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A Representatioh of Recognition Program FERT from the
Point of View of a List-Theoretic Formalism

by Shoichi SUZUKI

A structural-fertilization pattern-recognition program of fixed-point type, FERT,

proposed it a mathematical theory of recognizing patterns is represented in terms of a list

~theoretic formalism, that is, by the use of five list-processing functions, i. e. head, tail,

cons, null and if-then—else~fi.
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I kERHEI NS,

R 7 v 72 AFERT icxt) = + (9",
) 2ANLTHLNEN) 2 FORF (%
B aE)
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6. A

X TIL; 7 v 7L FERT %0 & %
%A 7w 75 A 558 (functional program-
ming language) ¥ LT A i (4 lan-
guage) TEILT 5., AETRR, TOMELE
BEHRHELTHE L,

EH X %515 (argument) &3 2B%Q %
G=1x, Q
L #EbH L, B¥EHS (functional abstraction)
v, Bie, QTCHMZ T ERXOMAE
TRTRTEE#RZTHLNLE A K
E= ((1x.Q R)
13, BEGZERICEAT S 2 & 2HBRHIC

£EbL2LnTH), BEHHEA (function

application) &IRiIZN 3,
AX. Ay M37%bb
(Ax.(Ay.M))
% Axy.M ¢ELZ DB, F72, AX.
ABix ((Ax.A) B) Tid% < LT, (Ax.
(AB)) Nz &ThHb,

1. YR EEORE
Yz b (list) * I3EREOERICIEFE >

TN bDTH- T, nfENER
Zy, Zg vy, ZarbEKBY A ME, EFER
s [, AWNES ) 2HWT
[Zl, Zgy, -, Zn]
TEDLT. BBERZzETN7 7y }
(alphabet) % &BIZN - HRBENEED S
BB3 (ERRF) Thiug, ZOEELE
137 + & (atomic symbol) *iEiFNnz, 7
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(i) head (L) Y 2 } LOBRWNER
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head % header part (BEZF) DEETH D,
L=1(x, Vv, z) ®O¥4H& head (L)=
X, ¥72, L= ((a, b), x, (d, e),
z) O#f head (L)= (a, b).

(i) tail (L) Y2 LA LBHNESR

(=head (L)) 2B ) BB L N2 EE D
LA A 2522 X+ BEREIS,

tail /3 tail part (B¥) »nB&THYH, L=
(Ca, b), x, (d, e), z)DHFA, tail
(L)= (x, (d, e), zJ,

B, LI—ZEZRznarbH5Y) 2}
(z) %4 (L= (2z)), tail (L)=noth-

t Q¥ xick2 A% (A—abstraction) & LIFENS (Ax. Q) DX FHRHELEHK (bound
variable) &\, FEIN TV WEE* BEZHE (free variable) &\ 5,
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ing, 2% Y

(ii,) tail ({z))=nothing
EHREL, ' :

(ii;) 22Y A b nothing (= ( )) iz—>
DT+ A&

ERET B,

(iii) cons (Ly, L) --EEL. VX }L,
DHEIHFALTIRLNDIVATI 2525 R
b ARG B EL,

.cons | constructor (B ¥F) DEETH Y,
L.= (a, b), L,=(x, (d, e], z]
DEE

cons (L,, L,)= ((a, bJl, x, (d,
el, z).

/2, Li=a, L,=(x, (d, €], z)
DHE

cons (L;, L,)= (a, x, (d, e],
z],

(iv) null (L) ---1) Z } L#* nothing »¥
A truee bfEEREY, 2T WA
false 7c 2 % & % MBS (predicate func-
tion)

(v)cond (b, x, ¥)--#58 (predicate)
b#itrue DFEXE LY, false DHEY %
& 5 5BE% (conditional function),

L LZdhs, Ltk cond (b, X, V)
=AM

if b then x else y fi
TEbT. Uit

(vi) head (nothing)=nothing

" tail (nothing)=nothing
EHIRT B,

&7, head, tail, null 2 HWCEHI NS
B%

(vii) last is

AL. if null (tail (L)) then head (L)
else last (tail (L))
fi
2, 5IFELTHY AT LOBEEVSVDER
BNER* 52 28K TH 5, last id last

part (RBIH) OETHY,

L= (x, v, (a, b))
DBHE

last (L)= (a, b)

