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Abstract
Deterministic Network Calculus (DNC) provides a rigorous algebra for worst-case performance
analysis of networks. It allows researchers to compute bounds on worst-case characteristics of systems
through algebraic expressions that may appear simple on paper but often require heavy computations,
making software support essential. Libraries such as Nancy offer a rich API for DNC computations
in C#, but they require programming expertise. In contrast, RTaW’s min-plus playground (MPPG)
provides a simpler, calculator-like syntax for DNC computations; however, it is proprietary and
web-hosted, limiting offline use and reproducibility. We present nancy-playground, an open-source,
locally runnable console that implements the same MPPG syntax while executing computations
through the Nancy library. This tool enables reproducible scripting, interactive exploration, and
a seamless transition to full programs by converting MPPG scripts into C# code. In this paper,
we describe the design and implementation of nancy-playground, as well as its main features for
researchers and practitioners in the DNC community.

2012 ACM Subject Classification Computer systems organization → Real-time systems; Networks
→ Network performance analysis; Mathematics of computing → Mathematical software performance

Keywords and phrases Deterministic Network Calculus, min-plus algebra, tooling

Digital Object Identifier 10.4230/LIPIcs.ECRTS.2026.5

Supplementary Material
Software (Source Code): https://github.com/rzippo/nancy-playground [42]

archived at swh:1:dir:dd85728ac2a89f688e349e3d80e4b04e2a966ad4
Software (ECRTS 2026 Artifact Evaluation approved artifact):
https://doi.org/10.4230/DARTS.12.2.6

Funding This work was supported in part by the Italian Ministry of Education and Research (MIUR)
in the framework of the FoReLab project (Departments of Excellence).

1 Introduction

Deterministic Network Calculus (DNC) is a mathematical framework for analysis of worst-
case performance bounds in networked systems. Originating in the 1990s, DNC has evolved
into a mature tool for guaranteeing performance in complex systems, with applications
extending beyond the original Internet QoS context. Today, DNC is applied in diverse
domains, e.g., Time-Sensitive Networks (TSN) for industrial automation and automotive
systems [36, 22, 37], avionics for AFDX network certification [7], heterogeneous system-on-chip
architectures [29, 4, 5].

While DNC computations can be performed manually for simple examples, in most
practical cases they require software support for efficiency and correctness. The research
community has developed several software tools, which offer a choice between two extremes.
On one side, libraries such as Nancy [43] and Nancy.Expressions [34] provide a rich API
for DNC computations in C#. These libraries are powerful and flexible, include many
recent algorithmic results [46, 40, 41], and provide a solid base for transparent integration
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of future results (e.g., [30]) whose research is aided by the open-source nature. However,
using them requires some C# programming knowledge and non-trivial “boilerplate” code.
On the other side, RTaW’s min-plus playground (MPPG) [27] offers a simpler, calculator-like
interface with its own scripting syntax. It is a free-to-use web-hosted counterpart to their
commercial offering. This MPPG syntax is minimal and intuitive, and has been used in
published research (e.g., [19, 18, 32, 23, 33]). However, RTaW’s playground has significant
limitations that hinder its use for research and industrial applications. First, it is proprietary
software, with a web-only interface that cannot be used offline, whose license prohibits use
for benchmarking and sharing performance results, and which discloses the executed code
to the provider. Thus, its use for algorithmic research is severely restricted as one cannot
verify, compare or improve the code run by [27]. Second, the MPPG syntax is limited in
expressiveness (no functions, branching, loops), which prevents one from generalizing a script
to study a network of n nodes and m flows rather than a fixed amount of each. Thus,
extending a prototype into a network analysis tool requires a full rewrite in a general-purpose
programming language. This friction conflicts with common research and industrial needs:
quickly reproducing published results, experimenting with new algorithmic ideas and sharing
their performance, quickly extending prototype analyses into full programs.

We address this gap with nancy-playground, a cross-platform command-line interface
(CLI) tool that offers a simple, scripting-oriented syntax for DNC computations while
addressing the limitations of existing tools. The tool is open source and runs locally, improving
transparency, enabling offline work, and supporting code ownership and verifiability. It can
run scripts from file or from an interactive command line, supporting the same MPPG
syntax as RTaW’s min-plus playground, while performing the actual computations through
the Nancy and Nancy.Expressions libraries, thus integrating the latest algorithmic results.
Furthermore, nancy-playground is capable of converting MPPG scripts into C# programs
that use the Nancy library, thus easing the transition from quick prototyping to full-fledged
network analysis tools.

