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Background and Purpose: The growing role and involvement of Artificial Intelligence in modern digital enterprises
leads to a considerable reduction of personnel and reorientation of the remaining staff to new responsibilities. How-
ever, in many areas like services and support the total elimination of the employed human resources still remains
impossible. It is proposed to study the organisational problem of finding the optimal proportion of computer agents
and human actors in the mixed collaborative environment.

Methods: Using the technology of semantic and statistical analysis, we developed an original model of computer
agents’ and human actors’ cooperative interaction and an optimization method, which is novel in considering the
focus of the executors while calculating the compliance indicators.

Results: The problem was studied by an example of service desk automation. Considering the semantics of the
problem domain in the form of ontology introduces the logic for better distribution and automation of tasks.
Conclusion: In a modern digital enterprise there exists and can be estimated a rational balance between the
computer agents and human actors, which becomes a significant indicator of its performance. In general, human
actors are preferable for processing unpredictable events in real time, while agents are better at the modelling and
simulation.
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to completely replace humans by programmes. Sometimes
it is hard to formalise all the options of the business pro-
cess and maintain possible changes; more often, the per-
sonnel remain, as they can provide greater adaptability.
Therefore, in most real applications both humans and al-
gorithms are involved.

Human and robotic computer-simulated executors
need to interact and cooperate in real time under the con-
tinuous pressure of incoming data and on-going events,
and require sophisticated coordination. People require ad-

1 Introduction

Current trends in the automation of modern organisa-
tional management require the widespread introduction
of artificial intelligence. According to the strategy of total
digitalisation, human resources should be replaced by ro-
bots capable of performing business processes with higher
efficiency and lower costs. In this context, the robots are
not only machines but also computer agents with auton-

omous behaviour that interact in the virtual world and
provide self-organisation. Intelligent solutions of this kind
stimulate high expectations.

At the same time, their implementation in practice re-
mains challenging. In most business cases it is impossible

ditional training for acting in vastly automated spaces; al-
gorithms need extra configuration to consider the possible
influence of the human factor. In early applications, e.g.
production line automation, attempts were made to bound
and minimise interaction by physical borders. In modern
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organisations this is impracticable.

Thereby a new problem appeared of looking for the
best balance of artificial and human intelligence, consider-
ing the specifics of certain business cases. It seems reason-
able to completely replace the human executors in produc-
tion and provide their maximum utilisation in services, but
it is not so simple. Hence, when larger processes involve
automation, the remaining personnel start looking for new
functions and change their professional skillset, adapting it
to the changing world. This process can either enhance the
business or damage it. In this paper the problem is studied
and solved for a common business case of service desk
automation, which has often raised the question: “What
is the best proportion of human and robot operators in an
organisation?”.

This paper originally brings up the question of the ne-
cessity and sufficiency of the application of artificial intel-
ligence to practice. The most relevant papers in this area
are devoted to the problems of efficient substitution of hu-
man resources with robots and improving the computer—
human interaction. The authors propose for consideration
an idea of the reasonable involvement of artificial intelli-
gence based on the analysis of business processes specif-
ics. Compared to the previous publications, new results of
Al and HR balancing studied by an example of the service
desk automation are presented.

2 State of the art

Artificial intelligence is currently becoming one of the
most promising areas for discussion and research in the
modern world of digitalisation (Patel et al., 2000). By im-
plementing these concepts, traditional enterprises are turn-
ing into digitally minded organisations along the path of
innovative transformation. A digital enterprise is an organ-
isation that uses information technology as a competitive
advantage in all areas of its business: manufacturing, busi-
ness processes, marketing, and customer interaction. The
product itself, offered by such an enterprise to the market,
also becomes digital.

Recent developments in the field of artificial intelli-
gence (AI) and augmented reality provide great oppor-
tunities in various areas of modern economics and busi-
ness (One Internet, 2016). The most significant results
are being achieved in the field of data visualisation and
decision-making support, aimed at developing existing
applications with new capabilities for data collection, pro-
cessing and management. Cognitive computing (Kelly,
2015), the foundation of artificial intelligence, implies the
simulation of human brain activity, which allows the ma-
chines to process information, learn about the world and
analyse events like people do, perhaps even more produc-
tively.

