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General Information

• The network calculus analyses presented in this document were created for the purpose of testing the Disco Deterministic Network
Calculator (DiscoDNC)1 – an open-source deterministic network calculus tool developed by the Distributed Computer Systems
(DISCO) Lab at the University of Kaiserslautern.

• Naming of the individual network configurations depicts the name of the according functional test for the DiscoDNC.

• The naming scheme used in this document is detailed in NetworkCalculus_NamingScheme.pdf.

• Arrival bound computations are equivalent to the PbooArrivalBound_Output_PerHop.java class of the DiscoDNC.

• The end-to-end left-over service curve for PBOO arrival bounds can be computed by simply convolving the server-local ones.

• Arrival bounds for PmooArrivalBound.java and analyses using them are listed only if results are different to PBOO.

Changelog:

Version 1.1 (2014-Dec-30):

• Streamlined the PMOO left-over latency T l.o.f

e2e

computation.

• Adapted to naming scheme version 1.1.

1
http://disco.cs.uni-kl.de/index.php/projects/disco-dnc

http://disco.cs.uni-kl.de/index.php/projects/disco-dnc
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The above topology can be transformed into an equivalent one by removing the unused edges:
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Flow f0 (comparable to Tandem_1SC_2Flows_1SC_2Paths)

Arrival bound abstraction of f0’s cross flows leads to a tree topology comparable to Tandem_1SC_2Flows_1SC_2Paths:
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s0 = ↵f0

s0
+ ↵f3

s0
= �5,25 + �5,250 = �10,275

Df0
s0

�
s0 = ↵

s0

20 · [t� 20]

+
= 10 · t+ 275

t = 67

1

2

Bf0
s0

↵
s0(Ts0) = 10 · 20 + 275

= 475

s1

↵
s1 = ↵f0

s1
+ ↵f2

s1
= �5,241 2

3
+ �5,250 = �10,491 2

3

Df0
s1

�
s1 = ↵

s1

20 · [t� 20]

+
= 10 · t+ 491

2

3

t = 89

1

6

Bf0
s1

↵
s1(Ts1) = 10 · 20 + 491

2

3

= 691

2

3

s3

↵
s3 = ↵f0

s3
+ ↵f1

s3
+ ↵f3

s3
= �5,458 1

3
+ �5,250 + �5,412 1

2
= �15,1120 5

6

Df0
s3

�
s3 = ↵

s3

20 · [t� 20]

+
= 15 · t+ 1120

5

6

t = 304

1

6

Bf0
s3

↵
s3(Ts3) = 15 · 20 + 1120

5

6

= 1420

5

6

Df0 Df0
s0

+Df0
s1

+Df0
s3

= 460

5
6

Bf0
max{Bf0

s0
, Bf0

s1
, Bf0

s3
} = 1420

5
6



SFA FIFO_MUX ARB_MUX

s0
↵x(f0)
s0 = ↵f3

s0
= �5,137 1

2
= �5,250

�l.o.f0
s0

= �
s0  ↵x(f3)

s0 = �15,26 7
8

= �15,43 1
3

s1
↵x(f0)
s1 = ↵f1

s1
= �5,137 1

2
= �5,250

�l.o.f0
s1

= �
s1  ↵x(f0)

s1 = �15,26 7
8

= �15,43 1
3

s3

↵x(f0)
s3 = ↵f2

s3
+ ↵f3

s3
= �5,137 1

2
+ �5,237 1

2
= �10,375 = �5,250 + �5,350 = �10,600

�l.o.f0
s3

= �
s3  ↵x(f0)

s3 = �
R

l.o.f0
s3 ,T

l.o.f0
s3

Rl.o.f0
s3

[R
s3 � rx(f0)

s3 ]

+
= 10

T l.o.f0
s3

�
s3 = bx(f0)

s3

20 · [t� 20]

+
= 375

t = 38

3

4

�
s3 = ↵x(f0)

s3

20 · [t� 20]

+
= 10 · t+ 600

t = 100

= = �10,38 3
4

= �10,100

�l.o.f0
e2e

= �
R

l.o.f0
e2e

,T

l.o.f0
e2e

N
i={0,1,3} �

l.o.f0
s

i

= �10,92 1
2

N
i={0,1,3} �

l.o.f0
s

i

= �10,186 2
3

Df0

�l.o.f0
e2e

= bf0

10 · [t� 92

1

2

]

