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Tom tit. Lap lich la mot trong nhiing hoat déng quan trong trong mang chuyén mach chum
quang. Khi géi diéu khién ctia mét chum dén tai mot ntt 16i mang, dwa vao thong tin duoc
chtta trong goi diéu khién nhw thoi diém dén, thoi diém két thic cia chum, mot giai thuét
lap lich sé duoc goi d€ tim kénh budc séng ra kha dung cho viéc lap lich chum dén. Muc
dich chinh ctia giai thuat lap lich 1a sdp x&p cdc chum dén trén cac kénh budc séng ra sao
cho t8i da hiéu sudt st dung bang thong va giam mét mat chum. Trong bai bao nay ching
toi dé xuat mot giai thuat 1ap lich nhém MF_GS nhdm t8i vu két qua 1ap lich trong mdi khe
thoi gian cho 14p lich. Qua phén tich va danh gia tiv két qua mo phong, giai thuat dugc dé
xudt méi da khang dinh dwoc wu diém, d6 la giam xac sudt mat goi tin va giam do phtic tap
cua giai thuat.

T khoa: mang OBS, lap lich nhom, hiéu suét st dung bang thong, ti 1& mat mat chum.
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Abstract. Scheduling is one of the crucial activities in the optical burst switching network.
When the control packet of a burst arrives at a core network node, relying on information
contained in the control packet, such as burst arrival time and end time, a scheduling
algorithm is invoked to find an available wavelength channel for scheduling the incoming
burst. The primary goal of the scheduling algorithm is to arrange incoming bursts on
wavelength channels to maximize bandwidth utilization and minimize burst loss. This
paper proposes a scheduling algorithm called MF_GS to optimize the scheduling efficiency.
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The advantages of this new proposed algorithm have been affirmed through analysis and
evaluations based on simulation results.

Keywords: OBS network, group scheduling, bandwidth utilization, burst loss ratio
1  Giéi thiéu

Ky thuat ghép kénh phan chia theo budc song (Wavelength Division Multiplexing - WDM)
da tré thanh giai phép t6t nhét cho cac duwong truc truyén thong cuia cac mang truyén dix liéu dé
khai thac hiéu qua bang thong cta soi quang. Chuyén mach goi ludén la mo hinh truyén thong
duoc mong mudn nhét d6i véi cac nha phat trién mang. Nhung do mot s6 gidi han vé cong
nghé, chuyén mach chum quang (Optical Burst Switching - OBS) la md hinh chuyén mach goéi
quang kha thi nhat cho dén nay [12] [18]. M6t ddc trung ciia mang OBS 1a go6i diéu khién (Burst
Header Packet - BHP) tach roi voi phan dit liéu ctia né (chum dit liéu, burst) vé mat khong gian
va thoi gian, tie 1a géi diéu khién sé duoc gui di truede trén mot kénh diéu khién, tach roi véi
kénh dit liéu va thyec hién dat trede tai nguyén cho chim ctia né tai cac nat 16i mang. Hoat
dong dat trudce tai nguyén cua mot gdi diéu khién khi dén tai mot nut trung gian thuc chat la
viéc thuwe hién mot giai thuét lap lich cho chum d@ liéu di sau gdi diéu khién trén mot kénh
budc soéng ra. Lap lich 1a mot trong nhiing hoat dong quan trong trong mang chuyén mach
chum quang. Khi géi diéu khién ctia mot chum dén tai mot nut 16i mang, dwa vao thong tin
duoc chira trong goi diéu khién nhw thoi diém dén, thoi diém két thac caa chum, mot giai thuat
1ap lich sé duoc goi d€ tim kénh budc song ra kha dung cho viéc lap lich chum dén. Muc dich
chinh ctia giai thuat 1ap lich 1a sap x&p cac chuim dén trén cac kénh budc séng ra, nham t&i da
hiéu sudt bang thong stt dung, giam sd lwong chum bi loai bd va nang cao hiéu sut hoat dong

ctia mang OBS.

Hién da c6 nhiéu giai thuat 1ap lich duoc dé xudt va cd thé phan loai chung thanh hai
nhom tiép can chinh: 14p lich truc tiép [3] va lap lich nhom [7]. D&i véi 1ap lich truc tiép, khi mot
goi diéu khién dén mot nut 16i mang, mot giai thuat lap lich truc tiép sé duoc goi d€ tim kénh
bude song kha dung 1ap lich cho chum ctia nd; néu ¢ nhiéu hon moét kénh budce séng kha dung,
giai thuat 1ap lich nay sé chon mét kénh 14p lich ma t6i wu tiéu chi dét ra cta giai thuat. Tuy
nhién giai 1ap lich truc tiép chi quan tam dén hiéu qua caa viéc 1ap lich chum hién thoi, ma
khong xem xét dén nhiing tdc dong ctia né dén tinh trang tai nguyén cho nhiing lan 1ap lich
sau. Két qua la bang thong trén cac kénh dit liéu ra bi phan manh va viéc st dung bang thong

cta cac kénh tré nén khong hiéu qua.

