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A Study of Air Traffic Flow Management Methods

Bae-Seon Park Seon-Young Kang

Abstract

This paper explains a First-Come First-Served (FCFS)
scheduling algorithm and compares the formulation with
Bertsimas Stock Paterson (BSP) algorithm that is based on
0-1 integer programing (IP). The paper presents how the
objective functions and constraints can be translated between
the two algorithms to facilitate future comparison study
between scheduling algorithms.

LM 2

37 28 9 =F 2E dagsd SA2
7] AA A7ES Fola, 83E PV 5 A &
& Hhskehs Aol At el uieh @A 9FE dare
Fol A7 % dE I lom, qEH s A a9
FCFS 2are]5yt 243} 7] dags sof Sl

(node-link
sturcture)dl] 8- A7} &iks] o] FojA Al 9lom 1],
wopol A AEH 9\)\

H4s e

Bertsimas} Stock Patterson- IPE o] &3l ¥ A2 HH
g 03} 1= westste] 3] A< gk ¥j&-S At
3}"33} [ °L"’\j/]7‘ s & daglE] vla

7= A8\ Stk (4
lé ol A= FCFS OHFJ&T% BSP ¢are]F 7 Wi}
71 Akl FCFS9F BSPe] o Wi 3 Aok 24
, 2 gaelEe] AlEdold A oA E F3

Hak-Tae Lee

Department of Aerospace Engineering, Inha University

1. FCFS 12|15

FCFS ¢irg]5o] 28
aea ggr] 2AE0IY (1. 71
7} %543}% T8 FH
% A 7Z(exit timey oIt 9% 3¢ - 391 - T2 - ..
- EZ} T3] P ek dee E
A Zh = s g tiste] XYo] s AlRE 1t
AHHY (intervals) = &% (slots)ol 2} g} 17 12
g7l 109 2AES kB F2E e Aot

[ availableslot (open slot)

rlo

unavailable slot (closed slot)

Travel Time

P N
"X, scheduled departure time °

Ny

Lz

N,

Travel distance

Los

N3
Lsa

- — - N,

g Fofdt = O SATHUE 2 7)Y 2AES
get EH o| A A2 (scheduled departure time) A T =

LML S A= Aol 7P dukA ot J‘ﬂﬁr 2olo)
ol Azt %3} AElZE I o A0S 2z
(closed slots) 2.2 73418}, ThA] 23} 4] 7} E‘Jr‘?i -
%% (opened slots) .= 7§25k},

ol 42 W £2 FYol &

2)
(earliest arrival time) -3 4 3131, O]f—i—'ﬂra At gwﬂ
o

o

2 73 Hx F8 A7} (earliest departure time) <
UG o] W, & Nz} %z &9k A 7S %/&9‘

Departure Rate (ADR)¥} Airport



Arrival Rate (AAR) {HA& AHES o §le &3 0= A4%
O~

5, B @] 2% AkE wkEs] HEAY 2AES
At 19 2 7] 10 2AEY dagEs At
gk Azfolrt,
scheduled departure time _earliest departure time _Travel Time
% No
“
‘ o Ny
o Lz
E
£

a8 2. FCFS ¥42|E 3ol B¢t &

2. BSP &1

. ol A (DI 2 [3], [4].

Minz [c‘;{gf + c}’-’af] (1)
7

Flight tlo]E 9] & F = {1, ...
K={1,.., K}, °l%
T=A1,..

flight'= 7 &% }019] “flight leg’, & W3 7He B2k},
A (e 2RS4 Y8 Bae golHE oo
o 2

, 3Hio] arrival capacity
S(t) = A7kt w3 5] capacity
dy = flight fo] &2 ol A1 2}

= flight f&] =2 o g A1 2t
sf = flight f¢] turnaround time

o) = &9] ARHE3H flight f71 A1l A o) 7] & wf o] 1] &
ch =T AR5 flight f713Fol A )71 3w o] wl-&-

g, = flight fo] 2ol 4 ] A A A1
a; = flight f] Tl 4 2] T A A A3

I, = flight f7} 8 joll A k=] vl = efofshz A17E

ga7] Ao oy WA=

,FY, &7 dloje 9] R
AlZE (time period) HoJEle] 3
T}, A4 flight pairse] Jg C={(f, 1)}
7b itk 7PgE 71 e ff o]l flighto]w,

w2k B g

77 = flight 7} jel st 4=l ol F A7k K%
~{z. 7}

T =33 7] € A o] F A7E

7] =513 7] o] vk 7} o] & A 3E (2)

vkEAirports, tETime, (3)—1

_'LU;,L,l) = Ak(t)
VkEAirports, tETime, (3)—2

) < 5,(t)

v jESectors, tETime,  (3)—3

, , V fEFtETI, j= P(f,i),
j _ !

