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Abstract The objective of linguistic dynamic systems is to use computing with words for

effective utilization of information at a linguistic level, and for modeling, analysis, control,

and evaluation of complex systems. The main idea in research of linguistic dynamic systems

is to establish its own theoretic foundation by adopting useful and well-established concepts,

frameworks, and methods in conventional dynamic systems. Major applications of linguis-

tic dynamic systems include abstraction and linguistic analysis of conventional dynamic

systems, dynamic analysis, decision synthesis, and policy evaluation of economic, social, po-

litical, management, and ecological systems at certain linguistic levels, as well as knowledge

mining and dynamic representation of huge data sets in knowledge engineering. Our goal

is to develop a bridge between human linguistic knowledge representation and computer

digital knowledge representation, and make it as one of the solid theoretic foundations for
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next-generation of intelligent human machine interfaces and knowware systems. This paper

addresses several fundamental issues in recent research of linguistic dynamic systems.

Key words Computing with words, linguistic dynamic systems, abstraction, human ma-

chine interface, complex systems, artificial intelligence
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. ���í������ô��ëìíîï����� !"#$ý%�&'(ô)*+,ï-./
Zadeh 012ø3.þ“

îí4úë56789ï:;<=ô>�îí?@AB�#$ý%��í�ðñïCD
”

[2]
. EðFë:;G�ï��HI�Jê#$ý%KLMNOôI(��2�PQ�RSMNïîí��&$TôUVWXRY�Z[\?ï�]7^_`aôbc�\?def;gh_üi�ïjkl�ô!mnRnoDpq#$ý%ïrstu�&vwôxP�yóR<ô!"z{|ê�#$ý%��}gh~�ôbc��a��ô���ù�}�?Aïde�ò&!"����ï�� #$ý%C�ï�-���?}�	ô���� #$ý%C
ï��&��ôx?@yóR<ô���#$ý%ôDúï?@�������\?�OZ[

(Perception-based information),
T��\?�óZ[

(Measurement-based information).�OZ[ ��¡¢��� #$ý%R��ôJê!"g£¤¥}¦§Z[ï¨��©ïª�«¬ô�OZ[�­®¯��MNï&°±í/²³���´íïµ�¯-.�îí¶ýï
“
��·óOô��¸¹O}��º»O

(Incommensurability, incomparability,

incommunicability)”
?@[3]

. ¼½�ôZ[ïú¾����¿À��a�uÁï�OZ[&def;ôbc��a!_��ïdef;ôÂ��Ã'Ä5ÄÅï�OZ[_��&
Zadeh

��¨ÆôJêZ[�ºO
(Information orthogonality),ÇmÈÉ���OZ[RÊËÂÌïZ[ô!"ÍÎ�¨��ô��#$ý%ï¶�	

(Computing with words),
���ú�Ïï�ÐÑôT�Èlï[4]

.
FÒÓ�ëÔ

“ÕÖ ”
#$ý%ï�×ôØÙ��îí¯ïÚÛ õö÷Ü¨Æïíî�ðñïCDþ

“ÝTdÞ ”,
Ø\ê�ßïµ�ô�àáâoã&I(ô��#$ý%��}Z[ôäå�¶�	Ææçïf;��ôghôè¬}é,ïý%×©íf;

(Linguistic dynamic systems, LDS)
[5]

,
�êRf;ëìôbc�def;ëìïëìí�TúGîï�ï&Fëðô�\?��ôù�ôñòó!Edef;ï×ò��}gh�ôôÆõ°&

2 ö÷øùúèûüýþÿ�����
¶�	��ï�N����

Zadeh 1996
X�

“Fuzzy Logic = Computing with Words”ë	AÜ�ðï[6]
, 
��Ì��í/�(
�2ø�@�Fë��&�����������������

(linguistic variables) �� !� IF-THEN "#$%&'()*+,-./0123�456	�[2]
, Zadeh 789:;( “<=>?�� (generalized constrain

language, GCL)”
����@ABCDEFGHHI���J-�K=LM3NO GCL

�
8P<=>?�Q5RHI���ST�UVLMWXY<=>?Z[:\]6�^_.`Ra�

Zadeh bO)*+�;cFdRefgP`hijk
1) lTmi# (The do not know rationale)— lnoMpo�q�rs��tuv�w�7QxvGyN.
2) lz{i# (The do not need rationale)— lz{vw���wEpo(.
3) lD{i# (The do not want rationale)— |}~�T��Q��.
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4) lrsi# (The can not define rationale)—

