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TOM TAT: Danh gié hiéu nang phan mém |a mgt trong nhiing vdn dé dwoc quan tam. Mgt trong cac furong tiép cdn gidi quyét van
dé nay la théng qua mé hinh héa va mé phéng. Ngén ngir déc ta Unified Modeling Language (UML) va Queueing Petri Net (QPN)
c6 rat nhiéu lgi thé trong viéc danh gid cdc thong sé hiéu ndng ciia phan mem. Vi vdy, chuyén doi tir UML sang mé hinh QPN duwot
xem & mét trong nhiing cach hiéu qud nhar d@é gigi quyét cac vin dé danh gié hiéu ndang phan mém. Tuy nhién, si chuyén déi nay
ciing ¢6 rat nhiéu khé khan do su khac biét giira ngit nghia cia hai mod hinh. Trong bai béo nay, ChL'Jng toi trinh bay mgt phuong
phap s dung md hinh trung gian bao gom cdc mé dun duwoC triru twong tir CAC yéu té trong UML va QPN theo chic ndng va cdu
tréic. Su chuyén déi bao gom ba buée: mg rgng md hinh UML sang md hinh XMI, chuyen déi chiing sang dang XML cia QPN, hi¢n
tai méi ther nghi¢m voi biéu do trinh tu. Cdc mé hinh QPN duoc chuyén déi c6 thé hoat déng chinh xac va cung cdp co sé dé danh
gia hiéu nang phan mém dya vao cong cu QPME (Queueing Petri net Modeling Environment).

Tir khéa: Pdnh gid hiéu ndng phan mém, Queueing Petri Nets, Unified Modeling Language.

I. GIOI THIEU
A. Higu niing phin mém

Theo tiéu chuan ISO/IEC 25010, chat lugng phan mém dugc dinh nghia 1a mirc 6 ma phan mém dap mg céc
yéu céu voi dic tinh cy thé. Mot trong nhitng dic diém chinh anh huéng dén chit lwong phin mém do6 14 hiéu ning
phin mém, dwoc chia thanh ba dic tinh riéng: Hanh vi thoi gian, sir dung tai nguyén va ndng lyc xtr ly. Céc dinh nghia
ctia ba dic tinh nay co thé dong vai tro nhu mot dinh nghia ve hiéu nang phan mém. Hiéu ning phin mém bao gém [1]:
Hanh vi thoi gian: Bao gom thoi gian dap ung (response time), thoi gian xuw [y (processing times) va Théng luwong
(Throughput); Str dung tai nguyén (Resource utilization): Lwong tai nguyén can dé dap umg yéu ciu cua phin mém;
Cong suit (Capacity): La kha nang dap tung t6i da cua phan mém.

Sy phat trién ctia phan mém quy mo 16n thuong la theo vong doi phat trién phan mém [2], nhung hiéu suat chi
dugc danh gia chinh xac khi phan mém hoan thanh. Piéu d6 co nghia 14 khi hiéu suat khong dap g duge yéu ciu thi
toan bd hé¢ thong bi thit bai. Do do, viéc xay dung co che danh gia hiéu ning trong chu ky phat trién phan mém la rat
quan trong dé dam bao su phat trién ciia cac dy an phan mém.

Trude day, viéc danh gia hiéu ning phan mém duya trén ngdn ngit mo hinh hoéa thong nhat UML 1a van dé rat
khé khin va phirc tap. Tuy nhién, tir nhirng ndm 2002, nhiéu nha khoa hoc bat dau tiép can cac hudng nghién ctru danh
gi4 hiéu suit ciia phdn mém théng qua mang hang doi, Petri net [3], mang Generalized Stochastic Petri Nets [4] hay
color Petri Net [2]. Diu tién c6 thé ké ra d6 1a nhom ba tac gia Simona Bernardi, Susanna Donatelli, Jose’ Merseguer
[4] dwa ra phuong phap danh gi4 hiéu ning dwa vao viéc chuyén d6i tu dong tir bidu dd trinh twv UML sang mang
Generalized Stochastic Petri Nets hay theo tac gia Tony Spiteri Staines [3] dua ra phuong phdp danh gid hiu ning
phan mém dua trén chuyén dol céc biéu do trinh ty UML thanh Petri Nets. Mac du cac huéng tiép can nay la dang tin
cdy va chinh x4c nhung sé& rat kho khan do sy bung nd ciia khong gian trang thai khi hé thong du 16n. Theo hudng tiép
cén cuia hai tac gia ZHU Lian-Zhang, KONG Fan-Sheng [2] d6 14 m& rong mo hinh UML cho cdc mé hinh hiéu suét va
sau d6 chuyén d6i sang mo hinh CPN dugc xem 1a mot trong nhimng cach higu qua dé giai quyét cac van dé danh gia
hiéu nang phan mém. Tuy nhién, nhugc diém 16n nhét ciia hudng tiép can nay d6 1a sy chuyén doi can rat nhidu sy can
thi¢p béng tay vi sy khac biét gitra ngir nghia cua hai mé hinh. Vi thé trong bai bao nay, ching t6i dé xuat mot phuong
phap tiép can d4nh gia hidu ning phan mém bang phép blen d6i tir biéu do tuan ty UML sang mé hinh trung gian XMl
va sau d6 chuyén sang mé hinh QPN, giai quyet dugc van d& chuyén déi thu céng. M6 hinh QPN sau khi da dugc
chuyen ddi tir UML ¢6 thé duogc su dung truc tlep dé danh gia hiéu nang nho vao cong cu QPME s€ han ché duoc van
dé bung nd khong gian trang thai cua cac phuong phap khac.

