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Abstract. Order release is a key production planning and control function, specifically in high variety
contexts. A large literature on release methods that balance the workload consequently emerged. These
Workload Control methods can be rule based, using a simple greedy heuristic, optimization based or op-
timization based with lead times that are exogenous. Although all three types of methods have the same
objective, their performance has never been compared. Using simulation, this study shows that a better on
time delivery performance of jobs can be achieved by the two optimization based release methods. Most
importantly, optimization based methods that assume lead times to be exogenous significantly outperform
alternative methods in terms of tardiness performance. Rule based and optimization based Workload
Control without exogenous lead times overemphasize average lateness reduction, which leads to sequence
deviations that offset performance improvements through balancing. In contrast, Workload Control meth-
ods that assume lead times to be exogenous limit sequence deviations, which leads to a significant reduction
in dispersion of lateness. This has important implication for the future design of order release methods,

and managerial practice.

Keywords: Workload control, order release, production planning, production control, make-to-order pro-

duction.

1. Introduction they are released to realize certain performance

metrics, such as stable Work-In-Process (WIP)
The degree of coordination between demand, levels and due date adherence. This study fo-
cuses on Workload Control (WLC), e.g. Wien-
dahletal. (1992), Bechte (1994), Land and Gaal-
man (1998), Cigolini and Portioli-Staudacher
(2002), Stevenson et al. (2005), Neuner and
Haeussler (2021), Haeussler et al. (2023), which

is arguably the only group of order release

material flows and capacity is a key determi-
nant of business success. Order release is a key
production planning and control function to
realize this coordination. When order release
is applied, then orders are not immediately
released to the shop upon their arrival. Jobs

are withheld in a backlog or pool from where

© Systems Engineering Society of China and Springer-Verlag GmbH Germany 2023 553



554 Yuan et al.: Rule based vs Optimization based Workload Control with and without Exogenous Lead Times: An Assessment by Simulation

methods that allows for workload balancing,
i.e. the equal distribution of workload across
workstations. This makes it specifically suited
for high-variety production characterized by
stochastic demand fluctuations. We argue that
the recent WLC literature can be subdivided
into three strands: (i) rule based WLC meth-
ods; (ii) optimization based WLC methods;
and (iii) optimization based WLC methods that
assume that lead times are exogenous, i.e. lead
times are considered as part of the release
method. Lead times are a planning parame-

ter that estimates the throughput time.

Rule based WLC methods use a simple
greedy heuristic to decide which job to re-
lease when from the pool, e.g. Bechte (1988),
Hendry and Kingsman (1991), Oosterman et
al. (2000), Sabuncuoglu and Karapinar (2000),
Land (2006), Thiirer et al. (2012 2014), Liu
et al. (2022).

quenced according to a priority measure (e.g.

Jobs in the pool are first se-

urgency) and then subject to a selection deci-
sion in sequence. This selection decision typi-
cally checks whether an order can be released
without violating a preestablished workload
limit (or norm) at stations.

Optimization based WLC methods without
exogenous lead times integrate the sequencing
and selection decision of rule based WLC into
a single decision, e.g. Irastorza and Deane
(1974), Yan et al. (2016), Portioli-Staudacher
and Tantardini (2012), Fernandes et al. (2020),
Kundu et al. (2021). Most of the literature used
an Integer Linear Programming (ILP) model
that integrates load and urgency into one ob-
jective function setting different weights.

Optimization based WLC methods with ex-

ogenous lead times use the lead time as a pa-

rameter, e.g. Haeussler and Netzer (2020),
Haeussler et al. (2020). Release is, for exam-
ple, operationalized using an Input/Output
Control (IOC) model with specified fixed in-
teger lead times for all workstations instead of
a workload limit. The WIP at each worksta-
tion is limited by the constraint that it can be
cleared within the lead times (Piirgstaller and
Missbauer 2012).

