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INFORMATION TECHNOLOGY FOR THE SCHEDULE GENERATION BASED ON 

THE ALGEBRA OF ADDITIVE-DISJUNCTIVE FORMS AND THE MODIFIED 

METHOD OF PERMANENT DECOMPOSITION 
 
To improve the information technology of drawing up class schedules, there is a need to develop methods that allow 

significantly reduce the number of combinatorial objects in the process of algorithms for generating schedules matrices. For example, 
the result of applying the method of permanent decomposition is a collection of combinatorial objects - permutations, combinations, 
and placements. For the task of drawing up lesson schedules in the part of forming timetable matrices, the method provides a 
memory-recorded set of all possible systems of various representatives of sets, which are the columns of the timetable matrices 
(SRPS). Since the algorithm of permanent decomposition gives all possible SRPS, it creates the problem of forming the final schedule 
based on SRPS or all possible variants of schedules and requires the development of special algorithms. Certain known approaches 
to solving such a problem are associated with significant computational complexity in the general case. This also applies to the 
approach based on the order relation of the set of decomposition matrices. 

The basis of the information technology proposed in the work is the further modification of the incidence matrices and, 
accordingly, such a modification of the permanent decomposition method, which allows generating ready versions of the schedule 
matrices at the output. This is achieved due to the introduction of a special algebra of additive-disjunctive forms and, accordingly, 
the possibility of generating such forms in the process of permanent decomposition. In fact, in this context, ADF is a formal 
representation of a ready-made version of an admissible schedule that satisfies some additional requirements. 

Keywords: information technology, additive-disjunctive form, permanent, decomposition.  
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ІНФОРМАЦІЙНА ТЕХНОЛОГІЯ СКЛАДАННЯ РОЗКЛАДУ НА ОСНОВІ 

АЛГЕБРИ АДДИТИВНО-ДИЗ’ЮНКТИВНИХ ФОРМ ТА МОДИФІКОВАНОГО 

МЕТОДУ ПЕРАМНЕНТНОЇ ДЕКОМПОЗИЦІЇ 
 

З метою вдосконалення інформаційних технологій складання розкладів занять виникає необхідність у розробці 
методів, що дозволяють суттєво скоротити кількість комбінаторних об’єктів в процесі роботи алгоритмів генерації матриць 
розкладів. Наприклад, результатом застосування методу перманентної декомпозиції є сукупність комбінаторних об’єктів – 
перестановок, комбінацій, розміщень. Для задачі складання розкладів занять в частині формування матриць розкладів метод 
дає записану в пам’ять сукупність усіх можливих систем різних представників множин, що являють собою стовпчики матриць 
розкладів (СРПС). Оскільки алгоритм перманентної декомпозиції дає всі можливі СРПС, то це породжує проблему формування 
остаточного розкладу на основі СРПС чи усіх можливих варіантів розкладів та вимагає розробки спеціальних  алгоритмів. 
Окремі відомі підходи до розв’язання такої задачі  пов’язані з значною обчислювальною складністю в загальному випадку. Це 
стосується і підходу на основі відношення порядку на множині матриць розкладу. 

В основі інформаційної технології, що пропонується в роботі, покладена подальша модифікація матриць 
інцидентності та, відповідно, така  модифікація методу перманентної декомпозиції, яка дозволяє на виході генерувати готові 
варіанти матриць розкладів. Це досягається за рахунок введення спеціальної алгебри аддидитво-диз’юнктивних форм та 
відповідно, можливість генерації таких форм в процесі перманентної декомпозиції. По суті, в такому контексті АДФ є фактично 
формальним представленням готового варіанту допустимого розкладу, який задовольняє низку додаткових вимог. 

Розроблена інформаційна технологыя вирішення задач календарного планування, зокрема задачі формування 
розкладів, є цілісною системою, що поєднує деякі підходи, зокрема конфігураційний підхід до аналізу вхідних даних та 
алгоритмів формування вихідних допустимих матриць розкладів, застосування алгоритмів перманентної декомпозиції, 
лексикографічний підхід на основі відповідних порядкових відношень, алгебру адитивно-диз'юнктивних форм. 

