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Abstract 

In this paper an improved set of benchmark instances for the simple assembly line balancing 

problem is presented. The benchmark set currently available consists of instances with 7 to 297 

tasks to be executed. Although Claims made in the literature state that instances with up to 

1000 tasks can be solved to optimality (less than) ten instances of these benchmark sets are still 

unsolved. The majority of the unsolved instances consists of 297 tasks, and the smallest unsolved 

instance consists of only 75 tasks. On the one hand the instance set is very heterogenous, and on 

the other hand, the instances are, at least paxtly, highly correlated through identical networks and 

processing times. Consequently, the available set is not suited that well to analyze the Performance 

of heuristic and exact algorithms experimentally. 

This paper presents a generator that allows the systematic generation of benchmark instances, 

and thus the systematic evaluation of algorithmic Performance. In this paper new systematically 

generated benchmark instances are presented. The instance generator employs some features of 

the well-known program package ProGen, which has been developed for the generation of bench

mark instances for the resource-constrained project scheduling problem. However, for the simple 

assembly line balancing problem the generation of the processing times of the tasks is of particular 

importance. 

The instances generated consist of 50, 75, and 100 tasks. The computational results obtained 

by one of the most efficient exact Solution procedures are reported. The study reveals that even 

instances with 50 tasks cannot be solved to optimality within a reasonable amount of time. 

The instances as well as the lower and the upper bounds can be loaded from our web-server. 

Moreover, improved solutions can be submitted via e-mail. The solutions are checked and the 

library is updated accordingly. Depending on the progress made in the development of exact and 

heuristic Solution procedures the library is enhanced and new benchmark instances are added. 

0 General Information 

Contact address: Arno Sprecher, Institut für Betriebswirtschaftslehre, Christian-Albrechts-Universität 

zu Kiel, Olshausenstraße 40, 24098 Kiel, Germany, sprecher@bwl.uni-kiel.de. 

The instance generator SalbGen, the detailed description of SalbGen, the instance-sets, their charac-

terizations as well as the optimal or best known heuristic objective function values are (will be made) 

available on the ftp-site ftp.bwl.uni-kiel.de under the path /pub/operations-research/salbgen. 

New results, comments, and questions can be communicated via e-mail to salblib@bwl.uni-kiel.de. 
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1 Introduction 

The simple assembly line balancing problem belongs to the classical scheduling problems. It is studied 

for more than forty years. The problem considers the assignment of tasks to ordered stations (Bay-

bars [1], Hoffmann [5], Jackson [6], Johnson [7], Scholl and Klein [21]). Precedence relations between 

some of the tasks impose a partial ordering, reflecting which task has to be completed before others. 

The precedence relations can be depicted by an acyclic network with exactly one source and sink. The 

tasks are related to the assembly of a product, which have to be performed at consecutive stations. 

A conveyor belt moves the product from Station to Station. At the stations the assigned tasks have 

to be processed within the cycle time, i.e., within the time the conveyor stops at the Station, or, as 

in automotive assembly within the time the product moves within the Station. Given the cycle time 

the production rate, i.e., the number of products to be finished per period, is fixed, and vice versa. In 

the simple assembly line balancing problem (SALB) the processing times of the tasks are known in 

advance and cannot be split between different stations. 

Two types of the SALB are mainly considered: First, the SALB of type-1 (SALB-1) is involved with 

the minimization of the number of stations for a given cycle time. If the stations are manned by a 

worker, the objective can be interpreted as the minimization of labor costs. Second, in the SALB 

of type-2 (SALB-2) the number of stations is fixed and the production rate is to be maximized, or 

equivalently, the cycle time is to be minimized (see, e.g., [8]). We focus on the SALB-1, although, the 

instances can be employed for studying other balancing problems as well (see below). 

Three benchmark sets are currently available. The Hoffmann-Set ([4], [5], 50 instances), the Scholl-

Set ([19], 168 instances), and the Talbot-Set ([25], 64 instances). The combined set consists of 269 

instances - 13 instances are in in the Talbot-Set as well as in the Hoffmann-Set. The sources of the 

problems as well as a detailed description of the network structures and the processing times can be 

found in [19]. 

The basic characteristics are summarized in Table 1. The first column displays the author of the 

instance, who proposed the network structure and the processing times. The second column shows 

the number of tasks. The third and fourth column define the minimum and maximum cycle time. 

The fifth column gives the number of different cycle times out of the interval, which are used to define 

an instance of the Hoffmann-Set (H), of the Scholl-Set (S), and of the Talbot-Set (T). The remaining 

columns contain the minimum processing time, the maximum processing time, the sum of processing 

times, the Order strength in percent, and the time variability ratio TV — tmax/trnm (see [20], p. 39). 

