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1, FAME

FoXsanunSFLInMEIR, KR LTREAYADFRIERGR TV S,
FLEIMEIERIE, ForsasibzontiBefiilTvd Y iht®WhHLI L
ThHLEM, FHRR AR LT iR EETS, £2 T, ZoffREAEBRIZE
TTELLETATELLS $T SRS EHLR TV S, B, BEOEBTR oS5
LB T 2BENS, PEIYRELTENRTLIZI S HALELLD,

A®UTid., Prolog = X > TAME L &= Boyer-Moore BIZER IR & A7 4 (LT
BMTP »B8ks ) icovrifi<a. BMTP 2ok, Mifo Lisp 7o ¥ 7 ozt
AMTAFEr LTINS S b chES, REND Proleg oot L@
R AT as RET AEIZ 4L technique SEET O D EEL L.

2. L RAF AOME

ZOvAFLTR, RLdwAnlRBEiiT .
[equal, [flatl,X], [f1at2,X,nill]
flatl =Rk X oEer—Ho A b~ 5MEvh S, [1lat2 QRO EE O T
IV X AT 3METH L, £oT, LA LR SR 2 2R,
ELlifidss ddbnThd I & FHEL TV,
2.1 7o¥ 5 Lo

VAT LN TESF LTV LB E-1 2T,

Main €52 -2, LToH47ES2 - AnBldEVIE, 2-¥-4v27=z-2¢%
75, Definition € %2 —nid, F- %84 7 & BHOEHET >, Simplification &
2 -, SRICIIMME, F-2 54 7oitE, HEOEBSIC X AE ML T
5. Other Heuristics € ¥ = — ik, fiWiE@EMomAR: Lt 2hofRA AR
A A, Induction £ ¥z — it REEMEERINLT -4 44 7OTRMEEAL
THAIMWET 3.



Main €= — 1

|

IDeEnitiDu L R | Prover £ a — 1.

Simplifieation =2 — 1
|

Otker Heuristics 22 — 1
I

Induction &2 — 1

-1 “RFLADFOF T LET 2 — AR

2.2 ¥ATF LOBRIE

LNYATLRETSHANEARSE-2 T L>TEMHT S, LT, FHLES ET545%
Wiz 3,

FY,UEWLES & F58%F (A) iSiE<C, (B) itk T, ¥ clause B s @ L,
(Cifi v+ &, (C)MTid, Hal?i $57>T clanse &ML+ 28, Bz 2
THEL >R, clase i3 CHERT LTHBBETIL5, (C)HT ER" LanLy
(clause ol EMmb & ) dhECE Lass, # (D) #M %, Other Heuristics
W (E) CHTF+5, (E) AT clause sitifbh - iz, W (C) KEXha, (B) T
LInLiERBLLLOREIZEL 285, At (F) #8 & Induction #§ (G) THTF+ 5.
(G) WTid, ##EIZ X D, base case & induction step IZHIMT 3w ¢ 2hOHF LW
clange AL AETH, ThoREBUE(C) T,

DEodiEo, #£coM (CL(E)(G) AT clause i 4ic “HR" LTtLz-%=04, 8B
ORI Wik 5,
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3. Y AT AORIEFH

2. 1 Definition £ 2 — 1L

IHETA-ATE, JILWT =224 TRHAALLD, EHORLEEIEST M
PP LM E LTS,
(1) ¥ —# 24 FOiE®
madmbsicLT, AT a7 cons HERING,
Add data type "cons" of two arguments with:
constiructor . cons

recognizer. listp
aCCess0rs: car,odr

ZHiICED, LFmEsasNincsAFaicii s,

(i) [listp, [cons,X1,X2]]

(ii) [equal, [car, [cons,X1,X2]],X1]

(iii) [equal, [cons, [car,X], [edr,X]11.X]

{iv) (implies, [listp,X], [lessp, [edr,X],X]]

(2) BigcER

MR EIIE RSB, BEOFH LA S 5 measure (M L T AN SWHEEN]
ENLLmICED,. FHOLRE,

flail, & append # RO LI ICERT D,

{append, X, Y]
= [if,[listp,X],
[cons, [car,X], [append, (cdr,X],Y1],
Y]

COERIR, T-F# 47 cons DFADE, YATLEMALRIZLR (iv) KX D,

lappend,X.Y] > [eppend, [cdr,X],Y] when [listp.X]
PRINBDT, THITET EHTE B,
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3. 2 Simplification £ 2 -1

TOTRENAFLOGERFETEY 3 AL THE, TOEV2 - AT,
equivalance # & T T 5L 5 LMAMLBEL #irl, N WELHFIRMLYT S,
(1) if. equal ¢ WE@ET T

