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1_ : (Top-Down Parsing)
Top-Down Parsing start
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€ 3.3 LL(1) Parsing
1. (Predictive Parsing)
Top-Down Parsing,
2.5 DFA - token i production
1. backtracking )
L left-to-right scan of input
2. L leftmost derivation
k predict based on k tokens lookahead
2 | Left Factoring
3.
E->T+E | T
4. 1 E->TX, X ->+E | epsilon
2.5 LEX 3 Predictive Table
Longest Match * For each production A — « in G do:
CH3 - For each terminal + € First(a) do
3.1 CFG ‘A t=a
1. Anbiguity: - If ¢ e First(a), then for each t € Follow(A) dog
+ T[A, t]=
i First Sets epsilon
E>T+E | T, T->FT]|F, F->id|(E) Follow Sets epsilon
2. (concrete sytax tree) AST 4.LL(L)
(syntax tree) , @  (generate), N
LL(t) Parsing Example iﬂrgh Jirﬂj = Cgmatc?gécept)' @ error
Stack Tnput Action 5. LL(l) A -al
$i$ ﬂiﬁi i |2 First(al) NFirst(a?2)
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3.4 | Bottom-Up
Parsing

token start
symbol

2

Reduce
token production Non-
terminal Shift |

terminal

3.5 LR(0) Parsing
Left-to-Right Scan,
Rightmost Derivation, Predict Based on
k Tokens of Lookahead LR(0)

2.LR(0) Item

1. LR(K)

item, MEMERE

[i, t] =

production K1FS.
4_LR(0) Parsing Table

3.LR(0) Parsing Table
NFA DFA
sk terminal
k gk non-
terminal k rk
k production rl, r2
, I3 S§*->S, S->(S)S, S->EPSILON
accept .
- T DFA fRIE— S; — 55, ®M1% TI4, t]
= sj, HEf 8§ 2RFi, t 2— terminal;
X
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i ARE—1 terminalt, & T

rk , Hdk £ LR(0) item FJRIHY

Stack (states)| Stack (symbols)| Input Action

1 (x)$ shift 3

1,3 ( x)$ shift 2

1,3,2 (x )$ reduce 25 ->x
1,3 (s )$ goto 7

1,3,7 (s )$ reduce3L->S
1,3 (L )$ goto 5

1,3,5 (L )$ shift 6
1,3,5,6 (L) $ reduce 15->(L)
1 S S goto 4

1,4 S $ accept

3.6 SLR(1) Parsing
SLR(1) LR(0)
rk LR

o FFF—TALAMLA LR(O) item (BIE2 A->a. ),
MEMERS | ARE— terminal t, IR tE
FOLLOW(A), & T[i, t] = rk , E k £ LR(0)
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LR(0)
terminal reduce
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Follow Set

LR(0)
3.7 LR(1) Parsing
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LR(1)item
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First(X) (First Set of X) is computed iteratively:
* Base case:
+ if X is a terminal symbol, First(X) = {X}
+ if X(is a non-terminal symbol, initialize First(X) = {}

(gpsid

N (X)MOJ|04 = (X)Mo|j04 UBYY ‘gx» <- A J1 ‘g ‘» sBuus Aue 104 «

* Inductive case: if X is a non-terminal symbol and X -> Y1
Y2.... Yk, First(X) = First(X) U First(Y1 Y2 ... Yk) = First(X) U F1
UF2U...UFk, where:

* FL=First(Y1)
* F2=First(Y2) if Y1 > ¢, otherwise 0

o F=First(YK)if Y1 Y2 .. ¥} *> ¢, otherwise

Non-Recursive Predictive Parser

19SBI dARINPU| «

(X)mojjo4 azy|

(A)moljo4 N (X)mojjo4
“9°1 ‘X SMOJ|0} Bulylou dwinsse am ‘Ajeiiul :ased ased .

