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SliradiiicnalmaiemancaliiodeIsioircompiiaiicn
View pregramsiasicompuiingunciionsier relations
firom) inpUts o oUtpUits;
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Tris vizw 15 foo fzsieiciivz and siimolisiic i etz
coniz.ar of disigiotrze, movilz, glonal coisotiig.

ProcZ3323 of dgziiis liii2ederife Wi 2der) g2y
el igfodiserion flows adatel sie2 5% 2

Teraimiis 1o describe suchrcomplex sysienist and
Their behavioluriin a mathematical framework;
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Prdez3323 i2ddearion, 17023, s2ileiies
CamerSemaniics

Games; for Program Analysis

Modellingl Dataflow: using Lnieraction Categories
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0 cofpzerinle urde23323 fogZiZr
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© Tyoz3 apz o valiaslz did o w2 congirptcrion of
cofrzar ofderas.

> CogollZ=rlin2 1/ oZ-cnzedlile of 1Y oz-lif 2e2e2 of
paricularimporianece:

S Inisequeniial programming), Type sysiensiare iised
ol express: constraintsion combinabilify of

program modules.
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- g dispeiotizel svs5i2ins, 203Ul cosociio)z
comolgarions Jof sUesvysr2us 15 orz2 comol2.q

o IEfpr2ederion 13 i iz foruy of ofaloggze gdirZen) of

comtigicerion fernze rreil o gfgezelipz el

IWpesiareiarderNorconsiruci bt Hen B eReits
ol ey persysteniare muchigreater:
Sophisticatied properiies; of processes---for
example, deadlock-freedom---canibe addressed.:
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Wz sz linzeae connzerivzs 1o Sreuetues Tz lir2efaez
Jif ol ez,

NICHIS0N 6] COMIINEPOIRS Ot PIROCESEES
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Szpaiiies off2es o sougel mernziarical Basis for
ofogrdininineg largtagzs dael Sofiearz S5z,

A Sziaiie 2o Wi assacicizel afgort
inzrgoels 15 irdl Foe cldderiZ22lise) cofezeri233 of
BPrograms;

Simulation or fieshing s ot exnaustive:

Using fiormallverificationsin additioni o simulation
increases the degree of confidence in
software/hardware systems.
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composiiional

Veryisliceessiuliin capiring funciional
programming

26/02/99 Rajagopal Nagarajan, Imperial College




- Cozgdriomdl s2iiarries.

= “oZhavigtgdl’ Szpgariics
elzseplnzs cosotiiarion SrZos
HORECOrIPOSIIGHAINIGERErG)

sliccessituliinicaphiring borh uncionaliand
concurreni: compuiaiion
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Toweres comgosirional gozeerional s2inearrics

G2 S2iaries

Fullyz desigaei o2l dgel dial/s25 of adadeslisiiilg
leiflejticig2s

Ineraciion Caliesories
Compositionalhype sysiems o concurrency.
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Gz Szinaiics for Progedininine Legieticgzs

AbraniskysdiagadeesaiyialacariapcCUsier:

IHviahd R @ngINIckalNEondapEairaiisarmer

GamestorProgramrAnalysis

IHankin;, Malacaria, Sampaiin

Lniieraciion Categories

Abramsky, Gay, Nagarajan
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© Qa2 sZinapries mod2ls comatiarion a3 olavig o

Ganies
e gzesanss Plavae (P) diel Qdgogr ()

Rlayerscanies i ielghipoiRas iersysienand
Gpponeni as e environmeri;

=T programming languages, sysiem can be iiough

of*as a ferm and environment asi the context.
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- Playze die ggnonzit sz dlizeirz g0y,

A 192 fzaz2320018 frz digd of comlotiferion, fziez
1023 dpz g2op2sziizel 0 g2,

ALPregramiois i perANa et erminesiiowiaisysthen
benaves) enceis represetied by siiralegies {or:
player:
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N = N ;
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A=Y \\
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- Prograny analysis involvzs comollz=iimz analysis of
fuUn=rlinz pzaaviols

- Cogieal flow dialysis fog a fugeriogal etz
aesifaes 02 SUsSihiiians of i2ens for Yeidide)|2s
Inaihare placeraUring e EXeCion ol A progranis

