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Automatic Generation of Programs Based on
High Level Strategy Description

TETSUO YOKOYAMA,t ISAO SASANO,t ZHENJIANG HuUt
and MASATO TAKEICHItt

To relax the tension between clarity and efficiency in programming, we have proposed a the-
oretical framework called calculation carrying program, which accompanies straightforward
specification with calculation specifying the intention (strategy) in a highly abstract way. In
this paper, we give its first implementation, showing the system which not only automatically
derives efficient programs from initial inefficient specification, but also interactively helps pro-
grammers to debug derivation steps. Furthermore, to show its power, we demonstrate how to
use our system to generate efficient programs for solving maximum marking problems.

1. 0oo0ao

ooooooooboooboooooooooon
00o0O0O00oOooooooY0000000000
goboboobooooooobobooOooooooboo
gooboooooocooooobooboooooooo
gooboooooooobooooooooooooon
goboooboooooobobooooobobobo
gboooooooooobooo 2000000000
gooobO1o0b0000b0b00bO000o0oooobo
goboooooooooob 20000000000

000000000000 0O0O00OoOoooOoOoO
Department of Mathematical Informatics, Graduate
School of Information Science and Technology, Univer-
sity of Tokyo
tt0000000000000000000
Department of Information Engineering, School of En-
gineering, University of Tokyo
ttt 000000 210000000000
PRESTO21, Japan Science and Technology Corpora-
tion

62

000000000000000000000000
000000000000000000 pdgO0O0
00 n=pxq00000000nO pxgO0000
000000000000000000000000
000000000000000000000000
0 p0¢O000000000D0O00DOOOODOO
ooooo0o0ooo
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000O0OMAGOOOO? 000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooo
00000000000000000100000
00000000000000000000000



Vol. 43 No. SIG 3(PRO 14) goooooooooooooooooboobboooooooo 63

000000000000000000000000
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
00000000 O0000D000000000000
000000000000000000000000
000 MAGOOOOODOOOOOOOO0O0O000OD
000000000000000000
000000000000 10000000000
000000000000000000000000
O0O00O000O00ooooooooooo®Yo0n
000000D0O00000000O0Y0000 10
0000000000 0D0D000D0O00O0O0O00O0n
000000000000000000000000
00000 0D0Y0 Calculation Carrying Program(
00 CcCPOOO0OODOOODOOOOODOOOOO
DoOoOocCcPOOOOOOOOOODOOODOO
000000000000000000000000
000000000000000000000000
000000000D00000CCPOOOOOOO
O0O0Oo0O00o0oO0O0
00000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000O00® 000000000
0000000000000 0000000000
0ooooooooo®2'%0p000000oo0o0n
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 pO00000O0O0O00O00O0
000 «w0OOOO0OO0O0O000 10000000
00000000000000000000000O0
00000000000 0O000000000000
0000000000000000 7 0000000
000000000000 00000000D0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooo

0000000 o0O0ono
000000000000 00000000
0O00O00ooo' 000000000000
00000000000D00000000000
000000000000 000000000
oooo

[1,-2,4,—1,-2,5,—1
0000000000000 00000000
ooooo

[4,—1,-2,5]
0000000000000 000000000
000000000000 0000000000
0000000000 000000000000
000 p0000000D0O000D0OODOOD
000D000000000000 wOODOOD
0000000000000000000000