(vii) length is

AL. if null (L) then 0

else add 1 (length (tail (L))

fi

, whereaddl (X)=x+1 (xI3%f#&)
2, VA FLOEELV~VOBEROBE (Y
ZFLOER) 252 5BHTH 5,

ek Zi¥L= (x, ¥, (a, b),
324 length (L)=4

(ix) taill is

AL. if null (tail (L)) then L

else tail (L)

fi
iZ, YA+ L2221 Z |} nothing ¥ 723 HE 1
BoEZz»LHD )AL (2) 6IXL%E
52, 9 ThwEaizidtail (L) I2FELw
BETH5, _

(x)eq (X, V) - XHT bLHDOYDT
P AP OX=Y % 5E true 5.2, FOM
B4 13 false % 5 2 % b EBIHL

HsDHRNT T, eg 2 21T, ivd null i3

(iv,) null is AL. eg (L, nothing)

EET B, '

(xi,) equal (X, V) --X=YV 7% 5L true
252, ZoMoY4 false 25 2 2058
b8

(xii) atom (L) "L &7 F 7% &3 true %
52, ZoMnE4is false 2 5.2 55
#

z) D

ZONEARHIREE atom, eq & ZONEK
BYBE% head, tail # W {ud, xi;, O equal
RN & 5 IcET 5,

(xi,) equal is

Ax. Ay. if atom (x) then

-+ if atom (y) then eq (x, y)
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else false
i
else :
if equal (head (x), head (y))
- then equal (tail (x), tail (y))
else false
fi
fi
(xiii) member is
Ax. AL.
if equal (L, nothing) then false
else
if equal (x, head (L)) then
true
else member (x, tail (L)) -
fi
fi

i3, X7 2 LOTEEL<LOBRE LT

b true, %95 ThIFNIT false 252 3
RETH 5D, 72k 21T,
member (E, (A, B, C, D)) i3 true,
member (E, (A, B, (E, D))) iz false.
(xiv) less (x, y) == 29o00%fEX, VizH
L, X<y ThhiItrue 252, xX=ZVTh
i3 false # 5 2 % B EEEE
(xv) greater (x, y) ==+ 2O0DFEX, ¥
WBL, x>V ThNiStrue 2 5.2, XY
THIUL false % 5-2 5 REERA%
(xvi) assoc is
Ax. AL.
if null (L) then nothing
else
if equal (x, head (head (L)))
then head (L)
else assoc (x, tail (L))
fi
fi
[ 2 b [Xj,Yj] (i£1~n) 2ZEL
THYZPLIZBWT, HEHIX LB 2
FEETIUTZED L ) RO 2+ %

52, FEL %S nothing # 5-2 2 B%
Thd,
72 & 2,
assoc (X2, [[X:;,Ys] , [ley1] , [Xsz2] , (X4,
Y4] )
% [Xz,Yz] .
(xv) sorta is
AL.
if null (tail (L)) then L
else cons (max (L), sorta (remax (L)))
fi
, where
max is
AL.
if null (tail (L)) then head (L)
else
if greater (head (L), max (tail (L)) then
head (L)
else max (tail (L))
fi
fi
and
remax is
AL, :
if null (tail (L)) then nothing
else
if greater (head (L), max (tail (L))) then
tail (L)
else
cons (head (L), remax (tail (L))
fi
fi
i, VALL= (X, X, - X,) OKE
RPBETHD L E, ZNEREWVERIEN
PRIV AIM= (Y1, VY =, Yl 25
2ABETHL, 272, n >0, %P, max
L) XYV A LohoRKEREZE5 2 5H%
THY, F72, remax L) IZ) A L2 5%
KER2—ORVBWTBLALY R %25
5B TH B,
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(xvi) sortb is
AL.
if null (L) then L
else
cons (least (L), sortb (delete (least
(L), L))
fi
, Where
least is
AL.
if null (tail (L)) then head (L)
else
if less (head (L), least (tail (L)) then
head (L)
else least (tail (L))
fi
fi and
delete is
Ax. AL.
if null (L) then nothing
else
if equal (x, head (L)) then tail (L)
else
cons (head (L), delete (x, tail (L)))
fi
fi
%, LAZeY) 2 } nothing 7 % |3, nothing %
B2, Z)ThWiiE, BiEL2ERETH )Y
Z } LIEDWTEHBERZ /NS VIEICE~S 2

