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1. Operational Architecture

1.1 Purpose:

The purpose for this architecture is to assist in developing a design to implement a departure slot
reservation and queuing system for airplane departures from Philadelphia International Airport
(PHL).

1.2 Viewpoint:
The viewpoint is that of the airport operations manager who understands the management of
airplanes around the airport and the detailed operations of the airport.

1.3 Scope:
Operational and Systems Architecture

1.4 Organizational Relationship:

org chart Organizational Relationships/
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Administration Management Management

A [

Airline Operating
Center
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Air Traffic | 00000 — T T=—a
Controller i Pilot

Figure 1 Organizational Relationship



1.5 Class Diagram:

class Operational Class Diagram/

Departure Manager

Airline Operating Center Airline
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+ o+ o+ o+ o+
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Figure 2 Operational Class Diagram



1.6 Operational Concept:

\ AOCs

Network (US Airways,
sign aircraft to departure slots United)
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N
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takeoff \ pushback from the
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PHL : Coordinate pushback / * Routeplanes to
\‘ ., takeoffrunway \
—— g System
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Relay current status and
projected delays

Figure 3 Operational Concept

« Airlines reserve departure slots at the airport based on their flight schedules. ADFMS
uses information about ramp use and gate to runway taxi times to compute when the
plane should push back for departure to meet its departure slot time.

» Departure slot information and expected pushback times are used by Station Managers
and Ramp Control to manage aircraft departures.

« If a flight is running late for mechanical or other problems then the airline can trade the
departure slot for a later departure slot.

« ADFMS tracks the airplanes that it is projected to release from each ramp in order to
account for ramp congestion.

« ADFMS accounts for taxiway congestion when calculating the proper pushback time.



1.7 Use Cases:

uc Use Case Model /

Clear Flight for
Takeoff

Air Traffic
Controller

Route Flight to

Departure Runw ay

Ramp Contr

Manage aircraft

departures Pilot

«include»

Schedule departures;

arture Manager

Delay Departure

|
«extend»

Trade Departure slot

A

Station Manager

«extend»
|

Airline Operating
Center

Use Case: Manage airplane departures.

Precondition: Airline schedule available for input

Actors: Airline Operating Center, Ramp Controller, Pilot, Station Manager

Goal Level: Above Sea Level
Airline Operating Center calculates preliminary schedule and requests departure slots.
Departure manager assigns departure slots.
The Station Manager assigns gates to the flights.
Departure manager calculates expected pushback times.
Ramp Controller contacts pilot for pushback based on expected pushback times.
Pilot proceeds to departure runway based on Ramp Controller instructions.
Pilot contacts air traffic control for departure.

4

Obtain Earlier
Departure

Figure 4 Use Case Diagram
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Post-condition: Airplane ready for departure.

Use Case: Attempt to secure a later departure slot

Pre-condition: Flight needs to be delayed

Actors: Station Manager #1, Station Manager #2 (or Airline Operating Center depending

on timeframe)

Goal Level: Sea Level

Main Success Scenario

1. Station Manager #1 selects the affected flight and inputs a scheduled pushback time
and earliest and latest wheels up time.

2. Departure manager reviews empty departure slots and selects the closest available,
minimizing the difference between the expected push back time and the scheduled
push back time.

3. Departure manager places a reservation in the departure slot and keeps the other slot

information to see if another airline wishes to trade.

Departure manager places a sell order for the original departure slot.

Departure manager sends the departure slot and expected push back time.

Station Manager #1 accepts the new departure slot.

Upon reaching the scheduled pushback time associated with the original reservation,
Departure manager removes the reservation if it still exists.

Main Success Scenario Extensions:

2a. An empty departure slot is established by shifting the schedule. (All departure slots
move forward one slot creating an open slot for the aircraft)

1. Departure manager sends new schedule to Station Managers.

2b. Later departure slot is not available within the requested time window.

