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Specify the functions of processor

__________________________ @___________________________

Operations (opcodes)

Addressing modes

User visible registers

I/0 module interface
Memory module interface

Interrupt processing structure

Review: Micro-Operations

A computer executes a program

Each instruction cycle
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Review: Micro-Operations

__________________________ @___________________________

In the small subcycles of the instruction cycle
cycles always occur

Each of the small subcycles involves a series of
steps

Each step does very little

onstituent Elements of Program Executio

Program Execution

P

Instruction Cycle Instruction Cycle Instruction Cycle

T T

| Fetch | | Indirect | | Execute | |[nterrupt|

Micro-operations
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Fetch - 4 Registers

__________________________ @___________________________

Memory Address Register (MAR)

Memory Buffer Register (MBR)

Program Counter (PC)

Instruction Register (IR)

Review: Data Flow (Fetch Diagram)

— Memory
— >

Request
memory r

w

Address Data Control
Bus Bus Bus
MBR = Memory buffer register
MAR = Memory address register
IR = Instruction register
PC = Program counter
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Fetch Sequence

__________________________ @___________________________

Address of next instruction is in

is placed on address bus
Control unit issues command
Result (data from memory) appears on
Data from data bus copied into

PC incremented by 1 (in parallel with data fetch
from memory)

Data (instruction) moved from
MBR is now free for further data fetches

Fetch Sequence

__________________________ (@ PEmnn——

0000000001100100

0000000001100100 0000000001100100

(a) Beginning (before ;) (b) After first step

0000000001100100 B 0000000001100100

0001000000100000 0001000000100000
0000000001100101 0000000001100101
0001000000100000

(c) After second step (d) After third step

Figure 152 Sequence of Events, Fetch Cycle
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Fetch Sequence (symbolic)

____ _____________________ @ ___________________________

MAR < (PC)

: MBR < memory
PC < (PC) +

: IR < (MBR)

Fetch Sequence

__________________________ @___________________________

The simple fetch cycle

Consists of

= Each involve data movement in or out of a
register

, several of them can

’




Fetch Sequence (symbolic)

__________________________ @___________________________

t: MAR < (PC)
t2: MBR < memory

t3: IR — (MBR)

Fetch Sequence (symbolic)

__________________________ @___________________________

The third micro-operation could have grouped with
the forth

t: MAR < (PO)
t2: MBR <~ memory
t3:

IR — (MBR)
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Rules for Clock Cycle Grouping

__________________________ @___________________________

Proper sequence must be followed

Conflicts must be avoided

Must not read & write same register

Also: PC < (PC) +1 involves addition

Review: Data Flow (Indirect Diagram)

-
Control :>

Unit

Address Data Control
Bus Bus Bus
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Indirect Cycle (Fetch Operand)

__________________________ @___________________________

If the instruction specifies an
MAR < (IR(address)) -
MBR <— Memory

Finally, IR is updated from MBR, and contains an

IR is now in same state as if direct addressing had
been used

Indirect Cycle (Fetch Operand)
t1: MAR < (IR(address))
t2: MBR — Memory
t3: IR(address) — (MBR(address))
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Review: Data Flow (Interrupt Diagram)

- - M f\\ H —-—— -
cpu Special memory location

MAR

it

Control
Unit
$|of interrupt routi
1

—————— > MBR —

Address Data Control
Bus Bus Bus

Interrupt Cycle

__________________________ @___________________________

t: MBR < (PC)
t2: MAR <

t3:
This is a minimum

May be additional micro-ops to get addresses

( )

10
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Execute Cycle (ADD)

__________________________ @___________________________

, with N different
there are N different sequence of micro-

e.g. : add the contents of location X to Register
1, resultin R1

t: MAR < (IR(address)) (

t22 MBR <—memory

t3: R1 — Ri+ (MBR)

Additional micro-operations may be required to

Execute Cycle (1S2)
ISZ X - increment and shi zero
tl: MAR « (IR(address)) (address to save MBR)
t2: MBR ¢« memory
t3: MBR < (MBR) + 1
t4: memory < (MBR) (store back the MBR to memory)

These Micro-operations can be done
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Instruction Cycle

__________________________ @___________________________

, each decomposed into

a sequence of
Execute cycle

consists of
Need to

Instruction Cycle

__________________________ @___________________________

Assume new 2-bit register, called

designates the processor is in
x :Fetch

« : Indirect

¥ T EXecUe

= > Interrupt

2016-12-08

12



2016-12-08

Flowchart for Instruction Cycle

( 11 (interrupt) ) / Icc? \ ( 00 (fetch) )
[ [
10(execute} ‘

Read
address

instruction @C

Functional Requirements

__________________________ @___________________________

With the decomposition,
those functions must perform

Define of processor
Describe processor performs
Determine control unit must perform
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Basic Elements of Processor

__________________________ @___________________________

functional essence of the computer

Store data internal to the processor

Move data between registers and ALU

Link registers to memory and I/0O modules

Cause operations to happen within the processor

Types of Micro-operation

__________________________ @___________________________

All micro-operations involved in these operations fall
into one of these categories:
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Functions of Control Unit

__________________________ @___________________________

The control units performs

Causing the CPU to step through a series of micro-
operations , based on
program execution