Ключові слова: інформаційна технологія, аддитивно-диз'юнктивна форма, перманент, декомпозиція. 

 

Introduction 

A significant amount of most recent research has focused on the tasks of scheduling. There are numerous 

excellent resources available in the cloud. The cost of performing tasks in the cloud depends on what resources are 

used. Cloud planning is different from traditional planning. In the environment of cloud computing, the task of 

scheduling is the biggest and most difficult issue. The task scheduling problem is the NP-complete problem. Many 

heuristics have introduced scheduling algorithms, but more improvements are needed to make the system faster and 

more responsive. [1] 

Although a significant number of algorithms have been developed to generate various combinatorial objects, 

such as permutations, permutations with repetitions of different types, and systems of subsets of some sets of elements 

[2-4, 5-12], new approaches and algorithms are still emerging. 
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Given the novelty of the combination of permanent and decomposition solutions within the calendar 

calculation - it is difficult to rely on similar literature. 

Many different task scheduling problems such as assignment, job-shop, flow-shop, vehicle routing, and other 

scheduling problems have been studied intensively. The studied grid task scheduling problem in this work comes from 

the task-resource assignment problem [13] which is much more complicated than the above-stated classic task 

scheduling problems. Restated, a grid application is a task scheduling problem involving partially ordered tasks and 

distributed heterogeneous resources, and can be represented by a directed acyclic graph (DAG) [14–17]. The 

scheduling target is to find optimal task-resource assignment and hence minimize application completion time. Most 

scheduling problems are confirmed to be NP-complete. Thus, many researchers have devoted their efforts to solving 

task scheduling problems. The exact algorithm such as branch-and-bound method is able to find the optima of the 

scheduling problem. However, the execution time required is impractical as the number of tasks and resources 

increases. Hence, many different schemes have been presented for solving scheduling problems. Chen et al. [18] 

combined a competitive scheme with slack neurons into Hopfield neural networks to solve multiprocessor real-time 

job scheduling problems. Sandnes [19] presented a stochastic approach of employing randomization in the scheduling 

of tasks in multiobjective scheduling problems. An artificial immune-system based scheme was proposed to solve the 

dynamic economic dispatch problem of generating units [20]. Comparatively, several metaheuristics such as genetic 

algorithm (GA), simulated annealing algorithm (SA), tabu search (TS), ant colony optimization (ACO), and the 

particle swarm optimization have been effectively proposed for solving these difficult problems. Oh and Wu [21] 

presented a multiobjective genetic algorithm, which aims to minimize the number of processors required and the total 

tardiness of tasks. Liu and Wang [22] solved the resource-constrained project scheduling problem of minimizing 

activities’ cost based on GA. And a thermal generating unit’s commitment scheduling problem was studied by a 

modified GA [23]. Tabu search is an approach to prevent the search from trapping into the local minimum, and it has 

been applied to solving a single machine scheduling problem with distinct due windows to minimize total weighted 

earliness and tardiness [27] as well as job-shop scheduling [28].  

A detailed overview of the combinatorial algorithms can be given by Knuth [3], and Ruskey [4] which 

considers the concept of combinatorial generation and distinguishes the following tasks: listing–generating elements 

of a given combinatorial set sequentially, ranking – numbering elements of a given combinatorial set, unranking - 

generating elements of a given combinatorial set per their ranks and random selection– generating elements of a given 

combinatorial set in random order. 

General methods for developing combinatorial generation algorithms were studied by such researchers as S. 

Bacchelli [1], V.V. Kruchinin [5, 6], P. Flajolet [7] and others. It is a well-known algorithm for permutation generation 

[39], such as Bottom-Up, Lexicography, Johnson-Trotter [40], PIndex [41], and Inversion [42]. 

