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Abstract: Uncertainty problems are ubiquitous in the real world and have a significant impact on human understand-
ing, cognition, and decision-making,making them an important topic in uncertain artificial intelligence research. Despite the
fact that some progress has been made in artificial intelligence in dealing with uncertainty problems, it remains a challeng-
ing task to effectively address cognitive uncertainty. Uncertainty arises primarily from the conceptual boundary and from in-
sufficient information to characterize it. Therefore, how to accurately identify the boundary for uncertainty and effectively
deal with the boundary has become an important scientific problem in the field of artificial intelligence. This paper first sum-
marizes the theoretical models and methods for dealing with uncertainty, revealing that the cognitive uncertainty is essential-
ly the study of the transition state (boundary) between two opposing states (certainty), that is, the problem of identifying and

dealing with the boundary. Secondly, the presentation forms of uncertainty in different dimensions are analyzed from the
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perspective of cognitive uncertainty boundary, such as the precise boundary of “point, line, and surface” and the fuzzy
boundary of “interval, region, and space”. Finally, the boundary theory for uncertainty is discussed and summarized, and fu-
ture research questions and directions are prospected. This study provides a new perspective on cognitive uncertainty and
aims to promote the development and refinement of the boundary theory for uncertainty.
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I={xeR|Fx)+b=0§, LI, [, fERP I . H—4k
25 ) A TP 0 120 X0 43 RS state(x) PTREAR AT
A, F(x)+b>0
F(x)+b<0HF(x)>0 (17)
B, F(x)<0
o, A BRI IR s TR RS AR 1Y
HR IR S . AR AL B s X BE N 2B (Bt R

state(x)= 1 s,

(A)” AR 6 DX 358 3 457 28 1 3l ) i =l 4 0 17 2
F1 o3 B 5 W B s 2 BEAS fioh & i (B) ta A fi
HIA (A) 7 (4 H IR X 8] (1 20~25 °C, AR “ 7 15 1R
B SRS , TEAa X 5.
3.1.2 ZHTERBHANERLRNERLERTR

T2 ] AR A 0 A — P e L (R ) 2 i
AR AR I 1 AR 38 T T A 3R MG b A 45 — 4k 4K
i, DA S E ARSI 2 L A3 BT SR AT 55 . T4 Rl XU
PPl (P AT 55 b B & il 52 K — A T o (B 45 45
Wy A A5 P S AR R 1 ) X 45 AU
fiti Ry e 2 s A AR A RS . R IS Hh 4 [
TRt P 2 ORS i

k.

fE 4k 25 ) b, 4 E T B x=(x.x,)e R?,
ki ky e R. 1 F L RBUE LR

F)= > wlk,.k)x}ixb (18)

Horb 2800w R? 5 R, BV k, € R, wk,,k,)e R.
AL M={x e R|F(x)=0}. 1 — 4k [a] K i 14
TR AR state(o) R U1 F
F(x)=0

4,
state(x)= B F(x)<0 (19)

RO AR T il = B — dezs 430 9
AN RS A R B AR R o3 v PR DX A UL
i X35k, i B8 b B 2R 0 ) 26 B 4 S Cln e Ay
P KRR , FE LA RIAE/INAZ ) | BRARE R b B 55 22 15 L
TN A2 R T T R T AR B R R A

T2k 7S [A) (R ASOR T A — B P AR 2R F(x)= 0 Fl
F(x)+b=0246 0 I Ak, AR 7 6 e TR S
B2k U X3, 38 FH T RO M5 B S e M I R 4y 2
55 . gl RS PEAL (eSO 55, Bl FIA R 8511
5 ANBERE X A5 A RURS: DA b 42 32 sl R 4, 1
AT DA AT REIR PSR, A it — 2D b A ARAE S . T 4A
s [ g P R 2
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TRt A X

