1)

Fy TV IORBBES LUV FORERBEDH—

RIfR

Ak Th B RIT B IEA

METERECHEORRUMED 1 >Thd T v
Yo 7 L, NP BEECTH 508, BEAPEEOHOSHE
TIBRENEIC X 2 S EARM 7 LY AN bh
Tmé.L#L,ﬂﬁ7~5:)xb,$%®%uéék
L CTHBEICBET 2005 (72 & ZITEWICHE bR
%) BMADE, JROINVT ALY X LE2EZBDIE
RETIIRV. AL TIE, ANT—% BHREEZF
oF v Tty 7 BBEER IR, > D OFED
FWTA Y XAHEAEERET S

1 LI

F oIy 7 BE L, iE, BRSO NEOKY
& BRBRCOBBATE LTEI BN L &2, BHFIHN
CEBZIRVE D e OFOS OH T, AEEOFIA i
RKOBOFEROLBETH S, ZORMBEITHEAEREE
ICRIEDORFEMRIED 1 >Th Y, NP Riich 52, &
BB D T DA I IB R FENRIC & 5 SR 7
AFY ZERMBNTNS[3). LaL, AAF—FIZY
A b, REOHEEZHEA L THEICET 2H0%8 (2
LZTEWCEEDRVWE) ZMAd e, ROINWT

Solving a Class of Knapsack Problems on Recursive
Data Structures

Isao SASANO, Zhenjiang HU, Masato TAKEICHI, X
RRFERFBE LERUIFERHE R ¥ H XK, Department of
Information Engineering, University of Tokyo.

Mizuhito OGAWA, NTT 2 I = =/ —¥ a VR ERETI
BT - AHEBHTRAEER S&217 21, NTT Communi-
cation Science Laboratories and Japan Science and
Technology Corporation PRESTO.

ay¥a—FY7 hy=7, Vol.18, No.x (2001), pp.xx—yy.

[/hiw3X] 2000 45 8 A 11 AAS.

/NI Fig 52

NTY XALN%EE X DDITRE TIERN2).

AL T, Ty 7Yy MR R RESRE5) &
LTEBHREL, Ty 7y 7BEO S LI ERREM
BIZHTBRRO L NVT ) XLAOH—HSEHEZ 177
RT5H. ZOEHEORAS VM, BREKTRRSR
TeHIRRMEN D, Bl LER[5] 2MAT 221X T
NI ZAEPHHEND L ZACHD. KRR TIE, B
PBIUE 55 Haskell [1] [ISEWREZAWS.

2 BRREANMES LK UVRELEER

RREAEE LI, [ERCELZOEZ LD D
BRT—F o BNEx bz &2, W p 2=t 2
DEFZOEFZEED > B TELFPRROODERDD |
EWHETH D, EFLIL[5] IV, BREEKIC L
DRI S N MEE IR A O, B K E TN % < B
R 7 T XA HHT 2 FELRE Lz, KHiTIE,
ZORROHRETT. FELLIT, 5] 3B En. &
HIZEBWTIE, ROKE(CEESEE & Z 127
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where v; (e, cands, ..., candy,;) =

eachmaz [ (¢; (¥, ¢1,...,¢n;),

C: (e*,rl . srn)) |

eachmaz zs = foldl f [] zs

where f [] (¢, w, cand) = [(c, w, cand)]

getdata (.,_,z) ==z

opt accept ¢ ... ¢ = = getdata (14,7 / [(c,w, ™) | (¢, w,r™) — (¥, ..
(if marked e* then weight e* else 0) + w1 + ... + wn,,
e* «— [mark e, unmark €],

(cl,'U-’l, Tf) — Candl: Tty (c"i:w"iar:,i) — cand"i]

f ((c,w,cand) : opts) (c',w',cand') = if ¢ = ¢’ then

»%k)D z, accept c])

if w > w' then (c,w,cand) : opts
else opts + [(c', w', cand')]

else (c,w, cand) : f opts (c',w', cand')

BH1 —#RESEEER opt

WCERSNDOBRT —FB LTS,
D« = C1 (O(,Dl,...,Dnl)
| Cz (Oé,Dl,--.,Dnz)
I

| Ck (a,Dl,...,an)
Dt D a%# L, Cil3tlF2%ET. VAL, ARED

HRT— 2RI Z OB TREATE 5.

