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[bifoldr ¢ n plg (s:ss) = [c]g (s, ([bifoldr ¢ n p]g ss))
[bifoldrecnplc[] = n
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[bifoldr ¢ n p]p ((s: ss),v)) =
if p v then ' : [bifoldr ¢ n p]p (ss,v")
else if v =n then [] else L
where (s',v") = [c]p ((s, [bifoldr ¢ n p]g ss),v)
[bifoldr ¢ n plp ([],v)) =
if v =n then ||
else if p v then s : [bifoldr ¢ n plp ([],v")
else L
where (s',v") = [c]p (2,v)

O000p0 [JeC0O00D0O0O0DOOOOOOODODOODOOQOOO0OOOOODOOOODOOO

oooooooeUooeUooooOoocoOoU0oOoooooDO LOoDoOoo

00 2.9. [bifoldrcnp]lp 0000000000000 0O000O0OOObifoldrecnpdO0O0

00000000000p0 [JeO0O0D0O0OO0OU0OOOODDOOUODOOOOO
ob.0ooobooooooooooon

000 0000000000000000000
0000000000

[bifoldr ¢ n p]p ([], [bifoldr ¢ n p]g [])
= [bifoldr ¢ n p]p ([],n)

=
ubboodobdssdgbboobogbbgdis:ssbOognoun

[bifoldr ¢ n p]p ((s : ss), [bifoldr ¢ n p]g (s : ss))

= [bifoldr ¢ n p]p ((s: ss), [c]c (s, ([bifoldr ¢ n p]g ss)))
= {00000([ceg s ([bifoldr ¢ n p]g ss) D00 pOO }
s’ : [bifoldr ¢ n p]p (ss,v’)

where (s',v") = [c]p ((s, [bifoldr ¢ n p]g s5), [c]c (s, ([bifoldr ¢ n p]¢ ss)))

1M

{c0ODOD }
' : [bifoldr ¢ n p]p (ss,v’)

where (s',v") = (s, [bifoldr ¢ n p]g ss)
= s [bifoldr ¢ n p]p (ss, [bifoldr ¢ n p]g ss)
{(oDoooo}

M

S8
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00000 0000000 jooooooogfbifoldrenplp00000000O0ODOOO
oomMOOoobobobobobOmbobobobobobobo v, ODDO
Ubbodlwvy=nbO000

[bifoldr ¢ n p]g ([bifoldr ¢ n plp ([],var))
= [bifoldr ¢ n p]g ([bifoldr ¢ n p]p ([],n))
= [bifoldr ¢ n p]c []
= vy

goodg
obood v, 0oonogd

[bifoldr ¢ n p]¢ ([bifoldr ¢ n p]p ([J, Vm+1)) = Vm+1

gboboobodbbdy, 00000000 b0o0bbogbnbOoOonDn

[bifoldr ¢ n p]¢ ([bifoldr ¢ n plp ([J,vm))
= {vm#n}
[bifoldr ¢ n p]g (if p vy, then s : [bifoldr ¢ n plp ([], vm+1) else L)

where (s',vm11) = [c]p (2, v)

c {00}
[bifoldr ¢ n p]g (s" : [bifoldr ¢ n p]p ([], vm+1))
where (s',vm11) = [c]p (2, v)
— el (5" [bifoldr ¢ n plg ([bifoldr ¢ n plp ([, vms1))
where (s',vm11) = [c]p (2, v)
C {0DDO0ODOO0 )}
[ele (Ielp (€2, vm))
C {c00D00O0D0)

000000000000
[bifoldr ¢ n p]¢ ([bifoldr ¢ n p]p ([J,v)) = v

ubboobuoobbooboobb ssbodbboobbuodbbdibls:sstdbboonoyg
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ugooood

[bifoldr ¢ n p]¢ ([bifoldr ¢ n p]p (s: ss,v))
if p v then ' : [bifoldr ¢ n p]p (ss,v")
= [bifoldr ¢ n p]c | else if v =n then [|
else |
where (s',v') = [c]p ((s, [bifoldr ¢ n p]g ss5),v)
— {if0D0D0)
if p v then [c]¢ (¢, [bifoldr ¢ n p]¢g ([bifoldr ¢ n p]p (ss,v")))
else if v =n then n
else L
where (s',v") = [c]p ((s, [bifoldr ¢ n p]g ss),v)
C {0ooooo)
if p v then [c]¢ (¢,v))
else if v =n then n
else L
where (s',0") = [¢]p ((s, [bifoldr ¢ n p]g ss),v)
C {cO0D0O0O0DO}

if p v then v
else if v = n then n
else L

C v

OO00O0O0O0DO bifoldrenpOO0O00O00OO00OO0ODOO

25 OOO0OOOOO
200000

200000 trens U0 OD0OOO0OO0D0O0OOO0OODOODOODODO

[tmns]]c ((s11,512), (s21,822)) = ((s11,521), (512, 522))

[trans]p (s,v) = [trans]g v

goooobooboobbooboobobon

[trans]g o [trans]e = id
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goo
ubooobud mn00o0ooooOooooan

min = condg p ft sd

where pxy = >
[ftle (s1,82) = =1
[ft]e (s1,s2) v = if v < sy then (v,s2) else L
[sd]G (s1,82) = s
[sd]p (s1,82) v = if v < s then (s1,v) else L

gobobobobobob2000b00b0obobooboboboboooooooooon
ooooooooboobooboobobobbbOobObbbbOoOoooO00000Oconds pty ta
uboboobogbbgpbobboobooobbooboobobon

ggboooogd

Ub0oo0oooooooooon count cODODOO

count ¢ = bifoldr (f ¢) 0 p
where [f c[¢ (s1,52) = 1+ s
[f clp ((s1,82),v) = (s1,v—1)
[f c]p (2,v) = (cv—1)
pv=v>0

goobooboooboobbooboobboobobooboboobboobDbooboo
googooobboobobooooboboooobbuo ebbooobbooobbbooo
O0000o0o000oOo00ooOo0o0ooooU0oOoOoooooOoooooOoOn,2loOo0O
[count O] [1,2] =20000

[count O]p ([1,2],1)
= & :[count 0]p (ss,v")
where (s',v") = [f 0]p ((1, [count 0]g[2]),1)
= (1Ol (1,,1) = (1,0) }
1 : [eount 0]p ([2],0)
= 1:]

= [1]
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uaooo

[count O]p ([1,2],3)
= 5 :[count 0]p (ss,v")
where (s',v") = [f 0]p ((1, [count 0]g[2]), 3)
= {10l (1,),3) = (1,2) }
1: [count 0]p (]2],2)
- {ooo)
1:2: [eount O]p ([],1)
= 1:2:5 :[count O]p ([],v")
where (s',v") = [f 0]p (2,1)
— {(1f Ol (1) = (0,0) )
1:2:0: Jeount 0]p ([],0)
= 1:2:0:]]
= [1,2,0]

oood
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30 tUoutdbootdbbd

ubobooobbooooloobobooobboooboooobobooobbooonboobo
bobobooboboobobobo,0bdn ecopy d

