Procesory Intel




Il CPU ajeho uloha

e Definicia CPU

e Uloha CPU

e |[ntel

Intel Core i7 CPU



Intel vs AMD

* Architektura a inStrukéné sady - Intel CPU vyuzivaju AVX-512, zatial C¢o AMD procesory
(Ryzen, EPYC) podporuju SirSiu Skalu AVX2 inStrukcii, ale AVX-512 absentuje (okrem Zen 4).

* Cache a pamatova hierarchia—- AMD pouziva V-Cache technolégiu pre zvacsenie L3 cache
(napr. Ryzen 7 5800X3D), zatial ¢o Intel CPU maju tradi¢nu cache hierarchiu optimalizovanu
pre latenciu.

* Hyperthreading vs. SMT - Intel pouziva Hyper-Threading (HT) na zvySenie paralelizmmu, AMD
vyuziva Simultaneous Multithreading (SMT), ktory poskytuje podobnu funkcionalitu, ale s
mierne odliSnym planovanim uloh.

+ Cipletovy vs. monoliticky dizajn - AMD Ryzen procesory (od Zen 2) pouZivaju éipletovy
dizajn, kde su jadra rozdelené do viacerych Cipletoy, zatial ¢o Intel stale preferuje monoliticky
dizajn (hoci od 12. gen Alder Lake preSiel na hybridnu architekturu s P-core a E-core).
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Vyznamné roky pre firmu Intel i N te ®

1971 - Intel 4004

* Prvy komercny mikroprocesor Intel 4004 (4-bitovy, 740 kHz).

1978 - Intel 8086

* Intel 8086 je prvy 16-bitovy procesor a zaklad architektury x86, ktora sa pouziva dodnes.

1982 - Intel 80286 (286)

* Prvy procesor podporujuci chraneny rezim (Protected Mode), umoznujuci viaculohové operacné systémy.
1989 - Intel 80486 (486)

* Prvy x86 procesor s integrovanou FPU (matematickou jednotkou), ¢o zlepSilo vykon v matematickych vypoctoch.
1993 - Intel Pentium

» Zaciatok znacky Pentium - novy nazov pre procesory, ktoré prekonali Ciselné oznacenia.

2000 - Intel Pentium 4

* Predstavenie architektury NetBurst, ktora priniesla vysokeé frekvencie (nad 3 GHz).

2006 - Intel Core 2 Duo

* Intel prechadza na viacjadrové procesory — prvé dvojjadrové procesory Core 2 Duo s vySSou efektivitou ako Pentium 4.



Vyznamné roky pre firmu Intel i N te ®

2008 - Intel Core i7 (Nehalem)

e ZacCiatok série Core i3, i5, i7 — zavedenie Hyper-Threadingu a Turbo Boost technoldgie.

2011 - Intel Sandy Bridge

* Prvyintegrovany graficky Cip (iGPU) priamo v CPU a vyznamny narast vykonu oproti predchadzajucim generaciam.
2015 - Intel Skylake

» Zaciatok DDR4 pamati - prechod z DDR3 na vykonnejSie DDR4 RAM a zlepSena efektivita.

2017 - Intel Coffee Lake

* Prvé 6-jadrové procesory pre mainstream (Core i7-8700K), prekonanie dlhoro¢nej hranice 4 jadier v beznych CPU.
2021 - Intel Alder Lake

* Zasadnazmena architektury — hybridny dizajn (P-Core & E-Core) kombinujuci vykonné a usporné jadra.

2023 - Intel Raptor Lake Refresh

» ZlepsSenie hybridnej architektury, Core i9-14900K dosahuje az 6 GHz.

2024 - Intel Meteor Lake

* Prva generacia s dlazdicovou (tile-based) architekturou, prechod na novy vyroby proces Intel 4 (4nm).



Architektury Intel procesorov

Intel 4004(1971) — 4bit, 0,74MHz, 2300
tr., 600000/s

* Intel Core i9(2022) - 64bit, 5,8GHz,
22mld. tr., stovky mld.o/s

* x86 vs. x86-64: rozdiely a vyhody

Shared L3 Céche

|

| ‘ 2]

* Monolit., potom hybridna architektura

Architektura CPU Intel Core i5/i7
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Riadiaca jednotka (CU)

l Aku ma ulohu?
Control signals |
Within CPU Contro
—_— e Bus
Flags Control signals from
» Control bus

Clock ——— =

gﬂﬂﬁ'ﬁ;msm CyklUS HW rladena,

spracovania Mikropro-
Block Diagram of the Control Unit instrukceii

-gramovana
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Fetch
Instruction

Excute the Decode

Instruction Instruction

Read address
from memory




Instrukcné sady CPU

Cotoje apredoto
potrebujeme?

