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X is an 8 queen's solution
if and only if
$: eight queens are placed on X :$
$: no queen is checking against any other queen on X :$

s-property placed[q:queen om Xichessboard] a-property checking[qliqueen against q2:q on X: d]
def def

$: q is already occupied
on a chessboard's square of X :$

$: ql and q2 are on the same row of X or
ql and q2 are on the same colum of X or
ql and q2 are on the same diagonal of X :$

end placed
end checking
N
a-property on the same row[ql and q2 : (queen,queen) of X:chessboard]
~ def . .
$: the X-coordinate of the position of ql on X
is the Z-coordipate of the position of q2 on X :$
end on the same row
: a-property on the same colum[ql and q2 : (queen,queen) of X:chessboard]
def
$: the Y-coordinate of the pogition of ql on X
is the Y-coordipate of the position of q2 on X :$
end on the same column
a-property on the same diagonallql and q2 : (queen,queen) of X:chessboard]
def
$: /R-coordinate(pos(ql,X)) + Y-coordinate((pos(ql,X)) ;
= X-coordinate(pos(q2,X)) + Y-coordinate(pos(q2,X)) Vv
type queen X-coordinate(pos(ql,X)) - Y-coordinate({pos(ql.X))
§: [1..8] :$ = X-coordinate(pos(q2,X)) - Y-coordinate(pos(q2,X))/ :$
S RReeBE R end on the same diagonal
end queen
. type chessboard's square
def
$: (R-coordinate: [1..8] , Y-coordinate: [1..8]) :$ ~Ix3ylx#y A checking'(x)(y)(X)]
enddef .
o - JQlnumber(Q)=8 A vx[element(x,Q) +* placed’(x)(x)]]
X-coordinately]: :X-coordinate of y [(N]
Y-coordinately]:s :Y-coordinate of y [QN]
endop
end chessboard's square (b) R
type chessboard '
op
s ¢ (queen, chessboard) -+ chessboard's square
~ pos[q.X]: :position of ¢ on X [aN]
occupy ¢ (queen, chessboard's square, chessboard) + chessboard
isoccupy : (queen, chessboard's square, chessboard) + bool
d isoccupy[q.y.X]: :already occupied on y of X [ADJ]
@ : + chessboard

#[3: :initial chessboard [aN] :
$: a queen is already gccupied on y of X ++ /occupylq.y.X]=error/ :$
$: there is no gueen already occupied on y of X
+ /ql#q2 + poslql,occupylq2,y,X1]=pos[ql.X]/ :$
$: there is no gueen already occupied on y of X
+ /pos[q,occupylq,y,X11=y/ 3§
+ /pos(q.#(1)=error/ :$
: there is no gueen already eccupied on y2 of X
+ /yl#y2 + isoccupylqlsylsoccupylq2,y2,X1)=isoccupylqlyl X)/ 2§
: there is no gueen already occupied on y of X + /isoccupylqsysoccupylqoysX11/ :$
: there is no queen already occupied on y of the initial chessboared :$
end chessboard ' .

(a) ft#r
2 824-VHE
Fig. 2 Eight queen problem,
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type set{of a : type]l ({a})
operation
comp : {a} + {a}
comp[A] (~A) : :complement of A [CN]
union : ({al,{a}) + (a}
uvnion[A,B] (A u B): :union of A and B [CN]

Mar. 1984

REEXL A TOERUOEETE
B, 2 REROER D247
2HPWTLC L MBTE B BH
roREELT, AB)-(B) %

intersection : ({a},fal) » {a} A(By, -+, Ba) & ES. 74
intersection{A,B] (A n B): :intersection of A and B [CN] -, &, ekoRE¥oEHick
empty : -+ {a}
empty[] ( @ ): :empty-set [CN] LT, +2)y) CE2TIe, @
make-set : a + {a} HDEHK z+y & infix nota-

make~set[x] ( (x} ): :made from x [Adjl
element : (a,{a}) -+ bool
element(p,Al

subset : ({a},{a}) + bool

subset{A,B] (A € B): :subset of B [CN] , included in B [Adj]

number : {a} + integer
aumber[A]: telement-number of A [CN]
$: / element{p,A] ++ ~element[p,compA]] / :$

