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SUMMARY

This thesis implements and analyzes the parallel and networked computing
libraries based on the multiprocessor computer architecture as well as networked
computers, aiming at improving the computation speed of ET(Electrical
Tomography) system which requires enormous CPU time in reconstructing the
unknown internal state of the target object. As an instance of the typical
tomography technology, ET partitions the cross-section of the target object into
the tiny elements and calculates the resistivity of them with signal values
measured at the boundary electrodes surrounding the surface of the object after
injecting the predetermined current pattern through the object. The number of
elements is determined considering the trade-off between the accuracy of the
reconstructed image and the computation time. As the elements become more
finer, the number of element increases, and the system can get the better image.
However, the reconstruction time increases polynomially with the number of
partitioned elements since the procedure consists of a number of time consuming
matrix operations such as multiplication, inverse, pseudo inverse, Jacobian and so
on. Consequently, the demand for improving computation speed via multiple
processor grows indispensably. Moreover, currently released PCs can be stuffed
with up to 4 CPUs interconnected to the shared memory while some operating
systems enable the application process to benefit from such computer by
allocating the threaded job to each CPU, resulting in concurrent processing. In
addition, a networked computing or cluster computing environment is commonly
available to almost every computer which contains communication protocol and is
connected to local or global network. After partitioning the given job(numerical
operation), each CPU or computer calculates the partial result independently, and
the results are merged via common memory to produce the final result. It is

desirable to adopt the commonly used library such as Matlab to boost the



reliability and high computation speed of basic primitive matrix operations. The
DLL(Dynamic Link Library) is a good candidate for a Matlab programmer to
conveniently call the new library, since the original Matlab code does not need to
be changed. The DLL library receives Matlab array represented as mxArray, and
converts it into the appropriate C language structure after partitioning the array
for the parallel operation. Then the DLL calls Matlab’s efficient C language
library, which is enabled by creating the definition files as well as including the
Matlab library into the Visual C 6.0 project file. Finally, the partial results are
merged at the shared memory, so the DLL integrates them to pass the final
result to the caller residing in Matlab code. In this procedure, the elimination of
the complex Matlab interpreting step, in addition to the parallel programming.
According to the implementation described as above, matrix multiplication, inverse,
pseudo inverse, and Jacobian are implemented. The first two DLLs speed up the
computation by the effect of pure parallel processing. Pseudo inverse can enhance
the performance based on the previous parallel procedures if and only if the given
matrix 1is full-rank one, as data dependancy hinders the parallel computing
otherwise. The enhancement of Jacobian code owes to eliminating the unnecessary
code rather than parallel processing, as the operation contains so much overhead.
Also implemented are the network version libraries. However, the speed is not so
good as the original code because there is network speed limitation. With the
better network interface, the speed up can be expected. The performance of the
implemented parallel libraries has been assessed by directly measuring the
execution time comparing with the original Matlab code. And the calculating
times of matrix multiplications, inverse, and pseudo inverse have been reduced to
594 9%, 348 % and 52 9%, respectively. The execution time of Jacobian is
dramatically decreased from about 25 second to 100 millisecond. Finally, the
library has been applied to the ET procedure. Without any change in the Matlab
program, ET can reconstruct the image of a frame with 48 % of the original

code. The better performance is expected when the number of CPU increases.

_vi_
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1. 58 #AFH 874
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Fig. 2014 H& upe} o] WM& ZHFE L 3 A|Z=Ed
oAM FfrE wWEYd ARE At 7z CPUEC| §
= AAEAT A=) 7tAo] vtk 2ejtt Windows =@ A A IBM A< 9]
AFEAA olF 52 tF CPUE ®AIS PCEol EA15 1 i 2o PCELS &
| AN £ A a5 THATV] flste] AW 47174 ¢ CPUE HAste] |
4 Axks AP B olyegl Windows NT o]Afe] SJAA M= T2 rt A
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Yt Matlab Z=2fw 2 stolg A =L & o8& &+ AA ok gSol
gd Aibel Aol ts CPU +2F ol&ste] =g Agdsiatyd Wd ALkel] ¢

rie

Matlab compilerE AF&3le] C

oH HH}E )\53}\.1«3 Zﬂ'—g—ﬁa T E]'
C o=z 243 23S Matlabell A AHEZ = A steld, C do= A S
ZEZIOWE mex YR vpHo] Folof . mex Yol Matlab AH Z 2 H7F A}

