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Abstract. Available-to-promise (ATP) exhibiting availability of manufacturing resources can be used to sup-
port customer order promising. Recently, one advanced function called Capable-to-promise (CTP) is provided 
by several modern APS (advanced planning system) that checks available capacity for placing new production 
orders or increasing already scheduled production orders. At the customer enquiry stage while considering the 
order delivery date and quantity to quote, both ATP and CTP are allocated to support order promising. In par-
ticular, current trends of mass customization and multi-side production chain derive several new constraints 
that should be considered when ATP/CTP allocation planning for order promising - such as customer’s prefer-
ence plants or material vendors, material compatibility, etc. Moreover, ATP/CTP allocation planning would be 
executed over a rolling time horizon. To utilize capacity and material manufacturing resource flexibly and ful-
fill more customer orders, ATP/CTP rolling planning should possess resource reallocation mechanism under the 
constraints of order quantities and delivery dates for all previous order promising. Therefore, to enhance order 
promising with reliability and flexibility to reallocate manufacturing resource, the ATP/CTP reallocation plan-
ning mechanism is needed in order to reallocate material and capacity resource for fulfilling all previous prom-
ised and new customer orders beneficially with considering new derived material and capacity constraints. 
 
Keywords: Available-to-Promise (ATP), Capable-to-Promise (CTP), Order Promising, Rolling Planning, Real-

location Planning 
 
 

1.  INTRODUCTION 

1.1 The Role of Order Promising Planning 

Currently, customers may order for finial products to 
manufacture in one country and consign the appropriate or 
preferential materials from another country, and then ask the 
logistics service parties (LSP) to ship their finial products to 
yet another country. In this global supply chain environment, 
business models and information technologies are gradually 
changing to adapt to the supply chain operations.  

Advanced Manufacturing Research (AMR) referred 
to the fact that besides the advanced computer technology, 
many manufacturers employ advanced planning and 
scheduling (APS) solutions with new planning and 
scheduling techniques that consider a wide range of con-
straints, such as material availability, machine and labour 
capacity, customer service level requirements, etc., to 
produce an optimized plan (Bermudez, 1998). Further-
more, Gunther (2004) proposed the functional modules of 
APS to support supply chain planning that include strate-
gic network design, supply network planning, demand 
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planning, external procurement, production planning or 
detailed scheduling, transportation planning or vehicle 
scheduling, order fulfillment and ATP/CTP. In which, 
CTP is called capable-to-promise that is an enhancement 
functionality provided by recent modern APS for placing 
new production orders or increasing already scheduled 
production orders. The order fulfilment and ATP/CTP 
module is to match customer orders against available 
quantities on stock and from scheduled receipts. And then, 
customer requests for product delivery of quantity, time 
and location can be answered. 

Rudberg and Wikner (2004) exhibited that this trend of 
mass customisation results in the customer order decoupling 
point (CODP) shifts upstream. As Figure 1 indicated, CODP 
is the interface between forecast-driven and order-driven 
planning processes that an upstream CODP such as assem-
ble-to-order (ATO) or make-to-order (MTO) involves rather 
long order lead-time (Fleischmann and Meyr, 2003). Differ-
ent customers would generally have different specifications, 
however, the same products may be ordered by the same 
customers repeatedly (Yeh, 2000). A client, distinct from end 
user consumption behaviour, has to wait for the delivery of 
ordered products, but at the very least wants to get a reliable 

promise that he can receive the product in the promised 
quantity at the promised date. Therefore, order promising 
process is very important within such a competitive supply 
chain environment to build core-competence through fast 
and reliable order promises in order to retain customers and 
increase market share. 

1.2 The unsatisfactory of traditional order prom-
ising mechanism 

According to APICS (American Production and In-
ventory Control Society) dictionary (9th edition), ATP is 
the uncommitted portion of a company’s inventory and 
planned production maintained in the master schedule to 
support customer order promising. Kilger and Schnee-
weiss (2005) indicated that the assumptions of this tradi-
tional order promising mechanism, infinite capacity of 
manufacturers and suppliers and fixed lead-time of pro-
duction and purchase, result in unfeasible order promising 
and decreasing the delivery performance.  

