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Random.prototype.normal = functicon (mu, sigma) {
if (arguments.length != 2) {
throw new SyntaxError ("normal () must be called"
+ " with mu

* ]

var z = this.lastNormal;

this.lastNormal = NaN;

if {1z) ¢
var a = this.random() * 2 * Math.PI;
var b Math.sqrt(-2.0 * Math.log (1.0 - this.random())):
z = Math.cos(a) * b;

this.lastNormal = Math.sin(a) * b;
}
return mu + z * sigma;
3z
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Time Pattern TP1: Time Lags between two Activities

Also known as

Upper and Lower Bound Constraints, Inter-Task Constraints, Temporal Relations

Problem

There is a time lag between two acfivities to be obeyed. Such Time Lags may not only be
defined between directly succeeding activities, but also between arbitrary ones (presuming
that the activities may belong to the same process instance).

Design Choices

C) Time lags only constrain the execution of activities C[a] (cf. Fig. 7)

D) Time lags may represent all three kinds of restrictions (cf. Fig. 8)

E) Time lags define the distance between the
a) start of two activities (i.e., Start-Start relation)
b) start of the first and the completion of the second activity (1.e., Start-End)
c) completion of the first and the start of the second activity (i.e., End-Start)
d) completion of two activities (Le., End-Fnd)

Solution

A time constraint is introduced between the eggswrt-Sun
start / end event of the two activities.
o F{ &

Timers can be used to realize this pattem at gé %S"‘" %5

run-time. For example, to implement an end- ~~~{End-End
start elation between activities A and B, the Euntsan—| A |— & |—

timer starts after completing A IftheumelagbetwemAandBreplwlsamlmmalom,
B must not be started before the timer has expired; 1e., the execution of activity B is
delayed until the time lag is satisfied. If the fime lag expresses a maximum distance, B may
be started immediately, but has to be started latest when the timer expires. In case the timer
expires an exception handling may be triggered. For time intervals both cases apply.

Context

The mechanism evaluating the constraint (i.e., starting the timer) needs to be able to access
the value of the time lag when starting the timer.

Examples

o The maximum time lag between discharging a patient from a hospital and sending out the
discharge letter to the general practitioner treating the patient is 2 weeks (Design Choices
D[b] E[d])

e Patients must not eat af least 12 hours before a surgery takes place. The latest point in
time at which the patient can have a meal is therefore determined by the date of the
surgery (Design Choices Dfa] E[c] )

o The time lag between registering a Master thesis and submitting it must not exceed 6
months (Design Choices D[b] E[a] )

Related Patterns

TP2 (Durations): TP1 and TP2 both refer to the time lag between process events.
TP3 (Time Lags between Events): TP1 can be implemented based on pattern TP3.
TP9 (Cyclic Elements): TP9 is an extension of TP1, considering cycles and iterations.

\4%
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Time Pattern TP2: Durations

Also known as

Problem

A particular activify, activity set, process, or set of process instances has to obey a certain
duration restriction.

Durations result from both waiting (i.e., activity is suspended) and processing times during
activity execution. However, a duration does not cover the time span the activity (activity
set, process or process instance) is offered in user worklists but has not been started by any
user yet (i.e., the time span between activation and start of the activity).

Design Choices

C) Durations may be applied to all four kinds of process granularities (cf. Fig. 7)
D) Durations may represent all three kinds of restrictions (cf. Fig. 8)

Solution

A time constraint is introduced befween the start and end events of an activity (the same
applies to activity sets, processes and process instances).

~—fActivity Duration

Y 4

"""'{Ptocess Duration ("gdivity Set Dusation
Timers can be used to enable run-time support for durations. For minimum (maximum)
durations the respective activity must not complete before (after) the timer has expired,
otherwise appropriate exception handling needs to be initiated. For time intervals, the end
event has to occur within the time interval boundaries.

