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BERIET (conceptual model)
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TR (mathematical formulation)
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SH{ERRAR (Numerical discretization)
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FETFES (Program development) B17
U MIEREHET R AR RS
T UABRT B~ R M SR,
uzpﬂ%uuu %ﬁ%ﬂ%ﬁﬂ

L —S24

S21-S22 @ F 8%



201118766
o ES IS
(FARHAERKX - EF B 9EEESH  XLEHEIEHHEE)
w3 £ 98 1396 41

¥ wiEg . . KIPC ##7 :
X WHB 1 g8 112 0 X 48 GOQN%
0 @oos.on

— RS (FUEX)
Tl AR R LR
ADAPTIVE COMPUTATION METHOD AND FRAMEWORK
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BILEEREANGMEE  ABRABELLATET - AL ALKZEHA
Db HEERB LA TEMARURITER - CHERRGITER
HITEME G R T RAMBEARELE BB RS -

= EXERABE

A method and a framework for adaptive computation, being a

novel numerical modeling method and a practical framework, are
provided, wherein the issue of difficultly expanding and increasing the
computing ability of the computing simulation software which is
developed by the traditional numerical methods are solved by the
adaptive computation method. @~ When combining with artificial
intelligence based on the method, the numerical model would be
further developed as an intelligent adaptive computation system with
the abilities of self-learning and evolution. A practical framework
corresponding to the novel modeling method is also provided, wherein
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the individual traditional nodes are corresponding to independent
bodies with computation abilities. The nodes are nominated as
“workers” in this invention. The framework upon this basis is
expanded as the coordination layer and the worker layer. A
previously developed framework can be used to solve a new problem

through equations updating,

[SS]
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1. #4248 X P& (Conceptual model) : #FFIETRIRE ~ B 2R3
SHRRAG RRLAMBERE (WHRER > 3RS
MBETE) UBRHBAENE PR RTARITHRM -
2. # % % % 1% B (Mathematical formulation) : A2 % £k -
BE AL RES R
a. HPFBFZEEHE &4b'§—3‘%%"\ﬁ%u 18 = JSUMEJ
BZ2E/beyER (8 &&fﬁ‘t) Bl -
b. #ATit % 184 %’L&?fﬁa"&uﬁiﬁia‘iiﬂ’é% E e A E
BYz 8B RER TR (BFABM%S 52X (PDE)
B ) - | | ®
3. {8 B3 P B (Numerical discretization) @ & £ 2 B 4% 8 > }i%
}?H%Z?;J;x%*“zﬁ%uﬁu\al—}g,tﬁéé“z%ﬁ%ﬂ
B BERBEHNRET X wHRESE (FDM): AR
%% (FEM) > AR##% (FVM) » # R T4 %5 BEM)
B A Ry ZE (FAM) % @Atz F 2K (4a) &7
EMREM L BABIHS > MBR RS T 2K (4)
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4. 2 K, Ffﬁ%r‘f‘)“b%’t(Program development) © AT ifl & 34 AV 4 $ > #1
B FUREREATE At E el us 2
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H&EE - Btb FaBEEX > R tirs e migit

IRZREBRPBVENBAAT BRI E > FRERFHEY

AE M BT GBS S r*"%Jé’J

MR tafe B g% (Cellular Automata) #4228 4% 3k o] 4

MR ATA E Z A8 > B 4 ¥ Cellular Automata & &

WA E 2R Bl RN BRI T AEXF > £ F

EREFMATXEBR288H A E 7 Cellular Automata & &

Z R B ERA LA T 0 B Cellular Automata 2 &-18 4= firf¥

REARIE t BT 2] 8K A 84T t+] B R 23t R BP8E = 5k) ©
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BRHEHE )P QBB BAREET N
UEQ) UL LBATE Bk M ARLTHEE -

BMAEZE  FHAENBoRMTAELZ48%  £8%

CREREAR 0 i — $@ﬁ$%z%ﬁ’ﬂﬁmm$%raﬁ

5



201118766
Wt E kR AR LSS ATFALEZHS

g}taﬂ o

[#3HRE])

ABERARE—FETE ri#;’rﬁrk,\,j%’Mﬁwh%%%c{é
REERENEMHAEIHEEBRE BUEHN -HBARE
Mt E PR THBEE R E— S EFEREHARET
REESBNHELARA L BRAAERNGF % BXTH
AMBRE EEAAMRRMGBE RGO ER TR
FIRK—BACHBERRNESR BENEGHERTRAMEL
RXERBEAMARBRORNE AR RBEE XA &
FEHAAR IR AN RANE AL LB YA EAERS
FLOBRERREAT R IR E B L REAER
R EARESBERA XKBEGFHOMAE - F AT
— S RBESANIFEEF K E— S BEREH E RE
FREENTERNN B AG TED "HBELTE | 2E
BAERMBREXAEBE R EAYDIREBM -

