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Abstract As the number of cores in a chip multiprocessor increases, cache coherence protocols have
become a performance bottleneck of the share-memory system. The overhead and complexity of
current cache coherence protocols seriously restrict the development of the share-memory system.
Specifically, directory protocols need high storage overhead to keep track of sharer list and snooping
protocols consume significant network bandwidth to broadcast messages. Some coherence protocols,
such as MESI (modified exclusive shared or invalid) protocol, are extremely complex and have
numerous transient states and data race. This paper implements a simple and efficient cache coherence
protocol named VISU (valid/invalid states based on self-updating) for data-race-free programs. VISU
is based on a self-updating mechanism and only includes two stable states (wvalid and invalid).
Furthermore, the VISU protocol eliminates the directory and indirection transactions and reduces
significant overheads. First, we propose self-updating shared blocks at synchronization points for
correction with the data-race-free guarantee of parallel programming. Second, taking advantage of
techniques that dynamically classify private data (only accessed by one processor) and shared data, we
propose write-back for private data and write-through for shared data. For private data, a simple
write-back policy can reduce the unnecessary on-chip network traffic. In L1 cache, a write-through
policy for shared data which can keep the newest shared data in LLLC, would obviate almost all
coherence states. Our approach implements a truly cost-less two-state coherence protocol. The VISU
protocol does not require directory or indirect transfer and is easier to verify while at the same time

obtains similar even better performance of MESI directory protocol.
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3.1 RGBS
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1 GARNET!" fjf B R 1= H B 5. [5] B F ] CACTI
6.5 T H R 32 nm By $ AR T2 %t cache Y I 44
HEATPPAL . it 8 B i L 2 % AL HLAF (chip
multiprocessors, CMP) %544 ,12 47 SPLASH-2 J1 /)
MK FE P . SPLASH-2 #2 77 43 i T kernels F1 apps
PIERRF, ZERd ki X 2 ki FFT
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block, 512 X 512 matrix) 1l Water-Nsq ( Water-
nsquared, 512 molecules) J 47 M 32 72 ¢ 12 47 90 3.
AR h EE SR 1 P

Table 1 Configuration of System
x1 RESHRE

Modules Configuration
Processor Frequency/GHz 1
Cache Line Size 64 B
Page Size 4KB
Delay Timeout/cycle 500

L1 1&.D Cache 32 KB, 8-way

Shared 1.2 Cache 4 MB 512 KB/tile 8-way
Network Topology 2-dimensional Mesh(4X2)
Routing Deterministic X-Y

Garnet-network Fixed

S g ok A i o UM R E R G MO AT R R Y
EEZNERC 2 N ol DB el = Wil T (=W D2
GEMS & Z G4l &% . 07 BB A I AT R P, Ge it 2
J IR AT B B Bl . S BT 3 A — Bk P
DMESI H g iZ P B 2 9% cache 21 1. SZ
fE % H a5 B MEST H & B iR 98 H 5id 351
TR R B B I (5 B R BUE Rk
TH 53R BRI 09 8008 I B A AE 1 E/M RS (R Bk
5. 2) VIPS i, X F B i B Ros 48 A 48 1.
VIPS PpAE L1 il A 2 FpfsoeE RS, 5 A%
Ry VISU #3251, {2 VIPS Prill 78 [7) 25 55 =
R HII 2 B R AR AE. R )25 A8 A 2R 880 O 2 Ok
E T PR — b H— @ B2 B3N T L1 cache
fR Bl 2 R 3) A SCHR Y VISU WML % il 7 [w] 25
RURH A 3R 2 BRI ZE ) 25 00 S S s E AT
H BB i cache W3R, AT 42 8 R e g,

FESCB R R v SE B 5 Bk CJR] 2P s Z WD (19 2E
BF B[] 152 R 500 cycle. 5 B ik 4E B 3 B2 F o B R
B — A B AR 1T RE S U5 AE ML cache line A
b7 (word) B KU 4. 2E Bt 5 Bk T LA IF S B4R
IRJG—UMES Bk 3] LLC, A 5 B 2k im0 K
AR C (AR SE R S LA AU — A A D A 2T
SE 8 T LA X A JE B S (0] 5 ) 35 B 180 ) I A 4 R R
i fe.

