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Abstract 

The features of implementation of simulation models based on table processors such as Microsoft Excel, 

which have a built-in formula processor, are considered. The interaction of model elements is sometimes limited 

to the use of circular references between cells of tables. In addition, it is often necessary to ensure efficient organ-

ization of model time and binding of model elements to it. This paper presents the implementation of a simulation 

system based on the table processor of the "Objective Grid" library from Roque Wave and the organization of 

adaptive management of virtual model time. 
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The so-called "spreadsheets" were an integral part 

of the software even at the stage of formation of the 

personal computer market. PC users appreciated the 

convenience of using them in the case of multi-level re-

lated calculations-planning, financial reports, account-

ing, statistics, etc. Many people remember "Super-

Calc", "VisiCalc" domestic products of the company 

"Lexicon". Table processors were continuously im-

proved, and it became possible to use a variety of math-

ematical, logical, and other functions. With the devel-

opment of the PC, the ability to visualize data was im-

plemented. Probably the most popular program of this 

type is Microsoft Excel. This application is able to 

solve a wide range of tasks, including research. There 

are special add-ons that implement additional features. 

Recently, the simulation tool has been widely used in 

the field of theoretical and applied scientific research. 

Modern simulation systems, such as "AnyLogic" using 

visual modeling tools, however, require special training 

for users. At the same time, the popularity of table pro-

cessors, including Microsoft Excel, is constantly grow-

ing. Therefore, it would be convenient to use a table 

processor as a means of creating and operating simula-

tion models. The capabilities of Excel in this case are 

represented by iterative calculations limited to the max-

imum number of iterations and the specified accuracy. 

Thus, Excel allows you to organize the simplest method 

of statistical Monte Carlo modeling, which in many 

cases is not enough to solve research and other prob-

lems using simulation modeling. Therefore, the author 

[6] proposed a system that combines the advantages of 

the Microsoft Excel interface and has the ability to de-

velop fairly complex simulation models. 

 Microsoft Visual Studio and the C++program-

ming language were used as the platform for imple-

menting the project. The object-oriented platform made 

it possible to implement all the tasks set, among them 

the following should be highlighted: 

1. unified interface for table processor worksheets, 

regardless of their purpose; 

2. linking the simulation model components to the 

model time; 

3. ability to implement table functions; 

4. flexible configuration of model time manage-

ment, including during the model run; 

5. possibility of simultaneous operation of several 

simulation models, as well as users working with tables 

during the model run; 

6. creating a visual representation of the modeling 

process; 

7. save parameters of simulation models and data 

required for their operation in a single file. 

The first task is easily implemented using the class 

inheritance mechanism in C++. For example, the 

CImitView workbook sheets designed for simulation 

are based on the CGridView view class, and they in-

herit all its properties, such as design styles, access to 

the formula processor, which means they have all the 

functionality of the latter, expanding it with their own 

specialized functions. The same feature of the object-

oriented programming language helped solve the sec-

ond and third problems. Simulation model components 

that implement table functions or are associated with 

model time are descendants of the CGridCtrl class. in 

other words, they are cells of the table processor work-

sheet with advanced functions and a standard interface. 
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All additional functions related to modeling in these 

cells are encoded and stored in their CProperties prop-

erties. 

Usually, when playing a simulation of system dy-

namics models is of great importance to the manage-

ment of a virtual model time. A variable modeling step 

is often used [1, 2, 8, 9, 10]. In most such programs, the 

modeling step is determined by the ODE45 method 

(based on the Runge-Kutta method), for example [9]. 

This approach, however, is associated with additional 

computer resources. The program in question uses syn-

chronization of the simulation step in accordance with 

the type of process or system being modeled. 

