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THE FLANGED-ELEMENT MANU-
facturing workshop at Dassault Aviation's FOR SOLVING SCHEDULING PROBLEMS IN AN AIRCRAFT

plant in Argenteuil, France, uses a number MANUFACTURING WORKSHOP, THESE AUTHORS PROPOSE A
of short-run manufacturing cycles to pro-

duce small quantities of numerous aircraft HUMAN-MACHINE COOPERATIVE FRAMEWORK WHERE
structural parts. The many manual finishing COMPUTERS CHECK THE CONSISTENCY OF THOUSANDS OF
operations, components, and manufacturing

processes involved place a premium on man- CONSTRAINTS AND HUMANS SELECT RELEVANT CHOICES.

agement flexibility and quick reactions for
meeting ever-changing production demands.
Human operators, therefore, must assume a
pivotal role in the workshop’s decision-
making processes. Research, has been developed to investigatatific Research (LAAS-CNRS), Dassault
This case study reports on our efforts|tmew technological possibilities in the do-Aviation, and the European Institute of Cogt
converge a top-down approach to functionaiain of cooperative human-machine schediitive Sciences and Engineering (Eurisco),
design and a bottom-up approach to cogniiling, but not to be integrated in a Dassaulinder funding from the French Ministry of
tive design of human-computer interactionsndustrial site. If integrated, this mock-upResearch. The main goal of the Scoop pro
to increase efficiency at the workshop. Thevould enable operators to react immediject was to demonstrate which and how
functional design effort relies on a constraintately to perturbations. This work could alsgotential technological capabilities (con-
reasoning process to provide a set of decisjomigrate to other manufacturing operationsstraint-oriented reasoning as well as graph
making solutions, while the cognitive designsuch as cutting operations in the clothingcal environments) can be exploited tg
effort comprises a knowledge-acquisitionindustry, which present similar constraintsdesign an interactive problem solver in th
phase. We combined these concepts to domain of scheduling. In an ascendan
duce a highly interactive mock-up system, approach, we studied the industrial site @
programmed with a constraint logic pro-The need for cooperation Dassault Argenteuil to build a practical
gramming language, that lets users easily application. We also investigated a descen
modify previous choices. We developed this mock-up system |aslant approach to list and evaluate the tech
The final system this article describes|ipart of the Scoop (Cooperative System fonical possibilities for interacting during a
still under specification, as part of the ongoProduction Scheduling) project, for the Lab-cooperative solution process.
ing reorganization of the shop. The mock-upratoire d’Analyse et d’Architecture des Research under the Scoop project ha
design, supported by the French Ministry|oSystemes, French National Center of Scifocused on cooperative scheduling systems
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opemting in small, automaed, shot- or
medium-un workshops. Humans pjaa
major ole in sut scendos,first by carying
out specifc opeetions,suc as maunal alter
ations,or “finishings; and secondyoreact
ing quidly to disturbancegmegenciesand
madine beakdavns.

Management decisiongsud as shedule
making result flom a comple process thia
relies on arous souces of knaledge. Rep-
resenting these decisions egulaly repeded
solutions to an optimizian problem is thee-
fore difficult. The xample ve desdbe heke,
from which Scoop bgan,highlights a shed
uling problem tha cannot be globajisolved
by a deteministic piogram.

Scheduling decisions ost simultane
ously account ér mangerial daa—due
daes,processing timesand mabine cpac
ities,for example—as wll as specit tech-
nological constaints,suc as pats pooling
constaints on special mames and huma
preferences wen pocessing maml oper
ations.The poblem staement used inlas
sical gproadies sud as mehemaical opti
mization, simulation with piiority rules,or
expett systemsijs not adequ hee.2:2In
our casehuman opeators nmust leact qui&-
ly to numeous disturbancesr changs in
production demandBecause humarxpeit
know-how cannot be embeigd in the mod
els these pproaces usuall propose the
opestors must contol the poblem solving
or & least undestand andalidae solutions.
Yet, provided a major consaint is lepre-
sentdle and tactale, it must be consided
for the solution.

