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Abstract: The ANSI/ISA-95 (ISO 62264) standard is a key concept driving the implementation of Industry 4.0 in industry. It is a backbone 

of the Reference Architectural Model for Industry 4.0 (RAMI 4.0) and describes the objects, models and activities on operations 

management hierarchy level (Level 3). A major model described in the standard is the Planning model, in which is described that the 

planning activities rely on requirements of personnel, equipment and/or material. Also, a general concept in all models, described in the 

standard is the process segment that may refer as a combination of specific equipment/asset (with enough capability), a material (with 

specific quality) and/or a person (with proper qualification). In this article the Segment Dependencies impact on Capacity and Planning 

models is examined and some conclusions are made. 

Keywords: FINITE CAPACITY SCHEDULING, MANUFACTURING OPERATIONS MANAGEMENT, PRODUCTION CAPABILITY, 

SEGMENT DEPENDENCIES 

1. Introduction 

In operations management, Finite Capacity Scheduling is a 
major activity which affects directly into the company’s turnover 
and customer satisfaction. There is a common believe that part of the 
functions of the Finite Capacity Scheduling include Forecasting 
techniques, but both should not be confused with each other. 
Forecasting Scheduling is more a prediction of what might happen, 
based on trends and historical information, seasonality and economic 
factors. Finite Capacity Scheduling is a part of internal resource 
management and depends on the production facilities workload. 
Moreover, it is tightly related to Lean Manufacturing techniques and 
instruments, such as Kanban, Heijunka, Continuous Flow, SMED 
and Bottleneck analysis [1, 2, 3, 4, 5, 6].  

The standard ANSI/ISA-95 (also known as IEC ISO EN 62264) 
gives the definitions of the models, terminology, and activities in the 
area of Operations Management and as such, along with the standard 
IEC 62890, it became a foundation of RAMI 4.0 (Reference 
Architecture Model for Industry 4.0) [7, 8, 13]. 

2. Finite Capacity Scheduling 

In the third part of the standard, Finite Capacity Scheduling is 

referred as combination Detailed Production Schedule and 

Production Capability. The definitions for Detailed Production 

Schedule are as follows:  

“a collection of production work orders and their sequencing 

involved in the production of one or more products, at the level of 

detail required for manufacturing” and also “…ties physical and/or 

chemical work order elements to specific production equipment or 

classes of production equipment, with specific starting times or 

starting events. A detailed production schedule may reference 

specific personnel, or classes of personnel” [9,11]. 

 Production Capability is a part of the Resource Management 

and in the first part of the standard is defined as: 

“Production Capability is the committed, available, and 

unattainable capacity of the production facility. This typically 

includes Materials, Equipment, Labor and Energy.” 

The Production Capability information includes the current 

capacity, future expected capacity, and a history of capacity of the 

resource.”  

As a generalization of the previous, the definition for Finite 

Capacity Scheduling that is given in this article is:  

Transformation of the Production Schedule regarding the 

capability of Personnel, Equipment and/or Materials to participate 

in the operations in a desirable time manner. 

 

Fig.1 ANSI/ISA-95 Capability Model [9] 

3. ANSI/ISA-95 Segment Dependencies 

Segment Dependencies is a powerful scheduling tool for 

definition of possible relationships between Segments. There are 

two types of segment dependencies Process Segment Dependency 

and Operation Dependency which for Production area is called 

Product Segment Dependency. The dependencies themselves have 

the same presentation for either of the two types.   

Process Segment Dependencies defines the relationships 

between Process Segments independent of any particular product or 

operations task.  

