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Writing Numerical Code

Diabolical errors

- Silent, non-compositional, non-local
Subtle tradeoffs

- Performance, accuracy, determinism
Evolving landscape

- Dbfloat, posits, Flexpoint, AdaptivFloat, ...
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First, quick background
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Given input expression
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H e r b I e Given input expression

over the reals
Math v
|

if 2 < —0.03256340944027832 \/ — (z < 0.027721191804569126) : Synthesize a floating

sin 44— | poinfimplementation

z—tanz  z—tanz
else :

z - (x-0.225) + (—0.5 + z* - —0.009642857142857142)

T —sinz
r —tanzx
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Herbie

Given input expression

T —sinz
r —tanx
i
ifz < —0.03256340944027832 V = (z < 0.02772119180456
Petaiz | 2taiE
else :

z - (x-0.225) + (—0.5 + z* - —0.009642857142857142)

over the reals
Math v

9126) : Synthesize a floating

44— | poinfimplementation

Less error than naive
translation

0
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Herbie

“The drunk numerical analyst”

4 edwardkmett 35 points - 4 years ago

¥ Having applied a few dozen of these changes now I can see how herbie will start to fit into my
workflow.

If hlint is like having a drunken undergraduate do a code review, herbie is like having a drunken
numerical analyst pore over every line of code you've written offering up suggestions for how to
improve stability without much considering the surrounding context. While you probably have
access to the former, the latter is a much rarer talent pool.




Herbie

“The drunk numerical analyst”

4 edwardkmett 35 points - 4 years ago

¥ Having applied a few dozen of these changes now I can see how herbie will start to fit into my
workflow.

If hlint is like having a drunken undergraduate do a code review, herbie is like having a drunken
numerical analyst pore over every line of code you've written offering up suggestions for how to
improve stability without much considering the surrounding context. While you probably have
access to the former, the latter is a much rarer talent pool.

Live demo: herbie.uwplse.org
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Benchmarks

- Mine papers, enable apples-to-apples
Compilers

- Generate C, JavaScript, Scala, TeX, ...
Standards

- Support tool inferchange, composition

Live tour: fpbench.org
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1. Trust

Why should users frust Herbie?

Compilers forbidden from touching floating point

at all ... and they even get that wrong!

Compiler and C library bugs revealed by MPFR

a bug in 32-bit sparc gcc 2.95.2, when a "double" is passed as last argument of a C function, which produced Bus errors. Re
a bug in GCC on m68040-unknown-netbsd1.4.1, where DBL_MIN gives (1-2(-52))/2A1022, reported by Paul Zimmerma:
optimization bug of GCC 3.3 on Alpha with long double, reported by Paul Zimmermann with revision 2542 of MPFR

bug in LONG MIN / 1 under FreeBSD (this is a bug of the C library of FreeBSD 5.20 on Alpha with GCC 3.3.3), reported
a compiler bug found on Linux/m68k with GCC 4.0.2, reported by Vincent Lefevre, found in revision 3945 of MPFR (file t
27116 bug of GCC 4.2 reported by Martin Michlmayr when compiling MPFR 2.2.0

bug of the Sun C compiler under Solaris/x86, reported by Emil Mikulic (affects Sun C 5.8 2005/10/13, Sun C 5.8 Patch 121
36296 bug of GCC 4.3.0 reported by Paul Zimmermann when compiling MPFR 2.3.1 (no real bug, but false positive warni
36299: a false warning issued by GCC 4.2+, reported by Vincent Lefévre in revision 5585 of MPFR

39867 bug of GCC 4.4.0 reported by Philippe Théveny when testing the MPFR trunk (does not affect MPFR 2.4.1, but MP!
40757 revealed when testing MPFR 2.4.1 on some Solaris machines with GCC 4.4.0 (this is in fact a bug of the Solaris me
bug with gcc 3.3.2 in AIX 6.1, where "make check" from mpfr 2.4.2 fails, but succeeds with gcc 3.3.2 in AIX 5.3 [reported
bug with GCC 4.5.2 on powerpc-ibm-aix4.3.2.0 [reported by Daniel Richard G.]

