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All the work, from the collection of data in the field to the Distribution Centre system simulation

and implementation, has been evaluated and detailed on an agreed plan in the initial

meetings.The division was such that every member has contributed with an equal amount of work

as the others:

Data Analysis

Member Data Collection Flow Chart Report
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INTRODUCTION

The Group Project consists in utilising the capabilities of Systems Modelling and Simulation in
order to design and analyse a real system: the Distribution Centre in Brunel University.

The introductory briefing obtained from the Manger allowed visiting the business and roughly
understanding the main operations executed by the Distribution Centre around the entire
University. This was necessary in order to clearly plan and equally share the work between the

group members that would have been done in the following month.

With an official permission and having respected the Health & Safety policies in force in the
Distribution Centre premises, the data collection has been carried out (with the great support of
the staff) following a unanimously agreed schedule in which the plan for the whole collection was
detailed laid out.

The intuitive problem solving and the engineering approach have been applied to the investigated
system so that the relevant data concerning the arrival and distribution of mail were appropriate
and statistically true to reality.

In fact, the use of statistics and probability theories allowed simulating the Distribution Centre in
Rockwell Arena, giving a detailed report of the performance of every process that subsequently
has been used to perceive where the system can be improved with validated what-if scenarios.

2. 1—-The System: The Distribution Centre

The Distribution Centre of Brunel University is located on the South Perimeter Road, alongside the
Antonin Artaud building, in the Joseph Lowe building.The processes involved in the centre are
based on the delivery system adopted by Royal Mail as reported by the manager.



It offers a wide range of services that provide support to the complete Campus and they can be
divided in:

Mail:

The external and internal mail is processed and distributed once in the morning and once
in the afternoon. This fixed schedule can be subjected to variation (one delivery instead of
two) in case of special events or activities held on Campus.

Porterage:

The principle services are:

Office furniture moves.

Bulk print collection/deliveries.

o Refuse collection from designated areas on campus.

(@]

o Daily replenishment of toilet supplies.

The porterage exclusively work through an Operation Booking System when the order
(with @ minimum of 48 hours’ notice) concerns furniture moves, decants and bulk prints.
On the contrary, waste collection and toilet replenishment take place on a daily basis with
departments’ individual requests dealt as soon as possible.

Central Stores / Good Inwards:
The offered services include:
o Receipt and Distribution of parcels and packets.
o Limited storage of stationary and janitorial stock items.

With an organized scheme that involves all the employees, the busiest services are found in the
Mail and Central Stores / Good Inwards sections.

The warehouse can be mainly divided in two major operative parts in which the core activities of

the previously mentioned duties take place:

Mail area
The mail area is the one subjected to the receipt of Royal Mail Delivery. With one delivery
scheduled not after 8.30am and one in the afternoon at 1.30, the staff collect A4, A5
standard letters, A4 flat parcels and various packets. This mail can comprehend both
student and staff items.
The area is organized as such so that flow of letters and parcels is continuous and efficient,
and it comprehends:
o Rear Entrance: Royal Mail delivers through this door with apposite bags. This is
connected with the sorting area.
o Parcel Sorting Area: In here, the student and staff parcels of certain dimensions are
electronically received and subsequently moved into the Parcel Area
o Mail Sorting Area 1: The available mailbags are here sorted by 2 employees by
general department with the use of appropriate pigeonholes.



o Mail Sorting Area 2: The mail divided in the previous area is here sorted even
further taking into account the specific building to where it is addressed.

o Mail-Out Area: the letters that need to be sent nationally or internationally by the
University Departments is here stamped with Royal Mail certified machines and
disposed in specific boxes waiting for collection.

- Parcels Area
On the contrary, the Parcel Area deals with all the ordered packages (for students and
staff) delivered by numerous couriers and the customers (students) requiring a package
throughout the working day. The regular presence of staff permits the prompt receipt of
the parcels with an electronic signature and the sorting in the specific shelves. This area is
divided as follow:
o Main Entrance: This large access point allows the loading and unloading of large
guantities of parcels (or furniture when necessary) using trolleys and carts.
o Customer Entrance: This corridor with a desk permits the customer to queue if
necessary, request and collect a previous registered postal item.
o Registration Desk: In here, the delivered packages are registered into the system
with the help of barcode scanners.
o Shelves: The registered parcels are placed in the shelves according to the building
of destination.
o Porterage Stock: This is an area reserved to all those goods that address the
essential needs of various departments, activities and events across Brunel
University (registration, graduation, lectures, labs, exams etc.).

The three main services provided are carried out during the opening times Monday to Friday.
The working day start at 8.00am for all the staff. The manager and the Team Leaders discuss the
plan for the day from 8.00am to 8.20am with a briefing, as well as dividing the work between the
other employees.By the first arrival of Royal Mail estimated for around 8.30, everything needs to
be properly set up and the staff ready.The Distribution Centre closes at 4.00pm.

The entire staff of Brunel Distribution Centre accounts for 10 people including one Manager and
two Team Leaders.

Their working times coincide with the opening times of the premises and therefore they follow an
8.00am — 16.00pm, Monday to Friday shifts.The same staff is entitled of one-hour lunch break at
2pm that usually coincide with the quietest period of the day, where the students are in lectures
and not many couriers are expected. However there is an exception: at least one person has to be
present in the customers’ area even if break time in order to guarantee the continuity of the
service.



The purpose of any distribution centre is to control the movement and storage of goods in the
most efficient possible manner. However, the main machine used during the processes involved in
this system is represented by a bar code scanner. A reliable and accurate database can be
maintained through this tool, by simply scanning parcels when they are going through the storage
process.

The collected data can be uploaded to a central computer system in real time, allowing a better
inventory management and providing efficiency and accuracy that would otherwise have to be
imposed manually.

Furthermore, it has been observed that using an effective scanning solution can contribute to keep
velocity in service by optimizing and automating activities that improve employee productivity and
reduce errors in the picking process.

Brunel Distribution centre is provided with:

- Parcel area: 2 bar code scanners and 2 computers
- Mail area: 1 bar code scanner connected to 1 computer and 2 stamping machines

The failures that will be applied to the machines present in the distribution centre will be based on
the observations done and the data obtained through the staff.

The failures will be defined as follow:

- Failure Human Resources:
The Distribution Centre’s General Manager confided us that, according to the previous
historical data, an average of 1 employee per month requests a day off due to illness or
private reasons. As a matter of fact, during the collection of data, just one failure of human
resources was witnessed.

- Failure Machines:
The main utilized machines concern the process of the parcels’ storage (PCs and Bar Code
Scanners) and the stamping of mail-out (Franking/Stamping Machines):these affect the
availability of the entire process to which they are subjected. Other machineries which are
involved in secondary activities such as office’s computers have not been considered
because their availability implies that they do not have implications in the simulated

system.
Failure - &dvanced Process
i ] Name Type Up Time Up Time Unitz | Down Time Down Time Unitz | Uptime in thiz State only
Failure Human resource Time 30 Days 1 Days
2 Failure Machine Time 30 Days ] Hours.




2.5 —Transporters

While incoming goods are received, these after being sorted out, have to be shipped to the correct
destination (departments and shops); by contrast, goods addressed to students are stored into the
warehouse, and do not require the use of transporters.

The transporters used in the system for delivering staff are three vans and three barrows. More
specifically, the latter are handled by three workers (one for each track), are routed to the closest
destination, following a specific pathway and require approximately 30 minutes to make a
complete round to the fixed destinations; instead, the van is handled by one worker to the
furthest areas which cannot be easilyreached and takes approximately 40 minutes.

Furthermore, both vans and barrows, start their round at around 9:30am (after the first sorting),
and make another round as soon as the second sorting is completed (at around 1:30pm).
However, it is important to highlight that only some departments are involved in both rounds,
making the second round faster and shorter.

All transporters are involved in the delivery of mail around campus according to the following
routes:

- Route 1: Van Delivery

The van delivery route shown in Figure 2 is the more time consuming delivery path. In addition to
the longer list of serviced buildings compared to the other routes, the van is constrained to outer
circle around campus (highlighted in blue). Once near the delivery points, the employees
appointed to this itinerary, need to park the van and finish the delivery on foot.
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- Route 2: Halsbury

The so called Halsbury route is the delivery schedule that addresses the consignment of mails and
parcels across the buildings touched by the main artery of the University spreading from south to

north of the campus (Figure 3).
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- Route 4: Engineering and Design

The Engineering and Design route (Figure 4) concerns the Southern part of campus where all the
main buildings linked to these subjects are established.

nsibis for ventying al st seting o
o

ot be scaled.

3 o
Calcutatad Cimenaions shall e Used.

Route 4 Foot Delivery and Collection

Crawng 59 For Information Prorect BRUNEL UNIVERSITY
DEPARTMENT OF ESTATES
Drawn By. | PAD [Checked By: | Toste: T o811 Brunel University Estate | = foim | | SrReD BROWN BUILDING, KINGSTON LANE.
o I e @ A3 | Fropec et | UXBRIDGE, MIDDLESEX, UBS 3FH
T Unbrisge Campus TEL: 01895 274000 | FAX. 01895 269752
Rav

Drawing tite Drawing numbsr

8 | aose | wwroursaveostes | eao NOT TO BE REPRODUCED WITHOUT THE EXPRESS. i
EERMISSION OF BRUNEL UNIVERSITY O THE Uxbridge Campus . .

» | os0aiz | warmourssueosten | o APPOINTED AGENTS. Mail Distribution Route 4 Uxbridge Campus - Mail Route 4 B

| S [Feee | COPYRIGHT 2008

Figure 4 - Route 4, Engineering and Design

11



- Route 5: Social Sciences

Figure 5 represents the delivery of mail and parcels for the buildings of social science and
residences that are situated on the west part of campus. Even if this side of the campus is mainly
managed by the Isambard Residence Offices, the Distribution Centre still deliver for some of their
buildings.
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Figure 5 - Route 5, Social Sciences
2. 6 — Assumptions Made

Some assumptions have been made during the modelling of the Distribution Service in order to
ease the translation of reality into simulation and they can be listed as follow:

- The porterage offered by Brunel Distribution Centre has not been addressed in the final
simulation: in fact, since all the activities present in this service do not happen on a regular
basis, not sufficient data were collected to portray it in a statistically valid manner.

- The served customer will receive the first parcel arrived in the Parcel Area.

- Due to the important amount of vans available, the delivery vehicle has been model as a
transporter and therefore is not subjected to failures. Barrows do not present failure
either.

- The van delivery has been scheduled with one delivery per day (in the morning) instead of
two.

- Two designated employee have a different lunch break time from the rest of the
colleagues in order to guarantee the continuity of the customer service.
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Due the amount of parcels and mails dealt with during an average working day, each member of
the group has followed the pre-scheduled plan for the collection of data presiding the designated
section.

The process-time for each workstation has been calculated by observing and clocking manually
(through the use of a chronometer) the activities of the employees using a numerical time value in
seconds for each process and in minutes for the deliveries.

These data have consequently been analysed in the Input Analyzer tool available in Arena: here
they are statistically validated while fitted with the most suitable random statistical distribution.

The complete list of the collected data relative to the Distribution Centre’s processes can be found
in the Appendix as a separate booklet. The distributions achieved from Input Analyzer are the
following:

Students randomly come and request parcels at the relative service desk. Analysing the data it can
be seen (in the schedule utilised in the flowchart) how these arrivals spike at lunch times and drop
coinciding with usual lecture times.

Distribution Expression Square Error
Lognormal —0.001 + LOGN(22.8,162) 0.004466
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3.2 — Customers’ Service, Delay Time

When the student ID is scanned, the DC* operator goes to the stock shelves, collects the right
package and delivers it to the customer, who is authorized to leave the premises with the object
after an electronic sign of receipt.

/‘\

] b
Distribution Expression (Minutes) Square Error
Lognormal LOGN (2.03,1.36) 0.002527

3.3 — Parcels, Entities per Arrival

Parcels arrive randomly in groups delivered by various couriers. The parcels are unloaded from the
van, transported into the premises and received by an operator that signs the electronic tracking
device.

Distribution Expression Square Error
Beta — 05+ 70-BETA(1.01,1.55) 0.007407

! Distribution Centre
14



3.4 - Parcels Scanning, Delay Time

The arrived packages are here registered into the University’s system so that the recipient is
notified with an e-mail. With the help of the two barcode scanners connected to two computers,
the operators can automatically register the parcel into the mail system inserting all the relevant
information.

_[:._
8
|—
2
-
B ,,—H-!: [ D [ [
Distribution Expression (Seconds) Square Error
Poisson POIS(13.6) 0.019057

3.5 - Parcels Storage, Delay Time

While one or two people register the parcels, another employee collects the already processed
ones and store them in the close-by shelves, respecting the division by building.

ill |

Distribution Expression (Minutes) Square Error
Normal NORM (28.5,14.1) 0.002783
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3.6 - Royal Mail (Letters and Flat Parcels), Entities per Arrival

Letters and Flat Parcels arrive daily following two scheduled time, as already specified. The aid of
bar code scanners replaces manual documentation, allowing employees to handle boxes by
reading a unique label on them; through this system, mail couriers will experience a considerable
reduction in process time and therefore errors which is significant for business practices. The
relative former distributions for parcels and letters are related to the 1% delivery and the latter
represent the 2.

mIT

Uniform UNIF(731,2.33e + 003) 0.008889

.

