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Thes i of dermand-basad scheduling — assigning
the right size airpland 10 sach depariLn - s besn
a lantalizing bt slusive concept for years.

¥ih the axivent of common-Crew-raiad simiars
tamilies, notably the Boeing 737 tamily, the conoept
can made realistically bacome & raafy

Boeing calls this concepl Demand Driven Dispaich or
o hmﬁmﬁum&jmmm
manageTen!, ihe airfing can achieve 3 beller match
between the supply of seals and passenger demand.

The result s improved contribution 10 opsrating profil
Bosaing has developad the 07 Simulalor 1o examing
1M concept and 1o explore the benefils of Demand
Cirven Dispaich

This brochnsre disousses e Reory and benefits of
[P and summarizes how the Boaing modsl works,




The Problem

Assagning airpiang capacly 10 flight schedules is 2
chatiangs barasa dermand vares widely wilhin dach
rraked. Whille the majority of Mights will degan with
2400 oads, S0rme could be cormpietely kull and
others disturbingdly smply,

Tree variation reflects seasonality, passerger [refir-
ence Tor day of wees and lime of day, passenger
resporss io competiion actions, piys the inhamnt
random Nuctuabon of the passanger poputation,
dary by oy, route By route. departure by degartune

Whin imidans canaclly IS foved and demand is lower
Ban eqeciad, Ihe esull & low koad Boion, wasted
FESOUITES and pneenoverable ODrIing Costs.

Graier Then expecied damand for a fhed-capachy
Flight ressuls in os! resenue Bom passenger lumasay
(SQilT), and the associaieg koss of passengen ood will

Todtay the airfine industry operates 3l about 65 parcent
plssansr iad faci. Otwiously, 4 65 percent load
anslates 10 45 parcent of The seats going but empy,

Fieed Capacity

The Challenge

Protability

Fioht
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The Problem (cont.)

Redueing capacity is not the soltion

From e raveler's perspecthve, 3 substantial impeove-
rment in Sysiem load tacior could Iranslae b 3 sham
Eicexse i [he probability ol being turmed Juay whan
caifing) Jor & reservalion. . leading 1 doss of the
passengar's fuluns business. | mading 1o erpsion

ol the airlin's marks share.

The probierm is not @ simpie mafier of excess capacily
bur rathér 11 is a profilam of not having e righl
capacity 2 I right place & 7= righl lime

Saxme of the Bachors which causa demand 1o vary e
Eapiainal by Iravelir prefesences for oertain sEasons,
days of T week_ and times of the day.

furling pricing streegies ard yisk] managerment
SySIems hne helped 10 smoath s hype of variation.
The sarlifest sk of yisld managirs was o parfition
the capacity of each flight apcroprizely by tare class
to accommciate the full fare Iraveder at e demang
pesics. and Qererale discretiorary traffic 1o 6 fhe
valigys. In Tis respect, yield management systams
Fuvi ImYeoved airplane nevenul Sgrilicantly.

Rate of Passenger Spill
As & Function of Load Facion
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The Problem (cont.)

A tougher challenge foc yield maragement sysiems &
P b0 O3l with bnhérent o rARdOm varialion which
ocours fignt by Mgnt, among fights on e same day
ol the weekc, 3 & the sam tere: ol 1he &y,

The ederi of variation in dermand can e shown by
plemire an ainine's actual Mght loaas over fime.

Even afier the data is Cisaggregated o oo flight
sagment and one day of the wesk, scatter still remaing
o weiesk 10 wiak

Fandgiom varahion in demand can ba predicied statts-
m.mmmmmm
e awiina’s cument bocking data and redin Rsory

o sach fligrt, By looiang & e boakings for B pre-
vipwus 8 to 12 wesks of fha light's operafion, trends in
demand can be determined

Comparing Me: Dockangs with AUl loeds estabiishes
{ree rate of “no shows™ (peopis who make a resenalion
bl do not how up dor the flight)

Lising such data, researchers and Sysem developers
are continuing bo mprove inrecasting technigues

S2ill. mene 15 an urdattying probiem tor he traditioral
methods of managing demand:

= The supply pf seals bor 3 given departune s estah-
fihed af least 3 month in advance, Sometimes up
b & year in advance.

= il s nearty mpossibile for such assignments I
et M besst maich of capacities I roules.
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The Problem (cont.)

