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Summary

This document, which was produced by the CAPE-OPEN Unit Operations work package,
describes the Interface Soecifications for the Unit Operations component of the CAPE-OPEN
Interface System. It also describes the demonstration implementation of these interfaces in a
steady-state, sequential modular simulator. This corresponds to the GRP1 sub-task described in
the CAPE-OPEN work plant. Treatment of sub-task GRP2, which deals with steady-state and
dynamic equation-oriented simulation, is aso included, dthough this has not yet been
prototyped.

This revison of the document contains changes reflecting the experience gained by the
Interoperability Task Force of Work Package 4 of Global CAPE-OPEN and describes the
changes made at the 0-9-3 revision of the specification.

The document starts with a text description of the requirements identified for an open unit
operation component. Thisis then expressed in Unified Modelling Language and developed into
a specification of the interfaces necessary for a CAPE-OPEN unit operations component to
plug into a compliant flowsheet smulator. These specifications are provided in both COM and
CORBA IDL. There follows an example that shows how the prototype UNIT component, a
mixer/splitter, was implemented and a discussion of the issues that arose in the development of
the specification and initia analysis of the prototypes. The fina part of the document deals
with the extension of these interfaces to handle open steady-state and dynamic equation-
oriented Smulation.
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1 Introduction

This document describes the Interface Specifications for the Unit Operations component of the
CAPE-OPEN Interface System. It was produced by the Unit Operations work package (work
package 3) of the CAPE-OPEN project and develops the concepts introduced in the CAPE-
OPEN Concepts Document?.

The Unit Operations work package (UNIT) work programme® was organised in two parts:

0 GRP1, which deals with straightforward unit operations using regular fluids in a sequentia
modular, steady-state smulator. It makes use of the Thermodynamics and Physica
Properties (THRM) interfaces developed by work package 2.

a0 GRP2, which extends this scenario to deal with equation-oriented smulators and dynamic
simulation. This makes use of both the THRM and the Numerical (NUMR) work package
interfaces.

The main body of this document describes the interfaces and prototype demonstrations needed
for GRP1, with the extension to GRP2 contained in an appendix, since this scenario has not yet

been prototyped.

The UNIT work package itself was organised around a Focus Group and a Review Team. The
Focus Group generated proposals, which were then reviewed by the Review Team and
iterated until a satisfactory sdution was obtained. This process first produced two interna
UNIT documents: a Conceptua Requirements document and UML Description document. The
latter was an expression of the Conceptual Requirements in Unified Modelling Language,
which is the CAPE-OPEN standard for describing and analysing interface specifications.
These documents were used to derive the Unit Operations. Interim Interface Specification
document, which was the first UNIT deliverable and the basis for the UNIT demonstration
prototype. The current document is a synthesis of al of these documents and the learning
obtained to date from the prototyping exercise.

The document starts with a text description of the requirements identified for an open unit
operation component. This is then expressed in UML and developed into a specification of the
interfaces necessary for a CAPE-OPEN unit operations component to plug into a compliant
flowsheet simulator. These specifications are provided in both COM and CORBA IDL. There
follows an example that shows how the prototype UNIT component, a mixer/splitter, was
implemented and a discussion of the issues that arose in the development of the specification.
The final part of the document deals with the extension of these interfaces to handle steady-
state and dynamic equation-oriented smulation.

This revison of the document contains changes reflecting the experience gained by the
Interoperability Task Force of Work Package 4 of Global CAPE-OPEN and describes the
changes made at the 0-9-3 revision of the specification.
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2.1 User requirements for an Open Flowsheet Unit
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2.1.2 Architecture
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2.1.1 Setting the Scene

Flowsheet smulators are designed to caculate the behaviour of processes. They take a
description of the flowsheet topology and process requirements and assemble a model of the
flowsheet from a library of unit operations contained in the smulator. For example, the
flowsheet below represents a single stage from an oil and gas separation system:

A 4

—
=1

Figure 2.1 Single stage from an oil and gas separation
system

v




This would be simulated in a typical commercial smulator from a description of the topology,
probably entered through a GUI and looking much like the above picture, plus a description of
the process requirements. It is a smple flowsheet that would use the flash, compressor, cooler
and junction unit operations, as shown in figure 2.2:

Although the smulator mimics the plant’s behaviour, it is organised differently. For example, in
the plant the unit operations are connected together directly, e.g. the cooler connects directly to
the separator. In the smulator, the unit operations are not connected to each other, but only to
the executive. Also, in this plant there are 3 distinct flash separators, whereas in the smulator
thereis only one flash agorithm, which is reused by the executive as required by the topology.

This is a straightforward flowsheet that could be adequatdly smulated by most smulators.
However, if, for instance, the separations were to be done with a membrane unit, it might be
necessary to use an externa representation of the membrane unit to capture the specific
performance of a proprietary membrane. Most smulators alow external unit operations to be
added, but, because of the proprietary nature of the interface between the unit operations
library and the executive and the monolithic structure of the smulator, this is a bespoke activity
for each smulator. The result is a non-standard version of the smulator, which can be difficult
and expensive to maintain.

Flowsheet Simulator

Prob_ler_‘n Executive Results
Description

Proprietary Interface

Flash

Comp

Ci

(o]

Join

Unit Operations
Library

Figure 2.2 Flowsheet simulator schema

The CAPE-OPEN (CO) project envisages a new situation in which a unit operation (and other
simulator software sub-systems, such as thermodynamic or numerical packages) can be bought
off-the-shelf and plugged directly into any compliant smulator without modification, compiling
or linking. It will also continue to work without modification with subsequent versions of the
simulator. All that is required is that the unit operation and the smulators conform to the
CAPE-OPEN Interface System. This System has been defined by the CO project, which was
organised into work packages. Three of these work packages dea with the main sub-systems
of a dmulator that are likely to be exchanged: unit operations (UNIT), thermodynamics
(THRM) and numerica solvers (NUMR). This document is produced by the UNIT work



package and describes the requirements of the part of the CAPE-OPEN Interface System
dedling with unit operations.

2.1.2 Architecture

The architecture of the CAPE-OPEN Interface System is based on an object-orientated
technology, which alows software systems to be constructed from binary software
components. These components are able to tak to each other via defined interfaces. The
software components can come from different vendors and may reside on the same machine
or be on different machines across a network.

The CAPE-OPEN Interface System is a standard means of connecting an externa software
component, which models, for example, a unit operation (UO), to any compliant smulator. The
Interface can be thought of as a “socket” and “plug”, which exchanges information between
the two parts. The smulator and UO do not have to know anything about the internal coding
and standards used by the other. The job of the interface is to trandate requests for information
or action, by either party, into something the other understands.

For example, figures 2.3 and 2.4 show some of the ways in which external facilities can
communicate with a host smulator through the interfaces created by the CAPE-OPEN work
packages. Please note that these are purely conceptua representations. The separate
connections shown represent the areas of responsibility of the different CO work
packages, rather than any physical segregation in the final interface.

Simulator

K=,(©
Executive ®<;Z:> @External uo
) (V)

Libraries
U: Unit Interfaces
T: Thermo Interfaces
Unit Numerics N: Numeric Interfaces
Thermo

Figure 2.3 Areas of responsibility of the different work
packages (approach 1)



The above diagram shows an external UO using the host simulator’s thermodynamic facilities.
The UO is solving its own equations and o is not shown sending numerical information to the
smulator. Thisis likely to be the default method of operation in sequential modular smulators.
An aternative scenario is as follows:

Simulator

Ke=.0
Executive @ External UO®<;::>
® O =

External Thermo

GO

Libraries
(V)
Unit Numerics External Numeric
Thermo U: Unit Interfaces

T: Thermo Interfaces
N: Numeric Interfaces

Figure 2.4 Areas of responsibility of the different work packages (approach 2)

This shows an externa UO using externa thermodynamic and numerical facilities directly. It
assumes that the UO requires derivative information from the thermodynamic package, hence
the traffic on the part of the interface defined by the NUMR work package. Alternatively, the
external thermodynamics package could be plugged into the smulator using the CO Interface.
It could till be accessed by the external UO through the CO interface, but would then aso be
available to dl of the unit operations in the smulator’s standard library.

2.1.3 CO Objects Present in a Compliant Simulator

In software terms, this architecture requires the following types of objectsin a CO system:

Q Unit: this represents the CO unit and provides methods for initialisation, calculation and
reporting. A CO compliant smulator uses these methods to operate the plug-in unit.

o Simulator: this provides services that a unit is likely to need from the smulator, such as
stream information.

0 Thermo: this provides physica property services
0 Numerics: this provides numerical services

The actua location of the services provided by the last two objects may be in separate plug-in
software components or may be provided by the smulator itself. As far as the unit is



concerned, it just sees the objects. A unit does not, of course, have to use the smulator’'s
thermo and numerics, if it has them built-in aready.

The CO interface system will support the creation and use of these objects. In this way a
compliant smulator can use an external unit operation directly.

2.1.4 Communications between a UO and a Simulator

The communications between the UO and the smulator take place during four conceptua

phases of a smulation run, usng a number of two-way conversations of the following type:
(Implementation may differ from smulator to smulator).

Phase 1: Flowsheet creation

In this phase, the user adds a UO to the flowsheet. This causes the simulator to ask the unit
how many input and output ports it can handle, to check that the usage is correct.

Table 2.1 Flowsheet Creation

Simulator External UO
Asks UO how many inputs & outputs it | Responds with number of inputs & outputs
can handle

Phase 2: Flowsheet and Unit Initialisation

In this phase, the smulator reads the equipment parameters for each unit in the flowsheet.
There are several scenarios, shown in the next section, in which a UO can obtain its data
These differ in how the user inputs the data and where they are stored. In one case, for
example, the UO asks the simulator for al of its data. In another, the smulator asks the UO to
get its specific data using its own input system, as below.

Table 2.2 Flowsheet and Unit I nitialisation

Simulator External UO
Asksthe UO to get its specific data Obtains data using own input system

Phase 3: Flowsheet Solution and Unit Calculation



In this phase, the simulator evaluates each unit in turn. In the case of CAPE-OPEN UQ'’s, it
invokes the UO's “calc” method. The UO in turn invokes methods of the smulator, thermo and
numerics objects, as required, during the course of its calculation.

Table 2.3 Flowsheet Solution and Unit Calculation

Simulator External UO
Invokes calculation Requests unit feed information from ports
Sends unit feed information Retrieves specific data from own storage
Begins calculation
Waits for completion, sending data and | Requests data and services as required during
providing services as requested the course of the calculation.
On completion, sets output ports and returns
values to smulator

Phase 4. Flowsheet and Unit Reporting

In this phase, the flowsheet has converged. The smulator asks the UO to provide its results,
either as a specific report, or to pass them through the interface for inclusion in a generd
smulator report. Many units provide their own ASCII text file report which can be output. A
simulator may choose to ignore this facility and instead fetch results from the unit and format
them itsalf.

Table 2.4 Flowsheet and Unit Reporting

Simulator External UO

Asks the UO what output it has Sends alist of available results
Asks UO to send required results Sends requested results

Asks UO to output its report Outputs report

2.1.5 Scenarios for Unit Data Handling

The CAPE-OPEN Interface System does not specify standards for Graphical User Interfaces
(GUI's), but it is important to see how the GUI's found on most commercia smulators could
fit into the scheme of things. The following diagrams are intended to show possible example
scenarios:

Basic: the UO handles its own data storage and retrieval

Intermediate: the UO handles its own data entry and editing, but the smulator handles
storage and retrieval

10



Full: UO data entry and editing performed through the simulator’s GUI

Batch — no GUI: UO dataincluded in the smulator batch data file

Input Data
Storage
Oth it data
Stream
data
GUI K uo <}::> Simulator

Connectivity

data
uo
data
uo
Specific
File

UO stores and retrieves
data for all instances of
itself in this file

Figure 2.5 Scenarios for Unit Data handling (Basic)

GUI requests connectivity from UO
GUI requests UO to enter or edit its

data
Connectivity Connectivity data
data UO data
Input Data :
GUI b Simulator
Storage

Simulator passes data to
UO and asks it to calculate

uo

GUI fetches data from UO and
stores it in the Simulator Input
Data Storage

UO displays its own styles of
forms for data entry and editing
UO passes data back to GUI

2.6 Scenarios for Unit Data handling (I nter mediate)

Figure
11



Config.

UO data

<::> Simulator

file
@ UO Data
GuUI <:> Input Data
Storage
uo

UO is fed its data from the
Simulator database

GUI displays native styles forms
for data entry and edit based on
configuration information from
Unit vendor. This includes
connectivity information for

drawing the UO

Figure 2.7 Scenarios for Unit Data handling (Full)

Stream Data
UO Data

uo <::> Simulator

UO receives data from

simulator

and returns it

after calculation

Simulation|
Data File

Figure 2.8 Scenarios for Unit Data handling

(Batch — No GUI)
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2.1.6 Conceptual Examples
These examples show the types of information passing through the interfaces, the way Public

Unit Parameters are set and the transfer of stream information between asmulator and an
external UO.

Information Traffic through the Interfaces

uo uo
Files Reports

+ Global Variables
< + Public Variables >

+ Request for thermophysical
properties

C >

UNIT
UNIT

uo I/0

= =
Simulator | & X | External UO
E + Thermophysical properties T
|_
Module parameters:
+ Physical
021 DE: + Customization
2 o]
= VAR N z

+ Local equations information
(residuals...) within UO if required

+ Derivative values for SM + Requests for derivative values
flowsheet convergence + Requests for equation

+ Equation information for EO information for EO simulators
simulators

+ Solution of local equations

/\

Figure 2.8 Example of Interface Operation

Notes on the above diagram, which shows the types of information passing through the
interfaces:

0 Global Variables - These are essentia for the calculation of heat and mass balances, eg
stream temperatures, etc. They have mandatory names across al CO interfaces and are
included in the CO sandards. Although the term “globa” has other meanings in
programming we use it here to mean that these variables are visble across al CO
components.

O Public Unit Parameters (PUPs) - These are used for control/optimisation (SM
simulators), equation solving (EO smulators) and custom reporting. They are internal
variables of an external UO and are named and made accessible to CO interfaces by the
UO provider. Their names are not part of the CO standard. PUPs can aso be identified as
“read only”, if they are calculated by the UO and therefore should not be changed by an

13



optimiser. The UO should raise an error condition, if the smulator attempts to change a
read only public parameter.

a Specific UO data and reports. These will be handled through 1/0 routines supplied with
the UO, either directly, or by communication with generd 1/O facilities of the smulator.
They are not covered by CO standards. Global data, such as unit feed streams, will be
handled through the host smulator’s 1/O routines. Custom reports created by the host
simulator can include information from the external UO via the PUPs defined by the UO
provider.

This can be summarised as follows:

O In a Sequential Modular Simulator (SM)

v

The latest values of input global and Public Unit Parameters are requested by and
supplied to the UO via te parts of the CO Interface defined by work packages
UNIT/THRM .

The UO calculates new values of the output globa variables and PUPs and passes
them to the host simulator via the parts of the CO Interface defined by work packages
UNIT/THRM.

Requests for derivatives at UO solution are passed to the UO via the part of the CO
Interface defined by the NUMR work package, if required. However, UO providers
do not have to implement derivative caculation to be CO-compliant, although, if they
do, their UO will be more versatile and marketable.

Derivative values are passed to the host simulator via the part of the CO Interface
defined by the NUMR work package.

During the solution of the UO, repeated thermophysica property requests and
responses will occur via the part of the CO Interface defined by the THRM work
package.

a In an Equation Oriented Simulator (EO)

v

The required vaues of globa and Public Unit Parameters are passed to and from the
UO viathe parts of the CO Interface defined by work packages UNIT/THRM .

Calculated values of the UO equation information, eg derivatives and residuals, are
passed to the host smulator via the part of the CO Interface defined by the NUMR
work package.

During cdculation of the UO equation information, repeated thermophysical property
requests and responses will occur via the part of the interface defined by the THRM
work package.

Resetting Public Unit Parameters
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Condgder an externd UO, which we have assumed to be a didtllation column, being
manipulated by an optimiser in the host smulator. The optimiser has caculated a new value of
42 for the reflux rate of the column, which it can change, as the UO provider has included a
Public Unit Parameter caled “reflux_rate’ in the list of Public Unit Parameters for this

particular UO.
@ Interface passes: "reflux-rate" = 42 @
- "reflux-rate” set to 42
where 42 is the current value of "reflux"
o) o)
o o
© ©
= =
. 7] 7]
Simulator = )= External UO
= =
c c
) )
Public Unit Parameters:
"reflux-rate"
"cond-duty"”
"reboil-duty"
etc.

@ Optimiser resets the reflux rate in the :”rlvtﬁte 38” P_arb?met:]ers:
External UO to be equal to the variable o_der h vartla ?js e
"reflux" using a typical optimiser statement zrc(():\gssirbleatsh?;)u T]athee co
e.g.: set "reflux-rate” in "module-id" equal to . 9

“reflux” interfaces

Figure 2.9 Resetting Public Unit Parameters

Note that:

Q The Optimiser statement will differ from smulator to smulator, but the PUP name
“reflux-rate” will be the same on al occasions for this particular UO. It is defined by the
UO provider (not CAPE-OPEN). The variables “module-id” and “reflux” represent typical
smulator-specific ways of identifying a module and storing a value. They will not be
recognised by the CO Interface.

0 The form in which the Interface passes the information “reflux-rate’ = 42 is the only part
of this transaction that is defined by CAPE-OPEN. The external UO will not recognise the
simulator variable “reflux”. It will only be passed its current value.

0 Thelist of PUPs will be named by the UO provider, who will choose how many of the UO
parameters to expose to the CO Interface and whether they will be read only.
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Stream Data Transfer between an SM Simulator and an External UO

Request

Simulator External UO

CO Interface
CO Interface

)
—

Response

Figure 2.10 Stream Data Transfer between and SM simulator and a
Unit Operation

Notes on the above diagram:
0 Request

UO requests the material stream data it requires from the associated ports.
v This may be the minimum data, eg T, P and component flows

v' It may be more detailed, eg plus H, S, phase compositions, etc.

0 Response
The smulator responds in a number of possible ways:

i) If it normally stores the required data items for streams, it returns them and sets the
error flag to “OK”.

ii) If not, since CAPE-OPEN is only about an interface definition, in a drict
implementation the simulator would return the data it could and set the error flag to
“caution”. It would then be up to the UO provider to decide if the calculation could

proceed.

However, we would recommend that smulator vendors should include with their CAPE-
OPEN interfaces the ability to calculate extra stream data, so that the smulator would work
with the widest variety of external UO's. If, &ter cdculation, the request is fulfilled, proceed

asin (i). If not, proceed asin (ii).
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Note - in this diagram we have not separated the parts of the interface defined by the different
work packages. As dready explained, the diagrammatic separation shown in the previous
diagrams was only intended to clarify the areas of responsibility of the work packages.

Qa

Implications

v" CO will define the names of the data items needed to define a stream or port (global
variables) and a syntax for carrying out a conversation between an external UO and a
smulator.

v" CO will not define a minimum property set for a stream or port as part of the standard,
either for the smulator or the external UO.

v The responsibility for calculating materia stream data requested by the external UO,
but not normaly stored by the smulator, lies with the smulator vendor and not with
CoO.

2.1.7 Notes on Conceptual Operation

Q

Streams are not part of the UNIT work package, but are part of the overall executive of a
simulator and are handled at a project level in CO. There does not need to be a standard
definition of streams in CO, so that each smulation package can retain its own stream
definitions and gtill be compliant.

We have provided a definition of what each stream property is caled, so that such
information can be labelled when it is passed between software components, eg.
temperature may be called “ Temperature”. It is this list that needs to be standard, but it
aso must be maintained so that it can be extended in a systematic way as and when
required. (This aso applies to the names used for properties). Stream properties include
any property required to define the stream, for example polymer molecular weight
distributions may need to be included. It may aso be useful, for convenience, to define
"regular" stream types e.g. one may be defined as mole flows, T, P, H; another in termsin
terms of petroleum properties.

Note that the CAPE-OPEN standards do not refer to streams as such, because streams
are uniquely handled in each simulator. Instead, CO refers to ports and thermo objects,
which provide a CO view of a stream. A port alows a UO to be connected to thermo
objects. Thermo objects pass information in a standard format, performing any necessary
conversions between the formats on either side of them (i.e. UO and simulator).

The handling of error conditions has not yet been fully exploited in the standards. In the
firs UO prototype demonstration, the implementers agreed to concentrate only on
software exceptions, i.e. violations of COM or CORBA. In addition, some of the interface
methods are provided with error flags and messages that inform the client on the success
or failure of the call. We expect that work on a more refined mechanism will be done as
part of Globa CAPE-OPEN.

As an example, we propose that a basic requirement is for the external UO to be able to
return to the host amulator either "OK", "failed", or "caution”. The condition "caution” could
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apply if the externa UO has an interna convergence loop that has not fully converged.
This non-convergence may not matter if, for example, the UO is in a flowsheet recycle
loop and UO convergence is achieved by the time the flowsheet loop has converged.

Unit Operation Components are aso independent of the flowsheet topology. They should
only be required to know about their feeds (number, flows etc) and products. The
flowsheet topology is aso handled by the Smulator Executive.

All UO data should be supplied based on the UO's requirements. This could be done by the
UO providing the description of the data it requires, e.g. feed stream values, as they are
required, in terms of the standard list of stream port properties or regular stream definitions,
as in the first point above. On receiving the lit, the executive would supply the required
vaues for these data items, or, if it could not, the UO would have to decide if it could
continue with the sub-set of data provided. Note that the CO interface will not have
standard definitions to handle specific input data for the UO that is only of relevance to that
UO, e.g. number of tubes in a heat exchanger. Such data would be supplied viathe UO's
own interface, or via specificaly-configured facilities in the smulator’s GUI.

The process would be repeated to provide calculated data from the UO back to the
executive. This system would mean that the CO interface would be completely generic and
extensble, and should support both SM and EO smulators.

The interface should alow the UO to produce areport in its own interna format. Input and
caculated variables associated with the UO should aso be available to the host simulator,
a the discretion of the UO's provider. These would be addressed using a list of variable
names invented by the provider. The method of accessing these variables would be a
function of the host smulator's scripting language and so would normaly differ from
smulator to smulator, but the variable names used would be the same in each case. The
names are strings that map onto the actua interna variables used by the UO code. A part
of the interface has the job of performing this mapping using “get” and “set” routines. The
actual variables themselves are not visible.