2. 0O00ooOoobobooo

0000000000000 O0000000000
000000000000 0000000D00000
0000000000000000000000O0
000000000000000000000000
ooQ

21 0 0O O

00000005 00000000000000
Haskell'? 00000 O00O0O0D0O0

2.1.1 00O0OOOO

000000000000000000000000
00000000000 f(z)00000f20000
0000000000 curryingD0 000000000
00000000000000000 fab=(fa)b
000000000 200000000000000
000000000000 fe®bd00000O0
O000(fe)®@bDO000200000 0060
00eO000000200000000000 sectionO
oooo

roy=@d)y=(@y)z=(®) zy
000000000O000000000000000
o0000O

(fog)z=1Ff (92

000000000000000000

21.2 0 O O

0000000000000 0000000000
O000nO0O000 ai,4a2,...,0, 00000000



64 goooooooooooooooo

l[ai,a2,...,a,] 0000000000000 0O0OODO
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opt (@, f) accept ¢1...¢r x =
getdata (1,4 / [(c,w, )| (c,w, ™) «— (¥1,..., %Y%) D z, accept )
where 9; () = [(¢i, leftunit (®), C;)]
Vi (
Vi (

e) = [(¢: (e), f €*,C;s €*) | e «— [mark e, unmark e]|
e, candy,. .., candy,;) =
eachmaz [(¢; (e*,c1,...,¢Cn;),
fe dud...0wn,,
Ci (e*,r1,...,mn.)) |
e* «— [mark e, unmark €],

(c1,wi,r]) «— candy, -, (Cnyy Wn;, Tr,) < candy,] (i=1,...,k)

mark © = (x, True)
unmark x = (x, False)

marked (.,m) = if m then True else Fulse

weight (z,.) = x
getdata (-, ,z) = =

eachmaz xs = foldl f [] zs
where
£ 1] (erw,7) = (e, )]
f ((c,w,r) = opts) (c,w',r") =
if c == ¢ then
if w > w' then (c,w,r) : opts
else opts ++ [(¢/,w',r")]
else (c,w,r) : f opts (', w',r")

01 00000 opt
Fig.1 Optimization function opt.
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-------------- Oo0000 --—————==—=mmm-—-
sumsq = sum . map sq;

sum [] = 0;

sum (x:Xs) = x + sum Xxs;
Sq X = X * X;

map £ [] = [;

map f (x:xs) = f x :

cata oplus e [] e;

(f . g x=1f (g x);

c=_f _e

in cata _g _c _Xxs;

<applyFusion> (_f .
<applyFusion>

______________ ooooooo

map f xs;

cata oplus e (a:x) = oplus a (cata oplus e x);

<fusion> (_f (cata _oplus _e _xs)) =

letm _g a (_f x) = _f (_oplus a x);

_g) = <fusion> (_f .
f = <fusion> (_f .

sumsqOpt = <applyFusion> (<unfold> sumsq)

<applyFusion> _g);
cata (:) [1);

03 00000000000 -—sumsq
Fig.3 A CCP for the sumsq problem.
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oooooo
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ooo
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e u=

| em
goooooobooooooo:

em = letme, =ep ;...

| casem ¢ of e,, — e1;...

| (e

CCP:

cecp u= defq;...;def, 000
o0:

def == funDef 0000

| ruleDef 0000

gooo:

funDef = fpats=e 0000
gooo:

ruleDef == (rye,=¢ 0000
O:

haskellExp 00000 Haskell OO
oooodooooooooooo

j€p, =€, iN €

aad letOd
00 caselO
gooo

— €en

04 CcpOoooooonO
Fig.4 Syntax of the CCP’s core language.
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Elel : Env — [Exp]

Ellp = [v)

E[v)p = [p ]

Elnlo _

Ew.elp = P | e — (€[] p)]

Eler e2lp = [e] e5 | e — Elealp, ey — Elealp]

El< rule > €]p
Ellet 1 =eq;..

L Tn =en in €]p

Elletm e, = e, in €]p

Elcasem e of ey, — e1;...

U [Eles] (0@ @) | & — match-s p ey (Bnorm <))

Elunlet (let 1 = eq;..

