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Purpose

DRIib is a new C++ library for modeling, simulation and inference of marked point processes. The aim is to complete existing tools such
as the spatstat library in R [1] with reliable and efficient C++ code allowing intensive Bayesian MCMC based inference for marked Gibbs
point processes. This proposal has its roots in the MPPLIB library developed mainly by [2] where exact simulation algorithms for marked
point processes were translated into C++ In order to perform massive simulation studies. The current version of the library is freely
available at the following address https://gitlab.univ-lorraine.fr/labos/iecl/drlib.

Simulation

Problem: the normalising constant of the previous models is not always available in analytical
closed form.

Adopted solution: use MCMC methods - simulate a Markov chain whose unique equilibrium
distribution is the distribution of the point process of interest.

Unit Intensity Homogeneous Poisson Point Process with independent marks : Algorithms: spatial birth-and-death processes, Metropolis-Hastings dynamics, Gibbs samplers,
independence - completely random patterns perfect algorithms

. the number of points is a Poisson r.v. ~ P(v(W)) with v(W) the Lebesgue measure of W Key ideas: add or remove a point from the current configuration till equilibrium is reached. The
. points are distributed uniformly in W while marks are associated to each points i.i.d. w.r.t. vy

Interacting point process

The points are situated in W a compact region of R%. The marks are described by the probability
space (M, M, vuy).

construction of the acceptance probability for the proposed transition guarantees convergence
Interactions can be specified via a probability density w.r.t. the previous process. properties of the simulation algorithms [3, 4]

Strauss process : repulsive patterns Its probability density is

p(x) ox GO0y 5r Posterior sampling

() Problem: sampling the posterior is difficult because the normalising constant ratio does not

with n(x) the number of points, s.(x) = Zij=1 i<j 1{d(x;, x;) < r} the number of pairs of points simplify
closer than the prefixed r. The model parameters are 8 > 0 and y €]0, 1]. Adopted solution: ABC Shadow, SSA algorithms [5, 6]. L o
Key ideas: approximate the behaviour of Markov chain that has the equilibrium distribution
Area interaction process : repulsive or clustered patterns Its probability density is the posterior of interest. _
Algorithm description: fix 6 and m. Assume the observed pattern is y and the current state
p(x) oc BTy 1. Generate x according to p(x|6g).
2. Fork =1tomdo
with n(x) the number of points, ar(x) = V|| J;n(x)b(x;, r)]/mr? the volume of the union of balls . Generate a new candidate ¢ following the density

centred on the points of configuration and of radius r. The model parameters are g,y > 0. Us(6 — ¢) = V%ﬂb(elé/z){w} with V5 vol. of the ball b(0, §/2).

. The new state 6x = ¢ is accepted with probability
i fyl6k)p(Br)  f(x|6k_1)
As(Ok—1 = Ok) = M1, 7oms = o) Foxio I
otherwise 6 = 6¢_1.

