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CMP-oriented shared multi-channel Cache architecture and

its prototype construction
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Abstract; To construct a rational and efficient communication structure and a high-efficient data storage path

for CMP system, a kind of scalable and configurable CMP architecture utilizing multi-channel Cache ( AUM-

CC) is proposed in this article and its prototype system is established based on FPGA and LOEN3 processor.
Multi-channel Cache is adopted as 1.2 Cache in AUMCC. AUMCC can be configured to be private 1.2 Cache

structure or shared L2 Cache structure based on the access mode of multi-channel Cache. Simulation and tes-

ting results show that AUMCC architecture can achieve about 37% performance improvement compared with
shared .2 Cache BUS-centric ( SCA) architecture, and the hierarchy characteristic of AUMCC assures the

good scalability.

Key words: shared multi-channel Cache for CMP architecture ; multi-channel Cache; prototype system based

on FPGA

%1% ( Chip Multi-Processor, CMP) Ab JH £5 f %
F603 TF R AN FPRLBE Y T AT 18, DRI R oA sl Ak B
() AT ). AR 5 _E 22 A% e B SA 7E T
i TR PR 22 4% 22 ) 1 36 RTS8 A5 B 0] A,
SR BRI A
it RGAE A% R G A AU R W B aR 1 21
ZURIAEAE , S PRI ER R TR m 2R GF
IR TR B R G R AR PR R 2 O MAE

i BHEA: 2009 -03 - 15.
E£mMAB: #FHHL A4 %W H (20070007070) .
EE A XIRE(1973—) , 2, Wi E | B

i We(1961—) 55 2R, 1A 0.

FHH*S] .

BT RAF A8 A RIS H T,
ASCHEH —Fih i 2@ i Cache /A 12 Cache
BR] 4 & ] i B CMP {& & Architecture Utilizing
Multi-Channel Cache, AUMCC. #2JE ikt 28
18 Cache AN[R] TAERLA, AUMCC n] LATC # 54D
£ 12 Cache gt af 52 12 Cache %5#4. AUMCC
AL, Zal i Cache (1) 22 37 (1) 15 1)
HIER O T AZ IR O A S BO T L s
TRZIRLEAF A B8 5 [7] i 2238 18 Cache 1943 2515 11]
A R fb T X L1 Cache 1— ECPELED FF4Y. T
LEON3 4b BE#% 109 7 22 46 1 M RE B 0L S i) X 25



- 1834 - R B L

AN

FA2E

A, AUMCC 4 2 RE S A A ATl A, a5 1k
REARXS T2 T B4 IL T Cache 45255 1 37% ,
AL WE AR R R G EA RIFR Y Rk

1 AR % # Cache B9 Z % & &
AUMCC Bk 4E4y

AUMCC 1A Z & — ik 1] 2 8438 18 Cache
YEH 12 Cache 1Y )2 AL T 7 Ji& ] L & CMP &5
' CE 1 BR) . R T 5 8
L1 454 F%ds Cache, 12 Cache ] LAAR % 258 18
Cache V5 IRI B ) A5 0 B FAA sl = WD
=, B AUMCC {4 22 A0 7 ) AT DATC B AL A 12
Cache Z5fE{IL = 12 Cache Z5#4). &4 X i —
ANIEIE , A E AR YO ikl A AZ ] AT DL 3
UG )2 B EL R O 245 304, A, AT DA ek e == A8 e
Z il 18 12 Cache sZ 8. =1y AUMCC
H, A% AT DA A 33 3 P A7 AR, 7T DL
38 T N R AE RS, R TS A TR 242 Z TR 5 e
& [a) i3, a4k T % L1 Cache Ay—F0: 4k 37 7148,
P T R GMERE, R Cache [ 22 38 18 4% 1k T LA
ZIRfE G IET B IL T Cache S5FHY B AT T2 Y
IR R, 4 5 RGE VT ) S AT k.