The instances and variations of them have been employed to study, e.g., the SALB-1 (see, e.g.,[21], 
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Author J cmin ginax Set £min f.max j.sum 03[%] TV 
Arcus 1 83 3786 10816 T(7),H(11) 233 3691 75707 59.1 15.8 
Arcus 2 111 5755 17067 T(6),H(14) 10 5689 150399 40.4 568.9 
Bartholdi 1 148 403 805 S(8) 3 383 5634 25.8 127.7 
Bartholdi 2 148 84 170 S(27) 1 83 4234 25.8 83.0 
Bowman 8 20 20 T(l) 3 17 75 75.0 5.7 
Buxey 29 27 54 S(7) 1 25 324 50.7 25.0 
Gunther 35 41 81 S(7) 1 40 483 59.5 40.0 
Hahn 53 2004 4676 S(5) 40 1775 14026 83.8 44.4 
Heskiaoff 28 138 342 T(6) 1 108 1024 22.5 108.0 
Jackson 11 7 21 T(6) 1 7 46 58.2 7.0 
Jaeschke 9 6 18 T(5) 1 6 37 83.3 6.0 
Kilbrid 45 56 184 T(6), H(6) 55 552 44.6 18.3 
Lutz 1 32 1414 2828 S(6) 100 1400 14140 83.5 14.0 
Lutz 2 89 11 21 S(ll) 1 10 485 77.6 10.0 
Lutz 3 89 75 150 S(12) 1 74 1644 77.6 74.0 
Mansor 11 48 94 T(3) 45 185 60.0 22.5 
Mertens 7 6 18 T(6) 1 6 29 52.4 6.0 
Mitchell 21 14 39 T(6) 1 13 105 71.0 13.0 
Mukherjee 94 176 351 S(13) 171 4208 44.8 21.4 
Rosenberg 25 14 32 S(6) 1 13 125 71.7 13.0 
Sawyer 30 25 75 H(7), T(7) 1 25 324 44.8 25.0 
Scholl 297 1394 2787 S(26) 1386 69655 58.2 277.2 
Tonge 70 160 527 T(5),H(12) 1 156 3510 59.4 156.0 
Warnecke 58 54 111 S(16) 7 53 1548 59.1 7.6 
Wee / Magazine 75 28 56 S(24) 2 27 1499 22.7 13.5 

Table 1: Problem Characteristics (Scholl [19]) 

[24]), the SALB-2 (see, e.g.,[8]), the U-line balancing problem (see, e.g., [14],[15], [22], [26]), and the 

design of assembly systems (see, e.g., [18]). 

However, considering the SALB-1, the majority of the instances can be solved within less than 1000 

seconds of CPU-time on a personal Computer (80486, 66 MHz) by the competitive branch-and-bound 

algorithm presented in [24]. However, although, claims made in the literature (see [7]) State that 

instances with up to 1000 tasks can be solved - by less efficient approaches - to optimality nine 

instances of these benchmark sets are still unsolved (see [19], [21], [24]). The unsolved instances 

consist of 75 tasks (Wee / Magazine, 1 instance), 111 tasks (Arcus 2, 1 instance), 148 tasks (Bartholdi 

2, 1 instance), 297 tasks (Scholl, 6 instances). So the instance set has some disadvantages, e.g., 

(a) the instance set is too small to allow a proper evaluation, (b) the instances are, at least partly, 

highly correlated through identical networks and processing times, only 25 different networks build 
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the framework for the entire set, and (c) the instance set is extremely heterogeneous with respect to 

the the size of the networks, some instances have only 7 tasks and others as much as 297 tasks. 

Consequently, the available sets are not suited that well for an experimental analysis of Performance of 

exact and heuristic algorithms. In this paper new systematically generated benchmark instances are 

presented. The instance generator employs some features of the well-known program package ProGen 

([9], [10] and [11]). ProGen has been developed for the generation of benchmark instances for the 

resource-constrained project scheduling problem. The instances provide the foundation of a proper 

analysis of algorithmic Performance. 

The instances for the SALB-1 consist of 50, 75, and 100 tasks. Computational results obtained by one 

of the most efficient exact Solution procedures (see [24]) are reported. The computational results reveal 

that there are instances with only 50 tasks that cannot be solved to optimality within a reasonable 

amount of time. 

The instance generator SalbGen, the instances, the lower and the upper bounds for the SALB-1 can 

be loaded from our web-server. Moreover, improved solutions can be submitted via e-mail. The 

solutions are checked and the library is updated accordingly. Depending on the progress made in the 

development of exact and heuristic Solution procedures the library will be enhanced by new benchmark 

instances. 

We proceed as follows: In Section 2 we summarize the basic terminology of assembly line balancing. 

Moreover, the formal definition of the SALB-1 is presented. In Section 3 the components of the 

instance generator SalbGen are described. In Section 4 the fixed and variable parameter settings of 

the newly generated benchmark sets are presented. In Section 5 the computational results obtained 

by the exact Solution procedure presented in [24] are revealed. Finally, in Section 6, we draw the 

conclusions. The input files employed and Output files generated are described in the Appendix. 

2 The Model 

We consider the assembly (production) of a product that can be decomposed into J tasks. The 

tasks have deterministic processing times tj, j = 1,..., J, and are, due to technological requirements, 

partially ordered by precedence relations. The precedence relations are described by the sets of 

predecessors Vj of the tasks j, j = 1,..., J, indicating that a task j may not be processed before all 

the tasks h, h 6 Vj, are completed. The related graph can be depicted by an acyclic task-on-node 

network where the nodes represent the tasks and the arcs represent the precedence relations. We 

assume that the tasks are numerically labeled, i.e., a task always has a higher number than all its 
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predecessors. Without loss of generality, the network has exactly one source j = 1 and exactly one 

sink j = J with a processing time of zero. The tasks have to be assigned to linearly ordered stations. 

For a given upper bound V on the number of stations, we denote the set of tasks assigned to Station v, 

i.e., the load of Station v by LSV, v = 1,..., V". If two tasks i and j with i e Vj are assigned to 

stations v and v, i.e., i £ LSV and j 6 LSy then v < v is required. The processing time of a Station v 

is determined by the sum of the processing times of the tasks which are assigned to the Station v. It 

is denoted as PT(v). The processing time of the stations is limited by the cycle time c. Given the 

production rate, we can calculate the cycle time c, and vice versa. The objective is the minimization 

of the production costs given by the number of stations. The parameters are summarized in Table 2. 

J : number of tasks 

tj : processing time of task j 

Vj (Sj) : set of immediate predecessors (successors) of task j 

V : upper bound on the number of stations 

c : cycle time 

The problem is infeasible, if there is a task having a processing time which exceeds the cycle time c. 