- Letters

Exponential 236 + EXPO(267) 0.057725
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- Parcels

o ul;

Uniform UNIF(6.5,20.5) 0.066349

L _

Weibull 1.5 + WEIB(3.17,1.22) 0.097081

3.7 - Royal Mail (Parcels for DC Parcels Area), Entities per Arrival

When Royal Mail delivers the mail and the flat parcels, it carries another postal box with inside big
parcels that have been ordered by either staff or student. These packages are destined to the
Distribution Centre Parcels Area, where they need to be processed and registered inside the
system following the same procedure as the ones delivered by the private couriers.

17



[T

Beta 22.5 + 38 * BETA(0.731, 0.966) 0.020351

alllir s o

Weibull 1.5+WEIB(7.78,1.77) 0.020351

3.8 - Processing Parcels for Distribution Centre by Royal Mail, Delay Time

Before being transferred to the parcels area, at the moment of the delivery by the postman, these
parcels are electronically signed for and disposed on a table.

s

Beta 15 + 8 » BETA(1.36,  1.74) | 0.005368
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3.9 - Mail First Sorting Process, Delay Time

Once mailbags arrive, these are sorted
by 4 employees according to a
meticulous inspection: more
specifically, the first sorting starts at
around 8:30 and letters are collected in
appropriate pigeonholes. In detail,
there are eight different compartments
(whose 2 are in common and six
doubled) in which letters are collected
and sorted before being delivered to
the proper destination (Shops,
Halsbury, Social Science, Engineering

and Design, Van Delivery, Residences).

Figure 6 - Wooden Pigeonholes for the First Sorting

Distribution Expression (Seconds) Square Error
Exponential 0.5+ EXP0O(5.04) 0.090281

3.10 - Mail Second Sorting Process, Delay Time

The Second sorting starts at around 1pm
and differently from the former, requires
less workers considering the less amount of
letters which arrive and consequently, less
time. However, as it can be predicted, on
Monday the amount of letters is three times
as much of that receipt the other days, due
to the stack created at the week-end where

Royal Mail does not deliver.

Figure 7 - Metal Pigeonholes used for the 2nd Sorting
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b

[ I S
Distribution Expression (Seconds) Square Error
Beta 0.5+ 15 * BETA(5.52,20.6) 0.007603

3.11 - Unloading bags, Delay Time

This step involves two employees who have the main task to unload bags (containing letters and
parcels) in order to separate and bring them in their specific area. Therefore, according to the
Royal Mail delivery time, this process follows two scheduled time and takes few minutes to be
completed.

[
T\\N
Distribution Expression (Seconds) Square Error
Triangular TRIA (3.5,37,50.5) 0.028813

3.12 - Loading barrows, Delay Time

When all the letters and flat parcels from Royal Mail have been sorted twice (once by department
and once by building), they are loaded in the barrows for route 2, 4 and 5 and the manual delivery

can be commenced.

20



y

Poisson POIS (6.48) 0.009074

3.13 - Loading Van Delivery, Delay Time

When departments and building that receive a vast quantity of mail are involved, the DC van gets
loaded with all the available letters and flat parcels lumped in bigger groups.

b,

Normal NORM (18.4,5.62) 0.015160

3.14 - Splitting Mail-Out, Delay Time

As said before, the Distribution Centre receives a considerable quantity of mails that need to be
sent nationally or internationally. Before the stamping, this amount of letters necessitate to be
sorted and split according to the before mentioned two categories.

i _

Normal NORM (3.27,1.21) 0.018245
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3.15 - Stamping Mail-Out, Delay Time

Once the mail has been divided, the employee will stamp each letter (charging the sending
department) with the relative two Royal Mail machines.

"'

Beta 0.5 +10 * BETA(1.43, 1.75) 0.004376

3.16 - Percentage Staff (Parcel Area), Decide by Chance

According to its random distribution, the received parcels that are destined for the university staff
may vary day by day.

| = ]

Uniform UNIF(39,49) 0.008889
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The simulation model has been created by using Arena Software (Version 14.5) and has been
divided into different main areas as following:

- CUSTOMER'’S AREA

- PARCEL’S AREA

- MAIL AND SORTING AREA

- PARCEL’S AREA (ROYAL MAIL FOR DISTRIBUTION CENTRE)
- MAIL AND PARCELS FOR STAFF AREA

- BUSY RESOURCES LOGIC FOR ROUTES AREA

- MAIL OUT AREA

e Customer | || Rometo Gustomer Desk
entrance Station Customer Desk Station

Signal for Parcels, Route to Customer Exit Record Dispose
— i — || Customer c
Release Customer Exit Station C Customers

The customer’s area gathers all students who come to collect their stocked parcel after they have
received an email alert. This process has been basically reproduced through the use of Create,
Process, Signal and Dispose modules.

M amme: Entity Type:
Create Customers +  Customer -

Time Between Arrivalz

Type: Schedule Mame:
Schedule w | Schedule Customers -
Entitiez per Arrival: M aw Arrivalz:
1 Infirite
(] 4 ] | Cancel | | Help

The Create Customers module generates customers entering the system, following a specific
schedule. The collected data have shown that on average, the number of customers who arrive
throughout the day reaches its peak during lunch time (1:00pm-2:00pm), due to the fact that
during this hour the majority of students are free from classes; however, data have been utilised
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to create a distribution that has been put into the Schedule Customers module as shown in Figure
10.

Arrival Rate <¢Day? 00:00:00 -Day 2 06:00:00 by 1 haur »>
0

Day1 02:00:00 16:00:00 Day2
00.00.00 00.00.00

Hame: Type: l';JPE:
Custamer service = | Standard -
) Set i

Logic
Action Priciity Set Mame: Buartity:
Seize Delay Release | Medum(2] - n
‘ | Customer service Set * 1
Resources:
Set, Customer service Sel, 1. Eichcal, Add Selection Rule: Sawve Attribute:

[ Ea. | Cypclical - | -

| Delete |

kK ] | Cancel | | Help
Delay Type: Units: Allocation;
‘Exprass\on vl ‘Minules Vl ‘Value Added -
E xpression
Delay time Serving Custamers -
/| Report Statistics
aK ] | Cancel ‘ | Help

Customers who enter the system are served by one employee who is not involved in other
processes. The distribution utilised to describe this process follows a LOGN(2.03, 1.36)minutes and
it is included in its relative variable. However, taking into account that the number of customers
who arrive daily is on average 35, this process is not considered as main as the others and
consequently, does not require particular commitment. More specifically, it has been observed
that as soon as the customer arrives, the first idle employee goes to the desk service in order to
serve him/her. To better clarify this statement, the “Resources” involved have been put into a Set
module, which helps to understand their cyclical role (as shown in Figure 13).

Resource Name
1 Amanda -
2 Jack
3 Michael
4 Andreas
5 Frank
6 Marc
7 Igor
& Kevin
9 Tim
10 Carl
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Moreover, the scheduled working time for the employees is the following:

Capacity <¢Day1 09:30:00- Day 2 071:30:00 by 30 minutes >>
2

-

5000 600 Day2
000000

Capacity <¢ Dap1 0200:00- Day 2 01:30:00 by 30 minutes >»

»

02.00:00 16:00.00 Day 2
oo:000n

As can be seen from Figure 14 and Figure 15, two different schedules for employees have been
created. More specifically, as already specified, the customer service involves the first idle
employee not busy in other processes. For this reason, in order to guarantee that customers will
be served as soon as possible (avoiding long waiting time), it has been assumed that the break
taken by two employees is different from that one taken from the rest of the team, allowing in this
way an ongoing process service.

M arne:

Signal for Parcels Rel -
Signal W alue: Lirnit;

5 1
[ ] ] | Cancel | | Help |

Because there is a strict connection between customers and parcels (being the latter allocated to
the former), it has been thought to use a Signal module that literally sends a Signal for parcels to
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be released when a Customer is being processed. Furthermore, the Limit for releasing parcel has
been put equal to 1, to specify that one parcel per time is going to be released for each customer.

4.2 - Parcels Area

]
oy Degarement

| scaming, )alxb

=& |

ﬂm.sm,|

mwmmse Asgign e =1 ﬁx@m arxlh v sarege
| @ = j’ . 7|

(=)

=] Jlemsmn | [ o
(=)

[ |

Figure 17 - Parcel's Area

The Parcel’s area gathers all parcels which have been ordered (from both students and staff) and
which are delivered by numerous couriers. This process represents one of the main processes

done inside the Distribution Centre.

4.2.1 - Create Parcels

Entity Type:

» Parcel -
Time Between Arivals
Type: Schedule Mame:
Schedule » | Schedule Parcelz -
Entities per Amrival: b aw Arrivals:
1 Infinite

[ K ] [ Cancel ] [ Help l

Figure 18 - Create Parcels Module

For this Create module has been used the same logic as done for the Customers Create module.
The distribution carried out from the collected data has turned out to be -0.5 + 70*BETA (1.01,

1.55) seconds.

Value Duration
0 a
2 -0.5+7T0*BETA (1.01, 1.55} i &
0 8
Double-click here to add a new row.

Figure 19 - Schedule Parcels Creation — Durations
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4.2.2 - Assign Variables

Hame:

Azzigh Vaniables

Assignments:

Y ariable, Pro

‘ariable, Delay time Loading Barn
‘ariable, Delay time Loading Yan
Wariable, Delay time Scanning of

Wariable, Delay time Serving Cush
Wariahle Malan brme Snlittina b =il

‘Yariable, Delay time First Sorting M ail, 0.5+E%P0[5.04)

)C by R, 1.5+ 8*BETA[.36, 1.74]
o, POIS(E.48)
Delivery, MORM(18.4, 5.62)
Farcelz, POIS[13.6)

‘Yariable, Delay time Second Sorting Mail, 0.5+15*BETA[5.52,20.E]

amers, LOGM(2.03.1.35)
Mok MOBRKM 27 1 M1

[ ok

l[ Cancel ” Help ]

Figure 20 - Assign Variables Module

The Assign module has been introduced to “assign” variables throughout the processes present in

the simulation model with the main purpose of easily recalls them when they occur. However,

once defined each variable, its relative distribution has been allocated in the New Value box.

4.2.3 - Parcels’ ScanningStation

This station represents the “physica

MHame: Station Type:

Parcel Scanning Station Station

Station Mame;
Farcel Scanning Statio -

Farent Activity frea; Agzociated Interzection:

Repaort Statistics

[ 0k ][ Cancel ” Help

)

Figure 21 - Parcels Scanning Station

|II

from couriers), before going through the scanning process.

4.2.4 - Scanning Parcels

place where parcels are transferred (after being unloaded

This process consists in scanning parcels by using a bar code scanner, in order to manage the

storage of goods addressed to staff and students. However, two employees (Amanda and Jack)

who use two computers as resources to upload the data coming from processed parcels, have

been allocated to that area, making sure that the process is represented properly. In detail, after

being seized, it has been noticed that the processing time for each parcel follows POIS (13.6)

seconds, after that parcels are released in order to be stored in the appropriate shelves.
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MHame: Tvpe:

S canning parcels | Standard -
Logic

Action: Pricrity:

Seize Delay Release v] Medium(2) -

FResources:

R
<End of list>

Delay Type: Units: Allocation:
Expressian '] [Secnnds '] [Value Added -
Expression:
Dielay time Scanning of Parcels -
Fieport Stalistics
QK ] [ Cancel ] [ Help

Type:

Wariable Mame:

['\r"aliable

| Delay time Scanning of Pz«

Mew Walue:

POIS(12.6]

Ok, ” Cancel ][

Help

4.2.5 - Hold Parcels

As soon as the scanning process is completed, parcels go through a storage process, which takes
the presence of one employee. However, the Hold parcel module type chosen to represent what
happen into the system is Scan for Condition; the latter, clarifies that if the current state of the
employee (in charge for that process) is idle, then parcels can be processed; otherwise, these have

Figure 22 - Scanning Parcels Process

Marne: Tupe:

| | Scan for Condition =

Condition:

Hueue Tope:

Internal -

[ 0k l[ Cancel ][ Help ]

Figure 23 - Hold Parcels Module

to wait before proceeding to the following step.

[Expression: STATE(Frank)== IDLE_RES]
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4.2.6 - Decide Staff or Student

Name: Tvpe:
Staff or student w || Z-way by Chance  ~

Percent True (0-100];

Percentage Staff or Stude - %

[ 0K ]l Cancel ][ Help ]

Figure 24 - Staff or Student Decide Module

In order to allow a better inventory management and provide efficiency and accuracy, the
Distribution Centre organizes its shelves precisely. For this purpose it has been considered useful
to put a decide module. More specifically, the latter has the main aim to split the amount of
parcels which need to be stored for coming students from the amount of parcels which are
addressed to the University staff. The percent true has been defined with a random distribution
variable which ensures that the quantity of student/staff mail changes accordingly with the
collected data:

UNIF(39, 49)

However, both of them go through a store module but following a different path, that will be
explained at a later stage.

4.2.7 - Storage for Staff

I ame: Type: : . :
Stare for Staff - [gtmage - e | Route for Sorting
by Department
Starage Mame:
Storage 1 - o . .
[ ak. ] [ Cancel ] [ Help ]

Figure 25 - Store for Staff Module

On the one hand, parcels addressed to the staff are then sent to the other area of the Distribution
Centre in order to be sorted out, according to a set of features.
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4.2.8 - Storage of Parcels

Tupe:
- ’Standard -
Logic
Action; Priority:
Seize Delay Releaze v] Medium[2) -
Resounces:
Add...
Delay Type: Units: Allocation;
Expression v] ’Seconds v] "v"alue Added b4
Expression:
Delay time Starage -
Repart Statistics
QK ] [ Cancel ] [ Help
Tvpe: Wariable Mame:
[\-"ariable v] Delay time Storage -
Mew Value:
MORM(28.5,14.1]
QK ] [ Cancel ] [ Help

Figure 26 - Storage of Parcels Process

Once that all parcels have been scanned, these need to be stored. This process, has been thought

to be managed by one employee (Frank) and has turned out to take NORM(28.5, 14.1) seconds.

