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AIHIEEDEER

ANIHIEEZE S D EEE [https://www.ai—gakkai.orjp/whatsai/Alhistory.html]Z S Z(ZLTLVET,

CHDREBOFTIEH. ATHBEDERESDIZHITTERERLTLET,
1. ANLENEEDTRBAIT (~1956)
2 HEREFAINEE(1957~1969)
3. HREMNSDKRE(1970~1979)
4. ANIHBEDEZE1E (1980~1988)
5. BMEZLTEREKRDEA~(1989~)

AIHIgEDRBAIT (~1956)

1943 W.McCulloch ("9 A—L > = HBY%9) EWPitts (74 )LA—E»Y) H“A Logical Calculus of the Ideas
Immanent in Nervous Activity” Z iR, —a2—FILRybD—HQOERELTYELT-.

1943 A Rosenblueth (A—+>7J1Ja—F), NWiener(*94—7— ), J.Bigelow (E4 ' A—) BEX T“H A/ \RT1Y
RTEVSEEZHVELE.
BANITaOREL, WO BENFIECEIY D MZE REEED AL CREERET—ICHET 5.
IDEZE, EYF. YIBE HEEFEELEHZORMNTY,
TA)HDERBHDRKR THSD/—/\—b714—F—(Norbert Wiener) H3, 1948 F(ZHIHTHRERL
= AN TAORERIE, EYEHBORBIZERDO LY LY O MO— )LD EEALEIZET S
FHUENHDEIZEBL. BANOAIHEIBEFE TEO-2REZHRTFREEAGRLTRYED
FLOMERRE~NDEFVYRHEEL -,



ALHBED®BAITF (~1956)

1950 A M.TuringHt“Computing Machiery and Intelligence”Z i iR. fIMFEEIZTANT 35 EELTFa—L 5T
ArERLELE.
BN EEBLINEIME AEDKENBILLIZNEINTHIERT S, IEEELI-TANTT, A
DBEEN . HBFARZLBVMKRTIAIE LIV E 2—21EXEEL BFENABZONTOT S
LEDOIEENHETEL BEEN IOV SLEMELIRIZITALINE LI EMES-EZ%
HE I THEIEREL 1S EITLEL,

1950 LAsimov ASARYFIRAIZHRBLELT-. T ABZE DI TIELLELL. E2DEFBLTIZASELITE
RAICRLUEZWERY, AROSSICiEHELTIIASENIE, E2RBICRLEVERYBS D EEFLETIHE
Y RY

OEREAIMEE (1957~1969)

1957 J.Backus (3> 1\whHX) BNBHIDE K

SEFORTRANZEH58.

1965 J.Weizenbaum (3t 24 H /39 L) BELIZA(ASA ) 2. EETOAWAREEICOLTEREN

TERTO5SLT, BAREZERE/AA—Dav Ry I—H9 ETARZEDT-.
ASAHFIEMEZEZTEZILTLSDITTIEAL, KREO/N\I—FFIBALTOEL =, BIZIEADAS
AFIZTBENBNIEEZIL. ISAFXHEESENBLON ? 1ERT KSITH-TULVEL, i
RATREIRE—2 LN DBEREASATIZTHE A4 Y IERIBZTEEEATL,



OEREAIMEE (1957~1969)

1968 M.Minsky&S.PaperthiPerceptronsZ HARLE B =1 —35 )L Ry b TH B/ \—E OV DR REIER.
B ) C— N0 TIIERAZIE D B R RIREN R TSR,

OR (GmIEA) 0fl
xf ® true
.‘1 . O false

o —@n

0! 1

NAND (&7EmIERE)

BBt TERV

ofl

& : http://hokuts.com/2015/12/04/ml3-mlip/

OEREAIMEE (1957~1969)

1969 J.McCarthy&P.J.Hayes HS A THIRER K DB “TJL — LRIRE %154

[ANIHIREFERHPLY]

TL—LERBIE, §HhE6LESELTNWAZEICEBDH LI ENSEITE
BUHTED, RIZFEFEICHLOEWSHETT.
AIHEEEHOORYNZEAI1E X, ABORDYICERLG/EEE
THORYNTY. BEALTHITONTOWSEHENOEELEMNBERMYHLT
ZHTNIEBYFERA. BRECAISEEMBOAT-EEEHLTENRE
EOTEFELED, FZ=LAILICHRBEIIBEICLATON TN :=DT, ZE<AIK
BEIZEEZAFNRTLENELE.

INIFREAIED, EMM@RERYVE T OICREZBEIELNENSIEE
DM2I=DTITH, FOTEITEHT, BEL—HTEWMYBLTLESEWLS
_ElEnhnighof-=TLT=.

HE (NTAIREFR)

2 (2RI
U R

EHEEETIAWD?
EOSRBEHGND?
FDRENDNS -

(5l
1=

- »

: http://hokuts.com/2015/12/04/mI3-mlp/



BEMMORE (1970~1979)

1973 S/ e/ Eisy. A RREMBLIEHEL-81E. (XU T2REZRZAMROHBELSHEISNS.

A& —F
AR—F o
@
& TFIROBEEZY— MBS TV ETRUEC % 2EE .
BSRVENEDE (L, IR FOHMEZBLIBRMITIEZET, k

AILHBEDEZEIL (1980~1988)

1982 BATEHARTOC /OB, B S CHEBE EEEERTTIa0E1—42LBREEDERLLEEE
B|ELELS-.

[Wikipediadk Y]

1980FKICAY. BADIVEA—FFEX(FMEHIER . TIFREL2KAETHREL . K. BEAIX1983FET
AETEZFEHIEMKELTAVEL— AL EADBMBEEHL TV, BICEOLSHEEZENEGHREIEESR
ZROTW=, T BN OEBMAEREFRE T RICH L TR S UM EGE->TUO K THLH S IBME
ERANABHENREI-DIL19825F) , ZE T RIFFEMPREEDOLN TV BRIC. HhATEICEOERERKIY
Fai—4%R%T570 oMb LT, BRADMBEMEITEHESELE,
COREADRAIBINIZDI1979FETH D, . EFHMRERARA (REDEXRMBEMER) OF—1ES
[T BREBICKDTOT ST IZHROEDEFRE > TV, FISEHEIMEROIZDTOD I EMITOB S EL
TEENT. FRERIVEL 20 BEERERBICLIHREZESRET I IMINHRI L ETDFRL—
TAVT VAT LEBET SH1E0 58D o1,

LDFENSIFEV19925F, TODHMIT B0 BIZEEERLIZIELTET L



AILHBEDEZEIL (1980~1988)

1980 —a—FILRYbD/\yHTOIF =320 -FILTY X LMELALSNE L5213,

b1

HHu:

o Uk
B

1EE
SEpaf u1=0(w1x+b1)
—f: Mk=U(W}<x+bk)

=(L-t )y uy

RSN

y=0(wlzu|+w§u2+b)

9 _

W_(l Y)Yy Wi

0E JE 0) 0 2
35 = oy ou on = OO-yrywill-ucyuy

HE : https://www.yukisako.xyz/entry/backpropagation

REZLTEREDODB AN (1989~)

1990 JRKozah\ BT OS5 Bk,

[Wikipediadk V]

BT OY S35 1H1990F (2203 - a4 (John Koza) IZE>TIRESN =, thDE LT ILTYX LD EEL
FHEBAREBHICRESNHBILTHEAEDON TV =DIZXL ., BIEHTOT SIS RN SEEMTIL

TJYXLDYERELTIRESATEY . D =DDHEEEKREGIIHERIZT S,
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REZLTEREDOB AN (1989~)

19900F F—ART A= T EiiTDRE.
T—ARAIA=2% (Data mining) &I1E. #iETE. /\F—2 R, ATLHBEE DT —2BITOEEEXE
DT—RIMBEMIER T HETHBEBZEDRY HT B - TOERDOBRITY,

HEETIL“Data mining” MEED EIEDEEIR ETHT-HZL 5 BF T Hknowledge—discovery in
databases (T—AN—X ML DHEHKR) DEBEXFEEOTKDDELIFIENET,

SIEDAIZET S FEY D




ASEGHADIA

o BHASTHEUNE(CLY. BHEEMNEHL-IUMN)—C—FOREZFHET HEHITY,
o AFHEIZFOREOER. FTMELEDH—QBEDHRNHYET .

TLAVIU—R 20174
—BARZ | <BOYU—-Z | ROUY—Z>

HEERAEEZICH T BIBM Watson®DERICDWT

201745H29H
PANASAAL S i

VI RNV OBRASHIE, BEEELDEENIC, XOBECTET 2T &E2BMIC, 2017458298 & h#Hizx
FAREDOTY N —Y— NHEICIBM WatsonB AR (X BM Watson; ) #ERLET,

BEDT—YEFBEEEIBM Watsonlc BEED LY M) —>— hF—8 Z2FHHAEE S & IBM Watsond
APID—DT#%3NLC (Natural Language Classifier. BREREME) IK&h. TV NY—Y— N ORBHRBH
ah, BECLICHANMRRENE T, ABEEERCTHENMRRENLEBRICOVWTE, BEBEE L, £
NBADEBICOVWTIEABBLUENNALRERL, SEORKHNETVNET, IBM Watsonic £ 25Hii% T
YRU—Y— NEZEOETHMICERT 2 LT Bi—SnTHMERTOL D ATRREZEIRLET,

I : https://www.softbank.jp/corp/group/sbm/news/press/2017/20170529_01/

XEERE

® OCR(Optical Character Recognition: St X FERH) ICKYFESTXFEAINRH# T HEHITT,
0 EHEEOMEALNTEEY,

(8%] RESRO RS FREXFH

LUFIEDX Suite THMD 1T TYo
Al inside;A% e APim = oD
Tk #F AR
20174 [2017#1 5 miEF v 785 OF v v <=V HR— M —ERIH 1 B BERI thols  FEnZ e BXAL
_ . ! J3E K em A%
I 2017418 RB L HEBAKRRRSIAWORE(LZ BRI E LT, Al (Hitinteligent OCR) oo SE A A BLN

lC & B2FEEHRBOTD £ =M

[2017%38 "#R(/R—vaYEYRANY TP LYRFBC2017, K TRERKAEESH 029/ 0. 4329, D50
I 2017458 #RAAKHL A/CL 2214 Al%5ER U fzintelligence OCRE:AMT % WA -SS-Q-'-Q-O-K}-- m

- 20,900 FH O EE R D HIRE
< 4,2005MD 3R ~HE

& : https://rpa-bank.com/pdf/document-dl/ai_inside.pdf
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o JRIERSHAFEREARICAIZFERALI-EHITT, Er—
o RESHEIFHLLVEROFTLNAEZ., RIEFZEHT L mERELASEATHMERY —E 2 & LEERE.
BEEIIEEDORTIRNINZZIENTEELEHTY, loTEAITTIE

itk RE=BEE xTECH/BEAY L2 —% a2 ){TECH

noooEns

OHMWTHI >0 OAKEHLNO OBLLO OBLLO

R LEEMAKRRE A EERIZ2019561 8160, T—9 2FMAULLRRY -

AEHFRFET 2 ETARMUIERR U, B LA ORKRT—5 PREY —
ER&E, BE®OT (AYF—%Fy k- AT VIX) LA (AIHEE) BEDKIM%E
HHADLE, FRRRY —EXZEAETHNE,

F1¥EUTAAIC, HIDIOTYAIK & 2 FIRBRIEMEERL. MERFEORED
JREOMG, REREICHRELRRAEMUT SRRORBEERD D, HERORRIZYN
BREBUOEMFIC L TW e RIBORFOKRERML, HS5HUHHEREBLZ &
NTENFLEBRRERNRICINZ Sh., RERSIHIIAS HIHES D2 CHFOFRD
H%o

& : https://tech.nikkeibp.co.jp/atcl/nxt/news/18/03854/

o THEE—ILA, BRHESERELTMAENE
EER—N—)ITHLTER T —ERZRET pye, AICE—ILEMER KSTIAh

BELVSEHTY, 2018/8/21 20:58 | AAEHHM TR
® TFHEE—LERYRINFTEENBERIE, 7Y st BN A

N mE= = o— N FHEE—LE Z——RBENE—ILRRHORBEHERL LiF 27, RERME
— N \ Ir—
EE—LLESIEVNSHTSAF Vv EWERE RFERFTEZ VAT LZTDIAL, ATHE (A) NRGEREREZEIXIFAT

A=BYEADEHFTY, 3. 2017468 OEDRS D BHBILE, REBEEHLL. NSERS/ULEOH
EEBEICREE FES TIEC3B%E S HTMNATNG, BEN05HHREE
ZFBIF U, /ED EDBEEKICDRIT S,

227 LFNECOAIKA Z # A dr, Bt &3
RAFUTco INFTIENSPOS (RFERABRE
B) 7Yz, REPRE. BEFREV-
TeEBA Ny MERDRHZEZFAICADT
%0 ANT—F%H EICINFIEDTED EIFPF
RENERL BT ICFEABERE. EOR
i EARMRTHENE L VWHAID R EH = 2 '
&5, £ BT = ) L8
HE : https://www.nikkei.com/article/DGXMZ03440738021082018916M00/
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72 L—LRBEE—#RIET L—LRE

[Wikipediad¥]

TL—LRRE (TL—LBATELN, FE: Frame problem) &l ALEBEIZHITHEELHBD—DO T, HRDIEHRL
BREALMZLER YA, WEICEIYSSBBLTISHNT ZIENTERNEEZTTIDTHSD, 19694,
2avIYh— =MD AL X (EREBR) OHXNIDP THRARASN =D ZH T, WETIE, #HZLDER
EhH b,

WMEERTAIMEED. ERETIIRF IR TNUN—H—2BZ IO LILEMBEEBRICELTERSNFET S,
REERTEIEHOHEENEELHAREMELHIN. ZOREALFEHEOMBLE RGN, ATHBEITEIYS
SHEEDOHANS [RIURFILEDNN—H—EES IICEET S ELTERDLD T THEL, EhUNDE
WICEALTHEERLTEZELATAEGLEN, 2 TEER T HLEROBEFNMANOTLEINLTHS. 2F
Y. B OL—L)EEST. EDRDPRLEFTTRET S,

A, —DOREREMENLEDMELEFRT N EINEENETERERDIAVE 2 —FTEL T, REWLDITZEL
B NIFESENATREME N BRI H S0 Mt T 2RETRRORMAA N> TLED,
NATL—LEETH D,

HoMLOTL—LEBBERLTHEE KRS LTEYVAGIL—LEERLTEZITHRRTEDLIICRZ LM,
EDTL—LZHAEDRRIERT NENTH I S5 R TRCEAENRET B,

7 I/—Aﬁ:ﬁi!‘g& _ﬂﬁ‘”f. 7 I/—AFI:ﬁEE

1969 J.McCarthy&P.J.Hayes HS A THIRER K DB “TL — LRIRE %154

[AIENREFERHPKY]
TL—LERBIE, §HhE6LESELTNWAZEICEBDH LI ENSEITE @
BUHTIED, ETFEEICHLLEWLWSHRETT.
ATHEERHOORYMNRE2AIE I, ARORDOYICERGIEES
FTHORYNTT. BEAEETONTVWSHENSBEELEMBEMYHLT
HEINIEBYVFERA. BRECAIBIEEMBDAEEERLTEMRE

(RIS

BUHELLEDNRE -

EoTEELIA, FERCEITRRIFAELATEATUOEDT, RE<AIE % = |
BRIEBERFNTLEVELE. BoeaRRGD7

FDRENDNS -

(5l
1=

- »

NIFRECAIED, EfMMGRERYETOICREEZHEE ELNENSTEE
DHE=DTIA, FOEIZEHST, BEE—FEICRMYHLTLESENS
ZElE SN2 TLT=.

HE (ATAEEFS) : http://hokuts.com/2015/12/04/mI3-mlp/
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72 L—LRBEE—#RIET L—LRE

IL—LEEAMELLTVADE. BRI ANEEMMNERTEUVRY  EROTREMEICONTERSHEHFEL
ELVSRTHA (L. ZERAERTHL. BRI ANEERDMBASTHENRREMICIENTIDOTRILZETHSD) .

BRREICRELEAME (AROMELZE) D, EOXIICDTL—LEBZEFRLTODSMNEELHFERASN TG
Lo AFIFEBRICETIL—LMBEEBRTETELT . IL—LRBISIFHLLTNEADLIITRA ST EE
BASHARELD, COBE. EQIIHRELENIL E3RENTONIDOLHARDEELELESD, CDED
. ATHBERLFICROT ABDIBEICELEIYFELIIL—LBRER, Pav-vvh—L—oDRELIZTIL— LM
REERFLT—RALTL—LBEELEEN TS,

AFDNBRIZEHR LTSI L—L0OH

BELEFECEVT, ABIERZICTIL—LBEICHESNEL A,
NFABDNERY A XDTIL—LTHEREES>TLNSINSIZEZZONET , 2FY . BROIFHREZLETILE
(37, ZEDITL—LADEHRDAZMET NITELLY, EVDITETY,

ANEINTIL—LBBEESEREL TV SHZEREITET,

> W oHEMETAHIZ6RF]
LEERBICHBORENHSEE. INIFEBBRTEHRITIHILET,
DFEYEBRNIL—LTHEHHLATNS=H. FERFMEN—DITRELTLET,

> M NITHRERZED 5%
LEZERINEDIIGKRIZTENONTNDIDMN., AFIELTEEL LSO EREBNHD

SE& . CNDRILET,
IL—LTREREEDLGNE, BETHIREARDVERICEA>TLEND, DEEANEYTIC
INOLET,
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[AIENEEFERHPKY]

REAIBIEERBDA-EEERLTEMAE

EOTEELRD, FFELRILITHHIIBEICLAITON T ZDT, ZE<AIE
BEICEZAENTLENELE:.

. 0) J:a@ﬁ:ﬁ % [j: ~ 15']2 [i@{%gﬁgﬁ (_ﬁrxb¢%1$gﬁggﬁ) t[lf else] 0) A :)‘yb—cﬁgik ftt%:}/ﬁiﬁiﬁf}zdl5/12/04/m|3-
TELMADERHHERDONET, e

FI . —EMEREETEMRETN LN OYERZHIBILET
RIZ, TEM @SN OMAEERH LSS L. TNEHRRT S 1LV else
AYYIERITLES

HE (YOLO) :
https://pjreddie.com/darknet/yolo/

BE . JL—LFRE

TL—LBEREICK LT, REDEKMEFE > TRINFRRTEE D, EImL TS,
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SUORMNITSHUTa VBB E T

[Wikipediadk¥]

SURIVI SO TAV T RE (O VRIVT T T4 T EATEWN) ElF BEVRTLAADY URILNEDEKSIZL
TEHRDEKREFEUDIToNEIMNEVNSHIRE, STBEMFEEEE S, /LT YR (w:Stevan Harnad)IZ&k>THi 4
i=,

BIZIXTEIZ—ELRE-CEDNGVREEDANE TEIEVIES CURIL: XFINESZoNFZIFTIEIE 1A
— KA ONEEBTEERA (T IV TATTERL),
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B22EDLS5IEHETHIOMN

DRIV (XFIDITEREEZ S ENKOAHYET,

BIZIE, EEFRATEHETT,

GOSN TSU O EBRT,

vIS[&E] HEE] TR [EE] #BIE] B[EE] fIBhEhEEl.
CORITGEDINI—2F WO RAEITNIE. TNETNDRICASXFIDOEREHET HIENTEET,

BEZEEDLSICERT 50D

ZADADOERMERELLIMERE LLSE0OFFAL. Y UoRILVRITOBEGREEEERTHELTEET,
ToIFZE. AILAD ELI#EE (Hype) [E[toothed whale (5 %) 1T, T HI#E:E (Hypo) [X[delphinus delphis (X1 JL
MIBENEESNTLET,

Synset 02068974-n 1

Jpn: K Kz« > A0Hh 2
Eng: dolphin

Jpn: <BIEL AL TRRERF R 4 DRI USEE; RXITIALUBKRE L
3 Eng: any of various small toothed whales with a beaklike snout; larger than
porpoises;

Hype: toothed whale

Hypo: delphinus delphis white whale grampus griseus bottlenose dolphin 6
pilot whale sea wolf river dolphin porpoise 4
Hmem: delphinidae

SUMO: c AquaticMammal 5

HE (IBHREESMRHERE)  http://compling.hss.ntu.edu.sg/wnja/
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GEOERETVURILOEKRMITEZT 258, SUENSANF-EVWAOCBESRHEIZBVGES (RIVT . il
DNDEEGE)ZETRET HLITTEEE A,

—DNEREFLLT. BEMHRAFELERICREREL, ZORTIAVE L1 —FTRRFBFBIEDLEVIEZZANDS
3:5—6-3—0

IR B2, BRAYLGEETEICBERTENE, 3GEICESTICHEYORRERBFETELLSCHEINELHNE
A,

HE (¥L374) : https://www.ea.com/ja-jp/games/simcity/simcity

BE : YUoRNITSo0T 4 VI EE

HIET=[FBZE TEIKARYMIELFET,
BESAMN2ADNBREEIZA>TEEL =,

gAr{ﬁ[i:_t_o E&*E%JJ:SJEEL\O J
EBICe&H. FTART, |

EF2ANIEEXLELE,
COEXEEBYH1-0I2, EQXSEHFER., HITOEANBEITEDITLEIN?
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Fa—YI0TFRAMEIF