In this paper, we describe the design and implementation of nancy-playground, a
tool that bridges the gap between simple script-based exploration and full-program DNC
libraries. We present the MPPG syntax, explain the architecture that decouples parsing from
computation, and demonstrate how the tool supports interactive exploration, plotting, and
translation to C# for production use. nancy-playground is released as open-source software
with MIT license [42], and distributed as binary packages for ease of installation [6]. The
repository contains many example scripts demonstrating DNC computations across various
use cases, providing a reference for researchers and practitioners in the DNC community.

2 Background and Related Work

Deterministic Network Calculus (DNC) is a mathematical framework for analysis of worst-
case performance bounds in networked systems, which dates back to the early 1990s, and it
is mainly due to the work of Cruz [16, 17], Le Boudec and Thiran [21], and Chang [15]. It
characterizes constraints on traffic arrivals (due to traffic shaping) and on minimum received
service (due to scheduling) as curves, i.e., functions of time, and uses (min,+) and (max,+)
algebra to combine the above in order to compute bounds on the traffic at any point in a
network traversal.

However, algebraic expressions which look simple on paper can in fact require lengthy
computations. The research community has therefore developed several software packages
to automate this task, finding efficient data structures to represent functions and curves,
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Figure 1 nancy-playground in action on Linux.

and efficient algorithms to implement basic operations. Works [13, 11] provided an “algo-
rithmic toolbox” for DNC: they showed that piecewise affine functions that are ultimately
pseudo-periodic (UPP) represent suitable models for both traffic functions and curves, and
provided algorithms for most (min,+) and (max,+) algebra operations. The toolbox was
first implemented in the COINC free library [12], which is not available anymore, and later
by the commercial library RTaW-Pegase [28] and the open-source library Nancy [43, 45, 44].

After its first release, the Nancy library has been extended with more operators and several
algorithmic optimizations [46, 39, 40, 41], and a complementary library, Nancy.Expressions
[34], has been developed to support lazy evaluation of expressions. Lazy evaluation is a
computation strategy where operations are not immediately executed; instead, expressions
are represented symbolically, and computations are deferred until the result is actually
needed. This approach enables further optimizations that can reduce computation time and
memory usage by skipping unnecessary computations. For example, one can employ algebraic
simplifications, such as f ⊗ f = f if f(0) = 0 and f is subadditive [21, Sec. 3.1.7], shown in
action in [34]; or different strategies of computations that can reduce runtime, like reordering
commutative operations [30]. Furthermore, the lazy computation approach will naturally skip
computing expressions which are never evaluated, e.g. when the code introduces variables
whose value is never used. The Nancy and Nancy.Expressions libraries are suited to large,
structured programs that parse complex network configurations and provide a rich API
for modeling. To address the need for interactive prototyping, they also support Polyglot
Notebooks [3], however, users still need to write C# and manage the surrounding program
structure, which can be a barrier for quick experimentation and reproducibility. Moreover,
Microsoft recently announced its sudden deprecation, casting doubts on its reliability while
open-source forks are being developed.

The RTaW min-plus playground (MPPG) [27] is a web-hosted tool that provides a
calculator-like interface for DNC computations using a simple scripting syntax. It supports
the same UPP function models and (min,+) operations described above, likely by using
the RTaW-Pegase library [28] to implement its computations. It has been used in scientific
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research (e.g., [32, 23, 33]), in some cases with published code for reproducibility (e.g.,
[19, 18]). Its simplicity makes it also well-suited for writing accessible tutorials and for
postgraduate teaching, as the content can focus on the DNC results rather than programming
nuances. However, the RTaW min-plus playground has significant limitations that restrict
its utility for research and industrial applications.

First, it is a proprietary web-hosted service that cannot be used offline, and its license
explicitly prohibits use for benchmarking and sharing performance results. This creates
a fundamental barrier for algorithmic research, where the ability to reproduce results,
verify computations, and transparently report performance metrics is essential. Recent
advancements such as [46, 41] would not be possible to investigate on RTaW’s playground,
even though it is based on the same core toolbox from [13], as researchers using RTaW’s
playground cannot share their computation traces or performance evaluations in a verifiable
manner, which undermines reproducibility and limits the contribution to the scientific
community.

