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Large-scale graph analysis
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+ Memory-intensive
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+ FIN: BFS on BlueGene/L
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PGAS languages
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PGAS language contstructs

o« HEXTEY ERKFODOIVANZ Y ~ (UPC)

¢ JO—/NLXEVUEID YT
+ JHO—/N)LXEYICXHT D memcpy

+ EEHE{S: gather, broadcast, reduce, ...

+ JNUZ, Ov7
+ Work sharing: upc_forall

+ efc..




1. EA
Contributions
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SMPLTOHDCCER

(Grafting:
— : I DWT
EAIRAEE: D[] =i O<=i<=n-1 gﬁ ‘ ‘
[ sl ) MimDERICHEUEGRDES Z
for (;i) { £z Z
gr = 0; /A ~
parallel for i = 0 to m {
(u,v) = E[1];
if (D[u] < D[v]) { =Y -
D[D[v]] = D[u]; ERER A E S ICE (LS
o = 1 EUBRLBRIEKT
} /
gr = node Reduce i(gr, SUM);
if (gr == 0) break; ( _ - . )
parallel for i to n { <2.?E°£t‘_c;:'\t_lzl—19
while (D[i] != D[D[i]]) it ;
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for (;7) | for (;;) |
gr = 0; gr = 0;
upc_forall (i=0;i<m;i++) { parallel for i = 0 to m {
u = E[i1].u; v = E[1].V; (u,v) = E[1];
if (D[u] < D[v]) { if (D[u] < D[v]) {
D[D[v]] = D[u]; D[D[v]] = D[u];
gr = 1; gr = 1;
} }
} }
gr = all reduce i(gr, SUM); gr = node_ Reduce i(gr, SUM);
if (gr == 0) break; if (gr == 0) break;
upc_forall (i=0;i<n;i++) { parallel for i to n {
while (D[i] != D[D[i]]) while (D[i] != D[D[i]])
D[i] = D[D[i]]; D[i] = D[D[i]];
} }
} }
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SR

+ SMP (16 threads) vs. UPC (256 threads)
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for (;;) {
gr = 0;
upc_ forall (i=0;i<m;i++) {
u = E[i].u; Vv = E[1].V;
if (D[u] < D[v]) {
D[D[v]] = D[u];

gr = 1;
} } ﬁ%h%“hiﬁ%ﬁ*%ﬁ]
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(communication coalescing)
+ Collective (GetD) #HZE:
input: 77 EAULEWEXRD index D'J X b
» output: 77 ELAUVLEEWERDY X

» EEEEEXZAWVWTindex 7=/ —RETXRHL.,
AU/ —RADBEEFEZF EOHTEE(put)
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GetD

Input: shared array D, private array indices with global
indices to D, size of indices is k

Output: private output array outD

begin

1. Sort indices using the target thread id of D[indices[I]]

0<I<k-—1)as key

2. Compute number of elements to request from each

(& —RIEHLT
T—5 DEXK (indices)
L%%%i&@: O(p)

thread needFrom[j] (0 < j<p-—1)

3. Inform all threads of number of elements and their
target locations to sent to thr;

s+—0

for j —0top—1 do

3.1 SMatrix[j][i] < needFrom|j]
3.2 PMatrix[j][i] « s
3.3 5 « s + needFrom|[7j]
end
4. All threads enter barrier
UPC_barrier;
5. Inspect received requests and transfer data elements
in batches

for j«—0top—1do
5.1 nSend «— SMatrix[i][j]
5.2 targetPosition «— PMatrix[i][7]
5.3 Collect data indices requested by thread thr;
5.4 Gather the data elements

&/ —RKRhoDEKXK%Z
AT, TNZ2NIEE
Ul anrfiBi T -5 %
5.5 Put data to thr; at position targetPosition % % ;\Q_\_{} O (p)
end -

6. Permute received data to match the request order
end

Algorithm 2: GetD on thread thr;, for (0 <i <p—1).
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GetDDEFEAX—Y (1/2)
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GetDZRAWTCCZBRER

for (;7) {
gr = 0;
upc_forall (i=0;i<m;i++) {
u = E[1].u; v = E[1].V;
GetD({u, v}, Dout)
if (Dout[u] < Dout[v]) {
SetD(Dout[v], Dout[u]);
gr = 1;
}
}

}

X XS DHER], shot-cutting 289 TH GetD/SetDZEEHA L T UL S (FEHERK)
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% compact:
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+ localcpy:
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