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On Arithmetic Exg:assions And Treeg

ATithmetio Expressimﬁs, Graph Theory, Storage Minimization

Ar Algorithny is d~:a“‘bed which allews an 2Xpression
tres  +q he Arawny in BUcCh g Way  thast thea nuébe: of
aCCBmﬂla“O»S I8eded  fop the utatzoﬁ <an  pe “epragantag
in a **alghf for Choice of agstﬁorﬁér of
Clrputation is ug : valFlC pPrchiem of a
“miniﬂuw wzdt%” _dﬂ*ing 2% an QYprCSb’OQ tree,

A proo of tha algorisng is given which alsc S2Trvag as
d proof fnr th 2 algorisnm DTzsentag by Nakata{BO},
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On Compiling Algorithnmg for Arithmetice Exprossions

CACH, vol. 10, no, 3, Augnszs 1857, Bp. 43953-y4,

a : 21 which ig S extansion of the
lgorithn Presentad ny indersop [ 277, by incluﬁing Casas
Whgre +thers ars @ “CClnulatorsg, The only additiona]
iaformatioy Vhich  must ne inciuded 11 the craatiop of the
SXfression troe is  an irndicator of the  number of
ACCumulatars NeCeszary For Calculﬁtlng the eXpression
corr:sgonding L0 zach PiTticular branch Withont a Store
instruction.
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of mzn:mai~lgnqt% cods for BAChines thas use 2ccamiulators or
Legisters ig NP-coaplare, The problem le first Shewn to he
NP~compla+a for a DAChing yhich hag s Single reqistar, 714
is then h¥pothesizag that code gensratian f4r multiple~
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Aig?rithm Two AEBUnes +has Uartain UPETators  gre
CQEQutat%ve. This “ithm requires 2 slighs+ Rodification
L the binary trac AS25 whare the left Subtree pf 4 nods
1% 8 lane and ;i gat subtrae is not , leaft {(flip tha
sab?rees  After gap fying tpa treg, traversaa: 15 the sape
as in Algoritpy On=, L

Alg?rithm Thraes ATSUNSS that Certain CP=rators are both
gpmmutatlv? ang A5S0ciatiye, Aftar Creating a binary tres,
;gﬂ tree 415 “20ndarad ine A asscciative tras, whécb mavy
“equire paen TAnlpulatiog of tha Structyre 0f the IT28,  Tha

25
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e +haop lahalea according o labalj
t tres, Than during travergad {
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HED bDrocesd ag in Algorithy Two,
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Av ¥, zng angd s, ¢, Johnaon
Ootipay Coda Gansrariagg for FXpressior Trees

JACH, vol, 23, no, 3, July 1975, PP. 488-501,

Coda O;;lml?itiOﬁ, AZithmeric Expressiong

A dynapic programming algorithy
FIoduces 3 Progran of Minipal leng+p

Bachinege, Therg SO &3 S i
(1.2, cnly : : I Trsas are Considered, ng dags), 1q
tha ZCnclusig ' +ha Articia it 18 gtatag that +he
dlgorithy 21 to  gge FXecution tips Cr number
0L storag a Eor opt§ma11ty

The clasg for whieh this algorithy vorks
has 4 Fixed heral registers and gz Countakbla
S8quencs af Fs It hag Sipple lpag A4 store
irstruc:ion ’ PPerations Whick lezye the resyl+
in a Tagigtar, IS are nsed QY an Pperatior, the
Fesule 4o ‘ 2t the Fegisters gzaeq by  the
Cperaticn,

d. T, BTune ang 7. Lassagna
The Goreration Of Optipay Coda for Stack Machinesg

JACH, vel, 22, no, 3, July 1975, PP. 382-9g,

Cods Tachines
ara preserteg for Svaluating
a7 2 Machine yi+p 4 figeqd Nunbzsr of
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tha A2 restrics: U5 28 those in  Sathis W Ullman 337,
The algorithng PAnipulats 4 hinar & i tree jp the
W g And thern ara

=R S T

r
o




....22..,
Article 36
#ard p. Maurer

PROGR AENING:  ap Introdne+isn to  Computar Languages ang
Technignes

Holde a-Bay,Ine,, San Francisco, 1968, PFr. 19%-2073,

*.h.

