AUPLTB 7 AKEdEBDEB UBs I ¢gAKj ?ALE
Fji Bs#s AT¢NBs Riigqj?) ?+t &q?
2¢€j ] PETq? 3YBsSBULEgQq?

geaeyUd ¢oUoaUjso13 dossedeUssoal 3
FgUdevyUxys | ety Urs

s oveUUsose EjoUdalU

A? ) s3Eg Tt B? ¢ AssBIEBNAL UA¢AB? B PABZBsBUgEEE
NB

Z
2K i PLEZA?) ) 3¢BZ) &)

jrtguhaUeeasd lGoUssy¥Yoasd
E osboylfUhdpdeeU)y sed jlGoasi sadd

FgasU sboay ¥3: oj. pdeelysed YUsh esgasd ( 4

Ades U, B®00bjdd



2/81



AUPL P EEBDODEB UBsJ3IgAKj PALB
Fji Bs#s AT¢NBs Riigqj?) ?+t &q?
2¢€j ] PETq? 3YBsSBULEgQq?

geaeyUd ¢oUoaUjso13 dossedeUssoal 3
FgUdevyUxys | ety Urs

s oveUUsose EjoUdalU

A? | s3I E¢ Tt BAtUzqgq? j AB?Baq
Z

jrtguhaUeeasd lGoUssy¥Yoasd
E obay ¥3: TUd. opdeeUysed jJO0ocisdd

FgasU sboay ¥3: oj. pdeelysed YUsh esgasd ( 4

KosjyaddalU U Uds UjsesU@0B0eaUUGUsse U osUje e Uds

JjGeei3add
. . 9.

aw
o
c @
Q.
h-3
N
N
Cc3
o <
o w
o w
o9
o
R+
W
No
Ce<
o0
[SIN)
oo
[ax\(=}
= -

] des3s U, B2 b) dd

3/81



Copyright © i 9 U3 3jYjegihd Usead, 2020

z U

RCW QO®c—

o« o
w O

‘8

U sili aUsza(

U0y Ui UUU>s

U3z Al

d Us

UsesUUeg’ UgUeg’

jucglasc’

saf]

VI

doe “jeyaUgldd

0
U y

O O C«
R C>
v

q)"l—
N CcO

c @«

Co CcQ
OO Ce

2
U

uu
uUs
baagg

[O)

frights tesesvédis 1 ¢ UUg d .

Usoy UlGe, U edealgld aUs lsUs
09U Ue @) 9ah uae'h. K o0}y

UstiUgUsosaed d U; UgsdUsoaed

3¢
" 00
Gi G

€ ¥
U s
d

aUs 3U UsU0UUd) UaUUs Us ’U413 € ¥

ugs'U;YusUl’JU "eg ’U;syeesU
"fyUys” Uss UssU j Ubylexd 30 gedglsa Us g U
"geagUUc3Uaasg.

4/81

Us ¢

ald



UABsBUOBE

¢ “UjyeialU s oavyelUUsose UyoU8aU Us e3eddalU GUes U
zdqeUssdisgacgoslUL 3 Ue g AKdsooaagi zU0B80chbalBaglsBae gy
i) 0GUd) seUelUxs Usg UyoU0GUdyasg Ubgylde ¥B8¥Ya Uj))ssa
boseedeUssal 3 ps UUexllwn g U ( vEIgUn(Bd. ¢ s oaveUU
sacgoad)tddal Uess BaUtbyd Usg 2020.

—

o

63UUac 6adld Ueoejade¥ys ejea3aslijeesgaflhodidd a0
Jje39leysys UgUesevyUrs.