Moreover, traditional approach for order promising 
is just adapted to make-to-stock (MTS) model that ATP 
exhibiting availability of finished goods are used to sup-
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Order-driven to orderForecast-driven to stock

Safety
Stock

 
Figure 1. CODP and customer order lead-time in MTS/ATO/MTO 

 

Table 1. Major limitations / restrictions and ATP granularity for demand fulfillment as adapted from Kilger and Schnee-
weiss (2005) 

Production Model Order Lead-time Bottleneck/Restriction ATP Granularity 
MTS Transportation time Available stocks of finished goods Finished goods 

ATO 
Assembly time    

+ 
Transportation time 

Available stocks of components and 
capacity of the assembly process 

Components; 
Assembly capacity 

MTO 
Production time 

+ 
Transportation time 

Available stocks of components and 
capacity of the production process 

Components; 
Production capacity 
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port customer order promising on first-come-first-served 
policy that all orders are treated the same. The order 
promising planning of the ATO or MTO model is differ-
ent from the MTS model. In the MTS model, the major 
bottleneck for demand fulfilment is the available stocks of 
finished goods. In the ATO or MTO model (see Table 1), 
the manufacturing resources such as materials and capac-
ity after CODP should be checked and allocated for order 
promising (Kilger and Schneeweiss, 2005). Besides, con-
straints derived from mass customisation such as cus-
tomer-preference plants or material vendors, material 
compatibility, etc., should be considered when allocating 
these resources. 

Furthermore, customer demand can be segmented 
and prioritized according to product profit, sales growth 
potential or customer relationship, etc. The higher profit 
but late arrival customers may need the same manufactur-
ing resources as the lower profit but early arrival custom-
ers. Taking TFT-LCD industry as illustration, the charge 
for LCD-TV is obviously higher than LCD monitor al-
though they need the same manufacturing capacity. To 
take into account the company profit and customer rela-
tionship, orders cannot be still promised by traditional 
approach with a first-come-first-served policy. Therefore, 
to maximize revenue from higher profit products or to 
maintain customer relationships with important customers, 
there is a need to develop order promising rolling plan-
ning process with ATP/CTP reallocation mechanism that 
can reserve resources for late-arriving but high-margin or 
high priority demand. 

1.3 Research Objective 

Accordingly, to build core-competence for company 

through giving customers more reliable order promises 
and through enhancing manufacturing resources utiliza-
tion for high-margin or high-priority demand, this paper 
proposes a two-phase order promising process in which 
resources are reserved first according to some priority 
rule in phase 1. And then, employing optimal methodol-
ogy, mixed integer linear programming (MILP), in phase 
2, available resources are allocated to customer orders 
considering constraints derived from mass customization 
for reliable order promises.  

TFT-LCD industry consist three main processes, 
Array, Cell and Module processes (see Figure 2). The 
capacities of Array and Cell processes are expensive and 
thus should be utilized as more as possible. Therefore, 
Array and Cell processes are forecast driven to build 
LCD panel stocks. On the other hand, the final Module 
process is to assemble LCD panel with IC, PCB and 
backlight that affecting the performances of display 
should be recognized by customers. Consequently, Mo-
dule process is order driven to fulfill customer require-
ments. The production model of TFT-LCD industry is 
ATO but not MTS and possesses the characteristics of 
mass customization. The customers are system applica-
tion manufacturers such as notebooks, LCD monitors or 
LCD TVs, etc. These customers are as client relation-
ship with TFT-LCD industry that they request their 
product specification requirements and then TFT-LCD 
manufacturers should respond if these requirements can 
be fulfilled. Thus, one TFT-LCD manufacturing is taken 
as illustration for demonstrating the significance of the 
proposed order promising rolling planning process with 
ATP/CTP reallocation mechanism. 
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Figure 2. TFT-LCD manufacturing process 
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2.  LITERATURE REVIEW 

