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Intel Completes Acquisition of Altera

C$16.7 billion deal O

derscores Intel CEO's plan to expand chip

maker's business

By DON CLARK
Updated Dec. 28, 2015 9:27 p.m. ET

Intel Corp. on Monday completed its biggest-ever acquisition, part
of Chief Executive Brian Krzanich’s plan to use new tactics to

expand the chip maker’s business.

The $16.7 billion purchase of Altera Corp. makes Intel, known for

microprocessors used in computers, the second-largest maker of
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* Open-source hardware synthesis tool developed at
the University of Toronto since 2009

* Supports pthreads, and OpenMP (using locks)

Thread 1

Thread 2 Memory
controller




Synthesis example

* Can we implement atomic stores/loads using just
ordinary stores/loads?

int x=0; int y=0;

T10 { T20) {
1.1 x=1; 2.1 if (y==1)
1.2 y=1; 2.2  r0=x;

¥ ¥

assert(r0 # 0)



Synthesis example

* Can we implement atomic stores/loads using just
ordinary stores/loads?

int x=0; int y=0;

Ti(int a) { T20 {
1.1 x=a/3; 2.1 if (y==1)
1.2 y=1; 2.2  1r0=x;

¥ ¥

assert(r0 # 0)



int x=0; int y=0;

T1(int a) { T20) {
1.1 x=a/3; 2.1 if (y==1)
1.2 y=1; 2.2 r0=x;

} }

assert(r0 # 0)
Cycle:‘1‘2‘3‘4‘ 5 ‘---‘35‘36‘
1.1 Id a
1.1 divide
1.1 st x
1.2 st y
2.1 Id y
2.2 Id x
2.2 slt y==17
x:null




Implementing atomics

* Unsound: only respects RW/WR/WW
dependencies

rO=w;
rl=x;
r2=y.1d (ACQ) ;
r3=z;
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Implementing atomics

* Unsound: only respects RW/WR/WW
dependencies

Cycle: | 1 | 2
rO=w; ldy, w
ri=x; ldy, x
r2=y.1d(ACQ) ; Idacqg y
r3=z; ldpa 2
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Implementing atomics

 SC: all memory accesses strictly ordered

Cycle: [ 1| 2134 ]|5] 6 |78
rO=w; ldpa w
ri=x; ldpa x
r2=y.1d (ACQ) ; Idacq ¥y
r3=z; ldpna z
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Implementing atomics

 SC-atomics: all atomics are strictly ordered

Cycle: |12 (3] 4 |5] 6
rO=w; ldpa w
ri=x; ldpa x
r2=y.1d (ACQ) ; Idacqg y

r3=z " ldna Z
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Implementing atomics

* Weak-atomics: acquires cannot move down;
releases cannot move up; SCs cannot move at all

Cycle: | 1| 2 | 3| 4
rO=w; ldys w
ri=x; ldy, x
r2=y.1d (ACQ) ; Idacq y
r3=z; ldpa 2
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Correctness
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Case study: circular FIFO

atomic_int tail=0; head=0;

int arr[SIZE]; res[MSGS];
1.1 | while(prod<MSGS) { while (cons<MSGS) { 2.1
1.2 chead = head.1ld(ACQ); ctail = tail.1ld(ACQ); 2.2
1.3 ctail = tail.ld(RLX); chead = head.ld(RLX); 2.3
1.4 ntail = (ctail+1)%SIZE; nhead = (chead+1)%SIZE; 2.4
1.5 if (ntail !'= chead){ if (ctail != chead){ 2.5
1.6 arr[ctail] = prod res[cons] = arr([chead]; | 26
1.7 tail.st(ntail,REL); head.st (nhead,REL) ; 2.7
1.8 prod++; cons++; 2.8
1.9 } } 2.9
1.10 | } } 2.10

. & head

: ® O tail
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Circult area results
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Conclusion

First implementation of weak atomics in a hardware
synthesis tool

Implementing atomics using scheduling constraints
seems more efficient than using locks

Limitations: no support for RMW operations; small
and artificial benchmarks; only on-chip memory

Next steps: add support for loop pipelining
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