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The Patriot Missile

At =1/10 s in 24 bit fixed point arithmetics.

Dharan, Saudi Arabia, on February 25, 1991
GAOQ/IMTEC-92-26
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http://www.fas.org/spp/starwars/gao/im92026.htm

The Patriot Missile Failure

At =1/10 s in 24 bit fixed point arithmetics.

Dharan, Saudi Arabia, on February 25, 1991 0.1,=0.0001100110011001100110011001100...

GAOQ/IMTEC-92-26

0.1, ~0.0001100110011001100110011001100..” )

\ )
\> 0.34 51676 1m /g ~ Y
/5~ 057 kan ~0.000000095 ,,

~ 95 ns

The system was running for 100h
which lead to cumulative error of
0.34s.

Multiple casualties
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http://www.fas.org/spp/starwars/gao/im92026.htm

Motivation

LHC is going to be upgraded to High Luminosity LHC by 2030.

HL-LHC will increase the number of particle collisions 5x-7.5x.

This will raise significantly the computing demands.

Will need unprecedented volumes of event generation.

Good that we have free lunch, right?
(Denard, Moore scaling)

[1] ATLAS Software and Computing HL-LHC Roadmap - [URL]
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https://cds.cern.ch/record/2802918
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[1] Floating Point Emulation in NVIDIA Math Libraries - Rodriguez S. - OFPP workshop 2025, CERN - [URL] Time (sec)

[2] Hardware Trends Impacting Floating-Point Computations In Scientific Applications - Dongarra J. - math.NA, 2024 [URL]
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https://indico.cern.ch/event/1538409/contributions/6521976/attachments/3096181/5485165/cern-talk.pdf
https://arxiv.org/pdf/2411.12090

Supplement - IEEE-754

p— sgn € {0,1}
Z —3 d; € {0,...,b—1}
— (_ sgn . 11.€ ? AR 3 ]
r = ( 1) d?’b b Cmin S e S Erian F (b7 p’ em’b’n) 6mam)
= Emin = _(emaw - 1)
sign  exponent ( 8 bit) significant ( 23 +1 bit)
Fes2 [ EEEE OO OO OO e e< —126,127 >
sign exponent (11 bit) significant ( 52 +1 bit)
Fees I EE EE P OO OO O OO MO0 e e< —1022,1023 >
Rounding
- RN, RZ,RU,RD for RN
- correct rounding for +,-,*/, sqrt() fl(x) — x| < 0.5 ulp(x)
- GRS system
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Supplement

Floating point arithmetics (operations) is commutative but not associative nor distributive.
Not every number can be represented.
Addition of two numbers of varying magnitude -> loss of low order bits.
Subtracting two numbers of similar size -> loss of higher bits (up to catastrophic cancellation).

Loss of significant digits is independent of floating point precision.
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https://indico.cern.ch/event/1538409/contributions/6522023/attachments/3096325/5485473/slides_FJezequel.pdf
https://indico.cern.ch/event/1538409/contributions/6522023/attachments/3096325/5485473/slides_FJezequel.pdf
https://indico.cern.ch/event/1538409/contributions/6522022/attachments/3096799/5486367/ChefFP.pdf
https://indico.cern.ch/event/1538409/contributions/6522023/attachments/3096325/5485473/slides_FJezequel.pdf
https://indico.cern.ch/event/1538409/contributions/6521989/attachments/3095180/5483150/main_CERN.pdf
https://indico.cern.ch/event/1538409/contributions/6521976/attachments/3096181/5485165/cern-talk.pdf
https://indico.cern.ch/event/1538409/contributions/6522024/attachments/3097817/5488258/OZAKI_slide_CERN.pdf
https://indico.cern.ch/event/1538409/contributions/6543292/attachments/3096536/5486282/Optimising_floating_point_precision___CERN___TNL-4.pdf
https://indico.cern.ch/event/1538409/contributions/6521988/attachments/3096541/5485852/magerya-dd.pdf
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https://indico.cern.ch/event/1538409/contributions/6521988/attachments/3096541/5485852/magerya-dd.pdf

What accuracy do we want?

