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Agenda

SAP BTP (Extension & Innovation Platform)
Overview of Ground Ops sub-processes (excluding ATC, Taxi in/out routes, runway ops)
Two Problems (and then some)
Stand & Tow Planning
Stand & Tow Recovery
Baggage Planning
Turn Around Operations Scheduling & Target Off-Block Time (TOBT) Prediction

Time Frame : 9 months hitting 42 dnata systems, Ops Systems, ...
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Business Technology Platform

App dev Automation Integration Data and Analytics Al

SAP BTP Is the platform for
Customers and Partners

Many of our Customers & Partners need to
extend Al/ML capabilities with Decision

Optimization for Actionable Al
both in Planning and Execution

SAP provides decision
optimization capabilities
but only in embedded

form in standard
products




SAP BTP Cloud Services

ey

il e

Enterprise readiness
with holistic lifecycle
management

->

il

Change and deployment
management

Technical ops automation
Alerting

Smooth integration
option into existing

ALM processes

Business Technology Platform

Actionable & guided missions

Integration packs

App Dev

Pre-built industry & LoB content

Automation

Discovery Center

Service catalog

Integration

Business workflows & bots

Best practice enablement & learning content

Ecosystem and Marketplace

Data and Analytics

Business apps- & third-party data

Al

- SAP Build Apps
- SAP Build Work Zone

- SAP Business
Application Studio

» Mobile Services
* Runtimes
(Cloud Foundry, Kyma)
* Document
Management Services

- SAP BTP ABAP
Environment

- SAP Build Process
Automation
» Workflow
Management
» Decisions & Rules
* RPA bots
» Process Visibility

- SAP Task Center

- SAP API
Business Hub

- SAP Integration Suite

Cloud Integration

API Management

» Trading Partner
Management
Integration Advisor
Open Connectors
Event Mesh

Integration Assessment

- SAP Master Data
Integration

- SAP Advanced
Event Mesh

e o o o

- SAP Analytics Cloud

 Business Intelligence
» Augmented Analytics
 Enterprise Planning

- SAP Data

Warehouse Cloud

- SAP Data

Intelligence Cloud

- SAP Master Data

Governance

- SAP HANA Cloud

- SAP Al Business Services

Business Entity Recognition
Data Attribute
Recommendation
Document Classification
Document Information
Extraction

Service Ticket Intelligence
Personalized
Recommendation

- SAP Al Core &

SAP Al Launchpad
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Enterprise security
services and hybrid
identity & access
management

- Cloud identity services
- Risk & compliance
- Secure development



SAP BTP data & analytics solutions
Enabling an end-to-end data/Al/ML/Optimization fabric to drive -

. SAP BTP
business outcomes
‘@D SAP Analytics Cloud SAP BTP Services
(Integration Suite,
) ; ] , : Master Data
;@ SAP Data Warehouse Cloud SAP Data
Intelligence Cloud :

engines

data & analytics

OptimizationL’ N

B 3rd party data
Data Catalog < catalogs

SAP HANA Cloud

Multi-model Engines Tiered Data Storage

Shared Services

SAP Business Technology Platform —
Embedded
engines

e 3rd party data lakes

v v
SAP Applications NO'TSAP Unstructured data Streaming data
Applications
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SAP Data Intelligence — Core Capabilities

Data Integration

Connect and
integrate everything,
structured,
unstructured or

streaming

IllI
- O amazon |S3

Google Cloud Platform
.. Azure
Fico Xpress
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Data Processing

Extract meaning from
data, orchestrating
any mix of engines

=

Data Catalog

Discover, classify,
profile, understand
and prepare all your

enterprise data assets




SAP Data Intelligence — Data Integration

Structured S Unstructured . H=m| Streaming
Data = Data Data
—=

T  Fbwce Eﬂhg % SAR(!

. g

SAP SAP HANA & SAP Open Enterprise
ABAP WQ WBW HANA Cloud Connectors w|\/|e$s<’:1§lln<91

)

|||||

SOL Server

| amazon
INITIATIVE q AR R webservices
ORACLE R
Google Cloud Platform hadaﬂp

ta] © Smare
o — @ G_oogle Crosoft Google Cloud 0
# SQLAzure Bnguery .. Azure Pub/Sub

Custom: Bring Your Own Connectivity

Note: this slide represents only a non-exhaustive subset of the
systems accessible via Data Intelligence

a% C‘J

v Alibaba Cloud

Is3 Mo &3 kafka

© 2022 SAP SE or an SAP affiliate company. All rights reserved. | PUBLIC



Overview
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Integrated Hub Control
Ground Operations

Key Airline Group priorities:
Increase OTP while ensuring passenger satisfaction through embedding intelligence in Ground Operations
Understanding how to mitigate against disruption events and their knock on effects both at HUB and Network

Airline Group and SAP have co-innovated to deliver several components of Integrated Hub Control like Stand & Tow Solution, Ops Monitoring TOBT, and Baggage Handling
Optimization

D-X Weeks/
Month(s) SCHEDULE, TAIL PLAN & MAINTENANCE
D-X
Days STAND/TOW PLAN
DX BAGGAGE PLAN ii’\g%rl\lleGEA’\ITTE DNATA SPECIAL HANDLING LINE MAINTENANCE PLAN DNAT':;HS::‘FIAEEOUND
Hours
OPS MONITORING (EIBT —> AIBT —> TOBT)
. Arrival PTS Departure PTS
’T*L’r"lf;"r’ound InBlock/ETA Maintenance (Check or Major)
Door Open, Passengers Passengers ON (System/Aircraft
disembarkation Boarding)
Unloading Ground Cabin Security check
Wastage Services OPS Catering
Integrated Stand & Tow Water Services Fueling
Turn Around Ops scheduling & TOBT y Gabin Clean/Dress { Loading
Tow Qut/Tow In? PushbackX
ETA/ . Take Off
EIBT Maintenance &

FE

@st nE\ ......... .
\ FLIGHTS auvewseesesessst®" ;/

PAX & BAG CONNECTIONS

OTP requires optimal Stand and Tow Planning, optimal Baggage Planning, and on time Turnaround Ops scheduling for aircraft
during the day of Operations, where Target Off block time (TOBT) secures the required take-off slot from ATC.
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Stand & Tow Planning to Recovery

Business Challenges

a

a

Aircraft compliance with maintenance schedules
Towing traffic compliance and high cost of aircraft towed

On time performance considering passenger and bags
connections

Complex planning and recovery rules on the day of
operations

Automatic recovery plans
Decision Time Reduction during the day of operations

Allow Tail Swaps for Departing Flights...(common last resort
strategy/trick...)
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A Typical Day at DXB — Actual Traffic Flow

Example of a localized, unexpected traffic peaks resulting 23 Flights shift into next day
from flight variability which leads to arrival holding creating unexpected peak with
Count of FLIGHT next day’s flights
70 - /\ | : |
60 - e
e 2 i 7 AIRLINE GRP ¥

0 : . ~

3 . = OTHER - DEP
40 S // : / W OTHER - ARV
30 ’ \/ /////\\\ % FD - DEP

/, ____________ / it ;:;:;:::::W \ B FD- ARV
20 - \ A W//% ___ / A N ”\\\\ 2 EK - DEP
Q — - \\\\\\\//;\\\“m \\\\\\\\\ \\\/\\\ B EK - ARV

-1 0 1 2 3 4 5 6 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Actual/estimated arrival ’rlmes show the impact of flight variance on the airport demand creating
localized peaks that are above the maximum airport capacity (7 per 10 min sloft).