IOYRTFLAREOESLEMMG t, ., BUKKN if, equal RMFsAXLHE

Ha,
t # I
X =Y — [equal X, Y] =t
X #£Y — [equal X,¥Y] = f
X=f = [if XY, 2] =12
X # f o [HEXY.Z] =Y

i, nEmTTFREOLS I I TESIATOS,

[not,P] = [if.P,f.t]
[and P, Q] = [if.P, [if.Q.t. f].f]
lor.P.4] = [if.P,t, [if.Q.t.f]1]

[implies.P.Q] = [if.P.{if.Q.t.f].t]

—gT, SAREIA G ~oRRABA L L TELNS,
(2) type = L aHEE

g FLR, AN osEn LM+ S type prescription DM A F » S g
FEIEEMe T type set 23R L, Thooffiie By oMefe XA 5, type
sel &2, EOTHI DM OSBMOT- 244 F7ORATHSE, EOBATOERR
t, £ £1212 7 - # # 4 70 recognizer ThH D, £EEEIE universe L FHING.,
#4if [cons,X,Y] @ typeset i cone »F - # & 4 7 E|L D [listp] . FH X
@ type set |2 universe Th o, ZHHOMBAEICIRBHELEINS,

# [equal, [append,X,nil], [addl,Y]] oML &E 4 5. append ® type
set 1 append OFERL O listp S LRI type set THSEhh 2T
Zovt [listp, litatom] ©h d. £ [addl Y] O typeset BF -2 & { FiEHR L
n [numberpl TH S, =5 LT equal OEND type set oRESR B LT, BB

T ng,



(3) &P = lemma
type set iz X AL kBT oL, vAFARLT P lemma #E-LHBRAEUNR
4, Cheld, Fof24 7NN bR HOHE, LW ERLES, hid2r -
H-p5a 5000 lemma THD, UEHBALDOICEYLLESD lemma 2 H D0 5
FLOENEFHVTHRAS BN bR D, YL oA ) lemma AN HIBERAE
molEEnktuordEiding,
WiT TR lemma B EOEE LTV D,

[implies,Hyp. [equal,LHS RH51]
Shid, Hyp AU T&BE 51z LHS & match 5% % RHS KB BA 5210588
AfHELTH 6D, SHBAL LD ETH80%

[append, [¢ons,A,B].nil]
&L,

[implies, [plistp.X], [equal, [append.X.nill X]]
%5 lemma 2hEEThH, TICHE plistp RV A tOREOERS nil o t %
Wi Th o,
Zenlf, AT AR, M

[append, [cons,A,B],nil]
& lemma o LHS T# & [append.X.nil] & ¢ match #&&, HHT oL xRN
X=[cons,A,B] ©Hyp . [plistp.X] #FHL LS &+5, A& X0 THMIE
B X3LIzERIZIR,

{append, [cons, A, B}, nil]
it [cons A B) KdiRi b,
Hyp 23880 & & hid, 59 lemma At E N5,
(4) MEcEsE

TATH lemma A INTHLEAHABRALGNLVES, ToHZE LN 5 M

PR L 2 TN body i L T AD, 4, BREILLS 295 n HolMEE
[Fo,Th,...,To] &4 8, ¥, &318 T, (2)-(4) o—doBRGALIE Y IHA
A bd. Chbe T, k+a, F, A TEEThLL T, #5845 body T hMH S
N3, £LT, £0 body KK LT (2-(4) n—HoBEATRETbAS,

¢ o7, Banil 4t [plistp, Bl=t ovig, BT R &,



deic F, it aBass®i s, M F, 0 measured po:ition‘l TR 8.1
explicit value*? # b2 #EAfF 12 body THMITHE, £5 THV &b, EF body #
M LA, EONBEL LAY body (body' &3 ) ATFEHOVTRNERIY
. [Fu,Ty,...,Tal i2 body’ EH#A b0 E. Shaonid, [Fo,T,...,TW] #
HERL.

TR, o3 2Thbd,.

(1) body'?x B 4itE i L ) measured position HEMNSTHHALL LS & LTy aREHTE
4., M4, B+ 3o 240 k0 measured position I2FH L W HAEA I HIT T
AT

(o) body’ @isiF U LaslEndidi, [Fa,Ti,...,Tal £ 0% (0 explicit value
AT SR,

(#~} body'® i hi3F IF I L ) measured position D Lis, [Fp, Ty, .. LTl @i
+ % measured position 5| EOMHELTTH S, T DTy S SHEET S,
WiIzEEFnasiilsomsidanl EThd,.