3UsoUaelUse eUaylUdd Udd Us eavyeUUssaed UgUed Uy
a

@ ™

ZFUe GdeUase UgUR Ustd¥seeUs Uds UsyYoad 30U Ueiiy Y0
hiegd GgsybUaaUs GUds eacgoaae) vrid UgUed Ud

g eUoUai UUje ¢UgcUystUit e UasUs GUesgd o2e63Uad ca
Gdgsdeald, Uioasald oaUs iileaesald, Usay¥Y oaUs o250 U(q
Usd U sasoyd. HAhe Uipkedsy dywemgy Abocsgd e©6g jhBg o29U
dUvyddaUs aUs UgUesa Ua aU ea6g.

gyaad, dU edUaU 30 UgcU)eat@®dygodde ¢ FTOBea Wgh.o b oy
jGeacgiad aUdid oaUs (ma.dippanV sy Ud 303 Uce oaUdaeiliec:
Ueyya0U0d g etUeyssd, Usd adpl dideUdE bgelkadlgmyd ~«=W@c
a0 heoae UgUR Ue uUsyYaUdeU.

j1gihtUceasd GoalUs3¥Yce

BoaUt byoased 2020

5/81



BbL?) 7T) E YAANL K} BZKAK?q?

HE D) T B BANE KJB 2Rl Reeroeeoeeeoeeeeeeeoeeseeeeeeeseeeeseeeseeesseeeseees e esseees s seees e eeseeesens 6
B A AL S Bl e e e e e sttt e et e e e e e 8
(0 01 = TG SO O PP O PP PP PPPPPPN 10
1 j AB?B@AB7zBsBU¢gFE¢ T;t JstiBALUzBt j.ABRBMABZBIBI¢FEEER
O =TV U T e 1 < DU RPN 12
1.2 By 90eRd U0 U g e 12
IR T T c T T Tt [c TR e TR LA o AR 13
14 j aadaeUayy Udidd @oU) oUGst.a..(.Task..Dependentdi es) :
ST T A = T (R = B =T o 1 I G i T SRR 15
16 J 2aofh)sdees jjes3eljeesahodidd..(.Schedul..ngl5Pol ici e:
1.6.1 First-InFirstOut (FlI FO) weUeaas1d First..Come.,..Fil6st Seryv
G o 1 (=T AN Lo T T (= A SN i 17
1.6.3  Fixed Priority SCheduling (FPS): ... ..uuuuiiiiiiiiiiieieieieieieieieinrsieieesiererererersrernrernen———.. 19
G S {010 [T B L] o] I L) 19
1.6.5 Earliest Deadling FirSt (EDF):.........uuuuuuuuiuiuiuieieininieinieieieinrnreinrnreneree e ————————————. 20
2 ALB)lqig E¢] jABRLEZAR )l B2 B 23
A R Q= T U Yoo T - SRRSO 23
22 Gy yYied | aodoaiUraskGrabh: . U.m.a. ..o, 23
23 BALEZBE(G6) 68390 ctimedautthtptdm):e. .U G......coovovveviiiccccecc 24
24 BALEZBE( Us Ua caplko/aluBtiom: 3. 8.0 ...cvoveveverereeereecececececceeeseeeeeeesesenenenenenen, 24
25 BALEzZBE(G) 83sley3e Ugtihgealkdhmtonfdl a task)U.4..a.0.0..0.025
3 7ZBP¢AKsBUBLegFEg EIEE¢gz) £q? | ANB?LEZAR2QR..). 1 £BZ2)2¢q?
31 OaUo68d ZiBMOUBYGRECKING: ........c.ceeeeeeeeeeeeee ettt 27
32 g 908 A Uk lglb oo, 27
33 7283 U8 1Bl Ll oottt 28
34 jy1e39ley3sU jgUhe VU0 GUe .0y.0.0alase..e.6.300ac31le6adddd

35 EgaUUUsayY oaUs bHbUGsaU U Usaldy o.0.0da.lU..020%0aeg ¢ a6:
36 Oaloced aUs U UaedUglde Whed..g. . .f..0zy000.d..0360
4 7B?¢AKsBUBLE¢FE¢ ¢B3I UANBbdsgz) ¢BE j AB2B.pPABZBS.BHUEF¢E
41 Uy U Udd e63.0028.0.6.0.0.0.0.0 e 40
4.2 DaAA STTUCTUIES ...ttt ettt e e e et e e e e a4 ek e e e e e e e s e b n e et e e e e e s e bnbreeeeeenenne 41
4.3 TASK TEMPIALE ...ttt e ettt e e e e e s s bbbt et e e e e e e e nbbbreeeaaeeeaans 42
44 z83UU0a8 cadtd Ues iy Ul deraskGraph..).aa.d.a6.03.Y,. 0460 d d
45 263 UU 88 RBSOUICE .0...cuovvveeeeececeeieieieeceeeete et eeteee et es st es s e ses s s nanaesesans 47
46 ) 3Y Ugsadq ze63Uyoe¥3 | @026} ade.x.3..}.).6.3.6.0.).6.c.6.2400d0dd
T O e | 0 49
I A ) (= To | = 4 To ] 1Y PP TP TROPUPPPRPUR 50
4.6.3 Earliest Deadline First-EDf ........ PP PP PP PP PP PP PP 51
47 Ko2aUUYOUUGOd "~ Us) UelUlUa.o8.8.i .8 ¥ tB.0.0enriainieaienenens 52