In particular, flights arriving during the period from 5-7 UTC and 0-1 UTC the next day would be expected
to experience some airborne arrival holding
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Actual Tow-In Distribution

TOW p I an n i n g g O al — —— AVG_ACTUAL_MINUTES_BETWEEN

« Well planned start and end times to tows

« Tows planned in alignment with the flow rate of the
airport by Zone

500 600 B

Actual Tow-Out Distribution

- AVG_ACTUAL_MINUTES_BETWEEN

Optimization Enhancements

More specific time constraints on when to start and end-tows and ensure their
feasibility
Optimal tows for better tail placement and not necessarily tow reduction
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Optimization Problem : Baggage Transfer Planning

Inbound
Flight

N Joining Bags

X\\ Makeup Carousals  Cr Mo Departures

TL1 + —N
x

uLD ULD
:::::2::::¢ : —IL= 22222#
T Y 2 \

BHS

uLD ULD

o
-
7

TLn




require a baggage planning OR to optimize the transfers

Optimizer High Level Details

Core OR Problem

1. Where to unload (TL)/load(MUC)? ObjFx |+ Schedule compliance
2. What to unload (ULD)/load(ULD)? ol B
i ?
3. When to unload/load (TimeSlots): Rules - Security Rules
*  Min duration for ground
@ time, tow etc
e . .“ o .""'f"" = , e Other business soft rules
i | O @ A i
! X: .‘ ®) S "."""' 'x: Inputs «  Dynamic Inputs (Schedule,
:_ L Y lil Iil |i| A\ :_ ! Connections etc)
_______ r ‘f"""“ oo m. .* S O Fixed |nputs (baggage
‘ capacity)
h T1 T2 T3 h * ML Inputs (EIBT, # baggage
M V0|Ume)
Arr. _Bay to Tls Inside BHS MUCs to Dep. Bay Output * Baggage Transfer Plan
(Arrival ULDs) (Departure ULDs) (Transfer lateral and Make up
(select Transfer carousal plan)
lateral

and make up
carousel)




Baggage Transfer Planning System Solution Architecture

Flight Schedule (Core)

Stand Planning System/

Quintig/Core Baggage Transfer Planning System

Quintig (RMS)
Outputs Output 1

ULD to TL Assignment (Timeslot)

BHS System/ Splunk

ULD to Hold Area Assignment (Timeslot)
MUC to Flight Assignment (Timeslot)
Bag connections at risk identification

RTC

Outputs 2,3,4

Flight Genome




#! "_SYS_BIC"."NEO3_STANDTOW.SOLVE... v 2By By I8 i X832 20

M l | ( : !! | | | ° vy, SCENARIOID(1) ©  PLANNING_ID (1) (]
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O C a I O PAX_PLAN by MUC_CONCOURSE

Solution : MUC Concourse Split |~

BA

cB

@i} MUC_TO_STAND_JOURNEY v 2By | 8l &l
Y.
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5 "4 Solution : All departing flights with Connecting Passengers
| | | within 2 hours allocated MUC max 8 minutes away, most
. - them with 4 minutes
.
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Optimization Challenge

Make Passengers, Airport Control, Maintenance, Baggage Ground Crew all Happy at the

same time

1.Flight
Schedule
Compliance

Minimum
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Maintenance

e
e

v Emifites 3

Passenger& Maximum
_ Bag Contact Stand
misconnections Utilization

Tall
Schedule

#

Optimal Planning

Optimal Recovery

2.
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Two Points of View of same problem: complementary mathematical formulations

0 Formulation 1 : Generalized Assignment & Scheduling Problem (GASP) Flight-Tail Assignment unchanged
Stand Point of View (sequence of flights being processed)

sa \\ 2 \\\ /7 /7

O Formulation 2: Column Generation
Tail Turn Point of View (necessary for Tail Swap requirement)

TIGHT TURN PTS[™= Arrival PTS ——Departure PTS o

Tail SWAP

? X MAINTENANCE -7
& Arrival PTS /Tow \ TMDeparture PTS
: N s
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Data sources & flows

2
=
=3
o©

g
&
)

Tail Schedule
Flights and
Maintenance activities
assigned to planes

Airport Layout

Terminals, Concourses,

Stands, Gates.
Relationship of stands
to runways, security
gates, capacity of
remote gates

Distance between
stands for PAX, for Tail
Availability /
Maintenance of stands

PAX data

PAX transfers, Flight
occupancy, SPHL PAX,
Baggage amount
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Math. Optimization

v

.,“
"~ stands

isAllowed (activity, stand)
costScore (activity, stand)

Rule Englne

il

minimum costScore

Stand & TOW
Plan
Airport stand allocated

for each tail for each
task

Rules

Tail & Stand Compatibility
“tail can park on stand’

/

Activity & Stand Preference
“planes can park 4to 6
hours on certain stands”

i
[ 1]

~ © © © © © © =~ =0 o o

Flight & Stand Compatibility
“flight boarding needs
security gate”

Ground time rules
‘planes needs to be on
stand 120 min for
departure”

Flight & Stand Preference
“temperature critical flights
should be allocated on
runway side contact
stands”

PAX / BAG connection
rules

“prioritize connection time
for certain types of
passengers”

21




Formulation 1 : GASP
The Math

Xs ¢ - Binary Variable If Stand S is allocated to Flight f
Z, 112 - Binding Binary Variable If Stand S is allocated to Flight f1 and Flight f2, where f1 and {2 are a tail-turn
C,: Stand — Flight Preference Score

Min ) CoXss T+ PaxCountfm* PaxTransferTime gy oo Xs1 51 Xs212) Zs 142

Gate Compatibility &
Utilization

Minimize Passenger Travel Minimize Tows

Subject to constraints:

Flight Assignment : Forf€F: ) x;s=1
Stand Availability : For s € S, Flight pairs f1 and f2 which overlap : xg¢; + X, <=1
XZBrigde Constraints : Zsn pis oniff xg ¢, and xg4; are on where f1,f2 are a tail-turn

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL
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Formulation 1 : GASP Towards a more complete and Linearized Model
The Math

Xs¢ - Binary Variable If Stand S is allocated to Task f

Z, 2 - Binding Binary Variable If Stand S is allocated to Task f1 and Task 2, where f1 and f2 are a tail-turn

C,s: Stand — Task Preference Score (Rules Engine)

paxTPenalty ., (, : A variable which turns on when f1,f2 are not assigned to ,good” stands

xs,f3
Min w1} Cgxg¢ + w2 ) paxTPenalty,, s, - W3 Z 4 42 X2 2
Gate Compatibility & Passenger Unhappiness Minimize Tows
Utilization

