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dblocks (6.3.8 and 6.3.6)

records (in separate symbol table), sequence of declarations ot start of sblock

integer: x

integer: Y
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nteger: x

integer: Y

Since declarations must be qgathered toqether akt
the start of an sblock, and cannct themselves be
directly nested: keep running offset, but remember old
offset when entering embedded scope.

integer: x

integer: Y

Boolean: y

character: z
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dblocks (6.3.5 and 6.3.6)

records (in separate symbol table), sequence of declarations at start of sblock

Since declarations must be gathered |
together ot the start of an sblock, and cannot themselves be directly nested,
: we can do bebter:

dblock — T 2 B » - B
{ & " A3-Stack push(offset); offseb=-o; |

declaration-List '
{4 dbloeletbtupe=recoralst)apbloeke

. dbleekwidbh=offsel: sk=Envponl); o{»fse&:SEaﬁli.pOP(); ;

7 BR A % f mE
Ve lw LA, % § g

ffset.= @E;
ffset = 4l

integer: x

0
&soffset = 8‘C

g

{ (Pinkeger : x

push offset = 8 onto stack

e i AT RUNTIME

Hreal :  xih el s
{ ( QUJ)T'QQ X 72 Z 5) } ______________________
s 0 0
i o o AR e e e R oL e - e
= o O ok, SaMER RS S B SRR R A
pop offset = 8 from stack

push offset = 8 onto stack

S o 5 N o
] I R S e S ) s N Bt s
! (OUBoolean : Yo fcharackerti z syl o oF de bilen 0BG EEu
n (Vp] 0
y— Y- G b
u— Y— R
e b © ST SR s e R el
pop offsets= 8 from stack = | e

 orfeer 8 o smek T
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dblocks (6.3.5 and 6.3.6)

records (in separate symbol table), sequence of declarations at start of sblock

Since declarations must be gathered
together ot the start of an sblock, and cannot themselves be direcﬂj V\QD
] we can do better:
dblock <A1 - s o e
{ B -sb=hewEnvl);Stack. push(offset); offseb=-o; {
declaration-list ']
[ dbloeket spezrecord(st); dblockwidihzoffscl; stzEnvpop(); oﬁse&:SEo&:w.pcap(); }

7 BR A % f mE
Ve lw LA, % § g

ffset = 0
ffset = 4l
offset = 81C

integer: x

o

{ (Pinkeger : x

<
g

push offset = 8 onto stack

AT RUNTIME

o o £y Lh&eger: Y
Il I 1
+Hreal ¢ x o, 'z o)
{ ( QUJ)T' 72 Z 5) }
s (Vp) (Vp)

(i 4
5 Y— Y—
(@]

(@)
pop offset = 8 from stack
push offset = 8 onto stack

oo (@)}
I 1]

! (OUBoolean : 35; character :
n (Vp]

U— Y—
Y— Y—
o o

N
offset = 10
L

nnnnnn

pop offset = 8 from stack

!
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dblocks (6.3.5 and 6.3.6)

records (in separate symbol table), sequence of declarations at start of sblock

Since declarations must be gathered
together ot the start of an sblock, and cannot themselves be direcﬂj V\QD
; we can do better:
dblock — T R % = »

7 BR A % f mE
Ve lw LA, % § g

[ Enpushiobdy s
declaration-List ']’

: X
A SE&&R‘.push(@f{seE); offseb=o0; |

— W = s W s L i oW Pri g g ol ™ b _.l [ 3 4

ffset.= @E;
ffset = 4l

integer: x

0
&soffset = 8‘C

g

{ (Pinkeger : x

push offset = 8 onto stack

e i AT RUNTIME

Hpeal xR
{ (QUJ)T' 72 2-5) ______________________
s 0 0
i o IR 45 R R
= o O g samaieeRa e S B SR T R 2
pop offset = 8 from stack