(x)moljo4 2 <; g pue gxn <- A §1 ‘g ‘D sBuias Aue Joq
=

:AjaA1esa11 paIndwiod si (X JO 195 MoJ|04) (X)mojjo4

sSo)S e [MNT[( D [s |
s [s>@)5 [s->e [s>e |
Steps | Parsing Stack | Input Action
1 ss 03 5> (5)S
2 $S)s( 0$ match 1
3 $5)S s S->&
4 $s) )% match
5 $s $ s>¢
6 $ kS accept

The symbol on top of the stack:
+ Terminal: Matc}
* Non-terminal: Derive

CH5

5.1 (symbol table)
bucket
5.1 (imperative)
5.3 (functional)
bucket
bucket

:ml={bat->1,camel->2,dog-
>3%,

mouse - 4 root

|

3

dog

frame pointer —|

outgoing
arguments

stack pointer |

local
variables

return address

temporaries

saved
registers

argument m

argument 2
argument 1
static link

current
frame

Static Links

Display
index

next
frame

J lower addresses

Lambda Lifting

effects
CONST(i)
NAME(n)
TEMP(t)

MEM(e)

CALL(f, /)

ESEQ(s, €)

- ESEQ
B

value

EXP(e)

bat

g

mouse | 4

SEQ(s,, s,)

LABEL(n)

camel IZ

ml m2

EXP(e)
JUMP

CIUMP
SEQ

BINOP(o, e1, e2)

P6 Intermediate Code
Three-Address Code

(op,x,
Intermediate Representation Trees

Expressions (T_exp): the computation of some value, possibly with side

X=yopz

quadruple
y,2)

The integer constant i

The symbolic constant n (assembly language label)

Temporary t.

i.e., virtual register

The application of binary operator o to operands e1, e2.

The integer arithmetic operators: PLUS, MINUS, MUL, DIV; the
integer bitwise logical operators: AND, OR, XOR; the integer
logical shift operators: LSHIFT, RSHIFT; the integer arithmetic
right-shift: ARSHIFT.

The contents of wordSize bytes of memory starting at address e.
When MEM is used as the left child of a MOVE, it means "store",
but anywhere else it means "fetch”.

A procedure call: the application of function f to argument list /.
Evaluate from left to right.

The statement s is evaluated for side effects, then e is evaluated
for aresult.

- evaluate

e

MOVE(TEMP t, e)
MOVE(MEM(e,), e,)

JUMP(e, labs)

CIUMP(o, e, e, t, f)

statement

Statements (T_stm): performs side effects and control flow = no return

Evaluate e and move it into temporary t.

Evaluate e,, yielding address a. Then evaluate e,, and store

the result into wordSize bytes of memory starting at a.

Evaluate e and discard the result.

Transfer control (jump) to address e. The destination e may
be a literal label, as in NAME(lab), or it may be an address

calculated by any other kind of expression.

Evaluate e,, e, in that order, yielding values a, b. Then

compare g, b using the relational operator o. If the result is

true, jump to t; otherwise jump to f.

The statement s, followed by s,.

Define the constant value of name n to be the current
machine code address.

Name(n) uses symbol n, Label(n) defines symbol n

R tree of a[i] is

Canonical Trees

MEM/+\B|N0P * MEM(e) represents a 1 - SEQ
/|\ * W is the word size ESEQ 2. CALL
e MuL i COI‘IST EXP
w
Example: if x < 5 then a > b else 0 MOVE
* x < 5 translates into Cx(s1)
* a> b will be translated as Cx(s2) l .
Similar to Statement
/SEQ ifx<5&a>bthenlelse 0
e 2
L} X CONST z f LABEL /(i\Ml\\
! L& a3 3. CALL
SEQ(s1(z,f), SEQ(LABEL Z, s2(t,f))) 4 B C ALL
liminate ESEQs, ESEQ _ .
- Y [ -]
- expression Logd | t B2
statement 2N Fa
2i58; 2 3o
- statement S*r: 532 ¢35
expression R "3E . g2
move CALLs to top level v B .38
BINOP(PLUS, CALL(...), = § 393
CALL(...)) CALL 2 2 £ 53
CALL RV reg =2 Py E
CALL(F, € ¢ [EEm
args)-> ESEQ(MOVE(TEMP t, CALL » = Vg
(f, args)), TEMP t) 2 ER '.g
eliminate SEQ é % %
SEQ(SEQ(a, b), c) = z b @
SEQ(a, seq(b, c)) s & s
SE SEQ(s1, & =
SEQ(s2, ..., SEQ(sn-1, sn)...))
Basic Blocks & Traces
label Jump