Subject to constraints:

Task Assignment : Fortask f€F: ) x;; =1
Stand Availability : For stand s € S, Task pairs f1 and f2 which overlap : Xs¢ + Xsp <=1
XZBrigde Constraints : Zsnrpisoniff Xg and X are on where f1,f2 are a tail-turn

Max number of tows per hour : Forhourh€H, f1,f2€ Fin H: TailTurns, - } zs , <= MaxTows(h)
Minimize Cross-runways tows :

Fix Pre-Assignments from Previous Stand Plan or current Plan for Recovery : x;¢=1

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL
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Formulation 2 : Column Generation
The Math

Xs - Binary Variable If Generated Tail Schedule(Column) s is allocated to Tail t

c..: 1all Schedule Score (rules Engine)
Min ) Cg X,

Subject to constraints:
Flight Assignment : Fortail t€ T: ) x5, =

Stand Availability : For time i, For schedules s € S which overlap attime i : } xs,<=1

Max number of tows per hour : For hour h € H, s in schedules and it has tow in h : } x; <= MaxTows(h)
Minimize Cross-runways tows :

Fix Pre-Assignments from Previous Stand Plan or current Plan for Recovery : x,;=1

Generate new schedules for Tail t which include options to swap flights
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Data Statistics Performance Figures

Planning Horizon : 12-24 Hours Formulation 1 * < 2 minutes
Number of Stands : 130

Number of Flights : 400

Formulation 2 ;

_ | Overall path generation and filtering ~2
Number of Non-Flight Tasks : 80 minutes

Number of Tail Schedules Generated(Column
Generation) : 18 Million which then reduced by

Smarter Generation Total solution time ~3 minutes

Optimal solution time ~50 seconds
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Turn Around Operations Scheduling & Target
Off-Block Time (TOBT) Prediction

Short Final

Ground Ops PTS Activities

Arrival PTS
INBlock/ETA
Door Open, Passengers
disembarkation
Unloading

Departure PTS

Maintenance (Check or
Major)

Passengers ON
(System/Aircraft Boarding)
Cabin Security check

Wastage Services Catering
Water Services Fueling
Cabin Clean/Dress Loading
\ Tow Out/Tow In? Pushback Activity
Landed I ;ll t/'
ETA/EIBT 4 [y ETD/TOBT  Take Off

FEEDING _

o
NGRS e S

PAX & BAG CONNECTIONS

for any PTS Scenario, any EIBT,
Q1: what is TOBT ?

Q2: what are start/end times of each ground task ?

Q3: what happens to TOBT when delays occur :

a. at EIBT (Q1) ?

b. at any task (start/end/duration delay) ?
Q4: are there Recovery / Mitigation actions which
protect TOBT / OTP ?

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL

Many PTS precedence Graph Scenarios/rules: for example,
if ground time <120 mns & arrival & departure same stand :

hi

________________ Process Activity Dependency Milestone
ARRIVAL
1 Readiness Despatcher at bay ETD-115
2 Aircraft In-blocks 1 ETD-105
4 Passenger Cabin door open by crew 2
5 Passenger Passengers disembarkation 4
6 Cleaning Cabin Clean/Dress 5
DEPARTURE
7 Passenger Gate Open ETD-90
| 8 Passenger Passengers On (System Boarding) 7
9 Catering Catering 5
10 Crew Crew On board 5 ETD - 60
11 Security Cabin Security Check 6,9,10
12 Passenger Passenges On (Aircraft Boarding) 1185toS
13 Aircraft Cabin door closed by Crew (-3) 12 ETD -3
ARRIVAL
14 Technical Services 'Wastage Services 2
15:Unloading Belly door open 2 inblock+1
16 UnLoading Ramp Equipment connected 15
17 UnLoading Unload (Sub Tasks) 16
Departure
18 Technical Services |Water Services 14
19 Fuelling Fuelling 5
20 Loading LIRF Received ETD-90
21 Loading Last Baggage ULD positioned at bay (-20) ETD-20
22 Loading Last Bulk Baggage positioned at the bay(-10) ETD-10
23 Loading Last Cargo ULD Positioned at bay(-30) ETD-30
24 Loading Loading (Sub tasks) 17,20,(21,22,23 (Fto F))
25 Aircraft Belly Door close -3 milestone 24 ETD-3
26 Loading Load Sheet Acceptance 10,19,20 ETD-5
27 Technical Services {Pushback Activity (-10) 13,25,26
28 Aircraft Offblack 27 OFF BLOCK




Business Challenges — Ops Monitoring & TOBT Prediction

Monitoring of Ground Operations (Airport View) across all asset
classes/events/activities in real time and in a single view

Emirates knows much about their ground operations in real time, but the
information about all the locations and the progressive status of the activities is
not available in real time to achieve On Time Performance.

Understanding existing durations, dependencies and delays of
each and every activity for Ground Operations in real time

Generate a realistic TOBT (Target off Bock Time) / RTG (Ready
to Go) through early prediction of deviations in the ground

Big number of Silos/Systems for analysis across all Ground
Operations

Understanding Target Off Block Time based on past behavior, historical effect
on the same flight, route and plan.
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Apply appropriate Aircraft PTS Turn Around Scenario:
Ground Time > 120 mn => PTS split into Arrival PTS separate from Departure PTS :

A B c D E . Holl Kk LM N TASKNR PROCESS ACTIVITY DEPENDENCY MILESTONE ~ PLAN_START  ACTIVITY_!DL

[TASKNR PROCESS ACTIVITY DEPENDENCY MILESTONE PLAN_ST/DURATION #SCARR ABOV PTS_SCE UI_SEQ_ 6 Readiness Cabin Clean/Dress -Readiness ETD-97 ETD-97
1 Readiness Dispatcher at bay ETA-10  ETA-10 0 A A 11 14 Readiness Wastage Services -Readiness ETD-85 ETD-85
2 Aircraft In-blocks 1 ETA ETA 0 A A 1 1 Readiness Dispatcher at bay ETD-85 ETD-85
3 Passenger Loading, Bridges Docking 2 ETA ETA 2 A A 11 2 Aircraft  In-blocks 1 ETD-75 ETD-75
4 Passenger Cabin door open by crew 3 ETA+2 ETA+2 1 A A 11 3 Passenger Loading, Bridges Docking 2 ETD-75 ETD-75
5 Passenger Passengers disembarkation 4 ETA+3 ETA+3 15 A A 11 7 Passenger Gate Open ETD-90 ETD-90
29 Catering catering off load 5 ETA+18  ETA+18 15 A A 1 8 Passenger Passengers On-System Boarding 7 ETD-89 ETD-89
6 Cleaning Cabin Clean/Dress 5 ETA+18  ETA+18 45 A A 11 4 Passenger Cabin door open 3 ETD-73 ETD-73
14 Technical Services Wastage Services 3 ETA+2 ETA+2 25 A B 1 15 Loading  Belly Door Open 2 ETD-73 ETD-73
15 Unloading Belly door open 2 ETA ETA 1 A B 1 9 Catering Catering-On Load 4 ETD-72 ETD-72
16 Unloading Ramp Equipment connected 15 ETA+1 ETA+1 2 A B 1 10 Crew Crew On board 4 ETD-60 ETD-60
17 Unloading Unload 16 ETA+3  ETA+3 . 40 A B 1 11 Security  Cabin Security Check 6,9,10 ETD-52 ETD-52
25 Unloading Belly Door Close 17 ETA+3  ETAH3 1 A B 11 12 Passenger Passengers On-Aircraft Boarding 11,8 (Fto F- 10) ETD-42 ETD-42