To Hlustrate the desirabifity of being ahie b adst

Capacily. consider an example Lsig 2 nonTel demand “150-Seat Market” Demand 148
distribution, Seats

In this case, an auplane wilh 148 se2i= 5 depleyed in
markes whens The aimine's Zveage load ladid &
about 65 percent, ang fotal capacily is rarely enveecad,

About BO percent of e Time, tha dermands for the 148

et aiplang could be handled by an airpéans with 128 08 14 148
SAEs Sagh Seaty Sty
Aot 60 peroenf of B time, &0 airpdans with 108

sats oouid be substitieg

Consigening T diffensnce in dirpiang-retzled Irip
Corsts of the Bnpee alplane hypes, § 1S easy 10 undex-

stardd why an airfing would wart 1o pursus th idea
ol P Capacily axsonment.

Thes. does et impiy Tat tha smaller aimianes
o] be assigred permmanently b0 fe schecles
ol the krger airplane. If Bl were siempled, spil

Wl b2 excessive, Damand would start poing o B

competiors, and the airfine would nd longer have %

2 "150-5a" mare, g

In sumimary, i goas back b the quest lor ing ideal f.mmmwwnlu
airplare - the mythical Rubber Alrplane oL

1Al Geats 128 Seas 104 Seals




The Solution — Demand Scheduling

Ironically, # s the existence of truly rndom varialion
in dermand ~ the scourge ol yield menagement tech-
nigues = which makes the concepl of “demand
schaduling” so afractive. When demand i higher Man
Expacted on oné sagment. it is Hiely thatl cemand will
b hower Dhan expecied on A diffeses! segrment af he
sarme lime.

A lew airlings. have Cevelopad demand-scheduling
procedures, — shifling airplang capacly betwesn routes
b befler match dermand — but the practice & nol wide-
spread in the Industry

Tre management ol capaclly by swagping airpianes
wilhin 3 schedule has (resenied several operational
chasiengss., mchuding:

e

= Ground Handiing and Catering

# Maintenanca Planning

» Resecvation Systam sues

» Cabin Crew Assignmen

» Flighl Crew Schedufing and Usilization

Airlines ane penerally agreed al e grestes!
chafsange is tra fames issun ~ Iow b schedule Hlight

o (= [

Coow Schadules

Crews and acheeve = atceplable crew ratio




The Solution (cont.)

Enlér The "Rubber Alrplane™
[Erablid by Y

Wilh the acdvenl ol common-crew-hoo-raog srpianes
such & the [37 series, ranging in sie from 100
1390 seats, some majir probiems assockald wilh
Oermiand SChadlling can Deé vercome

For eamypie, 4 Tiest of 7375 makes it possible

1o schedub Tight crews independent of Almiane
schacules Tha only requisement s that e aimpilane
sthedulad inlo a particuler Bime siot be one which
B COmITO-CrRw-rated,

Derrand Driven Dispaich adds 2 new tool 1o the
schedling maragers ammay ol chniues. Alplane
can b asskoned 1o fubure flights 1 best match passen-
(er demand for &ach fight, evallated in the contexd

o Syshemwida profftabiiity.

T Iy 5 1 cleplioy the tarper airplanes whns ey
can capiure high demands, and A The zame Tima
oMt highes uliRzaton xTong the Smaler aimines
o 1 fhesed, o Thed Exiend Tl Ty ¢ handie e
dernand, s recucing oosts.

D Benefits

= Airplane swapping, for load facior improvement

w | Rilizat=on shitting, i smaller simibana

» Fleet downsizing, senving the market with feser
liokal seats
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The Solution (cont.)

This concegt re-examines tha oid rul of thumb
which hald Thal & inGresse in pitsenger |oad fadin
Naxd 1) b acoompanien by an increased meiencs ol
passanger pill

Ursing cemand schaduling £ 15 possitie o shil 1o
2 lower “spill cune”, Thus recdcing Spilf & The sama
time thae i Belor i incressad

Companng Mé sconomic results o o operaion (sirg
cermand sCheduling, varsus esulls on B same
refwark and schadule using Meed alplane assign-
ments, 20 zirfing will penerally see 2n incrmasein
MEVENLR DassAnoee Miles and & dieradse in availabie
seat mikes, Dot conributing 1o a higher load tacror

T isad Eactor imgovernent refiects bwo types ol
ROUIDTEN ZEsionmert Gcisions

* Stafisticaily high demands can be caphursd with
et inCidiance: of passanger spill;

= Low Of 3verage dermands can be acoommidaiad by
assigning smaller aimplares 10 sagmants of longer
distance:

The abiity 10 shilt loads to Srmaller airplares, on the
average, has Sirmng leverage on operaling contnby-
fion Bt his phandmenom & even mose fowertul
whian extnded Io xinplars acruislion

= By pinning with demand scheduling in mingd, Te
aitfing can polerrially cownsie Me feet

» Fture growt in fraffic can be acoommaodatad with
Jess, growlh in fota) seafing capacily.