Simplification £ ¥ =2 — A7l ARG ERBETCHLTLULO LS L—Eo@fEe
Fedofnsita s, e cEr > 8402, induction & v CIER &5 2
Fittd, Sy AT LTI, induction ¥ “ETET EAMTLIEOKEOERETS
heuristics % - T\ 2. ]iZ % heuristics 12OV T~ 5,

3. 3 Other Heuristics =5 = —

coEYa -t fo Induction ¥ a - iz HV TR EMT 5 B ol an
FLT, W{hniBiRMNEAASL,
(1) Destructor @ifj&

I, F-284 7O AOBTESRYNE accessor bW HH & constructor &
SGELL O k= F" BT 9,

A FoLEEVTRENG X AU R rThE b EnT, X% [cons,X1,X2]
i [car,X] & [edr X] #fa X1, X2 28HRA S,
IOEEIT L = T induction step (T VT X1 0 X2 MY ShEEik e AT A &
MEfEL LS,

*1 measured position : MG LOHLIIEE Y T body MBREFLE LaREEad|Raln

# 5 measure (ML CHEeLTAES RO,
#2 explicit value : t # [ MF — & & f 7 bottom object F#id, ¥— & & 4 7 constructor T

FnE|2d explicit value TH I H7.



[implies, [and, [1istp.X].
[equal, [fiat2, [car X].
[flat2, [edr,X],Y1],
[append, [flatl, [ear X]],
[flat2, [edr.X],¥11],
[equal, [flat2, [edr,X].Y],
[append, [flatl, [edr,¥]1,¥11],
lequal, [flat2, [car X],
[flat2, [edr, X],Y1],
[append, [append, [flatl, [car X]],
[flati, [edr,X]]],
Y11l

(2) Cross-fertilization
fZEND equality #3EMICERT 4.
A FoskicseT

[append, [flatl,X1], [flat2 X2.Y]] # [flat2,X1,[flat2,X2,Y]]

iR, Tooequal MERDES,

[implies, [and, [equal, [flat2 X1, [flat2,X2,Y]],
[append, [flatl, X1],
[f1at2,X2,¥]1]1],
(equal, [flat2, X2,Y],
[append, [flatl,Xx2],Y]]1],
lequal, [flat2, X1, [flat2 X2.Y]],
[append, [append, [flatl,X1],
[flarl X271,
Y111

—RCGERI L LS kAt oERICH
lequal X,Y]

HHh-krTh, 2o, X8 Y 4 explicit value T <, £&

(p. AEBEDIL> , <Y& FUIETOT>]

HEORHDHAYSEETE, FOF, pOT-F2 AL X &Y TEIER
Tt rodsbER 0, ToMBis BEE Cross-fertilization * ATV S,



(3) —R¥iE

o, otz 2 FLETHATY BT, Fi equal oFIfCEATVOH
PERICEBA T L FEIN SRR,
miEFoLe [flatl, X1], [flatl X2] ##« X15, X16 TRBAL 5,

[equal, [append, [flatl,X1],
[append, [flatl,X2],Y]].
[append, [append, [flat1.X1], [flatl,X2]],
Y1l

FOBT. LS udsitsnas, il append @ associativity £ LTV
Hoizfbd L,

[equal, [append,X15, [append,X16.Y]],
[append, [append,X15,X16].Y]]

sop flatt, flat24d, BIZV A R4 T LI EHENLNO type
prescription L hhadoT, HEL LT

land, [1istp, [flat1.X15]11, [listp, [flat2.X16]]]

it bhd,

(4) FEHOE £

LlloyBmi diroms, SPciafeMfefds L>TV3HEAEI BN
ho, CoTiR, ChonTEFRNEL, SO TWIEMERL R, ToRLAGOEFREY
HopenEA LY LEVIBTE e S,

AT O

[implies, [plistp,B].
equal, [reverse, [append.Z,
[cons, A, nil]l].
[cons A, [reverse,Z]]]]

KEw oo [plistp, Bl RE5&TO equality S InLVERBRET bR
e, WMok,
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3. 4 Induction

COEVA TR, MR ERIAET -7 V2 2 PEFEBRMERE 2V T
MWL I HEMETS,
CoTHVAREEA-UARFA Y AR, THYATLOGELELEbOTHE, W
FEo@E R, BaoERFC s THE NP AR TS0 &, EMEIZ BV T
InLOHEYNE, ERLTHBEOREEH LR 2860 E, HTFHannl
v tifiad,
(1) FB o e R o amn
Maab o wt LT, induction ¢»JE# b4 5 induction template £ 4@+ &,
Fizundoni flatl, flat2 #fl& LTmY.
— flatl @ F%E T T 5 induction template :
[fiat1,X]
= [if,[listp.X],
(append, [flatl, [car,X]],

[flatl, [edr,X]1].
[cons, X, nill]

induction template for the term: [flatl, X]

measured subset: <X>
case: [listp.X]

(1} X = [ecar,x]
(2) X = [edr,X]

— flat2 oy & TiLi2%4 5 induction template :

[flatz X, Y]

