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Classical HEP transport is mostly local s

ﬁGeometry navigation \
(local)

» Material — X-section tables

» Particle type - physics

 Event- or event track-
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but won’t improve

these points processes
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Introduced basketized transport

Deal with particles in parallel

A dispatcher thread puts
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Basket managers

One basket manager per volume
— Receiving tracks entering the volume from generator or scheduler
— Accessed by scheduler only

Pool of empty baskets, one current basket + one basket for prioritized tracks
Lock-free access for unique scheduler (only one thread can add tracks)

Transportability threshold per manager

— If threshold reached when adding tracks, the current basket is pushed in the work queue and replaced
from the pool. Tracks added with the priority flag go to the priority basket which gets pushed to the
priority side of the queue

— Threshold(vol) = Ntracks_in_flight(vol)/2N_threads rounded to %4 (min 4, max 256)
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PhysicsSelect
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fPstepV[i]

Basket transport
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Scheduling policies

Workload balancing

— Divide the work evenly to scale with number of workers

— Queue control: garbage collection on work queue depletion

— Improvement: schedule physics as separate task (process selection and
discrete processes post-step)

Memory management

— Not active currently, the idea it to trigger hit/digits collection and memory
cleanup on thresholds

Keep large vectors

— Raise transportability thresholds per volume

— Postpone sparse tracks when not in garbage collection mode

Trigger single track mode when vectorization gives just
overhead



tracking time per particle ( microsecond

©)

Gains from micro parallelism and SIMD (old!) it

Time of processing/navigating N particles ( P repetitions)

using scalar algorithm (ROQOT) versus vector version
5 —

ROOT seq
excellent speedup
10+ Vec (SSE4) 1 for SSE4 version
g Vec (AVX) some further gain
I | with AVX
already gain
6+ ] considerably for
total speedup of 3.1 small N
4t there is an optimal
point of operation
2t - (performance
degradation for large
oL ] N)
1 10 100 1000 10000

number of particles
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Recap of performance status

*provided new optimized vector interfaces for some elementary
solids and geometric base classes ( implemented important
functions for particle navigation )

*overall performance gain in a standard navigation benchmark ( in toy

P detector with 4 boxes, 3 tubes, 2 cones ) - comparison to ROOT/
IStFrominsiae
mothervolume 534 I 7

vector flow

pick next -
daughter volume |~ |6 particles | 1024 particles
* SIMD
transform Intel
dmightor frame IvyBridge ~2.8x ~4.0x
(AVX)
distToOutside Intel Haswell
daughtervol ( AVXZ) 3 .OX 5 .OX
uDsloal’ﬁdS;ers ' Intel Xeon-Phi ~4 I ~4 8
(AVX512) 1 X -OX

Xeon-Phi and Haswell benchmarks by CERN
Openlab (Georgios Bitzes)

CHEP13 paper: http://arxiv.org/pdf/1312.0816.pdf
Sandro Wenzel, CERN-PH-SFT Annual Concurrency Forum Meeting, 02-04- 14 | 3



http://arxiv.org/pdf/1312.0816.pdf

Portable HPC?

©)

~/~_~

e Straight “vectorisation” of existing code is difficult to

Impossible
* Resulting code is hard to read and maintain
 And it is largely compiler-dependency
e Porting to different high end devices is very di

ficult

e Explored solution is to use template speciticati

on for

solid placement, specialisation and code generation
* Highly optimised modular “codelets™ a la STL are

used to construct algorithms

14



Solid specialisation

CreateTube(rmin, rmax, all, al?2)

QOGN

Instantiate
tube section Instantiate

cyl section

Instantiate Instantiate

tube cylinder
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Single particle interface Vector interface External CUDA kernels

Thread access

l Backend instantiation

CUDA Backend

Dispatcher C-like abstract
kernel
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template <TranslationCode trans_code, RotationCode rot_code>
void SpecializedBox<trans_code, rot_code>::DistanceToIn(
SOA3D<Precision> &positions,
SO0A3D<Precision> &directions,
Precision % step_max,
Precision x output) { |
DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,’
step_max, output);
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kernel
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Precision x output) {

(int i = @; i < positions.fillsize(); + S
output[i] = Ay e
volume.template DistanceToInDispatch<i =-1t_code, kScalar Thread access
positions[i], directions([i], step_maa .,
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} ::17:_‘ =~ oty :
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llustrating scalar/SIMD abstractlon and kernels