UEL (p®6) | ¢} — Eleolp, 6 — match-2 p ey (Bnorm <)

epn — ealp = UlIElea] (0@ 61) | ¢ — Eledp, én — match-s p ep, (Bmorm )
o

[Elen] (0 6) | & — E[lp, 6 — matches p ey, (Bnorm ¢')]

L Tn =en ine)]p

05 CCpPOOOODO
Fig.5 Semantics of the core expression for CCP.
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00000 ccpOOononO haskellEzp 0000
00 Haskell''® 000 000000000000
gooboboooobobboooobobobooooboobo
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gooobooooobobooooooboooo 2o
godooddbooooboooobboooboooooo
000000000000 1letmO0O00O0Oo0oonOonQ
Jo0oooooboDooobOobobobooobooo
letm OO0 0O00O0O0OOO
_g a (_f x) = _f (_oplus a x)

3€pn 7 En

0000 a0 x0O0OO0OCDCDDO_0 a0 x0O0
00000000000 xOOOOOOODO
obobooobooOoooobooooobooononb adxO0O
oboooboooooooobooooboboOooobooon
oooO0O00O<«000000000000000O0O0
oooOooccpioOooOoOoOOoOooooOoOoOO
ooooooO0o0O0oO0oooOOo0o0oOoooooooon
o0ooo0o0O00000<applyFusion>d 000000
oooooooOoooooOoooboOoooooO0O0o
ooooooooooo

3.1.3 ccCpOoOoOooogoonO

ccpoO0OOoOoOoOoOOOS®OO000O0 £000O
ooooOoccpOoOOOOOD ExpOOOUOOExp
0000000000000 HaskelOOODOOOO
oo000000000000000000000 Env
ooooéeoDooooooooooooouooon
OO00O0O0O00O0OO000000000000 unlet O
let00 AXOOOODOOOBrerm O0O0O0000ODO
O BredexOOOO -000000p1dp 000
0 p000000000000O00O0O0O0ODOO

(p1®p2) x = p2z, xisdefined in po

= p1 x, otherwise.

000000000 Y match-s 0 2000000
000 '"match-2 000000000000000
00000000000000000000000
0000000000000 000000000
00000000000 00000000000
000000 »n000D0D0O0ODO0OOOOADDO
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gooooog
Command := EnvComm oooood
| IntComm oooo
| DebugComm 0000000
gooboooo
EnvComm == setPath PathName ooooobooooboooobooooono
goooooboobooooobooooooboo
| loadTheory TheoName 0000000 OO0OO
gooooooboooooo
| setExp FxpName oooogo
good
IntComm = step LawName Path oooooo
| beginDerivation LawName Path oooooo
| match ooooooooooboooooon
| endDerivation oooooo
| createRule RuleName oooooooo
Path 2= Loci1 Locy --- ooooooo
Loc = B AO0000
| F oobooooooo
| A oobooocoobooo
ooooooo
DebugComm  ::= help oooogd
|  showDerivation ooooooooo
|  quit oo
| showBindings ooooooo
\ showStack oooOoooooon
| undo ooog
| showSubExpressions 0000000000
| showTheory OUooOoooooooo

0e6e ODO0OOOOOOOO
Fig.6 Syntax of the script language.
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{- sumsq.eq -}

f _e=_c};

g =
applyFusion2: _f =

applyFusionl: _f . _f
_f

sumsqOpt: sumsqOpt = sumsq

: map _f _xs;
= _e;

step _a (cata _step _e _x);

sumsq : sumsq = sum . map sq;
suml : sum [] = 0;

sum?2 : sum (_x:_xs) = _x + sum

sq :8qQ _X = _X * _X;

mapl : map _f [1 = [J;

map2 : map _f (_x:_xs) = _f _

catal : cata _step _e []

cata2 : cata _step _e (_a:_x) =

fusion : _f (cata _step _e _x) = cata _g _c

if{\xa->_f (_stepax)=\xa->_ga (_fx);

.8
. cata (:) [1;

Xs;