Second, the tool’s code ownership and proprietary nature raise concerns for industrial
use in safety-critical and certification contexts. While the web-hosted tool does not satisfy
these requirements, we assume the commercial offerings from RTaW may address this point.

Third, the MPPG syntax lacks support for programming constructs such as loops,
conditionals, and function definitions, limiting its expressiveness. While this simplicity
can be an advantage for interactive exploration, it prevents generalizing scripts to handle
parameterized problems (e.g., computing bounds for networks of arbitrary size), forcing
researchers to rewrite scripts manually or resort to other tools for structured analyzes. This
friction between quick prototyping and full-program development means that users face a
costly transition when scaling from simple explorations to production tools.

Other tools and applications for DNC exist, which do not cover the same use cases and
needs of the above, and are surveyed in [38]. The most common limitation among these tools
is that only a subset of (min,+) and (max,+) functions and operators are supported, limited
to the specific use cases supported by that tool. In constrast, Nancy and RTaW-Pegase
implement a wide range of operators and function models, leveraging the algorithmic toolbox
from [13], making them suitable for general-purpose DNC computations.

RTC Toolbox [35] is a Matlab/Java library that implements variability characterization
curves, a model similar to the one from [13], but that assumes operands to be left- or
right-continuous based on the operation being performed, and constrains all period lengths
to have integer values. It uses floating-point arithmetic and has limited operation support,
e.g. it does not support subadditive closure, while Nancy and RTaW-Pegase do. Generally,
all computations that can implemented in RTC Toolbox can be implemented in Nancy and
RTaW-Pegase, but not the opposite.

Tools like NCorg DNC (originally named DiscoDNC) [9] and CyNC [31] provide an
interface focused on network modelling, automating a variety of DNC network analyses and
internally using RTC Toolbox for their computations. These may be more suitable for users
whose use case is already well supported, but require significant effort to extend to new
use cases. [38] also mentions commercial tools that may cover more use cases, including
domain-specific models and comparison with simulation.

Some approaches instead rely on DNC to express linear programming problems, rather
than (min,+) algebra expressions. Examples of this can be found in tools such as DEB-
ORAH [8] and PANCO [10]. The MPPG syntax is not designed to express such linear
programming problems, thus these tools are not directly comparable to nancy-playground.

A few works addressed the formal verification of results, rather than their computations,
namely NCCoq and MINERVE [2], which were applied to RTaW-Pegase [26, 14].
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Listing 1 Comparison of MPPG syntax and equivalent C# code using Nancy. Example from [19].

(a) MPPG script from [19].

1 T4 := 60
2 A1 := stair(0, 60, 35)
3 A2 := stair(0, 5, 2)
4 A4 := stair(0, T4, 12)
5 C := affine(1 ,0)
6 D1 := C + (A1 - C)*zero
7 D2 := C + (A1 + A2 - C)*zero - D1
8 D4 := C + (A4 - C)*zero
9 floor := right-ext(stair(1, 1, 1))

10 A3 := ( floor comp (D2 / 2) ) * 4
11 D3 := C + (A3 + A4 - C)*zero - D4
12 hDev(A3 , D3)

(b) Equivalent C# using Nancy.

1 #:package Unipi.Nancy@1.3.0
2 using Unipi.Nancy.NetworkCalculus;
3 using Unipi.Nancy.MinPlusAlgebra;
4 using Unipi.Nancy.Numerics;
5 var T4 = new Rational(60);
6 var A1 = new StairCurve(35, 60);
7 var A2 = new StairCurve(2, 5);
8 var A4 = new StairCurve(12, T4);
9 var C = new Curve(new Sequence([new Point(0, 0), new Segment(0, 1, 0,

1) ]), 0, 1, 1);↪→
10 var D1 = C + Curve.Convolution(( A1 - C ), Curve.Zero());
11 var D2 = C + Curve.Convolution(( A1 + A2 - C ), Curve.Zero()) - D1;
12 var D4 = C + Curve.Convolution(( A4 - C ), Curve.Zero());
13 var floor = (new StairCurve(1, 1).DelayBy(1)).ToRightContinuous();
14 var A3 = ( Curve.Composition(floor, ( D2 / 2 )) ) * 4;
15 var D3 = C + Curve.Convolution(( A3 + A4 - C ), Curve.Zero()) - D4;
16 Console.WriteLine(Curve.HorizontalDeviation(A3, D3));

