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Abstract: With the increasing complexity of modern engineering and wide application of intelligent 
manufacturing technology, the type and quantity of product data continue to climb, and the 
corresponding version iteration rate continues to accelerate. In order to achieve effective unified 
management and maintenance of product data and to track version evolution accurately, this paper 
proposes an improved polychromatic graphs-based BOM multi-view management and version 
control method for complex products. Firstly, the framework was established for BOM multi-view 
management and version control, whose mechanism was also elaborated. According to the model of 
multi-view-version product structure, the expression method of product structure was discussed at 
different stages of product life cycle. Furtherly, with multi-object constraints sets were introduced, a 
version control model was established based on the improved polychromatic graphs, whose 
definition and principle were also detailed. Finally, application cases were discussed to verify the 
feasibility and universality of the proposed models and methods. 
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1. Introduction 

The bill of material (BOM) [1,2] is the main content and important data subset of the Digital 
Product Definition (DPD), also called the product structure table/product structure tree, which 
describes the structured parts of the product table, including a list of all sub-assemblies, parts, raw 
materials, and the attributes of materials required to make an assembly. 
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It laid the foundation for a new type of production organization and made the production 
management of manufacturing enterprises more scientific. With the development of information 
technology and intelligent manufacturing [3], the concept of BOM extends to the full life cycle of the 
product, which not only improves the transparency of design, process and manufacturing data, but 
also greatly improves the seamless integration and sharing of enterprise data. 

At different stages of the product life cycle, the product structure will have a corresponding 
BOM type [4]. The most basic forms are design BOM, process BOM and manufacturing BOM. On 
the basis of these BOMs, quality BOM, packing BOM, maintenance BOM, etc. are also derived. 
With the development and application of intelligent manufacturing, BOM has become the most core 
part of modern manufacturing engineering. 

Currently, companies use BOM to manage the hierarchical relationship of parts/components and 
their associated product data. However, the corresponding BOM in the product life cycle is usually 
separated in each digital manufacturing system, and unified management is not well realized. As a 
result, it is difficult to effectively maintain the consistency, accuracy, and validity of various product 
data and their relationships. 

What’s more, the product structure is becoming more complex, and engineering changes in the 
design, manufacturing, and maintenance processes are also becoming frequent, all of these variations 
have accelerated BOM change. So, characteristics of BOM's diversity, dynamics and relevance are 
more obvious, especially when there are multiple object association constraints, the complexity of 
BOM becomes much higher. Due to the fragmentation of BOM information, the management, it also 
will make a huge impact on maintenance and traceability of product BOM versions. 

Therefore, this paper proposes a BOM multi-view management and version control method for 
complex products. The research contents are as follows: Section 2 summarized and analyzed the 
current BOM and version control research work; section 3 constructed a complex product BOM 
multi-view management and version control architecture; section 4, the key methods and 
technologies in the framework were elaborated; section 5 verified the proposed method through 
application examples; finally, the paper summarized and prospected. 

2. Related work 

With the fiercer market competition and growing diversification of products, the product 
structure has become increasing complex and the product listing cycle has gradually shortened. As a 
key link of production and operation for enterprises, BOM information has been particularly 
important. If the enterprise wanted to achieve collaborative work efficiently, it would be necessary to 
ensure the completeness, consistency and accuracy of BOM. 

Although the application of information technology has facilitated BOM management to a 
certain extent, it’s not easy to achieve unified management. First of all, BOM information is usually 
split in various information systems. Furthermore, BOM change is becoming more and more 
frequent. Moreover, there are lots of relationships of associations and constraints among versions. 
These would make enterprises  confront with tremendous pressure on management of BOM 
information as well as BOM version control. Therefore, in response to above problems, many studies 
have been carried out as follows: 
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2.1. BOM management 

A BOM is a list of all parts, ingredients or materials needed to make one product, which may 
also be called a formula, recipe or ingredients. The data organization and representation style for a 
BOM is called the structure of the BOM or the product structure [5]. With the research of BOM 
management, BOM has gradually evolved from a single narrow concept to various forms, forming a 
full life cycle BOM structure. 

