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Abstract − Recently, automatic control systems have been introduced to improve operability and safety of operations in

chemical plants. However, operations for unexperienced fault and emergency situation depend on heuristic knowledge and

decision of operators. Therefore in this study, the operational decision support expert system is developed to automatically syn-

thesize operating procedures for safe emergency operation by using formalized knowledge of operators and recognition of

operational situation.
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����� ���	
�� 
�� ��� ��� ������ �

�� ��� 
�
 �� ! " � #$
 �� % &'( )*�

+,-.. ���	
� ��- 
�/ 012 345 60 78 9:

	;/ <= � 9:� �� ��>?@ �/ AB, CD � AEF

� AB*G@ HIJ K� L� ��>?
� 9L � MN� O G

M.[3, 4, 8, 9, 12, 13]. PQRS� ���	
� ��� ��, T�, U

V K� WX
�/ YZ�� 5� A
- [\, ]�F� ^_�L A

B*G� L- 
�` a! � bc� de f� O G M.(Fig. 1).

g, ���	� 
�� 9:� ��>?@ hij L� ��>?` k

9��� [lmj ��n�� +, o, �/ A9
 �� �p �j

 ! " q� #$
 &'( r5/ s2t �.[10, 11, 14-16]. �u

- n*
v iw � ��]� Y
 ��m� xy b��z(emergency

situation)
 W- W{|}e ��� ]� ~��(manual)�p AEF�

IJ, #�
� �� � M� *��.[1, 2, 5-7].

��� � �w
�� 
�� HAB\ HIJ� |! o, ��AE

� :� k!� G Mv� ��� ����
 W- W{ ]��a/ F

��� l� % AEF� ��� �� � ��� ��� ��>?/

��5 �� AE!� ��` ���� �� �F -..

2. ���� ��

2-1. ����� ��

�� ]�Y
 �� � b��z� ��/ �- ���ze “equip-

ment on/off”  �� “ valve open/close” K� J� AB��� �z��

� `�- AB��@ ���  ¡
 W % ¢	A��� ��!£¤

! ���z� �� ! ¥� ¦§#�/ ¨6 9 �- #�©ª��

� w3-..

��� � ���
�� �� R
� �� � ��� �� � ��

�L ]��� «¬ �­ ®>- �z� Table 1\ ¯� w3 % �

n q.. 

2-1-1. #�©ª� �- ���z

����� °��  ¡� ¦§ �� 
±!� �D� `�- 
±!

�� ¦§�� ��mo, �u-  ¡¦§� �j/ �5��  ¡¦§

� �Bm� �B£L  ¡� ¢	A(source tank) �� n� AB�;

(current-point)@ #�©ª� ²£(end-point)� ³¨2 �� %´� -..

���, #�©ª� !� 9 �- ���ze .N� Xµ� ¶·j

p¸¹.. 

Make-open-path for material from current-point (or source) to end-

point(or sink)

(Ex) ¢	A-1��� �º9-1� Hydrogen� ks 

» Make-open-path for hydrogen from storage1 to reactor1
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¢	A-6���� �º9-2� CCl4/ ks

 » Make-open-path for CCl4 from storage6 to reactor2

2-1-2. J�AB� �- ���z

J�AB ���ze J¼2 	;� `�\ �!, ½¾�, valve� �

¿/ [�!j �� f�� J¼- AB�À� Á#� ³Â � �z

e on/off unit or open/close valve@ ¯� p¸¹.. Ã/ Äj, �º9

@ ÅÆ� J�AB ���ze .N\ ¯� p¸¹..

(Ex) �º9-1� �! 

» Off reactor1 

ÅÆ-5� close 

» Close valve5

2-2. ��	
 ��� ���


����� open path� ©ª� �- wA� �[Ç:� .N\ ̄ e

AÈ 
� �n-..

É ��� w� � xy valve@ 	;� +9 w� �À� �!(off)

mj M�p ÊËM� �À(close)� `�-.. g, ���� J¼�/

�5 J¼2 	;� on/off, valve� open/close�� �Ì-..

Í n� �z� W�� m�  ¡� YZ�� valve� “open”  AB�

p 	;� `�AB(on)� �Ì� #$, n��À
�  ¡� ÎuÏ G

M� xy #�/  p� ©ªJ�(node)� -..

