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1. IndopmaniitHa TeXHOJIOTISI KaJleHIapHOT0 Ta ONI€PAaTHBHOIO IJIAHYBAHHS B CUCTEMAaX 3 MEPEKeBUM

NIpeICTaBJIE€HHSIM TEXHOJIOTIYHUX [IPOLECiB

2. Information technology of job-shop problem under precedence constraints

Pedepar:

1. Po6oTa mpucBsiueHa cTBOpeHHIO iHpopmauiii—Hoi TexHoJiorii (IT) kanenaapHOro Ta onepaTUBHOrO IJIAHYBAHHS
(KOII) B cucreMax 3 MepeskeBUM ITPeJCTaBJIEHHSIM TEeXHOJIOTTYHUX IIPOLIECiB Ha OCHOBI BUCOKOE(EKTHBHUX METO/IiB
po3sB’a3aHHs 33724 KOI1, dopmanizanii moomnepaiiiilHoro MepesxxeBoro npeicTaBaeHHs JUCKPETHUX TEXHOJIOTIYHUX
npouecis, Mogudikallii BifoMux poueayp arperatii Ta gesarperaiiii MepexeBoi MogeJli Ta y3roji>keHOro
IIJIaHYBaHHS, OOIPYHTYBAaHHS 3BeIE€HHS 3a/1a4i [JIaHyBaHHSI 32 Oy[b-SIKUM 3 IT'ITU 6a30BUX KPUTEPIiB N0 ofHiel
3aJla4i CKJIaJaHHs PO3KJIaAiB. Briepine CTBOPEHO LiliCHUI KOMIIJIEKC MOZEJIEN Ta METOLIB — YOTUPbOXPiBHEBA
mogeinb KOII. Po3po6seHo HOBUI MeTO, po3B’si3aHHs NP-ckiagHoi 3amayvi Teopii poskiafnis «CxkiafganHs po3KIagy
BMKOHAHHS He3aJIeKHUX 3aBJIaHb iTeHTUYHUMU N1apajesib—HUMU IPUCTPOSIMUA, MOMEHTH 3aIlyCKy SIKUX MEHIIe

CIIiJIbHOTO JUPEKTUB~HOI'O CTPOKY», SIKUI O3BOJISIE OTPUMYBATU TOYHUM PO3B'SI30K 1715 33/a4 i3 IeCSITKaMU TU—CS4



3MiHHUX IIPY BUKOHAHHi 03HaK MOT0 ONTUMAaJIbHOCTI a60 HAbJIMKEHN PO3B’A30K 3 OLiHKOIO BiIXUJIEHHS Bif
ONITUMYMY IIpH iX HeBUKOHaHHI. CTBOpeHa iHpopmaliili-~Ha TeXHOJIOTisl KaJIeHJapHOr'0 Ta OIIePaTUBHOIO
IIJIAaHYBaHHS B CUCTEMAX 3 MEPEXKEBUM IIPEACTABIEHHSIM TEXHOJIOTIYHUX ITpoLeciB. CUCTEMa BUKOPUCTOBYETLCS Ha
ningnpuemctsi OI' «JIETA» (M. Mykaueso).

2. The dissertation is dedicated to research of information technology (IT) of job-shop scheduling in systems with
precedence constraints based on highly efficient job-shop scheduling methods. Thanks to formalization of
precedence constraints, modification of aggregation and disaggregation procedures and the procedures of
coordinated planning from earlier created three-level scheduling model (3LM), substantiation of reducing the
planning problem by any of the five basic criteria to a single scheduling problem, operational (the third level of
4LM) and operative (the fourth level of 4LM) planning levels formalization and development of the algorithms for
operational scheduling and adjustments, an integral set of models and methods was created for the first time — the
four-level model (4LM) of job-shop scheduling. The 4LM implements an efficient approximation method for Multi-
Stage Job-Shop Scheduling Problems (MSJSP) in social and economic systems with precedence constraints and
limited resources and methods of operational and operative planning. 4LM includes the decision-making unit
(DMU) as a separate component that takes decisions during production planning. The process of obtaining
operational plan (third level of 4LM) based on results of coordinated planning (second level of 4LM) has been
formalized: if optimality criterion is one of the five base criteria then the operational planning task is defined and
solved as multi-stage job-shop scheduling problem (task or task group completion times become due times for
multi-stage job-shop scheduling problem), an affective solving method use PDC-algorithms for single stage
scheduling; if optimality criterion is synthetic (linear combination of base criteria) alternative methods for building
operational plan were suggested. One of them is original modified method of coordinated planning. Two
algorithms for coordinated plan correction were developed, which are used on the fourth level. It is shown that
regardless of type of industry, operations processing order and an implementation of JSP, solving of scheduling
problem by one of these five optimality criteria is reduced to obtaining a feasible solution of the JSP by criterion of
earliest job start time maximization. It is shown that solving efficiency of the JSP depends on efficiency of the first
level of 4LM. Therefore, efficiency of MWCT problem solving is studied and statistically substantiated. The
efficiency of the PDC-algorithm and the approximation algorithm has been proven for the case when weights of all
nodes of the precedence graph, except the final ones, are zero (MWCTZ problem). The mathematical models for
solving a scheduling problem “Uniform parallel-machine scheduling with independent jobs whose start times are
less than a common due date to minimize total tardiness” (MTTPM) (used at the fourth level of 4LM) have been
created. Unlike others, the new method allows to get exact solution for problems with tens of thousands of
variables in case of optimality criteria fulfillment otherwise approximate solution with evaluation of deviation from
optimum. The MTTPM problem was also generalized to the case when some or all jobs must not violate the
common due date. An approximation algorithm based on the sequential solution of two different MTTPM problems
has been developed. Three statements characterizing the theoretical properties of the approximation algorithm
are proved. These statements allow: finding conditions when the problem has no solution; finding sufficient
conditions of conditionally-optimal solution (optimal under condition that schedule is found for given job set
which all are non-delayed); finding statistically sufficient factors of solution optimality; finding the lowest limit of
functional value of optimal solution. The problem properties have been investigated and theoretically
substantiated. On the basis of 4LM, an IT for job-shop scheduling in systems with precedence constraints has been
created. It was implemented as general-purpose job-shop scheduling information system. The system is used to
automate the production planning process at the "LETA" enterprise (Mukachevo town). It can work with data of
real production sizes — hundreds of thousands of jobs on thousands of machines.
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