Liu et al. [4] and Huang et al. [6] proposed an XBOM management plan for the full life cycle of 
a product, which defined the BOM as design BOM, process BOM, manufacturing BOM, 
procurement BOM, cost BOM, and quality BOM. Etc. Combining information technology with 
green manufacturing theory, Xiang et al. [7] proposed the concept of energy consumption bill of 
materials (ECBOM), which is similar to manufacturing BOM (MBOM) or other extended BOM for 
different business scenarios. Zhou et al. [8] developed static service BOM (SBOM) for complex 
products to effectively organize product data for providing satisfactory maintenance, repair and 
overhaul service. 

Cai et al. [9] proposed mapping rules of BOM multi-view model, and the mapping algorithm of 
BOM multi-view model was designed and implemented. Xia et al. [10] proposed a mapping method 
for BOM multi-view, which could record all the mapping parameters of all kinds of BOM through 
transforming-table to accomplish mutual transformation among different BOM views. 

2.2. BOM version control 

With rising complexity, dynamics and diversity of modern product, engineering change is more 
frequently, which leads to the continuous acceleration of BOM version change. In order to accurately 
record the entire process of BOM version change as well as to achieve precise traceability when 
problems occur, BOM version control has become increasingly important, and corresponding 
researches have been constantly carried out. 

Li et al. [11] built product structure information tree version model, which supported a set of 
rules to control the version of product structure information tree based on version control lock. 
Zhang et al. [12] proposed a multi-view tree version management model and designed the version 
mechanism of BOM evolution and maintenance. Liu et al. [13] presented a definition of incremental 
version based on directed acyclic graph to improve search efficiency and storage performance of 
multi-version in collaborative design. Chen et al. [14] proposed a new multi-version management 
model based on the theory of polychromatic sets to reduce the storage space of multi-versions. 

2.3. Summary 

With development of information technology and the proposal of intelligent manufacturing, 
BOM has performed growing key role in the production and manufacturing. 

Product data is gradually organized and managed through BOM, the concept of the full life 
cycle BOM was proposed to form various BOM type such as design BOM, process BOM, 
manufacturing BOM and so on, which can describe and manage the product data of corresponding 
life cycle stages. However, how to manage these BOM types in a unified manner to ensure the 
consistency, effectiveness and completeness of product data in the life cycle requires further 



715 

Mathematical Biosciences and Engineering  Volume 18, Issue 1, 712–726. 

research. 
Some models of BOM version control had also been proposed, which can be summarized into 

linear model, tree model, directed acyclic graph model and polychromatic graphs model. In these, 
linear model focuses on recording change order of versions, but difference between versions cannot 
be expressed well; Tree model has a clear structure, yet it’s difficult to express version merging; 
Although directed acyclic graph model solves problem of version merging, it’s not easy to express 
relationship between versions; Polychromatic graphs model combines the advantages of models 
mentioned, however, it is not distinct to describe relationship between versions of different objects. 

Therefore, based on above research, the paper proposed the corresponding framework, model 
and method for BOM multi-view management and version control of complex products, which 
would be elaborated as follows. 

3. The framework of BOM multi-view-version management for complex products 

Product data come from different stages of design, process, and manufacturing which can serve 
the corresponding business process with associated product structure. As mentioned earlier, at each 
stage of product life cycle, the product structure will have a corresponding BOM type. As a result, 
different users can create, use and maintain their domain data using BOM according to their own 
business requirements. 

Although product data in various fields may exist in different systems, the corresponding BOM 
can organize these data into a logically single data storage entity, and establish strict constraints to 
form SSPD (single source of product data) [15,16]. Furthermore, it cooperates with a reasonable 
version control mechanism to ensure that the product data is consistent, complete, redundant and 
reliable. Besides, it’s necessary to enable business members in various fields to independently access 
and use product data within their own authority. Therefore, this paper constructs a complex product 
multi-view BOM management model, as shown in Figure 1. 