[Wikipediadk¥]

Fa—2HTRN(E: Turing test) [&, 752 Fa—NU T DRELI-. HAHEWMT ABRINESHEHIET S
HDTANTHD, DR THINDESIM IEN ANTHEETHEINESI IENDTRARTHEINESH L,
TRIBIHDNINADEEE I DERER. HAWNE. ABDHHTHSH . ABDEEAIZHEETH M., ELVof=FEE
IZIREFT B,

Fa—IoTTAMEITEMANITEVRDFVDATEINEINEHIAITEHILITHY .. TNAEENE I Z BT
THLD, LlFShTWFEEA,
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HMEEFIRMNZEZZSEONDRBREL T, [FHEZEOHEILVOIRRVHYFET

[Wikipedial&kt)

HEHPBEDORIZ, TILT7AYLNEBTELGOWAZEACZOH TECBIZFEBRAN) . ZO/NMBEICIT S EBEAE
ENDPOYEYETHHDINEVARNVEDENTEY . CONRTRALTEEAICIMDEENILZELANLNS,
ZIITIEEA R LBV FENMA TS, CNILEFOHVLZDOELS EEADFEICLTANIE., ThiE
T AQOVXOIEVNSEEEDREFICLARZLEL, HOLEHEFIDEEDIHIHLT, FHf-LBEEETEEETMR
THHEENFHTIRT IETHD, ESLVSREDINIZ, ESVSRBLEMTFMANEOLDL., ZHIEEEDF
IZHHMDOI=—aT7ILDFIZETEHINTLS, FIZ X THAOVKOIEEINARAICIEITMQOV 1EES
MATHSHZHE REELENINTILNS,

WIEEDEEREIZVO-THRYRT AN LEEBDRIISNMENEZITIRY (RIEBEDONTIEIDMEEN
B EFATNDG) . ENITHFHEHREESEFTMA THRT (STELSDAIL"BE EFIENTIND), T5E.
HBEDOHZWSABIEIZO/NBEDDICIEFEZEEZEELTODIANNSIEEZ D, LOLENS /INMBED S
[SIEFEBEADNDLETTHD, RIEECEFHIHEDT . FEXEDOEKREECEBLLEVEE. 29227 ILEBYD
EREHFRYBRLTWSEITTHS. TNTEHREDHNENSREHE, hEEEICKSHENRKILLTNS,

HEE ML

RAIMTELLHMEEAHTEDDMN?
I, L ELTHEEFZCA ? JELSERICEDLS. ERIZHLLBENTT,

HESAIZELT, SItEEIFRITLEI M ?
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REREF

® REARDWIIEFOCHEERTISFETY .
o FEERBOCTU7I—MERGEDEMERICHS T IHARKRER DT BARRKDETLEERLES

Al <=05

gini=0.792

samples = 35
value = [8,7,6,5.9]

BFE <=05

gini=0738

samples = 27
value =[0.7.6.5.9]

VAN

i <=05 LD <=05
gini=0.57 gini = 0463
samples = 16 samples = 11
value =10,0,2,5,9] | | value =[0,7,4,0,0]

! L\

ﬁi.f—?z%i gini =00 gini =00 gini=00
Epleso 11 samples = 5 samples =7 samplos 4
a0 20,07 | LYalue=10.0.0,5,01 | | value =[0,7,0,0.0 | | value=[0.0,4,0,0]

P <=05 gini =00
Sf‘;“;go;‘fo samples = 1
valve = [0.0,1,0,01 | [ alue=10.0.1,0.01

ini =00
samples =9
value = [0,0,0,0,9]

gini=0.0
samples = 1
value = (0,0, 1,0,0]
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RERIZBVWTT 2278 T 2R EFMERAFGIEIFMEITT,

BFERFIFEE, WD FLDBITELAN (D ERTDOTHE - FEROFME)ERLET

o FHELIF. AEEDTIL—TIIBTE. EHROIVFADBREDERN(ENETITbeIbeL TSN E
=®LEY,

Hil <= 0.5

FOBDIEFEITANETEL
TWE9.

lvalue [8,7.6,5 9]:-

Trui/ \:a.lse

THEMEFUTVET, I ¥ <=05 -
LA Sfﬂ'?‘l;:}_'os ENVCISR00IN—F
_______ =77 ———SREERZ O WZH5Z005 )L—
valusem?ges‘} ;T‘; 9] value = [8,0,0.0,0] ENBTETVET,

IL—ILR—X D ANIHIEE
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7 i e B.EER

W—ILEEDKSITHET HH
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2-B(EESMTHESZA) [EHYRBINEAS, ENSIETEEFZELE(TEIVDTIEAL M2-BIFEELLZLDT
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HEEAR—X (knowledge base) [FFL YOI RO AURDI=O DKL T —FIR—IATHY . KBEBEESNDZE1H 5,
TNIFEBOBRRETEEEL., MEEMABIEL. MEBEIEL—2 LIZEESE3DTH S,

HBA—RA AT LET

HMFZFALTERREEZXETAVAT LA ALLSHERREZET DV AT LEMBAA—RAV AT LENNE
?—D

FFA—R AT LR, FHE—EDOHATERL BN —RE MBA—RAANICERINMNBEERALTH
WY DHDHEHEBE THAIMERT O THRSNE T,
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[~%5IE, ~THBIEVNSIF~THENTRIRTEAH TH#EZ A TLEET,
BIZIX, TRIRNEN? IEHIETH-HDOMBELT. UTDOEIBIL—ILBEZLNET,

L—wNol ___F | THEN | @fEE

LOHMTS or

B =t N
Rule1 E;;%%’ﬁ;f’é o BIOEKH B S 1.0
ZHH S
(BAME LY or BEANLV=LY) and
BADERNH S
(BEEAEL or BDRAFHELY) and
BIRDIERNH S
%%;}:é%?&b‘ﬁb\’cué and R DENEBE -
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LYo

32



E4M0 : E{ROTE

7o UN

EfGNED B/
OpenCVIZ k3 E{E AL
OCR (X FiREH)

M IREEEH

33



E{RLIED B 1Y

E{RLED H /Y

Ef& & MNpeg) XoTpng i E DL TREFSNET,
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ERLBICANONESA4 T DH

ERILIBERITTEESMTSVDHEUTIZRLET .
OpenCV (C/C++, Java, Python)
PIL / pillow (Python)
skimage (Python)

REBZETIE, £I120penCVDEHIZDODWVWTEELET

openCV & &
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openCV (H & : https://ja.wikipedia.org/wiki/OpenCV)

® OpenCV(AF—T—ryg, HEEE: Open Source Computer Vision Library) &EldA T ILABF - NBLE=A—7
DY—ROAVE1—REDaVAITTA4T S, 20095 (" Willow Garage (V4A—-HL—) ICHAFENBEIN
f=1%. 2015F IR7E (Xltseez WAL TF U REFTHEHOTIND, . 201655826 BICA 2T IL HiltseezZ BURT S
CEMFERINT,

avEa—42E D3y (BB https://ja.wikipedia.org/wiki/aAE1—4E 232)

® I FEa1—4#ETar (computer vision) [FOAVE1—2NTOFILGEE ., T IXEEZ VK EBETEDD,
ELSTEFROARDEHFTHD, TEMIZIE. ABRDBRED AT LN TITENTESFIRVZEELTHIL
ZEBRTEINEHETHD,

OpenCVIE TN LILEHERBEL THY. . EDav DHARECHEEDLEEEIZT H-HDY—ILTT,
BRERBAOHMETLIELRE, OV E2—2EDaVICRBELRREHFEEN

EfRCHER TFRAMEEBRANDEEREK
OpenCVTEEALI=T—4%HAHAH/ RET H=HDEH

TyDFEOREHH CEGOEFAER, H5—NEFLOERLERYK

MIREI - CEIEHEE G E DBER L IE AR

AR E D/ 8— SRR
ERTETD=ODAAFHBEORBOBRELEDHATF ) TL—a VB
AVEA—BRIT/NE—UEFESE SO OHMFE B

ERDFRHAACRE, KR, ETAARAGES2—T— XA
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openCVTEM T & 50

EH& T — & DFEHAH

0 [EHEBEEFAALEIRTEINE S ILS EL-=1TFIEBREINET,
® 3XRITEFIDHEIEIBGRDIEFLL->TLVET,

[[[160 157 153]
[158 155 150]
[153 151 143]

# B IABTNERD/INREEELFT,
path_img = 'resources/images/books.jpg’

EERHMALET, A EBIBCTREINET,
3&ILEESI (BGR) ES LI BB/ fTHIICE RSN ET

[133 161 162]
[129 160 163]
[129 163 163]]
img = cv2.imread(path_img)

[[158 157 153]

# ﬁﬂ/@*ﬁéﬁﬁbi?—u & : https://github.com/piratefsh/image- [1 551551 49]
print(img) processing-101/tree/master/images [1 50151 142]
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BOERDIFEELEE

® OpenCVTIXEMEIIBGRI7+— Y THRAAFENSHEATKTE LA TULVET HY, MatplotlibMD 15 E [RGB Tk
HRAFENFT R FEB: BFOHENANELO>TLWAFERRSIEDE, TROKSIZEANEL >TSS
ELTERTEFET,

200 400 0 0 200 400 0
matplotliblC&>TIBGRITHRR matplotliblCEOTIRGBIT&RR

I : https://github.com/piratefsh/image-
processing-101/tree/master/images

& JL—Ry—)LEBLIF. REBLE (B)EXRTHIEZ0. F-HLPLIWLE (A)EXRTHIEE255LL. EV¢
JLDBABEERITT H256EFAD AT —IL T ADDEF YU RILLAE>TULEWERDZETT,

HIE : https://github.com/piratefsh/image-
processing-101/tree/master/images

JU =27 —IAEUTEH
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& EItIDFYURIENDIBIEZBA-EEX. BROREIILEZBNEIRILIZ, BZEN-1BE
. BV EILICEZHBZET,

o EHBREAUEER. DFEYI VT ILFroRIVENRICE#R T HUIET, BRI AL T—a>D—BEELAX
T9,

o JL—RT—LILIEL VT ILFroRILEBO—TETT,

I : https://github.com/piratefsh/image- o b _ . 5
processing-101/tree/master/images V=R —IHEUREHR RMBEAMEE AL B

ERDI 4 ILE Y D TRE : BHIAH

0 ZFET—AOTRAMNT—RIZ/AXBECEZBDIZNLEANDE, NEEEDSLONR S (TBRE) BETIL
ERPHIEEITOCEMNTEET,

® openCVTIZANEZREA—RIL(T1ILA)Dconvolution (BHIAH) ZETETEF T, LLTIZSH A XD I
BIAIVBIEID—RIVERLET,

11111'|
L1111
K=—[11111
11111
11111

/& : http://labs.eecs.tottori-
u.ac.jp/sd/Member/oyamada/OpenCV/html/p
y_tutorials/py_imgproc/py_filtering/py_filteri
ng.html#filtering
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EfED IR ) T0EB . FOFT o744

AT T4)L% (HE  http://labs.eecs.tottori—

u.acjp/sd/Member/oyamada/OpenCV/html/py_tutorials/py_imgproc/py_filtering/py_filtering.html#filtering)

o GFHERLODEHICELTCEAEEZADH I TUON—RIVET(NAERTIELTEET,

® FI—RILDMIBEBEIBELLLFHICIMA . AV T DIRERZE [EsigmaX(HE A M) EsigmaY (it A M) EFEE
FTEILERHYZET . sigmaXLAEESNAETNIL, sigmaY(EsigmaXERLIEEHGEEINET , EHELDER0IC
LIzBm&E. h—RILD YA X BEIMICEHESINE T,

o HILTUI NAZEBHTDREITELTVET,

OCR (Optical character recognition)
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[Wikipediad Y]

FEXFEH (ZOMCBHLIZALE., Optical character recognition) (X, EFDXEDER GEBEAA—VRX v —
THYRAFEND)EXFI—FDIIEHRT DY T+ ITT7 THS, —MRIZOCREEEEEEN D, OCRIF, ATHIREY

DUEDIVOMENEFELTHRE ST AEIEKITENTULVSA, OCRDOFILNMIZDEELIGAICHE > TS, #f

[CENRISN =X EET VA4 XL, KYAV /NN TRIRT HDICHELIND, SHIT, XFIA—RICE#RT SHT

LTHMBIEROCBEEFAERDANICHLEZDEIITHY  THFRAMNAZUTEA[REL D, IRDEFELTIE, /35—

UEHE. ATHEE, OV E 1 —2E DU AR T .

I OCRICHWMFEEZALI-TOS Vb Y—EXRZRATIEENBRELTEFELI
ERIT+—<IMNIBITERARYBEDR EISEHTILE, EEM I+ —IVNTOHRHFIYITHT XL
R M BNHRAERIELTAFOCRTEZES|ILTLNAESTY,

Flax ScannerD4§#

@ wimnsi ) ana—vy hTemamOTRE

Q]

MERE DD ERIZDS L5567 Y—7 41— MEHOBATE,
FNORIER - $ESRELCEMRNT BT LA TS

@ susonaza—=vocanzEEn
g . <

X

LETOT, EAGEE

ENTEET

@ = to7Lsz- 59K R
AVTILIR  TFAR—h 759 FRETSHATRE
HACHERVNEL SBRROEF 2 U T LALERHTHANTEET

& (Al inside #k\=%t) : https://inside.ai/ HE (#R&tt Cogent Labs) : https://www.tegaki.ai/ HE (XSS FTEY) ¢ https://cinnamon.is/flaxscanner
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YA — AR AR SR E MRS KBISNET,

BREDREYDAHERHT HIRVIIHFEMARBELFENET,
— A BRAGREYMEELEO TRHT DFRVE, — PR EBHETEINFET,

43



ERPOMEDOELELZREL. D OMEADLFTEFATHILETT,
HAPRTHRALGTILTYXLAFEAFESNTOET,

R-CNN — OvevFea(a MuInBox — SPP-Net —» MR-CNN — DeepBox —» AttentionNet —

2011 " o 14 eev 15 o 15 wor 15
Fast R-CNN — DeepProposal — Faster R CNN — OHEMa YOLO v1—+ G-CNN — AZNet —
1

st Ay v 16 PR 16 PR 16

Inslde<0utsndeNe1(lON) - HyperNet —» CRAFT —» MultiPathNet(MPN) — SSD —+ GBDNet —
1

o 16 BMvC 16 1. ov e

CPF —MS-CNN — R-FCN-—» P’VANET ~+ DeeplD-Net—~ NoC -+ DSSD—+ TDM — YOLO v2 —
1

v KOV 6 es: 16 irsy e TAMETE  av 1T PR YT w17

Feature Pyramid Net(FPN) — RON — DCN - DeNet —. CoupleNet—+ RetmiNet — DSOD —

o 17 R 17 v 7 1cov 17 wcor 17 cov 1 wcov 17

Mask R-CNN - SMN — YOLOv3 — SIN — STDN — RefineDet —» MLKP — Relatlon Net —
o

tcov 17 wcov 17 e 18 o 18 o e 18 o1

Cascade R-CNN —» RFBNet — CometNet — Pelee —+ MethAnchor— SNIPER — M2Det -+
o 18 v s o s wirs 18 PS8 NiPs” 18 Anar e

HE : https://github.com/hoya012/deep_learning_object_detection HfE : https://pjreddie.com/darknet/yolo/

mosaien DIEE

— AR EEICOVWTEELIWAK. FIZ XU T DRI ETSEIIZEN,
https://arxiv.org/abs/1512.02325

Cornell University

arXiv.org > cs > arXiv:1512.02325

Computer Science > Computer Vision and Pattern Recognition

SSD: Single Shot MultiBox Detector
Wei Liu, Dragomir Anguelov, Dumitru Erhan, Christian Szegedy, Scott Reed, Cheng-Yang Fu, Alexander C. Berg Y| = A 4 > Is = P e
St 3 et 95 10 i *J E REOY A XAEEALA LY

SEET BRI ERYEL.
ourding boxes nto et of Gefal bones over diferntaspect raos and e er feature map locaion. At pedicton time, the network generates = L

scores for the presence of box and 10 the box to better match the object shape. Additionally, :E TILDOEH ﬁ& X &1t L% j’

ihe network combines pedictons fom mulipe fetur maps with different resolutonstonaturally handie ojects o vrious sizes. Our S0 model s XL C)

to methods proposal generation and sumequm pixel or feature
resampling stage and encapsulates in "Ts makes SSD easy to tran and that
require a detection component. Experimental results on the PASCAL VOC, MS COCO, and ILSVRC datasets confirm that Somms comparable accuracy to
methods that utilize an additional object proposal step and is much faster, while providing a nified framework for both training and inference.
Compared to other SSD b , even with iput image size. For 300 x 300 input, SSD achieves 72.1%
MAP on VOC2007 test at 58 FPS on a Nvidia Titan X and for 500 X 500 input, SSD achieves 75.1% mAP, outperforming a comparable state of the art
Faster R-CNN model. Code is available at this https URL .

Extra Feature Layers

VGG-16
hrough
i } U
- B|74.3m
P i =
P H
S 3 % H loc : A(ce, ey, w, h)
‘\‘ E s conf  (¢1,¢3,°++,¢p)

o S22 o Sz o Szt o St (2) Image with GT boxes (b) 8 x 8 feature map (c) 4 x 4 feature map
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AIDLLDT—RERFETHEEC, T—AHBEO/NE—VFF AL TRERTHIEEZ/NI—URREVVET,
BIZIX, XEHDINF—UBRIZIE ULTOESILBEOLAHYET,

> XFH—

> RHIA—H

> BAH

F. ERRBEVDOINDEREFRAL. UTOLIG/ 23— RFBEHYET,
> FEXFEE

> BHOXFIEE

> EEETE
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NZ—2BRE  XFHI—K

BRERE XTI EIEE L F— T —FA—BT oA ESNETAET,

(1)
BREREXMRXFSI:
PS5
BRERERXFI:
P S
BRERER:
True BBEREXFIIN . BRRARXFIE—HLT=.)

NF—VBR%R : AIF—

BREMEXFIDREIZEELF—T—FBFEETEINEINERARNET,

(1)
BREREXMRXFSI:
RKRH &KLY
BRERERXFI:
P S
BRERER:
True FBERXFIIN . RBERRFINDSLEICHFELT,)
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NE—VBR: &F—H

BREMEXFIDOREIZEELF—T—FBFETEINEINERARNET,

(1)
BREREXMRXFSI:
XRMNEN—H
BRERERXFI:
—H
BRERER:
True BEREXFIIN . RREMNEXFIOREICHFELT.)