Numerical precision at LO uncertainties dominate:

e Scale variation: ~50% (norm), 210% (shapes)
e PDFs: ~3%, larger in kinematic tails

Precision benchmark

e Gaussian 30 (99.7%) conservative < 1072 of events may have lower accuracy < 99.9%

Error propagation limits

e Optimistic: uncorrelated errors — Monte Carlo cancellation
e Pessimistic: fully correlated bias — 1% systematic on cross section

[1] Amplitude Surrogates for Multi-Jet Processes [URL

Goal is 3 significant digits for > 99.9% of events
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https://indico.cern.ch/event/1538409/contributions/6522023/attachments/3096325/5485473/slides_FJezequel.pdf

Determine the accuracy of output

e Static analysis
o  All possible input values taken into account, no execution

o FLDLib
e Interval arithmetics 3 1 4
o0 Guarantees bounds of the computed result .
o Usually overestimation, not suitable for large codes
o INTLAB

e Probabilistic approach
o No algorithmic modification needed
o Estimation for any variable
o CADNA
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Discrete stochastic arithmetics (DSA)

e Each floating point operation is computed n times.

e For each operation random rounding mode is set.

e Commonly to obtain the number of correct digits, Student test with confidence level 95% is
performed on the n samples.

e Computational zero @0 (0 correct digits)

Al@Bl —>R1
AQEBBQ —>R2

A®B— R
A3 ® Bs — Rs
® floating point multiplication ®—|—OO rounding towards +inf
@ floating point addition ® —00 rounding towards -inf
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CADNA

DSA for C++ and Fortran codes

Stochastic type composed of 3 floating points

and 1 int
e half, float, double (+ arbitrary)

All math operations are overloaded

Support for MPI, OpenMP and GPU

aPiob= —(—aP_, —D)
0 Ri0ob= —(aR_s —b)

Cadna

One CADNA execution - accuracy of any result and list of instabilities

® floating point multiplication

@ floating point addition

®—|—OO rounding towards +inf

® rounding towards -inf
— 0
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https://indico.cern.ch/event/1538409/contributions/6522023/attachments/3096325/5485473/slides_FJezequel.pdf

Precision auto-tuning

e Static

O e.g. Taylor expansions #I g at ‘! -
O Not suitable to large codes .
o FPTaylor
double A;
J

e Dynamic
O comparison with highest precision type
result
o ADAPT (algo. diff.), PROMISE (DSA)

s NLLLL LT T T
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PROMISE...

Uses CADNA for check of the highest type resulit
Built on DELTA DEBUG algorithm O(nlog(n)) for n vars
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CADNA in MadGraph5

We assume that momenta enter the ME calculation with infinite precision and use just the
“standalone” version.

g g — t t~ g g Matrix element precision for: gg_ttxgg_seed 1 float -03 Matrix element precision for: gg_ttxgg seed 1 double -O3
55402 60000 57634
w000 F P32 FP64
50000 -
40000 7 40000 -
00 30000 -
20000 - 20000 -
10000 10000 -
0 0 1 38 545 ol 0 0 0 0 0 0 0 0 0 0 6 54
T T T T T T T T T T
0 1 2 3 4 5 6 7 8 0 2 4 6 8 10 12 14 16
Digits of precision. Sum = 100000 Digits of precision. Sum = 100000
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CADNA in MadGraph5

Matrix element precision for: gg_ttxgg seed 1 float -03

g g - t t~ g g . FP32 55402

Only those are the 40000
problematic ones, what
are the properties?

They might trip the phase-space
integrator - because of those we
need to run in FP64 everything?

0.4%

1 38 I 545
2 3 4 5 6 7 8
cision. Sum = 100000
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Momenta study

max,_« F; D - Dj
soft = — €N coll = max BB
min, . 5 E; i<j |2 {95l

What do the bad momenta have in common?

