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DEVELOPMENT OF A MODEL AND A SOFTWARE SOLUTION TO SUPPORT THE ANALYTICAL
DASHBOARDS DESIGN PROBLEM

This research paper considers the problem of dashboard design as part of the Business Process Management lifecycle, where it is become necessary to
monitor and control the current state of the organizational business processes. Therefore, designed dashboards should fully correspond to the features of
the considered business processes, such as Key Performance Indicators and possible stakeholders, which are considered here as users of the developed
Business Intelligence dashboard application. At the same time, according to the state-of-the-art in the field of data visualization, it is required to choose
data visualization techniques, which are clear, easy interpretable, space efficient, attractive, and legible. In general, the dashboard design problem requires
placing various visualization tools in a relatively small place, such as a screen of a computer, a laptop, a tablet, or even a smart phone, while keeping
them accessible and easy to understand. At first, as part of the related work review and analysis, we have considered the core architecture of the
dashboards and reporting applications. It is outlined that modern dashboards might use various big data chunks, such as databases of enterprise
information systems of different types, spreadsheets data, and even unstructured documents. In order to summarize all the raw data from these data
sources, the Data Warehouse should be built and, moreover, it should correspond to the metrics and indicators of business processes that should be
demonstrated on a dashboard. We have also considered main principles, common mistakes, and graphs and charts that might be used to design a
dashboard for business analytics purposes. Using the existing research in this field, the levels of informativeness were defined for each visualization
tool, as well as the best practices of mapping various data types to graphs and charts are outlined. Proposed model of the dashboard design is based on
the mathematical optimization. It is used to provide recommendations on which visualization tool should be used to display a certain Key Performance
Indicator on a dashboard that corresponds to a certain user role. Development and usage of the software solution that implements the proposed model is
outlined, as well as the obtained results of validation of the proposed software solution are shown and discussed.

Keywords: business process management, business intelligence, key performance indicator, business analytics, dashboard, data visualization
indicators.

JI. JI. OPJIOBChKHH, A. M. KOIIII, B. I0. KOH/I[PATHEB

PO3POBKA MOJIEJII TA TPOT'PAMHOI'O PIINEHHS JUIS IIATPUMKHA BUPIIIEHHS 3AJAYI
O®OPMYBAHHS AHAJIITUYHUX ITPUJTAJOBUX ITAHEJIEU

