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High-performance Octuple Precision
Floating Point Processor

HisaNoBU ToMARI™? and KE1 HIRAKIT?

The faster the processor becomes, the larger grows the size of the problem
that the processor is capable of solving. The number of operations that are
applied to input data is subject to the size and the number of iterations. There
are algorithms where the error accumulates as the size or the number of iter-
ations increases. To apply these algorithms to the larger set of problems that
are solved on the next-generation computers, a higher-precision floating point
format is required.

Notwithstanding the need, there are little support for arithmetic on floating

point numbers of quadruple or more precisions. When they really needed it
they tend to implement them using software. Using software to process higher-
precision floating point number benefits from portability, but at the grave cost
of the performance. When the performance is limited, we often do not need
higher precision floating point numbers in the first place.

We propose an extension to the IEEE 754 floating point number formats to
define a octuple-precision (256-bit) floating point numbers. We compared the
performance of our octuple precision implementation to the double-precision
operations on IBM POWER7. On POWERY, octuple precision operations take
about 44 times more processing time than double-precision counterparts. We
implemented FPGA-based arithmetic unit for the data format on Convey HC-1
system, where FPGA chips are connected to the host using the front side bus.
On this system, octuple precision operations are 4.5 times faster than those on
the 8-core POWERTY system.
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Require: input; > inputs
s1, €1, f1 < inputy[255], inputq[254:236], inputq [235:0]
S2, €2, fa < inputs[255], inputs[254:236], input2[235:0]
by, by« (e1 > 0)?71:0,(e2>0)?1:0{0000000000 100000 }
F1[237 : 0], Fa[237 : 0]  0&by & £1[235 : 0], 0&ba& f2[235 : 0]
Fy « ShiftRight(F», (e1 —e2)) {00000D000000000 R O0DOO }
Fy < e1™negate(F1) : Fi
Fy < ea™negate(Fy): F, {0000000000000000 2000000 }
F[237: 0] + F1[237 : 0] + F»[237 : 0]
S+« F[237) {0D00000O0 }
F + Stegate(F): F{00O00000O0O0OOOOO }
l <~ 1 — CountLeadingZeros(F[237:0]) { D O0UOO0OOO0OODO }
if F =0 then
return S&255'd0 {0000 000000000 0}
else if [ > 0 then
F + ShiftLeft(F,}) {0 000000000 }
else
F « ShiftRight(F, 1)
end if
EF+e+1{00000000000DO0O0DOOOOODO }
return S&FE[18 : 0]&F[235 : 0]
02 8000000000000
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s1,e1, fi < inputi[255], inputi[254:236], input[235:0]
S2, €2, fa < inputa[255], input2[254:236], input2[235:0]
by, by « (e1>0)?1:0,(e2>0)?1:0{0000000000 100000 }
F1[236 : 0], Fa[236 : 0] < b1 & f1[235 : 0], ba& £2[235 : 0]
S« xor(s1,s2) { 0000000000 }
F[473 1 0] < F1[236 : 0] x F1[236 : 0]
if f[473] =1 then
F[235 : 0] « f[472 : 236]
E[19: 0] « (0&e1) + (0&es) — 20'h3FFFF
else if f[472] =1 then
F[235 : 0] « f[471 : 235]
E[19 : 0] « (0&es) + (0&es) — 20'h3FFFF — 1
else
return 5&255/d0{DDDDDDDDD 200000000000 o}
end if
if E[19] =1 then
return infinity, sign=S {0 0000000000000O0O0O }
else if £ =0 then
return S&255'd0
else
return S&FE[18: 0]&F[235 : 0]

end if
03 gUbUbooooooooo
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