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Parallelization Characteristics of
a Three-Dimensional Whole—-Core Code DeCART
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Abstract

Neutron transport calculation for three—-dimensional core problems requires not only
a tremendous amount of computing time but also huge memory. Therefore,
whole-core codes such as DeCART need hoth parallel computation and distributed
memory capabilities. This paper is to implement such parallel capabilities based on
MPI grouping and memory distribution on the DeCART code, and then to evaluate
the performance by solving the CHG7 three—dimensional benchmark and a simplified
three-dimensional SMART core problem. In C5G7 problem with 24 CPUs, a speedup
of maximum 22 is obtained on IBM Regatta machine and 21 on a LINUX Cluster for
the MOC kernel, which indicates good parallel performance of the DeCART code. The
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processors requires about 940 MBytes, which means that the DeCART code can now
A % A

solve large core problems on affordable LINUX Clusters.

Simplified SMART problem which need
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£ 1. #2259 A2A 712 Plane Full Assembly, Tight Ray)
— Computing Time,
2a i ] Dependency
min/Fraction
MOC + Subroup 1442 / 974 % 0A, Nazi, Npol
NEM 02/01 % No. of Cells
MG CMFD 1.3/ 09 % No. of Cells
2G CMFD 01/01 % No. of Cells
T/H 1.0/ 07 % No. of Channels
Miscellaneous 1.2 /08 % No. of Channels
Total 148.0 / 100 %
¥ 2. Feued w2y 2712 Plane Full Assembly, Tight Ray)
B N Memory 8.7
e H = Dependency
(MBytes)
bs(Scalar Flux) 60 Flat Source Region
B.D. Radial Surface,
Y(Angular Flux) 1504 _
MOC 0A, Nazi, Npol
Seq(Equivalence XS) - SO oo
Niso, ...
NEM §1, §2 (Moments) 14 No. of Cells
MG CMFD | 2, ¢, D-tilde, D-hat ... 82 No. of Cells
Library - 35 T3
7)€} 20
Total 1772




