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MOT THUAT TOAN GEN CHO THIET KE TOPOLOGY
MANG CO KHA NANG HOI PHUC

NGUYEN QUY MINH HIEN, PHAM QUOC HUY

Vién Khoa hoc K¢ thudt Buu dién

Abstract. Today, telecommunication technologies and services are deploying rapidly in NGN (Next
Generation Network) networks. Quality of Service (QoS) problems in NGN networks are addressed in
network designing, deploying, maintaining phases. In network designing phase, one of QoS problems
is designing survivable networks to assure that services are not disrupted when a failure happens. On
an ATM, MPLS, GMPLS based-on network techonologies, there are many approaches for designing
survivable networks. This paper introduces a genetic algorithm for topological design of survivable
networks by a repetitively-restorable method.

Tém tat. Hién nay, véi viée trién khai cong nghé mang NGN, céc dich vu théng tin truyén thong
dang duwgc phét trién rat nhanh chéng véi nhieu loai hinh dich vu. Mot trong nhitng van de dit ra
dé 1a can phai thiét ké, trién khai mang cé kha ning dam béo chat lwong dich vu cho cic loai dich
vu trién khai trén d6. Mot trong nhitng yéu cau vé chat lwong dich vu dit ra d6i véi viee thiét ké
mang, d6 13 mang phai c6 kha ning hoi phuc d€ dam bdo cung cap dich vu véi chat lwong nhr da
cam két véi khach hang ngay trong nhitng trudmg hop mang cé su ¢d. Trén co s& cic cong nghé
mang nhu ATM, MPLS, GMPLS, cé nhiéu cach thtrc tiép can dé ddm bao kha ning hoi phuc cia
mang. Bai bdo ndy giéi thiéu mot thuat todn thiét ké topology véi kha ning hoi phuc dwra trén
phuong phap hdi phuc lap trén nhiéu dwong hoi phuc.

1. GIOI THIEU

Trén mang trong qué trinh khai thic c6 thé xuat hién nhing s ¢§ giy trd ngai cho qué
trinh cung cdp dich vu. Nhitng su c6 ¢ thé la dirt cdp, mat ngudn dién, hdng héc thiét bi,
nam ngoai s diéu khién ciia nguoi van hanh. Mot s6 su ¢ khac ndm trong dieu hanh cia
ngudi d6 1a khéi dong, cAu hinh lai hé théng, nang cap hé thong, mat dieu khién hé thong.
Nhitng str ¢6 nhw vay cé thé quy thanh hai nhém: sir ¢6 tuyén va su c¢d nit. Nhitng su c¢d
tuyén xady ra khi s ¢6 dan dén tuyén lam viéc khong chinh x4c hodc nglrng céc luéng thong
tin trén tuyén. Nhirng su ¢6 nit xuat hién gay nén su ngirmg tré thong tin trén nit dé va
cho cac tuyén két ndi dén nit nay. Thurc t& trén mang c6 thé xuat hién dong thoi nhieu sy
6, tuy nhién, xéc suit xuat hién dong thoi hai sy c6 trén mang 1a rat thap. Chinh vi vay
phan 16n cac nghién citu tap trung vio viéc gidi quyét su ¢ theo gid thiét tai moi thoi diem
chi ¢6 mot su cé.

Mot chién lirgc hoi phuc cé thé trién khai & céc 1ép khac nhau theo quan diém giao thitc
mang OSI nhir hoi phuc tai 1ép vat 1y, két ndi, mang hodc dong thoi trén nhiéu lép. Tai moi
16p, céc chién liroc hoi phuc cé nhitng dic tinh khdc nhau. Véi 16p vat 1y, cac chién lwoc
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hoi phuc cé thoi gian hoi phuc nhanh nhat khodng 50ms. Céc chién Iwoc hoi phuc tai lép
két noi thudomg dung cho cidc mang huwéng két noi nhwe ATM va MPLS. Céc kién tric mang
chuyén mach nhan thiét lap dwong dan chuyén mach nhin LSP (Label Switch Path) chuyén
tiép luru lwong gitra nit nguon va dich. Muc tiéu cia cac chién lwoc tai 16p nay 1a hoi phuc
phan Iru lirong trén cdc LSP ma bi dnh hudng bdi suw ¢6. Cac chién lirge hoi phuc tai lép
két ndi c6 nhiéu diém linh hoat nhw khong phan nhd mang thanh cic phin nhé hon hoic
khong phai gia thiét rang topology ctia mang phai cé cau tric. Cac tuyén va cac nit cé thé
tham gia trong chién lwge hoi phuc. St dung céc thuét toan hoach dinh trirée, thuong ding
dé xac dinh céch thitc t6t nhat dinh tuyén luu lwong khi ¢é su ¢d xay ra, vi du nhu trong
chién lwoc hoi phuc duwong, sé st dung mot duwong khac dé chuyén lwu lwong khi xay ra su
c6 mang. Mic dit thoi gian cho viée dinh tuyén lai lwu lirong trong truong hop thit nhat 1ém
hon trueomg hop thit hai, nhung céc phrong phap trong [2,5,8,12] chi ra rang hiéu suét st
dung bing thong hoi phuc tai 16p két ndi 16n hon dang ké so véi khi hoi phuc tai 1ép vat 1.

