BR

AR EEET )
Chrono JES B F REUANIEIT

ik

1. EREMFRERIN

2. 2RTE ((FEKEXEH)
3. FREAO

A (FESHIRE

5. QIR RFXR

6. M (BTikER)
7. QIBIKIANR (BHZSNIAE)
8. gliEthEm AR (EERIE)
9. YA AI L

10. {(FEETEIF
DemofEFAPGDK %23

Chrono Source Code
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cmake/

contrib/
data/
docs/
doxygen/

src/

LA

B& CMake RIRHAENX, BIMIAFNE=FE. BiEFELE
fiZso

S ERTIRRRYRAS, HRIREVERRK TR, 30 VSG Bz $o
(PEFENHEIERIR, flmts. EWS. 3D KA,
151 8 B9t BRSO B A P F

Doxygen XHEEMECE, SZIFEEERM C++ APl X,

FERABAAEMLE. HIER Chrono &R (MINIMA, fffE.
KigEF) HMEXE,



template_project*  ARENES/NAZ=MEIRME (C++/ROS/CH/FMU ¥F), HEF

HRIEFFISo
.clang-format C++ IS EIE AL E, SH—EXAR,
.gitignore Git ZEEFFE LERIXH (40 build/. FEIXHE).
CMakelists.txt - IEZX CMake EEIANO, HERINEIFIEZED Chronoo
CMakePresets.json EXT—EHENEETIS (CCBAGPU. FwmIFETGL S
&)
CTestConfig.cmake HEENXEH (FOETMIK).
LICENSE FHREMY (BSD-3-Clause)o

CHANGELOG.md FAE, ERMEEMETER

Chrono R85 %2 E R EA BB TRIE

FEE— T demoX FREMBIGITRIZUR EREL

1. EFEIMRRIN

1 #include "chrono/physics/ChSystem.h"
2 #include "chrono/core/ChRealtimeStep.h"
3 #include "chrono/assets/ChVisualSystem.h"

ST Chrono #ZCVMER (RS, SERSH#85. AIAIILIERR) ;
RIERGRIEEN:

1 #include "chrono_irrlicht/ChVisualSystemIrrlicht.h"
2 #include "chrono_vsg/ChVisualSystemVSG.h"

RAANEMNTIMILRSE: Irrlicht 3K VSG o

2. zRTEE ((FEEIIEH])

1 ChContactMethod contact method = ChContactMethod::SMC; // /4% 2 fith 45 /7Y
2 ChvisualSystem::Type vis_type = ChVisualSystem::Type::VSG; // n #{fk 5|2
3 ChCollisionSystem::Type coll type = ChCollisionSystem::Type::BULLET; // Hllfit % %;



3. EERHAO
ERHMK BT, FEMRRAIARA IS B

4. (FESHILE

1 double gravity = -9.81;

2 double time_step = contact_method == ChContactMethod::NSC ? 1e-3 : le-5;
3 double render_fps = 100;
4

. REETT,

o WRIFEMARAEIGENESK (SMC FEE/NITK);
. BEBRME;

o IEIKIASER (Parameters for the falling ball) ;

o FIZHIRBEL (Parameters for the containing bin)

5. QIIERFATR
1. 8l Chrono 24K
2.188ES]

3. K ERHERGEE

6. BlEME (BTFikiEan)

ChContactMaterialData mat_data;

mat_data.mu = @.4f; // BRI

mat_data.cr = 0.1f; // WERH

auto material = mat_data.CreateMaterial(contact_method);

A w N PR

7. QIEEEK{EITR (BhZSWIE)

auto ball = chrono_types: :make_shared<ChBody>();
ball->SetMass(mass);

ball->SetInertiaXX(...); // WEEAWE
ball->SetPos(pos);

ball->SetRot(rot);

uu b W N



6 ball->SetPosDt(init_vel);
7 ball->SetFixed(false);

L4 i&%ﬁ%\ 'm%\ 11[%\ iﬁgg;
i iﬁ%yﬂajﬁzﬁbo
AN INREHERZARFI R TERZAR

8. gliEhmEE (EENEF)

9. IR tL RIS

10. (FEEEW

HTEEESKEEZchronoHBYEIBERSY, src/
chrono/src/chrono/solver/ChSolverAPGD.cpp and ChSolverAPGD.h

APGD (Accelerated Projected Gradient Descent, NREEEETEE) I 1RTRER
FFBNNFERARRYRAD, (LEtEHfriction)

IR
£ Chrono NZ{AhNFH, EERZEMNER, RELIRITHRIUT Cone

Complementarity Problem:

Find A € Ksuchthat: NA4+reK', and (A,NA+4r)=10

52 aX =9t
AeR? i/ ER (RIASBAERF) MERAEKRBEHNE
KcR® W RI1TR (UNEIEH) PRI N\ ATUH BB S M5 KN

Kc* B (dual cone) BFERRENEEM



N=DTM™D  Schur #MEFF (RFNIE) IEEHFIEE
r=DTM'k+c HAOBM (HFEHES5LRH) BERTENE HNE NR
D LYRHEET ELAE PR FPMIRIWPRELERNZIEL
M P8 (K AEIRITH) SERRKRED
k Shhm (BEES. EEpFH) SNBURER 5D
c LRZBI (W0 ¢/h) B (8] B AL SR BV IR ZE * MR
gN{aEX A CCP %A QP 8
Step 1: EAFHBZFNTRMMESFMG
B FH:
AeK, w=Ni+reKk*, (Aw)=0
XIFTFENTF— QP B9—PB KKT &% (Karush-Kuhn-Tucker optimality conditions),
Step 2: #3i& QP fifkin]=L
F&EU0 T B AREREK
%ﬁ flA) = %HNA+Hﬁ

L A A BfREEIRAL?

BAREAIXA B f(\) 2FEONTREH (B N 2IEE/FIEE) . BRLATE:
- BRE
VIA=NA+r=w
- SEFEE E&EFBEE) N
Aek, w=VfA)ek, Aw =0

TEEEA] CCP aYEN! FHih, X1 QP [AfES CCP 2540,



Step 3: EFEMN Chrono FHIT =
EfsA0 T
| I - o
min 5# (D*MD)A + (DTM 'k + )T
0 - . HE
=

D: H5REEEa8R

M
k:

63—l
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- o AHERE, BEEo/h

Project Chrono A chsolverApGD FYSEIRAET

O 0 N O VT W DN R

N NN NMNNMNNNMNRRRPRRRLRRRRRBR
N o s W NRO®WVWWNOOUWUDWNRO®

//
//
//
//
//
//
//
//
//
//
//

PROJECT CHRONO - http://projectchrono.org

Copyright (c) 2014 projectchrono.org
All rights reserved.

Use of this source code is governed by a BSD-style license that can be found
in the LICENSE file at the top level of the distribution and at
http://projectchrono.org/license-chrono.txt.

#include "chrono/solver/ChSolverAPGD.h"

#include <iostream>

#include <sstream>
#include <string>
#include <valarray>
#include <vector>

namespace chrono {

//

Register into the object factory, to enable run-time dynamic creation and

persistence
//CH_FACTORY_REGISTER(...): HIT Chrono M T.J #l#l, 3Z¥F run-time Zh75 005 1% 2N}
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E
CH_FACTORY_REGISTER(ChSolverAPGD)

[/HE RN AL & ne: AARANH residual: HHTHRZE (H T &AL EHBD
ChSolverAPGD: :ChSolverAPGD() : nc(®), residual(e.9) {}

//SchurBvectorCompute: #i& 45T b ILFERE (1)
void ChSolverAPGD: :SchurBvectorCompute (ChSystemDescriptor& sysd) {

// ***TO DO*** move the following thirty lines in a short function
ChSystemDescriptor: :SchurBvectorCompute() ?

// Compute the b_schur vector in the Schur complement equation N*1 = b_schur

// with

//  N_schur = D'* (M*-1) * D

// b_schur = - c + D'"*(M*-1)*k = b_i + D'"*(M"-1)*k

// but flipping the sign of lambdas, b_schur = - b_i - D'*(M*-1)*k

// Do this in three steps:

// Put (M~-1)*k in g sparse vector of each variable..
for (unsigned int iv = @; iv < sysd.GetVariables().size(); iv++)
if (sysd.GetVariables()[iv]->IsActive())
sysd.GetVariables()[iv]-
>ComputeMassInverseTimesVector(sysd.GetVariables()[iv]->State(),

sysd.GetVariables()[iv]->Force()); // q = [M]'*fb

// ...and now do b_schur = - D'*q = - D"*(M*-1)*k ..
r.setZero();
int s_i = 0;
for (unsigned int ic = 0; ic < sysd.GetConstraints().size(); ic++)
if (sysd.GetConstraints()[ic]->IsActive()) {
r(s_i, @) = sysd.GetConstraints()[ic]->ComputeJacobianTimesState();
++s_1;
}
// ..and finally do b_schur = b_schur - c
sysd.BuildBiVector(tmp); // b_i = -c = phi/h
r += tmp;
}
//Resa(): itFE Ak ZE (RMLEAR) F#ERER (2)

double ChSolverAPGD: :Res4(ChSystemDescriptor& sysd) {

// Project the gradient (for rollback strategy)