X,

07 00000O0OO0O0DOOOOQOO-—sumsqg.eq
Fig.7 Transformation rules — sumsq.eq.
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0000000 setPathO loadTheoryd setExp O 3
00000000 setPath 00000000000
O0000oUooooooooooooooooood
000000000 leadTheoryOOOOOOQOOO
0000000000000 setexpO0ooonogd
gododoooobooooboobooooo 8OO
200000 setPath 00000000 OOOOOO
00000000 0o0o0oO0DoDoOooo30oooo
loadTheoryOODODOOOO0OOO0O0O0O0ODO sumsq.eq

00D00O0C0ODO0O0O080400000 setExpO O
sumsqOptd 0 3 000000000000 0O0ODOO
ooooooog
3.22 0 OO0
00000 stepd beginDerivationd matchJ
endDerivationOcreateRuled 500000000 step
goOooCoOoO0O0oOoooooOoOooobooboooo
goooobooboboOooooooboooooooboo
oooooBpO ANDODOUODFOOODOOODOOO
00AQ00O0DOODOOOODODOOOO 8O80O
oono
step "applyFusion2" "BFA"
OO00o0oo0DO0o0o0oOooOoOAMa.MzO0O00O0
0O \N00O0O0ODOOODOO0OO MODOODOOOODO
n-000000np-00D00000 n-000D0ODOOO
gooooobooboooboobboooooo n-0oo
goooOo0odoboOobooog p-Obbboobobobooo
obo000 sum . map s O OOO0O0OOO
\a->((\ b->sum b)

(\N\c >map (\d ->sqd) <)) a
gooooooooono p-0Ooooooobooon
07000000000000000O00O0DOO0O0
gooooooooo
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1: #!

setPath "/home/yokoyama/ys/ex"

loadTheory "sumsq"

4: setExp "sumsqOpt"

5: step "sumsqOpt" "BF"

6: step "sumsq" "BF"

7: step "applyFusionl" "BF"
8: step "applyFusion2" "BFA"

9: DbeginDerivation "fusion" "BFABF"

10: step "map2" "BB"
11: match

12: step "mapl" ""
13: match

14: endDerivation

15: DbeginDerivation "fusion" "BF"

16: step "sum2" "BB"
17: match

18: step "sumi" ""
19: match

20: endDerivation

21: showDerivation

22: quit

08 OD0OODOOODODO-sumsq.ys
Fig.8 A transformation script — sumsq.ys.

\a->((\ b->sumb)
(\N\c >map (\d ->sqd) <)) a
OO0 BrADODOOCOO
\c->map (\d ->sqd) c
OOoooo 70000 2000 applyFusion20
oooo
(N c->map (\d -> sq d) ¢
(cata (:) [
O00O0OOO0OO0OO0OO0O0O0O00 applyFusion2 000
_f
oooo
\c->map (\d ->sq d) c
OooooOoooooooooooooo
{_f ;=\ c >map (\d -> sq d) c}
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o0oooooooooooooooooo
applyFusion2 0000 O0O00O0OOOOOOOOO
oooooooooooooog
\a->((\ b->sum b)
((\Nc->map (\ d -> sq d) ©)
(cata (:) [1)))
00000o0o0o0ooooooo np-00o0o
sum . (map sq . cata (:) [1)
oooooooo
00 beginDerivaton 00000000 ODODODOO
O00oUooooooooOooooit{...yooood
ooooOooooUooooOoOooooooooooo
0000000700000 fusionO OO0 if00
0000000000000 00oooooooon
O000O00ooOoDOoOo0oOoOooooooooooog
0000000 if00000000000000000
00000000000000000000 fusion
oooopoooooocoo8OooUuooooUooo
fusion 0O sum . cata (:) [1D O n-

gooooo
\ a—>
((\ b -> sum b) .
(Nc->(\d->map (\ e ->sqe)d .
(\f ->cata \gh->g:h)
1 £)

(map sq .