New trends in project management (Grzeszczyk, 2018)

consider the influence of intelligent information systems,
Al in decision-making support and new information and
communication technologies. Mixed intelligence systems
are applied for project evaluation, taking into account the
current state of knowledge in the field of project manage-
ment. The possible ways of considering the opportunities
of artificial intelligence for pragmatic applications are pre-
sented in (Bentley et al., 2018).

Existing models of intelligent technologies imple-
mentation in deep cooperation with human employees
introduce the concept of the computer agent — an avatar
with a pre-programmed profile, actions and communica-
tion (Rosen, 2018). In the context of this paper, the term
software agent can also be used as a synonym. Comput-
er agents are involved in collaborative problem solving
by sharing knowledge and understanding, organising the
group work and monitoring the progress, taking actions to
solve the problem, and providing constructive feedback to
group members.

The introduction of Al capabilities in business leads
to a limitation in the same type of operations that are
amenable to simple algorithms. This results in a reduction
of the number of employees engaged in non-creative and
formalised work. Despite the success of such solutions in
corporate applications, the problem of the interaction of
people and robots in the common information space of an
enterprise is still challenging. The interaction of Al and
HR intelligence is identified as mixed intelligence, and
the environment in which they interact is combined. The
results of a survey by (Grace et al., 2018) predict that Al
will outperform humans in many activities that require
both technical skills and creativity. A solution to bridge the
gap between Al and human-robot interaction is proposed
in (Khandelwal et al., 2017). The related ethical problems
are overviewed in (Hagendorff, 2020).

The existing approaches to the application of intelli-
gent technologies to improve the staffing of modern organ-
isations typically suggest applying Al in the area of HR
management. Certainly, introducing intelligent systems
for decision-making support in this area can significant-
ly improve the efficiency and quality of projects staffing
and management, recruitment and people development
(Ivaschenko et al., 2019; Simonova et al., 2016).

For example, the possible applications of Big Data
technologies in enterprise HR management are widely
discussed in recent literature (Zang et al., 2015; Barman
et al., 2015). The challenge is in the use of multiple data
sources to improve practices in training, recruitment, per-
formance analysis and motivation. Big Data in HR sets out
to evaluate and improve practices including talent acqui-
sition, development, retention, and overall organisational
performance.

An interesting approach to the application of the Al
concept in human communities is introduced in (Letouze
et al., 2018). It is proposed to design future human sys-
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tems based on the principles of interaction and Big Data
technologies.

The strengths and weaknesses of human and machine
collaboration are reviewed in (Wilson et al., 2018). This
paper is close to the topic studied here. In particular, it
states that there is no reason to fear that robots will re-
place all human employees. This research involved 1500
firms in a range of industries and shows that the biggest
performance improvements come when humans and smart
machines work together, enhancing each other’s strengths.
When people and Al agents cooperate, the business pro-
cesses need to be redesigned. As a result, in addition to the
implementation of innovative Al technologies, provision
should always be made for the development of employ-
ees in using the computer—human interfaces and changing
their mindset.

This new sphere is called a collaborative intelligence
(Kragic et al., 2018; Baratta 2015). Despite the recom-
mendation to build a cooperative IT solution based on the
organisation of efficient interaction of robots and humans,
no technical methodology is proposed on how to calculate
the optimal rate and transfer it to the design of the business
process.

Collaborative robots are deeply studied in Industry 4.0
(Djuric et al., 2016; Teixeira et al., 2018). The active appli-
cation of automation and robotics requires a realistic sense
of the best time and place for their use. In the framework of
this theory, collaborative robots specifically designed for
direct interaction with humans are introduced; a collabo-
rative workspace where robots and humans can perform
tasks simultaneously and safely; and collaborative oper-
ations in which purpose-designed robots can work safely
together with humans. Yet the problems being solved have
still always been limited to providing comfortable physical
interaction, leaving the challenges of functional co-work-
ing unaddressed.

