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Data Structures
for Symbol Tables

Complement to Lecture 2 (4), pages 74-78 + 80-88

Christoph Kessler, IDA,
Linkdpings universitet, 2008.

&
Symbol table ,‘a

m Set of symbol table items m Operations
e searchable by name + scope e lookup ( name)

insert ( name )

m Data stored for each entry: put ( name, attribute, value )

® name o get ( name, attribute)
e attributes e enterscope ()
» type o exitscope()
(int, bool, array, ptr, function)
» address

(block, offset)

» declared or not,
used or not

ADT Dictionary
+
Scoping Control
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Data Structures for Symbol Tables éﬂg Linear lists d;
" o o e s o1 —fand | F—fard s [ —fard s ] S
® Linear lists m Linear lists with scope control . .
= Hash tables « Only for 1-pass-compilers ® Unsorted linear lists
. .(;ee data structures for " Hash table_s With- scope control © Easy to IrT.1p.Iement
ADT Dictionary) (see following slides) . © Space efficient
o Only for 1-pass-compilers © Insertion itself is fast
but needs lookup to check if the name was already in
® Lookup is slow
Inserting n identifiers and doing m lookups
requires O(n(n+m)) string comparisons
TODB44/ TODD1E, O Kessler, IDA, Linkepings universte, 2005, 93 TDDB44/ TODD16, . Kessle, IDA, Linkepings univeritl, 2005, iy 4
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Hash table with chaining (1) %‘ém‘s Hash table with chaining (2) ;“é“j

"foo” > 1
"2 > 6

Symbol table entries

Hash name block - link

"b” >3 table foo —
& D¢ a NULL
b NULL

name Hash
function

void foo ( void ) {
inta, b, c;
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[cod. Symbol table entries

a’>6 Hash name block - link

"H >3 table foo NULL
> 6 a NULL
b NULL j
c —
name Hash
function

void foo( void ) {

inta, b, ¢;
© Much faster lookup on average
® Degenerates towards linear list for bad hash functions
TDDBA4 / TODD16, . Kesser, IDA, LinkGpings universitet, 2008. k.6
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TDDD16 Compilers and interpreters f' Y File/module scope: Ea K
TDDB44 Compiler Construction 3 g Tree based SymbOI Table Global symbol table %"m.,. ,.\w"i
o™ class Bar { f
int x;
void foo1( ... ) { ... }
void foo2( ... ) { /
intinner21( ... ) { Symbol t4Ble for Bar
float x; name _attr link
X int
H H } foo1 | funct
Hierarchical Symbol Tables ezl o0 anet C
double x, y; \
For nested scope blocks fool(x); SymbdTtable for foo1 Symbol table for foo2
} name _ attr ... link ame _ attr ... _link
nner21 funct L~
) nner22 M, ya
//
} / /
Symbol table for inn$r51 Symbol table for innel_r2k2
" ame _ attr .. lin ame _ attr ... linl
v - _enterscope(), exitscope() X |float X ouble
Christoph Kessler, IDA, - insert(), lookup() o
Linkopings universitet, 2008. TDDB44/ TDDD16, C. Kessler, IDA, Linképings universitet, y ouble
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H File/module scope: H | H ini H H 7]
For One-Pass Compilers? File/modue scop ﬁlﬁ Hash tables with chaining + scoping ad ;
Global symbol table v o . Pvop ins®
S EET| a a ink (For One-Pass Compilers Only)
int x; Current scope block: 0 Symbol table entries Block
vowg IOO;E ;g ) Hash name block - link table
void foo2( ...
8 table
intinner21( ... ) { Symbol t&@
float x; "ﬂ;"ﬁ H'i'r’“ =elink After code was
) Too1 | funct emitted for fool
. resp. for inner21,
intinner22( ... ) { foo2 | funct N7 could release its name Hash /
double x, y; ﬁ /1 s;mbol table function
fool(x); bdT table fM Symbol table for foo2
} name r link ame _ attr ... link
nner21| funct L= module prog {
} / nner22 g y) inta, b, c;
P N J void p1() {
} Cd / / intb, c;
SM[) e fMFTE1 Symbol table for inner22
. sl

ame ame _ aftr ... _link

- _enterscope(), exitscope() 2 ) X ldouble insert p1 and enter a new scope block (2)
- insert(), lookup() vy Houble
TDDB44/ TODD16, C. Kessler, IDA, Linkspings universitet, TDDB44/ TODD16, C. Kessler, IDA, Linkbpings universitet, 2008. _ 2b.10

insert prog and enter a new scope block (1)

