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ABSTRACT

The purposc of benchmark program is to measurc the performance of a computer system. The performance of
a computer system is determined by the amount of execution time of user application programs. Thus, it is
assumed that a benchmark program must have the same features with user application programs to test. In this
paper, we have designed and implemented CMFstone which is consisted of Chaustone, Mchaustone and
Fhsstone. After applied the CMFstone, designed and implemented in this paper, to the real situations, the results
of comparison show that CMFstone is similar to geometric mean of other benchmarks results. Thus, we have
concluded that CMFstone is good enough to measure the performance of a computer system.
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else if (...){
a=10+i;
b=a+c;
}
else if(...)
a=100;
else
b= 100;

for(i=0;i{100;i ++){
a=100+i;
b=asc;
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249 84 gee gzp vi xview
assignment 45% 52% 53% 42%
function call 29% 23% 25% 22%
if 5% 5% 4% 6%
if.. else % 3% 4% 4%
switch 1% 4% 3% 3%
for 3% 5% 2% 6%
while 3% 4% 1% 7%
do..while 1% 1% 3%
break 2% 2% 4% 4%
continue 1% 1% 3% %
return 3% 4% 4% 4%
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Z2aY
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+ 12% 11% 11% 16%
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. 9% 9% 6% 5%
/ 5% 6% 3% 4%
% 3% 2% 1% 3%
=) 5% 3% 2% 1%
++ 9% 10% 12% 2%
-= 7% 6% 8% 6%
sizeof 1% 1% 1% 3%
?: 2% 3% 2%
4 5% 3% 2% 3%
) 4% 4% 3% 3%
(= 3% 2% 2% 4%
)= 3% 1% 1% 3%
+= 2% 4% 1% 1%
—= 1% 3% 2%
.= 1% 4% 1% 1%
& 1% % 3% 4%
== 5% 3% 8% 5%
1= 3% 3% 9% 4%
&& 1% 3% 2% 1%
I 1% 3% 1%
2% 1% 6% 3%
! 2% 2%
» 2% 1% 2%
« 1% 1% 2%

struct {
inti; charc;
}var[100];

var[10). i=3;
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ol X, 7 WA WY& ol e A ‘vary £
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programs
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constant 18% 17% 21% 19%
int 27% 32% 24% 22%
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A A (locality)2- M 2 &(hit ratio)z} THF
FAE A EE 4 22y B AAFHA &
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(Table) Locality of each application programs
zzaq . . .
gec gzip vi xview

FH8L

global variable 18% 14% 13% 20%

local variable 82% 86% 87% 80%

compound

statement length 13 10 8 ’
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Nt, p)8 74 8241 $8 T2 pallMe) &3
B, DL PE T 8219 8 223 pojAg
2% v\ g, El, E2..,.EAE 7 ¢& =239 pl,

p2,...pAS] A¥Y Hlgolg A o, A £X 23
o A28 8 ZT2ade] Afoirt. 2, 99
7 YtEA 24 a9 HFE RE 6L 7z
ohg-3t 7ot

A
Y D(t,, p?)
oy i y n
A
kZ N{t,, pk)
. 2:—= @
b TING, p) )
P
A
L (D(ts, pi)e ED)
oy 3. y 3)
Y (NG, pk)+ Ek)
o by 42 “)

™a

)

L (N}, pi)+ Ei)
j

3.1.2.3 Chaustoneol 4 2]

B eRoMe 8 223Y 24 8459 B4
A& W5t Chaustoned +837] 4§ Wt
EA WY 48 A9 21 o R e, A ALRAES
A R3e FUg AR E NES Ue Rl F
a3t7] ol

7t &8 Z2aYE] Ay N(E) F4 Ade
goc: gzip:vitxview=36:4:100:30]0c}. o] &A 2
19954 5€ 1Y ¥ 19959 94 159 71x], S4uig
I AANE Y FAA7] IKticom.cel .cau.ackr)g F
Foistw Fadi gt 75 3 8e] Solbourne 5/600

{E 5) Chaustone2| 2% HA| #2
(Table 5) Distribution of statements of Chaustone

T 84 Chaustone | 74 8.4 | Chaustone
assignment 49% while 2%
function Call | 25% do-while 1%
if 5% break 3%
if-else 5% continue 3%
switch 2% return 4%
for 2%




