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Abstract 

The traditional configurations of market response, make-to-order (MTO) and 

make-to-stock (MTS), are no more suitable in today’s competitive context, 

forcing companies to a transition towards hybrid solutions. Unfortunately, this 

has been neglected, in particular at the operational level where the Order Review 

and Release issue counts only two related articles but restricted to job shops. 

Therefore, researchers are moving towards flow shop configuration, particularly 

addressing the issue of bottleneck. Literature links this topic to the Theory of 

Constraints by Goldratt and Cox [14], from which Drum Buffer Rope (DBR) has 

been designed as a production planning and control tool. The objective of this 

paper has been defined as verifying how the decision on the release model 

changes considering the designed hybrid flow shop model. Simulation results are 

not clearly in favor of one over the other, since besides severity, there is another 

important factor to consider: the choice of control at dispatching level, and its 

connected trade-offs. In particular, implementing this control with bottleneck-

based rule is effective for MTO performances, especially in case of high severity. 

Instead, when control at dispatching is absent, the workload control as release 

rule is preferred, leading also to the best lead times for low severity. 

Keywords: MTO, MTS, Order Review and Release, bottleneck. 
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1 Introduction 

In the current competitive environment, manufacturers deal with mega trends as growing product 

customization and internationalization of their businesses that ultimately cause shorter product 

life cycle, the explosion in the number of product families and growing sources of variability [1]. 

In order to serve the market, firms traditionally choose between make-to-stock (MTS) and make-

to-order (MTO) strategies. MTS was typically chosen in low variety context, where products can 

be standardized, and the focus was on anticipating demand to keep an appropriate level of 

finished goods stocks. Instead, production within MTO systems is directly triggered by 

customers’ demand, hence the focus is put on assuring short delivery times to clients who can 

choose among a wide range of families.  

However, current context and its business implications force companies to adopt, more and more, 

a MTO strategy [2, 3, 4, 5]. Actually, for some industries this is not sufficient, making necessary 

the transition towards a hybrid MTO/MTS production mode [6]. This organizational mode is 

beneficial for those contexts in which product variability and unpredictability of demand would 

make inefficient to set up manufacturing activities based on traditional frameworks [7].  

Many researches argue the importance of production planning and control mechanism for high-

variability MTO context, therefore it is immediate to claim that this statement is valid also for 

this hybrid scenario, which introduces new and different sources of variability [8]. Despite the 

relevance of the topic, few are the research effort in the hybrid field, since traditional operations 

management literature categorizes manufacturing systems as either MTO or MTS [9, 10]. 

From the previous research, it is revealed that hybrid environment is studied in job shops, not in 

flow shops. Apart from the load based rules, potential of Drum Buffer Rope (DBR) as production 

planning and control tool, especially when bottleneck-severity is high is investigated in flow 

shops [11, 12]. Given these premises, the paper intends to investigate and fill the gap in terms of 

order release within hybrid flow shop with bottleneck, and adding the recent literature findings 

on capacity constrained resources. 

The article is organized as follows: a theoretical background about the applicability of the 

Workload Control in hybrid environment followed by the research question is provided in Section 

2. Simulation model and methodology are discussed in Section 3. The results and conclusions 

are depicted in Section 4 along with implications and future research. 

2 Literature Review 

This section aims at identifying and summarizing the main publications. In hybrid environment, 

production tries to leverage on the point of strength of both MTS and MTO, assuring shorter 

delivery lead times compared to pure configurations reaching the required level of product 

variety. This organizational mode is beneficial for those contexts in which product variability 

and unpredictability of demand would make inefficient to set up manufacturing activities based 

on traditional frameworks [7].  

Load based rules such as Workload Control (WLC), particularly “Order Review and Release” is 

proved to be beneficial in MTS and MTO companies but there are very few works in the hybrid 

MTO-MTS hybrid environment [7, 10]. For details, please refer to Eivazy et al. [10].  

Since the reference article by Eivazy et al. [10] explores specifically the semiconductor industry 

and leaves flow shop without any consideration, the paper intends to enlarge the original study, 

generalizing the model and addressing the problem in this alternative configuration. The change 
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of perspective in terms of shop floor characteristics makes necessary the deepening of a second 

stream of literature, specifically addressed towards flow shop with bottlenecks.  

