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A Seat Allocation Optimization Model for Taiwan Railway
Student : Yun-Han Lai Advisor : Dr. Yu-chiun Chiou
Department of Transportation and Logistics Management

National Chiao Tung University

Abstract

The railway is one of the trunk-line public transportation systems in Taiwan with
properties of high capacity, reliability, low pollution and suitability for long-distance
travel. With lots of invested resource and technical improvement, the capacity of
railway systems has been gradually increased. However, the passenger demand in the
peak periods continues to grow, without proper seat allocation and control models, it
is hard to meet passenger expectation.

Based on this, this study aims to develop a dynamically-adjusted seat allocation
model towards revenue maximization (i.e., seat utilization maximization) based on a
stochastic seat allocation planning model and predicted passenger demands of all OD
pairs under demand uncertainty. Firstly, a stochastic seat allocation model is proposed
to optimally determine the numbers of seats allocated to specific OD pairs and the
number of flexible seats opened to all OD pairs (first come first serve basis). Secondly,
a resilient backpropagation neural network (RBNN) demand prediction model is
trained by historical ticketing data. Lastly, a dynamically-adjusted seat allocation
model under stochastic programming framework is then developed to dynamically
adjust the allocated numbers of remaining seats inventory.

To show the applicability of the proposed models, a case study on the train #438
of Eastern line of Taiwan Railway Administration (TRA) has been conducted. The
RBNN model was trained by one year ticketing data (December, 1, 2016 to December
28, 2017). The training and validation error rates (MAPE) were 24.86% and 25.92%,
respectively. As to the results of seat allocation and dynamic seat control, the load
factor of the study train can exceed 90% and the revenue is 8.16% higher than the
static deterministic model and 5.70% higher than the static stochastic model. The
proposed model performs well even if passenger demand drastically varies. In terms
of fairness, i.e. the variation of percentages of demand served in all O-D pairs, the
proposed model performs also better than the static models.

Keywords: Railway seat allocation, Stochastic programming, Dynamically adjusted,
Resilient backpropagation neural network.
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RECHEREFFRE IR EAFFRZI VARG

5. wipsE{E (Flexibility in Pricing) : 4% & ¥ > %
B o F AR A X ol F P B R _1:1 S
TR S A K& | ﬁriji&« .

6. A APRIE-KE AR ﬁ%i%%é% SRR R S U S A
FEUEEN LA HFRFL DT R RS B2 A A RISRE R
i M iF, ag fo

23 4 2 B A pe AR B v R

Littlewood(1972)li§%3+ #p *f";%msfi: oz LA ﬁizm Boosg e R AR

FERREZERE AR - R - | I F-Y U S A
Richter(1982)ﬁ -3 "“: FoREoRE o BRB Y ;i > #E ;@WD LY

B2 A& RERITE D gugfgr Wang(1983) -4t . & it j- 3 = %
%4? B35 gk~ R 2 dmpaginpe i ;Y o Glover(1982)4% ) v ﬁgﬁt#ﬁ,%iﬁﬁ

iE R fRAZEAR R Ao B R 38 > 7 Belobaba(1987)#-iz ut i * H 3 1 vE AR p R

A iug g ¥ PR 2Z A F e W E > & Expected Marginal Seat

Revenue(EMSR) st e R EMSREESN 4 0 & § S g £ A4
- @ P ITEAEY RE G R B EEL S TR

AN

Gosavi et al. (2002) 325 @ H A e § P 0 Gt £ e0FF RS o blde
ﬁ%x“ Faorr R R EF RIGE B~>ﬂ MRS BEEFE R

EE RN IRMAEACEGERETRG -2 F LT LR
(continuous-time Semi-Markov Decision Problem, SMDP) - & 12 3 i+ & ¥
(Reinforcement Learning, RL) % & ;& % f& /4 ¢ * 4% -

Milne and Salari(2016) % ;2 & B BAR B Kk g -4g o dp iR 3L - @ 4g e
# (Seats allocation) 2 45 i 45 %(Seat assignment) & = 87 F e & - 45 e § K AL
a AR ERR(Fe)2igdfficd > BT Aot T A A IRl AR AdR
Yol BT ER R 2 F R R R (B R)L A0 R R R R T EREL
iﬁﬁ@&%@ﬁ%%ﬁﬂ»i%iﬂ%a%@zﬁ&‘%%ﬁ%@ﬁ\%&1
FEFEFNE PEEN R ERFFL AR oL SRR YR EERE
FREPE R AL FAG g R T AR E B

