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proiectarea CU microprocesoare

Obiectivul cursului: introducere hands-on in proiectarea sistemelor
de calcul cu microprocesoare.

Vom discuta pe larg la curs despre ce inseamna sa proiectezi un
sistem de calcul iar la laborator si proiect veti aplica aceste
cunostinte si va veti construi propriul sistem de calcul.

La finalul cursului ar trebui sa fiti pregatiti sa lucrati intr-o echipa
care construieste un produs care are incorporat un sistem de calcul.
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About me

Associate Professor @ UPB

* Research & Teaching
— Computer architecture, hardware/software interaction
— Embedded and Pervasive Computing
— Wireless Sensor Networks
— Low Power Computing Architectures
— Fault tolerance

« Office: ED422
« Office Hours: Mondays 11:00am - 12:00pm
« (almost) anytime on Teams

Start-ups — Vector Watch — Fitbit — Google

Computer Science
& Engineering
Department
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Important Stuff

Curs & laboratoare: ocw.cs.pub.ro/pm

Notare:

* 1 punct activitate laborator

* 1 punct lucrare laborator (colocviu final)

* 3 puncte proiect

* 3 puncte examen final

* 2 puncte activitate curs (teste / activitate)

+ 0.75p bonus top 30 de proiecte din an (top 7%)
+ 0.75p bonus top 10 proiecte din an

Cerinte minime pentru a promova:
50% punctaj parcurs si 50% prezente la laborator

50% examen;
7 prezente la curs pentru a intra in examen;

Qﬁllﬁ’r_, c
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https://ocw.cs.pub.ro/pm

Extra

Bonus pentru rezultate la concursuri & activitati
pana la 1 punct pentru rezulate in top la concursuri de profil

tehnic
> mail in presesiune cu Subject: [Bonus PM]
Nume Prenume_33xCA

Echivalari
* Pana la 3 puncte pentru rezultate la concursuri tehnice. Ex:

* ACM (top 50% la world finals);
* Innovation Labs (SemiFinale);
* Suceava Hard and Soft (top 50% echipe);




Proiect

2/29/24



Structura punctaj proiect

3p din punctajul

finall

Pentru orice milestone

ntarziat — maxim 70% din documentatie

punctaj

Confirmare tema proiect
+ cine vrea sa invete sa
22-Apr-2024 26-Apr-2024 | Proiect lipeasca
29-Apr-2024 3-May-2024 | Proiect Milestone - documentatie
6-May-2024 10-May-2024 | Proiect
13-May-2024 17-May-2024 | Proiect Milestone - Hard
20-May-2024 24-May-2024 Milestone - Soft, all done
Prezentare
27-May-2024 31-May-2024 | Proiecte PM Fair
"proiecte hardware "proiecte software proiect
heavy" heavy" "echilibrat”
Milestone - 04 04 04
Milestone - Hard 0.9 0.7 0.8
Milestone - Soft, all 0.7 0.9 0.8
done
PM Fair 1 1 1




Alegerea temei [cel tarziu sapt 9]

Tema trebuie sa fie aprobata de catre asistentul de laborator

Nu se aproba teme banale; ex:
Ceas digital, termometru digital;
Ca reguli de referinta:
Nu poate sa fie mai simplu decat un laborator de PM
Trebuie sa inglobeze notiuni din minim 3 lucrari de laborator
Nu poate sa fie bazat pe un tutorial YouTube de 15 minute
ToDo pentru saptamana 9
Tema
Schema bloc

10



Cu ce veti ramane dupa proiect?

