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1 Introduction

Net-WMS aims at optimizing the packing processdanfrng, packing and unpacking) in
warehouses so as to save shipping space and pddsten and better. In packing activities,
several levels of packing must be considered froenkioxes that are typically provided by
suppliers to the containers that are actually skdpgs single units. In the automotive industry,
storing a simple part in a container involves twdhsee packing levels as described in Net-
WMS deliverable D2.2 "Case Studies". This multideypacking process is difficult to
manage and Net-WMS intents to demonstrate the iietieht optimization and virtual reality
(VR) techniques may bring to Warehouse Managemegtegis (WMS). These two
techniques are fully complementary: the former iyaifocuses on automated decision-
making assistance while the latter emphasizesaciigity with the human experts in charge
of planning the packing processes.

Net-WMS Work Package WP5 "Virtual Reality appliea packing problems in a WMS"
addresses three main issues:

1. the 3D visualisation of the packed and packing dbjeallowing human
operators to handle them "virtually"

2. the interactive (i.e. real-time with respect to lamperception) simulation of
the physics laws ruling these objects in orderviottially rehearse" packing
and unpacking operations, as well as to dynamicstligly the behaviour of
container contents during shipping

3. mixing the capabilities of optimisation and virtuaklity to provide the most
efficient assistance to the human users. Thesédgiga will help, on the one
hand, to design new models and validate the coreest and sufficient
completeness of packing business rules, and onother hand, to find
solutions in difficult cases.

For WP5, the main objective of this second yeaoighcrementally build the main Virtual
Warehouse module which will be the user interfacalk the optimisation, virtual reality and
working knowledge capabilities. For this objectitbe first step is the definition of the
specification of the three above points. This i8d#d in two deliverables:
» D5.3 “Specification of the Virtual Warehouse API” (ML8pecifies the points
over visualisation and interactive simulatior éhd 29 points).
* D5.2 “Specification of the collaborative system betwerser and optimisation
module” (M18) specifies the integration between YMarehouse API and the
solver (3 point)

The current deliverable document D5.2 "Specificatid the Collaborative System between
User and Optimization Module" describes the inteoac capabilities of the optimizer

component with the different users, and the interfaf this component with the virtual

warehouse. The specifications in this documentckrsely related to the Packing Knowledge
Modelling Language (PKML) [Deliverable D6.1], sed®KML provides a pivot language for
exchanging packing knowledge and data between NédSWtomponents, and thus in
particular between the optimizer and the virtuateluse with which the users interact.

The goal of this document is twofold:
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1. on the one hand, to illustrate the user interacapabilities with the packing
optimizer component developed in Net-WMS;

2. on the other hand, to specify all the necessarynuonication between the virtual
warehouse and the packing solver.

A mock—up has been implemented to serve these gpespby adapting the graphical user
interface for constraint logic programming CLPGB&fes Soliman Coolen 04] to the PKML
modelling language and to dedicated 3D packingalization. It has been presented several
times to the end users of the project to focusudision on concrete examples and facilitate
the communication of the industrial requirementiisTmock-up constitutes a proof-of-
concept implementation of the prototype of the almiirative system that will be developed
next year on the basis of [Deliverable D5.3] anlivdesd in Deliverable D5.5 at M28.

We are in the middle of Task T5.3 which still inves meetings and discussions with the end-
users (WP2), the language designers (WP6) anddhstraint solver makers (WP4). It is
however already clear that the interaction capsdsliof the optimisation module described in
this report will provide significant advances intiopizing strategies that go well beyond what
is currently possible in warehouse management softwystems [Deliverable D3.1].
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2 The Packing Optimizer Component in the Net-
WMS Architecture and its Different Users

2.1 Net-WMS Architecture

Let us recall in Figure 1 the general architectpreposed in Net-WMS for packing
components. In this deliverable we will highlightet connection between the packing
optimization solver used for business applicaticars] the presentation layer used by the
different end-users of the system.

