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Numerical Investigation and Visualization of Fuzzy Differential Equations
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Abstract: In this paper, we investigate initial value problems of a fuzzy differential
equation, where initial values and model parameters in the equation are described by fuzzy
numbers, by numerical methods. By the couple parametric representation of fuzzy
numbers, the temporal evolution of a system can be described by two ordinary differential
equations with the endpoints, x,(t,a) and x,(t,0), of the @-cut set of x = (x;,x,) at time t. It
was found that fuzzy differential equations enlarge its fuzziness of the system as time
increases. Although the center of the fuzzy number for the decaying system described shows
the exponential decay, other fuzzy numbers show asymptotic behaviors with X, (t,0) = —oo
- and x,(t,@) > 40 a8 1 — +eo for ar#1. Our calculated results agree well with the previous

analytical investigations of the fuzzy differential equation.
Key words: fuzzy differential equation, fuzzy number, parametric representation
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Fig. 1. Fuzzy number and its parametric
representation with endpoints of a-cut set.
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Fig. 2. Triangular membership functions.
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Fig. 3. Fuzzy number arithmetic.
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Fig. 4. Curves of solutions of a
fuzzy differential equation.
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Table 1. Differential equations described with the parametric

representation of the fuzzy number.
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p, x
Table 2. Parameters for the computational conditions.
Po pl
Casel Do =—2.0,p, ==1.5,py=-1.0 1
Case 11 P =-0.75,p,, =-0.25, p,, = 0.25 1
Case II1 P = -2.0, Pn= -15, P =-1.0 1
Pic Py Xy Xaq Ja+n
=-2.0,p, =-1.5,p,, =—1.0
Fig. 5. Membership functions 1 Case IV Pro P P € 'lsin¢|
in the numerical calculation.
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Fig. 6. Computed results for Case I.
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Fig. 7 Temporal evolutions of the

membership function.
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Fig. 8. Computed results for Case II.



RLT2. —BHROFMBMBEIZHIET D A 3 —
Yy THBRPOLEMCIEREB LT, TOEX
BEEHICHKTIEEHIZERL, A —
Ty THBRIIREIZITIZE x, =-x, OERI
FITRMBRERS>TVD., ZhB77 V48R
FRRAOFLVEHTHY, 77 1B xD
77 V4 HORMBLEX, EMIERTSH
DTHD. ZOHERBRIT, Ao —vyTH
FHBRBBEEMICZ O x,=—x, ODEBRICHTT
BIEETRBRLTNA,

5.2 Case Il OMHAKE
BB pDT 74 %D F—i% Case 1 &[F
BRIZATH NP F— N BEOHEKIZEA TH
ABEOHAF L Fig. 8 IR, BREIEL%:
AL F57@EDTIE, £OHEMEA Case I
DHERICHERTRERLHTR> TS, LaL,
Zhitfk¥ p

10 oo g

20 +of T

30 0 o

40 b e e

191

DEVEZ—DRIMEDKE IN/NEL oozt
HTHY, Case I & Case II DHEFROXE
BRETIRRY. EEL, REpBETHS
0Sa<0.5iZ81F 5 x, Tix, Case I DL 5729
BOMOBERNRRN., ZOEBNITOS 7 7()
ICBIT50<a<05icHiET 2 dBRIC O RIS
BHhTWa., ZOHNHMORMEROER OBV
2 Case I & Case Il DBEDOKEL2ENT, ¥
A= CEDEEBHHZLOEEBTHD. £
B, BERIRBOBETIX, BFRHBEXBONIC
HEITTHZ LA E@DT T 7 IHERE
BEDOLNRW., L, TZIERLEEAE
TTIRADHEBRAERMT E8F M Case 1 Ik
RBHEBEBETIEIRY., ZITIIRERVA, X
NRVWRHREIRBEZHE L 2GR TIIROEAN
2E@NE Case I OFFREIFLALEDLLARNT
LHABERINTVWAZ E2{FmrTHL.

50 Py

(b) - [-ao2

o a6
~a- 7] i
et el S

.........

Fig. 9. Computed results for Case III.



192

t
7 T T I I I i
| (d) io[-0- t=00 ® - t=3.0
H ' 0 te05 -@—-tm3$ :
€ i ool il e w0 e-ted |0
H H —%- tel,5 - a—twd.5
! —  t=2.0 v—tu5.0
S i Fo [~ A -t S -
i

Fig. 10. Computed results for Case IV.
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