[copyle s = (s,s)
[copylp (s, (v1,v2)) = if v =vo then v else L

gbgbgbobobaoouoooooobobobobuoooobooboboboobobon
boboobobobooboboboboboboboobobobobobobooboooooon
goboboogooooobooooboooboooobobooobooboobooobobooboobobooD
0000000000000 000000O0O0000O0O00D0DOODOOODOO00 (Optimistic
Replication)[?| 00 0000000000000 DO0O0OOOO0OOOOOOOOOOOODO
boboooboooooooooooooboooooooooooooog

3.1 0O0on

00000000000 copy00O00OO0OOODDOODOOOOOO[?,?]0000000000
goobooooboboooooon

[[5]](; s = (57 S)
[0]p (s, (vi,v2)) = if s =wv; then vy
else if s = vy then v

else L

godouooboobbbtboddoouooooboboobbbbooduooooooboobooo
godoooboboobbbotboodooooo 2b0bbbobodooooooooobooo
0000 [¥p0000002000000000000000O00O0UOOOOOUOOOOO
ygodooobooobbboboddooooooobooboobboboodooooooooobooo
godouoobbobobbtbtodoooooooobobobobbotbodooooooooobooo
gbobobobobobobobobobobobobobbobOobOobOobobOobo
ugaooonon

000000000000 DOO00OO00s0D00000ODOODOODOO0DOODOODOODO0OD
gboooooooooog

Aup pgir = (dup x dup) 5 trans
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O00dup 0000000000 DOOOO0DOOOOdup,,, 000 2000000000000
goobgoo [[duppair]]pDDDDDDDDDDDDD 200000000DO0ODLO0OnbOD 10
gboobooooboooob20b00b0b0bobOobO0obOobobOobOoD
000000000000 0000000O00O00000OO0oD0oUOoOOOO [7IDO0bOO
00006 (Oneway fxid)D0OOODO0O0OODO0OO 10000000000 0O0OOO 2000
ubboobugilgoboooboooooab

3.2 UUoooooood

OooOoooooé0OpoOOOOOO0ODOOO0OODODOOOODODOOOOODODOG
oooooood

61 (s, 1816 8) = [5]p (s, (s,5) = s
goooooooooooooon

[5]c ([9Tp (0,(0,3))) = [é]e 3 = (3,3) # (0,3)

ugbboobuoobbooboobbooboobbooboo

[fles = 2xs
[flp (s,v) = if v =2x% s then s else v/4

ubbooboobobooboboooboobbboooboobobooboobobooobooo
goo
OOo0DO0o0bOo0o0ooOooboOobOoOoOoDOOdbidempotencel0OOOODODO fO

[f1e ([f1p (s:[flc ) E [fle s
[f1p (Lf1p (5,0), [fle (Lf1p (s,0))) E [flp (s,0)
00000000000000000000000000000000000000 [2,?]00
000000000000000000000000000000000000000000
00 [?]000000000000000000000000000000000600000

ubobooboobooboobobooboobbool1oobooooan
gooooboobooboooobgon

00 3.1.0000000000000000
00. 000[f]e (If1e (s,[flc s) C[fl¢ s00DOOD0D0DODO0O

[fTe (If1p (s, [flc s)) E {fODO0ODO}

[fle s
= QOO
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0000[fTe (e (s,0), [fle ([fp (s,0)) E [f]p (s,0) DD DD

[fTp (LfIP (s,v), [f1e ([f1p (s,0))) E {f0OO00DO }
[[f]]P (va)
= 00O

gboooooooooooooooogooDg O

gbobooboboboboooobobobbobobobobobboboboooon
gboobobooboooooooooooooooo
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40 4OoUoug

4.1 0O0O0OO0OOOOOO

goooooooboooobooooboboobboooboboobobooboboboboo
ugbbooboobbooboobbooboobbooboobobooobooboboobg
ubobooboobboobooboboooboobbooobooboobooboonn

4.1.1 DO0OO0OO0

0060 200000000000000O0O0O0O00O0O0O0OOODODODOOOOCCODOOO0O
2000000000 bO000bObOOo0obDboooobObOoOoDbooobooooboboono
gobooboobo20b0b0oobbuoobobooobobooobbooobbooobboo
uboboobodgbooo

D := B {ooooooo}
| (D,D) {200}

gbgbogboboboooooobobobobuoboooooobobobooooooan
uobooooboobooobboo 2000000000200 0000b00o0oobooaonoooo
good

ubobooobooboboobobooboobbooboobobooboo

00 4.1 (D0O0O0UO0OO0OO0). 000 SO00O0OO0YVYOOOOOODO fOO0D0OO0OOOOOOOO
ooooooboooo0ooDOoOo fOooboboOoOoDOoO

e VOOODOOOOOOOOODODOODfODOODOOOOOO

e VOO W, OD0DOD0O0O0SOUO0HV,OOOO fifst00000000O00OODOOO
oosoowvouooo fisnd000000O00O0ODOO

OO00fst0 snd0D0D0O0O000O0ODO O

bobooobooboobboobuooboobboobooobooboooboobooond
gboboobooboobbooboooboboon
vbboobobogbobouboboouobboboboouobobooboobobooog
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U0 4.2. 000000000000 O0OO0OO0O0O0OLODO0OOUOOLOD0OOUOUOUOoOOOn
65 fst =67 snd =id

00. 000000000 ft000000000
000000000000000([8:fst]e s = [fst]le ([0]c s) = [fstle (s,s) =s00000
000

0000000000000

[65 fstle (s,v) = [é]p (s, [fstlp ([0]G s,v))

= [8Tp (s, [fstle (s, 9),0))
1p (s, (v, 5))

= if s =wv then s
else if s = s then v
else |

— Tidle (s,0)

O00000O00d6sfst=id0OO0OO0 O

gbbogodgboobbgodgbooo
ub 43. 0000000000000 00O0000OO0O0O0O0ObOO00b0oO000n
1. 00000 fO0OO0DOO00O0O0OODOOODOfODOOOOOOOOODODO

2.0000b0o0oboboobobooboboobobooboboobbbOobo

00. 0000000000000000006000000000000000000000
006 fst=6'snd=id0000000000000000000000000
00000000000000000000000000000000000000000
00000000000
00000000000000000000000000000000000000000
ooooo

0000 sO0O0O00O0 (W, 000000 f000008S00)HWV 0000000000
000S0O0 Y, 000000000000000000000000000000000O00
000000000000S0O0 (W,)V,) 0000000 f000000000000000
000000 f:fst000 fisnd 0000000000000 0000000000 f5fstO
00 fsnd 00000000000000000800 (V,,) 0000000 00000
0ooooooo

000000000000 00000000000000000000000000000
ooooo

O
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4.1.2 DO000O0O0ODOOOOOOOOOOOn

gboobooooboooobooboosgboobooboooboooooonDog

[addl]G (s1,82) = s1+ s2
laddl]p ((s1,82),v) = (v— s2,52)

O0000o0oDooOoDoOoOsO0ODODODODDODOOOD0O0O0O0OOdeddlDO0O0OOOOODODODO
uboooooogn

[05 addl]g ([0 addl]p (1,5))
= [63addl]c ([6]p (1, [addl]p ([d]c 1,5)))
= [67 addl]c ([¢]p (1,[addl]p ((1,1),5)))
= [67addl]c ([d]p (1,(4,1)))

— [6: addl]c 4

= [addl]c ([¢]c 4)

— [addl]c (4,4)

