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Assignment 6 – Task 1

Performance: 𝑃𝑐ℎ𝑖𝑝 = 𝑛𝑐𝑜𝑟𝑒 ∙ 𝑛𝑠𝑢𝑝𝑒𝑟
𝐹𝑃 ∙ 𝑛𝐹𝑀𝐴 ∙ 𝑛𝑆𝐼𝑀𝐷 ∙ 𝑓

▪ For one Alex node, FP64

▪ 𝑃𝐶𝑃𝑈 = 2 ⋅ 64 𝑐𝑜𝑟𝑒𝑠 ∙ 2
𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛

𝑐𝑦𝑐𝑙𝑒
∙ 2

𝐹𝐿𝑜𝑝

𝐹𝑀𝐴
∙ 4

𝐹𝑀𝐴

𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛
∙ 2 𝐺ℎ𝑧 = 4096

𝐺𝐹𝑙𝑜𝑝

𝑠

▪ 𝑃𝐺𝑃𝑈 = 108 𝑆𝑀 ⋅ 1
𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛

𝑐𝑦𝑐𝑙𝑒
⋅ 2

𝐹𝐿𝑜𝑝

𝐹𝑀𝐴
⋅ 32

𝐹𝑀𝐴

𝑆𝑀
⋅ 1.41 𝐺ℎ𝑧 = 9746

𝐺𝐹𝑙𝑜𝑝

𝑠

▪ 𝑃8−𝐺𝑃𝑈 = 8 ⋅ 𝑃𝐺𝑃𝑈 = 78
𝑇𝐿𝑜𝑝

𝑠

Super-

scalarity

FMA

factor

SIMD

factor

Clock

Speed
#Cores
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Assignment 6 – Task 2

▪ #FLOP for a Double General Precision Matrix Matrix Multiplication 

(DGEMM) for matrices with dimensions MK x KN = MN

▪ 𝑁𝑓𝑙𝑜𝑝𝑠 = 2 ⋅ 𝑀𝑁𝐾

▪ Assuming compute boundness

▪ 𝑇𝐶𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃𝐶𝑃𝑈
=

2𝑀𝑁𝐾

𝑃𝐶𝑃𝑈
=

2⋅20483

4096 𝐺𝐹𝑙𝑜𝑝/𝑠
= 4194 𝜇s

▪ 𝑇8−𝐺𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃8−𝐺𝑃𝑈
=

2𝑀𝑁𝐾

𝑃8−𝐺𝑃𝑈
=

2⋅20483

78 𝑇𝐹𝑙𝑜𝑝/𝑠
= 220 𝜇s
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Assignment 6 – Task 2

▪ Assuming compute boundness

▪ 𝑇𝐶𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃𝐶𝑃𝑈
=

2𝑀𝑁𝐾

𝑃𝐶𝑃𝑈
=

2⋅20483

4096 𝐺𝐹𝑙𝑜𝑝/𝑠
= 4194 𝜇s

▪ 𝑇8−𝐺𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃8−𝐺𝑃𝑈
=

2𝑀𝑁𝐾

𝑃8−𝐺𝑃𝑈
=

2⋅20483

78 𝑇𝐹𝑙𝑜𝑝/𝑠
= 220 𝜇s

▪ Transfer times

▪ Two shared PCIe links per node, each with 25GB/s per direction

▪ Host-to-device: 2 input matrices, device-to-host: one result matrix

▪ 𝑇𝑃𝐶𝐼𝑒 =
3⋅𝑉𝑚𝑎𝑡𝑟𝑖𝑥

2⋅𝐵𝑃𝐶𝐼𝑒
=

3⋅𝑀2⋅8 𝐵

2⋅𝐵𝑃𝐶𝐼𝑒
=

3⋅20482⋅8𝐵

2⋅25
𝐺𝐵

𝑠

= 2013 𝜇s
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Assignment 6 – Task 2

▪ Putting it together

▪ 𝑇𝐶𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃𝐶𝑃𝑈
=

2𝑀𝑁𝐾

𝑃𝐶𝑃𝑈
=

2⋅20483

4096 𝐺𝐹𝑙𝑜𝑝/𝑠
= 4194 𝜇s

▪ 𝑇8−𝐺𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃8−𝐺𝑃𝑈
=

2𝑀𝑁𝐾

𝑃8−𝐺𝑃𝑈
=

2⋅20483

78 𝑇𝐹𝑙𝑜𝑝/𝑠
= 220 𝜇s

▪ 𝑇𝑃𝐶𝐼𝑒 =
3⋅𝑉𝑚𝑎𝑡𝑟𝑖𝑥

2⋅𝐵𝑃𝐶𝐼𝑒
=

3⋅𝑀2⋅8 𝐵

2⋅𝐵𝑃𝐶𝐼𝑒
=

3⋅20482⋅8𝐵

2⋅25
𝐺𝐵

𝑠

= 2013 𝜇s

▪ 𝑆 =
𝑇𝐶𝑃𝑈

𝑇8−𝐺𝑃𝑈+𝑇𝑃𝐶𝐼𝑒
=

4194 𝜇s

220 𝜇𝑠 +2013 𝜇𝑠
= 1.88
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Assignment 6 – Task 3

