Identifiers
z € TmVar (term variables)
o € TyVar (type variables)
B € SchemeVar (scheme variables)
v € AnnVar (annotation variables)
n € L (annotation value)
Terms
k == K'z | zQK"z)
c == k—oe
e = z | Nz—e
| ezr | seqei ez
| let ; ="% ejine
| k | case z of ¢;
ec = e |c
Types
T o= a |QK | Tu7 | p,— ¢,
o == B |V{a.7}. C=>r71
G n= o p
P = gbu‘s(also written as: ,u”"s)
v,6 u= v [
Fou= 0 | Da:p,
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Generic analysis:
symbol  definition

L P(N)
0 {0}
1 {1}
T N

1 0

T®yY {m+nmez,ney}
Ty Npey{m —nlm € z,m > n}
tLy xCy

Uy rUy

Ty {3o0, nilm € z,Vin; € y}
D>y Uimeas(m=070:1y)

Using it as an sharing or strictness analysis:
zoy=xLy

Using it as an uniqueness analysis:
oY==y

Specializing an analysis:
Symbols with subscript g denote the generic version of the symbol. Requires a
specialized lattice £ and the functions p: L, =+ L and ¢: L — L,.
symbol  definition

0 p (Og)

1 p (1g)

T p (Tg)

€ p (J-g)

@y p(g()®q(y)
toy  p(g(x)oq(y)
tEy  q(z)Cq(y)
Uy p(g(z)Uq(y)
Ty p (g (2)-q(y)
Ty p (g (z)>q (y))

Example:

Uniqueness analysis with £ = {1,0,1,w}.
rToYy T=y

Im € xg.m >2

lex,

0€xy,

otherwise

r=w

r=1

z=0

otherwise

p(zg)

o O
—
—_
-

=2
&
SAm Z | O =g




Static semantics

T T2
—wi. VAR
T:To Fz:im

Daz:(V0. 0= 7)"" Fe: o

- 5 75 ABS
ve - I'EXN2 2 > e: (7707 = ¢)
['Fre: (@262 — (eﬁg)ﬂ Z: (;541 |—<> Z: qbg
= 5 APP
'@z:p1? Fex: s
F;,,Wl_eilﬂw 1‘0’$j:0-[)j1’0jv50j }—eo
(V0. 0= 7)"% = 22700%0 g (@, (5;0p5) T =To® (& (§;>T)))
C = implicit left-over constraints o0i = gen ("% C,T)

I'klet z; =% e;ine: ¢

Subeffecting

I'kte:7r" V1 Vs

I'kF.e: 7"

LET
FEaxtension: seq

SUB(+)

F1 F;elzﬁo TQFe2:®2
r1@r2}_8€qel 622(]52

SEQ

Ezxtension: datatypes I'Fec:¢,

lobz: (TTm)" Dike:(Tom)"t =)

. — CASE
Io® (U; ') Fcase z of G5 : ¢
data T w a; = K; pi;
7570% = pog (Mg, faw) w0 Ry
Doz (V0. D= 7)"% Fe:o 1Cv CASE-ARM

THFK % e (TTm)" = ¢)
data TW@ZW
; o e 1
6% = pij ", F faw)  miid i c

@ (00,7 F K" @5 (T o )"

Extension: heap labels

Do (V0. 0= QK)"" - (K" %) »e:¢ w»mC1l vC1
FFm@(KVmT)%e:(;)

ON

CASE-ARM-LBL

DFK Zi:¢  Tobcaz:(QK)*
‘ CON-LBL

D@l b 2Q(K 7)o




Operational semantics must verify the annotations: during execution none of the
thunk annotations may go below zero and after execution all thunk annotation
must permit zero use. Operational semantics must also use heap recycling and

update avoidance.

