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ABSTRACT where the focus is often on the interaction between

dissimilar equipment, such as loaders and haulers, or
This paper presents an activity-scanning simulation model pushers and scrapers. A typical objective of an
for the familiar barbershop problem where customers have €arthmoving application, for example, may be to
favorites, barbers may not show up for work, and investigate resource-matching strategies for assigning
customers may get impatient and leave. This example €quipment of various sizes and capacities, such as large
illustrates the mechanisms for matching customers to @nd small pushers and scrapers, to various activities. A
barbers or barbers to customers and argues that eithed®t@iled discussion of this type of problem appears in

approach may be implemented in an activity scanning (I!\]{Iarg_rlez & Ioa_nnohu 19h99). An |g|1portant COECIUS'On of
system without altering the basic model structure. The this discussion Is that the equitable approach to resource

solution to this problem is described in detail using a modeling taken by activity scanning makes this simulation

simulation model written iSTROBOSCOPE strategy particularly suitable for_ modellng_ construction
operations that are characterized by interdependent

1 INTRODUCTION components, complex activity startup conquns, and many
resources that must work together under highly dynamic

Perhaps the most important characteristic of an eneral-rmes'
: ; -~ This paper presents an example that supports this

purpose discrete-event siml_JIati_on mc_>de|ing system is .its conclusion and demonstrates the modeling power and
simulation strategy. The main simulation system strategies flexibility afforded by activity scanning for modeling

in use today for modeling construction operations aré complex resource-matching problems relatively easily.
process interactiomndactivity scanning _ This example also shows that in activity scanning it is
_ Process interaction simulation models are typically possible to switch the role of resources (from servers to
written from the point of view of the moving entities  cysiomers) and still arrive at a correct representation of the
(transactions) that flow through the system. These entities underlying operation without having to change the basic
typically arrive, undergo some processing where they girycture of the model.
capture and release scarce resources, and then exit. Thus, The example selected for this purpose is the classic
an important characteristic of these models is the explicit barbershop problem. Its description has been adapted from
classification of resources into those served (moving tnat in (Chisman 1996) where the problem is estimated to
entities) and those that serve (scarce resources). be of moderate difficulty, requiring 10 to 19 hours of work.
In contrast, activity scanning models are written from  Thjs non-construction problem was chosen for a variety of
the point of view of the various activities that are reasons. It is familiar, complex, and yet small enough to be
performed and focus on identifying the nature of these gescribed completely in a limited amount of space.
activities and the required resources and conditions under g rthermore, we hope to show that the required number of
which they may take place. In activity scanning, all hours when modeling the problem in an activity-scanning
resources are viewed as prerequisites for activities to start,system is substantially less than estimated.
and as a result, no distinction is made between resources ° A simulation model for this problem is presented using
that serve and resources being served. , the notation 0fSTROBOSCOPE(an acronym for STate and
_ This difference in resource modeling is of particular Resource Based Simulation of COnstruction ProcEsses).
importance in applications of simulation modeling to civil stroposcopEis a  simulation language and system

engineering construction, and in particular to earthmoving, gesigned specifically for modeling construction operations
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based on three-phase activity scanning and activity cycle

diagrams. ThesSTROBOSCOPE language is described in
(Martinez 1996). Example applications can be found in
(loannou & Martinez 1996a, 1996b, 1996c) and (Martinez
& loannou 1994, 1995, 1999).

2 PROBLEM STATEMENT

A barbershop with three barbers has to contend with

customers choosing favorites, customers getting impatient
and leaving, and absentee barbers. The mean time between
customer arrivals is 12 minutes and it takes 19 minutes to

cut a head of hair, both exponentially distributed. Of the

customers, 30% prefer Barber B and 10% prefer Barber C
(no one prefers A, the owner). There is a 5% chance that a |

barber will be absent any given day. If a favorite barber is
absent, the customer will not wait. A customer will look at

the overall queue to determine his impatience—if there are

more than six, he will leave. A customer wanting a
favorite will not wait if the number of customers stating a
preference for his favorite is more than three.

3 SIMULATION MODEL

The activity-based network for the barbershop simulation
model is shown in Figure 3. We will use this network to
outline the overall structure of the simulation model before
we describe any of its statements in detail.

