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Hybrid MP1/OpenMP parallelization of a phylogenetic program with
Non-Homogeneous models: toward the analyses of large-scale
sequence datasets
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TETSUO HASHIMOTO ," and MITSUHISA SATO |3

In the phylogentic analyses based on sequence datasets derived from diverse species, Non-Homogeneous models, which
allocate different model parameters on each node of a tree, are efficient to reconstruct correct phylogenetic trees. However, the
analyses with Non-Homogeneous models can be computationally intense because of an enormous amount of model parameters
need to be optimized. Therefore, to accelerate phylogenetic analyses with Non-Homogeneous models, the parallelization of
phylogenetic programs is necessary. In this study, we parallelized a phylogenetic program “NHML”, which implements a
Non-Homogeneous model to take the heterogeneity of G+C content in nucleotide sequences among lineages in to account. We
applied two approaches for parallel computing, OpenMP and MPI, into the algorithm for the calculation of the likelihood of a
tree. From the analyses of simulated sequence datasets, this HYBRID version of NHML showed good parallel efficiency for the
likelihood calculation of a tree until using 256 CPU cores. Moreover, we divided MPI communicator into several
sub-communicators to conduct likelihood calculations of multiple trees in parallel. Consequently, we achieved the suitable

performance of parallelization with more than 1024 CPU cores.
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Newton-Raphson method ()
calculate initial log likelihood (InL) from initial
values of branch lengths and model parameters - (D

WHILE first step or diff InL < ¢ - @
FOR number of parameters to be estimated - (3)
FOR number of sites - @

calculate 1%t and 2™ derivatives of site-lnL with
respect to a parameter (6) to be optimized.

ENDFOR
ENDFOR
update parameters - (5)

calculate current InL from updated parameters - @

IF first step THEN

initialization of diff InL

ELSE THEN @
calculate current InL - previous InL (diff InL)

reset 15tand 21 derivatives -
ENDWHILE
RETURN current InL as maximum InL - 9
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() FWASARTIGE « BERIETIE, MY B 280 A2 BE§
2 Wi (=80 & ORIZH 2D &R
L, BEBFEORICLTEORMB NG TN LI
T 5.

(IV) IBEBIEZNZNICO W TEEFHEEIT.

(V) PR & SIRRBTE & THEL LR EZ1T), &b
KETRRERE 2 b OB % e LR & LG
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X 5 TiX 66 fH(64 flE + SN 2 Fl) DD 70 2 B O HoR
9738, 130 fH(128 Fi+ SMEE 2 fE) 5 72 5 BT AVREA S H
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CPU Quad-core AMD Opteron 8356 (2.30GHz)
@=7x4Vry 1 J—F)
Memory DDR2, 667MHz, 2GB x 16 = 32GB
(1/—F)
Network Infiniband 4xDDR, Mellanox ConectX x 4
Compiler GCC4.6.4
MPI Library MVAPICH2 Ver. 1.7

# 2 HIEBREE (T2K-Tsukuba) D AT LB

52 NRZERE7ZNLTYXLAFEIZRT SR

521 @HOEL HES T2 BITHER

4.1 Eicuk 7= 66 FEIS X OV 130 FERHm L W ARk Sz
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16 ~ 256 DFAEIT DOV Tz, K 6AB LV, 66 fi7 —
2B EICI0FET —Z WTNOMHTIZ BV T b, 514k 256
£ T, TR OERE S MR Sz, X 6C TiX, 16 W
FHUEL L2 ENENOT — X2 RITIZEB T 55D
BlbzmT. #ER LY, 31 TR NRIET LT Y X A
DA T Yy RWFUETIE, WHIE 128 £ Tk, WIho
BB T — 2 AT CH, 0.5 &V K& 72251 {bzh=: (efficiency)
BHERFT D 2 k. —F, WHEkE 256 £ T LU
Hih, 130 D 72 B BT — # O fRENT TIIikfe L T
efficiency > 0.5 & REFRZNF AR LT2AS, 66 fET — & ffhr
TS EZhERIL 0.5 % FlEl- 7=

522 BRIH DR ZEHT— 2 BB R

BJ 7AB TIE, 66 fE7 — X MRHTICI\\NT, A% 2,500
25 10,000 ~ & B L S GA OREE R KON
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A TH, WHEKITHEMCIE U TR ER B OEREI 50,
A 2 S ¥ 56 L [F U < 175115 128 % Tl efficiency
> 0.5 & BAFWrbahE 2R Lz, WHIEL 256 CiE 2,500
JENL T — & fBHT I efficiency < 0.5 Tdh-7-=—75, 10,000
JENLT — & fRHFC i efficiency > 0.5 & BAF7a s w LR %
~LTz.
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5.2.3 Allgatherv iB{S AR DI FIESHRADEE

6 BELUX 7 OfFRLY, AT aT7HITHLE
CE TEIRAEE N LR RIAD D76 LD IO
TIE, iy — & Ofss LOENE, T72bbESIT —
ZOY A ARWIUCNRICEST 5 Z LR sini. £
2T, MR 5 N DR b /N & 72 66 T 2,500 FERLOD
T — ZIRHTIZ BT, WFIER 256 TUFIMEh=RA K & <P
D ULTERREZFREST 2728, ZRENOWFIEIZIHBNT,
FHEERIICH 25 MPI_Allgatherv S@{S R L O CPU
FAEEREMOEIEZWUE Lz, K8 DRTi@EY, WHIEHN E
M HIT24, MPI_Allgatherv JB(F I &< &40 5 Ref 1T K
L, &LIZHEIREFRICRTT 5 MPHBEROEE S L5
Liz. WA % 256 TIT#MEIEIEM OB L% 50% %
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NRIET NIV XADNA T Y v RIFFBLEIZEWNT, 1
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BoH T — & DEMEE M, 7o AR HEEZ Y35
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(6) Sp=p XM X2
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7 Cp=p x(9 x4* xM) x2
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N7 — 4 8 L (Y 66 Fi 10,000 &N T — & OFEHT T, W5
256 (BT efficiency > 0.5 & B2 AL Zh R D34k
FrahTky (K6C, K7B), 256 L lFE%E L%
ATHLIDLrHEN ENEEND.

HCommTime MmCPUtime

2500

4.0% 661 2,500
2000 -
5 1500 - -
= 8.5%
# 1000 -
16.4%
29.9%
500 - I 188%
16 E?) 64 128 256

i 51 3%

8 66 fi 2,500 (LT — Z fEHTICHS1T D, #eFHEIRERHIC
x4 % MPI_Allgatherv 1#{3 I¢fil 36 L OY CPU e D FI
A0, #FH7 T 7 Lo MPI_Allgatherv 18
[EIRER OB FH R 3 2B G &R~ T

2014 Information Processing Society of Japan

HPCS2014
2014/1/7
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BT, WA 256 & Lz &xD, ~A 7V v RiEFIR
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