Jump
Jump
A trace is a sequence of statements that could be
consecutively executed during the execution of the
program and can include conditional branches
DFS trace
Perform some minor adjustments:
For any CJUMP immediately followed by its false label:

« Let alone (there will be many of these). trace
For any CJUMP followed by its true label: traces
+ Switch the true and false labels and negate the condition. b I OCk
For any CJUMP(cond, a, b, It, If) followed by neither label: trace
* invent a new false label If' trace
* rewrite the single CJUMP statement as three statements:
CIUMP(cond, a, b, It, If) traces
LABEL If
JUMP(NAME If ) trace

p7-Instruction Selection

- Optimum tiling cost

- Optimal tiling:

[(€ ‘s)03s3 ‘za ‘T3] “83 »

The Jouette architecture

Name Effect Trees
= 5 TEVP
AP nentn PN
MUL rerxn PN * BINOP(PLUS,
; X, y) =>+(x, y)
suB noer—r
F
DIV ro—rin PN
T T CONST . 0=
ADDI rerite N r0=0
cokst__cofst
SUBI nern-c N
const .
MEM MEM MEM MEM The actual
e : ! ! okt ! values of
LOAD 1 « Mr;+cl s
AN e CONST and
cokst_cofist TEMP nodes
VOVE OV VOVE OE 2
s N N N will not
it S MM
STORE  M[rj+cl «r; ] ] coksr ] always be
i shown.
COoNsT_coRsT
E
MOVEM  MIr;] < Mlr] R,
I

@)
2 2 LOAD r < M[fp+a)
4 ADDI r<r+4 4 ADDI =1y 4
5 MUL r—rixn 5 MuL e X
6 ADD n<n+n 6 __ADD rer
8 LOAD 1, < Mlip+x] 8 ADDI o fptx
9 STORE  M[r; +0] < r, 9

MOVEM _ M([ri] < M([r,]
Ty (b)

* Tiles 1, 3, and 7 do not correspond to any machine instructions,
because they are just registers (TEMPs).

Algorithms for Instruction Selection
- Maximal Munch

IR tree

- Dynamic Programming

cost

* The cost of node x (denoted as f(x)) is the cost of the best
tiling that covers the subtree rooted at x.

* flx)= (e + Evleafioftf(i))

* ¢, refers to the cost of tile t.
Given the IR Tree with root node n

min
v tile t covering x

« First, the costs of all the children (and grandchildren, etc.) of
node n are found recursively.

* Then, each tree pattern (tile kind) is matched against node n

* Each tile has zero or more leaves, where subtrees can be
attached.

* For each tile t of cost c, that matches at node n, the cost of
matching tile t is: (f(i) has already been computed)

MOVE

&t f@® PN
. vlo.\lt(')ltl ' MIIEM
* The tree pattern leading to minimum cost is +
chosen e
\CoNsT i
SPILL PRIORITY 10

g e b e .. Outuserdef+10xInusetdef 4
WFEEa gk EeRitEA R Priority = Jtuerde D Rusetdef = 4 4o

© Outyserdes # @ 7155408 use 5 def

¢ Inyserdes # @ EFEFF A use 5 def

o D % atdegree, R4 L.

