W34 AT it " HL =2 Eire Vol. 34 No. 7
201147 A CHINESE JOURNAL OF COMPUTERS July 2011

D (Key Laboratory of Computer System and Architecture , Institute o f Computing Technology s Chinese Academy of Sciences, Beijing

EERREMPERSEGMERFMALML

/% E%il—l)l)&) ’_\]%L, E]&G%Z) %E//rgl) X\_IJ /d\\:r 7%’ D

D EREBETT AR R GG E AL E JLs 100190)
2 (IBM HEBFFEBE  dbnt 100193)
D EBEREMI R AR dbat 100049)

 E IR E AP B0 25 T LA R W AL B R AT 0 R ST R R T ) g L 35 B 1 R R R AR
THFEM B Y. W2 B v 0 2 B A i A R TR S Y O T B — A MR R OB R A e b .
RS st 21 D0 w2 3 A 5 B K U B R e Ak L DRI LA O B b R R TG k. E T 4 R A O IR
AN A T BN AR 2 I R W4 U RS I A T TS AT RE PR A D 5 AT B T 2 0 1 R T A L % Sk
T SR BA B $5 H ok A [ 9 48 U8 9 1 SR 64T sh A B HE T 09 05 0k, o il SR B AE 19 BB AT RAAE b R] DUAE Ak A
T 7 S50 080 20 T T 88 bR 285 U0 48 R 0. o 22 B AT 1 A R A T R 0 A Y S 0 5 SR I L v T LA R A o
i 1 - F g SO Bof ) 4 R A ik 2L SCEG S5 R R 5L G FIFO B2 ih x4 Lh, I 40 I ol 45 19 7k S de KR m T
26.7 %% » Wi R 5 ) 35 K20 T 50 .

RER BEPEINEE RS R ARG s ARSI AR
FEESEES TP302 DOI £ 10.3724/SP. . 1016. 2011. 01314

Optimization of Stateful Hardware Acceleration in Hybrid Architectures

MA Yi-Ke"”#'® CHANG Xiao-Tao” FAN Dong-Rui” LIU Zhi-Yong"

» (IBM Research-China , Beijing 100193)
 (Graduate University of Chinese Academy of Sciences, Beijing 100049)

Abstract  In many computing domains, hardware accelerators can improve throughput and lower
power consumption, instead of executing functionally equivalent software on the general-purpose
micro-processors cores. While hardware accelerators often are stateless, network processing ex-
emplifies the need for stateful hardware acceleration. The packet oriented streaming nature of
current networks enables data processing as soon as the packets arrive rather than when the data
of the whole network flow is available. Due to the concurrence of many flows, an accelerator
must maintain and switch contexts between many states of the various accelerated streams em-
bodied in the flows, which increases overhead associated with acceleration. This paper proposes
to dynamically reorder the requests of different accelerated streams in a hybrid on-chip/memory
based request queue to reduce the associated overhead. Through a simulation-based performance
study, the effectiveness of the proposed mechanism for different popular stateful accelerators is

shown. The experimental results shown the approach can help reduce the average response time sig-
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nificantly and improve throughput up to 26. 7% and response time reduction of upto 50% for de-

compression acceleration compared with the traditional FIFO order design.
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@ Advanced Encryption Standard. http://en. wikipedia. org/
wiki/ Advanced Encryption Standard.
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tBAF H  BT A CRB RAE X A% 1 2 4h o PR A
FE LB B 7 E B A £ (Stream Lookup
Table,SLT), & 3 T N & 7] 3 4k 77 fi% % (Content
Addressable Memory, CAM) @, ¥ J&& T %5 4 BA 71) 45
RS B D RE W 35 T v BRI R A B E A
B A 4 PR, B e B R R BB A i £
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Bt — A~ 7 2 T, [ B 3% A~ CRB KBl 8 N £E i
A — R
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AR USRS L T SR AT 85 19 I K LA R AT 4K
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H T N A A A R 2 A A o ek 4 P R DL Ak 7Y
FHOE AR AH G SCHR R 228 SCHRL6 . fH 2 STk 6
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@® CAM. http://en. wikipedia. org/wiki/Content-addressable
memory.
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I 48 J00 0 5 AT A A 9 R i R T T A AR
A5 0 28 8 A Ak v R R TR I 4% 9 TUHE S
(4 7 R R SCAs e TR I T A Ol 9k R OE 58
(8 o ZEAE T SCHRC6 T 3 A 42 B Jon 38417 ) 958
PR FEASTE 0 SR 1 R 9 SRt L L 45 8% AT LA 3R AR
FRAT A F AL T R 1 1 R AR T
3.3 EHEXZIKOH

