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cobooooboooobooooobooobbooobooboooobboooooobOboOoboooobOboOoboboOooon
oooooooOoOOOOOOOOODOOOOODOOOOOODODODOOOOO0000 doublex D0O0ODOO
doubl2 0000000000 0ODODOODODOOOODOOUOLOOOUOODODODUODOODOOOODOO
ooobooooobobooooboooooooooOoooooDoDoOoooo0ooDbOo0ooooOoooooboooDoboOoo

goooo

oooooooooco0o0oooOoocOo0oO0oooOoOOo0oO0OoooOoOOO0Ob0O00O0O0OO0O0000 min0OOO
ooo

minzc y=uxifz <y

=yifz >y

00000 2000000000000000000D00DOO0ODOODOOOOODOODODOODOODODOOO
000 x<y0O00O0D0O0OO0DOQC miney OO0 20000COD0OCOOOOODOOOOOODO z>y0O
oooDooooood miney D00 yOUOODOOOD0OOOO0D0O0OO0O00 meinOO0DOOO0DOOODOO
OOOO0OOO otherwise D0 ODODOO0OUOOOOOOOOOOO

minzx y=ux,ifz <y

1y, otherwise

gobodb caseDDO0ODOODOOO0ODOODOOODOODDOODODOODOO

min x y = case x < y of
True — x

False — y

000 ifthen-else 000000000 OOOOOO

min ¢ y=if z <y then x else y
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0000000000000 D0D0O0O00O000 (local definition) 00000000 DOO0OOOOOODOODO
ooobooooboooboooooooobooooooog

f x =double x4+ vy
where double t = x +
y=2+=zx

0000000 where 0000000000 D2000000000 fO000000OOOOOOOOO (O
000)00000000000000000000 whereJOOODDODOODOOOOODOOOODOOOOODO
cooooooboooooocooooono

cooooono

000000000000 0000D000000000000000000000000000000 fa
0 f(¢) 0000000000000 0000000000000000000000Ofab0 (fa)bO
00000000000000000000000000000000000fa®b0 f(e®b) 0000
(fa)@bDDOODOODODOO

00000000000000 - 00000000000000000 (feg)a=f(ga)000000
0000000000000000000000000000

fe(geh)=(feg)°h

coboooobooooboooooboobooOooOobOboOoboOoOoOobOOoOobOOoOoOobObOOobOOOoOobOboOobOOoOoon
0000000000000 00O0O0000O0O000bOO000ODO000ODOO00ODOO dOO0DODO

ide f=foid=f

ooooooooo fOooO0oOoO0O0OO
oobooooOoobooobOobobOobobOoOe,@,o000000000000DOO0O0DOO0OO0DOOODOODO
ocoobotdidobe 0OoOoOOoOoOOOOODOOO0ODOOOODOOODOOOOODODODOODOOOO

(a®)b=a ® b=(@®b)a=(®)abd
000000000 foOoOOO0OOO0OO0OOOOOOOOQOOOOUOOUOUOULOUOUUUOUOUOOOOOOO
frzy=z'f'y

ooooQ f:S—-TOg:S—TO0000000DO0O0O0O0O0ODOOOOOOOOOOOOOOOD

gofdooooooooooooooo
VreS fz=gx

f=g
0000000000000 00000000000000000000000000000000000
000

f=9
VeeS fz=gux

22 O00O0OO0O0OOOOOO

boocobooooboooobOoooobOOoOoOo0boOoOoOo0oOoOoOoOo0oOoOoOoOo0booOooOoOoobooOooaon
0000000000 [MEP9ILSF93|0000000000OOODDDO0O0O0O0ODODODO0O0O0ODO0OOOOO
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HyloOOOODOOOOOOOOODO 100000000000000O000000O0O0DOOOOOO0O0O0
0000000000000 0 [MEPYT,BAM94, HITOSHOOOOOOOOHyloDOODOODODODODOOOO
coooooooooobooooo

f=domeFf)y.

000000000000000000000000 ¢ 0000000000 FOOODOOODO FfO
000000 FOOOOOOODODODOOOOOOOOOD 0000000000000 FOOD GOO
0000000000¢ 000 GUUOOOOO00000000000ooodde, n,v, G, F 000000
0000 f0000000000000000 f=[¢nv]er 0000000000000

Hylo0OODDOOOODODOOOODDOOOODO (BR000)000000000000000000
000000000000000000000000000 [MFP91, [Fok92, TMI5| 0000000000

2.3 00O (Functors)

000 (endofunctor) 00DODODO0O0DO0OODODOOOODODODODOOUOUODOODDODOUOOO
0000oodooo0o0oooD 4000000000000D0OO000DODDO0DOO0DODOOOODOOOOD
000000000000 (polynomial functor) 0000000000

e 1 XOOOODODO IDODOOODODODODODOOOODOOO:
IX=X, If=f

e ] XOOOOUO'ADOOOUOODOOOODODOODO:
IAX=A, Af=id

00O «0OD00oopooooo
2000 X, YOUOODOD XxYQOOOoooooooooooooo:

XxY = {(z,y) [zeX, yeY}
(fxg) (xy) = (fz,9y)

m1 (a,b) = a

72 (a,b) = b

(f2g)a = (fa,ga)

2000 X,YOOOOODO X+YOOOOooOoOoooooooooo:

X+Y = {1} xXUu{2} xY
(f+9) (Lz) = (1, fx)

(f+9) 2y) = (2,9y)

(fvg) (1,%) = f{E

(fve) 2y) = gy

0oooo0oooOd 2000000000D000000 nODOOODDOOOODDOODODOOOOOOOO
n0000000000O000000000O00D0

n n

> X =J{i} x xi)

i=1 i=1

<Zfz> U,2) =0, fjo) for1<j<n
i1
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24 00000000 ODODOOOOOOO

gobobooboboooboooboboobboobbooobooobboobboobbooboboon
000000000000000 [Fok92I00000000000000000000 AO000000000
oboboooobooboobobobooooooobooboboo

List A= Nil | Cons (A, List A).
gogbogoobooboobboobooboboooboobboooboobbooboobo
Fr,=1 +1Ax1I
000 10000000000000 (00000000000 00ON{ O O0ODDOOODDOO Ni()D
000000000000 ¢()0D0O0D0000O0O0 tOO0OOooOOooOoOooo

O00F,, 0000 List ADDODOOOOODODODODOODOOODO [SF8I00000000 List A O
ooooooooon inFLADDDDDDDDDDDD

ing, , = Nil vCons.
D00 List A=ing, , (Fy, (List A)) 0000ing,, 00000 outp,, 000000 List ADDDO

000 (data destructor) 0000000000

outp, , Nil = (1
outr,  (Cons(a,as)) = (2,(a,as)).

ggbooooboobooboboobooboooobdg

Tree a = Leaf | Node (a,Tree a,Tree a),

go00O0oOoO0OoOoOooooooo

Fr =11 4+ laxIxI.
0000000 FOOOOOOOOOOOOOOOO0OO0O0O000O0F 000000000000 pF OO0
ooooooooo

2.5 Hylomorphism

Hylomorphism (00 HyloOO)OOOOO catamorphism O anamorphism 000000000000
000000000000000000000000000000 [TM95]0

Definition 1 (Hylomorphism in triplet form)
FGO 20000000000000 ¢:GA— A v:B— FBOOOOO»: FS5GOO0OO
Hylo[¢,n,¢]ecr: B— AO0DD0ODO0O0OO0000000000000

f=doneFfoy
]

HyloOOOOOODOOOOOODOOODODOOOOOOODOODOOO (0,00D00)00DO00O0OOOODO
00000 HIT9hoOOoO0D0D000000D000000000000000000000000000
ooo0oooO0o0oooU0o0oooUoO0DOoUD GFOODO0OOOOOOoOO

HyloOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
gooo
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Definition 2 (Catamorphism (—]), Anamorphism [—))

(2D
(Wir

[[¢7 Zda OUtFHF,F
ling,id, Y] rr

HyloOOOOOOOOOOOODOOOOOOOOOOOO Hylo Shift Law OO00O0O0OOODOOO
[[¢7”’¢]]G,F:H¢Onaide]]F,F: II(Z)aidvnoq?bﬂG,G

00000000000 HyleODDOOOOODOOOODODOODDOODODODOOOOO0OO0O0OO0O0000OO0O
000000000D0D0000 (Acid Rain Theorem)[TM95] 0000000 DDO0000 200 HyloOO
00 10000000000000000

Theorem 1 (Acid Rain)

T:VA (FA—-A) —>F A-A
[o,n1,0utr]a,r o [Ting, 2, Y] r . = [7(¢ o m),n2, Y] Fr 1

(a)

c:VA. (A—-FA) —-A—->F'A
[¢,m,00utrlc e [ink,m2, ¥]rL = [¢,m1,0(m2 ° ¥)]c,r

(b)



0 30

HRERERERERNRN

14

O0000OHYLOODOODODOODOOOOO0OO0O00O0000000000000000000000000
0000000000000000000000000000000000000O0HyloDOOOOO0O0
0000000000 HITh 000000000000 000000000O

31 HYLODODOOODOO

O0BI00000000 HYLOOOOOODOODODODODODODODOODOoooooooooO Gofer [Jon%4] O
O000O0UO0O0OO0OHaskel 00 0000000000000 O00O0DO0O0O0OOOOOOOOHYLODOOOOO
Gofer 000 0O00ODOOOO0ODOOOOOODOOOOOOOOOOOOOOOOOODOOOOODOOOOOO
ooooooooboobooooooooobooooboboooboooooog

HYLOOOOOOOD0OO0OD0OD0ODDO0OO0OO00000 Gofer [Jon%4 0000000000000000000

Cof er
program

De- sugaring

Core
| anguage
(no hyl o)

Deri vi ng
Hyl onor phi sm

Core
| anguage

Yes

v

Capturing Data
Producti on/
Consunpti on

Core
| anguage

Appl ying Acid
Rai n Theorem

G

Restructuring
Hyl onmor phi sm

Core
| anguage

Core
| anguage

More fusion?

Inlining
Hyl onor phi sm

Cof er
program

0 3.1. Overview of HYLO System



3.1 HYLOOODOOOOO 15

Prog == Def; Prog| Def Program
Def = wv=t Definition (non-mutual)
t n= v Variable
| 1 Literal (Int,Float,Char,...)
| (t1,.- - tn) Term tuple
| At Lambda expression
|  letv=tyinty Let expression (non-recursive)
| casetp of Case expression

p1 =ty P — Uty

| vttty Function application (saturated)
| Cty- -ty Constructor application (saturated)
| tots Application (general)
| [ts,tn, ty] Hylo representation
| (n,t) Expression with tag
R s= v (v, 0p) Argument bounded by A
P n= 0 Variable
| (P1s---sPn) Tuple
| Cpr-pn Constructor pattern

0 3.2. HYLO Core Language

O Gofer U0D0OOUDODO0OOODOOOOUODDOOOOUD frontend D00000O0OO0DO0OODODOOOOOO
O0000Odesugar 00000000000 000000O0O core00000000OOOODODODOOOOO
oooo

00000000 core0000BADDODODONDDNDOODODDODO GHC [Tea6) 000000 DODOOOO
Oo0ooooooo0oooooo0ooooooo0oooooo00Un0 hlooOoooooooooo
cobooooobobocoooooboobooOoOoobOoOoboOoOoOobboOoOooOoOoOobOboOoOooOoOoOobOboOobooOoOooon
ooooooboooooobooobooooboobooOoooDbDoOoobooOo0ooDbDbOOobooOoOooDbDoOOobDboOooD
coboooobocobooOoobocOoboOoOoOoOoOobOOoO0OobOOoOobOOoO0OoObOoObOOOODbOboObOOOoDn
000000000000000 case 00000000 (flatten) 00000000000 DO0ODOOODOODO

00000 GHCOOOOoOoOooOoooOoooooooooooooooooooooooooooooo
cooboooobooooboooboboooobooooooo

OO0 core 000D OOOOOOOOOOOOOOOOOOOOOO0OOO00OO0O00O hyloOOOOoOoO
0000ORI0O000000000OWloOD0ODOOODOODODOODOODODODODOOUDODODDOODOOODODO
ooooO0oO0Oo20000000000000L0U0OLOOLOLDOUOLOUOODODODODODODODODOOOOOOO hylo
0000000000000 0000000000DB20000000000000000Kylo0OOO0OOO
Ucored000000DOO0DOOOOOOOOO

OO0 hyloOOOOOOODOOOChyloOOODOODOOOOOOOOOOOOOOOOODOOOCODOOO



3.2 HyloOOO 16

0000000000000 0000000000000000000000000000000000000
hylo 00 [¢,7,%] 0000 ¢, 0000000000000000000000n00000000000
O0000000000000000000 ¢, 000000000 7, 000000000000D0O00
hylo 0000000000000 00000O0O0O0000B3 000000

00 ¢, 0000000000000 0000000000¢,¢ 00000 Ting,coutp 000000
OO0Acid Rain 0000000000000 00000OT, 00 ¢, 000 pFOOOOOODOOODOO
0000000000000 000D000000000000000000000000000000000
O00D000BABA2000000

00 Acid Rain 000000000000 0000000000000 hyloOODO 100000000
000000000000 0000000000000000000000000000000000000
(inlining) 0000000000000 hylo D000DO00000D0D0O0O000O0O0O0O0O hyloOO0O
O0000000000000AcidRain 00000000000 BAODOOOO0
000000D0000000000000000000 hylo0O0OO0OO0O0O0000000D0O0O000ODOO
O inline 000 0OGofer 0000000000000 0ODDOOO0OODOD backend 000000 O front
end 0 backend 0000000000000 00000D00000O0DOOO0Ohylofusion 00000
0000000000000000000

3.2 HyloODOO

hylo 0000000000000 [HITIH 0000000000000000000000000000
00000000D0000000D0000000000B30000000000 [HIT9h 0000000
00000000000000000000000000000000000000 hylomorphism 0000

ooooooooo
f=Avg. case tg of py — t1;++ 3 pn — tn

f= {Definition of f}
Avg. case tg of py — t1;- -+ ;pp — tn
= {Trick 1: Replacing ¢; with g; ¢}
Avs. case to of p1 — g1 £33+ Pp — gn t,
= {Using separated sum}
(919 -+ v gn) (M. case tg of pr — (1, 11); -390 — (0, 17,))
= {Trick 2: Replacing g; with ¢; » F; f}
(619 v 6) (B 4+ F) f)
(\vs. case tg of p1 — (1, t));-+ ;00 — (n, t))
= {Auxiliary definitions ¢, F, and v}

peoF feou
= {Definition of hylomorphism}
[¢.id,¥]FF
where F = F, +---+ F,
b=d1v - v b

= Avs. case tg of p1 — (1, t});-;pn — (n, t),)

0000 1,200000 ¢, 0000 t;,=(¢°F f)t;,0000000 ¢;,F;,t, 00000000000

00000000 HyloOOOOOOODOOOOOOOOOOOOOOOOOO ¢, 0000000000 D
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HyloO OO

17

A[Avg, -+ Avs,.case tg of p; — t1;- -
=g, - Mg, b1 v -

yPn — tn]] f
4 ¢na Zd) ¢]]F,F

where ({Uh»' : "viki}7 {(Uglvth)v' ) (v;“ti,i)},té) = D[[tl]] {}f (i=1,...,n)

— / / /
(bi_A(Uiﬁ"'7Uiki7vi17""vili)'ti
" __
ti = (viu""Uiki7ti1""7tili)

1/) = )\vsm.case tO Ofpl - (Lt/l/); P — (nvt;é)

F=1, ifh;=1=0

Fy=10(v;,) x - xI0(vg, ) x [y x -+ x Ly, (Iy = --- = I;; = I), otherwise

F=F+--+F,
I'(v) = return v’s type

Dlv] si f
'D[[l]] S f
7tn>ﬂ S1 f

D[(t1,. ..

Dl vs.t] s f

Dllet v =ty into] s; f
Dicase tg of p1 — t;

poipn = ta] s f
Dlvty- -t si f

D[Ct1---tp]si f

D[[to tlﬂ sif

Var(z)

if v € global_vars U s; then ({},{},v) else ({v},{},v)
{0
(s1U---Usp,cr Ue--Uey, (th,...,t))
where (s;,¢;,t;) =D[t:i]si f (i =1,...,n)
(s, ¢, Avg.t)
where (s,¢,t') = D[t] (s UVar(vs)) f
(soUsy,coUey,let v =1t int))
where (s1,¢1,t)) = D[t1] 1 f, (so, co, ty) = D[to] (siU{v}) f
(soU---Usp,coU---Ucy,casetyof pr — th;--;p, — t)
where (s;,¢;,t5) = D[t;](siUVar(p:)) f (i=0,...,n),po=()
if v = f then

ifn=m A t;=vs, (1<Vi<m-—1)

then ({}, { (1, )}, )

else error (f should have saturated args and induct on last)
else (soU- - Usp,coU---Uey,toth 1))
where (so, co,ty) = D[v] si f

(siyci,t)) =Dt s f, (i =1,...,n)
u is a fresh variable

(s1U---Usp,crU---Ucy,Cth---t)
where (s;,¢;,t5) =D[t:i] s f (i=1,...,n)
(soUs1,coUer,ty th))
where (s, ¢, ;) =D[t:] si f (i =1,2)

set of variables in x

O 3.3. Deriving Hylomorphism
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o0o0oooo0o0ooo0o0oo0o0oog; 00000000000 fOOOO0OCOOOODODOOOOL 00
000000000 fO00O0O0O0OOOO0fO0ODOOOO0OOOOOOOOOOOOOOOODOOODOO
00o0ooU0o0o0ooU0 fO00D00DOO0OO0OODOOOO0OOOOOOODOODOOOODOOODOOOO
00000000o000o00U00o0U0o00U0o0000O0U0000U00U0D0O0UO0OUDD ADDO
coobooooobooobooobooooboooooooooooooboooooooooboooooOon

0000000000000 0D000D@E300 ssf D00DD0O0ODODODOOUDOODDOssfOODO
sum, map,upto 000D 0000000000DO0O0OO0OOOOODOODOODOO

sum = Axs. case xs of Nil — 0
Cons (a,as) — plus (a, sum as)
map = MAg. Axs.case xs of Nil — Nil
Cons (a,as) — Cons (g a, map g as)
upto = A(m,n). case (m > n) of True — Nil

False — Cons (m,upto (m + 1,n)).

000000000 swmODO00000O0O000 ADOOODOOOOOOOOODOOOOO

D[O] {} sum = ({},{},0)

D[plus (a, sum as)] {} sum = ({a}, {(v], sum as)}, plus (a,v}))

goo
1= (), p1=A().0=0
th = (a,as), ¢2 = Aa,v]). plus (a,v]) = plus

ooo

¥ = Azs. case xs of Nil — (1,())
Cons (a,as) — (2, (a,as))
= outp
F=1+!IntxI.

00000000000 sumO0O00 HyloOOOOOOO

sum = [0 v plus,id,outp]pp

OO0O00map,upto 0000 HyloOODODOOODO

map = Ag. [¢,id,outp]F F
where ¢ = A(). Nil v A(v,v"). Cons (g v,v’)
upto = [inp,id, Y]rF
where ) = A(m, n). case (m > n) of
True — (1,())
False — (2, (m,(m+1,n)))
goo
F = W+UntxI(= Fp,)
ing = Nilv Cons
outp = Axs. case xs of Nil — (1,())

Cons (a,as) — (2, (a,as))

33 HyleOOOO

0D0000Hylo[¢,n,¢]er D0000D000000000000000: ¢ 000000000070
000000000000000¢00000000000000000000000000 ¢0 %0 0O
0000000000000000000000000¢,9 00000000000000000000 0O
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000000000000000000¢,4 000000000000000000000/0000000
0rc000000000000000000¢00000000000000000000 [HITI6H 00
000000000000000000000000 BA00D0([HITIH 000000000000 % 0
0000000000000000BHO0000

¢p=¢1v---v$, 000000000000 S000000 ¢;000 ¢, 0000000000000
00 £000000000000 £00 +400000000000000000000000000000
00000000000000 ¢ 000008, 00000000000 ¢,00000000000000
000000 £0000000 4, 000000000000000000000000000000000
000000000000000000000000000000000000000000 ¢;000000
000000000000000000000000000 2000000000000000000000
0000000000000 p00000000000000

000000000000000 HyleODOOOOOOODOO

map g = [Nil v Ma,v}). Cons (ga,v}),id, out]

D000000¢; =A(). Nil O ¢y = Aa,v;). Cons(ga,v}) 0000000 ¢4 000000000000
00000000000000000000000000000000000geD ¢, 0000000000

G2 = ¢ ° Ny,
where ¢4 = A(ug,,v]). Cons(ug, ,v})
N6, = A, v1)- (g a,v1)
O00O00oO0O0ooOooo HyloODODO
map g = [Nil v A(ug,,v}). Cons(ug,,v}),id + A(a,v}).(ga,v]), out]
000000 (mapg) O ¢ O Nil v Mug,,vi). Cons(ug,,v}) (le.,in) 000000000000 ODODOO

oooooooooooobooooo
ooooooooooo S, 0«4 00000000000000000000

§ = Avs. case to of p1 — (L t1); -+ +;pn — (n, tn).