Otherwise, an upper bound V on the minimal number of stations is given by the number of tasks to 

be performed, i.e., V = J. We assume feasibility and introduce binary variables XjV, j = 

and obtain the mathematical programming formulation displayed in Table 3 (see [2], [17], [27]). 

Since we have only one finishing task the objective (1) realizes the minimization of the number of 

stations. (2) ensures that each task is assigned to exactly one Station. Constraints (3) guarantees, 

that the sum of the processing times of the tasks assigned to the same Station does not exceed the 

cycle time c. The precedence relations are taken into account by (4). 

Note, we have assumed that the tasks assigned to the same Station have to be performed consecutively. 

Therefore, the precedence relations between a task h and a task j, h € Vj, that are not taken 

into account by assigning task h to a lower indexed Station than task j, have to be considered by 

first processing task h and then task j at the Station the tasks are assigned to, that is, due to 

Table 2: Problem Parameters - SALB-1 

v = 1,... , V 

1 , if task j is assigned to Station v 

0 , otherwise. 
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V 
Minimize Z(x) = ^ v • xjv (1) 

V — l 
s.t. 

^xjv = 1 j = (2) 
V=l 

3 __ 
Y,tjXjv<c v = l,...,V (3) 
3 = 1 
V V 
^2V 'xhv < Ylv 'xjv j = 1,... ,J,h EVj (4) 
v=l f =1 
Xjv G {0,1} j = 1, • • •,«/, v — 1,..., V (5) 

Table 3: Model of the SALB-1 

numerically labeling of the network, the tasks assigned to identical stations can be arranged to satisfy 

the precedence constraints by ordering them with respect to increasing lab eis. 

3 Characterization and Generation of Instances 

In this section we summarize the characteristics of the instances, that is, the input parameters of 

SalbGen, and their use during the construction of the benchmark sets. The definition of the parameters 

and their usage during the computation of the instances is presented in the following subsections: In 

Subsection 3.1 the parameters are summarized. In Subsection 3.2 the base data and processing time 

generation is described. In Subsection 3.3 the network generation is outlined. 

The random numbers required to implement the stochastic components of the generation process have 

determined through the combined multiple recursive random number generator of [12]. 

3.1 Characterization of Instances 

P : number of products to be assembled, 

jmxn (jmaxj . Minimum (maximum) number of non-dummy tasks to be executed to assemble 

a product, 

cmm (cmax) : minimum (maximum) cycle time, 

tmm (tmax) . m}n}mum (maximum) processing time of a task j, j = 2,..., J-1, tx = tj = 0, 
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yrn yymin^pmax^ 

jmax gmax 

NC 

j 

m 

ZNET 

jrpmax 

: parameter of Binomial distribution, i.e., number of Bernoulli trials, here the 

number of equally spaced intervals to partition the ränge of processing times, 

: parameter of Binomial distribution, i.e., the Bernoulli probability, 

: minimum (maximum) number of Start tasks, 

: minimum (maximum) number of finish tasks, 

) : maximum number of successors (predecessors) of a task j, j = 2,..., J — 1, 

: network complexity, i.e., the average number of non-redundant arcs (see [11]) 

per task - including the dummy tasks, 

: network deviation tolerance to control the deviation of the desired network 

complexity form the actual network complexity. The number of arcs actually 

incorporated into the network Act Ar es is controlled by (-NET-, the network 

complexity deviation tolerance, such that ActArcs is from the interval [J • 

NC • (1 — £NET)', J • NC • (1 + eNEr)], 

: maximum number of iterations allowed to generate the network. 

Note, all the parameters, but the Bernoulli probability II of the Binomial distribution, the network 

complexity NC, and the network deviation tolerance H^ET are assumed to be integer-valued. 

3.2 Base Data and Processing Time Generation 

The number of produets to be assembled is speeified by the input parameter P. The number of 

(non-dummy) tasks J to be executed for the assembly of a Single product is Laplace distributed in the 

interval [Jmin, Jmax\. The cycle time is Laplace distributed in the interval [cmm, cmax}. The processing 

times can be Laplace distributed (L) or Binomial distributed (B). If the processing time is selected to 

be Laplace distributed, then the processing times of the (non-dummy) tasks are randomly drawn out 

of [tmm,tmax], otherwise the processing time of the (non-dummy) tasks is computed in three steps. 

We assume 

0 = (tmax - tmin + 1) mod G, 

and define 

L (tmax _ tmin + ̂  diy Q 

Step 1: The interval [tmin, tmax] is partitioned in equally spaced intervals Tt, 

Ti := [tmin + (i-l)-L,tmin + i-L-l\, i = 1,... ,G. 
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Step 2: For each (non-dummy) task j, j — 2,..., J — 1, an interval Ij is randomly selected from the 

intervals Th i = 1,..., G. The probability P{Ij = Tj) that the chosen interval Ij coincides with the 

interval T* is Binomial distributed with II reflecting the Bernoulli parameter and with G - 1 reflecting 

the Bernoulli trials. It is 

Step 3: For each (non-dummy) task j, j = 2,..., J - 1, a processing time tj is randomly selected out 

of the task-specific interval Ij determined in Step 2. The processing time of a task j is determined 

through a Laplace distributed random number out of the interval Ij. 

Note, if (tmax - tmin + 1) mod G = m ± 0, then corresponding to the modulus m, the lowest m 

processing times out of interval [tmin,tmax] have a zero probability to be selected, and the generation 

of processing times employs the interval [tmin + m- 1 ,tmax] instead of [tmir\tmax\. 