B. Ngon ngit mé hinh UML va QPN
B.1. Ngon ngit mé hinh héa UML

UML la mdt ngdn nglt md hinh gdm cac ky hiéu dd hoa ma cac phuong phap huéng ddi twong sir dung dé thiét
ké cac hé thong thong tin mot cach nhanh chéng [1]. UML st dung mot hé théng ky hidu thong nhét biéu dién cac phan
tr mo hinh. Téap hop cic phan tir mé hinh tao thanh cac biéu d6 UML. Trong ndi dung bai bao nay, ching t6i s tap
trung nghién ctru vé biéu dd trinh tu do biéu dd nay mo ta sy tuong tac cua cic déi tugng theo trinh ty vé thoi gian, co
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su lién két chat ché véi biéu do 16p va mdi biéu d trinh ty md ta mot tinh hudng xir Iy. Biéu do trinh tu 1a mot trong
nhimg biéu d6 tuong tac UML phd bién, dugc sir dung dé xac dinh va chi 16 vai tro ciia cac ddi twgng tham gia vao
ludng su kién ctia use-case [5]. Pay 1a mot loai biéu d6 md ta moé hinh twong tac gitta cac ddi tuong, trong d6 nhén
manh vao trinh ty thoi gian cua cc thong diép trao doi gilia cac dbi twong d6. Cac dic ta biéu dd trinh ty trong UML
2.5 da duoc viét lai tir cac phién ban trudc d6, 1am né dé& doc hon nhd loai bo dur thira [5]. Biéu db trinh tu trong UML
2.5 chi ra: Cac ddi tugng tham gia vao tuong tac, thoi gian séng cua cac ddi tugng, trinh ty cac thong diép duoc trao
d6i, mdi biéu dd trinh tu 1a s két hop clia mdt tap cac nut (node) va cac canh/duong di (edgs/path).

B.2. Queueing Petri nets (QPN)

Queueing Petri Nets (QPN) 1a sy két hop tir mot sé mé rong khac nhau cua Petri Nets thong thuong (PN) gdm
Petri Nets mau(CPN) va Generalized Stochastlc Petri Nets (GSPN) [6], ddng thoi bd sung thém mot vai yéu t6 khac.
M&i PN 1a mot d6 thi hai phia, c¢6 hudng, bao gom mot tip cac place va mot tap cac transition. Mdi cung (arc) cua dd
thi chi két ndi mot place va mot transition [6]. Néu mot cung di tir place p vao transition t thi place p duoc goi 1a place
VA0 cua transition t va transition t dugc goi 1a transition ra cua place p. Néu mét cung di tir transition t vao place p thi
place p dugc goi la place ra cua transition t va transition t dugc goi la transition vao cua place p. Moi cung duoc gan
mdt sO nguyén duong goi 1a trong sO (weight) cta cung. M01 place chira mot luong the (token) nhat dinh. Khi moi
place Vao cua transition t chira s6 thé khong nho hon trong so clia cung ndi nd véi transition t thl transition nay ¢ trang
thai sin sang kich hoat (enabled), va duoc goi 1a transition san sang kich hoat. Mot transition sin sang kich hoat c6 thé
kich hoat (fire), khi d6 n6 huy cac thé c6 trong cac place vao cta né va tao ra cac thé mai trong place ra cta né. S6
luong thé dugc huy va tao dugce xac dinh boi trong s6 clia céac cung két ndi.

Néu PN chi c6 mot loai thé duy nhat thi CPN dua vao yéu t6 mau (color) dé phan loai thé [7]. CPN cho phép
mét ham mau (color function) 4nh xa tir mot tip cac mau téi mot place, xac dinh céac loai thé c6 thé cé trong place do.
Trong CPN, mot transition san sang kich hoat c6 thé ¢6 nhiéu kha nang dé kich hoat, mdi kha nang nhu thé duogc goi la
moét mode. Cac mode nay cé trong sb kich hoat (firing weight) 1a ty 16 ma mode duoc chon khi nhiéu mode sin sang
kich hoat.

Khac véi PN, GSPN phan transition thanh hai loai: timed transtion va immediate transition. Khi ¢ trang thai san
sang kich hoat, mot immediate transition kich hoat trong thoi gian 0 (zero time). Néu c6 nhiéu immediate transition &
trang thai sin sang kich hoat tai ciing mot thoi diém thi viéc lua chon kich hoat s& phu thugc vao trong s6 kich hoat
(xac sudt) gin cho cac transition d6. Immediate transition c6 dwoc uu tién kich hoat trude so véi timed transition. Mot
timed transition kich hoat sau mot khoang thoi gian bang phan phdi mii ctua do tré kich hoat (firing delay) gan voi
transition dé [6].

Két hop CPN va GSPN hinh thanh CGSPN. QPN thém yéu t6 hang doi vao cac place trong CGSPN tao ra place
hang doi. Mdi place hang doi bao gdm hai thanh phan: thanh phan hang doi cho phép cac thé duogc dat trong hang doi
dé cho thyc hién dich vu va thanh phan depository luu giit cac thé di hoan thanh dich vu cia chung & hang doi [7, 8].
Hinh 1 mé ta tryc quan hinh anh cta place hang doi trong QPN.