0000¢ 0000000000 (D000 I0oDOoUO0OO)DODOoDOOooOO iy, ooeaty, 000000
0000000000 ¢, 000000000000D0D0000000D0D0O0O0000D000 ny, 0000
oooo0dn, 0n0000000000000¢ 0000000000000O000O00000

34 00000 /00000000

00000000D0000000000000000000 Hylo[g,n,¢]er:A—BOODOO ¢0O ¢
000000 7ing, O coutp, 100000000000000000 7,0 00000000F,,Fz 00
0000 A, BOOOOOO0OOOOOODOOOD r,e 0000000000000 OOOODOOO0O00OO

00 [HIT96H 00000000
Theorem 2 (0D O0O0DOOO)

oooooodoooOor,e 0000 200000000000000

Va. (@)r 2 ¢=¢">G(a)rm V8. ¢ [(Blr, =F[(Blr ¥
= . ¢/ ’ o= \3.
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S¢M¢l VoV d)nan?w]]G,Fﬂ = [[‘f)i Vo v (725/7w(77¢71 + - +n¢n) ° nawﬂG/,F
where

Gi++Gn=G
(v, ) x oo x W (vg, ) x It X o X [, = Gy

AWiys e ey Vi s Vi ,vgli )- ti = ¢; (assume vj ... 71);” are recursive variables)
({(uiutil)’ ) (u7m1 ) timi)}’ t;) - SIIL]]{’U; IR Ugli }

_ . ) / ! . ) / /
e —)\(vn,...,vlki,vil,...,vili).(t“,...,tzmi,vil,...,vil )

G;:'F(uzl)xx 'F(’quL)le X"'XIli
G =G +---+G),

(25;:)\(Ui17~-wuimi’v;ﬂ""v;l )t{L

Assume that u is a fresh variable in the following:

E[v] sr = if Varg, (v) then ({(u,v)},u) else ({},v)
€[l s ({(u, D}, u)
El(t1, ... tn)]sr = ifVi.Varg (t;) then ({(u, (t1,...,tn))}, w)
else (wy U~ Uwy, (t],...,t))
where (w;, ;) = E[t:i] s (i =1,...,n),

E[M.t] s, = if Vars, (') then ({(u, Av.t)},u) else (w, Av.t")
where (w,t") = E[t] s,
Ellet v =ty into] s, = if Vars (t5) A Vars, () then ({(u,let v =t intg)},u)

else (wo Uwy,let v =t in t()
where (wy,t]) = E[t1] sr, (wo,ty) = E[to] sr

E|case tg of p1 — t; = ifVi.Var, (t;) then ({(u,case to of p1 — t1; ;00 — tn)},u)
R e else (wo U -+~ Uwy,casety of pr — ti;--ip, — t)
where (w;, ;) = E[t:] s» (i =0,...,n),
vty tn]sr = ifVi.Vars () then ({(u,vty - tn)},u)

else (wo U+ Uwy, t( t) -, 1)
where (wo, () = E[v] sp, (w3, t5) = E[ti] s (1 =1,...,n),
E[C ty--tp]s, = ifViVars (t;) then ({(u,C ty---t,)}, u)
else (wy U+ Uw,,Ct)---t)
where (w;, ;) = E[t:i] s (i =1,...,n),
E[to t1] s = if Varg, (t,) A Vars, () then ({(u,to t1)},u)
else (wo Uwy, t, t]))
where (wo, ty) = E[to] sr, (w1,t)) = E[t1] s
Ellto, t1,t2]mo,m ] s = ifVi.Varg, (t;) then ({(u, [to, t1,t2]my,m )} w)
else (wo Uwy Uws, [t), 1, th]my )
where (w;, ;) = E[t:] s (i =0,1,2),
El(n, )] s = if Varg, (') then ({(u, (n,t))},u) else (w, (n, "))
where (w,t") = E[t] s,
Vars. (t) = tisavariable A t¢ s,

O 3.4. Restructuring Hylomorphisms — ¢ part
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Syllesn, e el = lésm e (ny, + - +n0p,), ¥ 6. F
where

A vg.case tg of p1 — (1,61);- -
Fi+---+F,=F
IM(ti,) x - x (s, ) X It X - X I, = F;
(tila'"atikiatti17"'7ttili):ti

yPn — (natn) =1

{vig, . v, 3 = FV[(ty, - Ly, )] global wars
Ny = A(vh""7vi7"’ri7v7€1’""Il};li)'(t“""’tiki7v1{1"“7v7/;li)
tg = (in ey ’Uimi?ttiu e 7ttili)

Fll: 'F(U“) X oo X 'F(’Ulml) X Iy X+ XIli
F'=F{+-+F,

P = Xws.case tg of p1 — (1,8));- 500 — (n,t))

FV[v] s4
FV[1] s4
fV[[(tl, ceey tn)]] Sg

FV[Av.t] sq
FV[let v =ty in to] s4

FV|case tg of py — t;
s iDn = ta] sy

FV[vt1---tn] sq

FV[C t1 -] sq

if v € s4 then {} else {v}
{3
stU---Usy,
where s; = FV[t;i] sy (1 =1,...,n)
FVI (5, U o))
So U 81
where s1 = FV[t1] 54, s¢ = FV[to] (sq U{v})
= SgU---Usy,
where s; = FV[t;] (s4 U Pat(p;)) (i =0,...
= SgU---Us,
where sg = FV[v] sy, si =FV[ti]sq (i=1,...,n)
= s51U---Us,
where s; = FV[t;] sq (i =1,...,n)

FV[to t1]sq = soUst
where sg = FV[to] s4, s1 = FV[t1] s4
fv[[[[thtlat2ﬂF07F1]]3g = SgUs1USso
where sg = FV[to] s, s1. = FV[t1] sq, s2 = FV[t2] s4
FV[(n, )]s, = FV[t] sy

O 3.5. Restructuring Hylomorphisms — 1 part

0000000000000 0000000D0O0 (DOD0D0O0U0OD0O0O0DO0OD)0O0O0O0UO0 ¢ 0y 00
ocoooooboooooooboobbooobooooOoobboOoooooDbbOOoboOoooDbDboOoobooOOooD
cobooooboocobooboOoooOoooobooOoOoOobOboOobOOo0OobOOoOobOOo0OOOOobOOoOoOobOboOobOOoOoon
gboooooobobrbO0obO0000O00O00bOO0ObObOOOOOO0ODOOD coODOODOODODOOO
cooooooo

3 rO000Oo0oboOoobooon

200 HyloODODO [, ,outp]_re ¢, Jm,_ 000000 (OOM(x)0000000000006¢
0000000000000000000000 +000007inp=¢0000000000000000
000000000000¢ 0 FuF —»pFO00000000000O0O0OOO ¢0 FFOOOOOOOO
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OwpwFO0DO0OCOOO0O00OO0ODDOOOO pwFODODOOOUOUOODODOOOUOOeOO r00ooooO
0000 u/FOOODODODODOOODODDOODODOOODDOOOOODOOOODOO

oooooooc,---,C, 00 wFOODODODOOOOO (OO0 dnp =Cy v --- v Cy)OOO
¢1,,en 0 Cy,---,C, 0000000000000 OOOO¢OODOD Cy,-+-,C, 000000
OO00OU0O0U00oU0 00000000 o0 70 smp 0000000O0OCO0O0O0O0OO0O0O ¢ =71ing 0O
T=MNMcav---ve,). ¢ 00000000 DOROOOODO

000o00o0oooo0oo00D r00000000D00ODO0 ¢ 0D0D00ODO0O0ODOOOOODOOODOODO
gboboooooobooboboboo

Grv v i (B 4o F )l — pk,
o000 ¢;: F/lpF - pFO00D0OO0DOOOOO:

¢7;:)\(Ui1,"','l]imi UI "',U/ ) ti (31)

i1 ili

D00 F =IT(v;,) x -~ xT(v;,, ) x [ x -+ x [,00000000000000000000000
000000000 I000000000000000000 000000000000000000
0 (¢)0DDDO0O0O000000O0000 ¢; 0000 00000000000000¢0000 70
T=MXs. (ies v---v 7,¢5) 00000000000000000000 ¢;0000 @) O0O0OO0
0000 000000000000000000000 ¢ 0000 70000000000000000
0000000000000¢O00000000000000000D0000000D0000000000 2
00000000001 00000000 ¢00000000000000000000000000000
0000 10000000000000000000000000000000000 [SF93]000000
O (canonical term) 00000000000 ¢, 000000000000000000 ¢; 000000

1.00:0,00000000000000
2.00000:C¢, ---t,C000000000 #00

3. hyloOO: [¢h v -+ v, mout] v/, ¢, 000000000 00000
4.0000: ft ---t,, f00000000 ¢, 00000000000000

000 ¢; 0000000000000 OOOOOOO0O0 g, 00D00ODODO0ODODOODODODODODOODODOODOOO
000000000 0B3A0000000000000000000D000 ¢00DO0DODOOOOOO uF
gdooooOoOO0OoO0O0O0O0OOOO0O0O0OU0OO0O0O0O0D pUUDUDODUODUDODUDUODODUODODODODOODOOOOOO
gogooooboooooboobbooobooobboobboobobooobbobobboobboOoO
0000000 pOU0O0O0ODO0OOOOO0OODODODO 200let,case000000O0ODOOOOOODOO
goobooobobooooboobbooobooobboobbooobooobboobboobbOoon
oooOoo (lift) 0000000000000 000 wnfold 000000D0O0O0OOOD 30000000
gobooobbooobobooboboobobooobboobbooobooobobobobboobboon
000000000000000000000000000000000000000000000 [SF93I0

goobooooboobobobooboboboboooobDobobobooboobobobbooooo
00000000000000 O ¢, 00 ,0000000000:

¢; = Tiingp, where 7, = Nep v oo voen). Mgy, e, 05, UL ""U;zi)'}—/[ti]l

m; 119

000000000y, 0000 pFO0O0O00O00O0O00O0O0O00DO0OO0000ODOO00O00OO00O0O0OO0
00 F/OUOBODOOUOOOO ;0000000000000 00D0O0ODO0ODOOOO0OOODODOOOOOOD
00 FOODODODODOODO0DO0O0O0000 w/FO00000000000000O0O0O0OO0
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Assume: F=F, +-- -+ F,,inp=Cyv --- v(C, and ¢y, -, ¢, are fresh variables.
¢ : F'uF — uF
¢ = Tinp where T = F[¢]
where
Florv - vou] = Aes. (Flgad es v -+ v Flgu] cs)
}—m/\(vin' © Vi, Uél, e 71);;.)' tl]‘
= )‘(Cl Vo v C”)')‘(viu to 7’Uimi ) ’U;l P Ugl, )f/‘[tl]‘
Flvl = (a1v - veu)pv (¥oisnot arecursive variable *)
F' = (* v’ is a recursive variable *)
FlCity -+ tpl = ci(Fi F(ty,- -5 tn))
F¢' s n.oute]rp vl = [FIPT (1 v -+ ven),moutpe]pr r o
Flfty -ty = (eav - ve) (Fth - 1)

O 3.6. Deriving 7

1.4, 000000: 000000000000000000000000000 xF 000000000
00000000000000000000 Catafe1v -+ ve,)p 00000pF 00000000
000 ¢ 00000000000000000000

2., 000000 City---t,, 000: ;0000000000 ¢; 00000000000OODODOOO
0000000000000 A 00000000000

3.t 0 hylo DO [¢,n,0utp]p po D00: 7 OOOD FO ¢ 0000000000

4.¢;00000 ft; -~ t,000: (e1v --- ve,) 000000000

351 O00OO0O0OO FOOODO

¢ 0000000000000 0DODOODO0O0 o000 FOOOO0DDODOOOOOOOOOOODOOO
cobooooboooboooobooobooooboobooooobooOoooOooobobooobooooobboOobooOooon
0000000000000 0e 0000 wFO0O0O0O0O0 2000001 000000000000000
O1000000000000O0000 200000000000000000000000O0O0AO0

¢ = X(). Nil v M(v,v"). Cons (Cons (v, Nil),v").

00 o 000000D0 rO000000000OCOCO

T=XMec1 v e2). (A). e1 v M(v,0"). ea (Cons (v, Nil),v")).

0000000000000 00D0O00000 (00O0)0D0DO00DO00D0D0DO0DDO0O0DODBEODOD
0000000000000000000 F;00000000000000 F OO0OO0OO0O0O0oooo0oo
0000000000 0U0oo00ooO0U000OD 100¢0000D0DDO0DDOOO0DODODOOODODOOD
gboboboboboogooooboooboooboooobobooooboobobobOobDoDOoDLDOobDOoboOoboOon
0000000000000 Catal00000O0DOOO0O0ODOOOODODOOOODODOOOODODOOOO
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Theorem 3 (D0DDOO0 FOOOD)OBEO0OO0O0D0O0000000000O0ODOO0O

i) ¢=Flg] inp

(i) Fl¢] : VA.(FA — A) — (F'A — A)
000000 (()00000000000ey,---,¢, 00000 Cy,---,C, 000000(C, v --- v Co)r
00 w/FOODOOODOD0O00000000000O0F[¢]inp 00 ¢ 0000000000
(i) 00000000000 ¢: F/(WF) —pF O000000000000000000000@O0O0O0
000000000

Va. (a) © ¢ = (Fl¢] @) » F' (a).

000 ¢ 00000000000000000000000000O0000000

Case ¢ = A(v1, -, Um, V], -+, 0h)0;

Va. (a) ° ¢ = (Fl¢] @) F' (a)
{Note F' =IT'(vy) x -+ X!T'(vy,) X Iy X -+ x I, and by Def. of F and ¢}

Va. (a)) o Moy, vm, vh, -, 00) .0
(AMer v - ven) Mo, oy om, vy, 0h).(e1 v -+ veu) v;) a)e
(idy X+ X idy X (@)1 X -+ X (a])n)
= {Simplification}
Va. AMvr, oy Um, 0, 0n). (o) vi = (A(v1, -+ Um, v, -, vl). (@) vg) ©
(idy X« X idy X (@)1 X -+ X (a])n)
= {Obvious}
True
Case ¢ = A(v1, -+, Um, V], -+, 0h) .l

Va. (a) o ¢ = (F[¢] a) ° F' (o)
{Note F’ =IT'(v1) x -+ xXIT'(vy,) X I1 X -+ x I, and by Def. of F and ¢}

Va. (&) © Moy, -+, Om, 0], -, 00) 00 =
((Mer v -+ ven) Mur, - Om, v, -, 00)00) @) o
(idy X+« X idy X (a1 x -+ x (a])n)
= {Simplification}
Va. Awg, -y 0m, v, 0h) (@) v = (Avr, -y U, 0], -+, vh).00) @
(idy X« X idy X ()1 X -+ X (@])n)
= {Simplification}
Yo Av1, Um0, un).(a)) v = Moy, -+ om, v, -, 0] (@) v))
= {Obvious}
True

Case ¢ = A(v1, -+, Om, V], -+, 0h). Ciy )t
Va. (a]) ¢ = (Fl¢] o)  F' ()
{Note F’ =IT'(v1) x -+ x!T'(vy,) X I; X -+ x I, and by Def. of F and ¢}
Va. ([Oé]) ° /\(Ulv"'vvm7vllv"'7vg)' CZ tlltln =
(()‘(Cl Vo v Cn)' )\(’01, T 7vmav/1’ e av;)'ci (Fl f/(tl, to ,t%)) a) ° F/([a])
{We can assum that « = a3 v -+ v a, for its type}
Va. AMvr, ey Um, v, 00). o (Fi(a]) (] ---,t)) =
(/\(vlv e 7'Umvvi’ T 71);1)'0@ (Fi ]:/( /17 e ,t;l))) ° F/([Oz])
{ related transformation}
Va. A1, U, V1,000, 0p). aq (Fi(@) (-, 1,)) =
(AMogy -y om, 1, 0h). a4
(Fi '7:/((>‘(U17 T 7Um7vllﬂ T 7“;)'15,1) ° F/([O‘Dﬂ T ()‘(vh T >vm7vl17 T 7”;)‘t;z) ° F/an)))
{By induction}
True
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Jdo0oooooooooooooOOoOOoCOCOOO0OCOCO0CO0O0C0O00O000O00O0OU0O0OU0OUOOOOoDD
mkTree 000 00000000O0O0O0OODODODOOOOODOO:
mkTree = MAxs. case xs of

Nil — Leaf
Cons (a,as) — Node (double a, squareNodes (mkTree as), mkTree as)

000 squareNodes 0000 HyloOOOOOOODO:

squareNodes = [A().Leaf v A(v,v],v)). Node(v, v, vh),
id + (v, v],v5).(square v,v],v}), outp,]|Fr, Fy

FrO0Z40000000000000000H”HyloOOODOODODOODOODODOODOOOOODODOOOO:

mkTree = [¢,id,outr, |r, , F:
where ¢ = A(). Leaf v A(v,v"). Node (double v, squareNodes v',v")

cooooooooooooog:

mkTree = [¢,id + A(v,v").(double v,v"), outp,, |y, Fr,
where ¢ = A(). Leaf v A(v,v"). Node (v, squareNodes v',v").

000000000 FODOUOOQ¢: Fr(uFr)—ukFPr 0000 70000000000O00DO0OODOO:

mkTree = [7inp,,id+ Av,v").(double v,v"),outp, |F,  F.,
where 7 = Ac¢1 v ). (A(). ¢1 v
A(v,v"). 2 (v, [A).c1 v A(w,v],v5).ca (v,v],0h),
id + )\(1),1)/1,’0/2).(8(]’&0,7“6 U7U/l7vl2)?0utFT]]FT,FT vlvvl))

352 o00000O00ODOO

0000000000000 0o0ooo0[s Yl F e linF,-,-Jp,. 0000 200 HyloOOODODOOO
000000000000y 00 o0 ooutp =9 0000000000000 0O0OD0OO0O0OO0cOOODO
00000000 (dewel))DO0D0O0O0O0DO0OO0OODOOOOOOODOODOOOOOOOODOODOODOO
oood

0B7A0000000000000000D000D0D0U0O0N0 W:uF —-FuF 00000000

1 = Avg. case vg of p1 — t1;- ;P — tn

OO0 case D0OO0OO00OOOO0O0OO0OCODOOOOOOOOOOOOCODOOOOOOOOOOOOOODO
ooooooooOooooOooooooOooooO0ooOoooooO0oo0o0ooer, 0 FpFp0O00O000
outp 00 0000000000000 O0ODODOOOOOOOOd,,...,d, 00 pFOoutp 0000000
000 (unfold) DODODOOOOODOOOOO

di = outp v,
dg = F OUtF d1
dwm = F™ 1outp dp_1

000 Fm 0 Fm=Fm'. FOOO0DO000D0000000 0000 v, :puF O (di,...,dm) :
FuF x F2pF x ... x FPuF 000000 BA000000000000 ¢’ 0000000 v, 00000
case 100000 py,...,p, D0 (dy,...,d,) 000000000 p),...,p, 000000000004, O
00000000 outp 0000000000O0000 ¢ 000000
0000BN000000000000000000000000000 GO0y O case0000000
000 p; 0000000000 ¢’ 000000000000 (v,¢) 000000000000 v; 000



3.0 000000000000

26

v i uF — F'ul
¥ = ooutp, whereo = \3.G[Y]
where
G[Mvs.case vs of p1 — ty;+ 5Py — ty] =
Avg.let di = B tg
do=F (B dy

dm =fFm-! ﬁ dmfl
in

case (dy,...,dmy) of p| — 1y

Pn = tn
where (v;,q;) =G'[ps] (i=1,...,n)
Giys- G0 ] = @
m = max{|ql, ..., ||}

p; = (qiu ceey qill oy ey *) (m_tuple)

Gl = (v, )
glCipi--p] = (4
where (v;,q;) =G'[pi] (i=1,...,n)

Gl el = ()
where (v;,q;) =G'[pi] (i=1,...,n)
q = ZiPpn q1° " Gn

q=(, (v1,...,0,)) : map Ax.(j,x)) (zipn g1 Gn)

/* This zip,, is different from the standard in regard to */
/* supplying wildcard _ at the tail for shorter lists */

O 3.7. Deriving o

0000000000000 00000000000000w 000 _(0000000)0D0000O00ooO
Ub0d ¢ 0oooboboobobob0oboboboooooobobobtbouwtp DODOOOOOOO
gobooboobooboobbobboboobodob py,---,pp 000000 v, ODOOODOOODOOO

Uoutp DOOODOOODODOOODOOODODOODOO

v 00 o 0000000000 0OODOODODO0O0O0OO0OO0OOOO0O0OOOOOOO0OO0OOOOOO0O0OO

0000000000000 U0UU0U0U00U HyloOOOODODOO

mazximum = \xs. case xs of Nil — error
Cons (a,Nil) = a

Cons (a,as) — max(a, mazimum as)

= H¢a Zd> w]]F’,F’
where ¢ = error v id v max
1 = Axs. case xs of Nil — (1,())

Cons (a, Nil) — (2, (a))

Cons (a,as) — (

(
3

)

(

a,as))
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F' =11 + Int + Int x I.

