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Assignment 11 – Task 1a)

for i = 0:nrows-1 //Long outer loop 

for j = row_ptr[i]:row_ptr[i+1]-1 // Short inner loop

b[i] = b[i] + A[j] * x[col_idx[j]] 

= + •

b[:]= b[:]+        A[:,:]       *  x[:]

Nr

General case: 

some indirect 

addressing 

required!
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Assignment 11 – Task 1a)

for i = 0:nrows-1 //Long loop 

for j = row_ptr[i]:row_ptr[i+1]-1 //Short loop

b[i] = b[i] + A[j] * x[col_idx[j]] 

𝐵𝐶,𝑚𝑖𝑛 =
8 𝑁𝑛𝑧 + 12 𝑁𝑟 + 4 𝑁𝑐

2 𝑁𝑛𝑧

𝐵

𝐹𝐿𝑂𝑃
=

8 + 12/𝑁𝑛𝑧𝑟 + 4/𝑁𝑛𝑧𝑐

2

𝐵

𝐹𝐿𝑂𝑃
= 4.94

𝐵

𝐹𝐿𝑂𝑃

= + •

Min LOADs: (4 B + 4 B) 𝑁𝑛𝑧

col_idxA

+ (4 B + 4 B) 𝑁𝑟

4 B 𝑁𝑟

row_ptr row_ptr

Min STOREs:

+ 4 B 𝑁𝑐

bb x

𝑃𝑚𝑎𝑥 =
𝑏𝑠

𝐵𝐶,𝑚𝑖𝑛
=

1.3

4.94

𝑇𝐹𝐿𝑂𝑃

𝑠
= 𝟐𝟔𝟑

𝑮𝑭𝑳𝑶𝑷

𝒔

▪ NNZ: 225 × 106

▪ Nr: 26.5 × 106

▪ data types: float / uint32

assuming

square matrix

𝑇𝑠𝑝𝑚𝑣 =
𝑉𝑚𝑖𝑛

𝑏𝑠
=

8 𝑁𝑛𝑧 + 16 𝑁𝑟

1.3 × 1012 𝑠 = 𝟏. 𝟕𝟏 𝒎𝒔
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Assignment 11 – Task 1b)

Measurement:    P = 190
𝐺𝐹𝐿𝑂𝑃

𝑠
V = 2.3 𝐺𝐵

𝐵𝐶
𝑎𝑐𝑡 =

𝑉

2 × 𝑁𝑛𝑧 𝐹𝐿𝑂𝑃
= 5.11

𝐵

𝐹𝐿𝑂𝑃
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Assignment 11 – Task 1c)

𝐵𝐶,𝑚𝑖𝑛 =
8 𝑁𝑛𝑧 + 12 𝑁𝑟 + 4 𝑁𝑟

2 𝑁𝑛𝑧

𝐵

𝐹𝐿𝑂𝑃

for i = 0:nrows-1 //Long loop 

for j = row_ptr[i]:row_ptr[i+1]-1 //Short loop

b[i] = b[i] + A[j] * x[col_idx[j]] 

𝐵𝐶 (𝛼) =
8 𝑁𝑛𝑧 + 12 𝑁𝑟 + 4𝛼𝑁𝑛𝑧𝑟𝑁𝑟

2 𝑁𝑛𝑧

𝐵

𝐹𝐿𝑂𝑃
= 4 +

6

𝑁𝑛𝑧𝑟
+ 2𝛼

𝐵

𝐹𝐿𝑂𝑃

𝛼 = 5.11 − 4 −
6

𝑁𝑛𝑧𝑟
÷ 2 = 𝟎. 𝟐𝟎𝟐 and 𝛼𝑁𝑛𝑧𝑟 = 1.72

𝐵𝐶
𝑎𝑐𝑡 = 5.11

𝐵

𝐹𝐿𝑂𝑃 𝑏𝑠 = 𝑏𝑠
𝑚𝑒𝑎𝑠 × 𝐵𝐶

𝑎𝑐𝑡 𝐺𝐵/𝑠 = 𝟗𝟕𝟏 𝑮𝑩/𝒔

≈ 75% of peak BW

𝐵𝐶 is only 3% larger

than optimum ➔ bad mem utilization

One option: change matrix storage

format, e.g., to SELL-C-sigma
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Assignment 11 – Task 2

