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Background




Simple Introduction of GROMACS

GROMACS: One of most
popular Modular Dynamice
applications

Have a wide used area in the
field of chemical and bi-
molecular system

The performance of
GROMACS on SUNWAY
TaihuLight 1s not very well
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Short-Range Interaction of GROMACS

Rcut—list

Make a neighbor list for every
particle

Calculate interactions basing
on the neighbor list

Update the information of
every particle

Neighbor list will be rebuilt in
a certain step




The SW26010

: CPE Cluster ., MPE
CPEO . CPE64
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memory architecture
of one CG in SW26010



Related Works
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2013 A flexible algorithm for calculating
pair interactions on SIMD architectures.
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Strategies




Strategies  Restructure Data

Position array Type array Coulomp array
P, X1 Vi Z1 P t P ¢l . Make the data of same particle
P | x| m» | » P, | 1 P, ¢ contiguous
Py | x3 | y3 Z3 P3 13 P3 3
Py | x4 | y4 24 P4 1 P, c4 . Improve the bandwidth
@ . Reduce the time of memory
Particles package acecess
P | x VI Z] 4 €
P, | x | » | 22 ) 2
P3 | x3 | y3 | z3 &} €3
Py | x4 Y4 Z4 4 C4




Strategies  Restructure Data

Restructure Data

Position array Type array Coulomp array 500

Py | x A Z Py g P €]
450

Py | x3 V2 22 Py ) Py 2
400

Py | x3 | y3 Z3 P3 13 P3 3
Py | x4 | va | z4 Py | 1 P4 C4 350
@ 300
Particles package 200
P | x VI Z] 4 € 150
Po | o | | 2| 6 | o 100

133.62
P3 | x3 | y3 | z3 &} €3 o
Py | x4 Y4 Z4 4 C4

0

Oiri Pack

Time calculate 1.2M particles 1000 iterations on 1CG(/s)



Strategies Read Cache

1.Decompose Address

Particles Package

T 4 Read data

24bit 5bit 3bit
tag index | offset
| » Cach line

v
2.Compare [« tag |index | Cache Line
tag |index | Cache Line
if # tag |index | Cache Line
tag |index | Cache Line
tag&index tag |index | Cache Line
tag |index | Cache Line

CPE T
MPE »{ index | Cache Line

3.Fetch Cache Line
from MPE

Increase bandwidth

Reuse the date in LDM

Reduce the times fetch data
from main memory



Strategies Deferred Update

1.Decompose Address Force
24bit Sbit 3bit 5.Update Cache
tag index | offset Force
I »{ Cach line
2.Compare [<€ tag |index | Cache Line
tag | index | Cache Line
if # tag |index | Cache Line
tag |index | Cache Line
tag&index tag | index | Cache Line
tag |index | Cache Line | 4.Fetch MPE Copy
CPE T Force
MPE ¢
»{ index | Cache Line index | Cache Line

3.Update MPE Copy

Force

Increase bandwidth
Reuse the date in LDM

Reduce the times update main
memory



Strategies Deferred Update

1.Decompose Address Force
24bit Sbit 3bit 5.Update Cache
tag index | offset Force
I »{ Cach line
2.Compare [<€ tag |index | Cache Line
tag | index | Cache Line
if # tag |index | Cache Line
tag |index | Cache Line
tag&index tag | index | Cache Line
tag | index | Cache Line
CPE T Force
MPE ¢
»{ index | Cache Line index | Cache Line

3.Update MPE Copy

Force

4. Fetch MPE Copy

500

450

400

350

300

250

200

150

100

50

Deferred Update

X23.21

450.45

133.62

19.4 P

Ori Pack Defferd Update

Time calculate 1.2M particles 1000 iterations on 1CG(/s)



Strategies  Vectorization

Particles Package

Py | x V1 21 4 C

P | x | » | 2 P )

P3 | x3 [ y3 23 13 C3

Py | x4 Y4 24 1 C4

Particles Package

P P, | P | P | P
X Cal X1 X9 X3 X4
y & Y1 Y2 )3 Y4
Z <] Vé) <3 4
t 8] [9) 3 4
C C1 oy C3 C4

Make registers could fetch the
four floats once

Save the pre-treatment time

Translate the data by Vshuffle

Reduce the post-treatment
time




Strategies  Vectorization

Initial
x[xxGlxl v [z]z]z)z
)(Il X2 ){3 X First Shufﬂe Yll Y2 ):3 Y4
Y .Y
01 A L 71 P P 2
Y .Y
XX ulZ:|Z
Y11T2Y311’4 e 2121223214
Y .Y
Yo|YalZH|Z4
X.I X5 )Tl 2 Second Shuffle ){2 X ZI1 2
Y .Y
1:2 Y4lez4 X121 X11X31Yy {3
Y .Y
YH|Z-| X5l Y-
X|X]2|Z; Aol nlvz|z,
Y .Y
23X Yl Z4
End
Kvlzlx] Mz [zkd]r]z)]