= 8

goboboobooboooboobooboooooooobooboooooboooooooooboooo
ooooon
ooooooooognog

foa= fxf {00}

|6 (oooo )

| ft {0D0O0D01000}

| snd {00002000)}

| fif {00}

|t {00000000000000 )}
000000000000000000000000000000000000000000

0000000000000 O000000
dup’ (t1 x t2)

gooooo o0o0bodooobouooo teddooooooooooonooooooooo
dyp 0000000000000 O00DOODOODODOODO0ODOO0O0O dup=060200000
00 dup = (dup x dup)itrans 0000000
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gbooobobooboobboobooboo

5ifst — id
0%snd — id
fid — f
dif — f
idxid — id
(fix fo)i(fax fa) — (f1ifs)x(f27fa)
(fix f2)ifst — fstifi
(fi x fo)isnd — sndj fo

vboboboobooboooobooboboboobooob
00 44 (000). D0O0D0O0ODOOOOOOO
ub.0oobooobbooboob xgobooooboooooooboooooo O

00 45 (0000000O0OOOOO). 00 fO000O0O0O0O0DO0DO0OO0DO0DOOOOOOOOO
0000000000000 000000000 /000000 f/0é000000O0OOfFO
gobooboooo

ub.b0oobooobbooboooboobooobooog
googobooo

0% fst = id

6snd = id
ooooooood

fiid = f

dif = f

idxid < id

goodg
gboooboboood

[(f1 x f2) 5 (f3 % fa)le (s1,82)
= [fs x fule ([f1 x falG (s1,52))
= [fs x fae ([f1le 51, [f2l s3)
= ([fsle (I11le s1), [falc ([f2) s3))
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ogooo
[(f15 f3) x (f25 fa)le (s1,52)
= ([f15 fsle s1.[f25 fale s2)
= ([fsle ([file 1), [falc ([f2lG s3))
ooo

[Cf1 < f2) i (fz x fa)le = [(f13 f3) x (f2§ fa)]G (s1,52)
gooooogoooogono

[(f1 x f2) 5 (fs x fa)lp ((s1,82), (v1,v2))
[f1 x fo]p ((51, 52), [f3 x fa]p ([f1 x fo]G (s1,52), (v1,v2)))

= [fi x fap ((51,52),[fs x falp (([filG s1,[fe]G s2), (v1,02)))
[fi x folp ((s1,82), ([fs]p ([file s1,v1), [falp ([fol s2,v2)))
(Lf1lp (s1, [fsle (Lfile s1,v1)), Lfelp (s2, [fale ([f2lG s1,v1)))

oooo
[(f13f3) x (f25 fa)lp ((s1,82), (v1,02))
= ([f15 f3lp (s1,v1), [f25 fullp (s2,v2))
= ([, (s1.[f3lp ([f1lG s1,v1)), [folp (s2, [falp ([f2]G s1.v1)))
oog

[(frx f2) 5 (fs x fa)lp = [(f13 f5) x (f25 fa)]p
gooooooo
(fi x f2) 5 (fs x fa) = (f17 f3) x (f25 fa)
oooood
000000000 0s,=L0000
[(f1 x f2) i fst]e (s1,82) = [fst] file (s1,82) =L

O000sy#L 0000

[(f1 x f2) i fst]e (s1,52) = [fstle ([f1 x falc (s1,82))
= [fstle ([file s1.[f2lG s2)
C {000}
[file s1

31
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ggoon

[fsts file (s1,82) = [file ([fstlc (s1,52))
= {271}
[fi]c s1

oooooooo
[(f1 x f2) i fstle = [fst] file
dododoooooooano

[(f1 x f2) i fst]lp ((s1.82),v) = [fi x fo]p ((s1,82), [fstlp ([f1 X folc (s1,52),0))
[f1 x falp ((s1,82), [fstle (([f1]c 51, [f2lG s2),v))
{000}

[f1 x fop ((s1,82), (v, [f2]G s2))

([f1]e (s1,0), [fo]p (s2,[fole s2))

{f0000 }

([f1lp (s1,v), 82)

11

Ir1

gogno
[fsts filp ((s1,52),v) = [fst]lp ((s1,s2), [filp ([fstlc (s1,s2),v))
= [fstle ((s1,s2),[f1]p (s1,v))
= ([filp (s51,v),52)
oog

[(f1 < f2) 5 fst]p = [fst] filp
goopooogno
(f1 x fa) i fst X fst] f1

ugboogn
000000 f010000000000000 f/O0000O0O

f=r
0000000000000000f/ 000000000000 fO00D0D0OO0OOOOO O

gbooobooboobobooboboobobooboobooobooooooon

F=(0xid) 63 ((fst’ fst) x (snd x id)) 7 (t1 x t2)
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\
VA N\

O42. 00000000000
041. 00000000000 ooooog

oooooog foooobooooooobo 410000000000 ODOOOOODOOOO
000000000000000000 fO000OO (s1,82)0000s 00t 000000
00000 »wO000O(s1,82) 00 t,00000000000 v000 (vi,v2)000000
oooo fOo0O0O0O0O

fifst = (6dxid);05 ((fstsfst) x (snd xid)); (t1 x to) 5 fst
— (6 xid);05 ((fsts fst) x (snd xid)); fst it
— (O xid) 575 fstd (fstl fst) Tty
— (0 xid) 3 (fst fst) ity
—  fst387 fst ty
— fstih

goano

fisnd = (0 xid)id5((fst fst) x (snd xid)) 5 (t1 X t2); snd
— (6 xid) ;05 ((fsts fst) x (snd x id)); snd ; to
— (0 xid)3d75snd 3 (snd xid) ity
— (dxid)(snd xid) it
— ((05snd) x (id} |d)) St
— (idxid);it
— id ity
et

000000 f0D0D0O000O00DOOODOOO0ODOOOODOOO
ob0420000000

(5 > id) 365 ((fst? fst) x (snd x id)) & (id x t2) T,
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0000000 0DO0O0Db0O0DOo0DbOoU0DOoODOt =t=edl00000O00O0O0OOO

gobooboobooboo
gboobodbbooobouoobboobuoobboobooobbooboobbooboo

gbbooboobobooboobooobobooboobobooboooobooobooan

[add'] (s1,82) = if s = so then s1 + s else L
[addTp ((s1,52),0) = (0/2,0/2)
O0000d%edd 0000000000000 O0O0OOO0OO0OOOOOOOOOOO

[6% add']6 ([6% addTp (s,v)) = [6%add’Te ([8]p (s, [addTe ([5]c s,v)))

5
[05 addle ([9]p (s, (v/2,v/2)))
= [0%add] (v/2)
= [add']c ([¢]c (v/2))
[add]c (v/2,v/2)
= v/24+v/2

= v

gboobobobobobo

4.2 X*O0OOooooooo

0000000000000 000O000000 XO0O ?7jo0oooobo0ooooo Xoo
O0HueOOO000D0OO0OO0O00O0O0O XO0OO (70000

e 000 DOODODLODLOODLDODOODO
e 00000 ODOODOODOOODOODOOD

0000000000000 0000000X*00000000000000000000
gbobooboobooooooooooooooooooooooooooooooooon

