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PRODUCTION MANAGEMENT IS
crucial for achieving the timely and cost-
effective execution of industrial productign
processes. In recent years, interest
increased in the use of artificial intelligence
technologies for production planning and
scheduling-2However, scheduling research
typically has been theoretical, has had a nar-
row focus, and has not covered adaptation
to unforeseen events (see the “Scheduling
problem” and “Previous scheduling re-
search” sidebars).

problem-solving capabilities of human
domain experts. During our research,

have developed a generic framework fofhe framework

building practical scheduling systems. This

framework fosters the reuse of algorithms Our generic framework is based on t
and the integration of knowledge-based techdesign principles:

nology into the organizational environment.
It also supports dynamic adaptation. We sue-
cessfully applied our framework in the
implementation of three scheduling sys-
tems—that is, they all share the same system
architecture and use similar problem-solving
methodologies. The first two systems deal
with serious real-life problems in the manu-
facturing industry: the rarely investigated
continuous-flow scheduling problem and the
widely known job-shop problem. The third

IN MANUFACTURING

system shows how concepts and techniquéscommon architecture.The first principle
Our objective has been to use computedeveloped for industry can be transferredeads to a common architecture for all our
based scheduling systems to enhance|tlseiccessfully to a medical domain.

Systems Iin

A GENERIC FRAMEWORK FACILITATES THE
CONSTRUCTION OF KNOWLEDGE-BASED SCHEDULING
SYSTEMS. THE AUTHORS HAVE USED IT TO IMPLEMENT
SCHEDULING SYSTEMS FOR DYE PRODUCTION, PIPELINE-
FITTINGS PRODUCTION, AND HEART SURGERY.

scheduling systems, consisting ofraphi-
cal user interfaceaknowledge baseaninter-
face componentand aknowledge-based
algorithms componenEach system supports
effective production management by com-
dining predictive, reactive, and interactive
scheduling. Users can choose between fully
automatic scheduling, fully interactive schedr
The combination of standard computewuling, or any combination of both.
science components (for example, pro- The graphical user interface presents th
fessional user interfaces and databases)formation needed for monitoring the
with knowledge-based concepts—in parscheduling activities and supports interactive
ticular, heuristic scheduling algorithmsscheduling. It is window-oriented, and most
and declarative knowledge representatiorof the functions are mouse-sensitive. It has
The explicit and transparent representathese important features:
tion of scheduling knowledge, allowin
flexible reuse and adaptation of schedule
ing algorithms.

D

It comprehensively presents, and prot
vides easy access to, relevant information
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The scheduling problem

Sdheduling is the tempal assignment of ders (for example for

marufactuing products) to esouces (br exkample madines)where a
number of @als and conditionsdf example meeting the due das or
using ony special malines) nust be egarded Sdeduling intudes ce-
aing a stiedule of poduction pocessesgredictive stieduling and
adapting an eisting shedule because ofents in the dweduling ewi-
ronment (eactve stieduling.

A scheduling poblem compises

a set of aders to manfactue pioducts thaare to be skheduled sub
ject to seeral constaints;

a set of poducts with inbrmation ebout pocess plans gutings),
opemtions,macines,and so on;

a set of esouces with diferent functional cpabilities (for ekample
madines and psonnel);

a set of hat constaints (br example production equiements) thia
must be fulilled; and

a set of soft consiints (br example meeting due das) thashould
be fulfilled but may be elaxed

Sdheduling poduces a $edule shaing the tempaal assignments of

opegtions of oders to the esouces to be used—thes, which resouces
should manfactue a paticular pioduct,and when thg should be used

A tough nut to crack. Apart from some theeatical cases of little pict-
cal impotance the optimal solution of e&esouce-sheduling poblem is
an NP-complete pblem—thd is, no deteministic algorithm is knavn
yet for solving the ppblem in poynomial time Traditionally, produc
tion-scheduling eseath has écused on methodsifobtaining optimal
solutions to simplied poblems.To detemine an optimal solutiorif-
ferent lestictions hare been imposed on theoptem domain (6r exam
ple, on the mmber of oders or mabines)which males the pplicaion
of the lesults to eal-world scheduling poblems \ery difficult or even
impossilte.