Single particle interface Vector interface External CUDA kernels

template <TranslationCode trans_code, RotationCode rot_code,
VolumeType, ContainerType>
VECGEOM_INLINE
void VPlacedVolume: :DistanceToIn_Looper(VolumeType &volume,
ContainerType &positions,
ContainerType &directions,
Precision % step_max,
Precision output) {
(int i = 9; i < positions.fillsize(); i += kVectorSize) {
VcPrecision result =
volume.template DistanceToInDispatch<trans_code, rot_code, kVc>(
Vector3D<VcPrecision>(VcPrecision(&positions.ContainerType::x(1i)), dCCEeSS
VcPrecision(&positions.ContainerType::y(i)),
VcPrecision(&positions.ContainerType::z(1i))),
Vector3D<VcPrecision>(VcPrecision(&directions.ContainerType: :x(i)), instantiation
... VcPrecision(&directions.ContainerType::y(1i)), e £

R VcPrecision(&directions.ContainerType::z(1))),
VcPrecis LUt LG p_naA [l] )

Scalar Bac -- i ackena
S result.store(&output([i]);

Dispatcher C-like abstract
kernel
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lllustrating scalar/SIMD albstraction and kernels 7

: _ _ 3 template <TranslationCode trans_code, RotationCode rot_code,
Single particle interfe 27 VolumeType, ContainerType> Kernels
38 VECGEOM_INLINE
void VPlacedVolume::DistanceToIn_Looper(VolumeType &volume,
ContainerType &positions,
ContainerType &directions,
Precision * step_max,
Precision x output) {
4 (int i = 0; i < positions.fillsize(); i += CilkPrecision::size()) {
Scalar | }! CilkPrecision result =
1 volume.template DistanceToInDispatch<trans_code, rot_code,
17 kCilk>(
Vector3D<CilkBracicinny(CilkPrecision(&positions.x(1i)),
CilkPrecision(&positions.y(i)),
CilkPrecision(&positions.z(1i))),
Vector3D- (CilkPrecision(&directions.x(1i)),
CilkPrecision(&directions.y(i)),
CilkPrecision(&directions.z(i))),
Lilbbeasision(&step_max[i])

itput[i]);

Scalar Backend

Dispatcher C-like abstract
kernel
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lllustrating scalar/SIMD albstraction and kernels 7

rot_code>
eToIn(

External CUDA kernels

Vector interface

Single particle interface

Scalar Looper Cilk plus Looper -

struct kVc {

typedef Vc::int_v int_v; Thread access

typedef Vc::Vector<Precision> precision_v;

typedef Vc::Vector<Precision>::Mask bool_v; Backend instantiation

constexpr bool early_returns = false; l '
precision_v kOne;
precision_v kZero; CUDA Backend
bool v kTrue;
bool_v kFalse;

_ Dispatcher C-like abstract
kernel
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lllustrating scalar/SIMD albstraction and kernels

tenplate <TranslationCode trans_code, RotationCode rot_code>
void SpecializedBox<trans_code, rot_code anceToIn(
SOA3D<Precision> &positions,
SOA3D<Precision> &directions,
Precision *

step_max,
Precision *:

DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,

Vector interface

Single particle interface

External CUDA kernels

tationCode rot_code,

‘tenplate <TranslationCode trans_code, Rol
VoluneType, ContainerType>

VECGEOM_INLINE

v edVoLune: :DistanceToIn_Looper (VoluneType svol
ContainerType
ContainerType
Precision

e lationCode trans_code, RotationCode rot
VoluneType, antainerType
spositions,
Sdirections,
wconst step_max,
output) {
;4 < positions.fi
nplate DistanceToInDispatchetrans_code, rot_code,
[4], directions[il, {81}

Cilk
ion(sstep_max(il)

e(Soutput());

e
VoluneType
ContainerType
ContainerType

Thread access

Backend instantiation

/ector<Precision>
lector<Precision

bool early_returns
precision v kOne;
precision_v
bool_v
bool_v

C-like abstract
kernel

16



lllustrating scalar/SIMD albstraction and kernels

tenplate <TranslationCode trans_code, RotationCode rot_code>

void SpecializedBox<trans_code, rot_code>::DistanceToIn(
S0A3D<Precision> &positions,
SOA3D<Precision> &directions,
Precision * step_max,
Precision x output)

DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);