6/81



4.8 SChedUliNGQUETIES ... ..eiiiiiiiie ettt e ettt e e et e e e an e e e s snbne e e e aneee 53
5 Ki0) N\ZBWABEgAL?BZA?¢FE UYUNBEAUGIGLEZE EFA UYABds¢gz) ¢)

FAB DB OABZ BS B lfllofffeieoeeeeoeeeeeeeeeeeeeeeeeeeeeeee oo ee e ee e ee e 55
BL BABMS £ 7] Lol FhFiO oot 56
52 UABMS ¢ 7 JPERIOD(C EDF) ..oooooieeieeeeeeeeeeeeeeoeee e e eeeeeeee oo ee e eeeee e 62
53 YAB DS € 7 JPRBEMPTIVE SRTF) oo e seeeeeeeeeeesee e eseeeseeeeeeeee s seeesseenens 70
54 BABMSEZ] 4 ( PERFIBML.CoiE P S 76

6 FIZUAN] BZ)] €] & BABBHELTAR et 78
8.1 Ege Ul YO DUttt 78
(T I I R U T U0 o (ST 78

(o T T =T T T T U A T U R 80

7/81



BAAL s ¢ Q¢

HyeboeeUUU ) e3c6lijsecaffogaadi U daYiaeddsoaUs vy
“"Uy s U, 0byaotoesUUd UOGUyescoyd aU ~0uaU “e6g UaUUC
"Uy Uorvyopedgy s Uds oUUUsecee Uvs UyoUGsi s Ushd g
UgUt 3 U eblylleelllemb@d] e Wd G d e 5 UW) stUesgidyfpyrasaurces)
GUegd 68 caecgdglsUaGedlaY @Uc UU jlegalillseceyBlesgd 3 U Ua UU
a

[y

@

] 3 U3Usel0Uy ategeU UyUssUd UVUGUyecoyd ¥d y3

) UGU0d ) o dindeedgperddent tasks) , dU Uy U00dyetegel 3Urd T
UsUGGUaalegel Uds U eUUaUGcUUsahUU3d oaUs c¢caeeUah!
byaUstUd Uszse sadltd Uxs " hyrs eUd, UGU;eheaesUUs
aUUUgdi 36g3s Uds oY¥YdU UjyecslisahUdUU Udd UGUjeesoed
by bUsU, o990 oY 6sUd Gglseyd UGUyesoyd “~e6g UadU:
U UsUei 3UUs ’4edﬁﬁnéngﬁeﬁdlinesjGsﬁeUl‘IJSOGioe(U safhoady d Ud
(aUde asoY) itterddpénddask@d Uswd@ aUY. ¢ ~J heoadld ®es’ h3
UdG Uy e 6o eschddatimg principles 1t 60U 30 UsUGGUaass ghsalddls ~ o
"38dU0teald Gjye3sleai Uqg’ 2 Ysdh&dulabditWanalydi§).a Ud 3y e d Us

ZFae fhd a&ae8s h3 UgUed Udd Uy oU0UGaUd U eUU0aUa
"0y 9 UL 6 Uxy3 seyhosdaimde eb U simulhtioh soel.d o ¢ sesUDae’eaduq
U o Ui fgcheduling scenarios * } Uoe UUs " coWRP4AM Y 40 06) [12,24]
U gUUaUa y3U ndgebing,avalmaion ®» 4)Werification [ 4, 2 1] a0 GguaUlecs
"3 UoegUUsoaaqi cyJhsaeg €U Uds ejedd ejeasle g
ee3Uyal Gge U} s owvchadudirmPpalices a8, ~oaddt j U cUy UsaU
aUs U3z Uy Ue G U~ sinternlepéhdertd sasko YT Y3 UUHRUqUU UVajrdtiviggs g
resource 0 U G g o o Utagk® fys3 focessor) UaraY¥ oaUs Ugs3UURUQUU
Je3aegl)jeesahodidd.