THLNBY AN 252 BBTHL, ToB, -

least (L) i3V A} LOBRANERESZHH
BThh, 72, delete (x, L) I3V A LD
BEEVRLDOBERTHHTT FLFERITY X
Fd XD (FhiuEEn) 2BRwT
BoNBIVAL 252 B8 THbB, 72ER
T, .

delete (b, (a, (b) ,b, e, b) )= (a, (b),

e, b) .

8. PFWTO55 4 FERT OB

ZORBT 2 HT TV BYREL 72\ LB
Hog—rrpedtl LI,

p°’=Te

y°=SORT ( (1, 2, -, #(J)) , ¥
ELT, wHMEE LToxt) R b

(w°, 1)

20 %, 222,

nothing #221) Z b,

#(]) 2;&KRATTVES
ELT,

W°=cons (®°, nothing)

I"=cons (y°, nothing)

TH5%, SORT (y, 7) DEHAIZKRDBEY TH
5,

SR (recognition-abstraction) |3k %
RNODEEE i ~viTHEIN T2,

(1) —>#i% ¢ M>ZNEZH @
CNS (b3 V22e/)

ZZig, M, ZiR&ExbHrEE, BEED
£& BEREK) T, EEAPLEEABAND
BE%g8% g :A->B ¢ELLTwW3,

(i) DHEEEHMERET @ D(T) > @

Zziz, D(T) BTOEEHBTHY,

& =D(T)

(i) EFLHE%ETo e ®

2z, BBT%2 ¢ e /EAL THS
ns»%% T, T(e), T-PLETERDLLT
w5, :

(iv) BRI BHSR SM: @ XQ — {s | 0=
s=1}
ZZIQEE e JFERBDATTNE; D
RFEF—>% w e® LT,

0= {o]je]} -
LEBREINTEY, BEA, BOEM#EEZ AX
B (FRBILTw5,

(v) Ko BHBEHK %K SGN !
{0, 1}

Zie,

dX] >

Jh7 ) BEFNEEE



(vi) 2T TVEHET) AL vy ZBEHK

2 OREESEERERRA(y) .2~ ®,

2T, SM(9, @)i3=D2n/%F—> @ €
D, @ € QDEDFEME (similarity) 2 5 2.
L2 EICEELT, SORT (y, ) izh7=
VEF2BERETZIVAL (ATTVEEY
AN) yE&rF—r g e @ EEEHICH B,
—DONHTITVEF) A2 20HEETILHE
BThHY,

FTRCDjpe y 22T, SM(y, )=

SM(7, @j+) k=1, 2, 3, = Th
iz,
SORT ('}’, 77): [jl, jz, i,

F#H 7075 L FERT 28 Y) 2 +

(¥, T 2AHLTRLNLN) Z DR
5%

(v, T°), (¥, T,
ET 5, 22T,

p'=TA (y*") Te*?

yt=taill (SORT (y*%, @Y)
EERINTBY, Y2t (v
Zon) A v TYE

Yt=cons (@', ¥*"1).

I'=cons (y', ")
ERbLIND, TNE, ¥, T

Pt= [q,t’ q,t~1’ e @l ¢°]

rt= [,yt ,yt—l ey 71 ,yo]
ThHd, B v 774 FERT i3, R

FERT ((¥y, T))= (¥ TY)
R THE BB CEET S, 22, #(T)
TEAT ﬁfiﬂé%ﬁﬂ)#‘ﬁ (HT7 TV
) ThY,

0=u=tg (J])
HEEH I N T 5,

DL E,

9"=head (head (FERT ( (¥°, T°) )))

y“"=head (head (tail (FERT ( (¥°, T })))
& BITIL,

P'=0 V @'=TA () To"