Ð  ¡� ¦§e mv� Ñ|Ò xÓ `� v� �n-.. g, °�

	;
 W- ¦§� J�|Ò� CD� Ô� #� ©ª� �ÕAÈ�

� Ö×-.. 

Ø #� ©ª
 �5 ��� #�Ä Y
 - ��v .Ù 	;/ <

= � M� #$� Ú�� #�� CD-..

�� �n AÈ� �×�Û Fig. 2
 �× 0, {v01(open), v02(open),

v03(close)}\ {v01(open), v02(close) v03(open)}\ ¯e Ó �� open-

path/ �Ü� G M..

2-3. ����� ��� ���� modeling

��
 �×m�  ¡� ¦§� [�Ý� ¦§#�� ©ª� �-

modelinge .N\ ¯� Þ-..

É ßà�  p� ABW�� AB q� #$,  ¡� ¦§� áÞ

â G M� �3� ��- J�A7�� pUj ©ª �ã�� node�

��-..

Í 3¾� node�� ABW�� “open”  �� “on” AB q� #$,

 ¡¦§� áÞâ G M� #�/ p¸R� “ABW� list”/ B�-

.. � Ô, 77� 3¾m� node� list/ w� � ABW�Äe xÓ

`��L AB�À/ `á.. g, 77� J� node/ �[�ä��å

��!£
 �æt  �  ¡� ¦§#�/ ç�-.. 

Ð ��mjá ABW� list
� list/ w� � >?Äã
 ABâ

�� $ß ¼�/ �%-.. w�>?Ä ã� AB $ß ¼�� ¯e A

B�À/ `!� >?Ä
 W % ��mjá ¼�
 �� ¼�` [

�mjá..

#�©ª �èF(searching operator)L search-node� �n\ ½ �é

� .N\ ¯..

�n: Search-node from (link X) to (link Y) by [Valve or equip-List]

�é: {©ª J� node� link X
� link Y¤! [ABW� list]� w

��..}

2-4. ����� �� �� ��� �� � 

AB� *Þ�� Á�� ��� �z� Ãê- ë
 W�	;
 ��

 �  ¡\ ½ �À, 7 	;
 �Ù ]�� -: K� �� �ÕAÈ

� ì5 �! íî % *Þ� AB� ï�-!/ IÚ-.. g, n�

*Þ� AB�� Á�` Ã�m� ���À`  ¡� ðlQ_ñ
 �

- ��@ T�, Dò- óô\ õv �ö
 �- T�, ���º K�

���z �� %�/ íî � J:�� x
� ��� W�	;` ̀

!� M� �À� ��ÁG� ÷\ �� �ÕAÈ
 ø�mj M� Á

G÷� ~ù(matching)- [\, Ó ÁG� ÷� �� ¯e #$
 ½ �

��À` �� .� Lµ-.. 

x
� 	;� ��ÁG Á�÷�� ���� `��� Lµ- [\

` ��p T�, ���º K� ��-.0, ��� IÚ
 
×m� !

µ�� ABW�� *Þ�p ���z� ��� ú!�û .N, .Ù A

B�p ���z� ��5´ -.. n� üý� �z� ��, T� �z

�� Lµm� #$, �u- �ze ���z�þ� ���z� +, 

� n�� AB *Þ� ú!�ÿ� �.Ù AB� >w5´ -.. �-

xy ABë6� üý \�
�v xÓ ���z� �Ü-.0, ���

���z� ��� ú! � ï�AE� �- .Ù ���z� >w-.. 

3. 	�
�� �
��

3-1. !"#� ��

� �w
� �ï- b�� ï�AE� �- ]��a l�����

wA� .N\ ¯�o, Allegro Lisp� �× % B�m�.. $ß, 1)

topology data� W���� wA@ ��� ksw �À/ �× % x


9(simulator)̀  �� �í� n� �À/ x
 % +9�-.. 2) n

� �À/ Lµ % x
� ���À@ ]��z� Lµ-.. 3) ½¾

� W���
 Ç- :�� ]�!µ x�L ���¾�
 �� � Y

Fig. 1. Cause of accidents in chemical plants.