However, the responsible employee of this process is simultaneously involved in other processes;

this statement clarifies the role of the hold module that has been established before.

4.2.9 - Store for Student and Hold Parcels until customer enters:

Store for Student

IENFEEE | Woait for Signal hd

Type:

- = i ‘whait for W alue: Lirnit;
Haold Parcels 5 1
—— || Until Customer j=—
Enters Quezue Type:
- - b Queue -
Queus Mame:
Parcels Storage. Queus -
[ QK ] [ Cancel ] [ Help

)

Figure 27 - Store for Student and Hold Parcels Module

On the other hand, parcels addressed to students are stored into the parcel’s area where are

processed. In this context, the Hold module has the main purpose to hold parcels as soon as

customers come to withdraw them. For this reason, it has been thought to choose a Wait for
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Condition Type, according to which parcels will be hold until a signal of the same value (5 in this
case) is received and then released.

However, it is important to remember that this module is linked to the Signal module analysed
before, where is possible to specify the signal that makes the condition true.

4.3 - Mail and Sorting Area

Rove b Unkihg
Bage St

Create Let(ers\ Leter oyl
Royal bl vrance sy

1107

kg Bags
Statin

Unloading Bag || .| Rove®Fuet Iistortg Stator | —— || First Sorting | nm naili
Sorthg \
o '

Create Flat \
Farcels Royal
]

]

R —
- e

P | [z
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Figure 28 - Mail and Sorting Area

In the Mail and Sorting Area the Distribution Centre deals with mails and parcels delivered by
Royal Mail two times per day, one at 8 am and the other at 10 am within bags with a capacity of
about 300 letters. After the bags have been unloaded, the majority of letters are sorted and
placed in the parcels area or in the pigeonholes for the second sorting. The remaining part is
placed on a desk to be stamped and picked up by Royal Mail in the afternoon.

The process has been simulated using the following modules:
4.3.1 - Create Letters Royal Mail, Create Flat parcels Royal Mail

Letters from Royal Mail arrive with different distributions two times per day. The values of the
expressions have been implemented in a schedule in order to specify the period of time in which
the delivery happens.

The same procedure has been applied to the Create Module of the Flat Parcels that arrives during
the same hours but with different distributions.

Mame:

Schedule Create Letters Roval Maill
Tvpe:

lArrivaI VI

Time Units: Scale Factar:

M arne: Entity Type:
Halfhaurs ~| 10 - L
R Create Letters Royal M ail w Hai -
Diurations:
016 Time Between Armivals
UNIF[?31 2.33e+003), 1 Tupe: Schedule Name:
238+E><PD[25?] 1 m Schedule w | Scheduls Create Letters Foyal bail -
EN:‘ of list Delete E ntities per Arival: Maw Arrivals:
1 Infinite
ok | [ cancel | [ Hebp [ ok [ cence |[ Hep

Figure 29 - Create Letters Royal Mail
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The number of mails and delivered parcels by Royal Mail has been calculated on the average of
the weight of the bag full of letters and that of each entity.

Weight of Bags (gr) 4000
Weight of a Mail (gr) 15
Weight of A4 Parcel (Marketing information, Circulars, Newsletters, 453.6

Catalogues, Small Packages) (gr)

Maximum Mail contained in a bag (4000gr/15) (gr) 267
Maximum Parcels contained in a bag (4000gr/453.6) (gr) 15

After the Flat Parcels and Parcels’ arrivals, they have to be unloaded from the bags; in this process
two employees work together taking at least ten parcels per time. For this reason, a Set in the

Unloading Bags process has been preferred with Quantity 0.1 to specify that 10 entities have to be
processed by one resource per time.

Type:

|Set vl

Set Mame: Huantity:

Unloading Bags * 01

Selection Rule: Save Attribute:

Cychical v| -
0K ] | Cancel | | Help

The process to transfer the letters from the bag to the desk takes few minutes and the distribution
has been put in the expression field of the process module in the form of variable.

Tupe: “arable Mame:

| Wariable | Delay time Unloading Bag: ~
Hew Y alue:

TRIA[35,37 60 5]

] ]| Cancel || Help

The First sorting is the process of separating the parcels according to their destination. Two
workers inspect the letters and place them in the pigeonholes, or in the parcels area, or on the
desk for the mails that have to be stamped. Also in this process the distribution is represented by a
variable in the expression field.
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MName: Tope:

Logic

Action: Priority:

[Seize Delay Release v] M edium(2) -
Reszources:

Set, Firgt 5 ortini Set, 1. Ciclical, Add...
Delay Type: Urits: Allocation:

E xpression v] [Seconds v] [Value Added -
Expression:
Drelay tirme First Sorting Mail -
Report Statistics
Ok ] [ Cancel ] [ Help

Figure 32 - First Sorting Process Setup
The Delay Time First Sorting Distribution it has been defined as: 0.5+EXPO(5.04)

4.3 .4 - Staff or Student or Mail Out

A Decide Module has been used in order to specify the percentage of letters intended to the three
different areas. It has been observed that the majority of parcels delivered by Royal Mail are put in
the pigeonholes to be delivered to students; the 31% is destined to the staff and the remaining
part to the stamping process. Hence, based on an average of percentages for each day and for
each delivery, the rates calculated have been displayed in the Chances of the decide module:

Mame: L,Ipe:
Staff or Student or Mail Out - N -ay by Chance -
Percentages:

31.03
63.68

<End of list> m

Delete

[ k. ] [ Cancel Help

Figure 33 - Staff or Student or Mail Out

From this module the entities follow different paths as mentioned before and they have been sent
to the specified destination using stations and routes in which is specified the arriving station.
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Figure 34 - Student or Staff Mail-Out possible Outcomes

4.4 - Parcels Area (Royal Mail for DC)
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Figure 35 - Parcels Area from Royal Mail for Distribution

Royal Mail also delivers parcels intended for the Distribution Centre that do not have to be sorted
and are placed on the desk of the parcels’ area. When one of the resources involved in that area is
idle, they are scanned and stored as the parcels delivered from couriers.

4.4.1 - Create Parcel Royal Mail DC

Parcels arrive with two different distributions two times per day. To specify the hours in which
parcels are delivered, the type Schedule has been chosen in the Create module and the
expressions have been initialised with the following values at 8 am and at 11am, with duration of a
half-hour:
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Marme:

Create Parcels BM DC v
Tupe:

[Arrival v]
Time Units: Scale Factor:
[Halfhours v] 1.0
Diurations:

016

22 5+ 3FBETAD.731.,0.956).1

0.z

1.5/ EIB[7.78.1.77).1 m
0. 27

<End of lizk> D elete

0K ] [ Cancel Help ]

Figure 36 - Schedule for Parcels from Royal Mail Creation
4.4.2 - Processing Royal Mail Parcel DC

The parcels are transferred to the desk of the parcels area to be scanned.

Hame: Type:

Processing Roval Mail Parcel DC - [Standard hd
Logic
Achion: Fricrity:

Seize Delay Release v] Medium(2) -
Resources:

Flesource Marc: 1

D elete
Delay Type: Uitz Allocation:
Expression V] ’Seconds v] [\-"alue Added -
Expression;
Processing Parcels for DC by BM -
Fiepart Statistics
(1] ] [ Cancel ] [ Help

Figure 37 - Royal Mail for DC Process Module

Each parcel delivered by Royal Mail will be processed according to the distribution contained in
the Expression field’s variable:

1.5 + 8 * BETA(1.36, 1.74)
4.4.3 - Hold Parcels Royal Mail
While the parcels have to be scanned and then stored, they have to wait that one of the resources
that works in the parcels area become available. To let them wait, a Hold module has been linked
to the route to parcels area with the condition:

STATE(Amanda) == BUSY_RES || STATE(Jack) == BUSY_RES
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4.5 - Mail and Parcel for Staff Area
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Figure 38 - Mail and Parcel for Staff Area

All the mail that has been gone through the first sorting is routed in this area represented by its
initial station “Station Sorting by Department”. This area and its processes can be roughly divided
in two parts where one is conducted inside the Distribution centre and the other is related to the
delivery of mail throughout the campus. The first part (Figure 38) will be then analysed.
With the first sorting all the letters and flat parcels present in the mail bags are sorted by
department and therefore placed in the relative box (Figure 39). The “Store by Department” sub-
model in fact represents each wooden box that exists in the sorting shelf.

m

DeparmeT: 2na -

]
-(

Figure 39 - Store by Department
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Inside the sub-model the entities will first undergo to a decide module called “Decide 1*' and 2"
Delivery” (Figure 40). Here the letters that are delivered in the morning (CalHour(TNOW) < 9)) are

routed through the True exit of the module whereas the ones arriving in the afternoon through
the else exit.

Mame: Type:

* | 2-way by Condition +

Decide 13t or 2nd Delivery
IF:
Walue:

CaHourl TMOW) < 9

Ok J[ Cancel H Help ]

Figure 40 - 1st and2nd Delivery Decide Module

When the entities are convoyed in either the former or the latter exit, each of them will encounter
another decide module (Figure 41) that, according to the chance percentage relative to the
collected data, will route the arrived letters in various assign modules (one for each “pigeonhole”).

Mame: Type: M ame: Tupe:
Fercentage by Department 1st Delivery ¥ |M-way by Chance Fercentage by Department 2nd Deliveny w |H-way by Chance -+
Percentages: Percentages:
? - Add... E - Add...
10 = - L -
! i &
3 1
21
22 = 119 i
[ Ok ] ’ Cancel ] [ Help ] [ 0k, ] [ Cancel ] [ Help ]

Figure 41 - Percentage by Department 1st and 2nd Delivery

Each assign module (Figure 42) contains an attribute with a value that, assigned to the entity, will
be useful in the next stages in order to unstore and place the letters in the right delivery route.

a a
Assign Assign Assign
Department Department 2 Department 3

Mame:
Aszzign Department Mame: \]
oS Azsign Department 2 Mame:
Attibute, Department, 1| Assignments: Assign Department 3 T
HMh Aftribute, DeEartment, 2| Assignments:
Attribute, Deiartment, 3 Add..
0K
0K
[ kK ] [ Cancel ] [ Help ]

Figure 42 - Assign Modules for Each Department

37



Once stored the letters can continue in the model logic and undertake another sorting process.

Mame: Type:

Logic:

Action: Pricrity:

[Seize Delay Release v] Medium(2] -
Resources:

Set, Second Sortini Set, 1, Eiclical, Add...

Delay Type: Unitg: Allocation:

Expression - ] [Seconds v] [Value Added -
Exprezzion:

Drelay time Second Sorting b ail -
Feport Statistics

[ kK ] [ Cancel ] [ Help

Figure 43 - Second Sorting Process Module

In the second sorting process, the letters are handled by whoever is idle in the selected set at the
moment of the entity arrival (Igor, Michael, Andreas or Kevin) according to the selected cyclical
rule (Figure x). Its distribution is equal to: 0.5+15*BETA(5.52,20.6)

The second sorting consists in more or less the same procedure as the first but instead of divide
the letters by department; they will be divided by building per department.

In fact, once unstored from the previous location, the entities enter another store sub-model
called “Store by Building”.

M ame: Tupe:

Decide by Attnbute Department for sorting by Building * | MN-way by Conditior +

Conditions:

E=prezzion, Department == 1 || Department == Add..

Expression, Department == 3 || Department ==

Esprezzion, Department == 4 || Department == 5

Expression, Department == 7 || Department ==

Expression, Department == 9 || Department == 10

CEndoe o
[ Ok, ] ’ Cancel ] [ Help ]

Figure 44 - Decide by Attribute Department for sorting by Building

A decide module will first conduct the entities in its specific area using the attributes previously

assigned (Figure 44) where other decide module per department will split the entities by building
following the n-way by chance rule.
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e Discitls by Atributs Diepartment Rsidences [ —
63
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1357 A1 [ k.
0k [ Caned || Hep | 571
1335 ‘z| Edit
i T 1288 - T,
o 2 1214 oo voor [
Deside by Attibute Diepartment E.G. v [Howay by Charcs = 857 &
n
Percentages:
521 <] A [ ok | cemcel [ Hep |
155 o
217 E |
|| [ Eat
g'ﬁa —! Name: Type.
528 e omanzas [—  Decide by Attibute Department Social Scisnce v [Nway by Chance. =
134
nE? 5 Percentages:
199 =
ok [ Canedl || Hep | 13 o )
22 b
Mame: Typs: 221
e e :
Decide by Atribule Depatment Shops and Hakbury v | Naway by Chance. = e " -l oy —
Percentages: Assign Buiking -
Print Room et Room -
421 A [ ] ok || Cancd || Hew |
211 -
211 E|
211
421
211 b
[ ok ][ cawel |[ hHep |

Figure 45 — Sub-model's Assign And Decide Modules

Figure 45 shows a sample of the multiple assign and store modules that can be found in the sub-
model mentioned before. With the n-way by chance type selected and its relative percentages,
the entities receive an assignment according to which exit they went through and get stored in the

III

meta

pigeonholes”. They now really represent the mail that each building receives every day.

The entities further proceed through the module and they now need to be divided into 4 main
streams which they will subsequently represent the actual delivery mail routes executed by the
distribution centre employees. For this reason a decide module has been used, basing it and the
recall of all the assigned building attributes as Figure 46 shows.

