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MICRO COMPUTER ARCHITECTURE

The Architecture of the computer is the general layout of its major components, the principal features of these components(CPU, Registers, Buses e.t.c.) and how they are connected together.




                                       System Bus

The microprocessor

At the centre of all operations is the MPU (Microprocessor Unit). In a microcomputer the CPU is the microprocessor. Its purpose is to

· Decode the instructions and use them to control the activities within the system

· It also performs the arithmetic( + , -, /, *) and logical (>,>=,<,<=, =, =!) computations.

Timing Circuitry (Clock)
Used to synchronise the activities within the microprocessor and the bus control logic.

Memory
· Stores both data and instructions that are currently being used. Memory is broken down into modules where each module contains several thousand locations.

· Each location is associated with an identifier called a memory address.

The I/O Sub System

Consists of a variety of devices for communicating with the external world and for storing large quantities of information e.g keyboards, light pens, e.t.c. for input and CRT monitors, printers, plotters for output.

Computer components for permanently storing programs and data are referred to as mass storage units e.g the magnetic tapes, disk units, magnetic bubble memory e.t.c

N.B. Both programs and data although they can be stored on mass storage devices they must be transferred to memory first.

System Bus.

A set of conductors that connect the CPU to its memory and I/O devices. The bus conductors are normally separated into 3 groups:

1. The Data Lines: for transmitting information 
2. Address Lines: Indicate where information is to come from or where it is to be placed.
3. Control Lines: To regulate the activities on the bus.

Interface

Circuitry needed to connect the bus to a device. Memory interfaces consist of logic 

· Needed to decode the address of the memory location being accessed.

· Buffer data onto/off the bus.

· Contain circuitry to perform memory reads or write.

I/O interfaces must 

· Buffer data onto/off the system bus

· Receive commands from the CPU

· Transmit information from their devices to the CPU.

THE CPU

Factors that must be considered when learning about any CPU are

1. Microprocessor Architecture:The arrangement of registers in the CPU, number of bits in the address and data buses etc.

2. Instruction Set: Listing of operations the microprocessor can perform:
· Transfering data

· Arithmetic and logical operations

· Data testing

· Branching instructions

· I/O operations

3. Control Signals: Outputs that direct other IC’s e.g. ROMS and I/O ports when to operate.

4. Pin Functions: gives details about special inputs and outputs of the microprocessor.

5. Minimal System: how other devices are connected to the microprocessor.

A typical CPU consists of the control unit which contains the following registers:



1. The Program Counter (PC) :It holds the address of the main memory location from which the next instruction is to be fetched.

2. Instruction Register (IR) Receives the instruction when it is brought from memory and holds it while it gets decoded and executed.

3. Processor Status Word (PSW) contains condition flags which indicate the current status of the CPU and the important characteristics of the result of the previous instruction.

4. Stack Pointer (SP): Accesses a special part of memory called a stack. It is used to temporarily store important information while sub routines are being executed. It hold the address at the top of the stack.

Unless a branch instruction is encountered a machine level program is executed in sequence.

The address in the PC is put on the address bus.

Memory places the instruction on the data bus and it is transported to the CPU

A flow chart of instruction execution
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The CPU inputs the instruction in the IR and it is decoded. While the instruction is being decoded, its length in bytes is calculated and the PC is incremented by its length in order to make it point to the next instruction.

When the execution of the instruction is complete the contents of the PC are placed on the address bus and the cycle is repeated.

For an unconditional branch the contents of the PC are replaced by the branch address.

Conditional branches may replace the contents of the PC or increment these contents depending on the results of the previous condition.

Control Memory

This is optional. It holds a set of instructions called microcode. The microcode is of two types:

(i) Microinstructions: perform only the most elementary operations e.g. the assignment instructions like A = 4.

(ii) Macroinstructions: A group of micro instructions.
Working Registers

They are Arithmetic registers or accumulators and address registers.

(i) Arithmetic Registers: They temporarily hold the operands and the result of the arithmetic operations. 

Accessing a register is faster than accessing memory. If several operations are tobe performed it is better to have the operands in registers than in memory and return only the result to memory. The more arithmetic registers a CPU has the faster it can execute computations.

(ii) Address Registers: for addressing data and instructions in main memory.
If a register can be used for both arithmetic operations and addressing it is then called a general purpose register.