Single particle interface Vector interface External CUDA kernels

ru

o< tesplate <TransiationCode trans_code, RotationCode rot_code,
template <TranslationCode trans_code, RotationCode rot_code, VECGEOM_INLINE LTy S
VoluneType, ContainerType> void VPlacedVolune: nceToIn_Looper (Volumel wolume,
VECGEOU_INLINE e etatnarTyse con &
Void VPTacedVolune: DistanceToln_ Looper(VoluneType <or<t Svolume, ContainerType - Garect
ContainerType o1 Spositions, Precision
i Sairections,

Precision +o1 ¢ output)
wconst step_max, (int 1= 0; 1 < positions. fillsize(); 1 += CilkPrecision
Precision xco:t output) { CilkPrecision result =
(dnt 1= 0; 1 < positions.fillsize(); ++1) { Volume. template DistanceToInbispatchetrans_code, rot_code,
output(i] = KCilio(
volure. tenplate DistanceToInDispatchetrans_code, rot_code, k

® ;
positions[i], directions[il], step_max[i] . it n(Ggasitions A1
i i Cirrecisiontoostions i,
e i
rects o Eatreciom (il
' tprecision birect om0,
—_—

cill
CilkPrecision(step_max(i])

result.store(Soutput [4])
i

3

typedef Precision precision_v;

ate <TranslationCode trans_code, RotationCode rot_code,
VoluneType, ContainerType>

VECGEOH_INLINE

void VPlacedVolume: :DistanceToln_Looper (VoluneType ure,
Cont ,

ve )y ,
Precision "
S —_

Prec;
(int 1 = 0; 1 < positions. fillsize(); 1 +=
VePrecision result =

Volume. template DistanceToInDispatch<trans_code, rot_code,
T

Precision(8positions. ContainerType:

_—— .ar 'Ly_ returns
precision. v king;

struct kVe {
typedef Vc::int_v in

e
i t_v;
typedef Vc::Vector<Precision> precision_v;
typedef Vc: :Vector<Precision>: :Mask bool_v;
constexpr bool early_returns = fal
precision_v k0|

precision v

Scalar [ 2 tatic bool v kTrue = true;
bool v kFalse = false;

. C-like abstract
kernel




lllustrating scalar/SIMD albstraction and kernels 7

TranslationCode trans_code, RotationCode rot_code>
ecializedBox<trans_code, rot_code>::DistanceToIn(
S0A3D<Precision> &positions,
S0A3D<Precision> &directions,
Precision * step_max,
Precision x
DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);
+

ingle particle interface Vector interface External CUDA kernels

rans_code, RotationCode rot_code,
b ContainerType>

Tn_Looper (VoluneType Svolune,
ContainerType

Thread access

Backend instantiation

lector<Precision> precision_v; o ’ v
lector<Precision>: :Mask bool_v;
constexpr bool early_returns = ;
precision v kOne;
precision_v ;
bool_v 5
bool_v H

Scalar Backend Vc Backend

struct kScalar {
typedef int int_v;
typedef Precision precision_v;
typedef bool bool_v;
bool early_returns
precision_v
precision_v
bool_v kTrt
bool_v kF

C-like abstract
kernel
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Scalar Bac

struct kScalar {
typedef int int_v;
typedef Precision precision_v;
typedef bool

llustrating scalar/SIMD abstraction and kernels 7

External CUDA kernels

struct kCilk {
typedef CilkVector<int> int_v;
typedef CilkVec = §10n> precision_v;
typedef CilkVec bool_v; ad access
constexpr " poot early_returns = fal
precision_v kOne; nd instantiation
cision_v kZero; TR

pool v kTrue; | Beakene
bool v kFalse;

C-like abstract
kernel
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template <TranslationCode trans_code, RotationCode rot_code>

void SpecializedBox<trans_code, rot_code: anceToIn(
SOA3D<Precision> &positions,
S0A3D<Precision> &directions,
Precision * step_max,
Precision *

DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);

Single particle interface ector interface External CUDA kernels

lationCode trans_code, RotationCode rot
‘tenplate <TranslationCode trans_code, RotationCode rot_code, YoumsTipeJ bl
VoluneType, ContainerType>
VECGEOM_INLINE
v edVolune: :DistanceToIn_Looper(VoluneType svolume,
ContainerType spositions,

ContainerType Sdirections,

Precision wconst step_max,
o output) {

;4 < positions.fi

nplate DistanceToInDispatchetrans_code, rot_code,
[4], directions[il, it}

Scalar Loo per i rermnd

e
VoluneType
ContainerType
ContainerType

Thread access

struct kCilk {

- - -
Backend instantiation
typedef CilkVector<Precision> precision_y

0 .