��qrs=������j�5��.�
Zadeh

��{��
����������(45)*+������ ¡�23R�¢£¤��¥¦§¨�©{���LªWang
©«�

〈〈Computing with Words〉〉 8¬[7]
,­

13 ®¥¦�@� Rieger
5R¯�)*+�*+°±� (Computational semiotics), M'

SCIP(Semiotic cognitive information processing)
�²���w³´µ� P¶¥¦·¸¹º.»¶F�¼½¾¿��ÀÁÂ{7ÃÄÅ*+�ÆÇ�ÈFÉÊRËÅ���UV�ËÅ�T�3N�¾8ÌÍ��ÄÎ��CDÏl�Ð.��ÄÎ��²���FÑÒÓR�ÔÕ 90 Ö×Ø:;�.�Ù�©{Ú�FMÛ�Ün���UVOV6`Ý�OÜnÞ¸ß�²�àáâã�äåæç�èé4Ün�"ê��.ëÙìíhîï×*+ðñÚ�òó�bO Logic programming

F04ôõ�
Lö��. ]�3÷�ø(ùúXû�üýþ�,-�¾ÿ��UV��À�4���*+��,-�8�ÀFlnÆÇ�x�.O(��UV�*+��,-����Ù	Dkn
�ZØÙÚ�\0
Ú��899��UV����WY���ÄÎ���ë�ZØÙ�Å\0
�Å���*+���¾���*+��ÀLMxG��*+��,-.@ÆABCDEF�`R�) (Predicate,ÆÇ�F))

��+�Y`Rvw�*+�¾EF��M)*+O`Ý���ÄÎ��²���0ØÄð.ja��å��ÄÎ��0ØÚ�EFx8�ÿ R!�"#$#����!����UV��� %�§&�'M)*+O()���ÄÎ��²�*+,-���*@+=,! (ª- 1), M'����T�Q.vw/01äå��2%345���[8,9]
.
¾ñ���6]R 1995Ö/789:�8;8Ç<=��O»>?@é!:;[5]

,
����ABC

Zadeh DEu9(�6.dR�Ù�*+]�Í	D� Ú�4F�$G�¾ñ��8�H�I.8J\�ÔÕ 90 Ö×K�dRS\��ÄÎ��²���/L£�²�ä�A#MAÞ¸�NO�<4�x���P�QRÄ(¾�S���[10∼18]
.

T
1 UV�W�XYZ[Z\]^

Fig. 1 Linguistic dynamic system for feedback control of complex systems

ÍaÐÙ���È:;(��ÄÎ��²�<=�x�*/ÜnWÛð_`ab���x[10∼12]
(ª- 2).

/cV�²���de±Ívf*+ð��vfe±%g�hÙ���{ix�d /
vf

(A/D) �vf /
�d

(D/A)
�jk�l�$�Y(�ml/��nop�@qnd�jq�Qs.rst*+ðÛðuSvGv{!ÛqW�HI��ewxVy<�³íz�{.�8��$%{;�O(4��|xew���}~/op��p%��äå

“
Tp

” ���Q��ÄÎ�Ln<2�YO4��2ANO|x���ab
“
Tp

”
�8��M�L*+��x��.LM	D�/�G�Ûð_`��»sab�¥f

/
vf

(W/N) �vf /
¥f

(N/W)
�jk��Ð A/D Í D/A

�jk8��{�<��lÐ�Fl�F�pQlFop�@qn�d@�����xV�Ün��m�s.
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T
2 UV�W�X�Z[Z\]^

Fig. 2 Linguistic dynamic systems for intelligent human machine interface

3 �������� ¡¢£¤¥¦§¨©ªO�«¬ª���­x��1O×3��¢�����®|x Kosko
5R��1O�¯°3±[19]

, �²³6b��´µ¶v�jY·å����Ì�ZQæYZ)\Ì��j��
(ª- 3).

