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 :  
 

           
           
     .        
          
 Microsoft       .    
  ASP++       ASP      
           .
  XML           HTML

            
      .       Java  Applet

            
 .          

 
   

       
  

 



 

 

 
JVM

 
 : 

 .  JVM   Java Virtual Machine  Java    
             JVM

              
     JVM    .     Java   
            Java  
    .        
            
       .    JVM  
     «    »     
          
         .      
            
             
   .     Applet     Jacomizer 
             

 .         .
 
 

 



 

 

   Java Virtual Machine

  Java          JVM

    JVM    Java    .  
    JVM       
       JVM   .   
 JVM             

 .    (        ) Ubiquity   
 

 Java    
 Java Virtual Machine  Java   

      
 

   Java bytecode

  Java bytecode      Java  
       bytecode  JVM .    
  .    JVM       bytecode 
         .java   source   Java

   .    .class       bytecode

  .class     source       
 .  

 



 

 

 
      bytecode     JVM  
  ( opcode )        .  
    JVM  opcode .  (    ) 
          .   
          .      
     JVM       .  
 iconst_0      0x60    .   
       .      .
           JVM    
    offset          .
 goto      0xA7    .  opcode  

 .
 

 
 JVM   

 :        JVM    
   . method area   garbage-collected heap  
 JVM            

 .    



 

 

 JVM        JVM  
    .          
   garbage-collected heap  .      
          method area

  JVM          .
 .    

        JVM .    JVM   
  (   ) long  (   ) int  (   ) short  (   ) byte :
     (   ) char   (   ) double  (   )    float

   (  Unicode      )  char 
 .    Java          .
        object handle     

 .   heap  object   
    bytecode    method area 
 garbage-collected    .      

 .        heap

     )  stack-based   JVM 
    (        bytecode    
 JVM    .      
      ( program counter )    
  (     )       

 .  JVM    
        pc   JVM

  optop     .       
     stack frame      vars   frame



 

 

  .   (           )
      )      stack frame

          (   
 .(      stack frame   )

 
 : program counter  method area

 program .   bytecode     method area

            counter

      bytecode      .   
    program counter  JVM  ( jump )      

 .           
 

      
          Java 
     method     bytecode  
 .            
 stack frame     vars   frame  optop 

 .   
 )   :      stack frame  

            ( execution environment )   ( local variables

        .( operand stack )
  vars      .     
 stack     execution environment  .
  .   frame       



 

 

    bytecode        
     bytecode  .     
  optop  .           

 .     
       execution environment 
         .   
     optop       

 .   Java 

 Java   
 



 

 

  Garbage-collected heap
  Java    object       heap 
 object   new        .   
  Java   .  heap      
       .        
        object      
      object     

 .  garbage collection    .     
 
 
 

JASMIN
 
 

   Jasmin

     Java Assembler  Jasmin   
 JVM      Jasmin .    Jon Meyer

 syntax           
        )      
  Java   Jasmin     .    ( 
           Java  
       Register Management    

 .      Jasmin    



 

 

              
     ( target.jas  ) Jasmin    source.txt

 (target.class ) Java     Jasmin    
 .  

     (.class file   ) Java    
          bytecode   
         bytecode    
      )    .    
       .class     ( 
              .exe

   Jasmin        .   
 constant       Jasmin    
          stack frame   pool

 .      
 

   Jasmin         
 .         

 

 : Jasmin  
         Jasmin  
            
   Jasmin Instruction Syntax    ) .  

 ( .    Jon Meyer 
 



 

 

    -
 

           
           
  .           
        )      
      .      (   

 :   
directive <var-num> ;
for example : fstore 3;

  lstore 5;
 :       

 

ret

         
   (  returnAddress    ) <var-num>

 .   pc 

aload
 push    refrence     

 .

astore
 refrence           

 .  
dload .   push    double   

dstore
  double        

 .
fload .   push    float   

fstore
  float        

 .



 

 

iload .   push    int    
istore .   int        
lload .   push    long   

lstore
  long        

 .
 