▪ For one Frontier node, FP64

▪ 𝑃𝐶𝑃𝑈 = 64 𝑐𝑜𝑟𝑒𝑠 ∙ 2
𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛

𝑐𝑦𝑐𝑙𝑒
∙ 2

𝐹𝐿𝑜𝑝

𝐹𝑀𝐴
∙ 4

𝐹𝑀𝐴

𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛
∙ 2 𝐺ℎ𝑧 = 2048

𝐺𝐹𝑙𝑜𝑝

𝑠

▪ 𝑃𝐺𝑃𝑈 = 110 𝐶𝑈 ⋅ 1
𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛

𝑐𝑦𝑐𝑙𝑒
⋅ 2

𝐹𝐿𝑜𝑝

𝐹𝑀𝐴
⋅ 64

𝐹𝑀𝐴

𝐶𝑈
⋅ 1.7 𝐺ℎ𝑧 = 24

𝑇𝐹𝑙𝑜𝑝

𝑠

▪ 𝑃8−𝐺𝑃𝑈 = 8 ⋅ 𝑃𝐺𝑃𝑈 = 192
𝑇𝐹𝑙𝑜𝑝

𝑠
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Assignment 6 – Task 4

▪ DGEMM on Frontier

▪ 𝑇𝐶𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃𝐶𝑃𝑈
=

2𝑀𝑁𝐾

𝑃𝐶𝑃𝑈
=

2⋅20483

2048 𝐺𝐹𝑙𝑜𝑝/𝑠
= 8389 𝜇s

▪ 𝑇8−𝐺𝑃𝑈 =
𝑁𝐹𝑙𝑜𝑝𝑠

𝑃8−𝐺𝑃𝑈
=

2𝑀𝑁𝐾

𝑃8−𝐺𝑃𝑈
=

2⋅20483

192 𝑇𝐹𝑙𝑜𝑝/𝑠
= 89.5 𝜇s

▪ 𝑇𝐿𝑖𝑛𝑘 =
3⋅𝑉𝑚𝑎𝑡𝑟𝑖𝑥

8⋅𝐵𝐿𝑖𝑛𝑘
=

3⋅𝑀2⋅8 𝐵

8⋅𝐵𝐿𝑖𝑛𝑘
=

3⋅20482⋅8𝐵

8⋅36
𝐺𝐵

𝑠

= 350 𝜇s

▪ Speed-up CPU vs GPU

▪ 𝑆 =
𝑇𝐶𝑃𝑈

𝑇8−𝐺𝑃𝑈+𝑇𝐿𝑖𝑛𝑘
=

8389 𝜇s

89.5 𝜇𝑠 +350 𝜇𝑠
= 19
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Assignment 6 – Task 4

▪ Speed-up Alex vs Frontier

▪ 𝑆 =
𝑇𝐴𝑙𝑒𝑥

𝑇𝐹𝑟𝑜𝑛𝑡𝑖𝑒𝑟
=

2233 𝜇s

440 𝜇𝑠
= 5
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Assignment 6 – Task 5

▪ Little’s Law

𝐿 =
𝑁

𝑏𝑆
↔ 𝑁 = 𝐿 ⋅ 𝑏𝑠

#Bytes in flight

Latency Bandwidth
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Assignment 6 – Task 5

▪ Kernel code (slightly modified)

__global__ void kernel(double* A, double* B, double* C, int size) {

int x = threadIdx.x + blockDim.x * blockIdx.x;

int y = threadIdx.y + blockDim.y * blockIdx.y;

if (x >= size || y >= size) return;

C[x + y * size] += A[x + y * size] * B[y];

}
Two DRAM loads and 

one DRAM store

(assuming B fits into L2)
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Assignment 6 – Task 5

▪ Little’s Law

▪ 𝐿 =
𝑁

𝑏𝑆
↔ 𝑁 = 𝐿 ⋅ 𝑏𝑠

▪ 𝐿𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =
𝐿𝑐𝑦𝑐𝑙𝑒𝑠

𝐹

▪ 𝑁𝑏𝑦𝑡𝑒𝑠 = 𝑁𝑡ℎ𝑟𝑒𝑎𝑑𝑠 ⋅ 𝑉𝑡ℎ𝑟𝑒𝑎𝑑

▪ 𝑉𝑡ℎ𝑟𝑒𝑎𝑑 = 3 ⋅ 8 𝐵 = 24 𝐵

▪ Put together

▪ 𝑁𝑡ℎ𝑟𝑒𝑎𝑑𝑠 =
670 𝑐𝑦𝑐𝑙𝑒𝑠

1.41 𝐺𝐻𝑧
⋅
2039

𝐺𝐵

𝑠

24
𝐵

𝑡ℎ𝑟𝑒𝑎𝑑

= 40370 𝑡ℎ𝑟𝑒𝑎𝑑𝑠

Minimum number of 

threads required to saturate 

the DRAM bandwidth, 

actual number is higher
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Assignment 6 – Task 5

▪ Kernel code (slightly modified)

__global__ void kernel(double* A, double* B, double* C, int size) {

int x = threadIdx.x + blockDim.x * blockIdx.x;

int y = threadIdx.y + blockDim.y * blockIdx.y;

if (x >= size || y >= size) return;

C[x + y * size] += A[x + y * size] * B[y];

}
Threads with same y can 

share data in L1

-> blocks with large x extent 

reduce L2 cache traffic
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Assignment 6 – Task 6

▪ Kernel code for a[i] = a[i] + 1.0

__global__ void kernel(double* a, int size) {

int x = threadIdx.x + blockDim.x * blockIdx.x;

int stride = gridDim.x * blockDim.x;

for ( ; x <= size; x += stride)

a[x] += 1;

}
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Assignment 6 – Task 6

▪ Block size investigation
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Assignment 6 – Task 6

▪ DRAM Bandwidth
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Assignment 6 – Task 6

▪ PCIe Bandwidth
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