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Clock Speed
« ~2,7GHz

X1/2023: Guinnessova kniha rekordov

9,04392 GHz Intel Core i9 — 14900KF

chladeny tekutym héliom 5
https://hwbot.org/benchmark/cpu_frequency/halloffame ‘" Ar

At CES 2017, overclockers managed to push Intels latest Core
i7-7700K processor to 7 GHz on liquid nitrogen cooling
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Nahradné testy

Na poslednom cvi¢eni budu otvorené znova vsetky testy pre
tych Studentov, ktori ich nepisali.

Druhykrat sa pisat’ neda.

Rychlost podéitacov
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Clock Speed
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CPI - clocks per instruction

Priklad: 4 ]

Klasicky cisc procesor ma Ak v programe mame:
5 typov instrukcii: A ] et o

g load instructions
Load @ Sy g Yo R-type instructions
L Store les)y— — ~ (7 % store instructions
_mssuen Retype yflss)es) 8% branch instructions
Brénchgksﬁycles) | 2% jump instructions

|
Jump (3Fycles) 1
<480+ LT £NT + W 2
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Naproti tomu RISC procesor spravi vaésinu instrukcii za(DQ/I\Z
cyklus, niektore za viac. Zalezi preto na konkrétnom )
programe, ktory vSak na RISC procesore moze byt dlhsi.
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MIPS FLOPS Fuots
« Million Instructions per Second « Float Operations per Second

« Meaningless Information about Processor Speed

= : k@
. Clogt 46 FLOPS = cores x clock x
Instruction count

MIPS = ————— " W\¥C="cru00?

Execution time x 10° "

Bezné nové Intel procesory r@ 4 FLOPs / hodinovy cyklus. Lepsie,
serverové, maju tato hodnotu '8~

Priklad:
Intel 8080 3 MHz 043 MIPS Dvojjadrovy server s Intel x;é\gs,os GHz, 6 jadier)
ARM Cortex MO 50 MHz (micro:bit) 45 MIPS ( x% 00x &= 14¢R8G FLo?S
Intel Core i7 2,7 GHz 49630 MIPS ' /
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Porovnanie 1 ( tipnite si na Sli.do Porovnanie
(= T-f

Pl 4GHz / 0,90CPI / 50.10° instr. 5/, 17,

i P1:4GHz / 0,90CPI / 50.109 instr.
P2: 3GHz / 0,75CPI / 1,0.10° instr.

P2:3GHz / 0,75CPI / 1,0.10° instr.

Priklad — doba behu programov: Priklad — MIPS: H . /r)5 .
¥ — = M7
T(P1) = @@%”i’f‘ ns =A% MIPS(P1) = _'—‘—"—; = hv1o 03 7430 1S
o 7o x.
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TP =40 ¢ g £ 00T T == MPS(P2) = 2me e Theoo  mge = heoo)uic
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lock(P1)> clock(P2 ykon(P1)< wkon(P2 1) 2 ; S
clock(P1)~ clock(P2)  vykon(P1)* vykon(P2) MIPS(P1) © MIPS(P2)  vykon(P1) < vykon(P2)
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Porovnanie

P1:4GHz / 0,90 CPlI / 5,0.10° instr. z toho 40% Float / T = 1,12
/T=0,25

P2:3GHz / 0,75CPI / 1,0.10° instr. --

Priklad — MFLOPS:
MFLOPS(P1) = 0,4 x 5,0.10° / 1,12 = 1780 MFLOPS

MFLOPS(P2) = 0,4 x 1,0.10° / 0,25 = 1600 MFLOPS

MFLOPS(P1) > MFLOPS(P2)
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cisc: mélo (4-100)
execution time = pocet inStrukcii x CPI x frekvencia
RISC: vela 1
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Pipelining (ret'azenie)

6PM 7 8 9 10 1" 12 1 2AM
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Time
Task
order
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vykon(P1) < vykon(P2)

INSTRUKCIA (4 SPRACOVANIE

LOAD r1, A
LOADr2,B

MULT r1, r2
STORE
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Vykonnost’ pocéitacov

MIPS Million Instructions Per Second

FLOPS Floating Paint Instructions per Second

Intel 8080A 3 MHz 0,435 MIPS 0 FLOPS (no FPU)
Intel 8088 + 87 10 MHz 0,750 MIPS 0150 kFLOPS (w FPU)
ATmega328 Avd-ivo 16 MHz 4MIPS MFLOPS
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ARM Cortex-M0y: b 50 MHz

45 MIPS (micro:bit)

PS
70 GFLOPS)

Mikroprogram, [

Intel Pentium 100 MHz 188 MIPS
Intel Core i7 2,7GHz 49 360 MIPS
Microcode Memory
Instrukcie
CALL
MOV M1,M2
CPY$
MICROCODE MEMORY
(ROM or PLA)

Combinational Logic

b
Register

Instrukény cyklus

» Vyber instrukcie z pamate

- Dekédovanie instrukcie
- Vyber operandov

» Vykonanie pozadovanej operacie
« Zapis vysledkov do pamate

Datapath
Control

Signals

- Needed for a multi-cycle
instruction implementation

Gogn

Instrukény cyklus

DECODE

EXECUTE




Paralelizmus: pipeline

3-stupnova pipeline

DECODE

EXECUTE

. FETCH

EXECUTE DECODE

DECODE EXECUTE
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Design for Mgmis_l.m/

Use abstraction to simplify design

Make the common case fast

Performance via parallelism

Performance via pipelining

Performance via prediction

Hierarchy of memories

Dependability via redundan
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Pipelining (ret'azenie)

Program
execution 1 200 400 600 800 1000 1200 1400 1600 1800
order
(in instructions)
w $1,100(S0) """l reg| A | D32 | ey
W $2. 200(S0) 800ps v L2 BT o)
hw $3, 300(0) 800 ps e
actf
800 ps
Program
execution 200 400 600 800 1000 1200 1400
order
(in instructions)
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