We apply Algorithm G’ to the pattern part of the case expression in :

g'[Ni] = (- [(1,0)])
G'[Cons (a, Nil)] = (-, q)
where (a, [|) = G'[a] (- [(1,()]) = G'[Nil]
q (i

I
—~
J\)
—
8
L
~—

G'[Cons (a, as)] = (-, q)
where (a, [|) = G'[a] (as, []) = G'[as]
q=(2, (a,as)): ]
=[(2, (a,as))]

00000 G'[Cons (a,Nd)] D0D0DOD0O0DO0D0O0O0OD 2000000000 case 000000000
Ooutp,020000000000000000D00 dy,do0 2s0000000000000O let0DOOO
goboobbd ebOoobbOoOobOO0ODO

o = A3. G[Axs. case zs of Nil — (1,())
Cons (a, Nil) — (2, (a))
Cons (a,as) — (3, (a,as))]
= \0. Mxs. let dy = [ xs
dy = F' Bdy in

36 DOOOOOOO

000000000000000000000000000000000000000000@O00000
0000000000000000[,_ring] e Joutp,—, ] 000 [ ing] e [coutr,_, ] 00000000
000000000000000000000000000000000000000000000000O0
0000000000000000000000000000000000000000000000000
00000000000000000000000000000000000

000000000000000000000000000000000000000000000000
000000000000 (00000000000000000000000 fleet0 int00000000
000)0

Definition 3 (0000000000000 ) 000000000 DO0ODOODOOOOOOO@G) 1t 0O
O (&1 (tet)) D000DDOO0O0ODOOOG) ¢, 000000000000 DODOO0OODDOOOODODOOODOD
oooo |

0000000000000 00 main O00O0000D0O0O0COOmain 000000O000O00O0CO
0000 (t1°t,) 000000000 %, 0000000000 HyloODOOOOODODODOOOOOOOODO
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B
% K
FB F'B

(a) ¢ and © in general case

uk uk’
cout g TINE out/ TINE oout g N pr
FB F'B FuF F'uF FuF’ F' k!
(b) Fusion Impossible (¢c) B=puF (d) B=urF’

O 3.8. Relation between two hylomorphisms

0000000000000 0O0OD 200 HyloOOO hyehy OODODODODO:

hi:B—C hy: A— B

hlz[[ﬂ*a’l/]]]f,F h2:[[¢7777]]F’,,
gbofdoooooooooboooobooooooooooboooooobooooooon (a)l:l P, @
ood00oooobooooooboooooooooobooooooboooooobDooooooooo
gdoooooobooooooodbodboououooouooooodgo

1. BO pF (uF) 000000000000 BO pF O pF 0000000000000 B3 (b)0O
0000000000000000000000000000000

2. BO puF (uF")0000000% (¢) 0 outr (inp) 0000000000000200000000
0000000000000000000000 ¢0 inp 000000000¢0 dnp 000000
00 (000)wFO0O0O0O0O0D00000000000000000000000000000000
ooooo
00 outp (inp,) 000000000000 coutr (rinp) 0000000000000000002
00 HyloOOOOOOODOOOOOBAOOD BEA00O0DO00000O0OO00O0O000O

3.00000 ¢ (¢) 0 outp (inp) 00000000000 HyleOODOO phi (¢) O Ting (couts:)
000000000000 BE00BADO0O0000O0DD0O0O00RBA(e)D (d)DOOOOOOO
ooooo

cooboooobooooboooboooooooooooooobooobooooonog
00000 ssf 000000000000 HyloOOOOOOOOODDOOOOODODODOOODODOOOOD
ocoooooooooobooooo

[61,m1,0utp]pp o [ing, n2, 2l rr = [é1.m ° 02, Y2l p

00000000 ssfO0O0O0ODODOODODO

ssf = sum ° map square ° upto
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=[0v (+),id,outp] p,F ° [inp,id + A(v,v"). (square v,v"), outp]p F °
[ing,id, Y] rr
=[0v (4),id + A(v,v"). (square v,v"), outp|pF ° [inF,id, Y] F Fr
=[0v (4),id + A(v,v"). (square v,v"), Y] rF

A(m,n). case (m > n) of True — 0

False — square m + ssf (m+1,n)

3.7 HylOODOODODOOO

000000200 HyloOOOODOOOOUOOOOOUOUOOOoOoooooooooooooooogd Hylo
oboboboboboobooooooboooboobobooboobobobobOobDOoDbDOoDLDOobOOoboOoboOon
O0000OHyloOOOODODDODOOODODOODOODODODOODOOOOOOODODOOODOODOOOOOOOOO
goo30poOoOopoOoOopoOoOoOoOoOoOOoOOOOCOOOCOOOOOOOOOODOOOOOOOOOOO Hylo
00 (concatemap f0000000)000000O:

IXO-0 v Mu,v)u+Hv, id v A(a,b).(f a,b), out]
0000000000000 00ooo0ooo0UoDonODD Yy O00ODODDOO0ODOOO
IXO-O v Au,v).futv, id, out]

f000000000000000 (++)0000000000000000000
000 Hylo[¢,n,4] 00000000000000000000:

(1) [¢°n,id,] 0000D000000000

(2) 0000 (1) 00000000 HyleDOODOO[¢,7,¢] 00000
(3) [¢,id,n’ -4/ 00000000000000

(4) 0000 3) 00000 HyleDDDOOODO

38 HyloOOODOOODOO

HyloOODOOODB2AOOODOO hyloOODDOOOOODO0DDOO0OOD0ODOODODOOOOOOO fusion 000
O000U00ooono HylrOOOOOOOUOOUOODODOODOOOOUOOODOODODDOOOOOUOOOOOODOO
000000 hyloOOOOOooooooooooooooo
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1 4101

HRERERERERNRN

0000000000000 0000000000000000D0 [OHITY7] 000000000000
0oo00oo0booooboooooooooooooooooooobooobooo o000 boooooDooo
O000000Haskel 0000000000000 O0OOOOOOOOOOOO Glasgow Haskell Compiler
(GHC) 0000000000000 0D0000DD0000000D00000O0D00D0O0D0O0D0O0DOoDOOO
000000000000 0000000000000000O000000000UO0O0O0OOo0ooOoOOO
O GHCOOOOOOoOooooooooooooooooooooooooooooooooooooon
0000000000000 000000000000D0O00 GHCOOOOoOooooooooooo

00000000000 0o00o0O00o00o000000000000Uo0000o0DooooooUooo
doooooooooooooobobobobobbobobooodddooooooooooooooDoDon

4.1 Glasgow Haskell Compiler

Glasgow Haskell Compiler (00 GHC OO ) O OGlasgow 000 GRASP, AQUAOOOOOODOOOD
0000000000000 0000000000000000000000 Haskel OOOOOOOOODO
oo ooobobobobobbobbobooododdddoooooooa

GHCOOOOOOOUOUOUOODOOOoOoOoUooooooooUoooooooooouoooooooo
godddoooooooooooooobbbobbobbobbbobbbb bbb oo0oOogo
000000000000 [FIMYIOOOO0O00000000000000000000000000000
gjddooooooooobobbobobobbbobbbobdddddooooooo b O

Glasgow 00000000 Haskel 00000000000 OOOOOO 5.02000005.000000
0000o00oOooooSO0U000O00LO0bLOU00OLD0DU0OLO0 (DOLOD0DDbUOLD0OD)0DOODUOD
0000000000001l 0ooooon 4.08200000000000 5.000 OCOO0OOODOOOOO
O0000000000FETA0000000

411 GHCOOO

OFEI0o0o0000000000000000000o0o0000000000o00oo0oo0onDoooooo
000000 Haskell DOO0OO0O0OO0OOO0O0OOOO0O0DOOOO0O0ODOOO0O0ODOOOOODOOOOODOO

1. Yace UOOOO Haskel 000000000000 DOOOOODOOOOOODOO

2. Renamer 00 000000000000 0ODOOOODO0O0OO0OO0OOOOOOOOOOOODOODODOD
ooo

3. 00000 0HIndley-Milner 000 0000000000000 O WB8Y DOOODOOOOODO
oooooooood
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GHC Compiler Haskell
Overview Source
Parser,Reader CodeGen,
Renamer,Desugarer Flattern
Type checker

Optimization Core Syntax
passes

C Compiler

@

CoreToStg

Stg Syntax

Optimization
passes

0 4.1. GHCOOO

4. Desugaring 0000 Haskell 000 O0O0000Core 0000000000 ODOOOOOODOOODO
oo

5. 000000 Core-to-Core DI 0D000DO0O00O0O00O0000O00OO0ODOODOOOUDOOOOO
O000ooO0ooooooooo

6. Core I0DDD0O0DDOOODDOOODODO STG (Shared Term Glaph) 000 O00ODO

r.00o00oO0O0O0OOCOO0OOO0OOOUOUOOUOOUOOOOOOo

. J0IDOoODoOoOooOoOnO STGoOUODO CoUonoooouooono coooooooooooooon
0000000000000 CUO0D00O0 (D00 gee)D0ODODDODOOOOODOODOOODOO
ooon

Oo0ooOoGHCOOOOOOOOOO0OOOooOOoO0oOO0O0 -o0oo0oooo0ooo0ooooooo
000000000000 0000D00 GHCODOUOODOOUOooDOoooooO (Native Code Generator,
NCG)OOO0OO0ODODOO0O0OO0O0O0O0O00OD000DO0D000D0O000O0DO NCGO STGOOoOOoOoOoo
00000D (x86,sparc) 000000000 OOOOODOULOODOLUODODOLOODODODODODO
cobooboooooooooobooDboobboOobooooooooooDOgecOOOOOOoODOOD
coboboooooboooobooboooooboooooooa

412 GHCOOOO CoreO O

GHC OOUOOOOOOUOOoOoUooo0ooOoOoU0oo0Oo0o0o0ooo0oo0oooooooooooooog
OFEI000000oond Core 00000000000 ODDOOOOOOGHCOOODO CoredO0O0OO0O
0000000000000 00000000E 20000000000

Core 100000000000 OOOOOOOODODOODOOOOOOOOOCore000O0OOOOOO
0000000000000 0000o000D0000Haskell 0O 0ODOOO0OOO0OOOOODOOOOOO
O0000000000000000000000O0000000000000E2 00000000000
(Type application) 000000 (Type abstraction) 00 0000000000000 00OOOOOOOOO
0000000000 (polymorphic) 00000 DODODODODOOODODO let 00 case DOOOOODO
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cooboooooOoocooboooooOooboOoOoOoOoOOoOoOoOCocOoOobOOoO0OobOOoOoOoboOoOoOobODOboOn
e Core000JD0O0O0let DOODOODODDOODOOODO

let
h = <exp>

in

000000 <exp>U0000000C0OOODOODODOOOOOOOODOOD
e case JUOUUODOODOODOODODO

case f x of
True -> <expl>

False -> <exp2>

O00 £ x00000D000000000 <expi>0O00<exp2>000000DO

e GHCODODOOODOODDOODOOODOOOODODODODODODODOOODODODODODO CoredOOOOOO
oooooboooboobooooooobooboooboobooobooDbDOoooooOoOooboooooooboDo
tobooboooooboOooOoboocOooOobOoOoboobOoOoOoOoOOobOOoOobOOoOoOoOobOoOoboOoDo
ooooooooooon

e J000D0U0OODDDDD (DUDDODD)DDDUOODDOODOODOODOODODODODOODOOOOD
O0000000000000000000f (g 2) 0000 HaskelOOOOCore 00000

let
t=g2
in

ft
oooooooood

00 Core 000D ODODODODOOOODOODODOOUODODOUOD (DE22A0D0ODBA)ODOOO
00o00o0o0o0o0oO0oU0o0oDOo0o0ooO0oO0oUDO0DOO0oU0O0DOo0oOO0 GHCOoOooOooo
coooooooocooon

oooooooooooboooboocoobooooon
ooboooooooboobooooooboOooooobOoobboOoooOoobboOoboOoOoobooboOooonn
gooOoOoOoQoQoo lee0oOoOo0O0O0OOOO0DOODOODOOODOOODOOOOOOOODOOOODOODOOO
OO0 (tuple) D0O0DOOOOODOOOOODOOOOOOOOOOOOO

e GHCCore 000 0O0DOODU0DODOOODDODOOODDOOOOODODODOODDOOODDDODOODODOO
O0000000OHyloOODOOOOODOOOOOOOOOODODOO

GHCOO HyloOODOUDOODOOODOODOOODOODOOOD EZTIOODOOOOOODO

4.1.3 Haskell 00O Core D00 DOODO (desugaring)

desugaring 00000000 Haskel 00000000000 DODOOOO0OO (syntax sugar) 0000
DI:IDCOreDDDDDDDDDDDDDDDDDDDDDDDGHCDDDDDDDDDDDDMDD
0000000000000 000000 desugaring 0000000000000 OOOOOOO
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Program Prog
Bindings Binding
Binds

Bind

Expressions FExpr
Atoms Atom
Literal values  Literal
Alternatives Alts
Constr. alt Calt
Literal alt Lalt
Default alt Default

Bindingy ; ... ; Binding,

nonrec Bind

rec Binds

BZ’I’Ldl 3 e
v = FExpr

; Bind,

Expr Atom

FExpr ty

\vi...v, => Expr

/\ ty => Expr

case Expr of Alts
let Binding in Expr
Binding in Fxpr

Con Atom, ... Atom,,
prim Atom; ... Atom,,

Atom

v

Literal

integer | float | ...

C’alt1 3 ..
Lalty ; ...

. ; Calt,, ; Default
; Lalt,, ; Default

Conwy...v, => Expr

Literal => Expr

v => Expr

€

Application

Type application

Lambda abstraction,n > 0
Type abstraction

Case expression

Local definition

Local definition
Constructor,n > 0

Primitive,n > 0

Variable
Unboxed object

0 4.2. GHC Core Syntax
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0000000000000 00000 case DOOOOOOOOO

Haskell 0000 let 00 where 0000000000000 0ODODODO let ODODOOODODODOOO
uoooooooboooobooobooooboooooobooOoooboOoobooOooooOooOoOooDoonodg
oboooooooobooboboobooobOoboooboobO0obooDOobOobOoooOonDOonn let
ooooooooon

e JO0I00ODOODOOLDODLOOOOUDUDUDUDODODLOODODODODODODODLO

e J0DO0DODODO (list comprehension) 00O O0O0D0O0DOD0OODOOD0ODOODOOODOOOOODOODO
000000000 [Wad7) 0000DDOD0DD0D0D00000O0O0OOOOOO

Core 000JOO0O0OOODODOO Haskel DOOOOOO:

reverse xs = rev xs [J]
where

rev (x:xs) ys = rev xs (x:ys)

rev [] ys = ys
desugaring 0000000000 OCOOCOOODOO

reverse :: \/ a . [a] -> [a]
reverse = /\ ty ->
\t >
let
rev =\ t ys —>
case t of
X : Xxs —> let
tl = () ty x ys
in
rev xs tl
1 -> ys
in

rev t []

O000O\/ a. 00000 a0000000O0O00OOOO

414 GHGOOODO

GHCO 5.000000000000000D0OOO0OD0ODOO (GHCH)ODODODODDODOOODODODO
gboboodooooboobuobbubb ghei DOOODOODOOODODOODODOOODOO gheOODO
O--interactive 00 O0DOOO0OOCOODOOODOODOOOODOOOOOODOODODO 4000000DO
2~3KOOOOOOOO0O0O0OO0O00oooooo0o000000000o0O00000000 NoFibOOO
gobooooboobooooboboobbooobboobbooobbooobbooobboobboobboOon
oooboooooon

0000000000000 000000000O00O00000000O0O0O0O0000000OD0OD Haskell
0000000000000000000 Makefle0OODDOO0OO0OOO0ODO0ODOOD0OOO0OOOO (00O Main)
U --mke UODOO0ODOOOD0ODOOODOOOODOOODOODODOOODOOODOOODLOOODOOO
gboobooooobooooobgoboboboooooooooboobobobobobobooooooobDgoD
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42 HYLOODOOOO

HYLOOOOOOOOOODODOOOOOODDOOOO0O0oo0OOooooo [OHTY|Do0oooooooooo
gbbooboooboboooboooboobbboobb oo uob bbb oobooobbo
gobooooboooooboobbuooobobooobboobboobobooobboobobboobboOoO
0000000000000 00O0D000 Haskel DODOUOOOOOOOO/O0OOOOODODODO
Jdddddooogoooooo GHcm oo og o
0 GHC-5.02 patchlevel 1 0O 00O

0FZI0 GHCUOOOOOODOUOOOODOOODOOO Haskel DO0ODOOOOCored O/ STGOOOO
00000 COU0000000Ogec00D COODODDODOOODOUOODOOODOODDOOOOCoren O/
STGOUOOO0DOO0OO0O0OO0O0O0D0O00O0UDO0DO0ODO0O0D0000D000OUDOODO0O0On (lambda lifting) O
O000000000o0doodoooooogn Cored 00000000000 DODOOOOOOOODO
0000000000000 000 E3000000000000000000000oo0o0oOoooooOn
(0000000000 [[wads 00)0

or
={0ooo}
Azs.case zs of
[1 — False
x:xs— x| oras
={1.000000 hyloOOD }
[False v (|]), id, out| ]| |

map p
={oooo}
Azs.case zs of
[0 — ]
T:xS—PT:Mmapp s
={1. 000000 hyloOoOO }
[ v Az, zs).(px = ws), id, out| ]| |
={2. 00000}
[in, id+ Xz, zs).(pz,xs), out| ]| |

any
={oooo}
or . map p
={0oooooo }
[False v (]), id, out| ]| |
o [ing, id + Xz, zs).(px, xs), OUtL]]LL
={3. 00000000 }
[False v (|]), id + Aw,zs).(px,xs), out ]| |
={4. 0000 hyloDOOO }
fwhere
f = Azs.case zs of
[1 — False
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|
i Front-end
|

1. Derive Hylos
2. Extract Data
Optimization
Pass 3. Fuse Hylos

4. Inline Hylos

CoreToStg

Additional part GHC compiler

043. 0000000

x:xs—paxl|l faxs

0000000000000 000000 Haskel 0OOOO0OOO0O0O0OOOODO 18000000000
goboooooooboooooobobooobooboooobooboobboooooobbOooobOooobboOooboOooD
cobobooooboooobooboooOooboooooooa

foldr, map, (++), concat, filter,

iterate, repeat, and, or, any, all

00 hylofusion 000000000000 00O0O0O0OOOO0ODOOOO0OOO0OOOOOOOOOOOD
gbobooooobooboobobobooooogooooo

421 Core00DODODO HyloOOO
GHCO Core 0UODOOU0UOOOOUDODOOOOD Expr UOOOODODOOOO

data Expr b

= Var 1Id

| Lit Literal

| App (Expr b) (Arg b)

| Lam b (Expr b)
| Let (Bind b) (Expr b)
| Case (Expr b) b [Alt bl
| Note Note (Expr b)
|

Type Type

00000000 Core 00000000 ODOOOHyloO Core 000000000000 ODOOODOODO
gboboboboboboboboobbbbob0ob0ob0 expr 00000000000 HyloOOO
oboboooooooogoog

data Expr b

| Hylo (..some arguments..)
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oobooooooOoooobOoOoobooooobooOooOoOobOocOoOoobooOoo

e Core 0D0D0O0DDODODUIOIODODUDODOOODODODOOOOODODODODOUOUDDDOOOODODOODOO
gooboboooooooobobobobooboboooooooDobDoboboboboboo

e 0 HyloODODOOODODOOOOODDOUODODOOODOODOOOODODOOCereODDDOODODOOOO
obooboboobooooooobooboobobob0oDbUD expr0d0o0ooocoocooooboOoD
gobooboboon

O000O00000Expr D000 O00O0O0OO Note JOOOOOOOOOOOOOOOOO HyloOOOD
O00000ONoteOOODODOOODOOOODOOODDODOOODOOOODODOOODODOOOO CoreiO
O00oo0o0ooO0ooO00oOo0oooCcU0OoOo0UoOoOo0oOo0UoOOoULoOoOUDOoUDoOOoOooO
cooooooobooobooboobooOooooOooOoOooOooOoOooOooOooboOoobooOoobooOoboOoobooDoboOon

data Expr b

| Note Note (Expr b)
|

data Note
= SCC CostCentre

| Coerce
Type -- The to-type: type of whole coerce expression
Type -- The from-type: type of enclosed expression
| InlineCall -- Instructs simplifier to inline
-- the enclosed call
| InlineMe -- Instructs simplifer to treat the enclosed expression

-- as very small, and inline it at its call sites

HyloODO Core 000000000 0OO0ODOO NoteOOOODOOOODOOOOOODO NoteODOOOO
HyloDef, HyloFnct, HyloNote DO DO OOMN

data Note
| HyloDef
(TyVar, Type) -- function’s returned type
CoreBndr -- recursive function’s name
HyloKind -- kind of hylo
| HyloFnct
Fnct -- recursive flag
| HyloNote
data Fnct = FnCon | FnId

data HyloKind = Cata | Ana | Hylo
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000 Core 00000 HyloOOOODOOOOOOOOOODOODOO

Note (HyloDef (TyVar,Type) b HyloKind) $
Lam b $
Note HyloNote $
Case (Expr b) b
[
(DataAlt DataCon, [b],

Rec [(b, Expr b)] $ -- binds
Let (b, Expr b) $ -- phi_rhs
Expr b -- phi_body

),
(DataAlt DataCon, [b],
Rec [(b, Expr b)] $
Let (b, Expr b) $
Expr b
),
]
:: Expr b

000000 map 0000 Core 00000 HyloOOOOOOOOODOOO

Note (HyloDef (tv, [Int]) map_f Cata) $
Lam ds $
Note HyloNote $
Case ds wild [
(DataAlt (:), [y, ysI,
Rec [(y’, DNote (HyloFnct FnCon) y),
(ys’, Note (HyloFnct FnId) ys)] $
Let (y’’, fy’) $
(:) y’? ys’),
(DataAlt [7, [1,
1,

422 hylofusion 00 OO0OO

GHCOOOOOOoOoOoOooOOOoOoOoOooooooOOOoOoOoOooOooOOOO0OOoOoOoOooOoOoOoOOOoOoOoOO
00000000000 Core0000O Core 000000DD0ODODOODOODOODOODOOODO [JSO8ODO
coboooobocoboooobOoOoboOoOoOobOoOoOoOoOoOobOOoOobOOoOoOobObOOobOOoOoOobOboOobOOoOooon
ooooogoooo

gobooooooooobobooooooobo0oOooOoobOboO0OooOoOoobOboOobObO0oOobOboOobooOoOooon
0D00D0O0OD[GI9 0000 shortewt 0000 2T 0000000 DO0O0ODOO0OOOOODOOODO
cooboooooooobooobooooooooooboooooboooonon
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e JO0IDOUODOODOODODO
gobodoboooboboobooboo

foo f = map f (map g xs)
00000 £f00000000 g0 xs0000000D00O00O0DOO0O0DODOOOOOOOOOO

V = map g Xs

foo f =map f v
ooboboooooboooobooobooooooOoboooboboOoooboooooon

foo f =
let
h [l =n
h (a:as) = f (g a) : as
in

h xs

0000 200 mep 00000COO0O0O0ODOOCOOOOOOOCOOOOOODOOOOOOOOO
ooboooobOooboboooooOobboOoOoOoOoOobOoOobOOoOoOoOboO0bOOoOooObOoObOboOOoonn
oobooooooooooooooDboooboooooDboooOoOooOOoOoDOoOoO0OO0o0ogn xs, g
oobooooooooobocooood

xs = [1..n]

g x=1f x > 2 then g (x-1) + g (x-2) else 1

gooobobobobobobobdg1: g2 g3 ... 0ob0obOO0obObDODODOD
gooobooboooboboboobuobo gbbobooboooobUobobOOo fthooboobOooo
gbobooboboboouobobg gobooobooobooobooboboboboooooboobobob
oboboooooobooboboboboooooooooobo
gobbooboboooboboobboobbooobooobbooobooobboobboon
goboboobgoobooobogooooooooboboobobobooboobooobooboooooooboD
oboooooobobooboooboooboobooboobobooooboboboobDoboboobogoo
gogbooboobobooobooobboobobooobbooobboobLDboobobboobbooo
ood

e JOIDOUDOODODODO
000000000000000000000000 foldr O unfold 000OO0OO0OO0ODOOOOOO
gobooboboobbooboobboobooboboooboba

foo n = sum [1..n]

gogooboooobooobooobboobbooobbooobbooobboobboobbUooo
obooboboooooon

foo n =
let
h x a=if x < n then h (x+1) (a+x)

else a
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in
h10

oooooooooooboobooo nbOOO0OO0OO0OOO0OO0OOO0O0OO0DOOOOO0ODOO0O0ObOO0O00O0O0
oooboooooobooooooooooooooooboobooooooooobooooooboooooooa