VY nauiit poGoTi po3rasAacThes MpobiaemMa MPOSKTYBAHHS aHANITHYHHX IPHUIAJOBHX MaHENeH SIK CKJIaJOBOI YaCTHHH JKHUTTEBOTO LUKy YIPABIIHHSI
Oi3Hec-TipoliecaMy, B paMKax SKOro HeoOXiZHO BHKOHYBaTH MOHITOPMHT Ta KOHTPOJb MOTOYHOrO CTaHy Opraisauiiinux Oi3Hec-mporeciB. Tomy
Po3po0JIeHi aHaTiITUYHI MaHel MOBMHHI TOBHICTIO BIIMOBIZATH OCOOIMBOCTSM POSIISIHYTHX Gi3HEC-TpOLECiB, HANPUKIIAMA, KIFOYOBHX MOKAa3HUKIB
e(eKTUBHOCTI Ta MOXIIMBHX 3alliKaBJICHUX CTOpIH, SAKi B AaHii poOOTI pO3rISAIalOTBCS B POl KOPHCTYBauyiB pPO3POOJIEHOr0 3aCTOCYBAHHS
IHTEJIEKTYaJIbHOI'0 aHaJIi3y IaHMX, L0 peajizye HeoOXiHi MpuiasoBi naxeni. Y TOH e yac, 3riIHO 3 OCTaHHIMHU JTOCHI/DKEHHIMH y Taiys3i Bisyasizawuil
JIaHMX, HEOOXiZIHO BUOMpATH METOAM Bi3yaui3auii JaHUX, SKI € YITKMMH, JIETKO IHTEPIPETOBAHUMH, €(PEKTHMBHHUMH 3 TOYKHU 30pYy PO3MIILEH Hf,
npuBabIMBUMH Ta Po30ipaMBUMHU. 3arajaoM mpodiieMa NPOEKTYBAaHHS MPUIIAL0BOI IaHENi BUMarae po3MillleHHs Pi3HUX IHCTPYMEHTIB Bizyamizawil y
BIJJHOCHO HEBEJIMKOMY MiClli, HANPUKJIAJ, Ha €KpaHi KOMII'loTepa, HOyTOyKa, IUIaHLIeTa 4YM HaBiTh cMapTdoHa, 30epiraoyu iX NOCTYNMHHUMH Ta
3pozyminnmMu. Ilepir 3a Bce, B paMKax OIIAAY Ta aHaJi3y ICHYIOUMX JDKEpels, Oyso PO3IJISHYTO OCHOBHY apXITEKTypy aHaNITHYHUX MaHeJed Ta
3aCTOCYBaHb 3BITYBaHHS. 3a3HAYA€THCS, 10 Cy4aCHI aHAJNITHYHI NMaHETI MOXYTh BUKOPUCTOBYBATH DPi3HI BEJIMKI MacCHBH JIaHUX, TaKi SK 0a3u JaHUX
KOpPIOpPaTUBHUX 1H(OPMALIHHUX CHUCTEM pI3HOrO THIy, AaHi y (opmaTi eNeKTPOHHMX TaONMIb i HaBITh HECTPYKTYypOBaHi IOKyMeHTH. Jlius
y3arajbHEHHS BCIX HEOOPOOJICHUX JaHMX i3 LMX JDKepeld JaHUX HEOOXiJHO 3aCTOCOBYBATH CXOBMIA JAAHHMX, CTPYKTYpa SKMX IIOBHHHA BiAIOBIiiaTH
METpUKaM Ta IMOKa3HMKaM Oi3HEC-NPOLECIB, sKi HEOOXiJHO AEMOHCTPYBAaTH Ha NMpUiIanoBii maHeni. Takox OyJio pO3rIstHYTO OCHOBHI NMPUHLMIIM,
MOMIMPEH1 TOMMIIKH, rpadiku Ta AiarpamH, siki MOXXyTh OyTH BUKOPUCTAHI i/l 4ac NPOEKTYBaHHS NPUIIAIOBOI aHei Juis 3a4a4 Oi3Hec -aHamiTHku. Ha
OCHOBI iICHYIOYMX JOCIIPKEHb y Il ramy3i Oyi0 BU3HAYeHO PiBHI iH(OPMATUBHOCTI Ui KOXKHOI'O IHCTPYMEHTY Bi3yasi3alii, a TAKOX PO3IJITHYTO
HaMKpalli NpaKTUKK BifoOpakKeHHs PI3HUX THIIB JaHUX 3a AOMOMOroI0 rpadikiB Ta giarpam. 3anpornoHOBaHa MOJENb HO0YOBH MPHUIAL0BOI MaHei
Oa3yerbcss Ha 3ala4yl MaTeMaTH4HOI onTuMizanii. JlaHa Mozenb BUKOPHCTOBYETHCS U HAaJaHHS PEKOMEHAALIM INOAO TOrO, SIKUH 1HCTPYMEHT
Bi3yasi3alil HOBMHEH BUKOPHCTOBYBATUCS AJIsI BiZIOOpa’KeHHS NEBHOIO KIIIOUOBOIO MOKa3HMKA e()eKTUBHOCTI Ha MPUJIAOBIH MaHe, 1o BiJnoBinae
MEeBHIl poui KopucTyBaya. Po3risHyTo iHGOpMaLiiiHy TEXHOJIOrI0, 10 peanidye 3anpolOHOBaHY MOJEINb, @ TAKOXK OTPUMAaHI Pe3ysIbTaTH MEPEBipKU
MPaLe3AaTHOCTI 3aIPOIIOHOBAHOIO POrPAMHOr0 PillIeHHS Ta X 00rOBOPEHHS.

KuirouoBi ciioBa: ynpasiiHHA Oi3HEc-poliecaMy, iHTENEKTyaJlbHUH aHANi3 JaHUX, KJIIOYOBUH MOKAa3HUK e()EeKTHBHOCTI, Oi3Hec-aHaiTHKa,
MPWJIaJI0BA MTAHEIb, IHAMKATOPH Biyauizallii JaHuX.

. JI. OPJIOBCKHH, A. M. KOIIII, B. FO. KOH/IPATBEB

PA3PABOTKA MOJEJIN U TPOT'PAMMHOTI'O PELNEHUSI AJIA ITOAJAEPKKH PEINEHU S
3AJJAYN ®OPMUPOBAHUSI AHAJIMTUYECKUX TIPUBOPHBIX ITAHEJIEU