13 Passenger Cabin Door Close 6,29 ETA+63  ETA+63 1 A A 1 13 Passenger Cabin door closed by Crew 12 ETD-4 ETD-4
34 Readiness End of Arrival 14,13,25 ETA+63  ETA+63 0 A 18 Technical  Water Services 2,14 ETD-60 ETD-60
19 Fuelling  Fuelling 2 ETD-70 ETD-70
16 Loading Ramp Equipment connected 15 ETD-58 ETD-58
PTS Ends when activity 14,13 and 25 completes 20 Loading  LIRF Received ETD-90 ETD-90
21 Loading Last Baggage ULD positioned at bay ' ETD-20 ETD-20
22 loading Last Bulk Baggage positioned at the bay ETD-10 ETD-10
23 Loading Last Cargo ULD Positioned at bay ETD-30 ETD-30
24 Loading Loading (Sub tasks) 16,20,21 (Fto F), 22 (Fto F), 23 (F to F) ETD-60 ETD-60

25 loading Belly Door Closed 24 ETD-5 ETD-5
26 Loading Load Sheet Acceptance 10,18,19,20 ETD-15 ETD-15

27 Technical ¢ Pushback Activity 13,25,26 ETD-3 ETD-3

28 Aircraft  Off-block 27,8(FtoF-15) ETD ETD

PTS | pts_arrival.no_tow | pts_amivaltow | pis_no_tow_departure | pts_tow_departure | pts_tumaround_no_tow PTS | pts_arrival_no_tow | pts_arrival tow | pts no tow departure | pts tow departure | pts_turnaround no_tow

Ground Time (Tail Plan) and Stand & Tow Plan dictate which PTS Scenario/PERT GRAPH to use for each
Aircraft Turn
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Apply appropriate Aircraft PTS Turn Around Scenario:
Ground Time > 120 mn => PTS split into Arrival PTS separate from Departure PTS :

A B C
TASKNR PROCESS ACTIVITY
1 Readiness  Dispatcher at bay
2 Aircraft In-blocks
3 Passenger  Loading, Bridges Docking

4 Passenger
5 Passenger
29 Catering
6 Cleaning

Cabin door open by crew
Passengers disembarkation
catering off load

Cabin Clean/Dress

14 Technical Servii Wastage Services

15 Unloading
16 Unloading
17 Unloading
25 Unloading
13 Passenger
30 Readiness

Aircraft

WITH TOW OUT / TOW IN

Belly door open

Ramp Equipment connected
Unload

Belly Door Close

Cabin Door Close

Pushback Tow team-Readingss

Pushback Tow Engagement

D E F G H
DEPENDENCY MILESTON PLAN_START ACTIVITY_DURATION ACTIVIT
.lETA-IU ETA-10 0
1 ETA ETA 0
2 ETA ETA 2
3 ETAs2  ETA+2 1
4 ETA+3  ETAH3 15
5 ETA+18  ETA+18 15
5 ETA+18  ETA+18 45
JETA+2  ETA+2 25
2 ETA ETA 1
15 ETA+1  ETAH1 2
16 ETA+3  ETA+3 40
17 ETA+43  ETAH43 1
6,29 ETA+63  ETA+63 1
ETA+54  ETA+54 0
f(standA,standB),
25131014 ETA+64  ETA+64
default: 10

1 Readiness
2 Aircraft

3 Passenger
7 Passenger
8 Passenger
4 Passenger
15 Loading
9 Catering
10 Crew

11 Security
12 Passenger
13 Passenger
18 Technical Services
19 Fuelling
16 Loading
20 Loading
21 Loading
22 Loading
23 Loading
24 Loading
25 Loading
26 Loading

... from Stand and Tow Plan

PTS | pts_amival no_tow | pts_arrival_tow | pts_no_tow_departure
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pts_tow_departure

pts_turnaround_no_tow

P 77 Technical Services
28 Aircraft

PTS | pts_amival no_tow | pts_amrival_tow | pts_no_tow departure  pts_tow_departure

Dispatcher at bay ETD-85
In-blocks 33,1 ETD-75
Loading, Bridges Docking 2 ETD-75
Gate Open ETD-90
Passengers On-System Board 7 ETD-89
Cabin door open 3 ETD-73
Belly Door Open 2 ETD-73
Catering-On Load 4 ETD-72
Crew On board 4 ETD-60
Cabin Security Check 9,10,6 ETD-52
Passengers On-Aircraft Board 11,8 (Fto F- 10) ETD-42
Cabin door closed by Crew 12 ETD-4
Water Services 4 2,14 ETD-60
Fuelling 2 ETD-70
Ramp Equipment connected 15 ETD-58
LIRF Received ETD-90
Last Baggage ULD positioned at bay ETD-20
Last Bulk Baggage positioned at the hay ETD-10
Last Cargo ULD Positioned at bay ETD-30
Loading (Sub tasks) 16,20,21 (FtoF), 22 (FtoF), 23 (Fto F) ETD-60
Belly Door Closed 24 ETD-5
Load Sheet Acceptance 10,18,19,20 ETD-15
Pushback Activity 13,25,26 ETD-3
Off-block 278 (FtoF-15) ETD

ETD-85
ETD-75
ETD-75
ETD-90
ETD-89
ETD-73
ETD-73
ETD-72
ETD-60
ETD-52
ETD-42
ETD-4
ETD-60
ETD-70
ETD-58
ETD-90
ETD-20
ETD-10
ETD-30
ETD-60
ETD-5
ETD-15
ETD-3
ETD

pts_turnaround_no_tow
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1k 3 _rmos — St

Node Task Start’ Node Task Eﬂd, Task Arc TOBT Computation Engine : Constraint Satisfaction Mode

e A e el 1

(Milestones are Tasks with duration 0) : = == T
SDoEEgasio .
S vessraillsad Algo 1: Constraint
23 veaii==i 1 Programming solver
2: Aircraf THE 1 T °
4 InBlock 120 YSIZET 23 .
I Start \ SEEE s T
\ e et
' ‘ i? :-fe2_1_§e: 4-::1%
] \ == =
Finish to — Start Deperdency Arc =20 ¥SI3isai 1354,
I \ By e
” \ duration: 1mn Al 2 _P hC _ _ Nati HANA
0 2: ath Consistency in Native
,’ \ stat — end g ) _ y
| N 1. Longest Path Algorithm in the PERT / GRAPH
1-Readi | \ | AN 2. Propagate Path Consistency with updates on
ness Y “\ Estimates and Actuals for task start/end/duration
\
duration=0 Task 4: Cabin Door Open “ .
start duration: 16mn > end
\( | | | | |
Task 5 : Pax Disembark
EIBT ? TOBT] ?
>
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For Each Aircraft Turn Around, Create a PTS PERT Model/Graph

