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Computational Complexity Analysis of Virtual Network Mapping Problem
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(Quzhou College of Technology,Quzhou,Zhejiang 324000, China)!
(Institute of Computer System and Network Security,Zhejiang University, Hangzhou 310027, China)?
Abstract Virtual network mapping plays a central role in network virtualization, which maps the virtual nodes and vir-
tual links to the underlying substrate network nodes and paths. respectively. while satis{ying the constraint of virtual
network construction. This paper categorized the virtual network mapping problem according to whether all the virtual
nodes are already mapped,whether the substrate network supports path splitting and whether the substrate nodes sup-
port repeatable mapping,and then completed the computational complexity analysis of the feasibility and optimization

problem of various virtual network mapping for the general network topology model and some special network topology

models.

Keywords

1 B

W 2% f A2 T — QR R L 88 308 1R WLz R
TE S 2% ) 46 D) BE RE 10040 19 T B2 B0R SRl i il g o
E R %% #25 ATL T 7 IS JZ 4 SRR B R Al s HLRT LR R A
£ 2 480000 DACTAT A T R AL 2 R i 0 £ I A5 L R AL IR
SO R 1 25 e DA S i L B T AR IS W BRI Oy R LR
i B U 5 ELAE 53 C B 0 I o0 2505 AH L B 2 TS 1. KB LR
e L B e N i e SN 8 ) Y Al = R R e N b 7/ B
o0 1 P R ) DT M 2

AR AR 0L 0 g A i SR B 25 B Ik A8 = WS B M, TR R
00 B S 17 R Ay 1 L B S5 i AT 7 2k R 0L 0 e
()AL, 7 A 2 AU o e S5 [ b LG Al B A R A R Al 2
PO 452 (U R A W45 o T 7E 7 22 M 0L D0 Il S [ e, 2 A i 40
o g S 3 SR B K e B I 4 AL 0 A S 3 SR R B0 1 L
W E S A S22 AR A B S T e S 5 R 0 5 e
b SR ) B AR G R A I DI 2R L TR B M A0 0 A A Y
W &5 B 5 ORI AR T o B 00 0 S B9 O A B AR — BT B N

F W] .2018-02-12 & & HH:2018-04-07
(2015AA015602,2015AA016013) % [,

Virtual network mapping,Computational complexity, Strongly NP-hard problems,Optimization problem

A /NSy B B AR e B/ W B B AR
W4 o A SCHE LISCAS e /N R AL A6 B A 89 B8 R 400 100 Ik 55 ] At
P g A i 01 PO W S A Ak [ A

M $UL P00 W S5 ] REUAR JHL A2 2% L B 17 ARG 0L 0 g s oK 2
0 T © A A X Mg AU 19 e S5 (R R AT 23 2 b L 38 T AR 4 1 1
TR W R B IS 2 B R A SR I AR S I N i
YRR AT S AT W SRR AR L K 0L IR e S ) R
6 285 IR SRy 24 0099 A IS 0 00 S 77 A 0 BT 5 75 S
AW R D

A AU 8 Bk S5 ] 850 S R At A B AP 56 T 4% 288 1 0L IR0 ik
SR TS A ME M WE R A AT AR SE R R A 4 D7
[EPSSEARR SR/

1) 5 F B HE S0 e SO AL TR R A 4538 . (DSCHRL 13 ]2
T2 M43 E1 IR NP [R]85, 45 R 80599 s e S R 0 IR 2
B AN ST AR B A 43 R A BT AN T A SR 1 SR 1 4
Do e 55 05 Ak )R NP IR R 45380 O F R 2 1 2L
AN SR B AR A3 TS A I 0L e SR 7 A B UL
WIS O A T AT 2 NP e ) R Tip EL 2 S AT LY NP s

ARICZ WA A RFBE ISR B H (LY14F020010) , [ 58 863 fm £ A BF 58 & & 11 % 151 H

RBE969—) B Wi+, B, EEWFE T R 4 R B R L KT 5 BT E-mail : yjj691121 @126, comGEFVEH ) ; REFERH (1967—),
Tt Rz, BRI 5 h T R R G Ak T EE R R 4 I M A s S R AL L R A | R 4 e 4 S B A