Separation of the momenta by soft.+coll.

. . L N I XL X MR AL XX or s ‘3‘. 3 ~l
& oo & % o "%%e,. % 0% 2% ' .\"‘ o t‘ § ‘J’
" . 82 L SRR T AL N & )""‘
7 e e — R AR SR L AR v¥, iy :.{ > %. t t~
: I A B B WY G oo 0 gg— gdg
6 = 24849 T 42849
=) FP32 | FP32
- j
271 + j
[} E 1
1) 30000
o 27156
v j
S 4 FP64
Y S ]
o 20000
]
=
2
A 3 1 10000 -
5577
3812
ol 0 123 412 72 428 6
4 0 L 2 4 4 6 8 10
2 lJﬂecision. Sum = 80000 g==w¥ precision. Sum = 80000
1 -
.

0.6 0.7 0.8 0.9 1.0
Max. abs. collinearity

e Max. abs. collinearity > 0.995 — 6846 (6.8%) ® Precision < 3 (others) — 0 (0.0%)
® Max. energy ratio > 50 — 433 (0.4%) ® Remaining points — 92763 (92.8%)

0.0%
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Momenta study

Not all the processes have the same behaviour

u d~ — w+ w-c s~ QCD=0

Digits of precision

0.6 0.7 0.8 0.9 1.0

Max. abs. collinearity / 4-7(y0
e Max. abs. collinearity > 0.995 — 6846 (6.8%) @ Precision|< 3 (others) — 4686 (4.7%)
® Max. energy ratio > 50 — 433 (0.4%) ® Remaining points — .1%)
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Where do we lose the accuracy? Coaoson e

0
o @ - @ e ©

Pseudo random numbers Phase space sampling Matrix element calculation Monte Carlo integration

o)
\S 35«53‘
\e
a0V

FrantiSek Stloukal - 11.2.2026 - MGM 2026 - Heidelberg




Where do we lose the accuracy?

®

Matrix element calculation

Helicity sum | Color sum
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Where do we lose the accuracy?

Helicity sum

1—cos® 2% numerical instability

1 p2—)M2
pupt — M?

> numerical instability

+ Gauge dependence

®

Matrix element calculation

Color sum
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Where do we lose the accuracy?

Helicity sum
-0 . . .1
1—cos§# ——— numerical instability

1 p2_)M2
pupt — M?

> numerical instability

+ Gauge dependence

®

Matrix element calculation

Speed-up (w.r.t no SIMD, single thread)

Color sum
uu — H + 4
FP32
1.0
0_
T 21 0.8
]
g
= -~ 0.6
¢
Ll _8_
§ 0.4
S —10
5 -12 0.2
-14
0.0

-35 -30 -25 -20 -15 -10 =5
log10(Scattering amplitude)

[1] Data-parallel leading-order event generation in MadGraph5_aMC@ NLO [PDF’
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Throughput speed-up, gg = tt + ng
(AMD Epyc 7313, Nvidia A100)
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https://arxiv.org/abs/2507.21039
https://arxiv.org/pdf/2507.21039

PROMISE in MadGraph5

Some processes violate previous assumption of possibility of separation of the momenta.

& — 0 —

Find “bad” momenta

CADNA instrumented MG5 to
generate the violating (<3s.d.)
momenta for further analysis.

Boilerplate for only the ME

Automatic creation of a
boilerplate to run just the ME
calculation for easier and faster
PROMISE processing.

Each function is templated so a
type can be determined.