c)) a
000 BFABFOOOOO
(\N\d ->map (\ e -> sqe) d
(\f >cata \gh->g:h) [15
00000 fusionO00000O00O00C0OC0OOCO
ooo00oooooon
{_f:=\d->map (\ e ->sqe)d,
_step :=\gh ->g : h,
—e := [1}
oooooooooif{...x 00000000000
O000O0O000000000000 fusionO0O0O
000000000000 _gd_cO0O0O0O0O0O0O0O
O000if00 200
_f _e = _c
00000000000 COCOOCOcO0OO000000O0
oooooo
(\d ->map (\ e -=> sq e) d) []
00000000080 120000000 map1 O
ooon
1
oooooo
OO0 matchOOOOOOOOOOOOOOOOO
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oo0oo0oo00oooOooO0OooUooooooOoooo
00000080 13000 matchOOOOOODOO
oooooood
{_c := [1}
O00OC0DO0O0d endDerivationd OO OOOOOO
00000000o0ooooooooooooooag
0000 beginDerivation DO O0OOOOO0OO0O0OO
oooooOo0oooooOoUOooUooooooDOoo
ooooooooooO0g8U 140000011000
13000 match 0O OOOOOCOOODODOOO
{g:=\g-> () (sqg, _c:= [}
0000000000000 00ooOoOoO0oOn fusion
O0ooooooooo
cata (\ g -> () (sq g)) [
0 npO00000OO0ODODOOO
OO0 createRule 00000000000 OOOOO
0ooooooooooooooo
3.23 JOOOOOO
ooooopoOoooooooooooooooooo
OhelpO0OCO0O0OCDOOOODOOOOOODOO show-
Derivation 0 00 00000000 O0O0OODOOOO
080 2100000 showDerivationO OO OOO
00009000000l quitdO0OOooooooag
00000000000 showBindingsO OOO OO
O00000000000000 showStackO O OO
o0o00o0o0ooooooooooooooooag
000o0000o000o0o0o000 undoOOOO 10
0000000000 showSubExpressions 0 000
0000000000000 00O showTheory OO
00ooooooooooooooooo
O00oU0ooUooooooUoooooooooo
ooooOOoooOoYro“yoOoOOoOOOn0O
o0ooooOooooDooooooooooooog
oooooooooon
3.3 cCcpUUOoOooOoOoOooooOO
cCpO0UlUl0OO0OODOODOOOOOOOOODO
000000 0odooo0oooooooooooog
gooooooooooooOooOoOoooooooo
0000 let000O0 case000OO0O0OOOOOOO
o0dooooOooUooooooooooooooDooo
O00oo0o0o0oooooooooogoooooo
0000000000 00ooooooooooooo
0000000Doooooooooooooooon
ooooo
e 00 let O

letm ey, =e€p;...5€p, =€, ine

n

sumsqOpt

{ sumsqOpt }

sumsq

{ sumsq }

sum . map sq

{ applyFusionl }

sum . map sq

= { applyFusion2 }
sum . (map sq . cata (:) [])

{ fusion

(\ax ->map sq (a : x))
{ map2 }
(\bd->sqb : map sq d)

map sq []
{ map1 }
1

}
sum . cata (\ g -> (:) (sq g)) [I

= { fusion

(\ ax ->sumn (sq a : x))
{ sum2 }
(\bc->sqb+ sum c)

sum []
{ suml }
0

}
cata (\ £ -> (+) (sq £)) O

0 9 0000-—sumsq.out
Fig.9 Execution result — sumseq.out.