Regigtar Allocatios, Common Subexpresed 1

[¥H
b
fde

on Binavion

This paper ig raferanceqd by Griss [f] as a source of
data  on Compiler Oprimization. Howaver, Haurer pers =1y
describes tyg Optimizatioy trfoblens (Fegister a1l Scation ang
tormen subexpr S851ion racegnitia ©n) withont in ndications of the
techniquas of impl@m@Pr:ng The Optimizatior Lfroczsseg,

Computer apa Inforpation

This 3 g process of conpiler
Gptimizatic mE o fpecifico tachrigues
that Cptinizing COompilers use and  introduces Ome  naw
techniguas that havy not haen urrent le
compilarsg,! ! ‘ ral
Cptimizati o)
actually are
necaszary . : far as
Can  be datas ne nly Tnew? tachnigue which  is
introduced is “subsumptiopn hlch is the POSTpenament of +he
formation of ap Array until i+s first point of isage, This
article containg RO Taferances  tg a;A ¢ther work on
Cptimization,



Sifan Grahan and Havk ¥2gman
A Fast ang Isaally Linear Algorithm for Global Pigy Aralysis
JACNH, ye1, 23, no. T, Jan, 1976, Pp. 172-20>.

Bata ploy Analysis, Commen Subsxpresgiop Elimination

The anthorg Present a nay algorithy for flcw aniaysis,
They  show that "+hig algoritay takes on 3 time  hounda
Frerertional ro the nuaber of edges plus the humber of axits
£rem progran leeps, 3o STructured JLograms that  have one
2niry, one exi+ stracturs yigl Only take lingar time for +he
analysiz, A vary forpea: Analysis  with a fair amount of
tackorenng d2finitions Laaded ig givan, A section oan
imglenents on algorithm anpa its apelicationes

in a Practical

Ar+icle 39
Lavid toveman
Precgragp ImETovanan« by Source~to-50urce Transformatigg

JACH, vo1, 24, no, 1, Jan, 1977, Pp. 121-45,

Lods fection, Loop Tran%‘orﬁa_lcnq

i seriss nf Optimiza+ionsg that can pe dcne at  +he
EQLros laval {Constant Computation, 2Xpression
simgllficatlon, tecop ccllapsing, pruning, teordering
condi*zonalg, agsignpan+s aLiminatiOﬁ, Common Subexprassion
eiinination, code motion trangth r2duction, de2ad variahla
@liminauion, Subsunpt] 50 TO chasing) are just mentionaa
and zxamples are Fivar Tt of  the Paper is takaen up with
loogp transforpg SI1nos ¥ are  what iake P most of 3
Prccesses tips, Food 128 of each case ara Presented,
The cnly  problap i Nothing 4s “entioned about
imglﬂmﬁntation and ¥Oorthiness of impi@mentinq an
auntomatic Process : hasa %ransfo:mations, Iz is
excslilent, however, in Dwing a Brcgramner hettar ¥ays of
coding,



John Zagp And Jaffray Jilmay
I

Glcksl pass Flow Aralysig ang Itaratiye Algorithy

N

JACH, vye1, 23, no, 1, Jan, 1875, PpP. 158-71,

Lata 7Flgy Analysis, Common Subexpressicn Elimination,
Falding

The authorg Presasn+ Algorithps and thearaps for cods
Cotimigaedgn through data fiow Analysig USing g lattice
theoratio framevyork, On= Structyre Taligg upon h@avily in
this yerg is a depth=7Firgs Spanning treas, An algoriiha to
Chedate a  prgy from a 1oy Yraph is given, Lattice theory
I2s0li4ts arg applisd +4 this STructure, 71, Fresenting this,
the anthorg mads ap assumpticn  of Some backgroung kﬁcwieége
by +h Teader, 9ipe bounds are derived for finding data
e dand  imprg 2d if pore is knowrn about  the bEsT,

i5 mads fra vantly +o Kildaiyrg Baper anpg ig4 the

L. B2ading Kildaliig Papar firgs 4o

On ths dutomatic Simplificafien OF Computer Prograps
CACY, wo1, 8, nn. &, Jane 1965, Ep«. 366-70,

Cods fetien, Tommon Sub@xpréssiod Eliminatioy

A description oF a fey machina~ind6panﬁaﬁt
si$p1:ficaticns 15 Presentag, Seme  of e t@rminologi used
1s not UESCriptiva and pa=x usagd teday, ba+ SVerything je
Wal] dzfinaeqd, ¥hen fornalispg are Fequired, the @author
keebs  the a pla and undarstandable a5  possihle,
C ticns alsed in the cernclesion incluge $hether
' : AN ba simplifieq ccour i Bractice anpg

