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Research on resource management and service mapping
method for reconfigurable flexible network
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Abstract: Reconfigurable flexible network (RFNet) based on resource re-composition was proposed. The network
service in RFNet was composed of special components, and could construct the new network service to satisfy a coming
traffic demand by component composition technology in both software and hardware area. After introducing the
architecture of RFNet, a process flow mechanism of resource management, carraying network mapping and network
service mapping was proposed. By simulation evaluation, the mechanism was confirmed to provide the support of
heterogeneous networks construction and coexistence, and especialy the reconfigurable service carrying network
mapping (RSCNM) algorithm based on load balance had an advantage over network successful construction ratio (SCR),
maximum node stress, average link utilization rate and average revenue.
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Algorithm 1 Intra-domain RSCNM agorithm
Nigag (7, 1)

L|oai(t7Ye)

OUTPUT:

MM, Mt

Step 1: Node Mapping

NS =g [ WFES SRR A+
N = NY DT s A+

NS¢ CHNIE A %
N = ¢ PSR R A %

fori=1, 2, ..., \NS\ do

N’ =argmax . o Cy (V)

S =
{v]CY(n") < (1- Ny (£7,V)) - CPU (v),v e N® — N*-2™}

if Sis ¢ then

VNM isfailed, and return.
end if

n®=argmin,_ N, (V)
MN(n)=n° AT G+
NS-ond _ [y s_cond u{nS}
NY-ord = V- _p
end for

Step 2: Link Mapping
forexchI=(u,v) e L' do

find the shortest paths satisfied the C! from M"(u) to
M"M(v):Paths  /* f#f k-shortest paths Fy%k21 */

if Pathsis ¢ then

VNM isfailed, and return.
end if

P'=argmin_.{ Balance(t) when M “ (1) = p}
Mt()=p’ 1 BERKBT */

end for
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PR

Domain2

Domainl
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Algorithm 2 Inter-domain RSCNM algorithm
INPUT:

G'=(N",l",Cy,C))

G°=(N° L, AL AY)

Niga (7, U)

L|oad(t7!e)

OUTPUT:

MM M-

Step 1: Partition the VN request

Partition G" into K subgraphs G = (N, L}) :
A R P R R </

NY=U, N{

I R U

L= (i Lﬁ) - L\(/:
Horp Lg B LSRR S
Step 2: Intra-domain VNM
Do Intra-domain VNM Algorithmfor Gy in domain k. [ 1
PRI FB L */

Step 3: Establishing inter-connection
for eachI=(uv) e L. do

find the shortest path satisfied the C; from M"“(u) to
MM (v): Path /% i i] k-shortest paths 532020 */

Path= (U,_, path) LU E**
Horp EX R EIRIA O IEE B A, path M40

ISR
If Path is not found then
VNM isfailed, and return.
endif
M“(l) =Path
end for

% SR S BE R A */
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Al R ek 1)
HATHLT A

WEAEH | [VeE] [wE

8 Al E MG AR M
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e B 45 W] EE A B 2 T 65 B IRA QR AR B BT e Tt
MBI I DL A m] B A AR 55 AR B A S 17 R
BRI, EEP A5G A RO, o Are] A
R 55 AR R K, 38 I AT EE A Al 55 A B A Bk
AN R £ e 55 WA SRR AS B B IR O Sk s 2 ), il
I BEIR 7 RO A HURS LR ) B SRS AL M a2, I
HIE 55 A EA G AT 6 B A AR,
AR DR 6 Hh A AT S B () A R AR

5 %Ak SSERGTHLHI

R 2% ik 5% Al S gl A2 s FH P 1R oM 2% 7 SR B S
PR RE, RIS — MRS — RIS i A2 . W
B S WL I AR 2 B B SR AN R
Hro PEANWILRT B B A2 T e ks F P ML 55 R Y B
WFRFEE (PFG, process-flow graph); #JfF4H &
BB EOEARE AL FER AR, R B R

