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Thread outline

What is thread?

User-level thread / Kernel thread / Hardware thread
Simultaneous multi-treading (SMT or HT), Multi-core
Multi-threading model: many-to-one, one-to-one, many-to-many
Thread libraries: Pthreads, Win32, Java, .NET

Thread pools

Homework: server/client



Threads

Thread is light-weight process.

Single-threaded process vs. multi-threaded process

Benefits: responsiveness, resource sharing, economy, scalability
Multi-core programming

Challenges: dividing activities, balance, data splitting, data dependency,
testing and debugging

Multi-threading models:
user-level vs. kernel-level threads
M:1, 1:1, M:N



Kernel vs. User-level threads
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Global Interpreter Lock

What is GIL ?

Wiki Definition: Global interpreter lock (GIL) is a mechanism used in
computer language interpreters to synchronize the execution of threads so
that onlv one native thread can execute at a time.

Why python uses GIL ?

In CPython, the global interpreter lock, or GIL, is a mutex that prevents
multiple native threads from executing Python bytecodes at once. This lock

is necessary mainly because CPython’s memory management is not thread-
safe.

http://anuragjain67.github.io/writing/2016/01/15/problem-with-multithreading-in-python



http://anuragjain67.github.io/writing/2016/01/15/problem-with-multithreading-in-python

http://msdn.microsoft.com/en-us/library/aa365683(VS.85).aspx
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User-level thread #3a Green thread example (obsolete!)

« Java 1.1 on Solaris (14 multi-core sil# uwaza1aazvia thread dusands JVM
wenlilaae duaa 1/O block)

* Ruby<1.9
* Cpython (standard interpreter aasn1u Python)

* http://en.wikipedia.org/wiki/Green threads

Web browsers (ifaqtiuanaaziilaauliluga)

* Firefox, Safari one process (many threads)
 Chrome many processes (per site instance)

Tisunsa chrome.exe snansasa parameter 14 (faatuataazilaaulluga)

4 process models lu1 site instance e
P vy 1flu parent/child tabs fu

Process-per-site-instance  (default) 1 site instance fiuana tabs &

Process-per-site --process-per-site
Process-per-tab --process-per-tab
Single process --single-process wilau Firefox, Safari

http://www.chromium.org/developers/design-documents/



http://en.wikipedia.org/wiki/Green_threads
http://www.chromium.org/developers/design-documents/

iunedus] Threads 1u Task Manager (Lﬁ'@@ﬁimqu kernel thread aasusiaz process)

18 Windows Task Manager o || = || 22|
File Options View Help

Applications | Processes | Services | Performance | Metworking | Users

Image Ngme User Mame Threads Description i
acrotray.exe Chatchawit 2 AooTray 3
AppleMobileDev... SYSTEM 8 MobileDeviceService
atiech. exe SYSTEM 9  AMD External Events Client...
atiesrxx.exe SYSTEM 4 AMD External Events Servi...
audiodg.exe LOCAL SERVICE 2 Windows Audio Device Gra...
AutoDect. exe Chatchawit AutoDect
chrome. exe Chatchawit Google Chrome
chrome.exe Chatchawit ogle Chrome
chrome. exe Chatchawit 6 Gaogle Chrome
chrome. exe Chatchawit & Gopagle Chrome
chrome.exe Chatchawit 6 Gopgle Chrome
chrome. exe Chatchawit & Gopgle Chrome
chrome.exe Chatchawit 26  Ggogle Chrome
chrome. exe Chatchawit ] ogle Chrome
chrome.exe Chatchawit 6 oogle Chrome =
"
Show processes from all users ki

Processes: 95 CPU Usage: 4% Physical Mermony: 50%



Hyperthreading vs. Multi-core

Physical vs. Logical processor
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CPU 2 s 1ilu quad-core usaz core ilu hyper-threading (set lu BIOS)

& Windows Task hManager | |:|_|| =) |||

File Options  Yiew Help

Applications | Processes Services Performance fr'-letw::nrkjng sers

_P Usage i_PLJ Usage Histary

Physical Memary Usage History

Phvsical Memory (ME) Sysker

Taokal 16367 Handles 16990

Cached 614 Threads 1058 .