T
cg@r;emr%
EW%.N;T ok
m%gﬂnmm hﬂr.iﬂg
L.MA HAI‘Oli\LIE_wE
mw%ﬂ% @uﬂuﬁ,_xﬂmmmo_f_
;o;lqﬂ n7n1m.o§E aﬂmuhma
ﬁImE 7O i e —_ o S
ﬂrg&ﬂéﬂr Eﬂb%geﬂﬂmﬁ%ﬂnﬂﬂ S =
’ﬁﬂWHTﬂL ﬂﬂﬂﬂemm_udﬂcﬂem,oez‘fi_uda %EﬂE
ﬂ.ﬁﬂmﬂw% ﬂﬁ%]ﬁ&o% ﬂn,uwﬂ.@ Z o L
@Mgkgy ermggﬂ_fﬂa@ﬂ e BTk
MMW%W_,HO HT_,HodmOﬂEﬂr.M.%%% Lo © hE%V:f
)AX _ﬂ_H,lrm \mﬂ\lﬂEE;oe ,L:,A,Ul \WEA _zru )Ai‘l_lj_ﬁlﬂll \m‘l,yv
Mo P o) 2 oou oF N o)) o Mo o+ A o il . X < i
L]m@awﬂﬂﬂ Eelzﬁcﬂog X AT@AN #ET@%H [
5o = q X R ¥ W e o
.ofqu ﬂ_séﬂh oo X dl A T3 oz K
CREC G iuoﬂwuﬂog %Q@ =3 Ee_,ﬁoil T o
WﬂHE@% EQ@;E&W%EK% MDﬂE NDQ%ML Hﬂﬁ
“zaig e L LE ZSnER T
o = sl ) 554%4%% 22 < ﬁgm_fg _
Z?EoTnﬂMzT ﬂu]ﬂuoiEﬂmﬁﬂlVLﬂo&%ﬁm ML.ﬁ. ,m.,__nmoﬁ.dﬂﬂ < TF
R o] ® ZM W - - T =5 <] { B O = { = - o
dﬂm‘xﬂu vﬁdﬂ tqm_x.ﬁ&mﬂﬂ T ﬂmﬂ WQO ﬂ_wwrwg%aﬁ?_ o T
ﬂ%ﬁﬂodﬂ i) n_wmge ﬂ%;odﬂqﬁbfi mﬂM MILNNJﬂAI ,WM
w g Ty o CE o 2 S e = Lz
xumlﬁmyuT ﬂ:&é%]ﬂ% e ..ogof ﬂrﬂ% N
ufm/;oﬁﬁ_hR Eéﬂ ULHME;%AT%% WW% cgﬂoaﬂog oo
= - 5 o= 3 U % o w . 5 < 5 g ¢ o H
Ag% = 2 19031%m1n@ﬂ EReRL Ezﬂ%% 5
NG %ﬂD 63 S W%ﬂ 2 =50 Pzﬁ%ﬂ% o0
= N o X < i W g = , Tk el i "
J.ﬂ@&l;o E Tor Bo ! mmaﬂulLQLlwﬁﬁ ]ﬂ M R VL = TvOf
0 TH goﬂjau o T o ox o g0 M2 o Nl T = n o} l
Ko ogﬂ - u o} MLZX e {| moﬂlﬁ_nmo .Eaﬂrdyu 5 qxnhrge p T RO
aﬂmaﬁ J Ewﬂ%tglﬂJiﬂﬁ.ﬂr:%ﬂ Oﬂ]@% i
ﬁ%awgﬁ Al z%am%w§wwg1g © SRR *
-— —_ o
Jmowmzlﬂlww y = %fﬁﬂﬂé%@@@ﬁ%il m@ﬁmeﬂﬁ%_ mmﬂ
]ﬂ.]_l ~ ~ [ iy frvint =] K
m%wwma i gﬁngmwﬂm%§m4@w ©= U S
—_ — - T~
xﬂrzmm.wo = MHTTE%M“NMDSWMWWSWWW %&M%mﬂnﬁﬁ
L~ HHTREHWMQQAHOE%SE% moEzMo_no m
& RS Gl 7g%ﬂu&1p — 5 .
g Quﬁv,om T mMﬂ Vkﬁl o ol
ﬁle,mi] ouoiz?T rGﬂvl ULHﬁ.,_WoJI‘m%_ﬁMﬂ
AT = I aEéG = T i
X = o W: _ b o HoA -
ﬂx#ij J@Aﬂekw < ixﬁ%ﬂ.wvwﬂ
7_aonﬂcumﬂahiww7 T TWLouElﬂrMJEJE
— ~
n(u\ﬂ7 B mw ﬂﬂblﬂaa B
Y edﬂ 7xngmo
i DoTCﬂ fia
ﬁoOzTe]gﬂ_;Mwﬂ_;
MEM,@%@
" N ™
o



o

—

O

k)
o

—_
o

@.
il

DeCART F =9

il

°
pad

o] &

il

o

R

Fd a7k Aot

BN
T

Av}. wEbA W E A A o

ojy

el A el EHEALES A

=
]

ZAA 2
b= Q-Eoh
g Aabe vt CMED Al4lel

3

A RE =3

[s)

BN
A

s

i

A
i

2

3}

i

t}
S

3
=

a3
7

l

Alake 2 CMFD A4kl

[s)

=

3

=

=
5], MOC 7A4te 2y 7

A e

<]

g Q.

s

)

_?4
DeCART ZE=Y] #xe

2.3 W&y

KeN
=

2249

—

k)

Q

=
A vt CMED REo A AL

o

alo

o], MOC ZEA A}

Nfo

aig
X
qr
—_
azel
Njo

o}
8

\._A.uﬂo

solt. o]
T, wehA

o

—
o

=

fsiz

At o el o}

)

of i

W
i n
;Oﬁ

<
Ayl
O

t}. CMFD

=
e

1o
Z A

A

e GE

BN
T

1A

I

°of 9

o

F8 7
2 A

A

DeCART FIo] A 2]
NEM A4k Master

2 9

[e)

