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Moore’s Law for Power Consumption

chip maximum
power in
watts/cm?

1000

not too long to

reach nuclear reactor
Iltanium: 130 watts
100

"ﬁ;tium 4: 75 watts
Pentium [11: 35 watts

Pentium Il: 35 watts
Pentium Pro: 30 watts

ntium: 14 watts surpassed heating plate

m

P
10

[186: 2 watts
1.5 1y 0.7¢ 0.5 0.35u 0.254 0.18y 0.13y 0.1p 0.07j
1985 1995 2001

Compiled from Intel datasheets.
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Cray-1 1976 1
Cray C90 1991 16
ASCI White 2000 16,384
oboogggd 2002 40,960
000 2012 2,820,096
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Time per one step (ms)

RIK=

) t

Strong Scaling ([N

X 54000(1.0-0.89982+0 893882/MN)

total

Cutoff 28A,
' 3,349,656 atom ,

i \ - calculate energy

=——— every 4 step

Cross over at
817 atom/node

B4 512 4056 32768
MMumber of nodes
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e MPI
e OpenMP
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SIMD

— A lost technology —

e Goodyear MPP (1970s)
e ICL DAP (Late 1970s)

e Thinking Machines Connection Machine-1/2 (Late
1980s)

e Maspar MP-1/2 (Early 1990s)

CM-2 00000000000 I




TMC CM-2

2048 00 Weitek 10 000000000000 SIMD
HREREEN



TMC CM-2

e 64k ] 1-bit UL U OUOOOOUONO 64k 0O

o 2048 UL DOUUOULDDOILODO 32000 UL DO OH
HREREEN

e 1200000000000D0O00DO0O (16000000
1000)

O0(00OO00oOoooono)boooono

[]
00 CM-20100000000100000
00 10-20 THops UL O OO OOO 100W

O] O



CM-2
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typedef domain node_domain {

EXTERN
EXTERN
EXTERN
EXTERN
EXTERN
EXTERN
EXTERN
EXTERN
EXTERN

int index;

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

mass;
position[NDIM];
velocity [NDIM] ;
acc [NDIM] ;
acc_old[NDIM];
potential,;
out_potential;
r_work [NDIM+1] ;

+ NODE_DOM, *NODE_PTR;

/ *
/ *
/ *
/ *
/ *
/ *
/ *

index for particle/node */
mass of the node */

position */

velocity */

accelleration */
accelleration of previous ste

current potential of the part



C*

void node_domain::calc_accel() rsqinv = 1.0/rsq;

{ rinv = sqrt(rsqinv);
int myindex; pot=node[i] .mass *rinv;
mono int 1,k; potential+=pot;

REAL dx[NDIM]; pot *=rsqinv;
accl[0] = acc[1l] = acc[2] = 0.0; for (k=0; k<NDIM; k++) {
potential = 0.0; acc [k]+=pot*dx [k] ;
myindex = (int)this - (int)&nodel[0]; }
if (this && this < &node [nbody]){ +
for(i = 0; i < nbody; i++){ }
REAL rsq; }
REAL pot, rsqinv, rinv; +

if (myindex !'= i){
rsq = eps2;
for (k = 0; k < NDIM; k++){
dx [k]=node[i] .position[k]
-position[k];
rsq += dx[k]*dx[k];
+
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for(k=0; k<4; k++){
host_work[k] = CM_u_read_from_processor_1L(&node[i],
&r_work[k], REAL_LEN);
CM_u_move_constant_1L (&r_work2[k] ,host_work[k], REAL_LEN);
+
rsq = eps2;
for (k = 0; k < NDIM; k++){
CM_f_subtract_3_1L(&dx[k] ,&r_work2[k],&positionl[k],
SIG_LEN,EXP_LEN) ;
CM_f_mult_add_1L(&rsq,&dx[k],&dx[k] ,&rsq,
SIG_LEN,EXP_LEN) ;
+
CM_f_divinto_constant_3_1L(&rsqinv,&rsq,1.0,
SIG_LEN,EXP_LEN) ;
CM_f_sqrt(&rinv, &rsqinv, SIG_LEN, EXP_LEN);
CM_move (&pot, &r_work2[NDIM], REAL_LEN);
CM_f_multiply(&pot, &rinv, SIG_LEN, EXP_LEN);



CM_f_add(&potential, &pot, SIG_LEN, EXP_LEN);
CM_f_multiply(&pot, &rsqinv, SIG_LEN, EXP_LEN);
for (k=0; k<NDIM; k++) {
CM_f_mult_add_1L(&acc[k],&dx[k],&pot,&acc(k],
SIG_LEN,EXP_LEN) ;
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