Ciancimino et al. (1999)3& Yo PR L E* TABRLAR S B ARizeng R
- AT b 2 N %l U TR M3 (Deterministic Linear Programming
Model) 3 #% & 2L a4 24 (Probabilistic Nonlinear Programming Model) = & #-5¢ &
FHE - fF 5 BB gy BT AR 4T



Maximize > t; f, (x;) (1)
@,

subject to > x; <c ()
i
Xij = uij,V(i, J) (3)
toiAsiz e (0, j)2 A

ij

f,04) Az £ G )2 7 wﬁ R S, B AR A (D) e e
c:r2 x &

Uy Az 4 G )2 et

You(2008)#t © 7 Ciancimino et al.(1999)z_ = 7 » & = & ﬁ A B
B bR P EREEE R 2EF IR E I A BRI
BARPI KRR 5 FEF LT 2NF R FEFT N a‘E..=a BT F 2k
£ s A4 4B & (Bumping Cost) -

Li et al.(2010)4& 7] % #cgdcg TAp M A T A R B R 7 Fhomk ™
EERERINPRAFLBREECIRE - T EE - FF) gL @
BRI S RE R B EREETL S BREE RN R A
i #t'%?‘ FlF o iEm H AT F i\ F|F 4o T ol

= Z (4)

@, J)

Z: LT+

I, cA=3E % (L, )2 RS E B

X tAZ3E ® RF(I, J)2 A e B i
L:7| & {75 % 5E3E

C:7l8 58

Bt E B B~ R FPER A ST R Y

Wang et al.(2016) %= % {7 5 ficsi 0 » BPRE Y & > Uk f?%ﬁ? . % x%, % Phkkﬁ
o Mo HEREERFASLBSF XA T ERBER R EARE SN
(Single-Stage Seat Allocation Model, SSA) 2 % F B = fie & #-73] (Multi-Stage Seat
Allocation Model, MSA)i& i 3> H ¢ » S PF g - fie 8 5332 2 2 Ro 5 8k
BREREE o (7 5 FFEC 2 # i fie = o Hetrakul and Cirillo(2013) » w]12 % & p B &
F#-5% (Multinomial Logit Model) ~ ¥ % 2 & -3¢ (Latent Class Model)l{ RERE
FEOFFREMRE 2L PERF SR R 2 g p 2 R Y
T EHGF L -

Qﬂ
f}
“\ﬁ
b4
KL
EXY
74..
\l
%ﬂ
k
_'l
g
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Luo et al.(2016):= = - % 7| & & =& 35324 ‘*’*’](Multl -Train Seat Inventory
Control Model, MSIC) » ¥ ¢ p* $fZ4p Ip A2 40 8L97F 7B 2 2 flsb e & 2 2 4eig
% B (O-D pair)z i t-pe ¥ #oo BIRG BN Ap o SRR sad T RS B
BedURGI2 s o TR AN F R RAb2 kdf o B AT 0 MSIC #0347 i i
B2 E 2 RE SRR T -

F2-1 Sy R ABELE TR B AR B R

E) & (& &) ER 3

#3 4E% Belobaba(1987) Bl * )Y BRI PP A T g 4 e
BRAEZ Y S AL > I Expected
Marginal Seat Revenue(EMSR) ;¢ o
Gosavi et al. (2002) FTEBEER R TERE S REE R
AR BPet B BB R p I
THEF-RF2 L BT A 4R o
Milne and Salari(2016) % %|4g = fe ¥ £745 - 4p /% B 3 4R 34

o=

BT R 2 Ripiki R (F %)L
dgi v o

WEe4fE Cianciminoetal.(1999) #-3 o WA E * T AR R H
-~ p S~ PR g KA
You(2008) zt @ Ciancimino et al.(1999)z # 3 » 473
AR AR R AT f ) -
Li et al.(2010) BAIREET PSR AL
B2 Bimpd g -
Wang et al.(2016) B L F AR RS kT
Lz PR:TZwJ(i%Léi -2t Sn¥co i
R LEH 2 F o
Luo et al.(2016) e B?%j"\ﬁ;’;fp Az dnBERT 5 B 2
Bhebe &2 Az % F(O-D pair)2
[ e
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AU ERAEL AT T AR if@y ﬁ? L 120" 3= EL