All three types of WLC methods are similar.
Rule based WLC, optimization based WLC,
and optimization based WLC with exogenous
lead times create a pool from where jobs are re-
leased based on the workload situation. This is
different from due date based release methods
such as, for example, incorporated in Mate-
rial Requirements Planning (MRP). The main
difference across WLC methods is that rule
based WLC uses a greedy heuristic and the
workload limit as the main constraint, op-
timization based uses optimization and the
workload limit is a main constraint, and op-
timization based with exogenous lead times
uses optimization without an explicit work-
load limit. But despite their similarities, no
study to date compared all three WLC meth-
ods.
pared optimization based with exogenous lead
times and rule based WLC. They concluded

Piirgstaller and Missbauer (2012) com-

that the former largely outperforms rule based
WLC in their simulations, except in the case of
a largely constant demand and product mix.
But Piirgstaller and Missbauer (2012) did not
use more advanced rule based release meth-
ods, such as the one presented in Thiirer et
al. (2012). Fernandes et al. (2020), concluded
that optimization based can outperform rule

based WLC, especially in terms of percentage
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tardy and mean tardiness. But Fernandes et
al. (2020) did not consider optimization based
WLC with exogenous lead times. Managers
are consequently still left alone with the deci-
sion which WLC method to choose for their
shop. In response this study asks:

Which WLC method (rule based, optimization
based or optimization based with exogenous lead
times) leads to the best tardiness performance?

Discrete event simulation will be used to
answer this question. In the next section, we
introduce the order release methods to be in-
cluded in our study. The simulation model
used to assess performance is then described
in Section 3, before results are presented and
analyzed in Section 4. A discussion is pre-
sented in Section 5. Finally, we conclude in
Section 6, where we also summarize manage-

rial implications and limitations.

2. Background

This section introduces the specific WLC meth-
ods that will be considered in this study. Rule
based WLC is reviewed in Section 2.1, opti-
mization based WLC Section 2.2, and optimiza-
tion based WLC with exogenous lead times in
Section 2.3.

2.1 Rule based WLC

A broad set of different rule based WLC meth-
ods has been presented in the literature. In
this paper, the LUMS COR (Lancaster Uni-
versity Management School Corrected Order
Release) method is used given its good per-
formance in previous studies (Thiirer et al.
2012). Although new methods, such as Con-
tinuous Release (Fernandes et al. 2017) have

the potential to outperform LUMS COR, we

decided for LUMS COR to keep it closer to op-
timization based release. Continuous Release
was included in the study by Fernandes et al.
(2020), who compared OPTimization release
method (OPT) and LUMS COR. So, we are
confident that our findings also hold for this
method. LUMS COR uses a periodic release
procedure to keep the corrected workload W;
that is released to workstation s and not yet
completed within a pre-established workload
limit or norm Nj as follows:

1) All jobs in the set of jobs | in the pre-
shop pool are sorted according to the planned
release date.

2) The job j € | with the highest priority is
considered for release first.

3) Take r; to be the ordered set of opera-
tions in the routing of job ;. Ifjob j’s processing
time P;; at the i'" operation in its routing — cor-
rected for station position i — together with the
workload W; released to station s (correspond-
ing to operation 7) and yet to be completed fits
within the workload norm Nj at this station,
that is @ + Ws < N, Vi € rj, then the job is
selected for release. That means it is removed
from | and its load contribution is included,
ie. W5 := Ws + @, Vi € rj. Otherwise, the
job remains in the pool and its processing time
does not contribute to the station load.

4) If the set of jobs | in the pool contains any
jobs that have not yet been considered for re-
lease, then return to Step 2 and consider the job
with the next highest priority. Otherwise, the
release procedure is complete, and the selected
jobs are released to the shop floor.

