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Lizy John, 2007 ISCA

® Similar programs in benchmark suites don’t add info
® Need to statistically analyze benchmarks

x Begin by using PAPI 1o log dynamic instruction counts



SPEC Int Characteristics

Inst. Count

Name - Language (Billion) Branches Loads

CINT 2006

456.nmmer —C

3,363
2,383
3,955
3,731

7.08% 47.36% 17.68%

458.sjeng -C
462.libquantum-C
464.n264ref- C

21.38%

14.80%
7.24%

20.33%
15.57%

25.84%

27.60%

33.57%
41.76%

34.71%
40.34%

33.96%

14.61%

10.72%
13.14%

20.18%
13.75%

10.31%

687
1,200
1,184

471.omnetpp- C++
473.astar- C++

483.xalancbmk- C++




SPEC FP Characteristics

Inst. Count

Name - Language (Billion) Branches | Loads

CFP 2006

.
434.zeusmp—C,Fortran 1,566
1,958 3.14%

1,376 0.22% 52.62% 13.49%
1,213 3.06% 52.30% 9.83%
444 namd — C++ 2,483 4.28% 35.43% 8.83%
447 dealll — C++ 2,323 15.99% 42.57% 13.41%
450.soplex — C++ 703 16.07% 39.05% 7.74%
13.23% 35.44% 16.11%
4.11% 40.14% 9.95%
2.40% 54.16% 9.67%
4.79% 44.76% 12.84%
0.79% 38.16% 11.53%
5.19% 49.70% 9.42%
9.95% 35.07% 5.58%

435.gromacs-C, Fortran

436.cactusADM-C, Fortran
437 .leslie3d — Fortran

453.povray — C++

454 .calculix —C, Fortran
459.GemsFDTD - Fortran
465.tonto — Fortran
470.bm-C

481.wrf - C, Fortran
482.sphinx3 -C

3,041
1,420
2,932
1,500
1,684
2472




Comparison

®x Higher rate of branches in integer codes
x 20% on average vs. 5%

® Slightly lower load rate but similar store rate vs. FP



INnstruction Locality

®x Use PIN to measure fraction of dynamic (executed) instructions in top N
hottest subroutines

® Plot against static instructions

x |f 2 high fraction of dynamic instructions are covered by a small fraction of
the static instructions, then the code has good locality

®x Good locality may also imply that the data set doesn’t exercise a large
portion of the application



SPEC Int Instruction Locality

—©— 400.peribench-1
401.bzip2-1
wp403.gcc-3
403.gcc-9
429.mcf
445.gobmk
—F— 456.hmmer-2
—r— 458 sjeng
452.libquantum
454 .h264ref-3
471.omnetpp
-=O-~ 473, astar-2

weesefeess 483 xalancbmk

Percentage of Dynamic Instructions (Cumulative)

2 X < 5
Static Instruction Count (Cumulative) . 106

(a) CINT2006 Benchmarks

ozIp, mct, hmmer, lioguantum, astar have high locality



SPEC FP Instruction Locality

==Q== 470.bm
4'Cbwaves
| e 444 ramd sidout
437 keseldc
436 cactusADV
433 mk

434 zeusrp
435 gromacs
482 sphined
454 calod
455 GamsFDTD
450 sophex-2

= 450 soplex-1
453 povray

- 447 ceall

465 torto

a
-
-
=
E
~
-
o
—
o
©
=
.-
o
—
e
£
©
|
=
Q
[S—
o
az
oo
S
T
ar
=
a4z
Q.

1.5 2 2.5 3 3.5
Static Instruction Count (Cumulative)

(b) CFP2006 Benchmarks

namd, cactus, zeusmp, gromacs, calculix, soplexi,
tonto, gamess3, gamess1 high in locality



Other Gross Characteristics

Table 2: Range of important performance characteristics of SPEC
CPU2006 benchmarks

L L R L
K N L

L2 cache misses per ~0 (0.01%) 2.4% (49%)
instruction (per L2 access)




Data Source and Processing

® Six performance counter metrics X five machines = 30 variables
x Obtained from vendors under NDA

x Need to eliminate redundant info

®x Principle Component Analysis identifies most significant factors

®x Discard those that do not contribute much Info



Clustering

® Hierarchical clustering groups two items with most similar characteristics
. Recomputes distances for new cluster
® Repeats until there Is just one cluster

