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ABSTRACT
The research interest in topics related to production and supply chain planning and control in
engineer-to-order (ETO) environmentshasgrownsignificantly over the last threedecades.Oneof the
strategically important and challengingdecision areas for planning and control in ETOenvironments
is estimating and quoting feasible delivery dates and assessing the feasibility of customer-imposed
delivery dates, collectively referred to as delivery date setting (DDS). While DDS has received sub-
stantial attention in literature, research supporting the process in ETO companies is fragmented –
lacking clear guidelines for industrial practice and gaps to guide future research on the topic. To
address these issues, this study systematically reviews literature supporting DDS in ETO environ-
ments, identifying tools andpractices proposed in the extant literature, andproposing an agenda for
future research. Findings suggest thatmost of the research has focused on developing planning and
decision-support tools for tactical capacity planning to support reliable DDS, however, with a notice-
able lack of alignment with industrial decision-support needs of ETO environments. Furthermore,
despite previous research emphasising the importance of high levels of coordination and formalisa-
tion in the DDS process, there is a lack of research to guide practitioners in achieving high levels of
coordination and formalisation.
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1. Introduction

Manufacturing companies producing big-sized elec-
tromechanical equipment with complex product
structures, such as machine tools, power generation
equipment, maritime equipment, etc., are often charac-
terised by an Engineer-To-Order (ETO) strategy, which
entails designing and/or re-designing products to cus-
tomise them based on customer-specific requirements
(Alfnes et al. 2021; Hicks, McGovern, and Earl 2000).
Order-fulfilment activities, i.e. activities performed to
fulfil specific customer orders, in ETO environments
include physical activities, such as procurement, fabrica-
tion, assembly, testing, etc.; as well as non-physical activi-
ties, such as tendering, design, engineering, process plan-
ning, etc. (Adrodegari et al. 2015; Amaro, Hendry, and
Kingsman 1999; Bertrand and Muntslag 1993; Wikner
and Rudberg 2005). Order-specific product customisa-
tion and the cumbersome and high-value components
used in such products necessitate that these activities are
partially or fully order-driven instead of forecast-driven
(Adrodegari et al. 2015; Gosling and Naim 2009; Olhager
2003). The order-specificity of these activities creates a

CONTACT Swapnil Bhalla swapnil.bhalla@ntnu.no Department of Mechanical and Industrial Engineering, Norwegian University of Science and
Technology, Trondheim, Norway

complex environment for production and supply chain
planning processes in ETO companies (Mello et al. 2017;
Stavrulaki and Davis 2010).

One of the production and supply chain planning
processes, which is of high strategic importance for
ETO companies, is the delivery date setting (DDS)
process, which comprises of (1) estimating the deliv-
ery dates quoted before order-confirmation, e.g. in ten-
dering, bidding, responding to customer enquiries or
requests-for-proposal (RFPs), etc.; and (2) assessing the
feasibility ofmeeting delivery dates requested or imposed
by customers, alternatively known as the order accep-
tance decision (Carvalho, Oliveira, and Scavarda 2015;
Hicks, McGovern, and Earl 2000; Zijm 2000; Zorzini,
Stevenson, andHendry 2012). Themain challengewithin
DDS in ETO environments is determining the deliv-
ery lead time (i.e. “the time from the receipt of an
order to the delivery of the product” (Chapman et al.
2017, 15)) required for executing the order-fulfilment
activities while meeting the company’s strategic objec-
tives vis-à-vis operating costs, profitability, customer
service, etc.
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Figure 1. Typical order-fulfilment timeline in ETOmanufacturing - adapted from illustrations by Iakymenko et al. (2018) and Semini et al.
(2014).

ETO environments are typically characterised by long
delivery lead times, owing to many order-driven activi-
ties (Zennaro et al. 2019). These long delivery lead times
are comprised of design and engineering lead times,
procurement or supplier lead times, and lead times for
production, including fabrication, assembly, and testing
(Alfnes et al. 2021). In some ETO contexts, lead times
for commissioning, installation, etc., may also constitute
significant parts of the delivery lead time (Adrodegari
et al. 2015; Semini et al. 2014). Moreover, the differ-
ent components of delivery lead times often overlap, e.g.
due to parallel execution of engineering, procurement,
and production activities (Cannas et al. 2019; Iakymenko
et al. 2018). Figure 1 illustrates the delivery lead time
components in a generic ETO order-fulfilment timeline.

Due to the characteristically long delivery lead times,
delivery precision can be a key performance indicator for
customer service levels in ETO environments, and in the
long run, be a source of competitive advantage (Amaro,
Hendry, andKingsman 1999; Cannas et al. 2020; Graben-
stetter andUsher 2014;Hicks,McGovern, and Earl 2000).
Improving the reliability of delivery lead time estimation
in the DDS process is one of the critical components of
improving delivery performance in ETO environments
(Hicks, McGovern, and Earl 2000). While the DDS pro-
cess and its sub-processes, e.g. delivery lead time estima-
tion, delivery date quotation, and delivery date feasibility
assessment or order acceptance, have received a lot of
attention in the literature, many extant studies focus on

the needs of Make-to-Order (MTO) environments with
no order- or customer-specific design and engineering,
and do not address the needs of ETO environments.

Customer-specific design and engineering are vital
features differentiating the ETO and MTO order-
fulfilment strategies. This differentiation is crucial for
delivery lead time estimation since customer-specific
engineering activities introduce significant uncertainty
in the delivery lead time in ETO environments (Alfnes
et al. 2021; Shurrab, Jonsson, and Johansson 2020).
Specifically, customer-specific engineering adds two
main elements of uncertainty to delivery lead times,
namely:

• Uncertainty in design and engineering lead times, as
it is often difficult to predict the duration and num-
ber of iterations required before product drawings
are finalised. This varies across customers due to, e.g.
variations in customers’ technical knowledge of the
product, change behaviour, etc. (Shurrab, Jonsson, and
Johansson 2020).

• Uncertainty in procurement and production lead
times, as planning procurement and production activ-
ities is challenging before product specifications, pro-
cess specifications, material requirements, capacity
requirements, etc., are finalised (Alfnes et al. 2021).

Moreover, up to 70-80% of the value of ETO products
may be created in the upstream supply chain (Gourdon
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and Steidl 2019), which further contributes to the uncer-
tainty in delivery lead times in ETO environments.

Another factor differentiating DDS in ETO and MTO
environments is the hierarchical decision level for set-
ting delivery dates and executing the associated planning
and estimation tasks. Within operations management
literature, planning decisions and tasks are often clas-
sified hierarchically as strategic, tactical, or operational
(Anthony 1965; Pereira, Oliveira, and Carravilla 2020;
Stevenson 2015) – where the decisions and tasks on these
levels usually differ in terms of their:

• planning horizons, i.e. long, mid-range, and short.
• decision scope, e.g. organisation or enterprise-wide

decisions, cross-functional decisions, and function-
specific decisions or tasks.

• organisational level, e.g. top-management level,
middle-management level, and supervisory, execution
or operative level.

The appropriate decision level for DDS in MTO envi-
ronments has been debated by researchers for several
years, with Kingsman, Tatsiopoulos, and Hendry (1989)
perhapsmarking the initiation of this debate.While some
have argued that DDS should be considered a tactical
decision inMTOenvironments (Ebadian et al. 2008; Eba-
dian et al. 2009), separating it from operational tasks of
dispatching and detailed scheduling on the shop floor
(Huang 2017), many others have continued to treat it as
an operational level decision, integrating it with detailed
scheduling in the shop-floor (Li and Ventura 2020; Oğuz,
Sibel Salman, and Bilgintürk Yalçın 2010). However, for
ETO environments, the classification of DDS as a tactical
decision is almost unequivocal in literature, as described
below.

In the hierarchical classification framework of
strategic, tactical, and operational decisions, DDS in ETO
environments best fits as a tactical decision that is charac-
terised by high planning complexity and uncertainty, and
should be addressed as part of the organisation’s sales and
operations planning (S&OP) process (Carvalho, Oliveira,
and Scavarda 2015; Shurrab, Jonsson, and Johansson
2020). The high complexity of DDS emerges from that
ETO environments are often multi-project manufactur-
ing environments where a large number of factors must
be considered for reliable DDS, e.g. engineering require-
ments and capacity, production capacity, material avail-
ability, suppliers’ lead times, overtime and subcontracting
costs, the strategic importance of individual customers,
etc. (Adrodegari et al. 2015; Carvalho, Oliveira, and Scav-
arda 2015; Grabenstetter and Usher 2014; Shurrab, Jon-
sson, and Johansson 2020; Zorzini, Corti, and Pozzetti
2008; Zorzini, Stevenson, andHendry 2012). Trends such

as globalisation and global competition (Cannas et al.
2019, 2020) and outsourcing and offshoring (Stavrulaki
and Davis 2010; Zorzini, Stevenson, and Hendry 2012)
have further added to this complexity. The high uncer-
tainty characterising DDS emerges from (1) other ‘float-
ing’ quotations or unconfirmed orders (also known as
contingent demand) when delivery dates for an order
are quoted, and (2) partially undefined product and pro-
cess specifications when delivery dates are quoted (Car-
valho, Oliveira, and Scavarda 2015; Hicks, McGovern,
and Earl 2000; Wullink et al. 2004). Due to typically long
delivery lead times, DDS in ETO environments requires
mid-range to long planning horizons (Zennaro et al.
2019), and significant uncertainty dictates that estima-
tion of delivery lead times is usually based on rough-cut
or aggregate planning (Adrodegari et al. 2015; Carvalho,
Oliveira, and Scavarda 2015; Hans et al. 2007), which aim
to balance supply and demand (Shurrab, Jonsson, and
Johansson 2020). Collectively, these characteristics jus-
tify the classification of DDS in ETO environments as a
tactical S&OP decision.

Previous literature suggests four main practices to
manage the high complexity and uncertainty of DDS in
ETO environments, namely,

(1) cross-functional coordination, i.e. information-sha
ring between different functions or departments,
and joint decision-making to mitigate risks emerg-
ing from misaligned or conflicting objectives of
different functions, and scatteredness of informa-
tion such as customers’ requirements, suppliers’ lead
times, engineering workloads, production work-
loads, etc. among different functions (Hendry and
Kingsman 1989, 1993; Kingsman et al. 1993; Koni-
jnendijk 1994; Zorzini, Corti, and Pozzetti 2008;
Zorzini et al. 2008).

(2) supply chain coordination, i.e. information-excha
nge with key downstream actors, e.g. customers and
sales agents, and upstream actors such as suppli-
ers and subcontractors; and collaborative decision-
making to mitigate risks emerging from unrealistic
assumptions regarding suppliers’ capacity availabil-
ity, lead times, etc. (Alfnes et al. 2021;Hicks,McGov-
ern, and Earl 2000; Zorzini, Stevenson, and Hendry
2012).

(3) formalisation of the DDS process, i.e. establish-
ing clear and systematic process flows for activities
that are performed for quoting delivery dates, and
formalising the underlying decision-making proce-
dures and decision-rules (Adrodegari et al. 2015;
Zorzini, Corti, and Pozzetti 2008; Zorzini et al. 2008;
Zorzini, Stevenson, and Hendry 2012).
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(4) the use of software tools for planning and decision-
support for effectively and systematically consider-
ing relevant factors for estimating lead times and
determining delivery dates to be quoted (Adrodegari
et al. 2015; Carvalho, Oliveira, and Scavarda 2015;
Corti, Pozzetti, and Zorzini 2006; Grabenstetter and
Usher 2014).

