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Implementation of Parallel FMM Based on Charm++
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Abstract: [Objective] This paper has implemented a parallel FMM based on Charm++ to take advantage of
its over-decomposition and migratability. [Methods] It is achieved by analyzing communication,
separating parallel tasks, and converting synchronous communication to asynchronous
communication. Also, the SDAG was used to implement the basic communication calls and the
LPT approximation strategy was adopted for dynamic load balancing. [Results] The results show
that the implementation of parallel FMM based on Charm++ has the same accuracy as that of
MPI implementation, and its execution speed on the thousand-core scale is better than that of MPI
implementation. Over-decomposition and load-balancing strategy contribute to the execution time
reduction by 10% in the unbalance particle distribution. [Limitations] The current implementation does
not use the shared memory structure of Charm++ and needs further optimizations. Besides, the load
balancing strategy is simple. [Conclusions] This paper gives a relatively general method to convert the
MPI style programs to Charm++ style ones and proves that over-decomposition and load-balancing

strategy can accelerate FMM execution.
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N & f " (N-body problem) & CLAIZ AN KL T
RIGE AL B AT &, SRR HAEZR % T
5 sz sl i in & Tt s EUE T S B
TNz — B, TEFH M a3 s
S5 2 WA T+ EE N

O N R R R 7 VR B 7R Y (Particle-
Particle, PP). i - Pi#%i%E ¥ (Particle-Mesh, PM).
W71 1 (Barnes-Hut, BH) B Z W 7 777 7 (Fast
Multipole Method, FMM) %&£, FMM X H K 2 /1 ik
ATHE T, BT R 2 20 A &7 X 4y SR
3P RZ 0 BRI EU) AR T, R e 7277 AR AU
Ky 58 FRER A& FRER, WREKT 7
ook A EAE BT SR R . BT T AR E RO
FIZEAEHNEL, FMM 88 20T ST (8] 50
Higz®, 5 BH ML, FMM BT EEHF, Fik
FEFEPT LB B Sy, [F) ) DU R

AR, B WA V2 FMM A B 78 5 N
FRCR . o/ bk 45 K T JASMIN HE Z2 S B T
FMM [ 5R fif %% 5 Cruz"" 4525 T PETSc HEAESE L T
PetFMM #(ff ; Winkel"" %53 F MPI SEHL T N {1}
HEAE PEPC. BEA& R RGM AWK RE, FEHITIR
bR A R 5 R EATIF JE . Lashuk™ 2548 ] 256
Ht GPU 7£ NCSA Lincoln cluster =%} KIFMM #1710
# ; Yokota""! % 7E TSUBAME 2.0 % %t L1 F 4096
B GPU Rt S & 1) [ MR o s Bl MY 255 T gk
LA S AT FMM 4. BbSh, IE47 3T FMM-
PM J7ikAE GPU _E#EAT N AR ) 48

Charm-++ J& — i 5 T SR ) I g FEAE LS,
k5 R (Over-decomposition) FIiTAZ (Migratability )+
ST ERE) (Asynchronous Message-Driven Execution)
SHE AL AT RUR LI AT I 0 30 2 AR S A AL
il U AR, H Y Z TAERIA Charmt+ 1 ZhE #1
BIAERE, BT T ANERIRCR . b E R R
WL 25 45 B OB ) 4T HESE SC_Tangram''”, %
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1.1 FMM BUitERTE

FMM & —F X3 o0 v 57705, Hokon Bk
FET XL 5 R BAE T I #EAT Z T, FHZRE
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gRATH R m. n 5 P IEMX,

(1) P2M (Particle to Multipole Expansion)
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P2M SRR 1
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A P(x) N Legendre Z T,
(2) M2M (Multipole Expansion to Multipole
Expansion)

M2M AR RSt R

A ALY R A A ()
M=% Y~ -
n=0 m=—n A/
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(3) M2L (Multipole Expansion to Local
Expansion)