Besides combirtarial complexity, three otherdctos male real-

world scheduling &en moe difficult:

the lequirrments imposedyimumeus details of thepplicaion
domain (br example altemative maines and leaning times),
the d/namic and uncéain ndure of the manfactuing ervironment
(for example unpredictéle setup times and maioe beakdavns),
and

conflicting organizaional goals (br example minimizing work-in-
process time and maximizingsouce use).

Because of the pblem domains difficulty, the objectie of a eal-

world scheduling exironment should be to deteine a @od, feasille
solution,not an optimal oné&/ery important for this is the (heustic)
knowledge of a human domairxpeit, who can use his or hexgelience
to sohe distinct sheduling poblems and to judgthe asibility of
schedules. Seeral knavledge-based pproades hae been desloped so
far, using the rpeiience of humanxeits and poblem-speciic knowl-
ede of the aplication domaint-2

methods signi€antly influence the acggance of seeduling systems.
So,a steduling system should meet thesguiements:

« Information presentéion. The system mst pesent the irdrmation
necessarfor the sbeduling task ppropriately, shaving speciic
information, such as cpacities or altetaive piocess planst a
glance Moreover, the user should bévke to monitor all skeduling
actions to see the immetkaconsequences of spécifecisions and
to maintain consisteyc

» Interaction Interaction should allw full marual contol of the
scheduling The user should bédke to male all decisions @r
example selecting oders, opertions,or madines). Havever, the
suppot of interactive sheduling meely by information presenta
tion and consisteryacontol seems to be insiifient because of the
problem domains combingorial compleity. Puely automaic
scheduling on the other hands not ealistic because it rigects the
important ole of the humanxett, who has the ultime responsi
bility for all decisionsThus,industial scheduling systems should
suppot the inteactive as vell as the autonte pat of predictive
and eactie steduling
Incorporation of stieduling &pettise The main éeure of a knavl-
edge-based swduling system is the identiétion and @plicaion of
problem-speciic knovledge to sole the adressed pblem. Most
previous knavledge-based pproaces bcused mesly on pedictive
scheduling However, in mary applications,reactve sdeduling is
the moe signifcant poblem and nast also be suppiad algrithmi-
cally. By using the pblem knavledge, a system can empideurs-
tics for problem solving thaare similar to those usegIthe human
expet, who in tun can ‘erify the solution$ plausibility However,
merely mimicking a humanxpett’'s decision making is insiicient,
because his or her decisions aften nyopic, aimed &asolving
small subpoblems immeditely instead of global optimizian.

» Integration in the oganizaional ervironment Every moden indus
trial enteprise has a comptenformation tednology infrastucture.
Sdeduling systems cannot be designed as stand-alone components
because thehave to commanicée, interact,access the sametda
and shag information with their oganizdional evironmentThere-
fore, knowledge-based systemsust be an intgrated pat of an
existing information systemthus poviding well-defined interbces
to standadt goplicaion systems suitas déebases and netwks.

« Participation of the end useThe end uses’involvement in all
phases of system design is@rl to fnal acc@tance of the $sedut
ing systemAll other software-engneeing principles should also be
regarded
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Previous scheduling research

Artificial intelligence and opetions ieseach has intenskely inves
tigated stieduling poblems. Seeral knovledge-based pproades
have emeged, using diferent paadigms—in paicular, constaint-
based seah, heuistic seach, and ule-based methodsMost
approades adress pedictive stieduling poblems. Ony recenty
have an inceasing mmber of algrithms for reactve sheduling
appeaed?

Most predictive gpproades can belamacteized by the unddying
perspectve of the poblem decomposition:

* Order-basedapproades select an der from all unsbeduled
orders and completglschedule thaorder’s opesations bebre they
select the ne order®

* Resouce-base@pproades select eesouce, and detemine and
schedule a not-gt-stheduled opettion on tharesouce?

* Opeition-basedipproades select an opgtion from all unsbed
uled opesgtions and sieedule thaopegtion on one of the
resouces®

The algrithms difer essentiayl in the poblem-speciic heuistic
knowledge they gpply to detemine the apropriate decisions dimg
problem solving This knavledge is often speditally tailored to just
one special pblem scenao.

