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PROBLEMA 1. (30 pts.)

Agregar la instruccion for del lenguaje C a la implementacién de Tiny. La instruccién £or en C tiene
la siguiente forma:

for ( Inicio ; Expresion ; Incremento ) S

Inicio, Incremento y S son instrucciones (Statement); Expresion es una expresion booleana.

IMPORTANTE: Inicio, Expresion, ¢ Incremento son TODOS opcionales, pero los "; " que
los separan son obligatorios.

Un ejemplo de la instruccién for en Tiny:

for (i:=l1; i == 10; 4:=141) Gutput{i)
(a) Haga un dibujo de la sintaxis abstracta de la instruccion for.

(b) Haga un dibujo del cddigo generado por esta instruccion.

{c) En el Apéndice encontrard los cuatro archivos originales, conocidos como los cuatro jinetes del

Apocalipsis de Tiny: lex.tiny, parse.tiny, Constrainer.c, y CodeGenera-

tor.c. Marque los listados con todos los cambios necesarios para la implementacién de la
instruccion for.
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PROBLEMA 2. (20 pts.)

Abajo esta la especificacion de andlisis sintactico de un lenguaje de expresiones regulares, escrito en
notacion del TWS (i.e. esto de hecho funciona!)

oo
T

Expression -> Term (|’ Term)+ -
-> Term;

Term -> List List+ => "cat®
-> List;

List -> Factor "list’ List =% Mlise
-> Factor;

Factor -> Primary ’'*‘ =% W
-> Primary '+’ i Ml
-~z Primary '3 =g ot
-> Primary:

Primary -»> IDENTIFIER => "<identifiers"

=

I{I

Expression ') ;

El operador de alternacion es |. El operador de "concatenacién" es vacio. + es el operador unario post-
fijo que indica "una o m4s instancias del operando. * es el operador unario postfijo que indica "cero o
mas" instancias del operando. ? es el operador unario postfijo que indica que el operando es opcional.
list es el operador binario infijo que indica una "lista de a’s separadas por b’s", donde a es el
operando izquierdo, y b es ¢l operando derecho.

Considere la expresion regular (a | b*)* list c a2,

a) Dibuje el arbol que produciria el TWS para esta expresion.
b) Escriba la derivacion de la expresion, a partir de Expression, completando esta secuencia:
Expression => Term [a)

=> List Listy

/ => (a | b*)* list ¢ IDENTIFIER ? \.

&q => (a | b*)* list c a ? {

e F Lt L L = (a) P # Lt LL \i\. 4
= Px fit L L > (alp el Ll |
S(EYH Jurl L > (allb¥\¥ Lt LL
>t lat LU s(albya b FL O\
> (FIT)viet L L S (b)Y LFP L\
= (Pl T)¥ gt LL = (alb*)¥ Lifc L \
Slal T X Gt LL 5 (al ) s batc
Slalx b D (alb¥)*fatec P2



II Ciclo 2014 CI-2700 Examen Parcial [ Pagina 5de 19

ESPACIO DE TRABAJO




II Ciclo 2014 CI-2700 Examen Parcial 1 Péigina 6 de 19

PROBLEMA 3. (30 pts.)

Agregar la instruccién loop-while a la implementacion de Tiny. La instruccién loop-while tiene
la siguiente forma:

loop S while B : T repeat

S y T son instrucciones; B es una expresion booleana. S se gjecuta al menos una vez. Después de cada
ejecucion de S, la expresion B se prueba: si es verdadera, se ejecutan T y S, y se vuelve a examinar B; si
es falsa, la iteracion termina.

Un ejemplo de la instruceién loop-while:
loop output(i) while i <= 10 : i:=i+l repeat
(a) Haga un dibujo de la sintaxis abstracta de la instruccion loop-while,

(b) Haga un dibujo del cédigo generado por esta instruceion.

(c) Marque los listados en el Apéndice con todos los cambios necesarios para la implementacién de la
mstruccion loop-while.
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PROBLEMA 4. (20 pts.)
Agregar a la implementacén de Tiny (en el Apéndice) las siguientes cuatro construcciones.

a) El operador prefijo unario de auto-incremento, como una instruccion.
Ejemplo: ++n;. Favor usar el nombre de nodo de 4rbol "pre++".

b) El operador postfijo unario de auto-incremento, como una instruccidn.
Ejemplo: n++ ;. Favor usar el nombre de nodo de arbol "post++".

c¢) El operador prefijo unario de auto-incremento, cOmo una expresion.
Ejemplo: output (++n) ;. Favor usar el nombre de nodo de arbol "pre++".

