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Abstract

In research and development of processors, it is necessary to know the execution
performance of the target processor for each application program in order to eval-
uate improvement in architecture and/or in design, or to decide the parameters
such as the cache sizes. To this end, it is important to know the execution per-
formance without actually manufacturing the processor but with simulation which
reproduces the execution performance by simulator software.

However, particularly in the case of recent out-of-order processors, this simula-
tion takes a considerably long time. The essential reason of this long simulation
time is that the number of instructions in the benchmark programs is several orders
of magnitude larger, and speeding-up the simulator several times is important but
cannot be a fundamental solution.

Thus, sampling simulation, which inspect overall performance from simulation
result of small portion of the target program, is widely used. This potion is called
a simulation point.

Existing methods to select simulation points, such as SimPoint, is based on an
assumption that dynamic sections executing the same static section of the program
are of the same phase and the processor shows similar behavior in these dynamic
sections.

However, there are counterexamples for this idea. The target processor executing
the same static section of the program behaves similarly. Even when the target
processor is executing the same loop or function, the cache hit rates will differ

depending on the amount of data it refers, and the IPC can be drastically different.



iv Abstract

This paper proposes an inductive method that selects simulation points from the
results obtained by pre-simulating several processors with distinctive microarchitec-
tures, based on an assumption that sections in which all the distinctive processors
have similar instructions per cycle (IPC) values are of the same phase.

In addition, this paper proposes the following three improving method to the

inductive method:

1. Emulation-based basis models that drastically reduces the time for pre-simulation.

2. A basis model with highly-hierarchical caches that deals with phases caused
by fluctuating working set sizes.

3. A collective inductive method that selects simulation points from all bench-

mark programs regarding all of the benchmark programs as one workload.

This paper shows evaluation result of the first 100G instructions of SPEC 2006
programs with ref input. Our inductive method achieved an IPC estimation error
of approximately 0.4% by simulating approximately 0.1% of the 100G instructions.

The emulation-based basis models achieved more accurate estimation with less
simulation points than SimPoint, but it does not exceed the case of adding the
simin advance.

Although the estimation error became worse for some programs, collective in-
ductive method achieved reduction of sampling rate to 61.93% while limiting the

degradation of error to 0.5% on average.
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0 5.1: SPEC CPU 2006 00D OO0

INT FP
400.perlbench 410.bwaves
401.bzip2 416.gamess
483.xalancbmk | 482.sphinx3
471.omnetpp 434.zeusmp
445.gobmk 435.gromacs
464.h264ref 436.cactusADM
458.sjeng 437 .1eslie3d
462.libquantum | 444.namd
473.astar 447.dealll
403.gcc 450.soplex
429.mcf 481.wrf
456.hmmer 465.tonto
459.GemsFDTD
470.1bm
454.calculix
453.povray
433.milc

052000 smOdOoQd

ISA Alpha w/ byte/word ext.

pipeline stages | Fetch:3, Rename:2, Dispatch:2, Issue:4
fetch width 4 inst.

issue width Int:2, FP:2, Mem:2

inst. window Int:32, FP:16, Mem:16

branch pred. 8KB g-share

BTB 2K entries, 4way

RAS 8 entries

L1C 32KB, 4way, 3cycles, 64B/line
L2C 4MB, 8way, 15cycles, 128B/line

main memory | 200cycles
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cache-half smO0O0OLIO0O0O L2000000000000000O00O0OOO
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pht-single smUOOO0O0000O00 PHTOOOOOO 20010000000
goon

eight-way Intel Haswell [29]0 IBM POWERS [30] 00000000 8way O
ggooopouogooooo

regcache gbgboobbboobobobobobubooobboboobon

Os30000000000DO00smObO0000OoIPCOOOODO

Oob0s3sgoboobooooobooboobooooooboboooooogon IPC
OolpCOODODODODODODODODODODODODODODODOD
OO0 regcache D0 ODDODOO0OO0OODODODODOODODOODOODOOODOODO
goboboooobbbooooboobod