I arne:
Floutes

Conditions:

Type:

* | M-way by Conditior -

E =presssion, Buildin

==11_ Buildiru

Expression, Building ==19 || Building ==20 || Building ==21 || Buildir
Expression, Building == 33| Building == 36| Building == 38|l Buildi
==3 || Buildir

==2 | Buildin

Add...

[

Ok ][ Cancel ][

Help

Figure 46 - Routed Defining Decide Module

The 4 main streams of entities shown in Figure 47, or letters, present exactly the same denotation

with slight differences.
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|
1
¥
Halkd Far Cellery Unstore by Loading Van
] Time 1 Building Route 1 Delivery [
R |
1
*
Hald Far Delkery Unstore by e
] Time 2 ’ Building Rowte 2 Loading barrow 18—
— |
1
¥
Hald For Delhery Unstore by i b
- Time 4 Building Foute 4 g ke Sy
- |
1
Hald Far Delkery Unstore by P
I Time s ’ Buikfing FRiouts & Loading barrow 3 4

Figure 47 - Hold Modules Used to Schedule Mail Deliveries

The first route is relative to the delivery of mail through the use of the van. Since the van delivery
presents a daily fixed schedule where it performs its mail distribution only at 11am, the hold
module has been set up so that the entities are processed at the right time (Figure 48).

Mame: Type:

Hold For Delivery Time 1 * [ Scan for Condition =
Conditior:
Queve Type:

Queue w7
Queue Mame:

Hold For Delivery Time 1.0ust

0k ][ Cancel ” Help

Figure 48 - Hold for Delivery General Setup

The scan by condition allows reading the specific schedule created for this particular route: when
the TNOW reaches the wanted value, the entities can be started to be processed in the “Loading
Van Delivery” process module. For the intrinsic act of moving an entity from one place to another
while loading the vehicle, all the letters pass through the unstore module “Unstore by Building
Route 1” which represent the physical transition of every single envelope.
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Mame: Type.

Loading Wan Delivery > | Standard )

Logic
Action: Friority:

‘ Seize Delay Release - ‘ Medium(2] -

Resources

Resource, Carl, 0.05 Add..
<End of list>
Edit
[ Dekte |
Delay Type: Urits: Allocation:
‘Express\on v‘ ‘Seconds v‘ |Va\ue Added -
Expression:
Delay time Loading Yan Delivery -
| Report Statistics
0K | [ Cancel | [ Hep

The arriving entities are processed by the resource Carl. As it can be seen from Figure 49, every
entity seize just 0.05% of the resource: this has been done in order to simulate properly the actual
action of loading the van. When this operation has started, the employee collects a pile of 20
letters in order to place them in the vehicle’s boot. Every stack of letters is processed according to
the distribution in seconds “Delay Time Loading Van Delivery” which is defined as:

NORM(18.4, 5.62)

As said before, the same rules apply for the remaining three routes but with some important
changes.

Firstly on the contrary from the van, the mail delivered through the use of barrows is scheduled
twice per day: for this reason a different schedule has been applied in the Hold Modules’ scanning
condition field (Figure 50) with one delivery at 9.00am and one at 11.00am which follow the Royal
Mail arrivals. The same Schedule has been therefore used since the 3 barrows start to load at the

same time
MHame: Type:
Hold For Delivery Time 2 * | Scan for Condition
Condition: Mame: Type:
Hold For Delivery Time 4 ¥ |5can for Condition
Queue Type: Candition: Mame: Type:
(ueue - Haold For Delivery Time 5 = | Scan for Condition =
Gueue Name: Gueus Type: Condition:
Hold For Delivery Time 2.0uet » | Oueue v
0k, l | Cancel | _I- e e Tz
Hold For Delivery Time 4.0ue + | Hueue -
— Mame:
(]9 l | Cancel | ol
Hald Far Delivery Time 5.0ue «
QK ] | Cancel | | Help
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Once again, at the scheduled TNOW time, the condition will become true and the entities can
move on to the next modules. With a different resource assigned to each route’s process (Figure
51), the entities are processed in groups of 20 following the same “Delay time Loading Barrows”

distribution which states in seconds: POIS(6.48)

Name:

Losding bariow 1

Type:

v | Standard v

Name:

Loading bariow 2

Type:

v | Standard v

Logic Logic
Action Priaiiy: Ackon Pioriy
[ setee Delay Release =] Highl1) + | | [seie Doty Rease »] Hight) -
Resources: Resaurces:
Fesourcs, Tin. 05 Resource, Frank, 0.05 Add
"

T —

Delete

Delete

Delay Type: i Hcatin Delay Type Unis Blacation
Expression +| [ seconds = [velue Aded =) | | [Eession ~] [econds = [V Aded -]
Evpression Expressin

Dekay tine Laading Baraws

Report Statistics

Delap time Loading Banaws

Repoit Stalistics

Name:

Loading barow 3

Type:

Sl —

Resource. \im, 0.05

Lagic
Aclion Piiaiiy
[ seie Delay Release +] Highity
Resoucss

[

Delete

Dekay tine Laading Banos

Report Statistics

Delay Tope: Unis: Alocatior:
Expression v [seconds v | [Value Added v
Expression.

Figure 51 - Loading Barrows Process Modules

M ame:
Batch Yan Delivery Letters
Batch Size:

Type:

- [ Temporary

Save Criterion:

[Loading an Delivery. Mumberln - [First

Rule:

Any Entity

7]

Representative Entity Type:

A

o]

Marme: Tupe:
Batch Route 2 Letters - [Temporary ']
Batch Size: Save Criterion:

[Loading barraw 1.Murnberlr - NC [Fi[st

Rule:

M arme:

[Any Entity

Type:

Batch Route & Letters

- [ Temporary

Fepreszentative Entity Type:
Loaded Mail 2 -

-

Batch Size: Save Criterion:

[Loading barrow 3.Mumberln - NC [Last

Rule:

Mame: Tupe:

[An"" Enity Batch Route 4 Letters

- [ Temparary

Feprezentative Entity Type:
Loaded Mail 5 -

Batch Size: Sawe Criterion:

[Loading barraw 2.Mumberln - NC [First

oK. Rule:
[Any E ntity V]
Fepresentative Entity Type:
Loaded Mail 4 -
ak. ] [ Cancel ] [ Help

Figure 52 - Batch Modules for each Route
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All the letters that have been processed, proceeding through the model, encounter then a batch
module. This module provides a mechanism of grouping multiple entities into a single one which,
according to the defined set up, can be temporary or permanent.

Figure 52 shows how these modules (one for each route) have been set up: the batched single
entity will assume a temporary function for a part of the model while the batch size changes
accordingly to the arrived mail day by day. With the size option it is possible to set a fixed number
of the wanted batched entities: as a result, they will be placed in the relative module’s queue until
that number is reached and when, then, the batching process can start.

In the specific case of the Distribution Centre a random number, that refers to the arrived mail
received at the scheduled times, was needed in order to better represent the loading process. For
this reason the following equations have been used:

- Batch van Delivery Letters: (Loading Van Delivery.NumberIn - NC(Record Delivered Mail in
Van Delivery Route))

- Batch Route 2 Letters: (Loading barrow 1.Numberin - NC(Record Delivered Mail in
Halsbury Route))

- Batch Route 4 Letters: (Loading barrow 2.Numberin - NC(Record Delivered Mail in
Engineering and Design Route))

- Batch Route 5 Letters: (Loading barrow 3.Numberin - NC(Record Delivered Mail in Shops
Route))

In order to generate these random batch sizes, the numbers of entities that enter inside the four
Loading Processes have been used. Since the model is set to run for a complete month in a single
repetition, using the “Numberin” only would guarantee the correct batch size just for the first
deliver because of it being cumulative until the next repetition when it is reset.
To avoid this problem, the “NumberIn” has been subtracted with the values of the record modules
situated at the end of each route’s modules stream.

Considering that these numbers are always one round of mail behind the process modules, they
represent a feasible way in order to manually adjust the batch sizes accordingly to the mail
delivered at that specific time and avoiding the cumulating values. When all the available letters
and flat parcels have transformed into a single temporary entity, they go ahead and go through an
assign module (Figure 53).

M ame: Harne: Marne: Marme:
Assigh Sequence Yan Delivery Aszign Sequence Route 2 Asgsign Sequence Route 4 Agsign Sequence Route 5 -
Assignments: Agsignments: Agsignments: Assignments:
Attribute., Entib 'Seiuence' seiuence Van Attribute, Entiti.Seiuence, Seiuence Rout| | | Attribute, Entiti.Seiuence, Seiuence Fiout| || | Attribute, Entiti-seiuence. Seiuence Fout Add...
Edit..
Delete
e — ) (s ) [

Figure 53 - Assign Sequences to Batch Entities
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This block is used in order to allocate a sequence attribute to each entity that is going to be used
to define every single delivery route with a transporter.

= EEEHEEEEE EE EHE EE EEEE EE B
EHE = i = =EE R i =E =
EHE == R EE = EE =)
S =l ] [ e [ ) [ == [ He) [ = e [ = £

Figure 54 - Mail and Parcels for Staff Area's Transporters Logic

As previously mentioned the second part (Figure 54) of the Mail and Parcel for Staff Area concerns
the actual transportation of mail throughout Brunel University’s campus: the vehicles used for this
purpose then leaves the DC premises and start to follow a specific path which follows the
scheduled Mail Routes.

After have passed through the signal module (which has the purpose of bind the resource assigned
to the delivery of letters through the use of a simple logic which will be explained after) the batch
entities can enter the Leave modules. An example is given in Figure 55.

I arme: Allocation:

Leave Distibution Certre for Route 1 [Value Added Y]
Drelay: Urits:

0. - [Minutes hd ]
Logic

Tranzfer Out: Pricrity:

[Hequest Transporter - ] High [1] -
Queve Type: Queve Mame:

[Queue v] Leawve Distribution Centre for Route 1.0

Transporter Mame:

Bamow Foute 1 -
Selection Fule: Save Attribute:
[Eyclical - ] -

Connect Type:

[ Tranzport - ]
Station Type:
[By Sequence v]

[ n] ][ Cancel H Help

Figure 55 - Leave Module for Route 1

The four leave modules present a request transporter Transfer Out logic with each of them set on
a specific transporter (Figure 56). Their maximum capacity was set to a factitious number (1000)
that will be never reached, and each of them follows the sequence of stations (Departments’
buildings) according to the defined distances and velocities (all the input distances and velocities
can be found in the data collection booklet in the appendix).
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Mame Mumber of Units Type Distance Set Welocity | Units Initial Position Status | Report Statistics
1 Barrow Route 4 1000 Free Path Barrow Route 4.Distance 33 Per Minute 1 rows I
2 Barrow Route 1 1000 Free Path Barrow Route 1.Distance 35 Per Minute 1 rows "3
3 Barrow Route 5 1000 Free Path Barrow Route 5.Distance 21 Per Minute 1 rows ~
4 Barrow Route 2 1000 Free Path Barrow Route 2 Distance 36 Per Minute 1 rows ™2

Figure 56 - Available Transporters

Being set as “By Sequence” in the station type of the Leave Modules, the transporters will start
moving from the Distribution Centre Station and it will follow the sequences that were previously
assigned (Figure 57). The velocity and the distances (Figure 56 and 57 accordingly) will define the
time that it is needed to deliver the all the mail and go back to the Distribution Centre.

Station Name Beginning Station Ending Station Distance
7 Heinz Wolf Station 1 Station DC Route 1 Heinz Wolf Station 526
2 Lancaster Hall Station 2 Heinz Wolf Station Lancaster Hall Station 37

3 Lancaster Hall Station St. Johns Station 308
3 St Johns Station . .

4 St. Johns Station Mary Seacole Station 329
4 Mary Seacole Station 5 Wary Seacole Station Eliot Jaques Station 443
5 Elliot Jagues Station 5 Elliot Jagues Station Bishap Hall Station 318
[ Bizshep Hall Statien 7 Bishop Hall Station Sports Hall Station S0
7 Sports Hall Station B Sports Hall Station Russel Buiding Station 279
3 Russel Buiding Station 9 Russel Building Station Faraday Hall Station 23

. 10 Faraday Hall Station Wilfred Brown Station 603

£ Faraday Hal Statien 1" Wilfred Brown Station Return to Distribution Centre from Route 1
i Wilfred Brown Station 12| Return to Distribution Centre from Route 1 Stafion Station DC Route 1 374
11 Return to Distribution Centre frem Route 1.5tation 13 Station DC Route 1 Leave Distribution Centre for Route 1.5tation 1

Station Name Beginning Station Ending Station Distance

1 Lecture Centre Statien 1 Station DC Route 2 Lecture Centre Station 292
- 2z Lecture Centre Station Arts Centre Station 64
2 Arts Centre Station .
3 Arts Centre Station John Crank Station 103
3 John Crank Station T | John Crank station Halsbury Buiding Station 1%
4 Halzbury Building Station 5 Halsbury Building Station Bragg Building Station 99
3 Bragg Build ing Station [ Bragg Building Station Brunel Press Station 110
5 Brunel Press Station T Brunel Press Station Hamiton Centre Station 103
8 Hamitton Centre Station Station DC Route 2 376
v Hamiton Centre Station 9 Station DC Route 2 Leave Distribution Centre for Route 2. Station 1
a8 Return to Distribution Centre from Route 2. Station 10 Hamilton Centre Station Return to Distribution Centre from Route 1
Station Name Beginning Station Ending Station Distance
1 Accommodation Statien 1 Station DC Route 4 Accommodation Station 226
- - 2 Acc Station Medical Center Station 40
< Medical Center Station 3 Medical Center Station Howell Building Station 156
3 Howell Building Station 4 Howell Building Station Tower A Station 142
4 Tower & Station 5 Tower A Station Micheal Starling Station 186
3 Wicheal Sta rIing Station & Micheal Starling Station TPO Station 20
T TPO Station Station DC Route 4 254
b TPO Station B Station DC Houte 4 Leave Distribution Centre for Houte 4 Stafion 71
T Return to Distribution Centre from Route 4.Station 9 TPO Station Return to Distribution Centre from Route 1
Station Name Beginning Station Ending Station Distance
1 Security Station 1 Station DC Route 5 Security Station 210
5 Waria jahods Staton 2 Security Station Marie Jahoda Station 163
3 Marie Jahoda Station Meeting House Station 62
3 Mesting House Station z Weeting House Station Sehool of Arts Station £

4 School of Arts Station 5 School of Arts Station Herg Station 31
5 Herg Station 6 Herg Station Chadwick Station 20
6 Chadwick Station T Chadwick Station Isambard Station 13
7 leambard Station 8 lzambard Station Fleming Station 32

- - 5 Fleming Station Will Station 6

d Fleming Station 10 Mill Station Station DC Route 5 470
g Mill Station 1| Station DC Route 5 Leave Distribution Cenire for Routs 5 Staton £ 1
10 Return to Distribution Centre from Route 5.Station 12 Mill Station Return to Distribution Centre from Route 1

Figure 57 - Sequences and Their Relative Distances

Each building is represented by a station and to allow the entity to go in the correct next station,
they are followed by Leave modules that, referring to the sequence, will idicate the right one
without releasing the seazed transporter.
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When the last building for each route is reached, the final Enter modules will allow the transporter
to be released and go back to the Distribution Centre.

