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Tém tit. Cac hé théng trén chip cAu hinh lai dugc dua trén FPGA va mang trén chip (NoC: Network on
Chip) 12 mot xu hudng méi nham cung cap hiéu ning cao, kha ning linh hoat, cit giam chi phi va thoi
gian dua san pham ra thi truong cho cac hé théng nhiing. Bai toan anh xa cac tng dung c6 thé diéu chinh
murc chat lwong 1én nén tang NoC cau hinh lai dugc khong dong nhat tai thoi gian chay véi rang budc tai
nguyén ma van dam bao chit luong dich vu téng thé t6i da cho cac ing dung 1a mot thur thach 16n. Trong
bai bao nay, chung toi sir dung mot cach tiép can méi de giai quyét bai toan anh xa cic tmg dung c6 the
diéu chinh murc chét 1én nén tang NoC c6 kha nang cAu hinh lai dugc voi rang budc tai nguyén ma van
dam bao chat luong dich vu tong thé tdi da cho cac timg dung, d6 la su két hop gitra chién luoc chon Vung
gan 16i (near convex region) va thudt toan tién hoa da muc tiéu NSGA2. Két qua m6 phong chi ra rang
cach tiép can moi nay cai thién trung binh Ién dén 36,11% chat lugng dich vu tong thé so vi mot vai giai
phap di ton tai.

Tur khéa. Mang trén chip, FPGA, anh xa, ving cAu hinh lai duge, muc chat lugng, NSGA2, vung gén 15i.

MAPPING OF QUALITY ADJUSTABLE APPLICATIONS ON NoC-
BASED RECONFIGURABLE PLATFORMS USING REGION SELECTION
STRATEGY AND NSGA2 ALGORITHM

Abstract. Network on Chip (NoC) and FPGA-based reconfigurable Systems on Chip are a new trend to
provide high performance, flexibility, reducing cost and time to market for the embedded systems. The
problem of mapping quality adjustable applications onto heterogeneous NoC-based reconfigurable
platforms at run-time with resource constraints while ensuring the maximum overall quality of service of
the applications is a big challenge. In this paper, we use a new approach to solve the problem of mapping
quality adjustable applications onto heterogeneous NoC-based dynamically reconfigurable platforms
under resource constraints while ensuring the maximum overall quality of service (QoS) of the
applications. That is a combine between near convex region selection strategy and the NSGAZ2 algorithm.
Simulation results show that this new approach improves on average up to 36,11% of overall QoS in
comparison with some existing solutions.

Keywords. Network on Chip, FPGA, mapping, reconfigurable region, quality level, NSGA2, near covex
region.

1. PAT VAN PE

Ngay nay, cac thiét bi nhung dang tr6 nén quan trong trong cugc song cta ching ta. Xu hudng trién khai
nhiéu Lrng dung va tich hop nhiéu tinh nang 1én chung ngay cang gia tang trong khi tai nguyén ctia chung
ludn bi giéi han. Piéu nay doi héi nguoi thiét ké phai c6 nhimng giai phap linh hoat va hiéu qua. Cac
FPGA hién dai khong ngimg tang s6 lugng tai nguyén trén no, gia thanh tiép tuc giam, cac tinh nang mai
dugc tich hop dic biét 1a kha ning cau hinh lai timg phan dong. Do vay, FPGA 1a mot lya chon thich hop
dé phat trién nhanh mot nén tang nhung da 13i linh hoat va c6 hiéu ning cao. Theo hudng ndy, mot s6 hé
théng nhung dwa trén FPGA d3 duogc phat trién dé hd tro cho cac tng dung da phuong tién va cac ng
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dung xt 1y tin hiéu [1-5]. Cac tng dung nay thudng yéu cu co sé ha tang truyén thong hiéu ning cao va
c6 kha nang xt ly dit 1iéu nhanh.

Nham cung cdp mot co sé ha tang truyén thong hiéu ning cao dé két ndi cac phan tir xir 1y (PE) khac nhau
ctia mot SoC phire tap, mang trén chip da dwoc dé xudt nhu 1a mot giai phap thay thé cho céac kién trac
truyén thong nhu Bus va két nbi diém-diém [6-7]. Ngoai ra, mot nén tang cau hinh lai khong déng nhét
voi su linh hoat cua cac bo xur ly nhing va hiéu qua tinh toan cua mot s0 vung céu hinh lai duoc dua trén
NoC di chimg minh 1a c6 nhiéu wu diém hon so véi cac nén tang dong nhét [8- 9]. Trong mot nén tang
nhu vy, cac bo xu ly nhung thuong duoc s dung dé quan ly va thuc hién mot s6 tac vu c6 do phure tap
thap trong khi cac vung cau hinh lai trén FPGA duoc sir dung dé tang tdc tinh toan cho céc tac vu co do
phirc tap cao. Kha ning cu hinh dong cho phép nén tang FPGA thich nghi véi cc yéu cau xtr 1y thay doi
clia cac (mg dung. Ngoai ra, nhiéu ing dung duoc thiét ké theo cach ma murc chit luong ciia chiing c6 thé
dugc diéu chinh dé phu hop véi kha ning xir Iy ciia cac nén tang phan cimg. Do vdy, bai toan anh xa cac
mg dung c6 thé diéu chinh mirc chét luong 1én nén tang ty cau hinh lai dong dua trén NoC khong dong
nhat v6i rang budc tai nguyén trong khi vin dam bao QoS tdng thé t6i da cho cic ung dung 13 bai toan
can dugc quan tim nghién ctru.