, (o, T,

M Ao

- type) EBFE LB, @',

PRI TV 5
 Peem= € tI)
jsem=last (") e J
Z3ked, k2 (recognizer) I,
L.AJINS—> @ 2 dar b TDFRE
T (semantic model) Poen? =&  BEL
89, . _
ARS8 —> o DIRET EEHERA T T
1) &5 (semantic category number) % jsem
LR,
A pattern @ belongs to category Cjsem as
though @ were a semantic model @sem

& REBIEMTY B,

LCHEBHENEEE2LOBE TR T 2
FERT #BAfS5EL LT A BEETEDLT
Lk k527 b, FERT i3 A sk
¥R 7 v 77 A (structural-fertilization
patter-recognition program of fixed-point
YR oy —
PEBERIC OV ZLTWE Z LICER
LTBZ 5,

- FERT
=1 (¥, T) .
if head (¥)=0
(v, T)
else
FERT (
(cons (¥, ¥),
cons (taill (SORT (head (I"),

V  head ()= then

where
¥ =TA (head (I')T head (¥).



9. SORT?, BEHIAISLIZLBRRA

Bi7 2 75 2 (functional program) &
i3, 7768 L TCOREHNT—25 (5I%)
l2x+4 5% A (application) D&z & - TH
TMEZRD LT T 7LD ETH D, Bk
7w 7 AFERT BB# 7' w77 20T
METE®R S Nd, 27 FERT nHiz,
SORT 7B 7' v 77 anBTHELNLT W
v

7275 . SORT (y, #) i22WTid

y=1(0j, k, 1, =), i, k,

J

7€®
LLT,

@y & SORT (y, #) &I3HEEL L TIRE

bV jx € v, SM (%, wjx) =SM (7, @ji+1),
k=1, 2, 3, --THN,

SORT ('}” 77>: (i1, 2 Ja =)
DD LD, 2 SORT N 7w 77 1%
BETTRE ),

9, V2 b

MP ()= ((1, SM (», @)), (2, SM

(7, @)), =), 22

J=10(1, 2, =3

REATL ATITVETje] L, 57—
BT TY)C IRBL TWAHEE (RE
FEZ, membership probability) SM (7, «;)
ERBLEBIY A (§,SM (3, o)) 2ER
ETBYZMEMP () Tho,

39, TS0

(i) SORT 1 (y, MP ()
= ((ky, SM (%, @x1)) , (kz, SM (7, @x2)) ,

> = )=
"'], ;.;.c;

y= (ki ks o)
2B, TNUEIMP () 225 je ¥y a4
Z b G, SM (7, @) 28HTHELNL Y X
FTHB, KIS
(ii) SORT2 (SORT1 (y, MP (%))

1, e

= (lm, SM (n, @1)), ,(s, SM (%, @ns)),
), 22T,

nl’ n29‘ vee € y‘(“’

SM (7, @ )=SM (7, @ns),
k=1, 2, -

LB I 40%, )V A SORT 1 (y,
MP (7)) DEEV_LOERTHS (§,SM
(7, )] % SM (7, @;) DA VEIZIENRT
B"Bonzd )AL ThHDB, I, VAL
SORT 2 (SORT 1 (y, MP (%)) N&ERTH
A3 A (e, SM (7, @) 5, $XT
HnEEHTHLNLY 2 F 5 SORT (y,
7)) THEhH,

(iii) SORT (y, #)

=SORT 3 (SORT 2 (SORT 1 (y, MP
7)) L BIFHEE 7w 5 . SORT 3 %
ET 5,

SORT 1, SORT 2, SORT 3, I3 /RfE
B7ra 7758 LTC Kkol, I, IIZRE
ns,

(I) K=MP () &B< &,

SORT 1

=Ay. AK.

if null (y) then nothing

else _

cons (assoc (head (y), K),
SORT 1 (tail (y), K)

fi.

