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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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KF—PT2RMBARE, BuEYEes —BE: “— TR A 7ER Yz 3
S, AFERI T HIEEAME Y mRERE RN R EE TR, fR— AR A R
REFEARHMET 7. Mitk, BHIE SR Zadeh HWG 5 ‘B AE —FHRGE
HEMERAEYE, WEREEIR A A RIES BB AR R " X —E 4
EIRWEEFEZEH T HRET B, EICARE0 AN 2 RS 5 A Bl 1k

SRT, BEE LR RS BT AW 55 K&, Rl E R R a0 5 iEE
AHAE VIR EE, ANTBORBE BHERR B RIET A KRR T, BSE, WY HAEXRE, A
REJWTHBERETHIBRM I, FRREY Kt Buh. S ME G R R
. ANRA LT E R B RS S R AT ST HEM TR, FFEIHARETRE
R, HiR, NERAERE, ARHBRIES, A MERRAEE 2 R aeas 0 3 EE
& B (Perception-based information), i H g8 AL FEM B {5 B (Measurement-based information).
BAEE B sRRE S LA B RIE TR, BT A Hr 4 M (5 S Wl H R
K NTERR &, BEGEERT LEAERY. EL4FEERERZAETHWERLERT
BE2RIER RNAIA B, AR T 227 (Incommensurability, incomparability,
incommunicability)” B2 . W, {5 B A ORI 7S BT 58 G Hh 8 R Bk B i etk 8L
BRAE, HBHIREHENSGHESNERRS, FIREm &M &R RERE R SR
Zadeh HZEIN Wy, W15 EIESH (Information orthogonality), F 1172 25 #1) 4445 B3R
WEZNELR, ANRRASINRE], R ERETIETHE (Computing with words), AN Jg&
AR WA RS, WRLENY. XUEE—F EE” HRESWES, HiRER
% LR ELR S S BT Z BRI R HmMELR 7, B TARKERR, &8
e E R F, FHAKESMIRAER, B R RERHR, o, &
B 24 WIE S 3 /1% &4 (Linguistic dynamic systems, LDS)"™ | B RABF5E, FEAlE
BRRGHRN—PEEMAE LW, X—8, FELEM S, &%, EX%F ANEEH
ARG ZERB e, JUh B

2 TSR 2 ) E R 0 6 o

AT A S B B B 4L T RE 2 Zadeh 1996 4EFE “Fuzzy Logic = Computing with Words”
—3CHR R SE RS RS 2 otz F TR 2 BT e X — . TERM R b, M
W12 58 A5 S AR B (linguistic variables) fliE/A) X ) IF-THEN L0 £ 485 & T #1+5 )
B, fERERFENE R SCH, Zadeh #E— B4R T 5~ XA HIES (generalized constrain
language, GCL)” &, HAZ.O BB EE A 3 RET W8N & LT IsRR R GCL 1y
— AT XAER, TRT HARET R A A UL R B AR TR B 250 1545 .
T,  Zadeh AR H BUE BT T 400 B A R [ -

1) ANFIFE RN (The do not know rationale)— ANEEAS LA R4S RS FE# € B S
B, T ABORR R

2) RFEJFEN (The do not need rationale)— NEFEE(E, IESHEMLEWET.

3) ANHEEJFN (The do not want rationale)— A 245 f &N 5T TS AL
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4) ANHaEJEN (The can not define rationale)— Jo¥EAE i & X I HE 2%, flanH R R
=y

4k Zadeh WEBE TIEZ )G, FHFZ%EIG T A RETTHNIFR LIE, HAFER
TR ZeE R CERL, EEWT/ET W Wang 431 (Computing with Words)) —35'")
13 fsCE, Ho Rieger e Fh B iAITHH AT AT 52 (Computational semiotics), PA K&
SCIP(Semiotic cognitive information processing) R4 W LAEESER, {45 C 24
. RS, REXSTAERAERESHITIISITE, Lk LR RBR T8 S i 8 54 H A
BSHEIRERR, X—R85ETINFHEEAHEA.