3 The MPPG syntax

The main advantage of the RTaW min-plus playground is its simple syntax, which allows
users to express DNC computations concisely, without the overhead of a full programming
language. The goal of nancy-playground is to reuse this syntax, to provide a familiar
interface to users of the RTaW playground, while enabling local execution and reproducibility,
as well as an easier transition to the full capabilities of the Nancy library for network analysis
programming.

Using the example from [19], we show in Listing 1 a comparison between the MPPG
syntax and the equivalent C# code using the Nancy library. As the example shows, the
MPPG syntax is more concise and easier to read, making it ideal for rapid prototyping and
experimentation.

MPPG is a concise algebraic language for manipulating min-plus and max-plus curves. It
supports scalar values (rationals and ±∞) and function values (curves). Its core functionality
centers around defining curves, performing operations on them, and either printing values
to the console (e.g., a horizontal deviation) or plotting the computed curves. The main
statement types are summarized in Table 1: note that there are no equivalents to common
programming constructs such as if-then-else or while loops – MPPG can only be used
for simple, linear scripts.

Functions can be built from standard constructors (e.g., ratency, bucket, affine) or
as piecewise definitions using ultimately affine (uaf) and ultimately pseudo-periodic (upp)
forms. Tables 2–5 summarize the core syntax used to define curves and run computations
on them. These tables do not show all the available constructs, but cover the core syntax
needed to express DNC computations.

For more details, the nancy-playground documentation provides a complete reference
for all MPPG constructs, both inside the tool through the !help command and in its
repository [42, syntax.md]. This documentation is based on the official documentation of
RTaW’s min-plus playground [27], which is however not complete, plus our own insights
from experimentation with the tool. As a notable example, the assert statements are not
mentioned at all in the documentation of [27].

The design of MPPG prioritizes simplicity and readability, eliminating the boilerplate
code overhead required by general-purpose languages. Furthermore, the availability of this
simple syntax through nancy-playground lowers the barriers to entry for researchers new
to DNC, supporting its adoption in teaching and research communities.
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Table 1 Main statement types in MPPG.

Statement Meaning
f := expr Assignment of a function or scalar expression
expr Print the value of an expression
// comment Line comment (also %, #, >)
plot(f1, f2, ...) Plot one or more named functions
assert(...) Test a property, e.g. equivalence between functions

Table 2 Standard function constructors in MPPG.

Constructor Meaning
ratency(a, b) Rate-latency service curve with rate a and latency b

bucket(a, b) Leaky-bucket arrival curve with slope a and burst b

affine(a, b) Affine curve with slope a and intercept b

step(o, h) Step curve at time o with height h

stair(o, l, h) Staircase curve with step length l and height h

delay(o) Burst-delay curve occurring at time o

zero f(x) = 0 for x ≥ 0
epsilon f(x) = +∞ for x ≥ 0
uaf(...) Ultimately Affine curve, defined via list of segments
upp(...) Ultimately Pseudo-Periodic curve, defined via list of segments

4 Architecture and Implementation

nancy-playground is a cross-platform CLI application, written in C# using .NET 10. It
is architected to provide a clear separation of concerns between parsing, execution, and
code generation. This modular design enables us to support multiple execution backends
(immediate vs. lazy evaluation) and output targets (console output, plots, and C# code)
without duplicating logic, while also providing a high degree of maintainability for future
extensions of the tool capabilities. The core processing pipeline consists of three stages:
parsing the MPPG script into an abstract syntax tree (AST), traversing this AST using the
visitor pattern to perform computations or generate output, and integrating with the Nancy
and Nancy.Expressions libraries to execute DNC operations.

4.1 MPPG Parsing

In nancy-playground, the MPPG syntax is implemented using a formal grammar defined
in ANTLR [25, 24], which allows parsing scripts into an abstract syntax tree (AST). This
grammar definition can be found in [42, MPPG.g4], Listing 2 shows an extract: a program
is a list of line statements; a statement can be one of multiple types (those in Table 1); a
function expression is given by the composition of other expressions via operators (those in
Table 3) or the definition of a new one (using a constructor from Table 2). This structure
provides an important decoupling between 1) defining the syntax of the language, and thus
its parsing, and 2) the programmatic implementation of operations on the result of parsing.

