shift /reset O selective CPSO [

ugb od,bb od

googooaon
g1120506@is.ocha.ac.jp, asai@is.ocha.ac.jp

O 0 shift/reset 000000000000000000,00000000000
000000000000, 000, shift/reset 00000000000 0OOODOOO.
shift/reset 00000000000 0DO shift/reset 00000, 00000000 CPS
cooooooooooog,ogooo,cesOoogoooooOoD.ooo,oon
00 shift/reset 00 0000000000000, 000000000000 CPSOO
00 selective CPSOOO0OO0O0O. Selective D CPSOOOODODOO, shift/reset OO
0000000000000000 shift/reset 000000000000 0OO.

1 Ooon

gobog,booboobuooboobooboobo. oboobooboob,obboobo
O000000000. shift/reset (3]0 0 0000000000000 0O0O0O0OO,shift0000
Uboooboboobbooobdd,resetJ000000O0O00OOOOD0ODOOOODOOODOO. OODO
gboboodb,0bobooboboobobooboboob,obobooboboobon
gboooobggboabobgad.

gbooo,goboobooboboboboo,opbooboooboboooboobobooboonon
0000000000000 000000000. SchemedOOOOOODO [6], OCaml O Delimec
00000 [8], Caml Light 00000 OchaCaml [10)000000000O0O0COODOOO. OO,
00000000000 CPSO0OOOOODODOOOO shift/reset00000000O00O00OO. O
00000,0000000000000000, shift/reset00000000000O0OOOOO
000000, shift/reset 000000000000, OO0, 0000000000 CpPSOOO,
O0000000000. 000, shift/reset 000000000000 000, 00O selective O
CpSODO [11)000,00000000000C0O0OODDOOU0OOOOOOODOOOOD.

O000,00000000004, selectived CPSOOOOOOOODDOOOO.OOOO0ODO
O0,0000000shit00000000O0C00DOO,OD000CpSOO0OOOODOOOD
O000000000000000000.00000,000000 selective CPSOO0O0OO.

1. 0o0oooo.ooobo,0b0o0boo0oooo.
2.00b0oOooooob,bocpSUbbOoOoOoOo0OoDbDOoObObOOO0ODOObDbOOODOO.

. 0oopooOoocpStooooooooooooobDOoO,bboooopobocecpsOobDboOO
OO0000O0D0O,000 selectived CPSOODODOO.

gbobopoooboboooobob,oboboboooboboooobobooooobo. b
O000C0C0OCO0O0O0000000,000000 selectived CPSOO0O0O0. 00000000
00 shift/reset 0000000, 00000000000A0.
goo,0o00boobooboboobobobboboobo,booboobooboooboon
gobooobooooboooboooooboooboooo.oboboboobo,bobo0oboobob
gbooobobooboobb,obbooboobbobobooboobooooboan.



a == €|i  annotation
t = 7|bool|int|t; — to Qcps[ts,ts,]  monomorphic type
T == t|Vr.T  polymorphic type
v == n|z|true|false|\“x.A|fix® fx.A  value
e = v|A Q*Ay|Sk.A|(A)|if A; then Ay else Az |letz=v“in A  expression
A = e“ expression with annotation
010000

00,Scala00, 0000000000 shift/reset 000 O00000000O0O0O selective D CPS
000000000 [13joo00oo0. Doo00oo0o0ooo0ooooooO,ooDo0o
0000000000000ooo0,00000ooooooooon.

Oo0,SML/NJ[1]0000,0000000CPSOU0OO0OOOOOOOOOO,0000000
0000000000000 shift/reset 00 000000000000, 0000 OCamlOO0O
o0oo0oooocpSO0O0OOOOOOOOoOOOOOn.

000,02000000000000000D00. 00000O00DO0O0O0O0OO0OOOOO,d
0000O0dDOO00o0bO0bOOooDOOo. 0o0booooooo30b0ono0oo. o0oobOooan
000000000 selective CPSO0OOO04000000.0500,000000000000
00000 selective CPSOOODOO, selective0 CPSOO0OO0OO0OOODOODOOOOOOOOODO.
OedD0D000OO0O0OODDODOODOODOODODOO.O0700000DO0,08000O0000O00OA0.

2 00,0000,000

oopDOooboO,let000DO0O NOOOOO,0D00iDO,00000D0 fix,00000OO
000 shift/reset 000 O0000000. 000000 1000.70000,n000,2000,
shift 000 Sk.AO kOOOCOOO.

21 O00O0O0ObOoOo

00000000 shift 0000000000000, 0000CPSO0O00OODOOOOOO0O
O00000.00,A=e*00e000 «00000000.00e0CPSOD0O0ODODOOODO
OO0OoD. ceSODODOODO,D00shit00000DO0ODOO0O0OO0OO0O0ODOODOODOOOn,
O000puwred DO, 00000000.00,00:0CPSOOD00O0OOOOODOO. OOO0O
D00 mpure 00O O0O0O. 00000000000 shitDO0D00ODODOODODOODODODO
U.00,0d0::0 mpure0 0000 00goom.

000 letdO value restriction U DO D OO0 0O00O0O0OD0O0Ov»O0D00ODO. OO0O0OednDO
0 letzx=e“in A0, 0000 (\z.A)@Qe*000.

SkE.AO shift 00000. OO00D0D00D000DO0OD0O0O0 kO0000D0O0 ADOODODOOD.
OO0 (A)Oreset DO0O0OD0D. 000, A000000shit 0000000000 ADODOOOO
. oo, ggdduuuuu. oo, bobooooboobooboobooboobb,bbbbbbn
gogooobobooboobo,dddoodoobobbobobbtodououooon.

(Sk.k@2) — 1)

0,(Sk.k@2)000000,000000100000000000.00000, Az.(z—1)0
k0000,

(\z. (z — 1)) @2)



gbbooob. ooobobodobbood,1000. 00 string of int [0, int U string [
gbooooooooog,

((Sk.string of int (k@2)) — 1)
goooobooo. 0bobboooogo
(string of _int ((Az.(x — 1)) @2))

00000, (Ax.(x—1))@2000000 int00 10 string0000000. OO0, reset O
goooooooog.

