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§1.1 Introduction 

The creation of • ODIIIIII• for a apeofflo . ...,_ and target ~ la an 

arduoua PfQCtNla. · It le not' -~.;.on to ~t ~ ywa In ~~·· ~roductlon of 
I' :••-.- ,;-•' f· 1·t· ~,,~1>1-~·-?',. ·,'" ~/:.:'' C ,_ .. • .,., . ;~Ji'i.:,1,:J"';{~..,.} ,~·.) :h; .. v .. :-~,, _ . ...__,;~] , .. ·:-,~r;::-? :_~ 

an aooaptalR ooapler; .. welent a,., •• ,. ff(I .... far PL/l'on MULTICS and . . 
.. '• ', __ ·.·:::.i :-:·;·' ~\l'-'-~ !.•~~-~~_:-!c :;~~ "-.'1;-:-f:,ttff~_·;:·'ti~~,,, .;;~! ·:.~n,.,,;:..il ~ 

SyattNn 810 evalvad.ovs • deoade or-. Wlllt,llle,.,., ~•nt of new 
• , ~ _.,1_.· 1 ,:-~: :::r,~ ,,11 ·'.-~.1:..,.. ·_)~"?i·);_,.t·.-.·,; r~:'.~ ·---··"·t~-t/}.::~t, ti:)· ·j:>ii;,,~: -~~·~-,f;,!~---

OOIIPUtln9 hardware and the prollfara• of __,.. , auoh an 
. t;i: . ' ' "·~ . . • . ~ -~--·'f . •, :~ t)j,.~Q ::.:--t·~:t:.~~ ,;~- ''l:~~i :.~-. . . -:~~~ ~ ,, t-· '✓ ), 

lmlNtment la no longer prutto.l, eapeatatty If ..,_ II Nttle oany,ov• from one 
,. ·~ :.:1 

lmpleM■ntatlalltothenut. 
<•' ) l' ·f-\·,-'l! , .. _-;:r_,\'' 

CGapn... writ.-. ~ ....., froa U. - .... dy. M the ahol■llker'a 

ohlldren: they .... 1D be Ille 111st to b.,... ,,,_ tllll ••••1111111 In compller 
~.f!_--r~~-·· , '::-· __ c :.·:-_., ·-4",. :-,:. ... ·,,, '~"'Qf~.:~;: ;)/'.? ., _ _°) t,~irr ~ ·,. ;t'·~r ,'lo' ','.~}t 1 { ,>'t.~'.' 0 

language technology ·thet Ptatal■■ ..__. ......... ,..,,11mJ have Incorporated. 
·,: , ., il{ ~- ~~ :~-J -.•~-... ~£.~~-

1
'.~lf~iJ:f;t-:: . ..}! ~,,::~7 t·t: ~;J:1 -:,,-/~'.!t,~·~ 

The current r•••aroll ltaa bw dlraoted __,. ....,. ..... ca11111er writer with 
s:,•.\:t.~.?.t·•·"":i -.··••Q··~q ;:c t;r: ;,_:-ta.Jfl~ ~it.·:: ~L.,~ "lo:··z.r•·.;,·,;,I 

the aw high-level tDOla that he Pl"OVidea for olheN. 1ft • .«art to autoaate 
.. :..- .. _: ~}.""t' ·:'\~} ·~ · .i;~~ ;'· -:. , <n ~:i,~ :•:i. __ ~~;1~. :~. fr e,~ :·, / r< 

OOIIP,._; praductlon, ayat1■1 heve been de\·1-•d to --■attoelly ..,..,ate thoM 
·s.. _ '..:-:"i:>'l~<::. tt·!,·J.i-· :\<Z~·i,..ij\: 5:·~_r 'l\,1 , -~ (>J'\:,··.-.,•;,•~·~f-;;1 .... ,J·.'. 'l~'---:r; ·., .. :t· 1:. 

pc,rtlons of tha ODIIIPl■r wtlloh tranlNte .. ..,,. ........ PfOll"UI Into an 

~ fonn ~c ~~~f,\"~:,~;,..;.. t•A~; •~:=~~1:-~ tNlhanoecl 

portablllty and extenlllllty of ttMa ......a.nt 0•11l■r wlttlout • a19n111oant 
'\ ,,,~.·" ·,• , .".,·"\..:' ;~•·c'.i'';c\., l•li;·l"i<'•i<!l;) /~ll';;V:?>:· ' ·,)'(] 

degradation In lta ,-foraanoe. The ..., ,tlu• of a tolllller, .._. concerned 
{~ ~--•:· .J ·•t.,:. ·-~~:ri-·1 fr1i-O;~-~~i,E_::. lv ;· '// ·i.1ie~r· ·t.:\_.J..-.c .. : ~ 

with code ........ ;;'. ... ,; .. C, ...... j ..... ,\ ..... , •• flt tr >IJ'--l\ ..... nt . 
approac-... •• .-r.r■ ·{w UA>t:#a .._. •.11 • · ........... '1)f1)1'1Ntclng a 

'::".~-~t; ~-:,, ... ,~:;,,:>~;'_"~,$, ~i .. f~~t~·,,,,_i:,;:·--:)~- .. •.,¥':~, ;- ;:,,:~ l):.'.,i't,: 

apecltlcllllon of •··---••"...,"' ·,8Qolk•~·••••• n tai~lllllll:i• COde 

genarato,-....... -wllllll a ·••••rk, rr• ltll1d .. ;.,.,..,.■IHle■ ,_,,,.,,. (IL) 

Chapt• One - lntl'oduotql 1. 



and • ,_,.,,,,.,,,..,. TINt ....... .._ ..,.,_ la Ned u th4t Internal 

reprNentatlOn f/f ._ ..._ 11n,,.., - -. tnltlat..,.... (...-.d•d t,y the ftret phase 

of ttMt OOIIIP .. ) .. • ................. , •• .., •••• Men tl Pf'Oll'UI; the ftnal 

output le the ll r•••••-- of .. wtet •cilll• _,..... The aetalnterpreter 
-· "--~!r'.~ .. ~, " .. 1 _ · .- ,. 

haa a detded ..... UIIU- of .. ••••-- flt I. ,....,. and le capable of 
· • ~!- f!r-f 1-'.·. 9Jt~':;?rd·j,~_~i_:;(lt ~~:i';J:}iJQ,~ !t W~ -:'.:<,;_"~.~~:<:~ ;(·t ~ .. ·t:.. ,. ·{~· 

perfonnlng ..,. trw•-• 1111d •---• on ~ pn,o,w. Th• 
\ ·t l: ", •J'· , :·~,,.;;.; ..,'t~, -. -~- ,".,:(~.;ii:-- }:.,_. t ~:;:..f .· ", 

..-.ntaca or a. .,. 1M11a11 • 111111111 ••••• • 111111y ,......, anc1 Whlnn: 
• _, - .• ""''1:: ,, ... ~.; "'.:,--~~rH1u,.,.·, ··-,.·:J.t.,..: iJ~"tt· ~~~~,- ',:-,~., .:ILf:~..._i; •:"" .· __ ,.:~ 

flow of oontlal Md • ••111■ 1111 Ill n•• _, 'NIUN .,. tlle ~ prt,,ttttv• 
, · ~?.) t l, · :-~- p~{: ;· .::-"":,·::;:,:~ 1•J: s~l:~.<i:)·;_~<;\.~ -~ )~ ·;_..«-{.;- ', c •• ,,,,.•,.,~- "}"":.<:,- ;. ' ·::'> 

ooncepu. a,eotllDdoft of ••allllla wl Mn•r•1• •:r:••• .....-. (e.g., the 
;:en ~ ;·· -., :"~---- :;:) ~fJf:1.rr,1t~·t;:.t>:.:1,. g, ::. t..:~·.{l ~--", :-~1\r!'f,, t .,-• .!-~:* 

••••ntlca of lnt1Nld11al ..,...,., .,. '"""llld by ._ · d11tar• 1ft the fonn of a 

trwforml//llon oat • tn 10e, tfte n■ lldlol flll llwve u cot111110n 9round 
. •·\~-~\~ .-~ti." n...:. • ,-~~~.·t:' .·_ .. - ... 

on which the dNI...., (..,ICJUIII Ille trwfGl'ltatkM oatatoeue) •explalml• the source 
,:·'!'~:,~ ·~r;·r .. -,i; :. ; 1t.:;t!~i:~, a,/~?ft;f/·1·tt~;,,, .:: ·1~,. ; ft. ~ 

languaoe and ta,aet ·•et111• ta tt.. .........,,._ wNctl then perforlu the 
• ,. , . ~•.T.~ . "1 'i'~·i< }Ji-i'fJ t-·t{! t:~, · /{h I 

appropriate trwldln. 1'1111 ...........,.. la In -- flf • ._.~etep ayntactlc 
• ··: c '~ • .-!-•~><\ j~~.i c~>:·,,;1-~:.£ ;., ~'->':Jt,J:')·•~f1\::"?f,fj(,;i-; .... - ;_ .:: , L '.'. _I ,·- ',,;~ 

manipulation of the ... ,,..,... ..... ........... ......... •dcitlonal 
~' 4 ~-~ ,•., • ''-i1tf.~Y} ·._,: \"z ·:;;·•Jtt i~.::~~ ·\::f !'hJ~r~·:>· ·-: .. N ··-.·~, ~·: 

lnfanllatlan far the .........,,..., • ,rollld• . 111111•11 ttanalatlaM I for .IL 

atat ..... whloh are not ,et -.. ••lhlM --•tloM. llnft the 
- :t''· .,'~}~ ~\1::J· -~~_>- •1 t~d QVf::t; '.·:::¥.~$!!'."~~~ ~:-:;</;•·,. -~~,); ~,' .. ;. 

met~ lnoDrpotatea .,.Y of tlte ---- OIM■O.•\' perfottned by 
·'.,:~.--·:::_i'ii.-.~ ,~--,)~itt5if ·<'-s~ -/- r~h~~;'r\{;··~- ,,. f.i>, 1{ 

COIIIP ...... , the ................ nat eur,ply ...................... N■orlptllGIINI of 
A •:. ·::1;1i-1-.~ ~~:-t~ ~J,";-~:J ·~n.~ :r-5<-~~ .... 1~~;) ,. f' ~-

these oparattona • 

2. 

• .. • oam,•llent .., of , ........................... ,,, ... ...,,.ttn . <--~•• -~•iW dllll IUll liJ Jlt ... .., .... i,...,.M1)t· · 

• - ., . .,..,..,,,-.i,11111, ..... ~f-1(8;.IMIIJ ... ,.,._, ..... 
lnta,prettld to , .... an aoa•itl.llll tran■-■n (e+. ayntax .................. , ... .., ····--··-··J·· ,.,.,, 

• - M __ v,4D ,:,It; ., ... --·:eJIIIII ···-- , ........ 'ii ..... ' 
....... (llldilr tD 111a ---■I e,ealleal JU ,_ 1D a OOMPler 
oontpler). 



Each aucceaalve uae requtrea a IIIOl'8 thorouQh unctarstandfng of the apeclflcatlon 

but repaya thla lmlatlHnt wltll a COffNPOlldlnt 1nc, .... , •~ -.,. •. bf 

•~tlQn •~Y•d. · Ttltl- ....... II ,I,_,,, ,;tor, tlle -:~,,-t "GIT ·a~ better 
·, ' . ' .~• - ··. . ' . ' .. ~ . 

underatandlng of the ..,.. _ _,.i- ... • 1 • la 1/11! -.. IIJ91id111,atlort. "'"""' .. ,· ......,,, .• v~• " Ii a-~ ,;; ~ 

~UC, . .,,_-,_\ r# ,.,.,. ,.,,_ 11,11 ... ,,;,.. •'' 111 .,.. :r,. I,_...,.. require 
, ._·.·~ ... -···.·,. __ .,,~:;.,.~.··.''~ .. ;:.:-':····-ti .,,\,~'~ -i .. : >~:,. ::,;~:U~~-1:-. '·'<>·_{·:>G~;;~>-, 

extena~ ~- or;._.._)._..,.,..,• ,.., .. _,._ ..... •""'9 from 
. -. /t:·_,l:i(t- ;;§\J <;t1 ~. \✓ • • ·t,t-.l ·: ,~ : ... -;~,y;'.;-·0 

':_}~~ :· • : .·.! 

artltlolal tntelllgence rNearoh on pn,gra eyntllHII (BaNIDw]. forbmately wt of 
···,~-/ ffl ~:;,::_~\:.~:,_ 

the analytlcal ...... required le 'In ....... to ttMt faclllt:IN proykled by the 
..... -~-. . ., ·'\ii -;~:~. :." .:-:i.;J,·".ii. ·.; -~~;,. '~: CT.>~'"; ~ :_-'. ··; :r:!i ~; 

INtalntarpret• and lirte1,..-•te .,.... :.. It le ,....... to expect that future 

,; ~, ! . •'•. ·- ,'-~" ' ~ ·-, ..i.,. ~. 

fuhlon, the metalnterpreter OM perfant it. •-••U. by att.,,.tety_ applying 

thla approach la admittedly leaa dlalent ._ current oode .,....,atora, It 
~ ~.~"': ;;4~i·,' !'i;'\~ . .-, .:: .>·.·,_, 

,-.,,_.ma a ~t atep towarda .....,.... ......,.. and ....,_ .. 

•V·•,·~ ½ :., ~--•-' ~ _,- • ;",{;,t,:"',f ·;,.,·•if~':,.,', l,,j .,,, .. 

knowkldge about'"codta9-.ratlan (...a»adlN In ttle aet....,,._r). 
, ..... ,:-,·.'.· -.:i':· '; .. •.. ~"~.- : :7~fJf1, ··,.:_.;;::~·J;•;~;\-:\: ·, ~,.-.:) ·,~,~:,.-·. . '.., 

The folkiwlno' Notion provtdN • brtat wA9w of the talc.a oonflonttng • 
.); , ;.f .... ~ '~ (.t' I __ , ~f',._ !~~fr ',~.:•~~n.~ 1t ,.( ~ 

a n■■ary of t:1111 .. ..,n fNturea of IL, the 
. . _. ;t"" ~· 1 ·; 12• 1. ,• .. • 

tranefonutlan · •taloeu•. and the . ..........,_ •• 
;ii?'_•.,, •. 

flt 11 .c_ ,.tecl work 1a 
.. .,.,' 

... ~~ ' ,:tJ- : ·\ ~ .. ~· ,,r.\~~ ~ ~It<'".) :' 

here. Flndy,11.8 CKltlflel tlte Clf'9Mlzatlen qt ttle,...., of the th ... 
• . 11.! .:.,_,. i,:'~ .. _!"7.,..;:~ _,: ~¥'J ,.,,,· ~-~,t:"t¼ [..1,,,,,-,,_: : -~ ~ .. ~ 

Chapter One - Introduction 3. 



t,.2 .....__.. rtqt 

1111w.e ■■111 ...... ·• a auunlDn of'• ff••••l1 fOl'lltdam. let us 11rat 

o11eraa1,r1ae u...-. .,._,.._ .. _.,. •••---· 
oadlt, •••u r .. • ._ 11 ■ :nr ,.., , •, • ••ru.i:11111t'°'1 Cm ... 
lntannedl• tm,1101,10} Of .. 1111a, di--·=~=~ tile ori,glnel 
..,.,.. I • 2111 ,11 -■•>-- 4ll •Hf PlhHfSV , •"~JJWltaM ·to be 
.....,_ 11 ll N OJ 11 ·-,._ .... ■I aldl 1. 

The k1N1 of oourae, ta tllat br ....... • ruulllne_ ...,.nc• of machine 

lnatructlona the t..- _.._ wll 1WI')' aut 1tte • u•std COMputatlan. The 

remainder of ttlta ••atla:n .,.,.... tlle ... a:n,_.• a ,code ~; our '?: ', •: ' ," .. "I ' .: 

objectlve la to aketcJII tlle ,v:anetr et :tell-■• •••ll■ al ,_ ••r:lnl ~ during ' ,, '., ... 

code 98ft8l"8Uan and how current .... ---~ ;•---1111!1 U&Mledge. 
• • - S' : •,_.;, ' • 

....... IPII IF ■n .. ,&t e,lln1laill•i.. 
.,, ' 

~ ID -tareet -DIii• ln•'lfOIIW " •,, 

...... :d ... •lldlnt····••MDn. 

tt\eae ~ ■0- ttla ■■■ mite ._, , .... a MW tree Willem fe 
- '. "'-1"'-,, • . ,· -~:. -·:•. • .:._ • ~-, ::- , 

.. atrlctty equlvalent (Le., •...,_nt ,_, ... ,, :of tlle ott••• of t-...,t IN.Chine). 
' ,-.. _..,.~, 

machine arctllteatura; for lnlttanoe, acmetant ttfQflllM■n ••••11 that It la lllOfe ,,. ·• . . '~- ; ·•. ',,: ' .. 

efflclent to NOW a OOlletaftt tltall a ~ 11le lllOl!II _ eopttla"°ated c:o4e_ 

generator• [Wulf] • not actualy tlDdlfy the ••-- ... - ~ ~ a lat of 

alternatives for eacm node tn the ._t, pe•tp:anlnl ._ •••• of tranllfarmatlon 

t They do not, hawever, Nat al PDMIIII■ ettamattvea u W. ~ result In the 
OOlllblflatorial lfOWth of the ... ,nttc tree. 8eercllina ttNt ful .t,w for tt.e opthnal 
PfOOl'UI ~ for ttle .. ai11111lel■n■1■ of th-. oiidll ..... ■ ft prahlM [Aho77]. 

4. 



' -~--~----------~ 

untll the tranalatlon phue. 

J:'-~ w-..t---• ~.--::plaa.ln•••v.••tages: 
.-\·, .·'·.,:· ,-.- .;.-(~- ,:· - . .<{ /:it/ /~: ;·.:;" .,· ~"'·,;,,. __ '. ~;: " V ;:"'f;{·; -:, :,{\:) 

(1) ~,-f~,;- ,,.. ........ t ...... ! .. ,, .... 
...,... ... ..... of,· ........ rrOft • .,~ ............... . 
tloaatlan .......... t .... , atacka). ' ' 

. ,,,,,:,-~--~- ~ ......... /·;;,·~--~·:··""1~!-~t"!_ .. ;-·:' ;·:::·· ·:: __ - •,ij"J \/$--f.i -~:;,~ ;y ,, :;;,._·t. ,,.,--.; t . .~;. 

M 1Ujbdtf11'i . ...,_ lllplawt ttae .......,_ QGIIIPUtatlona {FOIHoopa, 

, }IJW'.lpl,.~1•tll!l19~Jdl'JII~ ·• > ·'11• · ' ,: . 

(11)~-.,~,M~--•ttta, ... iP k,,1.,.••·• &t1tanninect. 
. ffirouah 1M . of redundant H■P--- ft la often poulble _, --JJ- ' ' ·. ' ' ' '', ,·, ' '. ' ' . ' ' .. tllllsand · · ep.a Jh'• NNIIUlttnt code wtllle. Mltltadll$ • OQt'NlOtne., of the 

•~•~•f~U~--,r~--- ~:. __ .,,:;\ ;. _ .... } -.\!, , _._ ?:··--:_'•/:1-·;.;,r·1 ..'·:(J:•-_,_-.,,Lf.'>fiJ;'l lf.;- .'::.::.:• ,; .. 

(IV) ~• ~\Nalttnl ..._: ,tn..ua-.., ~~, .. ,.-.llllf.tt. ,;, Machine- • ·: 
dependent oon11..,.-.. (euoh u loo■llllll• · ot •••nda . tor .. =-~•llol!l,i•·~·..,.,~ 1.11,11,.11 nmwn":'.-)~ 

''. >' -, ,:;:,t- ,·, ,. t. :;1'< :I~ . ";. ,'; ., . ·., ;>:.. :-w-,, ~/; : ~ :l-- .·;-> j ,, ;-'.. -.': .,_ 

firaa · tlie IIIUY po1111N trwfonNttona applo..._ 1D • partloular aource. program, 

an oPtlltlztn9 ·· ~ gewatar ' -~ ~ ' ;..: 
1
~ produce'~~ ~~~:~ .. ~~ 

tranelatkafl. a priori 
. L L::~:. . . ~i 4,!tf·;:• )~ .. _ 1 d . _ ,., t: , ~o:_d>9?1 :..:·-~ :-d~-\ ¢'~.1,-. 

de....,..tlon of their ooalfied dect le cNloult. 
·. ·, ·/ . . 1.: ··-.. . . ·: --·1'"t~ ·-----r: ·. • . . .,1 >· ,t ·~f , :·· . . . , , 

, Machine-~ (,-ephola) oPtiala._,. [llol.1-an, Wulf: Chapter 6) of 
',_.: ; ~ .:--1-. -~i- , :.~ ,. 

·---~:?:"·F' .f;)~}·(: .,< 

Instruction NqllttncN "" be uaed to Improve the .......-- oode - juat how much 
,- ·~- ~.; •. ·' ··f· t·! ·" ~-- ., v .. ·,,; --11 -?"'- l~:tb£:!<:. ~j ., __ ~·--:-:~ f~:·, _,.,,: \ ·~· ·:~;· 

~t can be ,... dependa on the aophlatlcat,lan of the tranalatlon phase. 
· ( . 1ir:, -... 1:----;;;_f~2.un +. · ~~- /·";~r,.;,.·-: ~·~•· 

The. goai · 1a· to ~-,-ore ·•fflclent ln8truotlaft -.,.ncu for emall portions of 
;;:._.t'..,(,t 

the code. Exuaplaes ellllllnatlon of julllpa to -.. Jumpa and code followfng 

u~ junlpa, UN of ahon-Hdr ... Jumpa (lllllted a-.. • ,.,.,. _ _,,.,IWIIP)l 1 

...... ,,.t,.,ai,111.i . , . _ . __,,r 335Jt18•r,111Mf -•• ..,..lda.f'•untH no 
- . -- . . 

"trivial,• ,.,_, .... ,.■111,r Wf·,oo.ntlllldtt .. frall ~ff;'.'f24.,' ;! : · 
~ . •. r,:,:•~-~,.<::: ,,-_·f,; ~/.!ii , ¥'. :·"-.l1:'~. ',t ~'.\,~_*'.~lt:~'{{'t t~t°l ;.,r,_){ <::~\ ',5 , 

...... JU-t:1 ... 11 ........ 'It, .. -- • ------lll'taflt. ~·. 
c~~ -~•.i=-~\Jt-•kll'lilln,,.,_. • ...,.,, 1■■-•:~i)·:w,w-" 
dffllcult tlO ' to what extent [1111a ... 'phata) ...,.,_. 
needad tf more OQIIIPlete 41Qor't1NN, rather tMn IMlla'fatlca, exllted In 

' \'ii,\:,) ' • ' 

Chaptw 0ne ..;. Settfng"tlle stage 5. 



....... , .......... , ......... ......,_ ; ...... , ... of .. . 

operetlaM all [tllle .......... ] e>dst alapty ····••:tile~-........... --~- ........... • ,,, ....... itllllrit. - . ..,. .......... ,.1a1 •• , ....... ,.¥<, ; } .,~ • '\fh :w ~ . • 

above are unlfaraly _,,._ ... ,.. Unfortuna_,, .._'t,._,......, oonbot atructuraa 

upon whlctl ....................... ,, ••••• ,~·--proac1t 
. : ·:,,. ~\:.:. .,~,-,,·.:. ·,. .· ' .";-, ' '",-ti~:. '.":;_,:~_i< ;','·)•:.: :. 'f&i"~; ·-

to optlllla--. 'FIie ;1N1111'-•• 'llllnt Na _,..,,.,, 'ef the ~ IWachlne 
•• ,· ' ' ·, ; "~ T ' .-· ,-·~ L.1 t.~.,: . 

archftNture, --. out of neo•■-.ltlf, lnoa,porate 1ft tfW _... ..,..._ llfttler aome 

aubaet of the ••■■• 11 ;1rMI,.,•••• Of' ._,,,.,,. lo' 'lllltlct ~ •beet• 
'•,, . 

trwtar■dan,at ....... ,.... • - .... ...,..., -·••;· nae II\IUrl8tlCa 

bue their deotelon• an a local exalllnation of tlle ._; MOre fAM'eachtng 
'\ . ~ . . ;:;; : . ' 

conaequencee·are dtllcult t'O --.i•• - thlla, wt~ •wort• for only a . . . 

eubaet (albett ...... ) of tlMI pe■llble "°"w. .....,. 1M OOIIIPf'Oflll■N lnha'ent 
' ""~t~- ·, ·•. - :'.,:'.: 'i ~ ,, " 

In heurl8tica NrVe prllltarlty tD rtNtuoe the .....wt of aaputatlon nuded to 

complete the 1rm•tton. they .._ Nibody knoWtadl■ llllllldUI In tt.e genera"°'1 of 

code. Some of then tranetonaatlona are of ....,.. UH In that __ they are 
. . . 

Independent of both the lntenNdtate ,.,..entatlon and tlNI tar.-t uchlne; theH 
' ·, • ; ?'; : : ~ ~ . . . 

tranaforiutlana fonl a nuct■ue or lulowle• tar a. portable code ...,.,atlon 
< '~ ; • ', :-.' .~-~. 

ayatem. 

11.a • lntrDlllllotlll to au& 

e. 

• an lntM..al• ........ <U _.. .. ..,.. • '.*Illa 1ntema1 
repruentatlon for ....... of - tr•NdatlDII. At .. IIM"I. ~ 
tfl4l. L NIii• -•II •II• al ;~, "'"1r~ .,..,...._-' ~'iftatla 
lnfonNtlan. ............ :.., - ............. ,.,, .... ,.. I«'* 
trW .... i· . · : ' ,, ·'"f:, · ' ·· 

• • tr.,,,,,ormalon OIUI.,,_ whoee COIIIPOMffl trWfonNtlone are 
expr....ct In• context-aen■tttve patt•n-raatchlhe -~ (ML) 

... ,.·:'L '.".· :· .. , . 

