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Processor Architecture for Molecular Orbital Calculation

MUNEYUKI HARADA,"? KENTA NAKAMURA,™ YOUJI KUWAYAMA, !
MASAMITSU UEHARA,?2 HISAO SATO,?? SHIGERU OBARA, 13
Hiroak1: HoNDA, 3 UNPEI NAGASHIMA, ' YUICHI INADOMI?5

and KAZUAKI MURAKAMIt!

‘We are developing a custom processor for ab initio Molecular Orbital Calculation to reduce
the calculation time. Using characterization of two-electron integrals in the “Obara method,”
it is possible to reduce the calculation time. This paper describes an outline of processor
architecture for Molecular Orbital Calculation. We propose and evaluate organizing method

for Recursive Function Engine which a part of custom processor.
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Fig.1 Procedure of ab initio Molecular Orbital
Calculation.
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Fig.2 Loop structure of the Obara Algorithm.
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Table 1 Computation time for some peptide molecules.

gooooo G GA GAQ GAQM GAQMY
ooo 10 20 37 58 75
oooooo 55 110 207 316 427
gooooooo 0.1 0.6 4.4 18.9 57.3
O gooooooo 0.1 0.3 1.5 5.0 10.1
O goooooooo 22.9 269.4 1871.0 8482.1 23284.3
0 oooooooo (96.6%) | (98.7%) | (98.6%) | (98.8%) | (98.6%)
O ogooooooooo 0.2 1.7 11.0 60.9 211.7
(s) goooooooo 0.1 0.3 2.2 9.15 27.5
Total 23.7 272.9 1892.7 8584.9 23614.5
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ERIL1111_recursiveBI# ERI_reccal_0001_0000RS #
HAEEHSE ) en O BRI T hea [ )
ERI_reccal 0100.0000 FFUFER T LR A tweds f
: High [ 1] = ERI_DCy * Medl [
Recursive B %L ERI_reccal_0200_0100 FETAH L + ERI_CDy * Med2 [
(ERI_1111_recursive) T + ERI_BAy * Med3 [
H + ERI_ACy * Med4 [
ERI_reccal 0202: 0201 PEUAH L fien O3 2 E::_ggi . :igl F
Horizontal B8 % o - - _ T ERITAG: ~ Medd E
(ERI_1111_horizontal) —

ERI_1111_horizontal B %k

((ERLhorcal 1120 b FETFX
ERI_horcal_1110_b BF
ERI_horcal_1111_d BETX

03 0DOO0oooo

000 ERILhorizontal 0 0 00000000 0OOOO
000000000000 00 ERIreccal 0000
OU0OERILhorcal 00O OO0 0OOODOOOOOOODOOO
000000000 00000000 ERI horizontal
O0o0o0ooOooooCooDoOoOoOoOooooooooo
(ss,ss) 00000000 ODOOOOOOOOO (ss,s8)
000000oooo0oooooUooooooooo
000 ERIreccal0 00 ERIhorcal OO OODODO
O000O0o0oDoDO0ooOooooOoDooOoooooooo
00000000000 ooooooooooooo
0000000000000 ooooooooooo
00000o0ooooooooooood

3. DOobOOO0O0OOoO0oO0obOOoooboooon

3.1 0O0OO0OO
00 4000000000000oooooooo
oobooooOoooooooooooooo0og VLIW
O Very Long Instruction WordOO OO OO0 OO0
ooooooooooooooooo
e JIUIDOUIDDOODDOODODDOODLDUDOUDODO
O000000o0ooooooooooooon

HU

ERI_horcal_1120_bRBi#k

Targ [ 0]
Targ [ 1]
Terg [ 2]

= High [ 0] + ERI_ABx = Low [ 0] :
High [ 1] + ERI_ABx = Low [ 1] :
High [ 2] + ERI_ABx * Low [ 2] :

HU

Targ [ 53] High [ 17] - ERI_ABz * Low [ 17] :

Ooooooog (pp,pp)d
Fig.3 Hierarchical structure of a reccurrence calculation.
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Fig.4 Overview of a custom processor architecture.
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Fig.5 Execution flow of IIC engine and RC engine.
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Fig.6 Statement.
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Table 2 Latency of each functional unit.
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Issue Latency 1 1
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Table 3 Evaluation models.
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FP2,1,1 2 1 1 2 2
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Fig.7 Performance comparison among FS, FP, and SP.
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Fig.8 Performance comparison among different organization of FP.
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Table 4 Comparison of internal program memory size.
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