[ hdbstudio2_1 - SAP HANA Development - C:\Users\D053972\Documents\work\Emirates\NEQ.MVP2.2018\pst.sgl System: SB4 Host: mo-2867 .corp Instance
ile Edit Navigate Search Project Run Window Help 1 Raw Data | ] Distinct values 11 Analysis i Show Log |Ma
i .7 B O i~ O QB iF i s by Filter pattern | ¢ 28 rows retrieved - 38 ms © Execute # Add filter * |0 Sort entire
SEIECHERICE REP"“O‘”ES fa Systems 2 | T 2 EEIP=C Taskir Process Activity PTS Dependency Milestone Activity Start Duration & Activity End Source System Arrive
B~Bii~ve2d8Bag < '
[ OP1 (PSA_USR) 0P ~ SB4(D053972) mo-2867a412cmo.sap.corp 00 1 Readiness Despatcher .. ETD-115 0 RTC Task A
[E5 OP1 (SYSTEM) OP1 mm SQL| [ Result| [ Result 2 Aircraft In-blocks 1 ETD-105 0 EGDS / CORE A
[B4 QU3 (MEDARD) Q3 1  drop procedure ek_tobt.read_pts_to_graph; 3 Passenger Loading, Bri.. 2 2 Calc A
5 SB1(D053972) SB1 2 create procedure ek_tobt.read_pts_to_graph( ; i
I SB1 (SYSTEM) SB1 3 in i_pts_scenario integer, 4 Passenger Cabin door.. 3 In-blocks 1 Inblock+3 EGDS / CORE A
. I8 SB4 (D052072) ;:4 4 out o graph_node table( 5 Passenger Passengers .. 4 Cabin door open .. 16 Last Passengers.. Calc A
= - 5 nodeid integer, . . . -
« & Catalog 6 nodetype varchar(50), 6 Cleaning Cabin Clean... 5 Cleaning Staff on.. 32 Cleaning Staff le.. RTC A
= Public Synonyms 7 tasknr integer, 7 Passenger  Gate Open ETD-90 1 RTC or MACS D
5 AZ_SOFR 8 taskname  varchar(50), 8 Passenger  Passengers .. 7 Gate Open, ETD -.. 70 Last Customer b.. MACS D
=£ D053972 9 tasktype varchar(50) . ) _ :
« =2 EX TOBT 109 ), 9 Catering Catering 5 Catering Staff on .. 32 Catering Staff of.. EKFCHand heldsol D
 Colurmn Views 11 lout o arcs ::'c’:il:( Litaner 10 Crew Crew On bo.. 5 ETD - 60 0 Maximo? / ACCARs.. D
12 » . .
= EPM Models 13 source inte:er, " Security Cabin Secur.. 69,10 ETD-55 10 ETD-45 Calc D
= EPM Query Sources 14 target integer, 12 Passenger  Passenges O.. 118 (FtoF-10) First Passenger .. 40 Last Customer in.. AACS D
= Functions 15 type varchar(20), . .
& Indexes 16 weight double, 13 Aircraft Cabin door.. 12 ETD -3 1 EGDS / CORE D
v = Procedures 17 task_precedence varchar(20) 14 Technical Se.. Wastage Se... 2 From in Blocks to.. 25 Wastage Equip..  RTC A
(= Table Types fi ) ) 15 Unloading  Belly door o.. 2 inblock+1 1 AACS A
E:;;’:‘P";’I;ﬁ“ 20 reads sql data as 16 Unloading  Ramp Equip.. 215 In blocks 2 Loading Unloadi.. Calc A
- 21 begin i :
£8 READ_PTS.TO_GRAPH - declare n integer:; 17 UmLoa_dmg UnIoad(Su_.H 16 . Flrst_ULD Scanne... 40 Last_ULD Scanne.. AACS, Proveo, RTC A
(= Sequences 23 declare tasksource integer; 18 Technical Se.. Water Servi.. 14 Equipment Attac... 20 Equipment Deta.. D
(= Synonyms 24 declare tasknr integer; 19 Fuelling Fuelling 5 Task Start, ETD - .. 55 TaskEnd, ETD-15  RTC D
v (= Tables 25 declare weight_param integer; 2 Loadi LIRF Recei £TD-00 0 AACS D
T ARCS 26 declare dependency str varchar(100); 0ading CCen..
7R ARCS_ORIGINAL z; declare str string: 21 Loadfng Last Bagga.. ETD-20 0 AACS D
il NODES 29 declare delimeter string := °,': 2 Loading Last Bulk Ba.. ETD-10 0 AACS D
i TASKS 30 declare splitted string; 23 Loading Last Cargo .. ETD-30 0 AACS D
glgtgﬁm D LOOKUP ; declare removebmpty char(l) := "X'; 24 Loading Loading (Su.. 1720,21,22, 23 .. First ULD Scanne.. 55 LastUld Scanne..  RIC D
fl TBL START NODE 33 declare arcTx integer; pi Aircraft Belly Door c.. pL ETD-3 1 EGDS / CORE D
ffl TBL_TASK_UPDATE 26 Loading Load Sheet ... 10,19,20 ETD-5 Release Load She... 10 Load sheetsign.. AACS D
% Tf_iQQETS successfully executed in 113 ms 589 ps Cser‘ve;‘ pr’“ocessing 27 Technical Se.. Pushback A.. 13,2526 Pushback positio.. 3 offblock RTC D
= Views Fetched 56 row(s) in 15 ms /64 ps (server processing time: g Aircraft Offblack 2718,8(FtoF -.. OFF BLOCK 0 EGDS / CORE D
= PAL Fetched 64 row(s) in 25 ms 694 ps (server processing time: 1 ._ .._ __,

B s meemr e .

This PTS is for an Aircraft Turn of less than 120 mns with no tow : aircraft occupies stand from the moment it
arrives with arrival flight until it departs on its connecting flight.
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Forward Walk in the PERT/GRAPH with data updates
gives Lower Bounds = Earliest = =somrer
start times for each node

SB4 (D053972) mo-2867a412cmo.sap.corp 00

EMDID TASKID WEIGHT_TOTAL

™ SQL | L& Result " 2 ! 0 |
select * from ek tobt.tbl task update 2 s ° 0.0

3 4 2 0.01

4 5 3 0.02

5 5 3 2.02

53 7 4 2.02

7 8 < 3.03

8 9 5 3.0399999999...

