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Thread-Level Parallelism using Java Thread and Network
Resources
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Abstract

In this paper, parallel programming technique by using Java Thread is introduced so as to develop parallel
design tool to analyze the small micro flow sensor. To estimate computing time for Thread-level parallelism,
the performances of two experimental models for potential problem subject to Thermal transfer equation are
examined. As a result, if the number of network PC is increase, computing time for parallelism on network
environment is enhanced to be almost n times. The micro sensor design tool based on distributed computing
can be utilized to analyze a large scale problem.

Key words : Micro flow sensor, MCM, multi thread, parallelism

LM & = A% o] FaAIHAL UTHI]
T AYE 7189l wieA A s 2L |
vﬂ ?JEV 15782 717] Assks fste] 25 A7Fs71EE ol88te] Audh vio]laz 24t Y
I sloh= SAolA B o] FPwar Sk oA JpE ks AFH,

NHolx wigo] g TS i3k Aseh AsEat sE

WESZ FAS 5B BTN A4 8 B 9 OME} o #E SHEAL 7 fuIHE s B

7171 WA gke] dAlE Rl it ek & o A% 8=} mopA L Qv

A AMUE T 837 22 Zofoll A 248 A C’%]E =01 Atske WA ZA|go] AR u
ANE AN mg AR fUAEE 83 75 S ASERE A dlelas SRAAE A4 &

xS AFE Y HIE

- A1AA (First Author) : 7E]-&

- Eudx 20109 12€ 39

- ARG YA 1 2010 129 39 (YA 1 20109 12€ 229)
- AL 20109 12€ 30



985

o] 43t WEA g

o

T=

A

o} JEHIA A}

=

Ze)g ; Anp 24

—t—
o oy
T rE¥Tn
63 ht i 7ol —
wp BT imqorm mERDRT AR TIX
HEH .W_WPO“H\HOW ]../IO&,,@IHT_ﬁﬂm_I?L ‘_I_Ol‘uv_A.alO#muLE.wﬂA_lﬂrEJu
< ﬂ_wA o EO _— ﬁ \m OM g EO O_ EO \uml ;O_l mﬂ EO O# o vAU AT :.L ~o
7 HP ro ¥ = SO ool T X oo " T o
i oo W T N PRk g g I 3 S
00 K i | oy ol = e W o © vhtﬂﬂ M]ME_E T <) X @ M ) ﬂv_l Qo o b
T o = & A =y Ko ) o 2 X o o) @Euhofdrh}
LR e 2B ) Hom P maﬂk,ﬁe_é1_|QM;o o B KO R
o) 100 _ o — E g2 ol <o ol as ! T o
oF q]@l]r,._ _J_I e N Em ™~ = T =n Ugﬁﬂﬂﬂ .E_ = IrLIO_E
7o S ol w = ™ "o < 8 o, B % B o m N ﬁ_cv.ob71ow
nE TYrax T iohlAgL@may ST E %
% . I@ D T oo moREEED Mﬁ;ﬁﬁMﬁ_zﬂW _zﬂﬂmammﬁ
—_ = = "o — a5 = < = JIOO
L Suil A %ﬁmxom%mwm;mM%myy S
D\ o o o =i T ol = v e B ) o ! ,I.._
e potby . %%@W%mﬂ@%wmww%%mw R
HI:;A«]@WﬂNJ]../I‘_&.L = 70 — a ﬂoMﬂAro»ﬂ.N% < .o_eﬂrmr‘m,_ lu_laago_elrnwl
oo T 5 o X ol W o ﬁalﬁzfﬂﬂr& X, =T R
%%mw%ﬂw% = AMNWW%ﬁé%ﬁa%ﬂﬂiﬁ@ T
%%ﬁ%mﬂ%% ™ ﬂu%wmoﬂ%i&ﬁmimmﬂwwmﬂr% MO R o X
ot [y — Xl _——_ = ) f
W B m%wuﬁ _ ﬂwh);_fmﬂrsP@O_L%%ﬂuc:_omo%mu iﬁ,#ﬁﬁr
E m < i o ﬂrﬂMdn__oﬂuLtmﬁEATq,moawaEUr O#Meviéﬁﬂ%
AT%E%%@I%@M Nroiﬂm_ulr}oﬁdlﬂmﬁﬂwﬂrmﬂnm%ﬁmu
S LTI E AL Lo m
. 5% oo~ B PR mw <k
E%H@ﬂﬂﬁl 7z§§r¢otfgohﬁo_g%&
T Mo B W gy o T oA RO T R
" o X o) oy o noRw T P %o o) W T :
Jeisi3f 1%p3% fEIEssiiiic
]J’O 1)_A|0 ,WH_I 0 —~ .I. oy =
ﬂﬂ_rwrmlﬂm@aﬁig‘_ Boow R ® www__uo@ﬂmﬂuwﬁmc%uv_ﬁ% ﬁWM%ﬂaﬂﬂﬁﬂo a
:u.xoiuﬂﬁﬂwmw E_ﬁo_eﬂmﬁ L:Lmﬂ%on_ump T o ,_W Eﬁoﬂztm]fﬁ Gl
ﬂoMﬂauuNﬁmﬂoi wﬁENﬂﬁlﬂH %LﬂugaAiﬁum%JmﬂMo ﬂ;u@._%ﬂw% K =
R S SN Ere bR %@%M%@uMWﬂ% EEsrewBne o
— — PR [N ~r —_ = !
Rl S 2o sfrlefz,iis SIEEYL28c o
Hmﬂwdm.___/xo%um]ﬂ e_ao]Wnﬁ @]]Eoﬂﬂd(mo_%ﬁa} oETﬂﬂ_.Hme}ﬂ ]l
&ln_Al__o\Dl.ﬂE__l‘LIH H_Al_,AM\MHm ,I._A._A UHTB)./ o< Mo o = Hﬂmuo_a_x‘.ﬂﬂ do
T XidwBw T ﬂaz‘_o__ou,vr?#o_eEi%ngTyr o so__ﬂq%@za
o I % = 9 SR T N ,@%xﬁAﬁ%a %%ao%zg}a o
o I oy AF Ry G W o ﬂﬁofuuﬂ_}i E N g TN B E D LGS
_z@mjémﬂr% N o_ﬂL_LoE_EfrﬂﬁogJ%oEm.o%Cm %ﬂléﬂm1§?ﬂ i
R % oo N < 4%@3‘“_%0# o o B K (Y o W o O o O
R aZexLo %%Wﬂ%%mﬁ%%o;ﬁwﬂz%%Fﬂ Emmwm&%ﬂo_aﬂmm T
— = 0= g R = o —- o7 <
Womwﬂo_eov_ﬁaimﬂ__ﬁ _EExmmo@WﬂEamgomom.wﬂﬂ%WﬂUWxﬂhﬁaHﬂlWﬂ%ﬂ%.M_W
R HM%%WEA%ﬂamwﬁmgmﬁwp%&m%@ﬁgmq%
ﬂﬂwyéﬂ%WGWA%%E M%ﬂﬂﬂwo%R%%%Wﬁ%aagig&W%
IR e ﬂlﬁ%i@m }#Jaz%%gx o N
xam g%ﬂﬁ@za%mnegap%ErW%a@%ﬁ%%wmq
_ m° _ o ) A X _
OO-HﬁOfoﬂEEWOWHWWOH@W@%%W%&ﬂﬁWNJ‘UI~OG1_
RO on E;OW%%ﬂ%Eﬁm
@lﬂuwﬂﬂ%meJ

