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Abstract

There: ane lwao slrands 1o Ahia Lhasin bolh mvolving new definifions, sludura and
algorithina for salving problomns o Lhe ara of program dependence mogmeoral and alicing
in parlicular.

The: firal, pawrd, dezmeribeem s rnad hod wheme a prograon’s sonlral Tow graph 18 compiled inlo
a nielowork of comcurrenl, procmsa who lopalogy 78 daica 1o ihe PG The behaviour of
ezwch mieade: ™ Lhe nedowork im sitnply defined in dermnaol L he delined and referencod vl of
1.he: nrrn:np:llding ricadez o the CFG The cornbanieod Moot of Lhem exweroul it 1.he: conenrreni,
ayslern of smnple procssa 18 lo produes Lhe saeefieneses sfiee of Lhe prograon from which
1he: somecurrem, ayalarn was demived . W prome: 1had, 1his tned, hod prn-duum 1he sarneg shces
an Weiner's .l"L|gm"|1.th and exlemd 3. handle: preTHIN wilh pruuxlurm.

The: scemd, and langsl, slrand of Lhe thesia arome ool of a daite o ondorsland why
Weaser's and olher relaled algorihma do nol prodoce: dadalow mimmal alics: Weisor's
algorithn works al s level of abslmclion callod ‘dadallow analymis® where prograens in the
HaTne: rfm!uﬂﬂm nguimfermc et e all lremded 1 L he saone Wy, Wenner 'n ﬂ|ic'|ng; :-l]g:rﬁ.hm
included slalearnenla which do nol. conlribule 1o he alicing erilerion i ang program in Lhe
dalallow oquivalmes: class of 1he program baing aliced.

T'hia themia inlroduces dataflow variable dependenee wheore a wnable o 1 dalallow
vartable depemdend, on wrable g in program g 0 and only i Lhere exisla a program g in
Lhe: maone dadallow cquiwlene: clam of g where Lhe lnal walus of 298 dependand, an he
inilial vadue of y in program g, By dafinifion, 10 an algonihm axisla for dalallow weiable
dependemce Them 1, wall be: dadallow mimimal.

T'hia themin mlroduees Marlther ‘alicmg ralaleod’ dopendoencion all basod around dadallow
vartabla dependence.

Pl aadlcmwr coquuivad emce s lammem aof progerana are: repromenilad s schemnan, Laop-freae Schomnas
are: lranalaled inlo Symbolic Execution Trees, Synbalic aveolion Lram ane (nilea bi-
nary irem whose mlarmediade nodes are symfobe prediesies and whoee al noda are
aymdallr aleles, repreasenling all poss ble csomtiong of all prograoms in the cqui wlene: class
resprememlend by b schearna.

A 1.h:};rr_}r of S_}rrnhdic Fisexouliom Trex= a d::wﬂqmd. 1" hez Dc:nnpuh.hh: T!]lil.i.'-ll;]TIﬂ? Data
and Cantral Dependenee arc dafined 0 ferma of aymbalic excention lrem. Hoia proved
Lhal variabile o in dalallow warable depaendand on wriable g in progron g il and only il
in dala or corlmol dependent, on L he g0 Lhe aymnbolic execulion Lres derived from acheamma
reprementing the dadallow oquiwlence class conlaimme g0 An algorthm for compuling
dalallow dependemes (in 18 warioua forns) s Lhos proved comroecl.

Schernas walh |uupﬂ are: demll, walh h_}r Iritaal |:|.r r::phlc'mg cach |u-c{: h_}r ila nrrrmp:mding
condilional and eornpuling Lhe depemdenes of 1his raoling koproz achama, These 1fa
arez Lhen Marl her unfoldod and 1.he [roecimm 18 n:I:::-d.u:l. W F;:n'Tnn”_}r P 1had, 1his TEmCH
will vl ually remull in producing a laosp—achorna program whos: dalallos dopemdeones ia
Lhez marnezam bhe progrm wilh loops wilh which we slaried.

Prowided thad we can rocogmise when further unfoldings v ll produce o furlher chamge:
in depemdemey, we have achicved dadallow rminimal algoriihie for comnpuling Lhe wrious



daudiaallow d::p:nd::ncim il rosduced 0 Lhislhie=a. Thua PTERATIE thal al lesasl for sorne formna
) Hﬁc'mg;i, dadallow mninitnal alices area unn1m1ah|t:.
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Chapter 1

Introduction

1.1 Contributions of this Theasis

Thia themia indroduoes a lwo new il.ppm:—mhm 1o aladic Hﬁc'mg.

1.1.1 The parallel Algorithm

The: algorithn premenled 10 Lhis Lhemia alwo solven Lhe problan of slalic progrn alicimge.
H. = :mmmtia”y il. PH.TH] leal wezrmiom of Wenmers and 18 defined 0 ferma of Lhe contral Mow
eraph[CPGY4L]. The CFG m compiled o a nawark of conourrenl, proceasa simnilar 1o
Lhos: defined in [I]. Fach procss communicdes with Lhe olhers along 1he ara of 1he
CFG. The memaggza mehudes sals of wriabla, which as will be shown, are climal y relalad
Lo Weanar®s ‘relowan], variabla® defined inosoclion 246, We repremanl [35] Lhe ayslem of
concurrenl, procass an a funclional nalwork[49, 0], To our knowledegs, Lhe algorithm
indroduced hears ia Lhe fiml bo axploil comcurend, exomiion in program slics comalructio

[65, TT]. W prowe: Lhe algorithm comredl, and extemd 31 o mlar—procedural alicing,

1.12 Dataflow Minimality

Werw memnanlically based definitions of a wricly of program dependemcien all basod around
Lhe: cemilrad 1hemne of dataflow vaviable dependence ar: inlnoduoced. Theme defimlions
lezmd 1ax slgswrilhrna wihich are nol baaed on convenlional ool Now and which produce
more wocutale depemdeney nlformalion Lhan correml, approwches. These Tdion arore as a
rezull, of Lryng Lo andemiand why Weaser's algorithm[77] diem nol. comnpuie dataflow
minimal slices. In his 1.hmiﬂ[’T-i-]i, Wenmer Indroduced 1 he iden of dadallowr Dcmﬂiﬂh:nc_}r’.
Wer ol 1 daadadlomwr e wvalemon® and dafing fweo prograrna Lo be: dataflaw eq‘lJ.i‘l-':Eu]El'Lt
il and only 7 Lhey base: Lhe samne symlaciic sirociure up 1o cxprasions and Lhal, come
ﬂI:mdiTlg CXPTIRM N A ‘reference’ Lhe marne mls of wanables [mx: ﬂgun: 1. 13}. Wheanar g
emarnpkm of programns, which when sliced wempg hia algorilbhm, included sladenania, which
using informnal apgumerls, charly could have boem amitledaae seclion 7%} Such infomnal

argurnemla he lamned dataflow anslysia. Dalallow aoalysis tneans analysing prograoma in

L






