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00000000000 (maximum segment sum)
e JO0O0O0000O0. D0DOO0O0b0DLOOOODbOO
O0000000000000000000, Carnegie
Mellon 00000 0OQO Joseph B. Kadane 0 000
goobooobobbooobboooobboo
ooooo .
gdooog,booodoooooooooo
000000000000 (decomposable graph) O
00D00D00D000000000 (1611 [26].
gobobooobooooboobobooboboo, d
OpbO0O00D0OOO0OCDOOODOOODDOO
BernOOOOOOOOODO [6. DOO,00000
00000000V, 3,A,V,-000000000
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O000O0o00D,00000D00 BoriedOOOO
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2 gbooooboooooo

0000 82 000.

goboooooooooooooo,uoopboOO
Jooo0ooooooooo.0oooo,oo pO
00000000000 mutumorphisms O 0O OO
Jo0000o0odooooooooooooooo
goo,000o00ooooobooOoboouobooo
Jo0doooodo. boooooooooog
00000000000 mutumorphisms O 00O 0O
0ooo00ooooo,0o0o00booo0oooooon
0 mutumorphisms 0000000000 OOO0O
00,000000000000000000000
goooooo.

JoooO0,00000000000000000
00000 40)L0o0,0000UDUDULDOD
00. 00,00000000000000,000
gooooooOo,0goooobooooboooo
Jooooooooooooooooo.

goboooooooooooooooo. oo 20
0,0000000000000000DO000O0O
0,300,00000000D0DOO000DOO0. 40
0,0000000000,00000000000
gogoooooboooobooogobpoo. 50,60
0,000000000000,000000000
goooOo,0b0boo0oooobooooboooo
ooodooooooo. 7000000,80000
googd.

2 0000

goooo,0o0oo0boboooooboaoa, oa,
catamorphism, mutumorphisms, 00, 0000 O

000000 [7Eney 0000000

21 O0O0OOOOO
pooobooobboobb,oobbbooon
goooooooooo.
Da = Ci(a,D1,...,Dy)
|  C2 (a,D1,...,Dn,)
|

|  Ck (o, D1,...,Dn,)

(2)
Do0O0O0OO0DODODO,0000000.00000
poboooo,bbo0oobbb «bbbbooog
oooo. D;0 baOOO. C; 0000 DaOO
oodnbb0booobobboobbboobobobo
0., 000oooooooo,e0poooo, oo
ooooooooooon Dy ... D, 00 D aO
goboooooobo. oooboobooooobooooo
polynomial 0000000, 000,200,000
O (rooted tree) [6], 00O 0O OO (series-parallel
graph) [22], 00 (tree width) OO OO0OO0OOOO
B 00D0O00.

000000U0oO00oo0OoUooUO (regular)
pooooboo,oon

Tree o = Node (v, [Tree o)

000000000 Rosetree0 000000, poly-
nomial 00 0000000. O00O0OD0OO0OCOO S50
pooobooobbooobuooob.

2.2 Catamorphism
goooooooooooOoooOo,b00o000
0000000 catamorphism O0O0O. 000,00
goooooooOoooooooo0 100000
@][19]. OO0, 00000 catamorphism 0000

goooooboobobooo.
cata (] = e

cata (x:xs) = z& (cata xs)
e, 000000000, 000000000000

goood. 00 cata 0, 000 000O00O0O0OO0O
Oo0,000000000 [J0e0,:0@eDO0OD
OoooooooooobbOoboOo. O0d cataO, e,
eU0000U0O0O0DDOOOO, 00, cata= (e v ®)
ooooo.

00 1 (Catamorphism)
jooo0DOoooooooooD fO00D0O00O0 D«
00 catamorphism 000, (¢1,...,0k)pe 00 0.
f(Cie, z1, . zn;)) =i (e, fa1,..., [ Tn;)

(i=1,....k)
(¢1,...,¢x)pa 0000000 Dad,00000

gboooooooooocoooog. O



(3)
Catamorphism 0, 00 000000000000

000000, 00000000000000000

ogd.

00 1(@0oo0)

i=1...k0000,

[ (i (e, m1,eeirny)) =
i (e, fri,...,frn)
gooooo,
fo<[¢l7""¢kDDa:([wh"wwk])Da
gooog. O

O000000,00000 catamorphism 000
0,000 catamorphism 000000000 OO0O
gooo. 0booooobooooooo,0oboo
gbobooooooobooboooboooboobooono
0,0000100000 catamorphismOO000O
goo,0o0o00o0oo0oo.

2.3 Mutumorphisms
Mutumorphisms O, catamorphism 00 000 O
gobobobooboobobobobooboobo,obo
0000000 [14)[15][17).
00 2 (Mutumorphisms)
000000 D a0 mutumorphisms 00,000
000000000000000000 f, fay...y fa
000.ie{l,2,...,n} 0000,
fi (C1(eyz1,...,20,)) =
di1 (e, hx1,...,h zyn,)
fi (C2(e,21,...,2Zny)) =
iz (e, hx1,...,h Tn,)

fi (Ck (e,21,...,2Tn,)) =

di (e, hx1,...,h Tn,)
od
h=fia faa ... 2 f,. O
000, A2 f22 ... 0000000000
gooooo.
(fiadfor . ..ofm)ye=(fiz,fox,...,fnx)

Mutumorphisms 0 0 O (tupling) [14][15][17] OO
00000000, 100 catamorphism OO0 00O
gogoobooo.
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00 2(0O000)

00 20000 mutumorphisms fi, f2,..., frn 00O
oo,
fiafas o8 fa=(¢1,02,...,)Da
where ¢; = ¢1: 2 ... D s (1=1,...,k)
goooag. O

3 DOoOobooo

gboob,0oo0boo0oboobooboob, o
0000 BorieOOOOOODODODOOODO.

