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Veerapong Kaewtes 2014: Source-Level Optimization for Molecular Dynamic Simula-
tor. Master of Engineering (Computer Engineering), Major Field: Computer Engineering,
Department of Computer Engineering. Thesis Advisor: Mr. Paruj Ratanaworabhan, Ph.D.

45 pages.

LAMMPS is a classical molecular dynamics written in C++. It is used heavily for simula-
tion of solid-state materials and soft matter. It can also be used to model atoms or, more generical-
ly, as a parallel particle simulator at the atomic scale. LAMMPS can run on a single processor or
on multiprocessors. For the latter, it uses the message-passing techniques for parallel computation.
LAMMPS is distributed as an open source code under the terms of the GPL by Sandia National

Laboratories, a US Department of Energy laboratory.

This study investigates the runtime behavior of LAMMPS, aiming to further improve its
performance. We focus on floating-point operations because they are responsible for a large per-
centage of LAMMPS execution time. Floating-point operations in LAMMPS have many data
(true) dependencies so their execution must necessarily be serialized. Even the superscalar out-of-
order processor that extracts instruction-level parallelism (ILP) cannot help much in such a situa-
tion. A more sophisticated source code transformation like software pipelining can alleviate the
situation. In this paper, however, we focus on a much simpler transformation; instruction reorder-
ing that tries to set apart the producers away from the consumers as much as possible. The others
optimization methods used in this paper are common techniques; these are loop unrolling, elimi-
nating control flow to reduce branching (an, hence, the penalty from misprediction), and strength

reduction.
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CPI = Clock Per Instruction

ROB = Reorder Buffer

MPI = Message Passing Interface

NOP = No-Operation

ILP = Instruction Level Parallelism

RISC = Reduced Instruction Set Computer

VLIW = Very-Large Instruction Word

FUs = Function Unit
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for (i=0 ; i<last ; i++) {

if(array[i] > array[i+1]) {

temp = arrayl[i];
array[i] = array[i+1];
array[i+1] = temp;
change++;
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MAUN 1 G’I'3’0EJN‘]jﬂJUW'Iﬂﬁﬂluﬁ’ﬂﬂuﬂ]@ﬁl@y’ai‘uﬂT}eﬂ%

LI1:
move 13,17 #r3->array[1]
Iw 18,(13) #load array[i]
add r3,r3,4 #r3->array[i+1]
Iw r9,r(r3) #load array[i+1]
ble r8,19,L.2 #branch array[i]->array[i+1]
move 13,17 #r3->arrayl[i]
SW r9,(r3) #store arrayl[i]
add r3.13.4 #r3->array[i+1]
SW 18,(r3) #store array[i+1]
add r5,r5,1 #change++

L2:
add r6,r6,1 #Hit++
add r7.07.4 #rd4->arrayl[i]
blt r6,r4,1.2 #branch i<last

d' (% 1 g 1 [} 9 =
HMNN 2 s]71ﬂenQﬂigw"m”|smu@aﬂwuawayja“lumwmmwwa (Assembly)



LI1:

move - 13,r7 RAW

WAW

Iw 18,(13)

add r3.03.4 WAR

Iw r9,r(r3)

ble r8,19,L.2
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before: add r3,r3,4 after: add R2,R1,4
mapping table : r0 RS mapping table: RS
rl R7 ri R7
r2 R5 r2 R5
r3 R1 r3 R2
r4 R9 r4 R9
free list: | R2 R6 R13 freelist: | R R13

MNA 6 AI0819UDIIT Register renaming
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place data in entry

when execution finished —l

reserve entry at tail remove from head
— [ [T —s
when dispatched when complete (commit)
T

d‘ (% 1
MNN 7 A9Y19UDI Reorder Buffer

after: add r3, rob6, 4
before: add r3,r3,4 (rob8)
mapping table : r0 0 mapping table: g r0
rl rl rl rl
r2 r2 r2 r2
r3 rob6 r3 rob8
r4 rd rd rd
7 6 0 8 7 6 0
Reorder buffer: —>[_ [ 3 | . 1> Reorderbuffer: —=>[ 3 . [,3] . T
(partial) (partial)