RAERMEAAD, RARE
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p8-Liveness Analysis

« def of a variable: the set of graph nodes that
define it

« def of a graph node: the set of variables that it
defines

[omem ]

« use of a variable or graph node is similar. 7

* Example - l
T R
« use(3) = {b, ¢}, use(a) = {2, 5}

A variable is live on an edge if:

- this variable will be used later

- this variable will not be re-defined
before being used

Live-in: A variable is live-in at a
node if it is live on any of the in-

edges of that node;

Live-out: A variable is live-out at a
node if it is live on any of the out-

edges of the node

' Notions:
« in[n]: the live-in set of node n (the variables that is live-in at
node n)
< out[n]: the live-out set of node n (the variables that is live-
out at node n)

in[n] = use[n] U (out[n] — def[n])
out[n] = in[s]
s esucc[n]
The algorithm for finding a solution to these equations
by iteration:
for each n
in[n] «{}; out[n] «{}
repeat
for each n
in'[n] « in[n]; out'[n] « out[n]
in[n] « use[n] U (out[n] — def[n])
out[n] « U esycepn) In[S]
until in'[n] = in[n] and out’[n] = out[n] for all n

« use[n] and def[n] can be obtained by analyzing statement n, and
thus are treated as known.

* Rule 1: If a € in[m] for Vm € succ[n], then a € out[n]
* Rule 2: If a € use[n], then a € in[n]
* i.e., if statement n uses variable a, a is live on entry of n
* Rule 3: If a € out[n] and a & def[n], then a € in[n]
Interference Graphs
* At any nonmove instruction n that defines a variable a,

where out[n] = {b1, ..., bj}, add interference edges (a, b1), ...,
(a, bj).

* At a move instruction n, which is a := ¢, where out[n] =
{b1, ..., bk}, add interference edges (a, b1), ..., (a, bk) for any
bi that is not the same as c.

MOVE
a

MOVE

p9-Register Allocation

an NP-complete problem
Build & Simplify

reg
reg

MOVE

stack
significant degree
>= k
Coalescing
k-colorable graph
1. Briggs(
- K significant
degree
- simplify K
2. George( )
- A B
-A B
- A in-significant degree
Coalescing simplify
freeze
low degree MOVE freeze MOVE
Spill
significant degree
mem reg
push stack,spill
Simplify
Select
stack pop
pll-Garbage Collection
Mark-and-Sweep Collection
DFS
Sweep

record Link the unmarked
nodes in a linked list (freelist)

DFS

explicit stack instead of recursion

Pointer Reversal

record
record
record

TWN -

eference Counts
record

Copying Collection
mem

from-space is exhausted

DFS stac!

from-space:

k

DFS

,to-space:

copy all reachable

* Pros

* Cons

records to to-space to
space fragmentation
record forwarding
pointer record record
Cheney’ s Algorithm BFS
scan record
st?rt Sc?n next
Copied and Scanned I Worklist for BFS Empty
L

Y
Copied

* Pros:
« simple to implement
« Immediate collection

+ i.e., reduce the time between the object becoming garbage
and its reclaimation

« Incremental collection
« cell management interleaved with program execution; no
“stop-and-collect” effect
* Cons:
« Fails to reclaim all unreachable objects
 Can be slow if a large collection is initiated
* Noticeably slows down assignments

« Objects/records are not moved during GC Reference Count

+ Be able to handle cyclic references

Pointer Reversal

+ Normal execution must be suspended
* Leads to fragmentation in the heap
* Cache misses, more complex allocation

* Pros:
+ Simplicity: no stack or pointer reversal required
* Run-time proportional to #rechable_objects
« Leave free space contiguous
+ Automatic compaction eliminates fragmentation

.cons:  COpying Collection

« Half of memory is wasted
+ Poor locality (at least for the Cheney’s algorithm)

« Precise type information required (Pointer or not)  CC H/2-R
- c3*
CH6 R/(H/2-R)
6.1 .
- : / /
/
(activation record)
(stack frame).
- : g f Osp
g L @f (sp-
® f sp ;
fp ,
sp@f p sp,
fp
- (elapsed variable):@®
®
Ch7 IR
cjump jump, label :
(true patch list)
(false patch list)
: v MEM
(BINOP(PLUS, TEMP fp, CONST k)),
k \% .
:MEM(+(CONST Kn, MEM(+
CONST Kn-1, MEM(+(CONST K1,

