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An Optimizing Compiler to Support Software DSM Systems
JUNPEI N1wa 1t TAKASHI MATSUMOTO 1t and KEI HIRAKIt

Software Distributed Shared Memory (DSM) provides shared address space at run-time
and accepts a wide range of applications, and it is easy to implement on the existing systems
with commodity hardware. An optimizing compiler that directly analyses shared-memory
source programs is indispensable for improving the performance of software DSM systems.
The purpose of compiler optimization is to generate codes reducing the communication and
instruction overheads for software cache-coherence management. The optimizing compiler
performs interprocedural points-to analysis and interprocedural shared-access set calculations
by using interval analysis to solve redundancy elimination equations along with lazy release
consistency model. It generates the codes that avoid fetch-on-write. We have implemented
this optimizing compiler, Remote Communication Optimizer: RCOP. We also have imple-
mented the lightweight runtime systems on an SS20 workstation cluster connected with the
Fast Ethernet (100BASE-TX). The experimental results using the SPLASH-2 benchmark
suite show that the combination of the optimizing compiler and software DSM is very effec-
tive. Our proposed system had high speed-up ratios for the FF'T and Radix programs, that
is, challenging applications for software DSM (about 4 times faster than sequential programs
on 16 processors).
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Fig.1 Overall compilation process.
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Fig.2 Example of redundancy elimination.
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Fig.3 Dataflow equations used to remove redundant read commitments.
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Fig.4 Solution of data flow properties.
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Fig.5 Interprocedural analysis model.
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Fig.6 Solution of data flow properties using sets of

shared-access sets for the Fig. 4.
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gooboobookObODODOODOObOODObDO
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for (g=1; gq<=M; q = q + 1) {

— S5 =

C'0000000 kOODOOOODO

C'0000000 k0000000

)

L = 1<<q; r = N/L; Lstar = L/2;

ul = &u[2*(Lstar-1)];

for (k=0; k<r; k =k + 1) {

x1 = &x[2x(k*L)];

x2 = &x[2*%(k*L+Lstar)];

for (j=0; j<Lstar; j = j + 1) {
omega_r = ul[2%j];
omega_c = direction*ul[2*j+1];
x_r = x2[2%j];
x_c = x2[2*j+1];
tau_r = omega_r*x_T - omega_c*x_C;
tau_c = omega_r*x_c + omega_c*X_T;
x_r = x1[2*j];
x_c = x1[2%j+1];
x2[2%j] = x_r - tau_r;
x2[2%j+1] = x_c - tau_c;
x1[2%j] = x_r + tau_r;

x1[2%j+1] = x_c + tau_c;

}
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— S7 = (22,16 = Lstar, 0)
= (&=x[2 * (k *x L + Lstar)], 16 * Lstar, ()
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S7089 — Sio = (&=z[2 * (k * L)], 32 * Lstar, )
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Si0 — S11 = (&z[2 * (k x L)],32 * (L/2),

{0< k< N/L})

Property 320000 ADO0DOOOOOOOOOO

A(k) = a(k+1) —a(k)

&z[2* ((k+ 1) * L)] — &z[2 % (k * L)]

=8x% (2% L) (xr O double 0O D)

=16 L



Vol. 42 No. 4

0 kO0000D00D00000OL=2901<¢g< MO
00 LODODDOO0Os(k) = 32%(L/2) = 32x29 ! =
16x29 =16x L 00000k 000000O0COCO
000000000 ke{0<k<N/L}OOOO
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b0 joUlobbbOoobOoboOoobobobbooo
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000000000000 0oooooooooog

0000000000000 ooooooooooo
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oooooO00O0o0O0oDOoO0OOoOoO0Dn write commit-

ment0000000000 100000000000

0000000000000 00ooooOUOread

commitment 0000000 REROODOOOOOOO

000bO0o0o0obbOOoO0oOobO write commitment

0000 REW: Redundancy Elimination for Write

commitments 00 0000 ®OREW O OO0 O

O00D0O0O00O0O0ORERODOOODOOODOOODOO

00000000oooo0ooDoooooooooo

000000000 O0OD0ODOREWO REROOOOO
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e RER O 00D anticipatability 000 O OO O
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oog

e REROOOOO fusionO coalescing0 0000
goooooOoREWOOOOOODOOOODOO
oooooooo
M ODOREWO fusion0000000 ag(i)—
a1(i) < blocksize + s1(i) D000 aq(i) —
a1(i) < s1(i) DO 0O0Ocoalescing0 00000
O A(j) < blocksize +s1(j) D000 A(j) <
s1(j)0ooo

REW OO coalescing0 00O OOOOOOOOO

O0000000O0DOODO0ODOODOOO RadixO

oooooo

for (i=key_start; i<key_stop; i++) {

this_key = key_from[i] & bb;

this_key = this_key >> shiftnum;

tmp = rank_ff_mynum[this_key];

key_to[tmp] = key_from[il;

rank_ff_mynum[this_key]++;