ETINFRENESE EKKRT Lt 00 FACHIR A, YR EEEHHRZUAN
T RER B R N BRI, AR RS FRA WS AL, BN EIERAEREN
I J7vE. ARet 32 H A5 FACTH AL B 520, A8 Logic programming J& £z A A E 1
AIEJTVE. (HEE SRR, BT HERBEA/NRST 8, X BRI R A T E W
THRRCR NI, — M= R 32 bR B Y

R T RO T SR, AU AR RS AR B B AR B R A H AR — 2
WM AR, F A R @ 3 7% 5 B AR AT RIR S B B LIRS W E SRR, X
FEVF 2 7 0 AT AR SR e R . O BAR 2 B T1H 1A (Predicate,
SRR bR AR]) WA B T ROE M T, X T R DA RO BRI IE T I 1 RS
TRIT ) BB 3L

H i, BISLE T 3h 2 0 Bev) B ek 2 F — Fh 2R LT SR st o 2 53 7 R iy 7 X fg e 8
AR, HZ RN FENES I IFRA IR, Bk
SOB R (IR 1), LA K 3 38 5 0 A S0 U1 5 45 8 ST SO A 2 T R 45 1 TR . i o
TAER BT 1995 476 2 E BN B — K E PR & EAE B IRS IE R 5255,
G Zadeh B S IN T HL. BT USRS BN B AL EE, X5 TAE
—ER . —EF L 90 AR, B TRINES I NF RGN T IEERRRANE
B . BHMGE LABENR, ROAEFREHT X TE.

HEt W H b

EaRRA Lkt

diE e kR |
R RS >

WEMSEE |
TSR

B 1 BT CE G

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

HILRERE, FALLRM TIHT 2 RER) YA, BI7ER B AP A B 480+ g
REFM (LA 2). AEPIEE R G0 R AR B SR L I BE S 2 E R, R
{1268 AL / 20 (A/D) MET / B (D/A) Fefiedls, BB T TR A TER PR e il
. HARRE SR T . FEE X AL AN mBOR A BR AL, ARES B
BHRAAGHEERE. RESFCLMEN, BT AZCUA G, BT 7R R
ZJE, B AT RR, METIHNFARESEBEAAROTR. GG &L 19
HE 7 B—Fhg b R E A TR FTRARAR, TEROR AL B, R E S
T/ BF (W/N) M%7 /307 (N/W) #idy, HR A/D 5 D/A $eifidy —FRE M
2, ARG ENTREOET AR, HAERER t HIEE M 5 A2 89 % REK-F-Br ik €.
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Fig. 2 Linguistic dynamic systems for intelligent human machine interface
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Fig. 3 From numbers to words: geometric representation of fuzzy sets
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Fig. 4 Mathematic mapping and relationship between linguistic and conventional dynamic systems
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FEEESL R, TEES) S RS R R SR T T U BNE S B R g
EEINNERANERERNT,
LDS RS -

Xpp = F(X, U k), F:INxIMxz -1V (1)

LDS it 75 F2:
Y,=H(X,k), H:I"xZ 1" (2)

LDS [ f# ¥ il -
U,=R(YVik), R:I'xIgxZ Iy (3)

XE IV, M TP R I9 #ORESIITIR, Z ={0,1,- -, 00} RIFBEES, T X, e IV,
Y, € IM Uy € I” f1 Vi € I9 HBIRFRRGOREA., Hd. BHEmmA 354
W, &5 F H,R ZEMERETF, LIRS IF-THEN $UU, drT Ll RE N8 R
MZHEEANRESEETHESE ENEXTIESIHIERGEN RGN, AP 6
B R, R LIRMIES o I F AL, HATLFE R LUK IEUE 3h 12 KA ira k&
S5HEEEETENES I AFREPR, WAELE, WERE, PR, REESERS K
I g b By ™0

EBEINNERAEAEFZERRZEN I SERM A2 . flam, EXF—D8 &0
) 2 o SR S AR R, T R B BOASE R A M, RS, R ER, #
SEREE, BRI R, X R T UEERE MBS % R

AR F B 155 1R R,

AR E E AR 1S BREREG

« FA ] 2 R G 1B S I

« AR E TN R B IRS R R.

VIRT XX R BB L E W &, HEZBRENGSHERITIE. B, F25HE
Ja, RMEXT HF A H T ORI B, &2 REELmd g <dE 7 #7EA, U
2R AR LR IR I B BT 1B, RN I, LT, A EFR
Xof 1) 7 B 1 SR B AT 07 BB, PRAG 25 B RS R G RES A B B H AR, BEETEM
FERBTEISE RS, BRI EILR. LN AEZRILE. RENFZERRS, FilZ
G RE, BHXWMERITERECHFZ T, HE112R BN EER RS,
AN . 245 NI, EEAF LRI T 215 T 508 B IR LT B p TAE.

