Lecture 15 — Compiling Minilda
cont.

® Today we will discuss compilation of some more d
constructs (which are not included in MP8).

® While statements

Short-circuit evaluation of boolean expressions

®

® Arrays
® Switch statements
®

V-tables and objects
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A note on static vs. dynamic typ

® We switched from dynamic typing in MP7 to static ty)
MP8S8.

® What did we gain by switching to static typing?

Effi ciney = amoid vamdoe ey chocdezs

® What did we lose? .
PR o wJ«Q hawve e 76“’
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Static vs. dynamic typing (cont

® Can we compile a dynamically-typed language?

® Consider compilation scheme for e¢; + e5

Assame volin ghect wh ame-weed 4o (1 fr &

2
e, +ez/ oc v~ .,Q &,_@ [Loﬂtf’m’\ ‘P'zjléc‘i, EQuUAL ,b“,*
Gum € mow e ]

e, l(JC > ‘)“ N
) . T e (| ad
e, be > A, code b chade *S\]J i
* Did we gain efficiency? oS Ais coveelt

%{ P(S(r
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Compilation schemes
Methods: N~ 2l

Statements: S, m o~ i, m’

Expressions: e, loc ~ i
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Compiling while statements

While (e) S, m ~~
[JUMP m/] @ ils @ ile @ [CJUMP loc,mme + 1,m"],m”
S, m+ 1~ 2ls, m’
e, loc ~~ zle
(where m/" = m/ + |ile| + 1)

do S while (e), m ~~ ,J.a I LQ{@ fC’Jqu /ocll“/ m'+,i“|*

- ]
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Evaluation of boolean expressio

® MP7 uses strict evaluation of boolean expressions:

if (¢) S, else S5, m ~~
il @ [CJUMP loc,m + |#I| + 1, m’ + 1] @ ¢, @ [JUMP m"] Q@ ii-,
e, loc ~~ i
Si1, m + |il] + 1 ~» iy, m'
SQ, m' —|— 1 ~ ‘ilg, m”

x=e, m ~ il @ [MOV(addr x, loc)]. m + |i| + 1
(x a variable)

OperationT(e;,bop.e2), loc ~~ i, @ il @ |[BOP loc,locl,loc2]
e,, locl ~~ il
e, loc2 ~ il
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Evaluation of boolean expressio
(cont.)

public int main (int m, int n) {
if (m<n & (m < 10 | 10 < n))

n = 0;
else
n = 1;
return n;
¥
O: LESS 3,1,2 CJUMP 9,8,11
LOADIMM 4,10 8: LOADIMM 3,0
LESS 5,1,4 MOV 2,3
LOADIMM 6,10 JUMP 13
LESS 7,6,2 11: LOADIMM 3,1
OR 8,5,7 MOV 2,3
AND 9,3,8 13: RETURN 2
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Short-circuit evaluation of boole
expressions

® The best way to compile boolean expressions is to
computing the value of the expression.

e, m, t, f ~>9 2, m’
® Some expressions are compiled very simply:

True, m, t, f ~>sc [JUMP ¢], m + 1
False, m, t, f ~~sc [JUMP f], m + 1

le, m, t, [ ~>se 2, ™/
e, m, f,t ~>e tl, m’
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Short-circuit evaluation of boole
expressions (cont.)
61&&62mtf’v‘-> &/e‘ﬁl /ﬂ\u
e‘) ml M’:]C """9;( _&—l ,VV\ ’
C,_’m',b,{' \/‘A ')le
el||62mtfwsc& Q‘,Ql/m"
e m ‘t W\ M)S,C J' ml

z/”\ ‘t’fl/\/’?‘ &a— /m - "y @\,_,Q - /
If (8) S, else 52 1L ~~> VQ % ﬂp' @ [JUH? m ] > /
e,m VV\ ,m ! vv—3 Je , m

gc m’ ‘/"‘>‘-l M/
S;./W‘ gV RPN J,,/W‘

‘/

l

1/
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Short-circuit evaluation of boole
expressions (cont.)

public int main (int m, int n)
if (m<n & (m < 10 | 10 < n))

n = 0O;
else
n = 1;
return n;
¥
O: LESS 3,1,2 CJUMP 7,8,11
CJUMP 3,2,11 8: LOADIMM 3,0
2: LOADIMM 4,10 MOV 2,3
LESS 5,1,4 JUMP 13
CJUMP 5,8,5 11: LOADIMM 3,1
5: LOADIMM 6,10 MOV 2,3
LESS 7,6,2 13: RETURN 2
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Arrays in M

® Arrays stored in the heap. Contents are integers —
senting integers, bools, or pointers to heap objects (inc
arrays).