gooooooooooooooo

e, if {ev; =e€p5-. 5€, =¢€p,}
goobboO0O000DbO00O0OobDOooooDbo
doodoooopoooooooooooooooo
goooboooooooag
00 case O

casem e of e,, — e1;...5€ep, — €n

n

000 ~nO00000000O0000000 case
goboooooboobooooooooo

€py = €15...,€Ep,, = €En
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OO0 case00 ed0O00OO0O0OOOOOOCOOOO

oobo0ooooooooooooooooooo

00o00o00oo0ooooooooooo
ccepoOOoooOOoOoOoOOobOOOOObDbDODO
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ooooooooOoooooooooooooooo
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000000000 sumsqO OO0 CCPOOOODO
o0oo0o0o0o0oo0oo0o0oo00b0b00 30 sumsqd00
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gooooooooooOOO0oO0o0oOooOoooboooo
goo0ooooo0oooooooooooboooon
ooooO0oo0oOoUoooooooroooooOooo
oooooood
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oooooooooooboooobooooooooo
ooboooooooooooo
ooooooooy00oOoOooOoOoOooO 30 cep
ooobOoooOo0ooooooooooboOooooooo
ooobooooOooooOO0o0o9O0O0O0OOObOODOO
sumsqOpt [0 sumsq O O OO0 000 O <unfold>U
000000000000 D0O O <applyFusion>d [
goobooo0oboO0O00Osum . map sqU _f . _gO
00000000000 UapplyFusiont O0O0O0O
ooooboboooooobooooobooooooono
oboobooooooboOooooboooooooobOooo
OobO0O000O O<applyFusion> [0 map sqU OO O
000000000000 O<«fusion>0 000000
O0DDO0O00000D00D <applyFusion> O map sq
0000000000 Omap sqd _f . _gO000O
000000 OapplyFusion2 00 OOOOOOOO
OOO0Osum . (map sq . cata (:) [1HDOOOOO
0000000000 (map sq . cata (:) [1H O
O0O<fusion>0 000000000 OCOOCOCOO
O00<fusion>0 00 2000000000000
ooobooooooooooooboooooon
ooooooooOoboOoooooboooooooo
oooboooooooooooooooOooono 8o
oooo0ooOoOoooOoOooOoOoooooooocep
oooooooooOoOoOOOooOOoOOOO0O0O00
Oo0o0000ooO0ooooooooooooooDooo
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4. J0o0ooooooooboboOoboo

Jo0oo00oDoOobOoooooooooboobooono
000000000000 O0ODOOooDOoOooOobOoOOon
ogooooo

4.1 O00OOOOOOO

gooooooobob 2000000obooob
odooooobboooboooobooooo

mss =Twsum / © filter conng o gen (2)

00 gen 0000 2"000000DODOOCOCDOOO
000000000 filter conno DOOOOO conng
gooOooooooDoooboboooooooon
(twsum /) 00000000 wswn 0000000
JooobOOooOooo 1oooo

0d00000d0b0ObOo0o0oOobOooooobooboobono
goo ccpOO10000000000000O00O00O
oooooooo0o (2)oooooooooo 1o
O0Ooooooooooobmar wsum O (Twsum)
OO0reduce 0 (/)0O0O0OO0O0OOO

mmpRule 000 2000000000000000
000 ept00000O00ODOO0OODODOODOOOOO
O0<tupling>0 0000 connog DO OOOOOO
gccpOooopoopooonoooooooononO 8
gooodooooopooobbobobooooa

4.2 000O00O0DOOOOOOODOOO

gobooooboooobuobbuooooobo
goboooobooboooobobooobbooboo?2
000000000b00bOoOoboonbog conne O OO
poboooooobooobooboooooouoobo
even D O00O0O0O0OOOOOOO pOO

p xS = conng TS A even xs
ogpoooo

Jod0o0d0oo0o0o0ooboobboooooooo
0100 cCponooooonoooonoi1iooogo
JodbobO0od0d0o0obooooobooooooo
goobobobooooobobooobobooboo
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—————————————— 00000 ==-==—=—=————————-
mss = reduce (bmax wsum) . filter connO . gen;

reduce f [x] X3
reduce f (x:xs) = f x (reduce f xs);
bmax f a b = if f a > £ b then a else b;
wsum = reduce (+) . map fc
where fc (x,m) = if marked (x,m) then x
else 0;
filter p [] = [1;
filter p (x:xs) = if p x then x : filter p xs
else filter p xs;