B nanHo#1 paboTe paccMaTpuBaeTcs IpodieMa POeKTHPOBAHMS aHATUTHICCKHX IPHOOPHBIX ITaHelel B KauecTBE COCTABHOH YaCTH JKH3HEHHOTO IIHKIA
yIpaBieHHsI OH3HEC-TIPOLECCAMH, B PaAMKaX KOTOPOrO HEOOXOIMMO BBHIIONHATH MOHUTOPHHT M KOHTPOIb TEKYIIEr0 COCTOSHUS OPraHU3aIlHOHHBIX
6usHec-TIponieccoB. IloaToMy pa3paboTaHHBIE aHATUTHYECKHE MAHENH JODKHBI IONHOCTBIO COOTBETCTBOBATH OCOOEHHOCTSIM PacCMaTPHBAEMBIX
OH3HEC-TIPOLIECCOB, HAIPHMeEp, KIIOYEBHIX IOKa3aTenell >((EeKTHBHOCTH M BO3MOXHBIX 3aHHTCPECOBAHHBIX CTOPOH, KOTOpHIE B IaHHOI paboTe
paccMaTpPHBAIOTCA B KauecTBe IMOJIb30BaTeNlel pa3pabaThIBaeMOro NPHIIOKEHUS HHTEIUICKTYaIbHOTO aHAIN3a JAHHBIX, PEan3yIoIero Heo0XoauMbIe
mpHOOpHBIE MaHeIn. B To ke BpeMs, COINIACHO IOCIEAHHM HCCICTOBAHHAM B OOIACTH BH3YalU3alH JAHHBIX, HEOOXOANMO BBHIOMPATH METOIBI
BU3YaIM3alUM IaHHBIX, KOTOPBIC SBJIIOTCS YETKUMH, JIETKO HHTEPHPETHPOBAHHBIMU, 5(Q(EKTUBHBIMA C TOUKH 3DEHHS pPa3MEIIeHHS,
IPUBJIEKATeNbHBIME U Da300puuBhEIMH. B obmem Buzae, mpoOieMa NPOEKTHPOBAHUS HPHOOPHOW INaHeNH TpedyeT pa3MelIeHHs Pa3InYHBIX
HHCTPYMEHTOB BHU3YyaJIH3alliH B OTHOCHTEIHLHO HEOOIBIIOM MeCTe, HallpuMep, Ha 9KpaHe KOMIBIOTepa, HOyTOyKa, IUIAHIIeTa WIH Jaxe cMapTdoHa,
COXpaHss UX TOCTYIHBIMH U MOHATHBIMHU. [Ipexze Bcero, B paMkax 0030pa M aHAIH3a CYyIIECTBYIOIINX HCTOYHHKOB, ObIIa PaCCMOTPEHA OCHOBHAS
apXUTEKTypa aHAIMTHIECKUX IaHeNeH M NpUIOKeHHH oTdeTHOCTH. OTMedaeTcs, YTO COBpPEMEHHBIC aHATUTHYECKHE IaHEId MOI'YT HCIOIb30BaTh
pa3IHYHbIe KPYIHbIE MAaCCUBBI JaHHBIX, TaKue Kak 0a3bl JaHHBIX KOPHOPATHBHBIX HH(GOPMAIMOHHBIX CHCTEM Pa3IMYHOTO THIIA, JAHHBIC B (opMaTe
JNIEKTPOHHBIX TAOJUIl U Ja)ke HECTPYKTypHpPOBaHHBIC HOKYMEHTHI. [ 0000meHns BceX HeoOpaOOTaHHBIX JAHHBIX U3 ATHX HCTOYHHKOB JAHHBIX
HEOOXOAMMO TPHMEHSTh XPAHWIUINA TAaHHBIX, KOTOpbIE, B YaCTHOCTH, JODKHBI COOTBETCTBOBATh METPHKAM H IIOKA3aTelsIM OH3HEC-IIPOIECCOB,
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KOTOpELIE HCO6XOI[I/IMO JAEMOHCTPUPOBAThL Ha HpI/I60pH0ﬁ manen. Taxke ObLIH paccMOTPEHbI OCHOBHBIE ITPUHIUIIBI, PACIIPOCTPAHEHHBIC OIlI]/I6KI/I,
Fpa(t)I/IKI/I H aquarpaMMmbl, KOTOPBIE MOTYT OBITH MCITOJIb30BAHBI IIpu IIPOEKTUPOBAHUU HpH60pHOI>’I MaHeI JJId 3aj1a4 OusHec -aHaMTHKU. Ha ocHOBe
CyHECTBYIOLIUX I/ICCHGI[OBB.HI/Iﬁ B 3TOM 00JacTH ObLIH ONpeaci€Hbl YPOBHU I/IH(t)OpMaTI/IBHOCTI/I JJIL KaXKJA0ro HHCTPYMEHTA BU3yaJIM3alliH, a TaKKe
PacCMOTPEHBI JIYYIINE IIPAKTUKH 0T06pa){(eHI/I}I Pa3IUYHBIX THIIOB JaHHBIX C IIOMOIIBIO I‘pa(i)I/IKOB " auarpamm. HpeI[HO)KGHHaﬂ MOZEJb ITOCTPOCHUST
l'[pPI60pH01>’I TaHEIn 6a314pyeTc51 Ha 3aJa4u MaTeMaTHYCCKON OITHMHU3AIIHH. HaHHaH MOJ€CIIb UCHOJIB3YETCA Uil NPEAOCTaBICHUS peKOMeH,[[aLII/Iﬁ
OTHOCHUTECIIBHO TOTO, KaKoi HWHCTPYMEHT BHU3yallM3allUUl JOJDKEH HCIIOJIb30BAaTHCA IJIst OTO6pa)KeHI/ISI ONPEACTICHHOI'0 KIIFOYEBOI'O ITOKa3aTels
3(1)(1)CKTI/IBHOCTI/I Ha HpMGOPHOﬁ MMaHenu, COOTBC’ICTByIOLHCﬁ onpeueneHHOﬁ T0JIb30BATEIIbCKON poau. PaCCMOTpCHa I/IH(i)OpMaLII/IOHHaSI TEXHOJIOI' U,
peaimsyronas nNpeajoKE€HHY0 MOAECIIb, a TAKXKE ITOJTYUYCHHBIC PE3YJIbTAThl IIPOBEPKU paﬁOTOCHOCOGHOCTI/I MMPEAJIOKEHHOI'0O MPOrpaMMHOI'0 pEIICHUSA U