GRS S RE T K .
5.1 #RFMRES

PR G )t AR AL 48 55 Wi L AR 55 WS R A
GRS

NS IREHRAT RS T, =( pp,.---,
P, VAT 732K, R HE 255 FE (TDB,  traffic
database) HAFAE I Bk SRR EF 0L C =
(€, Gy eC) » AL ¢ ZTULB RN, T
ATM. DiffServ 55155 RAEFRME, X AT 250 5%
BATIRE, MMARIERE L. A5, Eidkss
KA DA BNE SRR T, B ik 55 28 3 & 5
(TID, traffic type identification):

TID =argmin,_,, (T, —Ci|

JIR 55 W SR S AR AR o 55 2 T R 5] A i 0k 55 2R
MRS 4 Gy, » IS WUFE (SMDB,  service
mapping database) 1 fiti 1 AR 552 AL il 55 4 41
g5k, il (TID,Gy,), HH, G, =(9,E,) >
S ={S |S = (9D, Name, Description),i =1,2,---,k}
NS BITINES, Eg, MRS BITCIEFERR
Ao > SMDB AHE T L AR PR, Ak 521
FEyfe bRl LLA fi# D A T IR 5% 58 0 4RI # 4
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unit identification) 7)1 Ik 55 5 70 Frxt B2 AL H
& (process-flow), MR R %5464 Gy, WL A ik
BRI G,y - HIFWLE (CMDB,  component
mapping database) £7fif | A~ (7] M 5% o0 BTt . () 4k
MR, KN (89D,G ), HH:

G' _=(Pr,PID

proc source ?

PID,,,E. )

sink ? —proc

Pr={P | P = (PID, Name, Description),i =1,2,---,k}
NP G, B, NIPFAC BRI R R,
PID,, . N ZAL BRI Y855 FiK 5], PIDg, N
ZA BRI R R Gl RS HL I/ il AL 3
AR TT AN —Fh L AR B CMDB 7 fifi Fl
H, MMfEfS CMDB iy — 5 F AR E. #
e S AR U AR 5 e 55 #. o5 Z 51 SID %} CMDB 34T
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A A S R AL B AR R G

proc °©



+30- WS

¥k ¥ 33%

52 frEE

RN B AR B T B AR E G, o HeBEA
WR¥A—NLEBE TP, RiEPHRHMAREER
Description X 14 {4 PE kAT & T S8k = AT R ER AT,
A LATS 23 2 P ARERRE 1 IR SRS . WA
G BO 2 MR R MRS T Bk AR | A
HFEC,, M2 Gy -

MR A AR TR 2 PERE . BT RFNet T I 4%
i 25 AE I8 AT I 75 2295 /2 — 5E I 1 RE 2R Capreg=[p1,
P2,2+,pnl > T LAB R A 1 4 B A YRR A o i A
1 C, BITERERTL ] LA

Capij = (CapvaeSv Capout)

Horb, Cap, =[p",py oy ] R 1 C, fr it B
fosm NPEBE B R & Cap,, = (p™, p3*,-+-, p2*)
R R AE Cp P B O I e R RE R M R
Res=[r,r,, -, r ) WA C, 32471 i 5 K & ¢
PR E. AN, EREEME A L PRAEUELI R 2
#4y, Bl p =(Name,Valug) , 1, Value FnHL
HEES (HHRAED.

Ry A 2H 5 i) 0 R N7 A 2 1 A ) A Y R Al
by HE MR NP-hard 178, 40 5% IS HIE,
M B R 2 48 O(M ™), Bt DAGEH T/
B G o X T R E AR SR B
1B KL AT IR ALK i o
53 T REMIE

A EE AL % A BT 6 (AR R A R 2 T T TR
Bl ST 2 0 BAR ST, SCRFES B A
PRIV AL, FEE ST A T T ) S R EE A AR
] EH AL B pH AT T ) B A B A A A A A A A
Hwy, HhB AR ENE 9 A §iskix, i
HE A LFEW B #ik s .