R R L i) A=, 2N FL T ={x e RIF(x)=0}
MIr,={xeRFx)+b=0}, H I, FEFR*FILH . h—
Y7 8] AR A 100 5300 4 B8 RS state() FlR TR

A, F(x)+b=0
F(x)+b<0HF(x)>0 (20)
B, F(x)<0

Hor, A B RN RES s FR AR AE 1Y)
FRRRIRAS . 3k SR T Rl A X ek, ok — 2
23 1) 3043 R BN 0 R RS A B — A DR ZS . fngE
B g AP AT 48 4R G B R A R
) H) 43 X 38k s 76 VR it v, P 45 A7 10 A Clnn g 55
TE1] A T 335 ) 4] 43 5 L X3

B A IX

45 = e 7s [m] B P X B as (], 45 e dE 2 A B4
G U, B X < U, [x] h 4825 18] 7 LA T g
BRE (CINSEM e R ) MAE 4k 2s [al 6 F X0 R Il
X3 aprr (X) F1 VT X B aprr (X), SR 40T

aprr (X)= {x e U|[x]lcX}
aprr (X)={x e U|[xINX= 2|

s [a] ) PR T AR IR AR
BNDR(X)= aprr (X)— aprr (X) (22)
Hor i BLIX 3 BNDR (X ) /R BEASE T 1F X 32 POSR,
NAJEF 51 X 3 NEGR B9 X 44 . i i AL IX el &) 49
SRS SRZS , TE X8 POSR F17 [X 38 NEGR 7] %755
AU AZ:

state(x)= 1 s,

(21)

POSR(X)= aprr (X)
NEGR(X)=U- aprr (X)
T S e s AR T i A G R L 4
JE ST 2 S A5 A (o] BE N AR Ak (s 4IDRE 2 9 7% [x] 278 —
XSG T =G Gy ) 2 8] ARLAR 5 125 4EFE R 9
SRR AR R B R R, R R A —E S
G
3.1.3 Z#ZTEBERMEMAFNEXLRT
R [ A T 320 SR P ek - T 22 i R
ASHE AR I A ] 3 T AR SR R A5 v AR AR
=445 | H bRIE R ST 45 . WNFE CT 3¢ MRI(Mag-
netic Resonance Imaging) 4714 7 , 55 £ 5 22 I M 1l 53 1
HH A B IS B (I P OB ), AT SRR AR MR B
SR A T = ) AR S — B i 2 RS
T35 A S Tt 0 S s Tl s R AL ) A 3 Y
PR32 S s ) 3 WA 1 S RS R 25 1)
b 3 v A O AR B, DA S et ml R S v R R o
FAES5 . AR 5 A FETZH 2 A A BRAE A AN 2 208 i Wb

(23)

Y, 32 AR 53 PR kAR BT 52 e, 3R A K R AR
BRSPS . B T B T RO i S DI (R A
A5 1]) 355 By B A 1 Wy ] BB A k0 R s B A

=S ] RS B 0 RO 0 A 2.3 T E BK
Whg B R R R AR A —— 2R
3.2 MRERABEIFLSHT

TS0 6 — 4 4k RN — 2 253 (] oS B 5 A0R)
NG IE XA R R AT TR T i R R F () 1Y
RN REMEAE— Y | 4N =Y 25 ] th 55— Hi ik
il 5 DL K TP i R 5 5L, v I ik Ry i 5
T PSR A, S I YE b e T i TR
R 300 FERSOR i S . T e 38 P X ) BR300 5 OB
AR AR BE TR AL A 1 B A Xt A i AR B A
RO L0 b TR T 55 26 L T 400 43 07 2K P X
BOWI 0 A — 4152 T, B s T RURE 4R 19— Fh ke ok
¢, AT LI T f7 S 1) (R R 43 5 7E 4k 5 = i s B
T AT LAE A SR R s S B
2, NI SE BRI A 21 = 4 1) — By 8 . W AP ie i 5
ORI 10 SO i A G 2 L AR R T A Tk
525 HTEAG L R R peE, m ol A T U A
B FIVASEAS) £E 110 o0 368 DX [) AR B ), 3 LA [) 4 B ) A
e PEERBLRT K . RGP L AR A S A
PR, $2 0 LUT DU VAL 6 5

