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BnE

Haskell % YOMBMSE TR, ) A M2 LoE7— yRHH%EDbLL. ) A FOEHEE unboxed
value THET 2 & v — THARS RS LEFDHELAET S I L L CALMTY 2%, BEMNHIZET <
EETCREENLROBSICOATETSH S0, ST TIHEEMIC unbox b T8 2 LiXEBERDHT
fr R TIE 7 O— ¥ v RATE WS KR 7 O — B T, BRI unboxed value FEEELTHD
ol T — & BT 2 FH 48R L, 5610 Glasgow Haskell compiler 2% L/ ECOFEZ R Y.

1 BLC®HIC

FEHESE A @ BB B S 88 (Haskell % &) R W &B
hxbon, EfFH0a R FA7E {, BITHMEOFEE
(ML, Scheme % &) & < TEFROMWENEZ LD
MELELHE BHTH, BEFHEOI R FIHVY
S IEPEMRAT (strictness analysis) % B &\, &5 33T
AN DR L RITH BRI ERT ZHRNTYRTH S,

LaL, VAP loRBREHETHECELLL, #
HErboF—& (M7 7R 2HFI(RAT DI
L, F A BEO) AL List Int 2 —7 LTI
Kok alETRENS (F1):

data List a = Nil | Cons a (List a)

FEEE 24 T Cons @A FEE I, ERICKFMHOME

Before update

l Cons I |

] After update

muak [ or J Lo L4
l I» i I

4 1. List Int

[1Cons | 1# |

g

[} 2. IList

(FrrypAihbh, FEECHEHRFERECLES
(update) Eh 3, COXHIIHEFOERLLTH Y
AL ORENH LD, B 712k ZMEED (boxed
value) & & BUENH L.

—%, ¥4 ¥ & &b % &R (unboxed value) & L
T, BHAKEERT I L TERE, HREAD L
NMEARP LN L v, Fhicik, $HiBList a ¥,
Int#(unboxed Int M) 2 oW THEBILL 2 IList BI:

data IList = INil | ICons Int# IList
FRORITEV(H2). RTFEEBEOFHETIZI V3,
VBRI B Ay A LT, unboxed value E VA Z EDTT A
5 [3. LiL, BENHOS & TR, 707 770HRH
HELZVED IList DL )R T—FEBEHIL
HTahw. CORE HESRIETIEERET LT
AMBLBF AR BVLENDY, RS ITICE-2TRE
P s. COMBICHLTHa 5, 7oX I~
P%, 7 & M E PRI unbox {b T4 724 C, MEBUCH
LT ARt LB ER S s HER %
L7z [1). L LIOFEILE, 707727 — 5l
FEEYAFRNKREVIECNE, FOY 7 LA0FRY
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EaTLIIEBMISHL I MENS L.

FIT, Ha 37 v— v BT (closure analysis) 12
& - THEINIZ unboxed value * BEIZ b2 LS v —
SEBIERTAHERRET L. oL LT, 7
UFFIR7OY L% EET2EbLEAD LB SN
Rl s 20

2 SANIDEEE

HRETHEEL R3KCRT. COTHAMKTF
fcase R flet RE 272V ThbY, avif FoH
MERRE LTRELID. Tt L 20—V yBFTOLH
I, BEOBIN L — 7 L T AU DNT WS,

fiiifoln, CoSEIMITANTRIAL Z LR
WHROZLEMELTwALOLET DY, ThbEDRH
EHATEINERT A LEERTHIDTHEENT
v

o THRAIIL=—/ T, HHIOWERIZ 2 V.

o WK F/HEFOTIBEHICHAMLTVS (B8

Hidaw).

e MIEOFIR, METOFIRIIERTH L.

o let R @ bind iI—2 kT 5.

o {7 FRUIER (Int) & A FENIRET L.
COHOERTIX, 70T T 43 bind DR TN T, FOF
IZ main MEANHY, FOET 7O 7 LORKRLTS.
O#,1#, - - - I%, unboxed value MEH T, I# 1# DL H
boxed Int % KT (1#) TET.

