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E1E

% &

1.1 Bx

BROZ L Rt a 4 F1k V—AEiEL X—7 v FEEBOHVZI, FHEEEEHV. FEEED
kA REELEEAT 2 WOIMRE L 5, ZHUCED, FEET LIV X s ZDOIEL X 2HHERE L
TERICEBHLL TV E WS F R EsN S,

CPS ® SSA ¥ D X512, HICHRED R 284 B SEBENFHETS %, 25 T3H CPS(Continuation
Passing Style. Mt L /75X) 1% Appel ®3FF Compiling with Continuation [1]1Z®H % K512, ML &R D
EREREBILEFED a v SHEFEL LTAS IR TE 7,

F7-. ANF(A-Normal Form, A [EfR) dEBTISEa Y4 JOFEEEL LTLLASNTWS, H
EHRTAMIC > TERNARBETH D, @ HFoiEEZE2TERICHET 2 Z ik h Rk B 27k
W g <725 [3]o

TuroakflElve -7 7 LTRELLL & FlELZ 70 —=20FHUERT 2 RE AR L R,
CPS % ANF 3 &R 2 RE T 2 D DRI LA Z b 7270w, Gl ERi> 7125 4% CPS % ANF
TREIT 2L, a—RFOaV¥—DPHEELTa—NIA PRI 2 WO MDD S, Maurer SIFIHRNA
AR 2RO SEE System Fy (6] ZRR L. S 2RI S 28 T, CPS ¥ ANF 282 5 [ME%
fRRL7zc ZLTCPS® ANF TEIRZAZRWVWE I BiiB(LIic L D, MEIEEST 25—y FEEADa Y
RNANAREE T8 o 72,

1.1.1 ahRs

AL

Ta7 55110 j4, 5D XD, DIELHIE 7 0 —EEERT 2 M BEET 5. T2 EHE (oin
point) LWL, 7075 AOHORL ZHIE 7 v -8R T 2HEEIET, A fliflve—-75 7
WBIT2, BROBEATOy V0P DRRZ2R2/ROHAT Oy 7eEZ 2 eMTE (KD, 1207wy
FLAPICDEMRIIIZLFIET 22005, BMAIEa Y4 ZOMRICHEVTS XM FbhTH
b, BIZIE. SSA(Static Single Assignment, FHYE—A) BE, ZEITHT 2 RAD 720 —EHE WS
WHEZROID, AMACBNT ¢ B WO RRILBEBERA LD TH 5, SSA FERXTFHEMFE
ENREe Llzay4 SHESHEE LTALHVWSATED, LLVM [5] % COINS [9] TIENERE L LT



SSA ZHRH L TW 3,

Iuro a1l IurT LB EETRADH

let j = fun x -> M in
if el then j e2
else j e3

main_b1: [1 ~ 3]
1: CLOSURE Q Q
2: LOADK 1
3: TEST 1 Q Q

/

main_b2: [4 ~ 4]
4: JMP Q 4

/

(S

main_b4: [9 ~ 11] main_b3: [5 ~ 8]
5: MOVE 2 o o
9: MOVE 2 o o
6: MOVE 31 o
10: LOADK 301
11: CALL 2 2 1 7 CALL 22
8: JMP o 3

N, 7

main_b5: [12 ~ 12]
12: RETURN 0 1 0

1.1 7 a—22 21283 2 a8TRDH)

1.12 MBS EICHIT3aRaDRI

BB SREO P ZFEICIE CPS R ANF 28 K K VBN TW 5, ZD—/T CPS & ANF I3 AT EH S
T ALV, 2D, CPS % ANF IZEDSWREL TR, ATAICHE T 2RO REMZ LD,
a— N4 ZOBRRE OMENBE 5,

Maurer 5%, PIRIICETREERS S B TE 3 a2 840 SR EEE System F; %122 L7-, System F; 1%
AMAEEE OB Y 3B IWICKAILTWS, ZHUCk b, AlEEF> 705 0%, JUMP @450 &
DMREREIZ A P — U EICa AL TH e TE S, CPSICLBHll7a—DxTya— K% System
F I3BTRATRIATE, SHWKIIAMAEERT 22T, CPS L AEMU LORELAEZRZ 5, Fi.
System Fy 1& ANF ¥ [ARICEZE R TH 2720, CPS TEB IRV WikE(b, #il 2 133\ 50 X%
(Common Subexpression Elimination) $ AJRE X 72 %, Z LT, AM{AZHE (commuting conversion) 12 & 52— F
DIEKRILE, EMAEZEATA IO MRIZ22enTES (K12, urF 412, —H T, SystemF;
' Haskell 38, 2% h REFLToOMM2 EWEHD W) SEEE MR Lica v A4 SHEFiEL LT#&
HEhTwi, 2070, ETRECOIEMFL SEICBVTHRN AT Z AW RELSENR L S hico




WTiEfh s hTnin,

el + e2 + (match e3 with match e3 with
| P -> e4 commuting conversion | P -> el + e2 + e4d
1'Q -> e5) 1'Q -> el + o2 + e5

1.2 AHRZR R

TurI A 1.2 AT a— FERILOMRH

join j e = el + e2 + e in
match e3 with

| P -> j e4d

| Q@ -> j eb

1.2 AHAROEH

AWFFETIE. FEM AR EME S OB SREB X ' 2 OUERIZBWT, Maurer 5 DFIENE DO E 5 1%k
MEES %, MEEDHELE LT, a4 SO SHBICAERRZEMLIEHBED 7+ —< Y AB LU N &
NBX—7y FEEOa— R4 XEWEST 5, Maurer H508R L L7z Haskell SRED & 5 (A8 D FHAifi
HkIE 2 F 2 BB S350 CPS 24 [7] 3B D 538 % CPS Z#i3 2 K h M TH 5, — /7 THEFFUD
PR 2 0 2 BB S FE T, HRISEEIC CPS 25 IR 2 Z X IZHATH %, HIFFDOFFEICBVTH
MBREIC CPS WA 5B L O E B T, FimHhHRHDFER E LTHEDE S hE2 a3 5,

*ﬁﬁﬁ’a’:i&_iﬁﬁ 7oz, IR ERE X D FEE Joel Zakat. FE3F %, System Fy 250K & LT\ 2 HlF2
S HON TV IR FEL DR D ZEDZHE L LT, avia—lxz7x2 bhdHHZEL
DRI T NEFEIFRFOMEET D 2 IS BITEF O—fl e L TEA L, %72, System Fy I8} 3 #§1F
RGP RE L O ZEM DB EICB N TE Y 22 XS ICEHEEMZ /2.

