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ABSTRACT

This research presented the application of finite state machine as a model for designing
the operation mechanism of a communication system in according to its specification. The
important specification items of a present communication system that have been considered in
this research are the time and geographical constraints, By implementing the definition of these
constraints into finite state machine, it can be used appropriately to be the model for designing the
communication system that has to be operated with time, location and area of communication.
And on the other hands, this methodology can be used as a simulation model to verify that
operation mechanism of designed communication system will work properly or not.

Moreover, in this research we have also developed the software for constructing the finite
state machine with time and geographical constraints. This software can be used as a tool to
design the operation mechanism of above mentioned communication system. Therefore, it is
convenient to model the operation of communication system and verify its operation mechanism
to execute properly with required specification. This is useful for decision making before real

implementation.

I1



=y =
naanssuszmea

¥
L

a = 4 o o 1 Y (=] - o 1

Inniinusaiuiiduieganldiluednd  ssdwmsmivayuvesyananatvche
Avinady

v A anow ¢ 4 ﬂ e |4 P ' 3

YOUDUNIEAM 37.A3.5AANT 251garsnug Fuiluensomlsnu nngangauld

a Vo = o aw a ¢ A 3 ' o
wonnean  WASnnlumaiite  aasawmsinsiiveudiymang S
YszTomineauise uaz ldnganIimsmivayuTomalumsAnuiseluszauae )

VDVDUNWILAM Prof. Yasushi Kato 1oz Prof. Kaoru Takahashi n1alilemauaz
anuilumsfnuinuisoaesiniu

YOUOUWIEAW  MAIFIMINTIUBIANNSElnG  AmdmInssumanl  aoniu
maluTatnwszvamndudigunmisaianszly - waz Iasamisdndnisemsdemsuas

maTuladmsauma (ReCCIT) LA BIAMIANNIWLOIEN 9 szmaAvediiju JICA) n1d

¥ »
@ A

Timsmivayuinsesiietazgunsellumsiidsutiludeslfians Inssiionmsdems
(Communication Network Laboratory)
voveunm Auunaa usismi Newlianud nusihuwamalumsinie madiou
© = or a o Yo ot
wazmstiuauaunANY MsweyaiioInuaIuIse uas idnSnuinannoa
= ) b4 A Yo = b 4 ' aw
yovauamAg  ouq  uazvesq  Aysuliininvuazuniymiaien lunuie
: n:‘n Y .:;dy
swnana aunl ldseuuluni
@ A ' PR & vy
uazgAMUtivenT VYD UNIENUAMIND AR AFInoseusuag v lemalu
= @ 3/ =2 o o v < n’: "
asfne uasmivayulunng dw saudeiodlusidslsldiouenunzaasaly Bnnagae

@ Y a o dyu d Y e
Nﬁﬂﬂutlﬁ']qnu']uwuﬁﬂUUu'ﬁ‘lﬁﬂ'lﬂﬂﬂ'Nﬂlﬂuu

a L4 o w d
2399 1w IBURIR

11



1

UNFATDNTEY IV oot I
DY) B ) TUI VB TTVEYN .o on1s.eomseneamsnonsmessensnnssmenswosesssii 57 ieHossisisase s el s SEHB AT SRR s oSS 11
AN T TUUTEM IRt 111
BTITIION cocossusscsmvasisausssmssmsmssssmsssssssmssasmsme s o s SES A T O TR SRS SRSt sS e  HTR v
B EE TR Y Bhnssncrsmrssssstmsssssssssspssessasessesssnesss AR AR S S A TSRS TEPSPet VI
LT 2V1:T1 | R oo _—eourm . OSSO VI
MR A . RN\ VT 770\ 1
L1 AN unias A mE R QUMY s 1

1.2 AT VINUUAL TR ST AIAYBINITANYYL s hcnsassseere o e csnnes 2

1.3 oA T TN L L A SN o Pl Ao R N crrenrenrennesneans2

L4 NOYANT U NIRRT T IUNIT T i e 2

1.5 guShmgadb2228L A\ /. o N\ T 202020 I A o R 3

1.6 Binptud Rthred. VY Sermss Wo BLLULY 30 w d) 3
wnii 2 "I.ﬂ'luﬁﬁmmtw%uﬁuim ................................................................................................ 4
2.1 TIRIN e osrrroen S et N T . Lo M i S ssvssssiprssff lfssaiswespsomssesss 4

p X TS TRIL, Vo L - S WU (<X S\ 2> ) WS 0 o P 4 A— 4
2.2 FEUUNTINUNITI B U .o N e oveirsceessope SO e cafllcseasscmssssssussssmmssssnss 9

NN 3 T T AT ST U U DU DTN eessiteeeeeeeeeseeseseseseseseeseseessesssessennseneens 1 3

B UTIM e e e v e e e n et et st e et s s na e A A e ae s s s e s sanasaeseaanreaesesnes 13
B, R BT L. oeeremmmmomcerentmemaseenee s seasanenans i R R RS 13

Y o o = 4
33 ROV RGNS ommmmmmmmsonssssmss e —————————— 16

-~ [ ' ar

3.3.1 130V 0YDITYY I 16
3.3.2 WHANIINYDITTUUNITNINUI INAY 17
3 DD U A TR D UT oo et s e s seeeseeee e meeee s esseese e 22
UNN 4 TUTHATUF VAT IVTDULAETIADINTT NI IH et es et seenessanaens 24

v



CAEILTRGL))

Wi

4.1 ONHUEUD TUTUNTU oo ssssses s sssssaseese e 24
4.2 FUBDUIRBTOM MU ..o snreessssssssssss s ssssss s ssssssisses 26
4.2.1 UWHNTOS M UATHIANUNBTU ... eeeeerereeniesnnassseenneees oo 26

4.2.2 O I UATIUY oo seeeesssnee s essssssssnes 29

A3 T YT ET O CYETIIUEIIMN YL, .o v oo asensgasesssisss 25557054V SNBSS AR 31
4.3.1 MIIATIVADU DIIINTA oo e s eeesssssssesssssssssssssssssssssssnsns 32

432 NTAE VUM ATIOURD. ool ot eseeese e St 35

4.3.3 MTUAASN LA HETIANMMTTU .- oo ceememiommenesseeeee s sisessssssseeeeesesssssssens 36

434195 DT ONATDUTIAMMUTFU ... oo oesmmsss e et 37

4.4 NMPFW00IIF TITUPORN LU 7./ T\ o d 7w LE o v+ N R oocencnnanens 43
441 AAAUATOVIUTDITYRYIUT I, ..o orisiiseirmrmomesboesives b sshensbeasiosesessssenes 43

442 DmyteItSaBaN Y ... R N\ T L2820 I A e R 45

443 SO MU AOTITTENIIIANITTU oot 45

VLTI | S L | o WSSV ERILD-/7 N | ZSuibnL N S 53
RIETL L e RN\ /-3, & S on TR Y 7 (Pm— 53
5.2 MTUIRNOAEIN NN e iy S S Qi e 54
5.3 YOITUOINON. T 2o NN oo g SV floflrcinnnsriirisissanssinns 54
BN TT D NIBY e receesesereeeee IO gl ........1111418158514355 5k s 55
I TIIINIZIEL e s cossscomsensan snssssscrssonansssmamssessssssesensonssavan 4R FHHHARESH3 00 AR S 57

a \ ¢ a ad A o ¥
NIAARUIN N. ﬂ‘lﬁlﬂ?UUIﬂU'lezﬂ'TN'lﬂ.luﬂﬂlﬂﬂillnf'ﬁullﬁzlwnilunlwﬂu']”'ﬂ‘ﬁﬂﬂﬂllﬂu

TR TV L2 1: A C T oSO oo OO TR 58
- 3 a9 Vo aa 'd

NANUIN V. UNATIAUIVDIN IATUNTTATILI .o eessseseesasssssesssseesssesssenssssssssenes 61

T ST RN o ccovevrsaesssersaseosesssseveemssasonmass sesemssssessss 535350 A R RS 83



mstgysl

JUn Wi
2.1 tHunMLEAIMAMsalSU-dedoyafuFanadouazmansaineli. .o 4
D T N T TN T3 S U0 T ORINL cersrcesatonoesessssss535 s st 6
2.3 HHUATNIAAL TATIA T 1UDITZUUMTMINTHT MU orinreneessssesneeesisnneseesssinnnnee 9
2.4 weAns st 1 TR0 UUMISU-FIOUA. s 12
3.1 I RIS ROUTO NI oo 14
3.2 AIDUTIUDIUNT DU DT QIR IO rrerroeeerersereesoss s s haaeess e eessssseassaseaee e sssseseees 17
3.3 FBUNVBITT VUMM WAUTTOIAAMNTMNTAT. e 19
3.4 52VUNT IH3(Contract Net Protocol). ... ocoioimoens T N\ R 21
3.5 LLAAINISATOUTUBITAMMITIME. ..., s oo bbb e 23
4.1 MUAIINANYDI U TUATU MGraphGen. . ..., oottt ovee et ot ot hemse e e et s e e e 25
4.2 aNUAEMIN N PO ENERf@E. 3L W\ L. DN gt Do g A 26
4.3 TR AN O MM UATIRANIBTTU....oie it b b oo s 27
4.4 JUUUUTOR I MUAMTURBUANTUE. Lol e b 27
4.5 FUABUNTSIN N UYL TY5UNTUITDABIN I NATOAMUMITU. oo 32
4.6 SuneumsAs 9 ey Tav el MUATAMISTU 33
4.7 TUAOURITAS IV AOU IO IN U AONUE sttt 33
4.8 {l’:uﬂfJUﬂ15ﬂi']ﬂﬁﬂuul'JUTﬂﬁﬂflﬂﬂﬂlﬁﬂT ............................................................................... 34
4.9 YUNZATUVONIRNGLY, E)....or NN e Nl crinissinsssscssss 35
4.10 M3uoamanuurFu I og Tus Uiy uUBINT M.t 36
4.11 HANNITTIPUHUAITO TUZYBITIAMUBT B U evcieisso e rassstineennereeseeesssesssssssssssssssesssssssssseee 37
4.12 D3 INUAAITHUIIIAWIBUG .o roeerenecenreresesssssseessssssseseesessssssenees s sseesee 38
4.13 YoMMUANIO TRV D MM UATIANUBTTU.....ooeoeeeeeeeneecensrresssssneseessssesensesnneens 40
4.14 nanavonnuuaauduTaf MUANTIOUTUUTDU. ..o, 40
4.15 WHURATOUZAANUU T 00 1FMFUAAINTIN ..o 41
4.16 waams MU UM e nfesiigannaaue 1 TG0 mg 8. 41
4.17 M3NIONIAMUNA M UMANMISINA IFURDINTRON. o 42
4.18 ﬁﬁumsﬁnmmmﬁwﬁ'umqmiafﬁqmﬁan ....................................................................... 42
4.19 uMman s Aouny 0 v s IR UIMAMIEAQIRON. .o 42
VI



syl (90)

JUn !
w A ' o ' ) ¥ A a A a4

4.20 faAun3I oM uYedyanns I o 1HaongaANUUITUIUNUN 2. 44
ar - ' ) ar ' g‘ 3 A = 4{ ::

421 fuaaun3ovuresdyanus iy wed lfidongmanuusduTuiun 3. ... 44

4.22 AN UANNITIIABMIAZDINUTZNBL ereerereersensssossssmes oo 45
b [

4.23 TUABUMSMNNUYEI TUSUNTUIBABINTTIABIM TN NI e 46

4.24 AID0IUAT DVWFOIFYANUYDITTVUMITSUAITBYA. ... 48

425 HUAI T D TU S IR BB UUDIRA T eeeeeeee e eres s i e e e eeeesesemsemsese s aeraesans

4.26 UHURIE OIS AN FBFUVOIATNDIN | /el ainreerarsns B Pan eenesessseesssesssasessansn

427 HUNA T D TUE AN TUUBINAITU oo e e e et aenene

4.28 AN 00301 T 3 MU o b

4.29 19 UMIAOAIITEH NIEANLLFTY Hoa T 1Y 3 vuloa.........

4.30 MATUANNII 1009 BRI T 6 HUWIM.. ot

431 319 UMTTOAII TEUIIMANULTBU HoIar Iy 11 6 MuIa ...

4.32 Mmununssans Wenat il 7 miaea. L

4.33 AIAUMTADEIISELHNIAANILFFY Wornawu 1 7 nuavno........

Vil

49
49
49
50
50
51
51
52



<3| o W
1.1 anudhanuezanudinyvesdym
TuM30DNUVUITUUMITDMIABBNIULABINT IUAINABINIVOITLUUMITADAS
a = J 9/ y R o 3 a v
NazesnuuuIdunoU anudeamsveaszuumsdemsn ldmsududesgnilaonlviu
ﬂDﬁWIﬂﬂ‘UBQﬂﬁaEl‘dTi(Communication specification) ﬁﬁgﬂlmumz%’nua:%mu l'ﬁﬂqﬁ
RAANUYNADI IUMIBBAILVIAZATINTDY A3 IABAINADINITVBTTUUMS HOMIY
cz.l dll c:. Y A‘i ' R ar e’;
iesnnszuumsdeasiluszuunlsznoudlonizulumsyouaeianuy Aaiums
ponUUUYBRIMUAYBT T UUMITomMs Bt uTiuAeaie s eI Wiy uagms
Aomrssennafumeluszuy e ldimaduauedsmsseydedmuasguannaiy
sUuuy  ewWiwu  Ccs[1} uaz CSP2) 185 1anessuums doasiluvuIumMILazLaR
o ' = =) o = I's 1 =1 o
Formuain Tugduupvosisadanieuuuiaondinmans uwozdem laimsiuaue
Jofmuamsinasunuazizaniud 3, 4, 5] uamiseenuuusrvudeais laslfuuusiaes
Aalacans ieoiEAn tiunmmmhaumeluszuyldon tazianugannlumseenuuy
a4 W oy o aa 3. o A 4 2 a a
Fomaidaldimaiueueiinssyydeimuamuudug  achiaaanuzluuunancin
o @ ] o = o & ' o
mansnin @y mahammusiunithuuusasuiesislumsesnuuuls, 7, 8] Mid
P 4 - 9 1 = - ' 3 a 2
annsadlesruumsdeasieenunuldioiu wasiinnulndifivsdenslFnuianniu
a Ve o Y e -; — Y a
i ldinmsinauedeimuavoannil, 12, 13, 14, 15, 16] #uiinmslvuimsuazms
" ¥ ¥ »
waoud[, 101 wnasanlumssenuuusztudems nadeimuamaitivzgouoniionsan
stnailudaszaenulumsesnuuyszuumsdonas
1 ¥ b
Tuaniasuiise IRinauedod muamari lugtuuuyesiivmwiowinir I luriaien
¥
wFuniduruuiaesiugmlumsosanuy  uazldnnvnnhdeimuadnguiminsan
s e liasetuanudesmsnseanumusnvesszyuMIdemsiiey 01wy
o J o 3 d. = ¥ o ' d'
gunseiauiuiunm ausossyiuinisasdeniemsIiuims uazannsandeunld
t v
wennniian3svia ldWannTdsunsugeasnaey  uazdiassmaiauvesszuudems
WO WNNANUAZAIN TUNITEONLLY T TU51n3ua1IN30ATABVAINGNABIVEA
FofmmuameguoszuumIdoms uanansiauyesszuuMsdoms lugduuuvesnud
o o o " A L)
aomemiian  wazdassmainuvesszuunsdens  Fgelidesnuuuannio

. - s Y
asaeunganssuneluvesszuumsdems laonaay



o 3
1.2 anuavinouas YngUszasAveansinm

' o o 1 3 Y o u"
amujaninoioziagUszasnveamsanyuniaiudon 14dai
A aa : Vet Y o
1. OANYIELMIITMIBONIUUSZUUMIAOMNS IHUANNGAADY  1EASINUAIY
Avams luilogiiu
o - ac ¥ o ! g ° 4
2. thweueiinuIimszydodmuanuymilumsszyszuomsdems Taoi i lun
< v o dy
a1 uuunsaesiuglumsesnuuy

o

3. et naueIEMIsenILYTLUIUMI Aemsfiivestavess T UUMs AomsuuumIe
’Iﬂuiuﬂu‘%ﬁ'ufiy'lﬁ'mmuEﬁ%'m'ssz14'ﬁ’aﬁmumlm's:uumséamsﬁauwﬁi’f&ﬁﬁw
manal dednamagiimans inzdoiiiamsintoud

4. WannTdsunsusaolumsesnuuy - 399ed  taz$iaeansiinuuesszuums

doas

=S
1.3 auAgIHveImsanm
¥ ¥
Tuilvtuiiiasmieonuuuszuymsiauuesssuufeomsograinds  uade
' ¥ b
annsoseafutuanudeImsvoszuudeais 14 aaiuluauivuiids ldiuaueitmsssy

a9

JORIMUAYDITTUVNMIAD A1 NITDINAVBITTYUME ADMsUUDANG  Fo3ina Tuszuums
v

o

domsmiwminsanldud - dodamanar  dedieamagiimans  uazdesiianams
' " 0 E 4 '
waoun  Taomsmudedivamartid i ludosmuavesszuumsdeas - i lvdesnuuy
y - 4 o s =
annsaoenULLsEUMs Aemsiiinanmainnanniy uaslave s I Tunammusdu

¥
funuuiassiugilumssenuuy  ihiddesnuuyamnsoeenuuunazinnudhlady

¥
oo o

Tnssadiavesszunmsdeas lahoninivusasamuadiamani - uenant luauivoiid
9 ar " o o y & °
TévaunTisunsuseasaasunazsiaesmsianuuesssuumsdems yainlddeonuuy

