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The Busy Scientist
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What happened?






IEEE 754 Floating-Point




IEEE 754 Floating-Point




IEEE 754 Floating-Point

Floating-point numbers




IEEE 754 Floating-Point

An arithmetic exception arises when
Ithere is] no result that would be
acceptable universally.

— Willlam Kahan




IEEE 754 Floating-Point




IEEE 754 Floating-Point
Not-a-Number (NaN)




IEEE 754 Floating-Point
Not-a-Number (NaN)

Infinity



IEEE 754 Floating-Point
Not-a-Number (NaN)

Infinity

Subnormal (underflow)



IEEE 754 Floating-Point
Not-a-Number (NaN)

Infinity



O / 0 = NaN
O * Intf 2 NaN
Inf - Inf = NaN



Why not throw an error?



Lifetime of an exceptional value




Lifetime of an exceptional value

Gen NaN
X « -42.0 Born
y € VX
y holds NaN




Lifetime of an exceptional value
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100s of Issues In Julia repos
on GitHub mentioning “NaN”



FlIowFPX to the rescue




RxInfer.jl



Bayesian Network Inference Library

https://g1thub.com/biaslab
RxInfer.jl/issues /116


https://github.com/biaslab/RxInfer.jl/issues/116
https://github.com/biaslab/RxInfer.jl/issues/116

Now it Is Impossible to trace back the
origin of the very first NaN without
perform|ing| a lot of manual work. This
limits the ability to debug the code and
to prevent these NaNs In the first place.




RxInfer.jl #116 after a day using FlowFPX’s FloatTracker

Great package! | already found the
location where a NaN was produced.



FlowFPX



FlowFPX Solutions

Tracking down exceptional values

S \

Harden exception-vulnerable code

W




FlowFPX Technologies



FlowFPX Technologies

Julia’s type-based dispatch



FlowFPX Technologies

Julia’s type-based dispatch

Fuzzing



FlowFPX Technologies

Julia’s type-based dispatch

Fuzzing

Stack graphs



FlowFPX Technologies

Julia’s type-based dispatch
Fuzzing
Stack graphs
Flow graph diffing



FlowFPX Components

FloatTracker CSTG

(Generates visual

summaries from

Logs and tracks FloatTracker

exceptions
General tool to

visualize stack traces

Fuzzes for

ey https://doi.or
vulnerabilities ps:// g/

10.1109/MCSE.2014.11
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FlowFPX Components

FloatTracker

Logs and tracks
exceptions

Fuzzes for
vulnerabilities

CSTG

(Generates visual
summaries from
FloatTracker

General tool to
visualize stack traces

https://doli.org/
10.1109/MCSE.2014.11
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More to come...



Demo: maximum

Demmel et al. Correctness@SC 2022
arXiv:2207.09281
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function maximum(lst)
max_seen = 0.0
for x 1n Llst
if I (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen
end

result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")
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result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")



result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")



result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")

> Julia maximum. Jl
Result: 4.0

) &



result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")

> Jul1a maxanmum. Jl
Resul®: 4.0

) &



L et’s call Floatracker \




function maximum(lst)
max_seen = (.0
for x 1n Llst
if ! (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen
end

result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")
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using FloatTracker

function maximum(lst)
max_seen = (.0
for x 1n Llst
if ! (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen
end

result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")



using FloatTracker

function maximum(lst)
max_seen = (.0
for x 1n Llst
if ! (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen
end

result = maximum(TrackedFloat32.([1, 5, 4, NaN, 4]))
println("Result: $result”)



using FloatTracker

function maximum(lst)
max_seen = (.0
for x 1n Llst
if ! (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen
end

result = maximum(TrackedFloat32.([1, 5, 4, NaN, 4]))
println("Result: $result”)
ft_flush_logs()
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A

max_gen_logs.txt
A

max_prop_logs.txt

A
max_kill_logs.txt



Arguments  Output

A
No NaN Nan =y gen
A
NaN Nan —) DT Op
A
NaN No Nan ==y kill



A

max_gen_logs.txt
A

max_prop_logs.txt

A
max_kill_logs.txt



max_k1ll_logs.txt

[NaN] check_error([NaN, 4.0])

< at FloatTracker/src/TrackedFloat.jl:214
maximum at examples/max_min_example. jl:0
top-level scope at examples/max_min_example.jl:15
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A
max_k1ll_logs.txt

