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A Proposed Quantitative Model for Cost Reduction through the Technical Bargaining between the Alliances of Production and Design Cells

Abstract
The main objective of this work is to balance value analysis and value engineering to achieve cost reduction. This work investigates cost reduction efforts through production and design cells. A quantitative model is formed to investigate the operative and non-operative integration of value analysis and value engineering approaches. The first part investigates variance analysis for controlling cost and cost reduction.  The second part relates to value analysis and cost reduction within production cells. Regarding value engineering, which aims at reducing costs generally without reducing quality or effectiveness, and the value analysis approach, the former is important in the design phase, while the latter is necessary before implementation.  The model was initially designed using game theory to identify negotiating parties from production and design cells during negotiations on the proposed cost of new or existing products. However, the discussion showed it is difficult to end the negotiation at a certain point using only game theory. Accordingly, search theory models were used as complementary models, helping to reach an appropriate strategy to reduce cost and determine a point of abstention. Various recommendations are suggested at the end of the work.

Key Words: value engineering, value analysis, game theory, search theory, collusion, alliances, cost reduction.

Introduction and Research Objective:
Technologically advanced firms aim to meet consumer needs to retain them at the lowest cost while maintaining quality. The cost reduction approach should be dynamic rather than the customary static state. It is not just about achieving the lowest cost at a moment, but continuously reducing costs over time. Costs can be reduced while maintaining current quality, or new features added continuously without significantly increasing costs. This means providing a better product at a lower cost, requiring a dynamic reduction model (Surlan et al, 2016).

Cost reduction is a strategic objective for all enterprises. However, applying value analysis and value engineering is more efficient in firms with high technical levels, prompting the researcher to focus on technologically advanced enterprises. Nonetheless, the application remains valid in less advanced enterprises.

Value engineering aims to reduce the cost of the current product while maintaining characteristics, done at the early stages of product planning and determining target cost (Elsonoki et al, 2020). The value analysis approach focuses on activities adding value during the product life cycle, removing those that do not, ultimately leading to cost reduction while maintaining functional characteristics.

Accordingly, value analysis focuses on three axes: studying sources of cost, analyzing activities, and supporting performance evaluation. The researcher clarifies cost reduction stages using the cost deviation accounting approach, then moves to reduction methods through value engineering and analysis, reviewing the Japanese experience and Western countries. The researcher's role is to develop these inputs by formulating a proposed model suitable for creating compatibility between design and production cells during negotiation. This helps shift management thinking from short-term reduction to long-term interest, focusing on strategic objectives. Specifically, working to gain consumer satisfaction by reducing the product cost immediately, Brondoni (2022), Tanko et al (2018)..

The importance and limits of the research:
The importance of this research stems from focusing on modern production firm goals by reducing costs and reaching a proposed model considering technologically advanced circumstances. This research does not follow the path of focusing on reduction in cost control stages and deviation analysis. Instead, reduction takes other dimensions, raising the question of where and when cost reduction begins. Does reduction begin after production to achieve control goals? Or should the philosophy begin before operation, enabling the process to include all stages of value realization (Madushika, 2021) (including planning, R&D), developing the developmental aspect of the model regarding activities appropriate for reduction and limiting waste before it occurs?

Research importance also stems from keeping pace with continuous enhancement (Elgibaly, 2024-a). Cost reduction is a key stage of development, supporting the departure from traditional cost control and focusing on reduction in several areas. This supports the firm's development goal and helps in modern performance evaluation (Brondoni, 2022-b). Cost reduction is a strategic goal for all firms, but applying value analysis and value engineering is more effective in technically advanced firms. (Brondoni, 2023, Elsonoki, et al, 2020)).

However, the research goes beyond the extensive discussion of standards and budgets (Mansour et al, 2024), recent developments in performance evaluation, and internal organizational development. To save space and focus on the main objective, the researcher avoids delving into these to focus on formulating the proposed model for cost reduction through value analysis and value engineering.

Research plan:
The study is divided into five sections: (1) Using cost variance to reduce costs; (2) Modern areas of cost reduction through value analysis; (3) Cost reduction through value engineering; (4) Formulation of the proposed model integrating value analysis and engineering; (5) Conclusion and results.

