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0000000000000 obo0oDbOoooDoDoOoOon

00 3.3 ([BS81)). bOoOoO f=S—-VvVOoooUooOg:S—V'oooooooooo
gboooboobooboobooon

gb.0booboobboobdoobbooboobboooboobobooon

oo 0ODbhooobobooboooo

reflect o (s, £(s)) = (f,9) " (£(5),9(s) = (£,9) " ({},9) () = s

000 D0O0000s,sO0000v000Oreflectsy(s,v)=s# 10000000000
gbooboogoboabod

reflectr4(s', f(s)) = {ODO }
(f,9)7 (f(5),9(5")
= {00 3200 reflecty 4(s,v) = = g(s') = g(s) }
(f,9) 7" (f(5), 9(5))
= (£.97((£.9)())

= S

gboogooboooboooboo
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00000 DO0000 s, 0000 v,o 0000 Oreflectyy(s,v) = ¢ # L OO0
reflecty ,(s',0")| 0000000000000O0O0O000ODOOO

reflect;4(s,0') = {00 }

(£, (', 9(5))
= {00 3200 reflecty 4(s,v) = = g(s) = g(s) }

(f,9) " (v, g(s")

= reflecty (s, v') = reflect g (reflecty 4(s,v),v")
goooooboooooooooa O

gboooboobooooboobooboobooboboooobooooboooobobo
gboobooboobooboboobooooboooobooboboobOooDbo
oon

00 3.7(000000000000).00 fO000,00 00000000000 =;
gboooobooon

vy e f@) = [() =
00 3.4 ([BS81)). 00 g0 AO0OOOODO fO00000O0ODODODOOODOOOO
(=g) = (=n) © reflecty g = reflecty,
gbooaoo
oo 340000bo0boooboonboog

OO0 3.1. 00 fO0O0O0O0ODgOOOOO

Vs,s' € 5. s =4 ¢ & reflecty 4(s, f(s') = ¢

goooaoo

Ub. 0b00bidd =0000000000 «00OO.

() 00D000s,¢e€S0000s=,s000000000000g(s)=g(s)00D0.
ooooo

reflect o (s, f(s') = (£,9) " (F(5)), 9(5)) = (fs9) " (F(s), 9(5) = &

goog
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(<) 0032000

reflects 4 (s, f(s') = s’ = g(s) = g(s') & s =4 &

goog O

gb3100000340000000D0
gobobobobobooboboboboboboboboboboboo

00 3.5 ([BS81)). 00¢g: X —-Z000 f:X—-YOOOOOOOOOOOOOOOO
gboobogooboabod

00.0 (=f)N(5,)=(=4)000000000000000

fl@)=f)ngle)=9gy) =z=y

0000 z#yAf(z)=f(y) =9() #9(y)DDOODO0O00O031000z#yA f(z) =
fly) = g(z) £9(y) D0DDO00g0 f00000000000000000 0

gboobopooboobobooboooobooboooboooooooboooboon
gboopoobooboobboobuoobbooboobooooobooobooo

00 3.6 ((BS81)). 00OOO f:S—VvOOO0O000000000000p:SxV -8
0000p=reflect;, 000 f0000 g000D000

ob.00~00000000

r~y e plx, fly) =y # L.
000000~00000000000000

godn
000 VeSS plx, flx)=xoVreS axz~z

god

000 <« VrzeSwveV p(xv)l=pplw),flz)=
Ve,y € S,v € V.op(x,v) =y # L= ply, f(x)) ==
s {p0 f000DOO }

Va,y e Sople, f(y) =y # L = ply, f(x)) = 2

& Ve,yeSr~y=y~zx

¢
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god

00000
& Vze S vv eV plz,v)] Aplp(z,v),v)] = plp(z,v),v") = p(z,v)
& Vr,yz€Sv0,0 €Viplz,v)=y#£ LApy,v)=2% L= p(z,0v) =2
& {pOf0O00000}%
Va,y,z € S.p(@, f(y) =y # LAply, f(2)) =2 # L= px, f(2) ==

&S Ve,y,z€S.c~yAy~z=>x~z

gobodbgdboobbod

0000000 [z.0 2000 ~000000000O0OO0ODOODO gD fOOODODODOO
0000,000 p=reflecty, 000,
0000000 g0 fO0DO00O0O0ODOOOOOO0O0O

fl@)=f)ngla)=9gy) =z=y

000000000 2,y € SO0 f(z) = f(y) Agle) = ¢(y) DD0O0D0D0O0D0DO

O00g(x) =¢(y) DOO000Op(x, f(y) =y000000000f(x) = f(yyOOOO

ple, f(x))=y 00000000000 p(z, f(x))=200000000xz=y00000.
oooooooboooon

Va,y € S .p(z, f(y)) =y < reflecty 4(z, f(y)) = y.

0000000000 2,y S0000 plz, f(y) =y < gz)=¢g(y) 000000000
0310000000000 O

O0.00360000000000000000A:S—(V-V)ODOOOO
h(z)=h 000 K(v)=p(z,v)

00360000 A0 fOO00O00O0O0000O p=reflect;, 0000000000000
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goobooboooboobooobooboooboonboo

hz)=hly) & VzeSveV. p(xv) =z ply,v)=2z

s {pOf0O00000Y%
Vz €S p(, f(2)) =z < ply, f(2) ==

& {~Oa~bspla, f(B)=b000000 }
VzeS x~zoy~z

& {~00000 )}
T~y

& {gO0g(x)=[].000000 }
9(x) = g(y)

00000000 pOO00O0ODOO0OfO pUODOOODOOOOODOOODOOO
googoobooobooonoog O

3.23 000000

000000 fO0D0O0O00ODODOO0OODDOO0OOOODODOOOODODODOOOO0ODn
0000000000 edd:(NxN)—-=NOOOOOOOO

fst(z,y) ==z
snd(z,y) =y
sub(z,y) =z —y

id(z,y) = (z,y)

gbooobooboobboobuooboboobooboooooboooooo

reflectqqq f5t ((s1,-), v) = (s1,v—s1) if v > 51
reflectydd, sna (-, s2), v) (v — S9,82) if v > s9
reflect yqa, sub ((s1, 52), v S 52) L (Sé SQ)) if v > 51 — 89 Av = add(sy,s2) mod 2

reﬂectadd,idpair((sl, 52), ) (81, 82) if v= add(sl, 82)

000000000000000000000000000 reflect g fo O reflect,gg ig O O
000000000000000000000000000000000000f¢t0000
0000004 O000000000000000000000000000000000
000000000000000000000000000000000 0 O reflectygg, snd
O reflect,gq,igD) reflectygq o O reflectayqq 0000 00000000000000O00O0
reflectygq o O reflect ggg sma O reflectygg ey 000000000000000000000
0000000000000000000000000ft0snd0sub0 00000000
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00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000O0O0O0O0O00
Bancilhon 0 Spyratos ] 00 00 000000000000 00000000000000O
0000 [BSs81]O

OO0 3.8 (0000). D0OoOoOoOoooDoOoO f2S—-VvVDO g S—=Vooooood
00 f3¢0

[fZ94 (=) C (=)
ooooao O
gooooooooooooon

00 3.7(BS81)). 00000 f=S—VOOOOOOOOOOg :S—Vidg=S—V,
gooon
g1 3 g2 < reflecty 4, C reflecty g,

goog O

Ub. 0000000000000 go

Va,y € S. reflecty g, (z, f(y)) = y = reflects g, (z, f(y)) =y

00000z € SOy e SO0reflect; g, (z, f(y) =y0000000. 003100
r=4,y0000000000¢g 3¢00 (=) C(=,)0000000 2=, y0000
000031000 2=y yO0O reflectyy, (z, f(y) =y 000 O

oo370000 3400000000000

0o0o00oooooooooooooob oo oooooooooon
000000000000 000000000000000000000fst 24d0000
O O reflectyqq,iq T reflectyga e 0000000000 fst Zsnd00 snd 2 fst000000

reflectyqq fst £ reflectyga sng O O reflect,qq sng E reflectgqq p 00 00

3.3 Ubbuonouooooobnod

gooooooobooOooooDbo fOO0ODOOOOODOOOOODOfOOODOOO
ugbooobobooboooooboo

1. f0000¢00000

2. (f.9)' 00O
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gbooboobgooboboooboobooboboobobooboobobooobo
gbboooboboboboobobooboobobooboobobooboboobooon
00 [LLSvol,Lvo3|0 00000000000 ooooo0o0oooooooooooo
gbogopobooboobbooboooo
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40 UOoUOUootdbobogtn

glgbooboobooboobooboboobooboboobooobooboooboon
gbboobooooboooboooboboobboobbooboooboooobooooboo
0000000000000000000000000000 [CDGT97)/00000000

4.1 0000

0000000000000000000000000410000000000000
000000000
Cons(S(Z()), Cons(S(S(Z())), Nil()))

gboogoobooboobobooboobooboboon

<members>
<student>Matsuda</student>
<professor>Hu</professor>
<professor>Takeichi</professor>

</members>

<members>
<student>Matsuda</student>

</members>

gbooobuooboboobuoobobooboooboo

//Cons\\ <members>
i Cons TS
‘ S/// \\NH <student> <professor> <professor> ..
I ‘ ‘ ‘
? Matsuda Hu Takeichi
Z
(a) O (b) OO

0410000
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4.1.1 0O

oooooboooobobdrankedd 000000000 DOOOOOOODODOOOO
ooo0o0OO0OCOOOO ZO0O0OOO0OOO+100DODOOCOOSOOOODODOODODOO 3
gboobogooboabod
5(S(5(2)))

O00CO0O00000ooDoOoOoOoOo0OOOoO ConsOOOODOOOODOOOOOO
oNlOOoooooooooobooooooobooooooobooooooo

Cons(S(Z()), Cons(S(S(Z())), Nil()))

O000000O0O0O0O0HaskelOOOOODO [1,2]0000
gooooOoOoOoOoOoOoC X000000O00 Ixy000DU0D0DooDooooooooD
godg

e J00U0ODceX0l000Or()eZx OO0

e n00000¢ex00000n>0000t,...,tn € T 00000(t,...,t) € Tx
oDooQ

Oo000ooooooob eOooOooOOnO J()DDD cO0O0O0O0OOOConsO NilOOOOOO
000000000000 00000000O0HaskellOOO [Bir98]DDDDCOns(a,:L‘)D
a:z0000ONIIDO []DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
ogoooono

S(2):S(S(2)) : [

000000 Haskel OO OOOOO a:b:c:[]0 [a,b,c]00000000O0OOODOODO
gboooobooboooboobooaoo

5(2),5(5(2))]
oocoo0o0oy,...,0,0000000000C0000000000000 Oy,...,0,

00 ¢,...,t,000000000000 Clty,...,t,) 0000

4.1.2 00O

O00hedge0O0O0O0O00OforestO0OXMLOOOOOOOOOO0O0O0O00O0O0O0DOOO
OoooboboooodOOuranked0 000000 DOOOODOODOOOOOO XMLOO
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0000 <members>0 00000000

<members>
<student>Matsuda</student>
<professor>Hu</professor>
<professor>Takeichi</professor>

</members>
000000 XMLOOOO <members>0000000000O000O

<members>
<student>Matsuda</student>

</members>

ooooooboobooo ¥oboooboUo HyDbOobOOooooboboobobo
goog

e 00 c00eeHyOOOO
e 000 ceX00000 heHsOOODODo(h) e HsODODOD
e 00 hy,...,hy € Hy OOOO DRy .. ... h, € HyO0DODOO

0000000.0000000000000000000.0000000000000
000000000000 hy,ho,hg,h € Hxy OO OO

hl.(hg.hg):(hl.hg).hg h.ce=c.h=h

0000000000.00000h.he0 Mh 000000 O00000000 o(e)00
0,000000000000000000000000000O0000O0000000C0
oooo
00 AO0O |R|00000000O000

el =0

lo(1) «hl =1+n|
00000000000000000000000CO00000 Oy,...,0,00000
000000 CO0000000000000 Oy,...,0,000 hy,...,h, 0000000
000000 Clh,...,h,) 0000

4.2 OJOO0OO0OOOOOOOO

000000 Regular Tree Grammar( 0 0 0 0 0 0 O O Regular Hedge Grammard 0 O
0000000000000000000 [CDGTY7)00000000000000D0OO0
00000000000000000000000000000000 [CDGT97]0
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4.2.1 0OO0O0O0OO0

gobodboobboobooobboobooabog

00 41 (0000O0). 00000 GOOOOG=(X,N,R)UO0O0O0O0O0OOXONOR
goooboboooogd

e XO0O0O0OOOOOOOOOODOOCOOOO

e NOUODODOODODODOO

e ROOODODDODODODOOOOOODODDODOOOOOOOOOOOOOOOOOODDD
- A—B
— A—o(A,...,An)
0000 0eX0 00000000 4,4;,...,4,,BeNOODOD N

00000000000 [CDGY97|00000000000000000000000
googan
gobooboooboboooboobooan

00 4.2 (0000). 00000 G=(X,N,R) 000000000 —¢0O
ClA] —¢ Clo(A1, ..., Ap)] & A — o(A,..., Ay) € R.
afulufuln O

00 -000000000 5,0000000000000000GOO0O0OO—¢O
400000 000 50000

00 4.3 (00000000000). 00000G=(%,N,R)0000,00000 A€N
000 [A],O
[Alo = {t| A Sg t,t € T}

googn O

Odo0o0oooooooooooooooooon [CDG+97]D
0000000000 A—-BOOOODODOODOODOunit production0 0000000
00G=(,N,R)0000000000D0DN0O0OO0ODN0O0UDOO G'=(3,N,RHY000
OoO0oooooo
VA € N. [A]; = [Al e

gbooobooboobbooobobooboobbooobooboon
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0 4.1. Haskel DO OO OOOOOOOO

data Nat = Z | S(Nat)
data List = Nil | Cons(Nat, List)

0O000000O0OO0 GoOoOoooooooo

Nat — Z List — Nil
Nat — S(Nat) List — Cons(Nat, List)

O0O00O0ONetOOQOGQGQ
Nat — Z

Nat — S(Nat) — S(Z)
Nat — S(S(Nat)) — S(S(2))

O000000NeDOOO [Nat]o,OOODOODO

[Nat] = {2,5(2),5(5(2)),S(5(5(2))), 5(5(5(5(2)))), - - -}
ooooo

List — Nil
List — Cons(Nat, List) — Cons(Nat, Nil) — - - -

List — Cons(Nat, List) — Cons(Nat, Cons(Nat, List)) — Cons(Nat, Cons(Nat, Nil)) —

o000 Lst0o0nono [[List]]GDDDDDDD
[List] o = {[z1, 22, ..., 2p] | 21, 22,..., 2, € [Nat]g,n € Z}

obob00Lstdpbobobobobobobon

39

0 4.2. 00000D00ODO0ODODOODODOODODODODODODODODOD Listy

googoboobbooobooboon

Nat — Z List — Nil List, — Cons(Nat, List)
Nat — S(Nat) List — Cons(Nat, List) Listy — Cons(Nat, List )
goog
List /% Nil
gaon
List, — Cons(Nat, List), List — Cons(Nat, List ),
goooon

[Lists] = [List] \ {Nil}
ooon
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gobooboobooboobooboobooboboobooobooboo

00 44 (00000). 00000 G=(E,N,R)000O0ambiguousD 00000000
oooooooon

JA,BE€ N, A+ BA[A];N[B]g #0 O

04100000000000000004200000000000000000 4.2
0000 Listy — Cons(Z,Nil) OO List — Cons(Z,Ni) 000000000000 O0O0
D0000000000 bottomup DO ODOO0D [CDGHY7|0 000000000
000[4],=0¢0000000000000000000GO00O0000000000
000000000000000GOO000 [A]lo#0000 A00DO O generatingd O
D0000000000000000000000 GOOOOreducedd0000000

4.2.2 000000

000000000000000000000000000000000000000
O000000XMLODOOODODOO0O0OO00ODOO0O000000000O00000 DTD'O
XML Schema? 000 Relax NG3 0O0O00000000000000 [MLMKO5]0

00 45 (000000). 000000 GOOOO G=(X,N,RODOOOOOOOXON
OO0 ROODDOODODODO

e YOUIDOUDUODUODODUODUODUDUODUDODODO
e NOUUODDODOOODOODOOO

e RODOUODUODOUODODLODLOOLODLODLODLOOODODODODOODOODOODO

— A—¢

— A—o0(A1). Ay

- A— B

0000 ceXx0O0O00A4,A44,...,A,,BeNOODODO O

O000000000000Muratad 00 Mw990ODODDOOO0O0OO0OOOOOOO
god
gobooboooboooobooooon

"http://www.w3.org/TR/REC-xml/#dt-doctype
2http://www.w3.org/XML/Schema
3http://relaxng.org/
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00 4.6 (0000). 000000 G= (5N, R 000000000 —¢0
C[A] —»¢ Clo(A1)As) & A — o(A1)A2 € R.
googn O

00 -¢0000D00000 5,0000000000000000—-¢0 5000
—»000 350000

00 47 (00000O0O0O0O0ODOO). D0OD0ODOOO G=(E,N,RO0DO0O,00000
AeNOODO [[A]]GD
[[A]]G:{t‘Ai)GutEHE}.

googn O

gbobobobobobobobobobobobob
0000000000 0DA—-BUOOOUOOOOOOODOUOODODUOODOUO G=(%,N,R)
000000000000000000000 G(X,N,R)YODODODDODOUODOOO

VAe N. [A]ls =[Ale

gbooobooboobobuobooboobboobooobbooobooan
gbobobooboboobobooboboobobooboboooboobob
goooooOo0oobOoOobOoOoOooOoobDoOoooo0 wmbOOOOD

bin(e) = Tip
bin(o(x) .y) = Node, (bin(z), bin(y))

OO0 wepO0O0D00O0O0DOO0OOOOODOOOODOO MRGOODODOOOODOOODOOOO
gbooooboobooobooboo

binG(A — ¢) =A—Tip
binG(A — o(A1)A2) = A — Node, (41, A2)
binG(A — B) =A—B

ClA] —¢ Clo(A1)Az] & bin(C)[A] —¢ bin(C)[Node, (A1, As)]

gbobooboooobobobooobobooboboobobooboboooboobo
googobogboobobooboobobooboobbooboobobooobo
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4.2.3 00O

000000000000000000000000 [CDGTY7| 00000000000
gboboooboabobooobuoobbooo

e 00000000000 D00000000O0O00000000 Gy =(%,N,R)00
0000 Gy =(Z,N,R)000000000000000000 & = (3,N,R)
0000000

000 Ay € NyO A € N,0OO0A € N'OOOOOO[A]g,N[A2]g, =
[4], 0000

e 00000 G=(%,N,R)0 Ac NOODODO[A],=000000000000

e 10000 G=(3,N,R)00000000000000G =(3,N,R)0000
0AeNOODOOA),...,A, e NODODDOOOO[A]; = [4]sV---UJ[A ], DO
0000000000

e 000000 S, 00000000000000000000000 [BGMO7,
BMS08]0

E]hl, h3 € Sl,hg,h4 S SQ. hi«hy = h3 chy = h1 = h3 Ahy = hy (H—Par)

008, 08008NnS,=00000008,0800000000000000000
0ooos, 08 0000000000000000000S,0S 00000000000
D0000000000000 8,0 8000 (H-Par)d0OOO0DOOS, ||S.00000
000000 S S 00000006;|S000000000000000000000

000000 G0000 4,000 [4], 00000000 G,0000 4,000
[4:], 0000000000000000000000000000000000000
D00000 (H-Par) 000000000000 O0O0O

dh1, ho, hsy € Hyx. (hth €51 ANhsg e Sg) VAN (h1 € 51 A hohs € SQ) A ’hg‘ >1

DDDDDDDDDDDDDDDDDDDDDDDDDDDDle[[Al]]Gl,ng[[Ag]]GQD
gboobobooboobboobuoaboo

1. T)={z.<#>1.y|lz.yeh} 00000
2. Ty ={zx.<#>.y|z.yechh} 00000
3. TV ={zx.<#> .y|lzeT,yecT}00000

4. T) ={x.<#>.y|lzeTl,ye T} 00000
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5. T ={a.<#> .y.<#>.z|z,y,2€Hy,|y/>1} 00000000020 11000
000000 7,00000000000000000

6. T/NTyNT{ 0000000000

000000 41 (000000O00000).

D00 000000 Gy =(8,N,R)0 Gy = (5, N, Ry)0G, 0000000 4; 0 Gy
0000000 4y

000 [Ailg, I [A2], 0000000

goog

. 2000000000 <#>,<#> 000000
2. \yO N,OOOODOOOOOOO E, Any, X, X,Y,Y' 000000
3.00000000000000

insertGr(G) = (S U {<#>r}, (N x {0,1,2,3}) U{E}, R')
where

(2,N,R) = G

R ={(A,i) —» o((B,i+1))(C,i) | A — o(B)C € R,i € {0,2}}
U{(A,i) e | A—c€R,ie{l,23}}
U{(A,i) — o((B,i))(C,i) | A— o(B)C € R,i € {1,3}}
U{(A,0) — <#>,(E)(B,2) | A,B € N}
U{E — ¢}

appendWithG,(G1, Ao, G2) = (X U {<#>,}, (N1 x {0,1}) U (N2 x {0,1}) U{E}, R)
where
(3,N1, Ry) = Gy
(X, Na, Ry) = G2
R ={(4,0) — o((B,1))(C,0) | A — o(B)C € (R1 URy)}
U{(4,1) = o((B,1))(C,1) | A — o(B)C € (R URs)}
U{(A4,0) > ec| A— e € Ry}
U {(A,O) — <#>k(E)(A0,0) ‘ A—ce€ Rl}
U{FE — ¢}
G := insertG1(G1)0
Gl := insertGa(Go)0
G := appendWithG(G1, (A2,0), G4H)O
§ = appendWithG4(GY, Az, G2)O
000000 G4 = (SU{<i>y,<#>), N/, R) 00000000000

® N> e

o NJ = {Any,X,Y,X',Y’, E}O
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e RI={X - o(Any)X |0 € X}
U{X — <> (E) X'} U{X' — o(Any)Y'}
U{Y’ — <#>9(E)Y}
U{Y' — o(Any)Y' | o € X}
U{Y - o(Any)Y |oc e B} U{Y — ¢}
U{Any — o(Any)Any | 0 € B} U{Any — e}
9. [(4,0)]gr N[((A4,0),0)]y N[X]gy =00000000000 O

00000000000 Kru08]O0OOODDOOOOOODOOOOODOOOOODDOOOOO
ooooo



45

Us0 Ubogdootdbod

0000000000000000000000000000000000000000
00 [MHN'07/000000000

5.1 00O

gboobooboobuobobobuoobobuooobobobooboboobooboboobooobogan

god
gs1d00booooooboboooooooboooooboooboboboooonogg
gboobboobuobboobuooboobboobooobod

5.1.1 00000

0000000000000 000000A0 affined treeleSS[Wad90]DDDDDDDD
0000000000000 000000DO00Db0000000 eppend000D0OOO0DO0O
affine 0 treeless OO0 OO0 O0OOOOO

append([l,y) =y
append(a : x,y) = a: append(z,y)

00 append D000 00000O0O0O0O0O00O0O0OOOOOOOOOHHaskell [Bir98] 00O
boboboobooboboooboobooboooobobooboooobooboooobooobooon

[(EhAERT 05 5 |

v
BT

( RO )
¥

C #ifk )
¥

( BB D )

v v

[EFoRvTRERAR| |[CLAmERTOT5 L |

0510000000
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gbooboobooobooobooobuoobbooboboobboobooooboooon
52000000

5.1.2 0000
0000000000000000000000000000000000000000
e 00O [BS81]OOO
e 00000D000000D00000000 [HITTY7,Chio3]

e 000OODO

0300000000000000 f0000000 f000000000000000
f(s,0) = (f, f) (v, f%(s)) 000000000000 000000000000 3000
038000000000000000000000000000000000

gbooooo

0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000005.300000000
0000000000 append 000000000000000000000 append 00
append([1,2],[3]) = [1,2,3] 00 append([1,2,3],[]) =[1,2,3]0000000000000
0 append 000000 append 000 000000000000000000000000
000000000000000000append 0000 append* 000000

append®([],y) =B
append®(a : x,y) = Ba(append®(z,y))

000 append* D000 By O B, 000000 append 0O O0O0O0O0OOCOODOOOO
00000000000 eppend*000000DOODODOOODOOODOOOOOOOOOOO
O00C0OOappend* 00000 B, 00000000 DOOCOOOOOOOODODOO

append®([1,2, 3], []) = B2(B2(B2(B1)))

= length([1,2,3])

googoogon

00000 f0000000 00000000000 3000 (RFL)OOOOf00
0000 fgO

fo(s.0) = (£, F9) (v, £9(s))
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0000D0O0000DbOoO0oo (f,fc>_1DDDDDDDDDDDDD (f,f“>_1DDDDD
O000000000o0o0ooOo0o HITTI7,Chi93|000O (f, /00000000000
0d <f,fc>_1D|]DDDDDDDDDDDDDDDDDDDDD (f,fc)_IDDDDDDD
0000 [GKO5,Epp85|0

0000000 append 0000 append* 000000000000

By)

(append, append®)([],y) (v,
let (s,t) = (append, append®)(z,y)in (a : s,Ba(t))

(append, append®)(a : x,y)

> 1

boogboguobobooboooboboobboboobobobobooboon
god

(1)
let (z,y) = (append, append®) ™" (s,t)in (a : z,v)

(append, append®) " (y, By)
(append, append®) ™" (a : s, Ba(t))

> 1

gbooooooooooooooooooooooooooobooooooooong
000003000 (RFL)DOOODO00D0O0O0O00000000O0Oappend0 0000
ooooogog

appendy(s,v) = (append, append®) " (v, append®(s))
000D reflect gppend.appenss 00000 pO00000000

p((x,y),z) = let (s,t) = splitAt(length(x),z)in (s,t)

where

length([]) =0

length(a : ) = 1+ length(x)

splitAn(0,2) = ([,a)

splitAt(n+ 1,a : z) = let (s,t) = splitAt(n,x)in (a: s,t)
gooon

appendB(([lv 2, 3]7 [47 5])a [117 12,13, 4, 5]) = ([117 12, 13]7 [47 5])
goggoooon
appendB(([la 2, 3]7 [47 5])7 [17 2,3, 4]) = ([17 2, 3]7 [4])

gooon

appendg(([1,2,3],[4,5]),[1,2]) = L

Ub0ob0obobog eppendg D00 00O0ODODOODODOOOOOOODODODODO
gbooopobooboobbooboobooobo
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rule 2= f(p1,...,pn) =e 000000
p == C(p1,...,pn) ooooooo
| 2 Dooooo

=Cler,...,en) oooo
| flxr,...,2n) 0o0ooo
|z 0oo

OO000CeX0On000000fe@OniD000O0D0OOO0zs00000DO

052 00 VpLOOO

5.1.3 UU00O0OoOobOoooon

gboobooodboboboboooboboooboboooboooobooooboboooobon
gbooobobooboobboobuooboobooboboobooonoon

gbooboboooboboboboooboboooobooobobooboooobobooobon
gboooobobobobooboobooboboobobobooboobooooooon
0000000000 [CDGT97]00000000000000000000000000
gbooobobooboobbobobooboobbooboobooboooboobooonog

gbobodboooboboobooonoobogossubbooooonoo

5.2 00000000 VbpL

00000000000000 VvoLlOOODOOOO000O000 affined0 treeless
Wad90| OO OOOOOOOOOOO

5.2.1 00O VpLOOO

U0 vpLOOOOQg s2000000 vVvoLOOOOooooooooPOOOO P =
(3,Q,R)0 0000000000000 0D ¥XoO0Oo0oDOoO0OO LUODOODODODODOOO R
OO00D0oO0bOQO Y¥OobOooooooobobooooo

goboobooobboooboooboonog

f(pl)"'apn)ﬁe

00000000 View Definition LanguageO0
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O0000py,...,p, 000000e0 treelessd [Wad90] O O 00O 5.20 000 0O treeless
0000000000 0000oooooooooooOOOdO¢treelessO 000000000
dooooooooooooooooooooboooobooooooooooooooon
O00000oooooooooOooo000d0ooooodddtree-lessdO 00000000
00000000000 effined 0000000000 O0ODODOODOOOOOOOODOOO
0000000000000 D0eine000000O0DODOOODOOOODOODOOODOO
goooo
0o0o0o0oooooooooooooooooooboooooobooooooooo
gooooooooooobobooooobooooobbooooooooooooooo
0ooo0oooooooooooooboooooboooooooooon
0dodooooooooooo voLOOoooooooooooooooooooooo

051 (0000). 00000000000 DOO0OO00OOO0O0OODOOOODOODOObDO
O4«WD VoLOOOODOOOOOOOD

id(x) =z

0 5.2 ((0000). 000000000000 DOO0OOOOOOOOOO0OOOOOOOO
OO000O0b00O000O0bOO0DoOD ftODbO0ODOO0ODOO0ODO0O0O0O sndd VbLO

00000000000
fst(z,y) ==
snd(z,y) =y
0 5.3 (0000). 00000000000000000000O0O0OOOOO0O0O0OOO0
O0000000000000 VoLOOOOOOOO nd0000000000000000

nil(x) = ]

0 54 (0000000000). DO0OD0OOOUDOOOUOOOODOOOOUODOOOODOO
gbooboboboobboobooboboobooboboooboobbooonboon
0000 edd00000000DO ZODDODDODOO SOOOODOOODOOODOODDOOO

ooooooooo
add(Z,y) =y
add(S(x),y) = S(add(x,y))
000 Haskell [ Bir98| 0 0000000000000 OOO0O0OOOO0OOOOOODOODO
gogodobootobooooouooon
00000 mex00000000OO0DOODOOOOOOOOODODOODOO edd0OOO
ddodotodoootooood mez 0000000 oooooon

>

mazx(Z,y) Yy
mazx(S(x),Z) = S(x)
maz(S(x),S(y))

>

S(maz(z,y))
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etdv - ey,
Clery ... en) I Clog, ... vp)

f(pla"'apn)ﬁeeR
30. f(p16,...,pn0) = f(v1,...,vn) €efu
for,...,00) b u

CoN

Fun

oooQuwv,...,v, 0000D0DODODODOOODO X0000 vy,...,v, €7y 0000

0 53.00 VpLOOO

0 55 (00000000000ODO). 00000000 DOOOUODOOODOODOOOOODO
goooo0 vpoooobooobooooboboobobooboboboboobobooo
gbooboooboobobobobboobbobobboobobbOobD zp0 000000

00000000
zip([l,y) =l

zipla:z,[]) =]
zip(a: z,b:y) = Pair(a,b) : zip(z,y)

0000000000000 flip0O000000O0DDOOCODO

flip(Leaf) = Leaf
flip(Node(n, 1, 7)) = Node(n, flip(r), flip(1))

5.2.2 00 VpLOOUO

ooooboo vopLOOoooooooooooooooooooooboboooooobooo

O0000{z|Ax)#2}000000000000O0O0OOOOOOOOOOOOOOO
O0000000000000000000D0t0000 206(x)000000O00ODOO0ODO
OoooOoooooowoDon

gobobobboooobobooooobbobooooboboboooooboboboooooooo
goooooovpLooboboboboo

f(pla"'vpn)ﬁe
f@h, ) =e

/

0000 (py,...,pe)0=(p,,...,p,)¢ 0000000060 0000000
00 VbLOOOOO 530000000000 e v000 000000000000
000000000 530000000000000 POOOOOOCOO fO0000

v if f(ug,...,0n) J o,

1 otherwise.