MNA 8 A29819U03 Register renaming NM9UTINAY Reorder Buffer
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INTEGERUNIT1 INTEGER UNIT2 MEMORY UNIT BRANCH UNIT

move R1,r7

time
add R2,R1,4 lw r8,(R1)
move R3,r7 lw r9,(R2)
add R4,R3,4
add r5,r5,1 add r6,r6,1 sw r9,(R3) ble r8,r9,L2
add r7,r7,4 sw r8,(R4) blt r6,r4,L1

MNN 9 AIDENMFINIH O FUSNUAVDY Regiter renaming
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from instruction
dispatch

i

5 toallunit

MNA 10 A29819V04 Single share queue

— T
from instruction
—
el I
1T

— 5 toload/store units

—> tointeger units

—— to floating point units

MNA 11 #29819V09 Muliple queue; one per instruction type
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—L — > toload/store units
= tointeger units
. . I
from instruction
—
dispatch LT
2 to floating point units
I
— P

MNA 12 @29819V04 Muliple reservation stations; one per instruction type
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4 A o ) o °
1.1. 19399A0NHNIN0S LUUAdAR0s NINNuTWAumaTulad CUDA 31w 1

A = ¥ a S 1 X
1A509 Feilsznounieeazideaveginsaiasae 11l

1.1.1. &Wg2xCPU Intel(R) Xeon(R) CPU E5620 @ 2.40GHz

1.1.2. %ﬁg Nvidia Cuda compilation tools, release 3.2, V0.2.1221 (448 Cores)

1.1.3. ¥iU28AUIMan 16.00 GB

1.1.4. $15aaanuuIa 20TB

1.2. 195030 uNIaDssHaNN W Ias 119

Y
ginsainsse il

1.2.1. @Wglntel 2.9 GHz Intel Core i7
1.2.2. ¥18ANIYMAN 8.00 GB
123, a1iaaanauuia 500 MB
d‘ a d Aa 9o
1.3. Lﬂi@\?ﬂﬂllW'JW]f]i"lﬂv!ﬂWﬂW'lulﬂinu’)u

Y
gilnsainsselail
1.3.1. @WgIntel 2.9 GHz Intel Core i7
1.3.2. #U28AUIIMAN 2.00 GB

13.3. 8159adnuu1a 500 MB

d d
2. wanans

A Y a
1 393 ﬂsznaum& YT IDYAUD

A Y =
1 1993 ﬂigﬂflﬂ@nﬂ 1YL 1DYAUD

J 9 AY a o A 4
2.1. %ﬂiﬁiﬂﬂﬂl@ﬁiﬂi!miﬂ LAMMPS N91WDIIUN 2 NUATNUT 2556



2.2.

(448 Cores)

2.3.

2.4.
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52U1117AN13 IBM Rocks Cluster 5.4 (x86-64)
22.1. aoulwamesniu C- gcc version 4.1.2 20080704 (Red Hat 4.1.2-48)
2.2.2. OpenMPI 1.4.3 Libraries

2.2.3. %ﬁgﬂau'lwma%' Nvidia Cuda compilation tools, release 3.2, V0.2.1221

52U11UQ1AN3 Mac OS X 10.8.5

23.1. nowlwassam C - gcc version 4.2.1 (Based on Apple Inc. build 5658)

2.3.2. OpenMPI 1.6.5 Libraries
531V117AM3 Ubuntu 64 12.04.3 LTS

2.4.1. aon'lwmainim C - gcc version 4.6.3 (Ubuntu/Linaro 4.6.3-1ubuntu5)

2.4.2. OpenMPI 1.4.1 Libraries
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MINUFUITOULVDI LAMMPS lTuanidseruiilsznouaetunouaans lail

1. AnmgAnssnveswedlisunsu LAMMPS TaamsldsunsuYanaldsvldveslisunsy

1.1. 1151053 Instrument tool 5.0.1 Fuiluldsunsuinldianganssumsszuiana

o lsunsy whms  Janganssumsdseunanavesldsunsy  LAMMPS  Mims

1 1 A 1 [ 4 < ~
Uszaranaaiulaveslisunsuihe uag adulaniimsdszuanauinnnaindus nnshey

Yo o = A 9 ' ] 1A i ' o vy v A
ulﬂ'i‘]Jﬂﬁ“]J‘ﬁJﬂ';:\iﬁlliiﬂuZ PIVINAITNN 1 ATUANITINUINNDY 3 @Iunanc AYNUAD