4.2.1 0ODO0O0O0O0O0OO0OOOOOO0

0000 [?]0000000000000000000OO000ODOO00OO0O0 300
obooboooooooooooooooonog

00 4.6 (000000000O00CO). 00D0DOODOODOOD 300 (s,z,v)D0OODOODOOOO

e 00O s€8
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e JOOOO .”IJEX(&V)
e OO wveY
DDDX(&V)DDSDDVDDDDDDDDDDDDDDDDDDDD O

oooooboooooobbooooon Xsyy0ooooooooooooobooo
gobooboooboooo

gboobobouobobuobouoboboboobobobobobooobobboobob
gboboobooboooboobooobobooobooobobooobgoooo

00 4.7 (00000). O0D0O0OOOODOOOO (s,z,v) 0000000000

[x]lc s = v

[2]p (s,0) = s

gbooooboobbooboobbooboobbooboo

00 4.8. 00000 (s,z,v) 0000000000000 OOOO0OOOOOOOOOOOO
gobooboooboobaon

e 000D SOOUODODDODO

[z]p (¢, [z]G &) #L = (&, z,[z]c &)
[z]p (¢, [z]c §') =L = (s,z,v)

|I$]]P ([[x]]P (S,Ul),[[.fc]]c ([[x]]P (S7U/))) #L = ([[x]]P (S,DI),LU, [[x]]G ([[J}]]p (871}/)))
[z]p ([z]p (s,7),[z]c ([z]p (5,0))) =L = (s,2,v)

ugb.b0ooboooobooboooboobooobooon O

go0 lLobobooooogbobooooloboooobobooooboboon
000000X*0000000000000000000000000000000000
gobooboobobooobbboobuoobboobuoobbooboboobbooonoo
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422 0OO000O0O0OOOOOOOODOO

goooooooooOooboOoboOoobDOoOobboOoboooSOobooooOoOoobooooDooOoo
gbobooboobboobooboooboobooobooboooboobobooonbo
goobooboooobobobobobobobobobobobOobobOobobOobo
OO00000DO0CO0O000DOO0O00Operation-based000D00O0O00O0OOOOODOOO
goobooon

gboooooooooooooooooooogoooooboobooboboooobogoobon
ubobooboobboobobooobooobobooobooo

00 49 (00000O0). 0000000000000 S—-SO0000O0000O0 AS)ODO
0000000000000 000000000000O0O0000OooooOoOO A%S)O

AY(S) = {ago---oar|[k>1,Vj:1<j<k.a; € AS)}
goooogo ]

gbbooboboobuoobboobudoboobbooboobbooboobobonoby
ubboobooboboobooboooobooboooon

00 4.10 (00000000O0OOOO). 0000 SOOYVYOOODODOOOODOOOzOOO
O000000O0ooooooo Av)o

A(V) = {ay | Jes € A*(S), [z]p (s,a, v) = €5 s}
goon O

0000000000000 00000oO0OOOOOODO0OOOODOOOOO Av)ooo
000000000000000A(V)DOD0D0OO0O0O0D0D0O0OO0DU0ooOOooDoooooooo
O00000AS)D000Ooooooooo

D000000A(V)ODDDD0OO0Xs, 000000000000 A4(S)0000000
00000000000000000000000000000A(V)O AXS)ODoDoooo
0000000o0o00o0o0o0o0oooo0oOoP00000000LO0DooO0oLoOoDOn
ugbboobuoobbooboobboooboobbooobooboooboobooonobg
ogbobooboobbooboboooboobbooooboobbooboobbooobooo
boboooobooboobooooboobooboobooboboo

00 411 (00000000000 DOOOO). D0000O00OOoOo0oooO ECAV)OO
0000000000000 as€ AS)D0OD0 e, e EODODODO

marks as = S — S’

marky a, 2 YV — V'
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OO0000o0ooooooooon

reflect, (marky a, v) = a, v

reflecty, (marks as ) = as s
OO0000 reflect, O reflect, DO O0O0O00O0OO0DO0O
reflect, ([x]p (s, mark, a, v)) = [z]p (s,a, v)

000 [z]p 000 marksO mark,O reflect O reflect, 000 00000000000000OO
oooooooooooooogon [

ooooooooos'oyosSoyvooooooooooUoooooooooooooo
0000 AV)ODO0oO0o0oO0oO0ooOoU0Oo0oOOo0obOooOooooooooO EO A(v)ODOO
000000000000 Oreflect, OOOO0OOOO0O0OOOOO0OOOOOOOOOOOGDO
000000000000 00000000 «00000[z]s 000 marksdmark,O reflect,0
reflect, DOO0O0000000O0[z]p000000000O0O0O0OO0O0OOOOOOODOOOO
000000000000000 [«]p 000 marks0 mark,O reflect 0 reflect, 000000
oooo

423 0000000

ggoooobobooboboobobooboobobooboobobooboboboog
data Tree = N (C, M, K, S) { Tree}

ogoobocooooooooooooooooMbooooooooOKOOOooooooooo
ocooosSooooooooOoboOooboOobOoOobOoOoboboOobooOOoboboOooooooDoooD
uboobooboooboboooboobobbobbooboooboobooboboboonon
OO0 KO coooooooooooooopooooooOooooooooopooooooo
gboboobobobobobobuoboooobobobobobobobobooooogn
gbobooboobbooboobbooboobbooboobobooobooboboooba
oooooOo sooooo0ooooooooooooOoOoooOoOoOoooooooDoOobooo
oooooooooooOooOooooobooOoooooobooOooobbooOo sooooboooo
O000O0O000DOO00bOO00bOKO SODoOoOoboOoobbooooboooogoo
ooo0oooo0 KO sSgooooooooooooooooOoooooooOooooooo
OO00000DCO000O00DCO00OOODreflect, OO0 KO SODOOOOOODO
gbobooboobobooobooboooobooboonbbon.
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UbbO0bla0000000000D000D0Da,b,cO000O0O00O0O0O0DOOODODOOODOO
gobooboobbooboooboo

N ((a, Directory, 4096, . ..), Normal, a, a)
N ((a, NormalFile, 125, . ..), Normal,a,a) ()
N ((b, NormalF'ile,498, . ..), Normal,b,b) ()
N ((c, NormalFile,267,...), Normal,c,c) ()

0dd0ooOocCco0ddddbood0ooooooooDooooooDooDg stat(2) 000
Oddodooooooooooooobooodob0oooooooooooooooooo
O0000000oo00ooooo00ooO00oooOo0ooooOoooooooooOooon
gddbodoudooouoooooobooooboooouoooouoobouoouoooo
Oddodooooooooooooobooodob0oooooooooooooooooo
ooooo

0000 extract kOO

lextract k]g (N - cs) = if N (¢,m,k,s)t € cs then N (¢,m,k,s) t else L
[extract k]p ((N d cs),t) N d ({t} Ues)

gbooaoo
gboooobooboobboobuooboobbooboobooboobooboboonoobg
gooboobogo

e J000UU0UIOODDDOCODOOUUUUODDDOODODOOUULOOODOD AddDDODO
e 0000 DOOOODOODOOOOOULOOODOOODOODOO DelbOODO

e OO DLOODLODLDDODLOUODLOLOUOUODLUODLO cOUObUOUbOLLOObLOOnOO
00 Mod cOODODO

oobooboooboo 1gooooooooboooobooboobooboobobooooboooon
ubboobooboboobooboobooobooboooobooboooooboooooonoog
goboobogn