bug with the Sun C compiler with the -xO3 optimization level on sparc/Solaris, reported by Maciej Blizinski on August 3, 2
a bug with GCC 4.3.2 (and 4.4.1) was found while testing MPFR 3.1.0-rc1 on gcc54 fsffrance.org (UltraSparc Ile under De
a bug in the initialisation of Thread Local Storage variables in shared libraries on FreeBSD 8.2 (still present in GCC trunk
#50683, a bug with Thread Local Storage variables with GCC 4.6.1 on sparc64 was found with MPFR 3.1.0 on Debian [rep

o #50691, a bug with Thread Local Stora&e variables with GCC 4.4.6 on hppa—unknown-linux-gnu was found with MPFR 3.1




1. Trust

Why should users frust Herbie?

Compilers forbidden from touching floating point

at all ... and they even get that wrong!

Compiler and C library bugs revealed by MPFR

a bug in 32-bit sparc gcc 2.95.2, when a "double" is passed as last argument of a C function, which produced Bus errors. Re
a bug in GCC on m68040-unknown-netbsd1.4.1, where DBL_MIN gives (1-2(-52))/2A1022, reported by Paul Zimmerma:
optimization bug of GCC 3.3 on Alpha with long double, reported by Paul Zimmermann with revision 2542 of MPFR

bug in LONG MIN / 1 under FreeBSD (this is a bug of the C library of FreeBSD 5.20 on Alpha with GCC 3.3.3), reported
a compiler bug found on Linux/m68k with GCC 4.0.2, reported by Vincent Lefevre, found in revision 3945 of MPFR (file t
27116 bug of GCC 4.2 reported by Martin Michlmayr when compiling MPFR 2.2.0

bug of the Sun C compiler under Solaris/x86, reported by Emil Mikulic (affects Sun C 5.8 2005/10/13, Sun C 5.8 Patch 121
36296 bug of GCC 4.3.0 reported by Paul Zimmermann when compiling MPFR 2.3.1 (no real bug, but false positive warni
36299: a false warning issued by GCC 4.2+, reported by Vincent Lefévre in revision 5585 of MPFR

39867 bug of GCC 4.4.0 reported by Philippe Théveny when testing the MPFR trunk (does not affect MPFR 2.4.1, but MP!
40757 revealed when testing MPFR 2.4.1 on some Solaris machines with GCC 4.4.0 (this is in fact a bug of the Solaris me
bug with gcc 3.3.2 in AIX 6.1, where "make check" from mpfr 2.4.2 fails, but succeeds with gcc 3.3.2 in AIX 5.3 [reported
bug with GCC 4.5.2 on powerpc-ibm-aix4.3.2.0 [reported by Daniel Richard G.]

bug with the Sun C compiler with the -xO3 optimization level on sparc/Solaris, reported by Maciej Blizinski on August 3, 2
a bug with GCC 4.3.2 (and 4.4.1) was found while testing MPFR 3.1.0-rc1 on gcc54 fsffrance.org (UltraSparc Ile under De
a bug in the initialisation of Thread Local Storage variables in shared libraries on FreeBSD 8.2 (still present in GCC trunk
#50683, a bug with Thread Local Storage variables with GCC 4.6.1 on sparc64 was found with MPFR 3.1.0 on Debian [rep
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No really, why should users trust Herbie?
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1. Trust

Why should users frust Herbie?

sanwle regimes
p Cand g

. focus
Sample inputs,

estimate error

* rewrite Select best exprs,
infer branches

Heuristically search for * simplify

Mmore accurate expressions
JL series



1. Trust

Why should users frust Herbie?

(—=b)++/b-b—4-(a-c)
2-a

|

if b < —9.877954748696237 - 101117 :

c b
Lo (z=2)
elif b < 9.997495995248066 - 10153 :
1

a

/bb—4-(c-a)—b E

else :
£.—1 Unpredictable,

¢ . —
mysterious!
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Average Error: Time: Precision:

61.5—=20 14.7s binaryé64

Test seft, not fraining set
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Why should users frust Herbie?

