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COMPUTER INSTRUCTIONS

The Fetch Execute Cycle

This relates to the CPU and the way in which computer program instructions are: in order that the tasks may be performed.

There are various forms in which data may be stored in memory

· STORED

· EXECUTED

· pure binary

· coded binary eg BCD

· character code eg ASCII

The data is stored in the CPU, but instructions are required for interpretation.  During processing any data which is currently being processed and the instructions for processing are stored in main memory.  In this way the memory word may also form an instruction and is known as an INSTRUCTION WORD.  A word formed from data is known as a DATA WORD.

CPU

There are a number of registers within the CPU which is able to temporarily store a number of words read from memory.  The registers are used to apply meaning to words.  The examination of the code cannot in itself determine whether  a memory word is a data or instruction.  The way in which the difference is determined is through the use of different locations:

· instructions are in an INSTRUCTION REGISTER

· data in  DATA REGISTERS

The program stored in main memory is a sequence of instructions which are transferred in turn into the registers within the CPU.  In this manner the next operation which the CPU needs to perform is therefore identified.  Instructions are retrieved from consecutive memory locations until such time a the last instruction executed requires the next instruction to be fetched from a different location.  The change instructions are known as BRANCH or JUMP instructions.  The FETCH-EXECUTE CYCLE is the process of fetching, interpreting and executing instructions, and may also be known as INSTRUCTION CYCLE or AUTOMATIC SEQUENCE CONTROL.

The CONTROL UNIT has the function of governing the hardware operation (input output) and the CPU in an automatically controlled cycle.

The various registers within the CPU are:

THE PROGRAM COUNTER (PC)

This keeps track of the location where instructions are stored.  The PC will hold the address of the next instruction to be executed for the duration of the programs execution.  This is possible due to the fact that all the instructions for any program are stored in adjacent memory locations, therefore unless the next instruction is a BRANCH OR JUMP the next instruction is normally a single increment more than the previous address.  This incrementation means that the PC will always have the address of the next instruction to be retrieved.

The PC may also be known as:

· Sequence Control Register (SCR)

· Instruction Address Register (IAR)

MEMORY BUFFER REGISTER (MBR)

Memory words are transferred into and out of memory through the MBR, for both data and instructions.

MEMORY ADDRESS REGISTER (MAR)

The MAR provides the location address of a specific memory word to be read from or written to memory via the MBR.  This is data or instruction words.

CURRENT INSTRUCTION REGISTER (CIR)

The CIR function is to store the current instruction for decoding and execution.

ACCUMULATORS AND GENERAL-PURPOSE REGISTERS

The ALU houses these registers and provide a working area for  data fetched from memory.  Any values which are to be added or subtracted may be copied via the MBR into the accumulators, with the result placed in one accumulator and then copied into a main memory location.
All communications between the CPU and the memory take place through the MBR.


CPU REGISTER FETCH AND EXECUTE

The CPU places the address of the instruction in the MAR and then carries out a memory read.  The instruction is then copied into the MBR and so into the CIR.  Any instruction which requires the reading of a specific data word will cause the data word address to be placed into the MAR.  The execution of the memory read will cause the copying of the addressed data into the MBR where the processor will be able to access it.  In this manner the MBR acts as the point of transfer for both data and instruction passing in either direction between main memory and the CPU.

FETCH-EXECUTE CYCLE

The instruction fetch-execute cycle is described as follows:

FETCH phase - this is common to all instructions

· Contents of the PC are copied to the MAR.  The MAR now contains the location address of the next instruction and a memory read is initiated to copy the instruction word from memory into the MBR.

· The PC is incremented and therefore contains the address of the next instruction.

· the instruction word is copied from the MBR into the CIR.

EXECUTE phase- the action taken is unique to the instruction register.
· the instruction in the CIR is decoded

· the instruction in the CIR is executed

· unless it is a stop instruction the cycle is repeated.

FLOW CHART FETCH-EXECUTE CYCLE













no











yes







This is an automatic cycle carried out by the hardware.  The programmer only has control over which instruction is stored in memory and the order of execution, not the sequence of operations.