1 ORR # AR ¥ i1 ORT F12h SRL AR %t
() SLT (A% 0B A 0 2 N 25 W] Sk A7t 4 8 2 —
Fof e i A RN R I 8 ) R L R AR
BT b — i A KCHE I 5 7 it A P4 25 RT3 ik 7 At
i v T A 0N ) B AT B R A R O A DS R
FAy 2 5 VG C A A7 2R A5 5 B B0 I X 1 i ik
o F K& CAM £ 5 3 385 o A i) 1 B0 )
FE MBI A b N 28 0] 501k 17 0 25 i 2 AT L
T . ORT 1 SLT 14 75 1 ] Ak 252 B BR .

FR [, SLT By 25 5 91 & 45 Ik 1) 55 i AH 24
JERCAIE M. BT & LT R E A 4
DAL AS TR B0 3 2 76— A D A0 A s ) 1 3135
IRt {45 /0 25 B 9 ST sk ] DA 2 755K 5 18 119
TR ECE WY ORT A SLT X 6E 1 #2 &
ks 2. X B % ORT F SL'T Ay 101 % 4R &
128, 5%~ IBM WSP &b B 25 i 1 ALE 47 Ho %,
DL HE ORR #1 SRL (@i M AT 0. 05%.

3.4 AT
T R 0 T I 7 0 A B 4 92 Y6 CRB

FA 87 T 5 BT 522 ) 56 426 o 246 3 1 37 SR SEE 3R & 3 g
A BEGE. BATTAT LA SE i BR ) F HE e A s ] e R

SR AR 3K A 53 W ¥4 1) ] 7R 32 1) 9 L P ) il i
PFBCE — > I [A] 85 B2 LB B35 #Y CRB A A B A
) CRB 2 fi il T 1X A I 8] #5 12, iX 4> CRB 5 A
SR - O E 24 I R RS B BA R L AT
NS B T8 A IR R . A SO L FRATTAL
25 R AEAN AL PP BR A 117 D0 T T HE PP X 19 2%
T 5 KM O A 8] 1% 52 W AT 2 7K R 19 AR AP X
A Y- SR I 1) 1 1 5 12 R AT S BN A

4 LWHERSHM

XA SOy s AT VR RE VR AN 1Y 48 bR A4S P 7
AT+ A I 238 R ) o, BsF ) R ATD A AR R 4 IR 4% B AT
TR PERERIT T 0 T H B i s . AT H 45 Hh
PERE S 5 1 0 fB 25

KM AELIHM T IBM Wire-Speed PowerTM
Processor(WSP) 1) Mambo # 4 #% I #:47 305, H
FESHNE 1 PR, Mambo™ &2 —4> IBM £ R4t
B #5, M IBM WSPH 8 2 Al T 16 4~ IBM

*1 ERBNEESH
ZH i
T 2GHz
b P AR R SRR 16 /64
— 2K F54 /B dE Cache 16x (16KB+16KB) SRAM
% Cache 4x 2MB eDRAM
FE 45 /i 45
T A o i XML
RegX
i (AES, DES, ARC4, Kasumi, SHA ,MD5)
WAE TE 2x DDR3 controllers 4 Channels@ 800~1600MHz

24 1/0F % 4x 10GB Ethernet, 2x PCI Gen2
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PowerPC #% (4% & 4 MR 28 F 2 A4 1
7 I Ab B 5

FATE o2 B 4% 1R S VT4 T 85 715 31— A4~
RN R 55 B )RR ST 2 0 A2 R ROHE
1200Bytes, FH 45 R H 7 4. 91 CREFE K
JNECH 2. SKB(2KB J7 52 R & F0 0. 5KB g A0k
2 DD X A 4 0 4 R UL R A S [ T A AT
DA Z8 0% 33 2 R HOIR S 2 b — W i 5 .
(5 Tul 2ok A 2 28 40 % A 45 R8s COF- 1 5892Bytes,
1200Bytes X 4. 91) 15 [a] By Bx.

TC8 A2 A7 A5 N 2R 5 5 [l 45 5, Jonn o 4% 119 i
45 P RE AR 2 Ry g I 300 1 20 PRI AR B 58
— NI A SR K 2 B 1200 A4S iF 4 R . IR 1
WSP #15 [1] 8 4~ Cache 17 (64Bytes) 55 % £ %% 300
A4l LB S BT DA ] 5892 AN 52715 [ i Hh 45 S B
3452 A~ BB JE . X T — UOR S U e, AT
1464 ASIF4h W1k 4% 2. 5KB AR S5 B BT
R MTEAS 43 A0 9 M/ M/ T8 HE BRI R Y L 3R AT AR AR
T ZA AN B EE B LK 2t kBN CS=38
F| CS=12048) iy 1L ™ 45 Ui » F R BIF 58 76 A W] 1Y
ORT A1 SLT K/NL K AL 5 FIFO R &b ¥ fE.