d) El operador postfijo unario de auto-incremento, como una expresion.
Ejemplo: output (n++) ;. Favor usar el nombre de nodo de arbol "post++".
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APENDICE (ARCHIVOS DE TINY)

eX. ClIIV :
'“{

#include <stdio.hs
#include <string.h>
#include <assert.hs
#include <Tokenizer.hs
#include "y.tab.h®

static int line = 1;

static int column = 1;

int rule(int token);

int node({int token};

void yyerror (char* message) ;
int debug tokenizer = 0;

%
#x COMM1
COoMM2 #.%\n
IDENT [ a-zA-Z] [ _a-zA-20-91+*
INT [0-9]+
WHITE [ \e\v\f]+
LIT NS
8TR
%
{WHITE} column += yyleng; }
\n column = 1; line++; }
*program® return rule (PROGRAM); }
Tyarh return rule(VAR); }
rinteger™ return rule (INTEGER) ; ;
"hoolean" return rule (BOOLEAN) ;
"hegin" return rule{BEGINX); |
"end" return rule({END); } ) ) 7 ! [
wao—n return rule {ASSIGNMENT) ; E ‘oY bbgi ( r‘) & Y
"output" return rule(QUTPUT); } '/:gy qum v FO" % i
aifu return rule{IF); } N ;
“then" return rule {THEN) ; e ] Jj o\ - Yy
telse” return rule (ELSE); ; IO{JP { W /v'h YLJ\,UJ LO{-H ) ) |
"while" return rule (W}IILE%; } -
Tagn return rule{DO) ; oL n=—+ Y- §
Mot return rule(LTE); } fu@ a2 AV ui ,t-f= w'\ I \ i
"read" return rule(READ); }
INT} return node{INTEGER NUM); } |
IDENT} return node (IDENTIFIER); } ] [ E l/i/‘ y\,L.z \ M f/\
m:l column += yyleng; BEGIN( COMM1 ); } i Ve
<COMM1>["}\nl+ { column += yyleng;
<COMM1>M} it column += yyleng; BEGIN( INITIAL ); }
<COMM1 >\n column = 1; line++;
{coMmz2 } column = 1; line++;
i { return rule(yytext[0]); }
L return rule(yytext[0]);
L return rule (yytext [0]);
L return rule(yytext[0]);
Lty return rule(yytext[0]);
oy return rule (yytext [0]);
oy return rule(yytext [0]);
n_m return rule(yytext [0]);
yyerror ("unrecognized char");
printf("-->%s<--0,yytext);
solumn++; ]
%%

int rule(int token)
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if (debug tokenizer) |{
printf (“string:%=, token: %d, line: %¥d, column: %40,
. yvytext, token, line, column) ;

yvylval.info.line = line:
yylval.info.column = column;
column += yyleng;

yylval.info.string = malloc(yyleng+1);
assert (yylval.info.string) ;
strepy(yylval.info.string, yytext);

yvlval.info.makenode = 6;

return token;

}
int neode{(int token)
{
int tok = rule(token);
yylval.info.makenode = 1;
- return tok;
}

void yyerror (char* wesszage)
{

L printf (V¥kkres %5 @line $d, column %d0,
message, line, column) ;
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%
Tiny -> PROGRAM Name ‘:’ Dclns Body Name ’.’ => "program";
Dclns =% VAR {(Peln it % == "delnsg"
-> =» "delns";
Decln -> Name list *,’ 7:' Type => "deln";
Type -> INTEGER => "integer"
~-> BOOLEAN => "boolean';
Body -> BEGINX Statement list ‘;’ END == "hlock® :
Statement -> Name ASSIGNMENT Expression => "assign"
-> OUTPUT ’ {’ Expression ’)° => “output"
-> IF Expression THEN Statement
ELSE Statement =%, MIEN
S -> WHILE Expression DO Statement => "while"
. -> Body
o -> =» "<hnull>"; b :
S = '
Expression -> Term > MK MM P""E‘H
-> Term LTE Term i ity S
= MNowg MK D }Clm:‘”"
Term -> Primary
-> Primary '+’ Term =5 ngm.
Primary -> '~/ Primary =p M8
-> READ => "read"
-> Name
-> INTEGER_NUM => "<integer>"
-> (' Expression ‘)‘;
Name -> IDENTIFIER =» "cidentifier>";
B
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Constrainer.c:

/k***-&-**tt***tw**k****&**i**&&ttt**t*****ﬁ**tttt*t*****i—*****wt*t

Copyright (C) 1986 by Manuel E. Bermudez

Translated to € - 1981
iitt**&****k*{rt*i&tii’i***i**vrt*kk*tk**t*tt1{**********i{************/

#include <stdio.h>

#include <header/0pen_?ileAh>
#include <header/CommandLine.h>
#include <header/Table.h>
#include <header/Text.h>
#include <headex/Erxror.h>
#include <header/String, Input.h>
#include <headexr/Tree.h>
#include <header/Dcln.h>
#include <header/Constrainer.h>

