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Recursive Programming Exercises
Based on Comparison between Problems

Noriyuki MATSUDA*, Akihiro KASHIHARA®,
Tsukasa HIRASHIMA®*, Jun’ichi TOYODA®*

It is very important task for a student to compare between problems in exercises. To
help himher to compare between problems in an educational system, it is necessary to
define a problem representation and control the comparisons by using the representation.
In this paper, we propose a representation for comparing between two problems in edu-
cation of recursive programming. Second, we present a design of functions of comparing

" between problems which are (a) generating explanation of differences and similarities
between two problems, (b) searching problems for comparisons, and (c) generating exer-
cises of grouping problems. We have also implemented an educational system which
helps a student to compare between two problems. We describe an experimental evalua-

tion of the functions.
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append_del *] G 53 $ L Ey
+ suffix C ¢ S5 $ Iy Eo
BED S s I E
e reverse_app %) G 2 1 1 1
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REBX/BR7UTT I ViR e LI-BBOLBI XD ( MEREOER

6 7O75L0HEROH

TET5, SHGEZBINV—TIZBNT, ROBRT A
TTHELITINV— TR T2, ZTDEH LT
BL7-FHRORGH%EE6 2R T, ZOFHHII,
NEOTarIs%, [BEONLE), [BROEIL
&), [Hhomt], BROBLE] ORE5H
LEbDTH2, FEMETE, 1 1HOPISER
DID2EPWYBRWTBE, 20707 T L2 EREIC
RASES,

4. FPHRBICLIHE

U-behavior i2d & TS HIBEMOZDOHBAO A R
ERHET 5 0 I FROAERY o7, EBRTH,
AHRTHRB LAV AT ASERT HHEMOZEIZH
THRBAXEGZ 6L, TREhTVWETur S
IV EBECBIAIHEXES A BHEOREE T
o FIALZ-HHER, H4ORBEICOWTOSAL
fronTs ), MBROERIZOVWTREBASATY
BV, BRER, ERMIIToA70yI3I0 77 R
MIBWT, BRI IBFA sV EHET
&f:, 7075307000 E19% (KEE, k%
Bek) TH 5, .

ERTR, 7, BHBREZ 22007 V=725,

BB FMERTUTSI L TOREY T (Zh

EBE7x—-XERR), —HADTNV—-F (124) I
(X, XY AT APRRTIMBEMOZDFHEE S5 2 72
(V=T ALRR), bFEDOIV—F (T8) 1211,
TREINTET TSI FEBBEHATLLS
22 (FIW=—TBEHR), COLETmI NV — 7B
THMBARTIIRT, 7V—TATIZ, B1, F3

CEWTHE4 OMEOBRAZT, M2, Mikksw
T, MMOME (M1, M3) LoERIZOoVWTOHR
BXES5 A, W7V —TI25 2 - XEORIZIZIZE
CIC B EHITBRE LTz TV—TADEERE DS, ¥
AFLTHATE 280813, (1) MEMOEDBLH
(B2, 404), Q) EFV-BROJFHAILDOIRR, (3)
IEfE - FIEEEORR, (4) U-behavior D7 =A—¥ 3
YRR TH D, U-behavior 2R T HBC1E, H4
127" ¥ U-behavior DIERY —VEFIBLTH 65\,
By =W hTEHT = A—Ta iZkhERLL
U-behavior 6N TV aHE DPEERLTH Lo
AR
BE7—XDE%IC, IBOME (H8) 12k 3
FAM ol (INEFAM 72X ERER), B
i1 1045EL, EHEICOVWTT AT X LD
BRECTus/ sl LTdbo/, ZDLE,
Th—=TAZRERY - VERIAL TS 6o/,
FAMN7z=—XUBIIHBEORETIE, U-
behavior ® 4 DG Y 1 T L BIFH S DE 5 HE
BT AEBEREAHKELE, LEdoT, U-
behavior, C 7077 AZhENBRIL S HER B,
REOEBEREFE6IZRT,
IV—TACBIBFEHFEE, TVIY) LD
ek, C7u7 S LADEBIZBWTH, YV—TBD
FHESELEERD, wIhIFWHRaLzoTw3
(WIRLTEOWICE B 1 %EE), SDERIF, X
YATFAREBIARMENOZEDORBPE BV U-
solution NEED, BR 7O 75I 7 IZHLTH

- HETHHILERELTVS,

FEERTIE, 612, ERRTRICINV-TAOH
BREIH LT, MEBOEZICOWTOFBENETOS S5
IVTIHRD oI EIPEBIT - EE
Wl ZORR, R TAOERESHEROE
DAY T T I IV TIZEHTHo B, 4 A
BEEHEBERRVEL, 1 ANIIEILVEEZ
Fro EBHEDVREWVEHILERRED ) S 24
o, ERICHERLE-7O M4 TYRAFLIIBITS
P4y FYORBEDA Y 72— AEERHS L
DEBHH o712, TOBBEITo -HEBREIIVTRD,
OB, YATALOBBETH ), MEMOZIC
B+ AEBIITOYS IV VIZHERTH S LB,
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1. 5260tV AF (A1) OXBREZRLRRLT, Ro4Y R PR BT ERRMKEERL .