1- Using the variance analysis approach to reduce costs:
· Traditional cost control methods focus on standard costs and budgets to avoid extravagance and eliminate deviations. These methods control events against what is agreed upon to reduce deviations and modify standards via feedback. This is subsequent to spending and focuses on the quantitative aspect. It focuses on spending, not the causes of spending, which does not achieve the desired cost reduction Hossam et al (2023).
· Focusing on spending without attending to causes is like focusing on the deviation type without extracting the reason. Recent writings support departing from the deviation accounting approach (Symphonya, 2024), showing the ineffectiveness of standards and budgets. These methods could not keep pace with modern industrial developments or achieve continuous improvement (Yall et al, 1990, Ye. Et al , 2025)). Modern developments require developing control philosophy into quality control, delivery time control, and service level standards. Cost control can be a communication network evaluating activities and providing a basis for correcting errors  . The researcher formulated this in Figure No. (1):

                             (Figure1): The controlling network
Cost control aims to achieve radical cost reduction while maintaining specifications (Pionti-Pizano, 2021). However, criticisms of using variance accounting models for reduction include:

1) Analysis of cost variances does not give sufficient results for advanced firms.

2) Variance measures are inappropriate as performance is evaluated against budget plans. Deviations or external developments not yet in the plans are neglected.

3) Cost control focused on how to control, not what to measure. Focusing on what should be measured shifts focus from cost control to controlling activities that create costs (Othman and Mayouf, 2019, Bennett and Mautt, 2021).

4) Budgets are viewed as independent control tools rather than part of a comprehensive system (Heidary, 2020). This leads to focusing on preparation problems and deviation causes from budget items, rather than sources of deviations and addressing them for reduction.

5) Analysis of deviations represents error control, not cost control (Elsonofi et al, 2020).

6) The system focuses on tracking cost by responsibility, neglecting elements difficult to control at that level (Shahhosseini, 2018).

7)  The current process is time-consuming and expensive. It indicates repetition in procedures and disruption of treatment, exacerbating problems and missing opportunities or profits (Danku and Antuvi, 2020).

A number of alternative systems have appeared on the horizon to organize traditional control that has been applied for a long time, which we can briefly discuss as follows:
A) Closed control system (Cybernetic Control System): Example: administrative control system (Masengapo, et al, 2021). It includes updating goals, measuring results, and comparing planned vs. actual. It is a dimensional model based on feedback to avoid recurrence (Brondoni, 2024). It is static, focusing on implementation errors rather than causes. It neglects negotiation and behavioral actions, distancing it from cost reduction. Reduction efforts focus on implementation, not the full product life cycle (Brondoni, 2023).

B) Non-Cybernetic Control System: Needs a future predictive model, supporting prediction of deviations before occurrence (feed-forward). It is difficult to apply in dynamic environments with continuous change (Brondoni, 2022 a). The more difficult to predict outputs, the harder to use. Brondoni (2022 b) formulated a five-dimensional predictive model, concluding shortcomings in cost control based on management accounting, suggesting developing management control models  
C) Using the Socio-Technical System Analysis approach :  Robati et al(2021).

 An organized approach determining control methods and supervision. It integrates individual needs and technology changes, deducing technical obstacles to form a cause-and-effect matrix for malfunctions. Social and behavioral aspects affecting deviations are highlighted (motives, cooperation, collusion, training). This approach is effective given reciprocal influences of production cells. If one cell malfunctions, it affects others; causes are cumulative and difficult to isolate. This leads to collective control. The philosophy stems from analyzing needs and rules to deduce elements affecting control.

Confronting deviation problems and internal conflicts must be done in light of the cost reduction plan and long-term development. This gives the approach a social character. The researcher notes social performance systems follow the path of informal control systems, focusing on collective performance problems rather than reduction.  
2- Using the value analysis approach to support the cost reduction return:
Value analysis represents activities aiming to eliminate faults, defective production, and waste, and 
developing production outputs and efficiency using different inputs. Focusing on value analysis highlights the stages of achieving value, shown in Figure No. (2) .:

(Figure 2):  Stages of the value        Source: Legros, (2025)

The figure clarifies the supplier's importance as a partner, providing the commodity on time and to specification. This supports immediacy (just-in-time) and ensures supply contracts are not breached. Establishing a dual relationship between product characteristics and the consumer helps show that changes in desires can be achieved and after-sales services fulfilled. Relationships between the designer and internal parties highlight the value chain, through which cost reduction stages can be developed  .
Stages and objectives of value analysis during the product life cycle include: 
1) Identifying and fulfilling consumer needs.