Beyond these benefits, thene 2re potential savings tn
(s airting Foem Deing abie to yncouple capacty fom
fhe [vosess of develapn( route netwarks and sysem
scheduies

Boging bedbeves Mal Demand Oeiven Despastn i
ingical et step hor indey's el revenie/tapacity
menegement Sysiems.

Rate of Passenger Spill
] £5 3 Funclion of Load Factor

b

Spill %

0 | I 1 i 1
65 70
System Average Load Factor (%)

I ]

Planning Based on D*




Boeing D* Simulator

Bowing has oevelopéd a compulir modl, he 0P
Samalalor, 1o explore T berefis of Dermand Driven Conceptual Flow
Dispich using achual airfin fleets and sonedules

The sirrutalor can be desoribed, conceptially, 35 ™
2N infaraction between lour major Aunclions: f N \.k

= Reservalions System Emulator Changes Rasignmanty HR__-H
* Simulzle rardom passengens Ay ‘\
» Ancept bookings and cancellations
» Tumeeay (spill) passengers - N il N
[ Al 3 -'|_l
« Demand and Spill Predictot | asgoer | [Pt i |
-MNM W o .
* ForeCas damand " e
* Pradict Ioa and spil for each departure,

for each seplare capacity \ | A

* Prafit Estimator { prom .h“x F"
» Estimale profit (reverwe less cosl) for sach ‘ | Estimater |
departure, bor each capachy '

= Alrplane
* Assign sirplanes 1o achieve the bes! total prof)
BTOES e nelwirk

Reservations System Emulator: Simulated Passenger Booking Curve

The: zirline’s scheduses ane made availabile [o 3 Booking Capaci
simulated cormpuller resenations systam. Joud et Ty Limit
Flights arm lisled with a peneri; aquipment iype
Eﬂ withoul Gesgresing a specific aimiang

Capacity avaitatle for salé refiects, i lentalive
assignment of airpkans type 0 each departure,
besed on esfimated average demands




Boeing D*Simulator (cont.)

Demand and Spill Pradicior:

Al s0me lime bedore e day 0f sanvie
{usisally aboet a monm), Tha D" mods! Beging
daily monfioring of the simulated bookings and
prépares & revisad peediction of the demand for
sach departure. This can inchude independent
Torecasts for full-fre and discount demand.

It tha practiciad demandior a departure &
much higher or much lower than e prvicusly
estimatad cimand that departune becomes 3
prime candidais for xssignment of 3 diflersn|
St airptane

Profit Estimator:

Poterdial contribution to operating profil is caiculates
kor sach availabis aimiare hoe, for each inerary in
e srcheduie. The profi calcotation refects

« Estimaied féwerug om predicled passenger loads
(rumiber of passange:s Hmes fame X yield)

= Less M2 variable costs redaled 1o e passenger
o - inclding any penally for spil or denied

» Less e cost ol operating e ainiare.

Early Demand Forecast

Tetal Booking Capacity Limit

s -

Profit Estimator
"Operating Coriribution to Profir™ Calculation
I flight s assigned:
Eslimaios. | 7= AT I
4, L o]
- T
- Fpumm-yma =z xR [iz]
A
S | PR [15) it 1=
= (Ll
[
Cowd 1 L] L
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Boeing D* Simulator (cont.)

Alrplane Assigner:

The airplane assagnment process delenmanes which r
Airjilarin hyys Should be ssignod o sach doparturo
input 1o this process ane M decision poofits lor sach

combination of srplans type and flight segrment. These Fev—
5

prafits are computid by (e profil estimalor, based on
predictions of loaks. spill, and deniag boardings.

The assigner sesia Y0 delerming an assignment which
rraimizes botal decision profl

Flight Segmesi 1

Y

The Zssigner Inmmulsies the probiem as 3 network
optimization peobiem with constraints (D ensure thal

[egerasm

,F"-

e

-

pach AR considend is Inasibie «

Tre number of leasibie 2Ssignments undes considen-
tioe i ceseemined by the numbe of ‘swapping” opoos-

nities mallabie in the network. Swap opportunities.
arse wheneves aepianes of varying capacity are o

The ground & an 2irpor a he same fime

While Swe0 0pporunities ooour Tetughou [he network
and throughoul e day, parlicularty rich sets of cppor-
hamities ooour af conmect bari in bub-spoke ysiems