ZDFIFT —# T mutumorphisms IZRD K 5 1T
EFEIND.
E# 1 (Mutumorphisms)
BRHOT —% D o E® mutumorphisms & i,
RO KD THERRBNICERS i B

fi, foy. o, [ &HET. 1€ {1,2,... ,n}ITXHLT,
fi(Ci(eyxiy. .o Tny)) = di1 (e, hz1, ... hn,)
fi(Ca(e,z1,y...,2n,)) = Pz (e h 1, ..., hay,)
fi (Cr(e,z1,. .- Zny,)) = dir (e, hz1,..., hn,)
where
hz=(fiz,foz,..., fnT) O

AT TiX, AROMERZ OB 572 2 mutumor-
phisms # R mutumorphisms & FES.

M'E p B AR mutumorphisms TEZEI N TS &
&, p i, AROEHRREFOIREE accept & HIROEIR

% FF-D catamorphism IZIRD X 5 I fFET 5
TEMNTED.
p = accept o (1, P2, ...,dk)

() &, 7—#%% D o b® catamorphism X7 5l
BELTANT— 4% FLy, WHp BT 2RKE
HFARED 1 SOz R B mws, i, RO
accept, b1, 2, ..., b ANT,

mwsp = opt accept ¢1...¢p T
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THHEp BB ENS. B1FDT,, g /1%, 5IEICEx
bRz 3 oYU X hT, FELERBELRER 3D
(02 bERBEROL D) ZKTEETHS.
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3.1 ft#k

TSI ES EMMEOK TR L, MMOESITENEE
# &9 % non-empty U A M [(Weight, Value)] TR
. Ty 7Yy JRER, WROMEEZES LT HEK
ELAFIRETH Y, Wile T _EHHIL, BTh w0 E
HRPEORE CEBZRNEWVWIME knap TH D,

knap xs = weightsum xzs < C

knap OS5I HHOY A M TH Y, FHHITITRIE
NTWEINEI N (=7 HFTFonTHDENE SR
ETRTHERAMBEL TS, flE BEIh TV
NEDIN%E Bool LOETRL, knap D5 DI %
[ ((Wezight, Value), Bool)] &3 HUE L,

3.2 J/H
HE knap % non-empty U A b EDOFHER mutumor-
phisms TR0, UTFTD XS 2B cut #HA

5.
cut : Weight — Weight

cutw = if w<C then w else C +1
T OB cut 1%, EAEFIEICED, EAP CIYKRE

ThIEC+ 1%KL, 25 TRFIZZEDELZZTDE
FiRY, ZOBK cut EAVWD L, HE knap ITELTD
EOTHRFTLENTES.

knap s = sumw zs < C

sumw [z] = cut (if marked x then weight x

else 0)
sumw (z : x5) =
cut ((if marked =z then weight x

else 0) + sumw zs)

B¥ marked 13, BIEICE 2 DR EERSRITH T
5 (v— 7T TVD) 2 biE True, £ 5 TRV
72 51F False #IRTETH 5. knap DIV 5 5HIZ
True,False, sumw DB Y 551X 0,1,...,C+1T
»HBHDT, BHER knap, sumw I¥, non-empty V X b E
DA R mutumorphisms %723, Lo T, K#E{bEHE%E
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knapsack © = opt accept ¢1 P2 x
where
accept x =z < C
¢1 ¢ = cut (if marked z then weight z
else 0)
¢2 (z,y) = cut ((if marked z then

weight z else 0) + y)
ZOTNTY X LOFERIY, OB (ASY AR

DES) & NET5E O(CN) Th5.
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4.1 fHk
7, B0 Ao m@Eh v 5 MHE indep
I, RO LS ICEHTE .
indep [z] = True
indep (z: xzs) =
if marked x then
not (marked (hd zs)) A indep s
else indep s
hd [z] ==
hd (z:zs) ==z
indep D5IEN [z] DB AL, WHR—D>DHEITHIE
L, ZHZ2@BATHRIIRL THEEY G o i@y
NRVWDT, True TH 2. indep DHIEDR (z : zs) DB
B, TP EROGE KIS L, KEOKY « 1381
NIEBEAIIX, Bolefii¥ s 0D, SEHH hdzs ZBITT
2, OME indep Wi & 5 ICBIRITITR O AR
V. hd iX, non-empty U A FEFHIT LV, ZDOKIHE
FriRTEETHD. ZOME indep EAVWDZ LITX
D, ZOREOHE p 1ITRD X H IR TE 5.

pxs = indep xs N knap xs
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H D not (marked (hd xs)) DIEZ % pr L. BMEE