OO HyloOOOOOOOOODOOOOODOODOOOOOOOOO shorteut 00 0000000000000
0000000000 000000000000000000000000O000000000O00000O0
shortctt 00 0000000000000 RULESOOOOOO0O0O0OO0O00O0O0O0O0O0O0OOOO0OOOO
0000000000000 000000000000000000000O000 HyleOODODODOODOODO
gbobobooooooobouobobdobobooouooooobooboboboboboon

OO0 HyloODOOOOD Core 0000000000000 0D0O0OO00DO0OOOHyloOOO0OOOOOO
000000000000 0000000000000 HylrOOOOOODOOOOOOOODOO CoreO O
0000000000000 00000000000 let0000O000ODODO case J0OODOODODOODOO
000000000000 00000000000000000000000000O000000000Hylo
gbobooooooobobaba

GHC OoOOOOOOoO0Oo0OO0O0OO0O00O0O00O0000000000000000000000000
00000 EAEIO0000D00D0000000OOghe/complier/main/DriverState.hs 000D OO
buildCoreToDo U0 O CoreToDo UL U ODLUODODUOODODLODODOOD -00O00O0OODODODO
000o00000o000oo0ono

0000000000 000 (B OO0 OODUOOD HyloOOODODODOOODOOOOO 8O0O0ODOOOO

if hyloFusion then
CoreDoSimplify (isAmongSimpl [ MaxSimplifierIterations max_iter ])
else
CoreDoNothing,
if hyloFusion then
CoreDoHyloFusion
else

CoreDoNothing,

ooo0o -o2000000O00C0CO0O0CO0OOOOOOOOCOCODOOOOOOOOOOOODOODOO OO
O (A) D00 OQ0shortecwt 000 000000000000 ODO0OOODDODOOOODODO HyloOODOOOO
cobobOooooOoocOoobOoOoOoboocOooboOo0oOoOooOoOoOooon

423 000O0OODOOO
[m..n] OO HyloOOOOO

O000OMm..n] 00000CQCOOO0O0OO0ODOOOOOO0OOODOOOOOOOODOOOOOOOOOOO
0000000000000 000000000000o0D0DOoDoOoo00oO00oO0o0O0ndghe5.02.1 00
000000000000 000C00U0DO0O0OHaskel 0000 [m..n] O0O0ODOO0OOOOOOOOODO
ooobobobD0d enumFromTo m n 0000000000 D0ODODOOOOO0O0OODOOO enumFromTo OO
ghc/1lib/std/PrelEnum.1hs 00 0000000000000 0O0Int 00000000000 EAOO
0013000 enumFromTo 0000000 INLINEOOOOOOOOOOOOOO0O wnboxOOOODODODO
0000000000000 0000000 eftInt 00000000 shortcut 000000 OOOODODO
obooboooooog
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buildCoreToDo :: IO [CoreToDo]
buildCoreToDo = do
opt_level <- readIORef v_OptLevel
max_iter  <- readIORef v_MaxSimplifierIterations
usageSP <- readIORef v_UsageSPInf
strictness <- readIORef v_Strictness
cpr <- readIORef v_CPR
cse <- readIORef v_CSE
if opt_level == O then return
[

CoreDoSimplify (isAmongSimpl [
MaxSimplifierIterations max_iter

1D]
]

else {- opt_level >= 1 -} return [

-- initial simplify: mk specialiser happy: minimum effort please
CoreDoSimplify (isAmongSimpl [
SimplInlinePhase O,

DontApplyRules

NoCaseOfCase,

Don’t inline anything till full laziness has bitten
In particular, inlining wrappers inhibits floating

e.g. ...(case f x of ...)...
==> ...(case (case x of I# x# -> fw x#) of ...)...
==> ...(case x of I# x# -> case fw x# of ...)...

and now the redex (f x) isn’t floatable any more

Similarly, don’t apply any rules until after full
laziness. Notably, list fusion can prevent floating.

Don’t do case-of-case transformations.
This makes full laziness work better

MaxSimplifierIterations max_iter

D,

-- Specialisation is best done before full laziness
-- so that overloaded functions have all their dictionary lambdas manifest
CoreDoSpecialising,

CoreDoFloatOutwards False{-not full-},
CoreDoFloatInwards,

ooo (A 0ooo

CoreDoSimplify (isAmongSimpl [
SimplInlinePhase 1,

D,

-- Want to
-- maximum

run with inline phase 1 after the specialiser to give
chance for fusion to work before we inline build/augment

-- in phase 2. This made a difference in ’ansi’ where an
-- overloaded function wasn’t inlined till too late.
MaxSimplifierIterations max_iter

-- infer usage information here in case we need it later.
-- (add more of these where you need them --KSW 1999-04)
if usageSP then CoreDoUSPInf else CoreDoNothing,

CoreDoSimplify (isAmongSimpl [
-- Need inline-phase2 here so that build/augment get

D,

-- inlined

. I found that spectral/hartel/genfft lost some useful

-- strictness in the function sumcode’ if augment is not inlined
-- before strictness analysis runs

SimplInlinePhase 2,

MaxSimplifierIterations max_iter

044.00000000000000000 (DODOOOOO)
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CoreDoSimplify (isAmongSimpl [
MaxSimplifierIterations 3
-- No -finline-phase: allow all Ids to be inlined now
-- This gets foldr inlined before strictness analysis

-- At least 3 iterations because otherwise we land up with
-- huge dead expressions because of an infelicity in the

-- simpifier.
- let k = BIG in foldr k z xs
-- ==> 1let k = BIG in letrec go = \xs -> ...(k x).... in go xs
-- ==> 1let k = BIG in letrec go = \xs -> ...(BIG x).... in go xs
-- Don’t stop now!

D,

if cpr then CoreDoCPResult else CoreDoNothing,

if strictness then CoreDoStrictness else CoreDoNothing,
CoreDoWorkerWrapper,
CoreDoGlomBinds,

CoreDoSimplify (isAmongSimpl [
MaxSimplifierIterations max_iter
-- No -finline-phase: allow all Ids to be inlined now

D,

CoreDoFloatOutwards False{-not full-},
-- nofib/spectral/hartel/wang doubles in speed if you
-- do full laziness late in the day. It only happens
-- after fusion and other stuff, so the early pass doesn’t
-- catch it. For the record, the redex is
-— f_el22 (f_el21 r_midblock)

-- Leave out lambda lifting for now

- "-fsimplify", -- Tidy up results of full laziness
- u[n’

- "-fmax-simplifier-iterations2",

—_ u]n,

- "-ffloat-outwards-full",

-- We want CSE to follow the final full-laziness pass, because it may
—-- succeed in commoning up things floated out by full laziness.
-- CSE used to rely on the no-shadowing invariant, but it doesn’t any more

if cse then CoreCSE else CoreDoNothing,
CoreDoFloatInwards,
ooo () 0OO

-- Case-liberation for -02. This should be after
-- strictness analysis and the simplification which follows it.

if opt_level >= 2 then
CorelLiberateCase
else
CoreDoNothing,
if opt_level >= 2 then
CoreDoSpecConstr
else
CoreDoNothing,

-- Final clean-up simplification:
CoreDoSimplify (isAmongSimpl [
MaxSimplifierIterations max_iter
-- No -finline-phase: allow all Ids to be inlined now

1D)

045 00000000000000000 (0000000) (cont.)
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© 00 N O Ut R W N =

NN N NN N e e e e e e e
T = W N = O © 00 N O Ut W Ny = O

instance Enum Int where
{-# INLINE enumFromTo #-}
enumFromTo (I# x) (I# y) = eftInt x y

{-# RULES
"eftInt" forall x y. eftInt x y

= build (\ ¢ n -> eftIntFB c n x y)

"eftIntList" eftIntFB (:) [] = eftIntList
#-}

{-# INLINE eftIntFB #-}

eftIntFB cnxy | x ># y n

| otherwise = go x

where

[3

go x = I# x ‘c’ if x ==# y then n else go (x +# 1#)

-- Watch out for y=maxBound; hence ==, not >

"C"

-- Be very careful not to have more than one
-- so that when eftInfFB is inlined we can inline

-- whatver is bound to "c"

eftIntlist x y | x ># y =[]
| otherwise = go x
where

go x = I# x : if x ==# y then [] else go (x +# 1#)

0 4.6. enumFromTo U 00 (PrelEnum.hs 00O 0O0DO)
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eftInt x y
\(} RULES (L.7)
build (\ ¢ n -> eftIntFB c n x y)

| fo/bu
eftIntFB ¢’ n’ x y
if (¢’n’) == (()[]) 4 4
then RULES 1.9 U [} else INLINE 1.12
eftIntlist x y Def of 11.13-16

O 4.7. shortcut 00 O00OOCOO0DOCOO [m..n] OOO

o0000o0o0o0oOo0o0ooO0booOoboO0OD -o00C00DO0O0OD0enunFromTo OO0O0OOODO0 Enum OO0
000000000000 D0O000000000000000000000000000000403d shortcut O
ooooooooooolli3-l60poooColl22260000000000000O0OOO0O0O0O0OO0ODOOO
OOo0ooOo0oooooboogo

000 1l.2226 0000000000000 0ODO0O0O0O go Core0000OO00DODOOODOOOODODOO
000 Azs.casezsof ... 00000000Ocase OO let 0000000000 OOOOOOOO

go =\ x —>
let a = I# x in
let b = case x of
y —> [1
-> go (x +# 1#) in

(:) ab

00000 B30000000000000000000A[Ms, --- s, .case to of p1 — t1;--;pp —
t,] f00000000000000 HyleDOOOOOOOOOOOOOOOOO0000000000000
Doooo

(]

go x

eftIntlist x y | x ># y

| otherwise
where
-- go x = I# x : if x ==# y then [] else go (x +# 1#)
go x = if x ==# y then I# x : [] else I# x : go (x +# 1#)

00000 goOOOOODOODO(I# x 1) 0000 thenOO else 0000000000000 O0O0ODO
O00000oO00o0ooo0o00n0 ..l OO0 HyloOOOOOOODOOOOODODOOOOODODODOO
00000000000 B300O00O00O0O0OD HyleOODODDOOOODOOLDODODOODDOOOOODODODO
0000000000000 0O0O0O000000OODOOD lete DOODODODODODODODDODOODOODOOOOO
O0000000let OO0O0DODOOO0O0OOOO0OOOO0DOOOOOOOOODOOO0DODOOODOOOOOOOOO

goboooooooboboobooooboobooobooOoooOooOoboooOoOooOoobOboOoOoOOoOobOboOobooOoOooon
0000000000000000000000000000000000000000 22000000
0000000 Core 0000000000 UOOOUOOUDOOODDOOODDOODOUDOOOUOOUOOUDOO
oooboooooboobooobooooooooooboboooobooooooooooOooon
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Perl CGlI Main.hs ® GHC 2) compile
on ) .hs
compiler with -C
Web Server $yainhe
A
2 Z
£ L
-~ :’:—; Remote
Local
1) upload 3) download
.hs .hc
: > .
Main.hc GHC 4) compile
) .h
compiler ¢
< a.out

048. www oOooooooooooo

43 GHCOOOODOOODOWWWOOOOOOOO

GHCOOOOOOUOOOoOOOOOOOoOoOOOoOO0OODOoU0O0OOOOO0O0ODU0UOOOOOOOoDOOO
obobobobobooooooobooboooboboboobOobobobOoDOoDODoboOob0OobOooon
gobooobooboooooboobbooobooobboobboobbooobboobboobbOoon
0000000000 GHCoOOoUOOOoOoUoOoooUooooooo wwwoooooooooooo
0000000000000 0000000000000000000000000000000 E§00
bobooooooobobobobo

1. 00000000000000 Haskel 00O O0O0O0O0OOOODOOODOOOOOOOOOOOOO
oobodooooobobodoooooboooooobodboooooooooooooOobooooonn
oobooooooboboooooobOoOooboOoOoOobOOo0obOOOoOobOboO0bOOOoOoDbOOObOoOOooOn
000000000000 00DOD 200000000000 (List.hs,Tree.hs) 00000000
0000000000000 DO00O00DO(o E9

2. Compile’ 00000000000 WebODDOOOOOODOODODOOOOO GHCOOOODOOOD
oboobOobOooooobocoobooboooboboooobOobOobooooooooooooocooon
0 -cO0000000000000000UDO HaskelDOOODDOODOODOODO COOOOO (he
0000)00000000000000000000000000 Main.he OOODODOOOOOO
oobooobOoobOobooOooOooOobOOboOoOoOOoOobOOoObOO0OOobOOoObOOOoOoDbOOObOOOOnn
000000000000 EI) 000000000 heOODOODOOODODOODOODOO
oo0000000ooo0o0O00000000000000000000000000.Lc 000000
0000000000000000D0000000 OS (FreeBSD) DODOODODOOOODOOODO
oooooooooooooooood

3.00000C0CCO0O0O00-daump-simpl OO0O0O0O0O0O0O00O0O00O0O0O0O0O0O0OOOOOODOO
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O Core000D0D00000O0DO0ODOOO0KMINOODDOOgoj+4g0/+supto’ 0000000000

gboboobooobooobooboboboboboobobbobobobobOon go .
gboboboooooobooboboboboooog

a Hylo Fusion Demo — Microsoft Internet Explarer

go . upto’

| P1IE HEE FTW BREANY W-KD Ao

=10l x]

| *F2 -2 -0 9 4 Qun HpRCAN IBE DD

JT"Hbl(Q) &) https Swewwiplt u—takyo.ac o/ "o noue/ cei-hin/ gho. cgi LI o IEE

DZE

Hylo Fusion Demo

What file do you compile?

¢ Filename: | 88
& Demo 1: List.hs
T Demo 2: Tree.hs

(ghe options: O -fhylo-fusion -ddurmp-simpl Nate: Normally yo
don't need edit 1t)
Compile | PR |

11

Usage:

Edit Haskell program at your site

Specify your program above form-area

Push 'Compile' button

(Compile it and show the result)

Download "Main.h¢' program

Compile Main.hc' at your site {eg. % ghe Main.hc)
Now, run it !

AR e

Our system environment:

&) S-INETENELE B R

049. 0000O0O0ODOOOOOOOO
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a Hylo Fusion Demo — Microsoft Internet Explarer - ID Iil

| P1IE HEE FTW BREANY W-KD Ao
|+ - = - Q@ & Qux EpRcAr IBRE |D-I &
JT"HL}JU@ &] http/ A iplt u—takyo ac.p/ "o noue/ cgi-bin/ ghc. ogi LI o IEE JU}’)J i

Hylo Fusion Demo

What file do you compile?

¢ Filename: | 88
& Demo 1: List.hs
T Demo 2: Tree.hs

(ghe options: O -fhylo-fusion -ddurmp-simpl Nate: Normally you
don't need edit 1t)
Compile | L= e | |

% ghc -C -0 -fhvlo-fusion -ddump-simpl -o Main.he List.hs

£ ! Integer

AL D

z = Swi# 0

lit :: Integer

AL D

lit

= Swif 1

litl :: Integer -
4| | 3
€] B R y

0 4.10. 000000OOO0ODOOOODOO
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a Hylo Fusion Demo — Microsoft Internet Explorer - ID Iil
| 274D HEE FFW HRLANW Y-IKD ALIH E
| +F5 - = - Q@ 4 Quk GpRicIn SBE DI B
JT"HL*J.{Q} &) http Sewwiplt u—tokyo.ac. o/ “anaue/ cgi-bin/ gho. cgl LI o TEEN JU}*"J i
Swmain :: ( u - (State# ReallWorld -> (# State# RealWorld:J
[MoDiscard] AL 1 &5 P
Swinain
=% w :: (State# RealWorld) ->
__letrec |
go<+rgo<+>upto' 1: (Integer -> Integer)
go+rgos+eapto!
=% m :: Integer ->»
case PrelMum.tplZ3 m 1itl of wild |
True -»> 2;
Falzse -=»
FrelWum.+1 (Prellum.+1 m m) (gc
bi
V' in
case Prello.SwhPutitr
PrelHandle.stdout
{(Prellum.showiignedInteger
FrelBase.zerolnt (go<+>go<+>upto’
W
of wild { (# new s, aZ #) ->
Prello.SwhPutChar PrelHandle.stdout 7
' onew s
1
main :: (I ())
[MoDiscard] AL 1 P Swmalin 5 P
main
= inline me {( coerce (IO (}}
(" w :: (State# RealWorld) -»> Swmain w))_ |
1 .

|
] | vk

v

04.11. 00000000000O0OD0OO (2)
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150

Jooooboboo

gobooooooobooooooooboobooooooobooboooobonOOOOOOODOOOOOODn
ooooooboooobooooboobboooooobbo0oobooobooOo0oobOoDoDbbOo0oDbDboOoooOooD
000000 Glasgow Haskell Compiler (GHC) 00 000000000000 DOOOOODOOOOOOOO
000 Haskel 000000000000 O0OOOO00O0DOOOOOO0OOOOOODOOOOOODODOOO
cooobooooboobooooooooooOoooOoboOoOobooOoooooa

5.1 0000 [IFIPY7]

0000000000000 00000000000odHYLOOOODOOOOODUOOOOOoOOoooOooooo
000000000000000000000000030000000 ssf, unlines, queens 00000
000000000000 00000000ssf 0000000000000 0Ounlines 0 Gofer 10000
0000000000000 0D000000000000000ooDoDoOoOD CROO (“I1”)ooOooOoO
OO0 1000000000000 queens 0000 nO0D0O0O00D0ODOOO0DOOOOOOnxnO0OOOOD
OnnO000000D00DOO0ODODOOLOOOOODOODODODODOO

00000000Gofer000D00DODO (2.30a0)0 Glasgow Haskel 00O DO (GHCOO,0.290) 0
200000000000000000000000000 Gofer 0000000 OOUIOOOODOOOO
OERI00000000 (b000)000 (000000 D)0D0O000DDO0O0O0DODOOODDOOssf
O unlines0000000OHYLOOOOODOUOOOOOODOOODODOOOUOOOODODODOOODODOOOOOOO
O0000000000000000000Oqueen 0000000000000 0O0O00O0O0O0O0OO0 BIE20
0000000 HYLOOOOUOOOUOUOOoUoooooooooooooooooooooooooo

OUO0Oqgueen 0000000000000 DODOQCOO0O0OO0ODODOOOOOOOODODOOOOO shortcut O
000 [GLI93| 00000000000 shorteut 00000000 GHCOOOOOOODODO hyloOOO
0000000000000 0000O00D0000000000000O00 (G2I0)00D0O0GHCDODOODO
shortcut 0000000 /0000000000O0O0OO0OOODOOOOOOOO -00 -fno-foldr-build
0000000000 BA000000000O00000000 shorteut 00D ODOODOOOO 20%000

O 5.1. Experimental results using Gofer ({ applies to a text with 100 words)

Reduction Steps Heap Cells
Program ; ; ; ; ; :
before fusion after fusion ratio before fusion after fusion ratio
ssf(1000) 11,015 6,005 0.54 17,030 10,019  0.59
unlines’ 4,151 1,759  0.42 8,079 4393  0.54

queens(10) 33,776,593 26,419,252  0.89 65,428,706 50,839,988  0.78
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nqueen = 10
queens = (print . sum . concat . queens) nqueen
where
queens 0 = [[]]
queens m = [ p ++ [n] | p <- queens (m-1),
n <- [1..nqueen], safe p n ]
safe pn = all not [ check m n (i,j) | (i,j) <= zip [1..] p]
where m = length p + 1
check m n (i,j) = j==n || i+j==m+n || i-j==m-n
05.1. 0000 queens 0O OO0
O 5.2. Experimental results of queens using GHC
Total Time (secs) Heap Cells (mbytes)
before fusion after fusion before fusion after fusion
by cheap fusion 9.41 5.13 61.27 15.55
by hylo fusion 9.41 4.10 61.27 9.38

00000 60% 0000000000000000000000O0 GHCOOOOODOOOOOO Gofer O
goooooooooooooooooooooooooobOooOBbbBOb 941000 4100000000
OO0 6127 MBOO 9383MBOOOOOOOOODOO

52 00000000000 (n-queensd0000O0) [JSSSTIS]

0000 HYLOOUDOOOODOODOODOOOOODOOOOO0OO0o0ooOOooooo0ooooooooooo
0000000000HYLOOODOOODOODODOOODODO0O00O0D0000000000 [OHITY7 00
0000000000000000 nqueens 00000000000 [GLJ93|0000000000OOO0O
cobooooboocoboooooboocoboOoOoOoOboOobOOo0OobOOoOobOOoO0OoOboOobOOoOoOobOboOobOOoOooon

goboobobgoobdg

521 Step0: 0000000
000 nqueens 010000000000000000000000000000

main = (print . sum . concat . queens) 10

[[1]
[ pt+[n] | p <- queens m, n <- [1..10], safe p n ]

queens 0O

queens (m+1)

safe pn = all not [ check (i,j) (m,n) | (i,j) <- zip [1..] p ]
where m = 1 + length p
check (i,j) (m,n) = j==n || (i+j==m+n) || (i-j==m-n)

0000000000 Sun Ultra2000000000 Glasgow Haskell Compiler (ver.0.29) 000000
gbobooobogooooooboobobooboobooooooooobob-c00000ODLODODO?-prof
—auto-all’ DU O0OO0OOOO0ODODOOOO0DODOODODOOODODOOOODLODbOOODODDbOOOO0DbOOOODD

ooooogooon
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51

nqueen = 10

queens = print (
let
x681 [] =0
x681 ((:) x342 x343)
= let
x680 [] = x681 x343
x680 ((:) x351 x352) = (+) x351 (%680 x352)
in x680 x342
in x681
(let
x687 x354
= case ((==) x354 0) of
True —> (:) [1 01
False ->
let
x686 [1 = []
x686 ((:) x375 x376)
= let
x685 x528
= case ((<=) x528 nqueen) of
True ->
case (let
x404 = (+) 1 (length x375)
in let
x682 ((:) x446 x447,(:) x448 x449)
= (&&) (not ((|1) ((==) x448 x528)
(1) ((==) ((+) x446 x448)
((+) x404 x528))
((==) ((-) x446 x448)
((-) x404 x528)))))
(x682 (x447,x449))
x682 x450 = True
in x682 (let
x683 x458
= (:) x458 (x683 ((+) 1 x458))
in x683 1,x375)) of
True -> (:) (let
x684 []
x684 ((:

(:) x528 []
x508 x509)
(:) x508 (x684 x509)
in x684 x375) (x685 ((+) 1 x528))
False -> x685 ((+) 1 x528)
False -> x686 x376
in x685 1

in x686 (x687 ((-) x354 1))

in x687 nqueen))

I~

052 0000 queens JO0OOO
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053. 00000000000 (total)

Step O Step1 Step2 Step3 Step4
0000 [sec] 5.86 2.62 2.60 1.86 1.52

000000 [MB] | 11222 2826  32.64  13.98 9.38

gN +RTS-K2m -F2s-S (gN.stat)
1.6e+08 T T T T T

1.4e+08

1.2e+08

1le+08

8e+07

6e+07

Allocated Heap (bytes)

4e+07

2e+07

Mutator Time (secs)

053 00000000000

0300000000000 000000000000DO00DO00000D000O0ODOUoOOoooOO
0000000000000 000D0000000000D0E3A0D00DGHCOODODDOODODODOOODODO
000000000000 D0O0OOoOoOoO (iveclosure) 000000 DO0O0O0OOOOOOOODOODODO
0000000000000 0000000000DO0O00GHCOODDODOOOOOODOO 1ibHSrts.aOO
00000000000 BE3000000000000000000000000n0DRE3n 00000000
000000000 RE3N000000000000000000000000000O00OoOooOooOO

D00 B4R OGHCOOOOOD0O0DO000D00000000000000D0DO0o0DO0ooooo
cobooooboooobooooboooboboooobOboOobooOooOobOboOoboOoOoOobOboOobOOoOoOobOboOoboOoOooon
ooooooobooobooooboooooDo

OB30 Step 000 E4AD0DO0O0DDOOO0DOOOOOOOODDOOOODOOORE4ADOO0OODOOOOO
0000000000400 00000000000000000000DO0O000O0O0O0DODOOD
0000000000000 0D0O00D00 Step0000D0O0OO0DOOOO0OOOOOOOODOOODODOO
cooooooooooboooobooOooooboooboooooboOoooDo

522 Stepl: OODODOOOOOOODO

000000000000 queens,safe,check 0000000000000 O0O0O0O0O0 3000000
main where OO0 0000000000000 O0O0OOO0ODOOOODOOODOO

000 Step 0000000000 OODODOOOODOODOOODO 74%00000000000DO0O0O0OOOO
OO00mainO0000000CO0O0DOCOOOOOCOOOOOCOODOOOODOOOOODOOOOOCOOOOO
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‘ g0 +RTS -hC -i0.02 -RTS 7,625 bytes x seconds Sat Aug 16 14:59 1997

?— bytes

1
. Main:main

8k B PRELUDE:CAFs in_..

