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Abstract

This thesis proposes and measures the distributed Jacobian
computation scheme based on the LINUX-based cluster technology,
aiming at improving the image reconstruction speed of ET(Electronic
Tomography) system which requires very intensive computation time, in
spite of relatively low cost compared with other technologies. As an
instance of the tomography technology, ET partitions the cross—section
of the target object into the tiny elements and then computes their
resistivity values, considering signal values measures at the boundary
electrodes surrounding the surface of the object after injecting the
predetermined current pattern into the object. In this procedure, Jacobian
matrix calculation, which 1is analogous to the solution of partial
differential equation systems, overwhelms the image reconstruction steps.
Hence, a distributed algorithm is proposed after the careful analysis of
the matrix representation policy of the numerical library as well as the
data dependency of the procedure. It appears an instance of
master—slave paradigm, where all member nodes compute in parallel the
job given from the master. It is natural that each node loads static data
structures before it can receive its mission.

The Jacobian process for ET, originally implemented and published by
the researchers in this area, consists of a number of loops, and the
respective loop calculates the Jacobian column, where the number of
columns is identical to that of partitioned elements. The code analysis
shows that each loop has no data dependency and that nothing but a
small amount of data should be transmitted for distributed cooperative
computing. To this end, we build a cluster composed with three PC's
interconnected via hub—based local network. Each node runs or is stuffed
with LINUX operating system, MPI(Massage Passing Interface), and
numerical libraries. MPIL. the standard message passing scheme on cluster
enables each node to exchange messages carrying the parameter matrix,
p, which is the intermediate vector of elements, as well as J, which is

the partial Jacobian result produced at each node. The numerical library,



which may be Netlib, LAPACK, Matlab, and so on, provides an efficient
matrix computing speed to calculates the partial Jacobian. We have
implemented all codes with C programming language, also calling MPI
and numerical library form the code. It is important to correctly specify
the data block where the real data elements are located so that the
distributed implementation can send a matrix via MPI library, as the
numerical library represents a matrix of their own way. This environment
supports expandability as long as the attached node has the same
component as the others. In addition, the implementation can fulfil the
Jacobian matrix operation regardless of the number of node in the
cluster. Though a load balance scheme is not considered up to now, it
can be exploited into our cluster.

The performance of the distributed Jacobian implementation according
to the distributed scheme has been measured with 2 node cluster, since
one node has very poor computation speed due to old-style CPU as well
as small memory size. The experiments includes the computation time of
matrix multiplication, that of Jacobian computation according to the
variable allocation of columns. Matrix ' multiplication shows worse
computation time than single node execution as it requires a great
amount of data exchange between the node and the network speed of
our cluster is limited to 10 Mbps. The distributed Jacobian shows better
performance by 18 %, when the load is partition appropriately, that is,
when the high performance master node computes more columns.

Consequently, the proposed distributed Jacobian can improve the image
reconstruction time of ET system, exploiting the cluster framework built
on our research. In addition, the computation speed can be further
enhanced via the expansion of node, network performance upgrade, and

adoption of a load balancing algorithm.
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4. MPI
1) 7d

g ] CPUZE 71 = & Axts ol A7 lon o] dAlE 55387
A el Jle CPUE HAIE 4 de=d o] WS B2 &S aahy, et
Mol = @ oy wo] wan ol& sfAstr] 9% Wyol o2 We] AFHE
HESaz A48 89 A st ZFeag #AFE 7IHel v =HAd
(Lusk, 1997).

o] gHAolA WH $&E At Il wEdo®=A A MPI
(Massage Passing Interface)9} PVM (Parallel Virtual Machine)©] &3&3}% 2™
o] 9] Aol v 2k PVME] 4% vIAAE dE3t7] doll pack(LFe
H:)ForM ME e o]Fitel dFo] AfFEA o] Folxlt} ofd w3 MPI|

AE ole @ WAA dFol AHFA YA MPLxxe e FAS 42 PO

o|%7te] A%l 7bsth pack B4 ROoBE Ax PP A% sHv S A
e Adord 4+ gk
Zelsedd WEE BAE 7 s SYH9 AREe) Bilo] e