ﬁl:(}: U] y P1 Fi,
p1 [z] = not (marked )
p1 (z:zs) = mnot (marked )
EEHEIND. Lo T, HHE indep 1,
indep [z] = True

indep (z : zs) = if marked z
then p1 s A indep zs

else indep zs
L7220 | BB p, indep, p1, knap, sumwiE non-empty
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5.1 ftk
AREIRDEICEREND 253K THD LT 5.
Tree o ::= Leaf o | Bin (a, Tree o, Tree )
P, Il CEHX RV eV T thiT,
tkt=1twst < C

tws (Leaf =) =

cut (if marked z then weight x else 0)
tws (Bin (z,t1,t2)) =

cut ((if marked = then weight x else 0)

+ tws t1 + tws t2)
D EHICFEIRTE D, KIZ, BAERYBE TORB-

(4)
T2 LW HE te IFRD X D IZET 5.
te (Leaf ) = True
tc (Bin (z,t1,t2)) =
if marked x then tc' t1 A tc' ts

else (nm t1 A tcta) V (tcti A nm t2)
AW 1 DDEDHI B DGEEITIL, HE tc 1T I

%. K8 (Bin (z,t1,t2)) ThHDHHAITIE, o BRIFNT
WZBAITIE, t1 & o DRITN - TEABSROMICEE -
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LDNEINET vl L, z BBIIN TR EHAIT
X, t1, toD—FITITRIEN TEAMNFE L T 597,
b ) —FIME te 2z LW ARITER ARV, KiC
BIINEEASEELRVE WS HWER nm THY,

nm (Leaf z) = not (marked z)
nm (Bin (z,t1,t2)) =
not (marked ) A nm ti A nm t;
DEIWCERTED. £z, HH tcI3,
tc' (Leaf x) = True
tc' (Bin (z,t1,t2)) =
if marked x then tc' t1 A tc t»
else nm t1 A nm ts
DEITERTDHILBTES.
b 2 00MHE th, tc EFFAVWDZ LKV, ZO/M
BOMWE p 1%, RO XD ICFRRTE 3.
pt=tkt A tct

5.2 EH
BA%GH p, tk, te, tws, nm, tc' IR EOFR mutumor-
phisms #7235 OTC, KE(LEHEZBEHTHZ LTk b,

ROTNVAY XL&21GD.
knaptree t = opt accept ¢1 ¢2 t

where
accept (a,b,c,d)=a<C A Db
¢1 = = (cut (if marked z then weight =
else 0),

True,not (marked x), True)
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¢2 (z, (a1,b1,c1,d1), (a2, b2,c2,d2)) =
(cut (if marked = then weight z
else 0) + a1 + a2),
if marked x then di A d»
else (c1 A b2) V (b1 A c2),
not (marked ) A c1 A ca,
if marked x then di A d»

else ci A c2)

ZOTNATY XLOHERY, MHOEE (ATADK
XX)EN&THL, O(CPN) Th5.
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J A2 N E® catamorphism XA T O L S IZERSIND
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cata []

e

cata (z : xs) z @ (cata xs)

e, DEEXDHZLIZLY, SEIEREHRERT LN
T&5. B catald, YA NEANLLTERITEY, £
DANYVAMD [|Ze T, 2QrBEEHLCFHMELE
bOEFERE LTRY. B cata i3, e, PITL o THe—
WCEEDDT, B, cata = (e, d) &ibT 2.
F% 2 (Catamorphism)
ROFEXICI Y EBRSNLBK f2BRT—% DED
catamorphism & FECY,) (¢1,...,¢r]) ERT.
f(Ci(esz1,.. . 2n;)) = (e,fx1,. .y [Tn,;)
(i=1,...,k)
B Haskell RREEIZDVT
AFRSCTIE, A S FE Haskell (SEWRTREZ AW
e, ZZTHERMITHAVWLRATWERILNS B, YR b
DRNAKL, BLOBEK foldl DEHEZ RS,
e UXMDONEXKFE
U 2 FONERTL, HECBWTEREZTERT 57
EELEIZLELDT, ROEOIBREOLDTHS.
[(K) | (BRER),..., (BREX)]
( BREX )(qualifier) iITimEEEZ & 52X TH L 0E
%X (generator) THRINPDWTINTHD. £RR
KIFKOEDO LD TH 5.
(BH) — (VAR
(( %), () — (DY R b))
((Z5), (23), (K% ) « 32O 2 1)

O

BIZIE, [z |z —[1,2,3,4], z x 2 < 10] TV R B
ORARLEANTEY, I [1,2,3] L7225,

o B foldl DR
foldlix Y 2 + D EHAH B (folding function)

D1OTHY, KDL ICERIND.
foldl: (a - B —a) 5 a—[f] -«

foldlfall=a
foldl f a (z:xs) = foldl f (f a z) zs



