ToTAL CnUNr: 56 45.522 56.).S3 45·522 45·522 56.055 56 .. (;()(\ sG.ooo 56·000 
D.t':VN • or TOTAIJ COtlN'J': l8.7U% -0.273~; 18.711% 1B.7tH:; .. o .. o99% ... o.coc% o.ooo% -O•PUO% I riTE;Rc Ep r: O.OE'l 0,.587 o .. o81 O.OH1 {).441 o.o99 0,5t?6 Oe099 SLOPE:; 0.793 0 .. 856 0.793 0.793 0.891 o.975 0.854 o.975 
C,:JRR., COE:Ff,.: 0,9f8 0@994 0 .. 968 Oe9o8 o.994 o .. 9oH 0.994 0·9b8 
PHG. # 7 ______ .. fll!!t_ 

ToTAL CnUNl': ~0 25.4f·1 :?.9,.963 25.461 25•4Pl •30.030 3o~coo 30 .. 000 30•000 
D£VN, or- TOTAIJ COli NT: 15.131~ 0 .. 1?5% 15.131% 15ol31~ .. 0.100% {).000% .. 0.000% 0·000% 
ItJTERCF.PT: 0.?.77 0.631 0 .. 277 0·277 0.920 0·326 0.632 0·326 
sr,JOPE: 0..7fi6 0.,809 0 .. 766 o-766 0.725 o. 9 r2 0.,810 0·902 
·COPR • COEFF.: 0. 0 20 0,.954 0.920 0.920 0.954 0.92(; 0.,954 0.920 



APPENDIX c (contd.) 

rnsF.RVED ZIPF Z~JEf\FN zrrr-A ZIPF-B ZWB .. HLSD l4DD ... Z1Pr~ l\1Qt1 .. zi·HH. HOD .. ZI?F'B 
E'HG. # B 
.............. 
TOTlltJ COUN r: 74 49.,773 65,.950 53 .. 092 52.257 73.933 74.(;l)(\ 74.000 74·000 DEVN. OF' TOTAlJ cbu~rT: 32.739% l0,.878% 28.255% 29.382ii; 0,.()91% ""0.000% 0.000% .. o.ooo% INTE:RCFPT: ... O.OB4 0.4?.4 ... o.o9o ... 0.162 •0 .. 028 ""0·126 0.476 -0·229 SLOPg: 0,.690 0,.805 0 .. 736 0.7)9 1.005 3_.025 0.903 1·046 CORH, COEFl",.: 0.955 0,.989 0 .. 955 0.955 0.986 0.955 0.,989 0·955 
PRG.. n 9 .............. 
ToTAL cnurn: 14::! 71.955 165.464 329·ti19 115.706 141 .. 875 142.00(.> 142.000 147.·000 
O.E~VN • OF TOTAL COUN~: t19,.3?A% -1_6.5?.4% B.790% 18.~)17'.5 o .. oBB% "'"O•OOP% -0.000% 0•000% !NTF.:RCfPT: 0.565 ?..172 1. 0 :t. 6 0·198 o.349 , ·114 l.864 0·243 St,OPE:: 0.4?7 o.B!59 0.769 o.787 o.95o () .. 843 0~737 0·966 CORH. COE:FF',.: 0.938 0.9'73 0.93A 0.938 0.973 o.93l~ 0,.973 0·938 PR.G,. # 10 
............... 
TOTAL CnUNr: 26 29.2~0 34.869 29.290 29.290 26.024 26.000 26.000 26-000 or::vn. OF TOTAL CDf.TNT: -12 .. 653% -34 .. 112% ""12.653% ... 12.653{, ..0.092% o.ooo% -o. ooo~. 0·000% INTERCFPT: ""0,.0()2 0.,596 .. o.oo2 ... IJ.002 o.77B ""0.002 0,.444 ·-0·002 
SI10PE: l~l27 l.. 11 2 l.127 1 .. 127 0,.702 l.OOl 0,.829 1.001 CtJPP,. C08f~"'.: 0.9£'1 0,.942 0.9111 0.9H1 0.952 ().981 0.942 o.9H1 
PRG. # 11 
.................. 
TllT/\L CoUNr: ') (~ 29.2CJQ 34..8h9 29 .. 290 29.290 29.026 29 .. 00(' 29.000 7,9·000 ... --

or:vtJ. OF TOTAL, con t·'T: -0.999% -?.0.?,3q% -0.999% ... 0.999%, .. 0.090% "'0.GOL% 0.000% .. o.ooo% Ii,lTERCfPT: -0 .. 3!:13 0,.1R?. ... 0,.353 ... 0.353 0 .. 482 -o.349 0.,151 -0·349 srAHn~:: 1.132 1.140 1.1.3?. 1.1.32 0.,835 1·12(; Q e 91.8 1d20 :orR. COE:F' f.; 0.9f-:~ 0,.971 0.989 0.9B9 0.977 o.989 0.971 0·989 PHG. #- 12 

-----·---Tn'T'AL en urn: 34 37 .. ?.39 45.206 37·239 37.239 34.033 34.(10(1 34.000 34·000 OEVO, op· TDTAi1 ('CJllHT: -9.5?5% ... 32,960% -9 .. 525% -9.525t -0.097% -o .. oon% 0.000% -0·000% HJTERCfPT: "'1..038 -o.G'5 .... 1 .. 038 ... t.038 .. 0.094 -o.94F '"'0.462 '"'0w94f3 s·LOP E: t.462 1..547 t.462 1-462 1.034 ~-334" 1 o Hd t•334 CORP.. COEfl'~,.: 0.943 0 .. 959 0.943 0.943 0.946 0.943 0.959 0·943 PRG., # 13 ..... .., .. ..,. ... 
T'lTAL C'f111Nr: 34 37 .. 239 45.206 37 .. 239 37 .. 239 34.033 34.000 34.000 34·000 D.E:VH • OF T OTA t, C (lllNT: .. 9.525~; ... 32 .. 960% -9.525% .... 9.525%; ·o.o97% ""0•000% o.ooo% •0•000% INTERCFPT: ""0. 7 r; 2 -0,.240 ... 0.762 ... 0.76?. 0.115 ""O•b9b -0.180 -0·696 ~l)Ol:'>E:: 1.364 1. <1:1 4 1.364: 1.364 0.960 1..246 1.0G4 1·246 :::orn. COEf"f.,: 0.9P9 0.9£35 0.989 o.9R9 0.987 0.9SY 0.985 0·9!j9 PRG. ft- 14 

-·-------TTJTAL COUNri 92 11:1.342 85.,646 69.963 62.598 91.934 92·000 92.000 92·000 OEVN. OF TOTAL COUNT: 55.063% 6.906~ 23.953% 3t.959t; o.o7l% -o.ooo% "'0 .. 000% 0·000% H1TERCfPT: 0.329 1.336 o.ssn "'"0 ·1'/5 0.597 0·732 1.435 .. 0•257 SLOPE:: 0.4()3 0.,742 o.682 o .. 705 Q.915 {).897 0.797 1•036 :::aPR. COE:FF',.: 0,.945 0,.983 0.945 . 0. 91i5 0.98? 0.945 0 .. 983 0·94~ 



1\PPE~IDlX r 
;;tif !'lf'Y rT rnr rr-:sUL'J'S OF Pl II PROGRA~i~ 

f'P.:;fP,\'ff' ZIPE ?,\ '[~JH N ZH'£" ... 1· ZII'f' .. p, Zv~H~1 HLSD MUD·~Z.HT t1()f) ·~Z i<~'tH' ' ~,1 DD '"'Z PF B 
rnc:. # 1 .... -.. " ........ 
ToTAL courr: q 3 ti l 3/i • :' 3 (' P79.1C? 658e2~)'7 542·652 929.340 93o.ooo 930.000 930.,000 
D'E:VH. OF ~-, JrTA l.1 c cn:r: fl5~/}~J.!;, 5~4f.6~:, 29~215% 41-650-G 0~071% ""0 • 0 0 (~% -0.()00% -o~ooo% I :JTE RC F'P 1': 1 .. H?. Jc .. nsc ~) .. 6?.0 J.p76() .. 0~'14:t 7 .. 94(, lj~478 3aQJ6 SLOPE:: c .. 1 ( /.! (\ .. 5t (l o.soR o .. s21 1 .. 015 o-71f< 0.593 0·893 conR. COE:Ff .. : C.Gf0 ( "9 f' (I 0 .. 909 0·989 0 .. 98~') Q.989 0.980 0•9B9 
PHG. # 2 
"'*••e••••• 
T~)'i' 1\l, courr~ 167P 203 .. 1(F 19~5.8f'4 t4G4 .. 507 U~3·159 1676 .. 477 1678.(\('() 1678.000 167t\•QOO 
DEVt.; • OF T Y' A L c c· c w:r: P7,.!H?~ -11!.771% 16.299% 31.278~ 0,.091% -O. OOf•% 0.000% ":'0·000% I IJT E R C F: P T : f,.Of7 1~·.1<'0 6.821 0-906 -6.955 8.149 13 .. 157 1·319 
SLDPt:: 0 .. 0:4 0.,734 O.f5(' 0.662 1~190 0.777 0.639 0~964 
CORR. COE:fF'.: 0.,9f'() f·,. 9C7 0~990 0.940 0.,980 0. 99l· 0"987 0 .. 990 
Pf'~G. ~~ 3 
...... !!e .......... 