 

Additive-disjunction forms and permanent decomposition method 

Suppose we have n elements (𝑎1, 𝑎2, . . . , 𝑎𝑚),  that can be part of m sets (𝑊1,𝑊2, . . . ,𝑊𝑚), and the occurrence 

of the same element several times is allowed. Information about which elements are included in the corresponding 

sets will be given in the form of an incidence matrix of the form: 

(

 
 

 𝑎1 𝑎2 . . . 𝑎𝑛
𝑊1 𝑛11 𝑛12 . . . 𝑛1𝑛
𝑊2 𝑛21 𝑛22 . . . 𝑛2𝑛
. . . . . . . . . . . . . . .
𝑊𝑚 𝑛𝑚1 𝑛𝑚2 . . . 𝑛𝑚𝑛)

 
 

     (1) 

The elements (𝑎1, 𝑎2, . . . , 𝑎𝑚) will be called identifiers of the columns of the incidence matrix. The system 

of different representatives (SDR) will be called a vector of the form: 

(𝑣1, 𝑣2, . . . , 𝑣𝑚),𝑣𝑖 ∈ 𝑊𝑖 , 𝑖 = 1,𝑚, 𝑣𝑖 ≠ 𝑣𝑗 , 𝑖 ≠ 𝑗. 

We divide identifier elements into the regular and “stream”. If the element 𝑎𝑖 is “stream”, then it must be 

simultaneously written in all positions of the sample vector, where the correspondent incidence matrix column 

contains non-zero elements. An arbitrary vector of samples (or a matrix, the rows of which are samples) will be called 

a schedule. 

The schedule  

((𝑣11, 𝑣12, . . . , 𝑣1𝑚), (𝑣21, 𝑣22, . . . , 𝑣2𝑚), . . . , (𝑣𝑘1, 𝑣𝑘2, . . . , 𝑣𝑘𝑚)) 
 will be considered correct under the conditions: 

1.∀𝑗 ∈ {1,2, . . . , 𝑚}: {𝑣1𝑗 ⋃𝑣2𝑗 ⋃. . . ⋃ 𝑣𝑘𝑗} = {𝑛𝑗1 ∗ 𝑎1⋃𝑛𝑗2 ∗ 𝑎2⋃. . . ⋃ 𝑛𝑗𝑛 ∗ 𝑎𝑛}, 

𝑙 ∗ 𝑎 = {𝑎1, 𝑎2, . . . , 𝑎𝑙}, 𝑎𝑖 = 𝑎, 𝑖 = 1, 𝑙. 
2. ∀𝑖 ∈ {1,2, . . . , 𝑘}: 𝑣𝑖𝑗 ≠ 𝑣𝑖𝑟 , 𝑗 ≠ 𝑟.,elements 𝑣𝑖𝑗 , 𝑣𝑖𝑟 , are non-stream. 

Obviously, in the case when each element is included in each set only once and all elements are non-stream, 

the matrix of incidence is  
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(

 
 

 𝑎1 𝑎2 . . . 𝑎𝑛
𝑊1 1 1 . . . 1
𝑊2 1 1 . . . 1
. . . . . . . . . . . . . . .
𝑊𝑛 1 1 . . . 1 )

 
 

 (2) 

Then one of the variants of the correct schedule can be written in the form: 

(

 
 

𝑎1 𝑎2 𝑎3 . . . 𝑎𝑛
𝑎2 𝑎3 𝑎4 . . . 𝑎1
𝑎3 𝑎4 𝑎5 . . . 𝑎2
. . . . . . . . . . . . . . .
𝑎𝑛 𝑎1 𝑎2 . . . 𝑎𝑛−1)

 
 

. (3) 

The rows of the schedule matrix consist of n permutations of the corresponding elements.  

Let us have an arbitrary matrix of the daily timetable, dimension mx n. Consider the columns of the schedule 

matrix  (R1, R2, … Rn). As already discussed above, the modified incidence matrix in the presence of flows was 

constructed as follows. Teachers' numbers are displayed horizontally, and groups in which classes are held vertically. 

Each teacher is assigned a column of the matrix in which zeros and ones are recorded depending on whether the 

teacher has pairs in the corresponding groups. Moreover, if a teacher has a current pair, then we allocate a separate 

column of the incidence matrix to him, marking it (you can use an index, which is the number of flow elements). Thus, 

a matrix of the form is:  

A=

        x1 x2     …   xn
R1
R2
…
R m

(

a11 a12 … a1n
a21
…

a22
…

am1 am2

…
a2n
…

… amn

),     (4) 

where αij = {
1,   𝑤ℎ𝑒𝑛 xi ∈ Rj,

0 in another case.
. 