Wy, w}, <0 { j’=P(f,i+1)7i<]V}, (3)—4
. v (f.ec. e, -
U/;.t wf.f—sféo { k—P(f, 1)= (f/Nf)7 (3)—5
w,—wp, , =0 VfEFJEPtET]. (3)—6

wh =

{1, ﬂightﬁmﬂt ol T jol| =S - 4)
ft

0, ol AR E RS

— k
o= 3t g, )=y
te T ke P(f,N;)

1Zpyopp = Min Y (C}_C;) > t(U/;t _U/}:t,l) (5)
JEF tE ThkE P(f.1)
+C; E t(wﬁt_w];z—l)
tE TfkE P(f.N))
(G —d; — ¢

dE Eol, flight 13} flight 27} =23 33 7o
P, ={1,A,C,D,E,4}, P,={2,F,E,D,B,3}9 422
ARE ol gt A W wi = A (6)9%F

2ol 07 12 JEd 4 glon, o]2 24 g4 ujls)
8- At

Flight 1 : Flight 2

T8 3. F0Tl Z2E H[dsts 2019 37



2

wlAt - 17 wg,t = 17
wf{t =1, w;t =1,
c E
wy, =1 wh =1
flight1 ¢ ' flight2 ¢ =/ 5)
Bl o g gh b, =0, (
ut, =0 b, =0,
w‘it =0 wg,t =0.

# FCEFS BSP
1* =% 9% A d
> | =3 o4 A% .
G =¢ 4 G
4 a;+g; a5, g

maximum speed-up

transit time

6 feasible transit times 7= { T, Ff}
FCFS 2828 G377 t712 1 wayshs vl
S AT o) A4t FEE TR FET Bk o

9} 5 TS Ao B, 7] AA AZF A A
% A AFOE AR,
dae|FollA F717F B2 T
e ol Eshe ]J %, 39 ols Azttt 7IE ol
A7} (nominal transit tlme)oﬂ &7 &5 W3S (speed
rate)= 2-831H o5 A7 W E 7HAA "t o] o
7 W2 AJZFQ] ‘maximum speed-up transit time’ S 33

}:1

71 17+ &9 jollA &8shs Ha ARE 1,0k s,
71 ool AR e 179k 2
2. F ¢2|Ee Mok =2 v
# FCES BSP
1 feasible transit times 7= { 7, 1}}
2 ADR D, (t)/ At
3 AAR A, (1)/ A
4* | ANZPE 39 capacity S,(t)

TR o|-§-3HA| T, FCFS ¢
o) Ao 2o A gt
ADR¥} AARS ¥3}e]
droltt. D)8k A () Al
departure capacity$} arrival capacity©] 1L, At BSP ¥l
ggol M AR ol AkE 3 wekA D, (1) ¢
A,(t)F D9 A AtE R B9 E FYA & A5

o~
~
e
i)
ok

o
©

71 °lu]= ADR, AARY} Zt}.
FCFS &agFddlAe aa7] 1t Algte] 2 &
lhour
Hzx &9 22 AL 7|20 = -
=i e 1A 7108 sdt=—pn T

ahEo] A7HE 23 £R 07 PAFT o)E A 27

LY

Z#o] Zd & A4E ADR, AARO| Z7]ol Foi7 xﬂ
ok 27191 ADR, AARETH 2 5 §l7] w&o|t}. ¥

capacity HA| o]} Zom, ~AETH ] 2t & #E
o W &7 = Folxl 349 A capacity R}

0

iy OH

BSP &ug|5e Alof 270 4 (3) A s 2
ojvjolH, wetA F dae)Fo A 2de 2EZ0
= E‘”o}th T 91@

AoR FAHEN OIL =3 %71-‘501 A& A2 of
A A E Q= Ao 2 FEgE Foa E S 9
on, webA FCFS ¢ g&e AAZ e ~

sl7} ohd, 7t d-g7)of Fol Ak 27 UlolA &g

¥ AQE Aasiehs R 43 duFolh

2. NZ280]14 oA

EHolde Fdste d 299 Azt
3% 2, 3= [5]9 Ground-Holding Problemol| A}-&-

HE AEdold S 733 Aot 3] 337

7}3kal capacity”F HYFE= object value9k Al4F Al7to]

A F7kke As 2 F Aok

2 o]
w7t %



15000~

10000~

Number of Flights

5000~

ik

| T 1 1
-50 0 100

DepartuFe Delay Reductign (min)

T8 4. FCFS AlE2{|o[t Z3t ofAl

H# 2. BSP 42|52 0|82 &37] 10000 AlEa|ofH

230 A3} oA

Dep. Arr. Obj. %
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1,000  0.20 32 17 50,750 342 0
1,000 0.20 32 16 35,450 227 0
1.000  0.20 32 15 63,525 262 0
1,000 0.20 32 14 inf — —
1.000  0.40 18 12 47,000 290 0
1.000  0.40 18 10 79916 521 2.2
1,000  0.40 17 10 88,241 741 4
1.000 0.40 16 10 inf — —
1,000  0.60 20 18 22,316 369 0
1,000  0.60 20 15 33,292 376 0
1,000 0.60 20 14 39,266 359 0
1,000  0.60 20 13 inf — —
1,000  0.80 30 30 17.000 183 0
1,000 0.80 20 20 28,250 283 0
1.000  0.80 19 19 inf — —
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3,000 0.20 30 30 42,000 4,537 0
3,000 0.20 20 20 228,000 5,475 0
3,000 0.20 19 19 inf — —
3.000 0.40 30 30 42,000 5,062 0
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3,000 0.40 19 19 inf — —
3,000 0.60 30 30 42,000 5,629 0
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3,000 0.60 19 19 inf — —_
3,000 0.80 30 30 42,000 6,021 0
3.000 0.80 20 20 252,000 9411 0
3,000 0.80 19 19 inf — —
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