AIWITNOONUVY ATIVEDY LAz $1809N1IHINUVBII T VUM TS ldpt1asaIndnAY

s A a ’ = o/
1.4 ngqugnseminnunanlylumside
A ° - o - o
Tuandduil Idinauemssenuuuuaziinsziszuumsdems  Tanhanudesns
» ] ] ' »
voaszuumsdemsndsamannlaoueglugduuuvesfosmuaiidanu  simiuiah
Josmuadian ildunimsassasuanugnasanaziiassmsininuaehl dmivisns
v
seydodmualuauiddoil ldgminaue Blugtuunvesiions  Taoh W luiaemuusFuan
o wﬂ ° & 4 &4 aa o ' ° - ¥
Uszynalfitlunuuiiasaiugwvoassuumsaoms Fa3smsaenan ldnimstiomde

S mualias I UANINADINITVOITZUUMS TR AUMIHUINTDINAVOITZUUMIAOES



Y 19 o [] a Y o o o 9 4 .JJ' Y
Wuadermua Wy msmindedinamananihliansoeenuuuszuumsdeasnyuny
nn'ld  msiudesifamagiimansiliaunsosenuuuszuumsdomsimunsoimua
; — Y a a Y o w 4‘ cio Y e
Aunmsldusmsmoluld uazmsimudeinansndeunmlvaunsossnuuussuuni

N ey
Auauiansnaeun 14

1.5 VaUIUANSIVY

aar dy Y o q b 4 o Y o o

mudsuil 1diiauemsesnuuuszuumsdemiarismsszydoimua  TaoiIw
} 4 " ¥ v

TuaanusFuandszgnd ididunuuiinosiuguvesszyumsdems  vsiidedmuald
gniowdesnamaszuumsdeasdt1ida suldun  dedinanana  deaianie
pimans uazdosiianumsinaoui Nm'lnmmsnunﬁmsu'lﬂ'l‘mammunm YUMS

r s
domsiyauiudunm Auiasliuing  iazmsinaeuila Sennniandtuiiseld
Yo TUsunsu¥ue N UNAas 180N 1T NINUVDITTUVAREYS LA IFYITNII0DNIUY

Fanar eI azaIN IuNISOALINAS WAL TZUUDNAIY

1.6 VHABUMISANY)
u’.: =1 b4 o o w t:‘lv
UUﬂﬂuﬂ']sﬁﬂy'l'tﬂllﬁﬂ\’ﬁﬂuaTﬂUﬂﬁu

1. finuidsniseenuuuias i msszydeimuauuumaailiey
[l " »

2. @enfnuriimsingaudmiumsesnuuuszuunsdems - lusmddei 1419
A Y o ar s = o :
M TSYVORIMUA Tavenso I lusinanuusduihuuousaeaiug i lums

. o .l d o _ ¥

ponuUUDINNunYTneInaeaeminudle  eanuUL  uAzATINEDY
uf 1y

3. ruedsmsssydedmuaag Tugduuuvesiivideimun audnuuzyeszuy

A

nMsdems

4. fivwdesinaaneg  vesszvunsdemsmeiludedmua  ldd Jermuaii 18
ansagninnldesnuuuszuumsdemsiiidedinald dediaminainsulu

3
a e ' o o o o a o

miAsedi un Yesrfamanam desriamagiimans uazdediiamsindoud

5. Wau Tusunsugvesnuuunazitananisiiauvesszuy lasenfuIsmseonuuui
° 4 o = o« °
vnaue Wweldansminnldeenuuy astedeunnugndes Ansev uazdnes
MIMIUveIsTUUMsToms 14

q. s J @ 4
6. naaoulUsunsunWaNIUINAUTEUUMI TS



-
Unn 2

Tllimmanuusunug v

2.1 Unin

a a ° o Jd = Ay
Tuyniivztiouuuiiaes  wezmistmuagduuvves I lunamnuusiunugu
¥ [
Tao' W luvasnsFuiugiumineds I luisenausdundsrnndedinaniadims
& ' - o “ 4 ° a a wd’
domislala uazaolilszveSonlavded “mannsdu” Fwwuiaosmanuusiunlatee
o 3 o o & 1

gminlfiunuineslumssentuunalamaiinuneluvesszuumsdomsenly Tao

szyumsdemsilsznen Tldemansdunaien sausunueg

2.2 HUYa0d
I8 2 a o ) Yt 4 o a4 ¥
Tuadetiveivmmpuiaosaanuusiu - ianuaunsadedisnudaiaden
& = ar 4' e Y 3 [ T L] o
vioaanurtuaouqla  Tuplununssudeyainazdsioyaneniiuniaresdyau
msfte1s mmualiinvessosdaiumsdoaisisoss madeyadn@ 1y " uazian
' o - P ar 9 ﬂ 1 a " :f ar [
Y9IFIRY Y IUMITTDA N0 avayaan(0) Wi ¢ lulinudsnnumsivditoya
1) L @ “ o 4
yosmANIFUHNTRIF Y MM demsssgadmua ity mgnisaiteveny  Fe9e
o o a 1 | A
Usznev'lldin mamissisudeyanindunadon manissididenasenddauindon uaz
d [ | | o 1 d'd o a 4 -:
mamsaimolu suaasBlugla 20 Tasmgmstimariifinai ldidanmsuldeunlasi

ADALANLIUYHY

mamsafsudoyaidh Q)

FuTDIdyyIN(C")

" o o ' v a L4
3UR 2.1 iwunmuaaamgmisaliu-dadeyanudunadennazimgnisainioly



fionun 2.1 awenuussu M Usenoudin 5 avan Ao

mM={0,v,2.,T,0)

o 0 iuaiinavesdnuzAIVN
o v Wuaiiiavesdunls
o O Wlunveunamsel Usznoudae 3 ate Ao
- mamamisaisudoyadimndanaden, 27" C " XD,
o 1 1 oul u uf
- wamgmsaidedoyasengmauneden, 2 Q2™ C ¢ X 0) uaz
I a .: =
- amamsainnadunolusanuusiu M, { 7}
o T C(0X V)X 2 X (0% V)huravosmsnfdouaoius

e O coxv umavesdniuzisuau

fmuald s € 0 x v Fuaouzvosmanuusau M laoh ridhusavesduns uaz

0 ¥
v Shuaastsaaasals ¥ uaiiesinuinsa lannvesdalsoiniluee isiia daiu
S1uaudanuzved M 0195 14 hishadau msnlasugauzasnsauaaifans —— 5" Taoh

(s,0,5)ET

Y o =‘l o t:; ! =) Vv ar qy

VDN HUAN IUAAIN 1 uNuquinJauuﬁmuwmﬁmmmwu‘inuﬁmmu
guard —» event

aouzilogiiy —= 2 anmzdaly

A A - o A ¥y a & o a 1 as P
guard ﬂ'E]NUu'l‘U‘Uﬂﬂﬂ'ﬁlﬂﬂlﬂﬂqﬂ'l‘im(event) ‘UQFJ'NSQGQ?I'JLHJ?ﬂlﬂUTUﬂQﬂHﬂ'l'itﬂﬁUllﬁﬂ']NS

9 (=1 o v a

& lusinnusuiluniodou ludusswasaainsadu 1314
o ar 3 3/ v

manmssisuteyatn Iiaauiiy
d. 1 ar di @ -~ .
yoveudg g 0?¥eA 15 N30 “A”

Wonanah  manuusFuivdeyann  deduwn/s wie A1 Munvesdygu 9o

Yoy



mamsasudeyadhuwudenny Wuaauiu
4 as 4w o o
FovoudyaurFedonnm@uns, ..., Aauis)

A ' a o Y 3 A v ' ' o -
IWBLLTAIN ﬁlﬂﬂlluf%uiUUﬂEa1uzﬂllUUﬁlﬂﬂ’nn5]'\ﬂ YOUON I H'IU“'N‘]fENﬁﬂﬁlfg'lm b/ [3)

" o -:idyv ' d
vosdg e luntiduserndu “av nld
d 1y 9y
mamssidateyanen Tuaauiiy
- ! o A a - '
Fovoadnynia! Fodunls nio “mi

s

ouaAI  amnuusdudsdoyain Fedours w3 A1 runlgesdyam 9o

VO Y QY10

o 1 3 v Vv
mamssinateyasenuuyInssads nasaiy

.n?; ] o A‘ 8/ s as
yovosdyIa youen @A s, ..., aals)

onaasi manuusFudadoyalugduuudeninuen sedenan mumereadyau 9o

[
voudg i Tuntmulsoviu s ala

o ot o = - = ' @
dmfumamsainelumanuuydu  Silinszuaunsilasumvesdiulsnisian

c:, o o vy
mzmumsuumﬂu'hmu

cldout

L) AINAN A5V

1 2.2 fednszuumsiu-dedeya



foan 21 U0 22 uaasdetimsiimuagluuumsiauvesszuumsdomsdiy
o a a4 a v = v M w1 Y ET ]
nuuSaesmanuNsy Faszuuilsznen ludwmanuuedu 3 d1 fie Aads dedoyaliun
f¥u Taoru fManae Mdelszneudsaniuzaiugy SO uag S1 o lasiudeyann
dunadeuduivasiuside din Tasiumaresduanu p uazdideyansliiudanais
Hiumageadyana s Tav Suihnuiianiuzaiugy S0 AanaelssnoudisraiuzaIugy
A. o ci ol A
MO, M1, 1z M2 Sumauianuenuny Mo Usznousiuaaunls no, i, o, UAg data ¥ data
o o s o 3 A o d 9 ° 1 - | b
Wudusdmiuiudeyanieduiutoya, no naasdmiuvesdeyaludunudoya, / uwas

[

° vy 3 o d v o o d ¥ " a oy
munuwawwﬂummmam, Ias o uﬁmmuuuwagaam"lummwau“aiﬂumlmﬂu

- A o b4

¥ N " "
voadaulsia 3 gadmualiidu o, MAX ilusineiiieszyinnudeyainniiqganduiy
1Y =4 Wy ¥ o o & 9 ' ' o ¥
doyamusainy 1313 doyamunsagainuasdunudeyalasiumaresdyn i s uazi
v o -:.1 v [y o [ o ' ' [

ludududoyaiitoyasy  danannaunsodadeyaldiddsyldlaviumetosdoyanu -
&4 " P [ vy a [ : 0 Y] o a
Faluszninenmsiudevoyanssinagiu awasdnls luszuunszgan/avunlaslay
mamssimelullde  dawaaivlsznevdisaniuzaiugy RO uag R Gmihnunaniue
Auny RO i Tasdasusudeyarumiagesdynin 7 10uaiaunls dou iaztdadoymiu

PONIINIZVUFAWNIARDUNWUBNIZUL IAURNTUNNFOITYIY ¢

1INl 2.2 e muali
T,={no=no+1;i=i+1(mod MAX) }
Z'z,:{no:no-l;o:o+l(modMAX)}

v = wamyoaaaauinls ¥ naozlala

= O 9/ = :; o d"
ﬁm"ﬂllll"ﬁ"ﬁllﬂ?ﬂﬂ“lx‘l‘ljﬁzﬂﬂ'l]'lljﬁ')ﬂ 5 1R ATWHYIUN 2.1 AU

0 = {MO,MI,M2}

V = {no,i o,data }

Z = { s?datali], r'datalo], T, 7, }
Tauf

2" = { s?datali] }
Zom = { rldatalo] }
T -{71,T,}



T = {((MO,v) s?datali] (M1, v)) , (MO, v) r'datalo] (M2, v)),
(M1, v) T, (MO, v)), (M2,v) T,(MO,v)) }
@ = {(Mo,v)}

4 ° o & ° = o & o
fienad 2.2 Smualdddumsmanvesmanmsdu M ifudrduvesdoius uazmgnisel
a=S5,0,5,0,5,0,, ...

P ; , o
Fuilulmudouluaslii

1. s, €6

2. dmsunni2o0, S, —— 5,

¥
WASINUMIMIUNINUAYD M IVOUUNUAY Comp(M)

as [ o as o 1 @ d’
MNAIDONITN 2.1 IIONARS Houg mamseisudoyadn uazmanisaidedeyaoen lddsil
(D MENIVAY, {no, i, o, data})
Fovoadyaurdoya

Fovodyniuvoya

&1 MAX = 2 uda Sifumsmeaniid ' 1dvesdanans Ao
a = (MO0, {no=0,i=0,0=0,datal] = null}) s7*‘d1”
(M1, {no=0,i=0,0=0,datal] =“d1"}) T
(MO, {no=1,i=1,0=0, data[] = “d1”}) s7*d2”
M1, {no=1,i=1,0=0,datal] =*“d1”4d2”}) T
(M0, {no=2,i=0,0=0, data[] = “d1”.d2”}) r!*“d1”
(M2, {no=2,i=0,0=0,data[] =*“d1”.4d2"}) T
(MO, {no=1,i=0,0=1, data[] = “d1”.**d2}) s7°d3”
(MO, {no=1,i=0,0=1,data[] =*d3”. “d2"}) .....

Tagh “d17,“d2”, ... fin MmYoya



[l ¥

fignam 2.3 Amuald @ = 5,0;8, 05,05, .. iuddumsiauvesmanuusdu M 1Al
¥ [

aaouzuazmgmisainwlusenimuaudnzisond  dumemsnasui/asvesaian

HUTBU M

WunamsnasuiaatlumiloumsdunanmsinuvesamniusyuInmouen
" . . ¥
wiodnAdoN vanndunanmnaouamimuaveImanuusIu M ITUAAURNIZ
7 o w a 1 z ! n’: -
mamsainnszinudunadeumniu wadunamsdsunlasisnuavesaanuuyu M

WUULUNUAIY Trace(M)

1INA200197 2.1 Aunsawswmdunimsilasunlasvesdinairld fe

tr = 57d1” s7°d2” r!“di>.s7"d3" o

o " o
2.3 3ZUUMIMNUIIUAH(Concurrent System)
" ¥
STUVNIININUI AL 7D 52UDNYTENDUAADMNUNTDAANUNFFUAIWA 2 A2
; A 4 © L @ 9 a 9 d’ = = o
wlinansademsuaziiasumild  hiidonssununganIsuyess Uiy
1 [y o ° 2 ] = '
saufiu TaumsadadduanuEnsaINYeIssUl  FIa s 01NUDNNGANTINVOILADY
AANLUFFULDY LLATNGANTIUMTAAADIZTNINU 1A
= c ' o & Y a
3 2.3 uaasruMWYDIIEUIMsHauswiy Falsznouldwmanuusiu
1 (SM1, SM2, ... , SMn) 9 mswiueg Tasmanisalsu-dedeyadoyavendazmaniy
=] ' ar s o " s [
sFuszniniusziumamssimeluvesssuvmsiauswiy  wazmanmisesudeyadh
1 " e da [} 1 a
uazdsdoyavengduadoumonen  szilumgnissisudoyady  tazdsdoyavongds

mﬂﬁanmuuf)mjmi:uumsﬁnms'mﬁu

L IZUUMSMOUI WA -
& & V"l‘ BN

manisaifudeyadh

. mgmissidadeyanen
=swm SMn l [
7

[

Awadan

50 2.3 umunnaaa Tns a3 199095 5 VUMW



10

a ﬂi o LY = ' o 1 o Y
i 2.4 dmuald M. M duaeanuusdudosvesssuumaiamswiu W s =
& ' " w
(e ooy €,), v, U ... Uy, U ... U v,) 33152000UA0NGUA0IMEAILAN LA Id s
Tundazaanusudos M1 <i <n) Tt ,N ¥, = @ dmiumniuazj (1 <i<n, 1 <
P < ny i 7)) Huamuzueaszuumsmauuiu tagmsoeneadouzesszuy S lld
J J
manuurdu M, WMdoumudn §° dudduanusuazmgnseivesssuy @ =
5,0,5,0,505, .. Wsunn sdumehauvesszuumsaihausuiu  wasdinms g

Fosdn ¢ Smiusi1aion 2 amnurduuda o szgaiomilu Yesdyanus iy

A v ' ’
diounu ¢, A ¢ uazunuy, Aoy, asludomeueIszun S= (..., ¢y c,), v, U
- { : " s J L]
.. Uv, U ... Uv ) udduaasdne s [cre, v/iv) Sriimsunundas 2 d2au T 1Wuaasde
ar 4 o ' ' ) = P ’ " ' ) ) " 2
muluizess Moty dunui ¢ daw e’ nagumi v Ay (7 # i) AevInmisunui
- o
Shaduudrnzuaaailu Sle'ie, viv) [e/7e, v/ v hilaaiugyesszuy S uazmamsoia
= i) <ls i cld o a

Yoyavon cld uazil 8" Ml s — udadmua igavesman/asuaauzvesman

a A /& . ; c?d 5 o cld
wrBuduFII I S > (¢/, v, ) dmivunsane (v 1y Peer(s® —)

fenai 2.5 smuald M., M, Humanmadudeovosszyumsnausuiu Sidums
MNUVITZVY & = §,0,5,0,5,55S, ... seifaau g duion Tudaneliiifiusss
L 8,= ey )y v UL UV UL Uy ) 8,2 € Gamiunni(1<i<n)
2. WS =(c¢), v, U Uy,) dmiuunnz j 2 0ud) G iz S, szt lmudou'ly
(a), (b), 30 (c)
(@ C=7
dmiuue i 0 <i<n), FoadyaIuT W ¢, VORA 4, uaz a0 (¢, v,) vesaan
HUTTU M,
Sj:s) . ©'v)
Peer(s,” — {s" S RS T o _— (c,n sV, )} # Puaz
Sa= Sj[c,'/c,,, v/Iv] [c],'/cj,, vj,’/vj,] [cj_' e s vjm'/vjm]
®) O Shungmssisuniededeyarnsesdoyanaihilyveadygyiusn
amivum i <i<n),
.S}w s (c,.', v)) unz