Make registers could fetch the
four floats once

Save the pre-treatment time

Translate the data by Vshuffle

Reduce the post-treatment
time




Strategies  Vectorization

Initial
s nio s g TR D T e Vectorization
Xl X2 X3 X4 First Shufﬂe Yl Y2 Y3 Y4
1 | 1 | 500
Y .Y
01 A L 71 P P 2 450
v . VY 400
XHo\XalZ1|Z
V1| Yo|Y3[Yy i YAV VA VA 350
1 1 1 |
Y .Y 300
Yo|\YAZH|Z.
---------------- e e 250 450.45 X40.87
X;l X5 Yll 2 Second Shuffle ){2 X ZII 2 200
Y .Y 150
XY q1Z11X
1:2Y4lez4 T2 X11X31Yy {3 100
133.62
Y*Z X*Y >
* * Ori Pack Defferd Vec
Z3 X4 Y4 Z4 Update
"""""""" ST TTTTTssssmmmmmes Time calculate 1.2M particles 1000 iterations on 1CG(/s)
End
Kvlzlx] Mz [zxdvz]




cpe 2

!

copy 2

copy 2

Y
cpe 2

Y

copy 2

cpe 0 cpe 1
copy O copy 1
copy O] copy 1

Y Y
cpe 0 cpe 1
Y Y
copy O] copy 1
copy 0] copy 1

copy 2

Iinteraction

Strategies  Many Copies

initiation step

Keep a copy of the interaction
array for every CPE

All CPEs update their own
interaction array

Reduce interaction array
copies into one




Strategies Bit-Map

8*8*%4=256 particles

v

lineg

line;

line,

lines

liney

lines

lineg

line

NN LT

by
0

by
1

by
1

b3
0]

by
1

bs
0

be
0

b7
1

Keep the update state of a
cache line 1n one bit

Desert the 1nitialization step

Reduce the reduction step




Strategies

Bit-Map

Initiation step

cpe 0 cpe 1 cpe 2
copy O copy 1 copy 2J
copy 0] copy 1 copy 2

Y Y Y

cpe 0 cpe 1 cpe 2

Y Y ¢
copy O copy 1 copy 2J
copy O copy 1 copy 2
Interaction

without initiation

copy Of copy 1 copy 2J
Y Y
mark mark mark
etch initial
i‘ Y Y

cpe 0 cpe 1 cpe 2
copy 0] copy 1 copy 2
copy O copy 1 copy 2 |

Y Y
mark mark mark
l fetch initial
Y Y

copy 0

copy 1

copy 2

h'nteractioﬂ

Keep the update state of an
cache line in one bit

Desert the 1nitialization step

Reduce the reduction step



Strategies

Bit-Map

Initiation step

cpe 0 cpe 1 cpe 2
copy 0] copy 1 copy 2J
copy O] copy 1 copy 2

Y Y Y

cpe 0 cpe 1 cpe 2

Y Y ¢
copy 0] copy 1 copy. 2J
copy 0] copy 1 copy 2
interaction

without initiation

copy 0] copy 1 copy 2J
Y Y
mark mark mark
etch initial
i‘ Y Y

cpe 0 cpe 1 cpe 2
copy 0] copy 1 copy 2
copy O] copy 1 copy 2

Y Y
mark mark mark
l fetch initial
Y Y

copy 0

copy 1

copy 2

h'nteractioﬂ

Bit-Map
450.45 X 64
133.62
|
19.4 11.02 7.037
Ori Pack Defferd Vec Bit-Map
Update

Time calculate 1.2M particles 1000 iterations on 1CG(/s)



Other Optimization

*  Optimize the make list.

Optimize the MPI with RDMA. Re-implement the ALL to
ALL communication with RDMA.

*  Optimize the output step.







Benchmark
Key variable Value

Particles number 0.9k~3,000K
Nlist 10
Ns_type grid
coulombtype PME
rlist 1.0
cutoffscheme varlet




Accuracy
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Thre Energy and Temperature of the orginal code and the optimization code
in the benchmark of 3000K particles and 50000 time steps



Performance Evaluation Performance of different strategies

63
04 12K Particles 61602
| 24K Particles
| - 48K Particles i
540 4 | 96K Particles 1090749
3
o
2 23232323
20 - RE
{111 3333
0 = I | I I
Or1 Pkg Def Vec  Bit-Map

Acceleration of different benchmarks in one node in 1000 time steps



Performance Evaluation Compare with Other Strategies

Acceleration
Strategies

appliciations Interaction Kernel Entire
Hybrid Memory Update GROMACS Short-Range 16 5
Redundant Computation Approach LAMMPS L-J 32 16
Without Bit-Map GROMACS Short-Range 40 _
Bit-Map GROMACS Short-Range 63 30

Some related works in SUNWAY TaihuLight



Performance Evaluation Strong&Weak Scalable

128 | —— weak_scalable - Equation to calculate
g;‘ ] strong_scalable e the strong and weak scalability
i = T,
=¥ - - —
< lg_ _— Effweak(N) _T_
8 / . oN .
3 ; : _~ Ef fwear (N):The weak scalability in N thread
1 - " Ty:Time N thread spend
Iy

| | T | | | | | E N e
4 8 16 32 64 128 256 512 ffsmmg( ) N T
—- X1y

thread number 4.

The weak and strong scalability in different scales Effs trong (N): The strong scalability in N thread

In the strong scalability we keep the number of particles 1500K Ty:Time N thread spend
In the weak scalability we keep every thread contains 6K particles






Conclusion

We accelerate the Short-Range interaction in GROMACS
on SUNWAY -TathuLight whose performance 1s much
better than before

The bandwidth of our implementation has achieved the
peak bandwidth.

We propose a new strategy to solve the write conflict with
little performance loss. It could be use 1n many kind of
programs with write-conflict.

*  Our strategies could also be used 1n many other kinds
Modular Dynamice applications, including LAMMPS,
AMBER and so on






We may change the cache strategy to reduce the cache
miss rate.

Change the size of our particle package.

Optimize the calculation
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