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Abstract

A three-layer object based environment architecture Client, Application Serverand Serve) to support the
modeling and management of the process design process is presented. It guides the design process and
explicitty maintains the evolution of the design knowledge as a consequence of each design decision that is
adopted during a particular design project. The Client encapsulates the interface of the designer to the
design environment. The Application Serveris responsible for managing the designer requirements by
resorting to the Server data. It manages the definition of generic design tasks and the administration of
the scenarios that are generated when a particular design process is carried out. Design tasks are defined
according to the Coordinateslanguage syntax. Basically, a design process is viewed as a set of tasks that
are linked by temporal relationships and/or a set of resources they share. Generic design tasks can be
instantiated and used in a specific design project. Th&ervercontains the data that are created, used or
modified by the Application Server.

1. Introduction The Coordinates language (Mannar@toal, 1999)
Computer-aided environments that support designused both to represent the different design methods
processes have to () provide tools to structure thed the outcomes of their appiication, i.e., process
knowledge that s iteratively acquired, to administrateodels representing a particular design. The version
the design decisions that are adopted and theancept proposed by Gonret al. (1998) is employed
rationale, etc., (i) integrate different design tools, (ifpr managing the ewvolution of a design process.
coordinate the collaboratve work among desidsasicaly, the environment supports the explicit
experts, (iv) explore different design alternatives, etepresentation of the states through which a particular
As there is not a unique design methodology, but a petcess model evolves during its design.
of standard tasks that are usualy carried out in a The environment proposed in this paper is
design process, a design environment should proviigported by a three-layer architecture: @ient the
task patterns that each design team could combigplication Serverand the Server layers. Basically,
according to ther practices. There is veligle the Client layer supplies the interface of the design
previous work in this area in chemical engineeringnvironment to the designers; tWgplication Server
Westerberg et al. (1997) have developed desigmanages the services the Clent requires, such as the
support tools based on thedim envionment. They defintion of generic design tasks or the
have focused on supporthg the management implementaton of the decisions adopted during a
information, a critical issue when addressingarticular design project by making use of the data
cooperative design. Bafares-Alcantagh al. (1995) stored in théServer
have also made contributions to support the process
design process. Their Epee environment makesThe Task Modeling Language
possible the representation of the designer's intent and The different design tasks that can be carried out
alows model traceabilty. _ ~ duing a particular design process are represented
This paper presents a process design emvironn@iording to the Coordinates language syntax.
architecture whose goal i to support the execution ®bordinates s based on a threedayered architecture
design progcts, according to different design methodsig. 1). The Metamodel layer contains metaclasses
Therefore, two object based components are defingdjresenting the basic design modeling concepts, such
() a language for representing design methodologigs; the notion of design task and resource. It also
i.e., the design phases, the products to obtain at %ggcmes the protocol requred for defning and
stage, and the way the phases are linked by produgighipulating the different classes that inhabit the
and consuming those products, and (i) a concepty@idel Layer. The Model Layer defines different
tool for supporting the scenarios that are generated d@kign tasks and resource templates such as the ones
a particular design problem. that represent the structure of a flowsheet, an
equipment item or the functionalties of an
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optimization module. Tasks such as Sole-Materi&&esourcePersp-M appears in the domain as a
Balance, Select-Reaction-Method, or Define-Recyctensequence of theTask-M execution. The link
Structure as wel as the resources they require alichinatesis the inverse of thereatesone. Finally, the
transform during their execution, are identified at tmeodifies lnk indicates that the ResourcePersp-M
Model Layer. This layer also defines the protocol fauffers a change of state due to its participation in the
manipulating the entities of the Instance layer. Finaljask-M
the Instance Layer encompasses those entities As seen in the previous paragraphs tasks relate
generated by instantiating the Model Layer classesnong themselves indirectly by means of the
Figure 1 shows instance relationships linking the thmesources they operate on. However, two tasks can be
layers. directly linked through explicit temporal relationships
The Coordinates language descrbes a domaifAlen, 1983). The fact that a Task may have different
through different perspectivesTask Domain and endings is explicity represented by resorting to the
Dynamic Task Models are used to represent a domairaskMode (TaskMode-M language element) concept.
from a functional point of viewDomain Models put Moreover, tasks can be described at diferent
emphasis on the domain entiies and their statibstraction levels, according to the complexity of the
relationships. Finally, Dynamic Models focus on the design activity that is being modeled. Hence, a task
way the domain resources evolve during their lifecyalan be decomposed into subtasks. However, as there
and how they interact in order to achieve the domaray exist altemative ways of disaggregating a given
goals. task, the Task Decomposition concept is introduced. A
TaskDecomp-M encapsulates a particular way of
decomposing dask-M under a specififaskMode-M