ERRBRZFEALI-/NE—VIRER

48



ERRBE LT

MAREZTIL, EllpythonFFATHEFRIIRELTEBLTULNEET,

ERRBEF. XFIDOEFYZI DDA TR =HDRINGEEATY,
BIZIE UTFTORIGERRENHYES

ARX A ABIIX ABLELX (o DAL S BieA Bl
- B = =
F il 27| 27 N
\d EBOHF 1,2,3% &
FEDIXF h.t hat,hot,hit head,height
\D FEOHFUSN a,b,abc# &
BERIO/SZ —>Z0EMEZYRE Wi )il 2 i .
+ i \w EROEHF 1,2,333,ab,12ab7%: &
+ BRIO/Z—>% 1AL L YR gre'n  greeeeeeen grn &y ERORBFUS W Il =
Ea
? BERIO/SZ =206 L<E1E )2 )l W
BYRY
BF  ERIONZ—CEHFONIIFE 9B} 999 9,99,9999
YiRL
[XF,X HyaAIROXFOVWTNIALXEFE [abc] abc de
7]

247 : https://www.sejuku.net/blog/23232

NE—UIR%E - FEXFHE

BREMEXFINZ FEDOXFAAF—T—FNEENTVEMLERET,

# BBIRSATFYEL K- ET,

import re

# RS BXEIITY, Bl N~ T ERFLET. gl ST RSt I0BIZl X I EWSERRTZLEHLT
pattern = "SIl BN 4" «— L\ij—o

# RESROXEITT., LIEEED—XFELNSIEKTY,

s RIASEE M IFERTD/8—2%0E L ERYIR T EVSEKRTT .
et o sl e ey AT [*1E2DDERRBEEHRSE B EITEST FED—
if matchedList: XFMNOEILAE#YIRT, EVLVSERIZEYET,

print(matchedList)
else:

print("RFEHERL")
["3LBk N R4t']

TR TR S I ORITEBEDXTANEET S
(FELBNBEEEHT) NI— el T 5o EnTEE

# REXIROXFIITT, 9,
text = "L RT AXBHEH"

# textDHpopatternlc—H T BN FEMMHLET,
matchedList = re.findall(pattern, text)
if matchedList:
print(matchedList)
else:
print("RFREERZL")

[ RTAX B E4E']

49



NZ—UBR B9 XFRE

BELEF—T—FORIZFEDXFIMNA>TND/NNE—2ZRELET,
# RRTBXFIITT,

BUID I~ T D55, S RFABHET N1 2R DBERTLET P - < 2= 2
= BT LA R LSRR OB T CBAT KT AR
BEARDLFEIITT, = /\ 0=y r BT
pRRBOTIITY, Fto. 1A TEFIEN B |1(For (B L) DEHRTT,
ratchecL st - ol pattom, ext) DRI ETRR R ORI S 2T LX LTI 4L
if n;;;:?;ikicsgéduﬁ) TFAVT IDNFEETIEEDHERTHIENTEET,

else:
print("RFEFERIZL")

['YRFALX']

# BREHARDXFITT,
text = "L BT TR A"

# textpHpbpatternlc—H I B X FEBHELET,
matchedList = re.findall(pattern, text)
if matchedList:
print(matchedList)
else:
print("#RRFEREL")

[l YT "]

NE—VRER : BEfEE

BELEF—T—FORICEEEELEXFINAAOTNSNEI—VERELET,

# BEFMRDXFIITT,

text = 'S BIRHMOIW NS 1BETHBELELL, S0\ ERIZTkMTU, "
A < MERUHLES « [[0-9LREHTDE BFDHERRT HIENTEFY,
# L ORATOAROBEELET, A THREDOB=ELET,

pattern = "[0-9]"

#IA/INAIWLET,
re_compiled = re.compile(pattern)

# textDFpSpattern/c—EH I BXFEMELET,
matchedList = re_compiled.findall(text)
if matchedList:

print(matchedList)

['o',"14,"1,'7"1
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ERRBRDOEASHE

BIZIX, BEEBESE/\I—UyF I TR/ THIEEEZTET,
[https://sites.google.com/site/diveintopythonjp/home/7-seiki—hyougen/7-6—kesu—sutadi——denwa—bangou—no—

koubun—kaiseki]
= 800-555-1212
= 800 555 1212

%Eﬁ%%@%ﬂﬁkd)/\"’;“—“/’&ﬁﬁgﬁ'éitfs IE;E%%IE;& + 800.555.1212

- (800) 555-1212

BHHEAEHLETRRIHENTEFY, + 1-800-555-1212

SE(IZHDEY—R(Fweb TITCIZRDIFEIENTEET DT, [ B00-ss5 1212 1234
u*o)%éﬁ'iﬁﬁ LTH’C(TiéL\o - 800;5:?;;3;? :};;.I;iz4#1234

Example 7.10. 528217

>>> phonePattern = re.compile(r'”(\d{3})—(\d{3})-(\d{4})$") (1]}
>>> phonePattern.search('800-555-1212").groups() (2]

('800', '555', '1212')

>>> phonePattern.search('800-555-1212-1234") 3]

>>>
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[kl HDoXFINZMEFT S

ERERDEICLEDA>TXFIDHIR/N\I—V &I T 5LV ELHYET

BIRDHLHITHRELTH TS,

[https://qiita.com/Hironsan/items/326b66711eb4196aa9d4]
FIMERBHEZERELET,

i 3-2.4.1) LINE puro:~ linea$ mecab

BRHFLBDET, URTZOEMTT .

&1t E BRBEE ko k%, BEE A7, A€7

i BB, — R kk k0,22

®h ,BZ,xxE8 - S17,EAK, 23,7 ,+Y
Y BB ok ko, B - YR, EXE XY, VR, VR
o S ARk ok k%0 0 o

URT  BE, B kKKK x

] BYE EARAL ok ok Kk, D, S/

31 B, ko kR, FY YAy, FYyYa—

Ty BEE o« ok xBHK - TR, EXE,TT, TR, TR
o BS AR kK% %0 0 40

EOS

CRF (TSR TRHBERAZEHMELET, 72 In

ARTEBE#E /=¥ H, Windows?

- T | B I = | RoEm REE TRl
o | o [ o [ o T o Jfeeref|[ o [|ersnf| o | o | PSN A% REE=, XTI
— DAT Bf 1H29H. 2016/01/29
E’—‘ TIM B FHZF, 10:30
MNY 28 241M, 8K
PNT & 10%. 38
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BE1 FEXFREICKH/1\Z—VRHE

® HELEF—T—FOMICEEDXFINA>TNG/AI—2DERFREZERL TS,
o /\I—VIZEBLAWNMERIRETERNIELMRL TS,

HE2 . O XFREICK DH/N\Z—VRHE

® BELEF—T—FORICEEDXFINNA>TNG/ -2 DIRFEZRMEL TS,
® NA—VIZEHLLBWGERICRRTERVDIELERL TS,
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EE3: mEEEIC LD/ — V8BS

® IEELEF—T—FOMICHIENASTNG/NI—DERREZERL TS,
o /\I—VIZEBLAWNMERIRETERNIELMRL TS,
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s$6E : ATHeetmieEE T D1

1\ : ATHIEEZEY & KRR
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AIHIEEDEER

ANIHIEEZE S D EEE [https://www.ai—gakkai.orjp/whatsai/Alhistory.html]Z S Z(ZLTLVET,

CHDREBOFTIEH. ATHBEDERESDIZHITTERERLTLET,
1. ANLENEEDTRBAIT (~1956)
2 HEREFAINEE(1957~1969)
3. HREMNSDKRE(1970~1979)
4. ANIHBEDEZE1E (1980~1988)
5. BMEZLTEREKRDEA~(1989~)

AIHIgEDRBAIT (~1956)

1943 W.McCulloch ("9 A—L > = HBY%9) EWPitts (74 )LA—E»Y) H“A Logical Calculus of the Ideas
Immanent in Nervous Activity” Z iR, —a2—FILRybD—HQOERELTYELT-.

1943 A Rosenblueth (A—+>7J1Ja—F), NWiener(*94—7— ), J.Bigelow (E4 ' A—) BEX T“H A/ \RT1Y
RTEVSEEZHVELE.
BANITaOREL, WO BENFIECEIY D MZE REEED AL CREERET—ICHET 5.
IDEZE, EYF. YIBE HEEFEELEHZORMNTY,
TA)HDERBHDRKR THSD/—/\—b714—F—(Norbert Wiener) H3, 1948 F(ZHIHTHRERL
= AN TAORERIE, EYEHBORBIZERDO LY LY O MO— )LD EEALEIZET S
FHUENHDEIZEBL. BANOAIHEIBEFE TEO-2REZHRTFREEAGRLTRYED
FLOMERRE~NDEFVYRHEEL -,
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ALHBED®BAITF (~1956)

1950 A M.TuringHt“Computing Machiery and Intelligence”Z i iR. fIMFEEIZTANT 35 EELTFa—L 5T
ArERLELE.
BN EEBLINEIME AEDKENBILLIZNEINTHIERT S, IEEELI-TANTT, A
DBEEN . HBFARZLBVMKRTIAIE LIV E 2—21EXEEL BFENABZONTOT S
LEDOIEENHETEL BEEN IOV SLEMELIRIZITALINE LI EMES-EZ%
HE I THEIEREL 1S EITLEL,

1950 LAsimov ASARYFIRAIZHRBLELT-. T ABZE DI TIELLELL. E2DEFBLTIZASELITE
RAICRLUEZWERY, AROSSICiEHELTIIASENIE, E2RBICRLEVERYBS D EEFLETIHE
Y RY

OEREAIMEE (1957~1969)

1957 J.Backus (3> 1\whHX) BNBHIDE K

SEFORTRANZEH58.

1965 J.Weizenbaum (3t 24 H /39 L) BELIZA(ASA ) 2. EETOAWAREEICOLTEREN

TERTO5SLT, BAREZERE/AA—Dav Ry I—H9 ETARZEDT-.
ASAHFIEMEZEZTEZILTLSDITTIEAL, KREO/N\I—FFIBALTOEL =, BIZIEADAS
AFIZTBENBNIEEZIL. ISAFXHEESENBLON ? 1ERT KSITH-TULVEL, i
RATREIRE—2 LN DBEREASATIZTHE A4 Y IERIBZTEEEATL,
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OEREAIMEE (1957~1969)

1968 M.Minsky&S.PaperthiPerceptronsZ HARLE B =1 —35 )L Ry b TH B/ \—E OV DR REIER.
B ) C— N0 TIIERAZIE D B R RIREN R TSR,

OR (GmIEA) 0fl
xf ® true
.‘1 . O false

o —@n

0! 1

NAND (&ERIER) Of)

BBt TERV

& : http://hokuts.com/2015/12/04/ml3-mlip/

OEREAIMEE (1957~1969)

1969 J.McCarthy&P.J.Hayes HS A THIRER K DB “TJL — LRIRE %154

[ANIHIREFERHPLY]

TL—LERBIE, §HhE6LESELTNWAZEICEBDH LI ENSEITE
BUHTED, RIZFEFEICHLOEWSHETT.
AIHEEEHOORYNZEAI1E X, ABORDYICERLG/EEE
THORYNTY. BEALTHITONTOWSEHENOEELEMNBERMYHLT
ZHTNIEBYFERA. BRECAISEEMBOAT-EEEHLTENRE
EOTEFELED, FZ=LAILICHRBEIIBEICLATON TN :=DT, ZE<AIK
BEIZEEZAFNRTLENELE.

INIFREAIED, EMM@RERYVE T OICREZBEIELNENSIEE
DM2I=DTITH, FOTEITEHT, BEL—HTEWMYBLTLESEWLS
_ElEnhnighof-=TLT=.

HE (ATAEEFS) : http://hokuts.com/2015/12/04/mI3-mlp/
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BEMMORE (1970~1979)

1973 S/ e/ Eisy. A RREMBLIEHEL-81E. (XU T2REZRZAMROHBELSHEISNS.

A& —F
AR—F o
@
& TFIROBEEZY— MBS TV ETRUEC % 2EE .
BSRVENEDE (L, IR FOHMEZBLIBRMITIEZET, k

AILHBEDEZEIL (1980~1988)

1982 BATEHARTOC /OB, B S CHEBE EEEERTTIa0E1—42LBREEDERLLEEE
B|ELELS-.

[Wikipediadk Y]

1980FKICAY. BADIVEA—FFEX(FMEHIER . TIFREL2KAETHREL . K. BEAIX1983FET
AETEZFEHIEMKELTAVEL— AL EADBMBEEHL TV, BICEOLSHEEZENEGHREIEESR
ZROTW=, T BN OEBMAEREFRE T RICH L TR S UM EGE->TUO K THLH S IBME
ERANABHENREI-DIL19825F) , ZE T RIFFEMPREEDOLN TV BRIC. HhATEICEOERERKIY
Fai—4%R%T570 oMb LT, BRADMBEMEITEHESELE,
COREADRAIBINIZDI1979FETH D, . EFHMRERARA (REDEXRMBEMER) OF—1ES
[T BREBICKDTOT ST IZHROEDEFRE > TV, FISEHEIMEROIZDTOD I EMITOB S EL
TEENT. FRERIVEL 20 BEERERBICLIHREZESRET I IMINHRI L ETDFRL—
TAVT VAT LEBET SH1E0 58D o1,

LDFENSIFEV19925F, TODHMIT B0 BIZEEERLIZIELTET L
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AILHBEDEZEIL (1980~1988)

1980 —a—FILRYbD/\yHTOIF =320 -FILTY X LMELALSNE L5213,

b1

HHu:

o Uk
B

1EE
SEpaf u1=0(w1x+b1)
—f: Mk=U(W}<x+bk)

=(L-t )y uy

RSN

y=0(wlzu|+w§u2+b)

9 _

W_(l Y)Yy Wi

0E JE 0) 0 2
35 = oy ou on = OO-yrywill-ucyuy

HE : https://www.yukisako.xyz/entry/backpropagation

REZLTEREDODB AN (1989~)

1990 JRKozah\ BT OS5 Bk,

[Wikipediadk V]

BT OY S35 1H1990F (2203 - a4 (John Koza) IZE>TIRESN =, thDE LT ILTYX LD EEL
FHEBAREBHICRESNHBILTHEAEDON TV =DIZXL ., BIEHTOT SIS RN SEEMTIL

TJYXLDYERELTIRESATEY . D =DDHEEEKREGIIHERIZT S,
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REZLTEREDOB AN (1989~)

19900F F—ART A= T EiiTDRE.

T—H8TA=2% (Data mining) &I, #EET2E. N2 —UBH. ATHEFOT —2BITOKEEZRE

DT —ZIHEBMIERY S ETHHZIMYH T &KMfT- TOEADBITY,

HEETIL“Data mining” MEED EIEDEEIR ETHT-HZL 5 BF T Hknowledge—discovery in

databases (T—AN—X ML DHEHKR) DEBEXFEEOTKDDELIFIENET,

AESZH~DIHA

o BHASHEUNEICLY. BHEENEHL-IUMN)—C—FORBEZFHET HEHITY,

O =N-I=]

o AFHEIZFOREOER. FTMELEDH—LBEDHRNHYET .

TLAYY—R 20174

—BAR% | <HOUU-ZR | ROUU—Z>

FERA®EE ICH (T ZIBM WatsonD5ERICDWT
2017458298
DEANIZZ S 2=

V7MY oERRtE BEEELDERNIC. FBECTHET 2 c2BMIC. 2017458298 & D#H%E
FAREDOTY N —Y— NSHEICIBM WatsonB AR (T MBM Watson; ) #ERLET,
BEDT—F EFBEEIBM Watsonlc BEEDLIY M) —>— hF—8 Z2FHHAEE S & IBM Watsond
APID—DT#%3NLC (Natural Language Classifier. BREREME) IK&h. TV NY—Y— N ORBHRBH
Eh, BECLICHANMRRENE T, ABEEERCTHEMRRENLERICOVWTE, BEBEE L, £
NBAOEBIOWTIRARELENNAEHERBL. ABORKHMZTNE T, IBM Watsonic & 25Hfiz T
YhU—Y—hREOATHMICERT 2 LT Mi—SniHE#TOL DATFRBEZERLE T,

I : https://www.softbank.jp/corp/group/sbm/news/press/2017/20170529_01/
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XBMEL

® OCR(Optical Character Recognition: SeF X FEBH) ICKY FEEXFHAINZEHBT HFHITT,
o EHEEEOMERLEMNTEZT,

(2%] REFRD ESFREXFH

LUFIDX Suite THYRD %17 > 1 ESRIMID AT T > RBESHI TT

Al insideA%E e APiE = P
Ch & R EF X
20174 [ 2017518 mEF v s EOF v R— VYR~ MY —ERICH B thols  FEoL T BXAL
Sk R e A%

201751 A HE EHBASRERTIAVWOREILZ BN E LT Al (Hitintelligent OCR) 5 =
I e & BFBEFRBORRD £ FIE o F1 7R A EZ R 2

I 2017438 T&@1( /R—yaYEIRXRRAAY T 7LV AFIBC2017) K TEEERIEEZZE m /.Y.g.-_..xle—i-‘ m
I 2017458 HRARLL A /L X214k Al%SER U feintelligence OCRE: AT % BA -SS-Q-'-Q-O-K}-- [}m

- 20,900 K O {EE R D HIREL
-+ 4,2005MD 3R ~HE

& : https://rpa-bank.com/pdf/document-dl/ai_inside.pdf

i mEAR

o JRIESuHAFEREARICAIZHERLI-EHTT, Er
o RESHEIFHLLVEROFTLNAEZ., RIEFZEZHT LS ExELASEATHMERY —E 2 & LEERE.
BRI BORSFARNNZEIENTEDEHTY, lOTEAITTFER

it R = XTECH/BEIAY L2~ 82 ){TECH

noooEne

O HBICRI >0 OAEBENO0 OBLLO OBLLO

R EEMAKRRE A EERIZ201961 8160, T—9 2FMAULLRRY -
AEHFRFET 2 ETARUIERR U, B LA ORKRT — 5 PREY —
ER&E, BE®OT (AYF—%Fy k- AT - YT X) LA (AIHEE) BEDKIM%E
HHADE, FRRRY —EXZEARETHN,

F1¥EUTARIC, HIDIOTYAIK & 2 FIRBRIEAMEERL. MERHEDORED
JREOMG, REREICHELRRAEMUT SRRORBEERD D, ERORRIZYN
BREBHUOEHFIC L TW e, RIBORFOKRERML. HS5HUHHEREBLZ &
NTENFLEBRRERNRICINZ Sh. RERSIHIIAS HIHES D2 CHFOFRD
$H%o

& : https://tech.nikkeibp.co.jp/atcl/nxt/news/18/03854/
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AR {2 ;=D

o THEE—ILHN, BRHESEFRFTL TN S/NE
BER—/)ICHLTEM T —ERZRET pHEe, AICE—ILEMER RESTIAR
BELVSEHITY, 2018/8/21 2058 | AAEEHM TR

® THEE—LERYEINERENBREL TY FRER G W

> BE = = = . FHEE—E, ZA—/—RENE—ILRRBORSEEHERL LT 2o, RERME
—_— N \ —
et “ﬁblrﬁjtl’ 9'5'70743" J@ﬁiéﬁﬁ]ﬁ RHIERETEDZVRATLAETDAD, ATHE (A) NREREASEREZIFAY

A=BYBHDEHFITY . 20174568 DEORE D RHAIE, FHRBEEEHUL, NFERS 1/ UUEOH
= £ A RS TS T 2HE £ 5 B MMA TS, BEHDH S HERE
EFRIF U, INGED EDEGEIEKRICDRIT 2,

227 LFNECOAIKI Z A dr, Bt &3t
RBRUTc. NFENSPOS (RFERREERE
B) F—Ykmz, REPRE. EFREV-
TeEBANY MEBRDRHZEZFAICADT

%0 ANT—H%H EICINFIEDTED EIFPF
RENERL BT ICGREABERE. EOR
HIC EARMRTHENE L VWHAID R EH

ER )
HE : https://www.nikkei.com/article/DGXMZ03440738021082018916M00/

AlZEEZTES M

o NEIHIBLVTAZTERTIHNRELTORLENEZZDN., L LLEFQAXR FBEIOIDESL S
MZKATEET,
Hhit 35+ b

MRiEX 1%

TyhY—
& — b OFF
BHOIX MR Bt DT L

HRIROBAR

BEICHTINZDNT VR

it a X ~E
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$2ME : AIHEEDRERTE

7 I/—Aﬁ:ﬁf‘g& _ﬂg‘“f. 7 I/—AFI:EEE

[Wikipediadk Y]

TL—LRRE(TL—LBATELN, 3E: Frame problem) &, ALHBEIZHITHAEZELEHBD—DO T, HREDIEFERL
BREALMELER YA, WEICEIYSSBBELTISHNT ZIENTERNEEZTTIDTH D, 19694,
2avIYh— =MD AL X EREBER) OHXNIDPR THRARASN-DHARH T, WETIE, #HZLDER
L H b,

HEMHATAIMEN., EAETTIRFILRTNAUN—HT—2BZ 1D LILREEMCEZERSN=ET 5,
HEHRTEIEROEEBINRELTEEENHIN. ZDIFEAL T LTDOMEELEFREL, ATHMEEEEIYS
BHEZEDHENS, [RIRFILEDNYN—H—%ES |IZEET HIELTERDWVLD T THEL, TR UNDE
FICEALTEEEALTREZELETNELGLLEN, 2 TEERETLHEEROBEMANMN>TLEISALTH D, OF
Y. BOL—L)ZE>T. ZORDOFIEITTRET S,

M. —DDEREEN SEORBEEERT ENEINEENLTEENDIAVE 1 —2TIHMAL TEH, IRALATEL
NI SEOETREME AN B RICH 5710, BT HRETEROBERANNO>TLES,

D IL—LBEETHD,

HOMLHIL—LEEHERLTHE AKRICIHCTEYGIL—LEBIRLTHEA TR TEL LSRR
EDITL—LEFBREDKRICERT RNENTHET 5 R CTRICHBELRLET D,
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72 L—LRBEE—#RIET L—LRE

1969 J.McCarthy&P.J.HayesHhS A THIRER K DEERI“TJL — LRIRE %1541

[ATXIREFRHPLY]
TL—LRREE, §M5LEIELTVAILICEFRDH LI ENLIEITE (] comse |
BUHTIED, EEFEICHLOEWSHETT. BOBLETRE

ATHBEREDORYMNREAITIE, AHOKRDYIZERGIERE
THORYNTY. BEAEHTONTOSHENSEELGERMAZMYHLT
CRITNERYFEREA. TEAIBIEIEMRBDA>-EEEHLTEMiMmE

EoTEELIA, FEGILIBRIFARILATOATNEDT, RECAR ——————
BEISBETAEN TLEVELE. gosungLn T

NIFZREAIEDR, EMBRERYHITOHICHEEZREIEINENSTETE
DHOEDTIA, FOEIZELT, BEE—FEICMYHLTLESENS
ZElE BNz TLT=.

(5l
1=

- »

HE (ATAEEFS) : http://hokuts.com/2015/12/04/mI3-mlp/

AEMBBERIZER LTSI L—LOBH

BELEFECEVT, ABIERZICTIL—LBEICHESNEL A,
NFABDNERY A XDTIL—LTHEREES>TLNSINSIZEZZONET , 2FY . BROIFHREZLETILE
(37, ZEDITL—LADEHRDAZMET NITELLY, EVDITETY,

ANEINTIL—LBBEESEREL TV SHZEREITET,

> W oHEMETAHIZ6RF]
LEERBICHBORENHSEE. INIFEBBRTEHRITIHILET,
DEYFEBRMNIL—LTHEHOLATNS=H. B RFEN—DITRELTLVET .