=D

Web user
(e.g, warehouse managers

connecting from local
or remote sites)
. Presentation Layer Business Applications Data Layer
@l Web GUI
Mobile devices
)

(e.g, Truck drivers loading Virtual Reali ] Palletizer
at a customer site R
Dispatcher
(rich client)
Scheduler Dispatcher -« ERP
(rich client)
Web Services
N-WMS
(e.g, deployments at other sites) Interface Scheduler Other legacy
EDI systems

/ interface

Services and tools to develop business process applications

Customer EDI
(e.g, Customer application
posting orders through EDI)

Network connectivity

Interactivity
Optimisation: generic Visualisation: Virtual
- Knowledge rules .
placement constraints Reality

Figure 1: General Net-WMS Architecture

The Virtual Warehouse described in Deliverable D%3the main constituent of the
presentation layer. It is the module that makedithebetween the users, the virtual reality,
the optimizers and the packing problems. Threegoates of users will interact with the
system:
1. The Warehouse expert is a person having a deepienpe in packing. He is able to
structure and describe his knowledge in term ofr®ess rules. He is responsible for
the definition of the knowledge rules that will bged by further users.
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2. The Warehouse manager is a person able to desofimpagproblems according to the
orders of the client of the warehouse by exploitingg knowledge rules written for the
optimization solver. He has the capability to charand to adapt, if required, the
packing results using optimization and virtual wemeses tools.

3. The Warehouse planner is the main end-user ofitheal/warehouse. He will have to
solve packing problems in order to prepare pachkinigrs for operational staff.

Their respective interaction modes are depictedrigure 2 below. All Man Machine
interactions are transcribed into PKML files ortstaents (using appropriate editors and
database imports and exports), while all intecacthetween software components will be
done in PackXML, the markup language for exchangRML expressions between
components over the network.

—
\_/
Warehouse . Knowledge
expert Rule editor " Base (rulegs) -
PackXML PKXML
—
v
Warehouse Problem External
. < Xterna
manager editor Database
v
Warehouse i .
arehou Virtual Working
Warehouse Knowledge Base
x (rules & data) —
Gz > PO
Optimizers

Figure 2 The Virtual Warehouse with its three categories of users.

2.2 Packing Solver

As explained in Deliverable D6.1, the business parkcomponent is structured into
subcomponents depicted in Figure 3:

» Packing logic: this is the main entry to drive th#erent components of the packing
module.

» Packing solver: the optimizer; this components sakell defined inputs and produces
results which are then processed by the packintaouar.

e Packing player: this is 3D visualisation of con&asand items of the container (from
which 2D projections can be printed on a papertsioe@xploitation).
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» Packing designer: this module allows the user igtkepacking modules. The user
can edit a configuration, set items and launchstiieer to complete packing.

User — WEB
Application

User — RC
Application

Figure 3: Architecture of the packing component

This deliverable focuses on thpacking designmodule and specifies the required
communications between thgacking solverand the (3D) packing playerin order to
implement the collaborative system between thesused the packing optimizer. Again, the
Packing Knowledge Modelling Language (PKML) is usedpecify packing rules and data,
and PackXML is used to exchange packing knowledgesden all Net-WMS components.
PKML will thus be used with appropriate editors database imports by the Warehouse
Expert and the Warehouse Manager to enter packisoéss rules and packing application
data into the virtual warehouse. The XML exchamyenht for this language PackXML will
be used for all communications between components with databases. In particular,
PackXML will thus be used for all communication weéen the virtual warehouse and the
optimisation packing solver referred here as PKMlver.

IR |

e el |
o -

Figure 4: PKML statements used in the packing component
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The Net-WMS project expects to provide two impletaéons of the PKML solver. The first
implementation uses the PKML compiler toward SICTRISlog [Carlsson et al. 07] for rapid
prototyping in Constraint Logic Programming, anc teecond one will use the PKML
compiler toward the open source Choco solver iraJér better integration, flexibility and
extensibility according to application needs.
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3 Specification on the Collaborative System with a
Running Example

3.1 Presentation of the Example and of the Mock-up

This section describes a complete example shovsuggessively, the packing knowledge
model in PKML (including strategies, patterns, damsts, etc.), the packing data in PKML
(including shapes, items, bins, etc.), the packangblem solving (placements), and the
various visualizations and interactions with thelpag solver. These constitute the main
plug-in components of the Packing Solver recalteBigure 5.