Arithmetic/Logic Unit

It performs arithmetic and logical operations on the contents of the working registers, the PC, memory locations etc.. It also sets and clears the appropriate flags.

Bus Control Unit

Coordinates the CPU activities with the external world.

MEMORY

A byte: a group of 8 bits

A nibble: a group of 4 bits

A word: a group of 2,3, or 4 bytes depending on the computer and its system bus structure.

Each byte has an identifying address associated with it.

When a byte is to be accessed its address is transmitted to the appropriate interface via address lines.

Addresses are composed of bit combinations and the set of all bit combinations for a given situation is called an address space.

Some of the high order bits in a memory address are used to select the module and the remaining lower order bits identify the bytes or word within the module.

Similarly an interface is identified by the high order bits of an I/O address and the register within the interface is selected by the 2 or 3 low order bits.

The act of putting information into or taking information from a memory location is called memory access.

The number of bits in an address determine the size of an address space. If an address is n bits wide then there are 2n possible addresses (0 – 2n–1).

The number of address lines in the system bus dictates the size of memory or memory and the I/O space. A total of n address lines would imply a maximum memory (or overall memory and I/O) capacity of 2n bytes.

16 address lines imply 216 = 26 (210) = 64K

Byte Ordering

Bytes in a word can be numbered from left to right or from right to left.

Big Endian: numbering from left to right.

Little Endian: numbering from right to left: This is the numbering adopted by Intel.

Classifications of memory

Memory can be classified as to whether it can retain its contents when power is turned off. In this class we have:

(i) Volatile: (MOS (Metal Oxide Semiconductor))

(ii) Non Volatile: (Magnetic Core).

It can also be classified according t o its Read/Write capabilities.

(a) ROM: (Read Only Memory): It cannot be written to and its contents cannot therefore be changed accidentally. Once its contents are set they can only be changed by special equipment.

There are mainly 4 types of ROM depending on the way in which their contents are set. Setting the contents of memory is called programming.

(i) MASKED ROM: contents are set by a masking operation performed while the chip is being manufactured. They cannot be altered by the user.

(ii) PROM (Programmable ROM): contents can be set by the user using special equipment. Once programmed its contents can never be changed.

(iii) EPROM(Erasable Programmable ROM) Programmed by charge injection and once programmed the charge distribution is maintained until it is disturbed by some external energy source like Ultra Violet light. 

It is primarily used during the development / testing stages and are replaced with ROMS or PROMS once the design is complete. 

Eproms are non volatile but they can lose their contents with age. A device that cancels the contents of Eprom is called an Eprom Eraser.

(iv) EAPROM(Electrically Alterable Programmable ROM) Programmed and erased electrically instead of ultra violet light.

 (b)
RAM: (Random Access Memory) : It can be read and written to. It is called Random because all locations can be accessed with equal ease.

Ram is of two types:

(i) Static Ram: keep its contents so long as power is on.

(ii) Dynamic Ram: made of capacitors that can be charged or discharged. It must be refreshed often because of charge leakage.

I/O INTERFACES

All data transfers except that within the CPU itself is done over one or more buses. All I/O devices and main memory must somehow be connected to these buses. If there is more than one bus one bus is for memory and the other is for the other peripherals.

If there is only one bus (Single bus architecture) the same bus is used for both memory and I/O transfers. Most micro computers have single buses.
Memory and peripherals are connected to these buses through interfaces and controllers.

A controller  is circuitry needed to initiate commands given to a device and to sense the status of the device.

An interface is circuitry needed to connect the peripheral and its control circuitry to the bus.

The interface must perform some combination of the following functions.

(i) Make the status of the peripheral available to the computer.

(ii) Provide buffer storage for input data.

(iii) Relay commands from the computer to the peripheral.

(iv) Provide buffer storage for output data.

(v) Signal to the CPU when the operation is complete.

(vi) Signal to the computer when an error occurs.

(vii) Pack bits into bytes or words for input and unpack them for output.

Data transfers between I/O or mass storage devices and the CPU or memory is categorised according to the amount of data transferred.

1. Byte/Word Transfer: one byte or word is mobed by one command. e.g. a terminal.

2. Block Transfer:  A whole block of information is moved by a single command e.g. Direct memory Access transfers which are between memory and the peripheral.