NaN < 4.0 = false



function maximum(lst)
max_seen = .0
for x 1n LUst
if 1 (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen

end ‘Jl'

result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")
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function maximum(lst)
max_seen = -
for x 1n LUst
if 1 (x < max_seen)
max_seen = X # swap 1f new val greater
end
end
max_seen

end ‘Jl'

result = maximum([1, 5, 4, NaN, 4])
println("Result: $result")
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end
end
max_seen
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println("Result: $result")
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How to use FloatTracker



How to use FloatTracker

Require FloatIracker



How to use FloatTracker

Require FloatIracker

Wrap inputs with TrackedF Loat types



How to use FloatTracker

Require FloatIracker

Wrap inputs with TrackedF Loat types
Flush any buffered logs




ShallowWaters.jl



ShallowWaters.jl

Milan Klower




ShallowWaters.|jl

CFL Trade-offs

Small —

Big



ShallowWaters.|jl

CFL Trade-offs

More accuracy Faster renders
Slower renders More instability

Small Big

45



ShallowWaters.jl

Small
100
80
60 '
40
Speed
Fast

20 &
0
Slow 0 .

40

CFL

46
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ShallowWaters.jl
Small CFL Big

100 100

80 80 -

60 I

Speed

20 40 60 80 100

Slow
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| et’s call Floatracker



ShallowWaters.|jl



ShallowWaters.|jl

A

sw_gen_Llogs.txt
A

sw_prop_Llogs.txt

A
sw_k1ill_logs.txt



ShallowWaters.|jl

A
sw_gen_Llogs.txt



ShallowWaters.|jl

A
sw_gen_logs.txt 3.1 MB



ShallowWaters.|jl

CSTG summarizes flows



ShallowWaters.jl

CSTG summarizes flows

Builds off of STAT from LLNL
https://github.com/LLNL/STAT



Frame C

Frame C

|

|




Frame C

Frame C

|

|

Frame C




top-level tuple(..)
examples/sw_nan_tf.jl:7
i

231

v

run_model(::Type{Float32}, ::Parameter)
ShallowWaters/run_model.jl:37

~ N

69 162

ShallowWaters.jl

time _integration(..) time_integration(..)
ShallowWaters/time_integration.jl.:77 ShallowWaters/time_integration.jl:78
[ ) ! ]
69 162
rhs! () continuity!(..)
Sw_gen_ Lo gS. Xt ShallowWaters/rhs.jl:14 ShallowWaters/continuity.jl:96
/ N
39 30
/ \ 162
rhs_nonlinear!(..) rhs_nonlinear!(..)
ShallowWaters/rhs.jl:50 ShallowWaters/rhs.jl:51
| |
39 30 continuity_itself!(.)
* * ShallowWaters/continuity.jl:65
momentum u!(..) momentum v!(..) /
ShallowWaters/rhs.jl:246 ShallowWaters/rhs.jl:275 162
| Y
39 30 J
v \
-(::TrackedFloat32, ::TrackedFloat3?2) +(::TrackedFloat3?2, ::TrackedFloat3?)
FloatTracker/TrackedFloat:102 FloatTracker/TrackedFloat: 102
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ShallowWaters.jl sw_gen_logs. txt

[NaN] check_error(Any[Inf32, -Inf32]) at FloatTracker/src/TrackedFloat. jl:11
+(::TrackedFloat32, ::TrackedFloat32) at FloatTracker/src/TrackedFloat.jl:103

momentum_v!(..) at ShallowWaters/src/rhs.jl:275
rhs_nonlinear!(..) at ShallowWaters/src/rhs.jl:51

rhs! () at ShallowWaters/src/rhs. jl:14
time_integration(...) at ShallowWaters/src/time_integration.jl:77
run_model(...) at ShallowWaters/src/run_model. jl:37
#run_model#57 () at ShallowWaters/src/run_model. jl:17
run_mode L##kw () at ShallowWaters/src/run_model.jl:12
run_mode L##kw(Tun_model) at ShallowWaters/src/run_model.jl:12

top-level scopeCore.tuple(..) at FTExamples/examples/sw_nan_tf.jl:7
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ShallowWaters.jl sw_gen_logs. txt

[NaN] check_error(Any[Inf32, -Inf32]) at FloatTracker/src/TrackedFloat. jl:11
+(::TrackedFloat32, ::TrackedFloat32) at FloatTracker/src/TrackedFloat.jl:103

momentum_v!(..) at ShallowWaters/src/rhs.jl:275
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time_integration(...) at ShallowWaters/src/time_integration.jl:77
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run_mode L##kw () at ShallowWaters/src/run_model.jl:12
run_mode L##kw(Tun_model) at ShallowWaters/src/run_model.jl:12

top-level scopeCore.tuple(..) at FTExamples/examples/sw_nan_tf.jl:7
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ShallowWaters.|jl

