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(¥ idc : v => t -> v *)
let idc v t = match t with
TNil -> v
| Trail (c¢) -> ¢ v TNil

(x cons : ¢ >t >t %)
let rec cons ¢ t = match t with
TNil -> Trail (c)
| Trail (¢’) -> Trail (fun v t’ -> ¢ v (cons c’ t’))

(x apnd : t >t > t *)
let apnd tO tl1 = match tO with
TNil -> t1
| Trail (c) -> coms c tl

(x f1 : e -> string list -> v list -> ¢ -> t -> v %)
let rec f1 e xs vs ¢ t = match e with
Var (x) -> ¢ (List.nth vs (Env.offset x xs)) t
| Fun (x, €) > ¢ (VFun (fun v ¢’ t’> > fl e (x :: xs) (v :: vs) c’ t’)) t
| App (e0, el) ->
f1 e0 xs vs (fun vO t0 ->
f1 el xs vs (fun vl t1 ->
(match vO with
VFun (f) -> f vl c t1
| VCont (c’, t’) -> ¢’ vl (apnd t’ (coms c t1)))) t0) t
| Control (x, e) -> f1 e (x :: xs) (VCont (c, t) :: vs) idc TNil
| Prompt (e) -> ¢ (f1 e xs vs idc TNil) t
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VFun of e * string * string list * v list
VCont of ¢c * t
Co

CAppO of e * string list * v list * c

type v

and ¢

CAppl of v * ¢

CAppend of ¢ * c
TNil | Trail of ¢

and t

(x cons : ¢c => t —> t %)
let rec cons ¢ t = match t with
TNil -> Trail (c)
| Trail (c¢’) -> Trail ( CAppend (c, c’))
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type v = VFun of e * string * string list * v list

| VCont of c * t
and f = CAppO of e * string list * v list

| CAppl of v
and ¢ = CNil | CComs of f * ¢ | CAppend of c * ¢
and t = TNil | Trail of ¢
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type v = VFun of e * string * string list * v list

| VCont of c * s * t

| VEnv of v list
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and c¢ = CNil | CCons of f * ¢ | CAppend of ¢ * ¢
and s = SNil | SCons of v * s | SAppend of s * s

and t = TNil | Trail of c * s
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type v = VFun of (v -> s ->c¢c ->t -> v)
| VCont of ¢ * s *x t
| VEnv of v list

and c=v -> 8 >t ->v

and s = SNil | SCons of v * s | SAppend of s * s

and t = TNil | Trail of ¢ * s

(* idc : v => 8 >t > v *)
let idc v SNil t = match t with
TNil -> v
| Trail(c,s) -> ¢ v s TNil

(*x cons : ¢ -> 8 >t >t %)
let rec cons ¢ s t = match t with
TNil -> Trail(c,s)
| Trail(c’,s?’) ->
Trail((fun v (SAppend(s,s’)) t -> ¢ v s (cons ¢’ s’ t)),SAppend(s,s’))

(x apnd : t -> t -> t *)
let apnd tO t1 = match tO with
TNil —> t1
| Trail(c,s) -> cons ¢ s ti

(x £6 : e -> string list -> v list -> s -> c > t -> v *)
let rec f6 e xs vs s ¢ t = match e with
Var(x) -> ¢ (List.nth vs (Env.offset x xs)) s t
| Fun(x,e) -> ¢ (VFun(fun v s’ ¢’ t’> -> f6 e (x::xs) (v::vs) 8’ ¢’ t’)) s t
| App(e0,el) —>
f6 e0 xs vs (SCons(VEnv(vs),s)) (fun vO (SCons(VEnv(vs),s)) t0 —>
f6 el xs vs (SCons(v0,s)) (fun vl (SCons(v0,s)) t1 —>
(match vO with
VFun(f) -> f vl s ¢ t1
| VCont(c’,s’,t’) -> ¢’ vl s’ (apnd t’ (cons c s t1)))) t0) t
| Control(x,e) -> f6 e (x::xs) (VCont(c,s,t)::vs) SNil idc TNil
| Prompt(e) -> c (£f6 e xs vs SNil idc TNil) s t
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X 6D VFun & ¢ ZNZFND5|ITHZMHv A X v s, TLTA YR TY X £f6 DEIETH
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TWWDT, 2L 2% DT, HIZAX Yy 7 L TRIIET L512T %,

ZHARIEIXK 7T D X 5127 B, VFun Rkt ¢ IIXEITEIN T, RODICZDEIEENTRA X Y
T LIRS, ZLT, £6 TWX, HOREE vs L AR v 7 s ZELTVWEDIZH LT, 4
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type v = VFun of (s => c => t => v ) | VCont of c * s * t
| VEnv of v list

and = s >t >v

and s = SNil | SCons of v * s | SAppend of s * s

and t = TNil | Trail of c * s

(¥ idc : s > t > v *)
let idc (SCons(v,SNil)) t = match t with
TNil -> v
| Trail(c,s) -> ¢ (SComns(v,s)) TNil