3. Return 6,,.
4. If another sample is needed, go to step 1 with 6¢=6,.

A practical marked extension: discs with random radius

Implementation and classes diagram

SSSSSSS Pattern Prior
#Prior *prior - - - | -double K 1 I 1 1 I I I I
e C++ implementation builds basic classes followin e mathematical principles of the
#int totalJumps; +vo!d remove(EventPointer e) -double height
- -+ [+voidclean 0
+virtual void birth(double t, Pattern& D) +EventPointer position_rmv(int pos; ) n
+virtual void death(double t, Pattern& D) +EventPointer random_rmv() rO e I I I O n a n O r exa I I I e
irtual nd(Pattern& D, double& time) +int intersect(Pattern A) v\ . -
I rior, char *name_file) +EventPointer getEvent(int i) Arealnt
+virtual void addEvent(EventPointerp) -/ - [i+double logbeta
virtual void init(Pattern& D) +virtual EventPointer random_rmv nt() f :
+virtual void setPrior(Prior *prior) Rairinteraction :gS:ublI:r)I/(;?zgt: TTTT
+virtual void sim(Pattern& D) -int numberofpoints +double resolution ™~ [ . n . .
irtual void report -int numberofinteractingpairs +double area_element ‘
_ ven atiern Flor CiassSes O DuUlla conmngurations of oDJects and pPoINt processes
StraussFixedPattern -int numberofinteractingpairsincropwindow #int numb%rofpoints ’ 4
+StraussFixed *prior; ArealnteractionPattern +double cond_intens(Pattern& p, Event* e ) #double areaTotalcoverByDisks
: = - K #double meannumberofpointsincropwindow
+void addEvent(Event *e) +Arealnteraction *prior +double beta_func(const Event *e) Sk ; I I I O e S
+EventPointer random_rmv_Event() e - +vo!d comput_eS_tatlsncs(const panem&* p) #double meanareacoverbydisksincropwindow
+void printinFile(char *name_file) void addEvent(Event *e) +void getStatistics(Pattern& p, dvector *data) ) +double computelnteractionEnergy (const Pattern& shape; )
+EventPointer random_rmv_Event() +void printStatistics(const Pattern& p, char *name_file) +double computeTotalArea()
prr— +void printInFile(char *name_file) +double cond_intens(Pattern &p, Event* )
. +bool setProperties(Pattern& p, const Event *e )
-void birth(double t, Pattern& D) StraussRandomPattern +bool deleteProperties(Pattern& p, const Event *e) . . . . .
-void death(double t, Pattern& D) s Random *on +void printStatistics(Pattern& p, char *name_file) . m I r t n r M H I t I I I I I I I tl n n I I I I n t h M t r I
-void extend(Pattern& D, double& tme) | | tStraussRandom *prior +double computeTotalArea() '
+StandardMH(Prior *p, int ctime, char *name_file ) +void addEvent(Event *e)
+double getTime() +EventPointer random_rmv_Event)] |  StraussFi ixed StraussRandom ﬁ R I I r ' ‘
+v0|g set;nme(mt ctln)we) tvoid printinFile(char name_file) f} e oo a S I n g S a g O rI
+void init(Pattern&D) (-t |+doublegamma | | +double gamma - ) " ) "
+void sim(Pattema D) +double r +double rmin ArealnteractionFixedRadius ArealnteractionRandomRadius
tvoidreportg | ble gamma,func (double t ) :I‘i‘:‘:l"ez max +double r :ggﬂg{: R
+double dissimilarity( vent *e, const nth || +double alearadiusparameter +Event *newEvent() +int aleakind
+Event* newEvent() +Event *newChangedShape(const Event *f) +double al : t
+int getinteractingPairsInCropWindow(const Pattern& p) | | +double gamma L_func(double t ) +int getTotallnCropWindow(const Pattern& p) OUbIEeaiatiticparameter u . .
e s e e oy ||| ST e | e ABCShadow implements the posterior samplin
+?nt getlnteractingPai_rsInCropWindow(const Pattern& p) +int getTotallInCropWindow(const Pattern& p)
+int getTotallInCropWindow(const Pattern& p) +double getArealnteractinglnCropWindow()

From the basis structure, the following derived classes implement the corresponding models:

StraussFixedRadius : unmarked Strauss ArealnteractionFixedRadius : unmarked Area Interaction
ArealnteractionRandomRadius : marked Area Interaction - each point occupies a

StraussRandomRadius : marked Strauss - each point has a different range different territory

Sample Area Int model - ran Posterior sampling model p

A sample realisation of the Area Samping log(oeta Samping log(gamma) Posterior sampling of the model
Interaction model - random radius parameters (logB,log7y) with
. log(B)=5.0; log(y)=1.4 the observed sufficient statistics
. radius ~ Uniform(0.04,0.06) nt = 55.61 a(r) = -50.26

. grid resolution(side)=0.005 with

.. o re[0.04,0.006]
Observed sufficient statistics com- log(B) € [3.5,5.5]

puted by averaging 1000 realisa- log(y) € [-5.0,0.0]

tions: o oo —E s 6] mh_time = 400
. Mean numper or poINts=>>,. - —
surface coverq“ by disks__SO 26 35 40 45 50 58 time_mh_theta = 100

Al =-—Tminsrmax)/2 R nbiter theta = 1000000
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