L2 cache
m‘ - ‘ Channel-1 ‘ Channel-0
o | cu| ——fup |||
core core core
I Network I

El1 AUMCC SAZeHy
BT Az g0y BT B B 2 b #5 TR
S Z i@ 1A 12 Cache AILIFERGR “ 7. %
Mg WA B, nT Dl A S R £
1A Cache 4 8 TH LB R G0, AHAL A AL 22 T
AT AR memory B4 B 77 it s

2 % ¥ Cache [k R MY

2.1 %i@iE Cache FEHHLA L

FIH CACTI 47 HX LS5 K W, 4 4~ 1 KB
/N BB T SRAM 78 AT 451 25 0 1 AR AG
T—~4 o 1 4 KB {45 il SRAM &3, 1 H 5
Ui 1 SRAM A LAy EDA T H-ARk 4 i3 A2 nl, (T
BT SEB. R AR SR T A7 4 2238 U 7 =X
SEPAR B £ 58 il Cache'” ™, RS 1441 41
L5 ANIEL 2 BR.

%1818 Cache M52 XUHF IR 1 Cache DA
RS Ty A . %07 &, m S — A
m x n {58 LI (crossbar) Iz —A>BA m A4~1j

(3838 \n A5 0] 3 1 Y Cache FRAEFES). B4~ 38
HEWNWE T p i H Cache. &—4> Cache 5k
PIA AL Cache 5 il £, AT LASR AL 37 79 177 [R)
Uity 11 . 38 38 (1] DA iR 7 okt 58 SO X4 5 T8 i 22 38
i Cache HiLhl , £7fi 7% 19 2 1R 58 SR 3 m FL I
T A T 10 L 3 3 ) w5 7 58 SUAE A 23
Cache [1AH &8 #h ik 73 47 76 [A] — 4~ Cache J@1E Y,
AT DAY/ 38 38 v 2. 1 38 18 PN 45 Cache T LIS b
k22 X5 2 A T o AR ik 58 Sy T LA
SR a) [R]85 T R PR T A 7 - U
BT K IFAT VIR 2 BRI S e

| ¢ T
e e )
1 Cache ! 1|Cacl R !

hel | /) ache |}
: Bank1 : : Bankl! !

[ — [ S —

K2 Z£iEiE Cache 225 A

2.2 MWEXBESHITZXE

AN Z i@ il Cache 11 T “FAE " I 4k
PR TR ) ERA AT, R
core —i HRE /5 15 HoxT N 3E 1E 9 1) 2 A A7 it
T, ANRE VI 0] HA 3 18 5 2 ) 7E L 2R,
A% AT AT SO Al 3 18 09 5580 , (B AN RE ] Hoh 5 A
Bl AT AR A 250 3 OO 0 30 T8 ) A4 A H
A% ST 4 L S AR

A TERVA T BT A AR AR A AE
Vil a4, AL AUMCC NMEEZ S
R AR, R4k T 4E3 L1 Cache X4l —BMEY
REPETTAY , S 7 A% ) 2L =2 Btk i) A4 st B, A7 )
TR RGN R 2. ARl E A
FEAER R R 22 ST 20T BR T AZ IR A 32 .

TEAR 55 WK BT H AU, A% ) i e = i dis
FHARA L Az P22 — T 97 R & i — DT
B E AN — TR T AR
SCRPX AR R, 78 AUMCC R T 28 X35
[ A BILHR] = 1) 24 AR 7= 2" core — i ] HOWS By i 18
WNHIFA# IR Bank — i 5 A 1 B8 2 )5 B
BOZAFR#IAR, e TN Bank — i + 1 5 A %32 Pudbs
Wl s2) “TH A" core — j(j # i) JABHEEDIA], A
Bank — ¢ 32 25 1 Bedb S804 score — i BETK
Bank — i +1,[7] Bank — i + 2 5 A% 3 B85, K
e , 2 A AT I K A% i 5 i