Design BOM 
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X-BOM
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Figure 1. Model of BOM multi-view management for complex product. 
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In the framework, the product structure runs through the life cycle stages of design, process, and 
manufacturing and so on. Different stages can be expressed in different BOM forms. Figure 1 shows 
the three main types including design BOM, process BOM and manufacturing BOM as well as 
XBOM extended types (X can represent multiple business areas). 

So as to facilitate the management and maintenance of various product data, the framework will 
provide a variety of corresponding BOM views, including design BOM view, process BOM view, 
manufacturing BOM view and XBOM view. As a result, various product data are aggregated, 
displayed and managed in the corresponding BOM view. For example, the design BOM view will be 
associated with design files, and the process BOM view will be associated with process specification 
files. Different types of engineers will centrally manage and maintain their business information 
through the corresponding BOM view. 

The BOM multi-view can reflect the different expressions of the product structure at each stage 
of the product life cycle as well as there is a relationship between upstream and downstream, even if 
the product data of various stages and fields are scattered in different systems, through the BOM 
multi-view, the organization, management and maintenance of product information can be closely 
related to the product structure and form a logical single data source. 

Furthermore, engineering changes are inevitable in the life cycle of a product as result of many 
causes including customer demand changes, design changes, process changes, equipment 
adjustments and error corrections. Each time a project is changed, a new version will be generated. 
Version changes will also have an important impact on the product structure. In order to efficiently 
maintain the relationship between them, this paper would integrate with product structure, BOM 
view and version to build a product structure model oriented to multi-view-version, as shown in 
Figure 2. 
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Figure 2. Product structure model oriented to multi-view-version. 

This model contains three groups of elements: product structure, BOM view and version. Firstly, 
each BOM view contains a collection of BOM nodes of the product at the corresponding stage. 
Secondly, from top to bottom, the BOM node will be associated with owning versions, and then each 
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version will be linked to the corresponding lower-level BOM node. Finally, through the iterative 
association between the BOM node and the version, the product structure with full version 
information is obviously presented through the BOM view. 

4. The proposed methods of BOM multi-view management and version control for complex 
products 

4.1. Product structure expression algorithm for multi-view-version BOM 

In order to facilitate the work requirements of different engineers, it is necessary to filter out the 
precise product structure from system in term of rules. The specific process is shown in Figure 3. 

BOM 
NodeID

Start

Selected 
view

Version 
rules

Selected 
rule

Constructing 
product 
structure

End

Design Process

Manu-
facturing

X

BOM View

 

Figure 3. Process of product structure expression algorithm. 

 

Figure 4. Pseudo code of product structure expression algorithm for multi-view-version 
BOM. 

Input: TreeNode_NodeHead, String_BomView, String_verRule and String_Version;

Output: TreeNode

If (NodeHead==Null)

Return null;
Else

Create Queue       Queue<BomNode>BomQueue=new LinkedList< >;
BomQueue       GetChildrenBOMNodes(NodeHead, BomView, VerRule, Version);

BomNode Child       BOMQueue.poll( );
TreeNode Node       new TreeNode( );
Node.setParentID(NodeHead.getID( ));

Node.setID(Child.getID( ));
Node.setName(Child.getName( ));

……
NodeHead.add(Node);

End IF

While (!BOMQueue.isEmpty())

CreatProTree(Node, BomView, VerRule, Child.getVersion);



End While



Return NodeHead;

Function CreatProTree (Problem) returns a solution
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Throughout the expression process, users can set conditions by business needs, including the 
specified view and version. Among them, the version limits the version requirements of the object 
(for example, select the latest version, valid version or a specific version); the view limits the view 
type of the product structure (design, process, manufacturing, etc.). Finally, the model obtains the 
BOM version nodes corresponding to the view from the system by recursive method, and forms 
precise structure tree. The pseudo code of the algorithm is shown in Figure 4. 