Since a released job contributes to W, until
its operation at this station is completed, the

load contribution to a station in LUMS COR
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is calculated by dividing the processing time
of the operation at a station by the station’s
position in a job’s routing (Oosterman et al.
2000). In addition to the above periodic re-
lease mechanism, LUMS COR incorporates a
continuous workload trigger. If the workload
of any station falls to zero, the next job in the
pool sequence with that station as the first in
its routing is released irrespective of whether
this would exceed the workload norms of any
station in a bid to avoid premature station idle-

ness.

2.2 Optimization Based WLC

This study focuses on methods that use ILP
models. Irastorza and Deane (1974) were the
first to apply linear programming to order
release, integrating lower-workload, upper-
workload, and urgency of orders into an ob-
jective function. Since then, there has been
increasing interest, e.g. Yan et al. (2016), Fer-
nandes et al. (2020), Kundu et al. (2021). The
main difference among the different studies is
the weight given to each element in the objec-
tive function. Fernandes et al. (2020) recently
argued that the use of weights is not meaning-
ful given that urgency and workload represent
different measures. They consequently sug-
gested that OPT should only focus on the work-
load and that urgency should be integrated by
creating two classes: urgentand non-urgent or-
ders. Urgent orders are released first according
to OPT before non-urgent orders are released
according to rule based WLC. The method pro-
posed in Fernandes et al. (2020) will be con-
sidered in this study since it yielded the best
performance.

The OPT release for urgent orders is exe-

cuted according to the following model:
min f = »"(N; = Ws) (1)
S
pij .
WS:AS+ZijT,Vzerj )
1

Wy < Ny, Vs €5; 3)

0, if j is not selected for release )
Yj = Vi
1, if j is selected for release

(4)
WS!AS ZO/VS/]. (5)

Where A; is the ‘corrected’ aggregate load at
station s before the release decision is made,
S;j is the set of stations required for the pro-
cessing of order j, while other variables are as
defined in Section 2.1. Meanwhile, Y; is the
decision variable. The release decision is exe-
cuted by setting this decision variable to 1 (se-
lected for release) or 0 (not selected for release)
for each of the jobs in the pre-shop pool. The
optimization procedure sets these variables so
that the objective function is minimized given
the constraint defined in Equation (3). Once
the release decision has been made, the load
of the released jobs is credited to the current
stations” workload, and the jobs are released

and removed from the pool list.

2.3 Optimization Based WLC with Exoge-

nous Lead Times

This study only focuses on methods that use
simple JIOC models to ensure similar complex-
ity (and consequently applicability in practice)
across the methods compared. This means that
optimization methods using non-integer lead
times (e.g. Hackman and Leachman (1989),
Kacar et al. (2016)) or iterative mechanisms to

determine lead times (e.g. Leachman and Car-
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mon (1992), Kim and Kim (2001), Hnaien et al.
(2008)) are neglected. If methods using simple
I0C models outperform other methods, then
this will likely also hold for these more com-

plex methods.

IOC subdivides the production plan into
time periods and determines the amount of
work to be released per period. It specifies
fixed, integer lead times for all workstations,
and then limits the WIP at each workstation
so that the WIP can be cleared within the
lead times (e.g. Piirgstaller and Missbauer
(2012), Haeussler et al. (2020)). Itis thus closely
aligned with the idea of input/output control
Wight (1970), Plossl and Wight (1973) that un-
derlies all WLC methods. The original model,
as introduced by Piirgstaller and Missbauer
(2012), is not provided here given space con-
straints. The model used in this study inte-
grates some variables of the original model
into a set. Using the notation in Table 1, and
assuming that the production system consists
of several workstations with input and output
buffers, and that there is a finished goods in-

ventory at the end of the production system,

the IOC model can be formulated as follows:

minz Z Z(a)jsw]'ts + a)]-stts + QjB]'ts)
s j ot

+ 3" (@jFje + 0;Bjz) 6)
j t
Wits = Wji-1,s + Rjts — Xjis, VY, t, 8
@)
ths - Bjts = Fj,t—l,s - Bj,t—l,s + ths - Rj,t—yj,s
- DjtS/Vj/ t/S # max(rj) (8)

