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‘ Synchronization I

The need for synchronization arises whenever
there are parallel processes in a system @
(even in a uniprocessor system)

s In parallel programming P2
a parallel process may want to wait until
several events have occurred

A consumer process

must wait until the producer process has l
produced data Iproducer]|

: Operating consumet]
system has to ensure that only one 1
process uses a resource at a given time
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#HHELoadfg2 /x4 Storetgs & KL

éW SR AL ik
try: OR R3, R4,R0
LL R2, O(R1)
SC R3,0(R1)
BEQZ R3, try
MOV R4, R2
» B2. SEHBUEIFEE
try: LL R2, O(R1)
DADDUI R3, R2, #1
SC R3, O(R1)
BEQZ RS, try
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DADDUI R2,R0, #1

lockit: EXCH R2, O(R1)
BNEZ R2, lockit
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Cache-coherence steps and bus traffic for

P0,P1,P2

PO |P1 P2 Coherence | Bus/directory
state of lock | activity
1/Has | Spins, test if Spins, test if Shared None
lock |lock==0 lock==0
2| Set | (Invalidate (Invalidate Exclusive | Write invalidate of lock
lock | received) received) (P0) Variable from PO
to0
3 Cache miss Cache miss Shared Bus/directory services P2 cache
miss; write back fromP0
4 (Waits while Lock=0 Shared Cache miss for P2 Satisfied
bus/directory busy)
5 Lock =0 Executes swap, |Shared Cache miss for P1 satisfied
gets cache miss
6 Executes swap, Completes Exclusive | Bus/directory services P2 cache
gets cache miss  |swap,returns 0 | (P2) miss; generates invalidate
and set Lock=1
7 Swap completes | Enter critical Exclusive | Bus/directory services P1 cache
and returns 1,and | section (P1) miss; generates write back
set Lock =1
8 Spins, test if None
Lock ==0

2014/12/15

14



Hil 7] i B

» RABILR—HEHIL . PO
I=F PliFﬂPZRL%: A

P2 I FE N I 5 X

96 Qﬁﬁ%ﬁ%o (ste

2 5’9%% B SN R LS

QLK LLE

2014/12/15

Fﬁli/\f'a&ﬁﬁ?ﬁ%“— 0.
(step6,7) , P1RMFF
07,8) o

8t (step2)

/

M Z AR 2 B TA]

15



. H#ERELoad/Z 4 Storefs <L H e st

Lockit:LL R2, 0(R1) ;Load linked
BNEZ R2, lockit ;not available-spin
DADDUI R2,R0, #1 ;locked value
SC R2, O(R1) ;store
BEQZ R2, lockit ;branch if store fails
cRF—FEBESRERES, GEBUE, FHTH. )

RB_FFEBRS: RIWIMLERFRNERTHBER
FREB, RWCE EFEEAN B REFA .

2014/12/15 16



R #AE Iiﬁaﬁﬁ

» HIRB{HIT RIEALF H B 2R 58
FRAL LA} [F 25 BB =n?ﬂt = AL EAR R H 5
KI,  AbELES ] [F] 25 o8 9 B 32 s in Rl 5+
R KBRS L. ERFD kT R,

\

2014/12/15



Bl: B heBir FL1Eee

o R EERLEL10 processor [FEF A EN—3t s
e LY (RFH) . RERELFEH (—Kread
missELwrite miss) FTEILIO00NH BB HH. ZBELE
CacheH i EBIHIBTE] . 46 HIBHMRTE SR,
P A B 2R ERTE B e B e . R B LR A2 SE RN TR,

B A A — R, E%éﬁﬁ—%ﬁ?ﬁ%ﬂ‘zﬂﬁ%%

PLJE 742 DL — 38 BISR 3E 3K

S TF

R 10NN BREBR— Kk, TR ONELES?
R SERRL0M L E R 8L, FESKIE.