(x cons : ¢ > 8 >t —> t %)
let rec cons ¢ s t = match t with
TNil -> Trail(c,s)
| Trail(c’,s?’) ->
Trail ((fun (SCons(v,SAppend(s,s’))) t -> c (SCons(v,s)) (cons c’ s’ t)),
SAppend(s,s’))

(x apnd : t -> t -> t *)
let apnd tO t1 = match tO with
TNil —> t1
| Trail(c,s) -> cons ¢ s ti

(x £7 : e -> string list -> s -> ¢ > t => v %)
let rec f7 e xs (SCons(VEnv(vs),s)) ¢ t = match e with
Var(x) -> ¢ (SCons(List.nth vs (Env.offset x xs),s)) t
| Fun(x,e) —> ¢ (Sons(VFun(fun (SCons(v,s’)) c’ t’ —>
f7 e (x::xs8) (SCons(VEnv(v::vs),s’)) c’ t’),s)) t
| App(e0,el) —>
£f7 e0 xs (SCons(VEnv(vs),SCons(VEnv(vs),s)))
(fun (SCons(v0,SCons(VEnv(vs),s))) t0 —>
f7 el xs (SCons(VEnv(vs),SCons(v0,s))) (fun (SCons(v1l,SCons(v0,s))) t1 ->
(match vO with
VFun(f) -> £ (SCons(v1l,s)) c ti1
| VCont(c’,s’,t’) -> ¢’ (SCons(vl,s’)) (apnd t’ (coms c s t1)))) t0) t
| Control(x,e) -> f7 e (x::xs) (SCons(VEnv(VCont(c,s,t)::vs),SNil)) idc TNil
| Prompt(e) -> c (SCons(f7 e xs (SCons(VEnv(vs),SNil)) idc TNil,s)) t

T.HE ARy 7DMEEE LIZRRDA VR TV R

ZOGRRE. FITRUIA Y27V R £7 OBI% static 7 — X TH SHRAID_DD51E &, dynamic
T—RTHDZDHROFIBUITT S Z L TITH. T I Tdynamic 7—XE2ZITWo7 6175 HH%E
I Taw i) ZEAT 5,

type i =s >c >t >v

B 8 ICZHR L 7R 2 RS, FINEA > & T X iS22 O THIHIRERE idc S BI%K cons,
apnd IZIFZMD72 WV T 2 TR L TWRY, #Hllids £8 13IH e L ARHL DB xs D static
T—=RDAZNET 2 L51CT 5, TITEBUDOIREDZITHS DIF. ZHAIZIHDFRD AIZ
KIEFEL TWB 728 static T—XERDEDHTH 5, iHiigad BT ODRNT i £8d, £ &RV
K% a4 7 e RAAIIC 7 E S % FIEIE, shift /reset OIRAEFEI 2 FHE L7z & = 2 I RIZFEEET
H27o, BB TERT 28775 control/prompt KA DENEZ § 2 EITOWTHAT %,

F3. App D7 —RIZBWVT, K 7Tld e0 DRIFDOHITTIREDRIE. el OEIFDOATTIRIEDE
TEBMTHONTVWSE, THHAX Yy 7 OEEZ Zh 2 push env ¥ popenv & L TERT b,



type v = VFun of (s -> ¢c -> t -> v)
| VCont of ¢ * s * t
| VEnv of v list
| VK of c

and c=s >t ->v

and s = SNil | SCons of v * s | SAppend of s * s
and t = TNil | Trail of ¢ * s
type i =s > c >t > v

(x >>) i ->1i > 1 %)
let (>>) i0 i1 = fun s c t -> i0 s (fun s’ t’ -> i1 s’ c t’) t

(* access : int -> i *)
let access n = fun (SCons(VEnv(vs),s)) c t -> ¢ (SCons(List.nth vs n,s)) t

(* push_closure : i -> i %)
let push_closure i = fun (SCons(VEnv(vs),s)) c t —>
¢ (SCons(VFun(fun (SCons(v,s’)) c’ t’ -> i (SCons(VEnv(v::vs),s’)) c’ t’),s)) t

(* return : i *)
let return = fun (SCons(v,SCons(VK(c),s))) _ t -> ¢ (SCons(v,s)) t

(* push_env : i *)
let push_env = fun (SCons(VEnv(vs),s)) c t -> ¢ (SCons(VEnv(vs),SCons(VEnv(vs),s))) t

(* pop_env : i *)
let pop_env = fun (SCons(v,SCons(VEnv(vs),s))) c t -> ¢ (SCons(VEnv(vs),SCons(v,s))) t

(* call : i *)
let call = fun (SCons(v1,SCons(v0,s))) ¢ t -> match vO with
VFun(f) -> f (SCons(v1,SCons(VK(c),s))) idc t
| VCont(c’,s’,t’) -> ¢’ (SCons(vl,s’)) (apnd t’ (cons c s t))

