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Tém Tét. Trong phat trién phin mém, viéc mé hinh hoa va kiém chirng phdn mém déng vai tro quan
trong, nhét 14 trong cac hé théng phdn mém tng dung doanh nghiép. Trong nhidu nghién ctru gan day,
mang Petri mau, vdi co so ly thuyét vu'ng chéc, ndi 1én nhu 1a mot cong cu hiéu qua trong mé hinh
hoa va kiém chirng phan mém. Sw phan c4p 1a mot khai niém quan trong trong mang Petri mau, cho
phep 6 chirc mang Petri mau dudi dang tap hgp cac mo hinh con, twong ty nhu cac chuong trinh
phin mém dugc ciu trac thanh cic mé dun. Theo cach nay, mot md hinh ¢6 thé dugc dinh nghia mot
l4n va tai sit dung nhiéu 1in. Trong bai bio niy ching t6i sir dung mang Petri mau phén cip dé mo
hinh hoa tién trinh nghiép vu cua hé théng Ctra hang truc tuyén, dong thoi phat trién PyCPN, mét
cong cu md hinh héa sir dung mang Petri mau phan cép, d& mé ti mo hinh.

Tur Khéa: Mang Petri mau, Mang Petri mau phan cép, M0 hinh hoa.

Abstract. In software development, modeling and validation play an important role, especially in
enterprise application software systems. In many recent studies, the Colored Petri Nets , with its
strong theoretical base, has emerged as an effective tool in software modeling and validation.
Hierarchy is an important concept in Colored Petri Net, which allows the organization of a Colored
Petri Net as a set of sub-models, similar to software programs structured into modules. In this way, a
model can be defined once and reused. In this paper we use a Hierarchical Colored Petri Net to model
an Online Store system, and develop PyCPN, a modeling tool using for the Hierarchical Colored Petri
Net, to describe the model.

Keyword: Colored Petri Nets, Hierarchical Colored Petri Nets, Modeling

1 Mé dhu

M5 hinh héa cac hé théng hién dai dwa ra rét nhidu thach thirc ma mét sb thach thic c6 thé dugc giai
quyét bing cach sir dung cac md hinh thich hop. Mot k¥ thudt ndi tiéng dé md hinh hoa hé thng la sir
dung mang Petri. Mang Petri cung cdp mdt ngon ngir dd hoa dé xay dung cac hé théng mot cach truc
quan va chinh xac. Cac md hinh nay c6 thé dugc sir dung dé md phong, phén tich cac thudc tinh va danh
gia h¢ thong. Didu nay cho phép phat hién cac 18i co thé xay ra trong hé théng & cac giai doan som va tir
d6 1am giam chi phi phat trién tong thé. Kich thudc ngay cang tang cua cac hé thdng din dén viée cac mo
hinh tré nén cdng kénh va kho kiém soat.

Mang Petri phan cip sir dung mo hinh céy phan cép chia nho mot hé thong 16n thanh mot s6 hé théng
con, tr d6 1am glam do phuc tap cua hé thong 16n. Diéu nay giup nguoi dung tap trung vao mot phin hé
théng con cu thé ma khong can phai tinh dén toan bo hé théng. Ngoa1 ra, cic h¢ théng con co thé dugc tai
str dung lai mot cach dé dangtai nhidu vi tri trong cung mot hé thong hodc tham chi ¢6 thé duge st dung
trong mot hé théng khac néu c6 nhu ciu tuong tu.
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Bai b4o nay dé xuat sir dung mang Petri mau phén cip (Hierarchical Colored Petri Net HCPN) dé mo
hinh hoa hé théng, & day hé théng ctra hang truc tuyén dugc su dung dé minh hoa cho cach tiép can nay,
ching t6i ciing dd phat trién thu vién PyCPN véi muc dich mé ta va thyc thi cic mé hinh HCPN. Phin
con lai ciia bai viét nay dwgc tb chirc nhu sau: Phan 2 trinh bay mot s6 nghién ctru lién quan, phan 3 trinh
bay dinh nghia hinh thtic cia mang Petri mau va mang Petri mau phan cép. Sau do, bai toan mé hinh hoa
hoat ddong ctia hé théng Cira hang truc tuyén bang HCPN dugc trinh bay trong Phin 4. Phan két luén
dugc dua ra trong Phén 5.