Process Segment is logical grouping of classes of personnel, 

classes of equipment and material resources with specific 

capabilities regardless of any particular product and operations. It 

may also be referred as Work Place, grouping personnel, equipment 

and materials with given specifications. The Process Segment also 

answers the question: Where the operation is performed. (fig.2) 

The Segment Dependencies that are product specific are 

Product Segment Dependencies (fig.3) 

A Product Segment is a product specific logical grouping of 

Personnel, Equipment, Asset and Material Specifications required 

of a Process Segment to complete an operational step for a specific 

product. It may also be referred as Production Step in the context of 

a product. It answers the question: What kind of operation is 

performed. The set of Product Segments represent the Product 

Production Rule (also known as Routing), which is a reference of a 

Product Definition.[10] 
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4. Dependency Types And Scheduling Impact 

The relationships between Process Segments impact both in 

Infinitive Planning, where there are no restrictions in terms of 

Availability of Resources and Segment Capability as a whole, and 

Finite Capacity Scheduling. Dependencies are meaningful relations 

between Process Segments, involved in the production of a product 

(Product Production Rule of a Product Definition). The standard 

ANSI/ISA-95.03-2013 defines the following Segment 

Dependencies in two groups: 

 

Fig. 2 Process Segment Model 

 

Fig. 3 Product Definition Model 

 B may run in parallel to A 

 Start B at A start 

 Start B after A start 

 Start B no later than T time after A start 

 Start B no earlier than T time after A start 

and: 

 B may not run in parallel to A 

 Start B at A end 

 Start B after A end 

 Start B no later then T time after A end 

 Start B no earlier than T time after A end [8] 

The dependencies “B may run in parallel to A” and “B may not 

run in parallel to A” may be seen as a summary of the following 

from the same category. Although, they are given in the list of 

dependency types in the standard, the two have ambiguous meaning 

in the context of a Product Production Rule. Nevertheless, their 

possible designation will be further examined. 

Presumably, if there are more than one Process Segment for a 

production step and there is a dependency of type “B may run in 

parallel to A” between them, it is meaningful if the given work is 

allocated between A and B segments. Such example may be given 

in machine building, if there is operation milling or turning, and 

there are multiple cutters or lathes. In this case the job may be 

evenly distributed between all available machines for quicker 

execution. (fig.4). In Infinitive Planning, where durations are 

calculated for the production operation, for N machines similar to 

[12], it would be: 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =  
𝑇𝑇∗𝐸𝑄

𝑁
,           (1) 

Where:  

 TT – Takt Time – time for production of one piece 

 EQ – Expected Quantity that has to be produced 

 N – Number of interchangeable available Process 

Segments. 

 

Fig.4 “B may run in parallel to A” dependency 

On the other hand, dependency of type “B may not run in 

parallel to A” is only meaningful no matter for which product the 

Process Segments A and B are working for. It is unconditional 

relation i.e. of melting operation of two foundry furnaces using 

same caster (fig.5). The difference between this dependency and 

“Start B at A end” may be explained only if this dependency is used 

for operations for different products, and the rest dependencies are 

used in the context of sequential or parallel operations for only one 

product. 

 

Fig.5 “B may not run in parallel to A” dependency 

Both two dependencies may have not been correctly examined, 

but the necessity of such is given by examples that do not relate to 

any other dependency type. 

“Start B at A start” – this type of unconditional dependency is 

used i.e. in a discrete manufacturing production line, where all 

Process Segments run altogether.  

In Infinitive Planning, the Work Orders for these Process 

Segments have to have same expected start and end times. 

In Finite Capacity Scheduling, there should be enough available 

Capacity for all Process Segments in order to be attained.  

All Work Orders on Process Segments with such dependency 

have to be executed simultaneously.  
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“Start B after A start” – is a conditional dependency for 

sequential Process Segments. The Work Order on B segment may 

start as soon as A segment is started. Such example may be given if 

there is a machine after which, every sublot must be packed.  

In Infinitive Planning have to be planned sequentially (fig.6), 

and in Finite Capacity Scheduling start of Work Order on B 

Segment may be scheduled whenever possible after A expected 

start (fig.7). 

 

Fig.6 “Start B after A start” Infinitive Planning [11] 

 

Fig.7 “Start B after A start” Finite Capacity Scheduling 

“Start B no later than T time after A start” – example of 

such dependency between segments may be given with cascade of 

conveyor belt in which B conveyor belt have to start no later than 

the transport time of conveyor belt A. 