Our case studassumes thiahe decision
power tha humans need to qukily eleborate
or adat solutions ér real-time disturbance
implies a substantialvel of autonory, par
ticulady when computer mgrams cannot]
easil represent the human otor know-
how involved Hencean gproat based on
decision suppdrseems better suitedif
designing sule a sbieduling systemThis
study therefore pioposes a human-nisice
coopettive framevork for solving sbedut
ing problems tha takes adantaye both of
computes in dheking the consistencof
thousands of constints and of humans i
selecting elevant doices?

For example in our case studthe &ist-
ing bach-oriented tool computes solution
ead night,which the user systertiaally
modifies to accountr real conditions on the
shop foor. The rumber of day decisions
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(around one hundd) is not lage compaed

to the mmber of constints.Thus,we hare
realistically specifed a system thanterac
tively integrates the decisions of the oper
tor. It avoids the dawbadks of bach-oriented
systemswhile adrising uses éout feasile
decisions and letting userenage on ag of
them if the curent stae no longr fits the
users ciiteria or is not éasitbe from the con
straint-saisfaction viavpoint.

Background

In ascheduling poblem the onset and cen
trol of opestions should be assd duing

all processing stgs1? Opestions eseath

RATHER THAN CAPTURING THE
KNOW-HOW OF HUMAN
DECISION-MAKERS THROUGH A
RESTRICTIVE, STATIC RULE-
BASED MODEL, WE DECIDED TO
INTEGRATE HUMANS, RATHER
THAN SIMULATE THEM, INTO
THE SOLUTION PROCESS.

organizdions usual} attempt to sole these
combinaorial problems ty designing gact
but costy methods or spedif heuistics* A
sthedule esults tharepresents adrecasted
plan for accomplishing thearious tasksThe-
oretical stieduling poblems,which are conr
cemed with seahing for optimal sbedules
subject to a limited imber of constints,
suffer from excessve combingorial com
plexity. Although moe highly constained
and subject to anganistic citeria, practical
problems ae ezen moe compl& because of
the uncetainty of shieduling paametes in
the shoplbor’'s d/namic emironmentwhere
unexpected gents continally occur As a
result,the forecasted plan can no logigbe
used In optimizdion goproades the objee
tive is often to Ppass or simlate human deei
sions,not to suppdrthem.

Many expett systems hae atempted to
avoid these shocomings ly using other di-
ficial intelligence tebniques® These tools
emphasie the impaiance of combining both
analtical and empical knavledge. However,

while they are developed in se connection
with expetts, future uses ae rarely consulted
Consequenyi an inteaction model esults
tha is pooty adated to the usstcognitive
model. Moeover, the stuctuing and man
agement of lage knavledge basesamains an
open issue

Raher than tying to cagture the kna-how
of human decision-maks thiough a ery
restictive and stéc rule-based modeds in
expett systems,we decided to inggate
humansrather than siralate them nto the
solution pocessThe case mblem tha fol-
lows shavs tha an automeed decision sys
tem is ingpropriate. The mater was less to
imitate humans Wwen making the best deci
sions than to identify et pieces of inbrma:
tion they need to mad their decisionsyhich
is a moe realistic and @iaineble goal.

Case poblem. The manifactuing process
at the fanged-element marfactuing work-
shop ve studied inktides parroutings in a
cutting-out centervarious heatreaments,
flangng on a lydraulic pess,and maoal
finishing Aircraft workers cut pats out of
thin sheet metalthen orm them with a
hydraulic peess. Routings can €& for eaq
product,so the vorkshop opeates as gob
shop The workshop poduces bout 1,000
paits eat week fiom 3,000 typesstructured
in 40 families or ¢asseswith 12 different
opeeting sequences. Eapat is identifed
by its reference mmber production puting,
class,and delery date.