QUEUE DEPOSITORY

T

Hinh 1. Ky phap va md ta place hang doi trong QPN

Sau khi dugc kich hoat bdi mét transition vao cua mot place hang doi nao dd, cic thé sé dugc thém vao thanh
phan hang doi theo cic chién lugc diéu phdi hang doi. Cac thé trong hang doi khong c6 sin cho cac transition ra ciia
place hang doi. Sau khi hoan thanh dich vy, mot thé ngay lap tirc dwoc chuyén sang cho depository. Tai day, cac thé
san c6 cho cac transition ra cta place hang doi. Place hang doi loai nay dwgc goi la timed queueing place. Ngoai ra,
trong QPN con c6 immediate queueing place cho phép mé ta viéc didu phdi thudn tay, cac thé tai ddy dugc xem nhu c¢6
thé phuc vu ngay 1ap tirc. Didu phdi cho nhirng place nay c6 d6 wu tién cao hon khi didu phéi timed queueing place [6].

_ Dé xly dung md hinh QPN chung t6i lya chon phan mém QPME2.1 (32 bit) va chay thir nghi¢m mé hinh QPN
bang SimQPN da c6 trong phan mém nay.
C. Ddnh gid hi¢u ning hé théng phan mém
Trong phén nay chang t6i trinh bay vé yéu ciu danh gia hiéu nang hé thong phin mém. Theo cac dic tinh cua

vong doi hién tai trong k¥ thuét phan mém, qua trinh phat trién phin mém néi chung tao ra cac tai liéu UML ¢ moi giai
doan. Cac md hinh UML cing véi nhitng diéu kién rang budc dugc tao ra trong chu ky thiét ké phin mém hé thong.
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Viéc danh gia hiéu ning chu yéu 1a dua trén cac dic tinh ciia cac md hinh UML, phan chia qué trinh thuc hién thanh
cac md dun ... Phuong phap nay c6 loi diém tinh don gian va c6 két qua duy nhét, nhung viéc thyc hién khong phai lac
nao cling dé dang dién ta qua trinh sir dung chudi, cic nhanh va vong lap hay cac qua trinh song song [4]. Dé giai quyét
van dé nay, QPN dugc coi la phuong phéap hiéu qua nhat dé danh gia hiéu nang phan mém [6]. Tuy nhién, do sy khac
biét vé ngir nghia gitra QPN va UML, rat khé dé tao ra sy tuong (g giita ching va ludn doi hoi nhidu sy can thiép thu
cong.

Nhu vay cén thiét phai xay dung mo hinh trung gian dé c6 thé giai quyét su khac biét vé ngit nghia gitra UML
va QPN va dat nén moéng cho viée chuyen dbi tu dong tir UML sang QPN. Piéu nay rit cO ¥ nghia dé danh gia duoc
hiéu nang ctia phan mém chinh x4c va sin c6 trude thoi gian trong chu trinh phat trién phin mém quy mé 16n.

II. XAY DUNG MO HINH
So dé khoi hé thong

Ban thiét ké Cac s6 ligu
biéu db trinh tur hiéu ndng
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Hinh 2. So dd khéi hé théng

Hinh 2 minh hoa khdi mé hinh danh gia hiéu nang phan mém ma chung t6i dé xuat xay dung bao gdm céc thanh
phan: Cong cu thict k¢ UML, Bg chuyén d6i SD2QPN, QPME

Khoi Phan mém danh gid hiéu nang hé thong 1a khoi 16n nhét, nhan dau vao 1a mot ban thiét ké UML (¢ day
ching t6i quan tdm t6i biéu do trinh tw nén s€ la ban thict ke bicu do trinh tu) va dau ra 1a cac so li¢u hiéu nang qua qua
trinh mé phong va phan tich. Khéi nay bao gom 3 khdi con 13 khoi Cong cu thiét ke UML, Bo chuyén doi SD2QPN va
QPME.

Khéi Cong cu thiét ké UML duge dung dé tao céac ban vé biéu dd trinh tu va sinh ra file XML biéu dién biéu do
do. File XML nay qua B¢ chuyén doi SD2QPN (Sequence Diagram to Queueing Petri Nets) cho ra file gpe — Ia file
XML biéu dién mé hinh QPN.

Khéi QPME thyc chit 1a cong cu QPME [6] ding dé déanh gi4 hiéu nang cac md hinh QPN. QPME bao gdm hai
thanh phan chinh la QPE (QPN Editor) cung cap giao dién d6 hoa dé thiét ké cling nhu tuy chinh mé hinh QPN va
SimQPN (Simulator for QPNs) la bé mo phong dé phan tich mo hinh QPN. Tuong Gng véi hai thanh phan nay 1a hai
khdi con QPE va SimQPN trong khéi QPME.

~ Khdi QPE sir dung file gpe da sinh ra dugc tir B6 chuyén doi SD2QPN dé hién thi md hinh QPN. Céc nha phat
trién va chuyén gia c6 thé tiép tuc chinh stra dé¢ hoan thién QPN.

Khéi SimQPN st dung m6 hinh QPN cudi clng va cac cau hinh thir nghiém do nguoi dung thiét 1ap dé phan
tich m6 hinh QPN. K&t qua sau khi qua trinh phan tich nay la cac so liéu hiéu nang cong cu QPME danh gia dugc va
ciing 13 ddu ra ctia khéi Phdn mém danh gid hiéu ning hé théng da dé cap t6i & trén.

Trong phan tiép theo, chung toi xin gidi thiéu mot sé phép bién ddi co ban trong Bg chuyén doi SD2QPN.

M@t s6 phép bién doi co bin trong bj chuyén doi SD2QPN
Mbi frame dé v& cac thanh phan trong biéu dd trinh ty dugc anh xa thanh mot khong gian dé biéu dién QPN.

Mai lifeline (actor, object) trong frame dugc anh xa thanh mot queueing place (viét tit q-place) trong khong
gian ctia QPN. Q-place nay chtra main-color (color déc trung) cho lifeline twong Gmg véi no.