TEMP fp)) ))); kl-kn-1

ta[i] MEM(+(MEM(e)
, BINOP(MUL, 1, CONST W))
7.3
(prologue)/

(body) (epilogue

OADLEBERGE: (1) SU— @B
P64 (2) MEA TS E X (3) BRI
M— 545 2 AT o BOB Dk (4 ) FEkie S8R
TFERRWIRTE 2, PR S JE Rk R 2 51438 D37 IR
RS S () MEERAB AR caller
-saveditisy QANOMREZER: (1) BHEIE
Bk OHNEEATEEAZE, G&: (1)
RBP4+ 5IR P RAE T (o) AT
B callee-save M3 FasllEHE £ (3) KE
FRIGEE, BRI (4) returnii % (5) HUIEH
HRA R &

Maximal ,
* Suppose:
* K: the average matching tile contains K non-leaf (labeled)
nodes.

* N:the number of nodes in the input tree
* K’: the largest number of nodes that ever need to be
examined to see which tiles match at a given subtree.
* T’: the number of different patterns (tiles) that match at each
tree node, on average
¢ Maximal munch: proportional to (K" + T') N /K
* Dynamic programming: proportional to (K + T’) N

* K, K and T’ are constant, the running time of all of these
algorithms are linear.

CH13
13.2 -
Mark phase: Sweep phase:
for each root v p <« first address in heap
DFS(v) while p < last address in heap
function DFS(x) if record p is marked

if x is a pointer into the heap
if record x is not marked
mark record x
for each field fi of record x
DFS(x.fi)

Cost of Mark-and-Sweep Collectid

unmark p

else let f; be the first field in p
p.-fi <« freelist
freelist <— p

p < p-(size of record p)

g
=2
* H: heap size, R: reachable data P =9
EET1ESY
SHFE A5 A
* Time of GC selo= @ 2%
* Mark: DFS takes time proportional to R : § & o 1 ‘,;,_ a
* Sweep: takes time proportional to H. 1 é = 2 = = §
R e
« Total time: c;R + c,H e :g v 2
=331 g
. . N @ 2 oA o
* GC replenish the freelist with H-R words 8 g g =
« Amortized cost (c;R + ¢,H)/(H —R) = g_ g E
« If Ris closed to H, the cost is very High 1 a*38 B 5
P = g 8 =
Benefit: H words instead x5 5 =
- - =Y 5 g 3
of H activation records E &
¥ oo, 8
z 5] =l
ESEQ 5 2 g
E f 3Z
ESEQ ESEQ E g S
sl ESEQ — SEQ e e
s2 e sl 2

ESEQ(s1, ESEQ(s2, €)) ESEQ(SEQ(s1, 52), €)

Previous After

BINOP(op, 1, ESEQ(S, €2)) ESEQ(MOVE(TEMP ¢, 1), ESEQ(s, BINOP(op, TEMP £, e2)))