} /xiox/

OO keyto 0IDOODODOUODODOODO Okey-to

0ooUoooooUoooouoooDooao

rank_ff mynum[this key] 0000000000 OO

O000000000000000000000 write

commitment 0 000000

000 Orank_ff mynum[this key]l] 000000
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for (i = 0; i <= bb >> shiftnum; i++) {

init_rank_ff_mynum[i] = rank_ff_mynum[i];

for (i = key_start; i < key_stop; i++) {
this_key = key_from[i] & bb;
this_key = this_key >> shiftnum;
tmp = rank_ff_mynum[this_key];
key_to[tmp] = key_from[i];
rank_ff_mynum[this_key]++;

} /% i/

for (i = 0; i <= bb >> shiftnum; i++) {
W (&key_tol[init_rank_ff_mynum[il],
(rank_ff_mynum[i] - init_rank_ff_mynum[i])

* sizeof (int));
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Coarse-grained read from the home region

Fine-grained and
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Fig.8 Permutation phase.

00000o0ooO0o00ooooooooogoono
gooooODOOoOo0oOoooboOoooboobooo
J00000000D0O dominate O O0O post-
dominate0 00000000 D0ORadixOOOODO
000000000000 O000 dominate O
ooo
e JO0OOIOOOUODOOODO
0oODO0oo0oOooooooooooooooo
0doo0oooobooooooooooogg
Radix 0000000 thiskey DO0O0OO0OO
U0 rank ff mynum 0 000 000000 oO0O
000 bb > shiftnumOO0O0O000O0OOO0OO
U rank ff mynum DO OODO bb > shiftnum
gooboboobooooboobobobboooooo
000000000000000% 00000
rank ff mynum D 0000 radixOOOObb =
radix - 1 < shiftnum 0000000000
000000000 bb > shiftnumO < OO
O0radixO00 00000
3.5 Fetch-on-write 0 00O
0oooSOoooooDoooooooooogoong
gooooobooooobooboo0oobooboooDo
000000000 DoOoO0OO fetch-on-write 0 0O
goooooopbooboocOoOogobooooooooo
gooooofbobOoooboboobooobobooooo
gooooopbpoboobooOooboboooooooobo
go00o0ooOooOO0ooOogooooooooooo
0000dDO0o00ooonoOdsteredd0dgonoo
000000 dfetch-on-write 0 00000000
000D000000D0DOD 00D O Odouble buffering
00 radixsort 000000 80000000000
gooboooooooooboooboOooooooDoo
goooobooooooobobOoooobooDboo
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Transpose

Coarse-grained read
from the home region

fine-grained and
scattered write

09 Ooooo
Fig.9 Transpose phase.
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Barrier ();

for (1 =0; 1 <N; i =14+ 1)

S[i] = .0;

Barrier ();
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R (S, N * sizeof(double));
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Table 1 Benchmark configuration.

Program Modification

LU-Contig | owner of block (i,j) < owner of block (j,1)

FFT sender-initiated Transpose 12)

Raytrace elimination of unused lock-operation for ray ID 12)
Ocean rowwise partition (Ocean-RW) 13)

Barnes sequential tree-construction 7

02 00000O000O0OD0ODODO00ODODO0O00000OD 10000000000000000 %O
Table 2 Problem size, sequential execution time (secs) and optimized parallel

1-node execution time (secs) and the overheads (%).
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FOW w/o FOW FOW W/O FOW
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Fig.11 Effects of compiler optimization for ADSM (executed on 16 nodes).
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Table 3 Average time breakdowns(secs) for 16-node
execution.

program scheme Sync CM Miss Task

ADSM | 3.940s | 0.030s | 1.829s | 28.524s
LU-Contig

UDSM | 4.604s | 0.138s | 2.319s | 28.308s

ADSM | 0.298s | 0.779s | 0.088s | 0.377s
Radix

UDSM | 0.325s | 0.897s | 0.112s | 0.511s

ADSM | 0.655s | 3.206s | 0.000s | 0.971s
FFT

UDSM | 0.620s | 2.600s | 0.000s | 1.026s

ADSM | 4.308s | 0.186s | 0.344s | 4.374s
Barnes

UDSM | 3.600s | 0.313s | 0.327s | 5.016s

ADSM | 0.172s | 0.028s | 0.960s | 11.251s
Raytrace

UDSM | 0.135s | 0.034s | 0.273s | 12.734s

ADSM | 7.509s | 0.059s | 5.085s | 29.993 s
Water-NS

UDSM | 6.102s | 0.081s | 4.950s | 30.207 s

ADSM | 0.383s | 0.110s | 1.589s | 3.568s
Water-SP

UDSM | 0.357s | 0.162s | 1.521s | 3.641s

ADSM | 1.337s | 0.231s | 0.994s | 1.450s
Ocean-RW

UDSM | 1.067s | 0.150s | 0.975s | 1.507s

ADSM | 0.050s | 0.004 | 0.177s | 0.295s
Volrend

UDSM | 0.050s | 0.003 | 0.179s | 0.360s
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