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Basic fundamental concepts

Some fundamental concepts
e The primary function of a processor unit is to execute
sequence of instructions stored in a memory, which
is external to the processor unit.
¢ The sequence of operationsinvolved in processing an
instruction constitutes an instruction cycle, which can
be subdivided into 3 major phases:

1. Fetchcycle
2. Decode cycle
3. Executecycle
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g. 3.1 Basic instruction cycle

¢ To perform fetch, decode and execute cycles the processor unit has to perform set
of operations called micro-operations.

¢ Single bus organization of processor unit shows how the building blocks of
processor unit are organized and how they areinterconnected.



e They can be organized in avariety of ways, in which the arithmetic and logic unit
and all processor registers are connected through a single commonbus.
e |t also shows the external memory bus connected to memory address (MAR)and
dataregister(MDR).
Single Bus Organization of processor
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Fig. 3.2 Single bus organisation of processor

» TheregistersY, Z and Temp are used only by the processor unit for
temporary storage during the execution of some instructions.

» Theseregisters are never used for storing data generated by one instruction

for later use by another instruction.

The programmer cannot access these registers.

The IR and the instruction decoder are integral parts of the control circuitry in the

processingunit.

All other registers and the ALU are used for storing and manipulatingdata.

The dataregisters, ALU and the interconnecting bus is referred to as datapath.

Register Ro through R(».1) are the processorregisters.

The number and use of these register vary considerably from processorto

processor.
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These registersinclude genera purpose registers and special purposeregisters
such as stack pointer, index registers and pointers.

These are 2 options provided for A input of theALU.

The multiplexer(MUX) is used to select one of the twoinputs.

It selects either output of Y register or a constant number as an A input forthe
ALU according to the status of the selectinput.

It selects output of Y when select input is 1 (select Y) and it selects a constant
number when select input is O(select C) as an input A for themultiplier.

The constant number is used to increment the contents of programcounter.
For the execution of various instructions processor has to perform one or moreof
the following basi coperations:
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a) Transfer aword of datafrom one processor register to the another orto
theALU.

b) perform the arithmetic or logic operations on the data fromthe
processor registers and store the result in a processorregister.

c) Fetch aword of data from specified memory location and load them
into a processorregister.

d) Storeaword of datafrom a processor register into a specified memory
location.

1. RegisterTransfers

Each register has input and output gating and these gates are controlled by
corresponding control signals.
Fig: Input and Output Gating for the Registers
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Fig. 3.3 Input and output gating for the reqister



» Theinput and output gates are nothing but the el ectronic switches which can be
controlled by the control signals.
» Whensigna is1, the switch is ON and when the signal is 0, the switch is OFF.

Implementation of input and output gates of a 4 bit register
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Consider that we have transfer data from register R; to R,

It can be done by,
a. Activate the output enable signal of Ry R; out=1. It placesthe

contents of R; on the common bus.
b. Activate the input enable signal of Ry, R, in=1. It loads datafrom
the common bus into the registerR,,

One-bit register

Common bus

Output tristate switch

tate switch

D flip-flop

Fig. 3.5 One-bit register



The edge triggered D flip-flop which stores the one-bit data is connected to the
common bus through tri-stateswitches.

Input D is connected through input tri-state switch and output Q isconnected
through output tri-stateswitch.

The control signal R, enables the input tri-state switch and the data from common
busisloaded into the D flip-flop in synchronisation with clock input when R, is
active.

It isimplemented using AND gate.

The control signal Ry is activated to load datafrom Q output of the D flip-flop
on to the common bus by enabling the output tri-stateswitch.

2. Performing an arithmetic or logicoperation
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ALU performs arithmetic and logic operations.

It isacombinational circuit that has no internalmemory.

It has 2 inputs A and B and oneoutput.

It“sA input gets the operand from the output of the multiplexer and its B irout
gets the operand directly from thebus.

The result produced by the ALU is stored temporarily in registerZ.

