
COMP 144
Programming Language Concepts
Lecture 11: Scope and Symbol Table

February 4, 2002

Felix Hernandez-Campos 1

11

Scope, Symbol Table, Scope, Symbol Table, 
Runtime StackRuntime Stack

COMP 144 Programming Language ConceptsCOMP 144 Programming Language Concepts
Spring 2003Spring 2003

HernandezHernandez--Campos, StottsCampos, Stotts

The University of North Carolina at Chapel HillThe University of North Carolina at Chapel Hill

22

Sample Memory LayoutSample Memory Layout

codecode runtime stackruntime stack
GlobalsGlobals,,
constsconsts heapheap

(direction of growth)(direction of growth)

00000000 60246024 63566356 275000275000

p1p1

foofoo

inDoinDo
sumsum

Machine memory Machine memory 
addressesaddresses

975000975000

R3 (R3 (fpfp))

R2 (sp)R2 (sp)

R1 (pc)R1 (pc) 31253125

217560217560

218380218380

(Ret add for (Ret add for 
inDoinDo call)call)

Stack frame Stack frame 
for for inDoinDo callcall



COMP 144
Programming Language Concepts
Lecture 11: Scope and Symbol Table

February 4, 2002

Felix Hernandez-Campos 2

33

ScopeScope

•• ScopeScope is the textual region of a program in which a is the textual region of a program in which a 
binding is activebinding is active

•• Programming languages implementProgramming languages implement
–– StaticStatic ScopingScoping: active bindings are determined using the : active bindings are determined using the 

text of the program at compile timetext of the program at compile time
»» Most recent scan of the program from top to bottomMost recent scan of the program from top to bottom
»» Closest nested subroutine ruleClosest nested subroutine rule

–– DynamicDynamic ScopingScoping: active bindings are determined by the : active bindings are determined by the 
flow of execution at run timeflow of execution at run time

44

Nested SubroutinesNested Subroutines
Closest Nested Subroutine RuleClosest Nested Subroutine Rule

•• Nested subroutinesNested subroutines are able to access parameters and are able to access parameters and 
local variables of the surrounding scope(s)local variables of the surrounding scope(s)
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Nested SubroutinesNested Subroutines
Determining ScopeDetermining Scope

StaticStatic
LinksLinks
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Nested SubroutinesNested Subroutines
Determining ScopeDetermining Scope

StaticStatic
LinksLinks
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Dynamic ScopeDynamic Scope

•• Bindings between names and objects depend on the Bindings between names and objects depend on the 
flow of control at run timeflow of control at run time

–– The The currentcurrent binding is the one found most recentlybinding is the one found most recently during during 
executionexecution

•• ExampleExample
–– If static If static scopingscoping, output is 1, output is 1
–– If dynamic If dynamic scopingscoping, output is 2, output is 2

88

PerlPerl and Dynamic Scopeand Dynamic Scope

•• Perl Perl allows dynamic scopeallows dynamic scope

•• If not declared, variables are If not declared, variables are dynamically createddynamically created, , 
globalglobal, , and and persistentpersistent. . 

–– Dynamic creation: variables appear when referencedDynamic creation: variables appear when referenced
–– Global: variables thus created can be referenced in any and all Global: variables thus created can be referenced in any and all code code 

you write. you write. 
–– Persistent: variables stay around until the end of execution. Persistent: variables stay around until the end of execution. 

•• However… you may However… you may declaredeclare variables in order to variables in order to 
override this default…override this default…

–– Static Scope (lexical scope):  Static Scope (lexical scope):  my $my $abcabc
–– Dynamic Scope:  Dynamic Scope:  local $xyzlocal $xyz
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PerlPerl and Dynamic Scopeand Dynamic Scope

my $my $abc abc ;;
•• makes a variable statically (lexically/locally) makes a variable statically (lexically/locally) 

scoped. scoped. 

•• only available to this subroutine (scope)only available to this subroutine (scope)

•• not available to subroutines you call. not available to subroutines you call. 

•• not available to a subroutine that called you. not available to a subroutine that called you. 

•• destroyed when execution exits the block it's in. destroyed when execution exits the block it's in. 

1010

PerlPerl and Dynamic Scopeand Dynamic Scope

local $local $varvar;;

•• makes a variable dynamically scoped. makes a variable dynamically scoped. 

•• sort of a 'temporary global'. sort of a 'temporary global'. 

•• available to subroutines you call. available to subroutines you call. 

•• not available to a subroutine that called you. not available to a subroutine that called you. 

•• can shadow and protect an existing global. can shadow and protect an existing global. 