2) Providing innovative ideas in design.

3) Eliminating non-value-adding activities.
4) Reducing parts and eliminating unnecessary ones.
5) Evaluating raw material alternatives.
6) Convincing the design and production pattern to achieve high quality and reduce pre-production    costs.
7) Ensuring product stability and design structure.
8) Developing product return to increase effectiveness.
9) Reducing accounting and administrative procedures.
10) Developing efforts for continuous development.

The accountant's role is evident in all stages, contributing to reducing costs during the product life cycle. This depends on achieving continuous improvement by evaluating activities and removing those not adding value. The accountant is crucial in the initial design stage for comparing  alternatives (Adnan et al, 2018, Nicolas, 2018).
The accounting role in reducing measurement cost is clear by following advanced methods like Backflush Costing and Throughput Accounting. Elgibaly (2024 a) suggested the value analysis framework segments the value chain to identify cost behavior and deviation sources, focusing on causes rather than size. The nature of the value chain must be understood before strategic decisions (Bennett and Mayouf, 2021; Othman et al, 2019). Value analysis (Activity Analysis) controls operations through four stages:

1) Determining the goal of operations.

2) Recording and classifying activities.

3) Analyzing activities into value-adding and non-value-adding.

4) Increasing effectiveness and getting rid of non-value-adding activities (Elgibaly, 2024 b; Madushuka et al, 2021).

We can highlight the previous stages in the form of a flow, as shown in Figure No. (3).  

(Figure3): Stages of value analysis

This highlights the importance of analyzing activities for cost reduction by eliminating non-value items, increasing quality, and reducing lead time (Tanko et al, 2018). Value analysis is organized thinking to rationalize spending. Silvio, (2024), Surlan et al, (2016), defined it as distinguishing responsibility accounting by activities, determining responsibility for spending arising from demand. This distinguishes it from traditional accountability focused on cost or people, which led to accounting for results rather than causes.

To make value analysis applicable to cost reduction, the researcher identifies three main dimensions:

Analysis of cost occurrence causes:
Monitoring value and activities requires highlighting causes (Activity Drivers). Study includes demand for resource consumption. This aims to identify driving factors and main causes of activity costs (Satyam, 2021).

Assessing Value Content:
Includes identifying activities creating value versus those that do not. This is the basic aspect for cost reduction. Updating non-value activities, knowing their causes and elements, and the marginal return from removing them is key. Reduction avoids loss, not just expenditure. Eliminating spending without knowing the benefit may lose opportunities or affect quality (Caddi, 2021).

Evaluation of activity performance effectiveness:
Aims to evaluate efficiency and effectiveness to reach ideal benefit. Two types of measures are used: financial and non-financial, summarized as:

1. Efficiency and effectiveness measures.

2. Quality measures.

3. Time scales.

The person responsible must apply sensitivity analysis to variables, excluding non-value activities and knowing the relative change in cost and benefit. After knowing total cost change and expected changes in quality/time, the final reduction result can be formulated, aligning with the goal without negative impact on performance.

3- The impact of the concept of value engineering on cost reduction:
Value engineering is a practical effort to set the lowest possible cost for a process. Choosing the lowest cost for implementation applies Value Engineering (Bloechl, 2021). It is an organized effort to:

1. Determine characteristics of the system/product.

2. Determine value of each characteristic.

3. Implement characteristics at lowest cost.

Many areas cause sacrifice without corresponding benefit. The focus is reducing cost generally without compromising quality. Reduction focuses on unnecessary spending, uniting the goal between value engineering and analysis. Value engineering is a collective organization ensuring access to the most effective and least expensive products (  Sellbery, 2021; Kandari et al, 2022). To achieve this objective, some questions should be raised; include: 
1. Can new parts be reduced?