Split input into 3 regimes

if b < -9.87795474869623693el117

Initial program
511 (=b)++b-b—4-(a-c)
2-a
Simplified
511 W\/b-b—ll-(a-c)—b
a-2
Taylor expanded
around -inf 5 b
24 ~ 1. T y R
a

Simplified ¢ b
24 1ol ===

UOTJRALIO(]
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Why should users frust Herbie?

I |dentify where error

Split input into 3 regimes /I iS a riSi ng

if b < -9.87795474869623693el117

Initial program
% 1 (=b)++b-b—4-(a-c)
2-a
Simplified
511 W\/b-b—4-(a-c)—b
a-2
Taylor expanded
around -inf " b
24 ~1- 5 =
a

Simplified c b
24 ~1- (— — —)

UOTJRALIO(]




1. Trust

Why should users frust Herbie?

I |dentify where error

Split input into 3 regimes /I is arisi ng W,
if b < -9.87795474869623693e117 g;
Initial program
% 1 (=b)++b-b—4-(a-c)
2:-a

Simplified
511 W\/b-b—4-(a-c)—b

a-2 .

Show stepwise
Taylor expanded d e riVGﬁ on
around -inf " b
24 — 5 1 5 =
Simplified (c b)
24 w5 4.6 S
a




1. Trust

Why should users frust Herbie?

I |dentify where error

Split input into 3 regimes /I is arisi Nng

if b < -9.87795474869623693el117

Initial program

51.1 (=b)++b-b—4-(a-c)
2:-a

Simplified
51.1

" Vb-b—4-(a-c)—b

Show stepwise
derivation

a-2
Taylor expand
around -inf 5 b
24 ail Q= == ] s
a
Simplified
24

Justify by accuracy

impact
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2. Measurement
That which is measured, improves.

Herbie is a complex pipeline.
Each component individually robust.
- Actually works against debugging!!

Need to have per-module specs and metrics.



2. Measurement

That which is measure

d, improves.

5.164
0.001
0.080
0.083
0.083

(-
0.137
0.137
0.137

(-
0.141
0.141
0.146
0.146
0.151
0.151
0.155
0.157
0.157
0.157
0.157
0.157
0.157
0.157
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0.157
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0.157
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0.157
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0.157
0.157
0.157
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.158
0.159

*
*
*
*
*

[progress]:
* * [progress]:
* * [progress]:
[progress]:

(exp (* a x)) 1.0)
* * [simplify]: iteration
* * [simplify]: iteration
* [simplify]: Simplified to:
(pow (exp a) x) 1.0)
[progress]: iteration 1 / 4
[progress]: picking best candidate

* [pick]: Picked #<alt (I» (a x) (- (exp (* a x)) 1.0))>
[progress]: localizing error
[progress]: generating rewritten candidates

[ 1/ 2] rewriting at (2)

[ 2 / 2 ] rewriting at (2 1)
[progress]: generating series expansions

[ 1/ 2 ] generating series at (2)

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*

* ok ok ok * ok *

*

[approximate]: Taking taylor expansion of (- (exp (* a X))

*
*
*
*
*
*
*

*

* [progress]:
* [progress]:

* [progress]:

[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking
[taylor]: Taking

taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor
taylor

0
1

4778
4778

expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion
expansion

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

[Phase 1 of 3] Setting up.

[1/2] Preparing points

[2/2] Setting up program.

[Phase 2 of 3] Improving.

[simplify]: Simplifying using #<procedure:simplify-batch-egg> :

enodes (cost

6 )
enodes (cost 6 )

(- (exp (* a x)) 1.0) in x

(exp (* a x)) in x
(* a x) in x

a in x

x in x

1.0 in x

(- (exp (* a x)) 1.0) in a

(exp (* a x)) in a
(* a x) in a

a in a

x in a

1.0 in a

(- (exp (* a x)) 1.0) in a
(exp (* a x)) in a

(* a x) in a

a in a

x in a

1.0 in a

0 in x

x in x

(* 1/2 (pow x 2)) in x
1/2 in x

(pow x 2) in x

x in x

(* 1/6 (pow x 3)) in x
1/6 in x

(pow x 3) in x

x in x

(* 1/24 (pow x 4)) in x

1.0) in (a x) around 0

No “just enough” level of
detail is right for logs...
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Timeline Profile Report