In block transfers a device’s interface must be used in conjunction with a DMA controller that can access memory directly without intervention by the CPU. e.g. a disk uses DMA.

Most devices that require high transfer rates are DMA devices.

When DMA capability is available it has higher priority over all other bus activity. Many interfaces are designed to perform both types of transfers.

SYSTEM BUS

Data Lines: transfer information. When communicating with memory the information is data or instructions. With I/O or mass storage devices information may be data, device status or commands.

The number of data lines determine the number of bits that can be transferred simultaneously; they have a direct bearing on speed.

The number of data lines are used to classify a microcomputer as 8 bit, 16 bit or 32 bit.

Address Lines: carry bit combinations that are decoded as addresses by the interfaces connected to the bus.

In a memory module each byte has its own address. The memory interface is designed to recognise all addresses of the bytes in its memory. No two bytes can have the same address.

The top few bits of an address select the module while the remaining bits find the particular memory location within the module.

If I/O devices share a bus with memory some addresses are reserved for their interface registers. Each register must have its own address and each interface must recognise the addresses of all its registers.

Once a memory or device interface recognises one of its addresses it either inputs the information on the data lines and transmits it to the proper place or it retrieves the necessary data and puts it on the data lines.

Control Lines: control signals must be passed back and forth among the CPU, the memory modules and the device interfaces. This information includes:

(i) Request for Bus Usage:made by the DMA controller.

(ii) Grant for Bus usage: Given by the CPU according to the pre-determined priority scheme.
(iii) Interrupt signals: External events require attention of the CPU.
(iv) Timing Signals: coordinating data and address transfers on the bus.
(v) Parity signals: Indicating data transfer errors.
(vi) Signals for indicating malfunctions or power loss.
EXAMPLES OF CPU’S

The Intel 8085

It is an 8 bit processor i.e. has 8 data lines (1 byte of data can be transmitted at a time.

Has 6 general purpose registers namely B, C, D, E, H, L with 8 bits each and associated in pairs.

1 8 bit accumulator.

1 16 bit stack pointer

1 16 bit program counter

1 PSW with 5 flags.

Zero (Z): set when the result of the operation is zero.

Sign (S): set when sign of the result is negative.

Parity (P): When the parity of the bits in the result is even.

Carry (C): Addition resulted into a carry or subtraction or   comparison resulted into a borrow.

Auxiliary Carry (AC) Carry in BCD arithmetic.

The address and data share the same bus lines and they must take turns to use them. (They are time multiplexed). The address must be sent first and then data is sent or received.
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                                             ALU



MACHINE LANGUAGE INSTRUCTIONS

At the time of execution all instructions are made up of a sequence of bytes (a combination of zeros and ones).

Because instructions in their 0’s and 1’s form can be directly understood by the computer they are therefore called machine language instructions.

All other forms of programs, assembler, high level etc must be reduced to their machine level form.

INSTRUCTION FORMATS

The arrangement of an instruction with respect to assigning meaning to its various groups of bits is called its format.

The portion of the instruction that specifies what the instruction does is called the operation code (opcode).

Any address or piece of data that is required by the instruction to complete its execution is called an operand
An instruction therefore consists of an operation code and a number of operands.

Most computers are designed so that not more than 2 operands are needed by a single instruction.

Some instructions require only one operand and they are called single operand instructions; others are double operand instructions.

If a quantity is taken from a location, it is called the source operand.

The location that is changed or where the source operand is taken is called the destination.

All instruction formats reserve the first bits of the instruction for at least part of the opcode but beyond this the formats vary considerably from one computer to the next. The remaining bits designate the operands or their locations.

Instructions vary in length from 1 byte to 3 or 6 bytes. e.g.

Register to register transfer



                     pcode           Destination         Source

                                          (Register B)       (Register A)

Load accumulator from memory




Transfer of immediate Data

                                                     Opcode
                                                                                               Destination Register C



Conditional branch to Zero Result

                                                           Opcode

                                                                                                Condition Code




ADDRESSING MODES

They are the methods used to locate and fetch an operand from an internal CPU register or from a memory location. 

Each processor has its own addressing modes.

1. Immediate Addressing: Information is part of the instruction. No addressing is needed to get the information.

It is mostly used for quantities that are constants.