COFER, LARRTOKEREL EIITO ST AE
BEIN-EOLDTHLETH. (o T, RO & —
TAOH Y Y THHRMCRSENS, DF D, case
TOHFMEFEI L, let AT —7~DHFHh YT
Bk MARELTFOTOY S LOWMK T, z I21E,
unboxed value x# T EF LT 5 boxed Int ¥ — 7L
Wik D, ENEH/THRA 2 IHAD.

gen = A'x#.case 1# of
o# -> Nil?
y# —> let z = (I#° x#)* in
let zs = (case (y# -# 1#) of
wi -> gen wit)®
in Cons®z za
gen' = A'af.case a# of
o# —> Ni1®
b# -> let ¢ = (f a#)® in
let cs = (case (b# -# 1#) of
u# -> gen’ u#)'®
in Cons'lc ecs
ZZT,gennid, [an—1,--,1] k03 IALEMES
BIMT, gen’ nid, SHICMM fF ZEALLY A PEE
HMHTHS.

p € Prog = binds
bind € Bind = z=¢'
e € Ezpr = lit|zlez| Xze
| @®zi-za | Clare-oz,
|  case e of alis | let bind in e
alt € Alt = Cx-zp-de|lit->e|z-—>e
C € Constr == Nil|Cons | I#
£ € Label = 1% e
lit € Literal == . |18 |28 ...
® € Prim = |- | /R -
z € Var Variable

B3 7~ ESEE

3 mBILAEOHE
RETLIREANLFELHAT L0, Ao Tor S
HAEREEET L FMHEETRT:
(1) 70— v Bif
(%% & [FRAVFHAEENLTREEROH S, U
DV FANNVES | roric5ib p k, XD
WAL b [F0 A ROEEIFHENT 2D
MO L, ROFAVES] Lodint 525
¢ kigh:
plgen) = {1} plz) = {3,4}
plzs) = {5,2, 6}
plgen’) = {7} a(c)={9} () =1{8,11}
p(es) = {10,8,11}
(2) o
FIUEMZEM T LVESIIHE SR, KD6
DOMIZaGhRE:
G, = {1}.Gz = {5,2,5},63 = {3,4}
G‘t = {7},65 = {10,8, 11},G3 = {9}
(3) =B
FAMTEB v, RFOFERL RO L:
A(G1) = A(G4) = Box
A(Gz) = Cons [Int#, A(G2)]
A(Gs) = Int#, A(Ge) = Int
A(Gs) = Cons [Int, A(G's)]

#(1) = {2,6}

(4) %71t
A(G) TV A +TOBEFEORH Intk I TE 5T
E%RMLTED, gen ® NilCons ¥, £h ¥
INil,ICons I &# 2 5 = & T, unboxed value
FLOBBEMLAVAPIERAWLEI EHFTE D,
A(G5) 2if Int A>TV LD T, gen’ DEL Y
A MRS A EATE L.

4 QFMERRAT & 1RO T RR
BREFHE LB T 400 7 #EFHVLRD
ook, BAAUCROPBEEREEELLTL2 LS
E—FLicFRENRL 7 EAVALDIZRO2E
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EO2AF2hdb:

e Allocation : £ —7/~OEFEEXAADIA b

e Update : FHE0ETHEAMLILZ2AL
COLOEEFMBOMBRMEE T, LARRT EEZ
v, HITEEMA T RELRERET A LWL 2T, Wk
LRV 2 OEREN CHEOMANBI kbhTw
L LIAN LETEVWRTHo THLEEIIHFMETE,
FEOIA DTS OL LITEBNICETFMmT A
HEEZENEV. BT RO LS eHE:

let v = case (x# +# 1#) of wit —> I# w#

2,2 EL LD bFEEBI -V HFTH
DA,y EFHETRELE)PHBHTEIAL
ML EY gD, FEROFO LD tHE T Es s
7 o B o B el

5 70— v

yO— Yy BINEARN L 7o —Bito—8T, TI0E
PEDH M MAT (binding time analysis) & & O 70 |2{E
LD, FHTIEH % monovariant % 7 1 — ¥ v AT
RIEFERL, BEFLEI LI L.