It is not the respongbility of the CAPE-OPEN Interface System to ensure overal
flowsheet consistency, when an external UO is plugged in. For example, if the UO works
internally with a different set of thermodynamic models from the rest of the flowsheet, then
the result will not necessarily give a heat balance at the flowsheet level. Obvioudy, this
dlows the UO providers to differentiate themselves by providing UO’'s which ensure
consgtency, and for the smulation vendors to differentiate themselves by ensuring that
results with an externa UO are consistent. In all cases, it is the simulator user’s
responsibility to ensure that the final system is fit for purpose. Thisis an areafor
further work.

The ultimate god is to provide standard interfaces that support connection both at run-time
and at the flowsheet creation stage. The first step, however, is to get the former to work.
This means that while the user may specify a number of feed streams in the smulator’s
GUI that is different from that specified through the UO'’s native interface, this must be
picked up at run time. It is a reasonable assumption that a compliant smulator will have a
basic icon for user-supplied modules that can handle input and output stream connections.

The second step would be to provide connections between the UO’ s native interface and a
simulator’'s GUI, to alow access, for example, to the maximum number of unit feeds and
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products supported by the UO and the actual number specified in the GUI. This connection
could aso provide details of the type of UO, e.g. Pump, to alow access to al the standard
GUI icons for a pump. It is not proposed to define a standard form for a GUI icon, as this
implies standardisation of GUI's not of interfaces. Obvioudly the UO provider could supply
icons for each individual simulator’s GUI, in the form required by the GUI, but this is not
included in these standards.

a The work package responsibilities shown on the diagrams above can be summarised as
follows

v NUMR part of the interface defines the description of dl traffic to do with the solution
of the model and flowsheet equations.

v" THRM part of the interface defines the description of al traffic to do with the
provision of thermophysical properties.

v UNIT pat of the interface defines the description of al traffic to do with the
description of the unit and its relationship with the flowsheet, e.g. viaits feed and
product ports.

2.1.8 Desirable Characteristics for the CO Interface

In the designs that follow, we have tried to meet the following criteria

a Minima performance degradation compared to native smulator facilities.

0 Minima impact on the rest of the simulator: other native facilities do not need any change
0 Extendable without reworking existing facilities.

a No limitations on the data that can be transferred.

o Consstent design for all the interfaces generated across the project.

o Consstent approach to units of measure conversion across all work packages and with the
host smulator.

2.1.9 Thermodynamic Properties

Thermodynamic properties are provided, as far as a CO unit is concerned, by calling methods
of a thermo object. These methods provide for setting up a compostion and state and
calculating various physical properties and derivatives. A unit does not, of course, have to use
the thermo object if it has its own thermodynamics system built-in. The services that the
thermo object provides may actually come from routines in the smulator itself, or from a
separate plug-in software component. The unit does not need to know where they come from,
just that the thermo object can provide them. There are a number of ways in which a unit can
obtain athermo object:

O The unit asks the smulator for the current default object. This would usualy be the thermo
package that isin use in the rest of the flowshest.
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O The user chooses from a list of thermo objects aready available and known by the
simulator.

O The user dhooses from a selection of independent CO compliant thermo objects, if these
are available in the operating system registry.

a Theunit ignores al thermo objects and performs its own built-in caculations.

The method of access of thermo objects and the description of properties in the CO interface
will be determined by the THRM work package. Any derivatives associated with the
properties will be described by means determined by the NUMR work package.

2.1.10 Numerical Solvers

The provision of numerical services worksin asimilar way to thermodynamics, except that, in
the case of an SM smulator, it is most likely that a unit will use its own built-in methods.
However, even with SM smulators, there can be the need for mathematical information to be
transmitted acrass the CO Interface, as described below.

Simultaneous Modular/Optimisation

In these applications, we require the provision of derivatives of outputs with respect inputs. In a
modular simulator there are basicaly two ways to do this. chain rule or flowsheet perturbation.

o Chain Rule

In this approach, derivatives are caculated across a flowsheet loop by calculating the
derivatives of al outputs with respect to each input for each module in the loop. These are then
chained together to obtain the overal dbrivatives required. Thus each UO will need to be
able to return these derivatives through the CO Interface in a convenient fashion.

o Flowsheet Perturbation

In this approach, numerical differentiation is used to caculate the overdl derivatives for a
flowsheet loop by perturbing the input variables individually and evaluating the flowsheet at
each perturbation to obtain a numerical approximation of the derivatives required. Thisis done
by the Smulator Executive or the optimisation system. It imposes no special requirements
on the UO and, hence, has no special implications for the CO Interface.

The method of access to numerical solvers and the description of mathematical properties for
the chain rule case above and the general case of EO simulators, will ke provided by the
NUMR work package.
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2.1.11 Granularity

In the first phase of implementation of the Interface, we have restricted granularity to the unit
level. This means that in our prototype we have tested plugging a complete UO into a
smulator, but not component parts of the UO. For example, we would expect to be able to use
the current CO Interface System to plug a complete distillation column UO into a compliant
smulator, but not necessarily to plug a new tray hydraulics method into an existing UO. This
may be demonstrated in subsequent phases of the Interface.

2.1.12 UO Prototype Scope (Steady-state & Dynamic)

UNIT prototypes have been built around a combined mixer/splitter module, since it represents a
smple unit operation that, never-the-less, exhibits the majority of the behaviours of more
complex unit operations. This minimises the investment needed to create the unit operation and
removes any likelihood of proprietary conflicts. The prototypes reflect the sub-tasks of the
work package:

0 Phase 1 interface to a sequentiad modular smulator

v’ Stage 1 interface to a sequentidl modular simulator working in steady-state mode
without any thermodynamic property required (no thermodynamic interface required).

v’ Stage 2 interface to a sequentid modular smulator working in steady-state mode with
alist of thermodynamic properties required (thermodynamic interface required).

0 Phase 2 interface extended to include equation oriented smulation, plus a more complex
module.

Both phase 1 prototypes were created and interoperability successfully demonstrated by
Hyprotech and AspenTech at the ESCAPE 9 meeting in June, 1999, using the Stage 2
interface. The phase 2 prototype was not built before the end of the project.

As aresult of work in the Interoperability Task Force of Work Package 4 of Global CAPE-
OPEN, this demonstration was repeated by BP at Hyprotech 2000 in November, 2000, using
released versions of Aspen Plus 10.2 and HY SY S.Process, modified by patches available from
the AspenTech and Hyprotech websites respectively.
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2.2 Use Cases and Diagrams

221 Use Cases Categories
2.2.2 Use Cases Priorities
2.2.3 Actors

2.2.4 Use Cases

Creating a Flowsheet

UC-31-001 Create Unit

UC-31-002 Add Unit to Flowsheet
UC-31-003 Specify Unit's Material Connections
UC-31-004 Specify Unit's Energy Connections
UC-31-005 Specify Unit's Information Connections
UC-31-006 Delete Unit from Flowsheet
UC-31-007 Delete Unit

UC-31-008 Define Unit Report

UC-31-009 Edit Unit

UC-31-010 Save Unit

UC-31-011 Check Unit Specific Data
UC-31-012 Check Unit Information Ports
UC-31-013 Check Public Unit Parameter
UC-31-014 Check Physical Property Methods
UC-31-015 Check Numerical Methods
UC-31-016 Check Material and Energy Ports
UC-31-017 Set Unit Specific Data

UC-31-018 Check Unit

UC-31-019 Get Physica Properties Package
UC-31-020 Get Numerical Package
UC-31-021 Get Public Unit Parameter Names
UC-31-022 Get Unit Specific Data Names
UC-31-023 Save Flowsheet

UC-31-024 Restore Unit

UC-31-025 Retrieve Flowsheet

UC-31-026 Add New Port to Unit

UC-31-027 Delete existing Port

Running a Flowsheet

UC-31-028 Evauate Unit

UC-31-029 Resume Unit Calculations
UC-31-030 Interrupt Unit Calculations
UC-31-031 Compute Unit Derivatives
UC-31-032 Perturb Unit

UC-31-033 View Interrupted Unit




UC-31-034 Unit Operation Times Out

UC-31-035 Get Input Materia Streams from I nput Ports

UC-31-036 Get |nput Energy Streams from Input Ports

UC-31-037 Get Values of Public Unit Parameters Through Input Ports
UC-31-038 Set Output Material Streams Through Ports

UC-31-039 Set Output Energy Streams Through Ports

UC-31-040 Set Public Unit Parameters On Output Information Ports
UC-31-041 Get Vaue of Public Unit Parameter

UC-31-042 Set Value of Public Unit Parameter

UC-31-043 Get Stream Data from Input Ports

UC-31-044 Set Stream Data through Output Ports

L ooking at Results

UC-31-045 Produce Unit Report

The next sections formalise the description of the user requirements for unit operations
interfacing in the CAPE-OPEN Interface System, described in the previous section. They
provide a Unified Modelling Language (UML)? description of the interfaces, which is the basis
for the software design described in later sections.

The first step in the UML process is © express the user requirements in the form of a Use
Case Model, which is described in this section. It identifies the “users’ of the system, caled
Actors, and describes, in the form of Use Cases, what they wish the system to do. It aso
identifies the boundaries of the system, which, in the case of the GRP1 sub-task, is a Unit
Operation Model of a steady-state, sequential modular process simulator. Other types of
simulator units, such as dynamic or equation oriented, were deferred to GRP2.

In the case d the UNIT GRP1 exercise, the process of identifying and describing the Actors
and creating the Use Cases required severa iterations to ensure that the user requirements
were fully and consistently represented. It also identified the need for consistent remes and
definitions of the entities involved in flowsheet smulation. From this, a CAPE-OPEN Glossary
took shape and was spun off as a separate and extremely useful exercise.

After this, the analysis phase moved on to consider the dynamic nature of the Use Cases with
Sequence Diagrams and the static relationships between objects that could be identified from
the Use Cases.

The Sequence Diagram is a graphical representation of the Use Case description, showing how
the sequence of actions, messages and responses occur over time. For simple Use Cases, a
Sequence Diagram is not necessary, but if a Use Case is very complex, with many branches
and conditions, or loops then more than one diagram may be needed. By taking this graphica
view of the dynamics of the Use Case severa things may be identified, such as over
complexity of the Use Case, over complex responshilities of the objects identified in the
diagram, or even smply not enough detail in the Use Case.

The first step in identifying the static relationships in the Use Cases was to list all the objects
(nouns) contained in the Use Case. Then a screening was applied to remove similar words and
replace them by the agreed term from the Glossary. Then a further screening was undertaken
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whereby those objects identified which were outside our system boundary were ignored. Then
the remaining list was examined by playing back the Use Cases to identify the actions (verbs).
Only those behaviours identified as needed by the externa clients of the system became part of
the final interface.

The rest of this section lists and describes the Actors and Use Cases required for the GRP1
sub-task of the Unit Operations work package and shows their relationships in Use Case
Maps. Segquence Diagrams are aso shown.

2.2.1 Use Cases Categories

O Unit Use Cases. Contains al the Use Cases listed in this document. They are applicable
to steady-state Flowsheet Units suitable to be exchanged among sequential-modular and
non-sequential-modular smulators of processes.

O General Purpose Use Cases. Use Cases that express a software requirement to handle
CAPE-OPEN Flowsheet Unit Components. These Use Cases do not have a direct impact
on the CAPE-OPEN interfaces, and therefore the requirement does not need to be meet
by the CAPE-OPEN interfaces

0 Simulation Context Use Cases. These are Use Cases that list a sequence of actions,
expressed as requirements, so that a CAPE-OPEN Flowsheet Unit is guaranteed to be
correctly handled in the different smulation environments. Many times these Use Cases do
not have a direct impact on the CAPE-OPEN interfaces, but they represent behavioural
requirements on the process simulator side. Many times they also use or extend other more
specific Use Cases that do have a direct impact on one or more UNIT Interfaces.

o Specific Unit Operation Use Cases. These are Use Cases that represent behaviours of
CAPE-OPEN Flowsheet Unit components that do have a direct impact on one or severd
interfaces.

0 Boundary Use Cases. These are Use Cases in which a Flowsheet Unit is an actor in
other CAPE-OPEN Use Cases different from those corresponding to Flowsheet Units (i.e.
THRM or NUMR Use Cases)

O Use Cases covered by the proposed Mixer/Splitter Scenario. These are a subset of
the Use Cases, selected as high priority Use Cases with the purpose of testing the essential

functionality expected from CAPE-OPEN Flowsheet Units. A prototypica Mixer-Splitter
operation was selected with thisaim.

2.2.2 Use Cases Priorities

0 High. Essetia functiondity for a Flowsheet Unit. Functionaity without which the
operation usability or performance of a Flowsheet Unit might be seriously compromised
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O Medium. Very dedrable functiondity that will make Flowsheet Units more usable,
transportable or versatile. The essence of a Flowsheet Unit is not compromised by this Use
Case, dthough the usability and acceptance of the component can be.

0 Low. Desrable functionality that will improve the performance of Flowsheet Units. If this
Use Case is not met usability or acceptance can decrease.

2.2.3 Actors

0 Flowsheet Builder. The person who sets up the flowshest, the structure of the flowshest,
chooses thermo models and the unit operation models that are in the flowsheet. This person
hands over a working flowsheet to the Flowsheet User The Flowsheet Builder can act asa
Flowsheet User.

O Flowsheet User. The person who uses an existing flowsheet. This person will put new
data into the flowshest, rather than change the structure of the flowsheet.

o Flowsheet Solver. A sub system responsible for converging the flowsheet by changing
the adjustable variables to meet specified convergence criteria

In the modular case, thiswill be done by iterating the adjustable variables

In the equation-oriented case, this will be done by performing Newton iteration on a sparse
set of non-linear equations

The function of setting sequencing, nesting of solving sequences and relative convergence
limits will be covered in the Use Cases of the Numerica Work Package. The Flowsheet
Solver would a some point make use of the sequence of computation of the
FlowsheetUnits.

a Optimiser sub system. Part of the smulation overall system that is responsible for using
an objective function, calculated from the flowsheet, in order to search for an optimum.
What is optimised could be one unit or a whole process. The optimiser may use an
infeasible path method, in which the optimisation and the flowsheet convergence are
carried out smultaneoudy, or a feasible path method, in which the flowsheet is converged
at each iteration of the optimiser.

o Flowsheet Unit. A software representation of a physical unit operation, or a non-physical
unit such as a controller or optimiser.

O Unit Manager. The part of a smulator that provides a list of available Flowsheet Units,
alows the ingtantiation of a Flowsheet Unit and enables it to be placed in the flowshest.

0 Simulator Executive. The part of a smulator whose job it is to create, or load, a
previoudy stored flowsheet, solveit and display the results.

0 Reporting sub system. The part of the executive that reports on the outcome of the

calculation of the flowsheet. It reports on the state of the streams and Flowsheet Units
involved in the flowsheet. Note: Reporting can be done in different ways. Specific
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reporting can be done directly by the Flowsheet Unit on a request from the executive.
Overdl heat and mass balance reporting is done by passing values from each Flowsheet
Unit to the Reporting sub system, which has a generalised report generation capability.

2.24 Use Cases
This subsection lists al the Use Cases that are relevant for Group 1 Unit Operations Interface.

It dso provides links to the methods identified in each Use Case. Each category of Use Cases
isintroduced by the relevant Use Case Diagram.
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Figure 2.11 Creating a Flowsheet
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Create Unit (ref. UC-31-001)

Actors; <Howsheet Builder>

Priority: <High>

Classification: <Unit Use Case>, <Genera Use Case>, <Simulation Context Use Case>,
<Mixer/Splitter Use Case>.

Status: <A small issue to be resolved (See note)>

<This requirement is fulfilled by mechanism provided by software technology>
Pre-conditions.
O <The selected Flowsheet Unit type may exist>
O <There must be at least one registered Flowsheet Unit of the specified type>
Flow of events:
Basic Path:

Create an instance of aselected Flowsheet Unit type. The Flowsheet Builder gets the list of
the available types of Flowsheet Units from the Unit Manager and selects one from the list.
The Flowsheet Builder then requests the Unit Manager to create an instance of the selected
Howsheet Unit. The Flowsheet Builder may aso supply the location of some specific data to
be passed to the Flowsheet Unit. The Unit Manager then creates an instance of the selected
Flowsheet Unit. If the creation fails the Unit Manager informs the Flowsheet Builder of the
failure. If the creation succeeds the Flowsheet Unit instance is available for use. Note: This
does not place the Flowsheet Unit on the flowsheet, this is done by the [Add Unit to
Flowshest] Use Case.

Post-conditions.
0 <Creation succeeded>
Exceptions:

O <Creation faled>

See Sequence Diagram [Create Unit]
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Add Unit to Flowsheet (ref. UC-31-002)

Actors; <Howsheet Builder>

Priority: In general <High>, access to Physical and/or Numerical Property Packages might be
understood as <Medium> or <Low>

Classfication: <Unit Use Case>, <Simulation Context Use Case>, <Mixer/Splitter Use Case>.

Status. <The first part of the Use Case is fulfilled by the norma operation of process
smulaors>

<Getting access to a Physical Properties Package and/or a Numerical Package is
performed through the simulation context the Flowsheet Unit is given> (see
SetSimulationContext method)

<May require the use of Initidize>
Pre-conditions.
O <Flowsheet Builder can edit the Flowsheet Unit>
Flow of events:
Basic Path:

Selects a Flowsheet Unit type and adds an instance to the flowsheet. The Flowsheet Builder
creates an instance of a Flowsheet Unit using the [Create Unit] Use Case. If the creation fails,
the Flowsheet Builder is informed of this, and the Simulator Executive takes no further action.
If the creation is successful, the Flowsheet Builder then asks the Simulator Executive to add
the Flowsheet Unit instance to the flowsheet. The Simulator Executive adds the Flowsheet
Unit to the flowshest. It may aso at this point provide the Flowsheet Unit with access to some
default Thermo and Numerical packages. (this may involve the use of [Get Physical Properties
Package] and [Get Numerical Package | Use Cases).

If the Flowsheet Unit is successfully added, the Flowsheet Builder may then use the [Edit Unit]
Use Case. If the Flowsheet Unit cannot be added to the Flowsheet, the Smulator Executive
informs the Flowsheet Builder of this and destroys the Flowsheet Unit. Since it cannot be
connected, it is of no use. The same appliesif [Edit Unit] fails.

Post-conditions:

0 <Flowsheet Unit is successfully initialised (i.e. if Flowsheet Unit needs numerica
packages, thereis at least one available and if Flowsheet Unit needs thermodynamic packages,
thereis at least one available>

Exceptions:

o <Initialise Flowsheet Unit fails (i.e. Flowsheet Unit needs numerical or thermo packages
and flowsheet can not provide them>
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o <Edition of the Flowsheet Unit fails>

O <Failure to present the Flowsheet Unit in the flowsheet>
Subordinate Use Cases.

o [Create Unit]

o [Edit Unit]

[Get Physical Properties Package]

O

[Get Numerical Package]

O
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Specify Unit's Material Connections (ref. UC-31-003)

Actors; <Howsheet Builder>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>.

Status. <This Use Case is fulfilled by using the following methods. GetPorts, Count, [tem,
GetPortType, GetDirection, Connect>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <There are material streams to connect to the Flowsheet Unit, or they can be created
when the connection is to be performed>

O <Flowsheet can present information of materia streams to the Flowsheet Unit in the
appropriate form (i.e. material objects)>

O <The Flowsheet Unit has material ports to be connected (i.e. input or output)>
Flow of events:
Basic Path:

Flowsheet Unit connections are specified by supplying the connections of its input and output
ports.

The Flowsheet Builder asks the Simulator Executive to get the Flowsheet Unit's list of available
input and output material ports. The Simulator Executive then asks the Flowsheet Unit for alist
of its available input and output material ports, and passes them to the Flowsheet Builder. The
Flowsheet Builder also asks the Smulator Executive for a list of available material streams.
The Simulator Executive passes the requested list to the Flowsheet Builder.

The Flowsheet Builder selects an input or output port and a materia stream from the lists
obtained and asks the Simulator Executive to make a connection between the selected stream
and the selected port. The Flowsheet Builder may specify a stream name that is different from
those supplied. In this case the Simulator Executive will create a new stream with that name.
The Simulator Executive asks the Unit to make the requested connection between the selected
stream and port. Any previous connection is overwritten. The Flowsheet Builder may repesat
this process for the same or other streams and input and output ports. The connection of input
and output ports any be performed in any order.

Post-conditions:
a <Connection has been made successfully>

Exceptions:
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o <Connection can not be made>

o <Connection can not be overwritten>
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Specify Unit's Energy Connections (ref. UC-31-004)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status. <This Use Case will be fulfilled by using the following methods. GetPorts, Count, [tem,
GetPortType, GetDirection, Connect>, <There is no definition of Energy Objects>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <There are energy streams to connect to the Flowsheet Unit, or they can be created when
the connection isto be performed (i.e. energy objects)>

O <Flowsheet can present information of energy streams to the Flowsheet Unit in the
appropriate form>

O <The Flowsheet Unit has energy ports to be connected (i.e. input or output)>
Flow of events:
Basic Path:

Flowsheet Unit energy connections are specified by supplying the connections of its input and
output energy ports.

Thisis amilar to [Specify Unit's Material Connections| except that it is for energy rather than
material.

Post-conditions:

a <Connection has been made successfully>
Exceptions:

O <Connection can not be made>

O <Connection can not be overwritten>
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Specify Unit's Information Connections (ref. UC-31-005)

Actors; <Howsheet Builder>

Priority: <Low> if this can be achieved by other means (e.g. using the Flowsheet Unit
Parameters)

Classfication: <Unit Use Case>, <Specific Unit Use Case>

Status. <This Use Case is fulfilled by using the following methods. GetPorts, Count, Item,
GetPortType, GetDirection, Connect>, <There is no definition of Information Objects>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <There are information streams to connect to the Flowsheet Unit, or they can be created
when the connection is to be performed>

O <Flowsheet can present information of information streams to the Flowsheet Unit in the
appropriate form (i.e. information objects)>

O <The Fowsheet Unit has information ports to be connected (i.e. input or output)>

O <There is a least one other flowsheet object (e.g. Flowsheet Unit) with available
information ports. These ports have to be of the opposite direction>

Flow of events:
Basic Path:

The flows of information to/or from other Flowsheet Unit (including optimiser blocks) are
specified: The Flowsheet Builder asks the Flowsheet Unit for a list of its available output
information ports. A port is seected from the list. The Flowsheet Builder then asks the
Simulator Executive to create an information stream and connect it to the selected port. The
Simulator Executive creates the new information stream and connects it to the selected port.
The connected output port then becomes assigned, and the information stream and the Public
Unit Parameter it contains then become available within the flowsheet. Each information
streams passes just one Public Unit Parameter. The Flowsheet Builder may repesat this process
for the other output ports.

