COMP311.:
COMPUTER ORGANIZATION!

Lecture 3: Memory Review, Basic Circuits

tinyurl.com/comp311-sp26



Logistics Updates

m First quiz on Wednesday!
- If you have ARS accommodations, please make arrangements!

m First written assignment posted today, due in a week!
m Quiz review session next Tuesday. Time TBD.

m Regular LA office hours will start soon. | will post announcement
once our schedule is sorted.

m Systems reading group will actually start *next* week ©
- 5pm in FB141!




Logistics Updates

m Quiz Topics:

- 211 Review - Conceptual topics from
m Going between decimal, first two days
binary, hex m [racing a simple
m Two’s complement assembly instruction
(addition, subtraction) (add, subtract)
s Overflow - Basic circuits, switches,

transistors

m Whatever we get through
today!

- Basic memory questions

m Similar to in-class & WS
questions




MORE 211 REVIEW:
MEMORY




Storing Data in Memory 1 byte = 8 bits

Each of these rows can
store one byte of data




Storing Data in Memory

Each of these rows can
store one byte of data

Let’s say we want to store the
number 5 in the top row, 4 in

the next row, and -2 in the
next row.

ObO000 0101

ObO0OO00O 0100

Ob1111 1110

1 byte = 8 bits



Byte Addresses

To reference each of these
locations, we use something
called a byte address.

Note that these addresses
are not stored anywhere!

Byte
Address
Ob0000 0101
Ob0O000 0100
2 Ob1111 1110
3
4
5
6
7
8
9
10
11

1 byte = 8 bits



Storing Larger Data

m What if | want to store an integer?
- Sizeof(int) = 4 bytes

Variables whose types are
larger than one byte span
multiple addresses in memory!




Storing Larger Data

m Let's say | want to store an integer whose value is 329,421

329421 = Ob 0000 0000 0000 0101 0000 0110 1100 1101




Storing Larger Data

m Let's say | want to store an integer whose value is 329,421

329421 = Ob 0000 0000 0000 0101 0000 0110 1100 1101

Byte
Address Data

0

What order

1

should we
store the bits? 2
3

10




MSB and LSB

Ob O0O00 0000 0000 0101 0000 0110 1100 1101

] 1

Most Significant Byte Least Significant Byte
(MSB) (LSB)

11



Little Endian Ordering

m The least significant byte of the integer goes in the lowest

address

Ob 0000,0000 0000 0101

Most Significant Byte

(MSB)

Byte
Address

Data

110i1101

Least Significant Byte
(LSB)

o)

1
2
3

12



Little Endian Ordering

m The least significant byte of the integer goes in the lowest

address
Ob 0000 0000 0000 0101

Most Significant Byte

MSB
( ) Byte

Address Data

110i1101

Least Significant Byte
(LSB)

—> 0 1100 1101
1

2 0000 0101

3 0000 0000

13



Big Endian Ordering

m The least significant byte of the integer goes in the largest

address
Ob 0000 0000 0000 0101 110i1101
Most Significant Byte Least Significant Byte
(MSB) Byte (LSB)
Address DElE
0]

1
2
3




Big Endian Ordering

m The least significant byte of the integer goes in the largest

address
Ob 0000 0000 0000 0101

Most Significant Byte

MSB
( ) Byte

Address Data

110i1101

Least Significant Byte
(LSB)

0 0000 0000

1 0000 0101

2

3 1100 1101

15



Little Endian Ordering

m The least significant byte of the integer goes in the lowest

address
Ob 0000 @ ) 1101

Little Endian Ordering is dominant in
processor architectures and is what we
will be using in this class!

Most Signifig ificant Byte
(MSE
0 1100 1101
1 0000 0110
2 0000 0101
3 0000 0000

16



Working with memory
m How do you know if an individual row should be interpreted as a
one-byte value or if it is part of a larger number?

— You cannot tell from looking at the memory - you’ll have this
information stored somewhere else!

