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Abstract

This paper presents performance analysis of the
embedded application, called EEMBC consisting of 5
categories and total 34 applications. We measured
various performance metrics, such as code sizes,
TLP(Thread Level Parallelism) using OpenMP API

and ILP(Instruction Level Parallelism) on
ARM-modeled SimpleScalar in detail. We show that
the embedded applications have the similar

characteristics as integer applications to deliver low
ILP and TLP in our environment. They have many
which
overhead in TLP and loop control overhead in ILP.
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HFE ¢te] T2aMEZE RGB to CMYK/YIQ
Conversion, high-pass gray-scale filter, JPEG
(de)compression o] UL, 4 HFd =

autocorrelation, convolution encoder, bit allocation,
FFT, Viterbi decoder’} ith. JESz yF gt
Dijkstra’s shortest-path, packet flow ¢} routelookup
i, AR 2153 WF Qo Bezier
calculation, dithering, image rotation®] .29 wu}x|g}t
o2 zExae MY HF UdodE table lookup &
tooth spark, to
conversion, pulse~width modulation,

o] curve

interpolation, to angle time

remote data
request, toad speed -calculation, (in)finite impulse
response filter, bit manipulation, basic arithmetic,
pointer chasing, matrix arithmetic, cache buster,

inverse DCT, FFT7} 31tt. EEMBC #lx]slay 3%
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Application | text | data { bss | Application | text | data | bss
| S12€ | S1Z€ | S1Z€ Size ) size | Siz¢ |
cipeg 46 1 238 | 518 | pktflowb2m | 2 Q[ 5
dipeg Y] 1 ! 773 I pktflowbdm | 2 5
rebcmy 20 |2 routelookup 7
20 bezierOlfixed | 20 5
rebvig 2 230 bezierOlfloat | 20 | 43 5
autcorQ0datal] 2 2 5 dither 20 9 5
a2] 2 7 5 rotate 21 | 18 | 18
lautcor00data3] 2 7 5 text 21 123 | 45
conven 2 7 5 1 a2time | 22 7 6
conven(0da 2 7 5 __aifftr 23 121 | 32
nvenO0datad 2 7 5 4Lf rf 21 10 5
| fbital00data2 | 2 7 5 23 121 1.3
| fhital00data3 | 2 7 5 Jﬁefo A 716
| fhital00data6 | 2 7 5 bitmnp 23 6 7
{ft00datal | 2 12 5 | 22 6 6
ft00data2 | 2 12 5 canrdr 2 |1 5
fft00data3 21 9 5 idctrm 25 13 7
viterbO(Odatal | 23 6 5 firflt 24 1 10 5
viterbOOdata2| 23 6 8 matrix 26 | 32 6
viterb00data3{ 23 | 6 8 pntrch 20 10 [ 5
viterb(0data4] 23 6 9 puwmod 2 |15 6
ospf 24 6 5 __rspeed 20 7 S
pktflowb512k| 2 10 5 thlook 21 17 | 5
oktflowblm | 2 10 5 __ttspord 2 M1 6
R 194 BFE ZAAPE EEMBCA X3 e
Z20YEL 7HE A9l gpegs dipegdl BEEA

858KBS} 802KBH1 ©&
100KBel 32 w$ #rhe 21& ¢
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3.22 ILP (Instruction Level Parallelism)
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o] Tx2E AME#Hl4d stE SimpleScalar A& l¥
& AHEATH3) $Ele Al A S 93A EEMBC
ZRaYEY FEE gec cross compilerE AE D
AR FHoE2E -028 AHEAH. AlEHO)EE 9
g BHo2M L1 cache® data cache ¢} instruction
cache 25 8KB directed-map& AF&331 L2 cache
2 64KBE Al&38l3 out-of-order® WHE FPFe}.
SimpleScalar® Al E#old & 7Z$ 4-way issueR
A 4719 HHAE A AAG 5 Yt A
2% 1494 B de AAE AEHE AR AT
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8}t loop bound expression®lA pointer® X §3l1
olo] A9 7t loop-unrollingel &8 IPC 7} ¥
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1% 1 ARM-modeled SimpleScalare] 2]& IPC.