Sj+1 = Sj[Ci'/CP vi'/vi]



1

(© 0= (magmssimululumanuiv)
dmsuue i (1 <i<n),
o o
& — (¢',v) uay

8= S}{q'/ci, vj'/vi]

o o

a H a J °
uMIMauYesTEYY uaasts woanssuiansaifavumeluszuumsiiem
" o e’a‘ a qy a 4 o " - =Y J 9 [
swAuNIMUA Tutinwiiauyanmsdemsiussninmanuuydulalanaiunioun
o o ' [ P ' @ n’: ' o J [
dmsuresdyaanld i luaeamsiudug 2 $vuld msdedeyasonainmanuny
= 4 o 9 8 1 o 4' P o 9 : (]
FunilsszilumssudeyadhgaammsFudituiiamsaiudoya ldluvaznaniu - wu
' [y 1 d’ ¥ = o
msdadeyauunizng - mssunseddeyaunuiiiieussszuunndunadonszimuiiy
Wvamgmsainiolu dndayaignaudiuazeenlashiduvesdyaus ez lifina

nsTNUADAANLNSFUFIDY taztlumsAndeNuFwIAR DM 1T

Freehan 2.2 wqﬁn‘ssuﬁmuwmﬁﬂﬁu'lﬁquzwmsﬁmuimﬁuﬂﬁznﬂuﬁw MANLUY
Fu fade dnme uazdasy ludaediei 2.1 goudasdaglii 2.4 Taoldi Max = 1, aoe
ATUANYDITEVUANNTOVOUINUAIY (ADTUEAIVANAIT, ADIMWSAIVAVAINN, TS
AAUIY) Laziaassiua el o elunaniseifudeyaidmiededeyasen
sgnemanirFusTnawiiumgnissiniolu SeumshavassuuRinniy 1deude

SdunsunInanuzisuANInTAUgAN AU NAUBNATI 19U

((S0, MO, R0), {no = 0}) p2dt

((S1, MO, RO), {no =0}) T(s{dr))
((S0, M1,R0), {no=0}) T

((S0, MO, RO), {no =1}) T(r{dr))
((S0, M2, R1), {no=1}) c'dt

((S0, M2, RO), {no=1}) T

((S0, M0, RO), {no = 0})

o o ° dy - ¥ - -~ o 1 oA w
VINAAUNTNINIUY ﬂ'll.l'l'iﬂBﬁﬂ'lUl‘ﬂulﬁ'u‘ﬂNﬂ'lilﬂﬁﬂullﬂﬂ01ﬁ'ﬂ8 AAITAUTUIV
3/ a ’ 1 ar ' [ 3 @ ar ]
foyanniunadonlaoiuvosdyann  p  uazdedeyadsnanldiudinanlaoim

o A Yo 9 b 4 s L " Yo @ w ]
padana s uamdedinanldiudeyaudd  Aanansdadeyade Indudiiu ek

o

2.

2.

padana # oAa3u 185 udoyauds imsdadeyasengdunadeu Taskiugosdyann c



12

(6)

31 2.4 wpAnssuiidlu T 1Rveasruumsiu-dedoya

4 o o e e a -: o ' o 1 Y évu ] as
lﬁﬂﬁilﬂﬂﬂ']ﬂ'utﬂ?]ﬂ'l‘iﬂlﬁlﬂﬂﬂ.luﬂzlﬂu'n TuszuumsmausmnulaAIa9zsY

3/ «; ° [ o o (] ar Y
‘Uf]i..‘laﬂ']ﬂﬁill’lﬂ'gﬂu llﬂ&"ﬂ'lﬂ'l‘iﬂ*!'llﬂlgﬂﬂ'wmuizﬂﬁvl'i.l’czﬂ')‘iUTﬂUN'luﬂ’Jﬂﬁ'N HazganIy

b ' ¥
aa5uvzdetoyariudven lgaunadendnnia



UNN 3

d o @
Il unaanuus I uuuuivesna

3.1 uni
4 Y 1 n’: °
MI0BNUVVIZUUMIFoms IHATINUMUANINABINISYBIRBBAULIY HUUF1ABY
= -~ L] o 4
wavalinnuiangulumseonuuy Aemuisminnldlumsesnuuuszuyldnannads
» " . ¥
AUMAINUAILINNINYDIINALAZHAANTTUYDITLUUMSTOMTNUANANAUN MDY Aadu
doliuuusiansi ldaunsorhunldesnuuuduszuumsdems Idiuensd Jasuiudeail
F3msimuadedinanadmmsfoms B lunuuiaesdis - Tasdednaveamsdedisi
o @ o = ::r ' o e o o I o o @
Siuaniinsani ldun Jedinaniengr - dediamagimans  uazdesinans
- - A a 3y o w o a (9 o Yy o
waouN Fanmamutesinananaild lasnmsmutesivuaniana vun W lunaanuus
= 4:, aa Y ¥ = ] a Y o  a = o A o o 9
Funugrwniiony PBudrluunh 2 dumsimudeinanegimaaiuazmsinaoun i ldlay

msmudemrualfiinuuusiaoswosscuyMsdoas

vV o
3.2 YadNaN1aIa)
AT L= = Yl I = a
luideiisznandsmamudesmuanianarlunsavugouzvosdaniuu sy
- v o e ° 3 ) a o
woldmanuusFunldaursaiinlgeonuuunalnnivluszvvmsdeasninisiiau
4 "3 @ " _—
wsomslasuuasnvusunalld u sruumsyszylananmnaiesa Tlslanealuszuy
msdeas ey
[ou lvmsiasuan iz lusianuusFuipuiidedinamaaniszgninsas iy
4 g a ad 4y a ' ' ¥ ) . i
e Taodeu lniuszgninisannaedionaitiegmulugamiiinmdiga / uazm
y d Qd Y ‘ i
winagege ¢ M @ faiFudaldnsdmizianisuganazungaluudazms
Wasuamuziudoiianana  dmualadsddusimininaniosganazuingaveans
wWasuaoe 1 Wl @ wor @10 Tavh QL) < @10 wazauyAnmsnlasuToe

- g o =
lala ifavunuunus

a : ° a w 4 '

o 3.1 dwmuald M=o, v, X, 7, @) dumanuuydu uaz @ Wufsidusndalinn
" v ¥

@0 waz @ luusazmsuldouaoz g € 7 Tavh @) < @, wdwniu (M,

@) vzgnisun manusFunuuiidesinamana @



14

o Y = a9 o w = a - o o &
Amualdaanuusduuppidesitamanaiinnuniruie lyesdayanm CLK %9

»
msoWanmilgiuimeanuusduld  uazgesdygutirui hidiwwansznulag  de

9 o a = P a v Y W
Joimnanugiimanidszesuiluiidedaly

dommuamsuanai 2 Miimuasminnaniosga | LASAMMUNNANINGA ¥ YOINS

" v »
wasuaauzud usudsmsdouaouzannsouaaslugduuudsil:

guard — event|l, u]

anmzilagiiv > aouzda i

Tuduves [1, u) ansoaz 1A 7= 0 uag u =0

4 = J e b Y o <R A a 3 -~
mamstinolumunsaiaiuld laolhisulludesiriistedunadonnouonmion
' fo 9 9 1 as n’: :; Aw o duo '
athamansns uYeya ez dadeyasen aatumaldvuaniuz lalanduvusnumamanl
Y o gl A Y " d’ Fy o 3
meluszdpaiinunnlunaniing  seivwee ez lianunnsvemisiianu ldves

msnaosuanius Taoiels svINAIMY 30

in2d112:5. 0] @

out'd2
@ 710.5,2]

510 3.1 mamaw ldvesmsnasuaniuz

D

TINA AD)

out'd? [0, 2]

finud 32 W s WuaouzvesmanuurFunpviidedinanmanar dmiumanldouaoius

& = a v o o VA 3/ a ¥ [

Fanaouzsuduily s ua:mqmmaﬂumamimmﬂu ANUBUNYAVDIANUINIAN
Y a v v - . a vt e o

a9 MVoUUNUAIY mm(s) mﬂmﬂauuﬁmmmmuu"lnumqmﬁum"flumamsiumu'luﬂz

smuald mmis) = 00 & g dunsnfdouanmzendou: s wazihuldawidouly

o ' ﬂl’ ' ' - J H
mado liiud vznan 18 g ansaiiaduldnna «



15

L U <1< Qb
2. 1< mm(s)

317 3.1 uaasiegvesmsian lRvesmsnfaouaniuz unsdin mm(s) = 2 msmala

voaumazMsasuanIuEnINToINL s AD
o 4 .
s—5s,  awnonavuldlugaman 1 de2.

in?d| s s 4 : A L : »
s —ndy o himmsaiiadu 18 lugasnalala iesnnfamiduianiesgaves

¥
LT '

AN SUHTANANIAT mm(s).
o .
s —owd2 y o gunsodedu iU o f 2.
= J ' =2
s—s asoinadu 1d lugin 0.5 09 2.

¥ H ' .
snumsn/asuaanigdsgili 3.0 Frwiio Wouimualdasguin 3.1 vide

[ e o @ o = o o 3/ P

Awsudsumsninuussamnuussuviivesiianiananzly mgmiseininm
o @ o o 1 lcid o o ] 4
My uazdwuna Widnizney mamssininamduezudaseglugl (o ) &

=3 o Y e J -
HUWDINANITY (@ 'lﬂmn'uumanmz

fiowd 3.3 dmuald (i, @) WhumanmasFunupidediamanal daumsinuyes

(M, @) @i
a= So(%"o) S;<O-1’11>S2<O-2"2>

. v
&doulusaae luiitluess
1. §,0,5,0,8,0,.. iudadumsnauves M

2. 1,1, 1,... WudAUIM

b < o o a;
3. 5, 2 s, aunsaduiums Wina . uazdmiugni= 1,5, — 2 S, @0
awiums laluna -1,

¥
IAeadIRMIMaanuaves (M, @) Wouunudan Comp(M, )

i 3.4 smuald @ =5,(0, 1) 5,{0,.1,) 5,{ O, 1,) ... udwumsmhauvesaanus

) - o @ o o { o dada o w o 4
Funiidesivamana (M, @) mﬂ‘uﬁﬂﬁﬁmuzua:mﬂlmiﬂmnnmmﬂnmflumqmﬁm



16

aulu(n) Namuasennn @ wgnisunlmin dunumsnlaounaswes (M, @)

v ¥
Wunmamsilavunasiamuaves (M, @) Wouunuda Trace(M, @)

Y o as = d
33 VBINANNHUMARNT
° ' w o o o o o«
53UUﬂ15“1Q1U5']Hﬂuﬁ1U15ﬂ5]']ﬂﬂQﬂ'ﬁ'n]»ﬂ'UTﬂUﬂ']ﬁUllUUﬂ1ﬂﬂ~117’]1““?“917]“1]‘]5
14 " '
Funug oA nlszneuiuswiumsszydeulvmsdemsssninniu uanindeanssey

1 ' ¥ "
Tiidoulunsdomslundaziuiinds ssuuiuiiudeciidesrianmagiimaniaae

3.3.1 N30V 10YRIT YR I
o ¥ qv = -} ] ' o & =
Turadeiivg inunNuMINUYel 18U YOI YR IU(Field) [9, 10] INDUAAID
) ' b ]
youlwaMsdomsnasounquluidaziuNueangumaniuady auydduaasina L Husa
! 4o 4 = W % ' ¥4 o ° @
yosnuimuageelimanuusiuey  fmualiimasiuiunudsiiavinmmiua, 2,
¥ '
L) HazaNanuAvsIresdyanaiiu € LazmsAemsssHINdnnuusdugniiady

VO UIVAYDIFDITTY QY I
fignui 3.5 dunsevvsesdyan Fiimanuusdueginda
F={(¢e, COM(¢)) | ¢ € C, COM(c) C 2}
o w 4 = =& < a o
AMFVV N W cEC, U P3P C L Unz P € COM(c) MU TANLNFFUNINUA
a A 4 a a4 e ) ' o A a o 4 oA =
nogluanuin P ansoAnaenaiu 1A Iaodusesdy i c n509nNunHNe aanuusyu
A A4 4 TR ' a 1w ¥ v ' o -
vununouds bildegluma P liaunsodsnenuldlasiiunasesdyau ¢ uaziSon
COM(c) NVDVIIATOITY NI €
ar ) d‘. o ¥ ag ¥ oA ] ) o -
feean 3.1 fmualv L= (1,2, 3,4}, C= {c,, ¢,} uazauyA IMIATOVILFBITY QY IU F AD
F={(e,, {{1,2,3}}), (c,, {{1,2}, {3,4} )}
- o A4 - A 4
JUT 3.2 uaesemanuurIu M1 oguuNuN 1, M2 BYUUNUN 2, 1Az M3 BYUUNUN 3

¥ ¥
Tunsdiflsanuuydunmuaansodasenu 14 Taskiunsyesdyain ¢, M1 uaz M2

a " e ' ' o i " o " = "o
aunsnaasenu 14 Tasiunavesdyana ¢, uasdnlsnam M3 hiannsodaneiy M



dlnvomyana1y " wszeeundimanses L

A ' ' o & ' ' ' o P o
w30 M2 Taokumasosdayana ¢, 18 eann M3 luldegluveuvaveadyn v c, invanu

AU M1 uag M2

range of channel ¢, \‘ — range of channel c,

/ Location 1 Location 2 ;
¢, c Cr By '
Location 3 Location 4 )
Tl

L range of channel ¢,

31l 3.2 Aptaveunsov Yo AR W

¥
auydlving oviovesdyanaiinuania 2 pindan il
L) ) A -~ 3 l:' L)
1. duxa P lildeglu como ¥aPC Luaz 1 € P HAEAMNFFUVUNUT 1 92 1o
ausnfaneruAnILsTuou laofusesdyg I ¢ 14

¥
2. §rpuaz P € come) (P# P udnan Puay P\ azaes lilimnagnginu
e Y a 4 T (] ot o o -~ ]
amauiade 2 i ldannsoszyldiweuavesrosdyao Inuidsgnidenay

3.3.2 NHAN3INVBITZVUM TNNUI NI
°luﬁ'?fl’af':ﬂxﬁmanﬁﬂﬁwms:wmsﬁmm"mﬁ'ulﬂum'iﬁ%’na"ﬁumiﬁmu
YTV AIENIOUIUBNTINGANITUYBIANULFFUIOULATSAT  LDZHOANTTUATI
aanedomssznaneiuld TaolusuusnasimsMNUANGANT SHYBITLUUMIMUT WY
wwy'hifidesifamanmnouwatsdideiiamagiimaniog) nmidaiudesisananm
Wlluszuy  szuumahauswiunessuiindeiitamagiimaniiaznm &
mauwmmﬂiaqﬁ’@mmmemqnﬁuﬁffwuﬂuﬁ’u WOANISUVBITZVUMIMINUT WU IR

e Y o a ' u’;
SUINUIVDIINAN NI UNTUHUY

60870



18

S 3.6 Amuald a, ., M Humanusdudesvesszuumsinus i oz F i
insovresdayana udd ((M,, ..., M}, F) gaisond sTuumsminanusmiuuesdianiuy

FuM,, ..., M, uviidoiriamagiimani F

fewd 37 fmuald (v, .., M), F) duszuomshausuiusiidediian

niimang uaz 1 ufiuidadimaniusiu M, of SdumIhauveszuy A = 5, 68,05,

fudgdumsiandiidiu ) dves (M, ... M}, F) Sushu o ludsde i

I 8=l Coines £ Y Uiss Uy U U v)#15" € Qamiugn i1 <i<n)

2. WS=(cynnc,) v, U...Uv,) dminj>0udd Oyuaz s, it laudou 'l (),
(b), 130 (c)

(a) =

AmFuua i (1 <i <), ¥oIdRNUI I ¢, 901 4, 1% T0UE (¢, v,) YoIman

WU M,

gy > 427 17
S, (e, ,¥)

s — 1y " C Pe r(s”—-nuav

by jm 2 Y jm

{S(H) __) (C] | ”l)’ :

=S¢ /c v, /v][c 'Ie

w1 /v] ..[cim fe.u,v /v =

_,4[ Jjm? " m

Taeit 1 oy luveuwanilives e u Fuaz 2 tﬂulmﬂuaummjﬁqmm
Peer(s® —==2) 441, .. au'“luﬂlamwﬁ’

(b) O’tﬂumnmsmiuwsiJﬁq*u*auamu‘vmﬁwmmﬂﬂwm YU
dMTVuN i <i<n),
s” — !, vy ez

=5Slc/le, v, V) Towit 7 ogluveuanilaves c lu

,+1

() =T (mamimmﬂu‘lumﬂmmwummm)
dmiuunei (1 <i<n),

s —= ¢/, v)) uaz

S —S[c /c,,v /v}

e

faeehat 3.2 AW L = (1, 2, 3}, C = (o, &), F = {(c, {{1, 3}, {2}}), (@, {{1, 2, 3}})},

v ¥ '
FotmuamanuusFunansdazlii 3.3 uazmanuusdu M, (1 < 0 < 3) sguunum i udd

o 3 .=' 3 o ' [ dydl
ﬂ1ﬂ1Jﬂ'I'.i'ﬂN'l'N'mﬂ'u11“?]110\1131J1]f1151’]'l\11115’JlJﬂuuﬂE)



