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Assignment 3 – Task 1

Max in-core performance a) AVX512

for(int i=0; i<N; ++i) 

for(int j=1; j<M-1; ++j)

a[i][j] = 0.2*(b[i][j] +

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

▪ Double precision arrays, 1.9 [GHz]

𝑷𝒎𝒂𝒙 = 12
𝑓𝑙𝑜𝑝𝑠

𝑐𝑦
∗ 1.9

𝐺𝑐𝑦

𝑠
= 𝟐𝟐. 𝟖

𝑮𝑭

𝒔

𝑷𝒑𝒆𝒂𝒌 = 𝑛𝑠𝑢𝑝𝑒𝑟
𝐹𝑃 ∗ 𝑛𝐹𝑀𝐴 ∗ 𝑛𝑆𝐼𝑀𝐷 ∗ 𝑓 =

2
𝑖𝑛𝑠𝑡𝑟

𝑐𝑦
∗ 2 ∗ 8

𝑓𝑙𝑜𝑝𝑠

𝑖𝑛𝑠𝑡𝑟
∗ 1.9

𝐺𝑐𝑦

𝑠
= 𝟔𝟎. 𝟖

𝑮𝑭

𝒔

⇒ 𝑷𝒎𝒂𝒙=
𝟑

𝟖
𝑷𝒑𝒆𝒂𝒌

AVX512 LDAVX512 LD

AVX512 LD

AVX512 MULT AVX512 ADD

AVX512 ADD

AVX512 ST

𝟑𝟐
𝒇𝒍𝒐𝒑𝒔

𝒄𝒚

7 𝑖𝑛𝑠𝑡𝑟 /2 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; ++j)

a[i][j] = 0.2*(b[i][j] +

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

▪ Double precision arrays, 1.9 [GHz]

𝑷𝒎𝒂𝒙 = 6
𝑓𝑙𝑜𝑝𝑠

𝑐𝑦
∗ 1.9

𝐺𝑐𝑦

𝑠
= 𝟏𝟏. 𝟒

𝑮𝑭

𝒔

=> 𝑷𝒎𝒂𝒙 =
𝟑

𝟏𝟔
𝑷𝒑𝒆𝒂𝒌

AVX2 LDAVX2 LD

AVX2 LD

AVX2 MULT AVX2 ADD

AVX2 ADD

AVX2 ST

AVX2 ADD

AVX2 MULT AVX2 MULT

AVX2 FMA AVX2 FMAAVX2 STAVX2 LDAVX2 LD

7 𝑖𝑛𝑠𝑡𝑟 /2[𝑐𝑦]
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Assignment 3 – Task 1

Max in-core performance a) Scalar

for(int i=0; i<N; ++i) 

for(int j=1; j<M-1; ++j)

a[i][j] = 0.2*(b[i][j] +

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

▪ Double precision arrays, 1.9 [GHz]

𝑷𝒎𝒂𝒙 = 2
𝑓𝑙𝑜𝑝𝑠

𝑐𝑦
∗ 1.9

𝐺𝑐𝑦

𝑠
= 𝟑. 𝟖

𝑮𝑭

𝒔

=> 𝑷𝒎𝒂𝒙 =
𝟏

𝟏𝟔
𝑷𝒑𝒆𝒂𝒌

LDLD

LD

MULT ADD

ADD

ST

ADD

MULT

ADD

STLD

LD LD

14 𝑖𝑛𝑠𝑡𝑟 /3[𝑐𝑦]
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Assignment 3 – Task 1

Max in-core performance b) Code Balance

for(int i=0; i<N; ++i) 

for(int j=1; j<M-1; ++j)

a[i][j] = 0.2*(b[i][j] +

b[i][j-1] + b[i][j+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 for b[i][j] and b[i][j-1]

⇒ 𝑩𝒄 =
24[𝐵/𝑖𝑡𝑒𝑟]

3[𝑓𝑙𝑜𝑝𝑠/𝑖𝑡𝑒𝑟]
= 𝟖[𝑩/𝑭]

RHS: 3 RD ?

LHS: 1 WR (+ 1RD for W/A)?for(int i=0; i<N; ++i) 

for(int j=1; j<M-1; ++j)

a[i][j] = 0.2*(b[i][j] +

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

RHS: 1 RD

LHS: 1 WR (+ 1RD for W/A)



6

Assignment 3 – Task 2

Latency and bandwidth

𝑏𝑠 = 250 [𝐺𝐵/𝑠]
𝑇𝑙 = 130 [𝑛𝑠]

a) 𝑁 = 4096 [𝐵]

Hockney Model: 𝑻𝒕𝒓𝒂𝒏𝒔 = 𝑇𝑙 +
𝑁

𝑏
= 130 × 10−9[s] +

4096 [𝐵]

250×109 Τ𝐵 𝑠
= 𝟏𝟒𝟔 [ns]

𝑩𝒆𝒇𝒇 =
𝑁

𝑇𝑡𝑟𝑎𝑛𝑠
= 4096[𝐵]/146[𝑛𝑠] = 𝟐𝟖 [𝑮𝑩/𝒔]

b) 𝐵eff = 𝑏𝑠/2 with 𝐵eff =
𝑁

𝐵
➔ 𝑵𝟏/𝟐 = 𝑻𝒍𝒃𝒔

c) P = 1 +
𝑇𝑙

𝑁/𝑏
= 1 +

130 [𝑛𝑠]

ൗ
64[𝐵]

250[𝐺𝐵/𝑠]

= 508.8125➔ 509 prefetches needed

≈ 32.6 kB in-flight

Who is the major 

contributor to 

runtime?
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Assignment 3 – Task 3

Strided access

Only every Mth

element touched

Cache thrashing!

Working set fits into 

some cache level
for(i=0; i<N; i+=M) 

a[i] = s * a[i]; 