Context

The mechanism evaluating the constraint (i.e., starting the timer) needs fo be able to access
the value of the duration before starting the activity (activity set, process or process
instance).

Examples

e The assembly of a new engine must not take longer than 30 minutes (task work) (Design
Choices C[b] D[b])

» Depending on its severify and the patient’s state, ovarian cancer surgeries fake I to 10
hours (Design Choices C[a] D[c]).

» Maintenance issues need to be resolved within Ihr (Design Choices C[c] D[b])

o Processing 100 requests must not take longer than 1 second (Design Choices C[d] D[b])

Related Patterns

TP1 (Time Lags between Activities): TP1 and TP2 both refer to the time lag between
process events.
TP3 (Time Lags between Events): TP2 can be implemented based on TP3.
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Time Pattern TP3: Time Lags between Arbitrary Events

Also known as

Problem

A time lag between two discrete events needs to be obeyed. Respective events occur, for
example, when instantiating or completing a process instance, when reaching a milestone
in a process instance, or when friggering specific events inside an activity.

Design Choices

D) Time lags between events may represent all three kinds of restrictions (cf. Fig. 8)

Solution

A time constraint is introduced between two
events. { {Time Lag

Again timers can be used to realize this pattern '
at run-time (cf. TP1 in Fig 10). Additionally,
an observer, monitoring external events and
notifying the time management component, is
required.

Context

The mechanism evaluating the constraint (i.e., starting the timer) needs to be able to access
the value of the time lag prior to its activation (i.e., the occurrence of the start event) in
order to start the respective timer.

Examples

¢ The time lag between the delivery of all parts (milestone) and the assembly of the car’s
chassis (milestone) should be no more than 2 hours (e.g. just-in-time production)
(Design Choices D[b]).

e The time lag between two heavy maintenance visits of an aircraft is 4-5 years (Design
Choice D[c])

Related Patterns

TP1 (Time Lags between Activities): TP3 is a generalization of TP1.
TP2 (Durations): TP3 is a generalization of TP2.

Pl Sy s Jour

Time Pattern TP4: Fixed Date Elements

Also known as

Deadline

Problem

A particular activity or process instance has to be executed in relation to a particular date.

Design Choices

A) Parameters of this pattern may only be set during instantiation-time A[b] or run-time
Alc] (cf Fig. 6).

C) A fixed date can be applied to an activity C[a] or a process C[c] (cf Fig. 7)

F) A fixed date can restrict all four types of dates (cf. Fig. 15)

Solution

A fixed date is attached to the respective activity or process.

¢ TFixed-Date Activity
Fixed dates can be realized using a timer which starts as soon as the Ty :%.,_
value of the fixed date is known and which expires at the respective d9 TENET
date. For example, if for a latest start date the respective activity
(process) has not been started before the timer has expired, appropriate exception handling
routines may be initiated. Other restrictions can be handled analogously (cf. Fig. 10 for an
example).

Context

The value of the fixed date needs fo be available before the respective activity or process is
enabled.

Examples

e During a chemotherapy cycle the physician has to inform the pharmacy about the dosage
of the cytostatic drug unfil 11 am. If the deadline is missed the pharmacy checks back by
phone for the exact dosage (escalation mechanism) (Design Choices C[a] F[d]).

e For each paper submitted to a scientific conference three review requests are sent to
members of the program committee. Reviews for all submitted papers have to be entered
into the submission system by a particular deadline (Design Choices C[a] F[d]).

Related Patterns

TP5 (Schedule Restricted Elements): Like TP4, TP5 constrains possible execution times.

va
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Time Pattern TP5: Schedule Restricted Elements

Also known as

Problem

The execution of a particular activity or process is restricted by a schedule. This schedule
provides restrictions on when the respective element may be executed, i.e., the schedule
defines time slots in which the respective activity may be started or completed. Usually, the
structure of the schedule is known at build-time, while the concrete date is set duning run-
time (1.e., at the process instance level). Schedules may contain exceptions (e.g., every year
except leap years).

