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Abstract

The gossip problem (telephone problem) is an information dissemination problem
where each of n nodes of a communication network has a unique message that should
be transmitted to all the other nodes using two-way communications (telephone calls)
between the pairs of nodes. During a call between the two given nodes, they exchange
all the information known to them at that moment.

In this paper, a visualization and modeling tool for constructing and analyzing
gossip graphs is presented. The tool features an interactive interface and automated
algorithms for generating arbitrary graphs and evaluating their gossiping properties.
Among the supported features are k-fault-tolerance analysis, simulation of Messy
broadcast models, exploration of the NOHO (No One Hears one’s Own information)
schemes, detection of information flow folded paths, and identification of non-optimal
communication patterns (i.e., repeated message arrivals).
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1. Introduction

Gossiping is one of the basic problems of information dissemination in communication net-
works. The gossip problem (also known as a telephone problem) is attributed to A. Boyd (see
ex. [1] for review), although, to the best knowledge of the reviewers, it was first formulated
by R. Chesters and S. Silverman (Univ. of Witwatersrand, unpublished, 1970). Consider a
set of n persons (nodes), each of which initially knows some unique message that is unknown
to the others, and they can make a sequence of telephone calls to spread the information.
During a call between the two given nodes, they exchange all the information known to them
at that moment. The problem is to find a sequence of calls with minimum length (minimal
gossip scheme), by which all the nodes will obtain all messages (complete gossiping). It has
been shown in numerous works [1, 2, 3, 4] that the minimal number of calls is 2n — 4 when
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n >4 and 1,3 for n = 2, 3, respectively. Since then, many variations of the gossip problem
have been introduced and investigated [5, 6, 7, 8, 9, 10].

The k-fault-tolerant gossip problem is a generalization of the gossip problem, where at
most k arbitrary faults of calls are allowed.

Another variant of the Gossip problem can be formulated by considering the minimum
amount of time required to complete gossiping among n persons, where the calls between
non-overlapping pairs of nodes can take place simultaneously and each call requires one unit
of time [11, 12]. For a detailed reviews on the various gossip problems and related open
questions, see the works [13, 14, 15, 16, 17, 18, 19, 20]

In our studies, we implemented a Graph Plotter software tool. The main purpose of
the tool is to check for a given input graph whether it satisfies the given level of fault-
tolerance [21, 22, 23]. The tool also allows one to check whether the input graph is a NOHO
(No One Hears one’s Own information) [6] or a NODUP (No Duplicates) [19] graph. The
NOHO graphs are graphs that do not contain any node that listens to its own information, or
equivalently, do not contain a cycle. The NODUP graphs are defined as the graphs the nodes
of which listen to each message exactly once. It means that there is exactly one increasing
path between two arbitrary vertices.

In addition, the software tool offers a convenient interface for working with graphs. For
example, it supports automatic numbering of vertices and edges, visual highlighting of paths
between two vertices using customizable vertex and edge coloring, and the ability to add
new edges with specified weights. It also allows sorting of all edge weights by converting
them into increasing subsequent integers (discrete moments of calls, or tacts).

Moreover, the system enables modification of the positions of vertices adjacent to a
selected edge, as well as the permutation of all adjacent edges with greater (or smaller)
weights. The rationale behind this functionality is that if a call occurs between two arbitrary
vertices at time t, both vertices will subsequently possess identical information. Therefore,
any future calls from other nodes to these two vertices can be redirected to either one without
affecting the information flow. This feature is particularly useful in scenarios where edges
need to be merged into or dispersed from a single communication channel, especially in
certain variants of the gossip problem where the number of edges per channel is constrained.
Prior to this, exclusively a mathematical approach was used in solving problems of gossiping,
and the hardware model of calculations was not used. See also [24, 25, 26] for the applications
of local interchange operation to obtain minimum time gossip graphs.

Graph Plotter is an easily extensible tool. Since “Gossip test”, “NOHO” and “NODUP”
modules are written in C++ language and are separate processes in relation to the main
process, the new modules can be integrated with this software tool easily.

The capabilities of the tool and its user interface are outlined below.

2. Graph Plotter GUI Overview

The Graph Plotter GUI is a dedicated visualization and analysis tool designed to interactively
model, manipulate, and evaluate properties of fault-tolerant gossip graphs. This interface is
especially suitable for research on edge-weighted graphs with custom vertex properties and
dynamic structural operations.

The main visualization panel (See Fig. 1) provides an interactive interface to draw gossip
graph schemes where vertices are displayed as labeled circular nodes and edges are colored
and weighted according to user settings. The colors visually encode selected properties (e.g.,
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active or test path edges). The edge weights represent sequences of integer or real-valued
time steps, corresponding to moments of calls between adjacent vertices. In particular, a
selected edge labeled with {2, 5} is highlighted in red, while the other edges are in green.
The interface allows one to color the subsets of vertices or edges to emphasize structural
properties (e.g., increasing paths from one vertex to another, or a subset of vertices that
violate the gossiping property). Vertex labels are positioned for clarity, and the entire graph
layout supports symmetric positioning for readability.