P2M #AE 5 M2M R BEAT 2 IT R E 5
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MBET, WEHATa T AMHES, HERXEGET5H4
AR TR B THBKE T RIS ETFHZH
JEIT 280 A RRTT R 4.
(4> L2L (Local Expansion to Local Expansion)
L2L M5 AR ™

g O A A
/ A

n=j m=—n

Horr, LoNRHIRTT REL O NIRRT R EL

L2L /& — A5 M2M M e g 72, 58 Rk 1A B
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M ek 5 A& 7 AR 02 it L2 kit 5.
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(5) L2P (Local Expansion to Particle)

L2P ;& P2M M i . 20 L2L #1E 5, C©
fAERKEG THRBORA S E & TIRER, m
L2P it 2 fEIX 48 5y i R OT R B v 1 ok 7 T %
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L2P HH A R 1

(D(P)zi Zj:L’;-Yj}‘(E’,yﬁ)-rj

=0 k=j

T Chame+ 54T FMM S8

(6) P2P (Particle to Particle)

T BT T E A X — e e,
A P Ak 7 2R 8 R R 2 & TR B AR & T
ffE 1. Bk, REgRIEA 5 I a, K
AEE TR rIEM 7.

1.2 #17TFMM &%

FMM ) 347 4 iRt B 9 %5 16 63 . 4016355 1
T AT LS — A KR, 7E X 4%
AR AL 4 RRL T /B8, 83 partition 1
BT R4 4 A TR A, K B A AR A R G e S
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M2M HfE, 3K LWETFRHL

&% 1 H1T FMM

Algorithm: Parallel FMM

Input: int numBodies, string distribution
Output:
numBodies: number of bodies

distribution: body distribution

// initial particles by distribution

bodies = initBodies (numBodies, distribution)
// send particles to regions they should be in
partition (bodies)

// build Octrees in local region

cells = buildTree (bodies)

P2M & M2M (bodies)

// gain message from neighbor to build local essential tree
localEssential Tree (jbodies, jcells)

M2L & P2P (cells, jeells)

L2L & L2P (cells)

25T P2P $EAE A0 M2L $4F 7 22 T MR AH S0 FI IR
HBEFMER, FEIT—REREE, KX
5 RRIFAEA SR (local essential tree) o it
KHPATR A BT R B, SERL2L 5 L2P #R1E.
Bk, 7EIFAT FMM R BT PR A Ridfs, 43l
K HEAE partition f1 local essential tree 4k o
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Chare #& Charm++ HJEE A 85T, AR Z
SIAAEA F AL B S B C++ XF 5. AAFE (Proxy)

— R CH+ X R, B AR OR — AN I AR B
Chare. Chare [A] [ 38 {5 38 i ) FH AR 08 Bk B R 7
K SEH,  H Runtime 5 56 A< O FH 1K) 2 H0k 3
BOH S, FERIEBIN B ) HE Chare, 1233 4238 # 4
FROAIZRE R -

Charm++ $2 it 7 Chare array. group. node group
HEIFAT ARG, P, Chare array $2fit— /NG —
FACEE, 4 array A 51 Chare #5 —> thisIndex,
7] LLIE I proxy[somelndex] 2K i FH 4“5 ¥ somelndex
H) Chare /17715

PUP (Pack and Unpack) HEZE /2 Charm-++ $& L1
FPHIMERESE, 47 7zt 72 1 F A Chare 1&# 15 1) 1 41
AR

PE (Processing Element) ! Node & Charm++ [
M. HA PE & Chare AT SE4K, H EHYF
% Chare fIiH E.. Node fH % > PE 4 jk, £ —Fhdk
EHNAEEIL . Node | [N [H] Chare 3: =2 Node
Fotbhb e, ESRHl B, PE — MW N ZEFE, 1T Node
D) VAR i

Charm++ 15 ML AN & 1 FoR.