_———, Resource Each Task-M precisely identifies when it can assume
Task-Miaskcresource-iNkperspective- METAMODEL the structure  specified by each associated
Tnstance-o 4 " Laves p y

N : TaskDecomp-M Actualy, a set of task preconditions
v identifies the states its associat@&sourcePersps-M
\

Subclace TaskC—oooeh ReSOUTCE need' to assume for th€ask-M t.(.) be executed as
Create /0 PefSp:;@ MopEL specified by each Task Decomposition.
LAYER
Structure InputStreal

i
temporal-rel-M “-1
) I

4 \
/
{ %4 |_task-specification —
Create llo'ﬁm’lnputstreaml INSTANCE comprises L task-resourcePersp-link-M
Structurel LAYER comprises Task-M |_ —
1s

J
1

1.

1

resource-persp

Resource-M
———

task-mode-link | ResourcePersp-M

Fig. 1. Coordinates language v foe o

[ Taskpecomp-M | variant [ taskmode-M |

! R— | res-persp-state
The Task Metamodetomponents (Fig. 2) can be' S '
used to prescribe design tasks. Task metaclass ]

(Task-M represents an activity to be carried out. ﬁig. 2 Task Metamodel.

makes use of different resources during its execution:

A Resou_rce—M.is a conceptual or physical enﬁty thag The design process environment architecture

can prque dlfferqnt services. It represents a piece of As it was introduced in the previous section, the
information, a design expert, or any computer desighg petamodelcan be used to defne the generic
tool. Not every service Resource-Mcan supply § Of gegjgn tasks associated to a particular synthesis and

interest _to every Task-M Therefore, _the_ resourcedesign methodology. Thus, at a class level (Model
perspective ResourcePerspM concept is inroduced Layer), generic design models are represented.
in order to fiter those aspects ofResource-Mthat are Hovvev'er, when the design activites of a particular
relevant in @ given contextTasksM are Inked 10 a0t are to be modeled, generic tasks have to be
ResourcePersps-M by resortng to the task jnsiantiated and executed. The nstantiation process
resourcePersp-link-M The meanng of thetask- g ces specific occurrences of the diferent classes
resourcePersp-links-Ms expressed by making use o, pecified at the Model Layer (Fig. 1). Basicaly, a
the state concept ResourcePerspStateM A state nomical process is envisioned as a set of
represents a “snapshot’ of ResourcePersp-Mat a \jogelversions where each Model Version represents
certain moment. Thetask-resourcePersp-inkM s 5 spapshot of the design process at a specific moment.
specialized into theuses employs modifies creates |, oiher words, the design envionment naturaly

and eliminates relaonships. It is said that aspgws how a set oResourcePerspéat the Instance
ResourcePersp-Ms used if the state it needs to be Nayer) evolves from intial to final states. The
order to participate in thdask-M is the same to the hron0sed environment makes explicit a process design

one it assumes when thBask-M has finshed. The hsiony in terms of the decisions that are adopted at
creates relationship represents the fact that a new
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each design step, and the effects of those decisiprstocol for creating and manipulating the tasks at the
over each participatng ResourcePersp This Instance Layer. It can be seen that every class is a
description is modified each time a design task direct or indirect subclass dask-C

executed. The model version management approach

introduced in this paper provides an explicit COO—CO OO

mechanism to administrate the different Create Task ~ Add  Associate two

ModelVersionsbeing generated during the course of a o Version  TaskMode _resources

design project, as design tasks are executed.