TASKID START_TIME END_TIME DURATION 9 10 5 19.04

] 6 5 p 425 10 11 (5] 19.05

: : : 11 12 (5] 61.05

12 14 7 1

13 15 5 1.01

14 16 8 T1.01

15 17 9 19.05

] ] . 16 18 9 51.05

Data update: Cleaning is delayed by 10 minutes |1~ 19 10 19.05
. 18 20 10 19.05
(duration data update): TOBT becomes delayed 21 11 61.059999999..
L 20 22 11 71.06

also by 10mns to 115mns (note original TOBT o - 12 | 71070000000
22 24 12 111.07000000...

was 105 mns)

Bl SCL | L Result
call ek tobt.compute tobt()

EMNDID TASKID WEIGHT_TOTAL

29 21 =] 1.02
30 32 16 3.0300000000...
21 33 17 3.04
32 34 17 43.04
33 35 18 25.03
34 36 18 45.03
35 37 19 19.05
36 338 19 74.05
37 40 20 o
33 42 21 . o
39 44 22 0
40 46 23 0
41 47 24 43.05
42 43 24 93.05
43 49 25 938.06
44 50 25 99.06
45 51 26 74.06
46 52 26 84.06
47 53 27 112.09000000...
48 54 27 115.09000000...
49 55 28 115.10000000...
50 56 28 115.10000000...

Q: Now, What happens if we perform a Backwards Walk starting from the End Node task 28/TOBT ?

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL
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Backward Walk gives Upper Bounds
SO: we ve implemented a constraint solver yielding both Lower and Upper
Bounds for start times at each node/Task of the Graph

T SEID PAIN_STAFRET rAI_ErD

| | o o
= = o o
= = o = )
= 4 2 3 Task 4: LB = 2mn , UB = 3mns, an interval
= = = 1=
= = 1= =51
- - 1 1
= = 1 -1
= = 1= =51
14 T 1= 1=
11 11 =51 =1
12 1= =1 1431
1= 1= a1 1=
13 1 o =5
1= 1= o 1
16 1 & 1 =
17 17 = ==
1= 1= =5 =15
1= 1= 1= L !
=l ] =L ] ] ]
| =1 ] ]
= =2 ] ]
== 2= ] ]
e el § . B L= 10
=5 =5 =i Sy
ey el =1 =1
=T =T 1= 1=

22 2a 105 1es  Task 28: TOBT: LB = UB = 105mns, unique value
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Machine Learning Estimates of Task Durations

Agreed PTS with Business

Process Activity Dependency Milestone
ARRIVAL
1 Readiness Despatcher at bay ETD-115
2 Aircraft In-blocks 1 ETD-105
4 Passenger Cabin door open by crew 2
5 Passenger Passengers disembarkation 4
6 Cleaning Cabin Clean/Dress 5
DEPARTURE
7 Passenger Gate Open ETD-90
8 Passenger Passengers On (System Boarding) 7
9 Catering Catering 5
10 Crew Crew On board 5 ETD - 60
11 Security Cabin Security Check 6,9,10
12 Passenger Passenges On (Aircraft Boarding) 118Ste S
13 Aircraft Cabin door closed by Crew (-3) 12 ETD -3
ARRIVAL
14 Technical Services Wastage Services 2
15 Unloading Belly door open 2 inblock+1
16 UnLoading Ramp Equipment connected 15
17 UnLoading Unload (Sub Tasks) 16
Departure
18 Technical Services {\Water Services 14
19 Fuelling Fuelling 5
20 Loading LIRF Received ETD-90
21 Loading Last Baggage ULD positioned at bay (-20) ETD-20
22 Loading Last Bulk Baggage positioned at the bay(-10) ETD-10
23 Loading Last Cargo ULD Positioned at bay(-30) ETD-30
24 Loading Loading (Sub tasks) 17,20, ( 21, 22,23 (Fto F))
25 Aircraft Belly Door close -3 milestone 24 ETD-3
26 Loading Load Shest Acceptance 10,19,20 ETD-5
27 Technical Services :Pushback Activity (-10) 13,25,26
28 Aircraft Offblock 27 OFF BLOCK

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL

Unloading and Loading ML Prediction Models Design

Targets: Tails with known unloading total duration / Tails with known loading total duration
Explanatory Variables:

Flight details: bay, pax loads, flight route (origin / destination), aircraft capacity

Calendar details (day of the week, month)

Historical unloading times , Belly door open event start — RTC End task (>=6 months history)

Historical loading times , 15t uld scanned — Last uld scanned at the bay (>=6 months history)

Please note that models can only be developed if there is sufficient cases / data volume
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Static PTS

TaskMr Process
1 1  Readiness
2 2 Aircraft
3 3 Passenger
4 4 Passenger
5 5 Passenger
B & Cleaning
7 7 Passenger
a & Passenger
) 9 Catering
10 10 Crew
1 1 Security
12 12 Passenger
13 13 Passenger
14 14 Technical Services
15 15  Unloading
16 16 UnlLecading
17 17 UnlLeading
18 18  Technical Services
19 19 Fuelling
20 20 Loading
21 21 Leading
22 22 Loading
23 23 Loading
24 24 Loading
25 25  Loading
26 26  Leading
27 27 Technical Services
23 28 Aircraft

Activity

Despatcher at bay

In-blocks

Lzading, Bridges Docking
Cabin door open by crew
Passengers disembarkation
Cabin Clean,/Dress

Gate Open

Passengers On (System Boarding)
Catering

Crew On board

Cabin Security Check
Passenges On (Aircraft Boarding)
Cabin door closed by Crew (-3)
Wastage Services

Belly door open

Ramp Equipment connected
Unload (Sub Tasks)

Water Services

Fuelling

LIRF Received

Last Baggage ULD positioned at bay (-20)
Last Bulk Baggage positicned at the bay(-10)
Last Cargo ULD Positioned at bay(-30)

Loading (Sub tasks)

Belly Door close -3 milestone
Load Sheet Acceptance
Pushback Activity (-10)
Offblock

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL

Dependency

L8 R

5
5

6,9,10

11,8 (Fto F - 10)
12

2

2

2,15

16

14

5

17,20, 21,22, 23 (Fto F)
24

10,19,20

13,25,26

27,18, 8 (Fto F - 15)

Curation

[ Relative Static TA/TOBT plan ]

TA_START  UMLOAD_START

o

G0 —d G oL ke W o —

Pd Pod Pod Pod Pod Pod Pod Pd Pd — — — — L L L L LA
== e = T o A I =~ I - - B B = TR ¥, R R WX Ry (X B e |

TASKID

[ e B = L

Fd Pd FPd g Ped B3 Pd Pd PR3 — — 1 1 1 41— 1
[ e = N L= = T = - T R = TR W, Rt - R Ty A B e R ¥ =

