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Abstract  Aiming to address the problem of how to build a service function chain (SFC) and
allocate resources to provide users with satisfactory services, a mechanism including candidate
path construction, dependency conflict detection and avoidance, and virtual network function (VNF)
deployment is proposed. First, in order to provide sufficient resources for SFC deployment, the
candidate path construction rules of second-level filtering and optimal selection are proposed to
provide pre-selected paths for services. Secondly, during the construction stage of SFC, the conflicts
between reusability and dependency are detected by the mechanism, the dependencies of the
resources are divided into binaries. By means of the division, the conflicts can be judged afterwards.
Equivalence class division is performed if conflicts arise, following by the provision of the set of
conflicts. Then, a VNF deployment rule based on conflict set and LFGL (Least-First-Greatest-
Last) principle is proposed. The rule maximizes the remaining link bandwidth and guarantees
end-to-end delay. Finally, when the service provider submits the required service, the impact of
VNF inflow-outflow ratio on data volume is detected, conflicts are avoided if they arise, and evasion
strategies are executed when comes to the facts that the conflicts cannot be avoided successfully.

Finally, the performance of the simulation system is evaluated based on small and large network
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topologies. The experimental results show that the mechanism designed in this paper performs

better than the comparison algorithm in terms of reuse rate, delay and successful deployment rate.
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By . AR B 12 CandidatePath A ki e
FE1E VNF 4 VNF

BEGIN

1. IR M VNF $4 35 BUR 7 10 5 i
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3. WHILE (i from 0 to RoadList.size()) DO
R HT AR A Y s AEA NodeList
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10.  END WHILE

S

© (o] ~3 (2] w1l

11.  IF vscount= =0 OR wsca pacity<_Deploy_ca pacity_
need THEN



392 2 S/ SR 2023 4
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15. END WHILE
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23. END IF
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25. END WHILE

26. ELSE

27, EFZMAER
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29. IF RoadList.size() ==0 THEN
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33. IF Y5 A W 7/ TRk A 7, THEN
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35. END IF

36. ELSE
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39. WX ADHAERMAHE T
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42. END IF
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13.  END IF
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BEGIN
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4, WHILE ( from 0 to Conflict,, .size()) DO
5. RIPIEAEREMAES

END WHILE
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A REM A FY flag= =classn(nE 1~4)
END WHILE
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11 $RBCIL [ 7= AR AR 1 VNT 5 bR i 21 H Al
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# VNF f i i
14. ELSE
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16. END IF
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J¥ Oueptoy
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20. WHI TG EHE VNF E£H VNFsSet aepny
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BN Rk BE R CandidatePath, 75 B35 E VNF £ 4
VNFsSet goproy s MBI R P LT B VNF £5

deployset
i it : VNF i A&
BEGIN
1. 44 VNFsSet gopoy B VNF AR IR AR 1 1L 34T
HEF 5
2. WHILE (i from 0 to VNFsSet gopioy .s5ize()) s DO
3. WHILE & A &8 b/hF 1.DO
4. WHILE (j from 0 to CandidatePath.size()) ,
DO
5. TF 25 77 5 s 00 A W8 90l A2 3 R T 7 B
THEN
6. TEIZIR 55 #3308 VNF 4T hRic s
7. FHTRE VNFE (19 I 55 45 1 ) 43 95 i 5
8. ELSE
9. jt++;
10. END IF
11. END WHILE
12. END WHILE
13. WHILE i A% LR F4%F 1.DO
14, WHILE (% {rom CandidatePath.size() to j)
15. TF 24 519 0 F80 4% B8 IR0 2 97 5K P o 3R 0
THEN
16. TR 5 48 8 F VNF JF#E47hR 10 5
17. SRR VNF [ I 55 4% 1 70 4% B 5
18. ELSE
19. k——3
20. END IF
21. END WHILE

22.  END WHILE
23. END WHILE
24. IF i<VNFsSet yopu,, . size)  THEN

25. FEN I

26. EXIT //iR LT 5

27. ELSE

28. IRIBCY W6 B VNE Y13 )7 51 5
29. WHILE (i from 0 to deployset.size()) ,DO
30. R K 5

31. E [ 3% deployset FH) VNF;
32. END WHILE

33. IF i<<deployset.size(), THEN
34, Sk 3 )

35. EXIT //iB ¥

36. END IF

37. END IF

END
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B BB Conflict _num A 32 2417 (4 2% v = A
inh 5% B UL A AR

