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ABSTRACT 11 

The Parade Game illustrates the impact work flow variability has on the performance of 12 
construction trades and their successors. The game consists of simulating a construction 13 
process in which resources produced by one trade are prerequisite to work performed by the 14 
next trade. Production-level detail, describing resources being passed from one trade to the 15 
next, illustrates that throughput will be reduced, project completion delayed, and waste 16 
increased by variations in flow. The game shows that it is possible to reduce waste and 17 
shorten project duration by reducing the variability in work flow between trades. Basic 18 
production management concepts are thus applied to construction management. They 19 
highlight two shortcomings of using the critical path method for field-level planning: The 20 
critical path method makes modeling the dependence of ongoing activities between trades or 21 
with operations unwieldy and it does not explicitly represent variability. The Parade Game 22 
can be played in a classroom setting either by hand or using a computer. Computer simulation 23 
enables students to experiment with numerous alternatives to sharpen their intuition regarding 24 
variability, process throughput, buffers, productivity, and crew sizing. Managers interested 25 
in schedule compression will benefit from understanding work flow variability’s impact on 26 
succeeding trade performance. 27 

INTRODUCTION 28 

Lean thinking (Womack and Jones 1996) recognizes variability and the devastating impact it 29 
has on the continuous flow of work as well as the resulting throughput of a system. 30 
Accordingly, one of its tenets is to synchronize and physically align all steps in the production 31 
process, so there is little wait time for people or machines, and virtually no staging of 32 
materials or partially completed products. This sounds straightforward enough, except that 33 
few people have a good intuitive understanding of how variability really affects the flow of 34 
work. 35 

Work flow can be characterized in different ways. In manufacturing, it is defined by partially 36 
completed products being transported from one stationary machine to the next. In 37 
construction, the products being built tend to be stationary, whereas crews of various trades 38 
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move from location to location and complete work that is prerequisite to starting work by 39 
the following crew. There are obvious similarities and differences between manufacturing 40 
and construction, as many have argued before. Both can nonetheless be viewed as production 41 
systems including processing stations (machines or crews) and hand-offs of partially 42 
completed work. Production principles developed for manufacturing systems therefore also 43 
apply to construction. 44 

To enhance intuitive understanding of the impact variability has on work flow, the writers 45 
describe the simplest of all production systems, namely a single line of processing stations 46 
where products output by one are input required by the next one. Building construction 47 
practice reveals the existence of many such single-line production systems, termed here as 48 
“parades of trades.” A better understanding of these systems can be gained by means of 49 
simulation games, to be played manually or using a computer. Such games reveal the general 50 
lack of project management understanding and the absence of tools for managing the parade. 51 

PARADE OF TRADES IN BUILDING CONSTRUCTION PRACTICE 52 

Building construction involves a large number of specialty trades that generally work in a 53 
continuing and repeating sequence as they move from one floor to another. Specialty trades 54 
typically work as subcontractors to the general contractor and may include those responsible 55 
for the building’s foundation, steel erection, decking, formwork, concrete reinforcing bars, 56 
concrete, drywall, mechanical, electrical, plumbing, roofing, glazing, vertical transportation 57 
systems, fire protection systems, environment controls, to name but a few. Gus Sestrup, 58 
superintendent with Turner Construction, says these contractors’ work sequences should be 59 
performed as a “parade of trades.” Example parades are (Riley and Sanvido 1997) as follows: 60 

 Structural Parade: e.g., erecting structural steel (steel erector); placing and securing 61 
decking as well as welding shear studs (decking contractor); and placing rebar (rebar 62 
contractor), then pouring and finishing concrete (concrete contractor). 63 

 Overhead Work Parade: e.g., installing a HVAC system (mechanical contractor), 64 
sprinkler system (fire protection contractor), emergency lighting (electrical contractor), 65 
and pipe (plumbing contractor). 66 

 Perimeter Enclosure Parade: e.g., building perimeter walls, placing windows, installing 67 
flashing, and applying sealants. 68 

 Interior Finishes Parade: e.g., installing wall studs, routing electrical conduit, placing 69 
insulation materials, hanging drywall, and painting. 70 

