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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)

Output bound abstraction of f0’s cross flows leads to a tree topology comparable to Tandem_1SC_2Flows_1SC_2Paths:
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SFA, PMOO FIFO_MUX (SFA only) ARB_MUX
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PMOO yiels a bounds different to / worse than SFA ARB_MUX, however, results should be equal as there are no interference free
tandems of servers whose service curves could be folded before substracting the arrival.

Setting PMOO’s max recursion depth to 0, i.e., forcing to use computeOutputBound and thus the results shown above for everything
outside the flow of interest’s path, even improves the bounds.

Needs to be investigated, there must be caused by bugs.
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PMOO yiels a bounds different to / worse than SFA ARB_MUX. needs to be investigated.
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PMOO yiels a bounds different to / worse than SFA ARB_MUX. needs to be investigated.
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PMOO yiels a bounds different to / worse than SFA ARB_MUX. needs to be investigated.
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Flow f0

TFA FIFO_MUX ARB_MUX

v0

↵
v1 = ↵f0

+ ↵f1
= �10,50

Df0
v0

�
v0 = b

v0

20 · [t� 20]

+
= 50

t = 22

1

2

�
v0 = ↵

v0

20 · [t� 20]

+
= 10 · t+ 50

t = 45

Bf0
v0

↵
v0(Tv0) = 10 · 20 + 50

= 250

v0v2 ↵
v0v2 = ↵f0

v0v2
= �5,131 1

4
= �5,166 2

3

v1v2 ↵
v1v2 = ↵f1

v1v2
= �5,231 1

4
= �5,266 2

3

v2

↵
v2 = ↵

v0v2 + ↵
v1v2 = �10,362 1

2
= �10,433 1

3

Df0
v2

�
v2 = b

v2

20 · [t� 20]

+
= 362

1

2

t = 38

1

8

�
v2 = ↵

v2

20 · [t� 20]

+
= 10 · t+ 433

1

3

t = 83

1

3

Bf0
v2

↵
v2(Tv2) = 10 · 20 + 362

1

2

= 562

1

2

↵
v2(Tv2) = 10 · 20 + 433

1

3

= 633

1

3

Df0
= 60

5
8 = 128

1
3

Bf0
max

i={0,2} b
f0
v

i

= 562

1
2 max

i={0,2} b
f0
v

i

= 633

1
3



SFA FIFO_MUX:

�l.o.f0
e2e

= [�SFA l.o.xf0
v0

� ↵xf0
v0

]

+ ⌦ [�SFA l.o.xf0
v2

� ↵xf0
v2

]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ↵f1

v1v2
]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � (↵f1

v1
↵ �l.o.f1

v1
)]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ �SFA l.o.f1

v0
)↵ �

v1)]
+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ �

v0)↵ �
v1)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � ((�5,25 ↵ �20,20)↵ �20,20)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � (�5,125 ↵ �20,20)]

+

= �15,21 1
4
⌦ [�20,20 � �5,225]

+

= �15,21 1
4
⌦ �15,31 1

4

= �15,52 1
2

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 52 1
2 + 25

15

= 54

1

6

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 521
2

+ 25

= 287

1

2



�l.o.f0
e2e

= [�SFA l.o.xf0
v0

� ↵xf0
v0

]

+ ⌦ [�SFA l.o.xf0
v2

� ↵xf0
v2

]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ↵f1

v1v2
]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � (↵f1

v1
↵ �l.o.f1

v1
)]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ �l.o.f1

v0
)↵ �

v1)]
+ dnclib: not SFA l.o. because v0 is not the direct predecessor of v2 om the foi’s path

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ [�

v0 � ↵f0
]

+
)↵ �

v1)]
+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � ((�5,25 ↵ [�20,20 � �5,25]

+
)↵ �20,20)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � ((�5,25 ↵ �20,21 1

4
)↵ �20,20)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � (�5,131 1

4
↵ �20,20)]

+

= �15,21 1
4
⌦ [�20,20 � �5,231 1

4
]

+

= �15,21 1
4
⌦ �15,31 9

16

= �15,52 13
16

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 52 13
16 + 25

15

= 54

23

48

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 5213
16

+ 25

= 289

1

16



SFA, PMOO ARB_MUX:

�l.o.f0
e2e

= [�SFA l.o.xf0
v0

� ↵xf0
v0

]