88 B N N = R

2018 4F

RIS, AR 2 BRI S 45 A 4 0 EL R LYY AR e 2
R U BEA AU 190 e S AT b ) U PR A C 22 0 ] T
[F ) S5 DR Sy A s 0L 00 B S I ) AL AT A 24 S A R £
22 L ) AL T 22 R O ) R P ) AL AT e R ok
SRAf o R AT F AT 6 2 FLAS HE 001 i S I Al ) Y 2
Mot R se

2) KT B HE UL I i S5 T AT ) R (8 S 2B A AL B B Y
FAAS R 0L W S [ D) B 2598 . D SCRRCSJTEMA T 764 BE Y 50
AR A IR ST R R 7 M DL A RS A 1) EL 4 B TS S35 g A
R FIRTE LT B R 40 9 e S5 mT 47 (A2 NPC [, @ Sk
[15 JHE B T 76 k48019 s i 22 60 HL 4 31 R S 42 43 1 114
T BUT o BR K FELI ) FT A7 ) NPC R, 27 ik J2 4 3
00 3 45 B A% 2 50 L M 4D0CTY AT e S5 L R0 U B A UL R il S5 T
AT IR R S P[RR PR Ay A 0L e S AT AT ) R AT L
299 AL R 22 B R DR, T A ETASE AR T 6 2K
A HE 81 PO IS5 AT AT () A e 3 2 [ A AT R PR S AT

305K T 1 4 R UL I e S5 AL R AU SCRR LT B A
JZ W 3 0 A SR AR 2 BB DL L 4 A S S e - O AL
A W R A R Bk M UL I B ] R B NP ¥fE ) R
@ R AT —A> M AU R 37 oK A 47 Bk 15 2 1 0L 0 Il S5 ] A2 T
NP-f ] B 5 D BT A7 M2 40 190 3 ol B2 5 B A e 480719 o 9 4% Bk
T2 K AL T I ST I R B NP o] s D i B ) A A
R R 2 R UL 19 e T 1] A s NP R, S
LEIE @ TN AN G HE DL AT RS R A LR ) R R R T S A
PR3 ) BERT R A SCH EE A WA R UL IR SR ) A AR
& NP-XE R, T, B AT A X 2 2 0L 15 e S (] ARG
TR IR T B S

4) 5T AE 2 e P e S5 [ A Y 4538 . O SCHRL16 JIEM T
PR E CIEREYD R LRI IE e Fr lb 2 # 1m T 55 K @3
TRCLS JUE W] T B0 0 0099 0 e S 2 000 AT B 7R R B 1A
A E TS R, K, W BL B PS5 98 9 R 6
PRI AL AL B P PR R — A B R AT R E AR
SR I 3T A Lt 2 ) T IR 5F R TR 38 HE 8L A U R
T Yy EE R TR SO AR e K B R TR SR I A
S5, 70 2 A0 190 W SR ) R PR R E TR R R S A Ik
(S B/ 7 PN

25 BT IR v 2 1 400 TR0 I S ) R A 2 0L I Bl S5 )
HO T 52 2R R 0 AT A O S8 L T OG T B O UL 1 e 8 A 1)
JUFITERL A i U 190 Il S5 AT AT ) R A T B O A P A T 0 R SR
AR ST Yo A R AL 190 IR S5 DA P ) T B A i 0L 190 IS5 T 47 1)
B E ST XA T R A BT A5 I8 Y X 2 R AT T S A
e BT E R E TR0 NP-E [ SR NPC 5] f5 48 )5, %)
i) B A TR A A 0 BT 45 8 B0 LA 2K TR 2y 1T R A TR
Or BT S s B BT — SRR IR 9 455 4 SR B A 0L IR
Wl S 015 Ak 1) F30 0 AT A I S A7 3 58 52 A PR a3 A

2 [ 2% A Y 0 i HL ) R S 5] R 4 ik

2.1 MR
B MALEE G =N EO) R, Hh N E°44)
FORYFAT SR HEE B S L)) R b(e)) I B FRIRE i

AP A n? B CPU & BRI j 40 BL4E K o) 19 5% %
e

FER T B G = (N L E) Fom, Hdh N fIE? 2 5
FooR LT SRR BLBE K AR S c DR bCe) S R R A
AT ] 1 CPU % FEE £ 55 8 BUEE I o 1Y B B 7
B, ) B B 1L 1 58 A2 K 0L I B S S T 3R AR B RS R o
2.2 BRETEEHE R

