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000000000 (TRS) D0D0ODDO0DOO0DO0OO0OO HLY, KMI|OOOO0OO0OOOOO

2.1 0O0O0O0

00000000 F={FG,H,---}0000000 V={z,y,2---} (000 FNV#¢)OOO0OO
0000 (ts,---)000 erity: F >N O0000000000000O0O0OOOO

e x YOO
e FeF,arity(F)=n(n>0)000 ty,---,t, 00000 F(ty,--+,t,) 000000

VO FOOODODOOOOOOOOOOOOOO T(FY)00000000 t1,t, 000000 ¢, =t
00000000 t= F(ty, -,t,) 0000000000000 Ver(t) 00000000000 FO
head(F(ty,---,t,))=F 0000000000

00000000 N*000000000000000000000000000000

00 2.1.1 A €O(t), u € O(t;) = tu € O(F(t1,t2, -+, tn)) for 1 <i < n.
ODDDDDDDDDE(DDDDDDD)DDDD
oC[F(tl,---,tn)]DDDD FOOOOOO «.0000 ¢, 0000000000 «-20000

gbooooooooo ujv<d—if>5|w,v:u-wDDDD 0000000000 ¢«+000b00b0n
0.00000000¢0¢«00000000000¢<¢0000

00000000 v=«000 ¢0000000000000000w#000¢0¢t00000
gooo



00 2.1.2 0¢M0s00003peO@) 00000 0Ot0p0000 s0000000O0O0O¢s], 0000

006000000000000000006(F(ty,...,t,)=F(0(t),---,0(t,)) 0000000000
000000000000 6() 0 ¥wO0o00000

2.2 OOOOO

0000000 [HL9L, KMI|OOOOOOOOO (TRS)UOOOOO0OOODO0OO0O0ooooo
gbobobogoboboooooboboobobobobobooooooboobobobobooboo

gbooobooooogoon

00 2.21 000000000 40000 (I,7)01¢ V00 Var(l) 2 Var(x)00O0O00000000

oooboooo0oobDOob rROODODOO = gboogooooogooo
7p

t——s & A —re R I0,t,=1600 s=t[rd],
R.p

00000000+t ——s0t—s0000¢—s000000000¢—>s0¢00s0000000
000000O00t0000¥000000000000000000 W0000!0000000000
000000 (0000 W0001)0000000000000000000000000000000
DDDDD;DDDDDDDD%,DDDDD%,DDDDD?DDDDDDDhisLQDDDDsDD

00004 | t,00OOOo

00 22200000 (TRS)000000O0OO F, 00000 V, D0D0O0O0OO0OOO R={h —
r, i, —r,} 000000000< FV,R>000000000000000 ROODDOODOOOOO

0 2.2.3 0000 0,5(0),5(5(0)),---00,1,2,---0000000000000000000000000
oooooo

z+0 — =z

R =
z+S(y) — S+y)

oooboboobooboobooobooobooboooon

S(S(0)) + S(0) — S(S(S(0)) +0) — S(5(5(0)))

00000000000 §(5(0)+ 5000000000000 $(S(5(0)0000000002+1
0000000 30000000000000000000000000000000D0D000000
S(S(S(0)+0)0 00000 S(S(0)+00000000000 {,12}0000



gobobooooobooboobooobobooboobobobobooboobobooooooo
googoooboooboooobboobooobbobboobbuooobooobbooobooo
gobooobobobobobooooooobobobobooobobobobooboboboboo
goboobooobobbobooboobooboooo

00 224 00000 ROOODOOODODOOOOt—t1—t,—---0000000 RODODOODO
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Forward-Branching [0 OO OO 0O 0O O
Jo0oooOoooo

0000 Strandh, Durand O [Str89, Dura94] O 0 0 O 0O 00 O Forward-Branching system 0 000 O
000000000000 00000000000000000000 Huet O [HLI1]O Klop O [KM91]
gooooooooood

3.1 OOOoobood

3.1.1 0OO0oogooo

0000000000000 (erthogonal TRS) 00O OO0DO0O0DO0OO0ODOOOOOODOOOOO
gooobooobooogd

00000000 20000000000000 (linear) 00000 DOOTRSROOOOOODOOOO
0000000000000000 (left inear) 00D 00 OO

l—-r0!'—-,"0RO000000000CI0VO000000O0OO00OOOOOOOOOOOOO
0000000000 « 000010000 t/ugyOOOO0O=0's0000 00000000l —T7
0!'!—-7000000000000l—-r0 !>/ 000000000000000uw#£e000.0
ob020000000000D00000RODOOODODOOOO

0311 ROODOOOOODO

F(G(A,z),y) — H(z)
G(z,B) — G(z,)

b
1



ROODDD0OO0D0D000D0000000O0 I=F(G(A2),y),'=G(B)0000 1€0(@) 00000
000D00000ROOOOOO0OO

00 3.1.2 TRSRUOUOOOOOOOOOOUDOOROUOOUODOOD (orthogonal TRS) OO OO

3.1.2 0000000

gbooooooboobobooobobooooobobbobooboobobooooooboooobooon
goooo

0 3.1.3 (Huet & Lévy [HL91]) R OO000O00000O

F(z,A)— B
R={ Cc>C
D— A

0 F(C,D)00O00000O0ooOooo0oooo BOOOO
F(C,D) — F(C,A) — B

OOO0U0F(C,D)0O0000O0O0DOO0OO0ODO
F(C,D) — F(C,D) — ---

oo00oOoO0pooooOoOoOoOOooo TRSOOOOOOOOOOOOOOOOOOOOOOOOOOoO
obooooooooobooboboobooobooboobooooboobobooOoboOoboobooboOoon
goooboboobooboooobooboobobooooboboboooobonoog

00 314 A=(A,-)0D00OO0O0O0OO0OO0 —-,0 -, C—-"T000—-,00000000000 —0O
0000000000000 000oU00U0—, 0 AOD0O —-) 00000000 (reduction strategy) O
oob-,C—- 000000 100000000000 00000O00O00bOO00O0O0bO0OOn

00 3.1.5 A0O0O0 —-)00000000 —,000000 (normalizing strategy) 100000 — O
000000000000 ac AOO00Oa=ag—,a; —, 0 —,--00000000000000

gbooaon

0000000000000 00000000O0Heet 0 [HLO) OOOOOODOOOOOOODOODO
ugbboouaboobogooogaoo



00 3.1.6 A:t—s0O l—>7‘€RDDDt/uElG,szt[uHTQ]DDD 1000000000000
ve€ O(t) 000 (descendant) 000 »\ADOOODOOOOOOO