   
 
 

 :        
 

   ) .  push        :    aload 1

 stack frame         
 ( .  push    

             :       ret 2

 .   pc  
 

 :  iinc   sipush  bipush  -
 

     integer   sipush  bipush 
     .  push       

 :    
bipush <int>
sipush <int>
 byte   sipush   push      bipush 

  .     



 

 

      .      iinc 
                

 :         .   
iinc <var-num> <amount>

 
 :        

 
 .  push      :  bipush 100

 .            :    iinc 5 –12

 
 :   -

 
   .      label    

 :      
 

<directive> <label>
for example:  Label1:

goto Label1    ; an infinite loop !
 :    

 

goto

     .      
  .     branch offset

 ( pc + branch offset :   )

goto_w

           
   branch offset       offset

      Jasmin  .  
 .   goto    Jasmin  



 

 

if_acmpeq  
 ( object reference   )     
  (        )  

 .        

if_acmpne  
 ( object reference   )     
 (        )  

 .         

if_icmpeq  
      int   

 .       

if_icmpge  
 value2 >= value1    int    
        

 .

if_icmpgt  
 value2 > value1    int    
        

 .

if_icmple  
 value2 <= value1    int    
        

 .

if_icmplt  
 value2 < value1    int    
        

 .

if_icmpne  
      int   

 .      

Ifeq

       int  
 .     

 



 

 

Ifge
        int  

 .       

ifgt
        int  

 .      

ifle
        int  

 .       

iflt
        int  

 .      

ifne
       int  

 .     

ifnonnull
   null   object refrence 

 .      

ifnull
   null   object refrence 

 .      

jsr
           

 ( *  ) .  

jsr_w

           
    offset      
  .     branch offset   
  Jasmin        Jasmin

 .   jsr  
 

 : ( jsr_w  jsr  ) *
 Troy  Jon Meyer  Java Virtual Machine     )

 (.    Downing



 

 

; This example method uses a PrintMe subroutine to invoke the
; System.out.println()  method.

.method usingSubroutine()V
1

jsr  PrintMe 1

2
jsr  PrintMe 2

3
jsr  PrintMe 3

return ; now return from usingSubroutine

; define the PrintMe subroutine . . .

PrintMe:
astore_1 ;store return-address in local variable 1

; call System.out.println()
getstatic java/lang/System/out Ljava/io/PrintStream;
invokevirtual

java/io/PrintStream/println(Ljava/lang/String;)V

ret 1 ; return to the return-address in local
; variable 1

.end method

 
            
 .           pop  
               
 dup              

 .  push     
 
 
 
 

        -
 



 

 

 :        
 

<directive> <type>
for example:  new  java/lang/String   ; create a new String object

 
  (   ) <type> ( new    )   
  )   descriptor     interface   
     <type>  new   .  ( [[Ljava/lang/String;

 :     .  
 

anewarray

    object reference    
 pop       .   
     reference       
 .  null       .  push

checkcast

      object reference    
           
     null  object reference 
  ClassCastException    

 .       .

instanceof

  <type>  .  pop   object reference 
     instance  object reference   
      ( int )      
   interface  <type>  .  push  
 object  <type>      

 .   reference

new object        



 

 

 int  field  .  push     reference

         boolean 
        uninitialized  

 .   invokespecial     init 
 
 

 :          
;;;;;;;;;  anewarray

; allocate  a 10-element array for holding strings.
bipush 10
anewarray [Ljava/lang/String;
; store the new array in local variable 1
astore_1

;;;;;;;;; checkcast

aload_1 ; push object in local variable 1 onto stack
checkcast [Ljava/lang/String;
; because the object on the stack is an array of
; Strings, the execution reaches here. ( it could
; be null too. )

;;;;;;;;; new

; create a new StringBuffer object.
new java/lang/StringBuffer

; because invokespecial removes the object reference,
; we must make an extra copy of it.
dup ; duplicates top of stack

; now we must initialize the object.
; we call the default init method.
invokespecial java/lang/StringBuffer/<init>()V

; assign object reference on stack to a local variable.
astore_1
;;;;;;;;; instanceof

; using instanceof to test for a String
; push object reference in local variable 1 onto stack
aload_1

; test if item on stack is a string



 

 

instanceof java/Lang/String

; if so, goto HaveString
ifne HaveString

; otherwise, return
return

HaveString:
; if this point is reached, local variable 1 holds a string.