® Produces a dendrogram -- tree indicating similarity relationships



SPEC Int Dendrogram

400.peribench
445 .gobmk
456 . hmmer
464 h264ref
471.omnetpp
429.mcf

462 libquantum

401 bzip2

458.s)eng

473.astar
403.gcc
483.xalancbmk

1.0 : : . 3.0 3.5

Linkage Distance




SpeckP Dendrogram

r
]

410.bwaves

437 leslie3d

431 .wrf
433 . milc

434 zeusmp
435.gromacs
444 namd

454 calculix

482 .sphinx3
459.GemsFDTD
436.cactusADM
416.gamess
447 .dealll

465 .tonto
450.soplex
470.Ibm

il

II..I.II_-

453.povray

3

Linkage Distance




For a Given Cluster

® (Calculate distance from center
x Choose benchmark closest to center

® Fewer clusters reduces work, but may lump together too many
benchmarks and reduce overall variance

® [his analysis just shows best distribution within the set but doesn’t tell
whether the set Is representative



Suggested Subsets

Table 4. Representative subset of SPEC CINT2006 programs.

Subset of .perlbench,

rour .libgquantum, 473.astar, 483.xalancbmk
Programs

Subset of .perlbench, 471.omnetpp, 429.mcf,
Six .libguantum, 473.astar,
Programs .Xalancbmk

Table S. Representative subset of SPEC CFP2006 programs.

Subset of 437.leslie3d, 454.calculix,
Six 436.cactusADM, 4477.deallII, 470.1bm,

Programs 453 .povray

Subset of leslie3d, 454.calculix,
ubset o GemsFDTD, 436.cactusADM,

Eight deallII, 450.soplex, 470.1lbm,
Programs
povray




Valigation

®x Pick some SPEC reports
® Use figures for individual benchmarks to compare subsets to entire set
® Errors for 4 Int programs average 5.8%

® Errors for 8 FP programs average 7%



SPEC Int Validation

’ 8 Using all benchmarks B Based on the subsetof 6 [ Based on the subset of 4 .

=
E:
<

2.0GHz Intel
Core Duo

Fujitsu SC
CELSIUS M440

AMD Tyan
Thunder KBE
HP Integrty

BLB60: (1.6GHz

Itanium 2)

5160,300GHz) [~ -

Intel DGS65YWH
motherboard
Sun Blade 2000
£5320,1.86GHz)
Dell Precision
690 (Intel Xeon
DuakCore Intel

Figure 4. Validation of CINT2006 subset using performance
scores of eight systems from the SPEC CPU website.




SPEC FP Validation

B Using all benchmarks B Based on the subset of 8 [ Based on the subset of 6

2 2

HP Integrity 6600
(Iltanium 2)
Fujitsu SC CELSIUS
Apple 2.0GHz Intel

Core Duo
Dell Precision 3
Workstation
Sun Fire X2100
Bull SAS NovaSca
B280 (Intel Xeon
5150,2.66GHz)
IBM BladeCenter
LS41 (AMD Opteren
8220)
Intel DGY965WH
motherboard(3.6GHz
Pentium D)

Figure 5. Validation of CFP2006 subset using performance
scores of eight systems from the SPEC CPU website.




Data Set Variation

®x (Can be greater than program variation

®x Need to analyze PCA clustering by data set



SPEC Int Data Set Clusters

400 peroench
400 perbench-1
400 perbench-3

403 cc
403 occ-1
403 gcc-3
403 gcc-4
403 gcc-b
403 gec-5
qU3 9cc-2

471 omnet
401 ::Fg
401 brpl4
41 bzinl-5
401 bzp2-2
U1 bhzol-
4N bzio2-1
401 bapls
53 58Ny
473 astar
473 astar.)
473 astar-1
403 occ-7

403 9cc8

400 perbench-2
445 gobrmk

445 goomk-5

45 cobmk-1

45 :;-:tomt 4

445 gobmk- .
445 cobmk-J
455 herener

456 hemer -2
455 hrmer -1

464 hodret .1

oA hoEAces

hobdret.

