
Formal Specification of Generative Component Assembly
Using Two-Level Grammar

�

Barrett R. Bryant
Carol C. Burt

Computer/Information Sci.
Univ. Alabama-Birmingham

Birmingham, AL 35294, USA

bryant@cis.uab.edu
cburt@cis.uab.edu

Mikhail Auguston

Computer Science
New Mexico State University
Las Cruces, NM 88003, USA

mikau@cs.nmsu.edu

Rajeev R. Raje
Andrew M. Olson

Computer/Information Sci.
Indiana Univ. Purdue Univ.

Indianapolis, IN 46202, USA

rraje@cs.iupui.edu
aolson@cs.iupui.edu

ABSTRACT���������
	��
	��������������������������� "!$#%�&�'#(��!)	+*,��!$�.-/���&�����0!)#(	�1��
 3241+��5& "�'67�8��649':4��9�	;-<���=9'	�6>	�����5& "�
	?��!)!)	��A@>�"BC��-D1��'��#(��64	�6E5&!�F
G0��5&HI9�	�64	J����5& "�
	K*%�'���� "6C���L*>	��"!���6M*N9'	�6>	�����5& "�
	=�&:4�"	�!�����B
@(	�	JO>#%�&	�!)!)	+*. "6;���P�Q��6M*=5&H>	�!)	�!)#(	�1� 3241+��5& "�'6>!R����B�@(	D��:%5&���
���S5& "1+���"�3B;5)����64!)�8�S5&	+*? "6E5&�=��6? 8��#>�"	���	�6E5���5& "�'6K�TH> 81�H;�&	+���" "U�	�!
��6K "6L5&	�9�����5& "��6K��-V1�����#(�'64	�6L5&!T��1�1�����*> "649�5&�A5&H>	�#>�& "641� "#>�8	�!���-
5&H>	VWR64 324	+*DX.	�5����Y1�����#(�'6>	�6E5ZX.�L*%	��M�[W�XKXK�\��64*�WR64 324	+*^]�#%�
#%�&�
��1JH_�[WR]^��5&�K1�����#(�'6>	�6E5D 86E5&	�9�����5& "�'6`Fba>:>�)5&H4	J�&�����&	'c
5&H4 "!
 "��#>�8	���	�6E5���5& "�'6D�&	+���" "U�	�!0dR:4���" 35eBf��-(g%	��&�L "1�	^�YdR�
g4�
9�:M������6E5&	�	�!
@EB$��	+��6>!V��-\!h5���5& "1�dR�Egf�
	��& 32M1+�S5& "�'6���5V5&H>	i5& 8��	���-\!hB%!h5&	��j��!h�
!)	��A@4�3BEc%��6M*�*%B%6M���� 81RdR�Eg��'���" k*>��5& "�'6=�'6.�f!)	�5T��-�5&	�!h5�1���!)	�!�F

Categories and Subject Descriptorsl$F mEF"n�o p`q4r�s�t$u>vSw$x�yPz({/y
w%wLv�{/yPzM|�}P~�	+�E:> "�&	���	�6E5&!��'g%#(	�1� 32M1+�S5& 8��64!e�
�"���L���>�+�E�J�&�b�Y�+�'� ��� lAF mEF8n�n7o p`qMrYsJtfu4vSwjxRy
z({/yPwLwLv�{/yPzM|�}�g%��-<5)�
�i���&	0]��&1�H4 35&	�1�5&:%�&	�!e� �"���L���>�+�E�J��� lAF mEF8n+m^o p\qMr�s�tfu4vSwfxRyPz({<yPwLw%v+�
{<yPzM|�}���6L5&	J�&�'#(	�����@4 "�" "5�BE����� ���[� ��� �L��� � � �/� �&���[�

General Terms�
��6>9':M��9'	�!

Keywords� ����#(�'6>	�6E5)��@4��!)	+*�!)��-k5e���S�&	'cM-<���&�����`!)#(	�1� 3241+��5& "�'6`cM9�	�64	����S5& "�
	
#%�&�'9��������� "649%cM���������
	��'	����������������
� �iH4 "!T����5&	��& 8���\ "!T@M��!)	+*=:>#(�'6=�����&��!):4#>#(���)5&	+*�@EBEcL���� "6.#M�S�)5@EBEcS5&H4	�W$F�g\F�]T�&�$B�~�	�!)	+�S�&1JHA�P��@(������5&���)BA��6M*D5&H4	�WfF'g\F�]��&�fB~�	�!)	+�S�&1JH�����1�	i:>6M*%	��V1��'6E5)����1�5J��9�����6E5V6L:4�A@(	J�&!�lR]�]�lAn������'�S�nJ���'�
 �����64*=¡'��¡E¢����eXb]fc4��64*�@EB�5&H>	RW$F4g(F>����1�	^��-�£^�+�����\~�	��!)	����&1�Hb:464*>	��������S��*b6L:4�A@(	J�i£^���'�Ln�¡����Ln��&n����
¢S¡
¤LF

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
SEKE '02, July 15-19, 2002, Ischia, Italy.
Copyright 2002 ACM 1-58113-556-4/02/0700... ¥ 5.00.

1. INTRODUCTION�iH4	��&	�1�	�6L5A!)H4 3-<5A "6N5&H>	�-/�E1�:>!���-^��XK�¦�Y�R@L§h	�1J5�Xb��64��9�	��
��	�6E50���&�':>#(�
5&�b¨hX.�L*>	��4lR�& "�
	�6�]T�&1JH> 35&	�1�5&:>�&	�©��YX.lR]R��o3n+��|4 "!
���&	�1��'9�64 35& "�'6�5&HM��505&�D1��&	+��5&	���	�1�HM��6> "U�	+*�!)��-k5e���S�&	���64*�@>�& 8*>9��
 "649D��-
1�����#(�'64	�6L5����&1�H4 35&	�1J5&:>�&	�!ª�&	+�E:4 3�&	�!�!h5���6M*>����*> "U+�S5& "�'6�64��5
�'6>�3B«��-� 86%-<����!h5)�&:41�5&:%�&	¬@4:>5?���"!)��G0:4!) "64	�!)!­��64* � ����#(�'64	�6L5
X.	�5��S�hX.�L*%	��"!�F®�iH4 "!?	���#4H4��!) "U�	�!;5&H4	,-/��1�5?5&HM�S5,�_1�����#>�&	��
H4	�64!) "�
	?��	�5����Y���L*>	���cT5&H4��5b!)	������"	�!)!)�3B7	�6>1��'��#4��!)!)	�!bH>	�5&	��&���
9'	�64	���:4!�1��'��#(��64	�6E5&!�@EB¯1���#>5&:%�& "649,5&H4	� "�=64	�1�	�!)!&���)B_��!)#(	�1J5&!
 "641��":4*> "649;dR:4���" 35eB?��-�gL	��&�L "1�	b�YdR�Eg>�^��64*,��!)!)�E1� 8�S5&	+*,9':4������6%�
5&	�	�!�cM 8!�64	�	�*>	+*.-<���^1J�&	+��5& "649�-<:>5&:>�&	D9�	�64	����S5& "�'6;��-0*> "!h5)�& "@4:%5&	+*
!hB%!h5&	���!�F;�iH>	�W�64 8a>������	�#>�&�S§h	�1J5�#>�&��#(�'!)	�!A�bWR6> "24	+*¬X.	�5��S�
1�����#(�'64	�6L5$X.�L*%	��R�[W^XKXK��o3n�n�|�-<���A*> "!h5)�& "@4:%5&	+*°1�����#(�'64	�6L5)�
@M��!)	+*I!hB%!h5&	���!�ci��6M*¯�°WR6> 32M	+*C]�#>#>�&�
��1JH��[W^]R�=o3n'n�|�-/���= "6%�
5&	�9�����5& "649.5&H>	�!)	�1�����#(�'6>	�6E5&!�F � �'��#(��64	�6E5f*%	��
	��"�'#>��	�6E5���6M*
*>	�#4�"�+B>��	�6L5`!h5��S�)5&!P�T 35&H$�TW�XKX��&	+�E:4 3�&	���	�6E5&!`!)#(	�1� 32M1���5& "�'6f��-
�.1�����#(�'6>	�6E5�-<�&�'�±�=#M���)5& "1�:>�8���A*>�'���� "6
F��iH4 "!D!)#(	�1� 3241+��5& "�'6
 "!=64��5&:%�������k��649�:M��9�	��Y�" 8�'	°��6M*¯ "64*> "1+��5&	�!�5&H>	b-/:46>1�5& "�'64���A�[ [F 	'F"c
1�����#4:>5��S5& "�'6M���k����6M*C64�'6%��-/:46>1�5& "�'64���f�[ �F 	'F"c�dR�
g¯#M�S������	�5&	��&!��
-/	���5&:>�&	�!���-(5&H>	�1��'��#(��64	�6E5+F��iH4 "!�!)#(	�1� "241+��5& "��6� 8!V5&H4	�6A�&	�2M6>	+*
 "6E5&�.��-/���&�����V!)#(	�1� 32M1���5& "�'6`cP@4��!)	+*;:4#(��6?5&H>	f5&H>	����)B;��-����i���
�
	��
	��Z�������������f����������o  S|�F��R	�6>	�����5& "�
	f*>������ "6b���L*%	��"!R��6M*
9'	�64	����S5& 8�'	T�&:>�"	�!Z-/���0!hB%!h5&	��Q��!)!)	��A@4�3B�o ¤�|4���+Bf@(	�	�O%#%�&	�!)!)	+*A "6
�����²��64*?5&H>	�!)	�!)#(	�1� 32M1���5& "�'6>!A����B;@(	���:%5&�'����5& "1+���"�"B­5)����6>!h�
�8��5&	+*? "6L5&�.��6­ 8��#>�"	���	�6E5���5& "�'6K�TH> 81�H­�&	����" "U�	�!$��6° "6E5&	�9�����5& "�'6
��-V1��'��#(�'6>	�6E5&!�F