) T ) ) »f
Fjt = Bjt = Fjt-1 = Bjt-1 + Rjt—pjn + Ry,

—Djt,Vj, t,s = max(r)) 9)
T4
Za,SWﬂs < Z Z a]SX]lSI
joI=t+1
«Vs;fort =1,---,T — 145 (10)

Z ajsWits < Z Z ajs Xjis + (t+ 15 — T)Cs

joI=t+1

+Vs;fort =T —145+1,---,T (11)
ijsxjts < CSIVj/ t,S (12)
j

thS/ thS/ thsr R]ts = 0 v]rt S (13)

If workstation s is the last processing op-
eration in the routing of job j, Fj;s can be
transferred immediately to the finished goods
inventory Fj; and is removed. Meanwhile,
Dj;s denotes the quantity of job j that was
released before the current period time and
should be transferred from workstation s to an-
other workstation or finished goods inventory
in period t. Equation (5) presents the resource
balance constraint for WIP inventory at the in-
put buffer of each workstation. Equation (6)
and (7) define WIP balance and inventory bal-
ance for different workstations. Equation (6)
defines resource balance when workstation s is
not the last workstation in the routing of order
j. Equation (7) defines resource balance when
workstation s is the last workstation in the rout-
ing of order j. Constraints (8) and (9) limit the
WIP at the input buffer of workstations during
the whole planning horizon T. The length of
time f in constraint (9) ensures the equality of
timely cleared orders. Constraint (10) ensures
restricted production resource usage during a
period at each workstation. Finally, constraint

(11) assures non-negative values of the deci-

7
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Table 1 Symbols Used in the IOC Model

(a) Indices Used in Model

Indices
t Period index (t =1,---,T)
S, n Workstation index (s, n =1,---,5%)
j Productindex (j=1,---,])

(b) Decision Variables Used in Model

Decision variables

Wits WIP of product j at the input buffer or processing at station s at the end
of period ¢

Fj Finished quantity of product j at the end of period ¢

Fjs Finished quantity of product j at the end of period t at the output buffer
of workstation s

Bj Backlog quantity of product j at the end of period ¢

Bjis Backlog quantity of product j at workstation s at the end of period ¢

Rjt Released quantity of product j in period ¢

Rits Released quantity of product j to station s in period ¢

Xijts Quantity of product j that entered the output buffer at workstation s in
period ¢

(c) Parameters Used in Model

Parameters
R?ts Quantity of product j that flows from workstation s to workstation # in period ¢
R jts Quantity of product j that flows from workstation s to finished goods in period ¢
Cs Capacity at workstation s
Dj Demand of product j in period ¢
Wjs Unit cost of product j at workstation s
Vis Unit cost of product j at output buffer of workstation s
®j Unit cost of product j in finished goods inventory
0; Unit backlog penalty cost of product j if tardy finished
ajs Processing time of product j at workstation s
Tts Lead time at workstation s at the period ¢

Ujs Lead time of order j at the total upstream workstation of workstation s
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sion variables.

3. Simulation Model

The simulated shop and job characteristics are
first summarized in Section 3.1. How we op-
erationalized the three WLC methods is then
outlined in Section 3.2, before the dispatching
rules considered are summarized in Section
3.3. Finally, a description of the experimental
design and the performance measures is given
in Section 3.4. The production environment
and the release methods are implemented in

Python.