M&i occurrence 1a mot diém trén lifeline biéu dién sy kién bat dau hodc két thuc mot thong diép hay bét dau
hodc két thuc mot execution. Ngit nghia cta biéu do trinh tu duwgc xac dinh théng qua day cac occurrence. Moi
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occurrence chi xuét hién trén chinh xac mét lifeline va cac occurrence ciia mét lifeline dwoc sép xép theo thr ty thoi
gian tir trén xudng dudi. Khi anh xa sang QPN, mdi occurrence trén mdt lifeline dugc chuyén thanh mot g-place dung
chung Queue véi q-place anh xa tir lifeline d6 va chira main-color cua lifeline. (Tén cua occurrence tam quy uéc la tén
ctia lifeline + sb thtr tu ctia occurrence trén lifeline theo thr tu tir trén xudng dudi). Hai occurrence trén hai lifeline
khac nhau s& anh xa sang hai g-place khéng cung main-color cua lifeline. Q-place chita main-color tng véi lifeline nao
thi s€ 14 4nh xa tir m§t occurrence trén lifeline do.

Mot transition dugc sinh ra ndi q-place anh xa tir lifeline sang g-place chuyén ddi tir occurrence dau tién trén
lifeline do. Mot hodc mot s transition khic dugc sinh ra dé chuyen tir g-place (ng v6i occurrencei toi g-place (ng voi
occurrence™* Muc dich ciia nhitng transition nay 1a dé lan truyén main-color img véi lifeline. O thoi diém ban dau, chi
g-place ng véi lifeline dugc khai tao main-color, con cac g-place anh xa tir cc occurrence trén lifeline khong dugc
khoi tao main-color ndy ma chi cé kha nang chua no. Qua cic transition ¢ trén, main-color di chuyén qua timg g-place
(g véi cac occurrence. Nhu vdy, occurrence™ ! chi dat téi duoc khi dé c6 occurrence'.

Execution biéu didn mot giai doan hoat dong trén lifeline, dwoc xac dinh boi hai occurrence du va cudi, duge
anh xa sang QPN giong nhu da lam véi occurrence.

lifeline
A
l
" tA1 tA2 tA3
ﬂ a a(l)a 5\|(|)a a>(|}a ab‘l)
message (]) .‘I 4 .I bl 7
2h ————— A AL h2 A3 e
occurrence _ r  message
3]
i]‘

| execution
Hinh 3. Céc phin tir co ban trong biéu d6 trinh ty va 4nh xa caa chiing sang QPN

Hinh 3 minh hoa cac phan tir lifeline, execution, occurrence trong biéu d trinh tw. A dugc hiéu nhu mét lifeline
v6i 4 occurrence 1a Al, A2, A3, A4 trong d6 Al, A4 la cac occurrence danh déu hai diém dau va cubi cua mot
execution, con A2, A3 la cac occurrence biéu dién diém bit diu thong diép. Lifeline A va cac occurrence Al, A2, A3,
A4 duoc 4nh xa thanh cac g-place A, Al, A2, A3, A4 chita main-color a dic trung cho lifeline A. O thoi diém ban déu,
g-place A dugc khoi tao 1 color a, cac g-place Al, A2, A3, A4 khong dugc khdi tao color a. Cac transition tA, tAl,
tA2, tA3 duoc sinh thém lam nhiém vu lan truyén color a tir q-place A t6i cac g-place sau no.

Tiép theo, chung t6i xin trinh bay phép bién ddi biéu do trinh tu co chira 151 goi dong bo. Loi goi dong bo tir
mot lifeline 1a mot thong diép ma khi giri di thi ngét quéa trinh hoat dong cua lifeline d6 lai va phai cho cho dén khi
nhan duogc thong diép phan hdi thi méi co thé quay lai hoat dong binh thuong. Ddi 1ap véi 101 goi dong bo 1a 101 goi
khong dong bg, thong diép dugc giri di khong ngit qua trinh hoat dong cua lifeline va lifeline c6 thé thuc hién cac cong
viéc khac.

Gia sir tai occurrence A(i), A giri 10i goi dong bo m t6i B véi occurrence tuong ung trén B 1a B(j). Sau mot
khoang thoi gian khac 0, B tir occurrence B(j) toi occurrence B(k), bat dau giri thong diép phan hoi r cho A va dén A
tai occurrence A(i+1). Hinh 4a minh hoa cho truong hop nay.

tA(i-1) tAfi) tA(i+1)

Enfian CRRERCSR

“I \n Ali-1) / ? Ali+1) Ali+2)

| r \ ~_. \
Er* “““““““ 1 L] S ~2
: - tB(j-1) tB(j) V”CA' S :a{k)
2] | .o - S

! | » s

B(j-1) B(j) B(j+1) B(k) B(k+1)
a) b)

Hinh 4. a) Biéu db trinh tw ¢ l&i goi ddng bo. b) Bién déi QPN twong ting

Hinh 4b biéu dién mot phin mo hinh QPN lién quan dén 151 goi ddng bd qua phép bién doi SD2QPN.
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Céc occurrence trén lifelineA va B dugc chuyén thanh cac q-place chira main-colora va b twong tmg.

Transition tA(i-1) hay 1 color a tir g-place A(i-1) va tao mai 1 color a cho g-place A(i). Transition tA(i) hiy 1
color a trong g-place A(i) va tao méi 1 color m cho g-place B(j) thé hién viéc giri thong diép m tir A sang B, dong thoi
sinh ra 1 color a cho ordinary place SyncAi dugc sinh thém. Luc nay, A khong thé giri bat ky mot thong diép nao khac
ma phai cho doi thong diép phan hoi. (Néu A giri dwoc mot thong diép khac sau A(i) thi 16 rang ton tai mot q-place
g véi occurrence sau A(i) chira color a, diéu nay khong xay ra vi color a lic nay nam trong SyncAi).