The Flowsheet Builder asks the unit for alist of its available input information ports, and selects
one from the list. (Note: selecting an input information port selects a particular variable that the
Flowsheet Unit is expecting to receive and use in its caculations. This may be its own or
another Flowsheet Unit's "published” Public Unit Parameter(s)) The Flowsheet Builder dso
gets alist of available information streams from the Simulator Executive, and selects one from
the list. He then asks the Simulator Executive to make a connection between the selected
information stream and the selected information port. The Simulator Executive makes the
requested connection between the selected information stream and port. Any previous
connection is overwritten. The Flowsheet Builder may repeat this process for the same or
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other information streams and input ports. The connection of input and output ports may be
performed in any order.

Post-conditions:

a <Connection has been made successfully>
Exceptions:.

O <Connection can not be made>

O <Connection can not be overwritten>
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Delete Unit from Flowsheet (ref. UC-31-006)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Simulation Context Use Case>

Status. <Contextual Use Case that is fulfilled by the normal operation of process smulators>
Pre-conditions;

O <[Add Unit to Flowsheet] has been used and successfully passed>

Flow of events:
Basic Path:

The Smulator Modd Builder salects a Flowsheet Unit and asks for it to be removed from the
flowsheet. The Flowsheet Builder sdlects a Flowsheet Unit in the flowsheet and uses the
[Delete Unit] Use Case. The Simulator Executive then removes the Unit from the flowsheet.

Post-conditions:

Q <The Flowsheet Unit has been removed from the flowsheet>
Exceptions.

O <The Flowsheet Unit can not be removed from the flowsheet>

Subordinate Use Cases:

0 [Deete Unit]
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Delete Unit (ref. UC-31-007)

Actors; <Howsheet Builder>

Priority: <High> deletion of these components is a software requirement anyway

Classification: <Unit Use Case>, <Genera Use Case>, <Specific Unit Use Case>

Status. <This Use Case is fulfilled by using the following methods. GetPorts, Count, [tem,
Disconnect, Terminate>

Pre-conditions.

0 <[Create Unit] has been used and successfully passed>

Flow of events:

Basic Path:

This deletes the instance of a Flowsheet Unit.

The Flowsheet Builder requests that the Unit Manager delete the selected Flowsheet Unit
instance. The Unit Manager asks the Flowsheet Unit to remove every connection or reference
to other flowsheet objects. The Unit Manager then deletes the Flowsheet Unit instance.
Post-conditions:

a <Any connection between the Flowsheet Unit and other flowsheet objects has been
removed>

O <Termination proceeded successfully>
Q <The Flowsheet Unit has been deleted>
Exceptions.

@ <Unit can not be disconnected>

Q <Unit cannot be deleted>

O <Temination faled>
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Define Unit Report (ref. UC-31-008)

Actors; <Howsheet Builder>

Priority: <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <This Use Case is fulfilled by usng the following methods. GetReports,
Get/SetSel ectedReport>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

a <Unit implements report handling>
Flow of events:
Basic Path:

The Flowsheet Builder configures one or more available reports for the Flowsheet Unit based
on information made public by the Fowsheet Unit. The Flowsheet Builder asks the Unit
Manager to get the list of available report formats from the Flowsheet Unit. If there are some
available report formats the Units Manager displays it, so that, the user can select one of them
and ask the Flowsheet Unit to set it to be its output format. The Flowsheet Unit sets this format
as its output format.

Post-conditions;

Q <A report format has been selected>
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Edit Unit (ref. UC-31-009)

Actors; <Howsheet Builder>

Priority: <High>

Status: <This Use Case is fulfilled by using the following methods: the methods listed in the
various Use Cases in the Subordinate list below>

Classfication: <Unit Use Case>, <Simulation Context Use Case>, <Mixer/Splitter Use Case>.

Pre-conditions.
a <None>
Flow of events:
Basic Path:

The function of this Use Case is to group together Flowsheet Unit parameter editing Use
Cases into one as a smulator is likely to have a function to edit Flowsheet Unit data. This Use
Case dlows any data item to be edited.

The Fowsheet Builder uses the [Set Unit Specific Data], [Specify Unit's Material
Connectiong], [Specify Unit's Information Connections], [Specify Unit's Energy Connections]

and [Define Unit Report] Use Cases in any order and any number of times. When the
Flowsheet Builder completes his edits, the Unit may use the [Check Unit] Use Case.

Post-conditions;
o <None>

This Use Case only represents a way grouping other Use Cases that commonly will be
presented to the Flowsheet Builder as awhole.

Exceptions:
O <Check Unit fails>

Subordinate Use Cases;

o [Set Unit Specific Datal

a [Specify Unit's Material Connections]

O [Specify Unit's Information Connections]

o [Define Unit Report]

o [Add New Port to Unit]
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Q

Q

[Delete Existing Port]

[Check Unit]
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Save Unit (ref. UC-31-010)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status. <This Use Caseisfulfilled by using the following methods. Save>
Pre-conditions.

O <Location for saving Flowsheet Unit data exists>

Flow of events:

Basic Path:

The Unit information, including Unit Specific Data and Unit Results if any, are saved under the
specified name and location.

Post-conditions:
O <Save succeeded>

Exceptions:.

o <Falsto save>
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Check Unit Specific Data (ref. UC-31-011)

Actors; <Howsheet Unit>

Priority: <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>.

Status. <This Use Case isfulfilled by using the following methods. Validate and GetVa Status>

Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

Flow of events:
Basic Path:

This is a check on the validity of the whole Flowsheet Unit specific data. The Flowsheet Unit
checks some or al of the items supplied to it as specific data to ensure that they are: within the
valid range, consistent with other items of data, plus ANY other test the Flowsheet Unit wishes
to peform. The Flowsheet Unit may aso use default values where items are
missing/inappropriate Finaly, the Flowsheet Unit returns the appropriate error or warning
messages or codes.

Post-conditions:

o <If Vdidation is successful GetVaStatus must return CAPE VALID, otherwise
CAPE_INVALID>

Exceptions.

Q <Parameter invaid>

a <Item missing (this may be a consequence of degrees of freedom)>
O <ltem out of range>

a <Variable cannot be used in the specified mode, this will cause the state of the Flowsheet
Unit to be set to invaid (i.e. VaStatus = CAPE_INVALID)>
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Check Unit Information Ports (ref. UC-31-012)

Actors; <Howsheet Unit>

Priority: <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Simulation Context Use Case>

Status. <This Use Case is fulfilled by using the following methods. Vaidate and GetVa Status
>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit operation has information ports to check>
Flow of events:
Basic Path:

This is used by Flowsheet Units, such as optimisers, that need to access the Public Unit
Parameters of other Units, both native to the smulator and CAPE-OPEN externa units. The
Unit asks each of its connected information ports to check its Public Unit Parameters. Each
connected information port then asks the Simulator Executive to check that it can set or get the
Public Unit Parameters as required (i.e. input ports will ask for a check that they can "get",
output ports will ask for a check that they can "set"). The Simulator Executive then calls the
information port at the other end of the information connection and asks its Flowsheet Unit (i.e.
atarget Unit) to use the [Check Public Unit Parameter] Use Case. At the end of checking all
connected information ports, the Unit returns a summary of al error messages and/or codes
that were generated.

Note: This was not supported in the CAPE-OPEN prototype.
Post-conditions:

O <If Vdidation is successful the state of the Flowsheet Unit is Vaid (i.e. VaStatus =
CAPE-VALID), otherwise CAPE_INVALID>

Exceptions:
0 <Variable does not exist>

O <Variable canot be used in the specified mode, this will cause that the state of the
Flowsheet Unit is set to invdid (i.e. Vaid = FALSE)>

Subordinate Use Cases:

O [Check Public Unit Parameter]
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Check Public Unit Parameter (ref. UC-31-013)

Actors; <Howsheet Unit>

Priority: <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <Partially implemented by the methods in the interface | CapeParameter Spec>

Pre-conditions.
Flow of events
Basic Path:

The Unit checks that the given variable is recognised and can be got or set as required. If the
variable is not recognised, an error message is returned. If the variable is recognised, the
variable is checked against the required mode (i.e. get or set). In case the variable can not be
used as requested, an error message is returned. Note: This facilitates use by
systemg/optimisers/controllers etc., which want to use the Public Unit Parameter and have no
other means of performing this check ahead of arun-time use of the variable. Mode is Read or
Write.

Post-conditions:
Exceptions.
a <Variable not recognised>

O <Variable can not be used as requested >
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Check Physical Property Methods (ref. UC-31-014)

Actors; <Howsheet Unit>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>

Status: <Feedback from Validation Work Package is needed to set the status of this Use
Case>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit operation has access to thermodynamic methods (either through materia objects or
directly accessing a thermodynamic package>

O <The physica property methods are associated with material definitions>

Flow of events.

Basic Path:

The Flowsheet Unit checks that al the required physica property methods are available using
[Unit Performs Thermo Pre-Calculation Check] Use Case. If any property is unavailable an
error message is returned.

Post-conditions;

O <If Vdidation is successful the state of the Flowsheet Unit is Vaid (i.e. VaStatus =
CAPE-VALID), otherwise CAPE_INVALID>

Exceptions.

o <Method is unavalable, this will cause that the state of the Flowsheet Unit is set to invaid
(i.e. vdid = FALSE)>

Subordinate Use Cases:

Q [Unit Performs Thermo Pre-Calculation Check]
Extends:

Other requirements:
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Check Numerical Methods (ref. UC-31-015)

Actors; <Howsheet Unit>

Priority: between <Medium> and <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>

Status; <Unknown>
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit operation has access to numerical methods>
Flow of events.
Basic Path:

The Flowsheet Unit checks that al the required numerical method are available using [Unit
Performs Numeric Pre-Calculation Check] Use Case. If any method is unavailable an error
message is returned.

Post-conditions;

O <If Vdidation is successful the state of the Flowsheet Unit is Vaid (i.e. VaStatus =
CAPE_VALID), otherwise CAPE_INVALID>

Exceptions:

o <Method is unavailable, this will cause that the state of the Flowsheet Unit is set to invalid
(i.e. vdid = FALSE)>

Subordinate Use Cases;

a <[Unit Performs Numeric Pre-Calculation Check], which is a Numeric Use Case and is
described in the Numerica Interface Specification>
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Check Material and Energy Ports (ref. UC-31-016)

Actors; <Howsheet Unit>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status. <This Use Case isfulfilled by using the following methods. Validate and GetVa Status>

Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit operation has to material and/or energy ports to check>
Flow of events.
Basic Path:

The Flowsheet Unit checks that all essentia ports are connected. An essential port is a port
that must be present for the Flowsheet Unit to operate e.g. a pump must have one input and
one output.

Post-conditions;

O <If Vdidation is successful the state of the Flowsheet Unit is Vdid (i.e. VaStatus =
CAPE_VALID), otherwise CAPE_INVALID>

Exceptions:

O <Essentia ports are not connected. This will cause the state of the Flowsheet Unit to be
set to invalid (i.e. VaStatus = CAPE-INVALID)>
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Set Unit Specific Data (ref. UC-31-017)

Actors; <Flowsheet User>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>.

Status. <This Use Case isfulfilled by using the following methods. Edit, GetParameters, Count,
Item, Mode, Vaue, Original Source>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit has specific data whose values need to be specified>
Flow of events:
Basic Path:

The Flowsheet User asks the Simulator Executive to start a Flowsheet Unit's user interface.
The Simulator Executive then asks the Flowsheet Unit to dart its user interface If the
Flowsheet Unit does not have a user interface, the Smulator Executive either generates its
own user interface, or tells the Flowsheet Builder that no user interface is available. If the
Flowsheet Unit has a user interface, the Flowsheet Unit starts it. The Flowsheet Builder then
supplies some or al the Flowsheet Unit’'s specific data through the user interface. When the
Flowsheet Builder completes the data input, he terminates the user interface and the Flowsheet
Unit's specific data are passed to the Flowsheet Unit. Note that the Simulator Executive is able
to use [Get Unit Specific Data Names] to query the Flowsheet Unit for the list of parameters,
s0 that it can construct a user interface for the Flowsheet Unit.

Post-conditions.
a <Unit specific data have been specified>

Exceptions:

O <Unit does not have a user interface and Simulator Executive can not create a user
interface>

0 <Datavalues cannot be specified>

Subordinate Use Cases;

0 [Get Unit Specific Data Names]
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Check Unit (ref. UC-31-018)

Actors; <Howsheet Unit>

Priority: <High> or <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status. <This Use Case isfulfilled by using the following methods. Validate and GetVa Status>

Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

Flow of events:
Basic Path:

The Simulator Executive may call an externad CAPE-OPEN Flowsheet Unit and ask it to use
the [Check Unit Specific Data] [Check Material and Energy Ports] [Check Physical Property
Methods] [Check Numerical Methods] [Check Unit Information Ports] Use Cases. These
checks are provided by the Flowsheet Unit, without knowledge of how or when they may be
called.

Post-conditions:

0 <If Vdidation is successful the state of the Flowsheet Unit is Vaid (i.e. VaStatus =
CAPE_VALID), otherwise CAPE_INVALID>

Exceptions:

O <Vdidation faled. This will cause that the state of the Flowsheet Unit is set to invdid (i.e.
ValStatus = CAPE_INVALID)>

Subordinate Use Cases:

O [Check Unit Soecific Datal

O [Check Material and Energy Ports]

O

[Check Physica Property Methods]

[Check Numerical M ethods]

O

[Check Unit Information Ports]

O
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Get Physical Properties Package (ref. UC-31-019)

Actors; <Howsheet Unit>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>

Status: <In the future it will be fulfilled by the services provided by SetSimulationContext>

Pre-conditions;

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit needs access to Physical Property Packages>

Flow of events.

Basic Path:

The Flowsheet Unit gets access to a CO Physical Properties package.

Post-conditions:

O <None> Check Unit will assure that the Unit has been able to get access to the required

Property Packages.
Exceptions.
O <No package exists>

0 <Reguested package not available>
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Get Numerical Package (ref. UC-31-020)

Actors; <Howsheet Unit>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>

Status; <Unknown>
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit needs access to Numerical Packages>

Flow of events.

Basic Path:

The Flowsheet Unit obtains access to a Numerical Package.

Post-conditions:

O <None> Check Unit will assure that the Unit has been able to get access to the required

Numerical Packages.
Exceptions.
O <No package exists>

0 <Reguested package not available>
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Get Public Unit Parameter Names (ref. UC-31-021)

Actors; <Howsheet Builder>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>

Status. <This Use Case is fulfilled by using the following methods. GetParameters, Count,
Item, Name>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit has Public Unit Parameter >
Flow of events:
Basic Path:

The Fowsheet Builder requests the list of Public Unit Parameter names for the Flowsheet
Unit.

Post-conditions:
O < Public Unit Parameternames supplied>

Exceptions:

0 <Faled providing names>
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Get Unit Specific Data Names (ref. UC-31-022)

Actors; <Howsheet Builder>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>

Status. <This Use Case is fulfilled by using the following methods. GetParameters, Count,
Item, Name, Mode, Origind Source>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Unit has specific data whose values need to be specified>

Flow of events:

Basic Path:

The Flowsheet Builder requests the list of specific Data Names for the Flowsheet Unit. These
names are a subset of the Public Unit Parameters and represents the input data for the
Flowsheet Unit. A simulator’s user interface system also could use this Use Case to query the
Flowsheet Unit for the list of parameters, so that it could construct a user interface for the
Flowsheet Unit.

Post-conditions.

O <Unit specific data names retrieved>

Exceptions:

0 <Failed providing names>

Extends:

o [Get Public Unit Parameter Names]
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Save Flowsheet (ref. UC-31-023)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Simulation Context Use Case>

Status. <This Use Case is fulfilled by the normal operation of process simulators>
Pre-conditions;

O <[Add Unit to Flowsheet] has been used and successfully passed>

Flow of events:
Basic Path:

The Flowsheet Builder requests the Smulator Executive to save the Flowsheet. The Simulator
Executive saves its native information in its own native format (this is outside CAPE-OPEN).
If there are some external Flowsheet Units in the flowsheet, and no location has been specified
for saving their information, the Simulator Executive asks the user to supply a name and
location for saving the external Flowsheet Unit data.

The Flowsheet Builder provides a name and location, and the Simulator Executive asks the
Flowsheet Unit to save its data in the specified location with the specified name. If a name and
location has already been specified, the Simulator Executive asks the Flowsheet Unit to save its
data in the previoudy specified location with the previoudy specified name. The Flowsheet
Unit uses the [Save Unit] Use Case to save its data. If the Flowsheet Unit successfully saves
itself, the Simulator Executive stores the name and location in its native file. Each CAPE-
OPEN Flowsheet Unit has an entry in the native file that stores this information so that the
Flowsheet Unit data can be retrieved.

Note 1. If the externa Flowsheet Unit is unable to save its data in the smulator’s native
format, it will prompt the user for the name of a new file, in which it will store its public and
private data. In this case, the smulator will be responsible for recording the name of this
Flowsheet Unit file dong with the rest of flowsheet data.

Note 2: Connectivity data must be persisted by the smulator, including port names.

Post-conditions.

O <Unit datalocation has been successfully stored with the smulation file>

Exceptions.

0 <Falure saving>

Subordinate Use Cases:
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Q

[Save Unit]
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Restore Unit (ref. UC-31-024)

Actors; <Howsheet Unit>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <This Use Caseis fulfilled by using the following methods. Restore>
Pre-conditions;

O <[Add Unit to Flowsheet] has been used and successfully passed>

Flow of events:

Basic Path:

The Flowsheet Unit restores its specific data from the specified name and location.
Post-conditions:

Exceptions.

a <Datanot found>

O <Bad data>

Subordinate Use Cases:

Extends:

Other requirements:
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Retrieve Flowsheet (ref. UC-31-025)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Simulation Context Use Case>

Status. <This Use Caseisfulfilled by the normal operation of process smulators>
Pre-conditions.

O <Thesimulation case to be retrieved exists>

Flow of events.

Basic Path:

The Flowsheet Builder asks the Simulator Executive to retrieve a previousy stored flowshest.
The Simulator Executive retrieves the native Flowsheet Units in its usual way. For each
CAPE-OPEN Flowsheet Unit in the flowshest, it recovers the Flowsheet Unit type together
with the name and location at which the Flowsheet Unit's data is stored. It then asks the Unit
Manager to create an instance of the Flowsheet Unit type. It also recovers details of the
Flowsheet Unit's stresm connections (which are saved in the smulator's native format) and
asks each CAPE-OPEN Flowsheet Unit to connect their ports to those specific streams). If
the creation is successful, it asks the Flowsheet Unit to retrieve its data from the name and
location specified. It does this using the [Restore Unit] Use Case and asks the Flowsheet Unit
to validate the information using the [Check Unit] Use Case. If the Flowsheet Unit fails to
restore, the Howsheet Builder is notified.

Post-conditions:
O <Unit operation has been appropriately created and initialised>

O <Unit operation ports have been connected to the appropriate material, energy or
information objects>

O <Unit operation has recovered its data>

O <The state of the Flowsheet Unit is Dirty = FALSE and Vaid = TRUE>
Exceptions.

0 <Failed to retrieve the flowsheet>

0 <Failed to restore the Flowsheet Unit data>

<Failure to connect Flowsheet Unit>

O

O

<Corrupted Flowsheet Unit data>
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Subordinate Use Cases:

[Add Unit to Flowshest]

O [Specify Unit's Material Connections]

0 [Specify Unit's Information Connections]

[Define Unit Report]

O

o [Add New Port to Unit]

0 [Restore Unit]
[Check Unit]

O
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Add New Port to Unit (ref. UC-31-026)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status. <This Use Case is fulfilled by the interna Flowsheet Unit behaviour, if the Unit
requires it. No interface method is required>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

o <.>
Flow of events:
Basic Path:

The Flowsheet Builder requests the Simulator Executive to add a port (input or output) to a
specified Flowsheet Unit. The Simulator Executive then requests the Flowsheet Unit to make
an additiona port (input or output as requested) available for use. If the Flowsheet Unit does
not alow ports to be added, or if the maximum number of (input or output) ports alowed by the
Flowsheet Unit has been reached, the Flowsheet Unit informs the Simulator Executive of this.
The Flowsheet Manager then passes this information to the Flowsheet Builder. If the
Flowsheet Unit allows ports to be added, and the maximum number of (input or output) ports it
alows has not been reached, it makes another (input or output) port available for use.

Post-conditions:

o <..>

Exceptions:

O <Unit does not alow ports to be added>

O <Maximum number of ports aready reached>
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Delete existing Port (ref. UC-31-027)

Actors; <Howsheet Builder>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <This Use Caseis fulfilled by the internal Flowsheet Unit behaviour, if the Unit requires
it. No interface method is required>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

Flow of events:
Basic Path:

The Flowsheet Builder requests the Simulator Executive to delete a port of the specified
Flowsheet Unit. The Simulator Executive then requests the Flowsheet Unit to delete the
specified port. If the Flowsheet Unit does not allow portsto be deleted, or if the Flowsheet Unit
does not dlow the sdlected port to be deleted, the Flowsheet Unit informs the Simulator
Executive of this. The Smulator Executive then passes this information to the Flowsheet
Builder. If the Flowsheet Unit alows the selected port to be deleted, the Simulator Executive
removes it from the list of available ports.

Exceptions:.