The rapid increase in the share of artificial intelligence
in human—computer interaction complicates the search for
a solution to the optimal interaction of Al with the em-
ployees. A managerial decision should solve two prob-
lems: what is the best ratio of Al and people in a mixed
interaction, and what are the optimum areas of application
of these solutions, taking into account the human factor.
The solution of the Al and HR proportion and involvement
in the business processes of a digital company needs to
be built on the principles of management by conditions
(Ivaschenko et al., 2015, 2019, 2020).

As a result, the user is put inside the “loop” of com-
puter—human interaction (Holzinger, 2014, 2016), which
requires the user interfaces context and focus to be seen
as dependent. The system should interlink all related data
sets (e.g., images, text, measured values, scans) and offer
visual scenes. It is proposed to involve the decision mak-
er in the process of data processing and visualisation by
means of continuously interacting with the system, which
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helps to optimise the learning behaviour of both humans
and algorithms.

The introduction of Al requires additional efforts
to provide modified and improved business processes
(Simek et al., 2019; Halaska et al., 2018). An orientation
to the specifics of the executors is provided by the sub-
ject-oriented approach for business processes management
(S-BPM), which conceives a process as a collaboration of
multiple subjects organised via structured communication
(Fleischmann et al., 2013, 2015). These models enable the
synchronisation of computer agents and human actors.
But they still remain oriented to primarily human deci-
sion-making, which becomes insufficient in the case of the
predominance of robots over the human operators.

In addition, the principle of decentralised decisions
means the ability of a cyber-physical system to make de-
cisions on its own and to perform tasks as autonomously
as possible. The simulation and modelling of models of
multi-agent technology (Wooldridge, 2002; Gorodetskii,
2012) allow the implementation of such autonomous be-
haviour by software and thus provide the effect of self-or-
ganisation.

To coordinate computer agents and human actors on
a semantic level, the mechanism of knowledge descrip-
tion in the form of ontologies can be used (Pouchard et
al., 2000; De Nicola et al., 2009). Ontology represents the
semantic network, combining concepts, attributes, rela-
tions and rules that describe the situation from a predefined
point of view. The functioning of the organisation staff is
highly influenced by the human factor, that is to say that
people perceive different situations differently, although,
for a certain problem domain, the employees tend to agree
on a similar perception and understanding. Due to this
fact, problem domain ontologies are treated as impersonal
and objective. The ontologies of computer agents can be
formally predefined and used to specify the definite and
explicit logic of their behaviour.

One of the potential problem domains that require
optimisation of the proportion of intelligent technologies
applied is service desk automation. Its process involves
online collaboration and the provision of IT services to
customers. Ensuring the constant high quality of IT servic-
es and customer or user satisfaction is implemented based
on the approach (Axelos, 2019; England, 2008) described
by the IT Infrastructure Library (ITIL). It focuses on the
achievement of goals, the analysis of key performance
indicators, as well as the resources spent on achieving
goals. ITIL includes a set of documents used for the prac-
tical implementation of IT Service Management (ITSM)
approaches, which will include the basic processes that
support and provide IT services. Service management is
implemented by IT providers by using the optimal com-
bination of people, processes and information technology.

In the structure of ITIL and ITSM processes, the ser-
vice desk plays an important role, carrying out accounting,
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registration of tasks, solution and tracking of issues. Next,
we will consider the flow of tasks received from users and
their processing in the service desk system. Tasks arrive
on the service desk at random times and form a task queue.
Then, the tasks go to a group of specialists who take them
out of the line independently, so we cannot uniquely iden-
tify a specific executor. All personnel from the working
group are interchangeable.