Tq'fA[, courr: Rc~ ?74. qf ( '1?? r. 5 < 7 9(/.R3C 810·542 891.409 892·l0(' 892.000 892•000 - L. 

Df::VtJ. OF' 'i'JTAL C C t'f>'T; 74.7f ( t -4Fe93('~-; ..,7 .. 041% 9-132% 0.066% o.coc% 0 .. 000% .. ().()00% 
HJ'fERCEP:r: 1.,11<? l :?. .. 7~' 3 6o?.16 2e9b6 0 .. 137 5 .. 759 8"254 3 .. 264 
Sf.JOPE! () • 1 7 1 ('.,HCO (.731 Q .. 742 0 .. 992 o.G77 Oe537 0. 8)7 
20RH. COEF'F'.: ('.0r. 2 O.Q~'S 0.992 0.9';;12 0.970 Q qqr; 0.955 Q.9Y2 .... M /. 

PH(?. tl 4 __ .. ________ 

T~JT[\t, cour-rr~ 7 f~ 2 107.773 1:113.030 R13.oE~5 683.86B 781.526 7 B2 .. e; ( t' 7~2.000 7B2•000 
D 8VtJ ~ OF TJTAI1 COUNT: 74.7(9~ -42.37.9% -3.973% ~2~5'l9't) 0~061% -o~O('C% "'0.,0CO% 0·000% I 'TTE.RC[PT: :l. H 3 9.988 4.782 1.6B3 -1.'0'75 4.599 7.017 l • 9 24 SLDFE:: 0. 1 f· 6 0.849 0.765 0·776 1.061 o.73~ 0.,596 0·889 ·coRn. COE:Ff .. : 0 "9~' 3 0 .. 974 0.993 .Q.993 o.98t o.993 0,.974 0·993 
J?R{;., # 5 

·---------ToTAL CoUf\Tr: 3579 494.of·9 4905.8?8 340?·010 2861.673 3S76,512 3579.()0(, 3579.000 3579•000 DEVN. Of 'TO'i:A.I..i COUNT: 86 .. 1.95~; -37.073% 4.945% 20·'043% o.o7o% o .. ooc·% 0.000% 0·000% I tiTERCfi?T: 1.677 23 .. 4t2 11 "5 45 5·702 -7.235 12·14€' 17.073 7·131. sr..loPe:! 0 .. 093 0.743 o.64l o.6t}7 1.193 o.u74 0.542 0·809 
CGRR. COE:Ff.: 0.9~0 0,.981. 0.990 Oo990 0.982 o.s9c 0.901 0~990 
PRG. # 6 

-···----~· 
TOT A.t1 C'oUNr: 3036 487.953 3989,.694 2768 .. 4,91. 2344·028 3033.012 3036,. CO(l 3<L36.ooo 3036•000 DE:VN,. OF TDTAL CDllNT: H3 .. 928% ... 3~.4l3~; 8 .. R1P'o 22-792% o.o9H% O•liOO% OeOOO% 0•()00% 
l~~TERCEPT: 1 .. 672 j9.333 9.4fl4 4·844 •5,.737 lOo40t 14.712 6·274 SLOPE:: O .. l('B o.7n9 o .. 615 0·621 1 .. 179 o.b75 0.540 0·804 :oRH. COEFF.: 0.9~'2 0.977 0 .. 992 ().992 o .. 9Rj 0·992 0.977 0·992 
PRG,. # 7 
_ _..._._. .. _.e,.. 

Tn'fAL en urn: 417 107,.773 43 '! .. . tf' B 3;~o .. H31 294,99;>. 416~755 4j7. 0 () (• 417 .. ooo 4t7•000 
Dr:::VrJ. OF TJ'!'AL COUNT: 5?..573~, .... 5.371~, ?.3 .. 062% :?.9~2~>9'1; 0.059% '"'0.('00% 0.000%. 0·000% 
Ilf'l"t::RCf.Pr: o.R73 3.3~4 1· 416 o.7CJ2 "'0.785 1. H 41 3.185 1•120 sr1nps; 0 .. 3ft 0.6".1 Oo617 O·ti22 t.084 o.Bnl 0.656 0·879 :ann. CDE:Ff'.: 0@ Q ~ 3 o.~r"' (1.993 0. 9 ~~ 3 0.9BB o.993 o.984 0·9~3 



1\PPE'I.!DJX !' ccort1 ~ ) II 
1 

r1~~~FTVrl' Z Trr· Z\?r·:r r r 7.1 PF-T~ ZIPf .. f\ z~m .. H_}.SD Mon .. zrPf tlOD-Zi·IBN r·1 QD •7. PF B 
PHG,. # 8 I 

---~- .. --. 
TOTI\[1 cnurr: 1 ~:;, 7 (\ 2n7~rr1 J9P3.,294 141 3 .. 7!)2 l191.9t~3 1578.236 I579 .. (0ll 1579.000 1~79•000 D.!£Vt~. rw T::-J';>AL r oPr~·: Pl .. :!Jt;~, ... 2S .. 6C.4% 10.465% 24.513% 0.048% -o.ooo% -0.000% ..().()00% I'~'T'EP.CFPT: j ... ,.., 7 r:, :t" .. l('7 7 .. 00/. 3.2H4 ... 2.261 7.020 1 L231 4-351 SfJC'PE:: ( .. 1 3 {. 0~6<13 0.616 0 .. 624 1..090 Q.68R 0 .. 552 () .. 826 ::orR. COEf'f .. : (1,.(1C(> {) • 'If (l 0.990 0.990 0 .. 973 0.99U 0.969 0 .. 990 PRG,. # 9 
-~--!!f ....... 
T')Tl\L cour:r: j ~~ 2 :1 1f'7.o~;o 203!) ~ 3~i q 149?,.(}50 12:15.978 1527.785 1529.()00 t5zt.J~ooo l~29~ooo DEV!;. OF "'OTI\L CO~'W:.': P7.7£~7% .... 33dJ7% 2.417% 20 .. 472':. 0.079% o .. ooo% -0.000% -0·000% !Wl'F-:.RCF:PT~ 0.632 13 .. 7)1. s .. o39 -1,.999 -10·1.07 5 •1li4 10.300 -2•514 SfJOPE: n.jr5 0.946 0.834 o.ns1 1..283 o~B55 0.710 1·071 CORR. COEf"F'.: 0,.9P1 o.qrn o.9Bl o.9st 0.967 o.9S1 0.986 0·981 ?flG. # 10 
·---·41!1-,... 
TOTid,. COUNr: :?6!!5 21!7.,073 3,.80 .. 781 229?. .. 290 1875.446 2682.606 ' 2685.()0(1 2685eOOO 2b85·000 DEVH. OF TDTl\L CUPPT; '10.,7<'8% -lR.,465% 14.626% 30.151% 0.,089% o.ooo% 0~000% -0·000% V·JTE:R~EPT: 1.3?1 ?.4.874 1.2.260 4.033 -7,537 14.361 20.997 5·774 SLnPE: I).() f f' 0.,6fl4 0.,607 (),.6J7 1.,151. 0 .. 711 0.578 Q.884 ::> 
COPR., COEf'f.: o ... ~s 0.9('2 0.995 0.99~) 0,.991 0.995 0.,982 0.995 
p!~G .. u 11 1'1!---- .. --. 
TO'l'l\L CnUf'l': :16~1; /3(' .. ,'l,~9 3?.!-59 .. 4!)1 2358 .. 820 3920.968 2614.481 2616" c 0(' 2616.000 2b16·000 [)f;Vr:. rw 'i'O'.'I\ L (' L'Pt~~"; ('! 1 .. j l' (. ~. -? 4. 5 ~·7% ().,831% 2b .. St>9* 0,05A% '""0. (' 0 (•% 0 .. 000% -0·000% l'J'fERCEP:r: 1 r)f 0 ~!6 p 3 2 ~) j'2.RRR 3 .. 7uo .. f!P077 14~293 21,128 5·039 ~ ' . 
SLf1l->E:: (\.(){,1 C'r-733 ().,(,5() 0.6&2 1 .. 157 o .. 7 :n 0.,588 0-902 :om~. cnr:rr .. : c p () ~- 3 (I,.<)FJ ()~q93 (l • q CJ3 0~990 0.993 0~983 0·993 pr<r.. ~~ 12 