Trong nghién ctru trude [10], ching t6i da xay dung bai toan anh xa ndi trén va dé xuat mot thuat toan tim
klem day du dé giai quyét bai toan nay. Tuy nhién, giai phap ndy chi thuc hién hiéu qua trong truong hop
nén tang phan _cung c6 kich thuge nho, s6 lugng ing dung trién khai 1én n6 khong 16n va sé murc chat
lugng trong moi tng dung nho. Khi kich thudc mang tang, kich thude cua cac ung dung 16n thi giai phap
nay khong con phu hop vi thoi gian thuc hién thudt toan dnh xa 16n.

bé vugt qua gioi han nay, chung toi dé xuit mot cach tiép can méi hiéu qua dya trén chlen lugc chon
ving gan 16i két hop vai thuat toan tién hoa da muyc tiéu NSGA2 [11]. Dau tién, mot ving gan 161 s& dugc
lwa chon khi c6 ing dung dua vao hé thong, tiép theo thuat toan NSGA?2 s¢ thyc hién anh xa cdc tac vu
cua Ung dyng nay vao vung gin 161 dd chon. Giai phap cho phép trién khai nhanh va linh hoat cac tng
dung 1én nén tang. Ngoai ra, n6 cling co thé d& dang thém vao hé thong cac ing dung mdi trong tuong lai.
Phén con lai cta bai bao duge t6 chirc nhu sau: Trong Muc 2, chung toi s& mé ta cac dinh nghia va bai
toan anh xa. Ung dung mot vai chién luge chon vung gﬁn 16i va thuat toan tién hoa da muc tiéu NSGA2
vao giai quyét bai toan anh xa s& duoc gidi thiéu trong Muc 3. Trong Muc 4, chung toi s& trinh bay két
qua mo phong va thao luan. Cubi cling, két luan s& dugc dua ra trong Muc 5.

2. CAC PINH NGHIA VA BAI TOAN ANH XA

2.1. M0 hinh @wng dung

Moi tng dupg c6 mot dd thi tac vu ¢b dinh va ché‘t lugng ctia mdi tng dung c6 thé duge didu chinh‘bﬁng
cach thay doi s6 luong dir liéu duoce xu ly bang d6 thi tac vu ngd vao. Vi dy, trong mét ung dung d6 hoa
3D cac cong cu hién thi hinh anh 3D 1a ¢6 dinh va phy thu¢c vao s6 luong tam giac sir dung dé€ bi€u dién
cho mot doi twong 3D, ta c6 thé c6 cac chat lugng khac nhau cho cac doi tuong do [12]. Mot truong hop
khac, d6 1a mot Gmg dung truyén tai video qua giao thuc http trong [13], trong d6 cac bd giai ma video 1a
¢b dinh va s6 lugng cac bit dit liéu dugc sir dung dé biéu dién noi dung video s€ xac dinh chat luong cua

video dugc giai ma. Hinh 1 biéu dién mdi quan hé giira chat luong video véi sb lugng bit dir liéu thong
qua thong so Bit-rate.
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Hinh 1: Anh huéng cua dit liéu dén chat lwong video [14-15]

2.1.1. P6 thi iing dung

Dinh nghia 1: Mot db thi tic vu Gng dung duoc biéu dién dudi dang mot d6 thi co hudng
ATG = (V, E), trong d6 V 14 tap céc tac vu tng dung va E 1a tap tat ca cac canh, mdi canh trong d6
thi duoc két ni gitra hai tac vu nhu Hinh 2.

M3i dinh v, €V 12 mot tac vu Vi o thong s (tig, tpe  Togmp L

wpe + Lcomp reqcomp). Trong d6, t;4 la thong s6 nhan

dang; t,,, 1a kiéu tac vu (tAc vu phan ciing t,,,, hoic tic vu phan mém tg, ), céc thc vu phan cimg duoc
tao ra bai ngdn ngir phan cirng HDL va céc tac vu phan mém duoc tao ra boi ngdn ngit 1ap trinh bac cao
nhu C/C++; tcomp la thoi gian tinh toan cua tac vu khi n6 thuc hién trén tai nguyén phan cang hoic phan
mém. Mot tac vu dugc thuc hién trén tai nguyén phan cing s& 6 tdc do tinh toan nhanh hon khi n6 thuc
hign trén tai nguyén phan meém [16-17]; t ... 1a thoi gian yéu cau tdi thiéu dé thuc hign hoan thanh
mot tac vu trén tai nguyén phan ciing hoic phan mém.

Moi canh €, biéu dién moi quan h¢ giira tac vu v, va V, . N6 co cac thong so nhur (tcomm’treqcomm )

Trong do, t Ia tré truyén thong khi truyén cac goi tin tir tac vu v, dén v ; t 1a yéu cau tré

comm reqgcomm

truyén thong tdi thiéu khi truyén cac goi tin tir tac vu v, dén v, .

