JTOJATOK A
MPOI'PAMHUH KOJI

usingSystem;
usingSystem.Collections.Generic;
usingSystem.Data;
usingSystem.Drawing;
usingSystem.Text;
usingSystem.Windows.Forms;
usingSystem.Data.SqlClient;
usingSystem.Xml;

using System.IO;
usingTimetable_classes;

namespace WindowsFormsApplicationl

{

publicpartialclassForml : Form

{

SqlConnectionsqlConnection;

List<string>days = newlList<string>() { "MoHeainok", "BiBTopok", "Cepepa", "YeTBep",

"M"atHuus", "Cyb6oTta", "Hepina" };

staticintr_max
staticints_max

@; //3aranbHa KinbkicTb ayauTopin
0; //3aranbHa KinbkKicTb 3aHATH

int[,] conflict_matrix = newint[200, 200];
int[,] conflict_matrixl = newint[200, 200];
int[,] union_matrix = newint[200, 200];

int[,,] candidate_list = newint[8, 8,100];

// Create a listofparts.

List<Room>rooms = newlList<Room>();
List<Subject>subjects = newlList<Subject>();
List<Streaml> subjectsl = newlList<Streaml>();

structPosition
{
publicintcolumn, row;
publicPosition(intcolumn, introw)
{
this.column = column;
this.row = row;

}
}
publicclassRoom
{

publicstring n { get; set; }
publicintbuilding { get; set; }
publicintdepart { get; set; }
publicstringr_type { get; set; }
publicintcapacity { get; set; }

publicRoom(string n, intbuilding, intdepart, stringr_type, intcapacity)

{
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this.n = n;

this.building = building;
this.depart = depart;
this.r_type = r_type;
this.capacity = capacity;

}
¥
publicclassSubject
{

publicstringpr { get; set; }
publicstringgr { get; set; }
publicstrings_type { get; set; }
publicstringdisc { get; set; }
publicstringdisc_short { get; set; }
publicintsvoboda { get; set; }
publicintkurs { get; set; }
publicstringspec { get; set; }
publicstringdep { get; set; }
publicintn_modul { get; set; }
publicintpodgr { get; set; }
publicintcapacity { get; set; }
publicintstream { get; set; }
publicboollocated { get; set; }

publicSubject(stringpr, stringgr, strings_type, stringdisc, stringdisc_short, intsvoboda,

intkurs, stringspec, stringdep,

intpodgr = @, intn_modul = 1, intcapacity = 1, intstream = -1, boollocated=false)

{
this.pr = pr;
this.gr = gr;
this.s_type = s_type;
this.disc = disc;
this.disc_short = disc_short;
this.svoboda = svoboda;
this.kurs = kurs;
this.spec = spec;
this.dep = dep;
this.n_modul = n_modul;
this.podgr = podgr;
this.capacity = capacity;
this.stream = stream;
this.located = located;

}
¥
publicclassStreaml
{

publicstrings_type { get; set; }
publicintsvoboda { get; set; }
publicintcapacity { get; set; }

public Streaml(strings_type, intcapacity, intsvoboda)

{
this.s_type = s_type;
this.capacity = capacity;
this.svoboda = svoboda;

}
}
publicclasslLesson
{

publicintpr { get; set; }
publicintdisc { get; set; }
publicints_type { get; set; }
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publicintroom { get; set; }

publicLesson(intpr = -1, intdisc = -1, ints_type = -1, introom

{
this.pr = pr;
this.disc = disc;
this.s_type = s_type;
this.room = room;

}
}

public Forml()
{

InitializeComponent();

//allowdrop
this.dataGridViewl.AllowDrop = true;

this.dataGridvView_timetable.AllowDrop = true;

}

privatevoid ACO()

SqlDataReadersqlReader = null;
stringquery = "SELECT * from [Rooms]";

SqlCommandcommand = newSglCommand(query, sqlConnection);

try

{
sqlReader = command.ExecuteReader();
while (sqlReader.Read())

{

Roomroom = newRoom(Convert.ToString(sqlReader["n"]),
Convert.ToInt32(sqlReader["building"]),

Convert.ToInt32(sqlReader["id_dep"]),
Convert.ToString(sqlReader["r_type"]),

Convert.ToInt32(sqlReader["capacity"]));

rooms.Add(room); // nobasneHunesnemeHTa

}

sqlReader.Close();

catch (Exceptionex)

{

MessageBox.Show(ex.Message.ToString(), ex.Source.ToString(), MessageBoxButtons.OKCancel);

}

r_max = rooms.Count;

XmlDocumentxDoc = newXmlDocument();

using (varsr = newStreamReader("input.xml", Encoding.UTF8))

xDoc.Load(sr);

// nony4Yum KOpHEBOW3JIEMEHT

XmlElementxRoot = xDoc.DocumentElement;

// 06xoABCexy3n0B B KOPHEBOMIJIEMEHTE
foreach (XmlNodegroupinxRoot)

// ecnuy3sen - group
if (group.Name == "group")

{

stringgroup_id = group.Attributes.GetNamedItem("id").Value.ToString();
stringdep=group.SelectSingleNode("department").InnerText;
stringspec = group.SelectSingleNode("speciality").InnerText;

-1)

intkurs = Convert.ToInt32(group.SelectSingleNode("kurs").InnerText);

XmlNodeschedule = group.SelectSingleNode("schedule");
foreach (XmlNodecourseinschedule.ChildNodes)

{
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// ecnuy3en - course

if (course.Name == "course"

stringcourse_name = course.Attributes.GetNamedItem("name").Value;
stringcourse_short_name;

try
{
course_short_name = course.Attributes.GetNamedItem("name_short").Value;
}
catch
{
course_short_name = course_name;
}
foreach (XmlNodestudyincourse.ChildNodes)
{

// ecnuy3sen - study
if (study.Name == "study")

{
strings_type = study.Attributes.GetNamedItem("id").Value;
stringteacher = study.Attributes.GetNamedItem("teacher").Value.ToString();
inthours = Convert.ToInt32(study.Attributes.GetNamedItem("number").Value);
intpodgr;

try
{
podgr = Convert.ToInt32(study.Attributes.GetNamedItem("subgroup").Value);
}
catch
{
podgr = 0;
}

//nybnupoBaHue nap
doublepairs = hours / 2;
int n = (int)Math.Ceiling(pairs);
for (intn_modul = 1; n_modul<= n; n_modul++)

{
Subjectsubject = newSubject(teacher, group_id, s_type, course_name, course_short_name,
kurs, spec, dep, podgr, n_modul);
subjects.Add(subject); // nobaBneHuesnemeHTa

}

}

}
}

s_max = subjects.Count;
textBox3.Text = Convert.ToString(s_max);

for (int i
for (int j

0; 1 <s_max; i++)
0; j <s_max; j++)
{
union_matrix[i, j] = ©;
conflict_matrix[i, j] = ©;
conflict_matrix1[i, j] = ©;
}

for (int i = @; i <s_max; i++)
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for (int j = @; j <s_max; j++)

if ((subjects[i].disc == subjects[j].disc) && (subjects[i].kurs == subjects[j].kurs) &&
(subjects[i].spec == subjects[j].spec) && (subjects[i].s_type == "JNlekuin") &&
(subjects[j].s_type == "Jlekuin") && (subjects[i].gr != subjects[j].gr) && (subjects[i].n_modul

== subjects[j].n_modul) || (i == j))
{
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union_matrix[i, j] = 1;
union_matrix[j, i] = 1;
}
if ((union_matrix[i, j] !'=1) && (i != j) &&
((subjects[i].pr == subjects[j].pr) ||
((subjects[i].gr == subjects[j].gr) && (subjects[i].podgr ==
subjects[j].podgr)) ||
((subjects[i].gr == subjects[j].gr) && ((subjects[i].podgr == 0)
|| (subjects[j].podgr == 0)))))

{
conflict_matrix[i, j] = 1;
conflict_matrix[j, i] = 1;
}
}
//dopMUpoBaHMENOTOKOB
inttemp = 0, sl max = -1;
for (int i = @; i <s_max; i++)
{
if (subjects[i].stream == -1)
{
temp = 0;
for (int j = i; j <s_max; j++)
if (union_matrix[i, j] == 1)
{
temp++;
if (temp == 1)
{
sl _max++;
subjects[i].stream = s1_max;

subjects[j].stream = s1_max;
Streamlstream_temp = newStreaml(subjects[i].s_type, temp, 1);
// nobaBneHuessnemMeHTa

subjectsl.Add(stream_temp);

}
{

subjects[j].stream = s1_max;

else

subjects1[sl_max].capacity = temp;
subjects1[sl_max].s_type = subjects[j].s_type;

}
}

s1l_max++;
for (int i = @; i <s_max; i++)
for (int j =i + 1; j <s_max; Jj++)

temp = subjects[i].stream;
int templ = subjects[j].stream;
conflict_matrixi[temp, templ] = conflict_matrixi[temp, templ] +
conflict_matrix[i, j];
if (conflict_matrix1[temp, templ] > 1) conflict_matrix1[temp, templ] = 1;
conflict _matrixi[templ, temp] = conflict_matrixl1[temp, templ];
}

textBox2.Text = Convert.ToString(sl_max + subjectsl.Count);
}
privatevoidtreeview upload()
SqlDataReadersqlReader = null;
// o4nMcTka pepesa

treeViewl.Nodes.Clear();

// yCTaHOBKa MCTOYHMKauW30bpaxeHui
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treeViewl.ImagelList = imagelist1l;
treeViewl.BeginUpdate();

Stringquery;

query = "SELECT * from [Departments],[Staff],[Teachers] WHERE Departments.Id_dep=Staff.Id_dep
AND Teachers.Id_teacher=Staff.Id_teacher";

SgqlCommandcommand = newSglCommand(query, sqlConnection);

try

sqlReader = command.ExecuteReader();

TreeNodecurrNode = null;

TreeNodeteachers_Category = newTreeNode { Text = "Buknagayi",

Tag = 0, ImageIndex = 1, SelectedImageIndex = 1 };
treeViewl.Nodes.Add(teachers_Category);// Lob6aBndaemaneMmeHT, KaKy3en

while (sqlReader.Read())
{
stringdep = Convert.ToString(sqlReader["name_dep"]);

if (currNode == null || currNode.Text != dep)

{
TreeNodenewNode = newTreeNode { Text = dep, Tag = sqlReader["Id _dep"],
ToolTipText = "kadegpa", ImageIndex = 1, SelectedImageIndex = 1 };
teachers_Category.Nodes.Add(newNode);// [obaBnsemanemeHT, Kaky3en
currNode = newNode;

}

TreeNodeChildNode = newTreeNode { Text = sqlReader["name"].ToString(),
Tag = sqlReader["Id_teacher"], ToolTipText = "Buknagad", ImageIndex = 2,
SelectedImageIndex = 2 };

currNode.Nodes.Add(ChildNode);

}

sqlReader.Close();
}

catch (Exceptionex)

{

MessageBox.Show(ex.Message.ToString(), ex.Source.ToString(), MessageBoxButtons.OKCancel);

}

query = "SELECT * from [Rooms], [Buildings] WHERE Buildings.Id_building=Rooms.building ORDER
BY Id_building, r_type";
command = newSqlCommand(query, sqlConnection);
try
{

sqlReader = command.ExecuteReader();

TreeNodecurrbuild = null, currtype = null;

TreeNoderooms_Category = newTreeNode { Text = "AyautopHuit doHa",

Tag = 0, ImageIndex = 1, SelectedImageIndex = 1 };
treeViewl.Nodes.Add(rooms_Category);// [obaBnsemanemeHT, Kaky3en

while (sqlReader.Read())
stringbuilding = (sqlReader["name_building"] + "-kopnyc").ToString();

if (currbuild == null || currbuild.Text != building)

{
TreeNodenewNode = newTreeNode { Text = building, Tag = sqlReader["Id_building"],
ToolTipText = "kopnyc", ImageIndex = 1, SelectedImageIndex = 1 };
rooms_Category.Nodes.Add(newNode);// [lobaBnsaemanemMeHT, Kaky3en
currbuild = newNode;

}
stringr_type = sqlReader["r_type"].ToString();

if (currtype == null || currtype.Text != r_type)
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{
TreeNodeChildNode = newTreeNode { Text = r_type, Tag = 0,

ToolTipText = "Tun", ImageIndex = 1, SelectedImageIndex = 1 };
currbuild.Nodes.Add(ChildNode);// [o6aBnsiemanemMeHT, Kaky3en
currtype = ChildNode;

TreeNode ChildNodel = newTreeNode { Text = sqlReader["n"].ToString(),
Tag = sqlReader["Id_room"], ToolTipText = "ayautopia", ImageIndex = 3,
SelectedImageIndex = 3 };

currtype.Nodes.Add(ChildNodel);

}
treeViewl.EndUpdate();
sqlReader.Close();
catch (Exceptionex)
{
MessageBox.Show(ex.Message.ToString(), ex.Source.ToString(), MessageBoxButtons.OKCancel);
}

}

privatevoidroom_calendar_clear()

{

for (introw
for (intcol

0; row<Parameters.p_max; row++)
0; col<Parameters.day_max; col++)
{
room_calendar_week_odd.Rows[row].Cells[col].Style.BackColor = Color.LawnGreen;
room_calendar_week_even.Rows[row].Cells[col].Style.BackColor = Color.LawnGreen;
}
room_calendar_week_odd.ClearSelection();
room_calendar_week_even.ClearSelection();
ignor.Checked = false;
available.Checked = true;

}

PositionStart_point;
privatevoid Forml_Load(objectsender, EventArgs e)
{

Parameters.day_max = 6;
Parameters.p_max = 6;
// TODO: paHHaAacTpoKakoAano3BonAeT 3arpy3uTb AaHHble B Tabnuuy "databaselDataSet3.Departments”.
Mpu HeobXxoAMMOCTUOHAMOXETObITbNepeMeleHaunnyLaneHa.
this.departmentsTableAdapter.Fill(this.databaselDataSet3.Departments);
StringconnectionString = @"DataSource = (LocalDB)\MSSQLLocalDB; AttachDbFilename =
c:\users\user\documents\visual
studio2015\Projects\WindowsFormsApplicationl\WindowsFormsApplicationl\Databasel.mdf";
sqlConnection = newSqlConnection(connectionString);
sqlConnection.Open();

treeViewl.Height = splitContainerl.Panell.Height - panel2.Height;
treeView_studies.Height = splitContainer2.Panell.Height-panel_header.Height;

for (int i = 0; i < 8; i++)
for (int j = 0; j < 8; j++)
for (int k = 0; k < 100; k++)
candidate_list[i,j,k] = -1;



treeview _upload();

//KONM4ecTBO CTPOK M CTONGLOB KaneHOAps 3arpysku
room_calendar_week_odd.RowCount = Parameters.p_max;
room_calendar_week_odd.ColumnCount = Parameters.day_max;
room_calendar_week_even.RowCount = Parameters.p_max;
room_calendar_week_even.ColumnCount = Parameters.day_max;
room_calendar_week_odd.AutoResizeColumns();
room_calendar_week_even.AutoResizeColumns();
room_calendar_clear();

dataGridView_timetable.AutoGenerateColumns = false;
}
privatevoid Forml_FormClosing(objectsender, FormClosingEventArgs

if (sglConnection != null) sqlConnection.Close();

}

e)
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JIOJIATOK B
CJIAVIJIA TPE3EHTALIT
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@ AKTyanbHictb pobotn

CxnagaHHa posKnafly HaBuyanbHOro npouecy y 3aknafgax BMUOI OCBITM €
BaKMMWBOIO CKNAA0BOI0 CUCTEMM 3abe3neyeHHsl HaBUANbHOo NpoLecy, OCKINbKW Bi
AKOCTI po3Knagy 3aneXxmrb KoMdopT yuacHMKIB HaBuanbHOro npouecy Ta Horo
AKICTDb | ePeKTMBHICTDb.

3aBgaHHa CKnagaHHa po3Knagy B YHIBEpCHTET] XapaKTepU3yETbCA:

= 3HaYHMM ODCAroM pI3HOMAaHITHOI onepaTtMBHOI iH¢OopMaLlll, OTpMMaHol 3
pisHMX CTPYKTYPHMX nigpo3sginis 3BO;

= CKnagHicio igeHTwdikalwii Ta copmanizaulil napameTpie Ta obMexeHb
posknagy,

= KOH(NIKTOM iHTEpECiB OCHOBHMX YYacHMKIB HABUanNbLHOIO NPOoLecy,;

= TPYAOMICTKICTIO aganTalil yHiBepcanbHMX anroputMiB CKnafilaHHAa posknagy
[0 noTped KOHKPETHOro HaBYanbLHOro 3aknagy.

@ 06’eKT, npegmer Ta MmeTa A0CNIAXKEHD

= OB’exT AocnigxeHHA — OpraHi3alid HaBUanbLHOIO npouecy B YHIBEPCHUTETI,
po3Knag HaBYyanbLHOro NpoLecy.

= lMpeamer AocnifpkeHHA — Mofdeni Ta MeToAW KOMIT'IOTEPHON0 CKNafaHHA
po3Kknagy HaByanbLHOro NpoLecy.

= Meta i 3apavi pocnigxeHHA — po3pobneHHA Ta pgocnigpkeHHda rOpuaHOro
nigxoAy A0 pO3B’A3aHHA 3afaui cKnagaHHA pos3Knafly 3 MeTol0 NigBMLLIEeHHA
AKOCTI Ta LUBMAKOCTI CTBOPEHHA pO3KNnafy Ta nporpaMHa peanisalil cUCTeMW
cKNaflaHHA po3Knady HaByanbHOIo Mpouecy B YHIBEPCUTETI 3 BMKOPMCTaHHAM
pospobneHoro Metoay.