- When you se@ory requests, you specify the address
and the size of data you want to read

(" )

Memory request = assembly instruction! ©

17




Byte

Address Data

Integer Array

O 1 2 3 4

5 [ 90 [100| 40 | 11

sizeof(int) = 4 bytes

el N
RO Ro©O N0~ WNPE O
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Byte
Address Data
0 N\ —_—
[
) {/ 5 ) ]
3 \__
4
: 90
-
8
16 100
11
12
7 40
15
16
s 11
19

Byte
Address

Data

o

OO ~NOOL S~ WN P

=
o

=
=

=
N

N
w

=
&

=
o1

=
()}

H
\l

BN
00

=
O
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Byte Byte

Address Data Address Data
; 0 T,
1 1 7 "~ 0b 0000 0000
2 5 2 £ 0b0000 0000
3 3 (" opoooooooo
4 4 -

5 5

6 96 6

7 7

8 8 Ob 0110 0100
9 9 0b 0000 0000
10 j:ee 10 Ob 0000 0000
11 11 0b 0000 0000
12 12 0b 0010 1000
13 13 Ob 0000 0000
14 4:6 14 0b 0000 0000
15 15 0b 0000 0000
16 16 Ob 0000 1011
17 17 Ob 0000 0000
18 1 1 18 0b 0000 0000
19 19 Ob 0000 0000




Byte

Address Data

o

Integer Array

0] 1 2 3 4

5 [ 90 [100| 40 | 11

© 0O ~NO®O A~ WNR

sizeof(int) = 4 bytes

11
12

Assuming this array starts at ﬁ 4:6
address O, this is how it is stored in 1
memory 16




Integer Array
0 1 2 3 4

Byte

Address

o

5 [ 90 [100| 40 | 11

The address of each ele Iq the array
corresponds tgits startin I3 memory.

Since the size of each element in this array is

4 bytes, we can compute the address of any

element by taking its index and multiplying it
by 4.

Base address = address of the start of the array

—_—

©Co0O~NOOL P~ WN K-

10

T TN NN
©hoh~NoOorwN R

Data




Address Calculation

m | have a 10-element integer array whose base address is 20.
What is the address of index 97

\D bz o QU »Ed\»& %@S\%; ot '\(\:l

—

NO+| 9 X “F 1

o

o A 3¢ = 56




Address Calculation

m | have a 10-element integer array whose base address is 20.
What is the address of index 97

— array’s base address + index * size of integer
- 20+9*4 =56

24



Diagram Configurations

m Sometimes memory diagrams will show 4 bytes per row instead
of 1 byte per row

- See side-by-side comparison on the next slide
m [his provides a more compact way to visualize the data

m Much of the data that we are working with is 4 bytes, so this
structure makes it easier to see what is stored in memory

25




Byte
Address

Data

o

OO0 NOOL b WN P

10

o
o

=
N

=
w

H
N

=
o1

TN
o

H
N

=
(00]

=
O

Byte
Address

Data

o)

4

8

12

16

20

24

28

32

36

40

44

48

52

56

60

64

68

72

76
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Byte Byte

ddress Data Address Data
O O 5
1 4 9
2 5 8 100
3 2L 4
4 16 11
5 20
6 96 24
l 28
8 32
9 36
10 160 10
11 44
12 48
13 592
14 4:6 56
15 60
16 64
17 68
18 11 72
19 76

27




Byte
Ad dyress DElE
0 Ob 0000 0101
1 Ob 0000 0000
2 Ob 0000 0000
3 Ob 0000 0000
4
5
6
7
8
9
10
11
12 Ob 0010 1000
13 Ob 0000 0000
14 Ob 0000 0000
15 Ob 0000 0000
16 Ob 0000 1011
17 Ob 0000 0000
18 Ob 0000 0000
19 Ob 0000 0000

Byte
Address

Data

o)