{3 6) Chaustone2} HAIX} £
{Table 6) Distribution of operators of Chaustone

T4 84 | Chaustone | F4 84 | Chaustone
+ 11% y= 2%
- 8% += 1%
. 7% -= 1%
/ 4% .= 1%
% 2% & 2%
-) 4% == 7%
++ 11% I= 7%
-- 8% && 2%
sizeof 1% I

?: 2% . 5%
( 4% ! 2%
) 3% » 1%
(= 3% {«( 1%

{E 7) Chaustone2| M|HAX} ElR] BE
(Table 7) Distribution of operands of Chaustone

T4 84 | Chaustone T8 8% Chaustone
constant 20% float

int 25% double 2%
char 13% pointer 16%
short 1% struct member 9%
long 1% array member 13%

(X 8) Chaustone2] X| A
(Table 8) Locality of Chaustone

+4 84 | Chaustone T4 24 | Chaustone
local variable 14% global variable |86%
compound statement length 9

(solmono.cse.can.ackr), ¥ A€Wl #=ul(news) 2§
comp. benchmark®] 204 2] 3PS o3 244
Aol olgA Z2FE 43 VNEENE 74 24
9 A Ao (4 98 J_AA ¥y A=
Zbzh (& S5)OlA (E 8)7tA| ¢} 7t} o] A3} X7t
Chaustone?] 2 ¥ 71 ©t}

Chaustone2 4711 2] 5o A & 1007) 2] E4 o)

CMFstone: REIA 718t0] 814 AIRX T2 242 X013 1223

B30, o] 4719 #4571 10003] 8 E FU¢9 A
g FA 8L 49 B F 13 99971A) 9] g
T3 function 13} ©]7 @Mo] XHs=e U=
function_27} 2]u] e QALE 32 gloy, AA2
2 AFE AHSEAE et o8d 9 gle 4
Abel wrE.2 $A) il X)ulA(synthetic benchmark)¢)
2% shpolthsl,

¥ A3 52 Dhrystonel6] gl &) A#A o}
=3} 7ol A

60+ 1000

CHAUSTONE =—5—
(F TN

Chaustone/sec  (5)
u}2ts], CHAUSTONE A#3gto]l 242 W& CPU
o4& R

3.2 Mchaustone

Chaustone2 3}L}2) XM 22 o|Fojr] on
2,2 AN2e tF A9 S 3] &3
& & o FE XY S(multi-thread) & 2| Y34 &
€ fH Aldy LIGAANME, sty Z2gA
€ 3119 CPUE R 2E¥ o, NAF zAHYL 13
ALR-8LA] £317) o, 2E CPUS A% L 287
o2 238 4 g9 WA, UNIX &FMAE A
B3 s Ar] A2 4% S A=
ZEHoE e ZeMre FAHE WA vt}
gasch ¥ A7 E Chaustone2 27 fork
gogq F Aesl Al2de g e 3L F
&3l = E Fr}. Mchaustoneo] 583l YL &
# Zth 24 dr}e] Chaustoned Q3P Art. o
o, Chaustone 3j1}e] CPUS|A T =3 @}, o] of
o] 4% FA#E R, o)F A &, R, o) g
CPUE IR+ AFE A" A n7] 2] Chaustone
< AINHAE W9 Astolr}. FidA 4oz CPU
A5 %F 4] Chaustoneg FA]o YAt o] 7
7K1 A]le A2 d3As1e £¢ EE UeH
Zo] ¢}

__RQ, 9
T R, 0

28y, dFEA 7] Al2-dE CPU A ooz
za a7t FYHY, 2AF8(scheduler) 59 4%
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€ A Aok & A7 e olE HF 4L 4
# A&l Chaustone] AF& $7HA170. o] o,
gEAe7] A2 A& o g

R(,¢)

E(n)= R, 0

, & n& Chaustone ZEAM X Aot}
Daniel Tabak®] A-7{11]e] 2]3}%, Symmetry Whe-
tstone3} Symmetry Dhrystone] 2|& A5 H7} 25}
7t CPU A4=¢] F7tell wetA lineardt A& el
Wonrng o]d #43A Mchaustone oA %, CPU
A9] 2u)grE 9 Chaustoned HA = Ao
GEAE 7] A2 AgS ARFY 5 Ao wEA,
e el7] AL X632 32 ofef o 7).