= MeToaM aocnimxeHHA. CUCTEeMHMHA aHani3, MatpUuHMA aHani3, Teopia rpadgis,
MareMartWdHa norika Ta Teopid NpUAHATTA pilleHb. TexHonorll OO’€KTHO-
OpICHTOBAHOIo nporpaMyBaHHA, Teopia 6a3 aaHmx, Drag-and-drop TexHonoril.
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@ NocraHoBKa 3apaui

= Po3pobvmn rnopuaHWA anropytM cKnafgaHHA po3Knagy HaByanbHOro npoiecy B
yHiBepcHTeTL.

= CnpoekTyBatm Ta nNporpaMHO peanisyBatM CUCTeMy CKNaflaHHA po3knagy
HaBuYaNbHOMO NpoLecy, Aka NOBMHHa 3a0e3neyyBaT¥ BUKOHAHHA TakuX QYHKLIA

= IMNOPT AaHMX i3 xmicainy; peaakrop BXigHMX Xmipannis;

= 30epiraHHA, 3aBaHTaKeHHs, OHOBMNIEHHSA Ta BUAaNeHHs AaHuX B AOBIAHMKAX;

= Ppy4YHe, aBTOMaTUYHe Ta asToMaTusoBaHe (hopMyBaHHA po3Knagy;,

= NigTpuMky Drag-and-drop TexHonorii npu pydHoMy (popMyBaHHI po3knagay,;

= MJTPMMKY 3aHATL B Nigrpynax ta ob’egHaHHA NeKLyiMHNX 3aHATL B MOTOKM;

= Bisyanizaliioc HaBaHTaXeHHA YJYaCcHMKIB HaB4YanbHOro npouecy y Burnagi
Aiarpam Ta rpadikis;

= BWOIpKY paHMX B pospisi ¢dakynbTeTis, kKadeap, HaByanbHUX Ipyn,
BUKNagauis, HaBYanbHMUX KOpNyCIiB Ta HABYanbHUX ayWTOPIH,

m eKcnopT gaHmMx B Xxml Ta xlsx pannn.

@ NMybnikauii marictpaHTa 3a Temol0 poboTu

PesynbTarn arecraudiiHol poboru BuknageHi B 3 nybnikauiax, y TOMy Yiachi — 2 cTaTTax y
XypHanax 3 nepeniky HaykoBux paxoBMx BuhaHb YkpaiHM, a Takox B  Marepianax
koHhe peHUiT:

= [airan O.M., Hasapos O.C. Hybrid approach to solving of the automated timetabling
problem in higher educational institution («Cucremm ynparninxn, HaBiraygii Ta
3B’A3Ky>», (haxoBe BUAaHHA, KaTeropid «b», iHaekcauia B Index Copernicus).

= [adran COM. ABTOMATM3AUIA reHepauil po3Knagy HaBuyanbHOIO NpoLecy
yHiBepcuTeTy (Bueni 3anucxy TaBpiMCLKOIO HAIOHANLHOTO YHIBEpPCHTETY iMeHi
B.LBepnancbxoro, cepin «Texniyni Hayxmp, ¢daxoBe BuaaHHa, kareropia «b»,
iHOekcauifa B Index Copernicus).

= [adTaH O.M. ligBuleHHA edeKTUBHOCTI MEeTody MypallMHUX KOMOHIA B 3anaui
KOMITIOTEPHOT reHepalil po3knazy HasuanbHoro npouecy BH3 (72-a Haykosa
koHdepeHUia npodecopis, BUKIAAAUIB, HAYKOBUX NpaLUiBHUKIB, acnipaHTiB Ta
cryneHriB HY «[lonraBcbka nonirexHika iMeHi KOpia Konapartioka» )
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@ ®opmanbHa NOCTAaHOBKA 3aAaui CKNAAAHHA PO3KNaay

BianoBigHO A0 HaBYanbHUX NMaHIB y NOTOMHOMY ceMecTpi HeobXigHo npoyuTtat d
HaByanbHWUX Aucuunnid Sy, Si,... Sg ANA  KOXHOMO i=1..d avucuunnida  S;
CKMajaeTbCA 3 lec; Nekuid, pract; NpakTUUYHMX 3aHATb | cemiHapie W /ab; nabopaTopHUX
pobiT. KoXHe 3aHATTA S NPOBOAUTLCA BU3HAYEHUM BUKNadauvem prj. € gr HaBYanbHUX
nnaHie Gy, Gj,..., Gy, fAKi sBnNAlOTb coboto Habip HaBYanbHUX AUCUWNANIH, WO

YUTaIOTLCA NEBHIV rpyni cTyaeHTiB Gri. Lle osHavae, Wwo aveumunnivm B Gy, k£ =1...gr
NOBUHHI BYTK po3HeceHi y Yaci.

fs_max — KinbKiCTb HaBYanbHWX nepioAiB (nap), r_maxyx — MakcumarbHa KinbKicTb
3aHATb, AKY MO)@Ha 3annaHyBaTu B nepiog fi (KiNnbKiCTb ayaAnTOpPIN, AOCTYNHUX Y nepiog

t, k=1..ts max).

HeobxigHO pO3NOAINUTU 3aHATTA NO BCIM KypcaM Yy MeXax NeBHOI KinbKOCTi
ayauTopiu i nepioais yacy, To6To

@ dopmanbHa NOCTAHOBKA 334a4i CKNaAAHHA PO3KAAAY
(npoaoBXKeHHA)

sHanTn Take sV (i=1..d,j=1..pr, k=1.gr, t=1.ts, r=1_r_max) , WO

Vi=1l..d Z{sg:k |j€ Pr.keGr, teTs, reR}=lec; + pract; + lab; — po3noAin ycix
3aHATDb,

VE=1..1s _max Z{sgk lieD, jePr,keGr, teTs,re R} <r_max, — BUKOPUCTAHHA
obmexeHoro ayautopHoro coHay;

Vi=1..ts _max Vr=1..r _max Z{Sﬁk lieD, jePr.keGr, teTs}<1—3anobiraHHA
HaKNaAoK Mo ayAMTopil;

Vit =1..ts max k= 1...gr2{s§§" lieD, icGy,jePrteTs, re Ry <1 —3anobiraHHs
Haknagok no rpyni;

Vi=1.ts_max Vj=1..pr S4s¥ |ie D, ke Gr, teTs,re R} <1 — 3ano6iraHHs
HaKnaaok no BUKnagavy,

Vi=l.d Vk=1.15 sy €{0,1}

ik
Sir

{l, AKIIO d; IPU3HAYEHO Ha Mapy i,

0, B IHITOMY BHIAAKY




116

Mogaenb npeametHoi obnacri

3miHHI Mogeni po3knaZly HaB4anbLHOTO NpoLecy:
S — HaByanbHe 3aHATTA s = {s,-és,- =(F . 5 o P, 0P o) i=,5_max},
Str— mHOXxMHa notokie St ={Str; c Gr|i=1,str _max}
Ts — MHOXWHA TaMCNOTIB (HaBuanbHux nap) 7s ={t;|7 =), 1f 1f), k=1,d _max-t_max}
Pecypcu:

Pr— MHOXMHa BMKNIAAAMiB: Pr={Pr|i=1, pr_max}

Gr— MHOXWMHa HaBuanbHux rpym:.  Gr ={g,|g; = (g/', g/, g ).i=1gr}

3a HomepoM HapJyanbHOT rpynu Kanengap noctynHoCTi rpynun:
0OAHO3HAa4YHO BU3HaYaOTbCA: 1, sikugo zpyni | modcna npuznauamu sauammsi
—_— ; i [ — momMy muxcki 6 dens d ; Ha napi i,
L spec _kurs _dep wd HAT= MNP UNCHI U / k
Vi=1..gr AN(g"“, g, /"), g = .
Q, AKWo cpym 1 He moxcua RpUIHAYaAmu 3aHamms
Ha i — moMy muxcni 6 0ens d ; na napi i
e _ gt b _dep _study type vy . _ 7. o
R— MHOXWHA HaBuanbHux ayguropii R= R=1{r | =07 0", " 5 217 )i =1r_maxj

Mogaenb npeameTHoi obnacri

3minHI mogeni po3Knany HaBYANLHONC NpoLuecy:

S — HaBuanbHe 3aHATTA: S ={s;

_cogr . pr d _subgr _dep  study type _n .
s;=(s7 .8f , 87,58 5Si 5 5 .8 i=1s_max

BUBYEE

Mpyna

Y

Oucunnnina

Se=<Buxnanau,
JMCLIMILTI Ha, rpy na>

/II /] /: e
H
/

JIEHb A

Buknapau / Vi » &

VL B
% / % / /Ayﬂ.u'ropiﬂ

HaguyanbHa
rpyna

YaarancHeHa
rpyna (noTik)

BipTyaneHa
rpyna

l Niarpyna

Mpyna » Oucupnniva

candidate list {room, day, time} =

{.". AKIIO §; NPOBOANTLCA B day, time B ayauTopii room

_ _ = 0 B iHWIOMY BHDAAKY
YsaranbHeHui PeanbHui BiptyansbHui

BUKNagad BUKNagaud BUKNagad
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Mogaenb npeameTtHOi obnacTi

3miHHI Moaeni po3Knay Has4yanbHOre Npouecy:

MaTpuua 06’eaHaHb M_union; naxxs max— U€ GiHapHa MaTpuya Taka, Wo:

1, akwo sanamms S; ma S j NOBUHHI RPOBOOUMUCH

M union; = OOHOYACHO 8 OOHIT AYOUmopii;

i =

0 6 inweomy eunaoky.

d d kurs kurs : g
V(s;, ;)5 €8,5; €S ((s{ =s5) A" =5FYA (P =) A

Jlec lec mod _
Si ASGA(s =

; S;wd)) — M _union; =1.

Matpuua xondniktie M_conflict; naxxs max— U€ GiHapHa MaTpyULA Taka, LWo:

1, axwo sauammsa S; ma S j MAlomb CHINbHUX cmyoenmie

M _conﬁict&- = abo npoeooaAMbCA OOHUM GUKIAOAYEM Md HE € NOTMOKOM,

0, 6 inwomy eunadkxy.

V(si 5;)|s;€8,5; €S (i # j)A(M _union; =0) AA((sf” =55 )v (sF =5F) A

(508" = Sj-”bg' NV V(sE =58 )A (0B s ﬁsjiuhg’ )) = M _conflict;; =1.

@ NocraHOBKa 3aBAAHHA CKNAAAHHA PO3KNAAY AK 3aaavi
6araTokpuTepianbHOi onTMMmisauii

3apava

BexTop 3mMiHHMX napameTpiB:

ObmexeHHn:

KpurepianbHi obmexeHHRA:

Bexmop xkpumepiie onmumanbHocmi

flocmarnoeka 3adavi

NP-noBHa 3aaaua 6araTokpurepianbHOI
KoMOIHaTOpHOI onmmuMisalil 3
obMexeHHAMMN

| X |=s_maxxr_maxxt_max

JOPCTKI OOMEXEeHHS

F(X)=0

i

M’'sKi obMexeHHA

F:(X)— min

F(X)=(R(X), Fy(X),... Fp(X))

minF(X)=F(X")
XeTlts
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Knacudgikauin obMexeHb 40 CKNafaHHA po3Knaay
(xpuTepiiB ONTUMANbLHOCTI)
.
OBMexeHHRA
—
" operi [ Mk
. (obos'A3koBI) | | (nonatkosi)
= , [
| ] [ ] | ]
g ’.'.’ s 77 4 i . \
YHapHi l. BinapHi '. EMHICHI | AreHTHI ' BiHapHi EMHicHI | E:z';?ﬁ: ArenTHi
T
| HeoBxigHuid TMN [ocTaTHa KineKicTb Aoctynwicts Mocni, -OBH'ICTD (i Kanengapi
. YYacHuKiB A || EdvextueHe 6 /
ayauTopil anAa Micub B ayauTopil W EeGERLHEED npoBeneHHA BUKODIACTAHNA axaHoro
npoeegeHHA ) ElinnOllaiﬂHO Ao ) npouecy 8 3aaaHnil 3aHATE OQHOro | aygmopiﬂ HebawaHoro vacy
3AHATTA \Ifl,ﬁbKOCT{ CTy,quTIa Tal:lMCﬂOT Kypcy \I'!pOBe,qBHHﬁ GBHHTD
Aot ™ ((BIACYTHICTE  (Miwi TR . IBHOMIPHICTE ™,
BiacyTtHicTb BincyTHicTb |(Bi,qcyTHi0T|] Oﬁmemeuas! naign“ Y A M|H|M|3aq|n KomnakTHicTe ASBAHTAKEHHS
HaKnanok no | KINBKOCTI . nepexogie HaBaHTaMeHHA .
HaKnagok no Haknagok po3knanl E p YYacHWKIB
ayaurapHoMy BUKNagadam no rpynam OAHZROBENX CTYAEHTIB Ta s EIyaghie 1a HaBYanbHoOro
doHay SEHﬁTbBﬂ,eHbj BuKnanadis \f(opnycaun BUKNagaJis npouecy
@ dopmManizalia AeskMx ooMexeHb A0 CKNafaHHA
po3Knagy
= BigcyTHICTL ayAMTOPHMX HaKNa[oK:
Y(r;, IJ,)l?‘.. GR,TJ‘ ET(H!S_,,IK‘ |S.=;k GS',J yv (=3 Sk |S’]k ES;!)
= BigcyTHICTL HaKNagoK AnA BUKNafaya:
v(pr;, rj}|p?]' GPr,tj ET(BISpr;k |5pr,k ES:J)V(_‘EI S prk Isp:;k ES:J)
= BigcyTHICTL HaKnNagokK AnAa rpynM / niarpynm:
vgr VpOdg’} vt |gr; €Gr, pOdg"j c gty €T Z(Sgr]r‘ + S g1, podr, )<1
= BianoBigHICTL TMNY ayauTOpil TMNY 3aHATTA:
Vi | S;, eS,rc RLN
= PIiBHOMIpHICTL HGBaHTaXeHHS = MiHiMi3alin «BikOH» y posknafgi
CTYZIeHTIB Ta BUKNagauis CTYZIeHTIB Ta BUKNagauis
— 14 d, _ . d_ ad, d,
N‘“":EZN;" W;: _ !_njraxg,, [_ming.—Ng. +1, sKwo ¢ _maxg #0
= 0 6 inwomy eunaoxy
L8 1,12 d
D=—Y(Ng —N&) — min - d ,
dE( @ gr) W= .ZIW-?’ — min,
=
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3sepeHHA BaraToKpuTepianbHOT 3a4a4i CKNagaHHA
PO3KAaAy A0 OAHOKPUTEPiaNbHOI

= [lpyUHUMN onmuManbHocCTI lNapeTo:
P;(X)={x" e X |nemae takorox € X, mo f(x) = f(x)}

- MHOXMHA lNapeTo F(X)=F(X)
= MeTof] ronoBHOIo KpUTEpIIo:

= MeToan 3ropTkM BEKTOPHOIo KpUTepilo omuuaanoci]i B CKansApHWA:

N _ F(X)=Y 3,F(X)
= METOoM NIHIWHOT AAWTMBHOI 3rOpTKM -
3 HOPMYIOUNMM MHOXHUKaMMW.
= | METOA NIHIKHOT 3AWTUBHOI 3rOpPTKH F( X):izFl 1B F(X)
3 BaroBUMHM KoeilicHTaMM: =l

7
FX) =]]4F(X)

i=1

m  METOf MYNLTUNAIKSTUBHOT 3rOPTKH:

lNocraHoBKa 3aAaui ckNagaHHa po3Knafly ¥ BUrnafi oqHoKpuTepianbHOl 3anaur

F(X™)= min F(X)
XeTlts

@ MeToaun cknagaHHA PO3KAaAY HAaBYANbHOIO Npouecy

Anroputmn
CKNafaHHs posknaay
3aHATH
KnacuyHi MeTaeepucTuyHi
anropuTMu anroputmn
( MeToq \
imiTauiiHoro | _| [fpyHTyIOTbCH Ha nonynaui'f]*——-[ OAVMHWYHI J
MOAENBaHHA J\
T nnnude )
noriyHe { \' I—»[Anropmmu NOoKansHoro nomyl{y)
nporpamyBaHHA |
v Esontouiini —_—
—3 COMENOH A [ ( OKﬁ(;J;ﬁ;T)b:E:QJ:qEKT J an ropmlimu AIRpTI
niHiAHe P imiTawii Taby-nowwyk
uinoyncenoHe | signany
nporpamyBaHHs
( meTon h An M Taan:Hug Anroputm
ropuTMm eTon - y NOLLVK 3
poscpapbysahs [« | wyoawmHoi | | poto leHeTnyHwiA | | MemeTuuHWii y CXOMPKEHHS
rpacy anropuTm anropuTm okonamw, Lo Ha BepLUNHY
X, y. KONOHil 4acTok YeprylThCs |
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MeTtoa MmypaLIMHNX KONOHIN

= OcobnueocTi:
= WMOBIDHICHA TeXHiKa NOWYKY Kpalwux wnaxis 3a gonomoroio rpadis 3
BMKOPDMCTaHHAM LUTYYHUX Mypax, SKi HacnigyioTb noBefiHKy KOMOHIl
NpUPOAHNX MypaXx.
= NOcCRigoBHe HabNWKeHHA A0 OoMTUManbHOro pilleHHA. KoxHa irepallia —
3anycKk LWTYy4yHOl MypaxW, fKMA HaMaractbcs 3a fedKMM NpaBWNoM

BMOpat™ HaWkpallMd MapwpyT [0 «DKi» (onTumyMmy  yHKU),
BUKOPHMCTOBYIOUM MITKW CBOIX NONepeHNKIB.