2. THE UNIFIED APPROACH�iH4	D*% "!h5& 86>1�5& "�
	R-<	+��5&:%�&	�!���-�5&H4	�W�64 32M	�*=]�#4#>�&�'��1�Hb�S�&	'}
³ �iH4	ª*>	��'	��"�'#(	��
��-L5&H4	ª*%	�!) 3�&	+*�*> "!h5)�& "@4:%5&	+*^!hB%!h5&	��´#>�&	�!)	�6E5&!5&�;5&H> "!A#>�&�E1�	�!)!��K!hB%!h5&	��¦�L:>	��)BEcV "6C�;!h5)�&:>1�5&:>�&	�*°-/���&�
��-ª6M�S5&:>�����P�k��649�:M��9�	'c(5&HM�S5^*%	�!)1��& "@(	�!�5&H4	��&	+�E:4 3�&	+*b1�HM�S�)�
��1�5&	��& "!h5& "1�!;��-A5&H4	,*% "!h5)�& 8@>:>5&	+*´!hB%!h5&	��bFµ�iH4	¬�E:4	J�)B7 "!
#>�&�E1�	�!)!)	�*_:4!) "649°5&H>	;*>������ "6_�L64�+�T�"	+*>9�	¬�[!):41�H7��!��
	�B
1��'6>1�	�#>5&!f-<�&���¶�;*>������ "6(�D��64*N�b�%6>�+�T�8	�*>9'	J��@4��!)	=1��'6%�
5��� "64 "649?5&H4	=W�XKX·*>	�!)1��& "#>5& "�'6¯��-R5&H>	.1�����#(�'6>	�6E5&!A-/���
5&HM��5^*>������ "6
FRa>�&�'�¸5&H4 "!^�E:>	��)BK��!)	�5���-�!)	����&1�H­#4���������
	�5&	��&!� "!�9'	�6>	�����5&	�*?�TH4 "1�H°9�:4 8*>	�!K¨�H4	+��*%�YHL:46E5&	��&©=��9�	�6E5&!
-/���Z�T1��'��#(�'6>	�6E5P!)	����&1�Hf "6�5&H4	0*> "!h5)�& "@4:%5&	+*^	�6L�L 3�&�'64��	�6L5+F
¹R	+��*%�YHL:46E5&	��&!\!)	��&�
	V5&�T�8�E1���5&	05&H>	01��'��#(�'6>	�6E5&!`�TH> "1JHf���&	
64	�	+*%	+*�5&�A1��'��#>�8	J5&	R5&H4	R�&	��L:>	�!h5&	+*.!hB%!h5&	��µo"n+mS|�F

³ ]´!)	J5T��-
#(��5&	�6E5& 8���\1�����#(�'64	�6L5&!0 "!i1��'�"�"	�1�5&	�*=-/���i5&HM�S5T*>���

- SEKE ’02 - 209 -

 
Some text in this electronic article is rendered in Type 3 or bitmapped fonts, and may display poorly on screen in Adobe Acrobat v. 4.0 and later. However, printouts of this file are unaffected by this problem. We recommend that you print the file for best legibility.



Natural Language Query
(Function and Non−functional Requirements)

Query ProcessorApplication GDM (in TLG)

Component Search Parameters

Headhunters

System Assembly

System Execution and ValidationUser−provided Test Cases

Locally Supplied Components
(if needed)

Inter−connected World of Components
(with UMM Descriptions)

GDM for Interoperation
of HeterogeneousA Possible System instrumented with 

Event Grammars Components
(in TLG)

A Set of Selected Components for Application

Final System

�T{<z��
v�w����fp��
	�s�w���
�	�	�w��������N{/y��.y�{��
v�u��­w

���� "6`cS	+��1�H$��->�TH> "1JHD��	�	�5&!`5&H4	0dR:M���" "5�B���-Mg%	J�&�% "1�	��YdR�Eg>�
�&	+�E:4 3�&	���	�6L5&!�!)#(	�1� 32M	+*.@EB�5&H>	D*>	��
	��8��#(	��+F�dR�Eg��&	+�E:4 3�&	��
��	�6E5&!
���&	ª	�O%#>�&	�!)!)	+*� "6�5&	��&��!`��->��1���5����"��9���-4#4��������	J5&	��&!
	�!h5���@4�" "!)H4	+*�-/����5&H> "!i#4:%�&#(�'!)	Ao ¡�|YF0]T-<5&	��i5&H>	R1�����#(�'6>	�6E5&!
���&	f-/	�5&1�H4	�*`c(5&H4	D!hB%!h5&	��¸ "!���!)!)	��$@4�"	+*;��1�1�����*% 86>9�5&��5&H>	
9'	�64	����S5& 8��6¯�&:>�8	�!A	��$@(	+*4*%	+*, "6N5&H>	=9�	�64	J����5& "�
	b*%�'���� 86
���L*>	���F��V!)!)	�6E5& 8���"�3BEcL5&H4	R9�	�64	J����5&	+*�1��L*>	R1��'6>!h5& "5&:%5&	�!�5&H>	
9'�":>	S�S������#4#(	��� "6L5&	J�)-[��1�	f@(	J5e�i	�	�6=5&H>	�1��'��#(��64	�6E5&!�F

³ ]��"��649��T 35&H^5&H4	V9'	�6>	�����5&	�*^!hB>!h5&	��´�T "�"�E@(	ª��-/���&�����
W^XKX!)#(	�1� 3241+��5& "�'6¯��-�5&H4	�9'	�6>	�����5&	+*N!hB%!h5&	��¶!)�?5&HM�S5� 35�����B
@(	A:>!)	+*K "6­!):>@4!)	+�E:4	�6L5R��!)!)	��A@4�" "	�!�F$�iH4 "!R-<���&�����ZW�XKX
!)#(	�1� 3241+��5& "�'6N�T "�"�����"!)�?@(	=�K@4��!) "!$-<����9�	�64	J����5& "649­�K!)	�5
��-P5&	�!h5T1+��!)	�!i5&��*>	J5&	��&�� "64	��TH>	�5&H4	J�T���T64��5���6=��!)!)	��$@4�3B
!&��5& "!h24	�!�5&H>	�*>	�!) "�&	�*KdR�Eg(F

³ gL5��S5& "1^dR�
gA#M��������	�5&	��&!��[	'F 9>Fª*%	�#(	�6M*>��@> 8�" 35eBA��-\5&H4	T1������#(�'6>	�6E5J���S�&	°#%�&�E1�	�!)!)	+* *>:%�& 86>9¬9'	�6>	�����5& "��6 5& "��	'F lRBL�
6M���� "1�dR�Eg$#4��������	J5&	��&!��[	�F 9%F��&	�!)#(��64!)	T5& 8��	���-\5&H4	�1������
#(�'6>	�6E5J�T�&	�!):>�35^ "6­ "6>!h5)�&:4��	�6E5���5& "��6K��-09'	�6>	�����5&	+*K5����&9�	�5
1��L*%	?@4��!)	+*_��67	��
	�6E5�9������������&!;o3n'c^mS|�cT�TH4 "1�H´��5��&:46
5& "��	R#%�&�L*>:41�	�5&H4	�1����)�&	�!)#(�'6M*% "649�dR�
g�*LB>64���� "1���	�5)�& "1�!
�TH4 "1�Hb����B�@(	���	+��!):%�&	+*.��6M*��'���8 8*>��5&	+*\F

