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Why low-precision floating-point?



Al is changing floating-point

“Artifical intelligence, particularly deep learning has profoundly impacted
floating-point computation.”

Dongarra et al. https://doi.org/10.48550/arXiv.2411.12090




P- res YER Al is changing floating-point

“Artifical intelligence, particularly deep learning has profoundly impacted
floating-point computation.”

“As a result, reduced-precision floating-point types, [...] have become
increasingly popular in Al applications.”

Dongarra et al. https://doi.org/10.48550/arXiv.2411.12090




s Rets &Y Where did all my FLOPS go?

RIKEN

H200 SXM' H200 NVL'
FP64 34 TFLOPS 30 TFLOPS
FP64 Tensor Core 67 TFLOPS 60 TFLOP
FP32 67 TFLOPS 60 TFL
TF32 Tere- 989 TFLOPS 835 TFL
e{ » 1,979 TFLOPS 1,671 TFL
ﬁO?? 1,979 TFLOPS 1,671 TFL
3,958 TFLOPS 3,341 TFLO

' .ensor Core? 3,958 TFLOPS 3,341 TFLO
GPU Memory 141GB 141GB
GPU Memory Bandwidth 4.8TB/s 4.8TB/s
Individual Blackwell Ultra GPU Specifications
FP4 Tensor Core' 20 PS | 15 PFLOPS 18 PFLOPS | 14 PFLOPS
FP8/FP6 Tensor Core? 9 PFLOPS
8 Tensor Core? 307 TOPS
‘\ {BF16 Tensor Core? 4.5 PLFOPS
\(w oL Tensor Core? 2.2 PFLOPS
B\ FP32 75 TFLOPS
VFP64/FP64 Tensor Core 1.3 TFLOPS 1.2 TFLOPS

GPU Memory | Bandwidth 279 GB HBM3E | 8 TB/s 270 GBHBM3E | 7.7 TB/s




P- Al EYen: AMD is taking a different approach...

Ozaki Schemes:

Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/
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P- Al EYen: AMD is taking a different approach...

Ozaki Schemes:
Not IEEE-compliant
Deviate from true FP64

Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/




Al EYen: AMD is taking a different approach...

Ozaki Schemes:
Not IEEE-compliant
Deviate from true FP64
Only DGEMM

Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/




I G @ AMD is taking a different approach...

Ozaki Schemes:

x Not IEEE-compliant
x Deviate from true FP64
3¢ Only DGEMM

MI325X: ~80 TFLOPS

MI430X: ~200 TFLOPS ?

Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/




10 I @Yue:  Scientific simulations: Still relevant

“[...] physics-based models will remain vital, simply because the physics generalizes
in ways that are designed to fill in [...] sparse observations”

Bauer et al. https://doi.org/10.1038/s43017-023-00468-z
Zhang et al. https://doi.org/10.48550/arXiv.2508.15724
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How to low-precision floating-point?



RIKEN
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Keep it simple!
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s oy B How to low-precision floating-point?

Keep it simple!

Domain scientists know what they are doing!

Test their hypothesis.




.CCS i Empirical studies

find . -name *.cpp -exec sed -1 's/double/float/g' {} \;




R om Y Empirical studies

find . -name ¥.cCpp —rxer—sed——i——7TiOUDlc/Tl0at/g" {} \;‘

fp32 /

tf32
bfloatl6
fpl6
fp8 e5m2
fp8 edm2
fp4




R om Y Empirical studies

find . -name *.cpp -

ble/Tloat/g' {} \;‘

fp32 /

tf32
bfloatl6
fpl6
fp8 e5m2

fp8 edm2
fpa foo()
bar()
baz ()




I @ Empirical studies

find . -name *.Cpp - i—t<7gouble/Tloat/g' {} \;‘

fp32 /
tf32
bfloatl6
fpl6
fp8 e5m2 Foo()
fp8 e4m2 SR
fp4 foo() } else {
bar() bar()
baz () }
baz()




I @ Empirical studies

find . -name *.Cpp - i—t<7gouble/Tloat/g' {} \;‘

|
fp32 / REAIT
t'F32 __1_ 1 {__
bfloatl6 EEEEEs:
fpl6 f000) * :
00 B, TEEEESEEET.4R
fp8 e5m2 if (s >= 3) { |
‘Fp8 edm?2 bar()
fpa foo() } else {
bar() bar()
baz () }
baz()