2.1.2. M6 hinh chat lwong

Chiing ta xem xét truong hop nhiéu tng dung chay dong thoi trén mot thiét bi nhing cam tay, mdi tng
dung yéu cau chay tai cac muc chat luong khac nhau. Khi do, thiét bi phai c6 kha néng thich nghi theo
c4cC y8u Cau cua Cac g dung bang cach diéu chinh cip phat tai nguyén phan cung cho ting tng dung tai
thoi gian chay. Trong muc nay, chlng t6i xem xét mot tng dung duoc biéu dién dudi nhiéu mac chat
luong khéc nhau.

Xem xét ang dung App; ¢6 N; mac chét lugng Q;, Qi Qi3+, Qyy, - MSi muc chét lugng yéu cau mot

tap cac tai nguyén bao gém thoi gian tinh toan, thoi gian truyén thdng, dién tich phan cimg va ning
lugng. Mirc chat lugng cao hon s& yéu cau tai nguyén nhiéu hon [17-18]. Vi du, gia st tng dung App,

¢ cac muc cht lugng Q, >Qy, >Qyy >...>Q;  thi thoi gian can thuc hign ing dung tai mbi mirc
chat lugng twong Gng & 1a t; >, >t; >...>t, . M&i muc chat lugng Q; cung cip cho ngudi xem
mot cam gidc chat lugng, cam giac chat lugng nay cd thé biéu dién boi mot gia tri loi ich By, . Chiing toi

str dung mo hinh biéu dién méi quan h¢ gitra gia tri lgi fich va mic chat lugng cua tng dung nhu da trinh
bay trong [18]. Ung dung dat murc chat luong cao hon thi s& c6 gia tri loi ich 16n hon. Nguoc lai, mirc
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chét lugng thép hon thi gia tri loi ich s& thip hon. Tong quét, tng dung A c6 cac muac chat lugng
Q1 >Q,>Qy>...>Q, thigiatriloiich tuongung s la B, >B, >B; >...>B, (0<B<1).

2.2. M hinh phén cirng

Nén tang phan cimg dugc xem xét 1a mot nén tang cau hinh lai dugc duoc thyuc hién trén FPGA dya trén
kien tric NoC nhu Hinh 2. Nén tang phan cuang bao gom mét vi xu ly nhing ISP (Microblaze/ARM) va
cac PE phan cting cau hinh lai duge, ching dugc ket noi véi nhau qua mang truyen thong NoC. NoC st
dung cau trac lué6i hai chiéu, chuyér] mach go6i, dieéu khién luong Wormho‘le ket hop vai kénh ao va thuat
toan qinh tuyéen XY. Tac vu phan mém duoc ‘thu:c hjén trén ISP, tac vu phan clrng duoc thuc hién trén cac
PE cau hinh lai dugc. Chang toi gia dinh rang moi PE phan cang c6 kha nang ho trg chi mot tac vu.
Trong khi do, vi xtr Iy nhung ISP ¢6 thé ho tro mot hogc nhiéu hon mét tac vu va ghju’tréch nhiém quan
ly hé thong bao gom éph Xa tac vy, lap Iich’téc vy, Kiém soat tai nguyén va dieu khi@n cau hinh lai. .
Dinh nghia 2: Mot nén tang phan cang cau hinh lai dugc dya trén NoC duoc biéu dién boi mot do thi
NoC = N(P,L) trong d6, P 1a tap céc phan tir xir Iy PE, va L 14 tap céc két ndi vat Iy giira hai bo
dinh tuyén.

Mbi PE p,, € P duoc biéu dién boi cac thong so (pid, Padd» Prype puse),trong d6 p,, lathdng sé nhan

dang PE, P, la dia chi PE, p,, lakiéu PE gom c6 PE cang Py, va PE mém pg,,, Py, 1 thdng sb

trang thai cua PE (r6i va ban).
\

Qu1, Qu2, +++,Quni

Quality levels

[10,15]

7 5 6.

[4.6] [6.9] [8,12]

Application task graph J
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R ! R ) s
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Hinh 2: M5 hinh hé théng

2.3. Bai toan anh xa

Bai toér] anh xa dugc xem xét nhu sau: C6 M 1ung dung dugc trién khai giéng thoi hodc tuan tu Ién nép
tang phan citng. Cac tng dung nay c0 thé biét trudce, tuy nhién, thir tu xuat hién caa chung la khéng biét
trudc va khéng phu thuoc nhau. Muc tiéu caa bai todn &nh xa la dat dugc chat lugng dich vu tong thé cuc
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dai khi trién khai M g dung 1én nén tang phan cing véi cac rang bugc tai nguyén. Chlng t6i mo rong
bai todn anh xa nay trong [10] theo cAch tiép can do ching toi d& xuat nhu sau:

Cho mét tap cac do thi tng dung cia M ting dung vao va trang thai nén tang phan cang.

