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Introduction 

Today, a call center is an integral part of any telecommunications operator. When establishing 

a contact center, it is essential to choose a platform that supports workforce optimization, central-

ized call routing, task handling, and interaction history retention. Such a platform should contribute 

to achieving goals across all service areas, including self-service, agent-assisted service, and proac-

tive customer engagement by the organization [1]. A call center achieves maximum efficiency 

through the use of digital telecommunications technologies, balanced operator workload distribu-

tion, and partial automation of call handling. The level of customer service and call volume handled 

by the same number of agents varies depending on the applied load distribution management meth-

ods. Customer inquiry statistics indicate that most users reach out to centers via alternative multi-

media channels. A cloud-based call center structure allows for customer interaction through any 

channel or device, at any time of day. These processes are integrated into a virtual cloud network 

and scale rapidly. 

In the future, chat will become the primary mode of customer interaction, while social media 

will serve as a communication channel for the entire organization. A modern contact center must be 

equipped with multiple customer communication channels, each capable of resolving issues upon 

first contact. Contact center workflows are integrated with control systems, utilize real-time cus-

tomer data, interaction history, and resource planning. Operators have access to analytical customer 

information regardless of the interaction channel. This requires a platform integrated with customer 

databases, CRM systems, and other components that support the company’s business processes. 

Evaluation of the contact center model work  

The main factors influencing customer satisfaction with a contact center are the speed of re-

quest handling and the convenience of accessing necessary information. One of the key objectives 

of a contact center is to maintain a minimum required number of agents without dropping calls. 

Each contact center evaluates performance according to its own standards.  

To support further analysis and description of a mathematical model for network-based contact 

center management, we identify key performance indicators (KPIs) for operator efficiency. The 

primary metrics for assessing contact center performance include: 

– Average Speed of Answer (ASA): measures the average time a customer waits before being 

connected; 

– Abandon Rate (AR): the percentage of calls terminated by callers while waiting; 

– Service Level (SL): the percentage of calls answered within a predefined time frame (typical-

ly not exceeding 3–4 %). 

The center is structured so that 80 % of calls are connected within 20 seconds. In cases where 

an IVR system is deployed, this waiting period may extend to up to 2 minutes. 

From a technical perspective, a typical contact center is a software-hardware integrated com-

plex [2, 3]. The equipment handles inbound and outbound calls, records conversations, logs voice 

traffic, automatically recognizes caller IDs, and populates customer databases. These services are 

executed on servers running specialized software, often integrated with a CRM system in modern 

deployments. In a call center, integration with CRM (Customer Relationship Management) software 

empowers agents to manage customer data efficiently and automate workflows (fig.1). A CRM-

enabled call center offers numerous advantages, including real-time access to client profiles, work-

flow automation, better analytics, omnichannel support, enhanced collaboration [4]. 
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Fig. 1. Call center CRM features 
 

Contact center servers host applications that support extended features. A cloud-based contact 

center structure consists of the following four components: 

– Infrastructure as a Service (IaaS); 

– Platform as a Service (PaaS); 

– Software as a Service (SaaS); 

– Application Integration (enterprise applications). 

Traditional contact centers perform three core functions: data exchange, call distribution, and 

business application management. These are unified within a single operational environment. The 

CRM system is a pivotal component – it maintains statistical records, manages customer contact 

logs, and supports customer relationship management. 

Statistical parameters affecting contact center performance are aggregated within the Call 

Management System (CMS), including: 

– call type; 

– number of calls within a defined time period; 

– average queue length; 

– average call duration; 

– ratio of clients served by IVR versus live agents; 

– time during which all lines were busy; 

– average operator occupancy time; 

– average number of operators active over a time period; 

– average time; 
– average duration between the end of one call and the start of the next. 
Reports based on these statistics are generated at various points across the contact center mod-

el. Different vendors provide varying sets of reports, but these levels are common to most systems. 
Typically, the entry point to a contact center is a virtual extension number of the switchboard, not 
physically tied to specific hardware. It can be accessed via any method designated for internal ex-
tensions. Reporting includes agent performance, agent group efficiency, and queue statistics at the 
system entry points and trunk lines. 