R LY Tool: Raptor

LLVM-based tool for precision
experimentation with focus on scientific code

M » Wide range of FP formats

. Ease of use
 Control of granularity
RA pTO R o (C/C++/Fortran support

» CPU and GPU support

Ivan R. Ivanov, Conference Slides SC’25




CCS g Tool: Raptor

Feature set

Approach Category Ref.
Full app. Dynamic Flexible  Scoped Granular Error Non-V Supported
truncation  truncation formats truncation truncation tracking Code languages’

ADAPT B Q) Q) I Q) nly o Q) C, C++, Fortran  [22]

CADNA e o Q) Q) N/A ] 7] ] Ada, C, Fortran  [17]

FPSpy G ] Q) Q N/A N/A Q ] Binary (8]

FPVM D 7] Q) ] Q) Q) "] & Binary (9]

GPU-FPX G i Q) N/A N/A o " ] ] GPU Binary [20]

GPUMixer B Q 0 o o o 1] Q CUDA [18]

Jost et al. CEF & Q ol N/A T ] G 7] © [16]

Gu et al. E Q) Q) Q) @ ol Q) T ] C, C++ [14]

NEAT E ] ] 7] Q) ] Q) 7] Binary [3]

Precimonious A Q) N/A Q) & Q) Q) o C [25]

Puppeteer D o ] N/A Q) b Q) Q) C, C++ [24]

RAPTOR B,C,E 7] b 7] 7] ] ] 7] C, C++, Fortran




Ivan R. Ivanov, Conference Slides SC’25

P- I PYES RAPTOR: Architecture Overview

RAPTOR
runtime

Application

.Cpp

Two main components:

« LLVM pass
Fe:e « Runtime
llvm

..............................
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R W (¥YEE  RAPTOR: Architecture Overview

R om YT Op-Mode: LLVM IR Transformation

fp64 to fp32 (available in hardware)

Hh

el
[+2}
[~
b

$a32 = ftrunc %a to £fp32
: : - ; 8$b32 = ftrunc %b to fp32
£p64 foo (£p64 Sa, fp6d b, £p6d ic): L %b.f) T

fexpand $d32 to fp64
@print (8d : £fp64)

unc %d to £p32
= ftrunc %c to fp32
$€32 = fmul $c32, $d32 : £fp32
$e = fexpand $e32 to fp64
return %e : fp64

d
8d = fadd %a, %b : fp64 oq
cell Gprint(8d : £ped ) |
L > 2 cal
$e = fmul 2%c, 3%d : fp64d g g

return 2%e : fp64

( W ¢
NN FE NN N

foo 32 (fp64 32a, fp64 b, fp64d 2c):
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RAPTOR: Architecture Overview

P. S 2YES Op—Mode: LLVM IR Transformation

om
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Program fo

P. I 2YES Op—Mode: LLVM IR Transformation & Runtime

fp64 to fp(3, 6) (unavailable in hardware)

fp64 foo (fp64 %a, fp64 35b, fp64 %c):
8d = fadd %a, %b : fpé64

(. fp64)

fp64

=

call @print(
e = fmul $gc, &d :

fp64

return %e :

MPFR:

Library for multiple—precision floating—point
computation. Can be used to simulate
floating—point computation with arbitrary
exponent and mantissa size.

Note: Unavailable on GPUs

fp64 foo 3
gd = call

call @

6 (fp64d %a, fp64 ib, fp64d ic):
@ raptor op fadd(3a, 3%b, 3, ©6)
fp64)

{3§L‘fjﬁj; ($c,

: fpé64

nt (%4 :
C 2d, 3, 6)

e = ca @ raptor

return %e :WEp64

. £p64

RAPTOR Runtime

double raptor op fadd(double &, double b,
int e, int m)
mpfr t ma, mb, mc;

mpfr set e>

mpfr init2(ma, m); mpfr init2(mb, m); mpfr init2 (mb,

+

mpfr set (ma, a); mpfr set (ma

mpfr add(mc, ma, mb);

double ¢ = mpfr get £ (mc);

mpfr clear (ma); mpfr clear (mb); mpfr clear(mc);

return c;

m) ;
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R m YT  RAPTOR: Architecture Overview
R om YT Op-Mode: LLVM IR Transformation
R omFYEE  Op-Mode: LLVM IR Transformation & Runtime
R omFYEE  Op-Mode: LLVM IR Transformation

