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Abstract: Accurate and in-depth analysis of network performance is a complex
process. Network functionality can only cover a subset of the ever-changing workloads
that processes on the network experience, which can lead to unexplored node states
and sub-optimal performance in live traffic. is considered Queuing theory and network
calculus technigues can provide tight bounds on performance metrics, but typically
require approximations of the state of network components and the traffic arrival order
with short and well-executed mathematical functions. As such, they are not
immediately applicable to emerging workloads and the new algorithms and protocols
developed to handle them. We explore a different approach: using formal methods to
analyze network performance. We show that application synthesis techniques can be
used to accurately model network components and their queues and automatically
generate concise interpretable workloads in response to performance metrics queries.
Our approach offers a new point in the field of available tools for network performance
analysis: it is more complete than simulation and emulation and can be easily applied
to algorithms and protocols expressed in first-order logic. We demonstrate the
effectiveness of our approach by analyzing packet scheduling algorithms and a small
leaf-spine network and creating compact workloads that may suffer from throughput,
fairness, starvation, and latency issues.
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1.Introduction: When used to solve quantitative analysis problems (for example,
system efficiency indicators) in optimization experiments, finding alternative values of
factor solutions is called the reverse process of simulation modeling. The inverse
process is the correct assignment to solve the inverse problem several times when
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answering the problems of showing the solutions that provide the maximum efficiency
of the system among the available solutions. In cases where the number of solution
options is not large, the inverse process puts all the solutions using a simple "try it out"
method and compares them to find the optimal solution[1].

If it is not possible to try all solutions, then methods based on selection using
heuristics are used[2]. In this case, the optimal or near-optimal solutions are found after
several successive steps (finding the solution of the correct task and creating a vector
of output results for each input parameter). A well-chosen heuristic brings the
experiment closer to the optimal solution at every step[3].

The user can use any external optimizer or OptQuest optimization software
included in the package as a block for recording output results and for further
optimization (Figure 1).

The OptQuest optimizer uses metaheuristic scatter search and tabu search.
Currently, this optimizer is considered one of the best among professional optimization
packages for solving complex optimization problems [4-5].
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of the ; ; Record output and select approximations A conditional
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Figure 1. Functional diagram of the OptQuest optimization software

2.0ptQuest runs directly in the model development environment:
To configure the optimization, you need to do the following in AnyLogic[6].

1) Creating optimization experience for the developed model;

2) Enter optimization parameters and their change range;

3) Include a condition to stop modeling after each run. This can be done by
stopping in time or by conditioning on the values of model variables;

4) Entering the target, i.e., the system reaction function to be studied;

https://t.me/Erus_uz Multidisciplinary Scientific Journal April, 2024

105



https://t.me/Erus_uz

Educational Research in Universal Sciences

ISSN: 2181-3515 VOLUME 3| ISSUE 5 | 2024

5) At the end of each run, selection of restrictions, which will determine the
compatibility of the value of the waiting vector[7];

6) Enter the condition of stopping the experiment.

Once the model is loaded, the optimization experiment selects alternative input
parameters that are minimal or maximal based on the given function[3].Minimizing the
delay (backlog) of orders (packages) in the public service system is of great
Importance.Mathematical representation of this problem:

n
minz Vt,;
i=1 (1
n
z Vi< Vs
ot 2)

tz-is the average delay time of the order on the i-th device (server)[8-9];
Vi- i- server speed;
V3 -is the overall speed of the servers.
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Figure 2. OXKT model.
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Let's create a histogram to calculate the order delay:
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Figure 3. Create a histogram of latency.
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Figure 4. Latency histograms. Figure 5. Optimization model.
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Figure 6. Enter the objective function.
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Figure 7. Enter optimization parameters.
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Figure 8. Introduction of optimization steps.
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Figure 9. Results before optimization.
The results obtained after the optimization experiment are presented in Fig. 9.
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Figure 10. Optimization results.
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Figure 11. Optimized parameter values.

3. Workload metrics. The search algorithm explores the space of all workloads
to find one that satisfies the query. When synthesizing candidate workloads, it decides
how many constraints to include in the workload, and what metrics and queues to
include in each constraint [10].

While we leave the metrics that can be used in queries unconstrained, deciding
the set of metrics that are used in synthesizing workloads requires careful
consideration. We want the set to be small to keep the search space tractable but
expressive to enable specifying common workloads in a concise and intuitive
manner[11-12]. We define our workloads over two metrics: cumulative enqueues
(cenq(q, t)), the total number of packets that enter q by the end of time step t, and arrival
inter-packet gap (aipg(q, t)), the inter-packet gap between the last two packets that enter
g by time t.

While small, this is a quite expressive set. ceng constrains the total number of
packets entering the queue, independent of the exact time they arrive. So, it can abstract
away the timing details of traces when they are not important for the query. aipg, on
the other hand, constrains the gap between packets and their arrival pace. So, it can
capture low-level timing details if necessary in answering the query. Together, they
create a good balance in capturing the commonalities of traces that satisfy a query,
abstracting away unnecessary details and including necessary ones[13-14].

Our experience in the case studies has shown that this set is capable of expressing
a variety of workloads. But, we view this as a suitable starting point and not necessarily
the final answer. We hope that as using formal methods, and specifically workload
synthesis, for performance analysis evolves, the set of metrics will mature as well. In
fact, our search algorithm is parametrized over the set of metrics and, if needed, any
metric that can be encoded in SMT can be easily added to our search algorithm.
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4.Synthesizing Answers

The search engine uses a guided randomized search over the space of workloads
to find one that satisfies the query. The search algorithm (Algorithm 1) is based on the
Metropolis Hastings Markov Chain Monte Carlo (MCMC) sampler, which combines
random walks with hill climbing and has been successfully used for synthesizing
optimized programs and loop invariants [15]. Starting from an initial workload wl =
true (line 3), which imposes no constraints on the input queues, the search algorithm
asks the verification engine to verify the workload, i.e., check if all the traces in the
workload satisfy the query (line 6). If yes, the search engine returns the workload as
the answer to the query (line 7). If not, using the feedback from the verification engine,
the search algorithm moves on to synthesize and try another candida teworkload until
a suitable workload is found.

5.CONCLUSION

Over the past decade, a large body of academic and industry work has
demonstrated the feasibility and benefits of using formal methods to reason about the
functional correctness of networks. Inspired by their success, we set out to bring the
same benefits to analyzing network performance.

Along the way, we have developed efficient encodings of packet-level
interactions that affect network performance. We have also found that when it comes
to performance analysis, returning isolated packet traces that violate performance
properties is not always useful. Instead, we argue that a more useful output is a
workload that can concisely describe the commonality of a set of traces that can
experience performance problems. We have shown how to apply existing synthesis
techniques to generating such workloads and demonstrated the tractability of our
approach using case studies.

This is only the start; as with other applications of formal methods to systems and
networking, much work needs to be done to make such formal performance analysis
approaches suitable for analyzing real-world networks, some of which we have
outlined in this paper as future research directions.
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