2014/12/15 18



2 iﬁ%f@%&%AL~ﬂ%ﬁ&ﬁW%%ﬁ%ﬁiEl@‘rﬁj%
= WRBEEBME T M) B4R ;
o= WRBBE T 1) )2 48
LIRS, BrEES> 5RAEC
< 10 b B SR E R B #RAE -
*FEF2 i + 1N EBELESF;
« XFn MeEEE, KELRLFEFR
xZ (2i+1) =n(n+1)+n=n2+2n
> 10MNAEPRESE 1201 R 26555, JL120000 R %0, Ty
15 1208 4

2014/12/15 19



—

—-+ Barrier Synchronization

< A barrier forces all processes to wait until all

the processes reach the barrier and then
release all the processes.
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1. SEBIBarrier K& %

lock ( counterlock ); /lensure update atomic
If (count ==0 ) release =0; //first-->reset release
count = count +1; /[ count arrivals
unlock ( counterlock ); // release lock
If (count ==total ){ /[ all arrived
count = 0; /[ reset counter
release =1, /[ release processes
}
else { // more to come

spin(release ==1) ; // wait for arrivals

2014/12/15
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Sense-reversing barrier

#I451E: local sense =release

}
Local sense =! Local sense; //toggle local sence
lock ( counterlock ); /lensure update atomic
count = count +1; /[ count arrivals
If (count ==total ){ /[ all arrived
count = 0; /[ reset counter
release = local _sense; //release processes
}
unlock ( counterlock ), // release lock

spin(release == local _sense) ; // wait for signal

}
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2. Sense-reversing barrier g8
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Number of :
. Correspondin
Event times for sourclzoe ine J Comment
process |
LL counter lock i Lock(counterlock) | g e ™
Store conditional i Lock(counterlock) |y g - ™
o Successful
LD count 1 ?7?4-)-'-1 process
. . Unsuccessful
Load linked C - ; Lock(counterlock) | ocess:try again
W _ Miss to get
SD COUﬂt 1 COUﬂt—COUﬂt+1 exclusive access
SD counterlock 1 &£ " : Flock) e ' get the
o —_— Read release:
LD release @ Spin(release==local_sense) | misses initially and
when finally written
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1. W EUS 1R 1) B e st
DADDUI R3,RO,#1 ;R3=initial delay

lockit:LL R2, O(R2) ;load linked
BNEZ R2, lockit ;not available-spin
DADDUI R2, R2,#1 ;getlocked value
SC R2,0(R1) ,store conditional
BNEZ R2, gotit :branch if store

succeeds

DSLL R3, R3, #1 :increase delay by 2
PAUSE R3 .delays by value in R3
J lockit

gotit: use data protected by lock
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2. Combining tree barrier
<+ Barrieric. & :
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Combining tree barrierSEBIACHS

- HI\{'\(\
struct nﬂﬂﬁ{f* a node 1n the combining tree */
int counterlock; /* lock for this node */

int count; /* counter for this ncocde */
int parent; 0..P-1lcep except for root

A* parent in the tree =

}:
[0..P-1]; /* thse tree of nodss */

struct node trees
int local sense; /* private per processor */
int release; /* glcbhal release flag */

J* function to implement barrier */

barrier (int mynods) |
loclk (tree [mynods] .counterlock) ; /*% protect count */
trese (mynode] .count=tree [mynods] .count+1;
J* increment count * )/
unlock (tree [mynode] (counterlock) ; /* unlock */
i1f (tree [mynode] . count==k) {f* all arrived at mynode */
1f (trees [mynode] .parent ==0} {
barrier {tree [mynods] .parent) ;

I else|
release = local sense;

tree [mynodse] .count = 0; /* reset for the next time */

[ EN —

Spin
¥

i* code executed by a processor to join barrier */

2( local sense =! local sense;
barrier (mmode) ;

(release==1lccal sense); /* walt */
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2. BUE I EFEIE (fetch-and-

increment)
A B8 B] PAodtbarrierBRVE K BE ;
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H BN 8845 R 1B SEPN ) ) B Abarrier

Local sense =! Local sense; //toggle local sence
fetch_and_increment(count); //atomic update
If (count ==total ){ /[ all arrived

count = 0; // reset counter

release = local sense; //release processes
}
else{ // moreto come

spin(release == local _sense) ; // walit for signal
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#l+ ( Cp4l8, Ep605)

P1l: A=0; P2: B=0;
A=1; B=1;
L1: if ( B==0)... L2: if (A==0)...

