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Borrowed from blog “Memory Consistency Model: A Tutorial”, | Bornholt.
https://www.cs.utexas.edu/~bornholt/post/memory-models.html
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0. Processes vs. threads

1. Intro to concurrency

2. Managing concurrency

3. Mutexes
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1. Example to illustrate interleavings: say that thread A executes f()
and thread B executes g(). (Here, we are using the term "thread"
abstractly. This example applies to any of the approaches that fall
under the word "thread".)

a. [this is pseudocode]
int x; // 7(bb“( vat
int main(int argc, charxx argv) {
tid tidl = thread_create(f, NULL); A
tid tid2 = thread_create(g, NULL); & B
thread_join(tidl);
thread_join(tid2);
printf("pdhn", x); :_-5 2 v
} , ok f=ic
void f() { - v - .
X = 1; y j )—F e
thread_exit();
}
void g() {
x=2; &
thread_exit();
}
What are possible values of x after A has executed f() and B has
executed g()? In other words, what are possible outputs of the
program above?
b. Same question as above, but f() and g() are now defined as
follows* . — ~
{n )
inty=12;e [/7(°é‘1( )3 or ?’S
FO {x=y+1; ety K2HL=
90 {y=y*x2i} yoy(. f33: (3
/
what are the possible values of x? 5"'?£. T
c. Same question as above, but f() and g() are now defined as
follows:
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58
60 2. Linked list—example D(Qfa(
61
62 struct List_elem {
63 int data; >
64 struct List_elemx next; ¢
65 ¥ —_ 2 J“f‘t
66
67 List_elemx head = 0;
68
69 insert(int data) { —_—
70 List_elemx 1 = new List_elem;‘./ &17(:\
71 l->data = data; ¢
72 —>next = head; LL J
73 ‘ head = 1; )} ea
74 + |
75 >
76 What happens if two threads execute insert() at once and we get the
77 following interleaving?
78
79 thread 1: 1->next = head
80 «—>thread 2: 1->next = head
81 —>thread 2: head = 1;
82, thread 1: head = ; o(afq
83
84,
/teéﬂ ( i Xd

5 [ datq

dMulL

-
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(2 p 3 —
/\'3 Ja‘h
adeess 2E X Sp
N -0
0x5000, [$rbx| # load from address 0x5000 into register
$1, %rbx = # add 1 to the register's value

¢rbx, 0x5000 # store back
—

-—

0x5000, !%rbxi
@ %rb
Tbx,

x, 0x5000
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int x = 0; //7(0l74{ 3
f() {x=x+1;} -
g0 {x=x+2i} 77[0"2w5 AL
What are the possible values of x? @ X,; X‘\'l,‘)v
5] ©
o) ( Page 1 of 2
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1.

Some concurrent programs. What is the point of these?

[From S.V. Adve and K. Gharachorloo, IEEE Computer, December 1
66-76. http://sadve.cs.illinois.edu/Publications/computer96.Pdf]

Can both "critical sections" run?

int flagl = 1 = 0;

int main () { . .
tid id = thread_create (pl) NULL) ; 4 l:i
) 22 g); thread_join (id);

) A

void pl (void xignore

flagh=1; 20: a{
“Zif {11ag2f { 5¢ c$20
itigal_section_1 ();
}
} ~> Trug
void p2 (void xignored) {
flag2 = 1;
if (Tftagl) {
critical_section_2 ();
+
b. Can use() be called with value @, if p2 and pl run concurrently?
int data = @, ready = 0; Fd'
—
void pl () {
data = 2000; Ty M‘;Zuo
ready = 1; ruk e& 4
int p2 () F>) r d"
while

use(dataT;

c. Can use() be called with value 0?7

int a 2, b =0;

void pl (void xignored) { a = 1; }

void p2
if (a
b =

}
void p3

if (b
use

(void *ignored) {
)

1;

(void xignored) {
)
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61 2. Protecting the linked list...
62
63 Mutex list_mutex;
64
65 insert(int data) {
66 List_elemx 1 = new List_elem;
67 1->data = data;
68
69 acquire(&list_mutex);
70
71 1->next = head;
72 head = 1;
73
74 release(&list_mutex);
0 75 }
76
\ 77
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| Comcntrensy freblon flom Soffusre

int x = 0; // a global variable

void foo() { ///\_(/,

for (int i=0; i<100; i++) {

(et

L ol rg--7
X=©o /prin "sd", x); .
) } C/ p bQVC5
\ [ DO
void bar() { -T2 \/\—/\/_‘ Coclol LLDZD e
id b /i —> P
}