1. Departure manager assigns the next closest slot.

2. Departure manager notifies Station Manager #1 of the new slot. (Station
Manager can now try to buy an earlier slot).

4a. Station Manager #2 in interested in the available departure slot

1. Station Manager #2 logs selects departure slot sale.

2. Station Manager #2 the flight to move to an earlier departure slot.

3. Departure manager switches the flights and calculates updated pushback
times.

Post-condition: departure slot is updated based on delay.

No ok

Use Case: Attempt to secure an earlier departure slot

Pre-condition: Flight is able to leave earlier than scheduled

Actors: Station Manager #1, Station Manager #2 (or Airline Operating Center depending
on timeframe)

Goal Level: Sea Level

Main Success Scenario

1. Station Manager #1 selects the affected flight and inputs a scheduled pushback time

and earliest and latest wheels up time.

2. Departure manager reviews empty departure slots and selects the closest available,
minimizing the difference between the expected push back time and the scheduled
push back time.

Departure manager sends the departure slot and expected push back time.
4. Station Manager #1 accepts the information.

5
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Main Success Scenario Extensions:
2a. Primary departure slots filled but next best is acceptable

1.

2.

3.

Departure manager determines that all departure slots are filled for the desired
time.

Departure manager sends the two best available options based on latest
departure time and scheduled departure time. Departure manager also sends
the option to enter a buy option along with the airline point total and price for
the move.

Station Manager #1 selects a best available option

2b. Airline Operating Center selects the buy option

1.

2.

ok

Departure manager determines that all departure slots are filled for the desired
time.

Departure manager sends the two best available options based on latest
departure time and scheduled departure time. ADFMS also displays the
option to enter a buy option along with the airline point total and price for the
move.

Station Manager #1 selects the buy option

Departure manager notifies all PHL users of the buy option

Station Manager #2 accepts the buy option

Departure manager switches the flights assigned to the departure slots and
conducts the point transaction.

Use Case: Taxi Airplane
Pre-condition: Airplane is ready for pushback.
Actors: Station Manager, Ramp Controller, Pilot
Goal Level: Sea Level
Main Success Scenario
Station Manager tells Ramp Control that flight is prepared for pushback.

1.

2
3
4.
5.
6
7
8.
P

. ADFMS notifies Ramp Controller than a flight needs to pushback.

Ramp Controller examines ramp and clears airplane for push back from gate.
Plane is pushed from gate by ground crew.

Ramp Controller clears airplane to the end of the ramp.

Ground controller sends the pilot directions to reach the takeoff runway.

Pilot takes plane to the takeoff runway following ground controller instructions.
Ground control notifies pilot to contact air control.

ost-condition: Airplane is ready for takeoff.

Below are diagrams showing some additional uses cases that were identified, but were not
expanded upon as part of this analysis.
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Figure 5 Additional Use Cases 1




uc UseCase2 /
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Figure 6 Additional Use Cases 2

1.8 Operational Activity Diagrams:
Use Case: Attempt to secure a later departure slot
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act Delay Departure /

Station Manager (Requiring Delay) Departure Manager Station Manager (Potential Buyer)

Determine expected delay

Review departure slot

Process
delay reques

Empty Slot Fallback

Available?

Determine slot
\ shifts

Determine next
available slot

Assign new
departure slot

Publish slot for
sale

Past Trade
Deadline?

Switch Flights

Update point
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Notify trade
deadline past

Update Affected Remove slot
Departure Slots sale offer

Figure 7 Attempt to secure a later departure slot Activity Diagram




sd Delay Departure (Trade av ailable)/

X
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:Departure
Manager

X
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|
|

—[lj ; Determine expected delay()

Process delay request()
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|
|
|
|
|
|
|
|
|
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Switch flights()

7

; Update point totals()
]
_5] ; Update Affected Departure slots()
|

Figure 8 Delay Departure (Trade available) Sequence Diagram

sd Delay Departure (Fallback)/

o

A

Requiring Delay :Station

:Departure
Manager

Manager
|

Elj ; Determine expected dealy()