Céc chién lwoc hoi phuc 1ép két néi dwoc dura trén céc kién triic mang hwéng két néi nhu
MPLS, ATM ho#c GMPLS nhu da chi ra trong nhiéu tai liéu. Lay vi du cho mang MPLS,
mic dit ¢6 thé st dung cédc mang khac, chién lwoc hdi phuc 16p két ndi d6 1a chién lwoc
hoi phuc dwong dan MPLS. Dang don gidn nhat cia hoéi phuc dwong dan 14 chién lwoc 141
chuyén mach dwong dan tw dong APS (Automatic Path Switching). Trong chién ligc nay,
hai dwomg dan véi cling bang thong dwoc thiét lap gitta diem ngudn va diém dich, tuy nhién
trong qué trinh hoat dong, chi mot dwong dich vu la chuyén tai lvu lwong va dwong con lai 13
duomg dy phong (méc dit dwong dir phong van chuyén tdi ban sao cia lwu hrgng cia duong
dich vu). Puong du phong hoan toan cdch ly khdi dudmg dich vy, khi 6 mot tuyén nao dé
trén duong dich vu cé st ¢d, duomg dur phong sé duwrgc st dung thay thé. Mot chién lwge hoi
phuc khéc 13 chién lwgce 1:1 APS cling str dung hai dwdmg dan céch ly nhau hoan toan nhung
khéc véi chién lwge 1+1 APS dé 1a chi duong dich vu chuyén tai lwu lwong, duomg dw phong
khong chuyén tai. Chién lwroc hoi phuc 1:7 APS mét nhiéu thoi gian dé hoi phuc hon chién
lrge hoi phuc 1+1 APS. Tuy nhién, chién lwgce hoi phuc nay lai ¢6 wu diém la dwong du
phong khong chuyén tai lru lirong do d6 trong diéu kién mang hoat dong binh thirong, bing
thong khong duwoc tan dung, do vay lam gidm yéu cau vé bang thong.

Mot chién lwge hoi phuc khac 1a hoi phuc theo tuyén két ndi. Khéng nhir cac chién lroc
hoi phuc 1+1 APS va 1:1 APS, hoi phuc trén co s& dwong dan ([2,4, 5,8, 12]), céc chién lwgce
nay dua trén co s& ting tuyén két noi nhu trong [10,12]. Xem xét vi du dudi day.

Puong hdi phuc ctia nhu cau lru
lugng AD theo phurong phap hdi phuc
dudng khi tuyén két ndi AB bj dut
Puong hoi phuc cia nhu cau lvu
lugng AD theo phurong phap hdi phuc
tuyén khi tuyén két néi AB bj durt
Hudng cta nhu ciu luu lugng AD khi
mang chua co6 su cb.

Hinh 1. Hoi phuc theo tuyén va duong

Trong trudmg hop mang binh thuong, lru lwong gitta A va D duwoc chuyén theo duong
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ABCD. Theo chién Iroc hoi phuc 1+1 APS hoic 1:1 APS, duong AEFD dwoc st dung lam
duong hoi phuc. Khi cé su ¢d, gid st 1a tuyén AB bi ditt, cic chién lwoc hoi phuc trén sé st
dung duong hoi phuc AEFD dé chuyén tai luu lwong gitta A va D. Mot cach khéc, néu theo
chién lroc hoi phuc tuyén, lwu lwong chuyén vong qua tuyén bi ditt, cu thé trong triong hop
nay duomg AEBCD sé duwoc st dung. Chién lwoc nay cling c6 thé st dung cho céc truong
hop ntt bi s ¢6, khi d6 c¢é thé coi khong cé luru lwong chuyén qua céc tuyén cé két néi téi
nit dé. Céc két qud nghién ciru tir [10,12] cho thiy chién luge hdi phuc theo duwromg cé hiéu
suit st dung bang thong cao hon.

C6 hai phuong phap hoi phuc duwong: phwong phap hoi phuc duong theo phuwong thitc
phan tach phan liru lrong trén dwdng bi dnh hwdng sang mot s6 dwdng du phong khéc nhau
va phurrong thitc chuyén tai toan bo phan lru lwong bi dnh hurdng trén mot duwong du phong
khéc. Hinh 2 duéi day minh hoa cach thitc hoi phuc nay.