19
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:W\ range of channel ¢

5)H

'/ 4——  range of channel d

MI M2 M3
: R AY

0 c?y dlo c? x

c'3

4 o ¥ o 1 o = o o - o
510 3.3 Metiwesszyumahnuswiuuuiidedinangiimans

o [ 9 ar " = ] = 1 4 & ar
vindedliduna aanuuyiu M1 uaz M2 lLignnsedsdedemstanula

iieanin M1 Tildegluveuvagesdayn i c iwoINUN M2

faeghait 3.3 Rsanszuums i (Contract Net Protocol) [17] atnsdwiiludangi
4 A9 o o - 4 4 =1 t
syuunisdemsuuiidedivamanauazgimans szuumsIdanuiunmsGonuuyldan
asumuluszuunaiauny o lasdumuiignisondt §3ans(Manager) daald
" 3
AumungniSondn A5Ua1(Contractor) iSundanymzns 1ML 74 (Task Annoucement)

] ¥
ledsuam 1850 TA g uaumnsodadulues 1dheziunie isuauiun1d diiu



20

ar

Aiunusziouematszyaia)  aduhlidiams  Afansezilaiumalizyanely

szeznaieIa denuanadiamsszuoumnea(award) Wundivailinslszyald

‘1. 4 = w 9o o o 9 o ¥ [ o Y a
qeiiga A lusnz@odiudiuauamnsahdaudiams ldaudiu iliiiegduuums
o o o :: J 1 ar @
mailudduiuiuszniediansuazdivam
[ ¥ " v
Ui 3.4(n) uaaslassadravesdwudumshou TaoliGendianmsiieggeiiqan
v 4 yve a o {I ¥ Vlﬁ'
AnIRN(Controller)  FIRTANIINOY IUTZAVANABNANNTOUAAIUNUINITUHA TR
wuReiu nasadennuudas lulugdiinaastimaniusdundazd yaiiunauuazidudd
MiFourssznindesdeanuuaaiterosdynn  uasdunIMITeMINFONADIENIN
= 3 o ] J aa 9 b = - ' [] s v
aanuusiuudasda  dauiuniigndeusoudiodulszudasiuniovorosdyyiu  In
b
Funahaeadyanu c gpiunldalumsaadovesdiams lldivamuaazdio
31 3.40%) uamaderimuanieg vemansTuLGazAI U (a) daudefmuadman
LUFFUYDIRAIAABTEMMUATIANILTTUYDIATANTOENGIBHUID
Yofimuavoadiamsurazda Manger, (1 < i < 2) uaas idmdnuiioveagy 10(b)
WS uduvoadunls now dlu 0 madedonnisznieddansunazal Manger, NUATUNM
o ¥ 5 o, o L o 1 as
MuI¥03 Contractor, (= Lyifi=1;j= Lzif i =2) nsgvinldlaydeinugosdynu c uaz
MsdedanusznINATANMILIARZAY Manger, AUARILAN Controller n3z¥i11AlAudar1u
1) ar A 3 c: [l 3 d‘ 9/ i s -~ ' :i
Foadaanes m Fadeanungnadalsznen ludregedssimdeniuammoiunlsnsoning
fdoamsdredlunudy dmdudedmuavosdiants msnlfoudomznnaons M2 i
=) 0’: ' Vo L% 3 o P
Aoz M3 Aenssamna ity 74 lusome a3 nalagiuluszuuzgnemuaziny1in
Fuls now anearia tevun 1 ludow lvweamsnlasuaniuzningaus M3 iWuaouz

4

A lﬂ. ‘: =3 A 4 : 4 -
M5 Fadeulvihwiusieiaediotuganmmsdszyadr)  waztitouluiluiizdig
d 4
YuumMsueumINeNy Mdszyaszdsunatunelunm 8P Gavumsilszya BidPoc 2
° .1 1=' ar & - 9 o Aﬂ' Y ar " o
wmhilumsdadulunsdondiuanuive RS umsueuninonu  Tasmiszyauemza?
9o s

voud5 v ludwnls 4cip

Fofmuavesdsunuudazda uana 13t mnilevesgui 3.4(v) Wdunamsnlaoy
aomznnaniuz ¢3 duaome ca HdFuanldsunsueumnununn 74 ud giuanuee
y 4 - -
RUAWYUIUMS TaskProc BalFraminuaaua P ta P__uazmsnlasuaaiuzan Cl

- J 1 e ]
dhu co ifavu1dlunsdingsvan liaulsmsyszyaau 74

o o o — 4 n: J te 9 o w o 4

awumamauiidiul)1dvesszuunsdeasii Auegiudesinangiimansuaz

o MuAvosaANUNYIY  dotuwganssuiitiull1ée draugudalszma 14 Tdun

e Re

ar 9 as 1 1 Vv 1 Yar ' A c: 9 [ n’: d’ 9 o Var
AN ﬂﬂﬁﬂ'l‘iﬁdﬂﬂﬁlﬂllﬂfji“lJ\‘l'I'I,.IG'I'N"] NNUIVOI Hﬂd'il'lﬂu‘l-lmﬂﬂ'i}ﬂﬂ'li.lﬂiﬂﬂ"l‘ilﬁuﬂﬂ'l‘i

Uszyanndsununes Tduermneanuluddiuauimmzauuda Asvaunlasy



21

° =1 1 a a [Y [ [ 1
yeumNuIINuINES wazdauudndndegians  gamediamsdasisaude

Vo Y
Tnudnugu

YDUIUAYBITDYYIN m] 1AL m2
Controller

YDUIWAYBITYY 1Y YD UIYAFBITRYRY U ¢

Manager,

N/ \
Contractor, | - Comractorb,
\/

() Taseaaria

Manager,

e

CONtractor,, |t

mi?TA(tid,task, CTRL ID!="CIDyj"

i'REPORT(tid,result,“MIDi”,CTRL)

¢!'REPORT(tid,res Ii,“CIDij",MID)
c?7REPORF(tid, result, ACID,“MIDi")

CID="CIDy)"”

c?BID(tid,CID,*MIDi™) -» TaskProc[Pmin,Pmax

Manager, Contractor;
(v) YoimuamaNILsFY

Eﬂ‘ﬁ 34 5:’.1J1Jﬂ’liﬁlﬁ\!1u(Comract Net Protocol)



22

3.4 Yo namsnaoun

Y o o A = 2 9 o w a a J =) ' -
YDVINANITIAADUN HUIUANUON ‘lIBﬂ1ﬂﬂ1ﬂ1ﬂTI!.ﬂﬂ'll'l«lllﬁﬁﬂﬂaﬂﬂﬂlﬂﬂllu‘ﬁ‘liu

¥ .
o o Y o -

; i o4 2 , & 4 X
iiosnnnmandeuiivosmanuusduiug luudosiun duiudedwamsindounisziuey
funiognirfialasmsfmuatesivanmagiimeans
P

¥ ¥
finwae liisznaine msleguesdmmuuaduluudazRuiniedumismanuuy

= d‘l o a =S o ] = : d’ ' 4
Fu o 19 lumsdadeds sumisvossanuusdunmuaiegluszuumsdoms

[ ¥ 3 "
a ° = o e ¥
Nﬂ'lﬂ‘ﬁ 3.8 ﬂ'lﬂ'l—lﬂi'l}l’ M Lﬂ'lu‘]iﬂ‘llﬂﬂﬁlﬂﬂlm‘ﬁ‘ﬁu‘ndﬂl]ﬂ uae L ti‘luwmmﬁ'uﬂ ISP 1]

AN UITANLUBTY P 7D

P={(,N|I E L NC M}
d.l ° A:’ d' " ar £ ar [ a’: 1 d:‘ d- =1 = ' : s
Wieannmafimuanui bivudouny sninluidaswunestmanuuyduld luidiu

Aaeehaf 3.4 VNN 3SR A L= {1,2,3,4}, C= ¢, c;} oz F = {(c,, 1{1,2,3}}), (c,,

{{1,2}, {3,4}1})}

1IN 3.5 AUy M aanuL ¥ Ao

P=1{(,{M1}), 2, IM2)), (3, {M3}), 4, D)}

:; 3 . = d‘ d. Ag c: o dy q‘ o ' )
‘il'lﬂ:i‘ﬂ'ﬂ 3.5 AHAN WANUUTTU M2 IAADUNTINWUN 2 vl‘l_IUQ'N'LlT! 1 AUV UITANUUT U

=)

o

P'={(1, {M1,M2}), 2, @), 3, (M3), @, P)}

Tudedrianisinaoui miinwdedimuanngluuuvesssuumidemsuyy
d’l ci - 1 = J s 4‘ c‘ = o
waeud Tavauyaldaanuusdundazdransamasuiiludaszoiniu uasanse
A a w gy ¥V w : Y o w v a a J -3’ to 9 o a
waoun lldanlanld dniudediianisdiumsdemsiinatusziuegnuyeiinanis
¥ [ ¥
piimaas lundazNunnmanuusdniug ef sinmstiomwdsduilinswdiumiuag
WoAnssTUMsINAuRvesmANUTTY Aniunuusesdanaeansaiwilssynaldly

NSPONUVVSSUUMIARMSHULIAADUN 18



range of channel ¢

I \‘ ¥- range of channel c,
/ Location 1 Location 2 \
| e e e, € P
Location 3 Location 4
C. C.

L— range of channel c,

'/— range of channel c,

Location 2

range of channel ¢, \‘

f Location 1

Location 3 : Location 4
24 o€ r

L range of channel ¢,

3101 3.5 uAaInIATBNAVEITANILT U M2

23



a
Unn4

Tsunsurignsioaauiaz1asInNIsNIay

LV
4.1 anvauzvalsunsu
add Y o - Y " ° 3/ q n‘:
nnIsmsszydedmuai ldnaruuda ausminldeenuuuszuumsdedsng
wupiidesitamanm magimans uazmsndeui 14 uamnidimsdanainnldesnuuy
Y a = a a yz o 3 o P -~ " = oar n:
syuvlgsaasiilszaninm idius uudssodoniesiierivluniseonuuy  luauidol
= Y ar «Q - [ ° a:ld‘l ' J -& " 3
33 1dWans 0allorunI 0O VIAL $180952UUNYI1  MGraphGen  YunUWBFIW1NS
- 4
PONILUIZUULAINAZAINIALIIAGE WINVY
o -; as d’l - [ d = Y
MGraphGen @Ay laserduinisailerann Tusunsu Tulaszeni 3¥ia win
= o o + :; e : L] QI
fanuansonie ldaud et imuaiadeiua03smsi lavinauenwdl TusunsueziSy
yauileldsumsileuntludedmua  daldsunsudsznoulidruniosiiosrvnsndou
nageY LAzinsBeilaRaamIiITmunizuy e IMdldmmsnasvasUANNgNABIvEY

Formua asanmounganssunulu nazsiasansiiauvesszuy s

b
anuanysalumsnauvealysunsy MGraphGen UAH
o { J
o museasIvERUANNYNABIvEITefmuATa LA
o muwsouaaranuuinun g i lihoaenisinnulauas 14w
e MuaEsNEAIEIFINIIRINY tazidunuemsnlasasvosaanuusIe A
fd P ¥
IMAMSUNABINIS 1A
¥ I —q ¥ | ¥
e muodumudumMildnaniosiga TaomIssyaoImzAun LAz d0Iue
Uaremald

*  @3$IABINIINIIUVBITLVUNEAMIY tazwgAnssua1es moluszuuld

ANUABIN ITUNUT I MT VMR
o lulnswenIuladd 95/98/ME/2000/XP/2003

® (CPU Intel/AMD, RAM 64 MB, Hard Disk 20 MB

MGraphGen annsoiuufludodmuald 2 dszianie uludefmmuamanuuaiu

o A - = o A:ly
uazuAuYoiMuAITUY Falswazidvanll



25

Y o - A — Y Y o '

1. udndedmuamanuusdu Ao uduidsznonldedesmuanieg vosmmnuues
a A aAyY o w & 1ady ¢
FUFIWIZUTONNAMAIAMI 1N 1A

2. uidndodmuaszuy Ao uduniszneuldedefmmuadiag veamsiausunuy

- Y ¥ o 4 4 Y a ) Y o A
voamanuuasy Ysznou Tdudedmuaiunms HuTnsaieg Jesmuamnioie

[ '

s 1 é Y o d:r d' Y = = 9/ a A
dyanuvesresdyanusiy  euadeimuanuAns Ifusmseziinsdresetauily
3y o

o Yy Yy v o ¥ o = A
dotmuamanuuyud 1370 ﬂQHUﬂ’Ii’ﬂﬂUllﬁlﬁfﬂﬂTﬂUﬂi%UUﬂﬁlﬂﬂlﬁﬁﬂﬂlﬂu

Y o R T T 3 Y
ﬂ']'i“ﬂﬂullﬂﬂ‘u’ﬂﬂ‘l‘ﬁu'ﬂﬂlﬂ‘VIHH%"})'”VIEHQﬂﬂﬂi'ﬂ@'ﬁllﬂl‘ln'lﬂlmﬁ

4 ¥ “ 1 o &
wedldauGonilalisunsy MGraphGen 1182 TUsunsuszuaasminaananaail
@ o o 3 [ dy
anvuzuazensznouddas 13 ugui 4.1 dsae il
o e o o @t
1. wousny iundmsusonldmdanieg vealsunsu
v & ) P A A o ' —q ¥ ' ¥ o v
2. ndewnlesiie Huyadiduniesiernudng  Aldaudos  1dun  adaudy

o

Jomrualvy  Wandudomuua  tunnmsud lududesivua W douudy

A

o

o o w =
Jomvua azreaen honsandydeimus LasiaaIHUAIRIUE TRVILT T

5 g 2

b 4
3. wunmay Hunemnldd s uniseoniuy tastdana

4. waumaasaauz Whunouniddmsuan s vos 1lsinsy

M MGraphGen
(Fle Edit View Run Window Help

i 7

Gtatus (372172005 624 AM ),

3UN 4.1 mihdananaealasinsy MGraphGen



26

i 42 waasdnpazmshaes sunsumuddumidimsldon szsiulédn
dofldamdondallsunsundy  AlFousuiudestloundludedmuanousunsuis
anmaheude U1 SamshouvesTlsunsuiuegiunsilowlszimvoadludeimua
6’1ﬂautn'ﬂm’fﬂﬁmuﬂ'szuué’“lﬁ’fi):mmmﬁmmmsﬁnmﬂumizuuTﬂumﬁ'um?mﬁaﬁmm

msvald wazdigansadennagevamnuussuneluszuy Tavefuniosenadoud

Ly du lasndu
aaldaunsy
Y ar
[ MR NN ]
Y o = . - ]

Houududoimuamanuusy owudoimuaszuy

= ﬁ 3 o
MANUNYFUYNLIBY Joimuaszuvgnilou nay
HAAANUYAITDIUE nIBVWTYIUYNIAA

@onaanuuayuluszuy  [$1a93015M1au
Y

[ HAUAIAD LS ANUUTTY

maaumfmmwu ( IN303091999N1TM1U J

UAIEDINE

]
I3l NATDU

MANUUTFU [ AANUUFFUNIADN ]

11 4.2 nwuzmaiieves1Usinsy MGraphGen

4.2 snunduvenvva
4.2.1 wluvemmuamanuNYYY

4.2.1.1 Inssaiauvly

Tassahaiudesmuamanuurdurlszneudie  daumsdsemmianls  uaz
drudesmua Fuaa¥luglii 43 daunsdszmadunsiszneulydae msszyde ¥iia
uazmiGuAuvesiasaeg feiunldludedmun Fadonlszmaliiusiausngaves
wiuminiu  uesdessududoniomnuimane  dmdesmumlszneuTd  Jo
fmuamsioumozaeg vesmanuusiuaniimsszydosmuaildnarnud i

= o 1ad ° - ar :
pniidesinamanamie Liin 14 sduuudesmuanisn/douaniug lduaaslidsgilin 4.4



27

UTTAALSN

_® - Fosunls ¥1ia “.@7 fin

YITNADNY

4
nmsnlasuaniug

s 43 Tnsaadraludetmuamaniusin

. . .
— 1 Foaomuy MAN IOk Foan

(M) m3tmuamsnasuaniug

— do 9 ¥
MANIIN VYO AT ||

4 | o
Reuly -@ mamsaidageyanen M @-

o«
L] mgmisaimely

o o
(V) MINMUAIMANITM

_®_ Amiaaieuga ! _O_ AMUNA u | 1< u @

(M) MIMUUATIUVDIND)

U7 4.4 puvudedmuamantdouaniue

YV o .:;
4.2.1.2 Yemmuamsnfasuamuz
© P y o 4
Fosmuamsnlasuaouzlsznoulide Feaauzdums mmgmaal uazdernius
Yarema daansB3luglil 4.4m) Tasaomzdumavesdedmuausngaszgnimualiily

a = : ’ or : © o 4
ﬂfnutliue"uﬂlﬂqalﬂﬂllﬂ‘ﬁ?uuu‘] llﬂz‘dﬂﬂﬂﬂ’luzg{ﬂ\iﬁzulﬂuﬂjtﬁUﬂQﬂNQ TINTUNANITY



28

lﬂ' - o 4 o J
vosmsildsuaoms Bsamglinudosmuanisuaasii 1 Tuiade 22 Fuihl1f 3
¢ o oA fo Y ¥ 4 d 1y 18
mamsaidaoiy fe mamsaisudeyadinindunaden mgmsaldedeyasengdunadon