The upper half of the simulation network represents a
24-hour clock that controls the day-to-day availability of
Barbers Together, the three nodeStart Work, and
OffShiftact like a simple clock mechanism to regulate the
daily cycle. At the start of simulation, quewtart is
initialized with one unit of generic resourd®ken This
Tokenallows combi (i.e., conditional) activityorkto start
at simulation time zero. Whework finishes eight-hours
later, it releases th@okento the normal (i.e., bound)
activity OffShift Sixteen hours later, activi@ffShiftends
and releases thEokento queueStart to repeat the cycle.
Thus, Work and Offshift follow each other in a continuous
cycle of 8 hours of work-time and 16 hours of off-time.

At the start of simulation the thr&@arbersare located
in queue AbsentQ The queueNewDay contains one
resource of generic typ&okento enable combi activity
StartOfDay to start. StartOfDay is a dummy (zero-
duration) activity that removes dafarbersfrom AbsentQ
(except any absentees) and releases thenBatitherQ
where they are available for work. At the end of working
time, activity Work releases1 Tokens(wheren equals the
number ofBarbersworking that day to queueEndDayto
allow dummy activityEndOfDayto startn times. Each
such instance transfers orearber from BarberQ to
AbsentQfor the overnight break. WhedffShiftfinishes, it
releases on&okento queueNewDayto allow StartOfDay
to start again and bring tigarbersto work.
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Figure 1: Barbershop Simulation Model Network

The bottom-left part of the network models the
arrival of CustomersThe bottom-right part models what
happens to thes€ustomerswhen they arrive—they
either get a haircut, or they change their minds and
leave.

Queue Seqis initialized with oneTokento allow
activity CustArriveto start. The duration ofustArrive
represents the interarrival time between successive
Customers When CustArrive finishes, it returns the
Tokento Seqand the cycle is repeated. Every time
activity CustArrive finishes, it generates a new
Customer resource that is released either to queue
CustWaitor to queueCustExitdepending on the queue
of Customerawaiting for a haircut, the availability of a
preferredBarber, and the time of day. EadGustomer
routed toCustExitis immediately drawn by an instance
of dummy activityLeaveand is destroyed. £ustomer
that entersCustWait joins the queue ofCustomers
waiting for service. When a compatible pair Bérber
and Customerare available, activityCut starts and the
Barber gives theCustomera haircut. ACustomerthat
has a favoritdBarber, waits in queue until that particular
Barber is free. If a Customerthat prefers another
Barber, or has no preference, arrives in the meantime,
he may bypass those in queue and get served earlier.
The mechanism for matchinQustomersto Barbers (or
Barbersto Customeryis described in detail below.
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3.1 Combi Instantiation and Resource Drawing

alLink .
Before we present theTROBOSCOPEStatements for the aQueue aCombi
barbershop simulation model shown in Figure 1, it is
necessary to explain the mechanism that determines when
combi activities can start and how they acquire resources SEMAPHORE aCombi  LogicalExpression

from preceding queues. DefaultLogicalExpression 1 (i.e., true)

For a combi activity to start at any point during ENOUGH aLink LogicalExpression
simulation (i.e., to create an instance of itself), it must pass DefaultLogicalExpression aQue.CurCount
two tests. The first test is the logical expression for itS DRAWUNTIL aLink LogicalExpression
semaphoravhich must return #&ue (i.e., non-zero) value. DefaultLogicalExpression alLink.nDraws>=1
The second test is that trenough expressions for all DRAWWHERE alink LogicalExpression
incoming links must also returtiue values. The default DefaultLogicalExpression 1 (i.e., true)
expressions and the statements for changingah®phore DRAWDUR alink SampleExpression
for a combi and thenoughexpression for a drawing link DefaultSampleExpression 0
are shown in Figure 2 @awinglink is link from a queue
to combi). Figure 2: Combi Instantiation and Drawing Statements

The default logical expression for the semaphore is 1
(true). The defaultenoughexpression for a drawing link
returns the valugue if the contents of the preceding queue 3 5 sTroBoSCOPE Simulation Code
are not zero. Thus, by default, a combi activity starts

whenever all queues preceding it are not empty. This section describes the statements for a complete model

The process fqdetermmmgwhether a combi can start implemented inSTROBOSCOPEtO illustrate how resource-
and create a new instance is completely separate from the

) . matching and the dynamics of this problem may be
process of actuallgrawing resources from the preceding modeled in an activitv-scanning simulation svstern
gueues to the new activity instance. Here we shall describe First we define t{}e numbgr of availakﬂei/rbersés a
the drawing process for a combi preceded by a roblem parameter to allow for sensitivity analysis:
characterized queue (the process for queues hoIdingp P Y ysis:
generic resources is slightly different).