A UESA Z2a8S tFs A2 w9 vEgAolth 28 HFHE 119 v
AAE A sA Fugr] 98 e HE

MPI7} Al ZEo 2 AA = A

MPI A4+ ¥4 B

g golBy e & AEeid
MPI= oF 4071 7]#o] Fojsh= MPL 2714 &)= lom, 19921 d MPI 1.0
S AFo® dA MPIL 2.07h4 HAPH Aejeln o5 MPIE wa+ Wd gho]
B2+ Q5o A HFYH AE A A JEe LamMPL 9+ Argonne National
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Laboratoryoll A 7§23 MPICH7} 92 Ab&¥ a1 Qloh
2) MPI dlo] ¥ et} 3 MPI A4FER]

MPI Z2 a3 A &= dlolHE AE v AT of vk=A] dojg 9z g
A AEE Foof ghth. B tlolE & HlolE JHE HAFHEZE o5 A b
olHZ dA4lsly] YA doly EFY]S Wk=A] dolof st} whEl AL EE

dlol ¥l Ebslel sl <Table 1>3} Zo] Ao|7} wo] it}

Table 1. MPI Datatype

MPI C dlo]g E}S]

MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int

MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short int

MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long int
MPI_FLOAT float
MPI_DOUBLE double
MPI_LONG_DOUBLE long double

MPI_Reduce() §9F & 29 st+-E52 7 T2 22 5E HolEE FolA
A AaS =3 F A2 EeFA Hr}h oS s dArrEld o] ofget
2ol o] Ho gt
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Table 2. MPI Operation Type

MPI Reduction Operation C data types
MPI_MAX maximum integer, float
MPI_MIN minimum integer, float
MPI_SUM sum integer, float
MPI_PROD product integer, float
MPI_LAND logical AND integer
MPI_BAND bit-wise AND integer, MPI_BYTE
MPI_LOR logical OR integer
MPI_BOR bit—-wise OR integer, MPI_BYTE
MPI_LXOR logical XOR integer
MPI_BXOR bit-wise XOR integer, MPI_BYTE
MPI_MAXLOC max value and location float, double, long
MPI_MINLOC min value and location float, double, long

3) MPI¢ @<=

(1) 71 =

MPIo A= 120707 84 de Be 3558 As ¥ gk o] i
6719 71ZAQl 45 2oz FdE F o o = ofHe 2o

= MPL Init

Z2a3 A AFEY I/ MPIgTES 2713 =t

m MPI_Finalize

MPISt+E5& T80 € MPIZSE5S MPLInit() # MPI_Finalize() Afo]

oA ZE Ho Wtk
= MPI_Comm_rank
comm Z]frUACIE Al A 24l o] Tz A~ ofolt(id)E R=th
371¢] 714 MPI_Comm

3F4=

=
- MPLCOMM_WORLD : 7]% 1%
- MPIL_COMM_SELF : 3}uye] Wl =& 2b7] zpxled ot 15,
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- MPL_COMM_PARENT: #t41€] 7] 153 A4l o] B 15 Abolo A &
A2},

= MPI_Comm_size

comm U A OIH A A= ZRZA 20

m MPI_Send

N

s =t

Ll

dest® "WIAAZ B i} messagers BUaat st WA S A& QE
H ¥ olth count & XH WAA] 7|4, datatypers EE WA A B} olth. dest:
By &= ZE2 A~ idolth tags BUlE WA Ao i3k ag] o]t} comm
< desto} A o] IR AATE £ 3= Ay Aol E ot

= MPI_Recv

sourceZ5-E WA A& §H=UL message™ W WAIAE AT Bivolt],
count™ & W AIA] | (RE= WA A] Tl ETE 2FOH of 2] kAl ) o] T}, datatype
< S wAF] B elth source™ WAIAE BT ZEA 2 ido|t tage W
S HAIAZ Eldlr] 93k me] F(MPL Recvel A2 taget MPL Sendol A 9] tag
7} Zotorgith)olth, comm<> source$t A4Sl EZA7F & glE AFUAC]
ot} statust AA W2 do]Hel g A K (source?t tag)e]Th.