Joel 1T & 2 B DRI D7z, CPS IC X2 RELTHRONL T nr I s DK EZSB 725
(H13). ¥ —2F#% Joel/CPS 12 H L, ZhZAURBILE B 55, 2 L TRBILINET Y5 4k s
X—ry FEHEEEML. EREINSTR T LD a—- FH A X, FATEEEFET S 2T, Joel I2& 3
RELOFHiZ B 225, FENEY —ZAFiEL LT Core ML (4.1 fffi), % —%"v FFiEL LT OCaml % %ER
L7z

AER X DIERK

RIS DOWEBIILLTOBED TH %, 22 ETEIARHFATHNW S FiE Joel DX L BT EFRT 5, 5653
EHTW Joel LTEB IR I BHELICOWTHAL., 2 4 ETIEIAMIETHW Y —X 5§k Core ML B X U LL#R
WR Y 725 EEE CPS OFEFK L. Joel/CPS L TORELERE] T 07T ORI EB IS, HSHE
T FE LD SHBROFEICONWTIER S,



contify decontify

(3.2 fi)

source target

transpile

(4.2.4 I8)

CPSlransform
(4.4

1.3 M

AWFZETIE Joel BLUZDFEET— F%Z OCaml 1IZ X D FEH L/, Y —ZA 23— Fl3 https://github.com/
Nymphium/joel/tree/bachelor_thesis_poc IZH %,


https://github.com/Nymphium/joel/tree/bachelor_thesis_poc
https://github.com/Nymphium/joel/tree/bachelor_thesis_poc

E2EF

SE Sl b

AT TIE, Maurer HDHEER L7z System Fy 23 212 LT, HISMVLESEE EOMEMT I D Y — R SEBICX
J& U 7= S 58 Joel Z7%GT L. BROFEFBRITH W 2,

System Fj 225 @ Joel O FR A rild, FHEHKIEHMEIE N TH 2 Z b, BISMLEEFE 2RO L TdH %,
System F; /% Haskell 538D & 5 IR BDEFUDFREEZEEL TWS, —HTHELSHbhTWws 1
77 LB IR ETE QD SFENFERTH 5, System Fy DF —a >+ 7+ Th 2 HRRATRSE AV
7o iiE b As Python %2 Scala, OCaml 72 & &\ o 72 IERIRE 2 EFE XD F'a 75 A FFETHERND L D B % Wik
570, BMRER O LMETCOHESFELER L. ZOFHBEIIOVTH L b,

2.1 18X

Joel DML 2K 2. 11" T, BT AXFHEICT - 2BBIUAAZ -2y T let R, HRNVRERY
# 7 letrec X, FIAUEZBMLZSiEL 2> TW0W5, MATAMMEZHTRT % join I\, HIRNZETRAE
#9 joinrec ., AWMRADT ¥ T2 RT jump XD3H 5, e, ulFH, vIdME, KlFF—Xarx b7
RERL., Ex 3N ERTAZERTH S, 2 ZHIBIZEH. j RTINS, SaERTT
DOELFEKT, EIFFHESAR.  Epee (3T 2HIR S 7HESOR. L IZREXXRER T, si3&ddT 2
BENEWRROERTHWAFHMEA X v 7 %K T, vbidlet RB XU let rec RTHBINZHEICBH L TEM
LEWEBEICHWS, jbdEFEIC, join E X joinrec RTCHEMINBEIZEN LAWEAICHWS, &
B, FHIRIERD let rec B X joinrec XHZHT let K. join XL ILR, 7 i cFRRLTED,
BIZIE AT e 1 Ar1 ATa. .. Aip.e ZRT, alt ld match KOy Fr—2 kT —uZ2RLTWVWD, excld
try-with ROFFOFHNNY ¥F Bz 7 — u 2R LTV,

Joel 1X System Fy ICHOWTHEIENTED, UTHEEEZMA /2R THS, FIHHDOEH
raise (Ez ). try-with XZEBM L7, FHCIROERIC, try-with 2 & F 20 Fee B X Epee 23BN
L. EM-UDOEFEICIRD X5 ICEHE L2,



Terms | raise (Fz ¢ 7))
e,u = m\_)\>x.e|eu | jumpj e OV
| K'e R E = O| F[E]
| match e with alt
| letvbine
| joinjbine
. N
| jump ;e Fee L e
| trye with ezt Error handling | e
| raise (Ez ) Raise exception | let [rec] z = Oine
| KeOoOv
vb n= [recjz=e _
jb = [rec]j 7 =e | match O] with alt
alt = K7 —e | raise (Ez ¢ 7))
exc = Ex7 —e | Join jbin[J
| jumpj ¢ 07
Values Efee pe= O | Fpree [Efrec]
v = z|Are| KU
Context
F n= e L n= O
O P e g
| v . | match e with K7 — L
| let_[l;ec] x =0ine | let vbin L
| KeOv _ | join [rec] j @ = Lin L’
; R
| match [ with alt | try e with B2 7 — L
| join jbin [ s - c|F:s
| try O with ezt
2.1 Joel DIMGHIEL
ST S AR AR BB ST

PSR, B 2TEEFHET 2 & &0, RYNICEHELIB I RbNZEERW, L —AFRNVK—%FDHE
THb, 3+ 5%PNCHD ., RINCFHIIX NS 3L FHEARTH 2 0 + 5172 TN TE S,

AT Maurer 512 & % System Fy OERICAID, 7L —24 F, 7L — 2% AWk F % HImH
WERT %, aHlilEFS ZZTEDOLNT VWS, F OERFD e, Ov ik, BEBFEHLOEIIBWTE 5]
WEFHGL, Z0d Y EREIHMET 2 2RLTVWS, $2 K0T BF—Xary2 52 205%h
DHIACEHE L TV 2 2R LTE D, 2 OFHbNEF X OCaml O EZERUIRIZM > T\ 5, F 77
BICBIELTED, HlZiX let RTHMINBIHD letz = Oine D X 51, FERICFHiI N2 222
EhEDBN S,

KEXIREIEOH CTRIZICTHE X N 2502165, letz = cinu ZHICEZ 2 L, HNUETH 3 72DRANC
e WMl X, ZORIC u DFHE N5, RRICFHMEN 2 u &, ZRLSD letr = einO 27T BN 5,

FHASCRD S5 B try O with ezt 2 & F R\ Epp, ZARBIRTHIZICETR L e Ejee 2HCER L HES



KO Joel IZBF B HHT K 3 ETHD TR,

2.2 HIERVEIRER

Joel DIRIEEIRERIER 2.20 X 5127 %, Maurer 512 X % System Fy OEZEZ FIT, EFF S OFEMRRAI %
EFR Uz Fizo, BISVLICET 2 EDER L, @ IV A POME, = IZV A MOEZOBEMERT

(F'le]; s; ) — (e; F sy X) (Push)
(v; F sy X) = (Fu]; 85 %) (Pop,,)
Mxr.e; Ou sy LYy = (e; 83 X, x = 0) B
(let [rec] z = vine; s; X) — (e; s; X,z = v) (Bmvp)
(x; 85 Dx=v]) = (v; 8; Tz =0]) (Look)
— u; §; N, x = 0
<K 7; match O with al? :: s; Z> — < — ) (MATCH)
if mem (alt, (K7 — u))
jump j V;
R ] Pj . (u; join [rec] j @ = winO = s; 3,7 = 0)
s'@ (join [rec] j 7 =win:: s); )+~ o (Jump)
5 ifnot mem (s’, join [rec] j 2 = ein ()
(v; join jbinO :: s; ) = (v; s; 1) (ANS)
(v; try Owithezt = s; B) — (v; s; X) (TRY-VALUE)
(u; 5 2,5=0)
raise (Ez ) ; if mem (ezt, (Ex () — u)) .
< s'@ (trwaithe_xé %65 > — andnot mem (s’ ) <trwaith exc )) (Try-CaTCH)
by where
— —
exc such that mem (exc’ (Bx 7 — u))
exit
if not , (try O with ezt
(raise (Ex 7); s; ) ifnot mem (s, (try L with ez2)) (UNCAUGHT-RATSE)

where
ext such that mem (ext, (Bx 7 — u))