AtihH

ABL (1, 2) —ilin (1)

AN (B, v, 3. &) —ilih (b, v, I)
2. 5x6h79ZF (AH1) OXKBEREER L BT 2 FBRKEERT L.

AHDH

AN (1, 2) =#H1 (1, 2)

AN (B, v, 9, ) —~HNH1 (B, v, I, 2)
B3. SA60EVRE (ADLEAN2) EBWIHHE CERORRFEZENEIIRLTYV R (AN1)
DEAIZVAF (AD2) 220w THHALYAL (A1) LT2THRMAMEEREL.

Ahe
—-WH1 (1, 2, 3,

AN (1, 2, 3, 4), Ah2 (b, v, 3, &)
4, ., v, 5, 1)

AB1 (1, 2), Ah2 (B, v, 5, &) —~liH1 (1, 2, &, », 5, &)
M4. SA6RE2200VAL (ANTEAN2) 2BwT, VAF (AN1) DEROLLNFEKES ¢
ZOBAEROLEEELENTFILAY AL (AN2) £ouif 2 BHMKEERE L.

AHH:

A1 (1, 2, 3, 4). A2 (B, v, I, &)

—~#h1 (4, 3, 2, 1, &, v, I, &)

AB1 (1, 2),

AB2 (B, w, I, &) —~HN1 (2, 1, &, i, 3, &)

M7 8B 71-Xcs13M8

1. BAGREVAL (AD]) OBREICEREHAT S HBRREEREL.

AN :

AH1 (1, 2) —~diH (1, 2, 2)

AR (B, v, 5, R) =it (B, v, 3, &, 2)
M2. 526h%220YAF (ABLEAN2) XBVT, VAP (AD]) OXRBERLIMY BV,
RoVR MOMFELRESELY A POBRDIZVRF (AH2) 224 2BRANEEREL.

AH

ABDL (1, 2, 3, 4), AN2 (B, »w, I, &)

—~#Hh1 (3, 2,1, &, v, 3, &)

Ane (1, 2),

A2 (B v 3, 2) ~BH1 (1, & W, 3, &)

M3. 526072200 AF (ABLEAN2) kkBWT, VAL (AN]) OLLNFELEOEEIILA
YRFOSLABIE, VAN (AN]) OBFELRESELY A FEIRTFT, S6IEFOERBIZVAL (AN
2) ORFEEEDTTICLAY A 2222 EMRAMEERE L.

AhH :

ABl (1, 2, 3, 4), A2 (B, v, I, &)

~iH1 (1, 2, 3, 4, 4, 3, 2,1, 5, v, I, %)

AN (1, 2), AN2 (B, v, ), &)
~wH1 (1, 2, 2, 1, B, v, 3, &)

H8 FAMI7xz-XICHT3HE

ThonBHER, BR7uTZ5 I T7EFIIBVWT,
EAFLDOHENEETHAILERLTNSLE
2bihs,

5. &IV

AR TIE, MEOREEERTIAI YTy I7ARLL
T, U-behavior ¥ fIA+AZ &2 & h, U-solution
DEEZ WL L-MEREICB) 2 HBERTR
BEEPERTAFEICOVWTHEN, FETERL L
TR, QOBEMOZOHNA, (2) MENRE,
Q)L EMEDEBRBETH B, SHIZ, ThHDX
BerER LA SO b4 TV AT AEZFALL,
BB OZOHBTIBBENEER L HERT 2 THE
BRIZDWTH 7, BB D OREEEIC OV T O,
BIU, MERILEERNRL LABEIRVAT A
DEKEL - ARV SHBIIBRINL-RETH S,
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RERL/ BRTOY7 32 720 L2MEO BT  MEmikitnEE

T &

append([],A,A).

append([A | B],C,[A | D]):-append(B,C,D).

reverse_app([],A,A).

reverse_app([A | B],C,D):-reverse_app(B,[Al
C],D).

copyl([1,[1).

copyl([A | B],C):-copyl(B,C).

copy2([A],[A]).

copy2([A | B],C):-copy2(B,C).

only_a([],a).

only_a([A | B],C):-only_a(B,C).

is_list([]).

is_list([A | B]):-is_list(B).

last([A],A).

last([A | B],C):-last(B,C).

symmetry_app([],A,A).

symmetry_app([A | B],C,[A | D]):-symmetry_
app(B,[A | C],D).
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