Pl1. P2iEFREEANE AL S Fia1T, AR
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Model Used in Ordinary Synchronization orderings
orderings

Sequential | Most machines|R—»R, R»>W,|S>W, S—R, R-S,
consistency |as an optional( W—RW—W W—S, S—S

mode
Total store | IBMS/370, R—-R,R—>W,|S»W, S—R, R-S,
order DEC,VAX, W—W W—S_S..S

SPARS W=S,, R2>S
Partial store |SPARC R—-R, R—>W A A
order Sr2W,Sg2R
Weak PowerPC R=7S,
ordering W—>S /
Release | Alpha, MIPS S,—>W/S, >R, R—S;,
consistency W—Sg, S,—S, S,—S;,

SO, Sr—>OR
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Total Store Order (TSO)
IBM370, DECVAX

- Eliminates the order W(a) > R(b) a=b
- Advantage?

— = A
" A gl

acquire (S) acquire [?}

sc ¢T TSO = &

»

2 ¥ _\EL;

release (S) release (S)
—
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‘TSO vs. SC I

Initially x = old, y = old

Processor P, Processor P,

TSO both can get old values

* 7 SC at least one has to get the value of new

y_copy =Y, X_COpy = X;
Under SC what values can x_copy andy copy get?

Under TSO what values can x copy andy copy get ?
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PBH (2) ---- PSO

o BE—DIAW ->WIRF . Bl B AR S #R/ER]
PLEL P 5E R o

« MNEEBIRAEE, SRR TFR/KALNE#RIE,
Wﬁﬁjﬁﬁﬁgﬁﬁ AR SRR F S
(5kgtR) B A <iERStall.
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Partial Store Ordering (PSO)
‘SPAHC I

« Also eliminates the order W(a) > W(b) a=Db
- Advantage?

= A = A
= =
acqulre (S) ac?i_i:_e__g_S}
TSO = / PSO cCc-= /
l =2 l =2
release (S) release (S)
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wiHH (3) ---- Weak ordering

o H—BHIAR 5R, R > WHIFRFEER .
v RESRERAE 28 5H(F 5 a0 42 F2 TR IR -
REFNF LR EEREZ ERRPBRIIEEE RS H

R

RS S 4 AT
RN EERS ﬁ'M’EZﬁifE‘J Al BRI S
FAEFF IE AT T TE R o

\1

o AN ARSI R L E T RERT, 2R SR, R 5> W
ABUFAL . S ZE B & iR R o R, R > W
P . BIfEiXFEFAbE R, BI4CPUHIIRead miss

F

o "@7
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Weak Ordering
POWERPC
- Also eliminates the orders R(a) > R(b) a=Db

and R(a) > W(b) a=Db
- Need non-blocking reads to exploit relaxation

— = A
“ _
B_\‘ ~ ."51
au::.qmre (S) ac?i_i—rf._iS}
PSO (= / WO (T /
=D
\ T—

®
-|'|mm
o
f}]
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—
v
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A\

2014/12/15 68



PH (4) ----Release consistency

+ [FEEVEE 4 HacquireflireleaseH % .
xR JoPdTacquire, 2R 5 A H L FEAR &
R (EEILEARE Y f5, WIHAT —Kreleaset# A
xR releasetfffEz 5, A AV F—NEPPEAIEHGBEHAT
o ﬁﬁw\
= fEacquire Z AT HIE HEIEA— € E A acquire i E 2 Bl 78 i
o fErelease Ja Mt HEAEWA— € EESE2E Freleasesdi R
ZJEA IR
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Release Consistency
Alpha, MIPS

- Read/write that precedes acqguire need not
complete before acquire. and read/write that
follows a release need not wait for the release

- A }
Bs 5=
acquire (S) acﬂﬂﬁ}
sc &= RC (- /
.
=D =D
\
release (S) release (S)
g E=
rd
F = F =

2014/12/15 70



Alpha, Sparc

PowerPC, ...

3
TSO, PSO, =
RMO, ...
[ -]
- [ |
RMO=WO?2

« Hard to understand and remember
« Unstable - Modele de 'annee
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