2.2 Joel DEEVERIEIR

AREBFTHD, AXYy ZIFVRAMNTREAZIN, XX v 7T 51 & 50 DFiBEIE 51@s9. 7L —L FDAR Y
7 sDAR Y7 by TADEINIF s £ LTERIEN S,

mem (I, m) 1ZVAMROT—ZME I ITm PEFNTVEINEIDERTRRETH S, fvie) 7RI T
LHDH e IZHFENZ HHEBOEEEE T,



FAFEORERHe, & v 7 s b= L O=2M (e; s; X) 572 %, sHliZTN2IHD Fle] DL %,
Pusu HANC X D, RA&X v ZDSEHIC F ZEBML T e DFHIICE 2, A&y 27 by 725 Ov »pofHix N 51H
BAr.eDE. BHANZED, FFTRX v I7E2Ry L, =712z =v 2V EMIPBIMEIT e H3FHf
b,

B SR BN v DR Ky 7 by THF DY &, Popy HANZE D RZ 9 2 b TEHy FUT Flu] &
Fii i i T 2, (v; (KO) s X) DX, 7—=RaAYR 77 XO5IMOFHEAMEICKR 2 ETBZRb
N7=2MZ2BNCHD, ZoOfHiiz —2ED 2, XXy 7 by 7O KO%ZKy FLToE2IDIL— A
HWDHAAR, (Kv; s; ) &b,

221 BiREOFHb

BHEOEEL 2 X v 7 OBRIFC X DERIEN S, joinj T =einu 2R X v 7 s, b—7 ¥ TiHlid %

LEREZ D,
(joinj 2 = einu; s; %)

¥ joinj 7 = ein0HRX v ZICHEEN., u ZEHET 3,
(u; (joinj 7 = einl) :: s; %)
u DFEMiEHEDZ L, wDFHE 7L — LB R Xy ZITHEEN TV, ZOu X3 li7L—2DRARY 7%

¢ rTBr, fHilirZ v 21E @ (joinj ¥ =einl::s) 725, udtjump REHOL =, FlisED L it
RHORRBIUTDO L5172,

(jump j U; s'@ (joinj 7 = ein :: 5); ¥')

TITY IR TICWL O OEK EOMAEM, BEHFINbDTH 2, jumpj v 2T 2 L. Jump
HANCE D Z& v 7 &/ BB THA, LI =0ZBMLT j KHEEXA TV e DFHliN B kb b,
(e; joinj @ =ein0:x: s; X7 =10)

2Ry 7 s OWERDPERMOBEOE L 2o TED, § KEALNTVAEHALRHEL CEARMETY v >
TTBHEIENTES,

FIRII AT AT OV T S FAREOERER B 245, joinrecj 7 = einu % A&X v 7 s, b—7 % THiis
2Zr%kFER5, udjump RE &L =, FFHRNRERAOBELRPFETERALTH 5,

(jumpj V'; s’ @ (joinrecj @ = ein:: s); ¥')
RIS, Jump RANC & D 0L jIHE N TV S IH e Z7HlIS %
(e; joinrecj 7 = ein] :: s; 2',H>

ZZTjoinrec; 7 =eind 2 RAX Yy ZHSWELENI LICED, e lCAENE j NOHRILD » > FH
A[RETH 5,



222 PN DOFHT

BB L2265 S A OMEREL FkIC, 2Zy Z70BEIcEbay tun—Loflflle &Y 5,
try E [raise (Fz €)] withext 22X v 7 s, ¥ CiMiis 2 2L 2EZ 5,

(try E [raise (Exz ¢)] withezt; s; ¥)
%3 try Owithezt AKX v ZIFEEN, E[raise (Bz )] 27Hili3 2,
(E [raise (Ex ¢)]; try Owithezt :: s; ¥)

iz ED B ., EPSREZ IV —LBARy Z7IZHEENE, ENPLREZ 7L —LIZEDHFRICEENTZX

Ry ks LIhHL,
(raise (Ez ¢); s'@ (try Owithezé :: s); X)

Y75, BIS Ex 818 € B THEICH 2 M3
(raise (Ez V) ; s'@ (tryOwithezt :: s); ¥)

Y7%, B Bz 2 26002 F5 B @ — u 2o k5K8 7L — 4 tryOwithext B A X v 7 by
D BIEICEET 2, FUECABTE 7L —LBL0HNNY FS B2 T — u RO o RBA. RZ v Y
Ry IHBEDTIL—LETDIL—LRTRTHEL, BN FSORFI T 21 v CHE L. u 25T
filig %,

LB (raise (Ex V) ; s @ (tryOwithext = s); X) ZFHlis 2 £, 2 & v 7 D try Owith ezt >
Xt BNV RS Bz @ — u %o &, A&y 27 by 75 tryOwitheze $TEMEL T u 23HT 2

(Try-Catch #HI),
(u; s; 5,7 =10)

FIRIIRATUE L IZRR D, 2 & v ZHh 5 tryOwithezt 3EEINZ, Z02DFHNNY FSDRT 1 u T
f & 7= 402 @ try-with X TR0,

T/, ARy Z7HHIS Ex BT 22 R0 R D o=56, 7025 A0%T § % (UNCAUGHT-RAISE
FEI),

ZDARy 7 OWENPFINEHICLZ 2> e — L OflHZERL TV 5,

23 BRRADEHE

BAMRERDEDZRLHE L. join/jump XA ZHT 2 contify 70TV X L% K 23133,

R L7z contify 703V X 0& Maurer 525 [6] D 4 BET/RLZ7LV3Y XL L FABEOENEEZ T 5, contify
FIEFIRBIE D join/jump XADZEHA,  contify,.. DFHIFEIED join/jump XANDZEHZRLTWS, 2T
p . contify AJRERZR f ¥ 2051, WETEF7NL j LBV ¥ Y TOMGERTEBIRTH S, /-
dom (p) 13 p WEFINTWVWEEHDOEARIRT, contify 712V XL2EBIUESEICHHAT 22T
join/jump % & Joel DT 0 7T LTEHT B,



contify (let f = A7 .uin L[€]) = joinj 7 = uinL [tailp (e }
if p(f 7)) =jumpj Zand f ¢ fv (L)

contifyn. (letrec f = \7’.L[u] in L' [€]) = joinrecj 2 = L [tailp (u)} inL'/ [tailp (e;}
ifp(f7) = jumpj 2/
and f ¢ fv (L) and f ¢ fv (L)

ifezfg "
L oandp(fT) = jumpj
jump j and | 7| = | 7|

where - anddom (p) Nfv () =0

tail, (e)

e ifdom (p) Nfv(e) =0
undefined otherwise

2.3 contify 743V X 4

tail, (e) i3EH%Z jump RUCEHRT 2 MBIBTH 5, tail, (e) 3ERHE p. ZHONRE LD e ZHD. M
To&tEh THECERPBE I kbh s,

ce=fUTHY, fITHIET 3 jump X p ICBHRIATVWS
« 7V 4 [T HEALTWAHOR | U] & —8T 2
« dom (p) ¥ fv (W) OFAZE, DF D contify ATRERZHA W ICEHBZLR YL LTHATWRY

DY Ee=fU %jumpj U TEHTE S,

JEFIRBEE N SR L T 2 contify (. ZH f TEBRINEEDPKREXR L C3AVLNT, @ ORESH
% tail, \2IE 3 Z & T join/jump KICEHT 5, fOAREMEHLTHY, £2TOD f OMTHLIZBWT fI
BHLZHEOBD 7Y 74 £ —HT 255 DA contify AlEX 725, LITD & 5 RIEHEFNCE S,

let f = Az \y. K xyin

letg = Az \y.yin
fm (gn)

contify 7LV AL E DU TD XS ITEH]TE S,

Joinjrrxy=Kzyin
letg = Ax. \y.yin
jump j;m (gn)

fREREMETOAFCHEINTED, HHLTOWRHOH (Im,(gn)| =2 f O7 VT4 (z,y| =2) &
—H T 57 contify B TE 5, —J7 g IREMELUNTHEINSATED., 2B DAL TVWSIHOK
(In| =2 g D7V T4 (Jz,y| =2) & =B LR\ contify 1T X 2 M E Z hbiriawn,
HIRBESRE R E T2 contifye & ZH f TERSNELEEN LBEIU L TEAVLAT, uBIUE
DEERE tail, \ZIE 3 2 & T joinjjump I T 2, fBHBOERSL XK let RKOREIZBWTRENME