+
= 25

t = 95

�l.o.f0
e2e

= bf0

10 · [t� 186

2

3

]

+
= 25

t = 189

1

6

Bf0

↵f0
(T l.o.f0

e2e

) = 5 · 921
2

+ 25

= 487

1

2

↵f0
(T l.o.f0

e2e

) = 5 · 1862
3

+ 25

= 958

1

3



PMOO ARB_MUX

s0
↵x̄(f0)
s0 = ↵f3

s0
= �5,250

↵x(f0)
s0 = ↵f3

s0
= �5,250

s1
↵x̄(f0)
s1 = ↵f2

s1
= �5,250

↵x(f0)
s1 = ↵f2

s1
= �5,250

s3
↵x̄(f0)
s3 = ↵f2

s3
+ ↵f3

s3
= �5,250 + �5,350 = �10,600

↵x(f0)
s3 = ↵f2

s3
+ ↵f3

s3
= �5,250 + �5,350 = �10,600

�l.o.f0
e2e

= �
R

l.o.f0
e2e

,T

l.o.f0
e2e

Rl.o.f0
e2e

=

V
i2{0,1,3}

⇣
R

s

i

� rx(f0)
s

i

⌘
= (20� 5) ^ (20� 5) ^ (20� 10)

= 10

T l.o.f0
e2e

=

P
i2{0,1,3}

✓
T
s

i

+

b

x̄(f0)
s

i

+r

x(f0)
s

i

·T
s

i

R

l.o.f0
e2e

◆ = 20 +

250 + 5 · 20
10

+ 20 +

250 + 5 · 20
10

+ 20 +

250 + 10 · 20
10

= 60 +

1500

10

= 210

= = �10,210

Df0

�l.o.f0
e2e

= bf0

10 · [t� 210]

+
= 25

t = 212

1

2

Bf0
↵f0

(T l.o.f0
e2e

) = 5 · 210 + 25

= 1075



Flow f1

s2

s3f3

f0

f3

f2

f1



Using the PBOO-ABs:
TFA FIFO_MUX ARB_MUX

s2

↵
s2 = ↵f1

s2
+ ↵f2

s2
+ ↵f3

s2
= 3 · �5,25 = �15,75

Df1
s2

�
s2 = b

s2

20 · [t� 20]

+
= 75

t = 23

3

4

�
s2 = ↵

s2

20 · [t� 20]

+
= 15 · t+ 75

t = 95

Bf1
s2

↵
s2(Ts2) = 15 · 20 + 75

= 375

s3

↵
s3 = ↵f0

s3
+ ↵f1

s3
+ ↵f3

s3
= �5,137 1

2
+ �5,293 3

4
+ �5,243 3

4
= �15,675 = �5,250 + �5,458 1

3
+ �5,391 2

3
= �15,1100

Df1
s3

�
s3 = b

s3

20 · [t� 20]

+
= 675

t = 53

3

4

�
s3 = ↵

s3

20 · [t� 20]

+
= 15 · t+ 1100

t = 300

Bf1
s3

↵
s3(Ts3) = 15 · 20 + 675

= 975

↵
s3(Ts3) = 15 · 20 + 1100

= 1400

Df1 Df1
s2

+Df1
s3

= 77

1
2 Df1

s2
+Df1

s3
= 395

Bf1
max{Bf1

s2
, Bf1

s3
} = 975 max{Bf1

s2
, Bf1

s3
} = 1400



Using the PMOO-ABs:
TFA ARB_MUX

s2

↵
s2 = ↵f1

s2
+ ↵f2

s2
+ ↵f3

s2
= 3 · �5,25 = �15,75

Df1
s2

�
s2 = ↵

s2

20 · [t� 20]

+
= 15 · t+ 75

t = 95

Bf1
s2

↵
s2(Ts2) = 15 · 20 + 75

= 375

s3

↵
s3 = ↵f0

s3
+ ↵f1

s3
+ ↵f3

s3
= �5,250 + �5,458 1

3
+ �5,420 1

2
= �15,1120 5

6

Df1
s3

�
s3 = ↵

s3

20 · [t� 20]