22-2 A4y B ImAR N 2

¥ e =l () R

% AR Fi i 17, (2006) PH B TRT LR A EH
PR @2 Rl TR BIERIE
R g R BREE 0 L

2k BHRIT RO TR vk B R

JESR)}

1
) ©

Tsai et al.(2009) rLRE A ST e B
EEEICR S R
SR R YA
B R E 3T # & % (2009) R - R B ARI T R e B
Fo L ERE AT B A IR
B AL R R O v A AT et B
3] 0 Rk e o
M 7z %.(2010) FI* EHARL] 2 > BT KRB EE
KNP o +F 1 g;f-‘-;géﬁ,?-}i@ﬁ

B K?r{%- l}'l]Aa\‘}ﬁ' °

R EHBE L EF
FERIE pr @ % MLP

2.4 HE R4 M 2

AR R F ALY 0 5 R RS R R LA R WL R e B
BERL AL IEEE R RGP T2 AL 2 LB 4 S Ras
Ao bilde D AREEARE] S RG] S F P HRRG] s B iR S FECRE] S AR
B oA AR - RBIE

De Boer et al.(1999)3#% 5 » & = fe ® S F i {584 2 3 /8> - ST ks
.3 ¥ 42 (Deterministic Mathematical Programming Problem, DMP) » ¥ — & B] &_
% A 8 R3] R 52 (Probabilistic Mathematical Programming Problem, PMP) » 7z
THBEERIB LR E T R 2 ma a B FARE RIS R L T R
AR F 2 A ER A B F AR T g E S - RN A
(Stochastic Programming Problem) » #-z % 2 4L 5 — SE % & » ¢ T
T R fE o

7 FE BT 8 44 (Two-Stage Stochastic Programming) £_ %< 7 S8 37 ¢
&#@w&—ﬁ’&@ﬁﬁﬁiﬁﬁﬁ@ﬁW%i@é%%éi@ﬂ%%iﬁ%
KA A BRSNS TREWT 2 e ST S B
¥ — e g (firststage) 7 = iE K 2 e 304 » @ % = FfF £ (Second Stage) &_
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EE-REARERE] §HFAERMEIL o R TREBEE2B L &
#(Recourse Function)® L Mg 284 2 5 E « 5 - PEALREw % - 1
Bz %& - EHRAHS TR DY SR T AR g B RECP A
ﬁh’:ﬂ}; = "ngt;sﬁxa‘\—&r'—[ .
First stage:
Minimize c"x+E[Q(x,&)] (5)
subject to Ax=hb (6)
x>0 (7)
Second stage:
Minimize Q(x,&)=q(&)" y (8)
subject to T (&)x+W (£)y=h(&) (9)
y>0 (10)

1*—‘1‘?4&7 A ﬁz('z ?é) g FIEHE 2

ER RIS TP EE R E S D7 R AEGN Y R R R
AV AT EFTRFL P EF RN AP RE CEEF R BB
FAEE 3 R L™ - Beraldietal (2004)%"{%#%:1 & * %“?’?éf)%ﬁizz»& i
B ILF ri/mw > FRRIFNALS Z 5 AR m ik fg'fr'?x,%—: T fhd g2
[l L= S e SR i O Y %*“’" M’%’,T B FRIRIE K 2 2 2B 2 RAE
F R F R E U dRRED > UF T RIRAARER B A A2 PR T
Pp BECERIRES > FPHS LT 2 g o Yen and Birge(2006) 4 K15 4R

