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!"#$%&#' ()*$'+

! ! "#$%& '()*(#++#,-.+%& /'-01$$/- ,23 #')4),-"5 
6(5.2 ,2& +35+2& ,)7 8/9.

! :;3#- .2+#3,-"% 3# "#,#$#0#;3)7+/ ,-& 4-#4-"#.;/& 
4<.+/7.2& +35+2&:
! =-# ,23 #')4),-"5 4<.+/7.2 4)+>3 4/4)+<3?3 +2 

'()"#@)(-.+<3)7 +/*<@)7&.
! =-# ,23 #')A7*5 «4-#(()>3 +35+2&» (memory leaks).
! =-# ,23 /';4).2 ,)7 /",/$)B+/3)7 '()*(1++#,)& (run-

time performance).
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()*$' ,-./-0$$123)

! C>()& #')@5"/7.2& +/,#0$2,>3, 4/4)+<3?3, ">4-"#, 
"$'.

! D) UNIX '#(<6/- .,-& 4-/(*#.;/& +#& <3#3 /-")3-"% 
6>() 4-/7@B3./?3 (virtual address space).

 © !. "#$%#&$'(

!"#233

4

45%671/-0$$0 2'+ $)*$'+ $70+ 

67%-/0#80+
! Text: 47#4-"%& ">4-"#& 
'()*(1++#,)& ,2& 4-/(*#.;#&.

! Data: .,#@/(<& 
'()*(1++#,)&.

! BSS (Block Started by Symbol 
(BSS): */3-"<& "#- .,#,-"<& 
+/,#0$2,<& (most modern 
assemblers produce a BSS 
section in their output object 
module containing all reserved 
uninitialized space).

! Stack: .,);0#, ,)'-"<& 
+/,#0$2,<&.

! Heap: 473#+-"5 +35+2.
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45%671/-0$$0 $)*$'+ 67%-/0#79)
! E,23 =/F C:

int iSize;    G G " BSS

char *f(void) {

G char *p;  G G " stack

G iSize = 8; G G " data

G p = malloc(iSize);G " heap

G return p;

}
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!"#$%&#' ()*$'+

! !- */3-"<& "#- )- .,#,-"<& 

+/,#0$2,<& "#,1 ,23 

#(6-")');2.2 ,)7 

'()*(1++#,)&.

! !- ,)'-"<& +/,#0$2,<& "#,1 ,23 

"$5.2 +-#& 7')()7,;3#&/

+/@%4)7.

! 8 473#+-"5 +35+2 +/ ,2 6(5.2 

,2& malloc (.,2 C) "#- +/ ,2 

42+-)7(*;# 3<?3 #3,-"/-+<3?3 

(JAVA).
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:,.6"#$%&#' ()*$'+
! =/3-"<& "#- .,#,-"<& 

+/,#0$2,<& +/ ,2 $5H2 /3%& 

'()*(1++#,)&.

! D)'-"<& +/,#0$2,<& +/ ,23 

/'-.,()A5 #'% +-# 7')()7,;3#/

+<@)4).

! I73#+-"5 +35+2 +/ 6(5.2 ,2& 

free (.,2 C) "#- #'% ,)3 

#')")+-.,5 ."701$?3 (garbage 

collector) .,2 JAVA.

! J$2 2 +35+2 #')4/.+/B/,#- +/ 

,2 $5H2 ,)7 '()*(1++#,)&.
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:,.;'<%&27<.8 =9-.7
! !"#"$%&'#() (Registers):

! K<.# .,)3 /'/H/(*#.,5
! =(5*)(2 '(%.0#.2
! K-"(%& #(-@+%&
! I-#A#3/;& '()& ,)3 '()*(#++#,-.,5

! *#+,-" (Stack):
! D)')@/,/;,#- .,)3 /-")3-"% 6>() 4-/7@B3./?3 +35+2& (RAM)
! L'/7@/;#& '(%.0#.2 #'% ,)3 /'/H/(*#.,5 +<.? ,)7 ./,0#' *#+,-") 

(Stack Pointer)
! C(2.-+)')-/;,#- *-# 4/4)+<3# *-# ,# )');# ) +/,#A(#.,5&-JAVA 
+')(/; 3# *3?(;M/- #"(-0<& +<*/@)& "#- 6(%3) M?5& (>.,/ 3# 
4-#6/-(;M/,#- "#,1$$2$# ,)3 I/E).