Puong hdi phuc ctia nhu cau lru
lugng ED khi tuyén két ni BC bi dut
Puong héi phuc ciia nhu ciu luu
lugng AD khi tuyén két nbi BC bj dirt
Huéng cia nhu cau luu lugng AD va
ED khi mang chua c6 su cb

Hinh 2. Ho6i phuc dwong véi nhiéu duwong hoi phuc khéc nhau

Xét lai truwong hop khi nhu cau lru lwgng AD di theo duomg ABCD. Khi tuyén BC gip
su ¢6, nhu cau lwu lwrong AD dugc phan tdch 1am hai phan: phan thit nhit dugc dinh tuyén
lai di theo duwomg AEFD, phan thit hai duoc di trén duong AGHD. Diéu nay 1 hoan toan cé
thé bdi trong nhiéu trirong hop, nhu ciu lru Iwong AD 1én hon bang thong con lai cia mot
trong cac tuyén AE, EF,FD trén duong AEFD. Vi vay chi mot phan lwu lwong dwoc phan
b6 trén dwong nay. Phin con lai phai di trén duomg khac (AGHD), miic du chi phi cao hon.
Véi phwong thitc hoi phuc theo nhieu dwong, trong thiét ké, chi phi téng cong (bao gom ca
chi phi du phong cho hoi phuc) gidm, kha ning tan dung bang thong cao hon.

2. VAN PE VA PHUONG PHAP THIET KE TOPOLOGY
MANG CO KHA NANG HOI PHUC

M6 hinh bai toan thiét ké topology mang hoi phuc sé dwoc thiét 1ap trén co s& mé rong
mo hinh dwge trinh bay trong [1] d€ tinh dén chi phi bang théng hoi phuc.

M6t mang dwge biéu thi qua mét graph vo huémg G(V, E) v6i V biéu thi tap cac nit
mang v&i n phan t va E biéu thi tap cic duomg két ndi gita cdc nit. Moi mot nhu cau lwu
lrong (commodity) dwge dinh nghia 14 nhém lru lwgng cling chung cip nguon dich. Goi D
1 tap cdc nhu ciu lwu lrong (quy doi theo don vi bps), dwgc tao nén bdi cic phan tir nam
trén duong chéo ciia mot ma tran vuéng nhu cau lwu lrong kich thude n. Moi mot nhu cau
lru lwong ¢6 thé dwoc truyen tai trén mot tap duong dan khac nhau.

~ ~ PN 7 ’ PN
Pé thuan tién, cdc ky hiéu sau dugce sir dung:
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l;; biéu thi duomg két néi giita hai nit 7 va nit j véi nhay;

¢;j 1a dung lwong duomg két néi l;;;

i biéu thi bang thong phan bé trén dé truyén tai cdc nhu ciu l;; khi mang chua c6 su ¢6;
cg biéu thi bang thong phan bé trén cho viéc du phong li; khi mang c6 su c6;

RY, biéu thi tap cdc tuyén r truyen tdi nhu cau dy; ctia hai nit k va [;

R}, biéu thi tap cdc tuyén hoéi phuc b ding dé hoi phuc nhu cau dyy;

Aij la chi phi cho mot don vi dung lwong duong [;;

f§ 1a phan luu lugng cia dy; trén tuyén r khi mang chwa bi sy ¢d;

f? 1 phan hru lwong cia dy; can hoi phuc trén tuyén hoi phuc b khi mang bi sir c6;

(V bang 1 néu tuyén r st dung duong két ndi lij dugce st dung dé chuyén tai phan Iuu lwgng
ctia nhu cau dy;, nguroc lai bang 0;

hi; > 1 1a hé s6 lién quan dén van dé tré cho phan luu lwgng fg hodc f? di qua dwong két
noi l;;, hién ¢6 gia tri bang 1;
0 < < 113 hé s6 hoi phuc phan Iru lwong cia dy,; trén tuyén r sang mot tuyén khéc, hién
c6 gia tri bang 1;
o, ¢6 gid tri 1 khi trén tuyén r, chuyén tai phin luu lwong cda dy;, c6 chita dudmg két néi
bi sir ¢6. Nguoc lai sé cé gia tri 0;
RY, 14 tap cdc tuyén chuyén tdi nhu cau dy; trén mang khi chua c6 sy cd;
R} 14 tap cdc tuyén chuyén tai nhu ciu dy; trén mang khi c6 su cd;
S 13 tap nhu ciu lru lirong phai hoi phuc khi c¢6 sir ¢6 mang;
F 1a tap su c6 mang cé thé xay;
E; 1a tap cdc duong két ndi c6 thé dnh hudng béi tap su ¢6 F;
cgf 14 bang thong du phong can phan bo cho dudmg l;; dé hoi phuc mang cho sy ¢8 f dang
xét;
GS 14 chi phi truyén tai cdc nhu cau trén mang trong diéu kién binh thuong;
Gg 14 chi phi cho viéc hoi phuc cdc nhu cau khi cé su c6.