3

MIM_START

Ll = = L R = [ e R

0
43
02
74

102
105

UNLOAD_END
43

MIN_EMD

0

0

2

3
19
=]
1
[
5]
19
B1
101
102
25

FE!
45
74

0
98
99
24

105
105

LOAD_START LOAD_EMD

43

93

TOET
105

o



Example of ML Unloading Duration for flight EK204

Model predicted 30 min for 215t of February

© 1 rows retrieved - 197 ms

i Chart | ¥ Table Grid 55 HTML
FLIGHT_NO SCH_DATETIMEUTC DEPSTM BAY NO rr_TA_UNLOADULD_DOOROPEN_LASTAIRCRFT_SUM

EKD204 2018-02-21 04:10:00.0 JFK B21R 30376

But in reality it took 28 min

i Chart [ Table Grid 55 HTML
FLIGHT_NO SCH_DATETIMEUTC DEPSTN BAY NO TA_UNLOADULD_DOOROPEN_LASTAIRCRFT_SUM

EKD204 2018-02-21 04:10:00.0 JFK B21R 28

And according to PTS it was planned for 43 minutes

TASKNR PROCESS ACTIVITY DEPENDEMNCY DURATION
15 Unlaadmgaellydoorapen21
16 Unloading Ramp Equipment connected 215 2

17 Unloading Unload 16 40
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Prediction data (unload+load):

Loading/Unloading ARE flight (Attributes) dependent (thankfully so)

GO0 =l noLn fw W Pa =

Fd P =t b b ek ek ek ek ok ok S
= D WD 00 -] O LN e L P = D

TAILMO

AWM
ADWYM
ADWNH
ADWLI
ADWWY
ADWEL
ADWNY
ADWVE
ADWLY
ADWLE
AODWLT
ADWNF
ADWVCG
ADWVH
ADWNG
ADWNO
ADWNMN
ADWWC
ADWLY
ADWLE
ADWNE

DEPSTH  TASTM

JED
IAD
ZRH
BEK
BHX
5YD
MxP
CMMN
ChM
LGW
FRA
MxP
BCM
JRE
5YD
ZRH
JRE
AMS
PER
LawW
LGW

DXB
DB
DXE
DXE
DxB
DXE
DXE
DxB
DXB
DB
DXE
DXE
DxB
DXB
DB
DXE
DXE
DxB
DXE
DXE
DxB

ARRSTM  FLIGHT_1_MO

[AD
AKL
VIE
JFK
BEK
MAD
MCE
PER
PER
PVG
BCM
JFK
LHR
AKL
JED
VIE
YWY Z
BEK
JED
FCO
BOM

EKD204
EKD232
EKD02E
EKC419
EKD033
EKD415
EKD0S2
EKO752
EKO752
EKDO0
EKD042
EKD0S2
EKD132
EKD204
EKD413
EKD02E
EKD204
EKD130
EK0421
EKDO10
EKDO12
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TAILMO

ADWNM
AWM
ADWNH
ADWLI
ADWWY
ADWEL
ATWNY
ADWVE
ADWLY
ADWLE
ADWLT
ATWMF
ADWVC
ANWYH
ADWNG
ADWNO
ADWNM
ADWWC
ADWLY
ATWLE
ADWNE

DEPSTM  TASTM

JED
[AD
ZRH
BEK
BHX
5D
MEP
ChMN
ChMN
LEW
FRA
MEP
BCM
JFK
sYD
ZRH
JFK
AMS
PER
LGW
LEW

DXE
DB
DXE
DXE
DXBE
DXE
DB
DXBE
DXE
DB
DXE
DB
DXBE
DXE
DB
DXE
DXE
DXBE
DXE
DB
DXBE

ARRSTM  FLIGHT_1_MO

[AD
AKL
VIE
JFK
BEK
MAD
MNCE
PER
PER
PVG
BCM
JFE
LHR
AKL
JED
VIE
YYZ
BEK
JED
FCO
BOM

EKD204
EKD232
EKDO26
EKO419
EKDO33
EKD415
EK0092
EKDT732
EKO732
EKDO10
EKD042
EK0092
EKD122
EKD204
EKD413
EKDO26
EKD204
EKD130
EKD421
EKD010
EKDO12

ARR_SCH_DATETIMEUTC

Feb 21, 2018 2:30:00.0 PM
Feb 20, 2018 4:10:00.0 AM
Feb 20, 2018 3:10:00.0 AM
Feb 19, 2018 2:45:00.0 AM
Feb 24, 2018 3:50:00.0 AM
Feb 18, 2018 9:20:00.0 AM
Feb 22, 2018 2:35:00.0 AM
Feb 23, 2018 9:15:00.0 PM
Feb 21, 2018 9:15:00.0 PM
Feb 20, 2018 3:20:00.0 AM
Feb 24, 2018 1:55:00.0 AM
Feb 24, 2018 2:35:00.0 AM
Feb 18, 2018 3:45:00.0 AM
Feb 21, 2018 4:10:00.0 AM
Feb 18, 2018 1:15:00.0 AM
Feb 23, 2018 3:10:00.0 AM
Feb 19, 2018 4:10:00.0 AM
Feb 23, 2018 3:45:00.0 AM
Feb 23, 2018 1:25:00.0 AM
Feb 24, 2018 3:20:00.0 AM
Feb 19, 2018 4:35:00.0 PM

FLIGHT_2_ MO DEP_SCH_DATETIMELTC

EKD231
EKD443
EKD127
EKD201
EKD372
EKD143
ERDOTY
EKD420
EK0420
EK0304
EKD1253
EKD201
EKDD29
EKD442
EKD203
EKD127
EKD241
EKD372
EKD203
ERDOGT
EKO300

Feb 21, 2018 10:25:00.0 PM
Feb 20, 2018 6:05:00.0 AM
Feb 20, 2018 5:00:00.0 AM
Feb 19, 2018 4:30:00.0 AM
Feb 24, 2018 5:30:00.0 AM
Feb 18, 2018 10:40:00.0 A...
Feb 22, 2018 4:20:00.0 AM
Feb 23, 2018 10:55:00.0 PM
Feb 21, 2018 10:55:00.0 PM
Feb 20, 2018 3:15:00.0 AM
Feb 24, 2018 3:50:00.0 AM
Feb 24, 20128 4:30:00.0 AM
Feb 18, 2018 5:40:00.0 AM
Feb 21, 2018 £:05:00.0 AM
Feb 18, 2018 3:05:00.0 AM
Feb 23, 2018 5:00:00.0 AM
Feb 19, 2018 5:55:00.0 AM
Feb 23, 2018 3:30:00.0 AM
Feb 23, 2018 3:05:00.0 AM
Feb 24, 2018 5:00:00.0 AM
Feb 19, 2018 5:50:00.0 PM

47
51
39
46
46
&7
&3
a1
20
69
39
46
39
49
7
43
I
47
32
Fil
40

37

ML_LOAD  ML_UNLOAD

30
30
32
36
30
30
33
32
33
29
37
33
3
30
32
33
30
32
36
30
30



Challenge #3: More Realistic Task Durations thanks to Machine Learning Models

Deterministic PTS + Structured
STA/ETA/ATA Input
Real Time Events
Monte Carlo
simulator
(SQL, PAL)
Historic
Data
(TAs)
ML
(SQL, APL,
PAL)
Planned Predictive
Data » model for
(TAs) duration