/ ~element[p,empty(]] / :$
¢ / element[p,make-set[q]] +* p=q / :$

¢ / number[empty(]]=0 / :$

L7 7 R 7 R R 7 T N 7 g
. o o

endop
end set

B3 HEAF-2HONE
Fig. 3 Axioms for sets,
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CCT, 2, 03247 flan), a i 247 flas) OFE
¥, constant {34 1 7 {flaz), func a1 az), update |Z
{func a1 az {f(ar), {f(az), func a1 az))), apply iZ
{func a1 a2 {f(a), flae))) DIEREERTH 5. T
734 H, constant FEROMEHIC ¢ LT3 EHKH
¥AED, update i3 b DERINI LM a T, i
BINRT f E—HTRHEEEIARV—2TH 5.
apply BBABOBRETI> ARV —2TH 5.

6) FNER [vy, -, vl KFLTE, v/ (1Ki<n) B
8% constructor & Z 5.

VIz=t1iAAZ=0a]

B14 (b)i list of ¢ OWHERL SERINICLAHE
DRETH 5.

4.2 REOER

HAREEDHEL, & property iLX->TEHRIN

type list[of a:typel
def

$: (empty: [nil] | compl: (car: a, cdr: list[of al)) :$

end list

(a) BEXEROIEH

empty(nil)

vavycompl((a,y))
¥Yavycar((a,y))=a
vavycdr((a.y))=y

(b) HRREh 3 EEEN

B4 HR7F— 28 list
Fig. 4 Abstract data type list.
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72D, MRF—FBOREPLF RV —va VERISS
DTEBINS. CCTR, £20L5 NHEORKE
fl, 318b5, HEOFEINOBRENIOVTH
~N5.
4.2.1 property TEBINI-EEOHIR
2 —PREXPRBREE > TEBUCHER, L
TOXDILT, ZOEEKMBAIMNER XN 3.
1) 8: - 8 MNOEXE TN CREAEHRT
5. BREHEIISETRRAS.
2) property Juysthich b $: -: 8 HiHS
RONRERETRTATHAT 3.
3) 2)THRINTRERORIIFETT 1%
9 5.
7c& 21X 2 (a)®D a-property checking---DiE4
BUHE—D §: - SHIPORIXERENICHRT S L,
on the same row’ (q1) (g2) (X)
V on the same column’ (q1) (¢2) (X)
V on the same diagonal’ (q1) (¢2) (X)

sy, TORBREREIM a1, ¢, X TZDFF 4
mRTHE,
Aq14g22X [on the same row’ (q1) (¢2) (X)

V on the same column’ (q1) (g2) (X)

V on the same diagonal’ (q1) (g2) (X)]
L18%. ThHFAT checking DEKMBAITH 5.
7IEL, @ BHE ¢ OFBRNOBRERTHOL
7T 5.

4.2.2 HBF—IBIHDTIONTHEOER

HEOER®ZMR T~ 2 HOBMEZDA RV —Y g v
KHIEIETERLIE &, TOREKBARL TOL
L THBMZAR SN 3.

1) HRF—-2BZICHISES R L&

TS RZRECEREFE LdRIE L. &4
KEDEBLFLFCEREDERIN T IVE &
2, BEEAROGST 2HELLE. COM
FOBKMR, HMERF—2BMBaDE &

AZ s> [true]
Li3%. Thi3, CZOREBEEAUENORR
ROE 4 TZRET B DicfEbh .

2) AL —varvigHicXHiol X

ARV —v 3 VEMETE ZHMERYEEL
@, BRADELLTH KL, £0R5,
BZEDHIC [CN] $ L3 [ADJ] 23T
9. ZOREEOEKIE, MISTHERL—
vavEA, ZD&AT%E {aa(-{an B)e)
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ETBL
a) f=t Dt
Azl -, Az [A(ZY, -+, 2]
b) Axt DL &
Azl -, Azl AyslA(z!, -+, 2%)=V]
THH ARL—Ya VADEKR, WMERT—LBO
b S, NMTRRIHFETERINCREATE
BExnz. Ead K2 (a) OEBLF X-coor-
dinate of OEBEIEANZ, chessboard’s square XS
42341 —v 3 Y X-coordinate %{E~T, Azdy
[X-coordinate (z)=7] L&ERENB. T oRdic
HLTWBAARV—Y3a Y/ X-coordinate DEKEII,
EREH O EKRRN Vv [ X-coordinate((x1, 2))
=z1] TEINS.