CJUMP(op, e1, ESEQ(s, €2), 11, l2) SEQ(MOVE(TEMP ¢, €1), 5, CJUMP(op, TEMP £, €3, [1, 12))
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Pointer Reversal , next loop-invariant Natural Loops
functlonDFS() d @) (forwarding) from- back edge edge
if x is a pointer and record x is not marke H H
t — nil « done: how many fields in each record Space p to-space Ioop_ invariant d f N | LbaCk edge b rll(_>dh h
mark x; done[x] < 0 have been processed e atural Loops ack edge ->
while true * t:the top of the stack (1) p from—Space n P 9 h
i« donel[x] -
if i < # of fields in record x ’ -Ti Le: t =0 h n
yl — x,ﬁ To better understand, suppose y points to record1 p -
if y is a pointer and record y is not marked a o )( L N T
X fi—lite—x;x—y // let x.fi point to the old top of stack (its DFS (2)p fr’om_space L1: 1 :=1+ 1 // not invariant, i Oop_ est Tree .
mark x; done[x] « 0 p[arendt) ‘,;ush x to the stack; Start to process the next _ b i=7 // invariant, £ Dominator Tree
1 stored x.fi > > ?
e:leone[x]<—i+] t :=a+b // invariant, az{ bEinvariant#y back edges natural
else p-fl i =t // not invariant. i loops header, h header
yexxe—t // store x to y, pop the top of the stack to x (3)p from_space o J natural |OOpS IOOp[h]
if x = nil then return // back to the root node, terminate if i <N gOtO L1 else L2 ’
i — done[x] > P - 12 % '= t header : h2 loop[hl] h1
te—xfiyx.fi—y // restore the correct link h2
done[x] «—i+1 // start to process the next field of the DFS parent DomlnatOI‘S
function Forward(p)
[ | if p points to from-space
| - then if p. f1 points to to-space
x1 then return p. f1
0 x0 else for cach field fi of p / \
X next. fi «— p. fi Q
x2 p. f1 < next .
X2 next «— next + size of record p |d0m(n) n n sO l
return p. f1
S m § e * Algorithm for finding dominators:
p [eT-I8][]s]] .|.|$t|/‘” SRR G R] ?:1 Cheney' S Algorlthm o * let D[n] be the set of nodes that dominate n, Then We could say that the entire
g'* = BeEl £t procedure body is a pseudo-
3 - scan — next < beginning of to-space D[so] = {so} Dln] ={n}U ﬂ Dip] for n # 5o loop that sits at the root of
3 é for each root r pepredin] the loop-nest tree.
= - .00 r < Forward(r) //increase next, but keep scarj unchanged « Initialize D[n] (for n /= 5,) to hold all nodes in
%. | ¢ while scan < next the graph.
=) PR 'g for each field fi of record at scan . Ite;?lltively up(:]atef'D[ré] bgsetd on predecessors
x5 @ scan.fi — Forward(scan. fi) until you reach a fixed poin
scan «— scan + size of record at scan _
n next Dominator Tree
m ST § sean e idom(n)  n
%I'I'I'SI1'|'|$IITM/\|*|‘|/||'|'|$|§ to-space - )
g g from-space idom(n) n
g g to-space scan (? @
[} =
z ’ g O @
O
2 . _to-space. O \ AN
& . % while scan next ® ® '
o g 8 Control Flow / / / Dominator Tree
& 5 next - Graph ® - o10JO)E
to-space VWA ! ]
- = | scan  next. g/ q Ci) @
o
= 3
o % | cHi18 ) /® ®
(<] - - -
g @ Loop Invariant Hoisting —® )
g : fely hoisti
& loop-invariant sarely holsting o
8 =TT Tw Y5 vl V2 . . t:=a OP b
3 [L-RIEPIRSIG ] 5 loop invariant _ d )
- g 8 x:=vl OP v2 -d dominate t live-out
13.4 invariant Iooptex its
© next to- - -t loop preheader live-out
space - from—space t
» tO—Space next -
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Quiz Two BT e e e e e e e e CH14 safely hoisting

1
For the following expression: 3 function prettyprint(tree: treel : string = = ;
Consider the following grammar g : T otpat e 0 _Tlger ) - HRAMT:
$—8% S—2AS S—e  S—() MOVE(MEM(+(MEM(+(CONST a, TEMP ), H function write(s: string) = Field IayOUt fields P
S CONST 1)), {TEMP i, CONST 4)) 8 output := concat (output,s) efore ols-lng .
T-TS T—-S A—a A—b 9 - for (int i = @; i < n; i++) {
10 function show(n:int, t: tree) = Method dISpatCh if (cond) t = a + b;
& , 11 let function inden string) =
a. Calculate Nullable, FIRST and FOLLOW for (1) Draw the IR Tree of this expression. :% i method method . // do something
nonterminals in the grammar (2) Tile the IR Tree using Maximal Munch and the 1" TE@)7 () G el ey e
b. Construct the LL(1) parsing table for the grammar the Jouette architecture. o £ Eomal when dndent (1) Membershi p test
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Translate each of these expressions into IR trees, but using the Ex, Nx, and Cx  f: ¢ < r3

constructors as appropriate. In each case, just draw pictures of the trees; an Ex
tree will be a Tree exp, an Nx tree will be a Tree stm, and a Cx tree will be a
stm with holes labeled #rue and false into which labels can later be placed.