push offset = 8 onto stack

S o 5 N o
] I R S e S ) s N Bt s
! (OUBoolean : Yo fcharackerti z syl o oF de bilen 0BG EEu
n (Vp] 0
y— Y- G b
u— Y— R
e b © ST SR s e R el
pop offsets= 8 from stack = | e

 orfeer 8 o smek T
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dblocks (6.3.5 and 6.3.6)

records (in separate symbol table), sequence of declarations at start of sblock

Since declarations must be gathered

together ot the start of an sblock, and cannot themselves be directly V\QD

we can do bebber:

dblock — T % = »

declaration-list ']

ot P s W s gt P oW Pri g g 1 ™ b i [}
{. SN P ST N L ST W ) T ey B - 3 ‘ N T

ok sk=Cvpopl); oﬁse&:ﬁwﬁ.pop(}; }

ffset.= @E;
ffset = 4l

i"’toffset = 81i

g

o

integer: x
{ (Pinkeger : x

push offset = 8 onto stack

% = N integer: y : Q A i ‘
I T
{ (great ------ Boolean: y
:: character: 2
© e o e SRR e I (e S R U e
pop offset =48 fromfistack & @i =it it = o ] T SR
push offset' = 8 OGS EACK " R e e
S 5 R
Il R S e e B AR
I (OBogfean Yo fcharackerti z Syl o oF de bilen RGeS EEa
n (Vp] 0
“ el e Rl e
pay di © ST SR s T e L el
pop offsets= 8 from stack = e

 orfeer 8 o smek R
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dblocks (6.3.5 and 6.3.6)

records (in separate symbol table), sequence of declarations at start of sblock

Since declarations must be gathered |
together ot the start of an sblock, and cannot themselves be directly nested,
: we can do bebter:

dblock —> B - 2 : x
o : A3-Stack push(offset); offseb=-o; |

declarakion-List i
{ o e e e AW | .Y IO PRI | ) ey § 195 |

dblockwidbhzoffsel; sk=Bnvipopl); offset=Stack.pop(); |

7 BR A % f mE
Ve lw LA, % § g

ffset.= @E;
ffset = 4 j
ffset = 8

integer: x

o

{ (Cinteger: x%, y7)

push offssot = 8 onté Sta‘{rjk a— . AT QUNTIME

Hreal :  xih el s
{ (3))7'20 Xg; 2-5) } ______________________
s 0 0
i o M T S R
= o O ok SaM R s S B SRl R A
pop offset = 8 from stack

push offset = 8 onto stack

S o 5 N o
] I R S e S ) s N Bt s
! (OUBoolean : Yo S charadter iz iy o oF de bilen B EE
n (Vp] 0
y— Y- G b
u— Y— R
e b © ST SR s e R el
pop offsets= 8 from stack ™ & " = e s

 orfeeri 8 o smek T T
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Dealing with alighment

"On many machines,
nskructions [...] may expect
integers to be aligned, that is, placed at
an address divisible blj 4" [F. 42% ]
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Dealing with alighment

| [ Boolean : a ; inkeger : x ; character c ; real : Y ]
{ [ character : & ; integer : v, s ] ..}

{ [ Boolean : § q ; real : b ; character h 1% }

"On many machines,
nskructions [...] may expect
integers to be aligned, that is, placed at
a address divisible blj 4" fp. 42% ]
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Dealing with alighment

Boolean: a

integer: x

character: ¢

{ [ Boolean : a ; integer : x ; character ¢; real : Y ]
{ [ character : & ; integer : v, s ] ..}

{ [ Boolean : { q ; real : bt ; character h 1% }

"On many machines,

tnskructions [] may ax!o@;t& ......................

integers to be aligned, that is, placed at
an address divisible blj 4" [F. 42% ]
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Dealing with alighment

Boolean: a

integer: x

character: ¢

{ [ Boolean : a ; integer : x ; character ¢; real : Y ]
{ [ character : & ; integer : v, s ] ..}

{ [ Boolean : § q ; real : b ; character h 1% }

Blocks are \

"On many moachines,
nskructions [...] may expect

ot alighed. /Lo

integers to be aligned, Ehak s, Enim:ezci i\
a address divisible bv 4" [F. 42% ]