•• destroyed when execution exits the block it's in. destroyed when execution exits the block it's in. 



COMP 144
Programming Language Concepts
Lecture 11: Scope and Symbol Table

February 4, 2002

Felix Hernandez-Campos 6

1111

Perl Perl Example…Example…

$name = "Bill Green";$name = "Bill Green";

$you  = "Bob Smith";$you  = "Bob Smith";

print "In main script block:print "In main script block:\\n n Name is $name and you is $you.Name is $name and you is $you.\\nn\\n";n";

&&printstuffprintstuff; ; # call subroutine# call subroutine

print "Back in main script block:print "Back in main script block:\\n n Name is $name and you is $you.Name is $name and you is $you.\\nn\\n";n";

subsub printstuffprintstuff{{

my $name = "Joe Brown";my $name = "Joe Brown";

local $you = "Jim White";       # assign in dynamic scopelocal $you = "Jim White";       # assign in dynamic scope

print "In 1print "In 1stst level1 sub:level1 sub:\\n“   Name is $name and you is $you.n“   Name is $name and you is $you.\\nn\\n";n";

&&printmorestuffprintmorestuff;                # call subroutine;                # call subroutine

$you = "Mary Jones";            # set $you to local/global va$you = "Mary Jones";            # set $you to local/global valuelue

&&printevenmorestuffprintevenmorestuff($name);     # call subroutine, pass value                 }($name);     # call subroutine, pass value                 }

subsub printmorestuffprintmorestuff{{

print "In 1st level2 sub:print "In 1st level2 sub:\\n n Name is $name and you is $you.Name is $name and you is $you.\\nn\\n”;            }n”;            }

subsub printevenmorestuffprintevenmorestuff{{

my $name = @_; # locally assign passed value to $namemy $name = @_; # locally assign passed value to $name

print "In 2nd level2 sub:print "In 2nd level2 sub:\\n n Name is $name and you is $you.Name is $name and you is $you.\\nn\\n";            }n";            }

1212

Perl Perl Example…Example…

The program isThe program is herehere

Output isOutput is
In main script block:In main script block:

Name is Bill Green and you is Bob Smith.Name is Bill Green and you is Bob Smith.

In 1st level1 sub:In 1st level1 sub:

Name is Joe Brown and you is Jim White.Name is Joe Brown and you is Jim White.

In 1st level2 sub:In 1st level2 sub:

Name is Bill Green and you is Jim White.Name is Bill Green and you is Jim White.

In 2nd level2 sub:In 2nd level2 sub:

Name is Joe Brown and you is Mary Jones.Name is Joe Brown and you is Mary Jones.

Back in main script block:Back in main script block:

Name is Bill Green and you is Bob Smith.Name is Bill Green and you is Bob Smith.
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Lifetime vs. ScopeLifetime vs. Scope

•• Many object exist only when scope is active Many object exist only when scope is active 

•• BUT, they are two different thingsBUT, they are two different things
Class goober {Class goober {

public static int sum = 0;public static int sum = 0;

void doFoo (int a, int b) {void doFoo (int a, int b) {

sum += 1;sum += 1;

}}

} } 

# does sum exist? … it’s not visible# does sum exist? … it’s not visible

# we can’t say sum = sum +5 here# we can’t say sum = sum +5 here

g1 = new goober();g1 = new goober();

g1.doFoo(3,4);g1.doFoo(3,4);

1414

Static ChainStatic Chain

•• For finding nonFor finding non--local bindings at runlocal bindings at run--timetime

•• Each frame contains an Each frame contains an SCPSCP ((static chain static chain 
pointerpointer), a pointer to the most recent frame ), a pointer to the most recent frame 
on the next lexical level outon the next lexical level out
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SCP referencingSCP referencing

StaticStatic
LinksLinksSCPSCP

SCPSCP

SCPSCP

SCPSCP
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Symbol TableSymbol Table

•• In statically scoped languages, compilers keep track In statically scoped languages, compilers keep track 
of names using a data structure called a of names using a data structure called a symbol tablesymbol table

•• The symbol table The symbol table might bemight be retained after compiling retained after compiling 
and made available at runtime (for debugging, and made available at runtime (for debugging, e.ge.g.).)