T
3 ¸�¹ºX»¼ — ½¾¿ÀXÁÂÃÄ

Fig. 3 From numbers to words: geometric representation of fuzzy sets

8Å)YO·å����Ì�)*+���ÄÎ���ELMÆ�·å����ÇÈ�E�v*+�vwÄÎ���FÆÉg��ÇÈ8� (ª- 4). 8�Q��F5�·

T
4 UV�ºÊ�W���XËÌÃÄÍÎÏÐ�

Fig. 4 Mathematic mapping and relationship between linguistic and conventional dynamic systemså���Ñv N {ÒÏRÆÉg�Ñv n.
�a�ÆÉg��������ÀLMJÓU
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<\·å����QvwÄÎ��²�������yLMU<\��ÄÎ��²�[5]

.��ÄÎ��²�`hÔÕ�e�
LDS

�Å��k
Xk+1 = F (Xk, Uk, k), F : I

N × I
M × Z → I

N (1)

LDS Ö;��k
Y k = H(Xk, k), H : I

N × Z → I
P (2)

LDS
�×Þ¸k

Uk = R(Y k, V k, k), R : I
P × IQ × Z → IM (3)¾Ø

I
N , I

M , I
P � I

Q ÀF·å���Z = {0, 1, · · · ,∞}
F.Ùçv1O�Q Xk ∈ I

N ,

Y k ∈ I
M , Uk ∈ I

P � V k ∈ I
Q #¶F3±�²�Å)AÖ;)AÞ¸)�Ö' ({Ú))�0� F, H, R

F����+ß�LMFXû� IF-THEN "#�yLMFÛOL£�ÜÝ��Þ+tßO��*+��l�s=(��ÄÎ��²��²�WAÖ;�Þ¸ÇÈt5�.àáâN���ÄÎ�ãäå��¯æLM�ç"vwÄÎ��²èm4é��Í��JÓU<\êëÄÎ��²èGåù�)ìíåîÊïå�ðïåñsq���òF�éxV��[5,10∼13]
.êëÄÎ��²;có��L£�²é#MÍÞ¸�x%èô��åótõPL£ö÷¸sÞ¸øùtúûé�üèå�çxêëtïGýþö÷åyNÿ,å��Ú�å¸søùå÷r®Æ���ü�ô�õ�ü�	Æ
�õ�êë
���ü

• �ï��ö÷�ÿ��êë�ü���
• �ï�����êë��¶��
• �ï��øù�êë�����
• �ï����ü��êë !"#ô	$�%&�'ö÷()*+ò,-)��./!01234ô56,7)øù��8,9:&;<=>?"#@A
!�B,C)DEFG��üH “<8 ” >?�B,	I"#JKLGMNI� “OP ”AQRS
��ATU,VWXEY
!ZGMZ[P\

&��A��]^>?_`ab,�Bc�A]^�dEYefg�A��,�d�Fh�AMijKk,ab�l�	�mnZm�oNImpQqr&7)stuv,wx�yzuv,*{Aab�Buv|*7)}
,-~X)��M���A��abuv,
K���QI���,��*�fFj�RS��A���>?abA}
Q

&�RS
��a� (1)∼(3),
	�m���>����Q

1)  !Z��Z�UZ��k�J�A�� �¡¢A,;HA£¤�¥¦&§,�	���A,(�	�L��A (.¨©fª«). ¬­A���	¡¢®,56,&�stuv¯S,
N, M, P

�
Q
�E�L°�A±�,56²l (1)-(3) A³4¦���;�´¦��

2)
²l

(1)∼(3) �µ�a¶·¸¯���TUAQG¹�,a¶·¸D���²º»¼A�½¾}¿¯|,À�ÁXÂÃQ;~AÄa²Å,ÆÇÈÉÊËk,(j��	�ÌÍÎRS
��uvQwx�FTUÏÐi�JÑÒ8,�ÓÔ}¿ÍÎRS
��A
a�ÕÖ�×ØÙ�Ú�

3)
�ÚÛÜ�´�,WX�	Ý�Ø�ÞßAàÍ�@ÌØástA�uvQ¯â,Ý�°h��
��uvA�®�ã§®,�	ä��uvå�f�uvA���,�

Kv�Aµ���´ARS
��a�Q6M,æ��ç©uvÒi,Öæ��AuvÒi,�	²º\��Ì��~XAèé{uQê�)Ü�,�� �ÓÔ,ëÃ��ÁX
ARSV�ìí�îïA*ðñ�²@Q
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4 	
��
����� LDS ����
��îïA�������FA��,��² Hè!A�G¹��E½¾���Q�ÚË³&"#$5¤,WX�TUÏÐi%&QÏÐiAµ�'Å��Öë��² (