2. Can a lower-cost operating method be chosen?

3. Can raw materials be sourced cheaper without affecting supply stability?

4. Can similar goods be purchased instead of produced?

Value engineering is similar to Target Costing (Al-Kharafi and Al-Mutairi, 2021), determined during design. Value engineering helps reach target cost. In Japanese firms, it analyzes characteristics to produce within target cost limits (Design-to-Cost). It mediates the conflict between specifications/quality and cost. In Japanese companies, it is "restricted cost reduction" (reducing to target), whereas in the West it is often "absolute reduction" (random reduction). Japanese application is more effective for continuous improvement. Western application may waste value by reducing regardless of appropriateness. In Japan, reduction begins by determining the target cost plan, then reducing design cost to reach it, maintaining quality.

R&D must clarify if additional features exceed the cost of additions within planned limits. R&D is a state of continuous trial and error until development achieves a return within the target cost (Al-Mutairi and Al-Kharafi, 2021). Modern firms aim to add features while maintaining a fixed cost. Value engineering applies through four stages (Mansour et al, 2024):

1. Functional characteristics analysis (Feature to Function): Features are collected, classified, and arranged by importance and cost. Indicators are extracted using interval scales (value index). A value less than one represents a motivating function for cost increase. Caution is needed; for the following analyses:
· Functional properties cost analysis: Determining cost of characteristics to update cost of adding new ones.

· Component Cost Analysis: Essential for assembly industries. Identifies expensive components and cost relationships (simultaneous occurrence). Analysis shows possibility of substitution to use less expensive components.

· Determining cost of operations: Analyzes cost by industrial operations to know drivers and remove costly, non-value-adding operations.

2. Creative thinking: Examining characteristics with low value indices to cancel, simplify, or reduce them. Caution is needed as canceling may affect efficiency and demand.
3. Analysis: Examining alternatives to reduce cost, arranging them to choose the best. The criterion should be feasibility and consumer acceptance.

4. Converting alternatives into planned approaches: Choosing the best alternatives and putting them into a plan/timetable. Sensitivity analysis must verify coverage of uncertainty areas. 
4- The proposed model for reducing costs through the integration between the alliances of the production and design cells:
Value analysis and value engineering both aim to achieve reduction by removing non-value activities, reducing parts, and designing within cost limits. The difference is time: value engineering is in the design phase; value analysis is before implementation. They represent organized effort to analyze functions to implement at lowest cost without reducing performance. A proposed model combining them requires common characteristics:
(A) Compatibility: Both aim for continuous improvement, reducing cost while maintaining characteristics and time. Both are predictive future cost models.
(B) Integration:
· Temporal: Value engineering is in design (may lead to avoiding production). Value analysis is before implementation (cost-benefit analysis of activities). Integration makes the model comprehensive.

· Procedures: Both study causes of cost and analyze activities to isolate non-value ones.
(c) Areas of cost reduction: Reduction is avoiding extravagance and loss without eliminating characteristics or quality. Both agree on reducing accounting measurement cost (non-productive cost) by simplifying procedures . 
(d) Form of the model: The model must be negotiating and differential among variables. Value engineering differentiates characteristics/cost (Design/Development cells). Value analysis differentiates executive procedures/activities (Production cells) (Simanjuntak and Wijono, 2017; Xu and Lui, 2025).

Production cells often try to inflate cost initially to maintain incentives, affected by uncertainty regarding actual implementation cost or capability. They negotiate to inflate design cost so implementation inadequacies are hidden. The researcher uses negotiation in designing the quantitative model. This encourages using game theory and search theory to create compatibility.

Problem description:
The proposed model achieves an ideal function for advanced firms. Application is easier in advanced firms to apply Design-to-Cost and determine life cycle cost (Sung et al, 2010), achieving continuous improvement.
[image: image44.png]=0 < g >0
Thereisnoneed 10 5top. contnuation

To continue negotiating





                                                   (figure 4): Cost reduction stages
Before delving into the formulation of the cost reduction model, the researcher highlighted the stages of negotiation and design of the proposed framework for the cost reduction model, after taking into consideration all the elements and features that distinguish firms.

 From the previous figure, we can see the cost reduction strategies during the product life cycle, taking into account the negotiation match that takes place between the production cells and the design cells, with the determination of the limits of the agreement that represents the lowest cost
Alliances may be:

· Internal alliances between production  cells.

· External alliances by consumers.