L

H

o9 ]

-

0

3
=

1 Master 2= A A A

2 Bate 98
o

27 CMFD A4bg 43



e}, web GMES 27 CMED AXE Aol oy i+ =oF A4ks F33dte] 72 3
W 27 TS @ FAAE S A4Sl o] & Master ZZ M A A AFE] Fojof
o} Z1e8]3 Master Z2 M 2E 297 CMFD A4bS F883ta 1 ALE A3l 290 4%
%4& GMENA AF] Fojof g

rlo
Do
M
ol
o,
;Y
&

thit CMFD Aldbe WA ZF GME©°] Master ZE2AAZHREH d4 2+

& olg3te] v FAASES A AYdoriy AERY. tgeor 7 oy
el catd oz S A, S4A4SE % AR dF, 12 CMED AR, Ak s
AE 59 Aol AgHY. 2 GMELS the CMFED A4tWel A 172 CMED Alibs <
gk gy Aol o, ol dH oyAL AtA o= AL B 2R A
EEFH Zo3 AnE Bow ALbSol= ALt BiE dFdrh 2 GMel g 17

CMFD A4Hg oYXt &de 1+ CMFD A4t ad A4 7AA L3 Sy A
To HIWg AEE "ol BAAIRS Fol7] f18 Aoz 7t oyAE 1w CMFD A
A FEAAE MOC AAE F3Es A w2304 vl AakE o] 2 GME] 4 A
A,

Ui+ CMFD A Abe] v

==

Master Z2ZA 2] 23 T/H #Al4te] =g} oju z}
GMEL sy Ao 3 &4 = AA3le] Master SR A2 A 43
Master 224 2= T/H A4 & A}l ”éﬂxﬂ = 2 Es =
of H&sl Tk 2#H 7} GMEL olg ZHUEE UA GSlaveEdd A dEs] ok
T/H A%e] AFo] BF 2vd BE ii*ﬂi%% olE T/H ARES nEgo= g7
A BFEY FEUEE A Adbste] ZAlstA €t
T/H Al4ke] EuH, Master T Ao 93k =HeE 129

e

=]
o

A TE /‘J%}E], o] & gk X}Le% 3

. Master X ZAM 2o 23 129 NEM A4bo] #ud Master Z 24 2~= MOC
9 Wk T34 —‘?éjj, CMFD 741*&:% 93t =Wk E=AAE RAAA =&
A

N
g T ,

stol MOC 99 444 2 g F445L A
of sl



et A 723 2 Sodg AlAtdE GMEY Fod A Fv GSlaveE2 UHA
MOC #A4ke] =84 qu 7hA] 7 ek T

A st gl ‘:7P e Aol #ui, MOC ALkl Fadk 9 1239 NEM 7
2bE ANE SIS E AMES] oA 83, CMED AlLbE 9lg SH
HAJAE 784 Ak NEM A4kl #yd +5oF AAS AF ol A
CMFD AAbE ohA] astA Ak

g o r*°

FAAR
A
H

4. MEAN A3 2 s HU)

DeCART #=¢] HaA S H7leE C5G7 339 Wi vt= 24 2@ da3td SMART
32 wAE FE FGUHAT ol T ode ﬂﬂ SMART 329 =4 EA= <F 11
GByte ©]7g2] wlZgE 2 73to] WEAMNE Hrto= A4 o]—X] 5300, Wmy b