3.23 TLP (Thread Level Parallelism)

e 14T duits Z2AN9 277 FUH
2 olE Y &) wygoem: SMT(Simultaneous
Multithreading)®] 71&e¢l ZEH 3 vk o] 7|&&
Hegozs A" A9 throughputE F4AIZ
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%2+ EEMBCEZZ1#9| OpenMP APIE ZFH&34
o},

OpenMP APIE= Z&WE2ajiolr T2y 3=
OpenMP directive® F7tslA Z2adE wEs Al
4 3z 8= olg E8 TLP o 9% 4539
< HEsAu2]. $eEle d¥g8Aez2H A€/ Xeon
20GHZZ 2789 Z2MAE Ze PCE AH831 OS
£ redhat 80 LinuxZ A& 5. a8z Hxdy
24 OpenMP APIE A gst= ¢Ud 70 C HAAIdHE
-02 -openmp A3 A AbE3Sich

22l WA EEMBC Z232% WA OpenMP
APIE ol g3l Yo BE BHys 753 77

< 443 g Y= 4 ydE 73 45
47 98t -openmp_profile& A& o] &tk =
wEds A7l 2 WA AE  parallelization
overhead?} A% ZH$ OpenMP APIE A|AFo=
A odexez Al Ag HH¥3 Yo =
ATE A e 209 ¥HE3t 71Y<l induction
variable substitution[4]¥} privatization[5] 7] H2 A}&

s,

rd

¥ 2. 2709 OpenMP thread2 ©¢]& 3 speedup.

Application Nof stimized Optlm!ZBd Application lE)pLim.i optlmlzed
name Speedup | Speedup name Speedup | Speedup
cjpeg 0.29 1 pktflowbZ2m 1 1
dipeg 0.65 1 pktflowbdm 1 1

rgbcmy 0.86 0.87 || routelookup 1 1

bezierQlfixed| 138 1.74
bezierQlfloat | 0.59 1

rgbhpg 1.2 1.5
rgbyiq 1.63 1.63

autcorO0datal| 0.11 1 dither 1 1
autcor00data2{ 1.32 153 rotate 0.93 0.93
autcor(0data3[ 1.56 154 text 1 1
conven(0datal 1 1 a2time 1 1
konvenOQda 1 1 aifftr 0.64 1
conven(0dat. 1 1 aifirf 021 1
fbital00data? 1 1 atifft 1 1
fhital00data3 1 1 basefp 1 1
fhital00datab 1 1 bitmnp 0.3 1
fft00datal 05 1 cacheb 1 1
ft00data2 0.67 1 canrdr 1 1
ft00data3 05 1 idctrm 0.13 1
viterbOOdatal| 0.11 1 iirflt 1 1
viterbOOdata2| 0.1 1 matrix 0.08 1
viterb0Odata3| 0.11 1 pntrch 1 1
viterbOOdatad| 0.1 1 puwmod 1 1
ospf 1 1 rspeed 1 1
pktflowb512k 1 1 thlook 1 1
pktflowblm 1 1 ttsprk 1 1

+2E 34Ul =20 FoM 1749 =2y ¢t
AA 907he] WHB3I FAE AL F AN ¥ 29
unoptimized speedupdlAl B A o] ¢+ 47
o 2233 a2z 5709 H2E M(rgbhpg, rebyiq,
autcor00data2, autcorf0data3, bezierOlfixed)olx £%
T4 9¢ F AN A @A Fe S
F e d& =Zza¥e #H$ 4T instruction
overhead &l A3 AlZte] Fsle AL B § 3
o =3 & oY ddar #WE@ Tl wEA
£ F4E € F AT FEH £E S 99X
Rate 7ol sl 21¥7] H&d $8+= profiling e
F3l 4 38 F7 WA overheadZ 3 A3 &%
7t Wolz F7+& 3o} OpenMP APIS AAYTH =
gA gozH &= 29 optimized speedupd =9
e EE F7HE 2S5 AUk F 2004 BE A
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227} OpenMP APIE o]&3}le] TLPY 29§ &% multithreading—% ol g3l A wE EA Y=
A4S ottt AR $-2iE EEMBCHA T2 € ¥ T AU I olfrE HEs RO V¥ Zf"F
oW FAAM 27 dREGAM 99 e TLPE S instruction overhead”} #1.2™, multithreaded library
& AT 2 o]+ EEMBC 949 =219 H o] 93t I= Alo]=7F Hd 5ui7AA Frtsle AE
£ 277t A2 loopdl AEHoR FAEH7] WHE E F it o)A AFHE WEY AMRE Ze o
was AjZd ZA$ instruction overhead?} W3} &3 f= Ao = ALE 2ol Auibe AL 4 5 9
°ﬂ HPM UE ades AS 4 ¢ vk =13 2§ 2 o}
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1] EEMBC(EDN Embedded Mi

section, bss section®Z UyolA B HSoe & = mibecde feroprocessor
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4 AArh ©A) A OpenMP APIE F7HsiA 7
#d ¥ F$ F7F HE OpenMP ol s
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