Cheptm' One - &n.troduotlon to IL/ML 
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for a e, .. , lllil,t • ·- Id.In •-•-· -,;·- tM -rtifatN to the 

1nt99er and•--,,.,.•••' •••a~••-•• ~---~- _;;: ,..._., IL nor 

u. a2tt11111•••• -~·•• _.,:, ~ ...... , •1:·•i• lflti)6~••••h· 1J1! ~ to 
, : - <' ' - ·,t: - -~: - . ··, :~. - ,'. ', .. -- . ' . ·,'».: . • .•• -.• ' .• 

expr ... ....,. ••••• •••Iii•• In .,._1 ~-~~ -~:! ~,.,..,,,.. •d. 

ultllllatelyi ta ~ ~ --_ ••Mn I ll}ft ! ••-,.~ ll,'P' '" ~~---~~,~ffl' -4<1 
...... • 11 .,_ to aa, •~ -. .~-,~'••·- o..•••~ ~- thtt 
lnte11Ndlllte IM•UIII • •allaln......,~ 

. ; _, '.' .. ,--:·~-~::~· ,,}·~·~.:-

M IM't-tt •••~-~r 1• 1!t ,. .... •IJ!~'!' 'P~..,,,.,. -~~• l•neu,w• 

HIINlntloa 1ft .... ., , ••• , •i -· .......... -•~·••!'f D,1.,.,-t ,._ I'.~-. ·. <r -' .· i·:·£~.·-· "';:=·· · - ·, {~---··,;:: ~:.:_::i···. ,:~~-•··.,t--i -;,_.;?.:(;·"" 1/ ·_· ·-'? -- · - -: .. • 

the objection to °"'·*~* ~ -~•,u,_ -~- ._,- ·~~~-;~~t)• 

neceaNry to ,_. tile trwl..,_ wlNNI ~,~ ~ ,_, ,or ,,ourc• 

language le tll ••••~•••"!" --~ ~- --~-'~lJ ~~~:~d by 

the IL/ML ... - tlla ••••·• _,._ ■-- ... ,., ........ t --~}'™"!~ _ 
.. -- ....... ---- ~-~-•,~-·1'Jllr.,,~-~;~,._.... 
lftdep ..... t -~• Mlillll~• .......... ~,,.-~t~•~~ -;!ft~~ .. II) 

WIN of ane ••...., - ~-,~ ~ l,11~,., ~"; ~rr-'~'-~-:~ ."94 __ 

.the ~lty Ill'---~ w•.':--~!IJIIIJ!_l;<~--:~~;,1••~·".,._ •. '"i! ~---~

la ....... /lnt_,_,. _ -•■,~• ..... ._ :: ~!~c~ ~*"' ~. 
neoeeaary· knwll•dll• aout a••ral •--~ tp\111~,..,__ tll!. ~«;t e>,t _th~ . 

·-· ,. . '~ '. '" .f· ~ ; ~,,_ -~f-• !·!:_"' '.,:· 3 : .. -;,,.,_· ... ~.' ', .,., '< 

deacrtptlon II wl ••~ ". ••~- -~ ~•-· _II" .1'1~rtM'~· : It J~ true 

that ..... ,.....- ................................... ~--~_.. 
i '. -:;-, -- >r ,._,,.r;....- ::::--: -~-· >~r~ t1t~ ,.,_:·•;".'- : ·.--i·{"-'·'.· , 

...,..... tar••·•-,~~,_!m•:•••.~.'21:tlf:~~,a,,~,.:~:...,!t~-
-- ; - -, ' ~ ,-, . : .•; ~ . 

.......... --~ .. ,..,,:~~~ru~.;- ,..,,.,,,:~~•+1J•(;~• ~~~ o('_ 

.... -a••--- •_tt-4 -~~~ .,:•""'.eMf ~:r;--~~c:~~ ,~~ 
generation ---• .,. ....,...._ . ._,. .,_ •••••d. 

8. 



' J::.. "a-"' :;. _,,, • .,...,,"'-, -""'~·-•)-,,- .,., 

§ 1.3.1 A syntactic IIIOdel of code generation 

One of the moat uaeful dlecoverlea of artlflclal lnteH~ance res41arc,h la tb~t 
~--'-, . • t\_~;2: · ,· :4,ii~.'.·:·· 7'~ l! --~·1.' !-,. ·""'. --~--~ -.~.' -~ • 

complicated semantic ......,..tlona can be aCCOtRpllahed with atep-by-atep 

ayntactlc mantpulatlon of an approptlately OhoNn dttta buff t•~•,. fo, ~•fMJ&, 
,. , .,... , ::..;.,:~- :~:t: f:J ;~',; ;~:L:-~--~~~~~ ~ .. ,·-~- ::~ - ·c~' J-5'..;,_i,.,", . , .. 

· [Hewitt]). ·'Thhl a_;tlon ex•~ the appllc~tlon of this ap~ch .~ ·!h~ prpc"•·- 9f 
, . , •,·::: _ .·-, .:··-~ {,,,+-,~t!,: .. ; .. _:-.- i)::,t~ .. !,,~! t, ➔~-- _-· <:,,,t:"-~rr., ,1 

code gene;~tlon. The objective of thla exploration la to ~ . • , d11'f't4;t~t 
•• -=··'. ', -~~-~ t-,_. -- ~)-·:•.•i~,:3fi.~ t-:~_.r~-~<~• .. t:r,~tr/ ~t .. · ,, ~.," ~ , - .~u-

perepectlve of the IUML ayet .. - hopefuly ttlla WIii lfad to ... 11,. t>,etter ct'9 .. IQMd 
,_ • . ~--•·1 'l°tf,'¥~.-. ,_ • .. ;, -;;, ,_ •::.h~l",;r r"! ~- . ·7 -- , 

transformation catalogue.· · · · · · · ... 

One can characterize oocte .•. ~•tton :~·'.•~:;-~utlve, ~~~~• .. of 

tranafonnatlona choean front· the tr~~ ,~~-~·-· ~~. ~~le_~;. to .. ~p 
1 .t. ~ ~ ' ' - : ' 

Intermediate language Input •trlng: 

8 intermedlate .. •1 .. •2 .. ••· .. •n .. •---~- ' ,, .. . . ,. 

•tar~•t ~chin• la not nec ... artly l,\nlque; ~~r,~ ~~•rr-tatlQnr~hm may 
~ r ~. ,,, "' ... 

have to chooa• uono Mny tranalatlona. If the tr....aatJon ~ -.n, }~tr._ct 
,, ·, t:,1,c;';< ... ~.;. ·.. ; -:- . .• 

:· ~ ' 

machine then we wll have 

81ntermedlate .. . •1 ....... 8 k•1 ➔ 8 AM ~ •k+1 .. ·•· _➔,.:~~: •~.---· 

11te :tr~m•tlone·~~ to•~ 8',~--.~, i,~~)~'•rfffeh~•; u,,-. 
tranaf~tlona followlng •AM are machine ~- _ 11,_,_~

1
~ ~~m,ttQna 

, , 
1 

, • ·.:• 'b1 '. , .• - '• _,. 

pa~ular abatract machine Into programa fQt anot114!r. BY. dt!t~lrlp ! hl,rarchy of 
! . ,. ·: ;; . ·1t , ,~ ;_'i'-lfit-lt.,J . ,:-· 1-..·J~ .. <· . 

abatr~~t machlnea, ~~. deetgner ~an ltm~ .~ •. ~ct. of •, f!~~~ l~.~~• .·of. th,t •. 

target machf~•· to ~ .. few tranaformatlons. Thia typ41,, ot ~~~ of ,,~• 
' ·'. • ,;~ ,.. ' :i . ;'• ' . : : ~i(~ ·' . . ,' • ' 

transformation catalogue leads to .~.!'lghly ~a~ •. •~•~:;; 
' . . . ' -~ .. ,_: ' . . ,\ 

Aa WU mentioned above, the reaultlfte ~ .. ~•SI~ ,.Pl'.!>Gram la, not 
. • · ~ -~ '1 t-u.::·!: ,- ·· ~.- -.:\:¾~'. . .,. .-._~- ,·•. · .,.. .,: · 

alw.-ys unique - In order to be able to decide ~' c~~ tr~tlQna, )t 18 
,. :.·. , \' '. 

Chapter One - Introduction l'O IL/Ml 9. 



M: • .. Ru•· 

Thia totally ordered _....,. la to nt1lact ttle aptiaatlty of the translation; the 
," 

amaa.r the fflN8ilNI, tt. IIIOt'e o,ttlial tM ttan.la1len. Note that the measure Is not 

deflnN (lll(a') • •> far ....,. ............ atwl"-- (a') that do not t'ef)reaent a 

compfeted tr.MlatlOn. Typlaaly ... ....... .. ,COMpUted from th• ValUN of 

attrtbutN of the atat111ertta In ttle flftaf ,.,,., .. : It 18 up to the dealgner to ensure 

that each atat...-wt la • ....,.... thMe attrlbutN - If .,.. statement does not 

have 'the appropriate attrtbutee de1klecl, the aeuwe for that Jl program wHI be 

undeflned. Th• final choice for a Qlven Input •trtno a and Masure m Is the set of 

"optlmat• tranalattofNI c,ivft'by' . ,_ . ; om<•> = { •• I • ➔ •• and for an ti" [• ➔ a"' ,.,,... rn(a•) s m(a")] }. 

Note t9'a:t we reatrtct our notion of aptltHllty to thoee sbhtga which can be actually 

dertved frolll the tnttt.l PfOOJUI (a) by repeated applcatlona of tran.fonnatlona_ from 
- iii , , - - . 

the traMfolieetton catatDeue (I.e., • .. •• ,a"). It la ,oalbfe that aemantlcally 

equfvalent atrltlQ, exlat which are more optJMat. f>ut wNch uy not be dlacovered 
:· ~,,_< ' 

bftcaun ~ .,.. ln~cy In the ~tlon .;.~. In some aena_e_ this 

Inadequacy la lntrlnalc since the afttantfc equtvalence problem Is In general 

unaohlable [Aho70]. 

In our ayntactlc view Of code, generation. we have Mt forth two tuka for 

the code generator. Flrat. It _,.t produce a Ht of tranatattona for the given Input 
, , ' 

string that meat certain baalc criteria: e.g., they -llluat be well-formed machine

language programe (only theee ehould have th6 correct attrlbutea needed to 

compute the ••uure). 8eoond, It fflU8t select one of ttleae tranalatloml as the 

tranalatlon. Thia aelectlon la baed on the aptlltaltty of the tramdatlon as weH as 

other constraints the ueer may aupply at COIIIPfle thN (e.g., "PP4"' bounds on apace 
. ,";. \ ' ,,,, 
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and/or execution apeect). TIie 1ltertng proo1n la an expenelve one •• It 111ean• 

•~,--~~-Jr~~ - --~·-·"c~·-··~ttu, ... ~. 

oonetra1nta, 'the ~!~)~..--,~, ~!~~••••t. bffpt'~:-~ ---~ 

trwl•~ }•,(~· ,iJ} ~~·-·-~ 1' ~;)_.,,•-•;· . ' 

part of tr~~ .. " .. ~"J..._,,.....,_'\_.._. 1D ;-.. ~-
' " ~ -.. - ' ·. .. ' 

tr~,~tlon!S ~- ~~~"'"···-=-~·1,J.~-,~-~ '' '. '•, -4~•
aborted "~ .. ~ ., __ .-,,,,~rt. to·:•"l!l'W •-~::Tllf,_....,,.,., ~ 
~ ~--~"!~.,.,~~~~ .M'iny•·•"""'._ ~,91 
acceptable tr........_ at the coat,~ . ,c ,,

1
~. _ MP~,,.;~~ 

autDnlatlc cr•tlan of a code ...,..,.tor froa a • of tr_.fonlatlona •Y proapt 

us to change our llllnda. ·:,, t;- ,-:-c-- ' •,,, -,~,-•···· · 

Let ua ••··• ••~'to ~~~;"~IN ri '-dv ....... of thla 

apprOaOh to tJOdea -~ lyu_ .... ,r,,-•• v~;~!-,~- .-·..;... ot··.-.~-
--tacdc .~l_,W'.:,,. :~, ... ,,t .... -;_..."'ir~i.~,;..-,ttte'.';~,- .::·· 
- ~·· 1'1'!11111".1 , 4. . #' .. 

which -.:v~fii-.,....:\re '-'W• Wni· :.r~?~ ;;:il.J~-~~~~ ~~~~ 
. .. : t+r::. <~ .. f··':.~;) 

of the code gewetor. In lta place w, ,..._ that tlla de,..., epeclfy enough 
) . ' ' 

context 'tor''MCft ~,w,{ to, .......... ~ --v~~,.,-~'••;;ptate. . ~-:., .. ,._,,,..,..,~, ~ ,. .. ,_ ..... 

Aa th• IIUIIINI' of tr...,.,.....,.._ lnoi'eaa.i.: ti' ~ii~~r ~ .. gtyf'••· to 

account tor tt. t1Gb1 ~- or u -~ ~-... ~-~ -~. 
~\Ion for tfle ~f-~l,._;._:.~ii;>,,._._·~',;Ot& ....;.,, 
of tr~q(-1( ... ~1t ~.;:0=,f•=-~~ -~;~hi. .. lt -~t~xt ' 

-<, .. - ,-~- '. ' _.,; - ·. '.\_,:· ,·~··-~ _·,.h-,fr_._~---:\.;",t; '~,ftr":]itr"":Si~t; ;:,}· /}/. _;jit;.: ~ ~(/:.~: 
for the tranffriatlona lit·-a ·.,_.1evea: n..r. --,.l!Wt"1'Wl''8-.•••_,.. for 

enforcing tt;u_ ~J ._.v~al ar4t_ pr~ -1'9 .._ .M• .. ••· -. _,,..-ut 
. . ~ ,· . . . -·. 
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.. 

....,._ ot • •v•• -. of .... -•••nr •' ._·· ._ d1111.,._ 1a not 

tinCU•ll"llcf wt1ft '1M ..... .,. --•i1 •'- ..t'·ta ·.- . .,,.,._. at • ....,_,, .,,. 

Mturat _,. wt' ••••- .. _.MIIIL .. ,_ ,._,.at··...,.,.._ .• the 

current f4lck ot • dllllll .·. t•-••" •' ,.-.,, a - ...... ~ the 
tr~. To· -lid)' • ...,._.,,t" • oc,cla ......... 'Mt "'8 have to make 

dpllclt '1.1Nt lll1pld OCilftf'd ~ ... ,. · . .,,, 1tte ..text of · each 

tr~ unt9 _,. ,,.._ • NMldtfi ._. 1111·!• lartNt Nn1er to 

ac~ttle aytttactlle.,_. ot·oocli·-Mflllt.· 

Since the ~ In ~ ~. ,. .•.• p-. .... the code 

generator Ill to do ,..... tllan ,_,, It • • t,, " ..... t,t.. ~ .Ma .._ •• to 
• • : • • • ~,, ,· (". ' .. ) -'. ' •• -••• ,:,->- ' 

dlatlfttuleh .,..., fl'Olll ....... ~. ~~•-=--.~-•--,t.-. by.~ 

....., .. .,. .......... ttie 1lr•---~-·~--· ........ ~.JnlD ... ' ~ . . .. , ' '' . -. .. : . .,, . . . - ' .. - . . . . . 

cat ...... : 

(1) .,._...., of a hlflhllMil IL atatainllllt Into • ,.._. of _,,. •••••v--•••01a, · · · · ., ·· 1
··; · 

· (2)·itl•)I ........ • ••1111, .... of 1l ~-·· ....... ~CM be 
pa"fonlad at oo•le -• • ' ~ > ' ' • • 

<a> trw,-..tlatW on . -.111.-cee of IL ---=•~ ,.,._ .. 1n ' -.. ··~·• ........ r ~- '·<iA,.'lettir .,.._. • ....... ,..................... . 
. . ~ ; . ' •._, ~- .I • - ,. . . . . - • . 

The ~of•~~ tD •-~ fl _,...,ll'Jl.•Rt ....,._ on tti. 
. • .. ' ~-1 . . · .. , . .'_ .,;. . . .. -.-~,t • ... ~--. .,,,- ~ :-·~, ". 

context In wtlloh that at&t•••nt •••ara. tn ... ~JUl,9Qde ....,at.Qra Ul,e 
' -, -1,: · • ' ,-._ ,.·,: ·: ~~-- ••-~-•·.. -,;, ~5;,~·.,,:.~<\.,t·:_·• ~' Y; .i .- . ' ,,_, , 

context of~~~}!••••~-~,~ ~t~M•II~~~~= •=•=-=---~~ --••• -.,•••'!1111,,.u•,~--
• ••11ie 111118 ......... tit Nflllla for ................ . 

reeutta. 

In a IL/Ml -,..ctflcatton, ..._ COllqNltatlDna 1M1ve , .... In..,....~ u part of ,the 
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context ■etching perforaed before a tranafonla~ le -,plied - the dealgner 

never •x,,11<:~>~,a-,•~ ~-JIIMl•••v••--•Cl(••·~;,,.....1·dlrectly 
. :, ·' .. ,.$ td118'll' .•< : "•!1; ·:,' 

With v_,.. of v.....,.., execution order of IL atat••••~ etc. • part of an ML 

pattern. 
• .•. , .. ,., .. , •• , •. ·· .a '· · .• ;.·.,);f:,~l ;·.,· .. ·· , .l'.c ... 

n. adequacy of ·1L/ML u ~, -.-, :~ • COM ....... epeot-. -ffl""IC■tlon 
, , . , ·. . ':· .,- :- , . \ V" - -~·--·- . ~- ": ; ·,~-~:--~ "( ~-.,~➔-~~f: ~:~:t~t~rV~ ~(~:t~t ~; f ~ h' ~l-~ " - ,.,:\ ~ .:- -.. · · · t. · 

hlnOU on the abllty of tbilt pattern iltatdllng ••••n••• to ..,_. the dealred 

context. Thtt -~-~ :~ w·•.:t' ~'., -~;;.:;~,~~ i..~ ,flow 
I 

~ L:. ,· . . . .• ·I . . " • . ,, ..... , ., - •" d,••'•••;M ,:,..,,... •. ", •• ' ,.,, '· ·. ·'·!' ·' ,,., 

aniitya1t ~• ~ Klldell] etid'-"~•._...,...,.,i'- to .... ·••··o1 
the art. . ~. 'tti•i'~:~ ·~"'=•-t~'-.... ~~ 
required by IMflY CO■IIIOft oPtlalzatlona. CG-lfl'l~;_1_ ; ~ .. , !a. . . "'4l 

~.,._ ....,._ ,~ fl.l ~--~_,,.,_ ~•~~•~J~. etc.) 

the _b~.:1~ f ~ ~• .. ,-.~, ... c ~~)-t-A•PMll1~~-J~ .~ 

~,: ~. -~·;"""' .:_ ..... ,~~~-., .... ~ -
. . 

tr~_~.,.., •• i~--~,••tli!t-8'4111- -~ Mlllltlt ... 

·~ .~ .,,M' •• .,~ .. ~-1---..-~-- ..,..,,{,.,, _.,,, .... ,,. 
the ~t,.-. • ~--.!------·-54-'";llflt._:_ . . ~-or~~-.--. •JtM1ilN._.:__..,t11._.,.,..,._ 
•t Qf tr~~;;f,PGfJ~~~~~ftt,;4 _... --~·t...,._ -
.... 
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at,ttalGI .,.,u111a>r .., --. ot 1M tr.....,·1111•1 •' In' •••-- no ·aucll 
....... Ol8'NNltly ...... 

Neither......._ le Olmtlnlty Ntildaotaryand --- ,_.arch la Meded. to 

._.,. and .._ •. - ..... , [Nllntaon] -,.--.. ~ ~ may be 
. . ' . ..• ):·,· . ·''. .,,· ·' 

Ignored wNMllt. •1r:lloa., ••1111 TIM tlNI 111 ••~.at,._ ~- In • 
. - ::· ·£f(' . -,.; . ' ' ·,,,_. ~ J:· ·.: : .. - . - . ~ '. . ,/ 

eplrtt. the , ...... of ....... ------ - .. ,. . ·,.• ,tlan qf ~ . . •. ' ,-·. ~ '_., ,_. 

generation tech.,.._ llllllah have • MIia In ..., ~ :• lta----. 
,, : & - - ,, ~.· , -

11.4 ..................... . 

Unttt r ·· · · · ch fllld foc•ed aft twc ~ far the specfflcatton 

of code ~: tflr~•••nt of~----••~ actapt4'd to the 

wrtttng ,,; .... ......,._ _,,,._ 'lH1n11ducdi:ln ..r•,•·••·•~·~•··tt, further 

-,tty tM oadlt ........ --···· 11- ... ~ ........ (Youtto] 

,_... - ,,...,.. .... of • ..... -.v ......... In ........ lion 

lllilOtf·aa.,... _. , • ....., ..._ titWf·llli1•..,.'•••••nt*Of•lnternaf data 

..... (a.1.;·-qal1 W.) .. ,... .......................... typtcdy. 

1ft • ~ ... : , ...... Wftfl ~:t ........ ,..,.. ... the actual 

paramebn; · ·~·.·of· the oodlt·•·tJllll..,..,. .~ ..,.fit•.·".,._, ~. of the 

machlne-de,-entlMt ..._ ... ta tn deec,fptl\'ie fanil. Of __..., the po,Uona of the 
. . , ' . ... : - . . ' ~ . 

code gwrdlen -•Ill•._. Wt .......,.,~ ... _, ... wllatt depend· on the . . ,, '. /: ~: ' ~.,, ~j-·:: . . . . . -~ . ' - ·;-

aemantice of the 80Urce ,.,..,... or target whine wet etll be coded Into 
. -' ' ·t ~ ,( ·. ' . !' • ' 

procedural font. TIie enooclnf fllf W.. lnM...._ (•f iii ·aa ._., caNs) 
·., ·,.: ,---.. ~~,··, ·, · >c'/<>:W•·,: • ,",;'i• 

repr•••• a .,.. porttert _, t1N111Y ~b•••~ w [e.t "6~ 
-~ ' 
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The apparent dlohotGllly between deacrlptlone of the lntennedlate language 

and the t8faet •-- ,-cl ~ dleRar•t•. ~h-,Jpr ...,..,.._. .. Jhe uae 
~·. 

of an abat:ract llachlne (AM) ca,ltallzea on We dlohotollly. The operatlona of the 
· .. ·:~·')'~ .. ,' '.\<,'., .~!:,":::":•·:"':,/·: t.:.ii.'·f:;,,_,~.,...i~.·: •,.• i.ci-:f;;;\ ,•,,t1~- .', ' , 

AM •r• • Ht of low ,_,.. lnatructlone baaed on .-. elaple arotdtecture. A code 
,- , ... "•,::·; ·· ·· · :<;" -:-'-•-~Jqf~. •-:;,,£().;_,;s -~:, .:-tSt.;, ~,.,r .··r:\ ·."i:).: · 

generator baaed on an 1M [Poole] ,-fonla • ~-■--, tht the parse tree la 
, .. ) .. ,.,,'. •". ,.;; . ' ·: 

tranalated Into• NCIIIIIIIM of.AM ap.rationa'uc1·• eacta Mfoperatlon ••• In turn, 
.. . . . _ , ,. , · ,, . . .;.. t1f,.r: ti 1i•f ::j: ~- _•, __ }tr~ \ .. ::J.t- -: •·i i .. ·_·. ·:" , ,_r,,.~ · 

expanded Into ~ . .__.. of target lnatrvctlonl. The opt1■11tty of the reaultant 
._..; ·_ - ·_,~,, .. -::,. . "'J. : .. _;· ·- . .._:i/t {·- ,:::.-~,~ _: ... -.-_ ·, !:'ff.·--~'.-;,: ;·, r . ;;t 

code a. lar~ • funotlan of._ cta■efy ._.~ .. iancl the taroet MOtllne. corr-,ond 
t. ·. . .. ,;•,.. , . ·. ,~ . '. .• .. . . . , .·~th ·"·-'' ,1; .,·. · 

ancl how iiluoft"work la ex,endect on the e,cparielon. 

1M< 111wt AM ~--- UNCOt:(un1v.,.~·,~ oriented i ..... ) [Steel]: 

- .. , J:.
0 

.,··. ~v· . -~·- .. :./ ,,, .,-:_:,.,1L•t1Jitt:<.,. -, .,~~ ·~!,:,. { O> ·--~-~- ·~ :,.f:;~! 1·:- . .:;:·· 
use of a COINllan .,._ ·1anguqe would redilcle the ...., o,f aoclulea .,.._.d to 

,,.f.-: ,- · · \ ,· ~ ·-·;;-;~:~ ,f:'1l:i~,.':; jt'!.,.,~J ... ".': ~:·. .;j,. ,,7 , , 

tranelate • ~ to n ~chlnea fl'OIII ■Kli tp ■4'11; they would tranalate a 
.. , ~ , . ... . ..... __ ~)>Ff';' :-~:\ ... -- .r i.-~,t-~.af~., ._., ;.,, ~ 

prc)gl'&IR Ir, one of the ..... aagN to UNCOL. end then trwlate the UNCOL prograrn 

to one of tt1t1 " lllaCIIIMia. ··11te •ur 1n -UNCOL~ ;,.. ~ undoln8 .. 1t, ~~d 

~ .,~ • " , : \.'"3:t:':'. ~ 

truly portable aoft_,.;,. with • llininuln of effort. CI.N'l'Mt ltapl8fflentatlona fall Into 

two cat..,,...: 

(a) n.· _,..,... la· guided by • chlle"orfptlon of ttte target ... o111ne 

.,Pller'•""·--~;eci1\Ja· ..... ~•--·~~f-;;?-IIIW .. 1---,,itcl 
aooa■■Ddate •· tlWii• ...,..., ......,, • to the loaa of 
...... f'Dn. -z-,JM,,1' .. .,.,.RW, .. ;. -~-M!tfJllilc,·'l· .. r~··•, .. 
.... ....... ,--.. of tlle ...... ~-- ... , ........ The ~.!.':_~'~:.~~,!~.:'-Jm1·,·t1 :18,allllf" ,._ _:,· 

•, -kL• : .• • 
0

, •• '.; •; • ;, > •'•,'·~~1(~--1:1'!(:1,), ••:. ,, ;;;, i t• O 

(b) The expanalan le -. by a, Pl'OI"- . ...,_. to p;oduce tllghly 
~.°' .... : -~ t~. ,.~ .... '1llJMlli1 .... llfli1,h'Blla•Jlllld·"JlJ · 
achieved vie a •ll■uletton• of the Ml. a,erdoM to pU-, eufflolent 
.,.,_U.. ebol,tl .. U.,. ~-:...,_.o: ~v..._.,_,.._,;,u.n .tooel 
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--■■ltllln. ·•a•••• • ••'•;••••11 _.-ooeay • 
l■pl■■■nt 

lllue, tile d■■lp• .... 1D ohHI~ _ ....... If.II ·•----■9iMll"···~ ~!«J ~ s-:' . . ::, ... - --~\ •. .' .:-·:· .,.:-J ,.:_!--.. ~,t!.-w·.; .. ,.:--· ,.•~ ·s.• i;:-r-

llldepend•nce at~-~'::~:~-•■," -~•,~1 ~:ffl•U-.1•~~ ~ a-,d 

lnvuttno • ~ -~-• •~?~,~ lllf~~~· 
1ft an aftllrt ~ ~~~•~-~,•lldll ';~~•~r ,◄,~-!1~-~":~~-a~~,~ --.~ 

by ...... -~ .... ',.~,•~:'~tJ!~"·•P,~l~~J,.,~ .............. . 
Wlllne -■---- t.1.,, ... ,~.~:~,,.•~:~s.!f,;t- ~J9'~:~tton 
provlcNle • lllW .... (t.e.. '"•·-· ....... ,. _,... ..•••• ,1 , .......... of the 

':.,. ,_ , :·,:-' ;-,.> _;,_!/J·~.:·:.-.-•dt·~t; :.:~,;:. -· ,--~:-1\'f ~ . .,.~·,?:.--~'~, /;~·tt ~,"'t-~ 11 ··"t · 

•vdabfe~. • -.,~ ~ ~e. ~~-.~ 14-,.•!1••~;,-~ to 

~peete a ,tt••~-- ~II•~~~!~•~.- 18P -"-~,,,:t,~ 
[larNccl}. It la not ~ ••all far •111} .• lllt .. 1■•-Ptlal of ~- t,llh-~ 

. ·-~- l~y"'·~. ,,;- ·- -: ' , ~t.:. /~::·~ .. ~·'.- ,:: ·'·t~ .. J··- · .'-<,••-. ·/ £~G~ll('.<r:-~ > · .' · - ·- · 

._...: the leWII of .._ ••• .., • ..... ••• ••r-1111 .11,11,tpttona for 
~· ,·.. ,,,,, -.._: « .. "~ • .· ·= • ·. ·"~i·:,.:::c,~-~·· · ~j ~< t·t-:',.'V,t'U'd:;,~'"~i O t·' ·.~ !~t:;_.,:: - ·.' · ·i~ ,· ?,~.- ') :··( 

wy of the ••-- • .._ ..-. . ., tlltr ••••: • •-•~', ~ the , . , , ... _r+ ·+, 1li!;,?i~¼J•;·:: . . i; .,,,._;,,,,,. ::, •·;. ,,,,;; ·"'ii'!l!'"'q ,,~;,, '' ,,_ .· ·: 

....-. of~ ~~- •••,"1il,,•· .-,..-~:-'.$~,,ll,J,t.~.}••~!-~ aa."!'an 

.. ...,.. ~ Ill the .......... ••~--~~,,~•,~~,<~~tf.)V aarwy_ ................. 
~ ~ ~ ~~ ~ (~~,:,M''"l ~'~:recant 

reaearotf-~ -~-• tit{-,. i~• t~JM),:~;~111!!~.•;~,'.✓,t;!~~•atlon. 