The main practices for DDS in ETO environments
highlighted above point to four corresponding indus-
trial application areas that research should support, i.e.
mechanisms for cross-functional coordination, mecha-
nisms for supply chain coordination, process frameworks
and methodologies for formalising the DDS process, and
development of planning and decision-support tools to
support DDS. The identified application areas lead us
to pose the research questions (RQs) that motivate this
study.

RQ1:What tools,methods and frameworks are proposed
in the literature to support delivery date quotation and
order acceptance decisions in ETO manufacturing?

RQ2: What gaps and challenges should future research
address to better support DDS in ETO manufacturing?

While several published studies address different
issues within DDS in ETO and MTO environments,
research on the topic is fragmented, lacking clear guide-
lines for industrial practice in ETO environments and
a set of gaps to guide future research on the topic.
To address this shortcoming of DDS literature vis-à-vis
ETO environments, it is essential to (1) assess the extent
to which DDS literature supports the application areas
within DDS in ETO environments and (2) outline an
agenda for future research on the topic. The current study
aims to accomplish this through a systematic review of
literature. The characteristics of extant DDS literature,
as described below, necessitate a systematic review to
address these research questions.

Firstly, as highlighted earlier, the type of industrial
contexts that previousDDS studies have aimed to support
varies from ETO (Ghiyasinasab et al. 2021; Micale et al.
2021) toMTO (Li and Ventura 2020; Oğuz, Sibel Salman,
and Bilgintürk Yalçın 2010) and hybrid MTO/Make-
to-Stock (MTS) (Rafiei and Rabbani 2012; Wang et al.
2019) environments. Therefore, while there are vast vol-
umes of literature on the topics of DDS, lead time esti-
mation, and order acceptance, not all of this literature
offers relevant insights for the application areas within
DDS in ETO environments. Secondly, while MTO and
ETO environments may have different requirements vis-
à-vis DDS, tools and frameworks proposed for MTO
environments can sometimes be adapted to address the
needs of ETO environments (Adrodegari et al. 2015).

Therefore, it is also essential to assess which studies con-
textualised inMTO environments provide relevant tools,
methods or frameworks that can be utilised or adapted
for ETO environments. Finally, the ETO strategy has
been adopted in a wide variety of industrial contexts that
differ in (1) the complexity and level of customisation
of products, (2) production processes and systems, (3)
level of vertical integration, (4) planning methodologies
and planning systems used, etc. (Adrodegari et al. 2015;
Alfnes et al. 2021; Aslan, Stevenson, and Hendry 2015;
Hicks, McGovern, and Earl 2000; Zennaro et al. 2019;
Zorzini, Corti, and Pozzetti 2008; Zorzini et al. 2008;
Zorzini, Stevenson, and Hendry 2012). As a result, dif-
ferent ETO environments also have unique requirements
for tools and practices to support DDS that strategi-
cally fit the characteristics of their planning environment
(Buer et al. 2016; Zorzini et al. 2008). This further neces-
sitates analysis of tools and practices proposed in lit-
erature to assess their generalisability to different ETO
contexts.

There are reviews in extant literature that address
some DDS issues in ETO environments, however, only
partly since they focus on other topics. For instance,
Aslan, Stevenson, and Hendry (2012) focus in their lit-
erature review on assessing the applicability of enter-
prise resource planning (ERP) systems inMTO and ETO
environments, identifying a need to develop tools for
DDS that can be embedded within ERP systems. The
authors corroborate this finding in a later mixed-method
study (Aslan, Stevenson, and Hendry 2015). Hendry and
Kingsman (1989) and Stevenson, Hendry, and Kingsman
(2005) are older reviews with a similar perspective. Zen-
naro et al. (2019) review literature on MTO and ETO
production environments, focusing on production sys-
tems that manufacture big-sized products. They identify
models for defining price and delivery times, and models
for capacity planning as two of the main research areas in
these environments and identify some key contributions
in these areas that are relevant for DDS, e.g. Grabenstet-
ter and Usher (2014); Carvalho, Oliveira, and Scavarda
(2015); etc. However, due to the exploratory nature and
broader scope of their literature review, their coverage of
the DDS-related research areas is limited to planning and
decision-support tools. Other related literature reviews
include Cannas and Gosling (2021) and Gosling and
Naim (2009), where also, the authors adopt a broader
perspective of supply chain management in ETO envi-
ronments. In addition to identifying relevant planning
and estimation tools (similar to Zennaro et al. (2019)),
these papers also identify literature relevant for coor-
dination between functions and with suppliers in ETO
environments, e.g. Mello et al. (2017); Zorzini, Corti, and
Pozzetti (2008); etc. However, these reviews also have
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a broader conceptual scope and do not focus on DDS-
related research areas. Other reviews, such as Cheng and
Gupta (1989); Gordon, Proth, and Chu (2002); Ragatz
and Mabert (1984a); and Slotnick (2011), focus on oper-
ational level DDS, where DDS is often integrated with
detailed scheduling and sequencing on the shop floor,
which is not common practice in ETO contexts. There-
fore, to the best of our knowledge, our study is the first
to take the perspective of ETO manufacturing environ-
ments in systematically reviewing the literature on DDS,
delivery lead time estimation, and order acceptance.

The remainder of the paper is organised as follows.
Section 2 describes the methodology adopted for identi-
fying, selecting, and analysing relevant literature. Section
3 presents descriptive statistics about the reviewed lit-
erature and summarises the main contributions from
extant research in the four application areas identified
earlier, addressingRQ1. Section 4 discusses themain gaps
observed in the extant literature and proposes an agenda
for future DDS research to better support ETO compa-
nies, addressing RQ2. Section 5 summarises the findings
and contributions of this paper.

2. Methodology

This study adopts a systematic literature review (SLR)
approach for answering the RQs presented in Section 1.
The SLR approach is suitable for answering this study’s
main RQs as the underlying aim of the RQs is to (1)
establish the state of the art on the topic (DDS) within
a context of interest (ETOmanufacturing), and (2) iden-
tify research gaps to serve as research agenda for future
knowledge development on the topic to support indus-
trial practice. The SLR approach focuses on transparency
of the steps adopted in reviewing literature and has there-
fore been argued as an effective tool for laying the foun-
dation for future research by uncovering areas where
more research is required through analysis and synthe-
sis of past research (Watson and Webster 2020; Webster
and Watson 2002). Furthermore, in their seminal paper
on systematic reviews in management studies, Tranfield,
Denyer, and Smart (2003) highlight that SLRs not only
contribute to theory development, but also support prac-
titioners by developing “a reliable knowledge base by
accumulating knowledge from a range of studies”.

Our SLR follows the typical steps suggested by
methodological references on SLRs within operations
and supply chain management (Thomé, Scavarda, and
Scavarda 2016; Tranfield, Denyer, and Smart 2003), simi-
lar to other recent SLRs (Cannas and Gosling 2021; Kris-
tensen and Jonsson 2018; Pereira, Oliveira, andCarravilla
2020), namely: (1) formulating the problem; (2) search-
ing and selecting literature; (3) analysing the data, and

synthesising and interpreting the results. The following
subsections provide an overview of these steps.

2.1. Problem formulation

The main factors motivating this SLR are described in
Section 1. They can be summarised as (1) the strategic
importance of DDS in ETO environments, (2) the com-
plexity and uncertainty characterising DDS that make
it a challenging task in practice, and (3) the lack of
guidelines for practitioners and a future research agenda
based on the state of the art of the topic in extant liter-
ature. These factors are further reinforced by industrial
trends observed over the last decades, namely, increased
globalisation and advancements in information and com-
munication technologies. Globalisation has led to fiercer
competition among globally dispersed ETO manufac-
turers and supply chains on performance dimensions
such as price and delivery reliability (Alfnes et al. 2021;
Cannas et al. 2020). Meanwhile, the growing emergence
and viability of advanced communication and computa-
tion technologies, which are often encapsulated within
the Industry 4.0 concept, create opportunities to address
industrial problems through applications of technology
that have not been feasible before (Zheng et al. 2021).
However, establishing the state of the art and its gaps are
prerequisites for exploring whether and how technologi-
cal solutions could further the state of the art within DDS
in ETO environments.

2.2. Literature identification and selection

The relevant literature for this SLR was identified using
two databases - Scopus and WebOfScience. The search
string used to identify literature was organised into three
blocks of keywords – one concept-related keyword block
and two context-related keyword blocks. Figure 2 shows
the search string, visualising the three keyword blocks as
components of a ‘scoping funnel’.

The concept-related keyword block was initialised
with terms such as ‘lead time estimation’ and ‘delivery
date setting’, and gradually expanded as other relevant
terms, e.g. ‘customer enquiry management’, ‘tendering’,
etc., were identified using references from Zennaro et al.
(2019). Initially, the search string was only comprised of
the first two keyword blocks. The third keyword block
was later added to focus the search results onmanufactur-
ing contexts since the ETO strategy has also been adopted
in non-manufacturing contexts, such as the construction
industry (Shurrab, Jonsson, and Johansson 2020). The
keywords within each search block were connected with
the or Boolean operator, and the three search blocks were
connected with the and operator as shown in Figure 2.
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Figure 2. Keyword-search string visualised.

The search was constrained only to identify papers that
contained the specified keywords in their abstracts, titles,
or the paper’s list of keywords.

Using the specified keywords and searching for lit-
erature up to and including October 2021, 582 results
were retrieved from Scopus, and 398 fromWebofScience,
including journal articles, conference proceedings, and
book sections. These results were exported into an End-
Note library, where, after automated removal of dupli-
cates, 627 results remained. Data for these 627 results,
e.g. title, authors, year of publication, source name, etc.,
were exported to an Excel spreadsheet for record-keeping
and analysis. After a manual screening for duplicates,
nine other duplicate papers were identified and excluded,
leaving 618 unique results.

The titles and abstracts of the 618 papers were
screened for identifying and excluding irrelevant papers.
During this screening step, we excluded papers (1) that
were not in English; (2) focusing on topics unrelated
or vaguely related to delivery date quotation, delivery
lead time estimation, and order acceptance; and (3)
concerning products or production environments pro-
ducing products that cannot be characterised as struc-
turally complex, e.g. food, apparel, etc. Consequently,
362 papers were excluded, leaving 256 papers for further
consideration.

The full texts of the 256 papers were assessed to iden-
tify papers that should be included in the review. In this
step, besides the three exclusion criteria stated above,
we also excluded papers that (4) were literature reviews,
conceptual or discussion papers that did not propose a
specific tool, method, or framework for the decision-area
ofDDS; (5) did not have a full text published and available
online; and (6) were not from a peer-reviewed source.
Consequently, 182 of the papers were excluded, leaving
74 papers for the next steps in the review. Based on these
74 papers, 33 additional papers were identified through
backwards and forward citation searches, resulting in 107
papers. The reader is referred to methodological papers
on SLRs, e.g. Thomé, Scavarda, and Scavarda (2016), for
a description of the backward and forward citation search
technique.

The 107 identified papers focus on issues relevant to
DDS, delivery lead time estimation or order acceptance,
albeit in different production environments, namely,
ETO, MTO, hybrid MTO/ATO, and hybrid MTO/MTS
contexts. We performed a preliminary content analysis
of these 107 papers to select papers that offered rele-
vant insights, tools, methods, or frameworks for tacti-
cal DDS in ETO environments, leaving 54 papers for
the final review and detailed content analysis. For the
transparency of this preliminary content analysis, Table 5
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Figure 3. PRISMA flowchart illustrating the literature identifica-
tion and selection process (adapted from Buer, Strandhagen, and
Chan (2018) and Moher et al. (2009)).

in the Appendix summarises the 53 papers that were
excluded in this step. Figure 3 summarises the literature
identification and selection process in a PRISMA (Pre-
ferred Reporting Items for Systematic Reviews andMeta-
Analyses) flowchart, adapted from Buer, Strandhagen,
and Chan (2018) and Moher et al. (2009).