2 P U R SR B ] B R 2 1 Y 4% A B
F-E M E R A A, AR BT R I AT
A4, R KB ER, WAS AR AR
RALER, R MAE AR AR . X T AT, 3K
PERIAEAREE AT G0 FHERAE: L B E A b
AF, FRERRBUHRAE S 2) AW AT R AR e R
FEEERG R REFA, IR RERE; 3 H
b T B A % R A R 6 ) B IR 1 A I R E A
4) WHIPFEE R G T 8 R AT AFs B #EK
PR R BV AR s AT T T, IR R A

6) RIEIEMLER . T JEH, AT
WA 1 BUCREfF E A IR SO, IR R
R 2) FIW R MM HEM R RGPS
A, JHRBULHRME R, 3) M Rk st iEE %
PRHLFEAE AR, I B AR BRI 75 8 e OB
s 4) WHIIEEE R GE R 8 AR 15 5)
REREAEAAF AIE AR NI BB A, I AR
PR AU LA R A s AT IR T 6)
AR [ AL A5 R

FH
I RS TT R 8Y
wF| |a
— i it ol
LSCLIE > fd;f HafE1 [:] Hatkn
1| [
e
fos
| |B
' FEBISE A
LR ~
AT AT s Vi)
[
~
WO R PEE T IR Y
WPk

wift | | me HEf
Ha1| (Kot T

B9y E A AT G I AR

T EA (CE) 52 AT E M i S e & il
Zot, EENTTHETENLSRCE. BT,
R IR BHEE B R AR A R
SSTAE, HBAEME 10 o, . B
F MRS AT SR MRS . ikSS
WUl Z . WA HRE . ForCES B A, Linux
BERSG.

Horp, B IR OOYA R TR A
PRAERLL, fdA] R S I 454 T B e X AT B A
P A H T 6 AT BRI B AN R s MRS AT IR
AT RS B A i F S 9 BT 5 1 25 2R B R,
CPU. WAFAFBTI: 3B b A R B 6 i
WORAE . FEA UM IE . BB, 2% 22 4 H
fF. QoS K4 My fHE HIL S I PR 32 B 58 ;i
PRSI IR B LB BT, 4058 Rfig kR4
FEFE I, DASAE R B ST N2 R B E A I




%5 8 Y

FARBESE: T E SR AR TR IR B IR S U O T +31-

FRHED TS FPET B W
B . i Mtk Fafk @
B eh HHEL | %#4e | | QoS . {44
. e ; fHig BT 3
gl
fAv:
R 55 bl 55 2
e gille 4=
Y]
iwi
ForCESTYL 2
ForCESHF BR{% il
et 4 2

Linux OS

B 10 EfEE s s

BETAE: RS ES S o Ac 1, 3R
REEHENEE, HE5BERGEANZAZ LHEEE
B AT B ER . ERAAYS; REMRERE
o 28 45 W T 8 £ R T W S B = A, A
P A A MR R 1, FEORAT TR IR RS
B FEMAE B ForCES #his /8] 14 L %5 ForCES
B . ForCES Ph il E MLt 2, T2
5E % FOrCES Wh i B35 . M2, Wik 5

IR .
6 ScEETTME

I FIRHREIA, 7TLLE H RFNet 75 M 45 45
AR B R R R, AT W 45 2 TR
RFNet 1) 7] 5 4 A 55 AR B X AE R P e A T VA o
6.1 IMEEE

i B3R A Intd (R) Core(TM) i7 CPU 2.67GHz,
RAM 2GB ] PC I, @it C++4ifEsz8l RSCN
SRR A GT-ITMIAREHLF A= 50 AN 55 2 R
RFNet Ji£ 24 b, LA 1000 4~ RSCN 4 4h. RFNet
(RS s RN B 92 YR AE 50 21 100 (8] 3457 0 A, 15 45
HERMEE N 0.5, RSCN 1 5 7E 2 31 10 2 [A]392)
3AT, T SRR B TR LI AE O B 50 Z (83 514y
A, 0 EIERENEZ A 0.5, RSCN i 3K i 254 i3 #2 IR
M EA 100 B[] B ¥4 A BT : ANIE RS EIIA
Faid 2, A RSCN 4 17 B [H iR N 2 50
1=1000 P4 E A o BEAL, TEXT(5) 4 £ 3
Bt E Y, WMa=p=05,

6.2 IFNRE

] E A ik 55 R E R AE R B T R R
MRS RALRE Sy ARFFELL 5 NFERGRAE, KR4
TR FH B I 28 G380 o A A 15 Y T b A7 1l o, 3T
SR AR A N 2% R S5 BRI RE 70 DRI, AR SO P DA
N 4 B R R R M R I LA 8