> M NITHRERZED 5%
LEZERINEDIIGKRIZTENONTNDIDMN., AFIELTEEL LSO EREBNHD

SE& . CNDRILET,
IL—LTREREEDLGNE, BETHIREARDVERICEA>TLEND, DEEANEYTIC
INOLET,
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HRXDOEMTRINBRTEE S

[AIENEEFERHPKY]

REAIBIEERBDA-EEERLTEMAE

EOTEELRD, FFELRILITHHIIBEICLAITON T ZDT, ZE<AIE
BEICEZAENTLENELE:.

:0);5@&3%[1» 1&]2[i@@§£§ﬁ(_ﬁrxb¢%1$§zg\ggﬁ) t[lf elSe]o)D:)‘yg—Gﬁgik ﬁtt%:}/ﬁiﬁiﬁf}zd15/12/04/m|3-
TELMADERHHERDONET, e

FT. —BMARERETEMRETN LN OMAEZHIBILET,

RIZ, TEAMTRUNDYMAZRELI-ZE L. TNEBRT H1ELVDIf else
A yIERITLET .

HE (YOLO) :
https://pjreddie.com/darknet/yolo/

BE: JL—LRRE

TL—LBEREICK LT, REDEKMEFE > TRINFRRTEE D, EImL TS,
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SURMI SO T« VTR ER

[Wikipediadk V]

SURIVI SO TAV T RE (O VRIVT T T4 T EATEWN) ElF BBV RTLAADY URILNEDKSIZL
TEHRDEREEUDIToNEIMNEVSHIRE, STBEMFREEEE S, /LT YR (w:Stevan Harnad)IZ&k>THi 4
==,

BIZIXTE IZ—ELRE-CEDNGVREEDANIE TEIEVIES CURIL: XFINESZoNFZIFTIEIE 1A
— KRG DNEEBFETEE A (T IV T1T TEGW),

BEZEEDKSICTERT HDH

DURIL(XFIDITBEREEZ S EN KO HYET,

BIZIE, EEFIATSHAHETT,

IUSNTSU I ERAT,

9OS[4&E] ABIE] TS0 & EBhEE] BX[EE] BhEE.
CORRITIGEDINI—2F WO AETNIE. TNFNDRICAE=XFIDEREHETHENTEET,
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BMZZEDLSITERT H0H

ZADFADOERMEREBLEIMERHE LLSE0FFAL. D UoRILRITOBGREEEETHIELTEET,
TOHIFE. A1ILAD LGRS (Hype) [E[toothed whale (B R) 1T, FHRIEES (Hypo) [&[delphinus delphis (<4 JL

MIGENERSNTVET,

Synset 02068974-n 1

Jpn: K Kz« > A0Hh 2
Eng: dolphin

Jpn: (BUELOLIDRRER 2« WNRER 7 DS &I, 2RI VALY EREL;
Eng: any of various small toothed whales with a beaklike snout; larger than
porpoises;

Hype: toothed whale

Hypo: delphinus delphis white whale grampus griseus bottlenose dolphin
pilot whale sea wolf river dolphin porpoise 4

Hmem: delphinidae

SUMO: c AquaticMammal 5

HE (BHREBEMFHEME) ¢ http://compling.hss.ntu.edu.sg/wnja/

RADEM TRINBRTEESH

XEPBEHETUURILOEKRMITE2T 54,
DNDEEGE)ZETRET HLITTEEE A,

ENLANIZEVA OB EHEICGVES (RSVT . #il

— DOBREEL T, MEERZHBEMICRERL, EOPTIAVE1—RTKIRZEBSEDENVIEZZALHS

£I3TY,

HiI2 EBY . BRYULGEETEICHERETENL, EICESTITHEYMPIKRERT TELLIITAEM BN E

A,

HE (SL371)
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BB YURLIT SOV T 4 VU

BT IFRFETE<ORYMIELET,
BESAM2ADNBREEIZA>TEEL =,

gAr{ﬁ'i:_t_o E’/\*E:FJBJEEL\O ]
EBICrH. 7ART, |

EF2ANIEEXLELE,
COEXEEBTH1-0I2, EQXSEHER, HIHTOEANBEITEDTLEIN?

Fa—YI0TFRAMEIF

[Wikipediadk¥]

Fa—2HTRN(E: Turing test) [&, 752 Fa—NU T DRELI-. HAHEWMT ABRINESHEHIET S
HDTANTHD, DR THINDESIM IEN ANTHEETHEINESI IENDTRARTHEINESH L,
TRIBIHDNINADEEE I DERER. HAWNE. ABDHHTHSH . ABDEEAIZHEETH M., ELVof=FEE
IZIREFT B,

Fa—IoTTAMEITEMANITEVRDFVDATEINEINEHIAITEHILITHY .. TNAEENE I Z BT
THLD, LlFShTWFEEA,
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HMEEFIRMNZEZZSEONDRBREL T, [FHEZEOHEILVOIRRVHYFET

[Wikipedial&kt)

HEHPBEDORIZ, TILT7AYLNEBTELGOWAZEACZOH TECBIZFEBRAN) . ZO/NMBEICIT S EBEAE
ENDPOYEYETHHDINEVARNVEDENTEY . CONRTRALTEEAICIMDEENILZELANLNS,
ZIITIEEA R LBV FENMA TS, CNILEFOHVLZDOELS EEADFEICLTANIE., ThiE
T AQOVXOIEVNSEEEDREFICLARZLEL, HOLEHEFIDEEDIHIHLT, FHf-LBEEETEEETMR
THHEENFHTIRT IETHD, ESLVSREDINIZ, ESVSRBLEMTFMANEOLDL., ZHIEEEDF
IZHHMDOI=—aT7ILDFIZETEHINTLS, FIZ X THAOVKOIEEINARAICIEITMQOV 1EES
MATHSHZHE REELENINTILNS,

WIEEDEEREIZVO-THRYRT AN LEEBDRIISNMENEZITIRY (RIEBEDONTIEIDMEEN
B EFATNDG) . ENITHFHEHREESEFTMA THRT (STELSDAIL"BE EFIENTIND), T5E.
HBEDOHZWSABIEIZO/NBEDDICIEFEZEEZEELTODIANNSIEEZ D, LOLENS /INMBED S
[SIEFEBEADNDLETTHD, RIEECEFHIHEDT . FEXEDOEKREECEBLLEVEE. 29227 ILEBYD
EREHFRYBRLTWSEITTHS. TNTEHREDHNENSREHE, hEEEICKSHENRKILLTNS,

HEE ML

RAIMTELLHMEEAHTEDDMN?
I, L ELTHEEFZCA ? JELSERICEDLS. ERIZHLLBENTT,

HESAIZELT, SItEEIFRITLEI M ?
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$3E : JL—ILR—ADAIHHE

IL—ILR—ZX D AT HIRE

IW—ILR—=REFX TEDISIIRRBSMERITT O IZHEICEERT 5HETT,
BHLAGOXEETT 5, ATHWVELYZETT 5,
HLAROXEEITT S, BHELYEEITT 5, ACEBTEHLHLCHLZEETT 5,
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IW—ILEEDESICEET M

W= AR—=RRTLDTITY)VALEEET LH-OIZIE. CRATLIRARET DD FOMBIABEIZGYET,

BIZIETHRYNTL— D REEE 1ZEZET .
BENHH—EMERE) ZBA0R(YFEU>TRE LFEMA . RAICEAEZ TR0 R/YFEAN, B
EE—EICROMAEERET IV ENHDHELFT .

BRI TL—FOMEITREFT 2OLHMNER A RV TL—FTREZEEDD ., [TEREFTDIELHHTLLD,
HLMLEG, REICEHDSERLE R T HLEAHANBANFTE A,

CORIITINN—IVERET B-OICIE HRELGDIDPFOHHNDEIZBYES,

BE CHEHOIL—FZEIL—IR—XTHIEHT S

EQBEMIL—FHHOTOTSLERFHLTNBLLET.,
EHOEREE

OB E

ERAM

-

EWETOER

TL—RPHAH FEEHIT D
REBRBNGA—SEERT DLERBIEEDNET.

NBEDNFGA—R(LRUNTRELERDNDIDLED)E. EQOLIGIEBTHET S EMNFELTLEIMN,
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HMEBA—R &I

[Wikipediadk Y]
HEEAR—X (knowledge base) [FFL YOI RO AURDI=O DKL T —FIR—IATHY . KBEBEESNDZE1H 5,
TNIFEBOBRRETEEEL., MEEMABIEL. MEBEIEL—2 LIZEESE3DTH S,

HBA—RA AT LET

HMFZFALTERREEZXETAVAT LA ALLSHERREZET DV AT LEMBAA—RAV AT LENNE
?—D

FFA—R AT LR, FHE—EDOHATERL BN —RE MBA—RAANICERINMNBEERALTH
WY DHDHEHEBE THAIMERT O THRSNE T,

HBA—ZL AT L

MFA—R R
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MBORR

[~%5IE, ~THBIEVNSIF~THENTRIRTEAH TH#EZ A TLEET,
BIZIX, TRIRNEN? IEHIETH-HDOMBELT. UTDOEIBIL—ILBEZLNET,

L—ANo| ___F | THEN | @fEE

LOHMTS or

B =t N
Rule1 E%‘;;gﬁ;f’é o BBOERS H D 1.0
ZHH S
(BAME LY or BEANLV=LY) and
BABDEERNH S
(BEEAED or BOFAFHNELY) and
BIRDIERNH S
;ﬁ%;}:é%?&b‘ﬁb\ﬂ.\é and R DENEBE -

Rule2 BAMRMTHSD 1.0

Rule3 B THS 0.8

Rule4

IXRAN—FIRTLEIE

IXRN—,RT LI, HIER—AV AT LO—FETT,
RIREFEE D T X R/A—FDAEERAVWTHRETL. SECERLTMEZ I X RA/NN—rRIFLRNIILTHRRTES
TS LD EETIFRIN— P RTFLEVNET,
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IHR/IN—FORTLOF

BIZIE, RN EDEHET DVRTLEHEHELFET
TENEDRTIDR—DIZEH LI —ILDHIEETL B R GDOAETHLES .
IL—ILDHIEDIERE . BIEEDORYKRWVEEEHRT OUNHEILES

AL E
DEH

Rule1 D #I5E

or
e Can)

IFXRAN— b IRTLEBBEEOKTF

FEHRTIF AN RATLELTRESN-ERHEDOH LT ERMSIRMN AT LZ, #BFEZEALTS
BEAETEGLM ? JEVSHRERIT=IENHYFET .

BITVRATLEREL, FLETHERANTOPC (MERIE) ZXELIMER. [TXFR/N— AT LT
BOWLWEIRY JISELELZEICRYEL,

SR ISR DB OBEICHVRFZE G560, ARV —ILR—RIZRISZRBLHYFT . =, Hi5
DIFRAN—bDANEBELTELABA—RL, ARG T —2DH T CITHBFE CEHATESEWNSHE
DHDTEHYFEATL =,

2L, HAEDT—EHENSAEFBAERIMTHEVNSHELRIRVIZEWT, #EE DR EILERIMICAR
X TULELT=,

BROLEZH, MHBA—R(ABOHMREBRDERE) TT—427IIL—ELILER. TFNENOT—E2EIZNTS
FEBRHMZDVWTIIEMBEEEERT S, ELSINATYRRIDFRHIEBE=FELT-,
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BE  IFXRN—FORTLEBWFEE

IFXF AN RATLERBZENEAHEDOESoEHEREL TS,
EDEIGMBICT X AN—F AT LEERAL, EQLITRBITHBRFEEERALTOSOMNBEERL TS
LY,

HA4M - BRI
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openCV (H & : https://ja.wikipedia.org/wiki/OpenCV)

® OpenCV(AF—T—ryg, HEEE: Open Source Computer Vision Library) &EldA T ILABF - NBLE=A—7
DY—ROAVE1—REDaVAITTA4T S, 20095 (" Willow Garage (V4A—-HL—) ICHAFENBEIN
f=1%. 2015F IR7E (Xltseez WAL TF U REFTHEHOTIND, . 201655826 BICA 2T IL HiltseezZ BURT S
CEMFERINT,

avEa—42E D3y (BB https://ja.wikipedia.org/wiki/aAE1—4E 232)

® I FEa1—4#ETar (computer vision) [FOAVE1—2NTOFILGEE ., T IXEEZ VK EBETEDD,
ELSTEFROARDEHFTHD, TEMIZIE. ABRDBRED AT LN TITENTESFIRVZEELTHIL
ZEBRTEINEHETHD,

OpenCVIE TN LILEHERBEL THY. . EDav DHARECHEEDLEEEIZT H-HDY—ILTT,
BRERBAOHMETLIELRE, OV E2—2EDaVICRBELRREHFEEN

EfRCHER TFRAMEEBRANDEEREK
OpenCVTEEALI=T—4%HAHAH/ RET H=HDEH

TyDFEOREHH CEGOEFAER, H5—NEFLOERLERYK

MIREI - CEIEHEE G E DBER L IE AR

AR E D/ 8— SRR
ERTETD=ODAAFHBEORBOBRELEDHATF ) TL—a VB
AVEA—BRIT/NE—UEFESE SO OHMFE B

ERDFRHAACRE, KR, ETAARAGES2—T— XA
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EfRT— % DBRARAH

0 [EHREFRMALEIRTERIINE I EILDELEST-1THIZEBREIhET,
® 3XRITEFIDHEIEIBGRDIEBLLE->TLVET,

# B IABTNERD/INREEELFT,
path_img = 'resources/images/books.jpg’

[[[160 157 153]
[158 155 150]
[153 151 143]

ERERMALEY, i ACERECTRENET,

3R FLEF (BGR) HEL VBB I=fTHICEBENET

[133161 162]
[129 160 163]
[129 163 163]]
img = cv2.imread(path_img)

[[158 157 153]
# ﬁﬂ/@*ﬂéﬁa[/g?—u & : https://github.com/piratefsh/image- [1 551551 49]
print(img) processing-101/tree/master/images [1 50151 142]

BOERDIFEELER

® OpenCVTIXEEIIBGRI+— Y THRAAFENDHEATKTE LA > TULVET HY, MatplotlibMD 15 E [RGB Tk
HRAFENFT R FEB: BFOHENANELO>TLWAFERRIEDE, TROKSIZEANEL >TSS
ELFERTEFET,

200 400 600 200 400 600

matplotliblC&>TIBGRIT&RR matplotliblCEOTIRGBI TR

& : https://github.com/piratefsh/image-
processing-101/tree/master/images
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& JL—Ry—)LEBLIF. REBLE (B)EXRTHIEZ0. F-HLPLIWLE () EXRTHIEE255LL. EV¢
ILDBASEEZRITT H256EFAD R — LT IDDBFYoRILLNESTUOENEERODZETT,

& : https://github.com/piratefsh/image-
processing-101/tree/master/images

JU =27 —IEUTEH

RafiE A0

& EItIDFroRIENDIBIEZBA-EEX. BRBOREIILEZBNEIRILIZ, BZEN-1BE
. BV EILICEZHBZET,

o [EHBEEAEER. DFEYI VT IILFroRIVENRICE#R T HUET, BRI AL T— 3D —BEELAE
T9,

o JL—RHT—LILIEL VT ILFroRILEBO—TETT,

T
® TR I;@&! “«.
0=
34

i
e
a
0

_®
=
4

o

80!

1000
& : https://github.com/piratefsh/image-

processing-101/tree/master/images IR LB BB ERABL L B
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EEDI IR V0B : BHAH

0 ZFET—AOTRAMNT—RIZ/AXBECEZBDIZNEANDE, NEEEDELONR S (TERE) BETIL
ERPHIEEITOCEMNTEFET,

® openCVTIZANEZREA—RIL(T1ILA)Dconvolution (BHIAH) ZETETEF T, LLTFIZSH A XD I
BIAIVBIEID—RIVERLET,

11111'|
L1111
K=—[11111
011111
11111

/& : http://labs.eecs.tottori-
u.ac.jp/sd/Member/oyamada/OpenCV/html/p
y_tutorials/py_imgproc/py_filtering/py_filteri
ng.html#filtering

EfED IR ) T0EB . FHOFT o744

HHOLT7T4)L% (HE http://labs.eecs.tottori—

u.acjp/sd/Member/oyamada/OpenCV/html/py_tutorials/py_imgproc/py_filtering/py_filtering.html#filtering)

o TEEREDEBMICELTERELEZADAIITUOI—RINEI(INZIERTHELTEET,

® N—FRIILDMIFBLBIEEELEFEICMA ., H I T 2 DIRERZE EsigmaX(HE A R EsigmaY(HEH A E IR E
TEIDLENHYET , sigmaXUMEESNAITNIE. sigmaY[dEsigmaXERILIZEALEINFT  EHLLDEEH0IC
LEzBE . h—FRILDHA XS BBMICFHESINE T,

o HILTUI NAZEBHTDREITELTVET,
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[WikipediadY]

HEXFEH (ZOMCBLIZALE., Optical character recognition) (X, EFDXEDER GEEA AR LT —
THYRAFEND)EXFI—FDIEHRT DY I ITT7 THS, —MIZOCREEEEEEN D, OCRIF. A THIREY

DUEDIVOMENEFELTHRE > ARIEKITENTULVSA, OCRDOFILNMIZDEELIGAICHE > TS, #f

[CENRISN =X EETOFARXL., KYAV /UM TRIRT HDICHELIND, IBIT, XFIA—RIZE#RT SHT
ETHBBIEROCBEEFARDANICHEZRDEIIITHY  THFRMNAZUTEA[REL D, IRDEFELTIE, /35—

UEHE. AIHEE, OV E 1 —2E DU IE T B,

I OCRICHWMFEEZALI-TOS Vb Y—EXRZRATIEENBRELTEFELI
ERIT+—<IMNIBITERARYBEDR EISEHTILE, EEM I+ —IVNTOHRHFIYITHT XL
R M BNHRAERIELTAFOCRTEZES|ILTLNAESTY,

Flax ScannerD4§#

@ wimnsi 1 ana—vy hTemamOTRE

Q]

MRREDEFHERIZDS 567 Y—7 41— MEHOBATE,
FNORRER - $ESRELCEBRNT BT LA TS

@ susonaza—=vocanzzEn
g . <

X

LETOT, EAGEE
ENTEET

@ = 7Lz 59K AR
AVTILIR - TFAR—h 759 FRETSHATRE
HACHERVNEL SBRROEF 2 U T LALERHTHANTEET

& (Al inside #k\=%t) : https://inside.ai/ HE (#R&tt Cogent Labs) : https://www.tegaki.ai/ HE (XSS FTEY) ¢ https://cinnamon.is/flaxscanner
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ok & [

q:%{$ unuu&(i ﬂx*@ﬁ‘ nlh\u&&#?fm¢%1$ nlh\u&' k%lj éhgs-g—

BEOXMEYMDAERHT DIRVIEHEMARRBELEEENET,
_73_ ﬁqmﬁ%#@%i&&bfmun&?égxbli _H2%{$nth\n§k&u¥lin3€To

ERFOMEDOELELZEEL. A OMADLFTZFATHILETT,
HARTHRALGT LT YXLHFEAFESNTOET,

R-CNN — OverFea(a MultiBox —» SPP-Net —» MR-CNN — DeepBox —» AttentionNet —

201 ar R 14 fcov 14 feov 15 rcar 15 or s

Fast R-CNN — DeepProposaI - Faster R CNN — OHEMa VOLO v1 — G-CNN — AZNet —
o s w16 P 16

Insde-OutsideNet(ON) —+ HyperNet -+ CRAFT MultiPathNet(MPN) -+ SSD —  GBDNet -+
e 16

wiwiwi

CPF ——MS CNN—o R FCN—' PVANET —~+ DeepID -Net NOC —+ DSSD—+ TDM — VOLO v2 -
a0 17

ecov 16 NPSW 16 a1

Feature Pyramld Net(FPN) — RON — DCN -+ DeNet —. CoupIeNe!—- RetmaNeQ . DSOD -

v evw wor 17

Mask R-CNN — SMN — YOLO v3 — SIN — STDN — RefineDet —. MLKP — Relation-Net —
o 17 wecw owRIE RS w1 e 1 v 18

wov 7

Cascade R-CNN —» RFBNet — CornetNet — Pelee — MethAnchor— SNIPER — M2Det -
18 v s o s nirs 18 PS8 Anar e

iPs” 18

HiE : https://github.com/hoya012/deep_learning_object_detection HJE : https://pjreddie.com/darknet/yolo/

82



e DR

— AR EEICOVWTEELIWAK. FIZ XU T DRI ETSEIIZEN,
https://arxiv.org/abs/1512.02325

‘ornell University

arXiv.org > cs > arXiv:1512.02325

Computer Science > Computer Vision and Pattern Recognition
SSD: Single Shot MultiBox Detector
Wei Liu, Dragomir Anguelov, Dumitru Erhan, Christian Szegedy, Scott Reed, Cheng-Yang Fu, Alexander C. Berg | = A

#'JiEnEiﬁa)"j"f REEAGN LY

(submitted on 8 Dec 2015 (v1), last revised 29 Dec 2016 (this version, vS)

We present a methr for dtecting objects i mages usin asingle deep nural network. Our approach, named S5, discretizs he output space of DEET B X JEBYRL
bounding boxes into a set of default boxes over different aspect ranos and scales Der feature map location. At prediction time, the network generates.
scors for the presence of box and prod 1o the bos to better match the object shape. Additonal, :E TILDEHZHBIELET,

the network (ambmzi predicons fron rmkiple faairs maps with mnmm resolutions to naturally handle objects of various sizes. Our SSD model is
proposal generation and subsequent pixel or feature
kes SSD easy to train and to at

resampling stage - encapsulates inasi s
require a detection component. Experimental results on the PASCAL VOC, MS COCO, and ILSVRC datasets confirm that SSD has comparable accuracy to
s that utlize an additional object proposal s and is much Iis(u, while providing a unified framework for both training and inference.
Compared to other SSD has much with a ige size. For 300 X 300 input, SSD achieves 72.1%
AP on VOC2007test a1 58 £ om il Titan X and or 500 30 I, 550 chives 75.1% AP, Stperorming 3 comparable state o he s

Faster R-CNN model. Code is available at this htps URL .