Gravity-supported systems, typified by the structural parade, tend to follow a strict sequence. 71 
It is also preferable to install gravity plumbing systems and HVAC duct before pressured 72 
piping systems with hot and cold water, in turn followed by electrical conduit. Of course, if 73 
the installation of one system blocks access for the installation of another, then the latter 74 
system should go in first. Sequencing tends to be more important in highly congested areas 75 
and less so in areas with easy access. Access, enclosure, support, etc., all are important 76 
determinants of precedence (Gray 1986). Similarly, reciprocal dependencies must be 77 
identified early as they may force one trade to perform only a portion of their work, then leave 78 
and return when subsequent trades have completed prerequisite work (Riley and Sanvido 79 
1997). 80 
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When assigning work to crews, it is also important to recognize the extent to which the 81 
concentration of work varies by trade throughout the building. If a preceding trade enters an 82 
area with a lot of work specific to their trade, thereby taking a longer time to complete than 83 
the moving parade can tolerate, successors may have to get out of line and perform out-of-84 
sequence work elsewhere. Relocation takes extra time, but it may prevent the crew from 85 
becoming idle altogether. Out-of-sequence installation for one trade does not necessarily 86 
impede other trades’ work. 87 

Finally, different parades move through a building in different directions. Riley and Sanvido 88 
(1995) distinguished the work area, prefabrication area, storage area, and product-space 89 
patterns to characterize the space behavior of various trades. This crisscrossing of parades 90 
makes managing them an even bigger challenge. 91 

The existence of parades of trades is widely recognized—though probably not under this 92 
name— by superintendents who coordinate the work of specialty contractors. Construction 93 
work is often scheduled accordingly. However, to expedite project completion, general 94 
contractors may compress the project schedule and force succeeding trades to follow on their 95 
predecessor’s heels. This may jeopardize the succeeding trades’ ability to perform— 96 
especially when the performance of one or more predecessors is unreliable, that is, when 97 
output varies considerably from one day to the next, and when this output is prerequisite to 98 
the work done by the successor. To enable the parade to expedite job completion and 99 
minimize waste (in terms of crew idle time or remobilization effort), it is essential that work 100 
be released reliably between the trades.  101 

The rate of progress of an activity is often quoted by means of a single number as in “We 102 
plan to erect 80 steel components per day.” Even though all trades may plan to proceed at 103 
the same pace, each trade’s production rate alone is insufficient to gauge the speed of the 104 
parade as a whole. The single number only represents an average and the actual production 105 
rate will vary (e.g., with some standard deviation if a Normal distribution appropriately 106 
characterizes variation) because of variation in the weight and size of components, ease of 107 
reach and access to their final installation location, fabrication and erection tolerances, skill 108 
level of the workers, etc. This deviation from a mean value represents what we here term 109 
“variability.” “No variability” means production is “reliable.” 110 

Superintendents often express their desire for or the importance of reliability with “rhythm” 111 
as in “We just can’t seem to get a rhythm on this job.” Rhythm serves as a substitute for 112 
reliability, but is misleading in that it can suggest the problem is in each trade rather than a 113 
design feature of the production system. From a production system standpoint, a greater 114 
average rate is not beneficial to the system if it comes at the expense of reliability. The Parade 115 
Game illustrates the impact variability has on the production rates of trades that succeed one 116 
another in a linear sequence. 117 

UNDERLYING THEORETICAL ISSUES 118 

Determining which parades are best suited where and when so that the project can be 119 
completed expediently is a production management task, typically handled by construction 120 
superintendents. While they may appear to be effective at managing the parade, regrettably, 121 
their goal is not necessarily to accommodate the planned productivity rates of all trades 122 
involved. Superintendents may favor one trade or building system that is perceived to be a 123 
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priority (usually the structural system), thereby often causing other trades to suffer 124 
productivity losses. Worse, their focus on reducing cost or speeding any one activity can 125 
easily destroy the performance of the production system as a whole. 126 

In addition to superintendents, project managers also need to understand the complexity of 127 
the production system together with its various performance characteristics, so that they will 128 
impose reasonable demands when selecting and managing those performing the work and 129 
recognize the real culprit when problems occur. Project management training, however, tends 130 
to focus on managing contracts and projects, not on managing production. Consequently, 131 
managers often end up imposing unrealistic expectations on the production process or fail to 132 
manage it altogether (Tommelein and Ballard 1997). 133 

Project management schedules that use the critical path method (CPM) describe activities 134 
with their durations and precedence relationships. The finish-to-start relationship is most 135 
often used, though it assumes sequential finality, i.e., predecessors must be 100% complete 136 
before their successors can start. This assumption certainly does not hold in the parade of 137 
trades where regular handoffs exist between trades, and once the parade has started, all trades 138 
have to move in sync for the parade to progress at a steady pace.  139 