 
 
 
 

 :    -
 

         Jasmin 
 :  

 
invokestatic <method-specification>
invokespecial <method-specification>
invokevirtual <method-specification>
invokeinterface <method-specification>  <num-args>

 
 JDK 1.0.2   ) invokenonvirtual   invokespecial

 .  (    
  :       method specification 
  )        ‘/’    
    .(  java.io.PrintStream    
 .  method descriptor          ‘(‘  ‘/’

 (       descriptor     )
 



 

 

 :     
 

java/lang/Object/MyObjectSetName(Ljava/lang/String;)V

    class name            method name      method descriptor

   ) static    invokestatic  
   invokespecial  .   (   
 :           
    ( <init> ) instance     
  . this  superclass        this   private

 .       invokespecial    
   invokeinterface .(   new    )
          interface  
   .   invokevirtual       .
  pop      object reference   

 .  push        
 :            

before: [bottom] … objectref  arg1  arg2  … arg n
after:    [bottom] … [result]

 
 :           

;;;;;;;;; invokestatic
; calls the exit(1) method from System class
; push 1 onto stack.
iconst_1
; now call System.exit(1)
invokestatic java/lang/System/exit(I)V



 

 

;;;;;;;;; invokespecial

; create a new StringBuffer object.
new java/lang/StringBuffer

; because invokespecial removes the object reference,
; we must make an extra copy of it.
dup ; duplicates top of stack

; now we must initialize the object.
invokespecial java/lang/StringBuffer/<init>()V
; now stack contains an initialized StringBuffer.

;;;;;;;;; invokevirtual

; push local variable 1 (i.e., ‘x’) onto stack
; x is defined before as a Java object.
aload_1;
; push the string “Jasmin” onto stack,
; which will be used as parameter.
ldc “Jasmin”
; invoke some method, for example equals here.
Invokevirtual java/lang/Object/equals(Ljava/lang/Object;)Z
; now the boolean result is on the stack.

       invokeinterface  
 :         .     

 
;;;;;;;;; invokeinterface

; push local variable 1 (i.e., the enum object) onto the
; stack
aload_1

; call hasMoreElements, which has one parameter( the enum
; object ) and returns a boolean value ( which will be pushed
; onto stack ).
invokeinterface  java/util/Enumeration/hasMoreElements()Z 1

; stores the result in a local variable.
istore_2;

 :  field    -



 

 

 
      field      Jasmin 

 :     
directive <field-specification> <descriptor>

 

Getfield

 field    pop     object reference 
 push         

 .

Getstatic

 .        static 

      <descriptor>   
 .  

Putfield .       field  
Putstatic .       static field 

 
 :     

;;;;;;;;; getfield

; assume that p is an object from class xyz.point and
; has an integer field named xCoord.
; now we want to retrieve it’s xCoord value.

; push object in local variable 1 (i.e., p) onto the stack.
aload_1
; get the value of p.xCoord which is an int.
getfield xyz/point/xCoord I
; store the int value in local variable 2

;;;;;;;;; getstatic

; assume that we want to have an object from type
; System.out
getstatic java/lang/System/out Ljava/io/PrintStream;
; store the object reference result in local variable 1
astore_1
; now each time you use the object stored in local variable 1
; it’s equal to using System.out



 

 

;;;;;;;;; putfield

; assume that we want to set the value of p.xCoord,
; such as p.xCoord = 10.
; push object in local variable 1 (i.e., p) onto the stack
aload_1
; push the integer 10 onto the stack
bipush 10
; set the value of the integer field p.xCoord to 10
putfield xyz/point/xCoord I

;;;;;;;;; putstatic

; assume that we want to replace System.out with our method
; that is stored in local variable 1.
; push object reference in local variable 1 (i.e., MyMethod)
; onto the stack.
alaod_1
; now use putstatic to assign it to System.out
putstatic java/lang/System/out Ljava/lang/PrintStream;

 
      <field-specification>    
 <field-specification>   . field       :
   ‘/’         ‘/’    

 :         .    field

 
; get   java.lang.System.out, which is a PrintStream
getstatic  java/lang/System/out   Ljava/io/PrintStream;

 class name    field name
 
 
 
 

 : newarray  -
 



 

 

    newarray <array-type>     
 :      .      <array-type>

; push the size of array onto the stack
bipush 10
; make an array of 10 integers and push the arrayref onto
; the stack
newarray int

 : multianewarray  -
 

           
             .  