Extra Feature Layers

VGG-16
hrough Conys, 3 layer
g |5
. \ 2 :
E
s B [—— 2
. H Floc: Alca, R
@—» s conf ; (€162, ¢p)

. S22 Come: 5528852 o 1:;:"“ et o (a) Image with GT boxes (b) 8 x 8 feature map (c) 4 x 4 feature map
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fAIDLLDT—RERETBEEC, T—AHBEO/NNE—2FF AL TRERTHIEEZ/NI—URREVVET,
BIZIE, XEHDNF—UBRIZIE ULTOESILBEOLAHYET,

> XFH—

> RHIA—H

> BAH

Fr. ERRBEVDOIDEREFRAL. UTOLIG/E—RRELHYET,
> FEXFEE

> BWOXFIRE

>  EEETE

NZ—2BRE  XFHI—K

BREMEXFIERELI-F—T—FDN—HTENEINERANFET,

(1)
BREREXMRXFSI:
PS5l
BRERERXFI:
P S
BRERER:
True BEREXFIIN . RRIARXFIE—HLT=.)
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NF—VBRR : A —

BREMEXFIDREIZEELF—T—FBFETEINEINERARNET,

(1)
BREREXMRXFSI:
RKRH &KLY
BRERERXFI:
P S
BRERER:
True BEREXFIIN . RBERRXFIDSTEICHFELT. )

NE—R%E - A —H

BREMEXFIDOREIZEELF—T—FBFEETEINEINERARNET,

(1)
BREREXMRXFSI:
XRMNEN—H
BRERERXFI:
—H
BRERER:
True BEREXFIIN . RREMNERXFIOREICHFEL )
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ERRBE LT

MAREZTIL, EllpythonFFATHEFRIIRELTEBLTULNEET,

ERRBEF. XFIDOEFYZI DDA TR =HDRINGEEATY,
BIZIE UTFTORIGERRENHYES

ARX #H ARIIX ABLELX (o2 DAL S BieA Bl
- B = =
F il 27| 27 N
\d EBOHF 1,2,3% &
FEDIXF h.t hat,hot,hit head,height
\D FEOHFUSN a,b,abc# &
BERIO/SZ —>Z0EMEZYR it )il 2 i .
+ i \w EBOEHF 1,2,333,ab,12ab7%: &
+ BRIO/Z—>% 1AL E#EYIE gre'n  greeeeeeen grn &y ERORBFUS W Il =
Ea
? BERIO/SZ—> %06 L<I31E )2 )l W
BYRY
BF  ERIONZ—CEHFONIIFE 9B} 999 9,99,9999
YiRL
[XF,X HyaAIROXFOVWTNIALXE [abc] abc de
7]

247 : https://www.sejuku.net/blog/23232

NE—UIR%E - FEXFHE

BREMEXFINZ FEDOXFAAF—T—FNEENTVEMLERET,

# BBRSATFYEA K- ET,

import re

# RS BXEIITY, Bl N~ T ERFLET. gl ST RSt I0BIZl X I EWSERRTZLEHLT
pattern = "SIl kX E4E" «— L\ij—o

# RESROXEITT. LIEEED—XFELNSIEKTY,

e RIASEE M IFERTD/8—2%0E L ERYIR T EVSEKRTT .
e o sl e ey AT [*1E2DDERRBEEHRSE B EITEST FED—
if matchedList: XFMNOEILAE#YIRT, EVLVSERIZEYET,

print(matchedList)
else:

print("RFEAERL")
["SLBk N R4t']

TR TR S I ORITEBEDXTANEET S
(FELBNBEEEHT) NI— el T 5o EnTEE

# REXIROXFIITT, 9,
text = "I RT AXBHEH"

# textDHpopatternlc—H T BXFEMMHLET,
matchedList = re.findall(pattern, text)
if matchedList:
print(matchedList)
else:
print("RFREERZL")

['#ISRTAX B E4']
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NZ—UBR B9 XFRE

BELEF—T—FORIZFEDXFIMNA>TND/NNE—2ZRELET,
# BRI BXFIITT,

BD I~ T D55, S RFABHET N1 2R DBERTLET P - < 2= 2
= BT LA R LSRR OB T CRAT KT AR
BEHAROLFEIITT, = /\ 0=y r BT
sRRBOLIITY, Fto. 1A TEFIEN B |1(For (B L) DEHRTT,
matchecL st - el pattom, ext) DRI ETRR R ORI S 2T LX LTI 4L
if n;;;:?;ikicsgéduﬁ) TFAVT IDNFEETIEEDHERTHIENTEET,

else:
print("RFEFERZL")

['YRFALX']

# BREHARDXFITT,
text = "L BT TR R

# textpHpbpatternlc—H I B X FEBHELET,
matchedList = re.findall(pattern, text)
if matchedList:
print(matchedList)
else:
print("#RRHEREL")

[l YT "]

NE—VRER : BEfEE

BELEF—T—FORICEEEELEXFINAAOTNSNEI—VERELET,

# BEFMRDXFIITT,

text = 'S BIRHOIW NS 1 BETHELELL, S0V ERIZTkMTUL, "
< MERUHLES « [[0-9LREHTDE BFDHERRT HIENTEFY,
# L ORATOAMOBEELET, A THREDOB=ELET,

pattern = "[0-9]"

#IA/IAIWLET,
re_compiled = re.compile(pattern)

# textDFpSpattern/c—EH I BXFEMELET,
matchedList = re_compiled.findall(text)
if matchedList:

print(matchedList)

['e',"14,"1,'7"1
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ERRBEOHAETHE

BIZIE, BEBBEZ/NI—VIVFUITRISTHELEEZZET,
[https://sites.google.com/site/diveintopythonjp/home/7-seiki-hyougen/7-6—kesu—sutadi——denwa—bangou—no—

koubun—kaiseki]
= 800-555-1212
= 800 555 1212

BHEESDERHD/N\I—FHRTHET, ERERRE - 800.555.1212
EYHAHE DY TRRT BIENTEET, ¢ (oo ssaizae
SZI12735Y—XIEwebTECITRDIFHTENTEEFT DT, [ B00-ss5az1z 1234

BEERDHDHIERELTH TS, . 800-555-1212 ext. 1234
+ work 1-(800) 555.1212 #1234

Example 7.10. 528D}

>>> phonePattern = re.compile(r'”(\d{3})—(\d{3})-(\d{4})$") (1]
>>> phonePattern.search('800-555-1212").groups() (2]

('800', '555', '1212')

>>> phonePattern.search('800-555-1212-1234') @

>>>

[ERk] Do XFHNEWME[IT S

BREDICEAICLIEA>TXFIDHIR/ NI —VE BT HELSFEZLHYET,

BIRDHLHITHRELTH TS,
[https://qiita.com/Hironsan/items/326b66711eb4196aa9d4]
FIMERBHEERLES,

[ 3-2.4.1) LINE puro:~ linea$ mecab
BRHEFLBDET, URZOEBMTT .
BHEE BF VEEHR x o xx,BHE, A€7, 427
e WEBIE, — MRk k k0, =, 2
=h EI**E& 7?7ﬁﬁi}ﬁf.;6 FU,FY
E3E IETETETE 2 SV .5 - S 2 VZ vz
E.l}ﬁ,*,*,**
UxR7 — &k Kk Kk
EARAL ok k k%, D, S,/
& — 8 kR ok ok, BB, Y YAy Ry Ya—
Ty ***1%5& TR, §2MB Ty, TR, TR
o .ﬁlﬁ ETETE TE T
EOS
[ |

CRF (TSRS TRHBERAZEHMELET, 72,

ARTEHE#E  /—~ILEH, Windows?

- ORG ##i BRS. NHK
5 [ %0 T N var T 2 [ &= [ <+ B
o | o [ o [ o T o Jfeeref|[ o [|ersnf| o | o | PSN A% REE=, XTI
— DAT Bft 1H29H. 2016/01/29
:’—‘ TIM B FHRZR. 10:30
MNY &4 241M, 8K
PNT & 10%. 38

88



BE1 FEXFREICKH/1\Z—VRHE

® HELEF—T—FOMICEEDXFINA>TNG/AI—2DERFREZERL TS,
o /\I—VIZEBLAWNMERIRETERNIELMRL TS,

HE2 . O XFREICK DH/N\Z—VRHE

® BELEF—T—FORICEEDXFINNA>TNG/ -2 DIRFEZRMEL TS,
® NA—VIZEHLLBWGERICRRTERVDIELERL TS,

89



EE3: mEEEIC LD/ — V8BS

® IEELEF—T—FOMICHIENASTNG/NI—DERREZERL TS,
o /\I—VIZEBLAWNMERIRETERNIELMRL TS,

90



gE7M : ¥—LEWH

o5

\4

-

® LR
® F—LIEFHRODH

91



F— LR &

[Wikipediadk V]

T—LIEBH(T—LYAA., I game theory) &ElE. HEPCBARICE ITAEREERIBEHIERREDBETT
BOHEKREFHKAEZHENLGETLERAVTHR I SEBTHDS, MEEDIV T+ - /AT EREFFREL
AA— BT aTIVODOHREEI T —LOEREFFITHI944F) TR TH AL, TRIEERIKEZFZE
(FHEIRBED)AOMHZENELTEENERTH12H, 1980FER DT —LIBHRIC L DB FZDEFRM
HEHIZBR T BRTEREZOFOMEEIFESLSITEoT,

F—LEHRDORRILHSPDEBEHIIRT (F: strategic situations) THD, [ERIEAIRR IE B DOFIENE S
DITEIDM ., tEDITEHCHIRFTHKAZELKL . BFFTHEIK R DD THLRELHEFHIHOM S THIHERRS
FEAETRTIEINICZY T D, SOHICZOHKRAKR IR FEL T TR ER. BUASE. EF. HE¥. AE
ZODERE AW IF, AVE1—ARELEDIEFSFLZRAFICERLNDI . S —LEBRIEIIhSIZE
SRS TS,

92



HADT LT

2ADRNAAEBARIHSNFELz. BEVVEEIZANLN, ERBRENTELGNELET,
ZACEZONEREETBEAYTAITEELEN D ZDTY,
ZORR. BERIFAEBENENICLUTOLIGEHERILEL -,

-AEBARA BBELEWVGD, MABRIF LSS,
-RAEFABBELEGEE. BALEAKBELGL, Lo A IFBIESFE LS,
"WABEBLEEE MAELRBIRIELLD,

2ADAEAANAEBIEE D XSG ITEIZIATLEOIMN?

HAELZW

3 A : 5
BE+s
3 B:
A3 T wE
. T
HELE: P——" B @A

NL—rHFiHEEIE, 2ARELTRIFIBENKRESZRBETIREDZETT,
RNADTDLURIZEWTIX, EELBEAEITEBRIEST DIHE5E8TY,

AAENZESTIE TCNUEITRBERLOEB o0, EMEDADNTRFREROIDENHHREILLEAF
ERS

DFY. MAALLLIFBEADRRNOEZDE, BRIFLIYFREFIREL. RSN EHZETY,
CNARYIIDIZIFK,. BAEITEAL #FEFEBALGNIENARET, BELGN S BF I BESFELLGHTLE
WEY,

HAELZW

HETS
APN:

BALARN

93



Tyl atEed BALNREEZEATRENGHNZL-ERHLIHERISELEE. BELLADEITNEIH,
SEKFBDLEVREDNDZLTY,

HAADTPLUIDEETIH. FRIZESTHREDHERIIBSDBEMNOEITLRLHILETHY . REDHEREIESD
AR MSEITEEHIETT .

ERORBEIL (NL—bRB) ZEZDESEVICERIFITEDIEARRITT N, 2AFHEITANLGNTIND
O ELE>TENZRET B, ELVODIFEHTLES,

BRI NBRSEICEDIRVEADRBNAENGITE (HAALBELICBEBT 5) EMA R REMAHYET

HAELZW

3 A : 5
BET5
3 B:
A8 I meiE
. T
HELE: P——" B @A

REHEREE DT AV—DNEDESLERMELIZELTEH, BADESRETEANRFE-THIREDILTY,
HBFOERICELLT B DTIHARBEILEIND0, BIREZZDVENERYET,

RAADTLUIDGE BFENEBLEIALEVA, BAIFBEBZLTEITERLREGIRITHLHBIRSEE
BTonET NADOTLUTIEE BB LLICKEHBBZRINTEORENEFTFNET,

BEWCXEEBATESREE XEBIYE OV XERBRHEEIEEVCBELDEREEZDDENG
12Bt=%. Tyt LRILERERFLET

HAELZW

HETS
APN:

BALARN

94



#HEepwo Lo~

BAICE-TRLAENEN AR ER AMNGHEZLSSCESOREENFONS FBFEFBEBLEL DI,
BAETEBT4E. B ERBSNABFEBRIFLLD) .

LOLEEAZDHMZEL-IEE . A TRBICHANGHIEELISS JYBWMERISES2ALLBEAT HE.
EEWIBIRIEIZLED) .

CDIIIRREHESHOL U TEVNET,

HAELZW

: 34 A 5 E
HET5
3 B:
AB s
[ -
RELZE —— B: 14

T—LERDSE

F—LBERIZEBAT—LEEB T —LBHYET,

BAT—LTIE. SMENGALESICETEY SO BEEESFLET,

BADERREZERETDLVL. SNMEBERDFRLLGIBRREZLIEZADN M TRELGHBZEFOoNDE
L\ —RATY,

BIZIFESRRIZE T H/N— b F—REEDH AN FITFONFET , B TEEFWEL BRI BEOEHZ.
N—bF—REFATHEICE O TERTAIILERREETVES,

FEHBAT—LEF. SMENHEEEZLEIRRERELET,
AETATAELETGICEITARFEYBFLENEITONET,

SRR Bh s —a [ HiH Y —
R R | g | B

95



T—LERDTE

T—LBERIIBOT —LEFRBNT—LAHBYET,

BAT—LTIE. SMENGALESICELETEIYZLDMBEEEFLET,

BADERREZRETDLVL. SNMEBERDFRLLGIBRREZLILZADN hMA>TRELGHBEFOoNDE

L‘5’7'_Z—C‘”'§—o
BIZIFESRRIZE T EHN— b FT—RELEDB AN ZEFONFET . EHTHIERNLEISI-EFEEOEHZ.
IN—hF—BEEBNTHEITE - TERIHIIBERRELZITVET,

FEHBAT —LEF. BMENFEEEZLEIRRERELET,
AETATAELETGICE T ARFTYBFLENEITONET,

T—LERDTE

RN — LICITIRER BREER) 7 — LERBEM T —LEEI2DDERMNHYET

RS — L, TLA VY —DERFIZITEERATRRS — LT, KRGS —LIELLATALRETT,
BEWVCHFOTHZREOTHMAENTET ., FBIZEEET,

BRI S —AlE. TUA A IEE CABER S REY — LT, SREOBRATEaHET,
REMG S — LT R OFREE TS,

96



7 — LEFH DB

T—LEHDOH : FFEEhHE

BAEFLEDEZLTLSELFET,
ZDHITEEL ZAELRTY—RIAVEENTLELELT,
TIA. FEEHOEORREISERRTHLEELE. ELSFEREFEA T ELETS,

BRIZZZHDABARYANTOET L, T LERHYFTT . ERFRALNIL. FHICHFLELEBHRZEYT
IWEALTESENTEDDTYT M, £5LITEEEA,

BALHEFLHEETEMNENRAGL, ELVSTEIZRY D RFER A

CORTFICZAELIKEYIE, FALETNBNTEI R AZRLES AN RCERASHERIIFINTY . LALZ
AELFDLEWNEVSIRIRIERE L=, ZALELTNEBRNEIEFE>TLEWET,

COBE. AAEITNBNTOSREA/L— bR, ZAELFVTOSIREN T a9ETT,

97



T—LERDOH - wmENE

EHT AP ARG E D BAR XTI TITHhNIET
HAEHMBLEGCTREARETE TN, B O RBMECTHEMFHEEES<RBYET
Rz, AABN—ERGETNIE, BOLDEICERSGTNEFHENTAYVET,

HAERENSLNTERD>TWND D55 ? EILERICES1=Y BR FE ML TOVEWNSYZEL T, B TR
BT B E BIFEIENELTLENET,

T—LERDH - RTILOERFEHRTE

HAIMBTAKT IL—TOIAVH—HRRESNET,
A MNSERIFT DT HEESALEL AV Y —rRGEAOEREHRE. FHNNENILERAATY,

BHESOBEICITBELTWAA—F—1=6lk . TBEVIEARESE FTIFHELELSITLES IEHELE-LOD . 13
SIZAABL TOEWRTILAMEEZ T FNE, £TIEZDRTIVICEELTRNET . BEICFTEL TS A —F—
=6, AV —rDOEMNEIKITENT, BADRTILOEZEARIZE>THEABYFEE A,

AZEBREL TV Y — b F b ORTIILEAHESGEERAREL., BEREARTIREZRARIELES. ELVSEZALH
Y, LRZ1—IRTUAVREE DA TOET,

SANILKRTILOEREE. THENI—F VOB @Y —rR)ITEIKIZTONTEFH T ZH T, BHDHRTIL
DEAPREELEDISIHRETLIOMN. FREICABVSEFTT,

98



BE  S—LBHROEH

BSADERICHET —LERDBHIZZEIFTIZEL,

99



gem : o 7ERmT D

FoTUNR

® JSTUHEMR
® JITBEER IZIVIRE
® JITBRR FNAIVIRE

100



F50BEE T

75735 ( Graph theory) &l&, /—F (EiR-TAER) DEELTVY (1% 0) DEATHEESNST STICHT HH
FOEMTY

101



T3 7BRORRFE

TI7DRBIZIE, ITRGELATHEFESHiZLHYET
TOHITIE, /—FDEEEDES H6 X6DITHTRELTLEY,

©O -~ 0 0 O -
©O -~ 0 o =~ o
- O a o O o
- 0 0o o o o

T3 7BRORRFE

TI7ETINTRBELIIBE . /—FOANIZET D& BTN DIERERF T HEITRYFET,
TR, SOOIV E1—2D) ) —RAAHEELTLENET,
DEAY (TVD) NFEELLEVN/—FIIERL, DBAYLNEFET S/ —FOHADBEHRTERRITSFELHYET,

¥From / ToLEEBSNTLET A, TuDIc
XA RDENERT S TEFIZL TINS5,
[From:1, To:2]&[From:2, To:1]I&RCEkk
ITRYES,

102



RETSIERFRAT S

ITYDICRENEWNWIT ST (TERFERT STENNET,
IYDICAENH BT Z7(TERDEART T7EWLNNET,

BA O, ERES

/—RETVDEUBETITROTKARBES 1 7ILEVWVET,
INADDEAD>TVSMN =RV EERER AT ELWET

O

\ EHERS || EHERS |

103



ERETHAIDGENT ZTEREVNVET,
RKOEEHBHIHILDEHREVWNET,

KiF,. HB/—FERELT. ZIMDTITNFILFEDEEZRHENHYET .

1R

O O O O
l x J

£

55 7% : MiniMax (=< wv¥H R) %

104



TI78FREF

HOREPHRZE/—FTREL REOER LA OBEBZI YO TREL, BHNETHIREFEFTOIR N K
INT BREBERT CLZE TITRREVVET,

[ |
[EEECO O
H
F6 1l5] F4
TTT TTT |
TTT 1T T
st it EEE ceen|
[EEECEON oo T T jeele
T \Q \Q\ T T
T T 1T
o oo
T T H i
s
CrtigistiH  CissiH  sieli  FHist
Fih1E+30 FHmIE-40 SFHTE-40 FidfE-8o
XS (BIERK) : hitps://tajimarobotics.com/graph-theory-algorithm/ XS (5 —LK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html

SZIYVIRE

AEAZEFELTI=TVIREEFELET,

ZEAD LI, BRICE>TRHERLAFLGFEEFAHTE (max) . RICHFABRITEOTRILTHLGFELTS
(min) . ENONREIHRYRSNGT —LDITEFEZZADRITT —LREVSLDEFALET,

T
T -
wor T <
158 ]
T

T

T

T o
e
COmm|
i

LT

m

T
CEmm|
feio ' T
oo =~
LT

EB/NW
TTTT TIT TTT 1T
T \‘\\ 1T |

T e

Hiear e Pesert e
[ | 1T T 1o
SR e SR B 1

[ ssenzorsonsmnne |

KBS (7 —LK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html

105



SV IRE

SFREFTEEATHFY,
SFEFTOETDT—REBRELTRATIVI LR BN TOREICHEIZENRRIEEHOMYFELT=, AT

TUZI=EYFITHTLEOIMN?