! F)$B *(5*)(2 "#- #')4),-"5 '(%.0#.2.
! L')@2"/B/- /11&"23µ"#" 4&"5#'&6+7+,'5') (activation records 5 

stack frames).
! F/(-)(-.+<32& $/-,)7(*-"%,2,#&, *-N #7,% "#- 6(2.-+)')-/;,#- "7(;?& 
*-# ,23 #')@5"/7.2 )(-.+<3?3 +%3) 4/4)+<3?3 "#- "7(;?& 
6/-(-.,5(-?3 #3,-"/-+<3?3.
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:,.;'<%&27<.8 =9-.7
! *%&8) (heap):

! D)')@/,/;,#- .,)3 /-")3-"% 6>() 4-/7@B3./?3 +35+2& 
(RAM)

! K35+2 =/3-"5& 6(5.2&, %')7 «4-#0-)B3» %$# ,# 
#3,-"/;+/3# ,2& JAVA

! F-% /7<$-",)& #'% ,23 .,);0#: ) +/,#A(#.,5& 4/3 
6(/-1M/,#- 3# *3?(;M/- !" #$% &'(#)'$% '%.2 +35+2 3# 
4/.+/B./- .,)3 .?(% *-# ,23 #')@5"/7.2 #3,-"/-+<3?3, 
5 ,)3 6(%3) M?5& ,?3 "#,#6?()B+/3?3 #3,-"/-+<3?3.

! J'),/ 6(/-#.,/; 3# 42+-)7(*2@/; <3# #3,-"/;+/3), 
'(<'/- 3# *(#A,/; ) .6/,-"%& ">4-"#& *-# ,23 42+-)7(*;# 
,)7 "#- 3# "$2@/; +/ ,23 6(5.2 ,2& new. D%,/ *;3/,#- 2 
4<.+/7.2 ,2& +35+2& "#- /",/$/;,#- ) ">4-"#& 
#(6-")');2.2&.

! F-% #(*5 2 "#,#6>(2.2 "#- '(%.0#.2 #'N %,- .,23 
.,);0#.
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> 0,.;*<%&#' 23) 6%6.$")3)

! *#"#603 97+:30/;5' (static storage)
! 8 .,#,-"5 #')@5"/7.2 7')42$>3/- ,23 #')@5"/7.2 
4/4)+<3?3 ./ *+,"!"'-µ)%.-/µ!#012.#. @<.2 (fixed location).

! 8 '(#*+#,-"5 #')@5"/7.2 .,#,-">3 4/4)+<3?3 *;3/,#- .,2 
RAM.

! F/(-<6/- 4/4)+<3# ,# )');# /;3#- 4-#@<.-+# *-# %$2 ,23 
4-1("/-# /",<$/.2& ,)7 '()*(1++#,)&.

! 8 $<H2-"$/-4; static +')(/; 3# 6(2.-+)')-2@/; *-# ,)3 
'().4-)(-.+% "1')-)7 .,)-6/;)7 +-#& "$1.2& ?& .,#,-")B.

! D# #3,-"/;+/3# .,23 JAVA 4/3 ,)')@/,)B3,#- '),< .,23 
.,#,-"5 +35+2.

! *#":/&3 <=3µ' (constant storage)
! L3,-.,)-6/; .,-& .,#@/(<& ,-+<& ')7 6(2.-+)')-)B3,#- .,)3 
">4-"#.

 © !. "#$%#&$'(

!"#233

11

:,.;*<%&#' %<2?+ RAM

! LA)(1 ./ 4/4)+<3# ,# )');# «4-#0-)B3» ,/$/;?& /",%& 
,)7 '()*(1++#,)&, /3> ,) '(%*(#++# 4/3 ,(<6/-.

! :",%& /$<*6)7 #'% ,) '(%*(#++#.