2 Cac nghién ciru lién quan

Tir nam 1991, h¢ théng phan cAp trong mang Petri [4] dd dwoc trinh bay trong nhidu bai béo. Trong bai
bao [3], cong cu HiPS cung cp cac chirc ning co ban, giao dién ngudi ding dd hoa, kha ning md ta cac
mang Petri phan cip Va mdt bo kiém tra md hinh logic thoi gian tuyén tinh. Trong [1], cac tac gia xac
dinh h¢ théng phéan cap vi tri voi cac cung khac nhau lam cung uc ché, dit lai cung va chuyén cung tuan
theo thir bac nay. Tdng thir tur cac vi tri mad hoa hé théng phan cip tuy thude vao cac loai vong cung ma
cac phén mé rong khac nhau dwoc dwa ra. Bén canh do, mang Petri phan cdp dua trén sy thay thé chuyén
tiép nhu vi du trong [5] hay dua trén su thay thé vi tri va mang Petri huong déi tuong [9, 10] da dugc xem
xét. CPN [2] ciing hd tro cac vi tri hop nhit bing cach x4c dinh cac tap h(rp cac vi tri glong hét nhau vé
mit chirc nang. Phuong phép tiép can Net-in-net [15,16] ciing nhu mang ddi tuong [7,8] déu bd sung cac
thanh phin phén c4p cho mang Petri.

Mang Petri mau phan cip ciing da dwoc sir dung trong md hinh hoa cac quy trinh nghiép vu [18].
Trong [19], cac tic gia dd d& xudt m6 hinh sir dung mang Petri phan cip trong mé hinh hoa va xéc thuc
quy trinh nghiép vu két hop v6i ngdn ngit luat ECA.

Nhiéu cbng cu dd dugc phat trién dé phuc vu mé hinh hoa, mé phong va xac thuc mang Petri mau.
Tiéu biéu 1a CPNTool [2,13], ddy 1a cong cu phd bién d& mo hinh héa va mé phong mang Petri mau. Sir
dung giao di¢n nguoi ding d6 hoa, CPNtools c6 tinh ning kiém tra ct phép, tao ma va phan tich khéng
gian trang thai, céng cu nay khong phai ma ngudn mod nén han ché trong viée sinh mi ciing nhu tich hop
vdi cac cong cu khac.

Snoopy [14] 1a mét nén tang mang Petri thdng nhat voi giao dién ngudi dung db hoa. N6 cho phép mo
hinh va m6 phong cac mang Petri ¢6 mau va khong c6 mau thudc cac 16p khac nhau, hd trg phan tich va
chu trac phan cp cua cac md hinh.

SNAKES [11] 1& mot thu vién mang Petri, chu yeu danh cho ngon ngit Python nhung c6 thé chuyén
sang cac ngon ngit khac. N6 dinh nghia mot bién thé chung cta mang Petri, véi mau 14 kiéu dit liéu cua
Python, ¢6 thé dugc tao va thao tac thong qua thu vién, cling nhu dugc thuc thi dé kham pha khong gian
trang thai. Hién tai, ZINC [12], la mét phién ban tiép theo ciia SNAKES, huéng dén sy don gian dang
ducc phat trién. Diém chung ctia SNAKES hay ZINC d6 14 thiéu khd ning mé ta cic mang Petri phan
cép, ma didu nay s& dwoc b sung, phat trién trong thu vién PyCPN do chung t6i xay dung.

3 Mang Petri mau

3.1 Mang Petri mau

Mot mang Petri (Petri Nets) [6] la m{t dang d thi dugc tao ra tir mot sé kiéu dbi tuong la: cac vi tri, cac
chuyén tiép, cac cung va céac token. Cac cung két ndi tryc tiép tir cac vi tri dén cac chuyén tiép hodc
ngugc lai. Mot chuyén tiép dugc kich hoat khi mdi vi tri trong didu kién bit budc cia viée chuyén tiép
dugc théa man. CPN 1a phan mé rong vé mit khai niém ciia mang Petri. CPN giit lai cac ddc tinh hitu ich
clia mang Petri, dong thdi md rong dinh nghia hinh thic cia mang Petri dé& cho phép dwa ra nhiéu kiéu
token. Mot vi du vé& CPN dugc thé hién truc quan trong Hinh 1.
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Hinh. 1. Mot vi du vé CPN