PROMISE analysis

Lastly, PROMISE is employed to
automatically determine the
sufficient type to ensure the 3
sig. dig. of a result.
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FT_Types

PROMISE in MadGraph5

pp—ott~+2j

Typedef Distribution: double (colored) vs float (white)

Example of FFV

pp—tt~+3j

Typedef Distribution: double (colored) vs float (white)

FT_FFV1PO_3 FT_FFV1PO_3
FT_FFV1_0 FT_FFV1_0
FT_FFV1_1 41 - dOUble FT_FFV1_1
FT_FFV1_2 FT_FFV1_2
FT_VWV1PO_1 float FT_VWV1P0_1
FT_VVV1_0 A1 FT_VW1_0
FT_VVVV1P0_1 BN not used FT_VVWV1P0_1
FT_VVWV1_0 4 FT_VVVV1_0 -
FT_VVVV3P0_1 FT_VVVV3P0_1
FT_VVVV3_0 A FT_VVWV3_0
FT_VVVV4P0_1 FT_VVVV4P0_1
7]
FT_VVWV4_0 ] FT_VVWV4_0
FT_amp A FT_amp -
FT_imzxxx z: FT_imzxxx
3 = s
FT_ipzxxx & FT_!pzxxx
FT_iXXXXX FT_iXXxxx
FT_ixzxxx FT_ixzxxx
FT_jamp FT_jamp
FT_omzxxx FT_omzxxx
FT_opzxxx FT_opzxxx
FT_oXxxxx FT_OXXXXX
FT_oXZXXX FT_oxzxxx
FT_SXXxxx FT_sxxxxx
FT VX000 FT_VXXXXX
FT_w FTw
fptype fotype
fptype2 fptype2 4 T r T r - - - : - - - - - - :
8 ) S N & S & S S « & & & ) St o S
&° & P A A A B A A B
s & S s & &
QQ’ o (S)/ 43 &7 & & Y S 47 o ? qu o Q‘V Y- SF < i &7 g7 7 & S &y S Ly
Q> o o &7 & aed ‘»)\ 7 ‘\\/) »)‘ > &_(, +°+ &7 o S 7 & b 5 S Sg\' & q"+ A 3 7 S _\’? & +d- +°+ ’
q 7 g q Q o & Q‘\9 q 7 7 o e 24 Q 7 Q‘\,)) Q&\/)
Directories Directories

Nex

TGen

Next Generation Triggers
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FT_Types

PROMISE in MadGraph5

pp—ott~+2j

Typedef Distribution: double (colored) vs float (white)

FT_imzxxx
FT_ipzxxx
FT_ixxxxx
FT_ixzxxx

FT_jamp
FT_omzxxx

FT_opzxxx

FT_oxxxxx

FT_oxzxxx

FT_SXXXXX

FT_vXXXXX

Directories

B double
float
B not used

FT_Types

Example of FFV

pp—tt~+3j

Typedef Distribution: double (colored) vs float (white)

FT_FFV1P0O_3
FT_FFV1_0
FT_FFV1_1
FT_FFV1_2

FT_VWV1P0_1
FT_VW1_0
FT_VVVV1PO_1
FT_VVVV1_0 -
FT_VVVV3P0_1
FT_VVVV3_0
FT_VVVV4P0_1
FT_VVVV4_0
FT_amp
FT_imzxxx
FT_ipzxxx
FT_iXxxxx
FT_ixzxxx
FT_jamp
FT_omzxxx
FT_opzxxx
FT_oxxxxx
FT_oxzxxx
FT_SXXXXX
FT_VXXXXX
FT_w

fptype
fptype2 < T T T T T T T T T T T T T T T

Directories

FFV1_1, FFV1_2, FFV1P0_3, VVV1P0_1

NexTGen

Next Generation Triggers

Similar for lower mult. (jets)
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Example of FFV

PROMISE in MadGraph5 e

Typedef Distribution: double (colored) vs float (white)

B double
float
B not used

uu — H + 4]

Summation between
diagrams

Directories
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Example of FFV

PROMISE in MadGraph5 e

Typedef Distribution: double (colored) vs float (white)

B double
float
B not used

uu — H +4j
axial gauge el

FT_ipzxxx
FT_ixxxxx
FT_ixzxxx
FT_jamp
FT_omzxxx
FT_opzxxx

Summation between
diagrams in FP32

FT_oxxxxx
FT_oxzxxx
FT_SXxxxx
FT_vxxxxx

3
o"oo
X
-»9 o\) ’ oo ’ S>7 0‘) ’ o\\, ’
] ad ad Faad rdd rad
Directories

FFV1_1, FFV1_2, FFV1PO0_3, VVV1P0_1
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Example of FFV

