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1.5. Summary of FY2000 Human Media Technology R&D:Advanced
Information System Technology R&D for Oil Refinery Plant
1.5.1.0verview of the R&D ’

Human Media project is a METI (Ministry of Economy, Trade and
Industry; the successor to MITI:Ministry of International Trade and
Industry)-funded national project started in FY 1996. This is an overview of
a project on “Development of a human interface for the next generation
plant operation” running as a subproject of the Human Media Project. It is
METT’s intention that research on concrete topics to realize the idea of
Human Media technology should be conducted to make the results visible
and easily understandable rather than basic research about Human Media
in general. The FY2000 is the end of the first project term.

The philosophy underlying the project is summarized as the coined term
“Human Media” which stands for the advanced user-friendly media
technology using three representative media such as Knowledge (AI) media,
Virtual media and “Kansei” media. “Kansei” is a Japanese term whose
rough meaning is the sixth or seventh sense for satisfaction, comfort, beauty,
softness, etc. Technologically, the heart of Human Media is an integration of
the above three kinds of advanced information technology to come up with
an innovative human-centered interface.

We see four major trends of paradigm shifts in computer technology:

(1) From Computer-centered to Human-centered

(2) From Processing-centered to Information-centered

(3) From Form-oriented to Content-oriented

(4) From Centralized control to Distributed control

The first two are based on deep reflection on the long history of
computer-centered and processing-centered research which have never been
good in human-computer interaction aspects, since such technology forces a
human to approach machines/systems or allow, at best, addition of an ad-hoc
interface on top of each system. We need to change paradigmatically to come
up with an innovative and essentially better human interface technology.
The concepts of Human-centered and Information-centered technologies are
key concepts of such an enterprise. The true man-machine systems, which
are what we need in the coming information age, do require an open
architecture involving humans who need computers to help them facilitate
their daily activities. The heart of Human Media project is compliant with



these paradigm shifts, more strongly, it is an enterprise to promote such
shifts by providing concrete technological ideas through the integration of
Knowledge media, Virtual media and Kansei media.

The third is a bit different from the first two in that it is related to
artificial intelligence (AI) research where so-called form-oriented basic
research has been extensively conducted. It has been trivial from the
beginning that no intelligent system can function without a reasonable
amount of knowledge. Nevertheless, form-oriented research has dominated
Al research. Content-related activities are mainly knowledge base
construction. Although huge amount of such activities have been conducted
to date, they cannot be said to be “Research”, since they are ad hoc, heavily
domain-specific and hardly accumulatable. We do need content-oriented
“Research” to make an essential contribution to intelligent system building.
This is related to Knowledge media technology.

The fourth is related to system architecture issues. It is an infrastructure
of building large-scale robust systems, which are often difficult to build and
maintain. Typical distributed control systems include a multi-agent system
in which agents collaborate with each other without a priori specification of
interaction between them unlike the conventional centralized control
systems. This paradigm of system design makes it easier to build a
large-scale system provided a powerful negotiation protocol.

On the basis of the background described above, we decided to employ the
following four major policies to conduct the project:

(a) Open-architecture including human operators rather than closed one
where a system tries to solve everything by itself:

This policy is the most straightforward decision made according to the
project mission of building a sophisticated human interface for plant
operators. The human operators who are responsible for every decision
should take the initiative. The role of systems in support of the plant
operation has to be not “passive” but “active”. By active support, we mean
information is given to the operators not only by their demands but also
system’s spontaneous decision on what information is necessary and when it
should be provided. Such support systems should have potentials of coping
with the difficulties and such capabilities enables them to work with human
operators who require an intelligent partner which could augment their
capabilities. Such systems apparently have to provide human operators with



useful and timely information about the plant including suspected causes
with operation recommendations with justifications. For that purpose, we
employ an Interface Agent who monitors the dynamic states of the plant and
notifies operators of noteworthy events as well as conventional messages to
operators. It complies with the paradigm shifts (1) and (2).

(b) Introduction of ontological engineering to avoid ad hoc knowledge
representation and utilization: Conventional Al research has concentrated
on formal issues such as logic, knowledge representation, formal reasoning,
etc. However, the real world problems require sophisticated treatment of
knowledge, that is, to cope with the issues of how to make the knowledge
base construction principled and how to make the knowledge bases reusable.
Ontological engineering is expected to give a solution to this. It complies
with the paradigm shift (3).

(c) Multi-agent architecture rather than centralized one: Such a system
that we plan to build will necessarily become a large-scale system, which is
hard to develop, control and maintain. The multi-agent architecture with
distributed control has many merits provided we come up with powerful
collaboration protocol and vocabulary or concepts which are two of the major
research topics of the project. It complies with (4)

(d) Case-based and model-based approach rather than heuristics-based
one: Unlike the conventional expert systems, we decided to employ
Case-Based Reasoning: CBR for monitoring the plant and Model-Based
Reasoning: MBR for understanding the plant state with prediction of plant
behavior. These policies make the system unique and different from
conventional systems of similar purposes. It is not an expert system in
conventional sense. The next section discusses motivation and background
of the project together with project organization.

1.5.2.The background of the art of the plant operator support

We adopted an oil refinery plant as a task domain. After general
investigation and several interviews with domain experts and plant
engineers, the following current situations of plant operation were revealed:

(a) Operators have little chances to acquire know-how of plant operation
because of the increase of reliability of the plant.