3 The formal model

The following formal model is based on an ontological
approach that allows the definition of the semantics of any

object X, by a knowledge descriptor:

0(x,06,)= e, W b (PO ot M

where T, ; is a tag (keyword), W, ; its weight,
p(xn,) defines the relation to another descriptor X,/ ,

t,, —the time of the descriptor’s applicability.
Concepts relate to the objects, weighted tags corre-
spond to the attributes, and their dependencies are de-

scribed by relationships. The basic rule required in this
context determines the criterion of proximity. Objects X,

and X, are ontologically close when
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where AW is an allowable level of semantic deviation,
1,x>0;
8(x)=

0,x<0.
Let us study the combined environment of a digital
enterprise that contains both human actors @,,i =1. N
and computer agents bj ,j =1. Nb. Na and Nb rep-

resent the number of actors and agents respectively. Both
actors and agents have corresponding knowledge descrip-

tors: w(a[) and co(b ,)
A typical service desk implements standardised busi-
ness processes according to which actors and agents need

to perform certain tasks d, or actions at specified mo-
ments. Therefore the work process can be formulated by
a scenario:

e, = {5, (ditp. At o(dot, )10 3)

where (x)(d ol ) — is the requirement for the executor,

f, —time for the task to start,

. 0
t,? — task appearance time, f, <1, ,

At ¢ — its normative duration.

For similar operations, specified template scenarios for
the generation of new states for every new order can be
used.

To start a task an appropriate executor should be avail-
able and be assigned to it. An assignment event for the ac-

tor @; is specified as

‘11;,,' = ql,c,i(dk’aiﬂtl'c,i’Atk,i’O)(ai’tlg )) )

where the sequence of descriptors co(al- , l‘l-a) describes
how the actor’s focus changes with time.

An assignment event for the agent b, is specified cor-
respondingly:

0t = a5 \dobyt o8t ol ). )

The process of task flow distribution between the
agents and actors in real time is characterised by the fol-
lowing average indicators:

e processing time;

e downtime or waiting time (idle time when waiting

for assignment and start);

e the number of failures.

In problem domains like service desk automation the
process of tasks execution involves multiple negotiations
with the consumer and is performed in real time. Therefore
the difference between the processing time by computer
agents or human actors does not differ. When processing
the task flow, the system goal is to minimise the number of
execution failures and the task processing timeout.

Using the introduced indicators, we reduce the process
of determining the optimal percentage ratio of agents and
actors to solving the optimisation problem of discrete pro-
gramming that includes the following objective functions.

Minimum waiting time (downtime):

T=Y 3% sl (o~ v, (0, —10) > min. ()
ki
Minimum number of failures:

F:Zklzzsk'(1—61/Q,i)'(1—6111,j)—>0- (7)
i

The proposed model has the following main assump-
tions and limitations.

1. The application of intelligent technologies in the
modern organisation is concerned with the reduction of
personnel and reorientation of the remaining staff to new
responsibilities. Therefore, during the time of Al imple-
mentation, agents and actors are considered interchange-
able.

2. The quality of tasks being performed by human ac-
tors is not compared to the quality of computer agents. If
the task is carried out by any executor on time and with
acceptable quality it is treated as successfully done. Other-
wise it is treated as “rejected”.
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3. The difference between the normative duration of
task execution by a human employee or robot, as well as
the difference in cost, is not taken into account here. These
parameters are influenced by the number of frequently re-
peated typical tasks. Computer agents are preferable for
typical tasks, and human executors react better to unique
occasional events. Therefore the problem of costs and time
optimisation remains outside the scope of this study.

4. We consider that the efficiency characteristics of the
computer agents and human actors are constant and do not
change over time, and the number of tasks that need to be
processed also remains unchanged.

4 Method

The solution of the problem (6, 7) is formulated as a

set of assignment events ;. julg; ;| . In order to process the

incoming event flow of tasks {s,} , the system should pro-
vide available resources of a certain type (agents or actors)
at the required moments of time. The main problem is that
we can neither attract additional employees when needed
nor keep additional staff in reserve.

Therefore the proposed method contains three main
stages: agents/actors ratio optimisation, compliance analy-
sis and assignment. The generalised schema of the method
is presented in Fig. 1. This method can be implemented
using either standard software for simulation and analysis
or a specifically designed software solution.

The first stage is to determine the quantitative ratio of
agents and actors for efficient processing of the flow of
incoming tasks. In the case of low knowledge about the
real amount and types of tasks, event flows are simulated.