In an • .....,.. .. ~~~• .,_~~!teJ•J~~~~~-'.~f!~i:~~f,~'~:-~~ of 

attrlbut• JatlGllll•d· .............. iil'.'P~- l)-1a. "lfiii';afttbutea 
• I •~.>-••~•-rr-t•"•(t:f•'-"~~ ~-::(f ~/;t,.li:$ ,'::•,:J•~\'I',,~' c:~, 1•••.\f!;_ ••~~:--::, ~,Ji)!:'°;•,":;':.\. 

correepcind to ttNt •■ 1 ■ ..... Ill .. IHlllll!tall --■I; ...... ,_. _lQ bMO 
,,.•:,:·; ' ,· ·. ·>-;'/ . . : ~-~---¢;·:. :·\ '1t~";;· .;..,:.-~1-t-t. ·.? _~-;,!"!::t~•· :.' ; . . .• 

~• ........_ ... ..., ai,ri1■ .. •••r ,.::••••,qn,1•.-..,, ... crt,. ttte 
. ' } , r.:: ;~:t<;tltr:~~·,.>>" -\t·A ~·~·:·.: ~::·;J -.. ~-f~{}f•;·~bk'it2.¥~~ ·!t {; }:~--- _r,::.: -~· 

context • ....... •t•..., •,•• ••~ -,.-1111-ara..-,w. 1Macrlbe 

thpee .,,.,_,.. Of 1lle ..... Hf II .,.llal "f'l'!' "f,,~,.,,..:,""IJ) ......... -~ 
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The relatlonahlp ltetMlen the attrtbutea ot OM ayabaf and another 18 apeclfled by 

... _,,tic rul .. ~b....... 4 "fdhr ...... Utl I ~•flllnlt:.,,,,tta. qatt:-1nd 

att,tbut .. far.~--., ..... -. ... flJ·,tllt•--•.Wl ... dJ · ,:1tle .....,..._,,act 
the ~ -~ for •. .....,..,.,. •• , ................... of:tlle 

production. [--~ ,r.•~_,att .~ H••111fL11,. !131• a11rstted wlttF •tt111aut• 

that da1mtb9 ~ 1~--- ....... Jll:---••••:,flf ~ (block 

"""'3bera.. ....., ,~ ... ,.,nt .... &,a. ---·•~: h¥$!<:.> ..... IIJ II,:<: MIO,)JY f;fte' 
I 

prlnclp-' • ., ..... ~ --~ tltlllllSltt. .. ___. ... ~------f 
In ttle. fal'IMllaa.,):~n .. "....,·~•,t cr, ,•s•a ••••• a,,l-•(·;••lltf,:,.,..__. 

. . . 

pr,~ a ..., .. ~fc;IW.IMl. fM ...... I •e .tcllllli tu1IJiit&.:w,tlD8' .,..,.,._~11PM· 

phu• at ~-, . ...,,,.....,~ti••-- _. ~,._. a!:..,_,, 

ex...,_-. of~, ..... ,: •. ., • ..,.•• ... -..-,,;t111t,....,..., 
•~ }.,.),• ~ ~ • ....,. ·•• ~--.. ,W,[«nulll]).5 .. ,._.,;'. 

exc;..,, .. In. trl~ . ._., ··••fl•n Jn'911'1,q,.._ .. ••111111,.,......H(wtltt,tt. 

~ -~) ................ , ........ ,..~ ......... .......,. IINIOtdne· 

A~...,,.~~ b~ .l1r•11■w .._.,.,...,an, .......... tlle 

oP--U. •tr•tw!I~··· • ...,.__ ',:l,y,, ,!U..u...,1,fici I •• , •• , ·,:., fN•--=-•r-~ .1ft 

perforalae, - ¥fN'Rltl!111 - PIIP-'b1'•N►,._ ■1i111l1 •-••·,._Av.,--• 
wtlloh ~ ·-·-~ld .• , •. 1111'., ....... tlJlf•I- ••v....,..aon. 

- ~ · .. , ;;~~. W.ft, ,.,:.r ~,: r' -''. ·)~ 

Newoo■er att1apta to.,.... the pradua._ ol .._ tablea by ex&lllnlnQ • 
, . :;,.1. ;-~. · .:_-r/ · ,,. ·~. ,·~--.- • ,·~~ ··~:•,f";:r. -r-..:::.~s ", •: ·, 

dNcrtptlan. af t1Mt t:apt 11N1011ine. He 1W a .... . .· NNd on 

• differ~~ 19.:w,,,,.,_ 1wl\:•1•1a "'' ••llln ..,. ........ - irom 
;/~~ ... ;,~: ,.' ,""_r/-•,,

1
~'>.-J•:•>( .· :,.,,.:_~:~f~: .<·,- _ .. -'-f·:~·~,.:'~~t,:r:: 1-·.,,:~);;'.,·~~,·$i..f.: ·{l-4 iJ~:l! ,-"· .. ~'- ·-~.'".':,, .. 

thte -.alt-~ 1py.,,,.~< ...... ,t.dl•s1t1otJel .... ! .. t_, .. chlne 
' • .· . . . ' ~- , ., ;. ,,t,{L 0'f!,.,'\ };';,tffi'a.jJit-t~~V,"f•."!.f.V .. 

deacrtptlolif IMt ooilaota the lnforlNtlCN'I ne1d1d. tD .... , •·"_,._•, The 

machine ~ . .,, •·: Nt (1f ca1 ••--• JU • ,..,...,•••tfotlj where the 
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... , .. ,.,,., ~--- ·•·"•• tt• .................. :'. ... _ .............. the .... , ...... , ........... , ,, .. , •. .,, .... ,:••··~. 
_,, .. , ........ , •• u,~ .. ••u'Wf;......,.llhii■llltt ._.. • ......._ a tlte baela 

., ..................... ~-••·· .. ·•• .. ·••'1111 ... ~-
Pem•• - -- ............... , ................... ......,. OOde 

...., •• ectrre .......... "• Wy e.111•••• tijlllltatlin , ......... la ·tt. 

---• IIPuqa •• Opl&dllt'II flPO) ii■-■• -·-JI· at :11111~ tffltfl•iN'IJ~ The 

___,. of;1M CIIPO Gl■JIW .. ... ID lllld4il8flilli1l'tlr~:-1tlili1il ...,_ la an 

---•• ••u•1• ••••· ... •• ..._. ••·airti11iil• a Mt of ddnlna 

~- 'that WV., - ................................... Into 

,...,.....,.... .................................... ~-tlon 

.. optllua ..... and .................. ~ .... ·---- .. 6',tftilltartlona .,. 

Iterated untl • tr1n11t'111 la o•••••• a.,..,.._ Wi\1111• the reeultant 

,,.., ... 1nto ,__.... .,.... • ., ,.,. ... r,...,.., ••••n». etc. The &PO 

COIIPll•r la orlMted towllNle Pl/Hll• ,.,._ - tlle ..,...... provided In the 

lnter'lll•cl■te ........ . ..,....,.",illliJck nriiiliWiift_Pl/fi,-., •••il11ttca, etc. 

TIie •• of;, •••N PMD••,,.. alllllw tlllOf.,..ot ._,. dat ••••wt on •~ of 

th-. ......... ,n. ... --···- ........ tfia ••• , .... 1l/Ml..,. 

...... i ... ., ........................ , ..... .....,._ •• ......,.., 

• on the pan.of the 90 ••••-· · · 

•ttteayntuflf ._ · ot•IIIIO• .. ••••beat 
....... ,.,PIJMllle ..... ,. . . . 

• the,e .• - .... "<., ........ --- ......... fftb>· • .._. 
oPer•t1an <• 1n ,,.,11 ,,, •• ,ea .... >. . • ur ... ._ .-. of 
...... , .. ;._ ....... , .......... 0 •• , •• i'l.,... ..,.on a 
atetelteftHl)f Matll 1111: ...... fLe-, ... la • ....... ,.,teem 
.............. ·_ ... · .JC(' '• .•. · ' 

• In the Ci1PO •-••• atllllu- ......... _,. ..... ¥aflabte -
optllnlzdone ..... - ......,_ prop ....... . reled ..... to ... 
tM attflluta 111....._ _,....,.. tin.,..._ .. ....,.._ IL/ML 
pn:Mdea ................ for11t1W.....,.. ........... ~ 

:. :;, i .,,,,,;1~ ~ . . .• . • . . .,. - , 
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certain eltuattana wbera the ~ woutd not be able to 
111n1vel a GGIIIPlo•ted ...,._,. of•••••• 

,· _ · , 3,~_,, :.:,..;;, .. ;: ~~~r ·i""~}r(·_i ::::·: ;~3,'.. .::h~:it·.~U~i~i?01 .,.,,.i;t: -~~:~- .. ~~t~: .. .1 .'. ··· ··, 

The OQIIPlexlty of the GPO CIGIIPler la 8f'8dy re41uoed fnNI that ,of awrent PL/I 
: . -?$:" ;· :_. --~· .', 2,-( ;.:) ;;:\·,;a:">l -: ,,/;.: ·,r.~, .ji~.-i~-~',.,. 5"t''~J .;tt.,:;;/l,'t;/fl~:',,)ij- t:~--1tt ,:•·t:n: ',g , ~~,: :•,.·· 

op~ cmnph,.. [Cerw] hu hand ••••tect tha ....,_. , '14 tm: cuea 
j {~-:::. ,"'? [":, ... , ~: ,·. 

uelng • eat of alaple d4!tflnlno .,,...,_ fw ttle ......... aperator of PUI, 

produclllg code which ...... or bettere that of ttle • apllillztng ~pier (Which 

lnaludN ... 8000 atat1•■nta to treat -,eolal .... of ...... ). Tht lncluelon 

of IIOl'e eophletloai.d optilllzatlona In the Pft)Ga■ec,r (of. [SchatzD ahould further 

lllprove tlleae etatl■Uoa. · Enoour~. nteny of ttleae ,.._ .... a,,Uoable to 

the fonlella prapaell In ttu theela - the tnorwecl ..-,.aty of IL/ML should not 

reduce lta performance In thl■ ar-. 

§1.6 Odlne of rNlalllllll olltlPten 

Chapter 2 la a detallect dNorlptlon of the lntenNdlate ........ IL: the 

ayntax of IL Is defined and the ~tlon of data ,. •wed. TM Nlll&fttica 

of eacll IL conetl'uct la deacrlbed and related to • _. of Ml ·anct the 

_tamt...,,eter. The ohepter conctudu with a bltaf tnt,oduotlon to the COlllplle

tllne oaloulatlon of valuH. 

Chapter a dlacua••• the conatructlon of • traneftnlatlan fl'OIII Ml templates 

that apeclfy lta context and. e-.ct. The ayntax of • ..,late (deaorlpttan of an IL 

progl'UI fnlgntent) la ~ ......... the ulllty. of wlld oarde ad built-In 

functlonl. Rulu for -,,plylng the trwMlldan aN ... tint the I. pNgrut are 

given. The ftnat section ...... a few •--• trwfllflldal•. 
' ; 

a.apter 4 preaent. • set of ...,,. ~ and aillulttea their 

appllcatlon by the metalnterpreter to a ...... ll. ...,,.,.._ · thla Nt ... d example la 

aimed at detn0natr•~ U.. .... of ~tructlat .• hi11,,._tloft catalogue and 

feulbUfty of perfcJnnlne oocle. generation UHII tile ll./Ml ayatu. 

Chapter One - Outllne of l'9llalftlng chaptere 1Q. 



The final chapter briefly discusses the metalnterpreter and the f acllitles It 

should provide then summarizes the results of this work and suggests directions for 

further research. 
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§2.1 TIie 111tenneclate .......,_, IL. 

tile· -.,_.,.,,.t• ...,.ae cteaetlbed 1n 'We" 011.1.: .. "' .. -.. foundation 
for a -..,.~11on ~ecfu outdned 1n ·sf.1; "l ~;-~;a1t;1eta1 ~mant~ 

COllfflOft to ... PrOOt•· fria :...,,qe-:to ...... 1an.-aaii;.\Na' ~ primltfv.'b) 

deecrlbe the ftoW '7i'~--and ·the -~"of'-~
7:.~·c';~ JtMn an IL. 

program. In addition, IL Mludee a Mcdlanlllll fer aooumulatlng lnfonNtton on 

particular os,eratlona and at.Grage cella tor" Jeter UH t,y~''ij,e: 'tr~tlon 
catalogue and the 1Ntainterpreter.' The ......... of ._""a~an~;:~f_,an IL 

program (e.g., the ---- ,,, ~atlone) ,~. in ..;~~~ ~~-togue -~ 

are ... av ... '~ .... tratiafonnattaM' ;~,,--.~~wby .. :~;~erpreter~ 
. ,. t .. ·. .·,. · ... - -~:, t'I- ?-?•--.·-::,, : .. · .. - •.. - ,-?.~ni,;~~-.,,.-.~.l'•~!,r~ '.:4:,,~·::· ,;;.r.:J.'\. 

By relagatfrig the ..,..... and Mohlne da,elld4Nlee to ··the traMfonlatlon 

,· -, . -· · ·. . . · ·. , . . ~ ,:,,, · .·: ~-:•)Oi~•-, ,: · :{;';<:~ i'"\ :. :,, .. ; ; : 
IL becolll• a aultable lnt.meclla;ta lanauage for ...... tr...aatlon proce... In 

order to allow OOII.;_, OMle generation ..r.t1ona · (tow
1 

~- OOIIIPRe-t1nt• 
, 4;:·•1' .. :. _, _•;'. ,- ;·., ~:-; 0\'.;..,,. '11· ~ ,n;~tl!'L·/'."' .... ~?. f'; ,',,, -?~:-, ),~·:•-' -

calculatlon of vafuia) to be ---• ·a,y the ~•'• ...,.te tlelde are 

'-t ·, _, 

perfonnln9 .lta anatyila; . 

:·,. "iJL >',-• ·- ,·_.;.>•~ ·:.,,, ·- , ': · .. h:·"i'"iitJo'\;'~ .H t}·,.,/, .. :t.1'!1 t3L: j ~:, '_ ' :i.. 

conventloria •• .. t....._. ..... for uae In ,..,-,fee fn .tat.. NCtlona. .._t of 
. . . . J:L' ·:., . ··; .. ~ :·· · .;J . 1.r: ~ -~:.· t'iQ(l-'•1 ·-... ··<' - - , < · ·' 

th... conventtana weie inspired by canvent.loinal MqUlintlal, allebralc languagn 

such aa ALGOL, Bl.IS$,· or wen CLU that are ·~ ~ •tldent Interpretation by 
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conventional whine ~ (I.e., ... nclllMLtdlJ tlloullrt of .. compffed 

tanguaoea). _lllne ODmilentlana wll be -lnapproprtata In pat for CCIIIIPlled laft9Utlgea 

that are not related to MAl0L (&lo, L,.,.►,· W ·.-.y .... theN can be eaally 

aCCOIIIIIIOdated by ralettvely .. .,,. ....... No ctlr'Nt ~ be.a __ .,._n paid to 
'., ·< . ,. ,, ']' ~-. '< 

the ape~ prabll■~ ■■■a•W ... ---~·°'· 'f19,!i! ....... whoee 

control ~ •--~ ••_,.IIIY fnall tllet. of M,.~-- ~!+~ ~ DYNAMO, 

SIMULA, etc.); ttda a■••••• ,..__ the blaa flf _,. ,r111• towards the 
' . -, - ~· - ,;. , . 

apecHlcetlon ., oomMMIDnal .... ~---. -~ ....... work wlll • this 
' ·- .... : -·• 

The wt Cal■Dl'I forll ...,,....._ la • 1lo,-, graph of 
, . ~ ' -
,;j ' . 

bulc blocJr.s Where •C!t Nate blook I■ ..,.,.. ~- a ~. acycllc graph or 

dag (aee, for eX■IIIPfll, Chapter 12 of [Aho77b]). Q. la, a llnearlzatlort of this 
" ·,•-' . ' . , .... .- , , .... - . 

conventional ........ 11n N.. atat■■ent iNy IIP■°"V _ °"" of • ~: the 
. - . 

condltlonat trwfer of oantral to ...., atat•••• (.._ oorreepond to the area - . . .. ~ ' .. ·. , ',' . " '. ' . 

of the flow a,apll); or tlte a,ptlodon of an a,..., ta lta operands (these . " .. . - . - - . .,, ~. . . . ' . . 

oell. st..Uarly, an IL etatwnt -y have one of two afrtMJt:a: ..,.,., of ~ or 
.. , .· .,- .. - ,._ , .:,·.• :. ~--,r-·r: :--:-~ ; '" . ~ ·:-,. 

the change In the value of one· or _,. cela, M we wll_ ~ below, It ta euy to 
: ~~:;;... ,_, .. , < , _.. .~ ·:,.•;·-r· :-r : 

determine the exact d9ct of a --...m; fNll tta ~ for■; targeta of 
:;:_i>· ' - '' ·. . .. ~; 

transfers of control and the Nt of call■ OMftltlCI by a sat1■Mt (lt9 lcl-N Nt) are 
' : • • ,. > • \. ,:': ~; ~ I ' ' 

A8 wtloned above, fl pNMCIN a soh•-tlo repraaanttt~ which la flexible 
, . , ,n:· , · .~ ,;:1:':. ·' · <>;_'.. ', .:.,: · · ',' · 

enough to be ueed for ,,.._ var,ano In level ~ eou,ce to lllaChlne tanguap. 
• .' ~.' ' ~ ' • \ ,' .... .- •·; ,,_. •• ._.- .,,,.. • < • ; 

To enc011tpua 81Jch a variety of ,,._, IL COUid not (.,.. ctoR _ not) .have_ IIIUCh In 
' I ' • • ' -• . ~S.. . ,_. • • • 

the way of bultMn •emantloa. The folowlng Net --•• lzN .. prlnttttva concepts 
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------- --- --~ ... ----- ----~-~-- --·-· ' . . . 

of IL: 

• 09,IJd~~lPMI. tr-.(,r .9'\ Q#IUol to,~: .,_, Mll!'8e-.•t. Jn U.. =•~I~=·;' ~--:: ~ ~-,•~~-;••~~ 
~- ' j :· . _:J ',_ ; ," ':~'l'i~.:. '::,. •', ;;:.,,'..~ ~,..,: :_, :-.· ,-

• appllC#lllon of, pn .~.· ~ _:_..,.,.,_ 'RWft"'_-,e:,119 ~ 
operatlone eupportad by fl - the •Ill,_. IINl8t. wure that each ~~~:~°"",f~• "~: ?w 