Process delay request()

I
|
|
|
|
>J_

)

Determine slot shifts()

Update affected departure slots()

Figure 9 Delay Departure (Fallback) Sequence Diagram
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Use Case: Attempt to secure an earlier departure slot

act Obtain Earlier Departure /

Station Manager (Wants Earlier Flight)

Departure Manager

Station Manager (Potential Seller)

Review offers
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departure

Publish Request to
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Determine departure time

Decline Trade

and points required
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Remov e Request
to Buy

Sell Departure Slot

Figure 10 Attempt to secure an earlier departure slot Activity Diagram

11




sd Buy Earlier Departure /
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|
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I
|
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|
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|
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|
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Figure 11 Buy Earlier Departure Sequence Diagram
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Use case: Manage Aircraft Departures

act Manage aircraft departures /

Airline Operating Center Departure Manager Station Manager Ramp contoller Pilot

Request Departure
Slots

=
Assign departure slots

| —

Detemine Scheduled
pushback times

Manage long term flight
plan

Assign gate to flight

Ready for
departure?

Determine
expected
pushback time

[ves]

Clear flight from gate
—
=

Clear Flight to Taxipath

Taxi to departure
Request later runway
departure slot
Reciev ed takoff
clearance from ATC

Process delay
I t

Figure 12 Manage Aircraft Departures Activity Diagram

sd Manage aircraft departure/

:Departure
Manager
Ci

:Airline Operating Center :Station Manager :Ramp Controller :Pilot
|

| |
| Assign departure slots() !

Determine scheduled pushbacktimes()

0o

. Manage long term flight plan() |
il |

Assign flight to gate()
T

|
, Determine expected pushbacktime()

-

Clear flight from gate()

Pushback from gate()

- Clear Flight to Taxipath()
<

Taxi to departure runway()

Figure 13 Manage Aircraft Departure Sequence Diagram
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1.9 Operational Rules Model
If the request for delay is past the scheduled pushback time, then calculate new penalty total:

Penalty = number of delays requested that are past scheduled pushback time
with the last month divided by the total number of flights in the last month.

If penalty total is passed the threshold value of 5%, decrease the weekly rollover value by 50%.
If an airline does not have enough points to complete a trade, do not allow the trade.

1.10 Operational State Charts

stm State Chart: Pilot /

Communicating with
Airline Opering Center
[Informatoin/Request]

[Instructions]\

Communicating with
Station Manager

[Information/Request]

[Instructions]

‘Waiting for Pushback

Communicating with
Clearance

Instructions need to be passed
[ P ] Ramp Control

[Information needed]

Initial

ommuncating with Air
Traffic Control [Reached intermediate
control point]
/[Received Clearance]
[Reached Runway] ..
axiing toward takeoff
runway

Received Clearance for pushback]

[Reached Initial Control Pqint]

Pushing back

Figure 14 Pilot State Chart

stm State Chart: Airline Operating Center /

Recieving Departure

. Slot Assignment

= S
\ [Departure sk)ts/allocated] [sma%nd associated slots available]

Determining Scheduled
Pushback Time

[Request complete]/

Requesting Departure
Slot

[Scheduled Pushback Times sent] [Scheduled pushback times calculated]

[Initial Schedule available] [ransmitting
Scheduled Pushback

Time

Figure 15 AOC State Chart
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stm State Chart: Departure Manager/

Assigning departure
slots

Receiving departure
slot requests

[89 days from departures
and not managing Iive'
departures]

Calculating expected
pushback times

[Assignment complete]

\[Receive complete]
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[Trade complete]
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Sending expected
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Processing trade

Figure 16 Departure Manager State Chart

stm State Chart: Ramp Controller/

/ Monitoring Aircraft Movement \

Receiving Expected
Pushback Times

. . [Instructions need to be sent]
[Information/Request available]

Communicating with
Pilot

Figure 17 Ramp Controller State Chart
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stm State Chart: Station Manager/