+
= 15 · t+ 1120

5

6

t = 304

1

6

Bf1
s3

↵
s3(Ts3) = 15 · 20 + 1120

5

6

= 1420

5

6

Df1 Df1
s2

+Df1
s3

= 399

1
6

Bf1
max{Bf1

s2
, Bf1

s3
} = 1420

5
6



SFA FIFO_MUX ARB_MUX

s2
↵x(f1)
s2 = ↵f2

s2
+ ↵f3

s2
= 2 · �5,25 = �10,50

�l.o.f1
s2

= �
s2  ↵x(f1)

s2 = �10,22 1
2

= �10,45

s3

↵x(f1)
s3 = ↵f0

s3
+ ↵f3

s3
= �5,290 5

8
+ �5,237 1

2
= �10,528 1

8
= �5,402 7

9
+ �5,308 1

3
= �10,711 1

9

�l.o.f1
s3

= �
s3  ↵x(f1)

s3 = �
R

l.o.f1
s3 ,T

l.o.f1
s3

Rl.o.f1
s3

[R
s3 � rx(f1)

s3 ]

+
= 10

T l.o.f1
s3

�
s3 = bx(f1)

s3

20 · [t� 20]

+
= 528

1

8

t = 46

13

32

�
s3 = ↵x(f1)

s3

20 · [t� 20]

+
= 10 · t+ 711

1

9

t = 111

1

9

= = �10,46 13
32

= �10,111 1
9

�l.o.f1
e2e

= �
R

l.o.f1
e2e

,T

l.o.f1
e2e

N3
i=2 �

l.o.f1
s

i

= �10,68 29
32

N3
i=2 �

l.o.f1
s

i

= �10,156 1
9

Df1

�l.o.f1
e2e

= bf1

10 · [t� 68

29

32

]

+
= 25

t = 71

13

32

�l.o.f1
e2e

= bf1

10 · [t� 156

1

9

]

+
= 25

t = 158

11

18

Bf1

↵f1
(T l.o.f1

e2e

) = 5 · 6829
32

+ 25

= 369

17

32

↵f1
(T l.o.f1

e2e

) = 5 · 1561
9

+ 25

= 805

5

9



PMOO ARB_MUX

s2
↵x̄(f1)
s2 = ↵f2

s2
+ ↵f3

s2
= 2 · �5,25 = �10,50

↵x(f1)
s2 = ↵f2

s2
+ ↵f3

s2
= 2 · �5,25 = �10,50

s3
↵x̄(f1)
s3 = ↵f0

s3
+ ↵f3

s3
= �5,402 7

9
+ �5,308 1

3
= �10,711 1

9

↵x(f1)
s3 = ↵f0

s3
+ ↵f3

s3
= �5,402 7

9
+ �5,308 1

3
= �10,711 1

9

�l.o.f1
e2e

= �
R

l.o.f1
e2e

,T

l.o.f1
e2e

Rl.o.f1
e2e

=

V
i2{2,3}

⇣
R

s

i

� rx(f1)
s

i

⌘
= (20� 10) ^ (20� 10)

= 10

T l.o.f1
e2e

=

P
i2{2,3}

✓
T
s

i

+

b

x̄(f1)
s

i

+r

x(f1)
s

i

·T
s

i

R

l.o.f1
e2e

◆
= 20 +

50 + 10 · 20
10

+ 20 +

711

1
9 + 10 · 20
10

= 40 +

961

1
9

10

= 156

1

9

= = �10,156 1
9

Df1

�l.o.f1
e2e

= bf1

10 · [t� 156

1

9

]

+
= 25

t = 158

11

18

Bf1

↵f1
(T l.o.f1

e2e

) = 5 · 1561
9

+ 25

= 805

5

9



Flow f2

s2

s1

f1

f0

f3

f2



TFA FIFO_MUX ARB_MUX

s2

↵
s2 = ↵f2

s2
+ ↵f1

s2
+ ↵f3

s2
= 3 · �5,25 = �15,75

Df2
s2

�
s2 = b

s2

20 · [t� 20]

+
= 75

t = 23

3

4

�
s2 = ↵

s2

20 · [t� 20]