Charm++ )51 H | ci (Charm++ interface) 3 {4
A C+ YRR AL e Ho b el ST € LT Charmt+
] Chare. message. module 55524k, FiAbH R 4 iR
et SCAFJE AR B RSk ST I SRRSO, Al
BAE C++ YRS 5] AR B8
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- 22, FETF Charmt+ 13147 FMM SE3

remote invoke

readonly
variable

NODE

1 Charm++ #E& R EE

Fig.1 Charm++ concept diagram

Charm++ ANSCHF 4 Jay Al AR AR i, (H R4 )R W
AR, NI RAE o 8 readonly KT
5l N, fE mainChare ¥4 ek K h #EAT 046 4L .

A PE LA — /M EBAF). LLPE AL A
E, A MPAT A S A S R
B2, HOIE¥ Y Chare. 1R B 72 7 £ 14
A, WHRE] PE FXTR.E Chare, K98 S IR
ZeE T DA B e ST I St o /N O LU R B S E P |
Runtime & 5& #i S5 S PE.

[K[t, Chare 8] 89 B %82 72 )77 A
F RENTE T BAE A B, (HATE AT B2
17, BRI # JEVE SRR AT B0 45 SR . A T
PATE L—AN i fE 7 vE RO W, SR ER AN TR
TP IRBOEAE SR, AT F R AR IR XS A
RIGRFELH S8 AT T RN PAT RIS &
Charm++ 32/t 7 SDAG™! (structure dagger) F7n Jj 1%,

SDAG ) 172 K il <keyword> { } #23(, Jr
<keyword> H when. serial 4. serial | T &/~ — B
TEREPAT B A 5 BIAD . when KR5S
4l when method (arg) {serial {do_something (arg) }} &
R 2 B AT I AE A5 I AR 7V method B, JFAEZ
il &% JG AT do_something #4F
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Charm-++ WAL HEAR 25 7047 ci SCIFH ) SDAG 15
% AR N EIACEY, K SDAG T A B 7 v
BRAL B Z A Be. LA when 15 )
2 {E method #fil K5, AT — 4B
B B[ continuation. XS FHFH LT HATHE &
+ T DA Bk R R TV

% continuation B

5], Runtime

3 JHTIeH

3.1 EEEBEmAIE

EAC, A58 X — 4N master [ mainChare
VENFFATIES I AR E AL B s, & X

— A% 4 slave ) —4E Chare array, {FAZEARIEAT
THEEIG.
4T Chare T27E PE L30T, 1M HAFEIBATIY

IEREIE L, AT JE IR 1) 2 )5 28 B ORAFAE slave [T
B, RS HU T ks %

XTSRS H R S A /A E,
Charm++ $2 ff: [ readonly 4% & % J~, J7E master H
BEATHIIRAL .

32 RIEBREREL

Charm++ R JH 5 22 8045 1) 77 2,
RALTT IO T RBI B R

FE MPI H, - JRATTRT DAAE — A R 80 A 2 OGE
fG. XWTHHEEGE, BIERFEIEREN LS
AR R RAAAEAR T, SFREAE WG AT L
XF T AR ZEE S, FEFP A 1R P AR 0 8 A5 45 R A%
FEHEAT FAWT, 35 I AE A2 1% B AU o £E Charm++ 1,
P R L B RSk & 5 SR A, X R
WG R, FATHKR L T RN SLS B WA
S AT IRERE, WK EBIEE RS A5
#7225 R A7 3 Chare RO .

B XF 38 5 B AL XXmethod,
XXmethod param K ARAFIX L1 E..