Initial
Initial event flow data Agents/Actors ratio Statistical analysis of
simulation i optimisation " the event flows
[ Execution
events
Tasks flow input Sk Compliance analysis update Actual
Planned Uk.i- 9k
| Uki- 9k,j
b; >
Agents’ simulation Assignment Execution
£ {IF
C‘: M Ontology update
Staff knowledge base P

‘-u.._____-_ _-_._._,.-‘

Figure 1: The method of optimisation of the rational proportion of intelligent technologies application

The first stage is to determine the quantitative ratio of
agents and actors for efficient processing of the flow of
incoming tasks. In the case of low knowledge about the
real amount and types of tasks, event flows are simulated.

As a starting point, we consider an option with
the number of actors N, = 1, and the proportion

N,/(N,+N,) = 100%, which corresponds to the
complete execution of tasks by people, without the use of
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automated robotic systems.
Next, we consider the option in which the number of

agents is N, = 1. It corresponds to fully automatic pro-
cessing of incoming tasks. With this distribution, the wait-
ing time for tasks in the queue is reduced, but the number
of failures has the potential to increase, since the agents are
able to perform poorly formalised tasks.

To determine the point at which both objective func-
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tions are minimal, we use the gradient descent method
with step splitting. The geometric interpretation of the
method is that at each step we move along the anti-gradi-
ent vector, reduced by y times, determining the direction
of optimisation. Based on this data, a balance graph is con-
structed, which displays the intersection point of two func-
tions, which corresponds to the optimal percentage ratio of
agents and actors.

Compliance analysis is performed to improve the qual-
ity of the matching of the incoming tasks to the most ap-
propriate executors. In order to provide on-time processing
of incoming tasks, agents and actors need to be assigned
correspondingly. Considering their autonomous behaviour
and self-organisation, this should be done indirectly by at-
tracting their attention at required moments. The result is
described by the following compliance indicator:

R, = ;;(sk i 'P(‘D(dkatk )’m(ai’tia ))

®
-S(I,'u- <t <ty +§)-6(t,." <tp; <tiy ))—> max,

where l‘l.a — focus time (time of actor changing his/her
interest represented by semantic descriptor);

t,; —assignment time, l‘,? < l‘,;l. <t.

Compliance indicator (5) allows the main correlations
between the event flows of tasks and assignment to agents
or actors to be determined. Compared to the high dynamics

of (x)(a[, ,;z) being forced by changes of the actors’ interest,

the focus of each agent w(b . t@) does not change with time.
The compliance indicator for agents represents their
impact:

R, = ;Z(Sk i, 'P(‘”(dk’tk)’ oa(bj,tf))-

-S(t,';,j <t <f i+ §)~8(tj? <t <t?, ))—> max.

©)

Considering the limited number of tasks, statements
(8) and (9) are in contradiction. To maximise the number
of agents, the statement (8) should be targeted first, then
the number of skipped tasks is reduced and assigned to
corresponding human actors by attracting their interest.

Such an approach provides an efficient proportion of
computer agents and human actors in the mixed intelli-
gence. In general, human actors turn out to be preferable
for processing unpredictable events in real time, while Al
agents are better at simulating multiple versions of possi-
ble situations to predict, analyse, compare and optimise.

Assignment is the last stage of the method that gener-

ates the planned flows of ig; . +Uigr ;- The tasks are not
assigned declaratively, but proactively taken out from the
common queue by agents and actors according to their
preferences. Actors pick out the tasks for execution them-
selves, while the agents are assigned automatically.

Based on the execution history, the knowledge base is
updated in automatic mode. The staff knowledge base is
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used to simulate the agents of new types and data process-
ing at the optimisation stage.

Considering the features of agents and actors, as well
as the difference in the criteria for interaction and task pro-
cessing, the staff knowledge base is combined from the on-
tologies of the task (see Fig. 2), the actor (see Fig. 3) and
the agent (see Fig. 4). They present the main concepts in
the form of a semantic model of RDF data and are visual-
ised by OntoGraf — a conceptual map, which can be equat-
ed to a semantic network, since it has a network structure,
the ability to specify the type of connection, uses words
at the vertices, and has multiple connections between the
concepts. The model visualisation is presented using Pro-
tégé: a local, freely distributed Java program designed to
build (create, edit and view) ontologies of the application
area.