Let usfind the sequence of operations required to subtract the contents of register R,
from register R; and store the result in register R,

This sequence can be followed as:

a) Rlinn
b) Rzout,SeIeCt Y,&Jb,Zin
C) Zout;Rain

Step 1: contents from register R; are loaded into register Y.

Step 2: contents from Y and from register R, are applied to the A and B inputs of ALU,
subtraction is performed and result is stored in the Z register.

Step 3: The contents of Z register is stored in the Rs register.

3. Fetching a word frommemory

» Tofetch aword of datafrom memory the processor gives the address
of the memory location where the data is stored on the address bus and
activates the Read operation.

» The processor |oads the required address in MAR, whose output
is connected to the address lines of the memory bus.

> At the same time processor sends the Read signal of memory control
bus to indicate the Read operation.

» When the requested data is received from the memory its stored intothe
MDR, from where it can be transferred to other processorregisters.
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4. Storing a word inmemory
» Towriteaword in memory location processor has to load the addressof

the desired memory location in the MAR, load the data to be written in
memory, in MDR and activate write operation.

» Assume that we have to execute instruction Move(Ry),R;.
» Thisinstruction copies the contents of register R; into the memory whose

location is specified by the contents of registerR,.
The actions needed to execute this instruction are as follows:
ad) MAR<— [R;]

b) MDRe<— [R]
c) Adctivate the control signal to perform the writeoperation.

The various control signals which are necessary to activate to
perform given actions in each step.

a) R20ut,MARin

b) Riout, MDRinp

) MARut, MDRgym,Write

Timing diagram for MOV E(Ry), Ry instruction (Memory write operation)
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fiming diagram for MOVE (R,), R, instruction (Memory write operation)

» The MDR register has 4 controlsignals:

MDRip& MDRyp control the connection to the internal processor data
bus and signals MDR;nu& MDRyv control the connection to the memory
Data bus.

» MAR register has 2 controlsignals.
Signal MAR, controls the connection to the internal processor address bus
and signal MAR; controls the connection to the memory address bus.
» Control signals read and write from the processor controls the
operation Read and Write spectively.



» The address of the memory word to be read word from that location to the
registerRs,.
> It can beindicated by instruction MOVE R3,(Ry).

The actions needed to execute this instruction are as follows:

d MAR<— [Rj]

b) Activate the control signal to perform the Read operation
¢) Load MDR from the memory bus

d) R;<«— [MDR]

Various control signals which are necessary to activate to perform given actions in each
step:

3) R20ut1MARin

b) MARGou, MDRiw,Read

€) MDRour,Rsin
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EXECUTION OF A COMPLETE INSTRUCTION

Let usfind the complete control sequence for execution of the instruction Add
R1,(Ry) for the single bus processor.
o0 Thisinstruction adds the contents of register R; and the contents of memory
location specified by register R, and stores results in the registerR;.
0 To execute businstruction it is necessary to perform followingactions:
1. Fetch theinstruction
2. Fetch the operand from memory location pointed byR..
3. Perform theaddition
4. StoretheresultsinR;.
The sequence of control steps required to perform these operations for the single
bus architecture are as follows;
1.PCout, MAR, Yin, select C, Add,Zi,
2. Zouwt, PCiny MARou MAR;w Read
3. MDRoP,MAR,
4. I:220ut aMARin
5. Roout » YinMARou MARiw Read
6. MDRy P, select Y, Add, Zi,
7. Zout,Rain
(i) Stepl, the instruction fetch operation isinitiated by loading the controls of the PCinto
the MAR.
e PC contents are also loaded into register Y and added constant number by
activating select C input of multiplexer and add input of theALU.
e By activating Zi, signal result is stored in the registerZ
(i) Step2 , the contents of register Z are transferred to pc register by activating Zo,: and
pCin signal.
¢ This completes the PC increment operation and PC will now point to next
instruction,
In the same step (step2), MARout , MDR i and Read signals are activated.
eDue to MARoutsignal , memory gets the address and after receiving readsignal
and activation of MDR in M Signal it loads the contents of specified location into
MDR register.
(iii) Step 3 contents of MDR register are transferred to the instruction register(IR) ofthe
processor.
The step 1 through 3 constitute the instruction fetch phase.
*At the beginning of step 4, the instruction decoder interprets the contents ofthe
IR.
¢ This enables the control circuitry to activate the control signals for steps 4through
7, which constitute the executionphase.
(iv) Step 4, the contents of register R, are transferred to register MAR by activating Raout
and MAR insignals.