MTIET I A (1)~3), TR BEHE— LU

1) RA. #HlL A S SRR E G ERN, BHH e A EENS, 7
PIREER, W RAEREN ONETENRE). EENHE T Bk, FEik, ¥1E
RAGWE, N, M, P# Q WRE R AR KA E, FEl R (1)-3) MR E XK THitH
=08

2) IR (1)~(3) B2 T BB I & CHBIAM. SEhr b, HORE N E—A4 7 (3
MAERLEME, #AAE2. HEmEsirs:, WiniRes%, waeamuUm
SR HE F S RS R RIESIARE AR 5, At 2 TEMEES 30
BB R+ A EET;

3) AT WA TR, HATATLGEN S B Xkt B 220 KRS, A,
i ABEI I R E ARk, TURBERSESEIEARENER L, ®
W — TR B S S A, W, A—BE&TFREZE, FRBRNEGEZ
W, W LA RS R B AT e R, A2 A, B U4, K2 H T A
T S 18 TR A i A R T =
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4 FET MR Ry LDS 575k

B 5 BB BURLE R BRI AE R 22, B S J7 R A ST B a5 S B AT RE R R — A1
BT GHEXAEXEE, OIS EME. W EGEARRE NEELTIRE
VR, TRlEh—HIFMES, XMEL, KB TE BB, M2 6 A 254 7T
DU & o O gL, 1B 5 PR R — M R S T 2 4, B AT B O AR N R S
PRI T 34 57 43 BT A= BB L4544

feERvaya) 14> ’.‘ N SR R AL
~0 <
3&4?4‘
“V

P 5 8L T7 i b A A s ) 5 A B ke R 3R] Y R R R0k

Fig. 5 Cell representation and membership functions in hypercubes

oy M 1) Y — A B BB X T4 M TR R 2R RS K AN, anfa g —
AR ZEA fEAIX K AN A] LAG B o AT TE B SL 7 MR 2 S SO A — PO iR R X 2
WS AT RE I ST oA, (HXT TR 4R SLOT R, RIS S R TR SR, AR TR
P e A 2 TR BT AR A3 1 SRy SOk A AR SR SR BRI & o A Bdn: A

Zi = ({i/Fn},{iFN(2)/Fn}, - {iFN(N)/Fn}), 1<i<K

RF— AR A O, A {w} & w /NGRS Fs =0, Fno1 =1, Fy = Fr_1+ -+ Fi_w,
Fi(j) = Feyjor — Faqjz — = Fi, 1<s<N—-2, k>N, 2<j < N. £F” hyir L H
BB B AR A S SR TN T R i S ) A A

IR 23R, PRI A TE AL (WIE 6), AT 2 Florik, — R SO &85 0o T R
Fb gk, AP

ai:/%‘dV/IVI, Mz = Z ai/Ai, 2" = Z aiAi/ Z i
1%

1<i<N 1<i<N 1<i<N

He VRV Z Brd g KRR, T { Ay, As, - A} JIRESTHEY (BUE) 183
TE L SLJ7 AP S B = ) a‘tﬂ]—IUﬂﬂi Hsu'™ ' h3f R L6 5y 3 11 % R 4
BISLH TN d LDS A (1)~(3) Al M me o5t -

Zis1 = Cr(Zi, Q. ti), P =Cu(Zi,ty), Qi = Cr(Py,Wi,t1)

Horr ty, RS (A B BT KT8], Zi, Qr, P A1 Wh A3 02 RAS . FE 1L S b A ] g,
Cp,Cu Ml Cr & F,H fl R i Mt e, LDS 7EM 2 7 ik b Fr B & ml &
BRTRZR. A, EREEY, REMCEETEITT, B4 Mps 2 5et,
LR A RS RGBS LDS B4 Fhvi ™
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K6 M- 3A - B TE i 7=

Fig. 6 Process of cell-word-number defuzzification

5 WHENNFERGRY AR K571k

TEBA TAER A L, BTS2 RGN R E OB SU T ERIT: 1) ¥
BB B 1% RGEHTRAL S AR S B S 22 R AT 2) T AE 5 3h 2 R R 3 5%
o s 3) ZBUSHIN SR A R BAETE T 3 AR 4) TERRIZ PRI A 5) 18
IR RGN, A 42 o A S5 r Y LA

1) ERMBEDNFREVEACREXOBHZ2EESH. EMOTHE, RO T 08
ARG A . B, MEE—BHHE XK, ZIM=ERA R ¥ R KA
W5 . I BRI SO R T H MBS E TS ¥ R4 2K AT
T, (RS T R E R 3 R IR B AR R AR B[R] B 1A AR AR 20 g Y, =20
SOREET RV, (ARSI RZ E M R AR I ML A BR A & (R R i)
BT IER), X 5% A #Y IF-THEN B0 200, i — AR i 4508 02 i 1 35 21
. FALEF LLE KRB iRAL IS LDS, Jhf =28 iy TF-THEN # 0 i 25 12 17 4 1 i —
A Eh, FALE R EORAUE. B, — IO R RS R B TERR Y, T =28
VIR RSB E AR, X5 BATLARTE TAEARMA.

