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DNC Motivation and Basics

Theory of deterministic queueing systems [Cruz91]

«  Worst-case bounds such as delay and backlog
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DNC Motivation and Basics (2)

Can be used for certifying performance guarantees of cyber-physical systems,
e.g., airplanes [Boyer08]

Can aid in ranking different network topologies and configurations
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DNC Motivation and Basics (3) [LeBoudec01]

Arrival curve V0<s<t:A(t)— A(t—s) < a(s)

Service curve Vt>0:A'(t) > inf {A(t—s)+5(s)} = AR B(t)
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DNC Motivation and Basics (4) [LeBoudec01]

Concatenation of servers 51 ® B2 = 1.2

Output bound o&/(t) = a @ B(t) := sup{a(t + u) — S(u)}

u>0
Delay bound hdev(a, f) = inf{d > 0: (a @ B)(—d) < 0}
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DNC Motivation and Basics (5) [LeBoudec01]

FIFO left-over service curve
/B}:lo‘(t79) = [B(t) — ca(t — 6)]" - L0 V0 >0

[9(2)]" = sup g(2)

1, t>4
L>01 7= ot <o
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Objective and Approaches

LUDB-FF [Scheffler21] optimizes these free parameters
New Approach

* Do not use optimization

* For a better tradeoff between accuracy and runtime, we provide a static setting of
the free parameters (LB-FF) as well as one found by a directed search (DS-FF)

Find our code at
« https://github.com/NetCal/DNC
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https://github.com/NetCal/DNC

Related Work
. SFA-FIFO

« Server-by-server analysis

«  Compute at each server the residual
service curve, convolve them
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« Simple left-over curve but local view
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Related Work (2)

LUDB [Bisti08]

* Nested interference: A tandem has nested interference iff for every pair of flows
either both flows do not have common servers or the path of one flow is completely
included in the path of the other.

I Van Ve ,
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Related Work (3)
LUDB [Bisti08]

« “convolution before subtraction” for nested interference
«  Optimizes (61, ...,0,r,) w.r.t. delay bound

ko= (85 04, 1) @ (BY ©o, a3)
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Related Work (4) i
% 70
. LUDB-FF [Scheffler21] £ o
* Extension of LUDB [Bisti08] for feedforward networks R -
+  Step 1: Take the foi’s path as first tandem to analyze. TREREE 8 EER 93

Network size [flows]

»  Step 2: Check for non-nested interference patterns, cut into nested tandems if necessary (is always possible).
Oy

e el M
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+  Step 3: Compute the bounds on crossflow arrivals to the nested tandems by starting Step 1 with them as Fi;

»  Step 4: For each nested tandem, compute the nesting tree that encodes the "convolution before subtraction”
scheme according to the nesting of flows.

+  Step 5: Start the LUDB analysis for the nesting tree. The LUDB produces a Piecewise Linear Program (PLP).

+  Step 6: For each linear decomposition of the PLP, one LP will be formulated and solved (with CPLEX e.g.).
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Related Work (5)

Holistic Network Optimization [Bouillard15, Bouillard22]

« Transforms entire feedforward network with its NC modelling constraints into a
MILP formulation

«  Computes the WCD but exponential runtime, thus only feasible for small/medium-
sized networks

* The LP relaxation, FF-LPA, has a better runtime but is still exponential

+ Recent efforts try to improve the runtime of this approach by dropping some
constraints and adding constraints from analyses such as SFA-FIFO
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LB-FF and DS-FF

LB-FF and DS-FF share the ”-FF” suffix with
LUDB-FF
- Embedded into the same feedforward
analysis
Instead of optimizing (¢, ...,0,s,|), we set the free FIFO variables o

in a static way (LB-FF) / employ a search on top of LB-FF (DS-FF)

Def. (Lower Bound on ¢9) T

« Given an arrival curve oy =7, and left-over service curve ﬁ}'o; we define
0,85, ag) = inf{t > 0: B} (t) > o}

- Note that 0,(87>, ay) = hdev(ay, B5°)
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LB-FF and DS-FF (2)

