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Course organisation

https://emokymai.vu.lt/course/view.php?id=15112

Assessment strategy Weig | Deadline Assessment criteria

ht %

Lecture quizzes 10 10 min. at the 4-question quiz covering several recent lectures (Bloom’s 1

beginning of an 2 level questions) using an electronic teaching
cach practical. environment (Moodle, Open edX or similar).

Intermediate quiz 15 mid-term Approx. 30-question quiz covering several recent lectures
(Bloom’s 1 to 9 level questions) using an electronic teaching
environment (Moodle, Open edX or similar).

Evaluation of practical 50 After each The practical work schedule and evaluation criteria are

assignments practical announced by the teacher of each group. The teacher who

according to the | leads practical work grades it and communicates the
schedule assigned grade.

announced by the

teacher of the

practical

Analysis of an assigned 10 end of term Students provide a written (4 pages, A4 format, 9pt)

computer architecture technical report on a computer architecture which they

example studied themselves, or 5 min oral presentation with slides on
that architecture. The oral presentation is available for
achieving students, with permission of the teaching
professor, and may be accepted as a final exam.

Final exam 15 end of term approx. 30-question quiz covering several recent lectures

(Bloom’s 1 to 9 level questions) using an electronic teaching
environment (Moodle, Open edX or similar).
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Course exam requirements

Sa

To be eligible for the exam, students must fulfil all
following criteria:

1. carry out at least one practical work and get a
positive grade for the practicals;

2. have enough accumulated points to be able to pass
the exam in principle if they score maximum points
at the exam quiz;

3. students who have shown excellent performance
during the term may be freed from the final exam
quiz and given the opportunity to present their
research on computer architectures as the oral
presentation, provided:

1. collect at least 60% of all possible points
during the theory course (e.g. at least 150
points from the 250 possible points from the
intermediate exam and the lecture quizzes);
2. they have carried out all practical assignments
in the scheduled time;
3. they have positive recommendations from the
teacher of their practical team.
If there are more students wishing to make oral
presentations than the allocated time permits, students with
higher grades will be given priority.




Course exam requirements

Course description

Unless you are allowed to take the oral exam (i.e. make the
presentation), participation in the final exam quiz is
obligatory to pass the course, regardless of the accumulated
points. Students who do not show up in the final exam will
be indicated as such in the exam grading report. To pass the
exam, on must score at least 50% of possible points.

Total 100 The final mark is obtained summing up all points obtained
for each task, quiz or assignment, dividing them by 100 and
rounding to the higher integer (i.e. 0.001 is rounded to 1.0;
9.1 is rounded to 10).
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Course structure

e First half: understanding of internal functions of a CPU
and a computer on the level of logic circuits; modelling in
Logisim;

@ Second half: acquaintance with some widespread and
self-made computer architectures and assembler
programming;
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Rules of video conferencing

@ Only the speaker has the microphone ON; all others must
switch their microphones OFF;

@ The speaker should have camera on (VU rules!);

@ When a teacher asks you a question, you must raise your
hand and, when assigned a talk slot, switch on you
microphone and answer; or type your answer in the chat,
as requested (VU rules!);

e To ask a question, use the “raise hand” functionality and/or
post your question to the forum;

@ Recordings of lectures are copyrighted; it is not permitted
to post them outside the university without consent of the
lecturer and university officials;

o If the connection is interrupted, do not leave the lecture -
the teacher will set up alternative connection in several
minutes;
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Why study computer architecture?

Most computer users have an incorrect, but useful, cognitive metaphor
Jor computers in which the user says (or types or clicks) something and
a mystical, almost intelligent or magical, behavior happens.

Charles W. Kann (2016)

@ We must understand architecture if we want to program it
efficiently

e Improves our education — we finally understand how these
things work!

@ It is a terribly interesting subject :)
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What is a computer?

@ Computer can be reprogrammed:

#! /usr/bin/perl

use strict;
use warnings;

my $selected_line;
while( <> ) {

$selected_line = $_ if rand() < 1/$.;
}

print $selected_line;

e Computer can solve any task that is feasible
mathematically (Turing 1937; Wikipedia 2020):

to|ofolofol2l1]B]0]0;

@ Nynexman4464 [CC-BY-SA 3.0]
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Side-note: Analog computers
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Tide-predicting machine, around 1878

Andy Dingley [CC BY 3.0]
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Side-note: Analog computers
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“Bubble-sort” machine

Step 1. Set R+ R;.
(R is an internal machine register.)

Stepi. for1 < i< N:
Either
0 set Ri_1 < R R+ R;, or
Q@ set R, « R, leaving R
unchanged.
Step N+ 1. Set Ry <+ R.

ll Register R .

(Knuth 1997), ch. 5.3.4 (p. 246)
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“Bubble-sort” machine

Step 1. Set R+ R;.
(R is an internal machine register.)
Stepi. for1 < i< N:
Either
0 set Ri_1 < R R+ R;, or
Q@ set R, « R, leaving R
unchanged.
Step N+ 1. Set Ry <+ R.
It turns out that for this automaton, the
bubble sort algorithm is optimal! (Howard
B. Demuth, PhD Thesis, 1956)

ll Register R .