FIEAARG A ST e A B2 fRE BN 2 AT A RARNIRG - &

TR T AT g N0 gnu*ﬂ% R E S %i—“?.w,sf:éc"% i F] A
FERE g4 g rTb e B2 §24K - Azaron et al.(2008) 41 * B%ﬂr“ﬁﬁﬁ%ﬁi'"
[ERE Y e A WS )@éﬁ&?LFpﬁg’ R 2 RECERECFERSME
BEE A AGHRRL RO I PR L P RF A A
2&¢w“¢%iﬂ3&ywﬁﬁ&%£%ﬁbﬁﬁ*?ﬁﬁiﬁﬂ%o

!
e
“.J

o

ik

"TEFT RPN F R T EZFY S EEN R AR T2 R
det f M F B2 (Greedy Algorithm) ~ 5 # 4 & i & ;2 (Particle Swarm
Optimization) ~ #5 %% & ;2 (Ant Colony Optimization) - ##-#%:¥ "¢ (Simulated
Anneallng Optimization) 2 & ¥];% & /% (Genetic Algorithm) % - 245 Mitchell(1998)

A AFFEZ2Z BRI PFFOERER RO LA FOEHRTA
FloeXk TR o aFsh T B, wd T%E > ad Tam ~Tad T
¥2mitiEik o A4 AT o J]*JKF#”%*?& ’ lﬁﬂ;_f g0 A FIFE 2
A P PEL > B AN TR > NIRRT RB AL R
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% CRFTE S AU RUEY -8 S WG I TE IR A SIS AT A

2 5l

4y

25 .} &

X 7“'\#};‘] ﬁ‘s‘ﬁflﬁ FT lﬂﬁii(#‘q‘)» =T ]:’_;l‘_ ff% '—,1’_%_% ?!T 'iﬁjﬂgzﬁ_!‘&)g), iljt,\: 'i,"l ]’;:l
SRS ERULAR YLy RE S RS SRR N
EHm e oMl R A F D F P L REEHG  FRFE P AR R

%%de§wwﬁﬂ FUER NS AT e oo # B R e
B2 ATREASBME 2 LR AL KF B BEEL R kS 2 B
Jis 2 %ﬁfﬁ_\ymﬁvﬁg\@figggﬁt;‘_ﬁégkﬁ i@;g\:w;\zp‘;,vﬁ%ﬂ 2_ 5 Ay HC

,;q‘?
i

z = =703 RY 4R
Wk R A B B R A e AT R A R $ 3 e
Sy R ‘¢§%ﬁgﬁﬁi%x;ﬁa%%f*?ﬁjiﬁ@%%ﬁ
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¥z 3§ ey

ARG R ERA] S B A £ 2 e F FER A Ao A%}
RUFIFEET > AR AR 2 ﬁxlﬁﬁw“ﬁoﬁi’l ErfeEbh 2 PR B
Help & TP LR T KB MR R B R TR AR 2 e
il

\

%@#wwéﬁpﬂ'*’szjé ﬁ@
]“ REN 2 RE T RN 33 ) 25
;\’534’J;§ﬂpéﬁv%F%ﬁ§f_g_‘\7‘ E#E]E"(Z"ﬁryf;

5*34«——-

HEFREEPME TRAF IS A RSB F G LR 0 BRG]
B fmfE s AP EEREE LA E R L2 FET R K AFT R L INE
%pwwama%ﬁg&‘%ﬁﬁ?#@ﬁﬁ I ST T
FIRT o R LB KA RS

AP E AR TR B R ARG TR AR 2 B REY
?ﬁi%fﬁéﬂin%ﬁi%ﬁgs’fﬁﬁwrm%@@n,éjar@ﬁ
l/%?fi%J’ s ‘7—*‘ i&%?”rr7 PRA% > %Lgh'|~1_§f~ ?’}}ji;—l-g y 1_'@_\5’,_'% %% R
BEITICE o

4. FAHRE R ATE GRS TR
FR SRR S X AT TR R BEER FA LS
RFEMS L R BRI AR P AT R S MR Bk AR T

_‘LLJ
%fﬁm”ﬂi’%ggﬁp”$%%%~@C?ﬂﬁﬁﬁﬂi$§§’$%$
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Ry o2 A Ay Pfe R o
PR A TR IF 2R A B LR AT