3.1 Shop and Job Characteristics

We consider two shop types: a Pure Job Shop
(PJS) and a General Flow Shop (GFS). Both con-
tain six workstations with equal, constant ca-
pacity. Following Oosterman et al. (2000), the
routing length of jobs varies uniformly from
one to six operations for both shops. The rout-
ing length is first determined before the rout-
ing sequence is generated randomly without
replacement, i.e. re-entrant flows are prohib-
ited as in e.g. Fernandes et al. (2020). This
leads to the routing vector for the PJS. For the
GFS, this routing vector is sorted such that the
routing becomes directed and there are typical
upstream and downstream stations. Opera-
tion processing times follow a 2-Erlang distri-
bution with a truncated mean of 1 time unit
and a maximum of 4 time units. The workload
limit in LUMS COR and OPT should be larger
than the maximum possible processing time.
To still allow for tight control, operation pro-
cessing times are truncated. The inter-arrival
times of orders follow an exponential distri-

bution with a mean of 0.648 time units, which

deliberately results in an utilization of 90%. We
ensured that there is an equal utilization for all
methods tested. This means all methods pro-
duce the same amount of work and given the
use of common random number streams also
the same set of jobs. Due dates are established
by adding a random allowance, uniformly dis-
tributed between 30 and 45 time units, to the

entry time of orders.
3.2 WLC Order Release

As in previous simulation studies on WLC, it
is assumed that all jobs are accepted, materi-
als are available, and all necessary informa-
tion regarding shop floor routings, processing
times, etc. is known. Jobs flow directly into the
pre-shop pool at their arrival and await release
by the release methods. The parametrization
of each rule is presented next. As a baseline
measure, experiments without controlled or-
der release have also been executed, i.e. jobs
are released onto the shop floor immediately

upon arrival.

3.2.1 Rule Based WLC - LUMS COR

Eight settings for the workload norm Nj; are
considered, from 5 to 12 time units. The pe-
riodic release interval was set to 4 time units.
The planned release date of a job is given by its
due date minus an allowance for the operation
throughput time for each operation in its rout-
ing. The allowance for the operation through-
put time at each station was set to 3 time units

based on preliminary simulation experiments.

3.2.2 Optimization Based WLC- OPT

OPT uses the same setting for the workload
norm and the periodic time interval as LUMS
COR. To define urgent and non-urgentjobs, the

same planned release dates are used. Urgent
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jobs are released using the OPT model.

3.2.3 Optimization Based WLC with Exoge-
nous Lead Times - 10C*
The optimization model is triggered every re-
lease period, i.e. a rolling horizon release plan-
ning with periodic re-planning of orders is sim-
ulated. The planning horizon T was set to 12
time units based on previous literature, e.g.
Haeussler et al. (2020).

mated backward as follows:

Lead times are esti-

Li=pjsfi=1 (14)

L%:%j+mJJ>1 (15)

where L;S denotes the lead time estimate for
job j at workstation s, i.e. the i*" operation in
the routing of job j, which is determined by
the lead time of the previous operation in the
routing, i.e. the (i — 1) operation, and the
processing time of job j at workstation s, and
f is the flow factor of job j, which is the ratio
of ajob’s lead time to the sum of all processing
times of all operations.

We further adopted the rounding method
to obtain integer lead time estimates from the
non-integer values observed in the simulation.
The overall integer lead time of a job is de-
termined by the sum of each operation’s non-
integer lead time. Note that we also conducted
additional experiments using non-integer lead
times. These experiments showed no signifi-
cant performance differences across the meth-
ods compared in this study.

Meanwhile, the IOC* method considers
several objectives. The objective function has
two parts: costs incurred before the order is
completed and costs incurred after the order is
completed. The first part includes WIP cost at

the input buffer of the workstation, inventory

cost at the output buffer of the workstation,
and backlog cost at the workstation. The sec-
ond part includes the inventory cost and back-
log cost of finished orders. The term backlog
refers to orders that are tardy, i.e. for which
the due date already passed the current date.
These costs function equivalent to a weight-
ing factor. For example, relative increases in
finished goods inventory cost (compared to
the other costs) can prevent early production,
while increases in the backlog cost can reduce
percentage tardy and mean tardiness. We con-
sequently consider a criticality factor g in this
study, which is the ratio of finished inventory
unit cost and backlog unit cost. We consider
three levels: 0,1/5,and 2/5, as summarized in
Table 2. Theses cost ratios are based on previ-

ous literature Haeussler and Netzer (2020).