3.3 Network Generation 

The networks are generated as described in [10] and [11]. Roughly speaking, the construction of 

the network, first, determines one predecessor for each node, second, determines one successor for 

each node, and, third adds further arcs until the network complexity NC is reached. The network 

complexity has been introduced by Pascoe (cf. [16]) for an activity-on-arc representation of project 

networks and adopted by Davis (cf. [3]) for the activity-on-node representation. Given a network 

N = {V, A) with set V of nodes and set A of (non-redundant) arcs the network complexity NC is 

defined by 

During the construction of the network we allow and consider only arcs for addition that do not 

induce redundant precedence relations (see [10] and [11]). Additionally the parameters S[n"\ S\nax. 

and •p™nt,p™(lx control the number of Start and finishing tasks per instance, more precisely per 

product to be assembled. The quantities PJnax and S™ax limit for each non-dummy task the number 

of predecessors and successors, respectively. 

The networks are generated in four steps: In Step 1 the number of start and finish tasks are determined 

by drawing a random number out of the interval [5fim,<Sfiai] and respectively. In Step 

2, beginning with the lowest indexed non-start task, each activity is assigned a predecessor (task) at 

random. Similar in Step 3, where each task, which has no successor, is assigned one. In both steps 

the tasks are considered in Order of increasing task labels. Finally, in Step 4 further arcs are added 

until the network complexity is reached. 

% — 1,..., G. 
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Düring the whole procedure one has to take into account: First, to avoid redundancy, there must be 

no precedence relation between the start-tasks and no precedence relations between the finish-tasks, 

respectively. Second, adding arcs in Step 3 or Step 4 must not produce redundant precedence relations. 

Third, the limitations given by the maximal number of successors (predecessors) as well as the number 

of start and finish tasks have to be taken into account. 

In the following cases the generation procedure has to be restarted: First, if - in Step 3 - for a task 

j there is no successor available, that is, the number of predecessors of all the candidate is equal 

to maximum number of predecessors that is allowed. Second, if - in Step 3 - there is a task j, to 

which only successors can be assigned, which lead to redundant precedence relations. Third, if - after 

Step 3 - the number of arcs integrated into the network Act Ar es is too high to realize a required 

(low) network complexity (NC « 1), i.e., it is ActArcs > J • C • (1 + ZNET)- Fourth, if - in Step 

4 - the required network complexity is not obtainable, that is, within a limited number of trials of 

randomly selecting a node and calculating possible successors, there are no further arcs addable to 

obtain ActArcs > J • C • (1 — CNET)-

By an appropriate reduetion of the set of selectable predecessors and successors in the steps previously 

described a numerically labeled network is realized. Note, if instances of multiple produets to be 

assembled have to be generated, then the network complexity is computed for each product separately. 

For enabling a deeper analysis of data dependent Performance, beside the number of arcs of the 

network N = (V,A) the number of arcs of the transitive closure N — (V, A) is speeified in the Output 

hie. The order strength OS (cf. [13]) is then computed by dividing the number of precedence relations 

of the transitive closure of the original network by the maximal number of precedence relations -

including redundant ones - a network can have. It is 

ß\ 05" = 
2 

4 Parameter Settings — Generated Instances 

P G Si % Pj Pj tnet Trials 

min 1 10 3 1 3 1 0.05 100 

max 1 10 3 3 3 3 0.05 100 

Table 4: Constant Parameter Settings 
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Set #1 NC J c £max [D-- n - PC] 

t50A 50 1.5 50 50 1 50 [B- 0.1-1], .. ., [B- 0.9 - 9], [L- 1.0 - 10] 

t50A 100 1 100 [B- 0.1-11], .. , [B- 0.9 - 19], [L- 1.0 - 20] 

t50A 500 1 500 [B- 0.1-21], .. , [B- 0.9 - 29], [L- 1.0 - 30] 

t50A 1000 1 1000 [B- 0.1-31], .. , [B- 0.9 - 39], [L- 1.0 - 40] 

t50B 50 1.8 50 50 1 50 [B- 0.1 - 1] , , [B- 0.9 - 9]. [L- 1.0- 10] 

t50B 100 1 100 [B- 0.1-11], .. , [B- 0.9 - 19], [L- 1.0 - 20] 

t50B 500 1 500 [B- 0.1-21], .. , [B- 0.9 - 29], [L- 1.0 - 30] 

t50B 1000 1 1000 [B- 0.1-31], .. , [B- 0.9 - 39], [L- 1.0- 40] 

t50C 50 2.1 50 50 1 50 [B- 0.1-1], .. , [B- 0.9 - 9], [L- 1.0 - 10] 

tsoc 100 1 100 [B- 0.1-11], .. , [B- 0.9 - 19], [L- 1.0- 20] 

t50C 500 1 500 [B- 0.1-21], .. , [B- 0.9 - 29], [L- 1.0 - 30] 

t50C 1000 1 1000 [B- 0.1-31], .. , [B- 0.9 - 39], [L - 1.0 - 40] 

t75B 50 1.8 75 50 1 50 [B- 0.1 - 1] , , [B- 0.9 - 9], [L - 1.0 - 10] 

t75B 100 1 100 [B- 0.1-11], .. , [B- 0.9 - 19], [L- 1.0 - 20] 

t75B 500 1 500 [B- 0.1-21], .. , [B- 0.9 - 29], [L- 1.0- 30] 

t75B 1000 1 1000 [B- 0.1-31], .. , [B- 0.9 - 39], [L- 1.0 - 40] 

tlOOB 50 1.8 100 50 1 50 [B- 0.1 - 1] , , [B- 0.9 - 9], [L- 1.0 - 10] 

tlOOB 100 1 100 [B- 0.1-11], .. , [B- 0.9 - 19], [L- 1.0- 20] 

tlOOB 500 1 500 [B- 0.1-21], .. , [B- 0.9 - 29], [L- 1.0- 30] 

tlOOB 1000 1 1000 [B- 0.1-31], .. , [B- 0.9 - 39], [L- 1.0- 40] 

Table 5: Variable Parameter Settings 

The constant parameter settings are displayed in Table 4 and the variable settings are shown in 

Table 5. The constant parameter settings define that (1) the instances consist of exact ly one product 

to be assembled, (2) the intervals that limit the selectable processing times are partitioned in ten 

equally spaced sub-intervals, (3) the networks have exactly three start and three finish tasks, and at 

most three predecessors and three successors are allowed for each task, (4) the deviation of network 

complexity is 0.05, it has to be realized within 100 trials of random generation. 