5.1 Z ~NIIft

TN, BRI — 2 2T () 25
ABMBT, V7OV F L7 FAF LEORBEE
ETLOICHAVERE. BELOHMIZL 5T, ¥
TOBFPRIZTALEHITIHESHL 4]0, e DH
Wi, BT, let R, 72/ RICT AN ERIT LT
THHTHE, EBRICE BFOITRA FRRLTADI,
let MIZ TN EMNITEDRY > 7 OBEEIT L.

Ltk TOU—ERTOI L EHV, TV £ SRS
KellffV/i-bDThorI bt bee THT. T/, 8
HETEMMNT AL CETNNDOBNEE %5

® ATFNL — 4y (£« Nze)

o HBETINL — 155} (f{: ct I :r"}

o X252 —flar (< let z=ef)

5.2 70— v
20—V rBTRERINICEU T 220088+ ke

LB THL:
¢ € ResEnv = Label -+ LabelSet

p € VarEnv = Var — LabelSet
#(2) 0, DEEOFHERERD T NLEE
o) — EWzCHEEhLSANES
yO—VrRERE P, (H4) &7 o—J v (EZHBEH P,
(B5) #HVT, ¢,p *ROL (EXETEFHI 840
FEBL TR RTRERT D). Ple] ¢p &, T
hpDLET Re 2FMULLEER, OSSNz hsdh

Pud éo=1{) P.lel ép = pl2)
Pe[@ z1---za] gp={} PelC'z1---za) $p={€}
PNzl do={8) Pl sl dp = ($(OIE € Pele] dp)
Pelcase e of (c1;---ien)] ¢p = UL, Pele:] ¢

where ¢; = C; i1 Zin;, = &
Pelcase e of (l;---31a)] pp =], Pele:] oo

where !.‘ = h‘t.- =+ &
P.1et (z =€) in €] po = P.[e'] dp

4. 70— v BB

Pule) doy={} Pulzl doy={} Pul®z1---20] dpv = {}
z;) if yis x;
PulC! 21+ 2a] Ppy = { ?; ) ik
PuAz.e] dpy = Pule] dpy
Pule z] dpy
_ [ Lup(z) if yisz’ where £ € P.[e] ¢p, €<= X' e
- { L otherwise
where L = P,[e] ¢py
P.[case e of (c1;-+;ea)] doy
_ { LUp(z:i) ifyis zi; A Lo € Pefe] ¢p
L otherwise
whemc.- = C.' Ziy  Tin; —F G
L =P,[e] ooy U Pule:] dpoyU--- U Pyflen] dpy
Pullcase e of (l;---;1n)] ppy =L
where I; = lit;, — ¢;
L =Pu[e] ¢pyU Puler] ¢oyU---UPu[en] dpy

Pullet (z =e') in ] @y:{ iu{e}up,[[e] dp ifyisz

where L = Py[e] dpy U Pule'] oy

otherwise

5. yU— 3 v {LiER%

ERODZMBTHY, Pule] gpy 12 X e 2FFHET 2831
ERy L0 REIIEE SN0 EROLMET
HDH. gpld, 7O b p={x; =e1;---;T, = €p}
KL TAREM@ATLIICED S:

¢(€) = Pe[e] pp where £ < Mz.e

o(y) = UL, Pulei] ¢py  for all variable y

6 KHF—2ROEEL

2O BITIZL 5T, T—F e -G At 5
NLEESELTEEMICRSRE, BLEFRCHELR
ET—5RE—OXRE LLLENSD, HIL, ohs
BHLEDRIEFNR LN, JOXHLBERS LHT
%, unboxed value * EFIZ L OBBRLLA-F— YK
FEMESITEEIETAL. B4R, HTTIZEoTER
FRMY L TEBEB<LET Y (B) £ RO, FHMT
Lo THEHROERBERET L HELRET L. Cof
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B Faxén OFBIFRAT B X AR T ML TIELCS
DL ->TWwh,

