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Design and Evaluation of the Weakly Consistency Memory Model
for Business Multi-Processor Server

MicHIo MoRIOKA,T TETSUAKI NAKAMIKAWA,T KENICHI KUROSAWA T
and SAKoU IsHiIkAwA Tt

This paper discusses the architecture and performance of a cache coherent mechanism under
the weakly consistency model for a business multi-processor server. In an OLTP (On Line
Transaction Processing) system, cache misses due to task conflicts and ping-ponging of the
kernel shared data degrade the performance of the multi-processor. Since the weakly consis-
tency model allows the pipelining or latency hiding of memory accesses, it becomes important
feature for the multiprocessor. We propose a store miss buffer architecture for the write-
invalid protocol. This architecture combines the store buffer, which only holds the store
misses, and the non-blocking cache in order to execute the load/store miss recovery in parallel.
As for the write-update protocol, we propose the delayed broadcast architecture, which can
delay and accumulate the broadcast transactions in order to reduce frequencies of the broad-
cast transactions. Proposed architecture are evaluated by trace-driven simulator which can
evaluate the OLTP including kernel activities. The main findings are that the store miss buffer
architecture can improve performance by 4.8-10.3% compare to the strong order consistency
model ; and the delayed broadcast architecture is effective to reduce frequencies of the
broadcast transactions. So it can improve performance by 9.0-24.79%.

ing) T, T4RAIZRERY NI =2 AD7 7 AR

OEDEEAD Y R 7 BRICETENS, 2D,

PRIT AP EB T AT AEDE Y A ASEHT, WV FTaey Y ETETTSEO0SHET - O

EHRE - R EFRBZ ooV F Ty PP —N VRVERR I A VBECERNTIFr vy 2 I AD

ODEEENFE> T3, REMZEV ARV A FESELRY, AT VMHERY AT A0S
7L CHB OLTP (On-Line Transaction Process- EAET2EERERE RS,

AEVHEEZRKBCRETEZATYETVEL

1.t s®Ic

T (BR) EISCBUERT ESIRTSERT T, 94—V 4 d—FEFADBEHESN T LB,
Hitachi Research Laboratory, Hitachi, Ltd. . N P S =
I () EXTAETR 47 4 %35 LIEE S, IR Ty PR 7 a7 7 LR EL L,
Office Systems Division, Hitachi, Ltd. TukyYn—H7 7w AEEL LS, EF—¥

1976



Vol.36 No.8

ANDE— N« ANTERTY NF T F—F CERITARE &
TR2ETNTHD, BARE /v TavFrTFey
Va¥BHAEDLRBILIEST, AEYT I EA
DA T T4 MRV A T UV REBIRT B L HHRE
ERD, UA=2 V4 A —FETNETHEPT D
WZid, 120702y 9o DBEHEOAT )T 7R
ZAHTNCNETE 2EERTERTH S, Ekns
OBBEZHER EHT 2 AR REL X%
WOD L F e, 4 —7 ) 4 F— 5T OMREREHEIC
BL T, TEREZ  OMXBHEESNTHRE9, L
L, BEBREEMGFIE T 072 A0 & 3 5HHios L
THD, OLTP 7Xu /o A BT 2R 2 EEICFE
fliL 728 id v, iz, OLTP v 2" A TiRK
I~ EBWOS DAMBEEEbITEBDY, ¥AT7 XAy
FIEBEEDPY A VETOBEES Lol HTRIERE
MEE T 770 BB RSB EEZ N
5,

R TlE, BEEVEIELLEY A ARG VF
Tay Y —NEWNRE, VA -2V 4 F—FET
WERR S EBT 5% v v ¥ 2 —BRIEHR 2 BE
T35, ARG F vy v aBlllARNTHS, 714 ME
EHRETAVEHRARNZEN T L THET
5, T4 MESMEAR TR, HROR TNy T 7%
WHRL, ANTIRDAEEHFETLANT I ANy 7
7 ARERET S, AFRC LD, o—F 3 ML
A N7 S AR MFIMET 2 L b, BROA
T I AMBEBESNL A LT B EDSHEEE B B,
—H, 74 VEFHFRCELTE, 7u—FFr A b
WEE S —FHARBE S ¥ 5 2 LItk o C, RO 7 m
—FFry A M2 E LD TMETIBETO—FF 5 2

1/\1‘5"1' 7)[»

Flietulrn D‘ata'
from Other Cache

INF Ay PPN BTEVA =) 44 =5 XY T NVORE L T 1977

FARERET 2. 2h o AROMEETHRICBE L T3,
OLTP OFMz®MLI 2 PV —AF Y oy s ar—
Y RBETSL. i, OLTP OSSNV — R %A
ELT, OSHER Y A7 A4 v FOEEHLED T
lTEAYATFATHS,