#@;J%w,{ ff:m’ Pf‘l/@i’j{ -?/u
#A"Q‘I‘M sﬂ?n{pf‘u’@& 7

f#tdefine Programnode 1 ] Ie P : P

#define TypesNode 2 --%:rkcnl.!',fl'wx é-?l' '&2
#define TypeNode 3

#define DclnsNode 4 \ f ‘? " 0": 77
#define DclnNode 5 i p | 03} o2
#idefine IntegerTNode 8 I

#define BooleanTNode 7

#define BlockNode 8

#define AssignNode 9

fidefine OutputNode 10

#define IfNode ik

#define WhileNode 12

#define NullNcde 13

#define LENode 14

#define PlusNode 15

#define MinusNode 16 5

#define ReadNode 17 //

#define IntegerNode i8 S

#define IdentifiexNeode 19 4 -
=
typedef TreeNode UsexType;

.;"k‘k*****************k*i**vk****tt*i-*i-i-**t*t*ttttit*kk****t****i***
Add new node names to the end of the array, keeping in strict
order with the define statements above, then adjust the i loop

contrel variable in InitializeConstrainer().
k****k‘kit**’ki{'k**‘k***k*******i**t*ttfiiiti*ikt**i**ktt*t*i********!f

char *node{] = { "program", "types", "type", "declns",
tdeln”, "integer", "boclean", "block",
Yagsign", "output", "if", "while®,

tenullsh, te=w, min, wow  wreadw,

i 2 . =
"cinteger>", "<identifier>" cs%,_i_____f—"”snru

i

UserType Typelnteger, TypeBoclean;
boolean TraceSpecified;

FILE *TraceFile;

char *TraceFileName;

int NumberTreesRead, index;

void Constrain(void} |

ing: fe
InitializeDeclarationTable (};
Tree File = Open File(" TREE", "“x“};

NumberTreesRead = Read_Trees () ;
fclose (Tree File);

AddIntrxinsics(};

#if 0
printf ("CURRENT TREEO) ;
for (i=1;i<=8izeOf (Tree) ;i++)
printf ("%$2d: %d0,i,Element (Tree,i}};
¥endif

ProcessNode (RoctOfTree (1) ) ;
Tree File = fopen(" TREE", "w"};
Write_ Trees();

fclozse (Tree File);

if {TraceSpecified)
fcloge (TraceFile) ;

void InitializeConstrainer (int arge, char *argv(]) {
ant 1, 53
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InitializeTextModule(};
InitializeTreeModule(}!

for (i=0, j=1; i?f;h Tes, Fe+)
String Array Te-String Constant (node[i], j):

index = System_Flag ("-trace", argc, argv);

if (index) {
TraceSpecified = true;
TraceFileName = System Argument ("-trace", " TRACE", argc,
TraceFile = Open File (TraceFileName, "w");

i
else TracesSpecified = false;

void AddIntrinsics (void) {
TreeNode TempTree;

AddTree (TypesNode, RootOfTree(l), 2);

TempTree = Child (RootOfTree(l), 2);
AddTree (TypeNode, TempTree, 1);

TempTree = Child (RootOfTree(l), 2);
AddTree (TypeNode, TempTree, 1) ;

TempTree = Child (Child (RootOfTree(l), 2), 1};
AddTree (BooleanTNode, TempTree, 1);

TempTree = Child (Child (RootOfTree(l), 2}, 2};
AddTree (IntegerTNode, TempTree, 1);

void ErrorHeader (TreeNode T)
printf ("<<< CONSTRAINER ERROR >»> AT ");
Write_SBtring (stdout,SourceLocation(T)};
printf [ 2 s
printf (%0);

int NKids (TreeNode T} {
return (Rank(T));

UserType Expression (TreeNode T) {
UserType Typel, Type2;
TreeNode Declaration, Templ, Temp2;
int NodeCount ;

1f {TraceSpecified) {

fprintf (TraceFile, "<<< CONSTRAINER >>> : Expn Processor Node ");

Write_String (TraceFile, NodeName (T));
fprintf (TraceFile, “0};
}
switch (NodeName (T)} {
case LENode
Typel = Expression (Child(T,1)};
Type2 = Expression (Child(T,2));

if (Typel != Type2) {
ExrorHeadex (T) ;
printf ("ARGUMENTS OF ’<=' MUST BE TYPE INTEGERO) ;
printf (%0} ;

!

