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ABSTRACT

Congestion detection and mitigation on wireless sensor networks has
widely been pursued by the research community. Generally, wireless
sensor network is deployed in dense or spare mode which has a specified
strategy to detect and avoid congestion. However, the cost of
implementation a wireless network is too huge so that the congestion
verification should be done on the simulation before deployment in reality.

We address this problem by model checking approach. Wireless sensor
network is modeled by Petri nets and their properties are verified by model
checking. Moreover, we use the component-based abstraction technique to
abstract the unused components when verifying congestion. Our ideas
have fully been implemented as a tool known as WSN-PN, on which the
experimental results proved the significant improvement on verification
process.

TOM TAT

Phat hién va xit Iy tdc nghén trén mang cam ung khong ddy la mot vin dé
thu hit nhiéu su chii Y trong cong dong nghién ciru. Vé co ban, mang cam
ung khong day co thé trién khai 6 che dé mang day hodc mang thwa; moi
ché dg nay doi hoi mot chién heoc tiép cdn khdc nhau dé phat hién va xir ly
nghén. Do chi phi trién khai mét mang cam vung khong ddy la kha lon, van
dé kiém tra su tic nghén trén mang can dwgc kiém tra trén mét mé hinh
may tinh truede khi trién khai thue te.

Chiing 16i gidi quyét van dé nay bang cdach sir dung hiéng tiép can kiém
tra mé hinh. Ngén ngit mang Petri dwoc sir dung dé biéu dién va kiém tra
cdc tinh chdt cia mot mang khéng day. Hon thé nita, ching téi con sir
dung ky thudt trivu twong héa dwa trén thanh phan dé c6 thé triu tiwong
héa cdc thanh phan khéng can thiét trén mot mang cam vmg khong day khi
can kiém tra tic nghén theo cdc ché dé khdc nhau. Nho do, toc do xir Iy
ciia chiing t6i dwoc tang 1én rdt nhiéu. Ching téi da phdt trién cong cu
WSN-PN dé hién thuc y tuong nay. Két qua thi nghiém cho thdy WSN-PN
6 thé thu giam dang ké khéng gian trang thai can kiém tra khi sir dung
trieu twong hoa.
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1 GIOI THIEU

Petri net (PN) [1] la ngdn ngir toan hoc dung dé
md hinh va kiém tra cac hé thong tap trung rit hiéu
quéa. V& co ban, PN 1a mot d6 thi hai phia c6 huéng
bao gdm tap hop hiru han cac vi #i (places) va
chuyén tiép (transition). Trong mdi vi tri s& chira
nhing thé danh ddu (token) dung dé diéu khién
viéc chuyén dir li€u trén mang. Khi mét vi tri co du
s luong thé danh ddu cén thiét thi cdc thé dénh
dau d6 s& duoc chuyén qua vi tri khac théng qua
chuyén tiép, hanh dong nay dwoc goi 1a fireable.
Mang PN dugc st dung rong rdi trong cac nghién
ctru va tham chi 14 trong cong nghiép. Co rat nhicu
cong cu da va dang dugc nghién clru gitp nguoi su
dung mo ta va kiém tra cac mé hinh PN nhu Lola
[2] hay Snoopy [3].

Khi hé théng dugc mo6 hinh hoa bé'mg PN, cac
thudc tinh ciia hé thong nay c6 thé kiém tra bang
cach st dung model checking(MC). Tuy nhién,
nhugc dlem 16n nhét ciia hudng tiép can nay la su
bung nd khéng gian trang thai. Hién nay, c6 hai
phuong phap dwoc dé xuat dé giai quyét vin dé
nay: giam s6 lwong cdc khéng gian trang thdi mot
cach truc tiép hay si dung phwong phdp triru
tuwong hoa mé hinh PN. Trong nghién cliru nay,
chung t6i tap trung vao cach tiép can thir hai.

Viéc ap dung phuong phap triru tuong héa moé
hinh PN thuong dugc thyc hién trén tirng thanh
phan ciia m6 hinh [4]. M6t mé hinh gdc ban dau s&
duoc chia ra thanh nhiéu md hinh con, chung ta
tién hanh kiém tra trén cdc mo hinh con trude, tir
d6 rat ra két luan cho mé hinh gdc.