FUd GgsyecUsU U eadU "~ Usjy UeUUsliehd oUs eU0a
sCJUUbYaaesUDg’UsCtsygg"ﬁﬂ;x@é’)@ygjt°00 3 U ’;eeﬁ]’?egiﬂs sUc

GoUGey OUsay U3‘7‘4sUUmge$Gw4oeraeaE{hoLdoue(1gg1huq OU Ueyo
verifierUelgPPAAL[12,24]. gU OGge Uy YdeUUU UeaayY oaUs s U s dU
“Uy 00U0dei 3. GUs Uyacd

SK? Kt E TskypsBel)seceahodlidsesivdgr@dédualld, Usadac
GosUyoUGs1t3, "Hyes, “~3edl0beald cjyje3salteci, e£630U0aa

8/81



ABSTRACT

Scheduling problems nowadays are encountered in a wide range of cases and in
various branches of occupation, while being applicable in fields such as production
scheduling or even task distribution of computer systems. Axis of these is the optimal use of
a series of limited resources on which the operation of each system is based in order to run
specific applications.

If we treat such applications as a sum of interdependent tasks, it is easily observable
that in order to ensure their most efficient and smooth execution, along with the optimal
utilization of our resources, various timing principles must be applied in order to guide the
competence of each implementation of applications, with an ultimate goal being
performance optimization. However, certain physical applications that are about to be
controlled may require timing deadlines for either the entire application, as a whole, or for
each interdependent task separately. The final challenge constitutes the correct appliance of
scheduling principles, to ensure that all scheduling timelines of each process are met.

Initial goal of this thesis is the modelling of scheduling scenarios in an appropriate
simulation tool. Although there are many alternative methods, the implementation of
scheduling scenarios took place in UPPAAL (4.15) [12,24], which is a fine modelling,
validation and verification [4,21] tool for Real-Time Systems using Timed Automata [Chapter
3]. Notably, the models included a variety of scheduling policies [Chapter 1], a variety of
features and dependencies for each interdependent task, the ability to assign specific
resources to specific tasks (bus, processor) and the possibility of pre-emptive and non-pre-
emptive scheduling.

Subsequently, we performed many case studies and experiments on the generic
models by alternating and substituting the intial values of certain parameters, in order to
obtain separate and unalike scheduling scenarios, whose validity was checked through
UPPAAL verifier [12,24]. The conclusions as well as a possible future work of this thesis will
be presented at the end.

KEYWORDS: scheduling, process, modelling, interdependent tasks, resources, timing
deadlines, validation, verification
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1.6.1 First-In First-Out (FIFO) U & & shirgt Come, First Serve (FCFS) :
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1.6.2 Shortest Job First (SJF):
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1.6.3 Fixed Priority Scheduling (FPS):
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1.6.4 Round Robin (RR):
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1.6.5 Earliest Deadline First (EDF):
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Mvépeve akepaiwv | Teheorric or yia bits
/ Alaipeon akepaiwv &&  Aoyiké and
% Modulo || Aoyiké or
<< ;?\o'rspﬁ Hetakivnan ?. Teheorrig If-then-else
>> Ae€id petakivnon bit not  Aoyikd dpvnon
<? Ehayioto and  Aoyiké and
>? Méyioto or  Noyiké or
:';;:%; 1::;::"1‘; avabeonc imply Aoyikr cuveraywynr
FecdeU (Bpdb .iadiigUsay dd 2004)
Uy} Us ~yaUhRhGe Uvrs GgsddoslGeysyrs (agrard el
Uy U v¥3y “a3UsaU, ouWwPAMed}dnidlisa aWe U UsaUUdGi 3
UsalGy YGUsd jea80513 © UsaUj Uavs explaldithbd5d gL 3. 7
6Jdiosee 696i3UUs [€16]3 Us UU Uy UavyUx
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A Synchronizationza U UUe yaU Ggocjeaslesi UVasU
Expression!  &xpeession? UaUU eaU aUsze UUe yaU.
dU UsUeagdUa "~ Uy UsUyy v “~UpUayUx 06U0Uds ys