. Main:queens
6k_|

. Main:safe
ax
B van:MAN

2k |

. Main:CAFs_in_...
0Ok

0.0 05 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5.0 seconds

054. Step 0: DOOOOOOOO

gl +RTS -hC -i0.02 -RTS 5,348 bytes x seconds Sat Aug 16 15:03 1997

;C@ bytes

. Main:main

8k

ok
B PRELUDE:CAFs in_...

4k

Bl van:MAN

0.0 05 1.0 15 2.0 25 seconds

0 5.5. Step I: DO OOOOOOOO

000 HYLOOOOUOOODDOODOOOOUOOOUOOOOoOOoooooOoooooooooooooooo
coboboooobooooobooooooooooboooboOooobooOoooon

523 Step2: OODOOOOODODOODOOO

Step2000Step 1 0000000000000 DOOUOOO0OODOOOOODDOOOONRYLOODOOOOO
f(gx)DO0DO0O0ODODOODODO (feg)200DODOODOODOOD fegOODOODDODOODOODOOO
ooooO0oooooo0ooU0oo0ooO0nD fegOOUDOOUOOODOOUDOODOOODOODOO
CobOOoOobO0ooobocoboooboooboodun safed0oooooooobOOoOoOOoOoOOODOOOn
oooo
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‘ g2 +RTS -hC -i0.02 -RTS 16,401 bytes x seconds Sat Aug 16 15:04 1997

. Main:main

B PRELUDE:CAFs_in_..

0.0 05 1.0 15 2.0 25 seconds

0 5.6. Step 2: O (safe pn) DO0OOOOO

000 Step 100000000000 DODOOO 15%00000000 (OBE3)00O0O0O0Step1l 0000
00000000 (list comprehension) 0 Step 200 000000000000000O0O0OO0ODOO0ODO
00000000000000000000000000000BS 00RO 0000000000000
0000000000000 00000000000000000D000000 1BY%00000000000
vbobobobobobooobooboooboboooobobobobobOobOobLobOobOobooboobon
000000000000 0000000000000000000O000O00O00O0O000O000O0

524 Step3: D0O0ODOOOOODOODO

Step20000000000HYLODOUOOOODOOOOODOUOODOOUODOOOODDOOOOOOUOOOO
00000 Step200000000 28%000000 57%00000000000000000000OODO
000000 queen00000000000O00O000 safe000000000O000O00O0 all notO0O0O
cobooooboocoooooboobooOoOoOobOoOoboOo0oOobOOoOobOOoO0OobOboOobOOoOoOobOboOoboOoOooon
000000000000 000000EBRD 0000000000000 O0Ooooon

525 Step4: 000D DDOOOODODODODODO

00000 200 hyloOOODOODODODOOODODDOODOOOOODOOOOOOOODOO
[[(25777,1/’]] (Cl tltn)

0ooooooo (Cith...t,) 0 hyloDOOODOO0ODOD0DODO00OO0O0O0O0OO000OO0OO0ODO0ODOOOOO
0000000000 0000000000000000000O0Step400000000000000O0003
hyloODODOOOODOOOOOOODOOOOOOODOOO ¢4,...,t,, 00000000000000 hyloO
O [é,n]00000000000ODOOODDODOOOOODOOOOOOOOOOOOOOOO

0000000000000 0000O00O0O0O0O000000000000O0O0O0ODODOO0OO Step4D
0000000000000 0O0O0O0 JOHITIN O Fig.l00OO OO queens_transformed 0000000
0000000000000 B300 Step 1000000 DO 42% 000000 67%0000000000
00 HYLOOODOOOODOOOODOO0OO00O0O0o00o00oo0o0o
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‘ g3 +RTS -hC -i0.02 -RTS 10,160 bytes x seconds Sat Aug 16 15:04 1997

% bytes

1

. Main:main

B PRELUDE:CAFs_in_..

seconds

057 Step 3: UOOO0OUOOOOOUOOOO

g4 +RTS -hC -i0.02 -RTS 8,752 bytes x seconds Sat Aug 16 15:05 1997

;C@ bytes

. Main:main

B PrRELUDE:CAFs in .

seconds

0 5.8 Step4: 00O OOOOOOOOOO

526 OO

O0000OOnqueens 00000000000 HYLOOOOOOOOOOOODOOODDOOOOOOOOO
gbobooobgbobooboobobobbobobnqueensd000o0oooO0obOO0o0OOO0ODOOOODODO
coboooobocoboooobooboooooboboOobooOo0oobOoOooo0oobOboOoboOoOoobOboOobooOoOooon
coboooobooooooobooobooooobooobooooboooooooboboOoboooobboOobooOooon
ooooooooo 1ooooooo

goboooooooboooooobOoboOoboooOoOooOobObo0obooOoOoobOboOobOOoOoOoDOboOobOOoOooon
oooooobooooooboooboOoooboboOoooooobobooooOoobbooooOooDbboOoooooD
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000ob00oobodb0On-queens0 000000000000 OOODOODOOOOOOODODOOOOOOO
goooooboobooooobooobooobooobboobboobbooobbobobboobbOoOoO

O0oo0oU0o0ooo0oOo0o0o0o0oo0oO0o0o0oo0o GHCOOOoOUOoOo 1ooooooooo
cooooooooo
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53 NoFibOOODOOO

00000000000000000000000000000000000000000000000
0000000000000000000000000000000 ghe 00000000 DO0OO0O0
[OHITOO0O 0DO0D0OO00000000000000000000000000

53.1 OO

00000000000000Glasgow 00000000 NoFib benchmark suite[NoF] 0000000
Haskell 000 0000000000000 0DOO0ODOOOODODOO imaginary, spectral, real 0 3 000
O0D00000000000000 imaginary 0000000 11 000000000000~ 00000
000000000000 00D0000000000000000 BA0000000000000000
O0000000000000000000000000000000000000 spectral 000000
0030000000000 53000000000000000000000 15000 HartelOODODOO
0 [Har91l HLI3) 000 SASL,Hope 00 000000000000 O0DO Haskel 0OODOODOOODOO
000000000000 real 000000000000 000000000O0O000D0O000000O0O0
00000000000 D000D000000

00000000000000000 EAR4AEIRI0000000000000000000

00000000000 000000

1. hyloOOOOOOO/00000000000O0OOOOODOOOODODOODODOOOUOOUOOOOOO
000000000000 GHCOOOOOOODOOOO shortcut 000000000 ODOOOOO4
oboboooooooboobobobobo

2.000000000000000DOO00DOO0O0DOOO00ODOOOOODOOOn

000000 0o0oooooo PC/ATDODO (PentiumllIl 1.26GHz D000 CPU, 000 1,024MB) OO
000000o0oDoooo0oooDoooOo00oooooooocCcPUOODOOOOUOODODOOOOOOOO
gbobooooooooooboon

OO0 NoFibODOOOOOOOODOOOOOOOODO make 0O0OO0ODOOOOO0OODODODOOOOODOOD
00000 Makefile 0000000000000 DO0000000O0O0OD0OO0O0OO0O0OO0OO0OOOOOO0O
0000000000000 0000D0O0000D000000DD0OO000O0O0OO0Od runstdtest 00O0O
goooooobooooooboobobooobooobboobboobbooobbobobboobboOoO
0000000000000 000000000000000Makefile0O0O0OO0OO00OOO runstdtest OO
gobooboobbooboobbooboobobooboobboooboon

0000000 OSO timeOOO0OOO0OO userdO0OO

0000000 OSOsize 000OD0OOODODOO text O data OO

0000000 +RTS -SO00O000OO0O0OOOOO INIT, MUT,GCOO

0000000 +RTS -SsO0O0000O0OO0O0OO0OOOOO0OOOOO (allocated in the heap)

000000 00OoOooooO0oGHCOOOOOOoOooOUoOooooooooooooUooooDood
nofib-analysis 0000 0000000000000 ONoFibOOOOOOOOODODOOOOOODOOOOO
(0000000000000 00000D0DO00000D0DO00O00DO0DO0)000D00O0ODO0ODOOD
oboboboboboobooooooooboboobooboobobobobobobDOobDOoDoboOoboooon
gbobooooobooboobo 300gboooboob0obobobooooooooooDo
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O 5.4. spectral OO OO0

pgooog od ad
ansi goooao 125
atom ooooo 183
awards ooooooo 111
banner ooobOobOoooon 108
boyer Gabriel D000 boyer 00 OO OO 1014
boyer2 Gabriel D000 boyer 000000 723
calendar Unix ’cal’ OO OO 140
cichelli 00O hash OO 244
circsim goobobooooo 668
clausify oopoogo 179
constraints ooobooboo 267
cryptarithml OOO0OO0OO0O 164
cryptarithm2 000000 326
cse ooooooo 464
eliza oooooooooo 266
expert goboogoogon 525
fft2 oooooo 216
fibheaps oooooooog 294
fish oooooo 125
ged ooooo 56
integer 00 (Integer) OO OO 68
knights knight’s 0 0O O 887
life gooogo 53
mandel oopooooooo 498
mandel2 gooodooood 222
minimax oooo 238
multiplier ooooo 498
para goooooooo 1781
power oopoooo 138
pretty gooooooon 265
primetest gogo 292
puzzle gododdooooooo 170
rewrite ooooocooo 631
scc oooooooo 100
simple 000 Idooooogo 1129
sorting goboboboboooog 162
sphere oo uooo 472
treejoin oogo 121
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0 5.5. spectral 000000 (hartel)

googo og od
comp_labzift 000000000000 884
event 0000oooooooooooo 451
fft 20000000000 412
genfft OO0 FFT 00000000 502
ida n00000000000 490
listcompr gobooooboobooon 522
listcopy oooooooooooooooo 527
nucleic2 ooo 30000 3389
parstof Wadler 00000000 0000000OO 1280
sched gobodboddddouoouoouoo 555
solid gooooooodooooooo 1244
transform 00oooooooooooooooooooog 1142
typecheck gooooooodoogooooo 658
wang oobDo0o0o0oDoOo wangODOOOOO 357
wavedmain 8O OOODOOOOO 599

O 5.6. imaginary 000000

ooooo oo oo
exp3.8 30 80000 89
genregexps UO0O0O0O0O0OODOOOOO 32
integrate gooooopooono 38
paraffins oo0ooooooogd 88
primes oo0ooQoOoOoOopoooooooo 13
queens 10000000 14
rfib ooooooooooo 9
tak Macarthy O tak OO 10

wheel-sievel

wheel-sieve2

x2nl

00 wheelsieve 00D O0OO0O0OO 35
00 wheel sieve DOODOOO0OO 43
n0000 1000000000 32

o0 2000000000000 DO0O0ODODOODOU0ODODDODO0ODODOO20D00000000D0O0OODO
000 HY O hylofusion 00 0000000000000OO0O0O000OO00OOOO0O shortcut 00000

foldr/build DD OOODOOOODO

NA No fusion

HY hylo-fusion
FB foldr/build

FH foldr/build + hylo-fusion

OO0 shortcut 000000 OOO0DOOOOOOOODOOOODOOODOO shortcut DOOOO GHCO
Haskel 00 0000000000000 O0OOOOOO0OO0O0O0O0OOOOO0OOOOOOOOOOOOOOO
cbooboobooboobooobooooooobooboOobooobooooooooOoOobOOobOOobOOobOobOODOn
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057 real 000OOODO

opooog oad aad
anna 00000 (strictness analysis) 9561
bspt BSP (binary space partition) 000 0O 2141
cacheprof 0000000 ODOOOOOO 2151
compress opooboo 736
compress2 OOO0OOO 199
fem goddddoooooooooooog 1286
fluid goooooogn 2401
fulsom ooooooo 1397
gamteb goboboooboobobooboo 701
gg GRIPOOOOOOOO 812
grep ggbooooboobooon 356
hidden oooo 521
hpg Haskel 0O O0OOOODO 2067
infer Hindley-Milner 0 0 OO 594
lift goddoooooooogd 2033
maillist goooooboooo 175
mkhprog godddooouoooogd 803
parser Haskel DO OOOOOOOOOODO0O 3139
pic goooooo 527
prolog 00 Prolog OO OOOO 641
reptile Escher 000000 1522
rsa RSA OO 74
symalg sjslsisisislslsl=isls 1146
veritas ooooo 11124

0000000000 Haskel OOOOOO0OCOOOO {-# word ... #}000000000000C0O0O0O
Oword DO0O0DDODOOOODOODOOOODOOOOOOOOOOOOODODOOOOOOOOOOODOO
GHCOOOOUOOOOUOUOOUOUOUOUODORULES 00O INLINE, NOINLINE, SPECIALIZE, LINE,
DEPRECATED 000000

000 shortcut 0000000 RULEOOOOOOOOOOOOOOOOOOODOOOOODOOOOOD
0000000000000 000O0000000000O0000O0O00DODOO0ODOO00OO0O shortcut
coboodooboobobodoooboooboooboooodooboooboo0ooooboooooOooOobooOon
ooooOo0O0O0O0OOO0O0OO0OODO RULESOOOOOOOOOOOOOOOOOOOOOOOOOOOO
00000 RULESOOOODO shortcut 00000000 DO0O0OO0O0ODO0OOODOOOOOOOOOOOOO
0000000000000 000000000U0O0ORULESOOO0OODO0OOOOOO0OOO0OOOOOO
0000000000000 000O0000O00000O0O00ODO0O000O0O0 RULESOOOOOOOO0OO
00000000 shortcut 000000000 RULESOOODOOODOOOOOOOOOOOOOOOOO
000000000000 000000D0GHCOOODODODOODOOOO ghe/specialise/Rules.lhs 000 O
OOO0OCOC matchRules 000000000000 DOODOODODODO shortcut OOOOOCOOOCOCOCOCOO
0000000000000 0DO0O0 nOD00OD sO0ODO (n,s) DO0OODOODODODODOODOODOODO
n 0000000000 sO00000000000 shortcut 00000000 ODO0OOO0ODOOOOODO
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rules_deny
=[
-- PrelBase.lhs
(5, "fold/"), (6, "foldr/"), (7, "augment"),
(56, "mapFB"), (7, "mapList"),
(11, "unpack-list"), (13, "unpack-append"),
-— PrelEnum.lhs
(11, "eftCharList"), (11, "efdCharList"), (12, "efdtCharList"),
(10, "eftIntList"), (10, "efdIntList"), (11, "efdtIntList"),
-- Prellist.lhs
(4, "head"), (8, "filterFB"), (10, "filterList"),
(9, "iterateFB"), (8, "repeatFB"),
(9, "and/build"), (8, "or/build"),
(9, "any/build"), (9, "all/build"),
(7, "foldr2/"), (7, "zipList"), (11, "zipWithList"),
-— PrelNum.1lhs
(16, "enumDeltalnteger"), (18, "enumDeltaToInteger")

00000000 wild0000000000000O0OO000O0OO00O0OO0DOOO0O0O0000O  "map"
00000 forall £ xs. map £ xs = build (\c n -> foldr (mapFB c f) n xs) 0OOOOOODO
goobbobooogobobbbtbdddt wildddgggobobbooooobbbbbbooooo O
O0000000000000 hyloOOOOODOOOOOODOOOOODOOOOO

0000000000000 0000000000000000000000000000000
O0oo0o0o0o0o0oo0oo0oo0o0o0o00oO0oOo0oOoUoOO0oUoO0oUDOoDOoOOooUoo
gobooboobbobboobooboobboobooboobbobbooboobboobbooboba
00o00o0o0o00oo0oo0oO0o0o0o0o0o0oO0ooO0oOo0o0oUoO0oooOOooDOoOoOo0oo
0000000000000 0000000ODOO0O0O00000000lft O nucleic2, parser 00O 2,000
0000000000000 000000000000000000 300KBOOODOODODODODOOOoOoDoOoO
00o0o0o0oUooO0ooU0oOo0oOo0o0oUo00oU0oOo0oOoUoOO0oUDO0OoOoUOoOoUooUoo
goobogoobod

532 0O0OO0OODOC

0 EI0M2Il0 0000000000000 bO00L00000L00O0O00DLO0OOOD0O0DOUOLDODOOO
000000000000 0000000000000 NAOOODOUDOOODUOoDOoOooUooooooo
hyloDOOOO0OOOO00OO00O0000O0000 08000000000O0Wylo000000000O0ODOOO
0000000000000000000000 20% 000000000000
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058 00000000000

ogono gooogoo oo
ODOOUOD Voonoo oo |00 [sed 00O [KB] | OO [se] OO0 [KB]
anna 32 9561 119.78 1207 0.46 32338
ansi 1 125 2.65 212 0.00 51
atom 1 183 2.04 230 1.60 203143
awards 2 111 2.54 191 0.00 141
banner 1 108 8.46 273 0.00 111
boyer 1 1014 4.07 196 0.17 26613
boyer2 5 723 8.32 242 0.02 1848
bspt 17 2141 29.43 374 0.01 5515
cacheprof 3 2151 50.14 639 2.33 257888
calendar 1 140 2.94 185 0.00 384
cichelli 5 244 5.52 233 0.43 36220
circesim 1 668 9.37 281 5.52 705354
clausify 1 179 3.18 188 0.14 19086
comp_lab_zift 1 884 8.69 227 1.19 157496
compress 10 736 8.12 242 0.84 137842
compress2 3 199 3.68 225 0.77 63653
constraints 1 267 4.16 196 13.21 1008018
cryptarithm1 1 164 1.22 170 7.75 997236
cryptarithm?2 3 326 4.24 200 0.09 15918
cse 2 464 4.61 208 0.00 557
eliza 1 266 8.05 268 0.00 316
event 1 451 3.11 179 0.89 60513
exp3-8 1 89 1.49 173 0.76 158308
expert 6 525 9.27 275 0.00 150
fem 17 1286 29.07 457 0.13 24846
fft 1 412 5.51 250 0.10 13900
fft2 3 216 6.38 338 0.35 46324
fibheaps 1 294 3.50 228 0.20 33179
fish 1 125 3.52 181 0.02 7087
fluid 18 2401 42.74 641 0.03 3607
fulsom 13 1397 24.35 477 2.42 231058
gamteb 13 701 15.52 344 0.48 52140
ged 1 56 1.27 177 0.20 29692
gen_regexps 1 32 2.04 210 0.00 1065
genfft 1 502 5.32 198 0.12 26148
gg 9 812 30.45 541 0.03 4568
grep 3 356 7.42 252 0.00 28
hidden 15 521 18.05 458 4.30 553364
hpg 8 2067 20.85 445 0.24 44248
ida 1 490 4.49 189 0.38 61343
infer 16 594 16.58 341 0.27 19723
integer 1 68 1.28 173 12.94 1656637
integrate 1 38 1.79 281 3.28 441926
knights 6 887 10.40 235 0.01 1020
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059. 00000000000 (cont.)