4.2. Modeling of product BOM version control based on improved polychromatic graphs 

4.2.1. Analysis of common BOM version control models 

 

Figure 5. Traditional version management model. 

Currently, the most widely used version management models include linear model, tree model, 
directed acyclic graph model and polychromatic graphs model, as shown in Figure 5. 

In linear model, each version can only have a unique identifier; new version is automatically 
inserted at the end of the chain. This model can well describe the process of version sequence 
generation, but not easy to distinguish the difference between a replacement version and a revised 
version. 

In tree model, a parent version can have multiple child versions. The model structure is clear, 
but it’s difficult to represent the situation where multiple design versions are merged into a new 
version. 

The version model of directed acyclic graph can describe the historical information of each 
version, and then it can also express the merging of multiple versions into a new version, but it’s hard 
to express the relationship between the versions; 

The polychromatic graphs model can represent the logical hierarchy of the version and 
relationship between a certain object version, such as the revision and replacement relationship, but 
it’s less concerned about constraint relationships among different versions from distinct objects. 

Therefore, this article will propose a BOM version control model based on the improved 
polychromatic graphs, which can be used to describe and trace BOM version evolution oriented to 
multi-object and multi-constraint relations in intelligent manufacturing process. 

4.2.2. Introduction to polychromatic graphs theory 

In the polychromatic theory [17] and its expanding application [18,19], polychromatic set 
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𝐴 ൌ ሺ𝑎ଵ, 𝑎ଶ, ⋯ , 𝑎௡ሻ , 𝑎௜  is defined FሺAሻ  as element to represent research object. 𝐹ሺ𝑎௜ሻ  is 
corresponding to color of each element. 𝐹ሺ𝐴ሻ ൌ ሺ𝐹ଵ, 𝐹ଶ, ⋯ , 𝐹௠ሻ expresses the color set of entireties of 
polychromatic set, in which 𝐹௝ denotes the constitutes of 𝐹ሺ𝐴ሻ. 

Actually, the existence of unified color sets 𝐹௝ሺ𝐴ሻ is based on the existence of the individual 

color 𝐹௝ሺ𝑎௜ሻ which can be represented by a Boolean matrix ฮ𝑀௜ሺ௝ሻฮ
஺,ிሺ஺ሻ

: 

                             𝐹ଵ ⋯     𝐹௝ ⋯        𝐹௠    

             ሾ𝐴 ൈ 𝐹ሺ𝐴ሻሿ ൌ

⎣
⎢
⎢
⎢
⎡
𝑀ଵሺଵሻ ⋯ 𝑀ଵሺ௝ሻ ⋯ 𝑀ଵሺ௠ሻ

⋮  ⋮  ⋮
𝑀௜ሺଵሻ ⋯ 𝑀௜ሺ௝ሻ ⋯ 𝑀௜ሺ௠ሻ

⋮  ⋮  ⋮
𝑀௡ሺଵሻ ⋯ 𝑀௡ሺ௝ሻ ⋯ 𝑀௡ሺ௠ሻ⎦

⎥
⎥
⎥
⎤

𝐹ଵ
⋮

𝐹௝

⋮
𝐹௠

      (1) 

Among them, the color 𝐹௝ is expressed as a logical variable: 

𝐹௝ ൌ ቊ
1, 𝐹௝ ∈ 𝐹ሺ𝑎௜ሻ
0, 𝐹௝ ∉ 𝐹ሺ𝑎௜ሻ          (2) 

IF 𝐹௝ ∈ 𝐹ሺ𝑎௜ሻ and 𝐹ሺ𝑎ሻ ൌ ∪
௜ୀଵ

೙
𝐹ሺ𝑎௜ሻ, then 𝑀௜ሺ௝ሻ ൌ 1. 