! 9'1(6)73 4B) 0#.-"1 '#(#4/;*+#,#:
! Streamed objects: #3,-"/;+/3# ')7 +/,#,(<')3,#- ./ 

()5 6#(#",5(?3 (byte stream) .735@?& *-# 3# .,#$)B3 ./ 

+-13 1$$2 +26#35.
! Persistent objects: #3,-"/;+/3# ')7 ,)')@/,)B3,#- .,)3 

4;.") >.,/ 3# 4-#,2(5.)73 ,23 "#,1.,#.5 ,)7& %,#3 ,) 

'(%*(#++# ,/$/->./-.

! O#.-"% 6#(#",2(-.,-"% #7,>3 ,?3 #3,-"/-+<3?3 /;3#- 
%,- +')()B3 3# “#3#.,2@)B3” ./ "#3)3-"1 #3,-"/;+/3# 
,2& RAM, %,#3 6(/-#.@/;.
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:)27<%8$%)0 #2' JAVA

! D# 4/4)+<3# .,23 JAVA "?4-")')-)B3,#- .#3 
#3,-"/;+/3#.

! =-# "1@/ #3,-"/;+/3) '(<'/- 3# 7'1(6/- <3# $/6&65#3&6+ 
(handle) +<.? ,)7 )');)7 #')",)B+/ '(%.0#.2 .,) ;4-) 
,) #3,-"/;+/3) "#- ,) 4-#6/-(-M%+#.,/ (,-& +/@%4)7& 
,)7, ,# 4/4)+<3# ,)7).

! F.6.

G String s; // 4'µ6+;&1," $/6&65#'&,+;

 String s = new String(“asdf”);

 // "&$60+7+,'5' "=#60/6µ(=+;
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!'$7.&-/80 0)27<%7$")3)

! K/,1 ,23 42+-)7(*;#-45$?.2 /3%& 6/-(-.,2(;)7, '(<'/- 
3# *;3/- 2 “4-#.B34/.5” ,)7 +/ "1')-) 3<) #3,-"/;+/3).

! 8 42+-)7(*;# /3%& 3<)7 #3,-"/-+<3)7 *;3/,#- +/ ,2 
6(5.2 ,2& /3,)$5& new:

String s = new String(“asdf”);

 // String /,="6 /64603 7/&,7#%5' #>7+;

String s = ‘‘asdf’’;

BankAcct b1 = new BankAcct(21338, 0.0);
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:-5"/.).7 @A,.7-primitive types

! 8 42+-)7(*;# #3,-"/-+<3?3 +/ ,23 new <6/- "%.,)&, $%*? ,2& 
#')@5"/7.2& .,)3 .?(% "#- %,,- #7,5 .73/'1*/,#-.

! =-# #'$)B&-#(6<*)3)7& ,B')7& 4/4)+<3?3, 2 JAVA H/A/B*/- #'% ,)3 
+)3,<$) ,?3 #3,-"/-+<3?3 "#- #")$)7@/; ,23 '().<**-.2 ,2& C "#- 
,2& C++.
! P,.-, +/ ,23 45$?.2 +-#& ,)'-"5& +/,#0$2,5& ?& <6)7.#& 
#(6<*)3) ,B'), “42+-)7(*/;,#-” #7,%+#,# 6>()& *-# ,23 
+/,#0$2,5 #7,5 - 6?(;& 6(5.2 ,2& new -  "#- 2 +/,#0$2,5 
,)')@/,/;,#- .,23 .,);0#.

! D- *;3/,#- *-# '/4;# 4/4)+<3?3 #(6<*)3?3 ,B'?3;
! ! #"(-05& 6>()& ')7 "(#,-<,#- *-# +/,#0$2,<& #(6<*)3?3 ,B'?3 

"#@)(;M/,#- #'% ,)3 +/,#A(#.,5 ,2& JAVA.
! 9'1(6)73 ?.,%.) "#- "$1./-&-.7."/7#.,<& (wrapper classes) *-# 

,)7& #(6<*)3)7& ,B')7&:

G G char c = ‘x’;

  Character C = new Character(‘x’);
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Read-only object
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B%68. 7#5A.+ - C$D"E%70 (scoping)

! F/4;) -.6B)& +/,#0$2,>3 (scoping). K-# +/,#0$2,5 ')7 )(;M/,#- +<.# ./ 
"1')-) '/4;), /;3#- 7'#(",5 +<6(- ,) ,<$)& ,)7 '/4;)7 #7,)B.

