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Steps for Making a Procedure Call

(1) Save necessary values onto the stack
(2) Assign argument(s), if any

(3) jal call

(4) Restore values from stack
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Basic Structure of a Function

Prologue

entry label:

addi $sp, $sp, -framesize
sw Sra, framesize-4(S$sp)
save other regs if need be

ra

Body --- (call other functions...)

Epilogue memory.
restore other regs if need be
lw $Sra, framesize-4($sp)
addi S$sp, $sp, framesize
jr Sra
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Fibonacci Numbers (1/7)

e The Fibonacci numbers are defined as follows
® FN)=F(n-1)+F(n-2)
® [(0) and F(1) are defined to be 0 and 1, respectively
e Rewriting this in C, we have:

%/ National Yang Ming Chiao Tung University
Th

int fib(int n)
if(n == 0) { return o, }
if(n == 1) { return g
return (fib(n - 1) + f1 (n - 2));
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Fibonacci Numbers (2/7)

e Now, let’s translate this to RISC-V

e You will need space for three words on the stack

e The function will use one $s register, $s0

e \Write the Prologue
fib:
addi Ssp, Ssp, -12 # Space for three words
sw Sra, 8(Ssp) # Save the return address

sw Ss0, 4(Ss # Save $s0
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Fibonacci Numbers (3/7)

e Now, write the Epilogue

fin:
1 0, 4
w Ss (Ssp) # Restore $s0

# Restore return address

# Pop the stack frame
jr Sra # Return to caller
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Fibonacci Numbers (4/7)

e Finally, write the body
® Start to translate the C code the lines indicated in the comments
:int fib (int n) {
1 if (n==0){return O;}// Translate Me!
|
|

|
|
If (n ==1){return 1;} // Translate Me! :
|
addi $a0, $zero, O # $a0 = 0, a0 is return value
beqg %$a2, $zero, fin #if (n == 0)
addi  $a0, $zero, 1 #$a0 =1
beqg $a2, $t0, fin #if (n == 1)
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Fibonacci Numbers (5/7)

e Almost there

- O - - . S S S B B B B S B B B B B B B S B B B B B B B B B Eae e e

e
addi $a2, $a2, -1 #Pa2=n-1

SW $a2, 0($sp) # Need $a2 after jal
El fib # fib(n - 1)

lw $a2, 0($sp) # Restore $a0

addi $a2, $a2, -1 #%a2=n-2

10
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Fibonacci Numbers (6/7)

e Remember the $a0 is caller saved!

add $s0, $a0, $x0 # Place fib(n - 1) somewhere
# it won’t get clobbered

jal fib # fib (n - 2)

add  $a0, $a0, $s0 # $a0 = fib(n-1) + fib(n-2)
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Fibonacci Numbers (7/7)

e Here is the complete code for reference

entry:
addi a2, zero, 3
jal fib
ret

fib:
addi sp, sp, -12
sw ra, 8(sp)
sw sO0, 4(sp)

fib_if zero _or_one:
addi a0, zero, 0
beq a2, zero, fib_fin
addi a0, a0, 1
beq a2, a0, fib_fin
fib_call_n_1:
addi a2, a2, -1
sw a2, 0(sp)
jal fib
lw a2, 0(sp)
addi a2, a2, -1

fib_call n_2:
add s0, a0, zero
jal fib
add a0, a0, sO
fib_fin:
lw s0, 4(sp)
lw ra, 8(sp)
addi sp, sp, 12
jr ra

12


https://gist.github.com/kaijhsu/946b8bd06dccbd7d9f7263495dedcb6f

National Yang Ming Chiao Tung University
Computer Architecture & System Lab 200000000

x1 ra Bx00a00080C

K2 sp ex7ffffffe

Simulation result T

x4 tp Bxooeaoeea

Time x5 t0 @x00e00000

pc_0[31:0] =6000000C
regs[0][31:0] =80000000
regs[1][31:0] =8000008C
regs[2][31:0] =80000080
regs[3]1[31:0] =60000000
regs[4][31:0] =00000000
regs[5][31:0] =00000000

X6 tl @x00e00000

X7 t2 Bx00000000

x8 s0 Bx00000000

] sl Bx00000000

regs[6][31:0] =0EEEEEE0 10 al Bx00000003

regs[7][31:0] =600006806

regs[8][31:8] =600006086

regs[9][31:0] =60000000
regs(10][31:0] =60000003
regs[11][31:0] =B80000000
regs[12][31:0] =B80000000
regs[13][31:0] =B80000000
regs[14][31:8] 80000000
regs[15][31:0] =00000000
regs[16][31:0] =00000000
regs[17][31:0] =000006806
regs[18][31:0] =00000806
regs[19][31:0] =0000068086
regs[28][31:0] =000608086
regs[21][31:0] =80000000
regs[22][31:0] =80000000
regs[23][31:0] =80000000
regs[24][31:0] =80000000
regs[25][31:8] 80000000
regs[26][31:0] =00000000
regs[27][31:0] =00000000
regs[28][31:0] =00000000
regs[29][31:0] =00000806
regs[38][31:0] =000000806
regs[31][31:0] =0000068086

x®11  al Bx00000000

x12 a2 Bx00000000

x13 a3 oxoo0o0000

x14 a4 oxoo0o0000

x15 a5 Bxo0000000

X6 a6 bxoo0o0000

®17 a7 bxoo0o0000

x¥18 52 Bxooeaoeea

¥19 |s3 @x00e00000

X220 54 Bx00000000

21l |85 Bx00000000

x2 |6 Bx00000000

®23 87 Bx00000000

24 5B Bx00000000

*25 |59 Bx00000000

*26 | s10 | @xodeaoeos



