by

____________________________________

N00039-84-R-0605(Q).

ABSTRACT

machines,^1

N where N

Θ (N log N Θ (N)).^2

combining N requests

polling (i.e.

____________________________________ 1

2 buffered Θ log N N N.

private shared

consistencyor .

or exclusive read-write ownership

volatile (i.e.

UpdateAll

banyan network delta omega

UpdateAll

block/wakeup busy-waiting

S S broadcast S ×2

cross-invalidate

3

caches memories

C PE

C PE

C PE

C PE

C PE

C PE

C PE

C PE

MM

MM

MM

MM

MM

MM

MM

MM

____________________________________

involves Θ (N Θ N

UpdateAlloperation

UpdateAllv to e

e v,e v e. UpdateAll UpdateAll^4 UpdateAll

tion. UpdateAll

UpdateAll

____________________________________

¬ continue endwhile

UpdateAll

test&set or fetch&add cacheable declaration. UpdateAll

UpdateAll

UpdateAll

UpdateAll UpdateAll UpdateAll

UpdateAll UpdateAll

i.e.

(test). (modify).

(retest).

• • V UpdateAll

modify or retest test

P(b) b = FALSE} 1 2 continue 3 endwhile 4 5 6 endif

V(b) 7 8

P FALSE test&set V V Ainvokes P b TRUE, A b Acan V UpdateAll 8. FALSE b, A TRUE b B A b TRUE test&set. FALSE FALSEto TRUEis

relation: whenever b is TRUE tion.

TRUE b FALSE P b V. A TRUE b test&set B Ahas b and B UpdateAll B UpdateAll A A A TRUE b of b TRUE b A FALSE b V 5

semi-critical

____________________________________ 5

fetch&add S S P UpdateAll

whenever S S UpdateAll

fetch&add S 6

S

P(S) S 1 < 2 continue 3 endwhile 4 5 < 6 7 8 endif

V(S) 9 10

____________________________________ 6 S P S − V

fetch&add S NPES

seq_1 NPES seq_2: NPES NPES*2

seq_1 seq_2

seq_1

The fetch&add NPES-1 S { . NPES-2 } t value NPES-1 t fetch&add

barrier(S) S 1 2 3 4 < NPES-1 5 < NPES 6 continue 7 endwhile 8 9 10 11 else NPES-1 < t < 2*NPES-1} 12 > 13 continue 14 endwhile 15 endif fetch&add fetch&adds. S S while S NPES UpdateAll or

NPES otherwise

UpdateAll

S UpdateAll NPES fetch&add

k N k =

k > .

casts.

normalized latency

.25 .5 .75 1 1.5 2

2

4

6

8

UpdateAll

UpdateAll

UpdateAll UpdateAll

UpdateAll

eg hardware). UpdateAll

UpdateAll

References [ASHH88]

[ArBa84] Eleventh [Berk88] , [CeFe78]

[ChVe88] tion,’’ [CyKM88]

[DaHe88]

[Dimi85] , [GoLi73] First [Good83]

[Good87] , [Gott87]

[GoLR83]

[Hill86] [KrSn83] sors,’’

[Lawr75] ers [LiAb85] tiprocessors,’’ [LoTh88]

[Mcau86] [Pate81]

[PfNo85] Networks,’’ [RuSe84]

[Shaw88] [ThGF88] , [Wils87] Four- [WuBe72] 765-777.

b b b b b

ers.

before t

t t.

LOC_i (t_i t. ISEXECUTING_i (t_i t to LOC_i ISEXECUTING_i (t) = n LOC_i (t + = n) (i.e.

MEMVAL^S(t S t. CACHEVAL_i^S(t S_i t (if S_i CACHEVAL_i^S(t) = ).

INCRIT(t

i t LOC_i (t) ∈ { } 0 ≤ INCRIT(t) ≤ t INCRIT(t) = MEMVAL^b (t) = FALSE.

INCRIT(t

Theorem t_0 t _ > t_0 INCRIT(t _ ) ≠ INCRIT(t_0 ).

loop 1 2 continue endwhile 3 4 endif 5 6 7 endloop

Proof INCRIT(t_0 ) = t _ i t_0 t _ t > t_{0 i} (t − = 6.

If INCRIT(t_0 ) = MEMVAL^b (t_0 ) = FALSE t_0 t _ t_0 Lemma INCRIT(t_0 ) = ISEXECUTING_i (t _ − = t _ > t_{0 i}.

Proof t_0 that: (†) MEMVAL^b (t) = FALSE t ≥ t_0

MEMVAL^b (t) = TRUE b FALSE to TRUE t_0

t_0 P P τ_{j j} t_{0 j} τ_j t > t_{0 j} (t) = 1. j τ_j CACHEVAL_j^b (τ_j

Let Π Π_T

Π_F

= {PE_j ,_j^b (τ_j ) =

= {PE_j ,_j^b (τ_j ) =

= {PE_j ,_j^b (τ_j ) =

F b FALSE Π_F . Π_{T i T} i_j j TRUE b b t̂_j MEMVAL^b (t̂ + = TRUE INCRIT(t̂ + =_k t̂ + τ_j > t_0 INCRIT(τ_j ) =_k t̂ τ_j ISEXECUTING_k(t′) = t̂ < t′_j

k t′^{and CACHEVALjb (τ j ) = FALSE}

PE_{j T}