2.3. Data analysis and results’ synthesis

The content of papers included in the review was anal-
ysed using the four application areas within DDS (intro-
duced in Section 1) as a guiding framework. The papers
were classified according to each paper’s application
area(s). Different strategies were adopted for analysing
the contributions within each application area.

For contributions within cross-functional coordina-
tion and supply chain coordination, the content analysis
focused on (1) identifying relevant coordination mech-
anisms (tools and practices that facilitate coordination)
proposed or described in the papers; and (2) identifying
insights on the effect of contextual factors on coordi-
nation needs or requirements. For contributions within
DDS formalisation, the content analysis focused on iden-
tifying frameworks or methodologies that can serve as
a reference for designing and developing formal DDS
processes in ETO companies. Finally, for contributions
within planning and decision-support tools for DDS, the
content analysis focused on (1) identifying the main
problems within DDS addressed by the proposed tools;
(2) identifying the different types of tools and techniques
proposed for addressing the problems; and (3) identify-
ing relevant dimensions to describe the proposed tools
and logically cluster them. Table 1 shows how the results
and research agenda for the four application areas are
organised to address RQ1 and RQ2.

3. Results

This section presents the results of the content analysis
of the reviewed literature. First, we present the distribu-
tion of the identified literature across different journals
and years. These distributions are presented for DDS
literature relevant for ETO environments, i.e. papers con-
cerning tactical DDS; and the overall DDS literature,
which includes papers from Table 5 in the Appendix.
Next, subsection 3.1 categorises relevant papers based
on the DDS application areas within which their con-
tributions are positioned. Subsection 3.1 also describes
the additional categorical dimensions for classifying the
relevant literature identified inductively during the con-
tent analysis. Subsections 3.2, 3.3, and 3.4 summarise
contributions from literature in the different application
areas.

Table 1. Structure of results and research agenda for the four main application areas.

Application area Subsections for relevant results (Section 3) and research agenda (Section 4)

Cross-functional coordination 3.1 (classification of all reviewed papers) 3.2 (RQ1) 4.1 (RQ2)
Supply chain coordination
Formalisation 3.3 (RQ1)
Planning & decision-support tools 3.4 (RQ1) 4.2 (RQ2)
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Table 2. Distribution of papers in different sources (journals and conference proceedings).

Source
Number of papers

(tactical)
Number of papers

(overall)

International Journal of Production Research 14 27
International Journal of Production Economics 12 15
European Journal of Operational Research 3 9
Computers and Industrial Engineering 2 3
Applied Mathematical Modelling 2 2
Production Planning and Control 2 2
Journal of the Operational Research Society 1 3
OR Spectrum 1 2
International Journal of Advanced Manufacturing Technology 1 2
Others – I (16) 16 16
Others – II (16) 0 26
Total 54 107

Table 2 shows the distribution of papers across jour-
nals and conference proceedings for papers relevant for
tactical DDS and papers on DDS in general. As evident,
the International Journal of Production Research and the
International Journal of Production Economics have been
the two leading outlets for research on the topic of DDS,
irrespective of the decision level (i.e. tactical or opera-
tional). Moreover, almost 50% of the reviewed papers are
from these two journals.

Figure 4 shows the distribution of published papers
across the years. As noticeable, the early years until 1988
show no papers within tactical DDS, while the overall
trend of the number of papers has been upward since
1989. This is consistent with the fact that Tatsiopoulos
and Kingsman (1983) perhaps pioneered tactical DDS,
being the first to argue that DDS is not necessarily an
operational decision and should be considered on higher
levels of decision hierarchy, following up on this in their
later paper in 1989 (Kingsman, Tatsiopoulos, andHendry
1989). A surprising observation is that despite the grow-
ing interest in literature on ETOmanufacturing (Cannas
and Gosling 2021; Zennaro et al. 2019), there have been
no publications addressing DDS in ETO environments
during recent years 2018–20.

3.1. Classification of literature supporting DDS in
ETOmanufacturing

The relevant literature has been selected such that each
paper contributes towards one or more of the four main
application areas within DDS in ETO environments, as
identified in Section 1. Table 3 classifies the reviewed
papers into one or more application areas based on the
papers’ contributions. In addition, the content analysis
of papers revealed other dimensions that can be used to
classify the papers, as described below.

• Type of production system or configuration of produc-
tion resources, which identifies the type of

manufacturing systemconsidered, e.g. single-resource,
job shop, assembly job shop (i.e. a job shop with an
assembly stage), flow shop or line, etc. If the type of
manufacturing system is considered an independent
variable in the study, this dimension is labelled ‘var-
ied’, implying that different resource configurations
are considered.

• Industrial context and order-fulfilment strategy, which
identify the industrial environment that the research is
contextualised in or is motivated by, i.e. the industry
sector or main products produced; and the order-
fulfilment strategy of the industrial context, i.e. ETO,
MTO, MTO/ATO or MTO/MTS.

• Empirical nature, which identifies the methodologi-
cal positioning of a paper, following the classification
adapted fromCarvalho, Oliveira, and Scavarda (2015)
and Jahangirian et al. (2010), into one of the follow-
ing categories – practical problem-solving paper (class
A), hypothetical problem-solving paper (class B), and
methodological paper (class C). A paper is classified
under class A if (1) the paper proposes a method
or tool that has been applied in an industrial case,
and (2) the paper provides implementation details
and/or describes post-implementation improvements.
A paper is classified under class B if (1) the paper
addresses a problem that is motivated analytically, or
(2) the paper briefly mentions a motivating practi-
cal context but does not explicitly present a specific
industrial case or describe how data from the case
has been used. A paper is classified under class C if
(1) the paper addresses an analytically or practically
motivated problem, testing the proposed method or
technique on case data, but does not include practi-
cal implementation details or a post-implementation
performance assessment, or (2) the paper addresses
an analytically motivated problem without a specific
industrial case and does not quantitatively assess the
performance of the proposed method or technique.
N.B. Exceptions from this classification scheme are
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Table 3. Summary of reviewed papers.

Application area

Reference CFC SCC Form. Tools Tool type
Production
system

Technique
(formulation /
solution)

Opt. obj. / Perf.
ind.

Emp.
nature

Ind.
context OFS

Kingsman, Tatsiopoulos, and
Hendry (1989)

� D Job shop C Subcontracting company MTO

Adam et al. (1993) � M, H Assembly job shop Lead time, lateness,
tardiness and %age of
tardy jobs

B

Hendry and Kingsman (1993) � D Job shop C
Kingsman et al. (1993) � � D C High-tech. manufacturer MTO
Kingsman et al. (1996) � � D Capital goods manufacturers

and subcontracting
companies

ETO and MTO

Roman and del Vallei (1996) � H Assembly job shop Mean [earliness, tardiness,
and flowtime], %age of
tardy jobs, maximum
tardiness, standard
deviation of tardiness

B

De Boer, Schutten, and Zijm
(1997)

� D Job shop, fixed pos. C Ship repair/maintenance yard ETO

Kingsman and Mercer (1997) � � D C Military equipment supplier MTO
Özdamar and Yazgaç (1997) � O Flow shop / line(s) Linear programming Minimising total backorder

and overtime costs
A Kitchen cupboard

manufacturer
MTO

Wang, Fang, and Hodgson
(1998)

� O Fuzzy optimisation Minimising difference
b/w delivery dates
desired by the customer
and feasible for the
manufacturer

C Furniture manufacturer MTO

Easton and Moodie (1999) � O Single resource Numerical optimisation Maximising expected
contribution from bid

B MTO

Park et al. (1999) � H, D Assembly job shop Rate of meeting promised
delivery dates,
processing time of
enquiry, manufacturing
costs

A Rotating machinery
manufacturer

MTO

Azevedo and Sousa (2000) � � D C Semiconductor manufacturing MTO
Kingsman (2000) � � D C Subcontracting manufacturer MTO
Ruben and Mahmoodi (2000) � M Varied Average flow time and

tardiness, and standard
deviation of lateness

B MTO

Hegedus and Hopp (2001) � O Analytical optimisation Minimising sum of finished
goods inventory holding
cost, delay cost, and
tardiness cost

C Electronics assembly MTO / ATO

(continued).
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Table 3. Continued.

Application area

Reference CFC SCC Form. Tools Tool type
Production
system

Technique
(formulation /
solution)

Opt. obj. / Perf.
ind.

Emp.
nature

Ind.
context OFS

Calosso et al. (2003) � � � O Mixed-integer linear
programming

Maximising profit and
minimising (1) relative
fluctuation in resource
usage and (2) resource
utilisation rate for
customer request
evaluation; Minimising
(1) total cost, (2) relative
fluctuation in resource
usage and (3) resource
utilisation rate for
supplier bid evaluation

C Business-to-business
e-commerce

MTO

Moses et al. (2004) � H Job shop Absolute flow-time
estimation error and
absolute lateness

B MTO

Wullink et al. (2004) � O Job shop Minimising expected costs
over various scenarios

B ETO

Ebben, Hans, andOldeWeghuis
(2005)

� H Job shop Utilisation and service level B MTO

Corti, Pozzetti, and Zorzini
(2006)

� H Job shop C MTO

Robinson and Moses (2006) � H Job shop Mean absolute lateness B MTO
Stevenson (2006) � D Job shop C Subcontracting and precision

engineering
MTO

Hing, van Harten, and Schuur
(2007)

� D Single resource Total average reward B

Kapuscinski and Tayur (2007) � O Single resource Dynamic programming Minimising total expected
cost

B MTO

Ebadian et al. (2008) � � � O Job shop Mixed-integer programming Minimising operating
costs (sum of regular
time, overtime,
subcontracting and
lateness penalty costs)

C MTO

Wu and Liu (2008) � H Flow shop / line(s) C Manufacturer of integrated
circuit packaging

MTO

Zorzini, Corti, and Pozzetti
(2008)

� � � H Assembly job shop MCS Capital goods manufacturers
(electromechanical com-
ponents, tool machinery,
woodworking machinery,
and textile machinery)

ETO and MTO

(continued).
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Table 3. Continued.

Application area

Reference CFC SCC Form. Tools Tool type
Production
system

Technique
(formulation /
solution)

Opt. obj. / Perf.
ind.

Emp.
nature

Ind.
context OFS

Zorzini et al. (2008) � � � � H MCS Capital goods manufacturers
(tool machinery, plastic and
rubber machinery, textile
machinery, and packaging
machinery)

ETO

Ebadian et al. (2009) � D Job shop C MTO
Arredondo andMartinez (2010) � O Single resource Reinforcement learning

(Average-reward Reinforce-
ment Learning for Order
Acceptance)

Maximising average
revenue

B

Alfieri, Tolio, and Urgo (2011) � O Assembly job shop Mixed-integer linear
programming

Minimising order-
makespan

C Machining centre
manufacturer

ETO

Kalantari, Rabbani, and
Ebadian (2011)

� O, D Flow shop / line(s) Mixed-integer linear
programming

Minimising operating
costs (sum of regular
time, overtime,
subcontracting and
lateness/earliness
penalty costs)

C MTO / MTS

Alfieri, Tolio, and Urgo (2012) � O Assembly job shop Stochastic programming Minimising order-
makespan

C Machining centre
manufacturer

ETO

Hemmati, Ebadian, and Nahvi
(2012)

� � D Assembly job shop C Domestic appliance
manufacturer

MTO

Ioannou and Dimitriou (2012) � M Varied C Manufacturer of office furniture
components

MTO

Parsaei et al. (2012) � D C Manufacturer of vehicle belts MTO
Rafiei and Rabbani (2012) � D Job shop C Manufacturer of wood

products
MTO / MTS

Thürer et al. (2012) � M, H Assembly job shop Shortness of lead time
(measured as 95%
reliable lead time) and
mean lateness

B MTO

Zorzini, Stevenson, and Hendry
(2012)

� � � � H MCS Capital goods manufacturers
(sorting machinery,
vacuum forming and
thermoforming machinery,
textile machinery, laser
cutting and waterjet
cutting systems, injection
moulding machines,
industrial refrigeration and
thermoregulation systems)

ETO and MTO

(continued).
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Table 3. Continued.