TYPES OF INSTRUCTION

The name of all the instructions on a particular machine are known collectively as the INSTRUCTION SET of that particular machine.

There are certain type of instruction commonly available in most computer systems which can be classified according to their function as follows:

· arithmetic and logical operations on data

· input output data

· changing and sequence of program execution (branch instruction)

· transfer of data between memory and the CPU registers

· transfer of data between registers within the CPU



INSTRUCTION FORMAT

There are usually two main components, the function or operation code known as the OPCODE and the OPERAND.  The operation to be performed is the OPCODE the OPERAND defines the location address in memory of the data to be operated upon.  In this manner the four most significant bits determine the type of instruction and the remaining twelve bits specify the operand(s) to be used.

THREE-ADDRESS INSTRUCTION

Where an expression requires the use of three memory variables by one instruction, the instruction word will be required to contain the address of each variable eg three operands, an addition instruction could then be expressed:


ADD C,A,B

This expression represents the addition of A and B and storing the result in C.  In this instance the instruction word needs to be large enough to accommodate the three addresses in the format as follows:


TWO-ADDRESS INSTRUCTION

Only two addresses are available in this instruction and therefore in the following addition the contents of X or Y will placed, in the following instance, in X:

add X,Y

giving just two operand address and the opcode.  If it were necessary to place the result of the addition in Z then a MOVE instruction would need to be made as follows:

MOVE Z,X

ADD Z,Y

ONE-ADDRESS INSTRUCTION

Where only one address is available then two assumptions as regards storage are implicit.  Firstly that as with the two-address instruction the result is to be stored in Z.  Secondly that as only one operand is referred to then another storage area for the second operand is necessary.  In this instance it is usual for the CPU general-purpose register to be used (the accumulator).  It is only possible to use the accumulator where there is no need to refer to the address of the accumulator as this will be implicit.  This format is slightly more complicated as follows:

copy the contents of one operand X into the accumulator using a LOAD instruction

ADD the contents of operand Y placing the result in the accumulator.  The contents of operand Y are at the point of addition in the MBR (having been read from memory as part of the instruction), and ADD instruction is usually effected for this.

The result of the accumulator is copied into address Z using a STORE command.

If an assembly language coding were to be used for this process the following would be the operation:

LDA X   {copies the content of X, via the MBR into the accumulator}

ADD Y   {reads the contents of Y to the MBR and adds it to the 


      accumulator and leaves the result there}

STA Z    {copies the result from the accumulator into memory   
  
      address Z via the MBR}

ONE-AND-A-HALF-ADDRESS INSTRUCTION

If more than one accumulator is to be used, then an instruction using the accumulator must be indicated:


Due to the number of accumulators being small the number of bits needed to refer to a single accumulator is usually less than that for a memory address.  The processes described for the one-address instruction is the format used with the exception that a specified accumulator is used.

ZERO-ADDRESS INSTRUCTION

The economy of size for this instruction is particularly suitable for small machines.  Microcomputers tend to operate on the one-address and zero-address instructions.  The zero-address instruction does not specify any operands within it, relying on the use of a memory-based data structure called a stack to provide the operand.

A stack will consist of a group of adjacent memory locations which are addressed by a stack pointer, a register which contains the address of the current top of the stack.  Values may be PUSHED (added to) or POPPED (removed from) the stack.  The required action is shown by the position of the stack pointer where the value of this pointer is incremented or decremented when an item is to be pushed or popped  from the stack.  Any value located below the top item on the stack (indicated by the pointer) cannot be removed until any values above have been removed.

Consider an ADD instruction for X and Y, the operands X and Y will be pushed onto the stack, with Y the first one able to be removed:-





add X,Y

These are short instructions but it will be necessary for additional instructions to be used in order to transfer operands from memory to the stack and from the stack to memory.  In this manner the instructions need to be longer in order to allow specification of memory addresses.  zero-address instructions are similar to single instruction words with the operands copied to and from the stack rather than to and from the accumulator.

