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Adapted from David Patterson’s slides on graduate 
computer architecture
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Classification of Instruction Set Architectures
GPR Architectures
Memory Addressing
Type and Size of Operands
Operations in the Instruction Set
Instructions for Control Flow
The Role of Compilers
The MIPS Architecture
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• Type of internal storage
– Stack, accumulator, and a set of registers

• Stack architecture
– Operands are implicitly on the top of the stack

• Accumulator architecture
– One operand is implicitly the accumulator

• General-purpose register (GPR) architectures
– Register-memory architecture

» One input operand is a register, one is in memory, and the 
result goes to register

– Register-register/load-store architecture
» All operands are registers

– Memory-memory architecture
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Two major instruction set characteristics 
divide GPR architectures
◦ Whether an ALU instruction has two or three 

operands
Two operands: Sub R1, R2
Three operands: Add R3,R1,B

◦ How many of the operands may be memory 
addresses in ALU instructions
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Number of
memory
addresses

Maximum number
of operands
allowed

Type of architecture Examples

0 3 Load-store Alpha, ARM, MIPS, 
PowerPC, SPARC, 
SuperH, TM32

1 2 Register-memory IBM 360/370, Intel 
80x86, Motorola 
68000, TI 
TMS320C54x

2 2 memory-memory VAX

3 3 memory-memory VAX
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Interpreting memory addresses
◦ All ISAs are byte addressed and provide access to 

bytes, half words, and words
◦ Ordering of bytes

Little Endian: 7 6 5 4 3 2 1 0
Big Endian: 0 1 2 3 4 5 6 7

◦ Accesses to objects larger than a byte must be 
aligned
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Common operand types include
◦ Character (8 bits)
◦ Half word (16 bits)
◦ Word (32 bits)
◦ Single-precision floating point (1 word)
◦ Double-precision floating point (2 words)
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Conditional branches
Jumps
Procedure calls
Procedure returns

• Conditional branches
• Jumps
• Procedure calls
• Procedure returns
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Addressing modes
◦ PC-relative
◦ Register indirect for jump instructions to support returns 
◦ Branch displacement at least 8 bits
Procedure invocation options
◦ Caller saving
◦ Callee saving
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Three types: 
◦ Variable suitable for code size preferred
◦ Fixed suitable for performance preferred 

(RISC)
◦ Hybrid
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A new instruction set architecture to have at 
least 16 general-purpose registers—not 
counting separate registers for floating-point 
numbers.
All supported addressing modes apply to all 
instructions that transfer data.
Provide primitives instead of solutions, 
simplify trade-offs between alternatives, 
don’t bind constants at run time.
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MIPS64
◦ Registers for MIPS

32 64-bit general-purpose registers (GPRs), named R0(0), R1, ... , R31
32 64-bit floating-point registers (FPRs), named F0, F1, . . . , F31

◦ Data Types for MIPS
8-bit bytes, 16-bit half words, 32-bit words, and 64-bit double words 
for integer data 
32-bit single precision and 64-bit double precision for floating point

◦ Addressing Modes for MIPS Data Transfers
Immediate and displacement, both with 16-bit fields
Register indirect and absolute addressing are supported implicitly
Memory is byte addressable with a 64-bit address
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MIPS instruction format (32-bit)
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