A9 J =) v A 1 J 3 4
Pair, Kspce 10& Neigh Tﬂwmammunmﬂ%’qm CPU 33U40UINUNIT 92 1osua
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M1 1 naasdetoyamsiszuranaunazdinueilsunsy LAMMPS (LAMMPS Profile)

LAMMPS Profile
Modules CPU time Percentage
Pair 67.36
Kspce 16.69
Neigh 8.51
Other 3.66
Comm 3.60
Bond 0.17
Output 0.01

i 9 1 9
1.2. MMINNENTIOUL 1A8ITNTAATIUIUNITIUEIVOIAITIIUG (Loop unrolling)

. I ax A an ° o o
Loop unrolling HJu'Jﬁﬂ’lillelﬁlliiﬂugeUE]\3IﬂiLlﬂiﬂiﬂﬂﬂﬁﬂ'ﬁﬁﬂﬁnujuﬂ'laﬂ N3

v
[

aoudou ]y (Conditional instruction) Nazyldmadalumsiinuanas tazdiansuIuuod
mdalasunlaananauea1dsunsy (Branch instruction) dndie #992 latoaa1nns nead
ﬁﬂﬁlﬂﬂﬁﬂuazgﬁaﬂﬂt‘gﬁ”lmiﬁﬁ!w Branch #f (Branch mis-prediction penalty) VOIH U

szuranadndne

9 v
195033 Loop unrolling 11 Taedsadaamnsnsinldlas oa Tuiaalediuilaniyn
o 1 @ I v o kS o
awnsodSudgeanssour voelusunsy 18 uanms i dudamwuiludrsanmsivaziil &
' ] v A o ¥ Y A
1 ansadhdeaussauz gegavesmsiszunanala esnndulaniwiivez ldained
! 9 [ ' 90’ o . J g’/ 1 a v Qy 4
UNAMAINITUAINITIUG (Loop step number) Tumisin Loop unrolling (N1UU UANUITETUT
! ?)I { o = { % 1
wldauavmmauginln ldaussouz Anganinmanaaes inldlulisunsy Feezdnn

W laaussouznannmsnauamuniudisans i
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Y ' { ' S o v O { °
AR08 Tun i 13 auaauaasIFFumM &9 Ius1 AoUNIL Loop unrol-
. A o A o . P 9 Yy = S 1o & H
ling uaz TUN WA 14 ©a991NNINS Loop unrolling (38UTDUAT FIILLHUIMAINITIUG
P I o W = K Y = ° Yo & A
gnlasu lililumas voululimsiuguas winaseuden hldmawmsirdousou lutay

mduldeunasienveslsunsugnidneen launua

(1) for (1 = 0; 1 < 6; 1i++) {
(2) virial[i]=0.5*gscale*volume*virial all[i];
(3) 1}

Y e & ¥
ﬂTINﬁ 13 AIDYNATIIUB LD For-loop

(1) tmp double0=0.5*gscale*volume;

(2) virial[O]=tmp doubleO*virial all[O0];

(3) virial[l]=tmp doubleO*virial all[O0];

(4) virial[2]=tmp doubleO*virial all[O0];

(5) virial[3]=tmp doubleO*virial all[O0];

H ' o & 3 v o .
anﬁ 14 A9 NAIAIIULINAIIINNT Loop unrolling LLE%)'J

v v
(2 o

o 2 = o v o 9 1 o o A
1.3. MMTINNTUTIOUL Iﬂﬂ?%ﬂjaﬂuaWﬂUﬂWﬁﬁde®H6ﬂ1ﬂﬂu3 YNNI LUASAITIN
H Y
ﬂsgﬁwﬂummﬂﬁuﬂnvnﬁnsﬁumaﬂum@qﬁaya

1 ' H Y
Mmanfasunlasdaumdaniimsvuaenuvestoya (Grossman er al., 2000;