(b) Aplant has become a large black box to operators because of its growth
in size and advancement of automation.



(¢) The human interface available is at best a multiwindow system of
DCS: Distributed Control Systems, which is totally a passive information
provider with an uncontrolled alarm system.

(d) The way of information provision is monotone rather than adaptive to
operators and situations.

(e) Many kinds of information are available upon request, but all given is
unrelated and disordered. Lack of integration.

() All the operator support systems are built from scratch and hence
expensive.

(g2) Maintenance of the support systems has become more and more
difficult according to the growth of the plant in scale.

The goal of our project is apparently to resolve these difficulties. A plant
should be transparent to the operators. The interface cannot be a simple
thing which exists between the system and operators, rather, it should be a
mediator which assists operators in making appropriate decisions by giving
necessary and sufficient information at appropriate time based on a deep
understanding of the plant itself and characteristics of human perception
and cognition. Information provision should be not passive but active.
Information should be integrated in the sense that all pieces of information
should be controlled by a principled manner according to an explicit goal of
the provision. In order to enable the interface to understand the plant, it
should have a model of the plant and hence it should employ model-based
reasoning. Such an interface necessarily becomes a huge system. But, it
should not be difficult to build. The knowledge bases should be reusable for
building similar systems later on. It requires an ontology engineering to
build reusable knowledge bases. Such a system should be flexible in the
cases of building and execution, which suggests multi-agent architecture
with negotiation functionality.



(1) Interface Agent: IA

It is located between the human operators and the plant to monitor the
plant states for them, triggers the collaborative actions among other agents
and gives messages to operators in both text and speech. It is an “agent” in
the following two meanings: An agent who performs monitoring job for
human operators and an agent who can autonomously work with other
agents. It consists of two major modules: case-based reasoning for plant
monitoring and spoken language processing for human interface. The
former stores cases of time series of various sensor data of the plant
together with labels (normal, abnormal, etc.), diagnostic information and
operations done for the situation. All the information is indexed for retrieval
and later-use for plant monitoring, diagnosis and operation. Techniques
used in the spoken language processing include Direct Memory Access
Parser: DMAP and Memory Organization Packet: MOP. Speech input and
output is carried out using commercially available speech boards. It employs
no heuristics of the operators to make it free from the difficulties that
conventional expert systems had. It can learn through its experience by
increasing the case base.

(2) Virtual Plant Agent: VPA

VP is responsible for realizing a 3-D virtual plant for easy access to any
portion of the plant. It allows operators to inspect any sensor data for his
decision making as well as virtual operation on devices. It makes the plant
physically transparent by visualization. The virtual plant has been carefully
designed to imitate the real plant in a good fidelity so that plant operators
can enjoy highly situated cognitive activities.

(3) Semantic Information Presentation Agent: SIA

The major functionality of SIA includes providing semantic information of
the plant based on multi-layered logical model of plant rather than raw data.
Given candidates of causes of a fault from IA, it identifies the most plausible
one with restoration operation for it. IA and SIA are complementary to each
other in that SIA reasons about the plant using model-based methodology,
while IA employs a CBR approach based only on the past experiences. When
IA finds a very similar case, the decisions drawn from it might be highly
reliable. On the other hand, if it cannot, CBR cannot say anything useful.
Model-based approach is generally robust as far as the plant states exist



within the coverage of the model built. Thus, the two compensate for each
other.

(4) Ontology server: OS

Each agent has their own specialty, which differs a lot from each other. It
is a must for them to share minimum commitment on understanding of the
domain to collaborate with each other. A solution to this is ontology.
Ontology is a shared theory/system of concepts of the target world to specify
its conceptualization. The concepts and vocabulary in ontology are used as
building blocks of the operational model of the world. The ontology server,
OS stores an ontology developed for the target oil-refinery plant and serves
it with agents. All agents necessarily commit to the shared understanding
by using the ontology and hence they can maintain fluent communication.
Further, OS has a function of message generation in terms of appropriate
words. OS is always asked to generate a message by IA who wants to say
something to the operators. It sends OS stylized meaning representation,
which should be converted into natural language, Japanese in our case. The
word selection is done consulting the model of the target plant and
definitions of terms in the ontology.

(5) Distributed Collaboration Infrastructure: DCI

The infrastructure performs the functions of a communication channel
and a negotiation facilitator for the communication among agents. Needless
to say, DC1 and OS are compliant with the above policies. They make the
whole system robust in runtime and easy to maintain thanks to its
sophisticated negotiation protocol. An agent only has to know what jobs they
want to get done and send a message using the local terms which have been
told OS in advance without knowing who could do the job. The unique point
of DC1 is that it introduces Proxy agents (in our system they are called Task
agents) which do the negotiation among them for the agents they represent.
Therefore, addition and modification of any agent is relatively easy.

(6) Plant Simulator

The system requires real time plant operation data. At an actual plant,
DCS (Distributed Control System) is installed and manipulates the plant
data every second. In this project, a real time dynamic simulator instead of
a real plant is installed, using the mathematical model representing a
Topper (Crude Distillation Unit). This model consists of the following major
equipment and instrumentation.



Desalter Preheat Train (19 Heat Exchangers)

Preflush Drum

Crude Furnace

Crude Tower ( 42 Trays)

3 Side Strippers

37 PID Controllers

18 Pumps

132 Analog Indicators and Monitors

93 Field Valves

A set of tuning parameters such as PID and alarm range can be changed
arbitrarily. This model can produce emergency operations such as pump
degradation and failure, tube leakage, valve stuck and controller failure etc.
After the set values of controller are changed or malfunctions are set, the
operating condition will be changed. This model can calculate the changing
data in every second and send the data to Interface Agent in every 2

seconds.