They are 2 byte instructions where the operand is the second byte.

2. Direct addressing: The address is part of the instruction.

3. Register addressing: The operand is in the register and the register’s address is part of the instruction.

4. Indirect Addressing: The address is in the location whose address is specified as part of the instruction. This location may be a register (register indirect addressing) or it may be a memory location.


e.g., add contents of register R1 to the memory location whose address is in register R2.

5. Base addressing: The address is formed by adding the contents of a memory location or register to a number called a displacement which is part of the instruction. It is used primarily to reference arrays or in relocating a program in memory.

6. Indexing: It is a process of incrementing or decrementing an address as the computer sequences through a set of consecutive or evenly spaced addresses. This is done by successively changing an address that is stored in a register called an index register that can be incremented or decremented.

7. Auto incrementing / decrementing: The index is automatically incremented by an instruction.

8. Page addressing:

ASSEMBLER LANGUAGE

At one time programmers used to write all their code using machine language instructions (i.e. using only 0’s and 1’s). This later proved difficult especially in reading these instructions. They then started using mnemonics (symbols) for each machine instruction which would be translated into machine code. Such a mnemonic machine language is now called Assembler Language.

It is a type of language that is closer to machine language instructions.

There is an assembler language instruction for each machine language instruction. Assembler language is machine dependent specific to a certain computer system (or a family of computer systems):

Programs called Assemblers were developed to automate the translation of Assembler language into machine language.

Assembler languages provide three basic features which simplify programming:

1.
Mnemonic Operation codes: they eliminate the need to memorise numeric operation codes.

2.
Symbolic operands: symbolic names can be associated with data or addresses. 

3.
Data declarations: Data can be declared in a variety of notations including decimal notations.

There are 2 types of statements in assembler:

(i). Instructions: These are translated into machine code by the assembler.

(ii). Directive: Gives directions to the assembler during the assembly process but they are not translated into machine code.

Acronyms called mnemonics indicate the type of instruction. 

Character strings called symbols or identifiers represent addresses and perhaps numbers.

A typical assembler instruction would be 


MOV A , M
A typical assembler directive would be 


COST :  DS    1

This directive causes the assembler to reserve a byte and associate a symbol COST to it.

Example: 

For a problem ANS: = X + Y; it can be solved as follows in the 8085 microprocessor.

LDA 

X

MOV 

B, A

LDA

Y

ADD

B

STA

ANS

3 points are worth noting.

1. Most instructions involve movement of information from one part of the computer to another.

2. Computers do not work on entities with a flexible manner. e.g. for the ADD instruction, the second operand must be in the accumulator.

3. All programs whatever the language involve inputting, processing and outputting.

Assembler Instruction Format
The General format is

Label:
Mnemonic

Operand, Operand, ; remarks

Label: It is a symbol assigned to the address of the first byte of the instruction in which it appears.

Its presence is optional; if present it provides a symbolic name that can be used in branch instructions to branch to an instruction.

If there is no label then there is no colon.

All instruction must contain a mnemonic. 

The presence of operands depends on the instruction. If there is more than one operand they are separated by a comma.

Some possible operand forms are: AREA, AREA + 5, AREA(4) or AREA+5(4)

The first specification refers to a memory location associated with the name AREA.

The second specification refers to a memory location 5 bytes away from a memory location with the name AREA.

The third specification indexing with register 4; i.e. the operand is obtained by adding contents of index register 4 to the address of area.

The last specification is a combination of the last two specifications.

Remarks are for documenting the program; they are optional.

e.g.

BRADDR:

MOV

A,  M

        Label                     mnemonic         destination       Source

                                                               Operand        Operand

Register – Register Transfer

e.g.

NOW:

MOV

B,  D

        Label                  mnemonic         destination       Source

                                                             Operand        Operand
Load accumulator from memory

e.g.

LDA 

NUM

       Mnemonic         address of operand to be loaded into memory
Transfer of immediate operand to a register

e.g.

MVI 

E,  6


 Mnemonic     Destination register                 Immediate Data
Conditional branch on non-zero branch

e.g.

JNZ 

HERE


       Mnemonic                 address 
       branch Condition

1. All instructions are 1, 2, or 3 bytes long.

2. Instructions that involve only register or register indirect addressing are 1 byte long; 

3. Those that involve I/O or immediate operands are 2 or 3 bytes long.

The working registers are A, B, C, D, E, H and L.