(Knuth 1997), ch. 5.3.4 (p. 246)
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“Bubble-sort” machine

ll Register R .

(Knuth 1997), ch. 5.3.4 (p. 246) Wikipedia: the Polish ZAM-41 drum memory
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Float number comparisons

#include <stdio.h>
#include <math.h>

int main()

= 0.0;

float a = 0.0, b
= a/b;

float ratio

printf ( "%f\n", ratio );
printf ( "%f\n", a );

if( a <= ratio ) {
printf ( "YES\n" );
} else {
printf ( "NO\n" );
}

if( a > ratio ) {
printf ( "YES\n" );
} else {
printf ( "NO\n" );
}

return O;
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Float number comparisons

#include <stdio.h> + ./float-comparisons
#include <math.h> -nan
0.000000
int main() NO
NO
= 0.0;

float a = 0.0,
float ratio =

b
a/b;

printf ( "%f\n", ratio );
printf ( "%f\n", a );

if( a <= ratio ) {
printf ( "YES\n" );
} else {
printf ( "NO\n" );
}

if( a > ratio ) {
printf ( "YES\n" );
} else {
printf ( "NO\n" );
}

return O;
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Float number comparisons

#include <stdio.h> + ./float-comparisons
#include <math.h> -nan

0.000000
int main() NO

NO

b = 0.0;
a/b;

float a = 0.0,
float ratio = . .
Thus, for floating point number
printf( "%f\n", ratio ); comparisons the following state-
printf ( "%f\n", a );
ment does not hold:

if( a <= ratio ) {

printf( "YES\n" ); -(a<b)y=a>Dh
} else {

printf ( "NO\n" );
}

if( a > ratio ) {
printf ( "YES\n" );
} else {
printf ( "NO\n" );
}

return O;
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“Patriot” missile failure...

@ The machine (the computer) was binary;
@ The time was stored in a 24 bit register;

@ The time was measured by the system in
1/10 second units;

@ The number 1/10 in decimal is infinite
periodic binary fraction — not
representable exactly in binary;

@ The rounding error was:
0.110 — 0.0001 1001 1001 1001 1001 10002 =
9.5 x 10;,®

@ In 100 h, this accumulates:
9.5 x 107°®ds - 102 - 36003 - 100h = 0.34s

@ During 0.34s the incoming Scud missile
travels more than half a kilometre and is
[CC-BY-SA] missed by the Patriot system...

American Patriot Missile
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An overview of a computer

Von Neumann architecture

Address Memory
Flags cPU bus
m ALU Address: 0000 0001 0002 0003
A B 000
Registers 004
bus 012
m[TTTTTTT] o16
020
re[TTTTTTT]
H H H H N ' ' '
< ! ! !
ol TTTTTTT] >
€ 65532
pPC Control
bus

Sa
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An overview of a computer

Von Neumann architecture

Address Memory
Flags CPU bus
Dj AU Address: 0000 0001 0002 0003
o [wmon
Registers 004 -000 123 456
008 32 0l 00 -6
000 000 127 Data
RO ata | e 50005

m[TTTTTTT] o16
020 15 05 01 03
re[TTTTTTT]

YY

ro LTTTTTT]
< 65532
<

PC 000000 008 Control

bus
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Command execution cycle

An introduction

Address Memory
Flags cPU bus
m ALU Address: 0000 0001 0002 0003
bus 012 | 240 000 008
m[TTTTTTT] 016
re[TTTTTTT] o0
H H H H Read H H H
H H H H 5 ' ' '
d H H H
ool TTTTTTT] >
71 65532
<
PC 000 000 008 [ H Control
bus

us, 2020

15/22



Command execution cycle

Address Memoi
Flags CPU bus i
m ALU Address: 0000 0001 0002 0003
A B —> 008 000
o008 | % . 01 00 -6

bus 012 || 240 000 008
020
o I

Read

&
E
YV

W 65532

)
PC oo 060 008 | H Control

bus
32;01;00;-6 <J
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Command execution cycle

.. 000 121
Fags .,  CRU . Aadress Memory
ALU Address: 0000 0001 0002 0003
P =
1+ 000 127| Registers s |
ro[Trowmr [] || oo | 8 o0 200
bus 012 | 240 000 008
Ry | doo 0bo 121 [ ] 016
020
e CCTTTTTT]

Read

YY

65532

<
)
PC 000000 008 Control

bus

32;01;00;-6
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Command execution cycle

- 012 Address Memo!
Flags cpU bus i
m ALU ADD Address: 0000 0001 0002 0003
<+ 008 pogisters +4 004 -
008 01 00 -6
_000 000 127 Data 2
rol | | bus 012 [240 000 008
R1 000 000 121 | ] 016
020
Read H H H
N H H H
> H : H
>
W 65532
)
pC 000 000 008 Control
000 000 012 bus
32;01;00;-6
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JMP instruction