L gE- B E- pF AR AULERE G 28 HEL - SR T AR
BB

2. NB®Lz-o

3. mEgsadz(legs) 0 B ApMSz AT L - B 0 & BaafRz F E (R k)
=C,,p=L..m°

4., 35N 20DeEE& ¥ n<mm+1/2°
5. Ao igHG o
6. Epafp VadAzizE sz o HotaeT

F={@j):i=1..,N-1, j=i+1.., N} (11)

o]

THRANEACHER AR BRI 2 TR fe BB F EAp ARl BT

- Bandi(leg) - F B AR P B Ok o ? AR W AR L 1 B

=L..m o bl4e o Legl(¥ - H 1 ¥ - 2 BuAR)e 30 N - 2D F 28 E
I R Z b2 R By, R R - I Fw k2 RE iy, 5 W Leg2 @

z
=L
FIEHER U S S g SE S A S ST L N

i
I
Pt
=
UO

X24

1 X12 X23 X34

X13

X14

Bl 3-1 Azig % o1 & B
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3.2 B 5 B mpe k HF

BREFELCREEN AT FI 0 Vg LAz
el 2 A R HE AR R 0 -3 ) i
B o321 & ARG RS MR 2 ARG MG - RERARY
M 322 &P A ST KBS 0 VR £k

321 e F BN

WFEENMGE FHNP BER ARG RF LG RE - il HASN AT

N-1 N
Maximize R=>> f,-x (12)
i=1 j=itl
N-1 N
subject to > %, <C,,Vp (13)
i=L j=itl
l, <x, <d,,VF (14)
X, €27, VF (15)

R:7& 3% c &

fiAzseie &, )2 § 505 %)

X; AR R AT B, )2 Bl B el B
Cp 2 EE,p=L...m

d’\)’ﬂr(l J)\ﬁ ]"']ﬁo ™ g
dij ARz A, )BT R

F(12) 5 B T FE 2 B RN o 193 E Wy o ﬂmufgfﬁliaw i
F R g e g el e e B e AR € g 2 P e
S R E R AT EFRCREZ AR PR RBRE - LT
T T BB ok A T F L S i B Foo 0 (13) 5 & sz (leg)
ZF B F Rz e B A B AR E FE o%? EEFIG S TET R
Birped #eB 2 B B F AP LA R 2 Bl U7 FAREE T R
IR R R ’ni;f’fﬁlf_’.ﬁfaﬂlﬂ»ilfé': s LR A

L2 A R RO AR E LRI AR YRR A e b
FHE R AREARE 2T do(14)rw o A (SN (15) 5 ARl B b2
(-3 EAAS A
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3.2.2 'EBLF AHS

RFFm? o mEFREIIFIFAZTEE R pARFEL 3 R
FERAEF R MBI T SRR F L S - M R DS - R
BIHCES 0 fRAHCEN Y 2 AR NN RAL o B 3-2 5o RERESRAIE 2 2
MAFETFEFAOWEEE T SRR AT EF 2 w2 AN RET § X DR
TE2FRPE  n AT d 2 ek RSP EBRF FREFE (P 5 2 F
BHEBT YiiiigLBrE)e-

SCENARIO 1
P1

@—~ T PZH@ SCENARIO 2
P3

SCENARIO 2

B 3-2 & Fp B ARG

AL 2T e T

N-1 N

Maximize > > f;-E[ min{x;,d;}| (16)
i=1 j=i+l
N-1 N

subject to > > %, <C,,vp (17)
i=1 j=i+l
l; <%, VF (18)
X, €Z",VF (19)

1 3 PFECE ARG 2 ffE L 2 AR AR 232 0 1245 Higle and Sen(1991)
7 Eﬂ;iw-rd. , ﬁﬁ{k};@]%*ﬁ_ \-Qrv—l? .

o N-1 N K N-1 N ‘ ‘

Maximize 22 fix =222 2. i fi-vi (20)
i=1 j=i+l k=1 i=1 j=i+1
N-1 N

subject to > > x,<C,,vp (21)
T o
l; <%, VF (22)
le - ylj dllj(’\v/F k (23)
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Xij,y:; eZ",VF,k (24)

fiAzsze (0, )= 7 (& 1)
X R Rl AE e (L )2 B A e R SR (R F 2 —a—a)
pirdezs e & (0, )2 T 2 A B ks T 2 k=1,
yﬁ LR SBKEWE S A A s, )R R
| &

|“. ;ZF_@( )\ﬂ,ﬁﬁoaﬂ:m
ij

di: & T B8R 243w B, )F £ 8

FQOE A I REP RIS L 0 st DAL ALEPT RN Y
F  BAmAE T AERE L AP E o AQL)I F B (225 &
AR B2 TULHIN o N2 A A EWE L F A2 R AN H Y
Xpp AL BT EBEPFOL R Y SRR T E AP Rl 2
B0 R @ N (Q4)T 5 ke B 2 Az TSN .