(* control : i -> i %)
let control i = fun (SCons(VEnv(vs),s)) c t ->
i (SCons(VEnv(VCont(c,s,t)::vs),SNil)) idc TNil

(*x prompt : i -> i *)
let prompt i = fun (SCons(VEnv(vs),s)) c t ->
¢ (SCons(i (SCons(VEnv(vs),SNil)) idc TNil,s)) t

(x £8 : e -> string list -> i *)

let rec f8 e xs = match e with

Var(x) -> access (Env.offset x xs)

Fun(x,e) -> push_closure (£8 e (x::xs) >> return)

App(e0,el) -> push_env >> £f8 e0 xs >> pop_env >> f8 el xs >> call
Control(x,e) —-> control (f8 e (x::xs))

Prompt(e) -> prompt (£8 e xs)

P

8. M BDICTRLI- DA V&2 T X
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type v = VFun of (s -> ¢c ->t -> m -> v) | VCont of ¢ * s * t
| VEnv of v list | VK of ¢

and c=s ->t->m ->vV

and s = SNil | SCons of v * s | SAppend of s * s

and t = TNil | Trail of c * s

and m = Vv > v

type i =s >c >t ->m >v

9. CPS £ DME & av D

BT, HIRRICBEBER S 2E %m0 call 35, ZITmMazEaRT 288 > 2ER
3528 T BREi% push LT e0 25 TL., BEi% pop LTHEHITL T el ZFEITL. HIZICH
BECHLZST 2 W0 M BAHO XS ICHETE 5, Z4UE. shift/reset D& X L[FAFRTH 5,

Control ¥ Prompt TIIZZNENZDHEDIMEEZKTA T % control, prompt & L. 5l & L
T body H877 DT ERZIINS, T2 L. fiiH control IXZZDHHL, trail DD & T body Hm %
FITL., 2O E A X v ZITHEATWA, @4 prompt b body #73 % ZE Dk,
trail Db L THEITL., ZOMRZEHFEATZD L ZDfk#t c 1T T,

i call & A&y 75 HBEEN T vo L 5IEER T v ZED L. BIBIFCHI L 2175, VFun
D7 — AT % VKITR D FEHEZRIET 27:DD0HDT, KIS THE v ITMAONZdDTH 5,
D shift/reset D& XL FBRTH 5, —/. VCont DHEIX. control/prompt FHIZ 2D & =
DffE L trail) ZBIAED trail LFEE LTV,

CZTRLEMmAEE. COBRMBTRERZEBEOMBTH 2, toT. s DmmxHICBI
BRI AUX 4.6 HiDA X TV RITRD 8255,

4.8 CPSZi#a

8lIF L A LRI O MBI E ART T ENTE DD, FLERTERDEDIDD 2, Z4UE,
8 D BRI L 72 RD prompt TH 5,

let prompt i = fun (SCons(VEnv(vs),s)) c t —->
c (SCons(i (SCons(VEnv(vs),SNil)) idc TNil,s)) t

iy prompt CTld 1 O BIITUIH L MEZTHED AKX Y 27 s KRIFELTWVS, THIZZEDR
Ry 7 % BIEDRKRE ¢ I LA ZIT->TW3, ZHUIREFECH LIZH > TN 2D IREEER
M e U TR Z RIS 2 139 TH %,

COBBDOANTEREHROMICT 2725 CPS BH#1%21T5, I ZTEAXND/FLIT A Xk
i35, CPS BN AROAIIN 9 1TREND, X ZYPFOM m DF/ITEREI N TV S,
VFun *° fkSE ¢ . @i 1 IS X ZFEDIEIND L5k -7z,

K 8 DD LB LIFL ALHKREHFICKR o TWE 0, EXNXA R EZDE %5 %
72 TALEER T IIFHCEE TRV, B I N2 prompt IZMLTD X 512725,

let prompt i = fun (SCons(VEnv(vs),s)) c t m ->
i (SCons(VEnv(vs),SNil)) idc TNil (fun v -> c (SCons(v,s)) t m)

B D AN TR X ., RIS WE E 2o TW3, CPS ZH#UIIE4 R A Tn
%o ZLTZDHRDEHTEBIC RS TIXEBTH ) maxk T — I U TRAERH Z BT
W<,
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type v = VFun of i * v list | VCont of c * s * t
| VEnv of v list | VK of ¢
and i = TAccess of int | IPush_closure of i | IReturn
| IPush_env | IPop_env | ICall
| IControl of i | IPrompt of i
| ISeq of i * i
and c = CNil | CCons of i * c | CAppend of c * c
and s = SNil | SCons of v * s | SAppend of s * s
and t = TNil | Trail of c * s
and m = (c *x s * t) list

(x cons : ¢ => 8 >t —> t %)

let

rec cons ¢ s t = match t with
TNil -> Trail(c,s)
Trail(c’,s’) -> Trail(CAppend(c,c’),SAppend(s,s’))