Tuy nhién, phuong phép nay lai c6 mot sb
nhuoc diém. Cu thé 13, khi chiing ta m6 hinh hoa
mot hé théng thuc, thi cac hanh dong ngit nghia
cua hé théng, thuong dugc dinh nghia boi cac
chuyén gia, phai dugc giit lai va chuyén thanh cac
luat nglr nghia trong m6 hinh PN twong tUng. Vi
thé, khi triru tuong hoa hé théng trén, chung ta phai
luén dam bao rang cac luat ngir nghia van c6 thé
hoat dong nguyén ven. Hon nira, v6i cac hé thong
phirc tap trong thuc té, s6 lugng cac hé thong con
1a rat 16n. Hon thé nira, dic diém cua cac thanh
phan (kiéu dir liéu) lai rat khac nhau. Tir myc dich
trén, ching t6i dé xudt khai niém mé hinh triru
tuwong hoa dua trén cdc thanh phdn cia PN
(Component-based Petri net). Pau tién, mang PN
duoc hinh thanh bang cach két hop nhiéu thanh
phan lai v&i nhau. Mbi thanh phin d6 duoc goi 1a
component PN. Khi chiing ta triru twong héa mo
hinh thi cc thanh phan s& dugc triru twong theo. Vi
thé, lam viéc trén mé hinh chinh hay mo hinh trtru
tugng hoda 1a nhu nhau vi chung ta chi triru tuong
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cac dic diém bén trong thanh phan con cac moi
lién két gitra cac thanh phan thi vin dwoc bao ton.
Ciing chinh vi thé, cac luat ngir nghia trén mo hinh
chinh va mé hinh triru twong ciing khong dbi.

Trong bai bdo nay, ching t6i s€ ching minh
tinh hiéu qua cua viéc kiém tra trén mé hinh triru
tuong so v6i mo hinh gdc véi bai toan phat hién tic
nghén trén mang cam Gng khong day.

Mot mang cam tng khong day hay con goi la
mang cam bién khong diy s& duoc chia thanh
hai thanh phan con 13 cdm bién (sensor) va kénh
truyén (channel). Pau tién, chung t6i tién hanh triru
tuong hoa cac thanh phan trong mang cam bién
khong day, sau d6 sé tién hanh kiém tra tic nghén
trén mang triru tuong d6. Két qua thuc nghiém
cho thay, thoi gian phat hién tic nghén trén mang
triu twong nhanh hon rit nhiéu so véi mang
nguyén thuy.

Noi dung con lai cua bai bao dugc chiing toi bd
cuc nhu sau: Muyc 2, chung t6i xin trinh bay vé cac
cong trinh lién quan; Muc 3, ching t6i xin gidi
thiéu vé md hinh duoc chung toi d& xuét; Muc 4,
chiing t6i ap dung cac md hinh nay 1én bai toan
phat hién tic nghén; Muc 5, xin trinh bay két qua
thi nghiém va cudi cing ching toi s& néu ra cac két
luan & Muc 6.

2 CAC NGHIEN CUU LIEN QUAN
21 Ung dung kié!n tra mo hinh trong viéc
ki€m tra cac thanh phan trong mo hinh triru twong

Kiém tra mo hinh hay MC [5] cho phép con
nguoi co thé kiém tra su hoat dong va cling nhu
ddc diém cua cac tinh chat dic biét cia céc hé
thong van hanh dong thoi phir tap. Qué trinh kiém
tra nay thuc chét 1a qua trinh duyét trén khong gian
trang thai ma mo hinh sinh ra. Ngay nay, viéc md
hinh hoa dé kiém tra tinh chat cua hé thong thu hut
rt nhiéu sy quan tim cua cac nha nghién ctru va
cong dong. Vi du, du an SLAM [6] ung dung y
tuong kiém tra trén mo hinh dé kiém tra sy hoat
dong cua microprocessor Intel Core i7 trude khi
dua vao thuc tién san xuét. Tuy nhién, viéc kiém
tra cac thudc tinh trén mo hinh gdp phai tré ngai
16n vi sy bung n6 khong gian trang thai. Pay la
mot trong nhitng diém can tré viée ap dung phuong
phap mo hinh héa trong cong nghiép. Vi thé, di
kém véi bai todn mdé hinh hoa, cic nghién clru
luén quan tim dén van dé giam su bung nd nay. Co
hai ky thuat phd bién duoc dé xuét cho bai toan
trén 1a triru twong hdéa mo hinh va phan rd mo
hinh. Cac k¥ thuat nay duoc goi tén chung 1a kiém
tra cac thanh phan trong mo hinh (compositional
verification).
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Trong k¥ thuat phan rd mo hinh, thong thuong
cac hé théng 16n s& duge chia thanh nhiéu hé théng
nho va viée kiém tra mé hinh thay vi thuc hién trén
hé théng chinh s& duogc thuc hién trén cac hé théng
con [7]. K¥ thuat triru twong hoa vé co ban chi 1a
thu giam bot s6 lugng cac place va transition, tir d6
sO lugng node trong khong gian trang thai s& giam
theo. Tuy nhién, vi triru tugng hoéa nén cac tinh
chat cua hé théng chinh s& bi mat nén dic diém can
luu ¥ cua phuong phap nay 1a khi ching ta triru
twong hoa, it nhét cac thudc tinh chinh can ding
cho viéc kiém tra hay mo hinh bt bude phai duoc
giit lai [8]. Diéu han ché cia phuong phap nay la
chung ta khong thé chimg minh dugc tinh toan ven
(completeness) ctia bai toan.