p
typedef CilkVector<bool> bool_y
constexpr bool early_returns
precision_v k¢
precision_v
bool_v KTt
bool_v

/ector<Precision>
lector<Precision

bool early_returns
precision v kOne;
precision_v ;
bool_v
bool_v

Scalar Backend

struct kScalar {

typedef int int_v;

typedef Precision precision_\

typedef bool bool_v;
bool early_returns =
precision_v
precision_v
bool_v kTrt
bool_v kF

C-like abstract
kernel
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llustrating scalar/SIMD abstraction and kernels 7

<TranslationCode trans_code, RotationCode rot_code>
:DistanceToIn(

{
oper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);

External CUDA kernels

P I .

struct kCuda
typedef int int_v;
typedef Precision precision
typedef bool bool_v;
bool early_returns
ion_v kOne
on_V kZero

bool_v
eratic bool v

:Vector<Precision> precision_v;

:Vector<Precision>::Mask bool_v;

bool early turns =
precision
precision; 0;
bool_v kTrue;
' bool_v kFalse;

Scalar Backend Vc Backend UlIK PIUS BACKENU

struct kScalar {
typedef int int_v;
typedef Precision precision_v;
typedef bool bool_v;
bool early_return:
precision_v
precision_v
bool_v
bool_v

C-like abstract
kernel
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template <TranslationCode trans_code, RotationCode rot_code>

void SpecializedBox<trans_code, rot_code: anceToIn(
SOA3D<Precision> &positions,
S0A3D<Precision> &directions,
Precision * step_max,
Precision *

DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);

Single particle interface ector interface External CUDA kernels

lationCode trans_code, RotationCode rot
‘tenplate <TranslationCode trans_code, RotationCode rot_code, YoumsTipeJ bl
VoluneType, ContainerType>
VECGEOM_INLINE
v edVoLune: :DistanceToIn_Looper (VoluneType svolume,
ContainerType spositions,

ContainerType Sdirections,
Precision wconst step_max,

o output) {
;4 < positions.fi

nplate DistanceToInDispatchetrans_code, rot_code,
[4], directions[il, it}

Scalar Loo per i rermnd

e
VoluneType

ContainerType
ContainerType

Thread access

= = =
struct kCilk {
typedef CilkVector<int> int_v
typedef CilkVector<Precision> precision_)
typedef CilkVector<bool> bool_ struct kCuda
constexpr bool early_returns ; typedef int int_v
fector<Precision= precision_v kC typedef Precision precision_v;
/ector<Precision .\ precision_v typedef bool bool_v;
bool early_returns bool v kTrue; bool early_returns
precision_v kone; bool v ; precision_v
precision_v ; precision_v
bool_v bool_v kT
bool_v

Scalar Backend UDA Backend

struct kScalar {

typedef int int_v;

typedef Precision precision_\

typedef bool bool_v;
bool early_returns =
precision_v
precision_v
bool_v kTrt
bool_v kF

C-like abstract
kernel
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227 template <TranslationCode trans_code, RotationCode rot_code,
28  VECGEOM_CUDA_HEADER_BOTH
VECGEOM_INLINE
Backend: :precision_v PlacedBox::DistanceToInDispatch(
Vector3D< Backend: :precision_v> &position,
Vector3D< Backend: :precision_v> &direction,
Backend: :precision_v step_max) {

Backend: :precision_v output;

BoxDistanceToIn<trans_code, rot_code, Backend>(

unplaced_box()->dimensions(),

xthis->matrix(),

position,

direction,

step_max,

&output

output;

2 \

Dispatcher C-like abstract
kernel

Backend>




lllustrating scalar/SIMD albstraction and kernels 7

template <TranslationCode trans_code, RotationCode rot_code>

void SpecializedBox<trans_code, rot_code>::DistanceToIn(
SOA3D<Precision> &positions,
S0A3D<Precision> &directions,
Precision * step_max,
Precision *

DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);

