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CSE251: System Programming
25. Threads

Seongil Wi

Department of Computer Science and Engineering



Recap: Process .

An instance of a program that is being executed (or is ready for

execution)
Reserved by Kernel

— Not the same as “program” or “processor”

» Consists of:
- Memory (code, heap, stack, etc.)

— Registers used to manage execution
(stack pointer, program counter, ...)

— Other resources

Read/write segment
(Data segment)

Processor Main memory
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After 10ms, save current registers (the
current execution environment) to memory
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Load saved registers and switch address
space (e.g., TLB) — “context switch”
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Main Limitation of Multltaskmg g
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Solution: Multlthreadlng'
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Solution: Multlthreadmg' ;
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Code
registers

Idea: Sharing the address space to
save time for context switching
(avoid address space switching)
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Solution: Multlthreadlng'
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Thread ;

*

* An execution flow within a process



Thread ;

*

* An execution flow within a process

* Threads share the same address space (save time!) but
have their own execution context




Thread ;

%

* An execution flow within a process

* Threads share the same address space (save time!) but
have their own execution context

Thread #1: Play video

* For example, ... _
Thread #2: Load image

Thread #3: Download file

Chrome
(Single process)



A Process with Multiple ;I;hreads
* Multiple threads can be associated with a process

= Task Manager
File Options  View

Processes Performance App history Startup  Users Details  Services

Mame nim Fhmte.- User name CPU  Memory (a... L.IAC virtualizat...

Hide column

(85| DFZ.exe SYSTEM 00 2,300 K 7 Mot allowed
[E]dilhost.ex | 2eiect columns SYSTEM 00 448K 4 Mot allowed
[o=] dllhost.exe 5240 Running 5YSTEM 00 1412 K 10 Mot allowed
(5| dllhost.exe 2416 Running mobalasu... 00 328 K 3 [isabled
(=] DsiaSrv32.exe 5580 Running 5YSTEM 00 308 K 1 Mot allowed
mdsm_sa_datamgrﬁd.e... 2112 Running SYSTEM 00 2,328 K 18 Mot allowed
[8=| dsrn_sa_eventmgrfd.... 2260 Running SYSTEM 00 204 K 5 Mot allowed
WITL.EXE . unnin - ; isable
(] d 1976 Running DWM-1 00 21,416 K 13 Disabled

(=] esif uf.exe 5788 Runnina SYSTEM 00 224 K 3 Mot allowed



A Process with Multiple ;I;hreads

* Multiple threads can be associated with a process

—Each thread has its own

= |ogical control flow (with different RIP)

» stack space (with different RSP, RBP) (but not protected from other
threads — because they share the same address space!)

* thread id (TID)

—Threads share the same

= code, data, and kernel
context

A Process's Virtual

Address Space

Stack

Text

Data

Heap

Virtual Address Space

T
1

T

A Multithreaded Process's

Stack Thread 3
Stack Thread 2

Stack Thread 1 (main)
Text

Data

Heap




Logical View of Threads

* Threads associated with process form a pool of peers
— Unlike processes which form a tree hierarchy
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v Threads vs. Processes

 How threads and processes are similar
— Each has its own logical control flow
— Each can run concurrently with others (possibly on different cores)
— Each is context switched

* How threads and processes are different
— Threads share all code and data (except local stacks)
* Processes do not
— Threads are somewhat less expensive than processes

» Process control (creating and reaping) twice as expensive as thread
control
* Linux numbers:
v ~20K cycles to create and reap a process
v ~10K cycles (or less) to create and reap a thread



Thread Programming



N
Posix Threads (pthreads) Interface

 pthreads: Standard interface for ~60 functions that manipulate
threads from C programs

—Creating and reaping threads
* pthread create()
* pthread_join()

—Determining your thread ID
* pthread self()

—-Terminating threads

= pthread_cancel() —Synchronizing access to
= exipthread exit() shared variables
» exit () [terminates all threads] * pthread mutex init

* return [terminates current thread] » pthread mutex [un]lock



The pthreads "hello, world" Program

#include <pthread.h>

, , . Thread attributes
void *thread(void *vargp); A hread ID —(usually NULL)
int main(int argc, char** afgv) { -
pthread t tid; */////,,JVNBadrounne
pthread create(&tid, NULL, thread, NULL);
pthread join(tid, NULL); \|{hread grguments
return 0; (void "p)
}
| Return value
/* thread routine */ (void **p)

void *thread(void *vargp) {
printf("Hello, world!\n");
return NULL;




The pthreads "hello, world" Program

#include <pthread.h>
void *thread(void *vargp);

int main(int argc, char** argv) {
pthread t tid;
pthread_create(&tid, NULL, thread, NULL);
pthread join(tid, NULL);
return 0;

}

/* thread routine */

void *thread(void *vargp) {
printf("Hello, world!\n");
return NULL;




The pthreads "hello, world" Program

#include <pthread.h>

void *thread(void *vargp); Main thread waits for
peer thread to terminate

int main(int argc, char** argv
pthread t tid;
pthread create(&tid,
pthread join(tid, NULL);
return 0;

thread, NULL);

}

/* thread routine */

void *thread(void *vargp) {
printf("Hello, world!\n");
return NULL;




.
Execution of Threaded ”Qello, world”

Main thread

call pthread_create()
pthread create() returns

.............. Peer thread
| call pthread_join() printf()
Main thread waits for return NULL; Peer thread

peer thread to terminate terminates

)
2"
.
“
P
st
P
st
PY
st®
st
.
“
s®
“

pthread_join() returns

Terminates main thread
and any peer threads

exit()



Question?
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