Closer look into the vertex functions W

template<class W_ACCESS, class C_ACCESS>
__device__ void
FFV1PO_3( const fptype allF1[],

const fptype allF2[],

const fptype allCOUP[],

const double Ccoeff,

const fptype M3,

const fptype W3,

fptype allv3[] )

const cxtype_sv* F1 W_ACCESS: :kernelAccessConst( allF1 );

const cxtype_sv* F2 W_ACCESS: :kernelAccessConst( allF2 );

const cxtype_sv COUP = C_ACCESS::kernelAccessConst( allCOUP );

cxtype_sv* V3 = W_ACCESS: :kernelAccess( allV3 );

const cxtype cI = cxmake( @., 1. );

v3[e] = +F1[0] + F2[0];

V3[1] = +F1[1] + F2[1];

const fptype_sv P3[4] = { -cxreal( V3[@] ), -cxreal( V3[1] ), -cximag( V3[1] ), -cximag( V3[e] ) };

const cxtype_sv denom = Ccoeff * COUP / ( ( P3[©] * P3[@] ) - ( P3[1] * P3[1] ) - ( P3[2] * P3[2] ) - ( P3[3] *# P3[3] ) - M3 * ( M3 - cI * W3 ) );
V3[2] = denom * ( -cI * (F1[2] * F2[4] + F1[3] * F2[5] + F1[4] * F2[2] + F1[5] * F2[3] );

)
V3[3] = denom * ( -cI ) * ( -F1[2] * F2[5] - F1[3] * F2[4] + F1[4] * F2[3] + F1[5] * F2[2] );
V3[4] = denom * ( -cI ) * ( -cI * ( F1[2] * F2[5] + F1[5] * F2[2] ) + cI * ( F1[3] * F2[4] + F1[4] * F2[3] ) );
V3[5] = denom * ( -cI ) * ( -F1[2] * F2[4] - F1[5] * F2[3] + F1[3] * F2[5] + F1[4] * F2[2] );
return;
}

* After line by line PROMISE analysis
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FP64*

Example of FFV

Closer look into the vertex functions W

template<class W_ACCES

__device__ void

FFV1PO_3( const fptype
const fptype
const fptype
const double
const fptype
const fptype
fptype allv3|

const cxtype_sv* F1

const cxtype_sv* F2

const cxtype_sv COUP
cxtype_sv* V3 = W_ACC
const cxtype cI = cxm
v3[e] = +F1[0] + F2[0
V3[1] = +F1[1] + F2[1
const fptype_sv P3[4]
const cxtype_sv denom

V3[2] = denom * ( -cI
V3[3] = denom * ( -cI
V3[4] = denom * ( -cI
V3[5] = denom * ( -cI
return;

}

S, class C_ACCESS>

allF1[],
allF2[1,
allCOUP[ ],
Ccoeff,
M3,

w3,

1)

W_ACCESS: :kernelAccessConst( allF1 );
W_ACCESS: :kernelAccessConst( allF2 );

= C_ACCESS: :kernelAccessConst( allCOUP );
ESS::kernelAccess( allV3 );

ake( 0., 1. );

1;

1

)
)
)
)

Same behaviour for VVV1P0_1

1 p2_)M2

PupH — M?