(2) g

=

5 B4 P oW ARUACIH g BE ZRA LT o] B 535
ofof st gHpolth ARUAIHG ZeAs 15 Bath JEA R MPLE

2@ 4= MPLCOMM_WORLD#H= 712 71 FUAlolEl 7} AP} o= &
Ao FEE RE ZEAAE 23S ey AFEARE Qo] ZREAARE T
e A2 AFUACIEE AT F Ak oldl Wi o == MPI Beast,
MPI_Reduce, MPI_Barrier 5°] .t}

Sl i 253k Hely s T2 oy e HelHEes Rot

>,
ok
(T
2

AFHES 7 F452 PR Atk ole @ Fo5e] Bad olfE A
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Aoz WG mAA] 3|4 Bues o5& FolA el RuUlF= Zleo] & W
A ZF7] w ot} olo] Wgt 42 E= MPI _Type_Struct, MPL_Type_commit.
MPI_Type_ contiguous 5°] St}

Communicators ¢ Topologies ¥4+ T3 AFYACIHE e X

ZA
£9 94e HAF & dE FFER FAUL oo oI FrE:
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1. 2928 +=

1. 474 W&

Apainlee] WE ALE A FY2EE 3 el PCe 1 tle] 291% Bz
TR 7 m=E9] AlE <Table 3>0A] Roli niep Zow 7 wri=
Mbps o|HYE QIE#Ho]~E F3] DAVID SYSTEM<®] DSI 3 H e} A%
o AY FHaY 752 fd =2 12 7 e HEAA dYEolaE Zta 9l

u

= sty R 2 Jad ¢ s dEFel A v HE shue S AE
=
=

e

om woh 842 AEAAE glolry el 2 wEE = uh(e]HE, &4, 2002)
TAE B5S <Figure 8> ¥ 2t} Node 1& vl2E wzoln @l 7=+ 27)

Table 3. Node Description

HOST CPU(Intel) o} & 2= (Mbps)| ¥l 2 2]

»x1 Pentium-III 933 100(2) 256 M

*=E2 |Pentium-II MMX 333 100 256 M

xE3 Pentium I 200 10 96 M
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HUB

oo 1 oo 2 oo 3

Figure 8. Implemented architecture

Internet

|
[ oooo |

I
oo [OO2]e« [ O00N]|

Figure 9. Target structure

D AR MES D 5

TEE FezEE 309 PHEF shtel SYE EAAST FYsHA Ak
A MEADE FHAE ol f okdlel B AAE B 5 Aok A, RE AR
R Podte] 4US HEF FEFORA welst A B4, nE
@ mord 4w S| Ak AR,

9
AFY mESe oY e 9% v e 5 Ak WA, 2R T P
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Step 1 : VIEY = AAH37]

T e ATt=dd gEd e FAE Fofdth ethOrt 2ol A Q12w
ethl & WF YE I AEE FholBE ojudt gho] AMEHo& Aaglith
ethO : IP(210.93.74.164) hostname : master.cheju.ac.kr

ehtl : IP(192.168.1.1) hostname : nodel.cheju.ac.kr

it
Ay
[>
n
il
o
ut
K
o,
rlr
=
b
[r
1o
N
[
1o
o
il
tlo
o
1o
=<l)l=
N
o
(o]
N9
rlo
)
Ach
b

o BE AFEreEdA sdaA AAs Ek

210.93.74.164 master.cheju.ackr master login

192.168.1.1 nodel.cheju.ac.kr nodel
192.168.1.2 node2.cheju.ac.kr node?2
192.158.1.3 node3.cheju.ac.kr node3

Step 3 : nfs H&£& &3}y,
nfsi= RPC(Remote Procedure Call)& A}-&-3}7] W&ol 3 E |3 (Port mapper)
= gl WA w glojof st} o] dEo] FaEa Qx| b A Aol A

setup WS AHE3to] nfs tl2S 243} 3 § A= g

Step 4 : rsh 3]7}3t}.
S 2HWY e ==510 rsh o] 7hsste s M® & oF gkt o] A& MPI
7F AR ESH7] 8l Zasith o] dlito] EAdstEo] A FriH A Aol A

setup W H S AH&38e] rshE 243t 38 & AA# vk 2o oW HFEEC]

Aol Al rshe]  7HedEE S 7FEAIE hostsequivell A o|stofof k)

(5) a5 AA gt
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MPT ztelBelel= 2 74 F77F 3k 25 #83 2] LamMPI <}
MPICHe]t}. o] =30 ©o]§3 gho]Hefe]= LamMPI o]t} A& W F AHE
A7} LamMPIE AH8-3H7] 91814 LAMHOME ]2t &4 W45 Addsof ).
ofFAl FomH EE ARSAVF 2I91E W LAMHOME 2 PATHZF A7 €.