Cutting mabine opeations involve deter
mining the sets of ptr tha must be pooled
on eat metal sheefhebuilt setsmust s&
isfy various rquirements elaing to the
class,geometic overapping filling rate, and
time constaints associad with the par
delivery daes.Thisprocessing-ater release
phase gvems the elease of the p&xin pio-
duction and stingly influences the $edut
ing of the n&t opeetions. In this aticle, we
limit our scope to the cuttingarkstaion and
therefore to this elease function. (In paltel
to the Scoop mject,another dbrt led to the
specifcation and pototyping of the MADE
schedule systemafr this workshop® The
MADE project aims to bild a solution gn
erator, rather than a coopdiive systemas
in our work. MADE stands ér Module
d’AiDe a 'Engagementwhich is Frend for
release supposystemn)

At presenta bach process autonteally
credes the pds sets edtnight; the oper
tor modifes or alidates the sets thefow-
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Figure 1. Main screen of the mock-up. This screen dump shows browsers that enable users to select and sort domains
(leftis the “normal list,” right is the “urgent list,” and the central one focuses attention on the orders that the user has
finally retained, then sorted according to his or her criteria). The center of the screen represents the current contents of
each of six metal sheets; this is graphically displayed to show how each sheet has been filled. The bottom of the screen
is associated to a temporal representation of sheet-cutting operations.

ing moming. A new bach process mst un
for eath modification. This system stiérs
mary drawbadks, including

¢ No indicdors. The system does not dig
play indicaors éout sut factos as
workshop or pocessing-ater conditions,
resouce beakdavns or weroadings,
and delvery daes distibution, which
would allov the opeator to anticipse
problems.

* No assistancelhe system does not he
uses sot processing aters or d100se can
didae sheetsdr the best agisied solution.

¢ No fexibility or interactivity. The system
allows neither inteactive modifcation of
sheets nor abt compution and displg
of processing ater placement or sheg
duration and sequenc&uid reactions
depend on sut information.

These dmwbads aise because of the G
number of parcaegories,productsand out
ings; dissimilar consaiints (ggometic, tem
poral,and gouping for example); the rare
of the workshop (sequential opations ee-
cuted ly automaed and mamal piocesses);
and a mmber of citical disturbances (mane
breakdevns,absent opators,and ugencies)

This bach-processing pproach would
lead to a model thwose igidity, combined
with the equirement br an all-embacing
solution,would male the coresponding tool

" of little use

Cooperative stieduling. For these gneal
reasonsand taking into account theal
needs athe Dassault erkshop,we devel-
oped an pproach based on coopaive
scheduling In other aplicaion domainsthe
need 6r human-computer cooion has
become in@asingy important, paticulady
with the gowing development of goup deci
sion-supparsystemspr groupvares’ For
our puposesye consider a coopaive sys
tem as an @anizdion in which the human
and the computer atwo interacting cagni-
tive poles engged in jointly carying out a
task.This defnition sugyests the sharg of
goals ly coopestive entities,which offer
complementgrknowledge and skills. Coop
eraion, a relaively new concet in shedut
ing, might look povocdive in the contet of
production system®f which automéon has
long been the means dfaice brimproving
efficiengy.

Nonethelesgwo systems @w our dten

p

Y
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tha demand quicreaction times.

tion. Omo,a software program for real-time

scheduling deeloped ly Frances Cainet
Villaumié SA., offers a imily of schedules,
which gppear as a totgllordered sequence
of groups of e&changale tasks® (Ordo
stands ér Ordonnancementyr sheduling
in Frendh.) Forty Frendh industial sites use
it for various gplicaion domains. Second
the Steplan softvare program povides a
coopeetive ervironment or creaing pro-
duction plans in the steel indugfr Con
straint-resolution pocedues and ¥pett rules
let uses directly modify the plan thwugh an
interactive interfice In creding the system,
Sdcheplan’s desighes thooughly consideed
userinteraction modes. Its ahitectue is
defined abpund a consaint soler.