aoad googoo ad
UOUUOU  nppoo oo |00 fsed 0ODO[KB] | OO fse OO0 [KB]
life 1 53 2.17 183 1.59 220497
lift 5 2033 10.70 245 0.00 398
listcompr 1 522 5.06 196 0.73 130634
listcopy 1 527 5.09 197 0.78 145322
maillist 1 175 2.50 224 0.08 21137
mandel 4 498 4.38 382 1.38 143551
mandel2 1 222 2.46 181 0.02 4194
minimax 6 238 6.52 235 0.02 2812
mkhprog 1 803 6.54 253 0.00 1674
multiplier 1 498 3.76 194 0.71 106449
nucleic2 6 3389 19.68 318 0.40 46688
para 1 1781 3.51 237 2.99 348955
paraffins 1 88 3.37 188 0.44 24960
parser 2 3139 21.06 360 0.10 14502
parstof 1 1280 59.79 522 0.42 36023
pic 9 527 14.44 394 0.02 3602
power 1 138 7.86 253 4.52 226571
pretty 3 265 3.72 241 0.00 61
primes 1 13 1.08 169 0.18 27817
primetest 4 292 3.99 253 1.06 67612
prolog 9 641 9.21 268 0.00 960
puzzle 1 170 3.88 194 0.94 93590
queens 1 14 1.01 165 0.10 11860
reptile 13 1522 30.17 472 0.03 7733
rewrite 1 631 8.35 232 0.13 18757
rfib 1 9 0.90 218 0.13 25
rsa 2 74 2.54 249 0.24 16934
sce 2 100 1.30 169 0.00 25
sched 1 555 3.48 179 0.10 17846
simple 1 1129 31.01 503 2.53 201138
solid 1 1244 39.90 442 0.81 84782
sorting 2 162 3.33 213 0.00 579
sphere 1 472 7.31 321 0.68 57475
symalg 11 1146 22.67 518 0.55 69004
tak 1 10 1.07 172 0.09 9760
transform 1 1142 27.26 391 2.18 316824
treejoin 1 121 2.20 213 1.04 62643
typecheck 1 658 7.13 214 1.38 149308
veritas 32 11124 106.62 1053 0.00 608
wang 1 357 4.04 239 0.44 43193
wavedmain 1 599 5.29 199 2.60 313811
wheel-sievel 1 35 1.55 173 2.07 27762
wheel-sievel 1 43 1.57 174 1.41 37353
x2nl 1 32 2.30 308 0.12 18623
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64

0 5.10. 0000000000 (hylo-fusion)

googoogo od
solid 0.82
parstof 0.87
reptile 0.94
transform 0.94
infer 0.95
simple 0.96
lift 0.97
fem 0.98
grep 0.98
mkhprog 0.98
pic 0.98
prolog 0.98
anna 0.99
bspt 0.99
cacheprof 0.99
comp_lab_zift  0.99
cryptarithm2  0.99
event 0.99
ged 0.99
hpg 0.99
listcopy 0.99
parser 0.99
sphere 0.99
symalg 0.99

constraints  1.01
exp3_8 1.01
fulsom 1.01
life 1.01
veritas 1.01
eliza 1.02
genflt 1.02
gg 1.02
fluid 1.03
gamteb 1.03
paraffins 1.03
puzzle 1.03
compress 1.05
nucleic2 1.06
cse 1.07
wavedmain  1.38
48 others 1.00
Min 0.82
Max 1.38
Geom ave. 1.00
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0511. 0000000000 (foldr/build)

googgo aad
parstof 0.61
solid 0.64
transform 0.75
reptile 0.77
anna 0.78
cacheprof 0.78
veritas 0.78
banner 0.79
gg 0.85
eliza 0.86
fem 0.89
symalg 0.89
boyer2 0.90
bspt 0.91
mkhprog 0.91
parser 0.91
simple 0.91
comp_lab_zift  0.92
typecheck 0.92
expert 0.93
genfft 0.93
listcompr 0.93
listcopy 0.93
rewrite 0.93
circsim 0.94
fluid 0.94
hpg 0.94
knights 0.94
minimax 0.94
pic 0.94
prolog 0.94
cse 0.95
infer 0.95
lift 0.95
multiplier 0.95
ansi 0.96
cichelli 0.96
clausify 0.96

fulsom 0.96
gamteb 0.96
hidden 0.96
calendar 0.97
constraints 0.97
fft 0.97
power 0.97
puzzle 0.97
wavedmain 0.97
compress 0.98
cryptarithm2  0.98
fft2 0.98
grep 0.98
ida 0.98
life 0.98
maillist 0.98
mandel 0.98
paraffins 0.98
sched 0.98
sorting 0.98
sphere 0.98
wang 0.98
atom 0.99
awards 0.99
boyer 0.99
event 0.99
fibheaps 0.99
fish 0.99
ged 0.99
mandel2 0.99
para 0.99
pretty 0.99
primes 0.99
primetest 0.99
treejoin 0.99
integer 1.01
14 others 1.00
Min 0.61
Max 1.01
Geom ave. 0.94
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0512 0000000000 (fo/bu + hylo)

goooono oo
parstof 0.62
solid 0.64
transform 0.74
reptile 0.77
anna 0.78
cacheprof 0.78
veritas 0.78
banner 0.79
gg 0.86
eliza 0.89
fem 0.89
symalg 0.89
boyer2 0.90
bspt 0.91
comp_lab_zift  0.91
mkhprog 0.91
parser 0.91
simple 0.91
infer 0.92
typecheck 0.92
expert 0.93
listcompr 0.93
listcopy 0.93
circsim 0.94
fluid 0.94
genflt 0.94

hpg
knights
lift
minimax
pic

prolog
rewrite
cse
multiplier
ansi
cichelli
clausify
gamteb
hidden
calendar
constraints
cryptarithm?2
fft

fulsom
grep
power
puzzle
fft2

ida
maillist

mandel

0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.95
0.95
0.96
0.96
0.96
0.96
0.96
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.98
0.98
0.98
0.98

paraffins 0.98
sched 0.98
sorting 0.98
sphere 0.98
wang 0.98
atom 0.99
awards 0.99
boyer 0.99
event 0.99
fibheaps 0.99
fish 0.99
ged 0.99
life 0.99
mandel2 0.99
para 0.99
pretty 0.99
primes 0.99
primetest 0.99
treejoin 0.99
wheel-sievel  0.99
integer 1.01
nucleic2 1.01
compress 1.04
wavedmain 1.08
12 others 1.00
Min 0.62
Max 1.08
Geom ave. 0.94
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0513. 0000000000 (hylo-fusion)

oooooo oo
solid 0.84
infer 0.95
lift 0.96
cryptarithm2  0.97
parstof 0.97
reptile 0.97
tak 0.97
wheel-sievel  0.97
awards 0.98
ged 0.98
pic 0.98
primes 0.98
calendar 0.99
exp3_8 0.99
fft2 0.99
grep 0.99
minimax 0.99
mkhprog 0.99
prolog 0.99
comp_lab_zift  1.01
event 1.01
hidden 1.01
integrate 1.01
mandel 1.01
transform 1.01
cichelli 1.02
circsim 1.02
compress2 1.02

expert

fft
fibheaps
gen_regexps
ida
listcopy
mandel2
pretty
primetest
rsa

sched
sorting
anna
boyer
boyer2
bspt

fish
fulsom
integer
knights
multiplier
power
treejoin
wang
wheel-sieve2
clausify
listcompr

maillist

1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.04
1.04
1.04

parser 1.04
queens 1.04
veritas 1.04
atom 1.05
banner 1.05
typecheck 1.05
ansi 1.06
constraints 1.06
fluid 1.06
gg 1.06
life 1.06
cacheprof 1.07
genfft 1.07
cryptarithm1 1.08
gamteb 1.08
rewrite 1.08
scc 1.09
nucleic2 1.14
puzzle 1.14
eliza 1.23
paraffins 1.29
cse 1.30
wavedmain 2.39
compress 13.84
8 others 1.00
Min 0.84
Max 13.84
Geom ave. 1.07
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0514. 0000000000 (foldr/build)

goooogo gd
banner 0.36
solid 0.38
parstof 0.46
eliza 0.49
transform 0.61
mkhprog 0.62
reptile 0.65
cacheprof 0.67
ansi 0.68
boyer2 0.68
gg 0.71
genfft 0.72
symalg 0.74
listcompr 0.75
listcopy 0.75
multiplier 0.75
typecheck 0.75
anna 0.77
comp_lab_zift  0.77
veritas 0.77
cse 0.78
life 0.78
calendar 0.79
clausify 0.79
minimax 0.79
maillist 0.80
rewrite 0.80
circsim 0.82
expert, 0.82

pic

simple
cichelli

fem

fft

parser
puzzle
mandel
prolog
bspt
cryptarithm?2
gen_regexps
sorting

fft2

hpg

lift

atom
constraints
infer
knights
paraffins
power
wang
awards
fluid
hidden
treejoin
fulsom

gamteb

0.83
0.83
0.84
0.84
0.84
0.84
0.84
0.85
0.85
0.87
0.87
0.87
0.87
0.88
0.88
0.88
0.89
0.89
0.89
0.89
0.89
0.89
0.90
0.91
0.91
0.91
0.91
0.92
0.92

grep 0.92
ida 0.92
para 0.92
pretty 0.92
sched 0.92
wavedmain 0.92
ged 0.93
integer 0.93
wheel-sievel  0.93
compress 0.94
compress2 0.94
exp3_8 0.94
primes 0.94
sphere 0.94
tak 0.95
fibheaps 0.96
integrate 0.96
mandel2 0.96
primetest 0.97
boyer 0.98
event 0.98
fish 0.98
rsa 0.98
x2nl 0.99
rfib 1.03
queens 1.04
scc 1.05
3 others 1.00
Min 0.36
Max 1.05
Geom ave. 0.83
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05.15. 0000000000 (fo/bu + hylo)

goooogo og
banner 0.37
solid 0.38
parstof 0.47
eliza 0.56
mkhprog 0.64
transform 0.65
reptile 0.66
ansi 0.69
boyer2 0.69
cacheprof 0.69
gg 0.74
symalg 0.75
listcopy 0.76
comp_lab_zift  0.77
listcompr 0.77
multiplier 0.77
genfft 0.78
minimax 0.78
typecheck 0.78
anna 0.79
calendar 0.79
veritas 0.79
clausify 0.80
cse 0.81
maillist 0.81
expert 0.83
cichelli 0.84
circsim 0.84
pic 0.84

fem

infer

prolog
cryptarithm?2
fft

life

rewrite
simple
gen_regexps
lift

mandel
parser
puzzle

bspt

fft2

hpg

sorting
atom

wang
hidden
knights
constraints
gamteb

ged

power
wheel-sievel
awards
sched
compress?2
fluid

0.85
0.86
0.86
0.87
0.87
0.87
0.87
0.87
0.88
0.88
0.88
0.88
0.88
0.89
0.89
0.89
0.89
0.90
0.90
0.91
0.91
0.92
0.92
0.92
0.92
0.92
0.93
0.93
0.94
0.94

fulsom 0.94
grep 0.94
ida 0.94
para 0.94
exp3_8 0.95
integer 0.95
mandel2 0.95
paraffins 0.95
pretty 0.95
primes 0.95
sphere 0.95
treejoin 0.96
tak 0.97
boyer 0.98
cryptarithml  0.98
fibheaps 0.98
integrate 0.98
primetest 0.98
queens 0.98
rfib 0.98
fish 0.99
event 1.01
wheel-sieve2  1.01
x2nl 1.02
compress 1.07
nucleic2 1.07
wavedmain 1.25
2 others 1.00
Min 0.37
Max 1.25
Geom ave. 0.85
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05.16. 0000000000 (hylo-fusion)

gooogo od
wheel-sievel  0.37
infer 0.70
rewrite 0.77
cryptarithm2  0.78
pic 0.82
awards 0.84
ged 0.84
puzzle 0.87
ansi 0.88
mkhprog 0.88
transform 0.88
wavedmain 0.88
lift 0.89
listcopy 0.89
circsim 0.91
eliza 0.91
typecheck 0.92
gg 0.93
gamteb 0.94
prolog 0.94
ftt 0.95
genfft 0.95
simple 0.95
cacheprof 0.96
wang 0.96

anna 0.97
fem 0.97
fibheaps 0.97
nucleic2 0.97
bspt 0.98
knights 0.98
minimax 0.98
sphere 0.98
comp_lab_zift  0.99
expert 0.99
fluid 0.99
ida 0.99
life 0.99
listcompr 0.99
mandel 0.99
multiplier 0.99
parstof 0.99
reptile 0.99
solid 0.99
44 others 1.00
Min 0.70
Max 1.00
Geom ave. 0.96
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0517. 0000000000 (foldr/build)

googgo aad
parstof 0.04
wavedmain 0.60
mkhprog 0.69
infer 0.70
pic 0.70
rewrite 0.76
fibheaps 0.78
simple 0.79
ftt 0.82
ged 0.86
puzzle 0.87
ansi 0.88
awards 0.88
circsim 0.90
multiplier 0.91
wheel-sievel  0.92
banner 0.93
constraints 0.93
prolog 0.93
calendar 0.94
gg 0.94
cacheprof 0.95
cichelli 0.95
cryptarithml  0.95
expert 0.95
fem 0.95
minimax 0.95
reptile 0.95
sched 0.95
anna 0.96
bspt 0.96
event 0.96
transform 0.96

eliza 0.97
hidden 0.97
knights 0.97
lift 0.97
sphere 0.97
comp_lab_zift 0.98
cse 0.98
fluid 0.98
gamteb 0.98
listcompr 0.98
listcopy 0.98
nucleic2 0.98
atom 0.99
cryptarithm2  0.99
fft2 0.99
genflt 0.99
hpg 0.99
ida 0.99
integrate 0.99
life 0.99
mandel 0.99
primes 0.99
solid 0.99
sorting 0.99
typecheck 0.99
veritas 0.99
x2n1 0.99
compress2 1.01
27 others 1.00
Min 0.04
Max 1.01
Geom ave. 0.91
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05.18. 0000000000 (fo/bu + hylo)

goooon oo
parstof 0.04
wheel-sievel  0.43
wavedmain 0.60
infer 0.69
mkhprog 0.69
pic 0.70
rewrite 0.72
cryptarithm2  0.78
fibheaps 0.78
simple 0.79
ftt 0.82
ged 0.86
transform 0.86
puzzle 0.87
ansi 0.88
awards 0.88
lift 0.88
listcopy 0.88
circsim 0.89
multiplier 0.91
typecheck 0.91
banner 0.93
constraints 0.93
prolog 0.93
calendar 0.94
gg 0.94
bspt 0.95
cacheprof 0.95
cichelli 0.95
cryptarithml  0.95
expert 0.95
fem 0.95
genfft 0.95
minimax 0.95
reptile 0.95
sched 0.95

anna 0.96
eliza 0.96
event 0.96
wang 0.96
comp_lab_zift 0.97
hidden 0.97
knights 0.97
listcompr 0.97
nucleic2 0.97
sphere 0.97
cse 0.98
fluid 0.98
gamteb 0.98
atom 0.99
fft2 0.99
hpg 0.99
ida 0.99
integrate 0.99
life 0.99
mandel 0.99
paraffins 0.99
primes 0.99
solid 0.99
sorting 0.99
veritas 0.99
x2nl 0.99
compress2 1.01
25 others 1.00
Min 0.04
Max 1.01
Geom ave. 0.90
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05.19. 0000000 (hylo-fusion)

goodoo od
cryptarithm2  0.65
ged 0.77
genfft 0.86
infer 0.86
hpg 0.89
puzzle 0.89
wavedmain 0.89
rewrite 0.90
ciresim 0.92
fibheaps 0.92
listcopy 0.92
transform 0.92
anna 0.93
sched 0.93
boyer 0.94
gamteb 0.94
parser 0.94
clausify 0.95
listcompr 0.95
rfib 0.95
typecheck 0.95
cichelli 0.96
ida 0.96
maillist 0.96
comp_lab_zift  0.97
fem 0.97
hidden 0.97
nucleic2 0.97
wheel-sievel — 0.97

event 0.98
fulsom 0.98
para 0.98
primes 0.98
constraints 0.99
life 0.99
treejoin 0.99
wheel-sieve2  0.99
atom 1.01
integer 1.01
mandel 1.01
primetest 1.01
symalg 1.01
compress 1.02
paraffins 1.02
simple 1.02
rsa 1.03
solid 1.03
fft2 1.04
parstof 1.06
queens 1.06
tak 1.07
x2nl 1.14
36 others 1.00
Min 0.65
Max 1.14
Geom ave. 0.98
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0520 0000000 (foldr/build)

goobooo od
parstof 0.02
fibheaps 0.65
ged 0.66
wavedmain 0.67
infer 0.79
primes 0.81
cryptarithml  0.85
rewrite 0.85
tak 0.86
cacheprof 0.89
puzzle 0.90
circsim 0.92
event 0.92
fem 0.92
maillist 0.92
rfib 0.92
simple 0.92
anna 0.93
ida 0.93
listcompr 0.93
clausify 0.95
listcopy 0.95
transform 0.95
atom 0.96
boyer 0.96
cryptarithm2  0.96
hidden 0.96

compress 0.97
genfft 0.97
hpg 0.97
nucleic2 0.97
sched 0.97
treejoin 0.97
constraints 0.98
wheel-sievel  0.98
gamteb 0.99
integrate 0.99
life 0.99
multiplier 0.99
para 0.99
power 0.99
sphere 0.99
symalg 0.99
wheel-sieve2  0.99
fulsom 1.01
integer 1.01
solid 1.01
typecheck 1.01
cichelli 1.02
compress2 1.03
fft2 1.03
rsa 1.03
paraffins 1.05
wang 1.05
x2nl 1.06
33 others 1.00
Min 0.02
Max 1.06
Geom ave. 0.92
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0521. 0000000 (fo/bu + hylo)

gooogo aad
parstof 0.04
cryptarithm2  0.65
wavedmain 0.66
fibheaps 0.70
rewrite 0.70
fem 0.77
ged 0.80
infer 0.84
primes 0.85
cryptarithml  0.86
genfft 0.89
cacheprof 0.90
listcopy 0.90
puzzle 0.90
queens 0.90
transform 0.90
anna 0.92
circsim 0.92
event 0.92
listcompr 0.92
maillist 0.92
simple 0.92
ftt 0.93
sched 0.93
tak 0.93
boyer 0.94
hpg 0.94
multiplier 0.94
parser 0.94

sphere 0.95
typecheck 0.95
compress 0.96
hidden 0.96
nucleic2 0.96
paraffins 0.96
wheel-sieve2  0.96
comp_lab_zift 0.97
rfib 0.97
atom 0.98
cichelli 0.98
clausify 0.98
gamteb 0.98
wang 0.98
constraints 0.99
ida 0.99
integrate 0.99
life 0.99
para 0.99
power 0.99
rsa 0.99
treejoin 0.99
wheel-sievel ~ 0.99
fft2 1.01
integer 1.01
mandel 1.01
primetest 1.01
compress2 1.02
solid 1.03
x2nl 1.08
29 others 1.00
Min 0.04
Max 1.08
Geom ave. 0.91
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sion

sion ---e---

£

hylo

folbu

2.

+hylo -

- ulolean
- alayds
- Bunios
- adwis

- 20s

- aumal

- 9jzznd

- 1s91owud
- Anaud

— Jamod

- eled

— Jaidynw
4 xewnuiw
- Zlspuew
- |9puew
- o4l

- swybuy
— J1aba
- pob

- ush

- sdeayqy
- W

- uadxa

- ez|a

- 852

- zwyrerdAo
4 twyerdAn
- sjurensuod
- Ausne|o
- wisaIo
- Hivya1
- Jepuajed
- zlakoq
- J18hoq

- Jauueq
- spieme
- wore

- Isue

30

25

1
o
N

[%] uononpay deay

Benchmark Programs (Spectral)

059 0000000000000000O0

goobogo

. o0 0000000000000 00000O0000O000OoOo0OoOooOboOoOooOooO0oOn

0 2.10
goooooooooooboboboooobbbboooobobbbboooobbbboooLobLDbboOoa

coooboooooboooobooooooOoOooOoboOoOobOoO0obooOooooOoboOoOoDOboOoOoooa

-

hylo fusion
fo/bu fusion ---e---
fo/bu + hylo

o
<
[9%] uononpay desH

1 1 1
Yo} o [Te) o [T} o [Te) o
™ ™ N N — —

Sejan
BrewAs

esl

s|ndai
Bojoid

oid

Josted
Bosdyyw
sljjrew

i

JETO

Bdy

uspply
daib

66

gaywebh
wos|ny
piny

wa}
Zssaidwoo
ssaidwod
joudayoed
1dsq

euue
urewyyanem
Buem
¥9aydadAy
wlojsuen
pijos
payos
Joissed
Zo1g|onu
Adodisy|
Jdwoosy
ep!