The variable settings allow the Variation of (1) the number of tasks, (2) the network complexity, (3) the 

cycle time, (4) the distribution of the processing times. The detailed settings can be found in Table 5. 

The Erst column specifies the set. The second column shows the number of instances generated. The 

third column fixes the network complexity. The fourth column and fifth column define the number 

of (non-dummy) tasks per instance and the cycle time, respectively. The sixth and seventh column 
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limit the processing times of the tasks. The eighth column represents the distribution (type) of the 

processing times of the tasks by a triplet [D — II — PC], i.e., D = B stands for a Binomial distribution, 

and D = L stands for a Laplace distribution. If D = B then the second parameter reveals the 

Bernoulli probability. The parameter PC is the index of the parameter combination. 

The set t50B consists of 50 (number of instance per parameter setting) -4 (vary cycle time) 10 (vary 

distribution of processing times) = 2000 instances. The instances are named t50B[l..40] [1..50]. 

Instance t50B27_12 is the 12'th instance that has been generated with parameter combination 27 of 

instance set t50B. It has been generated with NC = 1.8, c = 500, tmin = 1, tmax = 500. The selection 

of the processing time intervals are Binomial distributed with II = 0.7. 

Before we consider the results of the computational experiment, we consider the probabilities for the 

intervals of processing times. An overview for different Bernoulli probabilities is given in Table 6. For 

n 1 2 3 

Processing Time Interval 

4 5 6 7 8 9 10 

0.1 0.387 0.387 0.172 0.045 0.001 0.000 0.000 0.000 0.000 0.00 

0.2 0.134 0.302 0.302 0.176 0.066 0.017 0.003 0.000 0.000 0.000 

0.3 0.040 0.156 0.267 0.267 0.172 0.074 0.021 0.004 0.000 0.000 

0.4 0.010 0.060 0.161 0.251 0.251 0.167 0.074 0.021 0.004 0.000 

0.5 0.002 0.018 0.070 0.164 0.246 0.246 0.164 0.070 0.018 0,002 

0.6 0.000 0.004 0.021 0.074 0.167 0.251 0.251 0.161 0.060 0.010 

0.7 0.000 0.000 0.004 0.021 0.074 0.172 0.267 0.267 0.156 0.040 

0.8 0.000 0,000 0.000 0,003 0.017 0.066 0.176 0.302 0.302 0.134 

0.9 0.000 0.000 0.000 0.000 0.001 0.007 0.045 0.172 0.387 0.387 

Table 6: Probabilities of the Selection Processing Times out of Intervals 

a given minimum processing time tmm = 1, and a given maximum processing time trnax = 500 the 

table is to be read as follows: Using a Bernoulli probability II = 0.4, the probability to select the 

processing time of a task out of interval T\ = [1,50] is 0.010, the probability to select the processing 

time of a task out of interval T2 = [51,100], is 0.060, the probability to select the processing time of 

a task out of interval T3 = [101,150], is 0.161, the probability to select the processing time of a task 

out of interval T4 = [151,200], is 0.251, ..., and the probability to select the processing time of a task 

out of interval T\Q — [451..500] is 0.00. For each task, after the interval has been randomly selected, 

the precise processing time is determined through a Laplace distributed random number drawn from 

the determined interval. 
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5 Computational Results 

50 CPU 

CPUmax 

NS 

EQLB 

A (LBx) 

0.1 0.2 0.3 

Bernoulli Probability II 

0.4 0.5 0.6 0.7 0.8 0.9 

0.00 

0.01 

50 

50 

0.00 

0.00 

0.02 

50 

50 

0.00 

0.87 

37.33 

50 

50 

0.00 

126.88 

600.00 

45 

36 

1.31 

4.11 

103.81 

50 

35 

9.97 

18.08 

191.82 

50 

43 

18.87 

19.72 

480.84 

50 

45 

11.65 

0.11 

5.18 

50 

49 

2.63 

0.00 

0.01 

50 

50 

0.33 

L 

1.0 

130.12 

600.00 

43 

27 

6.33 

100 CPU 

NS 

EQLB 

0.00 

0.57 

50 

50 

0.00 

0.13 

6.20 

50 

50 

0.00 

4.66 

80.73 

50 

48 

0.24 

100.93 

600.00 

47 

31 

1.98 

129.97 

600.00 

42 

32 

8.01 

25.00 

326.48 

50 

44 

19.02 

6.29 

117.24 

50 

42 

11.23 

3.21 

158.07 

50 

49 

2.93 

0.01 

0.02 

50 

50 

0.53 

120.41 

600.00 

44 

25 

633 

500 CPU 

EQLB 

A(lBi) 

0.00 

0.01 

50 

50 

0.00 

0.11 

1.78 

50 

48 

0.32 

10.10 

206.84 

50 

47 

0.38 

195.82 

600.00 

40 

29 

2.17 

137.80 

600.00 

44 

31 

8.39 

59.63 

600.00 

47 

42 

19.43 

8.97 

133.06 

50 

46 

13.16 

0.00 

0.06 

50 

49 

2.74 

0.00 

0.01 

50 

50 

0.37 

122.72 

600.00 

45 

28 

6.52 

1000 CPU 

EQLB 

A(IBi) 

0.00 

0.01 

50 

50 

0.00 

0.11 

2.69 

50 

50 

0.00 

18.27 

600.00 

49 

46 

0.48 

187.95 

600.00 

39 

22 

2.67 

221.72 

600.00 

38 

28 

7.59 

58.34 

600.00 

47 

44 

18.65 

17.35 

480.04 

50 

45 

11.81 

2.01 

96.02 

50 

46 

3.48 

0.00 

0.02 

50 

50 

0.53 

128.59 

600.00 

42 

32 

6.86 

Table 7: t50A - NC = 1.5: Computational Results of AGSA - Time Limit 600 sec. 

