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Abstract

It is well known that database application programming is easier in OODBMSs�Object

Oriented Database Management Systems� than RDBMSs �Relational Database Management

Systems� because the impedance mismatches between objects in disks and objects in program�

ming languages are not more serious in OODBMSs� But OODBMSs also have problems in

adding database functionalities to programming languages as expansion of the programming

language semantics is required� For this� orthogonal persistency� transparent persistency� and

portability are the issues to be addressed� Sopclos which is a CLOS interface to an OODBMS

solves these problems� In this paper we suggest the design and implementation of Sopclos pro�

viding object persistency on OODBMS through metaobject protocol of CLOS without drastic

modi�cation of CLOS syntax�
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:�\( sv��� ��� �	�7��	*L$L ��4?�12� ��� ��� 	�� �	 |( 	�����black box abstraction��	� � �����?	 ��\(=A��6	� ��W�

� � sv��� �����' ��� loimU��� ��� ��� �� �	�Q?	 ���?	 ��� ���W-?	 ��. ch<him �
����,	6	UW ��$ .� ��% ���
�� loimU��� ���

��� ��?	 ;L��,	12� ?�12��� UW ��������<him� ��� ��*L ���� 	�� ��� ��12� ��8 
� ��(�� ��� �� �	�Q/ /[��semantic� 9��

+	tv12� ���'(*L12� ��	��	����� ?	������� � �� ��9�� 1����� ��N�?�*L ��W-��4�� e	9��6	�

�
����*L loimU��� ��� ����� sv��� �����'*L ��% ���� sv ��� :�\(9�� �	�7��	*L$L ��Z� ��� 8f Df�-��12� $������� sv

����open implementation��	�/ �����' ��� ��� ��/ /[� �	�Q9�� ��������N�?�0	 1�������N�12� ��8��� >���4\(�� ��

��� � 6	UW =�� .� ��% 6	� $� ������ sv��� *L�� loimU��� ��� ����� sv��� �	12� �	�7��	*L$L ?	!�� \(=A�closed part� 
�

Df�-��� \(=A�open part� ��� ������ ,	$L F�12�HL� Df�-��� \(=Achim12� :�\(12� ?	Z�UW ?�12��
���� ;L��,	12� ����
�

��� ��KL��ah3�� ����� sv���/ :�\(9�� Df�-��12� !L"	��� ��KL��ah�meta�interface�/ x� ?	��9�� x�$L m6� 6	�

�	�7��	12� �� !L"	 �����KL��ah9�� %��,	�- �K��Q�� ��� ��W�6	 ���/ ��cg $� :���� ����
����generalization�� %� 	��

���specialization�� $M����inheritance�� GK' �_����encapsulation����� &����� %��,	�- loimU��� ��� ��� ��/ /[�

9�� ��������$ .� ��%$L m6� 6	�

��; �� ����2z � ���im CLOS12� $� ������ sv��� chim 	��$M m6� ��� ����[-� !L"	�����KL��ahim�� �!L"	�K��Q loim

km#��metaobject protocol�� ��!
� ��8��� ;L�� � �6	� CLOS/ !L"	�K��Q loimkm#���� �
�7
� ,	$L ���Z�,	��� 6	

��4
� ��( 6	�

� !L"	�K� �Q #2���ah�metaobject class� � CLOS 12� V�$L #2���ah�class�� ���!
8�slot�� ;L� !�� ��+ .��generic

function�� !Laf8h�method�� !Laf8h df��"�method combination�/ 6	 	�8 ?	��/ ?�jm cgafim ���(

�����6	� ��&�� ������ *L K� 7��,	12� ?�=�������� !L"	#2���ah?	 ���;�,	12�HL ����8��� �!L"	�K��Q #2���ah�metaobject

�



T

standard-object

generic functionslot-definitionclass method-combination method

standard-methodstandard-generic-functionstandard-class

peisistent 
metalevel class

U� !�� �� !L"	#2���ah $Mjp� svdf

class��Z	UW � � 6	�

� !L"	�K� �Q�metaobject� � !L"	�K� �Q #2���ah/ ��� ah D��ah9�� ���� � 6	� �	�7��	 IL BZ�/ #2���ah� ��� !
8� ;L