= [lepegarn:
w rapaHTyBaHHA 30DKHOCTI O OMTUMAaNbHOIO PillIeHHS;

m CTOXaCTMMHICTL NOLUYKY, 33 PaxyHOK YOr0 BUKNIOUAETLCA MOXAMBICTD
3aLMKNEHHA B NOKaNbHOMY ONTTUMYMI.

= Heponiku:
= HEBM3HauUeHICTb Yacy 30DKHOCTI NPpU TOMY, L0 30DKHICTL rapaHTYEThLCH;

m CHMbHa 3aneXHICTb pe3ynbTariB poboTH METoAY Bif NOYATKOBMX
napamMeTpiB NOLWYKY, AKi NiabMpaloTLCA eKCrepUMeHTaNbHO.

@ FeHeTMYHMIA anropuTm
= OcobnuBocTi:
= OCHOBHI €Tanu reHeTWYHOro anropuTMy — nocniqoBHWA BWOIp,
cxpellyBaHHA Ta Moawdikalia WyKaHWX napaMmeTpiB (reHiB XpoMOCOM
nonynsui.

= [lepeBaru:
= CTIHKICTb O NOKanbHUX MIHIMYMIB;
= He NoTpibHa iHdOPpMALLiA Npo NOBEepXHIO BIATYKY;

=m BIQHOCHO ILUBMWOKMA MOWYK OMTMMAaNnbHOrO PpO3B’'A3KY 3aBAAKH
BHYTPILLHLOMY Napanenismy.

= Heponiku:
= MpobneMy (bOpMyBaHHSA NOYATKOBOI nonynsALi.




121

Fi6pnaHnii meToa, 3anpoONOHOBAHMW MAriCTPAHTOM

m OCHOBHI NpUHUMNN METoAY:
= METOA MypPaLIMHOI KONOHII — OCHOBA aHOM0 anropuTMmy;

= Meron AedoOpMOBaHOro OGaraTorpaHHMKa — [N aBTOMATWMHOIMO
3HAXOKEHHS NAPaMeTpIB MeToly MYPAaLUMHUX KOMNOHIH BUKOPUCTOBYETLCS

= TEeHeTMYHMH anropMTM — AnS 3MEHLEeHHA uyacy poOOTM anropuTMy Ta
30iNbLIeHHA WMOBIPDHOCTI NONaAaHHA B rnobanLHWA OMTHMYM.

= [lepeBarn ribpugHoro meTtoay:

= BWKOPMCTaHHA FEHETWYHOrO anropuTMy [03BONAE 3MEHLUMTH uyac poboTwn
anropMrMy Ta 30INbLLUMTH WMOBIPHICTL NONAaaaHHA B rmobanbHUA ONMTMMYM.

NapameTtpu ribpngHoro anroputmy

MpueabnUEBICTL BepLIMHMA:

- qf’ — eBpuCTWUHa IHgopMalia woao npueabnMBOCTI PO3MILEHHA 3aHATTA | Ha
MiclLle | B po3knagi; obUXCNIOETHCA €BPUCTWUHO 33 OfiHWM 3 NMpaBW:

m 3a 3aranbHUM NnpaBUnom:

M= S piBHOMIpHMIA po3nofiin, Konu BiAcyTHA iHOpMaLlia O NepeBarax;
Y5 max

m 3a npaBMnoMm cyb’eKTMBHMX nepeear abo HeUITKoI MIpK.

flapamempu ennusy: HmoeipHocminepexody:
a,=random(0.5, 1), ;= random(0, 0.5); =Xn%)
_ NBPANLLY
— = - p-- e P~ A 1.
a,=0,3, B,=0,5; Y E(Tﬁ)(ﬂﬁ )

az=random(0, 0.5), B8,= random(0.5, 1).
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@ Bnok-cxema pobotm ribpnaHoro anroputmy

e [ EEL
lowrme b—umd  §opsraames cmovy
i) g R b ey

PO B T
COpEY A T

[ s ania e oy sypansnnce o
| sae, Phenmone_mam (5, .5

L e
Fammcts irep sl

O | WN[=

DI LAY MypEa
candidate Bt [, pal ant tour

SF R EGY T aRa § 7I0 T
AoKATENOTS mownare caay Fy 4y

W(N|=

P

] [E=e
=== [z ] crm o Cxpeuiysanns

B ]

Fenemmi
amopiTi

BaprvanA makowl § i

—
T

= anosoxur

[ Mepepucymun g s tpin oy wypammnn
e g ———
<al, B>, <, (2%, <3, B3>

[ OuiHka dpiTHec-hbyHKUIT ]
[ememm] <o Jb
£

I BuasHadYeHHs Kpalljoro posknagy |

( Kinem. )]

Mincucrema cxnNafaHHA po3Knagy B 3aranbHiM CTPyKTypi
aBTOMaTM30BaHOI iHdopmaliiHol cuctemu 3BO

™ A ] oA
A =8 — Bl — B1= A
'::::::;::Ti Obiuiimi caiir JOBHILWHIK NpOrpamMHmi Amcnetuep,

iHTepdeic cnispobitHukm 3B0
CTYAEHTH, BaTbku)

=

Moayne KepysaHHa Mogyns HepyBaHHa
METOAWUHOK poboTol Haykosow poboTow

Mogyni CTpyRTYPHMX Moaynb AMCTaHUiRHOro
nigposainis 380 HaBYaHHA

Moaynb NNaHysaHHA
HaBYaNBLHOrO Npouecy

A
Mopaynb KepyBaHHA Mok oiEariE Mogynb dopmysaHH

HaB4anbHUMK HaB4aNbLHOI
poaknany
nAaHaMK AOKYMEHTaLT
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@ CTpyKTypHa cxeMa cucteMM «Po3knan»

l_ _________________________________________________________ hl
I
E 308HIWHIA NporpamHuii inTepdeiic | = g
I
|
| a I <:‘ 3 “™
)
] I
: | e | [Oucnetyep
! A .
] - |
E \Z)niﬂCHCTBMﬂ O ITiacucrema 4—T T Iﬁ [
— | 7| sasanTaxenus ) 3ﬁepe:oKEHHs| ) ® Xml- || ]
| ! Ta pefaryBantis inopmanii B Hasi penaxTop | |
! BXIIHHX JaHHX JAHHX |
ITizcucrema ! !
inTerpauii ! L@ IMizcHcrema (Ullincucrema | |
i A . " . I
Moaynis AIC E opMyBaHHS, OUIHKH Ta ineHTHiKaii :
: > Moaudikaiii po3xiany KOpUCTyBaua | |
i : i
i Y ¥ | N
: B — :
! ITiacucrema BI3yanizauii Ta eKCIOpTyY |
! | manux y pisaux dopmax (rpadiku, giarpamu, [ s
: enexTpoHHi Tabaui, TekeTosi daiinn) | 0 I
I I | . .
(Cucrema ,Posknan” T !
@ Cxema 6a3u paHux cucteMmn «Posknaa»
9 o wor o room_calendar B © sk rooms So 100400 buildings
v 1d - int(11) 2 d_room : int(11) * @ kd_building - int(11)
] id_mm_: l!(“l 2 n - varchar(100) > name_buiding : varchar(100)
Jwwak; Rrywigs) u d_buiding - int(11) »- » name_buiding _short - varchar(10) |
= day - timyint(4) € uid_dep:im(11) .
® time : tinyint(4) | s t_type - varcha20) : J:::;: building_distances }
- . nonavailable : tinyint{1) - int(11 LLE
o oo imetables 1 _ | Unicapachy’: laKtt) # id_buiding1 : int{11) o
¢ Id_timetable - int{11) . o mmm_m J ) w id_building? - int{11) 3
) name_timetable - varchar(100) 2 d : int{11) /8o "‘"‘_M departments w distance - int(11)
u year - int{11) w id_study © int{11) ™ @ 1d_dep - int(11) " -
u semestr - tinyint(4) 4 u id_timetable - int(11) ) name_dep : varchar(100) \ ° skl specialities
u d_room : int(11) » % name_dep_shot : varchar(10) |~ ¢ Id_spec : int({11)
n day : tinyint{4) mid_fac [ int(11) | O name_spec : varchar(100)
H‘f: iy OUPCRIendar | | time - inyietd) | || | o name_spec_short - varchar{10)
= id_group : int(11) _ |y id_dep : int(11)
N el int(d) % © o0 curriculum_studies Qo roruedteachers \
adey M" ¥ Id_study © int(11) | 1 @ Id_teacher : int(11) r ll. o roseiat laculties
-W"WJ ) study_type - varchar(20) ) sumame : varchar(20) “4 g d_fac : int(11)
o nonsiailable * dodble » subgroup : tinyint{4) | - name - varchar(20) ©) name_fac - varchar(100)
» id_teacher : int(11) > | ) patromymic  varchan(20) 5 name_fac_short * varchae(10)
= 1 room_type : varchar(20) 7 degree | varchar(20)
BNe fRLxiad Soumses, Ay id e : i1t o adminietzation - doutl 1. io7kiad teacher_calend
 1d_disc - in(11) p— - | 10 (1)
 id_group - imt{11) x | : ;

- 8 © oz groups © m id_teacher : int(11)
e, L g B s
'm'“i")  name  varchar(10) \Q.“'m_m“ a day ©int(11)

» practices - int(11) CLE L U (' i boacher - | » tme : in(11)
: u id_ nt(11)

__u consultations - int{11) nlwy i) et a nonavailable - tinyint(4)
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@ MoxnuBocTti cucteMm «Po3knaa»

sE——
CeMecTpoBo1 IHGopMaImi

v 3 —._.——..—ﬁ—.—a ‘i r
cexecTpoeoi indopaaImi

* Ilepertaz posk1ajy y BARIATI TaOmms

» Bisyamisania HasaHTaKeHHA YYACHHKIE
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» Excnopt poskraay y)

ExpaHHi cbopmun cuctemMmn «Po3xnan»
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ExpaHHi dopMH cucTeMn «Po3knan»

ICNCEERD
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_— Knmrad « Microsoft Excel
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Pe3ynbTaTM TeCTyBaHHA cucteMM «Po3knag»

TecTyBaHHA po3pobneHol cMCTeMKn Ha peanbHux gaHvx HY ellonTtaecbka nonirexHika

imeHi Opia KoHgpaTioka», B HapuanbHo-HaykoBOMY iHCTUTYTI iH(pbopMaLiAHWX TeXHOMOTIH i
MEXaHOTPOHIKW Ha kadhepi KOMI'IOTEPHUX Ta iH(hOpMALIRHMX TEXHOMOTIA | CMCTEM.
KirmKicsi Hwc- Ipymaa ig- Ka- Aymg— Bbl(—_ POsMpHICTI possinyy
- PyTe denpu Topil nanaui . Maxcyman:He
noKaatAN JEHA fil2 HaBaHTAKEHHA B
AeHbL
JeHhL
Kresc 35 13 21 1 25 14 5 6 4
Aad
= Pe3ynbTatM eKcnepMMeHTIB ™
Morasuuk | Marcn- | MiHisanbHe | CepepnHe CepenHbo- 0
ManbHe 3HaJYeHHA 3HaJYeHHA BanpaTiiHe
3HauYeHHA BIAXWIEeHHA A
3HaueHHA 73 60 64 54 -
=300
= BMWCHORBROK. 3MEHLIeHHA 3HaUeHHA urrpacpuoi 200
dyHKLUT, a oTXe, NiaBMLLEeHHA eeKTUBHOCTI -
cKnafaHHa posknagy, Ha 12,1%. ) o o
] 5 10 15 20 25 30 35

lteration
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BHCHOBKM

= ¥ poboTi po3rnAHyTO afanTUuBHi METOAM CKNafAaHHA po3Knialy 3aKriajly BULLLOT OCBITH.

= Po3pobneHo ribpuaHuid niaxin Ao po3s’A3aHHA AaHoT 3a4aul HA OCHOBI MeToy
MypaLUMHUX KOMOHI|, reHETUYHOTO ANropUTMY Ta MeTo/ly leOpMOBAHOIO
baraTtorpaHHuka.

= Po3pobneHui iOpUAHUA METOA € OCHOBOIO NporpaMHol peani3aLil CHCTEMU
CKnagaHHA po3Knafy HaBuanbHOro npoLecy B YHiBEpCUTETI.

= Po3pobneHa cuctema byna nporecroBaHa Ha peanbHUX AaHUX Kadenpu
KOMITIOTEPHUX Ta iHOpMAaLliHHUX TEXHOMNOTX | cucTeM HaBuanbHO-HayKoBOIo
IHCTUTYTY iHOpMAaL|IWHUX TEXHONOTH | MexaHoTpoHiki HY «[lonraBcbka nonirexHika
imeHi lOpia KoHgparioka». Pe3ynbTaru TecTyBaHHA NiATrBepaMny ePeKTUuBHICTL
3anponoHOBAHOIC METOAA.

m  OMIKy€eTbCA, L0 BAKOPUCTAHHA 1aHOT CUCTEMU B YHIBEPCUTETI [I03BOSUTD NOJSIENLUUTH
Ta nigBULLUTU eEKTUBHICTb pOoDOTU AUCTIETUEPIB TA AKICTb HABYANbLHOTO NpoLiEcy 3a
paxyHOK MaKkCUMAarsHOro BpaxyBaHHA nobaXaHb yYaCHUKIB HABYANbHOTO NPOLIECY.
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JIOJJATOK B
ATIPOBAIISA PE3YJIBTATIB POBOTH
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B.1 CtatTs 10 ¢haxoBoro :xkypHaay «CucreMHu ynpaBJIiHHs, HaBiramii Ta
3B’A3KY», TOM 2 Ne 60 (2020)

UDC 004.91:378.145

Q. Ilaitan'_. 0. Nazarov’
Wational University « Yuri Kondratyuk Poltava Polytechnic», Poltava, Ukraine
*Kharkiv National Uni versity of Radio Electronics, Kharkiv, Ukraine

HYBRID APPROACH TO SOLVING OF THE AUTOMATED TIMETABLING
PROBLEM IN HIGHER EDUCATIONAL INSTITUTION

The paper describes a hybrid approach to solving of the automated timetabling problem in higher educational
institution based on the ant colony optimization, the genetic algorithm, and the Nelder-Mead method. The ant
colony method is the basis of this algorithm, which forms the initial population for the genetic algorithm. The
combination of this method with the genetic algorithm and the Nelder-Mead method reduces time of the
convergence of an algorithm and eliminates the strong dependence of the results on the initial search parameters,
which usually are selected experimentally. The Nelder—Mead method 1s used to find the parameters of the ant
colony optimization method. Use of the genetic algorithm allows for reducing of algorithm running time and
increasing of global optimum finding probability. The educational process timetabling in higher school is an
important component of the educational process assurance system. since the schedule quality determines the comfort
of the educational process participants and its quality and effectiveness. Therefore, the development of methods for
computer-aided timetable generation is an important challenge. The subject of study is adaptive methods of
automated university timetabling. The objective of the work is development of a hybrid approach to addressing the
problem of automated timetabling in university. The results are development and research of a hybrid method and

software for university timetabling that been implemented this method.

Key words: Multi-Objective Optimization, Ant Colony Optimization, Genetic Algorithm, Nelder—Mead Method,

Timeiable, Timeslot

Introduction

The educational process timetabling in higher
school is an important component of the educational
process assurance system, since the schedule quality
determines the comfort of the educational process
participants and its quality and effectiveness.

The task of the university timetabling is
characterized by [1]:

—a significant amount of diverse operational
mformation from various structural umts of the
university, such as departments, deaneries, the
educational office, ete.;

the difficulty in identifying and formalizing the
schedule parameters and limitations; quality of taking
them into account completely depended upon the
experience and qualification of the dispatch;

—a conflict of interests of the educational process
main participants: students and teachers, departments -
owners of rooms and specialized equipment, that
imposes restrictions on the freedom of their use in the
schedule;

—the complexity of adaptation of universal
timetabling algorithms to the needs of a particular
educational institution, especially taking into account
the new working conditions of educational institutions.

Despite the fact that manual timetabling takes a lot
of time, it is still widespread due to the significant cost
or lack of appropriate computer programs.

Therefore, the study of appropriate methods and

the development of effective software for automated
timetabling is an important challenge.

The relevance of the development of the effective
methods of automated university timetabling has been
demonstrated by the international conferences on the
Practice and Theory of Automated Timetabling
(PATAT) [2]. PATAT is held biennially and serves as a
forum for an international community of researchers
and practitioners on all aspects of computer-aided
timetable generation. PATAT-2020 conference will be
held on 25 Aug - 28 Aug 2020, Bruges, Belgium.
PATAT has been supporting various competitions and
challenges, in particular International Timetabling
Competition [TC 2019, investing in the timetabling
community for the benefit of the field.

This work is concerned with research of the
adaptive hybrid method of university timetabling and the
development of a software system for the course
timetabling. It is envisaged to test the developed system
on the real data of National University «Yuri Kondratyuk
Poltava Polytechnic», at the Educational and Scientific
Institute of Information Technologies and Mechatronics.

Analysis of the problem and problem statement

The problem of computer schedule generation was
being considered in many papers. In [3], a survey on the
methods for university course timetabling was provided,
and their benefits and disadvantages were analyzed.
Description of the basic methods used for solving this
problem is also presented in [4].



Both classical methods, including linear integer
programming [5], graph coloring method [6], simulation
modeling [7] etc., and metaheuristic methods, including
simulated annealing [8], evolutionary algorithms [9, 10]
etc. are widely used for automatic course timetabling. It
was noted [11] that most of the classical methods use an
iterative technique of continuous optimization, it allows
finding only a local optimum, and a global optimum can
be found only by chance.

