Program and memory data la y out.

By con v en tion, the la y out is as follo ws:

reserved 0 400000 text segment

(program)

10000000

7fffffff stack dynamic data static data

Note that only half of the address space is en y the \user".

The other half is for the O.S.

Pro cedures

Need some agreed up on proto col b een caller and callee.

h hine (compiler?) has its wn set of proto col(s)

Proto col is usually a bination of are and are en-

tions

Proto col is a sequence of steps that e to b e ed at h call

(and return); this sequence is trolled y are and/or are

In RISC hines, the are p erforms simple instructions; the

bler programmer trols the sequence of instruc-

tions.

2

Program stac k

h executing program (pro cess) has a k

A k is a dynamic data structure that is accessed in a L ast-In-

First-Out manner O)

The program k is automatically allo cated y the O.S.

Register $sp (register 29 on the MIPS) is automatically loaded to

p t to the �rst y slot on top of the k

By tion the k ws ards lower addresses so BEW ARE

� to allo cate new space on the k, t $sp

� to free old space on the k, t $sp

3

Op erations on a stac k

F or our purp oses, e will use o op erations on a k

1. push adds an item on top of the k

2. p op es the item on top of k and stores it

Example:

growth direction of 12($sp)

8($sp)

4($sp)

($sp)

3rd item on stack

2nd item on stack

1st item on stack top of stack ??

4

Op erations on a stac k - Push and P op

Push and op require o instructions h:

� one to adjust the k p ter

� one to manipulate the data

Example: Push the ts of register r6 on the k

Op co de Op erands ts

sw $6,0($sp) #push ts of r6

subu $sp,$sp,4 #allo cate new ord on k

Example: op top of k and put it in register r6

Op co de Op erands ts

addu $sp,$sp,4 #adjust k p ter

lw $6,0($sp) #p op ts in r6

Note 1. The y the \addu" and \subu" are written do es not cor-

resp ond to the 3 register format but the bler understands and

transforms them in \addui".

5

Push Example

Example: Push the ts of register r6 on the k

0x00000000

0x00000001

0x2f54897c ??? (sp) 4(sp)

12(sp) r6 0x0000001b

Before

0x0000001b r6

0x00000000

0x00000001

0x2f54897c

0x0000001b ??? (sp) 4(sp) 8(sp) 8(sp) 12(sp) 16(sp) After

6

P op Example

Example: op top of k and put it in register r6

0x00000000

0x00000001

0x2f54897c ??? (sp) 4(sp)

12(sp) r6 0x0000001b

Before r6

0x00000000

0x00000001

8(sp)

After

0x2f54897c

???

8(sp)

4(sp)

(sp)

7

Pro cedures

Pro cedures (functions { subroutines) are the ma jor program struc-

turing hanisms

Calling and returning from a pro cedure requires a proto col

The proto col is a sequence of tions, h of h es a ery

small b er of instructions.

8

Pro cedure Call Requiremen ts (caller/callee)

1. Must pass to the callee the address to where to go k (caller)

2. Must pass parameters from caller to callee (caller)

3. Must e er is olatile and could b e used y the callee

(registers) (caller)

4. Must e its wn return address (callee)

5. Must vide lo cal storage for its wn use (callee)

6. Should supp ort e calls (caller/callee)

9

Mec hanisms

Use of registers and use of the k.

Registers are used for:

� passing the return address (jal $ra, target)

� passing a small b er of parameters (up to 4, $a0 to $a3)

� eep k of k ($sp)

� return function v alues (in o and $v1)

k is used for:

� e registers to b e used y callee

� e info ab out the caller (its return address)

� pass parameters if needed

� allo cate lo cal data for the called pro cedure

10

Pro cedure calls and register con v en tions

Register Name F unction

$2,3 $v0-v1 return v alues for functions

$4-7 $a0-a3 the �rst 4 parameters

$8-15 $t0-t7 temp olatile;not ed on pro c. call

$24-25 $t8-t9

$16-23 $s0-s7 temp oraries;should b e ed on calls

$28 $gp p ter to global static memory

$29 $sp k p ter

$30 $fp frame p ter

$31 $ra return address

11

Who do es what on a call?

Dep ends on tion. F or example:

Caller

1. es y olatile register ($t0-t9) whose ts it ts to

eep

2. Puts up to four ts in $a0-a3

3. If more than 4 ts pushes them on the k

4. Calls the callee with \JAL target"instruction

Callee

1. es $ra (for return address)

2. es y olatile temp orary that it will use ($s0-s7)

12

Who do es what on a return

Callee

1. Restores y olatile temp orary that it has used (s0-s7)

2. Restores $ra

3. F or a function puts result in $v0-v1

4. Adjusts $sp

5. Returns to the caller with a \JR $ra" instruction

Caller

1. Restores y olatile register ($t0-t9) whose ts it needs

2. If it had called a function, examines $v0-v1 if needed

13

Example of a call sequence

Assume that e e 2 ts in registers $t0 and $t3 and that

e t to e $r14 and $r15 ($t6-t7).

e $a0, $t0 # �rst t in $a0

e $a1, $t3 # second t in $a1

subu $sp,$sp,8 # adjust k p ter

sw $t6,8($sp) # e $t6 on k

sw $t7,4($sp) # e $t7 on k

jal targ # call function

The �rst thing the callee will do is (assume that it do es not e to

e y $s register):

targ: sw $ra,0($sp) # e return address

subu $sp,$sp,4 # adjust k p ter

14

Return from example call sequence

Before returning the callee will e put results in $v0-v1 if needed

and then:

addu $sp,$sp,4 # adjust k p ter

lw $ra,0($sp) # Load return address in $ra

jr $ra # return

The caller will restore $t6-t7 and adjust the k appropriately

lw $t6,8($sp) # restore $t6

lw $t7,4($sp) # restore $t7

addu $sp,$sp,8 # adjust k p ter

15