Shapes ] Items Bins Strategies ~ Constrain - objecs
Models l Pattern Constraint - genere

Parameters

Directives

Assignments

Figure 5. General plug-in components of the Packing Solver

The running example of this report is a contairmading problem inspired from the PSA
study case for pallet loading [Deliverable D2.2tggr2]. The problem is to find a placement
of cartons in a container such that, in additiothe®anon-overlapping constraints of a pure bin
packing problem, the following further common serm®d industrial requirements are
satisfied by the packing:

e Gravity rules (any item must be on top of anothee @r on the ground of the
container),

» Stacking rules w.r.t. weights (an item on top obttwer one must be lighter),

* Weight balancing rules (the weight supported byttie halves along the length of the
container must not exceed a desired ratio),

» Stacking rules w.r.t. sizes (the difference of dieéween stacked items must be less
than a given value) ,

» Packing business patterns embedding other stat®lifyirements.
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For the sake of illustration, the mock-up uses t¢jmeric graphical user interface for
constraint programming CLPGUI [Fages Soliman Codéh connected to a PKML solver
compiled [Deliverable D6.1 section 4.3] in SICSteslog [Carlsson et al. 07]. Figure 6
depicts the command console of CLPGUI which prowidbe functionalities of this
architecture for:

» Connecting to the solver,

* Executing PKML goals in the command line

» Executing predefined PKML goals by clicking on lout$

» Backtracking for computing other solutions

» Backtracking in the history of interactions

» Clearing the current PKML definitions sent to tleeking solver.

r .l
gw P
Viewers
“LF connect | on [localhost port (27311 Disconnect
Execute: | [psa_gui_pattern Backirack | Backtracko lastinteraction | Clear |
ContinueJ | backtra above recamputation I

pattern(X_10.¥_10.Z_10X_16,Y_16Z_18)

Figure 6: Main console of the CLPGUI interface with the PKI8olver

A solution computed for this problem is depictedrigure 7.
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Figure 7: 3D Visualization of a solution in CLPGUI

3.2 Uploading a Packing Knowledge Model

The packing knowledge models including the packetuirements and the nomenclatures of
shapes are typically specified by the WarehouseeExpnd adapted to new situations by the
Warehouse Manager. Here the knowledge model ugsethdoexample is specified by the
following Rules2CP/PKML file named_psa_knowledgp.(note that appropriate editors of
Rules2CP/PKML files are assumed but not discusséais report):

import(pkml).

solve(ltems, Bin, Patterns, Dims) -->
gravity(Iltems) and
weight_stacking(ltems) and
weight_balancing(ltems, Bin, 1, 20) and
stack_oversize(ltems, 20) and
pattern(ltems, Patterns Dims) and
bin_packing(ltems, [Bin], Dims).

s1 = {size=[1400, 500, 500]}.
s2 = {size=[224, 224, 222]}.
s3 = {size=[224, 224, 148]}.
s4 = {size=[224, 224, 111]}.
sb = {size=[224, 224, 74]}.
s6 = {size=[155, 224, 222]}.
s7 = {size=[112, 224, 148]}.

patl = {sids=[s2, s3], origins=[[600,0,0], [824,}0
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patterns = [patl].

The rules for gravity, weight_stacking, weight_lmaiag, stack oversize, as well as the rule
for business packing patterns, are predefined enRKML library, see [Deliverable D6.1
section 4.4.3]. In addition, a nomenclature of apgs and one (toy) pattern for placing
objects of shapes s2 and s3 are defined in tlais fil

Moreover, for the sake of the connection to CLPGaH, additional Rules2CP file named
gui.rcp defines several possible command buttons for thm ronsole. The status in PKML
of these commands for the GUI is the status oftibsilof the target language. They are
treated as such by the compiler with simple intules.

psa_gui_pattern2 -->
gui_control(button, solve(items, [bin], patterdsns))
and gui_names(items, [bin], dims).

psa_gui_pattern -->
gui_control(button, gravity(items)) and
gui_control(button, weight_stacking(items)) and
gui_control(button, weight_balancing(items, bin2@))
and gui_control(button, stack _oversize(itegty) and
gui_control(button, pattern(items, patterns, djnas)d
gui_names(items, [bin], dims) and
bin_packing_gui(items, [bin], dims).

bin_packing_gui(items, bins, dims) -->
gui_control(button, containmentAE(items, bins, g)irand
gui_control(button, non_overlapping(items, dimenyl
gui_control(button, labeling(items)).

The execution of the first rule creates a consatk wnly one button solve as in Figure 8. The
second rule creates the console depicted in Figunéth buttons for the packing business
rules taking into account weights and size con#saiThe last rule defines buttons for the
pure bin packing rules [Deliverable D6.1 sectiofh 2.

3.3 Uploading a Packing Problem Dataset

For dealing with a particular packing problem ims& the items, bins and the packing
problem type are edited, or imported from an exkdatabase, into a dataset file that is
uploaded to the PKML solver. This is the routinb juf the Warehouse Planner. The dataset
file used for our running example is the followiRgles2CP file datal.rcp

import(psa_knowledge).
import(gui).