® Have instruction (not used in MP8):

ARRAYREF tgt,src,indx: (p, ¢, s, h, t, r
-> (p+1, c, sli/tgt]l, h, t, r)

® Array indexing:
el toc - A C RepAEF loc, o9Ir(=), Joc,

2 Lac., ) L,Q
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Multi-dimensional arrays in M

® A multi-dimensional array is an array that contains p
to other arrays. | |
rl l l R

(T ‘
ATy || - = )

® Array indexing for multi-dimensional arrays:

61[62], loc ~~ P‘l. @ ;l)— @ WYQC/F, }OC) /Qac' )ACL_
> A,
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Arrays in C

® Arrays are addresses: al[i] = a + i (where i is mu
by the size of a’s elements)

® Multi-dimensional arrays always rectangular, and arran

row-major order:
a [1)e)
® a is declared as int[10][20] !/V_j
'|‘ V(117 -—- - - - /L"—]

a[o) 7\
afelio] a0

7
alt]

)-

a%\ 4?‘;] 2@ 10]

afi]lo] aPkfed Opiin

® address of ali][j] = a + i*80 + j*4.
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Arrays in C (cont.)

a1l
® a is declared as int[10][20][30] W__
M TR T Ry VI 0 8

a[o) /ale]fd) aiolT)

o]folfo]
a f [Oa{o]hﬂ[(/l C(Qﬂfﬂ&)j aff][l"lf“qlq]

® address of ali][j][k] = a + i*2400 + j*120 + k*4

® Rule is: address of e [ez] = address of e¢; + (ex * (
elements of ¢;))
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Array assignment in C

® With arrays, left-hand sides of assignment statemen
be complex expressions.

® A compilation scheme like this one makes no sense:

e1les] = ez, m ~~> 2l1 @ 2 @ [MOV locl,loc2]
e1lez], locl ~~ zl1
ez, loc2 ~~ 212

® Consider al[i] = al[i]l. Can’t evaluate both occurrer
ali] to the same value!

CS 421 — Class 15, 3/7/12 — 15



Array assignment in C (cont.)

® “‘J-values” vs. “r-values”

® |-values are values of expressions on left-hand si
assignments. They are addresses.

® Need scheme for calculating I-values.

® Compilation of assignment becomes:

e1 = e, m ~~ il @ {2 @ [MOVIND locl,loc2]
€1, locl ~> lval z{1
e, loc2 ~~ 2[2
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Switch statements

® Switch statements can be compiled two ways:

® As cascade of if statements.

e As “jump table” — array of locations of the code fc
case; use switch expression as index.

® When should you use one or the other?

:[J: /ﬂn\!f" @A oA SW\a\.\ v\MJM LQAJV-; Cao(aa‘;:
..t{,{ «\5\7 fo oo %o._.»;t'
)l cepa o SKJM (au_o O:---
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Objects

® Fields: How is inheritance of fields handled in our con
Wil a{éf&" w ou@‘l&&, 09 OLV—QL_ )Rc,owl ‘w‘ﬂ'safll@o &
<ft; ()W‘/) OACA-A—‘-Q/\/L Qe a:‘BOutop *J,cﬁdu)u o Yasal
L% Cn L\ Fﬂ. aﬂpd{,/n\m 'b‘ oL'(oCJC“d, ﬁ.( MJ PQ:F‘
c’\an—?f‘f Heet ) Mo canee phdlsd o C bA Y
> g ~ x Moscordak Nasa
® Methods: How is inheritance, and overriding, of m:
handled in our compiler?.
v

We e e Dt A [ty
?\:‘;ﬁ(ﬁ’MQ !;‘l’ihu e a(@\‘{ff% %{{:
AL Pt et g P

e Feble
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V-tables

® There is one place in our code where a name appears
compiled code: when compiling “new C()7.

® Why is it needed? (Hint: not to determine the size
object to be allocated.)

To wdex Ahe bl pat Sescrnihed

® How can it be eliminated?

U\a_p \/,’)74&%.
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V-tables (cont.)

® Draw a table for each class, listing all the‘methods bel
to that class (includi inherited ones). The order shao
from top of _ttve hierarchy the bottom.

class C1 extends B {
id h()

ass C2 extends B { .
void g {}<?—“\\\\\1‘—_—#d.
¥

class D extends C1 {

-——]
void i, {} —
e—”’A

void g() {F < —

/

CS 421 — Class 15, 3/7/12 — 20

by




Wrap-up

® Today we discussed compilation of:

While statements

Boolean expressions {using short-circuit evaluation)
Arrays

Objects and inheritance

® We discussed it because:

® These include most of the constructs you will see in most progr
languages.

® What to do now:
® Finish MPS8
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