7 
,IP,~t~ ~ or- fMnih• ~:~\llitr~ .. •tWRt·~, ., , . , -., 

• fllllue atorege ~-by IMMll8d ~iie:'' -tt.·- Ctf- ·• ~ ~.-. 
the e>etent of ....... oovw the ... ll. ...,_. .Note that 

~~~E?Jlv~~#~'-~ 
~~•'"•a."p.a --1,.~--~~~f",~ ••~~•1!1,1•..to D\,l"'L or.· ·188. ,,.. 1N11118 of a oe,r..,.. _.. .. W.au.; applying 
th•.,~i,;.,., ..... H ' , - ;i~t-~•~.:.A-/Jlh ~~l; .... '""""''~ 
~ of thaf-~,-~ data . .. . .,,.,. or atnacturaa INY 
.... ~-~,,~-~~_,_-·~;pf,_~:; 

. ;:'r" ~t •. . . . ~- -~-:-.:.:::"': 
-~~~i 4 .,~~) ....... (, .. ,, •••·c . · 'iioh stafe■ilnt In• IL -. 

• lltflral• 111 the dlMII role. of ,...,,_ __ _.. (.-,atora, attrlb&4t• 
~~ ~ta.) ~:; ..... f.,N--■ f.Nt.11 .. .......,.,~,--)l 
The INMlng of a lttlral la ••------•• one ,... go no ~r 
~ -~19tNP~A~ lf. ... ~d .. l f¾,- .....- •• 
that lanoauohtflllll••---Mllue.t.e..,•Mllue·whoe• = ~ ~ ft":'!~ft•=-~ ==--~=: ~ 
~ ...... 

Th-.~ ~-~-.. Qh of._.~-•·--- detall. _dlfcU••lftO-.. 
PQPl.llar J1GnUAta_f..,. .. _... atnao~ ~.-..,ao . .- Mtltlld W·A, 

§2,2 Data In IL 

All data atoraae In IL 18 provided by na■ect oella • progra11 varlablea, 

lntennecllate real.Itta, etc •. are repr~ent~ In an IL progr• by a eel. Each c•II h~ 

three oompon8n1:s: 

( 1) an tvalue (naae) which UMllblguouely ldentlfte• 1.tle cell. The acope of U. ..... ,o,,vers .., .... ,JL ...,.._ •,!·Mt:.Mafue oan N 
structured for IIIOdellng arrays, atructurea, etc. 
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ca> a·-. °' • .,... ••••_.. 1111a· ••,t-,_:~·,,c;w··rv~•
Attrlbut• are .... for-.........,.,~M;·oiN:tt ·e.1~. 

la und'ected by --•-~ ll ••~ - ..... !! f.!9 wt ~ a -N1'11M ...-.. ,,: .. · .. ,,c .• • . ,. ',\ '., ~ • :,_,•· . > .. ' . . 

Note tttat no avtalllatle ,.._...,. la ~ tiy N •tiM.pr-eter far Cellsi the 
: ~:"." . ' - . /~ , -.. ,; .. :: .. :-,,.- ~ •. : . . ·, ~ ! .'.: :- -~" ". ~ -:_ . . 

dealgner .. r•■PJJOHi·f• ,. t .......... ~--·~. ·~· . .'Lz ...... a• (by . ,- ., • ' ' • . ~· . . 

lnoorporatfnl .......... --~•-9··•i111•~ .P4~). Thia 
: • . ,,., : f" r-.~ ~~·· ·.; '.. : -.. ·. -~ ··.,•152ltfl"' "i~".) .~ .1._""f- J ~ ·,.,, ,_ •• ~ 

IM)' Include alooatllll .. ' ....... ffat' ---- Wflllltfilt-,i■~ ~ ..... \era (for 

ahort-llved lnt•••••a-·...-t• •·~"1 .. !hl~,-iNj~~ (~'~f_f'IINtdlate 
' ~. ' ·, , - . . .' . ~,itt·- ~----3! .• ~· ·.,; - ,., .. ' , . ''"" . 

results ·~·•t Odap8'.._·~-~ .~ •'.~,u.a~·-··11.~.~xed 
•. f!O ~J · :-· t,__ ' , ... ' •• ~ '; - • 

addrealng). 

Mtfloulli an .,,.._ • ..,..._.,.., _,.._ ··•,-. It la not 11ecessarily 
·.J . . -.··,. 11 ·;'· . 

unique. A ·glWIIW·· NII MyL.._•to:.tlift lililN1 -;,••ffiile··~·,...,._nt 
• , . .- •,: ,. ,, ,- ' - . 't ' ,; 'j.. :<, -··;:. €,\,' .":-:, ,r ·"' ",.'}; ~ .'. ' .. 

expreuton · ........ • N M.IM ... ..._,_,.,.._ -~! •. a~3). ~: then on 
•. , • ·. ='" ' .• ,~~l):, ·:,-t):~". ,:.,-: ... ~ ,,~;:,::· _ ·, i:::, 

either na111a 111ay be UNlt lnterohaf4llill,ly. TIie ALIM ,-,u..,..atton •Y also be 

ll8ttd m ••••nt th ..,.,..., • ..,._., an .,.._,~, tit tiiiiy'e6urc• 

tangua..-~ ..,...., ... M1URMllll1ol/JI of''fiilllMNI. · .._ tibltlM(·'Howewr, •ac1r 

affaa muat be ••• explottly - thlll ta upfortacl ftlrll9r In 12.2.2 •. Note tt,at an .: ,. . . 

lvalue IMY be uaed u an .-and and tttet. . • an a,wand, It wlll require 
~' . ; ·.,.._ .~;r/'/·''"•. ,.; . , -~~:~;-"','' ,$,:' 

declaration of attrlbutea alllllar to ttlole for an Mllull (type. length, value, etc.) -
·.1·'. -·ffr~· ·) -.,: · · 

care muet be taken so • not to OOllfuee tv.._ attlrtbutet with ~•ue attrtbutea 

and vtce versa. 

TIier• le ,.,._.,.. ~, fer tlW ••"'81'lr Mlu!D"'ftffock' atructura). 
~. ~---· ,,.~?i ,;~ ~t.- . . 

Through a declaration of a variable of the .... .... In an Inner block, scoping 

allows shleldlng of a cell frotll •• Inside that block. . ,In practtc, bawever,. 
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procedure calla and polntere allow · acoea to _... which ar• not directly 

accualble u operMCla. Thue the orlGfnal ael cannot N •~• .. ~1~ 

while pn)ON8lna the .":-'-.block: a~~••!<~ t-,~~J•t.!"enclng 
,..• !. • .- :, [;,,,_+. 'ef; .,.c-.r•-•· .. , •• •"..,.,'; • 

both tlNI ~- c-!.~1~ NII ~~~•~.!~;,t ~11'1-~~ 
. .; : l< : ".. . . , 

within the, 'Inner .. block. .The ~ '~~-"~ "· ~. ~- ~.,"1•~ . . ' -. ;, ;,._ . '· -- , ... '. ~ .. ~ ,.- . .... .... . 

lnfonnatlon ~ '~ ~'.i -=~•[ -~~by .~~l~~ ~rf~ -~X 

the~~·.,~.;:~~ .cella ~,:,lffl'-~bY, .. ~~1 .,,,.J,~Mi-.. ~ . -~ . .. . . . . 

oreatect,.~Y ~• ~,1~ ~ ~ !~lll' ~•91" ~-~~-1~•, 
<P.,.. by_.au111x1ne,,~,;~:.= ~~a, .!'.•r•••t~)~, :~~, 

IL;~ ~·-~,,~-.. '!-i~! ~~~$:~1-1~~!)1-~•S,, 
lllltply objecte. 

lnoorporated u 

If ~ ~•,--~~·1~:/~ •. ~,,;~,,,-~ t;le, 

~~. ~\,• ~--/~\1Utt~.!~~~•S14'~.1 W- -••-.. ~~ 
lflfonna~ la•~:. ~~;,of~ ~~f-~.T~~b~~-.~' ~

attrl)utN to tailor Ule lllftW&ted ~;~~,'4!--~ f?l~<i,~ ~~~~,~ 
for ~. ~•:; ~1 r;r~=-~ .~nfJ'm~~;4 •~--,-"': ~! ~~ types 

~· •dcl~tal ~.-~:~i-•~•,~-1\"'f!Wlll',ft, ,::,, .. ~~~-~\

~ an 1ntee-,, ~~·~~~~~-~~~(';Tm"~ -~fl -'1t'"lP1~:. 
·, . . '" . ' ···~· 'r. " 

In practice, allulne c ... uov,>, lack of,~--~~;~ •ffl~~-~._.._ 
. ·.. ...:..:- .,J @ ~.£~ t:~1::~I~ •"'"> ,;_?:\ -~;, , ... -~ ,"\: ••hi-~· -· , _:-.. ,...,·•"' 11 .-· ,_.~ '· • 1 

and,, Cl-'>,,tnocm•I•~, ,~ ~ .. ,,ffl';t.•~·~~)',,.,..~,·~ 
:; ,I,. :· ... --~ ,. •• - • , .,, • ' • • ·, 

oonep1re to .. pr~ent"'~!'~~•~ ~- • 1~-. .. (!' ~:W- ~•~1 
lnfannatlon. In_ o~, ~~~'.-}- ~~p""'<~,,fffl- !ffi'M:fltqlar,f •.i"J~~t•: 
pointer does not guatantN that~~ to_~ calla"p\~,~• ... lt _. .. ~ .. 

•, '. ! ' . -,~ ~~-"":" ~~,i/ ~--~f•·,,f·J\{J· . , -'.":.:~•;t•;:f:0ft,.~1}lf~._ Jf ~ -~ '· .. ~' n . .. , 

noting here that the ~~ .,~~i ~~~~~-,•~ ~:~•ta.. 
auch •• RUlllbera, dclwlftl trwfonnatloa. to ■■llpulate oartaln ,values at compile 

time. 
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11.2.1 ..., ... 

~ PNM. a ...... MDMIII■■ fw u1111Dlatlng lnfol•tton With 

OGIIIPO_. ( .... - atelilll■ne.) ·_, ·• IL .....,..i. MtllMtea M■oclated With 

the tvalue ii,·· rva1Ue of_· a ... ...,...:_ ~ ....... ,· .. Ulld'ected by IL 

--•tlonl ...... lta _.. ........ alza, •. 111111'· ~ la lnltld)' 
",. . 

Provided by tlie ht plNtN at'· ttle caphr. o, a•ll■ d dul'lllg .tr..aatlon by 

;, ' ·~ :. ·, ,·1;,.. ·~~ .: . --L'-

~ ( .... ~ Wllldt. , ............. tile currMt -- of ttNt eel) cannot be 

alared •• an .. t111wtw'. MbW• . .,. tt.'··• ~--~ of • epeclftcaUon: they 

. . ' .· ;,, F'\.y. , ·' 

IIIOdel •~ and lnli■rfttld attrlbutN UMCI for PM■IIII contaxtuat lnfonnatlon 

about the OHt•tlclft ..._ Md eo an .W ,,...,_ ·· ,; · · i '• . ~r.c f;\ .. 

State■iartt atlllb.MII •·.., ~ •· rlllllWllt to· the Nl8Ult cell 't1J .};i~;~\:i 
·,., ... ,jv, .·,. , . ,, ,. •.· '''·•·• 

....... .- Moll atni■ant .,... a.lCIU••'••••• ot t11e aperator Ce.a., 
. , ' . ' ' .. ~ . - : . . ,;; -~ ·., , ,: . 

COlllllllltatMI, ._ Of • ---' 11111llllne_ .... ....,,_ .._ • tlle ...., state of 

the"'~ c-.a. • .,... ........ ....a ... ~ ..... r11r. ·._ -chine 

--•tar>. ............. fft ·---·-- the ~ ••• .;.;.11·,·,.;. ... for ~ 
.:.- . , ... __ · . ., . ;;_·.: :-.~lQ~t,t' 

Ir lna .... t.1dlt9 .._ pl■ne of 

' ;- _,, "' ' .• . :· . ' . 

COftllklw..,. ••cllln .. ._ 1u.,-, .. da,11•••• -. ... . wllttout· bulldfrll whine 

and .............. , .. ..,, .. ~-

t Dynutlc lnfor.lnatADII •Y 1M .atorect • tMrt ot tll& n,aua of a NI; In many caaea 
complle,,tlllte ~- of nrtllua■ wll --■Ille 1111a lafliH ,IMIR M .a.cttvely U 
If It were M il.ttflMltw.. Ml,..,.,, _.... ol .. .,_. f/1 ...,._J.tlan III UNd for 
optftnlzatlana wlllob . .,. ••• ....,,., ... 11 In ._ ■•tabla~,,_,~ 
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AttrlbutN are . referenced In an IL progra• u follows: 

,.,~~• ·-·•-~: "lwlue:11/ttrlbut...,,.,..• for Iv ... attrlbutN, 
•<Jttelw>:Mr,,..~' ~~· !~· 

E~ga attrlbut• h.., a v--,~·• .. .aQ. .................. ~·tL----nt by 
I 

~t-...,rt. For •x~ .. ., ~ .1,, ....,._ ·--••· .._.._:,tllll 
-~ ~ Jllabt,b\,~~~-,.-~ --~-----· "iJ.t'.4D 

The flrat llne tndlcat• that the actctrN8 (tvalue) of Z la • two byte ~ 
. . . 

Integer - tide lnfonMUon wll be needed ~~ . .-C~v.,-tonlMtd by aome 
• . ~·-.;.~ i '-!, ~=,-~i;-;:,. '.Ji{~}1 <.:,; ,' 

tranafonNtlon If Z ~-.,··•··~:s""1NIJ.~~ TIie ~ line givN the 

lexical level and •• -;~~if·~--,-~,li,litti,., ~~> .. phue of the 

C0111Pu.r or a trWforlNttaft 1f1tled ..._>, a ............ ...W M. lno~, In 
... . ,.... ,. t,,r

1
,~·\) ·.4-~- ,: ~ ... -,'~ f!/ (1-f~~~~!·,t,~w~-.e-m,!lf\_e-~t>: .. -' 1•'.'~~i~·~-h.,» .. -•: •,-,; · .. :~i .... :--,·' 

the trwfonlatlon ~ ~ ;~ ~--~~~-~= .,•~f:~•~, °v'v l ,-~- J~ 

-,tio",· ··.~· .. , ~ ~.'.~~;,~~ ,:: ~f~~-.~,-~ .. ~"~~~, 
and haa.~. rMI. ~ ~ ~.:~~: ~~~~:,~-.~~\~~' 
In IL; any ~ ~ ~ ~ ~!'~,j<~1,¢-!,~~-~.~~(r:J~•:i 
lnltlallzatlon of ra rvalue) wlll be cap~ed In .Uae .tr~~.~- ~ 

~ _ .- ,:·,~;·t ,_ 0 
,:· ,. ._ - _:\ ·--~;;ir:::; ~,.~·- .">t'-·1~_;_.::·;."7~: tP: \:1$:-;~lft:"i."«~~.or:: i~? .- · t" · ~,.:: 

•- la true for eaoll of the attrtbut• dNorlbed In tllla ~•: In IL, their 
· ~- ;_.:· , ., :: .<r .:·:_;.-·iK>::-~i~.::t;--if'.-'.t~.>ri .... · l\---:-,:~~°l-;_.~~.:"-~-;$il-J -..v~rt:1~-":_:...'f -.:,,:;<.j 

valuea are allnply 11taraa. - the Interpretation . ....._.·~- tt....■. _In ... ,llXl>•~J.c?.•t 
• ~ ·-,-:·. ·•. '._ -,, •· '., !..'."~.>,, . .' )__ ,;!5'#:·} :r,ftf~ i;\_';yJ_t._..•t:•;.,_-:: '~' ;-~'•-'' .• !-t ,,}··,; i ·, • '-1_'._S'l'.J' 

t ·TtNMe ... ;.,......,,._. .. vMlWIM Wttt:iliftaa,<t,.._~ of"a:c•'ft· =~.::=::=-=::-=~,----.:.=}· -~-~ 
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§2.2.2 Structutllll of ......... _., value• 

,.... abllty to ....,.. IVIIII• (and .• ..., ~ rvalUM) dllplflea 

• ~ of ·. • fMta and _..tlane 'Wlllcii•· ·afict• one or more 

Oll'.NllpGiMftt. Each e1a,aMN11 Ir. 1ft effect. a ...,._ ..,_.i tta type, size, and 

other attitlMttM oan ~ flllll.._.. ....,attlly·fNlil ... of other eolllpOnenta. It 

la al8o paealble to .....,.,_ ..,.tlclM on the ...,. .... data u • Whole, changing 

all COIIIPOl•tl'la Inane••--- A o•,o. .... ~ le ~JJ-W••pendlng 
'~,., . " - - ' . . ' 

eggreo,n_,,... HJIIINt'. Fw ex · · , ff A we an amry ~netonad ft'Olft 1 to 

10 Ulen 

- . ~ ~ _1· 

Note that · · · Nt,.._.> la ---•• ti~> • or -

either form, ·IINIY be --............... ly: hi ttle laet ·.,_, ••• w• Introduced •• a 
f·. . ·~ - ;: 

convenient abbreviation fiw •a1t PIHlblii. GIIIPl•a'nt Rl■■II, 11 Of OOUl'N, ... II 
·~ ~- ,,.q ' 

never actually ~ INlt: rdw ...,,.. • a wM Gard ...,. MNlvlnel attribute 

referencN to COIIIPOlleflta of an , •• ~ ... te NII. ·.,- ~enr•e. <A>.• -.SM UNd 
s I"~ ":+ • .,- _-. ., 

when referrtna colleotlwely 1D .....,_ of the array, • ... declarlnt the type of 

the element:8 (a88tlllllng A la h1■a11neoue). 11ul, If • p,egra■ contained the 

definition <A>.•:typellboola1111 then the attribute ,.,.,__ <A.>.3:type oould be 

ruQlved to 11baalun.• <A).• .-.it M :U-,.~,!Clf.;# • .....,_ ,.ref-...ce la not 

equivalent to W:. •~ ,_ • ....... .;.,.. . .i.;,,..., • ., ...,.a1.91y flour. 

those of tta ooaponenta. The followlnG IL atat■Mnt llluatrates the attrtbutea which 
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mlQht be anoctated with a declaration of the above array: 

label 
A deolaratlon 

Note th4t the•WIPle ...... tbllt,•th•·~ A·w~an atfty U):•-,...feng and 

thet the ... ~ -"1' A,• .,_.__ ••lln•:tnle- (jlllaf'Jlte ant ,'Othlir .... ~; 

nw·. third line .. ~ ..... , A:lllat.lnd ... ..., WJN' --✓•• -- ..... tr, 

eubacrtpt ca1•.-. .,. ..,.,... ••• ~.-. .,.. ... ..,.. .. r -.-flnat·lfte' 

.... - type.__.,.._,., t11e·•1-f1 .... .td,._~.h:,tlf·Jd1eia- ... 

•t.trllMft ... • be • ._... In tllla>,.-y ••••••• r,·•-. ..._,.. N11n'1t11ale to 

.....,,. ,._ .... •rntlw .....,, ......................... ~i1n ...... fft 

CIP4N'•-- hM .._, rw--•tt111utee .. ,.. Jlt •111•• . ._,,,... W .., .• __,.. 

CUinG - a ...... op 11•tion,,,e,...ct1dlldl ... -., .... t ........ cffeCelv .. ,tfie 

..... v ..... t • .,. ........ ...,.tlan. 
In uny caea 1lle ,.. netatloft• •· 'tlCINI ...,.,flal., 'INmf; .,.. d0ffeepandl,i01 

. . 

exp•IQJI· for --,le, can-.ld•r .tfut, fti.)•1.._t..,_ ~ and~'.1M ~

reference <A>.<l>:type (the type of tbe•l" & . 4 tMnl-~Glf:,A); 'lfte,..·tlrM' ef,U. 

d~__, lnc:llu-· .. t ._, trpe ot ~-.;,.........,.. •··· ..._.••n" -wid so 

<A>.<t>~ oan N rea11N.a,,to "INldIaa• ··••dilft·flllltllW' ..._,. •:If,.,°",.., Cfther. 

<A>.1 :typ•r&1a0Man, ... ... Niliefllttort -~ '(p.<l>:type alOalt not~• p~d without 
- ~ • ; ' -,1;• ~ ' ,-"., h '_,.,. > •" > • 0 

more knowl._ of ~D ·(tfte'__,_ tJf tta. ~t). !ven thcMWi·..,,... checking 
-·: . i .,., .. ,.,. > > •••• > • . • 

·¢: ... ::·., .• ,;· > 

the metdlterpreter with apeclal -~- concerning •ttrlbut• of array 
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auNCrlpta, but tNa. • ,.... 1D uttdeelrable ........ cl■PNNnelea In the 

INtalnterpreter. All In all, h n1,: ....... o-...• INICh ~ to the semantics 

ca·•w to wt~-- •f.-- ••;.._.. INohanlzatlon of attribute 

reeolvtioft, 

°"' ... Wlllall ..._ .._ NIIIII•· l'llt • •• ••• .a fe+, an amay 

_.IQlllll•nt tD<A>)ere ,..,. ............. ._ nilld••ofttte·~ (e.g., 

<A>.l, <A>,2. .. ,. <A>.10). ,.._ DlhlUN •·-- tftM • ...... lei a GOMpOl"lertt's 

dl..,a f,_ tha oonlllu■lan ,., • ...,. __,. ,_. --~••••1111 of at9tbutaa}. The 

effect .of _tttle . . '4111Di-11118 ( ... cllca1■1-drt fl.8;1, • ......... Of •klll Nt8) 

colncldea with c-o111■an practice; • chan8e In -~ ..., .. t1t1■n111ete .-,, -.C,,ary 

aoplee of the..,....,_ (<A>) lllut.ahlNlllf IIDtf'..-.et 1Jt■J..,,. c•• of other 

00111P01MN1ta <(e ... , <A>.7); aft the -- flan4 DllllftO■■ In. --:•wtlole •"•Y· ~ 

lfMIHdata •••rarv capt• of -. ••••MHtt. 
A,a • 111111 ex...,._ ., a. etruotwect eel~ eDrtal• r • folloW:.,g ••riea c,f tl 

•t&t-ertta ( ... 12.&a fiw aatalled :11 ■■ 1---of·ttt.W,-~): 

X ..,.._ 

ALIAS 

J ALIAS 

.· x..,. , •• , ....... er. "-•••2 <>O•tw••••• G0..,_"4 
X.1 J;twP11t'"\t,....,M91 .. r ldlln•2 

(f):-• ....... , <•>=--2 
)(.2 '. J~._,,,,., •• '-".... Jteizea2 

<J <J>:atz .. 2 -------------
In thle example, the rvaluee of I and J overtay tM _n,aliae of X _(ttMt ~netr has 

..!, • ' ' • < • ~ 

the resPoMlblllty for IHklng the atorage allocated far I and J overlay the storage 

for X In the tin.al translation by •ddlnG appropriate tNMtofMatlons to th 
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catalogue). Note . that although X la not exploftty declared to have any 

componenta, aUuln9 I ..«I J tQ X.1 and ,JC..!_ • 1 OMled thM to become . . . ,. . ; 

componenta of X. Thua, ueJng the rauonllii of-,_ Pf9C!I-, paragraph: 

(1) .ohangu to the Nalue of X Inv--- the ,__ of. I and J; 
, : ,' ,;Jl.f'1t-i •. .~"'-

(2) ctlantea to U. rvalue of I lnvalldatea tile rvalue tA X. but doN not 
at11ot-.N11111e.rJr411d · · ;· "'"'~-. · 

(8) changN to the Nalue of J lnvaltda~ tlW• Nllllliii., )(, 1,Ut; .. dOee not 
affect the Nalue of I, 

The flnal two condttlone ahow that I and J are ·ll'Nteratood to be ~joint. Theae 
, ',, • • •: • -· '_: • . . ' /·- • ~{' ':;; • /.!", f_ .;"4"· f:· ' > ' ;::, . '. '. _,., . " ' ('f ,i: 

three condltlona are juat the -•nttca one •••a•tea·wttll overtayecl atorqet. 

§2.3 TIie syntax of IL 

An IL program le a sequence of atat---.\~-•- (d. tokens classed aa 
, . ' . ~-- . "·• ?.:-.•·",,_/ :·_ :1tj.\, .... i 'i-.~1:i!I: 17 ~~- f. ·:. ! 

Nterala, lvaluea (ttMI ·,..._ of •·eel), or ~ fttli ~ .. of the contents 

opwato,,to•~ lvelue),; a.,. ........... ,.. ..... S ...... '. lft•• It, ~ift 

1e turt11er .~ -~• -.._ .,.,._, ._.11111111;·.r,,...._ .. _-....,.. ........ ; .... t 
be· Iv--;:•..,.._,..., ......... •to11i1ni!f_,.n--,a ----f~ ... niay 

be any-lavar. a..- tt1e,a-.t1oellia .. lAW..., ... 1fclltt'ol.-..-of~; 

IL JN!C!Md•e·m M.,._ fnttapf•lilltklfl of cf:..,, ,_.,_1h4n-.. •--•f·ll • ·atllllar 

1-: a BNfa ·llllltha ,NUtd■a any,~ llllt 'ot ·tfle ,.,..,.- _,.._ ........ 

Special tflltw .. v.aJld■d1D .... ~--..,_..,-..,~ 

~ wnttlft--an a. PflDII ••· ·'RleN ·-•••· .,.,.....-111 tlll8'-'IIIIW •·• •tukt•--~ 
••ldoelrref ...... ....,. tt,· .. ,c ... ~· ,Alfi:'. ......... \,_;,..,,ferffl: 

· .. ~ .. ,.--. , __ ,:;· ;,., ,· -:.s.:~·~,_;·.,;1c:.··-;:,.-.'.~;,"(';:_·, •... "''.' .. ,.'· · ... 

t No provtalan flea bMII _. te ahow how 1lla . ..,.. of I and J frolll 

a new value of X (and vtoe. ~.2· .',: f~J--,Ml~•t~. 
atorage alloaatlaft • Mllhllte N111r••• . . . . . itcl . ·_ , .. t.d to the 
trWfonllatlon cataloeN, luctl trwb1Mtlollll ..,·M·..-,ated.at · t1111e 
frolll the ALIAS atat■-nt thnNlflh the uae of tnn■tarmatlun wroe <•-13.?). 
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Label Operator Ooerands Attributes 
X declaration X:type•lnteger X:slze•2 

<X>:type•lntager <X> :slze=2 
y declaration Y:type•lnteger Y:alze•2 

<Y>:typ .. lnteger <Y>:alze•2 
z declaration Z:type•lnteger Z:alza=2 

<Z>:type•lnteger <Z>:alze=2 
C1 constant "2" <C1 );type•lnteger 
C2 constant "3" <C2):type•lnteger 
T1 greater_ than <X> <Y> .. if_goto <T1> l2 l1 

• label L1 
X store <C2> 
y store <C1> 
➔ goto L3 

• label L2 
X store <C1> 
y store (C2> 

• label L3 
T2 add (X> <Y> 
z store <T2> 

Figure 2.1: lnlttal IL representation 

Label Ooerator 0Deranda Attributes 
T100 equal <X>:type •1nt.eger• 

... 
T1 add <X> <Y> 

The Italicized tokens are literals; the rest, references. In IL, literals are nothing 

more than character strings - Interpretation of these strings Is provided by the 

tranaformatlon catalogue and the metalnterpreter. References "refer" to values 

established by other statements - they provide a level of Indirection. The prlnclpal 

difference between literals and references Is that the meaning of a literal can be 

eatabllahed at compile time whereas references often refer to values that are not 

known untll execution time. literals are of central Importance during optimization 

since their fixed semantics provide opportunities for compile time evaluation of 

operations. Some references (e.g., <X>:type) may, depending on the context In 

which they appear, refer to llterala; In these cases It Is advantageous to remove 

Chapter Two - The syhtax of IL 33. 



~ ! .1 If 'I" .. ·.I I ·1' If I : g i : ·I ~ . t . I t :s 1 :.. 

I ie I 

• I ! i 11 i I ! t ; . ~ •, 1l1 ; 'CL·,; i I I 
. f - .·• ll .,. _ t,'I • ,. .. 

r .. , .. '·· 1 • .. · .i .. ;. ·.' '·· .,:.· '·· '.·; '.'l ... •.· •. ~ -·~, a ·."' .. '. .... .!1 ·.' .,, .• ' ' ".. '.. ~.. : I SL':··.· f 'I· ' ,, .; i ·: ·1 . . ' ' t . 't· I :_. ,I ._ .f J : I . ~ t I J· I 
t:=c r; I I 
t J "!f~ I 

I .. ! ; 11 i l i f I! ! i i f ift . ai i i 
i 

! ~ I I ' f f f I t I f l f . ~p ~1 l 
I ~I·~ I I .1.-, t t' ,~ t.·: 1

1 
;rf !I l 

9. ! i I ·I I ' l · l 
;= °" , r .. .. I . f • .f 

! ! I I ~ 
I r 

l I I I 
,1 I.' .~ -1 · .. I ; , .. ~ .... 
I f I ~ 

· 11:1 
. 1· 8· .. 

· ... ~.- •. : ... ,~; . ). ' . •' 

.:;I s ,· a' 

till 
l ; B ! 

~t 
t 
I 

j 
',\ 



•K,D11 where K la the klll ••t of the atatNHlftt and D the oorruponcllng defined Ht 

(DliilQ. Wbefl-,"8•-.,---tnt~-•-.,,..l!l•~.-~; ·,. 
_,. 1. If K· ll·ellPtf (lfllt"--O)t1tNitf1) 11 ♦ . . ,i 

\ 

011N 2. tf K haa a alngttt -~~~nt.QKJ • 1) ~ D • ·K. 
--·•· •£ • fll J;.fc,tflwflJ,. f. "· .: :". -':,,: ~:·••,. " 

1

"4 011N 4. tf K • (•} tllen D • •• ' ,. ' 

Considering only J~t....,.. that aff,q~ A\.:~ ~,Rflllll -~, UM, •~ In 
< .- - ,_ ¥ ,-. 

~. i.1 fall Into tllla ~), .~•-J~ ,._.~ ~..., ,fo,r .-~,of the 
. . . . 

above cue,. 8~~•--• •~.~. ~ (--...,,~.,. ~ ~. ••· oqv•red

by cqe 1. Stat.....,. ~ op4N'a1;QQL~., ~'. ._.,,k -•~ <•~ 
multlp~, •t~,) fall _....r c_ue .2, tbe ..,,..,_.,..,..,-.. ~ kql ff,t ,la,U.1"'•~:,of. 

the cell where the rwt '- •ad. 11\ll _ _ __ ·_ ';OIi, • :,/flff/JP ,Chtn9" -by. 

•>.t8C&rtma .the atat._..t,- ao -P • K. T..._,~ _ _.. ,#Iii, ,._, .fa:.#.,_ .. 

•~t-.nta,,~ -•Y!'- ~•· the ....- ~::~~'<''.--• do-- Mt ~--'M-· 

lvafue) - In these~ the 1.-,e1 •"~"_.. ..,..,_. ~-J. 

~-- ~t ,,..,. ..... ,that ~. ~ .. ,~o.t~• q4tlLln ¥mfch .. 

r~tMt Ill to be -P•~ !1-8·•·'~ ~ PRJR~M-·• ~ 91,i-.i,••:•;· 

~stant .... _crlpta. ';'~,eaoh-.~ ltl~K. -- -~,lflMd~t~, ,r¥•-"M 
may have been changed, thua It can no longer be ....,..d that It la ava11-,.) 

IIQ,wever nQ celt ln~K h .. :,:,a.n ~""fi (ft().,..-~~~,;~•·••- been 

c~d) IMl-,ce I D = •• In U. , .... CaM, '.,, •• pf •-r-:i~- /».t ... c.ala 

mlgM tie •~ ~!,~ tN, --•'"'9f•t: ~r••-·""·•....,•• ,,.....-
·oev._ In 12.2. ~ ,p~ Ma-~ .... .N: ...... -■• by 8P ..... :c,cell 

attributes (e.g .. type): -"1,-~ •v-w ... .,,_ "'-'1:Nlel .._...,_ .• wt,klh :-. 

~ute .~tton unre1-1'. Thia •'-' • c""" ..,. JiW •~ -•·• 

:~:..·Q~".::·~'·~--=:-:.::·~.~~--
provldad by--~.....,..... and retied upon_by ,.,. • ._,,,. to ~~-~oln 
laqguqa ~ ~, this.~~ ►..-·,~._.. •• ,..._,,,_ 

: ', .... ,,,. ,. . . . ( 
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unfathoaabte ••......_ fer •••• wtten • . ._. W oontalne· too complex 