RFEAEANF—BFE RE—BTHEAMRIEFT L b
lwﬂﬁ%wﬁﬁﬂﬁﬁﬂ%%ﬁﬁi&*ﬁﬁﬂﬁi — %
o OHBFTEXES BT ——HEIH 0 UK
ﬁﬁﬁﬁ%i&*%%i*ﬁﬁ’ﬂﬁ*K%WE » B %é
BEMELESBGR ERZEGBRASTRAELHIUE
Y—RH o BEILRA BRI EE ) UAC)KEZ KAE
Fo RBIGER 24 -

Bk REAMREG T L RP S BOb)LIE—F 5
b)) FRAAIEEF AR BEZIBRXES PRI —% %

\\

6



201118766

BRFFE AT RTZ—BRESH  EP R B E R F &
AHENGTRAESAHIH— RS BEREH -
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BAEH  REHAREN T E B ZEEREAE—NE
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AT R R KRB B G B AT BEaE -
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—HEMES AR —RABEF BRI T RAESHEHIERS
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B A BRI KL —HREBATEH S LayE

Bird REAMREGEER L PR ER G4 SEt
B % EAT e — =R EAHEZREE FE T —fEE B
B EHESARYRESEES S L2 BETE Tk
Bt E -

B RERAMREOER A PZEHELLE &
SRS E—-ERAAE A

Bt RRAMIREOES £V L E N B BT
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B REAMREGESE B o |

C—EEWRAR ARPAT S BREBFEZEE MY
BRIk o
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BER AFAMRBORE LV R EAHTTR
RESRAT BB DREAFTRAELHETFEART
B EREZTRAESTE IR LBES -

[Fx%5 X ]

R E AT I 60 Tl R i B 0B Al > (R T
ABEZALTTUHEAEERZ  RAAEZ TR EFETHTIHE
REFIMAARGETRAE - 2 VAR e 12545 LK & 48 B 4

R
o FoBAREAMREZ TTEREF ) AETE

FZBA T TENNE R s gaE R AR
ZEUB GECZBTALEATAAGLSIRALBER AL
EHERESAY S AREBTE— S RALSREL
R4 T

(1) # a4 X (Conceptual model) » 4o % = 5 S31 :

WRBRTIER RMBRE T2 AT B BibdE LA
AR he B2 P B S21 -

o | (2) # % % % (Mathematical formulation) - 4 & = B % 5
$32 :

RSB T 4@ A S5 4 b b N A A AT E X i
BRI AN S BEELRITA B EAEL
H AL E R AR ERARELAFT A SR - HE TR
TEREAEARAGA T ERE  AERABEY R A A2
N EREMALEHENEAR ML RIRA B4 H XA
AT ZE ST RABITALNELRE  UB SRV H
RARGHZIHE - BRT LT RARGCABRYTRANG
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HEEBD BHALRAIRARGUL I HALEHMBBEE
Ao RAABRRORBRH T WBRETABLERAN HZH
BFEEHILXBFIL BUERFEFEH WAL E T E I
REXMEZEARATRAG  MEALENHE  MIEBBL
RERF THEAMASEEROBEKXIFE AR AN THE - 25
AT HEE AT GBS BRAEHTEASEEALAT R
NETE—FES WU AEAREBETRER I TR A
YO REANEFTRALABEALELORE B THIBELE
ABEAMBENLX > MAGELF AR BARAREL BHY
TRABBERY  BBLETRACEALELEMGF  EBKX
55 e BAE B -

BGF AT ERH MU L2 o raX  EAEHY S
o RENFTEREABY IR —Hs T X - A iR
ETHREEDET —THEERNUIH, — My AT
BRATURBESF REATHI B R BN L2 FEX
RIEBEBUIBERRARS - R T REFTHTRZXES
HHEFHERERIRAGEMSL  BRARFTEIABRFRIELE
B LKA MAREHEZARELMAIEFBERR iR
ERARANER AT ENEEIEXFERAFEFT - B
WABERALTREFEX —HHEOTEF X LRI 2R
BB G — R RFAREFRAZFEES B
Z B S22 -