0 <Port cannot be deleted>
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Figure 2.12 Running a Flowsheet
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Evaluate Unit (ref. UC-31-028)

Actors; <Howsheet Solver>

Priority: <High>

Classfication: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>,
<Mixer/Splitter Use Case>

Status. <This Use Caseis fulfilled by the following methods. Calculate>
Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Theinput and output ports (material, energy or information) have been connected>
Fow of events:
Basic Path:

The Flowsheet Unit is requested to calculate its required results. The Flowsheet Solver tells the
Flowsheet Unit to caculate. The Flowsheet Unit then requests its unit ports to get its input
stream data using the [Get Input Materia Sreams from Input Ports] and [Get Input Energy
Streams from Input Ports] Use Cases, as well as the current values of any required Public Unit
Parameters (including its own) using the [Get Vaues of Public Unit Parameters Through Input
Ports] Use Case. If some specific data has been provided by the Flowsheet Builder, but has
not yet been retrieved by the Flowsheet Unit, the Flowsheet Unit gets this specific data. The
Flowsheet Unit then attempts to perform its calculations. It may aso make severa requests for
physical property and numerical services using the {request physical properties} and {request
numerical} Use Cases during the evaluation. Upon a successful partial or complete evaluation,
the Flowsheet Unit sends the partial or complete definition of its output streams to its output
ports using the [Set Output Material Streams Through Ports] and [Set Output Energy Streams
Through Ports]. It also updates any changed values of Public Unit Parameters using the [Set
Public Unit Parameters On Output Information Ports]. If the Flowsheet Unit cannot caculate,
it returns the appropriate error to the Flowsheet Solver.

Post-conditions:

O <The Fowsheet Unit finished its cal culations successfully or not>
Exceptions.

O <The Fowsheet Unit may not solve successfully>

Subordinate Use Cases:

O [Thermo: Request Physical Properties]

a [Numerical: ?SolveEquations?]
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[Get Input Materia Streams from Input Ports]

Get Input Energy Streams from Input Ports

[Get Values of Public Unit Parameters Through Input Ports]

[Set Public Unit Parameters On QOutput |nformation Ports]

[Set Output Material Streams Through Ports]

[Set Output Energy Streams Through Ports ]
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Resume Unit Calculations (ref. UC-31-029)

Actors; <Flowsheet User>

Priority: <Low>

Status: <Not fulfilled. In the future, this will be fulfilled by using the services of the
SmulationContext>

Classfication: <Unit Use Case>, <Specific Unit Use Case>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <The Flowsheet Unit was interrupted>

Flow of events:

Basic Path:

The Flowsheet Builder requests that an interrupted Flowsheet Unit should resume calculation.
It will continue from the set of variable values it has when the resume is initiated. This will
probably be used following a [Edit Unit] Use Case from "Creating a Flowsheet"
Post-conditions:

O <The Flowsheet Unit finished its calculations successfully or not>

Exceptions.

o <Cannot resume calculations>
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Interrupt Unit Calculations (ref. UC-31-030)

Actors; <Flowsheet User>

Priority: <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status. <Not fulfilled. In the future this will be fulfilled by usng the services of the
SimulationContext>

Pre-conditions:

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <The Flowsheet Unit has been requested to calculate>

Flow of events:

Basic Path:

Comes from a generd interrupt capability. A complementary capability is [Resume Unit
Cdculations]. Flowsheet Users need to stop a running flowsheet evaluation. They need this

interrupt to preserve al vaues, so that it can restart with the same vaues of al the calculation
variables. The Flowsheet Unit ends up in an interrupted state.

Post-conditions:
O <The Flowsheet Unit has stopped its calculations>

Exceptions:

a <Cannot interrupt the Flowsheet Unit>
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Compute Unit Derivatives (ref. UC-31-031)

Actors; <Optimiser sub-system>

Priority: <Medium> Classfication: <Unit Use Case>, <Specific Unit Use Case>

Status: <Not fulfilled>
Pre-conditions.

0 <[Add Unit to Flowshest] has been used and successfully passed>

Q <The state of the Flowsheet Unit is Dirty = FALSE and Vaid = TRUE>

Q <Vaues are returned by part of the interface, which is provided for derivatives. Thisis a
separate interface to that which returns the output values>

O <We make no prior judgement about when the derivatives are computed>

O <For Howsheet Units that aways compute derivatives, the values will only be supplied to
the Optimiser sub-system, if it requests them>

Flow of events.

Basic Path:

The Optimiser sub system requests that the Flowsheet Unit produce derivatives for selected
variables with respect to some other selected variable (note that variables may be information
or physical values). The Flowsheet Unit supplies the derivatives.

Post-conditions.

0 <Derivatives are provided by the Flowsheet Unit>

Exceptions.

O <The Flowsheet Unit cannot compute derivatives>
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Perturb Unit (ref. UC-31-032)

Actors; <Optimiser sub-system>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>

Status: <This Use Case is fulfilled by the following methods. Caculate>
Pre-conditions;

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <The state of the Flowsheet Unit is Dirty = FALSE and Vaid = TRUE>
Flow of events.

Basic Path:

Simply uses [Evaluate Unit] with some perturbed input values
Post-conditions:

O <The FHowsheet Unit finished its caculations successfully or not>
Exceptions:.

a <Evauatefails>

Subordinate Use Cases;

a [Evauate Unit]
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View Interrupted Unit (ref. UC-31-033)

Actors; <Flowsheet User>

Priority: <Medium> because it uses [Edit Unit]

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <This Use Caseis fulfilled by the following methods. Edit>
Pre-conditions;

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <Howsheet Unit has been interrupted>
Flow of events:
Basic Path:

This may be used in combination with [Interrupt Unit Calculations ]. A Flowsheet User may
want to examine a Flowsheet Unit calculation for various reasons. One reason is to examine
the numerica state of its current solution. A Flowsheet User may then choose to change a
convergence specification. Another reason may be to change the Public Unit Parameters, e.g.

aproduct purity specification using [Edit Unit].

Post-conditions:

o <Edition finished>

Exceptions:

o <Edition faled>
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Unit Operation Times Out (ref. UC-31-034)

Actors; <Howsheet Solver>

Priority: <Low>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <Not fulfilled>
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

0 <Flowsheet Unit is caculating>
Flow of events:
Basic Path:

The flowsheet equation solver stops the Flowsheet Unit calculations, when the maximum time
limit is exceeded, or when the maximum number of iterations is exceeded. This uses [Interrupt
Unit Calculationg].

Post-conditions.

O <Howsheet Unit isin holding mode and it has stopped its cal culations>
Exceptions.

0 <Fowsheet Unit can not stop its calculations>

Subordinate Use Cases:

o [Interrupt Unit Caculations|
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Get Input Material Streams from Input Ports (ref. UC-31-035)

Actors; <Howsheet Unit>

Priority: <High>

Classfication: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>,
<Mixer/Splitter Use Case>

Status; <See UC-31-043>
Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

a <Port isconnected to a valid material object>
Flow of events:
Basic Path:

Asin [Get Stream Data from Input Ports] except: The streams requested are material streams
and the Ports are material ports.

Post-conditions.

O <Howsheet Unit has retrieved data successfully>
Exceptions.

Q <Stream data unavailable>

Subordinate Use Cases:

Extends:

0 [Get Stream Data from Input Ports]
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Get Input Energy Streams from Input Ports (ref. UC-31-036)

Actors; <Howsheet Unit>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>

Status: <See UC-31-043 >
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Port is connected to a valid energy object>
Flow of events.

Basic Path:

Asin [Get Stream Data from Input Ports] except: The streams requested are energy streams,

and the Ports are energy ports.

Post-conditions:

O <Howsheet Unit has retrieved data successfully>
Exceptions.

O <Stream data may not be available>

Subordinate Use Cases:

Extends:;

O [Get Stream Data from Input Ports]
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Get Values of Public Unit Parameters Through Input Ports (ref. UC-31-037)

Actors; <Howsheet Unit>

Priority: <Low> if this can be achieved by other means (e.g. [UC-31-41])

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <See UC-31-043>
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Port is connected to a valid information object>

Flow of events.

Basic Path:

As in [Get Stream Deta from Input Ports] except: The streams requested are information
streams, and the Ports are information ports, and the stream data consists of Public Unit

Parameters. Note: The Public Unit Parameters obtained may include some which belong to the
Flowsheet Unit itself as well as some which may belong to another Flowsheet Unit.

Post-conditions:

O <Unit has retrieved data successfully>
Exceptions.

O <Vaues) cannot be found>

Subordinate Use Cases:

Extends:

0 [Get Stream Datafrom Input Ports]
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Set Output Material Streams Through Ports (ref. UC-31-038)

Actors; <Howsheet Unit>

Priority: <High>

Classfication: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>,
<Mixer/Splitter Use Case>,

Status; <See UC-31-044>
Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

a <Port isconnected to a valid material object>
Flow of events:
Basic Path:

As in [Set Stream Data through Output Ports] except: The streams requested are material
streams, and the Ports are material ports.

Post-conditions:
O <Vaues have been set correctly>

Exceptions:

Subordinate Use Cases:

Extends:;

O [Set Stream Data through Output Ports]
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Set Output Energy Streams Through Ports (ref. UC-31-039)

Actors; <Howsheet Unit>

Priority: <Medium>

Classification: <Unit Use Case>, <Specific Unit Use Case>, <Boundary Use Case>,

Status: <See UC-31-044>
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Port is connected to a valid energy object>
Flow of events.

Basic Path:

As in [Set Stream Data through Output Ports] except: The streams requested are energy

streams, and the Ports are energy ports.
Post-conditions.
O <Vaues have been set>

Exceptions:

Subordinate Use Cases;

Extends:

O [Set Stream Data through Output Ports]
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Set Public Unit Parameters On Output Information Ports (ref. UC-31-040)

Actors; <Howsheet Unit>

Priority: <Low> if this can be achieved by other means (e.g. [UC-31-42])

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <See UC-31-044>
Pre-conditions.

O <[Add Unit to Flowsheet] has been used and successfully passed>

O <Port is connected to a valid information object>

Flow of events.

Basic Path:

Asin [Set Stream Data through Output Ports] except: The streams requested are information
streams, and the Ports are information ports, and the stream data consists of newly calculated
values of one or more Public Unit Parameters. Note: The Public Unit Parameters obtained

may include some which belong to the Flowsheet Unit itself as well as some which may belong
to another Flowsheet Unit.

Post-conditions:
a <Vaues have been set correctly>

Exceptions:

Subordinate Use Cases:

Extends:

O [Set Stream Data through Output Ports]
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Get Value of Public Unit Parameter (ref. UC-31-041)

Actors; <Simulator Executive>

Priority: <High>

Status. <This requirement is fulfilled by the following methods. GetParameters, Count, Item,
Mode, UpperBound, LowerBound, Vaue>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <The Smulator Executive knows the identification used by the Flowsheet Unit for the
required variable>

Flow of events:
Basic Path:

The Simulator Executive asks a Flowsheet Unit for the value of one of its Public Unit
Parameters by specifying some form of identification for the Public Unit Parameter, which it
expects the Flowsheet Unit to recognise. If the Flowsheet Unit recognises the identification, it
passes back the value of the requested variable. (Note: The value could be of an unset variable
eg. "EMPTY") If it does not recognise the identification it informs the Simulator Executive that
the identification was not recognised. Note: The value could be of an unset variable eg.
"EMPTY".

Post-conditions:
o <Vadue has been obtained>

Exceptions:

O <ldentification not recognised by Flowsheet Unit>

O <Faled retrieving vaue>
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Set Value of Public Unit Parameter (ref. UC-31-042)

Actors; <Simulator Executive>

Priority: <High>

Status. <This requirement is fulfilled by the following methods. GetParameters, Count, Item,
Mode, UpperBound, LowerBound, Vaue>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

O <The Smulator Executive knows the identification used by the Flowsheet Unit for the
required variable>

Flow of events:
Basic Path:

The Simulator Executive passes a variable value and identification to the Flowsheet Unit, and
asks the Flowsheet Unit to update the value of its corresponding Public Unit Parameter with
the value passed. If the Flowsheet Unit recognises the identification, it attempts to update the
recognised variable with the value passed. If it cannot update the variable (e.g. because the
vaue passed is of the wrong type) it informs the Simulator Executive of this. If it does not
recognise the identification, it informs the Simulator Executive that the identification was not
recognised. Note: This Use Case does not make use of information ports, and it therefore
provides an alternative means of accessing a Flowsheet Unit's Public Unit Parameters.

Post-conditions:

a <Vaue has been set correctly>

Exceptions:

a <ldentification not recognised or is incomplete/bad>

O <Cannot update (vaue of wrong type, vaue out of range, or variable isread only....)>
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Get Stream Data from Input Ports (ref. UC-31-043)

Actors; <Howsheet Unit>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <This method is fulfilled by the various methods in the objects connected to ports (i.e.
Material, Energy and Information>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

a <Port is connected to a valid object>
Flow of events:
Basic Path:

The Flowsheet Unit asks each of itsinput ports to get the current stream data (energy, materia
or information) from the Simulator Executive.

Each input port then gets the current values d the connected stream data from the Simulator
Executive in CAPE-OPEN format. If required, the port converts the stream data into the
Flowsheet Unit's native format and passes it back to the Flowsheet Unit.

Post-conditions;
o <Dataretrieved>

Exceptions:

0 <Failed retrieving data (e.g. data not calculated or initialised)>
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Set Stream Data through Output Ports (ref. UC-31-044)

Actors; <Howsheet Unit>

Priority: <High>

Classification: <Unit Use Case>, <Specific Unit Use Case>

Status: <This method is fulfilled by the various methods in the objects connected to ports (i.e.
Material, Energy and Information>

Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

a <Port is connected to a valid object>
Flow of events:
Basic Path:

The Flowsheet Unit passes its output stream data (information, material or energy) to its output
ports (in its own native format) and asks its output ports to update the Simulator Executive's
data. The output ports then (if required) perform any necessary conversion of the stream data
into CAPE-OPEN format, and pass the output stream data to the Simulator Executive.

Post-conditions:
o <Dataset>

Exceptions:

0 <Faled setting data>
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Figure 2.13 Looking at Results

Produce Unit Report (ref. UC-31-045)

Actors; <Reporting sub system>

Priority: <Low> <Medium> provided that the Flowsheet Unit can publish as many variables as
it wants, so that Simulator Executive' s reporting capabilities can be used

Classfication: <Unit Use Case>, <Specific Unit Use Case>, <Mixer/Splitter Use Case>

Status. <This method is fulfilled by the following methods: ProduceReport>
Pre-conditions.

0 <[Add Unit to Flowsheet] has been used and successfully passed>

Q <Type of report to be produced has been defined>
Flow of events:
Basic Path:

Produce a report on this Flowsheet Unit. The Reporting sub system requests the Flowsheet
Unit to produce a report. The Flowsheet Unit produces the report including the information
requested by the [Define Unit Report | Use Case. It may also report on the status of the
caculation.

Post-conditions:
O <Report has been produced>

Exceptions:
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O <The Flowsheet Unit does not produce the report>
O <The Flowsheet Unit cannot produce the report currently>

Q <Thereport is not defined>
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2.3 Sequence diagrams

These Analysis Sequence Diagrams are included to illustrate how the definitions of some of the
critical methods were achieved and to divide the textua description of the more complex Use
Cases into smaller actions that occur in a specific order. To keep them as smple as possible,
only exceptions that result in non-trivial behaviour are shown and no returning responses from
messages sent from one object to another are included.

2.3.1 Add Unit to Flowsheet (ref. SQ-31-001)

Flowsheet Builder Flowsheet Manager

o Create Unit
o (SQ-31-002)

. Get Physical
Add Unit to Flowsheet > »| Properties Package
Get Numerical
> Package
Edit Unit

™ (sQ-31-003)

Figure 2.14 SQ — Add Unit to Flowsheet
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2.3.2 Create Unit (ref. SQ-31-002)

Flowsheet Builder Unit Manager

Get list of Unit Types

Select a Unit Type

Create Instance

| 4

Figure 2.15 SQ — Add Unit to Flowsheet
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2.3.3 Edit Unit (ref. SQ-31-003)

Flowsheet Builder

Set Unit Specific Data
(SQ-031-07)

Specify Material
Connections
(SQ-031-08)

Define Unit Report

A

Specify Information
Connections

(SQ-031-09)

Specify Energy
Connections

Check Unit

Figure 2.16 SQ — Edit Unit
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2.3.4 Evaluate Unit (ref. SQ-31-004)

Flowsheet Solver

Flowsheet
Unit

—
Calculate

-l
-

Numerical Server

Thermo Server

Get Input Material Streams
from Input Ports

Calculation
Status

Get Values of Public Unit
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Retrieve Unit Specific
Data

Requests Thermo Services

4

\4

Requests Numerical Services

Perform Unit Calculations

Set Output Material
Streams through Ports

Set Output Energy
Streams through Ports

Figure 2.17 SQ — Evaluate Unit
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2.3.5 Retrieve Flowsheet (ref. SQ-31-005)

Flowsheet
Builder

—_— >

Retrieve
previously
stored
flowsheet

Flowsheet
Manager

Retrieve Native
Units

Recover Unit
Data
location

Recover
Type of
Unit

Unit Flowsheet
Manager Unit

Create a Unit

Assign Stream
Connection to Unit

Creates Unit

.
P

Restores Unit
Specific Data

Figure 2.18 SQ — Retrieve Flowsheet

Restore Unit
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2.3.6 Save Flowsheet (ref. SQ-31-006)

Flowsheet Flowsheet Flowsheet Flowsheet
Builder Manager User Unit
-
Retrieve Save Native
previously Information
stored
flowsheet

Request location to
save external data

Save Unit Specific Data using given location

h J

Save Unit

Store location of Unit Data in
L native file

Figure 2.19 SQ — Save Flowsheet



2.3.7 Set Unit Specific Data (ref. SQ-31-007)

Flowsheet

User Manager Flowsheet
9 Unit
-
Start Unit's Start User Interface
User Interface
(i.e. GUI)

Flowsheet

User supplies Un

it Specific Data as required

Terminate GUI

\

Starts User
Interface

Figure 2.20 SQ — Set Unit Specific Data; A: Graphic User
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Start Unit’s User Start User

Interface (i.e. GUI) Interface
No GUI
available

) ) N Displays

User supplies Unit Specific own GUI

Data
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Figure 2.21 Set Unit Specific Data; B: Graphic User Interface

not available
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2.3.8 Specify Unit’s Material Connections (ref. SQ-31-008)

Flowsheet Flowsheet Flowsheet
Builder Manager Unit
] > Get list of Output Material Ports_
Get list of Output Material Ports -
list
list -
Select Port

Create new Stream
and connect to Port

\ 4

Get list of Input Material Ports

A4

Get list of Input Ports

Get list of available Material Stream¢

-
|

Select Port
and Stream

Connect Stream to Port

|

Figure 2.22 SQ — Specify Units Material Connections
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2.3.9 Specify Unit’s Information Connections (ref. SQ-31-009)

Flowsheet Flowsheet Flowsheet
Builder Manager Unit

A

-l
-

hation Ports

=

Get list of Output Info

Select Port
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|

Connect Stream to Port
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\ 4
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Figure 2.23 Set Unit Information Connections
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3.1 Overview

This chapter introduces the analysis models developed by the project team for the Unit
Operations Group 1 sub-task. These models are described by a combination of text and UML
diagrams, to show the solutions derived for the requirements expressed in the Use Cases. The
UML diagrams presented are the interface, state and component diagrams, as well as some
explanatory sequence diagrams.
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3.2 Interface diagrams

This section presents the interface diagrams for UNIT Group 1.

3.2.1 UNIT Group 1 Interface Diagram (ref. IN-31-001)

L

<<interface>>
ICapeldentification

name

description

<<Interface>>
ICapeUnit

ports  parameters
diy  valid
simulationContext

Initialize Terminate
Calculate

Save Restore
Validate

<<Interface>>
ICapeUnitReport

SelectedReport

GetReports
ProduceReprot

Implements

Figure 3.1 UNIT Group 1 Interface Diagram

1=
PortCollection Port
1
t———
<<interface>>
ICapeUnitCollection <<Interface>>
ICapeUnitPort
portType direction
Count
trem GetConnectedObject
? Connect Disconnect
1 |
H
1 1>
UnitOperation PublicU ollection PublicUr S
<<Interface>>
ICapeUnitEdit
<<interface>>
ICapeParameter
Edit
1
<<interface>> 1
ICapeParameterSpec
T = <t .
PublicUnitintegerSpec PublicUnitRealSpec
<<interface>> <<interface>>
ICapelntegerParameterSpec ICapeRealParameterSpec
——————— K e
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3.3 Sequence diagrams

As before, only exceptions that result in non-trivid behaviour are shown and no returning

responses from messages sent from one object to another are included.

3.3.1 Connecting a Port (ref. SQ-31-010)

GetPorts

Unit Operation

ICapeUnitPorts
-

Count()

Polrts

n

A
<

Item()

ICapeUnitPort

Flowsheet

User Set Connected

Object

Port

4

Cape Error

<%

Figure 3.2 SQ — Connecting a Port
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3.3.2 Edit/Viewing Unit’s Specific Data (ref. SQ-31-011)

Unit Operation

Flowsheet
User

Figure 3.3 SQ — Edit/Viewing Unit
Specific Data; (a) UO providesitsown
GUI for its Parameters

Unit Operation

Edit

»
>

Fail

A

GetParameters

A4

Public Unit Parameters
Cape Unit PPs

A

Count
Flowsheet

User

A

Figure 3.4 SQ — Edit/Viewing Unit Specific Data; (b) Unit does not
providea GUI and hasno Parameters
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Flowsheet User

if Validation
failed then
{

} else

Item

Params

al

Get "attributes” (e.g. mode, type, source)

Public Unit Parameter

Public Unit Parameter

Set Values
»
Validate
Cape Error
<
Unit Operation
Validate . Validate
Cape Error
<
Validating

Cape Error

Figure 3.5 SQ — Edit/Viewing Unit Specific Data; (c) Unit does not provide a GUI, but
does possess Public Unit Parameters. Host creates own GUI to allow user to enter
values. Host sets Public Unit Parameters when GUI is closed
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3.3.3 Calculate (ref. SQ-31-012)
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Figure 3.6 SQ — Calculating
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3.4 State diagrams

This section shows the 4 main components used in UNIT: Port, Unit Operation, Parameter and
Callection as shown in the interface diagram in section 3.2.1(ref. IN-31-001).