4 hoBdret3

462 Ibauartum

29 mct
403 gee-9

433 xalanchmk

l
I|]l

]
|

|

l] ‘[

|
III

|
I

|

i
|

|

[I’ .

.IY I[
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Branch Prediction Clustering

483.xa|.angt%rﬂk

403 gom
- O
O

O
471.gmnetpp ™ 447 deal
400 pef®ench ™ 41 geall

o "9 E":pz | 484 h2B4ref

403 gec-9 450 soplex 456 .hmmer

.453.varay
48 soplex

458.§eng
M

445 Gogne"

429.mct
O

oo © CFP2008
Y m CINT2008




Data Access Clustering

433 milc 437 lesleldd
T O‘_‘j__,, 436 cactusADM

> e
S —459.GemsFDTD

b e
403.gcc " 5«—410 bwaves

be
!"} é “)
Y

403.gct.Y
.(‘(,)

462 libquantum J
jui
4585‘@1@. 1

471 omnetpp. 1

479 mcf.1
Il

. ™ CINT2006
¢ o CFP200E
PC1

(a) PC1 Vs. PC2




Data Access Clustering

464 h264ref
0

N
I
424 21:f l | .(')8':"‘

462.hqu;antur‘rn ‘
450 soplex

435 gromacs o
Q
& 470.1bm

434 zeusmp
O

CINTZ200E
CFP20UB
PC3

(b) PC3 Vs. PC4




Further Analysis

®x [he EDA programs are replaced by others with similar coverage
® [he 2000 benchmarks have more diversity than 2000

®x Some of the applications from the same area are redundant, but others are
NOT

® SOome are very sensitive to architecture, while others (like gcc) are not



NN NN DIDINDNN NN NN

N ! NS SIS S A S S S

NN YNNI NN NN SOOI

NS Y ) PO DS 0090000000000 00068600
00000 000000000009900080000009000

~ NN - . \v E 57 P,
091094 00900000.09.000.000000000 9000 i .
AN ,MJ)JJJHJIJJJ)JJJ%WJJJJJ%%%wﬂdwﬂd Q%ydd OO0 JJJLJJJ e o
000000000 8000000000000e00800 QﬂJQyoy Qy 0y NIIIIRIIIDDDINN
/0)00/01010:0/00.0/0.90/0.0.0/0000 0000600 ) { { N 09000009009
_pubu);JJ@J))J)u))JJJJJJJJJJJJmeQup o _‘

j
3
o
o
3
8
o
D
o
2
°
\J
3
)
JJ
P
QJ
5

=< )
.
s
A
5%
8
=)
JJ
8.
o8
23
°8
o0
=)
e®
o8
)
sSss
i
8%e®

3 J
23
3
59,
o)
=2
=9
23
®
‘)'s)
e
o9
o
‘)")
o®.
S
o
®
e

)
Jj)
J)J
J))
)))
))J
))J
JJJ
J))
3
L3
S
856
J{g
828,
ssss

JJ
S
3392
35
28

-

2

J

=)

J

J

o

\J
S

\J
S

8
260!
o%s
o

o

2
®
)

J
J
J

)

|

JJJ)JJ;;:;»»
000000009900

NS
608,
20

s
o®.
JJ
o®
®
®

)
9,
9

8255556

33

S0 08,

)&Q .

3

> o
)
°

e Pt
050e0s
00505®.
Jjg333
P <)

ssse

S,
D
®
D)
o
9,
o2

33
JJJ
=0
s
J.
o
°
S
]
s

el
o
J
)
o,
J g
®,
°

33

©,
)~
®,

0.9
050
3H
53

°

~
e
J
)
\J
o,
059,
5
®
D
o

D
®
o®
3
3
<2
®
<)

~
J
°®.
52
52
J\)
o®
og00
°®
33
o

®®)
23
ses
o,

ses:

Y
J
5
O

—
Bu®
2320
829,
323
820,
828
)3J3
ssss
35333

- -
B @
D

9

I

J

&

I
J

)
2
o8
20
o8
egoge
333)

9
2
J
J
J
O
")
)
)
)

)000.0.000.00 )
NNYNY Y
J)J)Lﬂf)%ﬂxmy,

) J') I
J/Jj)j)
D@ ® @
©n®
D ®u® @
D09
B8 ®,
0.9 9
800 ®.
®
B0 0p®,
LIPS
850,80
SO0 0L
sg8 g0 e
%% 33