10



TOAMUHIA, 2TD f OMFHLIZBWT fICHEALZEOBR 7Y 74 & —T 255 DA contify
AlREX 2%, DUT D & 5 RIEERFNCE S,

let fold = Af.\z.\s.
letrec work = \z.\xs.

match zs with
| Cons(z,zs") — work (f zz) xs
| Nil -z

inwork zls
ing (foldplus zeroys)
contify 7L Y XL KD TD XS24 5%,

let fold = A\f. Az \s.
joinrecwork z xs =

match zs with
| Cons(z,zs") —  jumpwork (f zx) xs’
| Nil - z

in jump work z s
ing (foldplus zeroys)
work OMFOH LB ITRTREMETBIZRONTED., work WCEHAL TWRHOE (|(fzx), 28| =

|z,ls| = 2) DY work D7V T4 (|z,xs| =2) =T 579 contify BT Z 2, fold IZRAEIFH LIZBWTHHE
HALTOWRHOHEHE TV T4 & —HL TV EHRREFOH L TROADEFIITE RN,

11



%3
it

3.1 Joel ETH %S w2 Rd,

(Az.e) v
(Az.Efee [x]) €
letz =vine
letx =ecinu

join j 7 =ein

_>

L {7,Jumpg o }
join j 7 =einu
L=
match K ¥ with alt

Ejfree [let [rec] z = einu]

—
Ejree [match ewith K 7 — u}
—
Efree [match ewith K 7 — u}

E [join [rec] j 7 = uine]

Efree L]l.lmpj ?]

fl(e) X e TEFNIZHRMINLTVRVWINLDES
Maurer 512 & D EF X N7z System Fy _EOTR#ELICHEDOWT, EFFRDFEEIC

letx =vine
Ejree €]
letz =vine{v/z}
u
joinj? =ecin
e
L {Y,Ietx =¢c’ine, u’}
u

letz = dine

let [rec] z = ein Ej, [u]
e
match e with K 77 — Ej, [u]

jOinj Yy = Efree [y] in
match e with K 7 — jump j u

join [rec] j 7 = E[u] in E [e]

jump j A

3.1 Joel iI2BIVT % FHid{b

ZRL. bl(e)lde 75?%%@3‘5 SRLVDES

(8)
ifz ¢ v (Efee) (Ba)
(inline)
ifx ¢ fv(u)ande = v (dropyaiue)
(jinline)
ifj ¢ fl(u) R (jdrop)
if (K7 —e)ealt (case)
if bl (Ejee) Nfl(e) =0
and z ¢ v (Eje.)
(float)
i OV (Efee) = 0
and bl (Ejp,) N1l (e) = 0
(casefloat)

if j ¢ bl (Efree)
andy ¢ fv (Efree)
and (fl (e) Ul (W) Nbl (Epee) = 0
¢ ( ) (Connfyc‘ommute)
if j ¢ bl (E
and 7 Nfv(E) =0
(float)
lfj ¢ bl (Efree)
and bl (Ej,) Nl (€) = 0
(abort)

ERT,

THKETZ2BIRo72, %

7e. CPS LTHBIbh b AFEORELABIHRA DL LI fo B JJ[ILK [8]o

12



Maurer 512 X % System F; FTORELTIZ, BREFTDFFETIEWVOTHAJRELSHEF VD FFETIE
HFTUDHMD VTRV D 5720, ZROZEMITHRD IO XS IKEE L, HlZIE dropane (&
Maurer 512 X AL DO—D drop ZZEBE L7125 DTH D, let K THEXNZEHPED & ZIZDAHEENT
E 2 &5 CHIIAMASNTND, Dl Joel BMEMFUDFFETH 2 Z LICHRT 2, WS 2IHI

let [rec] x =einu = u ifz ¢fv(e)

3.2 Maurer 512 & % drop DER

DB OOCI RGBT A3 3 Z e b s, (EFE OB ST RERHCEHEi2 B Z b b, 2oL ZREEh
BIEDFIN e FAET 2D FHEPMEILL LR WATREEDH D, 2D X drop 37075 LDEMEZZEZ S LI
%%,

casefloat ZHNz ¥ % ¥, Maurer 512 &k DIER I N7 casefloat L GZFHIXIRD Rz 2, XWRe Rk B2HEE

— e
E [match ewithalt| = matchewith K 7 — E [u]

3.3 Maurer 512 & % casefloat DEFH

E [matchewitha_ft} r¥3r. EHtryOwithezt 25O % % Maurer 512 X 2 EHTE e BRI LS %
BINZRHRETERVBICE I IN S /20, TR T LOBRELZ 2L RoTLE S, D7 Joel £T
BIRS casefloat (& B % fHIRICFDTHD AN RZREL T2,

¥ 7z, System Fy 1Z1& 7822 o 72 S VLR contifyeommue Z A TIZEM L 72e 2 — FH A X2 ERILE
B85 casefloat 1T LT, contifycommure W& 32— FIEKILZIZ 2 A HoTWB, RO KT s T 4
M 34%%E 2%, casefloat ZEH T % & X 355MUOFHE AR NH D~ v F 7 —RICEH SN S, ZLT

match
begin match v with
| P1 — €
| Pg — R
end
with
|Qx —
|R —m

3.4 modEftEio 7w s g 4

X 3.50AH1D match T case ZHEHAT 2 %2EZX %, match RITTEIN2TH e DETH 5 & =, case
ZHEHTZ2IEDTES, e=Qv Ot %, M35 case ZHAT 2L, M3.60X5%2 70775 LH1G5
N2, He BETHRWVWE X, case RAIZFEHTER WV, ZORd P, O~y F4 —ZAKND match RSB
ENF, Aa-FIA DR LI-EFEICRZ, ZDXDE. casefloat & B 72572 case HRIZ WHTE

13



match v with
| P1 —
begin match e with
|Qz — x
|R —m
end
| Py —
begin match R with
|Qr — x
|R —m
end

3.5 casefloar ZERA LT=7 027 F A

match v with
| P, = letz =7 inz
‘ P2 —m

3.6 case ®HWH LT 07 A

o lBE. a— K34 XD match XD~ v F 7 —2DFEHIT 2, X 3.41C contifteommue % E
THER3TIDE ST %, casefloat 75— FH A4 XEPEKILZRZ—T5. contifycommue EIMID match X

joinjy =
match y with
|Qr — x
|R —m
in
match v with
| P — jumpje
| P, = jumpj R

3.7 contifycommue ZHWH LT T 0BT T L

% join ITHED . WHID match XKD~y F7 — 2% jump ET Z 2 Ta— FOREKLEMZ 2 Z 2 23T
x5,

3.1 J-IEFRAZ (JNF. J-Normal Form)

abort 12X V. jumpj € BT 2 EEESCARDEC D b, Z D, K 3.1TxRLEEL. B
abort ZHHATEZMWHEMAT 2 L jumpj @ BETREMBICKRZ ZeNFHINZ, 2TO jumpj @ »
KEMBEIZH B & 572 Joel EFBORN%E J-IEHIE JNF, J-Normal Form) ¥ FECR, Z D% 3.1 HilZR s,