SR

3.3 4BE® A 3 FHGS

ﬁpﬂwﬁ.\ﬁvﬁmﬁc&g" Bl GEH T oM BT
R k4 ARSI TR 2 éﬂmkgﬁfﬁ%%% Lag ORI 5K i
(F A & )2 d] » BB 23035 5w ik

o

HY o g A B R AT

N-1 N
Maximize > Z - (S5 + X (25)

o
subject to Z (s;+X;)<C,,Vp (26)
I, <s;+X; <TS|,VF (27)

N -
' Z Z (SIIJ + Xij’)va (28)
1 j=i+1

X, Y, €Z",VF (29)

f: >, )27 FER)
%Zﬁiﬁgﬂné%ﬁgg
R FIRE (X B IDY sz £(1 )2 T R EE

y; -7 pwafz(leg) A Ak fe B 20 A = BcGEM A #k), p=1,...,m
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Cp Jﬁ;:&p 11 ,Mm

LIEE SR () ER- S-R IR 5 ]
| A2z &(1, )2 A ipel T2

N25)E Bt M FZ PSS S EARERRG ) BN AT A X;
S %Ztﬁi%“’” FlR o Aig R G ) 2 R F R R o (S X) T A
DS 1 yp,w AP E DA AR L EME R - 34(26)5 F Lm'“‘\ ’ f—g—h
P AL N2 B HGEFEATRY Y AR L 9@;:’{; > 4e
2 fel ) Ebug(leg)2 F R o Q275 AL HER fiéﬂ’f:i;’iﬁ‘ia,%_i
TRXFIF k2 - TR KRR BB B2 ’fE ’rﬁ,ﬁ =
NWEHFF2ZHAGET LG S F AR o5V (28)2 P g A3t B & sudi(leg)”
%%ﬁgiﬁakiﬁﬁiﬁt&’W%ﬁﬁﬁﬁﬁc%’ﬁnEOﬂ%ﬁﬁﬁ
(leg) 7 3B drdl2 A §y, =0 & Zouie(leg) i Ak I 4y AL
TR AT FHET AR EALERFFZACERTER  FH AL BB AT
¢ F 29y bufg(leg) Ty A oy, 0 2 TR L AT AR e
¥ 72 3 & 7] @ (First Come First Serve » FCFS)z. = Vi {7 -

11 B 3-3 ¥ B fﬁ;’{;’/}ﬁ = & /z‘w %ﬁ?%&"iffﬁﬁ"&ﬁi’ /j_'/f—?'g_é 200 B >

ERRAES LA R AR B(C 48 & E+ET A ) B YTT o
MoEBARY G RS E c E R Q)2 E T A ey
£ 100 & > 2| ¥ade 1 5 A7 MR 2 B il 60 B &g P TR
F2oo "l @a2ME 7 FRELAREER > Fliuy 3 &7 BB g2
Pl T P ICIP o U N 38 S N

R R pe B N Ffr;]“i_”" .q“'\ﬁ:% z Kigfﬁ&a,yi% RN LS B
# T

LEREG

\“"\‘ﬂ

il

FAz] A B =8 | Y1=200-(100+20+20)=60

X12+512=100 X23+523=140 X23+523=170 L T Y2=200-
A == (140+20+20+10)=10
X13+513=20
SAg I F B | Y1=200-(170+10+20)=0
X14+514=20

W] 3-3 S ] 6
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5 f AT Y 2 4BRE L_ﬁvﬁa«piﬁﬁiﬁ’. JE R FERL
H LR ? S MBFTREFFEFPLRTERG  FLBEATR
A AN 2 R R w@: ik o AR auﬁrv[;kw;@pfgﬁﬂ s AFA Y ML BRI
4 §2 (Neural Network, NN)ig =8 & da im o