+ ⌦ [�SFA l.o.xf0
v2

� ↵xf0
v2

]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ↵f1

v1v2
]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � (↵f1

v1
↵ �l.o.f1

v1
)]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ �SFA l.o.f1

v0
)↵ �

v1)]
+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ �

v0)↵ �
v1)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � ((�5,25 ↵ �20,20)↵ �20,20)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � (�5,125 ↵ �20,20)]

+

= �15,28 1
3
⌦ [�20,20 � �5,225]

+

= �15,28 1
3
⌦ �15,41 2

3

= �15,70

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 70 + 25

15

= 71

2

3

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 70 + 25

= 375



�l.o.f0
e2e

= [�SFA l.o.xf0
v0

� ↵xf0
v0

]

+ ⌦ [�SFA l.o.xf0
v2

� ↵xf0
v2

]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ↵f1

v1v2
]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � (↵f1

v1
↵ �l.o.f1

v1
)]

+

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ �l.o.f1

v0
)↵ �

v1)]
+ dnclib: not SFA l.o. because v0 is not the direct predecessor of v2 om the foi’s path

= [�
v0 � ↵f1

]

+ ⌦ [�
v2 � ((↵f1 ↵ [�

v0 � ↵f0
]

+
)↵ �

v1)]
+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � ((�5,25 ↵ [�20,20 � �5,25]

+
)↵ �20,20)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � ((�5,25 ↵ �20,28 1

3
)↵ �20,20)]

+

= [�20,20 � �5,25]
+ ⌦ [�20,20 � (�5,166 2

3
↵ �20,20)]

+

= �15,28 1
3
⌦ [�20,20 � �5,266 2

3
]

+

= �15,28 1
3
⌦ �15,44 4

9

= �15,72 7
9

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 72 7
9 + 25

15

= 74

4

9

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 727
9

+ 25

= 388

8

9



Flow f1

TFA FIFO_MUX ARB_MUX

v0

↵
v1 = ↵f0

+ ↵f1
= �10,50

Df0
v0

�
v0 = b

v0

20 · [t� 20]

+
= 50

t = 22

1

2

�
v0 = ↵

v0

20 · [t� 20]

+
= 10 · t+ 50

t = 45

Bf0
v0

↵
v0(Tv0) = 10 · 20 + 50

= 250

v0v1 ↵
v0v1 = ↵f1

v0v1
= �5,131 1

4
= �5,166 2

3

v1

↵
v1 = ↵f1

v0v1
= �5,131 1

4
= �5,166 2

3

Df1
v1

�
v1 = b

v1

20 · [t� 20]

+
= 131

1

4

t = 26

9

16

FIFO per micro flow
�
v1 = b

v1

20 · [t� 20]

+
= 166

2

3

t = 28

1

3

Bf1
v1

↵
v1(Tv1) = 5 · 20 + 131

1

4

= 231

1

4

↵
v1(Tv1) = 5 · 20 + 166

2

3

= 266

2

3

v0v2 ↵
v0v2 = ↵f0

v0v2
= �5,131 1

4
= �5,166 2

3

v1v2 ↵
v1v2 = ↵f1

v1v2
= �5,231 1

4
= �5,266 2

3

v2

↵
v2 = ↵

v0v2 + ↵
v1v2 = �10,362 1

2
= �10,433 1

3

Df1
v2

�
v2 = b

v2

20 · [t� 20]

+
= 362

1

2

t = 38

1

8

�
v2 = ↵

v2

20 · [t� 20]

+
= 10 · t+ 433

1

3

t = 83

1

3

Bf1
v2

↵
v2(Tv2) = 10 · 20 + 362

1

2

= 562

1

2

↵
v2(Tv2) = 10 · 20 + 433

1

3

= 633

1

3

Df1
P2

i=0 �
f1
v

i

= 87

3
16

P2
i=0 �

f1
v

i

= 156

2
3

Bf1
max

2
i=0 b

f1
v

i

= 562

1
2 max

2
i=0 b

f1
v

i

= 633

1
3



SFA FIFO_MUX:

�l.o.f1
e2e

= [�SFA l.o.xf1
v0

� ↵xf1
v0

]

+ ⌦ [�SFA l.o.xf1
v1

� ↵xf1
v1

]