About point 1, using a formal grammar provides an explicit, versioned definition of the
language syntax, improving parsing accuracy and maintainability. It allows us to expand
the syntax with new constructs easily, while the ANTLR compiler ensures that the parser
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Table 3 MPPG operators for curves.

Operator Meaning
f /\ g Pointwise minimum f ∧ g

f \/ g Pointwise maximum f ∨ g

f + g Sum
f - g Difference
f * g (min,+) convolution
f *ˆ g (max,+) convolution
f / g (min,+) deconvolution
f /ˆ g (max,+) deconvolution
star(f) Subadditive closure
hShift(f, n) Horizontal shift by n

vShift(f, n) Vertical shift by n

inv(f) Lower pseudo-inverse
up_inv(f) Upper pseudo-inverse
upclosure(f) Upper non-decreasing closure
f comp g Composition f(g(x))
left-ext(f) Left-continuous projection
right-ext(f) Right-continuous projection
a * f Scalar multiplication g(x) = a · f(x)
f / a Scalar division g(x) = f(x)/a

Table 4 MPPG curve operators that return scalars.

Operator Meaning
f(x) Value of f at x

f(x+) Right limit of f at x

f(x-) Left limit of f at x

hDev(f, g) Horizontal deviation between f and g

vDev(f, g) Vertical deviation between f and g

implementation remains correct and efficient. In fact, even using the longest examples found
in literature (those in [18]), we measured the parsing time to remain in the order of hundreds
of milliseconds, which is neglible in this context.

Benefitting from the above decoupling, we can improve and the extend the MPPG
syntax, and there are a few already apparent aspects in which this could be done. For
one, the syntax lacks an operator for superadditive closure, which is useful in DNC to
improve service curves [11, Prop. 9.3]. Furthermore, recent results may introduce new
operators that could be added to the syntax, such as the z-deviation introduced in [20] which
enables residual service semantics from non-strict service curves. The assert statements
may also be expanded. From our testing on [27], they currently support only equality or
weak inequality between two variables (=, !=, >=, <=), which could be expanded to include
strict inequality as well as more general properties, such as assert(f is subadditive).
Lastly, using Nancy.Expressions enables us not only to support lazy evaluation, but also
to print the mathematical expression behind each computation. At the time of writing,
only the latter feature has been implemented in nancy-playground with the new statement
printExpression(f), as exemplified in Figure 2.

ECRTS 2026
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Table 5 MPPG scalar operators.

Operator Meaning
v1 /\ v2 Minimum
v1 \/ v2 Maximum
v1 + v2 Sum
v1 - v2 Difference
v1 * v2 Multiplication
v1 / v2 Division

Listing 2 Extract from [42, MPPG.g4], showing our formal definition of the MPPG syntax.

program : statementLine (NEW_LINE statementLine)* NEW_LINE? EOF;
statementLine: statement inlineComment? ;
statement

: assignment
| expressionCommand
| plotCommand
| assertion
| comment
...;

...
functionExpression

: '(' functionExpression ')' #functionBrackets
| functionExpression '/\\' functionExpression #functionMinimum
| functionExpression '\\/' functionExpression #functionMaximum
| functionExpression '*' functionExpression #functionMinPlusConvolution
| functionConstructor #functionConstructorExp
...;

...

Moving on to point 2, the AST produced by the parser is a data structure that represents
the MPPG script in a way that can be programmatically traversed and, using the visitor
pattern [24, Sec. 7.3], it is straightforward to implement a variety of operations, such as
script execution or conversion to C# code, which we discuss in the following subsections.
Figure 3 shows an example of this data structure, obtained by parsing Line 9 of the script in
Listing 1a.

4.2 Script execution

For script execution, our objective is to translate the AST into a series of DNC opera-
tions, expressed via Nancy.Expressions objects, and variable manipulations. We handle
variables by maintaining a dictionary that maps variable names to their corresponding
Nancy.Expressions objects. Assignment statements update this dictionary, while expres-
sion, plot and assertion statements read from it.

