Processor Fundamentals
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Von Neumann & the CPU
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Binary shifts & masking
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Von Neumann and the CPU

Von Neumann architecture

Program counter (PC)]
Memory address (MAR)
Memory data (MDR)
Current instr. (CIR)
Accumulator (ACC)

ALU Status register

CPU

Vain
memory

nput /
ut

T
1

ddress bus

Control
Unit (CU)

data bus
ontrol bu

‘_P

One single memory holds both
program and data — the stored
program FF{#iEF.
m CPU fetches and runs one
instruction at a time
m change the program =
change behaviour, no
rewiring
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Von Neumann and the CPU

The CPU's main parts

m ALU ERiZi55 T — arithmetic &
logic

m control unit =857 — decodes,
sends control signals

m clock Fi§h¥ii#% — keeps the CPU in
step

m registers 717£% — tiny, very fast
stores

| Socket 1150
LGA1150 A v 8 e
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Von Neumann and the CPU

Special-purpose registers

PC MAR
next instruction’s address address being accessed
CIR ACC
instruction being decoded value the ALU works on

MDR

data to/from memory

Status

flags: carry, zero, -

Data moves are written as register transfers, e.g. MAR < [PC].
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Von Neumann and the CPU

The system buses

m address bus #iifE %4 —

Main Input /
CPU mermory output address, one-way

R B O i — - = data bus #i25% — data,

' address bus :

3 ! two-way

| data b .

| oo m control bus #Z= |2 4; — signals,
e —— | two-way

system bus An n-bit address bus reaches 2"

locations.
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Von Neumann and the CPU

Performance and ports

Performance depends on: Ports i [] connect peripherals 4 [E|i% %

m clock speed Fi§i37i% & cores 1% | |/ \ Y

m word size i< (32 vs 64-bit) ‘ ‘ ‘

m RAM, cache 5i#%4£7%, bus width, USB HDMI Ethernet
SSD vs HDD general purpose video + audio wired LAN

Fetch-execute and

interrupts
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L Fetch-execute and interrupts

The fetch-execute cycle

START

Copy the address in
FETCH ‘ the PC to the MAR ‘
‘ Increment the PC to ‘
thelnexHinstiction m fetch: PC — MAR, increment PC,
‘ Send a read slgnalvon the control bus ‘ read N MDR - ClR
‘ Memory sends the instruc- ‘
tion — MDR — CIR m decode: the CU reads the
The CU decodes the in- H H
DECODE ‘ struction in the CIR ‘ instruction
Execute: ALU — ACC -
: n . -
EXECUTE ‘ T e execute: ALU / load-store / branch
I Sovedn | Then check for interrupts and repeat.
interrupt, —4
then resume
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L Fetch-execute and interrupts

The register transfers in a fetch

meanwhile: PC « PC + 1 MAR «+ [PC]
‘ 1 [ | 2: address

’ PC | | MAR | memory PC « [PC] + 1

read signal on control bus

3: instruction

‘ 4 [ | MDR < [memory]
=1 | MR | CIR + [MDR]
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L Fetch-execute and interrupts

Interrupts

Main program running
(fetch-execute cycle)

carry on where
it left off

interrupt signal arrives
rent instruction . "
An interrupt F1lff pauses the cycle for an

Save the state: push

the PC and regis- Urgent event:
ters onto the stack

finish the current instruction
iessliiolthel G save the state (PC, registers)
The interrupt service e
routine (ISR) runs run the ISR EP'@?HE%%E}%_
d handles th
B — restore and carry on

Restore the saved
state (pop the PC
and registers back)

Resume the interrupted program}---------
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L Assembly and addressing

Assembly and machine code

The CPU runs machine code #2575 (bit patterns). Assembly ;C45iZ = is readable,
one line per instruction, using mnemonics £jiZ#F (LDD, ADD, JMP). A two-pass

assembler i 4725: pass 1 builds a symbol table #7533 of labels #7%; pass 2
generates code (handling forward references).

assembler,

\

LDD 100 0011 01100100

assembly machine code
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L Assembly and addressing

Addressing modes

How the CPU finds the operand:

immediate [LoM #10}—— [operand = 10] m immediate 7B S it the value
itself
i LDD 200 200] = 42 42 . -
direct | = (2001 - [22] m direct EiZ 31 the value at
an address
indirect [LbI 200}>[[200] = 250} [[250] = 99> [99]
m indirect |83 3 1F: address of
indexed [Lox 100}— [[100+5] = 7}>[7] an address
index register IR = 5 m indexed 75154k address +

index register
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L Assembly and addressing

Worked example: trace the program

LDD 200

ADD 201 after... \ ACC \ [202]

STO 202 LDD 200 | 5 -

ADD 201 | 12 -

[200] =5 | [201] =7 | | [202] =7 STO 202 | 12 12

LDD load = ADD add = STO store

A trace table [} 3% records every register after each instruction — exactly what exam trace
questions ask for.

Binary shifts and masking
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LBinary shifts and masking

Binary shifts

A logical shift iZZE7%{i fills with 0:
m left by 1 = %2
m right by 1 = =2 (integer)
An arithmetic right shift keeps the sign bit.

LSL #1  00001011— 00010110 x2 (0 in on the right)
LSR#1  00001011—> 00000101 =<2 (0 in on the left)

ASR #1  10110100—— 11011010 sign bit kept (stays negative)
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LBinary shifts and masking

Logical vs arithmetic right shift

Both move every bit one place to the right.
They differ only in what enters on the left — u left shift by 1 (‘LSL #1°) —
and that single bit decides whether a negative

) bits move left, a 0 enters on
number survives.

the right; for an unsigned

start [1]1]1]1]0[0[0[0] =240 unsigned. ~16 signed number this is x 2.

st [O[T[A[2]1[0]0]0] =12 habes th unsigned vaue m right shift by 1 ('LSR #1') -
bits move right, a 0 enters on
the left; for an unsigned
number this is integer + 2.

AsR #1|1]1]1/1[1]0/0]0 =-8 halves the signed value

eft. LSR alway
e and —16 + 2
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LBinary shifts and masking

Bit masking

One bit {iz per signal; use a mask #73:
m set: OR a 1 in that bit
m clear: AND a 0 in that bit
m toggle: XOR a 1 in that bit

set bit 2 clear bit 6 toggle bit 3

01001000 01001000 01001000
OR 00000100 AND 10111111 X0R 00001000

= 01001100 = 00001000 = 01000000
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L Recap

Topic 4 — key takeaways

0 Von Neumann e Buses

one memory for program & data address (one-way), data, control

e Cycle o Assembly

fetch — decode — execute; mnemonics; addressing modes;
interrupts pause it shifts & masks
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L Recap

Check yourself

Which register holds the next instruc-
tion's address?

00000110 after LSL #1 — value?

e Which bus is one-way? CuU ALU
e What does an interrupt make the CPU registers
do first?

Answers 1. the PC 2. the address bus 3. finish the current instruction, then save
state 4. 00001100 = 12