(Sk.string of int (k@2)) — 1

00000000 intd00000000,000 string0000. D0O0O0ODO, reset 000D
0000 answer typeOOO. 00000, shift 00000 answer typed int 00 string 000
O000. 00000 answer type modification 0 O O .

00000 (¢ — t2Qcepslts, t4,0)) 000000 0. 000000000 : 0000000 ¢t0
UboooobOoobbog,0b00bboubD answer typed (300 ¢, 0000, 000000
0000000 «00b00b0b00. 00 b e, 00000000 pured 00, 00 impure
gooooooo.

22 000

000002000. 000000, Asai and Kameyama [2) 00 0000000000000
0000. 0000, Asai and Kameyama 2] 0000000000000, 00000000
23000000.

oooo,

['Fe®: ¢y Qcpslty, ts, ]

O0000o0Oo. DO0,000rob00nb e*00d ¢ 000, answer typed ¢, 00 t3 00
0,00 «0000000000. 00 «O0 el pured impured0O0O. O ed D000 a0,
Qcpslta, t3,0) 00000 ed answer type D0 D00 o« 00000, OO answer typeO0 O 000
0000000, selecitve CPSOODO0OO0OODO0OOO,0D00000D00O0DO0ODOOODOO. DO
O,varO0O00O pure 0000000000000 Qcps|te, te,e] 00, answer type 0 D000 00
000000000 20 freed00. OO0, pure0000000 Qcpsfta, te,e] 0000000
O0000000000. D00 pwre000000O0O Qcpsfte, ta,e] DO0OO0, impure 10000
pure 0 000000, 00000000000.
I'kec:ty
'k e€: t; Qcpsta, ta, €]
goboboooobbtdebbbooobobboo, oL, bbb booon
gobooooo. oo, bbb oooobooooooon, Pureb 0o
O Qcps|te,te,] 0000000, 0000000O000O00O0DOOODOO,0000OOOOO
oo.
o0ooodooooDboooooob. doooooboooooo.

(=) (<) (#-=-=i)
oo0o00000o0ooooooooobooooooo3oon.
goooooooooooooooooboboooooo. ooouooo 20000000000
DD,DDDDDDDDDDDDDDD.DDDD(ago/)D,ozDiDD 000000000
00,0000 e000000000000O000ODO. ed:000000e<:000.




(z€:TeTandt; CT) (c€ is a constant of basic type t1)
var const
[ x€:t) Qcpslt, to, € 'k c€: ty Qepslty, ta, €

Iz:tiFe®:ty @CpS[tg,Q,Ozg] (g < 1) (t3#tys= ag=1)

f
' (A*1z.e®2)€: (t; — to Qepslts, ta, a1]) Qcps|ts, ts, €] o

L, f€: (t1 — toQepslts, ts, ag]),x€ 1 t1 F e 1 to Qepslts, ta, o] (a2 < 1) (t3 # ty = ag = 1)
I'F (fix™ fx.e®2)€: (t1 — to Qcps|ts, t4, 1)) Qcps|ts, ts, €

(alga) (OéQSOé) (agga) (tg?ét6:>a3:i) (t57ét4:>011:i) (t675t5:>042:i)
' €1 o1 . (tg — tl @Cps[tg,tﬁ, ag]) @cps[t5,t4, 041] 'k €9 a2 . tg @Cps[tﬁ,tg,, ag]

fix

['F (e @3 eg@2) @ : ty Qcps|ts, ty, A app
e to @Cps[tz,tl,al] (tQ 75 t1 = a; = Z)
< reset
' <ea1> Al @Cps[t3,t3, 6]
F,k‘e : VT5.(t1 — 13 @CpS[T5,T5, E]) Fe*: to @Cps[tg,t4,a1] (tQ 75 ty = a1 = ’l) hift
sn1

I'F (Sk.e*)?: t; Qeps|ts, tq, i
I'Fwv€:t Qepslts, ts, € [,z Gen(t1; ') e : ty Qcps|ts, tq, o] (t3 £ty = a1 = 1)
I'F (let z=v€ in e™) 1 : {9 Qcps|ts, tg, 1]

(alga) (OAQS&) (agfa) (t47ét3:>041:i) (t27ét4:>a2:i) (tg#t4:>a3:i)
'k e; ! : bool Qcpslty, ts, 1] 'k ey : t) Qcpslta, tq, o] ['F e39s : t) Qcps|te, tg, as)
['F (if e1 ™ then ex® else e33)® : t; Qcps[te, t3, A

let

if

g 2.000

(e=¢) (=i (e<e) (e<i) (i<i)
(tl#t1:>€:i) (tl#tgii:i)
(04175041:>€=’L') (04175042:>Z':’L')

g 3.0d

ggoodo,0200ddouo,ggguoboooooog
(t1 #ta = a=1)
gogooddado. gdd, a0 eiididdddudd e s bbbbbbbbnb. b
goddb,ald e0d0O0O,ph0tUO00000O00OOOODOOO.
02000000000 Qceps|ty,te, ] 0000000 (h#te=a=¢) 0000000000

. ddb,answer typeUUOUOODOO «O«000,ald edd ¢ty =t00000000000.

o, gggooooon

(1 #Fag = a=1)
goggogooboooooodo. boodoo,goobboobbbotbddooooon.

(a<)OODOOOOD20000000000000D000O0.