3.1 0000000000

oooboooobooboboooooboooo
U.boooboog,obo0booobooboobobooooo
gobz00000D0. O0D0O0OO0OD 20000
goooocoooboooboboooboooooobo, oo
goooooooo.ooooboobobo,0d0p0oO
gobooocooobooo,ouoboooboocooboo
gboooobooboobob100bobobOonDo
oobO.obooooocoboo,oboc0boboooo
gooboogpboOobOOoOobDOOObL,0bO0O0
gboooooboobo1l1ooooobooboooono

goo.
mws : (D a" — Bool) - D a— D o*

mwspx = Twsum / [z |2x" — gen x, p z7]
ood p, 0o z00000, mwspaU 1

ooooooo. oo gentd,00boooooooOo
g,000oboooooooooooooobooboog.
O0 wsumOOOOOOOO0O0OOOOO, Twsum /
gob,100b00o0ooooboooooooo
oo.oo0o0 1,000000D000D0O.
if fa>fb

otherwise

alsb = a,
= b,
oo,000 /0o
@ / [a1,az2,...
gbobooboooag.
Ud gen, wsum 0O OOOO0O, 0000000
00000000. 000000 «0ooo, o0
a0, 00000000000000O000O00O0000
goobooobobbooobboooobboo

yan] = a1 a2 ®--- Dan



4 gbooooboooooo

ooo0.o00000,a*0
o = (a, Bool)
gooo,0boobo,0bobobuooboboobo
0000000000000. (a, Bool) O, a, Bool
000oo0. 00, 00000 Da*00000
poobo,boobobbooobboobbbooobo
000000000000, % b,...,z* 0000
podoo «sgoobbooobooao.
Odgend, 000 «t00D0O0OODOO,000 2
goooboooobooooboboobob.
gen : D a— [D a’]
gen = (m, ..., nx)
where
ni (e,xs1,...,xs5,) =
[Ci(e",27,...,27,) |
e* — [mark e, unmark e],
T] — xST,

T5 — I85,

xn, —asy,] (i=1...k)
ood, d0d mark, unmaerk 0, 00000000
o,dgoboooobobooon.

(z, True)
unmark © = (z, False)
O0wsem O, 00000000OOOOODOO,
pooobooooboboooboboa.

wsum : D o — Weight

» Px))

mark =

wsum = (1, . ..
where

i (e, wi,...

(if marked e* then weight e else 0) +

wi + -+ W,
00 marked D, 0000000 000000,

e 00000000000 True,000O0OOOOO

7wni) =

FalseOOO.
marked D o — Bool
marked (e,m) = m

00, Weight D0O0O0DO0OO0O0OO, weight 00O
gobooooooooo,ocoooooooooon.

goboobooooobd mws0OODOOOOOOODO
goooooodoo,coboooocooooo,oon

(4)
00000000 (40),00ooooooooo (6
0), 00000000 (60)bUoODoOoDOoOO
goooooooooooooobooo. ooo,

gooooooooogd
mis = mws p

p : [@"] — Bool
p [x] = True
p (x: xs) = if marked x then
not (marked (hd xs)) A p xs

else p xs
poooooooobobo,po,bobobooo

00000000000000000000000.
0000000000000000 Da=[o00
0,p000000,Da* = ]000.

00 mwsOOOO0O,000000000000
000000000000000,00000000.
000,mws00000000000000O000O
ooooooo.

3.2 BorieOOOO

poooboob,booboboooboobboon
ooO0o00. BernOO,000000000C0D00,0O
0000000000 (minimum vertex cover prob-
lem), 00000000 (maximum independent set
problem), 000000000 (maximum matching
problem), 00 0000000O0O (traveling salesman
problem) 000000000000 0UOOOOOODO
0,000,0000000 (decomposable graph) O
o00o0ooODoOO000000o0D0O0(e. BernOOO
0000 Courcelle’s0 00000300000,
BorieODO,00000000000COCOOOODO
goooobooooooog 1. BerieO D OO
gooooo,bobpbO,00000 e00b00On
000oo0ooooo Ine(v,e) 000000000
00,00000A,V,~0 (10000 200)00
ov,300000000000000000000
gooooooobo. oboo,cobocoboooooon



(5)

oo p0O,
p = Vo1 Yug = Adj (v1,v2)
Adj (v1,v2) = Jer (Inc (vi,e1) A Inc (v2,er))

/\—|(U1=vg)
pbooooooo. g puobbbboogo

000000000, mwspO00O0O0O0DO0O0
00000,000000000000000000
0000D00. 0000000000000000
0,0000000000000000000000
0000000,00000000 461y, 000,
000000000000000,00000000
2" DpODD. DOD0D,000000000
000000000000 8000 (O 3).

4 0J0OO00DOOo0ODOOoO0OOo

goooo,ooboocooobooooboocoboooo
goooboooobobooobooobobobooo
goo. ooboboooobooboooobooo
g,gooboobooooooooboooobooon
gboboooooboooooooobooooboo.