2.1 Order Promising From Master Production 
Schedule 

On time delivery is usually used as a key perform-
ance indicator for the quality of order promises. Reliable 
order quotes must be based on feasible supply plan. Ware 
and Fogarty presented that ATP is frequently calculated 
from the master scheduling process for promising deliv-
ery to customers and the accurate information of this 
quantity is key to customer service (Ware and Fogarty 
1990). Moreover, the different master scheduling methods 
used to promise customer orders will result in different 
delivery lead-time performance and percentage of prom-
ises kept (King and Benton 1988, McClelland 1988).  

Utilizing experimental design approach to study the 
appropriate master scheduling methods in MTO environ-
ment, McClelland (1988) showed that using master pro-
duction schedule (MPS) to establish customer promise 
dates increases the percentage of promises kept and the 
master scheduling methods that can monitor capacity 
allocations and material requirements achieve a higher 
percentage of promises kept than that without considering 
capacity requirements or material availability.  

Besides, in APS functional modules, master planning 
creates a plan for the complete supply chain such as pur-
chasing, production, distribution, etc. Kilger and Schnee-
weiss (2005) also pointed out that synchronization of the 
supply processes and order promising based on the master 
plan improve the on time delivery. 

2.2 Material and Capacity Allocation For Order 
Promising 

With regard to material allocation for order promis-
ing, Bertrand et al. (2000) developed a hierarchical 
pseudo bills of material for efficient checking material 
availability. Allocating materials to customer orders dur-
ing customer order acceptance in ATO environment that 
product families often with many options and features are 
offered to the market. To handle the complex BOM struc-
ture and the diverse characteristics of components, Xiong 
et al. (2003a) proposed a concept of dynamic BOM to 
take into consideration the material availability for all 
components easily when compute ATP. Moreover, to 
compute ATP in a timely and efficient manner, Xiong et 
al. (2003b) proposed a Web-based flexible available-to-
promise computation system to help manufacturers un-
derstand their capability for fulfilling customer orders in 
terms of material availability in today’s e-business envi-
ronment. 

With regard to capacity allocation for order promis-
ing, Taylor and Plenert (1999) proposed a forward and 
backward procedure to identify capacity available-to-
promise (CATP), the amount of unused machine capacity 
and slack machine time, for establishing realistic order 
promising dates. Based on this forward and backward 

procedure, Jeong et al. (2002) developed an ATP system 
for TFT-LCD industry in global supply chain environ-
ment and an efficient heuristic for scheduling TFT LCD 
module assembly process for effectively using the unused 
capacity at shop floor level. Jung et al. (2003) proposed 
an optimized ATP system for MTO supply chain envi-
ronment that calculates and allocates available capacity 
for giving customers delivery date promise. Besides, 
Guerrero (1991) studied how to allocate and consume 
capacity in the final assembly schedule (FAS) and MPS 
for ATO environment in order to maintain high order fill 
rates and consume capacity in an efficient manner. His 
research showed that different capacity allocation strate-
gies such as ‘early allocation’, allocating to the most cur-
rent part of capacity and move progressively to future 
periods as available capacity is exhausted, has moderate 
effect on order fill rates and capacity utilization. Recently, 
Lin and Chen (2005) proposed one order promising 
mechanism with ATP allocation planning considering 
material and capacity constraints after CODP to fulfil the 
requests from customers, such as customer’s preference 
materials or specifications. 

2.3 Order Promising Planning Methodology 

Pibernik (2005) indicated that advanced available-to-
promise comprises of an assortment of methods and tools 
to enhance order promising and he proposed a theoretical 
framework of models and algorithms for order quantity 
and due date quoting. He used three characteristics -- 
availability level, operating mode, and interaction with 
manufacturing resource planning -- to classify order 
promising planning methods. 