•• Consider first a simple static nested scope languageConsider first a simple static nested scope language
–– No modulesNo modules
–– No objectsNo objects
–– Like C, PascalLike C, Pascal
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Symbol TableSymbol Table

•• In statically scoped languages, compilers keep track In statically scoped languages, compilers keep track 
of names using a data structure called a of names using a data structure called a symbol tablesymbol table

•• The symbol table maps names to information about The symbol table maps names to information about 
objectsobjects

–– It works like a It works like a hashhash in in PerlPerl

namename typetype Scope levelScope level…… otherother

curLevcurLev

00

1818

Symbol Table: SimplifiedSymbol Table: Simplified

•• Seeing a new name during parsing makes Seeing a new name during parsing makes 
several things happenseveral things happen

–– addNameaddName to the STto the ST
–– Is the name a new scope? Is the name a new scope? addScopeaddScope

»» New scopes: procedure/method names, nested blocks…New scopes: procedure/method names, nested blocks…
–– Nesting levels (lexical level) is counted as parsing goesNesting levels (lexical level) is counted as parsing goes
–– Each name is stored with its scope (lexical level) numberEach name is stored with its scope (lexical level) number

•• Compiler keeps track of the lexical level in force Compiler keeps track of the lexical level in force 
when a name is declaredwhen a name is declared

•• Multiple entries are made for a name in the hash Multiple entries are made for a name in the hash 
table… a new table… a new innerinner declaration “hides” an outer declaration “hides” an outer 
declarationdeclaration
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Sample programSample program

Consider this codeConsider this code

proc sum (int x17) {proc sum (int x17) {

int kk = 0;int kk = 0;

proc doFoo {proc doFoo {

real sum = 0.0;real sum = 0.0;

proc inDo (int sum) {proc inDo (int sum) {

return sum * x17;return sum * x17;

}}

}     }     

}}

2020

Sample programSample program

Ok… now we parse a little…Ok… now we parse a little…

proc proc sumsum (int (int x17x17) {) {

int int kkkk = 0;= 0;

proc proc doFoo doFoo {{

real sum = 0.0;real sum = 0.0;

proc inDo (int sum) {proc inDo (int sum) {

return sum * x17;return sum * x17;

}}

}     }     

}}



COMP 144
Programming Language Concepts
Lecture 11: Scope and Symbol Table

February 4, 2002

Felix Hernandez-Campos 11

2121

After some parsing…After some parsing…

Symbol table looks like this:Symbol table looks like this:

sumsum procproc 11 otherother

otherother22intintx17x17

kkkk intint 22 otherother

doFoodoFoo procproc otherother22

curLevcurLev

22

2222

Sample programSample program

We parse a little more…We parse a little more…

proc proc sumsum (int (int x17x17) {) {

int int kkkk = 0;= 0;

proc proc doFoo doFoo {{

real real sumsum = 0.0;= 0.0;

proc inDo (int sum) {proc inDo (int sum) {

return sum * x17;return sum * x17;

}}

}     }     

}}
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After more parsing…After more parsing…

Symbol table looks like this:Symbol table looks like this:
–– A second binding for “A second binding for “sumsum””
–– Goes at head of the hash hit list, Goes at head of the hash hit list, hides other bindingshides other bindings

sumsum procproc 11 otherother

otherother22intintx17x17

kkkk intint 22 otherother

doFoodoFoo procproc otherother22

sumsum realreal 33 otherother

curLevcurLev

33

2424

Keep parsing…Keep parsing…

a little more…a little more…

proc proc sumsum (int (int x17x17) {) {

int int kkkk = 0;= 0;

proc proc doFoodoFoo {{

real real sumsum = 0.0;= 0.0;

proc proc inDoinDo (int sum) {(int sum) {

return sum * x17;return sum * x17;

}}

}     }     

}}
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And after a little more…And after a little more…

Symbol table looks like this:Symbol table looks like this:

sumsum procproc 11 otherother

otherother22intintx17x17

kkkk intint 22 otherother

doFoodoFoo procproc otherother22

sumsum realreal 33 otherother

inDoinDo procproc 33 retVal retVal intint

curLevcurLev

33

2626

Keep parsing…Keep parsing…

a little more…a little more…

proc proc sumsum (int (int x17x17) {) {

int int kkkk = 0;= 0;

proc proc doFoodoFoo {{

real real sumsum = 0.0;= 0.0;

proc proc inDoinDo (int (int sumsum) {) {

return sum * x17;return sum * x17;

}}

}     }     

}}
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Finally…Finally…

Symbol table looks like this:Symbol table looks like this:
–– A third binding for “A third binding for “sumsum””

sumsum procproc 11 otherother

otherother22intintx17x17

kkkk intint 22 otherother

doFoodoFoo procproc otherother22

sumsum realreal 33 otherother

inDoinDo procproc 33 retVal retVal intint

sumsum intint 44 otherothercurLevcurLev

44

2828

(Slightly aside…)(Slightly aside…)