(v) Step 5, the contents of register R; are transferred to register Y by activating Ryoy and
Yin Signas. In the same step, MAR;, MDRinv and Read signals areactivated.

e Due to MARy signal, memory gets the address and after receiving readsignal
and activation of MDRinv signal it loads the contents of specified location into
MDRregister.

(vi) Step 6 MDRyyip, Select Y, Add and Z;, signals are activated to perform addition of
contents of register Y and the contents of MDR. The result is stored in the registerZ.
(vii) Step 7, the contents of register Z are transferred to register R; by activating Zo,: and
Riin Signals.

Branch Instruction

The branch instruction loads the branch target address in PC so that PC will fetch
the next instruction from the branch target address.

The branch target address is usually obtained by adding the offset in the contents
of PC. The offset is specified within the instruction.

The control sequence for unconditional branch instruction is as follows:

1. PCou, MARn, Yin, SelectC, Add,Zi,

2. Zoy, PCin, MARot, MDRiw,Read

3. MDRup,Rin

4. I:)Cout,Yin

5. Offset_field_Of IRouy,SelectY,Add,Zin
6. Zout,PCin

First 3 steps are same as in the previous example.

Step 4: The contents of PC are transferred to register Y by activating PCoy and Yy,
signas.

Step 5: The contents of PC and the offset field of IR register are added and result is saved

in register Z by activating corresponding signals.

Step 6: The contents of register Z are transferred to PC by activating Zo,: and PC in

signas.



Multiple Bus Organisation:
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Fig. 3.9 Three-bus organisation of processor




¢ Single bus only one dataword can be transferred over the busin aclock cycle.

e Thisincreases the steps required to complete the execution of the instruction.

e To reduce the number of steps needed to execute instructions, most commercial
process provide multiple internal paths that enable several transfer to take placein
paraldl.

e 3 buses are used to connect registers and the ALU of the processor.

e All general purpose registers are shown by asingle block called register file.

e There are 3 ports, one input port and two output ports.

e Soitispossibleto access data of three register in one clock cycle, the value can
be loaded in one register from bus C and data from two register can be accessedto
bus A and busB.

Buses A and B are used to transfer the source operands to the A and B inputsof
theALU.

After performing arithmetic or logic operation result is transferred tothe
destination operand over bus C.

To increment the contents of PC after execution of each instruction to fetch the
next instruction, separate unit is provided. Thisunit is known asincrementer.

Incrementer increments the contents of PC accordingly to the length ofthe
instruction so that it can point to next instruction in thesequence.

The incrementer eliminates the need of multiplexer connected at the A inputof
ALU.

Let us consider the execution of instruction, Add,R1,Rz,Rs.
This instruction adds the contents of registers R, and the contents of register R3
and storestheresult in R;.
¢ With 3 bus organization control steps required for execution of instruction Add
R1,R2,R3 are asfollows:
1. PCou, MAR,
2. MARy, MDRjw,Read
3. MDRyp,IRIN
4. RZout.R3out,Add,Rlin
Step 1: The contents of PC are transferred to MAR through bus B.
Step 2: The instruction code from the addressed memory location is read into
MDR.
Step 3: Theinstruction code istransferred from MDR to IR register. At the
beginning of step 4, the instruction decoder interprets the contents of the IR.
This enables the control circuitry to activate the control signals for step 4,
which constitute the execution phase.
Step 4: two operands from register R, and register R; are made available at A and
B inputs of ALU through bus A and bus B.
These two inputs are added by activation of Add signal and result is stored
in Rz through bus C.