BoHHTD

BFATD

SZIYVIRE

—&BTHILEIZEAS>TLEFET,
FT.3FEOBSDETIH. RATHRLRELGDT—RERUVFET,

BaH4TD

HFHAITD

BaAHTD
(RKEEER)

106



IV IRE

RIZ2FEHOBFOETIE, RATHELELGET—ZANE TN EBELET,
1FEDBETDETIH, RAT7HHELELEET—RAEEVFET,

M, BANFONIDRROREF, ROATFS5THLIENDLMYELT,

BHHHTO
(RKMEERR)

BFEANTO
(B/MBERIR)

BaAHTD
(RKEERR)

55 J18% : NegaMax (RATYHR) i&

107



RARYYI Rk

FEOZEFIELTRATVIREEZFELET,

STIVIREEDEWVL, BFIEIELDFBEFR/NITEHIIIHTODOTIELL HFEEDODFBEEXHRKIZTD
FITFTDENSETATT,

F6 DG F4
! HH A
e HEe e

:
in; T

1T
Eﬁz
ol
1T
oo
“#:
1T
ek
o
le!
I

EG 3 C4 F7
HHH = HH H Q @ e @
EE H 3:: :::: ::’:
BB SABIEAD R SEE g
\ Sp o~ g% PN
XS (4 —LAK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html [ E 5] t*ﬁ FnEs bh\;ﬁ*” h 7 ]

RARYYI Rk

—&BTODIFEAILEZET,
BAICRBBUIRER, EMBI5, 7, 6, 4]IDIREEICEDZETT,
MFEIZELTIK, —1Z28HMT[-5, -7, -6, -4]EHYFET,

HFEX. HFORITHARKRIZEDEIIZITET HEMRELET DT, [-5, -41%&EIRLET,
B ZEoTIE-1Z#MTT=[5, 41 YFET,

BaH4TD

IRHIZ5EEIRTHD T, BRIZELTIE
REROIREIZRAOT75ERYET,

108



BE1: IS OBRORERLE

ETIZRTERELTLASS5T7% . From-ToDE X TRIRL TS,

==L BAITSTELET

109

NN ) ) )

NN N N ) N

¥From / ToLEEBSNTLET A, TuDIc
XA RDENERT S TEFIZL TINS5,
[From:1, To:2]&[From:2, To:1]I&RCEkk
ITRYES,



EE2: S=IYYIRE

FEADIFREEZEZFT,
STRVIREEEL>T, BN FONSTHAIRRDAATERD T ZSY,

BoHHTD

BFATD

e EEEE CEEEAE]

EBE2: RAYYIRiEK

AEOOIFREERET
ATV REEEST, BRHBENETHEIMEDRIATERH T,

BoHHTD

BFEATD

e EEEE CEEEAE]

110



$9m : S OEMTND2

FoTUNR

® FENEE
@ JIUBFR:aB (FILIT7-R—4)i%k

111



AIEIDEE : 75 78R

F50BEE T

75735 ( Graph theory) &l&, /—F (EiR-TAER) DEELTVY (1% 0) DEATHEESNST STICHT HH
FOEMTY

112



T3 7BRORRFE

TI7DRBIZIE, ITRGELATHEFESHiZLHYET
TOHITIE, /—FDEEEDES H6 X6DITHTRELTLEY,

©O -~ 0 0 O -
©O -~ 0 o =~ o
- O a o O o
- 0 0o o o o

T3 7BRORRFE

TI7ETINTRBELIIBE . /—FOANIZET D& BTN DIERERF T HEITRYFET,
TR, SOOIV E1—2D) ) —RAAHEELTLENET,
DEAY (TVD) NFEELLEVN/—FIIERL, DBAYLNEFET S/ —FOHADBEHRTERRITSFELHYET,

¥From / ToLEEBSNTLET A, TuDIc
XA RDENERT S TEFIZL TINS5,
[From:1, To:2]&[From:2, To:1]I&RCEkk
ITRYES,

113



RETSIERFRAT S

ITYDICRENEWNWIT ST (TERFERT STENNET,
IYDICAENH BT Z7(TERDEART T7EWLNNET,

BA O, ERES

/—RETVDEUBETITROTKARBES 1 7ILEVWVET,
INADDEAD>TVSMN =RV EERER AT ELWET

O

\ EHERS || EHERS |

114



ERETHAIDGENT ZTEREVNVET,
RKOEEHBHIHILDEHREVWNET,

KiF,. HB/—FERELT. ZIMDTITNFILFEDEEZRHENHYET .

1R

O © O O
l x J

£

EOEE : 5 7% : MiniMax (S=T w5 R) &k

115



TI78FREF

HOREPHRZE/—FTREL REOER LA OBEBZI YO TREL, BHNETHIREFEFTOIR N K
INT BREBERT CLZE TITRREVVET,

[ |
[EEECO O
H
F6 1l5] F4
TTT TTT |
TTT 1T T
st it EEE ceen|
[EEECEON oo T T jeele
T \Q \Q\ T T
T T 1T
o oo
T T H i
s
CrtigistiH  CissiH  sieli  FHist
Fih1E+30 FHmIE-40 SFHTE-40 FidfE-8o
XS (BIERK) : hitps://tajimarobotics.com/graph-theory-algorithm/ XS (5 —LK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html

SZIYVIRE

AEAZEFELTI=TVIREEFELET,

ZEAD LI, BRICE>TRHERLAFLGFEEFAHTE (max) . RICHFABRITEOTRILTHLGFELTS
(min) . ENONREIHRYRSNGT —LDITEFEZZADRITT —LREVSLDEFALET,

T
T -
wor T <
158 ]
T

T

T

T o
e
COmm|
i

LT

m

T
CEmm|
feio ' T
oo =~
LT

EB/NW
TTTT TIT TTT 1T
T \‘\\ 1T |

T e

Hiear e Pesert e
[ | 1T T 1o
SR e SR B 1

[ ssenzorsonsmnne |

KBS (7 —LK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html

116



SV IRE

SFREFTEEATHFY,
SFEFTOETDT—REBRELTRATIVI LR BN TOREICHEIZENRRIEEHOMYFELT=, AT

TUZI=EYFITHTLEOIMN?

BoH 4D

BFAITD

SZIYVIRE

—&BTHILEIZEAS>TLEFET,
FT.3FEOBSDETIH. RATHRLRELGDT—RERUVFET,

BaH4TD

HFHAITD

BaAHTD
(RKMEERR)

117



IV IRE

RIZ2FEHOBFOETIE, RATHELELGET—ZANE TN EBELET,
1FEDBETDETIH, RAT7HHELELEET—RAEEVFET,

M, BANFONIDRROREF, ROATFS5THLIENDLMYELT,

BHHHTO
(RKMEERR)

BFEANTO
(B/MBERIR)

BaAHTD
(RKEEER)

BIEIDEE : 45 71#8% : NegaMax (RATYHR) &

118



RARYYI Rk

FEOZEFIELTRATVIREEZFELET,

STIVIREEDEWVL, BFIEIELDFBEFR/NITEHIIIHTODOTIELL HFEEDODFBEEXHRKIZTD
FITFTDENSETATT,

F6 DG F4
! HH A
e HEe e

:
in; T

1T
Eﬁz
ol
1T
oo
“#:
1T
ek
o
le!
I

EG 3 C4 F7
HHH = HH H Q @ e @
EE H 3:: :::: ::’:
BB SABIEAD R SEE g
\ Sp o~ g% PN
XS (4 —LAK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html [ E 5] t*ﬁ FnEs bh\;ﬁ*” h 7 ]

RARYYI Rk

—&BTODIFEAILEZET,
BAICRBBUIRER, EMBI5, 7, 6, 4]IDIREEICEDZETT,
MFEIZELTIK, —1Z28HMT[-5, -7, -6, -4]EHYFET,

HFEX. HFORITHARKRIZEDEIIZITET HEMRELET DT, [-5, -41%&EIRLET,
B ZEoTIE-1Z#MTT=[5, 41 YFET,

BaH4TD

IRHIZ5EEIRTHD T, BRIZELTIE
REROIREIZRAOT75ERYET,

119



T578%F :af (FILIT7-R—41) &

FILIF7-R—3&K

FINT7-R—REIE IV IREERRBLIZTILTIRXLTY,

ETCOFERRTDEMRERMERET -0, BR/—FHZHIRTHLIICTRLETILTYXLTY,

| .:: | .: [
- B S
£ /NW
e e e
e B P
i

58 5 CAm 5
e e EH 2
TIES0 IR0 SFEE0 e o ‘
\ S~ g8
KBS (7 —LK) : http://www.es-cube.net/es-cube/reversi/sample/html/2_3.html [ E 6] &*E%(Dt -5 bh\;ﬁ*” 75\ ? ]

120



FILIF7-R—3&K

&/ —RT. BT ERNSIERTHELET

FI1-1]1 > [2-1] > [3-1]HERLFET,
B-1ICBLTWAHETRLAESLEEFSTY,

BHHHTO
(RKMEERR)

BFEANTO
(B/MBERIR)

BaAHTD
(RKEERR)

FILIF7-R—3&K

KRIZ[1-1] -> [2-1] > [3-2] 4 ERLFET,
B-2lICEBLTWAHFEENSRTLEET,

STOYIRETIE, [3-2]I2BULV T3, 7, 5HDRmADMFEELEN,
11BN TIXB-1]1EB-21TINES N FEEVET,

B4 AT
[B-2l[cBWTINR DM o= R T, [3-1]D5 XY KEL, (BKREFER)
[2-11TIZB- 1105 BIREN B EMRELET . -
FoTEBE-2IBWNTEDIERIZLEE AY HEMITD

(F/MEZERER)

BaAHTD
(RKEERR)

121



TFILID7-R—A%

KRIZ[1-1] -> [2-2] -> [3-3]E4EELFET,
[B-3lI2BVWTRAEDIMNEIRSINET,

[2-2]1%. [3-3]&[3-4] D /NESLMEARIRSNET,
[B-3lI2B N TaLgoT=E LS &L, [2-2]IF4U T THAHELSIETT,

BHHHTO
(RKMEERR)

[-1]I2ENTIE[2-1]&[2-2] D KELMEAEIRSNBD T,

[2-1]D5HFEIRENF T,
HEHITD

£oT. B4 TFORRIF LIRS HTEATEET, (R EERR

BaAHTD
(RKEEER)

122



EE1: S=IYvI Rk

FEADIFREEZEZFT,
STRVIREEEL>T, BN FONSTHAIRRDAATERD T ZSY,

BHHHTO
(RKMEERR)

BFEANTO
(B/MBERIR)

BaAHTD
(RKEERR)

-
CJE)EEEE) CMEEE]

BE2: TILID7-R—4i%
FEOD3FEREEZET.

TIWIT7-R—ZFEEFE>T, BADFONSTHAIRRDAATERH TS,

BHHHTO
(RKMEERR)

}

BFEANTO
(B/MBEZRIR)

BaAHTD
(RKEERR)

-
e )EEEE] COEEAE]

123



g10m : 5 7BB/ED3

7o UN

AIEETHES
FSEBERER
TR EiFER
AxIRER
BRETELE

124



AIEIDEE : 75 78R

F50BEE T

75735 ( Graph theory) &l&, /—F (EiR-TAER) DEELTVY (1% 0) DEATHEESNST STICHT HH
FOEMTY

125



T3 7BRORRFE

TI7DRBIZIE, ITRGELATHEFESHiZLHYET
TOHITIE, /—FDEEEDES H6 X6DITHTRELTLEY,
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[Wikipediadk Y]

BIRIETE A (ESTEFLVAIES . H: Dynamic Programming, DP) (&, St EREZ DA EFICHE T, 7ILTYX LA

DHRFEDIDTHD. HRELHBBEERDOH S BRBICHEIL., HHEIEDETERERZLHFLENSHEITIK
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A& X (crossover)
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F— LB (T —LYAA, E: game theory) &Eld. HEPBARRICE TAEHEARINEHIERRTE DRBEIBELTT
BOHAEKREFHRKAEZHENLGETLERAVTHRIT SFEBTHDS, MFEEDIL T+ - /AT EREFREL
AN—FBINTooaTIVDHREE T —LOEREFZFTEI944F) ITK>THEL -, TEITERIKEFE
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BoH 4D

BFAITD

@ H AT
CJDEEE) CEEEEE)

8omE : 5 7EBZTD2
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FILIF7-R—3&K

FILT7-ANR—REIE Z=ZIVIREERRBLIZTILTIYRXLTY,

ETCODFERRTDEMKRLERMERT -0, BR/—FHZHIBT HLIICTRLETILTYXLTY,

T
immam
wor T <
SCmmm
T

T

T

I =
e
e |
T

LT

m

T

CEmm|
feio ' T
oo =
LT

EG/NW
HH H H HH

EH et H OE: Ffesed FH 'EE
:7 : } } } B T H i IT \.77
iR {E-10 SHBIE-20 s ’

| escmzorsonanne |

XS (7 —LAK) : hitp://www.es-cube.net/es-cube/reversi/sample/html/2_3.html

FILIF7-R—3&K

&/ —RT. BT ERNSIERTHELET

111> [2-1] > [3-1]HERLFET,
B-1ICEBLTWAHETRLASLHEFEEFSTY,

BHHHTO
(RKMEERR)

}

BFEANTO
(B/MBEZRIR)

BaAHTD
(RKEEER)
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FILIF7-R—3&K

RIZ[1-1] -> [2-1] > [3-2]HEELFET,
B-2lICEBLTWAHFEENSRTHEET,

STOYHRETIE, [3-2]I2BULV T3, 7, 5SHDRADMFEELEL,
[2-1]I2B W TIX[3-1]1&[3-2l TINEWLWFEEUVET,

Bah4TD
[B2I2BWVTIMR DM o= m T, [3-1]1D5KkY K=<, (BKIEZEER)
[2-1]TIZ[B-1]1D5AEIRESN D ZEMNRELET,
FoTB-2BNTEDIERIFLEE AW HEIITD
(B/MEEBIR)
Bah$TD

(RKIEEER)

FILIF7-R—3&K

KRIZ[1-1] -> [2-2] > [3-3]E4EELFET,
B-3lI2BVWTRAEDIMNEIREINET,

[2-2]1%. [3-3]&[3-4]1D /MNELMEARIRSNET,
[B-3lI2B N TaLgoT=E NS &IE. [2-2]IF4U T THAHELSZETT,

BHHHTO
(RKMEERR)

[-1]I2ENTIE[2-1]&[2-2] D KELMEAEIRSNBD T,
[2-1]D5HFIRENFE T,

}

HFHAITD

FoT. B4 TDERIT BT o ENTEET, (B/MEZEHR)

BaAHTD
(RKEERR)
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EE1: S=IYvI Rk

FEADIFREEZEZFT,
STRVIREEEL>T, BN FONSTHAIRRDAATERD T ZSY,

BHHHTO
(RKMEERR)

BFEANTO
(B/MBERIR)

BaAHTD
(RKEEER)

-
CJE)EEEE) CMEEE]

BE2: TILID7-R—4i%
FEOD3FEREEZET.

TIWIT7-R—ZFEEFE>T, BADFONSTHAIRRDAATERH TS,

BHHHTO
(RKMEERR)

}

BFEANTO
(B/MBEZRIR)

BaAHTD
(RKEEER)

-
e )EEEE] EEOEEAE]
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g10m : S5 I7BEBB/ETD3

RSBERR

REBERRLE KT HITIRECAETESTCRAL, FELFYIAISIDFRICRYBO T SRR
THEVSFHATT,

ERMNSERTBHETRE, [1-11-0[2-11-D8-1]->[4-1]EEAHFET,
[4-1]TITELEFYICHRDZDTEB-11IZREY. [4-2]1[4-3]%4EFRLFET,

KIZ[2-11EFTRY. [2-1]->[3-2]->[4-41EBE R LET .

CORIGRFEDHEAZ. BHD/—FREONDHET
BYRLET
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RSBEREROFHRE

REBERRDHEEREZEATHET,
[4-61Z R DT HFE T IED/—FERFTIBENHAHTLEIN,

ERNSIRFT HELI-GE . [4-61[F10EBE D/ —FELTRONYET,

IERTHRR

REERRLE HERIGEVWENERRTHEVNIFETY,
ERMNERFTHETDHE -IISBHEEL TV [2-1]->[2-2] L EAFET
RIZ, [2-1]I2BEELTLS [B-118-2128]RFELFET .

RIZ, [2-2]I<BEEL TS [3-3IB3-412 R FELFT .

CDFIGHFERMNOEAMMICERFLTIKIEZERYEBELET
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ERERROHAE

REERROHEELZEZEATHES .
[4-61Z R DT HFE T IED/—FERFTIBENHAHTLEIN,

ERNSIRFET HELIGE . [4-61F13MER D/ —FELTROMNYET,

A* (T—RE2—) B&E

[Wikipediadk¥]
Ax ZILTYZXLIF TFS5TETRE—ILT—ILETDEEZRDITH1EWSTSTERBBIZENT, Ea—UJR
TAVIEE h(n) EWSIERDEZELLSEHERWVTEREZTSITILTIALTH S,

BIZIE, ERALIMEETHIRITICIKZSEEEZFT,
EDIL—FEUNIERNTLEOIM?
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A* (T—RE2—) &B&K

AXERTIE, ARMEB (WM EZZFET S
HURERBETHFELLZVODAL, OXMNERIE R EERMEZRITEAKELYET,
IEB C<KBREBELEZV AL, REBMEZRIEHKELGVET,

f(m) =g +hn)

BIZIFRFREZHELINEZBHETELEFT . BERFIKEIZNSELET,
gMIERI—F(ER) Mo En(KE)ETHIARMNERLET,
hm)IEHmn (KE) AT —IL(ILE) ETOHEIAANTT,

KERMOREECERICEBILIZO T, AR Mg () I(FEERELHFHL
OO TWET, TTH . KENSIIEETIEELZBEILTULVELD T,
h()IEHLETHEIRNGYFET,

A* (T—RE2—) B&E

AHRFRT, EOFSITRBEERTODOMNRTHFELES AAMNEARII R EEREZ RS EARELET,
f) =g®) + h(n)
Fl= HEEIARM () FFEMHTOBERENGTHELI—DYVREEREx2 + y2EFEZDHELET,

RA—FDRREICWDHET=H . R/ KE/OKIELIBELI83DD/INI—EEZTHET .
g DHEZBETNIE. RENSEEICBEILIz/NFI—2 A DXMIFR/N (22km) (THEYFET,
T, RSB THEHMMASESN>TLEVRM)ERREBYfF()ERKELEDT=5H.
FEFEERIZITKSICIEIERLEE A,

336km
ZDE3CaRMg) EHEIRMMM) DT A EEZDHET,
BB —IERRTHIENTEET,
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BIRYETER & (T

[Wikipediadk Y]

BIRIETEE (ESTEFLAIES. H: Dynamic Programming, DP) (&, St ERBZ DA EFICHE T, 7ILTYX LA

DHRFEDIDTHD. HRELHBBEEROH S BRBICHEIL., HHEIEDETEREREZILHZLENSHEITIK

FEEFBRILTISES,

HALKT LTV X LDAEBRINTLDDITTIEGL, FR2&HEmIzT7ILT)VXLORIFTH D,

o IRMAGEZROFIA: KY/NSEREEG DORECHERRETRMMGEZREF AL TEY XKELBEFZHED
[ZERY 5,

o FIEHBRORHK NSLRERG. STEERMISEEL. RLHEEZMELTISLEE TS, RMLEZRTD
SHREDEIITIEDIC FHEBREBY. XFOZOHMALELZRELICLTEESINS,

UTD2EEDRBEFENH D,

- EBEEBEFRAVSNTF A (FE: top-down with memoization) — D EIREAEICHE T, STERERZTLEH
(AEE)LTHEHRT %, BIREHAT 558X AELEIR (3E: memoized recursion) ELIEIEN D,

o RhLTYT A (ZE: bottom—up method) — FolZE A RAEZEL TN A

BETEEDOE - 7 14 R+ v FEHF

nEEDT«RFTyFH(0,1,1,2,3,5 8 13,)%F, TRT &L FIIBERBICUTOHICESEINET,

Fy = 0,
F, =1,
Fo,2=F,+F,  ,(nZ0

FEHETHOICIE FLF,DEEHETILENHYET,
FLTCF, & ET5=0ICIFF,LF, 1 ETRELAHYETS,
INETSIITTBE Fy F  F,REIXMATELZIGETHIEN
HhYET,

ZDESIT nAKREGDIZLEA W, AIELRELCEHES
TELENHYET,
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1)

[—EHBELEEEZATIGEICRELTRE. ALHEZTOBENHIGERITATIITKMLIEEZSRI DL
WDSESICTEE FHEEZHIBT A2 ENTEET,

FILEHET peEI
SELET,

900,00,

BMHECEOER AL : RELT v TARX

BRLENMIELRET IO M TF IO TENSTICANSTHETHIENRETY,
BIZTFMSEICHEINIETARTHELHELLGSTED . EVIFEERMAT YT AR EVLVET,

F3 1
/7
~-"\
%Bﬁj\FﬂﬁEE‘]Ef:#(TE'I'g " N\ "’ \\
1 F1 1
L/ij—o \_’\ }~_”I\- ‘\\_g’l
LaN /’ N ,/’ N
Fo ) [ F1 ¥l Foj
\N_f,l “N_f’l \N_f,l
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EBE1: RSEBEERER

RSBERRTDHHE. 4-8lIFAMEED/—FELTSRINHTLLID,
=L, ERID S RITERRSNDELET,

HEE2  [EREERER

IBEERRTSEE. 4-8IXAEED/—FELTSREINSTLEID,
f=f2L. ERID S ERITIRRSNDHELFET,
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EBE3: A (I —RE—) &R

BETRIAEROHIELTH—FEZRIELT =,
ZDHICAHERABEL TS EEZ LN DRI EE T TS,

F-  HEFEIARM(MZFE T HDICHREHEHELEZ TS,

F£110E : BB T7TILT) XL
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BEE7ZLIYXLEIE

[WikipediadY]

BIEMT7ILTOYXL(WTATETZILIOY X L, FEEE  genetic algorithm, BEFR: GA) &l 1975FIZSOHUKEFED
23> +H-71:k5 K (John Henry Holland) [Z& > TR ESN-IE LR EIER T DAAIEA—URT4vIT7ILT) X LT
HdH. ALEmEk. BARODEZRTIVEL—3—DHIHEERT S,

BEHAT7 NIV X LT -2 (BOEMH CEGFCRELEMEAIZEHARL. ECEOSWMEAEZE LRI
BERL TR -RREELGEDRFEERYBLGHNCEERRT D,

MEL—URTAHVAEERBU TR IO TEREBI T AT, BHOMBIHELIAEDIETT, A4
Ea—YRTAHREE, FHICRBROFETT S, BRI OMBEET TR LRI A TE S RAMERT
WIAYXLDIETT,

BEH7ILITY XLONRED O—

EEMTIILTYZXLEERL TV S EELGRETOERELT, UTFOIDOHNHYFET .
o EiR (selection)

e 3T X (crossover)

o ZEAREE (mutation) EAE F D A Rk
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BEHN7ZLIYXLOLEDO— : BIR

BIROEREGHEICEZTMLET
BHERXENEZTZOEENMEN TSN ERLEZLDT,
EAREVEFEEBNTNDEHGLET,

MK DER

B EETICEFRERERRLES,

BIROFEELT UTDORIBAENHBYETS

o BB PIEES
BEESS LISERT BRI BISEICE TERENS
HERMNABSNET,

«  IU—MRTEFEES

RLECEDESVWEFREZTDFTERHRIERT H5ETT,
o h—FAURERRR

U LITEROBREED. RULEICEDOENLDER
ELTELET, v
— RRZEE

BEH7ILIYXLOLEBAO— : X

EIRSN-EAETHEEY . RBAOHBARIZTVES,

MEAEE D LR

1B R o *f

II

1
R LY DR E
T s@amzEy
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BEH7ILIT)XLONEIO— : RRER

RERICRALE (HIEETREBAD—MDEZTEASRE)EMAFTT .