In addition, a Boolean matrix ሾ𝐴 ൈ 𝐹ሺ𝐴ሻሿ is used to denote the relationship between colors and 
constituent elements. The constituents of the elements of the entity which guarantees the existence of 
all unified colors of polychromatic sets can be represented by the following Boolean matrix as 
ሾ𝐴 ൈ 𝐴ሺ𝐹ሻሿ, in which 𝐴ሺ𝐹ሻ is the composition of all the entities of unified colour. Thus, the 
polychromatic set can be expressed as a six-tuple: 

𝑃𝑆 ൌ ሼ𝐴, 𝐹ሺ𝑎ሻ, 𝐹ሺ𝐴ሻ, ሾ𝐴 ൈ 𝐹ሺ𝑎ሻሿ, ሾ𝐴 ൈ 𝐹ሺ𝐴ሻሿ, ሾ𝐴 ൈ 𝐴ሺ𝐹ሻሿሽ     (3) 

The polychromatic graphs are produced in the process of coloring the graphs, which can color 
nodes and edges by multiple colors. Usually, it consists of three components: 𝑃𝐺 ൌ ሺ𝐹ሺ𝐺ሻ, 𝑃𝑆஺, 𝑃𝑆௖ሻ, 
where 𝐹ሺ𝐺ሻ  represents the overall coloring of the polychromatic graphs; 𝑃𝑆஺  represents the 
coloring of the nodes; 𝑃𝑆௖ represents the coloring of the edges: 

𝑃𝑆஺ ൌ ሼ𝐴, 𝐹ሺ𝑎ሻ, 𝐹ሺ𝐴ሻ, ሾ𝐴 ൈ 𝐹ሺ𝑎ሻሿ, ሾ𝐴 ൈ 𝐹ሺ𝐴ሻሿ, ሾ𝐴 ൈ 𝐴ሺ𝐹ሻሿሽ     (4) 

𝑃𝑆஼ ൌ ሼ𝐴, 𝐹ሺ𝑐ሻ, 𝐹ሺ𝐶ሻ, ሾ𝐶 ൈ 𝐹ሺ𝑐ሻሿ, ሾ𝐶 ൈ 𝐹ሺ𝐶ሻሿ, ሾ𝐶 ൈ 𝐴ሺ𝐶ሻሿሽ     (5) 

When modeling with polychromatic theory, diverse colors would represent different attributes of 
objects. Besides, the distinct coloring of nodes and edges can also be used to reflect the relationship 
and constraint conditions between objects. Besides, some elements can be appropriately ignored or 
expanded during the modeling process to be adapted to the actual situation. 

4.2.3. BOM version control model based on improved polychromatic graphs 

During the process of R&D, manufacturing and maintenance of complex products, BOM needs 
to go through a large number of revisions and iterations and frequent version changes. Designers 
have to require frequent access to the previous version so as to inquire association relationship for 
analysis of irrationality and improvement plan. Meanwhile, the intermediate data in the work process 
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also needs to be saved where there is also diversity in version status. 
Aim to achieve effective management and precise traceability of the BOM version, this article 

combines advantages of traditional models and proposes a BOM version control model based on 
improved polychromatic graphs, as follows: 

Definition 1: BOM version model of complex product based on polychromatic graphs 

𝑃𝐺𝑉𝑀 ൌ ሺ𝐹ሺ𝐺ሻ, 𝑃𝑆ே, 𝑃𝑆ா, 𝑃𝑅ሻ        (6) 

Where: 
𝐹ሺ𝐺ሻ: Basic information of each object version space; 
𝑃𝑆ே: Polychromatic collection of nodes in the object version spaces; 
𝑃𝑆ா: Polychromatic collection of association relations in object version spaces; 
𝑃𝑅: Constraint relations among object version spaces. 
Definition 2: 𝐹ሺ𝐺ሻ mean basic information of each object version space such as object 

identifier, belongs, version number and the index of various data, etc. 
Definition 3: Polychromatic collection of nodes in the object version spaces 

𝑃𝑆ே ൌ ൫𝐴, 𝐴 ൈ 𝐴, 𝐹ሺ𝑎ሻ, 𝐴 ൈ 𝐹ሺ𝑎ሻ൯       (7) 