The CPM schedule’s misrepresentation of the parade is the key reason why most 140 
superintendents use it only as a loose guide for executing work. Many project managers call 141 
CPM a critical planning and coordination tool, but admit that “the super will run the job the 142 
way he wants to.” Other production variables and performance characteristics must therefore 143 
be used to describe the parade of trades. They are defined as follows: 144 

 Production Capacity: number of trade-specific work units per unit of time a crew is 145 
technically able to finish provided their work is unconstrained (i.e., directives, materials, 146 
tools, equipment, crew, work space and suitable environmental conditions, and 147 
prerequisite work are available as needed). 148 

 Production Rate: actual number of trade-specific work units per unit of time a crew is able 149 
to finish given constraints on their work (e.g., lack of prerequisite work completed, 150 
nonavailability of materials, or impeded work space). 151 

 Buffer: work units accumulated ahead of a crew, from which they can draw at will to 152 
perform work. 153 

 Wasted Time: time during which a crew is not able to realize its production capacity due 154 
to constraints that hamper their work, which results in lost productivity. 155 

 Project Duration: time it takes from start to completion of a project. 156 
 Throughput: number of work units completed divided by the project duration. 157 

PLAYING THE PARADE GAME 158 

Game Description 159 

The game that is presented in this paper was inspired by Goldratt’s “boy-scout hike” (Goldratt 160 
and Cox 1986). By analogy, Greg Howell developed a game that is easy to play with students 161 
in a classroom situation. The game can involve any number of players. The game coordinator 162 
will split up large groups in teams of equal size, e.g., five players each. Each team forms a 163 
parade of trades with players lining up in sequence. Each player represents a subcontractor’s 164 
crew, as is illustrated by the symbols Crew A through Crew E in Figure 1 (readers familiar 165 
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with symbols used in discrete-event simulation will recognize the queues and combination 166 
activities). Each crew is to perform an activity that requires the repeated execution of a 167 
process step, for instance, Crew A will repeatedly execute step Sub A. Each team is given a 168 
pile of 100 bolts (or any other kind of widget) and their task is to pass them all from the front 169 
of the line (the input buffer, Input A) to the end (the output buffer, Complete E). When this 170 
has been accomplished, the project is completed. 171 

 172 

Figure 1. Parade of Trades line-up 173 

Each player in line can pass only a limited number of bolts from one side to the other (e.g., 174 
Sub A will move them from Input A to Buffer AB) as the number moved is determined by 175 
rolling a die. At the beginning of the game, the coordinator will hand each team one of five 176 
possible dies, A, B, C, D, or E. After a player has rolled the die and passed the appropriate 177 
number of bolts, that player must wait until the next player downstream in turn has rolled the 178 
die and taken bolts from the buffer in-between them, before replenishing this buffer. (It may 179 
be easier at first to give only one die to each team and, to enforce the discipline of the 180 
sequence, have the players start the die at the end and pass it towards the front of the line, but 181 
this extends the duration of the game.) 182 

The coordinator can introduce various degrees of variability in the game by writing made-up 183 
numbers on each face of each die. This is done prior to handing dice to players. A normal die 184 
has faces with values 1, 2, 3, 4, 5, and 6, and so the average roll is 3.5. The writers suggest 185 
that the game be played with several different dice as described in Table 1, each however 186 
having an average roll of 5. From an “average production” viewpoint, the dice are therefore 187 
identical. When variability is considered, they clearly are not. 188 

Table 1. Variability of available dice 189 

Type of die  
(1) 

Numbers on faces 
(2) 

