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int *p;
int n;

p = &n;
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2.1 Disjoint Set
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e FIND(x) : xOODOOODOOODOOOOOO
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op(...)0 000000000 DOODOOOODOOOallocate(y) D000 yOOOOODOOO

Su=x=y
| x =&y
| x = *y
| x =op(y1...¥n)
| x = allocate(y)
| #x =y
|
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0f,00000000n00r, 000000000000000 X1...Xm =p(y1---Yn)
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au=TXA\

7= 1 | ref(a)

A= 1 | lam(og ... an)(0nt1 - Opgm)
+000000000000000AD00000000000000000ref(rx 1)0
0070000000000 Oref(Lx lam(ar,a2)(0)) 000000000000000
O000000000000000 Tref(Lx L)ODOOOOO
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0000000000000 dox=&y OO0O0OQO0O
AbF x:ref(r x )
AbFy: T
A b welltyped (x = &y)

O0x00000 yOOoOOoooooooODODODODOoO0oooooono
x=yUOoOoOooooooooooo

Al x: ref(a

Ay ref(a

A+ welltyped(x = y)
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tlﬁt2<=>(t1 ZJ_)V(tl Ztg)
(tl X tg) < (t3 X t4) & (tl g t3) A (tQ < t4)
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AF x:ref(ag
Aty : ref(as
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A F welltyped(x = y)
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A x:oref(ref(l) x )
A F welltyped (x = allocate(y))

AFx: refgalg

Aty ref(as
az Joy
A+ welltyped(x = y) AFx: ref(reféal) X _)
Aby: ref(asg)
az Joy

At x:ref(r x )
Aby:T A+ welltyped (xx = y)

A F welltyped(x = &y)

A x:ref(C x lam(ag ... o) (@nt1 -+ - Qngm))
A £ ref(oy) " "

AF x: ref(a) At rj:ref(op )
Ay ref(ref(ag) x ) Vs € S*: AF welltyped(s)
@2 S AF welltyped(x = fun(fy .. .£) — (r1...1m) S*)

A+ welltyped (x = *y)
AFx; o ref(ag, ;)
Ak x ref(a) A prel(-x 114&&1(1?21:. 'r'egégz Gt )
vien” nﬁefaaz a il om0l o
oonl,op 4 Vje[l...m]:oznﬂﬁalnﬂ

A - welltyped(x = op(y1 - . yn)) A F welltyped(x1 ... Xm = D(Y1---¥n))
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1. 00000000000000000ref(Lx 1)0000000

2.00000000000000 wel-typedDOOOODOOD 2100000000
ooooooooogong

goboobogn

if(...)

p = &x;
else

p = &y;

0000000000000 0000000000000O0O000OOOO0OOn 3.1(A)
O00O0ref(Lx L)DOOOODDDOOOOO0O p=&x000000000pOOODOO
10x00 nO000000OO0O0(B)DOOODODOOOOOp=&yO0000pO0OOOO
n0y00 00000000 (C)OD0O0O0O0OO0OO0OO0OOODOUOODOOpOOODOOO
U»000000 sO000000x0y0000p0O0O0D0D0O0O0DO0O xOyO
oono

p:7, =ref(Lx 1) p:7, =ref(r,x 1) p:7, =ref(r;x L)

x:t,=ref(Lx1l) = X:rzzrefa_xL) = x:ﬁzref(j_xJ_)

y:7z, =ref(Lx 1) y:7, =ref(Lx 1) y:7y =ref(L x 1)
(A) (B) (©)

031: 00000000
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p:7, =ref(Lx 1) p: 7, =refi

x:7,=ref(Lx1l) ) Xx: ref(Lx 1) ) x: ref(L x 1)

y:7, =ref(Lx 1) y:7, =ref(Lx 1) yiry=ref(Lx 1)
(A) (B) (C)