[[f]]p(vl,...,vn):{
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000000000 well-defined0000000000000O00O0O0O0Of(v1,...,v,) Y
vO0 0000000000000 0DO0O0OO0ODODO0ObOD 30 FunOOooooooQ
gobooboobobboobooboobob0oobooob0obOoUDbUd deterministicd O
god

gboooboboobobooboboooobobooobooboboooobooboobon
gobooboooobooob ¥oboobooooboobooobooboooobogoo
go0oboodod0opbooOoboOo0oU0bobo0 Is00bb000DbOoOO0bObO0oobOoOooDboOoo
oo00O0o0obOOoO0OoOoO00oDOOoO0bDOOoOobOOoO00oDbDOoUooOoOoOoOoOooDoboOoDoD fOoO
gbooobobooboobooboo

gogbobobobobobobobobooooooo 4,...,t,0oboboboooo
00000 vars(ty,...,t,) 00000000 Ovars(a: z) = {a,z} 000 Ovars(add(z,y)) =
{z,y} 000000 r= f(p1,...,pn) =e0 0000 lostvars(r) O

lostvars(r) = vars(pi,...,pn) \ vars(e)

0000000000 e00000000000 {v]|eflv,vars(ef) =0} 00 0000
O00ran(e)000004000000000000000000000000000O0
D0000000D0000cCcO00OoDOoOodoy,...,0,0000000000000CO
000000000, 0000000 +00000000000000000 C[ty,...,t)
0000
0001.500000000000000000000000000000 £f(p1,..-,0n) =€
O f(P)=e00000000OO

5.3 UUUuoony

ogooboodvpLOOooobooooooboboooobobooobooobobo
000000000000 0000 [CP84,LLSVOL,LVO3|0 0000000000 O0OO
gbobooobgoobobooboboobooboboobboobbooboooboobog
gbooboboobobobooboboboobobooboboooboboooboobg
gboogooboobobooboobobooboobobooobaon

5.3.1 UO0O0OOoOooOoOd

0300000000000 f=:S—-V0O0OO00ODODO0O0OO0OO0g=:S—=V'00{f,9):=
S—-VxxV'O0o0oo00o0ooooooooof00000000000000 gO fO
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000000000000 f0000000000/f(s1)=/f(s2)000 s1,8,€50000
g(s1) #g(s2)0000000¢000000000
0000000000000000000000000000000000000000

fot(w,y) = a

O000000o0DoO0O0ftO0O0O0O0000DOOCOO000ODO0OOODOObOO0OO
obooooooooooooboooboobono

alwaysTrue(True) = True
alwaysTrue(False) = True

000000000000 alwaysTrue 000000000000000 TreeDOODOOO
00000000000000000000000000000000000000000
000000000000000000

O00000D0000D0000 ALe-COODO00DO0D0D0OO00DODO treelesss 0000
000000000000000000000000000000000000000D000
000 CcOo0O000Cfi(#i),...,fa(zn), 7]000000000000000O0

000000 5.1 (000000000 ALG-C).
000 OD000000oooooooooog P=(3,Q,R)0O
O00 oooooobooooooooboogo pPeo

oood
1. 0o0gooooooooboogdreRr

r=f(7) =ClAED), ..., ful@n), 7]
0000000 000000

¢ = f(7) = Be(fi(@1), -, fu(@n), ¥)

00000000{y} =lostvars() 0000B,0000000000000000
0000000000000000 f5A4%...,A°¢Q00000 f,f,...,f-00
000000000000000

2. 00000 PO0000O0OOOO0O000

PO=(EU{B, [reRL{f [ feQ}{r'[reR)}) =

000000 Ave-CO0OO000O0O0ODOO0OOO0ODO0O0O00D0OO0 Ae-COOOO0ODOOOODO
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0 5.6. 00000 fst00000
fst(z,y) ==

00000000 fst0O0000 yOOODODOO0ODODO fst0000ALGc-COOODOOOO
goog

fst®(z,y) = Bi(y)

Oo0oDB,00ft000000DOO0OO0OO00DODO0O0ODOO Ac-COODODOODODOOO
000000000 B; 0000000000000 000O0DO0OODODO fst*O0fstO0O
000000 yOUOOOO0ODOOUODOOOOfst00DOO0ODOOOOOOOD

O 5.7.054000000 eddDOUOODOD edd000DOOOODOODOOOODOOO
Oo000O0O0O0OCOOODODODODODOD0OD Ac-CO0O0 edd0 0000000000000

oo
add®(Z,y) =By
add®(S(x),y) = Ba(add®(z,y))

O00000edd*0000000DODOOODOOO0O

0 58. 054000000 mexO0O00000D00000 Ae-COOO0 mexD0OOOO
ooooooooognog

mazx®(Z,y) =B

maz®(S(x),Z) Bo

maz®(S(x),S(y)) = Bs(maz(z,y))
O0000oogooooDooODoOOO00d menle00DDO0O0O0OOOMaz® = minled 0 minle <
max® 0000

>

1) ifz<
minle(x,y) = (1) 1 =Y
(,0) ifz>y

OO0 minle0 0000000000000 OO0OO0OO0O0O0OOOOOOO0OOOUOOUOOOOO

gbooooobooo
000000 Ae-COOO0ODDOODOOOODODOODO

00 5.1 (ALc-COO000). 00000 P=(%,Q,R) 0000AL-CO0000O00OO
PC=(3¢,Q°R)00000000000000000DO0O000 fe@OOO [f]0[f]
0Oo0o0000O

O0.0e0000000O0OODO FunODOOOO ey oooooooboooD
0000000000000 00#FuNDEPTH(e) DO OO
gobooboooobooooon
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-
000 feQDOD0OD0OO0O0 7,v €dom(f)0000 7 #2'0000000

!

@) = 7)) = 1) # 1)
0ooo

000 0O#FuNDepTH(f(7)) + #FunDepTH(f(77)) 0000000000
O000 fO00000000O0000 f00000000000000000

000 #FuNDepPTH(f (7)) + #FUNDEPTH(f(?)) =00

o0oooogrnreRr

000 6,00
PO=T, TO=7" [T)=11")

D000D0000000000r#4+00000000000000000O00OO00 B, O
B.OOODDOOODDDOODODOOOr=+-0000000000000 C[7)¢=C[7]¢
D00z cvars(p)0000 A(z) =¢(x)000000000%W =p00 v/ =7pe¢ 00
D00000000 [f|(¥)=[f)(?)00000000 2 € lostvars(r) O 0(z) # 6'(z) O
000000000000 00f0000 fP)<B.(y)00000000000000
{¥}=lostvars(r)D DD OO0ODOO[f(V) #£[f(v)DOO00OO

O 00 #FuNDEPTH(f(7')) > 0, #FUNDEPTH(f (7)) = 00
ooooodrreR

) =Clfi(x1) ... fu(Zn), @] OO0 n>0

000 6,0 00

TO=T, p0=v, [JI(T) =)
DDDDDDDDDDDDDDDDT#T’DDDDD B, O BTIDDDDDDDDDD[[]’C]](W)#
[f](*)oooooo

—
/

000 #FunDePTH(f(?)) = 0, #FUunDEPTH(f(v')) > 00

gooond
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000 #FunDePTH(f(7)) > 0, #FUuNDEPTH(f(v)) > 00

ooooodrnr €R

r=f(7) =ClhED),. ., fal@), 7]
= f(P) =Cfi), - f (), 7]

000 6,000
H
TO=T,00=7"T#7, JI(T)= (T
00000000000 0doo0r4/00000000000000000000O00O B,O

B.OOOODOODODODODODDOOOOr=/00000000000000 p+#pe0O0
googobbooboobbooobooboo

e 0(z) #0'(2) 000 z € lostvars(r) 00 O
e 0(2)#£0'(2)000 ze{z;} 000

Dmmmwﬂﬁyﬂﬂ@ﬁmmmmmmm@¢W@DDDDzeﬁﬂDDDDDDDD
0000000000000000000+00000 [f(7) £ [f)(v)000000
00000000000000000Z;0# 260 0 [f](z6) =[f](z¢)00000000
000000 [f)@0) # [f1@8) 0000000 [f)(7) #[f)(v) 000000 O

g3dbobooobobooboooobuooboboobuobooboobuoobobobon
gbobooboboobobooobobooboboobobooboboooboobo
O00000000000000 Ac-COO0ODO0O0ODOOODOOD fstODODOODDOO
oooooooobobobobbbod eddd mezOOOD0ODOD0OOOODOODOODOD
000000000000 0O00DOOo0DOO00OO00ODOD0ALG-COO0DODOOOOOO
Uoooobooboobbo0oboon neg 0O OO

neg(True) = False
neg(False) = True

U0 negO0OO0O0OODOOOOO negUODOO0O0OO0OOO0OODDODODOOOODOOODOO
00ddoOoDoDO Ang-CO

neg®(True) = By

neg®(False) = By
000000 neg*000000O0DOOOO0ODOOO0OOOOODOOO0OOOOODOOOO
00000000 Ac-COO000DO0DOOO0O00O0DOOOO0OOO0OO0DOOOO00O0DOOO0O0
U0 neg 00000000 D0O0O0O0O0ODODOO0OODDOOO0O0ODOO0ODOOO negOOOOO
0000000000000 00 Ae-COO0000O0DOOOO0000O0O0DOOOOO0d
O000odoo0ooooooooooobooooooooooooooooooo
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gbogs320000000000b00b0bD0bDobooooooooonDooog s5.3.3
gboobobobobobuoboboobooooboooboboss340bobonoooonbog
gbooobobooobooboobogs34bdboonoboobooboonbboobg
O000O0O0000O0o00ooOoob0o0 Awc-COO0O0O0OO00DOOOODDbOOOODbOOO
gboooobooboo

5.3.2 UO0OOOO

00 VvoLOOOOOOOOOOODODODOOOAO linear top-down tree transducer O 0O O
000 [Eng75) 0000000000000 O0O00O0O0O0O0UOO 54000000 addO
0000000000000 0000000000D00eddO00000OO0OOOOOOO

Todd — Any

Tadd — S(Taaa)
00007, 000 adde DOO0OO0D00OO0ODDOO0OODODOOOO0OOO0OAnyODOODOO
7-0000000000000000O000000edd0000000O00OOO0OODO0O0OO
add(Z,y) =yO00edd 000000 Z00O000O0O0O0DO0O0O0ODODOOODODOOOODOO
020

000000 s40000000 P&DDDDDDDDDDDDDDDDDDDDDD
Oooooood eP«{g’RDDD e0000O00O0O000O0 ROOOOOOOOOOOOOOO
O f(pr,....pn) = e 3 RODO0ODOODO f(pr,...,pn) 2e0000000000 RO
0000000000000 00P=(8,Q,R 00000000000 G=(3,N,R)0
OO0

R =|J{R |r 55 R\r € Ry U{Any — C(4ny,..., Any) | C € 5}

O00000000000ND ROODDODO0OO0O0O00000000 5400000+#e00
eld0D0O0OD0OO0DODOODOODOODODODODODOODDOODOODOODOOD
gooooooooobouooooooooooooob0 voLOoboboboobobooo
googooboobooobooon
gs400000000DOOODODOO0OOOODODOODOOODDOO

OO0 5.2.00000000C0O0SK40000000000DDOOODOOODOOGOO
gboooobooboobboobuobbooennoonDO

ran(e) = [Tyl
00 edd D0DU00O0O0DU00O00000O00000000D0000000D0000VDLODOOOOO
0000000000000 ooooon edd0DOD0O0O0OOOOZO SOOOCOODODOOOOOOOO

add(Z,y) = idNat(y) dNat(Z) =17
add(S(z),y) = S(add(z,y)) tdNat(S(x)) = S(idNat(x))
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VAR

2 3§ {T4a X Any}

RG RG
e1~ Ry - e~ Ry

RG ConN
C(@l, .. ,en) ~r {T#C(el,...,en) — C(T#ela R 7T#en)} @] Rl U---U Rn

Fun

RG
f@r, o an) ~ {Typ @) — Sy}
e R

—RG FuNDEF
f(p1,....,pn) =€ -->{Tf - Ty} UR

OO000#e00000000D00 e000DOOOODOOOOODODODOO

054.00 VoLOOOOOOOOOOOOOOOOOOOOOOOO
00o0do0bOo0obOoobobOooboonD fOobooOOoO
an(f) = [T7lg
oooo

O0. 00000 linear top-down tree transducer 0 D 000000000000 [Eng75]
gooooooood
goooon
Yo € Tx. (30. €8 | v & Tye — v)

O00(=)00000000000000000O0OOOOO

O00e=x0

00000Tg — Any0000 e000000000000O0D0O00OO[Any],=7=0
ugboooboooooboooon

O00O0e=Cler,...,ey)0

000007 — C(Theys- -, Te,)000000000000000e160 4 vy,...e00 I vp
000 v=C(vy,...,0,) 00000000000004€{1,...,n} 0000 Tye, = v; O
0000000000000000

T#e — C(T#el, e 7T#en) i> C(’Ul, e ,Q}n)

goobooood
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O00e= f(2)0

00000 f(Z0) Jo00000 f(P)2d000000»p00007P n==20000
00000000000 00000000Oyv0000000000GOOOOOOG
00000 Ty —»Ty00000 Ty - Ty 0000000000000Tge —v0000
0000000000000

Tye — Ty = Tyer — v

goooboobgn
O00(«)00000000O0o00oooooooooo

U00e=z0

000000 =z—v00000e/o00000DO0OOO

O0O0e=Cler,...,en)0

ooood
T#e %C(T#el,...,T#en) i> C(Ul,...,’l}n) =0

O000000000000O0ded{l,...,n}00000e0; ;000600000000
060
9:010---09n

O0000O0affine0000 ef = Clerby,...,e,0,) 000000 00e o0 0000O0O
god

O00e= f(7)0

00 f(p')= 0000
Tpe — Tp = Tyer — v

0000000000000000O0ev00000p00000000 00000
OO0 teZy OO0
n(z) if x € vars(e
@) = { ) ars(e')
to otherwise
000000000000 600 7= py 00000000070 Jv0000000
00 O
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3f(p) =e€ R.vars(p) \ vars(e) # 0
7€ NINJp

NINJ-LosTVAR

Ef(ﬁf) = el,f(p_ﬁ) Zey €R.DL#ps A ran(e1) Nran(ez) =0

NINJ-OVERLAP
f € NINJp

3f(P) =Clg(7)], g € NINJp

NINJ-
Fe NINJp J-CALL

055 00000P=(QRUO0000000000000O0O0U0O NINJpODOODO
g

5.3.3 UO0O4Oon

gbogboboobobodgboboobobobobobobooboboobab
gbogbooboboobobodbobuoobobboooboobobooboboboabg
gboboboobgoboboobuobobobuoobobobooboobbooobobo
gbobobboooobbbooobobobboooobobbuoooobbuoooboobobooon
gbobogboboobobodboboobobooobuooobobooboboboaobg
goodan

oboobs3100000oooooooooooooooooooooooon

e IO OODOOODODOO

o JUOOODODODODO

bobooboobobooboboobooboboooooboboobooboobonog
gboobooboooboobobooooboboooboobooyvoLOoooobooooo
gboogoooon
ooooopPOO0ODOS33DUIDLOUODOODUODLOODODOOOODODODbDODOOO
U000 NINJpOUOOODO 3300000000 ObOOobDonouonoonoonDg

e OO NINJ-LosTVARO OO ODODODDOODOOOODOODOOOOOODOODOOOO
00000000000 fst
fst(z,y) =y
0000y0O0OO0O00O0000000000000
e 0O NINJ-OveErLAPO O 000000 ODOOO0ODOOOODOOOODOOOO

00000000000 oo0o0gd AlwaysTrue

always True(True) = True
alwaysTrue(False) = True
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gooooboogboobooboooobD Teebdoooobooobbogo o
goog

e 00O NINJ-CALLOOODOOOOOOOOOOOODODOOOODOOOOOOOO
000000000000 mapfst

mapfst([])
mapfst(z : 7)
fstPair(Pair(z,y))

—

srPair(x) : mapfst(r)

T

> b1

000000000 fstPeir 00000000000000000
00 5.3 (000000000). 00 [f],00000000f€NINJpO0D0DO
00.P=(%,QRO000000000000DO
30,0 u. T AT ALV bun f(T) bu= fe NINIp (INJ-Sound)
0000 $09/000«0000f(F)$ul0 f(¢) 0000000000000
0000000000000

0010 £(7)4«00000 f(7/)«0000000000000000000000
000000000000000 FunOOOOOOOO0OOO0OO0O000000000

goo
oo 2. 00doog

0010000000000 (INJ-Sound) 0 #FunDepTH(f(7))0000000000
00000000 #FuNDEPTH(e) 000 e 00000000000 FunOOOOO e
00000000000000000000000000000000

000 #FunNDePTH(f(7)) = #FunDEPTH(f (")) = 00

D00000O0reRr
r=f(7)=C[7]

O0p0=700 p¢=2"000006,00000C[7)0=C[7)¢000000000

O000Olostvars(r) =0 00000000000 Z0=70¢0007p0=p0 00000

000 v #72'000000000 lostvars(r) #0000 00000NINJ-LosTVARO O

0000000f€eNINJpOODOD
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000 #FuNDePTH(f (7)) = #FUuNDEPTH(f (7)) > 00

obobobd reRr

r=F(P) =ClA@D), ..., ilEn), 7]

00000069, 0000p0="200 P¢ ="2"0000000000000003¢€
{1,...,n} 00000 fi(z0) 000 fi(z0) 000000 w; 000000000 fi(z;0) |
w; 00 fi(z¢) | v, 0000000000 f)0 f()O0DO0O000O00O0O f(7) |
Clwi, .., wy, 0000 (V) U Clwy,...,w,, 2010000000000 lostvars(r) # 0
OO0 OONINJ-LostVAR OO OODOOf € NINJp OOOOD DO Olostvars(r) = 000
00000000000 7pP60#4 9000 70=20¢000000%0+#z0000:00
00000000 f(z0)0 f(z;¢) 0000000000000 /0000000000
000000000000 f; € NINJpOOOODOOONINJ-CALLOOOO0O0000D
fENINJpODOODO

002000000000 (INJ-Sound) O #FuNDEPTH(f (7)) + #FUNDEPTH(f (7))
0000000000

000 #FuNDEPTH(f(7)) + #FUNDEPTH(f (7)) = 00

00000o0o0ooooood " eR

v
x

0000006, 0000p0=200 p'¢=72"00 7 #2'0000C[7]0=C[2']0
D000000D000D00D000000 f00000D00C[Z)0C[z|00000000
O000O0D0ONINJ-OvERLAPO O OOO0DOO0Of€e NINJpOODOO

000 #FuNDePTH(f (7)) =00000 #FunDePTH(f(7)) = 00

00000000000 0000000000000000ooO00 (INJ-Sound) OO
googn

0 00 #FuNDePTH(f(7)) > 0, #FunDEPTH(f (7)) > 00

goboobooooboobooon

e 00 fO0000D0DO0ODOOOOOD p,p'00000006,¢00007P0="7
00 p'¢=2'00000000000
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_
e 00 f(¥) $ul f(»)$v0DOOOOODDDOO00O0O000D0000000000
0ooo

0000000000000 000000000DO0000LOOOO0OODOOOOO (INJ-
Sound) 0000000000000 OOOODOOOOOOOODOOOOOOreR

r = [(F) = CLAG), -, fal@), T

0000006, 00007% =000 7/'=20 000 7 £#7'00000000000
D0000ie{l,...,n} 00000 f(z0) 000 fi(z;¢) 000000 w; 000000
000 fi(z;0)  w; 000 f3(760) w; 0000000000000 400000 fi(z;0)
O f(z¢)000000000000000 #0000 000000000000
£00000000000000000000000NINJ-CALLOOO f € NINJp OO
00 O

00 5.4 (000000000). 00 feNINJpOOODDOO[f], 00000000

O0. P=(3,Q,RUIU00000 NINJpOO 5330000000000000000O
obo0o00s3300000000Db00b0Db0ODbOO0

00 O NINJ-LOSTVARS

0D0000O00reR

r=f(p)=e
OOlostvars(r) # 0000000000000 VoLOOOOOOOOOOOOO 00
0000000 «w000 f(7pF) u00000000e0000000000000000
000000000000000000000000000000000 t1,t,€ Tx00
006,60, 0

01 (z) = t if x € lostvars(r)
n O(x) if x & lostvars(r)

Oa(z) = to if z € lostvars(r)
S O(x) if x & lostvars(r)

D00000Oel) =eb) =ef 00000000 f(P6) Jul0 f(phe) w000
00007p6,# p600000000f00000000
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000 NINJ-OVERLAP

O0oooooooOdrreRr

000000007,y 000uwl00Oepul0 €y «000000000000 ¢t e Ty
oo0ooOooboobooe,0e,00UnDo

61 (z) = to if « € lostvars(r)
ST me) if o € lostvars(r)

to if x € lostvars(r’)
O2(x) = . ,
no(x) if = & lostvars(r’)
DDDDf@MQ@uDDf@%@uummmmmmDDD?&#QQ%DDDDDDDDf
oooooooo

00 0NINJ-CALL

0000000 reR
r=f(p)=Clg(?)

O0ge NINJpOOOOOOOOOOOO0O000D0000 VoLOOOOOOOOOo0o00O
000000000000 f(p0)«0000000000000000O00g000
0000000000000 0000000 w10 w;0000000«00000¢g(w;)du
00 gws) $uO000000 n,pe007m=wi0 Tp=w000000000000
06,6, 00000000000

1(z) ifze {7}
O(x) otherwise

) m(x) ifxe{T}
b1(@) = O(x) otherwise

00000004 0000f(p6) 00 f(poe) /000000000 7P # {p)be
00000000 f00000000 O
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534 UU00OUOOUOUooon
gbogboboooobbobooboboobobooboobobooobobob
gbobodboboobobobobuoobobuooboboboooboboobooboon
gbobdoboboboogboboobobobooboboobooboboobobo
gboboobobuoobobbooboboobobuooboboobooboboobg

0000000000000000
0000000000 haf 00000
half (Z)

half (S(Z))

half (S(S(x))) = S(half (x))

OO Relf 00000000 0DOOO0OOOOOODOCOO0ODD helf COODODOODODOOO

YA
VA
S

> 11

~—

ALe-COD0000D00O0000O00
half(Z) = B,
half*(S(Z)) =B
half¢(S(S(z))) = Bs(half(z))
00000 0000000000000 000000000000000000000
00000000000000000000000000000000000000000
000hdf000000000000000000hefO000 SO00 half*000 By

00000000 0000B;00000000000DODO Relf00000ODODOO

half<(Z) =By
half(5(z)) =B,
half(S(S(x))) = half*(x)
0000000000000 00DoOOo0on0g preedDO0O
pred(Z) =Z
pred(S(Z2)) =Z

pred(S(S(z))) = S(z)

00000000000 Arc-COO0ODOOODODOOOOOD0

pred®(Z) = B,

pred®(S(Z)) = Ba

pred®(S(S(x))) = Bs
o0oooooboobobodB, 0 BsOU0D00O B OO0OODOODDODODOOODOODOO
O0dboo0obO0boob0obDoobOoboobobooboboDoobUobDoboboboOoDg pred

gooooooao
pred®(Z) =By
pred®(S(Z)) =By
= B,

pred®(S(S(x)))
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gboobobooboboooobobooboboobobooobobooobon
0000000000000000000000ooooo0P=(X,Q,RHO0000000
U0 ROUR=RiWRW.---wR, 0000000000000 OOOOOOOOOOOO
00 R, OU0O00O0D0O0O0OOr/ eR 000000000000 O0OOOO

e rJ/0000000OOOODO
e rJ/00000000000DO00DOOODDDOUOOODDOOOOOODOD
e rJ/0000000O00OODODOO

ggobbogoubooobbboodouobooouboooobobooooboboobboa
gogobboooobbooooooobbboooboooobboooobbooboobo
ggboboggubbogobobuooobobobbuoooonbboooobobooobboa
uggoooobbooon

00000r = add(Z,y) = y,r2 = add(S(z),y) = S(add(z,y)) DOODODODOR =
{ri}w{r} 00000000000 O0Or, = neg(True) = False, ry, = neg(False) = Ttrue
DO000DR={}w{r} 00000 R={,r}000000000000000000
000000 ALe-ScOO0000D00000000000 = f(A) = True,r) = f(B) =
False,ry = f(C) = False 000000 R={r{,r}w{rs} 000 R={r{, 7} w{rf} 00
goooooooogoooonog

000000000000 Are-COO0000O0O0DODOD Awe-ScOOOOOoOooOoOO
gobobooboboooboobooooboboooboboobobooobooobooon
gooooooboobooooobo

000000 5.2 (0000000000 ALc-Sc).
000 00000 P=(3,Q,RUD0O0O0OR=R WRWU---WRy
o0 ooooooboooooboooon pe

goog
1.00000 R;,O0D0000000re€R,;

r=f(7) = ClAGED), ..., fa@n), 7]

gobodgboooboodad

(a) 00O f¢NINJpOODODO

goog
(b DOOODDOOOODOOODOOOOO 000000
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g0  0oooonoonoooon

pre

T}C)re = fc(?) = Bj(gl(_f): ce 7gm(y—m>)a _0))

0000 {g:(¥) ieqr,..my O {fi(@)}icq,..ny 0000000000000
0000000000000000000 f4(z;)000000000 £47)
000000000000000{y} = lostvars(r) 000 0

i. 0000, 000000

pre
rore = f°(P) = Bj(e)

000000-000000000r-000 fO0O00OOOOOOYER
gbobooboogboooooboon

o= f(F) 2o

gobooboooobooo

goog
2. 000000 RODOO0OOODOODOPOODO U

00 5.5 (ALe-ScO0000). 00000 P=(%,Q,R) 0000ALe-ScO0O0OOO0
0P =(x,Q°,R)000000000000000000000 feQOO0[f]0
[flo0000O000

O00C0O0. 000000000000 0000DO0O000ALe-ScO Ag-COOOOO
O00C0ALe-ScOO0OO0OO0O0ObBA0000 ALe-COOOOO0OOOBRIODODOOOOO
O000000000DO0OC0D0OO000 Awe-ScO0OOOoOoOoOoooooooooOooo

e JIIDDOODODOODOODDODO
e OO DOOO0ODOODLODODODOO
e OO DOOO0ODLOOODLODOODOODOO

0051000000000000 0,000 0/

r=f(P) =Clfi(E1),- .-, falzn), 7]
v =f(0") =CfE), - (@), 2]

— — a7 — -7
D0P0=700 p¢ =+ 000 [f)(7)=[f](+)0000000000000000
O0r0~/0000000000000000000000000000O-0« 00000
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00000000000000000000000.¢0/°00000000000000
0000000000000 ALe-CO00000000000000000

00000051000000000000000000000 ALe-Sc0000000
0000000 f0000000 [f)(7) =[f](+¥)0000000% =+ 000000
00000 O

000000 Ae-ScO0O00O0OO0O0ODOOODODOOOOO0ODD

059 (000000000O0). 00000 fODODOOO

<

[

~

> >

N =

> 1>

O 0O 0O
[N}

—~
pd
w
~—
>

O00000000000000 R={rm,r}w{rs}0000000000 ALc-ScO00O

gooooooao
fe(A1)
f(A2)
fe(As)
ooooonon R:{Tl}w{rz,rg}DDDDDDDDDDDDDDD ALc-ScO0O0O00O00O
gooood

> b

II>

B
B
Bs

H>

fe(A1)
fe(Ag)
f(A3)

D00000000000000000000000000000

||>

||>

0 5.10(00000000). 00000 mapneg 0000

mapneg(a : x) = neg(a) : mapneg(x)

mapneg([]) =]
neg(True) = False
neg(False) = True

0000 mapneg 0000000000000 000O0O00CDOmapneg ¢ NINJpOOQOOO
00000 Are-ScO00000O00000DOO0O000000O0O0O00O000O0O0000

mapneg®(a : x) =

mapneg*([]) =
neg®(True) =

(oo Aol vo v )

neg®(False) =

gbooooooooooooboooooooooo
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0 5.11 (00000000000000). 055000000 z»pU0000oooooooO
O ALe-Sc000 zp0O00O00O0ODODODO

2ip({], ) = B1(y)
zip®(a:z,[]) = Ba(a,x)
zip®(a: x,b:y) = zip®(x,y)

O000zpO0000000000000000 zpc00000000000O00C0O ArLc-Sc
gboobogboobbooboobooobooboobobg

OO00000 Are-ScOO00O0O0O0O0O0O0O0O0O0ODODOOOOOOOCCOOOODODODD
0000000000000 00000000O0D0O0O000 HITTI97,Chiv3)| 000000
ggboboooboooboboobooooobooooboobobooobooboogon
oboooooooooooooooboobobobobobobono

54 0OUOUOUOOOOO

00000 f0000000 0000000003000 (RFL)ODOODODOOOOO
OO00DO0oO0o0D fgO00000DODOOOOOODO

fB(va) = <fa fc>71(v’ fc(s))

0O0O0{f 90 (ff) '000000000000000000000000
00 kO

Ooo00o00oo0oooooo0oRO00UOODOOOD fO¢gOO0O [HITTI7,Chio3)
0000000000000 0000000 [Epp8s,GKO5|0000O000OOOOOOOO
gbobbooboboboooobobboboboobooobobobobonooboobobo

54.1 00000 (f/)000000000

00 fst0000ALe-ScO00 fst®(z,y) =y 000000000000 OOO0OOOO

ooooo
h(x) = (fst(z), fst®(x))

ooobgArO00b0ODOOOODODODUOOD AODODOODODUODOODODODOD
O00000000fst0 fst°0000000000D0DODOODOOO0O0O0OODDOODOOO0
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDfstil(v))DDDfstcfl(v)
gbobooobobooobooboboooboooboboobobooboboobo
gbobooobooooboboobobooboboobobooboobobooobo
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0000 [CDGH97]0 000000 VoLOOOOOOOO0O00000000000000
000000000 0000000000000000000000000 f000000
0000000000000000000000000000000000000
f(C(z,y)) (z,9)
9(Z,2)
9(5(x),S(y))

> b1

g(x
z
S(g(2))

O00000oo0o HITTI7,Chi3| D0 00000 O0DDOO0LOO0OOO0OOOOOO
O00000000000000000000fstD fst“0000000000O0ODODO

(fst, fst)(z,y) = (v, y)

0000 (fst,fst)(z,y) DO0ODO0DO0D0O00O0O0OO0OO0O0OO0OOODOOOUOOOOOOOO
goooobogoog

gbogobooboboobobooboboooboboobbooboboobon
gbooobooobooobobooobuoobobooboboooboobobooboo
gboooboobooboboobobooooooooboobobooboboboobooo
O000000000000000 Are-ScO0000D0O0O0D0OOO00OO00DOOOOOO00
gbobooboboobooboobuoobbooobobbooboboboobobobooba
gooogobooboooobg

0000000000000 55000 2zipO ALe-ScO0OODOO0O 5110000 zip©
0000000 (zip,zip°) 000000000000 0OOODO zipUzipt0OO0O0OO0OOO
0 zipO zip°0 0000000000000 DO(zip,zep¢)0000000000OOOOO
O0000{(zip,zip°) 00000000000 OOOO0OUOOOODOOOOOOOODOOOOO
000000000 let00000000000O (zip,zip¢)000000000O0OO0OO
ggdn

zip(a : x,b:y) = Pair(a,b) : zip(x), zip®(a:x,b:y) = zip°(x)
!
(zip, zip©)(a : x,b : y) = let (s,t) = (zip, zip®)(x) in (Pair(a,b) : zip(x),t)

OO0 zpOUO0O0 zpc00000O0O00OOODOODOOOO

(11, B1(v))

(], B2(a, z))

let (s,t) = (zip, zip®) (z,y) in ((a,b) : s,t)
00000 Are-ScO000O0O0000O0OO000OOO00O0OOOOO00O0OOO0O0O00OO0
0od0ooooooooooobooooooooooooooooooooooooon
00000000000 D000D000 treelessDO00000O0O0ALG-ScOODODOOOOO
O00d0odobo0oooooooooooooooobooooooood

(zip, 2ip°)([],y)
(ip, zip®)(a : x, [])
(zip, zip©)(a : z,b: y)

> 11
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el v
o(e) 4 o(v)

(7)) =let {(y) = gi(T) }ieqn, my In (€),30. PO =70
— — —
gi(zi) J wi, n:= {xz‘j = Wi

CoN

’ xila"'vxini):‘r%(wila""wini):u—);}
— —
u = (qn)d
\

— Fun
u

O56.lete000 VoLOODO

gbooboobooboogooboobooboboobooooboobbobon
VoD let O OOODOO

rule 1=+ - -

| f(p17"'7pn)ﬁlet(y:l?“"yk) ig(x:l?"‘?l'm)

Wi up) = 92, a,)
in (e1,...,em)

goooooboder,...,e, OO0 OOO0OOODODODODODOOOOOOOOOOOOOONO
0ddoboO0let0D0000000OO0OO0O0DOOOOO0OO0OOOOODOOOOOOOO0O0
Odoo0oddoooooooooodooooooooooooooooOoOo voLgoao
0000 VpLOOOOOooooooooooooo se0ooooo VoLooooooo

gddooooobodoouooboooouooooobouoooouoooouoooooa
000000 VoLOOOOOODODOOD0OO Ae-ScO000D0DO00D0O0O0O0OO0O0DOO
gooooooooood

oooooo 5.3 (00).
OO0 Obobobobobobo POlet00OO0O0OOO
000 0000000000000000000000000000 P20

oood
1. 0000000000000 P¢O Awe-ScOOOOOO.