(x apnd : t -> t > t *)

let

apnd tO t1 = match tO with
TNil -> t1
Trail(c,s) -> cons c s t1

(x run_cl0 : ¢c > s >t ->m -> v %)

let

rec run_cl0 ¢ s t m = match (c,s) with
(CNil,SCons(v,SNil)) -> (match t with
TNil -> (match m with
0 ->v
| (c,s,t)::m -> run_cl10 ¢ (SCons(v,s)) t m)

| Trail(c,s) -> run_cl10 c¢ (SCons(v,s)) TNil m))
(CCons(i,c),s) -> run_i10 i s c t m
(CAppend(c,c’) ,SCons(v,SAppend(s,s’))) -> run_cl0 ¢ (SCons(v,s)) (cons c’ s’ t) m)

(* run_i10 : i ->s > c >t > m > v %)

and

run_il0 i s ¢ t m = match (i,s) with
(IAccess(n),SCons(VEnv(vs),s)) -> run_cl0 ¢ (SCons(List.nth vs n,s)) tm
(IPush_closure(i),SCons(VEnv(vs),s)) -> run_cl0 c¢ (SCons(VFun(i,vs),s)) t m
(IReturn,SCons (v,SCons(VK(c),s))) —-> run_c10 ¢ (SCons(v,s)) t m
(IPush_env,SCons (VEnv(vs),s)) -> run_cl0 ¢ (SCons(VEnv(vs),SCons(VEnv(vs),s))) t m
(IPop_env,SCons (v0,SCons (VEnv(vs),s))) -> run_cl0 c¢ (SCons(VEnv(vs),SCons(v0,s))) t mfj
(ICall,SCons(v1,SCons(v0,s))) -> (match vO with
VFun(i,vs) -> run_i10 i (SCons(VEnv(vl::vs),SCons(VK(c),s))) CNil t m

| VCont(c’,s’,t’) -> run_cl10 ¢’ (SCons(vl,s’)) (apnd t’ (cons ¢ s t)) m)
(IControl(i),SCons(VEnv(vs),s)) —>

run_il10 i (SCons(VEnv(VCont(c,s,t)::vs),SNil)) CNil TNil m
(IPrompt (i) ,SCons (VEnv(vs),s)) ->

run_i10 i (SCons(VEnv(vs),SNil)) CNil TNil ((c,s,t)::m)
(ISeq(i0,il1),s) -> run_i10 i0 s (CCons(il,c)) t m

(x >>) 1 ->1->1 %)

let

(>>) i0 i1 = ISeq(i0,il)

(x £10 : e -> string list -> i *)

let

rec £10 e xs = match e with

Var(x) -> IAccess(Env.offset x xs)

Fun(x,e) -> IPush_closure(f10 e (x::xs) >> IReturn)

App(e0,el) -> IPush_env >> £f10 e0 xs >> IPop_env >> f10 el xs >> ICall
Control(x,e) —-> IControl(f10 e (x::xs))

Prompt(e) -> IPrompt(f10 e xs)

10. JEREBULRDEDTY
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4.9 FEEEUL

HifiE CTEA LMD E LD EHEEIOED T2 DI 5770, BEEICE>TW3 D %IE
BBUL T %, BARIICIE VEun OFIEITHIZ T, Mkfe. X Xk, 2 LT ax IRt 5, X
FOZEW R L 72EROANIX 10 1ITRE N S,

iz JERAR b3 2 . ZALETHED CNil, CCons, CAppend @D 3 DDMEKT & 72 5,

— . R EREHEHIHITL 2 DIE (FIEAX ZHEFELIIMZIE) prompt IZHITL % fun v -> ¢ (SCons
(v, 8)) t m THb, ZTHDOHHEBUIMS: c, AX YT s, trail t, ZLTAXHim THB, Z
Rt T 2. IO 25 BIHOT—Xe kb, THIT, TOT—Xid ¢, s, t ZEHK
oY 2 b RIS %, GO E L EW append XX EZ WD T, 22Tl OCaml DY R+
ZZDEFEHVT (¢ * s * t) list TR L, ZZTZEY R MIFHHX X HTIET %,

2B, K10 TEXZXFEOH m ZEFRILTWEH, K 10 OOHZATCid b Ty, n
34 2T R £10 FTHDLNAL TV S, m IFHIZ (¢ * s * t) list LRI RDTER
L THRDRRW,

BRI, w1 ZIERAEME T %2 &, B TIE S N 2 BEUEICHE - TGS 2 MK F 23
BB, Thd, RO mB k5, ZRUIMA T, Z2o0mBE AR L TH -GS EES
>>) BIEBBUL T 2 2. Zo0MAELIBICH O S BT — XIMER SN D, ZAUTIE ISeq W
IHHTZ DT T VD, D ISeq E 2D HHZFOMKT TH 5720, MBI ARMEEICKRS Z
b,