XAEAFIELE )

FAT TN g Hy 1k
HERSLS Y]

T# & FT Chamt+ HI3F4T EMM SEEL

I AL S R T7 20, AT R AE 45 M 4k HL IR
AR X TAER T, HFESIN it XX_
by_value XKENA& 5B N AEFFORAE 0T T4 51 - 77 =K,
FIN init_XX_by_ref, REAFOHZERME, JFEM4E
— release J7 i TR TBAE M4 AL I 73l ) 5 1) o
—J7 1, FEAEERE TR 2 R, 4
W JE Bk B R AT IR . A T RIS 45 31 )5 o
B IE R IR E), FAH E R EEES R G —
PATHILLE
AT, AR S B B E N slave
IR A R EL, PRI IE AL TR A 2 state.
1E slave IR AR &, ] — D HOR AT B[
SR T — AT R BER BT AL state . @i
BAREN A state [EFE, do_
continuation R4 BRI IR EH A state ik, I 1%
. (EREA state JTUAMT, FATHUH o8 Hrh 75 2 H] 2
R A ERISE S, FE5E—A state BT & &AL
BHHTHI . LSRRI K AEAE AU AL

set_continuation Jf bR

void SomeMethod (SomeType parameter){
SomeType local variable;
do some serial job 1 (parameter, local variable);
global communication (local variable);

do_some_serial _job_2 (parameter, local variable);

H 2 MPI RUSREIEE B

Fig.2 Example of communication in MPI style

B 2 /& A MPI XU 3815 s oo,
Method B8 #H, £ 4 )= il
H A S22 parameter, A J&) i A% & local _variable,
X 1 A S R A 1

] 3 2% R Charmt+ FRIA 4 o 4 sl 54
SomeMethod 73 B | AN ) . state /& Chare array (1]
B AR, T AR IR T A B F R % . CharmSome-
Method_param & & 17 £t X% 18 & PR 2L CharmSome-
Method 5| NFI&5 R4, Horh RAF 112 bR B HAT IV 75
B35S parameter. R local variable.

1£ Some-

{& global communication.
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1E state A 0 HIRS {5, FRATTIAR set_continuation B&
R AR € AR A UGB AT 5 7 AT 1 B8 2N Charm-
SomeMethod ] F—~ state, FF1f A init XX by value
KN RS NAF. LS parameter W IR K
A 1E CharmSomeMethod #% 18 F 4k . )5, FAT@E S
CharmSomeMethod_param 3£ 15 parameter Al local
variable, FFPAT AT EE1E do_some serial job 1. %
T A R
variable 15| H, 1X B AN global communication
param il Fi| init XX_by_ref #ATHI 4G, id35% local
variable [f/HifE . 7E444T 5¢ global communication JH1H
J&, $ATHF] T CharmSomeMethod 1] statel, F—ik
M CharmSomeMethod param i 3k %5 parameter Al

¥ global communication 7 % 1% X local

local_variable A&, AT H1TH4F do_some_serial job_2.
H T ZR B O A AT 2R 5, 7 EUR CharmSome-
Method_param ' 1) 7% [6],  JF ] ] do_continuation,
BRI T ERAF IR — 2B AT 1) 2R 2O state. global
communication W #5EH 5 CharmSomeMethod 24U,

void CharmSomeMethod () {
if (state == 0){
set_continuation (&mpifimm::slave::CharmSomeMethod, 1);
CharmSomeMethod param.init local variable by value ();
SomeType& parameter = CharmSomeMethod param. \
get_parameter ();
SomeType& local variable = CharmSomeMethod param. \
get local variable ();
do_some_serial_job_1 (parameter, local_variable);
global communication param.init by ref (local variable)
global communication ();
}
else if (state == 1) {
SomeType& parameter = CharmSomeMethod _param.\
get parameter ();
SomeType& local variable = CharmSomeMethod param.\
get local variable ();
do_some_serial job_2 (parameter, local variable);
CharmSomeMethod param.release ();
do_continuation ();
}
}

B 3 Charm++ JRUi% R385 S 41

Fig.3 Example of communication in Charm++ style
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T Chame+ 14T FMM S8