> numerical instability

{ -cxreal( v3[e] ), -cxreal( V3[1] ), -cximag( V3[1] ), -cximag( V3[e] ) };

Ccoeff * COUP / ( ( P3[@] * P3[@] ) - ( P3[1] * P3[1] ) - ( P3[2] * P3[2] ) - ( P3[3] * P3[3] ) - M3 * ( M3 - cI * W3 ) );
* (F1[2] * F2[4] + F1[3] * F2[5] + F1[4] * F2[2] + F1[5] * F2[3] );

* ( -F1[2] * F2[5] - F1[3] * F2[4] + F1[4] * F2[3] + F1[5] * F2[2] );

* (-cI * ( F1[2] * F2[5] + F1[5] * F2[2] ) + cI * ( F1[3] * F2[4] + F1[4] * F2[3] ) );

* ( -F1[2] * F2[4] - F1[5] * F2[3] + F1[3] * F2[5] + F1[4] * F2[2] );

* After line by line PROMISE analysis
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What if we set denomto 1.0 ?

Matrix Element Accuracy Comparison forp p > t t~ + 3j

pp—tt~+3]

To be investigated. (Overflow
not in normal process)

Matrix Element Accuracy Comparison forpp > t t~ + 3j

1600
17018 16629 16644*Ratio of ME with sig. dig. < 3 to all events16712 E Sig. digits 0 h23) 2523 d520 1525 *Ratio of ME with sig. dig. < 3 to all events HEE Sig. digits 0
15786 Em Sig. digits 1 I Sig. digits 1
16000 + Sig. digits 2 1400 4 sig. digits 2
14770
13995 13996
14000 4 13485 13585
13064 1200 A 1166 1166 1166 1164 1166 1165 1165 1164
12312 12323 12316
12000 4
8 £ 1000 1
s 10100 10186 s
£ 10000 5
7 @ 806 806
5 *0.19 % +0.18 % +0.19 % %0.19 % 5 18004 *0.02 % *0.02 % ¥0.02 % *0.02 %
o 8000 *0.18 % o
2 *0.16 % a 665
g *0.15 % *0.15 % *0.16 % 11 *0.16 % g
* " *0. 4 *0.0 *0.01 % *0.0 *0. *0.01 % *0.0 *0.01 % *0.
z *0.148% *0.148 *0.148 Z 600 1% 1% *0.01 % 1 1% % *0.01 %
6000 1
*0.11 % *0.11 %
400
4000 4
4 1617 1633 1676 1677 1651 200 +
2000 1067 1379 1018 1364 1261 1259 1429 1361 1536 1258 1428
o 17 17 18 12 15 11 18. 15. 14 14 15 14 17 16 14 15 o
& o> + & + s - © + S ) & + &
S J S e, S ' N , S d & @, 5
& 4 & & & Si ) oF o) & XS Y Y & oF SF
& ¥ F F & & ¢ ¢ g P g
o 9 & @ N Q)+'7 - A SGRC AR D S

Subdirectories Subdirectories

. From <0.2% to <0.02%

NexTGen

riggers
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FT_Types

FT_VVVV4P0_1

Example of FFV

What if we set denomto 1.0 ?

Typedef Distribution: double (colored) vs float (white)

FT_VVWV3_0

FT_VVVV4_0
FT_amp 4
FT_imzxxx

FT_ipzxxx
FT_iXxxxx
FT_ixzxxx
FT_jamp
FT_omzxxx
FT_opzxxx
FT_oxxxxx
FT_oxzxxx
FT_SXXXXX
FT_vXxxxx
FT_w
fptype
fptype2 4 T T T T T T T T T T T T T T T

47 &7
& ¢ N
S N7 N7 SF §F
aad Laed Q> ] ? Ligd &7 Q‘y\f)

Directories

Only the incoming® in FP64
N~ W g

pp—tt~+3]

double
float
not used

FT_Types

Typedef Distribution: double (colored) vs float (white)

19 22 22 9 15 9 22 15 9 9 15 9 22 15 9 15
FT_FFV1P0_3 -
1170 276 276 54 108 54 276 108 54 54 108 54 276 108 54 108
FT—F ey 1-0 7 40 40 15 23 15 40 23 15 15 23 15 40 23 15 23
FT_FFV1_1
n 40 40 15 23 15 40 23 15 15 23 15 40 23 15 23
FT_FFV1_2
= g 109 16 16 3 5 3 16 5 3 3 5 3 16 5 3 5
Fr_VW . Po_l | 477 20 2 9 18 9 20 18 9 9 18 9 90 18 9 18
FT_VW1_0
38 5 5
FT_VVVV1P0_1
81 9 9
FT_VWWV1_0
38 -} 5
FT_VVVV3P0_1
81 9 9
FT_VWWV3_0
38 5 5
FT_VVVV4P0_1
81 : | 9
FT_VVVV4_0