Ob 0000 0000 OOOO OOOO 0000 0000 0000 0101

4

8

12

Ob 0000 0000 0000 OOOO OO0O OO0O 0010 1000

16

Ob 0000 0000 0000 0000 OO0O0 OO00 0000 1011

20

24

28

32

36

40

44

48

52

56

60

64

68

72

76

28




Addresses In Hex
m Addresses are normally written in hex, not decimal

m In this class, we are working in a 32-bit address space, meaning
that addresses are 4 bytes

m The rest of the memory diagrams you see in class will look the
diagrams on the next slide

m Notice that the compactness of the right diagram allows us to
display more data at once than the left diagram

29



Byte
Address
0x00000000
0x00000001
0x00000002
0x00000003
0x00000004
0x00000005
0x00000006
0x00000007
0x00000008
0x00000009
OxO000000A
0x0000000B

Data

Each row stores one byte of data

Byte
Address
0x00000000
0x00000004
0Ox00000008
0x0000000C
0x00000010
0x00000014
0x00000018
0x0000001C
0x00000020
0x00000024
0x00000028
0x0000002C

Data

Each row stores four bytes of data

30




Size of Memory Address & ot

Address

m The size of our memory

determines the number of

bits we need to address it

m For example, if our memory

can only hold 8 bytes, we

will need10g,(8) = 3 bitSto

address the memory




Size of Memory Address

m If the size of our memory is 4 GB, how many bits do we need
to address our memory? (1GB = 230 pytes)




Size of Memory Address

m If the size of our memory is 4 GB, how many bits do we need
to address our memory? (1GB = 230 pytes)

log,(4 GB)
Iog2(22 * 230)
l0g,(232)
32

£l



BASIC CIRCUITS




A Substrate for Computation

m We can build devices for processing and representing bits
using almost any physical phenomenon

Wait! Some of those - magnetic flux
might have potential... _ trained elephants

DNA sequences
polarization of a photon

falling water Magnetic flux
turning gears .

£59



Using Electromagnetic Phenomena

= Some EM things we could encode bits with:
= yoltages, phase, currents, frequency j

= With today’s technologies voltages are most often used.

= Voltage pros:
= easy generation, detection
= yoltage changes can be very fast
= Jots of engineering knowledge

= Voltage cons:

= easily affected by environment
= DC connectivity required?
= R & C effects slow things down

36




Voltage and Current

m Voltage
— The force that makes electrons flow
- Measured in Volts (V)

m Current
— The rate of flow of electrons
- Measured in Amperes (A)

37




Representing Information with Voltages

Representation of each point (x, y) in a B&W Picture:

0 volts: BLACK
1 volt: WHITE
0.37 volts: 37% Gray

etc.

Representation of a picture:
Scan points in some prescribed
raster order... generate voltage
waveform

How much
information
at each point?

38




Information Processing = Computation

First, let’'s consider some processing blocks:

V— Copy — V

v — INV — 1.y




Let’s Build a System!

Copy INV
Copy INV
—| Copy INV
Copy INV

(Reality)

40



Contracts: Key to System Design

A SYSTEM is a structure that is “guaranteed” to exhibit a specified behavior,
assuming all of its components obey their specified behaviors.

How is this achieved?

Through Contracts

Every system component will have clear obligations and
responsibilities. If these are maintained we have every
right to expect the system to behave as planned. If
contracts are violated all bets are off.

41



Digital Contracts

Why DIGITAL?

... because it keeps the contracts SIMPLE!

It's the price we pay for this robustness?
Oor 1

A 4

All the information that we
transfer between components
is only one bit!

But, in exchange, we get reliable, modular,
and reproducible systems.

42



The Digital Abstraction

“Ideal”
Abstract World

Real World
2
““’@ e Bits
Volts or 0

Electrons or
Ergs or Gallons

Keep in mind, the real world is not digital, we engineer it to behave that way.
We coerce real physical phenomena to implement digital designs!

43



A Digital Processing Element

e A combinational device is a digital element that has

one or more digital inputs O
one or more digital outputs

/]

a functional specification that details the value of each output for every
possible combination of valid input values

a timing specification consisting (at a minimum) an upper bound
propagation delay, t,,, on the required time for the device to compute the
specified valid output values from an arbitrary set of stable, valid input

values

input A

input B

A 4

input C

A 4

A 4

Output a "1” if at

least 2 out of 3 of

my inputs are a "1".
Otherwise, output "0".