(19

5.3.3 TEEEVEM
(DR R

ES QR I PRSI S R S SN
PR, P28 b AR B Y VINE B A S, )
LA/ D BB RS VNTE BT 5485 T0AR VNF 32471
JTH. B 6 57 435 e W T % AL /£ BTEurope
Al Forthnet PiflA R BUE #i b T 1Y 1T 85CR.



Hl

i 2023 4F

Y,
&

396 it ="
60

502 T BA e .
5240{t-o- CCMA Pt
=30
201

107 o - 0 d

ole” ogommngo T T

1 5 15 25 35 45 55 65 75 85 95 105
HAEA
6 BTEurope #H$h -3 & I

o0 CDA

50H——[_.BA L
3¢ gojlze-CCMA -~
ol
L
w200 e

10r L : o

0 I S S il

1 5 15 25 35 45 55 65 75 85 105 205 305

wAEA

Kl 7 Forthnet $fi$ppFI3 & AT H

M 6 5B 7 Haf LLE H . AL H LBA %
A 2% o R R AZ B A B A 00 g R e S AR rh S
F & VNF (a5 v, i LA T30 0. A S04
) CDA B35 1R S FH 2807 10 A B A 1 8 48 I AH X
T CCMA B4l B A SCHL I e i SFC Z R
P67 18 TVE S AR 22 1) Y o 58 L A DR TE &2 T R
He R B RTHE N M P — 35 22 (8] 1 o 58 9 5¢ )L SFC 1)
H T LA SR i CCMA 763 5 i 457 38
FF AL VNE W AZ T R8s AR ol 5 A5 1 kA7
I8 T LA AT T AR HL B g

(2) STy 4k

N SEE 2 AN IO 2% P e ) EE 2 AR AR B 8 H A1 9
A W T 4% HL ) 7 BTEurope 1 Forthnet B F
AN S LA SN [) 67 801 B0 T A I 2 % B

~o-CDA
—~—LBA
-o-CCMA

15 55 65 75 &

wAE/A
[ 8 BTEurope #ifh T B ZEXT [

1 5 15 25 35

A He/ A

[ 9 Forthnet #HFM T B} ZE X5} H

S S5 0] DUR 7R B 3 R 5 A ik 4
1 CDA L SR A, Fo R A LBA, 1 CCMA (1) = 81
PERER 22, W & T 2R 1 3% £, CDA B & 3 A K e 42
Th, LBA B E3% K HAE /N4 Fh o R 7 8, CCMA
I i K A A T B ALK B, CCMAL L il
i F CDA,LBA £ # £ 2. CDA fl CCMA R HL
HIAS TR AR XF VNF 1 #8280 b B B% A 98 17
T2 BT DL I N 7R B i A iE CDA 3
BT B A K G CDA 23 CCMA 55, & K
hy CDA 254 2% 8 T VNF (5 F M 5K 86 & 1
OGS LETT I 9 /0, SFC # T 3 5 F LFGL
JEOU] S RAIE T 5 KAk 6 6 TR 4% 2l 98 O HL7E # g i
T A B 25 ST T R, R O B AR AL L T LA
SIS A A /b i R e K, R RO O R
(18 o 5 B B M R S E A UE AR A [R) I — o R b
H55 7 LEGL X & K AL 4 #6498 i A0 1k, 5 30 1 B
FEFE CCMA K. AR Sk i, 78 B0 5 AS B 1 K B
CDA 5 CCMA 1y 2= FE Jf At 90 2 25 3% i, 5B 2
HF LBA &k,