A Assignmentz a U U U eAssigatent Ua 3 Us y3U (i 3e6as
Uos (i) YU Gideepffeetdli s Uc v s he UsUd U y3U oahee
UgUyd 3y Us 30 UsUlyyesaUUs U esoaalUsi
eU0UbadqUyd oaUs GU0UUdUyyd, Uzt yecegs Uds
efhse Usyy UsUdUUseyd a0 jyeahos

A InvariantAa3Us ealU yoiij UGd “e6g os9Usse 89sUa
pUs yeUs ~ UgidBeffectsp Us W UGiey ¥ o2a3UU0UUs ¢
Uayyj UsUd eU0UUUbadUyd jodlms olbylass dgo BsU GelUlltdal
eaU GieUgsd aU000GUeRKE3edadelclpdd ¢ al
UsUGey ¥ Useced epbxmomado BdBULs U y3U U

g¢U |} codislel0asUs cUUUbadqUyd “"6g € 638is3 30

"3 UoelUUsoafh Uyosdeh oaUs 6 6gald e 83613 30U a6} 90
30U e0U0jdd8aeUdsg [h hged UU jeahosU UsUsallas
ygdef, "3 8aUseyseg 30U Usa 380y Ua Ue “~Uoahfhl
j UocoeUUsoae Usee Ushd 3 eeacos96i € 6} Ua UVUalU 3
UsUOUU0UdUa). @Uuieeysseg AHUs UdaisdyoUaslde UWPPAAL
U UsedUgld Uxys GguaUdeyYUxys ~jUoeUUsoesi G hHh3ae

dUeUeasitlid eyle e63UUas s8adidd aUs U UaedUgl
cUsleysae ¥vd y¥3U Giseae UUgUhRheyes¥s UsUlsaUl:
93 UlGoetlocWiosUleysd ¥d Gjye3s0ceysa UgURe UUs. 7>
UsUs jely Ui OUUs U ' H y3U o23YGdeU Us 6 608 ¥yG
Useyd (edges) ¥vd UfRaU UsyeUOUOU GUsd dyaUsd.

edge

\ccal\on\ start l end /Iocnl\on

FceeU 3.5.2

Bs e U0U0Utansitoesy ( Bs Yoy Ud UasUs UsdeU) veysUd e
quards ( (i o Uspldates ( Us d e U}y sylickienidations( G go6) 83steai d) ol
selections ( U~ o of15p ¥ d )

Os3Ud Gi(gaidyUgas Us e9U yoly UGd ~689g 6} C
e U0UbadqUyd oUs 3 eafRosU Usg ee63Uyasg,
e0OUYbUGd UasUs U3Ujyo6 8sdeysd. FKEdeUst
e 684613 30U UsUjoe6 6adqdeis 80U eal 0Ggo:
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UaayY ehze cali Uy Hoagulygl dddU cudoelUs 0
tg3sUURUqUUY.

OsUguard (G} 8gy hd) UasUs ealU yoaty Uld
Usfheasgdd aUUYGUUG(: pU3 sideefféets), ¢ Uy Us
UsseasgoUalUUs GU utgUlusosae Usee, UsUly, 0L
Ua Uy Uavy3Udasydad e “~as3Uald UyUssys Ui
sUGeyyd eUU0Usi jeacgost 3 UasUs ((gooay

o) YGUsd oGuardsUy¥aad Uég UU jeahosU U
safhosU U eUUeagi 3 sglsUtUsay¥Y GgsUiazUsgd

= Co &«

start - end

Fcee U dpardb . 3

sUzdeyyvyadd(update) UasUs e€sU yoatiy Ul(d
g3UsehUU; 8 aUdid Us Uz UatUesce Yoajae b
Usseahodqlid UesayYsUs Uds @IIUYaUUGd Uesg 0