A block of size N bytes bypically needs be aligned ™ |

ke an address divisible blj N, where N is an integral power of 2 (1, 2,
4, ¥)
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Dealing with alighment

A
% Boolean: a
bv&as
I [ Boolean : a ; inkeger : x ; character ¢; real : Y ] > i
bj&é‘.s nteger: x
{ [ character : & ; integer : v, s ] ..} ¥
{ [ Boolean : £, g9 ; real : b ; character h ] ... § ¥
bjf:es
} A 4

Blocks are aligqned, but
mermory wasked ko p&c&divxg.

C will lay fields out in the order Listed in the skruct
declaration.,
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Dealing with alighment

{ [ Boolean : a ; integer : x ; character ¢; real : Y ]

{ [ character : & ; integer : v, s ] ..}

nteger: x

{ [ Boolean : { q ; real : bt ; character h 1% }

Booleain: a

Blocks are aligned; no
padding needed here. o
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Dealing with alighment

{ [ Boolean : a ; integer : x ; character ¢; real : Y ]
{ [ character : 4 ; inkeger : v, s ] ...}

{ [ Boolean : { q ; real : bt ; character h 1% }

Boolean: a

character: ¢

nteger: r

Blocks are aligned,
padding needed before
embedded scope blocl.

character: 4
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Offsebs and aligument
i the pro  jeck
o The offsets for each variable in a scope is stored
n iks symbol table entry.

o The offsets must respect alignment constraints.

- assume real is aligned to an ‘Z*bj&@. address
bauv\ciarv

- assume it is aligned to a 4-byte boundary
-~ assume smaller bypes can be ak any address

- assume reserve refurns an address on an ‘z?*bfj&e
boumdarj



Offsebs and aligument
i the Pro\}ec&

- You may aligi using Pac&divxg alone.

- You may align using a combination
of re-orqanization of fields (larqge
blocks before small blocks) and
padc&iv\g; as hecessary,

Compute offsets during processing,
and record in symbol table.






Ffi.c)wmoﬂf-"fiov\&ral (6«3«3)

U (B ) thewn S1 else S2

Slecode

(" - ¥ gLy,
3o B af 2
J 2 "
4 ] N
i ) g -
. 3} F £ ’ ' @
e ) g
| -
E
'

, i p g ,, S.code
into an array.




Flow-of-Control (6.3.3)

U (B ) thewn S1 else S2

B.brue = newlabel()
Bfalse = newlabel()
Shextk = Slmext = S2 mext
S«code = B.code |
Label(B.true) || Sl.code ||
gen('goto’ Smext) ||
Llabel(Bfalse) || SR.code

Slecode

voblo END




Flow-of-Conkrol (6.3.3)

S -» if (B ) then $1

B.brue = newlabel()
Bfalse = Smexk = Slmext
S.code = Beode ||
Label(B.true) || Sl.code

Slecode

...............................................................................................

...............................................................................................

...............................................................................................




Flow-of-Conkrol (6.3.3)

while ( B ) then S1

begin = newlabel()
B.true = newlabel()
Bfalse = Siext

Sliext = beqgin

Scode = label(begin) ||
Bcode || label(B.krue) ||

Slecode || gqen('qgoto’ begin) '

Slecode

...............................................................................................

...............................................................................................

...............................................................................................




Boolean expressions:
value or control flow?



Booleawn expressmms

Boolean expressions can be evaluaked
o to determine the flow of conkrol

o for their value



6£.6.6 Boolean values and jumpiv\g code

"S> id=E | #(E)S | while (EYS ]SS

Nownterminal £ qoverns the flow on
conbtrol i § -» while (E) S1. The same
nonterminal £ denoltes a value itn S -»
id =]

[p. 40%]



6.6.6 Boolean values and jumpiwg code

"Suppose that attribute Em denotes the
syntax-tree node for an expression £
and that nodes are objects. Let
method jump generate jumping code
ot an expression node, and let method
rvalue generate code to compute the
value of the node into a temporary.”