Tir day c6 thé lap cong thitc cho bai toan thiét ké topology mang c6 kha ning hoi phuc
nhu sau: nel n

T6i thidu héa >SN+l (1)

=1 1>1

h
Sa0 €ho da= 3 f5, VkileV 2)

0
reERy,

fl)

ci] Z Z 6:]h:Jf07 Vi7j7k7l ev (3)

dreD reRy,

=3 N uahifh, ik leV (4)

dr€D beR},
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Nooft= " onfs, VigkleV. (5)

beR}, reRY,

Rang budc trong (2) nhim ddm bdo moi nhu ciu lru lrong déu dwge chuyén tdi trén
mang. Biéu thirc (3) ddm bdo biang thong phan bo trén cac duong két ndi 1a bang hoic 16n
hon Iwu lwgng trén d6. Biéu thite (4) va (5) ddm bdo bang thong phan bo cho phan lru lugng
can hoi phuc khi mang cé sur ¢. Biéu thirc (6) ddm bdo phan luu lwgng trén céc tuyén cé
su ¢6 duroc hoi phuc trén cac tuyén khéc.

Trong qué trinh thiét ké mang, cac thuat toan hoi phuc trén 16p két néi ¢é thé chia lam
hai loai, mot loai st dung phwong phap ILP (Integer Linear Progamming) nhu trong mot s6
tai liéu va loai con lai stt dung phwong phap thuc nghiém (heuristic) ([4,5,6,10,12]). Véi
phuwong phép ILP, cdc két qud dat dwoc rat tot, tuy nhién mat rat nhiéu thoi gian, cho nén
thuong phtt hop véi nhitng mang nhd, c6 s6 lwong nit it. Nhimg thuat todn thurc nghiém
mat {t thoi gian hon, dit vay céc két qua dat duoc cling gan véi cde két qud tir phrong phap
ILP. Trong nhirng mang c6 s6 lwong nit nhiéu, lén dén hang vai chuc nit, thoi gian can thiét
deé gidi quyét bai toan la rat 16m, dic biét trong nhirng truomg hop s6 durong két ndi lém nh
mang ludi day du (full mesh) can st dung nhitng thuat todn thuc nghiém. Céc phwong phdp
thire nghiém nhw ([4,5,6,10,12]) gidi quyét vAn dé hoi phuc mang dwra theo hai céch tiép
can 1a dinh tuyén lai dura trén duomng ngdn nhat ([5,6,10]) hodc trén nguyén tic luong curc
dai ([4]). Tuy nhién, ddi v6i cdc phuong phdp nay déu thuomg dwa ra gid thiét khi xay dung
thuat toan. Céc thuat toan trong [5,6,10,12] dinh truedc mot tap cc tuyén hdi phuc va st
dung trong qué trinh hoi phuc mang véi gia thiét rang s6 lwong tuyén hoi phuc 1a nhé. Mac
du trong [5] chi ra rang viéc str dung t4p tuyén hdi phuc nay anh hwdng dén két qua va mé
rong hon tap tuyén hoi phuc, hodic trong [4] cho rang céc tap cat (cut sets) 13 nhé thi viec st
dung tap tuyén hoi phuc (hay cdc tap cat) dwge dinh trude sé lam gidm khd ning tim kiém
gidi phdp. Nhitng gid thiét nhir vay cé thé khong phit hop cho cdc mang 16n ma s6 lwong cac
tuyén hoi phuc hoac s lwong lat cat cho céc ciap nit 1a rat lém.

Vi vay, phwong phap dé xuat & day 1a khong stt dung cdc tap tuyén hoi phuc, hay céc
tap cat dinh trudc dé gidi quyét bai todn. Véi moi topology mang dwa ra, cdc tuyén hoi
phuc dwoc tinh todn trén co s& duwdng ngan nhat. PE tdi wu viée thiét 1ap tuyén hdi phuc,
moét trong nhitng van dé quan trong cin gidi quyét dé 1a lam thé nao dé ting hiéu suat st
dung céc kénh hoi phuc, titc 1 tang t6i da viéc stt dung chung bang théng hoi phuc trong cac
truomg hop mang g&p s ¢6. Phuong 4n dé xuat & day 14, 1dp lai (mot s6 1an nhét dinh) qua
trinh thiét 14p va phan bo bing thong hoi phuc, véi moéi lan 1ap 13 qué trinh lwa chon ngau
nhién céc su ¢6 trén mang. Qud trinh lip va 1y ngau nhién cic s ¢6 sé cho phép tim ra céc
gidi phap c6 hiéu suat st dung bang thong hoi phuc hiéu qua hon.

Phwong phap thiét ké duwoc dé xuat nhi sau: Str dung thuat todn di truyen dé tim mot
topology mang ddm bdo truyén tdi tap D cdc nhu cau, sau dé thuc hién qud trinh dinh tuyén
lai cdc nhu cau liru lirong cin hoi phuc theo phirong phap hoi phuc dwong trén nhieu duwong
hoi phuc khic nhau. Qud trinh x4c dinh cdc duwdomg hoi phuc sé duwoc 1ip véi mot s6 1an xac
dinh. Chi phf tong cong cho cd hai qua trinh nay 1a co s& dé tinh mitc A6 phit hop (fitness)
trong thuat toan gen phuc vu cho qué trinh 13p trong cdc thé hé tiép theo.