Y
v

Wang et al., 2002; Mutlu ef al., 2005; Srinivasan et al., 2010) (Out-of-Order) 1191UITFUI

v R
v KX 9 1 o o A

yadu llasde@sdeyaninniteanusuazideiinsgiinuaunaiion Hosainida

Y

'
(2

v A o ¥ Aq . S o A A A = T a2 a ¥
LWﬁ1HKﬂUﬂ1ﬁdﬂ1% CPLItHneLﬂuﬂ1u3uu1ﬂﬁi@ﬁﬂﬂﬂﬂ@ﬂ1ﬁ?ﬂﬂUﬂ1ﬁ Wﬁ%ﬂﬂaﬂqu1ﬂﬂq

(Expensive instruction)
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16 HuTdan Idhmsulasundasdumisieuosnds Srdunagezmiungamdalunaosd

A J = 9 S I Aa T o
waeaaznasd it udassnonu

(1) table etable[itable]+fraction*detable[itable];
(2) ecoul = gtmp*g[j]*table;

MU 15 @AI0819gAMFInouIIMIaaUaIAUMT

(1) tmp double0 = fraction * detable[itable];

(3) table = etable[itable]+tmp doublel;

MU 16 AI091YAMTIHAVINMITTUIADMAN

[ A I Aa [l = ' A ° ' o & R o
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A0 FU (Function Unit) 1a2u11au09 ROB (Reorder buffer) B3luaniumsainfidan

v

2 A a R ) g o 0o q ¥ g = g
aulassmsvuaeny VDIVDYA WINN azil Toman v ROB 91y “N%Lﬂuﬁnﬂﬁﬂﬁ
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If ROB is filled up
processor will stall

“RS = Reservation Station Out-of-Order execution

*FU = Function Unit

Instruction must be retire
in-order like a sequence
program order

: ROB
Fetch Decode '—.' Dispatch '— RS —
Register renaming
Branch prediction /

— FU —

Window of Execution

d‘ 2 1 A d Y o w 4 o
MW 17 waasdaaunduteiinavesaailaensvunuuginlosanars

A S 1 A 6o & A Ao M Yo N o ' =2 9
InmA - 18 aztua L Hegamauanias lulavihimsaaudumisgnaaudn 1y
o 1 4 I3 a dﬂg T W 9
Uszuranadainideslszutananyuginlesanars nazinatlayminsvunenuvedvoya (True
= o q ¥ ' o ' ~ 2 o A
dependency) #9919 Uelszaranargareinad ualunmin 19 M UNKAINNNNNT
v o ' o & 9 ' 9 o & ' ~ A Y I a o =
aaudnUIveIgamdaal aama Iigamidelunassmmaoaasanuiusaszaony daas
v Y
danaldygamaansassamnsorion lunwdouqnuldTumitelszuana ld Tdsunsull

Aad
qUITIDUSNAVU

l(1) table = etable[itable]+fraction*detable[itable]: |

*True dependency

"

2} ecoul=qtmp*q[1]*table

—
—
"
i —1

3 3 ! ' v o v o &
M 18 uaasdalyrimsiusenuvestoyavesiidslsunsunoumsad ud A
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(1) tmp_double0 = fraction * detable[itable];

\‘< — LW : Parallel

(2) tmp_double1=qtmp*q]j]; ] - N Execution
— W =
(3) table = etable[itable]+tmp double0; <
RS Parallel
“tmp_doublel h Execution
(4) ecoul = tmp_double1*table; <

e I B

PN 19 paasdamdaldsunsunenusamiauuuuvny liwdeuq 18

1.4. Reducing branch misprediction
madinnsaasinumdaldsunlasiemaveslisunsuezdenarmli Tsunsy
ansaumdalszanden lvadlUld saulufinsaanariidesgadeliiiiosmnnmsen
mdaufaeunlasfismeveslilsunsufanarnadllld  9namd 20 uaedddifiuldaves
TsunsuiidalildinisUsunse wifiuieidanditivsznon luéhe sdalsznm itelse
Failusdalsznnideoulusaunin sl efismevesTusunsufiamsadiull 1858 3

NAMIA8U
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Uszinm if-else UUgNMIADONIUMNA Tagns 1mAliANEenI Bitwise operation (Kracling ef
a <3 ~ a v g
al., 1996; Henry et al., 2012) tazianumsdszuianaves Idsunsuniiesnaniuas aniniu
A Y o v o o A A ' ° ~ '
vioal lanmstszmanavesgamdanaimsdsulse  azlidissamsdiun afissodns

