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Fast Multiply-add Operation with Quadruple Precision on SR11000/J2
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It is important to develop the numerical computation and to increase the performance of
parallel computers so that the large scale computation is required in the scientific research
fields. Generally, floating point arithmetics generate rounding error because of its limited
significant figures to need more complexity. Therefore, quadruple precision arithmetics has
been paid more attention today. Quadruple precision arithmetics are emulated with a pair
of 64-bit double precision representation with Hitachi optimizing compiler on SR11000/J2.
In this paper, we introduce the quantitative analysis of quadruple precision arithmetics. We
implemented and attained 1.5 times maximum speed up with FMA (Fused Multiply-Add)
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instruction by reducing the number of operations.
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Table 1 Data format of IEEE754 double precision and quadruple on SR11000/J2.
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Fig.2 The flow of addition on FPU.
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Fig.1 SR11000/J2 node.
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0 3 SR11000/J2 0000 4000000000000000OO0
Table 3 An error case of addition in quadruple precision on SR11000/J2.

40000 2000000
a 010- - -(50 bit)- - -10110- - -(48 bit)- - -10
b 100- - -(50 bit)- - -01100- - -(48 bit)- - -0

a+b00) 11 - (51 bit)- --0001 - --(49 bit)- - -100
a+b0000000000) 11 ---(51bit)---0001 ---(49 bit)- - -000

02 00oooOoooooo
Table 2 compile option.

gooooooooo

ooo C cc -Os +Op
gooooo -noparallel
4000 -roughquad

gooooooool1oooooooooooooon
gobooobool1oooooooooooooooo
goboooboooo
goooooboooooooboooooobbooooo
gooooooooo2b00000o0ooooooon
O0O0OBLASOOOOOOOO 3000000000
coobobobooobo40000000000000
goooooooooooooboooobooooo
ooboooooobod

6.1 0000
goboooooooooooooboooooooo
SR11000/J2000000 COOOODO 01-03-/A 0O
OO00O0OO0oOogoSO IBM AIXOOOOO 5300
gobooooooboooooobooOoooooono
goboodo 20000

6.2 0 0O0OO

321000000004 000000000O00O0
goooboboooo 200000000000000
goooobooooooooooooooooooo
Oo00o0o0ooooooooooooOo LSBOoOOO
ooooooos3oooboooooooooooon
OO0OO0OO0 LSBO 100O0OCOOOOooogood
O00o0o00oOooooLSBO ogdoogooLSB
goooooooooooboooooooobooooo
goboooobooooboo3booooood
6.3 400000

040000000004 00000100000
Oo0O0O00000000 5000000 MQFlops
O000000L20half00 L2000000000O0O0
L20fqllD0000000000000000o0ouTO
L30ooooo1s000000000000
40000000000 000O0OOOODODOO
gooooooobOoobooooobobooooooo
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Table 4 Clock counts in quadruple precision addition.

goooooooo

datasize 1 2 4 8
L1 27.4 16.5 12.0 8.9
L2(half) | 27.0 16.7 12.6 9.2
L2(full) | 27.6 17.1 12,9 10.2
L3(half) 29.0 19.1 14.6 13.3
L3(full) 30.4 205 16.8 15.2
ouT 33.4 25.7 21.1 17.9

05 0000000 [MQFlops]
Table 5 MQFlops in quadruple addition.

ooooooooo
datasize 1 2 4 8 Hitachi
L1 103.65 139.20 191.06  258.00 242.94
L2(half) 103.00 137.27 176.45  247.06  242.41
L2(full) 99.80 131.37 168.17  225.09  220.62
L3(half) 84.60 107.57 128.69 172.04 177.98
L3(full) 77.37 95.61 112.20 142.60 144.35
ouT 81.38 90.80 112.63 131.58 129.59

06 400000000000D0O00ODOOO
Table 6 Clock counts in quadruple precision

multiplication.

goooooooo

datasize 1 2 4 8
L1 13.4 9.0 8.0 6.4
L2(half) 13.8 9.3 8.3 8.7
L2(full) 14.2 10.0 9.2 8.4
L3(half) 17.1 13.8 13.0 13.3
L3(full) 18.5 16.0 15.9 15.9
ouT 23.3 18.1 17.1 16.5

gooooo40000000100000D0OO
gooooooooooooooboboooooooobo
OoooooooOs0000000D000 L10 L2
goooobooooooooobooooboooooo
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07 40000000000 [MQFlops]
Table 7 MQFlops in quadruple multiplication.

ooooooooo
datasize 1 2 4 8 Hitachi
L1 171.63  254.73  287.84 357.90  250.94
L2(half) 167.30 243.80 274.67 261.87 242.93
L2(full) 161.18 225.48 247.12 265.76 224.63
L3(half) 133.57 165.22 175.44 169.66 185.76
L3(full) 115.06 126.40 132.62 140.51 152.53
ouT 101.29 129.30 122.45 124.48 120.31

08 4000000000000O0O0DOOO
Table 8 Clock counts in quadruple precision multiply-

add.
goooooooo
datasize 1 2 4 8
L1 43.2 28.9 23.2 17.8

L2(half) | 41.3 28.9 227 17.1
L2(full) | 40.1 29.2 221 17.0
L3(half) | 41.6 30.7 24.3 187
L3(full) | 43.0 31.9 254 204
ouT 45.5 357 30.9 24.9

09 4000000000000 [MQFlops]
Table 9 MQFlops in quadruple multiply-add.

ooooooooo
datasize 1 2 4 8 Hitachi
L1 106.46  159.02  198.42  257.60 167.62
L2(half) 111.90 161.10 204.05 274.00 178.72
L2(full) 116.34 161.92 216.61 285.81 189.42
L3(half) 116.19  160.44 200.78 279.32  189.49
L3(full) 115.47  159.97  206.57  259.71 188.83
ouT 115.92 161.62 212.45 258.95 189.31
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