The instance sets have been solved by the (bi-directional version of the) AGSA (see [24]) on a per

sonal Computer (Pentium III, 600 MHz). Table 7, Table 8, and Table 9 show the results w.r.t. the 

instance sets t50A, t50B, and t50C, respectively. Columns 3 through 11, and column 12 show the 

Performance for the Binomial and the Laplace distributed processing time intervals, respectively. For 

each cycle time C — 50,100,500 and 1000 we specify the average CPU time CPU, the maximal CPU 

time CPUmax, the number of instances NS, solved within the time limit (600 sec.), the number of 

instances EQLB, the lower bound LB = max{LBi,LB2,LB3,LB'i,LBs,LBG,LB7} (see [24]) equals 

the optimal number of stations, and the average deviation A(LBi) of the number of stations V* de-
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Bernoulli Probability II 

c 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

50 CPU 0.00 0.00 0.12 20.98 15.80 3.85 0.29 0.19 0.00 52.24 
cpumax 0.02 0.02 1.68 600.00 145.44 53.12 10.86 9.06 0.01 600.00 

50 50 50 49 50 50 50 50 50 48 

EQLB 50 50 49 34 27 38 46 49 50 28 

A(^Bi) 0.00 0.00 0.12 1.50 8.79 18.58 9.34 2.17 0.49 5.98 

100 CPCf 0.00 0.03 3.10 42.74 30.21 4.88 3.18 0.03 0.00 17.47 
CPC/™"' 0.02 0.63 120.85 600.00 418.55 110.66 59.18 1.35 0.01 238.70 

Arg 50 50 50 48 50 50 50 50 50 50 

EQLB 50 50 47 29 32 33 37 49 50 33 

A(^ßi) 0.00 0.00 0.36 2.25 8.31 17.86 10.96 2.89 0.24 6.90 

500 0.00 0.06 13.53 46.48 57.83 7.60 2.23 0.42 0.00 32.92 
cpumax 0.01 1.29 600.00 600.00 600.00 71.88 37.60 19.58 0.01 600.00 

#3 50 50 49 49 47 50 50 50 50 49 

EQLB 50 49 44 29 20 38 36 48 50 22 

A(IBi) 0.00 0.15 0.72 2.19 8.89 18.37 12.16 2.68 0.41 7.60 

1000 CPE/ 0.00 0.56 7.25 98.50 58.62 8.43 4.08 1.70 0.00 66.76 

CPC/""" 0.01 18.77 128.63 600.00 600.00 73.77 58.59 71.65 0.01 600.00 

NS 50 50 50 48 49 50 50 50 50 49 

EQLB 50 48 41 28 28 31 39 47 50 30 

A(^Bi) 0.00 0.34 1.13 2.28 9.60 17.84 13.43 2.42 0.37 7.24 

Table 8: t50B - NC — 1.8: Computational Results of AGSA - Time Limit 600 sec. 

termined from the lower bound LB\ (see [24]), i.e., A(LBi) = 100 • (V* — LBi)/LB\. Table 10 and 

Table 11 reveal the results for the instance sets t75B and tlOOB, respectively. It can be observed: 

• Several instances with only 50 tasks cannot be solved to optimality within 600 seconds. 

• The number of solved instances NS decreases and the average CPU-time increases with an 

increasing size of the instances. 

• The number of solved instances increases NS and the the average CPU-time decreases with an 

increasing network complexity NC. 

• As a rule, the number of solved instances decreases and the average CPU-time increases with 

an increasing cycle time. 



Bernoulli Probability II L 

c 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

50 CPU 0.00 0.01 2.09 3.20 3.33 0.34 0.33 0.01 0.00 3.28 

CPUma-x 0.01 0.13 82.57 41.74 22.57 3.13 5.71 0.23 0.01 49.14 

NS 50 50 50 50 50 50 50 50 50 50 

EQLB 50 49 48 31 24 36 39 49 50 15 

A(LBi) 0.00 0.15 0.22 1.98 8.94 17.20 9.84 2.27 0.42 6.38 

100 0.01 0.04 1.12 5.29 9.01 0.91 0.17 0.12 0.00 4.15 

cpumax 0.56 0.62 22.52 63.19 181.16 8.05 2.44 4.35 0.01 98.86 

WS 50 50 50 50 50 50 50 50 50 50 

EQLB 49 49 43 21 14 34 38 48 50 23 

A(Lßi) 0.25 0.18 0.81 2.83 8.10 18.23 11.25 2.80 0.37 7.16 

500 CPU 0.01 0.03 1.80 10.86 7.93 0.68 0.38 0.04 0.00 3.56 

0.05 0.68 42.79 177.68 196.74 6.27 5.79 1.33 0.01 60.74 

WS 50 50 50 50 50 50 50 50 50 50 

EQLB 50 50 44 24 18 30 41 49 50 27 

A(2ßi) 0.00 0.00 0.69 2.57 9.25 18.26 11.61 2.91 0.41 7.47 

1000 CPC/ 0.00 0.06 1.69 18.65 4.26 1.26 0.46 0.06 0.00 6.46 
CPUmax 0.02 0.74 37.53 600.00 25.84 8.85 7.03 2.66 0.02 173.72 

NS 50 50 50 49 50 50 50 50 50 50 

EQLB 50 49 38 21 21 26 38 49 50 17 

A(Lßi) 0.00 0.18 1.41 2.78 9.71 18.75 10.77 2.41 0.65 7.75 

Table 9: t50C - NC = 2.1: Computational Results of AGSA - Time Limit 600 sec. 