Time bar (total: 1.9s) ;E
e N B =
w
analyze 43.0ms
Algorithm  search
Search True Other  False Iter
0% 99.9% 0.1% 0
0% 99.9% 01% 1
0% 99.9% 0.1% 2
50% 50% 0.1% 3
50% 50% 0.1% 4
62.4% 37.5% 01% 5
62.4% 312% 63% 6
68.7% 21.9% 95% 17
68.7% 17.2% 141% 8
71.8% 11.7% 165% 9
71.8% 9% 192% 10
73.4% 6% 206% 11
73.4% 4.6% 22% 12
74.1% 3.1% 22.8% 13
74.1% 2.3% 235% 14
sample 39.0ms

Algorithm  intervals

Results 20.0ms 88x body 1280 valid




2. Measurement
That which is measured, improves.

Timeline Profile Report

Time bar (total: 1.9s)

I B B .

analyze 43.0ms
Algorithm search
Search True Other False Iter
0% 99.9% 01% 0
b o2SG O Build generic telemetry!
0% 99.9% 01% 2
50% 50% 01% 3
50% 50% 01% 4 I
62.4% 37.5% 01% 5
624%  312% 63% 6 : .
I Iteratively develop viz!
687%  172%  141% 8
71.8% 11.7% 16.5% 9 I
71.8% 9%  192% 10
73.4% 6% 20.6% 11
73.4% 4.6% 22% 12 .
74.1% 31%  228% 13 -I OOS bugs ﬁxed'
74.1% 2.3% 23.5% 14 -I OOOX Speedups'
sample

Algorithm intervals
Results 20.0ms 88x body 1280 valid
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That which is measured, improves.

Timeline Profile

Time bar (total: 1.9s)

Report

I B B .

analyze

Algorithm search

Search True Other False Iter
0% 99.9% 01% 0
0% 99.9%

0% 99.9% 0.
50%

DA ON Improves
e Trust!

sample
Algorithm intervals
Results 20.0ms 88x body 1280 valid

43 Oms

Build generic telemetry!

Iteratively develop viz!

100s bugs fixed,
1000x speedups!
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Timeline Profile Report

Global overviews

Time bar (total: 1.9s)

I B B .

analyze 43.0ms
Algorithm search
Search True Other  False Iter
0%  999%  0.1% 0 Per ComponenT |OgS
0% 99.9% 01% 1
0% 99.9% 01% 2
50% 50% 01% 3 47
50% 50% 01% 4
62.4% 37.5% 01% 5
624%  312% 63% 6
68.7% 21.9% 95% 1
68.7% 17.2% 141% 8
71.8% 11.7% 16.5% 9
71.8% 9%  192% 10
73.4% 6% 20.6% 11
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2. Measurement
That which is measured, improves.

analyze

Algorithm

Search

sample

Algorithm
Results

Timeline Profile

Time bar (total: 1.9s)

I B B .

search

True

0%
0%
0%
50%
50%
62.4%
62.4%
68.7%
68.7%
71.8%
71.8%
734%
73.4%
74.1%
74.1%

intervals

20.0ms

Report

—I Global overviews |

43.0ms
Other False Iter
%99%  01% 0 Per component logs
99.9% 01% 1
99.9% 0.1% 2
50%  01% 3 47
50% 0.1% 4
regimes 201.0ms
Accuracy 87.5% (3.0b remaining)
Error of 3.2b against oracle of 0.2b and baseline of 24.1b
bsearch 0.0ms
31%  228%
23%  235%

88x body

13
14
/ Compare to oracles
39.0ms -
where possible!

1280  valid




3. Community
We are all in this fogether.



3. Community
We are all in this fogether. Our thinking

Herbie is just one piece of the puzzle. Exm 2016

The workbench demands cooperating tools:

- Rigorous error bounds, precision

tuning, performance optimization, ...