Contact center of operational management mathematical model 

One of the core tasks in operating a contact center within a large infocommunications company 
is establishing a system for real-time resource distribution control, optimal use of network equip-
ment, and efficient coordination between agents and support staff.  

CRM platforms are vital. Their wide functionality allows the center to: 
– keeping records of customer interactions;   
– maintain interaction histories;  
– generate reports swiftly.  
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This feature set gives CRM systems a competitive advantage [5]. While CRM solutions focus 

on customer relationship processes, ERP systems support the internal organizational structure. To-

gether, they form a synergistic automation system.  

A contact center consists of subsystems or functional blocks, which can later be supplemented 

with new components. The system consolidates all customer interactions, enables selection of opti-

mal request handling algorithms, often relies on complex logic circuits, requiring significant devel-

opment of programmer effort even to create the simplest scenarios a call center workflow. 

To improve data transmission efficiency and terminal management, it is proposed to augment 

the CRM components with new functionalities aimed at solving tasks such as: 

– collecting data on the functioning of operators' terminal, customer profiles, and operator pro-

files;   

– remote resolution of emerging tasks to reduce customer servicing requests times due to the 

current significant increase in request volume; 

– collecting data on the functioning of operators' terminal, customer profiles, and operator pro-

files;  

– remote resolution of tasks, especially under high request volumes;   

– centralized updates from the server, considering multiple contextual parameters;   

– real-time transmission of terminal parameters for bandwidth optimization and call center 

channels overload prevention. 

Operator terminal management involves their rapid, centralized, remote connection to update 

real-time agent occupancy data based on call profiles. A vital tool for system monitoring and opera-

tional diagnostics is the collection of statistical data and the implementation of user feedback mech-

anisms. 

Different contact centers evaluate their performance based on the specific criteria relevant to 

their operational context. Nevertheless, during peak hours, performance typically degrades, and 

maintaining adequate service levels becomes a key performance metric. Incoming call traffic is un-

even throughout the day, leading to peak load periods and, consequently, critical agent shortages – 

an issue common across various centers. 

Overloads in a contact center result in queue length increases and call losses during processing. 

Therefore, it is essential to manage contact center operations proactively to prevent service degrada-

tion. Each operator group may face queues of several hundred calls, but such queue lengths should 

never lead to excessive customer waiting times. Call redistribution among operators is often han-

dled manually, which contributes to queue delays. A more effective approach is a self-adjusting sys-

tem that dynamically selects the optimal call redistribution algorithm based on total service time es-

timation. 

Let us consider a mathematical model for managing a call center network that includes opera-

tor terminals and agent groups. During peak load conditions, the management system receives real-

time information and compares the workload of multiple agents or operator groups based on this pa-

rameter. It then routes the call to the one with the shortest handling time. It is important to examine 

the service level, maximum response delays, and the call profile. The key principle of queue organi-

zation: maximize the number of processed calls with minimal staff engagement – without compro-

mising service quality or overloading personnel.  

In the model, call processing points are grouped into separate states and positioned at designat-

ed locations within the center’s hardware-software infrastructure.   

The key factors to be considered in the model include:   

– the number of operators involved in handling calls during the given time period;   

– the volume of statistical data received from the source;   

– the intensity of incoming data, which are treated as random variables.   

Waiting time can be determined both at the level of each individual call and at the level of a 

segmented operator group. 
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To characterize the quality of service, the system’s performance indicators include: 

– the average number of requests in the system;   

– the average number of requests in the queue;   

– the average time a request spends on the system;   

– the average waiting time before service begins.   

To describe the operation of the service system, it is necessary to consider: 

– the average number of devices or channels occupied by request processing;   

– the utilization factor of servicing devices;   

– the idle time factor of servicing devices.   

Let there be m operator devices in the network, each associated with a set of parameters B de-

fining call profiles. All devices are grouped into K operator groups. 

We define: 

– the assignment of parameter i to a block, where i = 1,...,k;  

– the assignment of parameter j to a device, where j = 1,...,m.  

The resulting call profile state vector and operator profiles are transmitted to a central server. 

The polling cycle time for each parameter of the j-th reference terminal equipment (TE) depends on 

the number of parameters involved. When the sever interacts with either a single j-th device or all m 

devices, and data flows randomly between them.   