AR 3R R B A TR A B U SDAG. IXFE
X T E SO R A R A A, R R R IR A
WAF S, o A S A 1 R B S AR
SDAG JAkE, AT EABCORFE FE i AU B Bl . 2,
PREEAIEAE R ELSh, BT ) MPT RS 1 5] 25 18 (5 12
AR AT LAFE AL A Charm++ 5S¢0l (5 0 RoR, H AP
(CECIT U

FEATRAE MR SR AE R — AT AR

3.3 ERBEHIKIN
FFAT FMM [l {5 &K 2ETE partition AT local essential
tree #RAEH, GIFILA(E Alltoallv 55 Allreduce.
Alltoallv 75 248> IFAT oF 558 T ) Jo e IR AT 41
HRICRIEAFER MW R, FE A S FAT
T BRSNS B . Allreduce 75 ZE0f BT A
AT AT A ZHOAT L

message MSG_<Typename>
{

<Typename> data[];

int size; // the length of data

int from; // the sender ID of this message

BENX

Fig.4 Defination of message

& 4 message 2

7f Charm++ 71, f# ] message [t Z % ¥ 41l b
P, B RS2 T T IR BAEE
XEAFIZEAL, 58 ST KR message 288, Wik 4
Fizc. o, data TRAFAS BIALE, size FosiH B M
KN, from FoRIH B IRIES

{44875 1 Alltoallv B Charm++ S£If

Pseudocode: Alltoallv

Input: Alltoallparam param, CProxySlave thisProxy
Output:
Param: information about Alltoallv

thisProxy: proxy to the Chare array
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serial {
sendbuf, sendcount, sdispl = get data_from (param)
for i=0 to Chare_size do
message = init_message (sendbuf, sendcount,sdispl)
thisProxy[i].send message (message)
end for
recv_cnt = Chare_size
}
while (recv_cnt -- ){
when send_message (msg) serial {
recvbuf, recvcount, rdispl = get_data_from (param)
set_variable from (recvbuf, recvcount, rdispl, msg)
}
}

serial {

do_continuation ()

}

75 S B Alltoallv I, FRATTAE F 45 84 44 ok Or A7
BABEELETFEH LS. 1E serial 1HHHLH,
A Chare #4353 80 K%, (7] I il 55 1 31 21
when B AJHL,  AIH B R ECHHUE, BB X .
Alltoallv FISEELANONARES 1 Fros, Hr param ORAF T
alltoalv il FH IS ) 2%k, thisProxy f& Chare array 4%
B, R AMREL R CRIEN S .

{44855 2 Allreduce 7 slave +HISEIR

Pseudocode: Allreduce for slave

Input: Allreduceparam param
Output:

param: information about Allreduce

serial {
sendbuf, count= get_data_from (param)
callback object = create callback (sendbuf, count)
contribute_to master (masterProxy, callback object)
}
when recv_message (msg) serial{
recvbuf = get data_from (param)

set_variable from (recvbuf, msg)

}

serial {
do_continuation ()

}

T# % F:T Chamt+ HIFF4T FMM 231

Allreduce f{)SEILELIF LA #E . H 56 4E slave
SRR A BRI HE, $8 € master AL R £L
KAL) FEMA LR, master K AT 1k H S,
fil %% slave [¥] when #4]), master F slave [ SCHL IS F2
RAAES 2 500 3.