A 5, 5, 5, 5, 5, 5 
B 4, 4, 4, 6, 6, 6 
C 3, 3, 3, 7, 7, 7 
D 2, 2, 2, 8, 8, 8 
E 1, 1, 1, 9, 9, 9 

Instead of allowing each player to choose their own die, the coordinator may wish to provide 190 
all players in one team with dice of type A (all-5), a second team with dice of type C (3-7 191 
dice), and another team with dice of type E (1-9 dice), etc. (It may also be worthwhile to have 192 
one team use dice with a higher average roll and a wide distribution. Results are reported later 193 
in this paper for a team using dice with an average roll of 7 and a distribution ranging from 3 194 
to 11.) 195 
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Each time a player rolls the die, that player should record [1] the number rolled and [2] the 196 
number of bolts that could be drawn from the buffer immediately upstream. If the upstream 197 
buffer is smaller than the number rolled, that smaller number is the number of bolts passed 198 
along. Alternatively, the players can plot on transparencies their number of rolls relative to 199 
cumulative production (the total number of bolts they passed along, as shown later in Figures 200 
2 to 5) and then overlay them to understand the effect of variability on performance within 201 
the team. When all 100 bolts have been passed to the end of the line, the team has completed 202 
its task. Each player then calculates [3] the average of the numbers written on the die, [4] the 203 
number of times the player rolled the die, [5] the total of all numbers rolled, [6] the average 204 
number rolled by dividing [5] by [4], [7] the average number of bolts passed along by dividing 205 
100 by [4]. The team’s project completion time under these rules is equal to the number of 206 
rolls of the last player in the line plus the total number of players minus one. 207 

Items for Group Discussion 208 

When all teams have completed their project, the group should discuss its findings. Issues to 209 
inquire about fall into two categories: (1) data analysis and (2) reflections on real life. 210 

Data Analysis 211 

 Which team completed their project in the shortest amount of time? Could this have been 212 
anticipated, given the dice provided to them? Note that since this game is governed by 213 
randomness, the actual outcome is likely to differ from the expected outcome. 214 

 What may cause the number available to draw [2] to be less than the number rolled [1]? 215 
The cause is that the player upstream rolled a low number and was unable to provide 216 
much of a supply. The player downstream then is said to “starve” due to lack of resources. 217 
Similarly, when the player upstream rolls a large number and the player downstream rolls 218 
a small one, bolts will accumulate in a buffer between them. 219 

 What is the relationship between the average number passed along [7] and the average of 220 
numbers written on the die [3]? How do these numbers compare for the various players 221 
relative to their position in the production line? 222 

 What is the relationship between the average number rolled [6] and the average of 223 
numbers written on the die [3]? 224 

 If you wanted to be certain to get the project done in 24 time units, what dice would you 225 
give to the team? 226 

 Which team may have a chance of getting the project done in less than 20 time units? 227 
 What does it mean when the average number passed along [7] is smaller than the average 228 

number rolled [6]? 229 
 If a team is playing with dice that have a variability of plus-or-minus 4 relative to their 230 

average roll, how can one increase the likelihood that the team will complete its project 231 
in as much time as the all-5 team? That is, how can one make an unreliable team speed 232 
up? 233 

Reflections on Real Life 234 

 How does this game relate to reality? Can you find examples in construction or other 235 
areas? For instance, traffic on a freeway is a good example that raises many similar issues. 236 

 Which trades come early in the parade and which at the end? 237 
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 What would you do if you were a subcontractor facing the situation of position 5 (Sub E) 238 
in the game? 239 

 Given the choice of a more reliable crew or one with a higher average production rate, 240 
which one would you choose if you were the crew foreman working for the subcontractor? 241 
If you were the project manager working for the general contractor? Why? 242 

 What information about the performance of the team is provided by cost or production 243 
data at any one position? 244 

 Because upstream variation affects downstream performance, should downstream 245 
positions offer pay for higher reliability upstream? 246 

 What controls work flow on a project? How might you manage your project to avoid or 247 
minimize the combined effects of variation and dependence? 248 

COMPUTER SIMULATION OF PARADE OF TRADES 249 

The Parade Game can be played with any type of die. For illustrative purposes, a few 250 
combinations were investigated further using computer simulation. Four alternatives are 251 
depicted in Figures 2 to 5. Each figure in this first set illustrates what the cumulative number 252 
of bolts passed may be when the game is played once. Of course, given the randomness in 253 
the outcome of a die at each roll, the plots will look different with each repetition of the 254 
game. In Figure 2, all players have an all-5 die. In Figure 3, all players have a 3-7 die. In 255 
Figure 4, all players have a 1-9 die. Finally, in Figure 5, all players have a “faster” 3-11 die, 256 
with an average roll of 7 instead of 5 (numbers on faces are 3, 3, 3, 11, 11, 11). The all-5 257 
project took 24 rolls to complete, the 1-7 project 30, the 1-9 project 34, and the 3-11 project 258 
24. 259 