ux o0cyxJeHHe.

KioueBbie cjioBa: ynpaBJICHUE 6H3Hec-npoueccaMH, HHTCHHCKTyaHBHBIﬁ aHaJIn3 JTaHHBIX, KJIFOUYEBOM TOKa3aTeilb 3(1)(1)GKTI/IBHOCTI/I, OusHec-

AaHaJIMTHKaA, npnGopHa;{ IMaHeJb, UHAUKATOPBI BU3YyalIU3alluu JaHHBIX.

Introduction. Today Business Process Management
(BPM) is considered as the most popular management
approach. Its main idea is to consider organizational
activity as the set of interrelated business processes. Each
business process includes structured set of tasks that take
input resources and produces valuable products and/or
services for the particular customer [1]. BPM defines so
called lifecycle of business processes. It includes stages
related to business process identification and discovery
(manually or with the help of Process Mining methods and
tools [2]), analysis and redesign (continuous improvement
methods, such as Plan-Do-Check-Act — PDCA cycle [3]),
implementation (e.g., with the help of Business Process
Model and Notation — BPMN standard [4], which further is
uploaded into a Business Process Management Suite —
BPMS in order to provide automated business process
execution [5]), monitoring and control (for this purpose
such techniques and tools as scorecards with the set of Key
Performance Indicators — KPIs are applied [6], as well as
Business Intelligence — BI solutions such as Data
Warehouses [7] and Analytical Dashboards [8] are used).

This work focuses on methods and tools that are used
on the final stage of BPM lifecycle that deals with the
monitoring and control. Thus, the research object is a
process of the dashboards design for the business process
status analysis. The research subject includes a model and
a software solution for the dashboard design for the
business process status analysis. The goal of this research
is to choose data visualization techniques, which are clear,
easy interpretable, space efficient, attractive, and legible.
However, the dashboard design problem requires placing
various visualization tools in a small place, while keeping
them accessible and easy to understand [9].

Related work. While the term “dashboard” itself is
originated from the automobile dashboard, in the domain of
business analysis it describes a type of user interface which
provides views of relevant KPIs. Dashboards are displayed
on web pages that use linked data warehouses as data
sources (fig. 1). Dashboards typically indicate KPIs that
require urgent actions at the top of the page [10].

OLAP (Online Analytical Processing) is a computer-
based data processing technology, which serves to provide
aggregated multidimensional data arrays (cubes) from big
data chunks, such as relational databases, documents, flat
files, unstructured data sources etc. OLAP cube is the core
technology of any OLAP system. It contains numeric data
facts called measures that are consolidated by dimensions
along which projection operations, such as aggregation or
averaging, can be performed in order to enable analysts to
answer business questions [11].

Presentation Layer

Analytical
Dashboards

Data Sources Layer

P Spread
I

HR Reports [

Fig. 1. Simplified view of the dashboards architecture

Whereas considered research domain is not popular
enough, the state-of-the-art of the dashboard design was
carefully analyzed in paper [12]. Thus, we can focus on
three core directions that might help us to solve the
considered problem (fig. 2).