The assigrrment aigorithm, 3 hegrishic” optimizer,
works by deralively indng Ihe swap opportunifies
which resull in increased lofal decsson profis

Tre algorithm was devehoped 10 explore he operalional
practicality of mplemanting damand schaduling and Sor
use in 1he D samulator fo supnor proof-oi- concepl
shudies. B has miceeded our expacialions, foe computa-
Boral spkad, optimally, and exdensibilly,

A4 component of the PO-based D' simulation. the

mmrﬂmmﬂmmmm
e, 140 aipianes, and 1 000 fights per day Typical
solufion times for Mese nebwors are measured o
SEConds

Cplimality shodies Fave shown Bal b probiers, small
enough 1o be soived fonmady Using linear pragramming.
Tesuits peneraied by the heurislic asogner mossd 599
pentenl ol rue ool

Impiementiion shudes. fave focusad on un-time
tacsuet aszocialed wilh production Sixed problams and
e extersinility of the Aigorithm 1o daal wilh operational
constaints. These sidies have shown thal run fimes
Grow siowly 2 probiem sim Is increasad, and that large-
SCai8 produCthan probiéms protiably would nol reduine
an énceedingfly Large computar for Bmedy solufion, Alsg,
The: aigorithm has baen exdended b consicer 3 varily

o pperational corsirains with 2 small mpect on

nun Yime

n




Boeing D° Simulator (cont.)

Thi saquence o aciivites. — observ the bookings,
refivet rd prediction, reviewi'swap e splane
ESSONTENTS, Lpaa T fesdnvalions Sysiem —
woudd cordinue unill 2 day of hwo Disfone The day of
service, whan e achal dkspaich schedule would be
prepared and cormmunicaled 1o all safons Broughou
the: Syalem,

Timing of [° Swap Decisions:

As e fight deparniure (el approaches, passenges’
mwmnmwmmmwmu
increasing cectaingy, giving a beller fesds lor dirplane
Ssignrment 0G0

The nighest payof lor swapping aiplanes depends
0N racgo Detween twg obmctives:

» [ 5 advantageos i De close enough 1o tha
deparies g8 10 acheet substanlial smonowe-
mrent i formcast quality.

= Capacity swaps mes be mads sty engugh in the
Booking process 1o avest subsiantial passenge:
Rurmaway (spilll

Typically the best time 1o Swap airpeane Assignments
i churing tha time perod when 40 1o 60 percert of
passergers have resenved thelr seais. Soch swaps
prcevide Migh peoll in Brms of matching capaclly 1o
g -han-averags damand.

Clnsar 1o ceparture dale, 2implane swaps provide
benefit primarily in shifting Ltilizafion tom Lrger 1o
smalier aipiares, when ithey airplang can handle the
forecas! icads

Final D° Dispatch Schedule
Coy A
Ciry B
Cmy
Cuy O
Ciry £ \_
| | 1 |
B e ] Lo 2o00 L e 1
Mondey
Timely Reassignment Decisions

0 Parcent of Passengers Booked 100%

Percent of Passengafs Booked 100%



The Payoff

Demand Driven Dispatch
Financial Benefits

To [hustrate the financial benafits of ¥, & case stugy
Earmiple shows the polenizal lor improving coniribu-
fion by use of demand schaduding in a 40-asplane
sysiem consisting of 22 cities and 244 fiights per
day, A description of this case Study s Inchuged

on pages 15 and 16,

The: case study resulls. shown graphically, [Tusirate
the smpact of tha D* concept

Based on several case studies with airfines, as well as
MW.MHM&IMUIM
Driven Dispalch can be expected in ha ranges shown
I thes bz, beitom righ

Several studies have rsullad in even higher nel dollr
benelils pér airplang

Beyond the Simulator:

In an cperational application, the airling's own
resarvainns SySiem would neptace the 0¥ Reservalions

The function of refining demand and oad xeficlions
would need 1o be incorporated into the airfine’s yield
management System (i nof alreacy available in the
System

The bunctions of tha 0P Profit Estimagos and Almpéane
Assigner woulkd be adapied 10 e airling's operabons,
10 work in canjunction with reservations, yieid
ranagement, dispaich, maintenance scheduling,
and oifer sysiems.

Opaerating Casad Cantrisdon

Flow! M “Downmsred
% %% Fawar Total Saatsl

With § el Bk Laay
Afpard |rseiamant

Aesuit Asitonal § 4 4 WiSon -2l
Oparatng Cortrention Pee 'vVaar

Hirvur_ss - Opemafing Com CermiriEn o
Area ol Typical
Improvemant D* Payolt
Demand Maiching 1 1o 3% incre:ase i load O
Liilization Shifting 1+ 2 hours per day

hifted 10 smalier arplanes.