Table 1. Operators for operating procedure synthesis

Operator Meaning

Make-open-path Search open path for a material
On/off, open/close Run/Stop a unit, open/close a valve

Fig. 2. Simplified process structure.
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ã��� ¼�/ [�-.. 4) Yã��� ¼�` [�m��0, #�©

ª O�¾�� �× % 7 Yã�� ��
 ®>- ë6 ABÄ� �

Ü-.. 5) ©ª� ë6AB� *Þâ #$, �� �À Á�
 �- �

Òe x
9(simulator)
� Ãê- ë
 �ÕAÈ ��Æu¾(con-

straints library)/ �×5 ë6AB� *Þ �
 �Ì5´� �� �Õ

AÈ(AB� ï��, �c�, �#�� K)� ì	 �! ½ %�/ ¨

L % ï�- #$, ½ ë6AB� ]��a
 ·`�û.. 6) �� 


8�� �À
 v�m! ¥e #$, 3)-6) \�� �«Q�×-..

3-2. �� �� $�%&

ABW�� ©ª� ®>- ���z
 W5� #�©ª �èF� #

�©ª O�¾�� 
× % `�- #� Y
� `	 
�� #�/

©ª � |}� .N\ ¯� ��-.. g, ���z(goal situation)�

��
 ®>- #�/ ©ª 9 �5 `�- #�/ xÓ �Ü- ë, 7

7� ©ª� #�Ä Y
� ���z� �� ! ¥� 
�� #�/

ßà-..

Step 1: n�  ¡� ¦§� �Bm� point/ “ current point”�  ¡

¦§� ²p� point/ “end point”� �� � current point̀  <=�

¦§©ª �èF(search-node)/ ��..

Step 2: �Ü� search-nodeR� From A to B� Xµ
� �!
 A

BW�
 �5 �[â G M� .N search-node/ �Ü-..

Step 3: �Ü� search-node� �!
 ABW�� end point@ �; 

�`/ b� % �; 0 ©ª� YJ �, �; ! ¥�0 � .Ù

search-node/ ©ª-.. 

Step 4: xÓ �; ! ¥� #$, {N �Ü� node
�  � node�

.� ©ª� �«-.. 

Step 5: go to step 3

Fig. 3
� ��� ��� W��� �,@ ¯e ���z� ���

�5 #�©ª algorithm� �× 0, Fig. 4@ ̄ e [\/ �� G M..

3-3. '(�
� )*� ��+, 
- 

wí�� WºA;�z� J�AB ³Âe 	;@ valve
 W- `�,

�! ½¾� �¿ k�/ [� � f�� open, close, on, off ³Â�

� w�mj M�o �f� *Þe 	;� �À/ Á��û.. ]��

a� l�� �5� .N\ ¯e ]�F� #�� ���� - �ÕA

È� �×�û.. 

[�ÕAÈ1] b��z� ��- ��� �� ]��À� «¬�ÿ9 �

- 
ß� |}e n���� ]��À
� 
?-� AB� C % «

¬ � f�.. ��� �Ü� ]��a
� Á��� 	;� AB�À@

n� 	;� ]��À` ��- #$
� 5� AB� �Ì ! ¥�.. 

[�ÕAÈ2] Pumpp valve K
 W- ]��a@ n���� ]��

À
� `	 ���L AB� ßà-.. 

<Rule 1> Pump� `�e 5� ¦§#��� xy valve� open A

Fig. 3. Blending vessel problem.

Fig. 4. Results of searched open-path and operations.
���� �39� �1� 2001� 2�
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Bë `�-..

<Rule 2> Pump� `�e 5� ¦§#� ��� .Ù #��  ¡�

��p`! " t  � valve� close ABë `�-..

<Rule 3> Close ³Â� valveABe open ³Â� vlave AB�
 ç

[-..

Fig. 4
� ���z� ��
 ®>- path
 W % [�ÕAÈ 1]\

[�ÕAÈ 2]/ �× % ��� Á�/ 
?-�� � G M� ABW

�� �Ü-..

[�ÕAÈ1 �×] ���
� ©ª� [\@ n� ��� AB�À/

b� % AB� `5�´ � W�� �Ü-.(Fig. 4).