an expr ... ton <•·•·• de-,Y ,.__. ..,._., ---•> - wben an tvalu• 

aubexp,...., "- Ill•••• UMtJ11l•1 It If •••·"- 111 ........ I. value la ... 
~ ' .{ 

and proceed frOtll ~. Tltla overly· OOM.v«taw lnt.,..tatlon may result In 

•- __...tfoft ......._.wt..., ... .,r ..... .-·..,.,.t1ort. 
Procec.tat• oilfl Mw 'the ......, ot • .,._.., . ..,_, _,. and 80 c:1o not tan 

Into th• cateaort• ~ UOYe, The .. .,..,_ . ., ··•••nta which form the 

body of the ,.....,. WNIY kit ..t· _.. _. ..:. . .,_,. In ••····--gate It ia 

paealble that K => D - ... ltl addltlOn, ,,_..,_ tt.t· Nturft a vallle add yet another 

element to O (the celi oontalMla tlle .....,_,·-.); 11te .aecond label fonnat, 

"K,011, .. UNcf for p,oceclln ... WIiie It .. ~ Pb••ltile ta COlnpUte thtt 

appraprtite taNt· ,by ex••-- ..... fl/I .. -■-,"Wai catc&AtlOn quickly 

beceMe ...... Mtv. ~ _ .................... • W11ite,i......,. celte the label 

11•,R• wftere R la the tvellle of tlii .- In . ...._. tlli ,.__ 'value (tf any) 18 

stored. 1'hUa tile ....,... of • . ........,. CN11'!19 reduced to lftvalldatlng 

previously oatoulated v..., for al NIii •••t·• one ~ tfle return 

value. 

Aa waa outlined In §2.2.2, It le ~· ~ to aUQINllt the klU eat 

of a atetelNftt to aooount fot· tlle ....,._ ot·•r••- oMa. Ntflougrl the slZe 

of the kll Ht ... , ·be lftONtllld, N ,_._.. 11M •--•ted abov• r8111111na 

unohanged - auentlally ne MW ·nllJ .,._Nini'.., lo a. ldlf a.t, but only other 

lvalues for the afMated Mllue(•). "Ale· ..,.,_.,. ot .,._,nttt11 the kffl aat is to 

expllcltfy Include 1'te Iv .... of .,,.,, CMlll whld Is af1tiiote41• by the •tatHenti this .. 

reducee the lfllOUftt of· ...,...._ ·per1brnletf bf' tt,e· •~W When ualn~ 
. . 

( 

optftnlNttena, • le would lead to· IMOl'rectly· 1rlanafortlled·. progrua - only the 
programmer le allowed to play havoc wlttl hie progreaf 
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the lcll aet. 

Th• followlna algorithm canatruota an au .. a11t11111t kill ••t K' fraa the orlglnal 

klll eet K. K' wltl Include ••Jv...,_ MM8ed to lvalu4li!.: In K ae well u the lveluM 

of..,~,--~~;,~;~~..,.-~~- ,~-~1'~,4~~~ ta~ 

between an a......-te and tta coaponentaz If an ._..... nute a,peare In K', It 

ref .. to the &ggr ... ta trNted U a .....,~rt{1t.~if1Yl.liy'coplea of the 
effllN ...... te . ......,. - -~eci)~- 1t"~i111~$i ..... ~m' an ••eoat••· 
~ ahoifd·-·1Ht'.,_lclltalcf,'~~-w.-~ 1fr~. For exaapte~ •A11 

would lnvaldate any ~- of· the arlay A bilt ~ «r•~t. ut,affacted; 

•A.•• WbUhf lnvatldate any ~rtbJ • O (lini;f,~/ etcJ of A. ·n.. 
a.lc,c:wlttB NI 

1. lnftfdy K' = I(. 

2. For eactt ·•1:r'UOtlWN lvallie • In K; acid 'e.• .tc>· r. -:,\i, lvalue le ,~:A-~,,~~· 
~=-=t;T11r&;W~tt!._,.,.._-y:: 
lnv~ted ~ -,,~ ~ .... ' :S-~ \",·.•., 

$~ t=or ••ch~~• ln_~t-~ any ~ ..... ~.,f\f.!t:1~}''·•.·/ 

4. For each .. ~~ •.I·'" ~ ... 1d41.-..,.to"' f(' •. , .!h-,IP'.l~t ~J• to 
· ..... thtt -·· ' . ·,. . · fdr HCil ·c~· ~ ~.;:,~- A.1.2:a were 

. an 9!9~ ot~1 ~-~~ ~.,.-.Jfr"~;'•~~-'•~M«t~~~~.,; . 
s. Rep .. t atepa a ~--4 ~~,nq,_aw•.,~ ~-.f't•••tf.P ... ~. 

The ~ ~ ~- K'_ -~ ~-~ttld ~ 1- (ar~~l~ 

•~rlea of ~~ •~f c~ the ~::"'t•~~•;-_11:pr -~ _of 

•xhlbltlon. ~t• 1vaiu. (-..g .• x.•· ---~v ""'•t,~ ~-,ffOlll the.~ 

eeta. The exa,nplN,,. ~ U..,,,pql-.r•~ ~;:In ~-.-.)~~~r. 
,o,'9h»I 

"'" - (l(J {Al. 
{A.8 A.4} 
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The meanlftt of an ....... ~allllllttecl,1>¥ ..... ~~•·.u.PMd.•it ioto: 

other IL or tarsMrt .. ~ ~- A _.., ••· • • IL .-,•1lDr • • 
11acuo - tbe body of the ..,. ..._ the ..... ot.M ••a:• In .tenaa °"' other, : - '' . . ~ _, ' . . ·- . 

usually almpler, openatlona. If ttle effeat of ttle ...., CM M NONIPlahed dl,,ectly 

by the target whine no further rc••••ent ot ttNI o,....,. la neo---,y; the 

tranalatton of the •tate■1m: la aa■11tMt1.. ~-,. .. h ~ ot "'- IMCf.O (In thl• 

cm a ...... qf IL ... .-.,~---1i(i_1.,.. - .. -- ••ldng 

the -~ _.........._...:..:.._ di ·-~• ·· .·. H ._ ,._ . ........,. _.__._ of tt1e 
~ ........... ;---~ ....... ., "' ,,QIIIIII-.·~ ~-- . 

11acro. If •ch upanelan la _.,INt to tatar otili ·f._~-,tt 18 poealble to uae 

general detntioM fer Nc1i Mcto ....... Le .. Mfilt._ ...... • ~ would 1lnd 

In an lnterpr.-. S,eclal caw that .... on ,_~ •-• .of. UMt ~ands 
, • • • • ~ ~ •• ,. , '•· ·r , , . 

would be explcltty .tMted for In .............. .,.,. ,._ ~tlon would 

ellmlnate thoM _..-. wNcdl oould b• perfot■:id at OCHilfl• ..._ Por exa■ple 

(Ne Figure 2.2), the •J.:P&!Ml:i fif • ....._ · .,.._ .... ··t.et the type of Its 

operanda and than perfGftl M _tntac,er or tloatlno ~ adiltwi • appropriate. If 

the type of the operanda GOUid h NtalMirMI at ·OOllplia ..;., ·this t•t would be 

aub8Ullled during. optlMla.... Altha- It Iii . .,. MOl■la"Y, UH of general 

deflnltlone greatly almpltftN ttl4I' - level of a ............ M _,. will be only 
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.. 
• 

T101 

,, 
T1 .. 
• 

T102 
T,1 .. 
• T108 .. 
• 

T1 .. 
• 

Tt04 
T1 
• 

Label 
X 
V 

T1 

Label 
'.-,c,>·'·•' 

y 
TtO2· 

T1 

<X> (Y) 

,,,,:~~ ., ...... ...,, •:.:.,,.,·.Ml>--•••·· 
()();type .JI . ,. ,· ''h! 

, U~ ... J,A·, IJJ·:· · 
l1 . 
<Y>:type ""1nt•1•• 
<tr1J)~ L2,,J.,I. 

<t-, :.-1.2:; ~·- _,y,·-.;: -~:·,J,:.. ~"1 

<X> <Y> 
L7 
L8 
<X> 

. ,<T1N> .. <Y> 
L7 

··lA,., ... 
<Y>:type ..... ,. 
<T108) L& LS 
L6 
<X> <,Y> 
L7 
LS 
~Y) •: 

<X> <T104> 
1.7 

, ,-: (Xj "'': ,:.: .,, ,7: .::-- 11f:¥ ~ -l~t: f. ~t~ ~'!l :t,-'jr. 

<T102> Ct> 
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a II__,, U.•- ... ,•••••·• 4111- .._,,.. IIPIP•• In the 
..,.. ....... ttaat •v -.• ......., ••• ._ ._ •• 

• ,. • "~••N""•""-••,rp •' . ...,•••-+ ,_,.,,.,,••,..,,~ • 

an •*.,._. ._,, mtt 11111WCltiltL1t. • 1afliltfl ;'9 ::•ancea 
.U.'1a•1 •--~fllt ... M dt?11 MIU :;::-w• i Cd~ llbte 
to* Iii 11•t•~ - 0.... ... ---W'lil~t• 
..... 11•.1 ..... -~~-"i~.;~~ Mti:ildllt! iif). tl 
...,..,. If ao...,. _. .. _. ~'• •---:,......oe la 
....... ' • <;,;;:}}:'1, ' . 

a,.,._ .. _,,1111,.J • f IClill .,.._~,,,._ •uMliitetJ' of the-c•ff 
1a n••••• ......... 111 IWllae -.,u•tar(wlla tlfllf"- lllllitecl) 1a 
...... .,·. . tJ.t.;,; 

There la no • ,rlorl fWft1aU.,S on ._ •••xtW of • ,. .. .,... IIXPl'••elon. but 
( .• ;. •, -~{-, 0 :< ! ,~,c ' 

we than one level tJf .,..__. (--·•• :....,> 1N 2 Aely have to be 

calcwlatetl 1n .............. t. ............... - .... ·-~ levet of 
.. : ·~l" '"''' 

lftcllrectton II u■N In an ..,.... 

§2.8.8 111•- and Al.Me ............ .... 

about ~- clltllcult (ar ......... 1.l tp __ . .....,. ,,.._'-1 .. fl PftJONUII. IL 

•tat•••• wlt!'.-~~~.,t~. ~~";~--,'-i~~ which may 

tranefonl them '!t,to .._.,. IL .......,._, etc. but ~- ,.,Dl!l,IIII_ ..,...,... In the 
.' ,, " , ,-.. _,+,. ~·--: ,'.],.,.~ ·: ··t,:~Jt>)!;:.f.~:.;"~- . t~H.1t':-_:: 

flnal tr ...... tlod_ · . .,. ·• tlilai#., .-.;ll!Ot_.. ~ trN 'i 'arE ~ ·••-te a111). "'~~ -~J'r.--.. . •111, ·:,.' . . progr 

The naw ohcllen tor''p■lllt .......... .,. 11111~'--:="'11"" ~ be UNd for 

other purpoeN,t,ytlte d11l111W; lit·ttilal t11i■ 111:·ia11uda111P11 ... ·W1t• dleplayed tn 

upper oaN and d ottw ,.,...,. S11 •••••• ...,. ~ . 

The atatement In wtllotl the ENO ,,....,_.,...,. _, • .,. INl'ka, the logical 

Md of an IL atat-.nt ....,..,. - ..., ....,.. fer tNd Nq11NCe wlll not 

proceed put ttlCa atat1■1nt. lta-■-rrte tolowlftt W. atate■ent up to the next 

40. Chapter Two - Ttte .ymu: of IL 



the matalnterpreter. The END pseudo-operation la Intended fof' uae at the end of 

._ ll progr .. end for INddftg tba end of·~ ·bodlal wtthlff: the 4h Pf'OINM; 

pr~ MIN tranafonn...,.•wtlt tranafate•tlotnw •·..-.:• rwturn • ap..,.,.ate~ 

Thia operation IAllkN no UH of U.,JeNI, aperanct,cor:a_,..,_'.'flllkht.,.••a,, be 

The, M-1._ PNfldo-op••tJon' provklea the -capalatllt,· .of• defining· .equlvalance 

••• of hHlluee - IIIY ••-- of an equlvaluce: ... ,.,.«wa lo ••-- rvatue 

(although .-oh ••-- •Y ,_._ dlhMat ........ ..___.lated .. With tt~ Thllt 

ape,atlon .. :-4 to lncloet•....,. d ,,, .... ~dA ...... ) .. _..,ad 
by "8 aourca ...._... .,,... .. (1!1.g., wltll tlle 4!F081W &GIIWJ..ENCl''•blti■■ant) 

or ... .....,._ In .... -. .... tat Ce.a.. ... •tl,d,,10_.CMtt 1t1at·two·cela 

IMJkl ,itw ..,... vatuei thte, typtaalty aocura dulln1 111'f,tml1Wen -whaft1 • 'MquenC• of 

,tatwma .,.. down ,to a -IBCMI fran ---~ c ... to, • 1eiQ Dhlqt .... the AU~S· 

QP41f'atlon woutct hMllcate •Ulat· ttae ta11p1rwy,a ••••_.,.., ......., eelt). tn •• 

latter cue. the ALIAS c..peratlon provldea a renuatng capablllty . te ·• U.

trwlefomatloni.....-. Thll1orlr-,of .the AUAS atatell8nt ta 

which oauaea the .~t••~~r,preter to p1~P~}~~~1 In .u.. ~I\HI:~~ fgyi~~no., 

claaa u lnlue2• Note. that, b_y def!"lt!R", ~AS ~ • tr~.-~ ~•t~~~ .. Typlcally 

/11alue1 la the new !value to be defined .net «ttf!~~~ .. ~'-,'i~, lnltl@t~itrtbclt••· 

§2.4 Flow of control In 1111 IL program 
. ' 

In the-previous • ....,." ;the eyotax and ....,.._,'.of,a angle ll atata111ent 
.. '\r:; 

W11P9 dNortbedt -Ulla ... otian dttacrllee ... ,,~Jdf;.c·a _'. ...,._. -ol tl 
. . ' 

statements. IL•~•• executed aequaM.11ty, ..... ••••1t trailafen of, 

Chapter Two - Flow of control In an IL program 41. 



OMtl_rGL Ttlle t11■11l1 cGMNII •-w 11111• •••••·• tJl b ....-,atty wtu-

alao cOMpatlbfe wtttt a wfN vartety t/1/t a.111111, · ., .. ...., ..,... , .. ,. tine 

"9ht ........ ef II DIUIIII 11). .,_ , .... ---· , .......... tUdRlr'ffl than 

.. OM,,..... • ., ................... ; ........ ~ ....... ;,--•d 
by data 18 ... , ... - •• ,.,.~••,., •·2•.--· ..,,,(·•---> illUlft' be 

_,......_. .,._ .... -... OM'III •1111Udl 41•11 •tUIIUif..-~ IUSS) tab 

........ of W. ilaJ)clllt;, fn _,,NHl■II •v: la•· 1,,-, -., ..... ,IMllulltidft 

IIIIHN•nt In~ ..,.,tlJRll!lr_ ad ... NfNG}lill II .. , .. 41:arli,.,_thM, • ....,._. 

ttltt ~• ....... ■c• WI II.I•■■ .. ,. .. ~-·-atllJUlt't&"IJIHift:'"lt 

progr•'· 

requlraa • "tranaf• of oontrol"' with ~ etat .. Mt - the dHllculty · 1n 

aCCOIIMOdattng tNa. conatruot In IL reflect. ·v.. ~di. ··~ a SNOlot. 

compiler for C(ilvwitfonal ---• perhapa wtllla ··-..· tatt.F· -~' hu been 

solved, tlle adlUtion can H ~. In IL. 

t In general theN tranefonnatlona only c:hatlge the evaluation order to achieve 
... 8NI, for . ...,..e,a-nltwu- In u.i,us••'Df .... Mv.....,..,'fD .valuate 
the op.,.tor, tn thlll way ttllt ONrdltlaM ...., wlliah eveluation order can be 
nrodflecl ...... t ...... ,.~1---- ...,.., ................. fn',,tHe' 
tranafonnatloft cabllooue, ,_ .....,... WIDMlld be ...,_ durin8 the analysis 
•• of·• Mlan.,.11r. •1t:11 "'•• ID ••••uot .. •St ...,.11...,ato, ffOflt tu· 
specification. 
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IL etatementa which cause a transfer of contrd (tr.,..far etatementa) are 

rNdlly ldentlfled: ·ttllt)( . ..,_ a 11.1• ln.;~1; fabfJ; ._ ~• diet this use of the 

label tleld prevents the· etatelN-.t fralll •··~ :(~ ,-_,...) a value, It can 
,,' .• ' 1 

only effect a transfer of OQntrol. Proceciur11 oak, .... fNl+d cllfferently: since 

control returns to the- .tet•••nt ,........ ._.,,,..oedure cal,they . are shnllar to 

orclJ~ •~t~•.-.M for -.pea1111i1-. .....,......iot:Ule· procNUl'a body~· fn 

~-3 .• J'.' • 9QDV911- fer,._ ,_.. _._ -~•■1.IIN4't«l.111 w ,....,. ..... :ftlattnG 

the aid• ·•••ota of ""~;Ah•, .,no;, . ..,dw :••!9.ll(lll!Dll,ty.•laclceted. 

Proceduru a,e treat414 :M .,.._led! ...... ._,:,lt\1_,,t ,_.,nff,'"tNI NOtlon le 

conc•m•-. . Not• ~ *'".,._.,_ --•-•• • • ~f.,..oontrat, ,ff:,wxeeatlDn 
can _concfftlclully ........ , •. • IJtl!III'.';, .._.,-.-•. tt,,,:tlllllll· be-- prwkted-- tor 

axpHoltty l»y ty#4'etl)t:,liCkll(aMt ........ · . ,, 

IL 11-tement. . _.... .,.,. . -...; • ··• •••• oft· •OOlltrd (target 

et.-...nt!f) .,. ....... 1W ,._.. ••~ lit-._<.._ 1'1d:. ;Ae; for tr..,., 

, 

• bu been PJB••t•. -.TIMt . . · . a .....,:,-,~the -••.....,PNter 
for: .qt.,..._ ,_..,.,ta,._c:..._• ... -~••••• .._.. ••• .-Ven ·tftlllilflllr 

a target statement la a target for • 9'Ven tr•lllfllr state.....t tff the 
..,... 1va1ue .,,..,. u w 0,11.....« llldt::._.._.,.111a,n1ta11t 
and the trwf• etat■■llft. 

, t~.,)t4""~.;,' :'f;;~J ··J' ,~t V ·:..;;_.'!j: r, [ ,:t;.,J 

Thia convention allowa adclltlonal .,...,ma to tranafer and target statements 

which can be. used by the aperator of th- atate■Mta. .The followlng example 
. ,;':· ri •· ::,~-:..r: ,,... \1~{~1,y. ,:,;;:, f,;. 

(extracted from Figure 2.2b) llluatratN the oanventlon..,. clearly: 

Chapter Two - Flow of control In an IL program 43. 



t:.-.. 

TIie 1rat ,illle • a •uil1'1r '91dl_.. --•-•itll 111Mit'__,, ..... _,. tnll'tllfer 

...... ,. ................................. l!Htfw~·• 

a ,enlale -·· .......... t.1a.• ···l··· .. ._._,,_,..Moand 
ett:11 ■ rnt; .It 11• n 111, .. 111111llll>fllti .. _, __ .... lHd. If M not ·poalble· 

ID ml,._ 1tle .... , ................ , ... Wl1ioft: elllNir'hllNfil 

dla•• ...... t11r •••• on.a.•••-•••.,•.,....,_ •r•~ (lllf ,.-..-

TIiie lwfa k1l1tt 1a _.. •a., - ■II I INQN'•r W'Oltlld\ift a· -...X,Mal• flow 

..... ,o;,e.a. .-.... ,.1111....__... .. ni :liHd• N''ilN, •t<41 SNlnllli 

__.. •re .. 111111alll11 ad fllr·, ... tt ■llfll AMIii ..... ,.,._. wNdll __,, iw 

Nied Gllt·llf ttle H■ltdtoa. flf .. llPlt•• -- Mlijot•l1MlbMlnt:,·1Nlt·f,rapb 

... ..- • U.. Nllll •--.. , ..., ... pata1 '111'1:lt,-.::•••--•-- Md'III 

updated whenever • trw Uan or ... ---. • tr_,• etat••ft: ·· 

12.6 c,1111111 ••• , ...... , • ., ...... .. 

One of the goale for tlle ... of IL a. 11D ....... ea■pl1 tlMe oalcutatlon 
'/::··{" '·,~ i'_;.('~ ~ ~~ 

of rvaluea. 111111 MCttan....., ....._ • .. t1•1111111n., .,,.._. (and Iv...,_) 
:-"~ '-~-'::n; \'t"} ~; ., f. 

U8in8 1.11• notatton ,,..,,..,ad In ...... --. 1n tN11 aeeuon, aet not.tlOn la 
: . ; . - ~ 

used t'O .....,__ INJI ... Wllu• ,_ a , .... ... 1111111, .... , If tlle rvalue of I 

ta known _to IHI .._, a or 4 tllen we wrl1a CD • {8 C}. tf tlt4t value of a 

rafwence ~ le ..._nown (I.a.. It cauld • MY p;aulal1 vatue) then we 

write { 11). 
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Occaslonally, It la PoNlble to further rNOlv• a particular reference 

axprenlon. If. <I> ~· {8 't Ulen 

Q).<t) • <A>.(8 4} • {O.;.t·<A>i.4}, 

lf,·on tM other hand, 1itle valQe of J ta ........... (O,:i•.~~' , ... 

(A);.<f);;:a (A).(11)1•;,4A),S. ,,: :; , 

IL r8CGfPllza•ttMI ,lllt.fta-. fon. .fl __. 1111 t pie • ...,.lanti , . .,_ e#ect, such· 

reao1ut1an ta ,..,.,_.,./..,._tlady. Eveft'1n, .. , ••••• di.....,._. llbollt'ttlia 

erring only In that It la llkety to be an overly con■ervatlv• Interpretation. In the 

aecond example above, the distinction between· .,.. u an abbrwlatlon for all 

poaelbl• component namM and {"} as the ,-,, .. entatlan for alt poulble values has 

been deliberately ~lurred. The Intent behind ... lgnlng llllftertc selectors for the 
I 

cQlllpOneflta of the array A la to allow tht8 aort of fellcttoua confuelon. 

As a rule of thulllb, the utlllty of the ...,... ... ~utatlon of a celra 

rvalua la Inversely proportional to the size of the value Mt. There are several 

contributing factors: u the size of the value Mt lncreuu, It becomaa 

lncreulngly unUkely tha.t any elgntftcant optimizations wlll be poealble fc;,r rvatue 

operations on that cell. In addition, uncertainty In one eel's rvalue tends to 

propagate to other eels whenever the flrat oeH la Ned •• an operand (the value 

sat of an operation la proportional to the proc:tuot of 1he value sets of the 

operanda). Such •dffutton" of complle-tlme Information la not uneXPected - It WO\lld 

be unreuonable to expect to perform all C0111PUtatlona at OOIIPII•. tllllef However, 

the prognoela at this Point la not enoouraofNls It would . .,.., thet large amounts 

of compH•tlme Information could be collected with little p~pect of a 

corresponding gain In the optlmaHty of the reaultlng tranelatlon. 
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The ,..._... ............. Pf'OIIIP'ta two •• ·1"11111111, DOIIIPle;itfa• Ollk:ulutlon 

of rvaluu la aubject to ... .., tit ....... ,,...,._ _. therefore rvalues are 

not aultable for Cflll ......... ••t•.e...,. ,wllt;...a ••-- an the cefl. 

The flrat onervatlen HIW8. u,,..,.. .......... ·• tt. •oduction of {•) for 

nralue .......... ... v .... ?._, n1•'1 HIii■■,_, llllt,.;,lll--·'84 .,.,,- .. t 

Mtrlbuta --;-·,U■IM.1at1•r••·--;·· ........ •·--·•··-.., ,.111tllde .a 

_...., .. for ........... 1119w.• et N ... ll II 4 slU 1111 I, 
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§8.1 fte trilMtarill~ cabilogue 
_ , ."'. · · ·. ~ ,, .· ... ·. -~ . ·,. ·v, . :~;,; ,-,z,;.. · fh,;1 1

'.. , 

A major design .gcijl for the IL/ML ayatem WU to keep knowledge about the 
. -, .. ,, ... ·,···.~ ··.· "- , ,·· '_· ;. '.-~'\'..'· ;.,i:! ,~~--~tt!I~, ~~~•;t,.~)t_· ,,_'::J ·. ~-.:~•~ 

aource lengUaQe and tata-t. ■aohirie separate from general knowledge about code 
, J •• , •••• ·,. ·_:,.L·.· ";--.4...__.,,. :-·.··,·:·· . • ..:iif .~f:iJ."fi!'~,;..·'f-.]r:·./·; _-..;:· "·. -:: .. ;~-:t·:;,, .. ;: 

generation. Thia WU ac~tied by .Pri:wlclna for • ......t. deacrlptlon of 

' . . ··:'q, '·"':' -~\ •· t. 1": ·· ... t,-.f ':6.1.,. 1;- ·,;•~.-.{'. :~•,1". 

after ··t1,e· tranaformatfon · haa been applled, the u,ctated ,,... wlll have been 

, .. , .. " · .. :•"•·., ; ,, .;._ ~!'Ls·, 

as attrlbutee or a new aequence of IL atat•••nts. The 
< . . . .:. ·. , . ; . . : .. • ~:, n' ·'.,';':,.;, :;.;('/./,.,·, -~:'·"", . •, . 

lhetalftterpreter . provides the r.,...lnder of the fr•.work needed to flniah the task 

· . "::... ·;---_... ·.·t., • f_..., --· • , }... . ~)·,~.74;~1/. <y' ;;:f~ ·t -~ , 

of COde o•~•tlon: whenever It exheuata lta amalyeia of the current program It 
, •• , '. , :- ·'~ , ~1~ • '.", '! • ·,.'_._ >; ·<'-', ~-·: '/ttr;)~o/:/;;.,;:;-/,,)•!~r -~--..i:.-. ~= ' 

returna to ffie · transforiu.tlon cata)ogue to gather additional lnfOl'INtlon (In the form 
I • ,.. , ' ,•. , .-. ,~ : , ; ~. ,··f . .:_.:••,\ 

of a •new• IL prograa tD an.lyze) •. ,,. .cycle of uatyeta and tranaformatlon 

repeat. a;MR 'the ttariiratfori· la --~t ... 
. , ,. r~ ,, , . "- ; .. 1~ i, ·. , ; ::: ~l ~~ ·::. . . . , : 

Thia chapter dfac .... the tranefonnatton catalog\NI and the language which 

serves .... bula: • ■etalanou~oe (ML);~-~ll p~~~ t,'.~g1119nts. 

·\ --~-
0

' :;>.'.·"':r1:;ltr: .;\:t.2 

statements In which he Is Interested. Thia claN can b• quite large (e.g., "all IL 

statements which have COIRlftutatlve operatora•) or quite amaH (e.g., "only 

statements which apply the elne operator to. the ~ a.14't60".') (\ef)•n~ .on 
,, • .·:- •_-{t'i:1..- -_,-.-:--:·1·~:·~ 1r,r-r f~'i\·· ·•. ;-., P,,, ... 

the applk:atlaft the dMflrNtr Nu In mind. , .... ,.;of.--. ·ciua of"it' tr..,...n~,: . 
Chapter Three - The traneformatlon catalogue 47. 
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§3.2 ML1 a language for deacrtblng IL Pf'Oll'8III fr..-.nts 

ML •·••IIJl•r ·•·-- ..... ..., ..... \'li ·tta ,Wlflltu'{SUNUIIJ8a,that of tt. (t.e., 

an IL ~t .......... .tat•••> arid; la, •dtlhlri~>f.t __ ,,~ 

m•t~..,.. to ,.._._JL ~ o, ......-.ii. TIMt _...,.bela·,.CXNN, In 

two -vora: wlld oa,da ·-~ -=~.- ."dod,t ·~ llt.Ml!li---~, and cala 

to .. ~•" ~ "~t ;a{klw .ao~- to ___ ,_.41!1(11 Mt""11Mllf~• twt.-. 
of JL progr ... --•ntlc8. UM"' ....................... ......., ... _ 

geaer4'f1Zed IL program .fr ....... -theae ., ... ,_-:;_,. w '.'...,.,_., thM •n fl 

Pl'OQr4ffl fra(PNAt 111,c._. tlJe,,...,._,,..,._. ~,-n._. at h■ent 

components In which • • ......... ~ --..:.eaallt-rta apaalfr ._ · · 

componama>, ·. 

However, the cl.r,1rw CM .flillW,.911I•,..._;;ce~ u·hla 

only ace~ to the INaning of an IL •••••tt. 11,tta ~,,._._._w1un9v., 
bullt-ln functions are avallable (aee §8.2.2). Since the· aeparat• flelcte for klH sets 

and attrlbutee In an IL e.tatetlMNII: ..... to be •• far u one CM go tawarda making 
:i,t;":'.f • ·}~;,:,·~~H'f:r..H:"'>,_~-!/,, _, 

the syntactic form of an IL atatelllent reflect th4t atatellNtftt'a aeaanttca without 
-)· '. -J~ :•.¼- ;,,__·.; ~tfitf.f) . t ·"iZ~ · 

Hmltfng the generality of IL, the Hlllltfng factore •• . ttte ca"INlltlll8 of the built-In 
. _ _ v·-~: ,'"t ...... _~\;,"' -'"t' __ .... f; -, '\. ,•c ;:'1{'; 

functlona. The dealgner can det•nnlne whether two 11ter• are the MIiie but 1tay 
~-~· ft} ~.:,_ (;?,--, :',~:-1 

not be able to ftnd out, for example, whether 1;be ..,.,. root of • Uteral la an 
,·~ •::, ,--~~{;; ' '·,. . : 

Integer. Then rNtrlotlona on tfle ...... of.,.,...... funotkJna are the moat severe 
• A 

llmltatlon of ML: buldfna In .. ,...,.ge- and IIMIOhlmHlpeclflc predtcatN Into ML la 

ruled out as thf• affecte the ••Nllty'-.t ·tlltt-11)18t .. 
1tM, ~;~tety, It would 

. . ' - ':· '_: : j( f· ·-.: · .f:-~;', ,_"<: 

be lmpoaalble to Include all t1Mt-19nerany uaetal;functtona.'-"'C.~ we be accuHd of 