2.2 MB& hinh héa cac hé théng/giao thirc mang

MC dugc tmg dung trong [9] dé kiém tra tinh
dé ton thuong (vulnerabilities) cia mot mé hinh
mang. Cac nut trong mé hinh nay mé ta rat nhiéu
thong tin cua ké tin cong nhu dia chi mudn tan
cong, s6 lugng cac may tinh trong mang can tan
cong, cac quyén ma ké tan cong c6 thé loi dung.

Phuong phap mé hinh héa ciing dugc tng dung
dé kiém tra viéc xdy dyng mang cam bién khong
day trong [10]. Nguoi ta hay trién khai WSN &
nhitng noi c6 mdi trudng ty nhién khic nghiét ma
con ngudi it c6 kha ning tiép can thuong xuyén
nhu ni Itra, rirg ram, cac khu vyc thuong xay ra
dong dat... [11]. Vi thé, viéc kiém tra tinh kha thi
clia mot mo hinh mang (nghia 14 cac goi tin c6 thé
chuyén di an toan va nguyén ven tir diém dau dén
diém dich) 1a mot didu rat kho khan. Cac tac gia
bai bao nay dya vao cac hanh dong ciia cam bién
nhu tao ra gdi tin, gri va nhén goi tin... dé kiém tra
su két ndi ctia cac cam bién. Nho vao d6, hé thong
6 thé rat ra két luan cho viéc xay dung mo6 hinh
mang c6 kha thi hay khong?

2.3 Phat hién tic nghén trong mang cim
bién khéng day

2.3.1 Gidi thiéu vé mang cam bién khong ddy

Mang cam bién khong day la mot ung dung
dién hinh cta mang khong day vi kha nang tng
dung ctia n6 trong nhiéu linh vuc trong cudc song.
Mang cam Ung khong day la mang gdm cac nut
cam tmg (Sensor-SN). Nut cam tng 13 nhiing thiét
bi ¢6 bo xt 1y don gian, nho gon va nang lugng
hoat dong thap. Cac SN s& dugc phin bb khip
ving mudn khao sat, thu thap hinh anh va truyén
hinh anh qua séng wifi v€ tram giam sat (base
station) dé giup con ngudi giam sat hoat dong ciia
hé thong.
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Loi thé cua viéc trién khai mang WSN so véi
mot mang wireless thong thuong 1a gia thanh cua
céc SN ré hon rat nhiéu so véi cac thiét bi thu phat
wifi truyén thong (Access point). Tuy nhién, vi cac
SN trong mang WSN thudng duoc phan bd day
dic do viing phu séng cuia cac thiét bi nay hep va
nang luong cua cdc sensor ciing khong nhiéu nén
su dung WSN ching ta cling can phai quan tam
dén viée giai quyét cac rang budc cua no. Dé kiém
tra xem mot mang cam bién khong day dugc xay
dung c6 thoa man cac rang budc hay khong la
mot thir thach rat 16n cho cdc nha khoa hoc. Mot
trong s cac rang budc thu hat nhidu sy quan tim
nhit 1 viéc qudn Iy tdc nghén trén mang. Quan
1y tic nghén bao gom hai giai doan 13: phat hién
tac nghén va giam nghén. Trong nghién ctru nay,
ching t6i chi xin dé cdp dén viéc phat hién
tac nghén.