2. RIFTaey U OBE L EE

2.1 PRF LR
WRELIewF ok y FREEOER 2R 1 1@
~Y. Yoy ¥, 120 MHz O RISC 7Ya v v 4T
HY, Frvvaldmf - T-IEET, BREIZ4IM
NAMETHETES, 94 ¥4 XE 3294 v T2
°_my7ﬁﬁ@ﬁ5 RNFTaL YNSRI 8N
A MEDT FVR » F—F~vVF Ly 7 ATHY,
mMHzT%W?5.XfU/bhxﬁfuib,%%
MRET 384 M NS MNBEEHET S, TAEVI, 23
V4T ADA V) =T HRICE D EA40M
NA N/ BOT — P EEERER RO, vV F T oy i
NATE, AX—7HFRICE>TF v vy 2 —5FEF

I7'C\‘tz-y"f| I7‘Dt-y*f| ITDt"TI Iz’gt.y-ﬂ

8Bytes I Main
MiU 60MHz| Memory

B V'-
!Blu][slu] LBIUlIBIUI
] 770 o) 170

1 "V FFuydH—0Dy AT AR
Fig. 1 System organization of the multi-processor server.

IHet'urn'Dat'a

from Main Memory
N e ey
mmmg@pa

1

IX "E 'Jnn,&f._ L'/

ﬁ?’v D /:.F'ijt“ﬂ—:@l/'frx/ 111\2“}1’ g0

T

:‘!

EAEYHERL L,M) l/‘fT// 17/\;(&4 g

-

O:w -n;rﬁ:e—wafs;a‘

r——t b:

CYaxzumarLostisy

2 wNUFTaky FNRDEREE
Fig. 2 Basic transaction on the multi-processor bus.



1978 RIS SRR

215, 74 VESMEAREEALL, FrvyvaR
EVHNDOET A »» Modified, Exclusive, Shared,
Invalid D 4REER & D 53 B2 F v v ¥ o —BREE 7 0
FaNVERERET S, R21I2F vy Yo —BRITERE
DEXEEERT, D70y P BT—F5HmAIEL
DIV HFrvarvi2RTT5E, TRTOTuky
PURBOTHF ¥ v ¥ o —FREFIHEI EEH E NG,
DEEEATYDOFALL AT ICEBIENS, Fvv
Va2 —BEEDERIL, 6 YAV A 7 VBIIREZ N
2, BEEBILIHDEH2ERTLEIC2DODDF %
Y o —BRARE R S S5 A VA TE S, Fy
v ¥ a—HRAEORER, BT - 3M7 oy 4D
Frvyvawhhld, Yuory FETERET — niE
EEANS (Frvyvaffjlar—).

2.2 OLTP L AT LIZHIT3HE

OLTP Fu /7 Ak, KEETF -y R—2A 37 3
AL - BHERZZIHSULEST % & v o 7o g
HRMS 7 2 788, SHRERTCAEB I NG Far 5
ATHDH, TNF7aky +OEERERSEER
ELTUTO2o08% 2z 55, 811k, 8BE%RI/0
MEDIz DY AT AA v FOEEPEL BB, 20D
T2, Fvvya BBGFIN:T—y#EE, o
AL THEENTLEY, FrvyaIAXK
WEL 2D, B2, AV VNIRRT A AT 7%
AWCHEELTYRT AT NVOREFEENES D,
1P o7y aryT24EDOY AT AT —IVBSFET
ENBEDOMELD LY, TDD, 2 —FEMEH—
PVETOETIEBICANED, Fvyvya kT
BE LI ARBEL 2B, 72, OSBEHY 5 /0%
By — I NEODIRIEHEET - BE 7oy D
Frvva A YVETTFEBEREIL, HEETOERR
£ B,

BRI, F v v Va2 BREVPE M NNA PETRELLD
by, PARAZBIET -5 DF v v ¥ 2 BT HIIEREE
ToxzFERICR->TL %, fRFENEF v v v EF
BoRE AR, 74 VESMEARE T A VEHA
ADH 5, 74 VEMMEHRIE, B2 7oty gt
B -y EEAAERTI L&, firokwyHoFx
vV allBHREINTWINIET — 8 2EMLT S H
ATh3, —H, 74 VEHHFRL, HEFT-—FcE
EIADERICE, MOTRTDT oty Y EERNE %
TO—=FF+ A MNTBEHFRNCTH S,