5. XX OREANDOEHR

R RS 3E, RHEORKREA,
Fizbb, BEXNOBFREbL LI, BRESEORE
AMFEEMNE LEBRTHEEY T ¥ 2 —XHEY O0F
2 FASRLEFETHER CERIN S, R
REXOHELCEAREhTVS. CCTERATSE
Z%EXIL, be BFEPERRARAEMHETCRE S Ol
TN THD. 2—FHBERLIUAO—BRDEE,
J- & 212 is, every, a, not 13 & DEEKMANL, S5
LHREINTVS. ZhbDOHER, TRNTHEX
~DBEREL->TVBOT IR, BIRRALH such
that © which, FIBHO & 5 KBMELLTERZD
7-4°, syncategorematic ICHAI N/ BFELH 3.
EEREFIR, B ETULERE bV, AR
=3, X oEWRDIMe, MERATESSNSE
=R E EEIRORSEHET 2 REBH 5.

CCTRWEERFELE Y F ¥ 2 —XHEOENL
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OHREIZ-2H 5. —2PRCOHERADBETHD
b5 —oi, HMEDLH  HEHERICERLIE €
D& 4 73 syntactic # 7T Y KIGLT, —BICRR
FORNCETHE. BERD241 7R, TOHEE
BT 2a0H0b > T3 24 TREROKICIED
TET . MEBESH TG 5L, A K@MED
D, RATZHERDS4 7k, A REWE
RO generic L2 4 7E LTEIR TV A A 7B
BETB. COXHE generic 18 &2 4 7 LEMEICH
53 AMBOBAETERLGDELTEREAT S L, £
£ FDRF—=i% syntactic # 7T Y ILHELT—2D
A FREF—CERBTES. ChERLIORT.
HREERIC (I C & B E X ORIURR & £ Bl
+ ZEHRERENRICRT. EHER, $8bBX-
5 - 4] » BZE ORI SURR OB L ORI RIS
+ 2EERD L ELOFICHIET 2HAERERD 51
HOEAT, ThbRBEOERREL LRI NS,
HETR U BSCRR] - EHRBRIRKRO K S RELHT
eI s.
1) RESGERIEE®RBRARZ, UToXSic1xl
IS LT 5.
I8+ FRk=to: faip B
HRFR 1 (FER)
JHHR »
BHRHA n (BEX)
2) HESGHANZ
As=Bi(E1) B E2)---Bu( En)
O ETE. B: BIEEBIS S L RKERES, £
2 B: 2EER~FRLA-ODET . ORI
extisd 2 EEBANICIZ E: ZRVT A eitT 5
HERLEW®E LTAERT 2HERBEINS. C

¥ 1 syntactic #73') &4 4 FEOBRFK
Table 1 Relations of syntactic categories and types.

Syntactic category Type l Example

{sentence) t no queen is checking

against any other queen on X
(term)a (a ty t) no queen, any other queen, X
(be-verb)a ({a t) ty (at)) is , is not
{determinar)a« (a t)y (at) t)) a , every , no , the
(determinar 2). {a t) (a {at) 1)) any other
{(noun clause)a. (a t) queen, X-coordinate , Y-coordinate
(adjective phrase)raq,, ..., a,] {ay {--{an t)-+e) checking (n=3), placed (n=2)
(adjective phrase)a ‘ (at) checking against any other queen on X
{connective) 1 (L t)) and , or