[�ÕAÈ2 �×] n� ���À@ b� % ßà� ©ª sequence�

[\
 �ÕAÈ 2� � `! �� �×-..

[v01(open), v06(open), v07(open)] before p01 start ;; <ø� 1�×>

[v39(close)] before p01 start ;; <ø� 2�×>

[v39(close)] before [v01(open), v06(open), v07(open)] are operated

;; <ø� 3�×>

[v39(close), v01(open), v06(open), v07(open), p01(on)]

;; l�� ]��a

3-4. ��- ./0 �� �-1 23

l�� ]��aÄ� �× % 77� ���zÄ� ���� Ô�

. Á�m� ���À` �ÕAÈ� ì	 % ���z� ��� #$


� � ���z� ��5´ -.. � �w
�� 7 ���z� ��

�
 ��� G M� ��� Ãê 9 �5� ��� x
|}� �×

 % AB*Þ
 �- ���À� Á�/ x
-.. g, IF-THEN �

(rule)� 
× % �� IF�3� n� ���À@ �; � #$
�

5� �� THEN �3� *Þ % h �� ~ù(matching)m� �� �

� Ô¤! �« *Þ % ���À/ x
-.. ��� �ÀÁ�� 7

	;� ��ÁG(property variables)L õv(temp), óô(press), �

(phase), 	;³(name), AB�À(apval), 	;R
 �� �  ¡(exist)

� ��mj ¢	�.(Table 2).

��� ��ÁG�� n�� ABW� 	;� ]��À@ n� W�

	;
 C5¡ AB�À ½¾�, ABë ksâ  ¡� 8�@  ¡�

�À/ Lµ- ë, ABë Á�â W�	;� ��ÁG ÷�� ���

Á�/ Ãê-..

4. ���

4-1. 4���(Catalyst Reactivation Process)

�×� ��e �� ¡L hydrocarbon� �º9� ksmj alumina

ñ~� chloplatinic acid action
 �5 �º� ��j� ¢b£ hydrocar-

bon� �èm� ���.. ½up aluminañ~� r��p ?[� L 

% ñ~� �9�� 9W ! " � �À` m0 .Ù �%�º9�

hydrocarbon¦§� Wí�û ë, �º9R� ñ~ ��� �5 �º9R

/ hydrogen�� {¾ �, è?� ?[� ñ~� carbon� À$�, CCl4
rechlorination�� ñ~ ��� ç[-.. ½¾� .� �, �º9�

hydrocarbon ¦§� �� 9 �- {¾/ Þ-.(Fig. 5).

W���
� ñ~9�� �W� �  ! " � b��z� ��

 q� Ô
 .N\ ¯e ñ~��� �- ��� GÞ-.. 

Table 2. Property variables of unit

Properties Attribute 

Temp� Temperature of material 
Press Pressure of equipment
Phase Phase of material in equipment 
Name Equipment name
Apval Operating state
Exist Existing materials in equipment

Fig. 5. Catalyst reactivation plant.

Fig. 6. Goal tree.
HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



34 �����������
É Wí�º9� hydrocarbon¦§� Wí�û.

Í ���º9� ksm� hydrocarbon¦§� Y!�û.

Ð ���º9� hydrogen� ks�Û hydrocarbon� purge�û ë,

hydrogen�� �º9/ `ó-..

Ø �º9/ !ó�û ë, inert gas� purge/ Þ � �í ���

inert gas� ¼��û..

" CCl4/ ks % �?{¾/ Þ=\ ��
 è?/ ks�Û ñ

~/ ��-.. 

# Inert gas/ .� ks�Û è?@ CCl4@ =$ �º9/ ̀ ó-..

% �º9 !óë, natural gas@ hydrogen� a&� ks-..

' Hydrogen� �º9 !ó� (5 )V�û ë hydrocarbon¦§�

�,� �º9� «¬�û..

ñ~�� ��
 
×m� �X�� ]�!µ\ AEF� #�!µ

� �¾ 0, Fig. 6\ ¯e :�wA/ `!� ���¾/ w�� G

M.. g, ñ~� r��� L- b�
À �z� ��� #$, 5� �

º9� ñ~/ �� 9 �5 ®>- �� ��Ä� xÓ �*�ÿ�

��
 ��� �ÕAÈ� ì	 ! ¥� ]��a/ l�-..