4.1 00000
gooo,000obooooooobobooooooo
gboooooboooobooooooooob,booboooon
00000000 mutumorphisms, 0000000
gboboooooooooooobooooboo.
oo 1(@ooon)
spec : Da—Da"

spec = muws (accept o (¢1,...,¢k])
pboooooobbobbooog, 0O accept O

00ooooooooooooooo.
oo
00000000000 spece000000O0OODOO
0,00 10000000000 00000, O 1
000 oept0OOQO

opt accept ¢1...¢ x
OoOo00o0opboOo. 010000 getdata, eachmax
0,0 30000 getdata, eachmax OO0 0000
O0.00,00acept0000000O ClassO0O0O
0, accept 000 Class — Bool, (¢1,...,¢x) 00
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O Da"—Class, 0 10000 (¥1,...,%k)pa 0
00 D a—|[(Class, Weight, D «*)] 00O O.
0000,00 opt0 spec000D00O0OOO,O
goooooooooooooo.
opt 0O OO
OO,d00d optd specU 00D 0O0OOOOOOO,
020
spec © = opt accept 1 ... Pk T
gooobooodooooooooooooog.
1000000,00 opt0O0O0Qooo.
200000000,
([wl,...,wk])=eachmaxo([1/;;,...,1/1;])
000. 00,y 0000000000000000.
¥ (e, candy, . . .
(5 (€721, - reny),
(if marked e* then weight e* else 0)
+ w1+ ...+ wn,,
Ci(e",ri,...,rn)) |

e* — [mark e, unmark €],

,candy;) =

(c1,wi,77) < candy,
.

(Cni y Wny s 7':11) — candni]
00 eachmaz O (Class, Weight, D «*) 00 3000

goooooooo,0ooooogoooo,oooo
(DDD)DDD J0000ooooooo,oo0n
(oO0)bU0ooU3UULUUOLbOOoLUOoLUOOOO
ooooo.oo,dd ¢I{DDDDDDDDDDDD
00.0000,300000 cand; 0O0OOOOO
0200 300 (cu,wu,my), (co,wy,ry) 00000
000, (e, we,r?) 000000000000, 00
0O 4} (e, cands, .. ., cand,,) 00000,
Ci (e%,7r1, ..., 71,76, Tj41,---,Tn,) 000000
003000 Ci (e,7r], .oy T5_1, i Tig1y -
podoooOoo 3gooooooooo.

ooooo,
¥; (e, cands,. .

., cand;, . .

i Tn;)

., candy;) =

¥; (e, eachmaz candy, . . ., eachmaz candy,)

00000. 00 v, ¥, 0

;i = eachmaz o )



ooboooooooooo

where ¥; (e, cands, . .., cand,,) =

eachmaz [ (¢ (€7, ¢1,...,¢n,),

opt accept ¢1 ... ¢x x = getdata (14,4 / [(c,w, )| (c,w, ™) «— (W1, ...

(if marked e* then weight e else 0) + w1 + ...+ wn,,

,Uk)p x, accept c])

Ci (et o)) |
e «— [mark e, unmark €],
(c1,wi,77) « candy, - -, (Cnyy Wny, 75, ) — candn,] (i=1,...,k)
01 00000 opt
goooboo 50000000
eachmaz (; (e,cands, ..., candy,;)) = c=(¢1,...,d1)

i (e, eachmaz candy, . . ., eachmaz candn;)
OU00.00oo0oo (o oo,

(%1, ..., ¥x) = eachmazo ([zbll,...,w;c])
goooo.

3ogoooooon
filter (accept o fst) o eachmaz =

eachmaz o filter (accept o fst)
0,00 filterOOO eachmaz 0000000000

O. 00 filterd
filter

fitter p [] = I
filterp (z:zs) =

(a — Bool) — [a] — [a]

if px then x : filter p xs

else filter p xs
ooooo,

Ap. Azs. [z|x — xs, p x|
0000. OO0 filter (accept o fst) o eachmaz O, O
O eachmex 00000000000 ODODOO. O
O eachmaz o filter (acceptofst) DO OOOOODOO
00000 eachmaz000O00. OO (accept o fst)
O0000DDoOOo0oO0Oooooo, oo fiterDODO
eachmax 0, 000000000000 00O0O0OOO,
b0 20000000000 0obDon.
400000000,

Tsnd / © eachmaz =1,/
god. oo Tsnd/DDDDDDDDDDDDDD
0000000, 00 eachmezO000OD0OODOODOO
gooooooboboobbbbboooooooo,
gboboobooog.

O,r"00000000 cO00O0O0O0OO0OOOO
0.20000000000,000 (@y,...,%:) @
agooo (C,w,r*)DDDDDDDDDDDDDDD
goooag.
6000oooOonO
getdataoTsnd/:Twsum/omap getdata
doo. 0ooooobobboooooooooog, d
00 zsO0000O,
map snd xs = map (wsum o getdata) xs
goooo,zsOOO0ooooobooOOoOOoOODOOOO
goooo.od,ooo
) @]
0000 (cw,r") 0000 w=wsumr* 0000
oobob0 00000000 O00O0,0b0Db00,0
oo
s = [(c,w, ) [ (c,w,") — (%1, -, ) =,

accept ((b1,- .., Px) )]
0000 (cw,r") 00000 w=wsum r* 000

oo.oooo

xzs’ = [(c,w,r") | (c,w,r") ([w;,...