3.3 Dispatching

We consider two rules to choose the job that
is processed next from the queue in front of a
station on the shop floor in this study: First-
Come-First-Served (FCFS) and Operation Due
Date (ODD). FCFS was chosen as a benchmark.
ODD was chosen since it performed well in job
shops (Kanet and Hayya 1982). IOC* includes
an indication of the operation due dates. For
rule based WLC and OPT, the operation due
date for the last operation in the routing of
a job is equal to the due date while the op-
eration due date of each preceding operation
is determined by successively subtracting an
allowance for the operation throughput time
from the operation due date of the next opera-
tion. In this study, the allowance for the oper-
ation throughput time at each station is set to

3 time units based on preliminary simulation
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Table2 Cost Parameters Considered in this Study

I0C*T  IOC*I  IOCHII
WIP unit cost (a)]-s) 15 15 15
Finished Inventory unit cost (¢;) 0 15 30
Backlog unit cost (6;) 75 75 75
Cost criticality factor (g) 0 1/5 2/5

experiments.

3.4 Experimental Desigh and Perfor-

mance Measures

The experimental factors are: (i) the two shop
types; (ii) the three different order release
methods (LUMS COR, OPT and IOC*) and
their parametrization; and (iii) the two dis-
patching rules. This results in 84 (2 x 21 x
2) scenarios using a full factorial design. Each
scenario was replicated 100 times, and for each
replication data was collected for 10,000 time
units, being the warm-up period set to 3,000
time units.

There is no best method and better in our
study refers to one method leading to better
results for a given measure and in a very spe-
cific context. Our focus is on tardiness per-
formance and a broad set of measures is con-
sidered to capture this performance. The five
principal performances measures considered
in this study are as follows: the gross through-
put time, i.e. the completion time of the order
minus its entry time; the shop floor throughput
time, i.e. the gross throughput time minus the
queuing time in the pre-shop pool; the percent-
age tardy, i.e. the percentage of orders delivered
after the customer due date; the mean tardiness,
where T; = max(0, L;) indicates the tardiness
of job j, with L; being the lateness of job j

(i.e. the actual delivery date minus the due

date of job j); and the mean earliness, where
E; =| min(0, L;) | indicates the earliness of job
j. We consider earliness since we have a fin-
ished goods inventory. In contrast, most of the
WLC release literature considers a pure make-
to-order context where orders are directly de-
livered to the customer and, most importantly,

the customer values this early delivery.
4. Results

4.1 Performance Assessment

Since there is no ‘best’ parameter setting across
the different measures, we opted for perfor-
mance curves. Rather than showing a single
value for each method, we illustrate perfor-
mance over a range of norm levels which allows
for qualitative comparison of methods across
different performance measures. Each perfor-
mance curve represents one release method,
and each data point on a curve represents a
specific norm level for LUMS COR and OPT
or a specific factor g for the IOC* model. The
main simulation results for the PJS are illus-
trated in Figure 1a and Figure 1b for FCFS and
ODD dispatching, respectively. In addition,
the results for immediate release (IMM) are
given by an isolated point. Meanwhile, shop
floor throughput times are commonly used as
instrumental variable in the order release liter-

ature since tightening the norms reduces shop
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floor throughput times. This is not true for
IOC, since it does not use a norm, which ex-
plains the vertical line. We still kept the shop
floor throughput time at the x-axis given com-

mon convention in the WLC literature.