Hardwird Control

The control units use fixed logic circuits to interpret instructions and
generate control signals from them.
The fixed logic circuit block includes combinational circuit that generates the
required control outputs for decoding and encoding functions.

Control step
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Fig. 3.10 Typical hardwired control unit
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Fig. 3.11 Detail block diagram for hardwired control unit

al for single bus processor organisation

e how the encoder generates sign
lements the following logic function to

ig. 312 Y, The encoder circuit imp
Y, = T, +T5-ADD + T BRANCH + ...

—— ADD BRANCH —— Ts T7 __aDD

in
Generation of the Y, control signal Generation of the Z,, control signal

Fig. 3.12 Fig. 3.13



Instruction decoder

It decodes the instruction loaded in the IR.

If IR isan 8 bit register then instruction decoder generates 2%(256 lines); one for
each instruction.

According to code in the IR, only one line amongst all output lines of decoder goes
high (set to 1 and al other lines are set to 0).
Step decoder

It provides a separate signal line for each step, or time slot, in a control sequence.
Encoder

It getsin the input from instruction decoder, step decoder, external inputs and
condition codes.

It uses al these inputs to generate the individual control signals.

After execution of each instruction end signal is generated this resets control step
counter and make it ready for generation of control step for next instruction.

The encoder circuit implements the following logic function to generate Yin,

Yin=T1+Ts.Add + T. BRANCH+...

The Y, signal is asserted during time interval T for all instructions, during Ts for
an ADD instruction, during T4 for an unconditional branch instruction, and so on.

As another example, the logic function to generate Z,,; sSignal can given by

Zot=To+T;.ADD + Ts. BRANCH +....

The Z,,: signa is asserted during time interval T, of al instructions, during T for an

ADD instruction, during Te for an unconditional branch instruction, and so on.

A Complete processor

It consists of
e Instruction unit
Integer unit
Floating-point unit
Instruction cache
Data cache
Bus interface unit
Main memory module
e Input/Output module.
Instruction unit- It fetches instructions from an instruction cache or from the main
memory when the desired instructions are not available in the cache.
Integer unit — To process integer data
Floating unit — To process floating —point data
Data cache — The integer and floating unit gets data from data cache
The 80486 processor has 8-kbytes single cache for both instruction and data whereas
the Pentium processor has two separate 8 kbytes caches for instruction and data.



system bus, main memory module and input/output module.

The processor provides bus interface unit to control the interface of processor to

e o o o e i e e ] e e i e e e
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unit unit unit
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ﬁ:‘#

Bus interface unit

: ﬁ Processor !

System bus U U
Main memory Input/output
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Fig. 3.14 Block diagram of a complete processor

Microprogrammed Control

Every instruction in a processor isimplemented by a sequence of one or more
sets of concurrent micro operations.

Each micro operation is associated with a specific set of control lines which,
when activated, causes that micro operation to take place.

Since the number of instructions and control linesis often in the hundreds, the
complexity of hardwired control unit isvery high.

Thus, it is costly and difficult to design. The hardwired control unit isrelatively
inflexible because it is difficult to change the design, if one wishesto correct design error
or modify the instruction set.

Microprogramming is a method of control unit design in which the control signal
memory CM.

The control signalsto be activated at any time are specified by a microinstruction,
which isfetched from CM.

A sequence of one or more micro operations designed to control specific
operation, such as addition, multiplication is called a micro program.



The micro programs for all instructions are stored in the control memory.
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Fig. 3.15 Microprogrammed control unit

The address where these microinstructions are stored in CM is generated by
microprogram sequencer/microprogram controller.
The microprogram sequencer generates the address for microinstruction according
to theinstruction stored in the IR.
The microprogrammed control unit,
- control memory
- control addressregister
- micro instructionregister
- microprogramseguencer

The components of control unit work together as follows:



v The control address register holds the address of thenext
microinstruction to beread.

v" When address is available in control address register, the
sequencer issues READ command to the controlmemory.

v' After issue of READ command, the word from theaddressed
location is read into the microinstructionregister.

v Now the content of the micro instruction register generates
control signals and next address information for thesequencer.

v The sequencer loads a new address into the controladdress
register based on the next addressinformation.