·---~---·-
TQ'I'AL cnurr: :p~S 1~;5. I;! 1;) 3!"3'1.3311 2fi?l.,79n 2oPn.~193 30G3 •. B23 30fl!i.cCL> 3065.000 3065·000 Df:VH, PF' T8'J'/\L (( ('[."f; ?t1 .. 9~H ... Jr' .. 313lf. 14 .. 460% 31.9v9% 0.038~. 0 .. (i 0 (\ ~; 0. 0 00¥. 0·000% J 11TE RC f\PT: (I.P3fl .31 .,f)]F1 14.l36 ... l .. t~oo -l9.o4o 16 .. 521:' 27.1!19 •2•644 St~f1PE: r .. r· ( 1 0,77:1 Q.(i.f35 o~7o3 1.229 O·B01 o .. 6o9 1·032 CORR,. ro~:FF' .. : C· ~ 9 f (~ G .. 99~; 0~9g9 Oe989 o~9H9 o~9B9 0.995 0~989 PHG., il 13 
.... "!!!f.. ........ fi!!IE" 

TD'J'AL counr: 453~ l073~c:( 6473 .. 3:10 4327 .. ()03 3 7Po .. ·6 38 4534 .. 906 4 53 9" U('O 11539 .. 000 4539•000 DSV!~., rw TJ'i'AL ( C l' N1': 76.,:itS}.: -42.6H'% "·· 6 71% 16~7os~ o~v9o% ""O•CM% 0.000% 0•000% VITE 11CEP1': ~. 31 3 38 .. 6~'8 0 .?85 6,.274 -3 .. 817 9. 7 41 13.111 7·532 5[J0f··F:: 0 ..1 <13 0,.61 4 c.s7f· o.577 1-155 Oo6P3 o·. 4b6 0d)93 cnr~n. COE:Ff.: o.qra 0 .. 9~)5 0.98B Oe988 0.970 0. 9 B ~· 0.955 Qw98H t?H.G. ~ 14 .... --. .. -. .. -- .... -

' TO'T'AL C'Ollr'' 1': 6tO l!"5.4~S 9?3 .. /:31 6~4 .• 659 57(} .. 064 599.46l 6 (\ () '0 (1 ( 6oo.ooo 600"000 Df':VtJ. OF' TJTI\L rc.rr~T: 74.0':'('~; -53,.872~. -14 .. 143% 4.9(19~. o .. o9o% .o.co<% O.OCO% .. 0•000% JIJ'fl:.:RCEPT; 0,.9!'4 9 .. 23() 4-377 o-971 -l·(J12 3·('35 (). 0 0 2 1•022 0LJOPE: 0.1''E 0 .. 9<·9 o.R71 o.B~o 1.()61 o .. 764 o.63c 0·937 :tJR H. CDEF:;>.: (w<1r'3 fi.,9F6 (J .. OS'3 o .. 993 0.992 Q .. 993 0~98G o.993 



1\PPE:t-i[\JX D ccontc.) 

Zll.H cnsFHVfP ZIPl" 7,\IERI l' ZIPF-1\ Z~'JB ... HLSD MOD ... z.IPf rlOD .. 7.. ~JB r4 l<'lOD"'ZPft'B 
pr~G. # 1.5 
,. .. -"!' ... -- ....... -lie 

l'~JTfi[, cour:r: J 7 ~· 4 457.l3j J97R.2f6 1377~377 12C'1·679 1.792.H9'7 l794.ooc 1794.000 l'/94·000 
D f. 'J!J • OF 'f J"' t\i, C l" lTT: 7 4. t; ( :) !), -)0.27~1 ~ ?3 .. ;>?3% 32.B:i0'.5 0..,061% o.oot% .. O.OOU% -0·000% plTERCP.PT: 1 • 5 f ~· (l ,;77q 4.784: 2-7>!6 ""'3.055 6-231 H.8t}H 4~1~0 SLtlPE:: 0-17!:' O.GJ:.: fi,.G2R 0·532 1.153 O.bH7 0.,555 (}. 7 ~?. 
cnr~R. CIJE:ff'.: ().()f ( ('.973 0 .. 9BP 0·9UO 0.969 o.9Rt: Oe973 0·9Bo pRG., # 16 __ .. """' _____ 

TTi'l\ L courr: j F 1 f 3~5.!13() ~673-039 jAPG .. 43G ,589.3]2 181.6 .. 790 1H1R-cor 1818.ouo 1~1H•ouo DE:VLJ. OF '1'Q';'AL r('Pf'T~ PO.t1;··;~ ---17 .. 03/.% -3.764% 12-578~ 0.067% o.ooc% '"'0.000% 0·000% l"!TF.PC'FP'f: 1 ... (' ~' 1 f' • il: t\5 9~5l5 5-2b1 .. o .. H75 9.170 12 .. 545 6 .. Ql_H ~ ~ ~ .. ) 
S[;nP S: {',!"]~.~4-~ l''l'730 0.6S6 o.(H;o3 1 .. 034 O-b32 0.496 0•7~8 
(:{.JRI~. cn~:rf.: ( . nr·1: ( "o!:~ 7 0~995 "'· 995 0.9!:33 0,995 0.957 0-995 PRG. ¥ 1 7 -----11!1-- .. 
T'JT/\L CoUrT: 3 r 1 .·l('t;:'.O( 1 3?f.f~7r::. ?.43-4£15 213·171 380 .. 622 38t .. coc 38l.eC()(l 381·000 '· 
o~:vr:. Df TOTAL C Ll t''i': 7L1?~~ H~.,P~3~,, 3G .. o93% 44.,()50~ 0.099% ""'0, co\··% 0.000% o .. ooo% I ~J T F: R C f: P T : (' • /' [ 1 ~: "'9 c l 1.nP7 -0-l:ll -1.. 7 44 1 • 7 C' (· 3. 5 07 -0·2b9 
Sf.J0PE: f\ .. 2!' 3 (' .. (l? ~ I''" 55 q ().571 1 .. 127 o .. B7o 0 .. 742 1·020 COPn. COE:r'F.: c.q·1s c. (j~)2 0.97R 0.978 0 .. 9Bl 0.97R Oe992 0·978 PHC:. # 1.8 
... -~---lt!'-..fll!l: 
'J'~)'r'l\[, CoUrT: 612 1?ri.P7?. 437,.(.)( 0 3?8 .. 7.3 8 2fl4-573 61.1 .. 514 fil2 .. t'0(• 612.000 6j2•000 pe:;vr,. OF r:r;'AL rcPrT: 7 8. 7 7 ~) t~ 28 .. 446~. 46 .. 285% 5~ .. 501% 0.079% o.oot% 0~000% -0~000% J :JTERC fP:l': 0 .. ~'77 /., 9l· 3 0.7oc -0-867 -4.729 1.3(13 4 .. 169 -l·8b5 St.OPE:! (•_ .. 1 ( p (' • 5 ( (J 0 .. 503 0 .. 510 1.246 0.937 0.,782 1.·097 :.;t1PP. CClE:f P .. : (I .. 9 f (' 0 ~~I' 7 0 .. 9(,0 0-96() 0.93Q 0-96C. ()e967 0-96() rn.r.. # 19 
,... ....... "' ... 
rorr.t. courr: 43fl :t (\(I • ') 1 t-' 33:/.874 2~11. .. 397 218.959 437 .. 715 4 3 8 • (. (H 43H.ooo 438•000 Df:Vr.. rw T J'f 1\L CClTT: 77.);(..~ /'f~ef'( Jlt, 1>1 "'~l20% 50 .. (l1J9t o~o5B% -(}.(()( :!{. 0~000% -o~ooo% IN'TE:Hr.EPT: {' 1 ' 1 2.,2J7 C-3('f· ... 1·2H7 -4.335 0·~27 /. .. 918 -2.,574 " .. 
SbOPE:: () .. ~); 2 \) "' 6 :. fl Q .. '5G3 o~5i6 1 .. 257 0 .. 9t)9 () .. 827 1·153 CORf~ .. C'D!::Ff .. : 0~979 0.997 0.979 0-979 0.985 0-979 0 .. 997 0·979 PR.G. t+ 20 ......... ~--- .. 
'!'Q'l"AL cour:r.: 647 1.34 .. 130 737 .. tf6 55j .9flB 459.8,33 646 .. .450 647.(1()( 647.ooo f;uf/ • 0 () 0 
Df~Vf·l. Of' TJ'TA.L connT: 79-11•5% "'"13 .. 939% 14.685% 28.928% 0,.()85% O·OC'C% o.ooo% 0•000% FlTE RC f.PT: 1-0~5 8.,814 4 .. 314 1·2i9 -o .. 339 5.(5'7 7.735 1·729 Sf.JDP8: 0.1 ~ 5 0.690 0 .. G-33 o-&18 1 ,Q16 o .. 74'2 0.605 Qe912 :;.CJRR,. COEff.: o .. 9~;e· 0.978 0 .. 998 0·998 0 .. 99{) Q .. 99l' 0.978 0·996 PRG. it 21 
~~-........ ., 
T~1'l'AL Co UN r: 556 155.459 560 .. 736 415.957 359-471 555,.583 556 .. 000 556 .. 000 556·000 DEVN. OF TJ'I'AL COUNT: 72.0,40% ... 0.852% 25 d 88% 35.347f? o.o75% ""0·00(·% -o .. ooo% 0•000% I:JT~P.CEPT: 0.754 4.956 2 .. Q17 Od3Q .. 1 .. 766 2.u97 4.914 0•511 st,OPE: 0.229 0.679 0 .. 614 0·625 1.117 o.Ezl 0.673 0·966 CGRR. COEFF.: 0,.991 0.979 0,.99l 0.991 0,.976 0 .. 991 0.,979 0·991 