p <

if p=0goto L,

ry < M(p]
a. a+5s call f
b. output := concat (output,s), as it appears on line 8 of Program 6.3. s <
The concat function is pa(t of thg s.tandard I|br§r\,{ (see page 525), and 1o Mip+4]
for purposes of computing its static link, assume it is at the same level of I f
nesting as the pret typrint function. call f
C.bli+1]:=0 r<n
d. (c:=a+1; c*c) u «— s+t
) goto Lo
e.while a>0 do a := a-1
. . Li: u <1
f. a<b moves a 1 or 0 into some newly defined temporary, and whose

right-hand side is the temporary.

g. if a then b else c, where a is an integer variable (true if # 0).

hoa i= xey
i. if a<b then a else b

j. if a<b then c:=a else c:=b

+(TEWP a, CONST 5)

b.
TETree Lang BRI EERVIRS
XEAREBEE [Estatic kB

Hove (Hen(
+(cOoNST ko, MEN(
+(CONST ks1, TEWP FP)))),
CALL (NAME concat,
ExpList(
ven(
+(CONST ko, MEM(
+(CONST ks, TEWP FP)))),
TERP %))

c.
{Ri& b B MEM(TEMP b) RREIBATR

MOVE (MEM( +(MEM(TEHP b), BINOP(MUL, +(TEMP 1, CONST 1), CONST W))), CONST 6)

ESEQ(MOVE(TEMP ¢, +(TEMP a, CONST 1)), BINOP(MUL, TEWP c, TEWP c))

e.
WIRBRRBAERIFRRL09TIRFI LI TUR IS, EREIBRRIZRT A
SEQ(SEQ(SEQIXL, X2), X3), x4)X IR, ESEQRIEE,
BRERBHUBTUXME, SEQUZAMUETFHINMN.
XERAABPERORTS Eo

SEQ(LABEL test,
SEQ(CJUMP(GT, TEMP a, CONST ©, t, done),
SEQ(LABEL t,
SEQ(MOVE(TEMP a, BINOP(MINUS, TEMP a, CONST 1),
SEQ(JUMP(test), LABEL done)))))

.
BEHMBEITHRRFT-1

ESEQ(MOVE(TEMP ¢, 1),
ESEQ(CJUMP(LT, TEMP a, TEMP b, t, f),
ESEQ(LABEL f,
ESEQ(MOVE (TEMP ¢, CONST 0),
ESEQ(LABEL t, TEMP c)))))

i
if el then e2 else e3RiFe2fe3tN AHFAI, THAUNEXEH
MRERIAM, BROTF :

ESEQ(CIUMP(LT, TEWP a, TEMP b, t, ),
ESEQ(LABEL f,
ESEQ(MOVE(TEMP r, ESEQ(MOVE(TEMP c, TEMP b), CONST 0)),
ESEQ(IUMP (done),
ESEQ(LABEL t,

ESEQ(MOVE(TEMP r, ESEQ(MOVE(TEMP c, TEMP a), CONST ©)),

ESEQ(JUMP(done),
ESEQ(LABEL done, TEMP r))))))))

MBHATHALE, SROT

ESEQ(CIUMP(LT, TEWP a, TEMP b, ¢, ),
ESEQ(LABEL f,
ESEQ(MOVE(TEMP c, TEMP b),

ESEQ(IUMP (done),
ESEQ(LABEL t,

ESEQ(MOVE(TEMP ¢, TEMP a),

ESEQ(JUMP(done),
ESEQ(LABEL done, CONST 0))))))))