return (TypeBcolean) ;

case PlusNode :
case MinusNode
Typel = Expression (Child(T,1));

if {(Rank(T) == 2)
Type2 = Expression (Child(T,2)}:
else

Type2z = Typelnteger;

if (Typel != TypeInteger || Type2 != TypelInteger) {
ErrorHeadex (T) ;
printf ("ARGUMENTS QF “+*; *=*%; f®r, 2/f¢, mod "};
printf ("MUST BE TYPE INTEGERO) ;
printf (“0);

argv) ;
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return (TypeInteger);

case ReadNodas :
return (Typelnteger];

case IntegerNode
return (Typelnteger);

: |
case IdentifierNode : / \ [
Declaration = Lookup (NodeName (Child(T,1)), T); ; D\JUﬂ WJ‘Q} % V% BOOL&]Y\ i
if (Declaration != NullDeclaratiomn) / o )
Decorate (T, Declaration): o
return {Decoraticn{Declaration)}; e )
} o

else s

return [TypeIntEger}Q |
————————— e J

default : |
ErrorHeadex (T) ; |
printf ( "UNKNOWN NODE NAME ") ; { 0 i - - TR byl al i S
Write_ String (=tdout,NodeName (T)); ¢ ‘l 1 or ] 1 i 5 TA (gzd;--‘ __L“)..'a YW 1M J/u ,i | ) ]y #
1 ) \ (747 (e SO BN
} | LAY Dty

printf ("0); | )
.~} /* end switch */ e )
S g (T\jrﬂ - Ty umaw )
[’vmw U.Q&é@\ ()

volid ProcessNode (TreeNode T} { ;

int Kid W; - p ]
tring Namel, Name2; : { }.A"
TreeNode Typel, Type2, Type3; pf"ﬁ /\uf@ “\J'V\u uon L{
| = by
if (Tracespecified) { ik 1o, \
fprintf (TraceFile, ; N\ Wal W\,Qﬁ W
"<<< CONSTRAINER »>>> : Stmt Processor Node ") ; L I ny. v
Write_String (TraceFile, NodeName(T)); YW T L \V\ ) .
fprintf (TraceFile, "0); b
b -9
j ge 5
Fus' ] >

switch (NodeName(T)) { + 1y ]
case Programilode - TR 220
OpenScope () ; ‘(JE/I W ‘ﬂw k_ TJ,\[Z)}'\IA\ Df l\/’ } oy
Namel = NodeName{Child(Child(T,1),1)); -
Name2 = NodeName (Child(Child(T,NKids(T}).,1)}):

if (Namel != Name2) {
ErrorHeader (T} ;
printf ("PROGRAM NAMES DO NOT MATCHO) :
printf ("“0);

for (Kid = 2; Xid <= NKids(T)-1; Kid++)
ProcessNode (Child(T,Xid));

CloseScepe() ;

break;

case TypesNode :
for (®Kid = 1; Kid <= NKids(T); XKid++}
ProcessNode (Child(T,Kid));
TypeBoolean = Child(T,1);
TypeInteger = Child({(T,2);
break;

case TypeNcde :
DTEnter (NodeName (Child(T,1)),T.T):

break:

case DclnsNode
for (Kid = 1; Kid <= NKids(T); Kid++)
ProcessNode (Child(T,Kid));
break;

case DclnNede :
Namel = NodeName (Child (T, NKids(T))};
Typel = Lockup (Namel,T};

for (Kid = 1; Kid < NKids(T); Kid++) {
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DTEnter (NodeName (Child(cChild(T,xid),1)),
} Decorate (Child({T,xid), Typel):

break;

case BlockNode :
for (Kid = 1; Kid <= NKid=(T);
ProcessNode (Child(T,Xid));
break;

Kid++}

case AssignNode :
Typel = Expression (Child{T,1});
Type2 = Expression {Child(T,2));

if (Typel != Type2) {
ErrorHeader (T) ;
printf ("ASSIGNMENT TYPES DO NOT MATCHO) ;
Drintf (0] ;

}

break;

;gée OutputNode :
for (Kid = 1; Kid <= NKids{T); Kid++} X
if (Expression (Child(T,Kid)) != TypelInteger) {
ErrorHeader (T) ;
printf (“OUTPUT EXPRESSION MUST BE TYPE INTEGERO) ;
printf ("0};

break;

d ¢

case Ifﬁbde Z
if (Expression (Child(T,1))
ErrorHeader (T) ;
printf ("CONTROL EXPRESSION OF ’IF’
printf (" IS NOT TYPE BOOLEANO) ;
printE ("0);

1= TypeBoolean) {

STMT*} ;

i

ProcessNede (Child(T,2));

if (Rank(T) == 3} /
ProcessNode (Child(T,3)); /
break; fﬁ

/ J

4 /

£ gl
case WhileNode : _ g
if (Expression (Child(T,1)) != TypeBoolean) { A4

ErrorHeader (T} ;
printf ("WHILE EXPRESSION NOT OF TYPE BOOLEAH/
printf ("0);