Ordo and Sheplan ae rare examples of
software thd includes consaint-piopagation
medanisms and ebkes limited but not ng-
ligible coopegtion modes. Qio calculées a
patticular subset of $edules thiasdisfy all
constaints and thacan be epresented as
sequences ofgups of pamutable tasksThe
user nust doose fom this set. In Scooghe
user is notesticted to paticular forms of
solutions; the main iteria is to not violée ary
constaints,and if sofo badtrad to the uses
previous decision. In Seplan,solution mod
ifications ae endled kut aways on the basis
of an initial solution thias alvays huilt by the
systemThis is not the case in Scoaphere
the user entély designs the solution.

Estalishing coopeation between a hu
man and a systenequires thathe dgrees
of freedom assodiad with the initial plan be
made tear As we discuss fer, tha is the
objective ofconstaint-based anafsis Fur
themore, to better undestand the cgnitive
processes wolved in poblem solving part
of this work deals with knwledge acquisi
tion from the usex of curent systemsThe
“Suppoting the coopeation” sidebar dis
cusses kneledge acquisition and consint-
based angkis.

Application

The knavledge-acquisition esults,along
with the implement#on of the tebniques dis
cussed in the sithar, endled us to hbild an
orderrelease coopeative system mdcup.
(Figure 1 shavs its main saen.) It allevs us
to handle all the picessing aters oiiginating
from a poduction elease dfce, as well as
urgent puchasing oders tha are bound to
occur wvhen demands on the shdmaog.

The lesolution sttegy lies in funishing a
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Supporting the cooperation

Development of the coopation processes used in this case gtud
involved both knwledge-acquisition ppcedues and consaint-based
anaysis.

Knowledge acquisition

The methodolgy we used gew out of a comergence of tvo
approades:

» Kelly’'s goproad, which proposes theersonal constuct methodol
ogy,* and

» Warfield’s methodolgy, which sugyests the use difrainwriting
techniques to elicit epert knovledge.?

To develop the knwledge elicitdion in our @proad, we adated
the ofginal Warfield methodolgy by using a gd suppot on which
eat column has cise semantics (ideamber reference mmber
opinion,or idea).This methodolgy allows the colléion of knovledge.
In this gproad, everyone gves his or her opinioriree flom the infu-
ence of apbody else®

To design coopetive systemghe collection phase ust be con
ducted not oyl with the futue userbut also with a bwader populéon
of expetts, potential uses, designes, emonomistsand inteested oth
ers. Indeedsud a collection phasewes designervalueble informa
tion, ideas 6r innovations,and \arious vievpoints br use in hilding
flexible, reus#le geneic systems. Magover, for coopestive deelop-
ment,sud an gproad exhibits marty decision-suppamedanisms
that an proad by an indvidual would not identify

During ead knavledge-elicitaion session @ur in our casgeah
lasting two hous), we collected 10mds per paicipant; eab grid con
tains gproximately 30 generl ideasyielding moe than 600 elemen
tary ideasWe then tassifed the collected knaledge and stuictured it
in sets of tees:display modes (gaphs,amays, curves,bar gaphs,and
chatts, for instance)actions (br exkample add, delete modify, and
allocae),and so érth.

Next, we anajzed this inbrmation. For this,we modifed the vork
of G. Kelly, which ohn Boose andeffrey Bradshav used irAquinas?
The anafsis is luilt by crossing ideas to detaine the links beteen
concets® Mildred Shav and Bian Gaines hee identifed four rele-
vant cases (consensus anceéh¢asses of disgreement pointsy.In our
study, we mege all disgreement pointsar which nev knovledge-
acquisition campaignsarestated Mary disagreement points ar
associted with the wcebulary, so we huilt a consensual ontaly in
collaboration with all paticipants,which lets usemove most of these
differences.

This piocessing phasesgegetes coopeative system design dictives
for three impotant felds:flexibility, suppot, and inteactiity.