// g _proj = (l-project_orthogonal(l - gdiff*g, fric))/gdiff;

double gdiff = 1.0 / (nc * nc);

sysd.SchurComplementProduct (tmp, gammaNew); // tmp = N * gammaNew

tmp = gammaNew - gdiff * (tmp + r); // Note: no aliasing issues
here

sysd.ConstraintsProject(tmp); // tmp =
ProjectionOperator(gammaNew - gdiff * g)

tmp = (gammaNew - tmp) / gdiff; // Note: no aliasing issues
here



81 return tmp.norm();

82 }

83

84 //Solve() T fk: APGD HiLiiifE

85 double ChSolverAPGD::Solve(ChSystemDescriptor& sysd) {

86 const std::vector<ChConstraint*>& mconstraints = sysd.GetConstraints();
87 const std::vector<ChVariables*>& mvariables = sysd.GetVariables();

88 if (verbose)

89 std::cout << "Number of constraints: " << mconstraints.size()

90 << "\nNumber of variables " << mvariables.size() <<

91 std::endl;

92

93 // Update auxiliary data in all constraints before starting,

94 // that is: g i=[Cq_i]*[invM_i]*[Cq_i]"' and [Eq_i]=[invM_i]*[Cq_i]"'

95 for (unsigned int ic = @; ic < mconstraints.size(); ic++)

96 mconstraints[ic]->Update_auxiliary();

97

98 double L, t;

99 double theta;

100 double thetaNew;

101 double Beta;

102 double objl, obj2;

103

104 nc = sysd.CountActiveConstraints();

105 gamma_hat.resize(nc);

106 gammaNew.resize(nc);

107 g.resize(nc);

108 y.resize(nc);

109 gamma.resize(nc);

110 yNew.resize(nc);

111 r.resize(nc);

112 tmp.resize(nc);

113

114 residual = 10e30;

115

116 Beta = 0.0;

117 objl = 0.0;

118 obj2 = 0.0;

119

120 // Compute the b_schur vector in the Schur complement equation N*1 = b_schur
121 SchurBvectorCompute(sysd);

122

123 // If no constraints, return now. Variables contain M~-1 * f after call to
124 SchurBvectorCompute.

125 // This early exit is needed, else we get division by zero and a potential
126 infinite loop.

127 if (nc == 09) {

128 return 0;

129 }

130

131 // Optimization: backup the q sparse data computed above,

132 // because (Mr-1)*k  will be needed at the end when computing primals.

133 ChVectorDynamic<> Minvk;



134 sysd.FromVariablesToVector(Minvk, true);

135

136 // (1) gamma_©@ = zeros(nc,1)

137 if (m_warm_start) {

138 for (unsigned int ic = ©; ic < mconstraints.size(); ic++)

139 if (mconstraints[ic]->IsActive())

140 mconstraints[ic]->IncrementState(mconstraints[ic]-

141 >GetlLagrangeMultiplier());

142 } else {

143 for (unsigned int ic = @; ic < mconstraints.size(); ic++)

144 mconstraints[ic]->SetLagrangeMultiplier(®.);

145 }

146 sysd.FromConstraintsToVector(gamma);

147

148 // (2) gamma_hat_© = ones(nc,1)

149 gamma_hat.setConstant(1.0);

150

151 // (3) y_0 = gamma_o0

152 y = gamma;

153

154 // (4) theta 0 =1

155 theta = 1.09;

156

157 // (5) L_k = norm(N * (gamma_© - gamma_hat ©)) / norm(gamma_© - gamma_hat_0)
158 tmp = gamma - gamma_hat;

159 L = tmp.norm();

160 sysd.SchurComplementProduct (yNew, tmp, nullptr); // yNew = N * tmp = N *
161 (gamma - gamma_hat)

162 L = yNew.norm() / L;

163 yNew.setZero(); //// RADU is this really necessary here?

164

165 // (6) tk=1/L1k

166 t=1.0/1;

167

168 //// RADU

169 //// Check correctness (e.g. sign of 'r' in comments vs. code)

170

171 std::fill(violation_history.begin(), violation_history.end(), ©.0);

172 std::fill(dlambda_history.begin(), dlambda_history.end(), 0.0);

173

174 // (7) for k := @ to N_max

175 for (m_iterations = ©; m_iterations < m_max_iterations; m_iterations++) {
176 // (8) g =N*yk-r

177 // (9) gamma_(k+1) = ProjectionOperator(y_k - t k * g)

178 sysd.SchurComplementProduct(g, y); // g =N *y

179 gammaNew =y - t * (g + r);

180 sysd.ConstraintsProject(gammaNew) ;

181

182 // (10) while ©.5 * gamma_(k+1)"' * N * gamma_(k+1) - gamma_(k+1)"' * r >=
183 // 0.5 * y k" * N *y k -y k' *r+g" * (gamma_(k+1l) - y_k)
184 + 0.5 * L_k * norm(gamma_(k+1) - y _k)*2