Expeimental pojects rather than pojects thaconsider eal-world
industial gpplicaions,dominde sheduling eseach. Most ppers
focus ony on a detailed desption of sophisticted algrithms,
neglecting the intgration of and compleinteraction betveen diferent
system componentsoff exkample predictive-reactve-inteactive
scheduling). Stphen SmithMonte Zweben and Mak Fox, and Jigen

Dorn and KafFroestl have piovided compehenste overviews of
knowledge-basedeaseath for sheduling
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Extensve use of cola males the inbrma
tion easier to undstand

The knavledge base contains thelevant
production-mangement knaledge desdb-
ing the gplication domainthe adlressed
problem, and the solution. ltgpresents the
application and poblem desciptions (for
example orders, products and their pduc
tion requirementsresouces,and the solu
tion—the sbedule) in aelaional form. It
represents the hdrand soft consaints as
rules.The detarative representéion of the
knowledge facilitates the modeling of ali+
tional requirments and congtints of the
application as vell as of the helstic knawl-
edge of the domainxetts.

The interhcecomponent pvides vell-
defined interfces to standdrsoftware sys

tems,suc as commaial ddabase systems

and netwrks, shop-foor dda-collection sys
tems (impotant for industial domains)and
other ppgramming languges.This endles
the intgyration of the sheduling systems intq
an «isting oganizdional ewvironment.
The knavledge-based algrithms com
ponent povides sophistidad algrithms for
predictive and eactive stieduling To cope
with the combintorial complity and to
consider allequirments of a speaifappli-
caion, these skeduling algrithms incor

D

porate pooblem-speciic knovledge to guide
the seash.

The pedictive sheduling algrithms aim
at creaing good pioduction shedules using
the xpett schedulers expeiience The alg-
rithms tiy to model the xpett’s behaior by
using a speci€ strategy (how to crede a
schedule step by step) and some of the
heuistics gplicable in guiding the seah
for a gpod solution.

The reactve sheduling algrithms en
able gppropriate reactions to ungected
events to eesthlish a consistent ste of
the shedule The events can bex@emal
(for example shot-term accetance of a
high-priority order) or intenal (for exam-
ple, a madine beakdavn). The possite
solution gproades ange from simple
integrated algrithms for the handling of
specifc events to complete leitstand sy
tems specialied for resheduling in the
case of unfreseen citumstances. (A leit
stand is dcomputeraided gaphical deci
sion-suppatr system ér shot-tem inter
active and autont& production sheduling
and contol.”3)

Easy adgtation. The second pmciple of
our framevork allows the easy implementa
tion of knavledge-based algrithms,because

it advocaes a eusdle representéion of

scheduling knevledge. This gproad cir-

cumwents a séous poblem encountexd in

several stheduling pojects:Advanced alg-

rithms hae been deeloped br special pob-

lem instances. Hoever, it is often impossi

ble to reuse ay of the components in filver
systems or to &anser the basic atyithmic

ideas to ma geneal problem scendos. So
reseathers often nust design ng systems
from scetch, expelimenting with al@rithms

similar to those used hmt.

Our framevork separates pedictive and
reactve sdeduling algrithms into the
undetying sheduling stategy (for ekample
an oderbased sategy) and the selection
rules to be used in thesesttgies.The stete-
gies for predictive as vell as br reactve
scheduling can bespresented as beduling
skeletonswhere different les can be used
to select ppropriate oiders, routings,alter
ndive resouces,and so onThe combin#don
of different shieduling skletons and selec
tion rules leads to a lge variety of different
scheduling algrithms,which can be easil
adated tested and deloyed for the gven
scheduling poblems#5

Figures 1 and 2 shoskeleton epresen
tations (in pseudocode) of @erbased and
resouce-based mdictive sheduling state-
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WHILE orders to schedule
select order
select routing for order
WHILE operations to schedule
select operation
select resource
select interval

END WHILE
END WHILE

schedule operation or solve conflict

END WHILE

select routing for every order
find operations of orders
WHILE operations to schedule
select resource
select operation
select interval
schedule operation or solve conflict

Figure 1. An order-based scheduling strategy.

gies. Both stategies decompose the qir
lem into smaller subpblems (br example
the sheduling of one ater after another)
Reactve stetegies can bexpressed simi
larly. Eat selection ste (the select
staements) rast @ply heuistic knavledge
(for example selecting citical products
before othes). This knovledge is repre-
sented gsearately as ules br the selection
of orders, routings,opemtions, resouces,
and time intevals.

The steduling stategies and the sets df
rules ae adopted m inteviewing domain
expetts or anajzing eisting systemsor
come fom the liteature. Figure 3 dgves
examples of simpleules.known from oper
ations reseach, and moe comple rules.
Weighted dles or veighted combinzons of
rules ae also possib.