2.3.2  Phat hién tdc nghén trong mang cam
bién khéng ddy

Trong moi truong cua mang khong day, hé
thong cac ket nbi duoc thiét lap thong qua séng
wifi khong 6n dinh so véi cac két noi truyén thong
ctia mang c6 day. Boi vi sy khong 6 on dinh nay, cac
g0i tin d6i khi can phai guri di guri lai nhiéu 1an mai
c6 thé di dén dich. Piéu nay dan dén s6 luong goi
tin trao ddi trén mang 1a rat I6n va day 1a nguyén
nhan chinh cua su tic nghén [12]. Téc nghén co thé
dugc phat hién trén mang phan bd day déc lan
mang thua thét. Trong mang day dic, tic nghén
xay ra khi trin by nhé dém cta cam bién do s6
lwong goi tin cam bién d6 nhan dugc qua 16n so
v6i kha nang xu Iy goi tin cua n6. Mot kha nang
khac dan dén tic nghén trén mang day dic la su
dung do cac goi tin trong qua trinh truyén nhan trén
mang. Vi mang thwa thdt, nghén ciing c6 thé xay
ra do su nhiéu séng [13]

Dé nghién ctru ve cac thudc tinh cua mang nhu
d6 tré, kha ning mat goi tin, kha nang gay tic
nghén, thong thuong, cic thuat toan dé xuat s&
dugc hién thyc trén cac chuong trinh gia lap. Hai
gia lap dang dugc sir dung phd bién hién nay la
ns2' va OMNet++ [14]. Su gia 1ap nay c6 uu diém
1a cho ta thiy dugc mot cach tong quat tim hoat
dong, wu va nhuoc diém cua mot giao thirc khi n6
hoat dong trén mang ciing nhu dwa ra dugc con s6
canh bao de doa sy hoat dong cia giao thirc. Mot
huéng tiép can, nguodi ta ciing c6 thé dung
SimuLink?, mot chwong trinh cho phép nguoi dung

! http://www.isi.edu/nsnam/ns/
2 https://fr.mathworks.com/products/simulink/index.html
?s_tid= gn_loc_drop/
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moé hinh hoa hé théng va gia 1ap cac hoat dong Tuy nhién, han ché cua cach tiép can nay la van
cia hé théng bang rit nhiéu ngdn ngir khac dé bung nd khong gian trang thai. S6 lugng khong
nhau. TAt ca cac cong cu nay déu thich hop dé gia gian trang thai c6 thé rat 1on, thim chi 1 v6 ciing
1ap va khao sat sy hoat dong clia mang cam bién vi ddy 1a noi md ta toan bg cac trang thai cua
khong day. hé thong.

Tuy nhién, khéng phai tit ca cic tinh hudng Dé co thé duyét hét toan by khong gian trang
déu c6 thé gia 1ap do khong thé md phong duoc hét thai 14 mot diéu khong thé ddi v6i cac thuat toan
cac thong tin dau vao hay do kha nang xur 1y han tim kiém truyén thong vi sy han ché vé tai nguyén
ché cua cac gia 1ap... Mot nhugc diém khac khi sir cling nhu thoi gian xr 1y cua may tinh. Vi thé, dé
dung gia 1ap 1a sy md phong cac tinh hubng bt giam thiéu khong gian trang thai ma khong lam
budc phai duoc thuc hién dudi sy hd trg ciia cac mat di cac dic diém c6 thé dan dén su tic nghén
framework cuia gia 1ap. Ching t6i nhan thay ring trén mang, chiing t6i d& xuat mé hinh triru twong
clr vai ndm, cac gia lap nay lai thay d6i su hd tro hoa thanh phan. Dya vao nguyén nhan gy ra tic
cho framework chinh, mdi 1an nhu thé gén nhu nghén, vi du nhu tac nghén & cam bién do tran bd
nguoi st dung phai bét dau moi thit lai tir dAu vi su nhd dém, ching ta chi can kiém tra tic nghén trén
khéc biét vé cu tric cua cac framework. Vi thé, cam bién. Nguoc lai, néu chung ta quan tdm vao
khi framework hd trg thay d6i, nguoi dung phai viéc kiém tra xem tic nghén c6 phai do sy dung do
thay d6i tit cA mo hinh cia minh mic du so g6i tin hay do nhiéu song, chiing ta s& kiém tra trén
dé mang va tat ca cac tham sd du vao déu khong kénh truyén.
g;;é?(;zﬁg.nay gdy anh huong khong nho cho 3 C AC M O HINH TRUU TUGNG HOA

o THANH PHAN

2.3.3 Thao ludn Trudc tién chiing t6i xin trinh bay dinh nghia vé

V6i mong mudn c6 thé hién thyc tat ca cac tinh Petri net, sau d6 chung t6i s& gidi thiéu vé cac khai
hudng c6 thé xay ra, trong bai bao ndy, chung t6i niém thanh phan (Component) do chiing i dé xuét.