MCHAUSTONE =c+R (1, ¢} * E(2c) (6

¢, Mchaustone2 2 E CPUojA] £Y# Chaustone
Z2A2E 49882, CPU #80] 5U% Y3y
oF Aes] A2 AFE Y PP FEAG
A#E 298 o

3.3 Fhsstone

Fhsstone2 3} Al2®le] 45 34 & f8A ¢
¥y Aoz =2 23Poju}. Fhsstonee Howard(s)
9] Agte] wet FAAC. A A=A Y&
Z24Y F e AAolAE BHES) AF Howards)
Agte A, dojel 3UEL BAE OHENE ¢
EX, A, eI AELZ dolg JUEL B
Ateta, A, 84171 2 S deA dd 228 A
2, UA, & doje 3d g ¥ &3 I, o
A A, o] Z(make)d ¥t} Howardd] #|Uof w2
A, 3t A 253 FAHE drEe AVNEEL £
A €0 v, He) AL 33U A" x4
A3 Y& Ve 99 HI dF Q4] 18l
HA el ol & A3l A5t A seMe o
o & iy dygcth 99 F29 A4E Ous-
terhout(6]e] Ao 7128, &3} A A4 1/9
2 oj}.

331 A483 U9 A7) £¥
gt g A7)0 met HIAN | Apolzt d 4 3l

2823 3d A2 A5 2L HE N nj
v tlolel #lde 27 ¥ a0 Wi B FoY
/8 8471 @} Fhsstoneg dlo|e} 3} 77 %
EXE ALEAZL A FIse RXg s
T8 ¥} Fhsstoneo] dlojg} steo] o Y2 4
A ALEAY] B Aoz Had FYGEE
317] S8t dA o) A7) R A REY F
A o) FEZ dofg} UL PEojof Fct
ol& SlaiA, A ALE FA HFH A2¥9 7 A}
424 ddEe o]z BUE tiste ztzte a7
o dHE Y RS E AL AN 2H0
A48 AFH AN2"de FJSuste AddE F
A A7) I (ticom.ccl.cau.acknel FJdidtz 27
8 ¥ 3332 Solbourne 5/600 (solmono.cse.
cav.ac.kr), 28] 2 AEYl = ul(news) 2§ 2 comp.
benchmarkel M Qo2 329 20099 9] 3YE 24
7t AHREE e Al29E des H 24 3
3, AHgAL ddEa] o)de] ROAELdM A7)}
10 Kbytes o] 31?1 st g2 A7 X & (H N9
2o,

(H 9> 10 Kbyte O|8t2| 37| & 71X sglel 37|H B2
(Table 9) Distribution of files under 10 Kbytes size

A7 (Kbytes"H)| 1 [ 2 [3 |4 |5]6)7 (8910
v &(%) (1718633 12[1tt]1

(& 8)°4] 10 Kbyte °]3t2] o] Ay 29
80% A8 XA, 53] | Kbyte o] 3l2] 31Yo]
obF B2 & 4 A2k 34 A3t 1 Kbyteo] 39
AAEL A & EXE Yehemz oA B
F3A et gidez ¢ YyAE: 2 89
FoOdEDg PR o, FUAEHE XY
e YA ELe 1649 Y g, FddELs] Qs
gde2e 1779 YL ¥dsc Fudeds
e ddEgeie 2UdEL g 7214 4 AR
2] Alolo A 3} Ao wE R X A9 AolE
vreh A e ekt

3.3.2 Fhsstone®)] dlo]e} 31 ¥
Fhsstone2 3 200 71 ¢ djo|e} 314 g 7HAH, &
A5 A7) e U vIEL (B 8)F FY&. of



€ & WAvtae] 223 58 AR dA A
4 873 $Y8 B3 AT 29 53] A
AMolct. fqAEe Y Tz 2 Y ELs}t 2
Holgt 89 AFrE (ad 29 At ¢, 4 UdE
Z Y9 Asld BE FEE YoFoitt. F, ®E
tolel B}AEL 7)o BAGe] g2 3=
At

e ofg

spis [ o !
S [
B
e U abi | b3
i lo 16 J NI
e e Lo
D el a2 an’ i wies abk || abr | st

| T [ 1‘J‘,1' [ L
R

i |

(2% 2) Hiole} Bjgle| M5 EExe}CidEa| px
(Fig. 2) Disribution of data files and directory structure

Null Data Field 1

Record id (4 Bytes)