00 fun0 fixO00, 0000000000 000000000000 q0O0O0O, (a2 <)
O0oodobobooobuoo0. oob,dd0l0d impured 000000 impure OO DO OODO
O000. (ag =) 0000 (e <e)00000000,00000pwedDO,000000
goooooodmpure0 00000000 O0OOOOO. ODOO,

Af.if true then f@ (Az.(Sk.k@Q(kQz))) else fQ (Az.x)




00000 A.2000. 020000000000 (Az.(Sk.k@(k@z))0O00O0O0OOOOOO,
[]I—()\iz. (Sk. (k:e@e(k:e@eze)e)e)i)ﬁ:(tl—>t1@cps[t1,t1,i])@cps[tg,tg, €]
00000, 000000 (¢ — ¢t Qepslty,t1,4) 000000. 0000 M.z 0000000
O000,00000000000 x.20,020000000000000000000
[1F (M. 29 : (t; — t1 Qcps[ty, ty, 1)) Qcps[ty, ta, €
000.0000000,000 fun0000 a1 =t,ac=€e0000000.

O0app0O0000O0O0ODOO0O. ODOO0ODODOO0ODO,0000,0000,000000000O
impure 10, 00000 impure 00000000 0OODO. OO0,000 pure00000O0ODO,0O0
000 impurel 00 OO0D0OOODOOO.

OO0reset 0, 000000 shift 000000000000, 0000000 reset000000
O0000O,reset 000 pure000DOOOODOOO.

00 shift 0 impure 00000, 0000000000 k0 pure00000O00O0O.O00DOOO,
impure 0000000000000 00. 00000000 impureJ 0000000 Qcpsts, t4, i
ooo.

00 let O vaule restriction 000000000, o0 pureJ000000 ed0OO0DODOOO
O.00,FTV@)0t00000000000000, Gen(t;;I) =Vr..rt 0000 1..my =
FTV(t)\FTV(IHOOODO.

000,00i#00000,then000,else00000000 impure000000O00O impure O
O000000. 000,00 pp0000,00 pured000000000OO0O impuredOOO
goooooo.

2.3 Asai and Kameyama OO OOOODOO

Asai and Kameyama 2|0 0000, pure0000 'k, e: ¢, DO0O0O0000O0 I'F et Qeps|ta, t3]
O000. 000000 T'ke:t) Qeps|te, ta,e], D00 I'F ety Qepsfta, t3,a)0 000 a =€l
U0 a=:000000.

Asai and Kameyama 2000000 expOO0O0OOOOOOOODODO.

FHpe:ty
Pl—eitl @Cps[tg,tQ]
goddtdbpurel 00 000O0O0O0OOOOOOOO0OLO, 000D 0OD0O0OO0O0OUOUOUOODOO
O0pwre000000. OO0 answer type 00000000, 000 shit000000000
answer type 0 000000000, shift 0000000 answer type OO O00OO0O00O0OO
gooobo.ooo,

exp

if true then A\z.Sk.kQ (kQx) else \y.y
O0,ifd00 thendODOelse000O0O0ODOOO,

Ax. Sk.kQ(kQx) : (t1 — t1 Qeps|ty, t1])
noooo,

Ay.y : (t1 — t1 Qcpslty, t1])
O0DOoO0ooO. shitOOoOoOoooOoOo ceSOb0O0O0noODOOODO,then0O0OO0DOOOO
OCPSOO0O0O0ODO,else00000 gODOOO CPSOODODOODOODODODO. ODODO,
0000 answer typed t1 00 t; 0000000, CPSOD0ODODODODODODODOO.
000000, 00b00d0b0b00 mpured00000ODODO. OOOOOODOO CPSOODOO

godoooboooooooooo.

000000000, Asai and Kameyama 2000000 expO0OOO0O0O00O, 000000
gbooobobooboobboo,bobboobooboboon.



00 2.1 Asai and Kameyama OO OOOODOOOOO,0000000C0COOOD.DOO,000
OO00DOO0OO0OD000O0, Asai and Kameyama O OO OO0OOOOOO.

ooooooo,o0bo00oooboooooboooooobo0ooooO. oobobboooooooboOoo
0000 [400000000,0000000000O.

0000000 Asai and Kameyama 2] 00000000000, 0000000000000
O00000000000000. 00O, Asai and Kameyama [2)0 00000 value O pure J 0O
gobooo,0booboobobooodb0pweb000OO0OOOODOOODOO. OOOO,000
OoobDoobobodvaleJ 0000000, 000000000 expOOODOOOODOOO.

00, Asai and Kameyama 2] 000000000000000000,00000000000.

e Pure 10000, 000000O00DLO0Oe0ODODOODODOO.
e JIODDOOO0ODO,0DDO0ODLOODDO:LOODDOODODO.

0000000 Asai and Kameyama 2|0 00000000000, 000000 puwre0O0O0O
OooooooooooooooOo. OboooooDo0,pure00000O0D0OOOOOODO 20O
oob0,0000000 e0b000000D. ODO00O0OO00ODOOODOO0OODOOODOOn.

3 Uggg

gobo3000,000:0 e0000000D00O00O00O0ODODO «O0ODO.

goboobooboo,ogb 20b00pobooboooboboob.o0b,0obbooboboobo
OoooOoO0obD. oobooboooobD 200000b00DOOOobDbOObDOoO0oOO,oOn let
O00000oDbOOoO0oOoOO0OoboO0. 0000, 0000000000 A fix,@OODOODDOOD
gobooboboob,obboobuooboooboobg.

gbogbooboo,goboboobobooboboobooba,ooboboobooon
gogd3gbooobooboooooooo. booooooboobobo,bobobob .0bobbob
ooooog,booobooooboooooooooooon.

e (1 #to=a=9) 000000 «0+0000000000OO.

e ValueOOOOOOD reset ()0 00000000, 0000 e0000000,00000
O0000,0000000 (i <x)000000000OO0O00OOOOOOO.OOO,00
:000b000boooodg.

e LetD0DIODODOOOODODOD eDOOODDOO,valueDOOODDOOOODDO e0OOOO
O0.000,e0 (m<a)000000000OOO0OCOOOOO.

goo,0obogoooooooooooobob. ooboobobobob,0bobobob,ob
gboodgbegboobboobboobon.

goo,bo0b0o0boboobooooboboo.bobooboboobboooboboon
goboobo.oogbo,b0gbogboboboooboobobobobooo,oooboooboobob
gbooboooboooo. oobo,00boboobooobooobooooboobobooooboon,
googoog.

gobobob,bobobgoboon.