2.000000g¢g0O0D0O0ODODODOD -O00DODOODODOD

(a) OO r-°00000O0ODOOOO0-y000000000CDODDOOO
(b OO0 r000 00000 OOOOODOODO

goo
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e t0000D0ODOD g1(7),.-. 9T,

e £'00000OOOO0 ¢1¢(}), ..., 9 (Tn),

e wOOOODODDOD fi(Z1)s---» fn(Zm)-

0000
() 00000 t,t,w0ie{l,....n},je{l,...,m}0000000
() 00 4000000000000

(r,r) = (g,9°)(P) =let {(ti, t]) = (i, 9:) (¥ bieqr,...n}

3. 000U fO,000000D000y0000,000000000O0OO0OOO

00000
= f(P) =let {u; = £;(Z)}jeqt,my i C[W, 7]
4. 00000004000+ 000000000P2000000 0

54.2 0000000(f ) 000

00000000000 (f/)00000000000000000000 (f,f9710
0000000000000 0000000000000000000000000000
oooooooo

O0000D0 5.4 (0000000000).

000 let0D0000000O P=(%,Q,R)0O

000 lee00O00000O00 P '=(3,{f'|feQ},R)O

O0000000000000000 reR
r=f(7)=let{yi = fi(x)}icqr,my

in (¢)
000000+« eR O000000O0O0O0OOO0O

rl= f_l(?) = let {xz = f;l(ﬁ)}ie{h._,n}
in (7) -
OO0 5.6 (000). 00000000000000O00000O0OO0POOOOOOOO0
00000000 P '000D0O0DOODOODOPOOOODOO fO00O0O0O0OOP-tOO
0000 f'ooooo
NI T e ()47
0ooo
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00. 00000000 (=)000 #FuNDePTH(f(7))000000000000000
00 0#FuNDEPTH(e) D00 e 00000000000 FuNOODOODO elv00000
00000000000000000000000
0000000000000000000000000000000000000000
0D0f00000000000000

000 #FuNDePTH(f (7)) = 00

goooooo
f(r)=74
D000 6000 PA=20000000000000000F(P0) | ¢0000000
00
=7

00000000 fY(ge ) penoon

000 #FuNDepTH(f (7)) > 10

goooooo
f(P) = et {yi = fi(@)}icqr, .n)

. —

in (q)
00006000 pf =2 000000000000000f(PF) 4 w0000 c€
{1,...,n}0000 w0 fi(z;¢) y w;000000 nd0ie{l,...,n} 0000 ¥y =w,
D00D00000000(¢yd=w00000000000000000

FHD) = et {7 = i (W) e, om

. —

in (p)
00000000000 ¢¢=2000¢=0on00000004 € {1,...,n}000
OO0 fi(z;0) | ¢ 0000000000000 0000f Yy 00000000
D0 ¢000de{l,...,n} 0000 26 =2,000000000000vars(d) Uvars(n) =
vars(¢) Uvars(§) 0O 0O

goooooon
googooo

goog O
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oo00O fOO000DOOOOODOOfO0ODOOOOODODOOODODOOOOODOOO
gboboooooboboobobooboobobooboboooboooboobobo
googooboobooboooobon

snoc([],b) % b:]

snoc(a : x,b) = lett = snoc(x,b)in a : t
ggooobobbobbbtbdoooooooobobobobooooa

snoc (b :[]) = ([],b)

snoc '(a:t) = let (x,b) = snoc™!(t)in (a: z,b)

00000000000 00000b:[J]0e:t000000DOODOOO1:[JOOOO
gobobooboooooboobobooooboobboooboboboooobbooooooboooo
Olook-aheadD [Eng77| 0000000000000 ODOOOOOO

5.4.3 U0OO0O0OOOOO

D3DDD(RFL)DDDDDDDDDDDD fO00000000
fa(s,v) = f7(v)
00o0o0obOodbOodooD fgO000O0D0DOO0ODOOO fOODODOODOOO
fols,v) = (f, £ (v, £9(5))
0o00odobOOooboooo 000000

00 5.7 (0000000000ODO0OO0ODO). 000000000000 0OOOOO0OOO
god

O0.003300003000 (RFL)ODOOOO0OOOOO0OODOOODOOOOOOODO
gbobobobobooobooboboobobooboobobooboboobaaon
goooboboooooboboboooboobooossbbobobobooooon
gs6000000000DO0DOODODODODOD O

5.5 UUOUOOOO0bOoobooood

gboogobooogoboooboboobooboooboooobbooboboobob
ggbogoooobooobooboobooboooooboboboobooboboobbooboo

fB(s,0) = (£, £ (v, £9(s))
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0000000 fO000000 00000000000 sO000000000000
(v, f(s))0 (f,f9)0000000000000000000000f(s)00000000
00000000000000000000000000000000000000O0O0
000000000000000000.0000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000O0
0000000000000
0000000000000000000000000000000040000000
00000000000
A—C[Ay, ..., Ay

gbobooboboobooooobobooobooboooboboboboobobo
gboboobooobooboooboooobooboboobobobobooooboon
gboogboboobooboboobooboonbo

00 51 (00000000000O). 00000 P=(%,Q, )0 Are-ScO0O00ODOOOO
gooobooopPeO0DOOO0DOOODOOOOOOOOOOODOOODOOODOOO
0000000000 PAOODODOOUODODOO fODOO0DODOO fFOO0000O O
0000000000000000000000000 Guy=(E,N,R)000O0UOOOO

o N' = {Any}U{Tf]feQ}U{TffC\fEQ,tDtODDDD}
e RROUODODOUOUOOLOODODO
— 00OpoDOgCexnOOong
Any 5 C(Any, ..., Any) € R’
oooo
— Dooooobooooooboood
fP) =Clh@E), .., fulan), T] € R

goad
/
Tf —>C[Tf1,...,Tfn,Any] €ER

oooo
— 0o0ooooooooboobooDo

(9,9°)(P) = let {(ti, 1) = (gi, 9:°)( Z)}ze{l, n
{uy = fj(zj) Je{l,.m

—

in (C[t,w,7).C'[t, 2]
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— —
00000t 0000« 000006000 ¢ =C[¢,21000000000
goo

i o T A /
Tf — C[T<g’gc>,Tf, Any] S R

oooo O

000000000T;0 Any 0053200 T;0 Any 0000000000000 Any
0X0000000000000007;000 f0000000000T ., >v000
000000 sO0000 (f,fs)=(v,t)000000000000

*

00 5.8 (000000000C0O0O). 0051000000 GuvDooooTh ., 5ol

(£.f9)
000000 (v, t) €ran((f, f)) 000000000000
00.000000000

t,DDODOOYOO0DO0OTY,

Y ey 2> v00000000000000000(v,v') €
ran((f, /) 0000

000000000000 fO00D00[TyJO00 fO0DO00O0O0OO0O0ODOOO0O

0000000000 OO(f, f)(w)d (v,v)00000000000007TY, ., 000

(£.1)
0000 #FuNDePTH((f, f)(73)) 0000000000000

000 #FuNDEPTH({f, f¢)(v0)) = 00

gogooaoo
=

(f.f)(P) = (C[7].C'['])

000060000 p0=20000000000000000000wv=C[Z0)0000
—
o =C[29)000000 GuywDOODOO0OGuwO0OOODOODO000000

Y gy — ClAny, ..., Any]
00000v=C[Ze00000000 ke{l,...,|7} 000 Any > 2,0 000000
TZ)‘)L/‘,fc> - C[Any7 ceey Any] i) v

gooooo
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76
000 #FuNDePTH({f, f¢)(v0)) > 00
gooooono
(f, ) (P) =let (ti,t]) = {9,9%i(yi) i€{l,...,n}
u;j ﬁf](z_]))_) = je{l,...,m}
—
in (C[t,u,=],C'[t,2])
0000 ednODOODO
PO="75
(giagic>(_i)0)ll(wi’w;) ie{l,....n}
f](z_je)llvj je{l, ,m}
v =, = T /
(C[tn7un7x0]ac[t 777339])—(7)7@)
0000000000000 GupwOobOOobhOOGuyvOOoOoOooooooooo
——
U/ tle,’,’ —_— —
T(f,fc> - C[T@’gchf, Any]
00007y, S vy =un0je{l,...,m}000 Any 5 200k € {1,...,|7}00000
0000000 de{l,...,n} 0000 (g5, 9 (%0) I (w;,w,) 000000000000
/ " — — —
D0o0oo0oo0oT” . Sw=tmO00O00O0O00¢em=+¢n=4' 0000000000
(9:,9:)
' N ey
Tlhsey = ClTlg gy = CLEm W0, T = v

>$UDDDDDDDDDDDDD%DDDD<ﬁﬁﬂ%ﬂuuw

oooo
oo0ooog Digﬁ
00000000000 &20000000000000

0005 =—0
O0000GuyDOOOO
Tih pey = ClI
D0000000000000000000000w=C[|00000000000000
00000000000 00000
C\ (=) ~ /_;
(L () = (C[,C[z'])

N
o' =C'[2]0.

000 e
0000000000vw 0w =p000000000(f,f)(v)d (v, )OOODO
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0005 = o050

0ooo
v’ t'0 A %
Ty ey = ClTig ey, Ty Any] — v

gbooboboobuobboobuooboobboobooobod

ooo e
— —
o =C[t, 20
— = — -
000000000000 CwW,7,]|0000000000v0Cw,s]|0000000
— — = — /
00000000 =¢6, s =2/00000000i€{l,...,n}000 T o w00
00000000 e{l,...,m}000T, S0,000000000000 je({l,...,m}
00007y, »v;00000 700000 f4(Zo;) $v,00000000000000
DDie{LHWMDDDDDDDDDDDDDngWimeDDDD@DDDDD
(g5, ) (Fio3) = (w;,w)) 00000000000 000000000

nj(z) if @ € {7}
(z) = oi(z) ifxe {E:}
O(z) if xe{z'}
Sk if v =xp € {7}

0070000 Owell-defined000000000VDLO letO0O0 affine00000000O0O0

. C — — = — /—;—/) 12
00000 affine0 000 lineard0O0 OO [(f, f)](p71) = (Cl[w, v, s],C'w, s']) = (v,0)
goooono O

gbooobobooboboobooboooboboooooboooboooobooooboD
gbooooooooooooooooooooooooooobooooooooong

0 5.12. 0000051000 append 00000 append* 0000000000000
ugboogn

(s1,82) = ([True, False], [])

0000000000000 append(s1,s2) =[True,False] 00 000000000000
0000 append©(s1,s2) = B2(B2(B1)) 0O OO
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gobodobooobooboooooboobooobooboooboooboo

Any — True  Any — False

Any — [] Any — Any : Any
B2 (B2(B1)) . mB2(B1)
(ajopeid,tippendﬂ - Any : T(a;pe;d,appendﬂ

B2(B1) . B1
T append,append® - Any T append,append®
pp pp pp pp

1

(append,append®) - Any

000000000000000 72%3) . 000200000000000000
ppend, append®)

gbooobooboobbo2000b00boo0oobooobooo

0 5.13. 0000000000 fiterOOODODO

filker([]) =]

filter(Az1 : ) = A1 : filter(z)
filter(Az : ) = Ay : filter(x)
filter(As : z) = filter(x)

00 fiter0O0O00OO00DDOOODOOODDOO

filter([]) = B;

filter®(Az : z) = Bo(filter®(x))
filter®(Az : x) = Ba(filter®(x))
filter®(As : x) = Bs(filter®(zx))

000000 Awe-ScOO00O0O0OOO0OOOOO0OOODOOOOOOOODOODODOOO
ooog

s = [A2, A3, Aq]

0000000000000 fiter(s) = [A2,A;] D0O0ODOD0O0OOODOOODOOUOOOO
ﬁlteTC(S)ZBQ(B3(BQ(Bl)))DDDD
gobodbooooboobooooboobbooobuoobbooobuoobo

7B2(Bs(B2(B)) . pBsB2(B1) -y pA ALY

(filter,filter®) (filter,filter<)
B3(B2(B1))  _, pB2(By)
(ﬁl)élegr,ﬁlterc) (filter,filter®)
B T B
T(é%terl,ﬁheﬂ = U Tiger finerey ¢ € {A1, A2}

T(ﬁllter,ﬁlterc) - H

000000000000000 7B 0000200000000 A0 ADO0

gboboboboooobooobooobobobooobobobobobooboobo
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5.6 [

gbooboooooboboboobooooboboboboboooboobobobooooboon
OO0O0DO0o0on students D00 DO 0OO0ODOOODOOO0ODOOODOOOODOO

students([]) =[]
students(Student(name, grade, magjor) : r)

= Students(name, grade, major) : students(r)
students(Professor(name, position, magjor) : r)

= students(r)

000000 Are-ScO000students 0000000000 OCO0OOO0OOODO

C

students®([]) = By
students®(Student(name, grade, magor) : 1)

= Bo(students®(r))
students®(Professor(name, position, magjor) : r)
(

= Bs(name, position, major, students®(r))

0000000000000 By,Be,BsOOOOOOO0OOOstudents0 000000000
O name, position, major 0000000000000 0O0O0OOOOOOO0OO0O students
0000 students* 000000000000 OOOOOOOO

(students, students®)([]) = ([], B1)
(students, students®)(Student(name, grade, magjor) : r)
= let (s,t) = (students, students®)(r)
in (Students(name, grade, magjor) : s, Ba(t))
(students, students®)(Professor(name, position, major) : r)
= let (s,t) = (students, students®)(r)

in (s, Bs(name, position, major,t))
O0000000000000000 (students, students®) 000 0000000000000

(students, students®) " ([],B1) = []
(students, students®) ! (Students(name, grade, major) : s, Ba(t))
= letr = (students, students®) (s, t)
in Student(name, grade, major) : r
(students, students®) ' (s, Bs(name, position, major,t))
= let r = (students, students®)(s,t)
in Professor(name, position, major) : r

00000000000000 reflectypugents, studentss 0 0 0 00 0

studentsg = (students, students®) ™" (v, students®(s))
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gboooboobogbb p0bddobbooobd

o[l ) = 1]

p(Student(name, grade, magjor) : r, Student(name’, grade’, major’) : r')
= Student(name’, grade’, major’) : p(r,r’)

p(Professor(name, position, magjor) : r,r')

= Professor(name, position, magor) : p(r,r’)

000000000 studentsp0 000000000 O0ODOOOOOODOOOODODOO
gbooabboobogboaobo
gbobogboobbooboobboon

s = [Students(David, M2, ComputerScience), Professor(Emil, Professor, Mathematics)]
gooooooon
students(s) = [Students(David, M2, ComputerScience)]
dooooooooon
v" = [Students(David, M2, Mathematics)]

O00D00D0000000 studentsgDO0O0000OO0DOOOOOO

studentsp(s,v')
= [Students(David, M2, Mathematics), Professor(Emil, Professor, Mathematics)]

0000000000000 0O0000OUO [Jbo0000o0OoU0oooUooooOoo
goog
O00ug studentsp0 0D OO0 0O0O0O0O0ODODOOO0OOOOOOOOOOOOOODODOOD

V1, Vg, vy [
v1 = Ba(Bs(Emil, Professor, Mathematics, By ))
vy = B3(Emil, Professor, Mathematics, B1)
vg = By,

gbooboobooobooon

T
(students,students®
V2 v3

(students,students®) - (students,students®)

e 2
y = Students(Any, Any, Any) : T<527:udents,student50>

U3
(students,students®) - H

00000 [T ents studentsey] 0 O students 0000 0000000000000000
0oooTy

*
(students,students®) — o' 000007 72 H oooo

(students,students®)
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5.7 0UO0OU

O00O0OOaffined0 treeless 0000000000000 O0OOOODOCOOOOOO
goboboooboboobobobooobooboooboobooooboooobooboon
00000000000 [BS8l)000000O0O0O00O0O00O0O0OoOooUoooUooo
goboboobooboooboobooobooboobbooobooboooooboooobooon
gogboboooboobooobooooboboobooobooobobooboooboobooon
gobooboboooboobooooboobooooboobooobobooooobooboooon
0000000000000000000000000000000 [CDGT9710000
goboooboooboboboooboboobobooobooobooooboooobooon
goooooooooo

5.8 0UO0OU

gobooboooboobooobooboooboobobooba

sfsialuislufsls

he(z) = (f*(9(x)), 9°(x))
0000%0000000000000000000000000000000000000
000000000000000000

a:b:x ifa<bd
b:ins(a,x)if a>0b

ins(a,b:x) = {
sort([]) =]

sort(a : x) = ins(a, sort(z))

boobobooboobbooboooo

B ifa<b
Ba(ins(a,x)) if a > b

ins®(a,b:x) = {
sort’([]) =1

sort®(a : x) = ins(a, sort(x)) : sort®(x)

UoogooboobogD sertg0D0OO00D0OO0OOO0O

sorts([1,3,2,4],[11,12,13,14]) = [11,13,12,14]
sort([1,3,2,4],[11,12,13)) =1
sorts([1,3,2,4],[11,12,13,14,15)) = L

‘0ooO0oDoO000on [FGM*05,HMT04) 00 000000000000000000
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gbooboboobobobobobobooooobobooooboooboobobobobon
gboogooog

h(x) = (fst(), snd(z))

gooooooo
h(z) = (fst x snd)(dup(zx))

gogoooobooooon
h¢(x) = (const., (snd x fst)(dup(z)))
gboooooooobooooooooooooooooooong

h(x) = append(z,[])

gbooobooboooboobooobaaboo
gobogboobboooooobod

gboogooboobgoooo

o00od0oogdf000000 fOg0DODOODODOODOODOOODOOODODOODODOO
O0000000000000(fstxsnd)0 duyp0000000000O0Oappend D00
000 [|000000oo0ooooooo
gboooboooooobobobobooboboobuoobobuoobobobon
gooobooboboooboobooboobobuoboboedbObDUODOn appendd D OO
O000b0o0o00bo0boob0odbbappend 00000000 OOO0OOO append O
gobooooooboobouooobobuobobob spgugoobooebtdbdupdoD
gboboooboboobooooboobobooobobooboboobobooboobo
goboobobboebb0Ob0ObDUObDUODbUODObOOOletbObObOD8ObOODOD
gboboobooboobooboboobooboboobooboboooboboooboon
O7000000000O00ARDODDOO0ODOgO00ODO0O0ODOODOODODOOOOODOOOYf
U0g¢gOO0O0D0OO0ODDOODOODDOODOODDbOOODOD
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el XMLUOOOOOOOOOODO

O50000affine00 treeless 000000000 VoLOOOOODOOOODOOO
gobooboboooboooooobooooboo XMLOooogooooooooooboooooo
googn

obobobobobobob vpLdooooooooooooroboboobooo
gbboobbooobooobbooobuoobboobboobboobooooboooon
gsgoboogn

000000 800000000000 UUODOOODDOO oo ODOOOOO
googn

6.1 TreelessOOOOO
6.1.1 O0O0OOO

XMLOODODOOoOOooooboooooooooobooooooboboooobboooooo
000000000 XMLOOOOOOOOOOODOOOaftinedO treelessODO0OD0OOOO
gooooooobooogbogoobooboobooobobobobobobooboon XML

<chapter>
<title>O OO O</title>
<p>000000D00D0O0ODDODODO...</p>
<p>U0000ogoooog...</p>

</chapter>

<chapter>
<title>O OO O</title>
<p>000000CO00OO00ODOOO0O...</p>
<section>

<title>O 0O OO O</title>

</section>
</chapter>...
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o000 XHTMLOOODODOOoOOoOoooooo

<h1>0 000 </h1>
<p>00000000000000000...</p>
<p>00000000...</p>

<h1>00 00 </h1>
<xp>0000000000000000...</p>
<h2>00000</h2>

O0000O0000OO<chapter>0 00000000000 O<title>000000O0O<p>0
O0O00ODO<section>0 0000000000 OCOOODOOO<title>000O0O0O0O0OOO
O00<p>00000

0000000000000 000DOOO00000ODoOoOC0DOOdaftinedO treeless O
oo0o0CoCOCOO0OO00000O0O0000oo00dooooogooooooooOoog
O00D00DD ChapterOO00O0O0O0O0OOOOOOOO0O00O0OOOOOOOOOOOOO

f(Chapter(title, paragraphs, secs) : chapters) = ...
gooooon
e IODOOOODODONO
e OOODOOO
e JOOOUODODOOODO

O00D0ODO000D00OD0O0O00bbO0O0ODOtreelessO 0D O0O0O0OOoDOOoDOOO
append OO0 O0D0O00OD0O0O0OOOODOOODLOOOOOOOOOODOOODOOODOODOO
00000000000 0000D Chapter 000000000 ODODOODODODO XMLO
oboooooooooooooooooooooooooon

6.1.2 0O0O0O0OO0OOO

ooooxXMLOOOO0OOOoOooOooooooOooOoobo0oob 400000000000
ggbdobooboboobuooboobooobooboobooboboobooobobo
Otreeless 000 0D0OOO0O0O0ODDOOOODOOOODOOOOODOOOODOOOODOOO
gboboobobooboboobuobbooboboboobobooboboong
gboboobobuoobobooboooboobobooboboobobooobg
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goooobooboobbodb e22000000000

data C = (<chapter>(<title>(String).P.S))"

data S = (<section>(<title>(String).P))"

data P = (<p>(String))*

c2zx(e) =e

c2x(<chapter>(<title>(t :: String) .p:: P.s:: S).r:: C)
= <hi1>(t) e p . s22(s) . c2x(r)

s2x(e) =€

s2x(<section>(<title>(t :: String).p:: P).r 2 S)
= <h2>(t) . p . s22(r)

Udcx000000O000.O0000D000O00D0O0O0DOO0OOODOOODOODOO.D
Ubdb e2z 0000 s220000000DODOODOOODOODOOODODOODOOODOO
g.0obooboobooboboobooboboboooboboo

6.2 Affine00000

O00affine00000000CO00D0OO0OOOO0ODOOOOOOOOODOOOOOOO
goooouooooooooooooooooooobooooboo VoL obbobo o
fO0g¢g0000DDOOODOOOARODOOODO

OO0 aAOO0VDLODODOODOODOOODOOOOOOOUOUODOODOODO z20DOO
OO000O000000Oafine00000OO0O0OOOOOOOOOAROOODOOfO gOO
gboobobooboobboobooboo

e 00 fO¢gODODOOODOOODDO
e 00 fO¢g0000OO0DDOODOOO
e U0 fOgOOOOODOODOOOO

gbobooboobooboboooboobboooobobooooooboobobooooboo
Oo0o0o0o0obOoOooO AOO0OOOOCOODOODODOODOOOODOODDOOOOOOO
fO00DO0O0ODOOO00O0O0

hi(s, (vi,v2)) = f~ (01) if g(f " (01)) = v2
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gobooobooboboooogoboeAObObObObODUObDUODbObLbODODUODODOODOD
gboogobooboobboobooboobbod

unzip(z) = (mapFst(x), mapSnd(z))
where mapFst([]) =]
mapFst(Pair(a,b) : r) = a: mapFst(x)
mapSnd([]) o)
mapSnd(Pair(a,b) : ) = b: mapSnd(x)

divs(z) = (diva(x), divs(x))
where divy(z) = |2/2]
divs(z) = |x/3]

diveg(z,v) =2 X v + (z mod 2)
divsg(z,v) = 3 X v + (y mod 3)

00 unzip0ODOOO000000000000000000000000000000000
unzip([Pair(1, 2), Pair(3, 4)]) = ([, 3], [2,4])

0000dd gwDO0O00OO00O0OOO 2000000300000 000000000O0
gdooobobobobbotbtodooooooooboobobooga
divs(13) = (6,4)

ooogd

6.2.1 0O0O0OO0OOO

gboooboboobobooboboboooboboooboboooboboobon
gbobooboboobobooboboboobobooboboooboobonboobo
0000000000000000000000 dup(x)=(x,z)0000ARD

h=(f xg)odup

O0000O0(fxg)UOdepO00D00000O0O0OOO0OOODOOUOOOODOOODOOOODOO
gobobooboobobooobooboobooboobooboob0b wzpdOOD
oooooooon

mapFstg(x,v1) if mapFstg(x,v1) = mapSndg(z,va)

unzipg(x, (vi,v2)) = {

1 otherwise

O0000mapFstg 0 mapSndg 0000000000 mapFstg(x,v1) D mapSndy(z,ve) O
00000000 (vi,v2) =uwnzip(x) 00 000000000000 0O000O0O mapFsty
O mapSndg 000000000 O0ODOO

mapFstg([(2,3)], [2]) = [(x,3)]  mapSndg([(2,3)], [y]) = [(2,v)]
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0000 mapFstg([(2,3)], [z]) = mapSndg([(2,3)],[y) 000Dz =2,y=3000000
00 ([a], ) = uenip((2,3)) 000 0

U0D0D0quotientD 0000000000000 O0ODOOO0DODODOODOOODODOD0
O000000000000000 [FPPOSIDOO0ODwunzpOODOOODOOODDOOODOO
gbooobooobooboobooboobooboobobDibobDuwep00D0O0D0O0O
goooobooboobooooboobon

6.2.2 0O0O0OO0OOOO

HuOO MuOO [HMT04,MHT04a)0 DO 000000000000 ODODOOOOOO
dooooooooooooouoouooooooooooobooooooonooa
goo

h=(f xg)o dup
O0000(fxg 0 dup000000000000dup 000000000 OODOODODO
O000000000HueODOOO HMT4|OOOO wnzep 00000000000 OOO
mapFstg(s,v1) if mapFstg(s,v1) = mapSndg(s,vs)
mapSndg(s,ve) if mapFstg(s,v1) =«
unzipp (s, (v1, v2)) = maz;st5(2,7012)> if mazSnd]l((.;,zzlg)) =z
L otherwise
gobooobobobbooboobooobooboobooobooboobobboUDunzipy
0000000000000 ooooooDooDo00Odd unzep O
0000000000000 oooobDobo0o0oooooboooo
0000000000 Db00bO0o0oo00ooOMuODOOO0OOO00DOO0O0ODbOO0ODOO0ODOO
0000000000000 000000000000MuOOO0O [MHT04a, HMTO8] O
D00 wunzp OO O OODOODDOOOOOO

unzipg(s, (v1,v2)) = mergeUpdate(mapFstg(s,v1), mapSndy(s, v2))

OO0 mergeUpdate D00 OO0D0O0O0O0DOODODO0OOO0ODODOO unzipg O unzip OO0
Ubooboboobobobboobobobibbwzpg 000000 DLODOOOOOODO
0000000000000 00000MuOOO0O0O0 mergeUpdate00O0DO0O0OOO0O
oooooon