Constraint-based analysis

The major ole of the constints of the ppblem & hand along with
our desie to hamacteize a set of admiss#solutions|ed us to use a
constaint logic programming (CLP) tool thaincludes eficient con
straint-propagation medianisms’ Sud languaes aim pimarily at
proposing a solution to a@bolem; theefore, if you ty to decease the
execution timethe popagation procedues will be incomplete(Except
for the case oftional constaints,most CLP languges do not enser
the completeness of their corstit-propagation procedues on the
grounds of gecution time sangs:sometimes ading a nev constaint
to a set does noteste an inconsisteycalthough the ne set of con
straints cannot be afied. To eliminge sut situdions as rch as
possilte, we can pogram adlitional metianismsdedicaed to a spe

cific gpplicaion domain.)

To enbrce decision-mblem consisteng we choseconstaint-based
analysis(CBA) principles®° This anaysis is not designed tegeste
a solution elative to a citerion but to pepare the gnestion phaselt is
based on a set of dedu&tiules thareveals some essentialgpeties
for all solutions. Seeral ciiteria pemit us to eploit complementar
aspects betaen CLP and CBfor coopestive stieduling leading to a
constaint-oriented gproach.1°

CBA applied to parts pooling We use CB\ primarily to represent
and opedte the time consaints tha affect the pooling of pas re-
quired on a metal sheet. Because ¢hisrony one cutting matine a
disjunction constint exists betveen ag sheet couple (pad metal
sheets)which can esult in narowing sheet time windes though
basic CB\ rules. By aplying these ules,uses can obtain tev types
of results:

« Detection and mycessing of inconsistenci€during the placement
attempt,failure will occur if the curent sheet winde cannot
accommodte the duation of the opeation associted with place
ment,or if one of the disjunction consints betveen tw sheets
cannot be disfied.

» Characteilizing the éasibility of the egrouping decisionaVhen
ever a nev placement occsrthe time damacteistics of the sheet
concened ae modifed. In cetain caseshis mg cause sequenc
ing with other sheets thugh disjunctre constaints.

The temporal problem. Air craft workers place pas on sheets with
respect to thee types of tempat constaints:individual time windevs
(one br eat pat); pats-eggregation constaints (one dr ead sheet);
and disjunctie constaints on the cutting mame

Constaint type 1 assodes an initial time winde [earliest
start-time, latest finish-time] to realiz the cutting of
ead pat. It is deived from the time winde [release date,
due date] associted with the caresponding ater and the knal-
edee of the dugtions of the opeitions following the cutting

Constaint type 2 comesd®m some teanological fegures of the cut
ting madine For eat metal sheetutting opeations ae cained; no
partt can be wailable bebre the sheed’whole cutting pocessihishes.
This implies tha

» The agregated cutting op&ation on one sheet cannot staefore
the maxinum ealiest stat time of its components.

* The @gregated cutting pocess ér one sheet cannadhish after the
minimum laest fnish time of its components.

Consequenyl a time windev associted with eah sheetepresents the
tempoel inteisection of indiidual time windevs associed to elemen
tary cutting opeations of its pats. This time windev must be lage
enough to inlude the sum of the cutting diions.

Finally, disjunctive constaints (type 3) comedm the use of a single
cutting madine, which implies thaaggregated opeations nust be
sequenced

Time constraint propagation. Although this section discusses the
principles of CBA rules used in our casegiiem, for brevity’s sale we
do not discuss the assdeid les in detail. Mo precise inbrmation
is available the provides an angtical formulation of rules as \ll as
proofs10

We first popose aule tha examines the consisteyof ead sequen
cing altenative of the disjunctie constaints.When one pves inkast
ble, taking into account the c@nt time windavs of the tasks (as illus
trated d the top of kgureA), the opposite alt@ative must be posted
This leads # propagation to a possile adjustment of the timeindows
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of the pair of tasks thus sequenced (bottomigfife A).