Core directions in
dashboard design

Graphs and

Mistakes charts

Principles

Fig. 2. Core directions in the dashboard design problem

The main principles for the dashboard design include
the following [13]:

e Selected chart should fit the best a data type of a

certain dataset displayed on a dashboard.

e Selected chart should serve its purpose even if it

is resized in order to be place into a small place on
a dashboard.

The most common mistakes of the dashboard design
are related to the choice of inappropriate data visualization
tools such as graphs and charts [13]. As the most suitable
visualization tools, bar charts, line charts, pie charts, and
gauges are considered [14, 15].

The most informative and popular graphs and charts
are the following [15, 16]:
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e Bar chart (shown in fig. 3). There are bar charts of
different types, such as horizontal, vertical,
grouped, and staked bar charts, which might be
used to visualize different indicators.

Bar Chart (Horizontal) Bar Chart (vertical)

Fig. 3. Horizontal, vertical, grouped, and
stacked bar chart examples

e Line chart (shown in fig. 4). These charts might
be used to display distributions, trend lines, etc.

Line Graph Trendline

Stepped Line Graph

3 . . ® “

Fig. 4. Line, trend line, spline, and stepped
line chart examples

e Bullet graph (shown in fig. 5).

Fig. 5. Bullet graph example

e Scatter chart (shown in fig. 6). As well as other
graphs and charts (e.g., line or bar charts), the
scatter chart might be used to display three-
dimensional (3D) data.

Scatter Plot 3D Scatter Plot

Fig. 6. Scatter and 3D scatter chart examples

e Sparkline (shown in fig. 7). Might be also shown
in a form of column charts.

Sparkline Column Sparkline
A 200 —— a salln=n=nnlln
s s ——— —————
c - 9;1. M c enllisonnl=n
D 8 — D -I-lll---.l--

Fig. 7. Sparkline and column sparkline examples

e Gauge (shown in fig. 8). Can be displayed in a
form of the angular or a solid chart.

Angular Gauge Solid Gauge Chart

/N 13
L 47 N\

[

i

‘\\||||r,?
1

69 |

00

""m
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g. 8. Angular and solid gauge examples

e Pie chart (shown in fig. 9).

B

Fig. 9. Pie chart example

Various data visualization graphs and charts ordered
by their informativeness are shown in table 1 [15].

Table 1 — Charts ordered by their informativeness

Chart Estimated informativeness
Bar 53%
Line 46%
Bullet 25%
Scatter 23%
Sparkline 22%
Gauge 12%
Pie 10%
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Mapping between data types and graphs and charts is
shown in table 2 [15].

Table 2 — Charts ordered by their informativeness

Data type Charts and graphs
Composition

Categories Bar, Pie
Comparison
Distribution Line, Scatter
Single value Number, Sparkline

Difference between an
actual and a target value Bullet, Gauge

Research [17] proposes mathematical models used to
define optimal set of charts used to visualize KPIs data on
a dashboard. Similar problem is also solved with the help
of fuzzy semantic networks [12]. However, the dashboard
design mostly depends on users’ preferences, which might
be quite subjective. It means that various users need to see
the same set of KPIs displayed on a dashboard but shown
using different charts according to the user’s preferences.

Model of the dashboard design. Since each KPI
shows a value of the specific data type, we can map KPIs
to data types. We can also map data types to possible
visualization tools.

These relationships might be formalized using the
following matrices:

A= (au)l 1) _oB= = ( Jk)] 1k=1" 1)

Where n is the number of KPIs, p is the number of
data types, and q is the number of visualization tools. Both
matrices A and B contain only binary values that shows
presence or absence of relationship between KPIs and data
types (1), as well as between data types and visualization
tools respectively:

a;; €{0,1},i = 1,nj =1p,
b €{0,1},j = 1p.k = 1,q.

O]

Moreover, each KPI might be assigned to a single data
type (2), while the data type might be represented using
several visualization tools:

P
q
k=1

It is required to multiply matrices A and B in order to
trace relationships between KPIs and visualization tools
that might be used to display values of these KPlIs (3):

p ngq
C= (Cik = Z a - bli) . 4)
i=1,k=1

||
::

®)

IV
II
'U

=1

Where elements of the matrix C are binary values as
well (4), ¢, € {0,1},i=1,n, k=14q.

Various users might be interested in analysis of
various KPIs according to their roles in business processes
and decisions they have to make according to their roles.
Therefore, existing mapping of KPIs to visualization tools
should be appended with the mapping of user roles in
business processes to KPIs.