Note that such an incidence matrix does not provide comprehensive information for building a schedule. 

After all, in the case when the teacher has several pairs in the same group or several similar current pairs, the matrix 

will still be 1. Therefore, we will consider a modification of the incidence matrix containing information about the 

number of pairs. For this, instead of 1, we indicate the corresponding number. Therefore 

αij = {
𝑘𝑖 ,   when xi ∈ Rj, 𝑘𝑖 − numbers of the lessons 

else 0.
 

Let’s, for example, have a timetable matrix of the form: 

R = (
a a a
b c a
a c d

)      (5) 

where a,b,c,d-teachers identifiers. It is necessary to build all possible variants of correct SDR.  

Construct the incidence matrix : 

(

 a an b c d
R1 1 1 1 0 0
R2 0 1 0 2 0
R3 1 1 0 0 1

)     (6) 

Let's construct the scheduling process of the modified permanent with "memorization" [1] according to the 

first line: 

𝑝𝑒𝑟mod

 
1
2
3

(

𝑎 𝑎п 𝑏 𝑐 𝑑
1 1 1 0 0
0 1 0 2 0
1 1 0 0 1

)=11
𝑎 ∗ 𝑝𝑒𝑟mod

 
2
3
(
𝑏 𝑐 𝑑
0 2 0
0 0 1

)+11
𝑎𝑝 ∗ 1+11

𝑏 ∗ 𝑝𝑒𝑟mod

 
2
3
(
𝑎 𝑐 𝑑
0 2 0
1 0 1

)=11
𝑎 ∗

(22
𝑐𝑝𝑒𝑟mod

 
3 (
𝑏
0
𝑑
1
)) +11

𝑎п ∗ 1+11
𝑏 ∗ (22

𝑐𝑝𝑒𝑟mod
 
3 (
𝑎
1
𝑑
1
)) =11

𝑎22
𝑐13
𝑑 + 11

𝑎п + 11
𝑏22
𝑐13
𝑎 + 11

𝑏22
𝑐13
𝑑. 

We get all possible variants of correct SDR: acd, aaa, bca, bcd. 

Let's consider in more detail the procedure for scheduling a permanent. Note that a non-zero element in the 

row of the matrix in the first step means the mandatory presence of the corresponding component in the schedule. In 

the process of calculating the permanent, we simply use the addition operation +. However, from the point of view of 

the construction of the schedule, the logic of the addition operation here is completely different, it denotes a 

"disjunction", the possibility of choosing one of the options of the SRPS. If an element is multiplied, the value of 

which is greater than 1, then a situation of inclusion of several components is possible. For example in an expression 

22
𝑐𝑝𝑒𝑟mod

 
3 (
𝑎
1
𝑏
1
) = 22

𝑐 ∗ 13
𝑎 + 22

𝑐 ∗ 13
𝑏 addition means the obligatory inclusion of both components, since element 3 

is included twice, the element of the incidence matrix is equal to 2. At the same time, in the expression 

12
𝑐𝑝𝑒𝑟mod

 
3 (
𝑎
1
𝑏
1
) = 12

𝑐 ∗ 13
𝑎 + 12

𝑐 ∗ 13
𝑏  adding means choosing one of two options, since element 3 is used only 1 

time. We will mark the selection operation with an icon. In addition, when using the mandatory inclusion of the 



INTERNATIONAL SCIENTIFIC JOURNAL  ISSN 2710-0766 

«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES» 

МІЖНАРОДНИЙ НАУКОВИЙ ЖУРНАЛ  

«КОМП’ЮТЕРНІ СИСТЕМИ ТА ІНФОРМАЦІЙНІ ТЕХНОЛОГІЇ», 2022, № 4 
109 

corresponding element of the column to which the non-zero element of the incidence matrix corresponds, we will 

reduce the value of the element of the incidence matrix by 1. thus, the expressions in the calculation of the permanent 

can be interpreted not as ordinary sums, but as special operations applied to systems of different representatives or 

their fragments. In this case, we will no longer have the numerical value of the algebraic constant, but we will get all 

possible variants of timetables. 