Assigning Gates to
Flights

Receiving Departure
Slots & Scheduled
Pushback Times

Managing a Flight
Delay

[Gates available]

[Assignment complete]

[Slots and schedule available]
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[Complete] [Instructions] [Flight ready]

[Delay Managed]

/

[Delay]

Requesting an Earlier
Departure

Communicating with
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Figure 18 Station Manager State Chart
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2. Systems Architecture

2.1  Long Term Scheduling and Initial Slot Assignment

act Long Term Scheduling /

Airline Operating Center Node

Scheduling Component

Dev elop Initial
Schedule

Request departure
slots

Reconcile Schedule
with assigned
departure slots

Publish schedule

[Yes]

available?

More requests

[No]

requests

More than 90
days out from
departures?

[No]

Send error
message to AOC

90 days from
unscheduled
departure slots2

Assign Departure
slots

Publish Departure
slots

Receiv e departure slot

Store departure

[Yes]

requests

Figure 19 Long Term Scheduling and Initial Slot Assignment Activity Diagram
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2.2

Near Term Scheduling and Flight Management

act Near Term Scheduling /

Scheduling Component

Station Manager Node

Queue Management Component

Trade Brokering Component

Publish Departure
Slots

Flights

Review Expected

Assign Gates to

Store departure
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Determine
Departure Runway

Calculate Required
and Expected
Pushback Time

Update
Departure
Slots

Publish Expected

Departures

Ready for

Request Earlier
Departure

Request Later
Departure

Confirm
Scheduled
Pushback Time

Time

Trade for later
slot attempted?

EY
Send Pushbac
Message

Apply Penalty

Update
Point
Totals

Reject
Request

Points

Accept
Request

Request time

Process Request

Pushback Ti

Penalty
Number >
Jhresholg?

[ves]

Figure 20 Near Term Scheduling and Flight Management Activity Diagram
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2.3

Flight Rescheduling

act Reschedule Flight /

Queue Management Component

Calculate
Updated
Departure slot

Examine Options
for New Departure
Slot

Fallback
Possible?

Empty Slot
Available?

Locate Nearest
Departure Slot After
Delay

Assign Empty
Departure Slot

Reassign Affected
Departure Slots

Store New
Departure Slots

ActivityFinal

Figure 21 Flight Rescheduling Activity Diagram
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2.4 Sequence Diagrams

sd Departure with no trade/

:Scheduling
Component

X

:Station Manager

; Publish Departure Slots()

StoreAdepature slots()

:Queue
Management
Component

Assign Gates to Flights()

e

Determine Taxipath()

5] ; Determine Departure Runway()

<

Review Expected Departures()

; Calculate Required and Expected Pushback Time()

; Publish Expected Pushback Time()

([l

K

[
|
; Confirm Scheduled PushbackTimeo:
|

Send Pushback Message()

7

Figure 22 Departure with no Trade Sequence Diagram
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2.5 Fallback Due to a Lack of Trade for a Later Slot

sd Fallback due to lack of trade/

:Trade Brokering
Component

Calculate Required and Expiected Pushback Time()

Publish Departure Slots()

:Scheduling :Queue
Component Management
:Station Manager CmPeme
T T
| | |
| | |
! |
Publish Depature Slots() |
Assign Flightsto Gates() ! :
[:] |
! |
Store departure slot
: P &) >
|
|
: Determine Departure Runwa}yo
|
|
|
|
| 1
| Publish Expected Pushback Time()
| .
o Review Expected Departures()
[ ; Request Later Departure()
Process
Request

Reschedule Flight

Accept Request()

Offer Trade()

Reject request()

Figure 23 Fallback Due to a Lack of Trade for a Later Slot Sequence Diagram
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2.6

Create Long Term Schedule

sd Produce Long Term Schedule/

X

:Airline Operating Center
I

:Scheduling
Component

Develop Initial Schedule()

Request Departure Slots()

Receive departure slot requests()

Reconcile Schedule with assigned departure slots()