Therefore matrices A, B, and consequently the C,
should be defined for each t-th user role, t = 1,s:

p.q
_( l-’)l 1,j —1 - (bfk)j=17k=1’

Ct= (Clk)l 1,k=1"

®)

There are no general recommendations that might be
applied to any user with specific preferences (5). Hence, the
only possible way to solve this problem is to obtain user’s
suggestions on KPIs ranks for each user role. The expert
judgment procedure will not be considered in this study
itself. We only consider that weights of each KPI for each
corresponding user role are previously obtained:

L

= th Jt= 1,5. (6)

Win

Where s is the number of user roles. KPIs weights w;
should be normalized (6), i.e. w;; € [0,1],t = 1,s,i = 1,n.

Weights of visualization tools A,, k = 1,q might be
defined as following (Table 3) by using the normalization
of values shown in Table 1.

Table 3 — Weights of graphs and charts

k Chart Estimated informativeness A

1 Bar 53% 1.00
2 Line 46% 0.87
3 Bullet 25% 0.47
4 Scatter 23% 0.43
5 | Sparkline 22% 0.42
6 Gauge 12% 0.23
7 Pie 10% 0.19

It is expected that a dashboard might be launched on
the devices with various screen resolutions. Thus we have
to provide the adaptive dashboard. For this purpose, the
screen width should be divided into 12 columns (fig. 10)
according to Bootstrap framework [18].

Fig. 10. Screen divided into 12 columns according to Bootstrap

Each visualization tool takes place of a certain width
on a dashboard. Thus, it is required to introduce the vector
of sizes for each visualization tool I, k = 1,q. Moreover,
for each t-th user role it is required to define the number of
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rows r,, t = 1,s in which graphs and charts should be
placed. It is well known that human can concentrate only
on a limited number of things at once, therefore, the limit
number of KPIs required to be placed on a dashboard for
the ¢-th user role 7, > 0, t = 1,s should be introduced.

The mathematical model of the optimization problem
that should be solved to provide recommendations on a
dashboard’s design is the following:

s n q
Z ZZ(W& e N Vi) | > max,
=1 {vix}

i=1 k=1

g ()

v €{0,1}k=1,q,i=1nt=1s.

Where s is the number or user roles, n is the number
of KPls, g is the number of used visualization tools, w,;
describes mapping between t-th user role and i-th KPI, {4, }
is the normalized vector of priorities of visualization tools,
{v.} is the restrictions vector of the number of KPIs that
might be shown on a dashboard, {c;; } is the binary matrix
that demonstrates possibility of i-th KPI to be displayed
using k-th visualization tool, and {v}, } is the result binary
matrix, which provides recommendations on which k-th
visualization tool should be used to display i-th KPI on a
dashboard that corresponds to t-th user role.

There is also situations are possible, where the same
user might have multiple roles at the same time, t* = {t°},
o € [1,s]. In this case we need to select such matrix VV* that
does not restrict user access to necessary information.
Hence the binary matrix that describes indicators and data
visualization tools for the user with multiple roles:

* ty. —
14 —om[gfs(](vik) A k=14. ®)

i=

S

Since the optimization variables (8) might take only 0
or 1 values, proposed mathematical model (7) describes the
combinatorial optimization problem, which recalls the 0/1
knapsack problem [19] with additional restrictions.

Software solution for the dashboard design. A
branch-and-bound method is used for several of NP-hard
problems, such as the 0/1 knapsack problem [19]. There-
fore, the branch-and-bound method might be used to solve
the introduced optimization problem as well.

Developed software uses Google OR-Tools library,
which mathematical programming solver class MPSolver
implements the branch-and-bound method [20].

Besides the optimization library, the software uses
MySQL database management system in order to maintain
the database of related data about the user roles, business
processes, KPIs, graphs and charts, and the results of the
dashboard design. The structure of such database is shown

in fig. 11. Spring Boot framework is used to simplify and
accelerate development of the Java-based web application,
which fronted part is created using Vue.js and Bootstrap
frameworks.

Set of options

Option - Vizualization tool
Vizualization tool Id (FK) !
Option Id Opion Id (FK) Vizualization tool Id
Name Name
Value Weight
Data source
BP-KPI
Data source Id _| Data type vizualization
KPI1d (FK)
B Name Data type Id (FK)
Business Process Id (FK) Data in JSON | ‘ Vizualization tool Id (FK)
L J l
KPI
KPl1d
Data type
N
Business Process D:g?ype id (FK) #- — —| Datatypeld
Business Process Id Data source Id (FK) Name
Name KPI on Dashboard
Dashboard KPIId (FK)
Dashboard Id (FK)
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Fig. 11. Database structure

The deployment diagram of the developed software
solution is shown below (fig. 12).