TDDB44/ TDDD16, C. Kessler, IDA, Linkspings universitet, 2008. 2 11
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Hash tables with chaining + scoping ‘i ¥ Hash tables with chaining + scoping afit’g
1"’%“«‘ s ins®
Current scope block: 1 Symbol table entries Block Current scope block: 1 Symbol table entries Block
Hash name block - link table Hash name block - link table
table prog | 0 NULL table prog | 0 NULL
3 a 1 NULL ]
1
prog___| Hash / a __ | Hash
function function
module prog { module prog { 6
inta, b, ¢; inta, b, ¢;
void p1() { void p1() {
intb, c; intb, c;

TDDB44/ TDDD16, C. Kessler, IDA, LinkGpings universitet, 2008. 2} 12




module prog {
inta, b, ¢;
void p1() {
intb, c;

TDDB44 / TDDD16, C. Kessler, IDA, Link5pings universitet, 2008,
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insert p1 and enter a new scope block (2)

module prog {
inta, b, ¢;
void p1() {
intb, c;

TDDB44 / TDDD16, C. Kessler, IDA, Link5pings universitet, 2008,
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make hash table point to (statically) closest b — will later find this one first in chain

& "% SuE
Hash tables with chaining + scoping %at: Hash tables with chaining + scoping %dl;g
“vs “ves
Current scope block: 1 Symbol table entries Block Current scope block: 1 Symbol table entries Block
Hash name _block link table Hash name block link table
table prog 0 NULL table prog 0 NULL
a 1 NULL " a 1 NULL ]
b 1 NULL b 1 NULL j
c 1 —
b Hash c Hash
function function
module prog { module prog { 6
inta, b, ¢; inta, b, ¢;
void p1() { void p1() {
intb, c; intb, ¢;
a and ¢ hash to the same hash value (6) — use chaining
TDDB44 / TDDD16, C. Kessler, IDA, Linkopings universitet, 2008, 2p 13 TDDB44 / TDDD16, C. Kessler, IDA, Linkdpings universitet, 2008 2b 14
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Hash tables with chaining + scoping %at: Hash tables with chaining + scoping ,d Yi
“vos
Current scope block: 1->2 Symbol table entries Block Current scope block: 2 Symbol table entries Block
Hash name _block link table Hash name block link table
table prog 0 NULL table prog 0 NULL
a 1 NULL " a 1 NULL ]
b 1 NULL ] P b 1 NULL P
2 c 1 — c 1 —
pt Has_h p1 1 NULL b Has_h pi 1 NULL
function function b 2

oy Froy
Hash tables with chaining + scoping a;i i Hash tables with chaining + scoping a;it;g
- “ag e
Current scope block: 2 Symbol table entries Block Current scope block: 2 Symbol table entries Block
Hash name _block link table Hash name _block link table
table prog 0 NULL table prog 0 NULL
a 1 NULL ] a 1 NULL ]
b 1 NULL 5 b 1 NULL 5
c 1 — c 1 —
¢ Hash p1 1 — a Hash p1 1 NULL
function function
b 2 — b 2 —
c 2 _ c 2 —
module prog { 6 module prog { 6
inta, b, ¢; inta, b, c;
void p1() { void p1() {
intb, c; intb, c;
a=..

TDDB44/ TDDD16, C. Kessler, IDA, Linkspings universitet, 2008,
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lookup(a): follow chain links ...

2b.18
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More on Symbol Tables

Compiler representation of names
String space for identifiers
Arrays (see old slide set p.78, 79)

Christoph Kessler, IDA,
Linkdpings universitet, 2008.
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Compiler representation of names

ey
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B A unique and compact internal representation for a name
is the index (address in compiler address space)
of its symbol table entry.

B Used instead of full name (string) in the internal
representation of a program

© Time and space efficient

Example: Parse-tree for expression xabcd <= yefgh;

e e
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Symbol table ...
name _aft

S
String Space for Identifiers dt’f

m |dentifiers can vary in length
m Must be stored in token table
m Name field of symbol table just points to first character

Symbol table ... )
® To be kept as long as name _attr ... link
|_— [double
references can occur oo
— funct

[xlels]u]mlolt]ofofofafrfe] [ | | |

m  Usually, full names kept only during compilation

o Exception:
Added to the program’s constant pool in the .data segment
if symbolic debugging or reflection should be enabled
(e.g., gcc —g file1.c to prepare for symbolic debugging)
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