Y ] v
RYANUY LAMITHINUVDIM T IHUILUFAIAIN NN 22



(1) if (special flag[1l]==0)
(2) return-1;
(3) else if (special flag[l] == 1)
(4) return 0;
(5) else
(6) return 1;
a =R o @ VA o v

NINN 20 uﬁﬂﬂﬂﬂﬂ1ﬁﬂﬂiziﬂﬂﬂﬂrﬂ@ﬂﬂaiﬂﬂWﬁﬁ
(1) x = special flag[l];
(2) condl = (x == 0);
(3) cond2 = (x == 1);
(4) cond3 = !condl && !cond2;
(5) shift = sizeof (int)*8 - 1;
(6) mask = (cond3 << shift) >> shift;
(7) return ((x-1) & ~mask) | 1 & mask;

M 21 uaastamds Tsunsunasnnmdanss Taa ldgnsnalal
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AVoeaals x

Value

x=0

x=0

condl=1

cond2=0

cond3=0

shift=31

mask=0

# ((x-1) & ~mask) | 1 & mask
# ((0-1) & ~(0)) | 1L & O

# return -1

x=1

condl=0

cond2=1

cond3=0

shift=31

mask=0

# ((x-1) & ~mask) | 1 & mask
# ((1-1) & ~(0)) | 1L & O

# return 0

x=2 &2

condl=0

cond2=1

cond3=0

shift=31
mask=ffffffff

# ((x-1) & ~mask) | 1
# ((2-1) & ~(-1)) | 1
# return 1

mask

&
& (-1)

o w
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1.5. “Lazy” evaluation
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nngedvesldalunmii 23 Wuyamdsids i ldhmsdslzeaussousay

S ° g 4 o " 2 o
U new_pair %:wwﬂwiﬂszuaawanﬂq ﬂiﬂﬁﬂﬂﬂTﬁﬁHﬁaTﬁﬁfﬂi Uszurana uANN1VDY
. yd 1 A I a A 7 o & A o 9 o '
newton_pair %gﬂ%ﬂ@mma ev_flag WHTUNEUMIUY ATHUINBIS1IINTENY AT U0

[

. 9 ] o @ ~ o Y .
new_pair L%11ﬂ®§ﬂ181uﬂiﬂlﬁnivnﬂ1umﬂﬂ ev_flag ANNTINN 24 e ld newton _pair §f

4 1 o o 1 o a 1 g}/
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(1) int newton pair=force->newton pair;
(2) if (evflag) {
(3) ev_tally(i,j,nlocal,newton pair,

evdwl, ecoul, fpair,delx,dely,delz);

M 23 uaastamds Tsunsunouyinsud lvilaym Lazy evaluation

(1) if (evflag) {
(2) int newton pair = force->newton pair;
(3) ev_tally(i,j,nlocal,newton pair,

evdwl,ecoul, fpair,delx,dely,delz);

M0 24 uaastamds Tsunsunuasiimsud ludym Lazy evaluation
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) 4 A s A o ° s 9
iiveld1dins0enounuaesotanasuiuay unaaleiualenufe Rock Cluster,
. ' ) .
Mac OSX 8% Ubuntu #eioyalaoazid snvewaazunaaroinlduaaslilumsen 2
[ 9 A o Y (% A . o = 1 o 2’,
aauteyaniu 191unsiana Ao S-mer peptide FIUNTEITIUIU 100,000 AFS Tagnans

U

A o I a a ~
V]ﬂa@\jﬂaﬂma']ﬂluﬂ"|§ﬂ§311'JaWalﬂu’)u1ﬂllﬁﬂ\11'ﬂuﬂ1§1\1ﬂ 3

' 9
[

a ) ' ¢ Ao Y 2
A19319N 2 Llﬁﬂﬁﬂlaia!aﬂ]ﬁ]\‘lll@ﬁ3LLWﬁ15]V\I’E]ijJ‘V]u']iJ']sl,%GlUﬂ']i‘ﬂﬂﬁ@\iﬂi\iu