O 53 00000000000 smO000O0O0O IPCOSPEC CPU 20060 290
gooboobooodon

000000000 | Relative IPC

cache-half —7.6%
pht-single —2.5%
eight-way 11.1%

regcache -9.2%




52 gsid bODougoobobodo

OU0D00DOooopboobOoO 000 regcacheDOOOOODOOOOODOOO
O0000OoooO0 [9,26)0000000000000O0DOOCCOOOOOO0OOn
gobbobogboodbuooooobobbobbooobbobbooob 11000
goboboooobbbuooobobooobobbuolooobobobuoooooon

gbboobbubbuogbboboboobboobboooooobo sugn
OooobooboooIipCOb0O0DOO0ODODOOODODOOODOOsmOOOO
OIPCOO0O0O0OODOOO regcache DO O0DOO0OO0ODODOOODODOOODODODODOO
O000020000000000000IPCOsmO092%00000000 5.300
gboudgbboobbobobbobobuoobboobbobboobuooboon
goboobodao

OO0 regcache 0 IPCOOO0ODODDOOODOOO0ODODOOOOOOOODOOO
34000000300 IPCOODOOOOOOOODOOOODOOODODOD
ooboooobooobooooooooo sgbogIpCcOobbooboboooboooD
gbobougobobboogobboboooobbbuooobbobooooboo

000SPEC CPU 20060 453.povray DO O OO0 70GOODOOOOOOODO
gbboboboodgbbuoobobobobbobbo2000bbooobbodan
gboboooooooooobobooboboobobboobooboDb40D
OO000DbOobo0oloGOOOoObDOobOboObOOOOregcacheDOOOOOOODO
2000000000000000

5.2 OOODOOO

5.2.1 00O0-—-0O000O0O

gslibs2bidd—=gooboooobobbbbouoobbooooon
gboogbobogbuogobobooboobbooboboooboboobuoobn
O0—00000000000y00O00O0O0O0(QObOOIPC)DO0DOOOO (error)d
gbbogbbuogbboodgbbuooobbuoodobuooobboodobboon
oobooIlpCOb00O0OOOO0OOOUODO0OOOOODOObDOODOObOOOOD
O0000ooooIpCOO0DODOO (%)OOOD2x000000000ODOOOOO
0000000000 (samplingrate) D0 000000000000 OODOODOO



5.2, DOooon 23

x I
3 : interval 1K —@—
: interval 10K —@—
: interval 100K —@—
RN interval 1M =
S |
e ‘
i i i
0.3 0.4 0.5 0.6
Sampling Rate (%)
Os.1: 000000 0—a0ooood
5= =T x x \ \
’t:thi%rZal_leK : : inductive_cache-half —@—
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Error (%)

Error (%)
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10 ’y T T
inductive_perlbench SimPoint_perlbench
inductive_bzip2 [ ] SimPoint_bzip2 A
inductive_gcc [ ] SimPoint_gcc A
inductive_bwaves [ ] SimPoint_bwaves A
inductive_gamess SimPoint_gamess
gL inductive_mcf [ ] SimPoint_mcf A i
inductive_milc [ ] SimPoint_milc A
inductive_zeusmp [ ] SimPoint_zeusmp A
inductive_gromacs [ ] SimPoint_gromacs A
inductive_cactusADM SimPoint_cactusADM
inductive_leslie3d [ ] SimPoint_leslie3d A
[ ] inductive_namd [ ] SimPoint_namd A
6 inductive_gobmk () SimPoint_gobmk A T
inductive_dealll SimPoint_dealll
A inductive_soplex SimPoint_soplex
inductive_povray [ ] SimPoint_povray A
inductive_calculix [ ] SimPoint_calculix A
inductive_hmmer [ ] SimPoint_hmmer A
4 inductive_sjeng SimPoint_sjeng n
A inductive_GemsFDTD SimPoint_GemsFDTD
inductive_libquantum [ ] SimPoint_libquantum A
inductive_h264ref SimPoint_h264ref
A inductive_tonto SimPoint_tonto
A inductive_lbm SimPoint_lbm
2+ inductive_omnetpp [ ] SimPoint_omnetpp A .
A . N . .
A VY ) lnd}lCllve_zflstar [ ] ) Sll"l"fPOlnl_[:lStal‘ A
[ ] inductive_sphinx3 @ SimPoint_sphinx3 A
A inductive_wrf [ ] SimPoint_wrf A
A inductive_xalancbmk SimPoint_xalancbmk
L] ’ A inductive_rep @ SimPoin&rep A
o a 00 “ . i i i