J

>0
JJJ%
JJJ
050!
5
o5,
oge
050
b ®
020
=0

)
o
232

.9
.J))
43
JJJ
JJ)
))J
o5
)Ji
DB o

:))\)
o000
I3

o

_)\)

5

oo

J

)J

®

33 ‘
o5
3
®
&
23
‘) )

&
JJ)§§§§3

343
050,
ege.
J)J
))J
J))
IS
<)

J33
er
\)ﬁ
3
®
® o

®,
%
‘)\j

D
J

J
<
5=

\J
233
®,
)J
JJ
‘))
B
)J
)J

\J
o,
)
®,
IS5
J
S
J

b )

006"
)
<
)

A

L)

.

Jg
o8
23
o8
3
2

T jeeeee
U OOO00000

3
33
o
‘)J
)J

'

<)
eseses
'Jdﬁgé
©,
oo
® o
JJ
J-)
B
J)
33
8

et
)
by
‘ 3‘0
ego0:
2323
)
2325
234
2320
<3<
J

o,
J
®,
°,
o
9
J
J
J
J
J

¥

o,
)
L)
L)
L)
.9
o5®.
8.0
0.0
)
3
J
2

9.

J%3~_
333433
33393
3
©L®
.09
=)
))))J
P
)J
5.8

o
Y

e%s¢
3
og
=)
o
5
3
e
J)
®,
\J
J
5
J
)J
o9
J
9.

33
33
®
J
3
©
3
)
D
3
))
J

\J
\J
®,
)
o
9
®,
®
)
J
J
J
o)
J
o
J

®
)
o,
9

@ @ o
O
J
J
J
J
J
J

~

®,
o,
)
J
)
)
J
J
J
J
J
J
J

bole 9.0/0/0/0/0/0/0.0.0.0¢ .
! 5.@0.%0«2!055 %«Q OO \vu\wy 0000000000000000009048
0000000 00000000000 YOO @ . )
00000000000 000000

O X 000006 ) ) _ Y S
X ?«o .noﬁ?ob ieiele .««a YARRAARS Wy\\wvvxy))ﬂﬂ))))ﬂ)))%)) ele.000 000000

§7 57

DI D

7 , 000 00000000000000000008

L) J\QJQQ@Q J;\Wﬁf\%ﬁﬂﬂﬂﬂﬂﬂf%YJ)JJJ)J))JjJMJJHJJH

®) ) 000000060000 00.00.00.0000000000000000000008

)00 ) 0000000 0000000000000000000000000

0 000 ©. 00.0.000.0/0.0.00.000.0000000000000000000

00000000000000000000000000000000000000000000000000ee
900000000000 0000006000000000000000000000009 )

900000090000000000006000,0000000000060000090! ) y

POPP0CO000000000000000000000000 0000000000000 N

NN SIS

Y Y Y YY)

)
J
o)
J

)

10000000 0000Re000000000000000000000000000000000008
0000000000000 N00000000000000000000000000000 )
SN YN YN NN NN NI

DD 0000000000000 0 0000000 DOOD D00 L6060 E
~ A~ N - -~ NISTNTS - ~ \ \ N~ NN -




N alalalala e tatars
................... S5YNS NN NS
NSNS
D S 000005 6080000 06!

DB 000N G ) 0000000000800 000000 NN NN
)PP 000000000000000000000000 0000000008

NSNS SIS S SSSSSIINSINDNITS
0000000000 000000000000000000000008000000000000000@

0000000000 0000000000000000000000000000000000000E
PP 0000 00000000000090000060000000000000000000090000

1000000000000000000.0000000000000000000000000000000900

) 9000000 000000000000000000.00000600000000000000000000000009

2. . . 000000000000000884

00000000000000000000000009
00000 00000000000

J

J

®)

o)

J

J

J

J

S,

A

J

J

J

J

J

)

®

J

J

J

>

J

®

9

J

J

9,

J

®

J

J

)