The researcher assumes stable policies in negotiations. The match assumes un-dominated imputations (no control by one party) and collective rationality (no negative collusion). The negotiation strategy is (Rieple, 2012; Legros and Newman, 2025):
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(2)
Here F  (v)   represents the agreement point of negotiators' views (Rounaghi et al, 2021), the lowest agreed cost. Before design, the project determines the Design-to-Cost figure through negotiation between production, R&D, and other departments. Game theory helps implement non-control policies and achieve consumer desires within lowest cost (El-Gibaly, 2022; Ye et al, 2025).

To clarify the above with an applied case, the researcher presents the following example:

Assume X1 is a product development center, X2 and X3 are production cells. Negotiated costs provided by production is $ 90 , $100,   respectively. According to the above, the possible solutions, and the result of the game to determine the lowest cost for designing and producing the new product must take the following form:

V(X1, X2) ≤90
V(X1, X3)≤ 100
V (X1, X2, X3) ≤90
Xi ≥ 0
This will require:

X1 < 90
X2 = 0,
X1 + X3 = 100
X3 ≥0

Then we will reach the second function:  Owen, (1982), Othman et al, (2019),  Stoudacher, (2025): 

C (V) ={ (t, 0, 100, -t) 1≤ t ≤ 100}
X1 ≤90
X2 = 0,
This requires:
X1 + X3 = 100         Xa ≥ 0
Then we will reach the second function (Macias, 2025):
C(V)= { (t, 0, 100, - t) ≤t < 100}

Cell (X2) negotiates a cost not exceeding $90, prompting it to pressure (X1) to simplify the design and (X3) to enhance energy utilization to reduce implementation costs. At the same time, (X2) may ally with (X3) against (X1). Since the expected cost of (X3) does not fall below $100, (X1) aims to reach a $90 design cost, which satisfies (X2) without sacrifices and grants (X3) an additional $10 return, motivating (X3) to conclude negotiations early.

To generalize the model, the system includes design/development cells and implementation cells (M = ( 1, 2,………………m)
M' = { m+1, m+ 2,…………….2m)

Here, the branch (A) that works in product design and development is governed by the principles of value engineering. It has an intermediate design that it wants to convert to production in another cell at a cost (aj) which is a cost determined by the knowledge of the design, where

IF Mi         i = 1,…, 4,……….i
Also, the cells ( j+1)  that supervise the production and implementation of the previous design of the product (,J = 1,……j), (M= m+1,,...........2m) want to implement it at a cost (bij) governed by value analysis. Here, the negotiation that forms a specific alliance, and exchanging the design between the cells, can achieve a return and a surplus for the firm if it is achieved

V(i,m+j) =            1  if bij ≤ ai
                             0  if bij ≥ ai

The return here can also be negative, expressing the increase in the cost of implementation over x, the cost of design, and that,  if the results of the opposite of the previous conditions are achieved:
Here, the expected alliance resulting from the negotiation between the cells [which can be called S, ] is noted as:
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Therefore, the return from dealing v (S) will equal the lowest cost of design and production, which can be reached from dealing after transferring the design from cell i to cell j implementation. Here the necessity of imposing an additional and even logical restriction appears, which is related to restricting  design development cell cannot deal except with the same cell carrying out the implementation, and cannot present the design ideas it has reached to implementing parties outside the firm. Also, as for the executive cells, they cannot obtain executive or development ideas from other parties outside the cell , which is the condition that I have called in places "non-fragmentation of dealing", with the aim of simplifying the procedures for formulating and solving the problem. Accordingly, and with the availability of the last condition, the maximum benefit can be obtained from dealing between the parties of the previous game, based on the following goal value:

V(S) Max [image: image11.png]
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The researcher notes that the square matrix property is available in the equality of the number of development cells and the number of implementation cells. However, if the number of development cells exceeds the number of implementation cells, the utility maximization function can be determined in the following form:

V (S) = max.[image: image15.png]


 qij  cij
Where qij is the potential exchange matrix, and you refer to the cases of agreement and disagreement between the negotiation groups. (j), (i). It includes elements consisting of zero, 1, where one indicates the completion of the agreement, zero indicates the failure to complete the agreement.  The matrix may contain fractional numbers, indicating the multiplicity of execution cells or development cells. Based on the above, the problem constraints can be determined, which are as follows:
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Point of agreement occurs if there is a Veto effect or arbitrator (Owen, 1982).
Using Balanced Collection Method ::
e = {S1, S2,…………………Sm} is a small group of mixed internal cells, some of which are design and others are executive which then represents the whole, and assuming that there are a number of elements  . Suppose also the following:
         Y = {Y1.............Ym)