map snd xs = map (wsum o getdata) xs
goooag.
TO00000OoOOooO
r* = getdata (c,w,r")
000.000,00 getdata DOOODOOODODO.
gnOooooooo
map f o filter (po f) = filter pomap f
O0D0. 000, map-filter 00000000 [7].
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opt accept ¢1...¢ T
= {opt0D0D0ODODO }
getdata (14,4 / [(c,w,7*)
‘(va’T*) - ([¢1~--7¢k]) Z,
accept c])
= { (... %) = eachmazo (¥y,..., ) }
getdata (14,4 / ) )
[(c,w,7*) | (c,w,7*) «— eachmaz ((y,- .-, %,]) ),
accept c])
= { filter (accept o fst) o eachmaz =
eachmaz o filter (accept o fst) }
getdata (7,4 / (eachmaz
[(esw,m*) | (e, w,1) — [y, -+ ) @,
accept c]))
= { Tsnd / o eachmaz =1g,4/ }
getdata (14,4 / / /
[(c,w,r*) ‘ (Caw77‘*) — (I"bl’ e =¢kD T,
accept c])
= {e=0ndd )
getdata (14,4 / / /
[(c,w,r*) ‘ (Caw7T*) — (I"bl’ e =¢kD T,
accept ((p1,...,9x) )])
= { getdata o T snd / =Twsum / o map getdata }
Twsum / (map getdata / /
(e, 1) [ (e,w,7%) — (¥}, - $})
accept ((p1,...,9x) *)])
= { r* = getdata (c,w,r*) }
Twsum / (map getdata / /
(e w,7) | (e,w,7%) — (¥, - $})
(accept o (61, ., &) (getdata (c,w,7*))])
= { map f o filter (po f) = filter pomap f }
Twsum / [r*|r* < map getdata (([xb;, e 7¢;€D ),
accept ((¢1,---, ¢x) )]
= { map getdatao (¥y,..., ¢ ) = (m,...,m) }
Twsum / [P |7 — (01, ..., mk) =,
accept ((¢1,---, ¢x) )]
= {mwsOOOOO }
muws (accept o (P1,...,¢%))
= {spec0DDOOO }
spec

02 00000 optO0ODO

onopoooo ¥y, getdata 00 00O,
map getdataoqwi,...,w,;]):([nl,...,nk]) 00 =[Ci(e"rT,. . ,mn) |
00000 (0D H)OOooOoOOoO. boOo,O00 e* «— [mark e, unmark €],
Mm,...,mx 0,00 genO0O0O000 m,...,nm 000 (c1,w1,7]) «— cands,
ood.ooooboooooo,e=1,...,k0000 D
map getdata (wi (e,cands, ..., candy,,)) = (Cnyy Wy, 75,) — candn,]

n: (e, map getdata cands, ...,

map getdata candy,)
goobooooboboboo,boooobbobo. oo,



8 gbooooboooooo

goo.obonpOO0OOo0o,
o0 =[Ci(e,r1,...,m0n,) |
e* — [mark e, unmark e,
r] < map getdata cands,
Ty, < map getdata candy,]
000. getdata OO0O00O,00 =00 00000,

10,11000000, 00 mws, spec000000
poooo.

opt 0O OO

oooo,bbept0000bbOoobbboOoOn
goboooooboooobobobo,bboog,0obbooo
D000 000,00 0pt0000000 O(n)0O
goooooo.booo,0bobooobooob, oo
00000oDoooooooon. 00 eachmar 000
00 (0000 accept 0O0ODODOO)ODOOOODO
00000000000,000 @i,...,%)pa =
000000oooooggd. dd accept, getdata
Do0ooDoo1)ooO0,001swe/0000D0DO
00100000, 00 (@i,...,vx)pe 0000
0O D000,00pt00000 O(n)000.

00 (@1,..,%)pa 00000 O(n) 0000
Dooooo, ¢ (e cands,...,cand,;) 0 O(1)
gooooobooboboooboooboo. boboa,
¥; (e, candy,...,cand,,) 00000 O(1) 000
(1,...,¥x)pe 00000 O(z)) 000000
bbb 0000000 OoobbbbbbD. o
00, |z0000 00000000000ODO. O
O,z00000CO0O0C00000000O0O0OOO

ooo. 00, 00000000000000.
z=C; (e,x1,...,zn,) 0000,
W1, YE)pa & =
¥ (e, (Y1, ¥Yk)Da z1,. ..,

([wlw'wkaDa x"z)
pooo,00o0ooobgoo

(W1, ¥k)pa 2 (1 <j < ni)
00000 O(e;))D00. OO0,
(W1, s ¥k)pa
ooooag, ¢ (e, candy,...,cand,;) 00000

o(1)000O00,000

ol =1+ ||
pooooog, W !
O(1) + Y O(la,]) = O(Jz])

ood. I]I]I],wiZ:,lcandl,...,candni)DDDD
00(1)000 (¥r,...,Y)pe 200000 O(z),
o000 o(rn)Dooooooooo.

ooa, ¢ (e, candy,...,candy,) 0 O(1) 000
gooooOoO0od. o0, eachmax 00000000
300 (,w,r*)0 O(1) 000000000000
0o0o00. cd0 ¢, 00000 O1)0D00DO0OOO
oM ooOO. v* 0 e, rf,..., i, 0000 C O
Oo00oooooooooooooooooo, o)
goobo.wd n, 00 40000000, n, 000

N =max {n; | 1 <i<k}

ooooooo,o(1)0oo. 0oo, eachmax O
0000000300 (cw,r*)0 O()0000.

eachmazx 0000000000, 00 (2X|candi|x
... X |eand,,)000,00000 2¢¥ 00000,
oo0,co00o0o00oa, jecand| 0000 cand
Dooooo. 00O, ¢ (e candi,...,candy,) O
ooooo()oooooUoOo. NOOODOOooo
gooooooob,000,20000000000
ooooo0o0oo000o NOODOO,1000 20000
oo. O

0000000 10,Bern00000D0DODODOO,
poboooboobooooooobbobbobooooogog
gbooooooooooobooobooon e g,o0
pooobooobbooobo.
00 2(QO0D0)

OO0 po : Da* — BoolO,00 fi : D a* —
S (i=1,...,n)00000000O0O00O0O0OO,00
O po, f1, f2,- -+, fn O mutumorphisms 0 00 0O O