1. ddboboobooboboobooboo

2. 0000000000

3. 0000onooooooon

4. 0000DO0ODOODOODODbO ednDO

gb,00b000booooogd.



3.1 Uggobobuogoobboooon

00, t#t2=a=49000,04,0¢t00000000,000000000 (ea=1),00
O(n#aw=a=¢)00000.000¢#0¢t:L,00O0O0O0O0O0O0O,0000000000000.

e 1l tL,OUDDUOUO ao=¢0000000000
e U tUUDODOO,0000D000O00O0O0OOO0DOO0O, 000000000

000, (bool # int = a = i) J00000, bool # int 00000 (e =) 000. OO,
(int #int = o =4)000000,00000000000,00000000000.0000,
000000000, 4,0 ¢ 0000

t1 = (t11 — ti2 Qcpsltis, tia, a1]) to = (t21 — ta2 Qcpsltas, tos, a])

gobodgo,bogbobugobobgboobob.oobobuoboobobuooboooab
gbobo,e=c00000000000. O00,000000000000000,00000A0
goo,0b0ogopoobooooo.

gbob,0bogoog,bogbooobooboobooboobo. obbobboboobo
gbooo,dgobobooobobooooobooonooooon. obbg,0000o0000i0fd o
Ua0000O

(1 #Fag = a=1)

gboooooobo. bboobooboboobooboooboboobooobooboooD
gbooboooboooooo. booobuoobobooboooo,boooboobobooooboon,
(i #ay=a=4)000000000000000O0O0O0OOOOODOO.

obod, 4,000000000000000O00. 0Db0ODOOO,00000000D0ODO
gboodg.booo,ogboogoooboooboooboob,ooboobobooboobooobon
gbooooobooboonoboo.

oo, 4,000, 0000000000000O0,DbD000000D00DOOOOOODO,DO
gboooooboobooooo.oooo,

let f=MAg.g@1lin fQ(A\z.x)
0O000. \g.g@1000000000DOO0OODOOODOOO. ODO00ODOOO0ODOOOODOO. 00O,
[ = g: (int — 72 Qcps|73, 74, a4])

O00.000000000000000ODO000 [4oo0ooo.

t
I g : (int — 7o Qcps|73, T4, 4]) Qcps|-, _, €] vat IVF1:int Qcps[., _, € cons

I"F g@1: 75 Qcps|rs, 74, 3]

app
fun

[]F Ag.g@Q1: ((int — 7o Qcps|Ts, T4, a4]) — T2 Qcps|Ts, T4, a2]) Qcps|_, -, €]

fO00O00O0ODOoOoOon gD(int—>7'2@cps[73,74,a4])|]DDDDDDDDD,DDDDDD
<T37é7'4:>0[4:i)
O0o0d0o0ooooooooo. oo 0 0000000000000 000000O0. 0000
00000000, fOO00O0O0D00 Ae.zcO000 pure0 0000000 3= 0000 40
edOOO.
000 fO0n000 fQ(Az.Sk.2) D000 impure 000000000000 3 #7100

Oa0¢00000D00O000C. OODO, fOODOOCOD pure00D0OO0OO0OOO mODOO f
gboobobooobobobooob. oog,letbO000DDbO0ODO0OO0ODODO. LetOOD



Cufa=i} = Cli/a] CU{m#awmw=e=i} = CU{a1<ag,a2<}
CU{a=¢ = Cle/d] CU{lai#ap=i=i} = C
CU{e#e=>a=i} = C

Cufe<e = C CU{e#i=a=i} = CU{a=i}

CU{e<i} = C CU{le#am=a=i} = CU{m#e=>a=1i}
CU{e<a} = C CU{iZe=a=i} = CU{a=1i}

Culi<e} = MIIF7—LDTHT Culi#i=a=i} = C

cuf{i<i} = C CU{iaww=a=i} = CU{as#i=>a=1i}
Cu{i<a} = CU{ay=i} CU{ar #e=a=1i} = HHTRLOTHINZET
CU{a1<e} = CU{n =¢} Cu{m £i=a=i} = HHEThR OTHINWZET
Cu{a <i} = C CU{a #£aa=a=i} = HHTHRLOTHINZERT
CU{ar <} = HHATHR OTHIFIZET

U 4.0000000

O,let f=A¢g.g@lin 00000000 fO000000O00000O0C0 fO000000O000,
generalize 0000 in000 f000. 000,000000,m00000000 000000
00000000000000. 00000000000, 00000000000000000
000000000000, (F#7 =a=4)000000 (a=¢)0000000000000
00000.000,0000000 f000

Y 7o T3 T4. ((int — T @CpS[Tg,T4, Z]) — 79 @CpS[Tg,T4, ’L])

gooboooboooobb. oobbooobboo,obbooobboobboobDbo. oo,
oooon0,mdooD fOOO00O0DOOO0OO fOODOOOOO0puwre0O0O0OOOOOODO
O,lee000000OO00ODODODODODODO.

gobgo,b0oobooboooooboobooboboooobobo. bbobobobobbobo
000000 [4)ooo00oog.

3.2 U0OoOobObOodood

goooooobooboooogooboobooo,ooobobobooogobo.ooobob 40000, 0
gooboo,oobobooobbooobboobobooobbooobboo0. bbooon
0,(.<_)0000000000.00000000000 i<e¢0O0O0O0DOODOO,0000
O00.02000000,e0 (<_)000000000ODOD0OOO.O000D0 (i<e0O0O0OO
goobooobobo. ogbbooobbooobbuooobbooobbuooob,bboon
00000 e00000D00OO0O0O0. 0000 (< )0000O0O0OOOOODOODOO.OO
0O (v <a)0000,000000000000000000OCO0O.