In order to go beyond the local optimum and find a
global optimum, let combine the ant colony method
with the genetic algorithm which will be run each time
after the next iteration of the ant colony method.

So, the objective of the work is development of a
hybrid approach to addressing the problem of automated
university timetabling which will ensure the creation of
a schedule during the allowed time with minimal
violation of the schedule restrictions.

The subject of study is adaptive methods of
automated university course timetabling.

The task of university course timetabling can be
presented in a formalized form as follows.

Input data:

According to the curriculum there are d courses Sy,
S3,....8; to teach in the current semester: for each i,

i=1..d course S, consists of lec, lectures, pract, practical
studies and seminars, and Jab, laboratory studies. Each
class s is held by the teacher pr,. There are gr curricula
Gy. Gy..... G, which are sets of courses taught by given
student group Gr. It means that courses in Gy,
k =1...gr must be scheduled for different periods.

Let s max be number of time periods (timeslots),
and r max; maximum number of classes, that can be
scheduled for period #, (number of rooms available at

period #, k£ =1..1s _max).

It is necessary to schedule classes for all courses
within a certain number of rooms and time periods, i.e.
find so s¥*

Wi=1d,j=l.pr, k=1_gr t=115,
r=1l.r max),that

Vi=1.d Zfs;‘;i |jePrkeGr, teTs,reRi=

= lec; + pract; +lab; - scheduling of all classes;

Wt =..ts_max Z{sngcD, JePr, keGr,

teTs, re Ry < v_max, — use of limited room quantity;

Vi=l.ts _max Yr=1..r_ max Z{s}f‘ |ieD,
JeEPr keGr, teTsi <1
- Vt=1.ts maxvk=1.gr Z{.«;}’,'.k lieD, ieGy,

absence of room overlaps;

JE PrteTs, re R} =1-absence of group overlaps;
Vt=1l.ts_max Vj=l.pr Y {si¥|ieD, keGr,

teTs, re R} =1- absence of teacher overlaps;

Vi=l.d Vk=1..t5 s €{0,1}.

The schedule restrictions can be structured as
follows:
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£ ) ] .
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Fig. 1 — Restrictions of the generated schedule

Basic material and results

The teaching process unit and therefore the
schedule unit is class (lesson). The class (lesson) is
characterized by a triple <Course, group, teacher=.

Fig. 2. Triple <Course, group, teacher>

Each student can be part of an academic group,
subgroup, generalized group (stream), or virtual group.

Lectures on the same course are held by one
teacher for all groups of the stream at the same time;
therefore, it is necessary to ensure the concept of a
generalized group (stream).

Since students can choose courses to teach (from
list presented in optional block of a curriculum), it is
necessary to form temporary (virtual) groups from
various academic groups to teach a specific discipline.
In different subgroups of the same academic group
classes can be held at the same time, if they are held by
different teachers.

Classes in physical education or disciplines of the
humanitarian block, such as philosophy, sociology,
religion, etc., can be held simultaneously for all students
of one level by various teachers of the department,
therefore, 1t 1s necessary to introduce the concept of a
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generalized teacher, which consists of real teachers.

A teacher may not be associated with real teachers
if this class is held by an external person, for example, a
representative of the business or industry organizations.
In this case we introduce the concept of a virtual teacher.

Timetabling for such generalized groups and
teachers requires controlling the employment of all
academic groups and all real teachers as the part of
these unions.

Therefore, the triple <Course, group, teacher>
takes the following form:

Academic
£IO

I CGeneralized teacher | [ Virtual teacher I | Real teacher |

Fig. 3. Relationship among the class entities

The class diagram, which describes the relation-
ship between these entities, is presented in fig. 4.

. S geech
o S ¥
[ ,—ﬁ

B
/'ff-}j- [c o, s, [T S L 7
/ L - S feem " fomm
2 L %% i [
% oy 4
[Con |I|v|mn! [Locten | ! Laboratory ! ! Pnchnl]

Fig. 4. The class diagram

1. Representation of classes in a schedule

Let use the matrix representation of the schedule in
the algorithm. The most optimal schedule presentation
15 the parallelogram form, where axes are room, day and
time, their intersection is class [12]. In this case, only
the class number is indicated, by which it is possible to
identify uniquely the teacher, group and course.

day A S=<teacher, course, group>
P
I &
»
. TOCIM
/
time

Fig. 5. Representation of the classes in the schedule

Such a presentation will ensure that there are no
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room overlaps and the possibility of quick data selection

and visualization, for example, using OLAP technologies.
Mathematically we describe this parallelogram in

the form of a three-dimensional matrix candidate list.

candidate_list {room, day, time} =
(0

{i, if §; is taken on day, time in room

0, otherwise

Relationship among the classes in the overall
schedule of the educational instifution is represented in
the form of union matrix and conflict matrix, which are
created according to the curriculum.

The union matrix is a formalization of the
streaming. Classes S, and §,, for which M union, = 1,
are held simultaneously in the same room.

The union matrix is formed as follows:

Y(s;, 5;)|s;€8,5;€8 ((sf"w S?"ﬂf)f\
shurs — s?‘”) A (s = s_‘:f* YA

lec % S.fex‘

i ul mod ul ;
TG =57 > M _uniony; =1

iy =

The conflict matrix is a formalization of the
requirement that two classes cannot overlap at a time
because of presence of one group / subgroup or teacher
in these classes. Classes S, and 8, for which M_conflict;
= 1, cannot be taught at the same time.

The conflict matrix is formed as follows:

V(sj. ;I8 €8.5; €8 ((i# j)n (M _union; = 0)

(sf" =sE v (sF =55 )n (siuber s;.“é’g" DV

(3)

((S;_gr = _‘,}gr IA (ﬂj‘.’”bg" vﬁsj?‘bg’ I =M _conflicty = 1.

2. Used methods
2.1 Ant colony optimization method

The ant colony method is a probabilistic technique
for solving the computational problems, which can be
reduced to finding the best ways with help of graphs
using artificial ants that inherit the behavior of natural
ant colony.

This iterative algorithm is based on the idea of
successive approximations to the optimal solution. Each
iteration is the launch of an artificial ant that, according
to some rule, tries to choose the best route to “food”
(optimum function}, using the labels of its predecessors.

Each ant performs a chain of steps:

1. Ant moves from node to node with transition
probabilities. In order to determine the next edge of the
path, the probability of transition to the j-th node 1s
calculated when the agent is in the i-th node:



@by
2@l

where r,f‘ ;s the amount of pheromones in the node 7, 7

Py @

{accumulated statistical information on the quality of
choice for position 7 of requirement j); o is a parameter

to control the influence of 1’;"‘3-; ?}j‘f,- is node

altractiveness (heuristic information about the quality of
choice for position 7 of requirement j); B is a parameter to
b
i

2. Recalculation (updating) of the pheromone trace
{production and evaporation of the pheromone) is
carried out according to the formulas:

control the influence of 7

5= (1 ,{J)riJ- FAT ;. (5)
where 7; j 1s the amount of pheromone deposited on the
node 7, j (global pheromone trace); p is the pheromone

evaporation coefficient; Ag; j is the amount of

pheromone deposited by the current ant (local
pheromone trace).

3. The best solution is the one with the highest
value of the local pheromone trace.

Several extensions of the ant system method were
developed [13], which include: Elitist Ant System; Rank-
based Ant System (ASrank); Ant Colony System (ACS),
Max-Min Ant System (MAX-MIN AS — MMAS).

In this case, we will use the ant colony system
(ACS) method, which accumulates benefits and
improves other methods. ACS uses a pseudo-
proportional rule to determine the next node to move
[13]: with probability gp. the agent moves to the point
for which the product of the pheromones quantity and
heuristic information is maximum; with probability
1 — go the basic approach that described in the method
of ant systems will be applied in determining the next
point for the transition.

In this case, a strict elite strategy is used while
restoring pheromones on the edges. Only the best agent
(globally or locally) adds pheromones after each
iteration of the method.

The ant colony method has been developed in
detail for the traveling salesman problem (T SP), but the
works on course timetabling with this method contain
only general theoretical consideration of the possibility
of using this method for this task.

The use of the ant colony method for solving
optimization problems was considered in [13]. In [14]
the timetabling tool based on Best-Worst Ant System
and Best-Worst Ant Colony System is considered.

The advantages of the ant colony method are the
convergence to the optimal solution, as well as
stochasticity, that is, random search, which eliminates

the possibility of looping in a local optimum.

At the same time, the uncertainty of the
convergence time is noted in [13], while the
convergence is guaranteed; a strong dependence of the
method results on the initial search parameters, which
are selected experimentally.

Therefore. in our opinion, the use of a hybrid
approach 1s an eflective approach. The ACS algorithm
provides good results in combination with other methods,
for example, with local search or genetic algorithms.

2.1.1 Parameters of the algorithm

The initial algorithm parameters, which affect the
speed and quality of the solution, are the parameters of

influence ¢ /A and attractiveness of the node ?}ﬂ . Let

consider formation of these parameters.

The parameters of influence ¢ and /# are usually
selected experimentally. We use the Nelder-Mead
method to determine these parameters.

The Nelder—Mead method (also downbhill
simplex method) is a simple and effective method for
optimizing (finding of minimum or maximum) of
an objective function in a multidimensional space; it 1s a
way to optimize functions without using gradients. The
method 1s reliable and, as a rule, shows good results,
while there is no convergence theory.

The algorithm is generation of the simplex and its
further deformation in the direction of minimum using
three operations: reflection, expansion, and contract.

In order to form a simplex we divide the ant
colony into three groups, for each of which we set
individual parameters of the method:

a = random(0.5, 1), B, =random{0, 0.5) i s

dominant;

a;= 0,5, f=0,5 - uniform influence of rf‘ ] and f;rfj )

az = random(0, 0.5), fy=random({0.5,1) - r;rf; is

dominant.

It the necessary solution is not reached during
iteration_max iterations, it is necessary to change the
parameters of the ant colony method, calculating the
new ones using the downhill simplex method.

In this case, the current value of the parameters
vi = (o, ), va= (o, P2), va = (o5, () is selected as the
initial simplex.

Using the Nelder-Mead method requires to
calculate the value of the objective function at each
point  fileq. fy),  Salon. Bo).  S3les, fz). whose
equation does not exist, so the maximum local
pheromone trace during # iterations in each group of
ants is taken as this value.

Sorting the points by the values of the objective
function at these points, we obtain a double inequality:

Sflworst) = f(good) = [(best). (6)
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Let use the operation of reflection; it is the
projection of worst point through the center of gravity:
new = mid + a(mid — worst), (7
mid = (ogoo + @pest )2 Byood * PoestV2)
where o=1.

We get 3 sets of parameters that are selected as the
current simplex vy=best, v,= good, vy= new.

The algorithm is repeated until the desired
schedule 1s obtained or during iteration_max 1terations
with a new set of parameters.

If the necessary solution is not reached during
iteration max iterations, it is necessary to change the
parameters of the ant colony method, calculating the
new ones similar to the previous paragraph, but instead
of the reflection, use the expansion operation according
to the formula:

new = mid + y(worst —min), (8)

where 3=2.

The algorithm is repeated until the desired
schedule is obtained or during iferation_max iterations
with a new set of parameters.

If the necessary solution is not reached during
iteration max iterations, it is necessary to change the
parameters of the ant colony method, calculating the
new ones similar to the previous paragraph, but instead
of the expansion, use the contract operation according to
the formula:

new = mid + f{warst — min), @)
where /=0,5.
7

i is heuristic information about attractiveness

of location of class 7 on position j in the schedule. This
parameter is calculated heuristically by one of the rules:
1. Under the general rule:

== ] (uniform distribution when there is
§_max

no information about the benefits);

2. Under the rule of subjective preferences or
fuzzy measure.

With the help of a fuzzy measure, the convenience
of placing classes on day 4 in time p is defined as a
subjective probabilistic measure (fig. 6).

i,

T 42 49 d4 ds

Fig. 6. Subjective probabilistic measure

It is undesirable to hold a lecture on the first lesson
on Monday, daily on the fifth or sixth lessons and on the
last lessons of the last day of the week, when
workabilily decreases and the least number of students
1s present. For example, p,; =0 for d=6 at 5-day

workweek, p, ; =0.2 for p = 6 (undesirable lecture on the
last lesson).

The convenience of taking a class in the #-th room
is determined by the compliance of the room type to the
class type, capacitive room indicators, belonging of
room to the department, necessary laboratory
equipment, software and hardware, as well as the
subjective preferences of the teacher. The simplest
definition: g =1 at full conformity of the room, g, =0
at complete discrepancy of the room, g, =05 at
undesirable taking of class in this room.

According to ;. and g, parameter 7;; is
defined:

i j = max(fg -y, (10)
where 0= 4y, =1 is the convenience of scheduling
classes on day d n time f, 0=y =1 15 the
convenience of scheduling classes in r-th room.

Such a presentation allows taking into account the
wishes of the educational process participants during
course timetabling. If >« at the iterationi = 1, ..., N,
an unallocated position with the highest value 7, 1s
selected.

The pheromone trace

In the classical ant colony algorithm, implemented,
for example. for the traveling salesman problem, the
pheromone is applied to the graph edges, since the edge
1s a transition path from point to point.

In this case, the main sources of information in the
graph are the vertices (timeslot / audience combination),
therefore, it is proposed to put the pheromone on the
vertices, and not on the graph edges.

2.2 Genetic algorithms

Genetic algorithms are the stochastic heuristic
optimization methods, the main idea of which is taken
from the evolutionary theory [4]. The main mechanism
of evolution is natural selection, whose essence 1s that
more adapted individuals are more likely to survive and
reproduce and, accordingly, bring more offspring than
less adapted individuals. Moreover, due to the transfer
of genetic information, descendants inherit their main
qualities from their parents.

The procedure of the genetic algorithm:

1. A chromosome structure for storage of
solutions 1s being developed. In this case the schedule as
a “chromosome™ is considered. The selected structure
should take into account all the features and restrictions
of the desired solution. An initial chromosomes form
population.

2. Each individual in the population is evaluated
using the fitness function; the best solutions are copied
to the new population unchanged. The fitness function
determines the suitability of the chromosome for the
formation of the next generation. The principle of
elitism allows saving the best decisions and provides
increased convergence of the algorithm.
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3. The best chromosomes are selected for further
reproduction from the set of chromosomes using their
fitness function.

4. Selected chromosomes cross-pair with each
other to obtain a new population. If the received
schedule does not conform to the curriculum, the
crossover operation is repeated until the correct
schedule is received. In this case, it is better to provide a
heuristic mechanism for schedule correcting.

5. The mutation operator is applied to the
population.

6. The fitness function is recalculated for the
resulting population

7. Gotothe step 2.

The genetic algorithm is stable to local minimums,
and also provides a relatively quick search.

But application of the evolutionary method for
solving the timetabling task causes the problem of
chromosome formation. Therefore, it will be relevant
using a combination of the considered approaches — the
ant colony algorithm for iterative approximation to the
optimum and the initial chromosome formation, and the
genetic algorithm for search of the global optimum.

The use of genetic algorithms for timetabling is
presented in [4, 9, 11, 15].

3. Hybrid course timetabling method

Let’s consider the main stages of the hybrid
method.

Let’s introduce the following variables: s max is a
total number of classes according to the curriculum,
d max is a number of teaching days during the week,
p_max 1s a maximum number of classes per day, ¢ max
= d max > p _max is a number of timeslots during the
week, r max is a number of rooms, S is an array of
unallocated classes.

Step 1. Initialization of the method.

1.1 Creation of the classes array S with dimension
5_max and its sorting by decreasing freedom of location.
First of all, classes that have limited opportunities for
the time of the classes or require large rooms are
located.

1.2 Creation the Pheromone matrix {s, t, 1.} with
dimension s max <t max » r_max and initialization it
with the initial pheromone value at the vertices
Pheromone_start for the implementation of the ant
colony method.

1.3 Creation of an of artificial ant colony (agents)
ants[]. For each ant it is determined: candidate list {r,
d, pi} with dimension »_maxx<d max » p_max, ant path
ant_tour with dimension s max, which are initialized
with zero values.

1.4 Separation of the ant colony of into three
groups for the formation of a simplex by the Nelder-
Mead method. For each ant group the initial parameters
of the method <oy, By=, <0y, Pa=, <oy, 3= are set.

Step 2. Jterative movement of ants

2.1 Setting the initial values of the path,
initialization of candidate list and ant tour with zero
values.

2.2 Each class i 1s sequentially scheduled on
position y using the transition probabilities. Ant moves
from node to node with probability:
DN ;

el
where (2 is the set of classes not scheduled yet.

The rule by which class i is located on position j 1s
defined as follows:

arg max(z;%, )(U,—’_q;, ).q<4qg
heQd

j=17jis determined randomly according  (12)

i eQ an

to the probabilty distribution, g = g

where 0 < gy < 1 is the algorithm parameter (g, = 0.5),
and the value g is calculated randomly at each step.

The result of the selection is fixed in the ant path
(ant_tour matrix) and candidate list matrix.

An agent moves only to nodes that have not been
visited yet and for which candidate list {#, d, pi}=0.

In this case, the candidate list matrix plays the
role of a tabu list and ensures the satisfying of hard
restrictions “no room overlaps™. Absence of the teacher
and group overlaps must be controlled separately.

Step 2.2 1s repeated until each agent completes his
path.

Classes

anty '.. /' I
anty .f.