Application area

Reference CFC SCC Form. Tools Tool type
Production
system

Technique
(formulation /
solution)

Opt. obj. / Perf.
ind.

Emp.
nature

Ind.
context OFS

Manavizadeh et al. (2013) � O Flow shop / line(s) Metaheuristic (Simulated
Annealing)

Minimising the opera-
tional costs (sum of
regular time, overtime,
outsourcing, late-
ness/earliness penalties
and raw-material costs
for all orders)

B MTO

Wattanapornprom and Li
(2013)

� D Production cost, ending
inventory cost, overtime
cost

C Parasol manufacturer MTO / ATO

Grabenstetter and Usher (2014) � M Mean absolute lateness
(MAL), standard
deviation of MAL,
proportion of tardy jobs

C Manufacturers of motor control
centre, switchboards,
process instrumentation,
switchgear, busway

ETO

Mourtzis et al. (2014) � D Assembly job shop C Injection mould manufacturer ETO
Thürer et al. (2014) � H Varied Percentage tardy, mean

throughput, mean lead
time

B MTO

Yang and Fung (2014) � O Multi-site network Mixed-integer non-linear
programming, Branch-and-
price

Maximising profit B Telecommunication
equipment manufacturing

MTO

Adrodegari et al. (2015) � MCS Machinery building companies
(different industrial
machinery)

ETO

Carvalho, Oliveira, and
Scavarda (2015)

� O Assembly job shop Mixed-integer linear
programming

Minimising sum of
production and
overtime costs of
processing incoming
orders and accepted
orders, capacity change
cost, personnel payroll,
and subcontracting
costs

A Manufacturer of high-pressure
boilers and reactors

ETO

Carvalho, Oliveira, and
Scavarda (2016)

� O Assembly job shop Mixed-integer linear pro-
gramming, Monte Carlo
simulation

Minimising sum of
production and
overtime costs of
processing incoming
orders and accepted
orders, capacity change
cost, personnel payroll,
and subcontracting
costs

A Manufacturer of high-pressure
boilers and reactors

ETO

(continued).
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Table 3. Continued.

Application area

Reference CFC SCC Form. Tools Tool type
Production
system

Technique
(formulation /
solution)

Opt. obj. / Perf.
ind.

Emp.
nature

Ind.
context OFS

Mourtzis, Doukas, and Vlachou
(2016)

� D Assembly job shop C Injection mould manufacturer ETO

Piya, Khadem, and
Shamsuzzoha (2016)

� O Flow shop / line(s) Numerical optimisation Maximising acceptance
probability and profit

B MTO

Brachmann and Kolisch (2021) � � O Mixed-integer programming Minimising the total
weighted lateness
(earliness or tardiness),
and minimising the
cumulated negative
(undertime) and positive
(overtime) deviations
from the regular
capacity

C Company engineering
and manufacturing
packaging machines for
pharmaceutical industry

ETO

Ghiyasinasab et al. (2021) � � O Multi-objective optimisation Minimising cost of work for
regular time, overtime
and outsourcing; project
duration; and number of
setups

A Wood production for
construction industry

ETO

Micale et al. (2021) � O Mixed-integer linear
programming

Maximising the difference
between the unit margin
contribution of the new
order and the sum of
penalty costs due to
delays in deliveries

C Hydraulic marine and offshore
crane-manufacturer

ETO

Total 7 5 9 53

CFC: cross-functional coordination; SCC: supply chain coordination; Form.: formalisation; Opt. obj.: optimisation objective; Perf. ind.: performance indicator; Emp. nature: empirical nature; Ind. context: industrial context;
OFS: order fulfilment strategy; D: decision-making procedure or decision-support system;M: mathematical model; H: heuristic for tactical planning or insights for tactical capacity planning heuristics; O: optimisation model;
A: practical problem-solving paper; B: hypothetical problem-solving paper; C: methodological paper;MCS: multiple case study.



2352 S. BHALLA ET AL.

Figure 4. Distribution of publications across years - the overall number of papers and the number of papers concerning tactical DDS.

papers studying industrial practice in multiple com-
panies, that are classified as ‘multiple case study’.

Besides the dimensions described above, we identi-
fied additional dimensions that apply to papers in the
application area of planning and decision-support tools, as
described below and used in Table 3.

• Type of tool, which identifies whether a paper proposes
or describes (1) an optimisation model (and the prob-
lem that the model addresses), or (2) mathematical
models for representing lead times or delivery dates
as functions of other variables and parameters, or (3)
heuristics for tactical capacity planning or resource-
loading, or (4) other decision-making methodolo-
gies and decision-support systems (and the decision
addressed).

• Technique(s) for optimisation modelling identifies the
approaches adopted for formulating and/or solving
optimisation problems in the papers proposing opti-
misation models.

• Optimisation objective or performance indicators used,
which identifies (1) the main objective pursued in
optimisation in papers proposing optimisation mod-
els, or (2) the performance indicators used, if any,
to evaluate the performance of proposed heuris-
tics, mathematical models, or other decision-making
methodologies.

As evident from Table 3, most of the papers are
positioned within the application area of planning and
decision-support tools, with some of these papers also
addressing other application areas. Expectedly, most rel-
evant papers are fromMTO and ETO environments, and
some others are from hybrid MTO/ATO or MTO/MTS
environments.

3.2. Cross-functional and supply chain coordination

The positive influence of cross-functional coordination
and supply chain coordination on the effectiveness of
DDS has been extensively highlighted in literature, not
only by studies focusing on DDS, e.g. Kingsman et al.
(1993); Zorzini et al. (2008); and Zorzini, Stevenson, and
Hendry (2012); but also studies focusing on other issues
in ETO environments. For instance, in a mixed-methods
study on the interface between marketing and manu-
facturing functions in ETO environments, Konijnendijk
(1994) identify the uncertainty during lead time estima-
tion and DDS for customer orders as the most significant
challenge necessitating coordination between the mar-
keting and manufacturing functions. Hicks, McGovern,
and Earl (2000) highlight the importance of coordination
during the quotation phase between different functions
within the enterprise, e.g. sales/marketing, engineering,
design, and procurement, and coordinationwith key sup-
pliers. Highlighting the importance of aggregate capac-
ity planning in the DDS phase, Zijm (2000) points out
that this aggregate capacity planning in ETO companies
should be cross-functional, considering not only man-
ufacturing but also the design and engineering depart-
ment(s).

Despite the criticality of cross-functional coordina-
tion and supply chain coordination for effective DDS,
we found few studies with contributions that aim to
enable or improve coordination in the DDS process in
ETO environments. The few papers identified in this
area can be grouped into two main clusters based on
their contribution type. The first cluster consists of three
studies that contribute insights into contextual factors
that influence the need for cross-functional coordina-
tion and supply chain coordination in the DDS process
in ETO environments. The second cluster consists of
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seven studies that propose methods, models, or frame-
works for decision-support in cross-functional planning
or collaborative planning and negotiation across tiers in
the supply chain.

3.2.1. Contextual factors influencing coordination
needs
In a multiple case study of DDS practices in 15 ETO
and MTO capital goods manufacturers, Zorzini, Corti,
and Pozzetti (2008) identify the main contextual factors
affecting the cross-functional coordination requirements
for effective DDS and order acceptance. These factors
should be considered in the strategic selection of rel-
evant coordination mechanisms based on the required
level of coordination. The main factors affecting the level
of cross-functional coordination needed are identified
by Zorzini, Corti, and Pozzetti (2008) as (1) level of
product complexity; (2) degree of product customisation;
(3) flexibility of production capacity; and (4) relevance of
delivery time as an order winning criterion; while two
other secondary factors, namely, (5) company size and
(6) the number of tenders and orders managed annually
are also found to be relevant in some cases. They also
propose four different levels of cross-functional coor-
dination, namely, no coordination, occasional coordina-
tion, ongoing coordination, and advanced coordination,
linking each coordination-level to a set of coordination
mechanisms with increasing degree of sophistication,
namely, e-mails and phone, on-demand meetings, stan-
dard documentation, periodic follow-up meetings, inte-
grated information systems, anddedicated organisational
roles for coordination.

Building on findings from Zorzini, Corti, and Pozzetti
(2008), Zorzini et al. (2008) develop a contingency frame-
work for the customer enquiry management or DDS
process to study the effect of the design of DDS prac-
tices on delivery performance in 18 ETO capital goods
manufacturing companies. Zorzini et al. (2008) iden-
tify contextual uncertainty as another important factor
affecting the level of cross-functional coordination and
upstream supply chain coordination (i.e. coordination
with suppliers and subcontractors) required in the DDS
process. Furthermore, Zorzini et al. (2008) find a high
level of cross-functional coordination in theDDS process
a best practice.

Zorzini, Stevenson, and Hendry (2012) expand the
contingency framework proposed by Zorzini et al. (2008)
through a study of the DDS process in seven ETO and
MTO capital goods manufacturing companies, taking a
supply chain perspective rather than scoping in on indi-
vidual manufacturing enterprises. They identify factors
affecting the required level of supply chain coordination
in the DDS process as (1) the level of vertical integration;

(2) the number of tiers in the supply chain; (3) the number
of actors in each tier; (4) the level of the geographical disper-
sion of suppliers and subcontractors; and (5) downstream
actors’ (customers/sales agents) level technical knowledge
of the product. They also find the level of technical knowl-
edge of the product and production system in different
departments within the company as a factor influencing
the required level of cross-functional coordination in the
DDS process. Furthermore, they identify the proportion
of customised orders as a moderating factor between DDS
process design and delivery performance, which has been
overlooked in their previous studies (Zorzini, Stevenson,
and Hendry 2012).

Figure 5 synthesises the findings from the papers sum-
marised above into a conceptual framework of contex-
tual factors affecting cross-functional and supply chain
coordination needs in the DDS process. The proposed
framework can serve as a decision-support tool for iden-
tifying the appropriate level of coordination and selecting
relevant coordination mechanisms while designing or
redesigning the DDS process in ETO companies.

3.2.2. Decision-support for planning across functions
and supply chains
Kingsman et al. (1993) focus on the coordination
between sales/marketing and production functions,
proposing the use of strike rate matrices to facilitate
this coordination. Their proposed methodology entails
combining information from the production function,
namely, pairs of production lead times and produc-
tion costs for different scenarios, and information from
the marketing function, i.e. order-winning probabilities
(strike rates) for different pairs of lead times and prices
(calculated from production costs) into a matrix that
can serve as decision-support for the marketing func-
tion while quoting delivery dates. Kingsman and Mercer
(1997) further elaborate the description of themethodol-
ogy, describing the procedure for initialising and updat-
ing the matrices, and illustrate its application with an
example of a military equipment supplier.