B SR - R T RA SE TR d F S BRI EA
(Neuron)fi = — He g » I 3% 3 ot e i *;‘i—ﬁ: 3o do] 34 fra o F A SRS
TIges SUBLEE (B ~ ) 0 & U5 A SR B 2 40 5 P 17 i ’ﬁs?])\?%%ﬁ,i
4“*&%?"‘%?}?”’%:@1 v gﬁ;*\]“' | AT e R %%{(%]ﬂ’. m)@,ﬁ_,__“ AL HER
A EE LR SR SR A TS BB ERE ) A 1A SRR
A B T o

\ 4
B
g
=

FiEE

13-4 4 184 SEA LR

zﬁrﬁﬂ SRR FRELAL B CFE RBERFR 14224
AEBEE G B AR AT § o -t 22 % 34 g (Classification) ~ g i (Predlctlon)a Boik
it (Optlmlzatlon)—ff; S5 0 5 EZ £ (2006)2 7 F 0 AR T UL Ao B
£E 3§ ¥ e #(Supervised Learning Network) ~ 225 -3¢ & ¥ 4 g (Unsupervised
Learning Network) ~ 55 18 ;% & % % 52 (Associate Learning Network) 2 & if it i * 4
¥ (Optimization Application Network) % » p % 40 £ #757

21



# 3-1 A G faug

o LN
EENEY e R T % 4 & (Percertron Network)

7] 1B ¥} % g (Backpropagation Network)

& 18 vE 4 g (Counterpropagation Network)

¥ 3 4 & 4 g5 (Probabilstic Neural Network)

AR R p e SRR e i (Self Organization Feature Mapping)
P if &+ 3= 72 % (Adaptive Resonance Theory Network)
BENEY RR F % 2= % g (Hopfield Neural Network)

B 55 18 3o % 4 & (Bidirectional Associative Memory)

Boil YR R B4 = -3 5 g (Hopfield-Tank Neural Network)

194 A 5 e g5 (Annealed Neural Network)

(%% *ik * F7 §(2006)%2)

AL MGG eEREAENEFREL 245 0 2 Riedmiller and
Braun(1993) #3% 1 2 s+ & w @ 3% & 2 (Resilient Backpropagation, RPROP):&
FR IR e TR R R L R R FY 2 v R

FEEME G imin R

1 PREH

Bl 3-5 H A TEA A SR A

AP EENESE S Y P LA RR L REE > £ Freisleben and
Gleichmann(1993) ~ Tsai et al.(2009) 2 Celebi et al.(2009) 2. #= 7 i& {7 4% » 2. S Hcif
oo E R AR AFEDFE e B A2 A HR L wH B RITS
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https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Backpropagation
https://en.wikipedia.org/wiki/Backpropagation

ﬁ%»%gﬁoﬁrt ﬂ,ﬂ\»ﬁ%)\fﬁ@;ﬂ ﬁi.g]»@] @%/é]iﬁi%]:".}é] ) ,E,’@J;E;E.Jigﬁlm
xﬁ_a% %1 2 A % m;]rg'ﬁ‘_g -_—OQEJ(%,FI’T aﬁf% % *}5 i;—_\;ﬁ;?l‘l‘f‘:ﬁﬁi’
AT A2 BRI R R R TR

P B 2 S A BT R W W R R R T NG
B RIG 3 0 R E S (2001)2 B o 5 T =45 R

(1) Toir f ERA A g B (b~ A S T By U A S R )2
(2) ek EFEA LA BEC( A LR R A R B )N0.5
(3) e tEARA GBS KA S B SR A R Y2

B~ PR (B ~ )RR A S g M R R e
A Mo R R PP AR T VR F RO R § SR Sk
(Transfer Function)i& {7 ic & @ 4 X g 1 5 i - @4k Sdes 59 AL > - S §
A # e S e o arﬁigb’ A&+ *7 S fic(Hyperbolic Tangent Function) ~ B d' 4% 5 #ic
(Sigmoid Function) ; ¥ — R % 347 3] S0 fc(4e ¢ S4250 8 Linear Function) o
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