Mot giai phap cho van dé néu trén la lap lich nhém, trong dé cac goi diéu khién dén
trong moi khe thoi gian 1 sé tién hanh 1ap lich dong thoi cho cac chum twong ting cta ching.
Nhu da duoc chitng minh trong [4] [5] [17], lap lich nhém hiéu qua hon 1ap lich truc tiép dua
trén s6 chum bi loai bé giam, mtrc d6 khai thac bang thong tot hon va giam xac sudt mat mat d

6



jos.hueuni.edu.vn Tap 132, S6 2A, 2023

liéu trén toan mang. Hién da c6 mot s6 giai thuat lap lich nhom duoc dé xudt ma ching co thé
duoc chia thanh 2 nhém: hudng tiép can heuristic bao gom SSF (Smallest Start-time First), LIF
(Largest Interval First), SLV (Smallest-Last Vertex) va MCF (Maximal Cliques First) [7]; LGS-MC
(Linear Group Scheduling for Multi Channel) [10], MWC-GS (Maximum Weight Clique - Group
Scheduling) [17] va hudng ti€p can t6i vu lap lich voi viéc xem xét bai toan 1ap lich nhom trong
mang OBS nhuw bai toan 1ap lich trén may dong nhat bao gom GreedyOPT (Gready Optimization)
[4], BATCHOPT (Batch Optimization) [5] va OPT-GS (Optimal Group Scheduling) [13].

Céc giai thuat 1ap lich nhom theo hudng heuristic c6 dd phikc tap giai thuat thdp do chi
dua trén cach sép x€p cac chum trudc khi thye hién 1ap lich tudn tw, nhung ching chua dat
duoc két qua lap lich tdi wu; trong khi cac giai thuat theo hudéng tiép can t6i wu, nhuw
GreedyOPT, BATCHOPT va OPT-GS phai chiu mét d6 phtic tap 16n vé mat tinh toan, hé thong
phai c6 nhitng thay d6i trong giao thirc trong dat truede lai tai nguyén, s6 goi diéu khién tang
1én, cac nat mang OBS phai thuc hién nhiéu xtt ly hon va tranh chép tai nguyén do d6 sé tang
thém. Ngoai ra viéc go tat ca cac chum da dwoc 1ap lich trén cac kénh la khong thuce t€ ¢ trén
mang that. Trong nghién cttu nay ching toi dé xudt mot giai thuat lap lich nhom t6i wu két qua

lap lich va gidm dwoc do phitc tap giai thuat.

Cdu truc tiép theo cta bai viét nhw sau: Phéan II trinh bay cac nghién cttu lién quan dén
cac cong bo, Phan III mo ta giai thuat lap lich nhdm dé xudt; Phan IV mo phong danh gia giai
thuat 1ap lich nhém dé xuét va Phan V la phéan két luan.

2 Mot s6 nghién ctru lién quan

Da c6 mot s6 giai thuat 1ap lich dwoc cong bs nham giai quyét bai toan 1ap lich nhém trén
da kénh theo 2 hudng tiép can: t6i wu hoa lap lich [4], [5] [13] hodc st dung giai phap heuristic
[7] [10] [17] d€ giam d0 phtic tap cta giai thuat.

Nhom giai thuat 1ap lich heuristic duoc dé xuat trong [7] [10] [17] bao gom cac giai thuat
SSF, LIF, SLV, MCF, LGS-MC va MWC-GS.

Nhom giai thuat 1ap lich nhom theo hudng ti€p can toi wu két qua 1ap lich duoc cac tac
gia trong [4], [5] dé xuat gom hai giai thuat GreedyOPT va BATCHOPT. Y tudng cua hai giai
thuat nay chuyén tir bai toan S-NIM thanh S-IM bang cach g& hét cac chum da 1ap lich trude doé
va lap lich lai chang dong thoi véi cac chum méi dén, véi hi vong sé 1ap lich duoc két qua tot
hon. Bén canh d6 céc tac gia trong [13] dé xudt giai thuat lap lich nhém t&i wu OPT_GS nham
tim ra tap cac chum c6 do dai 16n nhat dé lap lich trén cac kénh.