When an activity passes ttsemaphoreand enough
tests, it creates a new activity instance an_d by default tries Next we define the resources that flow through the
to draw one resource from each preceding characterized . i

. . : simulation model network.
gueue. In general, the drawing process continues until the
DRAWUNTIL logical expression for the corresponding GENTYPE

VARIABLE nBarbers 3;

link becomesdrue. In the default case, this occurs when the COMPTYPE -I;(;l:sg;'

link is able to draw once. Every time the combi makes an X .
. CHARTYPE Customer Choice;

attempt to draw a characterized resource from the SUBTYPE Customer Custo 0

preceding queue, it uses the drawing link to cursor (point SUBTYPE Customer Cust? 22

to) a resource in the queue (starting at the front) and SUBTYPE Customer Cust3 3:

evaluates the logical expression for the DRAWWHERE
attribute of the drawing link. If the result tieie, then the
resource is drawn. Otherwise, it is passed over and the link
cursors the next resource in line. Thus, the logical
expression for DRAWWHERE acts like a filter. The
default logical expression for this filter is the valuerld)
and the currently cursored resource is drawn. The drawing
process continues untili the DRAWUNTIL logical
expression becomesrue or the entire queue of
characterized resources has been examined one-by-one.
The ability to define complex logical expressions for
combi instantiation and resource drawing provides very
precise control as to when activities can start and the
resources they acquire.

Tokenis a generic resource that does not have any
attributes and is used to initialize and maintain activity
cycles like the clock and the arrival @listomers

Barber is a compound characterized resource type.
Each resource that belongs to a compound resource type is
an individual entity with its own serial numbeRgsNum
As shown below, queuBbsentQis initialized with three
resources of typeBarber (corresponding to the three
barbers in the problem) that will automatically be assigned
ResNunequal to 1, 2, and 3. ThkarberwhoseResNunis
1 represents the owner, whereas the ones R@bNum
equal to 2 and 3 are the ones preferred by 30% and 10% of
the Customergespectively.
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Customeris a characterized resource type for which
we define one property calléghoice We also define three
subtypes ofCustomer CustQ Cust2 and Cust3 each
having a value ofChoice that reflects theirBarber

The duration ofCustArriveis exponential with a mean
time of 12 minutes betweeafustomerarrivals.

BEFOREEND CustArrive GENERATE

preference. The value 0 indicates no preference whereas 2PRECOND Work.Curlnst 1

and 3 point to th8arberswith the sam&esNum
The control statements for initializating the network

gueues with resources at the start of simulation appear at

the end of this section.

PRIORITY Work '100';
DURATION Work '8*60';
DURATION OffShift '16*60';

Every time the simulation system enters ttwmbi
instantiation phaset sorts combi activities based on their
priority and creates a new instance of every activity that
can start. In this model, combi activityork is assigned
the highest priority because the existence ofWark
instance is a prerequisite for other combi activities to start.
The duration ofWork (8 hrs) andOffShift (16 hrs) are
expressed in minutes (the time units for this model).

DRAWUNTIL
DRAWWHERE

B3 '0;
B3 'Rnd[]<=0.95";

When combiStartOfDay starts, it tries to remove all
threeBarbersfrom AbsentQ Link B3 does this by pointing
to (cursoring and attempting to draw eadBarber one
after another. This process continues until
DRAWUNTIL logical expression becomesue (i.e.,
different from 0). In this case, this never happens (0 is
alwaysfalsg and link B3 cursors and attempts to draw all
threeBarbers For each cursoreBarber, link B3 evaluates
the logical expression for the DRAWWHERE statement
and if the result isrue it draws the cursoreBarberto the
starting new instance @&tartOfDay Otherwise, it cursors
the nextBarber and the process is repeated Barber is
drawn only if the random number returned by function
Rnd[] is less than 95%. Thus, on any given day each
Barber has a 5% chance of staying AtbsentQand not
showing up for work.

