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Core Core * ¢ |Core| |Core Core Core * [Core| [Core
Last Level Cache Last Level Cache
set0 1 1 1 ] - set0
set1 set1
. L1 | .
e Ty e 2 e Ty e 2
Tee LICI 7w Tee LICI 7w
2323 22 2323 22

0 High priority application
Low priority application
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Adeeox= AL  ZEAA  v3§E  CAT(Cache Allocation
Technology) 2t CMT (Cache Morniotoring Technology) & % €3}
g EAlel gtk AR s At sklvk(4, 8]. CATSF CMT+
2t ojEE Al (S 2dE, 7P HADER v ZAE dE A4
elA A g Aol 2 RUEHHS & 5 3l 7ot
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CLOS (class of service) @2 7Fsdt™ 2z} CLOS«= 19 49 #o] &4
o Z Aol A (F2 2d L, 7P Hal) &2 oy Mz F4F F Qi
ofEgAlol el 5HA ARG 94 =9 2Ho] Jhsstd, ol FalA
LLC Aol ®wx LLC A A& (LL3 hit)e] A& 53
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|A|1p0| |Aplp1|‘|A/pp2| |A|1p3| |prp1p5l |A|1p6| coo
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CLOSO CLOS1 CLOS2

App# |: Application, thread or VM

1% 4. Application, trhead &< VM ¥ 2 CLOSE%

CATE 7} CLOS®l| LLCY wayE gdale= Wlolw 713 59} o]
LLCY wayE< bitmasket A, ©] bitmaskEs &3] CLOSY
LLCY way AHE &9 v&& A3tk (bitmask® 7} bit+ LLCE 1
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AT,

CLOS:E 5%, 3O = masksE 7S & Qlth 13 29 5904

CLOSO CLOS1 CLOS1 CLOS2 CLOS3 CLOS3
I$iD$ 5 | s i$ | D$ I$iD$ o o o [i5]Ds 15 | D$
L2$ L2$ L2$ L2§ L2§ 128
I I I I I
Last Level Cache 20 way
B T T T T T T T T TTITT T T]ctoso
LI T T TP TP I T T T T PP TI NI T T Jcost
[TTTTTT TN TTTTTTI T I T lcLos2
HEEEEEEEN CLOS3

CLOS Bitmasks: Isolated (bitmask 20bit 2| 0|)

CLOSO CLOS1 CLOS1 CLOS2 CLOS3 CLOS3
I$iD$ i$ | os i$ | D$ |$ID$ o o o [y5]Ds 5 | %
L23 L2§ L23 L2§ L23 L2§
I I I I
Last Level Cache 20 way
BT TT T T T TTTTT T T T o ]ctoso
CITTTTTITTTITITITTITTITITTITJcrost

[ I [ ][ |cLosz2
CLOS3

CLOS Bitmasks: Overlapped (bitmask 20bit 2| 0f])
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w2 2% (LLC total external bandwidth) ¥ LLCelA W

B>
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CLOS1 CLOSO CLOS1

* |Core| [Core Core Core * |Core| |Core
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@ CLOSO: High priority application 1, Overlapped ways:
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N Ho] A delg 7t ' oAZgAleldel 23] AlA (eviction) ¥ o]
WAEl= A w]xo)w, #E3E contention miss®E ] U W
MAE AFESHAITE =59 28 WAS AFREe] A2 ways SHEACRE

ALEEtE AR Aso] ywka 4= Qi)
A 2 2 sedel 43 ¥4 0 43

processor mode | E5—2698 v4 (Broadwell)
# of physical
cores

Clock Speed 2.2GHz (turbo boost off)

20 core

|
logical cores
per physical 2 (hyper—threading on)
core
| LLC size/way 50MB/20—way
‘ Memory type DDR4 2400 2 rank/channel
‘ Memory size 64GB
Memory 4
channel
| 0S Ubuntu 16.04
‘ Kernel version 4.4.0
|

gCccC
¥ 1. AZA AL =0 AlA" FA

5.4.0

stEdlo] Al Abge AlxEE w13 2tk ZZAA (Intel E5—
2698 v4)+= 2070¢] &2 Fo (physical core) 2} 50MB & LLC
(20 way)E 7FA3 Utk sto]y AW (Hyper—theading) 7]l&s<
AR sl =812 Fof(logical core) F 40715 AF&stsich 19 29
o], of&g Aol A9l 20 copys 20789 =€]4 Fo|® o] FoiX
CLOSOIAM A&ap3iar, of&ejAleld B2 20 copyE CLOSL (2074
L et B = s B S DI P B o ) A
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AEE CLOSO &3 ofZgACld A e WE &dlstes H