Thuat todn gen [1], véi phwong phdp ma hda theo thir tu dwa nhu cau lru lugng 1én mang
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cho nhitng mang ma dung lwong duong két ndi 1a hiru han, dat hiéu qud hon cdc phwong
phédp ma héa khéc trong céc tai liéu [7,9,11]. Mo6i nhu ciu sé duge gdn mot s6 xac dinh.
Chuoi céc s6 nay sé tao nén mot trat tu dira cdc nhu cu lru lrgng trén mang. Vi du, gid st
mot mang géom 4 nit véi cde nhu cau hwu lwong 14 Dyo, D13, D14, Da3, Dag, D34 va dwoc gan
s6 lan lwot 14 1, 2, 3, 4, 5, 6. Nhur vay néu theo mot chudi trat tu vi du 234516 sé tao ra mot
topology mang khi Iin lwot sip xép cic nhu cau liru lwong D13, D14, D3, Doy, D12, D34 1én
mang. Cac nhu ciu lru lrgng dwgce sap xép trén mang trén co s& thuat toan duomg ngan
nhat. Trong nhitng mang c6 dung lwong duong két ndi vo han hodc rat 1ém so véi nhu cau
lru lrong thi trat tu dwa cdc nhu cau lwu lwong 1én mang khong lam dnh hwdng dén chi phi
tong cong. Tuy nhién, & nhitng mang c¢6 dung lwong hitu han, trat tu dwa nhu cau luru lwong
tac dong rat nhiéu dén chi phi tong cong.

Khéi tao thé hé khdi dau dwoc thue hién bang céch sinh ra céc chudi véi trat tur ngau
nhién cia céc s6 gan cho céc nhu cau lwu lwong. Vi du nhir cic chudi 234165, 623415, 342165...
sé tao nén cac topology mang khac nhau.

Toan tir lai ghép, dua trén co s& st dung chudi trat tir nhw trén, gitta hai ca thé cé kich
thure chuoi N, lai ghép tai vi trf L (L < N) bat ky, vi du L = 3, sé duge thuc hién nhu sau:

C4 thé 1 thé hé n: 136425

C4 thé 2 thé hé n: 234156

C4 thé thé hé n + 1: 136245

Nhu vay nguyén tac lai ghép la tir hai cd thé thé hé dau kich thudc N, lai ghép tai vi
trf L(L < N), thé hé sau dugc tao ra véi kich thuée N va chudi duge thiét 1ap véi L phan
tir dau 1a L phan tir cia chudi thit nhat va N — L phan ti tiép theo 14y tir chudi thit hai,
bang cdch duyét theo trat tu cda chudi thit hai, phan t& dwoc lay 13 phan tir khong xuat
hién trong L phan ti& dau.

Toén tit dot bién, thuwc hién trén mot cd thé nao d6, tai hai vi tri K va L(K < N va
L < N), duogc thuc hién bang cdch hodn doi hai vi tri K va L cho nhau, vi du K = 2 va
L =5.

C4 thé i thé hé n: 234156

C4 thé i sau khi thwe hién dot bién: 254136

Ngoai ra cé thé thiuc hién toan tir dot bién thong qua viéc quay vong phai hodc vong trai
tai vi tri L ciia chuéi N nhu sau:

Quay vong phai tai vi tri L =5 véi ca thé i: 234156, két qud tao ra cd thé: 562341

Quay vong trai tai vi tri L = 3 vé&i ca thé :234156, két qud tao ra ca thé: 156234

Tai giai doan nay, tap cdc duong két ndi l;; cling v6i bang thong phan bo cj; va chi phi
Gi; dé dam bao truyén tai cdc nhu ciu lwu lwgng 1a dugce xéc dinh.

Tiép theo, ta tinh bing thong dur phong 05 va chi phi cho viéc cdp bang thong dir phong
Gf;- cho viéc hoi phuc mang khi cé su ¢6. Dé tinh toan bang thong du phong, xem Hinh 3
sau.

Tir Hinh 3 cho thay, gid stt tap su ¢d bao gom tuyén AB va BC c¢6 thé c6 su cd. Gia stt,
khi tuyén két néi BC bi su ¢6, nhu ciu luu lwong Dap va Dgp sé duoc chuyén tir duong
dan ABCD va EBCD sang duwong dan AEFD va EFD. Viéc chuyén sang cac duwrong dan méi
ciing dwoc thue hién theo thuit todn dwong ngén nhit. Trong trirdmg hop nay, gid st nhu
cau lru lwong Dap va Dgp nam trong tdp S (tap can phdi bdo vé) thi, bang thong du
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phong trén tuyén két néi EF va FD cho sy ¢d tuyén BC dit lan luot 1a CF. va CF, bing
tong nhu cu lru lwgng Dap va Dgp. Béng thong du phong trén tuyén két néi AE la CE;
sé bang nhu cau lru lwong Dap.