Zakladna inStrukCna sada x86 a
jej rozsirenia

(Exkluzivne) rozsSirenia SSE,
SSE2, TSX, SGX, AVX-512

ADD, SUB, MUL, DIV, OR, AND,
XOR, JMP, CALL, MOV, CALL

Table 1-2. Recent Instruction Set Extensions / Features Introduction in Intel® 64 and IA-32 Processors’

Instruction Set Architecture / Feature

Introduction

Direct stores: MOVDIRI, MOVDIR64B

Tremont, Tiger Lake, Sapphire Rapids

AVX512_BF16

Cooper Lake, Sapphire Rapids

CET: Control-flow Enforcement Technology

Tiger Lake, Sapphire Rapids

AVX512_VPZINTERSECT

Tiger Lake (not currently supported in any other processors)

Enqueue Stores: ENQCMD and ENQCMDS

Sapphire Rapids, Sierra Forest, Grand Ridge

CLDEMOTE

Tremont, Sapphire Rapids

PTWRITE

Goldmont Plus, Alder Lake, Sapphire Rapids

User Wait: TPAUSE, UMONITOR, UMWAIT

Tremont, Alder Lake, Sapphire Rapids

Architectural LBRs

Alder Lake, Sapphire Rapids, Sierra Forest, Grand Ridge

HLAT

Alder Lake, Sapphire Rapids, Sierra Forest, Grand Ridge

SERIALIZE

Alder Lake, Sapphire Rapids, Sierra Forest, Grand Ridge

Intel® TSX Suspend Load Address Tracking (TSXLDTRK)

Sapphire Rapids

Intel® Advanced Matrix Extensions (Intel® AMX)

Includes CPUID Leaf 1EH, “TMUL Information Main Leaf,” and
CPUID bits AMX-BF16, AMX-TILE, and AMX-INT8.

Sapphire Rapids

AVX-VNNI

Alder Lake?, Sapphire Rapids, Sierra Forest, Grand Ridge

User Interrupts (UINTR)

Sapphire Rapids, Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake

Intel® Trust Domain Extensions (Intel® TDX)3

Future Processors

Supervisor Memory Protection Keys (PKS)4

Alder Lake, Sapphire Rapids

Linear Address Masking (LAM)

Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake

IPI Virtualization

Sapphire Rapids, Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake

RAO-INT Grand Ridge

PREFETCHITO/ Granite Rapids

AMX-FP16 Granite Rapids

CMPCCXADD Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake
AVX-IFMA Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake
AVX-NE-CONVERT Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake
AVX-VNNI-INT8 Sierra Forest, Grand Ridge, Arrow Lake, Lunar Lake

RDMSRLIST/WRMSRLIST/WRMSRNS

Sierra Forest, Grand Ridge

14




Registre Intel
procesorov

e Cotoje?

* VSeobecné registre (EAX, EBX, ECX,
EDX)

* Registre zasobnika, inStrukcii,
pointrov (ESP, EBP, EIP)

* Specifické Intel registre(MSR, TSX,
AVX-512, SGX )

EBX

ECX

EDX

General-purpose Registers

ESI

. EDI
ESP

(stack pointer)
EBP

(base pointer)

e 16 bits ——

8 bits 8 bits
AX AH AL
BX BH BL
CX CH CL
DX DH DL
22 bits

Registre Intel CPU




ALU

* Vykonava aritmetické operacie —
sCitanie, odcitanie, nasobenie, delenie

 Spracovava logické operacie - AND,
OR, XOR, NOT na bitovej urovni

* Pracuje s registrami CPU - ziskava data
z registrov a zapisuje vysledky

 Podporuje spracovanie podmienok -
porovnavanie hodn6t a rozhodovanie
(napr. vacsie, mensie)

INPUT A[7:0]

>

INPUT B[7:0]

>

I

8-to-1

Multiplexer

o~

OPCODE[2:0]

8-Bit
Subtractor

]

Blokova schéma ALU

OUTPUT[7:0]



Input Unit

CPU

3

Control Unit (CU)

'Y

Arithmetic & Logic Unit
(ALU)

Output Unit

Memory Unit (MU)

CPU
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Cache pamat CPU a pamatova hierarchia

-

®
[

e L1, L2, L3 CACHE - ROZDIELY A e INTEL SMART CACHE - ZDIELANA e PAMATOVY RADIC A JEHO VYVO!
VYZNAM CACHE V MODERNYCH CPU (DDR3, DDR4, DDR5)
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Komunikacia CPU s ostatnymi
komponentami PC

e Ako to funguje?