After comparing these plots, the reader can draw their own conclusions regarding the impact 260 
of variability on succeeding trade performance, and especially on project completion and 261 
system throughput. Note that the slopes of the cumulative number passed diminishes for more 262 
downstream stations in each model. Unfortunately, those farther down the line are subjected 263 
to the variability in output provided by those upstream. 264 

 265 

 266 

Figure 2. Output from single iteration simulation where all players have die A (All-5) 267 
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 268 

Figure 3. Output from single iteration simulation where all players have die C (3-7) 269 

 270 

Figure 4. Output from single iteration simulation where all players have die E (1-9) 271 

 272 

Figure 5. Output from single iteration simulation where all players have die with 273 
increased average roll of 7 (3-11) 274 

Simulation data for each of these models are given in Table 2. Column (1) designates each 275 
process step. The table is divided in sections based on the die used in each alternative.  276 
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Table 2. Output values for single iteration simulations 277 

Process 
Step 

 
  

(1) 

First Start  
 
 
 

(2) 

Last Finish 
 
 
  

(3) 

Actual 
Number of 

Rolls  
 

(4) 

Average 
Actual Roll  

 
 

(5) 

Average 
number of 

units 
passed  

(6) 

All-5 Die A      
Sub A 0 20 20 5 = actual 
Sub B 1 21 20 5 = actual 
Sub C 2 22 20 5 = actual 
Sub D 3 23 20 5 = actual 
Sub E 4 24 20 5 = actual 

1-7 Die C      
Sub A 0 23 23 4.57 4.35 [a] 
Sub B 1 25 24 4.33 4.17 
Sub C 2 27 25 5.08 4.00 
Sub D 3 28 25 6.02 4.00 
Sub E 4 30 26 5.46 3.85 

1-9 Die E      
Sub A 0 26 26 4.08 3.85 
Sub B 1 29 28 3.86 3.57 
Sub C 2 31 29 5.14 3.45 
Sub D 3 32 29 6.79 3.45 
Sub E 4 34 30 6.60 3.33 

3-11 Die      
Sub A 0 20 20 5.40 5.00 [b] 
Sub B 1 21 20 5.80 5.00 
Sub C 2 22 20 7.80 5.00 
Sub D 3 23 20 9.40 5.00 
Sub E 4 24 20 8.60 5.00 

[a] Even the first person in line may have an average number of units passed less than its average actual roll 278 
because starvation can occur when the input buffer is near depletion. 279 

[b] It was pure coincidence that this iteration yielded a 5 for the average number of units passed. These five 280 
bolts, which are passed along by the first person in line, get passed along downstream as well, as each station 281 
had excess capacity: Actual rolls always ended up being larger than the size of the upstream buffer. Had any 282 
one player rolled a low number, resulting in a buffer of only 3, downstream player performance would have 283 
been constrained by that. 284 

Assuming each roll of the die takes a unit time of 1, column (2) describes when each player 285 
can first start taking bolts from its buffer upstream, e.g., Sub A can always start at time 0, Sub 286 
B at time 1, etc. Column (3) lists when a player was able to complete its part of the project, 287 
e.g., when playing with an all-5 die, Sub A will always end by time 20. Column (4) gives 288 
the number of times a player had to roll the die to complete its part of the project. Column 289 
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(5) describes the computed average number shown on the die at each roll, so it can be 290 
compared against the theoretical average of the die used. Finally, column (6) shows the 291 
average number of bolts that were actually passed in the game. 292 

Additional system characteristics include the following. The average number of bolts passed 293 
is always less than or equal to the average actual roll. The slope also decreases from one 294 
model to the next (compare Figures 2 to 4) when variability increases. Lower slopes mean 295 
lower production rates and thus wasted production capacity. With increased variability, 296 
intermediate buffers (work in progress) also grow larger. This means the crew is wasting time 297 
because its maximum production capacity cannot be achieved. Playing with dice with 298 
increasing variability increases the chance of finishing early, but also finishing late! 299 

The next set of figures illustrates averages calculated after the games have been played 1,000 300 
times (it takes the computer only a few minutes to do this!). Figures 6 to 8 plot the number of 301 
rolls relative to cumulative production plus-or-minus one standard deviation, whereas Figures 302 
9 to 11 plot the number of rolls relative to the buffer size. 303 

 304 

Figure 6. Output from 1,000 iteration simulation where all players have die C (3-7) 305 