P, RS AL | S BE 2 5, BEE B
SURT DOEATHAT. 24 205 i H0R sl 28 i, s R D
BC R , A% Z 1) o] AR T S K T4 7 15 i W) 20 4

- ———



D=4

XEE,

55 11 3

S5 T 10 2L LA IE Cache 1R K AL

- 1835 -

FHIER /S A BCRIA R e e
2.3 AUMCC Cache {FZ 454

fE AUMCC (A R FAE TAEBR AT, B —4
AERZ RS 12 Cache A Hiid 38 1980 , PR TA
FFTE L1 Cache 1 — 5P [a) . 7F 252 TARERI
T AL EIIRER R BEEEI 12 Cache JEAS b i 38 1Y)
B, AL =4 R L Cache f—ZCrE P AT
PRI A6 1) MEST PRl——M Ppis: 2 B —A>
L1 Cache el B M” fi, FIAc b 18 26 46 5o
A L2 A M iE T N A R 2 1 ke
PWABBN. SEENREZBE YU T 12 Cache A3

pagefram

L1 Instruction Cache ‘ [ page |

T T PN R I, 2 A o e At
¥, Hopb Az 30 338 5 2 AR 48 Tag 37 RT3 18 A5
PL(CID) ¥ A1 ) Y L1 Cache i MR ZS A7
“17. L1 Cache fE#E1T Tag HLALHY [F] 1] 25 A5 IR
BOEE A" FARSA 17 MBI Tag iy
H s & Ll Cache “BRJGT 3K, i1 77 A 3
EER, Uin) L2 JEACHLIE 3B . 12 Cache 23 AR 4
AR (CID ) K i o (4 $ic s 2% AAH DL 1Y CPU %
L1 Cache H1. {K#3X FE(H L1 Cache — X PEPMN,
AUMCC Cache 1K R Z5F5 40 1& 3 Fiw.

L1 Data Cache

T I

v
‘ tag ‘Ll index ‘ offset \

v v
| tag [ Llindex| offset |

Delayed write buffer

vaid index data
L t
[ ] ] [
; v hit
o v
1). CPU
miss

| ? :
CID M valid index Erlét;l};lt

[ [ I [ J [
Read hit

v

CP

l<
-«

L2 Cache ‘

tag

[PID [L2index] offset |

Delayed write buffer

data i write hit

CID: L2 channel identifier

vaid__index

PID: CPU identifier

v
»(—7
miss

Ac

\ |
i vRead hit

CPU and LI Cache

CESS memory

K3 AUMCC Cache {& 24514

3 AUMCC A A Gt ity s R I 6 AT

REREHMEFERMEAR
AUMCC J5 RS R e M - 5 Ml 7 28
B R RGEIEE N Windows with Cygwin, {/f B8
Modelsim 6. 1f,2%4 T.H 4 Xilinx ISE 8. 1, FF &k
A Xilinx ffJ DS-KIT-4VLX60 MB.

ASCHE Xilinx 19 - & #R DS-KIT4VLX60 MB
A Xilinx FPGA XC4VLX60-10 FF1148C 757,
THT LEON3 AR HEE () AUMCC {4 5 L) B 3
TR Cache Z54 (SCA) W RIE V&, 1L
FIH VHDL i 5 8T 9 2388 Cache 54 25,
FEREHAR AL R Grlib ) S A5Has v, S
i b =3 1 SRAM A= J§ £ 9 1 Cache £ %
). ¥ LEON3 %A% #l VHDL % i1 30 4 — & F1

3.1

make T HLAFE R 1P #%. Z 5 d XST 454 T
HA Y FPGA BRI Hy Xilinx 23 ®) 4 JRy
AL AR 3 B AR /Y SOF S, i
JTAG 3 I'DK; SOF SCF R 43 FPGA b AT
BC'E . f#F LEON3 [1y3&F GCC ) LECCS 22 X %
PERGUAHEUERE e EAT 4 0%, 15 3 — A5 LA
J& 8 AT FR 403 FPGA JF R BT, REE
Fic B SR E 4 P
3.2 AUMCC R MEEE MR