ﬁixug}t mot huéng tiep can méi cho bai todn phat Pinh nghia 1 (Petri net).Petri net 13 mét tap
ién tac nghén. Dau tién chung t61 s€ mo6 hinh hoa hoo N — o

WSN thanh PN dua vao cac dic diém cua n6. Sau op N=(P,T,F.W,M,)trong do:

do, chung 61 s€ kiém tra tic ngh&n dua vao cac — P latip hiru han céc vi tri (places)

luat dugc viet bang LTL (Linear Temporal Logic

[5]). Hudng tiép can nay mang lai hai loi ich: - T 1a tp hitu han céc chuyén tiép

] (transitions)
— M0 hinh duogc viét ra & muc triru tugng hoa NN A . ~ 1 _
cao nén hoan toan khong phu thudc vao gia lap. Pva T lacéc thp hop rdi rac, nghia AP N T=0
- FES (P xT)U(TxP) la ham x4c dinh cac

_ I 1;\ A o 43 h h A r hl 5 ] ) . 5 A .
Gid lap duoc tat ca tinh hudng c6 thé xay ra huong di chuyén cua token trén mang (flow relation)

S1.in _  Siiint _ Sl_out “Tl.in 'T'l 1nt ) T'l ()ut S2.in_ S2lint S2_out’
Sl_gen Slsend = - Tlcon: Tlrec l 1l send l 2_con : _rec S2_pro
Source Channel Sink

Hinh 1: Component-Based PN ctia WSN

— W:F— (N\0) la trong s0 trén cac chuyén tiep - B, latip hop cac place con lai.
— M,: P — N tip hop céc trang thai marking
N P.in P_inter P_out
ban dau ©O—[F—0O—F—0O
Generate Send
Pinh nghia 2 (Component).Component Com la packets  packets

mdt Petri net voi tap places gdbm ba thanh phin doc Hinh 2: Thanh phin ciia cim bién ngudn

1ap nhau: P, ={P,P. P} va dugc dinh nghia B
Mot cam bién trong WSN dugc mo hinh nhu
nhu sau: . mot Component (Hinh 2) voi P_in 1a tap hop input
— P, la mot tap khong rong cua céac input place, P_out 1a tap output place va P_inter 1a tap
place, nghiala TxP AF =g cac place trung gian. Transition Generate Packets
" B cho phép cam bién tao ra nhiing goi tin méi va
- p,la mot tap khong rong cua cac output transition Send Packets s& chuyén ching di trén
place, nghia 1d P xT N F =0 duong truyén. Mot cach twong tu, kénh truyén
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dugc mo hinh trong Hinh 3 ciing c6 hai chirc ndng
chinh: nhan goi tin (transition Receive Packets) va
gui gobi tin (transition Send Packets).

P_in P_inter P_out

©—F—O0——0
Receive Send
packets packets

Hinh 3: Thanh phﬁn ctia kénh truyén (Channel)

Dinh nghia 3 (Component-based Petri net).
Component-based Petri net 18 mot Petri net bao
gdbm cac tap Component r1Oi rac nhau
Seom = Com,,...,Com, va tp cac két néi (connector)

Com

S.=G,...,C, trong d6 connector C,1a mt transition

tir ouput place clia mot component dén input place
cua mot component khac.

Hinh 1 1a mét vi du ctia Component-based Petri
net bao gdm ba Component Source (S,), Channel

(7;) va Sink (S,) va hai connectors T1_con va

T2 con. Tur day, ching t6i xin goi mang Petri net
la WSNCom.

Dinh nghia 4 (Typed Component based Petri
Net). Mot component-based Petri net véi cac tap

hop cac Component S, dugc xem 1a typed néu

Com
e : Scom = § trong d6 o 1a mot tp hop
hitru han vdi cac phﬁn tor ro1 rac dugce dat tén 1a
Component Domain.