THo® AAsil Matlab $HAMA (M F dsE FA HI dolBEA
Windows 37 A= DLL 3= up#ATh Matlab 93 2d o] 2o A th53} o] 4
gty DLL 3tdo] A thE Matlab 533 AFES 4= A €t
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Matlaboll A AR-&sh= o] 7FA] dHolH BYs C doj& A3 DLL 3t o] wlols
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// mex—file® v}4-11x} 3= C subroutine
void CSubRoutine(double *, --+)
{

A2 A

//Gateway function part
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])

{
HE A

il

Matlaboll A/ AgE ¢

)

A el A dHeolH e A7) 4
: mxGetM, mxGetN

Matlaboll Al 25 1e vizidgo] dojgel gk ZAH HA
. mxGetPr, mxGetP1

Matlabe. & ¥ = mxArray output £ &9 AA 2 A=A

. mxCreateDoubleMatrix

C subroutine® 3%

Fig. 3. Architecture of mex—file
Matlaboll A A &3t= 48 w7 <Ee &3 v/l S tid BE AHE mxArray
FERAY AFHn J8 wiAHes C AodA mxArray TERA FEE AAH
sprhs[] pointerdll 9JajA 2lo] £ = Ja & w7 A4 #plhs[] pointero] 2|3}
A At mxArrays Matlaboll A A& F+= w7 Ao ot dglo]g €}

Qo) B, A9, A dolE, A5AA HFAAe] U AuE AeE T
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il
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Fig. 4. Matlab mxArray structures
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CPUE o] &3t7] Hsli= 2= FEEE AF&steloF dh=d Windows NT o©]
o] A A E 2UE @92 CPUNA &9sle] Asow HE FPHE=E
gth o]F CPUE ©A18 PCete 2d= Zzaas et gow shte] CPU
of o&f Fadt 2H= ZrIaRS Adsked lolA windows.h dE Hde] A
olx]o] Ql+= CreateThread 52 35 AF&3TH(Cohen, 1998). A3 A<l ¥ =
2o %= Fig. 60 Wb niel o] wiQl oA F 7o) =g 4Ade
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void thread_procl( ) void thread_proc2( )
{ {
/) AA ALt FE /) AA ALt FE

void ThreadMain(Parameters) {

mulParam par[2]; HANDLE hThread[2]; DWORD  dwThreadId[2];

/) 2EU= el tiEk lxke] dA

hThread[0] = CreateThread(0, 500, (LPTHREAD_START_ROUTINE)
thread_procl, &parl[0], 0, &dwThreadld[0]);

hThread[1] = CreateThread(0, 500, (LPTHREAD_START_ROUTINE)
thread_proc2, &par[1], 0, &dwThreadld[1]);

WaitForSingleObject(hThread[0], —1); /) 2AEY FR5E VIUH

WaitForSingleObject(hThread[1], -1); /) 2EEY FTEE 7IUE

return;

}

Fig. 6. Skeleton of thread programs

3 ZRA Yo Y5 e F4A FUelA F2slr] wiEel delE e ¥
fre 4 Aotk AN oy 2¥ =g WEAow 1P Ao T8 A=
B £ 9lE A% 9tk WaitForSingleObject &5+ 22# =7ke] %73}
Aol TEHW oW Apxlo] dojd wi7bA] lHstA] ki 7|tk o