If we keep parsing…If we keep parsing…

proc proc sumsum (int (int x17x17) {) {

int int kkkk = 0;= 0;

proc proc doFoodoFoo {{

real real sumsum = 0.0;= 0.0;

proc proc inDoinDo (int (int sumsum) {) {

return sum * x17;return sum * x17;

}   }   # here we are leaving a scope, level 4# here we are leaving a scope, level 4

}     }     

}}
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“Pop” off scope information“Pop” off scope information

We remove the head item for all level 4 bindingsWe remove the head item for all level 4 bindings

sumsum procproc 11 otherother

otherother22intintx17x17

kkkk intint 22 otherother

doFoodoFoo procproc otherother22

sumsum realreal 33 otherother

inDoinDo procproc 33 retVal retVal intint

curLevcurLev

33

3030

OK… end aside..OK… end aside..

Let’s go back to inside Let’s go back to inside 

proc proc inDo inDo 

lexical level 4lexical level 4
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Runtime: Finding a bindingRuntime: Finding a binding

•• Now… the questions are …Now… the questions are …
–– what storage is bound to “what storage is bound to “sumsum” ?” ?
–– What storage is bound to “What storage is bound to “x17x17” ?  ” ?  
–– How do we locate this storage at runtime?How do we locate this storage at runtime?

proc proc sumsum (int (int x17x17) {) {
int kk = 0;int kk = 0;

proc doFoo {proc doFoo {
real real sumsum = 0.0;= 0.0;

int proc inDo (int int proc inDo (int sumsum) {) {
return return sumsum * * x17x17;;

}}
}     }     

}}

3232

Runtime: Finding a bindingRuntime: Finding a binding

•• Scope level tells you how many hops to Scope level tells you how many hops to 
make on the make on the static chainstatic chain

–– Compiler subtracts level of the name from Compiler subtracts level of the name from curLevcurLev
–– Example: a reference to X Example: a reference to X 

you look up X, find the active one is at level 2you look up X, find the active one is at level 2
curLevcurLev is 4is 4
so at runtime, you must make (4so at runtime, you must make (4--1)=1)=3 hops3 hops “up” the static chain to “up” the static chain to 
get to the stack frame that contains the proper Xget to the stack frame that contains the proper X

•• Compiler generates code to make these hops Compiler generates code to make these hops 
happen at runtimehappen at runtime

–– for each reference to a nonfor each reference to a non--local entitylocal entity

•• Alternately, this tells you the index into the Alternately, this tells you the index into the displaydisplay
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SCP referencingSCP referencing

SCPSCP

SCPSCP

Lets say in Lets say in CC we use a we use a var var XX
declared in declared in AA

Compiler will Compiler will gen gen code to code to 
“chase” the SCP twice“chase” the SCP twice
Load R1 Load R1 fpfp+2 +2 # SCP in C# SCP in C

Load R1 (R1)+2 Load R1 (R1)+2 # # fp fp for B, offset to SCPfor B, offset to SCP

Load R1 (R1)Load R1 (R1)--7  7  # gives # gives fpfp for A,  thenfor A,  then

# offset to X in A’s frame# offset to X in A’s frame

Compiler know all these offsets from Compiler know all these offsets from 
symbol tablesymbol table

XX

3434

DisplayDisplay

•• Faster than static chain at runFaster than static chain at run--timetime

•• Requires some overhead to maintain on Requires some overhead to maintain on 
proc call and return but not really more proc call and return but not really more 
than maintaining SCPthan maintaining SCP

•• Array that contains the active SCP for each Array that contains the active SCP for each 
lexical levellexical level

DIS[0] DIS[0] globalsglobals
DIS[1] top levelDIS[1] top level
DIS[2] next… etc.DIS[2] next… etc.
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DISPLAY referencingDISPLAY referencing

SCPSCP

SCPSCP

Lets say in Lets say in CC we use a we use a var var XX
declared in declared in AA

Compiler will Compiler will gen gen code to code to 
access DISPLAY at level of A access DISPLAY at level of A 
(level 1)(level 1)
Load R1 Load R1 disdis+4    # gives +4    # gives fp fp for Afor A

Load R1 (R1)Load R1 (R1)--7    # offset to X in A’s frame7    # offset to X in A’s frame

Compiler knows DISPLAY level to use Compiler knows DISPLAY level to use 
for items in A from symbol tablefor items in A from symbol table