 

Bottlenecks are defined as those portions of a production system which are not able to process 

any additional job without the use of capacity adjustments. Therefore, they constitute a limit for 

the output rate, and they have to be carefully considered since companies cannot afford any waste 

of time for these resources [13]. The management of capacity-constrained resources, in literature, 

is associated with the Theory of Constraints (TOC) by Goldratt and Cox [14]. In recent years, 

DBR, a new production planning and control tool adopting the principles of TOC, emerged. The 

most interesting aspects of recent literature on bottlenecks and DBR are included in four articles 

by Thürer M., who addressed different thematic: the drum schedule improvement [15], the 

bottleneck shiftiness [12, 16] and the comparison with other release rule [11]. 

 

Constant Work-in-Process (CONWIP) is basically an extension of DBR, since here the control 

is set at the last station of the shop floor, regardless the position of the bottleneck. The model has 

been introduced by Spearman et al. [17] as an alternative to Kanban system, which would allow 

systems to be more robust, flexible and easier to set up. Actually, Framinan et al. [18], in their 

literature review, recognized that different authors proposed their own conceptualizations, 

however the most important element was common among all of them: a system which keeps the 

maximum amount of work-in-process at a constant level. 

 

The implementation of CONWIP is usually associated with the use of cards, which must be 

attached to a job to be realized in the shop floor without separating them until the end of the last 

processing stage [19]. 

 

Operation management literature recognizes different decision that managers should face when 

setting up a system based on constant work-in-process [17, 20]: 1. The production quota, 2. The 

maximum amount of work. 3. The capacity shortage trigger. 4. How to forecast the backlog list. 

5. Number of cards operating in the system. 6. How to sequence the jobs in the system. 

 

Researchers clearly specify that these aspects have to be contextualized in a hierarchical planning 

procedure [21]. In particular, the first five elements of the list could belong to the tactical level, 

while the last one to the control level. 

 

Given the findings on DBR and the severity factor on one side, and the reference research based 

on workload on the other, the objective has been defined as verifying how the decision on the 

release model changes in hybrid MTO-MTS flow shop. Therefore, the research question has been 

formulated considering observations of the reviewed literature as:  

 

“In the hybrid flow shop model, is Workload Control able to outperform bottleneck-based 

approach?”  

 

To answer the research question, a simulation model is built and different scenarios are run. 
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3 Simulation model and methodology  

 The simulation model has been implemented through Python programming language and some 

of its dedicated modules. The structure follows the one of the reference study [10] (see Fig. 1), 

thus it is constituted by a release module and a dispatching module.  

 

 
Fig. 1. Release-module algorithm’s flowchart, from (Eivazy et al., 2009) 

It tests the following release models: 
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1) DBR: which controls the number of jobs released but not yet completed at the bottleneck 

station. Orders can enter the shop floor only if the number of jobs are lower than the “buffer 

limit”, and this evaluation is carried out whenever a job is added to the pre-shop pool (PSP) or 

an operation is completed at the bottleneck station. 

2) CONWIP: the structure is similar to DBR, but the controlled station is the last one. Therefore, 

evaluation of release is based on the arrival at the PSP or when the job leaves the department. 

3) Workload Control Continuous (WL-CON): it does not allow the release of a job if its 

contribution to the workload of stations make one of them to not fit a threshold, called norm. The 

evaluation of release is activated whenever a job arrives at the PSP or whenever an operation is 

completed. 

4) Immediate Release (IM): it represents the absence of a controlled release. 

Among the PSP-sequencing and dispatching rules proposed in the analysed literature, the ones 

able to identify urgent jobs given a set of orders have been selected. This is necessary to apply 

the prioritization principle proposed in the reference model: urgent MTO, urgent MTS, non-

urgent MTO, and non-urgent MTS. Three alternatives have been selected: 

• Critical Ratio (CR): it is the same rule applied by Eivazy et al. [10], hence it already fits the 

hybrid context. The information on due dates and predicted cycle time are drawn from pre-

simulation runs. 