,,,,,,,, »  DPuodnghdiphuc ctia nhu cau luu
Iugng ED khi tuyén két n6i BC bi dut
Pudng hdi phuc cia nhu ciu luu
lwong AD khi tuyén két ndi BC bi dut
Hudng ctia nhu cau lvu lugng AD va
ED khi mang chwa c6 sy ¢b

Hinh 3. Huéng nhu cau luu lwong Dep va Dap thay doi khi mang c6 su ¢

Tiép tuc xét tiép trwdomg hop su ¢ 13 tuyén két noi AB dit, khi dé chi ¢6 nhu cau lru
lwvong Dap dwoc chuyén sang duomg dan 1a AEFD. Trong truomg hop nay, bang théng du
phong s& duwrge phan bé trén céc tuyén AE, EF, FD Ian lugt 1a Oy | CZ. va CE, bang véi
nhu cau lru lwong Dap . Tuy nhién, do bang thong dur phong da diwroc phan bé tir truée cho
truong hop su ¢d trude (BC dirt) 1ém hon bang théng dw phong can cho truong hop nay,
nén bing thong du phong khong phai phan bé thém. Va nhw vay, treong hop sau khong cé
chi phi cho viéc phan bo thém bing thong du phong. Nguwoc lai, trong triong hop sur 6 doi
hdi bang thong du phong 1ém hon bang thong dir phong da cip, thi bing thong du phong sé
bang bang thong du phong méi va chi phi sé tang thém mot lwong bang chi phi cho phan
bang thong tang thém.

T dé ta co:

B_ Bf .x. Bf- B .s» Bf_ s
cj=c¢; néu ¢ Zci va ¢ <oy c (6)
B_ B . x Bf _ B
cij =c¢; néu ¢ < ¢, (7)

khi dé chi phi Gf;- cho viéc cap bing thong hoi phuc sé dwoc tinh trén co s& cho céc truong
hop (6) va (7).
Thuat todn tinh todn bing thong va chi phi cho viéc hoi phuc mang dwgc mé ta nhu sau:
Procedure Resilent_Cost()
Cg =0;
for N =1to N = Npax do
for |F| su 6 trong tap F do
Lia chon ngau nhién mot su ¢d F;
Xéc dinh tap céc dudng két n6i Ey bi dnh hudng bdi su cd;
X4c dinh cdc nhu cau luu lwgng S;; cin phuc hoi sit dung céc duomg két néi Ey;
Cép nhat lai G(V, E) trén co s& loai b cac dwong két noi Ef;
Dinh tuyén lai cdc nhu ciu lwgng S;; trén G(V, E) theo dudng ngén nhit;
Xéc dinh bang thong hoi phuc;
Xéc dinh chi phi cho bang théng hoi phuc;
Tra lai cdc dudmg két néi Ef trong G(V, E);
end
Xic dinh chi phi bing thoéng hdi phuc t8i thiéu;
end
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Qu4 trinh tim kiém céc duwong dan méi sé loai bd cac dwong két ndi ma khong con biang
thong cho viéc hoi phuc.
Céc két qud tinh toan chi phi bang thong ij, Gg dwoc st dung d€ tinh mitc do phit hop
cla céc ca thé. Nhu vay, toan bo thuat toan thiét ké dwoc moé ta nhu sau:
Procedure Algorithm_Resilent_Network()
Khdi tao thé hé dau P véi so lwong N;
for gen =1 to maxGen do
for j =1to N/2 do
Lua chon ngau nhién cé thé bat ky trong P;
Chon hai c4 thé c6 mitc do pht hop cao nhat trong ba ca thé;
Lai ghép hai cé theé;
end
Tao cac c4 thé dot bién tit P véi mot s6 lwong xac dinh;
Khdi tao mot s6 c4 thé méi véi s6 lwong xac dinh;
Tinh todn mitc d6 phu hop ctia céc cé thé méi; // tinh cd chi phi héi phuc
Lira chon N cd thé méi c¢6 mitc do phit hop cao nhat trong toan bo tap ca theé;
Dua ra cic két qui;
End

Mot cach tiép can khic durra trén mot cdch ti€p can da duoc dé xuat dé 1a sir dung thuat
toan di truyén tim mot topology mang véi chi phi thdp nhat (chwa cé kha ning phuc hoi)
trong viéc ddm bao truyén tai tdp D céc nhu cau luu lwgng. Mitc dd phu hop (fitness) trong
thuat todn di truyén chi dwoc tinh cho giai doan dau. O giai doan sau sé dinh tuyén lai céc
nhu ciu luu lwong can phuc hoi va chi phi cudi cling 1a tong cia hai giai doan. Viéc so sanh
hai céch ti€p cén nay sé dwoc thé hién qua mot s6 két qua tinh toan dudi day.