Scheduling applications

We’ll now descibe in detail the thee
scheduling systems thase our famevork:
Protos which sdedules poduction in the
chemical industy; PSY which shedules pr-
duction in the metal industrandMedicus
which sdedules pents br heat sugery.

Protos.We developed this system as paf
the Eueka Potos (Polog Tools for Build-
ing Expet Systems) mject. Three Potos
subpojects deeloped tools dr building
expelt systemsusing Polog. We imple
mented the Ritos sbeduling system in the
fourth subpoject, which concened apli-
caion development and toolMaludion. The
evaluaion of the tools occued in the con
text of a real-world applicaion problem:
planning and contd of the poduction of
dyes. In one bilding, a contiruous-fow
production occws from the topfoor to the
basementysing nultipurpose apamtuses
connected tlough pipesThese ppaituses
allow a huge variety of altendive routings
for every product.Therefore, selecting an
appropriate routing is one of the main tasks

The poblem.A set of odels is gven for one
production peiod (half a year),with infor-
mation aout the amounthe elease da,
and the due da of the desed poducts.

The poducts ae the ¢es; @ery product
is descibed by the ioutings thacan be used
to produce ithy the manfactuing stes tha
must occur in edtrouting, and ty the ppa
ratuses thacan be used in ehcste. The
resouces ae the ppartuses usedofr pro-
ducing d/es.

The had constaints desdbe the equire-

Figure 2. A resource-based scheduling strategy.

ments of the mrduction pocesssud as

e All orders nust be sheduled

* The poduction equitements (@r exam
ple, durations of st@s) must be met.

e The continous-fow stucture of the
production pocessdefined ty the gven
order and theglative stat times of oper
ations,must be upheld

* Overappings ae not alleved—thd is,
an gpaitus can pedrm only one ste
at a time

For the selection of orders
. Earliest start time

e Shortest processing time

. Increasing number of alternatives (critical products first)

. Increasing slack intervals

. Increasing user priority

For the selection of routings

*  Given order with stem first

. Inverse order (last come, first served)
e Critical routing first

. Simple routing first

For the selection of operations

Increasing operation number (first come, first served)
Decreasing operation number (last come, first served)
Increasing number of alternative resources (critical operation first)

Decreasing number of alternative resources (simple operation first)

For the selection of resources

Given order with stem first
Simple resource first

Critical resource first

For the selection of intervals

Forward from given release date

Backward from due date.

in solving the skeduling poblem.

Figure 3. A set of sets of selection rules.
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Figure 4. The Protos scheduling system’s user interface.

The soft constints desdbe the econom
ical constaints,suc as

If possille, the Potos system should us
the ppaetuses andautings peferred by
the domain gpett.

Due daes should be met.

The systenThe Ppotos system suppigrinter
active and automt& scheduling Fgure 4
shaws the gaphical interfice The user can
select the aters to be seeduled in therder
List window, on the upper left; theutings
and altenaive gpamtuses to prduce the
products in theTools Alternatives
window, on the upperight; and the time inter
vals for producing the prducts in theelan-
ning window, in the centeiThe system auto
mdically cheds the had constaints (br
example the peference conséints of the con
tinuous-fow production). Corlicts ae shavn
graphically and can be sobd by interactively
cheding altenaive outings appaetusespr

time interals.Additionally, the user can us
the knavledge-based s$eeduling algrithm to
propose a solutioVe've developed a spe

ecific scheduling pproac to meet the special

requiements imposedsiihe contimous-fow
production stactuie. The algrithmic solution
upholds the harand soft consaints and pe-
sents a consistent solutiontthan be banged
by the user

PSY. We developed PSY (Rrduction Plan
ning and Sheduling System) in coopar
tion with Siekmann Ftings,a compay in
the discete-mamifactuing metal industy
tha produces pipelineittings. The com
pary can poduce moe than 10,000 diér-
ent poductsyrangng from standat fittings
(for example 90-degree aches br water
mains) to specialittings for powver plants.
The lot sizs mnge from one oér specialit-
tings, to several thousandsdr standad fit-
tings. PSY suppds long- and shaiterm
scheduling In long-tem scdeduling (one

e year), the oders nust be sheduled ly
weekstaking into considetion the cpac
ity of the madines. Sharterm sdeduling
requires a detailed $edule of one wek,
shaving the hous of pioduction and con
sisting of &out 100 oders,ead with eout
six to 10 opeations.