Vi du, component-based PN WSNCom goi la
typed v61 ham sau Sype SO cho:

o= {Sensor, Channel}
Sipe(S)) = Sensor
Soupe(Sy) = Sensor
Sope(T)) = Channel

DGi voi WSN, dé dang nhin thiy co hai loai
type trong d6 gom sensor va channel.

Pinh nghia 5 (Component Abstraction).
Component Com trong Component-based PN cé
thé t0i gian thanh abstracted place (place based
abstraction). Twong tw, Com va tit ca céc
connector két nbi voi n6 s& toi gian thanh
abstracted transition (transition based abstraction).

Pinh nghia 6 (Type Abstraction Function).
Gia st PN-Com 1a mot component-based PN va 3
la mot gié tri trong Component Domain ( . Ham
Type-Abstraction tao ra cac abstracted Petri net
Com Atl‘r PN-Com béng cach thay thé tht ca

~

component typed I trong PN-Com bing
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abstracted component tuong Ung, nghia la
Com = 5?) PN-Com néu su t6i gian dua trén
place, hay Com, = 5 PN-Com néu sy tdi gian dwa
trén transition.

Hinh 4 1a mét vi du cta Sensor<p>(WSNCom) .
Tt ca cac component typed Sensor, nghia 1a S, va

S, duoc thi gian thanh 5, va S, .

S—1 Tl.in Tl.int Tl_out ,S—%

N

(o OO0

=" Tlcon Tlrec Tlsend T2.con ~-~
Hinh 4: Triru twong héa cim bién
Hon nira, Hinh 5 thé hién
Channel"! (WSNCom), trong do6 component
typed Channel 7, va hai connector (71_va 72 )

1 con con
duoc toi gian thanh transition 7' a.
Slin  Slint Slout - S24in  S2.nt S2.out

©—-O—-0O—! —O—~O—[—0O

1
Sl_gen S1_send ' S2rec  S2.pro

T.a
Hinh 5: Triru twong héa kénh truyén

4 UNG DUNG PHUONG PHAP TRUU
TUQNG HOA DE GIAM KHONG GIAN
TRANG THAI CHO WSN

Trong phan nay, ching ta phét trién mot cong
cu c6 tén la WSN-PN @& mo hinh hoa WSN dong
thoi phat hién tic nghén bang cach st dung
Component-based PN di dé cap ¢ trén. Cong cu
nay trudc tién cho phép ngudi dung thiét ké hé
thong mang khong déy, sau d6 s& ty dong sinh ra
component-based PN twong mg va tién hanh kiém
tra su tic nghén trén mo hinh dya vao viéc sir dung
bd thu vién cia model checking PAT [15]. Hudng
dan s dung cong cu va cac két qua thi nghiém
duoc luu trit & website http://cse.hcmut.edu.vn/
~save/ project/ kwsn/start

Hinh 6 minh hoa network topology don gian
cia WSN. Chung t6i gia su rang tat ca cac goi tin
duoc giri trén mang bang hinh thirc broadcast.

Sensor7 Sensorl0

9 O
Sensor3 Sensor9 Sensor6  Sink

Hinh 6: So' 46 mang cam tng khong day

Tat ca cac mo hinh PN ¢ Hinh 7 dén Hinh 9
duoc sinh ra tr cong cuy WSN-PN. Hinh 7 12 md
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hinh PN trong vi du cua ching t6i dung dé phat
hién tac nghén trén ca Sensor va Channel.

WSN trong vi du trén con dugc triru twong hoa
trén Channel hay Sensor, két qua dugc thé hién
trong Hinh 8 va Hinh 9.
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Hinh 9: Minh hoa triru twong héa kénh truyén

Bang 2: Két qua thye nghiém

86 chuyén dé: Cong nghé Thong tin (2015): 105-112

5 THUC NGHIEM

Chung t6i str dung server c6 cdu Hinh 2.5 Ghz
CPU va 24 GiB memory dé lam thyc nghiém. Cac
thong s khoi tao ban dau dwoc dinh nghia trong
Bang 1 (hdu hét cac thong s6 nay duoc lay ra tir két
qua thuc nghiém ciia CODA.)