Transition tB(j) chi kich hoat dugc khi g-place B(j) c6 ca color m va color b. Q-place B(j) nhan dugc color b khi
transition tB(j-1) kich hoat. Viéc transition tB(j-1) kich hoat trudc hay sau transition tA(i-1) khong quan trong vi néu tB(j-
1) kich hoat truc thi dén tB(j) ciing phai dimg lai dé doi color m. Transition tB(j) hiy 1 color m va 1 color b dang ¢
trong g-place B(j) rdi sinh ra 1 color b méi cho g-place B(j+1). Liic nay B c6 thé 1am gi d6 cho dén occurrence B(K).

Transition tB(k) huy 1 color b trong g-place B(k) va 1 color a trong ordinary place SyncAi dé sinh ra 1 color a
va 1 color r méi cho g-place A(i+1) the hién sy dong bo va gui thong di€p phan hoi t6i A, dong thoi cling sinh ra 1
color b méi giri td1 q-place B(k+1) dé lan truyén.

Khi g-place A(i+1) ¢6 ca color r va color a, transition tA(i+1) c6 thé kich hoat dé hity 2 color dé trong q-place
A(i+1) va tao mdi color a cho g-place A(i+2).

Dbi vai 101 goi khong dong bo, khong can thiét phai sinh thém ordinary place SyncAi nhu & trén. Khi do, khi
transition tA(i) kich hoat, ngoai viéc hity 1 color a & g-place A(i) va sinh méi 1 color m tGi q-place B(j) thi con tao ra 1
color a khac giri dén g-place A(i+1) dé lan truyén ngay. Luc nay, A c6 thé gui thong diép khac ma khong can chd phan
hoéi nhu trudng hop trude.

Ngoai cac phép bién dbi ké trén, Bé chuyé:n @i SD2QPN c6 thé hd trg nhiéu phan tir khac trong biéu do trinh ty
nhu cac loai thong diép tao, huty, cac phan doan t6 hop (combined fragment) hay interaction use.

Theo cach chuyén ddi trén, biéu dd trinh tw UML duge biéu dién béng 1 tap cac occurrence, mdi occurrence
dugc chuyén dbi thanh chi mot g-place c6 mot main-color, cac g-place ¢6 cting main-color s& cung 1 lifeline, thir ty cac
occurrence trén 1 lifeline dya theo chidu cua cac transitions ndi q-place twong tmg. Q-place nao dugc khéi tao main-
color thi 14 lifeline, ngugc lai néu q-place khéng dwoc khoi tao thi 1a occurrence trén lifeline. Cac message thi dugc dwa
vao transition va color ing v&i message.... Chinh vi vay viéc chuyén ddi cac cac thanh phan tir biéu do trinh ty UML
sang QPN twong tng s& khong 1am anh huong dén viéc danh gia cac thong sd hiéu nang phan mém nhu thoi gian dap
ing, thoi gian xir Iy, thong heong, sir dung tai nguyén hay cong sudt.

III. THU NGHIEM MO HIiNH

Trong phan nay, ching t6i ap dung kh6i mo hinh da d& xuat trong phan II cho mot phan hé thong xac thuc
ngudi ding ciia Facebook. Phan III-A dwa ra biéu dd trinh ty cho hé thdng nay. Chung tdi chon hé thdng phin mém
xéc thue ngudi dung Facebook dé thir nghiém mé hinh vi theo [13], biéu db trinh ty ctia hé théng duoc xac dinh va chi
13 vai trd cua cac ddi tugng tham gia vao ludng sy kién, mé ta md hinh twong tac gitra cac dbi twong mot cach ranh
mach, trong d6 nhin manh vao trinh tu thoi gian cta cc thong diép trao dbi gitra cac dbi twong d6. Mat khac hé thong
dién ta qua trinh stir dung chudi, vong ldp va cac qua trinh song song. Do vay c6 thé ap dung dé chuyén déi biéu dd tuan
ty UML sang md hinh trung gian XMI va sau d6 chuyén sang mé hinh QPN dé danh gia hiéu ning hé thong.

Biéu dé trinh tw cho hé théng xdc thue nguwéi ding ciia Facebook

Hé théng xéac thyc nguoi ding cta Facebook 1a mét trong nhitng vi du vé biéu do trinh tu duge dua ra trong
[13] md ta cach nguoi dung Facebook duoc xac thyc trén ing dung Web dé truy cap vao tai nguyén Facebook cua
minh. Hinh 5 minh hoa mét phan biéu d6 trong hé thong nay.

sd Facebook user authenticalinn)

% WebBrowser ‘Application ZFECEDDDSKALIIhDHZSIIDH
erver
L \ | I
get FB resource ‘ | |
-~ request FB access | [
|
http redirect ) |
authorize |
et M
e — - — ————— permission farm |
permission form | | |
T |

Hinh 5. Biéu db trinh ty cho hé thdng xéc thuc nguoi ding cua Facebook
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_Trong Hinh 5, Actor la nguoi dung, guri thong diép dong bo get FB resource téi trinh duyét web (WebBrowser)
yéu cau lay tai nguyén Facebook. Trinh duyét Web sau khi nhan dugc thong diép nay, s& gui thong diép ddng bo
request FB access dé yéu cau truy cap téi img dung ciia Facebook (Application). Ung dung nay tra vé cho trinh duyét
web thong diép phan hoi http redirect cho phép trinh duyét web giao tiép vi may chu FB. Sau do, trinh duyét web gui
di thong diép authorize t6i may chii xac thuc Facebook (FacebookAuthorizationServer) cho biét can xac thuc ngudi
ding. May chii nhan dugc thong diép nay, tién hanh xir 1y va tra vé thong diép permission form cho trinh duyét web dé
trinh duyét web tra lai cho nguoi dung. Luc nay, ngudi dung nhan duge mot biéu mau cap phép. Cac cong viée tiép
theo trong hé thng nay c6 thé xem thém trong [13]. Chiing tdi chi sir dung doan biéu do nay lam vi du minh hoa viéc
ap dung khdi mo hinh s& dugc trinh bay ngay sau day.