TE X VCE A J 400 I B G T AT I D 45 5 — A FE
G'=(N",EOM—BUML G/ =(N' ,E) R — A1 17
P4 R 0L DO B 5 5 . AL I e S O A K R L 45 G it
FNIYIM GO 1 — A F & b, BRT A3 R AT AT B9 R LY A
W S5t 5 SR AN T AT R 4DLEE B B R . D R AU S O R
AR RBT A o/ € N BRI AT A L R
AT ER n) e CPU &M c(n/) s 5 58 BUTTA K #LT A
SR AP BT S R B CPU A8 2 A H 49 B
TR CPU 284, 3% J7 S8 88 g AT AT 14 JE 40005 s et o 2
2) HE $N B W IR O SRR NG T SR R L BE I of e/ € DB BI L
el AT AN YT AT I S 1 0 BT A Sy S Y G B B B AR I
IFi) s T IS5 1) ) B0 B A% 40 B 58 0 (e ) 5 58 WU 1 0L
WG L 45 BRAE B b T A T 09 A O 2 A B A Y
PG I A G, U SRR R TTAT Y Mg POLE B BB R

TE X 2 A HE 400 B G A A I D 45 5 — A FE
G'=(N",EDM—ABEBMMLE G' = (N ,E) ,Kff—A A&
Fe/INBTTAT M 400 190 B 5 5 8 o L v TT AT () i 0L 0 e S 6 1
FE SR SE 1, AE B A RIE S A s R AR i £
SR I U I 4 K AR TS S AR 1 A SR
05 s B WA S SR 43 T 4 R UL ) ) B YT A CPU 2 kR
Wy R N S

R 4 R AT A e R S L R S R A )
AP B R T SRR W B AN R LI Bl S AT AT (] A A
B LT W S O Ak R) R AR T A 4 6 Fh AL, S AN TEY
P SRR T WG A LT e S B0 A W] 4 B A A R L
TR I FF) A0 4 RN R A

3 HEERMESHN

T AT o — i I 45 AR L X 45 28 i 001 ke S T A T
TR Ak ) RS A T 315 52 A= Pk 43 #T
3.1 EBT RBHBEMAER

HEIZ A BL R 5 2 P00 P e S5 T A i) A0 A A T S0 AR 4 4 B
P 2 15 SRR AR 43 N AT DA AR A 2, X I S R B AR
FENA QT BT B KR 0L 00 B St T A ] AR B A K 0L e g
AR IR P IRJH, Y B0 R S R A8 4 B 58 T T

TEIE 1 A5 HEOR ST RE B AR 4 ), U B A K 0L bl g
A AT ) B2 % NPC [ {3,

UE W - D AT 32 48 8 1% o) Y — A it 5 52, mT o 22 002Ut
] Y 98 UE 1% S A R AT , MO R R F NP [, 2) iR
A A A% 0] B2 NPC [a) T Hog LR 452 — Bl G=
(NLE) AR G A m AT (w50 | 1<<i<<m ), B3R
e G 3R B TE 123X m A TS B m S8 AL AR
3) 13 7S A2 B A% 17 S5 TT 22 XN ] U 24 303 S A B B



511 3

ARIE G A AU O S5 ) ) B A A P 0 89

L0 B S5 T A [ R A A D A A AN R - B GO (N,
ED =G, iAW M A LEBWYE G =(NL,ED,
Hp N ={u,o ) U Ul E ={Cuysv)} U U
{Cu oo b3 T B9 HE BLBE B S0 AT 1. AR IRe s 19 04
R A0 0 e St R A ) RA T AT A 24 LS 24 X A AN R S s
[) AT AT AT fiff o 5 b A R B 0L TR B S T A ) R
NPC [7] f8,  HL i ) 1Y 2 40088 o % B AR 5% NPC [l 181
RE IOV AL R S ST Y

AR B KR NPC [A] 8, 1% 25 B A i 0L 1) e 2 1T 47 [i] A
CHIE [a) 180 7T L 22 300 2 B[] P 52 0 24 380 A N 288 7 SR i 400 1)
e SO0 Ak )R, SO DL R S .