A mathematical model is used to describe such a hypothetical data stream. To describe a net-

work model with such properties is a stochastic Bernoulli flow [6]. Collection of information about 

the parameters of control objects carried out for m control objects (CO). Matrix 𝐵 = [𝑛𝑥𝑚] charac-

terizes the values of all measured parameters of all control objects, i.e. for all agents, including 

agent profile, call profile. Each parameter bij=mjxni, the number ni-number of parameters in the i-th 

CO of the operator's workplace n, the number mj - number of parameters in the m-th CO operator's 

workplace information collection systems for the control node of the network monitoring system. 

Each i-th control object is characterized by a set of Bi={bij} parameters, each element of which 

is a random variable. The distribution function of each parameter bij, known. The information col-

lection system (ICS) polls each i-th object cyclically. Each request is processed in a random pro-

cessing time to(i) measurement time of one object parameters, transferred to the MS and evaluated. 

Each request has a really fixed volume and connects resources for a certain time equal to the aver-

age value of the busy request. The data received on demand is transmitted over the network at a cer-

tain time, which consists of 2 parts, namely, the time for transmitting a constant value for this pro-

cess and the time for transmitting changed data. In the general case, the delay of messages in the 

network [7] is  

𝑇𝑖 =  𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔  +  𝑇𝑓𝑜𝑟𝑤𝑎𝑟𝑑𝑖𝑛𝑔 +  𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔                                       (1) 

Then the characteristic of the delay time of messages in the network is the sum of the time of 

transmission of the message through the channels of the network Tt, the processing time in the 

switching nodes Tp and the waiting time in the queue Tq (fig. 2). 

The time for which this data is processed consists of the processing time of constant and 

changed parameter values. Then the total random time for obtaining the value of the bij parameter 

from the moment the request received is 

𝑡𝑝а𝑟(𝑖, 𝑗) = 𝑡𝑜(𝑖) + 𝑡𝑡𝑟(𝑖, 𝑗) + 𝑡𝑝𝑟(𝑖, 𝑗),                                               (2) 

where to(i) – request time; ttr(i,j) – request transmission time  tpr(i,j) – request processing time.       

The average value and variance of the time to obtain the value of the parameter bij can be  

determined as follows: 

𝑀(𝑡𝑟) = 𝑀(𝑡𝑜) + 𝑀(𝑡𝑡𝑟) + 𝑀(𝑡𝑝𝑟) ,                                             (3) 

(𝑡𝑟) = 𝐷(𝑡𝑜) + 𝐷(𝑡𝑡𝑟) + 𝐷(𝑡𝑝𝑟) .                                               (4) 
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Messages from each i-th device of the operator arrive at random time with the distribution 

function [8]: 

𝐴ij(𝑏ij)  = 𝐹{bij≤ 𝑡}                                                           (5) 

 
Fig. 2. Flowchart of proposed mathematical model operational control 

 

For the parameters bij of the control objects, the exponential distribution function is characteris-

tic  𝐴ij(𝑏ij)= 1 − 𝑒𝑥𝑝(−𝑞𝑡). Probability of obtaining a parameter during the poll 

𝑃(𝑏ij)= 1 − 𝑒𝑥𝑝[𝑡𝑜(𝑖) + 𝑡1 + 𝑡2] .                                                    (6) 

In the model under consideration, a random data stream comes from the server of the control 

node to all m devices of the call center. For a mathematical description of the data flow in the call 

center network configuration using the description of the stochastic Bernoulli flow, the probability 

of receipt in the time interval ∆t of the number of responses y to send requests will be: 

𝑃y(𝑡𝑑) = 𝐶𝐵
𝑦

𝐾𝑦 ( 1 − 𝐾)𝐵−𝑦,                                                                                     (7) 

where 𝐶𝐵
𝑦

   – the number of combinations from the number of answers received according to the  

total number of parameters B: 𝐶𝐵
𝑦

 = 𝐵! /(𝑦! (𝐵 − 𝑦)) [9].                                                           

Equipment utilization factor K= tco / td , time tco - time during which the equipment was uti-

lized for processing requests, and time td – the total time during which the equipment was available 

for operation (the duration of the device's operational cycle within the network). The model is a 

queuing system and all incoming responses that are not processed by the server are buffered [9]. 

