Elwcaywnyn

21V evotnta avtr Ba peletnBovv ta eENc BEpata:
O poLog TS avaivong Kal ETAANOEONS COTHUATWV
Teyvikes aveivonG COOTHUATWV

21001 TOV HUaOUaTog
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Al0ooocKaAl

AwrECerc: Tetdptn, 1500 — 1800
dpovtioTpro: Tetdptn, 1400 — 1500
Epyactipro: [Tapackevn, 1330 — 1500

[otoceAion pabnquatoc: http://www.cs.ucy.ac.cy/~annap/epl664/
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Leprypagn

To waOnuo O uehetnost:

[Ipotuma LovTELOTOINGNG GLOTNUATOV:
— XvoTiuoto peToBacemv [Tapdrinia cvuothuota,
KOTOVEUNUEVO GUGTILLOTAL,
TPOTOKOAAO EMTKOIVMOVIOC, KAT

— AlyeBpeg Alepyacimv
— Avtopoata

Teyvikéc avaivong GLoTNUATOV:

— Movtehoéreyyog (model-checking)

— Ioodvvapiec (simulations)
Epyaieio mov emMTpETOVY TNV QW TOUATOTOUNUEVT AVAALOT)
GLGTNUATOV:

— SPIN

— UPPAAL
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2TOY01 TOL HaOUATOC

Eloweimon pe didpopeg texviKéc emaAnBeuonc cusTNUATOV
Avoyvopion OuvVOTOTNTOV KoL TEPLOPIGUMOV TNG KAOE Log oo avTéG
Eloweimon ue epyareio emarnfevonc cuotnudtov

Awokacio: Emloyn epyaleiov, poviehomoinot, avaAve, EDPECN
NI

Ewwd 0épata: Xpdvoc, mbavotnta, acpdreio,
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A&loldynon

5 GEPEC UOKNGEMV 5x5= 25%
Evoldueon EC€taon 25%
TeAwn eC€taon 50%
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B moypaoio

D. Peled, Software Reliability Methods. Springer-Verlag, 2001.

Christel Baier, Joost-Pieter Katoen, Principles of Model Checking. MIT
Press, May 2008

M. Huth and A. Ryan. Logic in Computer Science: Modeling and

Reasoning about Concurrent Systems. Cambridge University Press, 2™
edition, 2004.

Emieypéva apBpa Biproypapioc.
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[totl avaAvG GUGTNUATOV;

Avaykn yio ovalvon Kol ETeAN0gvon GLGTNUATOV.

* H xowaovia g mAnpogopiag eivar yeYovos. YTOAOYIGTEG Kot
TpoypapoTo XYoLV ECaMAmBEL 6 mMOALATAOVG TopElC TG CmNC Hog:
— evBviakouéva cvotiuata (embedded systems)
—  OLTOVOUO GUGTILLOTOL
— e-banking ka1 e-shopping
—  HETAQOPIKA PEGOL
— 10TPIKN

* H a&lomiotio VAKOD Kot AOYIGHIKOV £lvon KOPLOG CTLAGTOG

* AdOn umopet va aroPodv oyt uoévo damavnpd (FDIV oto Pentium-II —
475 exatoppopra USD) aAdd xat potpaio (Therac-25)

“It is fair to state, that in this digital era correct systems for
information processing are more valuable than gold.”
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A&lomoTio, AOYIGLUKOD KOl ETUTTOGELS

New Year Mobile Bug,

il

it

Arine-S crash, 196 |

Blackout, 2003

Goc gravity satellite
failure, 2010

Atlanta airport, 2008
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Enainfcvon votnuatov

Ena/nOcvoon cooTiudTtmv opopa 6Toy EAEYY0 KOATO TOGO VA,
OUGTHUO, IKOVOTIOLEL TIS ATOUITHGEIS TTOD DITAPYOVY ATTO AVTO.