Anttours
[da[Z3] [737] [83.1]723] [643] [Z53[11.33 [23.3]
5 52 En 5y ) S BN S S
ikl anlz anls

Fig. 7 — Schematic representation of the ant path

2.3 Calculation of the fitness (penalty) function F
by the formula:

F:Zaajﬂ, (13)
J

where F is the schedule quality (the number of
violations of soft restrictions), F, is the number of
violations of soft restrictions according to the j-th
quality criterion; @ 1s the weight coefficient of the j-th
quality criterion.

2.4 Application of the local search method and
recalculation of the target (penalty) function F.
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Local search methods:

Option 1:

- random class Sp(ro. db, &) 1s selected in the
schedule;

- all classes S,(r;. di. ;) ... ST, dy t,) with the
same timeslot (do, ty) are considered;

- classes i and j alternately change places, while
the objective function is recalculated;

- a replacement that gives the best value of the
objective function is fixed, other classes return to their
positions.

Such change will improve the schedule according
to the criteria “effective room use™ and “uniform room
load”. Since the time of the classes does not change,
there are no violations of strict restrictions.

Option 2:

-random class Si(r;, &, £) is selected in the
schedule;

- class & is transferred to all vacant positions in
turn, while the fitness function is recalculated;

- a replacement that gives the best value of the
objective function is fixed, other classes return to their
positions.

Such change will improve the schedule according
to the criteria “compact load of teachers and students™
and “uniform load of educational process participants™.

These options of local search can be considered as
a genetic algorithm that is applied to one individual:
example 1 is selection operation, example 2 is mutation
operation.

2.5. The local trace is determined — the amount of
pheromone deposited by the 7-th ant on each vertex of
the path, according to the formula:
P S

Ly l+ F;.

where Az; ;is the amount of pheromone deposited by

A (14)

the i-th ant; F

7 1s penalty for violation of soft
restrictions in the schedule created by the i-th ant.

For each group of ants, the largest value of the
local pheromone trace is calculated and stored.

2.6. The global trace in the pheromone matrix is

calculated by the formula:

5; =(1-p)t j +A7 5, (15)
if class i 1s on the position j in the best schedule.
Otherwise,

5 == , 16)
where p is the rate of the pheromone evaporation,
uniformly distributed in the range [0,1].

At the first iteration, each vertex has the
opportunity to be selected. To gradually remove the
vertices relevant to the worst positions, the pheromone
evaporation procedure is applied to all the vertices.

[f | ant tour " — ant tour™"™ | <, the pheromone

matrix must be restarted.

Schedules obtained by the ant colony method and
improved by local search are transferred to the genetic
algorithm as chromosomes.

Step 3. Genetic algorithm

3.1 On the basis of fitness functions, the best
chromosomes in each ant group are selected for further
reproduction and the creation of a new generation with
the best indicators.

3.2 Selected chromosomes cross-pair with each
other to obtain a new population, exchanging rooms or
timeslots. Genes for crossover (classes) are chosen by
the roulette-wheel method. The resulting chromosome 1s
checked for validity — whether it satisties the hard
restrictions. If the received schedule does not conform
to the curriculum or the crossover worsened the room
use indicators, the crossover operation is repeated until
the correct schedule 1s received.

3.3 Mutation operator is applied to a population. It
is a random replacement of a room or timeslot.

3.4 The objective function (fitness function),
which fixes the satistying of soft restrictions, and the
local pheromone trace are recalculated for the resulting
population.

Steps 2 — 3 are performed until the desired
schedule is obtained or during iteration_max iterations.

The algorithm stops after achievement of the
desired result or after iteration_max iterations, as well
as 1f during the 7 iterations the algorithm does not give a
significant improvement i.e. Fojopa poy — F; <€ .

Schematically, the work of the genetic algorithm is
presented in fig. 8.
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l Best timetable definition |

Fig. 8 — Genetic algorithm

The algorithm flowchart is presented in fig. 9.
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and manual course timetabling are presented in fig. 10-
11.

The fragment of the schedule that has generated as
a result of aromatic timetabling is presented in fig. 12.

The default restriction weights are equal 1, but it is
possible to adjust them in manual mode, as well as
taking into account individual quality criteria.

The developed system was tested on the following
data: 1 faculty, 56 teachers, 54 groups, 20 classrooms.
Testing results confirmed the effectiveness of the
proposed method.

Fig. 12 — Results of automatic timetabling

Conclusions

As a result of the work, a hybrid approach to
solving of the automated timetabling problem in higher
educational institution based on the ant colony
optimization, the genetic algorithm, and the Nelder—
Mead method has been developed.

Use of this algorithm allows for reducing of
algorithm running time and increasing of global
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optimum finding probability the efficiency of the dispatchers who are involved in

The developed hybrid method is the basis of the  scheduling, and the quality of the educational process
software for the university course timetabling. Use of by taking into account wish of the educational process
this system at the university will facilitate and increase  participants.
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Asropn:

Taimant Onena Muronaiena

Haygionanenuii  yuisepeumem  «lTonmaecera  nonimexniva  imeni Fpin  Rowdpamworay, emapuwuti  euraaday  radedpu
konmn Iomeprux ma ingop JITTHUX IEeXHOROIT | clicment

Haapos Onercift Cepzifiosuu
Xaprisco kil nwayionansuuii yuicepeumem padiocenexmponiy, doyenm radedpu npozpamuol inxcenepii, sacmynuur dexana
drarvaememy KH, raududam mexnivnux vave, doenm

idpuanuii nijaxin qo poss’ nzanns 3a1a4i agToMaTH 0 CKJIA POKJIATY BHINONO HABYAILHOIO 32K12/1y
O.M. Tafitan, O.C. Hazapos

Amnoragis. YV pobori onmcano rOpHIHIGE IHAXL 40 PO3B S3aHHA 33134l aBTOMATH30BAHOIO CRIAMAHHA POIIIALY BHIIOIO
HABMAMLHOTO 33Ky Ha OCHOBL MeTOMy MYpPallifHHX KOTOHIH, TeHeTHYHOrO ANTOPHTMY Ta MeTORy Ae(OpMOBaHOTO
GararorpaHHika. MeToa MypalniHol KOMOHI € OCHOBOK JAHOTO AITOPHTMY, IO (OpMye MOMATKOBY MOMYIMALNN0 LT
TEHETHYHOTO amropuTMy. KoMOIHALIA JaHOTO METOMA 3 THETHYHHM alrfOPHTMOM Ta METOAOM AeOPMOBAaHOTO BaraTorpaHHHKa
CIPAMOBAHA Ha YCYHCHHA TAKMX HEIOMKIB JaHOT 0 METO/a AK HEBH3HAYCHICTE Yacy 30LKHOCTL alrOPHTIMY Ta CHIIBHA 3alICHHICTh
PesyILTaTIE POGOTH METOMY Bl NMOYATKOBHX NAPAMETPIE MOUIVEY, MKl 3a3eHdail madHpaoTses exkcrnepiMeHTansHo. Meron
AehOPMOBAHOTO  BATATOTPAHHHKA BHKOPHCTOBYETBCA JUTA  IHANO/KEHHA TAPaMETPIE  METONY MYPalllHHX  KOMOHIiL
BHKOPHCTAHHA TEHETHMHOTO &MTOPHTMY JO5BOMAE SMEHIIHTH Ha¢ POBOTH aTOPHTMY Ta 30UTBIMTH AMOBIPHICTE MOMaJaHHA B
raoGanbHiit onTiMyM. CKIajaHHd pO3KIaly HaBMaTbHOTO TPOIECY YV BHIIOMY HaByambHOMY sakiami (BH3) e sawomisoro
CKIAJIOBOID cHCTeMH safesliedeHHs HABYAILHOrO TMPOLecy, OCKUILKH Bl AKOCTI POSKIALY SWIeHHTh KOMOPT yyacHHKIB
HABYAILHOIO NMpolecy Ta Horo sxicTh 1 edeKTHBHICTh, OT#e, pospoiieHHs MeTOIB IeHepallli KoMITIOTEPHOID POSKIALy €
AKTYATBHOKO TeMo0. [IpeiMeronM JOCTIKeHH € aTaTTHEHI MeTOIH ABTOMATHYHOTO CKITafaHHa poskmany BH3. Mera poGorn —
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PO3poGIeHHd TIGPHIHOTO MIAXOTY A0 PO3B’SM3aHHA 3aladi ABTOMATHZOBAHOTO CKIANAHHSA POZKIAAY BHINOTO HABYATBHOTO
sarnany. PesynmeratH — pospodka Ta JOCTITECHHA MGPHIHOTO METOLY Ta NMPOTrPaMHa PEam3alid cHCTEMH cEIaTaHHd PO3KIaLy
HABYATLHOTO IIPOLECY B YHIBEPCHTET] 3 BHKOPHCTAHHAM POSITIAHYTHX MeTOLIB.

Kmuoai Caoed: ﬁﬂﬂfm(ﬂq)llmf:;!)ifﬂlbflﬂ OP’DT.!H_'AI‘.'MH{!‘H, Ml:‘m[)d Mypumuma K(lejllfﬁ, ;:euemuwmii wr.?apuﬂua, M(!m()()
dehopmosanoco bacamospannia, poikad, Maiiciom.

r]lﬁplll]llbl]"l MOoaX01 K pelleHHI0 3130 ABTOMATHIHPOEAHHOT 0 COCTABMCHHA PACIHCAHHA BbICIIETD y'leﬁﬂoro
JABedeHHA
E.H. I'airan, A.C. Hasapos

Annoranua. B pabore onmcaH rHOPHAHED MOINOA K PSIICHHIO 3afauyH aBTOMATH3HPOBAHHOTO COCTABICHHS PAacHCaHHT
BBICINETO  YYeOHOTO 3aBEJCHHA HA OCHOBE MeETONa MYDABBMHBIX KONOHMIH, TeHETHYECKOTO alTopHIMAa H  MeToja
IedopMHPOBAHHOTO MHOTOTPAHHHEA. MeTon MypapbHHOH KOMOHMM ABNgeTcd OCHOBOIL JaHHOTO anropHIMa M QopMHpyeT
Ha'MATEHYHO MOMYTTANHIO 7T TEHETHHECKOTO anrOpHTMa. |{0Mﬁ}ﬂ{all}lﬂ JAHHOTO METOMa ¢ TEeHeTHHeCKHM alTopPHTMOM H
MeTomoM  AehOPMHPOBAHHOTO MHOTOTDAHHHKa HAMPARIcHa Ha VOTPaHSHHE TAaKHMX HEDOCTATKOBR MAHHOTO METONa Kak
HEOMpPEeEIeHHOCTh BPEMEHH CXOAHMOCTH aiTOPHIMa H CHIBHaf 3aBHCHMOCTR Pe3ymlbTaroB paCoThl MeTOJa OT HaualbHBIX
MApaMeTPOB TIOHCKA, KOTOpBIE OOBMHO TOZOHPAKOTCA SKCNepHMeHTamsHO. Meron aedopMHpOBAHHOTO MHOTOTPAHHHEA
HCITIB3YETCH U HAXOAJIEHHA [TEPAMETPOE  METOJA MYPABBHHEIX KOIIOHHH., MenoiesoBaHie eHeTHYECKoro ArOPHTMA
MOSBOMAET YMEHBITHTE BpeMd padoTH alropHTMa H YVBETHUHTE BEPOATHOCTE MOMAfaHHA B TToSankHEH onTiMyM. CocTaBmeHHe
pacImHeaHHa yUeOHOro IMpolecea B BRICHICM YUeOHOM SaBCACHHH ABLICTCA BAKHOM COCTABILMIOMICH CHCTEMBI OOCSCIICUCHI
yueGHOTO TIPOLEcca, TIOCKOIBKY OT KaYeCTBa PACTIHCAHMA 3aBHCHT KOM(OPT Y4acTHHKOE y4eGHOTO Mpollecca H €ro KauecTBO H
3 eKTHEHOCTE, CNENOBATSNEHO, PaspaboTKa METOMNOE ICHEPAIIHH KOMITBIOTEPHOTO PacTTHCAHHA ARNACTCA aKTYalbHOM TeMoil.
“}'JCJ],MBTUM HCCIISIOBAHHA ARTASTCH aJIalITHEHBIE METOJB] ABTOMATHHECKOID COCTABIICHHA PUaCIHCAHHA BY30B. |lﬂlll: [)Hﬁ()'l'hl
I)H."}pﬁ(’)(}TK“d I'I'{l.!I)IrUI_H()I'U NOJXOJE K PEIIEHHKY 33Jlda4H aETOMATHISHPOEBAHHOTIO COCTARIIEHHA PACITHCAHHA BRICHIETD y‘lCﬁH()l'i)
SABEICHIT. PES}"JTBTaTBI = pa:spaﬁmm W HCCIMEMOBaHHE FPIﬁl)’H}'D{OTO METOMA H MPOTPaMMHAT PEam3allHd CHCTEMBI COCTARICHHA
pacTmeaH A yeOHOTo MPOLEeea B VHIHBEPCHTETE ¢ HEMOMb30BAHHEM PacCMOTPEHHBIX METOLOB.

Kirouessie closa MHOZOKPUMEPHUILHAR ONMUMUZINA, MO MyPaeslH blX KONOHUH, 2eHemuyeckii anzopums, memod
deghopMupoeann oo MHOR0ZPARKURT, PACTUCANNe, MailMciom.
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B.2 CrarTs 10 ¢daxoBoro xxkypHaiay «BueHi 3anucku
Tappilicbkoro HanioHaJIbHOI0 YHiBepcuTeTy iMeni B.I. Bepuaacskoro,
cepist «Texniuni Haykm», Tom 31 (70) Ne 2, 2020

Iudpopmaruka, o6UHCIOBAILHA TEXHIKA TA ABTOMATH3ALIA
YK 004.91:378.145

< 1
Laitman OM.",
! crapmmit BHKIaau KadepH KoM IOTEpHHX Ta in(opMaIifHHX TeXHOTOTIH i cHeTeM

Hamionansnoro yuisepcutety «llonTaBenka nositexnika imeni HOpis KomngpaTtiokan

ABTOMATH3AIIS TEHEPAIT PO3KJIA/[Y HABUAJILHOI'O IIPOIECY
YHIBEPCHTETY

Y cmammi pozenaoacmucs nUManis agmoMamuzayii cenepayii po3xnady HaguanbHOZO
npoyecy yHigepcumemy, OOChiONCYIOMbCE HAAGHT CUCTIEMU CKNAOAHHA PO3KIAdY, euseneHi ix
hynryionansii ocotnusocmi, npoananizosani nepesazi ma nedonixu. Omicano y gopmanizosa-
HOMY 6UNA0T ROCIMAHOBKY 3a0aui ROBYOOeU po3KAAdy, 6UAENEHO MA CUCEMAMU3O6AHO OCHOGHI
sicopemii ma M 'aki o6Medicents, Wo HAaKAadalomuea Ha cmeopeniii posKiad. 3anpononosano
cIBpUONUTT NIOXIO 00 KoMn lomepHOol cenepayil poskaaody HAGUANLHOZO Npoyecy, AKUIL IPYH-
myenbea Ha Memooax MmypauuHol xonowii (Ant colony optimization) ma zememuuHux anzo-
pummax (genetic algorithms). IToconanns oanux Memoodie GO360MUML FMEHUWUMU Ydac 30ioic-
HOCMI aneopummy ma 36inbiumuy MosipHicmb 3HAX0O0J4CeHHA 2nobanbHozo onmunymy. Takooic
npe()cma(mrzﬁo RPOSPaMHy Cucmemy CKAQOAHNS p()\'fKJEC!()y HAGHAALHOS0 APOYECY SUIYOSO HAg-
YANLHOSO 3GKNAOY, AKA HA OCHOGI NOCMININUX OOGIONUKIG (Oani npo Kageopu, cheyianbHocmi,
HAGUANbLHI ZPYALL, 6UKNAOQUIS, HABUANLHI Koprycl, avoumopHut ghond), wo 3bepicaromuca 6 sql-
Bazi oanux, ma onepamueHoi ceMecmpogol ingopmayii (HasuanLii HAAHN, WMAMHe HA6AHMA-
DHCEMHA 6UKAAOANIE, KaTeHOapl OOCMYNHOCII ma npiopumemit YUacHUKI6 HAsUanbHO20 npoyecy),
M m)pm(mam)i‘ 3 xml-oosionux i, .';aﬁri'meuye‘ MONCIUGICMb PYHRO20, AGMOMAMUYHO=0 A agmo-
MAMU306AHO20 CKAAOAHHS PO3KNA0Y HAGUANLHOZO Npoyecy € yHieepcumemi 3 GUKROPUCINANHAM
pozenaHymozo memody ma mexnonozil drap&drop. Hepedbauena modicnusicms pyuHoz0 Kopek-
MVEAHHA CIBOPEH020 PO3KAady ma iozo excnopm vy xml ma xlsx gatine. Buxopucmanus oavot
CHCMEMH V) HULHX HASYATLHUX FAKNAOAX QOZ60IUME RONESUILMIL Ma nfrﬁ@qu;mu er[;e;mnmm’cum
poﬁamu c)ucnemt.repm, AKI 3AUMAIOMBER CKAAOAHHAM pGEKJIC!C)y, ma AKICmb HABYANBHOZO npo-
yecy 3a paxynox KOHMPONO GIOCYMHOCMI KOHQIKMIE YHACHUKIE HAGYANLHO20 npoyecy md
MAKCUMANLHO20  8PAXYEAHNHA NOODANCAHL ymcuum'(; HAGHAMLHOSO  Apoyecy npu CKAAOAHNT
POIKAAOY.