Trong [7] tac gia dé xuat giai thuat SSF voi n gdi diéu khién dén trong khe thoi gian 7 yéu
cau 1ap lich cho n chtim theo sau tuong tng, giai thuat SSF tién hanh sap xép thit tu khong
giam theo thoi diém dén cta cac chum. Sau d6 giai thuat LAUC-VF (Latest Available Unused
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Channel with Void Filling) dugc goi d€ tim kénh kha dung 1ap lich Tan lwot cho cac chum theo thi
tw nay; néu viéc lap lich khéng thanh cong, chum tranh chép bi loai bd. Twong tu nhw SSF, giai
thuat LIF sip x&p thtt tw khong ting vé d6 dai ctia cdc chum dén. Sau d6 giai thuat LAUC-VF
duoc goi tim kénh kha dung dé€'14p lich Ian lwgt cho cac chum da duwoc sép x€p theo thwt tu trén;
néu viéc 1ap lich khong thanh cong, chum tranh chép bi loai bo. Trong giai thuat SLV, dau tién
mot d6 thi khoang G dugc xay dung va cac chum dén dugce sap xép theo thit tw khong ting ctia
bac cac dinh tuong ting. Dya trén két qua sau khi sdp xép, cac chum twong tng véi dinh trong
d6 thi duoc phan phdi 1én kénh kha dung dau tién trong s6 m kénh ra bang cach st dung giai
thuat LAUC-VF. Tién trinh lap lich duoc lap di lap lai d6i voi mdi chum lén tieng kénh ra hoac
bi loai bé (néu khong 1ap lich duoc) cho dén khi khong con dinh nao trong danh sach. Tuong tw
SLV, giai thuat MCF ciling dwa trén d6 thi khoang dwoc xay dung véi m kénh dé 1ap lich cho n
chiim dén. Y twong ctia MCF la: d4u tién sé tim tat ca cac cligue cuc dai c6 kich thwedc 1én hon m
va tap chtta cac cligue nay 1a € = {Cy,Cy, ..., Cp}; vOi mdi clique cuc dai c6 thoi diém dén sém
nhét C; € €, MCF Tan luot loai bd cic dinh ¢b thoi diém két thiic nho nhat cho dén khi kich
thwdc cta C; bang hodc nho hon m. Viéc loai bd cac dinh rd rang sé lam thay d6i dén cac clique
cuc dai khac trong C, nén giai thuat MCF lap lai viéc xac dinh tap C va thyc hién loai bo mét sd
dinh cta cligue circ dai c6 kich thudce 16n hon m. Giai thuat MCF sé ding khi khong con cligue
cuc dai nao ¢ kich thudce 16n hon m. Két qua caa giai thuat MCF la danh sach cac dinh L =
{by, by,...,b;} ma bac cua chung khong 1én hon m — 1, duwgc ndi véi danh sach cac chum bi loai
bo trong cac clique c6 kich thudc 16n honm, ky hiéulaS = {b; 41,b; 42,...,b,}. Két qualal, =
L U S. Cac chum twong ting vdi cac dinh trong I, sau d6 Ian luot duwgc phan phdi 1én m kénh ra
theo giai thuat LAUC-VF hoéc bi loai bo néu khong lap lich dwgc cho dén khi khong con dinh

nao trong danh sach.

Mot hudng tiép can khac cua cac tac gia trong [10] da dé xuat giai thuat 1ap lich nhoém
LGS-MC day la mot mo rong tir giadi thuat 1ap lich nhém trén don kénh LGS ctia nhém tac gia
trong [11] véi y tuong sip x€p cac kénh theo gia tri LAUT (Latest Available Unscheduled Time),
nham muc dich véi kénh c6 gia tri LAUT nho nhat 1a kénh ¢6 thé lap lich duwgc cac chum ¢
tong d6 dai la 16n nhat. Trén mdi kénh thue hién goi giai thuat LGS dé€ lap lich cho tap cac chum
trén kénh d6. Giai thuat ding lai khi s6 chum dwoc lap lich hét, hoac 1ap lich hét trén m kénh.
Dai véi giai thuat LGS-MC c6 d¢ phtic tap giai thuat thap (0(n X log,(n)).), tuy nhién chi tdi wu

1ap lich trén tirng kénh mét nén khong cé két qua t6i wu toan cuc.

Céc tac gia trong [17] da dé xuat giai thuat MWC-GS. Y tueong giai thuat MWC-GS 1a mo
hinh ho4 bai toan 1ap lich nhom trén da kénh sang bai toan tim cligue cuc dai c6 tong trong s6
16n nhat trén don d6 thi khoang cé trong s6. Budc dau tién cua giai thuat la xay dung don d6
thi khoang c6 trong s8 tuong tng kha néng lap lich cta cac chim trén c4c kénh. Trong dé moi
dinh teong ting mot chum 1ap lich duoc trén mot kénh thit k va trong s6 trén cac dinh chiéu dai

cua chum d6; Cé mot canh néi gitra hai dinh, khi va chi khi: Hai chum dwoc 1ap lich trén cung
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mot kénh c6 thoi gian dén khong chong 1dp nhau. Hodc dwoc 1ap lich trén hai kénh khac nhau.
Tt d6 thi duwoc xay dung, Giai thuat sé tim tap cac clique cuc dai bit dau tir cdc canh trong do
thi G va thuc hién tinh tong trong s6. Cac dinh trong cligue ciec dai ¢6 tong trong s 16n nhat
trong tap cac cligue dugc tim thay chinh la tdp cac chum 1ap lich trén cac kénh ra c6 tdng chiéu

dai cac chum 14p lich 1a 16n nhat.