= Games) ok contirol Hlowianalysis
= substitution (s interaction
- derived from semantics
~ analysis correct by construction
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EXAmpIe

MfAXFx: (a=a) = (a=a)

Ayy o =«

(Af.ax.f x) (Ay.y)
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(OPPOHENIMIBYES

Plavze iovzs

OPPOHENINNOVENAOVE
a'playerimove

Player move aboeve
anoppoeneni: move

r2eins

Vegs gf T2

arginenisioia
variable

all‘ As of' term
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Derrerfloy 15 a slmolz imodz] of conetgezicy.

A dUieze of floc2s cofnzerzel foczinze i o
HETIWONER:

1202 a2 flgerions o Zeaes) o2 d2e¢fodirle
cormpuiaiion:

Operations dre instanianeous anarso are
communicafions.

There is an elegant semantic model, due to Kahn,
using least fixpoints.
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Desiertlow nas o2z Uszd a3z undzelvine modzl of
comotfrearion 11 afzas suey a3 sigual ofocz33ise dplel
naelwarz Sozeificerion.

Svnenrogols elepeflaw is ugzel wiel2l i leietccj2s
USEdNorASiGNal processing.

Synchronousireal=imerangiages such as) STGNAL
and' CUSTRE use dataflow medels;

The Prolemy sysiem developediat tihe Universify.
of California, Berkeley uses a synchronous model.

Rajagopal Nagarajan, Imperial College



Wz now cdzierioz oW o consreler clereflony

02iMorss 1) a pozd fraimzyors, Slouosz W iz
Woridine) Wi nZiworss in Wales eeiear/ozs cops2
OISOV PEVANANIGEE

is modelled by a process (morphism)

P: A Q A > A
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oy stongsz Wz favz anoinze fodz C) die coppzer
02 1 FdgZinZe fo fogs d Slialz d2inass

A E—

AT Q

A — A

—— A

e node @iisimodelled by a process
Q:A® A > AR A

and to model the entire network we form

PRid,): Q: AR A®A > AR A
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PROTIVPE
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has actions of the form

(01"”'
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- Tz oz siduciez is vzey duedigiZaraey, allowineg us
oy o Sozelfy litrZeconnzerion sicleisz ael
AN APROPEIIIES:

o B b ddn 92 f2flnzel for 2aainolZ, fo gelielz
InermaiioniaLolifcdead|eck=reedonm;
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SECNAL el EUSTEE afz svnenfandls, f2al-riz,
clegresflow lailejteg2s Uszel fog Sigucl adoez35ite) aile
cogrirol doalicerions,

SEONAL/EYUSTEE gozpcioes dez iideldliZel a5 foel2s
ol erdanafioWIehwork:

Eachioperaioer given arfyperin e ransiaiion:

Sitreams| ot data are transiated into
synchronizationi frees.
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Gatersemaniicsirormoaelliicgiandanalysing
ProgrammingNanglages:

AS an example, werdisclssed Using games: 10
perform coniirol filow analysis.

Initeraction Categories for providing a fiyped
framework for concurrent computation.

As an example, we discussed using interaction
categories to model dataflow.
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- Tzenniquzs from gamz s2uidiiies uszel fo solyz an
i\ gorraar 9oz aggslzi) i frZaogziicdl coyotizs
Jelznez—inz full aosieaerion of PR

@iersliVaassiracitmodelshne U eNeailzesisieh
as IMpPeraiive consiricy sy conrol, General
rererences, and finiernon=aeerminism,

Games hiave beeh used 1o performs contirol flow
analysis, dataflow analysis, and 1o discuss secure
information flows.
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- Tgpaciion Caizegorizs navz oz2zq) Usze jo dzvzlge

102 33121013 For coflelfrZicy.

22027118 of 1als duagader) dneliez 102 efizeiie);
vzdificerion arlel S2iseiic addof giZigdels

QU ramewoerkistnot resiriched fordanaowi Ve
lave dlready developedyped process calcllirbased

on the semantiics,

We have compositional methods| for the
verification of deadlock-freedom.
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