Where:  
𝐴: Version collection of the object version spaces, corresponding to the node collection in 

polychromatic graphs; 
𝐴 ൈ 𝐴: Version connection relationship in the object spaces and 𝐴 ൈ 𝐴 ൌ 𝐶, iteration process of 

version can be traced;  
𝐹ሺ𝑎ሻ ൌ ൫𝐹ଵሺ𝑎ሻ, 𝐹ଶሺ𝑎ሻ, ⋯ , 𝐹௡ሺ𝑎ሻ൯ : Version feature information of the object version spaces, 

including status and valid condition information, such as working version, released version, valid 
version, etc. It corresponds to the color set of the nodes of polychromatic graphs; 

𝐴 ൈ 𝐹ሺ𝑎ሻ: Coupling relationship between version and version feature in object version spaces, 
describing the version feature of each object. 

Definition 4: Polychromatic collection of association relations in object version space 

𝑃𝑆ா ൌ ൫𝐶, 𝐹ሺ𝑐ሻ, 𝐶 ൈ 𝐹ሺ𝐶ሻ൯        (8) 

Where： 
𝐶 ൌ ൫𝑐଴ሺଵሻ, 𝑐଴ሺଶሻ, ⋯ , 𝑐௝ሺ௞ሻ൯: Corresponding to set of colored edges in the polychromatic graphs, 

𝑐௝ሺ௞ሻ represents the connection relationship between version nodes 𝐴௝ and 𝐴௞; 
𝐹ሺ𝐶ሻ ൌ ൫𝐹ଵሺ𝑐ሻ, 𝐹ଶሺ𝑐ሻ, ⋯ , 𝐹௡ሺ𝑐ሻ൯: Characteristic information of relationship among versions of the 

object version spaces, such as revision, replacement, etc., represented by color set of the directed 
edge in the polychromatic graphs; 

𝐶 ൈ 𝐹ሺ𝑐ሻ: Coupling characteristic relationship between each version. 
Definition 5: Constraints between each object version space 

𝑃𝑅 ൌ ሺ𝑃𝑅ଵ, 𝑃𝑅ଶ, ⋯ , 𝑃𝑅௡ሻ         (9) 

Where: 
𝑃𝑅ଵ: Timing; 
𝑃𝑅ଶ: Mandatory; 
𝑃𝑅ଷ: Optional; 



721 

Mathematical Biosciences and Engineering  Volume 18, Issue 1, 712–726. 

𝑃𝑅௜: Self-defined. 
If there are constraint relationships among the object version spaces, the associated version can 

be marked as 𝑐௜ሺ௝ሻ
௞ሺ௠ሻ by a colored directed edge, which means that there is a constraint relationship 

between version node m of the object k and the version node j of the object i. 

 

Figure 6. BOM version control model based on polychromatic graphs. 

BOM version control model based on polychromatic graphs is shown as Figure 6. In the 
schematic diagram, the object version spaces (𝐹ሺ𝐺ሻ) contains Space A-C, and polychromatic set of 
version feature is represented by 𝐹ሺ𝑎ሻ ൌ ሺ𝐹1, 𝐹2, ⋯ , 𝐹8ሻ, specific meanings refer to F1–F8. The 
polychromatic set of node relations in the object version space is represented by 𝐹ሺ𝐶ሻ ൌ ሺ𝐹𝐶1, 𝐹𝐶2ሻ, 
where 𝐹𝐶1  denotes revision relationship, and 𝐹𝐶2  denotes replacement relationship. The 
constraint relationship among various object version spaces is represented by 
𝑃𝑅ሺ𝐶ሻ ൌ ሺ𝑃𝑅1, 𝑃𝑅2, ⋯ , 𝑃𝑅𝑛ሻ, whose meanings have been marked in figure. To ensure the flexibility 
of model, the definition of the polychromatic set can be appropriately deleted or expanded to fit 
actual situation. The application principle of model will be explained in the following section. 

5. Illustrate example 

5.1. Application of product structure for multi-view-version BOM 

With the development of the prototype system, product structure management function oriented 
to multi-view-version BOM is realized. The main interfaces are shown in Figures 7–9. 