0,00000 S;0000000000000,00
po0,00000000000 accept 0000
po = accept o (1, ..., b

gboooooooooao.
oo



(9)

mutumorphisms po, f1,..., fr DO0O0O00O00O0OO

ooooooo.
po (C1 (e, z1,...,2n,)) =
o1 (e, hx1,...,h Tn,)
po (Cz2 (e, z1,...,Zn,)) =
o2 (e, h x1,...,h Tn,)
po (Cr (€, T1,...,Zn,)) =
ook (e, hx1,...,h xn,)
0o,04i€{l,...,n}0000,
fi (C1 (e, z1,...,20n,)) =
i1 (e, hx1,...,h Tn,)
fi (C2 (e, z1,...,2Tn,)) =
iz (e, h x1,...,h Tny)
fi (Ck (e, x1,...,%n,)) =
ik (e, hx1,...,h xn,)
oo
h=pos fis - & fa
oooooo,
posfis o8 fa=(d1,....0)pa (1)
oo

Gi=doi APt . Sbp  (i=1,....k)

poo.

accept (zo,Z1,...,%n) = Zo
pooobooooobooooo,

po = accept o (P1,. .., Pk)Da
poooo.

o0, D000 accept DO OO, ODOODO
(¢1,...,¢)pa 00000000000000. O
(1)00,p 0000000 2,0 f;(i€{1,...,n})0
000000 |S| 00000000, (¢1,...,ék)Da

Doobog,b0o0b accept 0oy

2x I, S| 000,00000. |
0000, mutumorphisms fi, f2,..., f, 0000,

ooo fi(é=1,2,...,n)000000O0O0OOO0ODO

0,00000 mutumorphisms O00O0O.

oo 3(@mooon)

OO0 po: Do — BoolOODUDODODODOOOODO

fi:Da" — S (i =1,...,n) 000 mutumor-
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phisms 0000000000,
spec Da—Da*
spec = mws po
pgooooooboboooboooboo,ooo0oogd

oo.

oo

gb1o00o0ooz2000000. o
goooboooooooooboooooooooo, b

goooooo.

01

OO0 po:Da* — BoolOOU p; : D o™ — Bool (i =
1,...,n) 0 mutumorphisms 0000000000,

spec Da—Da*

spec = mws po
gooooooooo0ooooO00,000000

oo.

o0
Po,P1,---,0pn 0000 True,False 00O 00000
ooo,000 po,pi,. .-
go0.000obo0obobo 3o, 00bpo0booDo.
]

goooo00o,0b0b00obo0obooboboooDon
goooboobooboobooob 1obooboo
000O0D00000. 00 po 000 mutumorphisms
goooooo,boboboboboboboobo
goobooooooo.0obobouooboobobo
00000, mutumorphisms 000 O00O0OOO0O
goooooOo,0000b0ob0ob0ob0obobo
g,00bobooooooobooooooo.

,prn. 000 mutumorphisms

4.2 0O00O0ODO
gooo,00fdd00d0ooooooooooo
00o0000oooooOoooOoooooooooo
oooo.

00 OoOoobOooboOoboobooboo ROOD
0,00 p0 ROUDODODODODODODO.
Step1l ODO0OO RO,2100000 polyno-
mial 000000000000, 0000 RO
0000 polynomial OO0 DOOOO, RO
000 p0,DO0O0 Y 00000. 000



10 ooboooooooooo (10)

O RO,polynomial 00 00OD0O0O,00

000,00009 =p, D=RO0O0O.
Step 2 00 p000000000O0O0OOOO

0000,p 0 D0O0O0OO mutumorphisms O

ooooooo p, fi,...,f,00000. 00

00000000000 catamorphism 000

0bO0obOOoooodbood, catamorphism OO

000o0oO0oooooooooo.

Step3 0O00DO0O0OOOO,00000000

ooooag.
000,000000000D000000,000
oOoob0oodobo0ooboOobOobooouooboOoDo
oo0poooooooooog.

4.2.1 O00O00O0OOOOOCOO
0000o000oooo0o,0000000000
ooobooooooooooo,bo200D0000
00000o00oooOooooooo,oo0o0ooag
goobo0ooDbOoO0OO0Db0OO0. bogboobooo
O,00000000000D0000000.

00 O00O0O0O0ODOOoO0oOoDOobDOog nmaesd

ooo,b0nd misO,

mis : List a — o

mis = Mmuwsp
goooooodooooooo.ooooooo

opoooDo,0b00b0b0bob0obO0n List

oooooo.oboo,ooocoboooobooon
O, Lista0000000O0O0DO0OO0OOO0OO
oo,oo0o0o0o0ob0oao.

List a = Single o | Cons (a, List )
gbp,00gbboobboobbooo
oboooooboooooboooooooa,ooo

List«a 0000O0ODOOOOOOODOOOO.
p : List & — Bool

p (Single x) = True
p (Cons (z,zs)) = if marked x then
not (marked (hd xs))
N pxs
else p xs
hd : List o — o
hd (Single ) =z

hd (Cons (z,zs)) =z
gooobbO100000D0DbDbOoOo0oOog p

gbooo.0obogobo 20b00b00boboO0on
goog,bbdb0 «c0bobbobobuoobda
0000,000000 2s000 pO0000, O
00000 desOOD0O0D0OO0ODOOOO
gbobooooooboobo.oogbo 0000
goooooboobobooog,bbboodd os
obdpUlbOobOobOobooboobO.