I will generate a valid
output in no more than
2 minutes after
seeing valid inputs

output ¥

44



A Combinational Digital System

A system of interconnected elements is combinational if:
= Fach circuit element is combinational

= Every input is connected to exactly one output or directly to some
source of O’'s or 1’s

= The circuit contains no directed cycles

= But, in order to realize digital processing, elements we have one
more requirement!

45



Nose Margins

- |

m Keyidea:
Don’t allow “O” to be mistaken for a “1” or vice versa

m Use the same “uniform bit-representation convention”, for
every component in our digital system

m To implement devices with high reliability, we outlaw “close
calls” via a representation convention which forbids a range
of voltages between “0” and “1”.

m Ensure the valid input range is more tolerant (larger) than the
valid output range

Our definition of valid does not preclude inputs and outputs from passing through invalid

% values. In fact, they must, but only during transitions. Our specifications allow for this (i.e.
outputs are specified sometime (T,,) after after inputs become valid).

46




Digital Processing Elements (Gates)

Some digital processing elements occur so frequently that we give them
special names and symbols

A —

I will copy and
restore my input
to my output

I will output the
complement of
my input

(Vo
1

I will output a
|10 if a_" my
inputs are 1’

A_
B_

-Y

I will output a
‘1" if any of my
inputs are ‘1’

- Y

A

(Vo

I will only output a
'1" if an odd number
of my inputs are ‘1’

Q: What is the point of a buffer?
Doesn’t a wire do the same thing?
A: A buffer restores marginal digital

A

signals, because the output is as good -’

or “better” than the input (i.e. it
solves that bad image problem from
slide 7).

a7



Digital Processing Elements (Gates)

Some digital processing elements occur so frequently that we give them
special names and symbols

A > Y A >o y

buffer inverter

A — A
AND Y Y
B — B—

48



How do we make gates?

m A controllable switch is the common This symbol
link of all computing technologies Lnfe 0 1 Ll \

potential, or the
. . voltage of the
m Switches control voltages by creating power supply
and opening paths between higher and
lower potentials

m Closed circuit:

- fully connected, allows electricity -
to flow uninterrupted
m Open circuit g-« V4
— A circuit that contains a broken fn“;jc;‘;;“sb:' \
connection “low” or "/

ground

— Electricity stops flowing at the point potential

where the connection was lost 49



Switches

Open (off) Closed (on)

40/0— o=

——

—>

Electricity can flow through a closed switch, it cannot flow through
an open switch

50



Switches

Open (off) Closed (on)

_ ==
40/0— 277 5V —O O— 5V

Let's say we apply bV to the left side of the switch

= |[f the switch is open, we don’t necessarily know the voltage on the right
= Would need to see the full circuit to determine the voltage

= |f the switch is closed, the voltage on the right is 5V

51



Switches

Open (off) Closed (on)

40/0— 277 5V —O O— 5V

Let's say we apply OV to the left side of the switch

= |[f the switch is open, we don’t necessarily know the voltage on the right
= Would need to see the full circuit to determine the voltage

= |f the switch is closed, the voltage on the right is OV

52



Switches In Series
switchO switchl switchO switch1

= < o

S .

switchO switchl

ps

switchO switchl

Current can only flow between the two ends if both switches are closed
current_flow = switchy AND switch,

53




Switches in Parallel

A .

gﬁ | i
& — —

DN T

switchO switchO
—_— —
. —t——— |
———.—-—-....____‘
switchl switch1

Current can flow between the two ends if either of the switches is closed
current_flow = switchy OR switch;

54




Digital Variables and Functions

m A binary variable, O or 1, can represent the state of switch

/ o

- on or off, open or closed

m The setting of switches can be used to turn on and off other switches
to compose more complicated functions.

e e

x =10 x=1

Q
Q

(a) Two states of a switch

S
|
X

(b) Symbol for a switch




A Simple Function: Turning on a Light

S |

m By simply adding a power

. Battery —— | Ligl
source and connecting a load AHen x 'f“
(light bulb) our controlled
switch can use a binary (a) Simple connection to a battery
variable to control a light. —
m This simple logic expression _J_
. Power
describes the output as a supply T

function of its inputs. =

- We say thaa x | light
logic functiormardthat x is 0 | oFF

an input variable X.