Nancy.Expressions provides an abstraction layer that can model all DNC operations
without immediately evaluating them. In fact, we do not need to perform any computation
until a final result is needed, e.g. to print a value or generate a plot. This lazy evaluation
will trivially skip over any intermediate computations that are not needed for the final result,
and may also enable algebraic simplifications that reduce computation time, as discussed
in [34]. Alternatively, nancy-playground can also evaluate the AST directly using Nancy
methods, which perform immediate computation. The two modes can be selected via the
--run-mode command-line option, with lazy evaluation being the default. The performance
implications of these two modes are all related to the use of Nancy.Expressions over Nancy:
we thus refer to works on these two libraries for their discussions, e.g., [34], [30].
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Figure 2 Example of printExpression used in an interactive session.

Figure 3 Example of AST, obtained from parsing Line 9 of the script in Listing 1a.

Furthermore, nancy-playground can be used either to run full scripts from a file, using
nancy-playground run <file.mppg>, or as an interactive console where each line is typed
in one by one, using nancy-playground interactive.

4.3 Plot generation
A key feature of MPPG is the ability to easily generate plots of the computed curves. Nancy
supports plotting through various libraries, which can be selected via the Nancy.Plots.*
packages: at the time of writing, these include TikZ, ideal for scientific writing; XPlot.Plotly,
ideal for interactive environments; and ScottPlot, which is ideal for simple generation of
static images. The architecture of these packages is modular, allowing Nancy to support
multiple plotting backends without changing its core. In nancy-playground, we use the
Nancy.Plots.ScottPlot package, which yields the best trade-off between ease of installation
and quality of output. In fact, it can output high quality plots, including automated export
to .png, while including minimal dependencies.

4.4 Conversion to C# programs
While MPPG scripts are useful for quick prototyping and experimentation, they lack the
expressiveness of a full programming language. DNC analyses are often applied to networks
of arbitrary size and structure, and therefore require branching and looping structures
to be expressed. To address this gap, nancy-playground supports conversion of MPPG
scripts into C# programs that use the Nancy library. This is implemented as another visitor
over the AST, which generates C# code snippets for each statement and expression in the
script. The generated code preserves the computation semantics of the original script, while
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Table 6 Performance comparison of runtime and memory usage, using Listing B.1 from [18].

Runtime (ms) Peak Memory (MB)
Nancy-Playground run 688.8 1.53
Nancy-Playground convert 141.2 0.3
Converted C# 430.2 0.29

providing a starting point for further development into a full network analysis tool. An
example of this conversion was, actually, already shown: Listing 1b is in fact the output of
nancy-playground when converting the MPPG script in Listing 1a, with only a few minor
changes to fit in the small space.

The conversion allows as well to choose between immediate computation, using Nancy, or
lazy computation using Nancy.Expressions, by selecting the appropriate code templates
during generation. The immediate computation is the one chosen by default, while the lazy
computation can be selected via the –use-expressions command-line option.

The kind of C# programs produced by nancy-playground, exemplified in Listing 1b, is
called file-based apps, meaning that everything is contained in a single .cs file which can
be executed by simply running dotnet run <file.cs>. This is conveniently similar to the
experience of running a script file, but will likely be constraining when expanding it towards
a network analysis tool. In that case dotnet project convert <file.cs> will convert it
automatically to a C# project which can be composed of multiple files. We refer to the
Microsoft documentation for more details [1].

Since nancy-playground parses and interprets the MPPG syntax to execute it, while the
C# code generated by nancy-playground is to be compiled in an executable, it should not be
surprising that the latter option is more performant. We show in Table 6 a comparison of the
execution time of the script in Listing 1a when run directly as a script, and when converted
to C# and then executed. These measurements were taken on a Linux system with an AMD
Ryzen 7 5800X processor. The example used, taken from [19], is a long script with many
simple computations, thus highlighting the overhead of parsing and interpreting the script.
While the difference is measurable, it is small in the intended context of nancy-playground,
which is prototyping and experimentation. In fact, the conversion to C# is not meant to be
a performance optimization, but rather a way to ease the transition from a simple script to a
more complex tool.