OLTP a2 1% 74 VEMEARDONVF 7
Oy TCETTEE, E7akydREET— 51T
TR RT BN, FRIBEET— 8 BERO F
vy Y aBRTol ORIV T HEEVRVEHBLHRE

Aug. 1995

U, SAENERT S, —F, 74 VEFARNTHE,
FAIBEE T - ~OEEAAR, TTO7ax
wHR T —-RFFEFr A bENBD, EVRVEER
&5 I AEEMEERTES, Lrl, 7o—Fxy
A NOEENLL B, To—FFr X MLEZELD
7o DWERELRIBIIET T2 Lo ERH 2, &
NS OBREEBRTZFERELT, Y4 —2V 44—
FETFNVEEHEHLEF Y Y Y2 I ABOAEY T 7R
ERNATF74 LD, TOu—FEF¥y A MEDF ¥
v ¥ a2 —BREALEE GERTORBCEHRT LK
oT, BEEALEZRZ» 2EMOIEEI AT S,

3. EMREF v v ablEsR

KETE, VA =27V 4 A= ETNVOBBER RN,
INEFEREET LEEES v v v 2 HIEHARE
BET 5,

3.1 DA—20 Y 1 A—FETIOBE

kDN F oy TR, EAET)ADT
R LTCA MO U 72— 2TV EEALEHD
BE», ZhiE, SAFraky Y FEOXF T a s S
LDETW DI b 18 0OHERD TR EICHET
ENTEREFECEOIRRERZBZET AV TH B, £%E
T ENE, Tu s T AROBHbEIE A RO
THEBCEHRTEBFELH B, Lrl, TOEFIV
PERTICEHEAET)AOT—F « 2 74
Il ACENIEFREBBECS S RIER S5 W,
ZDWDANT T IRADNY 77 VU TRRAEY T
TYXADNA T4 MEBE L e VFTary IO
HREE TSI SHT I EBNTERY, ZhiZLT
YA =2 ) 4 A =TTV, HEAE Y OPbEIE
27077 AETEL, TukydR—H7 7 A
BB s, HEXFRYADT—F A T ET T b
AT AT TCETAREET2ETVTHS, AV A
—FDBEIC LTV ODBDETASERERINT Y
599 KETNICE DT, AEVT 7 RADINA 75
ARV A T UV RRHTT 2 E SRR E 2 B,

3.2 REFOEE

AERYT IR ADINA T4 1RV 4 5 VERK
BPRETZHE, U—F7I7X¥REDBANTT I E
A TOMRDEFE S, i, 9—F7 272X CIHLE
BF—F0u—RaN5 E CHaETBs#sces v
DR L, A NT T 7 2R FBEWT ST EIHNARE
RIDTHB, k1, BLOFTETIE OLTP TiE A b
T IADEENRET —F I ADK 50~60%% 58, X
b7 AMEREERT 5 2 LI L D ELRIESEET
ELILPHSHICEoTWS, KRR R N7



Vol.36 No.8 <AFFutyPP—nNEBIF274—2Y 44 —5 2% ®F L%t HE 1979
O— K77 t2X (AT TP
7oty H |[|[Faty
I Cache I l Cache ]
L ]
INFIOky FINX )
]
X MTHRINE FAEY
or ¥ v v ¥ 1 —BRENE —
'%ﬁﬁ Load Miss Slquiu Store Shared Hit Load Miss ﬁﬁ
T ILF 7S A Rp{E | Line Read Line Read Line Pur Line Read
(@ X PALTF—HEF N TOGESET
Buffering

Load Miss

b

S ET

T F /S X Rpff | LineRead

n

Store Miss | Load Miss ,Store Shared Hit

H A F7IZNBG
5//\"7 L KTERT

]
f
£
-
%

0) 91 =21 14— HEFNTOGEERT

B3 vA—2V st —FETNVOPE
Fig. 3 Concepts of the weakly order model.
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Table 2 Comparison of instruction frequencies.

SPEC 89
Instruction TPC-B
Integer Gr. |Floating Gr.
Load 23.2% 26.8% 35.6%
Store 12.1% 10.5% 10.0%
Branch | Conditional 17.3% 17.9% 4.9%
Un-conditional,  5.8% 4.1% 1.4%
Others 41.6% 40.7% 48.2%

K3 TEUAERMILDT 2w ALK
Table 3 Memory access ratios of each address area.

Space Area Ratio (%) Write Ratio (%)
Text 21.71 27.7 0.0
Data 10.2 26.3
User | User stack 10.6 35.1
26.8
U_area 2.1 54.6
Kernel_stack 3.9 51.6
Text 34.5| 34.5 0.0
Data 3.0 22.3
Kernel | Interrupt_stack 2.8 47.5
Shared-Memory | 2.7 o 33.7
Other_data 2.5 18.7
sum 100.0 | 100.0
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Table 6 Effects of the broadcast buffer.
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Table 7 Conflicts on the store buffer for the write-broadcast

protocol.
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