3. MOT SO KET QUA TINH TOAN THU'C NGHIEM

Mot s6 két qua thu duwgce trong qué trinh thire hién hai phwong phép tiép can trén dwoc
dwa ra & day. Tat ca cac két qud dwoc thuc hién trén co s& lap lai mot s6 lan. Pé so sanh
tinh hiéu qua gifta viéc st dung chi phi thiét 1ap mang chwa cé dur phong va chi phi tong cong
(gdbm cd chi phi dur phong) dé tinh mitc do phtt hgp cho thuit todn gen, mot mang 20 niit
duogc st dung. Cdc ma tran nhu cau leu lugng, dung lwgng cdc duomg két ndi, chi phi dung
lwrong dwong két nai,...dwoce sinh ngau nhién béi chirong trinh. Céc nhu cau lru lwong dwoc
quy d6i cé gia tri tir 0.5Mbps dén 2.5Mbps; dung lwong duong két néi cé gia tri tir 3Mbps
dén 5Mbps; chi phi cho mét don vi dung lwgng kénh két néi tir 5000 dén 35000 cho 1Kbps;
kich thuée dan s6 dwoc dat véi gid tri 25, s6 thé hé 1a 50, ty 1é lai ghép 1a 45%, ty 1é dot bién
13 30%, t3 16 tao c4 thé mai 1a 55%.

Trén cdc Hinh 3a va Hinh 3b trinh bay céc két qua tinh todn. Chi phi G1 va G1’ ing véi
truomg hop thiét ké topology mang véi mirc do phit hop trong thuat todn gen dugc dwra trén
co s& chi phi G1 ma khong tinh dén G1'. Nguoc lai, chi phi G2 va G2’ 1a cho trudmg hop
mitc do phit hop dura trén chi phi tong cong G2 4+ G2'. Céac chi phi G1 va G2 1a chi phi thiét
lap mang chwa c6 dir phong. Céc chi phi G1’ va G2’ 13 céc chi phi cho viéc héi phuc mang.
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Ho6i phuc dudomg trén nhieu duong hoi phuc

Céc két qud tinh todn cho hai trwomg hop hoi phuc dwdong cho thiy rang viéc sit dung
chi phi tong cong lam co s& tinh mitc do phit hop cia thuat todn gen sé cho két qua tot hon.
Trén co s& nay, cic tinh todn tiép theo dwoc thirc hién nham so sdnh ba phuwong thirc: hoi

phuc dudng trén mot dwomg hoi phuc (non-bifurcation) - phuong thire 1, hoi phuc duong

trén nhieu duong hoi phuc (bifurcation) - phwong thitc 2 va phuc hoi 18p 14 phwong thirc

duwoc dé xuat & day dua trén co s& lap lai mot s6 [an qué trinh phuc hoi dwong trén nhieu
dwong hoi phuc - phrrong thire 3.
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Hinh 4b. Truong hop nhu ciu
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40% liru lugng toan b mang

Hinh 4c. Truomg hop nhu ciu luu
luong cin du phong chiém 60%
Itru lugng toan b mang

Trong [12] dwa ra thuat toan hoi phuc MCR (Minimum Cost Restoration) véi ndm buée
thire hién. Hai budc dau vé noi dung twong tu nhu phuwong thire 1 trinh bay & trén. Ba buée
sau thuc chat 14 qué trinh t6i wu tiép dwa trén qué trinh tim kiém cuc bo tir két qua cia hai
burée dau. Phwong thitc hoi phuc theo thuat toan MCR dwoc xay dung nham lam co s& so
sanh v&i thuat toan hoi phuc lip dwoc dé xuit tai day. Trén Hinh 4a, 4b va 4c thé hién cac
két qua dwoc thuc hién trong diéu kién khic nhau vé yéu cau mirc dd phuc hoi tai cic mirc
6 12%, 40% va 60%.

Két qud cho thdy viéc thuc hién phuc hoi theo phuwong thitc lap cho két qua t&t nhat.
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Nhitng trueomg hop mitc do yéu ciu phuc hoi ciia mang 1a cao tir khodng 40% trd 1én, cac
phirong thirc hoi phuc 2 va 3 dang xem xét cho két qua t6t hon doi chiit so véi thuat toan
MCR & [12]. Nguyén nhéan 1a do trong nhitng trurong hgp ma yéu cau mitc do hoi phuc cao,
viéc st dung phwong phap hoi phuc nhiéu duong cho két qua tot hon phirong phép hoi phuc
khong trén nhieu duwong ma thuat toan MCR 4p dung. Véi triromg hop mitc do nhu ciu hoi
phuc thap khodng trén dudi 10% ho#c twong dwong véi céc trudomg hop ma dung lwong cic
duwong két néi con du thira nhieu khi so sanh twrong doi véi nhu cau can hoi phuc, thi thuat
todn MCR, cho két qud troi hon doi chit (Hinh 4a). Két qud nay do khi mang con du thira
bing thong, phwong phap hoi phuc trén nhiéu dirong ma phwong thitc 2 va 3 4p dung khong
vuot troi so véi phuong thite MCR 4p dung. Mét khac, vé ban chdt, thuat todn MCR ciing
ap dung mot qué trinh tim kiém t6i wu dé cdi tién chdt lwong cia gidi phap dat dwgc. Tuy
nhién, cling can Iru y rang, khac véi thuat toan dé xuat & day thurc hién theo bién da thitc
thoi gian (polynomial-time bound), thuat todn MCR la thuat todn thuc hién khong theo bién
da thitc thoi gian. Do vay thoi gian chi phi cho viéc thire hién thuat toan MCR rat 16m, gap
nhiéu [an thuat todn dé xudt & day.