185 sysd.SchurComplementProduct (tmp, gammaNew); // tmp = N * gammaNew;

186 objl = gammaNew.dot(©.5 * tmp + r);
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-yY));

sysd.SchurComplementProduct(tmp, y); // tmp = N * y;
obj2 = y.dot(9.5 * tmp + r) + (gammaNew - y).dot(g + ©.5 * L * (gammaNew

while (objl >= obj2) {
// (11) Lk =2 * L k
L=2.0*L;

// (12) t.k =1/ Lk
t=1.0/L;

// (13) gamma_(k+1) = ProjectionOperator(y_k - t_k * g)
gammaNew = y - t * g;
sysd.ConstraintsProject(gammaNew) ;

// Update ob3jl and obj2
sysd.SchurComplementProduct(tmp, gammaNew); // tmp = N * gammaNew;
objl = gammaNew.dot(©.5 * tmp + r);

sysd.SchurComplementProduct (tmp, y); // tmp = N * y;
obj2 = y.dot(@.5 * tmp + r) + (gammaNew - y).dot(g + ©.5 * L *

(gammaNew - y));

2.0;

} // (14) endwhile

// (15) theta (k+1) = (-theta_k~2 + theta_k * sqrt(theta k~2 + 4)) / 2
thetaNew = (-theta * theta + theta * std::sqrt(theta * theta + 4.9)) /

// (16) Beta_(k+1) = theta_k * (1 - theta_k) / (theta_k”2 + theta_(k+1))
Beta = theta * (1.0 - theta) / (theta * theta + thetaNew);

// (17) y_(k+1) = gamma_(k+1) + Beta_ (k+1) * (gamma_(k+1) - gamma_k)
yNew = gammaNew + Beta * (gammaNew - gamma);

// (18) r = r(gamma_(k+1))
double res = Res4(sysd);

if (res < residual) { // (19) if r < epsilon_min
residual = res; // (20) r_min = r
gamma_hat = gammaNew; // (21) gamma_hat = gamma_(k+1)
} // (22) endif

if (residual < m_tolerance) { // (23) if r < Tau
break; // (24) break
} // (25) endif

if (g.dot(gammaNew - gamma) > @) { // (26) if g' * (gamma_(k+1) -

gamma_k) > @

yNew = gammaNew; // (27) y_(k+1) = gamma_(k+1)
thetaNew = 1.0; // (28) theta (k+1) =1
} // (29) endif
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// (30) Lk =0.9 * L k
L =20.9 * L;

// (31) t k =1/ Lk
t=1.0/ L;

// perform some tasks at the end of the iteration
if (this->record_violation_history) {
AtIterationEnd(residual, (gammaNew - gamma).lpNorm<Eigen::Infinity>
(), m_iterations);

}

// Update iterates
theta thetaNew;
gamma = gammaNew;
y = yNew;

} // (32) endfor

if (verbose)
std::cout << "Residual:
std::endl;

<< residual << ", Iter: " << m_iterations <<

// (33) return Value at time step t_(1+1), gamma_(l+1) := gamma_hat
sysd.FromVectorToConstraints(gamma_hat);

// Resulting PRIMAL variables:

// compute the primal variables as v = (M*-1)(k + D*1)

// v = (M~-1)*k ... (by rewinding to the backup vector computed at the
beginning)

sysd.FromVectorToVariables (Minvk);

// ... + (M~-1)*D*1 (this increment and also stores 'qb' in the
Chvariable items)
for (size_t ic = 0; ic < mconstraints.size(); ic++) {
if (mconstraints[ic]->IsActive())
mconstraints[ic]->IncrementState(mconstraints[ic]-
>GetLagrangeMultiplier());

}

return residual;

void ChSolverAPGD: :Dump_Rhs(std::vector<double>& temp) {
for (int i = @; i < r.size(); i++) {
temp.push_back(r(i));

void ChSolverAPGD: :Dump_Lambda(std: :vector<double>& temp) {
for (int i = @; i < gamma_hat.size(); i++) {
temp.push_back(gamma_hat(i));



}

} // end namespace chrono
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P ®[T4 demo_IVIB> CONesion
P e [*] demo MBS collision 2d
4 o] demo MBS collision object
b o0
P SRR
a £ CMakelists.txt

P a*, demo MBS collision object.cpp

P e [*] demo MBS collision_trimesh
4 o[ demo MBS collisionNSC
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demo_MBS_collision_object

NSC (Non-Smooth Contact) 57%;
APGD Rfi#2%;

Multicore ¥ Bullet RitZE R4,

Irrlicht BIRR1L;

HENX ContactManager ¥TENIZfMZE.