() r2R)ZEm

TEN F IR, oSS MER PR 2 S AR ) PR AR
FT 3R i1 5300 53 Ja FEA s iR H B 2 A B .
JHABAR AL HE MERD 3 R0 R R P10 55 . ik
T bR AEAS 42 T R Bei SN RIAE RSN i 0 2R . anis
(BT MRS A 3 FTRS B 23 Dk 20 1o R R 20 1) 5 B 5
P N T R R FUE SR PR RE S bk PPN Lok
Wi GG ; SVM(Support Vector Machine ) FIREE 2%
SRR SR 3k LEHE AR AR R PEREPE M AR off

(2)ih#Zm

15 PR A SR F () =0 B AR, AT L
FHbE SCH P, N5 LA LA 48 5 23 8] JL Al i)
£ RE R B G B LW 4R AR AL 4% Hausdorff RS
PRI R GRS IR S . R AU SR
5 BN 3 B UG5 BE 3 S 30 XA AR Sy A
B DL R S A B T SRR (e i B 5 2 4R
JE) . Un SVM 32 F al FIAEAS s 20300 53 v ) fe o (] o
PEARRE M s =2 )5 1 0132 SR ] Hausdorff B 25
-2 T R 5 Aok A i B T LS R R AR
JE 5 BB AE — 4 ) {0k v 3R 5 LS B AT i 22
o] AR B L] i A 81

(3) AN 1 22 T

FE FERE T ASE A2 P 32 TR 0 SR
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PR 8 DX SR 7 e B2, LA 5 A R R B
THRBUEIE . W IS bR G AR AR | B X
)45 . 3% B8 bR BE A% AL DA SO 0 5 A ANl o
QLR 4 77 12 R 3 B XA/ IR R A Y
AN 5 5 RSB 4R 5 12 S L RORS AR 45 8 A ok 4 o i B
AN SE 1

(4) 2 2R 2

TE S e v, 5 A 2 B T 4 D7 VA AR R
RS A g 24 23 ) R A AT AT, S E AR AR LA I A A
B AR S ZR P LA R G5 HE SR | 10 5 B AR
YE Gy P RRCRE R (B R A B e RO
D R 5 AR . BIE L E 2 Ak, LT
A LA 0% 5 32 55 0] U35 5 A BEOR MURRE AR, T SVM 78 =
YA DU T4 K 5 KR S AR 4 07 IL MM T 4540
S qal oy SR BE A, BB REAR LRI IS 2
FHRT).
3.3 BRBERE=IRERBEESN

= SCHR S BB N R Yao BEHRE T 1 —Fi AR
ENIOE STV MR A ST 0B oS /X
RIS R WIAET 2.2 9 Fr i R ARORLRE 4 | RIVpk SORL
il B2 T AR T R, Ji o SRR P B R 4R B R
G KRR i A AR B AR | S T I AR
XML K 4E ——TAO (Triading-Acting-Optimizing) 15
Y800 4 5 = (Triading) W (Acting) Ak (Opti-
mizing) =BT B WK 7 BT7s . =SOSR RIS AT
TERALZAL A = 3 il i =40 ol i i) 73 A
AN E A DX, 1 DO T A DCERORD £ DX, I
it AN [) B SR, i 5w G i =7 A i g 4
A VAP A i a4l 2R T B B 0 A S PSR SR
SRS BT =S AR REAFBI = A IX
3950 PN X SRS 1 XA — 5 Xl (R AR AN
[Fi) 4373 35 oK, 3 10 DX AT A R o A ) 2R 28 0 300 5
FERG O 20 500 e T RISRY 1 FR  IXCI]  DXCH
=y TR o 1 R o TN S A= [ s i % 1B R o 1
R a] | DX 25 )7 AR AR AR AN al Jp SRR 42, w] LAET
Xof 1Hg DX B o R i T B 3R RS . AN TR AR S, 7R R 2
T R 0 SR T TR A 00 B Ao, RISEAT RT LG o SR s )
XF4 3k B BRGNP XE A ARZS 1Y X 8, 30 A e
BEALR A 6 fir s .