Chen et al. (2001) proposed a quantity and due date 
quoting ATP mechanism with mixed integer program-
ming (MIP) model that allows customized configurations 
and takes into account a variety of realistic supply chain 
constraints, such as material compatibility, material sub-
stitution preferences, and capacity utilization. Moreover, 
Chen et al. (2002) used simulation experiments to inves-
tigate the sensitivity of supply chain performance to 
changes in certain parameters, such as batching interval 
size for collecting orders and customer order flexibility 
for product configuration. Besides, Ozdamar and Yazgac 
(1997) proposed a capacity driven planning system using 
a binary linear programming (BLP) model for order due 
date setting in MTO production systems. 

2.4 Revenue Management and Seat Reservation 

The trend of segmentation and prioritization of cus-
tomer demand drives many studies introducing revenue 
management approach for order booking in ATO or MTO 
environment. Revenue management is an order accep-
tance and refusal process that integrates the marketing, 
financial, and operations functions to maximize revenue 
from pre-existing capacity. Harris and Pinder (1995) indi-
cated that many of revenue management environment 
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characteristics are also found in ATO operations such as 
perishable resource, fixed capacity, high capacity change 
costs, demand segmentation, advance sales/bookings, sto-
chastic demand, and historical sales data and forecasting 
capability.  

Moreover, Tamura and Fujita (1995) adopted seat 
reservation concept to propose a new production planning 
and scheduling system, customer oriented production 
planning system (COPPS), in which production seats are 
first created based on forecasted demand, and then orders 
received are assigned to the seats. The major advantage of 
COPPS is its ability to efficiently respond to customer 
inquiries, such as whether the required due date can be 
achieved. 

3.  TWO-PHASE ORDER PROMISING ROLL-
ING PLANNING PROCESS 

As previous indicated, ATP of finished goods calcu-
lating from MPS for order promising is just adapted in 
MTS model and the priority of all orders are treated the 
same. This mechanism is insufficient for the current de-
mand of segmentation and prioritization and ATO/MTO 
production model that material and capacity resources 
should be checked and allocated after CODP. Besides, 
high flexibility of product configurations and multi-side 
production chain result in the difficulty of order promis-

ing that derive constraints from customers assigning their 
preference material vendors and plants. Therefore, there is 
a need for one order promising rolling planning process 
with resource reservation mechanism to reserve manufac-
turing resources for important customers or higher profit 
products and considering critical material and capacity 
constraints from mass customization to provide reliable 
order promising responses. 

This proposed order promising rolling planning pro-
cess introduces revenue management and seat reservation 
concept to reserve resources in advance for higher profit 
products and important customers. Moreover, it is to in-
crease the percentage of promises kept, based on feasible 
supply capability of MPS and FAS and material supply 
calendar to establish reliable promised delivery quantity 
and dates. 

Thus, this research designs the two-phase order pro-
mising process as Figure 3. Phase I is for forecast reserva-
tion that can reserve resources in advance according to 
customer forecasted demand and some priority rule. Phase 
II is for order promising that is restricted on the reserva-
tion quantity from phase I, ATP of material and capacity 
are allocated for giving customers commitments of deliv-
ery dates and quantity. 

Phase I includes the following three parts: 
(1) First, according to customer forecasted demand 

and sales plan, sales department aggregate the 
netting forecasted demand. In which, the cus-
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Figure 3. Two-Phase order promising procedure 
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tomer forecasted demand can be estimate from 
historical sales data, provided from customers 
with long term cooperative relationships, and ad-
justed with market trends. 

(2) Then, in light of netting forecasted demand, pro-
duction plan department takes the major bottle-
neck capacities and materials into account and 
then arrange the aggregation production plan 
(mostly in monthly time buckets). 

(3) Following that, based on the netting demand 
forecasts (demand) and the aggregation produc-
tion plan (supply), forecast reservation is pla-
nned by the sales department according to prod-
uct profits or importance of customers.  