~PPENDlX D (Contd.) 

PRG. # 22 

---------TOTAL COUNt: 2738 
DEVn. Of TO'l'/\L COllN"T: 
PiTSRCEPT: 
SLOPE:: 
:nRR. COE:Fr.: 
PRG., t1 23 

rnTAL cnurr: 3c~4 
DEVr!,. OF TY'tl.L Cll'!''f: 
I :.r r F: n c E P r : 
SLnPE: 
:t)RH. COEFF',.: 
rnr: .. # 24 ........ -...... 
TOTAL courr: ~~r 
DE; Vi~ • tl F T y~· A L r (1 I' f '." : 
I'lTERCFPT: 
SLttlPE: 
:nRR. roe::r·r.·": 
pRr:. # 25 ___ .,. _____ __ 

r., TAL c n ur r: :) ·n 
osvn. OF TO'"'l\lt cut·r"': 
ItJ'T'J;~PCfPT: 
SLtOPS i 
CORR. C'OE:ff.,: 
PRG. # 26 
..... ajll!l .......... _ 

TOTl~L COU!'l': 1~:c 
DEVl·l,. OF 'l' 8';' ?1 L C ll' I>' 'I! 
1 .r·n~:RcfPT: 
S(;OPE:: 
COFR. COSF F.: 
rnr.. ~t 27 

TOTAlt Collrr: 1/r) 
D € v r • 0 F 'J' 0 r,• fl L (' c I I h T : 
lilH:P.CFPT: 
Sf.,0PE:: 
COPH., Cf1EFf ~: 
PRG. t1 2B 

ToTAL cou~r: 119 
DtVI,. OF' 'f ]''A L C Ltlf·"J' ~ 
PITEr<CEPT: 
sr,nrc: 
:.Jpp. C'OEF f'.; 

un .o~o 
9 3. H>O% 

L.2P2 
0 .. 048 
0 .. 9rB 

1. •.• ( 3 
f~('~4 
0. I")~ .. ,(, 

j (' 0 • :< : ~; 
7n.5,~f~ 
(·&(,(~) 

( • 1 7 (1 

(I • () ~·~ (' 

Pl.J'-'f' 
7C'.,f.f7% 
(\.1f? 
0,.?.79 
0.'1£5 

t.r.~ 8 
(\ .. ,1. i 2 
('.{''71 

p 1 • 1 r r 
f'3 .. cc n 

('. 7 :· l 
<"~373 
('.,C'/2 

67~tl(7 

43,.3~15~. 
().,4(/: 

0~4:3 

C,."f7 

2866.,117 
.. 4.679~; 
28.,47h 

0.600 
0.970 

(.f;j5 
0. (q (, 

G!:'i4w7~~0 

... ,~.?./:?% 
E.6~·2 
P.779 
r.nrtJ 

?.90.,1P9 
-.a ... 7(·2% 

? .. 7?:) 
0,.833 
r. o!; 7 

149.fl~>c, 
(',J/(1~; 

? ., 0 F f) 
(',.(;79 
!' ~ CJt 0 

0.63.4 
0 .. q~;2 

.1l?..7~9 
5. 2 /j s ~' 
J .. n7r> 
o.rrc 
0.,0( 4 

2101.04:9 
23.2639,;; 
1.4.404 

0. 5tl1 
0,.988 

1:0~0-610 
3?.)Pq% 
1?·420 

0 .. 4(>0 

~"~09G 

423 .. 9Cn 
!3.472% 

?.748 
P.7,1q 
0.996 

?.2~i.l40 
3(~.722% 

Ct.505 
0.773 
0 .. 965 

1].5 .. 763 
2~L B25% 
0.887 
(1., 636 
0 .. 978 

1/l1 .. 7':c'7 
3 (' .. 4 (',?.% 

1 • o H 1 
0·~ 560 
0 .. 942 

(18.693 
2 5 ~ 4 (I 8% 

(lefC8 
r. f:4A 
r.sL7 

Zll' .. £1 

' 1.696.,1·!5 

3::~~~B 
0 .. 553 
0.9H8 

16Ho.7n6 
ll4.419'5 

4e99b 
o~1oB 
0.9Y6 

34~J.S77 

28.65Bi;; 
-O.S2B 
o .. ?(H 
0 .. 9Y6 

J91-1.37 
30 .. 998~ 
... 1 .. 3 3 () 
0.796 
0 .. 965 

1('8 .. 757 
27.495·<':; 

0 ~ 5 .~ 4 
0~6'1.3 
0~978 

11 2. 2v6 
3~).,~R2% 

0. !57 0 
0 .. 569 
().942 

8 3 "5 43 
29,796% 

0·2B3 
O.b57 
0~987 

Zl'lB ... HLSD 

2735.377 
0.096% 

.. 6.617 
1.103 
0.986 

3021.030 
u.o9H% 

'"'~).H5S 

1 .. 10~ 
0.993 

489.520 
0.098% 

-1.387 
1.073 
o.9B7 

276.H15 
0.067% 

-:1..473 
1. .. 116 
0.94?. 

14.9 .. 887 
0 .. 1)76% 
o .. 6o3 
0 .. 907 
0.973 

174 .. 049 
0.()86% 
0.535 
().,932 
0 .. 963 

tll3.9Q6 
(1.079% 
0.666 
0.,893 
0.964 

27 3~ • l' Ol' 
... o.ooc% 
18.771 

o.7o!s 
(} • 9 u t· 

3024. 00(' 
0.()0(% 
lB•31~ 

().b7CJ 
0. 9 9l· 

490.000 
... Q.Q(l(t% 

3 .. 176 
0.833 
n .. 99b 

277.QOO 
o.ooc·% 
0.~1// 
().95' 
0 .. 965 

l~'i() .. Q('(l 

-o.ocr% 
1~151. 
o .. 624 
0. 9 7 f· 

1 7 5 • -0 (' (J 

o.ooc~;; 
l • ~;54 
().8(15 
o .. 947 

ll.9~(l(J(' 

O~C(H% 
O·f1f; 
O.h7C 
o.9e7 

2738.000 
-0.000% 
27e203 

Oe573 
0.970 

3024 .. 00~) 
.. o.ocos;; 
25,.Bt4 

0.548 
0~976 

49o.ooo 
0.,000% 
5,.875 
0.68H 
0.984 

277.ooo 
0~000% 

2.598 
0@794 
0.957 

150.000 
OPOOOt 
?..os9 
0~680 
0~960 

l75.0l)O 
-0.01)0~, 

2.51Q 
0~604 
0.,952 

1t9eOOO 
-0.0(.'0% 

j • 7 b 7 
0.71fl 
0. 9fA 

'273H•\)U0 
0·000% 
6.B45 
u .. H92 
0.9H8 

3024•0UO 
0·000% 
1:).988 
O•H42 
0.996 

490·000 
... Q.QOO% 
-0·740 

1..039 
Q.9YG 

277·000 
(l.QOO% 

-l-937 
1·154 
o.9b5 

150·000 
0-000% 
0•736 
o.atn 
0·978 

175•\)\)0 
•O•OOO!?a 
o~B96 

Om887 
0·942 

1J9 .. ooo 
-o~ooo% 

0·403 
().936 
0.987 



APP8~niX r (cant~.) 