O 3.2: Disjoint Set 000 OO0OO0DOOODOOOOOOODODOOOOOODDOODOO

3.3 join[ cjoin
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ob0ob0 UnioNnOO0O00O0O0O0OO0O0O0O0O0KQDOOD0OO0 LODOODOO UnioNnOO0OooOO
uboobooboboooboboonb Lobooboboobooooobooobobogoon
Ubo0ob0 UnioNnOOOOODOOoDOOD

goobooooooooobobo LO0b0o00b L00bbo0o0b0o0o0bDb UnonOd
uboooboobooboboooboboobboobooboobob 31000000 cjoin
Ojoin0000cjoin0 00000 LODODOOO0DDODOOOO0OODOODODDO pendingd
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jomd 000000 UnionODOOOODOOLDO LOD00OO0O UnoNODOODOOOO
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0000000000000000000000000000,O00000000 Disjoint
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cjoin(eq, e2)
if type(ez) = L then
pending(ez) — {e1} U pending(ez)
else

join(eq, e2)

join(ep, e2)
let t; = type(e;)
t2 = type(e2)
e = ecr-union(ej, e2) in
if t{ = L then
type(e) « to
if to = 1 then
pending(e) < pending(e;) U pending(es)
else
for = € pending(e;) do join(e, x)
else
type(e) « t1
if to = 1 then
for z € pending(es) do join(e, x)
else
unify (1, t2)

0 3.1: 00O cjoin U join.

pending(e) 0 e0 0000000 O ecr-union(eg, ez) O e

Oe U UnionOOOO0OOOO0OOOOOOOOOOOO
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X=y
let ref(m; x A1) = type(ecr(x))
ref(my X A2) = type(ecr(y)) in
if 71 # 72 then cjoin(7, 72)
if A\ # A9 then cjoin(Aq, \2)

x = &y
let ref(m; x _) = type(ecr(x))
T = ecr(y) in
if 71 # 1 then join(11, 72)

X = xy
let ref(m; x A1) = type(ecr(x))
ref(ry X ) = type(ecr(y)) in
if type(m2) = L then

settype(ra,ref(71 X A1))
else
let ref(73 X A3) = type(m) in
if 71 # 13 then cjoin(7, 73)
if )\1 75 )\3 then CjOin()\l, /\3)

X = op(y1---¥n)
forie[l...n] do
let ref(ﬁ X A1) = type(ecr(x))
ref(ma X Ag) = )
if 71 # 7 then cjoin(7y, 72)
if )\1 75 )\2 then CjOin()\l, )\2)

x = allocate(y)
let ref(7 x _) = type(ecr(x)) in
if type(7) = L then
settype(r,ref(L x 1))

*X =y
let ref(m; x ) = type(ecr(x))
ref(ma X A2) = type(ecr(y)) in
if type(m1) = L then

settype(ra,ref(o X A\2))
else
let ref(73 x A3) = type(m1) in
if 71 # 13 then cjoin(7s, 72)
if A1 # A3 then cjoin(\3, \2)

type(ecr(y;)) in

x = fun(f;...f,) — (r1...1p) S*
let ref(_ x \) = type ecr( )) in
if type(\) = L then
settype(AJam(ay .. .
where
ref(a;) = type(ecr
ref(a;) = type(ecr

an)(anJrl e an+m))

(f;)), for i <n
(ri—pn)), for i >n

else
let lam(a; ... ap)(apt1 - Qnym) = type(A) in
forie[l...n] do
let 71 X /\1 =
ref(ma X A2) = type(ecr(f;)) in
if 71 # 7 then join(mg, 1)
if \; # A\ then join(Ae, A1)
forie[l...m] do
let T1 X )\1 = Qp+tj
ref(o X \2) = type(ecr(r;)) in
if 1 75 T then jOiIl(Tl,TQ)
if )\1 75 )\2 then jOiIl()\l, )\2)
X1 . =p(y1---¥n)
let ref( X A) = ype(ecr(p)) in

if type(A) = L then

settype( la ( . an)(an+1 e an+m))
where

o = 1 x L
let lam(a; ... ap)(apt1 - Qnim) = type(A) in
foriell. ] do

let 71 X )\1 = Q4
ref(my X A2) = type(ecr(y;)) in
if 71 # 1 then cjoin(7, 72)
if A\ # A9 then cjoin(A1, \2)
foriec[l...m] do
let 71 X )\1 = Qp+j
ref(my X Ay) = type(ecr(x;)) in
if 71 # 1 then cjoin(7e, 11)
if A\ # A2 then cjoin(Ag, A1)

032 000000000000Oecr(x)000x0000000000OOOsettype(r,t)

ub-00d0botboooboo
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4.1 0000
0D000000000000000000000000
e 00D0OD0ODOODO

e LIROD HIRODUODUODODODODO

4.2 LIROOO

00000000 L-module 00000 LIROOOOOOODOOOL-module0 00O
00000000000 00D000 Lfunction0 00O L-function0 00000000
00000 L-sequence U 00 0OL-sequence 0 LOOOOOOOO PROLOGUEOD OO OO
EPILOGUEN 0000 OD0O 410 LIRODODODOODODDO

L-module

L-function

global

symbol local L-sequence |

table
symbol PROLGUE=
table .