Ly: ri<u
r<«c
return

g.
BhRHREAX—THERAER

ESEQ(CJUMP(NEQ, TEMP a, CONST ©, t, f),
ESEQ(LABLE f,

ESEQ(MOVE(TEMP r, TEMP c),
ESEQ(JUMP (done) )
ESEQ(LABEL t,

ESEQ(MOVE(TEMP r, TEMP b),
ESEQ(JUMP(done),
ESEQ(LABEL done,
TENP 1)))))))

MOVE(TEMP a, +(TEMP x, TEMP y))

ESEQ(CJUMP(LT, TEMP a, TEMP b, t, f),
ESEQ(LABEL f,
ESEQ(MOVE(TEMP r, TEMP b),

ESEQ(JUMP (done),
ESEQ(LABEL t,

ESEQ(MOVE(TEMP r, TEMP a),

ESEQ(JUMP(done),
ESEQ(LABEL done, TEMP r))))))))

(uses ry, definesry, ra)

(uses ry, definesry, ry)

1. Coalesce

FIBT t A1 1 & B 1 HIRERTR, EH George criterion #Ei t WBE, HFKE

George B9,
u B,

Hitt, &3 t&uarl,

(usesry,r3)

2. Freeze

HWENER A MEENTRT, HRAINEHNTR. TUKECHIr3ZEHMOVE

3. Spillc

MERREANFCNT R, REAUEGHNTR, BRFETNRENNTR. B REER

17spill,

9.1 For each of the following expressions, draw the tree and generate Jouette-
machine instructions using Maximal Munch. Circle the tiles (as in Figure 9.2),
but number them /n the order that they are munched, and show the sequence

of Jouette instructions that results.

a. MOVE(MEM(+(4(CONST1000, MEM(TEMP,)), TEMPj,)), CONST()
b. BINOP(MUL, CONSTs, MEM(CONST00))

load r1 <- M[rx + @]
ADDI r1 <- ri + 100
ADD ri <- ri + FP
ADDI r2 <- r@ + 0
STORE M[ri+0] <- r2

B NNW®S

CONST 5

CONST 100

2 ADDI rl1 <- ro + 5
3 LOAD r2 <- M[r@ + 100]
| TTTE o Wi i B D

M[Sloc] <- s1
rl < M[p+4]
call f
t < rl
s2 <= M[Sloc]

goto L2

L1: u<1

L2: rl<u
€2 <- M[Cloc]
r3 < c2

return

itH8spill ¥, BFPRAEREF, RAETFREREZEEFANDefuse

defs uses degree
p |1 3 4
S 1 4
c.| 1 4

score

0.5

0.5

REBIERE ¢ #H1T spill (s 1 c #aIN)

B, degree[p] = 3, degree[s]=3
4. Spill s
Y, degree[p] =2
5. Simplify p
HHERRFTTREETR

6. Select

Select Stack

pop p, colorr3
pop s, actual spill

pop c, actual spill
7. Rewrite

BERfFfEactual spill, ALLNEFEHITES

(o Bt
M[Cloc] < c1
p<ri

if p=0 goto L1
ri < M[p]
call f
sl<ri

13.2 Run Algorithm 13.6 (pointer reversal) on the heap of Figure 13.1. Show the
state of the heap, the done flags, and variables t, x, and y at the time the node

containing 59 is first marked.

let
type list = {link: list,
key: int}
type tree = {key: int,
left: tree,

right: tree}
function maketree() = ---
function showtree(t: tree) = ---

in

let var x := list{link=nil,key=7}
var y := list{link=x,key=9}

in x.1link := y

end;

let var p := maketree()
var r := p.right
var q := r.key

in garbage-collect here
showtree (r)
end
end

13.2

Program Heap
Variables

Misheap state

Program Heap
Variables

done[15] = 2
done[12]=3
done[37] =2

done[20] =3

t - 37 FR1E record
X - 59 PRTE record

y — 59 FRTE record

BTEIheap state

done[59] = 0 or uninitialized