Ap dung khoi mé hinh dé xudt

Ching t0i sur dung phan mém Papyrus (phién ban Neon — 4.6.0 [14]) lam khéi Céng cu thiét ké UML dé xay
dung lai bi€u d0 trinh tu trong Hinh 5. K&t qua thu dugc ¢ bude nay nhu Hinh 6 Lifeline User ACTOR dugc st dung
dé thay cho Actor trong Hinh 6.

E]sd: Facebook user authentication J

5 User_ ACTOR | 51 WebBrowser | | '?:Application

| C' :FacebookAuthorizationServer

-

|
|
|
|
get FB resource :

request FB access

e -;U

http rediirect authorize

permission form

permission form

Hinh 6. Biéu dd trinh ty cho hé théng xac thuc ngudi ding Facebook vé trén Papyrus

Tir biéu dd trinh ty thiét ké duoc trén Papyrus, mot file XMI (Hinh 7) mé ta biéu dd nay dwoc trich xuét ra.

<uml:Model Xmiiversiol "RootElemer

"20131001" xmlns:xmi="REtp://www.Omg.org/spec/XMI /20131 5:uml="http://www.eclipse.org/umla/5.0.0/UML" xmi:id="_vcIWWEDZEee6SP4kZomsS50" name

<packagedElement "uml : Interaction” xmi:id="_vdSRUFD2Eee6SP4k2oms! thentication”>
<lifeline 1:Lifeline! xmi:id=" ITx1wED3Bee65P4k2omS5Q" - "_1nDHKFD3Eee6SP4k20mS50 _1n0Hk1D3Eec65PAkZomS50 _In0HRVDIEee65PAkZomS50 4FF
<lifeline uml:Lifeline” x _NGu-cFD3Eee6SPARZomS50" WebBrowser SN4oVD3Eee65P4R20nS50 _6erowlD3Eee6SPARZonS50 CRTSEVDAEee6SPARZomS30  Mbw!
<lifeline uml:Lifeline" UhZugFD3Eee65P4k2omS50" Application” WFSMAVD3Eee6SP4k20mS50 _CkTsE1D4Eee6SP4k2omS50 _MbwiTVDAEee65P4k20mS50" />

EVF6KFD3Eee65P4k 2oms50" FacebookAuthorizationServer
4ff_OVD3Eee6SP4RZ0mS50"
_InOHkFD3Eee6SPAkZonS50" n
1n0HEVD3Eee65Pdk20mS50"
S5N40VD3Eee65PAR2OmS50"
6erowlD3Eee65P4k2omS50"

uml:Lifeline” x 5
uml :MessageOccurrenceSpecification” xmi
uml :ExecutionOccurrenceSpecification” =i
uml :BehaviorExecutionSpecification” smi
uml :BehaviorExecutionSpecification” xmi
unl :MessagelccurrenceSpecification” xmi

<lifeline
<fragment
<fragment xm
<fragment xmi
<fragment x
<fragment x

g sz)nVDﬁEEEﬁSPA;ZDISJD VElJUlmEeaﬁsPdunmsuD _m_nLgFD4Eec

' 1nOHk1D3Eee6SPakze
'_TmIVOVDAEee6SPARL

NGu-cFD3Eec65F4k2onS50" m "_6erowED3Eee6SP4kZonS5(

<fragment uml :MessagelccurrenceSpecification” smi 6erowVD3Eee6SPAk 2om essageSend” _ITx1wFD3Eee6SP4k2om GerowFD3Eee6SPAk20mS!
<fragment uml :MessageOccurrenceSpecification” kTSEVD4Bee65PAk 20m essageSendl” _ NGu-cED3Bee65P4kzom CETSEFD4Bee6SPAE20mS!
<fragment uml :BehaviorExecutionSpecification” xmi _WESMAVD3Eee6SPAkZon ehaviorExe: _OhZugFD3Eee6SPAkZom ' MbwSYVDAEee6SPAK:
<fragment uml :MessageOccurrenceSpecification” xmi ) essageSend2 _OhZugFD3Eee6SP4k20nS50"

<fragment xa 'uml :MessageOccurrenceSpecification” xmi MbwSY1D4Eee65P4k20mS 50 essageRecvl” " NGu-cED3Bee65P4kzom MowSYFD4Bee6SPAkZomS!
<fragment x unl :MessageOccurrenceSpecification” xmi _7n2VO1D4Eee6SPAkZonS50" essageRecvd _ITx1wFD3Eee6SP4kzon TmZVOFDAEee65P4k20mS!
<fragment uml :MessageOccurrenceSpeci Fication” _tKbHEVDAEee6SPAk20nS50" essageSends" _NGu-cFD3Eee6SP4k2om

<fragment uml :MessageOccurrenceSpecification” _tHoHO1D4Bee65P4k20nS50" essageRecvd” _ITx1wED3Bee65P4kzom

<fragment uml :MessageOccurrenceSpecification” _CkTsE1D4Eec6SPAk2onS50" essageRecvl _OhZugFD3Eee6SP4kzon CETSEFD4Bee6SPAkZomS!
<fragment xz uml :MessagelccurrenceSpeciFication” VELJUVD4Eee6SP4k20mS50" essageSends" NGu-cED3Eee6SP4k2onS50! VE1JUFD4Eee6SP4kZoms!

