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Abstract. This is a position paper to share our experience how Lazy Evaluation 

approach in AI is useful for team decision making with members with diverse 

knowledge and experience from many different fields. For example, Industrie 

4.0 is a German proposal of a new framework to team up SMEs in order to cope 

with the frequent and extensive changes today. Until recently, we could fight 

with 11 best players, but today we need to fight with best 11. If the situations do 

not change then best players in each position can form a good team and win. 

But just as soccer demonstrates, such fixed formation does not work anymore. 

All players have to changes their roles flexibly and adaptively in response to the 

change. But unlike soccer where a goal is very clear, engineering teams need to 

determine a common goal first of all. But the greatest difficulty is members 

have different knowledge and experience, especially so when members come 

from different fields. Thus, how we can coordinate their diverse scopes and 

come up with an identical scope which satisfy all members and which leads to 

fruitful collaboration is a big challenge. This paper describes how Lazy 

Evaluation is effective for negotiation among members with diverse knowledge 

and experience and for coming up with an identical goal toward fruitful 

collaboration.  

Keywords: Design Management, Diverse Members, Scope Coordination, 

Lazy Evaluation, Satisficing. 

1   Design Scope Coordination 

Although there are many papers on design management, there are very few on design 

scope coordination. For example, in project management, work scope and product 

scope are taken up. Work scope is about how to run the project and product scope is 

what product to produce. Although there are detailed discussion about how these 

scopes should be executed, how the scope should be framed is not well discussed. 

But most important issue is how we frame our scope. This is essentially the same 

problem as has been discussed in AI research field as the Frame Problem. “The Frame 

Problem is the challenge of representing the effects of action in logic without having 

to represent explicitly a large number of intuitively obvious non-effects in AI, but it 

can be regarded as a more general problem of How do we account for apparent ability 
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to make decisions on the basis only of what is relevant to an ongoing situation without 

having explicitly to consider all that is not relevant?” [1]. 

Design scope coordination is a typical example of the Frame Problem. With the 

progress of engineering and with the quickly spreading diversification and 

personalization, engineering problems cannot be solved without involvement of many 

experts from many different fields. Thus, what becomes important, but is not taken up 

for discussion is how we fill up their differences and reach a final goal acceptable to 

all members involved.  

In project management, PMBOK [2] plays an important role, but it does not 

describe these diverse “common senses”. And when they discuss parameters such as 

functional, design, etc., the scope is already fixed. The most important issue how we 

can frame our strategic scope is not discussed enough.  

Pre-stage of Project Management becomes, however, increasingly important 

especially in PLM, because PLM requires very broad knowledge and experience 

across many different fields as it requires not only knowledge about design, 

manufacture, but also operation, i.e., it covers a very broad context. 

 

 

2   Increasing Importance of Decision Making 

 
This issue boils down to the problem of how we make decisions. Most of the research 

on project management and related works are dealing with the problems after a 

decision is made. But decision making in cases which relate to a wide variety of fields 

and broad contexts must be accepted by all members concerned who come from 

diverse fields. Of course, all members do not share the same knowledge and 

experience. They have their own views and even the same knowledge is used 

differently from field to field. So scope coordination for decision making is increasing 

its importance. Then, how can we overcome such difficulties and make appropriate 

decisions in an age of increasing diversification and personalization? 

 

 

3   Lazy Evaluation 
 

If we look back and consider how we make decisions, we soon realize that we do not 

make decisions all at once. The more difficult the problem is, the more time or stages 

we take to come up with the final decision. In other words, the larger problem space is, 

the more time or stages we need to fix our scope. In fact, when the problem space is 

very large, we cannot make decisions rationally due to such problems of 

combinatorial explosion, computational complexity, etc., and we have to look for 

satisficing as Herbert Simon pointed out [3]. Interestingly enough, another economist 

John Keynes pointed out economic agents make decisions rationally for short term 

expectations, but when it comes to long term, they rely on their confidence [4]. Thus, 

how we can let members feel satisfied and how they can agree upon the final goal 

with confidence is most crucial in team decision making with members from diverse 

fields. 

The difficulty of decision making in a problem relating to diverse fields is scopes 

are different from member to member so that they are not identical. Of course, 



members do their best to increase the overlapping common area, but no matter how 

much efforts they may pay to increase it, there still remains areas which are not 

covered by all members (Fig.1). The most important thing is how we can find a 

common area, or intersection if we use set theory term, among all members involved 

with satisfaction and with confidence.  

 

 

                    
                    

 

If this common area or intersection can be found easily, then there is no problem. 

There might be slight differences, for example, regarding the definition of parameters, 

etc., among diverse members, but such small discrepancies can be easily solved if 

detailed discussion is made. Although it may take time, it is essentially not different 

from one time decision making. 

Such one time decision making can be done when the problem is not so much 

complicated or large. Essentially rational approaches can be applied and the problem 

will be solved.   