3 HFH A"
node2¢} node3:x @4 IP ¥ S 2E FAv tpE2 1 UYwAE e o s A

gol H vk BElmrs} vpAVA R s AaE A

Step 1 : MIEY = AAE}7]
shife] @ F=of oy 22 FAE FoJdr) ethlo Fo== FA s
Me WFUEY] A AEHE FholBr=E ojudh Fho] A& Eojk Aato] A

Tk o] 71 node2(192.168.1.2), node3(192.168.1.3) 0.2 H-of g},

Step 2 : hosts I #HAF 3t}
FYHEHE o]Fa U 7t =9 T4 o|FS “Jetc/hosts” Lo #HE] =

=} o] o] i,

Step 3 : nfs H&& A 3}3c}.

Step 4 : rsh& 3| 7}3t}

Step 5 @ HEo| BT E A E HAE
golB el A= vlaE o Wy Fdst AXUF S FAHoes F3

S A HAEE gt A8 R 2719S ¢ £ lamhost Y E WS o

71l MPT #to]Beje] 7} 31++e host o]F°] 7] 5Hth
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Step 6 : EAEE @A 33t}
374 Meo] AgHor © T WHaHo] AedA ” lamboot -v lamhosts” =
E o2 MPI gho]He e gtolB el gl & x3ghste] Pt

g5 gt gec WA heeE: ARE&foF kot

il
e
ox,
ot
o
o
N
#
o,
1

4) e =H o 4

lamhost Fell Y7 S2E FA4E Yola o] 7hs sttt

5) A HIAE 9 oA 223 3

MPI T2 a3 oA AFHE ofdle] A2 MPltest.c2 A3 & ofelg} 2

A AGe AAA FBF F Anel JAYL FAsgch

oL

liedo]$ lamboot —v lamhosts

LAM 6.3.2/MPI 2 C++ - University of Notre Dame
Executing hboot on n0 (nodel)...

Executing hboot on nl (node2)...

topology done

liedo]$ hce -0 MPItest MPItest.c ~IMPI

[iedo 1$ MPIrun —np 2 ./MPIltest

message=process 0, source=0, tag=123
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#include <stdio.h>
#include "MPLh"
int main(int argc, char **argv)
{ int rank, size;
char data[10];
MPI_Status status;
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
if(rank == 0) {
strcpy(data, "process 07);
// MPI_CHAR &= A &3k dlo|B 7} char BFiolgh= dlolE BH§l Aol
MPI_Send(data, 10, MPI_CHAR, 1, 123, MPIL_COMM_WORLD);
}
else if(rank == 1)
{
MPI_Recv(data, 10, MPI_CHAR, 0, 123, MPI_ COMM_WORLD, &status);
printf("message=%s, source=%d, tag=
}
MPI_Finalize();

return 0;
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1A 2 <Eq. 1> 9

N

M
anlxl + anZ'xZ + L + ann‘xn

a,x, +ayx, +L +a,x,
A

a,x, +a,x, +L +a,x,

b,

9

4 0 o] ofel
JER R thgo



AN x® dolx @el deld eI o] A8 el

X :_(bl —apx, —a,x;, L _alnxn)
ap
1
Xy =_(b2 —ay X —ayx, —L - aann)
a
M M M
1
xn :a_(bn - anlxl - an2x2 _L - ann—l‘xn—l) <Eq 2>
S den d7d Foll AHEAAS
20x, + x, —x;, =17
x, —10x, +x; =13
-x, +x, +10x, =18 <Eq. 3>
o2} sk,
x, =0.850 — 0.05x, + 0.05x,
x, =—13+0.1x, +0.1x,
x; =1.8 +0.1x, + 0.1x, <Ea. 4>

2 Hh, o)A <Eq. 1> 2Akal7h sht Qoigeh shE ol 52 <Eq. 2> $u
of NN ML xp,xp, 0,1, & FET o] AS AL DA HUE 0 F
At Ho} Qe @ & ek o] Aol Al Wl HE Aol

RERE R

rlo

e
2
lo
ol
&
/\
o)
0
[u—
V
o
oY Y
)
s
_0|L
T
lo
4
>,
Ll
=
s
2
e
i,
fo

Foll= x,=0, x5=0, x5=0, -+ °] &
2E  AsM @t olE  <Eq. 2> 9 ¥l digsid AR
_b by _ba

xX1= » Xo= am,"',xn— a, © folAE d ol A& Al 1 A7 doh &

g oJAe <Eg 2>9 Rl g o]s) ojAe whEstd Ht o <Eq.