1uab

)

Juana

Wz qe| dwod

Benchmark Programs (Hartel + Real)

0510. 000000000000 DOOO0O0O (parstof: foldr/build, fo/bu+hylo 96%)
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0000000000000 0D0ODO0000D0O0DO £45% 0000000000000000DO00O0OO0
ocoboooobooobooooboboobooooboobooOooobooobobo0ooDbboOobooOoooDboboOobboooD
coobooooobobooobooooooobooooOooOoOoOoOoooOooon

00 puzzle,cse 0000000000 DO0O0O00O0O0O0DODO0O0O0OO0O0ODO0OO0O0O0OO0OO hyloODO
coboodooboobooooboooboooooooboodoooooodooboooooooobooOooooon
coboooobooobooooobooobbooOooOooOobooOooOobOoOobOOoO0OoOOoOobOoOoOobOboOoboOoOooon
ooooooooooooooooooooobo0ooobo0ooooooooDooOooon

ggno

gobooooooobooobobooooOooooboooobOoOobObooOooOooOoOboOoOoOOoOoDbboOobooOoOoon
00000000000000000000000 BEI6AE2TI0000000 BRI 0000000000
0000000000000 00D000000000000D0O0000D0O0O0U00D0OD0O BYD spectral
0000000000000 000D00 BI0O spectral(hartel)+real 000000000000 O0OODO
do00o00o00o0o0o0o0o0O0O0O0O00D 1000000000 (1—-(OD))boooooooOoo
cooboooobooooobooooooboooooboooobooooooooooboboOooono

0OEBEINO0O003700 150000000000000000000000D0000D 5% 0000000
OO0 vO000000000O0O0O0O0O0O0O0OOOOOOODOOODOODOOOOOOOOOO0O0O0O0O00O0O0AO0
oobooooooogooboobooboOoooobooooooooobooooD 10000000 bODOODOOD
coooooooOooboooboooobooOooOooOooOoOoOOoOoO0oObOO0ObOOO0bObOOoOoOoboOoOoOoOoDOboOn

OBIB0000real O compress 0 0000000000000 O0O0OOODODOOOOOOODOOOO
1384 0000000000000 000DO0O0O0OO0O0O0O0O0O0O0O0OD B33 0000000

Hartel DO O0OOO

spectral 0000000000000 0000O0O Hartel 000000 [HLY93) 000D DODODOO
SASL/Hope D0DOOO0D0ODO0O Haskel 0000000000000 Haskel 000000 OODODOO
0000000000000 00000000000000000 shortewt 0O0O0O0ODOOOOOOOOO
O RULESOOO0O0OO0O0O0000O0O000O00O00000000000000000000O000D000O0
cooooooobooooboobobooooboooooooo

533 hyloOOOOOOOOOOOOOOOOO

0BZHO00000000([¢,n¢] (Cit...t,) 0000 hylo 0000000000000 000000
000000000000000000 ¢;00000000000000000000000 ¢4...t,00
00 hylo 0000000000000 0000C0O000000000000000000000O0OOOO
0000000000000000000000000000000000000000000000000
00000000000000000 hyloDOOOOOOOOO0O0O0O000 shorteut 10000000000
000000 NAO CataHY 000000

00000 BAOOOD hylo OO 0000000000 A OOOO0O0O0O0000000O 000
000 v00000000000 r0000000000000000000000000000OOOO0
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
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30

global, const —a—
local, const ---o---
global ------

25 | R

20 |

15

Heap Reduction [%]

'
a1

fish
gcd

life
scc

| SN N S N [ [ S [ [ N [ N S | - | S N S N NN [ N B | 11 1 |
FEL S SN K= DN O CEND SLOTNXE ST 2HLLQOOD0C
gEuﬂ)whmB.g:‘?EEEmN$EQ_ Q8T BL=080TE205CE 55
SEc>0Tv2G0.E O=g¥% > ESS8202RE g2
88582502388 °% ¢ £2 §EEES£°85933F ESSYT
L3535 = < c c= o [ ‘D [
S0 2gO0ocBgg ¢ 5 £x EEEZ E82 Boag
© 5§85 = 1S S
S22
S o

Benchmark Programs (Spectral)

05.11. 0000000000000000 (spectral)

doooooooooooooooooooobobobbobbbob o000 ooggogg
O00oooooooooon

DD[II:Ia)hy]oDDDDDDDDDDDDDDDDDD constDb)TDDDDDDDDDDDDDDDD
OO0 globald O OO global4-const, global, const 0 3 00 0000000000000 0OCOCOOOOOOO
0000000000000 000000000000000000000000 BEIIRI2 0000000
O000000O000 hyloOOO global+const 0O OO OO0OOOOOOOOOOOOOOOOOOOO
0000000000000 00000oDoooOd global+const 000 0O0D0DOOOOOOOOODODO
00000000000 global 0 const 0000000000000 DODOO0O00O0OODOOOOOOOODO
O00o0ooooooooooo

D000 EBIDI0O000Oreal O compress 10 0000000000000 O0O0O0OOOOOOOOOOO
001384 0000000000000 00000000O0O00000Ocompress 00000 Encode.hs 00O
0000000 2600000000000000000000000000000 BE3300000 hylo
dodooooooooooooooooboboobobbobbbob bbb o000 ooggogo
0000000000000000000000000000000000000000000OUooOoOOOn
gooooooooooooooooooobobobbbbbobbbobbbb bbb oo oooOogo
0000000000 0o00o0oo00oo000o00O0o0oo00UoO0DU0ooO0oOooDooOoUooog
goooooooobobobbobtbtbddoboooooobD bbb bbb oUooo ™

5.3.4 hylo-fusion O foldr/build 0000000

02200 000000GHC 000000 0D0N0N00D0D0N0N0N0O00000D0DOOo0oooooo
0000000000000 O00O0O0O0000000ooooooooog ’fthylo-fusion-on’ 000000
0000000000000 00000000000000000000000000000000 shortcut
cobooooboboooooobooboooOoboOobooOoOoOobboOoboOooOobOboOobOOoOoOobOboOobooOoOooon
0000000000000 000000 shorteut 00D ODOO0O0O0O0O0OOOOOOODOODOOODOOOO
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40

global, const —a—
local, const ---o---

35 global ---*---

30
25 b ‘
20 | i

15 F ’

Heap Reduction [%)]

10 |-

fﬁ -
genfft
lift -
maillist
pic
prolog
rsa
symalg

99
mkhprog

fluid |
fulsom
grep
hidden
hpg
infer -

fem
gamteb

bspt

solid
cacheprof

ida
transform -

comp_lab_zift |-
event -
listcompr
listcopy
nucleic2
parstof
sched |
typecheck -
wang
wavedmain
anna
compress
compress2
parser
reptile
veritas

Benchmark Programs (Hartel + Real)

0512 0000000000000 000 (hartel 4 real)

0000000000000 000000 (simplifier) 0000000000000 OOODOOOOODO

O00000U0D0oOood shortecut 0000 ODOUODOOODOOOOODDOOOODOODOOOOODO
ogoooOoOoOoOoOoOoOoOoOoOOOOOOOOOOOOOODOOOOOGHCOOOOOOODOOOOO -o
0000000000000 000DDO00O00D BRI 0000000000000O0D00ooOon (B)oO
00000000 hyloOODOODODODOOOO (A)0DODODOODOODOOOODO0OOOD0OOO0Simplifyl
OOO0Q0Q0OoDoOoO shortcut 00000000 hyloOOOOOOOOOODODOO

0BI4TS 00hylo000O shortcut 0000 O0DO0O0O0O0OODOOOOD0OODODOODOOODOODOOODOO
gooooobooooooboobbooobboobbooobboobObooobboobboobboOoO
0000 shortecwt 000000000000 OODOOCOOOOOU0O0ODOOOODOOOOOCOOO hylo
00000 shortcut 00 ODOOODOOOOOOODOOOOOOOOOOOOOOODODDODOOOODOOOOO
goooo

gogboobobooboboobboobooobooboboon

map f . map g

I
build (\ ¢ n -> ... mapFB (mapFB c f) g ...)

I

build (\ ¢ n -> ... mapFB ¢ (f.g) ...)
I

mapList (f.g)

I

let { go=\xs > ... go ... } in go

0000000000 shortewt OO OO0 O0ODOCOO0000O0OOmap0O0O0DODCO 200 mapFB O
000000foldr/build 0000000000000 0 mapFBOOO0OOOOO0OOOO0OO map0OODO
00000000000000 mapList 0000000 DOO mapList O0foldr/build 000000000
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Simplify0

Specialising

Float outwards

Float inwards

(A

Simplifyl <foldr/build>
Simplify2

Simplify3

DemandAnalysis

WorkerWrapper

GlomBinds

Simplify

Float out

Common sub-expression

Float inwards

(B) <Simplify + HyloFusion>
Simplify

Tidy Core

0513. Core DODODOOODODOOODO

000000000000 00000000 go00O0ODOO00O0O0OO0OOO0DODOOO0DOOOOODODOO hyloOO
cobooooboobooboooobooboooooboboOobooOoOoOobooOoooOoO0obOboOobooOoOoobOboOobooOoOooon
0000000000000 0000000000 hyloOOOODOOODOOOODOOOODODODOOOO
0000000000000 000000000 folde/build 000000000000 0OOOOOOOODO
0000000000000 0hWloOOOOOODOOOOODOOOODODOOOO

000 BIHO pic0000 hylo0ODDO0OO0DO0DOD0DODDOOOOOOODOOOOOODOOOOO
0000000000000 00OOhyloOODOODOODOUOOOfoldr/build000000 Core00O0DOODO
coboooobooooooobobooooooobobooooooboboooooobboooboooobboOobooOooD
cooooooooooooocoon

535 0000000

gogbobooobooobobooboboobboobbooobooobboobboobboooboo
gboboboboboobogooooooboooooobobooboobobobobOobDOobDOobDOobLOob0OoboOon
gobobooobboobobooobooobboobboobbooobobooobboobboobboon
goboobooboboobooboboobuoobboooboobooo

cooooooo

gogbooooboobo
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f/lb -> hylo —a—
hylo]->flb ——e-—

30
25 |

20
5

[%] uononpay desH
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|
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ezl
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Benchmark Programs (Spectral)

0514 000000000000

f/lb -> hylo —a—
hylo ->f/lb ---&---

40

35

[Te) o Lo o [Te) o
N N — —

[%] uononpay deayH

sellan
BrewAs
esl
s|ndal
Bojoid
oid
Jested
Bosdyyw

Bdy
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daib

66

gaywueh
wos|ny
pingy

wa}
Zssaldwoo
ssaidwod
joudayoed
1dsq

euue
urewyyanem
Buem
¥oayodadAy
wJojsuen
pijos
payos
joissed
Zo1|onu
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Benchmark Programs (Hartel + Real)

05.15. 000000000000 (parstof: fb->hy 96%, hy->fb 95%, pic: hy->fb -43%)
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o000 lee00000OO00ODOO

000000000 0O0O0O0o0O0O0 HyloOODODOOOOOletOOOOOOODODUOODODOUDOODOODOOO
Ooooooooogoog let000ooooooooooon

Dllet v =t1into]s;f = (soUs1,coUecr,letv =1 intp)
where (s1,c1,t)) = D[t1] si f, (s, co, ty) = D[to] (siU{v}) f
I
Dlletv=tyinte]sif = ifer={(u,e)} Nth=u

then (so U s1,co U ey, thu/v])
else (spU s1,coUcy,let v =1 in tf)
where (s1,c1,t)) = D[t1] s1 £, (S0, co, ty) = D[to] (s1U{v}) f

O000o0ooo0U0ooooOoU0ooletO00000O0OOOO0OODOOODOOOODOOOOODODOLOO
gobooobboooboboobbooobooobboobbooobooobboobboobboon
goooooboobooooboobbooobboobbooboboobobooobboobboobbOoOon
gbooboooooobooobooboo
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060

HRERERE

0000000000000000000000D0000000000000 [BD7O00D0DO0O0000O0OO0O
gooooobooboooboboobbuooobbooobboobbooLobooobbobobboobboOoO
goboboooooboobooboboboooooobooboboo

gogboobooobooobboobboobbooobooobboobboobbboobobboOooDbOoo
gboboboboboobogooooooooboobooboobobobobobOobDOobDOoDOobOOob0OobDOon
gobooooboo

0000000000000 0000000000000000000000 unfold/fold 0000000
O000000 shorteut 00 0000000000000 0OOOO0OO0OOOOOODOOODOOO”OOOO
‘0000000000000 000D0D0000000D000O0000DO000O0D0000O00o0O0D0
000 (parametricity theorem) 0000000000000 000O00O00O0OOO(olaf) D00DOODO
00”0000 0000000000000 000000OO00000DDOOOO000O0OOOO0O0OO0OOn
gbobobobobobobobooobooobooooboooooboobobobobobOobDobOOobOoboon
goooooboobooboobobooboboboooobooboboboobDoOoboobobobobo
0000000000000 000D000000000000000000unfold/fold 000000000
00000 0oO0O00oOOo”000O0”00U00d shortcwt DOODOOCOOODOOODOOODOOODODOOOO

6.1 Unfold/Fold DO OO (DOO)
6.1.1 Unfold/Fold O O

unfold/fold 00O OOOOD [BDM 00000000 0OO0OO0OO0O0OO0OOOOOO0ODOO0OOO0OOO
ooooooobooboooobooooooooooobooon

oooooooooooooooo eODOOOOOOOOOOOOOOOOODOOODOOOOOOOO
cobooooboooboooobooboooooboooooobooooooobOboOoboooobboOobooOooon
000000oO0oo0oooo v(e,...,e,) 0000000000 D0ODODOOOOOOOOOOODOOODOOODO
cobooooboooboooobooobooOooOobOboOoboOoOoOobOboOobOoO0OoOboOobOOoOoOobOboOoboOoOooon
ooobooooboobooooooooooooobobooooDo

1. Definition. 00 0000000000000 00000O00O00O0O00O0O0O0O0O0O0O0O0000O0O
oooo

2. Instantation. 0000 0000000000000000000000O0O

3. Unfolding. 00 e=¢' 0 f=f00000f 0000000000 Se000000000 Se¢
000000

4. Folding. 00 e=¢ 0 f=f00000f 0000000000 S¢ 000000000 Se
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opoooogoo
5. Abstraction. 00000 e=¢ 0000 where 0000000000000 0OOOOOO

elz1/f1... xn/fa]where (z1,...,2,) = (f1,---s [n)

6. Laws. 00 000000000000 0O0OO0O0O00OO00ODOO00ODOOO0O0OOOODOOO0O0OOO
od

000000 unfold/fold 0000000000 OD0OOOODOOOOOOODOOOODOODOOODOOOO
coboooobOoooooobooboooobboobooOooOoboOobooooOboOobooOoOoobOboOobooOoOooon

dooogooooo
length (takewhile p (iterate f 0))

00000000000 0000000000000000D0O0ODOO0O0O0000000000 length O
0000000000 000000000 tadkewhile 0000000000000 000O0O0 pO0O0O0OO
OO0D0OO0DO0O0O0O0O0DO00O0nD ¢erate 0DO0O0DOODOOODOOODOOODOODOODOOODOOD
cooooooooooobooooOooOooOoOooOoboOooboOooo

iterate f x = x : iterate f (f x)
takewhile p (x : xs) = if (p x) then (x : takewhile p xs) else ||
length [| =0
length (z : xs) = 1 4 length xs

~ o~~~ =
R
TR W N~
e N N N

cbooooboobooboboobobooboooobooooboooobobDOobOOooOooobOoobOOobOoDOoDn
000000000000 000Odterate 000000000000 takewhile 00000000000
takewhile D000 length 0000000000000 000C0O0O0OOO0O0ODOOOOOOOODOOOO
oooooooooooooooooboobooo

0600000000000 LO0000DLO0U0DO0ODOO0LO0ODODOD0DO0OOLD0ODO gODOUOODOO
ooooooooboooooo

1. 00000 hODOO: g0O00O000dterate 0000000000000 00O0OOOOOOOOOO
000000000 (eureka) DO OO

2.0000 AOOOO fold000ODOOO0O0O0OOOOO0OOOOO AROODODDOOOOOODOOOOOOO
goooooogo

3. hO00O0O0O0DOO0OO dterate 00000 unfold OO

hOO0000000 takewhile 00000 unfold OO

5. 00 0O00ODOODO

=

f(if e then e; else es) — if e then fe; else feo

0000000 fO00 (strict)D0000 fT=TO0OD0O00O0DO0OO length 00DD00O0DO0OO
O000O00O0length DOOOOD f00000O00O0OOODODOOOODODOO

6. length 0000000 unfold OO

7. 000000 AO0D0O00O0O0DOO00OOO0DO0ODOODOOUODOODOOfldOOOOOOUODOOOOUOO

ggbobooobobooobooobboobboobobooobboobboobboobobooobobo
gbobobobobobooooooooooooobooboobobobobobDoboDooobooboOooon
goooooboooooobooobboooboboobboobbooobooobboobboobbOoon
gobobooooobooboboboboooooogoo
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gfp length (takewhile p (iterate f 0))
{000 nhOOO}
h f p x = length (takewhile p (iterate f x))
{h O fold}
gfp =hfpo
{iterate 0 unfold}
h f p x = length (takewhile p (x : iterate f (f x)))
{takewhile [0 unfold}
= length (if (p x) then (x : iterate f (f x))
else [1)
{if OO0}
= if (p x) then length (x : takewhile p (iterate f (f x)))
else length []
{length O unfold}
= if (p x) then 1 + length (takewhile p (iterate f (f x)))
else O
{h O fold}
= if (p x) then 1 + h f p (f x)

else O

0 6.1. unfold/fold DO OODOOO

ooooeODOODOOOOOOOOOOOOCOOCOOOOOOOOOOOOOOOOOOOOOOO
ooobooooooooobooooooooooooobDoOoooobooooDo

fh)=o0 (6.6)
flx:xs) = f(xs) (6.7)
(6.8)
djdddooooooooooooo
flzs) =0 (6.9)

oooboooooboooooboooooooooboooobooooobooboooboOooo

0000000000000 00C0Ounfold/fold 0000000000000 O0OO0OO0ODOOOODOO
coboooobobooobooooboobooooboboooboooooboboooooobboooooobboOobooOooon
000000000000 000D0000000000000 lessdefined 00000000000 O0OOO
00000000000000D fold000D0D00D0O00O0O0ODO0DO0ODO0O0O0OO0OOOOOOO0 f(n)=e
000000000000 fld00D0O0O0ODO0OOODO f(n)=f(r) DOODDODODODODOOODOOODO
0000000000000 000000000O0O0O0O0O000O0000Kett DODODODOOOODOOOOO
unfold D0 O0O0O0O0O0O0O fold 000000000000 O0O0O0O0000O0OO0O0OScherlisOOOO
O0000oo0o0On foldO0ODOOOO0OOOOOOODOOOO

Sands 00 0000000000000 0D0OOODOOOOOOODO unfold/fold000000OOODOODO
coboodoobooboooobooobooooobooooooobooooooooooboooobooOoooOoon
coooooooocooboono

gobooooboooooooobooooboooobbooobOooobooOoooDbooobObO0oOoDbOoOoDbOOoOooOOooD
cooobooooooocooOooOooOooOooOobOOoOoocOoOOoOoboOobOOoOoOoOobOOoOoOoOobOOoOooOoOobooOooaon
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tt=ux
| fa1... zy
| Ctty... thy
| casettof {p1 — tt1;...; pn — ttn}

062 00000DO0OOOOOO

0000000000000 000000000D000000000000000000 (00 (tactics)) O
gboobooooooogo

Burstall O Darlington 00 0000000000000 O0000O00O0O0O0OO0OO0OO0OOOOOOO
0000000000 0D000000000D eweka DOOOOOOOOUOOODOODOO ewreka OO OO
gobooobobooobooobobooobooobboobbooobooobboobboobboon
00000000000 [Chi9) 00000000Feather 00000000000000000000OO0
0000 unfold/fold 0D 0D0OO0D0ODOO0OOODOOOODN [Fea79,Fea82]

Burstall 0 Darlington 0000000000000 0O0OOCOOO0OO00O0OO0OOODOOODOOOOOOOO
0000000000000 000DO000000D (instantiate) 00000000 0ODOO0OOODOOODO
foldng 0000000 DO0ODO unfold 00DO0O0O0O00O00O0DOOODO0O0OO0O0OO nfib0000OOOOO
gbobobobobooboooooooobooobooboboobobobobOobDOobDOoDOobOOobOoboOon
goobooboo

6.1.2 0000

Wadler 00000 (deforestation) 0000000 [Wads88] ODDDDDDOOOO (listlessness) 000
000000000000000000 unfold/fold 00000000000 OOOODOOOOOODOODO
000000 (00000000000 0)0000000D000000000000unfold/fold 00000
obobobobobooobogooobooooooooboooboobobobobobDOobDobDobooboooon
goobooobogd

Deforestation 00000000000 (treeless form00 B2) 00 000000000000 0O0OOOO
goooooooooooooooodddooooLoLtbbbbbD 2 O
(00D0D00)000DDO0O0O0O0O0O0ODO0OC0O0O00O0O0O0O0ODO0ODO0O0O0O0OO0ODO0OOODO0OO0DOUOOODOO
o0oood0oooOo0oOooOoOoooOoUoooU0oU0DoU 200000O0oDOOoOO0ODOoOUDoo

Deforestation 0 00 0000000000000 (D00DOD0O0ODODOODOODOOOODO)OD0OODOOO
gooooooobobooooobobobooooooobobooobooboboboobooboboboo
goooooboooooboobbooobooobboobboobbooobbobobboobboOoO
gooo

0000000000000 00000000000 B3 0000000000000000000000
0000000000000 00000000000000000D (?)000D0D000000000 unfold
0000000000000 oooooooooDooOoOOO00ODOOOoOOUOUfoldooDOO
O000oooofold0000ODODOO0ODOO0OO0O0OOOOOOUOOO0OO0DODODODODOODOOOODOODOOO
gboboboboboboboobooooboooooboobobO0bobobobDOobDOoDLDOobDOoboOoboOon
gooboooboobooobooobooobooobboobboobbooobboobobboobboon
gboboooooogoogog
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Tx = =z
T(Cty...ty) = C(Tt)...(Tty)
T(fti...tn) = T (t{t1/z1,... ta/7s))

where f is defined by fzy...x, =t
T (case x of {p1 — t1;...;pn — tn})
= casexof {p1 =T t1;...;0n — T tp}
T (case x of {p1 = t1;...;pn — tn})
= casexof {p1 =T t1;...;pn — 7T tp}
T (case (ft1...ty) of {p1 = th;...;pn — t0})
= caset[ty/z1,...,tn/xy] of {pr = T t};...;pn — 7Tt}
where f is defined by fxy...x, =t
T (case (C'ty...tp)of {...;Cay...xpp — t;...})
= T (tftr/z1,. - tn/x0])
T (case (case tg of {p] — th;...;pL, = th}) of {p1 — t1;.. 500 — tn})
= 7 (case ty of

py — caset) of {p1 — t1;...pn — tn}

pl, — case t, of {p1 — t1;...pp — tn})

O 6.3. Deforestation

0000000000000 0oooon fold0000D00D00DDOO0O00D0ODODOO000ODOOOO0OODOOO
0000000000000 0000000000000 folldD0D0OO0DO0D0OO0O0O0OOWadlerOOOOOOO
0000000000000 000U0UUUooooooOoO WSS ooooooooo

ggooobodobooboobooboobboobboobobooboobooboobboobDbobobooo
gooobooobobooooboobobobooooboobob0oobobobooboboobobobooobo
gooooobooooobooobooobboobboobbooLobbooobboobboobboOoO
gboboooooobooboboboboooooooobobobo