LN
\

<f4—~”’/’/’/

ProcessNode (Child(T,2));
break;

Child (T, Kid),

A prute [

=

case NullNode :
break;

default :
ErrorHeader (T} ;
printf ("UNKNOWN. NODE NAME "} ;
Write String (stdout, NodeName (T}) ;
printf ("0};

/* end switch */
/* end ProcessNode */
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CodeGenerator.c:

f&&*****************i*&*ki****t*kk**k****k*tit*ttt****t************t

#include
#include
f#include
#include
#include
#include
#include
#include
#include
#include

/*
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#idefine
#tdefine
#define
#define
#define
#define
#define
#define

CI-2700 Examen Parcial I

Copyright (C) 1986 by Manuel E. Bermudez
1891

Translated to C -
i*******k**i*i*&k*t*&****k**i****t***t****k******k*******t**********/

<stdio.h>

<header/CommandlLine.h>
<header/Open File.h>

<header/Table

h=

<header/Text .h=>

<header/Error

.h>

<header/String Input.h>
<header/Tree.h>
<headex/Code.h>
<header/CodeGenerator.h>
#define LeftMede 0
#define RightMode 1

NOP
HALTOP
LITOP
LLVOP
LGVOEP
SLVOP
SGVOP
LLACP
LGAOP
UOPCP
BOPOP
POPOP
DUPOP
SWAPOP
CALLOF
RTNOP
GOTOOP
CONDOP
CODEOP
S0S8CP
LIMITOP®

[Fe s AR e SRSy B PRI Sl

/*
i*
I
/*

ABSTRACT MACHINE OPERATIONS */

‘NCP*
‘HALT'
‘LIT
FLIVY
LV’
8LV
' 8GV!
‘LLA’
‘LA’
‘UCP’
SBGPE
‘POP’
‘DUP’
‘SWAPR'
’ CALL’
TRTN
*GOTO’
* COND*
’ CODE’
808’
‘LIMIT’

/* BABSTRACT MACHINE OPERANDS */

#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
f#tdefine
#define
#define

#define
#define
#define
#define
#define
fidefine
f#fdefine
#define
#define
#define
#define
#define
#idefine

/* UNARY OPERANDS */

UNOT 22 /* ‘UNOT’
UNEG 23 /* 'UNEG’
usucce 24 /* rusuce’
UPRED 25 /* ’'UPRED’

/* BINARY OPERANDS */

BAND 26 /* ‘BAND’
BOR 27 /* T"BOR’
BPLUS 28 /* 'BPLUS”
BMINUS 29 /* ‘BMINUS’
BMULT 30 /* “BMULT”
BDIV ] /* *'BDIV’
BEXP 32 /* 'BEXP’
BMOD 33 /* ’BMOD’
BEQ 34 /* 'BEQ’
BNE 35 /* !'BNE’
BLE 36 /* !'BLE’
BGE 37 /% ‘BGE’
BLT 38 /* ‘'BLT'
BGT 39 /* *BGT*

/* 0SS SERVICE CALL OPERANDS */
TRACEX 40 /* *TRACEX’
DUMEMEM 41 /* ‘DUMPMEM’
OSINPUT 42 /* ‘INDUT/
OSINPUTC 43 /* *INPUT’
OSOUTPUT 44 /* ‘OUTPUT’
OSOUTRUTC 45 /% 'OUTPUT'
OS0UTPUTL 46 /* 'OQUTPUTL’
OSEOF 47 /* 'EQF’

/* TREE NODE NAMES */
ProgramNode 48 /* "program’
TypesNode 49 /* 'types’
TypeNode 50 /* ‘type’
DclnsNode 51 /* ‘declns’
DeclnNode 52 /* ‘dcln’
IntegerTNode 53 /* ‘integex’
BooleanTNode 54 /* ’boolean’
BlockNode 55 /* ‘block’
AssignNode 56 /* ’assign’
OutputNode 57 /* ‘output’
IfNode 58 T
WhileNode 59 /* "while’
NullNode 60 /* fenulls”

"%

%/
*/
*/
it 4
*/
*/
b4
*f

*/
4
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l“{ -ngfﬁﬂai éj?