Inf32 + -Inf32 = NaN



Where is InT coming from?



| et’s call Floatracker



ShallowWaters.jl

/

top-level getproperty(P, :u)
examples/sw_nan_tf.jl:14

1

/ \1
\

640

Ix(::Matrix{TrackedFloat32})
ShallowWaters/interpolations.jl:54

Iy(::Matrix{TrackedFloat32}) materialize(")
ShallowWaters/interpolations.jl:70 broadcalst.jl:860

N

S 640

~. !

+(::TrackedFloat32, ::TrackedFloat32) literal pow(..)
FloatTracker/TrackedFloat.jl: 138 iIntfuncs.jl:327

[
640

v

~(::TrackedFloat32, ::Intb64)
FloatTracker/TrackedFloat.jl:138
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ShallowWaters.jl
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ShallowWaters.jl

[Inf] check_error(Any[-1.5150702f31, 2])

A(::TrackedFloat32, ::1Int64)
literal_pow()
_broadcast_getindex_evalf ()
_broadcast_getindex()
getindex()

macro expansion()

macro expansion()

copyto! ()
copyto! ()
copy ()

top-level scopeBase.getproperty(P,

:U)

57

at
at
at
at
at
at
at
at
at
at
at
at

sw_gen_logs.txt

FloatTracker/src/TrackedFloat. jl:11
FloatTracker/src/TrackedFloat.jl:139
./intfuncs. jl:327

. /broadcast.jl:670

. /broadcast.jl:643

. /broadcast.jl:597

. /broadcast.jl:961

. /simdloop.jl:77

. /broadcast.jl:960

. /broadcast.jl:913

. /broadcast.jl:885
FTExamples/examples/sw_nan_tf.jl:14



ShallowWaters.|jl

-1.5150702131 » 2 3 Int




ShallowWaters.|jl

We’re out of exception land! &3



Flow Summary

A
sw_gen_logs.txt
3.1 MB



Flow Summary

top-level tuple(..)
examples/sw_nan_tf.jl:7
| |

231

v

run_model(::Type{Float32}, ::Parameter)
ShallowWaters/run_model.jl:37

~

/ 69 162
time_integration(..) time_integration(..)
S W e n O S X ShallowWaters/time_integration.jl:77 ShallowWaters/time_integration.jl:78
| |
rhs! () continuity!(..)
ShallowWaters/rhs.jl:14 ShallowWaters/continuity.jl:96
/ N
. 39 30
/ \ 162
rhs_nonlinear!(..) rhs_nonlinear!(..)
ShallowWaters/rhs.jl:50 ShallowWaters/rhs.jl:51
I I
39 30 continuity_itself!(.)
* * ShallowWaters/continuity.jl:65
momentum_u!(..) momentum_v!(..)
ShallowWaters/rhs.jl:246 ShallowWaters/rhs.jl:275 162

I
39 30 !
v \

-(::TrackedFloat32, ::TrackedFloat32) +(::TrackedFloat32, ::TrackedFloat3?2)

FloatTracker/TrackedFloat:102 FloatTracker/TrackedFloat:102

60



How does the flow change over
time?