¢ ‘o ¢ Yo o o v v &
wazmgmssimoly dungmsahiudumgmssimolulildmddyunudydnuaiily “au”
Taoguvumsdmuamgmisaiuana3lugdi - 44()  wazdmanldounlasdanani

o ar

9/ (K] [ o n’: :& [ [] 9/
Josramanaldldduveanaremumamssiviulide FINMUINIDI YAV

v

wdes linn lnhamiranngaveananaue dwaaslilugin 4.4()

fethan 4.1 ududeimuamanuussuaInaralualou1an 2.1

#MAX:int=1; i:int=0; o:int=0; no:int=0; data[]:int
1 {no<MAX-->s?data[i]}2

2 {tau(no=no+1;i=(i+1)%MAX)}1

1 {no>0-->r!datalo]}3

3{tau(no=no-1;0=(o+1)%MAX)}1

91nteun 2.1 nrudeimuasznou lildw

0
|4 { no, i, o, dataf] }

PARD i gt

{1,2,3}

Tauil

2" =4 s?datali} }

2™ = { ¥datalo] }

T  ={ tau(no=no+1;i=(i+1)%MAX), tau(no=no-1;0=(o+1)%MAX) }
T = {(1, {no, i, o, data[]}) s?datali] (2, {no, i, 0, data[]}),

(1, {no, i, o, data[]}) r'datalo] (3, {no, i, o, data[]}),
(2, {no, i, o, data[]}) tau(no=no+1;i=(i+1)%MAX) (1, {no, i, o, data[]}),
(3, {no, i, o, data[]}) tau(no=no-1;0=(o+1)%MAX) (1, {no, i, o, data[]}) }

9 = {(1, no, i, o, data[]) }

¥ o = Y 1 - a 9 as ¢=’
ﬂ'lﬂl.l'ﬁuﬂlﬂﬂ’]ﬂU?]?flﬂﬂlln‘”‘ﬁu‘luﬂjﬂﬂ'\ﬂﬂ 4.1 ﬂ'ﬁiﬂtﬂﬂ U




29

@ o ° tY ° =] .
o yssausndsemaldaudsmoluiudesmualdidunuusuan Ao MAX, i,
o, no Taummualifmisuduiiu 1, 0, 0, 0 AMdIdD uazdns datal] Huuuiy
DUTHVDIT M IUIAY
o A o - o o
o usivah 2 Amuansldougauznnaome 1 Tdludgos 2 Aemgmisaliy
3 " as d o o " oA . 1A 1w
Joyavingoadayana s udufuaadauns datal) Amviiad i uasiideulyin @aunls no
whvslinwiounialudanls MAX
o ° :i ¥ o
o yusoiiai 3 Mmuamsndouaamznnaonue 2 Tdduaouz 1 Somgmssimelu
An msud lua ludaunls nouaz i
oy 4 Amuanswdewdomsnnanime 1 Widluaoe 3 Aomgmisids
Foyanmnu 1315 datal] fumiai o songyoadyanu r ualidenlyin daunls
no vzapalnNIoun M IuANls MAX

o e o < 3 o
o usiviah 5 fmuamsifasuanznaniug 3 Tiiuaoue 1 dwmgmisainiely

a9 Msud luar luaaunls no uag i
4.2.2 wlndemnuaszvy
Tassatraufludennuaszuvlssnon lidn drumsdszmeanuinnis Iusms uaz

daumstszmegesdanus n Taoligduuudosmuadase Tl

v I
mssemanuiins IHusnis

[Location]

A A4 4 Y a o Y o P
19“““ﬂ151“n5ﬂ15 = ‘D’ﬂ!l'ﬁﬂﬂﬂﬂ’lﬂu{‘]ﬁlﬂﬂllu‘ﬁ'ﬂu,

Tuussiausnuesduiidealdmdiy “(Location)” eszyinludumsisznme

:: Y a v " Y .«y :i Y a Py .’z '
uinisIiusms vssviadeq nlduaasiunmsiuinmsnidlussuuimua Tavluudaz

P Y a ¥ ) P a0 > Y
u'nﬂ‘lﬁulﬁlﬁﬂ'ﬁﬂﬂ\!i3uﬂ3ﬁlﬂﬂlln‘ﬁﬁf'ﬂ“\1ﬁﬂﬂﬂﬂﬂquuwu'ﬂuu‘] Ay

=Zb, =Dy

MsUsEMAYeIdYYINTIN

[SharedChannel]

¥ 3 » " ¥
Foroadunus - wavesnumianuaneg luveuwagesdyamsuil




30

» ]
Tuvssfiausnuosduiidealdfidife  “[SharedChannel]” 1eszyduiudums
] ¥
Uszmmgeadyanusiy vssiadeq niuaasesdyusildluszuuimua Taoly
¥ [ ¥ ]
uAnzradyMIWAREEYfe  Avesiuiims IduSmsnamuaegluveuivavesres

Ay iy

freenan 4.2 urudedmuaszuvyesszuums o ludiediei 3.3

[Location]

1=Controller.txt

2=manager ] .txt,contractor! .txt,contractor]2.txt
3=manager2.txt,contractor21.txt,contractor22.txt
[SharedChannel]

ml={1,2}

m2={1,3}

c={2},{3}

DN 35102 38 ANTOUTAL RTINS 1T AT L, 19aved ey 1943 90 C, YoUIUA
FOITYYIU F, HOSATNUIVDINANUNFFY P st

L={1,2;3}

C={ml, m2, ¢}

F={(m1, {1, 2});(m2, {1,3}),(c; {{2}, (3}})}

P = {(1, {Controller}), (2, {manager], contractorl 1, contractor12}),

(3, {manager2, contractor21, contractor22})}

= J 4’ a Y a o A 3 4.
msseyaaniuydu uudaziuins uSmsluussiiadi 2, 3 uaz 4 desszyiuve
Y o - Aa - Y a s
uindefmuamanuusduang Alegluszuudin weldlumsdrebamzmsinnunoly
[ : Y o - ar ' 3 J ' 1 3 e
szuy anhududedmuamanuusFudinanalsgnadniuneumsadraiudeimua

szuvnaztloulvnuTsunsy




31

=
4.3 MINATaUaAIANUNTYH
) ¥o Y v v & 4 ld] Y -
MsepnuUVIZUUMIdoms i ldotagnassmuanuaeInIsuy Sujuaoa
o [] 1 4 d o
msnaaoumInianueanalnudasnalnnmeluszuudenou  Fnfemsnadoumsniam
- oW - ° 1 ¥ a Q2 o
yoamanuurswiues uazienalnnmoluszuwinuldedgndesduds 3nimsnaaou
v
mMsyausniulussuudely luiadeiisenantadsmassaeudetmua uazmsuaas
L4 ¥
UAUAIEO I ATIUSTY  9IMTHIZNAINIITNMINATOUNLLAIN  AJUIATBITDTIY
] ¥ ¥
nageuamnusIuiuTemmuavessanuusFuluszuuioonuuy  Aonioalieyutin

o = a o ]
1ﬁunﬂﬂﬂ11UU5$lJ1Jﬁ'llJ’l‘iﬂﬂﬂﬁﬂUIIﬁZ'Jlﬂi 1EUNII TIN'tUﬂ']U1u5$1J1J‘la‘IﬂUQ']U

be

AAUNTOVDIUNT DILOTWNATOUTANUN T UIIA
e asvapuAMUgNADIvMHNdER IMUAmANILYIY
e janstemuaveImaAnLssY lugnuYYBINNA AU
by Y <q 3 Y - a 4y
e Aumudunanldnanioshgannm@niuszunaeIns

o yaadwuMBhUEzdunIMInAsuatvestaniusIuAAIRLTgnden

Yo ravnaninsilaTaonadonmanuusRuTal
o aunsanaasanmzmolumaniusduldgiga 20 aouz
o mswlasuanuzszninagauzlala dmualdhinu s magnsel

[ ' = oo e '
e fmasnmueamiifamanisaiimua la lifu 62,000 mitonm

- ° Y e P -~ a

msnaasudmanuursuin 18 laomstlouiindesmuamanuusdu  niemso1eda

3 e =S o P 1 ¥ ar o

urudefmuamamustunnuludesmuaszuudnznanaeldluiade 44 Idnu

% » ) Y o v

T5unsH MGraphGen m1miuTalsinsuezsiimsasisaounugndeaveaiudedmua i

Tigndes Tusunsueziufinswanudefanaraudududoudldiuii - dgndoalilsunsues

[ v v

yuae Taon1s a3 eI NFI¥euAD  HAZUAAMNUAITNIUSVIEANLLTTY  TuTuaDul
9 = 3 A - = 4 aa ° '

Aldansanaaouamnuusiu ldduiniosiionaaeumanuu s #935msmand luaiu

A ezldnandelusoudely msvamveslsunsudedldnudosnminamoumaniy

sFunana13lugl 4.5



32

( SuTdsunsw )

4

Y e =
Houndudos muamanuuydu

HANRIn A3ITDU

1']”1?1‘3?[7

¥ a J A '
AINUNTNENITUFOUAD

4

LAAIMHUAITNIUE

AANLUF U

h

NANOUAIUATDIND

NAADUTANLUNF U

TunnswuToRaNaIA

UMITNIIY

] ¥ »
UM 4.5 dunpumshaves lysunsuiionsIn I nATe U MANILTHY

4.3.1 miasaaevenniel
3/ Y o = o
nsasavaeunnugnass luniudedmuaveslusunsy sxdaninlioinsa
Y o ” W Yy a Y o =
Jormualuiite 4.4.2 mnnszuaumsasedeunuderanaianinuiudesmuandeud
= " =Y 4 9 -
1 Tsunsuszudedoianarndieg Bluudusisaudofianaia(eror.log) ¥avzgnldeeds
Tunisudluauianaravesdedmualigndoadn 1 @rediredi 4.3 uaasdaediaudy
FofmuamanumsFuiigndesnuman lunsel
¥ " "
FunsumsasaevlnnssivesTlsunsunaasBlugdit 46 idlelimsflouudty
o =) a o " :
Formuamanuurdudwn  TlsunsussiSuasanaoy honseliaouzien  aImiuda
¢ &
asvvaeyhenselimgmsel wazasavreylonseine Tasduasumsasaeaonlawnsel

anug uazmam ol lanan 13lugun 4.7 uag 4.8 muddy



b4

Augauudosmua? WS

4
asaeu hunsaanIug

A

¢ 0
Fli’}‘i]ffﬂU'l’)U'lﬂ'iful‘rW]ﬂ'liﬂl

¥

asnaev homsainm

U1 4.6 Suasumisasnaey homnsaududeimuaaanm sy

A w
‘mﬁmumﬂummm

-~ ]
nuanse 12

w 4 g a
UYUNNVOHANAA

4

Y

( UNITNIU )

" Ll
510 4.7 Funeumsasisaey lonsaiaoiue

33



o o o
dhumgnisal Whumgmsal Whumegnisel

sudoyad dedeyasen? mulu?

[FRR T

MDY
Y

w & Y a
UUNNUDHANWA A

a
IMAMIBIT

deynpen

higndea higndas
o -5 Y = o & 9y =
Tunndoranain TUNNYoHANIA
l :
VNS

a e ¢ @
51 4.8 Funsumsasvaoy lnnsaiingnsel

o 1 A Y o a A ) o ¢
fAI0819N 4.3 llﬁ‘LI‘UﬂﬂTHuﬂﬁlﬁﬂlw“ﬁ‘ﬂuWQﬂﬁﬂQWTHﬂ ﬁﬂ‘h[ﬂﬂiﬂl

#asb;c;

1{Tau[2.5,5]}2
1{ch5?a[15,30]}3
2{ch67b[10,20]}3
2{ch67c[14,28]}4
2{Tau[9,18]}5
3{ch4!b[12,24]}6
6{ch3!(2)[8,16]}7
6{Tau[10,20]}8
7{ch2!Acdf("23")[3,6]}8
5{ch7!'Acdf((12),"23")}4

4{Tau[17,34]}8




35

y a ¢4 1
4.3.2 MITNUUNINVIFOUAD
= u{d’l ' = ie‘ " 2 o 3 d‘
WNINHFouae HumsnanUventas i dunemslasuan iz nnaniue
P @ e 4 v - o A [ s [V
nita l)gadnanugnila Tsunsuszadrauninmseuaenainin ldniunmsasinasy
Y o = = 9 s a’: ° = (d'l [ 9 .q'
Tunsaitefmuaaanuusdusoudeondd vasnniussiihumsnayeuse U ¥ ivenanas
o = [ o = P " : @ o
HHURIADTUZYBITANULTTUAD 11) Fnsadraumsndireunoriu ldodorannsay
Y »
nouvesns  Taomuydliiaavesanuz luammusduimuaiiusavesganmuauu
v v v
as uazaveudumeanmsiasuaouziiua lumanuusFuidumaveadunanuau

A4 q v @ yad = . - 4
as e vt v 1ddvuTsvenantmgufini i Tavee dsll

a . @ w o a0 w
fignam 4.1 ¥ 6 Wludydnuelimuanumuisyeinsmidresnlsznoundiyves G

U5EneUAILIBAYDIYA (node) V LAZIBATBIAIM (edge) E N1 G 9xluunud i G(V, E) §

¥
s 4

=l @ o
{v,, vy, vy} © V UAZ {v, v, v} C E udaemisodouanuduiusvesganasain ldaail
e, = 'v,)

AU e, MUNUTRINTURFOUADITNINNGA v, UDL v, LAITON v, v, NYATOUAB(adjacent node)
131N 4.9

v e V2

|
® @

314 4.9 ganazA Ve IN W G(V, E)

1 - L4 = =1
fienad 4.2 I A Wi m x nam3nduas o, € A Taon 1 <i<muaz 1 < < nudd 9zion

¥ a ¢ A [
A Nilunmindideuno
d ildumanin v, T v, S diduma
0 wimilunsdion

Taoh @ Whudnnudumassnnamue i uas

" = o
1 a, = a, nans A Whamindauinas



36

4 & 3

14 4.10 mvosmanuusdu ey lugluuvveansiv

[ ' L ¥
faeehan 4.4 3107 4.10 uaasmanumrdu lugUivens m aniummindiFouss A fio

/Yy 3 4
Wy 104
A=/210 0 2.1
3100 0 1
4(1 0 0 O

. ¥ ] ¥
WNINFFOUADTANITOUENN IS IUINAUNNNSFONADILNINIANULNINUA
molumanuurdunngauzril luamuzniie mu vindowe 2 Tidumenisnlasuaoie
Taoe 3 o 2 1 dunia uazlilaniug 4 od 11iduni damd@ummsnaouaniuzan
o ey ¥ Y e ¥ ) < a ¢
aouy 1 Tdsaauy 1 ey 1 dunie WiGondumaiiin id@umanady - (loop) tum3ing

: " ;c: o %
ﬁmmunﬂi:Tu‘nun1n°lum'iuﬁmuwumamu:ﬁmwuw%u

433 m5uﬁmlmuﬁmmu:ﬁﬁm‘mm'ﬁu
Tﬂmn‘mmma‘nuﬁﬂmwuﬁﬂﬁmuzﬁmmmaﬁu ﬁ'}lUﬂﬂl??1ﬂIINUﬁQﬁ01U$ﬁlﬂﬂllU
¥

FFUAIVUNTIANLTAIND  TUADUM I NALHURAIAD Uz AIANIsFuABI0IAudoyavINLm
a o A ' o :: & o 3 ¥ a A ' J ' @ 9
INTVYOUAD ﬂQuuﬁNﬂ'ﬂﬂu%ﬂ\Iﬁi'NllJTliﬂ"]ﬂ‘ﬁﬂuﬂﬂ‘\luuTﬂﬂuIﬂUﬂ]ﬁU'\IBHﬁﬂ‘lﬂllﬁU
¥ o a A ) & ¥ as a Jday as ¥
ﬂmmnuﬁmﬂmm&muﬂﬂﬂmﬂnm FINTTATWUAUAITDTUSIINUNITINTUUDAND ﬁ'|11'15ﬂ1‘5

o = ' 1 l a oA ' @ ' ar
msauiumsaneg ileglumwmindmemelumsnaukuraog ldisu msaduunluaz

=

s = o 9 P=1 £l @ Yt - ' @
wanluwmsng fudu Inaldfunudanueildinnudangulumsna nazviailymninis
NadunIMsndsuaoIuE NNUFBUNY WIBIINAMITNARUMAUMITNATIIUSUAL

ci @ [ = (n,: ar
Wumeamsasuaoiuz lanmsaduuouasan uns nauues NIEUIUNTNAUNUAY

v ¥
anuzivuapuAIae 11i



37

1. MvualazNaTIuzIiTuAY
¥ a oA ' A o ¥ [ P
2. Aumaouzdmonannamindiyeuds enauonms Naiduna ldaaamz e
] [ 4 " a d
gnadalni senvinmsnaduma s sifiegian Tasuonnumamez 131y
o o 4 ] o d o ' 0 o
faunlsersisdanuz Ini uazdulsersisdanuzim muddy

¥ .
3. nadun uazaouz Imivanue dwaasluglii 4.11(n) Tavewnndunls

d o '
o130 v
. ¥ "
4. nadunlldaauzitiogiduimun dwanaslugui 4.11(v) Tavemnndunls
d o 0
91313000
Yy ¥ o o o
5. gamenum uaznadumsinndy Amaaalugii 4.110m)