Tim R ving gan 16i trén nén tang phan cang va ham anh xa map(), sao cho ham map() thuc hién anh
Xa C4C thc vy cua tng dung thr App; vao ving R, Vv, eV, map(V, ) — p,, trong R, p,, € P véi
cac muc tiéu sau:

1|¥ <

i=1 j=1
T ={;;5ﬁtij} 4 2

Théa man cac diéu kién: Zé‘ij =1, §; =1 néu Q; duoc lva chon, 0 cho cac truong hop khéc.

j=1
ZtHW = Z Phw
tcompij = treqcompij (3)
t

<t
commy = “regcommy;

3. VUNG GAN LOI VA THUAT TOAN NSGA2

3.1. Vung gan 1di

Chon cac ving gan 16i lién ké trén nén tang dé 4nh xa cic tac vu cia cic ung dung vao ching 1a mot giai
phap hiéu qua cho bai toan anh xa, n6 dé duge ching minh trong cc nghién ctru [19-20]. Trong bai bao
nay, chung t6i sir dung hai chién luoc chon vung gin 16i dé chon mot ving gan 16i khi c6 mot ing dung
dua vao hé théng trude khi thuft toan anh xa thyc hi¢n. Mot 1a, chién luoc chon vung gan 16i NF trong
[20], chién luoc nay c¢b ging tim cac PE trdng trong nén tang dé tao thanh mot - vung gan 16i cho Umg dung
vao v4i xem xét tong khoang cach Manhattan (MD: Manhattan Distance) t6i thiéu. Hai 1, chién luge
chon vung do ching t6i dé xuat trong [21]. Chién lugc nay thyc hién theo hai buge: Bude 1, tinh toan cp
phat s6 luong PE clig/mém tuong tng véi mirc chat luong cua tng dung yéu cau. Bude 2, tim mot vung
gan 16i dya trén phuong phap goc quét hinh hoc va sir dung thém rang bugc khoang cach MD t6i thiéu dé
chon mot ving gan 16i téi wu cho tng dung.

3.2. Thuat toan NSGA2

Sau khi mét viing gan 1i duoc chon, thuat todn NSGA2 s& thuc hién viéc anh xa céc tac vu cua tng dung
vao vung 16i da chon. Muc dich ctia budc nay la dat cac tdc vu caa ng dung vao vung gan 16i da chon
sao cho muc chat lugng cia ung dung co thé dat dugc cao nhat, giam thiéu tré truyén théng cho tng
dung.

Véi thuat todn NSGA2, mdi mét cé thé chinh 1a mot cach anh xa céc tac vu cua (ng dung vao vj tri cac
PE duoc chon vung.

3.2.1. Khdi tao quan thé cha

De khoi tao quan thé cha, chung ta can phal biét kich thudc ving cua ing dung anh xa (size), kich thuéc
quan thé va sb nhiém sic thé cua mot ca thé (size chrom) 1a bao nhiéu? Déi voi tng dung duoc chon
ving thi kich thuéc viing cua @ng dung anh xa s& bang sé nhiém sic thé ciia mot ca thé. Nguoc lai, dol
v6i ung dung khong dugc chon ving thi kich thuéc ving cua ang dung anh Xa s& I6n hon hodc bang sb
nhiém sic thé cua mot ca thé. Vi du khai tao quan thé cho mét ang dung c6 ndm tac vu &nh xa trén vj tri
chon vung PE = {0, 1, 2, 5, 6} thi size = size_chrom =5 va PE_id = {0, 1, 2, 3, 4}.
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3.2.2. Pdnh gid quan thé

Danh gia quan thé ban chét 1a di danh gid cac muc tidu va do vi pham rang budc cua ting ca thé trong
quan thé. Trong bai toan anh xa ndy, mdi cé thé s& c6 hai muc tiéu va cac rang budc dugc trinh bay &
nhom cong thirc (1), (2), va (3). Ngoai ra, cd thém maot rang budc khac khé quan trong d6 1a mdi ca thé
trong quan thé phai dat dugc mirc chat lwong t6i thiéu. Néu cé thé nao khong théa man dat dwoc muc chit
lwong thip nhét s& dugc coi 1a vi pham rang budc.

3.2.3. Sdp xép thir hang va tinh khodng cach hgi tu cho qudn thé cha

Todn tu so sanh troi (>,) dugc xac dinh dya trén hai tiéu chi:

— Do vi pham rang budc (constraint).

— Cé&c muc tiéu (objectives).
Sau khi danh gia quan thé, thuat toan tiép tuc sip xép thir hang va tinh khoang céch hoi tu cho ting ca thé
trong quan thé. Hinh 3 trinh bay thuat todn tim nhdém cé thé c6 cling thir hang. Trong thuat toan nay, tat ca
cac ca thé trong quan thé P s& kiém tra véi nhom ca thé khong troi P’. Dau tién, thuat toan dwa tam thoi
mot ca thé p trong quan thé P vao nhém cé thé khong troi P’. Sau d6 ca thé p so sénh vai tat ca cac cé thé
trong P’. Néu ca thé p troi hon bat ki ca thé g nao trong P’ thi s& loai ca thé q d6 khoi P’. Trai lai, néu bat
ki ca thé q ndo trong P’ troi hon cé thé p thi s& loai ca thé p ra khoi P’. Theo cach nay, néu khong ton tai
ca thé g nao trong P’ troi hon p thi p chinh thuc s& dugc dua vao trong P . Khi thuat toan két thic thi tat
C4 CAC cé thé trong P’ s& khdng troi hon nhau hay néi cach khac 1a cac ca thé ndy cé cing tha hang voi
nhau.