FT_amp 4
FT_imzxxx
FT_ipzxxx
FT_iXxxxx
FT_ixzxxx

FT_jamp

FT_omzxxx
FT_opzxxx
FT_OXXXXX
FT_oxzxxx
FT_SXXXXX
FT_VXXXXX
FT_w
fptype

fptype2 T T T T T T T T T T T T T T T

Directories

Separation?

NexTGen

Next Generation Triggers

*We need to optimize them next.
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Future steps

Perform a line-by-line analysis with PROMISE of rest of functions flagged for double-precision.

Apply pattern-based algorithmic remedies (e.g., compensated methods, arithmetic expansions) adapted to complex

arithmetic.

FD gauge (when available in C++ version). Phase space sampling examination. ...

CADNA_tools_for_MadGraph5 Public

Tools for putting CADNA in MG C++ code and mesuring the accuracy of
results. Also some graphs.

@ Python %1

This work has been funded by the Eric & Wendy Schmidt Fund for Strategic Innovation through the
CERN Next Generation Triggers project under grant agreement number SIF-2023-004.
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Backup

pp— W+ W-+2j QCD=0j

denom =1.0

Typedef Distribution: double (colored) vs float (white)

Typedef Distribution: double (colored) vs float (white)

i = o e N W W N W Y I N W Y Y Y Y K Y K e KN e
oat

g ot e Uity : SENE K 5 = rorused

FT_FFV1_2 i HEBEEBEEE 3 | 1|3 1 1| 3

FT_FFV2_0 ETIFFV2i0 2|6 |1 |6 | 2|6 |2 6 |1 | 6 |2

FT_FFV2_1 FEERVI. 2 NER R 2 [ 3|2 HEEERE

FT_FFV2_2 o | SR 3 s [s|s[s]s BIEE s s | s |3

s : e e L e e L e

FT_FFV2_3.0 T FT_FFV2.3.0

FTFFV2.31 T FTFFV2.31 : : =

FTFFV2.32 FT_FFV2.32 > - .

FTFFV2.33 FT_FFV2.3 3 2 = =

FT_FFV2.5_0 - ﬂﬂﬂﬂﬂﬂﬂﬂ FF-Fsz-SVO 4 2 6

FTFFV2.5_1 i R

i ENENEN o i SR

FTFFV2.53 e

e FT_FFV3_0

FT_FFV3_1 ey iy

FTFrv3 2 FT_FFV3_2

£ F_FFV5_3
FT_Ws1.0 e 2 AEYERE B HERERERE 2 1|1 3|1 3 1
FT_WS1.3 Tvve1sa 1 AR E R E T2 [a|z[z|z]|@][a|a 2 | 1 2 1
FT_VWV1P0_1 e 1 z|&]xlala]a]a T2 |1 2| 2]|2]2]|1]1 2 | 1 2 1
FTVW1.0 pilisipi 2 HEIEIREIRE 2|6 |2 | o8 |n]|s |2 |2 » | 2 ) =
FT_VWV1_1 i 2 AENE B 1 1|1 1|1 I 1 1
FT_VWV1_2 Z 4 AEAE 2 2| 2 2 | 2 2 | 2 2 2
3 AEAE 3 2 ENE 2 | 2 5 | 2 3 2
0 HEIE 3 2 2 | 3 2 | 2 A B 5 2
0 ARE 2 2 | 2 2 | 2 2 | 2 2 2