Functions with Two Switches

m Two switches can be \ S S N4
connected either in series or Power 11 ] LI P
. supply -1 -2 =
in parallel 1 1

n Using a Series con neCtiOn, \ (a) The logical AND function (series connection)

_—

the light will be turned on only
If both switches are closed. If |
either switch is open, the light

Power

Wl“ be Off supply T g Light
L 1 T
- L(x1, x2) =x1-x2 - X, =
where L =1 ifx1 =1 and (b) The logical OR function (parallel connection)

x2 =1 L =0 otherwise.
m - islogical AND

Two basic two-input logic functions

57




Functions with Two Switches
m With a parallel connection of the

two switches, the light will be on if s s
either the x1 or x2 switch is closed  Power — | o | Ligh
The light will also be on if both 1 1

SWitCheS are Closed. The I|ght W|" (a) The logical AND function (series connection)
be off only if both switches are

op — ‘|
- L(x1,x2) =x1 + x2 N A

. Power _| ]
whereL=1ifx1=10orx2s 1 suwply T < Light
orifxl =x2 = 1. - T L
L = O If Xl = X2 = O (b) The logical OR function (parallel connection)

m “+" islogical OR \____Two basic two-input logic functions

58




A Three-Switch Function

m [hree switches can be used to
control the light in more
complex ways. This series-
parallel connection of switches

realizes the logic function: Power 1

- L(x1, x2, x3) = (x1 +x2)-x3 L
m The light is on if x3 = 1 and, at

Figure 2.4 A series-parallel connection.

the same time, at least one of
the x1 or x2 are 1.

59



A Three-Switch Function

Sev 128 :

A(\/‘(DZM | )(Z ,Kz cupply T j

Q(;\/Q\\d
L(\»(S = ﬁé\(; 1K 74X —




Truth Tables

m Every logical function over a finite set of inputs can be
described in a tabular fashion that enumerates all possible
Input combinations and provides the associated output.

m Functions expressed this way are called truth tables.

Xy Xy X3 || xpcxcxy | A+ x4 g

Xy X || X x| X+ X,
0o 0 0 0 0
0 0 0 0 0 0 1 0 1
0 1 0 | 0 I 0 0 |
1 0 0 1 0 I 1 0 l
I 1 I I I 0 0 0 I
1 0 | 0 1
AND OR I I 0 0 |
1 | I 1 1

Figure 2.6 A truth table for the AND and OR operations.
Figure 2.7  Three-input AND and OR operations.




Pondering Truth Tables

SN Ut Z’g —— ¢

Y et 24 3D [ L
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TRANSISTORS




Transistors are the physical building

blocks of modern computers!

Number of Transistors in CPUs over Time

''''''
)

(" A transistor is the N

physical device we use to

turn continuous electrical
behavior into digital Os

\_ and 1s. )

(" )

You can think of it as an
electrically controlled
switch that turns current
on or off.

- y,

64



Transistors are like switches

Off On

40/0— —o0

Switches are controlled by physical contact

Transistors are controlled by a voltage

65



Two States: Binary!
m Transistors can be in two distinct states: on or off
m This is why our machines communicate in binary (1s and 0s)!

On Off

—0 o— 40/0—

66



Logic Levels

m Instead of specifying the exact voltage level (e.g. 3V or 5V), we’'ll
simply use binary terms when discussing transistors.

m We'll either have a high voltage or a low voltage.
m There are a few different terms for these voltage levels.
- High voltage
= logichigh = logic 1=1 Nt Q\A
- Low voltage
m logic low = logic0 =0 | ‘ O

67




Transistors

m We will be working with two types of transistors
- nMOS transistors
- pMOS transistors

m [here are three terminals
— (Gate: controls whether the transistor is on or off
- Source and Drain: endpoints

68



Transistor Symbol \ 'J

o—o/ o0—e 03@&6_

SIstor
(n-channel MOSFET)

Switch

The terminal labeled with the blue dot determines whether
current can flow between the terminals labeled with the red dot.