Address Memory
Flags CPU bus
Dj Address: 0000 0001 0002 0003
a ° —"» 000
Registers 004
bus 012 | Jio 000 008

020
w [TTTTTIT]

Read

o
[

g

Yv

65532

<
<
PC 000 000 012 |— Control

bus
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JMP instruction

Address Memol
Flags CPU bus i
Dj ALU Address: 0000 0001 0002 0003
A B —> 012 000
Registers 004
bus 012 (| Lt 000 008

Read

>
>
o LTTTTTT] >

W 65532

)
PC oo 000 012 | H Control

bus
240;000 008 <J
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JMP instruction

- 020 Address Memo!
Fiags cpu bus i
m ALU ADD Address: 0000 0001 0002 0003
2 0227 pogiciers +008 o4 | _
008 01 00 6
_000 000 127 Data Z
rol | | bus 012 | %t 000 008
R1 000 000 121 | ] 016
020
Read H H H
o H H H
> H H H
>
P 65532
)
pC 000 000 012 Control
bus

240;000 008

An introduction us, 2020 16 /22



JMP instruction

Address Memory
Flags CPU bus
Dj Address: 0000 0001 0002 0003
a ° —"m 000
Registers 004
bus 012 | Jio 000 008

Read

o
[

g

Yv

65532

<
<
PC 000 000 020 |— Control

bus

An introduction us, 2020 16 /22



STORE instruction

Address Memory
Flags cPu e
Dj AU Address: 00000001 _ 0002 0003
Registers 004 -000 123 456
R[TTTTTTT] pata || 008 [7, 01,00, 6
bus 012 | 2o 000 008
R1 000 000 121 [ | 016
RS . 900_090 00} . Read
> oo
wo LTI TTTT] >
< "1 65532
<
PC 000 000 020 | H Contror
bus
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STORE instruction

Address Memory
Flags cpu e
Dj AU Address: 00000001 _ 0002 0003
Registers 004 -000 123 456
bus 012 | 2o 000 008
R1 000 000 121 [ | 016
RS . 900_090 00} . Read
> : oo
wo [TTTTTT] >
< "1 65532
<
pC 000 000 020 | H Control
bus

15; 05; 01; 03 J
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STORE instruction

Address Memot
Flags cpy *04 i ry
m ALU Address: 0000 0001 0002 0003
ADD -Looo 000 000 042
+03
Registers | 01 004 000 000 121
bus S 000 008
R1 000 000 121 [ |
000 000 121

STRE 05 . 01 . 03

e [TTTTTIT]
rs[ ] 000 060 001 [ ]
Write

<
PC 000_000 020 Contror

bus

AA 4

65532

15; 05; 01; 03
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Harvard architecture

Classic Harvard architecture

Address Address
Instruction Memory bus bus Data Memory
Flags CPU
Address: 0000 0001 0002 Address: 0000 0001 0002 0003
ALU
000 <— L/, i —> 000
003 Registers 004
[ I O B
009 012
025 020
re[TTTTTTT]
H |, Read H H H H Read || H H
H <« = - > H H
o T o SO
Read Read 65532
control | PCLILTTTTTTT [T contro

bus bus
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Harvard architecture

Modified Harvard architecture

Address Address
Instruction Memory bus bus Data Memory
Flags CPU
Address: 0000 0001 0002 Address: 0000 0001 0002 0003

ALU

000 <— L/ ° —> 000

003 Registers 004

006 Data Data 008

009 012
025 020
R2

Read Read
Write | Write (|

¢ Ready "] ¢ Ready "1 65532
conrol | PELITTTTTTT [T comro

bus bus

|

|

1ter architecture. An introduction



I/0O Ports

Separate I/O address space

Flags cPy

Address
us

M/ N

Registers

RO

Data
bus

CCIIrrro

Control
bus

e[TTTTTITT]

Request I/0

Address;
000
004
008
012
016
020

65532

Memory

00000001 o002

0003

NS

Address:

65532

1/0 Ports

000000010002

0003

I Keyboard

Display
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I/0O Ports

Memory-mapped I/O

Flags CPU
o
s

Address
bus Memory
—‘/ 00
004
Data 008
bus 012
L N oe
\, l/ 020
Control
bus H H H
M : : :
] 2| gss32
1/0 Ports
—‘/ 65536 [[ Keyboard
65540
65544
65548
4\ 65552
— /| 5556 ] Display

S
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Take home messages

e Digital computers are automatic, programmable, universal
devices (but analog computers also exist(ed));

e Knowing computer architecture is important if we want to
program them correctly and efficiently;

@ Various architectures exists (von Neumann, Harvard), but
in all cases two main components — CPU and memory — are
essential;

@ The CPU fetches instructions from memory and performs
various operations on data in memory and in registers, as
indicated by instructions;
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Questions?

Coordinates 2207377.cif
Original IUCr paper =~ HTML
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A path to freedom: GNU — Linux — Ubuntu — MySQL — R — KIpX— TikZ — Dia — Beamer
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