Automatically truncates all transitively called functions

fp64 foo (fp64d 2a, fp64 %b): fp64 foo 32 (fp64 %a, fp64d 32b):
g2e = call @bar(%a, %b, %c) ¢e = call @bar_32(%a, 3%b, 3%c)
return %e : fp64 - return %e : fp64d

fp64 bar (fp64d %a, fp64 b): fp64 bar 32 (fp64 3a, fp64 3b):




Sedov Blast and Sod Shock Analysis

Sedov blast

RIKEN
grams fc

O I I l 's
Programs for
R. cc S Junior Scientists

c

RIKEN

0186GLE°S822TLE/SHIT 0T /310 T0p//:sd11Y T 19 AOURA] ‘P[OI2OY]




sdo g1[e313] jo IoqunN

() Ln S Ln
O <t o —

0

M-3

Trunc ==
-2

SEDOV
Full

=1

L1 Error =

M-0

4 20 36 524 20 36 524 20 36 524 20 36 52

le-04|

_
2 6
1 1
_ _
e e
i i i

J0IJ9 uoTjedund],

Sedov Blast and Sod Shock Analysis

Sedov blast

RIKEN's
Prog; Sm for

o
pm 0186SLE 68221 LE/SPTT 01/310'10p//:5dNY "T€ 39 AOUBA] “P[OISOF]
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() Ln S Ln
O <t o —

0

M-3

Trunc ==
-2

SEDOV
Full

=1

L1 Error =

M-0

4 20 36 524 20 36 524 20 36 524 20 36 52

le-04|

_
00 2 6
O 1 l
_ _ _
e e e
i i i

J0IJ9 uoTjedund],

Sedov Blast and Sod Shock Analysis

Sedov blast

RIKEN's
Prog; Sm for

o
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sdo g1[e313] jo IoqunN

() Ln S Ln
O <t o —

0

M-3

Trunc ==
-2

SEDOV
Full

=1

L1 Error =

M-0

4 20 36 524 20 36 524 20 36 524 20 36 52

|
[aN]
i

[}
D)

le-16L

i i

J0IJ9 uoTjedund],

Sedov Blast and Sod Shock Analysis

Sedov blast

RIKEN's
Prog; Sm for

o
pm 0186SLE 68221 LE/SPTT 01/310'10p//:5dNY "T€ 39 AOUBA] “P[OISOF]




IC R Yen:  Sedov Blast and Sod Shock Analysis

SEDOV
.1 Error Full Trunc
\ M-0 M-1 M-2 M-3
le+00 Y Ta T = T e T T = T T T = ERIEE
5 le-04 |- i 1L i
3 1e-08 L b b AL
E fe-12] [ [ I
Sedov blast Te-16 L | [P MR ] | ey
— B 4 20 36 524 20 36 524 20 36 524 20 36 52

Sod shock

Hoerold, Ivanov et al. https://doi.org/10.1145/3712285.3759810

1¢
C

Number of [



IC Ry Sedov Blast and Sod Shock Analysis

SEDOV
L1 Error Full Trunc
M-0 M-1 M-2 M-3

1(,‘ + ()() NELIEEL I TS o 1 I N ERIEL 3 T e T T ¢ 6 ()
o [ = N = 1= (= 1= 4= (3= = = [3= I P &
— _ _
% ) o le-04 | 1t 1 1 4145
~ 1 = r 1
CQ Y 3 D)
£ 8 x & . ;
* NN SEESSEEESEEE ANN = 1le-08 1r iln i 130
N N S
i 0 O :
= N -
2 Rinas: = le-12} 1+ 1r aln 115
< ! 3
i L L
i
S Sedov blast te-16 L T T s
go = o 4 20 36 524 20 36 524 20 36 524 20 36 52
5 M-0 M-1 M-2
'3 L o L A A 3 B O T W
= N\ B & & B |& & = ! &
=
;15 & L : 4L 1L | J
(ol o le-04} - - 445
= o) - 1t 1t .
= ()
—_ o I
«© .S 1e-08F -+ —HF 130
e —
3} 5 s
> : i i -
= = le-12}1 i 1+ 115
< =
> --------------- - - - - = - -
- ... ettt L
. e e EEEmmmpmne A il 1l I
S le-16 1 0
= SOd ShOCk 4 20 36 524 20 36 . 52 4 20 36 52
é Number of Mantissa bits

sa]FP ops

‘i(
C

)
o)