dR�
gf#4��������	J5&	��&!Z�&	+�E:4 3�&	i "64!h5)�&:>��	�6E5���5& "�'6$64	�1�	�!)!&���)Bf-/���V5&H>	
�&:>6>��5& "��	KdR�
gC��	�5)�& "1�!�	������":4��5& "�'6`F´Gi��!)	�*I�'6I5&H>	b�E:4	J�)BN���
 "6%-/���&�����
�&	+�E:> "�&	���	�6E5&!�c%5&H>	�:4!)	���H4��!�5&��1��'��	R:4#.�T 35&HK�$�&	�#>�
�&	�!)	�6E5���5& "�
	;!)	�5���-�5&	�!h5=1+��!)	�!�F £�	�OL5�5&H4	K "��#4�"	���	�6E5��S5& 8��6I "!
5&	�!h5&	+*b:4!) "649$5&H4	�!)	�5���-Z5&	�!h5�1+��!)	�!T5&���
	��& 3-<B�5&HM�S5� 35���	�	�5&!�5&H>	
*%	�!) 3�&	+*NdR�Eg°1J�& "5&	J�& k�LFK��-T 35A*>�E	�!f64��5+cZ 35A "!$*> "!)1+�S��*>	+*\F;]�-k5&	��
5&H4��5+cL��64��5&H4	��ª "��#4�"	���	�6E5��S5& 8��6A "!ª1JH>�'!)	�6�-k�&�'��5&H4	�1�����#(�'6>	�6E5
1��'�"�"	�1�5& "�'6`F��iH4 "!�#>�&�E1�	�!)!D 8!^�&	�#(	+��5&	+*?:46E5& "�V��6?�'#%5& 8�����T�/�T "5&H
�&	�!)#(	�1�5A5&�K5&H>	.dR�
g4�� "��#4�"	���	�6E5���5& "��6, "!$-/��:464*`cV���A:46E5& "�05&H>	
1��'�"�"	�1�5& "�'6­ 8!�	�O%HM��:4!h5&	+*\FT�e6b5&H4	D�8��5)5&	J�^1+��!)	'c(5&H4	D#>�&�E1�	�!)!^����B
�&	��L:>	�!h5D��*4*> 35& "�'64���ª1��'��#(��64	�6E5&!^���� 35D����B;��5)5&	���#%5R5&���&	�2M6>	
5&H>	R�E:>	��)BA@EB��'*4*% "649������&	� "6>-<���&����5& "��6=��@(�':%505&H>	R*%	�!) 3�&	+*�!)���
�":%5& 8��6$-k�&�'�«5&H>	�#>�&��@4�"	���*%�'���� 86`FP�Y-(��!&��5& "!h-[��1�5&���)B$ "��#4�"	���	�6%�
5��S5& "�'6N "!f-<�':464*`cV 35$ 8!f�&	+�'*LB­-<����*>	�#>�8�+B%��	�6E5+FK�iH>	�1��'��#>�8	J5&	
�L "	�� ��-Z5&H> "!�!hB%!h5&	��  8!�!)H4�+�T6b "6.a� 89�:>�&	�n�F
] -/	�� ��5)5&	���#%5&!�H4�+�
	�@(	�	�6K����*>	R5&�� "641����&#(�����S5&	�dR�
g. "6L5&�

1��'��#(�'6>	�6E5)�Y@M��!)	�*,!)��-<5����S�&	b!hB%!h5&	���!�F¬�iH>	.]�!h5&	���#>�&�S§h	�1�5Ko ¢S|
:>!)	�!D���&1�H4 35&	�1J5&:>�����V*%	�!)1��& "#>5& "��64!���-�1��'��#(��64	�6E5&!R��6M*b5&H>	� 3�� "6>�
5&	J����1�5& "�'6>!�c
 "641��8:4*> "649�64��6>��-/:>641�5& "��6M���E#%�&�'#(	��)5& "	�!�c�5&��1�:4!h5&���� 8U�	
�� 8*>*>�"	����S�&	'F´dR:4���" 35eBI�R@L§h	�1�5&!K�YdR:M����o ��|�c��;-<������	J�i���&�¬-<���
#%�&�S�% 8*% 86>9�dR�
gA5&�$!)��-<5e�i���&	���#4#>�8 "1+�S5& "�'64!�1��'��#(�'!)	�*���-���@%§e	�1�5&!

*> "!h5)�& "@4:%5&	+*_�S�
	����T 8*>	,�S�&	+�¬64	�5��i���&�%!�c�@>�& 8*%9'	�!�5&H4	;9
��# @(	J�
5e��	�	�6D!)�E1��
	�5)�Y�"	��
	��%dR�
gD��6M*D*> "!h5)�& "@4:%5&	+*��'@L§h	�1J5Z�"	��
	��LdR�
g\cS	����
#4H4��!) "U� "649;!)#(	�1� "241+��5& "��6
cª��	+��!):%�& "649>cV1��'6E5)�&�'�"�" "649>c0��6M*¬�'*>��#%5)�
 "649I5&�I1JH4��649�	�!? 86�dR�Eg\F�~�]��V�elR�i���&	_o ��|�cA��6���#4#%�&�
��1�H«5&�
1�����#(�'64	�6L5)�Y@4��!)	+*f*>	��'	��"�'#4��	�6L5P��-\��*4��#>5���@>�"	���64*A*>	�#(	�6M*>��@4�"	
�� 8*4*%�8	J�����&	�cE:4!)	�!ª�& "9'���&��:4!i!)��-<5������&	R*>	��'	��"�'#4��	�6L5V��	J5&H4�L*>!Z5&�
!):4#>#(���)5� "6E5&	�����1�5& "�
	;��#4#>�8 "1+�S5& "�'64!�	�O%	�1�:%5&	+*I��1��&�'!)!�H4	J5&	��&�'9�	��
64	��':4!Z6>	�5e�����&�
	�*$	�6L�L 3�&�'64��	�6L5&!�F
�Z�&�E1�	�!)! ��!#"�o �S|4 "!ª���8��649':4��9�	
-/����*%	�!)1��& "@4 "6>9K64�'6%��-/:46>1�5& "�'64����#%�&�'#(	��)5& "	�!f��-�!)��-<5e�i���&	'cV�TH> 81�H
����B. "6>1��":M*>	fdR�
g.#>�&��#(	��)5& "	�!�FT�iH4	fWR6> 32M	+*=]�#4#%�&�
��1JHb "!�1��'6%�
1�	��&6>	+*,64��5A��64�3B°�T 35&H¬!)#(	�1� "-kB% 86>9,dR�
g°#>�&��#(	��)5& "	�!$��-�1��'��#(���
64	�6L5&!�c`@>:>5D���8!)��5&�b��!)!):>�&	�!&�S5& 8!h-/��1�5& "��6¬��-�5&H>	�!)	�#%�&�'#(	��)5& "	�!� "6
��6´ "��#4�"	���	�6L5��S5& "�'6_�&	�!):>�"5& "6>9C-k�&�'�·��!)!)	��A@>�" 86>9¬5&H4	?1��'��#(���
64	�6L5&!�F_��5�!)H4��:4�8*I@(	b6>��5&	+*N5&HM�S5�5&H4	K��!)!):>����6>1�	;��-fdR�
g ����!
*>	�!)1��& "@(	+*.��@(���'	S�� "6M*> "1+�S5&	�!i5&HM�S5��$1�����#(�'6>	�6E5�1+��6=9':4������6E5&	�	
��#>#>�&��#>�& 8��5&	������":>	�!R-/���D 35&!fdR�EgK#M��������	�5&	��&!^ "6­��6%$  k*%	+���'&
!) 35)�
:M�S5& "�'6
FA�iH4 "!D*%�E	�!^64��5D9':4������6E5&	�	f5&HM�S5D�=1�����#(�'6>	�6E5R�T "�"�0@(	
��@>�"	D5&��	� "5&H>	���#>�&�S�L k*%	^5&H4 "!RdR�Eg.:464*>	���-/�� "�":>�&	$1� 3�&1�:4��!h5���641�	�!
���ª�T "�"�(��:%5&�'����5& "1+���"�"B��'*S§h:4!h50 35&!idR�
gf5&�^H> k*%	�5&H4	i-[�� "�8:%�&	�!�Fªa4���
5&H4	�-[�� "�":>�&	D!) 35&:M�S5& "�'64!�c>5&H4	^ 8*%	+��!T#>�&�S�L 8*>	+*�@EB=]�!h5&	��+c4dR:(�$c%���
~�]��V�elR�i���&	^1+��6b@(	� "641����&#(�����S5&	+*`F

3. TWO-LEVEL GRAMMAR SPECIFICA-
TION���i�����
	��
	��^�������������K�����P���A 8!��;-/���&������6>��5��S5& 8��6I@4��!)	+*