ShallowWaters.|jl
CSTG Diff

A
sw_gen_logs.txt



ShallowWaters.|jl
CSTG Diff

A A
sw_gen_logs_partl.txt sw_gen_logs_part2.txt




STG Diff

ShallowWaters.|jl

sw_gen_logs_partl.txt . sw_gen_logs_part2.txt

exec_options(::Base.JLOptions) at ./client,j:303 ‘

26

include(::Module, ::String) at ./Bast

jl:419 ‘

26

_include(::Function, ::Module, ::String) at ./loading jl:1488 ‘

26

include_string(identit

ty) at Jloadingjl: 1428 ‘

205

exec_options(::Base.JLOptions) at ./client j1:303 ‘

205

include(::Module, ::String) at ./Base.jl:419 ‘

205

_include(::Function, ::Module, ::String) at ./loading jl: 1488 ‘

205

include_string(identity) at /loadingjI: 1428 ‘

205

2 205
top-level scopeCore.tuple(:T, :cfl, :Ndays, :nx, :L._ratio, :be, :wind_forcing_x, yat /U T _nan_tfl:7 top-level scopeCore.tuple(:T, :cfl, :Ndays, :nx, :L_ratio, :bc, :wind_forcing_x, yat /U T
26 205
l run_ _model) at /U _model jl:12 ‘ l run_ _model) at /U _model jl:12 ‘
26 205
l run_ )at/t _modeljl:12 ‘ run_ Yat /L _model jl:12 ‘
26 205
l #run_model#57() at /U qecP/sre/run_model.jl:17 ‘ l #run_model#57() at /U qecP/sre/run_model.jl:17 ‘
2 205
l run_model(::Type{Float32}, ::Parameter) at /U qecP/src/run_model j1:37 ‘ l run_model(::Type{Float32}, ::Parameter) at /U qecP/src/run_model.jl:37 ‘
2 4 47 158
time_i aters. PrognosticVars{ T 32}, :ShallowW ars{Float32, Ti 32}, :ShallowW Float32, T 2)) at roftime._i i n-77‘ lume; wWaters.PrognosticVars( T }, ::ShallowWaters. DiagnosticVars(Float32, T 2), ::ShallowW Float32, T 32)) at L i I; I wWaters.PrognosticVars( T 2), :ShallowW ars{Float32, Ti 2), :ShallowW Float32, T Dat/t juli re/time_i n»77‘ lnme; wWaters.F icVars(Ti 32}, ::ShallowW icVars{Float32, T 32}, ::ShallowW Float32, T 32)) at L juli 1
2 4 47 158
Lrhs!() at/t q l:14 lwnlinui(y!(::Matrix(Float32),::Man-ix(F]oal32).::Mmrix(FloaBZ).::Shallomeers.l" ars{Float32, T 32}, ::Shalloy Floa32, T 32}, ::Int64) at /L jl:96 ths!() at /L q ﬂ continuity!(::Matrix (Float32}, ::Matrix (Float32}, ::Matrix {Floa32}, ::ShallowW ars{Float32, T 32}, ::ShallowWaters.ModelSetup {Float32, TrackedFloat32}, ::Int64) at /Users/ashton/ julia/packag
21 1 4 18 29 158
float32}, ::ShallowWaters.Di {Float32, T 32}, ::Shalloy Floa32, T (32}, ::Int64) at n~<n‘ ths_nonlinear!(::Matrix{ Float32}, ::Matrix{ Float32}, ::Matrix{ Float32}, ::Shall Di {Float32, T (32}, ::ShallowWaters.ModelSetup{Float32, TrackedFloat32}, :Ini64) at /U ]‘ P ix{Floa32}, ::Matrix{Float32}, ::Matrix{Float32}, ::ShallowWaters.Di 32}, :ShallowW: Floa32, T 32}, :Int64) at 1 nvsn‘ ths_nonlinear!(::Matrix { Float32}, ::Marix{ Float32}, :Matrix{Float32}, ::Shallo D {Float32, T 32}, ::ShallowW {Floa32, T 32}, :Ini64) at /U “'“J
21 1 continuity_itsel Waters. Di ars(Float32, T 32}, :ShallowW Floa32, T 2}, ::Int64) at ity 65 | 18 29 continuity_itself!(: Di {Float32, T 32}, ::ShallowW: Floai32, T (32}, ::Int64) at /L juli :
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21 1 18 29
+Th 32, 5T 2) at /L (Tracker/sr/T) 102 ‘ (Tracker/sre/T: j1:102 TrackedFloat32, ::TrackedFloat32) at /U Tracker/sre/T j1:102

(Tracker/src/Ti

j1:102

32, 12T 2) at /U
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CSTG Diff

ShallowWaters.|jl

run_model(...)

~

time_integration(...)

rhs!()

continuity!(...)

> 2

rhs_nonlinear!(...)

continuity_itself!(...)

momentum_v!(...)

N\
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momentum_u!(...)

v

-(...)







= (CUWTEE = g = e o VIESE = 200 « M- el .

I.quuuumu

\24_:0'1

ROBORACE I sesson bels

Demmel et al. arXiv:2207.09231
https://www.youtube.com/watch?v=xafdUx6d4QM



= (CUWTEE = g = e o VIESE = 200 « M- el .

I.quuuumu

\24_:0'1

ROBORACE I sesson bels

Demmel et al. arXiv:2207.09231
https://www.youtube.com/watch?v=xafdUx6d4QM






‘do we find vulnerable loc:

-

P




| et’s call Floatracker



NBodySimulator.jl



NBodySimulator.ji

——— QOrbit 1
———— QOrbit 2
10 —— QOrbit 3
© Bodyno.l
@ Bodyno.?2
@ Bodyno.3
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NBodySimulator.ji

Nothing—no FP
operations!