[¢]

3> Al 1 A6 E 271 A x,=0, x,=0, x3=0 °l2} T4 °|AS& <Eq.
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4>9] ol thdste] M =E TAE,
x1=0.850, Xo= _]..3, X3:18
D=t o] A E ] fske] A

A9 <Eq. 5>5 T3 <Eq. 4>9 $Wol Y

x1=10.850 —0.05(—1.3) + 0.05(1.8) = 1.005
xy= —1.3 —0.1(0.850) + 0.1(1.8) =— 1.035
x3=1.8—0.1(0.850) — 0.1(—1.3) = 2.015

fis

Table 4. The Final Tabulation

<Eq. 5>

g = glvh i <Eq.

A4 A 2 Al s T3

7_1(:][94 SH x1=1,x2= _1,963:2 7]’ 5 X]'

A1
A

3
A

A 4
A

L
.

—L
.

L
T

A

A 5
A

L
s

A6
A

—L
.

0.850 1.0025
-0.9980

2.004

1.0001
-0.99935
2.000

o O

0.99997
-0.9999
1.9999

1.0000
-1.0000
2.0000

Al g

Wol A vk AeH ).
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2. A3 ¢t (Jacobian) 3} &

AN EAGY F, R RE e BE fr, e fy, 0 EAE

oo

X
F(x)=g" B (enL L £,00)

ﬁ/m (X) ﬁ <Eq. 6>

EX=(xy, 0, 2 FAA AF £, 0, f,0 A7 E4@H 7HA 8t

W ool MEFFER B ol P& WEA

Mg Rz 6 f
1l

0x, Ox, ox,

0of, of of HouA(X) L D A(X) [
of, H. 2= 92 | 1o _

=Uox,  ox, ox 5 =0 M M MO
6xj O n [

oM W g Hosx) LoD, 00

M M
afm % M a‘f_’”
ﬁaxl 0x, ox, H

o] =S F9 Jacobian dHolgt H=23 J(X) 2 FEASTE Y,

<Eq. 7>

F:R*>R* 7k Adelal peof #xA57t fg e, Fx, ) = (Ax, ), &lx, ) !

o]a1 g 2] Jacobian 3 E &

oo

Jr (an’):Dax %0

Ha_x EH <Eq. 8>
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3. % oMY ZAnd AL

<Figure 10>& ET 94%eld A=mdet @57 @d CPUES 913
MATLAB #Z=8 ZAAE Z2 78S 1ol ¢JtH(Vauhkonen, 1998). 54|l A
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Aol F4e grola Us @A 49 rho #tS 7INte 2 7} A=A 44

OS2 o E Folt Us 94 59 B4 F Forward solverel| &3l Al4t# ),
J&= Atd Azmnid A de] Adrt Ay = Amgxo|t

J = zeros(992, 776);
for 1=1:1:776
JG,1) = U0."*1/rho(i)"2 =
reshape(Agrad(:i), NNode, NNode) * U,

Figure 10. MATLAB code for Jacobian

1681¢] gt zt=th Jo| dass A=) ¢ 32, o9 Az 39 319 w, 5
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Figure 11. Communication overhead
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Figure 12. Analysis of matrix double
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#include "mpi.h"

#include <string.h>

#include "/usr/local/matlab/extern/include/matlab.h"
#include <sys/time.h>

#include <unistd.h>

CalcDim(mxArray *arr)

mxArray *dim;

double #*value;

int intval;

dim = mlfSize(NULL, arr, NULL);
value = mxGetPr(dim

intval = ((int) (*(Value+ D);
mxDestroyArray(dim);
return(intval);

}
}{foid CopyToJ(mxArray *J, mxArray *jj, int i)

double *src, *dest;
nt m,n;

int bytes,

m = mxGetM(j);

n = mXGetN(JJ;

dest = mxGetPr(J);

dest + = m*n*i,

src = mxGetPr(j);

bytes = m#nx sizeof(double);
memcpy(dest, src, bytes);

return;

i{nt main(int argc, char **argv)

int rank, size,result;
Int  tmps;
int Jtrans;
MPI_Status  status;

mxArray *J=NULL, *Node,*Elem,*Agrad, *U, *UO, *rho =NULL;

mxArray *Utrans, *aTrac;

mxArray *idx1, *idx2, *tmp, *tmpl, *tmp2, *tmp3, *tmp4,
mxArray *fname;

int nNode, nElem, aSize, i;

double *rhoData;

double factor;

struct timeval hl, h2;

double *Jptr;