Azevedo and Sousa (2000) propose a component-
based architectural design of a decentralised informa-
tion system to address the decision-support requirements
for order-promising in distributed MTO manufactur-
ing enterprises. Calosso et al. (2003) model the pro-
cess of interfirm negotiations with suppliers and cus-
tomers in the DDS process in an MTO business-to-
business electronic-commerce environment and propose
mixed-integer linear programmingmodels to address the
decision-support needs of the focal MTOmanufacturing
firm as well as the customer and suppliers. Ebadian et al.
(2008) focus on the decision-support requirements of
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Figure 5. Conceptual framework of contextual factors affecting coordination needs based on findings from Zorzini, Corti, and Pozzetti
(2008); Zorzini et al. (2008); and Zorzini, Stevenson, and Hendry (2012).

the focal MTO firm and propose two mixed-integer pro-
grammingmodels to (1) determine the delivery time and
price to be quoted for new orders by minimising produc-
tion costs, and (2) determine the best set of suppliers and
subcontractors for an order by minimising raw-material
purchasing costs, subcontracting costs, and procurement
lead times.

In recent contributions, Brachmann and Kolisch
(2021) and Ghiyasinasab et al. (2021) propose decision-
support models for tactical or aggregate planning in
ETO environments taking a cross-functional perspec-
tive. Brachmann and Kolisch (2021) model a flexible

resource-constrained multi-project scheduling problem
(FRCMPSP) usingmixed-integer programming and con-
sidering engineering and production resources in the
model; and illustrate the utility of the model through the
example of an ETOmanufacturer of packaging machines
for the pharmaceutical industry. Ghiyasinasab et al.
(2021) propose a multi-objective optimisation approach
for multi-project scheduling to support order acceptance
in anETOSME (small/medium-sized enterprise) supply-
ing engineered wood to the construction industry, where
engineering and production activities are incorporated
into the proposed set of models.



INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH 2355

Table 4. Contributions in the area of DDS formalisation.

Reference(s) Contribution

Kingsman et al. (1996) The high-level design of a decision-support system to address DDS problems observed in ETO capital goods
manufacturers and MTO subcontracting companies. The proposed design visualises the information and process
flows between the modules of the system, which correspond to different activities within the DDS process.

Kingsman (2000) A high-level process model for the DDS process of an MTO subcontractor, where the proposed process model focuses
on differentiating between manual decisions/activities and the activities performed within the proposed planning
system.

Calosso et al. (2003) A UML-based (Unified Modelling Language) process model of negotiations with suppliers and customers in the DDS
process in an MTO business-to-business electronic-commerce environment.

Ebadian et al. (2008); Hemmati,
Ebadian, and Nahvi (2012)

A decision-making structure for DDS in MTO environments, using simple flowcharts to model the process.

Zorzini, Corti, and Pozzetti (2008) A process model for DDS in 15 ETO and MTO capital goods manufacturers, using a flowchart for process modelling.
Adrodegari et al. (2015) A high-level process reference framework for production planning and control in ETO environments based on case

studies of 21 ETO machinery building companies. The framework covers the main activities within the DDS process
on a high level of activity-aggregation.

3.3. Formalisation

Formalising the DDS process entails establishing pre-
defined procedures, decision rules, roles and respon-
sibilities of the actors involved, information flows and
workflows among the different actors, etc. Such for-
malisation can systematise decision-making in the DDS
process, ensuring that any relevant factors and con-
straints are considered. Furthermore, predefined proce-
dures and actors’ roles and responsibilities may lower
cross-functional barriers for information flow. However,
achieving high levels of formalisation of the DDS pro-
cess in practice can be challenging in ETO environments,
and the level to which the DDS process can be formalised
depends on a particular context’s characteristics (Kings-
man 2000; Kingsman et al. 1993; Konijnendijk 1994;
Zorzini et al. 2008).

Due to the diversity or lack of homogeneity across dif-
ferent ETO contexts, designing and developing widely
applicable planning systems and generally valid process
models and frameworks has been difficult (Hicks and
Braiden 2000; Zorzini et al. 2008). Nevertheless, process
models and frameworks have been suggested as valu-
able tools for supporting the formalisation of business
processes by externalising and making explicit the infor-
mation flows and decision mechanisms that might oth-
erwise remain tacit and hinder continuous improvement
(Kalpic and Bernus 2002). Therefore, the contributions
of the majority of the studies relevant for the application
area of DDS process-formalisation are context-specific
frameworks, which are summarised in Table 4. These
frameworks can serve as initial references for develop-
ing process models or frameworks for DDS process-
formalisation in other contexts. Exceptions to this type
of contribution are the studies by Zorzini et al. (2008)
and Zorzini, Stevenson, andHendry (2012), which estab-
lish the DDS process’s formalisation as a best practice
through multiple case studies.

3.4. Planning and decision-support tools

As highlighted earlier, planning and decision-support
tools represent the application area that most research
within DDS has focused on. Contributions in this
area include (1) optimisation models for planning and
decision-support with explicitly stated objective func-
tion(s) and constraints, e.g. linear programming models
(Özdamar and Yazgaç 1997), mixed-integer program-
ming models (Calosso et al. 2003), dynamic program-
ming models (Kapuscinski and Tayur 2007), stochastic
programming models (Alfieri, Tolio, and Urgo 2012),
etc., solved either with exact solutionmethods (Carvalho,
Oliveira, and Scavarda 2015), or heuristics (Wullink
et al. 2004; Yang and Fung 2014) and metaheuristics
(Manavizadeh et al. 2013); (2) mathematical models or
polynomial models representing lead times and/or deliv-
ery dates as functions of other variables and param-
eters, derived analytically or using regression-analysis
(Grabenstetter and Usher 2014; Ioannou and Dimitriou
2012; Thürer et al. 2012); (3) heuristics for capac-
ity planning or resource-loading (Corti, Pozzetti, and
Zorzini 2006; Thürer et al. 2012) and insights for devel-
oping resource-loading heuristics in different contexts
(Ebben, Hans, and Olde Weghuis 2005; Robinson and
Moses 2006; Zorzini, Corti, and Pozzetti 2008); and (4)
other procedures and methods for decision-making and
decision-support systems (Kingsman, Tatsiopoulos, and
Hendry 1989; Kingsman et al. 1996; Mourtzis et al. 2014;
Parsaei et al. 2012). Using the criteria introduced in sub-
section 3.1, Table 3 summarises relevant papers’ contri-
butions. The main insights and observable trends, sim-
ilarities, and differences from this body of literature are
outlined below.

3.4.1. Optimisationmodels
The content analysis of papers proposing optimisa-
tion models to support DDS suggests the possibility to
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Table 5. Summary of papers focusing on operational DDS (excluded from final content analysis).

Reference Focus Production system
Method/technique for

DDA or OAS Empirical nature Industrial context

Eilon and Chowdhury (1976) DDA Job shop Mathematical model B
Heard (1976) DDA Single resource Dynamic programming B
Weeks (1979) DDA Job shop Mathematical model B
Seidmann and Smith (1981) DDA Job shop Analytical optimisation B
Bertrand (1983) DDA Job shop Heuristic B
Baker (1984) DDA Job shop Mathematical model B
Ragatz and Mabert (1984b) DDA Job shop Mathematical model B
Bookbinder and Noor (1985) DDA Single resource Mathematical model B
Cheng (1986) DDA Job shop Mathematical model B
Bector, Gupta, and Gupta (1988) DDA Single resource Linear goal programming B
Philipoom, Rees, and Wiegmann (1994) DDA Job shop Neural network B
Smith, Minor, and Wen (1995) DDA Assembly job shop Mathematical model B
Liao and Lin (1998) DDA Job shop Mathematical model A MTOmanufacturer of sewing machine

parts
Moses (1999) DDA Assembly job shop Reinforcement learning B
ElHafsi (2000) DDA Cellular Analytical optimisation, Dynamic

programming, Heuristic
B Manufacturer of aluminium parts for

automotive and home-appliance
industries

Hopp and Roof Sturgis (2000) DDA Flow shop / line(s) Mathematical model B
Hsu and Sha (2004) DDA Job shop Artificial neural networks B Semiconductor wafer fabrication
Watanapa and Techanitisawad (2005a) DDA Single resource Metaheuristic (Genetic algorithm) B
Watanapa and Techanitisawad (2005b) DDA Single resource Heuristic (Pattern search) B
Öztürk, Kayaligil, and Özdemirel (2006) DDA Varied Regression trees B
Alenezi, Moses, and Trafalis (2008) DDA Job shop Support vector regression B
Sawik (2009) DDA Flow shop / line(s) Integer programming C
Oğuz, Sibel Salman, and Bilgintürk Yalçın (2010) OAS Single resource Mixed-integer linear programming B
Van Foreest, Wijngaard, and Van Der Vaart (2010) OAS Single resource Heuristic B
Cesaret, Oğuz, and Sibel Salman (2012) OAS Single resource Metaheuristic (Tabu search algorithm) B
Xiao et al. (2012) OAS Flow shop / line(s) Integer programming, Metaheuristic

(simulated annealing based on
partial optimisation)

B

Zhang and Wu (2012) DDA Job shop Metaheuristic (probabilistic model-
building genetic algorithm)

B

Germs and Van Foreest (2013) OAS Single resource Markov Decision Process B
Hao et al. (2013) OAS – Reinforcement learning B
Lin and Ying (2013) OAS Single resource Metaheuristic (Artificial Bee Colony) B
Nguyen et al. (2013) OAS Single resource Metaheuristic (Genetic algorithm

- NSGA-II) and Hyperheuristic
(Genetic programming based
hyperheuristic)

B

(continued).
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Table 5. Continued.

Reference Focus Production system
Method/technique for

DDA or OAS Empirical nature Industrial context

Rasti-Barzoki and Hejazi (2013) DDA Single resource Integer programming B
Thürer et al. (2013) DDA Job shop Mathematical model, Heuristic B
Wang, Xie, and Cheng (2013) OAS Flow shop / line(s) Metaheuristic (Artificial Bee Colony) B
Nguyen, Zhang, and Johnston (2014) OAS Single resource Heuristic (Genetic programming-

enhanced branch and bound)
B

Park et al. (2014) OAS Single resource Metaheuristic (Genetic programming-
enhanced Tabu Search and Particle
Swarm Optimisation)

B

Zhong, Ou, and Wang (2014) OAS Single resource Heuristic B
Lin and Ying (2015) OAS Flow shop / line(s) Integer programming, Metaheuristic

(multi-initiator simulated annealing)
B

Rahman, Sarker, and Essam (2015) OAS Flow shop / line(s) Metaheuristic (Memetic algorithm) C MTOmanufacturer of sanitaryware
Thevenin, Zufferey, and Widmer (2015) OAS Single resource Metaheuristic (Adaptive Memory

algorithm)
B

Nguyen (2016) OAS Single resource Metaheuristic (Genetic algorithm
- NSGA-II) and Hyperheuristic
(Genetic programming based
hyperheuristic)

B

Thürer and Stevenson (2016) DDA Flow shop / line(s) Mathematical model B
Silva, Subramanian, and Pessoa (2018) OAS Single resource Heuristic (Iterated Local Search) B
Wu et al. (2018) OAS Job shop Metaheuristic (Water flow-like

algorithm)
B

Bıçakcı and Kara (2019) OAS Single resource Mixed-integer linear programming B
Rahman, Janardhanan, and Nielsen (2019) OAS Flow shop / line(s) Metaheuristic (Hybrid Genetic

Algorithm and Particle Swarm
Optimisation)

B

Wang, Zhang, and Yin (2019) OAS Flow shop / line(s) Metaheuristic (Genetic Algorithm) B
Wang et al. (2019) OAS Job shop Metaheuristic (Genetic Algorithm) B
Li and Ventura (2020) OAS Single resource Dynamic programming B
Mundt and Lödding (2020) OAS – Heuristic C
Schneckenreither, Haeussler, and Gerhold (2020) DDA Flow shop / line(s) Artificial neural networks B
Bender and Ovtcharova (2021) DDA – Mixed-integer linear programming C
Bıçakcı, Kara, and Sağır (2021) OAS Single resource Machine learning (AutoML) B
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differentiate the proposed papers based on four main
criteria, namely, (1) the decisions or problems that the
proposed model addresses within the DDS process, (2)
their main underlying objective in the decision-making
process, (3) the paper’s empirical nature, and (4) the
context guiding the formulation and assumptions of
the proposed model. The main objective(s), the empir-
ical nature, and the context of the papers in terms
of the type of production system or configuration of
resources, the industrial context, and the order-fulfilment
strategy are summarised in Table 3. The main deci-
sions addressed by the proposed models are summarised
below, along with a discussion of their corresponding
objectives.

