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> Flix is a global travel-tech champion winning in its core geographies

Launched

Feb 2024

Latin America

Tiirkiye

FLiX
SSSSSS : OC&C Long-distance Travel Market Study 2023, Preliminary Company analysis A



> Flix today in numbers around the world
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> Outline of today’s talk

Network planning at Flix

The business problem - Line-level optimization in a network context

Demand-supply interaction as methodological and software-technical challenge

lterative discovery and development as key lever to create impact

FLiX



FLiX

Network planning at Flix

Putting ML and OR
within the bigger picture




> Network planners work in a complex environment with many conditions, taking a
holistic approach to line planning, timetabling and bus and driver scheduling

Differentiated timetables: - Tue, Wed, Thu vs. Mo, Fri, Sa, So
- Winter/Summer, Holidays etc.
- Additional buses

Competition
Seasonal . ope
Profitability
x Demand
Events \
Travel times
Departure and
Arrival Slots
Halteatelle rn Do | Moifrese] Motta | Toeeh | Towich | Taghich Traglinh Tinch | Toaglint |
Bemerkungen 1) bix 6315 | ab 7115 2) 1)
Berlin Alaxandarplatz b S0 070 az:mn a9:30 1130 13:30 15:00 17:30 1990 on®
Uerlin Siickrsue i |abf osns | orss [ZEEN TR I E I S 1555 FYETHN I T cond|t|ons
1 eipig Messe 180 | an| 0800 10.00 10.00 1200 14.00 16:00 18:00 2000 2200
Lehﬂcn:f-mm.: :ﬁi%\ 08:10 10:10 100 1210 14:10 106:10 Bus partner
Driving time
Infrastructure Limited amount
: - 2 for the Resi Other  overnight stays
. esidency of
Drivers” working Driver Model coaches o businesses drivers
hours drivers
1- or 2-driver Break After-shift rest, Maximum
configurations reduced rest shift duration

period
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> As team Network Planning Optimization, we develop an OR-powered product to

support network planners in creating profitable networks

PAX and revenue forecast
Bus cycles

Schedules and network Driver schedules

Bus partner conditions Large Scale Analysis

Driver rules Timetables

Optimization Seasonality Scenarios
Quality standards Engine

FLiX

Network
planner
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> Network planners can get a schedule-level profitability forecast at any point in
the planning process

77 SChedule

ProfitR

ProfitR Ul

k SoothsayR
/ PAX & ticket price forecasts
Run some

extra
calculations

Cost estimates
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> What makes an advanced analytics-powered software product successful?

User experience
Design perspective

Usable

~ Sweet spot

Feasible

Business
perspective

Methodological
Data

Software engineering perspective

Adapted based on Marty Cagan, Insored (1st edition) FLi) 12
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First things first —
the business problem

Line-level optimization
in @ network context




Flat supply

mmDemand —Supply

X IS
> I
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o I

Z I
O IS

Easy to manage
@ Difficult to set the right supply offer

@ Design for peak is expensive

FLiX

> Profitability optimization requires a careful balance between supply and demand
- the question is: to what degree?

Supply matches demand “as a glove”

B Demand ===Supply

Profitability goes up
@ Driver contracts, fixed bus cost

@ Difficult to manage and coordinate

14



> Proper line-level optimization requires a holistic approach to demand forecasting

and profit optimization

Internal competition across different lines (cannibalization)

(Multi-) IC offer involves multiple lines by nature

Reference date From: Enter city * To: Enter city *

15.10.2024 & Lisbon (PT) Porto (PT)

Lisbon-Porto © X

Inbetween travel time (median) Mo Tu We Th Fr
03:15 0.60 4 041 052 062

Lisbon (Oriente) (LBO) 07:00 07:15 07:30 08:00 08:15 08:30 08:45 09:00 09:30 10:00 10:10 10:45 11:00
Lisbon 07:00 07:15 07:30 08:00 08:15 08:30 08:45 09:00 09:30 10:00 10:10 10:45 11:00

Porto 10:15 10:30 10:45 11:15 12:00 11:45 12:25 12:15 12:45 13:15 13:35 14:00 14:15
Porto (TIC - Campanha) (PGA) 10:15 10:30 10:45 11:15 12:00 11:45 12:25 12:15 12:45 13:15 13:35 14:.00 14:15

FLiX

Sa

12:00
12:00

15:15
15:15

123
12:
15
15«

Sat, Oct 12 —> Mon, Oct 14
(& Duration: 46:55 hrs, 7 2 transfers

Berlin Alexanderplatz ﬂ:ﬂ 2:30 am
FlixBus ®

9 stops v

Paris (Bercy Seine) (i) 8:45 pm

% Free Wi-Fi ¥ Outlets

3 Transfer time: 1 hr 55 mins

Paris (Bercy Seine) 10:40 pm
FlixBus ®
5 stops v

Lisbon (Oriente) (i) 8:05 pm
% Free Wi-Fi ¥ Outlets

Next day: Sun, Oct 13
3 Transfer time: 1 hr 40 mins

Lisbon (Oriente) 9:45 pm
FlixBus ®
2 stops vV

Coimbra (Rua do Padrao) 12:25 am
g

= Free Wi-Fi £¥ Outlets

Arrival on Mon, Oct 14

15



> Proper line-level optimization requires a holistic approach to demand forecasting
and profit optimization