:4#(��6A64��5&:>�����4�8��6>9':4��9'	���6M*f5&H>	i-/:>641�5& "�'64���[cE�"�'9� "1'c%��64*$�'@L§h	�1�5)�
���& "	�6E5&	+*�#>�&��9��������� 86>9D#M������*> "9'��!�Fª�iH>	.¨Y5e�i�f�"	��
	��"!)©A���&	�5��i�
1���6L5&	JO%5)��-k�&	�	�9����������S�&!�*>	�2464 "649�5&H>	�!)	�5i��-`5eB%#(	R*%�'���� 86>!i��6M*
5&H4	$!)	�5D��-0-/:>641�5& "�'6°*>	�2464 35& "�'6>!^�'#(	����S5& "649.��6­5&H>�'!)	�*%�'���� "6>!�c
�&	�!)#(	�1J5& 8�'	��3BEFV�iH4	�!)	�9����������S�&!Z���+Bf@(	�*%	�2M6>	+*$ "6A5&H>	i1���6L5&	JO%5
��-��=1��8��!)!D "6;�TH4 "1JH­1+��!)	�5�B%#(	�*>������ "64!^*>	�2464	A "6>!h5���641�	��'�S�& 3�
��@>�"	�!���-
5&H4	�1��8��!)!���64*�-<:46>1�5& "�'6=*>	�2464 35& "�'64!i*>	�2464	R��	J5&H4�L*>!0��-
5&H4	�1��k��!)!�FT�iH4	f���P��-<���&�����" "!)�² "!�:>!)	+*=5&��!)#(	�1� 3-kB.5&H4	�9�	�64	J�)�
��5& "�
	f�&:4�"	�!�64	�	+*%	+*b-/����1��'��#(��64	�6E5^��!)!)	��$@4�3BK��6M*K5&H4	f�':>5&#>:>5
��-05&H4	����P� �T "�8�ª#>�&�S�L 8*>	f5&H4	�*%	�!) 3�&	+*?5��S�&9'	�5D1��L*>	b�[	'F 9%F8cP9'�":4	
��64*;������#4#(	��&!^-<���D1�����#(�'6>	�6E5&!���64*?6>	�1�	�!)!&�S�)B­ "6%-<����!h5)�&:>1�5&:>�&	
-/���f*> "!h5)�& "@4:%5&	+*b�&:46>��5& "��	f���&1�H4 35&	�1�5&:%�&	S�JFf]��"�V��-ª5&H4 "!^ "!� "��#4�"	��
��	�6E5&	+*���1�1�����*> "6>9A5&�$5&H>	^#>�&�E1�	�!)!T-<���T5)����6>!)�8��5& "649����P�«!)#(	�1� 3�
2M1���5& "�'6>!� "6E5&��	�O%	�1�:>5���@>�"	�1��L*>	�o  S|�F

(,	A 8�"�":4!h5)���S5&	�5&H4	�-/���&�����ª!)#(	�1� 32M1���5& "�'6¬��-T9'	�6>	�����5& "�
	��&:>�8	�!
:4!) "6>9I���P� @EB_��	+��64!.��-��N!) "��#4�"	?@M��6>�7��1�1��':>6L5.����64��9'	J�
��	�6E5$!hB>!h5&	��bF,�iH>	=!)#(	�1� "241+��5& "��6I��-R�K@M��64�,��1�1���:46E5�!)H4��:4�8*
 "641��":4*>	� 35&!R�S5)5)�& "@4:>5&	�!���6M*=5&H>	��'#(	����S5& "�'64!� 35�!)H4�':>�8*.#(	��)-/���&�bc
!):41�Hf��!�)�*,+,)�-/.1032#054�)6+%c#78+69,:8;#<5=4c����
>�<5=3*873?,05>MFª]�!)!):4��	V5&HM��5
5&H4	��RlDXµ "6�5&H> 8!�	JO4����#4�"	R1��'6E5��� "64!T�f�&:4�"	�-<����!hB%!h5&	�� ��!)!)	����
@4�3B¬5&H4��5�!)#(	�1� "24	�!�5&HM�S5��­Gi��6>�N]�1�1���:46E5�Xb��6M��9'	���	�6E5=gEB>!h�
5&	�� 1���64!) "!h5&!.��-D�'64	;��-$	���1�H7��-D5&H4	b5��i�¬1�����#(�'64	�6L5�5�B>#(	�!�c
@ �&�&���L�4�'A(�J�CB��J� ��6M* @ �&�&���L�4�EDV� � �J�4� c%	+��1�H���-\�TH4 "1�H�-/�'�"�"�+�T!i5&H4	
@M��64�?��1�1��':>6L5D-<	+��5&:%�&	����L*>	��[F�a4:%�)5&H4	��+c
�"	�5D5&H4	��&	�@(	A5��i�b "6%�
!h5���6>1�	�!V��- @ �&�&���L�4�'A\�J�FB��J� ��6M*$��64	� "64!h5���641�	���- @ �&�&���L�4�EDV� � �J�4� F
g%	J�&�
	��ª1��'��#(��64	�6E5&!ª���&	TH>	�5&	��&�'9�	�64	��':4!HGJI306K,05L1)#)3:5M348=,N3+3?3K8+3?
�'*%H4	��&	�!
5&�i5&H4	�O
�+�����Y~RX.�M���L*>	��'��64*^HM��!`��	�5&H>�L*>!QP#06K,0SR,+691:8;3<5=4c
P#06K805T�<5=3*#7#?,05>Mc`��6M*UP#06K,05V,0#2#054�)5+>c`��64*bdR�Eg�#M�S������	�5&	��&!
WYX8Z,[]\�Z,^ []\�['_a`cb �
 3d±��64*�egf5hji�k6lQh�fnmof \pZ1`rq ����s�h � �TH> "�8	
t :6?6.106L1)#)6:5M#48=,N6+3?#K8+3?D:>!)	�!
5&H>	 � �R~�Gi],���L*>	��E��64*^HM��!
��	�5&H>�
�L*>!u)3:6?3.,05R,+691:#;#<5=4cv)3:6?3.10ST�<5=3*873?,05>McM��6M*n)6:6?3.105V,0#2#054�)5+>c(��6M*
dR�Eg�#M�S������	�5&	J�&! WYX8Z,[]\�Z,^ []\�['_j`ob �'�3d«��64*we�f6hji�k5lQh�fxmof \�Z,`nq
n+�ys�h'Fª�iH4	R1��" 8	�6L5+c�I305K,06L1)#)6:5M#48= t 28<6+648=>c\ 8!T*%	��
	��"��#(	+*�@EB�:>!h�
 "649^5&H>	YO'�S�����Y~RX.�Z���L*>	��[c��T "5&H�1+���"�8!ª5&��!)	��&�
	��x78+691:#;#<5=3z1:S4,+3{4c
>�<5=6*87#?,05>3z1:54,+3{>c���64*|)S*8+,)�-8V1032#054�)6+%c���64*�dR�Eg´#M�S������	�5&	��&!
WYX8Z,[]\�Z,^ []\�['_a`/b ���#d¶��6M*regf5hji�k6lQh�fUmof \�Z,`}q  ��~s�h'FC�iH4	
9'�'���% "!�5&�R��!)!)	��A@>�8	���@4��64�^��1�1���:46E5V����64��9�	���	�6E5P!hB%!h5&	���-<�&�'�

− SEKE ’02 − 210 −



5&H>	�!)	D�+�'�� "�k��@4�"	D1��'��#(��64	�6E5&!�F
dR:>	��& "	�!����&	K!h5��S5&	+*I "6_�°!h5)�&:>1�5&:>�&	�*C-/���&� ��-�64��5&:>�������8��6>�

9�:M��9'	'F;�iH>	�9'	�6>	������ª-/���&�±��-��K�L:>	��)B? "!f5&�b�&	+�E:>	�!h5f1��&	+��5& "��6
��-ª��!hB%!h5&	�� 5&HM��5�H4��!T1�	��)5��� 86?dR�
g=#M�S������	�5&	J�&!�F��iH4	�64����	���-
5&H>	=!hB%!h5&	��¦ "!A "��#(���)5���6E5� "6¬ 8*>	�6E5& 3-<B% "649;5&H4	���#>#4�" "1+��5& "��6I*%���
���� "6°��6M*?5&H>	�dR�
g?#M�S������	�5&	J�&!^!)H4��:4�8*°���8!)�=-/�'�"�"�+� 5&H>	A1+�S5����
�"��9K!h5���6M*>����*%!�F�]j!&����#4�"	��E:4	��)B;-<���D5&H4	���@(�S�
	�	�O>����#>�"	�1+��6
@(	� "6>-<���&�����"�3B�!h5���5&	�*���!�} DZ�&�)������� � �������'���&���L�>�������(�+�E�����J�4�
�����&����� ���>���	�>�����6B�� � �"� ��� � � �
� b���
�� ��� � �)�J���%���4��� � ���"��� q���
�

�$� F;�iH4 "!��E:>	��)B;�&	+�E:4 3�&	�!D5&H4	�!&��5& "!h-[��1�5& "�'6C��-��'6>	�!h5���5& "1���6M*
��64	�*%B%6M���� "1TdR�EgA#4��������	J5&	��+FVa>�&���Q5&H>	��L:>	��)BA��6M*A5&H>	��S���� "�3�
��@4�"	��L64�+�T�"	+*>9�	� "6­5&H>	��RlDX ��!)!)�E1� k�S5&	+*°�T 35&H°@4��64�;��1�1���:46E5
����6M��9'	���	�6E5Z!hB%!h5&	���!�c
�^�E:4	��)B��T "�"�4@(	i-<���&�$:4�8��5&	+*D-/������H4	+��*%�
HL:>6L5&	J�$ "6°5&H>	�W�XKX­F���6°�&	�!)#(��64!)	'cZ5&H>	�H>	+�'*%HL:46E5&	����T "�"��*> "!h�
1����'	���5&H4	�5&H>�&	�	�1��'��#(��64	�6E5&!���6M*�5&H4	� 3��dR�Eg�#>�&��#(	��)5& "	�!�Fª£R��5&	
5&H4��505&H4	��+�'�� 8�8��@4 "�" "5�B=dR�Eg�#M�S������	�5&	J�� "!i:>!)	+*A5&�D!)1��&	�	�6�#(��5&	�6>�
5& 8���`1��'��#(�'6>	�6E5&!i�S5i5&H4	T5& "��	�5&H>	�B����&	��&	�5)�& "	��
	+*\Fª�iH4	�1+��5����8��9
!)#(	�1� 32M1+�S5& 8��6­-<���^5&H> 8!�#M�S������	�5&	��R!):49�9'	�!h5&!^5&H4��5R5&H>	A�+���� "�8��@> 8�3�
 35�B¬1��& 35&	��& 8�K!)H4�':>�8*N@(	��A:>�35& 8#>�" 8	�*`cV!)�K5&H4	��+�'�� "�k��@4 "�" 35eBN��-T5&H>	
O'�S����� O
�+���^!hB%!h5&	��Q 8!i¢�¤LF  6dj��6M*$-<���05&H4	 O
�+����� � �R~RG�]_!hB>!h5&	��
�LnSd�c4@(��5&H=��	�	�5& "649A5&H>	^!h5���5&	�*.1��& 35&	��& 8�%F
���P�¦ "!�:4!)	+*7��!=5&H4	b-<���&�����8 "!)�®-/���=@(��5&H_5&H>	;W�XKX ��6M*

9�	�64	J����5& "�
	b�&:4�"	�!�F7�iH4	bW^XKX -/���&�����" 8U���5& "�'67	�!h5���@4�" "!)H4	�!�5&H>	
1��'6E5&	�OL5V-/���0�TH4 "1�HA5&H4	�9�	�64	����S5& "�
	��&:4�"	�!ª���+Bf@(	���#>#4�" "	+*`FZ�����
-<:46>1�5& "�'64!� "641��":M*%	�9'	�6>	�����5& "�
	D�&:4�"	�!T-/���^1���64!h5)�&:>1�5& "�'6K��-V������#>�
#(	J�J��9'�":>	�1��L*>	T��64*$	��'	�6E5Z9������������V "64!h5)�&:>��	�6E5���5& "�'6D5&����!)!):%�&	
5&H>	KdR�
g¬��-R5&H>	=@4��64�,��1�1���:46E5��&	�1�����*N����6M��9'	���	�6L5$!hB%!h5&	��bF
�iH>	;�RlDX®-<����@M��64�¬��1�1���:46E5�����64��9'	���	�6E5A!hB%!h5&	���!A�T "�"��@(	
*%	�!)1��& "@(	+*K��1�1�����*% "649�5&�A5&H> 8!�5&	���#>�8��5&	'c> "641��":M*% "649�@(��5&Hb9'	�6>	��)�
�S5& "�'6b�&:4�"	�!���6M*bdR�
g�#4��������	J5&	���#>�&�E1�	�!)!) "6>9>F
]�!&����#4�" "649A��-0����� �&:4�"	�!��TH4 "1�HK����B=@(	�:>!)	+*=5&��9�	�64	����S5&	

5&H>	���#>#>�&�'#%�& 8��5&	�9'�":4	+�S������#>#(	���1��L*>	�5&�b1���6464	�1�5$5&H>	�1��'��#(���
6>	�6E5&!���-�5&H>	R@4��64����1�1��':>6E5T����6M��9'	���	�6L5�!hB%!h5&	��  "!�#>�&	�!)	�6E5&	+*
@(	��8�+��F°�iH4	�!)	��&:4�"	�!A���&	�@M��!)	+*¬�'6¬!)	��"	�1�5& "6>9?-k�&�'�±5&H4	.�RlDX
-<����@M��64����1�1��':>6E5�����64��9'	���	�6E5�!hB%!h5&	���!�5&H4	R��#>#>�&�'#%�& 8��5&	^!hB%!h�
5&	������L*%	��'-/����5&H4 "!P5��i����1��'��#(�'6>	�6E5Pl � g\FS�iH>	09�	�64	����S5& "�'6$�&:>�"	
5&�=#>�&�L*%:41�	oO'�S���=1��L*>	A-<����5e���.W^XKX¶���L*>	��"!^�&	�#%�&	�!)	�6E5& "649=�
1��8 "	�6E5;��6M*7!)	��&�
	J�+cR�&	�!)#(	�1J5& 8�'	��3BEc^ "!.	�O%#%�&	�!)!)	+*´:4!) "649C�C�����
-<:46>1�5& "�'67�TH4 "1�H H4��!.�C!) "9'64��5&:%�&	?-<�'�"�"�S��	+*�@EB_�N!)	J5b��-$!):4@%�
-<:46>1�5& "�'64!^5&��@(	f	�O%	�1�:>5&	�*;�TH>	�6K5&H4	A���� "6;-<:46>1�5& "�'6? 8!R1+���"�"	+*`F
a>:4641J5& 8��6K�
	�BL�i����*>!R���&	f 864*> "1+�S5&	+*K 86;@(���k*.�TH> "�8	$1��8��!)!��S�'@L§h	�1�5
64����	�!T�S�&	D "5����" 81� 8U�	+*`F
z4w>y
w%vSu>s�w~	 �
	�s�w�� r�vSqv� DV� � �J�4������� uMy�� A(�J�CB��J��� �!� }

DV� � �J�>�#"��>�J�)��� � ���4� } $ DV� � �J�4������� zMwLsAq&%VwLvSu4s+{<qMy 	'c
A(�J�CB��J��"��>�J�)��� � ���4� } $ A\�J�FB��J������� zMwLs�q&%VwLvSu4s+{<qMy 	'c
"��>�J�h��� � �����­����� � �L� } $

�­u�% DV� � �J�4�#"'�>�J�)��� � ���4� {/y\s�q A\�J�FB��J��"��>�J�)��� � ���4� c
Dª�(�)�%���\�J�>���­� � ��� } $

A\�J�FB��J��� ��� zMwLs+*'q��,%Vq(yPw%y`so�­q	�Pw1��c
zMw%yPwLvSu4s�w.-�u�/%u0*'q	�Pw;rYqMv "��>�J�)��� � �����­�1��� � �E�

� 	+{/y
z Dª���2�%���(�J�4���­� � ��� F
�iH>	����� "6�5���!)�L!i���&	T5&�D����#�1��" "	�6E5i��#(	�����5& "��64!i��6L5&�D!)	��&�'	��i��#>�
	J����5& "�'6>!�cE	'F 9>F"c878+591:8;#<5=6z1:54,+3{f "6nI306K806L1)#)3:SM#48= t 2#<6+648=$����#4!�5&�
)6:6?3.105R8+691:8;#<S=$ "6 t :6?3.106L,)#)3:5M#4#=,N3+3?#K#+3?A���Z5&� P#06K805R,+691:#;#<5=f 86
I606K,06L1)3)3:5M#48=8N3+3?#K8+6?4ci��6M*;5&H4	�6­9'	�6>	�����5&	�5&H>	�1��L*>	�5&�. 8��#>�"	��
��	�6L5=5&H4 "!b����#4#4 "6>9>F²�iH>	,64	�OL5.!)	�5K��-$�&:4�"	�!K*%	�!)1��& "@(	�!b5&H>	
!)#(	�1� 32M1�!D��-i9'	�6>	�����5& "649 � �R~RGi]Q1��L*%	� 86 O
�+���=5&�. "��#4�"	���	�6L5
5&H>	V����#4#> "649�5&H4��5P���& "!)	�!�@EB� 86E5&	�9�����5& "649�5&H>	 I606K,06L1)3)3:5M#48= t 28<6+64#=
�T 35&H�5&H4	 t :5?3.106L1)3)3:5M#48=8N3+3?#K8+6?4cM "641��8:4*> "649^5&H>	T��	�1JH4��6> 8!)��-<���
9�	�64	J����5& "649b "64*> "�L k*%:M���Z��	�5&H4�L*%!�FA�iH>	�9'	�64	����S5&	+*­1��L*%	� "!D*> "!h�
5& "6>9':4 "!)H>	+*�-k�&�'� 5eB%#(	�!R�[�'�S�& k��@4�"	�!��i��6M*�-/:46>1�5& "�'6=�
	�BL�i����*>!�@EB
:>!) "649��$5�B%#(	����& 35&	��T-/�'6E5+F

zMw%yPwLvSu4s�w.-�u�/>u,*'q	�Pw "��>�J�)��� � �����?����� � �E� � 	+{/y
z3*'qMvS��u°}
Dª��� � �54��
�1�'���E��6D�(��� } $