The poblem. Long-tem sdeduling pe-
schedules a set of ders, providing infor-
mation about the poducts to be mduced
the amountthe delvery week,and a gven
priority. This information provides the input
for shot-term scdeduling
The poducts ae fittings for pipelines or
mains.The esouces ae matines (br exam
ple, for cutting heaing, or forming pipes).
The had constaints desdbe the poduc
tion requirrmentssud as
» All orders must be sheduled
All operations of an oder nust be
scheduled
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Figure 5. The PSY scheduling system’s user interface.

» The peference constints betveen oper
ations nust be met.

* Overlappings ae not allaved

» Orders must not be split.

The soft constints ae thd

* Orders should be $weduled in theigen
week.

» Work-in-process anddéw times should
be minimal.

The systenLong-tem steduling ivolves
mainly the upper tw windows of the user
interface (seeigure 5). Uses can inseror
chang oders in the Betriebsauf-
traege (opemting instuctions) windov,
on the uppeteft. Thewoechentliche
Auslastung (weekly load distibution)
window, on the upperight, shavs the effect
of these actions. It pvides an werview of
the weekly capacity information of all
madines.The windav presents the q@ac

ity diagram of one méduine over five weeks
at a glancePSY deives cpacity limits flom
calendas and shift plansThe system sup
ports long-tem sdeduling ly chedking the
capacities of the d@ical madines ivolved in
the poduction of a des@d pioduct in the
week it will be manfactued If a sthedule
violates the @/en caacity limit, PSY pio-
poses to shift the der to another eek.The
Wochenfeinplanung (weekly detailed
plan) windav, in the centerpresents the
detailed shedule

For shot-term sdeduling the user can
choose fom thiee stetegies,which differ in
the selection of opetions,resouces,and
intervals.The basic algrithm fills the week
from left to ight (Mondg to Friday), using
the frst-in, first-out pinciple and the shor
est-ppcessing-timeule. It schedules the
opetions for the edriest possike position,
to optimiz the fow times and to meet th
due dées.The two other stategies frst look
at critical madines.These sttegies select

orders by priorities and shedule the oper
tions using the dtical madines frst. The
fir st-fit strategy schedules the opations for
the ealiest possile position,to minimize
flow time. Thebest-it strategy schedules the
opeitions for the smallest posdeposition,
to optimiz madiine use

Using one of these stegies,the user can
schedule one afer or all the aders for a
week. PSY msents the $edule as a Gantt
chat; the user can alter thetsdule inter
actively by deleting substitutingor reloca-
ing complete aters or single opetions.

Medicus.The Medicus (Medical Resoeg
Scheduling System) piect’s objectve was
to develop a computebased pototype sys
tem for sdheduling hospital péents.We
developed Medicus in collzoration with
the depaitment of hearsugery of the city
e hospital in Oldenbrg. The dgpatment con
sists of bur units:nomal cae, intensive
care, intermediae cae, and the opeiting
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Figure 6 The Medicus scheduling system’s user interface.

theders. The most impdant fedure of this
medical pplicaion ara is its high} dy-
namic and unceain ervironment. Nev
patients ae admitted iregulady, and emer
geng paients nust be teaed immeditely.
The peiod of a padient’s sty at a unit can
vary because of diérences in the coge of
illnesses.

The poblem.The set of pgents (which cor
responds to the set ofdms) is not knwn in
advance The poducts ae the diferent kinds
of medical teament.The resouces ae the
opemting theders and the hospital beds
the units.

The stiedule nust fulfill these had
constaints:
e A pdtient must be sbeduled after his o
her hospitalizaon or admittance
Emegeng patients nust be opetted on
no moe than two days after hospitaliza
tion—urgent ones within one eek.

.

Each opesting theder usualy has
two opegtions per dg—at most bur
opetions.

The sdedule should meet these s¢
constaints:

No opestions ae alloved on veelends,
except for emegencies.

Normal-priority patients should be oper
ated on in the nd six weeks.