Net-WMS D5.2 16/29



i1 = {sid=s1, origin=[0,0,0]}.

i2 = {sid=s4, origin=[_,_, ], weight=413}.
13 = {sid=s5, origin=[_,_,_], weight=463}.
14 = {sid=s5, origin=[_,_,_], weight=842}.
i5 = {sid=s3, origin=[_,_, ], weight=422}.
16 = {sid=s4, origin=[_,_,_], weight=266}.
i7 = {sid=s4, origin=[_,_, ], weight=321}.
18 = {sid=s2, origin=[_,_,_], weight=670}.
19 = {sid=s6, origin=[_,_, ], weight=440}.
110 = {sid=s7, origin=[_,_,_], weight=325}.

bin = i1.
items = [i4,i8,i3,i9,i5,i2,i10,i7,i6].
dimensions =[1,2,3].

This file specifies 10 objects, 1 bin and 9 iteraspack in one bin. This constitutes the
running example of this section. The executiorhefRKML goal

? psa_gui_pattern2.

in the CLPGUI console creates only one button sa@sedepicted in Figure 8.

r "
&
Viewers
on |localhost port  |27311 Disconnect
Execute: |DSS_QU1_D3ﬁEFn2 Backnack| Backirack to last interaction | Clear|

Continue | |

Figure 8: Main CLPGUI console created by the goal psa_catiepn2

3.4 Solving Request

In this first scenario, all packing rules are pdshy the solve rule. The user requests the
computation of a solution by clicking on the solugton of the CLPGUI console (Figure 8),
and can visualize the computed solution in the CUP8D packing viewer (Figure 7). Such a
solution can then be saved in the virtual warehonse database, printed in an appropriate
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form for the exploitation (e.g. a couple of 2D majon maps on a paper sheet at PSA). In
this communication protocol, all directives fronet@UI to the solver for requests, and vice-

versa for answers, are PKML statements exchangedebe components possibly over the
network in PackXML format.

This simple use of the system for getting a packioigtion automatically is the routine job of

the Warehouse planner. The functions in the foll@guinay help him further to improve the
solution.

3.5 Request for other Solutions

Other solutions, such as the solution depictedigarié 9 below, can be obtained by clicking
on the “Backtrack” button of the CLPGUI console.

r

&

Figure 9: Other solution obtained for the same problem.

3.6 Modifying a Configuration

The 3D packing viewer of solutions should not bdéyaa visualization component but an
interactive component in which the user can modifgonfiguration manually, by selecting
objects and moving them. This is important to inyera given placement according to
criteria not expressed in the PKML model, or fotasing solutions not found by the packing
solver.

Such manual modifications should be possible ef/éimely violate packing rules and lead to
configurations that are not solutions of the PKMacking model. These configurations are
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represented in PKML with the same data structurechstions [Deliverable D6.1] and are
communicated in PackXML format.

3.7 Request for Getting Close Solution

After modifying the current packing of the objedtse user may request the packing solver to
obtain a solution close to the manually obtainedfigaration. The solver checks whether it is
a solution, in which case, it returns it as itaghie user, otherwise the solver returns a solution
that minimizes the distance to the previous coméigan. There are of course many ways to
define such a distance between packing configuratamd this is left to the warehouse expert
in charge of designing the system. As an altereative current placement may also be used
merely as a heuristics in order to avoid to dedhwan minimization problem. Whatever the
strategy is, this interaction involves a variantleé PKML rule for bin packing dealing with
the notion ofcurrent configuratioradded to the packing knowledge model.

This feature is not implemented in the present mpckut was described for a similar
placement problem in CLPGUI in [Fages Soliman Codl4].

3.8 Changing the Packing Rules

In the second scenario, the goal psa_gui_pattezates a console with a button for each
packing rule as depicted in Figure 6. This may eduo select or relax some packing rules
and query the solver for computing solutions.

These functions may be used by the Warehouse plamciéficult cases where it is difficult

to find a solution, and where some requirements beayiolated. They are also instrumental
for the Warehouse expert to help her design hekipga&nowledge models.