1.0

05

0.0 |

-1.0 |

——— QOrbit 1
———— QOrbit 2
—— QOrbit 3
© Bodyno.1l
@ Bodyno.?2
@ Bodyno.3
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NBodySimulator.ji

OrdinaryDiffEq.]l




OrdinaryDiffEq.jl

config_injector(odds=2,

libraries=["NBodySimulator", "OrdinaryDiffEq"])
record_injection("injection_recording.txt")

/1
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OrdinaryDiffEq.jl

config_injector(odds=2,
libraries=["NBodySimulator", "OrdinaryDiffEq"])
record_injection("injection_recording.txt")

odds :: Int64
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OrdinaryDiffEq.jl

config_injector(odds=2,
libraries=["NBodySimulator", "OrdinaryDiffEq"])
record_injection("injection_recording.txt")

odds :: Int64

n_inject:: Int64

functions:: Array{FunctionRef}
Llibraries::Array{String}
record::String

replay::String
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OrdinaryDiffEq.]l

A
1njection_recording.txt



OrdinaryDiffEq.]l

1njection_recording.txt

Repeat interesting injections
after hardening the code



OrdinaryDiffEq

[NaN] check_error
<

solve!

solve_call

solve

run_simulation
top-level scope

at
at
at
at
at

at
at

A
ode_k1ll_logs.txt

FloatTracker/src/TrackedFloat. jl:11
FloatTracker/src/TrackedFloat. jl:214
OrdinaryDiffEq/src/solve.jl:515
DiffEqBase/src/solve. jl:466
DiffEqgBase/src/solve.jl:819

NBodySimulator/src/nbody_simulation_result. jl:289
FTExamples/examples/nbody_replay.jl:29

/3
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[NaN] check_error
<

solve!

solve_call

solve

run_simulation
top-level scope

at
at
at
at
at

at
at

A
ode_k1ll_logs.txt

FloatTracker/src/TrackedFloat. jl:11
FloatTracker/src/TrackedFloat. jl:214
OrdinaryDiffEq/src/solve. Jjl:515
DiffEqBase/src/solve. jl:466
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OrdinaryDiffEq

function DiffEqBase.solve!(integrator::0DEIntegrator)
while lisempty(integrator.opts.tstops)
while integrator.tdir % integrator.t < first(integrator.opts.tstops)
Lloopheader! (integrator)
1f integrator.do_error_check && check_error!(integrator) != ReturnCode.Success
return 1ntegrator.sol
end

perform_step!(integrator, integrator.cache)
loopfooter!(integrator)
1if isempty(integrator.opts.tstops)
break
end

end

handle_tstop! (integrator)
end
postamble! (integrator)

OrdinaryDiffEq/src/solve.jl:514
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end

end

handle_tstop! (integrator)
end
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OrdinaryDiffEq

function DiffEqBase.solve!(integrator::0DEIntegrator)
while lisempty(integrator.opts.tstops)
while integrator.( NaN * integrator.t < first(integrator.opts.tstops)
Lloopheader! (integrator)
1f integrator.do_error_check && check_error!(integrator) != ReturnCode.Success
return 1ntegrator.sol
end

perform_step!(integrator, integrator.cache)
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end

end

handle_tstop! (integrator)
end
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OrdinaryDiffEq

function DiffEqBase.solve!(integrator::0DEIntegrator)
while lisempty(integrator.opts.tstops)
while integrator.tdir % integrator.t < first(integrator.opts.tstops)
Lloopheader! (integrator)
1f integrator.do_error_check && check_error!(integrator) != ReturnCode.Success
return 1ntegrator.sol
end

perform_step!(integrator, integrator.cache)
loopfooter!(integrator)
1if isempty(integrator.opts.tstops)
break
end

end

handle_tstop! (integrator)
end
postamble! (integrator)

OrdinaryDiffEq/src/solve.jl:514




OrdinaryDiffEq

function DiffEgBase.solve! (integrator::ODEIntegrator)
while lisempty(integrator.opts.tstops)
while integrator.tdir % integrator.t < first(integrator.opts.tstops)

Lloopheader! (integrator)
T F TantAaaratar AAa Avvrar ~Aha~l 00 ~AhAall AvvyAav i (AantAaaratar) 1 DAatiirnCAAA C|JCC€SS

https://gi1thub.com/SciML/
OrdinaryDiffEqg.jl/1ssues /1939

end

handle_tstop! (integrator)
end
postamble! (integrator)