Advantages of Microprogrammed control
> It simplifiesthe design of control unit. Thusit is both, cheaper and lesserror
phroneimplement.
» Control functions are implemented in software rather thanhardware.
» Thedesign processis orderly andsystematic
» Moreflexible, can be changed to accommodate new system specifications or to
correct the design errors quickly andcheaply.
» Complex function such as floating point arithmetic can be realizedefficiently.
Disadvantages
> A microprogrammed control unit is somewhat slower than the hardwiredcontrol
unit, because timeis required to access the microinstructions fromCM.
» Theflexibility is achieved at some extra hardware cost due to the controlmemory
and its accesscircuitry.

Microinstruction

A simple way to structure microinstructions is to assign one bit position to each
control signal required in the CPU.

Grouping of control signals
Grouping technique is used to reduce the number of bits in the microinstruction.
Gating signals: IN and OUT signals
Control signals: Read,Write, clear A, Set carry in, continue operation, end, etc.
ALU signas: Add, Sub,etc;

There are 46 signals and hence each microinstruction will have 46 bits.
It isnot at all necessary to use al 46 bits for every microinstruction because by using
grouping of control signals we minimize number of bits for microinstruction.



Way to reduce number of bits microinstruction:

Most signals are not needed simultaneously.

eMany signals are mutuallyexclusive
e.g. only one function of ALU can be activated at atime.

¢ A source for data transfers must be unique which meansthat it should not be
possible to get the contents of two different registers on to the bus at the same
time

¢ Read and Write signals to the memory cannot be activated simultaneously.
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Fig. 3.16 Single bus CPU structure with control signals



46 control signals can be grouped in 7 different groups.

G, (4 Bits) : IN grouping G, (4 Bits) : OUT grouping
0000 No Transfer 0000 No Transfer
0001 IRy 0001 PCour
0010 PE,, 0010 MDR, .}
0011 MDR,,, 0011 Riour
0100 MAR,, 0100 Roour
0101 A 0101 Rsaur
0110 Temp;y 0110 Ryoun
913’1’ Eg!\k 0111 SPout
1001 Ry
1010 - P
1011 SBy

G; (4 bits) : ALU Functions G, (2 Bits) : RD/WR Control Signals

0000 ADD 00 No Action
0001 sSuB 01 Read

16 ALU Functions 10 Write
1111 XOR

G; (1 Bit) : A Register

Gg (1 Bit) : Carry

0 - No action

1 - Clear A

0 - Carry in to ALU = 0
1- Carry in to ALU = 1

G; (1 bit) :

Gg (1 bit) : Operation

0 : No action
1: WMFC

0 : Continue Operation
1 = End

The total number of grouping bits are 17. Therefore, we minimized 46 bits
microinstruction to 17 bit microinstruction.
Techniques of grouping of control signals

The grouping of control signal can be done either by using techniquecalled
vertical organisation or by using technique called vertical organisation or by using
technique called horizontal organisation.



Vertical organisation
Highly encoded scheme that can be compact codes to specify only a small number
of control functionsin each microinstruction are referred to as a vertical organisation.

Horizontal organisation
The minimally encoded scheme, in which resources can be controlled with a
singleinstruction is called a horizontal organisation.

Comparison between horizontal and vertical organisation

S.No Horizontal Vertical

1 Long formats Short formats

2 Ability to express a high degree of parallelism Limited ability to express
parallel microoperations

3 Little encoding of the control information Considerable encoding of
the control information

4 Useful when higher operating speed is desired Slower operating speeds

Advantages of vertical and horizontal organization

1. Vertical approach isthe significant factor,it is used to reduce the requirement forthe
paralel hardware required to handle the execution of microinstructions.