1) MK

AR AT SCo b7, SR K ) 4% R 25 8 71 AR B
TR ATREZ ) RSCN. [Kltt, ZRALT B2 L it
5% T f13% 32 L (acceptance ratio), & XMW 4% K i T
XA EFE (VTN X 28 b R v A R
I 8% 4 3 o T R R — B IS T Py AR 92 A S R T )
RSCN #i i s A B SR B E 4y bl B
PRI LCN AN
LCNH4 2 i SR £

2) KT AU

T KT A B B R 1 R T R N G A T
HRER I R 25 7 3 BT 3 R ) YT BRSOk
B o N ERESEIEN T SRR, B T AT
PG FEE o SR8 R A A B Y A B R
2 R HE D R 55 AR R R T 3 T AR S,
HAEE, B

C:

D S §
Svs _ VVLCN EVS
" N

Hor, VN RSCN T 41, ve NER A S, N

W FR LT S, EIXHE, N<50.



© 32 WS

¥k ¥ 33%

3) “TEIEEHA R
- 59l 6 M P 3 i B R P R P A S ) R
55 AR 4% T o B S O 2 N 5 W BRI 45 73 BC 1Y
FITA Bl i BT 9 A LU AEL o
2. B

7 veNees

_—Z Be

3T RE ST Y4 B g ) P 2 ] DA 6 B0
0T B O e 5 ) S A L

4) Hr s

ta RSCN 2l 55 PR A pid it “ 4t MR
BUR, “FE fEl SRR Hi, NiZE
SRR AR B R AR AW o o ASCHTAE L
R R I o5 PR R RSON J T2 IR 55 fi
Sl S5 AL IR AR A s, 5k 55 SR A i
75 [ RSCN i 9 bwy (1Y) BEIELE

R(G"(1)) =2 3 bw (")

i<l el

A P i ot E SO
_ ZR(E()
R= t=0

T
FeTn— BRI 0] Py X 2% 4] A AL & 1P 3501
6.3 ZHRITiE

1) MR Th

B 12 A il 2R s 138 SR BN WA FL R AR IR 1 T
WERIARZ], Rih2IAR T AIERKANE. H7R
SERTUEH, SEMIGRIEHRAZN, JIME
B D 2 AR T LRI B AR T 100%, HEEHS
TESREOZHTE N, BT &M RE B BT VA A
[, AR T AERARN, BT
NRERE. TR RN, JEORAEAE
) RSCN ik 2| A= 71N [A], AT 9 2% B2 IR, A
I, MR IR 2R Wk B —Mait Liads. F
FE B 4 Pk, SCHR[24]) T Y basic-VN
sub-VN E%R A Ja & XO7 VBT 15 s, BB
PTRTIRE, MR, B NE SRR
Wi BHOTEE R, MERIREEAR N 50%/
i, A RSCNM EVEMIR @ 3 . X2 R
4 basic-VN, sub-VN ESRZE 15 s m] FH 55 AL
BRSO, EE B R TS AR SR 5 SCHR[ 23] 4
BN F B AR IR R S0 SPF, 25 5 7 AR 3 e

RSCNM & IR 5T 60%, HT RSCNM #i%
AN B R R AR AT IR B, I HLAE SR A G i A
Pyt T S ER R — IR B G Sh i g
FSG V14 5% W) L T 8 A S50 48 1D, A A s R D 26 B S R
B LA H RSCNM A4 2 p o R L A S v
10%LA_E$E S

1.0

—= RSCNM
—— sub-VN
09 —v basic-VN
—a— SPF

oo
T

el
s o
(=33 =]