C4c tac gia trong [4] da dé xuat giai thuat GreedyOPT voi cach ti€p can 1a xay dung van
dé 1ap lich nhom cac chum dén dudi dang van dé 1ap lich cong viéc trén cac may dong nhat. D&
lam dwoc diéu nay GreedyOPT g& cac chum da dwgc lap lich trude dé trén cac kénh ra va s
dung giai thuét lap lich LAUC d€ thuc hién 1ap lich lai chiing cuing véi cac chum mdéi dén trong
khe thoi gian 7. Néu mot chum khong thé 1ap lich duoc, giai thuat sé ¢§ gang thay chum d6
bang mot trong nhitng chiim da dwoc lap lich ma c6 thoi diém két thic sau cung nhat. Muc
dich ctia viéc lam nay nham tim kiém co hdi 1ap lich cho chim dang xem xét, ciing nhu cac
chiim dén sau (c6 thoi diém dén 1én hon) nham giam leong dit liéu (s6 goi tin chira trong

chum) bi loai bo.

Theo mot hudng ti€p can khac cac tac gia trong [5] dé xuat giai thuat nhém BATCHOPT
1dy y tudng tir giai thuat 1ap lich cong viéc [4], tic la xay dung van dé 1ap lich nhém cac chum
dén thanh van dé 1ap lich cong viéc trén k may dong nhét cho ca cac chum da duoc lap lich
tredc d6 nhung chuwa duoc gui di. Giai thuat BATCHOPT tién hanh xay dung mot d6 thi
khoang vd hudng twong ting cac chum méi dén va cac chum da dwoc 1ap lich trede dé bi go ra
dugc xay dung. Tiép d6 giai thuat tim tat ca cac clique cuc dai ctia d6 thi va sip x&p ching theo
thoi diém dén tang dan. Mot d6 thi ludng sau d6 duoc tao ra dua trén cac clique cuc dai da
dugc sap xép, trong d6 mdi cung duoc dic trung boi cac tham s8: chi phi, kha nang thong qua
va trong s6 (d6 dai chum). Cudi cung BATCHOPT tim ludng c6 chi phi t&i thiéu r6i loai bo cac

cung ctia no.

Trong [13] cac tac gia da dé€ xuét giai thuat 1ap lich nhém t6i wu OPT-GS véi y tuong cua
giai thuat la mo6 hinh hoa bai toan lap lich nhom trén da kénh sang bai toan tim tap cac duong
di trén don d6 thi khoang c6 hudng co6 trong s6. D€ thue hién viéc nay, Dau tién tir tdp cac
chtim dén yéu cau lap lich, giai thuat sé xay dung do thi twong tng. O day mdi chum b; tuong
tng mdi dinh i va trong s8 ctia dinh chinh la d6 dai cia chtim d6. C6 mot cung di tir dinh i dén
dinh j khi va chi khi: thoi diém két thiic ctia chiim b; nho hon chum bj, va thoi gian dén caa hai
chum nay khong chong 1ap nhau. Va khong ton tai mot chum khéc xen gitra 2 chum d6 ma thoi
gian dén cuia 3 chum ko chong 1&p nhau. Tt cach xay dung d6 thi nhw vay mot duong di tir mot
dinh khong c6 bac vao dén 1 dinh ko ¢ bac ra, thi tap cac dinh trén duong di chinh 1a tap cac
chum c6 thé 1ap lich cling nhau trén kénh ra dé. Ttr tap cac duong di dugc tim thay. Giai thuat
thuc hién hop m duoc di trén m kénh va tinh tong trong s6 cac dinh. Két qua caa giai thuat, lap

lich cho cac chum tuwong ting cac dinh trong tap co tong trong s6 16n nhat.
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Tt cac giai thudt da duoc cong bd cua céc tac gia cho thdy cac giai thuat 1ap lich nhom
trén da kénh theo hudng tiép can heuristic nham giam dd phtic tap tinh toan tuy nhién chwa
dua ra tiéu chi chon lap lich cho cac chum dén ma chi dwa vao thit tw sép x€p. V6i cac giai thuat
1ap lich nhom trén da kénh theo hudng tiép can toi wu lay y tuwdng tir bai toan lap lich cdng viéc
trén may dong nhat, nhim dat dwoc két qua lap lich t6i wu va c6 do phuc tap thap. D€ thuc
hién duoc viéc nay 2 giai thuat thuc hién go hét tat ca cac chum da dwoc 1ap lich trén cac kénh
va xem xét 1ap lich dong thoi véi cdc chum dén. Viéc lam nay sé lam téng s6 lwong goi diéu
khién phai gui lai, yéu cau hé théng phai c6 sy thay d6i vé mat giao thirc. Bén canh d6 giai
thuat OPT_GS c6 d6 phtc tap 16n nén khong phu hop dé€ ap dung vao trong mang chuyén

mach chum quang.