IS 1 AR SR AR 4 D) PR R L e it
ek T R 5 NP X 7] 8,

3.2 BT A RMAIELR

FEAZNE LR 000 e S5 T A ) AR R A T AR 4 4 B
P90 S8 15 7 45 I A8 43 0 R4 BV AR A SR R A2 Mg, BT L
L KE

BN 3BT S T AT D A — T YHRG =
(N EDFI— DB G/ = (N ED SR it — A HE L 5
WS 77 98, 3% 07 22 0 U R - 1) BT AT I B ML A i B 07 %2
IAFAE— B A W] AT Y 406 s S5 42

SCHRL20 3E B T 40 3 s SRk o 5T WA L ) S 4
5 A 4 0 1 B UL YT A WS TT AT o] U NP A (), R LY
5 B AT A 1) AR RE SCRT A 32 ) T 22 0 X i U 2 20 AR
O (14 BRLA K 0L D0 B S T A [0 5 [ B A 46 S B M 40T B
ST AT ) A — A B 5 48, T AR £ 002U ] D 3R TR IR O %
BT A LTS .

Wit 2 HYHMM LA E LY SR EL
B 555 D) B A g 40 P B 6 7T A7 ) B NPC ) i,

TE2 HYHM LKA LYY AALFEL
e S5F D) A i 400 T e S A o] R T NP )

TERA - 1 W 2 = i A 45 2K BR 17 7 1n) B (TSP J2&: 5% NP-
MEM] R, E AR . O R = A A% U R AT R )Y A 2
MW E—ANREETmE G=(V,E), K840 (u,v) €EE
BYBE B 2 d (uso) s HAR R 3 AT wo 1o 2 1] 1) BE 55 3 2
AL du ) <d(u,w)+ dw,v) s BREH G hiEE
I HT I P B R, ) MG IR A I R R TR 45 0 I 1) R
G'=W EDW R — A& B G i BT TS 0 — 4 T (J
IS R AT, B SR fifk v 8 A, W U IF ) & NPC )
T Qg B ) AT 22 3 X I TR] US4 20 R E R T R =
iR S R i AT 7 IR, R S I R A 1 R . 5E 4 G 1R R
G=WV"E).E={(u,0) | usv €V} . & E H il (us0v) EE N
dus)=1;#%EWHifl(u,0) EE—E W d(u,v) =2; X FEH
WEMBTRE AT L ZRMEEHE = AAREX. BRI
R I T R = A R S SR AT R PR A S 2 LAY 2 % Y
W ER ) A T AT . O R = AN 25 X AT R ) A
NP [ 1, ELZ 0] B 0% 2 8080 o 6 it L AR 5 NP-3E ) B0
g SCET LA il R = A R A 2R il AT R 1) R R NP
fi] 7,

2) H5e B Y N BB ) T S B NP-E ) B, IR R .

O B3 S R SR E SRS N i AR
n, MG ANl o, ZEPESE Jd; =dist(n,n,) =014,
JIND, AR 3 S ZE M BEE W2 =M AREX (R 4, %
TR 22 TR B AR R DD WA C={c [ 1<
i<k}, ENA<G<R) L RBEIMFTE R R={r, [1<x, y<k,2#
Vhery =00, y<<k) o [0 SETAFTE LTI V="Cv s05 5+,
vy HoF v € (U<<<h) i RN 1747, M o, # H,Eﬂ

dist(u, sv,) Xr,, I /Mb. @R = M A5 28R 17 1 [a]
A 22 390 2 A 0] U9 24 3045 G f SR T AU () R, R ) R Y
MET SRS N=V.5 i D, R D En, ZEW
B dy=d 0 on) (1<<i, j<IN D), HARE 3 A T8 22 8] A4
FEEWE - ARER WABWES C={a|1<i<|NI|},
a=NA<U<INDFERHR R={r, 1<z, y<|IN|,2#
vl y=r+1 8 = IN[Ay=1.0r, =1.7%N r, =0,
0] BB AFAE LD V="C01 y0s s sy ) s FoH 0 € ¢, (1<
[N R SR i, ) v,?iv,-,ﬂ_rzgladist(vl vu,) X, BN
fho AR IZRRE B R T A W A B A A 5 R LAY T R =
i1 A S 2R il AT T ) A B A A . P T = A AN
B Jife AT T ) F3L CTSP) 2 5 NP-E [ 1 % 1550 5 o e S5 1)
2R NP-HE ] 451