0000 ((#-.=_-=¢00000000000. 0000

e =0 U0I0ODODOO0ODO ==00000DO0ODOOO

e =0 0OODODOOODOODODOO

e =00 0O0ODODOO0ODOODO

e =00 0O0OD0OOO0ODOODL,00DbO0ODLDOODODDOODLOODO




O0000000000. 000000 ;0 0000000 (< )00D00O00b0DODOOOO
gb.o0o0o0boo,boobooobbooboobob,obobooon.
gboboboobobo,bobobobobob

(m#Fe=a=i) (m#i=a=1i) (m#Fa=>a=1i) (o <)

goo.04000000b000b0booboobbooboobooba.

3.3 Uouoboobooooooo

oooooooooooooboo,00ooooCboob0o0oooo. 00000 A,pogoOoo
A=BOnot Aor BOOODOOO,000000CCOO00000ODOCOOOOOOODO.

o] =€ora==1 o] =tora== o] =0 Or v =1

gobooogobooogob,bobooobogboooboob,booboobooboobooobob
. 0booboobbooboooboobo,obboo3dsbboobooobob,obbooooan
goobooobob,bbooooboboooobobooobbooobbuoobo. ob,bboooo,
b e0O00obooboodobbobib0 m=edbo0obO,0bbob0bo0obooboab
gbooooboobooobbooboo. bobo

o] =€ora==1 a1 =10r ag =1 ag < o a1 < ag

gboooboob. bbbl g =e0000,0000000 e =c000. 000,000
000l ¢ =:000000 p=e00000. 000, a,q,ae0 00000000000
oooooooooooo.ogb,00bmm=e00000000000000OO0.

gogboboooboboo,gbboobbuooobboobbooobibilb e=¢000000
goboobgooobo.obgooob,0oboobooobob,ooboobobooboob.oob,
gbooooooooooooooooooooooooooooooooboooooon.

go,bbod,ggboboobobobooobboobobooooboboobboooboboobooo.
000,00000000 [14)000,0000000000000000000C0O0O0O,000
goobgobooooob. gboboo,bobooobobooboboobobooboboobooboon
goooood.

3.4 U040O0bDOOOO0O0ODOeb0dOO

gbobobooobooooo, bbbl fxUD00000000D0.0O0D0O0ODOO,D00
gbooobooboobbubedbbOo0bO0.0DbO0ODbOOD puredOOoDOO.

3.5 UUdoooououooooo
gobodbooooboobooo,boooboo.
Af-Ag.(((fQ1) + (g @2)) = true)

000,00 f@l10g¢g@200000000,000+treed00000000O0DO0ODOOODOODO
O0.000D000twed00D000O0O0DOOOO, fOO00¢g0DOOODOOOOOO answer
typeDd int 00 bool OO OOODOOOOOOODOO.OODO, fO0¢gDOO0OOD0OOODOODO.

f : (int — int Qcps|ry, bool, 1)) g : (int — int Qcps[int, 74, as))

fO answer typed m 00 bool OO0, g0 int 00 n 000000 0OO0ODOODOO. OOOODOO
0000, fO00shit 000000000000 wy.(y+¢g@2)000000,00000,¢90
O0shift 0000000 answer type 000 000, fO00000 0 boolODODOO. OO0
U, answer typed int 00 bool DU OO0, 000O0OOODODODO.



fO0¢g0000000DO0O0O0ODOODOO.

(1 #bool = a1 =14)  (int #71 = o = 1)
O0000000000,000 70 int0boolO0OOO0OO0OOOOO,00,01 =ay=:¢00
O,f0g¢g0impure000. 000,00000000 mpuwre0000000O0O, fOg¢g0D000OO
D00 impure 00 000000O0O. 0O00000,000 fO00 impured00 ¢gO0O0O impure
O00,0000 ag =1, =e00000,000 vy =€,a0=¢000000,00000000
gboooboobboooboobboooo.

00, fO000 mpure000 ¢g00O0 impure 000, 000000000 e0D0OD0OODOO
O0,0000000000000000. 0000, 00000000000000D0OOoDODOn
gbooboboobuoobbobobouobooboboobog.

4 Selective CPS O

03000000000,00000 e0:0D00D0ODODO,00000DO0:DODO0DODODOO
00000 CPSOOD00ODOOODOODODOOD. DODODOObSKOO00. 00ODOO, Danvy and
Filinski [4] O 0 O administrative redex 00000000000 CPSOO0O, selective D 0000
O0000.000,00000000 CpSOODO0ODOOOOO,0000O0OO0O0 CPSOODO
000000000000 0.00000000,0000let000O0O0O0 ANOODODO.OOO,
000000000000 OCamlOODOO0O0OOO0DODOOOOOODOO.

O050000,0000000000D0000:0e00D000DO0O0ODODOODODO.ODOO
O,impure 0000000 CPSOOOD0OO,pured 000000000000, Impured 00O
O0pureJ 000000000, 00000000 kD0 purel0D00D00ODO00ODOOOOODOODO
O00.00 pure0 00000 impure 000000000 reset 0000000 O0O,00000
DO0o0O0oooooooo.

0000, pured O e€ 0O selective CPSO O O

el
000, impure 00 e’ O selective CPS O OO
M. || e’ |l; @ (Am. k@m)
ooo.

00000000000 00000,0200000000000000000000 subject
reduction 00000000000 0O. 0O0O0O,0 5000 selective CPSOODOOOODOOONO
O0.000,F FO000000000000O0,000CPSOODOODOODODOODODODAO.

g 4.1
e =" v N ket Qepslta,ta, €] = e =" | v,

e =* vENA el ity Qepslta, ta, i] = (Ak. || e’ |li @(Wm.k@m))@Q (\x. E[z]) —=* E[|| v|]

O00,00000000000000000 selectiveCPSODOO0OOODOOOOODOOOODO
O000000. 00000 Danvy and Filinski 4|0 0000000000000 0O0O0O [14].
O0,00000000000 selective CPSOOO0O,00000000000000DO.