1.5.4.Contents and Results of the FY2000 R&D
In FY2000, the prototype system of FY1999 was evaluated and updated.

Further in order to use for the general purpose, middleware researches were
approached by each sub-system.
@ Interface Agent

(R&D Contents)

In order to evaluate from practical point view,

To evaluate plant monitoring functions through multiple scenarios

To evaluate voice dialogue system

In order to approach to the plant operation middleware,

To develop case base editor, end user GUI of Case Base Reasoning

System using XML.

(Results)

Plant monitoring function was updated from 2 anomaly scenarios to 7

anomaly scenarios.

Voice dialogue system was improved by C++.

The function of acquisition, store, retrieve, supply and monitoring of

plant data was provided to DCS agent.

WEB browsing and GUI editing of case base contents were developed.



@ Virtual Plant Agent
(R&D Contents)
To evaluate and improve VP
To upgrade VP autonomy function
In order to approach to the plant operation middleware,
To develop general purpose VR application focused on human interface
To improve visualization of process data
(Results)
Products state monitoring function and its communication function were
developed.
Process data was visualized.
VR viewer program was developed.
VP was evaluated from user viewpoint.
Operational level was gained.

@ Semantic Information Presentation Agent:
(R&D Contents)
To implement diagnostic information based on display intention with
variable levels of detail
To develop fast and simple forecast simulation combined with
qualitative and quantum reasons
To re-write modeling tool by Java
(Results)
Variable LOD was implemented by fluid of mass in detail at normal and
related part in detail at anomaly happening or identification of anomaly
cause.
Evaluation method of counter actions was developed using simple
forecast simulator.
Plant modeling tool was developed by Java.
New identification method of anomaly cause from strong user
requirement was developed based on localized functional model of plant
component and system.

@ Ontology Server
(R&D Contents)
To refine operation task ontology
To evaluate effectiveness of ontology server especially out of supposed
scenarios



In order to approach to the plant operation middleware,
To consolidate ontology development environment
(Results)
Protocol development for advanced cooperation was tried in different
domain. But main focus was shift ed to middleware.
In case of out of supposed scenarios, message was successfully generated
if message would be applied in template, but the message was not
applied if it was quite different sentence pattern.
Plant ontology development tool was developed., of which short time
training and message generation facility were applied even if domain
was changed.
Distributed Collaboration Infrastructure
(R&D Contents)
To evaluate and improve distributed collaboration infrastructure, in
particular, processing speed, autonomy of collaboration mechanism and
synchronizing mechanism
(Results)

12 occurrences of threads at 1 collaboration request were found and
architecture was improved by using Jini.
The goal was attained by the improvement but the further increase of
subsystems would bring another issues.
Plant Simulator
(R&D Contents)
To evaluate total system by the following view points,

Easiness of plant system operation and adequacy of display timing
from operator point of view

Maintenance of subsystems in case of system upgrade

Applicability to other operation work
(Results)
User questionnaire was made and the answers were analyzed.
Scenarios were improved.
Simple plant model construction was supported.
Information for large-scale display was supplied.
Ontology terms and sentences were evaluated.
Scenario was improved by simulation.
VR data was supplied.



@ Large Scale Display
(R&D Contents)
To derive display integration algorithm
To make guideline for large-scale display
(Results)
Scenario based on display algorithm was implemented.
Cooperator model of large-scale display was presented.
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MNEBEER EIPOMT %, X2.6.1 D4 haP—T, PHEHE WS YA
TEHEIN, EFIWVHTHEEE DN > FSNTNWBEDHA VR 0 AERK
ThHbd, FRAEERICE Y boY—T ?pids,. Bz EDHMTERIN. €
FIVHT #Highl, HEGER2 2 EDPNA  RINTWBEDOHRRA0Y NERTH 5,

o ZEXDTEFHE
lIbIER ( (f VRV RERE V5 RE
(Zow MEKEZ (RO MG A VAV AERA) )

BRI, ? OB EBINTHITH B,

NHEFMT L E "V SRLG BRI ISZADL LRIV AD A LV RAY >
2AEBE" DRI EBICN, » RE N, ZDEREIT Axion Body > 55X h %,

AR RABRIIN, VREINZA A RFISICAD Y MEZR D,
20w MG, A VATV RAEREZBUERTELZET, A VR ADHD”
20w bME” BT R0y FOEEREL, ThP A0y FEKIC/NS > RS
N,

2.6.1.2.2. AxiomBody
D7 4 =)l RICHIKIOREELRT S (X 2.6-1),

Axiom Body 7 4+ —J)V R X sic32icabrhty hTadbdh b,
Condition iX. HlZF = v 7T EDLESIHPDRUT. SHHPRDIDEEFIZZ
NIZHHET % Body D& N %, Body icEDNEHIKIIER L TWEE S,
To—k ey, Userlse iCEPNENEDP T -V MIRINS,