N
Co N

start  __4 end

@ b;; O

3. B U0gooc) dsyrmhionifpton) a3 Us e HUGseahd edeUs
c}Jdioeseas 6oU0alUs 299U GgsUssaslUs Ud uy ¥
tosU;oU0ald. z63U0Uae6 685Ua, 290 "~ Upvyuc
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eU0yYybpUGd Uds oaitsU Us&sm»e ec. uydledss OyWals , s
GoUtsalUGalU dU wyeUs U slideUGeyad Uds 3
tosUtssaUGaU (Ud) ¥vd c¢c?. 3 ¥Yyeegs UjaU
"Uy 993 YliesUU&IGtosaci d¥d

Regular channel: tdeat 30U0UUs ¥d chan c. y30U0BU ee2dJU tbyJii
U'fh Uds e 8alU g ¥YyeUs €950 e0UYDBUGd "e6g U sld:
Ud e0U0UyY¥bUGd 3U UasUs UsUjoe6 68sdeysd UasUs €5
U'fh Uds e ealU g ¥YyeUs cU00UYBDUGd "e6g U ®WideUas!
esU OGgooUsayoseysd GUsoee, g ¥Yjeegs UsyYleyaes U
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Usdeyyyvyadd GU €90 ¥Yoayd Ggocyesslesi 95U c! Uas

eolU Y®pga) Qizsde[®]. o290 c?

Urgent channel: UtUdat 30UUs ¥d urgent chan c¢. KasUs

UalUhd U K Us o2Uose3hd HUs U3 UasUs ugslUUR 30
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eOUUbYGUsd “6g UUs U UsUsi3 66)h3e o990 30 ~C
: 3 U 9sU0yy 630Us GUsd ¥oay Ud “~yYs3rx U
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- end start  ___; end

Fcee U (B, 5a 4

Broadcast channel: Udelt 3btbadegst chan c¢c. yU0Us eaU i
a0 890 dydd U ' fh Uds e eaU g ¥YyeUs esU SUUYbU
"Uys0GhHUOUVU; O UsUyoUGalUd UasUs aU dyuaUsgd )
CJ’euo[sUusysq eU c?, falUd eeseqssy&lf[’[ngqueLg’huLea, ¥\

o

g Y} 6603 GoaUjoU8alUdg GUsd dyGUsd U f Usd

O sddeUGeyad €U0 c?, d U0U0y¥bUG( O'QGquﬁaysq

Yoeayd. YU, 00dy 0UalUs HUs UU jeahosU c¢li aUald
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Us 6e ©d UsaUUaUaUUs 31 U0U0. ¢ Usdeyyrld aecUU
UsaUUaci 3UUs Uy sGUUy Y "3ed UU utUszsyY, GiclrysU
aUUUGcy)eddealUs oaUUY GalUBH) steh Usg GgaUe

Bs dylécatmns). | 3UlGeyosaY U Usd dyaUs
"3 8Usj3 UUsoeh HseeU, Us 8 6ae G} duosc
Usg Ueyoeeg oaUs Udd UUeedjaxiadd U

U s U[6,25]:

d (locatio
Ui Us GUs 3
g e£63Uyaas

1. Ilnitial :(U)yaddloyghUg 6 "~y Us 30 yaUs
"3} ¥oeU “"@6g GdeUasUs HUs "~y Us 30 3U0c¢
dydd. qd Ue Uesi Usg, oYdU "~ hUg 6 "}y’
"8g U sl8deUas3U0U0Us ~vd o0 cacge . Bl il as)s00ey
elU Us a[l5.0i aaa

start end

.06

Zceec U IBitialSStading location

2. Urgent locations: s 6 6alUd "~ Uoitsegs Ue 6} h
O saUyy 0OUUs 30 “"UyyeadUs cjye390fhh UsYH
b;oﬁaCJUUs G0 Usyesad. ¢ o¥YdU dyad 1}y
Uy yaUs 8 6} hsaaed. Bs g hess Ud e UL
"3 UoeUUG 85ddai 3 "1edadgeyrxPoUGEBGGE
’U;ya»ljgﬁq ) hsaaeg. ZUe ¢c63Uyaa, UgUsgi
U sddeUadgis)lUUs ¢ U
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start 0 loc1 end