4.5 Testing and Validation
Testing is a crucial aspect of nancy-playground, as it ensures that the tool correctly
implements the MPPG syntax and semantics, as well that the same results are obtained
between the original RTaW min-plus playground and nancy-playground, in its various
modes. The testing suite uses both MPPG scripts from literature, and custom scripts
designed to cover all aspects of the MPPG syntax, to ensure that

when run, they produce the same results as the expected output from RTaW’s playground;
when converted to C#, the generated program produces the same results as the script;
both immediate and lazy evaluation modes yield the same results.

One core benefit of such testing suite is to ensure that changes and improvements to
nancy-playground do not break existing functionality, thus ensuring stability and reliability
over time. At the time of writing, the testing suite includes over 250 test cases, whose test
coverage is shown in Table 7. Note that most of uncovered lines and branches are due to
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error handling and edge cases of ambiguous syntax which are harder to cover with “usual”
scripts: e.g., a + b may be the sum of two function variables, two number variables, or a
mix of the two.

Table 7 Test coverage of nancy-playground, measured using coverlet and reportgenerator.

Assembly Line coverage Branch coverage
Unipi.Nancy.Playground.MppgParser 66.2% 47.4%
Unipi.Nancy.Playground.Cli 77.2% 61.5%
Total 67.4% 48.9%

Despite the efforts above, we note that nancy-playground cannot guarantee perfect
compatibility with RTaW’s playground, as the latter does not have a public specification
of its syntax, only an informal user manual. For example, internal rules such as operator
precedence and implicit conversions are not explicitly defined, and must be inferred from
edge case experimentation. Furthermore, we cannot exclude the presence of more features of
the RTaW’s playground that, like assert statements, are not documented, or that are only
available in the commercial version. Nevertheless, the software and testing architecture is
designed to minimize the effort required to address any discrepancies as they are discovered.

Another concern is the reliability of the results, which are computed using Nancy and
Nancy.Expressions. These libraries also come with their own large test suites, but cannot
avoid the possibility of bugs. Future work may consider integrating the results of [26, 14, 2]
to formally verify the correctness of results obtained from nancy-playground.

5 Distribution and Usage

nancy-playground is distributed as open-source software under the permissive MIT li-
cense [42]. nancy-playground can run on any system supported by the .NET runtime (8
or above), and we tested it on Linux (Ubuntu 24.04, Fedora 43), Windows 11, Windows 11
on ARM. A compiled version is published on nuget.org [6], which is the standard package
manager for .NET applications, using GitHub’s CI/CD features to automatically build and
publish new versions. To install nancy-playground from nuget.org, users need to install
the .NET SDK and then run the command:

dotnet tool install --global unipi.nancy.playground.cli

This will download and install nancy-playground to be globally available in the user’s shell.
There are three main commands available: run to execute MPPG scripts, interactive to
start an interactive prompt, and convert to translate MPPG scripts into C# programs. In
the interactive mode, users can also use the !help command to access the integrated manual.

6 Examples

The nancy-playground repository [42] contains example scripts that demonstrate DNC
computations, both to show existing techniques in practice and as contexts in which algo-
rithmic results improve computations significantly. These examples are also used within the
testing suite mentioned in Section 4.5. We provide here a few of those that can be shown
succinctly, with reference to literature for complete explanations. Examples like this can
provide reference implementations for users new to DNC, serve as teaching materials for
postgraduate courses, and they enable reproducibility of published results. While we cannot

ECRTS 2026
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Listing 3 Computing bounds using hDev() and vDev(), single node case. See [13, Sec. 5.3].

// arrival curve for the traffic
ac := bucket(2, 2)
// service curve for the traversed node
sc := ratency(3, 1)
// worst-case delay bound computed with horizontal deviation
hdev(ac, sc)
// worst-case backlog bound computed with vertical deviation
vdev(ac, sc)

Listing 4 Computing WCD bounds, two nodes case. PBOO improves bounds. See [11, Sec. 6.1.2].

