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Multicore Scaling Process

7Xx
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Speedup 1.8x
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Unfortunately, not so simple...
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Real-World Scaling Process

Speedup 29
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Parallelization and Synchronization
require great care...
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Asynchrony

" Sudden unpredictable dela
- Cache migses (short)
- Page faults (/ong)

- Scheduling quantum used up (really
long)

g NI Il I - - - -
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What: {T 4 2 TTHidmiz ?

o R —NREHWENNREESLTEEL
., A ERMM. R HE R
fE 5 8] g P T, EMHABNEEST T
5, [Herlihy 1991]

o AT H I F M 4 %

- 2 [FE % (mutex, semaphore,...)
- L% F 2 [LLF10]
- TEFETHE LR

— walit—free€ lock—free €obstruction—free
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Lamport's Lock-Free
Ring Buffer

[Lamport, Comm. of ACM, 1977]

e Operate on control variables: read and write, Which resp.
point to next read and write slots

}write !read

N-1 ’(; ;? 0 NEXT(x) = (x + 1) % N

Insert(T element) Extract(T* element)

1: wait until NEXT(write) != read 1: wait until read != write
2: buffer[write] = element 2: *element = buffer[read]
3: write = NEXT(write) 3: read = NEXT(read)

slide taken from [Leel0]



Compare-and-Swap
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Y.L oL AS e ana L L addr, aral - old, wal new)
Loy RN
S Valtprev.= faddr;
§ e e e v ol d) [ Aaddr .= new; }
IS return prevy

/

o CMPXCHG (with “lock”) — Intel x86
o Load Linked / Store Conditional — MIPS, PowerPC

slide taken from [CS380D]



TEFEZHES
FIFO

void enQ(request, queue) FHBRIEIRAS

{

do{
local head = queue->head,;
request->next = queue->head;
val = cmpxchg(&gueue->head,
local _head, request);
while(val '= local _head)
}

Atomic & Consistency: cmpxchg

Isolation: #. 6 £ 2



ZEFEZHTER

FIFO

void enQ(request, queue)

{

do{
local head = queue->head,;
request->next = queue->head;(1)
val = cmpxchg(&gueue->head,
local _head, request);
while(val '= local _head)
}

FHBRIEINE

ARAEHAT cmpxchg B, queue->head == local_head ° BI{E
1, 2 Z[ENZ A H IR queue->head LT © N request IX45 T

queue->head@E\UlU, Li}ﬁﬁ@%iﬁi%ﬁiﬁﬁ‘




""ﬁi . . struct elem {
elem *link
% f)\ E*& any data;
}
elem *ghead,
Push (elem *x) Pop ()
do do
old = ghead,; old = ghead,;
X->link = old; new = old->link;
new = X; cc = CAS(ghead, old, new);

cc = CAS(ghead, old, new);
until (cc == old;)

until (cc == old;)
return old:

14




ABA [o]gi

A thread 1: thread 2:
| Ppop() pop()
c pop()
push(A)
IEFRTIT

pop(); pop(); push(A); pop();

pop(); pop(); pop(); push(A);
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pop()

ret = A;

next = B;

/[ Interrupted
CAS(A,A,B)

A | = A
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pop() pop()
ret = A; ret = A;
next = B; next = B;
/[l Interrupted CAS(A,A,B)
CAS(A,A,B) ) =
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/[ Interrupted  pop()
CAS(A,A,B) ret=B;
next = C;
CAS(B,B,C)
return B;
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/[l Interrupted  push(A)
CAS(A,A,B) A->next =C,;
CAS(C,C,A)



ABA [o] &5

/| resumes
CAS(A,A,B)

A
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/| resumes
) ¢ CAS(A,A,B)



Stack with DWCAS
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struct elem { struct ghead {
elem *1link; elem *1link;
any data; int seq; version|number
} } ghead;
Push(elem *Xx) Pop()
do do
old = ghead.link; old = ghead.link;
oldseq = ghead.seq; oldseq = ghead.seq;
x->1link = old: new = old->1link;
cc = DWCAS (ghead, cc = DWCAS(ghead,
<old, oldsegqg>, <old, oldseqg>,
<x, oldseq+1>); <new, oldseqg+l1l>);
R ety . ¢ until (cc):
! return old;

slide taken from [CS380D]
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- Transactional Memory
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JI+ 20 Transactional Memory

M Database HJ#Z/UVE &
Transaction 5%

e Database —{X Transaction I

|
&
- 1. Begin the transaction

- 2. Execute several data manipulations
and queries

- 3. If no errors occur then commit the
transaction and end it

- 4. If errors occur then rollback the
transaction and end it

* ACI ##iE ( Atomicity,
Consistency, Isolation )

partially
committed

Transaction State



Transactional Memory v«

e1977 Lomet
—( KE— ) PRk HEZHER R AL
¢« 1993 Herlihy and Moss, ISCA

- Transactional Memory - architectural support
for lock-free data structures

- SRR A R R
e |SCA, HPCA, PPoPP, PODC...

-Challenge: to build an efficient TM
Infrastructure




Herlihy and Moss, ISCA 1993

[TM M.K.]
* coined the term Transactional Memory
o JEN 6 FigFa < AR T @ TL B SS 1
- load-transactional: SEEIEEIFAE & Fas

- load-transactional-exclusive: FEEEFRE|FAE S 17
28 IR cache-miss , EREIRFrAR

- store-transactional : 5Z%|N1F (cache) {HH f#
B commit ZBiANA] I

- commit: FEXNAFH L

- abort: EFAEHEN

- validate: B Y FIESIRE




Herlihy and Moss, ISCA 1993

[TM M.K ]

]\ == NS ;j\tx o A
Processor &Eiﬁllj( _ ﬂag 6 %?ﬁ%gé
TACTIVE load-transactional, load-
CSTATUS transactional-exclusive, store-
transactional, commit, abort, and
validate.
P —/~ T Cache 1% TM #/E
Ta Cache |Transactional | Transactional
9 | state Tag Data
L1 cache
Fully Associative Transactional Cache
FrHY 3 1> bus JEHA

( +coherence protocol suppert (new bus cycles ) )

FIGURE 4.7: Herlihy and Moss Ttransactional Mmemory support




Transactional Memory v«
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® [Herlihy 1991 Maurice Herlihy, Wait—free
Synchronization, 1991

® [NSYNC]Nonblocking synchronization
bibliography, http://www. cs.wisc. edu/trans—
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