Design Choices

C) A schedule can be applied to an activity C[a] or process C[c] (cf Fig. 7)
F) A schedule can restrict all four types of dates (cf. Fig. 15)

Solution

A schedule is attached to the respective activity or process. E

A schedule restriction can be realized using a timer which is fSchedule Restricted Activity
started at process instantiation time and expires at the first endpoint of one of the respective
time slots (i.e., when entering or leaving a valid time frame of the particular schedule). The
timer is then reset and its expiration date is set to the next endpoint of one of the time slots.
This s repeated until the respective activity (process) has been started / completed (cf
Design Choice F) or no more valid time slots are available according to the schedule.
Outside of a valid time slot the start of the respective activity (process) should be prevented
by the system. If the completion of the respective activity (process) does not occur within a
valid time slot or there is no longer a valid time slot available according to the schedule,
exception handling is required.

Context

The structure of the schedule needs to be known before the activity or process becomes
available for execution.

Examples

o From Munich to Amsterdam there are flights at 6:05 am, 10:30 am, 12:25 pm, 5:35 pm
and 8:40 pm (Design Choice C[a]).

o Comprehensive lab tests in a hospital can only be done from MO — FR befween 8 am and
5 pm (Design Choices C[a])

Related Patterns

TP4 (Fixed Date Elements): Schedule Restricted Elements often become Fixed Date
Elements when a certain element of the schedule gets selected.

TP6 (Time-based Restrictions): Like Schedule Restricted Elements, they constrain possible
execution times.

TP8 (Time-dependent Variability): Time-dependent Variability is often used to provide
alternatives for Schedule Restricted Elements.
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Time Pattern TP6: Time-based Restrictions

Also known as | A particular variant of this pattem is often referred to as “Mutual Exclusion™
Piobless A particular activity or process may only be executed a limited number of times (has fo be
executed at least a certain number of times) within a given time frame.
G) Time-based restrictions can be applied to different types of process granularities
a) Instances of a single activity or a group of activities in the context of the same
process instance
b) Instances of a single activity or a group of activities in the context of different
process instances
. : c) Instances of a process or a group of processes
Design Choices | 17y There are two kinds of restrictions
a) Minimum number of executions
b) Maximum number of executions
I) There are two types of restrictions which can be expressed
a) Number of concurrent executions (at the same time / with overlapping time frames)
b) Number of executions per time period
To implement this pattem a constraint expressing a tmost n-Times
particular time-based restriction is associated with the { [per Time Period
activities (processes) affected by this restriction >
Additionally. the constraint specifies the respective time @
2 iod and the number of executions.
Solution = AMutual Exclusion
During run-time an observer can be used to monitor the '
number of running instances per time period and to raise an
exception in case the maximum (minimum) number of
executions is exceeded (fallen short of).
Context The minimum / maximum number of executions needs to be known to the observer before
any of the respective activities or processes is started.
® Several examinations for a particular patient are performed within a limited timeframe;
Thereby, it has to be ensured that the patient is not x-rayed several times (Design
Choices G[b] Hc] I[b]).
E e e For USD 19.90 ten different e-books can be read per month. If the e-book tokens are
- consumed no more books can be read in the current month. At the beginning of the next
month the book tokens get renewed (Design Choices G[a] H[b] I[b]).
 For a specific lab test at least 5 different blood samples have to be taken within 24 hrs
(Design Choices G[c] H[a] I[a])
TPS (Schedule Restricted Elements): While the execution time of a Schedule Restricted
Related Patterns | Element is constrained by a schedule, Time-based Restrictions constrain the number of

AN
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Time Pattern TP7: Validity Period

Also known as

Problem

A particular activity or process may be only executed within a particular validity period,
1.e., 1ts lifetime 1s restricted fo this validity period. The respective activity or process may
only be instantiated within this validity peniod.