OO0 KOODOOOOOOO extract kOODOO0ODOOODOOOOOOO EKODOODOOOO
gbobooboooboobbooboobboooboobooobooooboon

3

)
)
0000000000 extract 20000000 N (2,Normal 2,2) 0000000000000
OO0000020040000000reflectb0O0D00O0OODOO

N (2, Normal, 2,2

N (1, Normal, 1,1) { N (3, Normal, 3,3

N (1, Norma,1,1) { 1 (4 Normal,4,4) 0
; i1 N (3, Normal,3,3) 0
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O0OOextract 200000000 LOOOOOOOOOO N (2,Normal,2,2) 000000
0000000000000 00000000000000000000 reflect 00

N (2, Mod 4,2,2

N (1, Normal,1,1) (2, Mod 4,2,2) 0

N (3, Normal,3,3) ()
0000000000000 0 extract 200020 4000000000000000000
Dl:l[[x]]'P(S,U)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000000000000 oooooooooonb0 «oooooa
0000000000000 00D000oO0o0oo0oo0o0oDooooDoooooooon
0000 synchronizeO O OO0

synchronize (s, z,v) = (s, 2/, [2']¢ ")
where 2/ =a sz
s' = [zp (s,0)

s" = reflect, s’

ubbooboobbooboooboboobooobooboooboooboooboooobooong
goboobogbbooboo
O0000000000O0O0000O [?jooboooooooooooo

b 4.12. 000000 OoO0bO0o0obOobbOobOo0oboobOoboobuoob 0b0ODLO
ubobooboaboo

e Vsc S Ve,
N (c,Add, -, ) _ € children v A [z]c (reflect, [z]p (s,v)) #L
= N (¢, -, -,-) - € children ([z]g (reflecty [z]p (s,v)))

e VseS,YweV,
N (¢, Del,k,_) _ € children v A [z]g (reflect, [z]p (s,v)) #L
= N (¢, k,_) - ¢ children ([z]c (reflect, [z]p (s,v)))

e VseS,YweV,
v=N (¢, Mod ¢, _,_) _N[x]c (reflect, [z]p (s,v)) #L
=v=N(d,,,)_

e zilertract KOO OODODOOODOOODOO ([

googobooboobboobuoobooboboobooobooboobboobd
ugbboobuoobbooboobbooboobbooboobobooboobboobdyg
ubobooboooooooon
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- A=A = AN AN

X
x1 x2
x1;x2 -~ - HSwap 11 12
1 12 12 1
then x1
if p?
If p x1 x2
Apply p1 (DupTo p2) -—
else x2 A
-~
A A

043.Xt00000000000

424 X*OOOOO

00000XO00000X*0ooooooooooo

X == Apply [K] X' {0DO0OODOO )
| XX {00}
X' = Id {0DDoo}
| Sort (C' — S) {00D0 }
| CMap X (0ooooooooo )
| Insert Tree (DDOooDooD )
| If (Tree — Bool) X' X’ {0D00ODO }
| Hide K {0D}
| HSwap K K {0000}
| DupTo [K] {00}

goosooboobooobooobooboboooobo43b000ooboobooobobooobOon
gobobodpbbboobboobboobbooobbooobooobboooboo
00000 y00000000000000000O0UOOOUO

Apply p (If isRecentCreated (DupTo p’) Id)

ubbgobogboobobod
gboooobooboobboobuooboobbooboobbooboobobooonobg
goboobogoobg

Apply [] CMap (CMap (DupTo [})) ; Apply [] (CMap (CMap (DupTo [])))

000000 DupToOOUOOOOODOOUOOOOODOOOOODOUOODOOOUOOOO]x]e,
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[z], 0000 [z];0 [z}’ 00000000000

[r1i22]gis = [x2]g (i+1) ([ri)gis)
fo1 52l i (s,0) = [aadp’ i (s, fwlp’ (i +1) (i) i s,0))
[Apply p 2'lg i s = [2'lgipea i s
[Apply p 235" i (s,0) = [2'lpioca i P (5,0)

0000fz).0fz),’ 0000000000000000000000000000000
Apply [] CMap (CMap (DupTo [])) ; Apply [] (CMap (CMap (DupTo [])))

OO00OO0O0ODOO0O0ODOO bupToOOOOOOOOOOOOOODOOODOOODOODOODOO
gbobooboobooboboobooobboooboogn
ubooooooooooooooooooooo

00 413 (00000000000 O0OOO0). 00000000000 DOO0O0O0000 =0
gbooboboobob
Vi, s, [x1]p i (s,fz1]gis)Cs

gooboobobob ([

oooooboob 1Oz 0000O0

f1 322" @ (s, f1 5 22]g 7 9)
= [eiia2]p’ i (s, fa2lg (1 +1) (fan)g 7 5))
= faidp’ i (s, fa2lp’ i+ 1) ([21)g i s, fadg (0 +1) (fan)g 7 5)))
C {0000}
f1dp" @ (s, fa1)g i 9)
{z,0000 }

S

M

0232, 00000000000000Apply0O0000

Vi, s, KxHP;ocﬂ ip (S’ K$HGI°C3| ‘p S)

D000000Apply0000000000000000 fa)ply, 000 [2)gm 00000
nooooo

425 XfO0OOOOODOOOO

bbooobooboboobobooboobbooboonoo
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listify :: { Tree} — [Tree] O listify ts 00000 ¢s0000000 4000000000
0000000000000

setify :: [Tree] — {Tree} O setify ts 000000 ¢sO0000000O0OO

label :: C — S O label cOO0O0O0O0DOOOOOO0ODOOOOOOODOOODOOOO
o0 cO0b000ooobooboonogooon

key :: Tree » KO key t 00 t0000000000
key (N (c,m,k,s) f) =k

fetch :: [K] — Tree — Tree O fetch pt 00 t00 00000 pO000000OOOOO
god
fetch [ t=t
fetch (k: ks) (N d cs) =
if N (¢,m,k,s) cs’ € cs then fetch ks (N (¢,m,k,s) cs)
else Q

replace :: [K| — Tree — Tree — Tree O replace pt ¢ 00 ¢t0 00000 pOO0D00O0O
O000¢#00000000000
replace [| t t' =t/
replace (k: ks) (N d cs) =
if N (¢,m,k,s) cs’ € cs then
N d ({replace ks (N (¢,m,k,s) ¢s') '} U (es \ {N (¢,m,k,s) cs'}))
else L

insert :: Tree — [K] — Tree — Tree Dinsert t k' 00 t0D00 ¢ 0000 kODOO
googoobbooobod
insert (N d cs) kt' =N d ({N (¢,m,k,Q) ¢s'} Ucs)
where N (e,m,_, ) cs’ = t
remove :: [K] — Tree — Tree Dremove pt 00 t0 0000 pO00O00O0O0O0OOOOO
gooooooo
remove k] (N d cs) =
if N (¢,m,k,s) cs’ € cs then N d (¢cs\ {N (¢,m,k,s) cs'})
else L
remove (k: k' : ks) (N d cs) =
if N (¢,m,k,s) cs’ € csthen
N d ({remove (k' : ks) (N (¢,m,k,s) ¢s')} U (es \ {N (¢,m,k,s) cs'}))
else L
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good

ooooidoboooooooooooobooodoboobooooooo

KIdHGIocalipS = s
KIdHP;ocalip(s7v) = v

goooobogoo

ooo

ogooooooooooboobooooobboobooooDbboo fObDO0OODOOOOOOD
gboboobogboooboooon

(07t fTg1acat 1 7 5 =
if fetch p s = Q then L
else replace p s (N d {N (¢,m,k,fc)t| N (¢,m,k,_) t € cs})
where (N d cs) = fetch p s