Avvailable 14456 Processes gg O physical processors

Free 13925 Up Tirme 0:00:01:53 (cores)
Zommit {GE) 2131

kernel Memary (MB) 16 logical processors

Paged 205

Nonpaged 72 | '?!'Rescnurce Monitor ... |

Processes: i CPU Usage: 5% Physical Memoarne 11%%




Disable hyper-threading

& Windows Task Manager

File Options “iew Help
Applications | Processes | Services Performance Metworking | Users

CPU Usage C_PU Usage Histary

Physical Memary Usage History

Memory

-

E=H Eol x5

Phwsical Mermory (ME) Swskern

Total 16367 Handles 17819

Cached 13260 Threads 339

fvvailable 13552 Processes Al

Free 295 p Time N H
Commit {EE) 2131

kernel Memory (MB)

Paged 410

Nonpaged 133 | Ay Resource Manikar, .,

Processes: 61 CPU Usage: 0% Physical Memore 17%%




Processor Affinity

s

chrome.exe *¥32
chrome.exe *¥32
cmd. exe

conhost. exe

C5FSs, EXE

dwarn, exe

explorer, gxe
MSSECES, EXE
OMEMOTEM,.EXE *32
RavCpled,exe
rdpclip. exe
taskhost.exe
kaskmgr. exe
wrmware-ktray, exe *32
winlogon, exe
wiaucl,exe

Which processors are allowed to run "chrome. exe *32"¢

18 indows Task Manager [o || = || &= |
File Options  Wiew Help
Applications | Processes | Services | Performance | Metwoarking | Users
Image Name? Processor Affinity |ﬁ| -

<Al Processors =
CPU O (Mode 0O
CPU 1 (Mode 00
PU 2 (Mode 0)
CPU 3 (Mode 0O

LU U H U

CPIU O (Mode 1)
CPU 1 {Mode 1)
CPU 2 (Mode 1)
CPU 3 (Mode 1)

L S

Node 0

Node 1

B with local RAM

— with local RAM

m

2K, ] | Zancel

|

% Show processes From all users |

l

End Process

Pracesses: 59

CPU Usage: 0%

Physical Mermone 16%6

b1




Thread libraries

Pthreads, Win32, Java

pros and cons

Java thread API is generally implemented using a thread library available on
the host system (Windows / Linux / macOS).

N
Problem: SUIM = Zl
1=0

Pthreads

Win32

Java threads
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Error diffusion

8-bit grayscale image (1 million pixels, 10K x 10K)
black & white image (same resolution)

Lena, 1972



. Processed pixel (with error diffusion data available)
] Pixel being processed

Un-processed pixel

4 thread 5un row saldlsmas lasasase thread lud

Row being processed by Thread 1
Row being processed by Thread 2
Row being processed by Thread 3

Left edge of page

Multiple threads are able to process multiple rows simultanscusly.




Error diffusion

Multi-Care Programming
Hint: 1. put space on the edge WCP
2. use “byte” to save memory space e
3. use integer programming
4. use n threads, n < #cores (next row = row + n)
5. create n threads and reuse them b
6.4 C# visa Java
for (i = 0; i < HEIGHT; i++) { 00 = black, FF = white
for (j=0; j < WIDTH; j++) {
Outputimageli][j] = (Inputimageli][j] < 128 ? 0: 1);
err = Inputimageli][j] - (255 * Outputimageliljl);
Inputimageli][j+1] += (err * 7) / 16;
Inputimage[i+1][j-1] += (err * 3) / 16;
Inputimage[i+1][j] += (err * 5) / 16;
Inputimage[i+1][j+1] += (err * 1) / 16;
}
} dimAmau sequential vs. parallel




i

Baboon

Example

Black & white

Grayscale
(298 x 298)

(298 x 298)



Sequential
algorithm

GrAunavaaing thread wazugpduinainds join
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Intel CoreTM2 CPU T5500 1.66 GHz
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Speedup on a quad-core processor

1,400,000
1,200,000
1,000,000
300,000
600,000
400,000

200,000

Ticks (.NET Framewok)

1 2 3 4

Number of CPU cores



nanssy: Error Diffusion

yinun Host OS winsiu

Tadvinlu virtual machine

N

- 91 8-bit grey scale image (nau)

- g1 8-bit grey scale image (u44)

- nenluyie wnw X Aeghedesirinanuau core
- epuneldn vindeleldly thread Sawmeiu

Ticks (.NET Framewok)
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lock Statement (C# Reference)

- Tdsunsuiidnld lock aznaunanaiaasingls

yinludd lock udavinaulsgndes

class Account drsauls lock Wwiuw static aziiaaylsau

{ - Error Diffusion lsifesld lock
decimal balance;
private Object thislLock = new Object();
public void Withdraw(decimal amount)
{
lock (thisLock) & lock ué thread duaz lock s1antails FRIUEIATD
{
if (amount > balance)
{
throw new Exception("Insufficient funds");
}
balance -= amount;
}
}
}

https://docs.microsoft.com/en-us/dotnet/csharp/language-reference/keywords/lock-statement



Error Diffusion ldaflusasld lock
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Deferred cancellation
Signal Handling
Thread pool (Win32 API,
Scheduler activations
Windows XP threads

Linux threads

nchronous cancellation

va), lIS performance tuning




Homework

Client-server

Write a Java program for'server and client.
Server yvihuminyiudas domain name flu ip address
Matrix multiplication

Write a C/C++ program to perform matrix multiplication.
(option: fix number of threads, or using thread pool
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