Lets consider examples; 

12
𝑑𝑝𝑒𝑟mod

 
3 (
𝑎
1
b c
1 1
) = 12

𝑑 ∗ 13
𝑎 + 12

𝑑 ∗ 13
𝑏 + 12

𝑑 ∗ 13
𝑐 = 𝐴𝐷𝐹 = 12

𝑑 ∗ 13
𝑎 ∨ 12

𝑑 ∗ 13
𝑏 ∨ 12

𝑑 ∗ 13
𝑐  

22
𝑑𝑝𝑒𝑟mod

 
3 (
𝑎
1
b c
1 1
) = 22

𝑑 ∗ 13
𝑎 + 22

𝑑 ∗ 13
𝑏 + 22

𝑑 ∗ 13
𝑐 = 𝐴𝐷𝐹 =

= (12
𝑑 ∗ 13

𝑎 + 12
𝑑 ∗ 13

𝑏) ∨ (12
𝑑 ∗ 13

𝑎 + 12
𝑑 ∗ 13

𝑐) ∨ (12
𝑑 ∗ 13

𝑏 + 12
𝑑 ∗ 13

𝑐) 
Last example demonstrates an important property: in the case when the value of the multiplier element is 

less than the number of non-zero elements of the expansion line, we haveС𝑛
𝑘variants of interpretation of the initial 

amount in the form of ADF.  

 Thus, ADF is an expression that includes two operations: + mandatory inclusion and binary selection. 

It is easy to determine the properties of the algebra of additive-disjunctive forms: 

The following properties are obvious: 

1. 𝐴 ∨ 𝐴 = 𝐴 

2. 𝐴 ∨ 𝐵 = 𝐵 ∨ 𝐴 

3.    𝐴 + 𝐵 = 𝐵 + 𝐴 

4. 𝐴 + 𝐴 = {𝐴, 𝐴} 

5. 𝐴 + 𝐵 ∨ 𝐶 = 𝐴 + (𝐵 ∨ 𝐶) 

6. 𝐴 + 𝐵 ∨ 𝐶 = (𝐴 + 𝐵) ∨ (𝐴 + 𝐶) 

Using these properties, it is possible to convert to multiple systems of various representative configurations: 

𝑎 + 𝑏 ∨ 𝑐 + 𝑑 ∨ 𝑒 = (𝑎 + 𝑏) ∨ (𝑎 + 𝑐) + 𝑑 ∨ 𝑒 = (𝑎 + 𝑏 + 𝑑 ∨ 𝑒) ∨ (𝑎 + 𝑐 + 𝑑 ∨ 𝑒)

= (𝑎 + 𝑏 + 𝑑) ∨ (𝑎 + 𝑏 + 𝑒) ∨ (𝑎 + 𝑐 + 𝑑) ∨ (𝑎 + 𝑐 + 𝑒). 

Now consider the previous example from the point of view of ADF. We can modify the permanent schedule 

procedure to obtain the correct ADF. To do this, at each iteration of the decomposition of the permanent, we will 

analyze the occurrence of the same elements in all components of the mandatory inclusion. The condition must be 

fulfilled - the total number of occurrences of the element in the mandatory inclusion block must be equal to its index. 

If it turns out that this condition is violated, then the mandatory inclusion block will be considered incorrect and must 

be removed. We have: 

𝑝𝑒𝑟mod

 
1
2
3

(

𝑎 𝑎п 𝑏 𝑐 𝑑
1 1 1 0 0
0 1 0 2 0
1 1 0 0 1

)=11
𝑎 ∗ 𝑝𝑒𝑟mod

 
2
3
(
𝑏 𝑐 𝑑
0 2 0
0 0 1

)+11
𝑎𝑝 ∗ 1+11

𝑏 ∗ 𝑝𝑒𝑟mod

 
2
3
(
𝑎 𝑐 𝑑
0 2 0
1 0 1

)=11
𝑎 ∗

(22
𝑐𝑝𝑒𝑟mod

 
3 (
𝑏
0
𝑑
1
)) +11

𝑎п ∗ 1+11
𝑏 ∗ (22

𝑐𝑝𝑒𝑟mod
 
3 (
𝑎
1
𝑑
1
)) = 

=ADF=11
𝑎 ∗ (12

𝑐𝑝𝑒𝑟mod
 
3 (
𝑏
0
𝑑
1
)) +11

𝑎п ∗ 1+11
𝑏 ∗ (12

𝑐𝑝𝑒𝑟mod
 
3 (
𝑎
1
𝑑
1
)) =11

𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑎 ∨

11
𝑏12
𝑐13
𝑑 = 

(11
𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑎) ∨ (11

𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑑). 

