Code &eneration (LI)

Adaptad from Lectures by
Profe. Aley Liken and Gaorge Nesula (LOE)
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Lecture Outline

» Allocating temporaries in the Activation
Record
- Let's optimize cgen a little
 Code generation for OO languages
- Object memory layout
- Dwynamic dispatch
* Parameter passing mechanismes
- call-by-value, call-by-reference, call-by-name
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An Optimization:
Allocate Space for Temporaries in the
Activation Record (AR)

Raview

» The stack machine has activation records and
intermediate results interleaved on the stack

AR These get put here when
T . we evaluste compound
i el _ exprs like 84 + &7 (when we
AR =" need to store value of 2,
Temporaries while evaluating e4)

sartoge: Simple code generation

advantoge: Slow code

» Storing/locding temporories requires a storefload ond $sp
odjustmant

C5TE L La0G 4

An Optimization

Topic I
CETEIFranmd) L3iCE
cgen(e, + e;) =
cgen(e, ) : eval g,
sw $al O(%=p) : save its value
addiu $sp $sp- 4 :adjust $sp (1)
cgen(e;) :eval e
lw $t1 4{$=p) : get g,

odd $a0 $t1%a0 :$al=-g) +e;
addiu $sp $sp 4  :adjust $sp ()

* Idea: Predict how $sp will move at run time
- Do this prediction ot compile time
- Move $sp to its limit, at the beginning

* The code generator must statically assign a
location in the AR for each temporary
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Improved Code
cgen(e; + ez) = cgen(e; + ez) =
cgen(e, ) cgen(e,)
sw $al Elg.ﬁsp] sw $al 2($1p)
addiu $5F SP - 4 ‘..'H"sls::ul-
E:EE“{EE:I EQE-HI:E-E] < sliocmts
lw $11 4(%sp) lw $11 7{$f

add $a0 $+1 $al

add $a0 %11 $a0

addiu $=p $=sp 4
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Example

def add{w.xy.z)=
x+(y + (z+wH(3)))

» What intermediate values are placed on the

stack?

* How many slots are needed in the AR to hold
these values?
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How many Stack Slots?

« Let M5(e) = # of slots needed to evaluate e
- Ineludes slots for arguments to methods

« Eg: M5(e, + )
- Meeds at least as many slots as M5(e,)

- Meeds at least ane slot to hold value of e, plus as
many shots as M3(ez), i.e.. 1 + N3{e;)

+ Space used for temporaries in €, can be reused
for temporaries in e,
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The Equations

M3, + &) = moaNS{e), 1+ MNS(e;))
M3(e, -] = moaNS(e), 1+ MN3(s;})
Ma[if &, = &; then &, slse &) =
M3[fle, .20 =
maxS{eg), 1= M3{e;}, 2 = Ma{e;). .- . (n-L) = M3{e,). n)
MS(int) = a0
Ma(id) = L

Rule for f(e,. . . e, ): Each time we evaluate an
argument, we put it on the stack.
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The Revized Activation Record

* For a function definition f{x;...x ) = e the AR
has 2 + N5(e) elements
- Return address
- Frame pointer
- M53(e) locations for intermediote results

+ Mote that f's arquments are now considered to
be part of its caller’'s AR

Picture: Activation Record

X
pushed by
caller
popped -
by calles 'I Old FP
FP Return Addr. e
say
FP—4 Temp N5(e) Sy
inCressing | i
values of I'.Ih Temp 1 ‘a3 caga— s e
addresses lumcu:r. o miwck growth st s




RBevised Code Seneration

* Code generator must know how many
slots are in use at each point

* Add a new argument to code generator:
the position of the next avarlable slot

- The slots for temporary values are still used like o
stack, but we predict usoge at compile time
* This saves us from doing that work at run time
* Allocate all needed slots at the stort of method

Improved Code

~ :,
- -k - g
A T G L=l i L s

cgen(e; + e;) = cgen(e; + ez, ns) =
EQEE{'E&]D{$ \ cgﬂgtenlf ns) *f";‘;'-“;'r“
sw $a sp sw $a0 ns($fp}
oddiu $=p $=p- 4 L
cgen(e;) cgen(e,/ns *4

lw $t1 4($sp) w $11 ris($1p)
add $a0 $+1 $al add $al $11 $al
addiu $sp $=p 4
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Code Generation for 00 Languages

Topic IT

T [Prad) LIiCG 1z

00 code genesration and memeory layout

* How are objects represented in memory?
* How is dynamic dispatch implemented?

» OO0 Slogan: If C (child) is a subclass of P
(parent). then an instance of class € can be
used wherever an instance of class P is

expected
» This means that P's methods should work with
an instance of class C (code rewse)
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Object Representation

class P self -~
a0 In{t + 3 : hi — 13]
¥ t String « "HI": . ‘
{}:In‘k{x}; 1 X ~ E.1: *retum seE [1T|
z: Bool € frue; *EE /=
o( ) : String {y } y s

} gl F.-::'reh.m:‘.ﬂ'rl:ﬂ
o iaias .

. "|,|!.|"|1T meghll:l Toeall /
F-GIHTE.FS. dynemikc dispsich has 5t 12[55"]]
+ Why the tog? jair 5t1

"Caner
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Subclazz Representation

salf .
Clﬂ.ﬂﬂ F:"[ i {:.‘I‘I’.‘:-E] - ]" I] 0 seerridden
; tag: C I
[ x 3] |
class Cinherits P{ /2| ¥ y il
w:lInte & //raw A _fl) (G-t "etum seit ET |
'FI:::I : Int { W },‘ 7/ ovarride] 2 i : tn_'IE
h():Bool{z}: #rew :—%—]— P;'mfwm
:l'r' : \7 | hi) ch --.-1-|Is=f:=:'|
I
+ Tden: Append new fields T@°%'T o
— R w 51 12(5s0)
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