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Execution/Memory Performance Balancing: An On-chip Memory

Management Technique for High-Performance CMP

TETSUO HavAasHI,* KENICHI IMAZATO,*t KOJI INOUE?
and KAZUAKI MURAKAMIt

This paper proposes performance balancing, that is core management technique focused
on trade-off between calculation and memory performancel] In CMPs, high-performance is
achieved by exploiting TLP. However, resource sharing among the cores makes memory per-
formance lower regardless of the already low performance compared with processor core’s
one. Thus, we have to consider not only scalability, but also the performance assumed ideal
memory sub-systems. Our proposed technique attempts to select effective approach, exploit
scalability or improve memory performance. We also focus on a software-controllable on-chip
memory. By borrowing local memory of some cores to others, we achieve memory performance
improvement, and try to improve processor performance. Our experimental results show 13%
speed up in the best case, compared with conventional parallel processing on Cell Broadband

Engine.

1. 0O00oan

gooooooooooooolooooboobooboobooobo
ooooOooooo (CcMpP)ODOOOOOOOOOOO
0 O Intel 0 Xeon O IBM O Power6? 00 20000
l1oo000oooobooooooooboooooo
goboooooooboobooooooobooooa
0 0 O Niagara? 0 Cell Broadband Engine(CBE)® O
oo0Og8o9OopOoOoOoOooODOOO CMPOODOOO
gooboboobbooboboobobooboboooobo
goobooobobooobboobobobo

gooocMpPOOODOODODOOOODOOO
ggobobooobobboobobbuoooboboooo
gogobobooobobbooobbbooobboooo
gogobobooobbobooobbuooobboooo

+ 0000000 DO0O0D000ooo/ooooo
Graduate school / Faculty of Information Science and Elec-
trical Engineering, Kyushu University
++ 0000 00O
Faculty of Engineering, Kyushu University

00 (000000000000000)0000000
OOoD00O000OD0 CMPOODODOOOODOOOO
000000000000000000

00000000000 0000000000000
0000000000000 000000000000
000000000/0000000000000000
ooooY'oooooDo00o00Do0oDooooDoon
00000000000 00000000000000
0000000000 000000000000000
000000000000000000000000
00000000000 00000O0OCMPOOOO
0000000000000000000000/000
0000000000000 000000000000
0000000000000 000000000000
000000000000 0000000000000
00000000000000000000000000
000000000000 0000000000000
OoOoOoOCMPOOOOOOOOOOOOOOOOOO
0000000000000 000000000000



— —@—L2-perfect ﬁL
—A—L2-2MB
/./ A

% o
9 s
» s

//

1 2 3 4 5 6 7 8
Number of Threads

o = N W H» OO OO N 0O ©

01 0D0000000000FMM

OO0 CBEUOOOOO/O0OO0ODOOOOOOOOoOO
0000000000000 00000D 13%0000
gobooooboooooog
goboooooooooo 20000000000
O0/00000000000o00oooo0ooonO 30
gobooooooobooboooooobooooa
oocMPOOOOOOOOOOOOOOOOOOOO
gobooooooooboboobob 400000000
CBEOOODODOODODOOOOOO S sOO000D0O0000
goboooooooobooooooboonoobenO
goboooooooobooooborobooooo

2. 00/0000000O0O000

01000000000CMPOOODOOOOOOO
00000D0000D0000000D000000000
(SPLASH2Y 0 FMM)O0OODO0O0O00000000
CMPOOODOOOOOODOODOD 10000 OO
0000000000000 (000)0000 2MBO
0L2000000000 CMP(L2-2MBOO0)000
0000000000000000000000000
000000000000000000000 M50
00000000000 L20000000000000
00 L2-perfect 0000000000 (D0000)0
000000000000000000000000 L2
000000 2MBODOODOOOO0O08000000
000000000000 6000000000000
oooo

00 1000000000000000000000
0000000000000000000000000
00000 10000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000 1000008000
00007000000000010000000000
0000000000001 000000000000
000000 L200000000000000 800

Execute Donee-cores
athread p*
=

Donor-cores Idle

» =3
Core O || Core 1 . Core N
SPM SPM SPM %E"
i i I | release to
on-chip [ Net\;vork <J~ donee-cores

Main Memory |

02 00 CMPOOO

goboboooboboboboooobooboboobo
00000000000 (0 10 L2-Perfect 0 7000
ooooooOo)yoooooocMpPOOOOOOOOO
goooo

(1) OoDOooO0Oo0DO0O00o0OO0oOODOUOoODOooDOo

ooboooooo

(2) 00D0D0DO0O0ODO0OO0DOODOOOOOOOOOOO

gooooooboooooooon

(3) DODoOoOoOoCMPOOODOUDOOODODOOOODO

goboooooboooooooboooboboo
gboboooooooboobooooobooboooooooo
oooooococMpOOOOOOOOOOOOOOOO
000000000o00oO00o0ooOUooooo/o0
ooooooogooooooococMpPOOOODOOOO
goooo

3. 000o00oooO0o0ooo/0000o0o0O0n
goo

3.1 SPMO CMPOOOO

CMPOOOOOOOODOOOOOOODOODOO
ooooooooobooobooboooobooboooooo
00o00o0o0ooo0ooooooo0oooo (Doo
SPMO0OO0)0000000000O0000OOOOOO
goboooooooooobbooooooobobooooo
obooboooboooboooboooobooboooooooo
goooooooooobooboooooboobooooo
ooooo sepMOO0OooococMPOOOOOOOOO
0000000 /00oooo0ooooooooooooo