ZIME 2dE7t FREVIE 7] f8 2d9E 5SS JAE WaitForSingleObject
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Fig. 7. Submatrix and thread for parallel multiplication
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Fig. 8. Matrix decomposition for parallel inverse
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25 A 933 AL

oAb APH L FE AV A o] ofyol JYHES ZEA S wl, A dnkH<l
ofmo] APHARA AFPPAA Ax=yel e 3 x=A'yE Fsh=d FoI TS
sty 3 Al dE tes wEshe fdS dE Mol EAjgth= Ao Fof
(Moore)oll 9]8] F3w 1, HZZ(Penrose)o| o3 &3 FdAo] =9 ¥ At

o714 ML Fo]-#l & % (Moore-Penrose) &3 Zola}x &&=t}

(i) AMA = A o]t}
(ii) MAM = M o]t}
(iii) AM2 djd o]}
(iv) MAE i3 3ol

Ael Sx} dae M ek 918 Fig. 9ol A9 2ol AZ Baath Aglo] pxqel

dE A= AF e A & e dEe AFATFOoZ F Apg = Koalig &
Zol AT 4 Atk agolA XE rxr Y AHYPHRA X7} EAEa F o=
7X' H = X'Yo|t}

XrXr YrX(q T) X X I X I

Z(p*r)xr W(D’r)x(q*r) FX FXH F E FX : F

Fig. 9. Matrix decomposition for pseudo inverse

A7} full-rankel®d e $ @& oS Sedso] p<q?l A pxp AL ¥F X
9} px(g-p) 99 @8 vyaA A=[X | Y] K[I] L=X+[1]X%Y]

o2 7d8% 4 93, p>q A A

_(ID__
724 A K, LS o5 2ol xdT 5 9t}
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X I

Z zX'! _
olEA AE QdFRHE T o dgd MS M=L'(K'AL) 'K'e=z 33 4 9t}
of HAol A 237 24014 FHE Faprlet dAW Ao WAALL FAsn

HAAe Matlab 2tol B &g 42 AE-3U)

2.6 A=u|Ae MA

ETE o] &3 A4 ELS SsiAe vrEALte] Hasi, vhEAMe] 2F Ao A 1
A GAA e 7)o dFHE AIE B FHES ol&dte] 99 dF E=e A
el ol BAE A71EE fiAdske Hgol dastth d71gel diE s drt
How Folxx| gormg vgd FAAHE] AHEHT. o] T B AAWES
AA=HA A 5 Qi W SAAEY] F4% Wsd®E FHEAde] 2 fg
8 4H(FEM : Finite Element Method) ZFZte] Ad=o ds] RE AF + =#H#
=, 25 FEM 845 tjdow AgEe izt AAW dshe] #sh&el Azauds
AArgit, FH| el JE AlAtelE Matlab =% =413 3] 28 Hol] 3] reshape 8

-
Ll
fol
i
ol
R
o
2
=
B\
ox
G
(e)
o
Xl
2
B
(@
o2
U
o
o
ol
rir
4o
He
o
frt
-
oX,
At
v

for ii=1:size(Agrad,2);
JJ=U0."#1/rho(ii)"2*reshape(Agrad(:,ii) NNode,NNode)*U;
JJ=JJC);
JGiD=]T;

end

o] =+ Matlaboll A AF&3lE mxArray 734 U0, Agrad, U 59 A =3 F-ZF o
St Fol7] mER FAFEY o 1oy rho(i)e 22 27 g% 92 mxArray
2 o] glojA AE3r wehrE AT W B eWI=E Hdh mapas 27
2t & C o9 double EFY e WG AR ®dksto] A4S stH 1 STt N
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= NNode®] #9& 2 i ot} o] 352 C ol & AHE3to] Agrad 3% 9]
dF2& FEhe das TATeRA eI EE AAT 4 Y B reshape?]
A7t sl xdEdd eko] #HaErlE WA FaAEH o] glojx A om dnk
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Table 1. The execution time analysis of dynamic Kalman filter algorithm