'f- ~-( :~: ·:}<.>.",,. :7 7;;~/·-:1. -• . 

makl"9 a mountain out fit· a IIIOle1tlll, ft llhduM 1W ,alnted. ouf" flla~~e rNult of these 

Uanitatlona _ .. ......,_. ~; ~.~,--•o..._~,~--·•OOIRPUtatlona: 

•f)tN)lflN In th4I IL ,,. .. QOM/", be ~ .,,eJll!aua...-.• ...,rMt•. aoMAUtatloMI 

Chapter Three - ML: a language for describing IL program fragments 49. 



facflt:llls ........ ._. a .,. lntendl■d: ·-• __,.,,,,·••• · - of the 

t,•llfonlatllll ancti1--•·la N - e111: ... -•-•·•-.. ~ ... Ml 

takM tta. ■Id-■ ..... .., .......... nlllla}flilb--, _, ......,..._-~._,. Md 

,--1n-,.,.-. _ ••• •••••• •--•-_.;---,f,Jlnlfllis.l'.,.t- M conetructect 
frallt, .... ,..,: ...... , .. - ---- ......,....,.., .... , ~. ,,. .. 

~ ·to .__ ........ _,. i-lldUt· W '1'111Mif ... ,_,;,_. 1ot ... _,., ~the 

~ ; ............... ,. - ·••Ifill•\'• tlPPflo•U.. ot·• 
··•••---t .......... ·••■fl .... ,-ft\tl (t.· W,I\ ... }. Wtlliitd- t,anefate aft 

..,,,,, ..... ___ --· .. ., ........... ~. 
§3.2.1 deeet'INa wN o..--; 13-2-2 ......,... ... ex_.. blalft,,,fn 

f-Unctlane. -blMplt;·-· ., ............. ; .... _____ j_,.,. et ... ~hapter 

sa.2.1 Wlkl ..,. 

Wld cllNI ~ are UNd • •~...,_ ~ an Ml etatement 

wherever • apea"'8 IL 0111111ornent would a.. • ..........,. - the wlld card wtll 
i , ~ •.- . - ~ ~ : .c 

atatementa ...., UMd In a IN1:tMI; to • .... ...,,.. tllte ..,._tlca of • 
--·-, -· t;,,r? -<h .. ,:_ '. / -. . ; 

repface .. nt _.. ....., (cl-•- .,_ IIIMCiltbN Ill •a.a). 11lere are four forms 

of wlld card: 

f!r1" \. _!I,,._.~ ,.._-·---
,) #M .;fi±.t wet•~ i_,.,_ .,i' · .u ., 

•--ll-·01.1,an• 
.,,...,~--- h -,;-

• •IIIUIIIN., I: <JIZ1f ... 
. ... '. ........ ~--••-" . 

,..,.,. •-• _...,,..,wr·wiMctt.--UNcf'e·••i1:litl''..._•" lflllttl;te wild 

_.. ....-;-tn • ._,.....,..,~,...._••"- .,,__ tiliifli''• alle .-ad lrrthe 

reptecelA8nt to refer to COIIIP o.wte -or atat11■1nta •tohed In the pette,n. If a 
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given wlld card appears more than once In a pattern or replacement (I.e., two or 

more wild carda with the HM ~ and netN) they are ur.dll:1c11■d 'to repreNl'tt 

the ..,.. IL QOlllf>Onet1tr If Ulla·· dupllcatlon oooara wttflln·~• r~m then all the 
. ' ' . ~ -.. )~:'.-> ~~:.~:~:,:: ,o : -~ :.;,'.~~ ••• f, 

OOPlee must match fl ~.'With ·u. ,_..l'IIAtM•dlllon ... :_•·· · 
The ? and t ~ .. qJrda ~,• a ~.-.~(~-~. or •t~~..-ni 

reapectlvely, '·•~• for eaqh ? <•> ~,re ·muet .be J. .~JL }~0111PoQ,ot 
• • r ,,.!: • ~ • •• • /' • S '• Jf ".., i:•_,~~ •' ' •• •• • 

(mt..-,.t) In the IL,,,. .. fr~ ~-~~,,,J9h"9,. ~-- .• t ~~n 
deaorlblng an IL .tat.....-t, aU of Its COIIIPOMftta (with ttle ex~ of .. attrP.»~149. 

¾' ;?_:. '{' ',: .·,,. . ;., • 

••• sa.8.2). lffll8t,)be. •~ed ror. Jn ..• ~."' -~,.; ,~,1-~!tlY or •• 

wlld carde - ~ the ~tc-.. wlll:,faff. r,,., lf .~ - . ._..:.:-·•~: l9 ll,8 COl1f~"k'tMt 
. ' 

In the p_att.,-n1 vtflcJ ~,r4 ~ '1'8t .~.-.,~.~' •. ~~ of Uff.t.~fl' .. ~ 

<"'-• ? ~d _card) and ..-,.d "'"'' ?• \Vfld .~41~~. 

The. ~-,c :wM, c,r~ .., ....... ~--~l,_f PP,,,'5,.,,~. 11,... ~•rtta 

within • alngle fl!ld - ~•t ~!-,;~•:. ~~J'~M~i ~ !-"I th• 

COlftponenta on .either •Ide of the 111e -~• .c..,st ~ !" .-~,,.., .al.a.~'"""'t. If U,.a,e 

adjacent components oonetraln the match fot the ,. wlld card to a atngla ... ~ " _,. ,. , . . . . -· - '~-· . "" ,,_ . ' .,' .... 
_ __j , _ t/'JJt - _ . ·\ .. ~:· ;·,'.i'' ,~.r," ; 

sequence, the 111e wt(d card la .. Id to be un■~i:~ tff~ If more than one 
., ':;._"~. ·, 

711e wlld card 18 uaed In • ....- flekl,. tMy may Nr~Mlill•~;; thla la alway• the 
, .. . .. . . ·.·'-•·"·•' ,; 

cue If two· 111e wlld oarda are adJaoent or ••••ted by any nt.lllba of ? wlld 
{:"- ' '- ~·-. ' '>'lf~·} ·-.:t: i ;' -,i_·,t,}l 

In the IL fleld can c-■e the ?• wlld oarda to be ... ..,.. For example, cone~, 
. : , •' :· .,..t;_1, ',' .. ;.,;J~,::., ••:, '_l>••:>~•:; ,;• . 

the •••enc• · of COIIIPOMflt• •AB c c o•. There are two ways In which 
- : "' - ·: ; -:·t :if :._d_f,r,r-~ 9'"t ~·' ,·, ... _. :, 

conaponenta can b• aNfClned to the ML expr...ton •?x ?ly C -Pz•: 
•• •'· 'a• ,,( ;·• 

" . 
?x••A• ?"Y-"I" ?~z••c o• or ?x••A• ?~Y-,~B c• 111ez.■-011 • 

_ . : . .· : :-:\ ;,: -:, _ ,. ,"f- ,_ ·,. .~ ··~; :~:-1 h.A . 7: > r • , · - ·~ 

AnlblgUOU8 wtld cerda are uaefut for .. tchlnt a a,ecltc, a. component anywhere In a 
( 

fleld; e.g., the foHowlng ML atate111ent matches ._. add atate1H11t which ha• at 
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If *add" .. a --, •---• ._. fJf .,...., ;_. ,._. ·• 't,e •••llfted no 

CCJIIPddllO ..... 1Mf ...... ?'WJiill••· .-,;_, ._, .. ~ 
, '• _ , -,;·· ,.,· .. ·,_c,'·_r,J: •\• ••~•..,,-, 1 · > ,' ; 't -.-,.; ·, i 

tradftlaM1 ... it uni -UII• 111'• _,..,,111 ... • ........... tor later ·..»cation 
Iii ilae I •placl■•nt. 

· ............ ~ ..... .-.·.,_.., ... ._ .• __.. Unllke 

.,. ttowever, .......... - ....,, ... _,, ......... ,_. ..... lri the fl 

.,,..,_ wt by 11w Gt o••w. at.dn • .,. tddlrile'W ~ to the process 

of tNtchiftg -If OM 11118M ,.... h .. ....., 111 .. ..-..: . ...._ aftd jolna In the 

ftOw tit '001111'd ·-ofttln ................ , •• ·•·"'·· di ...... that 

could -- • ·~ .......... ··-··~I••···--- a.....,. 8'Veft In Figure 

2.1 and- ............ ., ........... , 

Figure 3.1 ahawe tile twD ,011111■ ••...... of I. nat1■1nta ttlat oou1d be 

•tchecl by .. A. 1ft auoh ----. .... •••••• .. ..,. • ,1i11111,1e vatuea for 
~-> ii~; .•,-,;;..:.' 

·•A. TIie IIIOllt OOlll■Dn - of .. wld CIM'fla (end ....... ef ·. t ·MqUenCes 
·,:t·;:_ 

that they -toh) la to eetulllh thll cooteKt of • trullfe,•tkln - there axlat 

buNt-tn functloM tllet tat theN •• ., .... '- ■lllf.l• ,...,a .. (e.g., ,..._ence of 

• gtven_lvatue In tile label Wd of at INllt-. atat■■m In w of 1llle -.,.ncea). 



Label 
c1:, 
C2 
T1 .. 
• 
X 
y .. 

•tor 
•· ,oonsttnlf, 
oonatant ___ .,. ...... .,., 
1f-90to 
1111,et ... _~t .. ,· 
atore ... 
goto 

• . label 
T2 add 

Label 
C1. 
C2 
T1 
➔ 

• 
X 
y 

• T2 

·-···~··'' 

OOMtant 
----~-.an 
lf-lC)to ...... 
ttore ... ... ... 

· ,fafl; ., d~ffi'!'•• ,. '(~1 ~p:iifi~ 
"8" <C2>,~ 
<>O <Yl'- , "., 
<T1> L2 L1 
L1 . 
(C2) 
(01) 
L3 
L3 
<X> <V> 

•a• 
<X> <Y> 

. ~'4. 

lJ,> ~ p 

<C1> <c2> .. 
L~ 00 <Y> ·.,,: 

• ,!'. ;' 

flGur• 3.1 : Metchea for t•A ffoln fttUre 2.1 

sa.2.~ BultHn functlona 

Built-In _funotlona are UNd In Ml at11t••• ·. to perforlft operattorWs that 

require 1110re power thM --,1.y , .......... • ll ,...,..nt. A call on • bullt•ln 

function ..... the following foal; 

funotlonf.ergument.1 , ... ..,.~ 
• .r- t ~ :, · .. ~: • . ·e 

The uae -of aquare l:N'ackata dletlllg\lleMia II... -fulMk>n can. frolll ordinary IL 

companenta (which are reatrloted to the UN of pareni:heaN). All function• return 
e ;' . ':-~·r . ~ . 

a result (no side affects are poeelble); thla r~ can be used ..a the argument to 

another buUt-in function or, If the call wu part of a repiao8111911t, beOOffle part of an 
< ,1 • V 

IL proeram. The argutnent• to • function NY M wtttten •• either It o_r · ML 

oc,ntpc,nenta but they muat be able to be ruolVtld by the met.anterprMer to • 
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. . . 

·- . 

partlcular IL ca•1111nt (of:-. '1, etatetnent ••-•ru:e ftlll _... fliftt:tlon■). In the 

proceaa of ...... ttMI Mlctllft ID tta ., .. ,-.,.._ •11lldl l8ily ebort causing 
' -~- ' , :.i .1 

tfle ....... of ........... tc, fel,; ......... ~.I the ;tocatton Of the 
" ' 

function cell (pattern, ~ or oo.•llhs). TIie_ ..,,,..._ for aborting a 

funotton a. an lnapproprfat• argument. e.g.,· ... .., •• -. ~ wrong type, 

cannot be ,...,.Cl to a -...,, etc. For liNrtanioe. ttie Nil' function aborts tf both 

operanda are not .....,. tbat can be Int..,,,._. a _n~.tc ~-
i ~. , .,; !':" ·- ··._. ~ :;.--: . ·~.1 . . . ._ . 

~ way et ---,••~ __.. ,._._ .,. dl-.lfli,iii( ;a.ii-. this 11st Is not 

anaant to be ~- ~ ·• • ..... .._ of_ . ..- .,; •• _ _,,:~- fUftatlon have been 

duorlbed. It la expected that an •••~-- WOUid .,._nd tlMI lat; th• only 

criterion · for lnclucllno • funattan .. that It .-,t oater IO •• : -.•cNkt hanouaa• or 

machine. TIMJ fillll'Wdl!lil!I ent typM .,. _..,. In ..........._.,-Ctlana; _ 
: < _, ' ' _-__•:· ' 

~ 

,,,.,., 

boo/..,, 

My IL~ le aft aoo•taM• arguMent. 
; ' ~ . -· '" t 

~• ·-. 

11le .,....._t Mlat M • ,IL •erat (I.e., an 
a,..w. attnlMlte ,.,..,.., or Operand 
Mato1ed In quotM). 

The,....■IDt wt IMt _..._._.. wMdt can be 
lntMywetN u a nwa&,., (Le., It contelna only 
... a tlllal■lt..._,.rllr-..... 

TIie ....-.,rt IIIU8t be .. of• .. IL .... 
"true· CN' .,..., 

the ........ ~t --~\ .. - ,... of ••• wild 
............ i"~ .• ,., ... -. .,i,lt ·elGtfJt&lilt .. 

-••••nw). 
If the supplted argulNftt doh not have 1tle acwreet typa, the tNtalnterpnater wlll 

• ,> ~:; \( 

abcwt the appllcattan of the flk.otiDn and ...,._.. • appllcatlon of the 

traneforaatton In wtttch It . • 

and{boaleM.-..,_,,) 
or[bool~l • 
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not[booleen] 

i 

the standard boolean functions evaluating to the liter• •true• or 
"false" as appropriate. These,.,,.,.,.._._,..._ .._ ,·a>~ 
with other functions to form more OOlftPllc•tad expreulona. 

equJ.1(//teralJ/teral] 
~ two lltW'- to .. --If U--,,.. have Uu,t ----.~lonJ 
evaluatea to •true• If they_ do, •t ... • ~- Note that equal 
c~ • ..... ,,to ~••r• two .....,_.,..,,1ti.1 at•f••■nta1"/"':",Ulle· can 
ueually be acoompltahed dlrectty In the patten, by uelng the eame 

, vi«lfd oarct --~ ~ OGIIIIIHtnWtt ...... ·, ' 

conatant(~l 
evafuat• to •true• If the argument la a 1/terlll, •falee" oth•rwlae. 

lvalue[component] 
evaluatea to true t1. the. •rtumem ....,, .... • vall4 1va1ue. 

labe{/abe/.NqUenee] 
evaluate• to •true" If any member of the augmented klll set '•Rf---ttd by ~-,..,.o,~-- a.,.,, .. .._, ,_,;~d'. •• .tdllll• 
contained In the Mt of IL atat81Nfrt ~ ...... Thie 
!unc~ date,..... ..., • c«.} __,._ 1111cll■ d· tn ·an IL 
statement ...-~ . ,~;,,._.. _.,fe111--~., .. , ,.,_,at lltlwa of 
"-'ctlona that •M4'.•· fl+ •~ •••••••. a •-~•ptopertlee; 
other functlona that teat for ~ In ..,-y NqU9fl08 apd search 
other ,•t•teMm .-.. •~ :o. 1-r.•ct.,· 

add[nu,,,,-, _,..,,.,.l.. 
subtract(•~~,..,] 
1nultlply[number .nc,fflb(fr] 
divide[,.,,,,,_,. ,nuntber] 

._ . ....,p.-~ -functions ~~.the appniprtate nu111ertc 
literal. In order to avald repr•entatlon •'Jll&lllll--.,, .• ;jllNtCleton llmtt 
may be eet by the l■ple111entatlon. 

power _of _two[number] 
evaluat• to •true• If the argwnent la • numeric: ntwal which la a 
~ · .9f _,, .•.f•' ...,_.... ·ARa .,-.qM•r ➔ le 111aful -f« 
detenntnlng when to ohanp multtplloatlou - .,.... Into elffla. 
Thie . exa~ ,.,,.... . -· ,tip ,11/f,. tM<,dlt1t-■• wlieft,tt:--• 1to 
ueeful af'tttlMtlc flNlctlona - a reuonable ...._ llftht be to lnclucie 
only._,...-•tklllf~Gf\. blna(Y, raprenntet111n1t,~41».._,:-.,,..._. atld 
arithmetic ehtfta, etc.). 

Cholcea of the domain (arguments for which the function wlH not abort) for the 

predicates described above have bean made arbltrartly. AU that really matters la 

that the chole• · are conatat•t with· 111e use of the Mctlonl ,~-, the, · tr•osforinatlon .. ~· : ~ . ' ..... , __ ··/·~-,.... ,._.~· ·: ·,,, •, - . 

catalogue. 
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A trwfor1114tton II Mcie ut of -.. CQIIIP,OMftta: • M,tt'-ffl. • r-,>lecU,lent, 

Md • - at .-... 111. .. ... (aa - •·•· ff--~) ,--. condltlona 

<• aet ., PMdk>e•> -··· a ill ...... llt ·of ·- ~1ion bV' tc.ntifying ~, ' ,_ .. 

those IL progr .. fr-•h • _.. .. -~ ·• ~ A CCM\tiguou8 

lfOUP of atat.-..nt• wltllla tile pattern fa -•~'ttd. u ._ _,. - · thue 

•t•t----• IIUat be ___. • ttMty will • .,...~ 1ft _.,_ entirety by the 
~ : . 

new ll ..,.,. tr--•• ,.., ......... .._ • ---•••• _. 1;fle OQAtext haa 

&,Mn ven11ec1t. 

TM feNIIIMf cflttN!la --- Mt b ... • ......... c,a'9'1te -,pned: . ; . " .-. . ' 

(1) d _,.......of - ...... .._. --··= .... _. In ... IL 
,...... ...... (~W!Mtt--). ..... ,~ ......... v • 
.. tellM IL 0•11 .-. ........... , ........ ,. ·• .. 

. ·f . { ·;. \ •'. ' . ~- '· . 

(2) .. ch of the oondt-- .- ............ ff ......... •tJorta 
(aee 18,2.2), ttle ••No•ttan of the tfWfonHtlOR flk. Note that 
~MY .... .._ ....... WM ffllll -~ ,t·..,.,.:at·-, 
arouwt; ·u.e.· WIiii ... wit lie rept11•ll 1tJ -.·.t(nj_llllid••flf•)' 
ttwey .. t .... durlfte (1) _,... ....... -1 - "--~ ~: '. . 

(8) tbe .,._ -- ,.. • otlMtal_,. .,... of •••tn• tn. ·· the 
Mtohect tl 11tr111·q •--• . . 

(4) the ,.,._cUMNtt .,.t M aucc ... tuly ~tect - each ln-lln'! 
built-In f\lnction .... t ., •. ev«luated Without ~-

' ; ~ ' : .. ; 

If all theae orftwla •• Met,·• --'Y oauu--.a ,~• 18 aub~utad for 
' • '. ~ T~ e:{.; .; . L. . ~ 

the target. ••.,.Unt ._ .,._..,,of the .....,_..Ulllt 
The te1o•1 ~ ...._ tu . .,._. . ., • w~tlal In more 

detail; §8.3.2 outlinM how the replacNtent Is COMtructed. 

t .statetllfln~.•~,q~_~ott.d I>)' f• W~d.-.,.~•.;t:.~,,~_. ~ad In.a 
target alnea' they cfo not ,... • ._, __. tulidi, MJlr,eRt •teaenta. For 
•lmUar reuona, •• wH4 •-- are ... ,,. .,.. In -. apectlHtloA Qf • 
reptac&111ent. 
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sa.a.1 1'11• •Yntax ot a trwfornlat1on 

The flrat NCUc,n ~· ~- PfOINllt --•ht: wfdoli•• .. n,ea u the · pattern, 

ttle· MCoftd• eectfOn ....,._ ttflt ,__~ (1dlo ~\ •. • 'proo,a111·,raQMnt). and 

the 11na1 MCtton ··cantaflllt a at1t ot ooridltt&w'ftt m ~; 'are nMClect. 'ttt• ht 

MOtlon MY be oMtthJcf). T-vet etata••·•·~ · th• pat\wn .... ··1nc11cated by a 

Label ... , ..... 
• ·label .. . ' - .. 

• label .. 
• label .. 

... 
, ..... , . <~\ ·. 

In thla.~ 1he"'lrat .,_._.••• _,.., ~-~ ..... tta,oet and· 

wtU N ,_.aoect by .._ .............. ,_liaillilllPRt -- ._'¥ando1Malion''fa 

applied. .. 'Die .......... , ..... Iii MtaliMMI •bf":ttNa· ....,..,"ftwe' ..... ind ·ttt. 

lntarven"'9 •tatementa) wlU be uncha,...t. The Intent of the ....,. ... tlon fa to 

uae the ahort ~.:~ for ttte ~--~~.~.by.the first 
< - • • ' • • ' ~. -

three statwnta If t1te·u1t1m1te dea--~·IIOt -~;~y-(tesa than 
.~ .·_ ,._· .;'°-·.- ~',._, .---~:--· ~S~{\ .. (;;,"~;:~}~,"., ... -•r.·:'·\~·~:7 :_; :.·: .. ,-. ··: 

256 byte■)~ Thie tranafoiJl&tlarl .Cilllr .JMlfH... ·~. ,..._ ~ another 
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. . 

· tf'ansfonnaUon would be Mllded 1D aooa••olall ...,_ In tfia other direction. 

Other potnta 1D note: tlill .- of ... ,.,.- _.. .... ,-. ••~ that the same IL 
. ' ,,_. ,;_,, ,. . .,._ .. 

COMPOMnt wt.,..., ltl aare ._.,.,.~:•. 1nt IIINI lll8t atatwnt of the 

.. tched fr.....-nt wt flllft. IDaa•an atll...,.. 
With one •~ ... ·0-011• Of - ---..cl 'IL PfOl'UI fragment 

wt be aubaufflecl tty .... •••••nt of ~-- ,attam. The oonttlftta of the 

attribute 1IMI .,. ••••t fllllll ..._ oanlllllln - •••• • • tl fnlltNnt that 

.,. not ~ tn the ,.., .... •:--.-.~-i•1&1••1t••· ....... ·"- - ·of. 

,,. wlfd c:,rd to ...-. ................. ,-_ ........ ,,,,_,.(~-•--- • the 

. replac.._.t la ~ --•~ • ..,. • ••• ,.._, ._.c.,..q . ._ Jn 

construc1tfon of the ,.,..O_llnt (... .Ja.a.a). -~ ~ .,.. ~ 

tranaparent to a trwfonNtton; 1M ~ - ..,..,-,. ,_.,_.~ CGfH'8CI 

to the updated_ Pf'OI'~ ...,.WI' R■DIIUlllll'Y• NIM ....... ..,. ba added to any 

•tatellleflt Ol':~-9 ··"':~hi 1M tlfl!DP .. l l■iil••-nt aa. ~lllent. 
, ' . ' ,, 

In the exa,npte above, a lacattan, attribute • •-•111.'fer .._ new,'INle• 8ta1INlent 

with the •- value • ttMI tooatlDII attrlJute far ._ .,....... "beef• •te111ent. 
';3: 

A MW J'ftllatt •-~ -- t,e ..... 11., ...... ~ ••• n ... ~ __ by ~ludfng 

an ••..-•nt ~-.~ :MIIN-~111\tbr ~ -~ "i..111u;.~-,~·~;,..) In-~ attribute 

fleld of U. ....,.,...._,._ ••• lll ... ...._u1•11u~-- •••1--:ft M•rilhO 

tranafennatieA r-.,leM■ - --IA :of ... 11U11 ... ;~-- a ..... ..,. ... ,>' 

lnd,lcatme ._ •.. ell■--- _, ........... .... ,111.-a?, .... i-- Wftfch -a"'8 

The reeult fNIII the call to add In tM ...- fllltd of ~ ~t. will be 
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automatically surrounded by quotea (to Indicate thet the new operand Is a literal). 

The number butlt-ln function returns •tnae• ,m 'Jtll ...-• ta· a n.-•ftC -nttaMJ; the 

condition could be Ollllu.d -Mtlrely u NCI ~~•· .... ~•nta are not numeric 
j ' ·::5 , .. ~ ,,.,,,., 'l,.. . • ·) • ..: 

literals, causing the tr~~ to ,-. . . Mout tbllt' tllll. ra1• mentioned In the 

previous paragraph wlll eneur• that any attrlbutM ~_.tc;,r,,?d•t In th• prlglnel 

statement will be added to the attribute ftald for the •""• statement. Finally. It Is 
' ~- ,'. -•"<-'°''~·-~1..,"i_;,~.~ ' 

~ .• ;i.,--:,:, ,- ' -< • 

worth pointing out that ?•1 . ~ ?op2 do not ,-,~.',[ to ~ kale In the original 
--· ~ 

program - ?op1 and ?op2 need only be a• to be rNOlvect 1D Uteralll when the 

tranafonnatlon le ·appllect. for example, the •telNnt •-.tct <X> <Y>• would match 
_, ~· · ,,_';f•; . .,. 4:- :· 

th• pattern If <X> and <Y> were both known to have constant valutM. These 

values would have been eatabllahed In PNMOU8 ~telllenta by Including 

aAignmenta to <X> and <Y> In the attribute 1leld9 of thNe atatef'ler1·,s. 

§8.8.2 eo.truct1111 •• ntplaawftt 

Two,.,;e~ •• prowdect by. U. ,.._._.nt that .tlfie not be•n 

dlsouuect Pf9V...-: •tlMl ......... of.,__, 'ay4lla ... '{_.l....,...era In the 

program and the automatic han~lng c,t · atbll--. --.~ ,,_, . .-.ety~,.10 · ..,... ·an 

unused •ytMN)I le neceenry when the trall8for111111tion npands a~-~-, ~W,Qlt1'1t 
•• • • ' :, '', • - • ~· < • :·. ', •• ·~ .. ~ • ' 

Into a ..,. .. f//f naw ~ u ~,.._--~-·the ._,.·atateaenu '' -.. ' ' " 

need to be --• ....... ht are not uaed •••WIier• In tM prograa Atittamatle 
<.. c': ',a. l 'fc1·:;ff: ., ' ' - '.: .,, ' . · 

haa,cllng of attrlbutN enu.1ea the designer to ls,nore attrllaut• with ~ch he le not 
• _, ~ ·...,, ,, •• : ' ,"11 ' ,,, f < .' ,'- ' 

dlrectty concerned· and ...., ..... · that no attribute lnfonHtlon wlll be loat through 
,. . ~'" -~ 1. , ··-... ·•·~ •• ', 

- ....... ' ' ' 

an overatght In C01Rpc,alng the tranaforlllatlon. 

Whan expanding the apklflcatton ht tt.i·rep1a~nt to 'arrive at ·the new 

progranr fra-ent aJf WIid caritl IIIWlt lte ellinhtate«t. · 'l'f' tti. .oct 'card ~ the aame 

form and na:me aa 0n41·· which :appeared in the pattern,' the, a'~ent matched by 

that wltd ·card aarvea u 1ta value tn the "rep~oement. ~ >Instance~ applylng the 
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would rNUlt ln tf'le r-,&H....,t 

If a ? wlld card In the replecetnent doN not correeponcl to IIOIN wld card In the 

pattem (I.e.. lta nw la ~ from any Hect In the pau.,n), a new lvalue la 

created to be used u lta value. The new tvalue la ouaranteecl to be different from 

any used In the reMalric:ter of the tl program. Note that the dealgner must Include 

' 
any attrtbutea to b4t IIMOClated wMI tM new IValue .. part of the transformation. 

If there are no WUd Carda In the pattern tltM -=--•'•. •. .,.., .. •. wtld 

a...... In the ,...cwnt. ._ trwfo,..tlon ._ . .._.. ... _. __, •-:applied. 

cancemecl wtth the .........., of the --•t •••or: 
Attributes 

oonvert ?t11ot•••at•porary '-~---··-?t2 aubtract <?t1) '?arra,tlowar _bouftd "l'taralMJ t 11-0t'ary 

?ta MUltJply (?t2) <?-,ay>. •:•lz• 
<nD ......... 
?ta:ol•----ary 

◄-~·--·---? r add <?ta>- Ten-a ( >>, ?arr 

The convert operator In the _1"t 11M of the re~t wllJ coet:Qe U... value of 

the Index to type •1nt__,• c ... 18.4 far • •UIPle •~ of oonv~. ?t1 • '?t2, 

and ?t3 are an new c.U. which wlll be nuMtd ....,_ tble 11.,..formatlon,J, _ appUed;, 

?ptr. ?array. and ?Index Wffl be taken from the •UNCflpt •~--ltftt ~cbed by the 

pattem. Note that p4N'tlnent attrlbutN for the new oella have been defined In the 
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tranaformatlon. The attribute deflned In the tut tine of the replace111ent lndlc1tea 

that tM ~ of the velue Pokffl.ld, to~ .lay· "fptr ta· ttta ..._, ~ -~ ~• Of an 
. - . ' .· ' . ' . . ~ .- ,,.. ' .. ~ '., . - . '" ·~...: •, ' 

~ ., ~-

elemant In tb9 _.,,..., .being _..Ql'lptad. . 

The folloWtng rulee are used In eetabtlahlnl --~• ·for .... ma •~ the 
,~~:J ,:'" ,_. ' ; 

replac....rt: 

1. Every attrlbllta cldlnttk,n•;• -ttle ~'•••••• wll .,_ OOplad ta 
the •ttratute fteld. of ... atatelllent In. 11MF:fi11t1a-.llli ~i,v tht 
INtalnt...,et• w11en tt IIPPII• the 1rwtcw a1lh, .. ._.,.1k+.._ . 
the ---t ohoMn In the reptao1■ant teti-l"WII haw."•: ..... 
label u the delnlnc, etatewt In* -..t .,.;,- -..,·Mtjau• 
any cmr..no. u far u deflnlne the attrlMIW4li_ ... .....-.. wt·lf' 
~ -~ -"~~.,~~~.cflllttL9f __ •• ,.lltlL. Jf .. ~lb .... 
atate■enta In· the repllac-nt (the -- ta --. COIIPletely ==~\ti;~~~,-~ ~-~ .. ---~~ ~'' 

2. If •~ i ~ would . .,... Uf a'~ ,_ftrlbute 

=~:..,~u:.£~.of ""·~~! ~ ~th 

a. State'liant ~-- ..... rtever .d' to' ... -~cjeftNtrit; ··on1y ceH 