• The distribution of the processing times has a significant impact on the number of solved in

stances and on the average CPU-times. Instances generated with low (0.1, 0.2) and high (0.8, 

0.9) Bernoulli probabilities can be solved much faster than instances with medium (0.4, 0.5, 0.6) 

Bernoulli probabilities. 

• The deviation of the number of stations determined from the simple lower bound LB\ is less 

in the classes generated with low Bernoulli probabilities than in the classes generated with 

high Bernoulli probabilities. The deviation is the largest in the classes generated with medium 

Bernoulli probabilities. 

If the probability is low, then the majority of the processing times is short compared with the cycle 
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Bernoulli Probability II 

c 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

50 0.01 0.01 38.73 459.59 438.65 146.71 60.21 12.01 0.01 414.68 

0.02 0.02 600.00 600.00 600.00 600.00 600.00 600.00 0.02 600.00 

NS 50 50 47 15 16 39 45 49 50 17 

EQLB 50 50 46 8 14 32 44 49 50 15 

A(lBi) 0.00 0.00 0.31 2.97 8.40 20.40 11.28 2.95 0.32 5.60 

100 0.01 0.02 94.06 480.77 431.64 260.77 85.85 12.10 0.01 392.29 
CPljmax 0.02 0.30 600.00 600.00 600.00 600.00 600.00 600.00 0.03 600.00 

NS 50 50 43 12 16 31 44 49 50 21 

EQLB 50 50 41 8 12 27 38 48 50 13 

A(lBi) 0.00 0.00 0.72 3.52 8.96 20.03 12.59 2.68 0.30 6.38 

500 CPC/ 0.01 12.88 265.10 590.03 514.77 235.77 93.05 36.07 0.01 485.47 

0.03 600.00 600.00 600.00 600.00 600.00 600.00 600.00 0.03 600.00 

NS 50 49 31 4 10 32 44 47 50 11 

EQLB 50 48 29 1 8 29 43 46 50 10 

A(6ßi) 0.00 0.21 1.72 4.21 9.51 20.32 12.19 2.45 0.27 7.61 

1000 0.02 29.92 264.08 556.56 536.75 358.43 42.63 24.07 0.01 460.88 

0.31 600.00 600.00 600.00 600.00 600.00 600.00 600.00 0.03 600.00 

NS 50 48 30 4 6 21 47 48 50 13 

EQLB 50 48 27 1 6 19 42 48 50 12 

A(lBi) 0.00 0.23 1.87 3.85 10.04 19.71 14.21 2.86 0.19 7.48 

Table 10: t75B: Computational Results of AGSA - Time Limit 600 sec. 

time, so that the probability that the tasks assigned to a Station use the whole cycle time is high. 

Consequently, the optimal solutions quite oftenly meet the bound LB\ or the bound is particularly 

effective during the enumeration. If the probability is high, then the majority of the processing times 

is high, so that most tasks are assigned to separate stations, or can only share a Station with one 

or two other tasks. In these cases the bounds that measure the processing times in fractions of the 

cycle time, i.e., in halves (LB2) and thirds (LB3), are met or are particularly effective during the 

enumeration. If the probability is of medium size, then the majority of the processing times are too 

large for an effective application of LBi, and too small for an effective application of LB2 or LB3 as 

considered by the currently the most efficient procedures [5], [7], [21], and [24]. 
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Bernoulli Probability II L 

c 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

50 CPU 0.02 0.02 35.69 567.42 566.70 232.06 80.78 36.08 0.0 480.35 

CPUmax 0.03 0.06 600.00 600.00 600.00 600.00 600.00 600.00 0.03 0.03 

NS 50 50 48 3 3 32 44 47 50 10 

EQLB 50 50 48 3 3 29 39 47 50 8 

A(IBi) 0.00 0.00 0.11 3.50 9.00 20.72 14.21 2.32 0.18 6.09 

100 CPU 0.02 0.03 205.82 581.58 572.44 266.18 148.37 53.28 0.02 552.03 
cpumax 0.03 0.70 600.00 600.00 600.00 600.00 600.00 600.00 0.03 600.00 

NS 50 50 34 2 3 29 38 46 50 4 

EQLB 50 50 32 2 3 26 36 44 50 4 

A(lBi) 0.00 0.00 1.06 4.13 9.58 20.81 14.56 2.85 0.26 7.20 

500 CPC/ 0.02 60.58 415.11 600.00 586.92 323.60 140.10 16.18 0.05 564.61 

0.03 600.00 600.00 600.00 600.00 600.00 600.00 600.00 1.69 600.00 

NS 50 47 17 0 2 24 39 49 50 3 

EQLB 50 47 14 0 2 22 38 48 50 3 

A(lBi) 0.00 0.25 2.31 4.48 10.11 21.72 13.95 2.39 0.22 7.67 

1000 CPU 0.01 93.44 463.28 596.88 588.00 340.20 164.61 9.91 0.01 588.07 
CPUmax 0.03 600.00 600.00 600.00 600.00 600.00 600.00 489.91 0.03 600.00 

NS 50 43 13 1 1 23 37 50 50 1 

EQLB 50 41 10 1 1 21 36 50 50 1 

A (LB,) 0.00 0.75 2.49 4.42 9.02 21.86 15.24 2.99 0.18 7.97 

Table 11: tlOOB: Computational Results of AGSA - Time Limit 600 sec. 