Pinh nghia 1. Mang Petri mau (CPN - Coloured Petri Net) 1a mot tap hop N = (P,T,A,%,C,N,E,G,I),
ma ¢ day:

— P latap céc vi tri

— T 1a tap cac chuyén tiép

— A la tap cac cung

— ¥ la tap mau dinh nghia trong md hinh CPN. T4p nay bao gdm tit ca cac mau c6 thé, cac phuong
thirc va cac ham sir dung trong CPN.

— C 1a mot ham cac mau. Anh xa cac vi tri trong P véi cac mau trong 2.

— N la mt ham nat. Anh xa tap A véi (P X T) U (T x P).

— E 1a mot ham biéu thirc cung. Anh xa mdi cung véi biéu thirc e. Kleu clia diu vao va ddu ra cia
biéu thirc cung phai trong ung véi kiéu ta1 c4c niit ma dwong cung két ndi. Str dung ham nat va ham
biéu thirc cung cho phép nhiéu cung két ndi ciing mot cip niit véi cac biéu thirc cung khac nhau.

— G 12 mot ham canh. Két ndi mdi chuyén dbi t € T v6i mot biéu thirc canh g. Dau ra ciia biéu thirc
canh la gia tri Boolean: dung hodc sai.

— I 12 mot ham khéi tao. Két ndi mdi vi tri p véi mot biéu thic khoi tao i. Biéu thirc khéi tao twrong
{mg voi mot da tap cac token voi mau séc twong ing véi mau tai vi tri € (p).

Su phén cAp 12 mot khai niém quan trong trong CPN cho phép | t6 chirc CPN duéi dang tap hop cac mo
hinh con, tuong tu nhu trong d6 cac hé thong phin mém dugc cdu trac voi cac mé dun. Theo cach nay,
mdt md hinh c6 thé duoc dinh nghia mot 1an va tai sir dung nhiéu lan.

DPinh nghia 2. Mot mé dun CPN duoc dinh nghia nhu mét day X, = (Z, Tsur P PT), o day:

port’

—x=(PTACV,W,G,E,I)lamot CPN;
— T € T latip cac Chuyén tlep thay thé;
— Ppore & P latap cac Vi tri cbng (Port);
— PT:Pyore = {IN,OUT,1/0} 1a mdt ham kiéu Port gan mdi kiéu Port véi mdi Vi tri Port.

Pinh nghia 3. Mot mang Petri phan cp (Hierarchical Colored Petri Net - HCPN) dugc mé ta nhu mot
day Xy = (S,SM, PS, FS), ¢ day:

— S 1a tap hiru han cac mo dun. M&i mé dun 1a mot mé dun

CPNs = ((PS TS, A%,C5, VS, W, G, E%, 1°), T, Piores PT®),

véi yéu cau (P51 U T51) n (P52 U T52) = o véimois,,s, € Ssaochos; # s, )
— SM: Tsyp — S 1am mot ham mo dun con gan moi mo dun con véi moi Chuyén tiep thay the.
— PS l1am mot ham quan hé port-socket gén mot quan hé port-socket PS(t) € Pyoer (t) X Pps:;’t(t) voi
mdi Chuyén tiép thay thé t, véi yéu cdu ST(p) = PT(p"), C(p) = C(p"), and I(p){) = I(p'){) voi
moi (p, p') € PS(t) vamoi t € Tgyp.



236 KY YEU HOI THAO KHOA HQC QUOC GIA CITA 2020 “CNTT VA UNG DUNG TRONG CAC LINH VU C”

— FS € 2P 1am mot tap cac tap lién hop khong rdng sao cho C(p) = C(p’) and I(p)() = I(p")() voi
moi p,p’ € fs voi moi fs € FS.