(3)  #4& &t #{(Numerical discretization) & 4v % = [ 3 5
S33 : ‘

AT BRBAT FEN T ERHRIBOMS TR B
b E AR M BME BRI X > A RuE k(Finite Element
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Method, FEM) > # & £ 4% (Finite Difference Method, FDM)%
SR AEHENBIEH—BA L2 HH K BHEAEHE
B —FEE N BTHE S AEEETHEIL - B0 BgEEEE
FRXGBE  AEALTEHNBITEREL BR2HTRE
URAERSZENRITERBEZIEEL B2 $ 5 S23 -
4) #AXH%E (Program development) > 4o % = B ¥ &
S34 : | |
G MA AN BT X LBEL B2 ERY
B L ERAANBE LRI RABEH  BadRERy
® B BERRSERAERAEZHEER B a0
BHFRX S EEBER  AEAR R BB E T RS &
SHERBENSHARERFTER AR ARHBNE
— AR LI BT EA LI RAHE B ENRE
MARBEEARESBRAEFTX » REFLERBEPAA G BN
Yo B 2 F 8% S24 -
 EMURHEAE BB R LA TR
T RNZEE > HLBEATERERE @R ERITE i
® BATEEREFEAZHACPug In) R ey sERXESE L
LR B ABREBARAERE I A2 E - WwEwE A~ BE
BAZHBAALLTERBEAINETS 4 a2 BANED
42 FRXAX TEHRARBRRZ BB ALEARE L -

UFRAREAZ — RS EH
(1) 24224

BRI BEAESFAFREZ(RBFANERMLE &
SN BiE R &%@%éﬁ%ﬁ%i M R A4 AT LASE R Y

f s
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THRERENDERB AL E LB AT 5488 23 R{ELE
ERERRYEH > TR E— —ERABIEH A AR K
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a. st E 211,211, 0 AEAITER 21 b &t 211,-211,
MR E A 211,211, SR E ey AR AR AL 0 ko LA
FEREE 24 ZE o FHEA2L21, 9k iE A RE R 6o B 3t
EoAEr X BRZ A ORMESRMAER TR > BEEL
é%%%%ﬁ%ﬁ%%%é%%%%ﬁ%%ﬁ“ékl%w
F ik 250 &3t B TE 5 6 AT 8 6 7 X5 o 5, 2k 5 2
Eote RAGHARLTELEWAS a3 ELE

vhiﬁ%%ﬁn:ﬁﬂﬁﬁiﬂkmlﬁﬁwﬁﬁﬁ%

REARAGRALTHGTEL R Sy FibtEm
FELERFH KRB EALRELE > R LBLE L 3

-

ARz IHEXIEMAR 22 TRERALHELITER
B xR 2 FTHLERAARRELTEAIS S

Kk 25 WA E L o
(2) 2 4B R R
ot NG EE
BELZGNEERNTEROGIERB L TEFBAL
BEFH 25 @ITREEAWHTH  HET 211,211, 2 F T
TEH AT RERERX—& - WAL 23 Lag
By —RRE - Bt Bt Ex 211,-211, 55
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WG FEVXYBEREEHRARTE & - 3+ E 7 211,211,
B EF et RERGT R TR HRITAT R
CEEEPEEC S

% —BEACHERMRS BUGEHLER) N EL

FEBAMTAAGESHERHTER  BALKLTHE
*ﬂbtmbmleﬁ*&&ﬁ+Aﬁﬁxn%& 4o 1 (1)

ﬁi?ﬁi@ﬂgiﬁ B3t E L B A %A M4
Rlegst Eobe S E A TREMAYRRHEEL-Q) %

® *éiﬂ%#f}@’;fn(#iﬁ%‘f?ﬁ#%) *H;iwz BN RBRBAA
BHEANHEALA SRR ELENREN  REBEA T E R
L IBERBRER S UARRFAEHERTEE X -

B) 2%BRSH

W B BB TALRGER  RAGHBOFTERT » T
m*t%&%ﬁ&ﬁﬁﬁ& UME AR HBRERTRR %
BERHERR  FXEATHFARATHERNALAMER KR
BB A PR —BEDRARABRAIEE N 5> BRI EET

@ AR RA G AGBADEOTBY > BAHRRBALE
BHENELTHEER WEERTRNALBRAEARLTR
BANEEFE HORELEH MREFOMAEREEX > T
R B R AR MBIRAE Sy » ATk F — PR A AR BT bk ot
% (Adaptive Computation, AC)