- Condition
Body % fli 3 % 7 &5 DM, wmEATREIN S,
- Body
Participants TRE#Z L. SMERD W~ & BAR 2K, swfElTH
HEXh 3,
- UserUse
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2 S —H—N—BHI T~V PDHRICHEI DB TEDE 7 4 —
)V R, Body DI N MR, #IREHZLTOWRPESESG. =Z5—0L2 8
WCONEBEEKT,

o ERDSH

RER U RBY NE A VRY LV RERE)
AURYRAEBIINL Y RENBAL VAPV RFEHIIAT Y MEZRRD,
20w M4, A VARV AERGEAERTELIET, A VR ADHD”
20w hNE” BRTAO0v bOEESBT 5,

e 7TVIF4 7T
NHNOFKZILRT 22007 3574 TRAHR2MAHET A by
—FAT—Y Y PP OSDERER-IIZERINT VS, 7 I74 72,
B 2D T 2RE(EBEZET)O. VAR VRV RAESBT3H0,
MEEZHET 2 D8H 5, ZO—ET7T,

(DEMBEZRTHOD

- include: FrEBEFRERT,

- equal: HPIRE KT,

- order-of: JEFERZEZLET,

)V IRARA VAT L RAESHTHHD

- get-parts: part-of BfRicH 220w MOEEB D HT
(B EEFIHTZ28D

- any-element-or:

EHIIRLUT, BEINEFHZITO. HSROMENZRT,
- any-element-and:

EHICHUT, BESNEFMHETV. BROMEMZET

® i
AR DN —)VIZHE > TEBOHIR 2T E %,
BRI 1 and #1F92 © BI% 1 2= L. HOHI 2 239,
BF71 or HIFI2 : B 1 IR 2 DA, EREEARMET
(not #%91) D HR L RS R,

2.6.1.2.3. EAMERIT
P AH, TFNVICHTAEESHMBGLEX 2 DDV )WV TEithbh b, 9.
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(D)8 —H—iC L W EHRPEECHT 2EBOSGEN 2 F = v 7 Bfrbh. RIZ
QYNBERRFEDPBRNDPERIAET %, ()IZDWTIE, EFAREDPA > oY
— P —N—ZREOSNTELLETEELICHRTEH. 2)Ic>0nTiE 0S8 75
A7 MPOSDBEREH L EIZITbN S,

(DIZ22WT. Bo7n s> L2084 S0O)5—Y— KR REHERE
bRV ED, Blodxih, (2)i20nWT, A hay— EF)L, AHD
FNBNICRH LT ED LS RBEGMUMGEDTON 5 PIRSHT 5,

(A)A > bOo—ICxtd 28EMEMGEE

ZOED FEE. 72 RAERE LTEBLTWBR IS ADNELET ZHhE
S R T %o

FATBEE L ORIT. BRI R ED R WDHERT %,
iscafEHIN—7 LT RWHE D D EHRT S,

(B)EFIWIZA § 5 BAVERGEE
A0y hDEIZN LT, 77 XK. ROz L TWEDHERT 5.

(C)ANFRIZH 3 B EAMEARGE
NEIZBINT B4 L RY LV ABIEET BT & THREERITS o AP D AxiomBody
7 4=V RIZE PN ZMZTDHED DPHET 5,

2.6.1.2.4. A2 bOP—-EEFIIZXT 2EME

A2 hOV—LEFINVOBEL. TEF. TREL TBEMOMGEE) OfbK
LTiibh3, T2TE, v hov— (2%ES, BRES. 7> XEAR
DEE). TFIN (2RSS Ay VR, BURBESS VXY ZADEES) 1T
LTRENZBEZHSHICL. ZRZNOBREICHGT ZBEEEZBEEL T
<o
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(define-base-concept “HEzH”
:super-class ( “EH ¥ )

‘axiom (
(Participants (
CHERHE "Hin#E"

Cuidw ('Hige" ? BisH))
O ("RE" 78ERH))
(AxiomBody (
(
(Condition (T))
(Body (not (equal ?#i# 2#85))
)))(UserUse (H$ERTYH )
3sl?t-def (
‘name “7 L —25"
‘relation “part-of’
‘plural “1”
‘constraint
)
(
‘name “ﬁ-ﬁ%”
‘relation “part-of”

‘plural “1”
(‘$%”

“7 l/___A”

‘constraint
)

(

‘name “BiR”
‘relation “part-of”

‘plural “1”
constraint  “Hilg”

)
)

(get-superclass 7 > X% FifEs

(define-base-relation “FHiF”
‘axiom nil
islz)t-def (
‘name “;i”
‘relation “participate-in”
‘plural “1”
‘constraint “5B#”
)
(
‘name «in
‘relation “participate-in”
plural “1”
‘constraint  “Zzf%”

)

)

2.6 228U, BIRBIZE®R

(1) tRB&IC o9 2

RS, 75 2%, EilS. 7S ARAM, 20y oKX S,

A0y FOREE. 5220 Y M4,

20y b e OBR. BOHIK.