States indicated by a double rounded sguare represent: @) intermediate states of specid
importance that occur during the transition between two main states (the client does not
necessarily need to be aware of the existence of the intermediate state), or b) states that are
the result of an action performed upon a non-CO interface (e.g. performed on a private
interface between Ports and/or Collections and/or Unit Operations).

Notice that, for instance, a user request for accessing the object (i.e. a Materia Object)
connected to a specific Port result in the state of the Port changing from “Connected” to
“Délivering”. This change of dtate is a direct consequence of a client action performed upon
one of the methods of the interface |CapeUnitPort (i.e. the method GetConnectedObject) and
it isatrangition between two main states that are visible to the client.

Conversdly, if a client requests that a Port be connected to an object, the state of the port will
change from “Disconnected” to “Connected”, as expected. However, this will occur only if the
object sent to the Port is of the appropriate type (e.g. a Material Port is expects to be
connected to Materia Objects and nothing else). This very likely implies the existence of a
state, here named as “Checking”, in which the Port object will ensure that the connection can
be performed. “Checking” is an intermediate state. In addition, a Port may need to notify its
parent collection of the connection request. Thisis reflected in the intermediate state “ Notifying
Connection”

Findly, the transition of a Port from its creation to its “ Disconnected’ state takes place through
the states “Non-Initialised” and “Initialised”. This transition is provoked internaly by the owner
Unit Operation and/or the parent collection, and therefore is not the result of an externa client
action.
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3.4.1 Port State Diagram (ref. ST-31-001 20)
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Figure 3.7 Port State Diagram
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3.4.2 Collection of ports and parameters State Diagrams (ref. ST-31-001)

Create Collection

Non Initialized

/Set Collection Attributes

Initializing
Do/Add Item
(port or variable)

[Initialization failed] [Initialization not completed]

[Initialization completed]

-~

[Maximum number
not reached]
/Add ltem

Running [Item delivered]

Do/Wait

Delivering Item
Dol/Initiate Deliver

Adding
Do/Create Item
(port or variable)
Do/Add Item
Do/Set Item
Attributes

[Item removed]

Number of Items
requested

Removal requested .
Removing

Dol/lInitiate
Removal

[Number of Items

Counting requested delivered]

Do/Initiate Count

Terminate requested

\ 4 [Recoverable Error]

[Unrecoverable Error]

Handling Error Terminating

Figure 3.8 Collection of Parameters State Diagram
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Figure 3.9 Collection of Ports State Diagram
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3.4.3 Unit Operation State Diagram (ref. ST-31-001 20)

The following diagram shows activities and states in both the Smulator Executive and the
Flowsheet Unit, which are running concurrently. This helps to clarify the context within which
the Flowsheet Unit is operating. Only the relevant states in the smulator are shown.
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Figure 3.10 Unit Operation State Diagram
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3.5 Component diagram

While the set of interfaces that are described below represents the functionality that all
potentia clients of CAPE OPEN interfaces for Unit Operations will be able to use, component
diagrams identify how that functionaity can be practically obtained. This is achieved by
assigning responsibilities to real entities, rather than abstract ones (interfaces).

Thus, while the different interfaces and the factoring that was used, represent a way of
logicaly dividing the required functionality in different abstract entities, the component diagram
(and object model) below represent what is seen as a natural way of locating interfaces in
living entities.

It is reasonable that different groups of people may decide to utilise and apply the CAPE-
OPEN interfaces for Unit Operations, in a way that is finally reflected in dightly different
object models. The above can be seen as a valid statement, as long as the client remains
unaware of this and the functiondity of interfacesis entirely provided.

In fact, the interfaces were designed to follow a tree structure that alows navigation from the
top-mogt interface (ICapeUnit) to the bottom-most interface (ICapeParameterSpec). Every
interface is provided with a method that alows the client to access an interface just a the
lower following level. Thus, GetPorts and GetParameters return an IDispatch pointer that can
be used to quey the corresponding ICapeUnitCollection interface  (i.e.
QI(ICapeUnitCallection) will succeed), or dternativdly to query the corresponding
|Capeldentification interface that provides information about the identity of the entity that
represents the collection (i.e. its name and its description).

Note - for abbreviation we use the colloguia notation QI to mean Queryinterface, which is
one of the member functions of IUnknown, and therefore of every COM object.

Similarly, the Item method in 1CapeUnitCollection can be used to obtain an IDispatch pointer
from which QI(ICapeUnitPort), if the collection is a collection of ports, or
QI (ICapeParameter), if the collection is a collection of parameters, will succeed. As in the
former case, dternatively the client may want to query |Capeldentification, rather than
| CapeUnitPort, by using the IDispatch pointer obtained through the Item method. This will give
information about the identity of a specific port, or a specific parameter, and therefore
QI (ICapel dentification) has aso to succeed here.

What follows, as a corollary, is that every registered CAPE-OPEN standard component, used
to deliver the CAPE-OPEN interfaces has to support the |Capel dentification interface. Thisis
anecessary condition but not a sufficient one, since other non-standardised components used to
deliver the CAPE-OPEN interfaces may aso implement this interface. This is the case for a
component such as Ports. A CAPE-OPEN component has other characteristics, such as that
they are registered using CAPE-OPEN mechanisms (e.g. specific registry sub-keys or
registered as belonging to certain CAPE-OPEN categories) that make them CAPE-OPEN
plug-and-play components.

The above argument shows that there is a behaviour associated with the method QI, which is
expected and which must be provided if the component is to be considered a well behaved
CAPE-OPEN component. It is not enough to implement QI (which, by the way, is compulsory
in the world of COM): QI must be implemented to provide a particular behaviour. For instance,
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QI(ICapeldentification) is required to return a vaid pointer, if the component is a CAPE-
OPEN one.

This tree structure for navigating from one interface to the others is part of the CAPE OPEN
standard (and it is reflected in the sequence diagrams above), and therefore should be
respected by the underlying object models and implementations. The component model
depicted below is merely an example that takes into account this calling pattern and does not
imply that the standard requires these additional components (other than UnitOperation) to be
present.

The diagram below shows an overview of the various components, in the CAPE-OPEN
Interface System, that were designed to implement the mixer-splitter prototype. It also shows
the associations between the components, e.g. the UnitOperation component makes use of the
PortCollection component, which makes use of the Port component.

The components defined by this specification are:

O UnitOperation: the unit operation itsalf.

a Port: the means by which a Flowsheet Unit is connected to its streams. Streams are
implemented by means of materia objects.

o PortCollection: the means by which the Flowsheet Unit groups together its ports.

O Parameter: a Public Unit Parameter is the means by which a component can make its
interna variables visible to another component.

o Parameter Collection: the collection of Public Unit Parameters that a Flowsheet Unit
wishes to expose to the outside world.

The components defined by THRM are:

O Property Package System: the thermodynamic package, which may be built into the
simulator, or be a CAPE-OPEN plug-in component itself.

O Equilibrium Server: the component that performs flash calculations.
o Calculation Routine: the means to implement custom thermodynamic cal culations

O Material Object: represents a flowsheet stream and provides access to all
thermodynamic calculations. It is provided by the Smulator Executive.

O Material Template Object: provides the base functionadity of a materia object.
Templates contain the component list, property package etc., for the class of streams they
represent.

The finad component, which is shown on the diagram, is not actually required for the mixer-
splitter implementation, but is included for completeness:

o Simulation Executive Environment: the host smulator.
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The design of the unit interface uses a number of separate components, rather than a single
unit component because:

O It wasfelt to be conceptualy clearer to have one component for one concept.

0 Having a separate parameters component would make it easier to reuse it in other parts of
the system, if required.

However, this area may be subject to revision, as the prototypes are evaluated.

Note that the port and parameters collections are represented as two separate components,
whereas, in fact, they both use a generic collection component. Also, the diagram is presented
in terms of COM. In particular, components are shown using the IDispatch interface of the
components with which they interact. IDispatch along with IUnknown provides access to al
the interfaces on a component, so the diagram can be shown in aless cluttered form.

IUnknown

IDispatch

Equilibrium

ICapeThermoEquilibrigffiServer O
Server

ICapeldentification

IUnknown IUnknown

IUnknown

IDispatch Ch— IDispatoh O— / 1Dispatsh —
Property
Simulation Calculation
ICapeThermoPropertyPackage  (C—— D—
ICapeThermoMaterialObject Executive/ P perty 9 Package ICapeThermoCalculationRoutine Routine

N System
Envlronmenll ) / o
- ICapeldentification ICapeldentification

IUnknown IUnknown

ICapeldentification

O— / IDispatch O—
ICapeUnitPort
ICapeUnitCollectionC——] PortCollection Port

IUnknown

ICapeldentification

|—0 ICapeldentification

IDispatch Q| //
ICapeUnitEdit

ICapeUnit J——] UnitOperation| _O IUnknown IUnknown
ICapeUnitReport (— ? ?
IDispatch IDispatcl

O ICapeldentification [—L ICapeldentification

Public Unit -
ICapeUnitCollection Q—— Parameter ICap <
Collection

Figure 3.11 Unit Operations Components Diagram, showing the interaction with
other CO Components

The components below the dotted line are described in this specification. Those above (except
for the smulator) are described in the THRM specification.
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3.6 Interface descriptions

3.6.1 Inter face | CapeUnit

3.6.2 Interface | CapeUnitEdit

3.6.3 I nterface | CapeUnitPort

3.6.4 I nterface | CapeUnitCollection
3.6.5 Interface | CapeUnitReportnt
3.6.6 Interface | Capel dentification
3.6.7 Interface | CapeUnitPortVariables

Each interface is presented together with its corresponding methods.

The UNIT Groupl interfaces are:

Q

Qa

| CapeUnit. Thisinterface handles most of the interaction with the Flowsheet Unit.

| CapeUnitEdit. This interface alows the COSE to display any graphical user interfaces
the Flowsheet Unit may have.

| CapeUnitPort. This interface provides access to a Flowsheet Units port. These in turn
provide access to materias, energy and information streams provided by the host simulator.

| CapeUnitCollection. This interface provides a means of collecting together lists of
CAPE-OPEN entities such as parameters and ports.

|CapeUnitReport. This interface provides access to the reporting facilities of the
Flowsheet Unit. This interface may be subject to change later on in the project as reporting
becomes more fully defined and able to handle richer forms of reporting such as graphics.

| Capel dentification. This interface provides a means of aobtaining the name and
description of a CAPE-OPEN component.

Summary of changes at the 0-9-3 revision of the specification.

The GetDirty and GetVaid methods have been merged into a single method GetV a Status.
This method returns a value of type CapeValidationStatus, which is an enumeration of
three values — CAPE_VALID, CAPE_INVALID and CAPE_NOT_VALIDATED. See
the description of the GetVaStatus method for an explanation of the meaning of these
values. This change makes the vaidation for units and parameters consistent.
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A number of methods, Caculate, Restore, Save, Initidize and Terminate, al returned a
string value and a boolean value (as well as an HRESULT in the COM implementation).
The string vaue was intended to return a message in the event of a failure. These
arguments have been removed with the introduction of a standard error handling strategy
which is documented in the “Error Common Interfaces’ specification document produced
by the Methods and Tools Group.

Unit operations are expected to implement the “Error Common Interfaces’ specification,
s0 the description of each method of each interface now gives a list of the errors that the
method may raise.

Unit operations are expected to return parameter collections containing parameter objects
that implement the 0-9-3 Parameter specification. These parameter interfaces are
documented in the “Parameter Common Interfaces’ specification document produced by
the Methods and Tools Group.
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3.6.1 Interface ICapeUnit Methods

o GetParameters

I nterface Name | CapeUnit

Method Name GetParameters

Returns CapeError
Description

Return the collection of Public Unit Parameters (i.e. 1CapeUnitCollection).

These are ddlivered as a collection of elements exposing the interface | CapeParameter. From
there, the client could extract the |CapeParameterSpec interface or any of the typed
interfaces such as | CapeReal ParameterSpec, once the client establishes that the Parameter

is of type double.

Arguments
Name Type Description
[out, return] Capelnterface The interface of the collection

containing the lig of Public Unit

publicParams Parameters.

Errors:

ECapelUnknown,

ECapeFailedinitialisation,
ECapeBadinvOrder,

ECapeBadCOParameter
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GetValStatus

I nterface Name | CapeUnit

Method Name GetValStatus

Returns CapeVdidationStatus
Description

Get the flag that indicates whether the Flowsheet Unit is valid (e.g. some parameter values
have changed but they have not been vaidated by using Vaidate). It has three possible

values:

notValidated(CAPE_NOT_VALIDATED): the unit's vaidate() method has not been
caled since the last operation that could have changed the validation status of the unit, for
example an update to a parameter value of a connection to a port.

invaid(CAPE_INVALID): the last time the unit’s vaidate() method was called it returned

false.

vaid(CAPE_VALID): the last time the unit’ s validate() method was called it returned true.

Arguments
Name Type Description
[out, return] CapeVdidationStatus CAPE VALID meaning the Validate
method returned success
Va Status
CAPE_INVALID meaing the Vaidate
method returned failure
CAPE_NOT VALIDATED meaning
that the Vadidate method needs to be
cdled to determine whether the unit is
vdid or not.
Errors:
ECapeUnknown,

ECapelnvaidArgument
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a Initialize

I nterface Name | CapeUnit

Method Name Initidize

Returns CapeError
Description

The Flowsheet Unit initialises itself. Any initidisation that could fail must be placed here.
Initidize is guaranteed to be the first method called by the client. Initialize has to be called
once when the Flowsheet Unit is instantiated in a particular flowshest.

Note that the Initialize method is intended to implement software initiaization not to perform
an initid solution of the Flowsheet Uhit. It is expected that the method would be used to
create and configure ports and parameters and to define default values for variables and
parameters.

There are no input or output arguments for this method.

Errors:

ECapelUnknown,

ECapelLicenceError,

ECapeFailedinitialisation,

ECapeOutOf Resources
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o Calculate

I nterface Name | capeUnit

M ethod Name Cdculate

Returns CapeError
Description

The Flowsheet Unit performs its caculation, that is, computes the variables that are missing at
this stage in the complete description of the input and output streams and computes any public
parameter value that needs to be displayed. Caculate will be able to do progress monitoring
and checks for interrupts as required using the simulation context. At present, there are no

standards agreed for this.

It is recommended that Flowsheet Units perform a suitable flash calculation on al output
streams. In some cases a Simulation Executive will be able to perform a flash calculation but

the writer of a Flowsheet Unit isin the best position to decide the correct flash to use.

Before performing the calculation, this method should perform any final validation tests that
are required. For example, at this point the vaidity of Material Objects connected to ports can

be checked

There are no input or output arguments for this method.

Errors:

ECapeUnknown,
ECapeBadinvOrder,
ECapeOutOf Resources,
ECapeTimeOut,

ECapeSolvingError,
ECapeLicenceError
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o GetPorts

I nterface Name | capeUnit

Method Name GetPorts

Returns CapeError
Description

Return an interface to a collection containing the list of unit ports (e.g. |CapeUnitCollection).

Return the collection of unit ports (i.e. 1CapeUnitCollection). These are delivered as a
collection of elements exposing the interfaces | CapeUnitPort

Arguments
Name Type Description
[out, return] Capelnterface A reference to the interface on the collection

portsinterface

Errors:
ECapeUnknown,
ECapeFailedinitialisation,

ECapeBadinvOrder

containing the specified ports
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o Terminate

I nterface Name | CapeUnit

Method Name Terminate

Returns CapeError
Description

The Flowsheet Unit releases al of its alocated resources. This is caled before the object

destructor. Terminate may check if the data has been saved and return an error if not.

There are no input or output arguments for this method.

Errors.
ECapeUnknown,

ECapeBadinvOrder
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o Restore

I nterface Name | CapeUnit

Method Name Restore

Returns CapeError
Description

The Flowsheet Unit is restored from a previoudy saved state. The [in] argument identifies the
location from which the Flowsheet Unit should read its data. Here, data refers to whatever
data the writer of the Flowsheet Unit chooses to save. This location may bear no relation to
any location to which data has previoudy been saved. It can be a CapeString type, identifying
a full path of an ASCII file, or it can be a type CapeVariant, hosting a reference to any
standard COM interface for persistence such as | Storage or |1Stream.

It is strongly recommended that the 1Storage, or 1Stream variations are not used in a COM
environment because a Flowsheet Unit written in Visual Basic (versions 6 and lower) is not
able to make use of an IStorage or 1Stream pointer. In a COM environment the preferred
solution is for the Flowsheet Unit and the COSE to support the standard COM persistence
interfaces and protocols. See section 5.2.8 for a discussion of this recommendation.

Arguments
Name Type Description
[in] CapeVariant A reference to the place where the Flowsheet
Unit data has been stored.
storage
Errors:
ECapeUnknown,

ECapelnvaidArgument,
ECapePersi stenceNotFound,
ECapelllegal Access,

ECapeNolmpl
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o Save

I nterface Name | CapeUnit

Method Name Save

Returns CapeError
Description

The Flowsheet Unit saves its private data in the location indicated by the smulator (i.e.
storage), that can be a given position in a structured document or a file name (CapeString
type). The Flowsheet Unit is free to use the storage mechanism that the smulator provides, or
to use its own internal mechanisms. A valid scenario would be that the Flowsheet Unit checks
the type of the storage parameter passed in, accepting it if it is of type CapeString (e.g. an
ASCII file name) or rgecting it if it is of another type that the Flowsheet Unit does not handle.
In the latter case, the Flowsheet Unit may decide to create its own text file, save its data
there, and send back the full path of the file to the smulator (notice the [in, out] argument)
which stores that string along with its own simulation data.

It is recommended that in a COM implementation a component should support one of the
standard COM persistence methods in addition to this method. See section 5.2.8 for a
discussion of this recommendeation.

A Flowsheet Unit must save its state completely so that the Restore can recreate that state.
Flowsheet Unit authors should not rely on Vaidate being caled after Restore. The same
requirement applies when COM persistence methods are implemented.

Arguments
Name Type Description
[in, out] storage CapeVariant Reference to the storage where the Flowsheet
Unit's datais saved e.g. File name or stream.
Errors:
ECapeUnknown,

ECapel nvdidArgument,
ECapePersistenceNotFound,
ECapelllegal Access,

EcapeNolmpl
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o Validate

I nterface Name | CapeUnit

Method Name Vadidate

Returns CapeError
Description

Sets the flag that indicates whether the Flowsheet Unit is vdid by validating the ports and
parameters of the Flowsheet Unit. For example, this method could check that all mandatory
ports have connections and that the values of al parameters are within bounds.

Note that the Simulation Executive can call the Validate routine a any time, in particular it
may be caled before the executive is ready to cal the Calculate method. This means that
Materia Objects connected to unit ports may not be correctly configured when Validate is
called. The recommended approach is for this method to validate parameters and ports but not
Material Object configuration. A second level of validation to check Material Objects can be
implemented as part of Calculate, when it is reasonable to expect that the Material Objects
connected to ports will be correctly configured.

Arguments

Name Type Description

[out, return] CapeBoolean TRUE if the Unit isvdid
isvdid
[out] CapeString An optiona message describing the cause of the

vaidation failure.
message

Errors.
ECapeUnknown,
ECapeBadCOParameter,

ECapeBadinvOrder
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o SetSimulationContext

I nterface Name | CapeUnit

M ethod Name SetSimulationContext

Returns CapeError
Description

The simulation context is assigned to the Flowsheet Unit. (Thisis to be defined more precisely

later)
Arguments
Name Type Description
[in] Capelnterface the context of the smulator (progress, thermo,
numerics)
smulationContext
Errors:
ECapeUnknown
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3.6.2 Interface ICapeUnitEdit Methods

o Edit
I nterface Name | CapeUnitEdit
Method Name Edit
Returns CapeError
Description

The Flowsheet Unit displays its user interface and allows the Flowsheet User to interact with
it. If no user interface is available it returns an error.

There are no input or output arguments for this method.
Errors:

ECapeUnknown

ECapeNolmpl

ECapeBadinvOrder
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3.6.3 Interface ICapeUnitPort Methods

o GetPortType

I nterface Name | CapeUnitPort

Method Name GetPortType

Returns CapeError
Description

Returns the type of the port. The returned value has to be one of the constants defined as of

the type CapePortType (i.e.. CapeMaterial, CapeEnergy, Capelnformation or CapeAny).
PortType alows the client to know what is the type of Objects the Port is expecting.

Arguments
Name Type Description
[out, return] | CapePortType The type of the port (i.e. CapeMaterid,
portType CapeEnergy, Capelnformation or CapeAny)
Errors:
ECapeUnknown

ECapeFaledinitidisation
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o GetDirection

I nterface Name | CapeUnitPort

Method Name GetDirection

Returns CapeError
Description

Returns the direction of the Port. This attribute of a Port indicates the direction in which
objects or information connected to the port are expected to flow (e.g. Materia, Energy or
Information Objects). The returned value has to be one of the constants defined as of the type

CapePortDirection (e.g. Capelnput, CapeOutput or CapelnputOutput).

Arguments
Name Type Description
[out, return] | CapePortDirectio The direction of the port (eg. Capelnput,
portDirection n CapeOutput or Capel nputOutput).

Errors:

ECapeUnknown

ECapeFailedinitidisation
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o GetConnectedObject

I nterface Name | CapeUnitPort

Method Name GetConnectedObject

Returns CapeError
Description

Returns the object that is connected to the Port. A client is provided with the Materia, Energy
or Information object that was previoudy connected to the Port, using the Connect method.

Arguments
Name Type Description
[out, return] | Capelnterface The object that is connected to the port. It can
connectedObject be one among Materid, Information or Energy
Objects
Errors:
ECapeUnknown

ECapeFalledinitidisation
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o Connect

I nterface Name | capeUnitPort

Method Name Connect

Returns CapeError
Description

Method used by clients, when they request that a Port connect itself with the object that is
passed in as argument of the method. Probably, before accepting the connection, aPort will
check that the Object sent as argument is of the expected type and according to the value of

its attribute portType.

Arguments
Name Type Description
[in] Capelnterface The object that is wanted to be connected to
the port (i.e. Material, Energy or Information
objectToConnect Objects).
Errors:
ECapeUnknown

ECapelnvaidArgument
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o Disconnect

I nterface Name | capeUnitPort

M ethod Name Disconnect

Returns CapeError
Description

Disconnects the port from whichever object is connected to it.

There are no input or output arguments for this method.