 :         .   
multianewarray   <array-descriptor> <num-dimensions>

 :     
; to allocate an array like:
; new String[2][5]
; push array dimensions
bipush 2
bipush 5
; make the array
multianewarray [[Ljava/lang/String; 2
; stack now hold a reference to the new two dimensional array

 : ldc_w  ldc  -
 

     constant     
  .  string            

 :       
ldc <constant>
ldc_w <constant>



 

 

 .  push     constant   
 :     

 
ldc 1.2 ; push a float
ldc 10 ; push an int
ldc "Hello World" ; push a String
ldc_w 3.141592654 ; push PI as a double

 : lookupswitch  – 
 

      case   lookupswitch 
 :      

     lookupswitch
            <int1> : <label1>
            <int2> : <label2>
            ...
            default : <default-label>

 :      
lookupswitch
           3 : Label1
          5 : Label2

default : DefaultLabel

Label1:
……… ; got 3

Label2:
……… ; got 5

DefaultLabel:
……… ; got something else

     lookupswitch       
            

 .    
 

 : tableswitch  -



 

 

 
 :        

tableswitch  <low>
<label1>
<label2>
……
default  :  <default-label>

        case      
   <low>           
   .            

 :   
 

tableswitch 0   ; comparison starts with zero
LabelA
LabelB
LabelC
default  :  DefaulLabel

LabelA:
; got 0

LabelB:
; got 1

LabelC:
; got 2

DefaultLabel:
; got something else

     tableswitch       
  Label1           
              .
     .    Label2    
           Label 

 .   DefaultLabel

 



 

 

 :      -
 

    Jasmin      
 :   

 
aaload .    load  refrence       refrence 
aastore   .     refrence      refrence 

aconst_null   .   push  null

aload_0
 push       object reference 

 .

aload_1
 push       object reference 

 .

aload_2  
 push       object reference 

 .

aload_3
 push       object reference 

 .
areturn .      Refrence

arraylength   .       



 

 

astore_0  
        object reference

 .   

astore_1  
          object reference

 .  

astore_2  
         object reference

 .  

astore_3
          object reference

 .  

athrow

   throwable    )   object reference

   pop  (      
  .       exception

baload .   load  byte      byte 
bastore .     byte      byte 

breakpoint .      
caload .   load  char      char 
castore   .     char      char 

d2f   .     float      double

          d2i .    int     double

d2l .    long     double

dadd .       double 
      daload   .    load  double       double 

dastore .     double      double 



 

 

dcmpg  

           double 
          
            -    

 .   push  

dcmpl  

           double 
      -      
               

 .   push  
dconst_0 .   push    0.0    double

dconst_1 .    push    1.0   double 
ddiv .       double 

dload_0 .  push       double 
dload_1 .  push       double 
dload_2 .  push       double 
dload_3   .  push       double 

dmul   .        double 
dneg .    -      Double

drem
 double   double    

 .  c   fmod  .

dreturn  
 .       double 

 

dstore_0
           double

 .

dstore_1
           double

 .