Separsts Wan || =oord Delivere
¥ . Mail in Va
Delivery Entity ﬁ;"v;r}' Rorl.ta

e
Route | ! SoordTlelivere: Jeliverad Mail in
2 Entity F‘i" 'F{g'h‘t';b"”" Halsbury Route

Route
4 Entity

Fcord Deliversd

Mail in Shops
Route

eliversd Mail in
Shops Route

Separate Route L
& Enti

[

Figure 58 - Distribution Streams Separate, Record and Dispose Modules

The released entities, being carried by the transporters, continue the last part of the model logic
undertaking the Separate Modules. Here, the previously batched entities will be split returning in
their initial form and maintaining their attributes (Figure 59).

Mame: Type: Mame: Tupe:
Separate Wan Defivery Entity - [Split Exizting Batch - ] Separate Route 2 Entity - [SD“t Existing Batch ~
Member Attributes: Member Attributes:
Rietain Original Entity W alues - ] [ Fietain Original Entity ¥ alues - ]
QK ] [ Cancel ] [ Help ] u]: ] [ Cancel ] [ Help ]
MName: Tupe: MName: Tupe:
Separate Route 4 Entity - [3plit Existing Batch v] Separate Route 5 Entity - [Split Existing Batch ']
Member Attributes: Member Attributes:
Retain Original Entity Values - etain Driginal Enlity Yalues -
1] 3 ] [ Cancel ] [ Help ] [ 1] 9 ] [ Cancel ] [ Help

Figure 59 - Separate Modules

Once separated, the entities are then recorded and disposed out of the system.
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4.6 - Busy Resources Logicfor Routes

In order to make the resources assigned to the transporters busy, an independent model logic for
each of them has been created. This is due to the fact that in the real system, as mentioned in the
previous sections, an employee has the duty of deliver the mail with a vehicle (barrows or van) for
every distribution mail. In the computerized model, these vehicles have been represented by
transporters and in order to have a right utilization of the resources assigned to the delivery paths,
these logics will create an entity at the right moment of delivery (specified inside the hold
modules) which will busy the right employees for the exact time of the transporter completing one
whole defined route.

|
1
Crest= Busy \ Hold Ressurce Van Delivery J{ Dispose Busy
Resource Entity 1 Entity for Signal Proces \YE&DU!& Entity 1
I | e 1
| |
1 1
Create Busy \ Hok Resouros R { ; Dispose Busy
Resource Entity 7‘——' Entity for Signal 2 Hoie e esource Entity 2
t — ]
|
1
Create Busy Hold Resouros ,J': Dispose Busy
. Route 4 Pr
Resource Ermryy Entity for Signal 2 outE & Fre ses:un} Entity 2
L} e—— (]
| |
1
Create Busy \ Hoki Resource - /| Dispose Busy
Resource Enmy‘f Entity for Signal 4 EIESEE \ﬁzsaulcz Entity 4
1 |W— ]
Create to sﬂl\-st& ssign Variables fﬁ,!usp:yss activstion
wvariables Cutoff \\ of varisbles
_}c 1

Figure 60 - Transporters' Busy Resource Logics

4.6.1 - Create busy Resource for Van Delivery’s Route

Create Busy \

Resource Entity y
]

Dispose Busy
esource Entity 1

- 1 |
|
Hold Resource Van Delivery
Entity for Signal Process
0

Figure 61: Create Busy Resource Entity 1 Module

Mame: Entity Type:

Create Busy Resource Entity 1

+  BusyFResource Enl -

Time Between Amivals
Tvpe: Walue: Urits:

24
Entities per Arrival: Max Arrivals: First Creation:
1 1 0.0

[ Ok ] [ Cancel ] [ Help

]

Figure 62 - Create Busv Resource Entitv 1
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This process has been created to allow the entity involved in the loading parcels and mail for the
staff into the van delivery, after completing this task, will be the same to deliver the loaded staff,
according to the assigned route. However, the following Hold module is linked to the Signal
module in the Station Mail and Parcel for staff area and explains that as soon as the employee has

finished the loading process,

the Van Delivery round can start.

Type:

- | |Standard -
Logic
Action: Friority:

Seize Delay Release v] b edium(2) -

Resources:

Resource, Carl, 1 Add.
<End of list> —
Delay Type: Units: Allocation:
Constant '] [Minutes V] [Dther hd
Walue:
108
Feport Statistics
[ oK. ] [ Cancel ] [ Help

Figure 63 - Van Delivery process

The collected data have revealed that it takes 108 minutes to complete the whole Route 1. This
explains the logic used to assign the Value in the Delay. Furthermore, as already specified, the

same resource used for the Loading process will be the same for this process.

4.6.2 - Create busy Resource for Barrows’ Route

Create Busy \
Resource Entity "7
0

Hold Resowrce

Foute 2 Process |«

| : Dispose Busy

Entity for Signal 2

\ esource Entity 2

Figure 64 - Create Busy Resource Entity 2

Create Busy

Resource Entity 7
0

Hold Resource

Route 4 Process
Entity faor Signal 3 mutE e

Dispose Busy
esource Entity 3

Figure 65 - Create Busy Resource Entity 4

Create Busy

R ——il
Resource Entity 7
]

Haold Resource
Entity for Signal 4

Route 5 Process J«

,l',l:: Dispose Busy

'\ esource Entity 4

Figure 66 - Create Busy Resource Entity 5
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Tvpe: Marme: Type:

~ [ standaid - + | [Standaid -
Logic Logic
Action: Bioiity Action: Bioiity
Seize Delay Relsase | Medum(2) - Seize Delay Relase | Medum(2) -
Besources: Besources:

fdd... fdd...

Hes il 1
<End of lists

Delets Dekete
Delay Type: Urits: Allocation: Delay Tope: Units Allocation:
Constant = | [Minutes ~| [other - Constant =] [Minutes ~| [other -
Yalue, Value:
43 2
Report Statistics Report Statistics
ok | [ cencel ][ Hep oK [ Cancel ][ Hep
Hame Type:
~ | [5tandaid -
Logic
Action Brioity:
Seize Delay Release | Medumia] -

Besources:

Fe: Carl, 1 acd
<End of list> —
Delste
Delay Type: Ui Allacation:
Constant -] [Minutes = [Other -
Yalue:
55
Report Statistics
[ok [ cancel |[ hHeb |

Figure 67 - Route 2, 4 and 5 Process Modules

The same logic as before has been used for the following processes, with the difference that the
transporters used are three barrows instead of the Van. As a consequence, as can be predicted,
the time necessary to complete the different Routes will take less minutes than before considering
that three different employees (one for each barrow) will be spread among the closest
destinations, reachable by foot.

4.7 - Create to activate variables

h55ign_Variables -\-' \E 'Sgsﬁ:riggl';?mn
——

Create to activate\

variables l
i

Figure 68 - Variable Activations Independent Logic

In the model developed so far, the entities created have represented physical object. However, in
this case it has been considered useful to create a logical entity, whose role is to perform some
logical or control task. In the current system, that logical entity has been created in order to
specify that as soon as the first parcel enters the system, the all variables involved in the system
will be assigned.
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Mame: Entity Type:
Create bo activate wariables) + Parcel -
Time Between Arrivals
Tvpe: Walue: Units:
Entities per Arival: Maw Arrivals: First Creation:
1 1 0o
[ QK J [ Cancel ] l Help

Figure 69 - Entity Create for Variables Activation

4.8 - Mail-Out Area

J National Mail
el wanon \aean;l ational Mai
Stam Lnsire 1 S

—

0
@m
: 0 e

15l Out Sarting
e Wil Ot esaing
St _‘{ S o % National er P—— g
H e | r\rerratmra\ ‘s sore

—

==

Intemationzl

il Ot s
Mail Stamping

‘Stamp Unstore 2

Record
Intemationz!
Mail Out

ol Miall o DHL resmanina Mall
amal Unsiore

Dispose
nternational Mail
Out_DHL

0

ispase National

—
’ Mail Out_Royal
0 i |
1}

Unsore

2card Nationall
Vil Out

Areanypa M ol v o o
” sore i Al

Figure 70 - Mail-Out Area

All the mail that needs to be sent from Brunel University’s departments and offices to
international and international destinations is here routed and stored in the appropriate space.
Every letter is then sorted out in the first process module.

Name: Type:

| Cr—

ail Out Sarting M ational ar International

Laogic
Action: Friciity:
Seize Delay Release v] Medium(Z) -

Resounces:

Resource. Michael. 1 Add..

<End of li

Delay Type: Units: Allocation:

E xpreszion V] [Secnnds V] [Value Added -
Ezpression:

Dielay time Spliting kail 0ut -

Repart Statistics

[ ak ][ Cancel ][ Help

Figure 71 - Mail-Out Sorting Process
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Each letter is processed by the resource Michael following a distribution defined by the variable (in
seconds) Delay time Splitting Mail Out which is equal to:

NORM(3.27, 1.21)

M armne: Type:
Faid or Unpaid Mail w | Z-wap by Chatce
Percent True [0-100]:
93 v z
Ok ] | Cancel | | Help

The next step in processing the Mail-Out is defined by understanding if the available letters
already present a stamp or they need to be stamped. After have unstored the entities, the decide
module divide the flow according to a 2 way by chance logic. Figure 72 shows that 93% of the
letter delivered to the Distribution Centre necessitate to be stamped with the specific machines,
while the remaining 7% can be send to storage in specific boxes.

Mame: Type:
M atianal ar Intermational b ail * | Z-way by Chance -
Percent True [0-100]):
78 r i
Ok l | Cancel | | Help

Another decide (Figure 73) then defines the two paths that international or national mail can take.
The former group, which represent the 78% of the totality, is brought to the Royal Mail certified
machine where, one letter at a time, is processed and stamped (Figure 74) following the
International Mail stamping distribution equals to: 0.5 + 10 * BETA(1.43, 1.75). The resources
assigned to this process are Igor and the first member of the Stamping Machines set.

Once the Resource has finished applying the postal stamp to the letters, these get stored waiting
for collection by the contracted courier (DHL).
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Mame: Type:

International M ail Stamping - [ Standard -
Logic
Action: Priority:
[Seize Delay Releaze '] Medium(2] -
Fesources:

Resource, laar, 1 Add

Set, Stamping Machines, 1, Specific Member, 1
G ———

Delay Type: Units: Allocation:

Expression v] [Seconds v] [Value Added -
E spression:

Delay time Stamping Mational and Intemational kil -

Fieport Statistics

Ok H Cancel ” Help

Figure 74 - International Mail Stamping Process

For this purpose the hold module has been used as the effective storage: its hold by condition
allows holding all the processed entities until the scheduled DHL van usually arrive at the DC
premises for collection. Therefore, as it can be seen from Figure 75, the letters will be hold until
2.00pm and then released, unstored, recorded and finally disposed out of the system.

Marme: Type:
Huald kail for DHL Arrival * |Scan for Condition =
Condition:
Queue Type:
[ueue -
Glueue MName;
Huold kail for DHL Armrival Quer -
ak ] [ Cancel ] [ Help

Figure 75 - Hold Mail for DHL Arrival

On the other hand, the National mail is stamped using the second machine but following the same
procedure (hence the same distribution in Figure 76): once stamped by the same human resource
and the second member of the same set, all the letters are kept in the relative box where they join
the already paid mail that was previously processed.
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This amount of mail will be hold (Figure 76) with the same logic as before and therefore they will
be released at 2.00pm when the Royal Mail van is scheduled to come for collection.