Represents the balance of the digital elements of the game outcomes, here:
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Accordingly, we can point out that the union of more than one balanced set will give a total balanced set as well , Ye et  al, (2025).  In order to reach an agreement on the cost side between the different design and implementation departments or cells within the firm, the condition must be met that for each equilibrium group, a smaller group is a component of the larger equilibrium vector, i.e.:
q = (q1,.... qm.( Add vector) = [S1...., Sm]: N &
    Then:
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 So Ideal solution point is the equilibrium vector.
From the above, we can reach an ideal solution point for the model shown previously, which will be the equilibrium vector for some of the small equilibrium groups that are stationary for the larger equilibrium. To clarify the above, we will assume the following application case:

Suppose that there are N larger balanced alliances, where:

N = [1, 2, 3]

Accordingly, there is one small balanced alliance that may take the following pictures from the different cells

e = [(1, 2), (1, 3), (2, 3)]
With the availability of the equilibrium direction, and the presence of equal opportunities for meeting between the previous three cells, Zhao, (2025), the previous match is the meeting point of views on the cost number if:
[ V (1, 2) + V (1, 3) + V (2, 3) ≤ 2 V (N)]

To emphasize this, it is to express the possible negotiations between the alliances (W1,.... Wm ) , and by applying the condition of independence of the previous alliances in their actions, the final overlapping effect of the different negotiations between the different cells can be measured in the form of a descriptive function that takes the following form:

U( S ) = V[ j ] W[( S [image: image25.png]


 Mi )] = 1

Accordingly, equilibrium occurs, with the independence of the productive alliances from the alliances based on the design and development of the product, and the negotiation continues with the aim of reaching the lowest cost of design that can be produced under it. Assuming that the result or returns of the negotiation (a set of different concessions between the parties of the different alliances) will be distributed among the parties of the alliance ( T with the value x ), then the derived function takes the following form:

(X,T) = (X1, ....................., Xn; T1……...., Tn )

Where ((T represents the form of the alliance consisting of a group of cells v ( TK ) represents the returns of the negotiation )) from gains and concessions between the different negotiating parties, which are in the form of   :
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Of course, the state of balance and stability regarding the cost figure that is reached comes after a number of stages of acceptance and rejection between the various allied parties,  which are clear from the following figure (5): 

   

(figure 5): levels of negotiations
The figure is clarifying the case of continuing negotiations between the different production and design cells, and assuming that (S) represents a certain alliance in the game, Zaho, (2025), and that:

X = (X1, ... Xn), X = j (cells not equal in power). If production cell (i) exceeds design cell (j), additional gains for (A) are:
Sij (X) = max. e ( Sij )
Here to complete the assumptions, it is suggested that j[image: image28.png]
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 S  and here (Sij) represents the maximum agreement on the number ( j ) cost, which the production cell (A) can obtain, that suits it and achieves its own goals without cooperation with (A) .
Since (A) is superior to (Z), the design (Z) will be forced to accept the alliance with (A) on the basis that (A) will obtain the value (Sij) as a result of the negotiation. 

Here we may face one of two possibilities:

A) Non-control: Cost reached is minimum (supports reduction).
B) Control (disparity), then:

· Stronger cell may be neutral/indifferent to cost, or risk-averse, searching for appropriate cost regardless of firm interest. This leads to endless negotiation, a shortcoming of game theory. This requires search theory to determining stopping point.

· Production cells participate in determining cost (autonomy).

· Search theory suits dynamic/active situations. Negotiation stops when agreed cost is reached.
During negotiation, when cells determine that the best negotiation value (e) equals (z), stopping yields the payoff G(z). If negotiation continues, the expected return is:

G (Z) = { ZF(Z) + [image: image32.png]


 E d F(E)-Cj-Z}

With C as negotiation cost, applying the integration theorem gives:

G (Z) ={[image: image34.png]


z [1 - F(E)] dE – C}

Thus:

G(Z)=[ -1-F(z)]≤ 0

where F(Z) represents the probability of extending negotiation with F(Z) ≤ 1, and G(∞) = –C ≤ 0. Therefore, continued negotiation becomes non-optimal, requiring a stopping point where G(.) = 0. Negotiation proceeds or stops depending on this condition.