Design Choices

A) Parameters of this pattern may only be set at build- A[a] or instantiation-time A[b] (cf.
Fig. 6).

C) A validity period can be applied to an activity C[a] or process Clc] (cf. Fig. 7)

F) A validity period can restrict all four types of dates (cf. Fig. 1)

Solution

To realize this pattem a validity period is attached to the respective activity [«
o process respectively. 9
"Validity Period

Upon instantiation of the respective activity or process, its validity period needs to be
checked. If the current time does not match with the activities (processes) validity period or
the minimum duration of the activity (process) (see Fig. 12) will result in the completion of
the activity (process) being outside of the respective validity period, appropriate exception
handling 1s required.

Context

The validity period needs to be known before the respective process is executed.

Examples

o Starting from Jan Ist patients need to be informed about any nisk before the actual
treatment takes place (Design Choice C[c] F[a]).
o From next week on the new service version should get life (Design Choice C[a] F[a]).

Related Patterns

TP8 (Time-dependent Vanability): TP8 is often required fo switch befween activities
having different validity periods.

AY
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Time Pattern TP8: Time-dependent Variability

Also known as

Problem

Depending on temporal conditions the control flow may vary; e.g., different branches of a
process are executed or different sub-process fragments are chosen.

Design Choices

C) A time-dependent variability may only be applied to an activity C[a] (cf. Fig. 7)

J) There are different time aspects which may be considered by an instance of this pattem
a) Execution time of an activity instance
b) Time lags between activities / events

Solution

Time-dependent variability can be achieved in different ways. The simplest approach is to
explicitly capture the required variability in the process model by enumerating all possible
options. Altematively, techniques like late binding can be used to select appropmate
activity implementations during run-time depending on temporal conditions. Both
approaches realize the varability based on the execution fime of the respective node
(Design Choice J[a]). Finally, the Deferred Choice Workflow Pattern [2] may be used in
combination with triggers to achieve time-dependent variability based on time lags between
activities (Design Choice J[b]).

Mo [Deferred Chaice

s 2> =
; [Time Dependent "c"
f’:“'c"w“ e ‘& ||LateBinding X

€%{M

{ »
“frime Dependent Variability inimum Time Lag

Context

The mechanism that evaluates the condition needs to be able to access any required data
when determining which of the possible alternatives shall be chosen.

Examples

o If no offer is received 7 days after having sent the request the request may be canceled
(Design Choice J[b]).

o When issuing a passport the processing usually takes 4-6 weeks. If the person needs the
passport earlier than 4 weeks an interim passport can be issued (Design Choice J[a]).

¢ A patient admitted to a hospital berween 6 pm and §am is always assigned to the
emergency unit (for the first night). If no threatening sifuation exists the following day
the patient is transferred to a normal ward. Berween 8 am and 6 pm. in turn. a patient is
usually directly admitted to the ward unless there is an emergency (Design Choice J[a]).

Related Patterns

TP5 (Schedule Restricted Element): Time-dependent Variability often refers to some sort of
a schedule.
TP7 (Validity Dates): TP7 requires different paths to be taken depending on the execution

time
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Time Pattern TP9: Cyclic Elements

Also known as

Problem

In the context of iteratively performed activities or process fragments. there is a given time
lag between activities, where respective instances of these activities may belong to different
terations of the loop structure. This may either be instances of a single activity or of two
different activities belonging to the same cycle.

Design Choices

C) A cyclic element may only restrict the time lag between activities (a) (cf. Fig. 7)
D) Cyclic elements may represent all three kinds of restrictions (cf. Fig. 8)
E) Cyclic elements can be realized based on all four time relations (cf Fig. 10)
K) Cyclic element may restrict the time lag between
a) two directly succeeding iterations
b) two subsequent activity instances belonging to arbitrary iterations
L) Time lag between cycles
a) is fixed
b) may vary between iterations

Solution

A special time constraint is introduced ,{S“melag between two
between the start / end events of the activities ,' ubsequerTt fterations
where the respective event of the second ® | |_. 0
activity is considered fo be in a succeeding 'S

iteration of the event referring to the first
activity.

loop

This paftern can be realized at run-time similar to pattern TP1 with additional attention
being paid to the iterations of the respective activities.