This mehanism instanties what some calbre-consisteng'! and
othes callimmedide selectior2and also lets us s@some disjunate
constaints and consequentlighten time windws.

Because this sole type of consistemcnot completeto actualy
adhieve ac-consisteny, an adlitional CBA rule detects intenediae
task positions thaviolate both sequencing altetives of a disjunctie
constaint. This piocedue also emoves inconsistent des,which could

—

J | |

i

J | ]

given the ery large time windevs compaged
to processing times. It might then also be
interesting to enlage the stuy by consider
ing extreme positions of a taskletive to a
group of other one¥13

Figure B2 identifes a subse$= {s1, s2,
s3} nonposteior to taski. At least one task
of Smust peceds. After sud an identiica-
tion of a nonpostérr set,a following ste
might detemine whether task can be
inseted intoS If not (as in kgure B3),i
must be sheduled either befe or afterS
Moreover, if Shas peviously proved to be
nonposteor toi, theni is necessdry sched

lead to the @dion of holes in the domain

associged with startimes (see igure B1).
In practice these tv rules might be useless,

1

0

Figure A. Disjunction solving and updating.

uled after all tasks iB. Thus,we can deduce
a lover bound ér the startime ofi, as well
as an upper bound of ¢ain finish times of

S—values nuch stionger than under the sole

| nonpostepr condition.An anal@ous ea

soning symmetcally estdlishesnonante
rior set conditions.

Time

)

Cooperation processes

| This constaint-oiented @proat con

tributes to coopetive shieduling ly shav-
ing infeasibilities as soon as the @nt set

of decisions becomes inconsisteartd by

s2 | ‘ |

s1| | | |

resticting the possibilities left to the gar
not yet placed

The knavledge-acquisition pscedue also
led us to deve information for the esthlish-

@ i i

| ment of coopetion processesThe follow-

ing points aose:

| . The possibility of questioning theod-

ity of alread/-made decisionsacing
the d/namic contet in the shoplbor.

s1 | |

®3)

The anticipdion necessgrfor making
advance decisions. Indegdt eath st
of the decision-making pcessthe
tool must ehibit the mostobust
choices therby limiting bad-tradking.

Moreover, the decision sharg remains a

Figure B. Time windows: (1) inconsistent start times for /; (2) {s1, s2, s3} nonposterior to /; and (3) / noninsertable into

{s1, 2, $3}.

prepondeant factor:the mabine (and spe
cific heurstics) soles the ppblems,whether
or not thg are well modeled or higlyl com

selection aidor those pocessing aters tha
must be pocessed as aiprity. As soon as
user selects apecessing ater, it goes on the
waiting list and a second decision ailde
placement aiccomes into pka Any selection

or placement decisions ci&d out fom the
stat of the esolution can be canceled irya
order, which relaxes the elaed constints.
Figure 2 epresents the ahitectue we hae
designeddr a coopettive elease system.

Selection aid This process érms and
makes eplicit the subset of mrcessing
orders tha must be placed in der of pi-
ority. The decision-mads views seeral pre-
sentaion modes:
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plex, while the human mads decisionsoir
incompletey formalized poblems.

To implement a coopative tool or the
scheduling poblem,we devised the ahi-
tectue shovn in Fgure C.

This kind of tool nust povide seeral
levels of coopeation:

Manufacturing

Kernel

(o)
‘ e )
Feasible solutions

* Informaion exchange. To huild a shied
ule in coopeation, both the opeator and

orders

sets computing constraints

the systemxehange information; the

first provides nongplicit constaints
coming flom the eal contat; the second
gives the cuent stée of the solution
process and also infmation ebout dda.

* Anticipation. To help the user in a timel

1 1

Indicator
displays

Planning
displays

Interface

[

fashionthe system mst eliminae

inconsistenteémaining decisions.

* Explanaion.When a &ilure occus, the
system mast povide some gplanaion
as soon and as sinyps possite.

