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Lecture 3:  Lecture 3:  
The Instruction Set Architecture (cont.)The Instruction Set Architecture (cont.)
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Name Register number Usage
$zero 0 the constant value 0
$v0-$v1 2-3 values for results and expression evaluation
$a0-$a3 4-7 arguments
$t0-$t7 8-15 temporaries
$s0-$s7 16-23 saved
$t8-$t9 24-25 more temporaries
$gp 28 global pointer
$sp 29 stack pointer
$fp 30 frame pointer
$ra 31 return address
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FP
Saved Argument 

Registers

Saved RA, 
Callee Saved
Registers, FP

Local Growth
SP

Higher Memory Addresses

Lower Memory Addresses

Frame Pointer: 
stable base to 
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stack frame

Stack Pointer: 
grows and shrinks 

as necessary
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The Life of a Function CallThe Life of a Function Call
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What does this program do?What does this program do?

#i ncl ude <st di o. h>

mai n( )  {

unsi gned i nt  a;

unsi gned char  * p;

a = 0xabcd1234;

p = ( unsi gned char  * )  &a;

f pr i nt f ( st dout ,  “ %x\ n” ,  * p) ;

}
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slti $8, $18, 10
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ori $29, $29, 4
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Register and Direct AddressingRegister and Direct Addressing
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Memory Addressing Mode Usage?Memory Addressing Mode Usage?
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��(�/��������"����"����1

*�"�%�������1���������������� �&S��!�	��&S����99S

*�����1� ��S��!�	���S������S

3���"����,�������1� ��S��!�	��S����&�S

���%��1� �S��!�	�'S�����9S

2����#�,�������1� �S��!�	��S����9S

�����1 &S��!�	�'S�����S

��S�*�"�%��������8�*�����

;;S�*�"�%��������8�*������8�3���"����,�������

������������"M



	�

Review: MIPS Instruction Set Review: MIPS Instruction Set 
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if (i!=j) beq $s4, $s5, Lab1
h=i+j; add $s3, $s4, $s5

j Label2

else Label1:

h=i-j; sub $s3, $s4, $s5
Label2: 

...

Control FlowControl Flow

+ I�#����
%�J

+ W�/���"��������1

i f   $s1 < $s2 t hen
$t 0 = 1

sl t $t 0,  $s1,  $s2 el se 
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MIPS EncodingsMIPS Encodings
3232--bits/Instructionbits/Instruction
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MIPS:MIPS:

MIPS operands

Name Example Comments

$s0-$s7, $t0-$t9, $zero, Fast locations for data. In MIPS, data must be in registers to perform 

32 registers $a0-$a3, $v0-$v1, $gp, arithmetic.  MIPS register $zero always equals 0.  Register $at is 

$fp, $sp, $ra, $at reserved for the assembler to handle large constants.

Memory[0], Accessed only by data transfer instructions. MIPS uses byte addresses, so

2
30

memory Memory[4], ..., sequential words differ by 4. Memory holds data structures, such as arrays,

words Memory[4294967292] and spilled registers, such as those saved on procedure calls.

MIPS:MIPS:
MIPS assembly language

Category Instruction Example Meaning Comments
add add $s1, $s2, $s3 $s1 = $s2 + $s3 Three operands; data in registers

Arithmetic subtract sub $s1, $s2, $s3 $s1 = $s2 - $s3 Three operands; data in registers

add immediate addi $s1, $s2, 100 $s1 = $s2 + 100 Used to add constants

load word lw  $s1, 100($s2) $s1 = Memory[$s2 + 100] Word from memory to register

store word sw  $s1, 100($s2) Memory[$s2 + 100] = $s1 Word from register to memory

Data transfer load byte lb  $s1, 100($s2) $s1 = Memory[$s2 + 100] Byte from memory to register

store byte sb  $s1, 100($s2) Memory[$s2 + 100] = $s1 Byte from register to memory
load upper immediate lui $s1, 100 $s1 = 100 * 216 Loads constant in upper 16 bits

branch on equal beq  $s1, $s2, 25 if ($s1 == $s2) go to             
PC + 4 + 100

Equal test; PC-relative branch

Conditional

branch on not equal bne  $s1, $s2, 25 if ($s1 != $s2) go to             
PC + 4 + 100

Not equal test; PC-relative

branch set on less than slt  $s1, $s2, $s3 if ($s2 < $s3)  $s1 = 1;          
else $s1 = 0

Compare less than; for beq, bne

set less than 
immediate

slti  $s1, $s2, 100 if ($s2 < 100)  $s1 = 1;          
else $s1 = 0

Compare less than constant

jump j    2500 go to 10000 Jump to target address

Uncondi- jump register jr   $ra go to $ra For switch, procedure return

tional jump jump and link jal  2500 $ra = PC + 4; go to 10000 For procedure call
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How are they different?How are they different?
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State and Addressing ModesState and Addressing Modes
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Great Debate: CISC vs. RISC Great Debate: CISC vs. RISC 
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The RISC Design PhilosophyThe RISC Design Philosophy
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“ what the 80x86 lacks in style is made up in quantity, 
making it beautiful from the right perspective”   -- unknown
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“This history illustrates the impact of the “golden handcuffs”  of 
compatibility”

“adding new features as someone might add clothing to a packed bag”

“an architecture that is difficult to explain and impossible to love”  
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