Fleet Downsizing 3% [0 15% fower seals
Operating Contribytion Additiorsal $50,000 1o 8300,000 per

wear, per ainlane. contribution 1o
Cmerating profil

1]




D? in Operation

For many airlings, (he elemants required 1o implement
a Dermand Driven Dispatch system are alteady In
place. They include:

An zirplana family with common crew rating
Although il & possibes 10 aocrue banedits withols 4
common-cris-raiad flesl, the availability of 3 common
raied fieel significanthy rechuces Crew cost, iraining, and
aministrative compienily.

Computer Reservation System (CRS)

The ability o forecst demand and observe booking
Trends, by class of sanice, s orilical to the conoept
of Shilting capaclly on a0 s-needed basts. These
activites can b done of-lire o during off noors
50 &2 nol 1o impact the red-lime operation of he
COTTpLAET TESEVElION Ty SHam

Analylical Computing Power

Trat rfing hass 10 Sodve 2 gian] asSigIment prodiléam
on 3 daily basis, ARhough we run the [P assigremen
aigorithim on 2 langa personal computer System Xl
Boeing for case shudies of impressive sim, [ha come-
pufing powes needed by the airing wouid depend
o0 e Sz of 1hed resdwirh and SChadule




¢ Case Study

Shaiwd M (5 3 ecampie of how [ can work 0 an
airing ervironmenl. The: scheduie shows oné Bime
period for which five aiplanes are schaculed o depart
from city A"

The simpiares (g ane
Airplane Capacity
(Dual Class)
Tar-=00 Z 108 =3ty
T37-300 . 128 sadls
TAT-A00) 1 148 seats

Tre assignment of 2imiares S Dased on Nesloncal
Berage fdemard

D Schedule
Forecss! Actual Demand [D)
By using tha [ madel, fogelher with 2 refined demand
foracas!, rew ainplane assignments have been eoT-
mincad 1or 2l but ond segment. This hew essagnments
&8 barsedd On incraasing the ope-ating comribution
acrcs tha rbwcek

Revised Schedule Basad on [° Model

Original D? Assigned
Segment Alrplane Alrplane Reason lor Change

A-B 737-300 137500 Dmamaare] howeer than eepecied.
Srnaller xiplang sssigred |0 nadcs soel
AsC T37-300 T37-400 Dearmaud Righey Than expactad. Aw0id pill
Alsa, dspaon he langest arplang on Shores segrment i reduce codt
&-0 7500 TET-300 Deamand lowes (han expected. However, smalier siplansd
(7375007 waes bester L£iliznd on forger Might from A 1o F.
A-E T7-<0) TaT-300 [rernand can be scoommocizeed by srmaller aeplare. Redice cosl

A-F 131500 TiEN i thanga

=]



D® Case Study (cont.)

n This @xampl, e D mode! adjusted the scheduted airpilanes 1 Incraase reverys and reduce oparating cost It accomplished this by assigning
3mianes bo avoid passenger spill and o shill ulifzation Io the Saller airplanes when Mey could hendlis the Sorecaet |nads

Demand Driven Dispatch Financial Resuls
(Per Day)

Fleat Published 0¥ Schedule 07 Schedule

Schedule Same Fleel Adjusted Fleel
T37-500 12 12 20
T37-300 1 4 W
737400 iE 4 1]
Passanger (oad Facir 62 6% B4 6% 66.2%
Spill (Passengers) 1026 B 1031
Denied Boardings & 26 0
Rewvenus ($000) $1.943 $1957 $1.045
Operating Codt {S000] .45 §1.453 §1482
Operating Corfrittion ($000)  $451 464 L3
Adrplar Ireestrmen §.172 51172 s

% Milkiors)

The: retwodk axampla Shown o [he preoeding page wis but one snapshol out of the housands of Zssignment decision pairts inciyded in the
case shigy

The result of the study, using the [ moc!, was an improvement in load facior and ravenus, wilh no incraass in spdl, The 0° opesation, wilh
ne change in Mieet, resuled in 2 9% improverment in operating contribution.

As an aded benefit, There & The opborunily 10 feduce the average airplane size within [he feel, s rdiucing investment Comparing the thind
e results agans? Ihe first column, there 152 5% reduction in lotal seats, 2 $40 million up-iront savings in airpians investment, and aimast
the same operaling Improvemart a5 otained B column 2.

These Gase shudy resulls am coomparable b0 3 nomoer of studies done lor airlines.
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