Infinitive Planning of Work Orders with such Process Segments 

is made parallel. In Finite Capacity Scheduling the following rule is 

observed: 

𝐸𝑆𝐷(𝐵) < 𝑇 −  𝐸𝑆𝐷(𝐴),            (2) 

where: 

ESD(B) and ESD(A) are Expected Start Dates of Work Orders for 

B and A Process Segments (fig.8). 

 

Fig.8 “Start B no later than T time after A start” dependency 

“Start B no earlier than T time after A start” - this 

dependency is typical where there are auxiliary processes like 

mixing (A) and heating (B), which cannot outrun certain progress 

of the first process [14]. 

In Infinitive Planning the Work Orders allocated on Process 

Segments with such dependency should be planned as parallel with 

time delay T between them. In Finite Capacity Scheduling the 

available capacity search have to be made with the following 

constraint in mind: 

𝐸𝑆𝐷(𝐵)  ≥ 𝑇 −  𝐸𝑆𝐷(𝐴) 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,         (3) 

ESD(B) and ESD(A) are Expected Start Dates of Work Orders for 

B and A Process Segments, T is Time Delay (fig.9). 

 

Fig.9 “Start B no earlier than T time after A start” dependency [11] 

The other group of dependencies is related to processes for 

which the transformation of produced material ends with the end of 

the process. In this case the B process cannot start before the end of 

the process A. 

“Start B at A end” – this is unconditional (automatic) 

sequence of operations, typical for batch processes in which, the 

end of one operation is a beginning of another. 

In Infinitive Planning, the Work Orders are planned in 

sequential order. In Finite Capacity Scheduling, there should be 

enough sequential capacity for both Process Segments in order to be 

reserved (committed). The following rule has to be observed 

(fig.10): 

𝐴𝐶(𝐴)  ∪  𝐴𝐶(𝐵) >=  𝐸𝐸𝐷(𝐵) –  𝐸𝑆𝐷(𝐴)         (4) 

Where 𝐸𝐸𝐷(𝐵) is Expected End Date for Work Order on 

Process Segment B. 

 

Fig.10 “Start B at A end” dependency 

“Start B after A end” – is a conditional sequence of operations 

dependency. It summarizes strictly defined waterflow processes in 

which, B process may start whenever possible after completion of 

A (fig.11). The observation rule to be followed here is: 

𝐸𝑆𝐷(𝐵) > 𝐸𝐸𝐷(𝐴)           (5) 

Where 𝐸𝐸𝐷(𝐴)  is Expected End Date for Work Order on 

Process Segment A. 

 
(a) 

 

(b) 

Fig.11 “Start B after A end” (a) Infinitive Planning and (b) Finite 

Capacity Scheduling dependency 
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“Start B no later than T time after A end” - typical 

dependency i.e. for processes where overcooling / overheating, 

crystallization is not permitted. In Infinitive Planning phase, such 

Process Segments’ Work Orders have to be planned sequentially. 

In Finite Capacity Scheduling are being planned sequentially 

(fig.12) with the following restriction in mind: 

𝐸𝑆𝐷 𝐵 < 𝑇 + 𝐸𝐸𝐷(𝐴), 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,         (6) 

 

Fig.12 “Start B no later than T time after A end” dependency 

“Start B no earlier than T time after A end” – this 

dependency is related to i.e. relaxation, fermentation or ripening 

(food and beverage) processes. 

In Infinitive Planning such processes have to be planned with 

time delay T between them. 

In Finite Capacity Scheduling, the following rule must be taken 

in consideration (fig.13): 

𝐸𝑆𝐷(𝐵) ≥ 𝑇 + 𝐸𝐸𝐷 𝐴 , 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,         (7) 

 

Fig.13 “Start B no earlier than T time after A end” dependency 

5. Conclusions 

Segment Dependencies are a powerful tool that has an 

important role both in Infinitive Planning and in Finite Capacity 

Scheduling processes as described. Proper Segment Dependency 

application results are tightening schedules, optimal workload of 

Process Segments, minimization of WIP (Work In Progress) and 

delays.  