2. Less bits are required in themicroinstruction.

3. The horizontal organisation approach is suitable when operating speed of computer isa
critical factor and where the machine structure allows parallel usage of a number of
resources.

Disadvantages
Vertical approach results in slower operations speed.

Microprogram sequencing
The task of microprogram sequencing is done by microprogram sequencer.
2 important factors must be considered while designing the microprogram
sequencer:
a) Thesize of themicroinstruction
b) The address generationtime.
The size of the microinstruction should be minimum so that the size of control memory
required to store microinstructionsis also less.
This reduces the cost of control memory.
With less address generation time, microinstruction can be executed in less time resulting
better throughout.
During execution of a microprogram the address of the next microinstruction to be
executed has 3 sources:
I.  Determined by instructionregister
il.  Next sequentialaddress
iii.  Branch




e Microinstructions can be shared using microinstructionbranching.
Consider instruction ADD src, Rdst.

e Theinstruction adds the source operand to the contents of register Rdst andplaces

the sum in Rdst, the destinationregister.

Let us assume that the source operand can be specified in the following addressing
modes:

a Indexed

b) Autoincrement

c) Autodecrement

d) Registerindirect

€) Registerdirect

CPU bus ;
P Control signals

PC - | L
Address o Instruction
i decoder
lines MAR
Memory
bus
B MDR _
Data IR
lines
Y -z
T -~ Rg
ALU ADD ~N !
control { SUB —= ALU =
lines AND ==t Cin [F—1 9
XOR -
1
Z - | Temp

Fig. 3.17 CPU structure

Each box in the flowchart corresponds to a microinstruction that controls the transfers
and operations indicated within the box.
The microinstruction is located at the address indicated by the number above the upper
right-hand corner of the box.
During the execution of the microinstruction, the branching takes place at point A.
The branching address is determined by the addressing mode used in the instruction.
Techniques for modification or generation of branch addresses
i. Bit-ORing
The branch address is determined by ORing particular bit or bits
with the current address of microinstruction.



Eg: If the current address is 170 and branch address is 172 then the
branch address can be generated by ORing 02(bit 1), with the
current address.
I.  Using conditionvariables
It is used to modify the contents CM address register directly, thus
eliminating whole or in part the need for branch addresses in
MU LM croinstructions.
Eg: Let the condition variable CY indicate occurance of CY =1,
and no carry when CY = 0.
Suppose that we want to execute a SKIP_ON_CARRY
microinstruction.
It can be done by logically connecting CY to the count enable
input of ppc at on appropriate point in the microinstruction cycle.
It alows the overflow condition increment ppc an extratime, thus
performing the desired skip operation.
ii.  Wide-Branch Addressing
Generating branch addresses becomes more difficult as the number of branches
increases.
In such situations programmable logic array can be used to generate the required
branch addresses.
The simple and inexpensive way of generating branch addresses is known as
wide-branch addressing.
The op code of amachine instruction is translated into the starting address of the
corresponding micro-routine. Thisis achieved by connecting the op code bits of
the micro instruction register as inputs to the PLA , which acts as a decoder. The
output of the PLA isthe address of the desired micro routine.

External iR Condition
inputs > codes

T T] T

Control Address Register (WPC)




Comparison between Hardwired and Micro programmed Control

Attribute Hardwired Control Micro programmed
Control

Speed Fast Slow

Control functions Implemented in hardware Implemented in software

Flexibility Not flexible to Moreflexible, to

accommodate new system
specifications or new

accommodate new system
specification or new

instructions instructions redesign is
required
Ability to handle Difficult Easier
large/complex instruction
sets
Ability to support Very difficult Easy
operating systems and
diagnostic features
Design process Complicated Orderly and systematic
Applications Mostly RISC Mainframes, some

mi Croprocessors

mi Croprocessors

Instruction set size

Usually under 100
instructions

Usually over 100
instructions

ROM size

2K to 10K by 20-400 bit
microinstructions

Chip area efficiency

Uses least area

Uses more area