Single particle interface Vector interface External CUDA kernels

<TranslationCode trans_code, RotationCode rot_code,
VoluneType, ContainerType>
VECGEOM_INLINE
v edVoLune: :DistanceToIn_Looper (VoluneType &volume,
ContainerType spositions,
ContainerType Sdirections,
Precision wconst step_max,
o output) {
;4 < positions.fi

nplate DistanceToInDispatchetrans_code, rot_code,
[4], directions[il, it}

Scalar ieesal

ode trans_code, RotationCode rof

meTy; ContainerType>
VoluneType
ContainerType
ContainerType

Thread access

. . .
struct kCilk {
typedef CilkVector<int> int_v,
typedef CilkVector<Precision> precision_y
I typedef CilkVector<bool> bool_y SEGEtIa
struct Ve { ) constexpr bool early_returns ; ypederiint
typedef Vciiint_v int_v; 2 i
. A precision_v k¢
typedef Vc: :Vector<Precision> precision_v;
fypedef Vc: iVectorsPrecision>: iMask bool_
constexpr bool. early_returns =

int_v;

typedef Precision precision_v;

precision_v typedef bool bool_v;
bool v kTrue; bool early_returns

precision_v kone; bool v precision_v

precision_v precision_v

zgz{,z i bool_v kT

Scalar Backend UDA Backend

struct kScalar {

typedef int int_v;

typedef Precision precision_\

typedef bool bool_v;
bool early_returns =
precision_v
precision_v
bool_v kTrt
bool_v kF

template <TranslationCode trans_code, RotationCode rot_code, Backend> - | | k a b t ra Ct
VECGEQM_CUDA_HEADER_BOTH
VECGEOM_INLINE

Backend: :precision_v Placed! istanceToInDispatch(

Vector3D< Backend: :precision_v> &position,

Vector3D< &direction,
i {

Backend: : precision_v output; ke r | I E |
BoxDistanceToIn<trans_code, rot_code, Backend>(
inplaced_box()->dimensions(),

*this->matrix(),
position,
direction,
step_max,
Soutput

output;
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llustrating scalar/SIMD abstraction and kernels 7

c
(

+

Single particle interface External CUDA kernels

template <TranslationCode trans_code, RotationCode rot_code,
void BoxDistanceTolIn(
Vector3D<Precision> &dimensions,
TransformationMatrix &matrix,
Vector3D< Backend: :precision_v> &pos,
Vector3D< Backend: :precision_v> &dir,
Backend: :precision_v &step_max,
Backend: :precis ~_ ance) {

typedef Backend: :| ; read access

typedef Backend: :t

Vector3D<Float> safety;
Vector3D<Float> pos_local; n
Vector3D<Flo ey
Bool hit(::
Bool done(fa

Scalar Backend ¢  *distance = kin

B matrix.Transform<trans_code, rot_code>(pos, pos_local);

typedef int int_v;
typedef Precision precision_v;

typeder bool . bool - matrix.TransformRotation<rot_code>(dir, dir_local);
! -

precision_)
precision_)

bool_v
bool_v

Dispatcher C-like abstract
kernel
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lllustrating scalar/SIMD albstraction and kernels 7

tenplate <TranslationCode trans_code, RotationCode rot_code>

void SpecializedBox<trans_code, rot_code>::DistanceToIn(
S0A3D<Precision> &positions,
S0A3D<Precision> &directions,
Precision * step_max,
Precision x

DistanceToIn_Looper<trans_code, rot_code>(xthis, positions, directions,
step_max, output);

ingle particle interface Vector interface External CUDA kernels

LationCode trans_code, RotationCode rot_code,
E “TranslationCode trans_code, RotationCode rot_code, YoumsTipeJ atie e
olureType, ContainerType>
VECGEOM_INLINE
v edVoLune: :DistanceToIn_Looper (VoluneType suolume,
ContainerType
ContainerType M)rerunns
k) ¢ Cikprecision re
(dnt 1= 0; 1 < positions.fillsize(); ++1 volume. template D:
output(i] =
Volune. tenplate DistanceToInDispatchetrans_code, rot_code,
sitions[i], directions(il, step_nax[i]

Kprecision(&directi
on(sstep_maxli])

Scalar Looper |

ode trans_code, Rotationt
meType, Al
0 Svolume,

ContainerType

ContainerType

Thread access

Backend instantiation

lypede/ Cilkector<Precision> preclsmn
_ typedef CilkVector<bool> bool_v;
struct kve { v e constexpr bool early_returns
Y o precision_v k(
precision_v
constexpr 300{-" Tr bool early_i returns
precxswn v 3 ool_v precision_v
precision_v }i precision_v
Boolly bool_v KT