"��>�J�)��� � �����?����� � �E� zMwLs+*'q4v5�Pu0%�u7*(8Lu4zMw;y
u��­w(c
Dª��� � ��" �/� �)���EDV�"���&� } $

"��>�J�)��� � �����?����� � �E� zMwLs+*'q4v5�Pu°q��9-�w�*'s�sF�9%Vw(c
DV�"���&�:6D�(��� } $ "��>�J�h��� � �����­����� � �L� z4w%s;*#�<u�	�	�y
u��­w(c
< �6B���DV�"���&�:6��(��� } $ I606K,0>= DV�"���&�:6D����� c
Dª��� � ��" �/� �)����6D����� } $ :5.1P6+,)5=?= DV�"���&�:6D����� c
A\�J����� Dª� � � } $ Dª���2�%���(�J�4���­� � ��� z4w>y
w%vSu>s�w.-�u�/%u0*�q9�
w\c
"��>�J�)��� � ���4� } $
zMw%yPwLvSu4s�w;-�u�/%u?*'q	�Pw?r�qMv "��>�J�h��� � �����­����� � �L� c

vSw%s �Pv�y
<A@191:5?#= Dª��� � ��4T�
�1�'�+�E��6��(���CBED9F
9#M#.12#<#)})32#08;3;�< �5B���DV�"���&�:6D�(���HG

98?1<5K,05=8+ Dª��� � ��" �/� �)���EDV�"���&�nDª��� � ��" �/� �&����6��(���,F
I�I <S4�<S=1<30#28<KJ8+ t�L�M V#L )328<6+548=N@�:673M,23+
9#M#.128<3)rK,:8<57 <�4�<5=PO�Q G

A\�J����� Dª� � �
R
"��>�J�)��� � ���4�

R F

�iH4	?1��8��!)!K!h5)�&:>1�5&:>�&	K�&	+�E:> "�&	�*´@EB¯5&H4	 O
�+�'�¬ "��#4�"	���	�6E5��S5& 8��6
1���64!) "!h5&!;��-��N-/:>641�5& "�'6 <S4�<S=_5&�¯!)	�5;:># 5&H>	 � �R~�Gi] �R~RG
��64*b5&H4	f�'#(	����S5& 8��64!�6>	�	+*>	�*b 86;5&H4	f!)	��&�
	J�+F��iH4 "!^ "6>1��":M*>	�!R5&H4	
1��L*%	=5&�? 86> 35& k���" 8U�	b5&H4	 � �R~�Gi] �'@L§h	�1�5�!)�?5&H4��5�-<:>5&:%�&	.�'#(	J�)�
��5& "��64!�1+��6¯�&	�-/	���5&�­ "5+F´�Y5� "!�64	�1�	�!)!&���)BC5&�°24�&!h5�	�OL5)����1�5�5&H4	
6M����	�!T��-Z5&H>	 � �R~RGi] #M��1J����9�	'cM1��8��!)!R��-Z5&H>	 � �R~RG�]«�'@L§h	�1J5
5&�;@(	��&	�-/	��&	�641�	+*,�T 35&H4 "6¬5&H4	�#4��1��'��9'	'c0��64*°5&H4	�6M����	���-T5&H4	
1��8��!)!f 35&!)	��3-eF=�iH4	�!)	=�S�&	����"�ª!h5&���&	+*° "6?5&H4	 "��>�J�h��� � �����­����� � �L� F
�iH4	�64����	���-�5&H4	 O
�+���b1��8��!)!f9'	�6>	�����5&	+*, "!f!) "��#4�3B;5&H4	�!h5)�& "649
¨ I606K,0�©,1��'641���5&	�64��5&	+*TS��T 35&HC5&H>	.6M����	.��-R5&H4	=!)	��&�
	���1��8��!)!�c
 [F 	'F"c I306K80 t :6?3.,06L1)#)3:SM#48=,N3+6?#K8+3?4F_�iH4	=6M����	���-�5&H>	 � �R~�Gi]
�'@L§h	�1�5i "!�9�	�64	J����5&	+*� "6���!) 8�� "�8���0����BEFVa4����!) "��#>�8 "1� 35�BEcE�'6>�"B$5&H4	
1+��!)	^�TH4	��&	R5&H>	R1��8��!)!� "!i5&�A1��'6E5��� "6b�f!) "649'�"	���	�5&H>�L*� "!�!)H>�S�T6`F
X.:4�35& "#4�"	���	�5&H>�L*>!T�S�&	�HM��64*>�"	+*.!) "�� "�8���&�3BEF
zMw%yPwLvSu4s�w.-�u�/>u,*'q	�Pw;rYqMv

"��>�J�)��� � ����6��(��� �o@ ���������J�>�VU � �&� �.W �J�[�L����X7�1�>�
�­u7% 	As�q
"��>�J�)��� � ����6��(����Y @ ���������J�>�VU � �&�
Y W �J�[�L����X7�1�>� }

< �6B�� W �J�[�L�J�'X7���>� } $Z-�u�/>u?sC�	%VwKqMr W �J�[�L����X7�1�>� c
< �6B�� @ �[�������J�4�VU � �&� } $

�/{�	�s�u���� @ ���������J�>� r�vSqv� @ �[�������J�4�VU � �&� �
�­u7%�%Vw��¯s�qN< �5B�� @ ���������J�>�

�Q�Nr ��y�*'s+{kq(y0-�u�/%u?u>vSz����­w%y\s�qMr
@ �[�������J�4� {�	+< �6B�� @ ���������J�4� c

< �6B�� @ �[�������J�4�VU � �&��[$�]\ª� � � � ��� } $
	�w�%�u4vSu4s�w,< �6B�� @ ���������J�>�VU � �&� ���_^�c

"��>�J�)��� � ���
Dª���/� } $«zMw%yPwLvSu4s�w;-�u�/%u?*'q	�Pw;r�q4v
"��>�J�)��� � ����6��(����Y @ ���������J�>�VU � �&� �.W �J�[�L����X7�1�>� c

vSw%s �Pv�y
9#M#.12#<#)!< �6B�� W �J�[�%����X����>�!"��>�J�h��� � ����6D�(��� �

O`< �6B�� @ ���������J�4�VU � ����[f�]\ª� � � � ��� Q G
a K8+648=�b#?,08)6+ B ;6+3=3V8+�c1<S4�b,<A@�+dO�Q F
"��>�J�)��� � ���
Dª�'�<�
a K8+648=�b#?,08)6+ B ;6+3= a 487�b1<A@�+eO1Q F
a K8+648=�b#?,08)6+ B )30#28)�M12#06=8+ M +,;S91:S4�;6+�b1<�@�+fO�Q F

R F

S �iH>	������ 1��'6>1+��5&	�64��5& "�'6¬��#(	�����5& "��67��=���*> hg\	��&!�-<�&��� §h:>OL5��S�#(�'!) 35& "�'6I 86C5&HM�S5� 35�*>�E	�!�64��5�#>�&�L*%:41�	.�°!)#M��1�	b@(	�5��i	�	�6C5&H4	�'#(	J����6M*%!�F