ZAS wWErh =7 23 A= ojZgAlold A (CLOSO)
St wayd TE 2 wayelA 1 way & 18 wayZHA| 58 7= A1,

ofZg Aol B (CLOSD) o &3t wayel ¢+ £91719 18 wayoll A
1 way # 2 wayZHA o7 AHss S T 2
A= ofEFgAlold A (CLOSO)o 12ddo=z 20 way AAE
s, ofEg Aol B (CLOSD el &3 waye] + 18 wayellA
1 way 4 2 wayZ7HA 971 Ass S48k

e Ao CAT 243 CMT EYEH P2 FlalA Inteloll A A3k
oFE A zZRIOYH ARY vyrdes Faskiv(10, 1410 @9
TS T olEgAeldel s&ste =94 ol CLOS
stdo] 7}s3sk, IPC(Instruction Per Cycle), LLC miss, LLC
occupancy, LLC external?} internal bandwidth &7%¢] 7}&3stc;. 2zt

A Axes oEAleld E IPC (=84 Zd F+ IPOE

Ageld= AA ARolz=el Aol wAE o EE| Aol S0
AREESl o AER (stream) WlA|wp=e} o] FRA] Ape]z= WS}
w2t A Zolrh gl olEdAIdES AdAAM  Adelth
olfr= WAl Atel=el wet As W37t gl ol Ee Aol A Aol
A AL Abo]l=2E HAstehs ZoR FAE AT 5 V] wWiolth
ofZ g Aol &5 3 Ayt Ay A2 28 ofEYAlelAd dE
T Aol F7tel F2loh
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SPEC CPU2006 #Wlx|ul= & QA ol W73k of2
bzip2, omntepp, soplex, leslie3d, sphinx3E 7]<& A7 (7] 4 23S

L

140 | mIPC —LLC MPKI 10 140 | mIPC —LLC MPKI 40
1.20 1.20 35
8
1.00 o 1.00 30 _
25 X
© 0.80 6 2 o080 o
L 060 L 0,60 20
: 4 9 : 15 9
0.40 — 0.40 10
2
0.20 0.20||||||||||5
0.00 0 0.00 0
2 4 6 8101214161820 2 4 6 8101214161820
# of ways # of ways
(a) bzip2 (b) omnetpp
140 | mIPC —LLC MPKI 50 140 | mIPC —LLC MPKI 25
1'(2)8 40 1'(2)8 \ 20
. > : ¥
 0.80 302 o080 g
o o
=0.60 20 O 0.60 10 ©
0.40 - 0.40 -
0.20||||||||||1° 0.20 5
0.00 0 0.00 0
2 4 6 8101214161820 2 4 6 8101214161820
# of ways # of ways
(c) soplex (e) leslie3d
140  mEIPC —LLC MPKI 16
1.20 14
1.00 12 _
10 £
0 0.80
a 8 =
=0.60 6 ©
-
0.40 4 -
0.20 2
0.00 0
2 4 6 8101214161820
# of ways
(d) sphinx3
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l£ AT fARE AA el BE A% WaE ngow of 5749
o ZalAoldo 20709 o ZalAo]
Aol A&t
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Isolated better

RN
N
1
>

Relative IPC
.

o
©
I

Overlapped better

0.8
O XM TN XN TN OM TN Q XMNHAN Q X T
50 x®Od xpogxaaod xogdo
ApplicationB|2 62 Z|8 S Z |8 258 2 0E8 265
E?Fo G EFo E?H E®9
o o o o
Application A| bzip2 |omnetpp| soplex | leslie3d | sphinx3

I3 8. 59 83 FH £ A ojZFAlo)A AY IPC Aol
(Relative IPCE 53 8 A IPCE 7|=(1)oz &)

19 82 CATE F 74 8 W (59 283 T3 £dho=w
ALRe o o]Zg Aol Aol IPCE H|watgth o Zg Aol Ae
7HE B ways AFESHA st A, 59 %2 187 way

T
=

f
flo

TH ways: 202 HA3H F= 207 Fg = 1470
oA 59 2] ¢ 53 e (~12%) S HAT UHAE T3

o]l f £ A5 (~16%) = E3th Relative IPCE $H 3 A

IPCE ‘1" Z 3%& Wl 5§ &% A IPCE YERdTh
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Test case Benchmark A Benchmark B Relative IPC
Casel-1 omnetpp 1.02
Casel—-2 . soplex 1.07
bzip2 -
Casel—3 sphinx3 1.04
Casel—4 leslie3d 1.11
Case2—1 bzip2 1.07
Case2-2 soplex 1.05
omnetpp -
Case2—3 sphinx3 1.08
Case2—4 leslie3d 1.08
Case3-1 bzip2 1.12
Case3—-2 omnetpp 0.99
soplex -
Case3—3 sphinx3 1.03
Case3—4 leslie3d 1.02
Cased—1 bzip2 1.03
Case4—-2 . omnetpp 0.98
leslie3d
Case4—-3 soplex 1.10
Case4—4 sphinx3 1.09
Caseb—-1 bzip2 0.94
Caseb—2 ) omnetpp 0.92
sphinx3
Caseb—3 soplex 0.88
| leslie3d 0.83

