CS 211
Lecture 2. Executing calls on static methods
Spring 2004

Brief intro to SAM (Stack Machine)

This handout explains in detail how a call on a static method that references only its parameters and local variables is executed (or evaluated). There are two reasons for asking you to learn this material.

1. Knowing this material gives you a better understanding about what happens inside the computer when such a method is called. It is background that will help you become a better programmer.

2. We will soon introduce recursive method calls. To understand them, you almost have to understand this material in order to see that recursion really works.

Thus, there are reasons for introducing this material. There are reasons for everything we do in the course. We deal only with static methods that reference only their parameters and local variables and call other static methods because that is enough to give the necessary understanding.

QUIZ ON FEB 3, IN CLASS. You have to be able to execute calls on a method as shown below. Memorize the steps involved and practice executing calls by hand.

When a method is called, a frame or activation record is created for it, which contains information needed to carry out the call. This is what it look like
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The program counter contains an indication of the next step to execute when executing the method body. If we were working with the machine-language version of the program, it would be the memory address of the next instruction to execute. For our purposes, just number the statements in the method body and use the number of the next statement to execute as the program counter.

Example. We have given the statements numbers in the range 1..4. Simple declarations are not statements.
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/** = maximum of x and y */


public static int max(int x, int y) {


    int z;


    /* 1 */ if (x >= y)  / 2 */ z=  x;


               else  /* 3 */ z=  y;


    /* 4 */ return z;


}

Suppose method A calls method B. B’s frame is created when B is called. Once B’s body is executed and the method call finishes, there is no need for B’s frame any more, so it can be erased. We see that if A calls B, A’s frame lasts longer than B’s frame. Therefore, we can use a stack, called the call stack to maintain frames for calls that have not yet been completed.

A stack is a list of items with two main operations: push an item onto the top of the stack and pop (remove) an item off the top of the stack. Example of a stack: the stack of trays in the cafeteria. A worker in the cafeteria “pushes” a bunch of trays onto the stack and you pop (take off) always the top tray. A stack is sometimes called a last-in-first-out (LIFO) list, because the last item put on the list is the first one taken off.

The call stack may contain two kinds of items: (1) frames for method calls and (2) values. The second kind of item is there because the call stack is used to communicate argument values to the method being called and also to communicate the result of a function call back to the function call.

Evaluation of a function call

Suppose we have an assignment with a function call 


t=  4 + max(8, 9+3)           /* The arguments are the expressions  8  and  9+3 */

Here are the steps involved in executing a function call (memorize this; it is not difficult!):

1. Evaluate the arguments and push their values onto the call stack

2. Push a frame for the call onto the call stack, but include the top values (the values of the arguments) in the frame and make them into the parameters.

3. Execute the method body, referring to the top frame on the call stack for variables.

4. When the return statement is executed, evaluate its expression, pop the frame from the call stack (i.e. erase it), and put the value of the return-expression onto the call stack.

Note 1. After the function call is evaluated, the value at the top of the call stack is popped off the stack and used as the value of the function call.

Note 2. For a call on a procedure, i.e. a method that has keyword void in it, no value is returned. So, change step 4 to: 4. When the procedure body has been executed, pop the top frame from the call stack (i.e. erase it).

We execute the statement t= max(8,9+3) in a method m, assuming that the top frame of the call stack has variable t:
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SaM: Stack machine, modeled after the Java Virtual Machine

SaM uses a stack (as discussed above) to hold all sorts of things, like frames for calls, intermediate results when evaluating an expression.

Here are some SaM commands, using the following conventions:

(1) Where mentioned, assume that B is at the top of the stack and A is below it.

(2) Boolean values: false represented by 0, true by 1.

PUSHIMM:  “some integer”
// Push that integer on the stack

ADD
// Pop two top values B and A from stack; push value of A+B on stack

SUB
// Pop two values B, A from stack; push value of A–B on stack

TIMES

DIV

GREATER
// Pop two values B, A from stack; push value of A>B on stack (0 or 1)

BITNOT
// Pop value A from stack and push value of !A (change 1 to 0 or 0 to 1)

AND
// Pop two values B, A from stack; push value of A && B on stack (0 or 1)

JUMP
// Change program counter to the integer

JUMPC   “some integer”
// Pop value A from stack. If A is not 0, change program counter to the integer

STOP
// terminate program

SaM program for 5+3*2
SaM program for 5 > 4
SaM program for if 5 > 4 then 3 else 2

0. PUSHIMM 5
0. PUSHIMM 5
0. PUSHIMM 5

1. PUSHIMM 3
1. PUSHIMM 4
1. PUSHIMM 4

2. PUSHIMM 2
2. GREATER
2. GREATER

3. TIMES
3. STOP
3. BITNOT

4. ADD

4. JUMPC   7

5. STOP

5. PUSHIMM 3




6. JUMP     8




7. PUSHIMM 2




8. STOP

// 11 should be on stack
// 1 should be on stack, i.e. true
// 3 should be on stack.

This is the basics of the SaM machine language. Very close to Java machine language.

The stack discussed above is actually what we called the call stack. A frame consists of as many locations as necessary on the stack to contain the program counter, parameters, local variables, etc. We won’t go into detail about this at all. This is just to give you a basic understanding.

There are more commands in the machine language, for example, to copy some value on the stack and push the copy onto the stack. Need this for accessing local parameters and local variables.

When executing a sequence of instructions, there is a program counter, which contains the number of the next instruction to be executed. The computer actually goes through the following cycle over and over and over again:


Fetch-execute cycle: 
1. Fetch the instruction given by the program counter.



2. Increment the program counter.



3. Execute the instruction that was fetched.

Below, we show the stack contents as the third program is being executed:



                                   4

stack:
                     5            5            1           0                        3              3             3

program counter:       0               1            2            3           4           5           6              8         ****



before 0    after 0    after 1    after 2   after 3   after 4   after 5    after 6    after 8

name of method: program counter





local variables


parameters





(For those of you who took CS100J last semester or read ProgramLive, we omit the scope box for now because it is not necessary for what we are doing.)
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After eval. Of if-condition
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After step 2
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After exec. statement 3
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After exec. statement 4
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In the last step shown, the value at the top of the call stack, 12, was removed from the call stack and used as the value of the expression max(x, y). That value was then assigned to t.





After exec. of assignment
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