- SEKE '02 - 211 -



�iH> "!ª9�	�64	J����5& "�'6A��!)!):4��	�!�5&HM��5P5&H4	i��	�5&H>�L*>!
HM�+�
	05&H>	i!&����	ª�&	��
5&:%�&6=5�B>#(	R��64*=!)�A5&H>	^���� "6=5���!)�= "!i5&��	JO>#%�&	�!)!�5&H4	��S�&9':>��	�6E5&!
��-05&H>	�24�&!h5^��#(	�����5& "��6­ "6K5&	��&��!���-xO
�+�'��!hB%6E5���O\c(9'	�64	����S5&	f5&H>	
��#4#%�&�'#>�& 8�S5&	f��	J5&H4�L*=1����"�[c\��64*. "64!h5)�&:4��	�6L5�5&H>	�1��L*>	��T 35&H.5&H>	
	��
	�6E5�9������������A��	�1JH4��6> 8!)�±5&�°��	���!):>�&	�5&H4	��&	�!)#(�'6>!)	.5& "��	'F
�iH>	b-/���&��	��� "!���1�1�����#4�" "!)H4	+*C@EBN:4!) "649°�,�����µ�" "!h5�1��'��#%�&	��
H>	�64!) "��6�5&�D����#�5&H4	����&9�:4��	�6E5&!ª 86 @ �[�������J�4�VU � �&� �  "6L5&��1����)�&	��
!)#(��6M*% 86>9gO
�+���R�S�&9':4��	�6L5&!
�&	�#>�&	�!)	�6L5&	�*$@EB < �6B�� @ �[�������J�4�VU � �&� F
�ª��1�H @ ���������J�>� -<�&��� @ �[�������J�4�VU � �&� �  "!
����#4#(	+*R "6E5&�T� < �6B�� @ � ��������J�4� :4!) "649�5&H4	T-/:>641�5& "��6 -�u�/>u.u4vSz����­w%y\sDqMr @ ���������J�4� {�	
< �5B�� @ ���������J�>� F��iH4	J�&	A "!D��!):>@>5&�"	�5�B;H4	��&	$ 86;5&HM�S5+< �6B�� @ �[��� ����J�4�VU � �&�  "!���6���@4!h5)����1�5�!hB%6E5���O$�&	�#>�&	�!)	�6L5��S5& "�'6���-`5&H4	�*>	�!) 3�&	+*
�S�&9':>��	�6E5V�8 "!h50��64*$!)�R5&H> "!ª�$:4!h5Z@(	����'*>	� 86E5&�^1��'641J�&	�5&	�!hB%6L5��SO
:>!) "649K5&H4	n	�w�%�u4vSu>s�w,�'#(	J����5& "�'6¬�TH4 "1�HC�'*4*%!f5&H>	���#4#%�&�'#%�& k�S5&	
1��'������!� "6b@(	J5e�i	�	�6.5&H4	D�S�&9':>��	�6E5�*>	�1��8�S����5& "�'6>!�F��iH4	D��#4#%�&���
#%�& 8��5&	���	�5&H>�L*=1+���8�
 "!�H4��64*>�"	+*=@EB�5&H4	��&:4�"	�@(	��"�+��F
z4w>y
w%vSu>s�w;-�u�/%u,*�q9�
w­rYqMv

"��>�J�h��� � ����6D�(��� @ ���������J�4�VU � ��� W �J�[�L����X7�1�>� }
��� U � �&� } $ �/{�	�s�u���� @ ���������J�>� rYv�q�� @ ���������J�>�VU � �&�

�­u�%�%Vw��Cs�q���� �Q�
r ��y�*'s+{kq(y_u4vSz����?w>y\s�{]�¯qMr @ ���������J�>� {�	�����c

��� U � �&� � �
Dª�'�<� } $|	�w�%�u4vSu4s�w���� U � �&� ���_^�c
vSwLs��Pv�y Dª��� � ��" �/� �)����6D�����0B>"��>�J�)��� � ����6��(���

O���� U � �&� � �
Dª�'�<� Q F F
]�9
�� 86����" "!h5�1��'��#>�&	�H4	�6>!) 8��6� "!�:>!)	+*$5&��	�OL5)����1J505&H>	��S�&9':>��	�6E5&!
-k�&�'� 5&H4	;�S�&9':>��	�6E5��8 "!h5+cT5&H4 "!�5& "��	b�'6>�3B¯5&H>	K k*%	�6E5& 32M	���#M�S�)5
����1JH> "	��
	+*K@EBKr ��y�*'s+{kq(y«u4vSz�� �­w%y`s�{]�´qMr @ �[�������J�4� {�	����>�JF
�` "�
	��T "!)	'c(5&H4	D��@4!h5)����1�5^!hB%6E5���O��&	�#>�&	�!)	�6E5���5& "�'6K�$:4!h5�@(	D���'*>	
1��'641J�&	�5&	�@EB=1��'�����$!)	�#M�����S5&���&!�F
a� "64���"�3BEcZ5&H4	�	��
	�6L5f9������������f "64!h5)�&:>��	�6E5���5& "�'6° 8!$�'*>*>	+*°5&�

��	���!):>�&	T5&H4	�5& "��	���505&H4	T@(	�9' "6>64 "649D��-`5&H4	T!)	��&�'	��i��	�5&H>�L*�1+���"�
��6M*­��9
�� "6,��5�5&H>	A	�64*?!)�=5&HM��5R5&H4	���1�5&:M���Z�&	�!)#(�'6>!)	�5& 8��	$1+��6
@(	�	��'���8:4��5&	+*A��9
�� "64!h5ª5&H4	i�&	+�E:4 3�&	+*�dR�Eg�� q n��'�6s hS�JFª�iH4	�dR�Eg
��	J5)�& 81�!R-/���­¨Y�&	�!)#(�'6>!)	�*>	��k��B%©.��	���6;	�O%	�1�:%5& 8��6­5& "��	D-/���f	+��1JH
��	J5&H4�L*b1+���8�Z�T 35&H4 "6K5&H4	f!)	��&�
	J�^���^1��" 8	�6L5+c`��6M*b�&	+�E:4 3�&	D5&H4	f "6>�
!h5)�&:>��	�6E5���5& "�'6R��-%	+��1�HD9'	�6>	�����5&	�*R������#4#(	J�P-/���P5&H>	ª1��8 "	�6E5J�S!)	��&�
	��
��	J5&H4�L*�1+���"�(�T 35&H.��:>O% "�" k�S�)B�-/:>641�5& "�'6>!���@>�"	�5&�f1JH>	�1J�$5&H4	�1��"�E1J�
�S5A5&H>	�@(	�9' "646> 86>9?��6M*¬�S5A5&H>	�	�6M*,��-���	�5&H>�L*,1+���"�[cª1+���"1�:>�8��5&	
5&H>	A*%:>���S5& 8��6
c
��64*K!):4@4�� 35� 35^5&��5&H>	$	JO>	�1�:>5& "�'6;����64 35&���������"!)�
9�	�64	J����5&	+*N��!��;#4���)5$��-� "64!h5)�&:4��	�6L5��S5& "�'6(�JF�(°	.��!)!):4��	�5&HM�S5
5&H>	�!)	$���&	$5����
	�6K1+�S�&	A��-�@EB.��1��8��!)!^1+���"�"	+* a K8+64#=�b#?,08)5+>Fy�0��1JH
��-T5&H4	�5e���K	�O>����#4�"	�!hB%!h5&	���!��T "�"�i@(	� 8��#>�"	���	�6E5&	+*?�T 35&H,5&H>	
1��L*>	T-/����1+���)�)B% "649D��:>50	��
	�6E5V5)����1�	�1�����#4:>5��S5& "�'64!0��1�1�����*% 86>9f5&�
5&	�!h5$1���!)	�!��TH4 "1�H°�$:4!h5�@(	�!):>#4#>�8 "	+*?@EBK5&H4	�:>!)	��+F��iH4	�!)	�5&	�!h5
1���!)	�!i�T "�"�
@(	�	�O%	�1�:%5&	+*�5&�A�
	J�& "-kB�5&HM�S5i5&H4	�@M��64����1�1���:46E5�����6%�
��9'	���	�6L5R!hB%!h5&	��µ!&�S5& 8!h24	�!^5&H4	AdR�Egb!)#(	�1� "24	+*; 86K5&H>	A�E:4	J�)BEF^��-
5&H>	$!hB%!h5&	��¸ "!^64��5^�
	J�& "24	+*`c\ 35R 8!^*> "!)1+����*%	+*`F��iH4 "!R�
	J�& "241+��5& "��6
#%�&�E1�	�!)!ª "!ª1����)�& "	+*A��:>5Z-/���ª	+��1�HA��-(5&H4	�9�	�64	J����5&	+*A@4��6>�$��1�1���:46E5
����6M��9'	���	�6E5T!hB%!h5&	�� �/5��i�� "6.5&H4	D��@(�S�
	�	�O>����#>�8	+�JF��iH>	�6.5&H>	
��64	D�T 35&H;5&H>	D@(	�!h5DdR�
g. 8!�1JH>�'!)	�6`c\ "6;5&H>	f��@(�S�
	D	�O>����#>�8	�5&H>	
t :6?3.106L,)#)3:5M#4#=,N3+3?#K#+3?���64* I306K806L1)#)3:SM#48= t 2#<6+648=�1��'�A@> "6M��5& "��6
F
a>���ª5&H4	T	�O>����#>�8	�c'5&H4	�-<�'�"�"�S�T "6>9$1��L*%	�-<���ª5&H4	 78+69,:8;#<5=3z,:54,+3{

-<:46>1�5& "�'6.���':4�8*.@(	�#%�&�L*>:>1�	+*`F
93M#.128<#)cK8:8<57 78+591:8;#<5=6z1:54,+3{eO	�82#:#06= <S97Q G
a K8+648=�b#?,08)6+ B ;6+3=3V,+(c1<S4�b1<�@�+dO�Q F
:5.1P3+,)S= t :6?3.,06L1)#)3:SM#48=,N3+6?#K8+3? B 78+691:#;#<5=dO <S97Q F
a K8+648=�b#?,08)6+ B ;6+3= a 4#7�b1<A@�+PO1Q F
a K8+648=�b#?,08)6+ B )30#28)SM,2#06=8+ M +,;S91:541;6+�b1<A@�+fO�Q F