INSTRUCTION FORMAT AND MEMORY SIZE

Single address instruction may directly address a larger number of memory locations than one-and-a-half instructions or multiple-address formats, due to the word length and actual memory address not requiring bits to be allocated to separate addresses.  Where computers allow a variable length instruction word the number of bits available  for the address portion of the instruction can be increased to allow a larger number of memory locations to be directly addressed.  Where there is a 16 bit address the highest location which may be directly addressed is:


2   - 1 = 65,535

It is therefore possible to address 65,536 locations being 0 - 65,535

As the computer memory size is quoted in nK , that is K being 1024 and n the variable the this example illustrates a 64Kmemory ie 64 x 1024.

When the number of bits available for the address are increased, then the locations which may be addressed can be increased to over a million, as in addressing available increased to 20 from 16.

HOW MANY BITS WOULD DIRECT ADDRESSING OF ALL LOCATIONS IN A 256K MEMORY REQUIRE?


256x1024=262,144 which is 18 bits ie 2   = 262,144.

It is actually possible to reduce the number of bits required for a memory address, to be discussed in full in the next section.

The introduction of the RISC (Reduced Instruction Set Computer) processor has to some degree reduced the relevance of  increasing the word size and therefore the number of bits available for the opcode and the instruction set.

INSTRUCTION SET

It is the architecture of a machine which will determine the range of instructions available in terms of word length and the number and type of registers used.  Some of the typical types of instruction are:

LOAD
copies the contents of a specified location into a register

ADD
adds the contents of a specified memory location to the contents of a register

SUBTRACT
subtracts the contents of a specified memory location from the contents of a register

STORE
copes the contents of a register into a specified memory location

BRANCH
switches control to another instruction address other than the next in sequence

REGISTER-
moves contents from one register to another

REGISTER

SHIFT
moves bits in memory location to the left or the right for arithmetic purposes or for pattern manipulation

INPUT/
effects the data transfers between peripherals and

OUTPUT
memory

LOGICAL-
(AND,OR,NOT,NAND ETC) which combine the

OPERATIONS
contents of a register and a specified memory location or register.  

LOAD ADD SUBTRACT AND STORE have already been discussed.

BRANCH INSTRUCTIONS

When a branch instruction is executed the program diverts from the sequence which is dictated by that of contiguous memory locations containing the program instructions.  The value of the PC will be altered directing the next instruction to be fetched from a location not physically adjacent to the current instruction.

It is possible for a branch to be conditional (dependent on some condition) or unconditional. Where a conditional branch is processed the branch will only be made if the specified condition occurs, whereas an unconditional branch will always be made.  i.e. add location 12 if current location >15, will only occur when the condition is true, whereas add location 12 to location 15 will always be executed.

The conditions tested usually include test on the CPU register contents for:

· zero

· non-zero

· positive number values

· negative number values

The branch or jump may be to specified address or simply to skip the next instruction(s).  At this point the PC must be altered accordingly to change its contents to the address specified by the branch instruction.  It is also possible to use a repeat sequence of instruction in a loop, but at this point it must be stressed that this is usually conditional to avoid an infinite program iteration.

SUBROUTINE OR SUBPROGRAM

If a branch is to a subroutine the original sequence can be restored after its execution.  A special form of branch instruction is used for this and may necessitate the completion of a particular sequence of calculations at different points in a program. In other words these instructions can be written into a subroutine and called as required.  The main point to consider is that when a subroutine is called there must be a return control to the main program sequence.  This may be effected by placing the value of the PC into the first location of the subroutine, in order that on completion when the first location is read the control will pass back to the main program.

Alternatively it is possible to place the return address on a STACK and copied back into the PC to allow return to the main program sequence.  This method is particularly effective when a subroutine is called from within a subroutine (nested).  In this instance the return addresses are placed on to the stack and removed in reverse order, ensuring that the last address is the first to be removed.  Subroutines called in this manner are known as CLOSED, whereas where a subroutine is inserted as required, it is referred to as OPEN.

REGISTER-REGISTER INSTRUCTION

Instructions of this type transfer the content of one register to another.  Similar in style to that of the two-address instruction where operands to address memory are used in this instance the operands will allow the addressing of the registers involved instead.  Understandably the number of registers involved will be small, leading to say two bytes being used in an 8 bit machine, with the data transfers between registers within the CPU being carried out through a communications sub-division of the computer systems architecture .