the

RELEASEAMT TK6 nBarbers-AbsentQ.CurCount;

The number offokensreleased into queuendDayat
the end of activityWork equals the number of working
Barbers(i.e., nBarbers- absentees). Each of theBekens
allows a separate instance &ndOfDay to start and
transfer a workingBarber from BarberQ to AbsentQas
soon as he is done with his |&istomerfor the day

DURATION CustArrive 'Exponential[12]';
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Rnd[]<0.3?Cust2:LastRnd[]<0.4?Cust3:Cust0;

When activity CustArrive ends, but before it releases
any resources through its outgoing links, it generates (i.e.,
creates) the arrivingCustomer resource. The terms
PRECOND logicalexpression mean that the action
GENERATE takes place only whengicalexpressionis

true. The expression above returns the number of instances
of activity Work currently going on. Thus, @ustomeris
generated only during working hours. NGustomer
arrivals should be modeled durif@ffShift because the
barbershop is closed. The conditional expression at the end
of this statement uses random sampling to determine which
subtype ofCustometto create CustQ Cust2 or Cust3.

Once aCustomerresource is generated, it is released
either through linkC1 to CustWaitsor throughC3 to
CustExit The order in which links are defined in the
simulation input file determines which is used to release
resources first. In this model, link1 is defined first. Thus,
only those resources not allowed through @k will be
released througl83. The release mechanism for liGi is
controlled by the following statements.

FILTER NewCustChoice Barber
ResNum==CustArrive.Customer.Choice;
FILTER SameChoiceCusts Customer
Choice==CustArrive.Customer.Choice;
RELEASEWHERE C1
‘Choice > nBarbers ? 0:
CustWait.CurCount>6? O:
IChoice? 1
1AbsentQ.NewCustChoice.Count &
CustWait.SameChoiceCusts.Count<=3";

The first two statements define filters. A filter is
applied to a queue to create a subset of the queue’s
contents. ThusiAbsentQ.NewCustChoigds a subset of the
Barberscurrently in queuébsentQ This subset includes
only those Barbers whose ResNumequals theChoice
property of theCustomerin activity CustArrive Since
Customersarrive (i.e., are generated) only during working
hours, this subset should be empty for most cases except
when theBarber preferred by the newCustomeris an
absentee (in which case, the subset should contain exactly
oneBarberresource).

Similarly, CustWait.SameChoiceCusssthe subset of
Customersn CustWaitthat prefer the samBarber as the
newly generate@€ustomeiin activity CustArrive

The RELEASEWHERE statement makes use of these
filters and allows only thos€ustomersthat satisfy its
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logical condition to flow through linkC1l. This condition
first rejects thos€ustomerghat prefer 8Barber that does
not exist (due to sensitivity analysis nBarberd. Then it
examines if there are more tharC@stomersn CustWait
If so, the newCustomeris not released. Otherwise, if the
new Customerdoes not have a favoriteGhoice s true)
then it is released. Otherwise,Gaistomerflows through
C1 only if the preferredarberis not inAbsentQand the
Customersn CustWaitthat have the same favorite as the
newcomer is at most three. @ustomerthat does not flow
throughCLlis released through lin&3.

The statements that follow at this point deal with the
matching of Barbers to Customers (or Customersto
Barberg to determine whether combi activiBut can start

DRAWWHERE B5
'‘CustWait.MatchedCustomers.Count';
DRAWWHERE C2
'l Choice | Choice ==Cut.Barber.ResNum’;
DURATION Cut 'Exponential[19];

These statements initiate the resource matching and
drawing process by first examining the availaBlrbers
and then trying to find the matchingustomers Similar
statements that examine tBestomerdirst and then try to
find the matchin@arbersare presented below.

Combi activity Cut can start when theenough
expressions for link€2 andB5 aretrue. C2 has the default
enoughexpression that returns true when queustWait

and which resources it draws. Since a detailed descriptionis not empty. Resource matching is performed by the

of this portion of the model is one of the main objectives of

this paper, the statements and their detailed explanation is

deferred until the next section.