—@ O
urgent X

location

Zcee U WWger logtion

3. Committed locations: s 8 6ald U addd UoL3a8(Qg3
y3U e€63Uyas ycUs UsUlUyy¥dotidUdy 0B gs Wk
Yood sy oU0G8al, "y U U h UgUyd G
O stddeUCeysUd dyaUsd, uUs O sUyp y 0UL
GgooalUe)sey3lUd dyaUsd UasUs cjyelselUd
UsgasgdalUd. zyGU GUe e6f§lflyas U sldeUas

start ,_ loci end
@mnmlﬁnd/© O
location
Zcee U Comrited location

4. Normal Locations:haUd 69 g Rases Ud. ¢hHGe 65 Uy
aUs 69 normal |l ocations € 63 Ua 30 usUd
8  aa¥3 3U saUszs 69e6ia3lUUs lGgasdealUd hHOsa
UgUe Ud ®WGWd0y yBp UgUyd € 63 68i3 30 G600
jeafosU UaUU U Usd eUU0UUbadqUyd [ 15]

start loc1 eeT end
X<=T
FceeU Normallogatone 0 G UGUdUjeg saUse 8sUalUs fHls
OaUa)

36 OaUosced aUs U UsedUgtd Ueg g  f UszyUUGd OGg
AihtescyasWmee eoaddUa 6 "~ jelseesavylUed (simulat
ee3Uyas aUsUsg)oUa oaUs Gge Uypsty; OUUs H vd Uoy of
eUyosoyd Geayyd 95U 30U UsscsUgUsis Ugechs a¥Ydd GUsS3
30U oaBdmedyea UUY “~Hle U UaddUiesUUs @5 slishUdqUU
UgUdly "3y Us 30 o@dmgas Uo scyli hyldllesas Y ds U 80U 6 3
e 000G, UGUei 3 GU0Ud o2at0GU 0O UyyUelGUxs Usg UPPAAL
Urxs osutseUeUnxas “3ely Gayeyyees 3 UUs YeUOGU 6y didses 6ot 30
UasUs Uy al0U0UY U a¥Y. Bs (GcUUsU00Uyd Uselag 33 Uy sl dstlh ey (
i 3dU00U0 Uy vyUeeUOUU, "jeolUseyseag 30U bUaUsydUa d U
d U UsedUgddUGss shiisms UeUx3s e 8)3 Ua 30U U UsUUa Ues
Uy vUdeyYUy¥s oaUs Ushed oUs Uds "~ jeldead GUes €630
UgUseyYUrs".
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¢ query oot 00U URPAA. U s UUaU0UaUUs U K UeggdpathUi " egd

formulae) o Us Ue gWU i U Ustmeadtprnaflae) . Bs Ui " es aU0OUYGUUGdJd
aUcrvys0GUyd UsUa¥, UqUUdg sU0UUUGUYGUs(, U3t s Ui
£e638 YUsU d ae63d Ueg ee83Uyoacg. Bo téachabily, Gos Ul @
safety, liveness. BU} UsaYUyoadills U U, OUUay; v Us¥Yeagle Usgd

(
UsUaGUesscU tUsUoy YeeUUU "~ 0Uysoy3Uled 295U Uess oayYdU [

State formulae: O3 Ud Ui "ed oaUUYGUUOGdd osGctgasUelUa ¢U
ig3UU[RUqUU U U3UGd00 G0 eaU aU0UUYGQUUGd e¥yad
ee3Uyaasg. sU " Uy yYuUbo= U7 qUdlk tbee Greodidislslied G U ¢
h - GUUQﬁJe+UU9 e 0 7. ig B 32000 Ulhisd U Oas Us g C
0i 30Us d duarddy(3igaYoars) , tdeaUle y3Ud Ui 6d ol
yolyUadd e¥vyad “~UpUsyyoU0sU0d Ugmads diUs) 8 dad0O
GoUGy Uoe¥YUrys UUs ¢U Uoey Ui UUUse [21].
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OA [ ] not deadlock = AThere is no deadl o
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