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Fast Quad-Precision Operations On Many-core Accelerators
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In this paper, we present a performance analysis of many-core accelerators
like GPU and GRAPE-DR with a special attention to an emulation scheme
of double-double (DD) operations. The emulation scheme requires 20 and 23
double operations for add and mul DD operations, respectively. Accordingly, a
performance of DD operations on a general purpose CPU is at least 20 times
slower than its performance of D operations. In addition, the CPU has only
16 logical registers so that an optimization technique called loop-unrolling to
hide latency of D opearations is not effective. On the other hand, many-core
accelerators have much many logical registers of more than 30,000. That is the
loop-unrolling technique is highly effective on many-core accelerators to com-
pletely hide the operation latency. We have developed a basic library for RV770
GPU and GRAPE-DR and a compiler system for the many-core accelerators.
The obtained performance of DD operations on RV770 GPU and GRAPE-DR

is 30 - 90 times faster than the performance of the general purpose CPU.
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GRAPE-DR 390 195 512 256 0.38 SING
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goooooooo.oooooooooooooooooooboooboo 10000, oo0o,
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oboooooooboooo,0o0o0obo0obO0obooobooobocooboooooboOo. ooo
g,00000b0o0oooooboooooooboooooooboo,obooooobooboooon
go0o0o,000o0ooo0oooooooooobooooobooboooboooDo. bobo,01000
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LMEM xx, yy, cnt4;
BMEM x30_1, gw30;
RMEM res;
CONST tt, ramda, fme, fmf, s, one;

zz = x30_1*cnt4;
d = -xx*xyy*s-tt*zz*(one-xx-yy-zz)+(xx+yy)*ramdax*2 +

(one-xx-yy-zz) * (one-xx-yy) *fme**2+zz* (one-xx-yy) *fmf**2;

res += gw30/d**2;

01 010000000000000000O00C00O0OO0CODOOO

VLIWOOoOOoOOoOO 48100000000, RVT700 VLIWOOOOOOOO,01000
ODbbOOOOOOO0OO,VLIWOODOOOOOOOOoOoOoOoooooooooo. o
000,0000000 GRAPE-DROOUOOOOOODOOOOO.OO,0000000
goooooo,0b0o000o0o00 54000000000000,3,2100000000
000000 14,74200000000. 000,0000000 81%0000,0000
OoTpO0OOOO0ODOOOOO,420000000000000000000D0O00. 00,
gooboooooobooooooboooooobbo3ooooD. oboog, TPO00O0DDOO
gogobooobboooboboobb,boobbbooobbuooobboa.

00000 RV7700 1000000 Radeon HD4870 O OO (DO OO OO 750 MHz)
ooooboo. NOOOOD, 256,512,1024,2048 0000000, O0O0OO0O0OO
~ 6.43,7.14,7.46,7.57 GFLOPSO DDOOOOO00OOOOOOO. 00O, 00000
0000 GRAPE-DROOOOOOOOOO. NODODOOOODOOOOOODO, GRAPE-
brROOOOOOOOOO. bOO0,0000000C0000O0C0O0O0O0DOOOOOOO.
GRAPE-DR model 450 0 PCI Express x4 0000000000000, HD48700 OO
0 PCI Express x16 (gen2) 00 O0O0O00O00O.

5.4 0O a

0 40, GRAPE-DR O GPU, 000 Inte Core i7920(0 00000 2.67 GHz) OO
0000000000000 00000000000. Corei7T00O, NOODODOOOOO
O0000o0ogsoMFLOPSOOOO. 000 30000000000 00O000O00O
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| N=256 | N=512 | N=1024 | N =2048 | clock |
0.21 1.21 7.83 55.1 380

GRAPE-DR
RV770
Core i7

0.09 0.66 5.03 39.7 750
7.39 59.0 472 2670

04 0 1000000000000 DDOOOOO0ODOOOOOOODOD (O0): clockOOO0OOOO0O MHzO
00.0000D0 Cerei7000D000O000OOOOOOOOODODODODO.

000000,0000 3N*0000000000000. 0000000000000
O000000,1coreJ0000 CPUODODOOOOOODOOO33-940000000
O0000000000. 0000000 0oUDU0oU0oOO, GRAPE-DR(380 MHz) O
Core i7(2670 MHz) O 37000000, RV770 GPU(750 MHz) 0 44000000. OO
gooobooooooooooooooobooooo,oo0obc0o0obobo0ooboobooOooDoboo
oooo,bboo0oObooooOooO0o0o0ooooooooooooooooooOooon.

6. O 0O O

OooooooooOoOOODODOOOOD0OO00, KnuthO DekkerOOOOOOOOODO
0000000000000 00O0O0O0. RV770 GPUO GRAPE-DROOOOO 2000
goooboooooooooooooooooo,ooooboooobooobooooooboboo
gooooocpuOoOoOoOoOoOoDOOOOD,000000000O000OO0O00OOOOOO
goboooobooobooooooooo.oooo,bboooboobooooobooboooo
goobooooooboooboooooo,0obbooooboooboooooboboooooDo
oooog.

oboooooooboooooobooooooboooooooboO,DbDbboOoOoon RVT70
GPUO GRAPE-DROODOOOOOO,0000000000000O0O0O00OCOOOO
0000000000000 000. 0000000000, Intel Core i70 1 core 0O
gooooobso-9ooooobo.bocdoboboobouoooboooooooboboooooonoa
oo0,000000000000000DDOOODOOOOOOOOOOOODODOOOOO
oo. 000,00 DbO0O0OO0OOOOOCOOOOOOO. O0,DDOOO0OOOOO
goobooooobooboooo,oboo0oobobo0uboobo0ooboOo0ooobooOoooonn
go.obo,0o0oo0o0obooocoooo,b0booc0ooobo,000oooOoboOooooDooboo
goboooobboooooobooooooon.
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