+
= 15 · t+ 75

t = 95

Bf2
s2

↵
s2(Ts2) = 15 · 20 + 75

= 375

s1

↵
s1 = ↵f2

s1
+ ↵f0

s1
= �5,137 1

2
+ �5,159 3

8
= �10,296 7

8
= �5,250 + �5,241 2

3
= �10,491 2

3

Df2
s1

�
s1 = b

s1

20 · [t� 20]

+
= 296

7

8

t = 34

27

32

�
s1 = ↵

s1

20 · [t� 20]

+
= 10 · t+ 491

2

3

t = 89

1

6

Bf2
s1

↵
s1(Ts1) = 10 · 20 + 296

7

8

= 496

7

8

↵
s1(Ts1) = 10 · 20 + 491

2

3

= 691

2

3

Df2 Df2
s2

+Df2
s1

= 58

19
32 Df2

s2
+Df2

s1
= 184

1
6

Bf2
max{Bf2

s2
, Bf2

s1
} = 496

7
8 max{Bf2

s2
, Bf2

s1
} = 691

2
3



SFA FIFO_MUX ARB_MUX

s2
↵x(f2)
s2 = ↵f1

s2
+ ↵f3

s2
= 2 · �5,25 = �10,50

�l.o.f2
s2

= �
s2  ↵x(f2)

s2 = �10,22 1
2

= �10,45

s1

↵x(f2)
s1 = ↵f0

s1
= �5,157 13

16
= �5,213 8

9

�l.o.f2
s1

= �
s1  ↵x(f2)

s1 = �
R

l.o.f2
s1 ,T

l.o.f2
s1

Rl.o.f2
s1

[R
s2 � rx(f2)

s2 ]

+
= 15

T l.o.f2
s1

�
s1 = bx(f2)

s1

20 · [t� 20]

+
= 157

13

16

t = 27

57

64

�
s1 = ↵x(f2)

s1

20 · [t� 20]

+
= 5 · t+ 213

8

9

t = 40

25

27

= = �10,27 57
64

= �10,40 25
27

�l.o.f2
e2e

= �
R

l.o.f2
e2e

,T

l.o.f2
e2e

N2
i=1 �

l.o.f2
s

i

= �10,50 25
64

N2
i=1 �

l.o.f2
s

i

= �10,85 25
27

Df2

�l.o.f2
e2e

= bf2

10 · [t� 50

25

64

]

+
= 25

t = 52

57

64

�l.o.f2
e2e

= bf2

10 · [t� 85

25

27

]

+
= 25

t = 88

23

54

Bf2

↵f2
(T l.o.f2

e2e

) = 5 · 5025
64

+ 25

= 276

61

64

↵f2
(T l.o.f2

e2e

) = 5 · 8525
27

+ 25

= 454

17

27



PMOO ARB_MUX

s2
↵x̄(f2)
s2 = ↵f1

s2
+ ↵f3

s2
= 2 · �5,25 = �10,50

↵x(f2)
s2 = ↵f1

s2
+ ↵f3

s2
= 2 · �5,25 = �10,50

s1
↵x̄(f2)
s1 = ↵f0

s1
= �5,213 8

9

↵x(f2)
s1 = ↵f0

s1
= �5,213 8

9

�l.o.f2
e2e

= �
R

l.o.f2
e2e

,T

l.o.f2
e2e

Rl.o.f2
e2e

=

V
i2{2,1}

⇣
R

s

i

� rx(f2)
s

i

⌘
= (20� 10) ^ (20� 5)

= 10

T l.o.f2
e2e

=

P
i2{2,1}

✓
T
s

i

+

b

x̄(f2)
s

i

+r

x(f2)
s

i

·T
s

i

R

l.o.f2
e2e

◆
= 20 +

50 + 10 · 20
10

+ 20 +

213

8
9 + 5 · 20
10

= 40 +

563

8
9

10

= 96

7

18

= = �10,96 7
18

Df2

�l.o.f2
e2e

= bf2

10 · [t� 96

7

18

]

+
= 25

t = 98

8

9

Bf2

↵f2
(T l.o.f2

e2e

) = 5 · 96 7

18

+ 25

= 506

17

18



Flow f3

s2

s0

s3

f2

f1

f0

f0

f1

f3



Using the PBOO-ABs:
TFA FIFO_MUX ARB_MUX

s2

↵
s2 = ↵f3

s2
+ ↵f1

s2
+ ↵f2

s2
= 3 · �5,25 = �15,75

Df3
s2

�
s2 = b

s2

20 · [t� 20]