3  Giai thuat 1lap lich dwoc dé xuidt MF_GS (Maximum Flow Group
Scheduling)

Xét tap n goi diéu khién {BHP,, BHP,, ..., BHP,} dén trong khe thoi gian 7, yéu cau lap lich
cho n chum tuong tng cuia n6 I = {by, b,,...,b,}, mdi b;(i = 1,2,...,n) dugc mo ta boi cap
(si, ;) trong dd s; la thoi diém dén va e; thoi diém két thuc chum trén tdp m kénh ra tai mot
cong ra (W = 1,2,...,m), véi m1a hang s8. Hai chum b; va b; duoc cho la c6 thé 1ap lich cing
nhau trén kénh tht k (k = 1,2,...,m) néu thoi diém dén cua chum 1én hon gia tri LAUT trén
kénh do6 (s; > LAUT, va s; > LAUT, ) va thoi gian dén ctia chting khong chong lap
nhau([s; ,e; ] N [s;,e;] = @). Van dé 1a tim tap cac chum I, € I ¢6 thé lap lich cing nhau trén m

kénh ra c6 tong d6 dai cac chum duoc 1ap lich 1a 16n nhat

M6 hinh dé xuat thyc hién nhi m6 ta & Hinh 1: Khi c4c goi diéu khién dén trong mdi khe
thoi gian sé dugc dua vao mét hang doi 1ap lich cung nhau. Sau khi hét thoi gian cho, lic nay
thuc hién goi giai thuat 1ap lich d€ 1ap lich cho tat ca cac chum tuong tGng cac goi diéu khién
trong hang trén tat ca cac kénh ra.

Vi du: Xét mot tap c6 6 goi didu khién {BHP,, BHP,, BHP;, BHP,, BHP5, BHPs} dén trong
khe thoi gian 7, nhu Hinh 1. (a), yéu cau lap lich cho 6 chum tuong tng [ =
{by, by, b3, by, bg, bg}, dd dai cia cac chum Ian lwotla: [, = 3,1, =4, 13=3,1,=5,1s=6, [ =4
trén hai kénh dit liéu ra véi gia tri LAUT; va LAUT, teong Gng.
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(b)

I .
DDI Hang doi / Kénh dit ligural =~

Cac BHP dén > Illlll | —
@ Thoi gian che \

Kénh di liéu ra m

(@) s Cacgiai doan cia m6 hinh I3p lichnhém .
a N
Cﬁing Céngra

vao

U 0

Hinh 1. M6 ta cac giai doan ctia mo hinh 1ap lich nhém

Cac budc thuc hién caa Gidi thudt ldp lich dwgc thé hién nhu sau:
Budc 1: Xay dung mang G = (V, E) tir tap cac chum t6i 1ap lich va tap cac kénh ra, trong d6 tat
ca luong va kha nang thong qua cua cac cung dugc khoi tao lan luot1a 0 va 1. Vi dy, gia st c6 6
chum dén 14p lich va 2 kénh ra (xem Hinh 2), mang G duwgc xdy dung nhu Hinh 3.

Khe thoi gian T
1] | Kénh didu khién
>
BHP, BHPg
\ b1(3) | \ b4(3) | \ be(4) |
@ \ b:(5) !
LAUT, \ Ds(6) |
-
LAUT, w1
x X XX »
LAUT, w,
bs(6) | >
LAUT, wy
(b)
bs(5) bs(4) I
W3

Hinh 2. (a) M6t vi du vé tinh trang cdc chum dén yéu cau lap lich hai kénh di liéu ra va (b) két qua lap
lich t6i wru cac chum trén hai kénh ra

11



Nguyén Hong Quéc va CS. Téap 132, S5 24, 2023

o

Ludng théng qua
— U,/

F, wi, T:O Cwl, 7:6 F w2, T=0 Cwl, T=5

Hinh 3. Mang G = (V, E) duoc x4y dung ti tdp 6 chum dén 14p lich va 2 kénh ra; trong d6, dinh b; twong
tng véi chum dén thir i, dinh w; tuong twong voi kénh thit i, va s, t la hai dinh 40 duoc thém vao cho
chtte nang dinh phat va dinh thu

Budc 2: Tim ludng cuc dai trén mang G. Cac budc thuc hién nhu thé hién ¢ Hinh 4 a, b, ¢
va két qua tim duoc duong tang ludng Iéonnhat L = Ly U Ly;
Buwdc 3: Lap lich cac chum trong tap L = L, U Ly;
Gidi thudt ldp lich dwgc mo ta nhu sau:
Giai thuat MF_GS (Maximum Flow Group Scheduling)
Dau vao:
- Tap n chum can 1ap lichI = {by,b,, ..., b, }, trong d6 mdi b; = (s, ¢;) vdi s; biéu
dién thoi diém dén va e; biéu dién thoi diém két thiic ctia chum i (i = 1,2, ...n);
-Tap W kénh dit lieura W = {wy, w,, ..., wp, };
Dau ra:
-I' (I' € 1) 1a tap cac chum duoc lap lich trén cac kénh ra sao cho tong d¢ dai cac
chum trong tap I’ la 16n nhat.
Giai phap:
Buéc 1: Xay dung mang G = (V, E);
G(V,E) = constructGraph(I,W)
Budc 2: Tim duong tang luong tir dinh phat s dén dinh thu ¢;
L = FMF_OPT(G)
Budc 3: Lap lich cac chum trong tap L;
I' = scheduleBurstsfromMWC(L)
Budc 4: Két thig;