P’ = find-nondominated-front(P )

P =9
foreachpePApgP’
P =P u{p} //thém tam thoi p vao P’
foreachq€PAg#p //so sanh p v6i tat ca thanh vién ciia P°
ifp>,qthenP =P’ \{q}  //néu p trdi hon q thi loai bé q khoi P’
else if g >, p then P"= P\ {p} //néu q trdi hon p thi loai bo p khoi P’
end for
end for

Hinh 3: Thuat todn tim nhém ca thé cuing tht hang

Sau khi tim dugc nhdm cé thé cé cung thir hang (F;), mét thuat toan tinh khoang cach hoi tu cho ting ca
thé trong nhém ca thé do s& duogc thuc hién. Hinh 4 mé ta thuat toan tinh khoang cach hoi tu nhom cé thé
Fi. DAu tién, thuat toan s& xem kich thudc ciia nhom cd thé Fi. Sau do s& khoi tao khoang céch hoi tu cho
ting ca thé trong F; bang khong va bat dau thuc hién Sap xép nhom ca thé F; theo chiéu tang dan cua muc
tiéu thoi gian. Sau khi sip xép, nhitng ca thé dung ¢ dau va cudi s& ¢ khoang céach hoi tu 1a vo cung. Con
lai, khoang cé&ch hoi tu caa cé thé thir i s& bang hiéu cua muc tiéu thoi gian cua ca thé (i+1) trir di muc
tiéu thoi gian cua ca thé (i - 1). Twong tu nhu vay, dbi véi muc tiéu 1a gia tri loi ich.
crowding-distance-assignment( F;)

L=|F| // s6 lugng c4 thé trong nhom cé thé F;
for each i, set Fi[i]gisance =0  // khoi tao khoang cach hoi tu cho mdi ca thé
end for
for each objective m // xét véi trng muc tiéu m
F; = sort(Fi,m) // sip xép nhom ca thé F; theo muc tiéu m
Fi[ L]distance = Fi[Lldistance = o0 // khdi tao khoang cach hoi tu nghiém dau va cudi
fori=2to (L-1) // xét tir nghiém tht 2 dén L-1 trong F;
Filildistance = Fili]distance + (Fi[i+1].m - F;[i-1].m) //tinh d6 hoi tu ctia nghi¢m i
end for
end for

Hinh 4: Thuat toan tinh khoang cach hoi tu
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Hinh 5 trinh bay thuét toan sip xép thir hang va tinh khoang cach hoi tu cho quan thé cha ban dau. Thuat
toan nay s& lan lugt tim nhom ca thé F, tir thir hang thir nhat dén thir hang thir n sau d6 tinh khoang
cach hoi tu cho nhém ca thé d6. Sau mdi lan tim dugc Fean s& loai bo khoi P véi muc dich giam kich
thudc cua P ciing nhu d& dang dé tim nhom ca thé Fyay tiép theo. Thuat toan s& két thic khi P trong hay
no6i cach khac thuat toan di hoan thanh viéc tim ra cdc nhom ca thé khong troi cing thir hang va tinh
khoang céach hoi tu cho chung.
F = fast-nondominated-sort(P )
i=1
while P £ @
F; = find-nondominated-front(P )
P=P\F
i=i+l
end while

Hinh 5: Thuat toan sap xép tht hang va tinh khoang céch hoi tu

3.2.4. Lua chon cé thé bé me trong qudan thé cha

Viéc lya chon ca thé bd me trong quan thé cha nham muc dich chon céc cé thé bd me tét dé thuc hién
phép lai ghép dé tao ra cac ca thé con. Khi chon ra hai ca thé trong quan thé, viéc lya chon c& nao tét hon
dé thuc hién lai ghép dua trén ba tiéu chi d6 la:
- Do vi pham rang budc (constraint).
- Thir hang (rank).
- Khoang cach hoi tu (crowd-dist).
Déi véi tiéu chi d6 vi pham rang budc va thir hang thi gia tri nho hon sé tot hon. Vi du a.contrain = 0.0 <
b.contrain = 0.5 ¢ nghia la a tot hon b. Tuong ty, a.rank = 1 < b.rank = 3 thi a s& tot hon b. Néu dua trén
ba tiéu chi trén ma hai ca thé a va b van bang nhau thi s& chon ngau nhién a hoic b. Hinh 6 mo ta thuat
toan lya chon mot ca thé tdt trong hai ca thé a va b.
individual = tournament(a, b)
if a.contrain < b.contrain then
individual = a
else if a.contrain > b.contrain then
individual = b
else
if a.rank < b.rank then
individual = a
else if a.rank > b.rank then
individual = b
else
if a.crowd-dist > b.crowd-dist then
individual = a
else if a.crowd-dist < b.crowd-dist then
individual = b
else
if randomperc() <0.5 then
individual = a
else
individual = b
end if
end if
end if
end if

Hinh 6: Thuat toan lua chon
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3.2.5. Chéo héa va dét bién

Chéo héa: Sau khi chon ra ca the b6 va me thi s& thuc hién chéo hoa dé tao ra hai ca thé con. Trong
nghién cau nay, chling t6i thuc hi¢n phuong phéap chéo hoa nhi phan tht ty hai diém trén timng nhiém sic
thé. Bé ap dung duoc phuong phép nay, nhiém sac thé phai dugc ma hda nhi phan. Viéc chéo héa nhi
phan trén timg nhidm sic thé cd thé tao ra ca thé con tét hon va han ché viéc tao ra cac cé thé con triing
nhau so véi viéc ap dung phuong phap chéo hoa thir ty hai diém ma khong ma hoa.