[Sort flpioea @ P (5,0) =
if fetch p v =) then L
else replace pv (N d {N (¢, m,k,label ¢) t | N (¢,m,k,_) t € cs})
where (N d cs) = fetch p v

gboboooboooobooooboooooobooboooooooooooooboooooo
ubbooboobbooboda
ubooobobooboobobooboobobooboobobobooooboboonog
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ugboooobooon

00000000 CMap 2’000 44000000000000 20 Apply000

[CMap '} e i P s =
if fetch p s = Q) then L
else getChildren Ichildren s
where Ichildren = listify (children (fetch p s))
getChildren (d : ds) s getChildren ds ([2'}goca @ (0 ++[key d]) s)
getChildren [] s = s

[CMap x’ﬂpfocal ips=
if fetch p v = then L else
let
putinserted (d: ds) v = if isAdded d then
putlnserted ds ([2'Yp) o, @ P’ (remove p' v, v))
else putinserted ds v
where p' = p ++[key d]
putInserted [| v = v
in
if fetch p s = Q) then
putInserted listify (children (fetch p v)) v
else
putInserted Ichildren, v’
where Ichildren = listify (children (fetch p s))
putChildren (d : ds) (s,v) =
Km,HPllocal i p' (s, putChildren ds ([2'}g o0 @ P’ 5,0))
where p' = p ++[key d]

putChildren || (s,v) = v
v’ = putChildren Ichildrens (s,v)
Ichildren,, = lstify (children (fetch p v'))

0002’0 DupTop DO OO0 p0O CMapO0OO0ODOO0OD0 pOO0O0O000DOOOOOOOO
00 DupTop/0 p/0 pO0DDDDDO0OO000DupTod pO00000OOOO0OOO
oooooobobobobooooooooooon
O0200000000000 CMap/ 0000000000000 0O000O00Ofetchps=
QoOooaoo
[CMap 2'Jpiqey i P (5, [CMap 2] gy i p 5) =L

O00COO0O0oO0O0OO0OOfetechpsQ0000000000O0O0O0O0O0O0OOOOODOO
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Apply p (CMap ) ~ Apply (p ++k1) ziApply (p ++k2) =

0 4.4. CMapO OO

putlnsert lv =0 00000000000

[CMap x'ﬂpllocal ip (s, [CMap 2] oca @ P 5)
= [CMap az'ﬂpfocal i p (s, getChildren [ s)

where [ = listify (children (fetch p s))
getChildren (d : ds) s getChildren ds ([#'}¢oea @ (P ++[key d]) s)

getChildren [] s = s
= putChildren [ (s, getChildren [ s)
where [ = lstify (children (fetch p s))
getChildren (d : ds) s = getChildren ds ([2'}¢ oo @ (p +H[key d]) s)
getChildren [] s = s

putChildren (d : ds) (s,v) =
[ Yproca @ P (8, putChildren ds ([2'}gioea @ P’ 550))
where p’ = p ++[key d
putChildren [] (s,v) = v

O00000!=[ 00000 putChildren [] (s, getChildren [ s) =s 0000000l =ds0O0O
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O putChildren (s, getChildren | s) Cs 00000000000 ODOODO

putChildren (d : ds) (s, getChildren (d : ds) s)
= ['Yp i p' (s, putChildren ds ([z’ ip s, getChildren (d : ds) s
Plocal Glocal
where p’ = p ++[key d]
= [N ip (s, putChildren ds ([’ ip s, getChildren ds ([« ip s
Plocal Glocal Glocal
where p’' = p ++key d]
{oooooo )

M

IIx/HP;ocaI ip/ (S’ Kx/HGIocal i p/ ‘9)
where p' = p ++[key d]
{0000 }

1M

S

00b00d0dl=d:dsO0000DO00O0O0OO

0000000000 putChildren I (s, getChildren 1 s) C s 00000

goon

[CMap x/HP;ocalip(s’ [CMap z]g ocy i P s) E s

goooogo

CMap 2/ 0000000000000 00O00DOOO0O0OOOOZ 0O SortdIldO OO DupTo
0000000000000 00000000 z0000 CMap 2’ 00000O0OOOODO
gbobooooooooboobooboooooooooooooooboooooooooooo
ggd

un

gboooobooboobboobuoobobooobooboooobooboonobo

[Insert t]g o @2 5 =
if fetch p s = Q then L
else replace p s (insert (fetch p s) (i,p) t))
[Insert t]p i p (s,v)
if fetch (p ++[(i,p)]) v = then v
else if containsAnyMark (fetch (p ++[(i,p)]) v) then L
else remove (p ++((i,p)]) v

O00¢«t0000000D0000000000 containsAnyMerkDOODOOOO0O0O0OOCOOO
gooboobooboooood
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000000000000000000000000 fetchp s=00000

[insert ¢]p1 e @ P (s, [Insert t]g o, i s) =L

O0D0O000o0ooofetchps#Q000

[insert t]p) . @ 0 (s, [Insert t]g s @ P S)
= [insert t]p) .. @ P (s, replace p s (insert (fetch p s) ((i,p)) t)))
= remove (p++[(i,p)]) (s, replace p s (insert (fetch p s) ((i,p)) t)))

= S

gobooboooboobaon
ubooboboobooobobobuoobobboobuooboboobuooboboong
goobooboogooo

Ul 4.14. U00O0O0O0DOOO0OOOO0O z,pdb00O0 K,HGlocalipD 200000000000

O0.000000000000000 f[Apply’p)g 00000 0000000000
[Apply 2’ plg i = [2')gloee ¢ PO 000 pOOD0O00[Jg., ip0 2000000000
gooon

Id0 SortO Insert0] Hided HSwapO DupTo O [ J¢ .. ¢ PO 00000000N &) o5 00x)
000 240000 pO0000 [ ey ip0 2000000000 & 250 [Jee i 20 2
O000000000000CMap2’0 20000 p000O0O K*HGlocalipD 200000000
['}¢pe i 000 pO0000D000(e g, ipD0 p0000000000 Y0000
[ Mooy i ¥ 00000000000CMap 2’0000 p0O00 [ Y. ip0 2000000
000000000 f2)gyy i p0000 p0000 [JeueipD 20000000000
oono

ygoooobbobobobbooodod po K*HGIocalipD 2000000000404 O

[DupTo]gioee @ O OO flnsert]s, ., i p 0000 (6,p) 00000000 O00000ODODO
00000000000000 [DupTo)gee, ¢ p 000 finsertle,, i p0 ép000000
0000000000000000000U00oUD 000 (4,p) 0000000 OODOO
O0O00O000O0O0ODupToOOO Insert 00000 OOODOODOODOODOODOODODODO
ogooooon
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goog

oooboobbUdypred0000D0O0ODOOOODOOODOOODOOOOOOD

[If pred x} 25)goe 1P S =
if fetch p s =) then L
else if pred (fetch p s) then

Kx,lHGlocal ip s
else

Kx/Q}]Glocal ips
[If pred z} xﬂPllocal ip(s,v)=
if fetch p s =) then L
else if pred (fetch p s) then

lelﬂpllocal v p (S,U)
else

KxIQ}]Pllocalip(svv)
0000 202,00000000000000000000000D0000 fetchp s=9Q
ooo
[If pred = x’zﬂpllocalip(s, [If pred o 23] P s) =L
00000000000 000oO0O0dfetchpsQ00000