4-2. 	5

����� ��	;/ Wí	;� �í � ���z
 W5�� �

� ¡� ¦§� Wí	;� �í- ë, ��	;/ �!�ÿ0 �..

½¾� � ��� °��  ¡
 W- ¦§ �j/ �5�� ¢	A


��� �º9¤!� ñ~�� ¡� ðl, _ñ�� L- ���z�

�Ì % ���z� ��� �- #�/ ©ª5´-.. Ã/ Äj,

Table 3. Synthesized operating procedure

Sequence of goal states Off/Close operation On/Open operation

On Reactor2 (r02)
Off Reactor1 (r01)
Hydrocarbon Make-Open-Path from storage1 to valve26 (v14) (v01 v26)
Close valve14 of Reactor1 (v14)
Inert gas Make-Open-Path from storage4 to valve13 (v05 v23 v06 v25 v27) (v04 v20 v13)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
Hydrogen Make-Open-Path from storage2 to valve13 (v03 v20) (v02 v25)
Close valve 2 of storage2 (v02)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
Inert Gas Make-open-Path from storage4 to valve13 (v05 v23 v25)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
Carbon Tetrachloride Make-Open-Path from storage6 to valve13 (v20) (v06)
Oxygen Make-Open-Path from storage5 to valve13 (v05)
Close valve5 to storage5/Close valve6 to storage6 (v05 v06)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
Inert Gas Make-Open-Path from storage4 to valve13 (04)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
Natural Gas Make-Open-Path from storage3 to valve13 (v02 v20) (v03 v05)
Close valve3 of storage3 (v03)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
Hydrogen Make-Open-Path from storage2 to valve13 (v03) (v02)
Close valve2 of storage2 (v02)
Close valve7 and valve17 of Reactor1 (v07 v17)
Close valve13 of Reactor1 (v13)
Open valve7 and valve17 of Reactor1 (v07 v17)
Open valve13 of Reactor1 (v13)
���� �39� �1� 2001� 2�
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storage6
� reactor1�� CCl4/ G+ �­ ®>- ¦§#�/ ��

�ÿ� ]��a� l�e �,@ ¯..

[��wA x�,]

Search-node from link01 to link14 [v01(open), v26(close), v14(open)]

Search-node from link01 to link26 [v01(open), v14(close), v26(open)]

Search-node from link02 to link25 [v02(open), v03(close), v25(open)]

Search-node from link03 to link25 [v03(open), v02(close), v25(open)]

Search-node from link04 to link20 [v04(open), v05(close), v20(open)]

Search-node from link05 to link20 [v05(open), v20(open)]

Search-node from link06 to link13 [v06(open), v25(close), v27(close),

v12(close), v13(open)]

Search-node from link06 to link27 [v06(open), v25(close), v13(close),

v27(open)]

Search-node from link25 to link27 [v25(open), v20(close), v13(close),

v12(close), v27(open)]

Search-node from link25 to link13 [v25(open), v20(close), v27(close),

v12(close), v13(open)]

Search-node from link13 to linkr1 [v13(open), r01(on)]

QQQ

[���z]

Goal states :: entering CCl4 to reactor1abnormal ���º9� CCl4
/ ks

» Make-open-path for CCl4 from storage-6 to reactor1

Current-point :: storage6

End-point :: reactor1

Search-node from link06 to link13 [v06(open), v25(close), v27(close),

v12(close), v13(open)]

Search-node from link13 to linkr1 [v13(open), r01(on)]

©ª#� :: [v06(open), v25(close), v27(close), v12(close), v13(open),

r01(on)]

n����À :: [r01(on)]

l�� ]��a»[v25(close), v27(close), v12(close), v06(open),

v13(open)]

 ¡ã� _ñ, ðl�� L- �� ��`��z� ��� x
/ �

× % íî- ë, ���z� �� ! ¥v� �ÕAÈ� �×- ]�

�a l� |}� �× % ��- 
8 ]��a� �,@ ̄ .(Table 3).

5. � �

� �w
�� b�
À �z ���
 ï�- ���À� «¬�ÿ

� ]��a/ l� 9 �5 AEF� #�!µ\ ��!µ� �X�

- ë, AB*Þ
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