Cuno[stinte generale despre cum functioneaza un sistem de
calcu

GPI0O, clocks & timers, intreruperi, DMA, ADC, SPI, 12C, UART etc.
Low-level development in C

Device Drivers
Digital signal processing

Hardware testing (and building)
Schematic & PCB design
Circuite analogice (osciloscop, multimetru)
Circuite digitale (analizor logic)

Multe aminitiri (sper) placute




Organizarea generala a unui calculator

Memorie — Stocheaza programe si date
CPU — Central Processing Unit

UAL — Unitate Aritmetica si Logica
Control — Secventiaza transferurile de date
/O — comunica cu exteriorul

periferice
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Arhitectura sistemelor de calcul

Organizarea clasica (von Neumann) a unei masini de calcul:
* Programe stocate sub forma de instructiuni

* "General-purpose”

e Datele siinstructiunile stocate in memorie

* Instructiunile executate in ordine

Arhitectura unui sistem este determinata atat de hardware cat si de
software.
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Putting things into perspective

10 um -1971

6um —1974

3 m - 1977 Polysilicon gate

1lum —1985

600 nm —1994

250 nm — 1997

130 nm - 2001

90 nm -2004

65 nm -2006 Silicon nanowire—__ e

32 nm -2010 e —

22 nm -2012 Silicon oxide film

14 nm -2014 . .
10 nm - 2017 Tranzistor - 10nm Influenza A virus — 100nm
7nm —2018

5nm -2020
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Microprocesoare

Microprocesor

Adrese
Date
Control

High performance, general purpose, pentru PC & workstations
Instruction decode and control, arithmetic/logic operations, registers, timing, external control
Cost tipic: $75 - S500

Cerere anuala: zeci de milioane
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Microcontrollere

Microcontroller

Adrese
Date
Control
Nivel mult mai mare de integrare pentru controlul embedded

Functii de microprocesor, plus memorie si periferice on-chip (ex. porturi, timere)

"Swiss army knife" al tehnologiei

Cost tipic: $0.1- $25

Cerere anuala: miliarde!
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loT uses & applications

Industrial
* Machine-to-Machine
communication
* Process monitoring & control @

* Maintenance monitoring
=

Automotive & Logistics
* Autonomous vehicles
* Vehicle auto-diagnostics

empiric

¥ Environment

fé * Forest Fire Detection
* Environmental monitoring
* Species Tracking

% Retail
)

21 * Inventory control
* Theft protection
* Monitoring in-store

*  Fleet management ﬁm wait times
090
Smart Farms S
*  Smart watches &

¢ Soil analysis wearables

& @ t

. Clri::’a:::afiim:::e monitorin = " S
=23 Smart Cities & Homes P gg‘-‘" @ Healthcare
gg‘.‘.‘

* Waste management * Fitness devices
* Home automation & security * Ingestible sensors
* Optimized energy use * Connected inhales

* Parking sensors T\ ']y * Optimized patient care
E
\J

© https://www.facebook. iricsoluti global-iot-application-platf d-servi is-f 1 t-42947857835263186/




Baseline Microcontroller
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8051 - Intel
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Pats www.CircuitsToday.com
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ATmega328p - Atmel
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MSP430 — Texas Instruments

r—-""""""""""-""" """ """

|
| Clock [ ACLK Flash/ . . .
RAM Peripheral Peripheralf—|Peripheral
l System 3 SMCLK ROM !
| MCLK N % &l s AN AN VANK ) l
|
= | o || MAB 6B [ D e B . —¥ —F——»
1o K& -
| |rRisccru| |8 I
|| 16-Bit S
2 )
5 P - . _ >
l - | MDB 16-Bit . otrj'lsv N MDB 8-Bit '
JTAG |
AVARV AV NS AR | |
ACLK — l
SMCLK —® \watchdog [ |Peripheral Peripheralf—|Peripheral[ |Peripheral =
| I

S S Sy U S S S ————————

Proiectarea cu Microprocesoare



s

l::::i -

S H

HHHHH T T : ket
IEEREERSD LCEEIIIIi - i | 3-nanometer
SRR T technoloay
HHH R ey T > il ay

25 billion 37 billion 92 billion
Dynamic Caching transistors transistors transistors