DA SRDB, FCTHEESESDEDICLUTOREBES5Z 5,

S E =
(define-base-concept 75X %
'super-class ( L {2
‘axiom 25X ARIE
slot-def (
(

‘name X Owv ;&

relation X Ow A EBES & DEIF
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‘plural #D#F
‘constraint 7 = X ##9
) »
)
)

X 2.6-20KDERIE. HIZHOERETH S, MBI TEOY ) THD.
HEE 7 S5 AThHh Huilh,. Bazr > OBHME >, 2LTC. 77 ANAHE
LT, RifgEBmlE LD THoTCERORWT BRI N TN S,

(2)BERME ST A 3~ 2 B 1E

BRI, 79 A4, Hilts, 72 ANAH, 20y M osiEmEh 3,
20w PORERK. 50y M4, R0y b EDOBR. BoHlF9.
75 AP SR b, ZCTHEERDLEDICLUTORKEEZ %,

L iy 2
AR FR

(define-base-relation 2> &
'super-class (S IBERE)
‘axiom 23 X RAREE
slot-def (
(

name X Owv ;&
relation X Ow b E#ESE DEF
‘plural #D##9
‘constraint 2 > X #¥7
) *
)
)

X 2.6-2045DEHE. RRBROEHETH D, LEBSE. ShBLaE L
T. BETchr ket TchdrEL— O?O%Op&#ﬁéﬂf%%o

(3)BEEIT N T B B DR
ZFNZNOEIIOVWT, BERZRET LB EHET 5, MERIC
. LR, 72 ARAM, Xov FDH S,
ARSI A T B R

- HAEEE BN

(add-superclass 2 > X% FifEat)

- FAIREE D HIER

(remove-superclass 27> X% 4ﬁ[fﬂ% 277)

- PRIBESOMR(EED FAEO M)
(get-superclass 2 5 X% Jﬁﬁfﬁ% )

- BGOSR (TR T O EBE)
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BHEMTH % Condition,

(get-superclasses 7> X% FiBE&5)
75 ZAWNEIZN T B 1EEE

- 75 ANREORE
(exchange-class-axiom 2 5 X% 2 > R AL FE)
21y MIT B18E

- 20w hDEM

(add-slot 2> 2%& xXov MEW)

- 21w M OHIFR

(remove-slot 27> X% Xowv MER)

- 20w MEROERE

(exchange-slot 27 5X%& Xov MER)
- 20w MEHROMAE

(get-slot 75 2% Xovbr4)
(get-parts 27> %)
WeZz0d DIz 3 %8k

- BERICEE T A E M

(superclass? 2> X &1 7> X%2)
(subclass? 2> X &1 2 >X%2)

s AV b oY —DEOHERGE
(check-ontology 2 > X %)

< F 2 oY —2fKOBEVERGE
(check-ontology)

(4)7 5 ZAMABICE Y 2#8(E

LR UEZS ZARNAHEFERRIC, 72 ABABIEK. SME2HET S
Participants &. &M EEKTH 5. AxiomBody 7 & 72 % . AxiomBody X X 512,

WK DRETH S Body, HIKIVERSNEL E

Wr—yxz )y MIRENS UserlUse 62 25DT, UTDLDITERDZHD
Bz HE L=,

(define-axiom 2 5 XA IEH
(participants (

(1 >XIREHE O FIEFD "

(axiom-body (
(
(Condition BHRMD
(Body #/#9DFEMR
(UserUse 21— t'—F/H5D
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)
)
- VS ABREERE
(exchange-axiom 2 5 XL FEE 0 = X HAPE)

- DS AMAEEER  (BEMKREE)
(apply-axiom 7 5 XIRIAEE
(F2REREHE 71 >X5 > ID)Y

()& A VA Y v AEEDEEAE

AR RABERT B EE. BEOoR0y MEZVWNTWOWLEETH
%0 Lo TUTDLS REBEZHEL -,

4 R AR

(make-base-instance >3 &
id 71>X4>X1ID
(
‘name X O v f&

value 18
) »
)

AR O RABRET BT, ERRICAOY NOEZEETZZELTH 5,
FRA LRI AP OIFIFOEBREZWRO ET-O0OBKIZZTHEL
TW3,

20w hOEIZx T BRE

- 20w N ADEDEM

(add-slot-value 7> X4 >XID Row brF 1)
(add-slot-value £ > X ZXID Zpow bh% fE1{E2)
(add-slot-value-by-order 7> X4 >XID) Xowv r& JEH 1)
- 20w b SEZHIBR

(remove-slot-value ¥ > X#>X 1) Xowv +r& @)
(remove-slot-value-by-order 7> X4 >X D) Row % JEFH)
- 20w M SDMOED H L

(get-slot-value 7> X&>2ID XOwv hrE)

A RT U RZDHDIZNT BIRE

- 7S RZLOEH L
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(get-classname 7> X% > X ID)
(get-classnames 7 > X & > X ID)

A VRY L AMRER
(get-instances Z74)

- A4 VR RIZET BEM
(instance-of? 7> X >XID 75 X%)
c f U RY v ADELMERGE
(check-model 7> X% > X ID

- BTV AIROTESYERGE
(check-model)

ChoZRICEFLOHELDOHPE 2.6-1TH 5,

# 26 14> O —H—N—HEBYP—B

OSARL 1 e e e
(D203 B E
- BSER define-base-concept
(BB RBLS - N3 2 (%
BLSES define-base-relation
GBS T 2 B DERE
< E 7 2 %8N add-superclass
B0 o 2R remove-superclass
B 5 AR RFEHEDE Y 7 ADH) get-superclass
BV 5 2R BRBEXTOEY 5 R) get-superclasses
72 ANNERRE exchange-class-axiom
s Ay hEEN add-slot
« 23w MEHRR remove-slot
Ay MEREEHE exchange-slot
- 28 v MEREBR(BAITHRE) getslot
B SAMES RS superclass?
cFZAPE D FERB subclass?
W7 5 ZARABICRI T B I%E
 BLOE 35 define-axiom