(38 3) Fhsstoneofl ALR Sl C|O|E} 31942 #4
(Fig. 3) Data file Format of Fhsstone

Fhsstone9] tlo]E} A EL (28 )3 2L Yy
o HA=ES AL 02 o] FojA Ul

3} A oRA, A= AEAE A9 A A
HE AP L A8 AHEEH, d doje} 9 Arle
Fhsstone XA A2 HE 194 1074R]9] 8
Yy £ don, oin 4 dojet 349 ANE Y
g gholl walA 4, 12, 28, 60,--,4092 Bytes7} 5|
oo} g}t walA d diolel 3¢ AVE £HoE
Yehld (4 N3t 2ok Q714 n& AHEAZRE ¢
gJuke ol

45(2"—1) Bytes (%, n)0) @

up2tA, o] Hoje} &o] Ao]d4F Fhsstoned] 4
Al A3 Ao} zopA] v, o] Fhsstoneo] HaA|Z
Z3E 95 A8 $ 3o F deole Fde e
2632 Kbytesol 9, # #2=.9] A7l o3 g}

4+4+(2"—1)=2"*2 ®

CMFstone: R A 7|8to] Bl4 AIRXI T2 720 #XI0t3 1225

aeme, $ gazs pee LA
olg Avere LT sjoin. gy gol 12 3
7E 3 A2= 259 198 D goin. v, 9
o9 H2E A2 13) 0¥ FHstolcl Hn2 e
ey

7t 59,

74866
2"

)1

)=10.530... )]

nlog 74:66

w2hA, 0(n<102] ¥ HE 7}t o}t

3.3.3 Fhsstone 2] v o]€} 3

ol HT& RE & A2 Ao} Fo] YuHL
2 #98E AR, &3 A2 3o Ao 2L FA
of 488 AYAZH] Fpol7t F £ Atk o] o]
£ vz 99 A 93] #-9-Ect Fhsstoned
o] £744 mSel tA A, zzte AHE
299 o, &2 H2 ¥ Yo W29 AFE 3
o ASe e 4 U3, &3 422 g9 B2
A%e B2 45 S Jerd $ 2o

Fhsstone® 3Al F7}x] @A Y. 2 F,
R AAE BE dolel BUL &3t A2 @ Foll, A
A A= F9 1979 2= Y F2de A
ojth. £ WA YL, AM dolet Ao U &3
Ao, AN 42 39 1979 AI=e] g
o 2L A FYsE Rolth. o), &3 Y2
& &3 Ha ZZMAGAPY 98A o] FolAr.
SAP Fhsstone9] A Alof AA Y (Y3 A2 =of
N AYd 42=F ¢ARo 2 Y29 U9
A2E YA Z2A2RAP) 8 A o) R
th. RAPE 34 Q471288 U4d QolM, 2 ¢
47t AR e dolg Y Y=g Yoe. ¢
2 W23 Jd9 2L 2877 A, F, Y9
AEE &4 A2 A 7o) 22A EEAN) K
3] SAPL R 979 T2 AR o] A, 7}
74e EAo) A=A gon] 2t SAPE WiHoE
A A dolet HY S &3 Y2} sty RAPL
27} SAPE 3 S Ao A s, B B4 9 ¢
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Zo] o3} X E YA=g Y2 Fu}. Fhsstone 9]
o e Wi 3 Al dig dig Y
o224, 53], 3 23 9 HI3e A+ F SAP
3 RAP| 2l8] 2ejsleg 23 vHe figo] 2
Y A8 298 5 U

4. 49 s o @

WA e AEs ARE Al299 458 3Pt &
TFolth. metq, R F& WX via e YA HFH
N2do 4%& A FFste Rolth 28,
AFEH A2 Z¥F He S ¢ + ez, o
& ixnl3 g9 43 ARete) FAHYLE WX 0}
A Hried Wavl=Y A2 HFE A2
A%e AAQste WYL Fleming10]9] Q7] 3 v
el ct 9] AT HFE A€ WAz
Ao 2AYFoE 2 FFE AL2YPY 5
A&e Aolrh. Axil, Sparc 10, Solbourne 5/600,
Sparc 1 ¥ Ticom 5 SW19 HAFE A2doA
Chaustone ¥ Mchastones}, 2 U2 W Avl=9
Dhrystone, Whetstone, 200200 ¥4 & 714l &= @3
%% Linpack, 200x200 Wd& 7tA& WMAB=Y
Linpack-& A8 % Aol 259 x3 HF& v|2d}