For instance, by first applying the set of rulesresponding to the pure bin-packing problem,
namely by clicking on the buttons

* “containmentAE “ for enforcing boxes to be containeto the container.
* “non-overlapping” and
» “labelling” for searching for a solution

the packing solver can enumerate by backtrackihgisas with floating cartons such as the
following one:
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& CLPGUI 3D packing viewer EJ@

Adding the gravity rule with the console after bimakking to the labeling interaction, one can
get non stable solution as:

Now, adding the stack_oversize rule with the follogvconsole:
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r .l
i -

=2
Viewers
: on | localhost | port (27311 | Disconnect
Execute: |D53_9Ui_|:lattern Elacktrack| Backtrack to Iastimerac’[ion| Clear|

Continue | ; |

weight_balancing(X 7.X 8. 14X 17X 10X 4X 5X 16X 12X 73X 8X_ 14X 17X 10X 43 5X 16X 12 V01 VZ V3V

pattern(_10.Y_10,Z_10%_16Y_16Z 16)

provides solutions like the following one:

-

&> CLPGUI 3D packing viewer mE x|

Such a solution may still violate the weight stackrule (heavier items are depicted in red),
which in turn can be enforced for getting solutitike the following one:
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r -

< CLPGUI 3D packing viewer ==

Furthermore, the pattern rule can be activateddoepitems of shape s2 and s3 in the middle
of the container as specified in PKML by the toytan:

"

< CLPGUI 3D packing viewer ==

Now, the effect of the weight balancing rules is dquilibrate the container load with
solutions like the following:
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< CLPGUI 3D packing viewer ==

3.9 Other Requests

Since in this collaborative system, a request & ghcking optimization solver is a PKML goal,
virtually any request can be specified in the comanine or in buttons of the GUI, provided the
requested is defined in PKML with rules for dealuaigh it.

The results of the previous requests were compldtdions, but other information may be asked to
the packing solver. For instance:

* The feasible/forbidden regions for an object,
* The placement of an object,

* Filling in a region,

* The creation of a hole in a region,

» Pushing the objects in one direction,

* Etc.

This information may be instrumental to the Warede®lanner and to the Warehouse Expert to
understand the difficulties of some problems amdetfiects of the requirements.

For the sake of simplicity of the implementatidme tequests that would involve PKML statements
as results, such as asking for the violated rulehe current configuration, are excluded from the
current specification of the communication with thecking solver. It is worth noticing however
that such PKML rules can be determined by trying ptwst them in order in the current
configuration. This is what is recommended in therent specification for getting this kind of
information.
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4 Complete Specification

The collaborative system between the user and ghimization module is specified in this section
by listing exhaustively the information types commuoated from the virtual warehouse to the
optimization component, and from the optimizatiomponent to the virtual warehouse.

In both cases, the transmitted information hasfohe of PKML files or statements, that will be
exchanged in PackXML format, the markup languagedusr communicathng PKML statements
between Net-WMS components and databases, usingasthtools and protocols for XML not
described here. The knowledge models and datasétbevnstored in the virtual warehouse in
PKML files and in databases. The communicationhesé data in the directives below is always
done in PKML using PackXML exchange format.

We refer to [Deliverable D6.1] for the detailed megentation in PKML of items, bins, rules,
problem instances, solutions, etc. which are comoaed in the following directives.

4.1 Communication from the Virtual Warehouse to the
Optimizer

4.1.1 Uploading a Packing Knowledge Model

This amounts to communicate the PKML files definihg knowledge model to the packing solver.

4.1.2 Uploading a Packing Problem Instance

This amounts to communicate the PKML files or starts defining the problem instance.

4.1.3 Solving Request

This amounts to communicate a PKML goal to the parkolver. The goal should involve search
predicates, see [Deliverable D6.1 section 4.22¢rder to compute ground solutions.

4.1.4 Request for other solution

This amounts to communicate a control goal for R¥eML solver, which is not a PKML goal
properly speaking, but treated as such by a séighse of terminology.

4.1.5 Request for Getting a Solution Close to Current Configuration

This amounts to communicate a PKML goal for solviagbin packing problem with the
optimization criterion, see [Deliverable D6.1 senti4.2.2], of minimizing the distance to a given
configuration represented in PKML.
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4.1.6 Placement Requests for one Object

This amounts also to communicate a PKML goal facplg one object only (by labelling its
variables).

4.1.7 Placement Requests for One Region

This amounts to communicate particular PKML goals é.g.:
e Pushing the objects in one direction,
* Creating a hole in a region,
* Filling in a region,
e Strip packing,
* Increasing/decreasing the weight in a region,
* Etc.

The regions and directions are represented with Piki&ta structures.

4.1.8 Information Request on one Object or one Region

This amounts to communicate PKML goals for gettimgnerical values on PKML expressions or
domain information on the variables of the problghe coordinates of the objects, container size,
etc.).