Step 1 List o O polynomial 0 000 (2.10)
gboboo,b0obobobooboobooa.
Step2 00000 p0O, OO AKdOODODO
mutumorphisms 0 0 00000, hd OO O
0O 000000, 000000000
000 mutumorphisms 00 OO. OO pO
List o 00 00 mutumorphisms 0 00O 0O O
0, not (marked (hd zs)) O p1 xs 00 0.

p1 xs = not (marked (hd xs))
gogooooo,

p1 . List o — Bool
p1 (Single x) = not (marked )
p1 (Cons (z,xzs)) = not (marked x)

0000,p: 0000 BoolOO,00000. O
0pO00000000,p,m0O ListaOOOO

mutumorphisms 00O .

p (Single x) = True
p (Cons (z,zs)) = if marked x then
p1L xS N pxs
else p xs

Step3 0O0O0O0OOOOOOOOOOO,O0O0



(11)
poobooooooooono.
mis = opt accept ¢1 ¢2
where

accept (z,y) =x

¢1 = (True,not (marked x))

o2 (z, (yo,y1)) = (if marked x then

Y1 A Yo
else Yo,

not (marked x))
OdoptoonObOOoboOOOOOOnn

Haskel OO0 0OO00OO0,0 3000 mis0O0O0O
ooo. ODoo,000000 [1,2,3,41 00
000000 mis [1,2,3,41 0000000,
[(1,False), (2,True), (3,False), (4,True)]
ODooooo. bobdgd ept 0000 accept
0o0oo0ooo (Bool,Bool) DOOO, 0 300
Omis0O0O000,000type Class = Int [
oooooooo0oo. oobooo,00o o0
O (False, False) 0,000 1 0O (False, True)
0,000 20 (True, False) 0,000 30
(True, True) D OO ODOOO. OO, O3
000 folar1 UOUDO /JOUODOO, OO
bmax second 0000 T4, 0000, d0mnis’
000 (¥1,¢2)pe 00000, OO table O
¢ 00000000,00000,000000
goooooodoooooooooooo.

5 J000O0oOobOooooooo

gboooo,obooooobooooob,bcooo
goooooodooboooobooboooboooo.
gobooo,boo0oobooo pejoooooo. b
goooooooo,oobooobooobobooo
g,gboboboobooboocooooobooooboobooon
goooboooboboo. oooooboobooo
g,gboboboobooboocooooobooooboobooon
g,gooboobooooooooboooobooon
goboooooooooooboo. coooobooboooo
goooooobooobooooobo,boobobooo
gooobdoobooboooboooboobooboooboooon
goog.
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5.1 OO
pooooooooooobooboboboooboboboo,
gbooooooooooooon.
Tree o = Node (v, [Tree o)
gbooobOooboooboobod mesQUoooOoOO

mes U
mes Tree o — Tree o

mes = mwsp
goooooboboboob. 0o p0,0b00O0O

gobooooooobooooooooboooo, o

00 TreeaOOOOODODOOODOOOODOO.
p: Tree & — Bool

p (Node (v,[])) = True
p (Node (v, t: ts)) =
if nomark t then p (Node (v,ts))
elsept A
if not (nomark (Node (v,ts))) then
p (Node (v,ts)) A
marked (getRoot t) A
marked v

else True
0000000 Node (v,[)) 000,0000 100

gbdo000ooboooboo,»boo00ooooon
gobooooooooboooooooooogg, True
O00. 0000000 Node (v, t:ts)0000O0O
go,0b0o0¢tbobobooooooobobobo
00000 nomerk 0000000, O0¢t00D0OO
gooboobobo11bobobobobo,000oDo
goooooobooboooboooboobobooboooon
0, Node (v,ts) DODO0ODO0 pOOOODOOOODO
gooooooo.ocoboboootoooobobooon
gooboboooboooob,00,b0boo0obot0n
b ptooood,obocoboboobooooobooon
gooboooboooobooboobo.bbo,0obboboobo
O Node (v,its) DOOO0O0OOOOOOOOOOO
gooboo,dobooobooobbo,obboob 0o
getRoot t 000000 vOO0OOOCODODODODODO
00o00,00,000000000 Node (v,ts)
gobpboboobobooboobag.

O0 nomaerk0,000000000000,00



12 ooooooobood

ooo

mis :: [Elem] -> [MElem]
mis xs = let opts = mis’ xs
in getdata (foldrl (bmax second)
[ (c,w,r)
| (c,w,r) <- opts,
accept cl)

mis’ :: [Elem] -> [(Class,Weight, [MElem])]
mis’ [x] = [(2,x,[(x,True)]), (3,0,[(x,False)])]
mis’ (x:xs) =
let opts = mis’ xs
in eachmax [ (table (marked mx) c,
(if marked mx then weight mx else
+ W,
mx:r)
| mx <- [mark x, unmark x],
(c,w,r) <- opts]

bmax :: Ord w => (a -=> w) -> a -> a -> a
bmax f a b =1if f a > f b then a else b

eachmax :: (Eq c, Ord w) => [(c,w,a)] -> [(c,w,a)]
eachmax xs = foldl f [] xs
where f []1 (c,w,r) = [(c,w,r)]
f ((c,w,r) : opts) (¢’,w’,r’) =
if c==c’ then
if w>w’ then (c,w,r) : opts
else opts ++ [(c’,w’,r’)]
else (c,w,r) : f opts (c’,w’,r’)

type Weight = Int

type Elem = Weight

type MElem = (Elem,Bool)
type Class = Int

weight :: MElem -> Weight
weight (w,_) = w

marked :: MElem -> Bool
marked (_,m) = m

mark :: Elem -> MElem
mark x = (x,True)