A o A

3}

o
=]

o

]_

E

3=

]

s

fe] Aol

ZHAl = 3ATk Javadol7t Al

=
=



% W4 2)(Thermal Transfer Equation)S
| $de daw 39 2 3
sk B} QulslE WA o 2 §d sbset

=
A%
10{_11
£ 4y e

Dy T(x,y—l—A)—i—py,T(:L',y—A)
@)
A7IM 7 AARE FHE0R vEu—?%é‘}—‘c—_ agi

AR A= Az = Ay Tt} 4 p
= AR A4 AR te %O] E] LE}.

1
fere (32)
1+ C, 1+ C,
Pe-T vt T o
(3b)

Pr+ = Py+ —

Q
I
|
S
Il
|

-3
—_
>
+
D
<
:-/
o
X
>
<

A7 A (3)L WA 7 )
(x, y+A), (x, y-20) O o]

AT F pes Do Py P A
W Tetatehe )N F
& FAFA a4 ugict w}
9] o]5o] BAM =2d wjo] BE
PO a3 Fold FAzxAS
TEE TR o] AR £ Sl

g}

oftf
i
J
M
tlo
i
okl %

(r fo N R b

flo oot o

(R
| -
E Tom

Lo T fo [o

o,

Hlotlo 24 ot L K

I-'El
I
of
L

233 sts] =22 41498 A63 2010 12€
1 N
"W “

71 N QAL AAA7A =23 34 U
ERlim $=31817F =57 e 7 (walking)
F7F Be5E 2AgE

Read boundary value
(prescribed potential Vp)

Setinitial pointof random walk

Perform nextstep
in the randomwalk

Is
boundary reached?

Is No. of trials
completed?

Compute the mean potential

a8 1. AN E1e|E
Fig. 1. Computing algorithm.