Claim: “Slow code scales better”

𝑇 1 = 𝑇𝑠 + 𝑇𝑝,  𝑇 𝑁 = 𝑇𝑠 +
𝑇𝑝

𝑁
+ 𝑇𝑐(𝑁) (and 𝑇𝑐 1 = 0)

a)

with the dimensionless quantities

𝑠 =
𝑇𝑠

𝑇𝑠+𝑇𝑝
, 𝑝 =

𝑇𝑝

𝑇𝑠+𝑇𝑝
,  𝑐(𝑁) =

𝑇𝑐(𝑁)

𝑇𝑠+𝑇𝑝

𝑆 𝑁 =
𝑇 1

𝑇 𝑁
=

𝑇𝑠 + 𝑇𝑝

𝑇𝑠 +
𝑇𝑝

𝑁 + 𝑇𝑐(𝑁)

=
1

𝑠 +
𝑝
𝑁 + 𝑐(𝑁)
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Assignment 11 – Task 2

b) Slowdown factor 𝜇 < 1 ∶  𝑠 →
𝑠

𝜇
, 𝑝 →

𝑝

𝜇
, c 𝑁 unchanged

𝑆 𝑁, 𝜇 =
1/𝜇

𝑠/𝜇 +
𝑝

𝑁𝜇
+ 𝑐(𝑁)

=
1

𝑠 +
𝑝
𝑁

+ 𝜇𝑐(𝑁)

→ communication overhead gets damped (reduced) by a factor of 𝜇 < 1

→ 𝑆 𝑁, 𝜇 < 1 > 𝑆 𝑁, 𝜇 = 1  as long as c 𝑁 > 0

Prerequisite: There must be a non-negligible communication overhead for this 

“stunt” to work!
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Assignment 11 – Task 3a)

axpby():

#pragma omp parallel for
for(int i=0; i<size; i++) {

R[i] = (a * X[i]) + (b * Y[i]);
}

ddot():

#pragma omp parallel for \
reduction(+:l2_sq)

for(int i=0; i<size; i++) {
l2_sq += X[i] * Y[i];

}
applyStencil():

#pragma omp parallel for
for(int j=1; j<size_y-1; j++) {

for(int i=1; i<size_x-1; i++) {
R[j*size_x + i] = w_c * U[j*size_x + i] –

w_y * (U[(j+1)*size_x + i] + U[(j-1)*size_x + i]) -
w_x * (U[j*size_x + i+1] + U[j*size_x + i-1]);

}
}
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Assignment 11 – Task 3b)
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Assignment 11 – Task 3c)

▪ axpby:

▪ ddot:

▪ applyStencil:

3 × 24
𝐵

𝐿𝑈𝑃

double CG(..) {
// ...
S = getTimeStamp();
while( (iter < solver->niter) && (alpha_0 > tolSquared) ) {

T(APPLY_STENCIL) applyStencil(&v, &p, solver);
T(DOT_PRODUCT) dotProduct(&v, &p, &lambda);
lambda = alpha_0/lambda;
//Update x
T(AXPBY) axpby(x, 1.0, x, lambda, &p);
//Update r
T(AXPBY) axpby(&r, 1.0, &r, -lambda, &v);
T(DOT_PRODUCT) dotProduct(&r, &r, &alpha_1);
//Update p
T(AXPBY) axpby(&p, 1.0, &r, alpha_1/alpha_0, &p);
alpha_0 = alpha_1;
++iter;

}
// ...

}

24
𝐵

𝐿𝑈𝑃

16
𝐵

𝐿𝑈𝑃

LC: 𝐶 > 2 × 480 𝑘𝐵
L2 size is 1.25 MB

𝐵𝐶 = 3 × 24 + 24 + 16
𝐵

𝐿𝑈𝑃
= 112

𝐵

𝐿𝑈𝑃
→ 𝑃𝑚𝑎𝑥 = 𝟔𝟓𝟐 𝑴𝑳𝑼𝑷/𝒔 for 𝑏𝑠 = 73 𝐺𝐵/𝑠
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Assignment 11 – Task 3c)
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