!/ '\'u”l?: (2

4define LENode 61 f Comt * / | )
4define rlusNode 62 Pt i i f '@'M {’40!0 lnl/‘[x d{ é g
#define MinusNode 63 J* 1o */ | ! i |

#define ReadNode 64 /* ‘read’ */ | | 9] r
#define IntegerNode 65 /* ‘<integers’*/ | VA A ?f&l F§7 D q
#define IdentifierNode 66 /* ’<identifiers’¥/ / | : ! d

1 h N f 3
typedef int Mode; %‘\:ﬂf"v‘@' lf(‘g.'” r,r '2-\“
FILE *CodeFile;

char ¥CodeFileName;
Clabel HaltLabel;

char *mach opll =
{ "NOP" ¥ “HALT" % uwLIT" ¢ "LV > "].IG:V" J "SLV“ r “SGV“, IILLAH 73 "LGA” 7
“UOPY, “BOD", “POD*, "DUD", "SWAD" , "CALL", “RTN", "GOTO" , “COND* ,
“CODE", “SOS", “LIMIT", "UNOT", "UNEG", "USUCC", "UPRED", "BAND",
“BOR", "BPLUS", "BMINUS", "BMULT", "BDIV", "BEXE", "BMCD", "BEQ",
"BNE", "BLE", "BGE", "BLT", "BGT", "TRACEX" , "DUMPMEM" , "INPUT",
" INPUTC" , "OUTPUT", "OUTBUTC" , "OUTPUTL", "EOF" | ;

’f**t&t****'k*****t***ki*t**ii*tii—*****k*ti**t*‘-*tttit***i****i****i*
add new node names to the end of the array, keeping in strict order
as defined above, then adjust the j loop control wvariable in
InitializeNodeNames{) .

kkwkkkkhkhkkk kb kb kb kk bk ko khk kb ko k b kk kbbbt bk bk kv ko ko k e/

char *node namef} = ] 1 7
{ "program®, "types", "type", "dclns®, “dcln, Vinteger", 3 {%71

"boolean", "block", "azsign", "output", "if", "while®, ° 3 ;O(?ﬂ s 1'1
f 4
3

"gnulls", "e=", "4, "o Wreadh, dcinteger>", "<identifiers>"}; '

vold CodeGenerate{int argc, char *argv(]) {
int NumberTrees;

InitializeCodeGenerator (argc, arqv);
Tree File = Open File(" TREE", "x");
NumberTrees = Read Trees();

fclose (Tree File}?

HaltLabel = ProcessNode (RootOfTree(l), NoLabel) ;
CodeGen0 (HALTOP, HaltLabel);

CodeFile = Open File (CodeFileName, "w");
DumpCode {(CodeFile) ;
fclose (CodeFile) ;

if (TraceSpecified)
fclose (TraceFile);

/30 e e e v o o e o o e o 3 e o o ok e ok o 3 O R T O K R R e o e K ek e

enable this code to write out the tree atter the code generator

has run. It will show the new decorations made with MakeAddress(}.
*t—&tttt*****&****t*it*&t*tt***t**ti—*k*t-&tt*tt*&*tt*tttt*ttﬁ*tt*t*tt!v’

Tree File = fopen(" TREE", “w");
Write Trees();
fclose (Tree File);

}

void InitializeCodeGenerator(int argec,char *argv(]) |{
InitializeMachineOperation=(};
InitializeNodeNames(};
FrameSize = O;
CurrentProclevel = &#;
LabelCount = &;

CodeFileName = System Argument ("-code", "_CODE", argc, argv);
\ =
1

void InitializeMachineOperatlions(void) {

int i,4; +0
for (i=0, j=1; 1 < 47; i++, F++) ”,“«-w"—#
String Array To String Constant (mach op(i],j);
i /
veid InitializeNodeNames (void) {
int 4,35
for (i=0, j=48; j <
String Array To |

iF+, J++)
Constant (node name(i],j);

(Ko
\

i

String MakeStringOf (int Number) {
Stack Temp;
Temp = AllocateStack (50);
ResetBufferInTextTable () ;
if (Number == 0)
AdvanceOnCharacter (’07);
else
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while (Numbexr > 0) !
Push (Temp, (Number % 10) + 4%} :
Number /= 1%;

H e
while ( ! (IsEmpty (Tewmp)}y " - =

AdvanceOnCharacter ((char) (Pop(Temp)j}; .
b

| : ' AL N 3 v o |
return {ConvertStringInBuffer(}); AL Yo Pf | - o b (% p X
; r 11efi e imed | Uele L 1) i
’ 5
void Reference (TreeNede T, Mode M, Clabel L) { | ) A g 4 3 d
int Addr, OFFSET; b g Cl . if tinonp Vi AJ !
String Op: z } \a el })_’,.’n { UUror . Va 'J_;m . 2 o i =
! \

Addr = Decoration(Decoration(T));
OFFSET = FrameDisplacement (Addr) ;

7
switch (M) | 3\ pkﬂz,uﬂﬂ ( ‘QJ‘ ” LT, ﬂ" LQ'LHM d]l NV‘(JJ} 0
case LeféMode : DecrementFrameSize(); ; 3 \ * R ! IJ ) . :. / 2

if (ProcLevel (Addxr} == 0) g

: : ;i / Aals ' 1] an
elsgi : z:zz / (’__) ML//M (J.Af@ L ")D) n(ﬁvlﬁi' Haie : /(Jouwuiﬁ)
(