OPtimize jig ¥oTrthwhile, This 3g an
for +ha study of CPtimizatign,
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This Paper, which 34 Tsivrenced by nawy Cthers ir this
Tefott, doas 0T talk about op+1m1?inq tanPTQUw in
comp:’wrse Instzad, +ha 2uthors ga 25criba anp VlIOu&HD*
“LeTre a largs almount of pree C285ing is done for umal.s_ Student

T they wish +o Rake ig thar in anp Snvironment

=
Such  as s, ompiler Would bhe vary

: c
Sheccnemical, 29T tThan an opt:mizing comp 1ﬂr, thay haye
a VEDY  simplas FORTRAN Compilar  +has dees  vi r*ua}Jy ne
OPtimization, They conclude  yis Statistics ghp Cwing  for
aeir type of 3obstﬂmam, the  puppw £¥stem works MUCh better
ation

o+
= 2
than a S¥stem +hase TC%E Soma Optimig

Davig Loveman and Rosgs Fanenf

“Frograp Ortimization - Theory anga Pracrice

ACH SIgrran N¥oticaes, yo1, 10, no. 3, farch 1975, PEa 27-102,
Folding, Common Subexprassion ?limination, Strength

Q&ﬁwr*&cﬂ, Codes Motion

Presenteg ig & descripsign of tha Omtﬂmizaticas and hoyw
they ara done in the TLnIac FORTRAN Comrpiler, gap Sutline of
local  zpg global information feeied +q PRLIOTN  thage
Optimiza+ieana ig given, One thing teeded, +that §g describeg
furthar ig 9Taph whichy 22118 where & variahle gets a ney
e . d The flow or the ST0gram,  payxr CONesS g brier
dascrps Fach  ppti imization dons (Linsarize array
Fafers 25, Onstant pzazujd+1on, dead  code elimination,
Scalar Propogation, lnvarians code moticq, Strang+th
Yoducting, test Feplacepens, rolﬂing, CoRmen Subexpr Tassion
e'iﬁlnatica}. An  algorithg 15 giver that tells e how +o
Create g P=graph, 7Thig Algorithn hae PO resirictions on the
Erogram like sope Others,
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Can L& inproyag with a4 slight apgyne+ of affor+t, A local
A8cunt of coda g locked a+ ather than the @ntira progranm,

I ) . depend gp hew  much cods ig
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¥ ¥ & o4 .

High Spead Compilation of Ffficien+ Obdect Ceode
CACH, wveo1, 8, no, 3, Auguzt 1Mes, PR. 483~

Comamen Sub@xpression 71 nawa**on Cods Hotion, Folding

A thres PASE aoppiler is deos SCribed whezg the last WO
PAESes  soan an intermediate languags, Pasg 1 trarsiateg
SOUICe dnput to 4 Polish postfiy nctatlor. Pass 2 secans in
Leverse order And locatasg lecal common Subexpressions A
UZigus mathog for ACCOEPIishing this ¥ith variogs smacks is
dascribag, Vot anch ig said about PdS2 3 since that ig
WEEre  ooda 15 ginerste and  is VETY pachine- ~depsrdent,
Cverall, +yn4ig PADET i3 yery aice  in that Fveryihing saig ie
pradt%c1l and reis= Sively 2387 tp implament,
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A Stady of Replacanans+ Algorithne for a ?ir%ua1~s%orage

I3% Sys+taens Journal, ya1, 5. no, 2, April 196, Pp. 78-101,

; : o8y Several of  +ha articlies in
this liogr 1thin  zhis article 415 ap Optimal
rzplacenment Algorithn tha id=asg of Which ars ygeg in szvera)
Chtimal registar 2allocation algorithps, The most inmportant
idea ig +ha "look-ahangn 4 Se8 whick pageg (registerg) are
Needed next ang how sacen thay are nesdad,

An Axicpatin APproach to conda Cptimigzatien for Exprassions

Arithmetig Ex;t"5513ns, %ssociativity, Commutativity, Code
Optiwlzmtioﬂ, Pargllel Processcrs, Semantice
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Z9Uivalent forns cf  an FXpression  wivh o multiple
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TEsults of Serps ans Ullman{jsj to include the Unary minge,
Op%imality in this Arsicls is RInimng cods length,
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by dags, The prohblens lecked a+ ara:
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A Computating €Xist snuch tha+t no values are
rec hputad and g mors fthan k T2gisters ara
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1on  exist ¥here  yvalyes may be
9 and no more thap k Iegisters are

3 D apd a functinn 1 from the
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