ATP is represented in the same granularity as the 
supply given by the aggregation production plan and is 
maintained in discrete time buckets. The quantities that 
sales reserve from aggregation production plan for cus-
tomers are called allocated ATP (AATP). The AATP are 
for reserving resources and giving forecast commitments 
to customers. Besides, the AATP are important referrals in 
phase II for order promising to prevent low-margin but 
early-arrival orders consume most manufacturing re-
sources that high-margin but late-arrival orders cannot be 
fulfilled. 

Phase II is performed for order promising including 
the following three parts:  

(4) According to the generated aggregation produc-
tion plan, MPS is concentrated on bottlenecks to 
calculate the production plan of each finished 
product under the objective of efficiently utiliz-
ing production capacities. In which, the time 
buckets of MPS is weekly or daily that is smaller 
than in aggregation production plan. Besides, 

based on the production plan of each finished 
product, the time-phased requirements and pur-
chasing plan of critical materials can be calcu-
lated. 

(5) When receiving the quotation orders from cus-
tomers, available material and capacity resources 
with time-phased dimension after order penetra-
tion point are assigned for orders to calculate 
available quantity and feasible delivery date. 
This is for preventing the unreasonable assump-
tions of fixed lead-time and infinite capacity 
from traditional order promising mechanism. 
Not only finished goods ATP, both material and 
capacity ATP are considered to fit for ATO / 
MTO model. Moreover, this mechanism takes 
account of quotation order requirements such as 
order quantity and due date, customer preference 
material vendors and plants to provide customers 
acceptable products (see Figure 4). Besides, ATP 
should be allocated according to AATP in phase 
1 that promised order quantity cannot be more 
than corresponding AATP to prevent manufac-
turing resources are consumed by early-arrival 
but low-margin or less important orders. 

(6) Finally, the calculated available order delivery 
quantities and dates are responded to customers 
for getting their commitments. Moreover, the 
promised orders are entered into MPS for fore-
cast consumption and into FAS to schedule the 
operations for completing the products of spe-
cific customer orders. 
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Figure 4. ATP allocation planning mechanism for order promising during phase II 
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4.  TFT-LCD INDUSTRY AS  
ILLUSTRATION 

The TFT-LCD industrial structure should be differen-
tiated into three types, the upstream key components sup-
pliers, the midstream TFT-LCD manufacturers and the 
downstream system application manufacturers, such as 
notebook, LCD monitor or LCD TV manufacturers (see 
Figure 2). The three main processes of making TFT-LCD 
are Array process, Cell process and Module process. For 
TFT-LCD manufacture plants, one plant comprises just one 
process and each process exists in many plants where it 
may possess different generations of process equipments. 
This derives the multi-site network structure of TFT-LCD 
manufacture plants. The same process in different plants 
may produce different products, like the Array process in 
one plant is for 15  and 17  panel sizes and in another 

plant it’s for 19  and 21  panel sizes. In virtue of evaluat-
ing the production quality for different generations of proc-
ess equipments and taking the transportation cost into ac-
count, some system application manufacturers may assign 
their preference production paths. 

Figure 7 is the bill-of-material (BOM) of TFT-LCD 
module and these six main TFT-LCD key components, 
glass substrate, colour filter (CF), polarizer (PL), drive IC, 
PCB and backlight (BL) are fabricated or assembled in 
corresponding processes. Figure 8 shows the TFT-LCD 
product hierarchy and the characteristic according to the 
materials and manufacturing processes. For these six key 
components, there are several vendors for each key com-
ponent and existing material compatibility problems, like 
the substrate of colour filter and glass substrate should be 
produced with consistent raw material. Moreover, some 
components, such as one drive IC, should consist with the 

TFT-LCD Module 
(LCM)

Glass Back LightIC-Source IC-Gate PCB-
Source

PL PCB-
Gate(Polarizer)CF

TFT-LCD Module 
(LCM)