{v} v<uOOOwv L0000
WNA = ¢ {wwv|rfw; = l/w} v =wvwo,we Op()fO0ODO
1) goooooo

00000 VOoOoooOVWA=U,\AODDDOOOODO0O0O0DO00D0D000D000000000
oooobOoboobOoooboooobobooobboooooooooon

00 3.1.7 «0¢t00000000CO0COO0¢+000DC0O00DODOO0ODOO0ODODOO0ODO.DO000DOO
0000000000 0w 000 (needed) 0000000 ¢/ 000000000000

00 3.1.8 (Huet & Lévy [HL91]) R OD0OOD0O0D0000OO
()+00000000000¢000000000000
(2)+00000000000000000000000000 ¢+0000000000000 O

3.1.3 004

00000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
0000 Huet [HL91] 0000000000000 00000 TRSOOODOOOOO0OOO00O00000
0000000000000000000 ROOOOOOOOO0O0O000O0

QD FOOOODOOOOODOODOOT(FU{Q},V)0 T, 000000000 Q00000QO0000
0000000000000Q0+¢0 Q00000 Og(t) 0 Og(t)={ueO@)|t/u=0}0t0 QOO0
00000000 =0(t)-0u(t) 0000000000000000 Q00 Q000000000
0 Q00000 Q000000000Q-0000000 NF,OOODOOOOO NFOOOO

7, 000000 <00000000000

() 000 teZ, 000OQ< ¢
(i) , <t; (1<i<n)O0OUOUOF(s1,--+,8n) < Ft1, -, tn)
(i) 00U zevOO0OU00Oz < z.

Q000000 >t00»r2>s000000¢7s0000000D¢t0 sO000 tUsODOOO
ob00:0 sO000 tnsOO00OO



to 0 ¢t 0000000 QODDO0ODO0O0ODODOOO QO0¢t, 0¢t0000 QU 0000000000
gooog

0o 319 0000 — 0000000000 Owe O)0000000O000Q-0 pO0000OO
s=tlu—pl 0000t —7 s.

00 3.1.10 7o 0000 «ff 000000O00COOO
nfr(t) =true<= s e NFOOODOO ¢t —7 s.

00 3.1.11 (000000) Q0+¢0 Q00 « 0000000 (index) 000000000 Q-0 s0O
00 s>t00 nf(s)=true 000 s/u# Q000000000000 +00000000000 I(¢)
0ooo

O0000welI(t) 00 wueOq(t) 0000D0O0DO0Ot00OD0O0OO0OOODODOOO

00 3.1.12(0000) 000 QUO0O QU000 »f,0000000000OO0OOOOOOROO
000 (strong sequential system) 00 OO

goooobobooooboobooooooobooboooon

00 3.1.13 0000 —-U0000000000000 weO@®), 0000000010000 t/ullqg,
t/uZzQ 00 s=tlu«—Q0000¢—q s.

00 - 0000000000000 [KM91, Toy93]0—, 0000 t00000000000000
0000000 w(#) 000000000 0Huet D [HLY1] O Klop O [KM91] 00000000000

od 3.1.14 tGTQ,uEOQ(t),ODtDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
i). w € I(t);

i). w(t) £ w(tfu — o]);
iii). u € O(w(tlu — ])). O

00000D00000000000000000 Huet O [HLY1] O Klop O [KM91]0 Comon|Com95]
00000000000

3.2 Forward-Branching

0000 Forward-Branching(FB) OO OO OOOODOOOO



—

ud 3.21 0000 RedQ,Reda,Redh,F(Q) gooobooboobonod
Redq = {tq | t € Red}
Redd ={t | <t <t,t € Redq}
Redy, = {t | 3s € Redg,u € O(s), s|, =t and head(t) ¢ C}
F(Q)=F(Q,--,Q)

00 3.2.2 (firm occurrence) Let u € Oq(t),
u s firm occurrence of t &L we Oq(t),[t/veE NFq Vv <u] Au€ I(t).

00 3.2.3 (transitive firm occurrence) Let u € Oq(t), u is transitive firm occurrence of t
& visa firm occurrence of t AVs € Redg[t < s = s/u # ]

00 3.2.4 (00)
Q def {(t,p)|t € Red3,p is a transitive firm occurrence of t} U Redq

000000000 Q00000 ¢O00000000000

Q; Y Redg

do déf <Qv A>

00 3.2.5(0000000000) 00000000000 3t € RediBp,tl,=00000000 ¢t0
00 p00 (p)0000

obboooboooooboboobooobooooooooboooooooboobooobon

00 3.2.6 (transfer function [Dura94]) D00O000 AO00OOO0O¢OOO0ODOOOOOODOOOO
0000000000 f0000000000000000000000000 transfer function 3(q, f)
gbboooaooaon n:Q+F —-2°000

n((t,p),f)={<t[f(Q,---,Q)]p,p>€Q}U{t[f(Q,---,Q)]pGRedQ}
000000000 0oo0o0oooody(e, f/)0DO00000000000000 transfer transition D000
00 sO000O transfer transition 0 00 000000000000 OODODOOODOOOOOOODOO

obobooboooooboooooboooobOobobooobooboOooobobooooobooooboooboooaon
0000000000 g¢(s) 000000

00 3.2.7 [failure function]
$:Q—Qx*Q
¢({t;p) = ((t/p',9), (s, 7))

10



where
P’ is mazimal in O(t)
st.p=p'qgA(t/p',q) €Q
s<t A {(s,p)eQ
¢(s) 0000000000000 00 failure transition 000 O

00000000000 00000 transfer transition 0 O 0 O transfer failure transition 0 0 O O
failure D000 OO0 faill OO0O0DOOOOOO

00 3.28(000000) 000000 A0 OQOUOODOOOOOD
A=<QanaOﬂ]0777a¢>

00 3.2.9 000O0ODDO0ODOOOODOOOODDOODODOOOODOO0O0D0OO00 tranfer transition, failure
transttton 1 000000000

00 3.2.10 (FB index tree [Dura94]) 0000000000000 0O0O0O0O ¢0DO0DO0OOOODOOO
transfer transtteon 0 00 0000000000000 000O00OODOOOOO FBOOOOOOODOODO

goooono
00 3.2.11 (Forward-branching [Dura94])

R is forward — branching &L v e Redi[Fu € O(t)[u is a transitive firm occurrence of t]|
o0o0ooO0ooOd0o0o0obOOoOo FBOOODOODOODODODOOODODDOO FBOODOO