3) 1 A A YT A S ) S ) B I O IR A7 KR
T4 T2 2% B A 12 01 000 g 400 Ak ) R 2 0 17 B Okt ) B I O
BEURAS 32 PR B 25 B A 400 I e A O 4K ) B SR NP-fE
fi]

4) B T B B T T URAS 32 PR I 25 A M LI B S
Ak 1) B RT LA P RS 24 B 2 28 oA i 00 IR e S Ak 1 A (R
TN ) BB 00 B 1R T AR 0 O, N A S ) B B
S5 T BT AT R TOUEE B A 96 =2 R0 o DRI 314 ) T R0 Sl 3 e 2 4 1 L
BT R SR I AT M S S B i 4L ) B S AR A ) B TR
NP 7] 5,

B3 AW SRR A E H A BT A R A
S5 D) 2R AS g 0L Y S T A7 8] B2 5 NPC [R) R

TEBA . 1) %64 1] B 2 98 NPC o] 50, HE X R4 F K
MNERNB T 0 MR ESR (a0, a2, b BAY
2 (A< RN s, 5 BB X 0 AW FD A X K A4
T BR B A A TR R RN Z RN F U T OB,
2)) 2 A6 ] 1R D 2 1 2K ] 01 24 80 3% 26 0 5 1 B 1 40L IR Ik
SERTAT IR AR E M AR R L GO = (N, ),
INC | =K; a8y S CPU A& N B; BRI G =
(N, Q) [N | =0, B BIR S ¢ AT 8 n/ 1) CPU %5
JE s AR IRRRE MBS B 0L e 6 T AT ) A AT AT iR 2
LA 07 (1 256 A 0] R AT A7 A o TR1 O L 2 0 3 I S R B AR
G5 ELA B A SR T WA D) B A s 4L I et G R A )
&8 NPC [ 5,

F 2 B0 0 SR % 43 ) L BT A SRR A g
= gV ST S ] I I B WD 3 = R 7 o R N
A R 00 e S5 A 1) AL A LR S

IS 3 EWHIN R A E H A B A R A
S5F D) 2 A i 400 I e 5 0 Ak 1) A 8 NP ] T,



90 i BN R

2018 4F

MR 2 B 1 RIS 1, B ARHETS 4 FIHER 5 T .

HEIS 4 250 B O R SRR AR 43 0, D) SR A R 4000 e it
AIAT [A] 2 58 NPC (8] 8, N 4y B R & SR E Wt
Z AR .

I 5 AW R IO AN SRR AR A D) A 0L e
PR AL 1) R R 3R NP3 ) 50, A48 ) #0502 75 SR 3 A i
AR AL .

4 BHBERTHHEEREST

T B T SRR R 6 4 A PSR S A 25 AL ) e S
A AT o) S Ak I A TR A e b A T

MAEHE 3 M 3 AYUEIH 3 8 v EL4ZAS BIHEIS 6 Fifkie 7.

IS 6 A5 H T S SRR R AT e A, D) B 4 B R R
PUR A 0% S S A LI B S T AT ) AT R R
NPC [5] 8, A48 1 2 0 2 75 S 45 A2 43 1) S5 1 #R T

IR 7 AW IR S SR T e, D0 B A 3 R
P A WA BE I B R AL S A TR AT 2
NP fia) J1, AN 45 ) B4 0 2 75 S 455 B A% 0 1) i 45 10 B T

T U B A R 0 B YT SO SR A A D) R
UL T 11 ) 246 A IS R IR A A Y I B R LT
BAA g 4L T Bt S T AT ] R0 A R 0L ) e G O Ak R] R P
7] 550, 15 @ T P IR B — 43 IR DL . ) 220 46

TEHE A4 W) ECY SN SR A B R B 3
G"=(N°,EO RN =[E" | +1 # i & CEI 4 21 59 w5k
S — AR AR ELE) B B UL 090 e St Ak T AR AR R NP-fE
o) B, NG R I R S S R AR A B LR R A ST . ELED
7 B G AN 2 p S i 2 AR R RS IRAR AR T