Wadler 0000000000 O0OOOOOOOOOOOOOOODOOOOO

e 000D (blazing) 00DODDUDOUOUODOOODOLDODODOOOODODOD (OOLODO)DO
goboobooobobooobooobboobboobbooobboobboobbboobboon
0000000000000 00000000000000 (blazed deforestation) 0000000
b tobouobouobobobooobobouobobdbtotebobobOobOobOoobooboobab
000000000000 Odeforestation 000 0000000000000 O00O0OO0OOOOOOO
oboboooooobooobooboDbo

e JOU0ODDOOODLDOUODLDDOUOODLOOODLDbDOUODLDOUOODLDLOLUODDOODLDUODLDDOO
goobooobobobooobobooooobobooboooboD mep DOOOODOODOOOOD
goboobooboboon

000000000000 0000000000000000000 Odeforestation 00000000000
oooooooOoOoOOOOOOOOOOOOODOOOOOODOOOOOOODODOOOOODOOOO unfold
coboodoobooboooobooboooobboooodooboooooooboooboo0ooOooOobooOoon
0000000000000 000000000O00000000O0uwnfolding 0000000000000
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coooOooooOoocoOobooobooOoOoooOoocOoOoDOOoOoOobOboOoOobOoOoOooOooOoo
00000000000000000000000000000 [Mar9) 000D

6.1.3 Supercompiler

[Tur86, Mur88] O O Supercompiler 00 000000000000000O0O000D0DOOO0O0OOOO0O
00000000000000000000000000000000000000

6.2 Cheap Deforestation (foldr/build O ')
6.2.1 shortcut 00 OO

shortcut 00000 Andrew GilDO0OO00OO0O000O0O0OO0ODOOOUOC cheap deforestation 00 0O O
gooooo MKMD shortcut 000D ODO0O000O000OO0OOOOOOOO ()0 [JOOOOO
U0 foldr0OUOO0D00O0ODOODODOODOODDOO

00000 build0000000O0000O00OO0OOfoldr/build 000000000000 OOOOOO
dooooooooo

build :: (forall b . (a ->Db ->Db) -> b -> b) -> [a]
build g = g (:) []
gooad buildl]l][ll]l]foldr/buildDDDDDDDDDDDDDDD

foldr k z (build g) = g k z

gboboooooobooboboboboobooboobobobob0obU00l buildO foldrO D
cooooooobooobooooOoOoOoOoOoObocOoOobOOoOoOooooa

Gill O GHCOODO shortcut 00000000010 0000000 43%00000000000000
00000 3%000000000000000000000000000DOO00O0DO0OO

6.2.2 buildO0OO

shortcut 0000000000 0OCOOOO00OODOOOOOU0OODOOOOOUOODODOOD builddOO
goboobooboboobooboboobuoobboooboobooo

oooouopooooobo () 00000O0ODOOC0OO0OO00U0U00D0DDOODOCOOOO0UOU0DODOODOOOOO
oo0oooo Myj+M, OO0 (++-) 0000000000000 O0DO0DOOOODODOOOO M; 00000
000000000000 00000000000D000000 (+» 0 wild0D0OO0O0O0O000O0O0O00O0
O000000000000GII D vwild0O0O0O000O0000000 augment 000000

augment :: (forall b. (a => b -> b) -> b -> b) -> [a] -> [a]

augment g xs = g (:) xs

00000 foldr/build D000DO0DOO0DODO foldr/augment 00000000000 O0OOO
foldr k z (augment g xs) = g k (foldr k z xs)

0000000 augnent JO0O0O00000 (++) 00O00000O00O00OOO

(++) :: [a] > [a] -> [a]

xs ++ ys = augment (\ ¢ n -> foldr c n xs) ys
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oo0o0ooooU0UoooooUooooG++H) 000000000000 DOOO0UODDoDoOOoOUOOoDoOO
U build D augment DO 0O 00000000000 O0OO0OOCOCOOO

build :: (forall b. (a -=> b -> b) -> b -> b) ->[a]
build g = augment g []

000000 foldr/build OO0 foldr/augment 000 xs 0 [10000000O0OCOOOODODOO
gboboooooboboboboboooooooobobOobob augmnentJO00ooooooOO

6.2.3 Warm Fusion

foldOOOOOOOOOOODODOOO

fold 00O OO0O0OO shortcut 0000000000000 OOOODOOOLaunchbury O Sheard
00000 Warm Fusion 000000 [LS95]0 Warm Fusion 00 0Ofold D0O0OO0O0OO0OO0O0ODOODOOO
J00d0oooooonoobooiboD foldr 0 puildDOODODODODOODOOOOOO

00000 shortcut 0OOOOO0OODOOOOO0ODODOOOO0ODOOOOOUOODOODOOOODODODOO
foldr/build 0000000000 ODOOOOOO0DOOOOOOOOO MO wildODOOOOOOOO
gooooOooooooo MO

build (
cn -> foldr ¢ n M)

O00O00000foldr0 M ODOOOOOOOOOOOODOOMOOOO000 vwildd00000O0OO
coooboooboobooodooboooobooboobobooobOobbon wild0Od0OO0OO0OO0O0OO
coooooooooobooooooOooooOoboOoOobOoOobobooOooooOooOoOooDooOon

foo xs = M| xs |
goboobodgbbd foldrgnng
foo xs = M| foldr (:) [] xs |

0000000000000000000 MO foldr 000000000000 CO0O0OO0O0O0OO0O foldr
coooooooobcOooboboOooooooOboOo0oOooOO0oO0b0bOOnonbon foldrODOOOOOOOOODO
0000000000000 00000000000000O0000000 catamorphism OOO0O0O0O0OO
00000000000 00000000000000000000000000000000Warm Fusion
00000000000000000000000000000000000000000  [NJ98|0

6.24 GHCOOODO foldr/build OO0

GHC O 4.06 000 O worker/wrapper 0000000 shortcut 000D 00O0DO0OOOOODOODO
Joooooooobobibbfeldr 0 puild0 00 0000O0OOOOOOOOOODODODDOOOOOO0O0O0OO
00000000000000000 foldr0 muild0000O0OO0OOOODOODOOOOOODOOOOO
ggoooooooooooboobbbobbbbbbbobbbobbbbbobo oo oooogo
ODO0O00OGHCOOOOOOoOooooooo
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6.25 0D0OODOOODOOODOO

Olaf Chitil 00 0000D0 shortcut 0000000000000 OOOOOOOOOOOOOOOOO
[Chi99, [Chi00D D0 000000000000 00000000000000000000000000
build0 00000000 D0OOO0OOO0OO0OO00OO0O0bOO0bOO0ObOOobOO0O0oOoOoLODOoLOOobOobOobOOoOn

Olaf Chitil [Chi99, [Chi00] 00D D000 0000000000D0 bwild000000000000000
000000000000000000O Fegaras [Fegd] O Wadler 00000 [Wadl9 00000000
0000000000Doooo0000000000oDoODoD 20000000 HyloOOOOOoooooooO
gobobooooobobobobobooooogo

6.3 Hylo Fusion (0O OODO)

[Jon95| 000000000 DO0OO0OOO0DOOOOOODOOOO Hindley/Milner 0000000000
gbooobuobooobooboboobooboobobobbobooboobobboboobobobooobo
Catal HyloOODOOOODOODO Haskel 00000000000 0O0O0O0O0O0DOOOOOO

Oo0o00000oooo00000oooO0O0000oOOOO0O0000O0ODO0O00O HyloOOOOOD
boobooboooDb zipoOoooooOOODOODOODOODOODOODOODOOOODOO
OO0 [[HT98) O0OO0OO0OOIwasaki 00000000000 DDOODOD HyleOOOOO HyloOOOOOOO
0000000000000 O00O000O00000000000000DODOO0O000O00O0OODO0O Hylo
od0oobo0ooooO0oooO0oOoO0oOo0Oo0oO0OoO0OoOo0oOO0o0oOO0o0Oo0o0O0OOO0ObOO0OO0o0O
vboboboboboboboboobooboouoboooboboboboboboboboboobooboon
ooooooooooo

[THT9S) 0000000000000 000000000O0O00O0O0O0O0oooOoDoDooDooooooo
O00OHyloDODODDODOODOODODODODODOOODOOOOOOOOOOOO0OO0OOO0O0O000 [HTCI 0000
o0oo0ooOo0oOooOoOooOoooooOooon

000 hyloOOOODODODOOODODOOOODODOODOOOODOODO0OOOO0OO0O0OD0O0OOO0OOO0OO0O (common
sub-expression elimination) 0000000000000 00000000O00O0O0O0ODO0O0O0DOBEIOCO
0000000000000 mkTree 0O hylo DOOOOOOOOO0DOOO0O0OO0OO mkTreeas DOD0O0O0OO
gboboboboboobgoooooobooooouobobboobobobobOobobDobDOobDOobOOobOon
od0oo0ooooOooOo0oOo0o0o0o0oooO0ooO0oOo0oo0o0ooo0ooo0oooOooooooa
000000000000000000000000000000000 [Chi8§|0

[Tuf98] 00 GHCOOOOOHyloODOODOOOOODODODOOOODODOOOODODODOOOODODODOO
0000000000000 000 HyloOOOOOOODOODOOOOODOOOODOOOOOOOOOOoOoO
0000000000000 Haskel 000000000000 O0O00O0O0OO0O0O0O0COOO0OOO Hylo
ooooooOoooooooooo

[Sch00] OO pHOODDOOOOOODDODOODOOODOODOODOO0OO0ODDDO0OO0OO0O0ODOOOOOO0O0OO
0O Haskel 00 000000000000 O0O00O0O0OO0O0OOO0 HyloOOOODOOOOOOOODOOO
T,oUoodoooooooooboooboboobooooboo

[Jir00) 00DD0O0O00000O000000000D0000D0D000D0D000000 (concrete functor)
0000000000000 0000000000OH Haskell 0 Core 0000000 ADOOOOODOOO
gboboboboboobgoooooobooobooouobooboooboobobobOobobobDOobOOobOObOon
o0oooo0oO0ooo0ooOoooOooOoooOooonoa

HyloOOOODOODODOODOOOOOOODOOOOUOOODOODODOODODOODOODOODODODODDDODODODOO
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Pardo [Par(l] 0 0000000000000 D0O0O0O0O0O0O0OO0D0OOOOOOOOOmonadic unfold O
monadic hylomorphism 0000000000000 COO0O00OOOOOOOODODOOODOOODODOOO
Pardo O0O00OO0O00O0O0O0O00O0O0OOO00OO0O0ODO0OO0O0ODOOOO0CO0OO0OOO Hylo O Omonadic
hylomorphism 000 0000000000000 OO0OOOOOOOOOOODOO

O00OhyloD0D0O0OO0O0O anamorphism 0 0000000000000 unfold000DDOO0O [GI9Y) O
00000000000 catamorphism 000 fold 0000000000000 OOO0OO0O0O0O0O00OO
0000000 uwnfold 0000000000000 00O0O0000OO0O000O0O0O0O00O0O00OOOfld
0000000000000 0000DoO00o0oUoo0 wfeld000000ODOOODOOOOOOOOO
0000000000000 0O0000000000000 uwnfold0000000OD0O0O00OODOO unfold O
fold OO0 hyloOOOOOOOOOOOODOOOOOOOOOOOOODOOODOOODOOOOOOOOO
coobooooooooooocooon

6.4 OJO0OO0OOO

0000 (Attribute Grammer) 00 0000000000000 DO0OOOD (DODOD)ODO0ODOOOO
coboodooboocoooooboobooOoobboOobooOo0oOobOoOoOooOo0oOobOboOobOoOoOobOboOobooOoOooon
cboobooboobooboboboboooobooboboooooboobooboooOoooOoobOobOobOoDOoDn
0000 [ASUS6I0 0000000000000000000000000D00000000000000
00000000000000000 [Joh870000000000000000000000000000
oooooobooooooboobobooobooobooOoooDboOooOo0ooDbDoOOobDOoOooDbDboOooOoOooD
tcoooooooooooooooooboOoboOoboOobocO0OOOOOOOOOObOObDObOObOObDODOD
OO0O[CDPRY97 00O0O00DDO0O0O0DODOOOOODOOOOOODOODODOODODOODODOOOOOOOO
0O [CDPR99 00OO0OO0OOO0OO0DOOOOOODOOODOOOOOOOODOOODOODOOODOOOOOOD
cooboooooocooboocooobooo

gobooooooobooooooobobooooooboobobooooooobobOooboooDboOoooOooD
coboooobobocooooooboocoooOoOoooOobocOoOoOoO0OobOOoOoOoOo0OoOboOobOOoOoOobOboOobOOoOooon
ooobooooobooobooooboooboonoo
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70

L] [

gobooooooobooooooboooboooooOooobboOoooOooobOboOoboOooooboboOoooOooon
ocooooooooooobooooboooboooooOobOobooobooboooboOooD 2000000000D
ooo

e JOUI0DDOUOODLDOUODDOUOODLDOOODDUUODLDDUUODLDDLOUODbDUUODDbUOLDDLOO
opooo

e 10000000 0ODOOODODODO Haskel 00D ODO0O0O0D0O0DO0DOODOODODOODOO0O Glasgow
Haskell Compiler (GHC) 0000000000000 OOOO0OOOOOOOOOOOOO

ggbooboobobooobooobboobboobobooobooobboobboobboooboo
oboooooooon

71 ODO00D0O0O0O0O0OO0ODODOOOoOoOoooOoOOog

gobooooooooooooooooboobobobobobooDooooooooooooboboD
gooooobooboooboobbuooobbooobboobboobbooobbobobboobboOoO
gbobobobobobogooboobooooooooboooboobobobobobDOobDobDoboOoboOooon
goooooboooobooobboobbooobboobboobbooobbobobboobLbOoOoO
gbooooooboobooboboboooooooobooboboboobooooooobogooD

gobobooboboooboboobboobbooobooobooobboobboobboooboo
00000 HyloDOODODODODOOOOODOODOODOODODODOODOOODODODOOODOO0O0ODO0O0ODOO0OOO
000000000 HylrOOODDOOOUOUOUOODODODOOOOUOOODODODODDODOODOOOUOODOOODOO
goooooboobooooboobobooobobooobboobbooobooobbobobboobboOoO
oooooo

e 00 HyloDOODODOODOOOOODO
00000 000000000 OOODOOODOOODOOOOOOOOOO YyOODOOOODODODOOO
000000000 o 00w O0OO0OO0ODOO0ODOOOODODOOOODODOO

e 7,o N00OOODOODOODOO
gobooboobbooboobooobooboboobooboboobg r,e00obOO0O0OO
000 ¢, 000000000 0D0O0O00ODOO r,e 0000000000 O0ODOOOODO
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72 OJO00ODOOOO0OOO0OOODOOOO

0000000000000 0000000000 Haskel 0O0OO0O0OOO0O0OOOOO0ODOOOOOOD
O Glasgow Haskell Compiler 00 0000000000000 O0OO00OOO0OOOOOOOOOODOOO
coboooboobooooboobooooboooboodobooooo0ooooooooooooooon
O000000oooo0o0000ooooOO00000oooooOOo0o0oooDOooOoGHCOOOODOOOO
oooooobooooooboobboooboooboooobooooboooDbbOOoboOoooDbDbOOobooboOooD
coooooooooobooooo

O0OO0OHaskel 00 O0OO0OO0OODO CGIOOOO WWWOOOOOOOOOODODOOOODOOOOoooo
coboodoobooboobodoooboooboboooooobobodooooobo0oooobo0oooOoboobooOooon
coboooobooobooooboooboOooobboOoboOooOobOoOobooOoOoobOboOobOoOoOoOobOboOobooOoOooon
0000000000000 0000GHCOODODODOO0O0O0O0000ooooDO00oDoDooooooOoOO
O00o0ooo0 200MBO0O0OOCOOOO0OOOOOOOOOOOOOOOOOOOOOOOOOODOOO
ocooboooooboobooooooooobooOoooboboooobooooooboOoooObO0ooboOoboobooOooOooDo

O000OHaskel 000000000000 O0O000O00O0 NoFibOOOOOOOOOOOHyloOOOD
000000000000 000O0000/O0D00000000D00D00D00D0D0O0OO0D0ODOoDoOODOO
0000000000000 0000000O0”ylo00000000000O000000O0O0O0O0O0O0OO0O0
0000000000000 0000000DD0OD0O0OD GHCOOOOOOO folde/build OO ODOODO
oooooooboooooobooooooboOoooOoooDboOoooOoOooobObOOoooOoOooDbobOOooOoOooD
coobobooobooooooocOoOoOooOoOoOboOoOobooOoOoOoOOoOoOoooa

73 OJO0OoOO

gobboooooooooboobooooooobobooOooOoOoobboOoOoOooOobObOOobOOOoOoDbboOoboOoOooon
ocoooooboooooobooobooooboooboooobboooooobbOOoooooDbboOoooooD
coooocooooooooocooo

0000000 Core DD DOOODODODODO

23 000000000000 HyloOOODODOODODOOD [@..n] 0000000000000 OOOOO
coboooobocobooOooboOoboOoOoOobOboOoOoOoOoOobOOoOobOOoO0OobObOOobOOoOoOobOboOobOOoOooon
ooooboooobboooboooooooooooooboooooboobo0oobOo0ooobooooooboooDobOoo

000 let OO00OO0OOOOO Core 0000000000 DOO0OOOODOOOUOOOUOOOODOOO
00000BO000000000000000000D0000000D000DD00ODODOOifo00D0ooo
OO then OO else 0O0D00O0O0OO0OOCOOO0OO000000OOOOODO HyloOOOOOOOOOOoooDOO
000000000 @23000)00000000000U00D00D00O0DOU0O0DODOODODOD
00000000000 Core J00ODOOOOODOOOOODOODOODOODOOODODOOOOOODODODOOO
cobooooboocoooOooobooobOboOoOoOOoOobObO0OObOOoOobOOoO0OobObOObOOOoOobOboObOOoOoon
ocooboooobooobooboooobooobooobooboooboboooooobboOobooobOboOoboboOoon
cobooooboobooooboobooooboooboodoobooooooooboboobooooobooOooooon
cooooooo

0000000000000000000 Core0000OD0OOODOODO HyloOODODOOODOODOOOD
coboooobOocobooOoobocOobooOoOoOoOooOoOoOoOoOobOboOoOoOoOoOobOboOobOOoOoOobOboOoboOoOooon
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ooobooooooooobooooooooboOoOooOoOobocOoOobOOoOoOoboOoOoOoOobOOOoOobOOOoOooDon
ooooooooboobooooo

goboboooobbuooon

[Chi00) 00OODO0DO0DO0O000000O00000D0D0000000000O0000000D00000000
ocooooooobooobooboboboboooooboooooooooOobDOooDbOobDobOobOoDOoDOD
coboooobocobooOooobooobooOoOoOobOboOobOOoO0OobOOoOobOOoO0OobOOoObOOoO0ODOboObOOoOoon
cobooooboboooboooobobooboooobooobooooboooooobOboOobooobOboOobooboOooon
coobooooboboooboooboooooooooobooooooooobooooooooon

goboboooooooooobobooooOooooboobooOoOooOobObo0oOoOOoOobOboOoOoOOoOoDbboOobooOoOooon
00000000 Core000000O0OO0OOO0DDOOOOOOODOOOOOOUDOOOOOUDODOOO
000000000000 0000O0CereJ0000000D0O0OOOOODOUD HyloODOOODOOOO
ooobOooooboooobooooooooooboooDbDoOooobooboOoooDo

00 B34 000000000 shorteut 0000000 DO0O0OO HyleDOOODOODDOOODOOO
shortctt 0000000000000 O0ODO0OOO0OOOOODOODOOOOOOD HyloOOODODOOOOO
0000000000000 000000 M3 00000000000 shortcut 000000 Core OO
0000000000 HyloOOOOOOOOOOOOOOOOODOOOOODOOODOOOOOOODOOOO
ooooog

OO0 HyloOODOODO

[[HTO98, [HT0I] 000000000000 00000000000000000000=2zip000000
000000000000 000000000000000000000000@BO00000000000
0000000000000000000000000

goobooood

ggbooboooboobooobooobboobboobobooobboobboobboobobooobOoo
goooobogoboboobooobooboboboboboboobobooboboboobobDooboboboDo
gobooobooboooooboobbooobooobbooboboobbooobboobboobbOoon
goooooooboboooooboboboooooooboboooooboboboobooboboboo
gobooobobooboboobbooobobooobboobboooboooboboobobboobboon
000000000 (program calculator) 0000000000000 O0O0O0O0O0ODODOOOODOOOOOODO
obobooooooooooboon
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goboooooobooooooobooobobo0ooboOobObo0oooOooDbbOOoooOoOooDboOoooOoOooD
cobooooboocobooOoobOocOobooOoOoOoOboOobOOO0OobOOoOoOoOoO0OobOOoObOOOoOobOboObOOoOooon
ooboboooobooobobooooooobooooooooooo

gobbooooooooobooboooboOoboooooOobooboo0ooOoOobOOoOoOooOoOoOobOoOoOooOoOoon
coooooooooobocoocoboooOooboobOOobOOobOobOOobOboOoboOoOobOOobOOobOOobOOobOoDOon
oooo

gobooooooooobobooooOooobooOoOoOOoOobObo0oOoOoOoOobOOoOoOOOoOobOboOobOOOoDn
oooooobooooooboobooooboboobooboooboOoooOo0ooDboboOobooOoOooDbboOobooOooD
cobobOooobOobodoobooobooOooboooOoooOooOooon

gobobooooooobooooboooooboooobooooooooboboooooooboboOooOoOooDbboOobooOoOooon
coboodoobooboooobooboooobooboodoobooooodoooobo0ooobooOooooon
coobooooooooooooooOoOoooOoboOoOoboOoOoOoOoOoOoOoOoOboOoOobOoOooooOon

goboooooooooobobooobobooooooboobbooooooDbbOobobOoooDboOobDOOoOoD
coboooobocobooOoobOoOobooOoOoOoOboOobOOoO0OobOOoOobOOoO0OobOOoOobOOOOobOboOobOOoOoon
ocooboooobooobooooboobooooboboooboooobboooooobboobooobOboOobooooon
oooood

ooboooooooobboooboooooboooooooobOoobboooobooOooboboOobOoOOoOooDOboOobooOoOooon
ooooooobooooobooo
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