0 3.2.12 forward-branching 0000 00O
R ={F(G(z,A),A) — 2, F(G(z,A),B) - G(z,2),G(B,B)— B} 00000000
Redq = {F(G(Q, A), A), F(G(Q,A),B),G(B,B)}
Redy, = Redq U {G(2,A4)}
O00OO0ORedg 0000 FROODODODOOODOOOD ADOSr0O0DODODOO

FBOOOOOODOOO (Strongly Sequential) 0 0000000000000 OO Durand[Dura94] O
ooboooooo

3.3 HNFOOOOODDODOOOd

00000 Transitive system(TS) 0 0000000000000 O0000O0O0O0OO0OOOOOOOO
O [Toy93]0 0 OO Strandh O OO forward-branching class(FB) 0 OO OO00O Durand D0 00000
[Dura4|0000 TSOOOOOOOOOOO FBOOOOOOOOOODOOOOOOO

11



FOQOQMMO coooomno

B
G %

(Focoeooemoemom) (cuoOsmoO)

A B

FDGDQDA[EIQEDD gooogg

X

[[FDGDQDDD]D@ (FDGDQDDD]BDD

——— transfer transition

———> failure transition
() NoFinalODO

() FinaDO

031l FBOOODOOOOOODODO A
00 3.3.1 (Transitive index[Toy93]) eqcl(s) 0000000 pelI(t) 0000 pg € I(ts]p)
000 ¢0O s00000000O00O0O0O0D0O000000 ¢qelp(s)000OO

othDDDDDDDDDpEIT(t)DDDthDDDDDDDDDt?sDDDD
7p YP

oo 3.3.2

e 000pelr(tfQ,) 00 p#£A D00 ¢t bpt/p 0000

e —p UDyr O & 0O0ODOO

00 3.3.3 ([Sak97]) transitive TRS ROODOD00O00DD ¢t00000000O0OOOOOOOODOOO
gooooooao

t=to Bty B la b --- [}
00 3.3.4 [marked term)]
TRSRODODOODODOO

e 0 ¢t00DODOD Read(t) DD DODODO

e IIID0DDUDD FODOOOOODOODODODOOOD F*O {f*feF}000000O0ODOO f*O0 fO
erity0 0000000000000 0000000000O0 (marked term)0000 T(FUF*,V)
oooooooo 7*0oog

12



e 0¢0000000000t00000 merk00000000 e(t)00006(t)0 VsAtDhead(s) € F
000000000000 s0Q00000000000000 t= f(t,-++,t,) (0<n) 0000
06(t) O f(6(t1),--+,6(t,)) 0O DD

00 3.3.5 (strong HNF[Toy93]) U0 0w(¢) 2Q 000000 t0 00000 (strong head-normal
form)0DOODODOOO

00 3.3.6 ([Toy93]) D000 ¢t0 strong ANFOOOOOODO¢O HNFOO DD O

00 3.3.7 [well marked]
teT7* 0 wellmarkedDOOODODO0OOO00ODOOOODOOOOO

Vs d tlhead(s) € F* = e(6(s)) € NFq]O

00 3.3.8 ([Sak97]) t € T* 0 well marked D 0000000000 Dhead(t) ¢ F OOD e(t) D strong
HNFODOODO O

00000200000 loockup 0 HNFOODOOFBOOODOODOOOO ¢DOODDOOO t0O0O0DOg
OFrFBO0OD0O0O0OOOOOODOOODOODOOOD ¢g0O0O0DOOOODOOOOODODOOODODOO

e 00 ¢=(tp)0000000000
position({t,p)) = p

00 g = (t,p) 00O transfer transition 0000000000000
nextsymbols(q) = {f|n(q, ) # 0}

e 00 ¢qOO transfer transition 0 0 000 fOO000OO0OOOOOOO
(g, f)

e U0 ¢gO0O failure transition OO0 OO OO0
¢(q)

00 ¢g={(i,p)0 fainal state 000000000000
left((t,p)) =t

Let t,s € Tq,p € O(s);
proc. of lookup(t, (s,p))
if s € Qf then return (suc,s € Redq)
else [ *no_final x |
if head(t|,) € nextsymbols((s,p)) then lookup(t,n(head(t|,)))/ * transfer * /
else | * fail x /
if (s,p) = (Q, A) then return (fail, ((Q,A), (QA)))/ * HNF  /
else [ x failure * /

return (fail, $({t,p)))

endproc

032000000 lookup

13



00 3.3.9 000 leokup OO O DOODOOODOODODO
i). if lookup(t) = (fail,(q,{s',p))) ,p # Athenp € Ir(t[Q],)

ii). if lookup(t) = (fail,(q,q0)) then
tisin strong HNF,

iii). if lookup(t) = (suc,s)thens <t

o0 ¢)00s%27M00000000
i) 00 888000000
i) lookup 00O 0D DOOOOO a

fall 000000 t0 fallJ000 ¢ UOODODODOOO0OO0O0O0O0O0OO goUDOO0O0DDOOOOODO
goooboooooobooon

00 3.3.10 lookup(t, (Q, A)) = (fail, (g, (s,p))) 0000 DO Olookup(t|,,q) = lookup(t|,, (2, A)) 0000

00 ¢=¢ D00000000000000000g+q 000000000000 ¢ 00 g0 transfer
0000000 e0000O00O0OOOO

lookup(t,qo) 000D transfer 0O O000D0O0O00O0OO (go,q15,--59,",¢,) D0000D0 ¢ 00
00 ¢(g:) = g OO0 00¢(gi+1) = g5, #(gi+2) = gj+1,---, 00 D0 000000000 (qo0,95, gj+15° )
D0000Og=¢ 0000000 ¢(girk) =¢ 000000 kOOOO0® = (0,4, 41, -+ i1, 9)
0oo0o0000® = (90,95,9+1,--»4) = (8(q:), #(gi+1),- -, ¢(gi+r)) 00000 OO Olookup(t,go) O
< fail,(¢,(s,p)) > 0000000000 (g5, gi+k—2) 0000 ¢, O (q0,-,¢0) 00000000
ooooooono

0 00 Olookup(t|,, q) = lookup(t|,, q) OO OO O

00 331000000000000 [Dura94] 00 [Failure points Lemma] 0000000000
fail 000000000 ¢ 0000 ¢000000 pO0O0O0O0O0OOOO t],0000 000000
oodoboboboboOo g UUobboboboobobobooobooobooobooboon

00 3.3.11 lookup(t, (R, A)) = (fail, (g, (s,p))) 00000 OV, lookup(tt'],, (s,p)) = lookup(t[t'],, (2, A))
agooo