{
 int x = 12;
 {
  int q = 96;
 }
}

! E/ #3,;@/.2 +/ ,23 C "#- ,23 C++, ,) #"%$)7@) /;3#- .73,#",-"% 
.A1$+#:

{
 int x = 12;
 {
  int x = 96;
 }
}
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=-?).+ F3*+ 0)27<%7$")3)

! P3# #3,-"/;+/3) ')7 42+-)7(*/;,#- +/ 6(5.2 ,)7 new 
4-#,2(/;,#- #"%+2 "#- +/,1 ,) ,<$)& ,)7 .6/,-")B 
'/4;)7 /+0<$/-#& (scope).

! D) #3,;.,)-6), ?.,%.), 6/-(-.,5(-), /H#A#3;M/,#-:
{

 String s = new String(“a string”);

 /* end of scope */

}

! L')")+-.,5& ."701$?3 (garbage collector)

! "#$%#&µµ&'()'*+ ,-. /&'&)'#01-( &.'(/-2µ-.&!

 © !. "#$%#&$'(

!"#233

20

!'$7.&-/80 )"3) 2A,3): <E1#%7+

! ! ,B')& ,?3 #3,-"/-+<3?3 .,23 JAVA "#@)(;M/,#- +/ ,)3 )(-.+% 

"$1./?3. F.6:

class ATypeName { /* class body */}

! L3,-"/;+/3# +-#& "$1.2& 42+-)7(*)B3,#- +/ 6(5.2 ,2& new:

ATypeName a = new ATypeName();

! E,)3 )(-.+% ,?3 "$1./?3 .7+'/(-$#+013)3,#-:
! F/4;# 4/4)+<3?3 (fields):

! L3,-"/;+/3# )')-)745'),/ ,B')7, ')7 #3,-'().?'/B)3,#- #'% 

"1')-# 6/-(-.,5(-#. C(5M)73 #(6-")');2.2& +/ ,23 new.
! M/,#0$2,<& #(6<*)3?3 ,B'?3.

! K<@)4)-

! Q1@/ #3,-"/;+/3) 4-#,2(/; ,23 4-"5 ,)7 +35+2 *-# ,# '/4;# 4/4)+<3?3 

,)7. D# 4/4)+<3# /3%& #3,-"/-+<3)7 4/= +')()B3 3# 4-#+)-(#.@)B3 +/ 

1$$# #3,-"/;+/3#.



 © !. "#$%#&$'(

!"#233

21

B-.<0;.-7#$")%+ @7$"+ B%683)

! L3 4/3 "13)7+/ /+/;& (2,5 #(6-")');2.2 ,?3 +/$>3 
#(6<*)3)7 ,B')7 +-#& "$1.2&, ) +/,#*$?,,-.,5& 4;3/- 
,-& 4-"<& ,)7 '()"#@)(-.+<3/& ,-+<&, ?& /H5&:

! =-# boolean +/,#0$2,<&: false

! =-# 1$$)7& #(6<*)3)7& ,B')7& ,) 0.

! =-# 6/-(-.,5(-# #3,-"/-+<3?3: null
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> 5-*#' 2.& static

! =-# ,23 '(%.0#.2 ./ 4/4)+<3# "#- +/@%4)7& 
'()R'),;@/,#- 2 42+-)7(*;# .6/,-")B #3,-"/-+<3)7.

! 9'1(6)73 4B) '/(-',>./-& %')7 #7,% 4/= /;3#- 
/'-@7+2,%:
! L3 @<$)7+/ 3# 6(2.-+)')-/;,#- +%3) +-# @<.2 #')@5"/7.2& 
*-# "1')-) .7*"/"(-+<3) 4/4)+<3), #3/H1(,2,# ,)7 '%.# 
#3,-"/;+/3# 42+-)7(*)B3,#-.