EPILOGUE=R

0O 4.1: LIRODODOO

4.21 LOOOO

goooooo Lobooooooooooooon
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Const [
Const 0 0 0 0 Intconst 0 O Floatconst 0 O 00 O (INTCONST I32 1) 0 32000
000 10000 (FLOATCONST F322.0)0 320000000000 200000

Addr O
Addr0000D0D0DODDODDODODOOODOOODOOOOOOOOOOODODOOD
00 StaticO0OD 00000000000 0O0O0OO FrameOOOOOOOOOO(FRAME
I32"a") 0000000 a0000000000O

Mem [
MemOOOOOOOOOOODOOOOOODODO (MEM I32 (STATICI32"a"))0 OO0
O000aa000000000000000 p000000O0DOOODODOO(MEM I32
(MEM I32 (FRAME I32 "p")))0 U OOOOOOOO

Set [
Set 0000000 DOOOOOODOOOOODOOO

(SET I32 (MEM I32 (FRAME I32 "x")) (MEM I32 (FRAME I32 "y")))
Ox=yQdoog

Call O
(CALL x3 (x2...%p) (y1...yn)) 00x;0000000000000O0O x9...%x, 00
gooooonoy...y,yoooon

Interface O
Interface O O O O Prologue O O Epilogue 0 0 00 O Prologue 000000000
OO0ODEpilogue0000OO0DOOOOOO.

OO000000O000000D0 AddOO MulOOOODO

4.3 LIROOODOOOO

LIROOOOOOOO0OO000000
L-module 0 0 O L-function0 00O OO

1. Prologue O O Epilogue 0 00000000 0O0OO0DO0OO 3200000000000
oooooon

2. L-sequence D0 LODOOOOOODO SetO0 CalODODOOOOOO LOOOOODO
gboooboboobooa3d2oboooooaon

goboobooooooboobooboooobooooboooobooLoboboooboon
gbooooobon
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4.4 U000 LIROOO

gbooboobooooboob LIRgboobgoooobooboooobooo
ob22000000000000000LOD0ODOODOD0OO0OOOODOODODODDOOOO
gbooooooogobobobob22000000000000000O0O0O00OOOO
goog

4.4.1 0O0OO0O00O0OO

oob220000000000 LIROOOOODOOOOOODOOD

X=y
— (SET I32 (MEM I32 (FRAME I32 "x")) (MEM I32 (FRAME I32 "y")))

x = &y
— (SET 132 (MEM I32 (FRAME I32 "x")) (FRAME I32 "y"))

X = xy
— (SET I32 (MEM I32 (FRAME I32 "x"))
(MEM I32 (MEM I32 (FRAME I32 "y"))))

XX =y
— (SET I32 (MEM I32 (MEM I32 (FRAME I32 "x")))
(MEM I32 (FRAME I32 "y")))

x = allocate(y)
— (CALL (STATIC I32 "malloc")
(MEM 132 (FRAME I32 "y"))
(MEM I32 (FRAME I32 "functionvalue")))
(SET 132 (MEM I32 (FRAME I32 "x")) (MEM I32 (FRAME I32 "functionvalue")))

X =p(y1...¥n)
—> (CALL (STATIC I32 "p")

((MEM I32 (FRAME I32 "y;"))...(MEM I32 (FRAME I32 "y,")))
((MEM 132 (FRAME I32 "x"))))

0000000x-(y-2)0 (x-y)-2000000000000000000000
0000000000xxy+20000000000000000000000000
0000000000000000000000000000000000 Set0000
000 AddOO MuOO0O0O00O0O00000000000000000000000
0000000000000x-(y-2)0xxy+2z000op(x,y,z 000000
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goboboobgooboboobooboobobobooboobooboobooboobooon
ugbboobogbobao

4.4.2 OD0OO0O0O0OO0OOOOOOOODODO

gbooobdpbOO0O0DO0DLO00ODDLODDO+xxp00DOD0DOODDOODOO
O00D000Oxxp=yO0 Q0000

(SET 132 (MEM I32 (MEM I32 (MEM I32 (FRAME I32 "p"))))
(MEM I32 (FRAME I32 "y")))

gbooboboobobob Lbobobobuobuobuobuoboo

t = *p;
*t = y;

gbooooobooobooobon

4.4.3 00O

gbgobooboobooboboobuooboobobooboaobooboonoo
ubobobooboooboobbooboonbooo

struct point{
int x;
int y;