(¥ 10) Chaustone?} CIE WXj0|2 & AHAMY
{Table 10) The execution result of Chaustone and other

benchmarks
A=Y Solbourne Ticom | 9249
s (A SR g0 (SRR LG cpug 12 Ba
Linpacks [30] 205 | 100 | 53 | 4 | 198
Liopackd |225| 151 | 100 | 45 | 4 | %s

Dhrystone | 324 | 303 100 58 53 883

Whetstone | 325 | 260 100 50 50 517

Chaustone 181 253 00 53 4 4
{(Mchaustone) 3 ! 18

(81)
Ha 20| 22 100 51 4 -

(& 11) Fhsstoneit Byte A8 2in}
{Table 11) The execution result of Fhsstone and Byte

- | Axil Solbourne S | Ticom
LELE] M sze00 PP (2 cpus)
Y EL
oo B2 426 237 132 123
Fhastone [ 2% 12 2
PEE 32 100 67 74
Byte 258 100 62 53

oLmpack €/ = wLirpack WA &
& Ohrystone owhetone
wlol Y 2 @ Chaustone

L | mchaustone

100

Al ety ar /398 Sparcie Soboums SASS

(22! 4) Chaustone®} C}E= HIX|0l3 & A8 H=}
(Fig. 4) The execution result of Chaustone and other benchmarks



CMFstone: RYA 7|810] A ALRXI Z2 202 X013 1227

7 OFhsstone & 2t W2 & @ 2| 32

3077 BFhssone ® A1 W B W2 T2
@ Byte unm

300 4+7

Barmn

(212! 5) Fhsstonet CHE HIX|ol3E AY H
(Fig. 5) The execution result of Fhsstone and other

benchmarks

A (R 10) B (29 99 ) o] HE B 7 iR
vt ge] W Yol FF U2t Chaustoneo)
7 Ade A& ¢ 4 Aok (Linpack-s 2.4 0 A
ojv] AFF W& CPU A% 24N sl e AHE
2 dth) &, CPUS 458 £A387] 3o o
2 fixviag 49y Yaglol, ChaustonedH-S 43
3t AA gsol FA d3E 48  UAde A
£ %§). Byte X nl29} Fhsstoned Axils} Selbo-
urne, SparclolA 433 AFE v 23H (X 11) R
(29 5)¢ 21}

5dd &

71&9) 48 WiXela T2IPEL WA Yax
doldst mlY 3HFElA @ol €95 UNIXE
A AFE A 2QqA ALE3|e oy EA
HEL 73 At B =FdM e olalg EMF
E-2 313317) 938l Chaustone, Mchaustone, Fhsstone
22 o]lFo]A i Xvjz =Z 2P CMFstoneg
Astdch

Chaustone2 & CPUS| 4%& £A317] g w
Auiad 22 2M, o8] $8 T2aWE) B 4,

Axkzl, HAAL, A9y 5o REE AY Nxd
g 7HEAE FoA%eZN FHHAYG. Mchaustone
& 938 95 A A2 A& &5 A
@ WX uta =724, Chaustoned o 27] d3Y3}od
tEAesle £&¢ T, ol CPUY A9,
g CPU2] Chaustone gtoll 224 thF A2)7|
o A% & 24§} Fhsstone: 31 AJA2H9) A%
£ 2437 98 A2 =322 M, Howard2) A
g ulRez dof, Y 25 APE A A
Ag #9390, 53, &3 HA2H 99 A29 A5
€ 23ezE 23 Wiy A& 33Y & A
t}. o8] AFEH Aol CMFstoned 483 2
&, AFE A2 45& 257 A, 7129
de WAnla2 g 4332 oA 289 23} J4&
T3] W AFH A2de) Yo AFY Y
glol, CMFstone A¥}3te Aoz a9 A
A& 78 7 AW

¥ Aoz vl Y Y asymmetric) ohF A
2)7] AFE A2 45 FHAY # e WA
2 Z2aPs CPUZe §4 W FTH wxd
(shared memory), "l AJA] A @(message passing) ¥ 2]
Zhzto] i@ vl A" 4F FH S AT AA
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g UESNA 4% FHE AP WXnja 22y
ol a3} viA e g, 24zte) WA 2 ARG L
Y5t AA AFE A2 458 3L S+ A
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