(2
0 Oy 10, ®

) () O,

(M) MAFUNAULAE (1) MAIFuUNILaE (A7) NAFUNINNAY

]

anueln anuniegiAy

3R 4.11 vanMITALAUAITO EYDITANULFIY

A oA o
4.3.4 1n50330NATDUAANUNY U
o = 's e -
Alrnuansahimsnaaeu HAZAATIZHNG 1NNV ITANLLFTUN W T
vy A oA - A & aa a ¥ prp——
5211 laaunTpailonadpUAMANILFTY FITwInEenITNATaLUMANUNTTU 1A 2 5 Ao
¥ v g ¥ ¥ A Y oy Y
Aunudumanldnaniosnga lavmsszyanuzaumatazlaiomenaeamsaunm uaz
o o =1 o P
uaaIddumsny  wisrdunensidouasvesmanuusFuauiaumamInngn

-~
laan

43.41 msaunuduManlynaniesnga
AldauaunsoSenldmds  msdunidumenlfinaniosigavesmanuusduld

Tuvazi Tsunsu Iuasmudaazgmanmsduisvudoouds uazdldanusuiiudosilou



38

anmzAaumanazanuzdaemeaidosmsdumldiu Tusunsunewihmsdum diodldam
wmstunm uaz Tusunsudunudunildnaniosiigauds Tusunsuezuanswaluzuuy
o w =Hq ¥ ¥y A Yy Aalwa’: @ -'civlﬁ ﬁ ¥
ypadmuanuznldnanioshgandouiunamlsmmua  wadwsn ldnnmsAunudunia
o o e ad ° o a 4
fio M lidlFunswiadumanznaiduige lumsiauisudunnaouznilaaz
& da 4 v aa ¥ o g v v
Auganandnaoiuznila  daneanumsdunudunimsn/aeuaniuzilsnaniovgalue
= u’: 1 4 Y =4 b - ag ¥ "
v 1dyszgnausindanediumsnuduniaves  Dikstra  Tnoauy@linimiiag
nanleugaveamgmInl luudazidumamsnlaouaniug Wusszozmaszningalalauy
nswl @etn 45 uansmsnudunumsn/dsuaaugildnaniosgavesamnunrdu

W ]
1INHaNBANUNMINUFUNINTUTN AV Dijkstra

s ] 4’ ag ¥ - e (] “ S " ¥ ' ot

A20e1aN 4.5 auyalimanuurduludiedni 4.4 iamulaianiosga luuaaziman ol
¥ '

ATl el=5, €23, e3=4, e4=6, e5=2 e6=3 Ua¥ e7=1 Auiunnmanuuriuluzin 4.10

annsouaauifunsminamizaiovgalddazili 4.12

"SI 3

310 4.12 psmluaasrmiasaniovqa

vinnsmllugili 4.12 sunsonaaailummingmitanar T 18 fe

- ——
11 5 0 0
T=2{0 0 3 6
310 0 0 2
43 0 0 O

a L4 ' a d:r' = 13 "
WNINEMIINM T uaasie szeznaniosganmamseiiveznaduld sy ms
= o ¥ v & ' - a o
wWasuanmzonnanme 2 lldsaomz 3 Mnanissgano 3 mitona wasiie lAuming
minnawdEsonunudunemsnlasuaoiuzildszoznanioshgasindanesnuues

Dijkstra a0 1118 19 iieAuszuznaniosigavesmsilaouanuznnaniug 1 ludaoue



39

4 lAwadwiiiu dumemsidsurozie nanuz 1 damgmisel el naouduaniuz 2
=y ' “ a s - [
Hamamsal e2 nlaswiiuaoe 3 Mamgnisel es Waouduaos 4 uazldszoznmns

v
NamamMIeiNanuafe 5+ 3 +2 = 10 M

4.3.4.2 Msuaasmdumanaumazdamamanlasunasvesmanuny v
v K]

FEnInadauiifoinszimanni Iusunsy lAuaaaunursaa iz vosmanuu sy
a 9 v v Y o A Yy Ay a ) - ° o P
Soudeouda  Aldnudevihmsidenduiidesmsiinizineu lasmanendwuimgnsin
ADINSVINUNUAIADIHZYRITANUNTTY  Isunsuszuananasivennulinsenaivuig

. P’ o ol - r'd o - 0 w ¥ v
NANMSINAMANIANNATINLMSIDNAMANITE naanidendwumamsel 1aundg 19

o o o i =) i a o
’(T“I)J']iﬂlﬁﬁ]ﬂllﬁﬂx‘lﬁ’lﬂﬂﬂ'liﬂ'lﬂu u?mi"r’umemilﬂﬁuuuﬂnwammmm‘wmﬁmmﬂzn

aol114

et 4.6 FocresumBuNIsATEAANIYEY AauTsunsy MGraphGen fdad

1 Aleududeiimuamaninsu domids File = Open 1siinsuazuansdoimun
a9 molundudedmuamanuusdu éﬂuﬁﬂwhqf:ﬁ“l%’nummmﬁwmmf’ﬂu
wazfiuintd @zt 413)

2. Tnaademmuadanisiudof1d3 Run - Load (91l 4.14)

3. AR AU FUR M Run -> Graph (93171 4.15)

4. iiledesmsdunudumai lnanesiiqa Tinsonaniusdumanazgouzlaiona
11904 From waz To winulinanity search tiiodum Tsinsuszuanadunsd
1%'nm1i'auﬁqﬂw%'anﬁunmffmuaﬁ‘lﬁmﬁumnfu (931 4.16)

5. iifedpensuamadwumsiaazdumensalfomnlosvesmanumadu  Tiadn
Bonddumanisalideanis Tﬂmﬁaﬂﬁﬂﬁmﬂqﬂﬁdfudazﬂ%ﬂﬂﬁuﬂim:uﬁmﬂdm
1ﬁ‘l?l’ﬂﬂ’|)1mﬁaﬂﬂifJﬂL’Jﬁ'I‘f‘limﬂﬂﬁﬁflfmﬁﬂﬁu(ﬁ”zﬂﬁ 417 Wasenaminelugaa
namialiesga waznamianngaudandniilfy oK Wodenddumamsdiiads
gy drdeanisuaasdidumsianldadnfiify Computation (@31ft 4.18) usth

dvamsuaauduniamsn)asundaslindniiiu Trace (931N 4.19)



M MGraphGen
Fie Edlt V'iew Run Wndow Help

48wy

Hab.c;

T au[2.5.5)12
Hch5?a[15,30])3
2{ch67b[10.20])3
2{ch67c[14.28])4
2{Tau[9.18]}5
3{ch4/b[12.24]}6
B{ch3(2)i8.16)}7
6{Tau[10,20]}8
7{ch2lAcdi{"23")[3.6))8
S{ch7Acdi(12),"23"))4
4{Tau17.34))8

(72005 T 627TAM

o 3 o v e a
2‘11‘“ 4.13 ‘ll‘ilﬂ'lﬂuﬂﬂ"ltl‘luuﬁﬂilﬂﬂTHu ATANUNT T U

t'jl

EETIE) lm GRS

SE

7{cm TRCOT 2SS ETe
5{ch7lAcdl{(12),"23")}4
4{Tau[17.34]18

Status - [3/2172005 [6:27TAM

R

317 4.14 ndesdenmuandndeimuagnilousvuies

40



T

chS?c{M"ié} Tauls, 18]

®/ chTlAcdf((12) "2:{1_____© ch4lo12,24]
am%,aa] >
| LT
@“ 7 ch3?(2)<6,16]
" “h2AcdC233, sl L

Taul17,34]

ch67c]14.28) Tau[9,18)
e S

%mmmwm,

The state path is: 1->2->5->4->8
The total time is: 28.5

Ch2iAcdi(237)35]

——

4 w = - [
U 4.16 wadnwinamsAunudumanldoawiesiigannanueg 1 lldsaaiues 8

41




42

V.

Pt

Shortest P

Enter a delay time:

. L ]
o = 4 ch3(2)(8.16]
.b_~_"———____\_

3 ' o o ot
317 4.17 msnsennemissdini umgms dngl¥audesmsiaen

<% COMPUTATION

1 <ch5?a,15.0> 3 <ch4!h,28.0> 6 <Tau,45.0> 8

@M@J@M%}.@L@iﬂ@

c; o a o °o_ w o &
31U 4.18 Arumahnuveshinumgmsangniaon

ch57a.15.0 chdlb,28.0

OM:Q( ) chdb[12,24] O

: = o w o
UM 4.19 Fumamsnlaou)asvesdrwumemsaingniden




43

4.4 MINAVIMINNUVBITZUY
ms$rapamaiavessuy danusuiulumsaseaeungdnssumsiinu
¥
saufusznInaanuussunoluszuy luiadeiisznaniaiimssnesmsinuvesssuy
o 1 ar ::d - :: " @ J o
My wiundmanusdudad 2 @vuly TUsunsy MgraphGen annsadiasims
[ ¥ A I ] 3 o o J ' ar
Mavesszuy ldduaiesiiotasamsminn  Tasmsiiasamsmausziuegiugiuuy
vosdeimuaszuy uazdeimuamanuusiumoluszuvunazad Tavazuaainan1ssian
msmamlugduvesdidumsinussniniuvessanusdu MEglFuaunse

asavapUNgAnssuMshauswiumeluszvumsdemsioenuuyldiiuedied

¥ ¥
ANUANNTNYDAATBINBTIABININNUVRITT Y AT
e munsniievawamsienlaosa Tulid awdedimuala
e muaumshasimsnam lddasmdenunuirn SumIhoes gansnesIvme
HAZgANITIINDY
-~ ar =] o v
e gunidendiunnuisImiinuvesszunld
o aunsatloudeyalvunszun@ndunadounouen)la
e auNOuAAINIIDIAeIM MU INIYHDUSIAUMIMNNUTENDINUVDITANIYY

Fumoluszov'la

3 o o 4 ] - ¥
Jo91iAv0uAIDILBTINATDU AN TULAAT
v Y = (Y o
e szyuvIranslsenaudwamanuyrTy TNy 7§
é 2N S y A
® fvuANUAUINIG lAgIga 18 uf

P= | ] (] L") 1 é .47 c:' Wi (- A{’ d.
e nSovwYesdaygnuIWNTansaunquNLR 1A 1iidu 6 Wun

4 A o ° v
insesiedanamamaivesszuulsznoulidn
4.4.1 MUAAANTOVIBYOITYANIUIIN
¥ ]
fuaaun’ovoresdyanu LT UATeId A s R Mua 1 Tuszuy
" ¥ ' ¥ R
Tugduvveeaununw  uazudasmanuuriuiiogluudos i 1d Tnomandnideniuni
¥ ¥ " '
Apams TuuwunIni vnmiugldnudisunsondndenaanuusiuudaza unouTa
¥ '
unusrozmanuuyiuiug 14ondae 3UN 419 way 420 udAIRIBEIIVBIAILIA
-~ ] ] Y ' v 3 o ar " - oﬁ'l 9
i3 evsreIdy T mvesszuums e uiudeimuaszuuludediei 4.3 ey

Y - " A 4 4 4 .,
mmmsLaaﬂﬁmﬂmmwu“luwuﬂ 2 LUAZWUN 3 A1UaIaY



S Field
m B
me | B
B8

:: Machines in Location 2

managerl.txt
contractor1l.txt

contractor12.txt

a o A ) o ! A ya oA = A 4
gﬂ‘n 4.20 ANITAUNITDVIUTOI iyiy'lm'i’lil uJE]§1$1a8ﬂﬂﬁlﬂﬂttu%‘ﬂu1uwuﬂ 2

S Field

——
m1 I_EI_ _@}
1 @l
m2_ i )
° Big
:: Machines in Location 3
manager 2, txt '
contractor21.txt
contractor22. txt

H ' ¥ v
51 4.21 Muanansevwsosdyyiusw Wod IHaongaanuusduluiui 3

44



45

4.4.2 MAVANMITIALY
Anugumstiess imhinlumsniugumsiiaesmsiinu uazuaaamisines
- " 4 o . 4 »
Tugrtiuddumsmanuesszoy 307 422 uaasiimugumsiiaes salszaenlldae
o o A o ° '
1. weupuguanuiizuy ldmuguanuirlumahauvesszuuiiimsisiasiey
4 o - ° d J y a 4
TauiloUSunoudieu Tumavnszyusshauiivy  uaziedivuoulviaenly
MaoszUUIinugIag
2. yamdmugunssiaes Aldnuannsanugumsiiaesmsiauldlaok
o w o 4 o w o P a
gamdaniuaumshiau Fgamdinsugumahaulsznenludeida Sums
$1093 gANIIIIA0IFIVUL HASYANTNIADI
3. naesteumldazuy - Mineteudeyasndunadeushgszuy  Tasmsnsenam
#oamsasluges Environment Data udananiify load Tusunsuezihennlddeonld
o ey A $ " :’:
szuulausa TusiAadeszundeensameindaniaden
4. naeduaAIWaMIMNY  IFuaasdiAunMTanve sz UUIMuai M iassey
Taviussiagameveaddumsiinussniuiidy iweventvamuziligiuvoams

AVIMINTNUVDITZVY

(Envitomnent Data: [‘Data” Lo_ad_l 9

S}aﬂs: Q
1((1,1,1) (din="Data" MAX=1,=0,0=0,n0=0,dout="Data"}) p?"Data"

((2,1,1) {din="Data" MAX=1,i=0,0=0,no=0,dout="Data")) Tau (s<"Data">)
((1,2,1) {din="Data" MA%=1,i=0,0=0,n0=0,dout="Data"}) Tau

((1,1,1) {din="Data" MA%=1,i=0,0=0,no=1,dout="Data")) Tau (r<"Data">)
((1,3,2) {din="Data", MAX=1,i=0,0=0,n0=1 dout="Data"})) cr'Data"

(1,3, 13 {din="Data" M~ =1,i=0,0=0 no=1,dout="D3at3"})

4 o o d
30 4.22 Amugumsiiaeaiazentlsznoy

4.4.3 HMAAIAIAUMIADAITIZHIITIANUNY YU
AMAAINAUNTTDTTISH I AANUIFHY Wunthasuaaawanisyiauly
. W A ' a &, 0 ) an yas o
JUHDVYIIAUMIAOMITIZHIRAANUNTIY arwumsdemsn s Towilums

ATIVADUNGANT TUNITNINIUT WAUVOITANUNTTU
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l v "
fethaf 4.6 fFret1adunBuMITABIMIMNUYBIsTUUMsTudIdaya(INdIBE1N 2.1)
Taoldar Max = 1 seudusutudssafrududosmuamanuurrunez lvauluszuy
n’: = U &4 w " Y -:0’!} b 4 ¥ o =t s
nanuaideneu  Faluszuumsivdsdoyaiideaseneuduniludemmuamanuusiu &
[l s o ar : Yy ¥ 3 o & 4 .; a 3y a
a1 e uazdasy nminliahadudesmuaszuy eszydaiunmsiusnmsuaz

¥ b
wsevedyanu Moiauiudeimualuszuuimuanaslddde Tl

urudefmuamaNILFFTUVDIAIAA (Sender. txt)

#din:int;
1{p?din}2

2{s'din}1

ALY EMIMUATIANLLTFUVDIFINAI (Medium. txt)

#MAX:int=1; i:int=0; 0:int=0; no:int=0; data[]:int
1{no<MAX-->s?data[i]} 2

2 {tau(no=no+1:i=(i+1)%MAX)}1

1 {no>0-->r!datalo]}3

3{tau(no=no-1;0=(0+1)%MAX)}

HAUTIMMUATANUUYFUVD IR (Receiver.txt)

#dout:int;
1{r?dout}2
2{c!dout}1

uindoimuaszuuvesszuuMssudsdoya (DataTrans.ini)

[Location]
1=Sender.txt,Medium.txt,Receiver.txt
[SharedChannel]

s={1}

r={1}




48

A Y o = 3 o d v

deahautudosmusmanuuadunazuindedmuaszuumiwds dldnummse
$ra0amaiavesszuy 13 laedeuufudodmuaszun(DataTrans.ini)  dwiludorimua
ssvuianugndes Tlsunsusziansiuaaunioviosesdyonuion At 424 9

Y ‘3’ v -~ s = d:r - a
whaatigldaumnsadenquandigozmanuusiulunuild gUn 425, 426, uaz
427 UAAWHNUAIADIUSAANLUTTUAIAG AINAN HAZAITY MUAIAY NNUNURITOUY
aamurFusIng  AlFnuaunsahimsmageudisinieslionaaouaaniusFLIAA?
14 mimiudideanissiasamsmauvesszuulindnidenfida Run -> Simulation TUsunsu
o o 5 & b = 4 . o
wrBundanuAuMIaean  Binduaeuiidldnuauniasuiiaes ngamsiiaes
Fruz MIogamsiaeamsihavesszuyldlaendniiiy “Start “Pause” uaz “Stop”
awdwy  SdlFouswihmsiiaesmahoe Tlsunsuszdamhanmuaadinums
z U = J o o ' " s ) Dlt‘
AoAITTNINAANINFFUILNY  LBZUARIRIAUNS AIBNATEHIINUYDITANUUFTUN
Y qv b “a ° 1 o o 3 o 1
aw ninmhaniiglFauaansansisaeunganssunihnusuiuidiu 1y 1dves dds
1 ¥

Fanans uazdasy Tuszuumsdeasiila

U7 428 Liag 429 uARWINILANMITIABY HAzMIAUMIToMIsEHINAANINY
=) dr‘ ] L]
Fu a3 missam

U7 430 uag 431 uaRwIAILANMI$IADY HAEMIAUMITEMSSEHINAIANULY
I d.l ' 1
Fu el 6 nuswunm