INIT Seq 1;

INIT Start 1;

INIT NewDay 1;

INIT AbsentQ nBarbers;
SIMULATEUNTIL SimTime>=100*24*60;
REPORT,;

enoughexpression for liniB5.

The enoughexpression for B5 makes indirect use of
two filters, MatchedCustomerand MatchedBarbersthat
cross-reference each other and create a chicken-and-egg
problem. This problem is solved by first defining
MatchedCustomerwith a dummy filter expression that is
redefined later. Once the namdatchedCustomerds
defined, it may be used to define the filter expression for
MatchedBarbers The actual filter expression for
MatchedCustomergthat referencesMatchedBarbers is
defined later by the FILTEREXP statement. This way it is

The INIT statements define the contents of queues at possible for two filters to reference each other. It is this

the start of simulation. Queu&gq Start andNewDayare
initialized with oneToken QueueAbsentQreceives three
Barbers(that are automatically assignBésNumvalues of

1, 2, and 3). TheSIMULATEUNTIL statement runs the
actual simulation until its logical expression becomes true,
i.e., until the simulation clock time&s{mTimé exceeds 100
24-hour days (expressed in minutes). TREPORT
statement produces the standard simulation output report.

3.3 Matching Customers to Barbers

The following statements matclCustomersin queue
CustWaitto Barbersin queueBarberQ to allow activity
Cutto start and draw the correct resources.

FILTER MatchedCustomers Customer 1; /dummy
FILTER MatchedBarbers Barber
CustWait.MatchedCustomers.Count;
VARIABLE CurrentlyCursoredBarber
' MatchedBarbers.HasCursor?
MatchedBarbers.ResNum : B5.ResNum’;
FILTEREXP MatchedCustomers
IChoice|Choice==CurrentlyCursoredBarber;

PRIORITY
ENOUGH

Cut '10%
B5
'‘BarberQ.MatchedBarbers.Count’;
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ability to define cross-referencing filters that makes
extremely complex resource-matching possible.

The expression BarberQ.MatchedBarbers.Count
returns the number darbersin BarberQ that belong to
the subset BarberQ.MatchedBarbers. The filter
MatchedBarberscreates this subset by cursoring each
Barber in BarberQ to determine whether it should be
included. This decision is made by the value of
CustWait.MatchedCustomers.Counivhich counts the
number ofCustomersn CustWaitthat can be served by the
Barbercursored byatchedBarbers

To see how this process works let us consider an
example. Assume th&arbersB-1 and B-3 are in queue
BarberQand that the&Customersn CustWaitare as shown
in Figure 3.

As indicated by the arrow, filteMatchedBarbers
cursors the firstBarber in BarberQ (i.e., B-1). Then it
evaluates its filter expression and counts the number of
Customersin CustWait.MatchedCustomer3his requires
filter MatchedCustomersto cursor eachCustomer in
CustWaitand evaluate its own filter expression. The results
are shown next to eacbustomerin Figure 3. Notice that
Choicerefers to the property of tHeustomercursored by
MatchedCustomers  whereas the expression
MatchedBarbers.ResNumefers to theResNumof the
Barber cursored byMatchedBarbergi.e., B-1). Thus, the
subset formed bygustWait.MatchedCustomeis tailored
to B-1 and represents thoSeistomerghat thisBarber can
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BarberQ MatchedBarbers
(front of queue) Filter logical expression:
ResNum CustWait.MatchedCustomers.Count
-1 #{C-14} = 1 =true
3 #{C-12, C-13, C-14} = 3 #rue

(back of queue) - indicatesBarbercursored by filter

CustWait MatchedCustomers

(front of queue) Filter logical expression

IChoice |

ResNum ChoicgChoice==MatchedBarbers.ResNum
11 2 (12) | (2 == 1) Halse|false =false
12 3 (12) | (3 == 1) Halse|false =false
13 3 (12) | (3 == 1) Halse|false =false
14 0 (10) | (0 ==1) #rue |false =true

(back of queue)  (the above example values assume

B-1 is cursored batchedBarbers)
Figure 3: Evaluation dBarberQ.MatchedBarbers.Count

serve. In this cas®arberB-1 can only serv€ustomerC-
14 (the lastCustomerin queueCustWai}. The expression
CustWait.MatchedCustomers.Codot Barber B-1 returns
#{C-14} = 1 (true), and thus B-1 is included in the subset
BarberQ.MatchedBarbers.