12
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1. Xay dung mang G = (V, E) nhu sau:
o TapcacdinhV ={I}u{W}u {S,T}, trong do, I la tap cac chum, W 1a tap cac kénh,

S la dinh phat, va T la dinh thu.

o Tapcéccanh E = {(S, bi=10), (Wj=1:m' T)}u {(bi,wj)l si 2 Laut,,;; Vb; € I,w; € W}

e Kha nang thong qua ctia cac cung cua G dugc khoi tao nhu sau: ¢s; =1, ¢;; =1,
Cr = deg_(wj); ; trong do deg_(wj) la tong s6 cac cung di vao dinh w;, i = 1,2,...,n
vaj=12,..,m.

e Ludng trén tat ca cac cung ctia G dugc khoi tao bang 0.

L1={bs,bs} Ly={bs, be}

(©)

Hinh 4. Cac budc tim duong ting luong trén mang G = (V,E)

Hinh 5. md ta mang G, lu6ng (flow) va kha nang thong qua (capacity) ctia né. Sau khi c6
mang G, bai todn 13p lich nhém c6 thé duoc giai quyét bang viéc tim ludng cuc dai trén G. Gia st
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fla mot ludng trén mang G thi luéng cuc dai f* can tim dwoc dinh nghia boi cong thic bén

dwoi.

I zargf}lax i Z (e; —sifij

j=1 biELj

)

trong d6 L; = {b;|f,; = 1} 1a tap cac dinh b; c ludng dén w; bang 1; cht y, L; ¢ thé bang rdng
trong qua trinh tim luéng cwc dai.

14

flow capacity
_—

foi=0lc,.=

flow capacity
———

:/ r—
.
\ = 0lc, ,

Q b &

hof

—0|(,,—(l(q (I)

Hinh 5. Mang G cung véi cac gia tri lubng va kha nang thong qua ban dau cua né

Chi tiét giai thuit nhu sau:

Function constructGraph(l, W);

Input:

- Tap n chum can lap lich I = {by, b,, ...,

b,}, trong d6 mdi b; = (s;, €;) voi s;

va e; lan lrot 1a thoi diém dén va két thic caa chum i;

-Tap W kénh d@t lieura W = {wy, wy, ..., Wy };

Output: G = (V,E)

Process
Khoi tao dinh phat S va dinh thu T ;
E =@

foreach b; € I do
Tao dinh b;, V =V U {b;};

Tao cung tir dinh S dén dinh by, E = E U {(S,b;)}, ¢c5; = 1;

deg™(w;) = 0;
foreach w; € W do
Tao dinhw;, V=V U {w; };
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Tao cung w; dén dinh thu T, E = E U {(wj, T)},'
if (s; > Lautwj) then
Tao cung tir b; dénkénh w;, E = E U {(bi, Wj)},'
deg‘(wj) = deg‘(wj);
cij =1
Gir = deg~(w;)
return G = (V, E);
2. Tim duong ting ludng;:
Sau khi mang G = (V, E) duwoc xdy dung thuee hién cac cong viéc sau.
e Puong ting ludng la duong di tir S dén T sao cho lam ting gia tri lat cat € =
(V — {T3,{T}), gia tri nay duoc tinh theo cdng thic dudi day:

m

Value(C) = Z Z (e —s)fij ()

j=1 biEL;j
e Tang ludng 1én mot don vi trén cung (u, v) can thao man cac diéu kién tang ludng trén
mang G nhu sau:

- Cé thé'tang luong: f,,,, < ¢, ,, d6i voi tat ca cac cung (u, v);

—  Can bang ludng: Néu cung (u,v) 1a cung ndi hai dinh b; va w; thi giam ludng trén
cac cung (by, w;), (s, by) trong dé by, 1a dinh thudc L; va chong 14p voi b; (chong 1ap
cua hai dinh thudc I chinh la chong 14p cua hai chum twong ¢ng). D& tim cac dinh
by ching t6i sit dung phuong phap tim kiém nhi phan. Néu luong téi dinh w;

duoc tang hodc giam thi cap nhat lai danh sach ;.