�!�� ��+.�� !Laf8h� !Laf8h df��" &���� ����8*L K� 7��� �6	� �� � CLOS9�� ���(12� ��W�� � ?�jm cgaf&�� �	

�Q9�� ������ ,	0	/ �K� �Qim �
� �� � �6	12� ��]��6	�

� !L"	�K� �Q loimkm#��metaobject protocol� � CLOS/ !L"	 �����KL��ahim�� CLOS �����9�� sv	�� ,	

12� !L"	�K� �Q #2���ah/ $Mjp� svdf9�� Df�-��UW� !L"	 �K��Q?	 CK�	��m4$ CG !L����3� ��� �	/ ���7�� ��� sv�Q

���chim Df�-��12� loimkm#���� ���� � 6	�

U� ! �� �12� !L"	�K� �Q loimkm#�*L�� ;L��,	12� CLOS :�\(/ ��ah XZ� #2���ah�
�/ $Mjp� svdf9�� 7
� �A��,	

�- 0	"	=M� U�!�� ��6	� �K��Q�� ��� ��W�6	 ���*L�� #2���ah12� U� ���ahD�� ah&��/ svdf3� JK� J�9�� ������ ,	<him� ��

W� � � CLOS :�\(/ #2���ah $Mjp� svdf12� ��� �� �	�Q/ svdf3� JK� J�9�� ?����,	12� ���cg� � /[�9�� ��912�6	� U�

!�� � *L�� Df��� CLOS/ ��	�� J� #2���ah*L12� T3� standard�object?	 ��% UW U� ,	J� #2���ahim CLOS 9��

sv 	�� ,	12� ?�=�� cgaf��� #2���ah� ��� !
8� ;L� !�� ��+.�� !Laf8h� !Laf8h df��" �� ��%6	�

*M9��&����� 6	��4
� ��(�� �	�7��	?	 �Person���Z	12� ����
� #2���ah9�� ���/,	 ��%6	UW ,	�	�


�defclass Person ��

��name �initarg �name�

�age �initarg �age�

�sex �initarg �sex���

�Standard�Class PERSON ��������





�-?��� Z� D�� ��. *L ��/,	 ��� �Person���Z	12� #2���ah12� �	 	��/ #2���ahim standard�class 9�� ?	��12� ,	

�



user’s program

macro

function (ensure-class ...)

(defmecro defclass ...)

Inside of CLOS

Outside of CLOS

(defclass Person   ...)

U� !�� �� defclass/ &�����

standard-class

persistent
metalevel class

2

3

4

Person

make-instance make-instance make-instance

make-instance
p

Generic function/Method

Specializer/Direct-method

Direct-superclass/subclass

Class/Instance

p1

1
DBPerson

U� !�� 
� ���� �K� �Q CK�	�� loimkm#�

0	/ �K� �Q��� ��� ��� .� ��% 6	� !L"	 �����KL��ah9�� %��,	�- defclass/ &�� ��� ��� ��45� �	~L,� 	�� t-Df ��� U�

!�� �
� ��(6	� �� � �	�7��	?	 defclass !�V�im9�� ���7�,	�- �Person� #2���ah9�� CK�	�� ,	W-UW ,	 ��� CLOS

:�\(*L�� !�V�im 1�������� ?� )6�T �ensure�class�Z	12� ��+ .�9�� pj��,	$L m6� 6	� �� �ensure�class�12�

standard�class *L %� 	�� ��m6� make�instance 9�� pj����+ chim���U�!�� 
/ �� �Person���Z	12� #2���ah !L

"	 �K� �Q9�� CK�	��,	�- �� ��8��� Z� D��,	$L m6� 6	�

6	��4chim �	�7��	?	 ����
� #2���ah �Person�/ ��� ahD��ah ��� �p� �K��Q9�� CK�	��� � 6	UW ,	�	�

�setq p �make�instance 	Person �name 	��������� �age �� �sex 	m��

�� � �	�7��	12� #2���ah ��9�4
�� �-W� ��� !
8���9�4� 0	��� 	������/ jm?� ��.��� ��� �	im ,	�- make�instance !L

af8h9�� pj�� ��+chim�� �K��Q9�� CK�	�� ,	$L F�12� ��8��6	� ��CG !L"	��� ��KL��ah9�� %��,	�- �� �K� �Q9�� CK�	��,	12�


� ��� ��� ��45� �	~L,� 	��t-Df ��� 6	��4
� ��( 6	�

	



Step� 	������Person�*L %� 	�� ��m6� make�instance !Laf8h pj���U�!�� 
/ ��

��� �� 	������Person�/ #2���ah9�� )�> ��4 � standard�class

Step� standard�class9�� ����	im 6	�� make�instancepj���U� !�� 
/ ��

��� �K��Q9�� J�� � !L<fZ�9�� ��?� ��� ��� >��main memory�:�*L ��$7��

��� �K��Q9�� ������� ��� �	*L e	Z	 ��?� ��� ��� >�:�*L�� jm?���

��� �K��Q9�� Z�D��

��3� ��( �� CLOS/ !L"	��� ��KL��ah��� !L"	 �K��Q loimkm#���� CLOS :�\(/ &�������� !L"	 loimU���[�*L$L

Df�-��UW� �����/ 1����� ��� �7���,	$L ,	12�HL 6	��4 ���*L�� ��W�� � !L"	 �K��Q loimkm#���� Sopclos*L�� ��2EF $L

���7�,	UW ��% 12��� 	 ��t-=��6	�

� Sopclos

Sopclos12� loimU������ ��� �� CLOS�Common Lisp Object System� K�	��?� �interpreter� *L ODMG���

?� �
� �K� �Q����� HL��"	)L��ah ��� SOP�SNU Object Oriented Database Platform�9�� ��'��" ��N- loimU���

��� �����*L ���� 	�� ��� \(�-,	UW HL��"	)L��ah ?�12���� ;L��,	12� ~�im�A K�	�� ?���6	� �� ���*L��12� Sopclos9��

loimU��� ��� �����/ 1�����
� HL��"	)L��ah3�/ ������ jpr ���*L�� =A	��� � 6	�

��� CLOS� DBPLim� ����	


CLOS *L ���� 	�� ��� ��?� J�,	�- loimU������ ����� j ����*L�� 0��cg � � ��� ��� 6	��4
� ��( �� V�$L ~L ?	��im 0	

1�� .� ��%6	�

� ���� #2���ah9�� J� � � !L"	 IL BZ� #2���ah ���/ � ?�=�� ��� chim �K��Q?	 ���� 	����� ?	��� .� ��% ��4��� ���

���,	12� ��� ��� U� �K� �Q?	 �� � � #2���ahim\(�� ������m6�6	� ��CG ����
� #2���ah?	 ?	��12� !L"	#2���ah ���

standard�class 3�12� 6	9�� #2���ah9�� !L"	#2���ahim ?	��8f9� K��O � �6	�

� ���� �K��Q/ CK�	�� � ���� 	�� ��� ?	��12� #2���ah/ �K��Q12� HL��"	)L��ah*L CK�	��,	�-�O � � 6	� ��CG ��

�� 	����� J� � � HL��"	 svdf?	 ��� �K��Q[	6	 :�\( ���chim CK�	��F����O � � 6	�

� ���� �K��Q*L/ ��'�2� � ���� �K� �Q*L �� � � ��H ?�0	 bh?�9�� ��$ CG HL��"	)L��ah*L�� ��H ?�0	 ���O � � 6	�

U�W�<him ���� �K� �Q/ ��� '( CLOS :�\(/ &��� ����� I����,	�- ���7��� � �����*L�� HL��"	)L��ah3� ������

,	�-�O � � 6	�

�� ��@ *L8f Sopclos12� 6	��� �	�7��	 �
�/ HL��"	/ ���j �	���consistency���� J�,	�- ko#M�EK�	�� ?�12���� ��

�� ,	12�HL =�� ���*L��12� CLOS?	 ;L��,	12� !L"	 �����KL��ah ��� !L"	 �K��Q loimkm#���� %��,	�- ��� ��/ /

[��semantic� 9�� 1�����,	12� 
������� 	�� t-=��6	�





����� �L�� IL BZ� �����ah 	����� �
��� �K  Q� CK����

Sopclos*L��12� U� !�� 
 3� ��(�� persistent�metalevel�class9�� standard�class/ ,	J� #2���ahim ���

/ � �T �� #2���ah*L %� 	�� ��,	�- make�instance 9�� ~�im�� ���/��+chim���U�!�� 
/ �� �K� �Q?	 ���� 	�� ���

?	��8f9� ,	 ��%6	� ��� �� ���� #2���ah �DBPerson� 9�� ���/,	12� sv@A��� 6	��4
� ��( 6	�


�defclass DBPerson ��

��name �transient nil �initarg �name�

�age �transient nil �initarg �age�

�sex �transient nil �initarg �sex��

��metaclass persistent�metalevel�class� �

�Persistent�Metalevel�Class PERSON� ��������


��; �� ���/ � � ����
� #2���ah �Person�/ #2���ah ���/3� +�UX,	 ��� x�?	�� ���*L�� >	��?	 /�� ��� ��� .� ��%6	� U�

,	0	12� ��transient�Z	12� ���!
8 *L �� � � ��z	�� �� |(?	F���% 6	12� ���
� ��metaclass���z	�� *L persistent�meta�

level�class 9�� �����JK< 6	12� ��� ��6	�� ��transient� ��z 	����� ��� !
8 ILBZ�/ ���� 	�� ��� ;L��,	?� J�,	�- |(

?	 � � ��z	����� HL �	~L� � :��7���� 6	��4��� *L�� 6	9A6	� 6	��4chim �DBPerson� "	��'/ ���� 	�� �K� �Q �p��9�� CK�

	�� ,	12� sv@A��� 6	��4
� ��( 6	�


�setq p� �make�instance 	DBPerson �is�persistent T

�name 	������ ��� �age �� �sex 	m��

�� �K� �Q CK�	�� sv@A��� ����
� CLOS sv@A*L +�,	�- ��is�persistemt�Z	12� sv@A�� |(?	F���%12�HL� �K��Q/

#2���ah?	 U� !L"	#2���ahim persistent�metalevel�class9�� ?	��5�Z	8f �K� �Q?	 ���� 	�� ��� ?	���� ��5

��� .� ��%8f9� � �6	�� �� ��is�persistent� ��z	�� ��� nilim CN8I��,	 ��� ����
� �K� �Q3� ��(�� ��?� ��� ��� >�:�*L

�K� �Q9�� CK�	��� �6	� �K� �Q CK�	�� 
� ���/ loimkm#���� �	~L,� 	��t-Df ��� 6	��4
� ��(6	�

Step� 	������DBPerson�*L %� 	�� �� m6� make�instance !Laf8h pj���U� !�� 
/ 
�

��� �� 	������DBPerson�/ #2���ah9�� )�>��4 � persistent�metalevel�class

Step� persistent�metalevel�class9�� ����	im 6	�� make�instancepj���U� !�� 
/ ��

��� �K��Q9�� J�� � !L<fZ�9�� HL��"	)L��ah:�*L ��$7��

��� �K��Q9�� ������� ��� �	*L e	Z	 HL��"	)L��ah:�*L�� jm?���

��� �K��Q9�� Z�D��

e	Z	��� Sopclos *L�� �K� �Q/ CK�	�� 
����/ loimkm#���� ��� UWZ���4 � 
� ��( 6	�

� ��� ��	
� ������ ��� ���L��� �����chim  L!� "���ah#� standard�class#� m�� ���

� ��$ ����
� ��������� �
���� ��������  L!�"���ah� %��&'�L (����� �������� �� ������m�����

�



Algorithm � Sopclos *L��/ �K��Q CK�	�� loimkm#�

CK�	�� �K� �Q/ #2���ah/ #2���ah ��� !L"	 #2���ah9�� )�> ��4�

if !L"	 #2���ah?	 persistent�metalevel�class then

�K��Q9�� J�� � !L<fZ�9�� HL��"	)L��ah:�*L ��$7���

�K��Q9�� ���� ��� ��� �	*L e	Z	 HL��"	)L��ah:�*L�� jm?����

else f!L"	 #2���ah?	 standard�classg

�K��Q9�� J�� � !L<fZ�9�� ��?���� ��� >�:�*L ��$7���

�K��Q9�� ���� ��� ��� �	*L e	Z	 ��?� ��� ���>�:�*L�� jm?����

end if

�K��Q9�� Z� D���

����� �
��� �K  Q� 	�� !�"

�K� �Q/ ��' �2���� V�$L ��H 12� ���'(3� bh12� ���'(/ x� ?	��im 0	1�� .� ��% 6	� CLOS *L�� �K��Q*L ��'�2�,	W- ���

�slot�value�3� �setf slot�value� 9�� ���6	� ��; �� CK�	��� � ����
� �K��Q �p�/ ��9�4 ��� @� ��� |(j��,	W-UW ,	

��� 6	��4
� ��(�� ,	 ��� m6�6	�

�setf n �slot�value p 	name��

����
� �K��Q �p�/ ��9�4 ��� !
8��� |(j��,	�- n��Z	12� ��� .�*L >�1 �,	 ��%6	� ��CG slot�value��+.�12� CLOS :�

\(*L�� ��? UW�	 ,	12� ��� !
8��. �� ���7��� ���9�� ��� �	� �T� ��� �	im ��? ��� �K��Q/ #2���ah9�� )�>UW��Person� #2���ah

!L"	 �K� �Q� slot�value�using�classZ	12� !Laf8h9�� pj��,	$L m6� 6	� CLOS/ !L"	 � ����KL��ah ILBZ� *L

�� slot�value�using�class12� 6	��� !Laf8h�multi�method� im�� 6	��4
� ��(��� ~L?	��/ ����	9�� ?	 ���

6	�

�� standard�class *L %� 	�� ���specialized�m6� #2���ah !L"	 �K� �Q

�� �	�7��	?	 ����	im O���� ��� ah D��ah

�� standard�effective�slot�definition*L %� 	���� m6� ���!
8 !L"	�K��Q

standard�effective�slot�definition��� CLOS :�\(*L�� ��� !
8 j �Z�9�� J�K� ���/m6� ��ahXZ� #2���

ahim U�!�� �/ slot�definition/ ,	J� #2���ahim ���/F����� ���!
8/ ��9�4� ��'�2� ��+.�� "	 ��'&��/

��� Df9�� '���,	UW ��%6	� Sopclos *L��12� !L"	 ILBZ� *L�� standard�effective�slot�definition #2�

��ah/ ,	J� #2���ahim persistent�standard�effective�slot�definition��� ���/,	�- �	�7��	?	

��transient���z	�� ��� �	�7�,	�- ���!
8 ILBZ�/ ���� 	�� ��� \(�- ��$ .� ��% 8f9� ,	UW� !L"	 loimU���[�*L$L ��� !
8

/ ���� 	�� �-\(9�� ����	 ��$ .� ��% 8f9� ,	��% 6	� U�W�<him ���� �K� �Q/ ��'�2���� J� � � slot�value�using�class

!Laf8h12� 6	��4/ ����	9�� ?	 ��� 6	�

��



�� persistent�metalevel�classs*L %� 	�����specialized�m6� #2���ah !L"	�K� �Q

�� �	�7��	?	 ����	im O���� ��� ah D��ah

�� persistent�standard�effective�slot�definition*L %� 	�� ��m6� ��� !
8 !L"	�K� �Q

��; �� ���/ � � ���� �K��Q �p�� / ��9�4 ���@� ��� |(j��,	W-UW � �6	 ���� ����
� CLOS sv@A
� ��( �� 6	��4
� ��(��,	

��� m6�6	�

�setf n� �slot�value p� 	name��

�� ��� '(*L12� �p��/ #2���ah?	 #2���ah !L"	�K� �Q �DBPerson�im�� persistent�metalevel�classs/ ���

ah D�� ah��<him ~�im�� ���/ m6� slot�value�using�class?	 pj��F�$L F��� HL��"	)L��ah9�� ��' �2�,	$L m6�

6	� ��CG Sopclos *L�� ~�im�� ���/m6� slot�value�using�class/ &�� ������ 	��t-Df��� ���UWZ���4 �
� ��(

6	�

Algorithm � slot�value�using�class/ &�����

if ��� !
8/ ��transient���z	�� �� TRUE then

6	��4chim %� 	���� m6� #2���ah�standard�class�*L %� 	���� m6� !Laf8h pj���

else if �K��Q/ ��is�persistent� ��z 	���� FALSE then

6	��4chim %� 	���� m6� #2���ah�standard�class�*L %� 	���� m6� !Laf8h pj���

else

HL��"	)L��ah ��+ .� pj���

end if

�-?��� #2���ah9�� ���� #2���ahim ?	��5�Z	8f �	�7��	?	 ����� � � ��� !
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