,

break; l
case RightMode : IncrementFrameSize();
if (ProcLevel (Addr) == 0}
Op = LGVOR;
else \

1
Op = LLVOD; ?aﬂ’rg i | :
break; ‘ i

it o ] b j
} | ‘/{}J v s \}" ’ __.Q‘éi’f/fr wn 9 /Q,,J"‘/\
CodeGenl (Op,MakeStringOf (OFFSET},L}; } /

int NKids (TreeNode T) f{
return (Rank(T));

i (4)

void Expression (TreeNode T, Clabel CurrLabel) ¢ ( 71
int Kid; | R
Clabel Labeli; [ ’S )
if (TraceSpecified) | S \ |
fprintf (TraceFile, "<«<« CODE GENERATOR »>> Processing Node *j; { t\
Write String (TraceFile, NedeName (T) }; f - 1=/
fprintf (TraceFile, * , Label is "); S

Write String (TraceFile, CurrLabel);
~ fprintf (TraceFile, "0);
}
/
switch (NodeName({T)} { 7
case LENode :
caze PlusNode ¢
Expression ( Child(T,1} , CurrLabel}:
Expression ( Child(T,2) , NoLabelj;
if (NeodeName (T) == LENode]
CodeGenl (BOPOP, BLE, NoLabel) ;
else
CodeGenl (BOPOP, BPLUS, NoLabel); ~
DecrementFrameSize () ; g

break; % b

case MinusNode -
Expression ( Child(T,1)
if (Rank(T) == 2) |
Expression ( Child(T,2) , NoLabel);:
CodeGenl (BOPOP, BMINUS, NoLabel};
DecrementFrameSize () ;

, CurrLabel);

}
else

CodeGenl (UOPOP. UNEG. NoLabell:
break:

case ReadNode :
CodeGenl (S080P, OSINPUT. CurrLabel) :
IncrementFrameSized} :
break;

case IntegerNodé : f A, | | O
CodeGegl (LITOP, NodeName (Child{T,1)), CurrLabel); A/M ,/‘L//JJ& L C/J LYY | 1 Ll_\OF
IncrementFrameSize () ; \ .
break; }‘/ ] . 5o
tate S s OF 11 )
case IdentifierNode : T {28 ,ﬁ’.fi OT tt)
Reference (T,RightMode,CurrLabel); = e " 1
break; S

Y e (u wM‘.&&\ 3

default w,cl’(_, s
ReportTreeErrorAt (T) ; Y ]
printf (“<<< CODE GENERATOR >>> : UNKNOWN NODE NAME "} ; '
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Pre 17
g;iiifsﬁitng {stdout , NodeName $F: & : Pﬂ._'i+ :}’}: [ZQVL//W ( C&‘J ;}jl _J,_)‘/) /Z[ M}\/‘GQ? uyviﬂ}‘w(f)

| /* end switch =/ P
} /* end Expression ¥/ r ;)) LEL g
"-W; [ [ JOFD Cirlr ~ F A
Juﬂr| L Vv br\;f? U‘j JL/\, A.}()/:,'a ,i ) .
“label ProcessNode (TreeNode T, Clabel CurrLabel) ! ( ! 7 - /
1} ]
Tofan

int ¥Xid, Num; ‘ ] ] y , e ! )
Clabel Labell, Label2, Label3l; !; ? A ( u Lr.'t’! l\ T, ‘\". fwﬁﬂw‘z }[/4 Z%L\Jg .
if (TraceSpecified) { ‘l i e 0 ] { g WL 75
fprintf (TraceFile, “<<< CODE GENERATOR >>> Processing Node "},—| v ﬂ Fok o s

cinet , 35 | TARS

Write Stxing (TraceFile, NodeName (T} i:
fprintf (TraceFile, " , Label ig r};
Write String (TraceFile, Currlabelis:
fprintf (TraceFile, "G4j;
H |
|
awitech (NodeNawme (T)) {
case ProgramNMode
CurrLabel = ProcessNode (Child(T,NKids(T}-2).CurrLabell: |
furrLabel = ProcessNode (Child(T,NKids({(T}-1),NeoLabel) ;
return {CurrLabel) : ‘J‘

case Tvoeshods - y :
for (Kid = 1; Kid <= NKids(T); Kid++:
CurrLabel = ProcessNode (Child(T,Xid), CurrLabeij;
return (CurrLabelj:

case TypeNode :
return {(CurrLabel):