_xzPioVD3Eee65P4k20m550"
_VELJULD4Eee6SP4X2oms50"
_m_nLgFD4EeekSP4k20mS50"
_m_nLgVD4Eee6SPAk20m550"

'unl:BehaviorBxecutionSpecification” xmi
uml :MessageOccurrenceSpecification” xmi
uml :MessagelccurrenceSpecification” xmi
uml :MessagelccurrenceSpecification” smi
uml :MessageOccurrenceSpecification” xmi
unl :Executionocurrencespeei fication”
m]:Message" xni "_6erowFD3Eee6SPAk2on!
_CRTSEFD4Eee6SP4x2om
_MowSYFD4Eee6SP4kZonS50
“VELJUFD4Eee6SP4k20nS50"
m_eBEED4Ece65P4XZ0MSI0"
nZVOFD4Eee65F4k20nS50"

'_m nLgFD4Eee6SP4k:
VE1JUFD4Eee6SPARZ0mS!
m_eBkFD4Eee6SPAk20mS!
m_eBxFD4Eee6SPAkZomS!
mZVOFD4Eee6SPAkZomS!
"_1n0HEVI

<fragment
<fragment xn

_bBVE6kFD3Eec6SP4k2om!
_bVF6RFD3Eee6SP4XZomS50

1nnH;1D3Eae€sN kZomsS

'Eehav)anxeCSpeC[)nlsh‘
erowlD3EeesSPdkzons
ETSE1D4Eee65P4K20 CETSEVDAE: 4kZomS5Q" />
= =" k20m850" sendEv g
_VE1JUVD4Eee6s

] :Message” xni
m]:Message" xni
aml :Message” xmi
m]:Message”

m_nLgFD4Eec6S5P:
mZVOVD4Eee6SP:

<message permission form" 1

</packagedElenents
</uml :Model>

Hinh 7. File xmi thu biéu dién biéu d6 trinh tu trén Papyrus

Trong Hinh 7, cac thé lifeline twong (ng véi cac Lifeline, cac thé message twong ing voi cac 161 goi thong diép,
céac thé fragment twong (tng vdi cac occurrence va execution trong biéu do trinh tu ¢ Hinh 5.

File XMI trén dugc dua qua B chuyén doi SD2QPN, véi cac phép bién d6i da dé cap t6i trong phan I1-B. M6
hinh QPN ma khdi QPE doc dugc c6 dang nhu Hinh 7 véi file gpe twong (rng nhu Hinh 8.

Khi c6 dugc md hinh QPN nay, co thé thiét lép khép cho cac tham sé méc dinh hoic c6 nhiing tl‘lchhil’lh riéng
biét hon trude khi chay thir nghi¢ém md hinh. Mgt phan két qua sau khi phén tich mé hinh QPN duogc thé hién trong
Hinh 10.

Nhdn xét két qua:
Tir mot phan két qua nhan duge ¢ hinh 10 khi danh gia QPN trén cong cu QPME ta thdy: mdi hang thé hién cac
thong so hi€u nang cua tung Queue ung voi ting doi tuong tham gia vao biéu do trinh ty UML cua Hé thong xac thuc
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nguoi dung cua Facebook. Cac gia tri Mean Token Residence Time, Queue Utilization, Mean Total Token Population,
Total Arrival Throughput, Total Departure Throughput trén cac ¢t thé hién cac thong sd hiéu ning tuwong tmg ctia cac
queue nhu: thoi gian trung binh ciia mot color trong queue (thorl gian xur ly), muc d¢ st dung hang doi (st dung tai
nguyén), s6 mau trong queue (cong suat) hay tong thong luong dén queue va thong lugng di ra khoi queue. Nhu vy ta
c6 thé thay thay vi danh  gia cac thong s6 hiéu ning ctia h¢ thong trén biéu dd trinh ty UML mot cach kho khan ta cé
thé danh gia cac thong s6 nay trén QPN tuong tmg bang cong cu QPME mét cach hidu qua.

tUser_ACTOR:A

User_ACTOR User_ACTOR-1 User_ACTOR-

User_ ACTOR-3

tUser_ ACTOR tlser_ACTOR-1 tlser_,

ncllser_ ACTOR-2 tWebBrowser

WebBrowser ‘WebBrowser-1 ‘WebBrowser-2 Webb rser-3 :WebBrser- a ‘WebBtowser-3

‘WebBrowser-6
tWebBrowser tWebBrowser-1 £ WebBrpwser-2 t\WebBrowser-3 “WebBowser-4 tWebBrowser-3
Sync:WebBrowser-2 Sync:WebBrowser-
:Application :Application-1 Application-2
tApplication tApplication-1 tApphitation-2
‘FacebookAuthorizationServer :FacebookAuthrizationSen.rer—T :FacebookAuthorizationServer-2
t:FacebookfuthorizationServer t:FacebookfuthorizationServer-1 t:FacebookAuthorizationServer-2