 

 

dstore_2
           double

 .

dstore_3
           double

 .
dup .   push       

stack afterstack before

  dup_x1
1.0
2.0
1.0
…

1.0
2.0
…

dup_x2

 1.0
 2.0
 3.0
 1.0
 …

1.0
2.0
3.0
…

dup2

1.0
2.0
1.0
2.0
…

1.0
2.0
…

dup2_x1

 1.0
 2.0
 100
 1.0
 2.0
 …

1.0
2.0
100
…

dup2_x2

1.0
2.0
100
200
1.0
2.0
…

1.0
2.0
100
200
…

f2d .    doubl e   float

f2i .    int   float

f2l .     long   float

fadd   .       float 
faload .   load  float     float 



 

 

fastore   .     float      float 

fcmpg  

           float 
          
          -    

 .   push  

fcmpl

           float 
       -     
             

 .   push 
fconst_0 .   push     0.0  float 
fconst_1 .   push     1.0  float 
fconst_2 .   push     2.0  float 

fdiv .        float 
fload_0 .  push       float 
fload_1 .  push       float 
fload_2 .  push       float 
fload_3 .  push       float 

fmul .        float 
fneg .       float 

frem
           float 

 .  push

freturn .      float 

fstore_0  
           float

 .



 

 

fstore_1  
           float

 .

fstore_2
           float

 .

fstore_3  
           float

 .
fsub .       float

i2d .    doubl e   int

i2f .    float   int

i2l .      l ong   int

iadd
            

 .     
iaload .    load   int       int 
iand .   and     int 

iastore .     int      int 
iconst_0 .           
iconst_1   .           
iconst_2 .           
iconst_3 .           
iconst_4 .           
iconst_5 .           

iconst_m1   .        -    

idiv  
            

 .     



 

 

iload_0 .  push       int 
iload_1 .  push       int 
iload_2 .  push       int 
iload_3 .  push       int 

imul
            

 .      
ineg .        int 

int2byte .   byte   int

int2char .   char   int

 int2short .   short   int

ior .  or    int 

irem
           int 

 .  push

 ireturn .       int 

ishl
          int  

 .      

ishr
          int 

 .       

 istore_0
           Int

 .
istore_1 .            int

istore_2   .            int

istore_3   .            int

isub .      int 



 

 

iushr   .     
ixor   .  xor     int

l2d .   double    long

l2f .   float   long

l2i .    int   long

ladd .       long

laload .  load   long      long 
land .  and     long 

lastore .    long       long 

lcmp

           long 
         
            -  

 .   push 
lconst_0 .  push    0  long 
 lconst_1 .  push    1  long 

ldiv .        long 
lload_0 .  push       long 
lload_1 .  push       long 
lload_2   .  push       long 
lload_3   .  push       long 

lmul .        long

lneg   .       long 
lor   .   or    long 

lrem           long 



 

 

 .  push

lreturn .      long 

lshl
          long 

 .      

lshr
          long 

 .     

lstore_0
           long

 .

lstore_1
           long

 .

lstore_2
           long

 .

lstore_3
           long

 .
lsub .       long 
lushr      
lxor .   xor     long 

 monitorenter
 lock    object  pop    object reference

 .

monitorexit
    object  pop    object reference

 .  unlock

 nop  
     .      

 .      
pop   .  pop     
pop2   int  ) .  pop      



 

 

 ( …  double   object reference   int

return .       void 
saload .   load  short     short 
sastore   .    short     short 
swap .       

 
 The Java Virtual Machine     
    download  www.sun.com    Specification

 .         
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  HelloWorld 
.class public HelloWorld
.super java/lang/Object

; specify the constructor method for the example class

.method public <init>()V
; just calls object constructor
aload_0
invokespecial java/lang/Object/<init>()V
return

.end method

.method public static main([Ljava/lang/String;)V
; set linits used by this method
.limit stack 2

; onto the stack, then invoke the println method
getstatic java/lang/System/out Ljava/io/PrintStream;

invokevirtual java/io/PrintStream/println(Ljava/lang/
String;)V

return
.end method

 
 

 :  
 

 .class public HelloWorld
 

         Jasmin   
     HelloWorld         .

 .     package      
 
 

 .super java/lang/Object
 



 

 

    HelloWorld      
        field   java/lang/Object 

 .  Java   Object  .
 

 Initialization method
 

     .  <init>   HelloWorld   
 new       Java    reserved word

    JVM      .    
 .      invokespecial    

     .  public       
 .     package         JVM

 :             Java 
      :  public

      :  private

  package        :  protected

        :  private protected

 
  invokeinterface         
       java/lang/Object   <init>

 .   
 