Referring to version rules, this function supports exhibiting, editing and changing the product 
structure in selected view. Meanwhile, it can display data information (such as documents, 2D/3D 
drawing and technological equipment) linked to the BOM node chosen as well as version collection, 
which is convenient for various engineers in corresponding BOM view to achieve related operations. 
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Figure 7. Application interfaces of product structure browser for multi-view-version 
BOM-Attribute Card. 

 

Figure 8. Application interfaces of product structure browser for multi-view-version 
BOM-Links. 

 

Figure 9. Application interfaces of product structure browser for multi-view-version 
BOM-Version Lists. 
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5.2. Application of BOM version control based on improved polychromatic graphs 

Taking Space A in Figure 6 as an example, there is a set of object versions 
𝐴 ൌ ሺ𝐴ଵ, 𝐴ଶ, 𝐴ଷ, 𝐴ସ, 𝐴ହ, 𝐴଺, 𝐴଻ሻ. Given 𝐴 ൈ 𝐴 Boolean matrix, it represents version iteration process 
in Space A as shown in Table 1, where 𝑀௜௝ ൌ 1 means that 𝐴௜ corresponding to row i is the parent 
version of 𝐴௝ corresponding to the column j. For example, 𝑀ଶଷ ൌ 𝑀ଶସ ൌ 𝑀ଶହ ൌ 1, then A2 is the 
parent version of A3, A4, and A5. It’s easy to trace the version iteration of object A. 

Table 1. Version traceability information 𝐴 ൈ 𝐴. 

A A1 A2 A3 A4 A5 A6 A7 
A1 0 1 0 0 0 0 0 
A2 0 0 1 1 1 0 0 
A3 0 0 0 1 0 1 0 
A4 0 0 0 0 0 1 0 
A5 0 0 0 0 0 0 1 
A6 0 0 0 0 0 0 1 
A7 0 0 0 0 0 0 0 

The features of each version in Space A can be obtained by using an 𝐴 ൈ 𝐹ሺ𝑎ሻ polychromatic 
Boolean matrix, as shown in Table 2. For instance, 𝑀଺ହ ൌ 𝑀଺଺ ൌ 𝑀଺଻ ൌ 1  means that 
characteristics of version 𝐴଺ are F5, F6 and F7, which are respectively frozen, archived, and valid. 

Table 2. Version polychromatic information 𝐴 ൈ 𝐹ሺ𝑎ሻ. 

A F1 F2 F3 F4 F5 F6 F7 F8 
A1 0 1 1 0 0 0 1 0 

A2 0 1 0 0 1 0 1 0 

A3 0 1 1 0 0 0 1 0 

A4 0 1 1 0 0 1 0 0 

A5 1 0 0 1 0 0 0 1 

A6 0 0 0 0 1 1 1 0 

A7 0 1 1 0 0 0 0 1 

𝐴 ൈ 𝐴 ൌ 𝐶 ൌ ൫𝑐ଵሺଶሻ, 𝑐ଶሺଷሻ, 𝑐ଶሺସሻ, 𝑐ଶሺହሻ, 𝑐ଷሺ଺ሻ, 𝑐ସሺ଺ሻ, 𝑐ହሺ଻ሻ, 𝑐଺ሺ଻ሻ൯ is deduced from Table 1. Furthermore, 
polychromatic Boolean matrix 𝐶 ൈ 𝐹ሺ𝑐ሻ will display association relationship of each version in 
Space A, as shown in Table 3. In terms of Table3, version 𝐴ଵ and 𝐴ଶ are revision relations, version 
𝐴ହ and 𝐴଻ are replacement relationship and so on. 

Owing to the situation that BOM structure of complex product is complicated and various parts 
have certain constraints at each stage of product life cycle, it’s also necessary to express and deal 
with constraint relationships among different object version spaces. Thus, the polychromatic Boolean 
matrix 𝐶 ൈ 𝑃𝑅ሺ𝑐ሻ will be provided for Figure 6, as shown in Table 4. 
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Table 3. Association relationships of each version 𝐶 ൈ 𝐹ሺ𝑐ሻ. 