User

ﬁConstraints adding/retracting}

ﬁ Validation

¢ Shamble decisionsThe distibution of

decisional functions be®en both inter

active poles (opetor and system) mst
be possite dynamicall, or decided
sttically.

» Decision suppdr The systens decision
suppot comes fom combining the angsis bebre the decision (o
selection andlassifcation of the most ppropriated decisions) and
the anaysis after the decision yhnfering the consequences and
eliminaing wrong \alues br the emaining \ariables).
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» Graphical representgion of pocessing
orders. Two representdions pemit the
detection of load peaks eettain ddes
and Dr cetain types of pocessing
orders. Frst,the system dispie the po-

portion of pocessing aters for eah
class br the list of pocessing aters sent

to the poduction elease dice (see kg- | *
ure 3a). Secondor eah dass,a cuve
shaws the time distbution of the po-

cessing aders accoding to their deli-
ery dae (see kgure 3b).

Filtering and pocessing ater dassif-
cation. The system carilfer the list of
processing aters accoding to dass,
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Figure 2. Human-computer cooperation for release.

production pute surfaces,or delvery

dates. For waiting lists,these aders can
appear in ascending or descendindesr
of surfaces or deliery daes.

Placement aid Usess also eceve assistance
from two types of placement aids:

« Feasibility anaysis and consaint prop-
agation. At any time, the opeator can ty
to assign one pressing ater to a sheet
If placementils,the sceen displgs the
cause ofdilure—insuficient amount of
space leftdate laer than the deliery
date, or incompdible dassesfor exam
ple. If placement succeedbge sheet da
evolve, and cerain chamacteistics of the
processing aters still in the vaiting list
are adjusted

Sheet displg The sceen pemanenty
displays geometic solutions ér placing
the pats on the sheets (seéhbre 4a).
Synthetic inbrmation, or textual desdp-
tion, is also aailable for eat sheet (lass,
occupied sudce current flling rate, time
window, and dusation). A Gantt datt
helps uses visualiz the positioning of
the sheetstaa cetain moment in timg
shaving maginal losses causedyb
regroupings (seeifure 4b).These two
representéion modes (in space and tim
dynamically are updéed when a decision
is made or upon cancetilan.

Implementation and first results. We
implemented our system meap on a Sun
Spacstdion 2 in the Chip consaint logic
programming (CLP) languge. To validate

the mo&-up, we hare selected aeamlistic
example consisting of 300 p&s to be man
ufactued 70 piocessing aters,a one-veek
production hoizon,and six sheets to be cem
pleted eals dgy. In this eample the expected
waiting time causedybconstaint popaga
tion is naligible, so uses become higlyl
interactive with the system and can egsil
modify their pevious doices.

W-HLE AN ERGONOMIC EVALU-

ation of this mo&-up has pointed ouhe
meiits of our systemdr this kind of apli-
cation, it still needs walidation by uses.
This validation phase belongs to the ror
mal incemental gcle of prototyping and
will obviously involve some adjustments
and inn@ative impovements. Fuher work
will f ocus on a ma system#tic validation
of the mo&-up with potential userto
enhance the system ingéativity and de
velop better functionalities.

The Scoop mject was completed in 1995.
Unstadle maket forces hae caused dical
changes inside the Dassaultganizdion, so

e)the Scoop mject has not been a highigr
ity and the mok-up has noteolved futher
Nonethelessthis pioject demonsttes the
validity of the idea thecomputes must sup
port human decision-maks, rather than imi
tate or eplace them,paticulady when
enforcing the decision consistgnoeeded to
chedk a hug amount of consdints.

c5

@)

c6 c¢7 ¢8 cl0 cll cl4 cl7

Classes
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S 6 / N\
5o / N\
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8 3 / -~ ~ \
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Figure 3. Processing order representations: (a) the proportion of processing orders for each class for the list of processing orders sent to the production release office; (b) for each
class, the time distribution of the processing orders according to their delivery date.
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