77 432 uag 433 ugaamuRUMINIARY wazddums FomsTznieaanIuy

A ﬂ‘ ' L)
U manmmu"lﬂ 7 vuuna

:: Machines in Location 1

Sender . txt
Medium. txt
Receiver.txt

U7 4.24 dodhaniedoresdyuvesszuumsivdidoya
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tau(no=nos1;i=(+1 ) JMKY"~: _ ricetalo]
_s7detal] tau(no=n0-H0=(0% JXMAX)

()" ©

31 4.26 IHUASENUS ANIUTFUVDIA N
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<% Message Sequence Chart

| Environment l

|
4

Simulation Controller

System Speed

Stnrl I Pau;;e | Sto

Environment Data : |'Data”
Status :

oad |

50

((1,1,1) {din="Data" MAX=1 i=0,0=0,n0=0,dout="Data"}) p?*Data"
((2,1,1) {din="Data" MAX=1,i=0,0=0,n0=0,dout="Data"}) Tau (s<"Data"»)
{((1,2,1) {din="Data", MAX=1,i=0,0=0,no=0,dout="Data"}) Tau

((1,1,1) {din="Data" MAX=1,i=0,0=0,n0=1,dout="Data"}) Tau (r<"Data">)
((1,3,2) {din="Data",MAX=1 i=0,0=0,n0=1,dout="Data"}) cf"Data"

((1,3,1) {din="Data" MAx=1,i=0,0=0no=1 dout="Data"})

Time=0

Time= 1

Time= 2

Time=3

4 . \ 4 . \
U7 4.28 sanaufumsSIaes Worawr il 3 mizeom

| Sender | I Medium I

p7Data™ |
srData®

s?Data™
MData”

r”Data

R ¢FData”

N

CEX

=

UM 4.29 SrdunsAemissnnamanuuydu dionarrn i 3 misona
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Simulation Controller

SyslomSpeed SIS T TR T A S RS S e
] ] (] ] (] ] " lj ] ] [} tm | | Pause | “""S"‘t"‘g'n"
Environment Data : |"Data" load |
Status :
{(1,2,1) {din="Data" MAX=1,i=0,0=0,n0=0,dout="Data")) Tau Al

((1,1,1) {din="Data" MAX=1,i=0,0=0,n0=1,dout="Data"})) Tau (r<"Data">)

{(1,3,2) (din="Data" MAX=1,i=0,0=0,n0=1,dout="Data")) cf*Data" |
{(1,3,1) (din="Data" MAX=1,i=0,0=0,n0=1,dout="Data")) Tau 4
((1,1,1) {din="Data" MAX=1,=0,0=0,n0=0,dout="Data")) p?"Data" |
((2,1,1) {din="Data" MAX=1,i=0,0=0,n0=0,dout="Data"}) Tau (s<*Data">) i
((1,2,1) (din="Data" MAX=1i=0,0=0,n0=0,dout="Data")) p?"Data”

(2,2, {din="Data" MA»=1,=0,0=0no=0dout="Data"})

c; o o A ' 1
31/ 430 Aanduqumsiaes Wenawu iy 6 nuaum

<% Message Sequence Chart

Time=0

p7Data” |
Timeh srData” /
e s7Data” |

Data”
Time= 2 reData

Time=3 cFData”

Time=3 p7Data "

) srpata”
Time=3 s7Dal

Time=6 p?*Data

‘ =z |

71l 431 ddumsdomssznieaanuusdu ionawl 6 missnm




Simulation Controller

SystemSpeed——

Environment Data : |'Data”
Status :

4 i e e o i e R

Start | Pause l
oad |

‘r

Mol K | I T | R S T .

((1,3,2) {din="Data" MAX=1,i=0,0=0,n0=1,dout="Data"}) cData”

((1,3,1) {din="Data", MAX=1i=0,0=0,n0=1,dout="Data"}) Tau

((1.1,1) {din="Data",MAX=1 i=0,0=0,n0=0,dout="Data"}) p?"Data"
((2,1,1) {din="Data" MAX=1,i=0,0=0,n0=0,dout="Data"}) Tau (s<"Data">)
((1,2,1) {din="Data" MAX=1 =0,0=0,n0=0,dout="Data"}) p?"Data" Jl
((2,2,1) {din="Data" MAX=1 i=0,0=0,n0=0,dout="Data"}) Tau K
((2,1,1) (din="Data",MAX=1,i=0,0=0,n0=1,dout="Data"}) Tau (r<"Data">)
((2,3,2) {din="Data" Max=1,=0,0=0,no=1 dout="Data"h)

(<
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:i o o ﬂ' L) ]
311 4.32 Mmugunssiasy el 7 misuam

<% Message Sequence Chart

| Environment |

Time=0
Time= 1
Time= 2
Time= 3
Time= 4
Time= 5
Time= 6

Time=7

I Receiver I

p?Data™
slData” =
s7"Data
mData”
r?Data™”
< trData"
p?Data™
srData”
$?"Dat
p?"Data™
mData”
rData™ |

LX)

=

.

U7 4.33 Sdumsdemsseninaanuusdu wenarm i 7 misoam
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Based on State Machine Model with Time Constraint
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Abstract

An approach of design and analysis of communication
systems is proposed by using a specification methqd based
on the state machine model. The time constraint is
introduced into the model in order to make it possible to
specify the time sequential processing of communication
systems. We have also constructed design and analysis
tool of this method that is very helpful for investigating
and verifying the specified system before  real
implementation.

1. Introduction

Most of communication procedure is a concurrent
system that consists of a number of communicating
entities. To specify such systems it needs to consider their
concurrency together with communication. The process
calculi such as CCS [1] and CSP [2] have been proposed
as specification methods by modeling the entities as
process represented by algebraic expressions. Though it
can deal with the concurrency, it is an abstract one.
Several specification methods based on a state machine
model have been proposed [3~11] that are not as abstract
as the process calculi and are closer to implementation.

This paper deals with specification methods based on
state machine models by adding time constraint into the
models. This makes it possible to specify sequential
processing of real-time communication systems. .

First, we introduce a single basic state machine and
modeled it so that it can interact with the environment via
channels. By defining a communication system as a
collection of such state machines, the whole behavior of
the communication system is given in terms of
interactions among the state machines and their individual
internal activities. Next, we introduce constrained state
machines that can adapt to various specification purposes.
Finally, we have developed a design and analysis tool
based on our specification method. This tool can be used

#* Sendai National College of Technology
4-16-1, Chuo, Ayashi, Aoba-ku, Sendai, 989-3128 Japan.
(email: kato@info.sendai-ct.ac.jp)

to analyze the communication sysfem in state diagram
form. By using this tool, the behaviors of a specified
system can be investigated and verified before the
implementation.

2. Basic state machine

A (basic) state machine has variables in addition to the
usual (control) states. Each variable has its own fype like
integer or string. Let ¥ be a set of variables, then a
valuation of V is a mapping that associates to each
variable of ¥, a value in its domain. We write V for the set
of valuations of V.

A state machine can perform interaction with the
environment or other state machines. For a state machine,
this interaction appears as an input or output of data via a
channel. We denote the set of channels accepting an input
set I as C” and the set of channels accepting an output set
0 as C°*_ In the following definition, a data input/output
of a state machine via a channel is formulated as an event
that causes a state transition of state machine.

Definition 1: A state machine M is a 5-tuple:
M=(Q,V.X.T,

¢ ( isa finite set of control states.

* V isa finite set of variables.

o 3 is a set of three events, those are Y" (X" < C" x ),
Y (I ¢ C™x 0)and {7} which are a set of input
event from environment, a set of output event to the
environment and a set of infernal event, respectively.

o T (QxV)x X x(0QxV)is a transition relation.

e Oc O x V isasetofinitial state.

We say s € Q x V is a state of the state machine M.
Since there may be a case where the domain of a variable
is infinite, the number of states of M may not be finite.
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We write s —2 5’ fora (s, 0, s’) € T. If there exists a~

state s’ such that s —2, s’ for a state s and an event o,
we write 5 —Z— .

Notation 1: We use a usual state transition diagram for a
visual representation of a state machine. If an explicit
specification of variable values is needed, it is attached to
the control state. A basic structure of state transition is
represented as follows:

current_state —E<92_y poxy state

The guard is a Boolean expression that qualifies the
values of the variables related with the transition. If it is
not necessary or it is always frue, it can be omitted.

The event is written as follows if it is an input.

channel_name?variable_name “value”

This represents that the state machine inputs data with the
value specified by “value” via the channel specified by
channel_name, and assigns it to the variable specified by
variable_name. If data is structured, for example, a
protocol message whose fype is defined and which has
some parameters, it is written as follows.

channel_name?(parameter, ..., paramelter)

Each parameter is represented as the above described
variable_name:type “value”.
The event is written as follows if it is an output.

channel_name'expression

This represents that the state machine outputs data with
the value ‘obtained by interpreting the specified expression
via the channel specified by channel_name. For a
structured data, its form conforms to the above description
as follows.

channel_name\(parameter, ..., parameter)

An expression is written in each parameter part.

If the evenr is internal, the processing statements that
may change the variable should be written. We use the
symbol rto represent the internal event.

Example 1: Figure 1 shows a notation example of state
machines for data transmission in a communication
system in which Sender transmits data to Receiver via
Medium. The control states of Sender are SO and S1.
Sender inputs data into the variable din via the channel p
from the environment and delivers it to Medium via the
channel s. Sender’s initial state is S0. The control states of
Medium are M0, M1 and M2, and its initial control state is
MO. There are four variables: no, i, o and data. dala is a
buffer for storing data. no represents the number of data in
the buffer, i indicates the position in the buffer into which
the next data is input, and o indicates the position in the
buffer from which the next data is output. The initial

[

values of these three variables are all 0’s. I&vl,«b\5 315 a
constant that represents the maximum of the number of
data capable of storing. Within this range, data can be
input into the buffer via the channel s. If there are one or
more data in buffer, Medium can output data to Receiver
via the channel r. While inputting and/or outputting data,
the necessary update of the variable values is performed,
with internal transitions. The control states of Receiver are
RO and RI, and ifs initial control state is R0. Receiver
inputs data into the variable dout via the channel r, and
outputs it to the environment via the channel c.

'dout

Receiver

p2di

Medium

Sender

Figure 1, Data Transfer in a Communication System.

Definition 2: A computation of a state machine M is an
alternating sequence of states and events

a = $g0p510)5;0,....
which satisfies the following conditions:

1. ' s g g.
2. Foralliz 0,5, —=— 541

The set of all computations of a state machine M is
denoted as Comp(M).

If MAX = 2 in Medium of Example 1, then the following
sequence a is a computation of Medium:

a =(MD, {no=0, i=0, 0=0, data[J=rull}) s7*d1"
(M1, {no=0, i=0, 0=0, data[]="d1"}) T
(MO, {no=1, i=1, 0=0, data[]="d1"}) s7*d2”
(M1, {no=1, i=1, 0=0, data[]="d1” “d2"}) 7
(MO, {no=2, i=0, 0=0, data[]="d1” “d2"}) r!“dl”
(M2, {no=2, i=0, 0=0, data[]="d1” “d2"}) T
(MO, {no=1,i=0, 0=1, data[}="d1” " “d2"}) s7“d3"
(M1, {no=1, i=0, 0=1, data[]="d3”  “d2"}) "~

where “dl”, “d2”, “d3" ,..... represent data values.
Definition 3: Let @ = 5,0, 5,0 5;03... be a computation of

a state machine M. The sequence obtained by removing all
states and all -events from a is said to be a trace of M.
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We can think of a trace as an observation of a
computation of a state machine from the outside
(environment). The set of all traces of state machine M is
denoted as Trace(M).

From the above mentioned example, a trace of
Medium is written as follows.

tr=sTd1” s74d2” P\4d1” s7d3”
3. State machine with time constraint

Basic state machines described above do not have the
concept of time. Here, we have introduced a time
constraint into the transitions of a state machine to deal
with  time-dependent  computations and  traces.
Consequently, it becomes possible to specify real-time
systems, communication protocols and so on.

Here, a time domain Y is assumed to contain the
minimum element O representing the starting time and
have a usual +-operation over its elements. ‘¥ is also
assumed to be totally ordered. In this paper, we think of
the non-negative real numbers R 20 as Y. We extend ¥ to
W= = U {w) where o2  for all re ¥”. Then the time
sequence y is defined as follows.

Definition 4: A time sequence y is a sequence of time
represented by,

(VAN () TR S & B ¥

which satisfies the following requirements.

e rneV¥foralliz0.

o ;<1 foralliz0.

e if y is an infinite sequence, there exists i 2 0 such
that r,> ¢ for all z.€ Y.

In our state machine model without time concept, the
firing (enabling) condition of a transition is that the
current state of the state machine is at the source of the
transition and the corresponding event is possible to occur.
Considering the time constraint however, the minimal
delay | and the maximal delay u until its firing are also
taken into account in addition to that firing condition. Let
@ be a function that gives transitions their minimal delays
and maximal delays, as a time constraint. Then we denote
the minimal delay of a transition y as ¢{u) and the
maximal delay as @,(u), where @{u) < @.(u). We assume
that the firing of each transition is instantaneous (i.e.,
takes no time).

Definition 5: Let M = (Q, ¥, ., T, 6) be a state machine,
and @(@: T — [¥ x ¥™]) be a total function which gives

each u € T a pair of @{u) and @.(u), where @(4) < @u(4).

[

Then a pair (M, ) is said to be a state machinBith a time
constrain @ .

We assume that each state machine with a time constraint
has a special, implicit channel CLK which can provide the
state machine with the current time at any timing. And
this channel is not affected by other constraints.

Notation 2: When describing the minimal delay / and
maximal delay u of a transition in a state diagram, it takes
the following form:

current_state —E&==== l.4) y next_state

The part of [/, u] can be omitted if /=0and u = o.

Definition 6: Let s be a state of a state machine with a
time constraint. For some transitions whose source states
are s and events are internal, the minimum of their
maximal delays is denoted as mm(s). If the transitions
whose events are internal do not exist, it is defined to be
mm(s) = . If 4 is a transition from s and satisfies the
following conditions, then p is said to be firable at
(relative) time r.

v el sS plp).

2. 1 S mm(s).

Figure 2. Firability of transitions.

Figure 2 shows an example of firability of transitions.
In this case, since mm(s) = 2, the firability of each
transition from state s is described as follows.

5§ —= 5 is firable at any time between 1 and 2.
s —n?dl_, <, is not firable at any time.
our'd2

§ —outd? , ¢ isfirable at any time between 0 and 2.

5 ——> 54 is firable at any time between 0.5 and 2.
Thus the transitions on the left part can be interpreted by
the right part as shown in the Figure 2.

We model a coraputation of a state machine with a
time constraint by using time-stamped events and a fime
sequence. A time-stamped event takes the form of (g, 1)
and it represents that an event g occurs at time 1.

ISCIT 2003

-254 -

Songkhla, THAILAND



Definition 7: Let (M, ¢) be a state machine with a time
constraint. An alternating sequence of states and time-
stamped events

a = s5o{0n to) ;{0 t1)s2{02. 1;)

is a computation of (M, ¢) if a satisfies the following
conditions:

I.  $005;0;5;0,.. is a computation of M.
2. Ipt;1,... Is a time sequence.

3. sp —22» s,is firable at . And forall i 2 1.
S L} Sivl is firable at fi- 1.

The set of all computations of (M, @) is denoted as
Comp((M, ).

Definition 8: Let @ = sy {0y lo) 5, {ou 1) s;{0a 1) " bea
computation of a state machine with time constraint (M, ).
The sequence obtained by removing all states and all time-
stamped r-events from a is said to be a frace of (M, @).
The set of all traces of (M, @) is denote as Trace({M, ¢)).

4. Design and analysis tool

In this section we will present design and analysis tool
that we have developed based on the concept of the basic
and constrained state machine described in sections 2 and
3. This tool, “MgraphGen", can be used to design and
specify the specification of communication systems. The
developers can construct specification obviously by the
state machine model with a time constraint. They can
investigate and analyze the system behaviors easily and
simply in the form of graphical design. The detail
description is explained as follows.

| Input Specification File ]

l Syntax Checking l

[ Construct and Modify Graph's Matrix I

Ijmw State Diagram l

fan) -
Y S v
Search for the minimal Analysis in the user
delay path selected path

Figure 3. Flowchart of MgraphGen.

n

65
4.1 General features of MgraphGen

MGraphGen can show a state machine model in the form
of state diagram corresponding to the specification of the
communication system. As shown in Figure 2, firstly, the
input specification in the text format will be checked for
the correctly specified syntax. Then, the tool will construct
and modify the graph's matrix in order to show its state
diagram as the first result. From this step, user can
investigate the processes of the specified system through
this state diagram by selecting the following modes. Those
are (i) the search for the shortest path or minimal delay
path by choosing source and destination states, and (ii) the
analysis in the user selected path.

4.2 Operation modules in MgraphGen |

There are 5 main operation modules in this tool operated
sequentially as shown in Figure 3. They are Syntax
Checking Module, Matrix Generating Module, Display
Sate Diagram Module, Search for the minimal delay path
Module, and Analysis in the user selected path Module.

4.2.1 Syntax checking module

This module is used for checking the specification syntax.
The syntax checking process occurs after the input
specification file is loaded. If the input file has any syntax
errors, it will create the error log file that contains the
error or warning messages as an error report. User must
correct those errors and re-input the corrected file again.
Figure 4 shows a sample of specification file.

