Parallel computation



Types of parallel computations



0. Parallelism that does not require programmer intervention
1. SIMD

2. Thread-level concurrency

3. Distributed computing

4. Hardware acceleration



0. Parallelism that does not require
programmer intervention



e CPU pipelines can be viewed as implementing some form of parallelism

in the sense that multiple executions are being executed simultaneously

e Forexample, one instruction’s arithmetic is performed (in an ALU)

while the next is being decoded

e However, from the programmer’s perspective,

everything must happen as if there was no parallelism at all



#1 Explorer - C:A H=EI| |E3 5ystemsteuerung _ O] =]

Datei Bearbeiten  Anzicht  Extras ¥ Datei Bearbeiten  Anzicht 2

zlE

: |.-'1'-.I|e Ordrer | [nhalt wor T 5
@ Desktop Mame Grie | Typ | Gedndert am gﬁ : ﬂJ

El--- Arbeitzplatz [ Dokumente D ateiordner 01.03.10 22:65 Akustizche Signale Anzeige Datum/Uhrz
= 3.5-Diskette [A] 0 Inetpub Drateiordrer 01.031023:01
ER= (€] (1 Programme Dateiordner 01.03101815
- Dokumente Wt Fecycled Papierkorb 01.03.10 18:52
7z % 'F’_‘E‘F'“b 0 Windows Dateiorcner 01.031018:14
' %? Hrugra:'nrdne .-'f-.utu:ue:-:e-: Stapelverarbeitungs...  01.03.10 23.07
Internet Explarer {:I W?E;ESS autosxec. zdd 50D Datei 01.03.1018:47
]]_ﬁ 0] Bootlog. pry PRY Datei M.031018:45
% {8 Systemsteuerung Bootlog T extdate ) 01.03.1013:46 i deraimtelluncen
%] Drucker E Cormand Armendung fur M5- 050996 11:11 d
Papierkorb (23] DFU-Netzwerk Config. sy Syzterndate 01.0310 2313
-{3] Scheduled Tasks Canfig. win Wk D atei 01.03.1018:16
= + B Metzwerkumngebung Textdate 01.03.101812 =
w ‘G Papierkarb Frontpg.log LOG Datei 01.03.10 2304 Fuiltiredia Metzwerk ODBC-Dateng
; {5 Akterkoffer losys Systemdate 30.01.98 0E:12 [32Bit]
Fozteingang -~ Orline-Dienste 032 ays Syztemdate 01.03101512 [
lngo. sy Systemdatei 05.09.95 11:11 P @

% Windows Media Player E Eigenzchaften fur System B4

|24 Objekte] |1,naw Datei  Anzicht ‘#iedergabe Fawvorten ‘Wechselhzu 2
= = G Radio g Musik ™ Media Guide

Eingabehilfen

Allgemein | Geréte-ManagerI Hardware-F‘erilel Leistungsmerkmalel

System:
Microzoft Windows 35
4.00.950C
IE 55504807 2300

R eqistriert fuir;
Testllzer
-0ER-

Erogramme | Autostart

=| Microzoft Personal web Server Computer:
Online-Dienste ! AuthenticakD

T 2560 ME RAM
T TR T

Dakumente

Einztellungen Zubehir
et Emplarer
@ bicrozoft Exchange
Hilfe ! Microsoft Metteeting
E 5 -005-E ingabeauffarderung
I“_;'jl Outlook, Express
@ Wwindoves-E wplorer

Suchen

Prazentation:

Auzfubren...

0Kk | Abbrechen |

Beenden...

| @ Explarer - C:h




e Multitasking allows multiple executables to run “simultaneously”

(even on a single processor)

e Regularly, the scheduler (part of the OS kernel) decides which task gets to runon a

Processor.
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e The scheduler is called:

» at regular intervals f times per second, by default:

o Linux: f=1000Hz (>see CONFIG_HZ)
o MacOS: f=100Hz (> see sysctl kern.clockrate)
o Windows 10: f=64Hz (>seetimeBeginPeriod())

= when an task performs a system call (open(),write(),exit(),...)

= when a “hardware interrupt” happens:

o keyboard received a keypress
o network device received data
o storage device finished writing

o sound/video device ready to receive next buffer


https://github.com/torvalds/linux/blob/master/kernel/Kconfig.hz
https://flylib.com/books/en/3.126.1.80/1/
https://randomascii.wordpress.com/2020/10/04/windows-timer-resolution-the-great-rule-change/

e When the scheduler decides to interrupt a running process (e.g. to run another)
» the process is said to “preempted”

it becomes “runnable”

e When a process executes a system call,

it starts “sleeping”
» after the requested operation is performed,
o in some cases, it will run again

o in other cases, it becomes runnable and will only run when a CPU is available

= many system calls can take a long time to perform (“blocking” system calls):
read(), write(), recv(), send()



e At any given time, most tasks are sleeping
= waiting for data (e.g. from network)
= waiting for user interaction (e.g. keyboard or touch input)

= waiting on a timer (tasks that run at regular interval)

e The only tasks that are normally running/runnable
are those performing CPU-intensive operations
= graphics rendering
= audio/video/data compression and decompression
= computations

= etc.
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e From a hardware perspective:
= A CPU corresponds to a single integrated circuit (“IC”) package

= A computer can (rarely) have multiple CPUs

Typically only found in datacenters, rarely more than 2
= Each CPU can have multiple cores
o generally 2-8 cores on laptops

o up to 128 on datacenter CPUs

e From a software perspective:
= Everything that can run a task is generally called a “CPU”
= Only the kernel’s scheduler will (sometimes) care about CPU vs. core

= All other software is unaware of the difference



e a CPU can have multiple copies of some logic blocks

e very common for arithmetic and logic units (ALUs)

ALU 1 ALU 2

memory

mov rax, [rsi]

add rcx, rbx

add rdx, rdi



e From a hardware perspective:

= With Simultaneous Multithreading (SMT) (a.k.a. Hyperthreading),

o each core can run multiple (generally 2) tasks (“threads”)
o but they share many logic blocks (in particular ALUs)
o SMT works well when those logic blocks would otherwise be idle

o SMT is ineffective when those logic blocks are the bottleneck

e From a software perspective:
= Everything that can run a task is generally called a “CPU”
= Only the kernel’s scheduler will (sometimes) care about CPU vs. core vs. thread
= All other software is unaware of the difference

» “Thread” has a different meaning in software