SHIFT INSTRUCTION

A shift operation will move the bits in a register to a new position within a register, either to the left or the right, being logical or arithmetic.

LOGICAL SHIFT

Logical shifts are used for pattern manipulation of data and not arithmetic operations.  The following are examples of left and right logical shifts:







Logical shift left of 1

using the same for a right shift then

001101 to 000110

In addition to this there are also rotational or cyclic shifts involving rotations of bits in a register or location.

ROTATIONAL LOGICAL SHIFT

It is possible for a rotational shift to be either to the left or the right where the LSB is moved to the MSB in a right shift and the MSB is moved to the LSB in a left shift:

start
1101

right shift
1110

start 1011

left shift    0111

These left and right shifts are used for division and multiplication operations.

ARITHMETIC SHIFT

It is important that the left and right shifts maintain arithmetic meaning.  A left shift of one doubles the number and a right shift of one halves the number.  It is possible to carry out a sequence of addition shifts to form a computer multiplication, and a sequence of subtractions to form a computer division.

a left shift example:

before shift


after shift

0011 = +3



0110 = +6


1100 = -4



1000 = -8


1110 = -2



1100 = -4

0110 = +6



1100 = -4

in this example the original positive MSB has been changed to a negative indicating overflow and therefore an overflow signal needs to be set.

a right shift example:

before shift


after shift

0110 = +6



0011 = +3

1100 = -4



1110 = -2

REGISTER TRANSFER LANGUAGE (RTL)

The architecture of a processor may be shown diagramatically.  By the way in which data moves within, it is defined by RTL.  RTL identifies the effects if an instruction through the specification of the sequence of data transfers between registers as well as the arithmetic/logical operations needed for the execution.

Now that the fetch-execute cycle has been discussed and the functions of the registers explained primitive operations may be identified through the RTL.

FETCH PHASE


PC ( MAR

the contents of PC is copied into the MAR, to ensure that the next memory word to be fetched is a program instruction


PC ( PC +1

the PC is incremented to point to the next instruction


M [MAR] ( MBR

contents of memory M location is identified by the MAR and copied into the buffer register MBR


MBR ( CIR

the instruction is then copied from the MBR into the CIR.

The point at which the PC changes will vary according to the instruction interchange, but will relate to the copying of its value to the MAR.

Once the fetch has been completed it must then be DECODED and EXECUTED in accordance with the instruction, which determines the register transfers required.  

The following are examples of different structure instructions.

SINGLE-ADDRESS INSTRUCTION

In this instance an accumulator (ACC) is used to perform arithmetic and logic operations e.g.:

FETCH 

PC ( MAR

{Instruction address to MAR}

M [MAR] (  MBR
{copy instruction to MBR}

PC ( PC +1

{increment PC to next instruction}

DECODE and therefore identify the instruction

EXECUTE the instruction

CIR<adr> ( MAR

{the <adr> indicates the operand portion 





of the instruction word and this is copied 





to the MAR}

M [MAR] ( MBR

{read the operand value which is to be 





added to the contents of the ACC}

ACC + MBR ( ACC

{add operand value to contents of ACC 





and store in the ACC}

If a complete addition were to be completed in an assembly code the following may be an example of one instance:

LDA A


{copy contents of A into the ACC}

ADD B


{add the contents of B to those of the ACC, 




storing the result in the ACC}

STA C


{copy the contents of ACC to the location C}

This code will involve the fetch and execute process and may be described in RTL as follows:

EXECUTE LDA A

CIR<adr>A ( MAR

{specifies the operand A to be read}

M [MAR] ( MBR

{operand A copied to MBR}

MBR ( ACC


{operand A copied to ACC}

EXECUTE ADD B

CIR<adr>B ( MAR

{specifies second operand to be read}

M [MAR] (MBR

{operand B copied to MBR}

ACC + MBR ( ACC

{add operand B to ACC giving result}

EXECUTE C

CIR<adr>C ( MAR

{specifies location C as memory location to 




store result}

ACC ( MBR


{copy contents of ACC to MBR}

MBR ( M [MAR]

{copy result from ACC to memory local. C}

TWO ADDRESS INSTRUCTIONS

As previously mentioned the two address will differ in the number of addresses available and also the fact that reference will be made to particular registers, meaning that the operands will have to be moved from the respective registers before the operation can be effected i.e.