3.2 BEEXRNSE

VISU Ppif gl 2 33 30 8 e o iy B A Ik = 80
Wit R A 2 RO TE B0y 7 R R AT AL B S R as AT T
FFT,LU,LU-Non, Water-Nsq X 4 & % I #
TIHATH BLix 4 A7 % R A B Fn e S 500 & %
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Iftech Requests
O Private Requests

M Shared Requests
B Sync Requests

Fraction of Different Requests/%

FFT LU

LU-Non Water-Nsp Average
Program

Average means the average number of requests for the left four programs.

Fig. 7 Fraction of different requests in parallel programs
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e/ oA 1. 2% Fi 1. 8%0) (M2 oKk i kb
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TR LR F A IE K CRLEE BUHE 36 oK) 7 3 5 3 4 IF
I B R 77, 2%, 78 4 ARy v (FFT, LU,
LU-Non, Water-Nsp) [&] 25 4 5¢ (# 3 5K Jir o Ho 1] 4K
WH0.11%,0.10%,0. 08%,0. 22% , H ' Water-
Nisp AH XS ok 158 ) 45 i o 4 A B2 1) 25 4 5K 1 24 oy
It 0.14%.

3.3 VISU thiiEfTE 8

T r By VISU BpiflrE e . S50l 7 MESI,
VIPS, VISU ix 3 F i, Jfid ¢ 7 #7717 B B
I AT I ] TN R 8 B s,

S 25 5L DL MESI P 39 iz 17 B 8] #5479 —
b, F¥RFE.LH A 2 M RERSH VISU b
BRAG T 5A H3%.3 e Ra sy MESI Bl JL
T—FERMERE. N FET #27 bl LLE . VISU #
Aefe 2z MESI YA 11 % MM BE#2 T, — Jr i ok &
TR B 5 A s o — 7 TR IR T R S #RAE
1E VISUCVIPS) #p 38 rpx - [6] 26 84 47 A B8
CHRBO X J&— 20 T PR AE IE 8 M B T 85 i #
fE .87 FET A B 5 He il R /b, Water-Nsp B [7] 4
PRAE 5 A B e 5 K R s AL A T R L /D L BT LA
VISU Ppisl % 1A PE E ARt T MEST thill 5 T 8%
()1 RE 0t k. AE W] 20 A b B R B, VISU B B0AH X

O MESI 0O VIPS @ VISU

o = M
(o] o [\
T

S
.
T T

Normalized Execution Time
o o
[\V] (o2}

o
o

FFT LU Water-Nsp LU-Non

Program

Average

Average means the average execution time of the left four programs
in MESI, VIPS and VISU protocols.

Fig. 8 Normalized execution time

K8 H—fkiztr

VIPS B RE S B A i T A 28 a3 3 BB K4 cache
KA M Water-Nsp £ J5 1 0J LU ih - A3 VIPS By
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TR A BRIL RO 9 VISU PpillPE e m 5 T VIPS
PML G 0. 2% M RE SR =D
3.4 VISU M54

TEAFAE T4 7 . 3% 2 9 3 A M SR AR X 1L
MESI H 55 P SCR 2 W (Full-map) F 5. K9 &
R N SRS MESI B UEAR 1 H 5% %50,
Horh 2 A R AT 8 - BB block B A
% (owner) 1% P& block By Ik FE 31 3 (sharer list),
FEAS R IHS T Z N b N {7 A1 N 7. 3% 617 % I
B M R R SR PR AT T AL £ MEST H %
P B BAEAEFE LLC 1) tag v, 5256 of il
W7 3 AR LLC tag BT AT 8. 13 2 Prox.
VIPS fil VISU Hpill B4 H . MR T 25. 424
MR AR