H7e AN AFEE AT B A Fobel= C5GT 32k Wl AwhA EANko] ALg
= AT,

& 3 % 19 2= C5GT7 3zk) WA wbA Al g WE AL P ARE JE
t}. IBM Regatta <737 3¢ oﬂ*ﬂ OpenMPell &3 Atw 7hs3shr] we] MPI
Grouping AAF Al A =23 DeCART FE=UW MOC EEoA9 Huj
Speedups- 247 Z2AM2E AEd A IBM ZHFHAAE oF 22 A7l LINUX
Cluster 9lA+= oF 21 AE7F YeEES ¢ 4 Sk 2183l Speedups Z2ZAH A IFF
of thalA = AL wdste] F7ghe & Aoy, 2FT ZEA LS ¢ HEE OpenMP
Thread el thafjre Fhd oz v < ¢ F Utk °o]& OpenMPu
IF59 ZEAA 75 F7HAE A A SRS APAH
oM e FAATE Fabs g %J’\]{-‘ﬂ *“7}7} F < ol®t} MOC Egoﬂ
A9 Speedupite & AARA Zholl A 2] Speedupe MOC EE-2S A 93t tlE &
HEs7l % FL&oz 2 MOC A4 Q
9] Speedupe 247 ZEZMAE AL 78‘
A= oF 14 A7 Y=t} 283 IBM

O}Uﬂ IBM # _,TE17} X XJ.Q,Q ok ]

I 45 @Ee3kd SMART 330 Al ek 339 1/4 =41 AWt 235 293k 0]
t}. o] l'irxﬂ gk e HFHE F AT 5T FAAY A5 of 11 GBytesd W2
& 898t pHAFE VL oby W E7] ofH g Aot 2y WY B4 A+
= HOA ¢ o] FF3 FAM] Ao oF 940 MBytes2] #WEZE R3¢
Linux Clustero] 4] = =) S ¢ g on BAHor dy ALEHE
T2 Agol= oF 580 MBY‘EGSJ RREIE= EL'J‘jr. A4k eroﬂ/q“ AdH F4

ow. i

u] & mwo ¢ 5 drh F ATl A

o
_H 4
<
)
g
lo
H
2,
>
232
z
o
=
XX
rlr
12
w
=
o
Pr(
=
n{m
o
He.
R
32
=
I



B AN REE AR E 24he) RN Aol BHNUE X FAM
Aol A AAZEE] OF 51 %F, FEF FAN ARolE oF 86 %E AA ] of
A% FH0 A6l 48 B Akl 288S & 5 vk

5. A#

Aol = DeCART si=7) dake] ALAIRM WE2g s gt & EAld= 2
ol F URE ZTRA~ IFFo] vz wEAe 2L WEy Bih4S DeCART
Hzo] o]dslil I %S Btk 24719 TR AAE AR A C5GT7 3749 W

°
11 GBytes®] WEgE 23 o3ty SMART 339 =4 A€ Ry Badz
Qlsll oF 940 MBytese] wlxel= ZFgto]l Zhgoh webA wme ako] xF
DeCART®S] a2 7ML BaALe Tl A Abe G5tk 712430 99 o
Qo Wmele] @77} Agha el ArFe] LINUX Cluster oA x wfj$ & FAS Hg e
= S 8 Ers SRelA o ZFA 7 v skt

1. N.Z.Cho, GS.Lee and C.]J.Park, "Fusion of Method of Characteristics and Nodal
Method for 3-D Whole Core Transport Calculation,” Trans. Am. Nucl Soc., 86, 322
(2002)

2. T. Takeda, et al., "Development of 3-D FBR Heterogeneous Core Calculation
Method based on Characteristics Method,” Proc. Kor. Nucl Soc., Reac. Phys. 3-rd
Joint Korea Japan Session, Kwangju, Korea, May 2002.

2
>

3. FEF 9, “DeCART 5= 49l AmAl F4702% Pilsh 45 850493

2002 FAE LRI =24, &9, 2002

4. E. E. Lewis, et al., "Benchmark Specification for Deterministic 2-D/3-D MOX Fuel
Assembly Transport Calculations without Spatial Homogenization (C5G7TMOX),”
NEA/NSC/DOC(2001)4.



714 “DeCART #F=o] 93 SMART x4 22 AAL” sh=rd 212 8k3] 2002

)
At s =iy, 83, 2002.

Cell
Homogenization

Voo

Group

Condensation / W
i bt

v
y Update
2G l NEM Solution

AA

CMFD T ?