¬­Ði,¯�
��)�ÏÊË,#*+Å, ,ÚîïA���QÏÐiAàÍ�	Ý-ç*²@ÌÄ�,. 5 /¾AÕ��0AÏÐiàÍ,C12A²@Õ�&��² >?34Ø5¯6KAÏàÍQ

7
5 89:;<�=>?@ABCD÷�EFGHI

Fig. 5 Cell representation and membership functions in hypercubes

ÍÎÏÐiA��Ù�JK��&�g�����stuvA K
��,ÇLÍÎ��ÏàÍVM# K

���	Ë³\ØNF��² HO��Ë³�A�*²Å�ë#$�q�E\34ØN,-&��P��² ,12A34Ø5�QðAQ6M,�ñ��
4H�PÐi��RØACS�34T�Ê[20] ÌG,�AË³\ØNQUÇ��

Zi = ({i/FN}, {iFN(2)/FN}, · · · , {iFN (N)/FN}), 1 6 i 6 K

V½���ÏAHWQ;H {w}� w AX�YØ Fs = 0, FN−1 = 1, Fk = Fk−1 + · · ·+Fk−N ,

Fk(j) = Fk+j−1 − Fk+j−2 − · · · − Fk, 1 6 s 6 N − 2, k > N , 2 6 j 6 N . Z[[21] HA7);~ACST�Ê\��ÌÍÎÏÐiàÍQ
.�Ïf�,]f�A^_® (

�.
6),
�*)*²Å,�*�`aa¶ÊËAbRHW²Å,c�

αi =

∫
V

xidV/|V |, µz =
∑

16i6N

αi/Ai, Z∗ =
∑

16i6N

αiAi/
∑

16i6N

αi

;H V
�

|V | � Z /dAe f R,¯ {A1, A2, · · · , AN} � !�A (
��

) 4 QF��² HÄ�gÏÐi8,WX�	ñ� Hsu
[22,23] h&Li�jØ
��uvk�A²ÅÌë� LDS a� (1)∼(3) l®KÏmn�

Zk+1 = CF (Zk, Qk, tk), Pk = CH(Zk, tk), Qk = CR(Pk, Wk, tk)

;H tk �ÏÐioAMiei,Zk, Qk, Pk

�
Wk Øx� !Z��Z����U�Ï,

CF , CH

�
CR �� F, H

�
R
ÍÎ�AÏmnQ6M,LDS

F��² �/*A%&�pÂ��ÏÐiQÖ-,FÏÐiH,uvØá|y��´�?Ú,5�qÏmn|¼M,�	r�st´Åuv\uv LDS Aç*�w[23,10]
.
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7
6 = - ÷ - H�|}y~�

Fig. 6 Process of cell-word-number defuzzification

5 ��������	���������
F,*}�Aµ��,RS
��uvAuvÙ�ë������²b�O�1) °h�����uvA�®f;è{A���w�Øá�2)

��´�RS���uvA�!w
�Øá�3)

)mn�����-lFRS���HA� �4)
F¡�¢£HA� �5)

F
stuvAÄaZØá�¤�¥ËHA� Q

1) ¦§¨©ª«¬­®¯°±²³´¯ª«¬µ¶·¸QF6²b,WX+Ú¹�-ÖuvA}�[24,25]
. º=,��>�����'Z»'�¼'�®8A���uv'�

A½�Q¹��'¾ä�'½��µ�°hÊË¿´A���uv�ä»'½��µ���´,- !²l¾Ý-a¶À�Á³Â�¥¦ÖæA�J�Fi�´ÍÎA,ä¼'½��µ���´,- !²l¾Ý-a¶À�Á³Â�h½A*Ã��°� (Ö¾J�)

¡i�´ÍÎA,#Ä° A IF-THEN
hÅ×Ø'Æ,Ç�ÖæA¾à4¾��´Mf

AQWX���½�È'A�®8 LDS,
6M¼'HA IF-THEN

hÅAà4�ëÉ>�
�!Æ, h½A�°�ÌVÊQ56,�'�»'uvHhÅ¡Ë¾QÃA,¯¼'�È'uvHAhÅ¡Ë¾*ÃA,#ÄWX�$A}�ÖæQ

O�#²buvAËA¾WXÌ�RS���ÍÎÄ¡����ÍÎÒi�ÏFÐ
�*èéÑÒA{uQ12\�,¡����ÍÎA,§,�ê��ã§®Ó�ÔfRS���AÍÎ�Õ-Ì,RS���ÍÎA,§(�ê¿ ®Ó�l�Ö�*��'A¡����ÍÎQq×,Ø%ÒiÖ�ÏFkÙ���&�A{uQ.<°h¡����uvA�®�ã§ØáAÚ�Á5¾Û1)