J

I

J

059,
9
O
®
J

00000000000 _ . ® YY)
€00 60.6.0/8.00/6.0.0/0.0,6.6.0'6.6.0.6.0/0.0.0/0.6.0008 60080080
leloeselocs0csecssecesscessccsesesnsssceseos
Jgaougwwwgmy , 000 oo 00 (XX
JJJJJJJQQ%MW YO 0000000000

isiﬁr

i - ) : G ) .. \wuy \J 7 . . 7 7 ) 7 ) ) ) \ ) ) - ~\ ) \ ¢ ) " , ,,/ .vl. )
/0/0/0/00:000000000 OO0 ngyoow , (0 060000
0 0000 ‘ v 0000 YY) _ foloele
JJJJJJJJJNVJJQ 0 X 3%@& E%Moi waoo i0: ,J.JJ 0.0/0.0. 00 '0/0.0.00100:0.0.0

J—) -
333
<IN
® L0
RN
343
o2%
353
828

J
J
o
9,
J
J
250
&
9
i

)0/0/0/0000000
))JJJJJJJJQQV
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂyd
) 9000000000

0.9
JjJ
00,
oo
252
<
g0,
3
o2

0000 o0o808
.00 9.8
JJJJ))JJJ)
j)ﬁJij)j)
3339333337
526266 %6
02050568
82056202658

=)
20
8
2
5
o
52
JJ
o
\;)) »
| 333

-
J
J
J
)
®,
9
L
)

——9 @

2
J
J
J
9,

y®,
®,
o,
o

)9 0000000e OOX 0000000000000 00000C0CCQ000C0C00000CO0COCOCOOCOOOQCOCOOQO0 00000
0000000000 00 0000000000000 0000000000000000000000000000C00C _ B0
)/000/000000000¢ 0000000000000 000000C00000000000000C0C0C0C00C0C0C00C00000000C0E
000000 Jou 0 00000000000000000000000000000000000000000000 ___ ___000
) 00000000 0000 0000000000000 00CO0CC00000C0C0000000C0C00C0COC00000(POOOCO

O
J
o
J
o
9,
)
®,
)

)J
Ss
)
<3
343
<)
28
S8

-
)
J
S,
9,
e,
)
o

—

J
j)
JJ
JJ
\)‘)
o®.
oo
o8
°
o2

o5
=9
)
‘)‘)
\)\)
9
e®
o
3

J
J
J
®
)
o
@ o
L

T
Jj)
33
)J)
JJ)
JJJ
3t

<)
O
‘)\)
)\)
® o
J
J
JJ
5=
® o
8.
5

52608
s
0g0
3=
058,
oo
533
o®

J
J
)
S
S,
)
9
el
®,

Yot
Do%:
65008,
60009,
00000
60000
85000
85000
80000
stasss
o
%

D = x
959,
J
J
J
)
)
o,
LJ
®,
o,

.............O............................f;.................ﬂ..
0000000000000 00OOOCOCOCOORPOCOEOOOOCOCQOCOCOOPOOPOOCOPOCOOOINYT QPO OOCOOOOOPOCOOPOOOQROEOS

J
9
©
L
)
)

0000000000 Y
0000000000 Y,

o
3
o
3
®
o
o
)

0000009000000 ]

Mvohﬂﬁwxxxﬂmvmy wmmv

)010/0/0/0/0/0/0/0.0000000000

0000000000006 O

)00 000000000 { 9 i @

0000000000 @W.Amﬂﬂ“ oooooooooooooooooooooooooooooooooooooclﬂqqsoooooooooooooooo
10000000000 : xjv 00000000000000000000000000000000000000” . QOO0 0eeeeeee
01010101018100/6 0000000 .«DSN 0P 0000000000000 0000
JJ)J)JJ)J))JJ)J)J)JJJJJJ \wwv 10199 geo jecccococecocecceceoceccoce
NN N Y Y YY) 7 - .