• Modified Planned Release Date (MODPRD) and Modified Planned Bottleneck Start Time 

(MODPBST): they are, respectively, the PSP-sequencing and dispatching rules proposed for the 

drum schedule improvement. They have been conceived for the MTO context, therefore some 

modifications were necessary. Concerning the MTO jobs, the measure to establish the urgency 

remains the same of the literature, instead, for MTS it is applied the one of Critical Ratio, based 

on WIP and its planned values (taken from pre-simulation runs). 

• First in First out (FIFO): which represents the absence of prioritization mechanism. 

 

Models and rules have been tested in a flow shop configuration constituted by 5 stations as in 

previous studies [4, 22, 23], in which only one could be the bottleneck in the same simulation 

scenario. Referring to the previous research [15], the first station (Position 1) is considered to be 

the bottleneck position. Besides the common simulation entities that could be found in similar 

publications, another one has been added: the warehouse. This object store MTS jobs that have 

just been processed at the corresponding machine. This is important to realize the logic of MTS: 

customers withdraw products kept in the Finished Good Warehouse, and this triggers a 

replenishment mechanism that flow upstream till the PSP.  

The processing time setting values are drawn from a statistical distribution taken from the 

literature, while in the base case a deterministic “total processing time” is established. MTO and 

MTS jobs differ for the variance of their distribution (lower for MTS, since more standardized), 

while their means are equal. Two levels of bottleneck severity have been selected, as to account 

for the following conditions: high and low [11].  

Another aspect for the design of the model concerned the identification of the relative weight of 

MTS and MTO on the overall capacity managed by the system. Therefore, we set 480 minutes 

as the daily available time and 30 minutes as the average processing time of a job, the maximum 

daily capacity to 16 jobs. However, the value corresponds to the maximum utilization of 

machines, thus the value has been lowered to 15 jobs, as to account for a minimum degree of 

spare capacity. Once these values have been identified, another factor, called “MTS Weight”, 

established the weight of MTS on these 15 jobs. These computations were fundamental for 



6 

establishing: the arrival rate of MTO and the mean of the normal distribution constituting the 

demand of MTS products.  

Finally, preliminary runs of simulations have been necessary for the setting of due date’s 

parameters, predicted cycle times of both MTO and MTS and values for norms, buffer limit and 

total WIP. Parameters of the simulation model and the experimental setting are represented in 

Table 1. 

 

Table 1. Design of Experiment 

 

Shop configuration studied Pure flow shop 

Number of machines 5 

Capacity of each stage 480 time unit 

Arrival rate distribution Exponential 

Processing time distribution 

MTO 

Truncated Log-normal 

Mean 30, variance 900 

Minimum 0, maximum 360 

Processing time distribution 

MTS 

Truncated Log-normal 

Mean 30, variance 40 

Minimum 0, maximum 360 

Jobs contractual due date Uniform [α, β] 

ORR model WL-Continuous, DBR, CONWIP, IM 

Sequencing Rule FIFO, CR, MODPRD 

Dispatching Rule FIFO, CR, MODPBST 

Rule levels 

(Norms, Buffer Limit, Total WIP) 

6-levels for each rule 

WLC-Norms: 72, 90, 120, 150, 420, 540 

DBR-Buffer Limit: 2, 4, 6, 10, 15, 35 

CONWIP-Total WIP: 10, 15, 20, 30, 60, 

70 

Bottleneck Position Position 1 

Bottleneck Severity 0.65, 0.80 

MTS Weight 30% of 15 jobs 

 

It is important to notice that not all combinations between sequencing and dispatching factors 

have been included in the experiment. It is more likely that a company adopts a unique logic for 
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these prioritization aspects, therefore the selected levels respect this observation (in all the 

document, the first acronym stands for sequencing, the second for dispatching): 

1. FIFO – FIFO 

2. FIFO – CR 

3. CR – CR 

4. FIFO – MODPBST 

5. MODPRD – MODPBST 

The response variables monitored are: MTO Gross Throughput Time (GTT), that is the overall 

lead time, from arrival at the PSP to the completion; the MTO Shop Floor Time (SFT) that is the 

time from the release to the completion; the tardiness, composed by percentage of tardy jobs, 

mean tardiness and standard deviation of lateness; and the production achievement, that is the 

performance of interest for MTS jobs, and it is defined as the average values of the percentage 

of the daily customer demand that the company is able to satisfy. Each scenario is replicated 10 

times and the average value for each performance measure is used for analysis. Paired t-test is 

performed whenever there is significant difference in results. 