B oA EELSRBE B AEHAIEE H ke — 538
mEXGHRE  REZBEA BRPEFELMES  TEH S8R
Z RGBT EEBLBEEE o ey S B SR
%é%mﬁ%%°kkl%%%%ﬁ@ﬁ@ﬁ%@%%“1
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(ANN)~ & R %4 % (Expert System ) %, 2 4, 4% 22 2 ¥ ( Machine
Learning) » 4% - AT L BRI R L2 L4090 E > AEHES
o B A T % (Intelligently Adaptive Computation, IAC) -

Lx_l-_i%%’;aﬂ}%& "TEMHE  RERASTEGSBZETES
R SHBRMERAARRT XA RBEMIAE > @R R LA
BRTRAZFIARE RUEBERE T2 RAB T RITER
ZEFBTRRK TTEMRSE | BMARSIEEEX £
TOARAEC—BEIHEE L S HEMEZBHIR
PRERBEHEEFTR > BAKLGZEHFEHE—FHRA o
HASHERBLEBLOALE B 5 BAESL T TH
R EBA LB EAE "HEANTEM G EES | 2B X -

URTRARAEZE-BRETHRYS EAAERTER LTk
FEREAMTZTERSEES £ O4THT 211,211, #H
REG2] - FEF 2D AFHOAIEZE L2425 MR oA
EENEATAGAEOAIS S A TN E (Adaptive
- Computation, AC) > AT T A8 B85 F » 3B ZE
LR R TRR BB TR X —  sbBER A & T4 TdofTi8
AN E  RIARIEAZEEER Y+ - wEEEH
A THH AT RERER

BT A R 209

. ZRIEERGEER

A R4k A L4 E (Voronoi Diagram)4k % % R 4845 2
B2 TE ALTURERNIARY »H 2 EEH L .@u
NERBER S TEAEEGIM 284014 - A5 g4
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MLEAK B 45 8 A 38 o
2. T ARFRXNELSAESR T
NTFHR7NETAERERAEZAAIEIRELRSA -

0 . -
a. EWC,V,Pded(”VOZ) + g 7SV -d(ndrea)=0

PXAZEEMARZEEFEIRR £ PR E(n)
B 580 FAR@ME(Area) S HI B (Vo RIS 2 R
X XAM BAETREBEER  KAUeT A RAEE MY
BHEBUR  BAETRLC, S - RBER(p,) foh &
o (SHEAFFRV) BRQ@QZEH - M= EEHTE %
B2ARAE-—FRE FE(p )TaEEZEFIRZAX(D)
#AE 0 b H 2 KX A Rana A. Fine £ A% (1973) ) T & £ K
FlBERARERA T TRREE  afE(S,)R EHiB4
Pe#hsg(X ¢ 92 d)& £ 4 #u4% A Van Genuchten 425 X,(1980)
EHLETRARAKREOATGEWNS S T ARRT)T
B EEER(C)T R ENFRAANEEREEARRSL -

| .(B+4P+@Pﬂ
b. pr=
® / 0 _p0p
C. Sd:9r+0e(P)(n_Hr) -
n
4 6, =[1+(@h’T? for h<0
' 6, = for h>0
- = oh
e. V,. . =nV=-K(P)—5
darcy ( )55

EXPPHEHKE -THBE " B 4 48V 884
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(T)z &% 0, ARBEKE O, hEREKE OBEER
£ Vi HEEARR » V BERAR 0 K(P) A Mook A&
BB h BRI SREARLFI % a~ By % van Genuchten
GEHRAZMHEY > nk LPILEE -
KeBHEANKX > E‘-‘Pmﬁﬁ%%iﬂl{(}’))ﬁi BKEE(R)
RIRMBERO KRG BERX TR t—FTHZ - K
BFR P KNS E (K (P)ME H b 1k o 42 Bb TR
Fl van Genuchten &8 X (X DI E - B4 AXkFEBE(WRIE £ A
BRAKBEMEKBZ (X g)» A h AEHBHERLELRY
ER UEFLHZIRE - KAFE S E LGRS R 28
KEE - |
A ARBIT RIER MRS KBZAKEREBE ) ¢
IEBiAe > 2B KO B b ey RSP K > TREP £ IBTL
REIEEBENFL - A1 ALBILRERERABIEFEZS -
. {K(P) =K K, (P)
where K, =02°[1-(1-60Y7 Y 12

g h=P+z

h. 8" =(p;nSy) Vol
, {n=n0(1+aSP) for P>0
n=mn, for P<0

HF K Atafo k1R 548 K, (P)ﬁ%#a Bk 1% S 1580
HEMBRASEMAEOE 1 %L 28558 STREES
BEANEGRHELKEE - ,

E AXBBEHNT hEzTFEIEA(K a)RE AN
BHFRA(X D) L IBI BN TR TAME L8 s
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Ps0,~p;~Sq Vigrey "K(P)~h~n~ S £ 9 @ikt
o HAEGRMAEY  BEAEE > LAIAGIZH
L EEEE |