Iteration 1 2 3 4 5 6 7 8 9 10
FEM 1.04 1 099 | 1.38 | 1.31 | 1.32 | 099 | 099 | 0.99 | 1.05 | 1.04
Forward | 0.28 | 0.28 | 044 | 039 | 0.33 | 027 | 027 | 0.33 | 0.27 | 0.27
Jaccobian | 20.10 | 19.99 | 27.02 | 26.91 | 27.36 | 20.16 | 19.89 | 21.15 | 21.31 | 21.31
FTEA 0 0 0.05 0 0 0 0 0 0 0
47821 | 7.80 | 58.06 | 58.39 | 59.82 | 55.85 | 44.11 | 45.09 | 45.04 | 45.04 | 44.11
A4 1 027 | 038 | 033 | 032 | 028 | 0.27 | 027 | 027 | 0.28 0
A 29.49 | 79.70 | 88.75 | 88.75 | 85.14 | 65.80 | 66.51 | 67.78 | 67.95 | 66.73
g4 247 4y ZrafoM b B2 FIARNE B8R e 54 A dA=

Gi = I vy H/Z' LHy = Chpr1- H/eT+ Il !
Cur= (TSGR Cur—1

Our = Oup—1+ Gp» (y,—Hy- p/dk—l)

A AN 2R, gy B e BAS k=1 FEH KA BE Fadc

],

(

ol

T Tgeln, 4 @ 24 A

2

R

1=]
RS

to

2] ()2 Kalman gain G, =

D Cu2 A e 24 AAA AREY FAGR 0,2 T Fgol
C ool & o) F4 AN A Qold FAe] Fakslsh AP AL o F

CPU xof 71Wg 2= Z2 a0 o FdEHEE st ATt.
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4. JEY A

o
3K
o,

Matlab®] DLL #4d E% UELA A4S AdahA] ek waA] vESa 7
TR Z2a3S ZAAdsteld Matlabe] 5SS Visual CollAl AF8-3Fa1 Winsock #F
olB gl E ZAgslojof gt} WA Matlab 45 Visual ColA AF&3l2ld Matlab
AN AlFse golBeelE Visual C 37 o] 2 stolof st Zb gholH g
HdEo el oS3 e WS DOS FollA 423 @ rh(Kruglinski, 1997).

C:> lib /DEF:xxx.def /MACHINE:IX86
o] % Visual Co] Z2AE| 9]o] WHojo| ol AAHE lib FUES £&31H C =

Z a4 mxDestroyArray, mlfPrintMatrix &3 #< Matlab 555 22 A}
&

il

£33 4 Jdu. = Z2AE wsock32libE F7Ietd UEYAE T3 dolge A

deole HES UEYI AFHAA 7 2540 8424 B2 g3 Moy
B2 Aol A% T FHolA AlgHT HEYA AdS A% doly uds A
At gholB g2 MPI, RMI, DCOM, CORBA %o] &3}
g o]E2 HFF deoly dAds Adstr] & 4l eA=E gl v
dolele] wg sjeo] el Jviw olelg Fal geolHE il EW~

o] HE fJellA FAshe A golB g E AMEE AS 1 eWIEE HastE
T Atk A golregE A4y 9 udZAY doly ADE Adst 7 75FH
of ZRAAE AW 5& FHo|dER FASL A4S AMEEE A9 AW F
OJAE A ARl 459 A= Fig. 103 2Th

jﬂ
2
o
op
i)
f
pocs
e

3
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x

1(1
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Server

| socket() |
| bir\1|:j() | Client
l
| listen() | | socket() |
| acc\<|e/pt() | connection establishemen conr\1|/ect() |
blocks unti;l/connection wri\lt/eo |
from client
data(request)
| read()
proces;l/ request
| write() l data(reply) >|| read()
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Fig. 11. Performance enhancement of matrix multiplication
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2. 88 9484