0)
unmark :: Elem -> MElem
unmark x = (x,False)

table :: Bool -> Class -> Class

table True 0 = 0
table True 1 = 0
table True 2 = 0
table True 3 = 2
table False 0O 1
table False 1 1
table False 2 = 3
table False 3 3

accept ¢ = c==2 || c==
second (_,x,_) = x
getdata (_,_,x) = x

03 00oO0oooOO0OO0ObO0o00oooooooboboboo

gooooooboobooDboboDbOon True, OO

00000 FalseOOO.
nomark : Tree o — Bool

nomark (Node (v,[])) = not (marked v)
nomark (Node (v, t : ts)) =

nomark t A nomark (Node (v,ts))
00 getRootO, 00000000CO0O00O,00O0

goo.
getRoot : Tree o — o

getRoot (Node (v,ts)) = v

5.2 00O

Step1l 0000 Treead, 000000000
O00O0O00O0OO0O0OoO00og, polynomial 00O
00 (210)00000000. 000, rooted

tree 6] OO0 20000000000.
RTree a« ::= Root «

| Join (RTree o, RTree )
gb2000000b000o00bo,0b 200

goooo.
r2t : RTree o — Tree «

r2t (Root v) = Node (v, [])
r2t (Join (t1,t2)) =
let Node (v,ts) =12t to
in Node (v, (12t t1) : ts)
t2r : Tree « — RTree o
t2r (Node (v,[])) = Root v
t2r (Node (v, t : ts)) =

Join (£2r t,t2r (Node (v,ts)))
ooo200000,000000000000

go.
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00, Treea0000 pd RTreea0O0ODO
0O000. p, getRoot' O, p, getRoot 000 0
O, RTreea0000000. ODODOODODO,
gooooooobooooooooo.

P’ : RTree o™ — Bool
pt = p(r2tt)
getRoot’ RTree a* — o*

getRoot' t = getRoot (12t t)
gooooooo,
p’ (Root v) = True

p’ (Join (t1,t2)) =
if nomark’ t1 then p’ ta
else p’ t1 A
if not (nomark’ t2) then
p' ta A
marked (getRoot t1) A
marked (getRoot' t2)
else True
getRoot' (Root v) = v
getRoot' (Join (t1,t2)) = getRoot' ts
nomark’ (Root v) = not (marked v)
nomark’ (Join (t1,t2)) = nomark’ t1 A

nomark’ to
goooo.

Step2 Stepl DO O OO00O00O0O p,getRoot,
nomark’ 0 RTree o 0 0 mutumorphisms O
0000,00 getRoot 0000 o*00000
000 «c00000000000000 mutu-
morphisms 000000, 0000000000

O00. 000, markedo getRoot' O rm/ 00 0O.
rm’ :  RTree o — Bool

rm’ = markedo getRoot
00 marked 000 getRoot 000000,
rm’ (Root v) = marked v

rm’ (Join (t1,t2)) = mm’ t2

00000. 000 p 0,

p’ (Root v) = True
p’ (Join (t1,t2)) =

if nomark’ t1 then p ta

else p’ t1 A

if not (nomark’ t2) then
pta A rm' ti A rm/ to

rm’ (Root v) = marked v

rm’ (Join (t1,t2)) = rm’ ta
000, 00 mutumorphisms 0 O000O0O.

Step3 000000 O0OOOCODOOODOO,O0O0

gogboooboboooobo.
mes = 12t o (opt accept ¢1 P2) o t2r

where
accept (z,y,z) =z
¢1 v = (True, marked v,
not (marked v))
b2 ((z1,91,21), (72,92, 22)) =
(if z1 then x2
else x1 N
if not z then
T2 AN y1 N Y2
else True,
Y2,

z1 N Zg)
accept 0000 (z,y,2) 0,00 opt accept d1 ool

g oooo ¢ 0D ooooodood,
(p’ t,rm’ t,nomark’ t) 00 O.
Job0oo00obo0oboboooooooboO, ¢
gooboooooooooobooooooo
00o0o0o0oo0ooo0.00o0o0o0b0ob0000oag s
goooooooog.

co = (False, False, False)
c1 = (False, False, True)
c2 = (False, True, False)
cs = (False, True, True)
¢4 = (True, False, False)
¢s = (True, False, True)
¢ = (True, True, False)

cr = (True, True, True)
00 accept, $ 000000000, 00 ¢ O



14 ooboooooooooo (14)

01 00 ¢o

¢2 | co ¢ c2 3 ca ¢ ¢ cCr

Co Co co C2 Cc2 Co Co Cc2 C2

c1 Co Cc1 Cc2 c3 Cq Cs Ce Cr

C2 Co co C2 Cc2 Co Co Cc2 C2

Cc3 co C2 €3 €4 C5 Ce Cv

Cq Co Cq Cc2 Ce Cco C4q C2 Ce

Cs co C2 €3 €4 C5 Ce Cv

Ce Co C4 Cc2 Ce Co Cq Cé Cé

cr co c2 €3 €4 C5 Ce Cv

o1oo0o0ooo.

accept ¢ = (c==c4) V (c==c5)V
(c==cs) V (c==¢r)
¢1 v = if marked v then cg else cs

6 00000000

goooo,0o0ooooooooooooon
gooooO0obO0o0oboooooobobbOoooo
ooOoo0bO. booOoDooDOOoOooDbOOo NpPODO
goodo,00boobooboooboooboo,o
gooodooo. og,booooobobooboooo
goooopoooDbDbD,0D0 pbODODO0O0O0O0OO
mutumorphisms 0O O000O,0 100000000
gooboobobooboboOo,b0bob0obOobo
gooboo,0dpbb0b0oboooooboOobo
OO0O0C0000 mutumorphisms 00000, 000
oo 3bouoboooooooobobocoooog.

6.1 0O
0000000000,00,000000000
000000000,0000C000000000
000000000000000000000000
00.000000,00000000000000
000 [(Weight, Value)) 00D DO0000. 000

00000000000 knapOODOO, 00 knap

O
knap : [( Weight, Value)] — [( Weight, Value)™]

knap = mws p

00000000000000. 00 p0,0000
0000000 CO000000000,0000
00 [(Weight, Value)) 000000000000
ooo.

D ¢ [(Weight, Value)] — Bool

pxs = weightsum xs < C

goboboobobobobobobob,0bobo
ooooooboooooooooooo,booboooa,
b pbO0obODOODO.