Platform Hardware Software
Rocks Cluster | 2xCPU Intel(R) Xeon(R) CPU OS: Rocks Cluster 5.4 (x86-64)
E5620 Quad Core @ 2.40GHz
RAM 16 GB Compiler: gcc version 4.1.2 20080704
(Red Hat 4.1.2-48)
MPI: OpenMPI 1.4.3
Mac OSX CPU Intel(R) 3520M Dual-core 0OS: Mac OS X 10.8.5
@ 2.9GHz
RAM 8 GB Compiler: gcc version 4.2.1 (Based on
Apple Inc. build 5658)
MPI: OpenMPI 1.6.5
Ubuntu CPU Intel(R) 3520M Dual-core OS: Ubuntu 64 12.04.3 LTS
@ 2.9GHz
RAM 2 GB Compiler: gcc version 4.6.3 (Ubun-
tu/Linaro 4.6.3-1ubuntu5)
MPI: OpenMPI 1.4.1
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[ IS

o A 4 { o Aa [ o
auiiumsaoulnaldsunsy  LaMMPS @ ladutiumsdivlgeaussouzudincds

o L:'BI o Y] = a 2 dy Jd A A
uwaavlesundesnmsezriinmsiana ¥eluanuised wlll 3 uwaaWeiufe IBM Cluster 9
M91U3IWAY CUDA, Mac OSX a2 Ubuntu Linux A1dan 14 1umsuila LAMMPS d115un13
MOULUDUUIUAD make openmpi HATUUVBIAUAD make serial FIAI0E19VOIMTITIHTY

msmausuudduuaad 13 luaiwn 25

compute msd molecule.cpp fix press_berendsen.cpp
compute msd molecule.h fix press berendsen.h
compute pair.cpp fix print.cpp

compute pair.h fix print.h

veerapongs-MacBook-Pro:src veerapong$ make serial
g++ -0 -DLAMMPS GEIP -I../STUBS =M pair comb.cpp > pair comb.d
g++ -0 -DLAMMPS GEIP -I../STUBS -c pair comb.cpp

MNA 25 uaansmda]aniyve11sunsy LAMMPS tiua1al

9 o <3 o
naannimsudaldsunsy LAMMPS @unissudesudlraziimsdszuiana Tusunsy

[ I e’g,/ 1 { o g’/ (% H 1
LAMMPS saunu ndasanm Iavimsaauerieasln 26 1azilszurana Solvated 5-mer

U

. I o ] & o ¥ Aq ¥ v A = g o
peptide wWudmaumswe 100,000 733 Iﬂﬂﬂ']ﬁ\jﬂalsb'ﬂﬁgil'JaWallﬁﬂ\iﬂ\jﬂ']W‘VI 27 gt umdq

A o q ¥ &I v o v J Y
%ﬂWiﬁTﬂiuﬂiMﬂi%MﬁﬁNﬁuﬂiﬂﬂﬂﬂﬁﬁﬂ1MuﬁﬂﬂNaﬁWﬁﬂﬂﬂM1%1QWu1ﬂ®uﬁﬂQNa



# Solvated 5-mer peptide

units real

atom_style full

pair_style lj/charmm/coul/long 8.0 10.0 10.0
bond_style harmonic

angle style charmm

dihedral style charmm
improper_style harmonic
kspace style  pppm 0.0001
read_data data.peptide
neighbor 2.0 bin
neigh modify delay 5
timestep2.0

thermo_style  multi

thermo 50

fix 1 all nvt temp 275.0 275.0 100.0 tchain 1

fix 2 all shake 0.0001 10 100b4 6 8 10 12 14 18 a 31
group peptide type <= 12

#dump 1 peptide atom 10 dump.peptide

#dump 1 peptide image 25 image.*.jpg type type &

# axes yes 0.8 0.02 view 60 -30 bond atom 0.5

#dump modify 1 pad 3

#compute bnd all property/local btype batom1 batom2
#dump 2 peptide local 300 dump.bond index ¢_bnd[1] ¢ bnd[2] ¢ bnd[3]
run 100000

d' =2 (g‘z 1 .
PN 26 uanine 1WdasA1vee Solvated 5-mer peptide
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veerapongs-MacBook-Pro:peptide veerapong$ nohup ./lmp serial < in.peptide &
[1] 4858

veerapongs-MacBook-Pro:peptide veerapong$ appending output to nohup.oot

' v
oo o

MW 27 vaaanamdanda i 1dsunsy LAMMPS ¥Mauuuudia

v | 4 o < o !
wasnnd ladehilszuanalisunsuilunizoudesudaliassihinsasiaaougnon
1 o oA 1 . [ [ A =
Nhlsunsurhauegnse liTasasiadouain Logging voeTsunsudwaasdsnini 28 a9
v = B~ 9 . 1 o ] 1% Y
amnims/asun)asvestoyaly Logging taasnlisunsuynued tagnannauga