% 2. 59 283 FH £ A Relative IPC

I3 9-1~56+

e

IPCS} LLC MPKI 7ZA3<

welFa gtk X%

29] Z} ‘Test case’® Casel~52 way W3}

‘# of ways' &

AELACIA AVt HHAOE AFFE wayd FE ekl =
2@ Aol olEBedold AVl BEOoR AEdE wayd
ehe] o ZeAleld Bl o EelAlold A way®] UAE ALgat,

o2 ‘# of way 7} 189 Ag oZFAold A= 18719 wayE

o

i

ARE-sh= Zlolal, ol &8 Aol By 270 wayE ARESkE Aotk T3
wgd  As ofEgAeld As A 207

o =g A°ld B=

ways ARESha

‘# of way 9 UHAIE AFESITE # of way' 7}
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1891 A% olEudAeld At
oJZ7lel BE 53 ¥2

20718l  wayE

A9} ol 27) ways AFESt}

ApgaE Qo)

180" ‘1% 8 9 FZlolt}
Case1-1 Case1-2
12 9 o 1pC (bzip2 iso) —-IPC (bzip2 over) 1.2 9 1P (bzip2 iso) —e-IPC (bzip2 over)
1.0 4 —o—e—o 1.0 4
0.8 ,WO’W“’ 0.8
206 - 206 -
04 -+ 04 -+
0.2 + 0.2 +
0.0 0.0
234567 89101112131415161718 234567 89101112131415161718
# of ways # of ways
Case1-3 Case1-4
12 1 o |pC (bzip2 iso) ~-IPC (bzip2 over) 1.0 ~-IPC (bzip2 iso) ~e-IPC (bzip2 over
1.0 - 08 A
O0.8 R 00.6 |
a 06 a
04 | 04 -+
0.2 A 0.2 +
0.0 0.0
234567 89101112131415161718 2345678 9101112131415161718
# of ways # of ways
1% 9-1. Casel (Application A: bzip2)
Case 2-1 Case 2-2
04 to-IPC (omnetpp iso) -e~IPC (omnetpp over) 0.3 7=0=IPC (omnetpp iso) -e=IPC (omnetpp over)
*—e= ——e—o—o
03 ,O/Q/O_O_O—M'OM_V
0.2 ,; ;W’ ———=
£02 - £
0.1 -
0.1 A
0.0 0.0
234567 89101112131415161718 2345678 9101112131415161718
# of ways # of ways
Case 2-3 Case 2-4
0.3 ]=0=IPC (omnetpp iso) -e-IPC (omnetpp over) 0.20 IPC (omnetpp iso) -e~IPC (omnetpp over)
o0 M‘E—j
— ——o 0.15 |-
0.2 ,W
£ & 0.10
0.1 A
0.05
0.0 0.00
234567 8 9101112131415161718 2345678 9101112131415161718
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Abstract

A Study on Performance Based on
Shared LLC Partitioning Method
Using Cache Partitioning

Technology

Seulgi Seo

Intelligent System

Department of Transdisciplinary Studies
The Graduate School

Seoul National University

When multiple applications are running on a multi—core system,
contention and interference in a shared cache can hurt the
performance of some or all of applications. Especially, when several
applications use limited shared cache capacity, a real—time
application or an application in which run—time is important may
suffer performance degradation due to excessive cache occupancy
by other applications. Some prior works proposed allocating
independent cache resource to high—priority applications (e.g.,
cache partitioning).

Recently, Intel applied Cache Allocation Technology (CAT) which
enables cache partitioning on its Xeon processor v3 family. The

allocated cache spaces can be overlapped or isolated by
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configuration. Overlapped partitioning can be advantageous to
maximize the performance of higher priority applications than using
isolated partitioning. Because all cache spaces can be allocated to
high priority applications. However, there is the possibility that this
prediction can be the opposite.

In this paper, we evaluate and compare the isolated and overlapped
configuration of CAT with SPEC CPU2006 benchmark. In some
application combinations, the prioritized application performs better
on the overlapped cache partitioning configuration owing to its more
cache capacity allocated to it. Whereas, in the other combinations,
the prioritized application performs worse on the overlapped
configuration due to excessive contention misses. Moreover, by
system simulations, we show that these contention misses are
increased by the limitation of applying cache replacement policy

(e.g., LRU) under the overlapped configuration.
Keywords: Shared Last Level Cache, Isolated partitioning,

Overlapped partitioning, Cache replacement policy

Student Number: 2016—26036
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