Dot bién: Qua trinh dot bién ciing phu thudc vao xac suat dot bién. Néu xac suat ngau nhién ma nho hon
hodc bang xéac suat dot bién thi bit 0 s& chuyén sang bit 1 va nguoc lai, bit 1 chuyén sang bit 0.

3.2.6. Sap xép thiz hang, tinh khodng céach héi thu cho quan thé cha, con va tao quan thé cha mdi

Sau khi hoan thanh viéc danh gia quan thé con, quan thé cha va quan thé con s& duoc hop nhat dé sip xép
thir hang, tinh khoang céch hoi tu va chon ra pop_size cé thé tt nhat dé tao ra mot quan thé cha moi. Nhu
vi du & Hinh 7, quan thé cha Pt va quan thé con Qt dwoc hop thanh mat quan thé méi goi 1a Rt. Tiép dén
quan thé Rt duoc sip xép thir hang va tinh khoang cach hoi tu. Nhu trong vi du, nhém ca thé F_1 c6 thi
hang bang mot va c6 kich thudc nho hon pop_size s& duoc dua vao quan thé cha méi Pt+1. Twong tu nhu
vay, nhom cé thé F_2 s& duoc dua vao quan thé Pt+1. Tiép tuc tim thiy nhom cé& thé F_3 nhung luc nay
khi dwa vao quan thé Pt+1 thi di vuot qua kich thudc pop_size. Do vay can tinh khoang cach hoi tu cia
nhom cé thé F_3 va thuc hién sip xép dé chon ra nhirng cé thé co do quy tu I6n nhat dé dua vao quan thé
Pt+1 dé dat du kich thudc pop_size ca thé. Hinh 8 mo ta thuat toan chon loc ca thé dé tao ra quan thé cha
mai.

Non—dominated Crowding P,
SORURE: . 3 | distance —
F_ l i: sorting [:
P, F_2 | |, .
NI oy N
:: ’ tE====H - V - |
— K
Q, BN 7
| || | = Rejected
| — |
J— 1 1{
R, ) '
Hinh 7: Qué trinh chon loc dé tao ra quan thé cha méi
Ri=PiU Q i i
Pui =0 //quan thé cha méi

i=1
while | Py | < pop_size
F; = find-nondominated-front(R, )// tim nhom ca thé F; & thi hang thir i
Ri = R\ F // x6a Fijkhoi R;
if |Pus |+ | Fi| <pop_size then
crowding-distance-assignment( F;)
Pu1 =PuiUF
izi+l
else
crowding-distance-assignment( F;)
quick_sort(F;, compare) // sip xép theo chiéu giam dan crowding distance
Pu1 = Pui U Fi[1: (pop_size - | Py.)] //hoan thanh tao quan thé cha méi
end if
end while

Hinh 8: Thuat toan chon loc c4 thé dé tao ra quan thé cha méi
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4. KET QUA MO PHONG VA THAO LUAN

4.1. Thiét 1ap mé phéng

Chuong trinh mé phong duge viét bang ngdn ngit C++ chay trén hé diéu hanh Ubuntu 14.04 64bit, Intel
Core i5-2520M 2.5 GHz, RAM 4GB. Cac nén tang phan cing khong dong nhét c6 thé cau hinh lai duoc
dya trén NoC c6 kich thudce khac nhau 1an luot 1a 6x6, 7x7, 8x8, va 9x9. Mdi nén tang g@)m mot ISP va
mot sb viung cAu hinh lai duoc. ISP ¢6 thé thuc hién dugce t6i da dén 6 tac vu, trong khi ving cAu hinh lai
duoc chi thuc hién duy nhét 1 tdc vu. BO dit liéu thuc hién md phdng gém 20 ung dung co kich thudc
khac nhau thay d6i tir 7 dén 26 tac vu dugc tao ra tir cong cu TGFF trong [22]. Bé don gian, chung toi
xem xét moi ung dung v6i bdn murc chét luong (vi du, Qj1, Qiz, Qi3 and Q.4) Thoi gian tinh toan cua cac
tac vu, thoi gian truyén thong gitra cac cap tac vu dugc tao ra mot cach ngau nhién cho murc chat lugng
cao nhét. D6i véi mirc chat luong thap hon, cac thong sé ndy duogc tao ra tir cac gia tri cao nhat theo mo
hinh chat lwong da trinh bay trong [17]. Gia trj loi ich tai cac mirc chét lugng khac nhau cta cac ing dung
cling dugc tao ta theo mo hinh nay.

Kich ban m6 phong trén 4 nén tang véi téng sO tac vu cua cac ung dung dugc anh xa 1én nén tang thay
doi tir (x*y) dén (x*y+5). Trong do, x, y 1an luot 13 s6 hang va sé cot ciia nén tang phan ctig. Mbi kich
ban sé& thyc hién thay doi thir tur anh xa cac tmg dung di vao theo hoan vi cua téng s6 tmg dung. Vi du,
anh xa bon tmg dung 1én nén tang c6 kich thudc 8x8 thi s& ¢6 24 trudng hop.