14



Terms | joinj ¥ =eineg
e,u n= x| Aze|eu | joinrecj @ =epinug
| K@ | tryewithEx 7 — u
|  matchewith K 7 — u | raise (Ex )
| letxz=einu er,ur, = e
| letrecx =ecinu | Lljumpj¥]

3.8 INF Oflig#isz

32 fi T RB, Joel SRS Yy T DE Sy Fa— L OBENLVEFEANDEIZBWT, RiE
{7 AlBERBR DA U 7= Joel DIEAS INF THRE 3 Z LI3NESM 123,

32 ARAILDEH

RKFHTOREICBNT, E—% v FEiE% OCaml IZFRE L7z, Joel 225 OCaml NDEHUZHT=D . &
s % OCaml QIHTRILT % 7201Z decontify £ WHEEEB 2745 (X 3.9), decontify ##FIXEB XU ZD

letj = A7 .uinv/ ife = (joinj 2 = uinu/)
, B letrecj = A7 .uinv’ ife = (joinrecj 7 = uinu/)
decontify () N i ife = (jumpj )
e otherwise

3.9 decontify 7TV X L

A TEAFHIRICEA S0 5,
RD & 5% Joel DIEEE 2 %, [X3.101% decontify ICE DRKD & S ICEWTE %, joinrecworkzxs = ...

let fold = A\ f Az \xs.
joinrecwork z xs =
match xs with
| Cons(x,zs") — jupmwork (f zx) zs’
| Nil = z
in jump work z xs
in fold (A\x.My.x +y) Ols

3.10 decontify HiD 7’1 27'F L

13 let R letrecwork = Az Axs.... WEFEN S, £ LT jumpwork ... [XEEFEH L work ... WCEEX
ﬂ%o

15



let fold = \f.\z. \xs.
letrec work = Ax. \zs.
match zs with
| Cons(x,xs") — work (f zz) xs’
| Nil = 2
inwork z s
in fold (A\x. \y.x +y) 0ls

decontify (3 JINF T®H % Joel DAZMNRE LTWS, XD X H7% Joel DIHEEZ 2, 7L jIZHMSH

joinjx =zin3 4+ jumpj 10
X 3.11 Joel DIH

TV ATARIMEEORDME » ZID » ZRFTHEHEHBE Lo THED, 2RI Vit >t EZX LN, EH
HEFE-oTWVWE, 2L TZOHIZEIT 2 jump UIKENME IR < TSR 3 + 0 2Hio7/o. INF T
72 D abort PEATE %, OCaml iIZBWT jump D & 5% 3> o — L O#fl%EERT 2 72D,
BIAMLELLIANC & RIS 72 ETHW SIS try-with RE[F S Z e 3E X 5550 d LR,

exception Jump of 'aj;
try 3 + (raise (Jump 10)) with

Jump x -> Xx;;

L2 L. OCaml DHIFMIZHZFF L TWRW, BIADEIRDRNZHDEGE, HISD > N ZDRGIED
ZHTHLREDND %, BINDFIBRZHOLEZIET 2 (FB 274 3.1),

Iuro n3.1 ZHEEEROEISOH

exception Poly of 'a;;

let £ = function
| 0 -> raise @@ Poly false
| n ->n + 1
let g n =
try £ n with Poly x -> x + 1

Blra —> exnZHFOHIF Poly. HNEBTHISN Poly falseZiXH T 2B £. % try-withi RO TIEH L
PolyZ Ny RT3 g% EFT 5, OCaml DHIS 25 A% gD try-withRDBFEFOFINY K5 Poly x —>
x + IR ZERD IS B IR, B xDREEREOHEM at 35, B int —> int —> int%2FHF
ORI (DI xZEL TS0, x% intBUTED 5, BINDELETDH 2 raiseFIRUIMERE DR b2 iR LHISL
DEIRBDOUZER L 72Tz D, BISHANY R ZBBINOGHDER D 2% 2 2 R TERN, ZD7D gl
WBIELWE int -> intMF LD, g 02 FET T2 ORI L2 ETRZ IR 2, ZOIZehb,
exception Jump of 'a -> 'a®D X I RERIITERW,

16



3.11IC abort ZWHT 2 UATD X 51Tk 3,
joinj x = zinjump 5 10

SR 3 + O AEL D $aht, jump N KEMEICH 2728 INF TH 5, ZDFE decontify AJRETH b |
RDE 57 OCaml 70 7T MIEMT BN TE 3,

let j = fun x -> x in j 10

jump XAKREMEICH S £ OCaml IZBT 32> bu—LoflillzE BT 308, £-2MEE2HES
B, BB ZOMHLICEE LIADZ N TE S, LEMN-T, AMEDOZHEMELZHES 275 OCaml
DEHF B 75121 OCaml ORI TRETE 2 X 512 jump ABPKEMETH 3 LENDH 3,
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B

4 &
M4 5ERIE

Joel IZ X 2 B 2RIl S 272012, X—F v FEREANEBRL, 20X -7y FERHROFETEE, a -1 Y
A RX%MET 5, GENEE -2y FFiE%Z OCaml & L7z, F7o. HBONRE LT, HEEEL LTALHS
L5 CPS ZHW 3,

4.1 Core ML
SEDOFEBRICBNTY —RAZiE L 7% Core ML &, Joel 22 5 &M ZRW-SiEL 2% (X 4.1), Core
Terms vb x=  [recjz=e
e,u = x|dveleu| K€ alt = K7 e
%
|  matche with alt exc u= FExe
| letvbine
| tryewithext Values =
| raise (Ex ) v n= x| Are| K

4.1 Core ML DR

ML 35EOX -4y b SETH 2 OCaml DY 7ty v THH 5B, ZD7= Core ML DIEIZ, Joel RFKABD
CPS @ & 57 OCaml "NOZEHUIB Z b3, OCaml 7RI L LTEITTAIEMNTE D,

42 CPS

et e LT, BIRRERED 3 v 84 1280 2 RN HHEFETH % CPS Zi#ER L7z, CPS(Contin-
uation Passing Style, ##iE LIER) 3702 2may ba— 12Tk TRBT 2B TH 2, [1]I1c&
DEElZREEREAABRR STV S,

AWFTIE. Core ML O X 5 12flf 2RO EE 2 REL T 57 91T. Thielecke 12 & % Double-Barreled
CPS [11] IZ&E B 28, EEDOBINANY RS %D X572 CPS 2&Et L 7=,

18



421 HREX

AZETHWS CPS SREOHMRE XL %X 4.21R7 T, JRd Core ML 725 CPS SiEANDZEHL (K 4.4) 12 &

Terms

e,u = xz|lreleu| K€
| letx =cinu
| letrecx =einu

—

| matchewith K 7 — u
| {(Ex,e;] |e:ul|e@u
| lookup (Ex, e)

Values

v = x| e KV

4.2 CPS OHIRHMX

H. Core ML IZB 204 X BEISDAY BV > 27 lookup BAEE X OFIAHNANY RTD Y R MZELX R
50[@Mﬁﬂﬁ%ﬂ%&%ﬂﬂyF5®&7®Uxb\:@UZF«@E%@EM\@Mﬁxh@%@%%
LTW3, X 4.312 lookup BIEDEREZRT, VAN hDE[DSHING Ex 1ITHET 2H948 N2 R 2L

u ife=(Fz,u) :: €
lookup (Exz,e) = ¢ lookup (Ez,¢') ife=(Ex',u):é
undefined otherwise