00 420000000 *
bool* =bool  int*=int 7*=7 (Vn.T)"=Vr*.T*
(t1 — to Qcpslts, ts, €])* = (t1* — ta*)  (t1 — to Qcps[ts, ta, i) = (81* — ((t2* — t3%) = 14*))
[1* =] T,z t)*=T*, x: t*
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I
|
|
I (ex
|

et [l; -

Transformation of e to continuation passing style

(e1 is NOT value)

(0@ e") i = M|l e2’ [li @ (Ava. (|| w1l Qu2) @ (Av. k Q)

(e1°@ex)" [li = k. (Qor. [l e2” i @ (Avg. (11 Qu2) @ (M. kQ0))) Q [ €1,

(7@ e) i = M.fler’ [li @A (0@ [l e2€,) Q(Av. k@w))
| (1@ ea) i = Ak (fer®].Q [ e2]l) @ (Av. kQu)

Taley) i = Neoller [li @ (Wi || 2 [li @ (Ava. (v1 Qup) @ (Mv. k@w)))

[ (01°@ea”)" [li = Akl e2’ i @Az kQ (]| v1°|, Qug))
| (e1°@ e |l; = Mee(QQui. | e2” i @(Nve. k@ (v1 @v2))) @ || e1¢]l, (1 is NOT value)
[(e1’@ex)' [li = Mefler’ i @A kQ (01 @ | e2€],))
[ (1" @ ") [li = Akl er” i @il e2” [li @ (Avz. k@ (v @uyp)))
I (e1€@ ) [li = X k@ ([ el Q [l e2,)

)
)
)
)
)
)
)
)
)
)
I (Sz.e)
)
)’
)
)
)
)
)
)
)
)

"li = Xk.let z=Xa.(k@a) in (|| e’ [; @ (Ay.y))
| (Sz.e)"|; = Me.let z=M\a.(kQa) in || e,
|| (1etac:v6 ine)'||; = Me.leta=| v, in (|’ Qk)
| (if e1” then es’ else e3®)|; = Mk.| e’ ||; @(A\vy.if vy then || ex’ |; Qk else || ez’ ||; Qk)
| (if e1 then ex’ else e3’)’ ||; = Ak.if || e1||, then || ea’ ||; @k else || e3’ |; @k
| (if e1? then 626 elseez’)'|i = M. |ler’|l; @(N\vy.if v; then k@ H e ||, else |l es’ | @k)
| (if e1” then ex’ else e3)’ ||l; = Mk.| e1’|li @(N\vy.if vy then || e2” ||; @k else k@ || e3||,)
| (if 1€ then € else e3®)? ||; Ne.if || e1€]|, then k@ || x| else ||es’|; @k
| (if €1 then ex’ else e3®)’||; = Mk.if || e1€|, then || ex’ |; @k else k@ || e3||,
| (if €1’ then ex® else e3)'|l; = Ak | er’|; @(Av1.k@ (if v; then || e2€|, else | e3||,))
| (if e1€ then e else e3)’ |l = M. k@ (if || €1, then || e2€||, else | e3]],)
| el : Transformation of e to direct style
lzc|l. = = | (fix’ fax.e’)||, = fix fa.(AK.|e"|; @
[ncll, = n | (fix’ fae) |, = A M K @
|| true®||, = true | (fix® fx.e®) |, = fix fa. | e,
| false®| = false e e = lle’ |l @(Ax.z)
| (Nae) )l = Az 2k’ |l e’ [l; @ (. k' Qo) (€)Ml = el
I (Nae)lle = Az AR K@ [l e, (et z=0v ine)" | = letz=[ v in|e
I (Xze) e = Awl el | (if €1 then e else e3) (|, = A4if || e1|| then | e

I (e1® @ e2) |l

ler“llc@ |l el

Q (. K Qo))

Q| (£ix* far.e®) | Q)

Il
€

e else [ e3 ||,

O 5. Selective CPS O O
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O000,0000 e0 derivation00000000O0O0OC0O0O [14].

00O 4.3 Type Preservation
I'e:tQcpsfty,ti, €] = T e, :t*
I'ke':tQcepslty,ta, i] = T FAk [[e' i @Am.k@m): ((t* > %) = t2*)

5 OO

000000000000, 000000,00000040 selectiveCPSOOOOOOO. OO
J0o0oobooon,answer type OO0 UOO0O0O0O0OOOODODOOOOOOOO.

O0000,000000 selective CPSOOO0OO0OO0O0O0OOOO, shift/reset0000000000O0
0000000, OO0 selective CPSODODOOOOO CPSO0DODOOOOODODOOODODO.
0000000000, prefix000 N-QueenOOOOODODOODOOODOO. OODOOODOO.

0000000 MacOSX 10.9.4, 0000 4GB, CPU O 1.3GHzO Intel CoreisO00 0. OO0
00000000 OCaml 4.0220000000000000000000, uwsertimedOOO0O.

00,00000000000000000000000000D0000DO0O00D00O0d. Scheme
0000000 [e|C0000D0o0oO0oOCaml0O000O0C0O0O0O0O0OO, OCamlO Delimee
00000 [8]00 00 answer type modification 0 00 00 OO0, Caml Light 0 0 0 00 OchaCaml
1000000000000 00O00oooooooO.

5.1 Prefix0O

Prefix 00 O shift/reset 00 000000000000 O0O00OOOOOO [9.00000,00
0000000000000 00000000. 000 prefix [1; 2; 310 [[11; [1; 2]; [1;
2; 3]J]U000.00D00DbODbODbDOD.

let rec visit = match 1lst with
(1 -> shift k -> []
| a :: rest -> a :: (shift k -> (k []) :: <k (visit rest)>) in
let prefix 1lst = <visit 1lst>

0000000000 00D a000shitOO0O0O0O0 x00000C00.kx 10 a0000D0
O0000,<k (visit rest)>0 alUO0 rest00000O0DO0ODOODOODOODODODODO.