Errors:

ECapeUnknown
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3.6.4 Interface ICapeUnitCollection Methods

o lItem
I nterface Name | CapeUnitCollection
Method Name Item
Returns CapeError
Description

Return an element from the Ports collection or the collection of unit parameters. The
requested element can be identified by its actual name (e.g. type CapeString) or by itsindex in

the collection (e.g. type CapelL.ong).

Arguments
Name Type Description
[in] CapeVariant Identifier for the requested item:
id 1) name of item

2) podition in collection

[out, return] item Capelnterface

The requested element.

Errors:
ECapeUnknown
EcapeFailedInitiaisation
Ecapel nvaidArgument

ECapeOutOfBounds
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o Count

I nterface Name | CapeUnitCollection

Method Name Count

Returns CapeError
Description

Return the number of items in the collection.

Arguments

Name

Type

Description

[out, return]
itemsCount

Capel_ong

Number of items in the collection

Errors:

ECapeUnknown

EcapeFailedinitialisation

127



3.6.5 Interface ICapeUnitReport Methods

o Get/SetSelectedReport

Interface Name

| CapeUnitReport

Method Name Get/SetSel ectedReport
Returns CapeError
Description

Return/set the active report in the Flowsheet Unit.

Arguments

Name

Type Description

[out, return]/[in]

selectedReport

CapesString The active report

Errors:
ECapeUnknown

ECapeNolmpl
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o GetReports

I nterface Name | CapeUnitReport

Method Name GetReports

Returns CapeError
Description

Return the list of available Flowsheet Unit reports.

Arguments

Name

Type

Description

[out, return]

reports

CapeArrayString

Thelist of possible reports.

Errors:
ECapeUnknown

ECapeNolmpl
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o ProduceReport

I nterface Name | CapeUnitReport

Method Name ProduceReport

Returns CapeError
Description

Produce the designated report. If no value has been set, it produces the default report.

Arguments
Name Type Description
[in, out] report CapeString String containing the text for the currently
selected report.
Errors:
ECapeUnknown
ECapeNolmpl
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3.6.6 Interface ICapeldentification Methods

The methods of the |Capel dentification interface are now described in the “Identification CO
Service “ specification produced by the Methods and Tools Group.

3.6.7 Interface ICapeUnitPortVariables

This interface is optiona and would be implemented by a port object. It is intended to alow a
port to describe which Equation-oriented variables are associated with it and should only be
implemented for the ports contained in a unit operation which supports the 1CapeNumericESO
interface described in “ CAPE-OPEN |nterface Specification — Numerical Solvers’.

o Setlndex
I nterface Name I capeUnitPortVariables
Method Name Setlndex
Returns CapeError
Description

Setlndex is used to set the indices of the variables occurring in a port. Typicdly this method is
only used within a unit operation. It should not be used by any external software to change the
indices of the port variables.

It is expected that a port will typicaly contain variables that represent a temperature, a
pressure, an enthalpy, a flowrate, and a molar volume, with the composition represented by
the molar fraction for each component. Other possibilities are alowed but it is the COSE's
responsibility to determine whether it can make a connection to a port based on the variables
that it contains.

Arguments

Name Type Description

[in] CapeString The type of the variable whose index is to be
set. The value must be one of the recognised

variable_type CAPE-OPEN Physical Property names.

[in] CapeString For afraction variable a component name must
be supplied

component
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[in] Capel.ong The index that identifies this variable in the
ESO associated with the unit operation.
index

Errors:
ECapeUnknown
Ecapel nvalidArgument

ECapeNolmpl
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o Getindex

Interface Name IcapeUnitPortVariables
Method Name Getlndex
Returns CapekError

Description

Getlndex is used to get the index of a specific variable occurring in a port. Typicaly the client
of a unit operation uses this method when it builds an equation-oriented representation of a
smulation problem. The indices of the variables occuring in a port needs to be known in order
to create the equations needed to represent connections to the unit.

It is expected that a port will typicaly contain variables that represent a temperature, a
pressure, an enthapy, a flowrate, and a molar volume, with the composition represented by
the molar fraction for each component. Other possibilities are alowed but it is the COSE's
responsibility to determine whether it can make a connection to a port based on the variables

that it contains.

Arguments
Name Type Description
[in] CapeString The type of the variable whose index is to be
set. The value must be one of the recognised
variable_type CAPE-OPEN Physical Property names.
[in] CapeString For afraction variable a component name must
be supplied
component
[out,return] Capel.ong The index that identifies this variable in the
ESO associated with the unit operation.
index
Errors:
ECapeUnknown

EcapelnvalidArgument

ECapeNolmpl
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3.7 Scenarios

This section describes the scenario of actions that was used to validate the set of interfaces for
Unit Operations. This scenario exercises the most important methods of the UNIT interfaces,
and so guarantees the core functionaity expected from CAPE-OPEN Unit Operations
interfaces, within the limitations of the Group 1 sub-task GRP1 (see Introduction). It is based
on a mixer/splitter component, since this exhibits the interface behaviours d more complex
Flowsheet Unit operations, but is smple to implement.

3.7.1 Mixer/Splitter Scenario (ref. SC-31-001)

The purpose of this scenario is to focus the scope of the interface specifications onto what is
required to implement the mixer-splitter prototype. It provides the overall functionality required
for this prototype, rather than an engineering specification of a mixer-splitter. Methods, which
have been left out, will be dedlt with in the GRP2 sub-task of the work package.

For the purposes of this exer cise the following assumptions are made;

0 The Flowsheet Unit can ask a material for the value of its enthalpy and get it. The host
smulator may not actudly store enthapy with its streams, but it is assumed that the
CAPE-OPEN interface supplies it by some means. In other words, we assume that we do
not have to understand the normal interna arrangements of the smulator to obtain any
CAPE-OPEN interface attributes.

O The unit can set the attributes of materials (e.g. T, P etc.) in “batch mode’, that is, an
attribute can be set without triggering a recalculation of the materid’s interna state. When
the unit has finished setting up a materid, it then asks it to recaculate. Thisis done to make
the operation of the unit efficient by avoiding unnecessary calculations.

O The unit does not need to inquire about the availability of a thermodynamic server. It just
asks the materids to perform actions and the materiad is assumed to invoke the
thermodynamic server interndly, if it needs to. In a production smulator, of course, the unit

would need to do this. It is quite possible that there might be no physical property system
connected a dl. Thisisjust asmplifying assumption for thisinitia prototype.

O All streams, both inlet, outlet and interna, have the same materia template.

O The mixer-splitter alows the user to specify the split factors used to direct flow to the
outlet streams. It aso has the ability to specify heat input.

Add a unit to the flowsheet

O User selects a mixer-splitter from a palette of unit operations and places it on the
flowsheet.

O Smulator asks the unit to initiaise itsdf.
O The user selects or creates the streams and requests the smulator to connect them, one at
atime, to the ports of the unit, possibly by using a GUI to drag the stream to a port on the

unit icon or by interpretation of atext input file.
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Enter Unit Specific Data

Q

Q

The smulator does not know if a user interface (Ul) is available from the unit, so that it
must query the unit for one. If a Ul is available, it is displayed. If not, the smulator
attempts to construct one from the unit’s list of Public Unit Parameters.

When the input is complete the unit checks its parameters for validity and consistency.

Define unit report

Q

Q

User asks the unit which reports it can produce.

The unit gives alist from which the user selects.

Simulation Run

o Simulator asks the unit to caculate itself

O The unit retrieves the materials associated with its streams by requesting them from its
ports.

Q The unit creates an internal material object. This is to contain the mixed feeds. The unit
creates an internal array to contain the mixed composition. This is done to minimise calls to
the material object to set compositions.

0 The unit requests the mixed stream and al the outlet streams to postpone calcuation of
their interna states until it has finished defining the compositions and conditions.

a The unit retrieves the component flows of each feed from the associated materials and
adds them to the mixed stream composition array. When complete, the composition is
assigned to the mixed stream material object.

Q The unit fetches the enthalpy from each feed material, sums them and adds the specified
heat input. The total enthalpy is assigned to the mixed stream.

Q The unit sets the pressure of the mixed stream to the minimum of the feed pressures.

Q The unit asks the mixed stream to calculate its temperature.

a The unit assigns molar and enthapy flows to the output streams in accordance with the
specified split factors.

O The unit assgns the composition of the mixed stream to the output streams.

O The unit assigns the pressure of the mixed stream to the output streams.

a The unit requests the output streams to calculate their temperatures.

Reporting

a Simulator asks the unit to produce its report.
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4 Interface specifications
This chapter contains the specification for the unit operation interfaces in the CAPE-OPEN
Interface System that were used to implement the prototypes demonstrated at the end of the
project.
This specification is subject to the following assumptions and limitations:
o It supports the GRP1 sub-task of the Unit Operations work package and has been
developed in the context of a smple mixer-splitter unit, with no externa CAPE-OPEN
numerical requirements.

0 The host smulator is assumed to be sequentia-modular and steady state.

Note: In this document, references to the term “component” refer to software components,
rather than chemical species.
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4.1 IDL definitions

This section contains the COM and CORBA IDL ingtructions. They are compilable files that
you can use drectly for producing CAPE-OPEN compliant components for Group 1 UNIT
Operations, athough, in the case of the CORBA files, we have not had the opportunity to test

them fully.

411 COMIDL

Common CAPE-OPEN Definitions

#i f ndef _FUNDAMENTAL | DL_
#defi ne _FUNDAMENTAL | DL_
"oaidl.idl";
"ocidl.idl";

i mport
i mport

#def i ne REALLYout
/1 1nclude QU Ds
#i ncl ude "CO&ui ds.idl"

// Fundament al

t ypedef
t ypedef
t ypedef
t ypedef
t ypedef
#def i ne

/ltypedef LPDI SPATCH

t ypedef

| ong
doubl e

VARI ANT_BOOL

BSTR
VARI ANT

CAPE- OPEN dat a types

CapelLong;

CapeDoubl e€;
CapeBool ean;
CapeString;
CapeVvari ant ;

Capel nterface LPDI SPATCH

DATE

/! Fundanent al
conpati bl e)

t ypedef
t ypedef
t ypedef
t ypedef
t ypedef
t ypedef

VARI ANT
VARI ANT
VARI ANT
VARI ANT
VARI ANT
VARI ANT

Capel nterf ace;
CapeDat e;

CAPE- OPEN array data types (autonation

CapeArraylLong;
CapeArrayDoubl e;
CapeArrayBool ean;
CapeArrayStri ng;
CapeArrayl nterface;
CapeArrayDat e;

/] Validation status val ues

[ uui d( CapeVal i dationStatus_I1D),

typedef enum eCapeVal i dati onStatus {

CAPE_NOT_VALI DATED = 0,
CAPE | NVALID = 1,
CAPE VALID = 2

} CapeVal i dati onSt at us;

version(1l.0)]
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/'l 1Capeldentification interface
/1l Provides nethods to identify a CAPE- OPEN comnponent.
[

obj ect,

uui d( 1 Capel dentification_lI1D),

dual ,

hel pstring("l Capeldentification Interface"),

poi nt er _def aul t (uni que)

]

interface | Capeldentification : |Dispatch

/'l Get the name of the conponent
I

/| CAPE- OPEN exceptions:

/| ECapeUnknown

[ propget, id(1l), helpstring("property Conponent Nanme") ]
HRESULT Conponent Nane([out, retval] CapeString *nane);

/1l Set the name of the conponent

I

/| CAPE- OPEN excepti ons:

/| ECapeUnknown, ECapel nval i dAr gunent

[ propput, id(1l), helpstring("property Conponent Nane") ]
HRESULT Conponent Nane([in] CapeString nane);

/'l Get the description of the conponent
I

/| CAPE- OPEN exceptions:

/1 ECapeUnknown

[ propget, 1d(2), helpstring("property
Conponent Descri ption")]

HRESULT Conponent Description([out, retval] CapeString
*desc) ;

/'l Set the description of the conponent
I

/| CAPE- OPEN excepti ons:

/1 ECapeUnknown, ECapel nval i dAr gunent

[ propput, id(2), helpstring("property

Component Descri ption")]
HRESULT Conponent Description([in] CapeString desc);
s

/1 Typedef the interface to the base | D spatch pointer
t ypedef LPDI SPATCH Capel dentificationlnterface;

#endi f // _FUNDAMVENTAL | DL_
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UNIT Specific Definitions

/1A'l owed directions for unit ports
[ uui d(CapePortDirection_ |1 D), version(1.0)]
typedef enum eCapePortDirection{
/1 changed from I NPUT and OUTPUT to avoid clash with paraneter
node enuneration
CAPE_| NLET=0,
CAPE_QUTLET=1,
CAPE_| NLET_OUTLET=2
} CapePortDirection

/1 Types of unit ports
[ uui d( CapePort Type_I I D), version(1l.0)]
t ypedef enum eCapePort Type{
CAPE_MATERI AL = 0,
CAPE_ENERGY = 1,
CAPE_| NFORVATI ON = 2
CAPE_ANY = 3
} CapePort Type;

ICapeUnit
/1 This interface provides the basic functionality for a Unit
/1 Operati on conponent
[
obj ect,
uui d(I CapeUnit _11D)
dual

hel pstring("Il CapeUnit Interface"),
poi nter _defaul t (uni que)

]

interface | CapeUnit : I|Dispatch

{

/1 Get the collection of unit operation ports
I

/1 CAPE- OPEN excepti ons:
/1 ECapeUnknown, ECapeFailedlnitialisation, ECapeBadlnvOrder

[ propget, id(1l), helpstring("Gets the whole list of ports")]
HRESULT ports([out, retval] Capelnterface* ports);

/1 Get the collection of unit operation paraneters

I

/1 CAPE- OPEN excepti ons:

/1 ECapeUnknown, ECapeFailedlnitialisation, ECapeBadlnvOrder,
/1 ECapeBadCOPar anet er

[ propget, id(2), helpstring("Gets the whole |ist of paranmeters")]
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HRESULT paraneters([out, retval] Capelnterface* paranmeters);

[/l Gets the flag to indicate unit's validation status
/1 notValidated(0),invalid(1l) or valid(2)

I

/1 CAPE- OPEN excepti ons

/'l ECapeUnknown, ECapel nval i dArgunent

[ propget, id(3), helpstring("Get the unit's validation status")]
HRESULT Val Status([out, retval] CapeValidationStatus *val Status);

/1 Executes the necessary cal cul ations involved in the unit
/1 oper ati on nodel
I

/1 CAPE- OPEN exceptions raised:
/1 ECapeUnknown, ECapeBadl nvOrder, ECapeQutOf Resources
/1 ECapeTi meCQut, ECapeSolvingError, ECapelLicenceError

[id(4), helpstring("Performs unit calcul ations")]
HRESULT Cal cul ate();

/1 The unit operation is asked to read its persistent state,
/1 fromthe storage location it has previously chosen in

/1 Save.

I

/1 CAPE- OPEN exceptions raised:
/1 ECapeUnknown, ECapel nvali dArgunent, ECapePersi stenceNot Found
/1 ECapelll egal Access, ECapeNol npl

[id(5), helpstring("Recovers unit persistent state")]
HRESULT Restore([in] CapeVariant* storage);

/1 The unit operation is asked to save its persistent state,

/1 in a given location passed in as argunment. This unit may

/1 chose to use that storage (e.g. structured storage) or to
/1 use its own internal storage mechanism (e.g. a plain ASClI
/1 text file). If the storage location is changed by the

/1 unit, the new location is sent back to the client.

I

/1 CAPE- OPEN excepti ons:
/1 ECapeUnknown, ECapel nvali dArgunent, ECapePersi stenceNot Found
/1 ECapelll egal Access, ECapeNol npl

[id(6), helpstring("Saves unit state")]
HRESULT Save([ REALLYout] CapeVariant* storage);

/1 The unit operation is asked to configure itself.Typically
/1 some ports and paraneters are created here
I

/1 CAPE- OPEN excepti ons:
/1 ECapeUnknown, ECapelLi cenceError, ECapeFailedlnitialisation
ECapeQut Of Resour ces

[1d(7), helpstring("Configuration has to take place here")]
HRESULT Initialize();

/1 Cl ean-up tasks can be perforned here. References to

141



/1 paraneters and ports are rel eased here.
I

/1 CAPE- OPEN excepti ons:

/1 ECapeUnknown, ECapeBadl nvOrder

[1d(8), helpstring("Clean up has to take place here")]
HRESULT Term nate();

/1 Val idate that the paranmeters and ports are all valid
I

/1 CAPE- OPEN excepti ons:

/1 ECapeUnknown, ECapeBadCOParaneter, ECapeBadl nvOrder

[1d(9), helpstring("Validate the Unit")]
HRESULT Val i dat e([ REALLYout] CapeString* nmessage, [out, retval]
CapeBool ean* isValid);

/1 Set the sinmulation context
[ propput, id(11), helpstring("Set the sinulation context")]
HRESULT si mul ati onContext ([in] Capelnterface sinmContext);

H

ICapeUnitPort

/1 This interface represents the behaviour of a Unit
/1 Operation connection point (Unit Operation Port). Different
/1 attributes for configuring the port as well as to connect
/1 it to a material, energy or information
[

obj ect,

uui d( | CapeUnitPort _I1D)

dual

hel pstring("Il CapeUnitPort Interface"),
poi nter _defaul t (uni que)

]
interface | CapeUnitPort: |Dispatch

{

/1 Returns the type of a this port (allowed types are anpbng
/1 the ones included in the CapePort Type type)

11

/1 CAPE- OPEN excepti ons:
/1 ECapeUnknown, ECapeFailedlnitialisation

[propget, id(1l), helpstring("type of port, e.g. material, energy or
i nformation")]
HRESULT port  Type([out, retval] CapePortType* portType);

/1 Returns the direction in which the object connected to this

/1 port is expected to flow. Allowed values are anpong those
/1 included in the CapePortDirection type)
11

/1 CAPE- OPEN excepti ons:
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/1 ECapeUnknown, ECapeFailedlnitialisation

[ propget, id(2), helpstring("direction of port, e.g. input, output or
unspeci fied")]
HRESULT direction([out, retval] CapePortDirection* portDirection);

/1 Returns to the client the object that is connected to this
/1 port
I

/'l CAPE- OPEN excepti ons:
/1 ECapeUnknown, ECapeFailedlnitialisation

[ propget, id(3), helpstring("gets the objet connected to the port,
e.g. material, energy or information")]

HRESULT connect edObj ect ([out, retval] Capelnterface*
connect edObj ect) ;

/1 Connects an object to the port. For a material port it nust be
/1 an object inplenmenting the | CapeThernmoMateri al Object interface,
/1 for Energy and Information ports it nust be an object

/1 i npl enenting the | CapeParaneter interface.

I

/1 CAPE- OPEN excepti ons:

/'l ECapeUnknown, ECapel nval i dAr gument

[id(4), helpstring("connects the port to the object sent as argument,
e.g. material, energy or information")]
HRESULT Connect ([in] Capelnterface objectToConnect,

[ REALLYout] CapeString* nmessage,

[out, retval] CapeBool ean* isOK);

/1 Di sconnects whatever object is connected to this port.
11

/'l CAPE- OPEN excepti ons:

/1 ECapeUnknown

[id(5), helpstring("disconnects the port")]
HRESULT Di sconnect ([ REALLYout] CapeString* nmessage,
[out, retval] CapeBool ean* isOK);

s

ICapeUnitCollection

/1l This interface provides the behaviour for a read-only
/1l collection. It can be used for storing ports or
/| paraneters
[
obj ect,
uui d( 1 CapeUnitCol Il ection_II1D),
dual ,
hel pstring("Il CapeUnitCollection Interface"),
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poi nt er _def aul t (uni que)

]
interface | CapeUnitCollection : |IDispatch

{

/'l Gets an specific itemstored within the coll ection,
/1 identified by its nane or index, that is passed in as
/1 an argunent to the nethod.
[id(1l), helpstring("gets an item specified by index or nane")]
HRESULT Iten([in] CapeVariant id,
[out, retval] Capelnterface* iten;

/'l Gets the nunber of itenms currently stored in the

/'l collection.

[1d(2), hel pstring("Nunber of itenms in the collection")]
HRESULT Count ([out, retval] CapeLong* itensCount);

b

ICapeUnitReport

/1 This interface provides access to the active unit
/'l report and the available list of options. It also
/1 allows to trigger the creation of a report
[

obj ect,

uui d( 1 CapeUni t Report _11D),

dual ,

hel pstring("Il CapeUni t Report Interface"),

poi nt er _def aul t (uni que)

]
interface | CapeUnitReport: |Dispatch {

/1 Get the list of possible reports.
[ propget, id(1), helpstring("Gets the list of unit reports")]
HRESULT reports ([out, retval] CapeArrayString* reports);

/'l Get the current active report.
[ propget, id(2), helpstring("Gets the active unit report")]
HRESULT sel ectedReport ([out, retval] CapeString* report);

/1 Set the active report equals to the [in] argunment
[ propput, id(2), helpstring("Sets a new active unit report")]
HRESULT sel ect edReport ([in] CapeString report);

/'l Produces the active report.

/1 Notice the [in, out] character of the argunent nessage.
/1 This was added to allow the interface to be used in VB
/1 Only [out] argunments do not seemto work very well in
/1 VB

[1d(3), helpstring("Creates the active report")]
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HRESULT ProduceReport([in, out] CapeString* nessage,
[out, retval] CapeBool ean* isOK);
1

ICapeUnitEdit

/1 This interface provides the editing functionality for a
Uni t
I Oper ati on conponent should it provide one
[
obj ect,
uui d( 1 CapeUnitEdit _I1D),
dual ,

hel pstring("I CapeUnitEdit Interface"),
poi nt er _def aul t (uni que)

]

interface | CapeUnitEdit : |Di spatch

{
/1 Di spl ays the unit graphic interface, if avail able.
11

/| CAPE- OPEN excepti ons:
/'l ECapeNol npl, ECapeBadl nvOr der

[id(1), helpstring("Di splays the graphic interface")]
HRESULT Edit ([ REALLYout] CapeString* nessage,
[out, retval] CapeBool ean* isCK);

s

ICapeUnitPortVariables

[
obj ect,
uui d( I CapeUni t Port Vari abl es_I1D)
dual
hel pstring("I CapeUnitPortVariables Interface"),
poi nter _defaul t (uni que)

]
interface | CapeUnitPortVariables: |Dispatch

{

/[l  Get the position of a port variable in the EO nodel - used to

/1l correctly build the equations representing a connection to this
/[l port. Variable type can be - flowate, tenperature, pressure, //
/1l specificenthal py, VaporFraction and for Vapour fraction conponent
/1 nane nust al so be specified.