3. FRAES—BMHH

FRAES—BREIHAEURBEEIV I RIELLT
AR TR PPREATEZAGBELBEAFHEE —% - H&
—FTEFTRBRAESHKBIBF > B8R TIRIFIITE 09 RAE
R R AT RAR - |

ZFTRDAFRAES:

® Ji(€i1%1, € 9%0,€; 3%3 ... CinXp)=0 i=L23..m (1)

EF o RES IETRR £4 m B RAAET R
BoF o xRELBANE EEE S AA 1 BEHEL
BN o  ATRXERAE B0 R FHE - EF
RAIEFRFLAGE B RKEHGEREA0 R A A
- B EBLAZTAIBESC T ASHGHE %
BOLR B ERX BB

Fok TRAZHEHEINR(GRO)

, P | h | Q|6 |S,|p |k”| S | n | & |sun
® A b 1] 0000 | 1T ]|]O0O]|]O] O] O] 2
K c 1] 0] 0|1 1 Lo 0|0 ]| 1]o0] 4

K d 0 1 0 1 0 0 0 0 0 0 2

X e 0] 1|1 ]0]0 (0|1 0| 1]o0] 4

X f 1[0 ]JO0 0O 0|1 0] O0]o0] 2

X g 1] 1]0]0}J0]O0]0 0]O0O]oO 2

X h 0O lojJo o] 1 1 |0 |1 1 ] 0| 4

X i 1 0jo0ojJo0]Jo]Jo]Jo|lo |10/ 2

X a 0oJlo |1 o0 ]o |10 ] 1]0]1 4

AFFRFABREERB T8 BBRELNHTES
EBARKE A TEHHMENGFREHL T R
B bR Y FREBAEE HAKBE(P) BAAMEZBREK
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AT W T S B — R N KSE(P)— e B B 2 B 015 2044
WE LK) BE_ERTH0EHEAD g ibmicr X
MAK—BAREHKP) b~ prfEn - BTREWEFRE
RARAF o BT AM F =& & 540 P9 sb v 18 4 SO (o 09 B H B
HAEO B E =k Btk E Kd-emKXNEERH
— Bk EHO 0, AN ThdmA KRG BEALTEH
MR ES 0 (BhhEmR) BEMATELR c TH
S, AT R BATLRFRS S B TAEEABE KX hTH
SHATRKAE MK a- Erlﬂﬁﬁ:’rzf& ’ Evﬂéuttraﬁnim

Bh—HEREBYFTES - o
-k ’RAALHBMLINERGHE]L

P | h | Q|6 |S | p ko) S| n| & |sum
X b 0 0 0 0 0 1 0 0 0 0 1
KX c 0 0 0 1 1 0 0 0 1 0 3
& d 0 1 0 1 0 0 0 0 0 0 2
X e 0 1 1 0 | 0 0 1 0 1 0 4
& f 0 0] 01 0 0 0 1 0 0 0 1
A g 0 1 0| 0 0 0 0 0 0 0 1
X h 0 0 0 0 1 1 .0 | 1 1 0 4
A 1 0 0 0| 0 0 0 0 0 1 0 1
X a 0 0 1 0 0 1 0 1 0 1 4

=%k 7RXALEMELINER(THE?2) .
P h 0 | Sy | Pr kP | S n £ sum
- &b 0 0 0 | 0 0 0 0 0 0 0 0
R c 0 0 0 1 1 0 0 | 0 0 0 2
A d 0 0 0 1 0 0 0 0 0 0 1
K e 0 0 1 0 0 0 0 0 0 0 1
A f 0 0 0 | 0 0 0 0 0 0 0 0
RXg 0 0 0|0 0 0 0 0 0 0 0
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A method and a framework for adaptive computation, being a
novel numerical modeling method and a practical framework, are
provided, wherein the issue of difficultly expanding and increasing the
computing ability of the computing simulation software which is
developed by the traditional numerical methods are solved by the
adaptive computation method. When combining with artificial

intelligence based on the method, the numerical model would be

further developed as an intelligent adaptive computation system with

the abilities of self-learning and evolution. A practical framework

corresponding to the novel modeling method is also provided, wherein
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