O000Odiws 00 0D0O0DODOO0ODOODOO0ODOODOOOODOOODOOOOODOODOOn0
O000O0OHuDODOOO MuOOODODOOOOODOD diosODODOODOOODODOODOOO
divop(s,v1) if diveg(s,v1) = divsg(s,v2)

divss (s, (v1,v3)) = dZ:’UgB(S,UQ) ?f dzisz(s,vl) ==z

divag(s,v1) if divsg(s,ve) =z
1 otherwise
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000000 divsg 0000000000000 0O0000 1200000000000
0ooo (6,4) — (6,500000 (7,5 — (6,5 00000000000000000
0oo

divs(12, (6,5)) = 15

0000000000 10000000000 (7,5)0000000000000000
divsg (15, (6,5)) = 13

0000000000 130000000000 (6,4)0000000000O0ODODODODO
goboobooooboooobo 1200 1300000000000 DOO0OO0O0ODOD
gobobooobobobooooboobooboobooooooboobooobooobobon
gbooooooobooooooooogooobobobobon

6.2.3 UO0O0OO0OOOOO

00000 [FGM'05HMT04,MHT04a] 0 00 000000000000000000
000000000000000000000A(z)=(f(z),¢(z))00000000AO00
D00hsO fgp0 g 00000000000000000D0OOOOOO0O00000O00OO
00000000000000000000000000000000000000000
0000000000000000000000000000 A(z) = (f(z),¢(z)) 0000
he0 fp0 gp 0000000000000 000AODDOOOOOOOOOOO0RAOOO
00000000 A 000000 K00000000000000000 unzipOO0OO
0000000000000000

unzip([]) = ([I,1)

unzip(Pair(a,b) : r) = (a :71,b: ro) where (r1,72) = unzip(r),

000000000000000 wnzgp00O000O0O [HITTI7,Chi93|000000OO
gooboboboboboboboboboooboboboboboboboOobooon
ggboboobooobobooboboooboboobobooboboooboobbooD
0000000000000000000000000D00O000OOO0 [IEHM8O00O
oon
oooooooobosoooooboobooouoooooobooooouletbbbbonoO
Oddlet0doo0ooooooooobbobooooooboboooboooobboooogoo
ggboboooboooboooobogbooobooobooboooboboobooboooboobooon
O0O000000DbDbO0O0OOOtreeless 0000000000 DOOOODOOODOOOOO
oboooooooooooooooooooooooooon
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program ::= prod; ...prod,, ruley...rule, (0 O0O000)

prod n=dataT =t (0oooo)

t :E‘U(t)‘tl-tQ‘T ( )

rule = f(p) Ze (ODOooooo)

e = let bind; ... bind, in () (let O)

D w=c|o(p)|prep2 |z T (0ooo)

q n=celo@)|a-elyl (ooon)

bind = (YY) = f(T) (let00O)
000,270y 7000, f0000,7000,000000000

061.00 VoLtOOO

6.3 000000000 VbL*

goooboooobbooboooboo.4oOoooboobouobb letboboboog
00000 VoLOOOOOOOOOOO0OO000 VoLOOOOOOO0OO VoLtoooooo
VoLOOOOOOOOO0OOO000D00000000000 VoLtoooooooooo
gboooobognbooo

6.3.1 UO0O0OOO

00 vortO0ODOOD 61000000 VoLt0OOD000O P=(G,Q,R) 000000
00GOO00000000000000000000O000000N0N0NNoNonononononog
000000C0O0000ROOODOOOOOOOO

00000 P=(G,Q,R 0000 GOOOOODO

datal =t

OO00o0ooO0o0o0DOOO0O0bOooOOoO000bO0 dataT=t00GOOOOOO0T —¢t0O
gboobboodgbooboobooboobobooboobobobooboooboon
boboboobooboboobobobbooobooobobooboobooobobo
0000 KleeneO O *O00D00OO00O0DODOOOOOOOODOOOOODOOOODO

gaon
data C' = (<chapter>(<title>(String).P.S))"
data P = (<p>(String))*
data S = (<section>(<title>(String).P))"

gbboooboobbooobuoobboobuoobbod
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gobooboobbooobooboonoobg

F(P) =let (y1) = gi(21)

(Yn) = gi(zn)
. =
in ()
DDDD?DDDDDDDDD?DDDDDDDDDDDDDDDDDDDDDDDDD
O0000000o0ooooooooooooo

e J000ODONONODDDDDOODONONONONDDDDODOONONONONODDDDO zy,...,%,
gobooood

e J000000DDDDOOONOONDOODDOOONOODODDDO Zy,...,2,000
oo0y,...,y, 000000000

gbobodgboobboobooboobobooboab
e J0DDDOO¢OOODletDDDDOOOOOOOO
e 000000 ¢UODDDDDDOOOletdI0000O0O0O0D0D0OO
e J0DD00¢OOODDDODDDletdOOOOOOOOODODO

000let0000000000000000000000000000let0000000
0000000000000000000000000000000z:<a>*000000
D00000D0000000000 0000000000 AngD0000 [Any]g = Hs
00000000 Ay 00000000000 2z Any000 20000
04000500000000 VoLtO0OOO0OO0O0O000000000 CO0000
000 0,,...,0,0000000000000000CO00000000 0,000 Ay
00000000 0000000000000000 C(h,...,h,) 0000000000
000 Clhi,ha,...,ha] = R OO0 hy,...,h, 00CO AOODO0D0DO0OO0DOO
00000000000000C =0,.0,0 h=<a>0000 Cl<a>,e]l =h 00000
0 Cle,<a>] =h000000
0ooooo

f(p)=let ...t =g(T)...in C (1)

F(P)=let ...in C(g(7))

gooooooooood
f(F) = letin 7
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f(0)=7¢
ggogo
0000000000000 0o0D0o0b00DbOoooODoO eddbnOong #e0O
gogoogd
r=f(0) =let {(4) = fi(@)}ieq,.. )
. —
n(q)

0000000000000 lostvars(r) O

lostvars(r) = ((vars ) \U{xl ) U{yz ) \ vars(q)

oooooo

0000 pP00000000000000000000000 000000000
p=(r:T,<t>>y=T) 000007, ={z—T,y—T'}00000060005000
OVoLOOODODODOO0O0O0O0ODODODD000000000000000000000000
00000 ¢¢0000000000000000000 20 6(x)0000000000
0000000000000000000000000000000 00000000
000000 6(z) € [I3(z)],0000000000007P900000000 p0000
p00000000000 plp={r|3¢.pf=r}00000000002z::7T00000
[x:T]=[1T],0000000000000000POO000CO0C0OD0OO [p]o000
[plO0DOO0O0D0DO0

00000000000000000000000000000000000000000
0000000000000000000p00000pd =h =pn00 dom(#) =dom(n) =
vars(p) 00000 =n00000000000000000 f(P)=...0 f(p))=...0
O00pf=v=pn00000600p00000000000000000000 py1.pe
00000[p]p || [p2], 0000000000000000000O000O00000O0
Dmfﬁﬂﬁu.mﬂ?@ﬁnwuuuwﬁhmﬂﬂpﬁdzwmmmmmmmmmmmm
O000000000 fO0g¢g0000000000000

flz o <a>® oy m<a>®) = ...

g(x :: <a>) =...
gz <a> . y<a>) = ...

00 VpLt 00 62000000000000000000 o000 000000
000000000 VoLOOOOOO e0000TI00000000000000 0T
000000 Oranp(e) = {v|ef Jv,vars(ef) =0} 0000000000000 POOO

0 f00000
[[fﬂp(?):{ U 1ff(v).ll U

1 otherwise.
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el w er vy eslw
Eps |2 1dv el v

ele ole) | o(v) e1.ex |l v1 .09 Car

3

F(P) =let {(y) = i(T)}icqr,.. ny In (7),30. 70 =0
9i(7i0) | ij | (

— —
ti, o:={x;;— wil,---,ﬂfz‘m):fz‘),(tﬂ,---,tmi)= ti }
(qo)o

)

J
—
v

I

Fun

el

06200 VpLtOOOoOOGO

goodan
gbogboboobboobobdooboboooboobobooboboobab
googboooobooo ¥oooboooobooooboooobbobooboobooo
U0 HyOOOOOOOOObOOooOooOooboooooboooobobooobooogo
ogoooooooooooobobooboo0oO0 fOOO0ODOOOOOODOODOOOD

6.3.2 00 VpLtOooQoooo

00 VoLt O0OO0DODO000000000000000000000000 VoLOOO
goooooogoogog

0 6.1 (00). 00000 reverse00 00000000000 OOOOODOO

reverse(g) =e
reverse(x :: Char .1 2 Char™) = reverse(r) . x

000000 kazutakal reverse DO 0O0O0O0O0O0O akatuzak OO OO OO
oo0ooo0ooooooooooooooooooooooooooooooooan

06.2(0000000). 000 reverseRO0000000O00O0OOO0OOOOOOOOODO

reverseR () =¢

reverseR(r :: Char™ .z :: Char) = x . reverseR(r)

063 (00) 00000 mirrerJ00000000O0OOOOODOOOOOOOODOO

goood
mirror(e) =c

mirror(x :: Char .r :: Char™) = x . mirror(x) . x
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064 (00000). 00000 ¢h00D00O0O0OO0OO0DDODO0ODDOODOOODOOOO

cb(<z>) = <tip>
cb(<s>.r) =letx = ¢b(r)in <bin>(z.x)

065 (00000). 00 tecO0ec200000000000DDOODO

data P = (<p>(String))*
data Sp = (<section>(<t>(String) . P))"

toc(z) =let (s,t) = f(z)in <ul>(s).t
fe) = (e,¢)
f(<chapter>(<title>(z).p: P).r)
= let (tocR,r") = f(r)
in (<1i>(z) . tocR,<h1>(t) «p.1’)
f(<chapter>(<title>(z).p:: P.s:: Sp).r)
= let (tocS, s') = g(s)
(tocR,r") = f(r)
in (<1i>(x).<ul>(tocS) . tocR,<hi1>(t) . p.s 1)
g(e) = (¢,¢)
g(<section>(<title>(x).p:: P).r)
= let (tocS,r’") = g(s)in (<1i>(x) . tocS, <h2>(x) . p.1’)

OO0 fO00O0COCOODOOODOOOCCOOOOO0O00000<«>0000000000
Uo0oo0oooodDtecdDO

<chapter>
<title>chapterTitle;</title>
<p>para,</p>
<p>paray</p>
<section>
<title>sectionTitles</title>
<p>paraz</p>
</section>
</chapter>
<chapter>
<title>chapterTitles</title>
<p>para,</p>
</chapter>
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ooooooooo
<ul>

<1li>chapterTitle;</1i>
<ul>
<li>sectionTitlea</1i>
</ul>
<1i>chapterTitles</1i>
</ul>
<h1>chapterTitle;</h1>
<p>para,</p>
<p>para,</p>
<h2>sectionTitlea</h2>
<p>paras</p>
<hi>chapterTitles</h1>
<p>para,</p>

0 6.6 (00) 0000000000000 O0DDOO0UO0OOOOOOD <math>000
<physics>0 0O 0OD0O0 <chemistry>U0 000000000 OO0OO0O0O

<results>
<result>
<name>Alice</name>
<scores>
<math>72</math><physics>65</physics><chemistry>85</chemistry>
</scores>
</result>
<result>
<name>Bob</name>
<scores>
<math>96</math><physics>85</physics><chemistry>84</chemistry>
</scores>
</result>
<result>
<name>Charlie</name>
<scores>
<math>85</math><physics>97</physics><chemistry>62</chemistry>
</scores>
</result>
</results>
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00000 result2scores

results2scores(<results>(x))
= let (ms, ps, cs) = f(r)
in <scores>( <math_scores>(ms)

. <physics_scores>(ps)

. <chemistry_scores>(cs) )
fle)=e
f(<result>(<name>(n) . <scores>(<math>(m) . <physics>(p).<chemistry>(c))).r)

= let (ms, ps, cs) = f(r)
in ( <name>(n).<score>(m) . ms,
<name>(n) . <score>(p) . ps,
(n)

<name>(n) . <score>(c).cs )
gooooobbobbbooooooooon

<scores>

<math_scores>
<name>Alice</name><score>72</score>
<name>Bob</name><score>96</score>
<name>Charlie</name><score>85</score>

</math_scores>

<physics_scores>
<name>Alice</name><score>65</score>
<name>Bob</name><score>85</score>
<name>Charlie</name><score>97</score>

</physics_scores>

<chemistry_scores>
<name>Alice</name><score>85</score>
<name>Bob</name><score>85</score>
<name>Charlie</name><score>62</score>

</chemistry_scores>

</scores>

0 6.7 (0000000Y. 00000 bkref 00000000 <author>0 000000

'00 bkref O XML Query Use Cases http://www.w3.org/TR/xquery-use-cases 0 “XMP”-Q11 0
0000000000000000000000000 XMLOOOOOOOOOOOO VoLt O XMLOO
goobooon
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editor>U D OODOOOOOOOO

data Author = <author>(<last>(String).<first>(String))

data Authors = Author . Author®

data Editor = <editor>(<last>(String).<first>(String).<affiliation>(String))
data Editors = FEditor . Editor™

data Rest = (<publisher>(String) . <price>(String))

bkref (<bib>(r)) = let (z,y) = f(r)in <bib>(z.y)

fle) = (e,¢)

f(<book>(<title>(t). as :: Authors.p :: Rest).r)

= let (z,y) = f(r)in (<book>(<title>(t). as).z,y)
f(<book>(<title>(t).e :: Editors.p :: Rest).r)
=let (z,y) = f(r)
a = affil(e)
in (z,<reference>(<title>(t).a).y)
affil(e) = ¢

affil(<editor>(<last>(n).<first>(m).<affiliation>(a)).r)
= let x = affil(r)in <affilication>(a).x

ggbooooboobooobooobooboooboooboobooboobbooDboo
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00 VoLt O0OOOO000000000000000000000000000000
googoboobooobooboon

6.4.1 O000OO0DOOOOOOODOOOOODO

00 VoLOOOODODOOO VoLt 00000000000 000000000000a0
OooooooooooboooooooobooboooboboooboDbobgonDo <a>”
ODO000O0f0O000000g¢g0O0O0DODOCODOOOO0<>O000O

[z <a>)

g(x)
gz <a>*) =z

~

godoooooooooooooooooooooooooooooonooooooonon
00000 unifyAdddress 00000000000 mein 0000000000 unifyAddress
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goggoooon
data T' = <email>(EmailText) | <tel>(TelNumber)
{- [EmailText] O [TelNumber] O OO OO -}

main(x = T') = unifyAddress(z)

unifyAddress(<email>(r)) = <address>(x)

unifyAddress(<tel>(x)) = <address>(z)
goobooooboooobbooooobbooooboooobobooobboo
goooooooooo

gooobooobobtoooobboooobobboooooboobDbboooonoboon

gooboooboooboobbooobooobboooobboooobobooo
gooboooobboooobooooooooobbooobbooooboboo
goooono

e OOODODODOOOOOOOOOOOOUOOUOOODLDDODODODOOODODODODO
ggooooooobbooboboboooooooouuuguguguououuouoouoaaao
gbobogbobobobobobbobooboobobooboooboobobo
<a>,<b><c><d>000000000000000O000000O00O00000O00004a0n
goboodgbooobood

f(<a>.<b>.<c>.<d> = ...

<a>.<b>.<d>.<c> = ...
fl<a ¢ AM=240000

f(<d>.<c>.<b>.<a> = ...

goboobooboobooobooboobboobooboobooobooooboon
O000000oo0ooooooooooooo ff

data T = (<a> | <b> | <c> | <d>)
f'(e) =e
flla=ToxT*) = g(a). f(x)
g(<a>) ..
g(<b>) = ...
g(<c>)
g(<a>) =
O000000000000000000 f/O00<>000000000000000
00000000000000000 f/000000000000oo0ooooooo
oo oooouooboooo

e JOOODOBSDOODDOODOO
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oo0oooooooooo AO0b0DbDO0

he(z) = (f*(9(x)), 9°(x))

ooooooooooooooofcO00OODObOgOO0ODDOOODOOOOOO
gbobobobobobobobobobobobobobob

f'(z 2 OutputG) = f(x)

ooooooOoOofOOOO0O0O0ODOOOO0DOODOO gUOODOO0O OutputGO
gboboobodgbood

gr7o0oobobooboboboobooobooobooboooboooboooboooboon
gboogobobooboobbooboobbooboobboooboo

6.4.2 0JU00OO0OOOOOO0

00 VoL OOOOOOOO0O000000000000000000000000000
00 VpLOOOOOOOOOOOO0OO0OO0O000000000000000 vVvoLtooo
goboobboobboobboobboobboosbelliogpbooooooboon
gbobooobobooboooobuooobobooooboobobooobooobo
gboboobobooboboooobobooboboobobooboobobooobo
gboboobooboboobobooooboboobobobooobobooboba
gbobobooobooboboobuooboboobooboooboboboobo
goboobooobooboboooboobbosbsl2oopbogooooobooboon
gboogoobooboobobooboobbooboobboobosbo83uunoog
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070 0ODO0o0oooooooood

00000 VoLt O0OO0O000000000000500 VoLOOOOOOOOO0OOO
0000000000000000000000000000000VDLTOOOOO0OO
Uobdez:T0000D0O0OOOODOO0OOOODOODOODOOODODOOODOOOOD
gboobobooboobboobooboobo

data T = <email>(EmailText) | <tel>(TelNumber)
{- [EmailText] O [TelNumber] OO O DO -}

main(z :: T') = unifyAddress(x)
unifyAddress(<email>(z)) = <address>(z)
unifyAddress(<tel>(x)) = <address>(x)

000000000000 unifyAddress0000000
ran(unifyAddress) = {<address>(h) | h € Hx}
O0000Omein 00000000000 wunifydddress(x) 0000
rang, 7y (unifyAddress(x)) = {<address>(h) | h € (EmailText U TelNumber)}

O O ran(unifyAddress) DO 000000 O wunifydddress 00 000000000000 0O0O

000700000000 wunifyAddresslr 0000000
gboboboboboboooo3gbob 3goouoooooboooooooonDg

000000000000 fO00000TO0OOOOOD flpO00O0DOOOOOOOO

e flr0D0OO0DOOOOran(f|r)=ran_n(f(z) 0000

e fly0000ODODOOODOODO

00000000000 fO0DTUOOOO flpOOQOOOODOODOOOOOOOOOO
00 O unifyAddress 0 000000 unifydddress(z) D000 00 7000000000
gooooooon

unifyAddress|r(<email>(x :: EmailText)) = <address>(x)
unifyAddress|p(<tel>(x :: TelNumber)) = <address>(x)

0000000000000000000T0000000O0VoLYOOooooooo f
000o0o000ooO7T0000000 flpO000DOOO0OOOOOOOOOOODOOO
gooooooo
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e J000DUOD fOOO0LTUODLOOOUODOOODOOOOOOOOOdom(f|r)=
dom(f)N[7IJ0C000C000C00O0O00OO0OOO0DOOOOOOOOOODOOODOO
gobooboobboobooboooobooboon

e JO00UDOODOOUDODODODOOLDOODODOOUDODOUDODOLOLDOODOOD
gbooboooooooooooboboboooooooooboobobobobob
goooooooon

oooooooooooooooOoribboooboboOooooooooooooDoobooo
goooooovr20000000000DO0O00O0O0DOOOO0ODOOODOOODOOOO
000000000 73000000 VoLtOOOOODOO000000000000000
goobooOoooboooOoboOooooOoooooobOoOoOobooooooDb 74000
goooOoooooooOoooboboobooOoOovrsUbbOObObOOUODOObDOOODO

000000000 MHTO)OOODODOOOOOOODOOOOOODOOOOOOOOO
http://www.ipl.t.u-tokyo.ac.jp/~kztk/sp/ 0000

7.1 0OO0o0gd

gbobobobooboboboboboboboboboboboboo
000000000000 0O0O0O00000OoOOoOODOO MPSOTODOOOOOOO
gboobobobobobobobooboooooobobobobobooboOooooon
O0D000bD00z=<a>*.y u<p>0000000000DOOO0OCODOOOOOOOODO
O00D0O00D00000Odeterministicd 0000000000 OO0OO0O0OO
gboooobobooooboobooobooobobooooobooooboboooboboo
gobobooobobooooboobooboboobooooboboboboobooboooDoDbo
0000000000000 00000000000000 [BCF03,Hos03, HPO3] O OO
ggbobooogboobooboooboboooboooobooobobobooobooboooon
gboooooooooooooooooon
XMLODOOOOOOoDOoOoooooooooooooobboooboooboooo
O [Frio4,LPO5|00 0000000000000 0O00O0O0OO0O0O0O0O0UO0OOOOO
goboboooboooobooooooooogoooobogbooobboobLbD fOOoTODOO
flr 0000000000000 00000O0O000O0COO000O0OOOO00ObOODOOO
ggboboooboboooobobooboooobobooobobooobooboooboon
goboboogobooobobooobooboobooooboobooobooboooboboooboon
gbooboboobooboboboooobooboboboo 200 reversed 0000
ggoboboogbooboobogooboboooboooobooooboobobooboogoon
goboooobooboobobooboobobboobobobooboobobooon
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00000000000000000 VoL"OOOO00000o0o00o0oo0ooooo
gboooobooboogn

72 JUOUoooooon

gboobbooboboobobooobobooboboooboooboboobon
gboogoobooon

721 0000

gboooboboooobooooboboooboobboboboboooboboooooon
oooooT,...,.7,,0000000 fO00O0O f|n,. 7, 000000000

00oosi00o00 ;0000000000 f0000 Tyx---x7,0000000f|7y,..7,
U00oo00ooooooooooooogr30bb0bOobOonO reverse

reverse(e) =¢
reverse(a :: Elem .1 :: Elem™) = reverse(z).a

007T=(<a>.<b>)"000000000000000

reverse|r () =¢
reverse|r(a :: <a>.r :: T') = reverse|p(z) . a

reverse|pr(a :: <b>.r 2 T) = reverse|p(z) «a

0000707 =<b>. 700000000000

0000000000000 00000000000000O0 [JGSY3jDoooooo
0000000000000 000oo0O0o0oo0oo0ooOooUooO MPSoTIODOO
gbogoobooboobbooboobbooboobbooobooboo

722 0O000O0OOOOOO0

goooaoo

0000000000000000000000000000000O0VDLtOooooOO
go0oOoOooOoOoobooobooooooboooof

flox=S..)=...9(z)...
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ooroobobooboboobobobooobooobooog

fls(...x 8. )= .gls(2)...,

00000000 S 000000000 ¢|e(x) 00000000000 f|ls000O0OO
000000 g¢00 S00000000D ¢yl 000000 OD0OD0OODOUOOOOOO
000000000000 0000000000000000000 ¢g|ls(z)DO000Og|s
gobboooobobooooboooobbtoobooobooobbbooooboboo
gobooboboobtboooobboooubboooobboooobbooooboboo
0000 VoLt O0OOO0O00000000z=:V.y:VOOOOODODOOOODOOOOOO
0000000000000000000000000D00O0000000D0O [CDGHY97)
0000000000 MPSO7|0DO00O0O0OOOOOODODOOOOOO

gbooobgooboan

OO00DOO000DOO000oDOo0Oo0oboOo0oOoO0oDOoOoOn0DOOdeterministicd O
gbobooobobobobooboboboboooboobooobobbobaooobo
gbboobooobooboboobboobbooboooboobobooboboobo
gbboobooobooboboobobuoobboobboobooobooobooonoon
O00O00000000oO0OOoOO0000ooooooOO0OOg dAB

idAB(x :: (<a>|<b>) .y i1 (<a>|<b>)) =z .y
00 T=(<a>.<b>) | (<b>.<a>) 0000000000000 WdABlp0ODODO
idAB|p(x i <a>.y 1 <b>) =z .y
idAB|p(x : <b>.y:<a>) = x.y
ggbobooobooobooboooboboooboooobooobobooobooboooon
ooog

73 UUouooooooon

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
D0000000O0oOoooa f(zy,...,z,) 000000 @y = Ty,...,2, =T, 00000
0000000 f(p1)Zer,..., f(pn) Ze, 0000000000000 Uygicnlpil O
[\ x---x[7,]00000000000000000 f007T000000000000
00000000000000000000000000000
flox=S..)=...9(z)...
!
fr(.cx= S 0) = gls(z)...
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O000f000000000O00OO00z::SO00TOOODOOOOOOOOOO x::8
0000000000000000000D0 ¢0 000000000000 Oyg|e OO
ooooooon

0000000000000 reversed 1 dABODODODOODOO

oodgd reversed 00 g

data S = <a> | <b>

reverse(e) =€

reverse(a :: S o1 :: S*) = reverse(r) .a
000000000 reverse 00 T = (<a>.<b>)"000000000000T0O SO0O0O
S*000000000000D0000DO0DO0bOOoDOOono

T — <a>T’ T — ¢ T — <b>T

S — <a>s’ S — <b>9’ S — ¢

S* — <a>§*  §* - <b>S5* S*—¢
oo0ogooooooooogoo

reverse(e) = ¢

oborooooobobooboboboboboboboooo0eboTo0bDoD
00000 1o e000000007 Se000000000000 0000000
gboooboboobooboooboo

reverse|r(e) = ¢
gooogoboobobooobg
reverse(a :: S .1 1 S*) = reverse(r) . a

00 700000000000000000000e=S.r=S*007T0000000
D0000a:Hy.r:HO0D0ODODODODODODODOOODOODOO0OO B3O H,OOODOO
0000000000 hy €[S]0 h €[S*]0 h1.he € [T]00000O000O000ODO
DO0D0000000ONODTSmNOONSAROOOOOOO [NJN[S*]#£000
{(h|TS5hN}N[S]#0000000000000000000{A|TShT}IN[S]=0
0000 [T]N[S*]=[<v>.8]00 {h|T S hrT"}N[S]={<a>} 0000000000
00000 H, 00 H,O0OOODOO

data H; = <a>

data Hy = <b>. S

reverse|s(a :: Hy o1 2 Hy) = reverse|m,(r) «a

00000000000000000000000000 reversely,(r) 000000000
00000 reverselp, 00 0000000000000 000000O00O0OOO0O0O reverse
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00 H,O0OOOOOO0OO00O00O reverse|lg, 00 000000000000 0OOOOOO
oo

reverse(e) = e

00 H,O00O0OO0OO0O00D0U0000000000U0e00 H,OOODOUOOOUOOUOO[H:]
0s00000000000000O0 [H,]OO0000000000DO0OO0OO0OOOOOO
gbbogboboobuoobboobuooboobbooboobbooobooob

reverse(a :: S.r 2 S*) = reverse(r) . a
00 0000000000000 D00000bC000o00b0oooDoobooooboog
reverse|m,(a :: <b> .1 :: T) = reverse|r(r) . a

O0000000000000000000000000 reverselp(r)D0000000OODO
OOreverselp 0000000000000 000O0O0O0OOOOOO H1OO Hy =<a>0
0000000000000 00000 reverselr 0000000000000 0O0OO0O

data T' = (<a>.<b>)"

data S = <a> | <b>

data Hy =<b>.T

reverse|r () =e

reverse|p(a :: <a>.r 1 Hy) = reverse|m,(r) .a

reverse|m,(a :: <b>.r = T') = reverse|r(r).a

000000000000000000000O00000D00000 «@ABODOOOO
idAB(z :: (<a>[<b>) .y : (<a>|<b>)) =z .y

00 WdABODO T = (<a>.<b>) | (<b>.<a>) 0000000000000 OOOO0OOTO
gbooooobooboobbooboobobon

T—o<a>U T —-<b>V U —-<b>W V -<a>W W — ¢

gad
idAB(x :: (<a>[<b>) .y i1 (<a>|<b>)) =z .y

D0 7T000000000000000000000 2 ::(<a><b>).y = (<a>|<b>) 00 T
O00000000000000000000000000 hy O ke 00Ok, hy € [<a>|<b>]
00 h.he € [T]000000000000000000 reverse 010000000 hy 0
000 mOOD0O0O00000000hR 000 hg=<a>00000h;0 hy =<b>0000
O00h 000 hy =<b>00000k 0k =<a>0000000000000000
{(p|TZhAy000{p|TSAVI0O00000000UD VIOO[<a><u>]|N[U]#00
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O [<a><b>]N[V] #0000000000000000000O0O0OO0OO0OO0UOOODOO
[dABOOODOOOOOODDODOOOOOODOOOOOOOO

idAB|r(z :: <a> .y 1 <b>)
idAB|p(x :: <b>.y :: <a>)

Ty
Ty

~
~

gboobobooobboobobooboboobobooboboooboboobon
gbooooboobooboobuoobbooboobbooboo

e OO0 OOODLDDODOOODO
e J00IDOODODODODODODODODODOD

gboboobobooboooooboboobobooboboobobooboobo
googoobooboooogd

7.3.1 0O0OOOOO

00000000000000000000000000000000000 f0070
000000000000 fO000007T000000000000000 r=f(p)<e
00 7T00000000000000000000p07T000000000000000
000000 000000

00 reverse] idABOOODOO000000000000 A,BOOOO{h|A> B}
0000000000000000000000000000000000000000O0
O000G=(%,N,R)0 BeNOODODOODDO ADDO {h|AShBY=[4], 000 &
00G =(S,NU{4A'|Ae N},R)DODODO

R={B—elU{X—-oY")Z|X —-0(Y)Z€R}
U{X' -e| X »ecRIU{X' - 0o(Y)Z' | X —-0(Y)Z € R}

gbobooboobooboobobooboobooboboboobobbooboobooboob
gboboboboboboboobooooooobooboboboboboobobooooobo
DDDDDDDDDDDDDDDDDDDDDDDDDDDD{iﬂAihB}DADDDD
ooboo0o pObOOOOO0OOOOOOOOOODOODLDOODOODOODOODOO
gboooooooogoooogoog

00 71 (0000000000). 0000000000 GeEOOODOOOOG = (%, N,R)
000000000 FOCNOOODOOOOOOOO00000000 GeEOOOO A€ N
0000 [Alg.p={h|A>RB,B€E}OODODOOODO

000000000G=(S,N,R)00F={A|A—eccR}000000000000
00000 GeFOOOODOOO0O000O0000000000 GeEOODOOGeEDNDOODO
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00000 A0DO00OO0O0OO0ODOUODO0O0O0 GPO0GE=(X,N,R)000D000U0O0O0OO
goog

R ={B—¢|BeN}U{X -0o(Y')Z|X —0o(Y)Z € R}
U{X' —¢e| X —-eceRIU{X' —-0(Y)Z' | X —0(Y)Z € R}

0000G = (S, NU{A'|AeN},R) 000000000000 000000000
guoogooobbbbiboooooooououoobobbbbooouooooobobobobn
googooobbbobbbbbodoooououoobobbbboooooouoobobobobn
0 [Hos03]O