OrdinaryDiffEq/src/solve. jl:514




FlowFPX Internals




Making FloatIracker Work

Intercept floating-point operations

Floatl6
Float32
Floatob4




Making FloatIracker Work

Intercept floating-point operations

TrackedFloatl16
TrackedFloat32
TrackedFloato6e4d



Making FloatIracker Work

abstract type AbstractTrackedFloat <: AbstractFloat end

struct TrackedFloat32 <: AbstractTrackedFloat
val::Float3?2
end

i’



Making FloatIracker Work

function Base.+(x::TrackedFloat32, y::TrackedFloat32)
result = x.val + y.val

check_error(+, result, x.val, y.val)
TrackedFloat32(result)
end
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Making FloatIracker Work

function Base.+(x::TrackedFloat32, y::TrackedFloat32)
result = x.val + y.val

check_error(+, result, x.val, y.val)
TrackedFloat32(result)
end

Type Dispatch

/8



Making FloatIracker Work

function Base.+(x::TrackedFloat32, y::TrackedFloat32)
result = x.val + y.val

check_error(+, result, x.val, y.val)
TrackedFloat32(result)
end

Of course, this would be hard to maintain



Making FloatTracker Work



Making FloatIracker Work

Enter the Macros




Making FloatIracker Work

for TrackedFloatN in (:TrackedFloat16, :TrackedFloat32, :TrackedFloat64)
for Op in (:4, =, :/, M)
@eval function Base.$0p(x::$TrackedFloatN, y::$TrackedFloatN)
result = $0p(x, y)

check_error($0p, result, x.val, y.val)
$TrackedFloatN(result)
end
end
end

Inspired by Milan Klower’s Sherlogs.jl library
https://github.com/milankl/Sherlogs. jl
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https://github.com/milankl/Sherlogs.jl

218

Lines of Code in TrackedFloat.jl
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645

Generated Function Variants
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You can write your own
overrides too!



Custom Overrides: Clapeyron

Base.:+(x::ForwardDiff.Dual, y::TrackedFloat32) = x - y.val




Custom Overrides: Clapeyron

Base.:+(x::ForwardDiff.Dual, y::TrackedFloat32) = x - y.val




Conclusion
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Tracking down instances of NaN and
Inft doesn’t have to be painful



Tracking down instances of NaN and
Inft doesn’t have to be painful

FloatTracker + CSTG are ready to use



Tracking down instances of NaN and
Inft doesn’t have to be painful

FloatTracker + CSTG are ready to use

Type dispatch: the great enabler
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FLOATTRACKER
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FlowFPX

FloatTracker
Track and fuzz exceptional values ‘30‘.] U | ia H U b

https://github.com/utahplt/FloatTracker. jl

CSTG

Summarize flows in graphs
https://github.com/utahplt/CSTG

continuity_itself!(...)
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https://github.com/utahplt/CSTG
https://github.com/utahplt/FloatTracker.jl




Performance (ShallowWaters)

3

<1

/9

00

S

S

25X

9500X

164X

160X

(ho NaN, no FloatTracker)

(NaN, no FloatTracker)

(ho NaN, full FloatTracker)

(NaN, full FloatTracker)
(NaN, FloatTracker logs first 100 gen events)

(NaN, FloatTracker with logging turned off)
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Performance

~ Gen
" Prop
Kl
. Prop

-~ Prop

Filter event types _Prop_

-~ Gen

" Prop
- Kill

Limit number of —
events logged '

- Gen
COKill
- Gen
COKill

) > Log to file




Performance

o Short of it: DO NOT RUN IN PRODUCTION —this is a profiler

* Log filtering helps tremendously
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Exception land

 Domalin experts now get a concrete number to look at

* Also get some stack traces as hints as to where to look next
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Comparison with flame graphs

* Flame graphs track time spent in each function (performance)

« CSTG tracks number of invocations (frequency)

* A routine frequently generating/killing NaN might run quickly —won’t show up
on a flame graph, but CSTG will highlight its role

SIS



GPU-FPX
Detects exceptions in the GPU at runtime

-- FP32 Operations --
Total NaN:

Total INF:
Total subnormal:
Total divO:

https://github.com/LLNL/GPU-FPX
https://doi1.0org/10.1145/3588195.3592991


https://github.com/LLNL/GPU-FPX
https://doi.org/10.1145/3588195.3592991
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