But when the problem relates to a wide variety of fields, such rational approaches 

cannot be applied and we have to introduce multi-stage decision making and repeat 

the process of convincing members that the line of reasoning is adequate. If the 

problem is small and simple, members can understand the line of reasoning easily and 

although it may take time, we can reach the common goal.  

What makes multi-stage decision making difficult which relates to a wide variety 

of fields is there are issues which some of the members cannot understand at some 

stages, because the lines of reasoning vary from field to field. These members have to 

wait until the reasoning comes to the stage when they understand how the problem is 

going to be solved. When the reasoning comes to the stage they can understand, they 

can express their views and opinions and ask for revision, etc., based on their own 

knowledge and experience. 

Then, how can we deal with this problem of multi-stage decision making in a 

situation where the problem is related to many diverse fields?  

Lazy evaluation is the answer to this problem. We postpone our decision until later 

stage when we can make a decision. When the discussion comes to the stage you 

understand, then you can express your opinion and demand, if necessary, to change 

the conclusion which is obtained through the previous stages or give advice to 

 

Fig.1.  Intersection 



 

improve the conclusion, based on your own field. And in the worst case, when you  

cannot understand the whole process, the constraints must be relaxed and repeat such 

trial and error approach from the first until every member understands the line of 

reasoning and can agree upon the final decision. This way, the final conclusion is 

reached by unanimous agreement of all members (Fig.2). 

 

 

 

 
 

 

                  Fig.2. Illustrative Explanation of Lazy Evaluation  

Used for Team Decision Making  

with Diverse Members with Diverse Backgrounds  

 

 

 

 

In other words, the common area or interaction varies with how the discussion goes 

on. In rational approaches, the common area or interaction does not change. But in the 

case of multi-stage decision making with diverse members, we have to note that the 

common area or the common goal varies from case to case. If some members are 

taking the initiative, the goal would reflect their knowledge and experience more. 

Thus multi-stage decision making in a team with diverse members from diverse 

backgrounds is nothing other than negotiation. We have to remember negotiation 

comes first before collaboration. In other words, when the problem cannot be solved 

rationally, we have to resort to negotiation among members from diverse fields. But 

how we can negotiate to arrive at the common goal by coordinating the scope is not 

well discussed.  



  Thus, this final solution may not be the optimum in the strict sense, but it is a 

satisficing solution. Herbert Simon pointed out that if the number of variables is too 

many, we cannot find the optimum mathematically due to such a problem of 

computational complexity, etc. so that we have to satisfy ourselves with the notion of 

satisficing. The term Satisficing is a combination of satisfy and suffice and it means 

satisfy enough [3].  

To understand Simon’s idea better, let us consider global optimization. Although 

the optimum can be obtained rationally if it is local optimization, we cannot obtain 

such a mathematically accurate optimum, when it comes to global optimization. Take 

Simulated Annealing for example. We repeat searching many times to reach an 

optimum, but it is nothing other than to regard the highest (or the lowest) one as the 

optimum, because we have repeated so many searches. There is no mathematical 

guarantee that it is the highest. We only believe or would like to believe it is the 

highest because we tried so many times. Thus, global optimization just makes us 

emotionally satisfied. It is nothing other than satisficing.  

  Lazy Evaluation is a method originally proposed in programming language theory. 

The primary reason why it was invented was to reduce the running time and to 

increase performance, because it avoids repeated evaluation. But the point which this 

paper emphasizes is very much different. This approach works very well for 

negotiation for decision making for a team with members of many different 

backgrounds    

Lazy evaluation permits very flexible and adaptable line of reasoning. Thus, it 

provides us with a tool to reach emotionally satisfied conclusions. Again, this 

approach is useful to convince every member of a team with different backgrounds 

that the line of reasoning is adequate and their knowledge and experience are duly 

reflected in the final conclusion so that they accept it with enough satisfaction. But we 

have to remember that nobody sees or understands the whole picture. So this 

approach is completely different from an approach to construct a meta-level 

knowledge and experience representation for decision making.  

 

 

4   System to Produce Welding Procedure Specification 
 

This chapter describes our past experience of producing a legal document called 

Welding Procedure Specification. We formed a consortium with about 12 industry 

members with the leadership of Welding Research Institute, Osaka University. The 

members include Nippon Steel, Mitsubishi Heavy Industry, Kawasaki Heavy Industry, 

Kobe Steel, Toyo Engineering, Shimizu Corporation, IHI, Shin-Meiwa, etc. Their 

field are heavy industries, shipbuilding, airplanes, automobiles, etc.   

As is well known, welding requires a wide variety of knowledge and experience 

such as material, electrical, mechanical, etc. and its application areas are also diverse 

such as civil, architectural, transportations, etc. But to carry out welding, there are 

legal rules which require us to specify how welding will be done.  

These rules about welding is different from country to country. American Welding 

Society introduce such concepts as welding of box-type components and set down 

legal rules to apply to welding of boxes. Such boxes are used for containers, and used 



 

as components in ships, truck, etc. So such legal rules based on structural modules can 

be applied in a straightforward manner.  