+
= 75

t = 23

3

4

�
s2 = ↵

s2

20 · [t� 20]

+
= 15 · t+ 75

t = 95

Bf3
s2

↵
s2(Ts2) = 15 · 20 + 75

= 375

s0

↵
s0 = ↵f0

s0
+ ↵f3

s0
= �5,25 + �5,137 1

2
= �10,162 1

2
= �5,25 + �5,250 = �10,275

Df3
s0

�
s0 = b

s0

20 · [t� 20]

+
= 162

1

2

t = 28

1

8

�
s0 = ↵

s0

20 · [t� 20]

+
= 10 · t+ 275

t = 67

1

2

Bf3
s0

↵
s0(Ts0) = 10 · 20 + 162

1

2

= 262

1

2

↵
s0(Ts0) = 10 · 20 + 275

= 475

s3

↵
s3 = ↵f0

s3
+ ↵f1

s3
+ ↵f3

s3
= �5,293 3

4
+ �5,137 1

2
+ �5,243 3

4
= �15,675 = �5,458 1

3
+ �5,250 + �5,391 2

3
= �15,1100

Df3
s3

�
s3 = b

s3

20 · [t� 20]

+
= 675

t = 53

3

4

�
s3 = ↵

s3

20 · [t� 20]

+
= 15 · t+ 1100

t = 300

Bf3
s3

↵
s3(Ts3) = 15 · 20 + 675

= 975

↵
s3(Ts3) = 15 · 20 + 1100

= 1400

Df3 Df3
s2

+Df3
s0

+Df3
s3

= 105

5
8 Df3

s2
+Df3

s0
+Df3

s3
= 462

1
2

Bf3
max{Bf3

s2
, Bf3

s0
, Bf3

s3
} = 975 max{Bf3

s2
, Bf3

s0
, Bf3

s3
} = 1400



Using the PMOO-ABs:
TFA ARB_MUX

s2

↵
s2 = ↵f3

s2
+ ↵f1

s2
+ ↵f2

s2
= 3 · �5,25 = �15,75

Df3
s2

�
s2 = ↵

s2

20 · [t� 20]

+
= 15 · t+ 75

t = 95

Bf3
s2

↵
s2(Ts2) = 15 · 20 + 75

= 375

s0

↵
s0 = ↵f0

s0
+ ↵f3

s0
= �5,25 + �5,250 = �10,275

Df3
s0

�
s0 = ↵

s0

20 · [t� 20]

+
= 10 · t+ 275

t = 67

1

2

Bf3
s0

↵
s0(Ts0) = 10 · 20 + 275

= 475

s3

↵
s3 = ↵f0

s3
+ ↵f1

s3
+ ↵f3

s3
= �5,458 1

3
+ �5,250 + �5,412 1

2
= �15,1120 5

6

Df3
s3

�
s3 = ↵

s3

20 · [t� 20]

+
= 15 · t+ 1120

5

6

t = 304

1

6

Bf3
s3

↵
s3(Ts3) = 15 · 20 + 1120

5

6

= 1420

5

6

Df3 Df3
s2

+Df3
s0

+Df3
s3

= 466

2
3

Bf3
max{Bf3

s2
, Bf3

s0
, Bf3

s3
} = 1420

5
6



SFA FIFO_MUX ARB_MUX

s2
↵x(f3)
s2 = ↵f1

s2
+ ↵f2

s2
= 2 · �5,25 = �10,50

�l.o.f3
s2

= �
s2  ↵x(f3)

s2 = �10,22 1
2

= �10,45

s0
↵x(f3)
s0 = ↵f0

s0
= �5,25

�l.o.f3
s0

= �
s0  ↵x(f3)

s0 = �15,21 1
4

= �15,28 1
3

s3

↵x(f3)
s3 = ↵f0

s3
+ ↵f1

s3
= �5,257 13

16
+ �5,131 1

4
= �10,389 1

16
= �5,313 8

9
+ �5,166 2

3
= �10,480 5

9
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