Web Browser

<<component>> <<component>>
Bootstrap Framework Vue.js Framework

/\ /N

1
1

<<component>>
| Frontend Web Application

1
1
1
1
| IO

Web API @

Application Server
<<component>> <<component>>
MySQL Database Spring Boot Application
A :
: I
U UL R i

Fig. 12. Deployment diagram of the software solution

Process of the developed software solution usage
includes three general activities shown in fig. 18 with the
help of the IDEFO process diagram. The first step includes
formulation of the input information for the dashboard
design. At first it is required to create a user role (fig. 13).
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On the second step all restrictions for the dashboard
design should be provided (fig. 16). Weights (6), numbers

<- Back to menu

<- Back of rows and KPIs to be placed on the dashboard are set.
Name = Sales Manager
Dashboard name = 5ales Dashboard
Fig. 13. Creation of the user role Return on Assets | 085 U Hide?
Then it is necessary to create a business process to NetIncome  0.78 U Hide?
which this user role should be assigned (fig. 14). e os @ Hide?
Max KPIcount | 3
Role. | sales Manager : Fig. 16. Configuration of the restrictions
After all the input information and restrictions are
specified, it is vital to provide a link to a data source that
Fig. 14. Creation of the business process returns data arrays in a form of JSON documents (Java

Script Object Notation) that are easy readable by humans

Finally, it is required to create KPIs that are related to !
and computers (fig. 17).

the business process (fig. 15):

e KPI “Return on Assets” shows distribution data. _
. . . <- Back to menu

e KPI “Net Income” communicates single value.

e KPI “Operating Expenses” is intended to display

difference between actual and target values.
Name Remote server

Data source path = /remoteServer

Name Return on Assets Viz Line ¥
tool
Batarype Distribution x
Busi Save new data source
usiness sales - Add new
Process

Fig. 17. Configuration of the data source

Data source Remote server T Add new

Suggestions on the dashboard design are obtained in

a form of a generated dashboard (fig. 22) that corresponds
) ) to the input information (fig. 13-15) and restrictions
Fig. 15. Creation of the KPI (fig. 16) with respect to the optimization problem (7).

Organization Graphs and charts Dashboards design
recommendations standards
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\i regulations \ mathematics
) I Z d algorithms
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Input
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Role ] 9 A1 ‘I': e |Restricti
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// i design recommendations
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Business J %\
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Fig. 18. Process of the developed software solution usage
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As it is demonstrated in fig. 22, generated dashboard
consists of graphs and charts that best fit to data arrays
represented by considered KPIs:

e KPI “Return on Assets” is displayed first by using

a line chart.

o KPI “Net Income” is displayed second by using a

sparkline indicator.

e KPI “Operating Expenses” is displayed third by

using a gauge indicator.

Research results and discussion. Validation of the
proposed model and the software solution is performed by
emulation of user’s requirements.

The normalized vector of user’s requirements and
restrictions on indicators, which should be included in a
dashboard, correspond to the values shown in fig. 19. It
means that user needs the dashboard that displays a single
KPI “Return on Assets”.

Dashboard name = Sales - Return on Assets

Return on Assets | 1 [ Hide?
Max KPI count | 5

Max row count | 1

Create new dashboard

Fig. 19. User’s requirements for a dashboard with one indicator

Obtained dashboard is demonstrated in fig. 20. It is
shown that user’s request for the dashboard with a single
KPI “Return on Assets” is fulfilled.

It is also possible to replace a visualization tool for the
displayed KPI. Thus, the line chart (fig. 20) might be
swapped to the scatter chart (fig. 21).

Then let us consider a situation, where user needs to
generate the dashboard with all available KPIs (fig. 23).
After weights and restrictions are specified, the dashboard
design is provided (fig. 25).
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Return on Assets

Line ad
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—..Top

40
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0, Pl St o
7~ // TR S I
» N -
./ '\' /
—', o) By A1 PR,
AN —— N\t | s aser o oo b
.
\\\\\
25 50 75 10.0 125 15.0

Fig. 20. Generated recommendations for the dashboard design
with a single indicator

Modified dashboard is shown below (fig. 21).

<- Back

Sales - Return on Assets Sales Dashboard

Sales - All KPI Sales KPI Vizualization
Return on Assets
Scatter
30 ° ® o Bottom
s Bl L8 . & e
. S o 0 ® o|0 o ® Top
20 P e o o o o
o ¢ ° e o
® °
°
e o
10 .
° s~

0.0 25 5.0 75 100 125 15.0

Fig. 21. Result of indicator’s replacement

Fig. 25 demonstrates that the software generated the
dashboard, which contains 3 of 5 possible KPIs. Such
recommendations on the dashboard design were obtained
because the restriction for the limit number of rows was not
changed. Therefore, the optimal set of indicators was
selected according to the model (7).