 
 

 Main method
 



 

 

   .       initialization method  
    Java  static .    public static  
 .    object reference   pop     

  descriptor    .  ([Ljava/java/String;)V  
       string    main    
        V      

 .
 .        

 
 
 

 Count 
 

             
     .  Jasmin     for

 :    
var
    i: integer;
begin
    for i := 0 to 9 do
        Writeln(i);
end;

.class public count

.super java/lang/Object

; the instance initialization method ( as for HelloWorld )
.method public <init>()V

; just calls object constructor
aload_0
invokespecial java/lang/Object/<init>()V



 

 

return
.end method

.method public static main([Ljava/lang/String;)V

; set limits used by this method
.limit stack 3
.limit locals 4

; setup local variables

; 1- the PrintStream object held in java.lang.System.out
getstatic java/lang/System/out Ljava/io/PrintStream;
astore_1

; 2- the integer 10
bipush 10
istore 2

; now loop 10 times printing out a number

Loop:
; compute local variable 2, convert this integer to a
; string, and store the result in local variable 3
bipush 10
iload_2
isub
invokestatic

java/lang/String/ValueOf(I)Ljava/lang/String;
astore_3

; now print the string in local variable 3
aload_1 ; push the PrintStream object
aload_3 ; push the string
invokevirtual

java/io/PrintStream/println(Ljava/lang/String;)V

; decrement the counter and loop
iinc 2 1
iload_2
ifne Loop
return

.end method

 HelloWeb Applet 
 

      .   applet       
   main       applet   
     .    Java HelloWeb.class    



 

 

    paint()  init()   override   
  Hello Web    applet  .    applet   

 .   Helvetica  
 

.class public HelloWeb

.super java/applet/Applet

; declare a private field called font, holding
; a java.awt.Font object
.field private font Ljava/awt/Font;

.method public init()V
.limit stack 6
aload_0 ; this

; new font: Helvetica, Bold, point 48
new java/awt/Font
dup

; font name
iconst_1 ; font Bold flag
bipush 48 ; font size
invokespecial

java/awt/Font/<init>(Ljava/lang/String;II)V

; stack currently contains this, font
; now use putfield to assign the font item to this.font
putfield HelloWeb/font Ljava/awt/Font;
return

.end method

.method public paint(Ljava/awt/Graphics;)V
.limit stack 4
; two locals ( 0 = this, 1 = Graphics Object )
.limit locals 2

aload_1 ; Graphics object
aload_0 ; this
getfield HelloWeb/font Ljava/awt/Font; ;this.font
invokevirtual

java/awt/Graphics/setFont(Ljava/awt/Font;)V

aload_1 ; Graphics object

bipush 25
bipush 50
invokevirtual

java/awt/Graphics/drawString(Ljava/lang/String;II)
V
return

.end method

; standar
.method public <init>()V



 

 

aload_0
invokespecial java/applet/Applet/<init>()V
return

.end method

  .   html       applet   
 :        

<HTML>
<HEAD>
<TITLE>The Hello Applet</TITLE>
</HEAD>
<BODY>

300 height=200>
</applet>
</BODY>
</HTML>

 
 
 
 
 
 

 :  
  

 Descriptors
 

 :  Field Descriptor – 
       instance    field descriptor 
       field descriptor  .  
    )       

 :(  bold   terminal

FieldDescriptor ->  FieldType



 

 

ComponentType ->  FieldType
FieldType ->  BaseType

  | ObjectType
  | ArrayType

BaseType ->  B
  | C
  | D
  | F
  | I
  | J
  | S
  | Z

ObjectType ->  L <classname> ;
ArrayType ->  [ ComponentType

 :          
 

     
BByte ------------
CChar Unicode  
DDouble ------------
FFloat ------------
IInt ------------
JLong ------------

L <classname>;Reference <classname>  instance 
SShort ------------
ZBoolean ------------
[Reference   

 
    I    int     descriptor  
 Ljava/lang/Object;   object     descriptor

 .    Object         .