This article aims to present some definitions as well as to 

clarify the meaning, give suitable examples and to specify all of the 

Process Segment Dependencies given in the ANSI/ISA-95 (IEC 

62264). The assumption made for the two Process Segment 

Dependencies “B may run in parallel to A” and “B may not run in 

parallel to A” may be concluded as “right” or “wrong” only if there 

is necessity for realization of relation of such kind. If so, a possible 

solution and explanation of the relations are given. 

Acknowledgment: This study was conducted under Project 

KП-06- H27-8/2018, funded by the Scientific Research Fund, to 

which the authors express their heartfelt gratitude 

6. References 

1. J.P.Womack, D.T. Jones, Lean Thinking, Banish waste and create 
wealth in your corporation, Simon & Schuster Inc. New York 1, 1996 

2. J.Bicheno, M.Holweg, The Lean Toolbox Fifth edition, PICSIE Books, 
Buckingham, 2016 

3. M.Imai, Gemba Kaizen, A commonsense approach to a continuous 
improvement strategy, Second edition, McGraw-Hill, 2012 

4. M. O. George, The lean six sigma guide to doing more with less : Cut 
costs, reduce waste, and lower your overhead, Hoboken, N.J.: John 
Wiley & Sons, 2010. 

5. M. L. George, "The lean six sigma pocket toolbook a quick reference 
guide to nearly 100 tools for improving process quality, speed, and 
complexity," McGraw-Hill, 2005 

6. L. Wilson, How to implement lean manufacturing, New York: 
McGraw-Hill, 2010. 

7. Lei Yue et al, Building a reference model for a Manufacturing 
Execution System (MES) platform in an Industry 4.0 context, Journal of 
Physics: Conference Series, CISAT 2019 

8. ANSI/ISA-95.03-2013 (ISO EN 62264-3) Enterprise-control system 
integration. Part 3: Activity models of manufacturing operations 
management 

9. ANSI/ISA-95.00.01-2013 (ISO EN 62264-1) Enterprise-control system 
integration. Part 1: Models and Terminology 

10. ANSI/ISA-95.00.02 (ISO EN 62264-2) Enterprise-control system 
integration. Part 2: Objects and attributes for enterprise-control system 
integration 

11. ANSI/ISA-95.00.04 (ISO EN 62264-4) Enterprise-control system 
integration. Part 4: Object model attributes for manufacturing 
operations management integration 

12. Alexandrov A., R. Andreev, D. Batchvarov, A. Boneva, S. Ilchev, S. 
Ivanov, J. Doshev, Method for modeling and simulation of parallel data 
integration processes in Wireless Sensor Networks, 13th International 
Conference International Conference on Flexible Query Answering 
Systems - FQAS 2019, Amantea, Italy, July 2–5, 2019, Proceedings, 
Print ISBN: 978-3-030-27628-7, Electronic ISBN: 978-3-030-27629-4, 
Springer, Cham, 12 September 2019, pp. 291-301, DOI: 
https://doi.org/10.1007/978-3-030-27629-4_27 

13. I.Batchkova, D.Gocheva, Ts.Ivanova, Y.Belev, Semantic 
Interoperability of Agent-based Cyber-Physical Systems, International 
Conference on Intelligent Systems (IS), Funchal,  Madeira Island, 
September 25-27, 2018 

14. Jenny Lorena Diaz Castañeda, Carlos Ocampo-Martinez, Niklas Panten, 
Thomas Weber, Eberhard Abele, Optimal operation of combined heat 
and power systems: An optimization-based control strategy, Energy 
Conversion and Management Volume 199, 1 November 2019, 
https://doi.org/10.1016/j.enconman.2019.1119 

 

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

163 YEAR V, ISSUE 4, P.P. 160-163 (2020)

https://doi.org/10.1007/978-3-030-27629-4_27
https://doi.org/10.1016/j.enconman.2019.1119