0 0.2 0.3 0.4 0.5
Sampling Rate (%)
10 T \ \
1 perlbench povray ——=
bzip2 ——= calculix ——=
gcc —= hmmer ——=
8 - bwaves sjeng =
gamess GemsFDTD
mcf ——= libquantum ——=
milc ——= h264ref
6 zeusmp ——= tonto N
gromacs ——= Ibm
cactusADM omnetpp ————=
4 leslie3d ——= astar i
namd —= sphinx3
gobmk ——= wrf ——=
dealll xalancbmk
2 soplex AVG —>> |
0 L
0 0.2 0.3 0.4 0.5

Sampling Rate (%)

O 5.5: 000 regcache OO —0O000O0O0
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O 5.4: 000 regcache 0 0 O (Estimation Error: EE) — 00 0O (Sampling Rate:
SPR)O

Proposal SimPoint
program SPR (%) EE (%) SPR (%) EE (%)
400.perlbench 0.16531  0.0569819 | 0.064 2.400915332
401.bzip2 0.096 0.0317895 | 0.059 2.375155834
403.gcc 0.44067  0.294711 0.057 3.175515964
410.bwaves 0.00615  0.0682408 | 0.075 0.120894075
416.gamess 0.05866  0.00288012 | 0.048 1.043201498
429.mcf 0.12072 0.457023 0.041 2.02422783
433.milc 0.01947  0.530655 0.061 1.074328027
434.zeusmp 0.0605 0.510476 0.08 0.678597196
435.gromacs 0.07905  0.0105306 | 0.061 0.35012265
436.cactusADM | 0.01052  0.217292 0.029 1.663994503
437.1eslie3d 0.0347 0.0450978 | 0.063 1.063727122
444 namd 0.08252  0.0691879 | 0.069 0.445028262
445.gobmk 0.10289  0.00573879 | 0.032 2.429978395
447.dealll 0.09733  0.179495 0.055 0.687564914
450.soplex 0.21462  0.205719 0.071 1.613389053
453.povray 0.04385  0.113594 0.076 0.099344258
454.calculix 0.27383  0.189064 0.051 1.582828304
456.hmmer 0.10176  0.0275611 | 0.01 0.049125903
458.sjeng 0.02577  0.106415 0.02 0.749368112
459.GemsFDTD | 0.02092  0.0913519 | 0.058 0.162416971
462.libquantum | 0.00236  6.28389 0.022 1.55448812
464.h264ref 0.08956  0.128633 0.057 0.115202151
465.tonto 0.08833  0.307492 0.058 0.640419459
470.1bm 0.00156  0.0978773 | 0.007 0.898131423
471.omnetpp 0.17556  0.0948222 | 0.068 0.71854975
473.astar 0.13454  0.144677 0.053 0.941293766
481.wrf 0.06178  1.4277 0.063 0.68934959
482.sphinx3 0.16146  0.0034065 | 0.055 4.020708492
483.xalancbmk 0.10864  0.180485 0.034 5.032397794
AVERAGE 0.099277  0.409751 0.051621 1.324147
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