attrtl;,utea are. updated. 

; • ·"'· -.~ ~--1,.~ttJ ·,' ';"<"" "{~ ::., ::,·,~ .,, 

Rule ,2 eneurN that ono•.~~•.•~,,.~,,., ~~qn, to;JIAln~aln their 

orlglnal value (I.e., .-.ttrtbutt,4'~. ~• ~er,.a). --
• ,:·, : ~- - ' . ..,.,. ·: .i . • ' ~ .• 

§3.4 Eump1• "~ 

th• ftrat ..... 18 a tr&Mfor111atlolf whlcfi ~ 1he coercion operator 

UHd In· the aailPle · ex,,anak>n bf ~rtpt 1ri ih. ~• :"~ti<>n. ::<·Th• convert' 

operator coerces Its argument to have the type of deetlnatlc,vl cell; It ... UINS that 

typa·are conatratnect'u, ·tie one·o1 •1ntiiger• ol'•~t111• i:) ·• · 
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➔ tf'...... :i,pe.1...-.1 11..1· ?l.2 
.. . ....... • ·•:•ti,. .,,;,'. 

?reeult,...... 7--

.. -- ft.a • .... 1lZ 
!+ ' ......... i· . " •.•• ., ....... !' ...... ,,.,Jt:-tWt .. 
,~ " ,.. ,.:;.,· ';:, · ~-d ::~r.. :n-«f~t, :· ".:'::--<~~~ ,_:: ~·:.;.~;• ,__. f"'·' 

? . .-?Jcf!~W!M(lflll: ~,.._, '"/.' 

"',..., 
ft.A. 

~~ .•,_••• ,•, •, _;• •• • • ·: ,0, ', •Hf .. • .•'_{ • ,,,,,~.~,: ,• • • •:• 

It le•~ M •- •••• ..r llililalu _.,_ .. ;,.Jetf~pt,,?la ..._ Far 

exMtple, w 1:..,.·~ ,•l~»:,•~ -.t ?r~,~•J•f'P!~•:.J.,_ ,,.._, • ..- •• be 

reduced tb • -~ --··••* -.. .,.ljl◄¥Jt < ,J;~~ff :o:n",'.Ji;,~ ·"•~,
avaluetlan of'~-~~ 51f:"e. ~p••:-~ ••wt ... ,,!:'-~ ~•-:,nf!ffllr:, Is .......... to 

the l&<dt Of ay· 91llll'Mf .... flDr • j Ill-·- --•~i1ii'Q1;of ~;It WU . 

.,;_,..,tfi,,..,.,.. to:••• ir111e lliit' •· · ioti tfMr.k.tt"·,•JrJ1it .,_ ~- Ii 

elth• ?ara:type o, ?Nlalt.&ypte JI, .... I i''C-~-~;~~ :_iJ_.. ;~ tfle UN of 

C'Oftdtttana, It weuld IMI FIE elllla 1D ,... 111a .... 'DlUJ4f i~lflfl1\. ... ,~--

~••te tra~M!i-~ . ..-, ft(lr -~ tlf,, •·r ...,., -.~-~. ~-,...-,.t of 

~-, • ...,__ 9:-~■'"- • -..1'!,,ffll ,- '~!l'M~--.-•• 
r~ced. 

The fallowl.ng ..... ot -~~~.-t--•!1t\', ,.,., .. _'R" ot ~ at&n, 

operator. Unlike tlle truwfanlletlrlft ..,_., -.. -.•11IJl'III wt be done in 

aeparate tr~- ,a.ec ... of tlte UN of ._ .... --•tart. The trat 

tranafonnatlon hMdlee • ._ ...,_ a. ... ,. ..... can M elllnlnated 

~NC ...................... ••ud ll■pa,a,y end the value 

t The ALIAS .-.tor, Ilka att:111 .... pfWldN •-•■■ a ....,_ le Independent of 
tbe 1low ., control; .... II CMUt tffllVent Mu■aa••··· fl# - ........... 
Tllua, the atratety .... ._ ..-llna h •-•• 111 ■du ..-.ot H u.act. 
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being atored ia already contained In · an acceNlble ceH. In thla c;aae, all that needa 

to be done la affu the temporary to the eel already contelning the value 

(effectively renaming an occurrences of the temporary to use th• cell nanae). 

Label eratar AttrlbutN 

The next .two tr~uart, tr~••• tbe f:;Wl8 ~~ .'9 . th4t,, ,.aP,rOPl'late 

111ac"-JffiP~~:,.~ Qn the,.typ qt the, ~ .. , 

Theae two transton,etlona •overtap• the tut - .~ fr•~· •tchfd by the 
',, 'i '' .. ,.,: ,, '.. : ' ' ,· ,'. ' ( ' : , :.c,:j ' ' '.," r·; ' 

ht ~ <~ aled'' be Mtctiild by OM 'of tlle other twO ~fQl'tllatlona. 

It la up ta the 1Ntainteqareter to decide wlllota,.-Of ·* •Noable-~ to 

appJy; »,..,..alW.tfflt , .. t tf.,..._tfqfl wll,,b•n~~ .. ~• •••"" 

of ~,I'.~ •. of ... tlML~~·,,r~~.;Jr~ "°9111"'"11lt• 
' 

store etatementa whose source and destination have ~ ·tyPe&,.·. 

Label A 

?t1 ,, :old• 11-,orai;y 
1 M · ~l<?...,1type 
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§4.1 ■ &il•b a I JJl'III. lmbl 

.... , a * q ..... .,._ ... tbuf ·a •dlNJ t:,; -~---- JN'lfi 1na • 

OM--••• w11 , ... 11•· •••••,... w·1Main ., .• ~ .. -...:•...,_~ 

I-- ,_ 
A j11r••1· 

• •■ -IL &a I 

A 11 ... 
• ; ••• a 

"1•· tz l ..... , 

C ! ••• ..... 
.,. 
'T .. . , .. , ... • .·•-' : . ,,:" .... , ,.·,,;;~,~. , .. · , -: 
GO Cl!> , 'tt ""1• •tri, 11w,r ffl>AJ1p ■-11' .. ■r. =•·~-,' ..... II:fQ;U-41,,;<IP••!IJJ,lf!■ll., 

, ' 

' 

1!INt 1lllil --• _, .. , . .,._ • .-.ta• C:·:ill'll ■il4'1J11Ul .. ·-•-• ---
·••••:• ........... ,., • ..... ,r- ... ,.;. ....... ,, •• ' "' .. 

......... ... , ......... 

··-



addition and aulgnment; the order of expreulon evaluation 18 constrained to be 

lllft·to-rfGht (no reol"derlflO Is alfoWed); alf'~ ·are ; 1 ~ tiic,•~ 0(>111p1emei'lt 

lntagera (the aw for both the aource and Malllla:a ....,.,: · 1n ;examining the 

UMlllbly language ,....., :1t le ...,eattttat """···· · ·: . ·' · ·• - ·• have been uaed 
-~- , •• 'r """' 

In the trwlatlon: r5ilr·tlllad•• 1:11e·--·;__.,····•tt•1 •xtema1 varlabtea 
' > • ' • ~":. • _, • ~ i ,, :' ' 

are referenced by ,_..., IOcal· (avto■etto) •---~-,,~~'iicao1ca•-le allocated from the 

~.-Uona •• ·: . . .....___ .~. 1W , .. ,•.all•• Md .. ........,.... bV 

tra~ In 4·1'tr.....,.._d .... 

Althqu9',_ It. la ('DI .• I W Int--~ ... - ...,.. ..... a,d,.rlve 

• tr ....... '.tile ........ ....,... _J,e "'"'""' ---~ •• J,,Nin,. saoet of -

tr.,._Mtiona a to N ...,,_w,,. Menrf,tf 111a ~.....,._UOM.,NIOw ...,.,y 
• - • I • • • • 

•~---.. •--•U.t r•••,•e•1111lllrt.••dp•n oti.-. lat.,..Uen, ----~--~·In., ............ ;"!lr", .... ,. ........... .,..,.,Ule 
' 

moat •~ ...-u1l1n d·- - •••1-.,,.,......._.;trlift ,..-.,. flt the 1lnal 

analyala, .a tranafonMtton ahould be Judoecl on tile lnfonnatlon It _..,_,., ..,. 

how close It COMea to •t11e w.y It .-ukt ~ ~ ~• . . .. 
. . .,}, "-.:.~·1 . :< 

The approach adopted-·• t1H1 1-'arpnlzatlon of 1tle ----,..matlona la •• 
. ' 1 "-~: ,., ,: 

follow•: th• •~., a _,,...,,. .. ·t,. · --'· p-.,..~t• •·· ·~ ·fCW'. ·• stack 

archltecttn. --...,, . _·thtl: ~~ '.· ....... }!~. --~~ ~to t~9•t .. machine 
: ·, -~~ ~7 ~· i.'./.. . , ,.: ~r:\'r" 

lnatructlona. Optlalzatlonll .~ • . ..-,._. • .,,,~11,tat• progr~ : aampte 

high-level optlllltzatq"f, "'· deucilb-4 -~--J~; ·..-: ..,._,•~•- In §4,1, and 

peephole machine· ~'1n:~ 

Th• first group of tr&Mfonnatlone ~ \tie proceaa .of storage 

allocation. An •awa.t• i~:hl. ~oec(" '-W •utoitatlc vartable ·deofared 
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hlghMt aw.et u1tgn1d • __.. Jn .,.. .... ._ 1• Ill-. .alocatN tor the 
* . . ' . ~ 

blootcwtlenttla•terN. 

Ill ttu 

...,__aflMlkhldlaflla.•,1•ta1•.._,.... ....... ('T ... · ·· )'lir n 

to be a aonatent .IM,t 1111 Wilue hM not yM .._ ..... ,. ill : .... IMt •Mlilllnt 11"1 

._ ,.. ... ,n1 lnlltlltlltl .. ear.t taf IIW'lr-r.•••• . ...; tt»·tllllil value 

IMIIMt.. .., ..,...,. Ill • .,,__. -- 1-:-...11111k. ··:'lllflr 1aa111t ...., 18 

1tJnontCi1 t., ■10111•11raM wll • ...., tlJ,11111 Wln...,..bl: • • •-- 1ft 

aat■M111• lllliwa _,_,. d:1:1&•• ,..._._ ... ; C11•••'--•1a•flll _,... N 
·- -· ,. . , ?· 

~ en...-.,·..,..., -■au•••• .. -. ....... -.a.w tn~MN»at• 

fllltda of ottaer --■li- a., M41 .......... •1•·-¥■1t••- .af tlle ll 

..... ........ 
-~ 

at■m1M 

oandlt11n1; 

The two tranaforrNUollll ..,_ liandle --~ Pf'Q:01111~ ... ,-;: ..,..UC varf4l,IN 
C ' • ~ • : ,•c,' •~, "= ; • ' · • 

are aaalOfted otraeta, extemm ~ are, ~ ..,... In the ftrat 

tranaforntatlon, offaeta are DrODaaated wtth the aid Df a awn atatewt that 



Label 

A 
B 

T1 
T2 
C 

erator .... 
enter- ·· PR08tewate 
camet1t"'··, · ·• 

comtnent 

.... •• 
conunarit 

...... •1• 
ualgn. •2• 
plus <A>· <B> 
pk.ta <T1) •o" ...... <T2> 
exit PROQ:atorqe 
COIIIINnt 

AttrtlNltN 

<B>,aln•2 
o:o1ra..-2, 
<C>:elze•2 

Figure 4.1: · Sample program aft~r idactarattan ,_,,.forlnqlona 

glvn the current offnt. The a•atat wild •. tNlNl _.,, INtch onty atate11ent 

MqlNtl'tOIM tttat clO not' ·eofttiiln 'an '•otrMt- .· attitbute 'ililnltlon or •cteolirat1on• 

oper~tor In any0-atatewt (W. .-liWtbi 1ll slllillt•lf 'llf':• ~ · Note thet 

attrtbut• defined for ttte declared v.,..._ wll be ..,_..tloally copied over to 
;·~ t~dttj{'I'- _.-~ · , .. , >)· ·. . 

80lll8 replacement statement (In theae c ..... there le only one). 
' · · •1~;·: ·r ·.~: ~ :·i- .. -. 'I 

ca■■•nt ~ :......... "'''' 
9nd ?name 

Thie tranafonnatlon handlN b1ook exit aft• ..- •••I.,.." Mve been prooeaeed, 
:-, '1," ·, • i .•. f .;·. ·?~~ .\..,. ~~: .. -; .·' . 

deallocating atorage'. ,C,, the ~ao. · ••L_.a .... : __ ,11tarage alze attribute 

(?name:atoraga) for uae during blook entry. Tlw.:,~ ~ almllar to that for 

automatic vartable declaratlona. figure 4.1 ahc,wa ttte IL program after theee 
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...,,-. ,~ ••ar:n•• , . . 
GI MS Ill . ,..._.<0 

.,.~ •;"111.,..(ROR1R2R8M) 
.......... , .. 11111 '; .......... -. ~ . 

.... ·• 

.. ..... ,: ,... 
pop 
puah 
pueh 
add ,.... .. · 
add 

.•1• 
~ •r 
(9) 
<A) 
(8) ... ,. 

~ , ~ : J ,i ' 

........... .~•-,., 

··.••····•·' (8) .... 2 ... ; •• ,......... 0 ' \'112 ' .v . ,. ' 
ce>~• .. •••••..,~'-• ...... '';." 

l 

T1 ttypti■t1M110NrY <T1 ):typeatnteg• 
r::· .: :--•~•l._•. • ~-/f'J(~ .?'~--~-/• '.: 

tranefvnnatlona have IMlen appl•d. 
,-.~r1-,.: 

TIie next two tnineforlNlttone "Plue• and "•••• i. etack 
.. 

operations. TIie lft,....._,1"1 U. __. ._.'-4111.2ullfi ••Wo:tla',.,_and ftekt 

of the new leabuetlanl ad tlle ..,.._,._ .,._.. aplls u• ,; la ~ tnto a 

generated. 

... 



?opl''', -

('tdNt) 

,<' I , 

Attrlbutea 

machine oode generated so far. loth tranafonlatloria improve on pop/push 
~ - ,c • • . •• , •• 

,,.·: .. . ._,,',.:1_: .. __ ,....;~ ,>;.:,,.-~ ': ~·:':'·t,.' 

Instruction pairs tllat haw W.1ttcr.t opm''°"" -. -~ ~tlon allmlnatea 

whoea argllllltNlta : ~ 'l_l!._~._. w • ~ ,.~tr-.:· __ , tiQp ;'1tt ..._ etack. Since 

te•por ...... were .... ,.tect--w _ ._.-, ~~ and • ~ r~ent uaer-vlelble 

quantltlea, · they 11ay -~ ~t•d -~,~:~w~ · ·· :~• 4.2 ahowa the 

aXUlf)le IL prograM •tt. trMelatlo1fto .-ac' - . . .-_ - . _}_ · 
.. ~ ·,. .,. 

§4.2 Colllplllng P~ tlle INClllne lnterf•• 
, In thla aectlon, weJ ~~• ,.~_tr.,,~~ ~~-,-~ .~~• tA>.: ~~9 • .-t 

machine progl'alN. The 1lrat set of trana~~ •• a ~.tr•~latlon 
- . . ' 

' •• ,·, ,:..;·• ~;: ? ·.:. • • ,;;/ • • • 

of ........ • ",Gp: •.. •~, ~ •add" to, PQP1.,t-·~:- Thfi,. 1n byt• 

and numb• Of ..... -~-.nc~ r~ ;, .. ~ -·:·;;_~ ~--- .,. 
• ·. ~·. ' _. .; ;'·:it 

r-:-,:.•_ 

- Indicated by the ~••• and •rafa'!' attrlbUtlll' .,..,.~'o::: · 
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~uw15:-: SLJ:~I 
•' -'~ ,, ; ... •" 

Jnltlal v.,.. tot tlle ..._. and....,.. •tl°IIMdu •·- bllctf.-incla Into account 

- the operancfa OUittlllllltloi• .. - tncluded -- ..., .... tren-..tad tD ..... 

... embty .......... aanatruaa. . 
The next lf'OUP of trMldanlatlana ~ lndlvtdual ..,.,.. Into the 

appropriate ·INOhlrle .-...... Raad ttaat ,e ._; . ..i.d .. h .,... · ot tr ... 

Label ator ~ ,,... .,.... . ~ •. .· .,..ftltr 

aondltlona: • 
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anda Attrlbutu 
?retor ?Wbefore (?rend> ,-after .....,.. NtfP?refe 
'?rator 

oondltlona: • 
Label 

condltlonai ?rend 

?•before and ?•after .. are ~ wlld -ca,da· ·ilpd to ~t any component In 
• ,· •• . ' _, •,i •. -. 

the operand it.Id thaf ~ • correct .-t-.~~ by # · ,wfntnt C0111ponent 
' . . ·... ~~ 

In the pattern'• opereJ.'d flaldt. •Not• U..t, JIW; .,.affloa __ 9f "atz•• and •refs" 
- -· - .. , _, < •• ~:' 

attributes In the •~ .. ....,.. thet ~ :~~.~· only be appffed to 

machine lnetructlona. ,...,_;4~8 •~ ~J~-•• aft~_..,.t.,_, of these 
. I • . " . . 

tranafonnatlona (a,nua11d"~ tlave bean 11■1....-. tot:~). 

TtMI .... ....,. .......,.,~ ..,.,_ •. ,_.. Q8tD 1tleetack (a 

"1110V" Instruction wl-th a NCIOfld .,..••nt-of- -'""(ap.)"). folaued -~ . .,. IMtn,tctlon that 
. . . , ' , .·.-~~_:.':.·~~·,:·:: t;,,-f( , ·: .. ·?;.· .- 1. 1 ~:.:~---.:, :. 

pope the etack to a-t · tw ..-un:e operand (a lna'l.lotlon wt11 .a ftrat argument of 
.1.i-. .-'·' ·-~ ,,.., -'~- ' 

lnatructlon, the ,,...,Jpep ...-cu can be ,.....,. to a ...,. Instruction: 
· 1).l' 

I.abet 

Figure 4.4 ahowe the effect of thla •Ingle optllllzatlon. 

Many other machine level optlmlzatlone are poeelble at thle point; aevaral 

optimizing tranaformatlona are Hated below, ThMe tnckKte r~ng superfluous 

zeroes In Index expr•alona, ellMlnatlng addltlona with a zero operand, and 
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elmlnatlng unnac ... ary IIIIMM. 

comment and attrtbutaa . ~~ ... ONA·· ~-~~,, .... :,1':'·~~ 1~.-c•• rnotved. 

Obvloualu addltlonal tr t t1Ana ·-~ i.- .· •illilll w:, ll#liile tlmlz tlon · .,, ,, · ~~~' ??5< ~---'?I\0 <<":' ~:/ op • · 

opportunltl• that aria• fl'OIII ~ tr~I•~· ~ ~ ·~•.t~!~, -~~ bulk of 
; ~· :(,, ' tit"':rti:: _:<:; . ;.,·:;)it. '.t., _/...,.' ' ,. :, ' 

the tranalattan ·--··be acaaplahed·..-·tt1w;•··~; ,_ . 
-~., ··-'•, •. ~ .~ - -·.... '. .~... . . -_ .: ,, . ,_ '•"';; . 

§4.8 lnteraotlng with tlle ... talnterpreter 

The 'trw~atlona ··111 the pr-··~ dealt with the tranelatlon of the 

Input prograa to ·• tar~t INchlne. p~~ •· lttte •~ to the awntlca of 
. , . ~ ~: •~;;:::···,--- ·<:·-~-- ·-L~z-:.f •4- -; ~·, 

the lnltlal IL program. for the wt pat, the ~ had only to chooH 
~ - (·• .;,it -}f} ~~i'_~L ': _.._ · • 

which tranafonlatlona to apply - · thla tuk · wu IIIAcle fat,ty ....,. for, .,; altnoet 
·~ ,.,; ~·~t.=1}::.:· 

every cue, If the tranafannatlon'a patt.n and ~ w• ••t. It w•• 
' • t • • .,· • ·•> ,·>:J· t: ,\,. : l ',·~ .. -f;1\~<• }-, 1:,'.}f~}l;.:,' l·. 

appropriate to apply the trwfonlatlon. 111111 MOtlclll ..,.... haw the oapabllltlu 
~ .:-,,,...-:;,-:· ,~~•:··-.,~;¥H-',. i-

of th• ■etalnterpreter oan be oaffecl Into play to lllpnwe th• qualty of th• 

reaulttng tranalatlon. 

The flnat exaanple axplotte the ••tetnterpreter'a HIity to perform certain 
Yi :1.tUf JJ il -: ;.'·-' ·tc:<: ; ~ '·: : · · , . · .. " ~.>~ t f 

computa~ at COMPIie. ••· c:.181der the MCIUon of the fallDwtng trwtonnattona 

to the catalogue: 

Chapter four -' tnteraatllll ·With tlle ~ 



._.,,' .. ., ..... 
111/N 
. ..., .., .... 
MiW 

1'lleee treae,...._ tell flaW the rYtlhMt of 1M ...tt NI ta a«.cted by the 
~· · _ . •··:·,. ·.!;--" ,;:.• n:'.>- .: -~·-,;4 -._~.·->::- · 

·••en" ltlCI ............. U1111t ._ ..... ! of ..... IIV9ft In l&,2.2, the 
: . ,,, , ·. · · l'i:.lll, ;. .,• · , ·~':·: · 

- tnn■t.-tlon wit eelly w, · If ,-1 - "-'2 .,. ......._ By 
; >' ,•:~;;-,-· 1~; : .c _-,.~-,- ' - • -

trwfmi■-- ..,. ..., be -- -- ,_ ,_..,.. ..... (~ the 
. :. ,,_., __ ~-~-- _: ;·-;.'.. ?:·--~~-·i·:,.~,/·,, .... ·'t:, .·.~.~:-· _;;·'':• . ._;'." 

' ' 

NOOftd tnn1...._. ..... llllt 11 t ll.AI ~ ~ ... ~!!-'. ,-11~.•~ ~ 
- :~ >·· _ .. _, :·: ";·:~: •i .•. _ jl·':'•;_(~":'.,f'.f4~<-;, ~.-··,{ ,..,. ,'. ··--·· .. ~ ' 

wautd be a ..,,_ ......... ,. In .............. ,. alllllty 10 ~ 
:···~ l .·~ J'i; r , 

--- ................ to ........ ,,..,.. In the tht aectfon, 
._.::-~·-~J,:'1{~*··: _:: :· _: ~- ; :·, _'.' tlle..........,.., w ...... flktAII rwi. lnfco .... 

Aa a NINlt of ttll1I new lld---lnlllllt ......... NII be...._~ ahown In 

..... 4..8 <•data et ...... 42). IIJ.dll I _,.,M.11_4...,.0 11 d 18\ .... 11111• 



Label eranda Attributes 
enter PROeietorage 
COIIIRMNlt offaetaO 
OOllllllent A:typeaautDltatlo A:offNt-0 

<A>:typeelnteger <A>:alze-2 
offaeta2 

global B 8:typeaexternel 
~ ... , ...... (8):alze•2 

comment C:~tto C:offllet•2 
(C)rtypealnteger <C>:atze•2 
offaeta4 

A aaatgn •1• 
B ... ,on ·i· 

T1 ...... •a• T1 :type■tamporery <T1 ):type•lnteger 
T2 4,-SQlfl •3• T2:~,qt:;,(J'~~teoar 
C ...ron·· •a• 

Qit .~;--•a• .OOffllleflt 

Figure 4.8: 8alRpte program after dealaratlon .traneforntatlona 

Label - - _'.t::,- "Q - -- - ' 
~ 

aw .., r6 ..-2 ,..,.., ...... PIOQ:.._.., - ' ....... ,' ....... 2 
global 8 .., #1 (16) ........ ■a 
mov •2 a ....., refa•4 
IIIOfl .. 2") "' ...... ~ .... 
add PROG:atorage ap •12••4 refa•2 
o-•nt " 

·- --·• •' .. - -

Figura 4. 7: Sample program after optltniat:lona of §4~3 

to aubHquently uhuaed t-,orarlu, the trwtonutlona of §4.2 can produce a 

program ldantlcal to the · •••lllbly language PfOII'• 'g1ven In §4.1 <•• Figure 4. 7). 
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!5-1 · •-••v 
Ttle ■IIPII ... ~ ~ -, :~ ... • -.,■111'9 • f1,~~qrt ~ can 

1c'• ~~. • . .-, • t~ -.• tP, .•. ' ' . • t " ' 

be ...-.:1n·•-i•6illtti 1ilrn di•._.. 'j) tr •■ur. 'Ille...,_ ~- ,aaL,for; thla 
~ o.:,,,I,;._•"',.~ , ·, 

ft'-awcwk w 1D ... ,,..., la ,nw ,_,:.;if111■h,ll1'i••.!'~•W•~ .,._ the 
• -,-,>. ••~ ~:"•,. ~ •: :,, •"\' a • ~,- ,~~,.~_t••".::;~;, ~• 1 :. • ' 

,....;., of tlle _... .,....... tlf'H ■H whla ellnlatrl111 ._ abllty 1D tN'l)duce 

, ............ ,,.- '" __ .. __ ,~ ·- -••><'...,_ 4 

atep _..,.. ,-:hfl!I -. ~ ,_ •Jwtc --, "1•111@:;:_. dit••,-, - .ayateat 
.·;:,' .· '\ . '.:.,":· ;/; ,~,., 4Qt\lJ ; ' 

•• 1n neec1 of r nrtr11w .,,.;,n,.t:11 ...,.'. ..... ■ 1111,-.:-. apeoilaattan that 
' . ;~ . ~:i,{f'tfi .; < 

•-- •••~• • 4 I~-- ..... d■ 11!111 .... ··.1'tte fll UP ~d ayat■■ le a1■ple 
-_ / <> , . .,:~ ~ --~ : ;, <r.X~ :, 

oa■parad 1D .., •• ·• I 1 •• .......... ..,..,. ••~v- r••lotlDI• on 
' : \;j,} +, ', :, ; ':, ,;11,•,;':o'• •. , ,~,:, ::,(,; ·: 

Ule ofw of 11.., WP.II M 11 ... tMt- lie aHIAFI 1,11111. 
- - ,,- . ' . -•-~'- .,_ .. ,-. -.~ ~--~·•·. 

CMpter 2 due••• • ••••at ....... """'7■1-- ,._.... NHd on a 
. ' ', ;~--:~- '-." ·''.o·:.. , '.] · .. ~;,:.\~-J~,:~r~ \ ... :-·, >:at-,-c ',-

......... a:a■■an tD a wkte atw of ,.,..,a,, ... GIiiy ~- aancem tow of 

oontftlll and ......... nt of·-·· and VlluN. n. ·•·~ ...... dHlpd to , . · · ;.-~1/.Ji'f-.:~ .. ·,, '" .·--~~:- ~ ?''?'" . .< _ ··:,T:\.-,_1r,;-~~-~-) :.,:i%-%,i,t1 fk~"f '°f.'-~-:""'·-·.-:i·. ·{,.<.:~f-'.>·, :._ 

,...oe lnfanNtlaft •art.mat ID •--- 111wm • 1 Ill . ,,.,.~ ~- eo at, to be .' '• __ : ;_, ,. ,,, \ • ; ~~,..-.··-•-~ ·:~ ,{ '• ' ' .. :•·,,,.':/ . >:~ ,;;,;;S, t,?tf.;~ C:._1_! r:f~')-·· ·:::.:~-;; •ti.~f~t· '--~ 

acce■1lllte to the .........,.., wt111111t • ....... ....,_ of a.. actual 

the effect of wit dall■Ht on .. Wiluae of ve,1-■■ OM N -■lly detenltlned 

fro■ the .... tl■ld ., ... ..... • ... In ...... ---- pnwlde ......... 

atate■eftt. Atb1INd:ee .. .,. ...., ti> •• ,.,. .............. -- far v ........ 
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a1towa It to be referenced by the tranafonnatlona, penntttlng the tranelatlon of 
' 

■tat~ to be ~ .. fn rtlNOIIN tcl,.JIP .... :4),..U .. r,Gf,1tte .,..,_. or 

~-p.....,._. __ .,~ 
In. ~r 8- Ula ..• ...-.. .... ; ,C •· • ,,.Ala~d and .the 

metalanguage In which the lndlvldual trU1l11e .,., ---•tttMt i.·;Rf)lllentad. The 

metal""tlU~ -~, .. Ute ~,to•••• clu1•,otdl pragraa tNgmente, 

leaving•~~• ~'.~IIQtflM,,......,_.,,the~--IJf wild 'Carde. 

Each tr ........ tloh ~ tw,1ML ,,._,fc,11n .. ••-->: e, pattem, that, 

alonQ with • aet of.~ ~-.U.,11:.c;llllGIW£11lL...,.■11• •·•·.wlllclb ·thtt 

traneformatlon can be applied, and a replaCNMN1t that teHe how to conatruct an. 

up~ated. IL program, Ntrtrl, ~,•n1•t··.atlow•.i•-•··'tb"1Wl8· Of the 

metaJnt,..•r'• ~' · .,_. ll , PN181'W•1~,.,_,< pafenp ....... · •IIIPfe 

compu~. on ltter •. u,.~ ~.•11-,,,,___. __ __,,la,cmatructtno 

the ~ac•-.• an4 ~- ,The ................ iwtttt • ~ 
I 

specify .. ~i;Ual ~. •• ,.,_ ,...,_._., •. ._ --■Dtl:G .fera,:of tlNI 
I 

matcbtld ,r~nt. n.<.Jtn• ,.,... of, .. u•••·· ...... taLtD ••~ 

•~•• tlle ,,,.,..nt1u .ef. ood• an••tlon- • • ·••.-ct • ••FNY"•ta,, 

syntactic tranaforqta~ of. Ute lntanaec.t.ate-,., ..., ... IJIIII 
I 

Qlapter A .,....... a,-etof ......_..,.,.....,.. .... ,. a,eafflcatton .for 

tr.,...~' .. • ....... ta,y ~• ...,._" _,,,Jll1Wke· •••.,. language. ,. 

augCJHted In §1.3.1, the trwforma~ .. .,..,, . .,..., •• .a.ut the· .,.. of en 
I 

abstract machine (lh thla cue, with a atack architecture). The lnltlal tranalatlon to 
,..l: ' -.~,~•ii~ ,: ~~-~ "',;..' 

stack machine lnatructlona allowe •veral opthllzatlona to ba acC0111Pllahed that 
i 

wouid have otherwise been dlfflc"'lt (e.g., the f'MIOVal of unnec ... ary temporaries 
.... ~,_:·-z; i';-·;1 ;ti. ~1 ,;•. 

Inserted by the 11rat phaee, of the compiler). Several traMformatlona that allow the 

metalntarpretar to Infer the run ti•• value8 ot' the vwlablea and aubaequently 

Chapter Five - Summary 77. 



aptWZw-n•••-- ................................. ~ 
GP•allaM llt CC ... - tllat W ... ., ..... -...... , ....... Mi1..a,ty 
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;JIii __,: 11 ar ttat• • •• >Jlidllel r,·• MOW -•-•ieMill.llfl'iiwlfitl-.,' ~ -. 
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• 'b'analatlon of attrllaute referenc• to their correepondlng vah.lN 
wherever PQNlble. If any unreaolved attribute ret .. nc .. remain 
after ~.pl . .,:'1~.11!11-._l.,,tlllli .,,._. ... ......,,.:, 
ehould abort, .lnclfcetlng. an lnoonalatent IL progr-. · 

~ ~. - . ' ' ,., ,•;':·~·~:" ;- -, \ "~' 

• waluatlon of bullt-ln · functlane. 11 • function appllcatlon aborta (e.g., 
-~ of , .. ,.,, ~l. ,It la:~-~-,,,, ......... ' -fl In .. ' 
t:raMlatlon. ,, 

. . . . : , ,, . · ,;·:1 ,:1 · · 

• propagation of ·rve1ue lnfonnatlon. In OGNlndDn with ct.ta from flow 
~~~ •_ft, a.. ~fl.l~!lt'g .. >~ ,,...(Wl,,:,,.., .... ;, .. b..,ala 
repreeentlng the known value ot the rvatue. 