Av00E00nEVES TEYVIKES EMAN0EVGNC LOYIOUIKOV
* E&étaon xoowka and tpito
—  OTOTIKN TEYVIKN
— avayvopilet amo 31% péxpt kon 10 90% tov Aadbav
—  “dvoxkora” AdOm, m.y. adyoplBuikd AdOn 1 Aan Tov TPoKHLITTOVY OO
TOPUANAIGUO GTO TPOYPOLLLA, OEV EVTOTILOVTAL EDKOAN
e Testing
—  OLVOUIKT] TEXVIKT OOV 0 KMOKOG EKTEAEITOL

30-50% tov KOOTOVG OIEKTEPOLIWTNG EVOS AOYIGUIKOD TPOYPOUUOTOS OPLEPOVETOL
o710 testing.

O ypovog kou n mpoorobeio, wov L0OEDETAL OTOV EAEYYO EVOC OLOTHUOTOC EIVOL GVYVA.
UEYOLDTEPOC OO OWTOV THG KOTOOKEDHC TOD.
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Tovmucég MEBooor — Formal Methods

To EIIA664 Oa peletnoet v Bempila ko tpaktikn g Emainfevon
Kot Avaivonc Zvotnuatov Baciouévn o€ tomikés uetlooonvs (formal
methods).

T etvan o1 tomikég pnEBooo;

—  “epopuoouévo nanuotid” yio t UOVTEAOTOINON KOl GVEADOY
DITOAOYIOTIKOV GUOTHUATOV

[Tapd Tov 011 Paciloviol oe padnuoTika
3 HITOPOLV VAL TOYOLV YPTOTG ATO OO0 ToTE! ™

— 11 duvaToOTNTA TG EMOAN0EVONC CLOTNUATOV ATTd TN PAGCT GYEOLUGLLOV

—  OmOdOTIKEG KO ALGTNPEG LEBHOOVGS EAEYYOV GLGTNUATOV (71O HEYEAN
KdAvy” Kol ynAotepn €yydmon opHotntag)

— ueimon tov YpOdvov/KOGTOVE OV amatTEITAL Yo ETaAnOgvon
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Tovmucég MEBooor — Formal Methods

e 2VGTNHVOVTOL Y10 ON|UOLPYIO AOYIGUIKOU KPITIKNG ACQAAELOS OTTO
OPYOVIGHOVS OTTMC TOVG
— ESA (European Space Agency)
— FAA (Federal Aviation Authority)
— NASA

“Formal methods should be part of the education of every
computer scientist and software engineer, just as the
appropriate branch of applied maths 1s a necessary part of
the education of all other engineers.”

NASA
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ToruceEc nEbBooo1 avarlvoNC GLOTNUATOV

21OY0C: M awOOEIEN TG 0pBOTNTOC EVOC GLOTNUATOS UE OO UATIKY
axpifeo

Xp1Mon TVTKOV TEYVIKOV GE GLVOVAGLO LE EPYOLELN

A0 POPETIKES TPOGEYYIGELS:
— mapaywyikes uefooor (deductive methods)
— tomikog eleyyoc mweipoudraoy (formal testing)

— 1eyvikec eAéyyov povredov (model-checking)
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[IpocouoimoelC Kol TEPAUATOL

Boocu owotkacio:

—  Anuovpynoe Eva HoviELO (TPOGOUOIMGELS) 1 Ui AOToino™ (TeEpapaTa,)
KOl TPOGOUOIMGE T1 CLUTEPIPOPA TTOV TAPAYETOL LLE KATOL0 OEOOUEVQ,
e10000v. [Tapatmpnoe katd TOGO 1 AvVTiOPAGCT) TOL GLGTHUATOS Elvol M
emBoun.