Chi tiét giai thuit nhu sau:
Function FMF_OPT(G):
Input: Mang G = (V,E);
Output: Tap cac dinh trong L; v6i moi j thudc W;
Process
Khoitao G' = Gvaf,, =0véimoiu,v €V;
Lj = @ v6i moi j thudec W;
Value = 0;
Do
Path = @;
foreach i,j e V — {S,T} do
if (fs; <csi) AN(fij <csj) AN(fjr <cjr) then
R = {k} trong d6 b, € L; va chong lap vdi b;;
15
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delta = (&; — s;) — Zrer(€r — Si)
if (delta > 0) then
path = [S,i,j,T];
break;
if (path # @) then
Tang ludng trén duong di path 1én 1 don vi;
Giam ludng trén cung (j, t) xuéng |R| don vi véi moi j € path;
Giam ludng cho cac cung (S, k), (k,j) xudng 1 don vi véi moi k € R va j € path;
Ly =Lj—{b}val; =L;U{b;} véimoik € R vai € path;
Value = Value + delta
While (path + @)
return (Value, L = {L;|j € W});

3. Lap lich 1én cac kénh: Sau khi da tim dwgc ludng cuc dai, ching ta ¢ cac danh sach L.
Nhu vay, ta c6 dwoc cdc chum duoc lap lich trén cac kénh chinh la cac dinh teong tng thudc L;.

4. Phén tich giai thuat tinh ding dan va do phic tap:

4.1. Tinh dang dén: Chitng minh lat cit cuc dai cho ta cach 1ap lich t6i vu.

e Taco:Véimoiw; =1,...m,L; # @ chinh la tdp cac chum dwoc lap lich. Véi mdi b; € L
ta co fi; = 1nén ZbiELj(ei —s;)f;j chinh 1a tong d6 dai cac chum duoc lap lich lén
kénh j.

e Giai thuat tim duoc luong cuwc dai nén gia tri Value(C) dat 16n nhat, do d6 tdng chiéu
dai cac chum dwoc lap lich la 16n nhét.

4. 2. Dg phirc tap tinh toan: Giai thuat gom 3 budc doc 1ap va rd rang. Budc 3 ¢6 d6 phuic

tap tinh todn la thdp nhat chi la 0(n), bay gi¢ ching toi phan tich d§ phtic tap cua hai budc con
lai:

e Xay dung mang G = (V, E): Dé thdy rang, viéc xay dung tap cung néi cac dinh thuoc I
va W 1a c6 chi phi 16n nhét, viéc nay c6 do phtic tap 0(n x m);

e Tim ludng cyc dai: Do mang G c6 kha nang thong qua va ludng trén nd 1a s6 nguyén,
nén giai thuat dam bao dirng. Chung t6i sit dung mot bién thé cua giai thuat Ford-
Fulkerson la Edmonds-Karp [1] d€ tim luong cuc dai két hop voi giai thuat tim kiém
nhi phan trong viéc tim dinh khong chong 1ap (nhu da trinh bay 6 muc 2. Tim duong
ting ludng nén do phtic tap tinh todn ctia budc nay la O(|V| x |E|? X log (|V])).

Do phirc tap tinh toan cta giai thuat: O(|V| x |E|? x log (|V])).

16
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4 Mo phong va phan tich két qua

Chung t6i thuc hién cai ddt giai thuat lap lich nhém MF_GS va cac giai thuat lap lich
nhom da duoc cong bd treong do trong moi truong moé phong la NS2 véi géi mé rong obs0.9a
[20], trén may tinh CPU Intel Core 2 CPU 2.4 GHz, 2G RAM.

M6 hinh mang dung d€ mo6 phong 1a NSFNET14 véi 14 nut 16i (C;, i = 0...13), trong d6
moi nut 16i két ndi véi mot nat bién (E;, i = 0...13) nhw mo ta & Hinh 7. Cac ludng dit liéu dén
theo phan phdi Poisson gitta cac cap nut E; va E; (i,j = 0...13). Cac chum duoc sinh theo phan
phoi Poisson tai cac thoi diém thay doi va cting nhuw ¢6 kich thudce cac chum duoc sinh ra theo
phan phdi ham mii. Méi lién két c6 6 kénh dit liéu va 2 kénh diéu khién. Bang thong trén moi
kénh la 10Gb/s. Cac tham s6 mo phong: timeslot dwoc thiét 1ap 700 ps. M6 phong duwoc thuc
hién tir tai 0.1 dén 0.9 Erlangs.

-
[ i;

s —

Hinh 6. M6 hinh mang mo6 phéng

Cac muc dich md phéng bao gom:
e So sanh xac sudt mat gdi tin ctia cac giai thuat lap lich nhom trén da kénh trudc day voi
giai thuat 1ap lich dé xuat theo hai hudng tiép can: heuristic va tdi wu két qua lap lich.
e Danh gid sy anh huong cta khe thoi gian © dén hiéu qua lap lich ctia cac giai thuat lap
lich nhém trén da kénh.
e So sanh thoi gian thuc hién cua cac giai thuat lap lich nhom trén da kénh véi giai thuat

lap lich dé xuat.