Most of the optimisation models proposed for sup-
porting DDS focus on the tactical capacity planning- or
resource-loading problem, which entails planning pro-
duction and/or engineering by allocating capacity to ten-
ders/customer enquiries and confirmed customer orders
over a time horizon of several weeks/months and quoting
delivery dates (or assessing the feasibility of customer-
requested delivery dates) based on such a finite capacity
plan (Alfieri, Tolio, and Urgo 2011), where subcontract-
ing and overtime can be used for adding capacity flexi-
bility (Carvalho, Oliveira, and Scavarda 2015). The two
exceptions are Hegedus and Hopp (2001), who focus on
determining the optimal policy for quoting delivery dates
under customer-requested delivery dates and uncertain
procurement lead times; and Piya, Khadem, and Sham-
suzzoha (2016), who focus on simultaneous negotiation
of multiple orders. Two of the papers integrate tactical
capacity planning with other decisions, namely, Easton
and Moodie (1999), who integrate tactical capacity plan-
ning with pricing; and Calosso et al. (2003), who inte-
grate tactical capacity planning with pricing and supplier
selection.

Carvalho, Oliveira, and Scavarda (2015, 2016); Eba-
dian et al. (2008); Ghiyasinasab et al. (2021); Kalan-
tari, Rabbani, and Ebadian (2011); Kapuscinski and
Tayur (2007); Manavizadeh et al. (2013); Wullink et al.
(2004); and Özdamar and Yazgaç (1997) propose mod-
els for tactical capacity planning with cost minimisation
objectives. Besides a cost-minimisation model, Ghiyasi-
nasab et al. (2021) propose additional models with
project/order makespan minimisation and setup time
minimisation objectives to facilitate comparative analy-
sis of plans with different objectives. Alfieri, Tolio, and
Urgo (2011, 2012) also propose models with makespan
minimisation objectives. Other objectives for tactical
capacity planning models include maximising profit or
revenue (Arredondo and Martinez 2010; Calosso et al.
2003; Easton and Moodie 1999; Micale et al. 2021;
Yang and Fung 2014), minimising the difference between

promised- and customer-requested delivery dates (Wang,
Fang, and Hodgson 1998), minimising lateness and over-
time (Brachmann and Kolisch 2021), and minimising
fluctuations in usage and utilisation rate of resources
(Calosso et al. 2003).

While some of the papers consider delivery dates
as endogenous or internally set, treating them as a
model output (Easton and Moodie 1999; Kapuscinski
and Tayur 2007; Özdamar and Yazgaç 1997), most oth-
ers assume exogenous or customer-requested delivery
dates as model constraints, e.g. Alfieri, Tolio, and Urgo
(2011); and Carvalho, Oliveira, and Scavarda (2015).
Ebadian et al. (2008) differentiate between negotiable and
non-negotiable exogenous delivery dates, which suggests
that delivery dates can be a ‘hard’ constraint in some
problem instances while being a ‘soft’ constraint in other
cases (Hvolby and Steger-Jensen 2010; Zorzini, Corti, and
Pozzetti 2008).

Some of the above papers also incorporate uncertainty
in optimisation, considering primarily two sources of
uncertainty, namely, (1) uncertainty in resource require-
ments due to unpredictability of order-confirmation or
acceptance of tender/bid by customer(s), i.e. contingent
orders; and (2) uncertain activity duration or resource-
requirements due to incomplete product- and process
specifications, i.e. bill-of-materials (BOM) and routing.
Uncertainty in resource requirements due to contingent
orders is considered by Easton and Moodie (1999) in
their capacity planning and pricing model and by Piya,
Khadem, and Shamsuzzoha (2016) in their negotiation
model. Uncertainty of activity duration and/or resource
requirements due to incomplete BOM and routing has
been addressed in literature through different scenario-
based models for planning. Alfieri, Tolio, and Urgo
(2012) propose a two-stage stochastic programming
model, Carvalho, Oliveira, and Scavarda (2016) propose
a robust optimisation model supported by Monte Carlo
simulation, and Wullink et al. (2004) propose a single-
stage stochastic programming model for tactical capac-
ity planning under uncertain activity duration and/or
resource requirements. Other papers use deterministic
models to support scenario-based planning with a ‘what-
if’ analysis of alternative plans (Carvalho, Oliveira, and
Scavarda 2015; Ghiyasinasab et al. 2021).

3.4.2. Mathematical models
The second stream of literature within the application
area of tools for planning and decision-support consists
of papers that develop and/or test mathematical mod-
els to represent lead times as a function of other factors
that are known or can be estimated. This stream con-
sists of five papers whose contributions and findings are
summarised and discussed below.
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Adam et al. (1993) and Thürer et al. (2012) compare
different mathematical models and heuristic procedures
for lead time estimation in assembly job shops using
simulation. Factors used in these papers for estimating
production lead times include total work content or sum
of processing times for a new order, work content on the
critical path of a new order, and different measures of
unprocessed work in the shopfloor, e.g. estimated wait-
ing time and workload in queues at relevant work cen-
tres. Ruben andMahmoodi (2000) also compare different
mathematical models and heuristic procedures for lead
time estimation, but in a shop with a single bottleneck
work centre whose position varies. The consideredmath-
ematical models estimate lead times: (1) using workload
in queues at all relevant work centres; or (2) only using
workload in the queue at the bottleneck work centre; or
(3) using workload in queues at the bottleneck and non-
bottleneck work centres while differentiating between
the two. Ioannou and Dimitriou (2012) derive analyti-
cal expressions for estimating lead times for dynamically
updating manufacturing lead times in MRP (Material
Requirements Planning)/ERP systems inMTOmanufac-
turing environments with different resource configura-
tions, where they model lead times as a function of the
sum of processing times at the machines included in an
order’s production routing and the time spent waiting
in queues in front of these machines. Grabenstetter and
Usher (2014) develop the ‘regression-driven complexity-
based flow time prediction’ (RegComp) method for esti-
mating engineering lead times in ETO environments and
illustrate the utility of the proposed method through the
example of an ETO motor control centre manufacturer.
They model engineering lead times as a function of (1)
number of functional requirements, (2) number of basic
components, (3) number of design interdependencies,
(4) number of technologies, (5) number of regulations
and standards, (6) number of sub-systems, and (7) pres-
ence of a reference job. Grabenstetter and Usher (2014)
and the authors’ earlier paper (Grabenstetter and Usher
2013) are valuable contributions to engineering lead time
estimation within the DDS literature, which predom-
inantly comprises papers focusing on production lead
times.

While the papers from Adam et al. (1993); Ruben and
Mahmoodi (2000); and Thürer et al. (2012) are originally
positioned within operational DDS, these studies also
offer valuable insights for production lead time estima-
tion within tactical DDS in ETO environments because
of (1) being contextualised in a production system with a
moving bottleneck (Ruben andMahmoodi 2000), and (2)
being contextualised in assembly job shops (Adam et al.
1993; Thürer et al. 2012). Estimating production lead
times based on bottleneck work centres can help simplify

the task of estimation (Zorzini, Corti, and Pozzetti 2008).
However, in practice, bottlenecks in the production pro-
cess are often not stationary but shifting based on the
production orders in the backlog (Mestry, Damodaran,
and Chen 2011). The findings from Ruben and Mah-
moodi (2000) provide insights into the conditions under
which bottleneck-based production lead time estimation
for tactical DDS may be effective in ETO environments.
They find that bottleneck-based lead time estimation is
most effective when the bottleneck is located early in
the production process. Not surprisingly, they also con-
clude that the effectiveness of bottleneck-based lead time
estimation decreases with increasing ‘shiftiness’ of the
bottleneck.

Assembly job shops often characterise production
environments producing complex products with multi-
level product structures (Thürer et al. 2012), as is often
the case for complex ETO products. Therefore, the stud-
ies of Adam et al. (1993) and Thürer et al. (2012) pro-
vide valuable insights into (1) the behaviour of assembly
job shops, and consequently, (2) the type of methods
that can be used in these shops to estimate production
lead times. Findings from both of these studies suggest
that simple heuristic procedures (i.e. critical path flow
time procedure (Adam et al. 1993) and forward-finite-
loading (Thürer et al. 2012)) outperform regression-
analysis based mathematical models in lead time esti-
mation accuracy. Furthermore, the findings of Thürer
et al. (2012) demonstrate the utility of carefully developed
resource-loading heuristics for production lead time esti-
mation and DDS in complex production systems that
characterise ETO environments.

The above discussion highlights (1) the inadequacy of
using simple mathematical models or closed-form ana-
lytic expressions for estimating production lead times
in tactical DDS in ETO environments and (2) the util-
ity of heuristic procedures for the same. The discussion
also underlines the trade-off between the simplicity of
estimation methods and their corresponding estimation
accuracy. Simple analytical expressions may be better
received by practitioners as the basis for decision-support
and estimation tools as compared to black-box optimisa-
tion tools (de Man and Strandhagen 2018), which may
also be computationally burdensome for large problem
instances (Alfieri, Tolio, and Urgo 2011, 2012). However,
findings from Thürer et al. (2012) suggest that such sim-
ple mathematical models may not provide sufficient esti-
mation accuracy. Therefore, carefully designed heuristics
for resource-loading or tactical capacity planning can
provide the practically essential balance between the sim-
plicity of mathematical models and the accuracy of opti-
misation models for tactical capacity planning in ETO
environments.
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3.4.3. Heuristics for tactical capacity planning
This sub-subsection summarises the stream of litera-
ture that concerns the development of tactical capacity
planning heuristics for DDS without formulating opti-
misation problems with formally stated objectives and
constraints. Such heuristics can be effective planning
and decision-support tools in industrial practice in ETO
environments. They allow for the utilisation of domain-
and context-specific knowledge of researchers and prac-
titioners for circumventing the complexity of formulating
and solving large-scale optimisation problems for tactical
capacity planning, which often grow drastically in their
computational complexity (Alfieri, Tolio, and Urgo 2012;
Brachmann and Kolisch 2021; Micale et al. 2021) and
may be under-preferred by practitioners in comparison
to simpler, well-understood heuristic methods (de Man
and Strandhagen 2018). This stream of literature includes
(1) papers proposing heuristics that can be utilised as-is
or adapted for tactical capacity planning and (2) papers
providing insights that can be utilised for developing
heuristics for tactical capacity planning.