4.3 lookup BB DER
TWL B TH 3,

422 Core ML 50 Z#:3R81

Core ML 2> & CPS NOZEHHRIZ K 441K T, £ TOEBUIE kL iz, HIANY FSDIV A B %%
FI X315 TW b, try-with ROZHCHIHNAY K5 Bz 7 — u b [(Eac, A7 ul k h)] R
BISAY B h ORFICENES N2, FISO%HE raise (B @) 13 MM ET] (A?. (lookup (Ex, 1)) ?) h
SRR, lookup BIEIC E DBISAY K5OV Z RSB Ex 15T 5 K I REL, 2OAY R
12 € % CPS £ L7= b D2 Fikisiat [ el h 3,

Core ML D JH BEMT DI ERAD, MA4ATED, K452 46DE5ICEHT LI BT
3, MA6%70750E LTHITT 21013, C OEICHkE L UCHSR Nii. ZoflsAy F5DU 2k
[ &I X,
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TAz.e] = Ak Mk Az A ARl & B
[z]l = MeAhkx
Teul] = MeAh.JJu]) (A [[e]] (Ae’.€’ ' kh) h) h
. | Ak.Ahlet [rec] x =v*influllkh ife=v
et [rec] z = einu]] = { Ak AhJle]l Az.lul kh) h otherwise

TK @] = MW (A?.k (K 7)) h
Tmatch e with K @ — ] = AkAR[e]] ()\e'.match ¢ with m) h
Ttry ewith Ex 7 — o] = e Ma.[[e] & ([W} @h)
Traise (Ex )] = Me M2 (A?. (lookup (Ex, ) ?) h

e (A?.m) h=len]l (Aep Ten—1ll (Aef_qy.------ Meil (Aefom) - h) h) h
(Az.€)* = Mk Ah.[e] kh
(KUY =K

4.4 CPS £

try
raise (Ez,e)
withExx — fz

45 ZEHWMRLIZBIH

Ak Ah.
(MK AR (Aky.Mha kg €) (Ae'. (lookup (Ex, h')) €') h)
k ((EQL‘, AL, ()\kg)\hg (/\k‘4/\h4k‘4 .23) (/\.23/ ()\]4}5)\}15]4;5 f) ()\f’f’ I/ k‘g h3) h3) h3) k h) b h)

4.6 ZEHBEDIH

423 CPS_tosHE{t

CPS 2B} 2 BE b 0 FAI %2 X 4.712R 5,

20



(Az.e) u
letz =einu
letz =einu

match K ¢ with a_l%
{(Em,ej] @ [(Ex’,uj]
lookup (Ex, (Ex',_) :: u)
lookup (Ex, (Ez,e) :: u)

e{u/x} (8)
letz =einu{e/z} (inline)
u ife ¢ fv(u) (dropvaiue)
letz = ¢inu if (K72 —u)e alt (case)
[W m] (append)
lookup (Ex, u) (lookupy)
e (lookup)

47 CPS Lo b

424 OCaml NDOZ#

=ZhH

= e

CPS BT 2B F S DI %Z OCaml THEBRT 2720, OCaml IZUTD LS REY 2 —L%2H

ms 2,

Turosn41 CEIa2—

module C
type ('k, _, _) assoc_hlist

| Nil ('k,
| Cons ('k *

('k,

: type k tyl ty2 v.
ty2) assoc_hlist ->

struct

'z, 'z) assoc_hlist
't) * ('k,

't ->

'u, 'x) assoc_hlist ->

'u, 'x) assoc_hlist
let (@)
tyl,
ty2,
tyl,

ab —->

rec
(k,
(&,
(&,

fun

v) assoc_hlist ->

v) assoc_hlist

match a with
| Nil -> b
| Cons(x, xs) -> Cons(x, xs @ b)
rec lookup
k -> (k, a, b) assoc_hlist -> b
fun key -> function
| Cons((key', x), 1ls) ->

if key then

: type k a b.

key'
Obj.magic x
else lookup key 1s

| Nil -> failwith

end;;

"not_ found"

OCaml T—#IfibiL 2 VR Fra listl3RHEDOH aDBEHREDAZRDOV R MIxfInd %, CPS » 5
OCaml NDOEHUZH =D | FIDOBRRLZHHNY K I —DD VY X MNTRET 572D, GADTs(Generalized
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Algebraic Data Types. —f@fREHY 7 — X A) L WO KBEZH W, F— 25 B (ZZTEAINHBE LT
string™) Y (EEOBORF7EIZEIZICEFOBME Y 2 b ('k, _, _) assoc_hlistEEFR L /2, assoc_hlist
DF—KAYA LT 7K C.Cons, C.NiLIZCPSIZHBIF2 oy [ IKENEZLNNILT S, C.(@IX CPS BT S
@ IZMIET %, CPSIZBIFS =y [|BLU @ % C.Cons, C.Nil, C.(@)IZ, lookup % C.lookupllZHi3 %
ZeTOCaml a5 L LTETTEZIEDTESL XKD, ZDRIER transpile W, K 48137
T transpile ¥ 2 TOEB LR TEICB 745 Z 2 T, CPS DR S OCaml 70 7T ANEHTZ 22

transpile (e :: u) = C.Cons(e,u)
transpile (e @u) = C.(@)eu
transpile (lookup (Ezx, €)) = C.lookup Ex e
transpile (e) = e

4.8 transpile 703V X L

T&%,

4.3 O—RY XD

AWFFETOMRELLE Y LT, £ E Nz OCaml 71275 ADETEE YL, 2D 7027 T ADHA X DFFT
EBIRI, BENET 0T 7 a0H A4 XOFHiTEL LT AR E N7z OCaml 70275 2% a4 L LT
BoNBZF T2 b T77ANDT 7 A NH A4 REHIET 3,

RDE SRl %EEZ %, OCaml 707 T AHFIRINTWS 7 7 4 )L bench_foo.ml BH b, D7 74
LNEAVNRANVLTBYE, bench_foo.o EWVWS 7 7 ANDELNSE, ZD bench_foo.o D7 7 ALV A X%
HIET %,

44 EEZ

441 HERIBIE

ARFFLTUE Joel & OCaml (2 & D FEEEL 72, 720 NV F~¥—2 T4 77 VIiZid Core_bench*! & A\ 7z,
T oBRETEREB IR o7: (R4.1).

442 EBAR

Core ML Tt &7z, BHER __arg ZROKFEBR IO T J L% Joel 720 LI CPS ICE# L., £ 5/E
FToREtEBIRS, ZLTREICE > TELNEZT YT 4% OCaml I L, 2— ¥4 X%
ET b, MRICH IO T T LD __arg IMEEDREXD int 1istZE L TZDOEITHEZ R 2,

*! https://github.com/janestreet/core_bench

22


https://github.com/janestreet/core_bench

CPU | Intel Xeon Processor E3-1270
X%EY | DDR3 8GB
ARV =T 4 AT L | Arch Linux
OCaml % | OCaml version 4.05.0
F41 FEBERE

443 REFERCER

EBEREIUTDOEI1CHK -2, K49, 4.10. 411, 412, 413 FFETHE, £4213a— FHA4 %2R
LTW%, 7%, Core ML TatibXN7zHKB T 0/ 7 aB L PERS LT 0T T4, 424 THTHBNRC
EBY 2=V EDOBGER AT Lz,

107* 0.00017356
sec
—m— direct
1.5 + .
—a— joel
—~— CPS
1 n
0.00004907
0.5 1
0.00004903
: ‘ list size
2,000 4,000 6,000 8,000

4.9 rev OFATHE

23



1075 0.00002171

sec
27 —m— direct
—a— joel
—~— CPS
1.5 |
0.00001022
1 4
0.00001023
0.5 |
‘ ‘ list size ‘
2,000 4,000 6,000 8,000
4.10 exists DEITHE
1074 0.00029111
sec
—a— direct
2.5 .
—a— joel
—~— CPS
2 4
1.5 1 0.00013612
Y 0.00007770
0.5 |
list size ‘