The developed ontologies are necessary to introduce
the hierarchical structure of the criteria for fulfilling tasks,
which makes it possible to determine the relationships, dif-
ferences and similarities between the ontologies of tasks
and their executors.

5 Service desk case studies

The problem of Al and HR balancing was studied by
an example of service desk automation. We have taken a
dataset of 648 real calls that require service tasks gener-
ation and processing during a fixed period of time. The
data was taken from the real service desk centre of an IT
company and contains support requests. The call flow was
divided into three types: Information request, Providing
access, and Closing access.

According to the model and problem statement intro-
duced above, the system goal is to minimise the number of
execution failures and the task processing timeout. For the
initial calculations, the averaged parameters of the speed
of processing calls, the number and time of downtime for
agents and actors were determined. These parameters were
analysed using the statistical analysis software package
STATISTICA by StatSoft. More details about the analysis
are presented in the appendix.

According to the method introduced, for N, =1 the
failure rate was zero, but the downtime increased by 1.9

0] 20 40

! (omm
% %
Eﬂ |
£
E 0/100
-

Task Processing Metrics

Percent renouncements

&0 80 100

B Downtime

Figure 5: Dependency of tasks processing metrics for different agents/actors ratio
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times compared to the initial values obtained. For N, = 0
the waiting time for tasks in the queue was reduced by 1.4
times, but the number of failures reached 90 tasks due to
renouncements and showed a tendency to increase, since
the agents were able to perform poorly formalised tasks.
An option was also considered in which the number of
agents and actors was equally divided. Based on the cal-
culations made, a graph was built (see Fig. 5). The graph

shows how the performance indicator changes depending
on the percentage of agents and actors for the objective
functions introduced.

Based on the data obtained by the gradient descent
method for two objective functions, a balance graph was
constructed (see Fig. 6), which displays the intersection
point of two functions, which corresponds to the optimal
percentage ratio of agents and actors.
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Figure 6: Dependency of failures on waiting time

6 Conclusion

Analysis and testing of Al and HR balancing in theory
and practice gives a new idea for organisational manage-
ment to look for the optimal percentage ratio of comput-
er agents and human actors. Herewith, while solving this
problem, the main objective should be changed from the
total or maximum possible replacement of executors by
software and robots to a rational combination of artificial
and human executors, targeting their maximum coopera-
tion.

Therefore in a modern digital enterprise there exists
and can be estimated a rational proportion of computer
agents and human actors, which becomes a significant in-
dicator of their performance. This parameter varies with
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time depending on the business requirements. In general,
human actors are preferable for processing unpredictable
events in real time, while agents are better at the modelling
and simulation of multiple possible situations for forecast-
ing, analysis, comparison, and optimisation.

The results of the performed analysis of service desk
automation applying a rational proportion of intelligent
technologies helped to formulate the main differences and
features of the subjects of mixed intelligence, presented in
Table 1. This conclusion may be of interest to the develop-
ers of modern Al solutions based on multi-agent technolo-
gies and network organisational structures.

The actors have the prospect of a deeper and more cre-
ative execution of tasks. At the same time, in mixed teams,
dealing with a rapid change in context, the advantage will
be on the side of the agents. Considering the theory of or-
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ganisational management and the influence of the human
factor, the approaches to stimulating agents and actors
should be different. The actors need to understand the ben-
efits of their involvement and the impossibility of their to-
tal replacement by agents. The agents should provide sta-
ble and reliable services and be able to cooperate with the
actors to develop new business opportunities. To reduce
the amount of waiting time specifically for the actors, it
is necessary to attract their attention to urgent tasks in the
necessary steps of the business processes.

As presented in this paper, the complete replacement
of personnel leads to a lack of adaptability, while the in-
troduction of additional artificial intelligence gives new
opportunities and advantages. Besides, the employees of
modern companies need to decide nowadays what area of
their impact will be the most beneficial and adopt training
paths and development strategies accordingly.

