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Worst-Case Performance Analysis
n Hard real-time systems have to respond within finite and specified deadlines

¨Crucial for certification of safety-critical systems

n Integration into the design phase of a system

n Requirements:

¨Results should be accurate to prevent over-provisioning

¨Analyzing/Ranking of many different configurations should be fast

The FAIR Accelerator. Source: [Fitzek17]

Source: nextreflexdc.com
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Deterministic Network Calculus: Arrivals and Service
n Worst-case bounds on the behavior: cumulative arrivals and service [Cruz91]
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Strict Service Curve �:
A server is said to o↵er a strict
service curve � if, during any
backlogged period of duration u,
the output of the system is
at least equal to �(u).

Arrival Curve ↵:
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Deterministic Network Calculus: Network Analysis
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Quality
n Median deviation from ULP 1.142% 
n Some outliers at double that L

Delay bound deviation from ULP [%]
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Cost
n TMA is the fastest, scales best

Network devices
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DNC: Compositional Feed-Forward Analysis
n Rules for composition of operations on curves

¨ Retain the worst case
¨ Impose a composition penalty
¨ Leave some degrees of freedom

n TMA tries to minimize the 
composition penalty

¨exhaustively search for the best 
solution among alternatives

¨The paper provides an overview
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Is TMA Really an Exhaustive Search?
n Why is there an�?
n When bounding the arrivals of cross-flows,

we prefer aggregation (AggrAB) over segregation (SegrAB). 
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n Reason:
[Bondorf15]

Basic Building Block Segregation: mutually incompatible priority assignment at s0

SegrAB AggrABSegrAB AggrAB
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Is TMA Really an Exhaustive Search?
n Why is there an�?
n When bounding the arrivals of cross-flows,

we prefer aggregation (AggrAB) over segregation (SegrAB). 
SegrAB AggrAB

Better Basic Building Block Segregation: mutually incompatible priority assignment at s0
but the PMOO principle can be used [Schmitt08]

n Insight:
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Can Segregation Improve the Delay Bound Accuracy?
n Yes. Proof:

(in the paper)
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Can Segregation Close the Gap Between TMA and ULP?

Gap Closing for TMA+SegrPMOO [%], 20 devices           
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n 2 sample networks: 152 (left), 472 flows (right)
n 78% and 72% of delay bounds improved
n Reduction of the gap between TMA and ULP

¨Max: 49.92%
¨Mean: 15.5%
¨Distribution:

¨Max: 12.0%
¨Mean: 1.87%
¨Distribution:
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n Catching Outliers?
n 10 flows TMA performed 

worse compared to ULP

¨8/10 see >20% improvement
¨1/10 improves <10%
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Can Segregation Close the Gap Between TMA and ULP?
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n Computational Effort?
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Conclusion
n Improving accuracy of algebraic DNC is still possible
n Catching outliers that are highly impacted by special cases in the analysis

n Cost of the current exhaustive search is too high
¨SegrAB is not the only extension that suffers from this problem [Bondorf17-1]

n Be smarter and identify the best approach in advance? J

Thank You!
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Algebraic DNC’s Composition of Local Results

n Basic (min,+)-algebraic operations
1. Output bound

2. Aggregation of flows

3. Concatenation of servers (= tandems)

4. Left-over service curve (server)

5. Left-over service curve (tandem)
(considers entanglement of cross-flows)

(↵↵ �)(d) = sup
u�0

{↵(d+ u)� �(u)} =: ↵0(d)

↵
�

↵0

(�  ↵) (d) = sup
0ud

{(� � ↵) (u)} =: �l.o.

(↵1 + ↵2)(d) = ↵1(d) + ↵2(d)

(�1 ⌦ �2)(d) = inf
0sd

{�1(d� s) + �2(s)} = �h1,2i

↵ ↵0
�1 �2 �3

�h1,2i  ↵ = �l.o.
h1,2i

)
Arbitrary multiplexing:
no FIFO assumptions

tandem is our basic
unit of operation