M3auveallsunsy Logging Y84 LAMMPS v2i3uaanini 29

6.6319 (sec)
=5242.7116 1098.4817 Temp 273.0436
-6341.1932 E ] 16.3397 E_angle 37.0700
16.2130 E_: 2.9105 E_wdwl 698.2117
26791.5873 E__ =33903.5253 Press -2T76.4768
cPy = 7.4783 (sec)
=5289.3114 1107.8454 Temp 275.3711
=6397.1568 E_] 22.0946 E_angle 31.6180
20.7305 1.9198 E_wdwl 690.5844
26744.2913 -33908.3954 Praess =-1552.8455
SHAKE stats (typefave/delta) on step 500
4 1.111 2.69B07e-07
6 0.997 2.69538e-07
B8 1.08 2.5317e-07
10 1.111 3.17036e-07
1.08 1.38902e-07
0.96 0
0.957201 3.83275e-06
104.52 0.000412004
CcPy = 8.3308 (sec)
=5320.0981 1090.9940 Temp 271.1824
-6411.0920 E_] 13.1791 E_angle 33.2942
17.9521 E_: 1.2339 E_wdwl 667.9731
26766.8138 E_ =33911.5381 Press =1584.9569
cPy = 9.1991 (sec)
=5302.0011 1110.6866 Temp 276.0773
-6412.6878 E_] 19.9748 E_angle 30.0551
18.7455 E_: 1.43%4 E_wdwl 654.7827
= 26771.1212 = -33908.8065 Prass -1877.8923
SHAKE stats (typefave/delta) on step 600
4 1.111 2.92417e-06
& 0.997 B.BB639e-08

WA 28 UEAAIDI Logging ¥0411/511n50 LAMMPS vtz vy
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Step 100000 1984.6090 (=ec)
=5270.6700 EinEng 1110.1940 Temp 275.9549
-6380.8640 E_bond 20.7139 E_angle 33.1665
19.5743 E_impro 1.2858 E_wdwl 687.2401
N 26764.3882 E_long -33907.2329 Press -717.4548
Loop time of 1984.61 on 1 procs for 100000 steps with 2004 atoms

Pair time (%) = 1533.36 (77.2626)
Bond time (%) = 4.43877 (0.22366)
Kepce time (%) = 178.286 (B8.98345)
Meigh time (%) = 236.342 (11.5087)
Comm time (%) = 9.39642 (0.473465)
Outpt time (%) = 0.0700452 (0.00352942)
Other time (%) = 22.7161 (1.14461)

FFT time (% of Kspce) = 52.3184 (29.3451)
FFT Gflps 3d (1d only) = 1.04816 1.50173

Nlocals: 2004 ave 2004 max 2004 min
Higtogram: 1 0 O O O O O D O O

Nghost: 11276 ave 11276 max 11276 min
Histogram: 1 0 O 0O O O O O O D

Meighs: 707575 ave 707575 max 707575 min
Histogram: 1 0 O 0 0 O O O O O

Total # of neighbore = 707575
Ave neighs/atom = 353.081

Ave special neighs/atom = 2.34032
Neighbor list builds = 8440
Dangerous builds = 0

MW 29 1AAIDN Logging Y03 1151051 LAMMPS HA491n@Ugan1541911
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M15190 3 naasdetoyaves Rock Cluster NTMsmuuvyuuTagld MPI S119u 16

Triua
Rock Cluser — MPI
a U‘U‘?; Unoptimized (sec) Floating-point reordering (sec) Best (sec)
1 791.99 787.59 738.82
2 792.8 792.19 748.54
3 796.02 781.62 741.36
Average 793.6 787.13 742.91
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Rock Cluser — Serial

