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Scaling in Coupled Cluster theory
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Collection of results
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PQ

Operation
 Compute batch of
atomic integrals
* Transform to fragment
canonical basis
e Solve equations
e Transform to local basis

Designed for

* Restrained memory
requirements

« Easy hybrid
parallelization

1: for v do

10:
11:
12:

13:

15:
16:
17:
18:
19:
20:
21:
22:
23:
24
25:
26:
27:
28:

for o do
Calculate ga534
JayB8L — Z(s .(J("}.*};’ﬁ(SC(SL
gaspL = D3 9a78LCsD
JaybL — ZD g&ﬁ'DLUbD
Jaabl — ZA_E;I. .q&’}-'bLL’}-a
GeabL + = aca YaabL Lae
9aspj = 21 9asprLUjL
JaiDj — Zﬁ,ﬁ Ga~rDj L
.(]k?le‘I_ — aca JaiDj Lok
gaxDL = ) s 9aypLCyi
for C' do
YexkpL =
f( ‘KDL — Y¢ KDL/E( 7
Xeipy =2k X
X( iDj T = ZL

( KbL ZD

end for C
end for «
end for ~
Xciagj = > p XcipjUap
Xudj — Z( X( rdecC‘
Xorvr, = D XaxorUkk
Xawot = > Xawwr Ui
Gkicj — ZD gk'iDchD
Gaecbk — Yeabk — Z L Geabl Uk:L

— Z(,\»E(y qfl‘h DLC(},@'

C KDLU'iK

C ;iDLUj L
crxprUeD
Xaxve+ =2 cece XoxvUac



PQ

DGEMM

1: for v do

2: for o do

3: Calculate ga534

4: 9a38L = D5 9a785Cs1L

5 JgasyDL — zb’ 9o~ ,o‘LCo’D

6: JaybL = > p Ya5pLUnD

7: Jaabl — ZA_E;I. .q&’}-'bLL’}-a

GeabL + = aca YaabL Lae
y JaiDj = > 1 9a3prU;L

10: JaiDj = ZA,E@ Ga~rDj L

I griDj+ = aca JaiDj Lok

12: gaxDL = ) s 9aypLCyi

13: for C' do

14: 9erxpr = 2oaca 9ok DLC
15: f( xpr = 9eKxpL/SKL

16: Xeinr = 2k XexprUik
17. X( inj+ =2, XeiprUje
I8: Xexvr = 220 XexprUsp
19: Xaxve+ =2 cece XoxvUac
20: end for C
21: end for o
22: end for ~
23: Xcigj = > p Xcip;jUap
24: me => o XcigiUecc
250 Xowvr = 2 XarxvrUkk
260 Xowot = > Xakwvr UL
27: Gkicj — ZD JkiDj U(:D
28: Gaecbk — Yeabk — Z L Geabl UkzL
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OMP

DGEMM
(OMP)

OMP

1: for v do

2: for o do

3: » Calculate ga534

4: 9a38L = D5 9a785Cs1L

5 JgasyDL — zb’ 9o~ ,o‘LCo’D

6: JaybL = > p Ya5pLUnD

7: Jaabl — ZA_E;I. .q&’}-'bLL’}-a

GeabL + = aca YaabL Lae
9aspj = 21 9asprLUjL

10: JaiDj = ZA,E@ Ga~rDj L

I griDj+ = aca JaiDj Lok

12: gaxDL = ) s 9aypLCyi

13 » for C' do

14: 9erxpr = 2oaca 9ok DLC
15: f( xpr = 9eKxpL/SKL

16: Xeinr = 2k XexprUik
17. X( inj+ =2, XeiprUje
I8: Xexvr = 220 XexprUsp
19: Xaxve+ =2 cece XoxvUac
20 end for C
21 end for o
22: end for ~
23: Xcigj = > p Xcip;jUap
24: me => o XcigiUecc
250 Xowvr = 2 XarxvrUkk
260 Xowot = > Xakwvr UL
27: Gkicj — ZD JkiDj U(:D
28: Gaecbk — Yeabk — Z L Geabl UkzL




PQ

OMP

MPI
(OMP)

OMP

1: for v do

DGEMM

MPI_REDUCE

2: for o do

3: » Calculate ga534

4: JaypL — Z() 9das J’OC()L

5: JasybDL — zb’ 9gas ,o‘LCo’D

6: JaybL — ZD g&ﬁ'DLUbD

T: Jaabl — ZAE;}. Q&f}--bLL’}-a

GeabL + = aca YaabL Lae
9aspj = 21 9asprLUjL

10: 9aiDj = Y . 5 9ayDj L,

I griDj+ = aca JaiDj Lok

12: JakDL = ) 5 YarpLCyK

13 » for C' do

14: 9expr = 2oaca 9axDLCfhe
L5: f( kDL = 9eKDLIEKT

16: Xeiny = 2k XexprUik
17: X( wDjt = ZL

18: Xewor = 2p XexprUsp
19: Xaxve+ =2 cece XoxvUac
20 end for C
21: end for o
22: end for ~
23: Xcigj = 2. p XcipjUap -
24: me => o XcigiUecc
250 Xowvr = 2 XarxvrUkk
260 Xowot = > Xakwvr UL
27 Gric; = > p 9kipjUeD
28: Gaecbk — Yeabk — Z L Geabl UkzL

ciptUjLa— —
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Rank

Pair fragment MPI parallelization
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Pair fragment MPI parallelization
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Pair fragment MPI parallelization
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Pair fragment MPI parallelization
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Pair fragment MPI parallelization
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Pair fragment MPI parallelization
Numerical simulation

» 22484 fragments

* Fragment timing from serial
calculation (39000 node hours)

* Fragment parallel speedup from
sample benchmark

» 282 slots, size 64 (18048 nodes)

* Running time 2.17 wall clock hours
* Average idle time at end: 90 seconds
« 2500+ slots, size 1-16

* Very good scalability is expected



MP2 electrostatic potential
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Goals and Conclusions

* Perform massively parallel (18000 nodes)
MP2/cc-pVDZ calculation on insuline

 Show strong scalabiliy and short time to
solution

* Reduced / removed memory bottleneck
» Good parallel speedup for fragment calcuations
* Dynamic load balancing



Discussion toppics

» Skinny matrix multiplication

* Distributed matrix operations on GPU

* Tiled parallelization of the Algorithm

 Fair performance measurement

* PAPI for multiple parallel regions (solved!)
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