4.10 #%55% cons JX Mt

HIfi E TIEHmHYEFEE T 2 DI ISeq o Tz, LA L, X 10D run_i1l0 T ISeq (i0,
i1) MR X NBE, 10 ZFATL i1 1ZHEHHC cons ENTWVW3B, Z I TIDIEEREEL T20,
BFLHDar L IhomBEEIC cons VA NG5 X512 T 5,

DB AToTza 84 7 CARAEEHIIN 11 1T, a> % I 6ERINmBIEET
cons VAMDHE L 25 K58 at ZERLTWD, ZOEHUCT R Tary {4 o6t
INBWBIEET cons VA MDHHEICHE S XD L7z, MR, 9 1 25 ISeq i3k
1274 %,

COEBDIEYEERT, 3. B i % ISeq A2\ i @ cons U R+ DREEICE LT 2 BIEL
flat ZEFET 2 (K 12) 25612, Zofo7—&2AHN LT % cons U R ML 2%
FRICEFKR T % (flatC, flatV, flatS, flatT, flatM), Z L TC. KROREFEMEZIHT 3,

e flat (f10 e xs) = f11 e xs

e flatV (run_.i1l0 i s ¢ t m) =
run cll (at (flat i) (flatC c)) (flatS s) (flatT t) (flatM m)

BIEITIE e DIFINEIC X > TRFIAXI LS, £10 D a Y %4 I bEREI N5 % cons U A ML
T2, f11 DAY IO/ OLNLIMRINEFLTHE I ZRL TS, HBEIX 10D
AR E D R 7 v TERICEE§ 2 IFNEIC K o TaEHE L 3,

Z 2T ISeq DHAEDIEAZ K 12 1T" T, ISeq(i0,i1) A% run i10 XN D &, i0 DR
EATL i1 3T cons SR TW3, ZOEITEIFRNEDIREIZ L > T run_cll [ZHEHT 5,
ZLUTC, B8 at 3MAEEMI T DGIATE 27205 B ANZ 2 Z e AT, flat B
DEF L DR OFEFEMEDIHILL TWD, £z, ISeq ITA> TW @ BOIEFEI Rz TV
52t bERTE %, ISeq & cons VA MEEN 37, 11 OFF UNMRARE I ST IS S 2 51T
ATy FEFELZVD, 2TOMHIIERTH DT ISeq ZAKIEICFEITT S Z idR WV, Lo
T (FIEMES EDHT) Hifi & AEOIAEEMIIFRFOZEE % 3 5,
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type v = VFun of ¢ * v list | VCont of ¢ * s * t
| VEnv of v list | VK of c

and i = IAccess of int | IPush_closure of c | IReturn
| IPush_env | IPop_env | ICall
| IControl of ¢ | IPrompt of c

and c¢ = CNil | CCons of i * ¢ | CAppend of c * ¢

and s = SNil | SCons of v * s | SAppend of s * s

and t = TNil | Trail of ¢ * s

and m = (c * s *x t) list

(* run_cll : ¢ > s >t > m -> v %)
let rec run_cll ¢ s t m = match (c,s) with
(CNil,SCons(v,SNil)) -> (match t with
TNil -> (match m with
0->v
| (c,s,t) :: m => run_cll ¢ (SCons(v,s)) t m)
| Trail (c,s) -> run_cll c (SCons(v,s)) TNil m)
| (CCons(IAccess(n),c),SCons(VEnv(vs),s)) —-> run_cll c¢ (SCons(List.nth vs n,s)) tm
| (CCons(IPush_closure(c’),c),SCons(VEnv(vs),s)) —->
run_cll ¢ (SCons(VFun(c’,vs),s)) t m
| (CCons(IReturn,_),SCons(v,SCons(VK(c),s))) -> run_cll ¢ (SCons(v,s)) t m
| (CCons(IPush_env,c),SCons(VEnv(vs),s)) —>
run_c11 ¢ (SCons(VEnv(vs),SCons(VEnv(vs),s))) t m
| (CCons(IPop_env,c),SCons(v,SCons(VEnv(vs),s))) —>
run_cll ¢ (SCons(VEnv(vs),SCons(v,s))) t m
| (CCons(ICall,c),SCons(v1l,SCons(v0,s))) -> (match vO with
VFun(c’,vs) —> run_cll ¢’ (SCons(VEnv(vl::vs),SCons(VK(c),s))) t m
| VCont(c’,s’,t’) -> run_cll ¢’ (SCons(vl,s’)) (apnd t’ (cons ¢ s t)) m)
| (CCons(IControl(c’),c),SCons(VEnv(vs),s)) —>
run_cl1l ¢’ (SCons(VEnv(VCont(c,s,t)::vs),SNil)) TNil m
| (CCons (IPrompt(c’),c),SCons(VEnv(vs),s)) ->
run_cll ¢’ (SCons(VEnv(vs),SNil)) TNil ((c,s,t)::m)
| (CAppend(c,c’),SCons(v,SAppend(s,s’))) -> run_cll c (SCons(v,s)) (cons c’ s’ t) m