MHarne: Type:

Matianal b ail Stamping -

Logic

Action: Priairity:

[Ssize Delay Release +| Medum(2) - M arme: Type:

Resources: Hold Mail for Ropal Mail Amrival » | | Scan for Condition =
Resource, Igor, 1 Add

Set, Stamping Machines, 1. Specific Member, 2 Condition:
e ———

Queus Tupe:
Delay Type: Unitg: Allocation:
; [Dueue -
Expression v] [Seconds v] [Value Added v]
Expression: E!L,IEL,IE MHame:
Dielay time Starmping M ational and Intemnational kail - Hald Mail for HD_','EI' bail Brriva -

Fieport Statistics

[ ok ][ Concel |[ Hep | Bl H Cagee H Help

Figure 76 - National Mail Stamping Process and its Hold and Scan for Condition Module

The entities will then continue the model logic and therefore unstored, recorded and disposed.

53



RUN REPLICATION PARAMETERS

| Run Speed | Rur Cantral | Reports I Project Parameters
Replication Parameters | Array Sizes I Arena Visual Designer

Initiglize Bet Replicati
Mumber of Replications: nialzs between neplcations

20 Statistics System

Start Date and Time:

021 January 2015 11:03:42 E~
Warm-up Period: Time Units:

0.0 [Hnurs v]
Replication Length: Time Units:

5 | Days -
Hours Per Day:

24

Base Time Units:

Hours -

Teminating Condition:

OK || Cancel || pply |[ Hep

Figure 77 - Run Setup — Replication Parameters

The Replication Length of the simulation has been reproduced over a period of 5 days, considering
the working days from Monday to Friday and has been put 20 as the Number of Replications in
order to obtainsufficient information from the outcomes

The Date and Time field has not been filled to not associate a specific calendar date and time to
simulation. In the Initialize Between Replications box, to collect new statistics after each
replication, the statistics box has been selected and to throw away all the entities between one
replication and another, the System option has been checked.

No Warm-up Period has been specified because no special initial conditions have to be reported.
Even if the Distribution Centre works 8 hours per day, the section Hours Per Dayhas been filled
with 24 since the working time has been specified in the schedules of each Create Module.

The Base Time Units selected is hours to report the outcomes in this time unit.
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The confidence interval of the data is related to the number of iteration or replication n. In order
to reduce the half width of the confidence interval of the output data the number of replication n
has been increased.

The number of the Record Customers (Figure 78) has been used as analysis data to calculate the

appropriate tolerance level. After five replications the sample mean is 576. The half width of the

95% confidence interval is 46.46 and it has been calculated ast,,_1,1_q/2 % .

Count hinirmum hszcirmum
Awerage Half Width Porerage Puemage
Record Customer 576.60 46.46 533.00 G23.00

With the aim of at least halve the half width interval obtained with five replications, the
replication themselves have to be increased. An easy way to find the tolerant level of n is proceed
by iteration using the following formula: ny is the number of the initial replications and hg is the
obtained half width (Kelton, et al., 2010).
_ ., ho

n= nO ﬁ
In this case in order to reduce the number of h, = 46.46 to an expected value of 23 the number
of replication has been calculated as follow:

46.46°

n:5W= 20.4

Therefore, the necessary number of replication to achieve the expected result is 20. However,
using this replication number in has directed to a better value of Half Width equals to 11.66 for
what concern the chosen variable (Figure 79).

Count Minimurm Iisscirmum
Average Half Width Average Auerage
Record Customer 57450 11.66 533.00 G23.00
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When a simulated model has the purpose of being used to improve a system’s performance, solve
problems or aid the decision-making process related to it, it is important to understand if the
results obtained through the virtual representation are reliable or not.

In order to verify if the model and its outcomes can be considered correct and statistically valid, it
is necessary to make the computerized program undertake a process of validation and verification.
Model Verification is concerned with building the module right: in fact, it has to ensure that the
Arena modelled system, together with its implementations, is correct (program debugging).
On the other hand, Validation ensures that the right model has been built: it is fundamental that it
properly reflects the system in real life on which is based. This method usually uses an iterative
process, whether discrepancies are found, in order to improve the accuracy of the model till
acceptable levels.

The appropriate statistical test that has been used for the validation of our model is the t-test,
through which it is possible to compare the actual difference between two means in relation to
the variation in data (expressed as the standard deviation of the difference between the means).
More specifically, because of the difference in the sample size (and having considered
independent samples) a two-sample t-test has been used.

The following procedure has been adopted to validate the Arena’s output data against the
collected ones.

The hypothesis to be tested is:

- Hothe model measure of performance = the system measure of performance
- Hgthe measure of performance # the measure of performance

Parameters of interest =, and ,
Hy:z4 —1,=C Vvs. H,:u —u, <c (lower-tail test)
H, : 1 — 1, > (upper-tail test)
H, : 1 —u, #c (two-sided test)

The hypothesized difference in the means is c.Usually this value is equal to 0 and simplifies

the hypotheses above.
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6.1.2 - Step 2: Choose a level of significance a=0.05

6.1.3 - Step 3: Compute the test statistic (on the basis that o;ando,are unknown and may not be
the same).

The test statistic is:

L _(®-%)-c

obs 82 32
21y %2

n n,

Then this test statistic will have a t-distribution with the following degree of freedom:

[(SE.) +(sE )] 5,

where S and SE, =%
EINE TR

n-1 n,-1

df =

6.1.4 - Step 4: Find the p-value

The p-value depends on which alternative hypothesis is being used. It represents the probability or
the area in the tail(s) of the distribution with the degrees of freedom described above.

Plt, <t JifH, 1z —u, <cC

P[tdf = obs]ifHa Ay~ >C

2Pty <—|ty [l = 2P[ty =ty 1 ifH, g —p, #C

6.1.5 - Step 5: State the conclusion:

Once the p-value is known, it has been compared to a, the significance level.

- If the p-value is < a the null hypothesis is rejected in favour of the alternative
hypothesis.
- Ifthe p-value is greater than a, the null hypothesis is true.
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6.2 — Distribution Centre Validation

The validation process has been done after the verification. Overall the results reflected the
reality, a part from some processes. The corrections on the distributions have been made in order
to have a more accurate simulation. The following tables represent the final validated system after
the modifications.

The validation has been made in particular on the creation modules in order to verify if the
average of the recorded data from the simulation module reflect the data acquired observing the
distribution centre.

6.2.1 —Validation of Customers

It has been observed that more than 100 customers enter in the distribution centre every day to
collect their parcels. The observations have been made for 3 weeks, so the available data are the
number of customers entering in the system for 3 replications, assumed that the distribution
centre works for 5 days per week. The simulated system has been run for 10 replications
(specifically for the validation and considering the buffer size) in order to obtain a precise analysis
of the distributions inserted.

In the first attempt of validation for what concerns the customers entering the system through the
customer service area, a substantial discrepancy was found between the number of entities
obtained with Arena and the one collected in the Distribution Centre premises.
With this information the complete model logic was revised and an important mistake was found:
the distribution used at the first place in the Create Customers module was wrong (due to a
writing error). After being replaced with the correct one the results were satisfactory and
considered statistically valid.

Number of
Replications/ Customers Customers
Observation by Replication | Observed

per Week

600 546
542 574
609 588
533
600
611
569
574
602
10 544

Table 2- Customers Arrivals

O INODUN | WIN |-

In order to apply the t-test on the data below, the excel function “t-test: Two sample assuming
unequal variance” has been used to obtain more accurate validations. In the table is shown the
value of the t-Critical that has to be compared with the t-Stat.
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If the test statistic is less than —(t-Critical) or greater than +(t-Critical), then the null hypothesis is
rejected, otherwise the null hypothesis can be accepted and this means that the percentage of
customers entering in the real system is not different from the percentage of those who come in,
according to the simulated system.

Customers Arrivals Simulated System | Real System
Mean 578.4 | 569.3333333
Variance 907.3777778 | 457.3333333
Observations 10 3
Hypothesized Mean Difference 0
Df 5
t Stat 0.581408984
P(T<=t) one-tail 0.293094389
t Critical one-tail 2.015048373
P(T<=t) two-tail 0.586188778
t Critical two-tail 2.570581836

Table 3 - T-Test for Customers Arrivals

As shown in the table:
- (t-Critical) < t-Stat < + (t-Critical)
-2.57<0.58<2.57

The null hypothesis is verified, so the outcomes of the simulated models reflect the reality.
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6.2.2 - Validation of Parcels

It has been calculated that the number of parcels arriving each day is different during the week,

but the total amount arriving each week is about 1000.

Number of
Replications/ Customers Customers
Observation by Replication | Observed
per Week
1 1570 1024
2 1451 1067
3 2657 1086
4 304
5 110
6 907
7 1552
8 2261
9 81
10 1276

Table 4 - Parcels Arrivals

The same procedure of the customers has been used in order to validate if the number of parcels

arriving in the distribution centre has at least a value similar to that registered by the simulated

model.
Parcels Simulated System Real System
Mean 1216.9 1059
Variance 767135.6556 1009
Observations 10 3
Hypothesized Mean Difference 0
df 9
t Stat 0.568847814

P(T<=t) one-tail

0.291686856

t Critical one-tail

1.833112933

P(T<=t) two-tail

0.583373712

t Critical two-tail

2.262157163

Table 5 - T-Test for Parcels Arrivals

The value of the t-Stat, compared to the t-Critical, shows that the results obtained from the virtual

model are quiet similar to the reality since it has a value comprised in the critical interval.

6.2.3 —Validation of Letters by Royal Mail

-2.26<0.56<+2.26

Royal Mail delivers letters using postal bags which can vary in weight with a maximum limit of 10

kg. When the data for this particular area were collected, it was impossible to count the precise
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number of letters contained in each bag because of the lack of automated tracking systems or
devices. Unfortunately, taking the bags and count their content precisely was unpractical due to
the interferences that it would have caused to the normal execution of the service.

In order to have an estimate of the letters contained in the postal bags, their weights have been
measured together with those of the average letter. Since the Distribution Centre specifically
requires that the weight does not have to be over 7kg per bag, the quantity of mail has been
assumed dividing the weight of the bag with the weight of the letter.

Weight of bags / Weight of a mail

The result was then multiplied by the number of bags received in the day in order to get the total
amount of mail dealt with.

The Validation has confirmed that the data obtained with the simulated model present a marked
difference with the reality.

This suggests that the assumption made were not precise enough to have a valid final output, as
Table 6 and 7 show.

Number of
Replications/ Letters Letters
Observation by Replication | Observed

per Week

5957 9284
4467 7645
4137 9451
3378
2712
3214
2400
7299
2952

10 5478
Table 6 - Letters by Royal Mail Arrivals

OO |INO(L (D W|N |-

The t-test confirms the distance between the mean of the real system and the mean of the
simulated one.
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Letters by Royal Mail Simulated System Real System
Mean 8793.333333 4199.4
Variance 995974.3333 2562101.822
Observations 3 10
Hypothesized Mean Difference 0
df 6
t Stat 5.989927665

P(T<=t) one-tail

0.000486537

t Critical one-tail

1.943180281

P(T<=t) two-tail

0.000973074

t Critical two-tail

2.446911851

Table 7 - T-Test for Letters by Royal Mail

The value of the test statistic shows that the null hypothesis cannot be confirmed, it has been
decided to correct the value of the distribution of this process since more accurate data are

needed to simulate the real number of letters that are delivered by RM.

6.2.4 - Validation ofFlat Parcels by Royal Mail

While the flat parcels follow the same procedure of the letters delivered by Royal Mail, the means
of the two systems are quite different. However, since the real data of this process are very
different for each week, the percentage to have the same mean between the two systems is

almost 90%.

Number of Flat
Replications/ Flat Parcels
. . Parcels
Observation by Replication
Observed
per Week
1 1454 922
2 2232 915
3 247 2746
4 428
5 247
6 171
7 528
8 357
9 654
10 552

Table 8 - Flat Parcels by Royal Mail

Although the same estimation as the letters has been used in order to calculate the quantity of flat
parcels delivered, the t-Test presented in Table 9 shows that the data obtained in the model’s

output is close enough to the reality to be considered statistically valid.
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Flat by Royal Mail Simulated System Real System
Mean 1527.666667 687
Variance 1113264.333 427705.1111
Observations 3 10
Hypothesized Mean Difference 0
df 2
t Stat 1.306765992

P(T<=t) one-tail

0.160672386

t Critical one-tail 2.91998558
P(T<=t) two-tail 0.321344772
t Critical two-tail 4.30265273

Table 9 - T-Test for Flat Parcels by Royal Mail

6.2.5 - Validation parcels for DC by Royal Mail

The parcels intended to the distribution centre arriving each week are on average 100. Even if the
number of parcels registered by the simulated system is a little bigger, the difference between the

two averages is acceptable.