Filter MatchedBarbershen cursors B-3 and the entire

process is repeated again as shown in Figure 4. The

Customerghat can be served by B-3 are C-12, C-13, and
C-14. ExpressiornCustWait.MatchedCustomers.Coufair
Barber B-3 returns #{C-12, C-13, C-14} = 3r(e). As a
result, B-3 is also included in the subset formed by
BarberQ.MatchedBarbers.

Thus, the subseBarberQ.MatchedBarbersncludes
both Barbers The enoughlogical expression for linlB5
BarberQ.MatchedBarbers.Count #{B-1, B-3}=2 (true).
This means that there asnoughmatchedBarbers and
Customergo create a new instance of activtyt

The new instance of activit¢ut must now draw the
appropriate resources through its incoming links. This
process begins by first drawingBarber through link B5.
This is not necessarily the firBarber in line, but rather
the first one that can be matched withCastomerin
CustWait Once the appropriat®arber is drawn, Cut
draws the first matchinGustomeitthrough linkC2.

The DRAWWHERE logical expression for link B5 is
identical to the filter expression fdvlatchedBarbers As
shown in Figure 5 when link B5 cursoBarber B-1 and
evaluates its DRAWWHERE logical expression it returns
#{C-14} = 1 (true). Thus, Barber B-1 is drawn to the
newly created instance of activiigut and the drawing
process through linB5 ends.

BarberQ MatchedBarbers
(front of queue) Filter logical expression:
ResNum CustWait.MatchedCustomers.Count

1 #{C-14} = 1 =true
-3 #{C-12, C-13, C-14} = 3 #rue
(back of queue) - indicatesBarbercursored by filter

CustWait MatchedCustomers

(front of queue) Filter logical expression

IChoice |

ResNum ChoicgChoice==MatchedBarbers.ResNum
11 2 (12) | (2 == 3) Halse|false =false
12 3 (12) | (3 == 3) Halse|true =true
13 3 (12) | (3 == 3) #alse|true =true
14 0 (10) | (0 == 3) #rue |false =true

(back of queue)  (the above example values assume

B-3 is cursored batchedBarbers)

Figure 4: Evaluation dBarberQ.MatchedBarbers.Count

BarberQ Link B5
(front of queue) DRAWWHERE logical expression:
ResNum CustWait.MatchedCustomers.Count
-1 #{C-14} = 1 =true
3

(back of queue) - 1 =Barbercursored by link B5

CustWait MatchedCustomers
(front of queue) Filter logical expression
ResNum Choicg  !Choice | Choice==B5.ResNum
11 2 (12) | (2 == 1) Halse|false =false
12 3 (12) | (3 == 1) Halse|false =false
13 3 (12) | (3 == 1) Halse|false =false
14 0 (10) | (0 ==1) #rue|false =true

(back of queue)  (the above example values assume

B-1 is cursored by liniB5)

Figure 5: Evaluation of DRAWWHERE for LinR5

MatchedBarbers(i.e., MatchedBarber&kesNuj In the
latter it is compared to thiResNunof theBarber cursored
by link B5 (i.e., B5.ResNum Variable
CurrentlyCursoredBarbeis defined to return the correct
ResNumdepending on whether filtdvlatchedBarbersis
active or not (see variabMatchedBarbers.HasCurspr

The next step after drawingBarber throughB5 is to
draw a matchingcustomerthrough linkC2. This does not
require the use of filters because the new instance of
activity Cut has already drawn Barber and makes it easy

The main difference between Figures 3 and 5 is that in {5 refer to its ResNum(i.e, Cut.Barber.ResNun The

the former theChoice property ofCustomerds compared
to the ResNum of the Barber cursored by filter
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process is illustrated in Figure 6.
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CustWait Link C2
(front of queue) DRAWWHERE logical expression:
IChoice |
ResNum Choicg Choice==Cut.Barber.ResNum
11 2 (12) | (2 == 1) Halse|false =false
12 3 (12) | (3 == 1) Halse|false =false
13 3 (12) | (3 == 1) Halse|false =false
14 0 (10) | (0 ==1) #rue|false =true