Internal competition across different lines (cannibalization) (Multi-) IC offer involves multiple lines by nature

Coimbra

Berlin

Lisbon

FLiX
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> Network planners design and distribute a set of discrete levels of supply to strike
the right balance between both extremes

Flat supply Supply matches demand “as a glove’

Y

mmDemand —Supply ; I ; B Demand ===Supply
J

-

X IS
> I
X I
o I

Z I
O IS

mm Demand ===Supply
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PAX, revenue and profit
forecast during planning

Feasible and profitable
schedule creation

FLiX
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> Separation of concerns between both products and
teams goes beyond the traditional ML / OR boundary

/ \ 4 ° )
PAX, revenue and profit g Network planner

forecast during planning —

_ Timetable design
Cannibalization Multi-IC \ j
Ride-level _ l ‘
demand forecast Yield forecast

Revenue-maximizing = Feasible and profitable
?? \TPav7 .
capacity-capping e schedule creation
> :
: . : Seasonality
\ Line-level cost estimation / distribution

FLi .



FLiX

Dealing with supply-
demand interdependency

Where methodological and
software-architectural
challenges meet




> Software-architectural considerations pose a challenge to the ideal
ways of modelling demand-supply interaction

Option T Fully embedded PAX and revenue (re-)forecasting o
dh
User triggers
optimization
r 2
Methodologically sound Core algorithm engine
E adapts supply

No coupling between systems in production

@ ML model and underlying data too complex

@ Dealing with versioning and releases 1

Planning system

FLiX
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> Software-architectural considerations pose a challenge to the ideal
ways of modelling demand-supply interaction

[ 4
Option 2 On-the-fly re-forecasting using API
User triggers
optimization
4 )
Methodologically sound Core algorithm engine
adapts supply
@ Creates coupling between systems
@ Slows down algorithm iterations J
@ High database cost for forecast l

Planning system

21
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> Software-architectural considerations pose a challenge to the ideal
ways of modelling demand-supply interaction

@
dh
Option 3 Generate multiple solutions and call forecast at end User triggers Get initial
Optlmlzathn forecast
4 )
- : : Core algorithm engine
Limited technical coupling of systems | adapts supply
User gets to see consistent results
\_ J

@ Optimization might go wrong direction

@ High database cost for forecast Get final forecast
and cost estimate

FLi) Planning system -



> Revisiting the algorithm methodology leads to an acceptable solution from all
perspectives

l User triggers 11 Get initial

, | o ngg

Option 4 Leverage how business plans to alter the opHmization forecast
algorithm methodology e N

Core algorithm engine
adapts supply

Limited technical coupling of systems

Acceptable database cost

Minor loss of optimization potential

Users accept minor loss in consistency

FLi) Planning system -



> After cracking the technical nut and understanding the business problem, we

take a holistic view at final picture

User experience
Design
perspective

o

Feasible

- Sweet spot

Valuable

Methodological

Data

Software engineering
perspective

Business
perspective

Adapted based on Marty Cagan, Insored (1st edition) FLiX
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FLiX

Iterative discovery
and development

as key lever to deliver
actual business value




domain
experts

users

Discovery

product team +
Ul/UX experts

Delivery

users



> lterative product discovery and delivery cycles to continuously observe, learn,
ideate and adapt our scope and ideas

-
v L)
Focus on desirability and viability ° o
. : , , Soa , °_ 0
User interviews e Current planr"ng practice o Discovery

. . . o experts
« Pain points in existing process F 113

users

Deliver P
\-y/\ o
users
[ N ]
()
...

? product team + @'@
 ® UI/UX experts

@ Our market is mature. We know the holidays and have good
@ ast data, which helps us in defining supply levels.

| would want PlaNet to suggest some supply levels on its own, e.qg. @
“vou need X levels and they have to be used in these weeks™ dh

FLiX 27



> lterative product discovery and delivery cycles to continuously observe, learn,
ideate and adapt our scope and ideas

User interviews

Focus on usability and integration
Usability testing  Integration in existing tool-scape and flow
* Which information does the user need?

@ 7l like the KPIs of more than 1 option, | will select multiple
dh options and create draft schedules in PlanR to compare.

FLiX



> lterative product discovery and delivery cycles to continuously observe, learn,
ideate and adapt our scope and ideas

User interviews

PlaNet for Seasonality Optimization

Usability testing — \LJ

Focus on acceptability and usability at scale
ACOGINRESIE - User feedback on algorithm results
» Result analysis with actual results

FLiX
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Key takeaways S0
> Key way » ‘l.

Think beyond the silos

A business problem is not split between OR models for optimization and ML
models for forecasting. We should rather focus on product scopes and shift
boundaries so that they make sense.

Focus on de-risking

If data- or software-technical aspects are potential breaking points, then don't
spend (too much) time on the algorithmic part yet.

OR in collaboration goes beyond analytical fields only

Building successful solutions requires a collaborative effort between operations
research, data science, software engineering, design, product, and business.

sander.van-aken@flix.com

FLi 30
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