Number of [

Number of [giga]FP ops



IC R Yen:  Sedov Blast and Sod Shock Analysis

SEDOV
L1 Error Full Trunc
M-0 M-1 M-2 M-3

1(,‘+()() YELIEEL 3 T o T | I T o T | I T o o T 3 ()()
) I \|<€ = = = 1= = g 2 | AL
— _ _
°N o le-04f 1k 1k ot 145
LO —
~ L | S | » ] 1
Cﬁ_ ,,,,,,, :
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* HE SENENNERNESE AW 5 1e-08 1r iln ali 130
N ..... :v
— &
= =
= ' = le-12f 1+ i 1+ 115
<
i L
i
S Sedov blast 1e-16 L | [ R TR RS T T ] ey
?0 = 4 20 36 524 20 36 524 20 36 524 20 36 52
5 M-0 M-1 M-2
'3 et =3 T r - I E ' " 0%
< P\ & [& & B |8 & = ! &
Q k 4
n — " : ] 1
a, 5 1e-04f |\ 1 | 145
= o) - \ .
= o
—_ o I
< S 1e-08} 3 [k 130
e -—
3} 5 s
3 = _
= = le-12}1 e 1+ 115
< S
> ---------------
e " EEEE NN e . .
<~ s -t L SRR il 1l I
o) le-16 . 0
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sa]FP ops
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SEDOV
L1 Error Full Trunc
M-0 M-1 M-2 M-3

o Fryle e R=" £ |8 §=" & e =% & e £
; ) L
% ) § le-04 | 1t 1k = -
D~ T — §
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L2 m x = )
3 NN NN EEEEE R S = le-03 1 1F 1 1
N N S
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v‘ - -
i L A AR
i
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5 M-0 M-1 M-2
8 1e+00 g T[m | 3 L I 3 g T | 3
= N\ B & & B |8 & = ! &
§ 3 if\l '
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2 1e-08} 1 N\ i
[ s : . 1
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2 5 f
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This was all just op-mode. We can do more!



Ivan R. Ivanov, Conference Slides SC’25

R W (¥YEE  RAPTOR: Architecture Overview

R om YT Op-Mode: LLVM IR Transformation

fp64 to fp32 (available in hardware)

Hh

el
[+2}
[~
b

$a32 = ftrunc %a to £fp32
: : - ; 8$b32 = ftrunc %b to fp32
£p64 foo (£p64 Sa, fp6d b, £p6d ic): L %b.f) T

fexpand $d32 to fp64
@print (8d : £fp64)

unc %d to £p32
= ftrunc %c to fp32
$€32 = fmul $c32, $d32 : £fp32
$e = fexpand $e32 to fp64
return %e : fp64

d
8d = fadd %a, %b : fp64 oq
cell Gprint(8d : £ped ) |
L > 2 cal
$e = fmul 2%c, 3%d : fp64d g g

return 2%e : fp64

( W ¢
NN FE NN N

foo 32 (fp64 32a, fp64 b, fp64d 2c):
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oM EYEE  Memorization mode

What if [ had used FP64 up to here?

7 al =a+b

8 a2 =c - d

9 a3 = al / a2

10 a4 = sqrt(a2)
— Truncate to FP16 11 a5 = cosh(al)

12 a6 = a4 - a5

13 a7 = a6 - a3

14 ...
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oM EYEE  Memorization mode

What if [ had used FP64 up to here?

7 al =a+b

8 a2 =c - d

9 a3 = al / a2

10 a4 = sqrt(a2)
— Truncate to FP16 11 a5 = cosh(al)

12 a6 = a4 - a5

13 a7 = a6 - a3

14 ...

Did FP16 drift?
Where?




.2 RCCS

Memorization mode

What if I had used FP64 up to here?

7 =a+ b

8 =Cc - d

9 al / a2

10 aé’ll’hw}@an

= COS

(ovgrgé iﬂ')icatnon.

13 a7 = a6 - a3

14 ...

Did FP16 drift?
Where?
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Nonetheless, mem-mode is very powerful

— It will help us learn how to use low-precision FP.