Create Task
In order to manage the evolution of the states @feTaskversion™ —_ /
S ')

the ResourcePersps the Version Administration Creatsomporal 7 S\ liminate taskresource-persp
System (VAS) proposed by Gonret al. (1998) was relationshi 7Iationship

specialized. CPD

_ The term software_ arc_h'rtec_ture is usualy en_1p|oyed‘~“ate tfg};—;gf_g%;e—wsp Eliminate Task
in the software engineering jargon to describe an
abstract representation of the components of a Create Resource Create

Perspective Resource

software system and their relationships. Therefore, a

three-layered architecture approach was  adopted Ff&. 4. Use cases associated to the Task Metamodel.
represent the VAS system (Fig. 3).
MODEL %

(_':I_Iierln < »| Application ? LAYER - Desigrer
ools Server Server 2
Request Data @ INLSJYAENRCE CreateClass(TaskName),
If the Task does duration?
. . . not exist
Fig. 3. The design process Architecture. Superclass?

If there is no Generate(TaskName, Task-C, duration)
superclass, add

3.1 Client Tools component Task-Cas its

The Client Side provides the required user drectotpercies
interface for both () specifying the different design. . .
tasks and (i) interacting during a particular desi Y- >. Design Task class creation.
project by instantiating some tasks and resources or

transforming some existing resources. At any mome) The Sequence Diagram tha.t appears n Fig. 6
shHows the process of creating amputStream

the Client can get information such as when a g 4
ResourcePerspwas created, which adopted decisio esourcePerspAs a ResourcePersyiiters only those

X services of aResourceclass relevant in a given
transformed a particularResourcePersp why some g

. context, it is a responsibilty of @&esource-M the
R rcePerspere generated in the model, efc.
esourcePerspere generated e model, etc defintion of a new ResourcePerspclass. Therefore,

the generation ofinputStreamis responsibility of the

3.2 Application Server layer Streamclass.

The Application Serverprovides the functionality
for managing theClient Side requirements. Basically, 2
this Iayer prOijeS two main services: (i) the definition Stream: : Resource InputStream : : Resouce

. . .. . - Designer Resource-M PerspM ResourcePerspM| | PerspState-M
Of desgn taSkS Classes and (il) me admnIStratDn Of AddPerspective(InputSream) | -
design process scenarios.

PerspDoesExist?(InputStream)

If the

InputStream GetServices()

3.2.1 Design Tasks classes administration et e [selectAvaiablesenicesiServices)
A use case (Jacobsat al, 1994) represents a | omersences) [mehods "
given functionalty a system provides which iforeven Adisenice( |

new behavior

specified in terms of a set of collaborating objects B, ..ue e erequredStro, Senices
resorting to the so-caled Sequence diagram. In OrfiSsean

Services: | |
ctt

Ire)

CreateClass(InputStream Stream, ices, Selectec

to define the different design tasks, various use Calmme  |lstecassmpusremn sream ioes, & sure)
are identified (Fig. 4) provdss Uenertomesoucomenicesocessesto hecs
The Task Metamodel shown in Fig. 2 specifigrrente | I
. . I?é‘:‘esan::nvls CreateClass(! 3 nucture, InputStream)
how design tasks classes are defined and manipulaiseaes, LJ
One of the basic use cases is the creation of a gersasses || |

design Task class, such @seate AFD(Abstract Flow ' ' ' ' '
Diagram), Select Reaction Altemativesetc. The
Sequence Diagram that appears in Fig. 5 shows th
task class creation is responsibiity of tA@sk-M

metaclass. The generatd@sk requires a duration and
is also subclass of thdask-C which defines the