PRC:. ~ 29 

TO'fl\L Cntn; r: 34.C 
DEV~. Of TJTAL CCUNT: 
l t'lH: RC f<:PT ~-

SL1DPE: 
COF<R. COE:F~· .. : 
PRG. # 30 

ToTAtj Couur: 395 
DEVN,. C1 P TJ'fAL CDlHTT: 
I'J'I't.:RCEPT: 
SIJOP E:: 
~CWR. COE:FF'.: 
rnG. t1 31 

ToTJI,[. CollNl': l2L9 
DE~Vi~. OF 'I',T:"AL rc.l'rT~ 
INTERCFPT: 
st,nPE:: 
:nnR .. cn~:Ff .. : 
PRG. # 3?. 

T•1TAt., CnLJr·J': Plc; 
DE;VN. CW 'l'CJ';'/IfJ CCI'!'';': 
!f!'T'E:PCFPT: 

:or-n. COETF',.: 
PHG. li 33 

~). ":( 0 
,_,1 -,/-.,. 

D&:vr~. rw T :r·n\ L c (·nJ'r ~ 
I'JTERCEPT: 

CCPH., CDE:Ff.,: 
PfH~. tl 34 

T~TAL courr: ?7s9 
D e: V lJ • f1 F' T :J.,. l\ L ('(' !' H 1' ~ 
l TfE:RCf~PT: 
Sf~QP&:: 
CORR~ COEFf.: 

z Ir> r 

0 0~G:C3 
73,.)ffl% 

(). 7 (' 4 
0./'1C 
0~9ft) 

90 .. 6~)3 
77.057% 
o.qn2 
o .. 1 n; 
0 .. 991 

230.459 

1 .. ,, r •:· 
o.,:·;
o.n:=' 

(' • r. (. ~ 
r~1:11 
O,.~"'f'r 

f, .. P~'i1 

C./~t! 

n .. <H? 

O.,OiiF 
().,()[ 4 

3t3 .. q(5 

7 .. 6!:"7~; 
4 .. 3q4 
o .. 63J 
(),.9P7 

~}05,.2P7 

•27 .. 92l% 
7,.671 
0.,8j3 
o.qP5 

j,f) f) 7 -19] 
-31.37?~; 

)tt.,fl3G 
r.7Hl 
(\.,qp:) 

f'hl .. 4C7 
(' .. 8 7 4% 
9 .. 679 
c,.646 
0.9t'8 

ti(,3 .. "]( 7 
-H~ .. 3C'.1% 

7 • 1 ~' 1 
:l. (/( q 

.O .. G79 

3 0 ~H? .A F !) 
-10 .. 735% 

27 .,SH) 
0" 7 ( 3 
(• .. 992 

Zif'F··A 

2fl:l .. 6(j 

28 .. 9:?.3% 
2 .. 11.8 
o .. 561 
o .. 9BS 

38H.924 
l-538% 
3 .. 872 
0 .. 749 
0.')91 

121)6.523 
4.9?.3~; 
7.798 
O .. (J37 
0. () ·? 3 

64fl .. 3B6 
25 .. 3fl7% 

4.S98 
o .. ~n?. 
o .. ~Hl7 

4:?B .. r62 
-26-272~; 

3~326 
() .. 988 
Ct,.997 

228(; .. 5!)5 
1t.,523% 
13-301 
0.620 
o .. 9B4 

2(\l~ \_889" 
39 ~8 0 > 

0·43,7 
(le 5 H· 
0.9f~5 

31.9.459 
19 .. 124~~ 

0 .. 566 
0 .. 714 
0~9'11 

1005~724 
2 0 e 7 't 7 •1; 

3-604 
O .. b4fl 
0.993 

531·5 • .)!5 
38 .. 837'6 

0.3H9 
o .. sqa 
()., 9!i 7 

0·417 
1·01'3 
o ... 9Y7 

1S3J.,033 
34 .. 55(1'%; 
1~383 
().,634 
o.9B1 

339 .. 739 
0 .. 077% 
o .. 226 
Oe983 
0 .. 986 

394,.769 
\ 0 .. 058% 
', O,.b51 

'· o .. 960 
'0? 9 9 t) 

"' 

l2bB~162 
0~06(,% 

-0,.987 
1,039 
0.997 

86H.172 
0.095% 

... ?..390 
1 .. 08<1: 
0 .. 982 

338.,719 
o .. oH3% 
o .. 2:1.2 
o~982 

Oc987 

2796,951 
o .. o73% 

-13 .. 313 
1 .. 1.94 
() .. 992 

HDD "'2. 1 [ f' 

34G .. CO( 

O·GO(% 
2 .. 9t( 
6. 7 9t 
o .. 9t{r::. 

39S·C·N 
"'O.('O(·!i'; 

3.932 
o .. 7bl 
0~991 

1269.()0( 
0.()0(·~. 

8-202 
0 .. 6 7 (· 
0 .. 993 

8b9·000 
(}.(()(;% 
().l(J3 

o.7Pr 
Q .. ':::lf\7 

2-(·34 
0-702 
0-.997 

2·7 99. PL (I 
-o .. i)CiO% 
J6.32f 
o.7o1 
i) .. 984 

34.0 ~ 000 
0"' 000~; 
4,.759 
0.6E-tk 
0_987 

395~000 
O.,QCO'b 
5.996 
0 .. 636 
0,.985 

l2b9 .. ooo 
..0~000% 

1L2Y2 
0~546 

o.9U2 

869.()00 
0.000% 
9.7()4 
0. 6 5 ~? 
o.9HH 

339~ooo 
""0,.0(1 0~.> 

4p324 
0.643 
Oft979 

27Y9~000 
o •. QOO% 

24-912 
0,635 
0 .. 992 

3L.lo~ooo 
o .. ovO% 
Oe719 
o .. 949 
0 .. 985 

395·000 
Q .. OOO% 
o.?oo 
Oe957 
0 .. 9':.11 

1:.1&9 .. ouo 
:-0.()()0% 

4·547 
o.g17 
().,993 

~69•000 
.. (l .. QOO% 
0·636 
(} .. 977 
Oe9l:i7 

33Y-ooo 
... 0-000% 
0<~98 
Qe9b7 
Qe997 

2'/99~1)(10 

... () .. 000% 
2 e ).13 
0-969 
o.9tl4 



ooooi c)--
000(}2 :(--
oooo3 c~-

OOOC'l c-~ 
oooo5 :(-· 
00006 
00007 
oooofl c~--
00009 c~-
0001 (! c-!!11 
00011 
00012 
00()3.3 
00014' 
00015 
00016 
OOOl7 
OOOl~ . 
OOOl9 
00020 
00021 
00022 
00023 
00024 
00025 
OOQ2b. C•• 
00027 
0002B 
00029 1 
0003(• 2 
0003l 31 
00032 
00033 
0003'~ 
00035 41 
00036 
000"3 7 
0003B 
00039 
00040 
0004l 
QOtJ42 
0004.3 
ooo44 42 
00045 43 
00046 44 
00047 45 
00048 46 
00049 47 
oooso 51 
0005l 
00052 52 
ooosJ 53 

. 00054 
oooss 
00056 54 
00057 61 
00058 
00059 
00060 

PROGRAM CORPESPONDING TO ALGOL DATA. 
WITH 'T'HE PARM~ETERS Np, tiD & fJSAf'1pf. CHMiGF.D, 
RESPC'~"IVELY, TO 34,185 & 7, AND A frW MORE ApPROPPIATE 
CHANGES IN THE HEl\.DHIGS ETC~, THE Pr<OGRA.f-'1 APPI;lES 
TJ PL/I DATA. 
PROGRAl--1 PRO~-.TCT 
P~RAMFTER NP=14 1 ND:20,NSAMPL=3 
Np;NUrBER Of PROGRAMS TAKEN FOR STUDY, 
ND:MAX(ETA1(Il,I=l 1 NP), 
NSAMPL=sEQUENCE HUMB~p OF THE SAMPLE PROGRA~ (TABL-E 3A), 
INTEGER SERIAt(ND),ACTU~L(ND),N1(NP), 
1 ETA1(NP),fTA2(NP),ETA2I,ETA2I 
REAL ZP(ND),ZW(ND),ZA(ND),Z8(ND), 
1 ZH(ND),MZ(N~),HH(ND),rRcND), 
2 z PI c N p) , z rTl c N P ) , z A I (l>J F ) , z 13 I ( NP) , 
2 ~HI(Np),MZI(NP),MWI(NP),MBI(NP), 
3 ZPSf,(tiP),ZHSI,(HP),ZT-Sl·(NP),ZBSL(NP), 
3 ZHSL(NP),IIZSl;(NP),r·WSI (NP),m1::;L(TJP), 
4 ZPCCMp),ZWC(Np),ZAC(NP),ZBC(NP) 1 