TEBH . WK, 25 M 30 1) ) 4 0 FIASE AU 2 — 4 4% T — AL
B 2 AU S 58 K 1 DL s S O R — 1
PR A 5 A A ) L A2 T ) o B A O — 1. 1) Tl R
du= k=1 c; =c;; € {0, 1} BY U4 Te ] 480, B 45 15 26 1 43
e ) S NP e i) REC2S 200 R G IR IR - S A2
n AN m A3 5 AT B AN ¢ F 2 R B R oy
QA<i <) AEEPA M £ F L Z W EE R dy 1<k,
<m) SR—D—XF— B8 £ (1,2, n)—>{1,2,,m} CH]

AL R — M0 MR 25 35 ey Xl ) B
2) e fI £ 1 4o T [ A8 ] 22 00 S ) 05 249 2092 2K 4% 7 Y B
UL Bl S5 O Ak Tl A, R E TR A A AN R BRI GO (N°,
E) N ={n] . nd e onl LT A0 CPU AN 1,E' =
{nYsn$) sl nd) s oee s (1 anSey ) seeey (g ml ) b AT B
FEBS AT YEAFE T ne WAR AR EWAWHN AL 0 Fn) ZEH
AW E, HBERKEILRT do=k—1]. LM%
G'=(N",EV)R5%L2K,Ho N' = {(nl,nb, . nl b R 5
B CPU KRN 1, BN (ol 0D M 55T o (HBUE N
08k 1, AR —ASTAT Y 5 10 B 56 5 42 B B S B A S
32 8oy K)o FEEALT WS RA AR . /D
LG M RR BT 5 ol Moo FTBCS YT SMTF S,
AR IR RE Y B i 0L I B S O b T Y e R T X i
FERLT RS I RN S, f(2) e, f G} 2 ALY — X

LSS A g WA DN A CA PRI A DR P S O WA TR Y ¥
P43 T 1] R0 1 o O At o I AR R S 1 B R 0L B O Ak )
R NP-AE 7] R, I B )80 2 400R8 b 5 LR 0019 R4
KR 3R NPC [i) 851 04 5 STV RT A, 2538 T

B S  #FWELY SUR SRR S WO 3 OR SR
5350, D) B R 0L A i S 0 R AR R O 1 R
B LT B G RT AT ] ALK 4K 2 NPC [,

TERA . 1 B R m] 3 5 fe) AR NPC ) B, B R
A4 B A B LR A AT E G=(V,E) . —4
BT A sEV R K AHPTS s [ 1<i<k), ., e VA<
i<k BRI (u,0) EE WA o (u,v) JETH AL s 3 B /Y T
B QO<G<PMAREFERE D, B ALK G H,BEE XD
TR X G5 (TGO BN — & s, BEAR (FAER AR R
b SEHAERE DO AR G MESEN (w,v) EFTE B
RHEZ A M c(uao) . 2) HUJRAS A 2 %) 3R] A A] L £
2 B[] U 249 B 32 24 4R 2 114 SR A S 00 090 e S5 R A IR, R
E R EMT R G (N ,ED)=6=(V,E), % 4%
(u, ) EEWMERE c(urv), BIIMNY G =(N',EY), Hh
N ={s.t1aty s sty ) E' = {Csat) | 1<k}, R ILBEBK (s 20)
A< W% T D, . 8% 2 S04 /e 400 K9 e 5wl 47 i)
AT AT AT A 24 LAY X R A BRL YR R AT 43 K0 9 ) R T AT A
[0 R YA

TEHE 6 AW HR N UR SRR S W B I S R B AR
S3H0 BLHE 10EE B BT SR Y A A AR 1T 43 TE 0 R UL B
Ti > 1E AL CHI R ok 2 1 400 I 7 9 kg 1E AR 0, W) Rt 4L
WAL 4 A KR A2 AR M 38 i 4DLE I L B A i 4L R
ST R B SR 2 NPC R