How should they interact? Need standards!




3. Community
We are all in this fogether.

Our thinking
iIN2016

Herbie is just one piece of the puzzle.

The workbench demands cooperating tools:

Numerics research is a community effort.

We need more open communications!

HOY We need more collaboration opportunities!

We need more shared infrastructure! ngi\e(W today




3. Community
We are all in this fogether.

7 FPTalks 2020
& The leading edge of floating-point research

Home Benchmarks Compilers Standards

The floating-point research community.
Online. June 24, 2020.

FPTalks 2020 was held online over Zoom. All talks were live-streamed and
recorded on Youtube. Each talk was 10 minutes long, followed by audience
questions.

FPTalks 2020 was supported in part by the

\ \
‘ \ ‘ ' < ‘ Applications Driving Architectures (ADA) Research
4 Center, a JUMP Center co-sponsored by SRC and

Applications Driving Architectures
DARPA.

Session 1 (Session Stream) 8:00-9:00 PDT

Welcome
Pavel Panchekha, University of Utah

Video, Slides, FPBench
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7 FPTalks 2020
& The leading edge of floating-point research

Home Benchmarks Compilers Standards

The floating-point re
Online. June

‘7 FPBench Tools
& Export and transform FPCores

Home Benchmarks Compilers Standards

FPTalks 2020 was held online over Zoo

recorded on Youtube. Each talk was 10 FPBench ships two compiler tools for FPCore: an exporter and a

questions. transformation tool. Both are available on Github.
FPTalks 2020

\ \\
Q d Q Applications Dri
4 Center, a JUMP| Installing the FPBench tools

Applications Driving Architectures
DARPA.

The FPBench tools require Racket. Use the official installer to install Racket,
or use distro-provided packages provided they are version 7.0 or later of
Racket (earlier versions are not supported).

Session 1 (Session Stream)
Test that Racket is installed correctly and has a correct version:

Welcome
Pavel Panchekha, University of Utah
. $ racket
Video, Slides, FPBench Welcome to Racket v7.7.
> (exit)

Now that Racket is installed, download the FPBench tools, and enter the




3. Community
We are all in this fogether.

questions.

Welcome

o

FPTalks 2020

The leading edge of floating-point research

Home Benchmarks Compilers Standards

The floating-point re
Online. June

FPTalks 2020 was held online over Zoo
recorded on Youtube. Each talk was 10

FPTalks 2020

\ \
‘ ‘ < ' < ‘ Applications Dri
4 Center, a JUMP)

FPBench ships two compiler tools forI

transformation tool. Both are availabl

Installing the FPBench tools

Applications Driving Architectures

DARPA.

Session 1 (Session Stream)

Pavel Panchekha, University of Utah
Video, Slides, FPBench

7 FPBench Tools
& Export and transform FPCores

Home Benchmarks Compilers Standards

7 Community Tools
& Floating-point Research Tools

Home Benchmarks Compilers Standards

The FPBench tools require Racket. Ul The floating-point research community has developed many tools that
or use distro-provided packages provi authors of numerical software can use to test, analyze, or improve their

Racket (earlier versions are not supp

Test that Racket is installed correctly

$ racket
Welcome to Racket v7.7.
> (exit)

| code. They are listed here in alphabetical order and categorized into three
general types: 1) dynamic tools, 2) static tools, 3) commercial tools, and 4)
miscellaneous. You can find tutorials for some of these tools at
fpanalysistools.org, and many of the reduced-precision tools were compared
in a recent survey by authors from the Polytechnic University of Milan.

Tools on the list are not endorsed, and need not endorse or support the

Now that Racket is installed, downlo& £pgench project. The list is intended to be exhaustive.
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We are all in this fogether.

& Q  Search FPTalk @

@8  FPTalk v #benchmarks ¢ 0
S(”D‘% & Zachary Tatlock L 10 | Add a topic

P Yup Vinu is working on T-—- -~ *---——--"*-—- for Nvidia. He may be able to
= . Thursday, June 25th v .
! Threads give some of the before ...~ """~ """~ __.ne format. But he is maxed out

wrt available time to translate into fpcore...