I & 3X 77 T WF 75 19 B 892 F TN RE T 3 h 24k 5 RUE 3 2 ik 2 8 AR 7R
—FHERIER SR, R, BES MR IAER, Wi UM L ARRES
WL, O, BT MR AR BN IZ BRI T N —FhE — R R
EI Sk, MR, WHZ AN FIEFN S ——X R, NI RBIES =R
SiE AL M G o AT i EZEE S 1) FTRIRIEE 5 3 1 RS S AT ik S
EFEHE, FARMIXBESHDEHFED 0 THRAEE; 2) TUHRR — B RERE
B B ARRES RAENRE, XEFZIE, FHREES, HER%TH+0F
Yrfe; 3) AT LA SE — Mol 2L 3 SRR A AR R BU Ok, R, XK A B T
TR R M E R, RATX T H W EBH R = =, WRIEFIIHERL,
FHA ) s B M W RUE 3 22 RS X R AGE T 3 22 R ol &, UK
RAETE R A XE SORA B BURAE. R, BATR S — P W ER S
WAL IR B IR S AR GEREAT MU P ] A Bt B B 2 IR

2) A EMBESEHAFE RGOS, X070 K EZ TR EUES)
FRGHAD IR, R XM IEMETBES S R &, Fhe W AR
BT RER LRI TENERORESE: 1) FAREI D% R50ELE, BRA
HITR A XBLRTEXT R 5 3 2 ARG e HARSEAFE ? FIAALH 0 HF R, L
R IBHNE 2K RS 2) —aE T 3 1% R YA 5 1 Hl 5277 7R 2% 8] 2 5 77 7E A 3
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s IRPEAY OB ? A AT FIE M AT S 3) TEC A TARRY A L, SR 2o
TEE T ¥ R RGNS, FE LRSI R RMBETTE, BiEfa
IF 1 3 4 SR B M URR R 4) THIIE S B 1 R T 5 N [ A AR i
J&, W SR AR R BUE I, RO E R S () A R B e R A 4 LS
PERL.

3) ZMBFMLRURIREBSHAZRENEA. FHRBEI H#RGANLE,
YINZRKI IR G, AL G 2 BRI W] RE LA L R TR AR ¢, R
AR — A B T — P TR X Pl A B I AS & B SR . AR, 1R S 3)
TEEREFFIA RS MR SE, — e T RE S I A G, BRtFAL
W— AR —FaEl, AR ARG G EEE S Bk, WATLAH BN 2
EMERT T R R . BF 7S IX — MBI — R W B R TR BRI Rl 12, RE®T Y
# 77 FB R S5 TR 1R 5 L S R B A S AR BE AR By /R AT Rl R RS R R, B R e
HETEBRSH R 5 H BB G W K/AME N IER. ik —k, AT A DL B/R ] R
W RERMIAT T B BT I NERL.

4) BEMNFREELRELEPORA. XTHNEEIERESETIHNERR
A HTE R, KRR R — 2Tk, R R TR I7 ik (Clustering) 4k,
FrRE— 2P P24 TR SR RS AL, o e R BB RL I TTFE R HNR Y B R
Gl i

5 BEMNFERREERFRRNER. 0. BHNEEFHNRA. LI —&R
R EIRARSN A LDS. HAT, INCHBRELF RS, EER%E. ADRSE, UKERE
SCE ARG T B P SR ] 2 A A

6 45iRiE

HER EHERZHETEINEAR, AT THRTENIES I NFE RS, R
LR AR, RIS, MARSSHER. X—fHaRd TEMN T W REUES
FREPWIS, NEMERTERR. TH, E5 312 R EREATAMESERR S
ZHDEE PR M S, BA —2E MBI, X0 TAERARSEMTRAN, AR A AR ET
RIRRGERL, . ERIMEEG R EIRMINIEE R, FEN M TR L hr 2 2R M8, B RE
MR B RGMA Bt 50
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