[If pred x} xéHPllocal ip (s, [If pred o) ab)ci o PP S) =
if pred (fetch p s) then

lel}]GIocal ip S
else

K$/2HGloca| ip 8

!/ .
= [If pred =} 25)p1oca @ P

= |If pred (fetch p s) then

Kx/lﬂpiocal ip (s, Kx/IHG:ocal ips)
else
KxIQHP;ocal ip (s K:UIQHGIOC(N ips)
C {2/02,0000 }
If pred (fetch p s) then
s
else
s

ubboobooaoo
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0000000000000 000000O0DO00DO000O0O0O0O0 2}%2,00000

/ . .
Kméﬂplocal (Z + 1) p (K:‘C/IHGIocaI tps, U)

good

[21]Glocat 7 P (lelﬂPl/ocal ip (s, Kl‘éﬂm/ocal (i +1) p ([21)610ca P P 5:0)))

OO000O0oO00O0O0o0obOOo0oooDOodpred000b0O0O0obOO0OO0ODOOODOOODOOO
gboboobpoooobobooboboo200o0bo0oboboboboooobobobo
ugbbodobuoobbodgboobbooboooon

oo

oboobo0ob Kooooooooooog

[Hide k) oca i P 5 =
if fetch p s =Q then L
else remove (p ++[k]) s
[Hide k}pi ey @ P (5,0) =
if fetch p s = then L
else replace p v (N d ({fetch (p ++[k]) s} U cs)
where N d cs = fetch p v

0000000000000 0O0000d fetchps=Q0000
[Hide kﬂpfocalip(s,KHide FlGioca @ P 8) =L
0000000000000 fetchps=Q0000

[Hide kJp ., @ p (s, [Hide k¢ ooy @ P S)
= [Hide kHPI/ocal i p (s, remove (p++[k]) s)
= replace p v (N d ({fetch (p++[k]) s} U cs)
where N d cs = fetch p v
v = remove (p ++[k]) s

gboboobooooon
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goog

oooooooooD U kROOOO0OO0OO0OOOODOODODOODOODOODOO
oboobooooobooooooog

[HSwap k1 kofgioea i P 5 =
if fetch (p ++[k1]) s = QV fetch (p ++[k2]) s = then L
else replace (p ++[ka]) (replace (p ++[k1]) s (N (¢,m,k,s") t)) (N (¢,m/, K, s) t')
where N (¢,m,k,s)t = fetch (p ++[k1]) s
N (d,m/ k' ")t = fetch (p++[ke]) s
[HSwap k1 k2]piyes @ P (5,0) =
[HSwap k1 kQHGIocaI ipw

fetch (p++[k1]) s = QV fetch (p++[ke]) sthen=Q L 00000
[HSwap ki kgﬂpllocal i p (s, [HSwap k1 k2Jgioes 7 P 5) =L

0000000000000 0000000000D00000000[HSwap k1 ke]gipOO0O
Op+[k]0 p+[k] 000000000000 0OOOOOOOUOOOODOODOOOOOO
ugbboobuogbboobooboooob

g

ObooD DupTopU pUbOO0O0OODLODOODLOODODOODDLDODODOODOODODO
p0000O00O0ODOO0

[DupTo p'Jgioea i P 5 =

if fetch p s = QV fetch p’ s =Q then L

else replace p' (insert (fetch p' s) (i,p) (fetch p s))
[DUPTo p'lpiocy i P 5 =

if fetch p v = then |

else if fetch (p/ ++[(7,p)]) v = Q then v

else replace p v’ (merge d d')

where d = fetch (p' ++[(i,p)]) v
v = remove (p' ++[(i,p)]) v
d = fetchp

00000 mergedd 00d0O00d 000000000000 OOOOOOOOOOOO
UboooobobobobooooobooboboboboobDg merge0OO0DOOOOOO
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merge d d =
if
else if
else if
else if
else if
else if
else |
where

mergeC t t' =
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isDeleted d then N (¢,m,k',s) (mergeC t t')
isDeleted d’ then N (¢,m/,K,s") (mergeC t t)
isModified d N isNormal d’ then N (¢, m, k', s) (mergeC t t')
isNormal d N isModified d’ then N (¢/,m/ k: ,8") (mergeC t t')
isModified d N isModified d A'm =m' then N (¢,m,k',s) (mergeC t t')
isNormal d A isNormal d’ then N (¢, m, k ,8) (mergeC t t')

N (e,m,k,s)t=d
N (d,m' K st =d

setify (mergeCL 1 1")

where

I = listifyBy label t
' = listifyBy label t'

mergeCL (d : ds) (d' : ds") =

if
else if
else if
else if
else
where

isAdded d A isAdded d Nd =d'" then d:mergeCL ds ds'

isAdded d N isAdded d Nd # d then d:d : mergeCL ds ds’

isAdded d then d: mergeCL ds (d' : ds')

isAdded d’ then d' : mergeCL (d: ds) ds’
(merge d d') : mergeCL ds ds'

N (e,m,k,s)t=d

N (d,m K st =d

O00bstifyBy fOD0000000000O0ODO fOD00D0OODODOODOODOLstifyOODOO
O000mergedd=d0000
O000000O0fetchps=QV fetchps =QO00000

[DupTo p’ﬂpllocal i p (s, [DupTo pﬂGlocal ips)=L
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[DupTo p'Ypioca @ P (5, [DUPTO Plgioca i P 5)
= replace p v’ (merge d d')
where v = replace p’ (insert (fetch p' s) (i,p) (fetch p s))
d = fetch (p" ++[(i,p)]) v
v' = remove (p' ++((i,p)]) v
d = fetch p o'
= replace p v’ (merge d d')
where v = replace p’ (insert (fetch p' s) (i,p) (fetch p s))

d = fetch p s
vV =s
d = fetch p s

= replace p s (merge (fetch p s) (fetch p s))
= replace p s (fetch p s)

= S

goboooboobooboooon

4.2.6 0O0O0O0OOOODOOOOOO
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00 4.15. 0 d000000000dO0O0O0OO0ODOODOODOODOODOODOODOODOODOOn
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d = merge d d

goog

O0. 00 merged mergeCLOODOOOOODO 0
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# bi-link _olx|
Eile  Edit Transform Help
@ H¥haskel¥nm2a¥bi-link o] [Mame [Pe. | Size [ Date
-4l GVS b VS dr.. 0 Thu Jun 23 20:12:07 JST 2005
& Entries % DirCtrihs it 5790 Mon May 16 163434 JET 2005
% Entries Log % Ediths .. 8488 Maon May 16 16:34:34 BT 2005
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% README % Trans.hs .. 4820 Maon May 16 16:34:34 3T 2005
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5.3 0UU

oboboboobo0oobobobo0o0o0bobobobDo0oU00obUODn Haskel OO O
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5.3.1 00U

gbooboobooboooboobboooboobobbooboboobooobooboo
gbobobobooboooboobooboooooooobooboooooboooooooooooo
0000D0000000000040000000 Xt0000000000000000O0
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File System GUI
—{mﬂaﬁ
Source get View