D000D000G=(3,N,R)0 G'=(3,N,R)00000 [CDG*97]000000
000000000000 GxGEOU0OoUOOOOoOo

Gx @ = (SN x N', Ry URy)
000 R ={(A,A)—>ec|A—ceRA —ccR}
Ry ={(A,A") - o((B,B"))(C,C") | A— o(B)C € R,A' — o(B')C" € R'}

D0000000000000000 AeN,A' €N 0OODDO[(AA)]gee = [AlgN
[[A/]]G,DDD [CDG+97]DDDDDDDDDDDDDDD GeEO G'eE'0000000OO
oooooo (GXG/)g(EXE,)DDDDDD[[(AvA/)]](GxGSa(ExE’):[[A]]G’EEQ[[AI]]G’"EE’
000000000000000000000000 (GxG)e(FxE)DODG=(_,_,R)
0000 F={A|A— e R}O0D0U0O0O0OGxGE00D00000OOODO reverse
00ooooooon H,H,OOoOoOooooad

[[Hl]]:[[(S7T)]]G><G€T’

[Ha] = [(S*. Dlgxe-
000000000000 00000000000000 AOOAgOAg0000 AO0O
00000000000 GUUOO0O0000O0O0O0O0 GePkOOOODODODOOOOOOODOO
O00000000 reverse 00 000O000OOOOO

reverse(e) =€

reverse(a :: Sg .1 1 S§) = reverse(r) . a

0000GOTOSO00 S*0000000000000000000000
000000000000000710000000000 psp00000000000O
O Opsp(p; Ageg) 000 pO0 0000000000 GeEODDOODOOOD ADOOO
00000000000 00000000000 psp00000000000000O00O0
000

1. 0000 e0000psp0000D0O000O0DOO[A].p0e000000000OECE
gooo
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{e} ifAeF

{z = (T, A)oxcres} I (T, A)lguerep # 0

{o(@) | " € psp(p; Bgr), A — o(B)C € Rulesgr, C € E}

{p1 P3| P1 € psp(p1; Acre(By), P2 € PsP(p2; Barer), B € NTermsg:}
0

1L | | T

O
O
O
O
Q

= (_,NTermsgs, Rulesq:) 0000000

071.000000000 psp

. 00002:Te0000psp0000000000O0O000OOOOO0OOOO0O
00000000000000000000 2 (T, A)gxeep 1000

. 0000 0(p)0000psp00000000000Yo(@)=[A4]g.0000000
0p00000000000000000y000000000,00000¢'00
000000000 A—o(B)COODOD Ce EOOODOOpsp(p; Be)00D0O0O0O
000000 psp(p; Berep) 000 psp(p; B) 00G'00000000O0O0O0EDDO
00000000000000000000000000000 o(p)00 pO0o(p)
00000000000

0000 p1.p 000, psp0000000O000OO[P] C[m]OO [ps] C [p2] O
00 Ulp, -] = [A]le.;, 0000000 p,,p, 0000000000000000
0pl,pb000000000,00000G'O00O0O0O0OO0UOUOO0 BOOOOO
Agep 0 BODODO Ageqpy O Barep 000000 psp(p1; Agreiny) O psp(p2; Berek)
ogoooooon

.0000000000[4].,00000000000000psp000D0O0000O0O
gboogbbooobobobob ez 00D0OO0OOODOODODO
goooo

0000 pspO0b0ODODODO 71002000000

00 7.1. 000000 psp(p; Aer.p) 00000000 pO00 Agey 0000000000
oooo

[Algres N Il = {1 | 9 € psp(p; Acrer)}

googoo

ob.000o0ooobooooboobpbb0obO0bObObOn

[Algres N Ip] € UL | € psp(p; Acrer)}
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Ud0Op=e¢0

psp0 0000000

O00p=xa:1g0

psp0 0000000

O00p=o0(p1)0

00 h00he[Alg.z00 he[pl000000000000h=0(h)0000K € [pi]
00000000he[A],.,000000000000000 BOOOOOG OOCEE
000 CO000000000 A—o(B)COD000D00A €[B],000000000
00000000000

[Bler N [pal 2 | J{Ip4] | ) € psp(p1; Ber)}

00000000000 p, € psp(pr; Ber) D000 h € [p}]00000000psp000
0000(p) €psp(p; Acep) 0000 A e [o(»)]000000000000O00

OU0p=p1.p2U

00 b O hoO0hyhy € [Alp.p 0000 €[p]00 hy €[] 000000000
0000l .Hy € [A].,000000000000000 BOOOOAS mBOOD
B5hyCOCeEODDOOODD000M € [Alges 00 he € [Blg.0000000
0Doooo0

[Algrey N1l S (JLIP1] | 1 € psp(p1; Agrerny)}
{B}
gd

[Blrer N Ip2] € {15 | Ps € psp(p2; Arer)}
D0000000psp0000O0ODOODODO p € psp(p1; Agregny) O ph € psp(pe; Agrer) O
D0D0O0h €[p]haep,]0D0000000psp00000

P« P € psp(p1 « p2; Acrek),

gboooobooboobooooo
gobooboooboboooopboobbobobooboon

[Al s N Ip] 2 (JLIPT | P € psp(p; Acrep)}
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Ud0p=e¢0

psp0 0000000

O00p=xa:1g0

psp0 0000000

0D00p=o(p)O

00 rROOR e U{P] |1 €psp(p; Awep)} 0000000000000RO000000
0 p €psp(p; Arer) D000 OR e [p]00000000Ah=0(l)0000000000
0000000psp 00000000000 BOCEeENDDDNONDNGOOO A— o(B)C
00000p, €psp(pi;Be) D0000A €p,]0000000000000

[Bler N [pal 2 | J{IP4] | ) € psp(p1; Ber)}

00000000 €[B]l00 he[pm]0000000000 G000 A— o(B)C
000000 CeE00he[Ale,0000000he[p]00helpl00D000
oooooo

O00p=p.p0

00 hy O he O Op,.pl € psp(p1ep2; Agrep) 000000000 py,p,b 000 0R € [p)]
OO0 hy € [ph] D0O0D0O0D0O0O0O00 psp0000OOP, € psp(pr; Agrepy) OO
ph € psp(p2; Ber.p) 0000000000000

[Algregsy N Ipa] 2 U {Ir\] | P} € psp(p1; Acregny) }
0o

[Blerer N p2] 2 U {Ip2] | p5 € psp(p2; Acrer)}-

00000000k € [Algep NPl OO0 ki € [Blaep Np2] 00000000 .000
O000hhy € p1.po] 0000000000000 0000000000OM.hs € [Alg.p
00000000k hy€[Alg.zNpi-p2] 0000000000000 0



110 70 0bOooboOoboooboo

7.3.2 0O0OO0OOO0OOOODO

goboobgooboboobo4b0b0b00b00o0obo0obOobobobDoobOoDbo
00000000 G=(E,N,Rm)0000oooo

VA,BEN. A+ B = [Ac]N[Bs] =0 (UnAmb)
0000000000000 000000 G=(,N,Rm)000O0O0OooO
VAe N.[A] #0

goooooboooobd
goboobooboboobooboobooboobbooboon

000000 7.1 (00000000000 OO0OALG-SP).
ugbo obadaoo
oo obodgboobbooboooo

goog

1. 000000000000 k() =Cf(7))0000000000 A(F)00000
Ig(2i) = Aigrep, 02 € {7}00000000 25000000

2. 000000GLkE0000GE000000000D00O0O0OODOOOOGY OO0
D000000G/0000000 AY,..., A}, 00000U;ecq. 4% = [Ailg,en
ooooooo

3.000000000000000 f000 f(p)=e00000000035000
000000079 = (p1,...,pm) 0000

4. 00000000000000

Whp) € U pselors Ligy) X X U PsP(Pm; Apnjc )
je{l..n1} je{l..nm}

_
oooooo f‘Alc’lsElv---vAmG;nEEm(p/)£€/DDDDDDDDDD€/D edO0O0O0O
— — — —
00 g(y) 0O g|?(y)DDDDDDDDDDDDDDDDTIFI—);(y)DDDD
5. DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDg‘g
DMZMDDDDDDDDDDDDDDDDDg‘gm g‘?DDDDDDDDDD

DDDDDDDDDg|?DDDDDDDDDDDDDDD O

gbobos3sbobooouooboboobuooboboobooboobooboobaon
000000000000 00000000000 ALe-SPO00000OO0OOO0OO reverse
0[@dABOO000OODOOCOCOOOOO0OOODO
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0 7.1 (reverse). 0000000000000

main(x :: T') = reverse(x)

00007 =(<a>.<b>)*0000G00reverse 00000000000 TOSO S*00
gbooooooobooooobooboon

1.

2.

U0oO0D 1000000 reverse0 0 T OODOOOODOOODOOOODOO

000020000GO000T0000000O0O0O0UO0OO0O0O0O0OOOO G'O
ooooooooorooooobooobooobbo GooboooooooboOooo

000030000 reverse0 00000000000 reverse(e) =00 T 00O
gboboboboobooob

000040000000000000 psple;Te) ={e} 000000
reverse|r,, (€) = €
gooooono

oboobsbibobbobo4bobgoooooooooooboooobooboooboD
ooboobooonobooboo3b0ddbreversed D0 O00O00OOOOOO

00003000000 reverse(a :: Sg.r 2 S&) = reverse(r).a 00 T OO D00
godoooooonbon

obob400000000000000

psp(a :: Sg.r 2 S&; Ter)
= {a o (S, T)GxG’sT’ T (S*,T/)GXG’};

ooooo
reverse|r,, (a :: (S, T)axarer « 7 3 (S, T ) axar)
= reverse|(s« 11y, o (1)« @

gobooaoo

D00050000000040000000000000 reverse|s« ., (r) O
0000000 reverse 00 (S*,T)axe 00 000000000000

00002000000000000000000000000000G"0D00O0O0O0O
U—<b>().V V-o<a>().U V—-e
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10.

11.

12.

13.

14.

gv0 DODOO0ODOOO0ODOOO0OOOoOon

000030000 reverse 000000000000 reverse(e) =00 Ugr OO
goboobooooboo

000040000000000000 psp(e;Ugr)=0000000000000
UoobobobOob 30b000reverse 00 0000O00O0OOOODO

00003000000 reverse(a :: Sg .7 :: S&) = reverse(r).a 00 Ugry 0000
goooooogoo

oboob40000000000000

psp(a :: Sg .1 2 S&; Ugr)
={a = (S,U)axgrev «1:: (S*,V)axar}

goooo

reverse| (s« 1), (@ (S,U)axarev 7 1 (S, V)axar)

= reverse|(s+ vy, o0 (T) v @

O00o0oooUoooooooooon Ae-SpO0000O00oooOOooooooon
goooogogoooggoo

S, T)axarer] = {<a>}

ST axer] = A{<0>.h|h e [T]s}
S,U)axarev] = {<0>}

(
(
(
(8", V)axar] =I[Tlg

[
[
[
[
0000 5000000000000 000000000000000O Areg-SPO00O
goboobboobobo4b00boobbooboobobooon reverse](s*y)cxc,,(r)

DDO0DDO0000[(S",V)axa] =Tl 0 OO0 reverse|(s« v,
0o0o00oobooooooboooooobooooooooooo

o O reverselr,,

gbogoobooboobboobbooobooboonoobo

data T' = (<a>.<b>)"
data U =<b>.V
data V =<a>.U | ¢

reverse|r () =e
reverse|T'S(a :: <a> .1 :: U) = reverse|y(r) . a
reverse|y(a :: <b>.r 2 T) = reverse|p(r).a

000 [U]=[<b>.7T]00000000000000

0 7.2 (idAB). OODDODOOODOOOODOOO

main(x :: Tg) = idAB(x)
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000 «@ABODOOOOOOOOOO
iWdAB(x :: Sg.y::Sq) =xz.y

go0ooOoOobboOobo GoOoooooboobooooboooo

S —=<a>8 S —=<p>85 S —¢
T—-<a>U T —<p>V U —=<p>W V —-<a>W W — ¢

1. 00001000000 dABOO ToO000O0DDOOCOOOOO

2.000020000000000GOLOOOTOOOOOOOODOOOOGOOOOO
00000000000 GPO000000000000000000 GPO00000G
oo roooboobobooboobobooboo

3. 0000 30000WABOOODUOOOWAB(x:: Sqg.y:=:Sg)=x.y00 T OO
goboooobooooooo

4. 0000400000000000000

psp(z :: Sy = Sa; Ter)
_ Jz s (S Taxcrev y (5, V)axar,
z (S, Taxarev vy (S, U)axar |

gooooooo

>

>
8 8

idAB|7(x 2 (S, T)axarev «y = (S, V)axar)
idAB|7(z :: (S, T)axarev =y = (S, U)axar)

gobooaoo

5. 0000 5s/0000D0ALG-SPOO0OCOOOOODODOOOOO4000D000000O
gbobobobobooooboooooon

gbboobobooboobboobuoobbooboobbooboobboobooab

>

idAB|p(x : <b>.y i <a>) =x.y
idAB|p(x :<a>.y : <b>) =z .y

733 U0OOOOOOODOOO

00000000000 00000D000 Ae-SPO0000DOOODOOOODOOO

000000 Awe-SPO0000D0O0OCDOOOO0DOOOODOODOODOOOODODOOO
gbooboboobbobooboboboboobobbooboooooboboobo
goobooobuoobbooobooobboobobooobooobbooobboobo
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00000000000000000000000000000000000000000
oooooO
00000000000000000000000000 7.100psp00 Agregs 00
000000000 psp00000O00O00O0O0O0O0COODOODOOOOOOOODOO
00G'0000000000000000000000000000000000000
0000 7.200000G"E"00000G'00000000000000000000
0000000000000 000000GYE'0000000000000000O00
00000000000000000000073074000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000 00000000000000000000000
0D00000000000000000000000000 GOOO0Dg(x)0Dg(x)0
D0000D0000pap(z)0000000000000000000000000000
00000000 payp(z)00

pa/B(z) & Jy. (x.y) € [A]lg Ay € [Blg
0o0o0o00ooooGoOoboOoOoOooooboooon
pA/B(:):)@ALxB

oobbobbboooooboooGchbbbpypbbbOOOOODOODDOOOOOOOO
gbogoobooboobbooboobbooboobbod

00 7.1. P=(G, , )0000000G=(,N,R)00000000¢00000000
0000000000000000000G = (, N, )000 psp(q;A,)0000000
good
VT € N,3Dg. (Vx. z € [T'] o = Dg(x))
AVT" € N',3D;,. (V. v € [T'] o = Dg(x))
Vq' € psp(q; Ag),
YV € vars(q).
let (,G"eE") =Ty(x) with G" = (_,N", ),
VI" € N, 3DL. (Vz. x € [T"] o = Dl(x))
O0.000psp0000000¢ € psp(q; Ay) 00 x € vars(¢') D000 Bgrepr =Ty(2)
00o0o00G"=(,N", )0 E'0000 FFCNOOODDODOODODOOOO

G'eE" = G x G'sE' = (G x G')e(F x E')

O000F={A|A—¢cR}00000000(T,T)eN"000 [(T,T)]gn = [T]gN
[, 00000000000000z¢€[T];="Dez)00 z¢€ [Ty =De(z)0000
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000000 Di(z)000000z € [(T,T)]e) 000 000000000000

€ [(T,T)]gn = z€([T]eN[T]a)
= DG(IL‘) A D/G($)

ugbooooooan O

00 7.2. 00000000000D000 G=(X,N,R)0D0O0O0DODOOOOTeNDOO
O0Dg(x) 000 zeT=D(x) 00000000000 O0O0O0O ECNOODOODOO
TeGeEOOOOOOO Dg(2)0000002eT=Dg(x)0000

O00. 000000 GOOO0O0ODODOO00DODO000O0O000O0000 GesEOODODOOO
OT7T0bdboboboboouonoo

[Tk = {95

:{x

Ooo00OGOO0O0000 ADODOOOOOOOOOOOOOO Dé(w)DDDDDDDDD
obooooooooooooooooo

\/ ay.TixSASiy}
SekE

\/ Jy. (z.y) € [T]gy € [[S]]G}

SekE

[T = {fﬂ \ 3. Dg(fﬂ-y)ADé(y)}
SekE

D000pa/s(®-y) =VeoenPajol®) Apeyp(y)00000G= (N, )00000F(z)0

Fl(z)0ie{l,...,n}00 A0 ~0000000pup(-)000000000000000

0000000DoU0ooo3nouon 3z p(e) vy (z) = Beplx)) Vv By (z)0000

gboboogoobobobooobuoobobooobooobbooon

[T]g.r = {93 \/ﬂy- Fi(x) Af{(y)}

0000000 FK(x)ODOD0ODOO yO0O0O0O0O00000yO00O0O0O0O0O0O0O0O0O0O0OO
gbooooboogobooo

[T]ger = {x \/E(x) A Jy. fé(y)}

00003y F(y000000000000000000000D0O0O00000 Dg(z)
oooooo

[[T]]GsEEDés(af)
Jodoooggoouoggoooboooggooog Il
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00 7.3.0000000000000000000000 GeEOG=(_,N, )00000
00000 @ =(,N',)000000

VT 6 N, HT/ E N/. [[T]]GeE — [[TI]]G/

A VT € N,3Dg. x € [T] g = Da(x)
= VT, € N/,HD/G T € [[T,]]G/ = DG({E)

oo.731000b0ogoooobooboobobooboboooboboboDoboboobUubDO
gboogooog O

00 7.4.000000000000000000G=(,N, )000000000000
0000 G =(,N, )0000000

VT € N,3Dg. x € [T], = Dg(x)
= VI" € N',3D;. € [T'] v = Dg(x).

00.0000000000000000000000000000000000000
0000000000000000000000000000000000000000
000 [CDGH97]00000000000000000000000000000000
0000000 {A}0 {4,B}00000000{A4}00000[{4}] =[400000
[{A}] = [A]A[B°0000000000000000O00000000 [CDGH97]000
000000000000000000000000 {4,B}00000[{4, B}] = [A]JU[B]
00000000000

0000000000000000000000000000vO -00000000
0000000 0

00 7.2. 000000 Awc-SPO0O0000OO

00.000000 ALe-SPO00000000000O00OODOOOOOOOOOOOD0
0000000000000 ALe-SPO000000000000000KOOOOOOOOD
ALc-SPO0D000000O0D0DDO0O0O0OO0OOODDOOOOOONONDDDOOD QOOOM
00000000000000000000000|Qx™0000000ALe-SPOOODODO
P=(G,)0000000000000000G=(,_,R000000000GOO0
00000000000000 GOOOD0D0000000GOOO00000T0000G
0000000 Azy,...,Ar,, 00000

[Alg =[Aralg V- U[A1n]g

ooooono
r € [T]q

\/ pAT,i/C(x) = 'Dé;(l’)
i€{l,....n},CeF
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0000000000000000 FOOG=(, ,RA0000F={X|X—ecR}O
0000000000000

00000071000 720007300000 74000psp00000000000
D00ALe-SPO00000000 70000000 Dg(x)0000 Va e [T]=Dg(z)0
00000000000000000000000000000000000ALe-SPOO
00000000000000000000000
O00ALe-SPO0O0O00O0O0O0O0000O0O0ONOOOOOOOOOOOOOOOOOO
000000 [CDGH97)0 O

000000000000 ALe-SPO000000000000000000000000
00000P=(G,_, )0 ALe-SP00000000000r0 GOOOO0OOOOODO
0 MOODOO0DO000000000000000(22*))ooooooooooooo
mO000000000000000000000000 O(22")000000000000
GO GOOO00000D00000000000000GOO0DN000000000 02"
D0000000000000000p,00000000000m=(2%?00000

00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000ALe-SPO000
020000000000000000000000 [CDGT9700000000000
Opsp00000000000D0DNO0000ONDNDNONO0O0ONONONDNOO0ONONONDNNO00
ALc-SPO000D0D00O00D00O00O00ALe-SPOD00O 5000000000
0000000000000 0000000000000000000000000000
0000000000000 00000000000000000000EXPTIMEOOD
000000 [CDGHY7)000000000000000000000000000000
00o00000o0ooo

O00ALe-SPO0D00O0ODO0OO0OOOOODNOOONONON0O0ON0ONON0OD VoLt
00000000ALe-SPO0D0000O0D0O0000O00000000ALG-SPO0ODO
0000000000000 00000000000000000000000 71000
0000000000000000000000000000000ALG-SPO0000DO
000000000000000000000000 p000000O00O0O000000
G'0000000 A"0000

P 0" €psp(p; Aqr) = [P0 [p"] =0 (D-PSP)
0000000000000000000

00 75. 00000000 G'0D000000 A”000000 00000 (D-PSP)O
googn
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00.G'"=(,N',R"000O0O0D0000O000

(VA//, B//. A// 7é BI/ = [[A//]]G// N [[B//]]G// — @)
= VC” S N”, (VAH, B”. A” ;é B” = [[AH]]G”E{C”} N [[B”]]G”E{C”} = @)

00000 Ah000D0 b€ [A"gregen N [B lgreqery 000000000G"00000
000 W e[C"]e000 KW OD000000hW €[A"]e00 hol! €[B"]e 0000
00000000000000

00000000 GO psp(p; Ag) D000 0psp(p; Ag) 000000000000 psp
0000000000000000B;O000 BgeeOOOB,CeNOOOOOOOOOO
0000000000000 GOOO0 GeCOOOOO0O00000 ADODOODADDOOO
0000000000000000

000000 (D-PSP)O000OO0O0O0O0OOOD p0000000000000000
000000 psp(p; Agreps) 00000000

VAH,BH. A”;«EB”é IIA//:I]G”gE”m[[B//]]G"gE” =0 (*)
O0000o0oo0o0ooooooooodbdp=¢eg,p=z:1c000000psp0O0OOO

gboooobooboobbooboooboobon

000p=o(p)O
oooo
psp(o(p1); Agrer) = {o(p}) | Pi € psp(p1; Bar), A — o(B)C € R",C € E}
0000000000 ()00
VB,D € N",D # B = Vq € psp(p1; Ba), 4 € psp(p1; Der). [a]l N [d'] =0
0000000000000000
VB € N",¥q,q' € psp(p1; Bar) = [a] N [¢'] =0

Do0oooooo
Vq,q € psp(a(p1); Ager) = [q] N [d'] =0

goog
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O00p=p;.p0
oooo
psp(p1 « p2; AGreg)
= {p} - p5 | P} € psp(p1; Acren), P € psp(p1; Bgregr), B € N"}

00000000q,q € psp(p1ap2; Agrepr) D0D0000 g=q1q2,¢ =qy.¢,b 000
goooooooooooad

e 0O BOOODODOGq,q € psp(p1; Agrep) 00 q2,¢5 € psp(p1; Barepr) 0000

e 1 BO CD B 7é CD googg q1 S psp(pl;AG”sB) 00 qs c pSP(pIQBG”sE“) og
00 ¢q; € psp(p1; Agrec) OO g5 € psp(p1; Carepr) D000

0000DD000000000000000[a]n[¢]=900 [e]n]d]=00000
D00ve[q.¢]00veld.¢]000v00000000000000 [¢] C[m] O
O] Clp]C000[g2] Clpe] OO [¢4] Cpe] COODDOUO v E pr.pe] OOODO
0000 VoLt O0OOO0O0000000000000v=v.v 00000000000
OO0 v ege]00 ve[p]0000000000[g.q]N]d.¢]=00000
D0D00D0000000 ()00 [e]n]¢] =00000000v € [g1.¢] 00
veld.¢y]000v00000000000000[a] C[pm] 00 [¢] < [m]D000
[a2] € [p2] OO [¢5] € [p2] DOOOOOO we [pr.po] 00000000 VoLt OOOO
0000000000000 v=v.00000000000000 v € [q00 v € [g2]
D000D00000[g.e]N]d.¢]=00000 O

00000ooooo(b-PSP)OO0O0OO0OODOOOOOOOO
00 73. 000000 Awc-SPO0000O0DOOCOOOOOO O

0000ALG-SPO000D0000DOODOOOOOODOOODOOOOOOOOVDLTO
gboboobodoboobobooboboobuobobooboooobobobbobg
gboobobodobuobouboboboboobobbobooboboboboobg
ALc-SPO0000000000O0DOO0OOOOOOVDLTOOOO0O0O0OD00OO0O000OO0OO
000000000000000000000000000 VoLtO000OOO0OOALG-SPO
O00000O000C0O0O000oCooO0o0OooOO00ooOO0o0oOoO0oooDOO0O Ang-Se
gbobobodgbgobobodobobobuoobbuoboboobuoobobooobobo
gboboboobdobobobobuobuoooobobobobobuobuobooobobg

o0 cf
data T' = (<a>|<b>)"
(@ = T) 2 g(x)
9(e) =e
g(<a>.r.<b>) = <c>.g(x).<d>
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gooooobooboooboon

of (x = T) = glr(x)
glr(e) =e
glr(<a>.r : T.<b>) = <c>. g|r(x) . <d>
00 ¢g0000000glr000000{<a>™<p>" | neN}000000000O0O0O0OO
goooo
0o0o0o0oo0oooooooobob 0o ooooooooooooon
oo ooooooooon
dooooooooooooo
0o0o0ooo0oooooooooooooooob b0 ooooooooooon
goooon

00 7.4 (00000).0000000000000000g(P)=...000000000
D f(2)00000000060000037.f(Z0) ) v000000Vze {7} ()€
[[+(x)] 0000

O0.000000 Awe-SPO00000071000000000CO0O U

DD75(DDDDDDyDDDDDDDf@Djﬂ?FDDDDDDDDDDDDDD
‘?e?Jﬁmuﬁmmmmmmmmmmmﬂ?@UuﬁmDDD
00. 000000000000
VT, T. T ETAF(T) BT < flz(@) bW
D00 740 ALe-SPO000000DO0O0DO0O0OOO0OOOODOOODOOOOOOOO
VZ, T T ET ALV BT = flz(P) 4@
00000000000 #FunDepT(f(7))00000000000000O#FuNDEPTH

O005000000000000000000O00#FuNDEPTH(e)O0OO e00OOOO
0000 FunOOOeo0boboboboboboboboboboboboboo

000 #FuNDePTH(f (7)) = 00

ooooooo

=17
00000000000 p¢=7000000000000000 71000000000
0 flz00

A >
flz(p") =74
-

000000 p¢=70000000000000000f(7) 4 ¢00000f|z(V) 4776
oooog
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000 #FuNDepTH(f(V)) > 10

ooooooo
f(?) = let {(E’) = fi(gg)}ie{l,..,,n}

. —
in ¢
00000000000 p¢=200000000000000071000000000

0 fl=00
flz ~

flz (@) =let {(5) = filg ()}

. —
in ¢

i€{1,...,n}

- — i —
000000 p=7w0O0000000000O0O0O0OO0OO0OS, =I'=(zr) 00000000
— > — P

00000000000000

filg (%i0) 4 w;
00000000

n(yi) = w; for all i € {1,...,n}

0000070000000

f(@i0) 4 qon
ooo

flz(i0) I qon

goog O

gbr4000v5000000000000000O00DO0OOOOOOOOOOOODOO
gbobobooboboobobobbobboobooboobobooboboooboon
0000000000000 000000000O0000000OODODO0O00O f(x)ODO
ooobodbb-.000000000DOO0DOOOOOOOODbOOODbOOOfOO
Uz0000000000000O0000O00O0000O0 0000000000 2000
gbogoobodan

734 0O0O0OOODOO

goooooooooboooooOoOobooooOoobbogbooooDbogooo f

data A = <a>(B)"

data B = (<b> | <c>)*

(@) =

f(<a>(x : B)wy : A) = <b>(x) . f(y)
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000 Ae-SPO0000D0O0OOOCOODO

data £ =¢

data S = (<b> | <c>). (S| E)

dataT =<a>(S |E).(T | E)

f(e) =€

f(ka>(x = B)wy = A)  =<b>(x). flaly)
fla(e) =e

fla(ca>(z 2 §) vy E) = <b>(2) . fle(y)
fla(ca>(z 2 S)wy = T) = <b>(z) . flr(y)
fla(a>(z s E) vy 2 E) = <b>(z) . fle(y)
fla(ka>(z = E) vy : T) = <b>(x) . flr(y)
fle(e) =e

flr(<a>(x 2 S) .y s E) = <b>(x) . fle(y)
flr(ca>(z 2 S) vy = T) = <b>(x) . flr(y)
flr(<a>(z :: E) ay it E) = <b>(x) . flB(y)
flr(ca>(x s E) vy = T) = <b>(x) « f|r(y)

000000 o0O0A0000O0OOO0O00O0OO000DOOO000OOO000O0OoOOa
Oo0ooooooooo
{A,B} — £
{A} — <a>({B}){4, B}
{A} — <a>({B}){4}
{4} — <a>({A, B}){A, B}
{A} — <a>({4, B}){4}
{B} — <b>{A, B}
{B} — <C>{A,B}
{B} — <b>{B}
{B} — <c>{B}

0000000000000000000000000 7T ={A4}05={B}E={A,B}0

000000b0o0O0obOobOO0oo0Oo fOO00DOODOOODOODOODODOOOOOOODOOnOg
oooooooon
f(e)
f(ca>(x:: B).y = A)
fla(e)
fla(ka>(z 2 B) vy it A) = <b>(z) . fla(y)

I A A 6 R N 5
doddotboooooooooooooooooooooooooooooooooa
doddouooooooouoouoooouoouoobooooooouooooooa
doddoooouu stddouooboooboooooooooouooouoooooa
doddooooooddouoouooboooouoouoooooooouooooooa

™

<b>(x) « fla(y)

™

bodb 1P
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gboboooboboobooooboobooboooboboooboooboobooobog
gboboboboboooobobobobobooooooboooooobobobo
00 VvoLODOOOODODOOOODOOOODO0OO000!'000000000000000000
0000000008000 0000D00DOVDLTOOOODO0OO0O0OOOoooooooa
000000000000000000000000000 VoLtOoO VoLOOOOOO
bobobooobobooobooboooboboooboboobobooobobooboong
gboooooboogan

0000000 Ae-SPO00000400000000D00000DOOOODOOOODO
O0oOOoOO000O0ODOOo00O0obOOOO000bODOOoO000ODOO0OOOoOOOOoO AO
O000p=<a>(x::B).y:ADDDODOODOOODOOOOOOOOO

<a>(z: E).y = E
psp(p; {4, B}) Upsp(p; {A}) = :ig g)) _';/;:g
<a>(zS).y=T

ygooobobboobbbotbodooooooooboobon
<a>(z: B).y: A

N0000000000000000000000000000000000000000
0000000 ALe-SP00000400000000000000000000000
0oooon
U psp(pis A7 gr)
je{lmi}

N0000000000000000000000000000000000000000
000000000000 psp000000p € psp(p; Ag) D0DODO0Y O pO0DO0
0000000000000 0000000000000000,p" € psp(p; Ag)0 00
D000 T,0l,00000000000000000000000000000000
0oo
000T,OT,,00000000000000000000000ALe-SPOOOO0
N000000000000000000000000T 0000