{1, 4 {2,5} ZSE; 2,5 2, 5F {2, 5}, :E {2,5} 1,4}

Fig. 1. Graph visualization interface with vertex labels and weighted edges.

Fig. 2 shows the edge parameter editor, where the user can modify edge weights, change
colors, and permute vertex or edge orderings. The “permute higher/lower” buttons allow
rearranging neighboring edges with weight-based filtering. Users can also collapse an edge
or reset and sort edge weights using dedicated controls. The central control block computes
key structural properties such as vertex and edge counts and theoretical bounds derived from
gossip graph fault-tolerance parameters.

Gossiptester  Folded paths  Multiple Edge Editor

)

Tolerance (k) Samples Find Cycles | NODUP.

anmesseconr [l : !

[ | NextweightValse [1 ‘
iof Gossip test S Paint Edges

Increment of Weights |1

permute higher Al Reset Vertex Colors
()

permute lower Reset Edge Colors

permute vertices Sort Weights

collapse edge

LE+k)(n=1)) = oK
(k+1)(n-2)+4 = 2
New | Load | [ save | [ Export grlogznh% =3

del graphs (O\(n=10k=02).mgr

(11.1,1,1,2.2.2,2.2.3,3,3,3,3,4,4,4,4,4,55555 666566

Fig. 2. Edge parameter editor and graph configuration panel.

The Messy broadcasting module in the GUI is dedicated to generating and analyzing
Messy broadcast schemes on a given graph structure. The purpose of these tools is to simulate
randomized edge colorings that conform to specific Messy models (M;, M, M3). Each model
reflects a different level or type of communication disorder, allowing the user to evaluate
robustness under various conditions. By generating a large number of such randomized



32 A Visualization and Modeling Tool for Fault-Tolerant Gossip Graphs

samples, the tool enables estimation of an upper bound on the minimum achievable Messy
broadcasting time for a given number of vertices. The Messy broadcasting module includes
preset buttons labeled “Messy 17, “Messy 27, and “Messy 3”7, corresponding to each of the
Messy models. When activated, each button triggers a randomized coloring of the edges
according to the constraints of the selected model. The generated configurations can then
be evaluated through the gossip or broadcast test buttons to assess their effectiveness and
timing. This experimental approach provides insight into the structural and probabilistic
limits of information spread under uncertainty.
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Fig. 3. Folded path generator for evaluating multi-step vertex connections.

The “Folded paths” tab enables the generation of folded paths from a given source to
a destination vertex. As shown in Fig. 3, the user can specify the number of folds, and
the system produces candidate folded paths following the allowed edge weight constraints.
This is particularly useful for analyzing communication protocols with redundancy and delay
bounds.

The “Multiple Edge Editor” tab, illustrated in Fig. 4, provides an interface to filter,
append, delete, or collapse edges based on their weights. This helps batch process the
graph’s edges for weight tuning or visualization simplification. For example, all edges with
weight {2, 5} can be quickly listed and manipulated collectively.

The GUI supports gossip and broadcast tests under a specified fault-tolerance parameter
k, cycle detection, edge painting, and edge color reset. These operations are crucial in eval-
uating the robustness and communication capabilities of the modeled network, particularly
in the context of fault-tolerant information dissemination.

This tool has significantly enhanced our ability to explore and verify the properties of
fault-tolerant gossip graphs. By combining interactive visualization with built-in simulation
and testing modules, it enabled us to intuitively model communication processes, validate
theoretical assumptions, and conduct practical experiments. The ability to dynamically
adjust edge weights, visualize folded paths, and perform automated gossip and broadcast
tests made it possible to investigate complex scenarios with precision and efficiency. As a
result, the tool proved to be an indispensable aid in both theoretical analysis and applied
research.
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Fig. 4. Multiple edge editor for collective edge operations based on weights.

Overall, the Graph Plotter GUI is a flexible and powerful tool for researchers analyzing
gossip graph structures and their resilience properties.

3. Conclusion

The visualization and modeling tool presented here offers an effective and user-friendly en-
vironment for studying fault-tolerant gossip schemes. Through its interactive interface and
automated analysis capabilities, it enables detailed exploration of how information propa-
gates under various assumptions and constraints. The tool thus provides researchers with
a versatile instrument for both theoretical investigation and practical evaluation of gossip
protocols.
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UlGfuwthwl gnuuhy qpudbtiph dnpbjuynpiw6 b Jhgniwhqughwjh
qnpohp
Juwhwql U. Mnnnujw

<< QUU hGbnpiwnmhlyuwgh b wjmniwnwgiwG ypnpitiGiph hpGunpnnin, Gplaw G, <wujwunwb
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Udthnthnid