4 ~HCCNP) 1 M7C(Np),MWC(NP),M8C(NP) 
REAL r~zHiN 1 r.:zJSD, HZS!;!'N d4ZSLSD, MZOHJ, t1ZCSO, 
1 nvnm, 1'VJ1 SO, 1'1 WSt.~VN, MvJSLSD, l·H1C HN, r,'WCSD, 
2 fiB I MN, I"B ISD, r~BSIJt'N, r-msLsr>, ~mow, r-~Bcso 
C OHM Or /BLKl/r~TA 1 I, AC TP A [ 
C OHI·10H /Bl.JK2/l!NP 

'· 

S r A TEiiEUT Fut~CT JON FOp THE Zl>liE:BEll-HA f,STET\D fvlODF:L ~ 
fZHCI,X0=2**(X*2**(-(!•1)/X)) 
HNP=!JP 
F'ORMI\T(3Il 
FDRMAT(20!) 
f0RMAT(//34Xr'Tnb1e ~~~/ 
1 19X 'observed Panuneters of ALGOJ. Pro~nams ~ 1 
2 21X,"'Proqra~ #',4X,'Etaj',3X,~Eta2',4X,'N1'/ 
3 (25X,I7.t~P",bX,3(J4 1 3X))) ' 
FORMAT(//62X,'Table 3h'/ 
1 tiOX,"Samp]e Result'/ 
2 40x,'comparison of various Nodels on Operator 
3 Oistributjon" I 
4 s 8X, "'T\LGO!, Prograr~ f 3' II 
5 ~X,"SL. N0~"',7X,'0BfEPVED',6X,'ZIPF",7X,"ZWEDEN', 
6 6 x , .. z 1 P F- r, ' , r, x, .. zIP r- B ' , s x, 'z tv R -n L sf) " , 4 x, 
7 'HOn~ZJPF',4X,'Mrn-zwBN',4X,'MOD•ZPfB'/ 

B (8Xr14,'•'HX,I5,2X,D(4X,F8.3))) 
FORMAT(gX,116('-')) 
F D H 1>1 AT ( B X " T 0 'r l\.1. C nt 1 NT : " I 5 , 2 X , B ( 4 X , f R • 3 ) ) 
fORMAT(gX~D~Vr. OF TOTA~ cOUNT:~3X,8(f8.3'%~3X)) 
FORMAT(BX~INTCRC~PT:'1QX,R(4X,FB.3)) 
PORMAT(8X'SL0PE:'l4X,e(~X,F8.3)) 
fORMAT(BX'COPR, COEFF.:'7X,8(4X,FB.3)) 
fORMAT(//9X 1 'APpENDIX C'/ 
1 45X, 'S!Ji'll-1AHY Of THE RE'SULTS OF J\LGllt, PROGRAf--15' /) 
PORMAT(~1'//8X'APPENDIX C (Contd.)'/) 
FORMAT(22X'OBSERVfD',5X 1 'ZlPf',7X,'ZWEREN' 
2 6X'ZIPF·A'6X'ZIPF~B~5X'zWB~HLSn'4X 
3 'MOr-ziPF'4X'MOD~ZWBN'4X'MOD~ZPfB') 
FORMAT(BX,'PRG. I'I3/PX,9('•')) 
FORMAT(//3~X,"Table 4~'/ 
1 10X,'Mean and Std. oev. of the Intercept, slope and 
2 Corr. Coeff.'/ 
3 24X,'corresPonding _to ALGOL Programs'// 



00(}61. 
00062 
00063 
00064 
00()65 
00066 
000&7 
00068 
00069 
00070 
00071 
ooo72 
00073 
00074 
00075 
00076 
00077 
ooo7B 
00079 
oooso 
000(~1 
00.082 
00083 
Q00£4 

' 00085 
OOOBb 
00087 
00088 
OOQB9 
00090 
0009'-
00092 
00093 
00094 
00095 
0009° 
00097 
0009fi 
00099 
00100 
OOln1 
00102 
001(13 
00Hl4 
0010S 
00106 
00107 
0010B 
0011)9 
00110 
oout 
00112 
00113 
00114 
OOU5 
00).11, 
0011."7 
ooue 
00119 
00120 

4 23X, ~rtHERCfPT', lOX, 'SI1oPE', lOX, 'CORR,. COEFL. 'I 
5 2JX,3{#MS~N',SX,'SD',7X)) 

62 F'ORMA7( 
1 8X'ZirF',4X,3(4X,F6.3,2X,f6,.3)/ 
2 8X~ZWEBEN',2X,3(4X,F6.3,2X,f6.3)/ 
3 BX'ZIPP•A',2X,3C4X~F6.3,2X,F6.3)/ 
4 8X'ZIPF•B',2X,3C4X,f6.3,2X,f6.3)1 
5 8X'ZWBwHLSD',3(4X,F&.3,2X,F6~3)l 
6 SX'fi0D ... ZJPF',3(4X,Fr.3,2X,FG.3)1 
7 8 X "' P 0 D .. Z ~HHl ' , 3 ( 4 X , F 6 • 3 , 2 X t F (, • 3 ) I 
8 8X't~op .. 7,PFH',3(4X,f'r:..3,2X,f6,.3)) 
OpEN(UNIT:,,DfVICE='DSK~,FILE:~ET.DAT') 
OpEN (UNIT=?, DfVICE:: 'DSK', riLE=' Al;. DA. T') 
0pEN(UNIT:3 1 DFVICE:'DSK') 
DPEN(PNIT=4 1 PEVICE::'DSK') 
0Pr:N ( PHIT=5, DEVICE: 'DSK') 
0PEN(HNIT=6,DEVICE='DSK') 
R!AD(1 1 1)((ETA1(l),ET~2(J),N1(1)),J:1,NP) 
CLOSECU!IT=1) 
DO 101 I:1,ND 
SEfHM CI )::I 

101 cowrrnn: 
WRITE(3,31)((SERIAL(!),FTA1(I),ETA2(I),N1(!)),1:1,NP) 
CLOSE ( UU~ T::3) 

C,.,..,.,. ......... fiLfJ !lp THE l\f~Pl\Y SfRlAf .. 

:--

D 0 1 0?. l:: l , r.•p 
ErAti::ETAl(J) ~ ETA2I::ETA2(1) ; N2I=N1(J) 
READ ( ?. , 2 ) (A C'J'! 1 b L ( lJ) t1J:: 1 , E: T A 1 J) 

TYPE *1 1\.CTUI\L 
X 1·1ET l'\=l~t;J\.XO ( E:T A 1 I, ET A2 I) 

Z:::FUN7.H(Nll) 
C•.,. fH::TEHr'II!E TI'F: PISTRHH'TJONS OF Tl!f OLD 1-~on:Ls. 

~D 103 J:1,ETA1I 
ZP(Jl=fL0~T(~T~JI)/J 
XM=FLOAT(ETA1I-J)/FT~ll 
ZIHJ) ::XHET A* ( 1. O+Xt') I C J+Xt1) 
Zl\ C J) ::Xf1ET T~l J 
I r (ETA 2 I., f_;T., f'r' !\ l I) ZB C J) = ( Ff,OAT (ETA 2 I) ... 

l fLnl\T(ET~2I-ETJ\ti)*(J-1~0)/(FTAJJ•j.O))/J 
IF' CETld.I .. c:r .r~:Tf:.?.I) ZD (J)=ZP (lJ) 

ZH(,J):F'ZH(IJ,Z) . 
103 CONTV'UE 
C'•• DE:TE:RI'IPF.· rm~ REf.PF:SSIOF AND C0RRFI,f,TJ0N C0EfFICit1TS 
::;..... CCIRRESPONDH1G TO THE OLD MODF.LS. 