4 Mo hinh héa hé théng sir dung mang Petri mau phén cip

4.1  Truong hop nghién ciru: Hé thong quén Iy Cira hang truc tuyén

Mot hé thdng Cira hang tryc tuyén dugc phat trién v6i muc tiéu 14 giéi thidu san phim va ban hang va
giao san phim ding han. Thanh toan cé thé dwoc thyc hién online bing thé ghi ng/ ngén hang dién tur
hodc béng tién mit khi nhan hang.

Purchasing Product

T

Search Product

N

Shopping Cart

Provide Delivery
Order Product Address
Make Payment
‘Cash On Delivery C) Debit Card
2
N )
L <>

Complete Order

Hinh. 2. Tién trinh nghiép vu ban hang cia cira hang truc tuyén

Mb hinh Mua hang di dugc thé hién trong Hinh 2 cho thiy cac hanh dong cta khach hang khi mua
hang truc tuyén. Hoat dong mua hang duoc phan tach thanh cac hoat dong phu nhu: Tim kiém, Cap nhat
gio hang, Pat mua, Thanh toan, Cung cép dia chi giao hang va cac dich vu web s& dugc phat trién cho
ting hoat dong phu nay.

Trong Hinh 2, cac dich vu Tim kiém va Gio hang dugc trinh bay tuan ty, trong khi ddt mua san phém
va Cung cép dia chi giao hang dugc thuc hién déng thoi. Hinh thirc thanh toan thi chi dugc chon mét
trong hai hinh thirc 1a thanh to4n bang tién mat hodc thanh toan tryc tuyén.

4.2 Mb hinh héa hoat ddng ciia Cira hang truc tuyén bing mang Petri mau phan cép ciia

Trong phén nay, chiing t6i 4p dung md hinh CPN cho hé théng hoat dong Cira hang tryc tuyén. Su phy
thudc phan cap glua cac md dun con s& dugc két ndi bang cac socket. Hinh 3 thé hién buc tranh téng thé
ctia hé théng phén cp nay.
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Hinh. 3. M6 hinh CPN Cira hang truc tuyén

TRING

Trong hinh 3c, c6 hai Chuyén tiép Order va Payment, cac vi tri diu vao va dau ra tir céc Chuyén tlep
thay thé dugc dat tai cac socket Input, Output hodc Input/Output. G day chuyen tiép Order g quyen
kiém soat dén chuyén tiép Payment qua socket PriceOfProduct va nhan quyén kiém soat tir chuyén tiép
Payment thong qua socket ConfirmPayment.

Chi tiét vé md dun Order va Payment dugc mé ta trong Hinh 3a va 3b. Trong Hinh 3c, Vi tri To-
talProduct va ConfirmPayment la socket Input va PriceOfProduct va CompleteOrder 1a socket Output.

4.3 Xy dung thw vién PyCPN

Pé cai dit mo hinh CPN phan cip chiing ti da phat trién thu vign PyCPN. Day la thu vién sir dung trong
md hinh hoa va xéc thuc cac CPN, dugce xiy dung trén nén tang ZINC[12]. ZINC cho phép tao CPN tir
chwong trinh Python hoic tir mot dinh dang théng nhat don gian, sau d6 bién dich sang cic ngdn ngit Go,
Python, CoffeeScript dé thuc thi.

Ngoai cac chuc nang thua huong tur ZINC nhu 1a: st dung cac ngdén ngit lap trinh Python, Go
CoffeeScript trong khai bao token mau, hd tro cic cung dugc cha thich boi cac gid tri, bién, biéu thuc...,
PyCPN con cho phép xdy dung cac CPN phén cép, két hop giita cac md dun con ddc 1ap va mé dun
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chinh. Bidu nay 6 ¥ nghia quan trong trong viéc tich hop va tai sir dyng cac md hinh da xay dyng. Mo
hinh CPN phan cap nay, cung chia s&€ chung mét tap cac khai bao giita cdc mo dun, co thé tao thanh mot
CPN, khi két hop tit ca cic mo dun con va mé dun chinh, goi 1a CPN tich hop, nhu thé hién trong Hinh 4.