AL UE R 4 MediaBench'™ f1 00-
PACK™™ Sy Sty , AN [F] 9 43 26 o e 17 7 A~
T P JEAE N 32 ] basicmath, bitcount, blowfish
matrix, dijkstra, fft Fll stringsearch. 3 4% 5 25 H
T 8 B AUMCC & F )z SCA 14 Z Hh 48 FE eI iR
FRia AT IRl (NP S iz ) . A EE SCA £51y, AUM-



- 1836 - (S

SN AN

FA2E

CC AR RAELE L1 Cache [ —BUPE4E b IR 4Y
1fii 5 12 Cache [ 2338 3 Ff @8 HAT 1 0],
ﬁ'ﬁAUMCC PR Z S AR 7 i eI

B4, SE R A0 e nT LAk B 37% . s 538 H.
LU A5 2 10 7 FHE P A 35 o ) P R AR S T, 1P
LT Cache 544 g 2 A% W] e o AIRAE 3R S8 17

Processor E‘@@
Processor

@ | ™ 1| Enable LEON3 SPARCYS Processor Help

e

216 Mumber of processors Help

|nteger unit

Floating-paint unit

Cache system

i o]

Debug Support Unit

Fault-tolerance

WHOL debug settings

Main Menu Hest Prev ‘

(=3

oK. X T AR I AT A A B AR
AUMCC f  6E Jn # Lb 5 5, 20 3 3k 31 1,52,
L 46,Wﬁ7l°HXJ“ SCA fA % , AUMCC A Fn] LA fit
SR AL A TIE A5 PERE , S A% ) = Ml 1) v
BOFAT k.

Cache system

n | Enal
128 | Local data RAM size (kbytes) Help | ~

Mewt

K4 RESHICE

8163
[ mmmm SCA
C—3AUMCC

119 165 97
I84 ; H 66
5 0.53
Bo 035 068

basicmath bitcount blowfish matrix dijkstra fft stringsearch

KIS MRPASR T SERF AR T ]

3.3 ARGy RENRSTH

TETNRE T 2318 Cache I WP 2 IG5, BT
AT LA i 7 18] AS [6) 0 A7 it 1. 38 &,
AUMCC 5 1aas 56 w] LABE & 12 850 1 G 4 2k
PERES, FAT RAFRY I . St 5 L AUMCC
PR IAT T8 By 76 5557 B 1] P9 i 8 56 Y
VIR B H BN LA A411 52 B 58 iR 15 1)
1ER %L H DPC(Demands per cycle) S ffij g 1L 52
Hfii Cache YT T8, N ARAYECE. 7 D EEHERL Y
M4 FRPEBLUZSE AN 6 iR,

30

DPC

20

1.0 |

basicmath bitcount blowfish

matrix

_ 2 cores
I 4 cores E
1 8 cores
T 20 cores -
I 60 cores

dijkstra fft

stringsearch

K6 AUMCC RGEA R 58 580G R

HSER AR AT UL, N < 12 B, B P K,

5N BIEMPRMEER. BiE N 2K,
B Sl A 2 I 4 P 2 AT B | L R 5L

SUIF OG5 FTVECRE L O(NY) BRI K, AUMCC

H‘JI?E%%%!I@TF“ VI RE SRR, AR

[l SEHE I A0 Z2t&. S N < 8 I, 47 SE AP435
k%?@ 30% ;%4 8 < N <12 [, Py KRNy
13% ;25 N > 12 i S8 KR 5% . A,



55 11 3 IR, 55 W 2L 200 Cache (K F I J5URLH

- 1837 -

AUMCC iE5F 12 AN 2% CMP. S50
Hd 8 LA B KRR 4 B0 — AN T ST 4
P . Y A3 TR AUMCC S B RR & 110
W et , B AR R E A b ) 4 i At
SAREA I TR L

4 %

1) 42 —Fhii ) 2 4% R g0yl 2 3 18
Cache YE5 12 Cache )= 3017652244 AUMCC.

2) EF X PERE T K % 1T T 238 1A Cache (1)1
F, HPIF 3 B U7 A AR 4L T L1 Cache 1Y
— PR A, R4S AUMCC AT DL 43 5] e
BT 12 Cache FIFAAG 12 Cache PHFPZLL.