Adam et al. (1993) propose the critical path flow time
(CPFT) heuristic procedure for lead time estimation in
assembly job shops and find its application advantageous
for (1) single-level assembly jobs in terms of tardiness
and percentage of tardy jobs, (2) two-level assembly jobs
in terms of percentage of tardy jobs, and (3) three-
level assembly jobs in terms of tardiness. Thürer et al.
(2012) suggest further improvements to the CPFT pro-
cedure and find it outperformed by the forward-finite-
loading (FFL) heuristic, suggesting FFL as the heuristic
that should be preferred in practice due to its consid-
eration of time-phased workload. Thürer et al. (2012)
attribute the original development of the FFL heuristic to
Bertrand (1983), referring to it as the Bertrand approach.
In their comparative studies of different DDS methods,
both, Thürer et al. (2012) andMoses et al. (2004) consider
simulation-based heuristics called simulation-based due
date setting (SIM) and incremental forward simulation
(IFS) respectively for estimating delivery dates, which
are both based on the simulation-based heuristic called
total work based on simulation (TWSIM) proposed by
Roman and del Vallei (1996). Results from the study of
Thürer et al. (2012) suggest that the FFL heuristic also
outperforms these simulation-based heuristics.

Park et al. (1999) develop a heuristic entitled heuristic
delivery date decision algorithm (HDDDA) for DDS in an
MTO electric motor manufacturing context, where the
focus is on the bottleneck process, i.e. the final assembly.
Corti, Pozzetti, and Zorzini (2006) propose a methodol-
ogy for the feasibility assessment of customer-requested
delivery dates based on capacity requirements, arguing
that the ‘what if’ analysis feature distinguishes their

approach from previous work. The proposed approach
classifies potential orders under three classes: feasible,
feasible with capacity adjustments, or infeasible. Wu and
Liu (2008) propose procedures for determining delivery
dates and assessing the feasibility of customer-requested
delivery dates based on the bottleneck resource in a
drum-buffer-rope system, illustrating the application of
the proposed Capable-to-Promise (CTP) approach in
MTO manufacturing of integrated circuit packaging.
Their proposed approach provides a time-phased view
of capacity-constrained resources’ unused capacity and
allows sales personnel to sell idle capacity more effec-
tively.

Ebben, Hans, and Olde Weghuis (2005) and Robin-
son and Moses (2006) study the effect of granularity
in resource-loading heuristics, where Ebben, Hans, and
Olde Weghuis (2005) focus on the effect of consider-
ing aggregated capacity from multiple resources (Aggre-
gate Resource Loading or ARL heuristic) versus consider-
ing the capacity for each resource individually (Resource
Loading per Resource or RLR heuristic); and Robinson
and Moses (2006) focus on the size of the time-buckets
considered in resource-loading. Findings from these
studies suggest that (1) heuristics considering individ-
ual resources should be preferred over those considering
aggregated resources (Ebben, Hans, and Olde Weghuis
2005); and (2) the size of time-buckets used for resource-
loading heuristics should be carefully selected based on
context-specific considerations such as target utilisation
and mean processing time (Robinson and Moses 2006).
Other important factors to be considered in this deci-
sion are identified by Zorzini, Corti, and Pozzetti (2008)
and Zorzini et al. (2008) in their multiple-case studies,
e.g. level of product complexity, degree of product cus-
tomisation, flexibility of production capacity, relevance
of delivery time as an order winning criterion, contex-
tual uncertainty, etc., with further supporting evidence
provided by Zorzini, Stevenson, and Hendry (2012).

One of the essential inputs for developing tacti-
cal capacity planning heuristics is the capacity alloca-
tion strategy, i.e. forward loading or backward loading
(Thürer et al. 2012), alternatively referred to as forward
and backward planning (Zorzini, Corti, and Pozzetti
2008). Thürer et al. (2014) and numerous other papers
(Corti, Pozzetti, and Zorzini 2006; Ebadian et al. 2008;
Thürer et al. 2012; Zorzini, Corti, and Pozzetti 2008)
highlight the link between the type of delivery dates (i.e.
endogenous or internally set or negotiable versus exoge-
nous or customer-imposed) and the type of capacity allo-
cation strategy used in tactical capacity planning. The
forward planning strategy is more suitable when deliv-
ery dates are set internally and then quoted to a customer
or when delivery dates are requested by customers but
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are negotiable. On the other hand, the backward plan-
ning strategy is more suitable for order acceptance deci-
sions for orders with fixed customer-imposed delivery
dates. In practice, managers and planners may encounter
both types of orders, which necessitates that heuristics
proposed for tactical capacity planning can utilise both
forward and backward planning strategies, as required.

3.4.4. Decision-makingmethodologies and
decision-support systems
Besides the three categories of tools supporting DDS
summarised in the previous three subsections, namely,
(1) optimisation models, primarily for tactical capac-
ity planning; (2) mathematical models for estimating
lead times and delivery dates; and (3) tactical capacity
planning heuristics; there are few other methodologies,
frameworks, and decision-support systems proposed in
the literature to support different decisions and tasks
within DDS. The methodologies, high-level frameworks,
and decision-support systems proposed in this stream of
literature are summarised below.

In one of the earliest papers considering DDS as a
tactical decision, Kingsman, Tatsiopoulos, and Hendry
(1989) propose a methodology for managing customer
enquiries inMTOenvironments that comprises three ele-
ments: aggregate production planning, strike rate anal-
ysis, and delivery date and price quotation. The pro-
duction planning component of the methodology is fur-
ther described by Hendry and Kingsman (1993) and
Kingsman (2000), and the strike rate analysis compo-
nent byKingsman et al. (1993) andKingsman andMercer
(1997). Kingsman et al. (1996) combine the methodolog-
ical elements to conceptualise a decision-support system
to address the needs of ETO capital goods manufacturers
and MTO subcontracting companies. Later, Stevenson
(2006) utilisemethodological elements fromHendry and
Kingsman (1993); Kingsman et al. (1993); and Kingsman
(2000) to develop a decision-support system and study
issues related to the implementation of the system in an
MTO subcontracting company.

De Boer, Schutten, and Zijm (1997) discuss the
elements of a decision-support system developed for
capacity planning in an ETO ship maintenance facil-
ity, outlining a forward planning heuristic for tacti-
cal capacity planning for DDS (similar to the FFL
heuristic from Thürer et al. (2012)), and discussing the
resource-constrained project scheduling problem for-
mulation for detailed project scheduling. Park et al.
(1999) describe a decision-support system and underly-
ing heuristics for bottleneck-based planning developed
for capacity planning and DDS in MTO production
of electric motors. Azevedo and Sousa (2000) describe
the ‘component-based’ architecture of a decentralised

information system developed for addressing DDS in an
MTO production network in the semiconductor indus-
try. Hing, van Harten, and Schuur (2007) explore the
application of Reinforcement Learning (RL) for order
acceptance in job shops using aQ-learning RL algorithm.

Ebadian et al. (2009) propose a methodology for pri-
oritising customer orders based on a customer attrac-
tiveness analysis of different customers in MTO con-
texts, extending their previous work on decision-making
within DDS (Ebadian et al. 2008). Kalantari, Rab-
bani, and Ebadian (2011) focus on the decision-support
requirements for DDS in hybrid MTS/MTO production,
proposing the use of fuzzy TOPSIS (Technique for Order
of Preference by Similarity to Ideal Solution) to prioritise
customer orders. Later, Hemmati, Ebadian, and Nahvi
(2012) propose the application of TOPSIS for prioritising
customer orders in the case of an MTO domestic appli-
ance manufacturer. Parsaei et al. (2012) combine fuzzy
AHP (Analytical Hierarchy Process) and TOPSIS for pri-
oritising customer orders in the case of an MTO man-
ufacturer of vehicle safety belts. In the case of a hybrid
MTS/MTO producer of wood products, Rafiei and Rab-
bani (2012) propose a heuristic for determining the lot
sizes for MTS and MTS/MTO product families.

WattanapornpromandLi (2013) propose a framework
for integrating Available-to-Promise (ATP) and CTP
functions with Master Production Scheduling (MPS) in
the case of anMTO/ATOparasolmanufacturer.Mourtzis
et al. (2014) propose a methodology for estimating
lead times for orders based on their similarity to pre-
vious orders using Case-Based Reasoning (CBR), and
Mourtzis, Doukas, and Vlachou (2016) implement the
methodology as amobile application that aims to address
the needs of an ETO manufacturer of injection moulds.

4. Research gaps and future research agenda

Based on the content analysis of the papers summarised
in the previous section, this section (1) outlines the main
research gaps within DDS in ETO environments and
(2) proposes an agenda for future research activities to
address the outlined research gaps. Based on an overview
of the reviewed literature and the distribution of con-
tributions in different application areas, we consider it
appropriate to organise the discussion of research gaps
and proposed research agenda under two subsections,
namely, (1) formalisation and coordination, which dis-
cusses the gaps and research agenda for three application
areas within DDS – formalisation, cross-functional coor-
dination, and supply chain coordination; and (2) plan-
ning and decision-support tools, which discusses the gaps
and research agenda for the application area of the same
name.
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4.1. Formalisation and coordination

Within research relevant for DDS in ETO environments,
we observe a general dearth of contributions to sup-
port (1) the formalisation of the DDS process; and (2)
coordination among different functions or departments
and across the supply chain. Only 14 of the 54 reviewed
papers contribute towards formalisation or coordina-
tion in the DDS process. Despite findings from previous
empirical research suggesting high levels of formalisation
of the DDS process and coordination in the DDS process
as best practices (Zorzini et al. 2008; Zorzini, Stevenson,
andHendry 2012), there is little research to support prac-
titioners in achieving these high levels of formalisation
and coordination.

There is a need to develop process models and ref-
erence frameworks for the DDS process that explicate
the information flow between different actors involved to
support practitioners in ETO environments in formalis-
ing the DDS process. Most of the previously proposed
process models and frameworks (summarised in sub-
section 3.3) are contextualised in MTO environments.
Furthermore, the modelling or mapping methodologies
vary across extant models and frameworks, suggesting
the need to explore which methodologies are suitable for
mapping and modelling the DDS process in ETO envi-
ronments. As previous literature has highlighted, ETO
environments can differ significantly in their characteris-
tics, and consequently, in their requirements for the DDS
process (Hicks, McGovern, and Earl 2000; Zorzini et al.
2008; Zorzini, Stevenson, and Hendry 2012). Therefore,
case studies in different ETO environments are expected
to be vital for understanding these differences, and sub-
sequently, for developing process models and reference
frameworks for the DDS process. The three multiple
case studies on DDS in the extant literature, i.e. Zorzini,
Corti, and Pozzetti (2008); Zorzini et al. (2008); Zorzini,
Stevenson, and Hendry (2012), are indispensable contri-
butions for the general understanding of theDDS process
in ETO environments. However, the diversity of man-
ufacturing companies operating with an ETO strategy
necessitates further case studies for improving our under-
standing of similarities and differences in DDS practices
and norms across different industry sectors and geo-
graphical regions. Evidence from multiple case studies
can also serve as a basis for developing typologies or tax-
onomies of ETO companies (Hicks, McGovern, and Earl
2001; Willner et al. 2016) based on their DDS require-
ments. Such typologies can facilitate clarification of gen-
eralisability and contextual limitations of DDS tools and
practices across different ETO environments.

Extant operations management literature suggests
maturity models as valuable tools for (1) documenting

and diagnosing the current state of business processes
and strategy implementation (Grimson and Pyke 2007;
Wagire et al. 2021); and (2) planning process improve-
ments and designing evolutionary paths to increase the
effectiveness of business processes (Danese, Molinaro,
and Romano 2018). Due to the lack of maturity mod-
els in the extant literature on DDS in ETO environ-
ments, developing maturity models for the DDS process
is another important area for future research. There is
also a need for empirical research to identify coordina-
tionmechanisms that ETO companies can use to address
different coordination problems in the DDS process.
While broader research on cross-functional coordination
(Konijnendijk 1994; Nam et al. 2018) and supply chain
coordination (Mello et al. 2017) in ETO environments
can provide some insights for this, further research focus-
ing on coordination problems within DDS is required to
support coordination improvements in practice.