17
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so sanh hiéu suat cua giai thuat lap lich tryc tiép valap lich nhom da dwec dé xuat

0.10000

0.09000

0.08000

0.07000

0.06000

0.05000

Xé&c sudt mat goi

0.04000

0.03000

0.02000

0.01000

0.00000 - o
0.1 0.2 0.3 0.4 0.5
Tai Erlang

OLAUC @slv @UF BMCF OSSF ELGS-MC & MWC-GS

Hinh 7. So sdnh xac sudt mét gdi tin ctia cac giai thuét 1ap lich nhém theo hudéng heuristic

V6i 6 giai thuat 1ap lich nhom trén da kénh da duoc cong bd theo hudng tiép can
heuristic, qua két qua md phong trén md hinh mang duoc thé hién ¢ Hinh 7 khi so sanh x4c suat
mat gdi trén cac giai thuat nay cho thay 2 giai thuat LGS-MC, MWC-GS cho két qua tt hon so
vGi 4 giai thuat con lai. Boi vi giai thuat LGS-MC, MWC-GS véi diéu kién chon 1ap lich t6i wu
hon nén két qua lap tot hon. Trong d6 giai thuat MWC-GS cho két qua tdt nhat.

—&—GreedyOPT —#8—MF_GS OPT-GS
0.12
0.1
g
= 0.08
=19
g
g 0.06
g
s%; 0.04
0.02
o p—0 Tai erlang
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
GreedyOPT |0.00364| 0.0075 | 0.0138 (0.02493|0.03688|0.05292|0.07092|0.08931{0.11257
MF GS 0.00343(0.00695(0.01287|0.02257| 0.0336 (0.04831(0.06425|0.08137/0.10109
OPT-GS 0.00343(0.00695(0.01287|0.02257| 0.0336 (0.04831(0.06425|0.08137/0.10109

Hinh 8. So sanh xac suadt mét gdi tin cta cac giai thuét lap lich nhom theo hudng t6i wu két qua lap lich

Vi két qua md phong thé hién 6 Hinh 8 cho thdy giai thuat dé xuat MF_GS va OPT_GS
c6 xac xuadt mat goi thdp hon so nhiéu voi giai thuat GreedyOPT, do ddi voi giai thuat

18
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GreedyOPT dua trén y twdng ctia giai thuat tham lam khi sdp x&p cac chtim theo thoi gian dén
som nhat va thyc hién 14p lich cho cac chum trong danh sach dé, véi cach lam nay GreedyOPT
chi t6i wu trong trieong hop cac chtim ¢6 do dai bang nhau. Tuy nhién cac chtim sinh ra trong
mang OBS c6 d6 dai khac nhau, mat khac giai thuat GreedyOPT g6 cac chum da dwoc lap lich
ra va thuc hién lap lich lai véi cac chum dén, tuy nhién cac chum da dwoc lap lich trude d6 ¢
thé duoc 1ap lich qua kénh khac hodc bi loai bo, diéu nay sé dan dén phai gui lai cac goi didu
khién cho cac chum d6. Bén canh d6 qua mé phong ciing cho thay xac suat mat goi tin cua giai
thuat OPT_GS va MF_GS la bf“ing nhau boi vi 2 giai thuat déu téi wu két qua 1ap lich, tuy nhién
d6 phtic tap giai thuat MF_GS chi 1a 0(|V| x |E|? x log (]V])) thap hon nhiéu so véi gii
OPT_GS voi dd phtic tap 0(n*) va diéu nay dwoc thé hién ¢ Hinh 9 khi md phong thoi gian

thiec hién cta 2 giai thuat nay.
30
25
20
15

10

Thei gian thyre hién

_/

0.1 0.2 03 04 05 0.6 0.7 0.8 039
= OPT_GS (0.2187| 0.7362 | 1.4793|3.5241 | 7.5906 | 9.6455 (11.7181|16.8156/25.0109
= MF_GS |0.2596| 0.3637| 0.5125|0.5687 [ 0.6187 | 1.2844 | 1.7828| 2.525 | 4.125

Tai Erlang

Hinh 9. So sanh thoi gian thuc hién caa 2 giai thuat OPT_GS va MF_GS

5 Kétluan

Lap lich nhém khong duoc goi ngay khi mot goi diéu khién dén, cac goi diéu khién dén
trong mot khoang thoi gian (timeslot) sé tién hanh 1ap lich dong thoi cho cac chum cta chung.
Két qua cua lap lich nhdm dua trén tong s6 chum dwgc lap lich nhiéu nhét va tong d6 dai cta
cac chum dwoc 1ap lich 16n nhat. Cach lam nay r6 rang sé gitip khai thac bang thong cac kénh ra
tot hon. Trong bai bdo dé xudt mot giai thuat 1ap lich nhom t6i wu trén mang chuyén mach

chum quang theo hudng ti€p can xdy dung mang, sau do tim luéng cyec dai trén d6 thi nay dé
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tim ra tap cac chum c6 d6 dai 16n nhat c6 thé 1ap lich cung nhau trén cac kénh ra. Qua phan tich

va két qua thue nghiém mé phong cho thdy giai thuat dé xuat giam xac sudt mat chum, d6 phuc
tap cta giai thuat chila O(|V| x |E|? x log (|V])).
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