 

 

     .         
  .   double      descriptor 

 :      deecriptor   
 

double d[ ] [ ] [ ];  //  array definition
[ [ [ D           //  array descriptor

 
 

  method descriptor -
        method descriptor 
        method descriptor .  

 :

MethodDescriptor -> 
( ParameterDescriptor * ) ReturnDescriptor

ParameterDescriptor -> FieldType
ReturnDescriptor -> FieldType

| V

       ParameterDescriptor   
    )       *  .  
        ReturnDescriptor .  ( 
  V   ReturnDescriptor  .     

 .(       )  void  
 

 :    method descriptor      
 

Object  mymethod ( int I, double d, Thread t )

(IDLjava/lang/Thread;)Ljava/lang/Object;

          double object ( type of return value )



 

 

int     Thread
 
 
 
 
 
 
 
 
 
 
 
 
 

 :  
  

Jasmin Code Generator for
Expressions Grammar

 Expressions LL1 Grammar:

Expr -> term Expr2
Expr2 -> ( + | - | or ) term Expr2 | 
term -> factor term2
term2 -> ( * | / | and ) factor term2 | 
factor -> ( + | - | not ) factor2 | factor2
factor2

/* Expr   -> term Expr2 */
procedure Expr(Stop: Set of Symbols);
Begin
  term(Stop + First_Expr2 );
  Expr2(Stop);



 

 

End;

/* Expr2  -> ( + | - | or ) term Expr2 |  */
procedure Expr2(Stop: Set of Symbols);
var
  CSymbol: Symbols;
begin
  if not (CurrentSymbol in Stop) then
  begin
    CSymbol := CurrentSymbol;
    NextSymbol;
    term(Stop + First_Expr2);
    Case CSymbol of
      S_Plus:  Emitln('iadd');
      S_Minus: Emitln('isub');
      S_Or:    Emitln('ior');
      else:    SyntaxError(S_Plus, Stop);
    end;
    Expr2(Stop);
  end;
end;

/* term   -> factor term2 */
procedure term(Stop: Set of Symbols);
begin
  factor(Stop + First_term2);
  term2(Stop);
end;

/* term2  -> ( * | / | and ) factor term2 |  */
procedure term2(Stop: Set of Symbols);
var
  CSymbol: Symbols;
begin
  if not (CurrentSymbol in Stop) then
  begin
    CSymbol := CurrentSymbol;
    NextSymbol;
    factor(Stop + First_term2 );
    Case CSymbol of
      S_Mul: Emitln('imul');
      S_Div: Emitln('idiv');
      S_And: Emitln('iand');
      else:  SyntaxError(S_Mul, Stop);
    end;
    term2(Stop);
  end;
end;

/* factor -> ( + | - | not ) factor2 | factor2 */
procedure factor(Stop: Set of Symbols );
var
  Csymbol: Symbols;
  Label1, Label2: string;
begin
  if CurrentSymbol in [S_Plus, S_Minus, S_Not] then
  begin



 

 

    CSymbol := CurrentSymbol;
    factor2(Stop);
    case CSymbol of
      S_Plus: // do nothing
      S_Minus:
      S_Not: begin

  Label1 := NewLabel;
  Label2 := NewLabel;
  Emitln('ifne ' + Label1);
  Emitln('iconst_1');
  Emitln('goto ' + Label2);
  Emitln(Label1 + ':');
  Emitln('iconst_0');
  Emitln(Label2 + ':');

                end;
        end;  // end of case
  end // end of if
  else
    factor2(Stop);
end;

/* factor -> id | num | '('Expr')' */
procedure factor(Stop: Set of Symbols );
begin
  if CurrentSymbol in [S_Id,S_Num,S_OpenPar] then
    case CurrentSymbol of
      S_Id:      Emitln('getstatic /' + CurrentToken.Lexeme +
                        TypeToStr(IdType));  // getstatic /a
I
      S_Num:     Emitln('ldc ' + CurrentToken.Lexeme);
      S_OpenPar: begin
                   NextSymbol;
                   Expr(Stop + [S_ClosePar]);
                   Expect(S_ClosePar, Stop);
                 end;
    end //end of case
  else
    SyntaxError(S_Id, Stop);
end;
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