The performance of the different order re-
lease methods can be evaluated by comparing
the performance curves in each figure. Re-
sults confirm Fernandes et al. (2020) — OPT
outperforms LUMS COR in terms of percent-
age tardy and it can provide similar mean tar-
diness levels if workload norms are set appro-
priately. This is achieved by a reduction in
gross throughput time (and thus mean late-
ness), leading tighter norms to an increase
in the dispersion of lateness, as can be ob-
served from the mean tardiness and mean ear-
liness performance. Results extend Piirgstaller
and Missbauer (2012) showing that IOC* also
outperforms more advanced rule based WLC
methods. Most importantly, IOC* leads to the
best performance in terms of percentage tardy,
mean tardiness and mean earliness. It sig-
nificantly reduces the dispersion of lateness,
which offsets the loss in gross throughput time
(and thus mean lateness) performance. This
has important implication for the WLC litera-
ture, focusing the majority of studies on rule
based order release or optimization based or-

der release without exogenous lead times.

The performance of the two different dis-
patching rules can be evaluated by compar-
ing results in Figure 1(a) (FCFS dispatching)
and Figure 1(b) (ODD dispatching). As ex-
pected, ODD leads to better tardiness perfor-
mance. Most importantly, the qualitative per-
formance effect of the different release meth-

ods is not affected by the choice of dispatching

rule. Finally, similar conclusions on the rela-
tive performance of the release methods and
dispatching rules to those in the PJS can be
drawn from our results in the GFS, i.e. when
routings are directed. This is illustrated in Fig-
ure 2(a) and 2(b), which present the results for
FCFS and ODD dispatching, respectively.

4.2 Performance Analysis

To better understand performance differences
across methods, we collected the overtime de-
velopment of the corrected aggregate work-
load at an arbitrary station for the PJS. Results,
as given in Figure 3, were collected for a norm
level of six for LUMSCOR and OPT and a cost
criticality factor of 0 for IOC*. Results show
that OPT keeps the corrected aggregate load
closer to the workload norm than LUMS COR.
This can be observed, for example, around 800
time units. Meanwhile, there is only a differ-
ence between both methods when not all ur-
gent orders can be released. This is in high
load periods when many jobs become tardy.
In these periods OPT is able to better fill up
the norm with urgent jobs. LUMSCOR further
allows for exceeding the norm through its star-
vation avoidance trigger. IOC* allows for the
highest load. This in turn gives the sequencing
rule the capability to reduce the dispersion of
lateness.

We only focused on operational perfor-
mance measures so far. These remain rather
separated and an integrative view is missing.
Mezzogori et al. (2022) recently proposed to
quantify the main benefits of WLC in economic
terms, suggesting this as the easiest way to
compare different and even conflicting perfor-

mance measures. Costs and incomes are iden-
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tified and used to develop an overall economic
measure that can be used to evaluate and fine
tune the operating features of WLC. Results
for this measure are given in Figure 4a and 4b,
which present the results for FCFS and ODD
dispatching, respectively. These results further

confirm our findings.

5. Discussion

This study extends Piirgstaller and Missbauer
(2012), Haeussler and Netzer (2020), who al-
ready showed that optimization based WLC
methods are better than rule based WLC meth-
ods. This study extends these studies by show-
ing that WLC methods that consider the lead
time to be exogenous also have the potential
to perform better than more advanced OPT
methods, and rule based WLC methods that

only later emerged.

The literature distinguishes between WIP
regulating release methods, such as Constant
WIP (ConWIP), and methods that balance the
workload (Lodding 2012).

methods control the number of jobs, which

WIP regulating

means they neglect the actual workload of each
job. This leads to unbalanced workload situ-
ations when the workload varies across jobs
as is typical for high variety contexts. Load
balancing method, such as WLC, consider the
workload. But this also means that a job that
is more urgent may be delayed if its workload
does not fit the workload limit. If the num-
ber of jobs is controlled, these sequence de-
viations are not introduced. The tighter the
workload norm the larger the sequence devi-

ations, which leads to some large jobs being
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delayed for a long time. Both LUMS COR and
OPT suffer from sequence deviations, as can be
observed from the increase in mean tardiness
and mean earliness (and thus the dispersion of
lateness) when norms are tightened. A main
weakness of both LUMS COR and OPT is the
focus on reducing average lateness introduced
by the workload norm. The issue is the un-
derlying model that underlies both. IOC* en-
sures that all jobs are cleared within the lead
time. This avoids very large sequence devia-
tions as can be observed from the reduction in
mean tardiness and mean earliness (and thus
the dispersion of lateness). As a drawback,
10C* is likely more complex.