Table 1: Features of mixed intelligence subjects

Criterion Computer agent Human actor

Time Model time Real time

Reality Able to simulate multiple versions of scene Capable of acting in real scene or a few
forecast scenes

Focus Rigid and predefined Flexible, changing under the influence of
interest

Role Reliable and predictable Highly qualified and motivated

Context influence No Considerable

Problem statement Formalised Lacking

Limitations Unable to solve unique and poorly for- Low productivity

malised tasks
Strengths High performance High adaptability

Switching between tasks Needs study time

Low study time
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and automated decision-making support.

Optimizacija racionalnega deleza inteligentnih tehnologij: Uporaba v storitvenih organizacijah

Ozadje in namen: NaraScajoca vloga in vklju€enost umetne inteligence v sodobna digitalizirana podjetja vodi do
znatnega zmanjSanja Stevila zaposlenih in preusmeritve dela osebja na nove zadolZitve. Vendar pa na Stevilnih
podrocjih, kot so storitve in podpora, popolna odprava zaposlenih ¢loveskih virov Se vedno ni mogoca. Predlaga
se proucitev organizacijskega problema iskanja optimalnega deleZa racunalnidkih agentov in ¢loveskih akterjev v
meSanem sodelovalnem okolju.

Nacrtovanje | metodologija | pristop: Z uporabo tehnike semanti¢ne in statisti¢ne analize smo razvili izvirni model
sodelovalne interakcije racunalniskih agentov in Cloveskih akterjev ter metodo optimizacije, ki je nova pri prouceva-
nju osredotoCenosti izvajalcev pri izracunu kazalnikov skladnosti .

Rezultati: Problem smo preucili na primeru avtomatizacije servisne sluzbe. UpoStevanje semantike problemske
domene v obliki ontologije uvaja logiko za boljSo porazdelitev in avtomatizacijo nalog.

Zaklju€ki: V sodobnem digitaliziranem podjetju obstaja in je mogoce oceniti racionalno ravnovesje med racunal-
niskimi agenti in Cloveskimi akterji, kar postane pomemben pokazatelj njegove uspesSnosti. Na sploSno so Cloveski
igralci boljSi za obdelavo nepredvidljivih dogodkov v realnem €asu, medtem ko so agenti boljSi pri modeliranju in
simulaciji.

Kljuéne besede: Avtomatizacija storitvenih organizacij, Umetna inteligenca, Cloveski viri, Podpora odlo¢anju
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Appendix

This appendix contains additional information describ-
ing the data studied as an example of service desk auto-
mation. The dataset contains 648 real calls that require the
generation and processing of service tasks during a fixed
period of time.

From the total number of requests, the ratio processed
by agents and actors is presented in Fig. 7. 74% of 648
calls were performed by agents, the remaining 26% by
actors. Fig. 8 describes the distribution of call categories.

Below are presented the main metrics for processing

the requests, depending on the executor. The waiting time
for tasks execution is presented in the “Boxplot by Group”
chart in Fig. 9. The graph shows that the actors (group 1)
have a higher idle time than the agents (group 2). The stan-
dard deviation is in the range from half an hour to 3 hours.
This is due to the fact that the queue of tasks is analysed
unevenly by the actors, confirming that the focus of the
actor is discrete and constantly changing. For group 2, the
standard deviation does not exceed a couple of minutes,
which suggests that the tasks for the agents are distributed
at a speed that does not allow queuing.

Percentage of processed tasks by a group of performers

g

5

The number of processed tasks

200 26%
100
0
1 2
Sign of automatic execution

Figure 7: Tasks processed by actors and agents

1 - actor, 2 agent

Categorization of tasks

g§ 888

g

g

26%

The number of processed tasks
P L]
8 8

8

8

6%

2 3

Category

1- "Request for information”, 2 - “Providing access", 3 - “Closing access”

Figure 8: Processed tasks by category
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Boxplot by Group
Variable: Downtime
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Figure 9: Task waiting time depending on the type of executor
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Figure 10: Task duration depending on the executor
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Fig. 10 shows that the processing time of tasks is sig-
nificantly higher for the group 2 agents than for the group
1 actors. For approximately 75% of the tasks performed by
group 2, the processing time does not exceed an hour, whi-
le for group 1 this time is up to 3.5 hours. The maximum
values for both groups are at a considerable distance from
the median, which indicates the emergence of tasks that
require significant time for both the agents and the actors.