(kat : ¢c => ¢c -> c %)
let rec at cO cl = match cO with
CNil -> ci1
| CCons(i,c) -> CCons(i,at c ci1)

(x £f11 : e -> string list -> c *)
let rec f11 e xs = match e with

| Var(x) -> CCons(IAccess(Env.offset x xs),CNil)

| Fun(x,e) -> CCons(IPush_closure(at (f11 e (x::xs)) (CCons(IReturn,CNil))),CNil)

| App(e0,el) ->

at (CCons(IPush_env,CNil))
(at (f11 e0 xs)
(at (CCons(IPop_env,CNil))
(at (f11 el xs) (CCons(ICall,CNil)))))
| Control(x,e) —-> CCons(IControl(fil e (x::xs)),CNil)
| Prompt(e) -> CCons(IPrompt(f11 e xs),CNil)

B 11. aa 55 % cons VA MULLZBRDA XV &
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let rec flat i = match i with
IAccess(n) -> CCons(IAccess(n),CNil)

| ISeq (i0,i1) -> at (flat i0) (flat il)

let rec flatC ¢ = match c with
CNil -> CNil
| CCons(i,c) -> at (flat i) (flatC c)
| CAppend(cO,cl) -> CAppend(flatC c0O,flatC cl)

(* ISeq (i0, i1) *)

flatV (run_i10 (ISeq(i0,il1)) s c t m)

flatV (run_i10 i0 s (CCons(il,c)) t m)

run_cll (at (flat i0) (flatC (CComs(il,c)))) (flatS s) (flatT t) (flatM m)
run_cll (at (flat i0) (at (flat i1) (flatC c))) (flatS s) (flatT t) (flatM m)
run_cll (at (at (flat i0) (flat 1)) (flatC c)) (flatS s) (flatT t) (flatM m)
run_c11l (at (flat (ISeq(i0,i))) (flatC c¢)) (flatS s) (flatT t) (flatM m)

12. @55 % cons Y A MEDIESHEDRE : ISeq D7 — R

4.11 fEEE trail 2 X MME

AIEIDOZEHL L D, a > A IhoEn 255 cons VA P TRINTWS Z 25, OCaml
DEBEDV R MRS 2 ZEDAIRETH 5, BARRYIZ, CNil A3Z2Y R b, CCons(i,c) & i::c
3%, TDEKS57 OCaml DFEFED Y A M R 2MiE% flat THDEEMERE DT 5, AX v
EREBUSIIG L T WA 728, [ARkIC flat £ 32 Z 8N TE 5,

Z ZT. CAppend IZDWT, ZD 7 —XMiEE trail DERDORIHEHI NS, ZD7zdkfEs
CAppend D7 — X ETHIE T 25813, 2T trail OFDA LIRS, £ LT, trail OHFHZEIT
3 5B, CAppend 7% run_cil WKE XN /=HE. flat Rk BN % £ T CAppend DEBDTTHHI
TW3, ZLTHERDIZET trail OFTHEIEZN S, DF D CAppend IFRIZFEITT 5N E flat 72k
it (LARY ZDRT) ZORTFLWETH 2 L ARED, KoT, TNil ZZEY X b, Trail %
(c, 8) list & L. FEITINRE flat KL ZIEICEATVL X518 T %,

LRlOZE# % LARZK 131TRT, $3HOEHEE LT, Mt c. XX v 7 s, trail t DEER
@D OCaml DY AR5 TWVWB, ZL T, XZPEHAIHFE c. AKX 7 s, trailt D 3DFHDY
ANTHoTD, ¢c *x st DVRAMEEDLABIENTEBLDT, (c xs8) *x t Tt D—DDL
LDV ARMCIHRE, §5L (c x5 *t) list It list L& HADHLNBE I LITIRD, VCont D
BIHFEERICL Tt ((c * 8) *x t) RIEMT 2 L5107, BT X oTHEONTza vy {5
IRAERERZ trail DSEFEDV X M o772, BE cons %° apnd [ FTEITH - 7z,

COEMDIEYMERT, Bzheik flat (L3 2B8EERET S (K14, 2L T, ROFR%
M2 RS 5,

e flatC (f11 e xs) = f12 e xs

e flatV (runclil ¢ s t m) = run_cl12 (flatC c) (flatS s) (flatT t) (flatM m)
AT 3IE e TR 3 2 ImiNTEIC K o TR L 5, f11 Doz a5% flat L3 5% £ OCaml
DEEDOY A eRD, f12 o EInmBdle FLL RS, BEIZK 11 OREEHED
ATy THBUCET 2 IRNEIC X > CRFHE N5, Z 2T, run_cll IZ CAppend 23 X7z & F1Z,
CAppend OHFHZ BT 2HEDND 20D AT v THD run c12 TIER KRS, LHrL, ZhiZ
trail 23 flat (LI N72Z 2 ICEBHBDTH D, £1latCS I & - T trail NDOEITT 2 R E GO NEE
FERFFEN TV A DRV, M EX D, runcll & run_c12 ZAFOZEE 2R T,
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VFun of ¢ * v list | VCont of t
VEnv of v list | VK of ¢