Melovektpota
— 0 ap1Budc TV MBaVOV CLUTEPIPOPDOV EIVOL CLYVA TEPAGTIOC /KL Un-
TEMEPUGLLEVOG
—  KAmO10, ol TIG GLUTEPLUPOPES TTOL OV EAEYYOMNKAY TOBAVOV Vo TEPIEYEL TO
notpaio Aabog

O1 TPOCOUOLMGELC KO T TEPAUATA UTOPOVV Vo, 0eiovv TV Dapén
MOV aAAE Oyl TNV OTOVGia TOVG
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Testing

TPWTOTLTO Yootnua / povtélo
GUGTNUOTOG

apaywym
TEPAUATOV

A 4

Extéleon covita
TEPOUATOV TEPAUOT
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Testing

Etvaw yprioiun texvikn otav
— Eivat d06K0olo Vo KTIoTEL HOVTELO TOV GLGTHUATOG

— Ymouépn Tov GLGTHUATOS (TT.). CUCKEVEG) OEV UTOPOVV VO
novteAomoinbovv

— O kodwkoag dev elvor d100€o110¢

2OUTANPOUOTIKY] LEOOOOG TPOC TOV LOVTEAO-EAEYYO QUPOD EAEYYEL TO
1010 TO0 GLGTNUA KOl OYL KATOL0 LOVTEAD QVTOV.
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Model-checking

Enavactatikn puéBodog yio tnv avtopatomomuévn enainbsvon
GLGTNUATOV

EAEyyel Katd TOGO £va, LOVTEAD IKOVOTOLEL O, oo 1O10TNTA T.Y.

To cVvoTua divel TAVTO TO COGTO ATOTELEGLLOL;

To cvomua wepiEyetl ad1EEoda (deadlock); I'a mapdaderypa otav 6o
TOPAAAN AL TPOYPEULATO TTEPIUEVOVY TO EVO, TO AALO, GTOUATOVTOS LUE
aLTO TOV TPOTO OAOKATPO TO GUGTNLLO.

Mmnopel va gppoviotel adte€odo péoa 6 Lo mpol oo TNV EKKIvom g
EKTELECT|C TOV GUGTILOTOC;

H andvinon diveton mavta péoa oe 8 Aemtd;

Bocileton € GuoTNUATIKO EAEYYO TOL GLVOAOL KOATAGTAGEWV EVOC
GUGTNUOTOG.

O uovtédo-éleyyoc amaitel uio. oxpifn xKou Cekabopn oniwon twv
1010THTWV oL Ba eAeyyBodv. Avto yivetar ovvnbwg o€ uia ypoviky
Aoyikn (temporal logic).
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Model-checking

Tomwn otdTmon Movtelonoinon
oUVOLO amd HOVTENO N\, . ... .. |
1510TNTE GULGTHLOTO
J  Model |,
Checking :

4
»/ FALSE kot [Ipocopoimon

OVTUTOPAOELY LD

A 4

Y

TRUE

A 4

gvpeo
AdBovg
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[TAeovekTnuOTO TOL LOVTEAO-EAEYYOV

Epapudleton og moALd cuotiuoto (VAKO, AOYIGUIKO, TPMTOKOAAQ,. . .)
Yrapéin epyareionv

€ MEPIMTOOT) UT TKOVOTOINGNG LG OIVEL OVTITAPAOELY O
MoaOnuotikd amodedetyuévn

Kottdlel OAeg TIC dOLUVATEC EKTEAEGELG

To evolapEpov ¢ Prounyaviog yio avtd GLUVEXMOS AVEAVETOL
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[Tepropio ol Tov HOVTEAO-EAEYYOV

Acyoieitor Kupimg Le EQUPUOYEC LE TTOAVTAOKT] POT] Kot Oyl
EMECEPYAGIO OEOOUEVOV

Ta anoteAéopata Pacilovtol 6TV TOLOTNTO TOV LOVTIEAOV

H molvmlokdtnta (state-space explosion problem) umopei va
ATOTEALEGEL EUTOOL0

H onuovpyioa katdAAnAmv povtélov amottet meipa.
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And the Turing award goes to...