��ÑÒRS���uvA%&�Øá²Å¾dÜÝË³,5�WXÞ¡����Aw�|×ØÚß�^à�2)
��át�âëã�¡�

a�ã§äà���RSa�Aåæç#Fèéê çwx¾ë6ìZíîuvï×Øð
Ù��3)

��Ä��*o�ñ�ì¡�¢£�¼òó,ñ²ÅçÇôõöç#ëð÷øu
vùúûüñýþ�ÿ����#�bñÚ�Ë�¾hÞ»�¼�È�	
�����ç
 ���þ�����¡�����������	
�����ñ����ç��� ì!½"ñ#$�Þ	%#$ñ&'"�()¾ç��*+,-./0���1���2$3ñ	
��+4�56789:ñ1�-;�

2) <=>?@ABCDEFGBHIJKL���MñN�OPQ*��1�RST��ï�R�þ��UVW�X���YZ[\	
RST��ï]^_�`abcd	
efghÿbW("�OPhi�*jklm1) ��1�RST��2$3^�nohUVW�Xbcd`ah	
RST��pqrQstuvdwx2$h�yz�{|Wÿ}�5o~�����2)
,�	
RST����d��/����rQsvd�R
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��UVW�Xbcw¡¢+4£¤W����3) d¥oOPh¦§g^¨_¡¢o©ª
d	
RST��r«¬­��W­®¯^°./��h±���W1��Y^²³­�
�W­#�h´µ¶|�!¤W&'("�4) :·	
RST��d«¬­��W­#�
3^¡¢./o©h¸¹W1����Y^��ªd­��r���R��UVW�X�Rºbc�

3) »¼½?¾¿ÀÁÂÃÄ@ABCDEFGÅÆ���1�RST��2$3^ÇÈÉ��Ê����$3^�ËÌÍhÎÏbÐ�2ËÑÒÓÔ�¤h2Õ�^Ö×�
$õ,Ô�¤2Q,ØµÙ�ÚÛQ�ØµÙoÜ�ÝÞßþàoá%�xâ^d	
RST��r«¬­��W­#�3^,Ô­ã®¯ä3ËÑÒÓÔå­oæß^Ö×�$ç,Ô­Q,ØµÙ^oÜ�,µÙè�ÝÞßþàoá%�éê^��ëìíî®¯ï�"éðñhÚÛ�íî�,ÚÛh,Ôò�óôhOõöQ÷øËù��^úûüýÇh�þöQ*Ð�2Ò�¤2hÕ��|Pÿ÷øËù��r º���z à̂��ã®­d®¯3Ò��­hæß����Pÿ���z�¡×,ñ^��öËê0�÷øËù
��þ�W�Yíî “�	 ”

	
RST���
4) @ABCDEFÄ
��
�GÅÆ���MhN���Q0�	
RST��Rº��h("^*1���rh,��Y^()Q����h�Y (Clustering)

2$^°+,-��Ï¦�2:·h º����Ï��W����^È��ç��hRºÿ�W��
��
5) @ABCDEFÄ� EFG!"�KL�#$?%&�GÅÆ'ëì(`,�õ

�h)*��a� LDS. +,^-.¥/0d12���3º��456��4ê�7Ñæ0��h89
“: ” 67;<h7¤rh=-a�'

6 >?@
ÒABg��Cï2:·DY�x^�E_�h¦�2:·hFGRST��^HIJBhË:·"^KÏRº:·^��QLºZM'�,(NQO�P�ý��1�RST��rh�Q^DYW���Rçh'�S^FGRST��Qd2:·�QTþUÏä,öUÏh�Q^õo,¤hVW"'�DMOPhtuWX¬^Ë�ço(Nh��)*��.�4��467WYßhM�WDY��^°a��Z[JB)*ÚÛ47Ñ5	æ\��W�]h9:Ò��'
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