3) &K LEON3 4b B &% 3 T FPGA # &
AUMCC (R R R g - 04T T Rt ey BAL
L, 45 L F W], AUMCC & RAHXT T4 5 T B4
SEEWAEAGEEEATTT S A 37 % W PEREE T [R]B R
Gy PR R, R R B U0 2 R AR
oo TV .

5% Xk :

[1] OLUKOTUN K, HAMMOND L. QUEUE;The future of
microprocessors[ J]. ACM, 2005, 3(7) :26 —29.

[2] Costin Iancu, Steven Hofmeyr. Runtime optimization of
vector operations on large scale SMP clusters[ C ]//Pro-
ceedings of the 17th International Conference on Parallel
Architectures and Compilation Techniques. New York,
NY. ACM, 2008122 —132.

[3] HOEFLER T, GOTTSCHLING P, LUMSDAINE A. Le-
veraging non-blocking collective communication in high-
performance applications[ C]//Proceedings of the Twen-
tieth Annual Symposium on Parallelism in Algorithms
and Architectures. New York, NY. ACM, 2008:113 -
115.

[4] LEE Jaejin, SEO Sangmin, KIM Chihun, et al. COM-
IC: A coherent shared memory interface for cell be
[ C]//Proceedings of the 17th International Conference

on Parallel Architectures and Compilation Techniques.

New York, NY: ACM, 2008303 —314.

[5] OZTURK O, KANDEMIR M, CHEN G, et al. Custom-
ized on-chip memories for embedded chip multiproces-
sors[ C]//Proceedings of the 2005 Asia and South Pa-
cific Design Automation Conference. New York, NY:
ACM, 2005 743 -748.

[6] Haroon-Ur-Rashid, SHI Feng, JI Weixing, et al. Tri-
BA: A novel scalable architecture for high performance
parallel computing applications[ C]//Proceedings of the
6th Conference on WSEAS International Conference on
Applied Computer Science. Stevens Point, Wisconsin:
World Scientific and Engineering Academy and Society
(WSEAS) , 2007.:396 -401.

[7] AMD. AMD Athlon™64 4b¥f#5[ EB/OL]. [ 2005 - 03
- 08]. http://www. amd. com. cn/CHCN/Processors/
Product Information/0,30 _118 _9484,00. html.

[8] OZTURK O, KANDEMIR M. Data replication in
banked DRAMs for reducing energy consumption[ C]//
Proceedings of the 7th International Symposium on Qual-
ity Electronic Design. Washington, DC. IEEE Comput-
er Society, 2006:551 —556.

(9] XWRHE , A7 U ST, 2. — Fh Rk 22 0 11 A7 A 42
Til#e . " E |, 200710098503. 7[ P/OL]. [2007 - 10 —
09]. http;//search. sipo. gov. cn/sipo/zljs/hyjs-jieguo.
Jjsp-

[10]HENNESSY J L, PATTERSON D A. 8 HL{k & 4%
F: BB T [ M]3 . JE st HLB b b
#1,2002.

[ 11] Grlib-gpl-1. 0. 19-b3188. tar. gz [ OL]. [ 2008 - 09 -
30]. http://www. gaisler. com/cms/index. php? option
= com _ content&task = view&id =156 &ltemid =104.

[12]GUTHAUS M R, RINGENBERG J S, EMST D, et al.
MiBench: A free, commercially representative embed-
ded benchmark suite[ C]//Proceedings of the 4™ Annual
Workshop on Workload Characterization. Washington,
DC: IEEE Computer Society, 2001 .3 - 14.

[ 13 ] Evaluating Performance and Power of Object-Oriented vs.
Procedural Programming in Embedded Processors. [ EB/
OL]. [2008 -9 —19]. http://www. auto. tuwien. ac.
at/ AE2002/ Presentations/ chatzigeorgion/ ADA. ppt.

(W4 K 4)