[p. 40%]



Value of Boolean expression

"When £ appears in § -> while (E) S1,
method ju,m!z? s called otk node £
.. 8

When £ appears in § = id = £;, method
rvalue is called at node En" [p. 40% ]



Flqure 6.42 fp 4—09]

"1{ £ has the form E1 + £2, the method call Enrvalue() generates
code as discussed in seckion &6.4." fp 4o0¥% ]
" E1 + ER
£.0addr = new T‘emp()
E.code = Elcode || E2.code || gen(E.addr '=' El.addr +' E2.addr)" [p. 379]

"If £ has the form E1 && E£2 we first generate jumping code for £
and then assign krue or false ko a new temporary bt at the true and
false exits, respectively, from the jumping code.” [p. 40%]

Translation of: x = a<b st c<d
fFalse a < b qoto L1
YFalse ¢ < d qoto L1
E = brue
goto L2

L1: bt = false

L2 S =k



Booleawn expressmms

o Examples: 'X X&Y X|VY



Booleawn expressmms

o Examples: 'X X&Y X|VY
o We will do shorbk-circuit evaluakion



Booleawn @.xpressmms

o Examples: 'X X&Y X|VY
o We will do shorbt-circuit evaluation
o For exo\myte:
X (Y& z2))then | Al else | B
ts kranslated as

U X qoto LA
YFalse ¥ qoto LB
YFalse 2 qoto LB

LA A
qgoto END
L3: B

END: (next inskruckion)



Booleawn expressmms

o A concrebe exercise - how s Ehis Eranslated?

o f(res|(r=z=s&ocs))then { Al else{ B}



Boolean expressions

o A concrete exercise - how is this translated?

o f(resllrasdoanitheniAal clrefB]

Three address code inskructkions
(see 6.2.1, pages 364-5)

J Sl
op y (treat i2r and r2i as unary ops)
p,
. goto L
. i x goto L / fFalse x goto L
. x relop y goto L
function calls:
param x
call P
Yy = call p
returi y

RF St L R atE P RN T 35 DY 3
by Sy AR e g N 7 A O e o
9 -— . * * - v TG o S Bl BN B 5 g BRI 5
. x — &v, X — v, x - j "%‘-_‘r-'»'» R x 3 SRR L e A
S e LW h . ? {@)-".,- G
3 : o - p e SR
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Boolean expressmns

o A cowncrelbe exercise - kc;m is Eh:.s Eransia&ed?

o U r ¢ slir s o 7 } else {B} L

Three address code nskructions
(see 6.2.1, pages 364-5)

y op z |
op y (treat i2r and r2i as unary ops)
J

. goto L

. f x goto L / fFalse x goto L

. x relop y goto L

function calls:
PRy We'll spend sighificant time

cattp,h e Na Ly
O Tulction calls Later.

Yy = call 4
reEurn Y
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Boolean expressmns

o A cowncrelbe exercise - kcm is Eht,s Erav\sia&ed?

o U (reshlr Dot digalEhos 7 } else e

Three address code inskructions
(see 6.2.1, pages 364-5)

= opy (treat i2r and r2i as unary ops)
e

. f x goto L / fFalse x goto L
A TN g , , ' : forelopjgotoL
ifFalse ¥/ qgoto LB . function calls:
izm Z ?}.jl.) E@ = PQ?QM X ’\};"{ L spel \c\\ SLOYVW '\1‘(‘1 ot LY @
]! ‘ A : L i vwe Li ,“;)_”/A A SLGPALTLCAWNLE Ll
m ' Ejie P’ O frru)"/‘&.(.‘;f“@.ﬁ‘)‘/.\ Calls Later.
i‘iw & | —j:CQLLP ;

- return Y
¥ X = 3[6.] and x[i] = Y L exp
%2 X =4y, x =%y, X =y
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Boolean expressmns

o A cowncrelbe exercise - kcm is Eht,s Erav\sia&ed?