Register Addresses are:

Register 

Address

Register pair




B

000


BC


00


C

001


D

010


DE


01


E

011


H

100


HL


10


L

101


A

111

The registers are sometimes considered in pairs of BC, DE and HL.

Both registers in the pair have the same higher 2 bits in their registers.

Assembler Directives.

The directives direct the assembler during the assembly process.

The ASM 85 has 3 directives.

They have the format



Label:
Mnemonic

Operand, Operand

The label is optional

The directives are DS, DB, and DW

DS (Define Storage) 

It is used to reserve memory and perhaps to assign a label to the first byte of the reserved area. e.g. ARRAY:

DS
20 reserves 20 bytes and assigns the label ARRAY to the byte with the lowest address.

DB (Define Byte)

Used to put values into or pre-assign values to memory locations as well as reserve space and assign labels.

It serves as the DATA statement in Fortran. It can include up to 8 operands where each operand is a string constant with no more than 128 characters or constant expressions that evaluate to a 2’s complement number from  -128 to 127.

e.g. NUM:
DB
14H, ‘ABC’, 011101000B

reserves 5 bytes associated with a label NUM with the first byte.



                  NUM

DW (Define Word)

Similar to DB except that it reserves words instead of bytes. Each of its possible 8 operands should evaluate to a 16 bit number or a single string of one or two characters.

The lower order byte of the word is stored in the lower byte address and the high order byte in the higher byte address e.g.

TABLE : DW
TASK1, TASK2, 092AH

TASK1 and TASK2 are labels. Assuming that TASK1 and TASK2  have been assigned memory locations 2010 and 108C respectively 

Table

Instruction Execution Time
The combination of actions taken during the execution of an instruction is called an instruction cycle. Instruction cycles are subdivided into machine cycles and the machine cycles are in turn subdivided into states (clock cycles). Each machine cycle is equivalent to a memory or I/O access. The retrieval of the first byte of the instruction from memory is called the instruction fetch. The first machine cycle of an instruction cycle is called a fetch cycle. The fetch cycle normally consists of 4 to 6 states depending on what actions are taken in addition to the instruction fetch. All the other machine cycles normally consist of three states. E.g. the instruction 
LDA
NUM   has 4 machine cycles which are:

(i) the fetch cycle

(ii) 2 cycles to read the address

(iii) 1 cycle to read the byte at NUM.

The fetch cycle has 4 states and each of the other three cycles has 3 states which makes a total of 13 states.

Accessing memory ordinarily takes 3 states:

(i) To send the address to memory

(ii) Memory looks up for the required information

(iii) Memory transmits the information back to the CPU.

A write operation is broken down similarly.

                                                  Instruction Cycle

                   M1                          M2                       M3                M4

                 

         T1   T2   T3   T4        T1   T2   T3         T1   T2   T3    T1   T2   T3 

            Op code fetch           Read Program     Read program          Write in

                                                 Memory                memory              memory

In each case one of the states is used by memory. If the memory cycle time is more than the clock cycle time memory then needs more than one state to perform its function and a wait state is thereby introduced to enable the memory to complete its operation.

E.g. If a clock period is 300ns and the memory access time is 700ns the CPU will need 5 states to get 1 byte of information from memory i.e. the usual three states plus two wait states and the total required would be 1500ns.

The LXI instruction requires three memory accesses and the number of states required is 10. If the clock cycle time is 300ns and the memory access time is 700ns then it will take 10 + (3 memory accesses *2 wait states) = 16 states and 4800ns to complete the LXI instruction.

Memory modules can be of different speeds. The instruction may be in a module that has a different speed from that of the operands. If the LHLD instruction is in the 200ns access time module and the operand is in the 700ns access time module the total number of states needed to execute the instruction assuming a 300 ns clock cycle would be 



16 + (0 * 3) + (2 * 2) = 20 states and the total time needed would be 6000ns.

In general, if:

B
Basic number of states in the table

Wm
Wait states for instruction memory

Bi
Bytes in instruction

Wo
Wait states for operand memory

Bo
Bytes in operand.