LB-FF
*  Procedure: Traverse nesting tree bottom-up, set each 6; to the lower bound
01 o
o =T+ Oy =Ts + — 05 =Ty + 0 &
Rl 27 3+ Rg 3 2+ b2 mil’l{RQ,R;g—pg}
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foi 6m1n{R1 —p1,R2—p3,R3—p2—p3}, T1+To+T5+ 7+ Tt 7::?) + mm{R;%ﬁg—pz}

oy = <5f1' Sp, 1) ® (ﬁlff Op, 3)
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LB-FF and DS-FF (3)
. DS-FF

Uses a directed search (Hooke and Jeeves) to find a reasonable setting of (6, ...,0/r,))
* Local Optima?
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LB-FF and DS-FF (4)

. DS-FF

=)
<)

Start combination @UB-F¥ .— (gLB-FF g

|I£—|FF) Ego
: Exploratory Phase % : S Seesesssessnsare
« Search within the current environment for a better setting :
(elllewv T e?fvlv7 anew + SPi, ?i‘ivv R Fﬁﬁ)

Pattern Move Phase

« Compute direction of improvement A = @»°V — @°ld

Walk along the line of improvement @»ev 1 A @ + 2. A, O"™" + 3. A, ...
Go back to the Exploratory Phase
Reduce stepsize

sp; < sp; - Ewith 0 < €< 1

- Terminate if-—fni?p |{sz-} < ewithe >0
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LB-FF and DS-FF (5)

DS-FF: Runtime improvements

« Selection of initial stepsize
* (i) f; € Children(foi)

0 (@LB FF) dLB FF Z Tk . Z QII;B_FF
ke S(foi)\S(Children(foi)) fi# [ €Children(foi)

* (il) f; ¢ Children(foi). Let f, € F,s.t.f; € Children(f,). Then,

0 (@LB FF) 0 (@LB—FF)_ Z Tk:_ Z HII;B—FF
keS(fp)\S(Children(f,)) fi#fr €Children(f,)
» Reasoning: Consider ©%"F then(g;>**, ... 0] ", 6,(0"PFF) 05 F . 6l )

results in a worse delay bound for any i
Q (@LB FF) GZLB'FF

c—1

* Hence, we set the stepsize sp; =
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LB-FF and DS-FF (6)

DS-FF: Runtime improvements

« Before computing the left-over service curve w.r.t. a specific combination (in any
phase), check that each 6, > 0 and 0; < d with d being the lowest delay bound so
far found by the search
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Evaluation

Setup

« 31 random feedforward networks following Erdos-Rényi model with a total of 4479
flows

* Arrival curves set to token bucket v,.c = 711

< Service curve set to rate latency Brr with T =0 and R set to achieve a desired
utilization of the server between 50% and 99%

Goal

* Find a suitable termination criterion e for DS-FF giving a good tradeoff between
effort and quality of bounds

RUHR
20 Searching for Upper Delay Bounds in FIFO Multiplexing Feedforward Networks | A. Scheffler, J. Schmitt and S. Bondorf UNIVERSITAT R U B
BOCHUM



Evaluation (2)

. dela A — dela ;
. Comparison of Delay Bounds  delayanalysish analysisp = — 22nysisA YanalysisB

delayanalysisB

DS-FF 107° || 0.47

DS-FF 10 || 0.48
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DS-FF 10° || 0.51

DS-FF 10> | 0.53
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DS-FF 10 |[| 0.67
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DS-FF 10 3.6

LB-FF [ | 777
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Evaluation (3)

sB

o=

L delayanalysisA - delayanalysisB
delayanalys

Comparison of Delay Bounds delayanalysisa analysisB
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Evaluation (4)

Comparison of Runtimes
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Conclusion

Novel and scalable FIFO-aware analysis techniques for feedforward networks
LB-FF and DS-FF

LB-FF sets all FIFO parameters statically
DS-FF employs a search on-top of LB-FF
DS-FF = 107°) is on average 120 times faster than LUDB-FF

DS-FF ( = 102) delay bounds are worse by only 0.57% on average and
maximally 8.56% compared to LUDB-FF

LUDB-FF restricted to token-bucket rate-latency curves while LB-FF and DS-FF
can be applied to more complex curves, e.g., staircase functions
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Thanks for your attention!

Questions?
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