Causing each micro-operation to be performed
This is done using

Control Signals

__________________________ @___________________________

It is the that runs the entire computer

The control unit reads its input and emits
to cause micro-operations

uses the to stabilize the time
sequence of events

2016-12-08
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Control Signals

__________________________ @___________________________

For the control units

that allow it to

that allow it

the control unit must to perform its

Model of Control Unit (Inputs and Outputs)

opcode move datal
\/ . between
Control signals .
> within CPU | registers
3
Flags 2
o trol signals %
Control from control bus S
Unit
Clock > >
Control signals

\io control bui

2016-12-08
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Control Signals - Inputs

__________________________ @___________________________

Clock:

(or set of parallel micro-
instructions)

Instruction register

for current instruction, determines which
micro-instructions are performed

Flags

of previous ALU operations
Control signal from control bus

Control Signals - Output

__________________________ @___________________________

Cause

Activate

To memory
To I/O modules

All of these signals are ultimately applied directly as
to logic gates

2016-12-08
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A Control Signals Example
A simple processor with a single accumulator
The terminations of control signals are
The control unit receives inputs from .

It emits a set of control signals, which go to three separate
destinations:

: control the internal flow of data through
opening the gate

: control the operation of the ALU
: control signals onto the system bus

Example Control Signal Sequence

Fetch cycle: see how the control unit maintains the control
First step:
Control unit activates signal to

2016-12-08
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Example Control Signal Sequence

Next step:

allowing the content of MAR onto the
address bus

Example Control Signal Sequence

Next step:
on the control bus

2016-12-08
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Example Control Signal Sequence

Next step:

allowing the content of the data bus to be
stored in the MBR

Example Control Signal Sequence

Next step:
to the logic incrementing the PC
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Example Control Signal Sequence

Internal Organization

__________________________ @___________________________

Usually, CPU uses a single

provided control the movement of data
onto and off the bus

control data transfer to and
from external systems bus

needed for proper

operation of ALU

2016-12-08
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Transfer data between

CPU Internal Structure the various registers
— and the ALU

Arithmetic and Logic Unit +“—>

. Registers

i

Internal CPU Bus

Arithmetic

!

Boolean

Control
Unit

CPU with Internal Bus

An operation involving
One can be obtained from

The other input must come to
can be used as this temporary storage

, output ca
not connected to the bus and will

is used as this temporary output

Internal CPU bus

2016-12-08
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CPU with Internal Bus

O

With this arrangement, the micro-
operation for addition become:
t1:MAR ¢ (IR 4yress)
t2: MBR « Memory
13:
t4.
t5:

Internal CPU bus

Intel 8085 CPU Block Diaaram

INTA RST65 TRAP
INTR |RST5‘5 RST75 SID sOD

Interrupt control | | Serial 1O |
control

8-bit internal data bus.

program counter

decrementer
address latch

Power § +5v —p
Timing and control

Clk 8) (8)
Gen Control Status DMA Reset | address buffer | | address buffer

vV v

‘ A
ClkOut RDWR ALE S3S;IOM | HLDA | Reset out l

Ready Hold Resetm s fe

2016-12-08
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Hardwired Implementation

Control unit implementation

A wide variety of techniques have been used,
and can be categorized:

Hardwired Implementation

Control unit

Flags, such as overflow

x causes different for each different
instruction

= For simplification,
x takes encoded input and produces single output
x Has n binary inputs and 2” outputs
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Hardwired Implementation

__________________________ @___________________________

x lssue

= Useful for measuring
x Must be to

x within instruction
cycle

= Need

with different control signals for t1, t2 etc.

Hardwired Implementation

OUT hyte
M M, M
T, T, T, T, T, T T, T, T T
3MH:z CLK
as-ae X FCy X FCy X 10 PORT
ap,—ap, | X Per y-———{msTR ) {_INSTR y-—-—{ INSTR }--—K INSTR ACCUM
L (AN \
T -/ S
WR I
0™ —\
PCOul |PC+I—PC[Insr IR | X PCOu_|PC +1- PO byie—Z W] WZOut A —f > Font
F Tnstruction fetch 4-‘»— Memory read Output write —-I

Figure 159 Timing Diagram for Intel 8085 OUT Instruction

2016-12-08
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Control Unit with Decoded Inputs
'S

Instruction register |

L
/ Decoder

Timing _TZ > Control
generator . Unit

Problems With Hard Wired Designs

__________________________ @___________________________

sequencing & micro-operation logic

to design and test
design
to add new instructions

2016-12-08
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Homework

__________________________ @___________________________

Review Questions: 16.6
Problems 16.2
Hand in 27th May

In-Class Execise
Describe the micro-operations of the instruction

Mov ; move the contents of location X to Register 1,
result in R1

Jmp Jjump to the address stored in X

2016-12-08
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In-Class Execise

__________________________ @___________________________

Describe the micro-operations of the instruction

Mov ; move the contents of location X to Register 1,
result in R1

t1: MAR < (IR(address))
t2: MBR <~ (memory)
t3: R1 — (MBR)

In-Class Execise

__________________________ @___________________________

Describe the micro-operations of the instruction

Jmp jump to the address stored in X
t1: MAR — (IR(address))

t2: MBR < memory

t3: PC — (MBR)

2016-12-08

28