Jtrans = atoilargv[11]);
fname = mxCreateString("./haha.mat");
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&Agrad,

mlfLoad(fname, "Node2", &Node, "Element2",

&Elem,

"Agradl",

"Ucur", &U, "Umeas", &UO, "rho", &rho, NULL);

mxDestroyArray(fname);

fname = mxCreateString("./Jmat.mat");
mlfLoad(fname, "J", &J, NULL);
mxDestroyArray(fname);

nNode = CalcDim(Node);
nElem = CalcDim(Elem);
aSize = CalcDim(Agrad);

rhoData = mxGetPr(rho);
Utrans = mlfTranspose(UQ);

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

if(rank ==0) {

sleep(2);
gettimeofday(&hl, NULL);

MPI_Send((char *) rhoData, 776%* sizeof(double),

MPI_UNSIGNED_CHAR, 1, 123, MPI_COMM_WORLD);

gettimeofday(&h2, NULL);

printf("%5d ~ %5ld ", Jtrans, h2.tv_sec - hl.tv_sec);

for (i=0; i< Jtrans; i++) {

factor = *(rhoData + 1);
factor = factor * factor;
factor = 1.0 / factor;

idx1 = mlfScalar(factor);

tmp2 = mlfMtimes(Utrans, idx1);
mxDestroyArray(idx1);

idx1 = mlfScala_r((i+ D= 1.0);

aTrac mlfIndexRef(Agrad,
mlfCreateColonIndex(),idx1); )

mxDestroyArray(idx1);

idx1 = mlfScalar(nNode=*1.0);

idx2 = mlfScalar(nNode*1.0);

tmp3 = mlfReshape(aTrac, 1dx1, idx2, NULL);

mxDestroyArray(idx1);
mxDestroyArray(idx2);

tmp4 = mlfMtimes(tmp2, tmp3);

mxDestroyArray(tmp2);
mxDestroyArray(tmp3);
mxDestroyArray(aTrac);
tmp5 = mifMtimes(tmp4, U);

mxDestroyArray(tmp4);

CopyTolJ{, tmpb, 1);
mxDestroyArray(tmp5);
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}

gettimeofday(&h2, NULL);
printf(" %51d ", h2.tv_sec - hl.tv_sec);

Jptr = mxGetPr(J); .
MPI_Recv((char *) Jptr, 992 * (776 - Jtrans) * sizeof(double),
MPI_UNSIGNED_CHAR, 1, 123, MPL_COMM_WORLD, &status);
gettimeofday(&h2, NULL);
printf(" %ld¥Wn", h2.tv_sec - hl.tv_sec);
else {

MPI_Recv((char *) rhoData, 776 * sizeof(double),
MPI_UNSIGNED_CHAR, 0, 123, MPIL_COMM_WORLD, &status);

for (i=0; i< 776 - Jtrans; i++) {

factor = *(rhoData + 1);
factor = factor * factor;
factor = 1.0 / factor;

idx1 = mlfScalar(factor);
tmp2 = mlfMtimes(Utrans, idx1);
mxDestroyArray(idx1);

idx1 = mlfScalar((i+ 1)* 1.0);
aTrac = mlflndexRef(Agrad, "(2,N"
mlfCreateColonlndex(),idx1);

mxDestroyArray(idx1);

idx1 = mlfScalar(nNodex1.0);

idx2 = mlfScalar(nNode=*1.0); )

tmp3 = mlfReshape(aTrac, idx1, idx2, NULL);
mxDestroyArray(1dx1);
mxDestroyArray(idx2);

tmp4d = mifMtimes(tmp2, tmp3);
mxDestroyArray(tmp2);

Jptr = mxGetPr(J); ,
MPI_Send((char *) Jptr , 992% (776 - Jtrans)* sizeof(double),
MPI_UNSIGNED_CHAR, 0, 123, MPIL_COMM_WORLD);

}

MPI_Finalize();
mxDestroyArray(Node);
mxDestroyArray(Elem);
mxDe stroyArray(Agad) ;
mxDestroyArray(U);
mxDestroyArray(UQ0);
mxDestroyArray(rho);
mxDestroyArray(J);

return O;
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