Bing 1: Cac tham s6 khéi tao

Tham s Gia tri
S lwong sensor 5-30

S6 lwong goi tin gui 30-100
Buffer —queue 200-600

Tée do giri goi tin
Tée do xir Iy goi tin
Téc do truyén goi tin
trén kénh truyén

2-3 packets/ms
1-2 packets/ms

2-3 packets/ms

Chung t6i kiém tra cac thudc tinh sau day bing
cong cu WSN-PN:

— deadlock-free: kiém tra xem deadlock c6
xay ra hay khong.

—  chk-sensor-congestion: kiém tra xem tic
nghén c6 xay trén sensors hay khong.

—  chk-channel-congestion: kiém tra xem tic
nghén c6 xay trén channels hay khong.

Bang 2 1a két qua thi nghiém ciia chung toi.
Trong tat ca cac truong hop, cac md hinh triru
tuwong hoa cua ching t6i, khong gian trang thai sinh
ra khi kiém tra mé hinh dugc triru tuong hoa
(Sensor Abstraction hay Channel Abstraction)
giam dang ké so voi md hinh khong triru tugng
(No Abstraction). Tuy nhién, két qua kiém tra trén
hai loai m6 hinh nay tuong duong nhau, nghia la:
néu phat hién tic nghén xay ra & md hinh khong
triru twong (invalid) thi mo hinh tic nghén twong
(g ciing phat hién ra tic nghén.

Sen M6 hinh Thugc tinh Time States Ver.
Deadlockfree 0.03 127 Valid
No Abstr chk-channel 0.05 249 invalid
chk-sensor 0.01 33 Valid
5 Sensors Abstr Deadlockfree 0.02 119 Valid
chk-channel 0.02 85 invalid
deadlockfree 0.033 110 Valid
Channels Abst chk-sensor 0.02 28 Valid
deadlockfree 0.167 960 valid
10 No Abstr chk-channel 0.256 1491 invalid
chk-sensor 0.25 1523 invalid
Sensors Abstr deadlockfree 0.269 816 Valid
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Sen M6 hinh Thugc tinh Time States Ver.
chk-channel 0.19 1152 invalid
deadlockfree 0.195 887 Valid

Channels Abst chk-sensor 0.266 1179 invalid
deadlockfree 0.4 1706 Valid
No Abstr chk-channel 0.58 2546 invalid
chk-sensor 0.6 2567 invalid
13 Sensors Abstr deadlockfree 0.2 959 valid
chk-channel 0.14 711 Invalid
deadlockfree 0.49 1533 wvalid
Channels Abstr chk-sensor 0.7 2146 invalid
deadlockfree 4.19 6897 valid
No Abstr chk-channel 8.85 18511 invalid
chk-sensor 9.01 18649 invalid
20 Sensors Abstr deadlockfree 1.54 4388 valid
chk-channel 1.56 4492 invalid
Deadlockfree 2.21 5394 valid
Channels Abst chik-sensor 281 6261 invalid
Deadlockfree 25.44 28318 valid
No Abstr chk-channel 96.02 113269 invalid
chk-sensor 110.89 129524 invalid
30 Sensors Abstr Deadlockfree 3.14 6626 valid
chk-channel 2.95 6252 invalid
Deadlockfree 4.87 7980 valid
Channels Abst chk-sensor 10.82 19001 Invalid
6 KET LUAN Computing in Electrical Engineering

Trong bai bdo niay chung t6i di d& xuidt mot
hudng tiép can dé kiém tra sy tic nghén trén mang
cam bién khong day bang cach str dung mang Petri
dé mo6 hinh hoéa. Tac nghén trén mang cam bién
khong day dugc ching t6i phat hién trén ca mang
day ddc va mang thua thét. Tac nghén trén mang
thua thot duge phét hién cha yéu trén kénh truyén
va trén ca cam bién 1dn kénh truyén trong trudong
hop mang day dic. Bang viéc st dung mo hinh
triru tugng hoa dya vao thanh phin cia chung toi
d3 rt ngén thoi gian kiém tra tic nghén trén mang.
Thanh phan nao khéng cin kiém tra s& dugc triru
tuong hoa lai nham tiét kiém thoi gian kiém tra.

Trong tuong lai, chiing t6i s€ nang cao hi€u qua
ctia viéc mo hinh hoéa trong viéc ting s luong cam
bién duoc sir dung trong thuc nghiém bang cach su
dung k¥ thudt gom cum.
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