Number of
Replications/ Customers Customers
Observation by Replication | Observed
per Week
1 95 238
2 90 141
3 82 190
4 67
5 116
6 98
7 155
8 93
9 106
10 121

Table 10 —Parcels for DC by Royal Mail

The statistic test, therefore, falls in the critical interval as shown in the table below.
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Parcels for DC by Royal Mail Simulated System | Real System
Mean 189.6666667 102.3
Variance 2352.333333 | 588.4555556
Observations 3 10
Hypothesized Mean Difference 0
Df 2
t Stat 3.00914518
P(T<=t) one-tail 0.047483247
t Critical one-tail 2.91998558
P(T<=t) two-tail 0.094966495
t Critical two-tail 4.30265273
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RESULTS

7.1 - Count
Count Minimurm Maximum
Ayerage Half Width Average Average
Record Customer 574.50 11.66 533.00 623.00
Record Delivered Mail in 382 65 71.39 173.00 821.00
Engineering and Design Route
Record Deliverad Mail in 113.90 22.78 58.0000 268.00
Halsbury Route
Record Delivered Mail in Shops 258.45 48.60 134.00 550.00
Route
Record Delivered Mail in Van 277114 503.79 1466.00 5937.00
Delivery Route
Record International Mail Out 55.0500 12.50 240000 135.00
Record Mail Out 26575 5416 152.00 583.00
Record Mational Mail Out 210.70 4219 127.00 448.00
Record Parcel for Staff 1263.65 219.98 475.00 2558.00
Fecord Parcel for Student 1616.40 28127 676.00 3268.00
Record Parcels by Royal Mail for 118.35 12.25 60.0000 168.00
DC
Record Parcels Picked up from 56595 16.34 450.00 623.00
Customers
2800.000 | S I%ﬁ:ﬁk‘cﬁg‘;s:
2400.000
2000.000 | BEERETT el
1600.000 | O me ™™ g Jer emeneneis
1200.000 | 1 Fomcond Maill Cest Il Foecond Mational Mall Dut
£200.000 | mesors e o
W Recor Parcel tor S O Dol
400.000
0.000 | T s

Figure 80 - Count Output Report

The screenshot above shows the average number of entities which enter or leave the systemina5
days period. As can be seen from the graph the highest value of the figures is represented by the
number of mail carried by the Van Delivery (2771), followed by the number of parcels addressed
to students (1616) and staff (1263). By contrast, the lowest value recorded refers to the number of
International Mail Out (210).

7.2 - Number Waiting and Waiting Time

As can be seen from the table below, concerning the waiting time(Figure 82), it is possible to
observe that the highest value is represented by the Parcels storage process, with an average of
499 and a maximum of 1212 parcels (in the Number Waiting in Figure 81). In this context, this
result could be explained taking into account that the storage of parcels is done by one employee,
which is simultaneously involved in other processes.

Furthermore, the highest value shown in the “number waiting” is represented by the Queue in the
“Hold for Delivery Time 1”. This result can be easily explained considering the huge amount of mail

65



and flat parcels, waiting for the start of the Van Delivery round in order to be delivered to the
numerous buildings around the campus.

MNumber Waiting i Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value

Batch Route 2 Letters Queus 0.02784911 0.03  0.00023148 0.2756 0.00 95.0000
Batch Route 4 Letters Queus 0.2356 019  0.00083333 1.3796 0.00 201.00
Batch Route 5 Letters Queus 0.1688 0.10  0.00083333 0.5556 0.00 137.00
Batch Van Delivery 1.9069 0.80 0.5223 7.9599 0.00 1658.00
Letters Queue
Customer semvice Queue 16.2447 053 14.0903 18.4745 0.00 136.00
First Sorting.Queue 77.8668 22.60 371179 246.36 0.00 1977.00
Hold For Delivery Time 1.Queue 279.62 4713 144 .75 1342 0.00 1668.00
Hold For Delivery Time 2 Queue 4 8064 0.95 21797 9.9428 0.00 92.0000
Hold For Delivery Time 4 Queue 31.2877 556 14 5088 620137 0.00 196.00
Hold For Delivery Time 5 Queue 231406 433 102553 49.2924 0.00 166.00
Hold Mail for DHL Arrival.Queue 4.4199 1.01 2077 10.9234 0.00 44.0000
Hold Mail for Royal Mail 171702 329 106645 36.2808 0.00 166.00
Arrival. Queue
Hold parcel Royal Mail Queue 0.00107261 0.00 0.00000454 0.00460143 0.00 14.0000
Hold Resource Entity for Signal 0.1853 0.03 0.1670 0.3505 0.00 2.0000
2.Queue
Hold Resource Entity for Signal 0.1671 0.00 0.1670 01677 0.00 2.0000
3.Queue
Hold Resource Entity for Signal 0.1670 0.00 0.1670 0.1675 0.00 2.0000
4 Queue
Hold Resource Entity for 0.0946 0.00 0.0935 0.0959 0.00 1.0000
Signal Queue
International Mail 0.00604590 0.00 0.00069960 0.02977112 0.00 14.0000
Stamping.Queus
Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 1.Queue
Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 2.Queue
Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 4 Queus
Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 5 Queue
Loading barrow 1.Queue 1.4947 0.43 0.4924 4.5205 0.00 72.0000
Loading barrow 2 Queue 84836 1.60 37205 17.9322 0.00 193.00
Loading barrow 3.Queue 5.9948 1.19 27673 13.4651 0.00 137.00
Loading Van Delivery Queue 99 25 201 49 8828 26011 0.00 1668.00
Mail Out Sorting Mational or 0.0990 0.05  0.01462271 0.3714 0.00 54.0000
International Queue
National Mail Stamping.Queue 0.02000241 0.01  0.00255637 0.1021 0.00 35.0000
Parcels Storage Queus 499.09 124.09 85.2165 1211.95 0.00 2664.00

Figure 81 - Number Waiting Output Report
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Waiting Time ) Minimum Maximum Minimum Maximum
Average Half Width Average Awverage Value Value

Batch Route 2 Letters Queue 0.02608278 003 0.00038052 0.2345 0.00 32 9692
Batch Route 4 Letters Queue 0.08115696 0.07  0.00057303 0.5555 0.00 329690
Batch Route 5 Letters.Queue 0.07981433 0.05 0.00065789 0.3039 0.00 529853
Batch Van Delivery 0.07208709 0.01  0.03731763 0.1609 0.00 0.3939
Letters Queue
Customer semvice. Queus 3.3919 0.ay 3.0379 3.6806 0.00 11.7888
First Sorting.Queue 1.8595 021 0.9909 2 7656 0.00 14.3840
Hold For Delivery Time 1.Queue 93491 0.38 77502 11.3143 0.00 22 9164
Hold For Delivery Time 2.Queue 3.8573 0.44 2.5099 6.4375 0.00 21.9024
Hold For Delivery Time 4.Queue 7.3170 0.25 6.1422 8.2035 0.00 21.9161
Hold For Delivery Time 5. Queue 7.9327 021 6.9487 87688 0.00 21.9113
Hold Mail for DHL Arrival Queue 9.6918 0.52 7.7082 11.9539 0.00 21.8471
Hold Mail for Royal Mail 9.8780 0.33 8.4930 10.8810 0.00 21.8739
Arrival Queue
Hold parcel Royal Mail Queue 0.00113267 0.00 0.00000474 000541344 0.00 0.04831440
Hold Resource Entity for Signal 11.1207 1.58 10.0183 21.0271 9.0181 33.0194
2 Queue
Hold Resource Entity for Signal 10.0261 0.00 10.0186 10.0614 9.0183 11.0460
3.Queue
Hold Resource Entity for Signal 10.0221 0.00 10.0176 10.0498 9.0175 11.0284
4 Queue
Hold Resource Entity for 11,3633 0.03 11.2145 11.5068 11.2145 11.5068
Signal Queue
International Mail 0.01219967 0.00 0.00233201 002646322 0.00 0.3901
Stamping. Queue

Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 1.Queue

Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 2 Queue

Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 4 Queue

Leave Distribution Centre for 0.00 0.00 0.00 0.00 0.00 0.00
Route 5.Queue

Loading barrow 1.Queue 1.6255 0.20 0.9033 23157 0.00 11.0705
Loading barrow 2 Queue 2 6560 0.10 22342 30355 0.00 11.0448
Loading barrow 3 Queue 2 7648 0nm 2 4068 3.2605 0.00 11.0339
Loading Van Delivery Queue 42675 0.14 4.0361 5.0553 0.00 12.5866
Mail Out Sorting National or 0.04782561 0.02 0.00622243 01617 0.00 11.9414
International Queus

Mational Mail Stamping.Queue 0.01078561 0.00 0.00247390 002967517 0.00 0.2012
Parcels Storage Queue 4003589 507 151854 527276 0.016685891 973598
Processing Royal Vail Parcel T 3T65 0.22 3.56599 52214 0.00 11.9772
DC . Queue
Route 2 Process Queue 0.4405 015 0.00 09177 0.00 1.7332
Route 4 Process. Queue 1.6012 0.16 0.9067 1.8392 0.2809 2.0509
Route 5 Process. Queue 0.7527 013 01474 1.2128 0.00 1.7117
Scanning parcels Queue 20953 0.37 0.5102 3.3075 0.00 13.2734
Second Sorting. Queue 0.03371341 0.02 000374358 01211 0.00 11.9987
Storage of parcels Queue 0.1168 0.04  0.03092510 0.3162 0.00 12.5296
Unloading Bag.Queue 2.8604 0.12 2.6066 3.6293 0.00 11.9040
Van Delivery Process.Queue 2.0783 0.10 14333 2.1500 1.4333 2.1500

Figure 82 - Waiting Time Output Report
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7.3 - Utilization

Instantaneous Utilization Minimum Maximum Minimum Maximum
Average Half Width Average Average Yalue Yalue

Amanda 0.1086 0.02  0.05441677 0.2093 0.00 1.0000
Andreas 0.05236306 001 0.03557303 0.1062 0.00 1.0000
Barcode scanner 1 0.0917 002 003686111 0.1883 0.00 1.0000
Barcode scanner 2 0.0917 002 003686111 0.1883 0.00 1.0000
Carl 007568422 000 0.06639392 0.0966 0.00 1.0000
Computer for Scanning 1 0.0m7 0.02  0.03686111 0.1883 0.00 1.0000
Computer for Scanning 2 0.0917 0.02  0.03686111 0.1883 0.00 1.0000
Frank 0.1079 001 005877566 0.2043 0.00 1.0000
Igor 0.03643674 0.00  0.02679684 0.05915869 0.00 1.0000
Jack 01077 002 005430888 0.2104 0.00 1.0000
Kevin 0.05491405 001 003863986 0.1075 0.00 1.0000
Marc 0.02036213 0.00 0.01304539 0.02805986 0.00 1.0000
Michael 0.03573710 0.00 002580504 0.05736270 0.00 1.0000
Stamping Machine 0.00146904 0.00  0.00071378 0.00394884 0.00 0.5000
Tim 0.01977435 000 001327941 0.02821268 0.00 1.0000

Figure 83— Instantaneous Utilization

Scheduled Utilization Minimum Maximum
Average Half Width Average Average

Amanda 0.2895 0.04 0.1451 05552
Andreas 0.1396 0.02 0.0949 02831
Barcode scanner 1 0.0917 0.02 0.03686111 01853
Barcode scanner 2 0.0917 0.02 003636111 01883
Carl 0.2018 0.01 01771 02577
Computer for Scanning 1 0.0917 0.02 0.036867111 0.1883
Computer for Scanning 2 0.0917 0.02 0.03686111 0.1883
Frank 0.2878 0.04 0.1567 0.5449
Igor 0.0972 0.01 0.07145825 0.1578
Jack 0.2872 0.04 01448 0.5610
Kevin 01464 0.02 01030 02867
Marc 005429901 0.01  0.03478772 007482631
Michael 0.0953 0.01  0.06851343 0.1530
Stamping Machine 0.00146904 0.00 0.00071373 0.00394584
Tim 005273160 0.01  0.03541175 007523380
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Figure 84 - Scheduled Utilization

There are two different kinds of utilization: instantaneous utilization is the fraction of busy resources
to total available resources at any time; scheduled utilization is an overall measure of the total capacity
on the total demand. In this case all the employees have the Instantaneous Utilization lower than
the Scheduled one, this means that everyone can easily handle the overall load and that they are
almost always busy during their working hours.
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The lowest utilization is registered by the resources that, even if are involved in more than one
process, they work in procedures that take few time to be fulfilled, for example sorting, stamping
or delivery with barrows. This is the case of Marc, Tim, Michael and Igor whose utilization is more
than half lower than other employees.

Frank is the resource that works more than the others maybe because he is the only one that
deals with the storage of parcels and, even if the delay time of this distribution is calculated in
seconds, the number of parcels to be stored is quite big to be handled by one single employee.

Overall the ideal utilization percentage of each employee should be at least 50%, but from the
graph it is evident that the percentage of 5 human resources is less than 20% and 4 of them work
less than 40%.

The utilizations for the computer for scanning, barcode scanning and stamping machine are almost
the same because, a part from the periods of time in which they fail and they need to be fixed,
they work for the whole day, so time is not an influent variable in the calculation.

Total Time Minimum Maximum Minimum Maximum
Average Half Width Average Average Value Value

Customer 3.4585 0.08 3.1050 3.7460  0.03709749 11.8645
Flat Parcel 18.1300 0.74 15.1820 21.8295 0.9180 36.9563
Mail 1584521 0.24 17.7343 19.8829 0.9149 372338
Parcel 0.00 0.00 0.00 0.00 0.00 0.00
Parcel for Staff 20.9203 0.61 18.1612 24 0268 0.5367 54 1014
Parcel for Student 41.5471 4.36 20.3582 53.6472 0.1154 98.1135

In the table is shown that customers are served in a fast way since their average time spent in the
system is 3 minutes. This process is quite efficient since the first idle member of the staff provide
assistance whenever a customer arrives. This has been specified with the use of a set in which are
included all the members.

Parcels for Staff spend less time in the distribution centre than the parcels for students since are
delivered to their destination soon in the morning; the parcels for students are stored and they
may wait in the centre more than one day if a customers doesn’t come to pick them up.
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IMPROVEMENTS

8.1 - Suggested Changes to Reduce the Number of Parcels into the Storage due to Storage Capacity
Limitations

According to the maximum capacity of the actual storage, the number of stored parcels for
students exceeds the allowed capacity of the parcel’s area; it causes layout drawbacks reducing
the space available to conduct the daily processes. This problem is due to the fact that, in some
circumstances, customers postpone the collection of their own parcels causing an unexpected
permanence of them in the system.