- [if.[lisutp,. X1,
[f1a12, [ear . X]. [f1at2, [edr.X].¥Y]].
[cons,X.Y]]

induction template for the term: [flat2, ¥.¥]
measured subset: <X>
case: [listp,X]

1) X = [car.X], Y — [flat2, [cdr.X].¥Y]
(2) X = [ede. X1, Y = ¥



{2) Induction? 47

FH LIS T aLoreRaTvigtolRBMEE 20T, IO TVD
inductior template 2 IE+ 5,

£ b induction template 24 ¢ 2h o L ERENL T, EEMC1 OO
induction scheme ® 8§ 5.

scheme for the terms: [flatl X], [flat2 X,Y]
case: [listp,X]
(1) ¥ — [car,X), Y — [flat2, [edr X],Y]
(2) X = [edr,X]. Y — Y

=5 LTi% &t induction scheme # AT DT 22X 0, toslid, base case &
induction step A &S clause O MEH S, THHIZHY Simplifier RIS,

Base case:

[implies, [not, {listp, X]],
lequal, [flat2, X, Y],
[append, [flat1,X],Y]]]

Induction Step:

[implies, [and, [1istp, X],
[equal, [flat2, [car X],
[flat2, [cdr.X],Y]],
[append, [flatl, [ear X]],
[flat2, [edr,X]1.Y]]],
[equal, [flat2, [edr,X], Y],
lappend, [flatl, [edr X]1],Y]1],
[equal, [flat2.X.Y],
[append, [flatl,Xx].,¥Y11]

4. ?R'}"Lﬂ)ﬁmﬁ

YATFLOFEEES L}, BIEFELFe Y5 ror 52, BALCEY LM, A
EUVFERFABITFLND.

Iy AFLTR, BEiMEIz2eTi 31 o (1) i~ X S & measure &
well-founded G PME LB EA LRI LOIKMbN S, TUWITEY SEFRIRKPIZ S
INIMBAELHON, ARSI B KO, induction i SEE.
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simplification %> induction i= X > THEI hd clavse DEFE L >TRED, A€V
FRC VTR, THEshafnEkolotsolBaiflle LTr27aiz@mih
B0k, —Eolfic B4 HEREET & ITRIEND,

Ty AT LT, % {UEcEe s, EUoZR, BOUEE, LU AR
i2#wv it append, flatten. intersection % Lisp MABZM¥ R ol
27 CPU LR 24 order T ER TV B,

47V 2vdF-iariifhtLCit., DEC-10 Prolog # L1z, 7o 5 o4 4
L2, F-1izmTE3ick~7, Prolog my — 23— Fid Lisp ST @BlEt L=
F4 hLREENDL, FoRTe s AR TRV ORBELSAL,

module name source interpreted | compiled
(lines) code (words) code (words)

Main 480 5,222 | 5,693
Definition 778 8,462 7,408
Simplification 1,860 20,400 20,703
Other Heuristics 743 7,438 7,214
Induction 791 8,812 8,638
Utilities 589 5,370 8,256
tolal 5,242 55,004 55912

H-l Foysav {4

5 LIV

Iy AF AT, MESo Lisp Fofaenigl s, Proleg %, HRENYw
FromwlLraFiioRT a7 asiimtas sl oi s,

¥

Al it ICOT AEAE ( 24F 340103 8 ) omMsbEi - bnTHS, ICOT:
PG BENS NEESTH,. MNEOF B TLURE NI, & O
mmmEELETT.
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A1 &

ELF, SoiaFoataBInnEFROn 20k, 2OIHEE L ECPUNGR 4494,

Theorem COMMUTATIVITY OF.FPLUS
[equal, [plus,X,Y], [plus,¥Y.X]]
CPU time : 33.0 seconds
Theorem ASSOCIATIVITY.OF TIMES

[equal, [times, [times . X.Y].Z].
[times,X, [times,Y,Z]]]
CPU time : 137.0 seconds

Theorem LESSP.PLUS.SUBI1
[not, [lessp, [plus,X,Y], [subl,¥11]
CPU time : 48.4 seconds
Theorem EQUAL.TIMES.ZERO

[equal, [equal, [times,X,Y] 0],
[or. [zerop,X], [zerop,Y1]]
CPU time : 33.5 seconds

Thesrem REVERSE.REVERSE

[implies, [plistp.X],
[equal, [reverse, [reverse.X]].
X1)
CPU time : 69.3 seconds

Theorem FLATI.FLAT2

[equal, [flat2 X, Y],
[append, [flatl,X], Y]]
CPU time : 52.1 seconds
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Theorem MEMBER.REVERSE

[implies, [member X, [reverse, Y]],
[member,X, Y]]

Theorem MEMBER.INTERSECT CPU time
[implies, [and. [member,A,B],
[member A, C]].
[member A, [intersect,B,C11]
CPU time :

— 15—

138.8 seconds

23.6 seconds



