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Abstract: DSMs are a simple and powerful tool to represent and work with system 

models. However, the representation of the interfaces as anonymous pairing entities 

significantly limits its usage as a stand-alone system design tool. As a result, DSMs 

are typically engaged in the engineering stage, after the system has been already 

designed – mostly to cluster, sequence, or analyze the complexity of the system. This 

paper presents the Interface-Component Model (I-CM) as a method that models 

systems in a similar simple matrix fashion as a DSM, N2 Matrix, QFD, etc., but 

resolves some significant limitations of DSMs in the context of system design. With 

the algorithm to export the system model from an I-CM to a DSM, both tools may be 

used together as an ecosystem for system design and analysis based on matrix 

methods. 
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1 Interface Component Model 

Considering the system as a group of interconnected elements with a certain function or 

purpose (Meadows, 2008), the I-CM (Tuzsuzov, 2020) sets the elements (components) and 

the interconnections (interfaces) as two dimensions of the whole. The I-CM treats the 

components and the interfaces equally – each group owns one dimension of the system 

model (Figure 1). On the intersections between the components and their interfaces within 

the matrix, special notation is used to identify the type of flow as “I”, “O”, or “IO” (input, 

output, and I/O, respectively). This may be applied to information, energy, and/or material 

flows. In addition, other notations may be used, like “S” for static, “M” for mechanical, 

etc. These are considered always bi-directional. 

 

Figure 1. I-CM of a system with five components and four interfaces  
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From the example in Figure 1, we can already identify some aspects that the standard binary 

DSM cannot address (E. Crawley et al., 2016; Tuzsuzov, 2020): 

• Identity and purpose of each interface (the name of the interface indicates its 

purpose) 
• Multiple interfaces with multiple purposes between components (e.g., Part 1 and 

Part 3) 
• One shared interface between multiple components (e.g., Interaction 2) 

As a result of the limitations shown above, the DSM may give a wrong impression of the 

system structure and complexity (Sinha et al., 2018). Let’s look at the example of six 

computers communicating via network bus (Figure 2). We can model this system using the 

I-CM as shown in Figure 3. This system has low complexity, and adding more nodes to the 

network would not principally increase its technical complexity. 

 

Figure 2. A computer network bus with six nodes 

 

 

Figure 3. I-CM of the network system 
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However, the DSM of this setup shows a highly interconnected and complex system, in 

contrast to the reality (Figure 4). In fact, the DSM of this system would not differ from the 

DSM of a system of six computers with P2P lines from each computer to each of the others.  

 

Figure 4. DSM of the computer network system, generated from the I-CM 

A possible way to optimize the presentation in the DSM is to consider the Ethernet carrier 

as a component itself, and not as an interface. The DSM following this approach is shown 

in Figure 5. Although this representation is closer to the reality as far as the complexity is 

concerned, it lacks the logical separation of interfaces and components that is so much 

needed in the system design. 

 

Figure 5. Considering the Ethernet as “Component” instead of “Interface” 
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There is also the opposite example, where the DSM system representation indicates less 

complexity than the reality. This could be demonstrated with two components/subsystems 

having multiple interfaces for different purposes. Part of a spacecraft (space laboratory) 

architecture is shown graphically in Figure 6. The respective I-CM (Figure 7) shows the 

same level of detail and gives a good indication of the system complexity. The DSM, 

however, (Figure 8) will reveal a quite simple system, except we don’t code each of the 

interfaces as components (as we have done in the previous example – Figure 5). 

Figure 6. Part of spacecraft E/E architecture 

 
Figure 7. I-CM of the part of the E/E architecture of a spacecraft 
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Figure 8. DSM of the part of the E/E architecture of a spacecraft 

So far, we have demonstrated the approach of the I-CM to describe the physical system 

consisting of elements and their interconnections (components and interfaces). To cover 

all three aspects of the system, the I-CM tool uses a second matrix to map the 

purpose/functions to the physical system. This second matrix is in fact a variant of the 

already-known Form-to-Function Mapping or Domain Mapping Matrix (DMM) 

(Danilovic and Browning, 2007). As both the I-CM and DMM matrices have the 

components in the columns, they can be aligned on that dimension.  

To demonstrate how to model the system with all elements, interconnections, and purposes 

in one document, we take an example of a radio receiver. The purpose of the radio receiver 

is to play radio transmissions in AM and FM (MW and VHF bands). The selection of the 

band, stations, and sound volume should be done with a simple graphical UI and controlled 

with an integrated keyboard. The graphical diagram of its electrical architecture is shown 

in Figure 9. 

Figure 10 shows the I-CM of the system and its assigned purpose derived from the above 

description. The numbers in the DMM matrix indicate the logical sequence of the function 

deployment over the physical system (e.g., the “reception and play” function is following 

the path antenna→tuner→amplifier→speaker), but an “X” could be used instead when 

sequencing is not needed or wanted (for parallel processes, feedback loops, etc.). 

 

Figure 9. Electrical architecture of the AM/FM radio receiver 
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Figure 10. I-CM of the AM/FM radio receiver 

2 Instant relation highlight: The main feature of I-CM 

2.1 In addition to the integrated matrix system representation, the I-CM tool has one 

multipurpose function – instantly highlighting the system dependencies. This can be used 

for impact analysis, sanity checks, design- and integration-planning, minimal viable system 

definition, and more. Figure 11 shows the highlighted subsystem that delivers the “band 

and station selection” function of our radio. 
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Figure 11. Highlighted subsystem for “band and station selection” function 

 

Figure 12. Domain mapping of clustering from DSM. 
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3 Exchange between I-CM and DSM 

The I-CM contains more information than a binary DSM, which is why the I-CM tool 

supports export of its model to a DSM. The DSM can then be used to cluster and sequence 

the system.  

The automatic import from DSM, however, could lead to loss of data. The matrix would 

need to be manually sequenced and clustered after import, but this could then be used as 

“clustering by  purpose,” as shown in Figure 12. The clusters identified by the DSM are 

converted to a domain in the DMM part of the I-CM. The highlighted cluster “BLOCK1: 

Radio” corresponds to the first cluster of the DSM. As seen in this example, not only the 

interfaces, but also the clusters have the name and purpose visualized. 

4 Conclusion 

I-CM provides a simple and effective way to represent, analyze, and manipulate systems. 

It addresses some shortcomings of DSMs as a system design tool while keeping the familiar 

matrix notation. However, as each method can better address different aspects of the 

engineering processes, they can easily complement each other to form a powerful toolset 

for systems engineering. 
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