conn0 [] = True;

conn0 (x:xs) = if marked x then connl xs else connO xs;
connl [] = True;

connl (x:xs) = if marked x then connl xs else conn2 xs;
conn2 [] = True;

conn2 (x:xs) = if marked x then False else conn2 xs;
marked (x,b) = b;

gen [1 = [[1];

gen (x:xs) = [ x’:xs’ | x’ <~ [mark x,unmark x],

xs’ <- gen xs ];
mark x = (x,True);
unmark x = (x,False);

cata _step _e [] = _e;
cata _step _e (_a:_x) _step _a (cata _step _e _x);

opt accept (oplus,f) ... OO
—————————————— ooog ----—-—=————=—-—-
<mmpRule> (reduce (bmax _w) . filter _p . gen) =
letm _accept . _h = <tupling> _p;
reduce _oplus . map _f = _w;

cata _phi2 _phil = <applyFusion> _h
in opt (_oplus,_f) _accept _phil _phi2;

<tupling> conn0O =
letm _h xs = (conn0 xs,connl xs,conn2 xs);
_accept (t0,t1,t2) = t0;
in _accept . _h;
<fusion> (_f (cata _step _e _xs)) =
letm _g a (_f x) = _f (_step a x);
_c=_f _e

in cata _g _c _xs;

<applyFusion> (_f . _g)
<applyFusion> _f

<fusion> (_f . <applyFusion> _g);
<fusion> (_f . cata (:) [1);

—————————————— 0000000 ---mmmmmmmmmmmmme
mssOpt = <mmpRule> (<unfold> mss)

010 000O0O0O0o0oOoooO CCP
Fig.10 A CCP for the maximum segment problem.
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—————————————— 00000 -======—=————m—-

mss’ = reduce (bmax w) . filter p . gen;

p xs = conn0 xs && even xs;

even [] = True;

even (x:xs) = if marked x then odd xs else even xs;
odd [] = False;

odd (x:xs) = if marked x then even xs else odd xs;
h xs = (p xs,even xs,odd xs,conn0 xs,connl xs,conn2 xs);

accept (t0,t1,t2,t3,t4,t5) = t0;

—————————————— oooooog -----—-
mssOpt’ = <mmpRule> (<unfold> mss’)

011 0QOoOoOooobDOooO0ooOoooooooo cep
Fig.11 A CCP for the maximum segment problem of even length.

obooooooooo

o o o o

1) Pettrossi, A. and Proietti, M.: Rules and
Strategies for Transforming Functional and
Logic Programs, Comp. Surveys, Vol.28, No.2,
pp.360-414 (1996).

2) de Moor, O. and Sittampalam, G.: Generic
Program Transformation, Proc. 3rd Interna-
tional Summer School on Advanced Functional
Programming (AFP’98), LNCS, Vol.1608,
Braga, Portugal, pp.116-149, Springer-Verlag
(1998).

3) Takeichi, M. and Hu, Z.: Calculation Carry-
ing Programs: How to Code Program Transfor-
mations (Invited Paper), International Sumpo-
stum on Principles of Software Evolution
(ISPSE 2000), Kanazawa, Japan, IEEE Press
(2000).

4) Visser, E.: Stratego: A language for program
transformation based on rewriting strategies.
System description of Stratego 0.5, Rewriting
Techniques and Applications (RTA’01), Mid-
deldorp, A. (Ed.), LNCS, Vol.2051, pp.357—
362, Springer-Verlag (2001).

5) Sasano, I., Hu, Z., Takeichi, M. and Ogawa,
M.: Make it Practical: A Generic Linear-Time
Algorithm for Solving Maximum-Weightsum
Problems, Proc. 5th ACM SIGPLAN Inter-
national Conference on Functional Program-
ming (ICFP’00), Montreal, Canada, pp.137—
149, ACM Press (2000).