type v

|

and i = IAccess of int | IPush_closure of c¢ | IReturn
| IPush_env | IPop_env | ICall
| IControl of ¢ | IPrompt of c

and c¢ = 1i list

and s = v list

and t = (c * s) list

and m = t list

(* run_cl12 : ¢ > s >t ->m > v %)
let rec run_cl12 ¢ s t m = match (c,s) with
(,v::[1) -> (match t with
[l -> (match m with
0-—>v
| ((c,s)::t)::m -> run_cl12 ¢ (v::s) t m)
| (c,s)::t -> run_cl12 ¢ (v::s) t m)
(IAccess(n)::c,VEnv(vs)::s) -> run_cl12 ¢ ((List.nth vs n)::s) tm
(IPush_closure(c’)::c,VEnv(vs)::s) -> run_cl12 ¢ (VFun(c’,vs)::s) t m
(IReturn::_,v::VK(c)::8) -> run_cl12 ¢ (v::s) t m
(IPush_env::c,VEnv(vs)::s) -> run_cl2 ¢ (VEnv(vs)::VEnv(vs)::s) t m
(IPop_env::c,v::VEnv(vs)::s8) -> run_c12 ¢ (VEnv(vs)::v::s) t m
(ICall::c,vl::v0::8) -> (match vO with
VFun(c’,vs) -> run_cl12 ¢’ (VEnv(vl::vs)::VK(c)::s) t m
| VCont((c’,s’)::t’) -> run_cl12 ¢’ (vi1::s8’) (£’ @ ((c,s) ::t)) m)
| (IControl(c’)::c,VEnv(vs)::s) -> run_cl2 ¢’ [VEnv(VCont((c,s)::t)::vs)] [I m
| (IPrompt(c’)::c,VEnv(vs)::s) -> run_cl12 ¢’ [VEnv(vs)] [] (((c,s)::t)::m)

(x £12 : e -> string list -> c *)
let rec £12 e xs = match e with
Var(x) -> [IAccess(Env.offset x xs)]
| Fun(x,e) -> [IPush_closure((f12 e (x::xs))@[IReturn])]
| App(e0,el) -> [IPush_env]@(f12 e0 xs)@[IPop_env]@(f12 el xs)@[ICall]
| Control(x,e) —-> [IControl(fi12 e (x::xs))]
| Prompt(e) -> [IPrompt(f12 e xs)]

K 13. e L trail 2V XA ML LZEBDA VX T &

T, IRFEEWICHY T2, VX T VX BB/ ENTER, 2O L8#I. dd
¥ trail ZREBIC L > THRILT S Shan DA VX TV EZNBHRARXR— LI, Z0DEHF THEGED
U2 MTEREEIN, BRENICIEZAR Yy Z7DHeRFEENZ Ze3bh b,

5 control/prompt OREHEHEH

K 13D run c12 EZITRTREMIH L TH S, Lo T, ZAUMMEEWICEIRTZ 5 [1), RIE
P OIREEER AN 15 D LS WWEFRE NS, KEIZ (¢,s,t,m) DIFT, ZhZhDHIIX 13
WERIN TS, ZOREEMIEX. T E TOD shift/reset DA & FHkIC, R D FHS{EHD
BB OMRIF L1870 © OFHEDRE O H LHRAIZ I T, U h I SFECHL TO 7 — X R
Xy 7 a¥—0EfEzETAMELL TV,

Z 2T trail 3k A&y 7DD Y A b FlUE (¢ * 5) list) TH D, c ZiH DI
ELTVK (¢) LWHOHTRLZZETHL, trail ZRX Yy VDV A N EZBLIENTE S,
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let

rec flatl i = match i with
TAccess(n) —-> IAccess(n)

IControl(c) -> IControl(flatC c)
IPrompt(c) -> IPrompt(flatC c)

and flatC ¢ = match c¢ with

let

CNil -> []
CCons(i,c) -> (flatI i) :: (flatC c)

rec flatV v = match v with
M11.VFun (c, vs) -> M12.VFun (flatC c, List.map flatV vs)
M11.VCont (c, s, t) -> M12.VCont ((flatC c, flatS s) :: (flatT t))

and flatS s = match s with

M11.SNil > []
M11.SCons (v, s) -> (flatV v) :: (flatS s)

and flatCS ¢ s = match (c, s) with

and

let

(CNil,SNil) -> ([0, [I) :: [1

(CCons(_,_),SCons(_, _)) —> (flatC c, flatS s) :: []
(CAppend(c,c’) ,SAppend(s,s’)) -> (flatCS c s) @ (flatCS ¢’ s’)
flatT t = match t with