[Lind Ling

1] 5{Tau[2:5,5]}6 7] 3{ch31(2)(8,16]}2

2] 5{ch5%:str"2"[15,30]}4 .38 3{Tau[10,20]}1

3| 6{ch6%a:int(2){10,20134 |°. 9| 2(ch2!Acdf("23")(3,6]} |
v 4] 6{ch6?a:int(2)[14,28]}8 |, 10| 7{ch7'Acdf((12),"23")}8
5| 6{Tau[9,18]}7 “11| 8{Tau[17,34)}1

+ 6] 4{ch4'ab12[12,24]}3

Figure 4. A sample of specification file.

4.2.2 Matrix generating module

This module is operated after the syntax checking has
completed. First, it constructs a graph’s matrix from the
initial state based on the corrected specification. Then this
matrix is adjusted by matrix operation until each state is
posted in the proper position. Figure 5 shows modified
graph’s matrix of specification file shown in Figure 4. The
values of this matrix show the number of path from state i
to state j. For example, there is one path from state 5 to
state 6 .
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Figure 5: Graph’s Matrix of specification file in Figure 4.

SIS

2. draw path to 3. draw self-
existing states loops

1. draw path to
new states

Figure 6. Sample of drawing procedure for state diagram.

-—— AT, T3Y
36
—r"‘f—
B  Tedierey
——F'_F"
S s
Hq--'q_
PRAMCARD QL

Figure 7. A sample of state diagram of the specification file.

4.2.3 Display state diagram module
This module uses to draw state diagram of the specified
system. It i5 operated after graph’s matrix has been
constructed and adjusted. This module starts to draw from
the initial state to a next state and from the present state to

a next state. Then it finds and draws the rest ofiRansition
paths until the diagram has been completed. Finally, it
draws all of the self-loop transitions. The module will
record the position of all the paths for the routing of the
next path. It has an ability to avoid the crossing path by
finding the existing path and drawing the suitable detour
path. Figure 6 shows the drawing procedure of state
diagram. Figure 7 shows a sample of state diagram of the
specification file in Figure 4.

4.2.4 Search for the minimal delay path module

User chooses this module in order to find the minimal
delay path. The Dijkstra's algorithm is introduced into this
module for searching the shortest path between specified
source and destination states by the assumption that every
link (or event) between two nodes (or states) has a certain
minimum delay cost. Then the algorithm will search the
path between the two given nodes with the lowest delay
cost. Fhe result shows the shortest path as a sequence of
states and its total time consumption. Figure 8 shows a
shortest path and total delay from state 5 to state I of state
diagram in Figure'7.

5% Gragh [ 2055, 2070}
Motrix | Al Angle | AN Path

shorest Pah

From B To:[T
[sam ]

Show Sequence

temputitioa

Thepathix 1 ¢- 8¢ T¢ 8¢5
The total tee ix 285

Figure 8. Result of searching for the minimal delay path.

4.2.5 Analysis in the user selected path module

User chooses this module in order to find the computation
or the trace the selected path. By clicking on the expected
event, the input box will ask user to enter the delay time
for enabling that event (see Figure 9). The delay time must
be numerical value between minimal and maximal delay
of that event. Figure 10 and 11 show a sample of
computation and trace results, respectively.
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5. Conclusions

In this paper, we have discussed the specification
method for a communication system based on the state
machine model with a time constraint. Several definitions
and notations used in this specification method are
described in definite details. Finally, the design and
analysis tool, MgraphGen, has developed based on those
specified definitions and notations.

In the future work, we will consider on the application
of our method to a mobile system modeling and
specification. In this case, the geographical constraints
have to be introduced in the state machine models. And
we will also extend the MGraphGen to be able to describe
the behavior of a communication system in the form of
component state machine.

3 Graph [ 41700 2685)
Mytsin | ASAnghe | Al Pelh
Shan test Pally

From: [5 '!'o: T %
Show Sequance 2
llllll_allll Trace ] ché?acint?

T

Figure 9. Delay time setting for selected path,

=% COMPUTATION

8 <Tow2 53 6<chb25in(2) 165> B<Toul15> 1

Figure 10. A sample of computation of the user selected path.

67

ch620:ink(2).14.0

a2 O

Figure 11. A sample of trace of the user selected path.
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Abstract
An approach of design and analysis of communication systems is proposed by using a specification method
based on the state machine model. The time and geographical constraints are introduced into the model. With
time constraint, transitions of a state machine can be controlled by assigned transition delay. A geographical
constraint enhances the model ability to specify the local communication among state machines. Furthermore,
the analysis and simulation tool of this method has been constructed that is very helpful for investigating and

analysis the specified system before the real implementation.
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ABSTRACT

An approach to design and analysis of
communication systems is proposed by using a
specification method based on the state machine model.
The constraints are also introduced into the model.
Furthermore, the analysis and simulation tool of this
method has been developed that is very helpful for
investigating and analyzing the specified system before
the real implementation.

Keywords: Specification, State Machine Model, Time and
Geographical Constraint, Analysis and Simulation Tool

1. INTRODUCTION

Most of communication procedure is a concurrent
system that consists of a number of communicating
entities. To specify such systems, it needs to consider
their concurrency together with communication. The
process calculi such as CCS [1) has been proposed as
specification method by ‘modeling the entities as
processes represented by algebraic expressions. Though it
can deal with the concurrency, it is an abstract one.
Several specification methods based on a state machine
model have been proposed [2, 3] that are not as abstract
as the process calculi and are closer to real
implementation.

This paper deals with one of specification methods
based on state machine, and discusses a composite
specification method for concurrent systems. First, we
introduce a single basic state machine and model it to be
able to interact with the environment via channels. By
defining a communication system as a collection of such
state machines, the whole behavior of the communication
system is given in terms of interactions among the state
machines and their individual internal activities. Next, we
introduce constrained state machines that can adapt to
various specification purposes. Finally, we have
developed an analysis and simulation tool based on our
specification method. By using this tool, the behaviors of
a specified system can be investigated and verified before
the real implementation.
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2. BASIC STATE MACHINE

2.1. Model

A (basic) state machine has variables in addition to
the usual (control) states. Each variable has its own fype
like integer or string. Let V be a set of variables and V be
a set of valuations of V.

A state machine can perform interaction with the
environment or other state machines. For a state machine,
this interaction appears as an irlput or output of data via a
channel. We denote the set of channels accepting an input
set / as C™ and the set of channels accepting an output set
0 as C*. In the following definition, a data input/output
of a state machine via a channel is formulated as an event
that causes a state transition of state machine.

Definition 1: A state machine M is a 5-tuple:

M=(Q,V,X,T, 6

e (O is a finite set of control states.

e -V isa finite set of variables.

o 3 is aset of three events, those are ¥ (X" <
C"x ), TE™ < ™ x O)and {r} which
are a set of input events from the environment, a
set of output events to the environment and a set
of internal events, respectively.

o Tc(QxV)xLx (0 xYV)is a transition
relation.

o  Oc OxV isasetof initial staies.

We say s € @ x V is a state of the state machine M and
write s —2 ' for a (s, o, s') € T. If there exists a state
s' suchthats —2 s', we writes —— .

Notation 1: We use a usual state transition diagram for a
visual representation of a state machine. If an explicit
specification of variable values is needed, it is attached to
the control state. A basic structure of state transition is

represented as follows:

current_state —EI2M Ly poxt state

The guard is a boolean expression that qualifies the
values of the variables related with the transition.
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Sender Medium Receiver

Fig.1: An Example of Data Transfer System.

The event is written as follows if it is an input.

channel_name?variable _name “value”
channel _name?(parameter, , parameter)

The event is written as follows if it is an output.
channel_name!expression
channel_name\(parameter, , paramelter)

If the event is internal, the processing statements that
may change the variable should be written. We use the
symbol r to represent the internal event.

Example 1: Fig.l shows a notation example of state
machines for data transmission in a communication
system in which Sender transmits data to Receiver via
Medium. The Sender inputs data into the variable din via
the channel p from the environment and delivers it to
Medium via the channel s. The initial control state of
Medium is “1 . There are four variables: no, i, 0 and data.
data is a buffer for storing data. no represents the number
of data in the buffer, i indicates the position in the buffer
into which the next data is input, and o indicates the
position in the buffer from which the next data is output.
The initial values of these three variables are all 0 s.
MAX is a constant that represents the maximum number
of data storing capable. Within this range, data can be
input into the buffer via the channel s. If there are one or
more data in buffer, Medium can output data to Receiver
via the channel . While inputting and/or outputting data,
the necessary update of the variable values is performed,
with internal transitions. The Receiver inputs data into the
variable dour via the channel r, and outputs it to the
environment via the channel c.

Definition 2: A computation of a state machine M is an
alternating sequence of states and events

a = 500p5) 015205, ...
which satisfies the following conditions:

1. S e 6

2 Foralliz0,s, —Z s,.,.

The set of all computations of a state machine M is
denoted as Comp(M).
If MAX = 2 in Medium of Example 1, then the
following sequence « is a computation of Medium:
a = (1, {no=0, i=0, 0=0, data[]=null}) s7d\
(2, {no=0, i=0, 0=0, data[]="d] }) r
(1, {no=1, i=1, 0=0, data[|="d1 }) s?d2

&

80

(2, {no=1, i=1, 0=0, data[}="dl “d2 }) ¢

(1, {no=2, i=0, 0=0, data[}=*d1 “d2}) r1“dl
(3, {no=2, i=0, 0=0, data[]="dl “d2 }) r

(1, {no=1,i=0, 0=1, data[)="d1 “d2 })s?*d3
(2, {no=1, i=0, 0=1, data{}=“d3 “d2 })

where “dl ,“d2 ,“d3 ,.. represent data values.
Definition 3: Let a = 50005,015;035; ... be a computation
of a state machine M. The sequence obtained by removing
all states and all r-events from « is said to be a trace of
M. The set of all traces of M is denoted as Trace(M).

2.2 Concurrent System

A concurrent system consists of a number , of
communicating state machines. In this subsection, we
define the behavior of the concurrent system by
constructing system state sequences that can reflect the
behavior specific to each of the component state machines
and the interactive behavior among them.

Definition 4: Let M|, ,M, be component state machines
of'a concurrent system. A pair S =((c;, ¢, ,cn), ViU
U v,U U v,) comprising a tuple of control states and a
set of valuations from each component staie machine M;
(1 £ < n)is called a system state of the concurrent
system. The projection (¢;, v;) of system state S into the
state of state machine M; is denoted as S¥. An alternating
sequence a = Sp005,015:0,5; ... of system states and
events is called a system state sequence of the concurrent
system. If a channel ¢ is common among at least two state
machines, then ¢ is said to be a shared channel.

For a system state S = ((¢), ,c;, ), iU Uy,
U U v,), a new system state obtained by substituting ¢;’
for c; and v for v; is denoted as S[c;"/c;, v,'/v;]. If there are
two or more such substitutions, they are put side by side.
If for a system state S and some output event c!d, there is

SN such that 9 —<L5 then we denote the set of
transitions of the other state machines such that

h —i'm—>(cj’, v,') as Peer(S" M 48 ).

Definition 5: Let M,, ,M, be component state machines

of a concurrent system. A system state sequence a = So0p

51015,3,55 ... is a valid system state sequence of the

concurrent system if the following conditions are satisfied

bemmSge=ef(T), o€, ,c.), v, U Uv, U Uv,)
where S;” € 6, forall i (1 <i<n).

2. LetS;=((c), ,c), v U U v, ) for each j > 0.
Then o; and S, satisfy one of the following
conditions:

(@) g=r1
for some i (1 i < n), shared channel ¢, data d,
and state (c;’, v,”) of state machine M;,
50— 3 (¢, v/), Peer(S? —L )=
{§—0 (v, L5 —
(cm’s Vim )} # @, and Sj,, = S[c;’/c;, vi'Ivi]
lepn'lep, vi'tvinl  [€im™/Cimy Vi I¥jm)
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(b) gjis an input or output event via a non-shared"
channel. for some i (1 <i<n),

U ‘0 L v » »
5}0 _l_) (Cj , Y ) and qu] = IS[C' lCh \7} Iv,]
(c) o= r (internal event within a state machine).
for some i (1 <i<n),

S —Zy (¢, v and S, = Sfei'lei, viv)
3. STATE MACHINE WITH CONSTRAINTS

3.1. Time Constraint

Here, we have introduced a time constraint into the
transitions of a state machine to deal with time-dependent
computations and traces. Consequently, it becomes
possible to specify real-time systems, communication
protocols and so on.

Let ¢ be a function that gives transitions their minimal
delays and maximal delays, as a time constraint. Then we
denote the minimal delay of a transition u as ¢{y) and

the maximal delay as @), where @{u) < @afy). We
assume that the firing of each transition is instantaneous.

Definition 6: Let M = (Q, V, 2, T, 6) be a state machine,
and ¢ be a function which gives each g € T a pair of ¢

(1) and @,(n), where @) < (). Then a pair (M, @) is
said to be a state machine with a time constrain ¢.

Notation 2: When describing the minimal delay / and
maximal delay v of a transition in a state diagram, it takes

the following form:

'
current_state —E2 42D pory state

The part of [/, u] can be omitted if /=0 and u =

Definition 7: Let (M, ¢) be a state machine with a time
constraint. An alternating sequence of states and time-
stamped events is a computation of {M, @)

a = 5p{0p to) 5; {0y, 11)52{02 13)
if a satisfies the following conditions:

. 5p0pS5,075;03... is a computation of M.

2. lpt1y... is a time Ssequence.

3. 5p —2 5 5, is enable at f,. And for all i >,

o, .
5i ——> 5,4 is enable at 1;- ;..

3.2. Geographical Constraint

We use the concept of a field which we introduced in
[3]), for representing locality of communication among
state machines. We assume a finite set L of locations
where state machines may exist. We represent concrete
locations by natural numbers (1, 2, etc.). The set of all
channels is denoted as C. The communication among
state machines is restricted to limited ranges.

Definition 8: A field F is defined as follows:

F= {(c, COM(c)) | c € C, COM(c) c 2"}
For some ¢ (ceC) and P (P c L), P e COM(c) means that
the state machines on the locations belonging to P can
interact with each other via a channel ¢. We call an
element of COM(c) a range of c.

Example 2: Given L={1, 2, 3, 4} and C={cl, c2}, an
example of a field F is:

F={(en {{1,2,3}}), (2, {{1, 2}, (3,4} )}

nngc of channel ¢, 4 '/ range of channel ¢,

: Location 2 \
"'n "z

/m / "L'Jcam .
N PANE

Location |

W

Fig.2: An Example of a Field.

Fig.2 shows an example in which a state machine M1 is
on location 1, M2 on 2 and M3 on 3. In this situation, all
the state machines can interact with each other via a
channel ¢,. M1 and M2 can interact via a channel c,.
However, M3 cannot interact with M1 or M2 via c,.

4. ANALYSIS AND SIMULATION TOOL

We have developed the analysis and simulation tool
(MGraphGen) based on our proposed specification
method  mentioned above. By using this tool the
developers can construct specifications of concurrent
system and investigate system behaviors easily in the
form of graphical design.

4.1. Feature of MGraphGen

MGraphGen needs the specification in text file
format as an input and it shows the graphical result as an
output.

Key advantages of MGraphGen are as follows:

o Analysis of the computation and trace of user
selected path in state machine model.

o Investigation of the shortest path in the state machine
by specified source and destination states.

« Investigation of behaviors of a concurrent system by
using simulation tool

load a system's
specification

Fig.3: The Activity Diagram of MGraphGen.
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In Fig.3, the input specification can be one of two
types: machine’s specification and system’s. specification.
The detail of the both type is as follows:

e Machine’s specification is the specification file that
contains the specification of state machine with. or
without time constraint.

» System’s specification is the specification file. It not
only contains the specification of a concurrent system
such as geographical constraint but also refers to all
state machines that need to run in the system.

4.2. Analysis Tool

This tool deals with the machine’s specification and
shows the state machine model in form of state diagram
as first result. From this step, user can investigate the
paths or processes of the specified machine through this
state diagram by selecting the following modes. Those are
(i) the search for the shortest path or minimal delay path
by choosing source and destination states as shown in
Fig.4, and (ii) the analysis in the user selected path.

Shortest Fath — From |5 To |i

r:a,asﬁi" chiTel
6 . —ch62:1020)
crﬁ?_gu;z’a‘]d "'fam‘g;
. oA .....umuzl:m_.._\_..

|

Tond17,34)
f The pathis: | <-8 ¢-7 ¢-6<-5 _
| The total Lime ks: 28.5 s
O =
T aALd TS

Fig.4: A Searching for the Minimal Delay Path.

4.3. Simulation Tool

To simulate the concurrent system, this tool needs the
system’s specification as input file and the machine’s
specification as reference file. The result of this tool can
help developer to easily understand the behaviors of the
concurrent system.

o3 Mestage Sequence Chart

82

The feature of simulation tool is as follows:

¢ Automatic simufation followed by input specification.
Simulation command consists of start, pause, and stop.
Manually input data from environment.

Display of result as system state sequence.

Display of result as message sequence chart.

e« o

This tool can help developer to easily understand the
behaviors of the concurrent system. We demonstrate the
system simulation by using the specification of a data
transfer system of Example I with MAX=1. First the user
must load this system’s specification file as input file.
Next run the simulation tool, then choose the start
command to start simulation. While simulating, user ¢an
change the data that produced by environment at any
time. Fig.5 shows a simulation result while simulating.,

5. CONCLUSION

In this paper, we have discussed the specification
method for a communication system based om the state
machine model with time and geographical constraints.
Several definitions and notations used in this specification
method are described in definite details. Finally, the
analysis and simulation tool has been developed based on
those specified definitions and notations.

In the future work, we will consider the application
of our method to a mobile system.
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Fig.5: Simulation of the Behavior of a Data Transfer System.
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