Céc thong s duge sir dung trong thuét toan NSGA2 dugc mo ta trong Bang 1 bao gdm kich thudce quan
thé, sb thé hé, xac suit chéo hoa, xac suit dot bién.

Bang 1: Thong s6 md phong thuat toan NSGA2

Théng sb Gia tri
Kich thudc quan thé 600
S6 thé hé 1000
X4c suét chéo hoa 0,9
Xac suat dot bién 0,2

Dé danh gia tinh hiéu qua cia NSGA2, chung t6i chon hai thuat toan cé lién quan dén anh xa do 1a thuat
toan Nearest Neighbor (NN) trong [23] va thuat toan cua Chou Chen-Ling (CL) trong [19] dé so sanh.
Céc thuat toan nay ciing thuc hién anh xa cac tac vu ciia ing dung 18n ving gin 16i duoc tao ra tir chién
luge chon ving NF (CVNF) trong [20] va chién luge chon vung theo goc quét (SA) cia chung toi
(CVSA) trong [21]. Céc thong sb duoc thu thap va thong ké theo gia tri trung binh, bao gdm gia tri loi ich
tong thé cua cic ung dung (OB: Overall Benefit), khoang ciach MD trung binh (AMD: Average
Manhattan Distance), khoang cach MD truyén théng trung binh (ACMD: Average Communication
Manhattan Distance).

4.2. Két qua va danh gia

4.2.1. Bdnh gid gid tri loi ich tong thé

Gi4 tri lgi ich dai dién cho mirc d6 hai 1ong ctia ngudi dung khi nhan dugc mot mirc chét luong nhét dinh.
Khi nguoi dung nhan duge chit luong cao nhét cia mot ing dung, gia tri loi ich bang 1. Chét lwong thap
hon s& c6 gid tri lgi ich nho hon [18]. Do vy, ching toi sir dung thong s6 nay dé danh gia chat lugng dat
duoc cho cac ung dung sau khi anh xa. Hinh 9 chi ra gia tri OB cua cac ung dung dat dugc khi trién khai
cac ing dung vao nén tang phin ctng véi cac kich thude 1an luot 13 6x6, 7x7, 8x8, va 9x9 theo cac thuit
toan khac nhau. Trong cac truong hop, thuat toan NSGA2 cho két qua tét hon so véi thudt toan NN va
CL. Cu thé, dbi véi chién luge chon vung SA va nén tang co kich thudc 6x6, thuat toan NSGA?2 cai thién
gia tri loi ich tong thé so vai thuat toan NN va CL 1an luot 34,30%, va 2,57%. Dbi voi chién luge chon
ving NF, thuat todan NSGA?2 cai thién gia tri loi ich tong thé 1an luot 12 35,78%, va 29,49%, so véi thuat
toan NN, CL.
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25
mNSGA2 u NN aCL

020 +

0,10 +

Gl trf 1ot ich tdng thé

0,05 +

0,00

CVSA CVNF CVSA CVNF CVSA CVNF CVSA CVNF

6x6 7 88 =9
Chién lwgc chon ving, kich thwdc nén ting phin cimg

Hinh 9: Gi4 tri OB cua cac (mg dung khi 4nh xa 1én cac nén tang

Tuong tu, d6i v&i nén tang phan cimg c6 kich thude 7x7, 8x8, va 9x9, thuat toan NSGA2 ting gié tri loi
ich téng thé so voi cac thuat toan NN va CL trong chién luoc chon vung SA lan luot 1a [58,92%,
15,86%], [59,70%, 49,34%], va [66,20%, 69,25%]. Trong chién luge chon vung NF, ting lan luot la
[23,01%, 62,14%], [19,14%, 34,15%)], va [7,60%, 10,30%].

Tir két qua nay, chung ta cling dé thiy rang, tuy theo chién Iuoc chon viing ma tinh hiéu qua cua céc thuat
toan trién khai dat duoc cling khac nhau. Cu thé, theo chién lugc chon vung SA thi tinh hi€u qua cia thuat
toan NSGA2 dat duoc ting dan theo kich thudc nén tang phan ctng so v6i cac thuit toan khac. Cu thé,
dbi v6i nén tang phan ctig c6 kich thude 9x9, gi tri loi ich tong thé thuat toan NSGA?2 dat dugc tang lan
luot 66,20% va 69,25% so véi thuat toan NN va CL trong khi kich thuéc nén tang phan cimg 8x8 chi ting
lan luot 59,70% va 49,34%. Nguoc lai dbi v6i chién lugc chon ving NF, tinh hiéu qua cua thuit toan
NSGA?2 giam dan theo chiéu ting cua kich thude nén tang phan cimg. Cu thé, d6i v6i nén tang phan cling
c6 kich thudc 8x8, gi tri loi ich tong thé thut toan NSGA2 dat dugc lan luot 19,14% va 34, 15% so véi
thuét toan NN va CL nhung khi kich thude nén tang phan clng tang 1én 9x9 thi két qua giam xudng con
chi 7,60% va 10,31%. biéu nay ciing khang dinh dugc rang, ngoai thuat toan anh xa thi chién lugc chon
ving ciing anh huong dang ké dén két qua anh xa.