But in Japan, welding rules are set based upon the concept of weldline. Thus, we 

have to work out rules for each case because weldments vary widely from structure to 

structure and from product to product. Japanese rules pay attention only to welding, 

and they do not take into consideration such constraints as structures, etc. So 

industries have to form Welding Procedure Specification (WPS) to demonstrate that 

the welding they are going to perform follows the legal rules of Japanese welding 

rules and in addition that their way is reasonable enough from other respects.  

This process of producing WPS, however, used to be a world of the rule of thumb. 

When industries worked in their own fields and their products and services were not 

so much diversified as they are today, the rule of thumb worked well.  

But when shipping business was very bad in Japan, their welding department 

attempted to secure employment of their welders by receiving orders from other 

industries such as construction, etc. But they could not. This is because they relied too 

much on their rule of thumb and this rule does not work in other industries. Such 

failures prompted them to introduce a more rational and versatile approach.  

To respond to their request, we developed an AI-based system which adopts Lazy 

Evaluation and Constraint Management [5], [6], [7]. 

The system itself is not special in the sense of programming. But we paid out chief 

attention to how members will feel satisfied with the flow of reasoning. We 

constructed a knowledge and experience representation, by noting that members with 

adjacent area can communicate easily. By putting together such member to member 

pieces together, we come up with the final representation as shown in Fig.3. Then, we 

adopted Lazy Evaluation technique to utilize this representation. 

 

 

 



 
 
Fig. 3. Knowledge and Experience Representation for Welding Procedure Specification 

 

 

This system met industry needs and it was adopted by many major Japanese 

industries. Their fields include Shipbuilding, Building, Construction, Machinery, etc., 

although each industry customized it to meet their needs. But the basic structure is the 

same. Their system introduced Lazy Evaluation. They are being used today, although 

they are updated of course.  

This demonstrates how such a system was needed and desired by industries. But at 

that time, industries were working in their own fields and there were few problems 

which required such a wide variety of knowledge and experience as in welding, so 

they could manage to solve the difficulty by accumulating experience.  

But with quickly increasing diversification, the walls between industries are falling 

quickly apart and industries have to collaborate across many different areas. Thus, the 

need for more adaptable and flexible decision making tools are increasing rapidly.  

Although the time we developed the system and the time Japanese industries 

started to use our system in welding was long time ago, before such diversification as 

we see today started, such needs were present in such a multi-expertise field as 



 

welding because it relates to many different fields so that collaborative decision 

making is called for.  

The technique or programming of Lazy Evaluation can be easily found in AI 

literatures. What this paper emphasizes is that it can be used very effective for another 

application, i.e., negotiation before collaboration, although it was originally 

developed for programming efficiency.  

The need for such a system for supporting decision making among members from 

widely different fields is quickly increasing, such as in Industrie 4.0 [8]. Although the 

system we developed was only for welding, the basic framework certainly works for 

other applications. As the number of variables are rapidly increasing and the 

backgrounds of participating members are quickly diversifying, such an approach to 

reach a strategic goal acceptable by all members is increasing its importance.   

 

 

5   Summary 
 

Increasing diversification and personalization call for collaboration among many 

members from many different fields. And the more diversified the requirements 

become, the more difficult it becomes to reach a common strategic goal acceptable to 

all members, because knowledge and experience are different from field to field and 

sometimes the same knowledge is used in a different way. 

  Therefore, how we can coordinate their different scopes and come up with an 

identical scope is a great challenge and its solution is strongly called for. In other 

words, negotiation is needed for satisficing and convincing collaboration.    

  This paper points out by sharing our experience in welding that Lazy Evaluation, 

which is one of the AI techniques for computer processing efficiency, can be used in a 

very different way. It is very effective for negotiation to come up with an identical 

scope and to determine a common goal which is satisficing and convincing to all 

members. 

  As Industrie 4.0 indicates, our world is moving more toward best 11 from 11 best, 

as American football coach Knuth Rockne pointed out. It is no more the time if we 

assemble 11 best players, we can win. We have to consider how we can utilize the 

presently available resources to the maximum. Rockne demonstrated his belief by 

bringing University of Notre Dame from the bottom to the top. This can also be 

observed in soccer. Situations change so frequently and widely in today’s soccer so 

that it becomes increasingly important how we can form a strategy flexibly and 

adaptively to the changes.  

  Another important point is as everything is speeding up these days, we do not have 

enough time to develop new technology to cope with the changing situations. Thus, 

what we need now is “Do what you can, with what you have, where you are” as 

Theodore Roosevelt said. We have to utilize the current resources to the maximum in 

order to achieve the goal. We have to form a well working team, but with the 

available members.   

Lazy Evaluation can be used, in spite of its misleading name, to arrive at a common 

goal shared by all member quickly and to satisfice them all. Although it was 

originally a technique to facilitate processing speed on a computer, but what this 

paper emphasizes is that it can be used for facilitating negotiation before collaboration.   
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