212 HHLEEERE

T B gxdisd 3 E: BT, OB
B; |3 syncategorematic 7SIF TR TIIFHX
iz,

3) FERMIESPRBESOETICHY Shi-BiE
a (7o X (termde) i3, ZOBWRENLZERRE
ROZ1DDEATE2ET. ZOBFBRNDOS 1 7ikE
112/RT X578 syntactic hFTYEID L& 4 DR
F—TRE->TREZIN B. 7o & 21T (terminteger
HFSY RY BHE - 1 - HEBRULBORARR
DA A4 712, +T integer t)t) 1L 5. D
generic 184 4 7 a i3, BMXBIFTIKkb -l iT—
Bicyr 3. BET 54 7O EL %3, £2hd
D& A4 F%E -] THATRRT S, &A1 {adjec-
tive phrased(a,, -, a,] {2, T DEEFGIH n HDB]
¥EbbE, ThEhO2zA4 70 ay, -, a. THBZE
ZRLTWS. ZOXIRBEBD2 4 7HBKLTL
50, FEFRUK XD EHEZT I LFLFAPER
FEBRT 284S, BRERLANEERTIEAT
H5. EWEEA1TDOEHEFER S D syntactic h 5+ 3" Y
B, A7) DSESEZTID, hoh 7Y
ZEMLICDT BT, 2HRI T 3ERD
BH—2F28->T. RO LT3, HE
e, -, au] ROEREMN—2F OB ->TE, (R
DHEIGRAN 23, 27, 6 8R), PBT—2ILK 5. Al
BRATEHINIBAREOERS AT RICL-T
HEIh2pheE 5. 7c& X, checking against
any other queen &5 FAFHAITIT, against &
DRIER & © checking @ BIR AzAydz [checking’
(2)(¥)(=)] D 25|¥ ¥ ic any other queen DEFR
Ab3uJvlu#vAb(u)(v)] BRIST BT Ebh 3.
NROHRTIE, F281¥yBITHEBEH FER
4B ER),

AzAz 3y [checking’ (z)(y)(2)AAbJu3v
[u£vAb(u)(v)]Qy1dylyn=x Ayz=y])
Eith, Thixm{tdss
AzAz Jy[x#yAchecking’ (z)(y)(z)]
1B, ThBFHATH checking against any other
queen OFERTH 5.

4) <(name)s (3, HEREERhic HET 2 EHDPE

BT, TOF— 4RI A FaltWHBELTNE. h
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513, EDF TS A 7 aTEILIBLVERPERK
WEBINS. Zh* name. %<,
EXOEBROBRBEL BB AOKTHE S5 IR
T BRI SN ABSR, BRSO BIUEDE
JURKKRAELRT. #BHAD/ — Fieftd shtn
2ERRI, BHIGRAICHIS L EkEAlick - T
ERZI b0 DHRBAROAEDEE S EH
L, @EstL7-bDTH 3.

6. ¢ 7 U

ARETR, Fos 5 20BERLBRLMNIIER
BRTITOICEEREL, 20 icH LB
BEB~I. COFRICKD, BEE (bhDPFTH
T &) LR GFMICERSETICERINS
&) BEDENIHABERBTLIELEITVS.
oI, ISHASNIMEOERET — 2 ~—2 1L,
THZ LK, BROTOBERE L THBEIRE
5T 3.

SROBEELTIE, UToLS5Bc BB oh
5.

1) BUBAREFETERTEBLIIVZ, BRIERE
DML ERTRARE, RROWLH[EE~—
AR LTWBHREBREBLEDYRIBV. BREOD
FERBEXREREFER L ARESHAOBELT
BRTELEMBURETHSS. CORDOREOR:
MMELUT, RERERR 2 LS5 R DM
WREOWOYMASHIEIN B,

2) RS 5 LPBES T 3L EERIES
PEERERTHILHB YR 7 LoDHBERICE N
TR, BREEBETXIMENSLETHS. 2L,
BEHRNERLRERETIRLL, BERE2ICHEEL
LI ST

3) HABRERAROETFEUHPZEOULE ORI
i3, AHEBEREBOR—REE->TVEERXLED
LERTIICEBTEEH, ChZEHBNICTS 1
HDHHIE prover WUETH 5.

4) EXTHEBRUILHBRERBERNZMAELT, i
DEZ~BRLICD, REIDD, b ohi
format IZRE-12EXDOXE (Fdax v ) 2AK
LD 339 L bE%HIRETH 3.
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no queen is checking against any other queen on X
x3y{x#AyAchecking*(x)(y)(X)]
1
no queen is checking against any other queen on X
Af~Ix(£(x)] Ax3y{x#yAchecking(x)(y)(X)]
11
6
is checking against any other queen on X
apaxlp(aylx=y1)]  ag3x{3ylx#yAchecking'(x)(y)(X)Irg(x)]
no queen
Af~3x(£(x)] 12
8
is
nd queen Apax[p(aylx=y1)] 14
Afag~Ix[£(x)Arg(x)] 2x[true]
46 28
checking against any other queen on X
10 queen Ax3ylx#yAchecking'(x)(y)(X)]
Afag~3Ix(£(x)Ag(x)}] Ax[true]
24
queen 23
Ax(true]

checking against any other queen on X
AxAz3y[x#yAchecking'(x)(y)(z)] AhCh(X)1]
45
checking against any other queen X
Axayazlchecking’(x)(y)(z)] AkIxIylx#yak(x)(y)] Ah(h(X)]
22 8
checking any other queen
AxAyAz(checking’(x)(y)(z)] afikIxIy[xiyAf(y)ak(x)(y)] Ax{truel
47 28
any other queen
AfAk3xTyCxfyaf(y) ak(x)(y)] Ax[true]
24
queen
Ax(truel