4 NPBSHRARRE

TEN T e S, i E PRI T 2 28 BUH R 119
HERE . EURANEA E ME N TR BERESEAE TR R B B, 4
GRS gt DR AN S ) RIS AR Bt T TR AT R
B TEANHE PE BSOS, AN E P ) R i 5 2
] 303 5 A AN 0 A B R L R AR P 30 S B i DR AN

| T: Triading (=)
:

yize: 1

O: Optimizing ( i1t )
7 =P TAO B R & 7]

EVE RIS A A it — 29T . AR RET A
il P [ AL ) 0 5 B, 0k Y i BT PR A A T
FEIRVEHEA T 25 70 A R B2 3 o 3o 3 26 [ R A 400
A BT AR AME S 5 S B R ABE ST, Al 2E A
SETERIE R AR R 5 583 .

(1) PR

2 FIPR 25 A 728 114 30 SR SR TR A AR AR R E 1
JO7 P8 55 %ok i S AT 22 k= ORI R A
T FRSCRY] 17 5 DX ] | DX 25 0] i 22 B R T 1
XA AT P AL S ) BRI RN B I T s e A
YT B HEA ST, RIS (8 H A ) 6 3 4 i B, AL
RATREM R F b ARSI, HE
TEEH TR 2 Atk . DAddhag i ), ek B B A
S HARE A R AL, L1 TR s A AR &S
XA B B AL LR R S S SUH
ATZBINT L I 1R B R R T5 T, AN RE )
R 30 5 e n] L2 TS A T e e H B 80 HE
OB 2 5 B B BB HE ) B BNz Ak RS
FHAIRER 10 5 1) 3 BEALF R AESE . [RIE, ads T LATHE RS
B 10 RO 1 B2 45 7T LiE— 2B b, $ i — 1>
Gp— AN P R R 301 R PEE . TEAER b R
PRIEAE S bR HT b B AT BE PR FIASCR | J 26 (] RE A 2 (.
FHRASRTY

(2) AN A1 A ) Al 1 ) AL Al (ISR 20 5
T A B 32 S e 1)

FI AT, 3 P TR 5 1 7 ik B 5838, v A
i MR A TR IRABEIE (AT IRAG — L fif ik J7
W QVHURESE SO A S Ak BRG] A
THE BT LART USRS AN 1 A ] et e A1 DAy s 7 4 )
RO, LI AGE G 3t Ak A S A TR R, DA B
CREEA) 322 580 ) n A ri 8 e ) At O i 570 ) A . A
B 5 VE IS TS o [ RU A AN B 2 A A S A 2 58
XL TE—E R BT DU E R . DUHRE 4
11, 2550 73 9 SR 2 0 B A0 BREEE , B — NS5 2R i
—AXEGR, Hodn XA R — Ol 20 ) 30 5 2 i
RO AR RT L A A 1 07 2 RO 5 (0, 1D et
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2T AR Y A5 B TRE AN R M TR 1 B
PR, & —MER IR ABTE R

(3) AT SR DN RIS P ] et 5 00 SR A
JRAN B 5 P[] T Y S B )

