Appendix A

Binary Search Algorithm

Initialization:

Let

e=103 // Small constant
§=107° // Target absolute difference between the calculated upper and lower bounds for Z
L—0,U—1+6+e¢ // Initialization of lower and upper bounds for Z
70«1 // Initialization of the Z imbalance measure
T = 10800 // Time limit (in seconds) for searching for a feasible solution for a given Z 0
t // Time spent in attempting to find a feasible solution given bound Z° (if it exists)

while (U — Z9)>6 do

Solve model with Z fixed at the value Z°,

if feasible integer solution is found then

| U2Z°

end

else if t>T or Infeasibility is proven then
| L<2Z°

end

70— Lyl

end
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Appendix B

As defined in Section 5, d;; denotes the nominal number of doors required by destination i during
sort s and is calculated as the median of the random variable d;, representing the number of doors

required by destination i during sort s.

FBP1-D
minimize Z (FBP1-D-1)
s.t. dix;=1, foralliel, (FBP1-D-2)
jeJ
o Wis X
L -P,<Z, foralljeJ,s€S, (FBP1-D-3)
Zig[ .u'is
o Wi X
Py — M <z, foralljeJ,seS, (FBP1-D-4)
Ziez .uis
>.dix;; <D;, foralljeJ,seS, (FBP1-D-5)
i€l
sc, (FBP1-D-6)
x;; €10,1}, foralliel,jeJ. (FBP1-D-7)
FBP1-B
minimize Z (FBP1-B-1)
s.t. ZJEJ x;;=1, foralliel, (FBP1-B-2)
(et ) .
F - (7j577j5) < st, foralljeJ,s€S, (FBP1-B-3)

1— 2
F‘l(Tq) (7;577j5) < ]2 foralljeJ,s€S, (FBP1-B-4)

T = LTyjs, forall jeJ,seS, (FBP1-B-5)
$is =02 —Tyjs), foralljeJ,seS, (FBP1-B-6)
¢is=(Z +usTyjs), foralljeJ,seS, (FBP1-B-7)
Dier digxij < Dj, foralljeJ,seS, (FBP1-B-8)
SC, (FBP1-B-9)
$iss®js =0, foralljeJ,seS, (FBP1-B-10)
x;; €{0,1}, foralliel,jeJ. (FBP1-B-11)
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FBP1-R

minimize Z (FBP1-R-1)
s.t. Zjej x;;=1, foralliel, (FBP1-R-2)
X X
Zuier Mis¥y _ P, <7, forall jeJ,s €S, (FBP1-R-3)
Zie[ .uis
et MisXij .
Py — L iy <z, foralljeJ,ses, (FBP1-R-4)
Ziel Mis
Yier disXij + Dier iy + Vi <D;, foralljed,s €S, (FBP1-R-5)
Njs =P (Zia; xl-j) , foralljeJ,se€s, (FBP1-R-6)
Ao + gy = digxyj, foralliel,jeJ,s€s, (FBP1-R-7)

V. >th + ( T ok _ 1)M, forall jeJ,s €S,t=0..T, (FBP1-R-8)

js = s k=t " js
N = [Tﬁo tk§5, foralljeJ,s€S, (FBP1-R-9)
A K, =1, foralljeJ,s€s, (FBP1-R-10)
sc, (FBP1-R-11)
njs € Zy., foralljeJ,ses, (FBP1-R-12)
Tijs 2 0, foralliel,jeJ,s€S, (FBP1-R-13)
A =0, foralljeJ,ses, (FBP1-R-14)
x;; €{0,1}, foralliel,jeJ, (FBP1-R-15)
K;S €{0,1}, forall jeJ,s€S,t=0..T;. (FBP1-R-16)

page 3 of 5



€l Cl %S8°C €l Cl %SL'C €l €l %8S'C { 110S

L1 4! %br1'C ST 4! %YL'T ST 4" %00°C € 3108

LT ST %SY'C ST €l %69°C 91 €l %86°'T ¢ Mos

L1 91 %0S°C S200°0 L1 €1 %9¢C'1 +#000°0 81 14" %LL'T 1 1108

{foede) s1o0d #  sloo( # {faoeden s100( #  SIoo( # {£aoeden s100( #  sloo( #
Burpaaoxgtd XeN [eutwioN  dduefequi | SuIpaddXF}d XBIAL [eurwioN  9douelequl] | 3UIPIAIXH}d XBIN [BUIWION  ddUe[RqUI]
(L1=S100( JO#) 9 IIUIINIOM _ (91=S100( JO#) G JIIUIINIOM (L1=S100( JO#) { T9IUIINIOM _