Then the total number of states is determined by:


B + (Wm * Bi) + (Wo * Bo)

The instruction execution time is obtained by multiplying the total number of states with clock’s period.

Summary of the 8085 instruction set execution times. Two possible times (e.g. 7/10) indicates time depends on condition flag settings. First figure corresponds to no branch.

	Instruction
	Machine

Cycles
	States
	
	Instruction
	Machine Cycles
	Sates

	MOV  r1, r2
	1
	4
	
	ANA    r
	1
	4

	MOV  M, r
	2
	7
	
	XRA  r
	1
	4

	MOV   r, M
	2
	7
	
	ORA   r
	1
	4

	MVI    r
	2
	7
	
	ANA   M
	2
	7

	MVI   M
	3
	10
	
	XRA    M
	2
	7

	LXI    rp  
	3
	10
	
	ORA    M
	2
	7

	XCHG
	1
	4
	
	ANI
	2
	7

	STA
	4
	13
	
	XRI
	2
	7

	LDA
	4
	13
	
	ORI
	2
	7

	STAX   B
	2
	7
	
	CMA
	1
	4

	STAX   D
	2
	7
	
	JMP
	3
	10

	LDAX   B
	2
	7
	
	J(condition)
	2/3
	7/10

	LDAX   D
	
	7
	
	PCHL
	1
	6

	SHLD
	5
	16
	
	CALL
	5
	18

	LHLD
	5
	16
	
	C(Condition)
	2/5
	9/18

	INX  rp
	1
	6
	
	RET
	3
	10

	DCX  rp
	1
	6
	
	R (condition)
	1/3
	6/12

	INR  r
	1
	4
	
	RLC
	1
	4

	DCR
	1
	4
	
	RRC
	1
	4

	INR  M
	3
	10
	
	RAL
	1
	4

	DCR  M
	3
	10
	
	RAR
	1
	4

	ADD  r
	1
	4
	
	DAD  rp
	3
	10

	ADC  r
	1
	4
	
	CMC
	1
	4

	SUB   r
	1
	4
	
	STC
	1
	4

	SBB  r
	1
	4
	
	NOP
	1
	4

	CMP  r
	1
	4
	
	HLT
	1
	5

	ADD M
	2
	7
	
	PUSH  rp
	3
	12

	ADC  M
	2
	7
	
	PUSH  PSW
	3
	12

	SUB  M
	2
	7
	
	POP   rp
	3
	10

	SBB   M
	2
	7
	
	POP   PSW
	3
	10

	CMP  M
	2
	7
	
	SPHL
	1
	6

	ADI
	2
	7
	
	XTHL
	5
	16

	ACI
	2
	7
	
	IN
	3
	10

	SUI
	2
	7
	
	OUT
	3
	10

	SBI
	2
	7
	
	RST
	3
	12

	CPI
	2
	7
	
	EI
	1
	4

	DAA
	1
	4
	
	DI
	1
	4

	
	
	
	
	RIM
	1
	4

	
	
	
	
	SIM
	1
	4





























































































































B (8 bits)          C (8 bits)


D (8 bits)          E (8 bits)





H (8 bits)          L (8 bits)

















Accumulator (8 bits) bits)








Stack Pointer (16 bits)































































































Program Counter (16 bits)





S     Z           AC          P           C














Timing Circuitry





Microprocessor


(CPU)








Bus Control


Logic





Interface         Memory Module              





Interface         Memory Module              





Interface





Mass Storage Device





I/O Devices





Interface





Set PC to address of next instruction





Execute the Instruction





Set PC to Branch Address








Examine PSW











CPU puts the machine instruction in the IR and decodes it





Memory gets the machine instruction in the location being addressed and sends it back to the CPU





CPU sends address contained in the PC to memory





Start





Bus Control 


Unit





Arithmetic registers





Address Registers





Working Registers





Stack pointer





Processor status word





Instruction Register





Program counter





Control Unit











Control memory





















































                                 Arithmetic/Logic Unit

















































































































































































































































































































































































































































































































1     1     0     0     1     0     1     0


Low order  branch address


High Order branch Address





0     0     0     0     1     0     1     0


                      Data





0     0     1     1     1     0     1     0


Low order  Address


High Order Address





0     1     0      0      0      1      1      1





10   20    8C     10      2A       09





    14       41          42       43        68




