+ ⌦ [�SFA l.o.xf1
v2

� ↵xf1
v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � ↵f0
v0v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0
v0

↵ �SFA l.o.xf1
v0

)]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0 ↵ �
v0)]

+

= [�20,20 � �5,25]
+ ⌦ �20,20 ⌦ [�20,20 � (�5,25 ↵ �20,20)]

+

= �15,21 1
4
⌦ �20,20 ⌦ [�20,20 � �5,125]

+

= �15,21 1
4
⌦ �20,20 ⌦ �15,26 1

4

= �15,67 1
2

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 67 1
2 + 25

15

= 69

1

6

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 671
2

+ 25

= 362

1

2



�l.o.f1
e2e

= [�SFA l.o.xf1
v0

� ↵xf1
v0

]

+ ⌦ [�SFA l.o.xf1
v1

� ↵xf1
v1

]

+ ⌦ [�SFA l.o.xf1
v2

� ↵xf1
v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � ↵f0
v0v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0
v0

↵ �l.o.xf1
v0

)]

+ dnclib: not SFA l.o. because v0 is not the direct predecessor of v2 om the foi’s path

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0 ↵ [�
v0 � ↵f1

]

+
)]

+

= [�20,20 � �5,25]
+ ⌦ �20,20 ⌦ [�20,20 � (�5,25 ↵ [�20,20 � �5,25]

+
)]

+

= [�20,20 � �5,25]
+ ⌦ �20,20 ⌦ [�20,20 � (�5,25 ↵ �15,21 1

4
)]

+

= �15,21 1
4
⌦ �20,20 ⌦ [�20,20 � �5,131 1

4
]

+

= �15,21 1
4
⌦ �20,20 ⌦ �15,26 9

16

= �15,67 13
16

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 67 13
16 + 25

15

= 69

23

48

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 6713
16

+ 25

= 364

1

16



SFA, PMOO ARB_MUX:

�l.o.f1
e2e

= [�SFA l.o.xf1
v0

� ↵xf1
v0

]

+ ⌦ [�SFA l.o.xf1
v1

� ↵xf1
v1

]

+ ⌦ [�SFA l.o.xf1
v2

� ↵xf1
v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � ↵f0
v0v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0
v0

↵ �SFA l.o.xf1
v0

)]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0 ↵ �
v0)]

+

= [�20,20 � �5,25]
+ ⌦ �20,20 ⌦ [�20,20 � (�5,25 ↵ �20,20)]

+

= �15,28 1
3
⌦ �20,20 ⌦ [�20,20 � �5,125]

+

= �15,28 1
3
⌦ �20,20 ⌦ �15,35

= �15,83 1
3

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 83 1
3 + 25

15

= 85

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 831
3

+ 25

= 441

2

3



�l.o.f1
e2e

= [�SFA l.o.xf1
v0

� ↵xf1
v0

]

+ ⌦ [�SFA l.o.xf1
v1

� ↵xf1
v1

]

+ ⌦ [�SFA l.o.xf1
v2

� ↵xf1
v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � ↵f0
v0v2

]

+

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0
v0

↵ �l.o.xf1
v0

)]

+ dnclib: not SFA l.o. because v0 is not the direct predecessor of v2 om the foi’s path

= [�
v0 � ↵f0

]

+ ⌦ �
v1 ⌦ [�

v2 � (↵f0 ↵ [�
v0 � ↵f1

]

+
)]

+

= [�20,20 � �5,25]
+ ⌦ �20,20 ⌦ [�20,20 � (�5,25 ↵ [�20,20 � �5,25]

+
)]

+

= [�20,20 � �5,25]
+ ⌦ �20,20 ⌦ [�20,20 � (�5,25 ↵ �15,28 1

3
)]

+

= �15,28 1
3
⌦ �20,20 ⌦ [�20,20 � �5,166 2

3
]

+

= �15,28 1
3
⌦ �20,20 ⌦ �15,37 7

9

= �15,86 1
9

Df1
=

Rl.o.f1
e2e

· T l.o.f1
e2e

+ bf1

Rl.o.f1
e2e

=

15 · 86 1
9 + 25

15

= 87

7

9

Bf1
= ↵f1

(T l.o.f1
e2e

)

= 5 · 861
9

+ 25

= 455

5

9