e Systemove zbernice a prepojenia
(System Bus, USB, DMI, QPI, UPI)

e PCl| Express —generacie a
rychlosti prenosu dat




Pipeline a Hyper-
Threading

* Pipeline procesorov - ako funguje
a preco je dolezity

e Qut-of-Order Execution —

. Vd . .

na zaklade dostupnych zdrojov

e Sucasné viacvlaknoveé spracovanie
(Intel Hyper-Threading)




e Intel Turbo Boost — dynamické zvySovanie

Energeticka frekvencie
efektivita a + Thermal Desigin Power (TDP) a lsho volyy
tepelny "2 ohladenis

manazment

e Intel SpeedStep — Usporny rezim



Diagnostika, ladenie,
meranie Intel CPU

* Diagnostické nastroje(CPU-Z alebo Intel
Diagnostic Tool)

e Sprava zariadenia a firmware(Ilntel Driver
& Support Assistant, Corelemp, Intel
Power Gadget)

* Testovanie stability a vykonu(Prime95
alebo Cinebench)

Intel ® Processor Diagnostic Tool 84Bit 4,1.7.38.W.MP

File Tools View About

System Info | CPU Features ]
Processors Detected 1
Processor Name Intel(F) Core(TM) i7-86651 CPU @ 1.50GHz
Processor Information Family & Model 8E Stepping C
Processor Usage Click to launch TaskManager
Mumber of Physical Cores 4
MNumber of Logical Cores 8
Graphics Information Intel(R) UHD Graphics 620
OpenCL Legacy Driver No
Operating System Microsoft Windows 10 Enterprize 64-bit
System BIOS NZIETI9W (1.77)
System Serial Number: PF288617
Testing Completed

Test Summary

— IPDTE4 - Revision: 4.1.7.39
— IPDT64 - End Time: 4/18/2023 7:32:08 AM

x
PRIVACY
Results ]Conﬁg ]
Test Module Enable CPU1
Genuine Intel v Pass
Brand String v Fass
Cache [ Pass
MMXSSE [ Pass
IMC [ Pass
Prime: Number [ Pass
Floating Poirt ¥ Pass
Math I Pass
GPUStressW ¥ Pass
CPULoad v Pass
CPUFreq ¥ Pass
CPU1
~
— Genuine Intel Test —
Version 1.0.23.64b W
Expected — Genuinelntel
Detected — Genuinelntel
Genuine Intel CPU Module Success o

Diagnosticky softvér pre Intel procesory
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BIOS/UEFI nastavenia
Intel CPU

Overclocking & napatie — Uprava
frekvencie a napatia CPU pre vySSi vykon

Power Management — nastavenie Turbo
Boost, uspornych rezimov a spotreby

Chladenie & ventilatory —regulacia
otacok a teplotnych limitov CPU

RAM & PCle konfiguracia - aktivacia XMP
profilov a nastavenie PCle rychlosti

UEFI BIOS Utility — Advanced Mode

08/15/2024 1 2 . 22{:) | @ english [ElMyFavorite §o Qfan Control & AIOC Guide/[2]Search 15 AURA P ReSize BAREED MemTestB6~
Thursday .

My Favorites Main  Extreme Tweaker Advanced Monitor Boot Tool  Exit EZlHardware Monitor

BRSO el M e e R L e [atrite

Package Temperature Threshold Auto

. 5600 MHz 44°C
Regulate Frequency by above Threshold Auto o0

de Parameters IUDUO MHz
IVR Transmitter VDDQ ICCMAX Auto
Unlimited ICCMAX Disabled
CPU Core/Cache Current Limit Max. 307.00
Current CPU Core/Cache Current Limit 307.0 A
Long Duration Package Power Limit 253
Current Long Duration Packaj
Package Power Time Window
Current Package Power Time Window

Short Duration Package Power Limit 253

-~ Enable/Disable Unlimited ICCMAX. Support VR Current Limit (ICCMAX) value set abowve 511.75A

Last Modified EzMode(F7) | =] | Hot Keys[ 7]

Version'2.22.1286 Copyright (C) 2024 AMI

BIOS nastavenia
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Buducnost Intel
Procesorov

* Vyvoj novych mikroarchitektur
(Lunar Lake - Energia, Panther
Lake - Vykon)

* Postupné zmenSovanie
tranzistorov(lntel 20A,
RibbonFET)

* Al a neurénové akceleratory v
buducich CPU

24
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Otazky



Dakujem za pozornost
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