00 ¢ = (Mp)0000lokup(t,ge) D000 Ign,é(g)=¢ 00000000000

(g0, +,¢",  ,an-1,4,) OO0O00DDO00O0D0O0O00OO(ge,-7,4",+,9,) OO0 transfer 00000
gobooooood (oo pdonbooo t|pDDDDDDDDDDDDD((]O,---,Q’)DDD
transfer 00000000000 0O0O0OO0O0O0O0O0O0O pO0000O0O00O0O ¢oOOO0DDODDOOODOOO

00000 lookup(t[t']y,q') = lookup(t[t']y,q0) OO OO |

14



proc. of HNF(t)

HNF(t) = HNF _rec(t,(Q, A))

where
HNF rec(t,q) =
(1) if lookup(e(t),q) = (suc, )
then
let t t!
l—reR
return HNF rec(t',(Q, A))
(2) if lookup(e(t),q) = (fail, (qfai, (5, P)))
then
(2 — 1) head(t|,) € F* or p = A goto (4)
(2 — 2) head(t|p) € F and p # A return HNF rec(t{HNF _rec(t|p, qrai)]p, (s, p))
(4) if head(t) € F then headmarked(t)

else return(t)

endproc

033 000000 HNF

00 3312 s€Q,teT* 0 wellmarked D00 U0O0O0et) 0000000000 0O0O0ODOOODOODO

goo

i).
i),
iii).

t S HNF rec(t,q),
head(HNF _rec(t,q)) ¢ F, and
HNF_rec(t,q) is well marked.

0043500 » 0000000000000000D000O0DO0OO0
00000000 {(1),(2-2),(2-1)-(3)} 0 30000000000

(2-1)-(3)00 0

i),i)) 00000000t 0 well marked 00000 Vs < tlhead(s) € F* = e(6(s)) € NFq|O
head(t|,) € F* 000 ¢t = HNF(¢t) O00OOp=A 000 00 $389i)00 ¢ 0 strong HNF
D0D0D0DODDe(S(t) € NFo 00O D

00 338700 HNF(t)O well marked 000 O

(1)000

000000 t—»# 000000000000000000000000¢t—,¢00000000
00¢t—pt 5 pHNF()ODOD Dhead(HNF(#)) ¢ F OOOOOOHNF(¢)= HNF($)0O O
00t—gt 5 HNF(')= HNF(t). 00004)-) 00000

(2-2)000

0000 t1 = HNF rec(t|p,q) O well marked 000000000 (2-2)000000 lookup 00O
000000 lookup(e(t|y),q) = lookup(e(t],),q0) 00D DOOOO 83.7000000000000
O HNF rec(t]p,q) = HNF_rec(tlp, ) 0000000000000 000000 0 i)-i) 00
good
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0000t2= HNF rec(t[tl]y,q') O well marked 000000000000 Olookup(e(t[tl],),qd') =
lookup(e(t[t1],), ) 00000000 £8.1/000000000000 HNF rec(ttl],, q) =
HNF rec(t]tl]y,q0) D000000000000#20 §)-) 00000

0000000 +¢0000 ¢)+w)00000

00 3.3.13 Lett € T* 0 wellmarked DD 0000 0e(r) D0 0000 OODO0O0O0ODOOO0OODOOODO
i). t = HNF(1),

i). head(HNF(t)) & F, and

ii). HNF(t) is well marked.

00 HNFOOOOOO HNF(t)=HNF rec(t,qo) 0000000000 8372000000 O

3.4 NFOOOOOOOOOO

034000 NFOOOOODOOO ¢tOOOaO NF(t)DDDDDDDDDDD
procof NF(t)
t' = NF(%)
if (f(t1, -, tm) = t') then return f(NF(t1), -, NF(tm))
elsereturn t

endproc

034000000 NF
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1 40

TRSOUOOOOOO O

TRSOOODOO COUODOOOOODOO COOOleokupd HNFOOOOODOOODODOODO

4.1 000000

0000D0000000000000000D000 f0000 100 CO00000000000
000 ROODODOOODDOODOOOOOOOOOOD f000000000 R(f)0D0D00O000O0
R(f)={ll 7 € R,head(l) = f} 0000000000 n0000000 000000000000
0oooO

C,f(S, Q1,0 an)
TERM aq,---,an;
State s;

{

}
“”00000 fO0CO0O0O00OODOOO 1000 sOFBOOOOOOOOOOOOOOOOODOO

obooooooan gboooooon

ocoooooodod0fay,---,e, 00000 fOO0O0O00ODOO

000000000
{

}
oboooobooooooobooooobooboobooooaon

goto s;;

00000
{

S;:
rewrite;
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googo

{
S;.
switch(head(a;))

case s;: {0 O000OOOODOOOO }
case so: {0 0000O0O0ODOOO }
case sp,: { 000D OODOODOODO }
other: {000OODO }

}

0000000 rewsrte 00 0000000000000 0OD0OOODODODODOOODOODOOODOOODOODOOO
000000000e;000 f0+:000000000keed(r)00t00000000000O0Os1,82,-,8m
O mDDDDDDDDDDDhead(ai):sﬂ]DDD case s; : O O0O0O0OOOOOOO cased O OO
{00000000000 (0000000000000 00DO00O0O0O0DO0OUDOOD0OOO0OOO
goboooooooobooooo

o000 fOO0DOO0O0ODOOODO 1000000 fODOO0OUDOUOCOOODOODOODODOOOODO
gbboboobooooooboobooobobobooboobobbobbooboobLOoon

U410000000000DOOO0ODbOO0
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gen_function(SS)

State; = {s|s € 55, level(s) = 1};
for eachs € State,
begin
gen_function_head({f,s);
gen_body(f,s);
gen_function_tail(f,s);
end

gen_body({,s)

if ( no_final(s) ) then
gen_switch_case(s);
for eachf € nextsymbol(s)
begin
print_switch_case(f);
for eachs € Newt(s, f)
begin
gen_body(f,s);
end
end
else
gen _rewrite(s);
endif

0 41: 000000000000

4.2 JO0O0ooood

ggboboboboobooboooboboobobooboobooboboa

4.2.1 0O0O0O0O

gob442000000000000000DO0OODODOOODOOODOODO

O0O00id | oooooo g

100 | 02
ooo | 00

RN
oo

On
[mN

RN
[mN

gogboobobobobooibooobobobobobbobobobobobobobobobo
gboboboobooooooooboboobobooooooooooboooboooobboboon

042 00000

goboobobobooboobo4300gboobooooobooboboobon

19




043: 0000000000

4.2.2 0000

oboooooooooobo 200000000000 0000O00O0O0O00OOO0OO0DOOO0ODODbOOD 2
00000000000 4400000000 celOOOOO0DOOODOOOOODOODODOO