020000000000000OocMPOOOOG
gboooooooooooobooboobooooboo
goooboooooooooooooobooobooooo
gobooooooooboooboboooooooboobooooo
O000ooOo-sPMOO0 DMAOOOOOOOOOO
gobooooooooooboooooooboooooo
oobooz20000000

(1) 00000000 SPMOOO0D000O0 SPM)00

goboooooooobooooooooooboooo

(2) D0O0D0DO0O0ODOOOUDOODOODOOUOOOOOOO

goboooooooboooooooboboo




00/00000000000000000D0O0O00OO
gooooooooooobooooooobooboooooo
goboooooooboobooooboobobooooo
g200000000000

e DoneeJ0: J0O0DDOODDDODO (DODD)DODO

oooo
e Donor00: JO0OO0OOOOOOOOOOO SPM
goboooooooooooboooooboobooo

020000000Donor000000 SPM O donee
0000000000 SPM O donee JO0 SPM OO
gobooooooooooboooooooboooooo
gobooooooobooobooooobooobooooo
goboocooooobooobooooooboooooo
donor 000 SPMOO0O00O0O0OCOOOODOODOO
gobooooooobooboooooobooooo
O Donor J0O00OODODOOOOOOO0OOOOODODOO
oooooooooc spPMOOO0O0O0O0DOOOOOOO
goboooooooboooboooboobooooo
gobooooboooooooboooobooobooooo
OO00O000000000000 DonorO0O00OO0DODOO
ooboogoo

3.2 000000000000
ooooospMO CMPOOOOODOOOOOODO
goooobooooooobooobooooooobooooooon
goboooooboodon Teee OOOoOOoOOouoobooo

T
Tove = Tsey + 2272 1
ere seq Ndonee ( )
T
=Toeqg+ = + Trem (2)
Ndonee

TeeqDTrare 00000000000 O0DOOOODOODO
O0000000D00000000Nwmee OOOOOOO
00000000 (1)0oODOoooOooOooooooooo
0o00od0dbo0ooOo0oOoo0oooOoobooobooooon
goodoooooo T., 0000000 Then OO0
00 (2)0000000000000O0DDOOoDOO
OONgonee D CMPOOODOOODOOODOODOODOODO
goddooooooooo TexeprD 3)0Doooo
oooo
Teal

Naonee — Ndonor
0000 Ndoner D donor 0000000000 fOO
000000000 0000O0O00O0b0000OoO0Oooo
000oo0ooooooooooooon f=000
000000000000000 f=100000 (2,3)
O000Twn., 000000000 O0OO0OOODOOOO
0o0o00o0o000d0d0o0oooooobooooOooon
oooo

0021000000000 00000000O00O0O
goodo0o0odd0o0odooooobooooooooon
0000000 DMAODOOODOOOOOOODOOOOO
O000000000000000 TreeqOOOooaoa

Teze,pb - + f(NdonoT) *Tmem (3)

m50.0 -60.0
E40.0 -50.0
W 300 -40.0

-~ 020.0 -30.0

S

< 010.0 -20.0

.0 ®0.0-10.0

B ©=-10.0 -0.0

3

e}

g

&

9 90

5 6
7 8 0 Hit(%)
Loff/Ldonor 9 10

03 O00o0oooooooooooono

0000 Twriee 00 (4,5) 000000

Tread =Ilpma + Letri + Loy + Sizex/BW  (4)

Twrite = Lpama + Legrt + Sizey /BW (5)
LpvaO LeO Losy 00OO00ODMAOOOOOOOO
0000000000000000000000000
00000000000000000 Sizep, 0 DMA O
0000000000000BWOOOOO0O00O0O
0000000000000000000000000
00000 donor 000 SPMOOOOOOOOOOO
(4000000000000 (6)0000
T)eaa = Loama + Letrt + Laonor + Sizer/BW + OHrw

(6)

Laonor 0 donor 000 000000000000000
0000000000000 0000000000000
O0D0OHRw 0ODDODOODOO0ODOD0ODOOOOOO
0000000000000000Odonor 000 SPM
0000000000 Lefs O Laoner 10000000
00000000000 0D0O00000000000
00000000000 0D000000000000
00000000 (500 (7)000000000
Tlyite = Lpara + Letrt 4+ Sizex /BW + OHpw  (7)
0(7)00DMAODOOODOOOOODOOOOODOOO
000000000000 0D000D00O0DO0O0000
000000000000 CMPOOOOOOOODOO
0000000000000 00000L,; 00000
0000000000000000 (4-7)00 DMA O
0000000000000000000000000
0@ oooo

Treduce = RW - Hit(Logf — Laonor) — OHrw (8)
O0O0DORWO HitDOODODOODOOOO DMAOOOO
0000000000000000000donor 000
SPMOOO0O0OO0OO0OOOOO0 30 RW=2/30
OHrw=Liono-/200000000000000000
0000000000000Less/Ldonor 0000 donor
00000000000000000000000000
00000000000 (Liene-000)00000
80%0 0000000 300000000000000
040%00000000



[spu|[spu]||[spul||[spu|[spu]l|[sPu]|| sPu]|[sPu]

o [T [T 1T [T 1T 11 i

EIB(96B/cycle)
l T lGB/cycIeu n
MiC BIC

|
! Off-chip
04 CBEOODOOOO

Our focusing
instructions

for (i,j,k){
calc();
DMA_WRITE(A++, local); // save data

D

}

atomic(); /I all core finish a function
for (i,j,k) {
DMA_READ(A++ local); // read saved data
DMA_WRITE(B++ local); // update own area
}

atomic();

/I wait for all core’s finish
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