P- W Yee:  Further Ideas

Automatic diagnosis using bisection

> Truncate all
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Automatic diagnosis using bisection
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Automatic diagnosis using bisection

=

\

> Truncate half
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R EYEE  Further Ideas

Automatic diagnosis using bisection
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Simultaneous precision streams fple fp32
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R IVES  Further Ideas

Simultaneous precision streams fplé fp32 fp64a fp2048
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R IVES  Further Ideas

Simultaneous precision streams fplé fp32 fp64a fp2048

Compare, step-for-step J
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R EYEE  Further Ideas

Simultaneous precision streams fplé fp32 fp64a fp2048

Compare, step-for-step J
e /J
X v
] <
(|




@M EYEE  Conclusion

RAPTOR - tool for numerical profiling and experimentation

. Experiment with precisions on CPU and GPU
. Scientific applications written with fp64 can tolerate lower precisions (sometimes!)

t=31 [QM-1 t=3.2 t=35 t=4.0 5
.
.
b ~
i A 4Bit
I |
| I\l QI {) 3 \
J
0 O D @
S . 12Bit ==
i [4Bit
o A b &
-1
-1 0 1 : . ! ;
Trunc. Everywhere | R | ' ; 1 ¥ .
Y | | L J { 12 Bit
-+ Trunc. Cutoff M-1
= Trunc. Cutoff M-2

4Bit 12 Bit 4 Bit 12 Bit

@f github.com/RIKEN-RCCS/RAPTOR

RAPTOR




Extras



Rm IV RAPTOR’s Capabilities

. Replacing existing fp operations with a
specified one
IEEE standard formats
Arbitrary exponent & mantissa

. Scoping of transformation
Function
File
Program

. Gathering information about fp
operations
Number
Errors
Memory

Scope  op-mode
Full
Function Alllltg
File 11;11111,[1(})7
Full
Program All];t(}),
Features  op-mode
Profile Local
I;recision N/A
ncrease




s @ Features & Limitations

=0

RIKE

« Support for GPU (only op-mode to hardware types)
« Support for OpenMP (no reductions in mem-mode)

« Compatible with MPI (with reduction caveats in mem-mode)

Check out the paper for details!




€ CmMQyus: RAPTOR Usage (Op-Mode)

double foo (double a, double b);

c = fool(a, b);
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auto f =  raptor trunc func op(
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64,
O/
32);

c = f(a, b);




€ CmMQyus: RAPTOR Usage (Op-Mode)

double foo (double a, double b);

c = fool(a, b);

auto f = raptor trunc func op(
foo,
64,
O/
32);
c = f(a, b);
auto f = raptor trunc func op(
foo,
64,
O/
16);




QIII RIKEN's
C

Programs for
Junior Scientists

double foo (double a4,

double b);

RAPTOR Usage (Op-Mode)

C

= fool(a,

b) ;

N\

auto f = raptor trunc func op(
foo,
64,
O/
32);
c = f(a, b);
auto f = raptor trunc func op(
foo,
64,
O/
16);

auto f = raptor trunc func op(

foo,
64,
1/
3/
20) ;
c = f(a, b);




RIKEN's
€ Ges Y RAPTOR Usage (Op-Mode)
double foo (double a, double b);
c = foo(a, b);
auto f =  raptor trunc func op( auto f = raptor trunc func op(
foo, foo,
64, 64,
0, 1,
32); 3,
20);
c = f(a, b);
c = f(a, b);
auto f = raptor trunc func op( auto f = raptor trunc func op(
foo, foo,
64, 64,
O/ l/
16); 4,
3) 7
c = f(a, b);




€ CmMQyus: RAPTOR Usage (Op-Mode)

double foo (double a, double b);

c = fool(a, b);

N\

auto f =  raptor trunc func op( auto f = raptor trunc func op(

You can also specify on the command line:
32 . .
clang ... ——raptor-truncate-all="ieee (64) sim(5,21)"
c = f(a, b); clang ... ——raptor-truncate-all="ieee (64) ieee(16)"
au r trunc func op(
For file-scope transformation d Zj
0, 1,
16); 4,
3)
c = f(a, b);
c = f(a, b);




A YEE  RAPTOR Usage (Mem-Mode)

auto £ =  raptor trunc func mem(
double foo (double a, double b); foo,
64,
.. 1,
c = fool(a, b); 3,
20) ;
C =

raptor post convert (
£
raptor_pre_convert@),
raptor pre convert p)
)
) 7




ﬁ C.%EEE g Mem-Mode: LLVM IR Transformation & Runtime

fp64 to fp(3, 6) (unavailable in hardware)

fp64 foo (fp64 3%a, fp64 3%b, fp64d 2c): fp64 foo 3 6(fp64 2a, fp64 b, fp64d 3C):
$d = fadd %a, %b : fp64 ¢d = call @ raptor mem fadd(a, %b, 3, 6) : fp64d
call @print (8d : £fp64) ‘ call @print(8d : £fp64)
$e = fmul %c, %d : fp64 e = call @ raptor mem fmul (3c, %d, 3, 6) : fp64d
return %e : fp64 return %e : fp64