 306 

Figure 7. Output from 1,000 iteration simulation where all players have die E (1-9) 307 
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 308 

Figure 8. Output from 1,000 iteration simulation where all players have fast die (3-11) 309 

 310 

Figure 9. Buffer size from 1,000 iteration simulation where all players have die C (3-7) 311 

 312 

Figure 10. Buffer size from 1,000 iteration simulation where all players have die E (1-9) 313 
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 314 

Figure 11. Buffer size from 1,000 iteration simulation where all players have fast die (3-11) 315 
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performance for production. As the Parade Game illustrates, coordination among trades is 345 
equally important. Accordingly, contractors price their bids more favorably when they know 346 
that a skillful manager will coordinate their work with others on site [e.g., Birrell (1978), 347 
(1981), (1985) and Tommelein and Ballard (1997)]. 348 

CREATING RELIABLE FLOW IN PRACTICE 349 

Owners, architect/engineers, and construction managers all play a key role in causing or 350 
preventing disruptions to construction work. They should understand the concept of reliable 351 
flow and apply it when selecting or evaluating subcontractors. Moreover, the Parade Game 352 
also illustrates the need to combine production planning with project planning. 353 

Successful project managers put considerable effort into creating reliable flow for succeeding 354 
trades, e.g., they take proactive steps to establish buffers to shield crews from work flow 355 
variability. Common causes of unreliable flow are change orders, late replies to requests for 356 
information, lack of materials, physical interference between materials, workspace 357 
congestion, etc. Instead of accepting that delays and disruptions will rear their ugly head, 358 
practitioners must anticipate work flow variations and temper if not eliminate them by means 359 
of careful planning and paying attention to detail. This requires a hands-on approach to 360 
production management.  361 

Ballard and Howell (1998) proposed that crew foremen follow the Last Planner methodology 362 
to shield their workers from uncertainty and enable them to inject reliability into their work 363 
plans. Other proactive methods include setting flow rates and then requiring contractors to 364 
size their crews to meet these rates, while ensuring that work space will be available when 365 
needed. Space management techniques include defining zones and actively coordinating 366 
work areas, storage spaces, and traffic paths. These techniques seem basic, yet they are often 367 
overlooked and trades are left to work in random patterns or “work out a sequence” on their 368 
own. 369 

The manufacturing industry has also been struggling with establishing reliable flow and 370 
reducing work in progress while increasing throughput. The theory of lean production 371 
provided them with new ways to think about these problems and achieve dramatic process 372 
improvements. In a similar vein, the writers are developing a theory for lean construction 373 
[e.g., Koskela (1992), Alarcon (1997), and Ballard et al. (1998)]. This paper is part of this 374 
development effort in that it sheds light on the impact of variability on tightly coupled 375 
construction processes. 376 

COMPUTER IMPLEMENTATION 377 

Hyun Jeong Choo implemented a stand-alone Parade Game program, that readers can 378 
download from http://www.ce. berkeley.edu/~tommelein/lean (Choo and Tommelein 1999). 379 

The figures in this paper were based on data generated with a discrete-event simulation model 380 
that uses STROBOSCOPE (Martinez 1996). The same system behavior can, of course, be 381 
shown manually or using any other simulation engine, but STROBOSCOPE was chosen 382 
for its ability to record intermediate data, such as buffer sizes and rolls. Readers interested in 383 
obtaining the STROBOSCOPE input file for the Parade Game may visit the aforementioned 384 
web site. Those wishing to download STROBOSCOPE should visit http:// 385 
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www/strobos.ce.vt.edu/. 386 

CONCLUSIONS 387 

A simple game was presented to illustrate the impact variability has on work flow in a single-388 
line production system, which is so characteristic of the parade of trades formed by 389 
subcontractors on many a project. The game does not require many resources to be played, 390 
e.g., a cut-up 2-by-2 piece of lumber makes for easy-to-see, large dice, and blank dice are 391 
also available commercially. Nevertheless, it does allow the players to develop a better, 392 
intuitive understanding of several fundamental production concepts, including variability and 393 
throughput. It was shown that unreliable work flow results in two kinds of waste: 394 
(1) Production stations cannot realize their full production capacity because they starve for 395 
resources; and (2) intermediate buffers are larger when high variability prevails. Managers 396 
interested in schedule compression will benefit from understanding work flow variability’s 397 
impact on succeeding trade performance. 398 
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