NMOS Transistor

m There are three terminals Vp (drain voltage)

@
- Gate: controls whether the
transistor is on or off
- Source and Drain: endpoints
V;; (gate voltage) @—
@

Vg (source voltage)

70




NMOS Transistor

m If the gate voltage is high (logic 1), Vp (drain voltage)
current can flow between source
and drain

- The source and drain will be O N ><

connected and will have the V,, (gate voltage) —
same voltage

m If the gate voltage is low, current
cannot flow between source and

drain Vs (source voltage)

— The source and drain are not
connected

71




NMOS Transistor

Let’s say that we know the values of V; and Vs. What is the value of V5 in

each of the following diagrams?
VD_—_—-,O Vp— \ Vp Vp

AN X W

Logic O Logic 1 Logic O Logic 1
72




NMOS Transistor

- D .

Logic O Logic 1 unknown unknown

Logic 1 Logic 1 Logic O Logic O

VS VS VS VS
k Logic O Logici/ k Logic O Logicy

V; is high, so source and drain are connected V; is low, so source and drain are not connected
73




	Slide 1: COMP311:  Computer Organization!
	Slide 2: Logistics Updates
	Slide 3: Logistics Updates
	Slide 4: MORE 211 Review: Memory
	Slide 5: Storing Data in Memory
	Slide 6: Storing Data in Memory
	Slide 7: Byte Addresses
	Slide 8: Storing Larger Data
	Slide 9: Storing Larger Data
	Slide 10: Storing Larger Data
	Slide 11: MSB and LSB
	Slide 12: Little Endian Ordering
	Slide 13: Little Endian Ordering
	Slide 14: Big Endian Ordering
	Slide 15: Big Endian Ordering
	Slide 16: Little Endian Ordering
	Slide 17: Working with memory
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Address Calculation
	Slide 24: Address Calculation
	Slide 25: Diagram Configurations
	Slide 26
	Slide 27
	Slide 28
	Slide 29: Addresses in Hex
	Slide 30
	Slide 31: Size of Memory Address 
	Slide 32: Size of Memory Address 
	Slide 33: Size of Memory Address 
	Slide 34: Basic Circuits
	Slide 35: A Substrate for Computation
	Slide 36: Using Electromagnetic Phenomena
	Slide 37: Voltage and Current
	Slide 38: Representing Information with Voltages
	Slide 39: Information Processing = Computation
	Slide 40: Let’s Build a System!
	Slide 41: Contracts: Key to System Design
	Slide 42: Digital Contracts
	Slide 43: The Digital Abstraction
	Slide 44: A Digital Processing Element
	Slide 45: A Combinational Digital System
	Slide 46: Nose Margins
	Slide 47: Digital Processing Elements (Gates)
	Slide 48: Digital Processing Elements (Gates)
	Slide 49: How do we make gates?
	Slide 50: Switches
	Slide 51: Switches
	Slide 52: Switches
	Slide 53: Switches in Series
	Slide 54: Switches in Parallel
	Slide 55: Digital Variables and Functions
	Slide 56: A Simple Function: Turning on a Light
	Slide 57: Functions with Two Switches
	Slide 58: Functions with Two Switches
	Slide 59: A Three-Switch Function
	Slide 60: A Three-Switch Function
	Slide 61: Truth Tables
	Slide 62: Pondering Truth Tables
	Slide 63: Transistors
	Slide 64: Transistors are the physical building blocks of modern computers!
	Slide 65: Transistors are like switches
	Slide 66: Two States: Binary!
	Slide 67: Logic Levels
	Slide 68: Transistors
	Slide 69: Transistor Symbol
	Slide 70: NMOS Transistor
	Slide 71: NMOS Transistor
	Slide 72: NMOS Transistor
	Slide 73: NMOS Transistor