Scalar Backend | Backend

struct kScalar {
typedef int int_v;
typedef Precision precision_v
typedef bool bool_v;
bool early_returns
precision_v
precision_v
bool_v kTrt
bool_v kF

struct kCuda
typedef int
typedef Precision prec1smn Vi
typedef bool b

Dispatcher

template <TranslationCode trans_code, RotationCode rot_code, Backend>
VECGEOM_CUDA_HEADER_BOTH
VECGEOM_INLINE
Backend: :precision_v Placeds t TnDispatch(
Vector3D< Backer &position,
Vector3D< &direction,
Backend: :precision_v step_max) {

eacken 4

Backend: :precision_v output;
BoxDistanceToIn<trans cude, rot. code, Backend>(
x()=>dimer )
position,
direction,
step_max,
Soutput

output;
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* Independent “application agnostic” library for
geometry
* [n collaboration with AIDA SFT activity

* Already offered as an option for Geant4

* New high performance version will be progressively
iIntroduced

\_/

T

USolid

sed both by Geant4 and GeantV

ninking about UGeom and UMaterial
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PNysics 9

* A lightweight physics for realistic shower development

e Select the major mechanisms

« Bremsstrahlung, e+ annihilation, Compton, Decay, Delta ray, Elastic hadron,
Inelastic hadron, Pair production, Photoelectric, Capture + dE/dx & MS

 Tabulate all x-secs (100 bins -> 90MB)
* Generate (10-50) final states (300kB per final state & element)
* Not good as Geant4, but it could be the seed of a fast S|mulat|on ootlon

* Independent from the 810} " Y S RN O B TR [
MonteCarlo that actually 10?: ...... Td'féil ......... ........... vonUranlum ......... .......
generates the tables :; j . ‘

[ Geant4 ] [ MC-x } 10’,;

l |

[ Physics tables ] ‘Z

[ Geant-V prototype ] 10°




Where are we now”

e Scheduler

 The new version, hopefully improved of the
scheduler has been committed and we are
testing it
e Solids

e The proof or principle that we can achieve large
speedups (3-5+) is there, however a lot of work
lays ahead

« Navigator

» “Percolating” vectors through the navigator is a
difficult business. We have a simplified
navigator that achieves that, but more work is
needed here

e Physics
« (Can generate x-secs and final states and

sample them, but there are still many points to
be clarified with Geant4 experts

19
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Physics Specific issues A

* Many issues opened In Jira about physics
iInteractions

 “SFT-private” version of G4 created

* Verification of tabulated x-sections against x-
sections as sampled and data

* Make common tools for accessing x-sections &
process sampling (SampDisOne) a standard facility
in Geant4

20



Planning

 Common program of work FNAL - GeantV ( -

Gean

t4)

e P.Canal, S.Jun, G.Lima

* Deve
Protof

opment of common CPU / GPU enabled
ype

e Deve

opment of MIC version in parallel (Intel)

21



Milestones

e April 11th
o Simple (EXO3-like) benchmark
« Connect tabulated physics with Geant4 & prototype
e Port optimised Bremsstrahlung to prototype & reuse in Geant4

e USolid and UGeom to run ExO3 in prototype

e July 31st
e Move to Geant4 10.0
e Nightly build system
Magnetic Field transport
Setups intermediate (3-5 v-solids) and full (CMS, top 5 v-solids)
Vector Compton & abstraction
Test all combos (GPU, CPU and MIC) of the prototype

* November
 Complete EM Physics (for Std EM Physics) & one bi-model process

o Full set of Primitive Shapes and voxelisation

22



Testing - benchmarking Q)

Geant4 Prototype
G4 nav Prot nav
G4 phys Tab phys
G4 geom UGeom”

With small, large & venti geometries

3 "UGeom == USolid + navigation
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Testing - benchmarking

Geant4 Prototype
G4 nav G4 nav G4 nav G4 nav Prot nav Prot nav
G4 phys Tab phys G4 phys Tab phys Tab phys  Tab phys
V phys V phys V phys
G4 geom G4 geom G4 geom G4 geom UGeom* UGeom*

With small, large & venti geometries

3 "UGeom == USolid + navigation



Outlook <

e Parallel development for this year

 \Vector physics code may find its way into Geant4 if
there is a clear performance benefit

* [he vector prototype has made good progress and
the collaboration with FNAL is very promising

* We should start a reflection on the design of a new
software suite taking advantage from the major
upgrade / rewrite that will be necessary to optimise
our code
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