                                         (figure 6):ending negotiation point
If the function G(E) takes the form:

G ( E* )= [image: image36.png]S



1  - F ( E* ) ] d E – C = 0
G (Z)  [image: image38.png]


  O according to Z = E*
Then whenever the maximum of the random variable  (E) is below( E*), any additional negotiation round yields a positive return. Here( E) is the reservation value (Vollstidt et al., 2025). If ( E ) exceeds( E*), negotiation must stop to avoid negative outcomes. All alliance members must preserve the reservation value that supports collective rationality.

Assuming a conservative value ( H), and a utility function V(H), the relation becomes:

VH = - C +[image: image40.png]


 d F (t) + VH F(H*)

The term ( C) reflects negotiation cost; the second term gives expected benefit when H≥H*; the last term shows net benefit when H ≤ H*, i.e., continuation (Renna et al., 2023; Soltysove, 2021).

Using integration theory, expected net benefit becomes:

VH = [ - С + H (( 1 - F ( H ) +[image: image42.png][ (



1 - F ( t )) dt] / [ 1 - F (H)]

Thus, expected return under the optimal strategy equals the conservative value ( H) at which negotiation stops. Negotiation ends when:

(a) Actual value ( H ) equals conservative value (H*), or
(b) Negotiation cost becomes too high due to time, effort, or internal disruption.

The number of negotiation rounds (N) is directly proportional to the conservative value, following:

PN = [F(H*)] (N–1) ,      N = 1,…..…,n

Thus:

E(N) = 1 / [1 – F(H*)]

Let (B) denote maximum cell benefit; then:

1. Stop if B < H U

2. Indifference if B = H U

3. Continue if B > H U

The optimal agreement set for cost is:

A* = [H; U(H)]≥ B

From this, the conservative cost value is:

B = C + U ∫A* (H) d F(H) + ] -A∫   d F (H) [  B:
B = ] - C + ∫A*   U(H) d F(H) [ /A∫   d F (H)
5- Main Features and results of the Proposed Model

1. The model correctly identifies the root causes of cost and supports reduction at its source.

2. It focuses on activities that generate cost and areas of waste, avoiding mere cost avoidance.

3. It prevents non-cooperative collusion among production and implementation cells by defining a fair negotiation-based cost, eliminating intentional loss and ensuring firm-wide benefit.

4. The model is suitable for computational application using operations-research software; full application is pending the availability of practical datasets (El-Gibaly, 2021, 2022).

5. Its theoretical validity is supported by previous successful applications in internal performance, transfer pricing, and cost allocation (El-Gibaly, 2021; Alchlaihlaw, 2022; Bani Andelies & Elies, 2020).

6- Conclusions and Recommendations:

It has become clear from the study ,conducted during this research, the extent of interest and focus that technologically advanced firms give more attention to the objective of cost reduction, and the study was conducted through  four sections. 

 As a result  of previous study, during the current research, we reached at the following recommendations:

a-when preparing the quantitative model necessary to formulate the applied relationship of  the two previous concepts, in supporting cost reduction efforts, it should be based in the preparation on the theory of games and the theory of search to suit each of them to the nature of the negotiation and the potential  .

b- At the end of using the model, the researcher recommends the necessity of conducting more research using the same model in many other places, perhaps after adding new mathematical relationships to support its mathematical coloring, so that the desired benefit from its formulation is confirmed while working on its application when data on real application cases are available.

c- The researcher also recommends the necessity of supporting cost-reduction policies and       strategies with modern  accounting methods, which in turn works to eliminate sources of extravagance .
d- In addition to the above, we recommended that the application should not be limited to those advanced firms only, but that the application methods should extend to include traditional firms.
e- Furthermore, some additional future recommendations are advised, as:
· Attempting to develop production methods and ways, and in this regard the use of flexible production methods FM and the intelligent supply chains( El-Gibaly,  2025), S. Thons(2022).

· The need to achieve the goals of continuous enhancement  (El-Gibaly, 2024 b), which basically seek to achieve a real reduction in cost .
· The target cost system is welcomed to  provide more information about the cost of production by using the  back- flush method.

· It became  clear from the discussion of the game theory that the negotiation will continue and take the same search stages to reach the best cost  which encouraged the suggestion of using search theory models.
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