Operating Expenses Net Income

Gauge ¥

Sparkline .

Fig. 22. Generated dashboard based on provided input information and restrictions
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Dashboard name = Sales - Dashboard 1 row

Return on Assets | 1 U Hide?
Revenue | 1 [ Hide?
Growth in Customer Base = 1 O Hide?
NetIncome 1 ) Hide?

) Hide?

Operating Expenses 1
Max KPI count | 5

Max row count 1

Create new dashboard

Fig. 23. User’s requirements modification

However, it might be necessary to display all KPIs on
the same dashboard. For this purpose it is required to update
the limit number of rows (fig. 24).

Dashboard name | Sales All KPI

Return on Assets | 1 Ll Hide?

Revenue 1 [} Hide?

Growth in Customer Base = 1 L) Hide?

Net Income | 1 [J Hide?
[J Hide?

Operating Expenses | 1
Max KPI count ' 5

Max row count = 2

Create new dashboard

Fig. 24. Increased limit number of records

Sales - Return on Assets Sales Dashbeard Sales - All KPI

Revenue

Bar h

B Gottom [ “alue

I Top

Extended dashboard is shown in fig. 27. It is shown
that generated recommendations (fig.27) satisfy user’s
requirements — now the dashboard contains all available
KPlIs:

KPI “Revenue”.

KPI “Return on Assets”.

KPI “Operating Expenses”.

KPI “Net Income™.

KPI “Growth in Customer Base”.

It is demonstrated (fig. 27), that sequence of KPIs is
rearranged in compare to the previously generated result
(fig. 25). This is happened because of the different sizes of
used graphs and charts that correspond to the Bootstrap
layout grid.

Besides recommendations on the dashboard design,
developed software demonstrates numerical results of the
solution of the optimization problem (7). Such results for
the dashboards shown in fig. 25 and 27 are demonstrated
below (fig. 26).

107047 =047 1.0 047 =047
1.070.23 = 0.23 1.0 70,23 = 0.23
%01 = 0.0 %01 = 1.0
%03 = 0.0 %03 = 0.0
X110 =1.0 ¥10 = 1.0
¥1e = 0.0 ¥1e = 0.0
¥24=1.0 X24 = 1.0
X34 =0.0 X34 = 1.0
#2=1.0 2 =1.0
=45 =00 #5=00

Objective valus = 1.89
Fig. 26. Solutions of the optimization problem (7)

Objective valus = 3,18

Optimization results (fig. 26) demonstrate how the
recommended set of indicators was extended from 3 to 5
KPls. At the same time, the dashboard’s informativeness
has been improved from 1.89 to 3.18 (objective value of the
optimization problem). However, the number of KPIs
displayed on the dashboard has been increased as well,

Sales KPI Vizualization Sales - Dashboard 1 row

Operating Expenses Growth in Customer

Bullet b Base

Sparkl ¥

B Gotiom M Ee [ Top
140

130

Fig. 25. Generated dashboard with a single row
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which means that it is harder to place such dashboard in a
small place, e.g. on a smart phone display.

Outlined results (fig. 19-27) show validation of the
proposed software solution.
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Liebowitz J. Business Analytics: An Introduction. CRC Press, 2013.
288 p.

Eckerson W. Performance Dashboards: Measuring, Monitoring, and
Managing Your Business. John Wiley & Sons, 2010. 336 p.

Briggs J. Management Reports & Dashboard Best Practice. URL:

Revenue

Pie 4

@ Ukaine
@ Hungray
@ Poand
@ Turkey
@ Germary

A

Growth in Customer Base

Sparkline

Fig. 27. Generated dashboard with two rows

Conclusion. In this paper we have proposed a model
and a software solution for the dashboard design for the
business process status analysis. Proposed model is based
on the 0/1 knapsack optimization problem but it was
extended with some domain-specific restrictions such as
number of KPIs to be displayed on a dashboard or a limit
of a certain screen on which the dashboard is supposed to
be placed. The dashboard design model (7) is used to map
KPIs related to a certain business processes, which at the
same time belongs to a specific user role, to the various
visualization tools, such as graphs and charts, with respect
to the introduced restrictions on size and user preference.
The software that implements proposed model is created
using modern backend and frontend technologies, so it can
be easily deployed and maintained. Process of its usage is
outlined, its validation is shown, and the obtained results in
a form of the generated dashboards are discussed.

Future research in this field includes integration with
existing Bl software, such as Microsoft Analysis Services
and Power BI, Tableau, QlikView or other tools, in order
to make the suggested dashboards more independent on
used tools, accessible, interoperable, and exchangeable.
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