4.1 FHRMEL

TATHE /M T ORT N A 1 AFKII(FIFO)
FAT 128 > RI A A B DI 45 B AE 4 B A W] B &
AR HEAT EHEE R S B il 5 . FIFO &
MR HA AR F I A9 S CRB A 125k A W] — X
2R I AR T S g VRS BEE CS 1Y
S AR R RN BT DL HE I A R BIOR 8
D TR B RO/ (3, w] DL HE Y Y
B I BT N . AE S g AR, A E R Y
CRB $ gk 3] 3 CRB 3019 90 % . Xt )T e T
TR EHE Y BR BA BRI A 23 ).

100

> CS=8
-~ CS=32
-o-(CS=128
-o-CS=512
0-CS=2048

[0}
=}

D
(=]

ToHE P IR T IR
-~

(S
f=}
T

(=)

1 8 16 64 128 256

()R’f‘ZjC/J\
5 i ORR ZJ5 M E HEP i

P 6 3t T (LB FT ORR A 0 15 45 1 ik 8

T2 S0 75 0 AR A 26 . W TP KN

HHZRE RIS 26.7%. 4 CS R FH K
JIN B A L B 22 A O (CS = 2048) ¥ 3515 2% I 75
R LT

30
8CS—8
p5fjacs—a T N M
 |lpcs=128 ] N N
e o . 8 R k4
< 8 ] 87 87
= oollBCS=512 8 ] 87 87
& S VN
2 |ocs=2048] N N VI
I - 8 7 87 87
L 3 8% ¥ &%
” 8 ] 87 87 87
Ll NN M NN
& NN N NN
i R R R R
] R R7 87 87
5t 87 87 87 87 87
_ Y] N N ML N
oLk S B e B P R B

16 32 64 128 256
ORT A/

6 AHXFMESE FIFO,ORR X B {4 fiff 1 4 7% i 28 110 42 7

HRA 2 2 SCHRL6 ] v BT 46 1 R ok B AT T
F D 35 1 o 4R 4R L B I O T 4 S T B K
KRR 7AW 44, B R AT EE Oy 10, BERE
T JE AT SR A TR R FRATT I IR . AR S E S5
5 CRB 418 40CHR 32 B4 10, T A1 1 ORT 9K
/NFEE K 128, 3F H % sE SLT i K/NTE 128 ~512
AT Z [ AR Ak DLLEE i 1 BB 7E ] SRL 2 J5
R R

K7 £, R SRL BEARZ G ARG T
P, R HIEBEE CS R i) i gk 38 i B 2. 24 f
RWBUNT BT SLT KN B X Fh AL AR
AR R T 20 I PERE IR B M IOF R B
4 f5F SLT FR/NEF M FIFO, T A58 15 5] T
7. 2% M PERE SR TT

30
OORT=128
25t OSLT=128
= — BSLT=512
= 20
=
-
e 15F
= 10}
e
5.

8 32 128 512 2048

B 7 A6 FIFO, SRL XH B P I 4 45 1k %1 42 71
B T A% Fe 45 s 2 40, AT W 4 T IBM
WSP b3 & v i) e JL A BE O o 2%, Wk 2

@ Deutsch L P. RFC 1951 Deflate Compressed Data Format
Specificaiton V1.3. http://www. ietf. org/rfc/rfcl1951.
txt, by Internet Engineering Task Force, 1996
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Background

Network-optimized applications are constrained by in-
gress and egress data rates, lalency and throughpul require-
ments, and the temporal or streaming nature of the data as
the current link rates are approaching 40Gb/s. To address
the computational and I/O demands of this domain, proces-
sor chips are increasingly built as Systems on a Chip (SoC) ,
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terfaces and generic and application specific accelerators onto
a single chip. Acceleration opportunities present themselves
at various points in packet processing. Compared to stateless
accelerators, stateful accelerators do not need to wait for all
the packets of a flow to be reassembled. It can process any
packet of the flow as it arrives. Dependent on the accelera-

tor, frequent context switching can introduce performance
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overhead, especially when the context size is large. In gener-
al, requests are fetched from a queue and processed by the
accelerator in FIFO order. The approach to reducing this
overhead is to focus on the acceleration request queue and
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