2,000 4,000 6,000 8,000

4.11 mapfold D FATHRE
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0.6 1

0.4 +

0.2

1074 0.00038125

S€C

—m— direct
—— joel
—~— CPS

0.00028965

0.00014245

list size ‘

2,000 4,000 6,000 8,000

4.12 try-mapfold DZEFTHEE

0.77607183

seC

—m— direct
—— joel
—~— CPS

0.17652802

0.17739131

list size

2,000 4,000 6,000 8,000

4.13 stream D EFTHE

Direct | Joel | CPS
rev | 3040 | 2768 | 4144

exists | 4136 | 2576 | 3120
mapfold | 5000 | 3384 | 5168
try-mapfold | 5880 | 3816 | 5264
stream | 7312 | 4256 | 7680

#42 a—FH4X
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FATHE B L T, S EDOERTIE Joel L TORENMIC K 2 FITHEDKTIER SN Rh o7, mapfold.
try-mapfold TIZFATHEE DA LA R SNz,

WL ORDT —RATIE CPS ECHRELE B ZRWERS N T 15 Lh Core ML Z EIEFAT L7z — R
CHBLTES o7, 7077 amDEZ L OBBFH LICK D, ERE T 0l T nciiklehlsing ®
TDVAMEMWMBZL OB I -3 H B, FD72HIZ Core ML % Joel 12137200 o 72300 7 BB L
BIUXEY)DHRICL I —N—~y P o TWETHETE S,

= RFHA L TIE, WINDOTRA MR T 2B WTD Joel 13#i/MUICHKII L TW5, Joel T
DEHEIZE D, [6] IWREINTWEHIFNRETRAEEFHE LU -@MEE) exists TIEB I RbhTWa, @
BEMUC X DT — 2 E R E 2B 22 A3 2850 1 oBfucE e oh, av s v T n
75 LBEREINT NG Z e HERTE 7,
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+=A
i3 oM

ARFFLTIE, Maurer 5 DIEE L7z System Fy 1IEED &, RN ETAE & OMEFEF O IEMFE A S5E Joel
ZEFEL. a4 JHEBEL LTORERHMEEZMEEL 7z, CPS & ANF 2Ma 2 2 &iisIck 3 2 E%
Maurer & 1ZFR 2 SR A2 ORI SEE System Fy 284G 32 Z L IC K DEHE L 7=, ﬁJﬁfE"Jtﬁ & (mﬁk X
b, CPS % ANF TIZERH LEWF#EL%Z System Fy TB IR S Z e N TE, SHICEET 32X -7y S5E
ANDAVRAADAREL T 572, LD L System Fy (& EIEL O FEAMEME 2 FHoBIERH O R WEiERE X — 7y
FEREE Lea s s SHMERL LTIRES Nz, FHEBWTALHWLATWS 71y LS5 EIEN
O TIEMFE R ZFENZ K. Maurer 51X 2 74 77 RIAEAT 2 IR DD 5, RIFFETIE, EFES
DOFHliHEE CRWERH O » 2 5i8% X —% v b ik L7z, SystemF; OF—a >+ 7+ “@%Zsﬁﬁ?ﬂ’ﬂﬁé\‘ﬁﬁ'ﬁ
ZROHEEEE Joel B LTz. Joel DFFOIEHIFEL LT, 2L DT J AFHEIHD > TV 5 HKEE
B BHNDE, FIAANT FY T RBINL 72,

Joel L ZD FTORMILEERTHIET, Y b=V IT 727 DD ZIFMBLREITFTOFIEICBW
T, AR ARERREZHOWIFE S FEICB Y 2 B LB EME < 285 2 MGk L7z, MEEAEE LT,
Joel Za k4 FHEFELE LGB ICERINE X —7y P EBOERTHEESL LU a— R4 X0iHii% B
2ol OCaml ¥ 7ty FTH2 Core ML 27 ITERE L, X—7 v FEiEL LTHWR, CPS §3
ZHESEEICRA LG e o RE L OHRFER T, 51 ﬁﬁ@ﬁi@%%hﬁ#otﬁﬁ4xm¢éﬁ7
0277 LOERICEAI LTz T — KA XOfMEE, MARAAS AT LD XS ICA L= W NERDOE
WNLTREND S, $/2. 7027 76% CPU X v v aXEYAEATEZAMREMEN G RD, %WJEE
ofa LA E NS,

join/jump Rix, 2 TOHBMETRKEMIHLICKR> TOWAHEMB X CZOMUHLOBRILTHD,
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AlHIIEAZDOERO 0 7S5 A TBHELTWEEY 2 —LTHb, A2, A3, A48, ASHi.
A6 HilZFEEROMERERE o727 0 "5 4 TH 5,
v — - - B o _ =
Al EERIOJSLTHWEPES1—-ILEDESE
(* header {{{ *)
type 'a mylist =
| Nil
| Cons of 'a * 'a mylist;;
let rec of_list = function
| [ -> Nil
| x :: xs -> Cons(x, of_list xs);;
exception Exit of int
exception ZeroDouble
(* CPS module {{{ *)
module C = struct
type ('k, _, _) assoc_hlist =
| Ni1 : ('k, 'z, 'z) assoc_hlist
| Cons : ('k * 't) * ('k, 'u, 'x) assoc_hlist -> ('k, 't -> 'u, 'x) assoc_hlist

let rec (@) : type k tyl ty2 v.
(k, tyl, ty2) assoc_hlist ->
(k, ty2, v) assoc_hlist ->

(k, tyl, v) assoc_hlist = fun a b ->
match a with
| Nil -> b

| Cons(x, xs) -> Cons(x, xs @ b)
let rec lookup : type k a b.

k -> (k, a, b) assoc_hlist -> b

| Cons((key', x), 1ls) -> if key

fun key -> function

31
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| Nil
end;;

(* 33} =

-> raise Not_found

(* for stream {{{ *)

type ('a,

| Empty

| Block of
type
type ('a,
(+ 33} *
(+ 33} %

stream

'a ok

E

'b) pair =

'b) stream_shape =

‘b

'b x ('b -> ('a,

P of 'a %

'b;;

'b) stream_shape) ->

'a stream;;

A2 rev

v 4 Al Direct

let rev = fun

let rec work
match
| Nil -> 1
| Cons(a,

in rev __arg__

1 ->

2

1)
in work) 1 Nil

11 with

fun 11 12 ->

-> work 1 (Comns(a,

12))

Turn A2

Joel

let rec workl

match 11 with

| Nil

| Cons(a,

-> 12
1
in workl

-> workl 1 (Cons(a,

_arg_ _

fun 11 12 ->

Nil

12))

VAT A N ]

CPS

let rec work =
__k33 (fun 1
match 11

| Nil

| Cons(a,

->

in work

fun 11

__k36
with
__k36 12

2

1

__arg__

(fun

__k33

__h37 ->

-> work 1 (fun

__fv20 ->

__h32

->

__fv4s

->

__fv45 (Cons(a,
__fv20 Nil (fun

__kinit

->

12))