Based on the average processing time of calls in rela-
tion to the number, the average speed of processing calls
for the agents and the actors was determined. For an agent
it was approximately 3 calls per hour, for an actor approx-
imately 0.3 calls per hour. At the same time, the number
of responses from the agent was 67, which corresponds
to 14% of the total number of processed requests for the
period.
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Let us evaluate the difference between the two in-
dependent samples by the level of the sign of automatic
execution (dependence on the executor) using the Mann—
Whitney U-test (see Table 2).

The differences are statistically significant at a high lev-
el, the indicator p <0.05, i.e. the downtime (U = 22088.0)
and duration of work (U = 19692.0) of the actors is higher
than the agents. These results can be logically explained,
since the automation and digitalisation were initially de-
signed to optimise and intensify human labour. With the
current distribution of tasks, one agent becomes equal to

three actors in terms of performance.

As a result of one-factor analysis for the variable dura-
tion of tasks, a dependence on the category was revealed,
illustrated by Table 3.

ANOVA analysis of variance was used to determine the
differences of execution time spent by the actors for each
category of tasks (see Fig. 11). The actors have no failures
as they are able to process any task. The tasks of category 1
take longer for successful processing than other categories.
Agents have no differences in the average processing time
for the tasks of various categories (see Fig. 12).

Table 2: Mann—Whitney U test for the groups of actors and agents

Variable Rank Sum for | Rank Sum for U z Z adjusted Valid N Valid N
Actors Agents Actors Agents
Downtime 71785 138 491 22 088 8.613 9.479 166 482
Work dura- 61319 106 012 19 692 7.821 7.969 163 415
tion
Table 3: Univariate tests of significance for tasks duration
Effect SS Degree of freedom mMS F
Intercept 0.295 1 0.295 80.461
Category 0.495 2 0.248 67.594
Error 2.106 575 0.0037
Category; LS Means
Current effect: F(2, 575)=67,594, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
2:24:00
1:55:12
= 1:26:24
7
g 0:57:36
IS
§ 0:28:48
m
S
© 0:00:00
0:28:48
0:57:36

2
Category

Figure 11: Dependency of tasks processing time by actors on the category
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Category; LS Means
Current effect: F(2, 412)=1,4828, p=,22822
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: v19=2

1:55:12

1:40:48
1:26:24
1:12:00
0:57:36
0:43:12
0:28:48
0:14:24
0:00:00
0:14:24
0:28:48
0:43:12

Duration of work, h

2 3
Category
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Figure 12: Dependency of tasks processing time by agents on the category

Table 4: Mann—Whitney U test for agents by sucessfully processed tasks and failures

Variable | Rank Sum | Rank Sum U z p-value | Z adjusted | p-value Valid N Valid N
Group 1 Group 2 Group 1 Group 2
Processed | Failures Processed | Failures

Category 100 633 14 807 12529 | 1.24 0.215 2.62 0.009 413 67

For computer agents, statistically significant differenc-
es were established between the number of failures and
the number of successfully completed tasks by calculating
the Mann—Whitney U-test (see Table 4). Despite the high
failure rate (14%) in the amount of 67 requests in group 2,
successfully completed tasks still prevail (413 in group 1).
At the same time, the efficiency of agents in the direction
of reducing the number of failures should be improved.

The results of the statistical analysis showed that, de-
spite the fact that the majority of tasks are processed by
agents, and the processing time and waiting time for the
agents are less than for the actors, the number of refusals
for the agents is greater. This is confirmed by the “Boxplot
by Group” plots. The agents are only effective in certain
categories of tasks. The actors work less efficiently, but

are more stable in solving any type of problem. This con-
clusion was obtained using the Mann—Whitney U test and
ANOVA analysis.
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