Exploring the applications of Industry 4.0 technolo-
gies for improving cross-functional and supply chain
coordination in the DDS process in ETO environments
represents another promising area for future research.
Industry 4.0 technologies such as cyber-physical sys-
tems (CPS), Internet-of-Things (IoT), big data ana-
lytics (BDA), cloud computing, etc., have significantly
expanded the solution space for solving many indus-
trial problems in manufacturing companies over the
last decade (Zheng et al. 2021). However, opportunities
for utilising these technologies to address problems in
ETO environments have not been sufficiently explored
(Strandhagen et al. 2020; Zennaro et al. 2019), and the
DDS process is no exception from this trend. There-
fore, future studies should investigate whether and how
Industry 4.0 technologies can be utilised for coordination
improvements in ETO companies and supply chains in
the DDS process.

Summarising the discussion above, the following
points are proposed as agenda for future research on
coordination and formalisation in the DDS process in
ETO environments:

(1) Developing process models and reference frame-
works to support DDS process design.

(2) Exploring suitable mapping or process modelling
methodologies for DDS.

(3) Case research contextualised in different ETO indus-
trial contexts and geographical locations.

(4) Developing typologies or taxonomies of ETO com-
panies based on DDS requirements.

(5) Developing maturity models for the DDS process.
(6) Exploring applications of Industry 4.0 technologies

for improving coordination in the DDS process.
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4.2. Planning and decision-support tools

While the body of literature on planning and decision-
support tools for DDS in ETO environments is larger
than the literature on formalisation and coordination,
there are crucial gaps that necessitate further research
and development in this area. Firstly, we observe that
most of the literature in this area has focused on support-
ing the estimation of production lead times and produc-
tion resource-loading or capacity planning. While these
are valuable contributions, they only partially address
planning and decision-support requirements for deliv-
ery lead time estimation and DDS in ETO environ-
ments, where engineering and procurement lead times
are essential elements of the delivery lead time. Very
few papers propose tools or systems for planning and
decision-support across functions, e.g. sales and produc-
tion (Kingsman andMercer 1997; Kingsman et al. 1993),
or engineering and production (Brachmann and Kolisch
2021; Ghiyasinasab et al. 2021); and across supply chains
(Azevedo and Sousa 2000; Calosso et al. 2003). There-
fore, we consider a comprehensive view of delivery lead
times in developing planning and decision-support tools
in future research an important aspect of enriching DDS
literature vis-à-vis ETO environments. The regression-
based approach for estimating engineering lead times
proposed by Grabenstetter and Usher (2013, 2014) is
perhaps the only method of its kind in the literature.
However, since the approach has been developed based
on data from a single case company, it is essential to assess
the broader validity of this approach in ETO environ-
ments. Therefore, future studies should undertake simi-
lar studies in other ETO environments to test and further
develop theRegCompapproach proposed byGrabenstet-
ter and Usher (2014).

One of the main challenges in developing and imple-
menting planning and decision-support tools for DDS in
ETO environments is the lack of formalised knowledge
and information; and reliance on managerial experience,
expertise, and tacit knowledge (Adrodegari et al. 2015;
Zennaro et al. 2019). Commercial enterprise informa-
tion systems have been found inadequate in supporting
business processes and decisions in ETO environments,
partly because of the lack of alignment between business
processes in ETO environments and the traditional man-
ufacturing enterprise structures underlying commer-
cial enterprise information systems (Aslan, Stevenson,
and Hendry 2012, 2015). While managerial experience
and expertise may continue to be essential for effective
DDS in ETO environments, advances in data storage,
processing, and computation technologies provide new
opportunities for supporting managerial intuition with

data-driven insights.Design anddevelopment of effective
enterprise information systems focusing on business pro-
cesses and decision-support needs of ETO companies is
an important step in this, which computational or formal
ontologies can support. Formal ontologies have been sug-
gested in the extant literature as tools for “formal, explicit
specification of a shared conceptualisation of a domain of
interest” (Scheuermann and Leukel 2014; Studer, Richard
Benjamins, and Fensel 1998), that can be utilised in the
development of industrial information systems (Ameri
et al. 2021; Křemen and Kouba 2011; Usman et al.
2013). Therefore, developing high-level and application-
specific ontologies to support the development of plan-
ning and decision-support systems for DDS in ETO
environments can be valuable contributions in future
research.

As evident from the reviewed literature, almost half of
all reviewed papers have focused on the tactical capacity
planning or resource-loading problem, either propos-
ing optimisation models for the problem with different
objectives or proposing and/or testing different heuris-
tics for tactical capacity planning without formulating it
as a formal optimisation problem. Findings from papers
proposing optimisationmodels for tactical capacity plan-
ning suggest that while these models provide useful
insights into the behaviour of themodelled ETO systems,
the computation times for solving these models with
exact algorithms can grow drastically with an increase
in the size and complexity of the modelled problem,
e.g. number of activities in a project, degree of parallel
execution of activities in a project, number of projects
planned or replanned, etc. (Alfieri, Tolio, and Urgo 2011,
2012; Carvalho, Oliveira, and Scavarda 2015;Micale et al.
2021). For instance, Alfieri, Tolio, and Urgo (2011, 2012)
call for future research to develop more efficient ad-hoc
or heuristic algorithms for their proposed models due to
the long computation times for larger problem instances.
Furthermore, complex optimisation models that are not
well-understood by users (planners and managers) and
require long computational times have been found to
negatively influence users’ willingness to use such mod-
els in practice (de Man and Strandhagen 2018; Ivert and
Jonsson 2011). Instead, simple, well-understood heuris-
tics developed using tacit domain knowledge of man-
agers and the understanding of system behaviour gained
from optimisation models can be helpful decision aids
for practitioners. Furthermore, we observe that most
of the models proposed in the reviewed literature have
been theoretically motivated without explicitly linking
model development to the industrial need in a specific
context, with few exceptions (Carvalho, Oliveira, and
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Scavarda 2015, 2016; Ghiyasinasab et al. 2021). To nar-
row the gap between theory and practice in the area of
planning and decision-support for DDS, we call for more
class A (i.e. practical problem-solving) research in this
area and emphasise that future development of tactical
capacity planning tools should be motivated by practi-
tioners’ decision-support needs within DDS in specific
ETO contexts, regardless of whether the proposed tools
are exact optimisation-based or heuristics. Moreover,
focusing on users’ or stakeholders’ needs and decision-
support requirements may also provide better insights
into whether users prefer sophisticated models that pro-
vide optimal solutions or near-optimal solutions derived
from simple heuristics.

Finally, based on literature proposing heuristics for
tactical capacity planning, forward- and backward-finite-
loading are the most straightforward approaches for
determining delivery dates and for assessing the feasi-
bility of customer-imposed delivery dates, respectively.
However, for using these loading methods for DDS in
ETO environments, additional methods are required for
developing comprehensive capacity planning heuristics.
For instance, ETO products are often characterised by
wide BOMs with numerous diverging branches for dif-
ferent sub-assemblies. As a result, it may be possible to
produce components for various sub-assemblies in par-
allel. However, if the same resources are used for fab-
ricating components for different sub-assemblies, this
introduces new precedence constraints in tactical capac-
ity planning, adding to the planning complexity. There-
fore, if forward- or backward loading approaches are to be
used, it is also essential to define the appropriate method
for BOM-traversal for specifying which components and
sub-assemblies should be prioritised in resource-loading,
at least on the bottleneck resources. The problem is fur-
ther complicated by the ‘bottleneck shiftiness’ in such
contexts, which means that each resource-loading sce-
nario may have a different set of bottlenecks. Therefore,
while extant literature provides preliminary inputs and
insights, there is a need for further research to develop
effective resource-loading heuristics for ETO environ-
ments, which should also bemotivated by practical needs
in specific industrial contexts.

Summarising the discussion above, the following
points are proposed as agenda for future research on
planning and decision-support tools in the DDS process
in ETO environments:

(1) Developing tools for cross-functional planning and
decision-support in DDS.

(2) Further testing of engineering lead time estimation
tools proposed in the literature.

(3) Developing ontologies to support the development
of effective planning and decision-support systems
for DDS.

(4) Developing heuristic algorithms for optimisation
formulations proposed in extant literature that are
computationally inefficient to solve with exact solu-
tion algorithms.

(5) Documenting managerial decision-support needs
for effective DDS in ETO environments and devel-
oping planning and decision-support tools based on
industrial requirements.

(6) Further developing tactical capacity planning heuri
stics such that practical aspects such as complex
product structures, parallel execution of activities,
bottleneck shiftiness, etc., are accounted for.

5. Conclusion

This paper investigates the state of the art within DDS
and delivery lead time estimation focusing on the needs
of ETO manufacturing environments. A systematic lit-
erature review approach is adopted to (1) identify the
tools, methods and frameworks proposed in the liter-
ature for supporting DDS in ETO environments; and
(2) identify the gaps in extant research and formulate
an agenda for future research. We differentiate between
tactical DDS and operational DDS from the outset, con-
sidering only the former to be relevant for ETO envi-
ronments. This differentiation also serves as the basis for
one of the literature exclusion criteria in our method-
ology. The content analysis and summary of contribu-
tions from the reviewed literature are structured using
a framework of four industrial application areas for
research within DDS, namely, cross-functional coordi-
nation, supply chain coordination, process formalisation,
and tools for planning anddecision-support. These appli-
cation areas also serve as the basis for discussing gaps
in extant research and formulating an agenda for future
research.

We find that despite previous research emphasising
the importance of high levels of cross-functional coor-
dination, supply chain coordination and formalisation
in the DDS process in ETO environments, there is little
research focusing on how these high levels of coordi-
nation and formalisation should be achieved in prac-
tice. Various initiatives that can be undertaken in future
research to address this gap are discussed, e.g. empirical
and inductive development of processmodels and frame-
works for DDS, development of maturity models for the
DDSprocess, cross-industry and cross-geography studies
to elucidate differences and similarities in DDS practices,
etc.
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While many papers propose tools for planning and
decision-support, most of these tools only address lead
time estimation for the production process. To address
the needs of ETO environments, where procurement and
engineering lead times form significant portions of the
delivery lead times, we call for a more comprehensive
perspective of delivery lead times in future research on
DDS in ETO environments. Furthermore, we find the
majority of the papers proposing tools for planning and
decision-support to be theoretically motivated, where
industrial cases are used, if at all, to illustrate the appli-
cation of the proposed tool. Instead, we call for future
research to adopt more inductive methodologies, sim-
ilar to Carvalho, Oliveira, and Scavarda (2015, 2016);
Ghiyasinasab et al. (2021), and use industrial cases and
practitioners’ decision-support needs as the fundament
for developing planning and decision-support tools. As a
prerequisite for this, future studies should also focus on
describing and documenting industrial problems and the
decision-support needs of practitioners.

To the best of our knowledge, this paper is the first sys-
tematic literature review on DDS in ETO environments
where the existing knowledge on the topic has been anal-
ysed, and the agenda for future knowledge development
has been presented. Furthermore, the paper compiles and
summarises contributions fromextant literature, which is
expected to be helpful for the interested researchers and
practitioners. Moreover, a secondary contribution of this
paper is the identification of papers within operational
DDS, which were excluded in the last stage of the liter-
ature identification process and are summarised in the
Appendix in Table 5. A limitation of this study is that
only two scholarly databases were used for identifying
literature, which may have limited the coverage of liter-
ature. We expect that the forward and backward citation
searches have contributed to minimising the negative
impact of this limitation.
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