\ N
Cell
VL v Homogenization
Group 1 4
Prolongation
l L A A
% \ Update
MOC Solution
\ » v 4 A
N N
A
| =
N S "\l
l v A4 T Tod T
> pdate
< Update > ;(NEM Solution>

T/H Condition

> Master > GM ........................................... » GSlave
5 N Communication Required
a9 1. DeCART #ZE| HEAA 5%



& 3. CoG7 3xk¢ Al x| wb= Ao sk WE Aibs 4
Machine Processor Teomm?,|  Ray Tracing Kernel Total 100
Combination Sec a)Time, sec | Speedup | b)Time, sec | Speedup
(12,1%,1%) 0.0 4298.4 1.00 4381.1 1.00 98.1
(11,2 0.0 2235.9 192 2318.6 1.89 96.4
(1,19 0.0 1150.5 3.74 1233.2 3.55 93.3
(1,1,8) 0.0 639.1 6.73 721.8 6.07 88.5
(21,2 20 2137.9 201 2220.6 1.97 96.3
(21,2 19 1108.3 3.88 1191.0 3.68 93.1
(21,9 19 569.6 7.55 652.3 6.72 87.3
(2,1,8) 18 343.0 1253 425.7 10.29 80.6
IBM (31,1 22 1429.0 3.01 1511.7 2.90 94.5
Regatta (31,2 22 739.7 5.81 8224 5.33 89.9
(31,9 20 380.6 11.29 463.3 9.46 82.1
41,2 24 1086.0 3.96 1168.7 3.75 929
(4.1,2) 2.3 554.3 7.75 637.0 6.88 87.0
41,9 21 3155 13.63 398.2 11.00 79.2
(6,1,2) 25 723.0 5.95 805.7 5.44 89.7
(6,1,2) 24 3734 1151 456.1 9.61 819
(12,1,1) 2.6 367.3 11.70 450.0 9.74 81.6
(12,2,1) 45 193.6 22.20 276.3 15.86 70.1
(1,1,2) 0.0 11554.3 1.00 11800.1 1.00 97.9
(21,2 210 5870.7 197 6116.9 193 96.0
(31,1 28.3 3947.9 2.93 41919 2.82 94.2
41,2 315 3003.1 3.85 3248.2 3.67 92.5
IE:IIEI;J;( (6,1,2) 35.1 2009.3 5.75 2254.8 5.23 89.1
(12,1,1) 40.5 1031.8 11.20 1278.6 9.23 80.7
(6,2,1) 65.3 10574 10.93 1304.0 9.05 811
(12,2,1) 55.6 543.1 21.28 818.5 14.42 66.4
(6,4,1) 82.0 601.9 19.20 869.1 13.58 69.3
1) S2AZE sec
2) TRAMA OFF
3) TEMNA IEG ZIZAAS
4) OpenMP Threads <




—— LINUX Cluster
o5 ~-BM Regatta
20
s
g 15
10
5
0 1
0 5 10 20 25
Number of CPUs
9 2. C5G7 3k Wilx| ekl ZAle] WHE ALbs
¥ 4. @3ty SMART 4ol tisk ¥&E AxF A3
( 12 Planes including 10 Fuel Planes, 24 CPUs )
FAA, A/ v 2 0.05/4/2 0.02/8/4 Ratio/Diff
v w=g, 1 CPU / Total, MBytes 581/6291 941/10611 1.6
k—eff 1.02630 1.02690 -57 pcm
Max. Tf C 974.7 975.6 -0.9
Core Average Tm T 295.3 295.3 0.0
No. of Ray Sweeping 7 7 0
Subgroup | 23.6 | 179 9% | 1281 | 29.3 % 5.4
CMFD | 327 | 2477 % | 32.8 75 % 1.0
_ NEM | 187 | 141 % | 187 4.3 % 1.0
Time, Tay Tracing | 480 | 363 % | 2484 | 56.8 % 5.2
min/Fraction T/H+Misc. | 94 | 71 % | 93 | 21 % 1.0
Total | 1324 |100.0 % | 437.3 | 100.0 % 3.3
Communication | 386 | 29.1 % | 454 | 104 % 1.2
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