=
W

04 L L L 1 L L L L 1
0 100 200 300 400 500 600 700 800 900 1000
iR A

1 MR

2) “FYBEREFI %

HE 12 7] DLE 15 REED I, JURM L
Jir s SR P~ 20 B R FH R 2 o B 1Y, Bl R
TSR B N B 170 IR A A, (ARSI (A E A
Wi RSCN Rk AEA7H, BERCBTUR, fo-F 3555 1%
M FIER —Fi gt L4 . BT RSCNM &
EGIN T SR R, W U S A A o A L
B, PR AR A, YHMEECS
LR T EERE R Z J5, RSCNM BiE ARG
SR IREUA B 200 A UG T+, B IS 5546 7
B MERIRE ST HAEE, MIARFRITFR
Bla, FYEEEFIH R AR E . WE
12 87T LE H, BT RSCNM kAR 35 4 B 4%
RS B 3T W I 5 s 5 4 B o 5 1) 408 1) B A B
RUBE AT IR R4S, T DUE O R R TR A
Fabr, 0FEE KRR A R m AR AR Y, (E 155
% TS P M1, TR b B £ 15 B 1 24 e i R
By PO RSN

3) B KT AR

1 13 i LAE Y, 6 2A 15 K, RSCNM
basic-VN. sub-VN F32: A2 45 1 B KT ot FE 20
45%, FEILFITT SR 40%, LT SPF (55%)%K
Ui, A TRKMEGE, XK N RSCNM Sk &
T AR B AR P XN R AT O P B,
basic-VN. sub-VN 7£ 35 m5 i i 5% T fe Mk




%5 8 Y

FARBESE: T E SR AR TR IR B IR S U O T +33-

TSR R, FIRE, B 13T LA, —
SE M BEAE R ICE A, RSCNM (1) d5e A1 A 9 B g
bt basic-VN, sub-VN ZL47, [HA W} 52 2 5H % 0 5
B R T R AE AR L . IX IR RSCNM 532
5eR R [P0 265 B YR 20 BC (R 3 i, AR AT Ao A )
RSCN MU 3447, HAS 2 R T IR 73 i i &
R 2 A AT s BRI E SRR, AR SR
Bt om AT R, DR 0 e B R A
PEREA AITRZ I

0.50

045}

—a— RSCNM
0.10F —— sub-VN
0.05 = ngﬁc'VN

100 200 300 400 500 600 700 800 900 1000
IS
Fl 12 ~PysEsAl s

£l
p
X
g
—— SPF
01 =¥ basic-VN
. == sub-VN
—== RSCNM

0 100 200 300 400 Sf:ll(] 600 700 800 900 1000
i R

B 13 N R

4) FEF e

Hi &l 14 AT LAE Y, AR 9% RSCN 4 & 24
3 3, BEE R SREE N, | T AEWs & 1) RSCN
HHEm, Wi 2EE B . HEREEE—
SERCR A, T R 2% T B8 U T e 2D O T8 %
FRH R A SR T 7 B, IR ImIm ANE), R Eh
R RARE, R MER RSCN 2 H 2
fasi@sy, W T il i 2R A (TR
— BN IADRE R SE TR, R, R M TR
BEAR, EAFAER) RSCN % H K BT H B R A il A
&%),

7

=2}

wn

B
e
2
2o
2
2.
—a— RSCNM
——sub-VN
1 —v— basic-VN
—— SPF
0 100 200 300 400 500 600 700 800 900 1000
iR
K14 W PHkas
7 HRIE

A SCAE ] B RAE AR R FT, X
“ LRV B — R X SR — I 4 e 55 LR BIL AR
177 VR . 5, AR TR E A R I 4 A
RER; HIR, IR T AT R SR R 4 1) B P
BUils SRV, IR 1wl FAL AR 55 A 8 LS AL,
A AR Pl 2 T G RS 7 ) T A R 55 R
RIS PY . ST Sk, e, AR T A AR 55 7K
B BEIRMN U5 58, PR — PPk T A n] S
B AT T B (2% 55 B L o JE I S
BIE 1 AR SCHE H A AT 2 AR 55 7 28k R0 A VR AE
PILEAE R T R RS P BE R %
APl it b BA W R

AR AT R SR R 4 B B — R
P B — 8] 24 IR 55 St R REAT L) D I P A
JR TR SRVESRIG N 7 2 e RRKEE B
52 55 S SR B8 UE AN 5838 BT ) 0 O o
HL o

EEPEE

[1] TURNER J, TAYLOR D. Diversifying the internet{A]. Proceedings of
the IEEE Conference on Globa Telecommunications[C]. St Louis,
USA, 2005. 755-760.