The model time in the developed system is repre-

sented as an abstract dimensionless integer. the specific 

content of the model time is set during the development 

of the model, it can be time units or any other. During 

simulation using a formula processor, time can be 

scaled in the desired form, as well as converted to a 

fractional number or represented in the DataTime for-

mat used in Microsoft Excel. Model time is managed 

using the dialog panel available in the CImitView type 

sheet (Fig. 1). A dynamic change in the increment step 

of the virtual model time is provided by synchronizing 

the contents of the controller cell that reproduces the 

table function (see figure 1). This approach allows you 

to change the increment step of the model time during 

simulation execution by directly writing the desired 

value to the synchronization cell. In some cases, for ex-

ample, when modeling the properties of cars, such as 

the temperature of the engine coolant and the degree of 

charge of the battery, if we consider the operating cy-

cle, there is a sharply different rate of flow of the stud-

ied processes. When simulating phases of the opera-

tional cycle with monotonous changes in parameters, 

the simulation step in the Stamm program can be equal 

to the duration of the entire phase. 

  
Pic. 1. Model time control panel 

 

The algorithm for reproducing a simulation model 

in a table processor (Fig. 2) can be implemented using 

two methods: start an independent child process 

(Thread) by passing it the sheet that initiated the simu-

lation as a parameter object, or organize a system timer. 

The latter option is preferable because it makes it easier 

to synchronize the model components and other ele-

ments of the workbook, and also guarantees the correct 

operation of the formula processor. By setting a suffi-

ciently small time tick of the timer it is possible to pro-

vide an acceptable playback speed of the model. In any 

case, the simulation flag is set first, and during timer 

processing or in a thread loop, this flag is checked for 

the need to reproduce the model, and this flag is 

checked after changing the state of all model elements 

in order to ensure correct further reproduction. In this 

case, the controller cells of the model receive a message 

about the need to change the state through the system 

queue. in order to speed up the model, the algorithm 

provides for sending a message only if it is really a con-

troller element, checking its properties. All other cells 

that have relationships in the model are processed by 

the table processor. The main algorithm for reproduc-

ing the simulation model blocks its operation while the 

state of the model's controller cells changes, and then 

unlocks it again when the callback function of the 

thread or timer function is completed. 
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Pic. 2. Algorithm for reproducing the model in a table processor 
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The non-intrusive multitasking provided by the 

system when implementing the main simulation algo-

rithm allows you to edit, update properties and styles, 

and draw all cells of the active workbook sheet without 

visible delays, even when several modeling processes 

are running simultaneously. 

The "Stamm" modeling system developed on the 

basis of a table processor (Fig. 3) allows you to keep 

the interface familiar to most users, offering additional 

functionality sufficient for developing fairly complex 

simulation models, for example [3, 4, 6]. 

  
Pic. 3. Algorithm for reproducing the model in a table processor 

 

In this case, by the standard cell styles of sheets in 

the workbook attached all three elements have a partic-

ular style, the first allows you to work with table func-

tions (Fig. 4), the second is to perform calculations of 

the value of the variable in the cell with reference to the 

current state of the model (Fig. 5), and the third one 

simulates a random variable with a given distribution 

law (Fig. 6). 

In version 4.1 of the program, the capabilities of 

cell controllers are expanded. In the table function scan 

controller, the option to write the changed function 

value back to the table has been added. In addition to 

calculating the main function, the model time controller 

now calculates the logical expression and changes the 

variable cells of the table simulation model in accord-

ance with its result. 

  
Pic. 4. The properties of the cell-controller table functions 
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Pic. 5. The properties of the controller cell with reference to the model state 

 

  
Pic. 6. The properties of the controller cell with reference to the model state 

Moreover, the second type of controller, along 

with performing calculations in the simulation model, 

allows you to output the values of cell variables after a 

specified period of time to a user-assigned workbook 

sheet, which allows you to visually control changes in 

the parameters of simulated processes over time. for 

this purpose, a special type of CGraphView sheet is 

used in the workbook (Fig. 7). 

 
Pic. 7. Visual representation of processes in Stamm 4.1 

 

The following figure shows a dynamic change in 

the virtual model time during a simulation experiment 

on a table-type Stamm model. The data shown in figure 

8 is part of the model of the operating phase of the ve-

hicle's operating cycle, which corresponds to modeling 

the process of fuel consumption when driving a car in 

urban conditions with the engine fully warmed up. 
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Pic. 8. Visual representation of processes in Stamm 4.1 
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