Context

The mechanism evaluating the constraint (i.e., starting the timer) needs to be able to access
the value of the time lag when it starts the timer. Additionally. time lags may vary between
iterations (cf. Design Choice L). Therefore, these requirements need to be fulfilled for each
iteration of the respective loop.

Examples

o Administer 50 to 75 mg in equally divided doses every 12 /s for 5 subsequent days
(Design Choices D[c] E[c] K[a] L{a]).

¢ Maintenance aircraft “C Checks™ are performed every 12-18 months (Design Choices
D[c] E[c] K[b] L{a])

e Cycle Time for maintenance aircraft “C Checks™ is at least 2 weeks (Design Choices
D[a] Efa] K{a] L{a])

Related Patterns

TP10 (Periodicity): TP9 and TP10 both refer to iteratively performed activities.
TP1 (Time Lags between Activities): TP9 is an extension of TP1 considering loops and
iterations.

AL
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Time Pattern TP10: Periodicity

Also known as | Recurrence, Appointment Series
A particular set of activities shall be performed periodically (i.e., according to a particular
Problem periodicity rule). Thereby, periodically implies some regularity, but does not necessarily
equally distanced.
C) A Periodicity may only be applied to process fragments (i.e., activity sets) C[b] (cf
Fig. 7)
; . M) The Number of cycles is
Design Choices | ™ )" getermined by a fixed / dynamic number of iterations,
b) depends on end date, or
) depends on exit condition
A variant of an Ad-hoc Sub-Process [52] may be used in @ y
combination with an associated periodicity rule. Pesodcy NA ™ {periodicity
IZ' " [Feriodiaty Rude:
Solution Periodicity rules can be realized by combining patterns el
TP1-6, TP8 and TP9 (cf. Fig. Fig. 10 - Fig. 22) which Lyt &  execneB
are applied when scheduling the activities of the “ M
respective Ad-hoc Sub-Process.
Context The context requirements of the participating time pattems need to be fulfilled.
o Starting with next Monday group meetings will take place every two weeks at 11:30 am
(Design Choices MJc]).
* Each day at 7 am the responsible assistant physician of the Gynecological Clinic is
informing the assistant medical director about the patients (Design Choices M[c]).
Examples ¢ Course "Business Processes and Workflows" takes place every Monday from 8:00 am to
11:00 am starting on Oct 6th and ending on Jan 26th. On Dec 8th, 22nd, 29th and on Jan
5th no lectures will take place (Design Choices M[b]).
¢ An information letter is sent by the leasing company to each customer within the first two
weeks of each year (Design Choice Mlc]).
Related Patterns | TPQ (Cyclic Elements): TP9 and TP10 both refer to iteratively performed activities.
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Abstract

Managing business processes include programming simulation and analysis of
a business system. Nowadays information technology leans toward workflow
management. This is a computer system which focuses on defining and
managing activities in an organization to reach a certain goal. The concept of
process model is used to simulate the workflow system. Making a process
model from logging is one of the important ground works in business process
management. This thesis is going to use educational processes as a Process-
aware system in Bachelor’s and master’s levels in Shahrood University then
we use time patterns in process.

Next stage is recording demands of the students in Golestan system that is
based on the time difference (day) between the approval of request by the
student, Department head, Dean of school and the office of educational
services, thenceforth the best mathematical distribution data is counted.

Finally turnaround times for requests and structural change of educational
processes can be reduced by defining mathematical distributions.

Key words: workflow managing system, time patterns, workflow
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