®

z Z

»w — =

0 44: 00000

gobobooboboobooboobooboooboon
goboboooooooobobobooobobooboobobbobooboobobooboobooo
gobogoobdoobobooobgooboboobooobboobooobooooboooboooboooobo

gogbobooboobgoobooooobobobooo

4.2.3 0OO0O0O0OOO

0t00000000000c00s0000000000000000000000000000¢t0
00000000 c0000000000000000 0000000000000 c00s00000
00000000 ¢00000000000000 (0 4500)0000000000000000000
0000000000000000000000000 (reference counter) ] 000000000000
00000 (0 4600)0

00000000000000000000t00000000 00000000 -10000000
s000 ¢c0000000000000000000000000000000000000000000
ooooo
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45 0000000000

a b a b
(1) (1) [X] (l)

N/ N/

(2) _—> (1)

d d
(2w A

046 000000
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1 50

L O

5.1 00O

00000000000 0000000000000 Cdimple[Sak87]0 Elan compiler[KKV95, Vit96]0
Standard ML of New-Jersey compiler]AM91]0 Gofer compiler[Jon94]| 0 00 0000000000000
00000000000 000Cdimpled Elan compilerd Gofer compiler 0 COOOOOOOOODOODO
pcoocoooooooUoopbooOooooUooboooooogoooo coooooooOooooobooo
O Cdimple d ccOO0O0OOElan 0 Gofer0 gecOOODOOOODOOOODOOOODOODOODOOOOODO C
OO00000 UNIXOODO ccODOODOODOOODDOOO “~OP00000000D0O0 ccd gecl
oo cooooooopoobpoOoooo0ooooooooooOoooDOoSML-NJDODDODOOODODOO
ggboobooboobobbobooboobooooooboobobobooboaon

000000000 fact 80naive reverse 1000, fib 200quick sort 30/10000test1 O O O Ofact 8
08000000000 Ofib200 s(s(---s(2)---)) 000000000 O0OO0OO0OOOOOOOOOOO
naive reverse 10000 10000 0 0000000000000 Oquick sort 30/10000 10000000
0300000010000 00000000000000000000 Ofact D ib0000 s(s(---s(z)--+))
0000000000000 Onaive reverse O quick sort 00000 Cons(123, (Cons(456,(---)))) 0
000000000 0o0o0o0o0o0ooo00o0o0ooUoOn 510 SS5(Sun0S4.1.3)000
gboboobooad
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gsl: 0000000

Our Compiler | Cdimple Elan SML-NJ Gofer
fact 8 586ms 456ms 74ms 290ms 684ms
fib 20 509ms 478ms 113ms 120ms 722ms
naive reverse 1000 7712ms 9760ms 566ms 1230ms | * 9132ms
quick sort 20 4 O0ms | 14086ms 2912ms 1850ms 2 ms
quick sort 30 16ms b — | 2886250ms | 1852450ms 6 ms
quick sort 1000 543ms b— ‘A ¢A | *518ms
fbexamp 4 Oms ¢ o0 ¢ o0 ¢ o0 ¢ o0

eCO00000000 ccO0000 gecOOOODOOO
‘00o00O00000DODono

c0ooon

d1ms 00O
c000000000000000D0D000000O0nDO

quicksort 000000000000 f000D00O00DOOOODOOOOODODOOOO «f000O0O
oooooooo0o0oo0ooooo0oooooooooo0oooooObo0o0ooOoDoODOb0D «f00O
goooooooooobOoboOooooooboboooOoooDbOoDbO «f000O0DbObOOO0DOoOoOooD
oooooD..f0D00000000O0OOOO0O00ODOOOOOOO0ODODOOOOOOODODOOOO
000000000000 000000000000000 [Yam&7)OODODODOOODOOOOODOOODO
oboboooobooooooooooooboooooOoooooooboooooooboOooboobooooboaon
ooooboobooon

n =2k (Tn*n + 16n — 20)/4
good

n=2k+1 (Tn*xn+ 16n—19)/4

n =2k 4% 2" + (Tnxn + 16n — 36)/4
oo

n=2k+1 4%2" 4 (Tnxn+ 16n — 35)/4

0000000000000 Elan O SML-NJOOOOOOOOOOO quicksort 0000 OOOOOO
goboooobooboobooooooo
factOfibOnaivereverse 1 0000000000000 D0O0OOOCOOOOO0OODOOOOOODOOO

gogbooboooboboooboboboooooboobooboobooooo
e JOODOODODOD
e JU0ODOO0ODODDODOOOUOODLOODLOO

goobgooooooboboboooboboboboooooobbobobboboobOoboobooboo
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gboboboobobobooobooooobooobbooboooobooooboooboooooobooboo
gbooboobboobogoboooooboooobbobobboboboboobboboobooobo

gobbooboobooboobobobboobooboooooobooobooooooboboooobo
goobooooboobooooooobobobobooobobbobbbbbooboobobooooboo
gbooboobobobbbboboooooooobooooobobooooobobobooobooooboo
good

0O 5.1.1 [fbexamp]

' f(a,b) — a
flz,e) — b
(c

g
h(c

)

)

00 TRSROODODO f(g(c)e) 0000000000000 00000000O00O00O00DN
1.f(g(¢)se) = f(h(e),¢) = flg(e),e) — -

2.f(g(c),c) = b

1. 00000000000000000000000000EIerD Sm-NJOOODODOOOOOO
00000000000000000000000000000000000002. 0000000
000000000000000000000 f(g(c),e)000000000000 20000000

2000 c000)00000 20000000000O000ODOOODOPO0O0OODO

goboobbooboooboobooboooboobbooboobboooooboboboooboobo
goooboooooboo
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gbobobooooboboboboboboboboboboooobooboboboobobobobbobbo
OO0 Gofer 00O OO0OODOOOOOFBOODOOODOODOOOODODOOODOODOOODODODOOO
gbobooboooooooon

gbooobooboooooooooooboobooboobooooobobOobooboooooboobooboon
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goobobOobooooboobooboboobooboooonboo
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Juooodd

Al 0O0O00O0O0O/Cdimple0000000000OO0O
0000000 Cdimple 0000000000000 00000000000O0000000000

Ooo0oo0O0 1 — fact8.cd —
W

Z : -> int;
S : int -> int;
Sum : int,int -> int;
Mult : int,int -> int;
Fact : int -> int;

Wh

Sum(Z() ,y)==y;
Sum(S(x),y)==S(Sum(x,y));
Mult(ZQO) ,x)==2(0);
Mult(S(x),y)==Sum(y,Mult(x,y));
Fact(Z())==S(Z());
Fact(S(x))==Mult(S(x),Fact(x));
Wh

ooooO0 2 —fib.ed —

hh

Z : -> int;