__k36

__h37)

__h37)

__kinit) C.Nil) C.Nil

A.3 exists



v 4 A4 Direct

let find = fun p xs ->
let rec go = fun x109 ->
match x109 with
| Cons(x, xs') ->
(match p x with
| true -> Some (x)
| false -> go xs')
| Nil -> Nomne
in go xs
in
let exists = fun p xs ->
match find p xs with
| Some(x) -> true
| None -> false

in exists (fun x110 -> match x110 with 5 -> true| _ -> false) __arg__

a7 4 A5 Joel

let rec goll4 = fun x111 ->
match x111 with
| Cons(x, xs') ->
(match x with
| 5 -> true
| _ -> gol1l4d xs')
| Nil -> false
in golld __arg__

a5 A6 CPS

let rec go = fun x121 __k196 __h195 ->
match x121 with
| Cons(x, xs') ->
(match x with
| 5 => __k196 Some((x))
| _ -> go xs' __k196 __h195)
| Nil -> _ k196 None
in go __arg__ (fun __c160 -> match __c160 with Some(x) -> true| Nome -> false) C.Nil

A.4  mapfold

7n 2 4 AT Direct

let map = fun f xs ->
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let rec workm = fun x332 ->
match x332 with
| Cons(x, xs) -> Cons(f x, workm xs)
| Nil -> Nil
in workm xs
in
let fold = fun f z xs ->
let rec workf = fun z x333 ->
match x333 with
| Cons(x, xs) -> workf (f z x) xs
| Nil -> z
in workf z xs

in fold (fun x y -> x + y) O (map (fun x -> x * x) __arg__)

a4 A8 Joel

let rec workm = fun x334 ->
match x334 with
| Cons(x, xs) -> Cons(x * x, workm xs)
| Nil -> Nil

in

let xs338 = workm __arg__

in

let rec workf336 = fun z x335 ->
match x335 with
| Cons(x, xs) -> workf336 z + x Xs
| Nil -> z

in workf336 0 xs338

a2z n5A9 CPS

let rec workm = fun x346 __k490 __h489 ->
match x346 with
| Cons(x, xs) -> workm xs (fun __ad497 -> __k490 (Cons(x * x, __a497))) __h489
| Nil -> __k490 Nil
in workm __arg__ (fun __av355 ->
let rec workf = fun z __k435 __h434 ->
__k435 (fun x347 __k438 __h439 ->
match x347 with
| Cons(x, xs) -> workf (z + x) (fun __fv445 -> __fv445 xs __k438 __h439)
__h439
| Nil -> __k438 z)
in workf O (fun __fv422 -> __fv422 __av355 (fun __kinit -> __kinit) C.Nil) C.Nil)
C.Nil
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A5 try-mapfold

7va /27 4 A.10 Direct

let map = fun f xs ->
let rec work = fun x1353 ->
match x1353 with
| Cons(x, xs) -> Cons(f x, work xs)
| Nil -> Nil
in work xs
in
let fold = fun f z xs ->
let rec work = fun z x1354 ->
match x1354 with
| Cons(x, xs) -> work (f z x) xs
| Nil -> z
in work z xs
in
let double = fun x1355 ->
match x1355 with
| 0 -> raise ZeroDouble
| x -> x * x
in
let safe_double = fun x ->
try double x with ZeroDouble -> 1
in fold (fun x y -> safe_double x + safe_double y) O (map safe_double

__arg__)

a2z s A1l Joel

let rec work = fun x1356 ->
match x1356 with
| Cons(x, xs) -> Cons(try x * x with ZeroDouble -> 1, work xs)
| Nil -> Nil
in
let xs1367 = work __arg__
in
let rec work1359 = fun z x1357 ->
match x1357 with

| Cons(x, xs) -> work1359 (try z * z with ZeroDouble -> 1 + (try x * x with

ZeroDouble -> 1)) xs
| Nil -> =z
in work1359 0 xs1367

a7 n Al12 CPS

35



let rec work = fun x1375 __k1557 __h1556 ->
match x1375 with
| Cons(x, xs) -> work xs (fun __al1564 -> __k1557 (Cons(x * x, __alb64))) __h1556
| Nil -> __k1557 Nil
in work __arg__ (fun __av1389 ->
let rec work = fun z __k1502 __h1501 ->
__k1502 (fun x1376 __k1505 __h1506 ->
match x1376 with
| Cons(x, xs) -> work (z * z + x * x) (fun __fv1512 -> __fv1512 xs __k1505
__h1506) __h1506
| Nil -> __k1505 z)
in work O (fun __fv1489 -> __fv1489

_ _av1389 (fun
) C.Nil

_kinit -> __kinit) C.Nil) C.Nil

A.6 stream

7125 A A.13 Direct

let of_mylist =
let rec list_length = fun x686 ->
match x686 with
| Nil -> 0
| Cons(_, xs) -> 1 + list_length xs
in
let rec list_nth = fun i x687 ->
match x687 with
| Nil -> raise Not_found
| Cons(x, xs) ->
(match i with
| 0 -> x
| _ => 1list_nth (i - 1) xs)
in
let step = fun p ->
match p with P(i, 1lst) ->
(match i < list_length 1lst with
| true -> Block(list_nth i 1lst, P(i + 1, 1st))
| false -> Empty)
in fun 1lst -> E(P(0, 1lst), step)
in
let fold = fun f z str ->
match str with E(s, step) ->
let rec loop = fun z s ->
match step s with
| Empty -> z
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| Block(a, t) -> loop (f z a) t
in loop z s
in
let map = fun f str ->
match str with E(s, step) ->
let new_step = fun s ->
match step s with
| Empty -> Empty
| Block(a, t) -> Block(f a, t)
in E(s, new_step)

in fold (fun x y -> x + y) 0 (map (fun x -> x * x) (of_mylist __arg__))

a2z A Al4 Joel

let rec list_length = fun x688 ->
match x688 with
| Nil -> 0
| Cons(_, xs) -> 1 + list_length xs
in
let rec list_nth = fun i x689 ->
match x689 with
| Nil -> raise Not_found
| Cons(x, xs) ->
(match i with
| 0 -> x
| _ -> list_nth (i - 1) xs)
in
let rec loop690 = fun z s ->
match s with P(i, 1lst) ->
(match i < list_length 1lst with

| true ->
(match Block(list_nth i 1st, P(i + 1, 1lst)) with
| Empty -> z

| Block(a, t) ->
let a701 = a * a in loop690 (z + a701) t)
| false -> z)
in loop690 0 (P(0, __arg__))

a5 Al15 CPS

let rec list_length = fun x708 __k1009 __h1008 ->

match x708 with

| Nil -> __k1009 0

| Cons(_, xs) -> list_length xs (fun __e21017 -> __k1009 (1 + __e21017))
in
let rec list_nth = fun i __k969 __h968 ->
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__k969 (fun x709 __k972 __h973 ->
match x709 with
| Nil -> C.lookup "Not_found" __h973
| Cons(x, xs) ->
(match i with
| 0 -> __k972 x

| _ -> list_nth (i - 1) (fun __£fv986 -> __£fv986 xs

in
let rec loop = fun z __k852 __h851 ->
__k852 (fun s __k855 __h856 ->
match s with P(i, 1lst) ->
list_length 1lst (fun __e2954 ->
match i < __e2954 with
| true -> list_nth i (fun __£fv938 ->
__£v938 1st (fun __a920 ->

match Block(__a920, P(i + 1, 1st)) with

| Empty -> (__k855) (z)
| Block(a, t) ->
(match Block(a * a, t) with
| Empty -> __k855 z
| Block(a, t) -> loop (z + a) (fun
) __h856)) __h856) __h856
| false -> __k855 z) __h856)
in loop O (fun __£fv839 -> __£fv839 (P(O,
Nil

__arg__))

__fvse4 ->

(fun

__k972

__kinit

->

__h973) __h973))

__fv864 t __k855 __h856

__kinit) C.Nil) C.
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