{448%5 3 Allreduce 7 master FHJSEIR

Pseudocode: Allreduce for master

Input: CkReductionMsg * msg, CProxySlave slaveProxy
Output:

Param: information about Allreduce

size = get_size_of message (msg)

databuf = extract_from_message (msg)

slaveProxy.recv_message (databuf)

3.4 AHMESIBRE

KB A1 KIFAT R G By, v
G A B AR R R =R P

oy A SR M X 5 FEAH AT AL FEAS, U Cybenko™
Lot Ty AR — BTE R, AR B N
AL I A P RIS R, IR R B IR AL FE
Hui™ 2588 7 B K3y sk, FFK I
ST R R P SR ) A7 A 1

RN F B R AR, KEEEh R —
b EEES FREATIR. WA RBENLERIR Y STy
72 P 2%

J R A B B 1 SR AR 8 1 A1 45 4 ST 2 TR
T HBM™™ AR 90 2% 45 K 5 A B 88 ) 7 IR AN, 1
& IR G BB — Z AT OISR, ELER Y

Charm++ 2 it | £z 17 I # 3)) Chare 1) J7 %,
A3 AL PR % A S B ] DUEAT B A . A,
FATHIF MigrateMe b1 %40, 15 FH £ o 2 07 3 24 iy Sk mes
TEIZATI XY slave (1) Chare #FATITH .

5 & ST I SN B slave 7E RN
¥ B OB A KR T 15 B K% 3 master . master
XX S AE AT A AT, 28 Eh S T SN 45

s

&

=3
pai}
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— > Chare ) 70 A1, IR CGHE FIAH R Chare.
X% Chare 18 H MigrateMe BRI EURAZ BN 281 PE L,
I 18] master VL #RITF H 45 K. master Y2 BT A #1E
LA R JE, 1 slave KE—AN#E, {EIH4REE0
(I

Master slave

L $

Report information
; Load balance strategy
>HDlwlgrathc
|
|
|
|
|
|

5 S R B

Fig.5 Sequence Diagram of load balance

Migrate begin

[r Migrate finish

Resume to work

ARSCH, RIS IR AT B 1 partition 45 W
i, BT A Chare #l L4 & 5] & ST A FE
RLFo AT WA B SIS, AV AT
A I A B ERHS AR R VERE, X5 B PE TH SRR,
I PE LI sk T HORIE L

S ERI T )RR AR [ FEATALIAEE (Identical
J&F NP-hard ]
R, RSO BATTRFH B K AR FR N AR 2 S ( Longest
Processing Time, LPT) KKf#, FiRuTF -

(1) 4 Chare $& BORL T 02 WK BN HEF

Parallel-Machine Scheduling) [7 @,

108

: ZET Cham—+ 193747 FMM SEEL

(2) MR Chare $i5 K 21 24 5 HL 1 & K e D 1
PE .

NG T LLIL B 473 AL Y, RIS T2 )
PTG DL, LSRN AR RE 4 AR A 4/3 A5 LA g m)
T

3.5 SEIER

3k message. Alltoallv. Allreduce %5 75 B4} %
ANFIZRBSEEL, BeAh, X TRAE(E L, #F L
P — A~ XX _param [ 45 F 44, H Rk 01 R R B o
BRI E A B AL &, H X 5 by _value F
by_ref. FEIBAS BB IR ES 4, #FH 2RAG 4
) XX _param S5 KRR 01 o IX LG ACRY HR 2 AR LR,
AT LA FHBARAE 5 A2 B

AR T B R R S U R json A% 2

FE IR

(1) &R

(2) ZETHEF LI state ;

(3) Python AR il C++ ARHS r BE

(4) VAHEIE1Z 2R 2P AR

(5) TEIEME R 5]\ XX _param 54 .

4 BAa&ER

DU I 78 o B R 22 e 1 S I 2% 45 S el
HGATENL “o0” BT G TR TR AR
B 2 i Intel E5-2680 V2 (Ivy Bridge | 10C | 2.8GHz)
ALHEY, 64 GB DDR3 ECC 1866MHz W 1. 4iiF Ik
554 Intel Composer XE 2013 4w %%, Charm++ i
N 6.6.1, HRIERHEF -03 MEALZEITAT C++0x Frik.
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4.1 IEFAMRLIG

N T B8AE FMM [ Charm++ SEHLIE#PE, F-AT
T AF A5 S HT IR, BT Charm++
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