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL

TOBT Calculation engine

Predicted
durations

—» Historical data

e

Deterministic

ML

Deterministic TOBT

Real Time TOBT

Historic based
TOBT

Monte Carlo
analysis of TOBT

Prediction based
TOBT

TOBT Plan (next

72 hours) \ 1
— Deviation
TOBT execution /

(now)
38



| Relative "ML TA/TORT plan | Sensitivity Analysis of updated (ML) durations
(...or any other data updates (start/end) :

Unload: 40*1.23 = 50, Load = 55*1.25 = 68
|dentification of Critical Tasks on Critical Paths

TA_START  UMLOAD_START UMNLOAD_EMD  LOAD_START LOAD_ENMD  TOBT
1 0 3 53 53 121 125

Unload: 40*0.75 = 30, Load = 55*0.75 =41

TA_START  UMLOAD_START UMNLOAD EMD  LOAD START LOAD_EMD  TOET
1 0 3 33 33 74 105

Thanks to constant (every minute) data updates : actuals, estimates, ML durations
& Graph Path Consistency recomputation:

Obtain near 100% accuracy of TOBT computations

Nice Byproduct of Path Consistency : TOBT Recovery: Focusing on which
duration/tasks to shrink helps recovering from Operational Delays

Path consistency is about finding all critical paths to the end of a project =
TOBT start : Some tasks and durations are critical for TOBT, while many

others are not.
9 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL
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Machine Learning & Optimization embedded in the Intelligent Enterprise

Operation Controllers Plan
& Recover Stand & Tow
Movements

PTS Scenarios

Rules Engine

i .‘ <

oy
)

-

T BB - 8- 8= 8 A A s 8 8 B B e B B 8

HANA platform holds a unified data
model linking

*  Flight & Tail Schedule

* Infrastructure

. Maintenance requirements

*  Historicaldata

*+  |oT data for ground activities

. BHS data...

IHC Optimizes stand and remote gate allocations, tow movements, MUC allocations for baggage, so as to ensure optimal passenger and bag connections, respect maintenance slot times, and ATC

HANA ML algorithms model the
duration of different activities,
including information about plane
type, outstation, time of the day,
origin, gate, no of passengers etc.

HANA graph engine
computes feasible start

time ranges for all activities

and simulates the impact
of delays in real-time

compliant tow movements required for aircraft maintenance and for key stand availability during peak times.

IHC Captures PTS, the complexity and dependencies of all the ground activities that need to be performed to fulfil the flight order from the moment the aircraft hits EIBT until it hits TOBT, Understands which
activities that are subject to small delays may have significant impact to TOBT delays, Monitors actual and ML-predicted duration/start/end times of each activity, and Computes their impacts on TOBT.

IHC Monitors all flights landing and departing a hub and all their ground activities impacted by AIBT and AOBT

© 2019 SAP SE or an SAP affiliate company. All rights reserved. | INTERNAL

v

\
iy
canl!

\-“aa‘
\ Y

Monde Carlo Simulation
scenarios reveal expected
turnaround duration
across all cases

N\

Operation Controllers
monitor turnaround
process in real-time

!

K
g

Optimization modellng &
algorithms for planning & recovery
subject to configurable rules &
compatibility requirements

e

Emirates Group and SAP proprietary and confidential



Stand & Tow & TOBT
High Level Target Architecture

Q Q {LTITEN

Frontend e

Stand & Tow App TOBT App k :

-

kubernetes

ML Algorithms
with PAL/APL

(3

Data

Model

Real Time View of the
Airport

Monitor Alerts

Flight Delays Arrivals
and Departures / Early

Arrivals

Algorithm

Orchestration

assenger Connectiops

SAP Data Intelligence Runtime

RUIES

Engine

(@ python

\ TOBT Graph & Compute Fico Mosel

\3

SEUREE SF:and Plan
Engine ecovery
Engine -

WITH

\

FICO® XPRESS
OPTIMIZATION SUITE

Optimal Stand Plan with
= Right number of tows

=  Maximize Contact Stand
Utilization

= Passenger Connectivity

= Baggage Connectivity

=  Ensuring Tail Maintenance
Optimal Stand Plan Recovery Engine

=  Ensuring minimizing changes

= Update plan where
incompatible due to changes

TOBT Planning and recovery
(continuous)

= Compute PTS scenario graphs
for each turn around

= |OT/ML exogenous info data
updates

= Compute start/end times for
each ground handling actvitity

8/

! ! : [0)] updatEs/ Message Updates Optimal Selection
Airport Layout and Business & Physical Constraints Flight Maintenance PTS Rule
Stand/Gate Data Flight Stand/Gate Compatibiltiy Schedule  Plans Scenarios %
Security Constraints Tail Tail, Stands IOT/PDA Passenger Data
Tow Constraints (ATC Time of Day Flows) Schedule
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Platform Solution Overview

'\ Flight Ops
e’ Monitor

Orchestration & automation &

Unified Rules Engine Data Model Custom optimization & graph algorithms /
monitoring of planning and recovery

on Hana Column generation on HANA

All Devices

SAP, ISV and Custom Applications Complex Rules engine model and data modelling

WITH
ICO

FICO® XPRESS
OPTIMIZATION SUITE

SAP HANA PLATFORM Generated complex ground tasks combinations of an airport

N . . . . . .
A L T T including flight and maintenance tasks for any planning horizon
Web Server JavaScript Spatial Graph Predictive Search Data Virtualization ETL& Rephcal{:(i)i G e n erated G r O u n d O p S PTS G RAP H fo r eaC h tu r n ar O u n d
Fiori UX hGAv;:j;;ililc Apprl‘:‘cauon Lnteclycle " T-el;x‘l S;nla?y::mg Sgntes FBu!élv‘m‘ess Q[ga‘ : Hka[doop &‘ DRe\rﬁS(;te
odeler lanagemen nalytics nalytics ata unctions uality park Integration ata Sync . . .
Optimal Stand & Tow Planning and Continuous Recovery
DATABASE SERVICES
> by using native HANA data processing and column
Columnar Muilti-Core & Advanced Multi-tenancy Multi-Tier Data Openness Admin & High Availability & .
OLTP+OLAP Parallelization Compression Storage Modeling Security Disaster Recovery g en e ratl 0 n .
ONE Open Platform OLTP + OLAP ONE Copy of the Data > Best of breed MIP codes from FICO Express

Near 100% accuracy of PTS & TOBT predictions
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Thank you

Contact information:
] ]

Claude Philippe Medard Nidhi Sawhney

Principal Data Scientist, GCOE BTP Principal Data Scientist, GCOE BTP

SAP Deutschland SE SAP Deutschland SE

WDF 19 Hasso-Platner Ring, Walldorf 69190, Germany WDF 19 Hasso-Platner Ring, Walldorf 69190, Germany
Mobile +49 151 571 18789 Mobile +49 160 904 32749

claude.philippe.medard@sap.com nidhi.sawhney@sap.com
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