XX TRHEGOBRIEET 5EIBF LN ERSNEL A, ‘
RAEREHHIET, RREHTIRERTERNFEERLT PSR E DR
BHREOSHRIEEHELET.

BEH7LIYXLOFHE

RERIEE AT THY CREMEEBN-EENE RSN TR HALARENEERMICLERT HNEN
HHESLMBENBEELET .

LAL. IvE1—48YY—R O EEREEZ 5E. 2FRIE
EOLBRTIEHYEL A AR O LR

NFETEBELTCERREZHATHOMNDEIIC EBEMTIILIVXLIE
COEILREBIZRLTEITY .
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KEt—ILA T URE

HBEE—ILAIUN, LD DM EEFHEIL T, RE— M EIZE>TLBELET,
B B DEBIE DN O TNDELTEE AR BN ELEDI ISR AZRSIEBEZRDS. £V
BREM K El— )L AT RRETY .

R2 1A 558200118 & TORIERIBDZEE (elite_rate = 0.1, mutation_rate =0.03) B3 1000015 BHDRITHRE (elite_rate =0.1, mutation_rate =0.03)

S8 http://blog.serverworks.co.jp/tech/2016/06/27/genetic_algorithm_traveling_salesman_ec2/

KEEL—ILRAI UBEBEOHEIR +

WEL—)LARREE, R BAIBRSEHEEZAVE 1 —RICEITESEELTL2RRLTRBEIEEAREICL
BIEFER DT R IEVSHFEFREM TGV ET,

IEED/N\2—2 8%, CoTIEFIERLER A THETE MR BAND S R E AR T DIRZFTN - 1)1/2 &Y

IZEYET,
AR5 -> SR BIEBE D /NZ— 812
e E:10 -> SRS BIEE D/ 2— 89185
%k 15 -> ST BIEE D/ N 2—2 8 $940018

WEE—ILAT RN S SRREERRT HICIE, [—MEARTH T ECEBBEHINELGDHIREEZRD
(FBIEVDIHEERLEPE/[FEA COIIGEECEIBEHMTIILTVXLNISATEET,
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EB1 EGHTILTY XL GBR)

BRI 7ILTVXLIZE T ENERIEEE D SSGREETIOMN, FHALTIIZEL,

MEARE D ERL

EB2 BN 7ILTIVXL (EXR)

BIRH7ILTVXLIZE T BT R R IEEED SSGBREETIOMN, FHIALTIIZELY,

MEARE D ERL

177



EEI EGEHMTILTY XL (RRER)

BT ILTVXLICE T DT RAZE IEFEDIIGREEITOIOM, FBALTZEL,

MEARE D ERL

EmE4: ®EE—ILRA Y URRE

KEE—IILRAYUBREEEGEHTILT) XL THEELET,
WIGEEF MY =0 DFHEREHEL T, EQLSLEHIBEII TLELEIN,
#TRBELTESLY,

R2 1A 555200118 F TORIERIBDZEE (elite_rate = 0.1, mutation_rate =0.03) X3 100001t #OBITHER (elite_rate = 0.1, mutation_rate = 0.03)

S8 http://blog.serverworks.co.jp/tech/2016/06/27/genetic_algorithm_traveling_salesman_ec2/
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513[E : BASHELEEZ D

oIS

@ BASHENELI
® BEAREFELEOKM
> BEESE
RESCRRAT
R
SRR

Y V V
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BRAEHERLE L (T

BRSHELEL (T

B8RS 5 1 &(E{aIH (Wikipedia: https://ja.wikipedia.org/wiki/ B A S 55

& AMMNBEWNIIZaAZr—2a TN BRREMGERTHS. BAREEITHESNLIEICITERK
ERBITAIEZINDD KXEBLOFLLTIE. TOEXOEENAREICIELITLEDLN., FIAHEIZE
HIGHRBDEFZEEND (CENZL) A EEICKHL. FFEEFAOHRMARIZA S -EBERRGR BN EEL
TWSEBZALNDLDONEAREETHD, BAREEICIE. RAUNEBERTHLINDZIZ, FHICKSHADHE
ROBHENEINTEY. FEIPEARLKRICIGCTRAIOBREEZILSEHIE T KRFHEEF T 514t

DEFEFEFEEDIZ 2= —2a MG d 52BN ARELHHTINVD,
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TBREFEIELBICL - TRE/BAREDFIITKRE., A REVELGYFES,
XMIFLTWAARL, FEICKE ST, HBRHZTICLI-OZ 227 —2aV N EET L6 2 TOHEHRNE
REFITELTLDDITTIIEL BRONBERICGESENHYFET .

HAS=N-1=1]

CORIIEHLGTBRTEIZOVE1—2ITNEBSELRMBOILZBARATHERELOVET,

o BASELEIHRAGKRMCTEA. BESATEY. FERASTHTFLEIKITEYETS,

(=N~}

B S SEEIEDEARE i

BREE (ANBUVWCDEULEE) Z0IRT Bz DRAMIEIFREICL <
BEOLSICEDHTH LLEERA EEN TS

il et || mukr | s
shezoll [ e
iR | s=mm | mans | s

HWERIIT

HIE : https://www.slideshare.net/pfi/ss-11474303
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BRSELEDIE

o RE.FR. MELEBRALGHR-—ERICBRTRELELNIEASATOET,
o LIEOAR—CTREEILIEARSTELNEOBEEIMA. ChoD&E G- Y—EXTEDKIZEDATLEDN
BELTHTZELY,

TRIFDAYE—S%

HiH LTy
G Iy I BAHE - e E -
o S g e SHOXXUIENT X  The weather is sunny
o today.
Ky® no tenki wa haredesu.
Q Google TRFEH i URL £AS s
H/E (Google) HE : https://www.apple.com/jp/siri/
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BEESEl - MBRMEN

T2 Re = A2 4T (Wikipedia : https://ja.wikipedia.org/wiki/ iz RE = A 4T)

°® SEEZRARAT ((FULNV=ULNEFEMULVEZE . Morphological Analysis) &l . XGERIIEROFEEDEVNBAREED T
ARTF—=RCO) NS, WREEBDIGEDL, HELME(FNIEEDRAZDFERICEEDE, FLAEZR (Morpheme,
BEENWAIL, EETENREFE DR/NEA)DIIZHBEIL. ZFNEFNDOHERDGRASEFHIFNTHEE

THdo

(35U TENET. JEERRRIUER

X7 ZEH  FE | GRAOBEE EROEM SRR
BHEL | AT &5 | BT EER

L v ¥% | BE-BIL HZ& - X)L EAEE
T T T BhER-4E#eBhEA

&H AV &3 | BFEFEY R 71T EZAE
¥9 (YR | FY | BEEA ok - YR | ER T

° LS-AR

BAEESE| : N-gramfi@#T

N-gramfZ#T (Wikipedia : https://ja.wikipedia.org/wiki/ £ X &%)

0 BMERNRZHBEHMTHUXFHEATHAEL., BRFED N-1 XFEEOIRETHIREEZRDDSHEN
DEAZST =S5 L (F: uni—gram) |, 27851 /3455 Ls (3: bi~gram) 1, 3%EB M54 5 5 L (F: tri-gram) |
EFEEND, IR ET 2 XERFEMIEWSXFIIDZE . T3N3 I THRFR TR T 1T ($im) 1&2
XFFOREILTREMEZTOTONIE RRRNAELT . HEODLELEL,

o [&XRBERMIEVINFINENAT S LT HEME TR ITHRTR ITERE I TH Tl (Bif) 1&2XF9 D

DEISNFET,
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HEESE| . BERMAEN &EN-gramf@iT D L

® N-gramlZIEHELNTE, LLVSFIEXHYFET I /A XBKENELIEFRAHYET BIZIX, TERERIZF
NATSLTHREILIEE  TRRIETERBIEVSBERNEFENRTLEVET L),

® LLBEEREIVIUIIN-gramZHRAT AL THEBOXRKIUAMYE-VDITRREOXRK[EIRBORK 1T
RLTLESNELNFEEA,

o HWHMFEDATNELL THERBEN . N-gramfTZEAT AR, MEOHMEEZEZEL-ERNALETY,

FERESRIBAT & N-gram D Lb

FREREET | N-gram

ATV TEE BN LY

AYTYIRGAX | han KEW
BRE/A1X IR0 %W
RERRN ZWn DR
RFREE U EL
BEEIEF BHELNKRE HENRE

H/E : https://ja.wikipedia.org/wiki/2 X5

WO fRAT

FE SR AT (Wikipedia : https://ja.wikipedia.org/wiki/#& X f24T)

o EXXEM(IISADUEE, syntactic analysis BN parse) &lF, XE, BARICIEIT—I7vTREDZE
DA TWVEWNWRADXFINE, BAREETHNIEHERICYI T, S5IZZF DM O BEHE (- ISt
E) EWoT= k575, MBI (X ERI) HREHRZERNL 35 ELTRREIZT S (BT 9 4) FREThH 5.

o [ELWKENED ZHIEVSIXEITIEDELEL2DDHBIRNFET D, [KKE/NEAELWVIGHEEE [Z

ZHAELVIEETHD, COBEICE. BEREEOTLELVVERNELLTHINTFHTHY . ZOXHE
MNTF-EIHEDORKR. EVMER 5LV THRRAN, TL—LIBEHRAGLELEEELGITNIERE TELL,

Y
ELw KEPED X ELw KEPNED LK
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® TROHPIFIEEFTACHEXERIEVIXEDEHFFITY .
ABTHNIE TEERFEF>THCANFNERD [ EHETED=O ., TCITENELLERNYET,
® COXRIITIEBXEITOBRENERIELTEANZHI T HEEERMBITEOWVET,

o ZTOMOMEELT.IEHRMEMBEIEVILDABHYES,
® BIRIET O IEVSBTEITK. TEEECO (L) IDESIBIEE L TREPI2(HEAT) IEWSAER
DHEARHYET . CNEELLNHIIT HELBERBTEOVET,

HIE © http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html

SR 4T

® EBXREMANBELMTITEONASDIZHL, RO XIZE N HEXKRER +BEREBRTZITEO DA ARG
TY . XARATIZ RO ARICEIL TITES B EAH A= . BRI DERBIT LY (FSHIEHELGYES,
o BIZIE. TENIEVIKABRALIET DIFfAIH ., EWOVSREREILXAREEHT THRRLET,

HE : http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html
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HEE1: BASHELEDRE

o HASELEMNGASNTLASAFITONTHRANTEZE,
o WMIFRTRMOFMEEMRIILELIHYFELEA, BRAEFLEORM TEDISIBIENTELDM, EA
ELFA A= TIRASEETRETY

186



HE2 . BASHELE OB

® CNFETHIESE. BN, EREN. XIRETOMELZFATEEL .
o EIANEBRFEIRFELHNT D, EORIMEFEZ AN TEDDOMERL TS,

187



S14[6 : BASELEEZD2

7o UN

AIEIDEE
BX@EFTOT7ILT)X L

> Fr—hE

>  Cocke-Younger—Kasamijk
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FIEIDEE : BASHELEBORMN

BFESE . BEREH

R Re R ARHT (Wikipedia : https://ja.wikipedia.org/wiki/ % BE SR fEAT)
o SEEZRAEAT ((FULNV=ULNFEMULVEZE . Morphological Analysis) &l . XGERIZIEROFEEDEVNBAREEDTT
ART—=R2O M H. RETEDGES, HELE(EINDEEDORAFOFERICHEDE. f28EFK (Morpheme,
BEENMVAIE, SR TEREZEF OR/NEL) DFICHEIL. TN TNOBERO RASFEHRNTHEE
THb.
[BFELTENFET . 12AERBAUIIER
X7 | Sy | R @ REAOENS EROEM EAR
BEL | AVTF | RS | BF-VTER
L Y 3  ®HE-A7 B2 - 2L | EEF
< 7 < Bh-4E#RB05A
®H |AY | &3 | EBEFAEY AR ST EER
9 (YR |9 BhENE 1 - VX | AT
. . . LE-aK
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BiEEAE| : N-gramfi@#T

N-gramfi##T (Wikipedia: https://ja.wikipedia.org/wiki/ & X 1R %)

0 BMERNZRZHBHMTHUXFHEATHEL, BRFED N-1 XFEEOIRETHIREEZRDDSHEN
DEIEST L= 5L (F: uni—gram) |, 2851/ 5 Ls (&: bi—gram) |, 355545 5 L (& tri-gram) |
EEEND, AL EXBBRFMIEVSXFIDIHZE . 23N XHRITEFR TR TET 7 (i) 1&£2
XFFOREILTREMEZTOTONIE RRRNHELT . HEODLELEL,

o [EXRBERMIEVINFINENATSLTHEME TR ITHRFR ITFRE U TH Tl (Bif) 1&2XF 9D
DEISNFET,

BHEENE . WEBREN & N-gramfiZHT D L&

® N-—gramlZIEHELNTE, LLVSFIEXHYFET A, /A XBKENELIEFRAHYET BIZIX, THRERIZF
NATSLTREILIEE  [RRIETERBIELSBERNEFENRTLENET ),

® HLLBEEREIVIUIIN-gramZHRAT AL THEBOXRKIUAMYIZVDDICTRREOXRK[EIRBOXRK 1T
RLTLE>NELNFEERA,

o HWHMFEDANEEL THERBEN . N-gramfETZEAT SR, MEDOHMEEZEELERNALETY,

FeRERIRHT & N-gram D LL8

FHEREET | N-gram

ATV TEE BN BELY

AVTYIRGAX | IhEn KEW
RE/M1X DN ZW
L) Zn a0
RFREE R EL
BEEIEF BHELNKRE HENRE

H/E : https://ja.wikipedia.org/wiki/ £ X5
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TR RAT

¥ STERHT (Wikipedia : https://ja.wikipedia.org/wiki/8 3 i 4T)

0 XM (I3IRADUEE, syntactic analysis BN parse) &lF, XE, BEARRICIEII—I7vTREDZE
SEEDASTVENWRADXFFE, BARSETHNIEHERIZYIS T, SHIZF ORI OREE (B ih-1RIE 84
E) o= k57, #EBRM (BSUGRI) HRARERINL T 54 E L CHEICT 5 (BT 5) FisThHd.

® [XELLKENED ZHIEVIXEICIFEDLGELER2DDBRMNEFET S, [KKENENELWIFZEE T2
ZAELVIEETHD, COBEICE. BEREZEOTEELVVERNELLTHINTFHTHY . ZOXHE
MNTF-EIEDORKR. EVMER LTV THRRAMN, TLU—LIEHAGLEEZEELLEITNIERE TELL,

YA
£l KEPED ZE ELw KENED ZX

o TROHIFIEREFTACHEXERIEVIXEDEHRFITY .
o AMTHNE TEEBFEFEOTHRCARZNVENIEHIFTESO, TCITEDNELLERINFET,
& ORI BXEMOBRNERIELTEANZH T HEEERBITEOWVET,

o ZDMOMBELT.IZHRMEAHEILLNIBOLHYFEY .
® BIRIETOof=IEWVSTEITE. TEEECO= (L) IDESIBIEE E TREP 12 (HEAT) IEWSAER
DHEARHYET . CNEELLNHIT HELBERBTEOVET,

HE : http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html
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SR AT

o BEXBIANEMTITEONDDITHL., EBHDXIZE-ADEX KRR + BRI ZE 17705 DA AREEAT
TY . XARATIZRVXARICEIL TSR EAH A= . BRI DERBN LY (FSHITEHELTYES,
o BIZIEL. TENIEWLIKARALIET DIFAIH ., EWVSREREILXAREEHT THRRLET,

HIE © http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html

BxX@Eiro7ILIY XL
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WX eI

BXBITEE. XOBXHEREEZRESH-ETY,
AEERA EFERCA > TITONET,

AEERAIEEE. ROLSITEREBE-ERATIEVSIBEF TRESNET .
FlZIE. FORZEILTAIZBECHLRYIZIDIEVNSEKRTT,
A->BC

AMIDDIERFRB. C. DALY >TWSIEE . U TDLSICRETEET,
A->BCD
EJ{ES
(A-ED)A(E->BC)
HAlZandDERK

T\ERA & FHEERA

AEERAEBFERAICETROISIGRAUAHYES,

AHEERR

S(X) — NP(&&4]) VP (EhFEf)) VP (BhEd4a)) — v(EhEAD)

NP (£ 3A4]) — pron ({84 Ed) VP (EhiAA)) — v(BiE) NP (&&4)

NP (& &f]) — det(BREZ) n(£&E) VP (EhiAf)) — VP (BhiE4A)) PP (RITERG))

NP (&A1) — NP (&&4) PP (RTERA) PP (RTiE&A4A)) — prep (RTEZA) NP (&E4)
- Emmm
pron (X4 &) :1, You,,, prep (RTi&ZR) :with, above, after,,,

det(BREEA) :a, an, the,,, n(%&3A) :desk, hammer,,,

v (E)3zd]) : broke, run, eat,,,
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wBX@BuE7TILIdY XA

MEERA S &> TR TS (F) LRTIRIREC S (M) DEEEMITLES .
HERAICL-THTRIREC S (FER) SRIGEES (B3R ORI DT ETVET,

VP (B4

NP (£&3840)

sEsppse s
E L e

PP (R &)

I
o

NP (& 5#40)

NP (& &4)) NP (&384])

I

o [=] . _ _ _ _ ~ _ _ =
Ijﬁ‘ EE"?: [ pron(fX#& &) ][ v (BE) ][ det(BR7EF]) ][ n (&) ][ prep (RiTE ) ][ det (FRTE ) ][ n (&) ]

Houzmn

S = | broke a desk with a hammer

wWX@BuE7TILIY XL

S(X) M oEIHRIHEE S (D [CRAN>TEFT Ay TE o 7ILT) X Lk, BiIHEE S (FEE) MDS () ~NEM
MNOTHERITTARNLTYTTILTUXLAFELET,

VP (BFE4)

NP (£&334))

L Haimal

I
o

PP (R &)

NP (& 34)) NP (&374)

: NP(&54)

Bk imsRE : [pron(ﬁ%%il) ][ V(B ][ det(REE) ][ (&) ][ prep (BT EH) ][ det () ][ n(&) ] :

ERR s 5Ll

Rigs B | broke a desk with a hammer
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wBX@BuE7TILIdY XA

LIBEOR—S TR XTSIV LELT2OO7ILIYRLEZE LET .,

by FTE T ILT R L

> Fry—hE

RELTYT7ILTYX L

» CYK;% (Cocke—Younger—-Kasamii%)
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[Wikipediadk V]

Far—bs{—4 (3&: Chart parser) [£. BRSTFELE DERGICEICAVW B XENHZD—ETHD. BIRIFTEE
ZRAV. PN DRERIGHERETF v — (chart) EFEEN ST —2BEICERMLTEE. BRIAT S,

Fv— MEDRGE

Fr—hNETERISIAEICE. UTOLOLHYET,

| (/—F) BEMICERET AREMNGENDIETT,
(7 —2) EREEHET. XOBAILGEEEREALET,
<ijC = apf>
MDA, DR A, EITARTLTLSME #BKLET,
RN ETEMIEDDILEaTHS, LWLV EITRYET,
BETERMMNEDDLE, CEWSIEIZRYET,

AR ooz | [ wew | [ vam )
IR S the dog jumped
#i8 (/—F) @ ®
(7 —2) <O01NP ~ det.N >

196



Fv¥— NEDRE

FEEN:ALIOREIZAHZIMDIETT,
Bl: <23, VP - v.>

EHEI: SEEIMUADIMDZETT,
f5l:< 0,1, NP — det.N >

EIES R (wmem | [ ocem | [ oo |
#RiniES the dog jumped
#i i (/—F) U
W (F—7%) <OLNP — det.N > <23VP »v.>

Fy¥— NEDRE

Fy—hk:/—R.IOEEDETT,

FOIUE  Fr—hIBMT AREWMDOYRCDIETT,

GRS TR [(wmem | [ o | [ o |
RimiES the dog jumped
8if (/—F) U
W (F—%) <OLNP — det.N > <23VP »v.>
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Fy— MEDEST (1)

ANXOEEFEICH L THERNEER. TEEMEERLES .
ER L= ERMET O F(TBMLET .