5.1.1 0O00OO0O0O0OO

prefix [ selective CPSOOOO0OD0O CPSOOOODOOOOOODOOOOODOOOOOO. O
O000000000e6000. O 600 Selective CPSODO, 000000 selective CPSO O OO
OoooooOooboOoOooooOoooDoobOoOo,oepSOooobobooooocecpsooOoOoOoDO
goboooboobooobbooobooobbg. gooboooboboooobob o0,0Oon
750, 1000, 2500, 5000, 7500, 1000000 00000000. O000D0OO0DO00OO00 1% 00000
gboooooboooaoo.
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The execution time (ms) of prefix Ist whose length is 750, 1000, 2500, 5000, 7500, 10000, which is user time
length is length is length is length is length is length is
750 1000 2500 5000 7500 10000
selective CPS 16 24 177 771 1796 3233

18 37 199 842 2050 3618
selective CPS / CPS 0.89 0.89 0.89 0.92 0.88 0.89

0 6.lcop nO0000O00OOO

5.1.2 0O0000O0OOO0ODOODOO
prefix0 CPSOOODOOODOOODOO.

let rec visit = fun k’> —>
match x with [] -> let k = fun a’ -> fun k’’ -> k’’ (k’ a’) in []
| a :: rest —>
let k = fun a’ -> fun k’’ -> k’’ (k’ (a :: a’)) in
(k [1) (fun x -> x :: ((visit rest) ((fun x -> (k x) (fun x -> x))))) in
let prefix = fun 1lst -> fun k -> k ((visit 1st) (fun x -> x))

00, selective CPSOODODOODODOODOO.

let rec visit = fun k’ >
match x with [] -> let k = fun a’ -> k’ a’ in []
| a :: rest -> let k = fun a’ -> k’> (a :: a’) in
(kx [1) :: ((visit rest) (fun x -> k %)) in
let prefix = fun 1lst -> (visit 1lst) (fun x -> x)

O00oOo0o0obooOoobDo,shit00Do00000 k0000000 00DO0O00DO0OO0. ShiftO
go0oobbodpured0DO0OO,selective U000 kOO OO0ODOOOOODOOODOODO. OO,O
O00matchO0OOODOOOO,00000000D0000000DOO00O0DOOOO.

5.1.3 Queen0

000000 selective CPSOO0O0O00O000O0,N-Queen0O00000O00O0DO0OO shift/reset
O00ooO0o0oooOo0oo0oooOooooOo0 9,0oo0ooooooo.

0o00,100~,000000000000000 choiceOOOODO. DOOODO,00000«k
O00000000,xk00num00000,000%k0 j-10000000000000G0O0O000,
O000nmO01000000000000000COOO [9].

0000000 num O0O0O0OO0, num ~ 1 0000000O0. %)
let rec choice num =
if num = 1 then 1 else shift k -> (k num; k (choice (num - 1)))

N-Queen 0O OO0ODOO0OOOO0ODOOODOOOOO. OO0 print_solution0000O00ODO
OO0O0000O000000,00 isssafeld Queen000 QueenO0O0O0000O0O0O0O0ODOOO
gogoogbooobob,obboob,obbooboon.
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The execution time (ms) of queen n which is user time

I ) e e
selective CPS & 9 184 1074 6812 45807 329027

R
selective CPS / CPS 0.6 0.75 0.71 0.72 0.72 0.72 0.72 0.72

O 7.queen n 0O O0O0OOO0O

(x D00O0000 nOO0O0O0O, n*xn O Queen DO0OOOODODO0OOOODOO =)
let queen = fun n ->
(x loop OO0, i 0000, Queen DOOODO00O0DOOOOO %)
(x 00O solution O, i -1 0000, DOODOOODO Queen DODODOOODOOO =)
let rec loop (i, solutiomn) =
if i = 0 then print_solution solution (x OODOOO %)
else

let j = choice n in

let solution2 = j :: solution in

if is_safe solution2 (x i 000 jO0O0O0OOOOOO0O %)
then loop (i - 1, solution2) (xi-100000000000 %
else () (x choice OO0 j OOOOOODO =)

in
<loop (m, [1)> in

(queen n) (x n OOODOOOOO =)

choice JO0O0OOOOODOODOOUOODOOODODO, queendO00OOO0,QueendOOOODOOO
gbO,00b00bo0oboooboboooboobooboooboobooboob. obooooboboon
let 00000000 OO00O0O0ODOOO,000let0D00DOOO00letD, D00 funO0D0O0O0ODO
ooobooboboo.

queen 100, 00000000000O00O0CO0OOCOO,OD000000DL0000DOOO
goo,00o0oocpeSObooooooOo,b0oo cpSOO000oooOoOoooooOoOooDOon
OgO00O0. SelectiveD CPSOOOOOOO, 000000000000 pure0000OD0O0O CPSOO
gboo,gbooogoooogoobooon.

5.1.4 0OO00OO0OO0OO0OO

queen 0000000, 00000000 CPSO0OOO00ODO, 00000 selective CPSODO
gjooooouoooboboooboobo,bbbbbobo0o0ogoo. oooggg 7Tooboob. oro
O Selective CPSO 0O, 000000 selective CPSOO0OO queen n 000000 O0OOOCOOO,
OCPSOOOO0O0OOO0O0OCPSOODODO queen nO00000O0O0O0O00O0O00OOO0O0.000O0O
Oo0oooo28%00000000000000A0.

5.1.5 0O00O0D0O0ODOO0ODODO
choice 0 CPSOOOOODOOOOOOODOO.

let rec choice j = fun k’ ->

14



if j =1 then k’ 1
else let k = fun a -> fun k’’ -> k’’ (k’ a) in
(k j) (fun x -> (choice (j - 1)) (fun x’ -> (k x’) (fun x’’ -> x; x’?)))

00, selective CPSODOOODOOOODOOODO.

let rec choice = fun k’ ->
if j = 1 then k’ 1
else let k = fun a -> k’ a in (k j; (choice (j - 1)) (fun x> -> k x’)))

choice OO DO shift D DOOODODOO, selective CPSOOO0DOOOOODO CPSOOOODDOOO
O.000,selective 0000, 0000000 pure0 000000000 kOO0ODOOOOOO
godooobooooouoooa.