Glass Back LightIC-Source IC-Gate PCB-
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PL PCB-
Gate(Polarizer)CF

 
Figure 7. BOM of TFT-LCD module (LCM) 
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specifications of one TFT-LCD panel and PCB to perform 
high display quality. Therefore, most system application 
manufacturers may place orders with allocating their 
preference material combination modules for TFT-LCD 
panel, drive IC, PCB and BL. This high customisation 
derives the constraint of customer’s preference material 
combination modules and drives TFT-LCD manufacturers 
taking ATO production model because Module process is 
the last stage of TFT-LCD manufacturing process, where 
TFT-LCD panel, BL, drive IC, and PCB are assembled. 

The increasing global demand of notebooks, LCD 
monitors and LCD TVs thrive TFT-LCD industry. Re-
cently, Taiwanese TFT-LCD makers shared almost half of 
the global market for TFT-LCD panels together. Because 
TFT-LCD industry grew up originally in Japan, the pro-
ducing technologies of TFT-LCD, the TFT-LCD fabricat-
ing equipments, and the TFT-LCD key components are 
particularly controlled by them. The rapidly increasing 
global demand of TFT-LCD derives the deficiency of the 
TFT-LCD manufacturing resources such as key compo-
nents and capacity. Therefore, TFT-LCD manufacturers 
have been confronted with the problem of how to fulfil 
customer demand by beneficially allocating the scarce 
TFT-LCD material and capacity manufacturing resources 
under the capacity and material constraints such as avail-
able material/capacity quantity, customer’s preference 
production path and customer’s preference material com-
bination modules. 

Consequently, this study takes one TFT-LCD indus-
try to illustrate the importance of the proposed two-phase 
order promising rolling planning process considering 
critical material and capacity constraints after CODP, 
product profit and importance of customers to reserve 
manufacturing resources beneficially in advance phase 1 
and then to provide more reliable customer order prom-
ises in phase 2. 

5.  CONCLUSION 

Mass customization results in CODP shits upstream 
and involves rather long order lead-time that customers 
have to wait for the delivery of ordered products. So cus-
tomers want to get a reliable promise that they can receive 
the product in the promised quantity at the promised date. 
Therefore, order promising process is very important 
within such competitive supply chain environment to 
build core-competence through fast and reliable order 
promises in order to retain customers and increase market 
share. 

ATP calculating from MPS exhibit availability of 
finished goods to support customer order promising in 
MTS production model and all orders are treated the same 
on first-come-first-served policy. However, in global sup-
ply chain environment, customers may indent order to 
manufacturers and allocate their preference material com-
bination modules or furthermore their preference produc-
tion paths. This increasingly mass customization results in 

the insufficient of traditional order promising mechanism 
that cannot consider constraints from quotation order re-
quest such as customer’s preference materials and capac-
ity. Moreover, when the requirement volumes of customer 
demand are more than available manufacturing resources, 
manufacturers should beneficially allocate manufacture 
resources to products of higher profits or more important 
customers. Constraints from mass customization and de-
mand segmentation result in the complex of order promis-
ing mechanism. 

Therefore, this study designs a two-phase order pro-
mising rolling planning process to reserve capacity and 
material resource for important customers or higher profit 
products in advance phase I. And then restricted by the 
AATP in phase 1, phase II is for order promising planning 
according to feasible supply plan to give customers reli-
ability due date and quantity. Besides, this study proposes 
order promising planning model that applies MILP ap-
proach to prioritize allocating manufacturing resource for 
high profit products or important customers in phase I and 
to consider material and capacity constraints after CODP 
in phase II. One TFT-LCD manufacturer is taken to illus-
trate the importance of the proposed two-phase order 
promising rolling planning process. To get reliable order 
promising response and more efficient ways of utilizing 
manufacturing resources, ATP/CTP reallocation planning 
mechanism with optimal methodology or efficient algo-
rithms is necessary. 
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