EMIN< 0,0,S 5. NPVP >%#F7PTUA DEEBEIZEMLET,

Bk iIREE & [det(BEEéﬂ)] [ n(&#) ] [ v(@F) ]
#RiniES the dog jumped

#is(/—K) © O 0

M(7—2)

Fy¥— MEDEST (2)

TOIUEMLIIERY, Fr—MIEMLET,

MAGEMSEM< i,j,X - a.YB >DIHGE . EBML=MOAERIZ
FEMEM< ,j,Y - yv.>H7E0VAMELET .
TEEIAHNIEHESL., BHFNIERIELERE A,

B imEE & [ det (BR5EE) ] [ n (&) ] [ v(BIE) ]
YRR the dog jumped
ga/—r)  AQ D (2
WF—y) ’

<00,S ».NPVP >
TEEMAZVNDT, MELER A

198

( aERa )
S -> NP VP
NP ->detn
VP ->v

\_VP ->v NP Y,

( )
#EHA

det -> the

n ->dog

\_V -> jumped )

N
N

ToIUE
<0,0,S -.NPVP >

< 0,1,det — the.>

<12,n —dog.>

< 2,3,v = jumped.>

DT
S->NP VP
NP ->detn
VP ->v

\_VP ->v NP Y,

( )
H#EHA

det -> the

n ->dog

\_V -> jumped )

N
N

oIS
<0,0,S -.NPVP >

< 0,1,det — the.>
<12,n - dog.>

< 2,3,v = jumped.>




F v — FMEDEST (3)

MASEHIID< i, j,X > a.YB >BA. YEEDET ZABERAAEVARELES . ”s . g*ﬁiﬁ*ﬁﬁﬂ A
ZuT ZAEERAABNIE, FLOI< j, )Y - .y >EE>TFSTUAITEM N

LET, VP > v
\_VP ->v NP )

( )
#EHA

det -> the

n ->dog

\_V -> jumped )

N

BRI & [ det (B ] [ (&3 ] [ V) ] v
RImEE S the dog jumped 7oIVE

B (/—F) 0 o 9 9 <01,det > the.>

M (7—2) N <12,n - dog.>

< 2,3,v = jumped.>
<0,0,S ->.NPVP > . < 0,0,NP —.detn > v
FLLIZERELES .

F v — MEDEST (4)

FLARRLIAMBII< (), X — . Vp >OBAE. BN (. Bmesa )
TEMM< i,j,Y » y.>HOHROMELET, NP -> det n
FEHILAOBNIZHESL. BIFNIERIBLELE A, VP ->v
\_VP ->v NP Y,
< 0,0,NP —.detn > < 0,1,det - the.> r ~
20DUERELET HERA
<01, NP - det.n> det-> the
n ->dog
\_V -> jumped )

IR S = [det(mﬁm] [ n(&H) ] [ vEED) ] ©

RImEE S the dog jumped 7oIVE
ER(/—F) 0 o 9 9 <01,det > the.>
E'JIR (7_7) N <12,n - dog.>

<23,0 > jumped. >
<00,S ».NPVP> | <OONP ».detn> |} <OLNP - det.n> w
MEfEELET.
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Fr— MEDEIT (5)

TOTUENGELIEBET() ~ (4) EREDRIEERZRYIRLET,
BMIZ<0,3,S > NPVP.> EENIEBITARIL A HLET,

( aERa )
S -> NP VP
NP ->detn
VP ->v

\_VP ->v NP Y,

([ mEgEAl )
det -> the
n ->dog

Bk iIREE & [det(BEE%il)] [ n(&#) ] [ v(@F) ]
#RiniES the dog jumped

ga(/—k)  AQ @D 2
W(r—y)

<0,0,S -.NPVP > ’ < 0,0,NP —.detn > . <0,1,NP - det.n >
MERELES,

CYKi% (Cocke-Younger-Kasamijk)

200

\_V -> jumped )

N
N

ToIUE
< 00,5 NPYVP>

< 0,1,det — the.>
<12,n —dog.>

< 2,3,v = jumped.>



CYKi%

[Wikipediad Y]

CYKi& (Z: CYK algorithm) (&, H DX FIINEZoN-XARBHIETERTEINERH . AR TESIHFEDLE
BAZEERDZTILT) X LTHAB, CYK [ Cocke-Younger-Kasami DEE (FF 1. RISCHDEEREE 115801
HETELHMONS T3> -a Y%, Daniel Younger, ERHETHD) . XARBBHIUEDE XM FALIRAHILLTE
%, ZOT7 NIV LIET—TEOBMNFEETHD.

T3 ARDOISIZITIDO AR 1 2 3 4 5 6 7
HEFEEBELET, | on
~
BLEOMHORIZHLT, HEREE broke 4 v
BRALES . a S N dett
desI:~\~~\nz

RS
with 'y S rept
-

~
a T det2
\&

~\
hammer "t n3
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CYKDETT (2)

RIS, —DEDHARERTNEFTT,

1 2 3 4 5 6 7
AR LETOBERNZERTESENE I ot |~
BLTWEFET, N

broke v
ZDFITIE, NPIENP2A RSN ET a o e
(deﬁl‘,‘ngz\
desk 2
with prep1 .
a detz—;(;;‘;,nak
hammer r!3

ERA

S(X) — NP(&&14)) VP (BhERa) VP (BhERa) — v(B)EE)

NP (£ 54]) — pron (184 33) VP (BEhEE6)) — v(BIEE) NP (&34

NP (&6 — det(BREH) n(£7A) VP (BF4) — VP (BhEEM) PP (RTER @)
NP (&&E4) > NP(&&4) PP (RTEFA) PP (RTiE&R%5) > prep (ATE&) NP (£ &%)

CYKDETT (3)

EERDAMEERYRL, —BAEDERIC

1 2 3 4 5 6 7
UYL =& AR AR Y ST T =5 | 1 —— -
- pron pronT, :
BT D BB BLET I
| | VP1 VP2
broke v (1, NP1) (vw,r:Ps)
T
— NP1 NP3
a det1 (det,n2) (NP1, PPI)
|
i desk n2
e @)
. PP1
FET3T RS NPT with prep1 (;:Vrsgt
) AR e
, a | ey
i) n3
ATHEIREE S ..[ onceam) | [ v | [ wmem |[ cam | [ peommm | wmzm ][ nem ] Eﬂifﬂﬁ'} hammer
RiFsES I broke a desk with a hammer
SRR
S(X) — NP (&4 VP (Bhia) VP(BE4) — v(BIEA)
NP (£&3#4]) — pron(Ht47) VP (Bhz@4) — v(BhaR) NP (&&4H)
NP (£ 54) — det(FRE) n(&5H) VP (BhEAf)) — VP (BhEEA) PP (RTERA)
NP (4 H14)) — NP(4134) PP (HIEE) PP (HIEI4) — prep(HIEH) NP (4 154)
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RE1 : AEESAl

o BXMITICHEITHABERALIFAMFRBALTZE,
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HmE2 : FEHA

o EXMITICHITHHERAEIMAERAL TSN,

RE3  EXBITO2EE

o BEXMITICHITAHOEERA/EFERAEGER IR S /AR S/ KIRESIDEFKIC OV THRAL T
LY,

VP (BFE4)

NP (£&334))

L e

PP (BT 3#4)

NP (& 34)) NP (&374)

: NP(&54)

*ﬁ{f‘g‘lﬁlﬁga% g.--[ " ][ D ][ det(BEH) ][ n(%& &) ][ prep (Rl & &) ][ det(BRE) ][ n(&&) ] E E ﬁifﬁ,ﬂﬂ
. aunt : = 7’

BRinii & | broke a desk with a hammer
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%150 : ATHEEMRLEET D3

5130 : BAREFBULEZT D1
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BRASHELEL (T

B8RS 5 1 &IX{aIH (Wikipedia: https://ja.wikipedia.org/wiki/ B A S 55
EEIHESINDEEICTER

ABABEWNIIZ 2= —2a 750N BARARENLGEETHS. [BREE

BEITAISEINDD, BAEFBEOMLL TR, ZOBIXOERNAEICIELELEDLN., FIAEICHEK
RIGRBDEFZEND (CEN BV BAFTEICHL., FERAOH M XARIZ A S -BRGRBIAFEL
TWAEEZONDLDABAREETHS. BAREEICE, HALDEBRTHEIAPZIZ, FEEIZEHRADME
ROBAENZEINTEY, EENEELLKRISSCTRAUDBREELSELIET KIREHF T 51t

DFEBLDAIA =T —2a EGET HENAREELT TS,

HEXEBIZ K> THRE/BREBOLOITREE. i REVELGYET,
ij#btb\%)kﬂ:t i’a‘ﬁ‘—ctﬁ—c /\Luhnﬁtéxl L/T':\:L 17- /3/75\%553—%)7’&) éf@'lﬁ#&b\a

REEITSEL TS DT TGS, EIRAEBERIZGDHZEABHYET

o [BAEE

COFIERGTEREE IZVE1— TN BEIEIRMBDILEBARATELNELNVET,
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RERE

8

B (IR ARG THER, BEINTEY., FLEANFLERISEVET,

BARE SEIED RS

BREE (ANBVEDEUILERE) ZET e DRIMEIFRICAE<
BEOLSICEDHTH LLEERA EENTNS

el 5 | o | svmin
HEHRERER
WA

BRSHELEDLH

EFEBE
[E¥Ridd § SEHEE
=S

BIRIRER | B

rrrrrrrrr
,,,,,,,,,,,,,,

& https://www.slideshare.net/pfi/ss-11474303

SKk=csH

WEAIGASNTOET,

o RE.FIR. MELEKALGHR-Y—EXRIZB
MIBOEREMA . oD G- —EXTEDKRIZEDNTLLSDH

® LEDAR—UTEEILERER
BBELTH TS,

BAE v

SHOXRKIEBENT
ED

Kyd no tenki wa haredesu.

Google

Q Google TRFEH i URL £AS

-

H/E (Google)

207

TRIFDAYE—T%
mHLEFTY
& XE -
The weather is sunny
today.

X

R @ https://www.apple.com/jp/siri/



BEESEl - MBRMEN

T2 Re = A2 4T (Wikipedia : https://ja.wikipedia.org/wiki/ iz RE = A 4T)

°® SEEZRARAT ((FULNV=ULNEFEMULVEZE . Morphological Analysis) &l . XGERIIEROFEEDEVNBAREED T
ARTF—=RCO) NS, WREEBDIGEDL, HELME(FNIEEDRAZDFERICEEDE, FLAEZR (Morpheme,
BEENWAIL, EETENREFE DR/NEA)DIIZHBEIL. ZFNEFNDOHERDGRASEFHIFNTHEE

THdo

(35U TENET. JEERRRIUER

X7 ZEH  FE | GRAOBEE EROEM SRR
BHEL | AT &5 | BT EER

L v ¥% | BE-BIL HZ& - X)L EAEE
T T T BhER-4E#eBhEA

&H AV &3 | BFEFEY R 71T EZAE
¥9 (YR | FY | BEEA ok - YR | ER T

° LS-AR

BAEESE| : N-gramfi@#T

N-gramfZ#T (Wikipedia : https://ja.wikipedia.org/wiki/ £ X &%)

0 BMERNRZHBEHMTHUXFHEATHAEL., BRFED N-1 XFEEOIRETHIREEZRDDSHEN
DEAZST =S5 L (F: uni—gram) |, 27851 /3455 Ls (3: bi~gram) 1, 3%EB M54 5 5 L (F: tri-gram) |
EFEEND, IR ET 2 XERFEMIEWSXFIIDZE . T3N3 I THRFR TR T 1T ($im) 1&2
XFFOREILTREMEZTOTONIE RRRNAELT . HEODLELEL,

o [&XRBERMIEVINFINENAT S LT HEME TR ITHRTR ITERE I TH Tl (Bif) 1&2XF9 D

DEISNFET,
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HEESE| . BERMAEN &EN-gramf@iT D L

® N-gramlZIEHENTE, LLVSFIEXHYFET A /A XBKENEVLIEFRAHYET BIZIX, TEHRERIZF
NATSLTHREILIEE  TRRIETERBIEVSBERNEFENRTLEVET L),

® LLBEEREIVIUIIN-gramZHRAT AL THEBOXRKIUAMYE-VDITRREOXRK[EIRBORK 1T
RLTLESNELNFEEA,

o HWHMFEDATNELL THERBEN . N-gramfTZEAT AR, MEOHMEEZEZEL-ERNALETY,

FERESRIBAT & N-gram D Lb

FREREET | N-gram

ATV TEE BN LY

AYTYIRGAX | han KEW
BRE/A1X IR0 %W
RERRN ZWn DR
RFREE U EL
BEEIEF BHELNKRE HENRE

H/E : https://ja.wikipedia.org/wiki/2 X5

WO fRAT

FE SR AT (Wikipedia : https://ja.wikipedia.org/wiki/#& X f24T)

o EXEM(I3ISNADUEE, syntactic analysis AUV parse) &lF, XE, BEARICIEIT—I7vTREDZE
DA TWVEWNWRADXFINE, BAREETHNIEHERICYI T, S5IZZF DM O BEHE (- ISt
E) EWoT= k575, MBI (X ERI) HREHRZERNL 35 ELTRREIZT S (BT 9 4) FREThH 5.

o [ELWKENED ZHIEVSIXEITIEDELEL2DDHBIRNFET D, [KKE/NEAELWVIGHEEE [Z

ZHAELVIEETHD, COBEICE. BEREEOTLELVVERNELLTHINTFHTHY . ZOXHE
MNTF-EIHEDORKR. EVMER 5LV THRRAN, TL—LIBEHRAGLELEEELGITNIERE TELL,

Y
ELw KEPED X ELw KEPNED LK
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® TROHPIFIEEFTACHEXERIEVIXEDEHFFITY .
ABTHNIE TEERFEF>THCANFNERD [ EHETED=O ., TCITENELLERNYET,
® COXRIITIEBXEITOBRENERIELTEANZHI T HEEERMBITEOWVET,

o ZTOMOMEELT.IEHRMEMBEIEVILDABHYES,
® BIRIET O IEVSBTEITK. TEEECO (L) IDESIBIEE L TREPI2(HEAT) IEWSAER
DHEARHYET . CNEELLNHIIT HELBERBTEOVET,

HIE © http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html

SR 4T

® EBXREMANBELMTITEONASDIZHL, RO XIZE N HEXKRER +BEREBRTZITEO DA ARG
TY . XARATIZ RO ARICEIL TITES B EAH A= . BRI DERBIT LY (FSHIEHELGYES,
o BIZIE. TENIEVIKABRALIET DIFfAIH ., EWOVSREREILXAREEHT THRRLET,

HE : http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html
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140 : BRERVLEZT D2

WX eI

BXBITEE. XOBXHEREEZRESHETY,
AEERA EFERCA > TITONETS,

AEERAIEEE. ROLSITEREBE-ERKATIIEVSIBEF TRESNET .
BIZIE. FTOREBIXTAZBECHSRKEYIIDIENSEKTY,
A->BC

AN DDERFEB. C.DASRYII>TLSIEE . U TDLSIZKRETEET,
A-BCD
ESES
(A-ED)A(E—->BC(C)
MAlZandDEK

211



THEERA & FERA

AEERAEBFERACEITROISIGRAULHYES,

AHEERR

S(X) — NP(&&4)) VP (BhzEf) VP (BhEd4a)) — v(EhEAD)

NP (% 5d4)) — pron (X% ) VP (BhEd4a)) — v(EhEA) NP (&E4))

NP (£ 54]) — det(BREE) n(&zA) VP (BiEd4a]) — VP (EhE4A]) PP (RTE A

NP (&334]) — NP (#&5a4) PP (RIERRA) PP (RTE&]) — prep (RTEF) NP (& &)
. mmpm
pron (X4 &) :1, You,,, prep (RTi&ZR) :with, above, after,,,

det(BRZEEA) :a, an, the,,, n(£&zd) :desk, hammer,,,

v (Ehzd) :broke, run, eat,,,

wWX@BuE7TILIY XL

MEERA &> TR TS (A) LRTIRIREC S (M) DBEZEHITLES .
HERACL-THTRIREE S (FER) SRR S (BER) ORGDFETVET,

VP (BEA)
IR ImEEE NP (&FIE)

PP (BT 3#4)

L e

NP (& 34)) NP (&374)

: NP(&54)
L
]

*ﬁ{f‘g #JEEE% g.--[ " ][ v ][ det(BREH) ][ n(&&) ][ prep (Rl & &) ][ det(BRE) ][ n(&&) ] E E ﬁifﬁ,ﬂﬂ
. aunt : = 7’

Rigs B | broke a desk with a hammer
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BX@EH7ILIY XA

S(X) MLRTHRIGEES (FERD) (SR> TR Ay TH VU7 IV T) X LE, BIHIREES (FEA) ABS () AEM
MOTHRF T BRNLT YT 7 ILTYXLNFELET

VP (B4

NP (£&3840)

sEsppse
5 L e

PP (BT #4)

NP (£374)) NP (& 34)) NP (&384])

*ﬁ{f‘g‘lﬁlﬁga% g.-[ S ][ D ][ det(FRE) ][ n(%&3) ][ prep (R &) ][ det (BRTEFA) ][ n (%) ] E ; ﬁifﬁ,ﬂﬂ

S = | broke a desk with a hammer

WX@BH7ILIY XA

LIBEOR—C TR BXEAT7IILT)VXLELT2OD7ILIYRLEZELET .,

by TE T ILT R L

> Fr—h&

RELTYTT7ILTY R L

» CYK;% (Cocke—Younger—-Kasamij%)
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[Wikipediad V]
Fo—bsX—4 (5 Chart parser) [&. BREFELEE DEBRGSTEICRW-EXEMBO—ETHD. BETENE
ZRAV., FEN DRHMLTIERETF v—b (chart) EFEEN DT —2BEITHRMLTEE. BRIAY %,
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Fv— FMEDRGE

Fr—hNETERAISIAEICE. ULTOLORHYET,

| (/—F) BEMICERET AREMNGTEDNDIETT,
(7 —2) EREEHET. XOBAIGEBEERELET,
<ijC = apf>
DR S, MDA, BTN ETLTWSAE #EKLET,
RN ETEMIEDLDILaTHS, ELVSIEITHRYET,
BETEMMNMEHDE, CEVLWSIEITHYET,

Tk (wwzw | [ wew | [ om |
IR S the dog jumped
#i s (/—R) @ ®
(7—2) <OLNP - det.N >

F v — MAOMEE

FEEN:ALIDOREIZHAHZIMDIETT,
Bl <23, VP - v.>

EEI: SEEIMUANADIMDZETT,
f5l:< 0,1, NP — det.N >

GRS TR [(wmem | [ o | [ o |
RimiES the dog jumped
8if (/—F) U
W (F—%) <OLNP — det.N > <23VP »v.>

215



Fv¥— NEDRE

Fr—h:/—F MORENILTY,

TS  Fo—hBMT BREWDYRCDIETT

EIES R (wmem | [ ocawm | [ oo
#RiniES the dog jumped

#i i (/—F) U
W (F—7%) <OLNP — det.N > <23VP »v.>

Fr— FEDEST (1)

ANX OB BHEHLCHBRAEER, FEEAEERLES ., (. Bmesa )
ERRLI=FESMET7T oA TEBMLET, NP -> det n
VP ->v
FEMAN< 0,0,S 5. NP VP >ET7 OV A DEBEITEMLET, PP o
([ mEmAl )
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