6 Conclusions 

In this paper the assembly line balancing problem has been considered. The generator SalbGen has 

been developed for the generation of new benchmark sets. The benchmark sets show that the size 

of problems that can be solved to optimality is far less than the claims made in the literature allow 

us to conclude. Even instances with only 50 tasks cannot be solved to optimality by a competitive 

branch-and-bound algorithm. 

The instance generator SalbGen, the detailed description of SalbGen, the instance-sets, their charac-

terizations as well as the optimal or best known heuristic objective function values are (will be made) 

available through the internet. The availability of the data can provide a challenging environment that 
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induces further progress. 
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A Program Execution 

SalbGen 1.0 - Generator For Assembly Line Balancing 

File Base Data : NO FILE 
Seed Value : 47546643 

Number of Instances : 10 
Network : variable 

Duration : variable 

1 - Basedata 
2 - Seed Value 

3 - Number of Instances 

4 - Fix Network 

5 - Fix Duration 
6 - Generate 
7 - End program 

> 

Table 12: Program Execution 

Table 12 shows the menue of SalbGen displaayed after it has been started. "1" allows the user to 

specify the file that contains the input data. The extension ".bas" is automatically appended. "2" 
allows the user to specify a seed value of the random number generator. Using input "0" lets the 

random number generator start with an randomly chosen initilization value. "3" can be used to 
determine the number of instances to be generated. "4" and "5" allow to fix the network and vary 
only the duration of the tasks, and to fix the duration of the tasks and vary only the network. Finally, 

"6" starts the generation of the instances, and "7" finishes the program. 
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B Input Parameters 

SAMPLEFILE BASEDATA 

PRODUCTS 
NrOfPro 
MinTask 
MaxTask 

CYCLE-TIME 
Cmin 
Cmax 

NETWORK 

MinOutSource 
MaxOutSource 
MinlnSink 
MaxInSink 
Maxin 
MaxOut 
Complexity 

DURATION-Profile 

DMin 

DMax 

DistType 
NrOfIntervals 
Bernoulliprob 

LIMIT OF ITERATIONS 

Tolerance Network 
MaxTrials 

1 & number of products 
10 & minimal number of tasks per product 
10 & maximal number of task per product 

50 & minimal cycle time 

50 & maximal cycle time 

1 & minimal number of Start tasks per product 

2 & maximal number of Start tasks per product 

1 & minimal number of finish tasks 
2 & maximal number of finish tasks 

2 & maximal number of predecessors 
2 & maximal number of successor per task 
1.5 & complexity of network 

1 & minimal duration 

50 & maximal duration (usually equal to cycle time) 
1 & 0 = Laplace 1 = Binomial distribution 

10 & number of equally spaced intervals 

0.9 & Bernoulli probability of Binomial distribution 

0.05 & tolerated network deviation 

100 & maximal number of trials for random generation 

FORMAT 0F BASE FILE 

- a colon has to be followed by a value 
- only spaces are allowed between colon and value 
- a comment is allowed to follow a value 

- comments are allowed if there is no colon in 

- value and comment have to be seperated by space 

- value is integer with the exception of 

-> complexity -> tolerance -> binomial parameter 

Table 13: Input File Parameter - samplel.bas 
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C Instance File 

Table 14 shows an instance file. Note, in contrast to the instance generation, where the network 
complexity is realized seperately for each product, the specification in the instance file refers to the 
network complexity of the whole network. 

Instance : samplel_l.alb 

BaseeFile: sample 
SeedValue: 108033504 

NrOfTasks: 12 
CycleTime: 50 

Precedence Relations: 

No of arcs: 18 

No of trans. arcs: 42 

Complexity (NW): 1.50 

OrderStrength(TC): 0.64 

TaskNo. Pro-Time NoOfSucc Succ 

1 0 2 2 3 
2 39 2 5 6 
3 50 2 4 5 
4 45 2 6 8 

5 45 2 7 11 
6 35 2 7 9 
7 44 1 10 
8 44 2 9 10 
9 43 1 11 

10 44 1 12 
11 42 1 12 
12 0 0 

Table 14: Output File Instance - samplel-l.alb 
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D Assignment File 

Authors' name 
Authors' Email 

Arno Sprecher 
sprecherObwl.uni-kiel.de 

Instance-Set 

Instance-File 

Instance-Parameter 

Instance-Number 

NrOfStations 

sample 
sample1_1 
1 
1 

10 

Assignment 

Task Station RelPos RelStartTime RelComplTime 

1 1 1 0 0 

2 1 2 0 39 

3 2 1 0 50 

4 3 1 0 45 

5 4 1 0 45 

6 5 1 0 35 

7 6 1 0 44 

8 7 1 0 44 

9 8 1 0 43 

10 9 1 0 44 

11 10 1 0 42 

12 10 2 42 42 

Table 15: Output File Assignment - samplel-l.ass 

Table 15 displays the Solution of an instance. For automatic processing the format has to be met 

exactly, otherwise it is rejected by the system. Note, (1) the submitted assignment is not allowed to 
contain white lines, (2) if multiple assignments are submitted in a Single file then the head, i.e, line 
1 through line 4 has to be specified once, the complete body, i.e., line 5 through line 26 have to be 

repeated depending on the number of solutions suggested, (3) in an assignment each task number (first 

column) is assigned a Station (second column), a relative position (third column), a relative starting 
time (fourth column), and a relative completion time (fifth column). The "relative" components 

relate to the Station to which the tasks is assigned, i.e., they name the position, the start time, and 

the completion time of the task at the Station to which they are assigned. 
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