Cac md-dun con la
cac CPM doc lap

Céc khai bao chuh

cho cac mé-dun con va
mé dun phan cdp

M@é dun chinh két hgp

Tich hgp thanh mt CPN

Phan tich va danh gia

cac ma-dun con

'CPN phan cip

CPN tich hgp

Hinh. 4. CPN tich hop tir CPN phan cép

Viéc phén tich, danh gia mé hinh CPN phan cép c6 thé dwogc thuc hign thong qua phén tich, danh gia

CPN tich hgp nay.

4.4  Cai dat va thir nghiém mo hinh

Str dung PyCPN, md hinh hoat dong ctia Cira hang truc tuyén dugc mo ta nhu trong Hinh 5.

lang python
module Order, Payment
hcpn "OnlineStore"

place TotalProduct BNAMEPRICE
place PriceOfProduct BPRICE

place ConfirmPayment str

= ('SamsungA71',250.0), ('Iphonel2"',500.0

place CommpleteOrder OrderCompleted

subtrans Order:
< TotalProduct
< ConfirmPayment
> PriceOfProduct
> CommpleteOrder
IN TotalProduct
IN ConfirmPayment
OUT PriceOfProduct
OUT CommpleteOrder
subtrans Payment:
< PriceOfProduct
> ConfirmPayment
IN PriceOfProduct
OUT ConfirmPayment

Hinh. 5. M5 tia CPN phan cép 14 md dun chinh ctia mé hinh hoat dong Cira hang truc tuyén

M5 hinh niy két hop v6i 2 mé dun con 13 Order va Payment, dugc m ta nhu trong Hinh 6 va 7.

lang python
cpn "Order":

place TotalProduct BNAMEPRICE

place Product BNAME

place PriceOfProduct BPRICE

place ConfirmPayment str
trans ProductSelected:
< TotalProduct

(var,var)

= (x,y)
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> Product var = x

> PriceOfProduct var =y
trans ConfirmOrder

< Product var = x

< ConfirmPayment var = b

> CompleteOrder var = a

Hinh. 6. M6 ta m6 dun con Order

lang python
cpn "Payment":
place PaymentType PaymentType
place PriceDebit PTBP
place TotalPriceCOD BPRICE
place TotalPriceDC BPRICE
place PriceOfProduct BPRICE
place ConfirmPayment str
trans PaymentOption:
< PriceOfProduct var =y
< PaymentType var = p
> PaymentType var = p
>
>

PriceDebit expr = y if p == 'CashOnDelivery' else 0.0
TotalPriceCOD expr = y if p == 'DebitCard' else 0.0
trans TakePaymentByDebitCard:
< PriceDebit (var,var) = (p,y)

> TotalPriceDC var = y
trans Payment:

< TotalPriceCOD var =y

< TotalPriceDC var = z

> ConfirmPayment val = "Confirm Payment"

Hinh. 7. M6 ta mé dun con Payment
Mo dun chinh va cac mé dun con déu sir dung chung mét khai bao nhu trong Hinh 8.

declare """

@param BNAME: Product name

@type BNAME: ‘str’

@param BPRICE: Product price

@type BPRICE: “float’

@param OrderCompleted: Order Completed message

@type OrderCompleted: “str’

@param PaymentType: Payment Type

Qtype PaymentType: "list('CashOnDelivery', 'DebitCard') "
@param BNAMEPRICE: NAMExPRICE

@type BNAMEPRICE:  (str,float)’
@param PTBP: PaymentTypexPRICE
@type PTBP: °(str,float)’

@param BNAME: Product name
@type BNAME: “str’

non

Hinh. 8. Khai bao chung cho CPN phan cip Cira hang truc tuyén

5  Kétluin

Bai béo nay da dé xudt xay dung mo hinh hoat dong ciia Cira hang tryc tuyén sir dung mang Petri mau
phén cip, va théng qua phan tich khong glan trang thai mang Petri ndy, ta c6 thé xac minh tinh dung dén
va do tin cdy cia md hinh Cira hang truc tuyén trudc giai doan trién khai phat trién thuc té. M hinh duoc
khai bao va cai dat bang thu vién PyCPN. Vi¢c dich mo hinh thanh mét thu vién Python dé co thé st
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dung nhu mot phin cua logic nghiép vu cua hé théng phdn médm khi trién khai phat trién thyc té s& 1a
hudng nghién ctru tiép theo cua ching toi.
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