Store departure requests()

Assign Departure slots()

Publish Departure slots()

e

; Publish Schedule()

Figure 24 Create Long Term Schedule Sequence Diagram
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2.7  Trade for Earlier Departure Slot

sd Trade for Earlier Departure/

:Scheduling
Component

X

:Station Manager
|
|
|

|
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|
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L
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-
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|

|

|

|

|
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|

|

|

|

|
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|
Calculate Required and Expected Pushback Time()

a
1
|
|
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|
|
|
|
|
|
|
|

-

; Accept Request()

; Offer Trade()

; Process Trade()

; Update Point Total()

Update Departure Slots()
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<
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|
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|

|
|
|
|
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|
|
|
|
'

Figure 25 Trade for Earlier Departure Slot Sequence Diagram
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2.8  Trade for Later Departure

sd Trade for Later Departure /

:Scheduling
Component

:Station Manager

|
|
?] ; Publish Depature Slots()

|
|
|
|
|
Assign Flightsto Gates() !

-

1
Store departure slots()

:Queue
Management
Component

:Trade Brokering
Component

< Review Expected Departures()

L ; Request Later Departure()

Determine Departure Runwa}yo
|

Calculate Required and Exp:ected Pushback Time()
|
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_gReview Expected Departures()
<

Process
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Process Trade()
Update Point Total()

4 Update Departure Slots()
[

)
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|
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|

Figure 26 Trade for Later Departure Sequence Diagram
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29 State Charts

stm Queue Management Component/

[Scheduler.
uploading
departure slots]

[Airline uploading  [Obtain Runway Map]
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Receiving Runway
Configuration
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Assignment, Aircraft Gate Assignment]
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Figure 27 Queue Management Component State Chart
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stm Scheduling Component/

[Requests Available] /Receiv ing Departure

Idle

[Requests received] Slot Requests

_

[Transmission complete]

Transmitting Departur}

[90 Days from Departures]
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Slot AssignmenISJ

Slots

Figure 28 Scheduling Component State Chart

stm Trade Broker Component/

Idle

[Aircraft requests trade]
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[Transmission Complete] [No}

Verifying Time

Rejecting Request
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Receiving Trade
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Verifying Points
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Completing Departure
Slot Switch
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[Acceptance]
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Figure 29 Trade Broker Component State Chart
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2.10 Class Diagram

class System /

Trade Brokering Component

P

Accpet Request()
Apply Penalty()
Offer Trade()
Process Request()
Process Trade()
Reject Request()

Update Point Totals() +Manages
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T
+Processes
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Trade Request

Amount
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Late Departure Slot
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+Initiates

Airline Staff::Station Manage

+
+

Coordinate pushback()
Manage departure()

+Monitors

Airport Departure
Management System

- Assigned Airport

Queue Management Component

Calculate Expected Pushback Time()
Calculate Required Pushback Time()
Determine Departure Runway()
Determine Taxipath()

Publish Expected Pushback Time()
Reschedule Flight()

Send Pushback Message()

Store Departure Slots()

Update Departure Slots()

+ o+t k4

+Maintains +Uses

Scheduling Component

Assign Departure Slots()
Publish Departure Slots()

Send Error Message to AOC()
Store Departure Requests()

+ o+ o+ o+ o+

Received Departure Slot Requests()

+Assigns

Departure Slot

Runw ay Configuration

+Uses

- Flight
- Slot Letter
- Time

- Arival runways
- Departure runways

Airline Schedules

Departure Requests

+Manages
+Maintains

Airport Staff

+ Manage airplane movement()

Figure 30 System Class Diagram
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3. Structured Analysis
3.1  External Diagram

Figure 31 External Diagram

3.2  A-0Diagram

Figure 32 A-0 Diagram
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Figure 33 A0 Diagram
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Figure 34 Al Diagram
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3.5 A2Diagram

Figure35 A2 Diagram
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Figure 36 A3 Diagram
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Figure 37 A4 Diagram
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