C 𝐹𝐶1 𝐹𝐶2 
𝑐ଵሺଶሻ 1 0 
𝑐ଶሺଷሻ 0 1 
𝑐ଶሺସሻ 0 1 
𝑐ଶሺହሻ 1 0 
𝑐ଷሺ଺ሻ 1 0 
𝑐ସሺ଺ሻ 0 1 
𝑐ହሺ଻ሻ 0 1 
𝑐଺ሺ଻ሻ 1 0 

Table 4. Constraint relationships among different object version spaces 𝐶 ൈ 𝑃𝑅ሺ𝑐ሻ. 

C 𝑃𝑅1 𝑃𝑅2 𝑃𝑅3 

𝑐஻ସ
஺ହ 0 0 1 

𝑐஻ହ
஺ହ 0 0 1 

𝑐஼ଶ
஺଻ 0 1 0 

𝑐஼ଷ
஻ସ 1 0 0 

It can be obtained from matrix that there is an optional relationship between A5 of Space A and 
B4, B5 of Space B, that is, if object A selected version A5, object B would select either version B4 or 
B5 to meet requirement. And then, there is a mandatory relationship between A7 of Space A and C2 
of Space C, that is, if object A selected version A7, object C would must select version C2. Moreover, 
there is a timing sequence relationship between B4 of Space B and C3 of Space C, that is, the version 
C3 would be generated after completion of version B4. 

5.3. Discussions 

The multi-view-version BOM can make different expressions of the product structure at each 
stage of the product life cycle. With various views, the organization, management and maintenance 
of product information can be closely related to the product structure and form a logical single data 
source, which could ensure the consistency, completeness and accuracy of BOM information. 
Meanwhile, according to version rules, the product structure information in different view can be 
exhibited, edited and refreshed, which is convenient for various engineers in corresponding BOM 
view to achieve related operations collaboratively. 

Combining with characteristics of common BOM version control models (section 4.2.1), the 
proposed version control method based on improved polychromatic graphs can better express version 
evolution process and represent relationship among versions. Furthermore, it can clearly reflect the 
hierarchical structure and merging process of revision during the version evolution process. Finally, 
the model can also accurately indicate the constraint relationship of versions in diverse object version 
spaces, such as timing, optional and mandatory, etc. 

In summary, the model and method proposed can be adopted to quickly and accurately respond 
to product structure data, BOM version iteration information and constraint relationships among 
complex multiple objects so as to realize product data management and evolution tracking of BOM 
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version efficiently. It’s beneficial to promote operation and optimization of various activities in the 
product life cycle. 

6. Conclusions and future work 

With widespread implementation of intelligent manufacturing and the growing complexity of 
modern product structures, the types and quantities of data in the product life cycle are increasing. 
Moreover, engineering changes in each stage of the life cycle are becoming more frequent. These 
make the management and maintenance of product data more complicated in the area of 
completeness, consistency, accuracy and traceability. 

With the BOM multi-view management, not only can the product data scattered in various 
information systems be organized into a logically single data storage entity, and strict constraints and 
version association relationships can be established, thereby forming a single data source. These 
would better reply to SSPD requirements, and also realize effective association, management and 
maintenance of data at each stage of the product life cycle. 

Moreover, the BOM version control method based on improved polychromatic graphs is 
adopted to quickly and accurately respond to BOM version iteration information, status and 
constraint relationships among complex multiple objects so as to realize accurate tracking of BOM 
version evolution. 

The model and method proposed in paper can not only satisfy current product data management 
and maintenance of design, process and manufacturing, but also provide a flexible expansion 
strategy to dynamically define various types of BOM views and efficiently maintain related version 
information. In the following research, UML and Blockchain [20] would be combined with the 
model proposed, which could enhance the intelligibility and visualization of the model so as to 
possess a wide range of application. 
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