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Assignment 3 — Task 1

Max in-core performance a) AVX512 [ 7[instr]/2[cy]

]

Execution Units / Ports

i<N; ++i)

for (int i=0;

for(int j=1; j<M-1; ++3j) Cache line: 512 Bit AVX512 ADD
a[i][j] = 0.2*(b[1i][]j] + AVX512 MULT | AVX512 MULT
b[i][j-1] + b[i][j+1]) AVX512LD | AVX512LD | AVX512ST AVX512 FMA || AVX512 FMA

AVX512 LD | AVX512 LD | AVX512 ST AVX512 MULT|| AVX512 ADD

AVX512 LD AVX512 ADD

Double precision arrays, 1.9 [GHZ]
P = 12[127] 192 = 22.0[]

FP

Pyeak = Nsuper * Npya * Nsimp * f=

]2 aff22] 15[ - 0]
L
= Piax= §Ppeak 2 [ﬂOPS]
cy
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Assignment 3 — Task 1

Max in-core performance a) AVX2

for(int i=0; i<N; ++i)
for (int j=1; j<M-1; ++3j)
afi][3] = 0.2*(b[1] []] +

b[i][j-1] + b[i][j+1]);

= Double precision arrays, 1.9 [GHZz]
P = 62+ 1[2] = 11.4[]

3
=> Piax = Eppeak

[ 7]instr]/2[cy]

}

Execution Units / Ports

Cache line: 512 Bit AYX2I4DBD

AVX2 MULT | AvX2 MULT

AVX2 LD AVX2 LD AVX2 ST AVX2 FMA | Avx2 FMA
AVX2 LD AVX2 LD AVX2 ST AVX2 MULT | AVX2 ADD
AVX2 LD AVX2 ADD
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Assignment 3 — Task 1

Max in-core performance a) Scalar [ 14[instr]/3[cy] ]
for(int i=0; i<N; ++1i) Execution Units / Ports
for (int j=1; j<M-1; ++3j) 2 stores if hit same |  ADD ADD
a[il[j] = 0.2* (b[i] [j] + cache line MULT MULT

b[i][]J-1] + b[i][]j+1]) o | w | s sT_ || Fwa [ Fwa

= Double precision arrays, 1.9 [GHZz]
P, =2 lflops] «1.9 chy] _33 lGF]

1
=> Pax = Eppeak
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Assignment 3 — Task 1

Max in-core performance b) Code Balance

_ _ _ _ RHS: 1 RD
for(int i=0; i<N; ++i) LHS: 1 WR (+ 1RD for W/A)
for (int j=1; j<M-1; ++j)

afil[3] = 0.2*(b[i][]] +
b[i][3-1] + b[i][3j+1]);

= Double precision arrays

= Nontemporal stores or cache line claim cannot be used

= Assume N and M are “large” (arrays will not fit into cache)
= In each iteration, b[i] [j+1] is read from memory

This element will be used from cache in the next two iterations
No main memory transfers are necessary forb[i] [j] and b[i] [j-1]
_ 24[Bliter]
¢ 3[flops/iter]

= 8[B/F]
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Assignment 3 — Task 2

Latency and bandwidth Who is the major

contributor to

b, = 250 [GB/s] runtime?
T; = 130 [ns]

a) N = 4096 [B] .

N —
Hockney Model: Tyrns = Ty + = 130 x 10 o[s] + Ts0x10°[B/]] — 146 [ns]
By = —— = 4096[B]/146[ns] = 28 [GB/s]
trans

. N
b) Baff = bs/2 With B¢ = 5 > Ny, = Tb;

130 [ns]

) P=1+—t=1+

N/b = 508.8125=>» 509 prefetches needed

B
[ ]/ZSO[GB/S]

~ 32.6 kB in-flight
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Assignment 3 — Task 3

Strided access Working set fits into

. . . @ powerof2 @ non-power of 2 some cache level
for (i=0; i<N; i+=M)
c . 1500
af[i] = s * a[i];
e
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Cache thrashing!

Stride M
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