V{h, | z € vars(p)} € (Hx)Nors®)l,
( (V. hy € () V (V. hy € Tyr(2)) < (V. hy € [[F’(x)]])) (Merge-Fnv)

00000000000000Ty ={z—<a>y—<b>}0 'y ={z—<a>y— <c>} 0
oooood

I = {z+— <a> y — (<b>|]<c>)}

"http://www.ipl.t.u-tokyo.ac.jp/~kztk/bidirectionalization/
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000000000, = {z— <a>y— <b>} 0 Ty = {z — <d>y —<c>} 000000
0000000 (Merge-Env) 0000 IVO0O00000000000 (Merge-Env) 000
0000000000000 000000000000000000000000000

gooooon
0000000000000000000%0000000000

Jlz € vars(p). Yy € vars(p). z # y = [Ty (y)] = [T (y)] (Mergeable)

ooog

I(2) = Py(x) | Tpr(x) Vy evars(p). o #y =Ty (y) =Tp(y)
[y (x) otherwise

gboogooboobooonoog
0000000000000p00z:TOx=:T(z)00DODDO0O0OO0DOD0O0OO0OOOO

000000 p”"0000000000p00z=TO0z:Ty(x)00000000O0 Y

O000z:Ty(x) 000000000 p"000000000000 (Merge-Env) 0000

[p"] = [rTUlp"]
goooooboooooo
gooooooooooooo
pr=<a>(z = FE).y: E
pp=<a>(z: E).y=T
pg =<a>(z 8.y E
pr=<a>(x:S).y=T

gboopoobooboobboobuoobbooboobooooobooobooo

I'yy ={z— E,y— E}
Lp, = {z— Ey—T}
FPS :{SL'F—)S,y*—)E}
T

P4:{$'_>S7y'_)T}

000000000000 0000D00000DD00000Og

( p). [Ty (@)] = [Tpr(y)] = 0)
v (Va € vars(p). [Ty (2)] € [Fyor (@)])

V (Vz € vars(p). [Ty (z)] 2 [Tpr (z)])

V (Mergeable)

3z € vars(

O000000000000000000 Arve-SPO0 psp0 000000000 OOOOOOODODOOOO
0000000000000000000 ¢,p"000000000000000000000 pspO0000O0
000000000000000000000000000D00D0O0000000O0psp(p;Ac) 0 ALG-Sp
000000000GO0O00000000Dpsp000DOO0DOODUO POOODOOpIOOOODOOO
goboooooboooooboooooooobooo
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00 (Mergeable) D 00T, O I,0T,, 0 T,,07,, 01,00, 0T, 000000000
00T, 01,07, 0T, 0000000000000000000

e ={x— E,y— A}
sy ={x— S,y— A}

ogoooooor, or,oooor, 0r,00di0o00oooodgoooogoon
gbobooobooboobobooboobobbobbobobo 'O Iy 000D
(Mergeable) DO O0OD0OOO0O0O0O0DOOOOOOOODOOOOO

Iio3q = {z — B,y — A}
0000000 T 0000oboonoooon
<a>(x = B).y: A
0000000000000 D0O00000000 Are-SPO0000D0O00ODOOOODOO

data A = <a>(B)"

data B = (<b> | <c>)*

f(e) =e

f(<a>(x : B) 2y 2 A) = <b>(x) . f(y)

gbooobobooboobooboo

f(e) =¢
f(ka>(z:: B).y:: A) = <b>(x). flaly)
fla(e) =¢

fla(<a>(x s B) vy = A) = <b>(x) .+ fla(y)

gbooooboood
gbobooboboobooboboooboobobobobboboobobooon
gboogpoobooboobboobooboonbo

74 OJUOooood

0000000000 voLt0OO0O0O0ooOo0O0ooO0O0obOoO0oooooooooo
0000000000 00000DO00D0O000000D000 ALe-SPOO00O0VDLTOO
goooooooOoOoOOOO0O0O0O0O0O0O0O0OOOOOO0O0O0OOCOOOOOODOOO
r200000000 v00000000b0000o0o0o000ooo0ooo0oooonod
O0000000000O00000000000000O00C0O00O0O00O0ODOOOO0O0O000d
macro forest transducer [PS04] 0 0000000000000 0O00DO0OO0OO0DOOOO
gooooooooobooooooooboooooooooobor40000000000
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gboooboboobobooobooboboooboboobobooboboobo
googn

oooooobooo XMLOOOODOoDboooooboboooooboboooooooboo
goboooboXMLOODODODOooOooooooobooooobobooooobooogoo
goboooooooo XMLooooooooooboboooooboooobooooo
goooooboboboooooboobobooonbobobD XMLOODODOOOOO2?
gobooboooobooboboboboooooXMLooooooooooooooboo
goboobooogoboobooooo XMLODOooooooobooogoooboooogoo
O0oooOoXMLOOOOOOOODOOOO0DOOO0O0OO0OO0O0O0OOOOO0O0 BPY9OOO
gboooobooboobobooboobooobo

goooooboboobooo XMLODOoOoOOooooooooooooooboooobo
gogpoboooboobbooboobbooboo

7.5 OO0

00000000 VoLt OOOOOO00000000000000000000000
gbobobooboboobobobooboobboobooobooboobobobooobo
gbooboooboboboobooboboobooboboobooboboobbooobonon
gbobooobooobooboboobooboboobobobobobbooboaooobo
gboboboobooobooobooboboobooboboboobooboboobobooooboonon
gboooooboobogoaoo
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U8 XMLUOUDOOOOUOOOOOOOMO

00000 060000 VoLTOODOOODOOODODODOOODOOODODOOO0OOOO0OOO
gboboboboooboobobobooobosuoboboobooobooboboboonog
bobodobobobooboboboboobobooboboobobooboon

gboooboobobooobuoobboobuoobbooboa

81 DOOOOODO
050000000000000000000000000000000000000
e 00O0D0OODOODO

e J00OOODDOODOO
00 VoLt OOO0D0O0O000000000000000000000000000000

0oooooo
fst(z,y) =z
000000000000 y000000000000000000000000

fst(z,y) =y
uogooooooon
add(<z>) =y
add(<s>.x,y) = <s>. add(z,y)
gobooboooboobooboobooboobooboobobbobbobbooboo
add®(<z>) = Bi(y)
= Ba(add®(z,y))

add®(<s>.x,y)

000000 VoLOOOOODODOOOO VoLt ooOoo00oo0oooooooooooo
boboobobobooobobooboboooboboonooob g0 gebOoooo

data T = <a>*
data S = <b>*

gilz =Tyy=T)=xz.y
gz Sy=T)=z.y
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Ub g, 000DO0OD00O0DOO0O0OO0DOO00LOO0O0OO0DO0O0O0O0g1,e00000O
gboobobooboobobobdg,e0b0o0Dbooboobooboobobooobo
U000000000 000000000 DO0O00OO

g1(<a><a>, <a>) = <a><a><a>
g1(<a>, <a><a>) = <a><a><a>

000000000000000000000000000000000000000 VbL™
gbobooboobobooooboboooboboobooobobooboboooboooon
gboboobobobooobooboobooobuoobgobobbooboboobo
gboooobooboobboaboo

g1(z 2T,y :: T) = LENGTH(z)

gs0bgbooboboobooooboobbuooboboobonoooboobon
00000000 VoLt OOoOoooOoo0oooooOo VoLt 0oooooooooooo
oboobooboboobooboobooboboobob g0 gn0onobonooo
00000000g 0000 <b>...<b><a>...<a>0 0z SO0000000y::T0O0O0O
gbobooboboobobobobobouoobbgoOoboobbooobonobong
OO0ooOooo [Sjoooo0oo0oo [rjoooboo0ooo.O0oooooooooo

000000081.100000000 VoLtOOOOOO0O0O0OD0OO00D00o00ooooo
gboboooboboooboobobooobobooboboobobooboboono
000000000000000000 VoLt O0OOO0O000000o0o0ooooooooa
gbooboobooooboobboobooobooobooooboobboobboooo
gbogoosil2000000b00bbooboboobboooobooboboboobooboboo
g130000boonoogbbobbooooboobnbobbooboobobobooo
140 0000000000ODO0

8.1.1 OOOOOOODO
Jooooooobobbbbotbodooooooooooooboo
floxaS.y=T...)=...g(x,y)...
000 g(z,y) 0000000
{vlg(z,y) b v,z eS]yelTl}

goboboooboooooobooooorygboooboobooooboooobooobooo
gboboboboboboboooobooboboboboboobobuonooobobobo
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gboooboobooboboobgooboboobbobobobooboboboobooon
gboogoobooboobbooboooboo

Os000000000oo0b0 voLOobobobobobobobobobooboobo
0000000000000000000 VoLOOOOOO VoLtOoooooooooo
gbooooboobobooobooboobooboooo

o 1010
e OOODOO

goggoooon
wrapCD((e) =e¢
wrapCD(<a>(x)) = <c>. wrapCD(x) . <d>

0000 {<e>™<d>" |n>0}000000000000O0O0OOOOOOOOO

snocAB(z) = let (s,t) = g(z) in <first>(s) . <second>(t)

g(<z>) = (<a>,<b>)

g(<s>.z) = let (s,t) = g(x)in (<c>.t,<c> . s)
0000000000000000000000000000 snecABOOOOO <first>
0 <second>0 000000 <e>000000000 snocABODOOOOO<first>000
U000 <a2>00000 <second>U 00000 <b>0000<first>0 00000 <b>0
U000 <second>0 00000 <a>0000

0000000000 [AUn|00000000000o0oooooooooooooo

O0000000000000000C0O000C0C00O VoLOOOOOOO0OO0oo0o0O000o0o
5000000000MPSO7|00000000O0O0O0OOOO0ODODOODOOOOOOO
00000000 voLtOOoOoOO0O0OO00O0O0O00O000000O000O00000ooooo
000000000000000000000000000000000000 snocAB O
000000000000 00T00o000o0000

Tsnocap — <first>(mTy).<second>(mTy)

T, — (<a>, <b>)

Ty — (<c>. 7T2Tg(1), <c>. ng(l))

O000000yg(<s>.2) 00000000 g(x) 000000000000 00O0O<e>00
Ub0oo0o0ooooboobooodb<e>gboboooobooboboobobobobonn

00 8.1 (00000000DO). 00000000 GoOOOOG=(X,N,RO000O
o000 NOROODOODLOODOOOO

e YUODOOODODOO

e NOUDOUDOUODOUODUODUDODUOUDODODOD



130 080 XMLODOODOOOODOOOOODO

e RODUODUODUDUODUUDUDLUDUDLUDLUDLUDUDLUDUODOD

A= (Cilmy AP AR Gl Al Al

1ng ml o Timnm

0000C,...,C, 0 X00000Aq,...,Amn, € NOOODiq1,...,imm, € NO
0000000000000 .,...,jm, € NOOOOOOOOOOOOODOOODO
0000000mO00000 ADDDDO0O0000000000000000mB
0000000BOOOOOOD!I000i<(0000000 O

0000000000000 00000000000O Multitext Grammar [Mel03] 0 0O O
0000000 0Generalized Multitext Grammar [MSW04]0 000000000000 G
gbobooboobooboobobooobobouoobobDooboboobobuoboobo
000000 GELOO0000000000000D00O00000ODO Ocontext-free sequence-tree
automata [OST03]0 0 000000000000000000OOO0OO0O [CDGT97]0
goooobooan

gooobooobobuooboboboobobooobobooobUoboobobnooboo
000000000 D0000000 100000000 ADDOOOmA®ODO A®Q
oon

gooobdooboobobooobobuooboooboboOoobUobooobobnboooo
goooobooboboooobg

00 8.2(0000). 000000000 G=(3,N,R 00000000 »¢00000
0oo

Clre AD, g A

(4yikqy1)) (443K ny)
Ckl [TrjkrllAk‘ll ' [ 77Tjk1n1 klnll ' ]’
—a C |...,
(4k;1) (4)ikynq )
Cry [TrjkmlAk:ll v Mgy hgng ]
i (t1ny) im (i1rm
A= (il A AL Gl A Al))) € R

0000CO00mA® 0000000000 0000000000

00 83 (00000000 0OO). 000000 DOOO0G=(E,N,R)0000nOODO
O00DO0D AeNOOODOODOOOOD

[Alg = {w | (d1,...,dn) D¢ w,A— (di,...,d,) € R} O
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0 8.1 (Mirror). 0 6000 63000 mirror 0000000000 mirrer 000000
oooorooooboboon

Tmirmr — £
Trirror — Char(l) » Trnirror » Char(l)
Char —al|b|c|...

goood
Tr(n)irror —0 Ch(]/l“(l) « Tmirror » Char(l)) - (a L a)
— (<a>. Char™Y . Tppirror « Charb) <a>) - (a.b.T.b.a) »a.b.b.a
goon

082 (0000). 0600065000 tece0O0ODODODOOODOtecDODDOOOO
oooooorooboboboon

Ttoc (<u1>(7T1T( )) 7T2T( ))

Ty —(s9)

Ty — (<1i>(StringW) . <ul>(mG?). 7r1T}(c3), <n1>(StringV). P. ﬂ'QTg(z) . WQT}E}))
Ty — (e¢)

T, — (<1i>(String™). 7r1T5§2), <h2>(StringM) . P. 7T2Tg(2))

P — <p>(String)

gboobooobooboboobooboboobobobobooboboobon
googn

000000 8.1 (00000000000).
00000000 P=(G=(%,N,R),R)
000000000000 G"=(3",N",R")

ooood
1. ¥:=%0
2. N":=NU{Ty | f(...)=---€ R'}O0
3. R":= RO

4. 0000000 Y e R

r=f(p) =1 t{i i) = fi(T) e, my
(C [yll, N "y1|7" ey Ynly e - ,yn‘y—ﬁ,zl, e ,z|—>|])

z

gboobdgoooad
(a) R":=R'U{"}00000
7"” = Tf — (?[WlTjgll), . ,ﬂlE*'TJE}), . .,FlT}:), . 77T‘%>|T}Z),Sl7 .. ,Sn]

D0000000(S...,8) = Tg(21),...,T5(2)) 0000
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5. G// — (E//,N”,RH)D D

00 8.1. 00000 POOOOOOOOOOOOOOOOOOOOODOOO GODOOO
gbooobboood

oooood

00.000000000000000000 (7900000 f(Fe)v000000
0DOo0o0o0o00o00

F(B) 2 1et {(7) = fi(@)}ieqr,.my i (C L5, . 7, Z))

00000000 79=pn0000000000000000000000000O00O0
— — —
Ulyen o Uy, W O

= Zn
googn
ooooo
00 GoO00

- n n
Ty — (ClmTy . ag T, m T g T, S)

gbooobooon

O00o0obo0oooooooooOon
Vie {1,...,[Z]} w; € [T (2)]

gboogooaon

— %
S —w

000000000oo0oDoooooddiedl,...,n}0000
(mTY, ..., mTV) 5
00doooooGoOoooooono
(MTQ~WMﬂ

goog
Ub0bO»n=000000000000000000 O
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00 8.2. 00000 POUOODOOOOOOOOODOOODOOOOOODOOOD GODOOO

gbooooobooobd
36. f(?@)ll?@(ﬂle,...,Tr|7|Tf)L?
gooaoo

gb.0boobbooboobbooo
gopooobood

F(F) 2 1et {(7) = fi(@)}ieqr,.my i (CI7, .. 5, Z))

gbooobooon

ooGooo
- 1 1 n n) o
Ty — (ClmTy, .oy T8, m Ty, g T, S))
ogooood
- 1 1 n n) &
(WlT()""’WIVIT]E)) — (C[7T1T]£1),...,7T|E>|T]EZ_),...,FlT}n),...,W‘%|T(n), S

gooooooooooga
S = T5(21),-. - T3 (z2)
0d0000b0od0bOoOo Gohbooboooobooooa
Vie{l,...,n}. (7T1TJE?,...,7T|E|T}?)LU£
=n0

S — w

000 uy,...u, 0 wOOOO

googn
goboooooan

Vie{l...n} fi(@m) b
ooy oooooon

W=7
000¢00000000000000000000000000
vz € {z | n(z) # 2}. 20 € [T (2)]
00000000 %Z0=pnC0000
= — — — —
f(z0) | Clui,...up, W)=

0000
0000000000 (mTy,...,mwTy) — (C) =7 000000000
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go8i1ooges20bogbobooboobooobooboooobooboooobg

gboooooooobonooobooooobbobobobooooboboboobooon
gboboooboboobobooobobooboboboooboooboooboboobo
gbobooboooboooboooboooboooboobboonboobboon
gsb000bbooobobouooboobooobobuooboboobobooboboobo
gbooopobooboobbooboooo

gbooobobobooboboobooobobooboboboobobooooooboon
gbobooobooboboooooobbooboboooboobobooboobooong
00000000000 000oO00oO0ooO0oooOOooooooO HEMUOGOOOO
gboboooboboooboboobobooboobobooboboobobooono
000000000000000000000000 voLtOooooooooooooao
gboobboooboboboobooboboobobboobooobooboooboobooon
00000000000DOPost’s Correspondence ProblemO [Pos46) 000000000
gooo

00 (00000000). 000000 o,...,a,0 B1,...,5, 000000000000
ooooon
i1y yim €4{1,...,n},0 < m < o0
0o
ail...aim:ﬁil...ﬁim

gboooboboobooboobbod

oooo
apag a3 (1000 1
By B2 B3)  \1 10000
ooooooo
R
i =(1,3,1,1,3,2,2)
o000

Ay o A3 Ol Ol Qg Xy = 1001100100100

Biy Biz Bis Bis Bis Bi Biy = 1001100100100

apazaz) (1 0 1
By B2 B3] \ 10 100 00

googobogogag,...,,m\iooooooo

googooon

ail...aimzﬂil...ﬁim
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goooobogoog

O000000000000000 [Pesd6000000O00OO0ODOOOOOOODOOO
gbobooobobooboboobobooooboboobobooboboooobo
gboboooboboobobooboobooboboobobooboboooobo
gooooboobon

gobooboooooooboooon

Ta—>(a1.Ta.I1) T/g—>(ﬁ1.Tﬂ.|1)
Ta—>(a2.Ta.|2) Tﬁ—>(/82.T5.|2)

Ta — & Tg — &
gododobooodouooooouooooooon
: (1) () - ) ()
To — (labelify(on)[mTa’], h(mTa ")) Tp — (laberify(Br)[mTy "], (w25 7))

To — (labelify(co)[m TA) o (meTdY)) Ty — (laberify(52)[m T3V, 1o (2T M)

Ty — (g,€) Tz — (e,¢)

laberify(e) =0

laberify(a :: Char «y) = Lq(laberify(y))
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gobooboobooonoobooon
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gbobobooboobooooboooooooooon
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oooood

000000 84 (D0DOODOALG-CT).
000 00 VoLtooooog P
000 OO0 vVoLtooooog pe

goog
1. POOD0OOOODOOOr

r=f(7)=let{(y) = fi(ﬁ))}ie{l,...,n}

q
gooboboobobooboooborcobgooo
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(a) 0 % 00000% = (yir, .-, yy5;) 000D
(b) T':=T+ U{yy — mTy |i€{l,...,n},je{l,....|5}} 0000
(c) I:={i| fieINJp}OODODO
(d) = Uie{l,...,n},i;é[ {Z} ooog
)
)

Y

V :=lostvars(r) 0 00O

T = B, V), .., Brm(gm, V)0 DOODOODO0OT = (q1,-..,qn) 0000

00000-~S000T1,Y,¢~5¢ 0000000
———Eps wi};VAR—INJ %
I,Y,e~ () LY, 25 () LY, y~5yf

IY,eS
;C_)CON
IY,o(e) ~ €°

VAR-NINJ

c ¢ c ¢
ranp(e1) franp(ea) T, Y,e; ~ e1© T,Y, e ~ e

C — CaT
F, }/, €1 +(;) €2 LENGTH; (6), 616, €2C
c T2 c 2
ranp(e1) || ranp(e2) T,Y,e1 ~ €1 T,Y, e~ e
— 1CAT

c % T2
F,Y,61.62M€1 , €2

() 00O0|aS, V] =10..,|¢gn%V|=10000008,4,...,B,, 00000000
000-00000000000000f00000000000000000
— —2 —2
000000000079 = (% V),..., (g5 V) 0000000
(h) 00 +0000000

r¢ = f4(7) =1et {(%°) = fi°(T) Yicqr, nyivt
{(wi) = fi(ZD)}icqn, .y

0000%°= @S- ¥ 0000
2. 00000000000 P O0O00O0O O

0000000000000000C[r,2)f=h00000000000000000
0000C=0,.00,h=<a>0000000C[<a>,e] =Cle,<a>] =h 000000000
0 ALc-Ct*0000000000000000000000000000000000 8.2
00000000000000000000000000000000000000000
000000000000000000000000000000000C000 000
000000000000000000000000000 hOODeA=hA00000 6
0000000000000000000YOOOT,Y,e000 000000000
00000000000 000000000000

00 82.1,Y,e% 0000000000000l =ef 00 Va. 0(z), 0 (z) € D(z) O
00000003z € vars(e). 0(z2) £ 0/(2) = V1. <0y # <0y D000
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gb.0ed0d0DO0O0ODOODDOODLDODO

O00e=e0000 e=2z0

O0efd=el 000003z evars(e). 0(2)#0'(:)00000000000O0OOOO0O

O00e=o0()O

goboobooooood

OO00e=e.e0]
000 ranp(e) || ranp(ex) 00 0000000000000
(61 . 62)9 = (61 . 62)9/ = e10 = 619/ A egf) = 62(9/
O0o0ooooooooon
VI 2l
V1, - eiﬁm # 29 M
V2, 1y €202 # e2°0"n;
oo0oooood
2 3 2 T\l
(e1°,e2)0n = (€1, e2%)0'n
O0oooooooogo
— —)// — —)//
e1°0n = e1°0'n’ A ex“On = ex0'n
O000o00oooooooooooon
;=2 =2 — =2
Vn,n'. (e1%,e2%)0n # (1%, e2%)0'n

goooooadan
OO0Oranp(er) franp(e) 00000000000 OOOO

(61 . 62)9 = (61 . 62)9, Nell # 61(9/ A egl #£ 629/
0000000000000 LENGTH(e1f) # LENGTH(e #) 00000000
, — — —2 =2
Vn,n'. (LENGTH(e1), e1°, e2°)8n # (LENGTH(e1), e1, e2°)0'n
gooooooon O

000000 Ae-CTO00000000000000O0O0O0
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00 8.8 (ALc-Ct0000). 00000 P=(G,Q,R 0000AL-CtO00000O0
00 P°=(G°Q%,R)0000000000000000000O0O0 feQOOO [f)O0
[fl00000000

O0.0e00000000O00OO0FUNOOOeYvO00O000O0DDOODOOODOOODOODO
000000000 #FunDEPTH(e) DO OO
goooooooobobooooog

000 feDOOOOO @,v" €dom(f)0000 ¥ #£2'0000000
A1) = [AW) = 1) # LT
oooo

0000 #FuNDepTH(f(?)) + #FunDepTH(f(7)) 0000000000
0000 fO0000O0OD0OO0OODOOOO ffO0DDOOOOODOOOOOODO

0 00 #FuNDePTH(f(7')) + #FuNDEPTH(f (")) = 00

00ooooo rreRr

000 6,60
PO=7, FO=7, [fI()=11)

0D0000000000000r#£4/000000000-°0/°00000000000
00000000000000000000 -0+ 000000000000000000
00 »0/°0000000000000000000000000000000O0r =+
D00000000000004¢9="¢¢0000000(z)#6¢(x)0002000000
000000000z evars(q)00007GH#¢000008200000000000
00000000000 €lostvars(r) 00000000000 lostvars(r) 0000000
0D00000000000000Vz evars(q).6(z)=¢(x) 0000000000000
007 =p00 P'=p0 00000000000 [f/)(?)=[f)(?) 00000000
z €lostvars(r) 0 6(2) #60'(2) D0 0000000000000 O0OOOO lostvars(r) 00
OD0O0O0[f)?) £ [f)(¥)DO000D00

O O0#FuNDEPTH(f(')) > 0, #FUNDEPTH(f (7)) =00 000 #FUuNDEPTH(f (7)) =
0, #FunDepTH(f(7")) > 00

000000000 f(?)4 70 f(»)w0000000000000000000
000000000 r#/0000000000
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000 #FunDePTH(f(7)) > 0, #FuNDEPTH(f(v")) > 00

o000
r=f(p)=let{(y) = fi(fi))}ie{l,...,n}
in (¢
= (7)) =1let {(") = fi(@ )i,
in (q")
000 e,e0

—
/

po=", p'0="" [/I(¥)=[1(v)
0000000000000 r#/00000000000000000O0OCOOOO0O
O000r=/00000000000000 P4 p9000000000000000
googoooon

e §(z) #6(-) 000 200000 z € lostvars(r)
e 0(2)£0'(z)000 00000z € {77}
¢ 0(2) #0(2)000 2000002 € (vars(q) Nvars(p))

0000000000000 »00000 [f)(?)#£[f)(*)000000000000
D0000000000([f](z0) # [f])(z¢) 00000000000 820000000
Do000[f])(z0) =[f](z¢)000000000000000 z0#z0 0000000
nooooon [[ff]](ﬂﬁ)#[[fﬂ](ﬁe’)DDDDDDDDD[[fc]](7)#[{fc]](y)DDDD

gooooooooooos20000000
U

0000000000 ALe-CTO00000000

083 (0000000O0OY. 00000 simplyfyAuthors 000000000 <author>
000000000000 0000000000000D000O000O0D0O0DO00O0DO

00 simplyfyAuthors 0 XML Query Use Casesd http://www.w3.org/TR/xquery-use-cases( [
“XMP-Q6 000000000000 000000000 XMLOOOOOOOOOOOO simplyfyAuthors

O XMLOODODOOOoOOoOooO
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et-al>UOUOOOOOO

data Author = <author>(<last>(String).<first>(String))
data Authors = Author . Author®
data Editor = <editor>(<last>(String).<first>(String).<affiliation>(String))
data Editors = Editor . Editor™
data Rest =~ = (<publisher>(String).<price>(String))
simplfyAuthors(<bib>(r)) = letx = f(r) in <bib>(x)
fle)=e
f(<book>(<title>(t).al :: Author.a2 :: Author . as :: Authors .p :: Rest).r)
=letz = f(r)in <book>(<title>(t).al . a2 .<et-al>).x
f(<book>(<title>(t). as :: (Author | Author . Author).p :: Rest).r)
= letx = f(r)in <book>(<title>(t).as).x
f(<book>(<title>(t).e :: Editors.p:: Rest).r) =letx = f(r)in z

000000 ALe-CT 0000 simplifyAuthors 0000000000 simplifyAuthors®
ooood

simplfyAuthors®(<bib>(r)) = let ¢ = f°(r) in ¢

fe(e) =B21

fé(<book>(<title>(t).al :: Author.a2 :: Author.as :: Authors.p :: Rest).r)
= let ¢ = f°(r) in B3y (2, as, p)

f(<book>(<title>(t) . as :: (Author | Author . Author).p :: Rest).r)
= let z¢ = f(r)in By (z°, p)

f(<book>(<title>(t).e :: Editors.p :: Rest).r)
= let 2 = f(r)in Bs1 (2 t,e,p)

00 simplifyAuthors 000 0000000000000 ODOOCDOOOOO0OOODOO

0 84 (000U00). D0UOO titles0IDDUDOOUOOUOOODDOOODDOOOUDOO
oooooog
data S = (<section>(<title>(String).P))"
data P = (<p>(String))”
titles(e) = ¢
titles(<chapter>(<title>(t).p:: P.s:: S).r)
= letx = stitles(s)
y = titles(r)
in <title>(t). (1) y)
stitles(e) = ¢
stitles(<section>(<title>(t).p:: P).1)
= let x = stitles(r) in <title>(t).x

Dobb0O0wlesDOODDODOODODOODOOODOOODDO z.yyOOOOOO
googobobooboobobooobooboo
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000000 ALe-CT 0000 tiles 0000000000 stitles 1000
titles®(e) = Bi1
titles®(<chapter>(<title>(t).p:: P.s:: S).r)
=letx = stitles(s)
x¢ = stitles®(s)
y© = titles®(r)
in Bo; (LENGTH; (2)), 2¢, y°, p)
stitles®(e) = By
stitles®(<section>(<title>(t).p:: P).r)
= let 2° = stitles®(r) in Bsy(z¢,p)
b z.yyboboooboboooououououoooooonoooonooooa
0000000000000 00000000 00000 0DO0O000ODO0O0O0OO0 stitles
gogooobooobooboboooooaa

085 (000000000N). 0600067000 bkref00000000O0OO ALg-CT
O0bkref OCOODODOOOOOO bkrefcO0ODODO

bkref¢(<bib>(r)) = let (z¢,y°) = f°(r)in By1(z¢, y°)
fe(e) = (B21, B2)
fC(<book>(<tit1e>(t) as :: Authors . p :: Rest).r)

= let (2¢,3°) = fo(r)in (Bs1(z<,p), Bsa (¥, p))
(<book>(<t1tle>() :: Editors «p :: Rest) . 1)

= let (%, y%) = f(r)
a® = affil(e)
in (B41(2%,p), Baa(y°, a®,p))
aﬂilc(e) = B51
affil®(<editor>(<last>(n).<first>(m).<affiliation>(a)).r)
= let ¢ = affil°(r) in Bgy (2, n,m)
gooooboooobbboooo yoooboobobbuooog ybbbbooooooa
goobooooooboga

82 UOOOOONO

000o000oO0o0oo0o0ooDD fO0OO0ODODOOOO ffO0DOO0ODDOOODODOO
gboogbooboobooobd (f,fc>_1DDDDDDDDDDDDD 3000 (RFL)O
oo

fo(s,v) = (f, f€) " (v, £(s))

000000000000000000000000000000 VvoLtOooooooo
0000000000 Ae-CTO00000000D000O0O0O00DOO0O0O0OO0O0O0O0
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ggooooooooo <f,fc)_1DDDDDDDDDDDDDDDD LENGTHUO OOOO
gdddouooto tenetHOOOUOOOUOOOOoOoooOOOODOODODODOoDOoooooo
gobobooobotbooobbuoooubbuoooobbooobobboooubboo
goboboooubbdooooooobbuoooobbooobobboooobboo
gogobboooobbooooboboooubboobbbooobobboobooboobo
ugooobbobobbotbdooooooooboo

dooboooobobuooubwenetTHOODOOOODOODOD tenceTHOODOOOODOO
0000000000000 000000 teneHOODOODOODOODOODOO SPLITAT
ggoooon