6.1 Mo
FANEEOESL S
S = {¢()|€ € dom(¢)} U {p(z)|z € dom(p)}
FHICTE. BLIANLVESCIBRBLTWDL I ER
il i, FERSHEEI 2T
S=GUGyU --UGy s.t. GiﬂGj={}
FWIEWIIERARICIAETEL. 0% FLHICRT
BRFOSISOERIL, F -OBCET LT 5.

6.2 FEMA

KRG, OB AG) ¥ REAMTI L THRET 5.
F—sOEF R EFLUTOLH CEDL:

R = Box |Int | Int# | Cons [Ri, Ra] | * | A(Gi)
= 2T Box {27 T® boxed value , Int# i3 unboxed
Int @FETHA. Cons [Ry, Rp] BIAEFRN Ry, B
HHN R, THAHXI VA FRAERT. Nil T8
FELAVOTIITEEL V. A(G;) RE G DX
BrEl, BROZBOERLHZTHEIMI. « B, £
BORFCHEY T o0 E VI FIORIATHY, B
e EBITR R 5.

Gi={b, - IN}OLE LTTERTEZ I EUE
T A(G) = US(E) ko T G OEBREEDHDL
ENTEL.

J(E'.Lat)
Int# if e is a cheap thunk
K r::Int
— Int otherwise
* otherwise
where £ < let z = ef
4(€)) = Box 8(€1y) = Int# d(fyi1) =*

8(fcons) = Cons [grp(p(z1)), grp(p(z2))]
where £ < Cons! z; x4
TIT lep TRVY Y/ OBEIE Inth LLTVD. ¥

frgrp T RUVKEOHERTHETHS.
Uik LI ICED B
IntUIntf=Int zlU*=2z zlUxz==x
=0 syl 815,

6.3 Bt

HUMFTTE$ - - FREOF T, unboxed value %
Kb oL ARBAFICEBLTERILEB 4.
SRS IR TEED, MRTF I SLOMETEE
Az 5 ETEBTAEL. L, ABTEDN LT
HOHLHEOHS, TOFROMEFRLETHILET
afp\v,

1. Badiboh R
Program Time(sec) | Heap(Mbytes)
‘ — lOpt — l Opt
kkqueen || 12.0 | 6.8 | 2509 | 141.3
wang 20 | 26 | 277 274
7T & fl

BERT L RELTHE23ET 5709, Glasgow Haskell
compiler 12 £ % L 7z, E B, Ultra Sparc 1(Ultra
SPARC 167MHz) L TB I 4w, £fHROoe—- 7/ 2
Yo rid 20M/8M E L BRBE{LEEC o fo
BOp) LB ubrVRE(—)ET, k- FiH
YT REETAEELBLA(RD. KYLHh
-02 -fglasgow-exts 4 7 a ¥ ¥ {FiF Ta s bl
Foo E7-2 A MBBUIME - #E - RELELL5ELR
FEVWETLLOERWVL,

kkqueen It 12 7 A — VHIE &M 7O 7 AT, K
ROFTOMbRTVAREDY A AT < THAEL
TELLDI, KELRHENSLDATVE, FO—HT
wang Ti, SIBOEEN unbox ETE Lo, 3LA
FEbLL ARV, AR EHASDE S LRI LS
hbhEBEbhD.

8 HhYIZ

FosORETIEBLFERIETHBMIIB I 2N
i, KE 7oy 7 A HRSHRERD. AR
i Ml % monovariant %M E IR LA AR ETR L
A O— YA RFII BV TA T VT X ADHRIZED
B L EETH D, 4kt polyvariant BT & A
frE D RE BT L ERTALENHD ).
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