‘?‘—tiga 6. An InputStream ResourcePersp is associated to
the Stream Resource.
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The services thénputStreamprovides are derivedterms of the different states the involved resource
from the set ofStreamservices together with the newperspectives assume. Thask Packagenakes explicit
ones that may be added during tResourcePerspthe design decisions that are adopted at each design
creation. In this particular case, thgutStreamviews, step. Finally, theRepository Packageidentifies the
among other characteristics, the destination unit amgources and therefore the perspectives that can
the fow value of its associated Resour@rdanm evolve in the design process scenario.

The definition of eachResourcePerspnethod consists
of delegating the required service to its associated  |Theversion Packagecontains thavodel-Version-C dlass whoss

instances wil encapsulate snapshots of the process design pfocess

Resource-C That means, for exampb, that whenever in terms of a set of instances of Resource-Perspective Stales
the message GetDestinationUnit is sent to the versions addion __+successor_
InputStream it wil be delegated to theStream suceessor_[ wodel version-C L, redefniion

predecess or
“|+version

—
————1» L

Resource, which actually contains the structure. ]
Finally, the InputStreamStateclass is generated. This predecmseer

elimination

class represents a copy of the structure of tE eecucans [renity

Resource (as view by the ResourcePergp whose Deson Tasks %

evoluion wil be documented. When a particular sk resoufce” resource-persp

design project is executed, this class will give rise to a !(ask,rmwcepersp,unk,c; !Resuume,cﬁep::gngw

new instance each time the associate@utStream [ThepesignTasks' Packagincudes TheRep ository Packagecontains thd

changes its state. il b6 sroed during e couse ofa| | whoes netaren ail vole dung b
particular design project particular process design process

3.2.2 The Scenario support
The design environment structure that supports Fig. 7. The VAS structure

administration of the process design process, shown in

Fig. 7, is defined at the Model layer. Note that some of A design process scenario is carried out by

the classes that appear in the figure are instances ofiténetively executing the following two tasksSelect

metaclasses specified by using thask Metamodel the next task to executfrig. 8) and Execute the

More specifically, we make reference to the classelsosen taskFig. 9). Let us assume that some instances

Task-C, ResourcePersp-C, State-C, Resourcadd of task-C have been generated together with the

task-resourcePersp-link-C ResourcePerspthey either use, modify or eliminate.
A ModelVersion-C represents a snapshot of th®nly atomic tasks are considered in the interaction

chemical process being designed. More specfificalfiagrams. ThePlanner entity that appears in the

the products of the design process are encapsulatetbliowing figures is responsible for managing a

ResourcePersp instances. Those products suffgparticular design process

different transformations, as expressed by the various

states they can assume. ThereforeMtadeIVersion—C. - T Tasiee |iasierosoucoperaprricc| Resoucaperspc - Rasoutcerc
explicity stores the different resource perspective VerityPrecortions()

. I
states $tate-C) of the ResourcePerspsinstances rorevey 'sThEResmePefsmnTheRewirEdS‘ate?0l |
involved in a particular design process. Figure 7 n?hiﬁé’c”i;EiE??" | |
only shows that design information is maintained, bUrever wsk P s
also information relevant for () navigating among the i |
different Model versions and (i) documenting IheD } Exeweoﬁq]
0 until no | | |
that are currently used to specify how a given chemical™"
redefinition links. The addition (elimination) link
represents the fact that ResourePerspinstance is In order to guide the designer in a chemical
an instance ofTask-C The addition and elimination instantiated tasks the next one that can be carried out.
inks relate a specifioModelVersioninstance with the The planner therefore, “suggests” the next step to take.
redefinition  relationship  likks ~ two  resourcejnstantiaste new tasks or propose a diferent design
perspectives states (instances Stéte-G and not only actiity. As mentioned before, a task is linked to a set
suffered a change of state but also which was & specifies the state th®esourcePerspneeds to
actual change assume in order to participate in the associated task.
Packages that appear in Fig. 7 capture differergan be executed, a set of precondions has to be
aspects of a design project Théersions Package erfied. Figure 8 shows that eathsk-resourcePersp-