* DS AN ERE

exchange-axiom

GHESA v AY v ZHEOE

A VR AERK

make-base-instance

DS ARBERD T get-classname
get-classnames

- 20w MIEZ BN add-slot-value
add-slot-value
add-slot-value-by-order

- A0y MR SEZHIR

remove-slot-value

remov e-slot-value-by-order

< 20w MSEEERHET get-slot-value
A VR AWK get-instances
AV ARY AT AEM instance-of?
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2.6.1.3. A>bra>s—HY—IN—DFF
HULEOEERS, AV b OY—F—N—OREET /e A bAY—Y—
N=IZDNWT, ZOEY 2 —)VERP. HLDETY 1 — VOB S 23T 2,

2.6.1.3.1. HEET > 1—-ILODIERK

FrhoY—Y—nN—iF, 4 DDEEET Y 12—V 55, Network Module
. BEBRHDIME 2T 2RE 2, Az—Yc bPrs0ax > R E
Command Parser 2%, Command Parser i&. Network Module 7» & 3 & v /= A48
POy REMFRU, HDBEREY 2 —)ICETREIZFD, % 7= User/Group
Manager (. 2 —V—RiAFP1—H— - VN —7HBROEEE2 T 2E%E 2D,
Ontology Manager l%. Ontology Base ic&Z oShTnwbA > by —- - EF)
IZBI9 23 RTCDEEEES

g D—

..i/
sm-ﬁ;

Foray—
BT 15

.................................................

| iTE

Ca—g— | | 2y~
PON—7

0OSI747 b

263VRAFATOYVIK

BED2—-NVOEHE2UFICRT .
& XV INIV—VEMEY2L—-)V
0S54 7> ey b=V A LEHEIEZFD. ST7S4 72 M6
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DEREIFETZDEY 22— V2l b, 2V P77 eHREXZDEY 2 —)
TERHINTWS, 2B EFRARERERARICIYY RV —ICZDFEEHR
L. I3 RRX—HY =25 NBOROR Y EEZITIS(X 2.6-3 D).

@ IV RN—HY—FTa2—)

2w N)—=UEHEYV ) o5EXINEOC FEERL, 2P —
~ADEEREE Y FTHhiEA L bo P —BHREY 2 - (X 2.6-3 @).
2—H— . FN—T7HEEDOIY Y RTHNEL Y~/ TN—TEBEY 2 —))
CHET(X 2.6-3 @) ZOIZOT Y ROXFENRBIEWREDRHNIXZ T
5T %, £/, AV REKTTRRICET LY~/ N—-TEHREY 21—
Vi & B2 ZITE D (X 2.6-3 @), FEEic L h EITHERZEHRLTW5, fl
ZIEHH—Y—2E5 0~ F2ETT B#KIE Adninistrator 7))V —71C
BLEI—YF—UDTZ2T. BT b 2ESNEZ Lidkn, £ b
OY—EHEY2—-)DPS5ORVEPLI—YV—/TN—-TEHED 2 —-ILDH 5
DL —FERREE. Ay M- EHE 2 —-)VEKFRH LT, 0S 7547
> M S,

e I1—YV—/IN—TEHEY 1)

b ek, 22—V —RiETH b, A hpY—Y—N—lZiFnin3
BRADMES AL PO Y —PETFTNWVDPEHINTWAEDT, TNENDT—4
EEUYNCRET 2 -ORMITEELBETH S, T2V — - TNV —T1E#

DEHR L, 2—Y—/T )N —712T 2ERPCBEEZITXTEH LTS, 2
—H—/ TN —TDEN - B - WRED. TV XWEERA Y Oy —D—E{fE
BaEHBZDED 22—V,

o A ihory—EHMED -

T hOY—R=ZZEZISNTWEAF L bOP— - EFNIET H5TAT
DEERE S, A2 bR —V—NN—DBERBES2—-NVTH D 4o 20 4o
TEBLEA MOY— EFIVERET S, IXTIOEY 12—V
B %, 2% RERITLEE, BROZI—HERP, a7 FORDEEZD
TV RN—=Y =TT (K 2.6-3 ®)s F/o. BEESMMEALL ZOEY 2 —IVTHT
Do
o /NHEIRZR

FohaY—03b5AHEBER U THMIREBICEBRTSIE 2 —-NVTH 5,
Tl EBRICAHZENT 2EEERED (AHICEAT 2EAMMEE) o > b
OYV—BHE 21— NVOYTEY2—)VT, A2 b aYP—EBHEY 2 —-IVHR
HICB T 2IMEERZZITHD &, COEY 2= VHEEN 5,
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26.2. 75 FETILORELEBGERTE

WNR7S 0 POETFTIVEREEEFETIZIFEAERTLTWED, 12 FEIC
A THERKEEEMD D D, ZHICHE > THEEEFTEETIVEIN TR
DPolENA TEETIIICINA B2 L &L Y ORBEGANIZET % BMRE DT
bh=DTZOR/RIZODNWTERS,

2.6.2.1. XA 7DOETIAL

F9. EFIMLT BBDRAIZRX B,

ETDETIWVERRIEI TS M4 POV —TEBIND VS ADA VRY
VAL LTETFIMEEN S,

EFNVEINEEREERT 2O EKENR THR—-b) L0 MEE2EA
T3, F—hEA L POP—ICBNWTHERINTED, A 72ELHOHO
LEBDO AT 5, Z LT, mBEOEGIEIR—FDA > X & > X[H
TEERT AL > TERIN S,

T2 POYV—RREINTVDE LD IC, MRS L NZWICHHRS
N3, HEME 752 bhzERNBJRMR EORKTH %, HED D BRMHD
MEFITZEEZ ) 7IXEEL LiEh, ZOMOMHBIBHPABIERED
RETHD, BELEBEIZOAMIOLLTE— 2L, ZH 5 OREN
WIIBED AS AR — P ER— FOEHRICL D RHAIN S, (X 2.6-4(a))

.................................................