Milner, 1991: for the developments of logical formalisms
in computer science (LCF, the mechanization of Scott's
Logic of Computable Functions, probably the first
theoretically based yet practical tool for machine assisted

proof construction). Robin Milner
(1934-2010)

Pnueli, 1996: For seminal work introducing temporal
logic into computing science and for outstanding
contributions to program and systems verification.

Clarke, Emerson, Sifakis, 2007: For [their roles] in

Amir Pnueli
developing model checking into a highly effective (1941-2009)

verification technology, widely adopted in the hardware

and software industries.

E. Allen Emerson (1954-)  Edmund M. Clarke (1945-) Ioone Zwpdxng (1946 - )
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[Tapaoetypato EQapuroyanv

Acopdrela: To tpomtdkoriro Needham Schroeder

— Evpeon AdBovc 17 ypovia petd amod tn dnpovpyia Kot StadedoUeEV ypnon
TOV

AOYIGUIKO GE OL0GTNUIKOVS TUPAVAOVS
— To Mars Pathfinder tng NASA

AOYIoUKO GE QVTOVOULN GLOTILLOTO
— Boeing helicopter

2VUGTNUOTO GLYKOIVOVIDV
— Movtélo tpaivev pe 10476 kotaotdoeic

Epyaieia poviedo-eréyyov ya tic C, Java, C++
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Torikd TpoOPANUA TOPEUPBOANC

process Inc = while frue do if x <200 thenx=x+1 od
process Dec = while true do if x>0 thenx=x-1 od

process Reset = while frue do if x =200 then x =0 od

Eivon mavta to X avaueca 6to 0 ko to 200;
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[Tapaderypo LoviEAO-EAEYYOV

int x = 0;
proctype Inc(Q{

do :: true -> i1t ::
+
proctype Dec(){

do :: true -> i1t ::
by
proctype Reset(){

do :: true -> i1t ::
by
init{

atomic{ run IncQ; run
by

< 200) ->x =x + 1 fi1 od

= 200) -> x = 0 i od

Dec(); run Reset()}
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[Tapaderypo LoviEAO-EAEYYOV

[Mo va ehéyEovue TIG TIUES TOV X el0dyovue pia Olepyasio mov EAEYYEL OTL
0 <x<200.

proctype Check(){
assert (x >= 0 && x <= 200)

}
init{
atomic{ run Inc(); run Dec(); run Reset();
run Check(Q)}
¥

Me avt6 t0 dedouévo To epyareio pog dtver unvoua Adbovg:

pan: assertion violated (x >= 0 && x <= 200)
(at depth 1802)

Depth reached 3598, errors 1, 12609 states stored.
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To avtimapdosryuo

606: proc 1 (Inc) line 9 (state 2) [(x<200)]
607: proc 1 (Inc) line 9 (state 3) [(x=x+1)]
608: proc 1 (Inc) line 9 (state 1) [(1D)]
609: proc 3 (Reset) line 13 (state 2) [(xX==200)]
610: proc 3 (Reset) line 13 (state 3) [(x = 0)]
611: proc 3 (Reset) line 13 (state 1) [(D)]
612: proc 2 (Dec) line 5 (state 3) [(x=x-1)]
613: proc 2 (Dec) line 5 (state 1) [(1D)]

spin: line 17 Error: assertion violated
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A10pBmon Tov AdBovg

iInt x = 0;

proctype Inc(Q{

do :: true -> atomic{if :: (X < 200) -> x=x+1 fi1} od
ks
proctype Dec(){

do :: true -> atomic{ 1f :: (x > 0) -> x=x-1 *fi1} od
ks
proctype Reset(){

do :: true -> atomic{if :: (x = 200) -> x =0 fi1} od

+
init{
atomic{ run Inc(); run Dec(); run Reset()}

}
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