LDW R1, A

LDW R2, B

ADD R1, R2

STW R1,C

EXECUTE LDW R1, A

CIR<adr>A ( MAR

{specifies the operand A to be read}

M [MAR] ( MBR

{operand A copied to MBR}

MBR ( R1


{operand A copied to R1}

EXECUTE LDW R2, B

CIR<adr>B ( MAR

{specifies the operand B to be read}

M [MAR] ( MBR

{operand B copied to MBR}

MBR ( R1


{operand B copied to R2}

EXECUTE ADD R1, R2

R1 + R2 ( R1


{contents of R1, R2 added and result 





placed in destination register R1}

EXECUTE  STW R1, C

CIR<adr>C ( MAR

{specifies location C as memory location 





to store result}

R1 ( MBR


{copy contents of R1 to MBR}

MBR ( M [MAR]

{copy contents of MBR to memory address 




C, as indicated by current value of MAR}

INPUT/OUTPUT INSTRUCTIONS

the I/O instructions relate to the transfer of data between peripherals and memory, or the peripherals and the registers in the CPU.














PERIPHERAL INTERFACES

The component which may be identified are:

· Bus or Highway, which consists of a number of wires for each unit of data transfer.  Where there is only one bus that is not normally a problem because it is usually only possible for main memory/processor to deal with one instruction at a time.  Machines with a single bus are referred to as single bus systems.

· The Interface is the electronic component hardware device connecting the I/O peripheral and the computer.  The I/O interface carries out the conversion process between the internal and external codes according to whether data is being transferred to or from the peripherals.

· The Device Controller is similar to the Interface except it is associated with the control of data transfer to and from storage devices i.e. disk and tape.

METHODS OF I/O CONTROL

The transfer of data is either:

· under the control of the main processor and is known as Programmed input/output (PIO)

· when there is direct memory accessing DMA it is under the autonomous control of the device.

PROGRAMMED INPUT/OUTPUT (PIO)

The control of data transfer for most microcomputers is still PIO where the computer’s processor controls each stage of the data transfer.  PIO is effected in two manners:

· SOFTWARE POLLING

There is a regular poll of each device to establish whether it needs attention.  The following instructions are needed to  achieve the I/O transfers:

· for INPUT transferring data from peripheral to processor

· for OUTPUT to transfer data from the processor to the peripheral

· to SET individual control flags in the I/O interface unit

· to TEST individual flags in the I/O interface unit

A cable attaches the interface unit to the peripheral, with one of the I/O slots which has a fixed address.  The basic elements polled by the software are:

a control bit or busy flag - under the control of the processor and set by the device on data transfer

a flag bit or done flag - may be tested or cleared by the  program instruction and set by the device upon completion of data transfer

a buffer register for the storage of data transferred into (read by) or transferred out from (written by) the device

A start read instruction initiates the transfer of one character between the interface buffer register and the device.  A processor command instruction sets the busy flag and then repeatedly test the done flag to discover when the transfer is complete.  This process requires the interleaving of the testing with the data transfer instructions to test for completion.   p 221

I/O USING HARDWARE INTERRUPTS

a signal from an I/O device to the processor may indicate:

data waiting to be read

an I/O error occurring

a previous I/O transfer has been completed

an I/O bus includes interrupt request (IRQ) lines so that a specific IRQ line can be set for use either by the utility software or the physical switching on the card.  The processor has only one interrupt pin to be set which means that it is known when an interrupt has been made but not the source.  The source id established through the interrupt handler ( part of the O/system software), i.e. keyboard, mouse, disk and com ports.

Establishing the source of an interrupt

This is determined by the checking of each IRQ line.  If more than one device has set its IRQ line the highest priority will be selected through the handler routine.  The relevant interrupt service routine is called, with the single I/O interrupt register checked at the start of every instruction as part of the fetch-execute cycle.