P- ?EEE g Mem-Mode: LLVM IR Transformation & Runtime

fp64 to fp(3, 6) (unavailable in hardware)

fp64 foo (Fp64 %a, fp64 3b, fp64 3c): £p64 foo 3 6 (fp64 %a, £p64 3b, £p6d 5c) :

$d = fadd %a, %b : fp64 3d = call @ raptor mem fadd(a, %b, 3, 6) : fp64
call @print (8d : £fp64) ‘ call @print (3d : fp64)
e = fmul %c, %d : fp64

e = call @ raptor mem fmul (3c, 3%d, 3, 6) : fp64d
return %e : fp64

return %e : fp64

RAPTOR Runtime

double raptor mem fadd double a, double b,
int e, int m) {
mpfr t *ma = get raptor val(a);
mpfr t *mb = get raptor val (b);

pair<mpfr t *, double> mc, ¢ = get new raptor vall(e, m);
mpfr add(*mc, *ma, *mb);

return c;

}

mpfr t *get raptor val (double a) ({
return raptor vals|[ (int)a];

}




I© R &Y Mem-Mode RAPTOR

RAPTOR Runtime

. struct _ raptor fp {
RAPTOR Runtime mpfr t m;

double d;

double raptor mem fadd double a, double b,
int e, int m) {
mpfr t *ma = get raptor val(a);

double raptor mem fadd double a, double b,
mpfr t *mb = get raptor val (b); - - -

int e, int m) {
mpfr t *ma = get raptor val(a);

palr<mpfr_t *, double> mc, C = mpfr_t *mb = get_raptor_val (b),'

get new raptor val(, m);
pair<mpfr t *, double> mc, ¢ = get new raptor vall(e, m);
mpfr add(*mc, *ma, *mb); - N N N
mpfr add(mc->m, ma->n, mb->m);
return c; mc->d = ma->d + mb->d;

check drift (mc->d, mc->m);
mpfr t *get raptor val (double a) ({ -

return raptor vals|[ (int)a];

}

return c;

mpfr t *get raptor val (double a) ({
return raptor vals|[ (int)a];

}




: RS &YER RAPTOR Showcase: Hardware Co-Design

FP Type GFLOP/s  Area (kGE) Perf. density (normalized)
fp64 (11, 52) 3.17 53 1.00
S fp32 (8, 23) 6.33 40 2.65
L1 Error ==  Full Trunc == fp16 (5’ 10) 12.67 29 7.30
16400 MO — Ml — M2 60 fp8 (5, 2) 25.33 23 18.41
i & & & B =) & B= i = & %)
[ L ] &
£ le04r ] ] t:r\ ¥ E
9} 1L | <
= i i : ] 2
2 1e-08f 1 430 =
g i I i Compute-bound Memory-bound ==
o 1t ] )
= le-12 uk 115 < M-0 M-1
- AN 1 I — § Q_‘S P e T ! 3 14 Pole Tl ! 3 1,12 !
. | || | ™ I W 50 - R - s e &
11657750 36 54 20 36 524 20 36 52° —3 4 | | | 1.3 | 1.09F
Number of Mantissa bits 8 3 _ b .......... ........... - 1.2 1.06
A 2PVt L1H 1.03
B 1l 10 J 1.00
m . . ; k ] :
o4 ' ' 0.9 ' ' 0.97
4 20 36 52 4 20 36 52

Number of Mantissa bits




ﬁ Gl Iy More power means more FLOPS, right?

1000W TBP
HPC PEAK THEORETICAL
PERFORMANCE (TFLOPS)
FP64 vector | 81.7 |
FP32 163.4
Y.’)‘Z'BX 1634
M Mt 1634

1400W TBP

HPC PEAK THEORETICAL

PERFORMANCE

FP64 VECTOR (TFLOPS) | 786 |

r~~ ECTOR (TFLOPS) 157.3
355$ ATRIX (TFLOPS) 78.6

N&/«me (TFLOPS) 157.3
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1o I 9 e Rising Bubble Analysis
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