Bidirectional
Transformation
[T put [%

0530000000

oooooooooooooooOooobOoooobOoooooooOoooooOooooo«o

gbo”0DoboobdboboooooooooobooboboboboooooooobDOobUoDbO
oooooooobooooobobosbobb0bdebbooobbOOoooooDbOOoOOD

5400000000000 bPOOOOOOODOO{Med c}xOOODOODOOOOD

5.3.2 UO0O0OO0OOoOOO
0

gboooobooboobbooboobooobbooboooboobooon

type Source = Tree

type View = Tree

data Tree = Tree D [Tree]

type D = ( ViewState, Label, Mark )

data ViewState = Concrete FileState
| Abstract String

data FileState =

{
parentpath :: String,
filename :: String,
filetype :: FileType,
size :: Integer,
permissions :: Permissions,
modifiedtime :: ClockTime
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Source | View
a—>b ----r--»a—>b
get
| b
: Renane
: v
aib( wd FTTIELT ak*b( Md c}
b

&—C  mmmmpeep a—[c
get
1 C

054000000

052 00000000000
Add 000000 /o00oo0o0oooooo
Del O000000/000boooooooo
Moda | 000000/0000000000a00000
Open | ODO0O0O0O0OO0OO0OOOOO0ODOOODOOOODOODOOOOO

data FileType = File | Dir

Mark OO OOOOOODOOOOODOOODOOOODOOOOOOOODOOObODODOObODOOOO
Ubooooboobo0obuo0obuo0b0obb0obo0bbDUObDDFilestated 00 g
U00000b0b000b0b000Oparentpath 000 000O00O0O00ODOfilename 0O
UO0000Osizelpermissionslmodifiedtime U0 OO OOUOO0OOOOOOOOOOOONO
D00 Label 0O0X*O0O00000D000D0000000O0OOO

goo
ubobooboboobuoobboobuooboobbooboobod

data Label = LName String
| LAbstract (Int, [Labell)
| LOther
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a b upTo [LNae “b"]
t )
c e

pathd : [LNane "b", LName "d"]

pathd : [LNane "b", LAbstract (1,[LNarme "b", LNane "d"])]

055 0000

IName DO OO0 O0D0OO0OD0DO0ODOOODOOODODOODOODOOODODOODOOOD
OO0000O00OOLAbstract DO O0ODOOOO0O0O0O0O0O000O Insert00O0 DupToOOODO
booobobodbdLotherdognoooboonooooooboobooboonobooon
goboobooboobobooboobbooboobboon

gbbooobogbooboboobuooobuobboobuoobbdLwName D000 0O4U
gbooboodiLotherd0odnooooobooobobobooooboboobooooboboo
gboboobooboboobooboooboobbooobooboooboobboobo
ubboobodgboobboobooboo

000000000000000000 55000005500000d0d00000O0
goboobogn

5.3.3 reflect 000

goboboooobbobobobobooboobooboobobbobobooboobo
gbobooooboooobooboobooooooooooooooobooooo

type Mark = Maybe NotableMark

data NotableMark = Add
| Del
| Mod String
| Open

Us200000000000000ODO00O0O0OODODODLODOODLObOOopendIODO
gbobooboboboboobobooboboobo

5.3.4 UO00O0OO0OODOOOOOODOOOOOOn

oboooooooooooooooooooboooooooboooboobobobobonbon
gboobooooooog
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a—>b a—>b

, Apply [LName "b"] (DupTo []) , Apply [LName "b"] (DupTo [])
Renane [LName "b"] "c" Renane [LName "b"] "c"
 /  / 1

a—-C a———C
| Apply [Lhame "b"] (DupTo []) Apply [LName "c"] (DupTo [])

_ t 70!

Target is missing Target exists
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ubbodobuoobbodgboobbooboooon

54 OO

ubboobobooobuoobboobboobboooooobooboboobbooboo
gbobooboobbooboobboooboobbooboobooobooboboooba
good

gogoooo

uboobooboobobooobopobooboobbooboobobooboan
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el OO0

6.1 0OU

gbooooooooooooooooooogooooooobooboobobobonbon
uboboobooboobooon

obooooobooboobboobuooboobbooboobobooboobboobd
gbobooboobooooboooobooooooboobooooobooooooooboooooo
ugbbooboobbooboobbooboobbooboobobooobooboboobg
ugboboooobobooboboooboooboooboooboobooboobooobbooobooDo
gboboboboboboboboboboboboboboobo

6.2 OODOO
6.2.1 0O00O0OO0OOOO
ooo

bobooobooboobboobuooboobboobooobooboooboobooond
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[mss]G (s:ss) =
if s+ sum z > sum y then s : z
else y
where (y,z) = ([mss]c ss, [mis]c ss)
[mss]e [ = [
[mis]G (s : ss) =
if s+ sum y <0 then ||
else (s:y)
where y = [mis]g ss

[mis]e [] =

UbooboooboobD mssUOOO0OOOO0OODOOO0DODOODODDOODOODOOODOODOODOODOO
oboobooooooooooooog

[mss]p (s:ss) (v:ws)=
if s+ sum y > sum z then v : [mis]p as vs
else [mss]p ss (v : vs)

where (y,z) = ([mss]g ss, [mis]c ss)

gboobooobooboooboon

[mss]p [9,-3,2] [1] = 1:[mis]p [-3,2] []
= {mis00D00000000[mis]g [-3,2]=]00000000 }
1:[-3,2]
= [1,-3,2]

00000([mss]e [1,-3,2]=[2]000000000000000
00000000000000000000000000000000000000000
0000000000

googno

gboooooooooooooooooooooooooboobooboboobooobogonooon
ooooooo

[para]e fn(s:ss) = fsss([para]g fn ss)
[paralc fn] = n
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oobO fO00000DOOO0O0OO0O0ODOOOOO0ODOODOObOOO
boboooobooboobboobuoobooobbooboooboobooboobooond
gbobooboobooobooboooboboon

ugboooo

Foster 0O OO0OOD0O0ODOODOOODUODODODODODODODODODODODODODOD
O00000000o0Ooo0O0o0o0oooooooooooo (7o
bobooobooboobboobuooboobboobooobooboooboobooond
gobooboobbooboobobooboobboooboobbooboobbooba
ugbboobuoobbooboobbooboobbooboobooobooboboobg
ubbooboobboobooobooboobooobboobooonooo
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IIt]]P ([[t]]P (8,1)/),’1)”) = [[t]]P (va)

0000oO0oo [(7,?7]000000000000O0
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proj = bifoldr

c
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=
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= e e
T T O
N
FECY
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Do

SN—

<
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—
< <
S »
~— N

S—
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[projle (Ttle (1(1,2)], 1) [21)

= [projle ([],[2])
= [270]
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