case DclnsNode : |
for (Kid = 1; Kid <= NKids(T): Kid++) |
&urrLabel = ProcessNode (Child(T,Kid), CurrLabel); | 0 A/
if (NKids(T) = 0) }’J

return (NoLabel}:
elss !
14 \ v"/""f/ .Z,( ’ﬂjo‘-ﬂ/éldj

return (CurrxLabel}j;

case DclnNode - 1 ;
for (Kid = 1; Kid < NKids(T); Kids) Laiﬂzl//? = Nd ',g{_pl V‘;@{, \ 7
{ oL
©if {Kid 1= 1)
CodeCenl (LITOP,MzkeStrinagOf (0} ,NoLabel}; U Le ,{ ,)ég C;Jl V'
gise ) 4
CodeGenl (LITOP,MakeStringOf (0),CurrLabel);
Num = MakeAddress (} : L "
Decorate ( Child(T,Kid). Num: Vv 3 5
. IncrementFrameSize{}; f
13 g 1] o } /
ret (NoLabeli: ' s f ¢ o [ LA
e o C«.w L:/fuj = Yoetss uadg ( Gy ( | }
case BlockNode : ] 7
for (Kid = 1; Kid <= NKids(T); Xid+-+) i oot
CurrLabel = ProcessNede (Child(T,Xid), CurrLabel); | / v {AM -
/ . 9

return (CurrLabel) ;

case AssignNode : " ,‘ g N ) f
' : CurzLabel) ; e Eﬁw}«m (U{/V LJ;'Z ) \AYW@W)

Expression (Child(T,2)},

Reference (Child(T,1)., LeftMode, NoLabel): / /

return (NoLabelj; / / L Lﬂl
&

case OutputNode : . !/ f i A P
Expression (Child(T,1), CurrLabel}; I _; { — f ﬁ A
CodeGenl [SOSOP, OSOUTPUT, NoLabel) ; adf, L= aL ’ (=
DecrementFrameSize () ; f-" LJL il i \J el

Expression (Child(T,Kid),

CodeGenl (S0S0P, OSOUTPUT, NoLabel); ]
DecrementFrameSize () ; 5 ]’]

} ) "
MM Jos

CodeGenl (8080P, OSOUTPUTL, NDLabel)i,-'
return (NoLabel:; _

=
case IfNode : CQJ.Z b\g/l/\ [ O‘TG 0 r [,a/f\,g,z 2 J

Expression {(Child(T,1l), CurrLabel);

Labell MakeLabel () ;

Label2 MakeLabel () ;

Label3 = MakeLabel(); ] {Tp u -

CodeGen2 (CONDOF,Labell,LabelZ, NoLabel); {UW Vocy, L d/\] L ”3 Ml
DecrementFrameSize () ; ?

for (Kid = 2; Kid e= NKids(T); Kid+s) y ’ , /

i / ‘ r ;

i hi id), NoLabel): / G&&mak Cowpor M} {d@!?"
; ) c,

oo

CodeGenl (GOTOOP, Label3, ProcessNode (Child(T,2}, Labell) ); § /

if (Rank (T} == %} I 1 /1
CodeGen0 (NOP, ProcessNode (Child(T,3),Label2}}; U Lﬁu{" Z, -

ele= & ]

Code@Gen0 (NOP, Label2};
return (Labeldj:
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case WhileNoos -
if (CurrLabsl == NoLab&l;
Labell = MakeLabelXi

aiay

Labell = Curriabel;
Label2 = MakeLabsiii;
Label3 = MakeLabel():
Expression (Child(T, 1), Labell);
CodeGen2 (CONDOP, Labﬁlz Labell, NoLabel) ;
HecrementFrameSize (] -
£odeGenl (GOTOOP, Labell, ProcessNode (Child(T,z), Labelz) };

return (Label3);

case NullNede : return(CurrLabsl):

defauit 3
ReportTreeErrorAt {Z;
printf ("<<< CODE GENERATOR >>> : UNKNOWN NODE NAME =} ;
Write String (stdout,NodeName {T}i;
printf ("0};

b f* end switch */
} f* end ProcessNode */

T ov 0\10% Cur a\uj* ’wgg}yxﬁmcz\ ch(TV) CM\W[—aW\B
W (thmﬁ = Hdolchel )
Lehl 3= Cuv Lok t
dee Lahad 3= Pahglabdl);
Beprasorr ( gld (7 1\ Lehd 3V
Lkl 7 me £y,
Uul\ Mabelehd (Y7,
(e b2 ( ConDOT, La,lnaﬂ,\) M% Molahel)
el | = Proeshole (duild (), Lehed1Y5
Lahd ! = Pinesns Node Jawok/ T :"\\,? (el } ;

(b L ( GOT00F, [hd)3 Lau&)
vt Lol 2~
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