TEBH - 1) 2- 7 & B A 1) B NPC ) B L 2-F &
TR AR AR TR B G= (VL ED) (AN IR T
5105 EVHMBRAHMT S .0, EV. PR A e €EE MR R
R B Gt QGO MBERFRER , MTEAG
LR AR R B R S e 2 O 2R R SR 2 ORI O I R R
SRS AT AT B 53 . 2)2- T/ il B A O 1] At T L 22 7
R 1) U5 24 312 28 5 5 1 A 1 0L IO B S5 T A7 [ B, i
BRI T BN GO (N, ED) =G=(V,E) , ¥ B3 &
B CPU BHE N 1,840 e CEMABRRE (o). BIMML
G'=(N'".ED,Hif N' = {5, 504t1:1: ) E' = { (5,52 [ 1<<i<<
20 EUEERK (s, 02 (1</<<2) WM SE 45 T R, ALY A 00
CPU & HER N 1. 4R, B4~ K P00 e S5 m] A7 [ A m] 47
fift 224 ELAN 4 XoF o7 4 2- i ot 8 A 3R [ RAT T AT A, W05 V8 T

ETRIE R SCSE LT A 2 R 0L e S R A ) SRR Ak i)
T 1R A A PR A3 T A O T R 0 T B S 1) R B R
PEAHTTE R 5E 48 . ph o AT 3k R 0 4508 T L 4 BT N S HE
S WIS B 0 T I A T B A 2t T 0 ) S R AR 4 I B
BT ) A T e b

2 % X M

[1] CHOWDHURY N,BOUTABA R. A survey of network virtuali-
zation[ ] ]. Computer Networks,2010,54(5) :862-876.
[2] LIU C X,LU G Q.TANG H B.,et al. Adaptive Deployment

Method for Virtualized Network Function Based on Viterbi



511 3

ARIE G A AU R S ) A

el 91

[3]

[4]

(5]

L6]

[7]

[8]

9]

[10]

[11]

[12]

Algorithm[]J]. Journal of Electronics &. Information Technolo-
gy.2016,38(11):2922-2930. (in Chinese)
XU, T o L, . — P T Viterbi 53 /Y i 480 M) 4%
Ty AE A G R k)], BT 5 1F B 2A 4. 2016, 38(11) : 2922-
2930.
YE Z L,ZHU Y Q,JI P N,et al. Virtual infrastructure mapping
in software-defined elastic optical networks[ ]J]. Photonic Net-
work Communications,2017,34(1) :34-44.
WEN X M, HAN Y N, YU B,et al. A Topology-Aware VDC
Embedding Algorithm in Software-Defined Datacenter[ ] ]. Jour-
nal of Computer Research and Development, 2016,53(4);785-
797. (in Chinese)
SO REE R, TUK AL B SRR P A — T A R
HIf VDC BeSTREL ], TH LB 52 5 K& L 2016, 53(4) 1 785-
797.
HOUIDI I, LOUATI W,ZEGHLACHE D. Exact Multi-Objective
Virtual Network Embedding in Cloud Environments[]]. The
Computer Journal,2015,58(3) :403-415.
FISCHER A,BOTERO J F,BECK M T,et al. Virtual Network
Embedding: A Survey[ J]. IEEE Communications Surveys and
Tutorials,2013,15(4) ; 1888-1906.
AMALDI E,CONIGLIO S,KOSTER A.et al. On the computa-
tional complexity of the virtual network embedding problem[]].
Electronic Notes in Discrete Mathematics,2016,52:213-220.
YU J J.WU C M. Virtual network mapping strategy and com-
petitive analysis based on cost constraint[]]. Telecommunica-
tions Science,2016,32(2) :47-54. (in Chinese)
WA, AW LT A 29 0 m 4005 B S 5R w1 3E 4 43 B
(). ML {5 Rk, 2016,32(2) :47-54.
SU Y Z.MENG X R,MENG Q W,et al. Environment Adaptive
and Joint Topology Aware Virtual Network Embedding Algo-
rithm[ ] ]. Journal of Electronics & Information Technology.
2018,40(1) :79-86. (in Chinese)
TREPE AR AR i DO 5F L BRI 18 N A 4 R
B AT RLT]. %?E{ﬁm'#’?ﬁs%l&ﬁ:oﬂ) :79-86.
HU Y,ZHUANG L,LAN J L.et al. Energy Aware Virtual

SRR R 480 00

Network Embedding Using Particle Swarm Optimization Algo-
rithm Based on Adaptive Cooperative Coevolution[ J]. Journal of
Electronics & Information Technology, 2016, 38 (10): 2660-

2666. (in Chinese)

iR S A =y - S el € Bl VA7) N (1 B R o YA e = R QS £
AT RE W g W52 [T ], 7 515 B %% 4k, 2016, 38 (10) : 2660-

2666.