2 (2 7]1z3t MCMS F83F Azt dag]

=i}

=2 T’/“(Parallel Program) W22 &
2 BFshd 2A i d=e ‘j%‘(Thread model)

ool wdle] 49, Bae) xeAs g 2
A 489 FA) A A2 B 8 B2 9
74 Aol S A JnAT, Do 2

=

u



A ; At 2E=st MESA A4S o] &3 WEA

ezt A (E71hE Z2ase] B3R o
Ble ks 2% dA ke dio] 9

HAIA] 24 Ed(Message Passing Model)oll A=
B At MRy 3s SHHSRE 7
HA GRS S Qlk ZEAL Aol b
olg S Bart B FA 3 (sender) 541
Z(receiver) AbololA] A= T4l AdS Aot o

el FHI7F it As S0 #el Theste
S8% 5718k ek ﬂi‘ilé} A ot "ok |,
&3S w3 HlE7] TS FHSER o
A= B2 Hg Bast Uk
2 FFAE Java AdolollM Al 0}%
g-goto] WAA] A BElS Agsto] A
F A S MIEAS EAsk= #F PC 74}
A8 d2 st 2 AAE Fgeto] &

4
2 5T 5 Y BIAY FIF 75
3

ot
o

|
o
DY l'['U F'"O —fli
o r2 o m&: Iy
fUorx fU koo

o
1

[
oY
o,
s
=
)
[N
o
Tt
=
frtl
of
g
ol
N, i
>

=ie)
:(i"g,
>
rlr
Mo
é
Lo
PN
N
fm
é
jg
rol,
_L
_'?L
o
2L
r&

ol
—_
A

[y 7

H4E shte] A4 el -,_i 3@‘343}3’— °l
A7)0 9 MENT A9o) A 7L 3ol 1
AIE Woke = Aol nigAsit) uebA 2 A
H/] TS FEYH bt ke et 2%
F slom A5le] WHsls 3 n&s} Al
7}'0—0}‘“/}.
B AfoMe 27 29 22 At 99

st
Z 9% Rldo] JAxHLE FolA Q=
5

2 [o

2AE 3el3te] WESE Axdsch 19
o W8kg 9131 4 ()o1K BB 7193
% ush v FAFT BPREeIA TaA

2 T o

b

SR ST

] % A8 WA (internal
7+ 3 997 2
B A2 Aolso] ]E%EL x}%% oA A4 8%
< & 5 ok vEY A EAsHs PC ALES ©]
E o gAIE 7)E 998 g w18 [0 =
ofZ A ¢uES st AL HE At
of mp2E PCE WHkaHA "t o}7]A whE PCe
qge YEYI PC AASAA FYS BHjata o]

987

g A Hk T3k Y|ES A0
U= PC AEES HEY AYE W= gi7]sta

o xlo%_‘g_y‘g o]] ,9Jﬂ—f5 = Eeﬂ'-;q.o]@
dekalA) ek olejg

4

HEsks g

100 T

1.0

0T
O 2. HEs oA ZHAE ZH|
Fig. 2. Potential problem for distributed computing.

Master PC Thread

a0l Was g g x7|s

Socket (host, port) 8Z g%

_current_task = next_task = null

writeTask (current_task) Zi L2 HE
1

[ fem=rm

writeTask (next_task) Z2L{g HE

| {-current_taskid 3! task counter 4|

- Update current_task = next_task

| next_task =null and stream flush()

J8 3. WESRZ 7|8t &Y 2o ¥ A2 2ty
Fig. 3. Task distribution and processing on remote
networking.

Ao WE o] ZIAAS0] WM& pC Wul op]
2 AWt e A 2HEd BAlEo] 1 /\}9“01 H s}y
3 gtk B Aol AASHE M E g} wek] o
A5S A8 e 28 20] Foi7 FelA

A

Worker Thread: Network PC-n



988

AE dez AARAS F 7IXZ A3t
A, 2-70] PCoA U EY ] Sefo]dE PCE

o] I35 HE ~YE 0= giAste] HES 5

Falact. oju] it Q3 2y =9l Frof W

Ak A 7HS ZA3 2 429 Z7lo) w2

O O =

AL RIS
T AR A¥sALe YE I B3 PC A2
£0] A8kl v2E PCOA Tuliste 2t B9
QARG S FEolYE PCEo| Yl Asa
1 AARE wgelE R stk o, UES ] &)

EEPCEL TY YEYA aF0F HAHH

192.168.114.138:13572

51 vis

192.168.114.138:13573 ...... @ .. 192.168.114.138:13591
% 4. thd PCOlM el A
Fig. 4. Experimental model on single PC.

192.168.114.138

-, [;l;_. @ @ [;[* -‘
< <P < <P

192.168.114.140 ...... e 192.168.114.164
J8 5 HESZ 7|4 Az H
Fig. 5. Experimental model on remote networking.

PCAIA BE AL shie] Y 2= agoA
Aejsed A0 A Juidt £3 ¢, &

B

E@:}E}_ = tm/t(] (5)

AollA AFet F 7HA] Ayl Lo wE g oA
L7 VEYA 2 PC AHESES ¥ 139 2t

Sh=rge)els] =4 Al144d A6E 2010 12€

1 el J HES3

Table 1. Experimental environment and network.

0S Microsoft Windows XP
Professional SP3
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