transformations of thdresourcePerpsThe basic links moretasis can

process evoles are theddition elimination and Fig 8 Selection of the next Task to be executed

generated (elminated) as a consequence of execufigtess creation, thBlanner has to select among the

added or deleted resource perspectve state. TeRertheless, at any moment, the designer can

expresses that the associatBgsourePerspinstance of ResourcePerspsy task-resourcePersp-linksEach
The Versions, Design Tasks and Repositofherefore, in order to determine whether a given task

encapsulates the evolution of the design knowledgelidk has to contrast the current resource perspective
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state with the prescribed state. Each resoufdedelVersion-C instance KewVersioh has to be
perspective state is generated by accessing in dheated so as to register the changes to be made, and
associatedresourcethe values of the slots of interestthus maintaining the chemical process history. The
Therefore, the messagétate() that retrieves the Execute() message is sent to th&heTask which
resource perspective state is delegated to deegates the responsibity to its associa®ody
associated resource by invoking th8tateView() which encapsulates the actual task behavior. During
method. the task execution, the involved resource perspectives

Once the next step to take is choSdre(askifom exchange messages which are ultimately delegated to
now on), it has to be executed. But before that, a nesach correspondirigesource

(2] MI@I%I@IIMIEM@IWI@II_I

ce() |
I

I
Execute().

Execute()_|

Me'ssagelo

|
I I
{ MessaIgeJ() I
I
I

| |
I g
I MessageK(). I
g |

I

I

I

I

I

[

I

1

1
Forewery UpdateMode Version(PreviousVersion, New\Version) |
ResourcePersp >
instance UpdateModelVersion(PreviousVersion, NewVersion)
associated to T |

If not an Makelnstance()
eliminates
link

| AssociateState(New State)

the task CreateState()

I | AddState( ) "II]
UpdateLinks(PreviousVersion, NewVersion, NewState) I
I 1 1 1 1 1 1
Fig. 9. Execution of the chosen task

. CREATES - and the VAS history links. The semantics is the

elimination . . . . . .

ELMATES - following: (i) the existence of @reates relationship in

o | a task model gives rise to amddition link, (i) an

—" eliminates relatonship derives in anelimination
relationship and (i) amodifies nk generates a
redefinition relationship

3.3 Data Access Server (DAS)

The Server side is responsible for storing and
retrieving the information generated in every design
project as well as the design tasks specifications.

Design Tasks Z - P i \eletesl . P> ©
10 Structure Input Stream1 | mssem | Separation Section || Internal Stream

Flg 10. RelatIonShIp an]ong task'resourcepersp'"nKSeJtesl crelesz difies3 cre]‘ness creJnesG
and VAS operations I / \\ /

Once the task finishes its execution, the desi(Eem@e] ... [Femee SN o
knowledge changes have to be documented. As tlsmeue stucture Stutture
task-resourcePersp-linkare the ones that describe the /

créates3 modNiesl modifie: creMesd

effects of the tasks over ther associated resource
perspectives, they are the ones responsble for
updating the previous ModelVersion Each task-
resourcePersp-linkgives rise to a neviResourcePersp
state instance NewStatg with exception of the
eliminates links. The createdNewState instance is Fig. 11. Tasks involved in the example scenario

stored in theNewVersionModel Version and finally,

the links between the previous Model Version Example

(PreviousVersiopy the NewVersionand the NewState In order to ilustrate the scenario administration
are updated by invoking théJpdateLinks method environment a small scenario is considered. Figure 11
Figure 10 explicitty shows the relationships among tisélows the generic design tasks involved in the scenario
task-resourcePersp-linkspecified in the task modelas well as ther associatd@esourcePerspsThe tasks
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represent the initial steps taken during the creation of a
flowsheet.