Kniouosi cnoea: cenemuunuii arzopumm, KOMBIHaAMopHa onmuMizayis, Memaespucmuxad,
MeEmoo MyPAuHUX KOAOHIH, PO3KIA0, MAMCnom.

llocTanoBka mpodaemu. ['enepanis pos-
KJIajly HABYaJIBHOIO I[IPOLECY YHIBCPCHICTY €
BaAUTHBOIO CKJIAI0BOIO CHCTEMH 3a0e3me e HHs
HABYAILHOTO TIPOIIECY, OCKUIBKH BiJl SKOCTI
CKJIAACHOTO PO3KIANY 3alIelKHTh KOMGOpT
YYACHHKIB HARYAIBLHOTO Mpoliecy, Horo sikicTh
Ta edexrurHicTh. Hezpaskatoun Ha IHpoke
BHKOPHCTAHHS iH(opMamiHHHX TeXHOJIOTIH, V
0araThOX BHIIHX HABYAIBHHMX 2aKiajjax pos-
K4l 10 LBOIO Hacy CKIAJAcThC BPYYHY i
KOMIT'IOTep BHKOPHCTORYEThCS JHINE TS Ri-

3yalizallii Ta pPO3MOBCIODKEHHS CKJIAJeHOro
TaKMM 4HHOM posiiany. Tomy zajaua apro-
MATHUHOI TeHepallil KOMIT IOTePHOTO PO3KJIALY
HABYAIILHOTO TIPOTeCY B YHIBEPCHTETI €
aKTyaJILHOIO.

IIpobnema cxiia/laHHs pO3KIay HABYAIIh-
HOTO [pollecy B YHiBepCHTETi mnosrae y
posnodii nHaGopy 2aHATL 3TIAHO HABYAILHHX
TUTAaHIB B MeXax 23aJjaHoi KiTBKOCTI ayuTOpik
Ta nepiogip Hacy (nap). OCHOBHA BiJIMIHHICTB
pO3KIAy B VHIBEpCHTeTI BRI cepe/iHbol



IWIKOJH MOJBITAE B TOMY, IO YHIBEPCHTESTCHKI
KYPCH MOXKYTh MATH CITIJTBHHX CTY/ICHTIR, TOJTi
SIK TKIJIBHI KJIACH — 11e MHOJKHHH YYHIB, [0 He
HePeTHHAIOTHCA. SIKIMO JBa 3aHATTA MaKTh
CTIJIBHUX CTY/IEHTIB, BOHH KOH(IIKTYIOTH, i
TOMY HE MOXKYTh OYTH 3alUlaHOBaHI Ha TOH
camuii nepion. KpiM Toro. neobximno mepen-
OauMTH MOXIIHMBICTE [OJLIY  aKa/IeMiuHHX
TpyN Ha MATPYNH Ta o6 caHAHHS JEKIIHHHX
3AHSITH Y TIOTOKH.

B npobiemi ckiajaHis po3Kiaay yHIBep-
CHTETY BAJNUIHBY POJL BiZirpac HAsSBHICTL
ayauTopiit (ix poamip, Tan i obnaHaHHS, Ha-
JIEIKHICTE 0 BiAmorianoi kadenpH), Tomi sIK v
cepe/iHIH KO UM HEXTYIOTh, OCKUILKH B
OUTBITOCTI BHMA/IKIB MOKHA TIPHIYCTHTH, IO
KOJKeH KJIac Mac CBii kaGiHeT i OKpeMi BHMOTH
BHCYBAIOTHCS JIHIIE JIO 3aHATH 3 1HO3EMHOI
MOBH, 1HQOpMATHKH, XIMiT Ta (PI3KYJIBTYPH.

OCHOBHA MeTa CTATTi MoJsrae y po3pob-
JIeHH1 TOpHIHOTO MeTo/1a ABTOMATHYHOT reHe-
pauii po3Kiajly HaB4ILHOIO IHPOLECY Ta I0-
Oy/TOR1 MIpOTpaMHOi CHCTEMH Ha ii OCHORI.

OO0 ekT JOCHIJUKEHHS — METOJH Ta CHC-
TEMH aBTOMAaTHYHOTO CKJIAJTAHHS PO3KIIAIY.

AHA3 0CTAHHIX TOCT/UKeHD i Iy0rika-
wiit. IlpoGneMi apTOMAaTHROBAHOI TeHeparlii
PO3KIIATY HABYAJILHOTO MPOLECY MPOTATOM OC-
TAHHIX  JCCITHIITL  IPHALBIETECH  3HAYHA
yBara.

IIyGuikamii 2 JaHOTO IIHTAHHS MOJKHA
MO/IUTHTH HA JISKiJIbKA KaTeropii:

— gopmanizayia npeomemHol oonacmi:

Tak, B [1] posrisiHyTO MaTeMaTH4HY 110-
CTAHOBKY 3a/1a49i CKIATAHHS PO3KIANY 3aHATH
y BH3 B ymoerax pozbixkHocti BHMOT 1 noba-
JKaHb BHKJIAZAYIB 1 CTY/ICHTIB, BBSJICHO IIOHSIT-
TS BIPTYATLHHMX Ta yarajJbHeHHX TPYI 1 TMi/i-
IPYl, HNPOAHAIIZOBAHO JKOPCTKI 1 HEKOPCTKI
oOMeKeHHSI B 3a/1a41 CKJIQ/JTAaHHS PO3KIIAJY.

PoGora [2] npucBsiveHa craHaapTHzaiii
JAHHX JUIS CKIAIaHHS PO3KIIay ¥ HABYATBHHX
saKJajiax. ABTOPH OIHKCYIOTH (dopmar npe-
CTABJICHHA JIAHUX Y YACTHHI OIMCY HaB4allb-
HOTO TUIAHY 1 PO3KIAAY 3aHATh Ha OCHOBI
XML-TexHonOrH.

— aHaniz ICHYIOUIX Mda po3pobKa HOGUX an-
OPUMMIE A MEMODIE CKIAOAHHA POIKAADY:

Y poboti [3] mpoBeaeHo OIS METOIB
cknaaHHs poskiaay BH3, npoananizoBani ix-
Hi TlepeBard Ta He/loJikH. OUHC OCHOBHHX Me-
TOJIiB, O BHKOPHCTOBYIOTHCS [UISI PO3B’sI3aH-
HS JlTaHOi 3a/1aui, TaKOXK TpejcTarieHo y [4].
Jist aBTOMATHYHOIO CKJAJAHHA LIMPOKO BH-
KOPHCTOBYIOTBCS SIK KITACHYHI METO/TH TaKi, 5K
JliHiHHe 1iJI0YHCcelIbHE TIPOIPAMYBAHHS, METOJL
pozdapbopypanus rpady, METOL IMITALIHHOTIO
MOJIEJIFOBAHHSI, TAK 1 METAeBPHCTHYHI METO/IH.

OCKUIBKH JIaHY 3a/lady MOJKHA BIJHCCTH
no wracy NP-BaKKHX 3a/1a4 31 3HAYHOIO KiJlb-
KICTIO 0OMEKEHb 1 CKIAJIHICTIO NoOYI0BH Ma-
TEMATHYHOI MOJIeNi, BHKOPHCTAHHS KJIACHY-
HHX MeToaiB oOMexkene. ToMy Ha maHHi gac
JUISL PO3B S3aHHA 3a/1a4l CKJIA/IaHHA PO3KIIaLy
BH3 ayxe nomwupene 3acTOCYBaHHSI METaeB-
PHCTHUHHX METO/IIB. 3aCTOCOBYIOTH TaKi MeTa-
€BPHCTHYHI METOOH K METOJd  iMiTaIli
Bi/INaTy, TEHETHYHI AMTOPHTMH, METO/ Mypa-
IMUHHX KOJIOHIH TOoIO.

MeTaeBpHCTHYHI METOAH 3a3BHYAN MAIOTh
JIB1 BAJXKJIHBI OCODJIMBOCTI:

— v pesyiabrari ix poOoTH IOCIIOBHO
OVIVIOTLCS KILKA PO3B’SI3KiB;

— mobyaoBa KOMKHOTO HOBOTO pillleHHs
IPYHTYETECSI HAa HAKONMYEHHX 3HAHHAX IpO
SIKICTh TTOTIEPE/THIX OTPUMAHHUX PIllleHb.

Knacudikaiyis OCHOBHHX MeETaeBpHCTHY-
HHX METO/UB, IO 3aCTOCOBYIOTHCS MPH aBTO-
MATHYHOMY CKJIQJaHHI pO3KJIQ/IiB, Hape/eHa
Ha puc, 1.

[PYHTYIOTECS Ha MOy manii

Konextupumii Erormoniiin
(poliopuit) iHTeNEKT AMTOPHTMH

MeTaeBpHCTHMHI anT opITMIT

OJMHHYHL

[ ATTOPUTMI JIOKQIBHOTO MOLIYKY ]

J'ITT)')HTM
imMiTanii igmamy

Auropuy » o Jlokanmbuuii Anropum
N MeTon poio lesernynmii MemeHurnit
Mypaunmm TIUII[)"K 3 OKOJIAMI, CXOTRKCHHA
HACTOK ﬂ.l'JT("JpHTM FIJ1T0|)P{TM
KOJIOHIL o ‘{C')T\u’TOTbGH
Puc. 1 - Knacudikailisi 0CHOBHHX METAeBPHCTHUHHX METOMIB
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MeTacBpHCTHYHI METOMH TIOUHHAIOTE 3 O
HOoro abo AeKIMbKOX TOYATKOBHX PO3B’A3KIB 1
BHKOPHCTOBYIOTh CTpaTerii momiyky, 3a Jomo-
MOTOI0 AKHX HAMATAFOTHCI YHHEHYTH JIOKawlb-
HHX ONTHMYMiB. [[i anTOpHTMH MONYKY MO-
KYTh 3a0eslcUyBaTH BHCOKOAKICHI PIINCHHA,
ale 4acTo MaloTh 3HAYHY OOYHCITIOBATTbHY Bap-
TIiCTh.

[IracHyHl MeTOMH B OCHOBHOMY BHKODHCTO-
BYIOTh 1TepallifiHy TeXHIKY HElepepBHOI ONTH-
Mi3alli, TOMY MOXKITHBE 3aIUKIEHHI B JTOKaTb-
HOMY ONTHMYMI. JIg TOMIYKY TII00albHOrO
OTITHMYMY JOIUTEHO BHKOPHCTOBYBATH CBOTIIO-
IIIHHI Al OPHTMH.

Y poGori [4] pospolIeHOe alropHTM Mody-
IOBH PO3KIany I THCTAHI[HHOre HaBYaHHI
Ha OCHOBI TEHETHYHOTO alTOPHTMY, Peallizoba-
HHI ¥ IKOCT1 TIACHCTEMH I CHCTEMH JTHCTEH-
mifHOTO HaBuaHHA «BipTyambHHH YHIBEpCH-
TeT» [eHeTHUHHH alropHTM [id TO0YIOBH
PO3KIIAIy TAKOXK POTIIAAAETECT v poboTi [14]
JUTA TIOOYAORH PO3KNANY icTTHTIB. [IpH THOMY
0cO0HBa YBara IIPHALIAETHCA TIOCIIZOBHOCTI
1CTIHTIE.

Y poGori [5] s3ampomoHOBAHO HOBHI Ba-
PlaHT aITOpHTMY IMITAIli BIATIATY, JKHiT Ha3H-
BaeThed FastSA, a4 aBTOMAaTHUHOL TTOOYIOBH
posknaxy icrmris B BH3. B FastSA wowmen
icruT, oGpaHuH JTA TITaHYBaHHA, TepeMila-
eThed (1 Tarmii PyX OIHIOETHCT) TIHINE B TOMY

BHITAIKY, AKITO IeH 1CMHT MaB AKICH MPHIHAT
PYXH Ha TIOTIEPEAHLOMY BLIPIZKY TEMIIEPATYPH.
Cdopsopano 10 TemImepaTypHHX IiMA30HIE 3
PIEHOK) PIBHONO KIMBKICTIO OIIHIOBAHB YV KO-
HOMY fiamasoHi. EMITipHIHO GYIO MOMIYEHO,
o AKINO ICTTHT Mak HYIBOBRL TIPHAHITL pyxXH ¥
TIOMEPEeIHBOMY  JIalla30Hl TEeMIIEPaTypH, TO,
HMOBIpHO, B MaliOVTHROMY GVe Mallo afo He
Oyie 30BCIM IPHIHATHX PYXiB, OCKUTBEKHM BiH
KpucTamisyerbed. OTke, PyX BCIX ICIHTIB, 4K
3aKpIMIeHi TaKUM YHHOM, OiTbITle He OIiHTO-
I0ThCq, MmO 3a0eslledye MeHIY KUTbKICTh OIli-
HIOBaHb TIOPIBHAHO 31 CTAHAAPTHHM alTOpHT-
MOM imMiTarii pigramy. Jmd noGyaIoRH TOYaTKo-
BOTO PIIIICHHS BHKOPHCTOBYETHCH SBPHCTHKA Ha
OCHOBI CTYIICHS HACHYEHH, TIOETHAHA 31 CTATH-
CTHKOIO Ha OCHOBI KOH(KTIB, MO0 YHHKHYTH
BAIHKITCHHA.

VY [6] posrngnaerhea moGyaoBa HefpOHHOI
Mepeki III po3B'I3aHHA JaHOl 3aaMi.

— QHAarI3 [CHYIOHUX Ma PO3pobKRa HOSUX Npo-
pamuux  3acobie zemepauii KoM IOmMeEpHO20
POSKIAGY. MEXHORO02H, WO SUKOPUCMOSYIOMb A
ma ix npocpamua peanizayia [7— 11];

1. KommmekcHa cHCTeMa CKMajaHHA VHi-
BepCHTETCRKOTO poskiamy UniTime [7], pos-
pobneHa 3YCHINAMH TPVITH BHKNAJauiB, CTY-
JeHTIE 1 CINBPOOITHHKIE VHIBEpCHTETIE [IiB-
HITHOI AMEPHKH Ta CBpOIH.

Pric. 2 — Expanni dopym crictems UniTime

UniTime mMATpHMYE CKIaTaHHI PO3EKITATIB
KYPCiB Ta ICTTHTIR, YITPARTIHHA 3MIHAMH B TTHX
PO3KIaax, CIiIbHE BHKOPHCTAHHS ayaHTOPIH
3 IHIMMH 3aXO0JaMH 1 PO3IOAIT CTYASHTIB 3a
OKPEMHME Kypcami. lle posmogimeHa CHCTe-

Ma, SIKd JO3BOILIE NEKIbKOM BLITIOBLIAIIBHHM
ocoDaM KOOPANHYBATH 3YCHIITI 31 CTBOPEHHA i
3MIHH PO3KIamy, IO BIATIORIIac IXHIM OpraHi-
3aIMHHNM TTOTpedaM, MIHIMIZYIOUH KOH(IIKTH
B X0l poOOoTH.
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YrpasniHHA HAagHanoHWM
NPOLECOM Ta CHIaAaHHA
posrnany HaB4anbHOro npoLecy

YnpasAiHHA
3aX0AaMK

Posnoain
Y4HiB

Unitime

CrnagaHHa rpagGiky
eH3ameHTIs

Prc. 3 — Crpyrrypa cuereMi UniTime

CHeTeMy MOJKHA BHKOPHCTOBYBATH OKpe-
MO JUIA CTBOPEHHA i BeAeHHA PO3KIaNy 3aHATh
1/ abo icHTiB ab0 AT B3a€MOJIIT 3 ICHYFOUOTO
iHpopmartifioio cucremoto BH3. Jani ama
POZKITany MOXKYTh BBOIHTHCA 0e3MOCepemHEO
B CHCTeMI a0 IMITOPTYBATHCA 13 Ximil-thafimie.

ArnropurM momyk B UniTime TpyHTYeTh e
HA ITEPATHBHOMY alTOPHTMI TIPAMOTO TIOTITYKY
(iterative forward search algorithm). Ilefi an-
TOPHTM CXOXHEH 3 JOKATBHHMH METONAMH TTO-
YKy, OfHAK, HA BIAMIHY BiJl KTACHYHHX JTO-
KaTbHUX METOMIB TOIMIVKY, BiH Ipaifoe 3
JIOITYCTHMHMH, alle He OGOB'I3K0BO TTOBHHMH
PIIIeHHIME. Y [HX PIIIeHHIX JcdKi 3aHIITd
MOKYTh 3aITHIATHCA He POSMITIEHHMIL OMHAK
yel JKOPCTKL OOMEXKeHHS OO TTPU3HAYEHHX
3AHATH TOBHHHI BHKOHYBATHCA. Taki pilllcHHI

YnpasnaeHne
ayAUTOPHbIM
DoHAOM b
. ¥YnpaBaeHWe
YnpasneHue By
y-eBHbim
GMHaHcamMM
_ NpoUeccom
[anakTMKa 1
YnpasaeHue
BY30M -
YrpasneHue YnpasieHue
nepcoHanom ROFMCTAKOR
ByxrantTepcKunia
/Hanorosbiin
yuer

TIPOCTIII AT Bisyamizarii Ta GLIBIN 3HaTyIIL
II9 KOPHCTYBAUiB, HiK IIOBHI, ame Hesmifi-
CHEHHI pillieHHA. Yepes iTepaTHRHHE XapaKTep
ANTOPHTMY AllTOPHTM MOKe 3alTyCKaTH, 3VITH-
HATH a00 NPOJOBAYBaTH 00poOIaTH Oyab-gKe
JOMYCTHME PIIICHHS — TOBHE a0 HEMOBHE.