Upto
Next-generation |
GPU architecture 2.5)(

2 2 2 aster renderin
M3 | €§M3 | €M3 —
PRO

Advanced Media Engine MAX
Faster 16-core
.'—u Neural Engine

with AV1 decode

Upto Upto Upto
3 8-core CPU 12-core CPU 16-core CPU o
—_ " 10-core GPU 18-core GPU 40-core GPU | : 35.7 s
- - & | -7 A7 A Lr 8
H;rd.w;r::éczlxeratéd B ' unif%?nc'l;e?"lory unifi? n?e?wry unl;lngjgm(zr?ory ‘- ”' H:m;?;—laccél;‘r;tﬁ

ray tracing mesh shading



World-Changing Microprocessors




Zilog 780

Released 1976

8-bit architecture
Enhanced clone of Intel 80
Nintendo Game Boy
Sega Master System y
Texas Instruments graphing \/
calculators

Still sold for embedded
applications
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MOS Technology 6502 (1975)

6502 - inexpensive and capable
Intel 8080 sold for $149

6502 sold for only $25

Apple 11 (1977)

Atari 2600

Nintendo Entertainment System
(NES)
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Motorola 68000

Released 1980
16/32 bits
UNIX workstations

Apple Macintosh @

MOTOROLA
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AIM PowerPC 601

e 1992 _‘
* Apple, IBM & Motorola “unholly alliance”  BaPowerrC o
* Break the Intel + Microsoft monopoly |

e Used in Apple Macintosh from 1994 to 2006
* Nintendo Wii

 Xbox 360

e Sony PlayStation 3 (part of Cell processor)

PPC601FD-080~2

T = 19425030KS
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INTEL 4004

Introduced in 1971
First Intel uP
Word width: 4-bit
2300 transistors
Clock: 108KHz/500/740
46 instructions
Registers: 16 x 4-bit
Stack: 12 x 4-bit
Address space
* 1Kb of program, 4Kb of data




INTEL 8086

Introduced in 1978

First 16-bit pP

4.77 MHz, 8 MHz and 10 MHz

16-bit data bus and 20-bit address bus
29,000 transistors

2.5 million instructions per second
Could access 1 MB of memory

22,000 instructions

Multiply and Divide instructions




INTEL 8088

Introduced in 1979.

Created as a cheaper version of
Intel’s 8086

16-bit processor with an 8-bit
external bus

2.5 million instructions per second
This chip became the most popular

in the computer industry when
IBM used it for its first PC.




INTEL CORE 17

Introduced in 2008

4 physical cores

Clock speed from 2.66GHz to
3.33GHz

781 million transistors

64 KB of L1 cache per core, 256
KB of L2 cache and 8 MB of L3
cache




INTEL CORE 15

* Introduced in 2009

* 4 physical cores

* Clock speed is from 2.40GHz to
3.60GHz

781 million transistors

64 KB of L1 cache per core, 256KB
of L2 cache and 8MB of L3 cache




INTEL CORE 13

* Introduced in 2010

* 2 physical cores

* Clock speed is from 2.93GHz to
3.33GHz

e 781 million transistors

* 64 KB of L1 cache per core, 512KB
of L2 cache and 4MB of L3 cache




INTEL CORE IS

* Introduced in 2017
e 10-18 physical cores

i ’1. * Clock speed is from 1.8GHz to
| intel) 5.1GHz
e e ~7 billion transistors (depending

on version and core count)

https://en.wikipedia.org/wiki/List of Intel Core i9 processors



https://en.wikipedia.org/wiki/List_of_Intel_Core_i9_processors

Ce va trebuie pentru a reusi la acest curs?

Cunostinte de C si (ceva) electronica

Dorinta de a invata multe despre ce se petrece in
calculatorul vostru

. Tenacitate. Software is hard, Hardware is even harder!

Hard to find out how it works
Hard to write code for
Hard to debug

Dorinta de a crea un produs complet