TNil -> []

Trail(c,s) -> flatCS c s

rec flatM m = match m with

0->1
(c, s, t) :: m -> ((flatC c, flatS s) :: (flatT t)) :: (flatM m)

14. ki trail 2 Y X MEODAEIZ 3 2 B 5 BI%K

¢ = (¢ [VEn(), [, [I)
([, o=, I, H = (v
(0 v 05 (e ) t)m) = (¢, vis, b, m)
([], v ], ( s)ut,m)y = (¢, v:is, t, m)
(IAccess(n) :: ¢, VEnv(vs) s, t, m)y = (¢, (List.nth vs n) :: s, t, m)
(IPush_closure(c) :: ¢, VEm;(vs) s, t, m) = (e, VFun(cd, vs) s, t, m)
(IReturn :: VK(c) s, t, m) = (c,v:us,t, m)
<IPush,env ¢, VEm}( vs):s, t, m) = (¢, VEnv(vs):: VEnv(vs) :: s, t, m)
(IPop_env :: VEm;( vs) s, t, m) = (e, VEnv(vs) v s, t m)
(ICall :: ¢ VFun( vs) s, t, m) = (c, VEnv(v:ws):: VK(c)::s, t, m)
(ICall iz ¢, v = VC’ont(( s)yath)ms, t, m)y = (d,vus, t'Q((c s):t, m>
(IControl(c) :: ¢, VEnv(vs) s, t,om) = (d, VEnv(VC’ont(( ¢, s)ut)mws): ], [J, m)
(IPrompt(c’) :: ¢, VEnv(vs) = s, t, m) = (¢, VEnv(vs) =[], [, ((c, s) $ t) m)

K 15. control/prompt DRAEFEM
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X 5T, A RPEHE trail DY X b (B £ 1list) TH B2, fRMEE XX v 7 D DFNIC
o TW5b, ZHUE, IREE (¢, s,t,m) D s,t,m G, &4 OEICXYIDEESZHEL TBTIE
2, DRITT—ARDRAR Yy Z e HBZZENTELZERRLTWVWS, £D X5 I o TIRIEFEK
ZPRELTHZ b, REMBEADIEIRAZy 7O0—HnZUIDIEb LTwd sz bh s,

IControl i TCTlX. IEDMKE - R X v 7 « trail IMEDREICaY—3 N5, ZhbikiEot)
DELDICHYE S %, UID SN/ Shize & D% D ICall fii TA X v 71T VCont
PHEEN TV 2, REINTOANE (@R - AX v IRFEITEND, 20D L IR R
&y 7R trail IRFESIN TV trail BTN 2, ZLTRED s,t,m ZIEENZED > TV
WZEIHEL XS, 2R, st 13ab—F 23068342, BZXY DB 2EZHITIERVWE
W5 ZeTH5%,

IPrompt i Clk, BIFEDMKNE - A X v 7 «trail 13X XFUTBEME N2, T ZTHRRED s,t,m
BIEBEDPZED > TOVRVDT, a¥—DORBEIRNI EERLTWS,

control/prompt & trail 2B X N72721FThH - THH IControl, IPrompt TOZEEH L, FeAT
WFFE T IShift, IReset L ZHENIRHIEWI R o2, F ¥ 7F ¥ SNMAERH xhz b
% (VCont AMUH E N L &) 12, BUED#HIRL R X v 7 % trail IZFHETr (control) 22 X & ki
IZHEEe (shift) DOEVWDATH o7, T TIKEHLFELINT WS shift/reset DFEZ KIFICZHE
3 & B contol/prompt DFEENTE 3 Z LHEIT T,

6 FLHESROFE

AL TIE A FHRIC control/prompt ZHRRL72A ¥ R TV X6 a v o84 5 e AR 2 8 H
L7zo ZENISFEATHIED shift/reset DIRAEFEME L L 1Z L A LR CAETITo 72, BoRE
FEARI PR E k57 R T control /prompt D FEREFEZIRMET 2, BAENICIEZT -2 A X v 7 DXH)
R, =T NDaA -2 FTEINEEHEZRLTWD, BITE shift/reset DABEZERERENTE TV
OchaCaml IZ, control/prompt % L TV 72\,

¥ 72 BRAERKBEEE 1213 & shift0/reset0 < control0/prompt0 23 D, BfEZN 5 2 FEHET
5427 L THRBEEHOEHRZ1To T\, N6 DHEETFIZMELF ¥ 7F ¥ Sh
BB, reset0 (prompt0) D—DAMADMEEICT 7R TE S, ZD/=H, ZNODMABFENH
TNz 22, ZORDOHHHNOUINGENDHZ Z 21Tk b, ZH b DIHEEFIE algebraic effects
and handlers IZJEWVWEEZ 6N TED [10, 18], ZOEEDEB 2T 2,
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