(II) K=SORT1 (y, MP () &8¢,

B 7 2 75 4 min 1) 2 F KOEHK

G, SM (%, @j)) , i€y
DHDTRAND SM (3, wj) & HO%J R b

G, SM (7, @j)) %MEICTHHNDT,

min

=2AK.

if null (tail (K)) then head (K)

clse

if less (head (tail (head (K))),



head (tail (min (tail 139))))
then head (K)
else min (tail (K))
fi
fi
r52 505, %72, remin i3, ) 2 F KOE
% (, SM (#, &Jj)] ,iey DR DFIND SM
(n,@;) 2b28Y)Z2F (G, SM (7, @) 22—
D) BENTERLNE) A 2EIZTLLD
THY,
remin
=1K.
if null (tail (K)) then nothing
else .
if less (head (tail (head (K))), head (tail
(min (tail (K)))))
then tail (K)
else
cons (head (K), remin (tail (K)))
fi .
fi
t526M5b, 294U, SORT 2k
SORT 2
=AK.
if null (tail (K)) then K
else
cons (min (K), SORT 2 (remin (K)))
fi
tEzonb,
(Il) M=SORT2 (SORT1 (y, MP (»)))
LB L, SORT3 i3
SORT 3
=AM.
if null (M) then nothing
else
cons (head (head (M)), SORT 3 (tail

M)

fi .
L5305,
0. ETC
M 2B M7 2 7 7 4 FERT

RRESUSREL LT A SEEAVT YR
} SRR RICBITARBICEL2DY, 2
NZ2EICEAKMICERD) X B SFHE
LISP B2 BT LEIBFHTHL, BEL
NEBFERELDODOH 239 —VRBEBOKFE
WERIC BV, Y2 (2, T T 2s
—2NOx) 2 b (W, TV) KEERZ 50D
BT T ANEBELBER VI Z LI
S>TWBY, ZDE I UEBORB 70T 7
%) 2 PRI RERN TERATRE L Z &
BARLDOBBAEL LFHICHETE L),
(LR B RFEREIR)

X [N
(DVSFARF— . 35— BB EIHEES,
1% (%27, PRL84—6, pp. 1 —10, 1984—
05) '
BIE GR#EMs s AHER - TR, PRL84—30,
pp- 65—74, 1984—07) ’
SRR (RIS & TE S FEEHE, PRL84—38, pp.
65—73, 1984—09)
SBIVER (v —> DFFER, PRLE—-27, pp. 1 -
10, 1985—09) ‘
VIR (ARF 1L & 32558, PRU86— 8, pp. 65—
74, 1986~ 05)
VISR (EDIEBIS o> =#s:, PRUS6—35, pp.
51—60, 1986—07) _
SEVIRER CRDE B $=H & g, PRUS6—69, pp.
1—8, 1986—12)
VIR (K5 B B ik, PRUST— 1, pp.
“1-—8, 1987—05)

fﬁ')xb (P, T) B ¥ RBHBOEFICB T2 ZNBIERENLZ/ I —>DY X THY, F
2, T YAONETLERE LTI~ P RETITRENS 22T T ) DFFN) A+ 2 EHR
ETBVRAMNTH D, 72, 21F, head (¢) %237 —V»RBTLAHRMENH 25T ) DFEFDY

Z b Hhead (T) TH 5,



FXE REERIVCZIVWELRBRERE, HHIFR (CCHARZEHREH), Vol. 6, pp. 19—

PRU87—28, pp. 1—10, 1987—07) 30 (1985—12)

EFRBBEESBMAARE (05— BH LT AR — | FHRIE (L), MEE, 1975—02
B R B (B#7© 7% 4 FERT 0 ) 2 } BEHR
2R A— | IHEREICBE T 5 —F %, HRICBILER - T)

BEATRE 7 5 icBB I N DEBFLRE
# MEMOTRON & B AR FRIN O HE
BT AR EMY T vy, 2BTS
R ZTRERRICL - TETEWRLET,

IE .:3./\ i
% Fr R 1E
178E F» 5 647H Xun (@) X; (p)
Q1B T2 5144TH BIEAP BHIP
BEEEHHIAFE | v 27 ABENI L 2T A (=3) i
BEAELYLIUFE | WISEMT | #18 (= 6N) AT
BEATH»LIFE |V ge D Voed
2B T 5101TH D €D
298 K F» 5 84TH Uje] Us€;
C29BAHEDS 454TH I 6w(H) (@l @ — & &1 |2 I 6H) (@l @ I 71—
AL ENENT-D 112 (A4D
29 BA ko b 947H 2= el el = teriie Ly
298 A > S 1247H Fi(d) ()