Hinh 8. M6 hinh QPN bién déi duoc
<?x¥ml version="1.0" encoding="UTF-8"7?>

<net ¥mlnz:xzi="http://www.w3.0rg/2001/XMLSchena-instance" qrme-version="2.1.0">
<colora>
<color real-cel
<color real
<color real
<color real
<color real-col:
<color real
<color real
<color real
<color real
<color real-c
</colors>
<queues>
<gueus strategy="FCES"
<queue Stra
<queus strategy="FCES"
<gueus strategy="FCES"
</queues>
<places>
<place 1d="_1497442711264" departurs-discipline="NORMAL" xalitype="queueing-place" name="User_ ACTOR" cusus-ref="_1497442711248">
<meta-attributes>
<meta-attribute xsi:type="location-attribute" location-x="55" location-y="82"/>
<meta-attribute xsi:type="simgpn-place-configuration” id="_1497442711453" configuration-name="fas-test" statalevel="3"/>
</meta-attributes>
<color-refs>
<color-ref color-id="_1497442711254" maximum-capacity="0" id="_1497442711282" xsi:type="queueing-color-reference"” ranking="0" priority="0" distributicn-function="Exponen
<meta-attributes>
<meta-attribute xsi:type="simgpn-batch-means-gueueing-color-configuration” configuration-name="fas-test" id="_1497442711474" signlev="0.05" reqdbsPrc="50" reqRelPrc=
</meta-attributes>
</color-ref>
</color-refs>

="$89cIbd"

id="_1497442711254" nams="User_ ACTOR"/>

1497442711255" na ":WebBrowser"/>
_1497442711256" na :Application"/>
_1497442711257" :FacebookAuthorizationServer" />
1497442711258" ="get FB resource"/>
"#B51b060" id="_1497442711259" "request FB access"/>
#814eb0" id="_1497442711260" ="http redirect"/:
#050481" id="_1497442711261" aunthorize"/>
="$94e5c8" 1d="_1497442711262" name="permission form"/>
or="4d84eal" id="_1497442711263" name="permission form 2"/>

=l

=l

ne

id="_1497442711248"
id="_1497442711249"
re="1" id="_1497442711250"
ervers="1" id="_1497442711251"

name="QUser__ ACTOR"/>

WebBrowser" />

Application"/>
"Q:FacebookAuthorizationServer"/»

</place>
Hinh 9. M6t phan file QPE twong (tng v6i md hinh QPN bién doi duoc
Queue Mean Token Residence Time  Queue Utilization  Mean Total Token Population  Total Arrival Throughput  Total Departure Throughput
CeApplication (queue) 2,641 1 2,639 0,999 0,999
(kFacebookAuthorizationServer (queue) 2,643 1 2,638 0,998 0,998
C:WebBrowser (queue) 3121 1 3119 0,999 0,999
QUser_ACTOR (queue) 1,016 0,129 0,154 0,151 0,151

Hinh 10. M6t phan két qua thu dwoc khi md phong QPN trén QPME
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IV. KET LUAN

Bai bao nay dé xuit mo hinh danh gia hi¢u ning phan mém bang phép bién ddi tir biéu d6 tuan ty sang md hinh
trung gian XMI va sau d6 chuyén sang mé hinh QPN, giai quyét duoc van dé chuyén doi thii cong. M6 hinh QPN sau khi
da duogc chuyén doi tir UML c6 thé duge sir dung tryc tiép dé danh gia hidu nang nho vao cong cu QPME, cung cip co s¢
dé tu dong hoa viéc danh gia hiu niang phan mém quy mo 16n. Do d6, trong vong doi phat trién phan mém, danh gia hiéu
nang c6 thé dugc thuc hién nhanh chong bat ky liic nao dé han ché riii ro ciia phan mém do cac van dé vé hiéu ning.

Trong tuong lai, ching t6i hudng dén viéc nghién ctru phuong phap tu dong chuyen d6i tir md hinh UML (c6
thé thém mot s6 rang budc nhét dinh) sang m6 hinh QPN dé danh gia hiéu nang phan mém. Pdng thoi, ching t6i cling
tap trung phat trién cong cu QPME hd trg thém nhiéu chirc ning khac, ¢ thé tich hop véi cong cu UML méd ngudn mé
nao d6 thanh mot phan mém duy nhat, vira dé xay dung mé hinh UML, vira cho phép danh gia hi¢u ning phan mém
mdi tao dung dugc.
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DEVELOPMENT AND EXPERIEMENT OF A METHOD FOR SOFTWARE
PERFORMANCE EVALUATION BASED ON TRANSFORMATION FROM SEQUENCE
DIAGRAMS INTO QUEUEING PETRI NETS

Vu Van Doc, Nguyen Trong Bach, Huynh Quyet Thang
vvdoc@uneti.edu.vn, bachnt9x@gmail.com, thanghg@soict.hust.edu.vn

ABSTRACT: At present, performance holds a key position in the success of software systems. However, quite a number of software
products do not meet the performance requirements from the beginning. One of the best way to solve this problem is to introduce a
software performance evaluation mechanism into the software development life cycle through modeling and simulation. The Unified
Modeling Language (UML) and PetriNet Queueing (QPN) specification languages have a number of advantages in evaluating
software performance parameters. Therefore, transform from UML to QPN model is considered as one of the most effective ways to
solve software performance evaluation problems. However, this transformation is very difficult because the difference between the
semantic of models. In this paper, we propose an approach based on modular transformation, provides an intermediate model
consisting of abstract modules from elements in UML and QPN according to function and structure. The transformation consists of
three steps: Extending the UML model to the XMI model, converting this model to the XML format of QPN. Transformed QPN
models can work correctly and provide a framework for evaluating software performance against the Queueing Petri net Modeling
Environment (QPME) tool.

Keywords: Software Performance Evaluation, Queueing Petri Nets, Unified Modeling Language.
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