Jlase mporpamHe 3a0e3nmeueHH A TTOTTHPIO-
€Th¢A GE3KOMTORBHO 3a TNIEH31€10 3 BLIKPHTHM
BXITHUM KOmoM And 3abesnedeHHA MOITH-
BOCTI BHKOPHCTAHHSA IHIMHMH KOICIEKAMH Ta
YHIBEPCHTETAMH, & TAKOXK JIII CTOPOHHIX J0-
CIITHHKIB, iKi 3aX0UyTh BHECTH BKMaJ B IIO-
TOUHI NOCHLTEEeHHT B I ofmactl, Hemomkom
IMi€i CHCTEMH € OpIEHTAllld Ha aHTTTOMOBHL
KpaiHH.

2. Cucrema [ ajmakTHKa:
YaTbHHX 3aHgTh [8,9].

CHerema [Mamaxthra: Posxman Hap4aldb-
HHX 3aHATE [PH3HAYEHA s aBTOMATH3alli
Mpollecy CKIANAHHA PO3KIANB HABUATBHUX
38HATEH B OCBITHIX YCTaHOBAX BHINOI Ta Cepel-
wpol Tpodheciitioi oceitH. CHeTeMa MOXKe BH-
KOPHCTOBYBATHCSA K CaMOCTIHHHIT JOJATOK,
TaK 1 B KOMIIIEKC] 3 ITHINHMH CHCTEMAMH, Ha-
npHKTan, 3 [amaxrmkor ERP (pimenrg [a-
TMaKTHKa YTpaBmiHHA Bysom). Jdawi mmg pos-
K18y MOMKYTh BBOMHTHCA Oe3lOocepe/HbO B
CHCTEMI b0 IMITOPTYBATHC i3 30BHIMIHIX CHC-
TeM y xml Ta excel—gatimax.

Posknayn Hae-

PacnucaHue
Yyer w
YueBHbIA
yCnepaemocT
W CTYAEHTOR IROLELE
YnpasaeHude Mpuemtan
HOHTHHIEHTO P
M CTYAEHTOB
[natHoe
oby4ueHne

Pue. 4 — Crpykrypa cHeremi 'amakTiKa: Po3kiIaz HapdanbHIX 3aHATh

"TamakTHKa" aBTOMAaTH3Ye IIPOLEC CKIa-
JaHHd PpO3KNamy, 3 OrNgAy Ha MHOXKHHY
00OB'I3KORHX, YMOBHO ODOB'M3KOBHX 1 Oaxa-
HIX YMOB, 30KpeMa, OONAIlTyBaHHA aymH-
TOpifi i OKpeMi HIWCITHIDIHH, TIPHHATESK-
HICTB JI0 OAHOTO ab0 PISHHX HaBYaTbHIX KOpP-
TyCiB, 3aBAaHTAXKEHICTh BHKIAZAUiB, (GopmMy-

BaHH{ 3BeACHNX TPYII CTYICHTIR.

BamimmenM  1HCTPYMEHTOM CHCTEMH €
MOYKIHBICTE TOTAHYBAHHA TIOPAAKY BHBUESHHA
aKaJZcMIYHHIX TPEAMETIB. ]9 OmInig BKITOYAE
rpadik BHBUEHHS JHCIHIINH TTPOTITOM THRHI
1 TEXHONOTIYHY KapTy 3 IOCTAOBHICTI iX
MPOXOMKEHHSL.



CHcTemMa pPOSKTATY HABUATBHHX 3aHATH
TOSBONIE: TAPATICTBHO BECTH KiTBKA PO3KIIA-
IiB MO PIsHMX KOPIMycaX, MHAX TIDKHL, Tpy-
TaM; KOHTPOTEOBATH 5B'A30K PBINBHHX ayiTH-
TOpii, 30KpemMa, clellialbHO OOMafHaHHX, 3
TIpe/IMETaMH, BHAAMH PobiT, Kadempamu, tha-
KyJIbTeTaMH, HAIaIllTOBYBATH IPIOPHTETH BH-
KODHCTAHHS PECYPCIB; BPaxXOBYBAaTH BiJalle-
HICTh KOPITYCIR, X IPIOPHTETHICTE, MiATPHMY-
BaTH PisHI TPYIH CTYACSHTIR (IIOTIK, MATpYIIa,
3BelcHa TPYIa), KOHTPOMIOBATH IX TepeMi-
IMEHHA TIpH (GOpMYyBaHHI pO3KITamy, INo0 3a-
HATTA He AYOIMIOBATHCA 1 He IepeTHHAIHCH,

BHKOPHCTORYBAaTH YOTHPH IECATKH TTOKa3HH-
KiB eheKTHBHOCTI PO3KIIANY.

Ha piaAMIHY BiZI IIONEpeNHBOTO PIIISHHT
TONOBHA MeTa CHCTeMH ['anakTHKa — CHCTEM-
HICTE PITeHb, cmpofa YHHKHYTH KIalTHKOBOT
ABTOMATH3allll, KO IIII KOKHOI KPHTHYHOL
00macTi, B TOMY YHCTI | JUI9 CKTagaHHI Pos-

Brecru BeecTit
YueBHbiA MpeanouteHms
nnaH 1 DTPaHHYEHKA

3anonHHTE

CnpasoyHnKH

Cocraemte
Pacnucanue

Temmamsaiom

Cromems 1728 s

Prc. 5 — ExparHi dopMi cHeTeMH ['amakTHKa: PO3KIIam HaBTalIbHHX 3aHATh

Ky, 3aCTOCOBYETHCA OKPEMa CHCTEMA.

JaHa cHeTeMa OpieHTOBaHa Ha POCIHCHKO-
MOBHY aVIHTOPII0 1 BUKOPHCTOBYEThCA TIepe-
BaykHO B pocitickkux BH3. Bapricts minensii —
IHIHEBITYaTbHa I KoxHoro BHS.

3. Tlporpama «1C: ABTOMATH3HPOBAHHOE
COCTABIIEHHE  PACIHCAHHI.  YHHBEDCHTET»
[10].

[IpomykT mpH3HAUYeHHI AT aBTOMATH3O-
BAHOTO CKITafaHHd PO3KIIAAIE, YIIPABIIHHSI HH-
MH TIJT 8¢ HABYATTbHOTO TIPOTIECY 1 OTIe PaTHB-
HOTO VIIPABITiHHA TMPHMITICHHEAME. 3 Horo go-
TIOMOTOIO CKITAIaTH PO3KITa] MOKHA B aBTOMA-
THYHOMY, PYUHOMY i 3MIMIAHOMY pPeAIMax, a
TAKOXK B PEKHUMAX BHOIPKH TIO TIPHMITIEHHAX,
TI0 TPYyNax, 1Mo BHKIagadax 3 YpaXyBaHHIM 00-
MEEECHD 1 YMOB. [IpH IBOMY MOXHa TOSYIy-
BaTH 9K TOMYCTHMHH PO3KIAJ, TAK 1 ONMTHMI-
30BaHHII, B IKOMY 3MEHIICHO KUIEKICTE BIKOH
a00 KUMBKICTh BHKOPHCT OBYBAHHX TIPHMIIIICHE .

Rl

Puc. 5 — Expanni dopMu cHeTeMH

CrHerema PO3SKIAAy HABYAIlbHHX 3aHATH
TO3BONAE. PYUHY MOTHMIKAIN posKIamy TIc-
perarypanuam drap & drop; cxmamaHHI KiTh-
KOX PO3KITaME 1 BHOIp Kpamoro, KOHCONIa-
IHI0 POSKITANIE 1 ONTHMI3AINED 34 ONHHM 3
KPHUTEPIiB, BpaxXoBYBaTH TTOOAMKAHH 1 MOKITH-

BOCTI BHKIAJAYiB, TPyl CTYIAEHTIB, IIPHMI-
IIEHE;, TIEPERIPATH Ha JOTYCTHMICTD TIPH CKITa-
JIAHH1 PO3KMAAY (3a TIOKa3HMKAMH: THIT TIPH-
MIMISHHS / THTT 3aHATTS, EMHICTh TIPHMITIIEHHST
/ KITBKICTE CTYACHTIE B TPYIIL), BHOHpaTH
JIOBITLHY TIEPIOJIHTHICTD  PO3KTAAY, BECTH
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oOJIiK napaje/IbHUX 3aHATh, po3OUTTS HA Iij-
TPYIH i TOTOKH JEKIiH, peryIoBaTH MaKcH-
MaJIbHO JIONYCTHMY KIUJIbKICTH 3aHATh B JIHb
UL IPyHIH CryjaeHTiB abo BHKJIajada I1Ipu
CKITaJIaHHI PO3KIIAJY; BeCTH 00K 3MiH; ofme-
PATHBHO PE3ePBYBATH HPUMIICHHSL.

JIna aBToMaTH4HOI TeHepamnii po3KIaTy
HABYAJILHOTO  [POIeCY  JlaHa  [porpamHa
CHCTEMa BHKOPHCTOBYE AQJITOPHTM pO3B S-
3AHHA 3a/]1ai, 3alpONOHOBAHHI CiBpOGITHHK-
Kamu Jabopartopii. No 68 «Teopii pozwinamie 1
JHCKpeTHOI onTHMizalii» [HCTHTYTY nmpobnem
ynpaemiHas iMm. B.A Tpanezaukora PAH.

Cuctema opicHTOBaHa Ha POCiHCHKOMOBHY
AYJUTOPII0 1 BHKOPHCTOBYETLCS MEpeBaXkKHO B
pocificekux BH3. Kpim Toro, HeoOXiHO
BIAMITHTH, 10 KOMIaHis-rocTadaJsHHK ERP-
crcrem "1C" mignagae mijl i eKOHOMITHHX
caHkmii srijHo Yikazy Ilpesuaenra Ykpainu
Ne133/2017. BapTiets mainenzii — 70000 py6.

4. Ilporpama "Pexrop-BY3" [11].

Poziiiay 3aHsiTh MOXKHA CKJIAJIATH B aBTO-
MATHYHOMY, pYyYHOMY abo 3MilmaHoMy pe-
skumi. TIpu criIajiaHHl pOZKIay B AaBTOMATHY-
HOMY P&KHMIi TIporpaMa BpaxoBye Bei ciop-
MYJIbOBaHI BHMOIH 0 poziiazny. Ilpu cia-
JTaHHI PO3KIaay B PYYHOMY PEiKHMI IpoTrpama
MJIKa3ye  MOMJIMBI  BapiaHTH pPO3CTAHOBKH
zaHATE 00paHoOro BHKIajada, MOMJIHBI Bapl-
AHTH 3aMOBHEHHSI MOPOJKHIX KJIITHH B po3-
KJIaJ{i IPYIH, CTEKHTH 3a KUIBKICTIO MICHb B
aynuTopisix. Poskian 3aHATH Tpym i BHKIa-
madip MoskHa 3GepertH y gopmarax Microsoft
Word, Excel abo HTML.

Jlana cHcTeMa BHKOPHCTOBYCTLCS Iiepe-
BaKHO B pociiichkux BH3, ane mae mepexian
HA YKPaiHCLKY MOBY.

Cepel pO3MNIIHYTHX CHCTEM  MporpaMa
"Pexrop-BY3" mae nalimenmui ¢pyHKIioHaN,
OCKUIBKH He 3alesneduye BpaxyBaHHS Hapa-
JETBHUX 3aHATh, MOAIITY Ha MATPYIH TIpH
CKJIQ/IAHHI PO3KJIajy, OIIEPATHBHOIO pPe3epBy-
BAHHS TPHMINIEHb, BpaxXyBaHHS NoOAKAHb
BHKIAJa4iB Ta CTYJCHTCBKHX IPYI TOLILO.
BapricTs ninemnsii — 12000 py6 na pik (openaa
Ha 3 KoMII'loTepa).

IlopigHsuibHME  aHam?  QYHKLUIOHAJILHHX
MOMKIHBOCTeH cHcTeM «1C: ABTOMaTH30BaHe
CKIAIAHHA POZKIAJiB. YHIBepcHTeT», «Pek-
Top-BH3» Ta «["anakTukay» napeneno y [16].

llocranoBka 3aBIaHHs. 3ajady reHepa-
i po3Kiajy HaB4aJIbHOTO mpouecy y dopma-
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JIZOBAHOMY  BHIJISI
HACTYITHHM YHHOM:

VY cemectpi HeoOXiJIHO NPOYHTATH N HAB-
YaJILHHUX JHCHHILIH S, Sa.... S, U KOJKHOI'O

MOMHA  IIPpCACTABHTH

i, i=1..n aucuMiunHa S; cKiIanaeThes 3 lec
K, pract; NIPaKTHYHUX 3aHATH 1 CeMiHapiB
i lab; nabopatopuux pobiT. 3aHsirTs S NPOBO-
TUTHCSl BH3HAUCHHM BHKJIaTauem prj. € gr
HapualbHHX IaHie Gy, Go,..., gy SKi SBIS-
10Th 00010 HAGIp HABYAILHHX JIHCIHIUTIH, 11O
YHTAIOTLCS TPYHi CTYAeHTiB Gy lle o3mauac,
WO JAUCUHILTIHME B (T, K = ﬁ HOBMHHI Oy-
TH pO3HeCeHi Yy daci. fs max — KiJIbKICTh
HABYAJILHHX [epiojiie (1ap), r_maxi — MaKcH-
MaJIbHA KUIBKICTh 3aHsTh, SIKY MOJMKHA 3aILia-
HYBATH B Tepiojl ty (KUTBKICTH ayMTOpIH,
JIOCTYIIHHX Y NEPioj ix).

HeoBxiaHo po3MoaiTHTH 3aHSTTS IO BCIM
KYypcaM y MeKax MeBHOI KIJIBKOCTI aYJIMTOPIH 1
nepioJTiB yacy, To6TO

3HAHTH  Take

k=1.gr,t=1.ts. r=1.r max).mo

gp e _
.s;f‘ (i=l.d,j=1.pr,

Vi=1.d Z{sf;k | i € Pr, k € Gr,

teTs, reR}=lec;, + pract; + lab;
POBIOJLI YCIX 3aHATH,

ve=1.ts_max 3 {s¥¥ |ieD.

jePr.keGr, teTs,reR}<r_max,
BHKOPHCTAHHS OOGMEKEHOTO ayTHTOPHOTO
hony;

Vi=1..ts

S |ieD, jePr.keGr, teTs}<1
— 3ano0IraHHs HAKJIA/I0K 110 ayIHTOpIi;

Vi=1..1s _maxvk=1.gr

Z{si{" lieD, ieGy,jePriels,reR}<1

— 3an100iraHHs HAKJIAJIOK 110 TPYIII;

max Yr=1.r max

Vi=1.fs max Vi=1.pr

Z{Sﬁk lieD, keGr, teTs, reR}<1
— 3anodIraHHs HaKJIQI0K 110 BHKJ1A a1y,

Vi=l.d Vk=1.ts sy €{0,1}

ik |1 AKIO d; Ipu3HAaYeHo Ha mapy f,

tr .
0, B IHIIOMY BHITAJIKY

3arannpHa KiaacHbikallis BHMOT 0 po3-
KJIa)ly B VHIBEDCHTETI HaBe/leHa Ha pHc. 7.
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Obmexenna |

Hoperwi
| {ofor " azkosi) l (noparkoni) |
[ l ] I I ] I |
| VHapH! Einapui Enmiodl Arenmi Eiaps | Envaticni Wf::i * AretHi
Heobx: it fat Mo " . K aneup;
S0 R TR s St Teaucenicms Edextusne Ao
AY I TOPIL AN MICLE B AYAHTOpI FHACHHKIR Banamoral
NpoBamaMa BUKOPMCTAHMA
NpoB2EHHA no ¥ HebaxaHoTO Hacy
: . JAHATE aymsropii
IAHATTA KiMBLEOCTI CTYIEHTIR B 3RAHKA TARMCTOT TpCREEHAS FHATH
BucyTHicTs acy oM
ng BuncytHicTs BipcymaicTs Ofpaesennn Bi h m"m" Minsaizagin HoamarmsicTs PistiomipHicrs
aymerops o ot KULKGCTL i :r fepexofin HABAHTOAEHNA nuxl::m ~
] BHEAnaR rpymam OFIHAROBHE PO M CTYFEHTIR T2 ¥
CTYLENTIE T2 L HABMATBHOTO
TAHATH B JEHb KOPITPCHMA BHYNANAYIE
HESTASID npouecy

Puc. 7 — Baranena xiacugikanis oOMeKeHb 10 PO3KIALY HABYAJILHOIO [IPOLECY

Buxiiaji ocHoBHOro Marepiany jlociji-
ZKeHHSL.

Memoou, ujo suxopucmosyiomvcs.

Opun 13 ¢eKTHBHUX METACBPHUCTHUHHX
METO/IiB, IO 3aCTOCOBYIOTH JUISI PO3B’SI3AHHSI
JAHOi 3a7adi, — MeTOJ MypaIIHHOI KOJIOHII,

Metoa MypamuHoi KOJOHIT — 11e HMOBIp-

[Tovwarok )

I BreleHHN JaHHX |

[HIanisams Mero1y
MYPaIIHHHX KOJIOHiiT
Lt
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BUKOPHCTaHHA TeHETHUHOTO AalTOpHTMY
JO3BONAE BMEHIMHTH Hac PoSOTH alTopHTMY
Ta 3CUIBIMHTH AMOBIPHICTE TIOMATAHHSA B TIIO-
OambHUIT ONTHMYM. CXeMa poGOTH anTOpHTMY
300pakcHa Ha pHc. 8.