Using the intensity of responses from devices in the network, we determine the average data pro-

cessing time in the queuing system for the network, i.e. average processing time for device parame-

ters of m control objects (CO): 

𝑟𝑝𝑟(𝑖) = 𝑛 ∙ 𝑡𝑜 + 𝛴𝑖=1
 𝑛 [𝑡1(𝑖) + 𝑡2(𝑖)]                                                   (8) 

The total time to receive the value of all parameters bij for m=1,…,j and n =1,…,i or the time to 

receive a response 

   𝑡𝑟 = (𝑡 ∙  𝑟𝑝𝑟/𝐾) 𝛴𝑗=1
𝐵 [𝑗 ∙ 𝐶𝐵

𝑦
∙ 𝐾𝑦 (1 − 𝐾)𝐵−𝑦]                                            (9) 

Average load on the host server for one polling cycle 

𝐿𝑎𝑣𝑟 =  𝛴𝑗=1
𝐵  𝑃j(𝑡𝑑) ∙j                                                               (10) 
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Knowing the network performance parameters, it is possible to determine the time for generat-

ing a general server response based on the results of polling all support of devices. 

𝐾𝑦(1 − 𝐾)𝐵−𝑦 = 𝑇 ∙ 𝑡𝑜𝑏 /𝛴𝑗=1
𝐵 𝑗 ∙ 𝐶𝐵

𝑦
                                                                             (11) 

where tob – the time it takes to process the response; T – total time observation TE. 

To verify the performance of the proposed model and visually demonstrate how total service 

time is formed during each polling cycle, we present a computational example for two matrices B, 

depending on the equipment utilization coefficient K, for a call center network with ten operators 

(fig. 3). 

 

 
Fig. 3. The total time for obtaining the value of controlled parameters for the control model,  

depending on the equipment utilization factor 

 

From the figure, it is evident that the total time required to retrieve the values of monitored pa-

rameters in the control model increases uniformly as the equipment utilization coefficient K grows. 

Starting from approximately 80–85 % network load, the growth in response time becomes noticea-

bly more pronounced. This leads to an increase in queue size and necessitates redistribution of op-

erator workloads. 

Redistributing agent workload in an overloaded call center isn’t merely organizational adjust-

ment – it’s a systems-level engineering solution and implementation approaches include: 

– redirecting incoming calls to less-loaded agent groups or shifts based on real-time traffic and 

resource availability. 

– reassigning calls on the fly to agents with shorter projected response times. 

– shifting agents between tasks (inbound/outbound) or increasing active headcount during peak 

intervals, using traffic statistics like TD (Traffic Density) and Lavr (Average Waiting Time). 

– rerouting calls to backup agents or voice bots when wait time or queue depth exceeds prede-

fined thresholds. 

– allocating resources ahead of time using proposed forecast models, based on expected system 

load K(t). 

Conclusions 

A contact center is a composite of subsystems that can be configured into a desired operational 

model. The system is designed to be supplemented with new functions or components based on  

statistical analysis, the performance of the call redistribution control system, and queue manage-

ment models. Effective queue length control is achieved through strategic resource planning and the 

implementation of efficient call handling algorithms, especially under overload conditions. 
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The call center operator (or group of operators) represents the most resource-intensive element, 

which makes reducing call handling time via load balancing – through the control system – a criti-

cally important task within the model. To obtain the full set of controllable parameters, terminal 

equipment (TE) at the operator's workstation is used. From the moment a call is received, the man-

agement system collects the maximum amount of relevant data and interfaces with all connected 

information systems. This enables real-time operator workload monitoring and responsive correc-

tive actions. Predictive load balancing use response prediction models and expected load to allocate 

capacity before overload uses curs. 

By incorporating models and tical model for calculating the core probabilistic-temporal per-

formance metrics – supplemented by numerical examples – the proposed framework can extend the 

functionality of the call processing module (CPM) without complex configurations. Ultimately, this 

leads to the development of a key performance indicator (KPI) system for the contact center. 
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