C4LL nEGRSN(ZP,AZP,BZp,:zp,DZP,SZP) 
C ALI~ PEG R S N ( Z !·J, A Z \•1 , P. Z I··, C Z W , D Z vi , S Z I• I ) 
CALL REGRSN(ZA,AZA,nz~,CzA,DZA,SZA) 
CALL PEGRSN(ZR,AZ~,RZP,C~s,DZB,SZ~) 
Cf\.LL REGRSfJ(ZI!,AZH,f\ZH,C:zH,DZH,SZH) 

C••• PETE:RVIPE THE DIS'T'RIBFTJONS OF THE NEvl ~H1DELS,. 
fACZP=Nji/S7Y 
f 1\C Zl~::N 1 I I SZhl 
F 1\C ZB=I>ll I I SZI1 
DO 104 J:::1,ETA3I 

MZ(J):fACZP*ZPCJ) 
MW(J)=fACZ~*ZW(J) 
MBCJ):fACZR*ZRCJ) 

104 CONTI~UE 
C~LL PEGRSN(MZ,AMZ,BMz,CMz,DMZ,SMZ) 



00l21 
00122 
00123 
00124 
00125 
00120 
00127 
00129 
0017,9 
0()13Cl 
00131. 
003_32 
00133 
00 j 3 tj, 
0013!:1 
001.36 
00137 
0013H 
00139 ' 555 
oo14o c-
oo141 
00141 
0014-3 
00)44 
OOl 4.5 
0014:6 
00147 
00l4.H 
00149 
00l5li 
ovtsl 
001!32 
00l53 
00!54 
00155 
00156 
00157 
00158 
OOJ59 
OOl6P 
{)0161 
00162 
00163 102 
001(;4 
00165 
OOt.&n 
00167 :; ..... 
00 Hi fJ 
00 U:\ 9 
0017H 
00171 
00172 
001-73 
00174 
00175 
oo116 c, .... 
00177 
00178 
003.79 
OOlu{} 

CALL REGRSN(MW,AMW,RM~,CMw,DMW,SMW) 
CALL Pr~GPSN U1B r Al,1R, BiiB, CNB, Dt•W, SMfl) 
IF'(J ,.PI·~.HSAfllPf.)GOTO 555 
HRITE(4,41)((SERIAL(J),~CTUAL(J),ZPCJ),ZW(J), 
1 ZA(J),ZPrJ),ZH(J),MZ(J),MR(J), 
2 MPCJ)),J:l,ETA1I) 
l~ R J: T E ( 4 I 4 2 ) 
WRITE(4,43)~1I,SZP,SZP,5ZA,5ZP, 
1 szn, sr.;z, mw, snH 
WRITEC4,44)0ZP,DZW,DZf,r~H, 
1 o z P, Nl z, o rw, o rm 
WRITE(4,45)~ZP,~ZW,AZ~,fZBt 
1 AZH,AMZ,ANW,~MR 

WRITEC4,46)RZP,BZ~,AZ~,rze, 
1 PZP,BMZ,Rl,W,fiHH 
WRITEC4,47lCZr,czw,cz~,czs, 
l C~H,CMZ,CHv,CMR 
C [, (') S E ( IJ IT! T = 4 ) 
CONTirlUE 

IFCI@rQ.1)WRITE(5,51) 
I F' ( X • n: . 1. ,. A P D • r 0 D (I , 7 ) • E Q • 1 ) ~~ R I T E ( 5 , 5 2 ) 
I F' (l • F' Q • 1.. r.l'P ., r 1 D D (I , 7 ) .. r: C • 1 ) 1-J R I T F ( 5 , 5 3 ) 
viRITl:(5,54)1 
~11 R I Ti:: ( 5, 4 3) r·1 I , S Z P, S Z \·1

, S Z A , S ZR r 
1. SZF, S!1Z, Slot\V, Sl1B . 
I; R I T F: ( 5 ~ 4 4 ) D Z P , [) Z 1:·, , D Z !< , f\ Z B , 
l DZP,M'iZ,DIW,DMB 
WRITE(5,4S)nZr,Az~,AZ~,~zB, 
:t r~zP,TdlZ,ldW,r-l'-18 

WRITEC5,46)PZr,Azr,RzA,EZB, 
1 P.ZF I BT-l?., Rli\', 8liB 
WRJTE(5,47)CZP,CZW,Czl,CZB, 
1 "'Zfl r-••'1 rol''· "'t•o . l ' f \..- 1 '. t~ I l_ H f ~. ·j r.) 

ZPI(I)=hZP; ZPSL(I):B7P~ ZPC(Il~CZP 
Z~ICI)=hZW: Z~SL(T)=BZW: zWCCI)=CZH 
ZAI(I):hZ~: ZhSL(I):RzA: zACCil=CZA 
Z8I (!) =r.ZR; Zflf..;JJ (I) =RZH; zBC (I) =CZI3 
Z.HI(I)=I\ZH; ZPSLJ(I):RzH; zHC(I)=CZH 
f·iZICI)=r\rtz; nzsrJCTJ=nr·z~ ~~zcrn=cnz 
t4:.JICIJ=r:J:w: rwsr.CI)=Bn:J; 1·!\vC'Cl)=CI-·l\oJ 
11BICI)=l\f1Bt T1,G0f..~(I):fH'B; MBC(I):Cf''B 
COJHil'UE . 
CLOSE ( UfHT=2 ); 
CLOSE ( IJE I T=4, l: 
CLOSE ( Ut; IT=5 ), 

--
c 1\JlL ~~EA.TJS[) CZFI I Zf'It!;N, ZPISD) 
cALL t"EA NsP c ZFI, Zt'l!T·HI, ZiH sn J 
C 1\LL !'EM-ISD (zr,I, '!.A H1N, Zl• J:SD) 
CI\IJTJ r~F:AYlS0(ZBI,ZfH1·1fJ,ZBisDJ 
C l\14 L 1'< E l\. tl S D ( Z IH , Z!! HHI , Z f-l IS D ) 
C AJ.,L f1Ef\f~ SD ( l17. I, HZ H~N, 117. I SD) 
c IH,L l'Er~N soc r-11.:r, tH·Jit·m, t·irJ I so J 
CI\LL VEANSD(MRI,MB~MN,M8IsDJ 

CALL VEf,IIJSD ( ZPS!;, ZPSLt'N, ZPSI..~SD) 
C U.L 1'El,NSD ( Z\'!SJ .• , ZWSLI'N, Zt-1SI1SD) 
Ct>.LL l'EhNSD(Zl>.SiJ,ZA.SLrm, ZASLSD) 
C A.Li_, nEANSD ( ZFH3L, ZBSLr'J'i, ZBSLSD) 



OOU31 
001,82 
0Qj_83 
00184 
00l85 
00186 
00187 
0018B 
001B9 
00190 
00191 
001~2 
00193 
00194· 
00195 
00196 
00]97 
00198 
00l99 
0020iJ 
0020 
00202 
0~)2(, 3 

002t4 
00205 
002(.0 
00?07 
OO?t<8 
oo?.o9 
0021li 
0()2jl 
002l2 
(1()213 
00214 
002l5 
00216 
0021.7 
00218 
00219 
0022,} 
00221 
00222 
00223 
00224 
00225 
0022o 
00227 
00228 
00;!29 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
00238 
00239 
00.2 4fi 

C A.r1L r'EANSD ( Z}ISL, ZHSLfl!l, ZHSLS£1) 
C AJJL fE{'JJSJ) ( T1iZ.$fJ, tiZSlJI'TJ, Mz,c;I.~SD) 
C AI1L f'EftfJSD (fft·J&L,, r1HSLI'H, Mw5LSD) 
c A.LL 1iRfd'15D c rtrsT~, nnsLt' H, HBSLSD) 

CA.l!L PEf;tJSD(ZPr ,ZPCT'>N,7.PCSD) 
C ALf.J T 1 f~AHSD ( ZlH', ZI·!CPN, ZI'C sD) 
c ALr" r·r.~.rJsn c z_Ac, ZJ\Ci·1N, zr c sn J 
C: AIJL iiEpJ~sn ( Zf;C 1 ZPCPN, ZPC sD) 
C AJ.J._. f'El;NSD (ZFC, ZHCl./iN, 7.1'CsD) 
C AIJfJ t<ErJ'~SD ( r1;ZC, 11ZCH:u, f';ZCSD) 
C !\JA< PEr, NSD ( l'fn·, NllC t·lN, f·~I·JC sD) 
CALL llF:r. N SD ( r,1[3C, liBC i•HJ, rrrc sD) 

!•J R I 'f E C 6 , 6 1 ) 
WRITE(6,62)ZPIMN 1 ZPTSr,ZPsLMN,ZPSL5D,ZPC~~,ZPCSD, 
1 Zlr'ITW, zvn s r.:, z i·1 srjr1N, z1·1 s r.s D, ztvc i·HI, zviC.S fl, 
2 ~AIM~,ZAISD,zASLMN,ZASLSD,ZACMU,ZACSfl, 
3 ZB JJHI, ZRJ SD, zBSLfUl, Zf'SLSP, ZBOW, ZBCSfl, 
4 ZHII"'r', 7H T :H',. ZHSJ,rm, ZH S r SD, ZHCII:f.', ZHCSD, 
5 rznm, 1-fZl sr·, f·~ZSL~UJ, I4ZSLSD, 1/,ZCrW, lftZCSO, 