It is worth noting that symbolic information reqtgssuch as what are the PKML rules constraining
a given object or region, are not supported byspecification.

4.1.9 Control Requests

Control request for clearing the current set oft &ML statements, or for backtracking in the
history of interactions and restoring a consistgate, are assimilated to PKML goals by abuse of
terminology. They are transmitted to the constrairdgram by the PKML compiler and treated
with an incremental execution engine describedectisn 4.3.
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4.2 Communication from the Optimizer to the Virtual
Warehouse

4.2.1 Solutions

The solver communicates a representation in PKM& sélution found to a goal (not necessarily a
ground solution), i.e. a vector of values or of @ms for the unknown variables of the goal.

It is possible that for efficiency reasons when theal is a large packing problem, the

communication should be incremental w.r.t. the ¢@ashmunicated solution. This is not specified in
this document.

4.2.2 Failure and Explanations

The solver communicates a notification of failuneanswering a request, together with a succinct
explanation, e.g. absence of solution, timeougreatc.

Explanations involving PKML rules or symbolic cassér failure are excluded from this
specification.

4.2.3 Regions

The solver communicates a forbidden/feasible/seiggon requested for an object, in the form of a
vector of values in PKML.

4.2.4 Strings

None of the requests to the solver that are sjgekcifi the previous section uses the communication
of a string by the solver. It is given here foryasion. For instance, the book-keeping mechanism
of the PKML compiler, see [Deliverable D6.1 secti:3.2], makes it possible for the packing
solver to return a PKML statement in the form aftang. This could be used to obtain the PKML
rules that apply to an object. Such requests hatebren specified however because of the
potential difficulties for their implementation agonstraint programming solvers.

4.3 Incremental Execution

It is worth noting that all the requests to thekiag solver being incremental and backtrackable,
the constraint program generated by the PKML coengiDeliverable D6.1 section 4.3] must be
executed with a top level supporting the executibnew goals upon a success, and backtracking to
previous interactions. Such execution models haen ldescribed in [Carlsson Ottoson Carlson 97,
Fages Fowler Sola 95, 98] and are implemented éncibnstraint component of CLPGUI for
instance.
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5 Synchronous Communication

As explained in [Deliverable D5.3 section 3.1.5), he fully functional, the virtual warehouse

should have a synchronous connection to the padahger. By a synchronous connection, what is
meant is a synchronization between the physicalilsitor and the solver in real-time, e.g. with a
response time of less than 40ms for maintainirigwa 6f 25 images per second.

While this is clearly not achievable for all reqiseto the solver, especially for requests involving
optimization or search with many objects, thisesertheless possible for simpler requests, even in
presence of many objects, such as for instanceatmenunication of:

» feasible regions for PKML objects,

» forbidden regions for PKML objects,

* violated constraints

» domain of variables, e.g. for weights, free volueie,

* and simple computations involving constraint prcaism

Interestingly, the visualization of the resultstioé solver to these requests raises the issueswof th
display by Virtual Reality metaphors. However, tkauto the flexible architecture specified in this
report for the connection of the virtual warehotsehe packing solver through PKML goals, the
proper issue of synchronous communication is pueglyissue of response time of the solver
(assuming no communication over the network in ¢bistext).
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6 Conclusion

This report has illustrated and specified the taltative system between the virtual warehouse
users and the packing optimization solver. We laviewed the main features of this system for:

e uploading packing knowledge models,

e uploading packing problem data,

» getting placement solutions,

» changing configurations in virtual reality and geidtclose solutions,
» changing the placement rules and visualizing tb#act,

» obtaining information on an object or a region.

A running example inspired from the PSA study c#iSeliverable 2.2 section 2] has been
transcribed in PKML [Deliverable D6.1 section 4hhdademonstrated with a proof-of-concept
software prototype of the collaborative system amstraint logic programming, by adapting the
CLPGUI graphical user interface [Fages Soliman €od4] and using the PKML compiler to

SICStus Prolog [Deliverable D6.1 sections 4]. Theppse of this mock-up was to discuss and
validate with the partners of the project the sjpeation of the collaborative system between the
users and the solver described in this report.

The prototype implementation that will be developedt year for validating the whole tasks made
in WP 5 will be based on the graphical user intexfdeveloped by the CEA [Deliverable D5.3] and
will integrate further requirements of the PSA stedse [Deliverable 2.2 section 2.6], of the FIAT
study case [Deliverable 2.2 section 3], of the genplacement constraints (WP 4), and of the
overall integration in the Net-WMS distributed atehture (WP 8).
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