@

AR RDEITHER

oSI547

avuk

2.6.3 JRFLT70OvVvIK
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akA—5—a

FIHIX R a7 ##ﬁ?%ﬁ

X 2.6-4NBYIOETY > TV OHA

FhTarbo—7—1 WS EBERMOEE. XMRY L2 RBRERD.
I b= —3% T2HENZNBEYPBEBEO MR THRE) L~V
CWwo kL ENENEL. ZORBMERZZEBICEDLDICTVFr—
ZIZHUTCHHERIERT A3RBETH D, 2 ro—F—DRIETE%% Tl
ENEY,) LR, 22 bo—S5—DBHERIRET 2% % NEENREB M
IR, THENBREE Y CRBEBRI T VF2 YDAV RE U RIZRBD
T AHRNE LTZDOZ eI T, EFNVERERTBEIC. 7
IVIEEE DD PO —5 —DIRMERRTRELTT IV F 1Y UHAD A VR
5/Zéﬁibf%u\752%%“&bf“%’8%%%75’Kﬁﬁ%%o
CORIZ, £, wmHEMICOY M O—-F—DEERREH LTV AR ES THIE
ﬂ%%mJ&@&op@ﬁk5@77/F%TWEJiT%@LMEE&ﬁﬁ
AWMBR 7S MY PO Y- LTERIN TV S,

NBLTBHEAMBEU TS P ETNVEIOA Y POY—DPoSEREINS, &
A Y—-TEBMESOHEHOBRE R TERLZOEREMELTEN. 7
v hAY—IZEDSWTETNVEER, EETBZLTET IV IOEEDNES
ik, —BULEEF) VRSN 5, B, HaZho o7 o7
A SR BRI 2 & 212, BEBHEER 2000 DGR 7Z > b ETFIVDPHEE
INTW5,
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2.6.2.2. 2 UEHRBIROB N

2.6.2.2.1. RIEBAIRRODESE
HEIBREDANEF v I LT0WE LU YOBRAER. 20 UHE&EI N

TWBNEDISA 7T 5, ZZ L. reflux AL LTHD,
ZNLADEHE. ZORMNET -5 O (Mg (MESR) WoF

—%) DBRRTERELT D, 220, CLLICE U TIKEBRE, BEREICHE U
TENZENEMILEKEE LTHRD,

2.6.2.2.2. MEBHNEGEOESE

HBENA TERNA MR EDEMEEF v 7 LTWE 2 YDERE. Z
DY VYD BREINTWBMNIEDISS, 723 5,

ZNLNDHEIEX. ZORAMNEDHEET 2RE. £1iE. BAKNLRTDH 3
KEZDHDET 5,

BRI o Uik E I ek A IR,

2.6.2.3. BEREIVY N

75 NERTIES AT AIBMT B2 T AT LADNL D, 752 b
DR REM > 2R 1P, HEEwZEIT). CNOHEFUTI U bENRELT
WA, FORNEHEEDFHAE S, MHBNDERZ20D, MADEF IV EY
T 2T LETRE DL IEZEGINDBETH S, L L. HERPSBLTLED
Y. BHREDAYTFURBENZNDY T AT ABTEEHPID 2D S
HHOZLEH LU R2, ETNVREBEL VD ViR, 770 P ETNLVOBEERZ
—EH L, ZhOICHETIHARERMICEZ 22 & THRIERHRT 5,

2.6.2.3.1. E%:
(1) 75 2 b ETIHEE RO

BEIC R LD IC, BELEEIZOABRNOELTR—- 2Rb, Z2h b
DIEEBRIIBEYD GO FR— MR- MoERBRICIDREREZINE, AT
YhF b —iZHEOWETS O M ETNVIE, Uy TFRIER2RB. Rk
MBI Z 20, THEEEROME ) LW HRICE > 255G ITRTH-E D,
EEKTER BN PO ULEREEZLTWAERDH 2, £Z T €T
IWRBT DU TR7 22 M ETIVE THRENEBROMRR ) CLERBEERZITD
DI ORI BRIV T I HBEICERT I EE2EZ -,

LIS, BECEEDEBICE TN AERICHTRURDON, EEOTER
NEZNBYONETH 5, BIZIE THIREFDIEREIBIPLNENS Z
CPHNE. LRICHDHROBRBEZEEI ) Loz EIlHWONDS, ZCT
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BEREEIEE. LR, TROBEDPEEBICDOLDI B EHIET5%, FEEEEES.