S : int -> int;

P : int,int -> int;

Fib : int -> int;

hoh

Fib(Z()) == 720;
Fib(S(Z())) == 5(zQ0));
Fib(S(S(x))) == P(Fib(x),Fib(5(x)));
P(Z(O),x) == x;
P(S(x),¥) == S(P(x,¥));

hh

oooo0o 3 — gsort_ifgs.cd —

29



gbooobooobooooo

GE_INT: int,int -> bool;

hh
T: -> bool;
F: -> bool;

NIL: -> list;

Cons: int,list -> list;
Append: list,list -> list;
Pair: list,list -> pairlist;
Qs: list -> list;

Qsl: int,pairlist -> list;
PartI: int,list -> pairlist;

OO00O00oOoooOoOoOO0o00O0 IFO GEINTOODOOOOODODOOO GEINTODOOOO

PartIl: int,list,list,list -> pairlist;
pairlist;

Ifgs: bool,pairlist,pairlist ->

Gegs: int,int -> bool;

Qs (NIL(O))

Qs(Cons(p, NIL(O))
Qs(Cons(p, Cons(x, 1)))
Qsi1(p, Pair(lpart, gpart))
PartI(p, 1)

PartI1(p, Comns(x, 1), lpart, gpart
Ifqs(Geqs(p, x),

PartI1(p, NIL(), lpart, gpart)

Append (NIL(), 1)
Append(Cons(x, 11), 12)
Ifqs(TO,x,y)
Ifqs(FO,x,y)

Geqs(x,y)

o/o

0oodoon0 4 —rev.ed —

NIL : -> list;
Cons : int,list -> list;
Rev : list -> list;
App ¢ list,list -> list;
070,

hh

Rev(NIL()) == NIL();

NILO ;
Cons(p, NIL()) ;

Qs1(p, PartI(p, Cons(x, 1))) ;
Append(Qs(lpart), Cons(p, Qs(gpart))) ;

PartIi(p, 1, NIL(), NILQ)) ;

PartIi(p, 1, Cons(x, lpart), gpart),
PartIi(p, 1, lpart, Cons(x, gpart)))

Pair(lpart, gpart) ;

1

Cons(x, Append(l1, 12)) ;
X5

v;
IF(GE_INT(x,y),TO,FO);

Rev(Cons(x,xs)) == App(Rev(xs),Cons(x,NIL()));

App(NIL(),xs) == xs;

App(Cons(a,as),xs) == Cons(a,App(as,xs));

hh

#include <sys/time.h>
#include <sys/times.h>
#include <sys/resource.h>

ooooo 5 —00bbooogobobbo coo —oboooooboobooo

struct rusage ru_start, ru_end, ru_diff;

#define cui_time_s() getrusage(RUSAGE_SELF,&ru_start)

30
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#define cui_time_e() getrusage(RUSAGE_SELF,&ru_end)

void print_time_diff()
{
ru_diff.ru_utime.tv_sec =
ru_end.ru_utime.tv_sec -
ru_start.ru_utime.tv_sec;
ru_diff.ru_utime.tv_usec =
ru_end.ru_utime.tv_usec -
ru_start.ru_utime.tv_usec;
ru_diff.ru_stime.tv_sec =
ru_end.ru_stime.tv_sec -
ru_start.ru_stime.tv_sec;
ru_diff.ru_stime.tv_usec =
ru_end.ru_stime.tv_usec -
ru_start.ru_stime.tv_usec;

printf(" ( user time = %.01f msec system time = %.01f msec ) \n",
(ru_diff.ru_utime.tv_sec*leb+ru_diff.ru_utime.tv_usec)/1e3,
(ru_diff.ru_stime.tv_sec*leb6+ru_diff.ru_stime.tv_usec)/1e3);

extern int errorcnt;

void main(argc,argv)
int argc;
char *argv[];

_TERM tml,tm2, interm, outterm, getterm(),eval();
tm1=tm2=(_TERM) _NULL;

puts("Now go '");

interm = getterm(symdom,basedom) ;
if(errorcnt)exit(1);
putterm(interm, symdom) ;
putchar(’\n’) ;

cui_time_s();
outterm=eval(interm,symdom) ;
cui_time_e();
putterm(outterm,symdom) ;
putchar(°\n’);

print_time_diff();

A2 Elan00000400OOOoOOOO

Elan 00000000 ODO Cdimple 000000 O00ODOOODO SO0000D000DO0DO0OO0OO
ElanOOODOODOOOOlgiOO0OOO0OOOOOODOOOODODOOODOOOOODOOOOODOOD

00000 6 — fact8.eln —
module fact8

sort nat;
op
global
z . nat;
s(0Q) : (nat) nat;
p(@@,00) : (nat nat) nat;
m(0Q,00) : (nat nat) nat;
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fact (QQ) : ( nat ) nat;

fact8 : nat;
endop

rules for nat
declare x,y : nat;

bodies
[1 p(z,x) => x end
O plsx),y) =>s(p(x,y)) end
[ m(z,x) = z end
[1 m(s(x),y) => p(y,m(x,y)) end
[1 fact(z) => s(z) end
[1 fact(s(x)) => m(s(x),fact(x)) end

[1 fact8 => fact(s(s(s(s(s(s(s(s(2))))))))) end

end of rules
end of module

00000 7 —fib20.eln —
module fib20

sort nat;
op
global
z . nat;
s(@) : (nat) nat;
pl(e,®) : (nat nat) nat;
£ib(@) : ( nat ) nat;
fib20 : nat;
endop
rules for nat
declare x,y : nat;
bodies
[1 pl(z,x) => x end
[1 p1(s(x),y) =>s(pl(x,y)) end
[1 £ib(z) => z end
[ £ib(s(z)) => s(z) end
[1 fib(s(s(x))) => pl(£fib(x),fib(s(x))) end
[1 £ib20 =>

fib(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(s(2)))))))3))3)3)3)))))))) end
end of rules
end of module

ogooonOo 8 — gsort20.eln —
module gsort20
import bool int;
sort list pairlist;
op
global

32



NIL : list;

Cons(@,@) : (int list) list;
Append(@,@) : (list list) list;
Qs(®@) : (list) list;

Qs1(@,@) : (int pairlist) list;

IF(@,0,@) : (bool pairlist pairlist) pairlist;
Pair(@,@) : (list list) pairlist;