Operational semantics ‘ (H;e; Sy — (H;e; ) ‘

vOuse (§)# L 001# 1L
(H,z="" e;2;8) — (H;e; #7929t 5 g)
1Cv
(H; X w1 — e;[] w2, §) — (H;e [7/0,];5)

VAR

ABS

APP
(Hye z;8) — (H;e;[] z,5)

fresh i@ 6 =" /x)

— LET
(H;let z; =vi% e; in e; S) — (H,y; =vi'% e; [¢];e [¢]; F)
1% @ 125) 7_é iR
L YVL. V2,02 _v2,02 ysv2, 17V10vV2, UPDATE
(H; V5 # z,S8) — (H,z = v v ; S)
SEQ1
(H;seq e1 e2; S) — (H;en; seq [] e2, )
OCv 5
SE
(H; V7iseq [, 5) — (HieS)
CASE
(H;case z of ¢;; S) — (H;z; case zQ[] of ¢j, S)
1C ki=K; v7;
=7 v Y CON1

(H; K; v Tj; case zQ[] of k; — e;, S) — (H;e; [ﬁ/@], S)
l=v ki = yQ(K; v ;)
(H,z =°° V; K, v Tj; case 2@[] of ki — e;,5) — (H,z =" Vies [ /55,7 /,]; 5)

_v1,61 . V2 =), V2,01 V2 ——. pV2 o LBL
(H,z = e;zQ(K"? T5); S) — (H,z = K" 75, K" 75; S)

C

ON2




FEvaluating to values

H(z) € v

———————— VARVALUEVALUE
H;z o H; H ()

Hy(z) € e—w Hy;Hy (z) dn Hosv
Hi;z n Hayzo = w50

VARTERMVALUE

ABSVALUE

H; M —eloH; \x — e

H1;61 Un1 HQ;)\JH — e3
Hajez fin, Hsjze  Hsjes [ /o] dng Hajz

Hyijer ez dnytnotng Hajxs

freshgi 6 =["/m]  Hiyi=ei[¢]ie[¢] In Haja

3
APPVALUE

- LETVALUE
Hilet vy =ejine Jnypyz; Hojz
ie{l...n Hisei fin; Hip1;x:
{ i fine il CONVALUE
Hy; K € UZ mHn+1;K$i
Hi;e n Hajv
ey 2 LBLVALUE
Hy;2Qe |, H2jv
Hi;e n, Ha; K; Ty5 H;eiﬁ‘j —| Un, Hs;v
15€ Iny Ha i) [ 7] s Hs NORMALCASEVALUE
Hi;case e of K; Jij — €; Iny+ny H3jv
Hl;eﬂnl HQ;CE
H> (x) = K; T4y Hos e [T ="y Hs;wv
2 (2) Ly ziei [ /vy ] oo Ho UPDATECASEVALUE

Hi;case e of y;Q(K; Ui;) — €i Iny+ny Hs;v

Figure 1: Heap recycling - operational semantics part 1




FEvaluating to heap locations

Hy;z n Hasv

—————— VARHEAP
H1;Z ﬂn HQ; xT

resh x
J 2 ABSHEAP

Hi; A1 — e Hyze = A1 — e;x2

Hl;el ‘Un1 HQ;A.IH — es
Hj; ez fn, Hs; a2 Hs;es [*2 /2, ] ftng Ha;xs
Hl;el €2 ﬂn1+n2+n3 H4;$3
freshyi o =["/z]  Hiyi=ei[¢];e[¢] fn Hajx
Hyijlet Ti =ejin e tnqsz; Hoy

ApPPHEAP

LETHEAP

fresh x Hy;K & |, Ho; K 75
Hi; K € ftnt1 Ho,o = K 7y @

CoNHEAP

Hl;e l}n Hz; v
Hi;zQe f),, Hayx = vy

LBLHEAP

Hizelln, Hos Ky Tij  Hojei [*9 [g5] fhny Ha;
Hi;case e of K; §ij — € ftny4ne H3jT

T
NORMALCASEHEAP

Hise o, fé;x
Hy (z) = Ki%Tij  Haei [" /377, [y, ] tny Hs2
Hy;case e of y;Q(K; Ui;) — €i Tny+ny Hs; 2

UPDATECASEHEAP

Figure 2: Heap recycling - operational semantics part 2

The following code recycles all the heap for any given list using the operational
semantics from figures | and 2. A proper static semantics is still required.

id = \zs — case zs of
h@QNil — h@QNzl
h@(Cons y ys) — h@Q(Cons y (id ys))

However, this code is not allowed in [ ]. The closest in
can come to a similar function is the following code:

id = A\zs — case zs of
Nil — Nil
Cons y ys — let r = id ys in (Az — z) (zs@Q(Cons y 1))

However, this function does one allocation for every Cons cell (the let). Also, the
constructs needed to achieve this seem to be a little verbose.




