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Abstract: It’s far less effective for the stateless accelerator to accelerate the stateful network function. In order to
solve the problem, this paper presents a programmable hardware-based stateful network function acceleration architecture
which is called Stateful Function Processing Acceleration ( SFPA) architecture. Providing the Stateful Processing Unit
(SPU) to the data plane, SFPA can offload the data processing task to the data plane. In addition, SFPA can allocate the ac-
celeration resources to multiple VNFs independently , decrease hardware cost and improve the flexibility of the acceleration
architecture with the resource allocation optimization algorithm. Results of the experiments which are based on the NetFPGA -
10G platform show that the throughput of VNF is 2.9 times faster than that of DPDK ,and 1.7 times faster than that of state-
less hardware accelerator in the SFPA. The optimal rate of resource allocation optimization algorithm is up to 41.9% .
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PR B 2 — o iy I, PRt 7 24— A ik oy
kXt SDPA A7 1k.

SCHRL6 ] BT %) SDN v i F- 1o X ) 28 R 2515
(40 TCAM JF4 . CPU JFHS55) Bt = A7 %0 & FAL ] Y
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(S5 3S s e  G O S B W RN Y SRR €173
HEATHHORAL R, IF-58 A RE AR ZSHRAE , AR JR AR 3
VCPC R L 5E e 2 Ak PR A AT A% 2 2R T X8
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tion, MT _id ) A B 11 B3 2 A 36 1) DE e L, - 1)
ST Sk H 8L, 7 1 H: 24 AR 2 o dl o i A S 4 2 58
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ISPIAE R PCRC , 40 MT (n) 55, SR )5 X Bodle G0 147 DL
B i), MT B4544 55 OpenFlow Bl Y LKL, F5
FRARIEL A 3 AN, 23 Bl D Be e o Ko A 3l 1 1
4. SFPA Zifgdp MT 7] DIAFii £ TCAM H, f F TCAM
SCRFROM A 4R, P R A8 X0 42 3k AT PR DT S 2545 31
VCBCZE SRS , R Rt A0 ik B SR I A T4 o, S8 O 2
NP IS

TE SPU H ] S 2 8 A AT 45 SR VINE X 8 42
S UEAT B R AR I I B R A — B DT, B - i
A B E fL SRS i 2R AL Sk SR I Ok, SR 1T
N T G AR DA B A B G Y 3 T, Sh A AT R
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B R DT S BT AR 5 AL 3K B AT PR 5 {3
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Rl 2 5 B A4S VN it 7 b 43 10 %8 9,
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SRAE B _E R IR0 A BR , R 1 7 2R AR
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3.1 H{EHEED

T SFPA | £ 3k i BT % 1 9% U8 I B 2w /0 T
SPU, HAFABARX #5270, PR it , HC 0% Y T4 T Z2 B AN 3
FZE 8 SPU T i A A A 14 95 . SPU = 2245 PO 43
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Frde. Hor ZhVE BT 48 (14 T B8 0 45 14 24 5 Sy frf oL, 0%
U5 5 /D, S fe Ak Il W% U5 T 4 28 AN 1. X TR
SRR B35, HOP 8 2 5T RE MRS Bk
REME BRI L4756, X T AR 20 (4 9 2% Th g, k {8
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B 033 BT ( Acceleration Unit, AU) % B AU 19 78
JEN o RKEER D, T AU /958 B FNR B 3 ] i
BRI AT DR S0 AU T8 B2 RITR B S8, B Al
(GRS IR

A N A~ VNF 55 %% F SFPA #E 17k, H
55 i A~ VNF 19 AU SERE S 80N o, IREESHCN D, JFH.
I<i<N, WM RITTH IR Cy (o,,D,) , LLF i
ICAE C PG 3BT IR0 BC ) R A] LA AR O

min:C, = 2 C. (1)
i=1

C.=Cyy (k,ly) +Cy (k1) +Cy (m,,D;) (2)
C. .(x,y)=n_,xCy (3)
.. = (x/w,) x (y/D,) (4)
Vie(0,N]:.0<w, <w,,,0<D,<D,, (5)
e (1) ~(5)
C WG s a8 S5 RIT4 5
C. F55 i A VNF FIre i g i s {1 5 5T 4 5
Cop (kL) IR e M5 BRI IT 8, H 5 M0
VNF FPRAS BECE RS EBE R R [ A X
Cy (k1) PIRZSPEFEAS BEIRTT8Y , S AHRL VNF fRPIR
S RECE AR [ A OG
Cy . (m,,d;) RHVCHCRFIFIF 8, H 5 AN VNF [ P RL
FEE m FMIREE d 1K
C. . (x,y) Ry SPU Hh & BEH BT IR T4, Hovh 2 € { STI,
SS,M} ,xe {k,m,|,yelly,ls,D};
n, KA YTET AU B8R, Horp (ao/y ) 038 »/y 19 |
A
@, A D, B NINGE Y- 6 U8 58 FE R B Y E R
3.2 JRESBEMUEE
BT s 25 U 43 WO AR, AT R i U Ak TR A 4
N — AR A R K] (Integer Linear Programming , TLP)
L AR A IR AS T R A 03 5 B ep, SFPA | i ff 4
I gs B — DA~ AU A, 11 AU i RST (B o F
DAE) AT LIARE S5 100 > e 5[] BRF Jon 32 25 1) 9% 5T
BTGB E o F1 D (AT A2 Ak S 1 AR IESR
il SR A PR B, AR SR FH 3 30 Ak SR i iz LA
[B] .
Sk 1R TLP il 3 1 8 £ 5% 540 B 2R A7 DL Ak 1Y)
TE AR E SRR AR TLP Fixt 1Y LP [R] 20, £ 31 504 ] &)
AR (AT 7)) SR IG R W R i SR it 45 TLP SR fi
#x(1710).