EWIEMERR-STWVWS, HAEBIPOSMMUADKEZET. LI ERIE
+aFRINE, YRRPS, REDAHIP. ZOREEDPEARY 5 RIZHE
LTWADRIIEERERTH %,

FOLEEREH TSV NETNVEBERT 23R —% 2 M 2BE¥T 3,

(2) VLA o¥q XEM

M A O Y—Y—N—Tik, HFETE75 FOEKKRBREZTT
GRLORETNVEEEHL TS, LPL, ==Yz MIEoTiE. ZD &
SRFMRETINVTEIAERGEPH 5, KiffETiH. A2 oy —H—/1—
DPEHTAIMEET VIS, BRRRS V=T AV T AT ADPERT
HEBETETNVADBEBREREIT A LT, BBRITLA VA4 XDOEHDHESR
ZiTDo

rrr e Bas %ic'}m

B MEIE 8
FBav%g T T A SR Eo L S
IATERA ﬂ #Bab.cd®
Y
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KiBa Fryes #iBb
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75 YEES

X 265 (QBRERETIPOBEET IV b)EB&%E £ LD ZHIOBBEET IV
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= B PLWO
22 N
i VPC27A 3 Fuel Gas
PLWO PLWO
1
Psz

VLC33
) >
[P KEROT;
L4  PLKO7 PLK09 k¥4 PLK10
PLLO1 [JPLLO2 B2
5
VL3S PLLO3 PLL04
g5+ PLLO7 PLLOS [€7]
E17
PLHO3 PLHO4
PLB33 =
LW pLHOT ' PLHOS €
E19 ES3

PLB17 PLBugPLBuEz;, IPLB2(wPLEZ

\
HV1 EL6 HV2

Pecy
CH
PL8321 PLBO;

SB PLBOS
PLBO' PLB0?

Steam PLB10 E21 E21 =
P55C D c PLB22 HY3

PLB23 PLBZWG PLB238

Plant System Image with Pipe Namel

26-6KEHBROEDDO TS > VEFNVEBBEF)NV (—8)

Ao hoY—Y—N—-DLEGZOMEEE S KBHBGERRDOEETT IV
(X 2.6-6) L BELRA LY —7 2 —XDEBETIV (K 2.6-7T) ZHARTH
3 AR R REEIXE D RSP RELES 2L b, i, Th
EOHEOHEDPELHINTWS ), TEEOR CHEEOHR/DIVE P i iz
FhbhTnwsd) 2tk b, FIZIE 7514 7(PLW0L AR &) EBH®K RS > ¥ —7
T —ZADEEET VI, 7= valveA iZ, VFC17. VFC18. VFC19. VFC20
RELOTESEDDTHBI Db %, 2L T, MRAZELLEZHAE
ZOEMD AT HD OB N(K 2.6-5(a)). HEDEHME F t&bf:bﬁé
FLOERRICEIND2TRTOANIZEEDEBRDOANIIZ, T XTDHN
EFELOEHRBEOEHE T B(K 2.6-5(b)) 2 & THREDE PR ENTY
5o SNSDELREDS, BURERSA VY —T7 2 —RIRMETIHEETNVED
Xt i
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Structure Layer Gas
SCENARIO 1 and 3 ‘

Crudq e Preflash| Main Fa ] e ] KERO
Tank b1 drum [fractionatof Strip per) F__] | | Tank
V12 - B e
burn Sten
Fue
Gas
£
X 2.6-TEBEKBRA LY 7=2—ADEHDOTS L MEEET NV
LT D im
A7, Ay ha—o— FAT7HARaAL 7L vH—
F OB

valveA : VFC17, VFC18, VFC19. VFC20
valveB : VFC17, VFC18. VFC19, VFC20
valveC : VPC27A, VPC27B
pumpA : P12A. P12B. P12C
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— 1714 —



. BARIZHEE S U ERiRR

3.1. 2K AT A

K7yl FTRARKEIZR S X7 AT BRRICIES B IXRF R 5
ATHD., EETREFEZEIBIEINTWARY, UL, Akl HEEMZEOH
T. REEDPRNZEICEL2—F A7 T7 22— LTOEERESEZ L
DBTET, ORI RELLDhBZ B FREINEED, BT
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3.4. FEUBALIER T DI 3T

SEGTLER AL, SBIRETICEDPN ST T X F 0 2HAE L. 25K
EUTHBRA V¥ 7 2 —AEER EBIC & 2 BIFICH R 21T > 2o EBE
CAK700 27 NCREBZSY MAT 7O N A TV ATFLABRBEL EBIC,
7Yy b, BRREDSIE, FHVPT X PRI DOV TR W% T8
WTWwb, UL, 70 M A 7 TCRHBRVWES AT ATOMAZEE LRSS
Wi, WICHBT B LD RFEPERINTVWEEEZTWS,

34N NT A - ADNHE

BfE. BEZ7O0 2L LTICP/IP OAZFAELTWE D, ZHOY T
27 MM —F@EH T BRI, WAEE(2=F v A M) THIDEX 22/ 7. F
WCHERINZY T RT3, BEOEMPCEEZIETFDANED
HHEDOHEPET 5,

AFHEIZ DOV, TCP/IP b hiZEIM( IV F F ¥y X M @fE70 b
ZEMA TR ATREE D, B, Ry bU—U R E R D TEERICH]
HgER~ILFF vy X M@E7D b 2)Vik, S8R5 L RV UDP/IP Lk
Wo TCP/IP L AMDEHEM ZHET AN FF YA MNEE7O b INEFEET
3 7=I2iE, 5% HIsOmMEREBPLEE B 5,

¥, VAT LABRROFHMER EO, FEEAADORIOREZEM LT, #
FHEENE L Y 7S 257 AR EEET 57 D05 BB IC Java, B LT Jini
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1.75 1.75

1.76 1.94

1.75 2.16
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X BN ISR
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PC2: Pentium III 600MHz. Windows 2000
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