R
��6_5&H4	;-/:%5&:>�&	'c�5&H4	?	���1� "	�6E5.9'	�6>	�����5& "�'6���64*7:4#\*4�S5&	­��-$�

*% "!h5)�& 8@>:>5&	+*,1��'��#4:%5& "649.!hB%!h5&	�� �T "�"���&	+�E:4 3�&	���5$�"	+��!h5A�b!)	��� 3�

��:%5&�'���S5& 81V "6E5&	�9����S5& "�'6D��-%!)��-k5e�i���&	�1��'��#(�'6>	�6E5&!�c+@M��!)	+*��'6^5&H>	� 3�
�'*%�
	��)5& "!)	+*¬dR�
g\c` "6,!):41�H,������B;5&HM��5f 35D��	�	�5&!^5&H>	�dR�Eg;1��'6%�
!h5)���� "6E5&!�!)#(	�1� 32M	+*¯@LBN5&H>	K:4!)	��+F�WR6> ka%������	.-/��1� "�" 35���5&	�!=!)	��� 3�
��:%5&�'���S5& 81?1���64!h5)�&:41J5& 8��6´��-$!):41�H´�N!hB%!h5&	��bF ] !) "��#4�"	?1+��!)	
!h5&:M*LBA "!0#>�&�S�L k*%	+*A "6�5&H4 "!0#M��#(	J�0-<���i "�"�":4!h5)���S5& 8��6
cL@>:>5ª5&H4	�#>�& "6%�
1� "#4�"	�!=��-D5&H4	;#%�&�'#(�'!)	�* ��#4#%�&�
��1�H´1+��67@(	?��#4#4�" "	+*_5&�¬�8���&9�	��
��#>#4�" "1+��5& "��64!�F

4. REFERENCESo3nJ|$X­FM]�:49':>!h5&�'6`F��Z�&�'9������²@(	�HM�+�L "�������L*>	��`@4��!)	+*=�'6
�ª�
	�6L5��������������T��6M*. 35&!���#>#4�" "1+��5& "��6b-/����*%	�@4:>9'9' "6>9
��:>5&������5& "�'6`F4��6 4i�)�+��
�Y
� ��� �4�

��.���#���#�%��� @ �L�Y�(������� �
��� � @ � �
��� � ����� � � [$� � �'�+� � �E� cM#4��9'	�!Rm�¢'¢ G%m��Ln'cZn��'�
 EF

o m+|$X­FM]�:49':>!h5&�'6`FM�P�E���"!�-<����#>�&��9������¸*LB>64���� "1^��6M���"B%!) "!�c
5&	�!h5& "649>c4��64*b*>	�@4:49�9' "649A@M��!)	�*=�'6.	��
	�6E5T9������������&!�F%�e6
4��h�+��
�A������ Y 
�
�
 � � Y
��� � �4�

xDª������

A(���J���0���)�
���E� � �\�&�J� � �L���D�(���T�8� � �E�����E� � �\�&�J� � �L� c4#M��9�	�!�nS ��SGMn�¤'¤Lc
m��'���%F

o �S|fGiG�£ � ���&#(������5& "��6
F�� �>�'� � �
��" �/� �)���[��� � �>���+�
 "!#!	$�%'&#&"(#(#(*)�+-,�."!0/0.21�."!23546.7)�828�9:)�;#<�4�&:!#32;0 �&6=#>�? cVm��'�Ln'F

o ¡�|$�$F�O>F4G0����H464���S5&H
c>~fF%~DF%~R�+§h	'cM]fFMX­F(�R�"!)��6
c
X­F4]�:49�:4!h5&�'6`c>G�F4~DF%G0�)BL��6E5+c4��6M* � F � F4G�:%�)5+F4] �E:M���8 35�B
��-Z!)	��&�L "1�	D1+�S5����"�'9�-<����!)��-<5����S�&	f1��'��#(�'6>	�6E5&!�F%�e6 4i�)�+��

�'@BAf�DC Y 
�
 Y'��AM���L���4�)���&���J�J� A(���J���0���)�E�i�L� � �(���J� � �E� Dª������

�Y�Y�������>�)���
� c`m����
mEF

o  +|fG�F4~DF4G0�)BL��6E5���6M*.G�F �eg(FM�`	�	'F4���i�����`	��
	�������������������!
��6b��@%§e	�1�5)�Y���& "	�6E5&	+*=�&	��L:> 3�&	���	�6E5&!i!)#(	�1� 3241+��5& "�'6
�k��649�:M��9�	'FM��6 4i�)�+��
GF � ���IHD���0� �<�G� �>�

xDª������
QA����&�����
A(� � �J�M�J�J� c(m��'�'mLF

o ¤S|KJ�F � U+�S�&64	�1��L P��6M*�W$F1( F��V "!)	�64	�1J�
	J�+FML �J�(�J�)��� � B��
4��h�&���)�(�H� � �E��N �°�J���>� � �&�)X(�+�'� �&�i��� � @ ���M� � �&��� � ���>� F
]R*4*% "!)�'6>� (°	�!)�"	�BEc4m��'���%F

o ¢+|D�e£R~��h]T�Y~��E1+�E:>	�641���:>�)5+F @ A�X7� W N
A(���J���0���)� @ �)�1� � ���)���[�%�)�J�
�����)[ � �&�[� ��� �L��� � A����&�����A�&�  "!#!	$M%
&#&"(#(2(-/0OP<�;2QR)�,�9�O6,0ST)
U"O�&
.P<TV�,0+2<�O�&"(P<0O�W�&TS�.6!#3�O7)5 6!54GV c�m����%n'F

o �S|$X. 81�H4 "9'��6?gL5��S5&	^WR6> "�
	��&!) 35eB\F W @ 4 � [X�0���)��N
Dª�(�2�%���(�J�4� �ZY ����� � [$�CB����"�1�&���J�>�T��� @ � �1�M�Y� � �8�A��� �
[$� �>�J� � � � �8� � ���'� �8�[�0���&�J�
 "!#!	$�%'&#&"(#(#(*)�;0."36)
46.2>:)�3�+0>�&"OPSD$G,0+�(-S�O63 cVm��'�%n�F

o �S|D£$F4g\F>~���!&����64* ��F%~fF4a�F � :>64H4�A��64*K�$F>~fF%~DF�O':>!h5&�>F
#>�&�E1�	�!)!5\�]>}ª]«�8��649�:M��9'	�-/���R*%	�!)1��& "@4 "6>9�64��6>��-/:>641�5& "�'64���
#>�&�'#(	J�)5& 8	�!�FM�e6 4��h�+��
BF � ���IH����0� �/�^� �>�

 Dª������

A7���&�����
A(� � �J�M�J�J� c(m��'�'mLF

o3n+�S|$�R@%§e	�1�5RXb��64��9'	���	�6E5����&�':4#°�Y��XK���JF(X.�L*%	��PlR�& "�
	�6
]��&1�H4 35&	�1�5&:%�&	'}ª] 5&	�1�H46> "1+���`#(	��&!)#(	�1�5& "�
	�FM�P	�1JH>64 "1+���
�&	�#(���)5+cM��XK� l^�E1�:4��	�6L5i£R�>F4��@M�'m��'�%nJ���
mS���LnS����¡>c
a4	�@>�&:4���)B.m����%n�F

o3n'nJ|D~fF%~DF4~��S§e	'c\X­F4]�:>9':>!h5&�'6
c>G�F4~fF>G0�)BE��6E5+cM]DF4X­F(�R�"!)�'6`c
��6M* � F � F4G�:%�)5+FM] :464 324	+*=��#4#%�&�
��1�H=-<����5&H4	^ "6E5&	�9�����5& "�'6
��-V*% 8!h5)�& "@>:>5&	+*.H>	�5&	��&��9'	�6>	��':>!�!)��-<5������&	f1�����#(�'64	�6L5&!�F%��6
4��h�+��
'�­���4���J�&���_�.���#���#�%���`�i�L� � �(�&�J� � �E� @ �L�Y�(����� � ���
�����gAM���J���0���&� � �4���J�4� � B�� A7���������$� cM#M��9'	�!Dn+���SG4n'n+�Lc`m����%n�F

o3nSm+|D£$F%£$FMg% 3�����bc%~DF4~DF%~R�+§h	�c(G�F>~fF4G0�)BL��6E5+c4]DF(X­FM�R�"!)�'6`c
X­FM]�:49':>!h5&�'6`cM��6M* � F � F(G0:>�)5+F4]�6b�S�&1JH> 35&	�1�5&:>�&	�-/����5&H4	
WR64 8a>������	R~�	�!)�':%�&1�	�l^ "!)1��S�
	��)Bbg%	J�&�% "1�	�F4��6 4i�)�+��
 AP���
Y 
�
 Y
�MF'� �a� �>�

E�.���#���:�>��� AM���J���0���)�E���E� � �\�&�J� � �L�
� ���
� �8�[�����&�b���Y�������>�)���
� c`m����
mLF

- SEKE '02 - 212 -