Cutput hinimum Meseimum
Ayerage Half Width Average fuerage
MNumber of Stored Parcels 1126.40 830.36 169.00 1694.00
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Figure 86 - Number of Stored Parcels Statistic

As the graph shows, it is clear that (looking at the average) the number of stored parcels can
easily exceed the maximum capacity allowed by the Distribution Centre (750). The analysed
values and the maximum capacity declared by the team manager of the Distribution Centre are
based on the assumption that the size of each parcel has the following characteristics:

Format Examples Max Max Max
length width depth

Gifts, shoes, Ladies boots,  G1cm 46cm 46cm
heawvy portable
ar bulky speakers,
items winter puffa
coat,
desk lamp

Standard Parcel

Figure 87 - Standard Parcel Weight

The exceeded amount of parcels causes layout causes inefficiency, dissatisfaction and stress of the
staff as well as an increase in the processing time of the storage. The problem related to the
capacity of the storage area could be overcome in two different ways. The first one is linked to a
different approach with the customers and the other way concerns the optimisation of the layout
with the utilisation of neglected space.
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The adoption of new incentive policies has been suggested in order to encourage customers to not
postpone the collection of their parcels. One example could be fix a limited period of time to
withdraw parcels in order to assure that the capacity of the storage will not be reached quickly.
The actual communication system of the Distribution System is based on an automatic notice sent
by mail to the customer. However, there is no charge if the customer does not turn up to
withdraw its staff. This has been considered as the main reason of the accumulation of parcels in
the storage. Furthermore, this solution is strictly related to the commitment of the customers and
their reliability.

In order to demonstrate the relation between customers’ behaviour and storage capacity, it has
been considered the adoption of a policy by which the customer will be forced to withdraw its
parcel within three working days from the moment of notification: after that he will be charged of
a certain amount of money. On this basis, a new scenario has been reproduced in order to
improve the system. The new customers’ schedule has been defined and forecasted thanks to the
assumption made and after interviews and comparisons with the manager of the Distribution
Centre.

lArrival R ate << Day1 00:00:00-Day 2 0B:00:00 by 1 hour »>
&0
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40

30+

204

0

Dap 05:00:00 160000 Day 2
00:00:00 00:00:00

As it can be seen from the graph below there has been a significant reduction of 47% in the
average amount of not collected parcels after the adoption of a new policies listed above.
Considering that the maximum capacity has been fixed at 750 parcels, the maximum average is
still higher than the limit. However, this improvement could represent a significant way to solve or
mitigate the problem related to the capacity of the storage and its consequences on the quality of
the work reducing the stress of the resources caused by an overload of stored parcels.
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Output IMinimum Mezgimum

Ayerage Half Width Ayverage Puerage
Mumber of Stored Parcels 536.20 49350 0.00 915.00
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Figure 89 - New Number of Stored Parcels

The suggested improvement mentioned before could be implemented into the real system whit
adding cost. As a matter of fact, the customer could be informed of the new policies using the
actual automatic communication system by which the server send an automatic email to the
customer informing of the new policy.

8.3 - Adoption of a New Layout to Increase the Maximum Capacity of the Storage Area.

The observations that have been performed on site demonstrate how the space, in volumetric
terms, is not used in an efficient way. In fact, the area in which the parcels are catalogued,
pending to be picked up by customers, uses only part of the height available. Simple
improvements, such as adding additional shelving in the upper part should be carry out.
Furthermore, the detachment of the shelving from the wall would allow access from both sides by
increasing the volumetric capacity.

The reasons for which these measures have not previously been made are to be found in the fact
that this area is a vital source of daily processes of the Distribution Centre. Therefore, these
changes should be carried out on holidays and would require at least six days to perform these
changes including the training staff for the disposition.

ssign Storsge ki Farcels Ui
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Customer Desk
‘Ststion Parcel

Siorage for Student

Figure 90 - Added Storage (Representing the New Four Shelving)
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In the following simulation, considerations and suggestions made before (regarding the new
policies adopted with customers) will not take into consideration in order to highlight the
improvements due exclusively to the change of the layout disposition.

As the figure above shows, in order to simulate the disposition of four new shelving in the layout,
a new storage for student has been introduced. In this way both the storages will be able to not
exceed the new capacity. It will be fixed at around 1500 parcels, allowing the Distribution Centre
to better manage the inequality between the Customer collection and the Parcels delivering.

ACTUAL CONFIGURATION SUGGESTED CONFIGURATION

— o — —_——— — o e ——

| . § | |

| | |
| | I l
l | l 7 l
l I I l

STORAGE AREA STORAGE AREA

Capacity of the shelving

188 parcels, considering the
average weight of the parcel
as shown in the previous

chapter.

Figure 91 - Suggested Layout Configuration

The new layout involves the introduction of four new shelving, thus able to double the capacity of
the area. The working conditions of the employees will not suffer the consequences being the
distance between the various shelves suitable to the passage and to their use.
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Cutput Iinimum Ilecimum

Ayerage Hslf Width Auersge Average
Number of actual stored parcels 622.40 315.90 169.00 751.00
Storage 1
Number of actual stored parcels 504.00 586.31 0.00 943.00
Storage 2
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Figure 92 - Number of Parcels with the Introduction of New Storage

Clearly the implementation of a new policy for clients and expansion of the restricted area of the
parcels would further reduce the number of parcels in stock within the Distribution Centre. For
this occasion we strictly recommended to adopt with higher priority a change in the actual policy
because it represents a quick and without cost improvement. On the other hand a new layout
needs a stop in the production and funding to buy new shelving. The last one expenditure has
been calculated using the current price on the market of industrial shelving and it is around £528.

8.4 - Improving Resources’ Utilization

8.4.1 - Original Model

Echeduled Utilization Minimum Mazcimum
Awerage Half Width Average Pyerage

Amanda 0.2042 013 0.1451 03741
Andreas 01334 003 01012 01732
Barcode scanner 1 0.0964 005  0.036861M 01286
Barcode scanner 2 0.0964 005  0.036861M 01286
Carl 0.2073 0.0z 0.1935 0.2371
Computer for Scanning 1 0.0064 0.05 003686111 01286
Computer for Scanning 2 0.0964 0.05 0.03686111 01236
Frank 0.2824 010 0.1567 0.3447
ligor 0.0937 002 0.07709629 01156
Jack 0.2821 012 0.1448 0.3703
Kevin 013749 003 01062 01607
[Marc 0.04752347 | 000 0.04555621 0.05092545
Michael 0.0917 002 007520952 01183
Stamping Machine 000162859 000 000087804 0.00255022
Tim 0.04495760 001 003541175 0.04881578

Figure 93 - Original Model Scheduled Utilization

As can be seen from the results obtained from the original model, the average scheduled
utilization of each employee does not exceed the 30%. This statement could be easily explained

taking into account that the number of employees engaged in the Distribution Centre, far
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outweighs the number of processes carried out by the same. In addition, it is important to
highlight that because of the scheduled deliveries, the working time of the workforce is quite fast
and fluctuating: in other words, only few hours per day is required the maximum effort of all the
team, considering that the Distribution Centre is dependent on other timetable couriers’ delivery.

However, after analysing the outcomes, the suggested improvement has involved the number of
employees involved in the parcels’ area for the storage (considering that this process requires
more time due to the huge amount of parcels which come into the system and for this reason
would be preferable to exploit more resources). More specifically, in the real model has been
observed only one employee in charge for the storage of parcels and this could represent a
limitation of the system. In this context, in order to increase the lowest employees’ utilization, it
has been assumed useful to spread the storage process among those employees (lgor, Marc and
Michael).

Echeduled Utilization Minimum Msstirmum
Ayerage Half Width Puerage forerage

Amanda 0.3074 012 0.1689 0.3805
Andreas 0.1458 0.04 01078 01804
Barcode scanner 1 0.0964 0.05 004239120 01242
Barcode scanner 2 0.0964 0.05  0.04239120 01242
Carl 0.2118 0.02 0.1808 0.2406
Computer for Scanning 1 0.0964 0.05 0.04239120 01242
Computer for Scanning 2 0.0964 0.05 0.04239120 01242
Frank 03111 0.1 0.1800 0.4078
Igor 0.3419 0.11 0.2071 0.4267
Llack 0.3035 012 01611 0.3793
Kevin 0.1508 0.04 01168 01818
Harc 0.2095 \ 01 0.1893 0.4044
hﬁchael 0.3444 \ 01 0.2071 0.4300
Stamping Machine 0.00171806 000  0.00084903 0.003004449
Tim 0.05955072 0.01  0.04705465 0.06614706

After the changes made, it can be noticed that the overall employees’ utilization has considerably
increased. As a result, it is also clear that in the new model there has been an attempt to balance
the resources’ utilization, avoiding imbalance. However, as can be predicted, the only utilization
that has slightly decreased is related to the employee (Frank) who in the original model was the
only responsible of the storage of parcels.

75



8.5 - Improving Costs of Employees Using Part-Time Contracts

In this improvement, the focus has been placed to the cost of the employees and if it can be
significantly reduced without affecting the core system processes.

In order to achieve that, the 3 employees that have the lowest utilization have been considered
for a change in contract: Full-time to Part-time. Therefore, their working time schedule has been
changed as Figure 96 shows.

Capacily <¢Day1 0300:00 - 18:00:00 by 30 minutes >> Capacity <¢Day1 02.00:00 - 23:00:00 by 30 minutes >>

040000 OBODOD  0BOCOD 100000 120000 140000 160000 180000 D8 0000 180000
Oplions Clear [ ox J[ coes [ He || |[ oetons. |[ ces | [ ox [ caneel | [ Hem
Time St 24 Day1 11:30.00 - 120000 Capaciy =1 Time Slat 18 Day 1 08:30.00- 00000 Copaiy =1

Figure 95 - Part-time Schedule (Left) and Full-time Schedule (Right)

The part-time shifts starches only in anti-meridian hours from 8 to 12 for a cumulative working
time of 4 hours per day.

The changes have been analysed through the stand-alone software Process Analyser doing a
comparison between the Case Base Scenario and the improved new system: the responses
considered are the one concerning the main services provided by the Distribution Centre (Figure
97).

Scenario Properties Responses
First Second International Mail Scanning
s Name Program File Reps All Resources. TotalCost Sorting.Queus. Wati| Sorting WaitTimePer| Stamping. Queue.Wa| parcels. Queue.\Waiti
ngTime Entity itingTime ngTime
1 |4 CaseBase : 4:Case Basep 20 3858273 1.860 0.034 0.012 2.085
2 |4 Scenario4 :1:Scenario 4 P 20 3221.030 1.888 0.186 0.008 2101

Figure 96 - Scenarios Core Processes Comparisons

Values by Scenario
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Figure 97 - PAN Analysis
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As it can be seen from Figure 97, core responses have not substantially changed although less
resources are present in the second half of the working days.
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Figure 98 - Base Case and Improve Scenario Costs' Comparison

On the other hand, the cost due to the payment of the employees (which is relative to an amount
of days equal to 5), has significantly decreased from £3,858.22 to £3,221.03 (Figure 98).
If the monthly cost is analysed (5 days multiplied by 6) it can be noticed how the reduction of cost
can be a valid scenario whenever some financial cuts are needed:

Monthly Case Base = £3,858.22 x 6 = £23,149.32
Monthly Improved Scenario = £3.221.03 * 6 = 19,326.18

CONCLUSIONS
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After an accurate observation and evaluation of the outcomes obtained through the simulation of
the Brunel’s Distribution Centre it has been concluded that the performance and efficiency of the
centre is overall satisfied, apart from two interconnected problems.

The first inefficiency has been found in the storage area where the delivered parcels have to be
stored; it has been noticed that the number of accumulated parcels far outweighs the number of
customers arrivals during one replication (5 working days), causing an overload of the available
shelving and a consequent reduction of space. An addition of four more shelving, with a capacity
of 188 parcels each, would result in a more efficient and effective management of the stored
parcels; moreover, the Distribution Centre should also calculate the possibility of improving the
communication system with customers, adopting a more severe policy for the collection of parcels
in order to stimulate students to gather their staff as soon as possible. These two improvements
would soon prove a positive choice because despite extra costs, the number of parcels that could
be stored will increase while the number waiting will reduce.

Another drawback has been confirmed examining the outcomes regarding the resources’
utilization. The data obtained thorough Arena have shown an underutilization of the majority of
the employees, issue already discussed with the manager of the centre. The main cause of this
inefficiency lies in the number of processes involved and their low execution time. The suggested
improvement is to allocate a higher number of workers in the process that has the longest queue
and work-in-process time: the storage area. In this way, combining the improvement related to
the enlargement of the storage with the latter suggested, it is possible to guarantee a balanced
workforce and a better management of the enhanced space.

In addition, if the analyst would have been required to conduct an analysis based on the costing of
resources supporting a change in management strategies, it has been found that having 4 Full-
time employees and 3 Part-time ones could reduce the money outcomes of the Centre without
affecting the overall efficiency of the processes involved.

After having conducted a simulation of the real system from its early stages of field research and
data collection to the final refinements and improvements, it has been acknowledged how much
work and effort is needed in order to produce reliable outcomes from the modelled system in
Arena. Thinking outside the box and be able to visualize problems and their solutions with a
different perspective sharing a team’s vision, has been found vital in order to execute valid
modelling and simulation’s techniques over a fair share of work.

In conclusion, it can be stated that overall the Distribution Centre has a well organised delivery
system followed by an efficient management of the processes however some improvements and
investments have been found with the creation of what-if scenarios and the analysis of their
relative reports.
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