91 4! %S8°C 91 4! %08°C 1 (18 %98°C 3105

8T ST %€EST L1 91 %vY'C TT (U8 %LS'T € 1108

81 91 %St 1 LT 91 %681 Cl (018 %CL'T ¢ M0s

8T L1 %0L'T 81 ST %69°C €T IT %cCC'1 1 1108

{foeden s1o0d #  sloo( # {faeden s100( #  SIoo( # {£aoeden s100( #  sloo( #
Burpaaoxg}d XeN [eurwioN  dduefequi | SuIpaddXF}d XBIAL [eUTWON  9doue[equl] | 3UIPIAIXH}d XBIN [BUIWION  ddUe[RqUI]
(81=S100( JO#) € I9IUIINIOMN _ (81=S100( JO#) T I9IUIINIOM (€1=s100( JO#) T JIIUIIOM _
$1[NS21 PI[TeIRP T qNH :T d[qeL
L S %€0°S — 8 L %8SY —_— 01 8 %69°S —_— L 9 %b1°S 1108
0T 8 %68 —_— 11 01 %L0°€ —_— 4! 01 %SET — 01 L %0€°S € 1108
IT 8 %SE'€ — [4" (0] %LT'T — [4) (0] %00°€ I 4 6 %¥9°C T JoS
4! 8 %ST'€ — 1T (0] %PvS'T — [4) It %0C'¥ — It 6 %89°C 1 M08
{£Kioeden s100q #  slood # {£Kioede) s100q #  slood # {£Kioede) s100q #  slood # {£Kioede) s100q #  silood #
3urpaadxy)d “XeIN [eurwioN  9due[equi] | SulpaddXH}d “XBIA [eurwioN  9dueequi] | SulpaddXH}d “XBIAL [eurwioN  duefequi | SuipaddxH}d “XBIAL [EUIWION  9due[equUI]
(T1=s100( JO#) 8 IJUINIOM _ (TT=S100( JO#) L IIUIDNIOM _ (TT=S100( JO#) 9 IUIDNIOM _ (T1=S100( JO#) G IJUINIOM _
It L %66°S — It 9 %29 — (0)8 8 %0S'9 — 8 S %¥Y e 1 1108
[4! (018 %90°Y — 6 L %06°¢ E— [4! 6 %6C'¢ I 0T 8 %yeY € 10S
cl 0T %LLT — cl 11 %C8Y — 0T 0T %LT9 — 11T 8 %0E€Y T 108
cI 0T %S6'T — 4! 0T %98 — 0T 0T %0T°S — 8 L %CT'9 T 105
{£oede) s100q #  slooq # {£oede) s1o0Q #  slooq # {£foeden s1ooQ #  slooq # {£foede) s1o0Q #  slooq #
Burpeadxq}d “XBIAL [eurwioN ~ duefequi | Surpaddxygld “XBIAL [eurwioN ~ duefequi | Surpaddxygld “XBIN [eurwioN ~ duefequi | Surpaddxygld “XeIN [BUIWION  9dUB[eqUI]

(T1=s100( JO#) { TIUIN[ION _

(T1=S100( JO#) € IIUIN[ION _

(T1=S100( JO#) T ISIUINIOM _

(TT=S100(  JO#) T I9IUN[IOM

S)NSaI Pa[TeIsp T qnH 1 d[qeL

D xipuaddy

page 4 of 5



L 9 %509 6 L %9L'TT — L S %6801 ¥ 110§
0T (028 %859 91 ST %L0°CT — 6 6 %99 € 1108
8600°0 LT [4s %86'1 91 ST %LS°6 —_— 1 (48 %8C'C T H0g
cl 6 %YvT'C cl cl %9811 - 0] 6 %SL'C T M0S
{fioeden s100(q #  S100( # {fioeden s100q #  S100( # {fioeden s100q #  S100( #
3urpaadxy }d XN [eUrwioN  @duefequ | SUIpaddXF}d XN [eUrwioN ~ duefequi | SuIpaddXH}d "Xe]N [eUIWION  9doUB[RqUI]
(91=s100( JO#) 9 I2IUINIOM _ (91=s100( JO#) G ISIUIMNIOM _ (F1=s100( JO#) { IIIUINJION
14 ¥ %6L°T S 14 %L9°0T — 9 S %€8'9 ¥ 1105
4" 4" %€S'8 1T 6 %I18°L — €1 11T %98°L € 110S
91 91 %0T°¢ 14" 14" %6LY —_— 81 ST %61°L T 110S
4" 4" %10y 6 8 %16°'L — €1 o1 %L6'L T 3108
{£oede) s1o0d #  sloo( # {Aaoeden s100( #  SIoo( # {£oeden s100( #  sloo( #
Burpaaoxg}d XN [eurwioN  dduefequi | SUIpaIdXF}d XN [eurwioN  9douelequl] | 3UIPIAIXH}d "Xe]N [EBUIWION  9doUB[RqUI]

(91=S100( JO#) € ISIUINIOM [

(1=s100( JO#) T IOIUINIOM [

(8T=S100(] JO#) T JSIUIINIOM

S3NSa1 Pa[IeIdp S qnH :f S[qeL

44 61 %8S°¢ 00000 €T 8T %89°€ t 110S
(44 0c %¢C8’'1 1 61 %CT'¢ ¢ 10s
[44 0¢ %96'T 1c (014 %ELT T ¥os
€+00°0 14 8T %89°¢ 6000°0 ¥C 61 %SS'E T M0S
{£oeden s100( #  sloo( # {£foeden s1ood #  sloo( #
Burpaadxy}d "XeIN [eurwioN  odueequi] | SurpaLIXH}d "XeNl [eUTWON  ddueleqUI]
(2TT=S100(7 JO#) { IOIUANIOM [ (2T=S100( JO#) € ISIUINIOM [
61 91 %SL'E (44 1c %¢C9°¢ 1 1105
61 LT %80°C [44 1c %0S°C €30S
14 61 %S9°¢ (44 1c %€6'T T oS
9100°0 e 0T %0L°€ 044070 ¥C (014 %IEEC 1 1108
{Aioeden s100q #  S100( # {fmoeden s100(q #  S100( #
urpaadxg}d "XeIA [eurwioN  9due[equy | SuIpaddXd}d "XeAl [EUTWON  @dUe[equi]

(2T=S100(7 JO#) T I9IUIDNIOM

(2g=s100( JO#) T IOIUDNIOM |

$1NS91 PIIEIRP € qNH :€ d[qeL

page 5 of 5