Poboma cucment.
OCHOBHI KOPHCTYBa4l CHCTEMH aBTOMATH-
30BAHOl TeHepalli posKIagy — ITOCaIoBl 0COGH

HAaBYATTbHO-METOMHYHUX THAPO3TIMB BHITHX
HaBYaTbHIX 3aKITafiB, BiATIOBiZambHL 3a dop-
MYBaHHA poskmTamy. g moctymy mo indop-
Mallii, o 30epiracThed B CHOTEMI, Ta 14 PO3-
MEKYBAHHT IIpaB JOCTYITY A0 (BVHKIOHAITE-
HOCTI HeoOXITHO TIPOHTH aBTOPHAAIND.
PoGota mporpamuOi cHeTeMH aBTOMAaTH-
30BAHOTO CKIAMAHHI PO3KIaTy HaBUYalbHOTO
TPOIECY CKIIATAETHC 3 HACTVITHIX CTallB:

*Kadenpu
' A *CremianbHOCTI
OHOBIEHHA TIOCTIHHHX :
z *Buknagaqdi
JOBITHHKIB g
*HapuanbHi rpyn#
* AyniuTopHHI QoHA

*HapuanbHi IaHH

3apaHTaKeHH I OIlePaTHBHOL
CEMECTPOBOI IHOpMAITi

IItaTHu# po3xnan
*HaraHTaKeHHA

*HalamTyBaHHs apaMeTpiB arOpHTMY

TeHepallia posKIagy

*PoGoTa anropuTMy

+TleperipKa Ta ONTHMI3alliA pO3KIamy

[Mepernsay Ta ecnopr
CKIMaJeHOT O PO3KIamy

Tleperiaa po3Kiany v BUCIi TaGiHUb
+EKCMOPT posKnany

Puc. 9 — BaranbHa cxeMa aBTOMATH30BAHOT O CKITaTaHHsT POZKIaTY HAaBYATTbHOTO MPOIECY

Ha mouyarky pofoTH 3 CHCTEMOR Heol-
XiZIHO BBECTH MOBIAKOBY iH(POPMAIIiTo, dKka He-
oOXiZTHa TIPH CTBOPEHHI pO3KIamy. IcHye ABa
THITH JOBiJHHKIB: TIocTifiHa iHdoOpMAaIlisa, dia
MOMKe TIOTPe0YBaTH He3HaYHOTO PellaTyBaHHA,
Ta OMEpaTHRHA CEeMECTPOBa iH(OPMAITia.

TocTiftHi maHi B cHCTeMI 30¢piTaloThed B
sql-Gazl JaHMX, JOCTYII OO IKOI PealisyeThed
38 TOTIOMOTOR sql-3aTHTiE. CXeMa §asH JaHX
CHCTEMH HaBemeHa Ha pHe. 10.

CTBOpEHHI Ta peJaryBaHHI ITOCTIFAHIX
IOBITHHKIE MOXKe 3IIHCHIOBATHCA BPYIHY abo
34 JOTIOMOTOK (PYHEIII IMITOPTY 3 30BHIIIHIX
xml-thafime. OnepaTHpHa cemecTpopa 1HDOP-
Ml 3aBAHTAKYIOETRCH ITHIIIE 38 JOTIOMOTOI0
IMITOPTY 3 30BHITITHIX Xml-thaiimiB.

MoxITHRI TaKi OMIii IMIOPTY: iMITOPT — B
[IEOMY BHIIAIKY BiIOYBA€ThCd BHAAICHHI 1
MOBTOPHE CTBOPEHHS JOBHHKA 3 J[OJaBaH-
HAM IMITOPTOBAHHX AHHX; IMITOPT 3 OHOBITEH-
HAM — BiIOYBaeThCA OHOBTEHHA BiKe HAABHUX 1
JMOAGBAHHA BIICYTHIX B OB THHKAX JTAHHX,

CKIaiaHHg PO3KIay MPOXOJUTh B aBTO-
MaTHYHOMY, PYYHOMY af0 3MIITaHoOMY pe-
AHMAX.

IMpn  pyuyHOMY  PEXKHMI  CKITAJaHHI
PO3KITany BHOHPAEThCT BiATIOBITHE 3aHATTA i3
JepeBa 3aHATH Ta MeromoM Drag & Drop
TIZPEHOCHTBCA ¥ CITKY posKmaxy. IIpH mkony
CHCTEMaA TIJACBIYYE JOCTYIHI Ta 3aGopoHEHI
TafMCTIOTH. PosMicTHTH — KOHQITIKTVEOUL
3aHATTA B OOMH 4ac¢ afo OmHiff aymHTOpil
HEMOIIMEBO. YepBOHHM KOITEOPOM BHAUISIOTE-
¢ 3a00pOHeH] TaMCIIOTH, 3eTIeHHM — Takl ca-
Mi 3aHATTI, YKe PO3MIINSHI B CITIN PO3KIALy,
CIpHM — He pPEeKOMEHAOBAHI, ONAKHTHHM —
peKOMeHIOBaHI BapiaHTH. PekomeHzioBaHI Ta
He peKOMeHMOBAHI BapiaHTH POSMITTEHHI BH3-
HAUaloThCA THITOM 3aHATH, KaleHAapaAMH 3a-
BaHTaXKeHHS YIaCHAKIB HABYAIEHOTO ITPOIECY
Ta JAHHMH TIPO 3aHATTL, IO MICTATHCI B M-
TOpTOBaHNX (aimax.

ARTOMATHYHA TeHepalid BHKOHYETELCA
BIITOBITHO 1O POSTIIAHYTOTO BHITIE METOTY.
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BucHos

KH

Y pofoTi posrmamacTbed MoOymoRa Ipo-
rpaMHOl CHCTEMM JUIM aBTOMATH3aIlll CKia-
JEHHA PO3KIIANy HABYANBHOTO IpOIlecy B YHI-

BepcHTerl. BuxopucraHHg

JaHOl CHCTISMH B

VHIBEPCHTeTI JO3BONMTEL IIOJETHIMTH Ta ITif-
BHIMTH e(peKTUBHICTE PoDoTH MHCIIeTYepiB,

K 3aiMArOTECA CKIAaHHAM pO3KMANY, Ta
SKICTE HARYATNEHOTO TPOIECY 338 PaxyHOK
KOHTPOIO BIICYTHOCTL KOH(PIIKTIB YIACHHKIB
HABUANMEHOTO IIPOLIecY Ta MAKCHMAIBHOTO
BpaxyBaHH4 IIODaXaHb YUACHHKIE HapBallb-

HOTC IIpolecy IIPH CKNaTaHHI POKIaTY.
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VK 004.91:378.145
laiiman O.M., cmapuiuii éuxiadau,
Hayionansnuii ynicepcumem
«llonmascura nonimexnixa imeni I0pia Konopamioka»

NIABUIMEHHA E@FEKTUBHOCTI METOAY MYPAIIMHUX
KOJIOHIM B 3AJJIAYI KOMII'KOTEPHOI 'EHEPAILLLI
PO3KJIALY HABUYAJIBHOI'O ITPOLIECY BH3

3ajaua  KOMIT IOTepHOi TeHepallii poO3KIajy BIIHOCHTHECS IO  3ajad
apTOMaTH3aIli JISUTLHOCTI BHINOTO HaBYAILHOTO 3akiajay. Hes3pakawouum Ha
IIUPOKE BUKOPUCTAHHS 1H(OPMALIMHUX TEXHOJIOrH, y OaraThboX BUIIUX
HaBUAILHUX 3aKiajax po3kiaj J0 CHX INp CKIAJTAcTHCS BPYUHY 1 KOMIT IOTEp
BUKOPHCTOBYETHLCS JIMINE IS BI3yali3allil Ta PO3IOBCIOKEHHS 3T€HEPOBAHOIO
BpyuHy po3kiaay. Tomy 3ajaua aBTOMATHUHOI TeHepallli KOMII IOTEpPHOTO
PO3KIaay HaBdaiIbHOTO Iporecy BH3 € akTyanbHOO.

IIpobnema ckimagaHHd PO3KIaAy HAaBYAIBLHOIO IIPOIECY B YHIBEPCHUTETI
Hojsirac 'y pos3nojun Habopy 3apsTh 3rIHO HABYAJILHUX IUIAHIB B MeXax
3aJaHO1 KUIBKOCTI ayAuTopiil Ta mepiofiB dacy (map). OCHOBHA BIJMIHHICTD
PO3KIIAAY VHIBEPCUTETY BIJ CEPEJHbOI IIKOJIM LOJEIrac B TOMY, IO
VHIBEPCUTETCHKI KYPCH MOKYTh MAaTH CIUILHUX CTYJEHTIB, TOJl SK HIKUILHI
KIacH — 11 MHOKMHU YUHIB, IO HE IIEPETHUHAIOTLCS. SIKINO JBa 3aHATTI MAlOTh
CIILILHUX CTYJEHTIB, BOHU KOH(IIKTYIOTD, 1 TOMY HE MOKYThH OyTH 3allIlaHOBaH1
Ha TO¥ caMwii Tiepiox. KpimM Toro, HeoOXiTHO Tiepe/10aulTi MOKITHBICTE TIO/ILTY
aKaJIeMIYHUX [PYII HA LAIPY M Ta 00 eIHAHHS JEKIIHHUX 3aHITh Y IIOTOKH.

B npo0iieMi ckIajianus po3Kkiajy YHIBEPCUTETY BaXKIMBY POJIb BLIIIpaec
HasIBHICTH ay IUTOPiH (X po3Mip, THIT 1 00JIaJHAHHSI, HAJICKHICTE JIO BIIITOBLTHO
Kadeapu), TOAL K Yy CEpPeIHii KOl IIMM HEXTYIOTh, OCKUIBKH B OLIBIIOCTI
BUMA/IKIB MO’KHA TIPUIIYCTHUTH, IO KOXEH Kiac Mae cBi kaOiHeT 1 oKpemi
BHMOTH BHCYBAIOTECS JHINE O 3aHATH 3 1HO3EMHOI MOBH, 1H(OPMATHKH Ta
(Q3KYIBTYpPH.

llpobiema ciajanus po3KiIajy ICHMTIB IIOJISIrac B PO3IOJLI IIEBHOI
KUIBKOCTI ICHUTIB IIPOTITOM 3aJaHoi KIIBbKOCTI 4dacy. CKIajJaHHS PO3KIaxy
ICIIMTIE AHAJOTIYHO CKJIAJAaHHIO PO3KIajy HAaBUaJILHOIO IIpollecy, Il JBa
IIPOLIECH BUIPI3HSAIOTHCS M SIKUMU BUMOTAMH, 1110 BUCYBAIOTLCS JI0 PO3KIIAJLY.

Posiiaju HaB4alIbHUX 3aHSATL CKIAJAIOTLCH, K IPaBUIO, HA KOXKEH
CEMECTD BIIIOBIIHUM BLLIUIOM B OpraHi3allliHid CTPYKTYPl VHIBEPCHUTETY Ta
MaloTh TEPIOJIMUHICT, 2 TWKHI. PO3KIaj U eK3aMEHIB CKIaJaloThCS Ha OJIHY
3aJIiKO-eK3aMeHall iy cecito 0e3 OBTOPEHb.

3aplaHHS  CKIIAJAHHS PO3KIAJy BITHOCHTRCS 0 NP-TIOBHMX 3ajad
OaratokpuTepiabHOI KOMOIHATOPHOI ONTHMI3aIl. SIKICTH CKJIaJaHH PO3KIay
HABYAIILHOTO TIPOIECY BM3HAYAETHCS KUIBKICTIO TOPYIIeHL OOMekeHb, II0
BHCYBAIOTECS JIO TAKOTO po3kiany. [[isoBa (hyHKINS po3paxoByeThHCS Ha OCHOBI
HaOopy mTpadiB (IurpadHuUx (YHKINNA), SKI BHHUKAIOTH IIPH HEBUKOHAHHI
3a/JaHUX OOMEKeHb B PO3KIA]I1.

~ 452 ~
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Ha jpanmii wac Juisi po3B’s3aHHS 3ajadul  CKIAJAHHS PO3KIany B
YHIBEPCUTETI Jy)Ke IOIIUPEHEe 3aCTOCYBAHHS METAEBPUCTHUHUX METO/IB TaKUX
SIK METO/T IMITaIlii BIINAIY, TeHETHYHI aJlTOPUTMH, METOJT MYPATTHHUX KOIOHIH
TOIIO.

OnuH 13 e(PeKTHBHUX METACBPUCTHUHUX METOJB, IO 3aCTOCOBYIOTH JIIS
PO3B’sI3aHHS TaHOT 3a/1a4i, — METO/1 MYPAITHHOI KOJIOHI].

MeToji Mypamuuoi KoJIOHI — I¢ WMOBIpHICHA TEXHIKA PO3B S3aHHS
OOUHCITIOBAIBHUX 3a/1ad, sIka MOe OYTH 3BejieHa JIO TOTIYKY KpaIux MUISIXiB
3a JONOMOrol rpadiB 3 BHKOPHUCTAHHAM INTYYHUX Mypax, SKI HaclIiIyIOTh
MOBEJIIHKY KOJIOHIT NPHUPOJHUX Mypax. Jlauwii MeTo]i HaJIeXHTh JIO Kilacy
ITepaImiifHIX aJropUTMIB 1 IPYHTYETHCS Ha 1J1ei MOCIIIOBHOTO HAaOMIKEHHS JIO
OIITUMAIBHOTO PO3B’SI3KY.

3arajibHa cXema ajaropurMy:

1. JIis KOKHOTO 3aHATTS i IIOCILIOBHO BHOMPAETHCS MICIE j B PO3KIaji,
BHKOPUCTOBYIOUH HMOBIPHOCTI nlepexoxy. Mypaxa pyxaTUMeThCsI Bl By3/a 10
By3I1a 3 KIMOBIPHICTIO:

74 il
(T ;) 1
i = N O g’ ( )
‘—'(T;',J' )(Ur’,j)
e 7 j— KUIBKICTH (epOMOHIB y BepmMHI /, j (HaKOIMYIeHA
CTATUCTHYHA TH(OPMATTISI TIPO SIKICTH BUOOPY JITISL 3aHATTS 1 TIO3UITI f);

Ol — MapaMeTp, g KHHA KOHTPOIIIOE BIUIMB f:x .F"’

?7{? r — npuBadIUBICTh BEPINMMHH (€BpHUCTHUHA 1H(OPMAITS PO 3PYUHICTH
PO3MIIIEHHS 3aHATTS 1 HO3MIN j B pO3KIal);
B —mapameTp, SIKHif KOHTPOIIOE BIUTHR ?;f T

2. 3icHIOEThC  [IepepaxyHoK  (OHOBJIEHHS)  (PepOMOHHOIO  CIILY
(BupoOJIeHH 1 BULIApOBYBaHHS epoMony ) 3a (hopMyIaMu:

2—1',_;' = (]' - p)ri,j + AT}',_;': (2)

Je 7, ;— KUIbKICTh (epomMoHy Ha Bepummi 7, j  (rrodalbHUH
depoMoHHMIA CITIJT);

p — MIBUAKICTH BUIIAPOBYBaHH (hePOMOHY

Az, =1N1+F}) — KiIBKiCTH  BUIKIQJIGHOr0  (epoMOHY  (JIOKaJIbHHH

(hepoMonnui cinj);

F; — dynxis mrpadinB 3re HEpOBaHOI'O PO3KIAILY.

Halixpamum BBa)KacThes PITIEHHS 3 HAMOUILIINAM 3HAYEHHSIM JIOKAIHLHOIO
(hepoMOHHOTO CIILY.

[TepeBaraMu MeTo/1a MYpaITHHUX KOJIOHIM € TapaHTyBaHHS 301KHOCTI JI0
ONTUMAIBHOTO PIMMIEHHSI, a TaKok CTOXaCTHUYHICTh, TOOTO BHIAJKOBICTH
HOIIYKY, 34 PaXyHOK 4YOro BHKIOYACTLCS MOMKIMBICTL 3alUKICHHS B
JIOKATEHOMY OTITHMY M.

Pa3zoMm 3 TiM vy [1] BiiMId9aeThes HEBH3HAYCHICTD Yacy 301KHOCTI IIPH TOMY,
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10 30DKHICTL MapaHTYeThes, CHIbHA 3aJIeKHICTL Pe3yIbTaTiB poOOTH METOy
BIJ[ HOYATKOBUX [IAPAMETPIB LIONIYKY, SKI 1I1I0HUPAIOTLC €KCIEPUMEHTAIILHO.
Jlng 3menmeHHs yacy 301KHOCT1 Ta 3HaXO/KEHHS TTTOOATBEHOTO ONITHMYMY
HOEIHAEMO METO/l MyPalllMHUX KOJIOHIN 3 JIOKAJILHUAM HOINYKOM Ta IeHeTUIHUM
AITOPUTMOM, gKi OYIyTH 3aIlycKaTHCS KOKHOTO pasy IIcid 4eproBoi ireparii
METOJIy MYypamuHUX KOJOHIH 1 BHKOPUCTOBYBATH 3IeHEpPOBaHI MypaXaMu
PO3KJIAJU Y SKOCTI BXIAHMX JaHMX. JI 3HaXO/DKeHHS IlapamMeTpiB MeToy
MYPaITHHUX KOIOHIH BUKOPHCTAEMO METO/T JiehopMOBaHOTO GaraTorpaHHHKa.
[nrerpamis JIOKaJIBbHOIO IIONMIYKY Ta TEHETUYHUX AllOPUTMIB B METO]
MyparuHAX KOJTOHIM 3a0e3neuuTh MiIBUIIeHHS e)eKTUBHOCTI JaHOTO MEeTO]Y
3a paxyHOK 3MEHITEHHS Yacy poOOTH anropuTMy Ta IT/IBHUITICHHS HMORBIPHOCTI
3HAXO/DKEHHS  I[VI00allbHOIO  ONTUMYMY, ToOTO poskiaay, Imo Oyne
3a/IOBOJILHATH YCIM JKOPCTKUM Ta MAKCUMAJILHIHM KIILKOCTI M SIKMUX OOMEKeHb.
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