4.2.2. Pdnh gid hiéu nang truyén théng

Tiép theo, chiing t61 danh gia hiu nang truyén thong cho cac thuat toan qua hai thong s0 AMD va
ACMD. AMD la ti s giita tong s6 Hop ciia mét img dung da dugc anh xa trén tong cac canh trong do thi
tac vu img dung. Mot thuat toan anh xa img dung c6 AMD nho hon thi d6 tré va tiéu thu ning lugng s&
nho hon bai vi cac goi dit liéu di qua sb lwong Hop nho hon. ACMD dai dién cho tré truyén thong cta cac
g6i tin di qua mdi Hop. Tuong tw, ACMD nho thi tré va tiéu thu ning lwong clia mang ciing gidm.

Gia trif AMD va ACMD cuia cac ing dung khi trién khai 1én cac nén tang véi kich thude khac nhau (6x6,
7x7, 8x8 va 9x9) theo cac thuat toan anh xa khac nhau dugc chi ra nhu Hinh 10 va Hinh 11. Cac gia tri
AMD va ACMD duoc cit giam lan luot theo thuat toan NSGA2 va chién luge chon vung SA so voi thudt
toan NN, CL ciing nhu chién Iugc chon viing NF. Diéu nay c6 nghia rang, thuat toan NSGA2 cho két qua
t6t hon, t&i wu hon vé khoang cach MD va giam tré truyén thong gitta cac cip tac vu cla tng dung sau
khi 4nh xa so véi cac thuat toan khac. Chién luge chon vung SA tao ra cic vung co téng khoang cach MD
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nho hon so voi chién luoc chon ving NF. Két qua nay cho thiy, khi két hop gitra thuat toan NSGA2 véi
chon viing gan 10i s€ giam thiéu tré truyén thong va tiét kiém nang lugng cho hé thong, cu thé.
3,00

uNSGA2 u NN uCL
250

050

CVSA | CVNF | CVSA I CVNF | ©vsA | CvNF | cvsA [ CVNF

Gx6 7 xS )
Chidn lrge chon ving, kich thude nén ting phia cimg

Hinh 10: Gia tri AMD cua céac tng dung

000 +

Khi trién khai thuat toan NSGA2 véi chién luot chon ving SA 18n nén tang c6 kich thudc 6x6, thong sb
AMD duoc cit giam lan lugt 8,96% va 4,51% so v6i thuat toan NN va CL. Ddi voi cac nén tang 7x7, 8x8
va 9x9 thong s6 nay duoc cai thién [13,91%, 9,26%], [17,96%, 11,59%], va [17, 42%, 11,51%]. Tuong tu,
dbi v6i chién luge chon ving NF, khi thyc hién anh xa thudt toan NSGA2 1én cac nén tang 6x6, 7x7, 8x8
va 9x9 thong s6 AMD dugc cit giam so véi thuat toan NN va CL lan luot 1a [16,51%, 7,56%], [11,24%,
12,82%], [4,71%, 16,75%], va [0,63%, 12,32%].

3,00

aNSGA2 a NN aCL

2,00

150 1

Gl 1) ACMD

050

0,00 + — - . v T = 1

CcvsAa | cvNF | cvsa | ovwr | cvsa | ovwF | cvsa | o

s =7 =8 %9
(ﬂnwcmmmm«-&-un»hm

Hinh 11: Gi4 tri ACMD khi trién khai cac thuat toan
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Thong s6 ACMD cling dugc cit giam dang ké khi thuc hién 4nh xa boi thuét toan NSGA2 so vé6i thuat
toan NN va CL 1én cac chién lugc chon ving v6i cac nén tang 6x6, 7x7, 8x8 va 9x9. Cu thé, ddi voi chon
ving SA, thong s nay lan luot dugc cat giam [14,59%, 9,91%], [17,25%, 12,72%], [20,58%, 13,87%],
va [19,44%, 13,30%]. Ddi véi chon vung NF, ti 1€ phén tram nhoé hon cac thuat toan NN, CL 1a [21,47%,
13,10%], [16,56%, 15,49%)], [7,44%, 18,91%], va [2,23%, 14,18%].

5. KET LUAN

Trong bai bao nay, chung t6i da d& xuat mot cach tiép can moi dé giai quyét bai toan dnh xa cac tng dung
¢6 thé diéu chinh mirc chat 1én nén tang NoC c6 kha ning cau hinh lai duoc véi rang budc tai nguyén ma
van dam bao chat lugng dich vu tong thé tdi da cho cac ing dung, do la két hop gitra chién luoc chon
ving gan 10i va thuat toan tién hoa da muc tieu NSGA2. Két qua dat duoc cho thay giai phap da dé xuat
hoan toan cho phép trién khai nhiéu u'ng dung, cac Gmg dung c6 kich thudc 16n 1én nén tang phan cimg
céu hinh lai dugc mot cach linh hoat, cai thién chit lugng dich vu tong thé cua cac img dung sau khi trién
khai chiing 1én nén tang phan cimg.

LOI CAM ON
Chung t61 xin chén thanh cam on Truong Dai hoc Cong nghiép TP. H6 Chi Minh vi da hd trg kinh phi dé
chang toi hoan thanh dé tai vai ma so 182.QNO1.
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