Delivery performance can be improved by
improved load balancing, which reduces the
mean lateness, or improved timing, which re-
duces the dispersion of lateness (Soepenberg
et al. 2012). Our results highlight that LUMS
COR and OPT focus too much on load balanc-
ing. IOC* realizes a better trade-off in terms
of load balancing and timing. However, this
depends on due date tightness. Tighter due
dates simply require the average lateness to be
reduced, with improved balancing being one
way of achieving this (Thiirer et al. 2015). But
for most practical situations, ensuring a mean
lateness and then reducing the dispersion of
lateness by appropriated weighting of earli-
ness and tardiness is likely to lead to better

performance.

6. Conclusion

WLC realizes a key production planning and
control function: order release. A large liter-
ature on WLC release methods consequently

emerged. WLC release methods can be either

rule based, i.e., use a simple greedy heuris-
tic, optimization based, or optimization based
with lead times that are exogenous. Despite
the large literature on WLC, these three types
of methods have never been compared. Lit-
erature only compared a subset and remained
inconclusive. This leaves managers alone in
their task to choose an appropriate WLC order
release method for their shop. Inresponse, this
study started by asking: Which WLC method
(rule based, optimization based or optimiza-
tion based with exogenous lead times) leads to
the best tardiness performance? Simulation re-
sults show that WLC order release that consid-
ers lead times to be exogenous (IOC*) outper-
forms WLC order release methods that do not
consider lead times as part of the planning pro-
cedure, which may be either rule based (LUMS
COR) or optimization based (OPT). This has
important implication for the future design of

order release methods.

6.1 Managerial Implications

Our results indicate that a focus on WIP may
not be the best if company performance is mea-
sured in earliness and tardiness. The shop floor
goal of stable, short queues in front of stations
may result in missing these company goals if
sequence deviations are introduced. Measur-
ing the queue does not indicate how long each
individual job waits in the queue, but this is
what is of importance to the customer. Work-
load Control release that assumes lead times
to be exogenous, avoids large sequence de-
viations. Previous literature highlighted that
delivery performance improvement requires a
careful analysis whether better load balanc-

ing or improved sequencing is required. This



Yuan et al.: Rule based vs Optimization based Workload Control with and without Exogenous Lead Times: An Assessment by Simulation 567

study shows that sequencing can be improved
by relaxing load balancing. It is a question of

trade-offs rather than continuous reduction.

6.2 Limitations and Future Research

A main limitation of our study is the limited
environmental setting. While we consider this
to be justified to keep our study focused, fu-
ture research could assess whether our find-
ings also hold in other shop structures or un-
der different levels of processing time variabil-
ity. Meanwhile, we also only focused on input
control, neglecting other manufacturing con-
trol functions to keep our study focused. Fu-
ture research should include other manufac-
turing control functions, which were shown to
significantly improve the performance of re-
lease methods (e.g. Mezzogori et al. (2021)). A
further limitation is the neglect of more ad-
vanced optimization based release methods
that consider lead times to be exogenous, such
as methods that assume load dependent lead
times. The main reason are the complexities
involved, which are still not fully resolved and
thus question the applicability in practice com-
pared to the simpler methods compared in this
study. Future research is needed to further
develop these advanced methods, specifically
in the light of our results that highlight their
performance potential. This also includes sim-
plifications and explanations that ensure that
managers in practice understand the methods
they will use, a key requirement for applica-

tion.
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