4 Results and conclusions  

The analysis of results has been conducted following the concept of scenario defined by the levels 

of: bottleneck position, severity and MTS weight. We firstly reported a preliminary investigation 

aimed at understanding whether the scenario-factors produce results in line with the literature 

and with the design phase. Expectations are generally respected. However, CONWIP shows 

better performances when the bottleneck is positioned at the first station, in contrast to findings 

in Thürer et al. [18], but in line with previous researches [15]. This deviation is reasonable 

considering the impact of dispatching rules, since in prior studies it is shown how this may lead 

to different conclusions; the fact that this simulation uses different parameter setting could affect 

results.  

The core of the analysis focused on the control of the time-performance curves (defined as GTT 

versus SFT) of the different release rules and on their relative positioning varying scenarios 

factors. As found also in previous studies, the PSP-sequencing does not add relevant benefit to 

time performances. Therefore, it is not considered in the main analysis. But it can be observed 

that to select the proper release rule, the choice of the dispatching is a very significant one to 

consider, given different levels of severity. In contexts characterized by high severity (0.80), 

MODPBST is the best performing rule, and especially in combinations with the DBR rule, 

especially at shorter shop floor time (Fig. 2).  
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Fig. 2. Performance curve comparison in case of high severity and MODPBST dispatching. 

On the other hand, if FIFO rule is applied under high severity, WLC is the most appropriate 

release rule (Fig. 3). The difference between Fig. 2 and Fig. 3 is explained by the Immediate 

Release point.  Immediate Release is obtained at much lower shop floor time with MODPBST 

rule than with FIFO rule. This justifies MODPBST performs better than FIFO dispatching rule. 

 

Fig. 3. Performance curve comparison in case of high severity and FIFO dispatching. 
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At severity level 0.65, WLC is still the best choice compared to the other possibilities with FIFO 

dispatching. It seems that WLC does not require additional control at dispatching in order to 

obtain the best performance. A plausible justification comes from the balancing capabilities of 

WLC that effectively manage the differences between the two typologies of orders. The last rule 

considered, CR, is completely outperformed by others: probably due to fact that the rule exploits 

static information on cycle times and also to its inner inefficient effects.  

Once the best values for the time performances of MTO (the most important measure) have been 

found, for sake of completeness, the analysis continues investigating the trade-offs for the other 

dimension of interest that could be identified choosing between different dispatching rules (i.e. 

tardiness and production achievement).  

It is shown how MODPBST, as in literature, guarantees the best performances in terms of 

tardiness and percentage tardy, while FIFO worsens these values. Contrarily, looking at 

production achievement of MTS, FIFO is the most performing rule, since it does not implement 

an explicit system of prioritization of MTO over MTS. 

Given the observations on this part of simulation results, it can be said that the categorical 

dominance of one compared to the other cannot be stated. Not only the decision of the proper 

release rule depends on the severity level, as found in the pure MTO context, but also it has to be 

considered whether a control at dispatching level is implemented. In fact, it influences tradeoffs 

which decision makers have to carefully analyze in terms of time, tardiness and production 

achievement.  

4.1 Implications and future research  

From a practical point of view, the research highlights the main trade-offs that managers have to 

face in this type of hybrid MTO-MTS production system. In case of high severity, managers have 

to take into account that choosing MODPBST as dispatching leads to the best performance in 

terms of MTO lead times and tardiness, which implies higher control cost and lower capability 

of meeting daily demands of MTS product. Instead, in case of low severity, MODPBST loses its 

better positioning in terms of MTO lead time. When choosing FIFO as dispatching, thus 

Workload Control at release level, specular performances for the mentioned indicators are 

observed at different severity levels. 

The results presented in this paper depend on the validation made during the design of the 

simulation model and its parameters. The research is the first attempt to conceptualize this context 

through the presented model, therefore future researches are needed to test the worthiness of 

results. Other possible streams for future efforts may include: different positions of the 

bottleneck, different values for the MTS weight, different values for the bottleneck severity, the 

study of environmental factors (e.g. machine failure); testing periodic release models; the 

deepening of the relation between CONWIP and DBR; and finally, the study of the production 

achievement performance and the CR dispatching rule. 
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