· 6 f:H<l Hift, r'WI 0 0, 1-:, W SL~1N, M~<IS LS fl, Ml--lC H f', li\ltZC Sf', 
7 f.~f'\Il>'\t 1 ,PBTS(I, r~11SLI~N,t.WSr SD, tfBcrn·J, !·tBCSD 

CLOS~;(Uf:IT=6) • 
END 

c----~---~---~-~-----~--w----------~-~-----------·-------· c,-.,. SURPUllTit'E rr,: PE'I'P.RPirT TilE REGHESSiflN & COHRI::LA'J'lmi 
:::'•• COF;fF'JC'ICNTS /IFD TH£ n:VI~TlON OF THf. TDTT1L COUNT~ 

GUBROPTINF. ri·'GHSP ( Y, A, B, C, D, sur,•y) 
C: Of1f4tW I IJLK 1 /i-i r I X 
DIME~~IOf JXC1),Yf1) 
.SUNX:C'.,; Sl't·'Y:=Op i SPI'XY:::o~; StiHXSO:::G. ;SUI YSQ:::O. 
D 0 :1 0 l I:: l , t' 
SUT4X::::GUr!X+IX ( l) 
SUHY:::Sur:YtY(l) 
SUMXY=SUMXYtlX(I)*Y(I) 
S UHX.Sfl:::S!J~lXfHHI X ( J) **2 ; S UMYS(l:::SUllYSO+ Y ( 1) **2 

1 o 1 r cmn: rTJw 
n:: ( N*,C::Uf 1 X y ... sJ.J f!X*S!!!-lY) I r !' *SUMXSQ ... SIJtl X*SUMX) 
A:::(SlWY ... R#-Sf!ltX:)/N , , 

.r::: ( N·lh<:;Ut·'X Y-S!Jf~X*Sl!1•1Y) IS Oprp ( ( N *SIINXS Q-Sllt-IX*SIJMX) * 
1 (N*SUMYSQ-SU~Y*SUMY)) 
n: l 00. 0* ( StH1X-SUIW) ISLrt1X 

C, • .,. · A:;-; I NTf'"i:~CEPT , B::SJ.,OPE , C:::CDRR. CDJ·:fF .. , 
c-- n:::rERrE~rAGE D~vrnTior or THE rnrAL cnuNTR 

RE:TURT' ; EH[') 
:•e•-••• .. ·-~-~-----~--~---"--~-·---··-·-·--~-·-•••••-•-•• 
C>-· SUBRt1fl'J.'IH8 TU DFTf.RTHr·'E THE r4EAN & STD,. DF:VtJ. 

SUBROUTINE MEANSD(X,A,B) 
C JW-IOI! /Bf,K2/tJ 
D I l-18 N G I 0 H X ( 1 ) 
sur'1=o.o: srrr-~so::o,.o 
DO 101 I=1,f.; 

l 01 .SUH:::sni+X (!) 
A:::Stlf'Vr: 
no 102 r=1,rr 

102 SUMSQ=SUMSO+(X(I)-Al**2 
B:::SQR'l' ( SUI~SQ/N) 
RF.:'l'URF ; END 

c~-----e·--~----~-------~------~---·-·------·--~---~----



00?.4l 
00/.42 
00243 
00244 
00245 
00246 
00247 
OOII4B 
0024~ 
0025\f 
002G' 
00?.52 
00253 
00254 
00255 
00256 
00257 
00?.5B 
00259 
002bt5 
00261 
002t~ 2 
00263 
0026't 
002(.,5 
0026b 
002b7 
002(,B 
00269 
Ol) 27 ta 
00271 
00272 
00273 
0027'± 
00275 
()0276 
00?.77 
0027H 
00279 
OO:tBo 
0()281 
002132 
002B3 
00284 
007.85 
002!16 
00287 
0028R 
00289 

C·•• FUNCTIDt: SPP,PPDGRAH CORP. 'l'D THI~ Z\~BN ... HLSTD l·WDEI~. 
C-... ITERATIVE f;OLPT!fW ro· PE'TERt4Iflf: X1, GlVE:N P1 & ETrd. 

RE:AL Ptl!',CTIOfl FIHJZH(tl1) 
IMpC!(''IT DO!'f~J.E Pl'ECif;IDNcA-H,O-Z) 
CDMMOP/eLKJ/ETA1I 
I NTEGF~R ETAl. I 
F(J,X1)::::2**(X1*2**(~(J-1)/X\)) 

C••••• .... f11\KE A GUESS .. 
Xl::::l.GO*DIJPG(0l'I,Clt\TCETA1 I)) 
l\OUNT:;;O 

101 CDNTif'UE: 
IF(SUI:.LE .. 1.005•N1 .. ANr.SUM.GE.0.,995MN1)KOUNT:KOUNTtl 
H'(KO!Jr.:T.Gf..,lOO)Gn TO i21 
SUH::O.O 
DO 10~ I=1,f.TA1I 
SU!·l=Sflt1+f(!,X1) 

l 02 C ONTif'lW 
If(SU1".GT.,fi1)GO Tn l03 

C-··•"""" .. ELSe: ro AS F'OI .. LOUS 
H'(SUr.LE .. rl .,AI'D.SIJP.CE.,0.999*r;oc:o TO 104 
lf(SUI: .. Lr.o.,cJq9*lJ1.APf .~IJf·1.GE.,0.,995*fH )X1:1.0001*X1. 
H'(Sl:l' .LT.O.~II)~~*I11 1.,MJD.SUM.GF:.,0 .. 99*t'1 )Xi=l. .000/.*Xl 
IF ( S tlf',. L J.' .. G .. 9 9*!'1 1 .,l:~,i\D. S C!.!i .. Gr: .. 0 .. 95 *ill ) X 1 = 1 .. 0 0 0 5 *X 1 
If' ( S lP' • LT .. C .. 0 5 * P '- • A FP ., S l' r~ • Gt: .. 0 .. 9 0 * H j l X l_ :::: 1 ., 0 0 1 *X 1 
I f ( S U r' • U' .0 ., 9 0 *I' 1 • A F n • ~;t !J\ • G E. • 0 • 7 5 * N 1 ) X 1 :: 1 .. C 0 2 -l!· X 1 
I fi' ( S t.W .. L T • 0 ,. 7 5 <i>T 1 .. Min ., S I' r" • G ~ ~ 0 • 2 5 * l"'l ) X 1 :: l • 0 0 5 ~-X 1 
I fi' C SUr' • L T .. 0 ~ 2 5 * 1·11 ) X 1 = 1 • C 1 -1*· X l 
GD TU 1Cl 

103 c owrrruc 
If(Sllt'.GT~Pl ,.ld'P.SUt'._l E.J.Ol)l*N1)\.0 TD l04 
I F ( S U1 •• G T .. 1 • U 0J * !-11 • T-T' r • S U f·l ., L F • l • 0 (' 5 * N l ) X 1 ::; 0 .. 9 9 9 9 *X 1 
H' ( S ur .• G T • 1 • 0 n f:i * i! l • M! f' ,. S U M • L F • l • 0 HHI 1 ) X ' = r • 9 9 9 8 *X 1 
Ifi' ( S tH' • G T • 1 • 0 j "HJ 1 • l\l'D • S Ll M .. L E. l • 0 5 * N 1 ) X 1 = 0 • q 9 9 ~)*X 1 
J. F ( SUi' ,. G T ., 1 .. 0 5 ·IHrl • Ail D • S P r1 • L E • l • 1 0 H 1 1 ) X 1 = 0 • 9 9 9 *X 1 
1 !"(SUI". G T .. :i. ,. l(Hf· rr 1 .. J...!' r. S !'r~. M~., 1 • ?. 5 *f-11 ) X 1.= 0 • 9 9 8 *X 1. 
n· c s ur · .. G r .. 1. • :~. ~ * n 1 ... l\ ;r r .. s rr r-1 ~ r., E .. 2 .. o 0 * r; 1 ) x l = o .. 9 Q 5 * x 1 
I F' ( S lJI' • G T • 2 .. 0 0 * t: 1 ) X 1 = C • 9 9 *X l 
GJ TO 1C1 

j,04 f':QriTII.Ut. 
PRINT 105 1 Xl,SIP4,Nl 

105 roRMA~(X'X1='~1n .. 3/X"SUM & Nl ='2G12.5) 
F'UHZH=X1 
PE:TURr' 

121 ruNZl!=Xl 
PRINT 105,XlrSUri,rr1 
PRINT 12'2 1 KDlH''r 

122 FORMAT(X"5% ArCURACY,. •••• KOUNT='I3) 
RETUHV 
P.rm 
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