! L3 6(/-#M%+#.,/ +/@%4)7& ')7 4/3 #3,-.,)-6)B3 ./ "1')-) 
.7*"/"(-+<3) #3,-"/;+/3). I2$., #3 @<$)7+/ 3# "#$)B+/ ,2 
+<@)4) 6?(;& 3# <6)7+/ 42+-)7(*5./- #3,-"/;+/3#.

! !- 473#,%,2,/& #7,<& +')()B3 3# 7$)')-2@)B3 +/ ,23 
6(5.2 ,2& $<H2& "$/-4; static.

! I/4)+<3# "#- +<@)4)- ')7 )(;M)3,#- .#3 static 
#')"#$)B3,#- "#- class-data, class-methods.
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> 5-*#' 2.& static
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Static (,0-06%8/$020)

G G class StaticTest {

G G G static int i = 47;

G G }

G G StaticTest st1 = new StaticTest();

G G StaticTest st2 = new StaticTest();

! st1.i "#- st2.i 4/;63)73 .,23 ;4-# ,-+5.

! L3#A)(1 ./ .,#,-"<& +/,#0$2,<&:

! /;,/ +<.? #3,-"/-+<3)7
! /;,/ +<.? "$1.2&: StaticTest.i ++;

G G class StaticFun {

G G G static void incr() {StaticTest.i ++; }

G G }

G G StaticFun sf = new StaticFun();

G G sf.incr();

G G StaticFun.incr();
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B0-16%7/$0 6"#$%&#'+ $)*$'+

public class ChargeClient {

public static void main(String[] args) {
        double x = Double.parseDouble(args[0]);
        double y = Double.parseDouble(args[1]);
        
        Charge c1 = new Charge(.51, .63, 21.3);
        Charge c2 = new Charge(.13, .94, 81.9);
               
        double v1 = c1.potentialAt(x, y);
        double v2 = c2.potentialAt(x, y);
        StdOut.println(v1+v2);
    }
}

26
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B0-16%7/$0 5-*#'+ static

! F>& +')()B+/ 3# "(#,1+/ <3# +/,(2,5 ,?3 
#3,-"/-+<3?3 ,B')7 A)(,;o ')7 42+-)7(*)B3,#-;

27  © !. "#$%#&$'(
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GE.,.8'#' HE1#'+ Charge

public class Charge {
    private double rx, ry;   // position
    private double q;        // charge
    static int counter=0;    // charge counter

    public Charge(double x0, double y0, double q0) {
        rx = x0;
        ry = y0;
        q  = q0;
        counter += 1;
    }

    public double potentialAt(double x, double y) {
    ...

    }

    public String toString() {
        return q + “number “ + counter + 
             " at " + "(" + rx + ", " + ry + ")";
    } }

28
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=-*#' #2027<9) $%;?63) (class methods)

29

public class LeapYear { 
    
     public static boolean isLeapYear(int year) { 
        boolean isLeapYear;

       // divisible by 4
        isLeapYear = (year % 4 == 0);

       // divisible by 4 and not 100
        isLeapYear = isLeapYear && (year % 100 != 0);

       // divisible by 4 and not 100 unless divisible by 400
        isLeapYear = isLeapYear || (year % 400 == 0);

        return isLeapYear;
    }
  }
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I-%82% 0) ")0 "2.+ %8)07 68#%<2.

public class TestLeapYear { 

    public static void main(String[] args) { 

        int year = Integer.parseInt(args[0]);

        LeapYear leapYearCheck = new LeapYear();

        System.out.println(LeapYear.isLeapYear(year));        
    }
  }

30
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I-%82% 2&508. 0<"-07. $%20JA 0 - K

public class RandomInteger { 
    public static int printRandInt(int max) { 

       // a pseudo-random real between 0.0 and 1.0
       double r = Math.random(); 

       // a pseudo-random integer between 0 and N-1
       int n = (int) (r * max);

       return n;
    }
}

31