;..: ~-

• appUcatlon of • ahollen tranafonnatlon. lnfonutlan obtained during 
u. .... •tob Gt .. , ... :,,~ .. J,: Jng1n11._..,,,. ,,. ·:hi:ftlPI••• ant 
apN1ftoatlon (alone with any .....,._. .,..,.._.) to create • r•~ ~. -·Ir~~f~••111fl;,Jp . .,;~..ct_,;.,,~ ._,.,· .. 
conitructlon of ttla ;eplaoe•ent. INftY of ll'le .., bookkNPln8 ::r..::-!':ru~-=-•.:--- lllllnd1t1·:-.;1,,_d for · 

Two other tasks fall In . thl8 area: checking. for i~atlon con~ ;,_d chooalng 

which tl'anaformatton. to apply next. 
11.a.2 autlln•' how to tell when the tranaletton la complete: a meaalN"e of 

i 
• . :· ~-\ f ;,, , ~ ,• , ' , ,, 

the Pl'OOf'Ul8 optllnality la OOIIIPUted uelng ~ fonlula (In:· thle o-, lnvolvlng the 

valuea of ilttrlbutN ueoclated with every .-tenlllffl) ..;,;l~d:by the uaer - ~; the 

calQulatlon aborta becauae .,.... atatalllent doN · Nt have the appropriate 
I . . ·:.·•.:'.Ii;' , ., , . ' , 

attributes, 
1 the appllcatlon of · more trCINfonltatlona la caU.d for; If no more 

traneformatlona are appllcable, backtrackl"9 la Galled for. If the ~•ure can be 

computed, ·1t la used ta ren18111ber the bNt tranalatlon found to data and the 

metalnterpreter backtracu·· to flnd other 'b'.,.atkJll8. · Backtracking lnvolv• 
ff 1· 

undoing the teat •~/-~:-:11Nlyjas;_...,..,.tt'llna_.•tlon 
(repeating for another level If aft the appllcula' --~~ have .,...:-,piled 

at thla level) •. btww.ttw, . ..,_ of u... vu,,...._ ...,,Nit be1'aolded lf:the 
' ' '. ,' •, ,,, : ·.,, ,; :.··,·t••-'·,,,,..,. ' 

user supplle• a •trigger• value for the GQl.,..,,:,.:any;......,.. wtta■• · ... .,,. Is 

the flnal output. . Often th•~';tr~ ... ..atruclNdnc_.•.•· WII)' ·that the 
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' .~'.r.,k, . , ~ .. ,·.::> . ,.-:,'.~.1, .. ,\'':.·. ~\ .... , :· . ·~.f .:,· ..... . 

IPst auur ,,.. .. .,., It Med .... .,~aint111tftitllfilla··( ..._). __ 
. ' ·,,_ - "' ..... ';"\. :,.,>--:; t~z-? tJ..~-:•, .. ,,:~~ ~·· :.·,<~ , ·,, 

.. 1119re _. aany ,_ '9 ..... 111 ~11~1 111!-~.,.~41,,,~...,,, -~ .,»ly: 

··-, ,~ .,,;~~'.11 ''rd ·-·.'I;;.;.,; 11., •. .;...,:.~-•-i>••i•W~f that la 
, . . ~ '°"" . .(. ' 

' 

111,1oa1e '°, .... ~- et_~• d~•t &.::~"-• '.~-=~'~~-~~·~~ .. -~-
·~~ ,, :,.tf,:'._,t ~• >ir l"'<i' .. o•.,,· ,: " ... • ',. : •~ •'. • , J:.- ·.•".• •.,..••••• 

1Ma1vN er t11s1iU - - Ill ■•~~~~..- f·E,•:!!,~~,~~~:t,~~,befare 
•' ,.,. ,, I 

IIIMll8 • • ..._ ,, ••·• ~ ... tlllat _,.,11n l, !.U'.!rlf!I'!, flJ :~_,_, •-~PtJMI to 
,·., .. ·,..k-~ ,: -~_;h·,~·;,~_~'.J- ;,~. ,,'.· ··t:..; ' ",,, .. _.. ,··. ,~~:··-

1
•·:·· ~. ',- • . . '·;1 _,., ... -, .. ,., ._, ·e1••'l• ·.ii c,u,,,,,ww•t..··#M·'.W'·~Nqun 

, -: .~- 't : , .;. ":'lt.}·~ .r .'..:,' 5 ):,/·,,,_: .t:·>~;< ·~;· · -•"· :'"'·<. · .> - . ·-."t:. ~. :,,. , .. 1 
••• ·•'. ;,.- 'f. 

~ ,_..._i~':'~ •. -~.~~-,~ 111~·,;~~~~-~ ~·.;~lly be 
iJi!i,;. ...... ~:,:,.,-, ,.,,.-.,J~ .'.>,,rf,.J:"l..· ' . ' ., ... . ';., •. . - .. "'· ._.'' . ' . ·.·• -" 

11■1na-. .·11,tslal £ ·1 .., at:·• • '"'1,.~i~;;f~~.!I '¥:t~~~~~ good 

~ ~;'.~ -~·~ -;~ ,_ 11:~•-~~,;~ 11J•M~~-._,_.., ·"'"'· 
dlllcult 111 ... ,. -- - , ••• , .. a ..... 1 .• ,.,.~,~,,.~,.,tff"Jt!~ . 

. Flaw __... le nn•111111,'.cfw ~ fll 111e:1':~~~~f~;ln the 

~~'~'~utrt 41114 ~; ··~.~~~~~-- ·~~J.~~'~'.1 •. ,2'[~:~~ffl!L~•~: ~l 
.... cine ... •~rs::al ... _.. Ntltl@Mln" ···~~\~,;~.),~~~'~ °"'· 

,_,,,. it.... . ..~:4-~.'.'"'"-' -~.,., ,;', ' · 

IM1e11111Dn OUII It la•••• far -■f cl!dli• to dD,a ~~IIJ!,W~,.~.,of. )ti"', : .. &:-ft .; ,, ·,.,., .:i..\'.':,_ ':.~-·~~ .. J;#?. ·;._t~i.}f~-.':J·~:.: ~.:I',,;,,;, .. !$1: ,.- ' • _.,._,. •.• -.~-

......... -~ Ulllllllt teata In 1118 -.anllad OClde ...., ..,_ Iterating 
: _ -· .,, __ , : : :.;:: r' _\ · .... · . . M-"? f-:.,;-.;~, .. ····-::.·· ~.r' . 

....,___ _. • ••• •••na, nae •••11-• .,_..MkM w ...,._ 
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Wlttlno._ In law..,_. .......... [C--]. Thl._a,MJll1•1q lnlllittjlf . 
. ' ·,:,;__.?~ ',. •··J.. • ·,·,·· ';"f':,•i'':-: 
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---- _NII - .11111 ...... 1'Na tlla I. IN . . . . . tD ... 
anr•.at1rliad• 111111•11 •:••••••·--->: ".6;: ·1',:~·-· '~{.~~,,;.;·:; ·-, .,,.,: · 

·• 11•1■'111nt ,.,; lllt RI•·· , al It .-._ ., •llit ll ' ...... ,< df 1fte 
.......... of a ..... •·••111 - N HDllllilllsd fW~~-~ . 
_...,~_,., •-••• -'• • • •••i,eljl ....... 1~ ·· · 
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-:r~·-,t~: ,·- ·-~~ ', ; 
< I' • .,,~ ,::~•.,:, 

poaalble when rvalue Information le conaldered. 

There ~• other ,.a,a~ ~ ........ lflll)_,.. _...._,lnfenlatlon, 

The r~ed .flow ~ could,.-. -- .,_,,at a. ...,._. of every 

tranaformatlon application but this would be lnoredlbly tndldlnt- ·~, .....,tlve fGr 

large proe,w. The ~ ~ ~ ._.,.,,_..,1,.qJ wl·(,Ullllan] offar an 
" . . '., ... - (:;:.~_~\:i.~_,,i:'-~ .,.:.;;;!~ :; 

efllcient ,-..,_.ni.UPn 9f. h .de$a tlqi¥. ~ •t ..,.. !b• Jnor•••ntally 
,. t . . ' . '' ,: ."- "i_-,.;.,, .. "'·:-'•;'..: . ' ' ~,. -~--~· :·-~-: ' 

updated ¥ .tone .. the ~--· ••~•-)ob111•II ,<-Pt to acNidelete 

more atrafjht-llne code or 'loops .OOIIIPI. ,.-.efi.; ............ ). Thus, 
' 

the more_ "'9 ~):ta,,~ ~<'"'•efa!ld, -- .,. ._ graph II not 
I • ~ ' , • ~) 

known ~ only bit ~:;tiVh_. •_.: .. ;Ill•~-:-~._~ and 
~ • ' • '. ">' ' 1- .• -~,- .... • )::-<;, ;",, .. :/. • . •• '. 1

1 
' ! • 

joins of 'u.. gr41>h. A ....... p•cel\taga ~ ~ •i• afflict ·tlw graph 

ltaetf - all 91 u.. tt•~ ·1n -~..._.:,.:.-.,ba: -~ by 

I 

Incremental anatysi... I 
I 

- I 
In a ~t ~ •. --~ motion oa,t of,,....._ ■llllaatlran of Induction 

, ... . :.~\; . 

could be ~•l~ iJ ... ,~,,i~Mt, .......... ~ .. ---•d for 
• t . ., . , ~-,'•:-/ 

reglater alQcatfon and optllllal ordtlrlno of IUCPl'•l■lan axtMMlon, ._.,_. atao be 

~ ~~t- -fQr_ .lnckialQr\. ~-..... , ... , .... .,_,.,. futw4tlM 

our ablHty to Implement the ~ ~--i--... IIJJMt ,nMINd blt 

the mettlftterpr,ter~ ,f9rJunately; .,_ traR , ,di,. .adl ,_.. lllportant 

that ottt.,..;_ tll41, Dot gh(~.- -~-- :tlDw -~le,.,__.;__. tawercla an axc.._t · 

coda ~•tor. 

' . 

§6.3 DlractlOM for future re .. aroh 
' ' " 

'two ~veniNHI of ,....,ch are natural extenelone of the ~ reported here. 
-,;~.~.: :l,:.:··. 

The exatnplM of Ctlaptera a an~ 4 · Indicate tt,at IINICh -,,ove•nt could ,J:>e 111ade 
,....:r.,"', 

to tM '1i19ablllty of the Mtdinguage. Many c,peratlona --,nty performed durtng 
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a ..... ,<• 8PO lllll'ltr} ••••II•• tlll"-;;~.~- ,t'lj~~~/lpl"U~••• .. 
The 8PO ociarler ......., IPllla■ tl't.:•fu••••• to ,. .. .,,_ ~ 

;;::,; ·-?'i .a~ ,~r.' .: 0:,;... ,,. '..:fi:·1-~.~~"(-, .• ,,..-;1.. ... :,-::,;..1 4~-;: ti~Yll·t'':-::-f·': ~·<;, ·~"':_~.t-'1~, ·, ··-. ~ 

apar•~~ ~ ,!f~f"~~ .~rit ~-:~•,~,;~"'"' tf:\~i.',, a·~,,-}l·I• 
atralgtl\1'all#aftl •t•tlldl I lll'art .., tlte ti.JIii. ..... -~ .~ . .., 

'I , , '. ·tti{; '"''.!;;"· • .,· ·.,, 1:· ·.' ~J'''·r.,. ,'.~J~::r-:::~'t\41':: /,';•,-: .. - --; :~.- . ·. 

~far-a••• Enfl•olnt 1lle apewa•n a••-- Ill._~ 
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program could lead to a very competent compiler •t i. euHy maintained and 

IIIOdffled to· produce code tor different tar,et .. c111nea. 

Many other lllpl■■■ntatlon approachu le furttter d the beaten path. One 

of th• wt tntereatlng • the proapect of creattne a "'GGIIIPl•d• code generator 

b~ on an analyale of the --~---•··· 8uch __,,.tlon would require 

extenatve lnfonMtlon on the Interaction between COIIIPOMlffll of the ap9Clflcatlon; 
. . . : - -. .. . . .,_ --., .(..,, ~ -:::·•r~;,,J. -

the·naetaCOliPllet ~-.)lave·• •~ .... .-..,,;wit, --•-••don In • 

much more ~- w~ :,thaq,.11·.•cJ• ;~··•· latelFrMNe•iapproaoh. 
. ,. , sn,·'.: --._ .. . :. _ , , ,! ~--:.; _?-~-_¼ '$r~lj,.~.~ ·:; ;";..-t:-. :·· i · 

Compl&lg the ~tlon -.ad elafnate lllUCh of ._ ~ and backtracking 
~ , . 

deacrlbed' In the be0i'"'"8 of S&.2 . with the mutt of • vut -••11t In the 

perfonnance. of.~ ~,;-~a1'r, TN,__,~~ ;__..wit alwt 
I , • ;..,f,/,\ ·!);~~~ .;\,,; 

certatnty, be ~ Jf tfie perforlllenoe of ,·ou,:"...-,. . w • :to -,proach 
I 

that of oonv~.•-,_hoo,~ e-nera-... . 
. MetaCOMplla~ le_~,.J~,t.o . ..-t ,,_._.,.. . ..,.. ot-.tomatlc 

progr .. ~~- ~ ,apeolloa ... ~. 11Yi,,.,..,M../ML ~ ......... ny of 
'S : ~: .. ✓ , ' '. ~-: < 

the aame characterlctta u deact1ptlona UNd In._.~ eyatema [Green]: 
. _L~ •• 

ayeteffl8, ~ ~dty ~•- to --~·••·••--Jiae-~ to ba 
0 •, : '• 0 ,;, ~ ,: • •>; f < • ' ~: C <.. :• , ,. : •· 1 f ; 

uaed In the ~ly•le of the epeclftaatlon. Thi. .,.. of f'NNt'Ch la atlll virgin 
, st-

tM1tfuti~ tr. --~•,,,----••·•'.·AIUOCML\P"AIIY' ...... f, 
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