1>))J)%fﬁﬁﬁﬂﬂxy. 0000

P00000000000000P0POCOPOCOOCOOOOCOOOOOON 00000000000 O0QCOCOOOCOOOIOPOCOOOOOCOS

0000000000000 OCOCOCOCOOOPOOPOOCOOCOOOPOCOCOIOVWVUTDPOOPOOOCOCQOPOOOPOCPOOPOOOPCPOPOOPOPPOCOOPORPOROOOTS

q\ ..O..........0.....O..........O
]

23
o
o
©
J

0%6°%6°
,siggs‘_
33333
82056
82028
8008
52658,
82058
3220
g0
J)
J)
))
-t
’)J
)/

Jooocoooeoe

P000000000000006~ 0000000000600
> y7 v 0000000008
Wooooooooooooo mw .Q@%Wﬁf%f)))J;J,
©000000000000000008

$©00000000000000

0 000000000000

©00000000000000000)

%503)) 0000000008

5%
2620
268
2050,
2650
2050,
3y
233
252
232
).)))
355

JJ
9,
s2s
\J
Q))
55e
333
5 o0,
333
33

©
Seses
‘quﬂjng
33
J,
L)
J
J
2
©
J
3
J
~

o

%

Se
()
L)
©
9,
®
e
)
S
J
e
J
J
A
®

9
9,
o,
S,
S,
)
o,
J
J
J

J
J

)

J

9000090000000
00000000000
000 Yolo e e 6 0 0 e e 0 e e 00
. g.iw% .40%0 QJJJJ)))JJ)J)

o
J
®
J
2
D
J
J

J

J

0

3
3
Jﬁ
5

e
J

D
J
J)
)-}:

0000000000000 YOO
OO ©.000/0.0/000.0.0/0)9)
Tole 00000 AWMW 0000000000004

339
e8!
P

; \)‘)
B2
o>
8>
J)
))
)J
JJ
J)
))
))
))

°,
D)
))

®

sse

)
33
020
JJ)
33
Q))
J)J
))J
)))
)JJ
)JJ
)))
=0
08
d)
J)_))
)l)

°
L)
o°
8

°
o®.
0®.
oge!
e
>0,
29

D
<3
5O,
)J
).)
)J
©
0o
j)

X .JES!SiiiHﬁ. 000 SSQSSESSEEﬁwmvwg.QﬂJJJQU
v

i

X

®
®
55
)
o°
o
oo
.
o
o®
J\)
)J
)J
o®
)J
)J
=8

ﬁé
0%0®
2333
33
S
PSP
9
0505
050

D59,
059,

©59,
DE®

J50
59,

59,
D5,

ORS,
)JJ)
)))J
3343
],)J
) D
, s

0000000000000 00! uﬂm.m.mﬂn.u.m.a&i‘. 006 -
DS )

puww@mv sies e s e e c0e |
- 120 I I I I I I II NI IIIIIA NI ANN (X%
ummy‘w%yxxmeWf Nywvouwy ,%uﬂyoy ioiessisisieieieiel

o'
JJJJJJJJJQQ 00.00000000000000000
@

9,
\J
)
®
®,
®,
9
J
®,
J
J
J
®
J
J
S,

)
J
J

820
o2
9o,

9,
3
QJ)
3
JJJ
00!
050,

)

20
20
3
23
23
28
2
J
33
b
33
))
)/
JJ
))
//

32
23
3
JJ)
JJ)
)))
8 o®
)J)
J))
B5®,
<)
)j)
J)/
)
'/
®
=9
)

YY)

A 0100000k

0000000000000 000HE
NSNS

NS

5
333
333
23

233
8>
5
o®.
533
o®
oo,
®
28
=)
20
29
<3
°8
8,
20
3
<3
A

J

s
< o
)

o
2
J
J
o
) -
9
J
D
)
J
®
o
J
J
J
))
/
J

S

) C) 0000000 00000000
% JdﬁﬂﬁﬂﬂﬁﬁYMﬂf)J%fJ))qu)J);‘

N.J))\JJJJJJJJJ))))JJJ

PO O OCPOLOOOC 90O OO
10000000000 000000000004

0000 LR 0000000000000 0000000000000000000
DD 00RO P00 00000 000000000000 00000 000
NSNS ST SN NN S SN N N SO N N NN N SOOI S
PP L L0000 0000000000000 00 006
NSNS AN NSNS NN



Performance Measurement

® Enables deeper optimization of code
®x Can lead to new compiler optimizations
®x Can provide Insights for architects, OS designers

® Enables comparison of systems



Performance Counters

® Designed for engineering studies

x | imited set of hardware-oriented events

® Fewer counters than event types - multiple passes
® Not always accurate, can overflow