 

Thus, we get two variants of the timetables: 

(
a c d
a a a
b c a

) and (
a c d
a a a
b c d

).  

Second variant is incorrect because of  13
𝑑 is used twice. 

Taking this into account, we can introduce a procedure for throwing out incorrect situations in mandatory 

inclusion blocks: 

11
𝑎12

𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑎 ∨ 11

𝑏12
𝑐13
𝑑 = 11

𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑎 ∨ 11

𝑏12
𝑐03
𝑑 

(11
𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑎) ∨ (11

𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐03
𝑑) = (11

𝑎12
𝑐13
𝑑 + 11

𝑎п + 11
𝑏12
𝑐13
𝑎. 

 

In this example, in the process of building the ADF, the property is taken into account that if the element of 

the schedule is already used in the expression of mandatory inclusion and it is present in other expressions of 

mandatory inclusion, then its incident value in the following expressions is reduced by 1. 
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Thus, the modification of the procedure of the schedule of the permanent incidence matrix by constructing 

the ADF allows obtaining all possible correct options of schedules. The proposed procedure not only solves the 

problem of the coincidence of schedule elements in rows but also immediately obtains the required number of identical 

elements in columns by the input data recorded in the modified incidence matrix. 

Note that in the absence of situations when the teacher can have several pairs in one group in the process of 

constructing the ADF, we obtain the ADF of the form (DF)+(DF)+...+(DF), where DF (disjunctive form)=11
𝑖1 ∗ 12

𝑖2 ∗

. . .∗ 1𝑛
𝑖𝑛 ∨ 11

𝑗1 ∗ 12
𝑗2 ∗. . .∗ 1𝑛

𝑗𝑛 ∨. .. 
In the case when several pairs are allowed in one group or streams, we will get additive constructions of 

mandatory inclusion (DAF)+(DAF)+...+(DAF), where DAF (disjunction of additive forms) contains constructions of 

the type 

11
𝑖1 ∗ 12

𝑖2 ∗. . .∗ 1𝑛
𝑖𝑛 ∨ 11

𝑗1 ∗ 12
𝑗2 ∗. . .∗ 1𝑛

𝑗𝑛 ∨ (11
𝑗1 ∗ 12

𝑗2 ∗. . .∗ 1𝑛
𝑗𝑛 ∨. . . ) + (11

𝑗1 ∗ 12
𝑗2 ∗. . .∗ 1𝑛

𝑗𝑛 ∨. . . ). .. 
The construction of ADF will be carried out based on the set of SRPS. Indeed, if the value of the incidence 

index of some element in the SRPS is greater than 1 and equal to k, then in this case we will haveС𝑙
𝑘variants of 

interpretation of the initial amount in the form of ADF. Moreover, any combination of SRPS with k elements will be 

recorded with a mandatory inclusion operation, between which there will be a selection operation. Such a procedure 

will make it possible to construct an ADF based on the set of all SRPS. 

First, the operation of mandatory inclusion is placed between the groups of SRPS formed as a result of the 

schedule according to the first row of the incidence matrix. In more detail, mandatory inclusion groups are all SRPs 

in which the first element is the element to which the non-zero elements of the first row of the incidence matrix 

correspond. If the index of the element is 1, then all disjunctions will be in the group, if not, then we will have 

disjunctions of all possible combinations of conjunctive blocks of mandatory inclusion. For example, if the index is 

2, we will have initial groups of mandatory inclusion. Next, we will review all the SRPS sequentially by the first 

elements (the current element is considered one), the second, etc. 

If the first element in any group has an index of 1, then it is obvious that all the SRPS in the group is used 

with the selection operation. If its index is larger, then we will have all possible combinations of mandatory inclusion 

blocks connected by the selection operation. Note that the result of such a schedule is the sum of disjunctive forms, 

which is guaranteed to include all the necessary elements of the first column. Next, we consider all SRPS for the 

second element. The logic of further actions is to ensure the guaranteed achievement of the required number of 

inclusions of the second element. 