[2] GENI. Global environment for network innovations{EB/OL].
http://www.geni.net.

[3] FIND. Future internet network design[EB/OL]. http:/find.isi.edu. San
Jose, USA, 2004.

[4] FIRE: future internet research and experimentation[EB/OL]. http://
cordis. europa.eu/fp7/ict/fire, 2010-12-29.

[5] 4WARD[EB/OLY]. http:/Avww.4ward-project.eu/.

[6] NICT. New Generation Network Architecture— AKARI Conceptua
Design (verl.1)[S]. October 2008.



©34. L ¥ 33%
[7]1 FP7[EB/OL]. http://cordis.europa.eu/fp7. embedding[A]. Proceedings of the 29th Conference on Computer
[8] HUY X, LAN JL, WU J X. Providing personalized converged Communications (|lEEE INFOCOM)[C]. 2010. 40-52.
services based on flexible network reconfiguration[J]. Science China [20] CAl Z B, LIU F, XIAO N, et al. Virtua network embedding for
Information Sciences, 2011, 54(2): 334-347. evolving networks/A]. Proceedings of the IEEE Globa

[9] ZEME, Ofes, 2B k. o EAR AT R NIUR S RE[Y]. S E Telecommunications Conference[C]. 2010. 1-5.

TR, 2008,10(7):82-95. [21] EPPSTEIN D. Finding the k shortest paths/A]. Proceedings of the
LI'Y F, QIU H, LAN J L. Status quo and outlook of reconfigurable IEEE Symposium on Foundations of Computer Science[C]. 1994.
research[J]. China Engineering Sciences, 2008, 10(7): 82-95. 154-165.

[10] ANDERSON T, PETERSON L, SHENKER S, et al. Overcoming the [22] ZEGURA E W, CALVERT K L, BHATTACHARJEE S. How to
Internet impasse through virtualization[J]. Computer, 2005, 38(4): model an internetwork[A]. Proceedings of the IEEE INFOCOMI[C].
34-41. 1996. 594-602.

[11] HAIDER A, POTTER R, NAKAO A. Challenges in resource
alocation in network virtuaization[A]. Proceedings of the ITC EEEN:

Specidist Seminar on Network Virtualization[C]. 2009:131-140. FiRiH (1974 , 5, WALEEN,

[12] Ricci R, ALFELD C, LEPREAU J. A solver for the network testbed KT R G L REH AR5 PO o
mapping problem[J]. ACM Computer Communication Review, 2003, i, BT MO T E A 5
33(2):65-81. WEEME, MAXRAE.

[13] YU M, YI Y, REXFORD J, et al. rethinking virtual network
embedding: substrate support for path splitting and migration[J]. ACM
SIGCOMM Computer Communications Review, 2008,38(2):17-29.

[14] ZHU Y, AMMAR M. Algorithms for assigning substrate network
resources to virtual network components[A]. Proceedings of the IEEE AsE (1963-) , B, LEEIKA,
INFOCOM[C]. Barcelona, Catalunya, Spain, 2006, 1-12. R 5 B 7 A e R 40 TR BB 0 3

[15] LU J, TURNER J. Efficient Mapping of Virtual Networks onto a £ WA, EERIT N R
Shared Substrate]R]. WUCSE-2006-35, Washington University, 2006. SRE IR (e SR N Rt R

[16] CHOWDHURY N, RAHMAN M, BOUTABA R. Virtual network LA
embedding with coordinated node and link mapping[A]. Proceedings
of the [IEEE INFOCOM[C]. 2009. 783-791.

[17] LISCHKA J, KARL H. A virtual network mapping agorithm based on
subgraph isomorphism detection[A]. Proceedings of the ACM FAER (1986-) , 5, ILTREN,
SIGCOMM VISA[C]. 2009. 81-88. AT S AR S TR T D L

[18] HE J, ZHANG SR, LI Y, et al. Davinci: dynamically adaptive virtual s ERBETETT AT A B AR

[19]

networks for a customized internet[A]. Proceedings of the ACM
CoNEXT Conference[C]. Madrid, SPAIN, 2008. 1-12.
RAHMAN M R, AIB |, BOUTABA R. Survivable virtua network

W 2% RE AL B S



	21-34