1 B 8 AN B P ) BT 5, 2 R T HAR A
JUE R B2 G — B R DX LE AL . (A BN
e LN N S BUR (R ISR B St RAR B
figp it S, AR H A SR DR S ANA T 2l T BIL s DU AR
B > S A0 RO R PR 1 5 G IR ) , BEAT
BRI B DRSNSl , DT AR BEAN G E (R A A
HLAw Ak AN 5 1 (R AT AL Ak, T2 DA 30 5 R £
DAHURAD PEAS G 72 PR [R) R . AR TS T HILAs 9 DR S RA T
3y, W W AR S G A RESEAT . NI, i R ALAR
RSB E PR R SCBEAE T 0 e 1 5. AT X A [
LA IR A, RO [ A BB T 05, DA B0
R0 T3 22 PRI PE AR e RO BE AN e /N K BEAL 2 224
AR FBAR K A0 o3 g AT AR S, BAR BTN
A TR 9 PG R T SR e, (EL AR 2 188 e %A A R )
HT 55 R 55 A 0 SR 28 74 114 0 B S B LR B
. PR, e s gk i S A A A AN B P R, e —
AMEFFIFTE AR

(4) A1 5 1 ) LA 0 5 8O A b (22 L
NS

4 HIT R 58 55 3 A o A 98 R 22 0 T R
JE, ol 2 S5 IR 9K Sl A 1 3 17 320 5 2 5 v
UNHLER = > 7 A 55 Fp A2 A [ DR AU I 45 5 35 2
TR =S 18], AR JEE % 3 ik o A Rdie e Ta] Y ok
BRI B, A PEANEA 5E PE IR, SR, A ZERYIA
R AR T R S (] 3 e R R T A
SHERL SR G T RAL U S AR AN S 4
B AR — B X T TR S AR R A
G20 1m0 75 12 ME LR RS IR RR . Ry T i D TR, Wang
E SRR YT RO AL Y 2R A T A R ——
36 9% 3y BRI R T SR Y BRORLRE R S R R AT
—3RIR BE AL TR R IR Z o D e R e 20
KLJE b FR I 2 R TR Y i )=, B8 2
B RDREE R E R FAIE . BERAE & T AR
T [ 5T B DA RIAIL A R R 2 20 A R A, g
B T HLER ) RGE AL B £ S AR BEAL  fifk ke
TR B Sy B ) R PR, el b R
Bs b5 9K 3l B 2 5 A N AT R HTA R
B SN E PE RIS I B — > B R

(5) AN P TR L) 0 SR AN RSB 1 sl 25K e

> T B S8 AN 1 ) AL 30 5 DR R 5 T S
B, i = B XF S AT S BRIk L AR, B
Fab T Az 3 5 ARz b RS S A2 e
TR R | PR 2540 73 SRR B A 1), 3l 52
TSI N BRI 2R R AT S S M AR
A A BRI CORG 7 55 RO ™ i 5 ) A B)
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SORZSFAZ I R AU B S R
PATR PUASTT T (a) X G238 D05 MR 5 () Jag P38 i 5 1
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T B OTE T RE AR R E s T R R
L VUSSR IR B . R L R AT L
TG B AS IR T RGBT 1 AL A 3
25 PEE 7 R 18 E AR ul R E s A S S
T A8 T 5 X 2 i s T 22 A 1 B 255K
a2 ], PR 1 B sh A AR AL (Can S i Bt o b e
HAEAE) A B TS B P S 25 AR

5 H5FRiE

TE8 RE V7 T B 05 2 U 2 iU, 5
JeTEAR 22 AU P B AN 1 8 MEBIEFEAT SR AL T IR B B
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TR e JEE A2 W, AT TR 5 T TR 8 o ) A TR
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PERYTE R H 4 5. AR A Al g B 2 8 2 AT A T
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B AT REE DTS, FRA 12 75 AT AR R A Y 4 340 B2
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RS RS R p I IV E 7~ ol i1 e S BB & S B 2 2
LI AN e S G AH R AT ST ) A BT Lt 23
FHia . QSRR RE AU T B SRS T
RREEXTR Z M ALE A Sh#EA7 702 . SR U, 1E1F
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