For this, we consider the second row of the incidence matrix and all its non-zero elements. Let's consider the 

first element. We determine which SRPS has it. Then we define the possible options so that it is entered depending 

on the index. To do this, we number occurrences, generate combinations, and check the required number of 

occurrences, taking into account the operations of mandatory inclusions. Since there are only disjunctions in each 

group, with an index greater than 1, it is necessary to choose from several groups (from one only in case of 

coincidence). Then you can select the groups from which the corresponding SRPS is selected and then it is selected 

as the only one. At the same time, all other SRPS that do not contain our element is selected from other groups. We 

put a disjunction between the new groups. Thus, we get a disjunctive form of groups, each of which has corresponding 

additive constructions of mandatory inclusion. 

Suppose that its index is greater. Note that the SRPS with this element can be in several groups of mandatory 

inclusion (see example). If it stands in only one group, where selection operations are everywhere, it is impossible to 

make a schedule. If it is in several different groups, then only 1 SRPS can be selected from each such group. If there 

are index elements and it is possible to form a schedule with the required number of occurrences of this element, then 

combinations with SRPS with mandatory inclusion operations are formed. At the same time, SRPS mandatory 

inclusion will appear! Next, we consider the third element, the fourth, etc. General algorithm was considered in [1]. 

 

Information technology 

The results described above allow us to detail information technology for solving a wide range of calendar 

planning problems, which is based on the use of algorithms based on decomposition procedures of specially 

modified permanent incidence matrices. 

This technology is a set of methods and approaches, which include: 

• methods of input data analysis; 

• methods of generating various combinatorial objects - permutations, systems of various column 

representatives, combinations with a number of additional conditions, which are based on specially developed 

permanent decomposition algorithms; 

• methods of forming all possible admissible variants of matrices 

• schedules, including algorithmic solutions, which are based, in particular, on the use of the algebra of 

additive-disjunctive forms specially developed for such problems; 

• methods of presenting data during the operation of generation algorithms, which are adapted to these 

algorithms and take into account their specificities as much as possible. 
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Thus, this information technology is a complete system that allows you to solve the tasks of creating 

schedules in the presence of a number of additional conditions (See Fig.1). 

 

 
Fig. 1. Information technology based on ADF algebra (a variant of using the basic permanent approach) 

 

Conclusions 

The second modification of the incidence matrix is proposed, which differs in that, unlike the previous 

options, it contains complete information necessary for drawing up a schedule. The corresponding modification made 

it possible to make significant corrections in the decomposition procedure of the permanent of this matrix and led to 

the need to develop an algebra of additive-disjunctive forms. 

A special algebra of additive-disjunctive forms (ADF) is proposed, which contains two operations - 

disjunction and mandatory inclusion (addition) and differs in the algorithmic nature of its operations. The operation 

of disjunction means the selection and, accordingly, the duplication of the corresponding lists containing disjunctive 

forms in the process of recursive generation procedures. Mandatory inclusion operation means simple inclusion of the 

corresponding SRPS as the next row in the running schedule matrix. 

Based on ADF, two algorithms for the formation of schedule matrices were proposed for the first time: 

• the first algorithm allows forming the schedule matrices directly in the process of decomposition of 

the permanent of the second modification of the incidence matrix; 

• the second algorithm allows you to form ADF based on the SMPR, which is formed as a result of 

the algorithms formulated in the previous section. 

This approach is very convenient from the point of view of software implementation and construction of the 

appropriate class hierarchy. It allows you to create information technology as a complete system that combines 

appropriate algorithms and methods. Information technology for solving calendar planning problems, in particular, 

the task of generating schedules, is formulated for the first time, which is a complete system that combines some 

approaches, in particular, a configuration approach to the analysis of input data and algorithms for the formation of 
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initial admissible matrices of schedules, the permanent approach of generation of SRPS and application of algorithms 

of permanent decomposition, a lexicographic approach based on relevant order relations, algebra of additive-

disjunctive forms. 
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