}

struct point pt;

ubboobdptbobooboooobooboobbg

pt: pt.x
pt.y

O0OOpty=a00000

(SET 132 (MEM I32 (ADD I32 (FRAME I32 "pt") (INTCONST I32 4)))
(MEM I32 (FRAME I32 "a")))

b0 LOogoOob0ob0oooobo0o Loboboooboobob0b0obn pt=a00O0
ubobooboogan

444 00

gooooooooboooon
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10000d
O00a010000000000000100000004000000 a1jO000O0O

(MEM I32 (ADD I32 (FRAME I32 "a")
(MUL 132 (INTCONST 132 1) (INTCONST 132 4))))

D00000000000000LOOO0
(MEM I32 (FRAME I32 "a"))

O000000000000ajil=x000000a=x00000000000000

ugboogn

CO00000000000000000000000000 (A)0000000000
00000000 (B)OOoOO

a[0][0] ™
a[0][1]

a[1][0]
a[1][1]

(A) (B)
042: 00000000

00a000 (A)0D0D0D0D0 10x10000000000a[1)1)0000

(MEM I32 (ADD I32 (ADD I32 (FRAME I32 "a")
(MUL 132 (INTCONST I32 1) (INTCONST I32 40)))
(MUL 132 (INTCONST I32 1) (INTCONST I32 4))))

D00000000000000LOOO0
(MEM I32 (FRAME I32 "a"))
D0D000000000afij=x000000a=x00000000000000

00000 aa000 (B)DOOOO 10x1000000000OOa[1j0oooO
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(MEM I32 (ADD I32 (MEM I32 (ADD I32 (FRAME I32 "a")
(MUL I32 (INTCONST I32 1)
(INTCONST I32 4)))
(MUL I32 (INTCONST I32 1) (INTCONST I32 4)))))

D0D000000000000LOOO0
(MEM 132 (MEM I32 (FRAME I32 "a")))

000000000000 a[i]j]=x000000xa=x00000000000000
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0000000000000 0000Emami000000 [6]0 LandiDO 00O
07000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000 [8)0

0000000 00000000000000000000000000000000
000000000000000000 (6, 9,1000000000000000
0000000000000 00000000000000000000000
11, 12, 13]0
0000000000000000 [14,15|00000000000000000
0000000000

SSAOD00D0OD0O00D0O000O SSA O OO static single assignment formO 00 000 0O
00000000000 o0oo00o0oooooooooooooooooono
000000000000 000000000D000O000000d

000000000000 0000oo0oo0ooo0ooooooDooooon
0O0SSA00000D00OD0D0ODOOD0D0ODO0O0000O0OoOODOooDooooDOooDOon
O0000000SSA0000O00DDOO0DoOo0ooOO0ooDoDooooooon
000000000000 0000000000000000000000000
00
HastiOOOO [16)00 SSAOOOOOOOODOOOOOOOOOOOOOOOO
O000«pU000 pO00D0DO00O0DO00ODOODODOODOOOOxpOO000O00O0O0O
oooooooooon
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6.1 OO0

OO00D0O0O0O0C00DOO0O0ODOO0D0O0O0DO Steensgaard D OO0 COINSO LIR
ubobooboobboobooboboooboobobooobooboooboon

ubboobuodbog boobboobbuoobobooobobooobboonooboaa
gooobooboobobooobooboobooboboobonboogoo
goooooooooobooooboobooboobooboobono

gboboobd bogoboooboboobbuoobboooboooboboooboog
goooooobooboobobobobobobobobobobobobobDo
gbooobobooboooboobobooboobbooboooboooon

000 O0O00O0000000000O00oo0o0ooooooNODOOO O(Na(N,N))
gboobooobooboobbooboboooboooboobboobobooboobon
googoboboobooboboobuooboobbon

6.2 0O0OOOO
000000000000000

oboobobob DobUoLIROOOobOobOobDOobDobooobobUobOooooboOoo
goobooboobooboobobobobobobobobobobOobobOobo
gbooooboobobooobboobooboboobbooboooobooaonoobo
gbobogobooobbooobobogo 320000000000 00000O0
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gooboobdo boboboboboboboboboboboopoooobooobobooboo
gooboobooboobobobobobobobobobobobOobobDobDo
gboooboobooobogoaoo
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gboboobooooboooooooobobobobobooboboboobooboon
0000 Steensgaard 0 0000000000 200000000000 [17, 18]0
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