Qnuuhy hulnhpp (htnwfunuwjhG fuGnhpp) pGdnpiwghwih mwpwoiwl nwuwlwb
fuGnhp E, npunbtn hwnnppuygwjhG guwlgh n hwlqnyglGtnhg jmpwpwGyninG niGh
tquih hwnnppuqgpmipyni, npp wbwmp L tnjuwlgdh pnnp djnwe hwgniygGhphG®
oqumwgnnotiny hwlqnyyglitipny Juqijwo qniygtiph dhol hpwljwlwgynn tGpyynnd juwbp
(htinwhunuwquqtp): Quwlgh plpuwgpmy wmyjwy tpynt hwlgmjglpp hnfjuwGuynd GG
hptig myjw wuwhhG niGhguwo wipnne hGpnpiwghw:

Uju wolvwmmpjniimu Gipuywgynid £ gnuuhy gqpudtinh junnigdw b L Japniompjub
hwiwp (wjuwwmbuwd yhgnuwihqughwjh b dnphjuynpiwl gnpohp: npohpp mpwdwnpnid
E hGumtpwywhy dhowywjn, hGywbtu Gwl wjunniwnmwgywd wignphpiltin’ juiwjwlw6
gnudtin qhltipugltint L npwlg gnuuhwyh hwwnynipnGitpp gwhwwmbint hwdiwn:

bnlyghnlGuwy hGupuwynpnipniGGtph pymd GG A-JypupwuwyniGmpjub (fault-tolerance)
ytpnonipynilip, Messy jwjlwpdwly hwnnppnuiGiph dnptjuynpnip, NOHO (No One
Hears One’s Own information) ufutidwGtph niuntiGuwuphpnipjnilp, hGnpiwghnG hnuptph
Ununpuunywd nminhGeph  (folded paths) hwjwmGwpbtpnuip, pGyytu Gwl ny  owunhudwy
hwnnpnuygiwl ophGuyGtph (op. YnyGynn hwnnpnugpmpjniGltph) pugwhwjmmin:

Pwluwih puntp gqnuuhugh fuGnhp, Knodel gpubtp, wlGuwthw6 qnuuhwh ufutidwGtp:

NHCTpYyMeHT BU3yaAU3allul 1 MOAEAUPOBAHMS

OTKa30yCTOMYUBEIX gOSSip rpadoB
Baaru C. I'lorocsin

WuctuTtyT npodbaeM nHdopMaTuku u aproMatrianuu HAH PA, EpeBan, ApmeHusa
e-mail: povahagn@gmail.com

AHHoTanus

3apada gossip (TearedoHHasd 3apadva) IPEACTABASIET COOOM KAACCHUUYECKYIO 3aAady
pacupocTpaHeHusa UH(POPMALUN, B KOTOPOU Ka*KABIN U3 1 Y3A0B KOMMYHUKAIIMOHHOU
CeTM W3HAYaAbHO OOAAAde€T YHUKAABHBIM COOOIeHueM, KOTOpOe AOAKHO OBITh
IIepepaHO BCEM OCTAABHBIM  y3AaM  IIOCPEACTBOM ABYCTOPOHHUX COEAWHEHUU
(Tene(OHHBIX 3BOHKOB). Bo BpeMs Ka)KAOrO 3BOHKA ABa Y4YacCTBYIOIUX Y3Aad
0OMEHUMBAIOTCS BCEU UMEIOIeNcd Y HUX Ha AQHHBIM MOMEHT UH(OPMAIueN.

B aAaHHOM paboTe NpeACTaBAEH MHCTPYMEHT AAS BU3YAAU3AllMU U MOAEAUPOBAHUSA
gossip rpadoB, IpeAHA3HAYEHHBIU AAS WX IIOCTPOEHWs U aHaam3a. VIHCTpyMeHT
BKAIOUAET WHTEPAKTUBHBIM MHTEp(dEenNC M aBTOMATU3WPOBAHHBIE AATOPUTMBL AASA
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reHepalyy IIPOU3BOABHBIX I'PA(OB U OII€HKU UX CBOMCTB B KOHTEKCTE PAacIpOCTpa-
HeHUd nHopManuu. [ToppepKuBaeMble BO3MOKHOCTH BKAIOYAIOT @aHAAUS.

k-0TKa30yCTOMYMBOCTH, MOAeAmpoBaHMe Messy-broadcast moapenel, usydeHue
NOHO cxeMm (No One Hears One's Own information), oOHapy>KeHHe N3AOMaHHBIX
nyTer "HPOPMAIIMOHHOTO IIOTOKQ, @ TAK’Ke BHIIBACHUE HEOIITUMAABHBIX KOMMYHUKA-
IIMOHHBIX NIATTEPHOB, TAKUX KaK IIOBTOPHBIE IOCTYIIA€HUSA COOOIIEHNN.

KaroueBrle caoBa: 3apaua gossip, rpadgel KHEAeAs:, OTKa30yCTOWUYMBEIE OSSip-
CXEeME.



	03_Poghosyan_2_A_Visualization_and_Modeling_Tool_for_Fault_Tolerant_Gossip_Graphs (1)
	03_paper_graph_plotter_2025