B5

RSCRITA

Fig. 5 Derivation tree.
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<sentence>::=<subject>y(P) <verb phrase>q(F)| 21
P(F)
for every uame],..,name, which <sub sentence>y(F), <seatence>y(M)| 2
voame'j...vname' (F(name';)A...AF(name') + M]
<gsentence>(M) <coanective>(C) <sentecmne>(L) 3
c(M)(L)
<there subject>g(A) <be verb>y(W) <subject>;(P) 42
A(W(R))
<subject>y::=<term>y(P) 6
P
<there subject>g::=there 243
MiIxle(x) (positive)
Mvx(£(x)] (negative)
<term>y::=nameq | 27
Mif(name'g)] .
<determinar>y(D) <noun clause>q(F)] 8
D(F)
<plural>,(E)| 19
AEISCE(£)(8)]
<oumber>jnyeoar(N) <plural>g(E) 10

AE3S(number(S)=NAE(£)(5)}

<term2>q::=<determinar2>4(D) <noun clause>(F) 44
D(F)
<verb phrase>;::=<be verb>;(W) <complement>4(P) 111
W(P)
<be verb>;::=is (are) | 112
ehxlpQhylx=y 1)1
is not (are not) :13
Apdxl~p(Ay[x=y1)]
<complement >y::=<adjective phrase>[q](F)I 114
2 IxiF(x)ag(x)]
<term>4(P) 115
P
<adjective p'nrale>[.,,l.“_,“n]::=mjecr.ive[,,l__”'“njl 122
M1 hxgladjective(x))...{xq)] 547
<adjective phrase>(n;,..,apsis...an](0) <preposition> <term>q ,,(Q)] :23 X4¥: G , 2% Ope] »
AKX} eeehZn 3xpa 1 LO(x) ) el Xga | )l 20 )AQUNZL 25%9 41 1) ] Xisyit @i » FofoGug: <a t>
<adjecrive p'nl'lle>[ul‘__'%'l..._anl(ﬂ) <preposition> <tem1>%’l(Q) 145 Q: <<ape) t> t> ,
AXYeeshXp It | LU0 ) eolxga 1)l 20 )AQOAY 1 AV 04 1 L 71 5%1AT 04 ] SXn4 11)] PeP: <<a t> t>,
M,m,L.1: ¢ , Nt ioteger ,
<noun Dhrase>[q),,..,a, ]t Fccmon noun{a,,,,,aq]! 126 W: <<<a t> t> <a >,

A1 .- o hXnlcoamon noun*{x})...(x4)] 0: <ap<...<Gp+]<eaean £>002
<adjective p'nrane>[nl](}‘1') common °°““(u1.....un]l 125 E: <<a t> <set of a t>> ,
NX}...hxp{common noun’(x))...(xq}AF1(x})] S: set of a , C: <t <t t>>
commoR Boudig,,...,an] <adjective phrue>[°1](i‘1)[ 126 Fy: <ap t> , b: <a <a t>> ,
AX{ e hXglcommon noun'(xy)...(xg)AF1(x}y)] D:i <<a > <<o t> t>>
<ooun Phta")[“lﬂ--“n-ﬂr---%J(U) <preposition> <cem>qﬂ*x(q) :27

X} oeohxgdxge  (00x1) e o(xga)) + o (xg)AQN2L2=2g411)]

<poun clause>y::=<noun phrase>[q)(F}| 228
F
<plural>y::=<ocun clause>,-s(F) 133

AEAS¥x(element(x,S) ++ F(x)Af(x)]

<determinar>y::= a (the) | 134
MagIx{£(x)ag(x)]

every i35
MAgvxLE(x)+g(x))

no 146
MENg~Ix(£(x)Ag(x)]

147

<determinar2>y::= soy other
MAbIxvy[xFyaf(y)+b(x)(y)] (positive)
AMAbIxIylxEyAaf(y)ab(x)(y)) (negative)
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