I

/1 CAPE- OPEN excepti ons:

I

[ propget, id(1), helpstring("Return index of port variable in EO
Model given its type")]
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HRESULT Vari abl e([in] CapeString Variable_type, [in] CapeString
Component, [out, retval] int* index);

/1l Set the position of port variables: this should ultimately be a

[l private nmenber function

[id(2), helpstring("Set index of port variable in EO nodel given its

type")]
HRESULT Set | ndex([in] CapeString Variable_type, [in] CapeString
Component, [in] int index);

b

4.1.2 CORBA IDL

I/l ---- The scope of the Unit Operations specification
/'l Reference docunent: http://ww. gl obal - cape-
open.org/ 05 _CO Unit_Operations. pdf

nodul e Unit {

/!l Forward declaration of interfaces
i nterface | CapeUnit Manager

interface | CapeUnit;

i nterface | CapeUnit Report;

i nterface | CapeUnitPortCollection;

interface | CapeUnit ParaneterCollection;

interface | CapeUnitPort;

/'l Interface sequence

t ypedef sequence<l| CapeUnit Manager > CapeArrayUni t Manager ;
t ypedef sequence<l| CapeUnit> CapeArrayUnit;

t ypedef sequence<l| CapeUnit Report> CapeArrayUnit Report;

t ypedef sequence<l| CapeUnit Port Col | ecti on>
CapeArrayUni t Port Col | ecti on;

typedef sequence<l| CapeUnit ParaneterCol |l ecti on>
CapeArrayUni t Paranet er Col | ecti on;
t ypedef sequence<l| CapeUnitPort> CapeArrayUnitPort;

enum CapePort Type{
CAPE_MATERI AL,
CAPE_ENERGY,
CAPE_| NFORVATI ON,
CAPE_ANY

i

enum CapePort Di recti on{
CAPE_| NLET,
CAPE_QUTLET,
CAPE_| NLET_QUTLET

b,
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enum CapeUni t Val St at us{
CAPE_NOT_VALI DATED_UNI T,
CAPE_| NVALI D_UNI T,
CAPE VALID UNIT

b
t ypedef sequence<CapePort Type> CapeArrayPort Type;

t ypedef sequence<CapePortDirection> CapeArrayPortDirection
t ypedef sequence<CapeUnit Val St at us> CapeArrayUni t Val St at us;

interface ICapeUnitNhnager
Common: : ldentification::|Capeldentification {
| CapeUni t CIeateLM|t()
rai ses (Common: : Error:: ECapeUnknown,
Comon: : Error: : ECapeQut Of Resour ces) ;
voi d Shut down()
rai ses (Conmon:: Error:: ECapeUnknown,
Common: : Error: : ECapeNol npl ) ;
3

interface | CapeUnit
Conmon: : I dentification::|Capeldentification {

void Initialize ()
rai ses (Conmon:: Error:: ECapeUnknown,
Common: : Error: : ECapelLi cenceErr or
Common: : Error: : ECapeFai l edlnitialisation,
Common: : Error:: ECapeQut O Resour ces) ;

void Term nate ()
rai ses (Conmon:: Error:: ECapeUnknown,
Common: : Error: : ECapeBadl nvOr der) ;

void Calculate ()
rai ses (Common: : Error:: ECapeUnknown,
Common: : Error: : ECapeBadl nvOr der,
Common: : Error: : ECapeQut Of Resour ces,
Comon: : Error:: ECapeTi neQut,
Conmon: : Error: : ECapeSol vi ngError,
Conmon: : Error: : ECapelLi cenceError);

| CapeUni t Port Col | ection GetPorts()
rai ses (Common: : Error:: ECapeUnknown,
Common: : Error:: ECapeFai l edl nitialisation,
Common: : Error: : ECapeBadl nvOr der) ;

| CapeUni t Par anet er Col | ecti on Get Paraneters ()
rai ses (Common: : Error:: ECapeUnknown,
Common: : Error:: ECapeFai l edl nitialisation,
Conmmon: : Error: : ECapeBadl nvOr der,
Common: : Error: : ECapeBadCOPar anet er) ;

Base: : CapeBool ean Val i date(out Base:: CapeString nmessage)
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rai ses (Conmon:: Error:: ECapeUnknown,
Common: : Error: : ECapeBadCOPar anet er,
Common: : Error: : ECapeBadl nvOr der) ;

CapeUni t Val St at us Get Val St at us()
rai ses (Conmon:: Error:: ECapeUnknown,
Common: : Error: : ECapeBadl nvOr der) ;

| CapeUni t Report GetReporthJect @)
rai ses (Common: : Error:: ECapeUnknown) ;

void Save(in Base::CapeString storage)
rai ses (Conmon:: Error:: ECapeUnknown,
Conmon: : Error: : ECapel nval i dAr gunent
Common: : Error: : ECapePer si st enceNot Found,
Conmon: : Error: : ECapel I | egal Access,
Common: : Error: : ECapeNol npl ) ;

voi d Restore(in Base::CapeString storage)
rai ses (CbnnDn:.Error..ECapeUnknomn
Common: : Error:: ECapel nval i dAr gunent,
Common: : Error: : ECapePer si st enceNot Found,
Conmon: : Error: : ECapel I | egal Access,
Conmon: : Error: : ECapeNol npl ) ;

Base: : CapeBool ean Destroy()
rai ses Common: : Error:: ECapeUnknown) ;

s

i nterface | CapeUnit Report
Conmon: : I dentification::|Capeldentification {
Base: : CapeArrayString Get Reports ()
rai ses (Common: : Error:: ECapeUnknown,
Common: : Error: : ECapeNol npl ) ;
Base: : CapeString Get Sel ect edReport ()
rai ses (Conmon:: Error:: ECapeUnknown,
Conmon: : Error: : ECapeNol npl ) ;
voi d Set Sel ect edReport (i n Base:: CapeString report)
rai ses (Common: : Error:: ECapeUnknown,
Common: : Error: : ECapel nval i dAr gunent ,
Common: : Error: : ECapeNol npl ) ;
Base: : CapeString ProduceReport ()
rai ses (Conmon:: Error:: ECapeUnknown,
Common: : Error:: ECapeNol npl ) ;
i

i nterface | CapeUnitPortCollection
Common: : ldentification::|Capeldentification {
Base: : CapeLong Count ()
rai ses (Common: : Error:: ECapeUnknown,
Common: : Error:: ECapeFai l edl nitialisation);
| CapeUni tPort Iten(in Base::CapeLong i ndex)
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rai ses (Conmon:: Error:
Common: : Error::
Common: : Error::
Common: : Error:

s

: ECapeUnknown,

ECapel nval i dAr gunent
ECapeFai |l edlnitialisation,

: ECapeCQut OFf Bounds) ;

i nterface | CapeUnit Paramneter Col |l ection

Common: : Il dentification

Base: : CapeLong Count ()

;1 Capel dentification {

rai ses (Common: : Error:: ECapeUnknown,

Common: : Error::

Common: : Paraneter: :

i ndex)
rai ses (Conmon::Error::
Common: : Error::
Common: : Error:
Common: : Error::
H

i nterface | CapeUnit Port
Common: : Il dentification:

CapePort Type Get Type()
rai ses (Comon::Error::
Common: : Error::

CapePortDirection
rai ses (Conmon::Error::
Common: : Error: :

Thrm : Cose: : | CapeTher noMat eri al Gbj ect Get Connect edQbj ect ()

rai ses (Comon::Error::
Common: : Error::

| CapePar anet er

ECapeFai l edl nitialisation);
Item(i n Base:: CapelLong

ECapeUnknown,
ECapel nval i dAr gunent ,

. ECapeFai l edlnitialisation,

ECapeQut Of Bounds) ;

;1 Capel dentification {

ECapeUnknown,
ECapeFai l edlnitialisation);

GetDirection()

ECapeUnknown,
ECapeFai l edl nitialisation);

ECapeUnknown,
ECapeFai l edlnitialisation);

voi d Connect (in Thrm : Cose: : | CapeTher noMat eri al Cbj ect nmat Cbj)

rai ses (Conmon::Error::
Common: : Error::

voi d Di sconnect ()
rai ses (Comon::Error::
1

}; // END Unit nodul e

ECapeUnknown,
ECapel nval i dAr gunent) ;

ECapeUnknown) ;
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5 Notes on analysis and interface specifications

The purpose of these notes is to record the rationale for the decisions made in designing the
Unit Operations interfaces, methods and attributes and to indicate those issues that require

further investigation.

150



5.1 Issues to beresolved

The following issues have been identified, but not yet fully resolved. Experience gained in
analysing the implementation of the UNIT prototypes will be a mgor factor in their resolution.

0 Reporting, especialy the supported reporting styles and devices, is not fully defined as yet.
The prototype supports a ssmple report.

0 Energy and Information objects (not required for the prototype).
0 Persistence of a unit’s data (not required for the prototype)

0 Caculation progress monitoring and interrupts (not required for the prototype).
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5.2 Decision rationale

5.2.1 Whenever a unit is used there must be a check on its validity.

The reason for this is to check that the plug-in unit is indeed a CAPE-OPEN compliant unit,
rather than the movie player, or some other ActiveX control. There should be three levels of
check: the label on the box should say it has passed the vaidation suite; the unit must support
the required interfaces and the interfaces must have the required behaviour.

The registration process could do a validation test. We must be careful not to test vaidity in
such away as to force a particular architecture. Some interfaces may be on components such
as port collections, which are constructed d run time by the unit. We should only test for
interfaces that are guaranteed to be present before the unit has done anything.

It is important to check the unit validity every time we want to use it because the registry can
be corrupted in between registration and different sessions of usage.

5.2.2 Thethree types of port are to be merged into one type.

The three types of port: material, energy and information, have alot of functionality in common.

By combining the three into one we can smplify the interface to a useful degree. Each port

type isto be distinguished by the value of an attribute.

5.2.3 The CO Ports interface will be restricted

The ports collection will not have Add and Remove methods because:

O Itisdesrableto provide aclient direct access to a unit’s ports.

a In order to recognise the unit’s responsibility for managing its own ports, we restrict what
someone else can do to the collection by removing the power to add and delete ports. Only
the unit can do these actions.

0 Wedo not want aclient to add ports because the unit would not know about the addition.

a If aunit gives a collection to another client (e.g. its ports) there is a danger of crashes. If
the client were able to delete a port and the unit then tried to access that now non-existent
port through a now invalid reference stored in its own copy of the collection, nasty things

could happen.
5.2.4 Ports have direction
It is an assumption that ports can have a specified direction that refers to input or output. This
direction reflects the expected flow of e.g. materials to or from the Unit Operation, but does
not imply or regtrict the actual flow direction.

We make the stipulation that:
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a Aninput information port can only carry an independent (input) parameter.
a Anoutput information port can only carry a dependent (cal culated) parameter.

This alows us to treat information, material and energy portsin asimilar way.

5.2.5 Parameters

CAPE-OPEN parameter interfaces are now defined as a CAPE-OPEN Common Service.
Details of the proposed interfaces can be found n the document “Parameter Common
Interfaces”.

Previous versions of this document describe a set of interfaces for parameters that are
implemented in the 0.9 version of the CAPE-OPEN IDL. Simulators that are compatible with
the 0.9 IDL will support these, unofficial, parameter interfaces.

Support for the official parameter interfaces is included in the 0.9-3 IDL. Simulators that are
compatible with the 0.9-3 specification will support the latest parameter interfaces.

Unit operation developers should work to the 0.9-3 specification to save doing rework.

5.2.6 User Interfaces

There has been some debate on the role of the User Interface with respect to a unit. Some
documents declare that the unit does not have one, others do. We decided that:

Q The unit may or may not be provided with its own UI.

O The smulator host invokes the unit's wvew method to start it up. It the unit has one, it
displays it and alows the user to enter/edit the unit's data. If it does not, it returns a
suitable error. The host can then use this error to decide what to do next. Typicaly, the
host can query the unit for the list of its input parameters and build a Ul from that. Once
the user has closed the generated Ul, the host resets the parameters.

a If the unit is run from another smulator, the unit is alowed to invoke that smulator’s U,
but only for data entry and editing.

Q The host handles the flowsheet topology and connections. The unit is told what streams are
to be connected by the host.

a Units working remotely from the host will not be able to display a Ul, so the host will be
required to provide one. A ssible solution to this is the use of web technology. More
precisely, it would possible for a remote client to display the Ul of its server component,
athough in many situations this could appear quite strange for the human user. This point
should be studied in later project stages.

Notes on the Edit capability of the | CapeUnit interface

It has been pointed out that the displaying of graphical user interfaces is not handled in
CORBA in the same way asin COM. In addition it has been also pointed out that the method
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Edit in the interface 1CapeUnit would not have much sense ether in distributed COM
environments.

Two solutions were considered that focus on:
0 A clear and correct usage of interfaces
a Animproved design.

The first solution smply considers that clients of the interface 1CapeUnit will do their job
intelligently and thus they will invoke the method call just when it makes sense to do it (eg.
when client and server both run in the same memory space or process).

The second solution modifies the design of the interface |CapeUnit by again taking advantage
of factorization. It proposes to move the method Edit to a new interface (e.g. 1CapeUnitEdit)
that, smilarly to 1CapeUnitReport, would need to be supported only by those unit operations
that require a graphical user interface.

The second solution was adopted for the reasons that it provides a higher degree of
compatibility with CORBA environments and that it avoids al clients have to implement the
method even if they do not need it.

5.2.7 Undo

Ul's impose a requirement for an undo facility. This arises because, when the user closes the
generated Ul by pressing the OK button, the data must be validated somehow. Only the unit
has the knowledge to do this, so the updated vaues must be copied back to the unit’'s
parameters and Validate() caled. The problem comes if the data fails validation and the user
decides to forget the changes and presses the cancel button. The unit must then revert back to
the original data that was present before the Ul was displayed.

Because undo is afairly involved facility to implement (if any number of undos are required) it
was decided that undo should be handled entirely by the Smulator Executive. Whenever some
of the values of the Public Unit Parameters are going to be changed, the simulator caches the
origina vaues, thus, if validation fails, the smulator puts back the original vaues.

5.2.8 Persistence

0 We assume that the prototype unit is able to store its data in a file separate from that of the
main smulation case file (for the first prototype). This is because CAPE-OPEN
persistence mechanisms have to be studied carefully while prototyping.

0 The save method needs to return the name of the file used to store its data so that the host
can store it with the rest of the simulation case.

O The persistence of the flowsheet connections to the Flowsheet Unit is the responsbility of
the host smulator only. When a case is loaded into the hogt, it reads the connectivity and
connects each instance of the unit with appropriate material, energy, etc objects. The
Flowsheet Unit does not need to know anything about connectivity.
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0 Testing and the development of example Flowsheet Units have reveal ed two problems with
the Save and Restore methods defined as part of the |CapeUnit interface:

a Itisnot possible to provide support for passing an 1Storage pointer into a Visual Basic
component on the Save and Restore calls, because VB does not provide support for
using the |Storage interface

o Without being able to use the IStorage option, a VB Fowsheet Unit can only write its
data to an independent file. The result of thisis likely to be large numbers of loose files
that are at risk of being deleted or lost when simulation data is moved or ‘tidied up’.

O To address these problems it is recommended that COSEs that support COM Flowsheet
Units should support the standard COM persistence interfaces in addition to, and in
preference to, the CAPE-OPEN Save and Restore methods.

QO For COM implementations of CAPE-OPEN Flowsheet Units it makes sense to support
standard COM persistence mechanisms. In particular, setting the ‘persistable’ property of
a Visual Basc component to true, means that it will automatically support the
| PersistStreaminit interface and the developer smply has to fill in the necessary methods
to write the component’s data to a Visual Basic PropertyBag.

a In generd, to support COM persistence a component must implement one of three possible
interfaces. |PersistStorage, |PersistStream or |PersistStreaminit. Depending on which is
supported the COSE will pass an 1Storage or 1Stream interface to the unit which it can use
to persist its data. (Note |Storage corresponds to a directory and IStream to a file, a
storage can be populated with other storages and streams, and given the |Stream interface
of astream within astorage it is possible to read and write data in any format.)

O For Flowsheet Units that do save data to loose files no assumptions should be made about
the existence or lifetime of the file. It is safest to assume that the file only exists while the
unit operation is writing to it or reading from it. This assumption allows a COSE to manage
thefilesitsalf. For example a COSE that supports COM interfaces could copy the contents
of afile to an interna stream once the Flowsheet Unit's Save operation has completed.
The COSE could then delete the file. To restore the data the COSE could recresate the file
(possibly with a different name and in a different location) and then call the unit’s Restore
method passing in the name of the new file. This solution means that the user does not
have to worry about loose files accumulating, while the Flowsheet Unit author need only
implement the I1CapeUnit Save and Restore methods. Note that this solution is only
possible if the Flowsheet Unit writes its data to afile on a file system to which the COSE
has access. This would probably not be the case if the Flowsheet Unit were executing on a
different machine to the COSE.

0 For CORBA implementations there is no standard persistence mechanism so it is not clear
how the problems of the Save and Restore methods should be addressed. A future version
of this document will address this issue when more experience of implementing CORBA
Flowsheet Unitsis available.
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5.2.9 Reporting

O Itisassumed that the host is able to handle unit reporting by asking the unit to produce its
own style of reports and also by querying the unit for its calculated parameters.

Q The most basic style of report is a plain ASCII text file, which can be displayed by the
host. There may need to be a method to return the name of this file if the host is to make
use of it.

a If the unit hasitsown Ul, it is at liberty to display its reportsin any way that it wants (e.g.
graphics, tables etc.).

O Because a unit may have multiple styles of report (e.g. brief, detailed), we provide a
method for the host to inquire what reports are available. The user can select areport from
thislist and the host tells the unit which one to do.

5.2.10 Argument Typing

There was some discussion on the need or otherwise for the strong typing of method
arguments.

The arguments for strong typing were:

o Strong typing leads to fewer errors because the compiler enforces argument type
matching.

0 No casting is required so the component transfers its arguments quicker.

The alternative is that it makes better sense to return pointers to IDispatch interfaces for
certain types of argument because:

o Itismoreflexible,

O It is more future proof because it alows upgrading to newer interfaces. For example,
GetPorts returns an I Dispatch for an 1CapeUnitPorts interface. This would allow a change
to afuture |CapeUnitPorts2 interface if one becomes available.

Q Itiscompatible with variant data types.

The conclusion was to use strong typing where flexibility would not be decreased and to use
I Dispatch where appropriate. It is expected that the experience gained in building the prototype
will shed more light on what is needed.

Another question that arose was whether to allow method overloading. It was decided that it
was smplest to alow variant arguments for this rather than multiple arguments of different

types.
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5.2.11 Tracing and Interrupts

It was decided that units should implement a tracing capability so where units take along time
to calculate, some progress monitoring or diagnostic output can be done. This would be made
possible by passing to the unit a pointer to some sort of smulator context object, which it could
use to send the monitoring information. This has yet to be defined.

It was aso redlised that this would allow interrupts to be done because the unit could be
required to poll the smulator context at regular intervas. A flag in the context would indicate if
the unit were to continue or not.

It was realised that there would be no need for a resume method to restart an interrupted
caculation, because the Calculate method could easily handle this by remembering if its
deliberations were interrupted or not. If they were, then a cal to caculate after an interrupt is
the same as a call to resume. Prototyping work will discover the necessary arguments for this
method.

5.2.12 Termination

There was some debate on if the unit needs a terminate method. It was decided that it did and
would typicaly carry out the release of resources allocated during the unit’s initidisation.
Terminate would also need an argument to indicate if the termination was “soft” or “hard”.

O Soft means that it checks to see if the unit’s data needs to be saved and, if 0, return a
suitable error to the host. The host can ask the user if the data is to be saved and if so, cal
the save method.

0 Hard means that al errors occurring in the termination, including unsaved data, are to be
ignored. The method must be intelligent and not attempt to free resources more than once.
This might be required if terminate fails for some reason (e.g. a resource might be locked
by another process and cannot be freed). The host might ask if the user wants to try to
terminate again.

We added an attribute “dirty” to 1CapeUnit which is true if the data is dirty (i.e. changed but
not saved), so that hosts can detect if the data needs to be saved.

5.2.13 Initialisation

The initidisation of a unit requires information about not only the smulator context mentioned
earlier, but also references to the thermodynamic and numerical servers to be used. The
problem that arose was where to pass this information. If it were passed during initialisation,
there was the danger that it could be invalid by the time the unit wanted to do its calculation. If
it were passed during caculation it would be unavailable during initialisation. It was decided to
pass this information in the s mulatorContext, which would become an attribute of 1CapeUnit. It
could then be set at any time, rather than having to force the client to do it at one prescribed
time.

Initialize, CheckPorts and CheckParameters
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From the viewpoint of a neutra reviewer of the interface, the following genera comment was
raised:

The three methods above require more explanation on topics such as, the operations that need
to be performed to initidize a Unit Operation, or when the client should request a Unit
Operation to check its ports and variables.

This raises questions like:

a Are ports and variables created and initidized within Initidize? Is the Smulation context
accessed inside this method? Are internal materia objects created here?

a Or, in CheckPorts, is it checked that essential ports and non-essential ports are connected?
If anon-essentid port is not connected is this an error?

a Or, what exactly CheckParameters does? Does it allow for parameters that can be both
inputs and calculated values?

It was agreed that these matters will be clarified by the prototyping activity, and therefore will
be incorporated in the specification after the prototypes have been fully evaluated. In the short-
term, it is proposed that these checks will be replaced by a Vaidate method, until the
prototyping can define their individua behaviours better.

5.2.14 Connecting Streams

Initially, the process of connecting streams was handled by just assigning a reference to a
material, energy or information object to the connectedObject attribute of a port. It was
decided that this was a bit obscure, so connect and disconnect methods were specified. These
methods could handle error checking, if required. For example, they could check that a material
port was being connected to a materid object. An information port could check the
dimensionaity of the parameters at each end of the connection.

5.2.15 Adding and Removing Ports

This section summarises the pros and cons of the different aternatives for adding and
removing ports.