PartI(@,@) : (int list) pairlist;
PartI1(@,0,8,0@) : (int list list list) pairlist;

gs20 : list;
endop

rules for pairlist
declare p,x : int;
1s1,1s2 : pairlist;
1l,1lpart,gpart : list;
bodies
[1 IF(true,lsi,1s2) => 1s1 end
[1 IF(false,1ls1,1s2) => 1s2 end

[1 PartI(p, 1) => PartIi(p, 1, NIL, NIL) end
[1 PartIi(p, Cons(x, 1), lpart, gpart) =>
IF(p >= x,

PartIi(p, 1, Cons(x, lpart), gpart),
PartIi(p, 1, lpart, Cons(x, gpart))) end
[1 PartIi(p, NIL, lpart, gpart) => Pair(lpart, gpart) end
end of rules

rules for list
declare p,x : int;
1l,lpart,gpart,11,12 : list;

bodies
[1 Qs (NIL) => NIL end
[1 Qs(Cons(p, NIL)) => Cons(p, NIL) end
[1 Qs(Cons(p, Cons(x, 1))) => Qs1(p, PartI(p, Cons(x, 1))) end
[1 Qs1(p, Pair(lpart, gpart)) => Append(Qs(lpart), Cons(p, Qs(gpart))) end
[1 Append(NIL, 1) => 1 end
[1 Append(Cons(x, 11), 12) => Cons(x, Append(l1, 12)) end

[1 gs20 => Qs(
Cons(435,Cons(413,Cons(572,Cons(827,Cons (228,
Cons(585,Cons (505,Cons (568,Cons(128,Cons (756,
Cons(900,Cons (477,Cons(657,Cons(317,Cons (792,
Cons(673,Cons(977,Cons(390,Cons(942,Cons (659,
NIL))))32333233)3))))))) end

end of rules
end of module

00000 9 —revli000.eln —
module rev1000
import int;
sort list;

op
global
Nil : list;
Cons(@,®) : (int list) list;
Append(@,@) : (list list) list;
Rev (@) : (list) list;
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rev1000 : list;
endop

rules for list
declare x : int;
xs,ys : list;

bodies
[1 Append(Nil,xs) => xs end
[1 Append(Cons(x,xzs),ys) => Cons(x,Append(xs,ys)) end
[1 Rev(Nil) => Nil end
[1 Rev(Cons(x,xs)) => Append(Rev(xs),Cons(x,Nil)) end

[1 revi000 => Rev( /*x OO0 tooodO00OO0OOO =/
Cons(435,Cons(413,Cons(572,Cons(827,Cons (228,
Cons(585,Cons (505,Cons (568,Cons(128,Cons (756,
Cons(900,Cons (477,Cons(657,Cons(317,Cons (792,
Cons(673,Cons(977,Cons(390,Cons(942,Cons (659,
Cons(679,Cons(196,Cons(120,Cons(667,Cons (803,
/« 000000 =/
Cons(642,Cons(35,Cons(872,Cons(388,Cons (27,
Cons (547 ,Cons(183,Cons(298,Cons(153,Cons (760,
Nil
))2))))))

/x 000000 =/
D))27333233)3233)2)))00))

) end

end of rules
end of module

A.3 SML-NJOOOOOOOOoOOooOOnO

Sml-NJOODODOOOOOOOOOOOOOOOO0OOooOoODOOOOoO0OOOoOoOoboooboobobooog
OO0o00oooooDoooOoDoooooOSml-NJOO0ODOOCOOO00000O0O00000000 Smld
gobooooboooooaaoo

ooo0o0 10 — fact8.sml —
datatype Nat = Z | S of Nat

fun utime ()
= let
val (System.Timer.TIME now) = #usr(System.Unsafe.CInterface.gettime ())
in
(#sec now)*1000 + (#usec now) div 1000
end

fun time f args

= let
val starttime = utime ()
val result = f args

in

print "\n";
print (utime() - starttime);
print "msec.\n";
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result
end

fun sum(Z,y) =y
| sum(S(x),y) = S(sum(x,y));

fun mult(Z,x) = Z
| mult(S(x),y) = sum(y,mult(x,y));

fun fact(Z) = S(Z)
fact(S(x)) = mult(S(x),fact(x));

fun fib(Z) = Z
fib(S(Z)) = S(Z)
£ib(S(S(x))) = sum(£fib(x),fib(S(x)));

fun fact8_test() = (
time fact(S(S(S(S(S(S(S(S(ZININMIIIIIIM;

print "\n"

)3

fun mainprog(x:string list, y:string list)= fact8_test();
exportFn("fact8",mainprog) ;

ooooO0 11 — fib20.smml —
datatype Nat = Z | S of Nat

fun utime ()
= let
val (System.Timer.TIME now) = #usr(System.Unsafe.CInterface.gettime ())
in
(#sec now)*1000 + (#usec now) div 1000
end

fun time f args

= let

val starttime = utime ()
val result = f args

in
print "\n";
print (utime() - starttime);
print "msec.\n";
result

end

fun sum(Z,y) =y
| sum(S(x),y) = S(sum(x,y));

fun mult(Z,x) = Z
| mult(S(x),y) = sum(y,mult(x,y));

fun fact(Z) = S(Z)
fact(S(x)) = mult(S(x),fact(x));

fun fib(Z) = Z
fib(S(Z)) = S(Z)
£ib(S(S(x))) = sum(£fib(x),fib(S(x)));

fun £ib20_test() = (
time fib(S(S(S(S(S(S(S(S(S(S(S(S(S(S(SESSSSSZIMMIIMMIMIMIIMIIMIIIID;

print "\n"
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)3
fun mainprog(x:string list, y:string list)= fib20_test();
exportFn("fib20" ,mainprog) ;

ogdooo 12 — gsort20.sml —
signature SIGPROB =
sig
type List
val append : List * List -> List
val gs : List -> List
val gsl1 : int -> List * List -> List
val parti : int -> List -> List * List
val partil : int -> List -> List -> List -> List * List
end;
structure PROB =
struct
datatype List = Nil | Cons of int * List

fun utime ()