The systenMedicus suppds the hospita
nfdomain &pett in the long-tem sceduling
of nomal-piiority paients and the shisterm
scheduling of ugent and emegengy paients.
Figure 6 deicts the Medicus user intade
The patientendaten (pdients daa)
window, on the upper leftcontains impor
tant information about all admitted p#nts.
TheaAuslastung (load distibution) win
dow, on the upperight, provides a six-veek
ovewview of eat unit's daily occupang. The

Bettenbelegung (bed occupang win-
dow presents a Ganthaut depicting a two-
week alloction of the opeating theders and
hospital beds.

ft For long-tem sceduling the user con
sults theAuslastung (load distibution)
window to detemine a dg whete less than
50% of the cpacity of the opating the
aters has been alloted The user sted
ules a ptient by selecting a time unit of an
opemting theder in theBettenbele-
gung window. Medicus automtically
assigns thepropriate hospital beds if no
constaints ae violaed

To schedule an emgeng paient, it is

sometimes necesgatio dely the opestion
date of an alead/ scheduled ptent with a
lower piiority. In this casethe user dags
the lower-priority patient’s enty onto a
buffer, and sbedules the emgengy paient
for the \acant opaation dae. Subsequeny]
the lover-priority patient must be esdhed
uled—havever, this time with a higher pr
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ority to ensue tha the opeation dae will
be delyed ony once

In addition to inteactive stieduling the
user can ask Medicus toqmose an @pro-
priate opestion dae for a selected pigent.
The system detarines the net available
opertion dae by using the same hesf
tics as the humanxpett, while consider
ing all constaints.The user can coirin
the poposal,alter it,or demand anothe
one If no gpropriate opeation dée is
available, Medicus detemnines the pent
whose opeation can be delged with the
fewest poblems.

Application use and deelopment. All

three knevledge-based dweduling system
grealy reduce the time to egte and main
tain production sbedules. Br instanceat

Sandozthe gplication patner of Pptos,
the mamal credion of a pedictive sthed

ule of the ng&t half year lasted up to tov
weeksWith Protos,tha task tales a couple
of houis. Moreover, uses can bed alter

native madines or outings the huma
expett never considezd Futthemore, they

can detect inconsistencies antbes in the
master shedule nuch eatfier and eport

them to the caesponding Igistics deart-

ment.The PSY system also supp®tong-
temm predictive sdeduling Thus,the or

ders ae presdeduled; consequentifewer
cgpacity poblems occur wen the detailes
weekly schedule is ceded With these
applications, uses can signitantly im-

prove the quality of the $edulesthereby

improving cgacity use andeducing po-

duction costs.

All these pojects usedapid prototyping
to adieve an incemental deelopment
processA project team of uniersity re-
seachers and pesonnel fom the a@plicaion
pattners implementegrefined and ectended
several prototypes until the produced poto-

type systems thaaisfied the actual needs.

We implemented all the systems irofeg
(Quintus Polog and PoLog by BIM) on Sun
SpacStdions,and we deeloped the use
interfaces using Pwindows,a Polog-based
userinterface-pogramming pakage. An
interface to elaional daabases (RIDBI to
Orade) provided the connection toisting
computing emironments.

The Potos poject lasted thee years.
However, we reduced the deelopment time
of PSY to one gar and tha of Medicus to
just thiee monthshy exploiting our &peti-

ence andeusing seeral concets realized

in the pevious pojects.We evaluged the
final prototypes l field-testing them unde
realistic conditions in selected samp
plants. Fally, we reimplemented the tw
industial systemsdr commecial use Pro-

tos has become PEPI Rluction Expetr
Planning System). PEPI is not gnh use
on the shoplbor in several of Sandoz

chemical nultipurpose poduction plants,
but is also gailable on the commeial mar

ket. The PSY system has been ther
extended and ma&eted ly Competence
Center Inbrmatik, a software house not
affiliated with the uniersity.

le

WE REDUCED THE DEVELOP-
MENT TIME OF PSY T0 ONE
YEAR, AND THAT OF MEDICUS
TO JUST THREE MONTHS, BY
EXPLOITING OUR EXPERIENCE
AND REUSING SEVERAL CON-
CEPTS REALIZED IN THE
PREVIOUS PROJECTS.

BASED ON OUR EXPERIENCES IN
developing these dwduling systemsye

are developing a system to be a desi
assistantdr building sdeduling systems
This systempart of our Plannes Work-

bend project, implements our gneic

framework.5 Its primary component is 3
library of scheduling knevledge, contain
ing a set of pedictive and eactive sthed
uling skeletons,as well as a set of sets @
selection ules.The systens fiexible reuse
and easy agdaion of previous stieduling
components eres the gnamic custom
ization of nav scheduling systems.
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