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General-Purpose Microprocessor System

• CPU for Computers

• No RAM, ROM, I/O on CPU chip itself

• Example：Intel’s x86, Motorola’s 680x0

Many chips on mother’s board

General-purpose microprocessor
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Microprocessors 
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Microcontrollers 
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A single chip

Subsystems:

Timers, Counters, Analog

Interfaces, I/O interfaces

Memory
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Microprocessor Types

• Microprocessors can be characterized based on

– the word size

• 8 bit, 16 bit, 32, 64 bit, etc. processors

– Instruction set structure

• RISC (Reduced Instruction Set Computer), 

• CISC (Complex Instruction Set Computer)

– Functions

• General purpose, special purpose such image 

processing, floating point calculations
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Microprocessor Applications

• A microprocessor application system can be abstracted in 

a three-level architecture

– Instruction Set Architecture is the interface between hardware 

and software
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Instruction Set Architecture 

▪ An Instruction Set Architecture (ISA) is part of the abstract model of a computer that

defines how the CPU is controlled by the software. The ISA acts as an interface

between the hardware and the software, specifying both what the processor is

capable of doing as well as how it gets done.

▪ The ISA provides the only way through which a user is able to interact with the hardware.

It can be viewed as a programmer’s manual because it’s the portion of the machine

that’s visible to the assembly language programmer, the compiler writer, and the

application programmer.

▪ The ISA defines the supported data types, the registers, how the hardware manages

main memory, key features (such as virtual memory), which instructions a

microprocessor can execute, and the input/output model of multiple ISA implementations.

The ISA can be extended by adding instructions or other capabilities, or by adding support

for larger addresses and data values.
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Instruction Set Architecture 

Operands

The number of operands is one of the factors that may give an indication about the

performance of the instruction set. A three-operand architecture will allow

A = B + C to be computed in one instruction.

ARM, AVR32, MIPS, Power ISA, and SPARC architectures.

A two-operand architecture will allow 

A = A + B 

to be computed in one instruction, so two instructions will need to be executed to 

simulate a single three-operand instruction. 

A = A + B 

A = A + C 

E.g. X86 Instruction set,  TI MSP430. 
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Instruction Set Architecture 

Operands

Two or Three?

– Two : Source and Result

– Three: Source 1, Source 2, and Result

• Tradeoffs

– Two operand ISA requires more temporary instructions

(e.g. Z = X + Y can’t be done in one instruction)

– Three operand ISA supports fewer instructions but increases the instruction complexity

and size

• Also must consider the types of operands allowed

– Register to Register, Register to Memory, Memory to Memory

– Instruction density, memory bottlenecks, CPI variations!
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Instruction Set Architecture 

A
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Three: Source 1, Source 2, and Result
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Big-Endian vs. Little-Endian

Little-endianness is the dominant ordering for processor architectures (x86, most ARM

implementations, base RISC-V implementations)

Big-endianness is the dominant ordering in networking protocols, such as in the internet 

protocol suite,

https://en.wikipedia.org/wiki/X86
https://en.wikipedia.org/wiki/ARM_architecture
https://en.wikipedia.org/wiki/RISC-V
https://en.wikipedia.org/wiki/Internet_protocol_suite
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Big-Endian vs. Little-Endian

The advantages of Little Endian are:

•It’s easy to read the value in a variety of type sizes. For example, the variable A =

0013 in 64-bit value in memory at the address B will be 1300 0000 0000 0000. A

will always be read as 19 regardless of using 8, 16, 32, 64-bit reads. By contrast, in

Big Endian we have to know in which size we have written the value to read it

correctly.

•It’s easy to cast the value to a smaller type like from int16_t to int8_t since int8_t

is the byte at the beginning of int16_t.

•Easily to do mathematical computations “because of the 1:1 relationship between

address offset and byte number (offset 0 is byte 0), multiple precision math routines

are correspondingly easy to write.”

Some main advantages of Big Endian are

•We can always test whether the number is positive or negative by looking at the

byte at offset zero, so it’s easy to do a comparison.

•The numbers are also stored in the order in which they are printed out, so binary to

decimal routines are particularly efficient.
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CISC and RISC

CISC Processor

CISC is the general name for CPUs that have a complex instruction set.

There are some instructions that perform complex operations

The instruction formats are not uniform.

E.g. The Intel x86 family, Motorola 68000 series

Small amount of memory, including cache, to store as many instructions as possible

CISC

–it lets an instruction perform as many operations as possible and makes the

encoding of each instruction as short as possible.

This results in using microcode to implement the complex instructions, and the

second measure results in a variable length of the instruction formats

As a consequence, it becomes difficult to design and implement a pipelined CISC CPU to

obtain substantial performance improvements.
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CISC and RISC

RISC Processor

RISC is the general name for CPUs that have a small number of simple instructions.

1. Fixed length of the instruction formats. This feature makes fetching instruction

in one clock cycle possible.

2. Only the load and store instructions transfer data between the register

file and memory, and other instructions perform operations on the register

operands. This feature makes the operations of the RISC instructions simple.

Large number of registers available in the CPU.

Both features make the design of the pipelined RISC CPUs easier than the CISC CPUs.

Large Memory require for storing the program.

There is a huge amount of software resources which requires CISC ISA. CISC CPUs use a

decoder to convert CISC instructions into RISC instructions (micro-operations) and then use

RISC cores to execute these instructions
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CISC vs. RISC
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CISC vs. RISC

CISC Processor

Example 8086 Addressing Modes

1. Register Addressing: MOV AX,BX

2. Immediate Addressing: MOV CX, AD4CH

3. Direct Addressing:  MOV AX, [1234H]

4. Register indirect Addressing: MOV [BX], CL

ADD Destination, Source

(Source) + (Destination)          (Destination)

The Berkeley RISC I had 31, the Stanford MIPS had over 60, and the IBM 801 had over 100

Motorola MC68020 32-bit CISC Microprocessor 

18 Addressing modes

Instructions can be one word (16 bits) to 11 words in length

More than 600 Instructions
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RISC

1. The instruction is fetched from the instruction memory. The content of PC (program 

counter) is used as the address of the instruction memory. 

2. Each of the two input operands of ALU can be either a register datum or an immediate 

provided in the instruction. The multiplexers are used for selecting an input from two 

inputs.
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CISC vs. RISC

CISC Processor

RISC Code:

lw R1, [A]

lw R2, [B] 

sub  R3, R1, R2

add  R4, R2, 1

sw [A], R3 

sw [B], R4 

CISC  Code:

sub   [A], [A], [B]

add   [B], [B],1

A, B are memory locations and R registers of RISC

sw store word
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RISC

3. The result calculated by ALU is saved into the register file. If the instruction is a load

instruction, the data read from the data memory will be saved into the register file. If the

instruction is a store instruction, the data read from the register file will be saved into the data

memory. In both cases, the ALU output is used as the address of the data memory.
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RISC

Simplified structure of pipelined CPU
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RISC

Simplified structure of pipelined CPU
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RISC

Main memory DRAM : 

Large capacity, Less expensive, Complex Control

Cache Memory SRAM : Faster  

(Frequently accessed data/instructions) 
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Thank you