(3) #FE L%

10 A 11 0] LAF 78 B 37 oK 45 A it
=R REAH [ L 25 B R B A T 0 B 1 K
177 it 2 K008 S A 3G KL — 5 7 88 CDA 5 CCMA
BT E A Y Bl TRk S K, LBA TR
HSETFIG T R HLR R B PR Y B i RE S R
i, CDA 5 CCMA i 3L T B H CCMA T i %
B, CDA B B i 4 T CCMA. LBA 78
PR %5 3 F b X VNF By 52 B0 K 58 % e R
S T DATE B it i R B, W 2% rpnl &2 ] VNF 1)
BEUR AL A R o DI 5 3OK i PR IR 2% . H VNF
X BB St 1 5 T R L T SO B P B K A
TR FE. M CDA fil CCMA % & &% % VNF 15
ALt L3+ LEGL J 00 X6 56 2 ) 4 7 96 3E 17 %
LU MERE W AL T LBAL 1 CDA 78+ 2 %
T PR 52 AR R 29 5 1 R BT 6 I 48 52 SR 3
W 5 RN R T 4. 1 CCMA HE7E M g 42

110

100
= 90f
¥ 80
BI 70

B 60
=50+

15 55 65 75 8 95 105

HiE/ A

[ 10 BTEurope ffi$h F i) %

1 5 15 25 35



24 FHCTAF 2T VNF B9 R45 A 55 oh 54 01 -5 8k S AL ) 397

15 15 25 35 45 55 65 75 8 105 205 305

TR/ A
El 11 Forthnet #i$h T B L) #B 5 &

Ja A e A v 2 VNF, fif DU & R85, 4
A 2, CDA R 52 38wy o 57 2 0 2% ¢ L, )
A% IO 268 B IR AT LA Ay HG A 37 R B2 AR IR 55 L B DL 2

CORUIEE VISUIEN A RIB iR R
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Background

Under the traditional network architecture, service pro-
viders need to deploy a large number of proprietary devices
(such as middleware) in the network to meet user needs.
The deployment of middleware has led to high operating
expenditure and cost expenditure, and has also made the
traditional network bloated and rigid. Network Functions
Virtualization (NFV) replaces existing network functions in
the form of software, which is called Virtual Network
Function (VNF). NFV architecture realizes the decoupling of
software and hardware, which makes the network function

update more flexible while reducing expenditure. However,
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while NFV improves network flexibility, it also brings new
challenges, such as how to build a service function chain (SFC)
and allocate resources to provide users with satisfactory net-
work services.

With the rapid increase of network service functions,
people put forward higher requirements for network services.
The emergence of NFV architecture has solved this problem
to some extent, effectively reducing the cost of service pro-
viders, shortening the deployment cycle, and also increasing
the flexibility of the network. Although various fields have

been trying to make NFV a reality, there are still some
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unresolved problems, such as VNF lifecycle management and
orchestration. Improving resource utilization and reducing
VNFs deployment cost and overhead cost is also a concern.
Because VNFs have life cycles, when there are a large
number of deployed VNFs in the network, for newly arrived
requests, you can make a comprehensive judgment based on
the remaining resources, remaining life cycles, and network
functions included in the request of the deployed VNFs, and
build a path with high reuse rate for them to improve the
reuse rate of deployed VNFs in the current network, thus
effectively improving the resource utilization. At the same
time, when the network processing capacity is unchanged, it
can also effectively improve the network throughput, and
reduce the deployment cost of repeatedly deploying VNFs
and the overhead cost caused by running the same VNFs. In
the process of building a path with high reuse rate, because
the service request contains the dependencies of VNFs, and
the deployed VNFs have physical sequence restrictions,

VNFs dependency conflicts are likely to occur.

In order to effectively improve the reuse rate of VNFs,
reduce the deployment cost and overhead cost of VNFs, effi-
ciently use network resources and improve network throughput,
this paper conducts conflict detection and avoidance for VNFs
based network services. When a network service request
arrives, a candidate path with the highest reuse rate and the
lowest cost is constructed for it through a series of restric-
tions. The deployed VNFs on the path are adjusted according
to the VNF dependency in the request, so as to ensure the
maximum reuse rate while meeting the request dependency.
Due to the different order of VNF, the data volume will
change. After the VNF deployment order is adjusted, it is
necessary to judge whether the path meets the bandwidth limit.
When the candidate path cannot meet the current service
request, it is necessary to dynamically adjust the path.
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