Fig. 12 Matlab®] d3 23 W& golBngge] Gado] gt FPA S HolF
i v g olEste] nxn Ao AR EE BYAA ns 100%-E 1500744
HStAlA S 7dE ga84E dolBag A n=400 oA 348 %= FHAIF
< HAdE Z2AFT E ET AlAageA 2 AREE = 800x800 @ Zol thafr =
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Fig. 12. Performance enhancement of matrix inverse
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3. 38 oA 9484

Fig. 132 Matlab®] °JA} Ja &z ¥ golByge] oAl efdol| gt FPA|7H
S HFa . H5EE o]Ede] (n-Dxn 2P FFE HAAAZA ng 1004
1500741 WistAlA Sk FdE oA dPd gelrelEE n=5004 wW =, 499
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Fig. 13. Performance enhancement of matrix pseudo inverse
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Table 2. Performance enhancement via dual CPU architecture

23 ©d CPU °]% CPU TP A 7]
1 25.140 8.719 34.68%
2 70.313 29.750 42.31%
3 65.719 29.578 45.01%
4 65.453 29.578 45.19%
5 65.422 29.563 45.19%
6 65.359 28.991 44.36%
7 65.531 30.025 45.82%
8 65.391 29.687 45.40%
9 65.422 29.625 45.28%
10 65.187 29.266 44.90%
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=293 AFYL Pentium M CPUS 128 Mo WEZE z2te& F o AFHE
10Mbps UES IR A4 g2 A2ZEYo oWz ¢lo] Visual CE T8 3}

gt BuE dPe UEYAE Foo] mEo] AEHL 4 wEdd AdLon o

—

1 ES FYdnh FYE ARs A MEYAE Fetd ASH F HTAHom 9
t},
Table 3 UEY A HFHE o] &3 Pdo| Fal7ls L AdS S7HAIAH
g ARE @ CPUR S Axe vlastdvh. ld xkde] 1000x1000 ©]3k<]
H @Y CPUE AHES A57F 35570 w23 1000x1000 ©] %<
5 A vszsith 2y oy die] HFHE A4S 100Mbps UIE A A 3

dhe FAEEE 0% A0 5 Uk

o

o

e oln HESA A % HolHe do] HENAY dEAts 24

4

o,

o

o
R oA

Table 3. Comparison of single CPU and networked computing

=Rl @4 CPU HES =
100 0.050 0.600
200 0.220 0.880
300 1.000 1.870
400 1.650 3.130
500 2.690 5.440
600 4.340 7.850
700 6.480 11.780
800 9.390 15.430
900 13.080 21.040
1000 25.370 26.910
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e Zda =P Adgre MEYAE 53 AFS A8 &7 delregE A
skttt

2 =l 7EaE BE AHFE A= TN S2E SAT 29 FEe ot
7191 745 400x400 =F1e] S+ fFHo] oA Huol 594

o QAR ABE A 400400 2de] -l M 348 %=, oA JFHER] A5
499x500 AFe1e] FHolA 52 % 7HA FHALES ESAAY. S 2nt Ay dn
ol oie Apanid AlARe C Aol &l oa] EF ek GHANS ghd 3] A7
sto] FHAE 2B200A 0122 GFAZIOH S A Aol glojAe] FA 9
wot7l ek dad A olF CPU T-xol 7Iwkgk 2= Zmade o Fa&n
s A A3 FPANES 46 % olllE EEAFT v HEYA HFES
10Mbps HIEH A &3 A3} volg HdFol o3 A AAZke] 71X Matlab®]
Feng o =dAd Bls2etAl WERsk

FT AARZE ¥ B CPUE gAg PCAAA BHE AFEES Fdst FhE5EE

FENTI= ZAG o2 el AFEHE AZF 100Mbps HIES A UEAA A
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