Scenario 1

The first design we came up with considered ports grouped in collections that exposed a
regular collection interface (e.g. Add, Renove, | t emand Count ). In this approach, creation
of ports was requested directly from the collection. Thus, the smulator got access to the
collection of portsby usng get Ports([in] filter) (notethat filter represents a group
of strings specifying the type of ports wanted) and after that invoked the method : : Add() to
create the new port.

The first trade off we found relates to the association between the collection of ports and the
unit operation. In principle, the client could ask for a collection of ports filtered in such a way
that it did not mirror the way in which the unit operation internally stores its ports (e.g. the
client could ask for all ports, while the operation classifies them in input and output). The result
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was that the unit operation had to be able to create “on-the-fly” a new collection to be
delivered to the client.

This implied that the unit operation had to be notified by the different “temporary” collections,
when a new port was being added, in order that the unit operation could update its internal
collections to reflect the new status. Similarly when the client requested to delete an existing
port, the unit operation had the right of checking whether that port was alowed to be deleted or
not (eg. in some circumstances the unit operation can decide to lock some ports that it
considers as essentid ports for its configuration). An internal mechanism for the unit operation
to flag ports as removable or non-removable (e.g. a private interface in every port) was
therefore necessary.

Scenario 2

Moving the methods AddPort and Del et ePort to the | CapeUnit interface was
intended to recognise the right of every unit operation to be totally responsible for the creation
or remova of ports, rather than putting some other ancillary components (e.g. collections of
ports) in charge of this activity. In this approach, the unit operation can easly determine
whether to create or not a new port and to delete it or not, based on its private information (e.g.
maximum number of ports of agiven type, or essentia ports vs. non-essentia ports).

With this second approach the collection of ports becomes a reag-only collection (no items can
be added or removed) and no change in the configuration of a unit operation can be done
without asking the unit operation directly.

Nevertheless, this second scenario does not solve the problem about the RenovePor t

method ether. As well asin the first scenario, clients such as the Smulator Executive should
not ask for the deletion of a port if they did not ask for its creation beforehand. Only the
creator of aport has the right to delete it, otherwise the method should fail in order to avoid the
origind configuration of the unit operation being lost. We envision that, during the initidisation
stage, the unit operation may add some “essential ports’, whose deletion may be forbidden.

Scenario 3

Basicdly, the need of adding new ports comes from the idea of designing a flexible unit
operation, whose number of connection points can be extended at run-time. But, rather than
extending the number of connection points, what is realy important is to be able to extend the
number of actual connections.

From this point of view the client of a unit operation may be disappointed by the fact that it has
to create a new port explicitly to perform a stream connection. We thought about the possibility
of redesgning the methods AddPort and RenovePort to be Connect and
Di sconnect. Connect would be alowed to pass a stream object (eg. materid,
information or energy) aong with the type of connection wanted to be performed (e.g.

“material”, “input”). Therefore creation and deletion of ports would be hidden inside
the unit operation.

Two disadvantages were detected: |) Two separate actions take place in a single cal to

Connect (e.g. creation of the port and its connection to a given stream), that somehow hides
the source of possible errors when the method fails. The same aso gppliesto Di sconnect .
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I1) The existence of two Connect methods (in | CapeUnit and | CapeUni t Por t ) may
confuse clients of the interface.

Scenario 4

This scenario emphasises more the idea of keeping the design of interfaces as smple as
possible.

From that viewpoint, reconfiguration of unit operations by e.g. adding new ports or removing
some of the existing ones, has to be the responsibility of the unit operation itsdlf, in the same
way as the initid configuration is adso responshility of the unit operation (e.g. addition of
essentia ports).

In a possible architectural solution, a collection of ports can be intelligent enough to extend itsalf
by replicating an item (a port), when that item is going to be connected. Similarly, when a port
is disconnected, the collection may decide just to disconnect it, or to disconnect and remove i,
depending on the information that its parent unit operation has provided to configure the
collection (eg. is the port essentia or non-essential?). It is clear that a private interface
between the collection of ports and the unit operation is necessary also here.

Some unit operations may be coded in such a way that their “essential ports’ do not replicate
themselves when one is connected, while others, eg. “non-essentia ports’, do. This
information aso has to be passed to the respective ports by using private means only known by
the unit operation. Similarly, some units may want to impose a certain limit in the number of
alowed ports of a given type. Therefore this information needs also to be passed to the
collection of ports.

Scenario 5

This scenario takes advantage of factorization of interfaces and the fact that a single object
can support multiple interfaces in order to customize its functionality as desired. This proposal
consders the existence of a new interface named IPortAdministration that contained the
methods AddPort and RemovePort. Smple Unit Operations that do not contain non-essential
ports (e.g. possbly a pump) would not need to support this interface, while flexible unit
operations, such as a digtillation column, would support it.

Final consideration

Findly, we decided to propose an interface design in which the purpose of every method is
clear and concise, e.g. every method serves to perform one action (enhancement of the unit
operation is separated from its actual connection to the flowsheet). The price wasto give some
extrawork to the client that has to perform actions such as AddPor t or RenovePort .

Conclusion

In our opinion the differences between the different approaches concern the complexity of
necessary “backdoors’ that the unit operation is going to use, in order to contral its collection of
ports appropriately. The attractive thing of the fourth approach is the smplicity of the
interfaces, while the attractive thing of some of the others is the ease of implementation. All of
them are perfectly valid designs.
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We cannot know al possible configurations required by future unit operations. We redised that
there could be additiond non-CAPE-OPEN functiondity provided by the vendor of the unit.
For example, the unit could alow the maximum number of ports to be variable, or alow port
deletion. The AddPort and RemovePort methods on the old 1CapeUnitPorts interface were
therefore removed because the Simulator Executive no longer needed them.

This allows the Unit Operation to implement the Port and Port collections, get tied to those
implemented by a third party vendor, or choose the ones provided by the Smulation Executive
hosting the Unit Operation. The important thing here is that the interface between the Port /
Ports collection and Simulator Executive follows strictly the standard CAPE-OPEN. So we
considered a scenario in which Port and Ports could be implemented anywhere.

The final decision was to use Scenario 4 for now, in order to simplify the interfaces as much as
possible. The other scenarios will be considered as prototyping progresses to a stage when
these port issues become more pressing, such as for a more complex unit operation.

5.2.16 The Relationship of UNIT with THRM

This section gives more background on how the Unit Operation and the thermodynamic pieces
of CAPE-OPEN are coupled together. This coupling involves the use of the MaterialPort and
the Material Object concepts. In addition, some Unit Operations may require Materia Objects to
be created from Materia Templates not associated with any MaterialPort. The concept of a
NonMateriaPort is introduced, as a means of delivering these additiona Materia Objects to the
Unit Operation.

Below is the UML diagram, which shows the maor classes and their relationships from an

object modelling perspective. Not al the methods for these classes are indicated, as this would
tend to distract from the main purpose of this diagram.
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Figure 5.1 Unit & Thermodynamic Relationships

So to summarise the diagram:

A Unit Operation has a number of Materia Ports and NonMaterial Ports

Q

Qa

A Materia Port is associated with a single Material Object
A NonMaterialPort is associated with a single Material Object

This provides the means for the UnitOperation to perform thermodynamic property
calculations on the Materia Object

A COSE has a number of Material Templates
A Material Template creates a number of Materia Objects

A Material Object may Duplicate itself or Create a new Material Object from its Creator
Material Template

As far as interfaces are concerned, this agreed position adds two additional methods to the
| CapeTher noMat eri al Qbj ect interface (Dupl i cate() and Create()). A new
interface, the ICapeNonMaterialPort, is aso introduced to provide access to specific
Material Objects (Templates) not associated with streams entering or leaving the units. This
interface replaces the | CapeSimulationContext proposed previoudly.
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The disadvantage of the SimulationContext approach was that it ddivered all the Materia
Templates. Further data and computation would be required for a unit model to ascertain the
particular Material Object required by the user and to employ it.

As a by-product of this revision, we have eliminated direct access between Materia Templates
and user models. It now becomes unnecessary to provide CAPE-OPEN standard interfaces to
Material Templates. The actual saving may be marginal, because the Objects mostly reproduce
the behaviours required of the Templates.
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6 Prototype implementation

This section has been removed since there are now working commercia examples that
illustrate how to use the interfaces described in this specification.
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7 Glossary

The terms used in this document are in accordance with the CAPE-OPEN Project Glossary”.
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9 Appendix 1: Equation-Oriented Simulation
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9.1 Introduction

In this appendix, we consider the extension of the Unit Operations interfaces to handle
equation-oriented smulation, both steady-state and dynamic. This represents the GRP2 sub-
task of the UNIT work programme.

This analysis was developed in close collaboration with the Numerical work package and
confirmed that only minor extensions would be needed to the work aready done by both work
packages. However, time has not permitted us to build a prototype demonstration, which is why
this chapter is contained in an appendix.

The chapter summarises an anaysis of the equation-oriented approach, maps it onto existing
Unit Operations and Numerical concepts and then presents a modified verson of the
mixer/splitter scenario shown previoudy in the main body of the document.

The analysis provides an overview of the types of equations set up by a typical EO unit, the
functionality of the Equation Set Object (ESO) defined by the Numerica work-package
(NUMR) and the way that an EO simulator brings together the individual unit goerations to
create a complete flowsheet.
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9.2 An Equation-oriented Unit Operation
This appendix is developed around a smple unit operation, such as the mixer/splitter example

used throughout this document. As before, this provides good insights into the issuesinvolved,
without becoming distracted by the complexities of the unit operation itself.

9.2.1 Equations for atypical EO unit operation

For a smple tank, with an inlet flow, and an outlet flow governed by the liquid head, then a
typica set of equations would be:

dM
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dt n out
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for turbulent flow:
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with the switch from laminar to turbulent flow occurring at Re=2100, and the reverse a
Re=2000.

9.2.2 The Equation Set Object (ESO)

All the features of this set of equations, including the discontinuity in the equation for the
friction factor, f, can be handled by the ESO defined by NUMR. The ESO dlows the
description of a set of equations:

f(x,%t) =0

and provides methods for (amongst others):
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a Number of variables

O Number of equations

O Get/ setvauesof x, ¥andt

O Get vaues of functions

O Get number of non-zero derivatives

O Get structure of derivatives (Jacobian)

O Get/ Set values of derivatives

Note that values of x are smply stored as a vector, individua values are accessed using the
location within the vector.

9.2.3 Operation of an EO simulator

For the smple flowsheet below:

an EO smulator would generate the overal set of variables and eguations by looking at each
unit operation in turn to identify the variables and equations associated with the units
themselves, then would add the connectivity equations and the user specification equations.

For example, in an EO smulator (here assumed to be working in steady-state, but extendible to
dynamics) a single Unit Operation (UO) will describe a set of equations

f(x)=0

where x is the vector of al the variables associated with the UO. This vector can be sub-
divided into 3 categories.

1. The ‘input’ variables u. These would include variables such as feed stream data (global
variables) and unit input data (Public Unit Parameters).

2. The ‘output’ variables y. These would include variables such as product stream data (global

variables) and calculated results that are made available to the smulator (Public Unit
parameters).
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3. Interna variables X', not visible to the Simulator Executive, other than as an dement of the
Vector X.

Thus X :’g,x,y] . Note again that the ESO smply stores x as a vector, and there is no

information stored as to the type or meaning of a given element of the vector. Furthermore, in
generd for a single UO there will be fewer equations than there are variables, as many of the
equations invalving the input variables u can only be defined at the flowsheet level.

Returning to our smple flowshest, let’s assume that each stream has 3 variables associated
with it and that each unit operation has just 1 item of input data. Let’s further assume that the
first unit operation has a total of 25 variables (x; t0 %5). Of these, X to % are the variables
associated with the feed streams, %3 to %s are the variables associated with the product
stream, whilst % is the UO input data. Finally, the UO itsdlf is described by a total of 18
equations. A smilar analysis can be performed for each of the other UO’s in the flowsheet.
Let's say that the 2% UO has a total of 15 variables and 11 equations, whilst the 3% has 40
variables and 36 equations.

4] 3

X, DX, Xoa D Xor X PX

23 25 26 28

|
X, P X

A typicd EO smulator will obtain this information from the ESO and will construct variable
and equation arrays for the overal flowshest:

Variables 1-25 | 26-40 | 41-80
Equations 1-18 | 19-29 | 30-65 | 66-80

Thus, in this case, the smulator will add a further 15 equations (equations 66-80) to describe
the overd| flowsheet connectivity and the unit input data. These equations are derived from:

stream 1 = plant feed stream data (e.g. x; = value)
stream 4 = stream 2 (e.9. Xo = X23)

stream 6 = stream 5

stream 3 = stream 8

and

X; = UO input data (e.g. Xio = value)

where there are 3 equations for each stream and 1 for the input data for each UO.
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9.2.4 GRP2 proposal

It is proposed that the variables and equations for each unit operation can be described by a
ESO generated by that UO. Furthermore, the Simulator Executive will be able to generate an
overal ESO by amagamating the individual UO ESO's with the additiona equations required
to describe the flowsheet connectivity and UO input data. However, as each individual ESO
contains a Smple vector representation of the variables for the UO, methods must be available
to determine the association of the UO variables with the flowsheet streams and with the UO
input data.

Thus an EO unit will consst of the following:

a An ESO generated by the Unit operation, but exposed via the standard ESO interfaces.
O Methodsto allow the user to provide UO input data (as per current SM UO interfaces)
0 Methodsto allow production of reports (as per current SM UQ interfaces)

O Methods to allow the association of an internal ESO variable to a Globa Variable (from the
Material Object).

O Methods to alow the association of an interna ESO variable to a Public Unit Parameter.
Note that al internal UO variables which can be specified by the user must be available as
PUP's. Other internal variables are at the discretion of the UO developer.

9.2.5 Interoperability of SM and EO unit operations

A CAPE-OPEN compliant SM unit operation can be used in an EO simulator as follows:

EO Unit
- flu) =0
J —() - SM Unit
u y=1f(u)
E— )
ﬂ_
Tu

This implies that the SM CAPE-OPEN interface specification must make provisions for the
derivatives to be accessed, if available. This is a new method, which is not covered by the
current specification. Of course, individua implementations of such interfaces may choose not
to provide such derivative information; in this case, the EO wrapper object will be unable to
provide derivativesto its clients.

Furthermore, alegacy SM Unit operation can be used within an EO smulator by first wrapping
as a CAPE-OPEN compliant SM unit operation, then using the method above.
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Using a CAPE-OPEN compliant EO Unit Operation with a SM smulator is also possble, as
below:

SM Unit
Solver
EO Unit
—> —>
u y=1(u

9.2.6 Otherissues

EO thermodynamics and sub-flowsheets can both be handled as sub-ESO’ s, which can then be
amalgamated into the overall flowsheet ESO.

The requirement to be able to identify the name of each of the variables within an ESO has
been identified. While this is not strictly necessary mathematically, it enables a solver to give
more meaningful error messages and is thus essentia from a practical point of view.
9.2.7 Extramethods required for UNIT and NUMR
In summary, the analysis has shown that equation-oriented smulation can be handled by the
existing Unit Operation and Numerical interfaces, with the addition of a smal number of extra
methods. These are:

ESO: get names of variables

SM Unit: get derivatives df/du

EO unit: get interna variable number for given Globa Varigble

EO unit: get internal variable number for given Public Unit Parameter

Note that this also implies changes to the ESO to ded with the variable names.

9.2.8 Mixer-splitter Design Scenario For Steady-state EO Unit and
Simulator

We are now able to revise the design scenario used earlier for steady-state, sequential modular

smulation for seady-state EO simulation. As before, the purpose of the scenario is to focus
the scope of the interface specifications onto what is required to implement a steady-state
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mixer-splitter prototype in an EO simulator. It provides the overal functiondity required for this
prototype, rather than an engineering specification of a mixer-splitter.

For the purposes of this exer cise the following assumptions are made:

Q

O

The unit relies on the use of a“conventiona” physica properties package to compute any
physical properties (e.g. enthalpies) that appear in its eguations. In a CAPE-OPEN
context, thisis done via the materia object.

The unit can set the attributes of materials (e.g. T, P etc.) in “batch mode’, that is, an
attribute can be set without triggering a recalculation of the materid’s interna state. When
the unit has finished setting up a materia, it then asks it to recaculate. Thisis done to make
the operation of the unit efficient by avoiding unnecessary caculations.

The unit does not need to inquire about the availability of a thermodynamic server. It just
asks the materids to perform actions and the materia is assumed to invoke the
thermodynamic server internaly, if it needs to. In a production ssimulator, of course, the unit
would need to do this. It is quite possible that there might be no physical property system
connected at all. Thisisjust asmplifying assumption for thisinitial prototype.

The unit with one or more materia objects, al derived from the same materia template.

The mixer-splitter allows the user to specify the split factors used to direct flow to the
outlet streams. It also has the ability to specify heat input.

A) Add a unit to the flowsheet

Q

User selects a mixer-splitter from a palette of unit operations and places it on the
flowsheet.

The smulator asks each unit to initidise itself passing to it a material template. The unit
uses the latter to create a materia object(s) and interacts with one of them to obtain the
number of components in the system. It uses this information to set up an ESO (Equation
Set Object) describing the mathematical system of equations that modd the unit's
operation.

The user selects or creates the streams and requests the simulator to connect them, one at
atime, to the ports of the unit, possibly by using a GUI to drag the stream to a port on the
unit icon or by interpretation of atext input file.

B) Enter unit specific data

Q

The simulator does not know if a user interface (Ul) is available from the unit, so that it
must query the unit for one. If a Ul is available, it is displayed. If not, the smulator
attempts to construct one from the unit’s list of Public Unit Parameters,

When dl the user-desired data has been entered, then the unit checks the data for validity
and consistency. Note that an EO unit does not necessarily require al the possible data to
be specified, unlike a SM unit.

C) Define unit report
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Q

Q

User asks the unit which reports it can produce.

The unit gives alist from which the user selects.

D) Run a simulation

) Building the mathematical problem

Q

The smulator asks the ESO of each unit in the flowsheet for the numbers of equations
and variables in it and uses them to construct the global vectors of equations and variables
for the entire flowsheet. The ssimulator also asks the unit ESO for the number of non-zero
partia derivatives, the sparsity structure of the partial derivative matrix (i.e. the row and
column numbers of each element) and the possibility of computing the exact value of each
element.

The smulator sets up the equations that describe the connectivity of the units in the
flowsheet and the corresponding rows of the partial derivative matrix. To do this, the
simulator asks the unit to identify which of its variables are associated with each of the
connected streams.

The smulator sets up the specification equations and the corresponding rows of the partia
derivative matrix. To do this, the smulator asks the unit to identify which of its variables
are fixed and at what values.

II) Analysing and validating the mathematical problem

Qa

The smulator checks that the mathematical problem assembled at step DI is well-posed
(e.g. square, structuraly non-singular, etc.). If not, the smulator issues some form of
diagnostic information to the user.

[II) Solving the mathematical problem

Qa

The simulator creates an ESO (Equation Set Object) which incorporates al the information
on the mathematical problem assembled at step DI.

The smulator cals an NLASystemFactory, passing to it the above ESO, to create an
NLASystem. The NLASystem is the combination of a solver and the specific
mathematical problem.

The simulator invokes the NLA System to solve the simulation problem.

During the numerical solution, each of the following interactions may occur in any order
and frequency, depending on the design of the solver:

The NLASystem asks its ESO for its current variable values. The ESO obtains these
by querying each unit ESO in turn for its own variables, and then assembling these into
a global vector which it returns to the NLASystem. Note: thisislikely to be one of the
first actions performed by any NLASystem, since it can only dbtain initia estimates for
the variables from its ESO. Thus these initia estimates must be present in, or be
generated by, the units before the solution process commences. (The exact point in the
sequence at which these estimates are produced will depend on the implementation of
the component).
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The NLASystem provides new variable values to its ESO. The ESO then digtributes
these to each unit ESO in turn, updating the local values formerly held by the units.

The NLASystem requests the current residual values from its ESO. The ESO obtains
most of these by requesting them from the ESOs of its constituent units, and assembles
the responses into a global vector. It then appends to this vector the values of the
residuas for the connectivity and specification equations, before returning the global

vector to the NLASystem.

The NLASystem requests all the current partial derivative vaues that can be
computed by each ESO. Again these are obtained from the individua units and
assembled into a globa vector, with information for the connectivity and specification
equations appended to it. The ESO then returns this global vector to the NLASystem.
(It is assumed that the NLASystem will approximate those partia derivatives that
cannot be computed by the units).

E) Report results

0 Thesimulator asks the unit to produce its report.

9.2.9 Extension to Handle EO Dynamic Simulation

The scenario for dynamic simulation problems is very smilar to that given above, with the
following differences:

O At gep B, theinitid condition of the unit is specified, in addition to the other data that need
to be specified for steady-state problems. If the unit has its own Ul, then the latter can
handle the specification of this information. If not, the smulator could attempt to handle it
by presenting to the user a list of the unit's “state” (differential) variables' and asking for
their initid values.

O At step DIlI, the smulator generally needs to solve a least two distinct mathematical
problems:

First, the DAE system needsto be initialised. To do this, the smulator starts by forming
an extended ESO comprising the ESO constructed at step DI, plus the equations
corresponding to the initial condition specifications (cf. step B). It then cdls an
NLASystemFactory passing to it this extended ESO and asking it to create a
NLASystem. It then invokes the latter to solve the initidisation problem. (In this
problem, the time derivatives of the differential variables are treated as independent
unknowns; hence the extended ESO is square).

Assuming the initialisation is completed successfully, the integrator has to proceed with
the integration of the dynamic eguations over time. To do this, it cals a
DAESystemFactory passing to it the ESO constructed at step DIl to create a
DAESystem. It then invokes the latter to carry out the integration.

! These could be identified using data provided by the unit’s ESO.
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The interactions of the two solvers mentioned above with their corresponding ESOs are
essentidly identical to those listed in step DIl above, ultimately involving interactions with the
ESOs of the individua unitsin the flowshest.

0 Reporting of dynamic results. If the reporting is to be done by the units (as in the steady-
date case), then we must make sure that the smulator calls the individua unit reporting
methods at the frequencies required by them during the solution method - not just at the
very end — which may require changes at steps C and E.
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