FT_Types

FT_VW1_3 FT_VW13
FT_WWW2_0 FT_VWWW2_0
FT_VWW5_0 FT_VWW5_0

FT_amp

FT_imzxxx FT_imzxox
FT_ipzxxx FT_ipzocx
FT_ixooooc FT_ixooexx
FT_ixzxxx FTixaooc

FT_jamp i

FT_omzixx FT_omazxxx
FT_opzxxx FT_opzxxx
S oa00) FT_oxxxooc
FT_oxzxxx FT_oxzxxx
FT_sx00x FT_sxxxxx
FT_vxooooc

fptype
fptype2 fptype2
¢ & gt & ¢ ¢ & RV I e SR & G R S . S - G S S - & R . 3 PO +
& sp q@“ & ¥ & TS I TS ET T I TS 6&‘ FEFFFITETSE T @"
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& DR G i 14 b i N & < Z i PR DRGS0 S o &7 i % g LY > 7 @ .4
Directories Directories

NexTGen

Next Generation Triggers

Flw




Backu p p p — W+ W- +2j QCD=0j

Matrix Element Accuracy Comparison for pp_wpwmjj_QCDO

1000 4 = ey
N Sig. digits 0 *Ratio of ME with sig. dig. < 3 to all events 20
N Sig. digits 1
B Sig. digits 2
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gg -> ttxgg

BaCkup Breakpoints: 5352595

operators:
3883352
1449172
9490

CADNA does not support constexpr constants

-> replace by const fptype x = 68.f; % 7616
1652
1308
std::sqrt e
return sqgrt(arg)

Math functions are overloaded by CADNA but we use std:: version

std::sqrt(arg)

CADNA has multiple levels of checks performed. E.g. if only number of sig. dig. is up to interest, instead * I FrdOL) i i

of all checks cadna_init(-1) (run time ) only some cadna_init(M) or none cadna_init(0) (run time )
can be performed.

Writing out of location of instability with gdb/lidb is slow ( )

To make cadna erase the history simple is enough.

This can also easily introduce a bug but simple test is to worsen the precision and examine the
propagation:

U.Zworsen — UL — 8- 1010910|u.:c|—3
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Backup

seed 1 and 2 at 1075

Typedef Distribution: double (colored) vs float (white)

FT_FFV1PO_3 s double
FT_FFV1_0 float
FT_FFV1_1 4 N not used
FT_FFV1_2
FT_FFV2_0

FT_FFV2_1
FT_FFV2_2
FT_FFV2_3
FT_FFV2_3 0
FT_FFV2_3_1
FT_FFV2_3 2
FT_FFV2_3 3
FT_FFV2_5_0
FT_FFV2_5_1
:} FT_FFV2_5_2
8 Fr FFv2 53
£ FT_FFV3_0
£ FFRV3
FT_FFV3_2
FT_FFV3_3
FT_FFV5_0
FT_FFV5_1
FT_FFV5_2
FT_FFV5_3
FT_WVS1_0
FT_WVS1_3
FT_VVV1P0_1
FT_VWV1 0
FT_VWV1_1
FT_VWV1_2
FT_VWV1_3
FT_VWWW2_0
FT_VWWWV5_0 . .

&
&
15 &
& &
[
344

Directories
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seed 1 and 2 at 1077

Matrix element precision for: comparison_natives_thresh3

16000

14000

12000

10000

8000

6000

-
-

{'doubl

Frantisek Stloukal

0.0

e

150
05

1705

1.0 15
Digits of precision.

M

2.0
Sum = 18893

17031

25

3.0

16000

14000

12000

10000

8000

6000

Matrix element precision for: comparison_natives_thresh3

16668

0.0 0.5 1.0 15 2.0 2.5 3.0
Digits of precision. Sum = 18456




Backup

P = 333.75y° + 2?(112%y* — % — 121y* — 2) + 5.5¢° + 2/(2y)
r = T7617; y = 330996

float: P =2.571784e+29
_ double: P =1.17260394005318
Evenquadisnot _|___ o quad: P =1.17260394005317863185883490452018
correct exact: P =-0.827396059946821368141165095479816
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