Executing the interrupt

The current state of the machine is saved prior to entry to the relevant interrupt service routine.  The current value in the PC will be stored in a separate location.  The stored continuation address will then be returned at the appropriate point in order that the original program may continue.

Interrupt Priority

The operating system may be used to allocate different priority ratings to particular events and devices.

Nested Interrupts

If a system leaves the interrupt mechanism enabled then an interrupt service routine may be interrupted by a higher priority request.  A LIFO stack can be used to store the return addresses and accumulator contents in relation so that the nested interrupts may be retrieved in reverse order.  A low speed device is normally given high priority  due to frequent interrupts to relatively slow data input possibly resulting in insufficient data for continued processing.  Where there are equal priority rating on an interrupt the current activity will be permitted to complete, keeping the interrupt device waiting.

MASKING DEVICE INTERRUPT 

It is also possible that where interrupt mechanisms are left enabled it may be appropriate to mask certain low priority devices.  The method used is to construct a register with bit positions corresponding to each device.  In order to mask the devices  the bits relating to that device are set to 0 with a logical AND operation between the interrupt register and the request register:

	
	interrupt request register
	

	device
	1
	2
	3
	4
	5
	6
	

	interrupt status
	0
	1
	0
	1
	1
	1
	

	interrupt mask
	0
	0
	1
	0
	0
	1
	AND

	device
	1
	2
	3
	4
	5
	6
	

	interrupt status
	0
	0
	1
	0
	0
	1
	


with these settings only the device 3 and 6 are allowed to request interrupts, other system conditions may still generate interrupts if they hold a higher request.

DIRECT MEMORY ACCESS (DMA)

The PIO does not transfer all the data between the peripherals and the processor, there is also DMA where data is transferred to and from high speed storage devices without this control i.e. tape or disk transfer.  Data in DMA is transferred in blocks as opposed to character by character, allowing the peripheral device to act autominously.  However, this is after the initial I/O instruction from the processor.

I/O INTERFACE STANDARDS

The centronics parallel interface is a standard for parallel data transmission between the computer and the peripherals.  An 8 bit parallel data line in addition to lines for control and status information us included.  The control lines relate to the interaction between the device and the computer.  As an example when a printer is on-line a ready signal will be transmitted and when the processor is ready to send data the printer will be initialised clearing the printers buffer memory.  With previous dot matrix printers there is a small amount of memory which is used as a temporary store for all data on a page before the page is printed.  With a Centronics interface the following processes enable printing:

· A ready signal is sent to the computer

· A response is received initialising the computer and initialising the clearing of the printer buffer memory

· As soon as the printer is initialised the eight bit data for the first character is placed on the data lines

· A strobe signal is sent by the computer with the 8 data bits in parallel to the printer buffer memory

· An acknowledgment is received by the processor as having been received.

This process continues until such time as the last character has been sent, but it is still possible that that  a wait signal is sent to the computer until the memory buffer is free, i.e. if the device has run out of paper.

SCSI AND IDE INTERFACES

Small Computer System Interface is a high speed parallel interface defined by ANSI (American National Standards Institute) and are widely available for connection of microcomputers to a range of peripheral devices, including hard disks and printers.  It is also possible to connect one computer to another (and LAN’s) with a SCSI controller device.  With  SCSI there does not need to be a separate port for each device rather one device can be connected directly to a SCSI port with the remaining devices attached to the first in a daisy chain fashion.  A separate logical address is given to each of the devices as only one may communicate through the SCSI port and therefore priority may also be included.

The IDE (Industry Device Electronics) interface has been popular with PC’s due to its low cost and ease of installation.  The newer standard Enhanced IDE is able to provide a superior transfer rate than that of a SCSI.    

SERIAL INTERFACES

A serial interface is identifiable by the D-shaped socket and is used for the connection of modems, terminals and printers.  The common sizes being 9 pin and 25 pin.

RS232  AND V24 SERIAL INTERFACES

RS stands for Recommended Standard of the American Electrical Industries Association (EIA).  These are serial transmission  between a computer or terminal and a modem.  There are the following versions:

RS232

RS232D (EIA 232D)

RS232C

V24 being the CCITT’s equivalent of the RS232C

OTHER I/O TECHNIQUES

Off-lining

Data is transferred from a punch card to magnetic tape under the control of a separate processor.  The tape would then be placed on-line with the file for accessing and processing by the applications program.  