00,00 queend000. CPSOODOODODOODOO, selectiveCPSODOOODODOODOOOO
O, CPSOOOOO @ selective CPSOOOOO OOO. CPSOODOODOO selective CPSO OO
00000000000, selective CPSOOO00O0OOODODOOO, cpSOO00OO0O DOODO.

let queen = fun n -> fun kk ->
let rec loop (i, solution) =
fun k -> if 1 = 0 then (print_solution solution) (fun x -> k x)
k (print_solution solution)
else (choice n)

(fun x -> (* x = choice n *)
((fun j -> (x j =x %)
fun k’> -> (x k? = fun x -> k x *)
((fun solution2 ->  (* solution2 = j :: solution *)
fun k’° -> (x k?? = fun x -> k’> x *)

(is_safe solution2) (fun x -> if x
if is_safe solution2
then (loop (i - 1, solution2)) (fun x -> k’’ x)
else k2 O0))
(j :: solution)) (fun x -> k’ x))
x) (fun x -> k x))
in
(kk ((loop (m, [1)) (fun x -> x)) )

gbooooboa,booooaon.

e JO000IODOOODODOOODO, print_solutionl is_safel pure0 0000000 selective
cpSOOODOCPSOOOODOO.

e 0D queen IO OUODOOOOODOODOODOO selectivel DOOODODOOODODODO.

e loopO OO selective DO OO CPSOODOOODOOO,queen0 0000 CPSOOODOOO
U0.000 loopOUOOOODO pured 00, loopd 0000000 reset0000OO0OOO
U puwredODOOOOOOODOO.

O00 queen 0000000 OO0O0OCOO. OOOCPSOOOOOOO (queen n) (fun x ->
x) 0000, selectiveO 000 queen nO00O0. OO0 queend pure D0 O0OOOOO0DOOO.

15



6 UuUouooogooo

CPSOUODOOOO shift/reset 00 0000000000000, OCamlO0000O0O0OOOODO
O00d0.0doopoo,0Caml000000000OO0O0DDOOODODOOO0OOOOOOOO.

0d00bOO0o00odoDoodbOooOoooOdpDOooOobO. obo,0boooooocpesoonoaoon
O0000000,00pured 0000000, OO0 List.mapO (¢; — t2) — t1list — tylist
gooooooo, 0000t pured 0000 on.

I'Fmap : ((t1 — to Qcpslts, ts, €]) — (t11ist — to list Qcps[ty, ta, €]) Qcps|ts, ts, €]) Qcps|ts, te, € map
0000000000, ListmapO 00 pured 00,000 OCamlO ListmapO OO0 O0O0O
O000000o00o00O. 0000, 00000000 (< )00DDe0O0OODOOODOOO.

00000, Listmap0 000000, 00000000000000000DO00O0.O000O0DO0
000 Listmap O impure 0000000000000, OCamlOO0O000O0OO List.map OO
ooooooooog.

v goggog

RompfO [13]0000000, selective CPSOOOO0O0O0OO0OO0DOOOOOOOOOODO
dddd. bbb, dddddddddoob, oo bbobobobon
goobob.bobboo,oggobbbtooooo, bbb bobbo0ooooo
gooo.ooo,boobooboobdoobo,bodboobobboobobbobbon
ggoooboo,bbobddduooooboboobbbbooooooon.

Kim and Yi and Danvy [7] 0, 00O shift/reset 0000000000 CPSOOOOOOOO,
00000000000 CPSOODOOODODN selective CPSOOOOO0OO. OO, Reppy O local
CpPSOU [12|0,0000000000O000O,000000O0ODOOOOCPSOOOOOOO
god,00obbobbbooddooooooooooobooo.

Danvy and Hatcliff [5] 0, call by name D00 0000 CPSOO0DOOOOO. OO, strictness
analysis0 000 cal by name 00 0000000000000, 0000000000DO00O00O
O0000 callby valueO OO O ODOO0OOOO. O0O0O,0000000 call by valueO OO0
OO0 CPSODUOODO. ODOO selective CPSODOO0ODOO,000000D00,000000O
OO00D00O selective DO ODOO.

8 g

0000 shift/reset 000000000 selective CPSOO0OOOOO. O0OO0OOOOOODOO.
e JODOOODOCPSODOODOOOODOOODOOOOOUODODODOOOODOO.

e U0 DOOOODOOOODLOOO,0bO0O0DLOOOODO. DOOOL,b00b0bO0n
gobooboobbooob,o0boobbooboobbon.

e 000D OOOOODOD selectiveCPSOOODODODODO.

goobobobobogo,bobooboobobobooooooboboboboboboon
OO0O000,0000D000000C00DC0. 000000000 selective CPSOOODOOODO
googooog.

gobobg,bobobobobooboo,bobobgoobooboooo. goboboobooo,0no
gboooboooog,boobooboooboobooobooboo. o, 0bobbobbob

16



gbobooobbooob. booo,obbooobbuooobobooobbooboboobooob
gb,00b0o0boboobogobbooboo,booboboon.
oo,0000000000O0,000D0O0C0C0O0 CPSOODOOOOOOOODODOODOOO
gbobooo,obobooobbooooboobbooobobooobbo. gobooooaob
gbooooboobooboobo,boobboon.

00, selective CPSO0O0O0OOOO00O0O0,00000000000O0DODOOCOOOOOOO,
gboboooboo,booobbooobobooobboooooooobooooob. boob
00, selecitve CPSOO0DOOO00ODOOO0ODODOO0ODOOO0ODOOOODDOOODOOODOOOD
0.

0d

gboboobg,boobuooboobgg,ooboobooboobooboobo.obo
gooboo.ob,obooboboboobooboboo,ooboooobobooobooooboo,nb3s
gbooboboobooboobobooboob.ooboboob.o0b,oboobon
gbooobobooboobbooboobboon.

oo
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