SPLITAT(LENGTH(2),z . y) = (x,y)

OO0000OspuTATO0DOO00DOOODOOODOODOODOOODOODOODOODOO
ggobooooboboobbooooobboooobobobooooooobobbooooonon

gd
data A = <a>*
flx Ay Az A) =let

glx A=z
O0ALec-CTO0O00000OOO
[(2,y,2) =lets = g(x)

t=g(y)
n By (LENGTH; (s), LENGTH(t))

00000 (ff) 000000000000

(fo £ H(v1,Bui(l1, o)) = let (s,v9) = SPLITAT(l1, 1)
(t,z :: A) = SPLITAT(l2, v2)
A = g7 1(s)
y: A =g71)
in (z,y,2)

0000w O0oobO (000000 DOOOOO0OODOOOOODODOOOOOL,LOO0OO
0000000000000 00O0000000000 spuTAT(l,v) 0 0HaskellOO OO
splitAt 000000000000 OHaskellO splitAt 000 0OSPLITAT(l,v) 0 v OO
OO0/0o000o0ooobooOoooooon

g <f,f°)71|]DDDDDDDDDDDDDDDDDDDDDDD VoLt O0ooooo
ooobDooOOoOblet00bOOCOO0OOOODOOOODOOODOOODOOODOOODOOO
OoodOo0let0OOO0ODOOOOOOODOODOOOODOODOOOODOO
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8.2.1 let0O0D0OOOOOODOOODO

DDDDDDDDD<f,fc>71DDDDDDDDDDDDDDDDDletDDDDDDDD

gbboobooboboobobooooobobooboboboboboboobo

D000 0let000000 0000000000000 000 20000000

gbobooboboboobobooboboobobooboboobooboboong
gboboobobuooobobooboboobobooboboobooboboobo

0000000000000 0000OCO000DOO000DOOoO000oDoOOOdO spLITAT

0000000 let000000 S 000000000000000000000000

000000000000000000000000000000000000000 %

oooo-A00000000000000000000-80let000000 0000
gbooobobooboboogogan F,emp»pDDDDD 'oebdbeddbgnooOO
gboobbogbodb pgbboobuoaobbooboaboo F,V,egLDDDDD
rooooooooboooobviooooooooooooooooooDbooonletoO

Loogoooooooo

— —EPps 5 VAR
Ie~>e Iz~ x:T(2) I'o(e)

ranp(e) ff ranp(eg) Toep > pp Teq S P2y

p
I'ei.ea~> prap2

ranr(e1) || ranr(e2)

5 ICAT
I' e “(k) €2~ Uk T

let
I'V,e~ L
Eps VAR ————— CoN
let let let

IV,e~ 0 OV,x~ () IV,o(e)~ L

ranp(e1) ff ranp(e2) T,V ey o, IV, e L,

F,V,el-eg’l\%ELlULQ

CAT

ranp(e1) || ranp(es) Il €V

F7V,61@L1 F,V,€2@>L2 Toer Bpr TheaS po
1CAT

I,V ep (k) 62’1?/&{(pl,pQ)ﬁSPLITAT(lk,Uk)}ULlULQ
goodoooooooooboboooooooooooobooooooooooooooog
0000000000000 D00~80000

5 C-VAR 5 C-LEN
T ~> T LENGTH(€e) ~> I, Cler,...,en)~ C(p1,...,6n)
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0000000000000 0000~A 0000000000000~ 0000000
oboooooooooboi0z-TO0OO0O 20000000

e €
~ e 1~ el 2 N €2
Eps — VAR P con L P

g~>e€ T~ o(p) ~ o(e) DL P2~ €1 . €3

CAT

goboobooooboobooobobooboobbooboobbon

F7(Q1a---aQn)’&(p1,~--,pn)<:>Vi€{1,...,n}. F,qu\gpl
]?V@hnw%ﬂgLﬂJ~ULﬁ$WG{L””n}RVJV&L

(P1-spn) ~> (q1s- - qn) S Vi€ {1,...,n}. pi~> g
go0ooo0ooooooooooooooon
00 8.3. T,p-Sp' = ranp(p) = []

ubooono. bobooboobooobooboooboboobooobobobboboong
gboooobooboobboobooboooboo O

8.2.2 0000000O0O00O(f ) '000

00000 fO0 f000 ALe-CtOO000O0 f000000000000000000
000000000 (f,f) '000000

000000 85 (D0O0OOOODOOOoO).
000 00 voLtOoooooo PO
000 ooooo PO

good

1. 00000 PO Ae-CTO00O00O0O0DOOOPODOOO
2.00000PO0000000O0

(—)

r=f(P)=let{(y) = l’z‘)}ie{h..,n}

n (q7)
000000000

(a) 000000000000 OOOOOOOOOOTO
F:F?U{yZ]HW]sz‘ZE{L7n}7]€{17’|z|}}

D0000000000% = (y1,...,%5) 0000000



160 080 XMLODOODOOOODOOOOODO

(b) 000 feINJpOODOODO
PSP T~
0000D00000000000000000 /0

= UG = et { (7 i')) = fi_l(@)}ie{1 o}
. —)// ’ ,
in p

D0D00000000% = (za,...,27) 0000000

T = (T Ti) = (Dlan)o L)

zi |

goog
(¢ DOOf¢INJpOUOODOODDOOODODOOODOOODODO

r¢ = fc(ﬁ) = let {(E}C) = fic(ﬁ)}ie{l,...,n},i;ﬂ
{(w) = i@ Yieqr,my

0000000007={i|f;e€INJp}00000000

" — P — —7 CP —y/ — i\ — let
Ig~<q7 ¢~ q3 Dyvars(qsy), ¢~ L

<

— e —
p~Dp

000000000000 0o0o0oooooo 000000000

— A _> A —
T” = <f7 fc> 1(?/1/7 ?/2/) = let {(fl> - 2) = fl l(g{)}ie{l,‘ﬂ},ief
{7 = T0) = (i, 1) W) Ve, my g
L
in (p")

0000% = (za,...,zyz) 0000000

|z zi|

T, = (T, ... Tymp) = (D), -, Tlayz)

00000000y = (ya%...,y) 0000

3. 00/ 0000000000 P/'OD0D0DOO0 O

00000000000000 00000000000 f0000000000000
00000000000000
0000 2(b)000002()0000000 007000000000000000
0000000000t 0D00 (7 7,) 0000000 700000000000
00000000000000000000000000000000000000000
00000000000000
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000000000 feINJpODOODOOOO

feNINJpODOODOOO
fa(s,v) = (f, £ (v, £(s))
O0o00o0o0ooOooooodnD 00000000000

OO0 89. 0000D0O00OOOO0OD fgOUDbOODOOOOD

O00.003300003000 (RFL)DODDO0O0DO0O0O0O0O0OOO0OODODOOOOOOO
gboboobooboboobooboboooboboooboobobooboboobooon
gboooooboobooboobobooooobossunouoonooooboooboobo
gbooooobooboobbooboobbooboob s1oooon O

gboboboboboboboboboboboboboboobo

086 (00000O0O00).0600 ¢2:000000000000OOc2z00000
gbobooobooboobbuouibt ezpbogobboobooobboobooonon

data T} = (<h2>(String) . P)*
data Ty = (<h1>(String) . P.Ty)"
data P = (<p>(String))*

c2zp(s,v) = 2z (v)
c2zl(e) =€
c2r 7L (<h1>(t i String) ep = Puvy = Ty wvg i Th)
<chapter>(<title>(t :: String) . p.s2x 1 (v1)) . 227 (v1)
s2r71(e) = ¢
s2r~1(<h2>(t :: String) «p 2 P vz Ty)
= <section>(<title>(t).p).s22 1 (v3)

000070 10000060 fO000000D00000O0O0DO000O0DO0000OO0
0000000000000 0D0O0DD00S8300000000000000000000
c20-'00000000000
000000000000 6000 6.50 tocDO 6.60 results2scores 10000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000

087 (000000OODOOOOOOODO).0D60006.70Mkref00O0O0DODODODO
O bkref 000 ALe-CTO00000000000 850 bkrefcO00D0DO
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gobooboobbooobooboonoobg

data Author = <author>(<last>(String).<first>(String))

data Authors = Author . Author®

data Editor = <editor>(<last>(String).<first>(String).<affiliation>(String))
data Editors = Editor . Editor™

data Affils = <affiliation>(String). (e | Affils)
data Books = (<book>(<title>(String). Authors))*
data Refs = (<reference>(<title>(String . Affils)))”

bkrefg(s,v) = (bkref , bkref¢) ™" (v, bkref<(s))
(bkref, bkref¢) ™! (<bib>(z :: Books .y :: Refs), B11(z°,y°))

Zletr = (f, ) (x,y, 2, 5°) in <bib>(r)
>_1(€,€, le, BQQ) =&
(f, 1) (<book>(<title>(t) . as) . x, y, Ba1 (2, p), Bs2(yC, p))
Zletr = (f, ) (z,y, 2, 9°) in <book>(<title>(t).as.p).r
(f, 1) !z, <reference>(<title>(t) . a) . y, Byi (z, p), Baa(y<, a<, p))

= letr = (£, 1) N,y 2%, y°)

e 2 Editors = (affil, affil®) " (a, a®)
in <book>(<title>(t).e.p).r

(affil, affil®) "' (e,Bs1) = ¢
(affil, affil®) ! (<affilication>(a) .z, Bei (2, n,m))

= letr = (affil, affil®) " (x, z°)

in <editor>(<last>(n).<first>(m).<affiliation>(a)).r
OO0000O0D0 WrefgOO0O0O0O00O0OO0DOODOODOOOOOO0O0OO<title>nO
U00<author>U0 00 O<affiliation> U UOOOOOODO0O0UODOOOOOOOOO
gugogoobobbbbbooooooouoobbbobbboooooouoooboobooboon
U<book>U O U UOUOOO<reference> LN UUUOOOOODOUOOOOOODODOOOOONO
OObkref 00O0DOO00ODOO<publisher>00000<price>0000000OOO00OOOOO
ggoooboboobbbbddooodoooboobboooouooooooubooboooon

gboogboooboooooboobobooboobooboobobooboboooboo
gooooooooon

088 (00000). OOOODO tree2paren 00O OO

data B = <bin>(B.B) | ¢
tree2paren(e) = &
tree2paren(<bin>(z :: B.y :: B))
= let s = tree2paren(x)
t = tree2paren(y)
in <L>.s.1)t.<R>
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0000 treeZparen 000000000 KL>00000<R>00000000000000
<bin>(<bin>(<bin>).<bin>)
0000 tree2paren DO 0000000
<L>.<L>.<L>.<R>.<R>.<L>.<R>.<R>

U0 tree2paren U0 DO OO D0O0O0DOOOODOOOODOO treeZparen DO OODODOOO
OO0000O0tree2paren 000 O0OOOOOO

Ttree?paren — £ Ttree?paren - <L>Ttr662parenTtree?paren<R>
goooooooobooooooooooo

R
Ttree,?pa'ren - Ttree?paren Ttree,?pa'ren - <L>Tt'ree,2pa'ren

R R R R
Ttree?paren - TtT ee2paren Ttree?paren - <R>Ttree?paren Ttree?paren — €

O000Otree2paren 0000000000000 KL><R>)*0000000O0O0OO0OOO
Uboog0s.t00o0obooboooobooboooon
O000ALe-CtOO0000O0

tree2paren(e) = By
tree2paren®(<bin>(z :: B.y :: B))
=lets = tree2paren(x)
s¢ = treeZparen®(z)
t¢ = tree2paren(y)

in Bo1 (LENGTH; (s), 5%, t9)
0ooooooboboooooooooon

tree2pareng (s, v) = (tree2paren, tree2parenc)” " (v, tree2parent(s))
(tree2paren, treeZparenc) ' (e,By1) = ¢
(tree2paren, tree?parenc)_1(<L> . 01« <R>, Boy (11, 8%, t9))
= let (s,t) = SPLITAT(l1,v1)
= (treeZparen, treeZparenc) (s, s

y = (tree2paren, tree2parenc) (¢, )
in <bin>(z.y)
gooooboboobobbotbddooooooobobooboobobtboooouooon

googod treeZparen D00 U00OODODO0OOODOO0OODOOOOODOOOOOOOOO
ggobbooooboooouobobooboooooobbooobboooub o
oo boobobobboobo
Ubboooboobobooboobooubboobbouobouobuoobdddtree2paren

gboooobooboobboobooboobboobooobobooooon
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089 (0000UDDO). 00000 halfeven DODODODO

halfeven(x) = let (s,t) = f(x)in <half>(s).<isEven>(t)

f(kz>) = (<z>,<true>)

fls>.x) = let (s, t) = g(z)in (s,t)
g(<z>) = (<z>,<false>)

g(<s>.x) =let(s,t) = f(z)in (<s>.s,t)

00 halfeoen 00000000 200000|2/2]0 20000000000 0halfeven0 00O
000000000 00000O0O0O0000ooOoOO0o00O0non hafevenDOOOOOODO
000000000f000000000000000000 (<s>*.<z>, (<true>|<false>))
O00000f0000000000O00ODOOO0O0O {(xz>,<false>)}00000000ODO
O00DO0O0O00000O0DbODO0O0O00 fO00OODODOOOOODODO<z>0000
U00<true>0000000O0O0O00OOOOOOOOOODOOOODOOOO0OOOODLOO

ALc-CTO000000

halfeven®(z) = let (s¢,t°) = f(x) in B11(s¢,t°)
f(<z>) = (Ba1,Ba2)
fe(<s>.x) = let (s4,t°) = ¢°(x) in (Bs1(s°), B3a(t9))
9°(<z>) = (Bua1, Ba2)
g¢(<s>.x) = let (s°,t°) = f(x)in (s°,t°)

gboogoboobooobooboon

halfeveng(s,v) = (f, fc> Yo, fo(s))
(halfeven, halfeven®)™ (<ha1f>(s) . <isEven>(t), B11(s¢,t9))
= leta: =(f, f9)~ (s,t, s t%)in x

let z = (f, f) " (s,t, 55,1 in <s>. x

< , fc> (<z>, true, Boy, 822) = <z>

< 7fc> 1(5 2 BSI(SC))B32(tC)) =letz = <gagc>7l(87tvscutc) in <s>.x
(9,9°) "' (<z> false, B4y, Byg) = <z>

< =

9"
9,9~ 1(<s>.s,t,sc,tc)
000 halfeven* 0000000 20O [$/21D837DDDDDDD827D Bs DOOOoOnQ
OU0oooDOo00b00oO0O0 relfeveng DOOO0OOOOODOOOODOOOOOODOOO

goooogogd
0000000000000000000 halfever’’ 000000000000000O0

00000000 hafeve’ 0000000000000 0O0ODO

halfeven'(x) = let (s,t) = f(z)in <half>(s).<isEven>(t)
f(<z>) = (<z>,<true>)

f(<s>.<z>) = (<z>,<false>)

f(<s>.<s>.x) = let(s,t) = f(x)in (<s>.s,t)

OO00D0f0000000DOO0O0ODODOOODOOODOOOOOOODOOOOO
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0 810 (0000OOO0ODO). DD0O0OD thelf OODDO

tupledHalf (z) = let (s,t) = f(x)in s

f(kz>) = (<z>,<z>)

f(ss>.z) =let (s, t) = f(x)in (¢,<s>. )
0000 tupledHolf 0000000 20000 |2/2/0000000000f000000OO
00000000000000f00000000000O00OO0O0O0 Are-CtO00O0O

goon
tupledHalf(z) = let (s,t) = f(z)in t

gboooboboooboobobooboboobooo

tupledHalf 5 (s,v) = <tupledHalf tupledHalf) ™" (v, tupledHalf(s))
(tupledHalf , tupledHalf )™ ( s,t) =letz = f~l(s,t)in

f(kz>) = (<z>,<2>)

f(<s> x) =let (s,t) = f(x)in (t,<s>.s)
[ H(<z>, <z>) £ <z>

fHt,<s>.5) =letx = f~1(s,t)in (<s>. 1)

000 tupledHalf*O 0000000 x0000(2/21000000000 tupledHalf¢0O O
OO00000D0OO tupledHolf p OO0 O0DO0O00O0OOO00O0O0ODOODOOOO tupledHalfg
dooooooooooooooooooooooooooooooooobo1oooo
doooooooobooooooo 1oboooooooooooooo

00000 tupledHalf 000000 half

half (<z>) <z>
half (<s>.<z>)

half (<s>.<s>. x)

<z>
lett = half (z)in <s>.t

> 11

gboooboobboooboobobooboaoboo

B11
Ba1
let t¢ = half¢(x) in ¢

half¢(<z>)
half€(<s>.<z>)
half€(<s>.<s>.) =

> 11

O0000D0Af0000000000000000000 helf00000O00000
oooooooon

halfg(s,v) = (half, half) ™" (v, half(s))

(half , half¢) ™ (<z>,Byy) = <z>
(half , half®) ™' (<z> By1) = <z>
(half , half) " (<s>. ,t°) = let & = (half, half) (¢, 1) in <s> .z
00000 hafg 00kaf 0000000000000 000000000000000OO
O000hafO0haf 0000000000000 000
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elw er v exd v
Eps ————CoN CAT
ele ole) | o(v) e1.ex |l v1 .09
If(P) =letLin () 30. p0=1u
LOllec v="1qc P
= — UN
f(a) 4o
{7} Cdom(o), f(Z'o) | ¥,
. pn="u,dom(n) =vars(p) L,(noo)ll o’
— ; BinDp1
(P)=f(@)ULoollo
0ol UBINDQ

0820000000 VoLTOOODOODO

gbooooboooogd

0000000000000000000000000000000000000000
000000000 60000000000000000000000let0000000
0000000000000 0000000000000000000000000000
00000000000000000000 820000000

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
rq¢d¢/000¢0000000000000000000

00 84. 00000YOO ¢OOOO
F,Y,q«caq_c) rq% q! ?3?’2’ I',vars(q ),?@L
000000000000000
. (¢, q5)nl Avars((¢), G5)n) =0A Ly Il 0" = (¢,¢" )0 = (¢, d5)n
0ooo

Ub.0¢00000000000D00D000

O00q=¢elO

D0000¢'=e00 ¢=¢4=()000000000
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O000g=yeYO

00000¢'=y:T(y)00 ¢ =¢4=40000L=0000000000

O000g=yeYO

00000¢' =y:T(y) 00 ¢¢=¢4=()0000L=0000000000

O000g=o(r)0
ﬁ
00D000¢ =o(+")00 ¢ =r°0000 ¢%=1,00000000
— —
F,Y,r«caﬁ T BT Dovars(rS), 74 L

000000 (qf, ¢9)nl 00 vars((¢f, ¢5)n) =00000

Lol
000000000000 00000
(r, 7 = (4, T
00000000
.
(U<T)7 rc)n/ = (U(Tll,)v _),2/)77

gboooooogan

b0Oqg=r.sd

OO0Oranp(r) | ranp(s) 00000000000 0000¢ =+.s/00 ¢ = 1%, 00
—

=" __ 7 ! .
000¢Y=rl,si00 L=L1ULOO0OOOO0O0

c — p — cp —s 2\ — let

LY,r~r¢ Tyr~~r{ 570 T,vars(rc), 7 ~ Ly
c 2 p cp —» 2\ — let

IVY,s~ s¢ TI,s~s] s€~5 785 Tvars(s®),s ~ Lo

000000 (qf, ¢9)nl 00 vars((¢f, ¢5)n) =00000

Lonlln

000000000000L,y |l ¢000 Ly, [l €000L00000000000000
00000000000000 leftvars(L) 00000000 Oleftvars(Ly ) Nleftvars(Ly) = 0
000000

7'77’ =r{ A 577' = s€
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gboooooboobooon

‘BOl

)¢ = (11, T 5)n
OO0
(87 8C)€ = (Slll7 ?/2/)77

goooobooon

" 1 =1 —=Nn

L) = (r 81,75, S )n
goooooogon

OOOranp(r) f ranp(s) 000000000000000¢/ = 000000 ¢ =
LENGTHy (r), %, s 0 0 O DDDDD?’Q’:lk,r_g,s_gDD L={(r],s}) = spLITAT (I}, vx) }U
LLulL, 00000000

|

c 2 P 2 Ccp — — let
DY,r~r¢ Dyr~5r] r¢~5 70 Tvars(r®), ™ ~ Ly
g L

c p < P —
[VY,s~ s¢ T,s~s] s° s

000000/, 740l 00 vars((g), T4n) =0 0000

Lnlln

00D0000D00000L = {(,s!) = spLitAT(ly, w)} UL1 UL, 0000000
(r],s5)0 = sPLITAT(l1,n, vin)

oodoooenonoon
L1UL279077~U»77/
O00D0O000ooboOoodL,n |l CcO00 Leyyn |l E000LO0O0O0O0OO0OOOOOONOO

00000000000000 leftvars(L) 0000000 O Oleftvars(Ly) Nleftvars(Lg) = ()

gooood

rn’ =r( Asny = s€
O000000ooooooo

(r.1)C = (1], 750
goo
)¢ = (s1,75'5)0
gooooooo
= O TS

1«81, T9, So

000000 spuTATOOOO0OOO

(r « 51)0 = vk
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0o

LENGTH(r{0) = lgn

ooooogog

— =

C C /
)] )
(res,r¢, s%)n

/i no—=n —n — I =
= (r]«s1, 7'y, §5)0 = (g, 1, 73, 53)

gboobodgood O

08.1.0000000000Y,vOOOOOO¢GOOOOO0OO ¢goooan

I —
F7Y7 qi ™~ qicv
— —
?, = (Cl[Qica V]a s 7Cm[qmc7 V])

oo

Y, 757 0,74 7] 274 Tyvars(qh), 7>

00000000000000
In. (q1, a3)nl Avars((q1. q5)m) =0A Ly L0 = (d,qd ) = (a1, ad5)m
oooo
00 8.10. 0000000000000 OOOOOO
O0. 000000000
e fCINJpODODODf(V) | W« f YY) v 0000
e fZINJpOOOOFD) VW, f()I W < (f,f0 () vO000

000000000 sS00b00s6000000000D000DOO0feINJpOODOODO
000Od0o0oOOobOoOooOOdooOobOOoooOOoooDoDOO fOODOO0ODODOOODOOODOODO
O000let0000000O0O0ODOOOODOOOOOOOOOOOODOOOOOOOOO
Oe0000DOOOODODO FuNOOO eyv00O00O0O0OO0OODOOOODOODOODOO
O0000000#FunDEpTH(e) DODODO
000 (=)00#FunDepTH(f(7)) 0000000000000

000 #FuNDePTH(f (7)) = 00

gooogooo

000040000 pA=2000000000000000000000000000
googood

=1
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000000000000000
1) HTY, q5) = let Lin T
0o0000000o

— P —y — CP —y —y — let
q¢~q7, 4 ~4qy TI'p,vars(qy), ¢ ~ L

o T B

7 q
000000000(qY, ¢d%n=(¢,¢")000»n000000081000

Loy

000 ¢"p="¢0000000(, ) (¢"y, ¢n) POODOOOOOODN

000 #FuNDepTH(f()) > 00

goooooo
r=f(7) =let {(y) = fi(®)}icqr, . my
in ()
0000600009 =2000 f(p0) v 000000000000000
I'={i| f; € INJp}
00000000000000000000000000000000000

= F(T) 21t {(5:0) = [ (F) et mpict
(@) = F@Dieqr,m)

. —/
in q

goon

— 2 j—

q = (Cl[(h 7V]77CW[QW7V])
00000000V =lostvars(r) 00 T, Y, ¢~ ¢* 0000

o, if Vi. | (g%, V)| = 1,
Ci = Aranp(¢)000 fO000000O0O00D0OO0OO0O0DOO0ODOO0O
B,i(O1) otherwise

gbooopobooboobboobuooboooboobooonoon

— A ﬁ A J—
()7 (01 q8) = et (@ = T) = £ 0 Yicqn, o e
{(z = T)) = <fiafic>71(gi>ayic)}ie{l,..,,n},igl
L

")
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oooo
7EP Tl 7By Toas(94), 7L
OO0
T; = (T, ... Tyz) = (D(@ir), - Dlzyz)
oooo

00000083000 (¢Yn, ¢4 =(v, w000 ,000000081000

i¢10000
F(E0) L0 A L4@0) Uy
Ooo0o0o0ooodc.elInon
i win') U zio
O0o0ooooooosgrIonoono
(i 1) Tl wisn) U T30

Doooooo (f,f) (¢, ¢4 4 PA00000OOOO
000 («)00#FuNDepTH((f, f¢)" (W, w) 0000000000000

00O #FuNDeptH((f, f) 1w, @')) = 00

gobooooonbooo

o £, 7)) = 1et Lin 7

00004000 (¢Y, ¢4y =(¥,%)0000000000000000000000
oooooo

=7
00Ooo0o0o0ooooo

v =71

gboooooboood

— € —
p~p Iy,
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gboognb8100an

gooooobogan

gboooobooboo

00O #FuNDepta((f, f) 1w, W) > 00

gobooboooobooboooobooboo

(F. fONTT, Th) =let {(77 = E) = fi_l(m)}iE{l,.ﬂ)},iel
{(z = T) = (fz',fic>_1(§ayz'c)}ie{l,...,n},igl
L
in (ﬁ//)

00007000 (¢4, ¢ = (W, w)00 (f,f)"(¢in, ¢ § vOOODDOOOO

gbooboboobooobbooboaoo

r=f(P)=let {(y) = fi(T)}icqy. . my

in (¢q)

goon
I'={i| f; € INJp}

goon

o= F(T) 21t {(5:°) = £ (F) et mpicr
{(¥) = fi@)Yieqr, . my
in ¢’

Oododoboooooooooooon
— e
7/:(Cl[qlc7v]7"-,cm[q—>MaV])
00000000V =lostvars(r) 0O F,Y,q,«%ﬁDDDD

o, if Vi (g5, V)| =1,

—

Ci = Aranp(¢)000 fOO000OCOOOOOOOOOOODOOOO

B,i(0O1) otherwise
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gogooooon
— e —
p~Dp

oon

oood
081000

O0000000:elIO00OO0O
£ win') b w;

i¢I0nonon
_ —_
(i £ @i uin) U w;

oooooobobooooooen

00000p"=>000000000

—

70 C [T3]
000000000 Pd=20000000004eI0000
fi(@i0) I yinf
0000000000000000+¢I0000
— — cr— 2
fi(zi0) U yin' A fi€(xi0) U yin
00000000f(V) 4 (dy,¢n)00000000(qy,¢)=_q1,qd5n=(u,u’)
ooooooof(@)y (v,w)0oooooooa O

o 8.11. d0bgoobouooboobooboboobooboboobooobobooon

googo. boboboboobooooobooboboboboobooboobobo
gboboooboboobobooboboooboboobobooboboooboobo
gboooobooboboooboobbooboobbooboo O
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83 UUOLOUObObObobOooobood

000000000000000 Are-CTO000 VoL"OOOOODOODOOO0OOO0OOO
000000000000000000000ALe-CtTO000000000000000OO0
oobgbsgios8ybgogeiobooooooboooooobbooboooobooboon
obooooooooooooooobooooobooooboobooboonn

8.3.1 UU0UU0ODLOOLOOOOOO0ODLDOOOO

gsioobogooooooooboboboooobobobooooboboboooog
gboooboboboobooboboobuooobbooboobobbobooboon
gbobodgboboobobboooboobbooboboobobooboboobg
gbobooboobooobogboboobooooboobboobobobobooobobo
gboobogooboabod

OO0D00o0000000 8100 tupledHalf DO DO OO

tupledHalf (z) = let (s,t) = f(z)in s
f(<z>) = (<z>,<2>)
f(<s>.x) =let (s,t) = f(x)in (t,<s>.s)

00 tupledHalf 0 let 0000000000000 f0000000000000000
00000000000000000f00000000000000000000000
0 fy00000000000000000f0000000000f000000000
00000000000000000000 f(<z>) = (<z>,<z>) 00000

fry(<z>) = <=z>
0000000000 f(<s>.2) =let(s,t) = f(z)in (t,<s>.s) 00000
fry(<z>) =lett = foy(x)in t

0000000D00000000 f(zx)0000000f,;,00000000000000
0000000000 f000000000000000000 fu(z)0let00000
00000000 f,00000000000000000f» 00000000000
0000000000000 f(<z>) = (<z>,<z>) 00000

f{2} (<Z>) = <z>
0000000000 f(<s>.2) = let(s,¢) £ f(z)in (t,<s>.s) 00000

froy(<s>.z) =lets = fiiy(v)in <s>.s
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gboogooobooboooboobod f(x)l]DDDDDD]‘{Q}DDDDDDDDDDDDDD
OO00o000OO0oOofO000ODOOO0ODOODOODOODO f{l}(x)DletDDDDD
oooobbbooooofbbobobbbobbboboooooooooobobbobbobboo
gboogoobooboobobooboobbooboobbooboo

tupledHalf (z) = let s = f{13(v)in s

fiy(kz>)  =<=z>

f{l}(<s>.SL’) ﬁlettﬁf{Q}(l‘) int

fray(<z>)  =<=z>

froy(<s>.x) =lets = fry(7)in <s>. s
0000000 ALe-CTO00000000000O00000O00DO0O00OO z000O
[z/2|0000000000000O0O0O0O0OO0 8330000000000 0OO0UDODO
goooooboooooooooao

000000 86 (UODOODODOOODODOOOOODO).
000 00000P=(G,Q,R0000000000000000 entrycQUnOO0
ugdn
O00 oooog P
goon
1. Req :={(r,{1,....,n})|reR,r O entry 000 }0
2. R := 00 Done := (0
3. 000 Req\ Done 000 O0OOODODOOODO

(a) (r,I) € Req \ Donell Done := Done U{(r,I1)}0 0000

r=f(p)=let{(yi)= fi(fz‘))}ie{l,“.,n}
in ¢

good
(b DO0O0OOOOOUOO f;000000/00000

= fl(?) = let {(E)/) = fu,-(@‘))}ie{l,.__,n}
in ¢’
oooo
—>/
' =dqm, ---Gm, where (mq,...,m;) = sort I

00000000 %' 0000 ;00 O

(yil,---,yij7--~y¢|@-’|): i

gobognd
=

I = {j | yij € vars(q')}
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ggd
—
Yii = Yiky - - - Yiky
where (ki1,..., k) = sort(l;)
oobbooddbUsortD0ddbooooobbboooonooboooon
gdad
(¢) R:==R u{r}0
(d) Req:=ReqUU;eqr, oy {(r", 1) [r" 0 f;000 }0