ﬂ Pavel Panchekha 3:07 PM
PN [f he has code not in FPCore we can work something out!

V' Mentions & reactions

& ©

Tuesday, June 30th v
n Vinu Joseph 11:38 AM
joined #benchmarks along with John Jacobson.

n Vinu Joseph 11:54 AM
‘ ] will send over the github link this/next week

# benchmarks with examples

# compilers ﬁ Pavel Panchekha 12:02 PM
v that’s really great of you. Excited to see more real-world code
# fptalks20

in FPBench
# number-systems ‘ 1 C-j




3. Community
We are all in this fogether.

& Q Search FPTalk @

# @6 FPTalk v #benchmarks < 0

ALLEN
SCHOOL

w ¢Z y Tatlock L 10 | Add a topic

m (18 P Yup Vinu is working on T- Th o **~— - for Nvidia. He may be able to
9 1 Threads give some of the before ... ___.ne format. But he is maxed out
wrt available time to translate into fpcore...

ﬁ Pavel Panchekha 3:07 PM
P [f he has code not in FPCore we can work something out!

& ©

Link to join on
fpbench.org

n Vinu Joseph 11:38 AM
joined #benchmarks along
Ml - n Vinu Joseph 11:54 AM .
# announce Community

# benchmarks with examples
# compilers ﬁ Pavel Panchekha 12:02 P SIaCk

that’s reall
# fptalks20

in FPBench =
# number-systems &1 © '
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4. Generality

Supporting a rapidly evolving landscape

Explosion of numerical representations.

How do we adapt code? Optimize? Need tools!

(FPCore (x)
:name "float32 ulp”
:precision binary64
(! :precision binary32 (- (! :round toPositive (cast x ))

¢ (! :round toNegative (cast x)))))
CRPCEFE. (50 “Precision scopes”
:name "round with addition" SpeCify MPMF!
:spec (round x) 4

(let ([n (! :precision binary64 6755399441055744)])
(! :precision binary64 :round nearestEven (- (+ x n) n))))



4. Generality

:name "arclength"
:cite (precimonious-2013)

Supporting a rapidly evolving landscape

Overall precision: posit(16,1)
:precision (FOSTENINIG)
:pre (>= n 9)

(let* ([dppi (acos -1)] N
[h (/ dppi n)]
[t1 @])

(while* (<= 1i n)

([t2 @

(let ([x (* i h)])
(while* (<= k 5)
([d1 1

200
20
\ # iterations
(! :precision binary32 (* d1 2))] Accumulator
[t1 x precision
(+ t1 (/ (sin (* di X)) dl))] 50-2 w24 md-6 568 w810 w10-12 w12-14 m14-16
[k 1 (+ k1)])
t1))]
[s1 0

(let ([s@ (sqrt (+ (* h h) (* (- t2 t1) (-
(fixed -8 12)

t2 t1)))D
(! :precision (+ s1 s0)))]
[t1 t1 t2]

[i1(+11)])

Enables parameter sweeps:
s1)))

iters, cost, accuracy
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4. Generality

Supporting a rapidly evolving landscape

ncreasing interest in numerics of tensor code.

(FPCore matmul ((A am an) (B bm bn)) FPBench 2.0 adds fensor
support, keeps minimal core

:pre (== an bm)

(tensor ([m am]
[n bn])
(for ([i bm])
([prod @ (+ prod (* (ref A m i) (ref B i n)))])

prod))




Where do we go from here?

Trust: ground fruth for MPMF
Measurement: metrics for tensor benchmarks
Community : outreach from research to practice

Generality : extensibility for new formats



A brief announcement...

Herbie 1.4 just released!

| =g

aaaaaaaaaaaaaa

Brett Saiki David Thien Max Willsey

Please take it for a spin :)

herbie.uwplse.org


http://herbie.uwplse.org/
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Thank You!

Trust: ground fruth for MPMF
Measurement: metrics for tensor benchmarks
Community : outreach from research to practice

Generality : extensibility for new formats

herbie.uwplse.org fpbench.org


http://herbie.uwplse.org/