6) Bern, M.W., Lawler, E.L. and Wong, A.L.:

Linear-Time Computation of Optimal Sub-
graphs of Decomposable Graphs, Journal of Al-
gorithms, Vol.8, pp.216-235 (1987).

7) Borie, R.B., Parker, R.G. and Tovey, C.A.:
Automatic Generation of Linear-Time Al-
gorithms from Predicate Calculus Descrip-
tions of Problems on Recursively Constructed
Graph Families, Algorithmica, Vol.7, pp.555—
581 (1992).

8) Bird, R.: Maximum Marking Problems (2000).
Available from http://www.comlab.ox.ac.uk/
oucl/work/richard.bird /publications/mmp.ps.

9) Sasano, 1., Hu, Z. and Takeichi, M.: Gener-
ation of Efficient Programs for Solving Maxi-
mum Multi-Marking Problems, Semantics, Ap-
plications, and Implementation of Program
Generation (SAIG’01), Taha, W. (Ed.), LNCS,
Vol.2196, Firenze, Italy, pp.72-91, Springer-
Verlag (2001).

10) 00 000 O0O00O00OO0O0OoOOOoOooO
000ooooobobOoooOooooooooa
00000000 0000Vol18, No.2, pp.59-63
(2001).

11) Bird, R.: Algebraic Identities for Program
Calculation, The Computer Journal, Vol.32,
No.2, pp.122-126 (1989).

12) Bird, R.: Introduction to Functional Program-
ming using Haskell, second edition, Prentice
Hall (1998).

13) Bird, R. and de Moor, O.: Algebra of Program-
ming, Prentice Hall (1996).

14) Meijer, E., Fokkinga, M. and Paterson,
R.: Functional Programming with Bananas,
Lenses, Envelopes and Barbed Wire, Proc.



Vol. 43 No. SIG 3(PRO 14)

5th International Conference on Functional
Programming Languages and Computer Ar-
chitecture (FPCA’91), LNCS, Vol.523, Cam-
bridge, Massachusetts, pp.124-144, Springer-
Verlag (1991).

15) Hu, Z. and Takeichi, M.: Calculation Carrying
Programs, Technical Report METR, 99-07, De-
partment of Mathematical Engineering, Uni-
versity of Tokyo, Japan (1999).

16) de Moor, O. and Sittampalam, G.: Higher-
order matching for program transformation,
Theoretical Computer Science, Vol.269, No.1-
2, pp.135-162 (2001).

17) Sittampalam, G.: Higher-order matching for
program transformation, Ph.D. Thesis, Univer-
sity of Oxford (2001).

18) Jones, S.P. and Hughes, J.: The Haskell 98 Re-
port (1999). Available from
http://www.haskell.org/definition/.

(00130100 1 000)
(00140 1023000)

oo oo

19770002001 0000000
gooooooooooooooon
gooooooooooobooboo
gboooooooooo

oo O

19730001997 0000000
gboooooooogaonoon
gooooooocooooooon
oboooooooooooooo
goo0oo0ob020010 400000
goboooobooooooooooooooooo
gbooooboooooboooooooooooooo
O0o0oooOooooo0oooooOooACMO
ooo

goooooooooooooooooboobboooooooo 7

0 gobooooo

1966 000198800 0OOOMONO
oboooooooooodngse O
gooooooooooooooon
oooooooooooooooon
OO00O0000000001997 0
goooooooooooocoooooooboooboo
0000000200 000000002001000
gooooboooooooboboobobOono 12000
gooooboooooooo 2120000000000
0o0mooooooooooooACMOOOOd

o0 0ooboooooboo

1948 00019720000000
gooooboooobooooooDo
gooboooooooooooon
go193ooooooooooaa
gboobooocoobooodooobm2001
goooboobooouoooboooooooboooooo
goboooboodobobooboooooooooooaon
gooooboooooboooobobooooonoooo
O000oo0oooooOoOoOoU0oooooOoOACM
ooog