4 0000 RODOODDOD POOODOODO O

ooooooooooboooOooooobobooooOrnboOoOobD fOODOODOOOO
O0000o0oood{f|Ic{l,...,.n}}00000000O0CODOOOOOOOOOOOO
gbobooboboobobooboboobobobbooboboobobodnbo
goooooooooooooooogog2rbgbobobobobobobobob
gbobooboboobobooboobooboboobobooobooboboobo
000000000000 O0O00bODOO000DOOOtupledHalf 0OODODOOOO
gboobobooboobboobuoobbooboobooobooboo

oooooobooO0ooooooboOooobOooooooOoO0ooDbOOoOboUO0fhalfO
gboboobobooboboobuobooboboboobooobobooboboono
gbooobobooboaoo

TtupledHalf - 771Tf
7T1Tf — <z> 7T2Tf — <z>
7T1Tf — 7T2Tf 7T2Tf — <s>7T1Tf

O0000000000000000000000O lestvars(r) 00000000 OOOODO
gboogdgbonooobooboogn

g(z) = let (s,t) = dupNat(x)in s
dupNat(<z>) = (<z>,<z>)
dupNat(<s>.x) = let (s,t) = dupNat(z)in (<s>.s,<s>.t)

0D0000¢000000000+¢0000000000000 lostvars(g(z) = let (s, t) =
dupNat(z)in s) = {t} #00000000000000000000000000000
00000g0000000

gi1y(z) = let s = dupNaty(z) in s
dupNat(y(<z>) = <z>
dupNat(1y(<s>.z) = let s = dupNat 1y (x) in <s>. s

oot gpyboboobuboooboubuoobono gyooouoooo
gboooboabooaood
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8.3.2 UUU0OOLOLOOOOOLOOLODOOOOn

gbboobuoooboobooboboobouoobouoboboobooboboobogan
gbboobobogbuoobboobuoobbooboobooon

gbogboboobobodgbobooboboobobboobobobobobab
gobobboooobbbooobboooobbboooobbbooooboobobooon
gbooboboobuobboobuooboobbooboooboa

000000 890 halferen DO UOODOO halferen DO0OOOOODOOOOOOODOO
Ubgbbobboobbobboboobuooboobobtbgbbobbobbobbo
ogoobooboobooooboobof0ogbb0obOoObDOOODOODOObODOO

Ty — (<z>,<true>)

Tf — (<s>. 7T1T( ) 7T2Tg(l))
— (<z>, <false>)
— (m T}, mTiY)

00007,0000000000000000000¢000000000000000
00000000000000000000000000000000000000000
0000000000000 <z>0 mTy) 00<false>0 T’ 000000000000
000000000

<z> ; 7T1T}1) <false> ; WQT}I)

00000000 <£0000000000000000000000000000000
boboodbobooboooboobobobobooobuoboobobooobobooaong
go0o0oooodooooooooooooooodoorooooodooooooon
gbooooooan

? ?
<zZ> = <z> <false> = <true>

? ?
<z> = <s8>. 7r1T£§1) <false> = 7T2Tg(1)

000D00000000000000000000000000000000000000
00 <false> # <true> 00 000m7\) 000000000000 <z> #<s>.m T 0
000000000000¢y0000000000000000000000000g00
00000000000

D000000000000000 add00000

data Nat = <s>. Nat | <z>
add(z,y :: Nat) =y
add(s.z,y :: Nat) = lett = add(x,y)in <s>.t
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U0 dd0DOD00O0ODO0ODODOOOODODODOOODODODODOODODODODOODO
obooo0oooooobdobbdedddbODODODODODODODODOD

Nat — <z>
Nat — <s>. Nat
Toiaa — Nat
Toda — <8>+Tyqq

ooooooooog

Nat ; <s> .1 44

gbobooboobooobobooboooboobobooboooboboobobo
gooboooooboboboooooboboooobboooobbbooooooobboon
god

”
<z>=<8>.T 04

0
<s>.Nat =<s>.T,44

gbobooboboboboboooobobooboboobobobooboboobobo
00000ooooooooddd<s>00ooooooooooooon

Nat ; Tadd

boboboboooboobooboooboboobobooboboooboboono
gbooobobooboobboobuooboobooobooboooonon

2
<z> = Tadd

<s>. Nat ; Tadd

0000000000000 0000000000000 T, OOOOoooooooo

<z> . Nat

?
<z> =<s8>. Tadd

ooboboooboboooooobooboooooobOo NeeOOOOOOD

o
<z> = <z>

R
<z> =<s>. Nat
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D000000000000000000<z> = NatO<z> — T,yy0 Nat = Tpgg0<s>. Nat —
<s>.Tyyq 000 Nat =<s>. T 00000000000000000000 add 000
000000000000000000000000000000000000000

Nat — <s>. Nat — <s8>.<z>

gbooooboogan

<8>.Tyqq — <s>. Nat — <s>.<z>

gboooobooboobbooboobobon

goobobobooooboobbooooooobobooooboboooooooboobooon
1000000000000 0D0U0OU0NDD Are-CtOO00O0D0OOOODOOOOOOO
gboboboboooobooobobooboobobobbboboooboboboboobooan
ubboobobooobooobobooobooboboobboobbooos2200000
boboooboboobooooboboobobooobooobobooobobooboong
gboboobobooobuoobobooboboobboobboobbooboooooboooon
gbobooboboboooboboboboooboboboobobboobooobobonoo
boboobooboobooboboooboobooobobooboboobobooboon
bobooboobobobobobooobuooboboooboooboboboboboooobo
gboooobooaoo

And/Or000000000OO

gooOoOoOoOoOoOOOOOOODOOOODODOOOOOD And/Or000O0OOO0O
ooooogooooobooooooooooobboooooobooobooooboDbobooo G
gooo

And/Or000000C000AndOOOOr0000O0O0O0O0O0DOCOODOOOOOODOO
oooooooo

0000000000000 E0000le{ANp,OR}I0000O0O00OOODOOE EOO

Clry TV, .y, T8 £y T ,”j;,Tr(f"/)]

Oo0oagno
FAIL

0000000000000000000000000000000000000000
0000000000000000000000 ({<z> = mT\Y, <false> = mT "}, AND)
0 ({<z> = mT?, <false> = mT P}, ANp) 0000000000 0000000000
({<=z> L ng(l), <false> = mTél)}, AnD) O ({<z> z ng(l), <false> = 7r2Tg(2)}, AnD) O
0oooooo
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000O0r0000 And00O0D000000000000 ({81 =t1,...,80 = t},0r) 00
00000

? ? .
{(trunc({s1 =1}, ..., 50 =t }), AND) | (t1,...,tn) =G (t},...,t0)Bi. t; = 7, T*}
? ?
U {(trunc({s} = t1,..., 80 =t,}), AND) | (51,...,8,) —q (8},...,8h), . s; = ;;Tk)}

ren

U0000oooobooboobobOob0ob0 FaO0ooooooooobobobon
UO00OtuncO0O0O0OO0O0OO0OO0DOOO0OOOOOOO

? ?
trunc({s; = titicq1, ny) = Uieqr,. ny tr(si = ti)
? ? ?
tr(a(sl) . S9 = U(tl) . tg) = tT(Sl = tl) U t’l“(SQ = tg)
tr(o’(s1) « s2 Z o(t1) «to) = FAIL

(
tr(o(sy) « s2 2 £) — FAIL
?
t’l”(é‘ = O'(tl) . tg) = FAIL
tr(mTD < ) = [TV L 2}

00000003t =m,T®0 Ji.s; =mT®000000000000000000O0
0000000000000 000000000000

00000000000 00000000000000000000000000000
00000000 {Tagg = <z>, Nat = <s>.<s>.Toqy} D000000000000000
00000000000000000{<z> =mT Y, <false> = m7 )} 00000000
0000000000000 0000000000000000000000000000
0000000000 000000000000000000000000000000
D0And00D00 Or00000000000000000D000D000000000000

share

o00oOooooono = 0obogoo s

(s=1) S (s =t)

- Ir®.c,c'.
(s =Cln TOIA s =C'xn TY)) v (t =C[r TO] At =C'[x TD])

000D00000000000000000ANdOOOODOD0DNO0DN0ON0ON0O
({s1=t1,...,8n = to},And) 0000000

{([5 £ il OR) i € {1, m}}

goooobogoog
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gobooboboooboboboobooboobooboon0bO0 000000
000000000000 »,,00000000000000O0GLOOOOOO0

i =Tf — (s1,...,5n)
Té:Tf%(tl,...,tn)

000000 ngO00FE =trunc({s;i =t} |ie{l,...,n}) 0000
(E,AND) if FAILZ E
nn =
0 (0,OR)  otherwise
0ooo

00 84 (And/Or00). O0OD0OOOOOOOOOD ¢oOOOOODODO

e ((E,Or))00(E,OrR)00 nO ¢(n) =TrueOOO0O0D 0000 ¢((E,OR)) = True,
(E,Or) 00000 nO ¢(n) =False0 OO ¢((E,OR)) = Falsed

e ¢((E,AND)) 00 (E,AND) 00000 nO ¢(n) =TrueO OO ¢((E,AND)) = Truel
(E,AND) OO0 n ¢(n)=False 00O OOO0O0O0O ¢((F,AND)) = Falsed

e ¢(n)0000D00000D0D000O0ODODO
00000¢(ny) 000 And/Or000000000

0000000 (0,ANp) D00 (),0rR) 0000000000
#((0, AND)) = True  ¢((0, OR)) = False

O000000000000000000000000 ¢(np)0000000OODOOOOODO
000000000VpLTOOOO0O0O000000000000000000000o0o0a
O00¢n)00000000000O0O0O0O0O0O0O0O0O0O0O0O00O0OOOOOOOOOOO
gboooobooboobbooboobbooboo

0 8.11 (halfeven). 000 halfeven O fO00000 f000000000O0OOOO0OO
O0000000000000000000 And/Or0000000C0ODOO0O

\
4{{<z> L 7r1Tg(1), <false> = ﬂng(l)})—> {<z> Z ﬂng(l), <false> = Wng(l)}

0000000000 AndODOOOOOr0000OO0O000ooOoO0OO0nd truncO Faild
OoO00boor0O0000DOO0000O00OFRalsed0DOODOODODO FalseODOOODODO
oof000OO0O0oOOoOobOOoO0O0oDOOoOobDbOOoODOoOooD
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A
{Nat ; <s> 'Tadd} 9({]V(lt ; T'{de}/‘e {<S> . Nat ; Tadd}

i ! i

N N
%[{Nat £ <> Toaa} S {Nat £ Toaq} ‘\[{<s> < Nat £ Tpq4})]

!
{Nat Ls>. N} H{Nat < Nat}:’6 {<s>. Nat < Nat} W{<z> < Tadd}:‘
i ! !
[{Nat Lo, Nat}:k_ {Nat L Nat} H{<s> . Nat = Nat}:‘
}{

- N - N
{Nat = <z>}/\ <z> = Nat}}\

{Nat 2z <z>}

&(@/

083 ¢dd000000000OO0O0O0OOOOO0OOOODOOODOO And/Or000oOon
000000 AndDOODOOD Or0000D00OO0DO0DOO (0,And)O

{<z> < Nat} ‘

0 8.12 (add). 000 add 00000 And/Or 00000000000 83000000
00000000 AndOODODOD Or000000D00D000D0O0O0O0OO0O0O (0,And)00O
00 Trne0 000000000000 00000 AndO00000000O0O0O0O0OOOO
oooboOg TeeODO0ODOOODOOOOOOODOODOOOOOODOODOODOOO
ooooooooooooooo

OO00AndODODO Or00o0O0d0O00OOOGUOOOO0O0DOO0O0bOOOOODDOOn
O000000000GOU0OO000000D And/Or00000000O0OO0DODOOOO
0000GLOO0O0000000000O000O00000000O0O00And/Or00ooono
gboogoooboobogoboboooboo

e JUOODOMO
e JOOOOODODOOO
e UUDOOOODLDUODLOODLDOUODLOODLOODOD

00000000000000o000o0oO0o0oU0o0oooooO0 G=(E,N,R)00OO
0000000000000 0000000UOO2ZIN||IROID1I0O0OOO

8.3.3 UUUOLOOLOOLOOOOO

00 VoLt OOOO0OO00000000000000000000000000ALG-C*
UreEnetHOOO0ODOOOOO0ODODOOODDOOOOODOOOODLOOOOODODOOO
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gboboooboboboobobooboboobbooobooobooboboobobo
gbobooobooboboobobooboobooboboobobooboboobog
gboboooboboobobooboboooobobooobooboboooobo
O00000000000000000And/Or00000000O0O0O0OOOOOOOOOO
gbobooboboboobobooobobobooboboooooboboobonog
gboboobooboboobobboobooooboobooboobooboboboobooon
00000000000000000000000000 Ae-CTrO000000000O0O

gooooo
OO00O0OOtuledHalf 00 DOOO0O0OO00O0OO0OODDOOOOOOOOOODODOCODOOO

tupledHalf {1 oy (z) = let s = f)(x)in s

fiy(kz>)  =<=z>

fry(<s>.x) =lett = fro(z)in t
foy(<z>) = <2z>

fray(<s>.z) =lets = fiiy(v)in <s>.s

gboog tupledHalf{LQ}DDDDDDDDDD ALc-CTO0000000000OOD0

tupledHalf 7, 5y (x) = let s© = f(13°(z) in s°

fayf(<z>)  =Ba

fiy (s> ) = lett® = fi,°(z) in Bgy ()
fra°(<z>) = Ba

fi2y°(<s> . w) = let s = f(1,°(2) in 5°

obooooooooooooooooo

tupledHalf ( 5y, tupledHalf 1 5,°)(x) = let (s, s°) = (fp1y, f13°) (z) in (s, 5°)

(

<f{1},f{1}c)(<z>) = (<z>,B9;)

(fays fryO)(<s>wz) = let (¢,1°) = (fray, fzy°) (z) in (2, B31(t9))
(froy fr123)(<z>) = (<2>,By)

( )( =

froy, fioy©) (s> ) = let (s, 59) = (f1y, f1y ) (z) in (<s>. 5, 59)

D0000By0000000000000000000 (tupledHalf (y 5y, tupledHalf 11 5,°)
D0000000000000000000000 (tupledHalf (3 5y, tupledHalf 11 ) O O
00000000000000000000000000000000000000000

0000000 halferen 0000000000

tupledHalf 11 2y, tupledHalf{LQ}C)(x) = let (s,5%) = <f{1}7f{1}c>(33) in (s, s°)

(

(fay, fry)(<z>) = (<2>,Ba)

(fay: fryO)(<s>wx) = let (4,1°) = (fray, fzy°) () in (L,1°)
(frop fr2y)(<z>) = (<2>,Ba1)

( )( =

froy, fioy©) (s> ) = let (s,5°) = (fuy, f1y) (z) in (<s> . 5, 59)
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O000OAnd/Or000000000O000O00O0OOODOOOODOO0OOO0OOOODOO
googooobooboooboooo

000000 entry000000ALG-CTO000000DO00O0OO entry000000
ooooooboobodb entrye000boboboooboooooobooog

000000 8.7 (00o0Oo0o).
0000000000 (entry,entry) 0000000000
0000000000 (entry,entry) 0000000000

goog

googobooboobbooboooboon
e 00 r0000000D0AL-CTO0O0DDDODOODDODOOODOOOOOOOO
000o0o0o0o0o0ooooo0oooooo 000000000/ 0000000
(entry,entry) 00000 And/Or 00 0000000O0O0O0CODOOOOOOOO
O00r0/0000000
e IO DLOOODLOUOrOb0DOOODO U

UO00entry 00000000000 O0entry0 0000000000 OO0O0OOO0OO
0000000000000 000000000000000And/Or000O0OO00OOO
gboooooboobooobooon
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Jou o

9.1 0UU

gbooboooooboboobooboooboboobobooobooooboon
gbobooobobooboooobooboboooboboooboooboobooobog
00 BS8ljDOOOUOOOOOO0DOOOO0OO0ODOO0O0OOOoO0DoOoOOoUoOoDOoUooOO
gboooboobooboboooboboboboooboobobooboboobooon
gbobooobboobobooboboobobooobobooooooobobooong
gbobooobgooboboobobooboobboboboobobooboooobog
00000000000000000000 VoLO VoLt OOooOooooooooooao
goobooooboboboooooobooobbboooobobboooooobooboooon
gboooboobooboboooboobooooboboobobooobooboooobobo
000000 VoLO VoLt OO 000000000000 000000000000o0a0
gboooooboobboooboobobooboobobon

9.2 UUoon

gobooobooobooboooogn

9.2.1 0O0O0OO0OOU

gooogo

gogbobooobooobboooboobboobobuoobboobbuooboboobbg
boboboboboboboboobobooboboobobooboboboobono
0000000000 30000000000000000000 add :: (NxN)—-NO
0000000000000 000000DD swh:: (NxN)—-Z0O0ODODOOOOOOO

oo000o0o0o0oboo0bo0 edd 00 swbODOOOODOOODOOOOODOODOOOO
OOo0o0o00b00d edd0O00D0O

add(Z,y) =y
add(S(z),Z) = S(z)
add(S(z),S(y)) = S(S(add(z)))
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00000 sub' 00edd 0000000 swb000000000000000OD0

sub(Z,y) = Bi(y)
sub’(S(z),Z) = Ba(w)
sub’(S(z),S(y)) = sub ()

00 sub 00edd 000000000000000000000000edd0000 f00
0000000000000000000008.3.200 And/Or0000000 (add, sub’)
0000000000000

00000 add = (NxN) > NOODOOODOOOOODOOO0OD0000 sub:: (NxN) —
700000000 D00000000000000000000000000000000
00000000000

gooooo

gsiogboboooobooogooboooobobooobooooobooooobob
goboobooobooooboobooooobobooboboobooobooboobooboD
ggboooobooboooogoboooboobboooboobooboboobobooboo
oooooooooo fO0O0OO0O00000DO0 z.yOOODODO

data T = (<a>.<b>*)"
flazTy=T)=x.y

gdooobobobobbobbodoooooooobooobobooogoa
fé(x =T,y ::T)=LENGTH(x)
goooooboobooooooooooooooooo

fB((x =T,y =T),v)
=let (v; :: T,ve : T') = SPLITAT(LENGTH(x), v) in (v1,v2)

00000 fgO0OO0O0O0OO0OO0ODOOO0ODOOODOOOODOOOOOODOOOODOOO
gbogoobooboobbooboooo

fB((<a>.<b>.<b> <a>),<a>) = L

0000000000 f“0 f0000000OO0

[z T,y = T) = lengthA(x)
lengthA(e) =0
lengthA(<a>.r) = 1 + lengthA(r)
lengthA(<b>. 1) = lengthA(r)
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000 f/0000000000000000000000000000

Jo((z =T,y = T),v)
=let (v1 :: T,vg :: T') = splitByA(lengthA(z),v)in vy . vy

splitByA(e,0) = (g,¢)

splitByA(<a> . r,0) = (g,<a>.r)

splitByA(<b>.r,0) = let (s,t) = splitByA(r,0)in (<b>. s, t)
splitByA(<a>.r,n+ 1) = let (s,t) = splitByA(r,n)in (<a>. s, 1)
splitByA(<b>.r,n+ 1) = let (s,t) = splitByA(r,n + 1) in (<b>.s,t)

00000 ff00000000<e>000000000000000<p>0000000
gbooooboboooboobooobobooboooboboobooan

fh((<a> . <b>. <b> <a>),<a>) = (<a>,¢)

00 f“0 0000000030000 38000000000000000

lengthA(<a> . <b>) = lengthA(<a>) LENGTH(<a>.<b>) # LENGTH(<a>)
lengthA(<a> . <b>) # lengthA(<a>.<a>) LENGTH(<a>.<b>) = LENGTH(<a>.<a>)

ooo
Js1, 82,81, 85 € [T]. f(s1,52) = fO(s1,85) A f(s1,52) # f (5], 85)
Js1, 52,81, 85 € [T]. [(s1,52) # F(s1,85) A [ (s1,82) = [ (8], 55)
000000000
00000000000000000 200000

*

data S = (<section>(<title>(String). P))

data P = (<p>(String))*

c2zf(e) = e

c2zf (<chapter>(<title>(t :: String) +p:: Pus:: S).r:: C)
= <h1>(t) . p. s2xf(s) . c2zf (r)

s2xf(e) =€

s2zf (<section>(<title>(t :: String).p:: P).r)
= <hi1>(t) . p. s2zf(r)

gboobooo100beddbnOnd 2000000000 D0O0O<h2>000000 <h1>
O00000000000000000 s2zf(s).c2zf(r)D00000OO0OOOOOODO
O0000000s2zf(s) 0000 e22f(r) 000000000000 UDOOOOOOOOO

U = (<h1>(String) . (<p>(String))*)"

goovooooocTrTobobooboboboboboboboboboboboboo
gbobooboboobobooboboooooboobobooboboooboobo
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googoobooboogoogd

data S = (<section>(<title>(String).P))"
data P = (<p>(String))*
c2xfp(e,e) =¢
c2zf g(<chapter>(<title>(t :: String) «p :: Pus::S)vr : C,<h1>(t) . p v v)
= let (v1, v2) = SPLITAT(LENGTH(s2xf (s),v))
in <chapter>(<title>(t').p . s2zf(s,v1)) .+ c2zf5(r, ve)
s2xfp(,e) =e¢
s2xfg(_,<h1>(t) vp.v)
= <section>(<title>(t :: String).p :: P).s2zfg(_,v)
00000 e2fg00000O0CO0OCOOODO0ODO0OO<n1>00000000000
<hW1>00000000000000000O000000O0000 <chapter>U oo
0o0o0ooo0ooooooooooooooobd <h>00000000000 <hi>0O
oot <h>00dgooobbobbodooobbouogono <p>dggg
gooobobbooodd <nt>00o0o0ogooobobobbooooooobbobbooooo
gobobboooubobdooouoooubbooooboooobbuooouoooboboo
000000000 lengthADDDODDOOOODOOOODDOOOODOOOOODOOOOO
ggoooon CQJ:f%DDDDDDDDDDSplitByHZD lenghtH1 OO O0ODOOOO
data S = (<section>(<title>(String).P))"
data P = (<p>(String))*
c2xfi(e,e) = ¢
c2zfs(<chapter>(<title>(t :: String) «p:: Pus:: S)ur : C,<h1>(t') . p . v)
= let (v1, vo) = splitByH1 (lengthH1 (s2zf (s),v))
in <chapter>(<title>(t').p . s2zfz(s,v1)) . c2zfi(r, v2)
s2xfp(_,e) =e¢
s2xf (L, <h1>(t) vp.v)
= <section>(<title>(t :: String).p :: P).s2zfg(_,v)
Uobobbo0ooooogobbOd<n>00000000000 <h1>00000 <h1>00
Uobobooobobboooobboobtd<p> 0o booobbooog
gooobbobbooooooobobbbtbdoo0oobb0o0uo0UUn <n1>00d
gogoooboobbboboooooooon
000000 lengthAO lengthH1 DO 0000000000 DOODOODOODOODOODOO
godooobbobobobbddoooooooboboobobooooouooa

googobooon

gsiboboooboboboooobooboboobobooboboboobooo
gbobooobobooboooobuooooboooobooobooobobooobo
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gboooboboobobooboboobobooobboobobooobobooong
gbooobooobooboboobosgboossunooooooboobooboobo
gboooobooboobbooboobbooboobooon

twice(x) = x . x

exp(x) =let (s,t) = f(z)in s.t
f(e) = (<s>,<s>)
f(<s>.r) =let (s,t) = f(x)in (s.t,s.1)

gbooboboooboboobooobuooboboobobobooooboobooobon

goboobobob40000b000bo0o0bbO0 o yoh oooooooooooo
gbooobobooboobooooobgn

LT ={z.<#>1.y|z.yeh} 00000
2. Ty ={z.<#>.y|z.yecTh} 00000
3. TV ={z.<#>1.y|zeT,yeT}00000
A TV ={z.<#>y.y|zeT, yeT}00000

5. T = {z.<#> .y.<#>y.z|z,y,2€Hy, |y >1}000000000X0 7000
000000 7,00000000000000000

6. T/'NTyNTy 0000000000

000000 O 7,000000000000007Y,T4, 7Y, Ty, 7000000000
gboobobooboobooboboooobobobo20b0ob0o30boobo
gbooooboboon,)oboobobooobooboobooboooboboobooboo
gboboooboboobobooboboooobobooboboobobooboo
gbooobooboobboobuoobbooboobboobooboboo

gboogoooboobogn

Oe0000Otreeless0 0000000000 ODO0OOODOOOODODODOODODODOODOO
god

o UUDODOOODLOUOODLOOODODO

e OO DOODOODODODO
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gbobooboobobobobooboobooobobobooboboboobooon
gboboooboboooboboboobobooboboobobooboboobo
gbooeb00boobDoonoO

O000o0o0o0o0ooo0ooooooooooooooooofo0g0O0OOoOoooOong
000000000000 000O0ooO HITTI7,Chi93|0 000000 fO¢g0000OO
0000000 ADODODOODOODOODOODODOO0ODODOOODOOOOO RODODOSfDO
g0 0000000000000 00O000fO0¢g0000D0O0O0OO0O00ODOOOOOOO
0000000000 AODODOODOODOOODOODOOODOODOODOODODOODOOOD
f0¢g000D0000DOO0ODOOAODOODOOODODOOODOODOODOODOODOODODOO
000000000 0o0ooooooo0oooo00oooooooDoooooooon
ooooooooog

0000000 00ooo00o0oooooooooooooooooooooooog
oo00oooooooooo

00000 hAR=(f,gy00000HUOODOO HMTO4|OOOODDOOOOOOOOOOO
O0000 ffO000000000000D0000000000000O0O ¢¢00D0000
0000000 00oDoooo0oooooooooooooooooooooooooon
000000000000 ADOD0O0DOOOODODOODOAR=XfFOOAR =gcOOOOO
00000 000000000000 0000 s;00 so00D00D0O0O0ODO0OORDO
0000000000 s; 00 000000000 O0D0ODOODO30000 360000
037000000000 h=(f,g)000D00f0¢0000D00O0ODO ffOg¢°0O000ODOO
O00D0O0D0O0ARDODOO AROOAR R fFOR g¢gO0D0D00DOODOODOODOOODOODOO
000000 600 divs(z) = (dive(x),divs(x)) D00 0000diw, D00O0DOOODOO 2
00000000dws 000000000 300000000000000O000O00O00O0O0O0O
000000000000 divsOO00O0ODODOODOODOODOODODOODOOOO 20 y0O
ooo

dz.x = zmod 2 A z =y mod 3

000o0oooobo200000000000000300000000000O0DOO0O0O
000000 DO000oDDO00o0ooooooooooDDOo0ooDDbOo0nD desODOOODOOO
gooooon
00 h=(f,g)0000A < f00h<¢g°000AR0000AO000000000
oooooon
(=) N(Zfe) U (Z¢e))" = (=ia)
000 (=) U(=4))* 00 (=4)0 (=) 0000000000000000000

(E) U (Ege))” = ((Zge) 0 (Z¢e))”

—~
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0000000000000 f0 gg00000 f°0¢°0000000 fO0¢00000
00000030000310000000 fg=reflect; 00000

Vs, s’ ((311- fB(s,v) =5") & (s =y 3/))

00000000000s ((Z5)o(S4)* ¢ 0000000000000 ¢gg0000
000000000000000000 s0¢00000000000000

00 9.1. 00 f0¢0000000000000 f°0,400000000000000
00000 fg=reflecty e 0 gg = reflect,,c 0000000000000000A= (f,g)
0 HuOOO0DO00D0D00D0D00000000!00000000000000000000
0000000000000

(=En) N ((Efe) 0 (Z¢e))" = (Zia) O
0000000000000 ((Zf)o(=,)* 000000000000

(=x) = (Z5e) 0 (Z¢0))”

000000 k0000000000000 CODO0O0O0O0 EKODODOOOOOMhkKDODDOD
gboooooodbmbObobooooboboboboboboboboboooboooon
gbooobgoaobooan

9.22 0JU0O0OO0OO0OOOOO0

goog

000000000 macro forest transducers [PS04] 0000000000000 00OO
goooboboooobooooooooooboooooboooooooobooooOooono o
gooobooguooooooooboooooboooboboboooooooboooooboogo
ogoooooooOoOoOO0O00O0O00OO000OCOOOOOObOOOOOOODOOOOOODOOO
ogoooOoOODOOOOO0OO0OOOO0000O0oOOOOOOOOOOOO0000000000
ooboooooooooooboboOoOooooooOoOoboOoOoOoOooOooooOOboOoOoOoOooo

00000000 reverseAcc00000000000000O0DO0OOO0O0O0O0O0O0O0O

goooobodgn
reverseAcc(x) = rev(x,e)
rev(e, y) =y
rev(a :: Char .x,y) = rev(z,a.y)

00 reverseAdcc 0000000000000 00D0O0O0 rev000000ODCODOO

ggobobogoobbbooduooouoboooobboboooubobboooaon

'HuO0OOO0OO0OO0OD00000 30000000000000000000000000000000O00
gobooooobooooooooooooboobooooooboooooo
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gboboobdoy0bo0obobo0bonobbo0bobD ree000O0OD0O0ODOO
gbooobobooboobooobo
gboooboboboboobobooboobooobobooboboooboboobon

oooooono
TreverseAce — Trev (5)

Trew (y) - Y
Trev(y)  — Tyew(Char . y)

gooboobooboobtbooooobbooobooobbboooobboooubbo
goboouobdooubooobboodbboob bbb boobboobobo
linear macro tree transducer 00000000000 [CDGT97]0 00000 [MPS07] O
ooobobboooooobbbtbdouddtres0 000000 booooga
gogooobobobobbbotbooooooooooooo

ogbooooog

ooooooXMrLoooobooobooooooooobobobobooboooboonoo
Uboboooboboboobobonoobobodnd <a>.<b>000 <b>.<a2>00000
goooxXMLOOOOOOooOOobOOobOobobOo XMLOOODOooDooooooooog
gboobobooboobobooobooboobbooboonbooo

000000000 pOOOO0OO0ODOODOOOOD filerOOOD

data T = ... --z € [P1] & LENGTH(z) = 1 A p(z)
data FF = ... -- 1z € [P;] & LENGTH(z) = 1 A —p(z)
filter(e) =€

filter(a : T wx) = lety = filter(z)in a.y
filter(a :: Fvx) = lety = filter(x)in y

gboooboobooboboobuoobbon

filter©(e) =B

filter®(a :: T v x) = lety© = filter®(x) in Ba(y°)

filter®(a :: F v x) = lety© = filter(x) in B3(y°, a)
000000000 B1,By,BsO filter OODOODOODODOODODOODODOODODOODO
000000000000 000D00 fiter000000ODO0ODOOOODODOODODODO
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