Views generated by the
Application Server

- =
- = - P
- ~o - ~ o
~ - =<
- ~
-~
-~

-~
= H T -
= - -
10 Stricture \ . (Input Stream .
2 State .
S Input Stream Output Stream5) .
State 1 b
State 1 ‘ ; )
Input Stream 2 \ i
State 1 Output Stream3’ St
Output Stream3 State 2. Oulpt; ;geam 6 .
State 1 - -
N Reaction Section 1) .
Output Stream4 State 1 -
State 1 R 1
! 3 Separation Secton) . -

« Mo el Version N

- .

____createsll

41 VG L~

q i Gener ate
) S Structure crm: reates7 \ Beparaton/ ection
‘ TN, R Bpan " "\
! % odifies5 deketes] ~
] y nodfies /Rlram AN
'} 5 r‘ [~ ‘
L ma el ;Dw IIIZ; =
). i [Sreamg *

‘ Evaluate 10 e

Structu = ‘modifies8 A
7, ucture odifiesd “' Irpu
i )

crea R * - Slream inpu

Generate IO \“'_"7: —_— NS

RIS e i S (LMl L

createss et \Stream4, Stream3, Repository

Fig. 12. Process design execution

Initially, an empty model VersiorMpdel Version preconditions, it can be executedlodel Version 1is
0) is created (Fig. 12). An instance of taSknerate IO created. TaslGenerate 10 Structurels executed and

Structureldoes exist. As the task does not have athe IO Structurelis created with two input streams
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(ResourcePerspsnput Stream] Input Streamp and References

two output streams (ResourcePerspstput Streaml

and Output Stream@ The Input Stream2perspective Alen, J. F., “Maintaining knowledge about temporal

only knows the destination and the flowrate (f2) of the intervals”, Communications of the ACM6, 832-

Stream2 Resource.  Similarly Output Stream3fitters 843 (1983).

the origin and the flowrate dBtream3 The flowrate of Bafares Alcantara, R., J. King and G.H. Balinger,

Stream3 has not been specified yet. The results of "Extending a Process Design Support Systems to

executing Task Generate [0 Structure lare Record Design Rationale",AIChE Symposium

graphically shown in the figure as “Repository View Series No304 332-335 (1995).

by Model Version 1'. When thelnput Stream2 Gonnet, S., R. Holzer, H. Melgratti and H. Leone,

perspective is created an instance of $tete-C class “Administracion de Versiones de Modelos en una

is generated Ifput Stream2 Statpland stored in Herramienta de Soporte para el Andlisis y Disefio

Model Version 1 Input Stream2 Statelepresents a  Orientados a Objetos”.Proceedings of the IV

snapshot ofStream2as viewed by thénput Stream2 CACIC, Neuquén, Argentina (1998).

perspective. The remaining streams are simiadgcobson, I, Christerson M., Jonsson P. and Overgaad

treated. G., Object-Oriented Software Engineering. A Use
In order to capture the process history, a referenceCase Driven ApproactAddison-Wesley (1994).

to the taskGenerate IO Structure Is stored in the Mannarino, G., G. Hennng and H. Leone,

history relationship that linksModel Version Owith “Coordinates: A  Framework for Enterprise

Model Version 1 The relationshipaddition between Modeling. Information Infrastructure Systems for

Model Version Oand Input Stream2 Stateit created. Manufacturing 1l, J.J. Mills and F. Kimura (Eds.)

It makes explicit how the design knowledge evolved Kluwer Academic Publishers (1999).

after executing tas&enerate IO Structure 1 Westerberg, A., E. Subrahmanian, Y. Reich, S. Konda
Taskivaluate IO Structurs then executed in and the n-dim group, "Designing the Process
order to specify the Output Streams flows Design Process",Computers chem. Engng21,

Suppl, S1-S9 (1997).
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