Hix1l RESBEAMEE

A BEPEIEF 5 B BEIR L R 0,0 B D, RS BB, IRTEHE
BAF BRI L PRI £,

i NS U ETT Y C

0. forw=1:w,,

1 for D=1:D,,,

2 Cyy =f(w,D) /% I FATTIY BRI « /

3. ngy = (k/w) x {lgy/D) ,ngs = (k/w) x {lg/D) ,

4. ny ={(m/w) x{d/D)

5 Cau =fl@, D), Cyy =ngy x Cyy,Cos =ngs X Cyy,

6 Cy=ny xCyy

7 minFind; (w,D) —C, 0 = Cspy + Css + Cyy /% NEE
AT A I PTG i+ /

8. end for

9. end for

10. min:C_, =ILP _Solver(w,D,C o)

SR 2 By T T Oy SO SR ILP SRR AR
“ILP _Solver” (¥ 5% Byt 2. B 5 Xt ) &y gk £ 47 40 W, 4
SR RO AT I LA WA D 4 R (T
1) AR B E o AN B RAT, TSR D AL,
MRS @ AT I3 S AR50 S 43 3 RIBUSE IR T4, X
BUNEIREN(F7 2 ~4) s MR SH0D Al BB o
7, M ZE o W52, WIXE D AT 93 32, 7845 53 304 4353
SRECFIR ST, BB/ NE RN (FT5 ~T) s AR B o
1D FRA GBI A RN I 20 3 % A S 5003 3
Ay 4 PG, 20 S A B0 R IR TROT B, U/
HAPREER (47 8 ~ 10).

B2 HXERE

AN PTTTEE o , R D FWIR R Coumo
it < AR PR B AR A A minC,,
def ILP _Solver(w,D,C o)
iflweZ,DeZ)minC,,, =C,,.0
else if(wg Z,DeZ)

W)y =iN(@) Wy, = ceil ()

minC,,, =min( Cy,, (@, D), C o (@i, , D))
else if(weZ,DgZ)

D,,, =int(D) s Dy = ceil (D)

minC,,, =min( Cy,, (@,D),,) ,Cpn(@,Dyig))

else

R A B

W), =it @) @y, =ceil(w) D, =int(D),
Dy, = ceil (D)
10. minC,,, = min { Coum (@10 D1y ) 5 C o Whigh D)

!
Com (@) ’Dhigh) »Coum ((‘)high »Dhigh> f

11. end if
12. return minC,
13.  end def

ILP (A UE—> NP i) B2, {0 B 1 98 9 _E FRZ
BOPMNN @, =m, D, =n, WRH I3 SOE T IEH#ATR
IR SZ AR BE R O (mn) | BARS SUAESEIE A 1L, HUAE
IFIR] S Z B AN i o9 (ELBE A8 B2 S B T A7 38, ol £
BN SRR iR AL 5 — T3 T, 73 SCRE Sk AR B, T



1614 H, *

EE ¢ 2018 4

00T AN 243 T T A AT AT 30N 0 5, TR 5 Mg
A L, Hol st B R R4 Tt
4 ERESR

TR SFPA fIE 2R BT X AT RS VNF 852 bR
INERRCR , A SCEE T NetFPGA-10G ~F- 5 523 T~ SFPA (1)
JERY, JFAE A 5 R85 P 0 HLE e 2R AT T K5 0 B
NetFPGA-10G #t £k F T Xilinx Virtex 5 0] Zg 2.0 F,
A 4 4~ 10Gbps By Hom 1, LA Sz 4 S i%4% T PCle &
LI H A N A7 18] ( Direct Memory Access, DMA )
) CPU Hg 40k 11" 4 0 o0 3 - 45 JF & 1) S B 1
W Xilinx ISE, 3 A H U &8 SFPA (19 fifi {4 J7-484. VNF
BB A AR 5528 7 (Intel Xeon E5-2407 CPU 2. 2GHz,
16GB DDR3 RAM) , il 55 i 5 B Jin i - 5 % 4, R ]
OpenVZ {4 REAU)Z.
4.1 fnEZREL ST

N T Bk SFPA XFATIRAS D RE R IR L RE , 1 5
X SFPA ZEA B XS AN [ 4 B2 Hdha £ 1) A B 3R A7
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