WANG C, YUAN Y, PENG S C, et al. Fair Virtual Network
Embedding Algorithm with Topology Pre-Configuration [ ] J.
Journal of Computer Research and Development, 2017,54 (1) .
212-220. (in Chinese)

EWL S, 52 I AL R T AR PN TR A T R UL 2 e 4 5
LT AL S K, 2017, 54(1) 1 212-220.

LI W,WU C M,CHEN J,et al. Virtual Network Mapping Algo-
rithm with Repeatable Mapping over Substrate Nodes[ ] ]. Jour-
nal of Electronics &. Information Technology,2011,33(4):908-
914. (in Chinese)

RS0, AW R, S W BN T R A I Y AL T I B B v
(1. B 515 B2 . 2011,33(4) : 908-914,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ANDERSEN D. Theoretical approaches to node assignment
[EB/OL]J. http://www. cs. cmu. edu/~ dga/papers/andersena-
ssign. ps,2002.

YU M,YI Y,.REXFORD J,et al. Rethinking virtual network
embedding: Substrate Support for path splitting and migration
[J]. ACM SIGCOMM on Computer Communication Review,
2008,38(2):17-29.

YU JJ,WU C M. Design and Analysis of Virtual Network Map-
ping Competitive Algorithms [ J ]. Computer Science,2015,
42(2) :33-38. (in Chinese)

RHL, AW AU B 5 S Bk B S 4 A L. LR
#,2015,42(2) :33-38.

YU J J,WU C M. Virtual Network Mapping Approximation Al-
gorithm with Admission Control[ J]. Journal of Electronics &
Information Technology,2014,36(5):1235-1241. (in Chinese)
AL, AW SRR AR 0 LI A T k] B
515 B2 ,2014,36(5):1235-1241.

LIU X G,HUAI ] P,GAO Q Y.et al. A Virtual Network Em-
bedding Approach to Preserving Node Closeness[ ] ]. Chinese
Journal of Computers,2012,35(12):2492-2504. (in Chinese)
XUHER, PR HEIG 5 P — o 5. — Pl ORRp 45 5 v 10 i 400 00 45 kS
T[] AL . 2012, 35(12) £ 2492-2504.

KLEINBERG J M. Approximation algorithms for disjoint paths
problems[ J ]. Operations Research Letters, 1996, 35 (4); 533-
540.

GAREY M R.JOHNSON D S. “Strong” NP-Completeness Re-
sults; Motivation, Examples,and Implications[ ] ]. Journal of the
Association for Computing Machinery,1978,25(3):499-508.
HOU Y,ZAFER M, LEE K,et al. On the mapping between logi-
cal and physical topologies[ C]//Proceedings of the 1st Interna-
tional Conference on Communication Systems and Networks
(COMSNETS’09). Bangalore: IEEE Press.2009:483-492.

QI Y H.CAT Y G.CAI H,et al. Chaotic Hybrid Discrete Bat
Algorithm for Traveling Salesman Problem[]]. Acta Electronica
Sinica,2016,44(10) :2543-2547. (in Chinese)

JRIZE L 5 5 AE ' 4, A5 BRAT TR IR R ) TR T TR S R
[J]. P24 ,2016,44(10) : 2543-2547.

YU J J, WU C M. Design of Virtual Network Mapping Algo-
rithm Based on K-Best Perfect Matchings of Bipartite Graph
[JJ. Telecommunications Science, 2014, 30 (2);70-75. (in Chi-
nese)

RAFE,REW. FET 2o B K 58 55 VLT A9 K S0 e S 55 vk
BeIFL) ] ARk, 2014,30(2) : 70-75.

GAREY M R,JOHNSON D S. Computers and Intractability: A
Guide to The Theory of NP-Completeness[ M]. New York: W.
H. Freeman and Company,1979:190-218.

ZHONG Y W, CAI R Y. Discrete Particle Swarm Optimization
Algorithm for QAP[J]. Acta Automatica Sinica,2007,33(8):
871-874. (in Chinese)

B —3C, BRI, SR A R S IE R A s BIORL TR O A S L .
H 31k 42 . 2007,33(8) : 871-874.

BAIER G,SKUTELLA M. On the k-Splittable Flow Problem
[J]. European Symposium on Algorithms. 2002, 42 (3): 101-
113.