Table 2 Comparison of Three Protocols

®2 3MBIUSTLL

LLC Tag L1 States

Protocol Directory Invalidation

Area/mm Stable Transient

MESI  Full-map 0.127 Multicast 4 11
VIPS No 0.0952 Self-invalidation 2 2
VISU No 0.0952 Self-updating 2 2

cache — F M P LAY 563 0] B 2 CMP & i
0 E PR, 7R S UE T 89 U5 . VISU 5 VIPS Pri
430 % Y E BRI B2k 0 O VR R a3 &
Ko 2 A1 X1 5=, T MEST H s B iSCR FH Y
Je FIH B sk iy a0 R BT 246 ik 2 s,

AN H s GE 5 B s m Bs 38 A # Cowner)
3R B SR R T AUAN ¥ [E] 45 5 55 T VISU A
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Directiory Entry

I State | Owner | Sharer List

2-b  1b N(unit:b) N(unit:b)

Fig. 9 Directory entry for a bock in a system
with N nodes
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A TE L1 cache HAg 11 Fifr o ()R 25 04 Fr (] 422 5 55
VISU Fil VIPS Wi A 56 Uk J5 1 H A 2 A 3
3.5 VISU hIER S Hix 0

R T 2 B A A B R ) %R VISU
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1000 cycle %iE B X6 I 32 i 3 41 SCEC it 9 5% M.
10 ffiw

[0 100 cycles [ 500 cycles E 1000 cycles
5 1.2
£
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z o 0.8
ok
O <
Ny
T %5 0.4
£
=]
Z 0
H D £ & B B2 & 8 &
£ 2 Z B 2 2 Z £
= T " = i " o
B 2 2 § £ & 5 § <
5 - 5 B > » B
Z S
> 2] > a5
> >
Program

Average means the average number of packets in the left programs.

Fig. 10  Number of packects in the VISU and VIPS
/10 VISU M1 VIPS T H ik fE I i ] 5 4 SO0

KIS I 5 3k . BE A A JR d v I B, 5 0F 2
WS [A] — 4~ cache line 95 $#AE . 85 H ik Ik
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AR E VISU P IE B M f R gt g, s IR S
ARSI BE 6% S ik X HoA A% FT L. ANIET 10 7T LLR
L Y IERE M 100 cycles 3 AN E] 500 cycles B, 4% 3¢
B B S T 300 7%. fH A 500 cycles
HEE] 1000 cycles ., ¢ SCER B AR T 6. 800, H
o LU 1 LU-Non iX 2 /4> 5 e SCECR L 30A 18
A P AE VISU Ppas b i B 4E I 5 B 3k 1Y I 18] 2
500 cycle.

3.6 VISU % 3F cache ff 5 2§ & M

VISU Ppil 5 VIPS Ppill iy 32 2 X 5 76 T2k H
A 5 32 L1 cache By H 2R, X F[E 4 A5
RABTEHEREB R, FERIETF 2 4MFEEZ
[B) A %5 4 2 A S o B — Uil B O11 R 2
VIPS #1 VISU il 4 L1 cache £243%K, L) VIPS
W R R A7 IH—1k.

O VIPS O VISuU

o 1.00 —

&

Z 0.96

=

Q

S

& 0.92

e

S

= 0.88F

g

=]

“ 0.84

FFT LU LU-Non Water-Nsp Average

Program

Average means the average cache miss rate of the left four programs
in VIPS and VISU protocols.

Normalized cache miss rate in the VISU
and VIPS
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x="50. M 7E [ 25 s dE 47 B 38 09 77 o] LU
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VIPS thisCE AR T 5. 2% B9 L1 cache KRR,

Fig. 11
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— H LR F B ST §7 ' Pk ) B SR A R L
VISU WA T7 BAR W W P il — FE T 3% Ky
15K, 3 Hib i T mesh fl torus 45 JC ¢ P 4%.

39 0 205 5007 MU T A Ze 9 MEST Bhisd . i

My VISU Pl A 5 Z A0 Y £ 2 AR A M fg. 4%
Tk B TAEK 2403 VISU [ B B4 /E, b 4k =
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