® Privileged, requires OS access overhead

® Different on each model, not well documented



Software Monitoring

®x Replace instructions with calls to logging functions
® \ery flexible in level of event granularity and type
® Disrupts instruction flow

® Significant overhead (increased time, memory)

® Significant observer effect (disturbed behavior)

® NO access to hardware and other asynchronous events



SHIM - Pros

® Runs in separate thread or on separate core
® Software event signals monitor thread
®x Reduces overnead and observer effect
®x Reads both software and hardware events
® Operates at high frequency, sampling short periods

. Constant overnhead/effects can be accounted for



SHIM - Cons

® Still disrupts hardware state, up to 61% overheao

® Fine grained data cannot be fully validated

x Runs in Java JIT environment
® Needs lengthy runs to reach stability
x Automatic GC limits ability to fine tune
® Java isn’t a language of choice for high performance

® Not clear how it works with highly parallel code



Sample Rate

- 520 cycles (avg IPC 1.13) - 476 cycles (avg IPC 1.10) m 520 cycles (avg IPC 1.13 std 0.34)
m 50 K cycles (avg IPC 1.14) - 45 K cycles (avg IPC 1.11) m 50 K cycles (avg IPC 1.14 std 0.22)
m 4997 K cycles (avg IPC 1.14) - 4515 K cycles (avg IPC 1.11) W 4997 K cycles, (avg IPC 1.14 std 0.05)

Fraction of samples
Average |IPC
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(a) Hot methods (b) Instructions Per Cycle (IPC) (c) IPC of hot methods

Figure 1: The impact of sample rate on lusearch. (a) Varying the sample rates identifies similar hot methods. The green curve is
the cumulative frequency distribution of samples at high frequency. Medium (red) and low (blue) frequency sampling cumulative
frequency histograms are permuted to align with the green. (b) Sample rate significantly affects measures such as IPC. (c)
Sample rate significantly affects IPC of hot methods. Each bar shows average IPC for a given hot method at one of three sample
rates.

Coarse sampling blurs some effects



Reducing Noise

Overlapping sample periods helps identify disrupted
behaviors, when measurements are iInconsistent



Effects of Overlapping

- |PC (avg. 1.09

- |PC (avg. 1. 122)
CPC (avg. 0.99) )

CPC (avg 1.0

Fraction of samples (log scale)
Fraction of good samples
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(a) Unfiltered IPC and CPC distortions, e.g., (b) DTE correction with ==1% CPC error eliminates  (c) Fraction of good samples with =1% CPC
IPC> 4 on a 4-way superscalar processor. all distorted IPC values. error as a function of sampling frequency.

Figure 4: DTE filtering on SMT keeps samples for which ground truth CPC is 1.0.01, eliminating impossible IPC values. At
small sample periods, DTE discards over half the samples. At sample periods >2000, DTE discards 10% or fewer samples.

Eliminates most bad signal values,
but at fine grained rates, over 50% are bad



Randomness

- gap between samples é§v§)1 .16 K)

- Sample period (avg. 0.

Fraction of samples

K cycles (logscale)

Figure 5: SHIM has large variation in sample period and be-
tween samples with DTE filtering. The green curve shows
variation in the period of good samples. The red curve shows
variation in the period between consecutive good samples.

Randomizing good samples is claimed to reduce
errors related to periodicity



Observer Effect

- goreléPC
= ApPPp
- SHIM IPC
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Figure 6: SHIM SMT observer effect on IPC for 476 cycle sam-
ple period with lusearch. The green curve shows lusearch IPC,
red shows SHIM’s IPC, and blue shows IPC for the whole core.




Overhead Core vs. SMT

® sample period (30 cycles) B sample pegpd (1213 cycles) B sample period (178 K cycles)
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B sample period (1505 cycles) B sample period (184 K cycles)

Normalized to without SHIM

(b) SHIM SMT overheads range from 61% to 26%.

Figure 7: SHIM observing on SMT and CMP method and loop identifiers—a highly mutating software signal



Example: Garbage Collection
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(a) IPC for 50 consecutive samples (b) stacks (c) globals

Figure 19: Strong correlation between IPC and memory bandwidth revealed in time line series for stacks and globals.

Viemory bound task
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