XX

disdis Off to global memory area…Off to global memory area…

3636

Dynamic ChainDynamic Chain

•• DCP (dynamic chain pointer) DCP (dynamic chain pointer) 

•• Shows sequence of stack frames in dynamic Shows sequence of stack frames in dynamic 
(call) order(call) order

•• Allows implementation of dynamic scopeAllows implementation of dynamic scope

Not going to do much with this for now …Not going to do much with this for now …
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Static Scope: ModulesStatic Scope: Modules

•• Many modern languages are more Many modern languages are more 
complicated in their scope rules than Pascal complicated in their scope rules than Pascal 
and Cand C

•• Modules, classes explicitly manipulate Modules, classes explicitly manipulate 
scopes and name visibilityscopes and name visibility

•• They are They are not nestednot nested in generalin general

•• Objects inside a module can see each other Objects inside a module can see each other 
(subject to normal lexical (subject to normal lexical scopingscoping))

•• Objects outside… able to see in?Objects outside… able to see in?

3838

Import / ExportImport / Export

••Objects in a module are not visible Objects in a module are not visible 
outside unless outside unless exported exported 

••Objects outside are not visible inside Objects outside are not visible inside 
the module unlessthe module unless importedimported

••Bindings made in a module are Bindings made in a module are 
inactiveinactive outside, but not outside, but not gonegone
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Open Scope vs. ClosedOpen Scope vs. Closed

••OpenOpen scope: names do not have to be scope: names do not have to be 
imported imported explicitlyexplicitly to be visibleto be visible

–– Nested subroutines in Pascal, Nested subroutines in Pascal, e.g.e.g.
–– We can see the names in outer lexical scopes without We can see the names in outer lexical scopes without 

having to ask for the abilityhaving to ask for the ability

••ClosedClosed scope: names DO have to be scope: names DO have to be 
imported imported explicitlyexplicitly to be visibleto be visible

–– Modules in ModulaModules in Modula--2, C++, 2, C++, PerlPerl, etc., etc.

4040

Referencing in ModulesReferencing in Modules

•• We need a We need a more complicated symbol tablemore complicated symbol table
to generate code for nonto generate code for non--local referencing local referencing 
at runat run--timetime

•• Seeing a new name during parsing makes Seeing a new name during parsing makes 
several things happenseveral things happen

–– Scopes are counted and numbered seriallyScopes are counted and numbered serially
–– Nesting level is also counted implicitly: Nesting level is also counted implicitly: scope stackscope stack
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Symbol TableSymbol Table
Scope Stack ExampleScope Stack Example

type  T = record F1: integer;type  T = record F1: integer;

F2: real;   end;F2: real;   end;

varvar V : T;V : T;

module M;module M;

export I; import V;export I; import V;

varvar I : integer;I : integer;

procedure P1 (A1 : real; A2 : integer): real;procedure P1 (A1 : real; A2 : integer): real;

begin . . . end P1;begin . . . end P1;

procedure P2 (A3 : real);procedure P2 (A3 : real);

varvar I : integer;      I : integer;      

begin begin 

with V do  . . . endwith V do  . . . end

end P2;end P2;

end M;end M;

4242

Symbol TableSymbol Table
Static Scope ExampleStatic Scope Example

•• Symbol table in ModulaSymbol table in Modula--22
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Symbol TableSymbol Table
Static Scope and the Scope StackStatic Scope and the Scope Stack

•• Static Static scoping scoping is implemented using a is implemented using a scope stackscope stack
and a linked lists of static of objects associated to the and a linked lists of static of objects associated to the 
same namesame name

4444

When a name is seen (parsing)When a name is seen (parsing)

•• When a name is seen during parsingWhen a name is seen during parsing
–– If it’s a declaration hash name and create new entryIf it’s a declaration hash name and create new entry
–– If it’s a new scope, push onto scope stackIf it’s a new scope, push onto scope stack
–– If it’s a reference, look up, then scan down the scope stack to If it’s a reference, look up, then scan down the scope stack to 

see if the scope of the name is visiblesee if the scope of the name is visible
–– If it’s a module begin making new entries for the imported If it’s a module begin making new entries for the imported 

namesnames

•• When a name is looked upWhen a name is looked up
–– Hash the name in the table to get entryHash the name in the table to get entry
–– Hops… stack depth Hops… stack depth –– level where name’s scope is found onlevel where name’s scope is found on
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Reading AssignmentReading Assignment

•• Scott’s chapter 3Scott’s chapter 3
–– Section 3.3.2Section 3.3.2
–– Section 3.3.3Section 3.3.3