6.2 00

Step1 00OUOO, polynomial 0000 (2.10)
goooo,0ddddoooooooon.
Step 2 00 pO00000000 mutumorphisms
goo. oo, 0bo00oooi cuwtdd

goo.
cut : Weight — Weight
cutw = if w<C then welse C+1

0000 et OOOOOOOOO,000 CO
ooooooc c+1000,00000000
ooooooocooo. bbbt ewtOOoQ
gboo,bobobobbpbObODbOOO

mutumorphisms 0 000 00O00O0O.
p xs = (sumw zs) < C

sumw [] =0
sumw (z: xs) =
cut ((if marked x then weight x

else 0) + sumw xs)
pO0000000O True,False, sumw 00000

ooo,1,...,0+100000,000 p,sumw
00000000 mutumorphisms 000
Step3 000000000 OOOOOOOOO
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gooooooooooag.
knap = opt accept ¢1 P2
where
accept (z,y) = x
¢1 = (True,0)
d2 (, (y1,92)) =
(cut ((if marked x then weight x
else 0) +y2) < C,
cut ((if marked x then weight x
else 0) + y2))

v OoDoOo

900000 ooogobD,00o0o0o0obOoDo
goooooo,000000000D000 NP-OO
gooobooobbooobbbooobboo
000 [2J[10]. D0O0O0O000D00O, Takamizawa
gooooooooooobooono 22000,

0000000000 (tree width) [200000 0
gooooboobobobo. booboooobo
oooo0oooo0o0b0 k00000000 D0O00D0
00,00000 partial k-tree 1] 0 £-00000O
(k-terminal graph) 000000000 0OOOOO
0000, separator [23] O clique (18] D 00000
goboooooooooo.bobooooobooboooo
gogooooobooo NP-DODODODODOD
gooobooobooboooboooboobooboooboooon
goooooooobobooooobono ny,bboooob
goooboooboobooobooobooboooboooboooon
O00oQ0OooOdO. Courcelle I, 0000000
0 (O (hyper)) 00 D0ODOO0O (0D0OO0D)0000
000 (monadic second order logic) 000000
goooO0O00000coO0O0O000000 [12]. Borie
go,bod,bbooobooboobooboobooo
gooooo,boo0,oboboboocobooboooon
gooobonm). boobooobooooooboo
0,00000000000000000 (successor
function) [24) 00000, 000 00 e0000OO
Oo0oOooooooon Ine(vye)D0D0OODO.

gooobooboobooboboooobooDo
goooob,o0boo0boooboob,0boo
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goooobooooo.boo,0b0 200000
oo.

e 0000, 000OIOIODODDOOOOOODO
Jo0o00ooDoooooDOooooooogon
goooooobO. obooboo,0b00onDo
Jo00o00ooDOoooooDOoooooOooDgon
goooooo,0o000obodoboobooo. o
0000,00000000, mutumorphism [
0ooo0dooDoooooooooOo,00oon
gopoooooog.

e N00OIDODODOO,000 V, 30000
go00oobooDbOoO0oobDUOoobooDOoo
0oo0oo. 00000, 000000000
gooooooboooobooOooDoo,b00ooono
gooooooo.

Aspvall 00, 00000000000 OCOOODO
0ooo0oo,0000000000000000
o0 4. bOooooOopbpDOoooobobboooboo
goooooooo,0opooooa.

BirdO,000000C000OOO0OOCODOO,

Jod0o00ooodoOooooooDoooooooo
O [8. 00,Bird0d de Moor OO OUOODOOOODO
Jo0d0o00ooodoOoooooooooooooo
gooo0ooOoOoboOooOooboOobobuoboooo
9. O0O0O0ODOODO0O0OO0D00O0OOoooOoooDO
gooooooooboog,oboooboboooo
oooQog 9. cOoooOoOo,0o00ooo0ooo
gobooooooooOoobobo.oooooboboooo
0,00000000000000D00000000
goOo,0000b000O0oOoobooooboooo
00.00000000000,000000000
catamorphism, mutumorphism OO0 0000000
oooooo,0000, MoooooooooDo
goooo0of. od,deMoord,000O0OODO
0,00000000000000D0000D0000
goooooooo,0obooobooooboooo
Joo0,000000000000D000o, 00
Jo00o000oodoOoooooooDooDoooooo
goooooooooOoo.boboouoooboboooo
000,000000000000D00000000
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gboooobooogoo.

ooooooooD yoooobo,00o0ooo0n
goodboooboobooboooobooobooboboo
gopooobobooboobooooobo,booo,
goooboobooboobooboob.boobobo
0,000000,0000000 mutumorphisms
gooboboobooboboobobooobo,bobo
gooobooboboooboboooobobooboooo
goboboboboooo.

8 OO

ooboooOooDo,b0o00oboOoobooOoooDo
000D0DO00o0o0oooOoooooooooooag
goooooooooooobooo.obobo,oo
000000000, 0000D0000000ooag
gobooooOooooooo.boooobog, o
0000000000 oOoooooooooooag
00,00000 mutumorphisms 00O O0O0O0O
00000o00oooo0o,0Do000oogooooag
oobooooooooog.

00000000, 00000000000000
goboooOoooboooboOooOooooobo,0oboo
0000000000 polynomial 0000 (2.10)
goooobooooo @g,booboobobogoo
0000oooOoooooOoooon. oogooooag
oOoobOooOobo0ooOoOobobooouoobOoDo
25, DODOO0OOOOOOOOOOOOOODO
oobooodooooooooo.

00,0000000000D000000000O0
gooooooooooboOooob.boob 200
000o000oooooOg,200000000000
oooooOooO,0boo0oboobobooOooooo
oooo.

gooo
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