o tf (re<s](r= s$0<s))Ekeh{A}etse{B}

o c.,f (1 @a.» then { Alelse{B}

Three address code inskructions
(see 6.2.1, pages 364-5)

&’-3

. f x goto L / fFalse x goto L
. x relop y goto L
function calls:
- param x

ifFalse ¥ goto LB

YFalse Z qoto LB
LA: A

O o END

We'll s LAAN A S A (r LCANE Cime
- call P’ W ! ¢ | L: ; A J LA
o tulctioin calls Later,
-y= call p ;
- reburn Y e
¥ %X = j[i.] and x[i] v i Nelll explo
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BQQL@.&M expressmms

o A cowncrelbe exercise - kcm is Eht,s Erav\sia&ed?

o tf (re<s](r= &ic-:s))ﬁkeh{A}etse{B}

o if (1 @a.» then { A} else { B}

Three address code inskructions
(see 6.2.1, pages 364-5)

0
LTS
N

(treat i2r and r2i as unary ops)

iy
n non

L QO
)

. goto L :
. f x goto L / fFalse x goto L
. x relop y goto L

function calls:

ifFalse ¥ qoto LB | :
YFalse Z goto LB - param x
LA: A - - call P
‘tilj} i . oo -y=callp
3k . | - reburn Y
5 x..j[i.] and x[i] = y
2 x =&y, x = xy, x =y BN

! 5'/ ’{l =32 T~2Y k =) 3 AT (’ "y s S ¥ -
Vel spena stgiytcaint time
] - )

\ ! (£ {1 A F
O TUNCLLOWN Calls Later.
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Boolean expressmns

o A cowncrelbe exercise - kcm is Eht,s Erav\sia&ed?

o tf (re<s](r= s$0<s))Ekeh{A}etse{B}

o if (1 @a.» then { A} else { B}

Three address code inskructions
(see 6.2.1, pages 364-5)

. f x goto L / fFalse x goto L
. x relop y goto L
function calls:
- param x

A Sz ’{l AL T~2Y k -1 AL {- .y L o r Y. 1~
Well spend sighiicant time
! x )

~cady ks on +unction calls later.
-y= call p ;
- return 9, TR ETRE

5 x..j[i.] and x[i] = Y Lo

= x-&v,x:*v,*x-j
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Boolean expressmns

o A cowncrelbe exercise - kcm is Eht,s Erav\sia&ed?

o tf (re<s](r= s$0<s))Ekeh{A}etse{B}

o if (1 @a.» then { A} else { B}

Three address code inskructions
(see 6.2.1, pages 364-5)

. f x goto L / fFalse x goto L
. x relop y goto L
function calls:
- param x

A Sz ’{l AL T~2Y k -1 AL {- .y L o r Y. 1~
Well spend sighiicant time
! x )

~cady ks on +unction calls later.
-y= call p ;
- return 9, TR ETRE

5 x..j[i.] and x[i] = Y Lo

= x-&v,x:*v,*x-j
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Ba&l&*ga&&hivxg

Allows jump targets to be filled in during
a one-pass parse.

When (forward) Jumps are needed, keep a
List of where the addresses need to be

tnserked.

Once address is knowh, qo back and fill
in the address ("backpatching™).
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6.7 Backpatching

"For specificity, we generate instructions
into an instruction array, and labels will be
indices into this array” [p. 410]

We have an instruction pointer (the first

available index i the arraj), called
nextinstr,
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&7 BQ&M’P&ECMMS;

page 410

malkelist(l) creates a new List containing omt:.j L,
an index inkto the array of nstructions; makelist
returis a pointer to the newly creaked List,

m&rga{pl ,F@Z) concatenates the Lists Fvoiv&eci to by
pl and PR, and returins a pointer to the

concabenaked Lisk,

backpatch(p,i) inserts i as the target label for each
of the instructions own the List Poiv&ed to bv p
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