Goi chi phi cho viéc thiét ké topology mang c6 kha ning hoi phuc cho truomng hop 1 1a
C!, twong tir cho phwong thitc 2 va 3 14 C?,C3. Trong Hinh 5 dwéi day, truc tung dwgc
tinh tir ty s6 cia (C* — C?)/C*t va (C! — C3)/C! twong tmg v6i phuong thire 2 va 3 nham
so sanh mttc do tich kiém chi phi cda céc phwong thitc hoi phuc tai cac mitc do yéu cau hoi
phuc khic nhau. T Hinh 5 cé thé thay ro viéc st dung phwong thitc 1ap - phwong thirc 3
c6 mitc do tich kiém chi phi hon hin phwong thitc 2 khi mitc do yéu ciu hoi phuc ting tir
khodng 40% trd 1én. Phuong thitc hoi phuc trén nhieu duong - phirong thirc 2 c6 nhiéu hiéu
qué hon so véi phwong thirc hoi phuc trén mot dwong - phwong thire 1, tiy thudc vao tirng
mang, mirc dd hiéu qua ting dan theo mitc do ting cia nhu cau lwu lwong can hoéi phuc va
dat dén mot gid tri ndo d6. Sau dd, mirc do hiéu qua lai gidm khi tdng mitrc do nhu cau lwu
lwrong can hoi phuc. Piéu nay 1a do khi tang qué mirc dd nhu ciu lwu lwong can phuc hoi,
can thiét 1ap cdc tuyén méi, doi véi cde phwrong thire déu khong tich kiém dwoc chi phi.
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Hinh 5. Chénh léch chi phi thiét ké khi sit dung phirong thitc hoi phuc 1 véi 2 va 3

Véi cc két qua tinh todn nay, chiing toi thuc hién thiét ké topology mang cé kha ning
héi phuc cho trromg hgp mang 35 niit va mang 50 nit véi mitc do nhu cau hru lwgng can
hoi phuc 14 12% cho hai phwong thirc: phuc hoi trén nhiéu dwomg va phuc hoi lap. Céc két
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qud dwoc thé hién tai Hinh 6a va 6b dwéi day.
Tir két qud tinh todn so bd cho thiy, trong mot s6 triromg hop thure nghiém nhw trén,
phuwong phap hoi phuc lap cho két qud kha quan.
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4. KET LUAN

Qua céc két qua tinh todn & trén cé thé thdy, thuat toan hoi phuc lip duwoc dé xuit &
day cho két qua tinh toin tot hon so véi mot s6 thuat toan khic da duoc dé cap trudce day.
Mitc do tich kiém chi phi cia thuat toan cang lén khi mirc do yéu cau phuc hoi lwu lwong
mang cang 16n. Mat khac, qué trinh thiét ké mang véi viée két hop gitra qud trinh thiét ké
mang trong diéu kién binh thuong va qua trinh tinh todn phan b bang thong hoi phuc dat
két qua tot hon viéc phan tach hai qud trinh tinh todn thiét ké riéng biét. Qué trinh tinh
toan ciing cho thdy, viéc stt dung céc phwong phap hoi phuc duong trén nhieu dwomg hoi
phuc cho phép st dung bang thong hiéu qua hon, tich kiém chi phi, khd ning thiét ké mang
linh hoat hon. Thuat todn thiét ké topology mang hoi phuc nhu trén cé kha nang thiét ké
cho cédc mang luéi day did, dung lwong hitu han véi s6 lwong nit 16m, dédp ing nhu cau thiét
ké cdc mang 16n trong thue té.

Gioi thiéu chuong trinh:

Thuat todn duwgce thue hién qua chwong trinh xay dung trén ngon ngir 1ap 1ap trinh CT.
Chuong trinh cho phép nhap hodc tir sinh céc dit liéu dau vao nhur ma tran nhu cau, ma tran
két ndi, dung lwrong dudmng két ndi, gid don vi cho cdc dudmg két ndi, tap cac duwong két ndi
c6 thé bi sir ¢b, tap céc nhu cau can bao vé. Cac tly chon khac dwgc hd tro nham ting kha
nang tim kiém trong phan thuat todn gen cia chwong trinh nhw dit kich thuéce dan so, ty 16
lai ghép, ty 16 Aot bién, ty 18 tao ca thé méi,
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