(back of queue)  (the above example values assume

Cut.Barber.ResNunz 1)
Figure 6: Evaluation of DRAWWHERE for Link C2

Link C2 cursors the firs€Customerin queueCustWait
and evaluates its DRAWWHERE expression. Since the
result isfalse it cursors the next Customer in line. This
process is repeated untilCustomercan be drawn (i.e., C-
14). (If the DRAWWHERE expression false for every
cursored resource then no drawing takes place.) After the
new instance o€ut receivesBarber B-1 andCustomerC-
14, it proceeds to determine its duration.

For the resource situation assumed for the example

CustWait MatchedCustomers
(front of queue) Filter logical expression
ResNum Choicg BarberQ.MatchedBarbers.Count
11 2 #{} = 0 =false
12 3 #{B-3} = 1 =true
13 3 #{B-3} = 1 =true
14 0 #{B-1, B-3} = 2 =true
(back of queue) - indicatesBarbercursored by
filter
BarberQ MatchedBarbers
(front of queue) Filter logical expression:
ResNum IMatchedCustomers.Choice |
ResNum==MatchedCustomers.Choic
e
1 (12) | (1 == 2) false|false =false
3 (13) | (3 == 2) false|false =false

(back of queue) (these example values assume C-11 is
cursored byMatchedCustome)s

Figure 7: Value of CustWallatchedCustomers.Count

above, activity Cut is able to start a second time and create

another new instance. It is not hard to see that the second

Cut instance will drawBarber B-3 and CustomerC-12.
When these resources are draBarberQbecomes empty
and no moréCutinstances can be created at this time.

3.4 Matching Barbers to Customers

The statements below illustrate how the modeling
perspective can be reversed to maRdrbersin queue
BarberQto Customersn queueCustWait

FILTER MatchedBarbers Barber 1; /dummy
FILTER MatchedCustomers Customer
BarberQ.MatchedBarbers.Count;
VARIABLE ChoiceOfCursoredCustomer
'‘MatchedCustomers.HasCursor?
MatchedCustomers.Choice : C2.Choice’;
FILTEREXP MatchedBarbers
'IChoiceOfCursoredCustomer |
ResNum==ChoiceOfCursoredCustomer";
ENOUGH C2 CustWait.MatchedCustomers.Count;
DRAWWHERE C2 BarberQ.MatchedBarbers.Count;
DRAWWHERE B5 'Cut.Customer.Choice |
ResNum==Cut.Customer.Choice’;
10
'‘Exponential[19]’;

PRIORITY Cut
DURATION Cut

These statements are very similar to those used earlier

for matching Customersto Barbers. Figure 7 shows the
same example as above to illustrate how they work.
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The enoughexpression for linkC2 returns the value
#{C-12, C-13, C-14} = 3ttue). In other words, there are
three Customersthat can be matched with Barber, so
there areenoughto create a new instance of activityt

As shown in Figure 8, the new instance will first draw
CustomerC-12 and themarberB-3 (to draw in this order,
link C2 should be defined before lifB5).

At this point, theenoughexpression for linkC2 is
reevaluated and returns #{C-14} = 1rug). Thus, Cut
creates a second activity instance that dr@wstomerC-

14 first and themarberB-1. No more instances @fut can

be created because queBarberQ is now empty. Notice
that the two instances ofut are created (i.e., draw
resources) in reverse order from that in the previous
section, i.e., #1:{B-1, C-14}, #2:{B-3, C-12} vs. #1:{C-12,
B-3}, #2:{C-14, B-1}.

4 CONCLUSION

The two barbershop models have been animatsdg
PROOF Animationto verify that they are indeed correct.
They also produce identical results, even though the roles
of Barbers and Customersare reversed. In the actual
models, it is impossible for more than one instanc€wdf

to start at the same simulation time. (At most, only one
instance can start when @ustomerarrives, or when a
Barberbecomes free).

This example illustrates the power of an activity
scanning system to model complex resource matching and
activity startup-up conditions, and even reverse the role of
resources without changing the basic structure of the
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