Technique Unoptimized (sec) Floating-point reordering (sec) Best (sec)
1 3912.01 3817.36 2824.92
2 3901.71 3825.06 2815.65
3 3897.32 3840.18 2832.53
Average 3903.68 3827.53 2824.37

d‘ =® 9 A o 9 o
AN S Llﬁ'ﬂ\‘lﬂﬂmﬂyjﬂﬂl@fl Mac OSX ‘V]ﬂJﬂ'li‘]/l'l\Tluu‘]J‘]_lellu’luIﬂﬁlsl“]f MPI 91UIU 4 Iﬂuﬂ

Mac OSX — MPI

Technique Unoptimized Floating-point reordering Best
1 937.23 929.94 774.78
2 946.82 917.41 773.73
3 1113.85 914.39 780.14
Average 3903.68 920.58 776.22
M3 6 1AAIDIY0YaVeY Mac OSX fmahaunudidy
Mac OSX - Serial
Technique Unoptimized Floating-point reordering Best
1 1984.61 1856.89 1456.32
2 2043.8 1858.97 1455.54
3 1893.42 1792.92 1455.96
Average 1973.94 1836.26 1455.94
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Ubuntu — MPI
Technique Unoptimized Floating-point reordering Best
1 964.64 928.2 813.64
2 937.3 922.58 831.41
3 1037.4 923.76 801.4
Average 979.78 924.85 815.48
M 8 iAAsnaTe3Avee Ubuntu Amamhaunu§isy
Ubuntu — Serial
Technique Unoptimized Floating-point reordering Best
1 2015.43 1772.66 1545.86
2 2012.91 1759.55 1555.93
3 1969.33 1828.49 1539.67
Average 1999.22 1786.9 1547.15
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a 2 = s
MAMINN 9 memnaﬂumiﬂizmaNmmumaﬂm@mﬂuwamlam

Rocks Cluster Mac OSX Ubuntu
Criteria (sec) (sec) (sec)
MPI Serial MPI Serial MPI Serial
Unoptimized 793.60 | 3903.68 999.30 | 1973.94 | 979.78 | 1999.22

Floating-point reordering 787.13 | 3807.53 920.58 | 1836.26 | 924.85 | 1786.90

Best 74291 | 2824.37 776.22 | 1455.94 | 815.48 | 1547.15

[ l-ﬂ' Y d' 9y o a /=R A 49!
waanni laamasuudusazihun ime i S namsmuiueIdNss  auzved
: ‘ < 4 2 <
Tsunsu gedoyalumsin 10 lduaasliiiudalSmamsmuiuvesaussousiy
sl IR = A T o gA 1 aX s
wofisua Fannqunaareiunliaussouziaruuanaianull uandenarunnqunaavlesy

v
A

A = 73 odaX o o ' s A =~ o
M135199 10 uaasdalesisuanavud msumslseuianaluuaazunaavosulomeuny

ﬁaunmﬁuﬁmmuz
Platform Rocks Cluster Mac OSX Ubuntu
Parallel/Serial MPI Serial MPI Serial MPI Serial
Floating-point reordering 0.82% | 2.46% | 7.88% 6.97% | 5.61% | 10.62%
Best 6.39% | 27.65% | 22.32% | 26.24% | 16.77% | 22.61%
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Original
File Line of Code
math_const.h 32
neight half bin.cpp 487
neighbor.h 392
pair_ij_charmm_coul long.cpp 1014
pppm.h 3014

Y . { Y g oy v
M15190 12 UAAID Line of Code v0 T1)sunsufignun lulaiwe 1w 18 Best performance

Best performance

File Line of Code
math_const.h 1
neight half bin.cpp 20
neighbor.h 8
pair_ij charmm_coul long.cpp 67
pppm.h 38
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Floating-point reordering

File

Line of Code

math_const.h

1

pppm.h

38

M15197 14 1EAIEN Line of Code voaT1l5unsuiignud lvliudazas lugiuounlesidud

Optimization method Line of Code (%)
Best 2.69
Floating-point reordering 1.38
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Q
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o v U s A ES @ {
Uszuanauyuaay muwamimamuuuwam\lainﬁmuuuammgﬂﬁ 30

B Floating-point reordering M Best
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00% -
MPI Serial MPI Serial MPI Serial
Rocks Cluster Mac OSX Ubuntu
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