= let
val (System.Timer.TIME now) = #usr(System.Unsafe.CInterface.gettime ())
in
(#sec now)*1000 + (#usec now) div 1000
end

fun time f args

= let

val starttime = utime ()
val result = f args

in
print "\n";
print (utime() - starttime);
print "msec.\n";
result

end

fun append(Nil,xs) = xs
| append(Cons(b,bs),xs) = Cons(b,append(bs,xs));

fun ifgs true yl1 y2 = yi
| ifqs false y1 y2 = y2

fun partil p (Cons(x,1)) 1p gp = ifgs (p >= x)
(partil p 1 (Cons(x,1lp)) gp)
(partil p 1 1lp (Comns(x,gp)))
(1p.gp)

| partil p Nil 1p gp
fun parti p 1 = partil p 1 Nil Nil;
fun gs (Nil) = Nil

| gs (Cons(x,Nil)) = Cons(x,Nil)
| gs (Cons(x,xs)) =

let
fun gs1 p (lp,gp) = append({(gqs 1lp),Cons(p,(gs gp)))
in
gsl x (parti x xs)
end
end;
open PROB;
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(* to use Makestring.intToStr *)
use "makestring-sig.sml";
use "makestring.sml";

val list20 =
Cons(435,Cons(413,Cons(572,Cons(827,Cons (228,
Cons(585,Cons (505,Cons (568,Cons(128,Cons (756,
Cons(900,Cons (477,Cons(657,Cons(317,Cons (792,
Cons(673,Cons(977,Cons(390,Cons(942,Cons (659,
Nil)))))32323223)00)0)0))

fun gqsort20() = time gs 1list20

fun printZ(Nil) = print "gsort20 end\n"
| printZ(Cons(x,xs)) = printZ(xs);

fun mainprog(x:string list, y:string list) = printZ(gqsort20Q));
exportFn("gsort20" ,mainprog) ;

oooo0d 13 —revli000.sml —
signature SIGPROB =

sig
type ’a List
val Nil : ’a List
val Cons : ’a * ’a List -> ’a List
val append : ’a List * ’a List -> ’a List
val rev0 : ’a List -> ’a List
val printZ : ’a List * string -> string

end;

structure PROB =
struct

datatype ’a List = Nil | Cons of ’a * ’a List

fun utime ()

= let
val (System.Timer.TIME now) = #usr(System.Unsafe.CInterface.gettime ())
in
(#sec now)*1000 + (#usec now) div 1000
end

fun time f args

= let

val starttime = utime ()
val result = f args

in
print "\n";
print (utime() - starttime);
print "msec.\n";
result

end

fun append(Nil,xs) = xs
| append(Cons(b,bs),xs) = Cons(b,append(bs,xs));

fun revO(Nil)= Nil
| rev0(Cons(x,xs))= append(rev0(xs),Cons(x,Nil));

end;
open PROB;

(* to use Makestring.intToStr *)
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use "makestring-sig.sml";
use "makestring.sml";

fun rev1000() = time rev0(

Cons(435,Cons(413,Cons(572,Cons(827,Cons (228,
Cons(585,Cons (505,Cons (568,Cons(128,Cons (756,
Cons(900,Cons (477,Cons(657,Cons(317,Cons (792,
Cons(673,Cons(977,Cons(390,Cons(942,Cons (659,
(x« OOO0O0OO =)

Nil

(« OOOOOg =)

fun printZ(Nil) = print "rev1000 end\n"
| printZ(Cons(x,xs)) = printZ(xs);

fun mainprog(x:string list, y:string list) = printZ(rev1000());
exportFn('"rev1000" ,mainprog) ;

A4 Gofer OO OOOOOOODOOO

Gofer 00000000 DOOODOOOODOOOODOOOODOOODN GoferODOODODODODODOOODO runtime.c
0000000000000 000000D0O000O000000000000DODOODO0OODO00000
0000000000000 00000000000O00000000DO000000DODO0000000
ooooO0oDOOoOoODOOOODOODODODODDODO
oooodO 14 — fact8.gs —

main “(Success:_) = [AppendChan "stdout" printZFact8]

printZ Z z = z
printZ (S xs) z = printZ xs z

data Nat = Z | S Nat

pZx=x

pGSx)y=8S Gz
mZzx=2Z%2

mSx)y=py (mxy)

fact Z =S Z

fact (S x) = m (S x) (fact x)

fact8 = fact (5 (8 (S (8 (8 (S (8 (58 Z2))))))))

printZFact8 = (printZ fact8 "fact8")

00000 15 — fib20.gs —
main “(Success:_) = [AppendChan "stdout" printZFib20]

printZ 72 z = z
printZ (S xs) z = printZ xs z

data Nat = Z | S Nat
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fib Z = Z

fib (S Z) =S Z

fib (8 (8 x)) = p (fib x) (fib (S x))

pZx=x

p S x)y=8S(zxy

£ib20 = fib (S (8 (S (5 (S (S (S (S (S (S (S (S (5 (5 (s (8 (5 (58 (5 (5
Z333333333333333330))

PrintZFib20 = (printZ £ib20 "£ib20")

gboOoodbd 16 — gsort20.gs —
main “(Success:_) = [AppendChan "stdout" printQsort20]

printNil Nil z = z
printNil (Cons x xs) z = printNil xs z

printQsort20 = printNil gs20 "gsort20 end"

data List = Nil | Cons Int List
gs Nil = Nil
gs (Coms x Nil) = (Comns x Nil)
gs (Cons x xs) = gsl x (parti x xs)
gsl p (1p,gp) = app (gs 1lp) (Cons p (gs gp))
parti p 1 = partil p 1 Nil Nil
partil p (Cons x 1) 1p gp =
ifgs (p>=x) (partil p 1 (Cons x 1lp) gp) (partil p 1 1p (Cons x gp))
partil p Nil 1p gp = (1p,gp)
ifgs True x y = x
ifgs False x y = y
app Nil 1 =1
app (Cons x 11) 12 = (Cons x (app 11 12))

qs20 = gs
(Cons 435 (Cons 413 (Cons 572 (Cons 827 (Cons 228
(Cons 585 (Cons 505 (Cons 568 (Cons 128 (Cons 756
(Cons 900 (Cons 477 (Cons 657 (Cons 317 (Cons 792
(Cons 673 (Cons 977 (Cons 390 (Cons 942 (Cons 659
Nil)>))))233332)33300)))

ooogdQd 17 — revl1000.gs —
data List = Nil | Coms Int List
rev Nil = Nil
rev (Cons x xs) = app (rev xs) (Cons x Nil)
app Nil xs = xs
app (Cons x xs) ys = Cons x (app xs ys)

mkcons [] = Nil

mkcons (x:xs) = (Cons x (mkcons xs))
cons1000 = mkcons 1list1000b

rev1000 = rev cons1000

printZ Nil z = z

printZ (Cons x xs) z = printZ xs z

printZRev1000 = printZ rev1000 "rev1i000 end"

main "(Success:_) = [AppendChan "stdout" printZRev1000]

list1000b =

[188,127,519,809,106,820,163,958,795,675
,261,232,279,596,630,666,726,469,403,136
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/* 00 */
,204,301,673,557,606,547,294,227,911,209
,761,206,216,428,837,878,325,13,502,249
]
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