Buffering

Buffering will allow compensation for the differences in the speed of processors and the various input and output devices communicating with it.  Effectively a buffer acts as a waiting area within memory for a block of data from or to a peripheral.

Double Buffering

It is possible for two buffers to work in tandem to increase the speed of processing.  In this instance the first block would be placed into buffer 1 and the second into buffer 2, reads will retrieve the information from the buffers via buffer 1 and then buffer 2.  As soon as the fist block has been read from buffer 1 the next data transfer will be placed into buffer 1 awaiting retrieval and then into buffer 2 in cycle.  This buffering technique will improve the speed of processing with less significant improvement noticeable where there is DMA.

Spooling (Simultaneous peripheral operation on-line)

This is similar in the off-lining and used to speed data transfer.

Multiplexing

This enables several devices to be directed through one channel to the computer with the ability of reverse process for de-multiplexing.





















I/O channel

Asynchronous terminal multiplexer

A multi-terminal computer system will include a multiplexer for a number of terminals to use one interface to the computer.  A multiplexer is able to support I/O devices with different data transfer rates and removes the need for a number of separate physical interfaces.

Each terminal is given an individual address for identification within the common interface, on the assumption that data transfer rates from the terminals are well within the capacity of the I/O interface.  A single multiplexer may support up top 16 terminals even with Asynchronous transmission is being made continuously by a terminal.  (Asynchronous  characters sent at irregular intervals)

A transfer rate of 2400bps results in a 38400bps from the multiplexer to the interface is well within a bus transfer rate of one million bps.

One of the techniques for addressing such as round robin polling may be used for each terminal.  In this instance the multiplexer checks to see if a character is waiting at a terminal and if so the address and the character are dealt with and if a character is to be output to the same terminal then the character is fetched from memory.  The attention of the multiplexer is then passed to the next terminal where the process is repeated.  This is a very fast process and will also operate under synchronous conditions(timed-regular character transfer). 

DIRECT MEMORY ADDRESSING

MEMORY ADDRESSING METHODS

The physical memory address by nature will be absolute addresses and this addressing will restrict the size of usable memory, therefore it is made possible to address locations beyond directly addressable locations and therefore in the format the addressing mode will need to be indicated in the operand of an instruction word.

Most machines use the following addressing modes:

· immediate

The operand to be accessed by the instruction is stored in the instruction word or in the word immediately following it in memory.  Where the operand is in the instruction word no separate memory read would be necessary.  An ADD instruction would be necessary where it is stored immediately  after the opcode in memory.

Where a machine is organised into bytes the first byte would be the opcode which once executed would cause the fetching of the next byte in memory containing the required operand  the Intel 8080 and Motorola 6800 processor series use this.

· direct

Clearly this relates to the actual or effective memory address containing the required operand.  The addressed memory location has to be accessed to obtain the operand.

· indirect

The location address is not contained in the operand, rather the address of another location containing the address of the data item.  e.g. LDA 156 is stating that  the address 156 contains the address of the required operand.

Where specific indirect addressing is not provided an instruction word will usually contain a flag bit to indicate as to whether an operand is direct or indirect.

Indirect addressing is generally slower in execution than direct addressing due to the extra memory cycle needed when an address is deferred.  Indirect addressing is therefore also known as deferred addressing  and when deferred more than once is known as a multi-level address.

· relative

An instruction word containing and offset address indicating the location of the operand relative to the position of the instruction in memory is known as relative addressing.  e.g. where an instruction is stored in address N and the offset is 4 then the operand is in address N + 4, and is useful in branching a program, with the offset address indicating the relative address of the next instruction rather than the data item.

Absolute addresses may also be determined as relative to a base address, by altering the base address it is possible to relocate rather than being tied to a particular absolute address as they are loaded.  When using Multi-programming or Multi-tasking techniques programs must be relocatable.

· indexed 

An index value is added to the address in the instruction to give the effective address.  The index value is located in a special index register or the general-purpose register of the CPU.
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