// arrival curve for the traffic
ac := bucket(2, 2)
// service curves for two nodes traversed
sc_1 := ratency(3, 1)
sc_2 := ratency( 3, 1)
// First idea: compute WCD per node, then sum them
// To do so, we first compute the *output arrival curve* between node 1 and 2
out_ac_1 := (ac / sc_1) /\ delay(0)
wcd_1 := hdev(ac, sc_1)
wcd_2 := hdev(out_ac_1, sc_2)
wcd_sum := wcd_1 + wcd_2
// Better idea: use Pay-Burst-Only-Once
// Compute a service curve for the concatenation of the two nodes using (min,+) convolution
wcd_pboo := hdev(ac, sc_1 * sc_2)
// PBOO gives better bounds
assert(wcd_pboo <= wcd_sum)

directly compare performance with [27], the availability of these open-source examples allows
researchers to verify that complex analyses complete in reasonable time and to experiment
with variations of the problem.

Listing 3 shows the foundational results from DNC, which are worst-case delay and
backlog bounds for a single traffic flow traversing a single node. Listing 4 shows how to
address the case with multiple nodes traversed by a single flow: on one hand, we could
compute per-node WCDs and sum them, but on the other hand the Pay-Burst-Only-Once
result shows that concatenation of service curves yields better bounds.

Listing 5 shows instead how to address a single node contended between multiple flows.
To be precise, this is the blind multiplexing case, i.e., where we do not specify the multiplexing
policy that the server applies. Note the assumption of strict service curve: recently, [20]
provided a new technique that remove this restriction, but requires a new z-deviation operator
that is currently not supported by MPPG. As discussed in Section 4.1, the architecture of
nancy-playground is designed to facilitate the future addition of operators as this one.

The approach illustrated in Listing 4 requires computing the concatenation of service
curves via (min,+) convolution. In practice, this operation may be costly, and algorithmic
optimizations are needed to make many studies feasible to analyze, as addressed in [46, 40, 41].
Listings 6 and 7 show examples of convolutions where nancy-playground performs the
computation with ease, thanks to the results above being implemented in Nancy.

7 Conclusion

This paper has presented nancy-playground, a tool that addresses a significant gap in
the DNC software landscape, the one between full-program DNC libraries and lightweight
script-based exploration. nancy-playground provides an open-source, cross-platform and
locally-runnable alternative to proprietary web-hosted solution by RTaW.
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Listing 5 Computing WCD bounds on a contended node, using residual service curves. Requires
the service curve to be strict, see [11, Sec. 7.2.1].

// arrival curves for two traffic streams on the same node
a1 := bucket(2, 2)
a2 := bucket(2, 2)
// *strict* service curve offered by the node to the aggregate traffic
sc := ratency(5, 1)
// residual service curve: what is offered by the node to a1, assuming a2 has first taken as much service

as it can↪→
rsc_1 := nnupclosure(sc - a2)
plot(a1, a2, sc, rsc_1)
hdev(a1, rsc_1)

Listing 6 Example of (min,+) convolution that benefits from the optimizations discussed in [46].

f := star( ratency(5, 13) + 11 )
g := star( ratency(7, 17) + 15 )
h := star( ratency(11, 19) + 21 )
k := f * g * h
plot(f, g, h, k)

Listing 7 Example of (min,+) convolution that benefits from the optimizations discussed in [41].

f1 := stair(3, 13*4, 3*17)
f2 := stair(7, 19*15, 12*21)
g := f1 * f2
plot(f1, f2, g)

The tool’s key contributions are threefold. First, it reuses the familiar MPPG syntax from
RTaW’s min-plus playground [27], reducing the learning curve for users already familiar with
that tool while providing a more accessible entry point for new users compared to C# libraries.
Second, by leveraging the Nancy and Nancy.Expressions libraries, nancy-playground
executes computations using state-of-the-art algorithms and implementations, integrating
recent algorithmic results that may not be available in other tools. Third, it provides a clear
transition path from simple script-based prototyping to full-fledged network analysis tools
through automatic conversion of MPPG scripts to C# code.

The architecture of nancy-playground demonstrates how formal language design (via
ANTLR) can be effectively decoupled from computation, enabling flexible execution strategies
(immediate vs. lazy evaluation) and multiple output targets (console, plots, C# code) without
code duplication. The modular design also facilitates future extensions, such as support for
emerging DNC operators or integration with new algorithmic results.

Beyond the technical contributions, nancy-playground addresses critical non-technical
concerns for the DNC community. Being open source software that runs locally on the user’s
machine, it enables full reproducibility of research results and supports exploration of new
algorithmic techniques. It can also be expanded to address new needs and syntax constructs,
such as more powerful asserts, new DNC operators, or plotting features.
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