


FedEx,  a  g loba l  leader  in  log is t ics  and t ranspor ta t ion ,  has bu i l t  an
extens ive  in f ras t ruc ture  to  meet  the demands o f  modern commerce and
e-commerce,  reach ing more than 220 count r ies  and ter r i to r ies .  Wi th  an
annual  revenue o f  $87.7  b i l l ion ,  the  company operates  wi th  a
work force o f  over  500,000 employees and hand les  an average o f  16
mi l l ion  sh ipments  da i ly .  
I ts  g loba l  network  compr ises  more than 200,000 motor ized veh ic les
and 698 a i rc ra f ts ,  connect ing  over  650 a i rpor ts  wor ldwide,  ensur ing
ef f ic ien t  and fas t  de l ivery  across  var ious serv ice  l ines ,  inc lud ing
express and ground serv ices .  FedEx operates  more than 5 ,000
fac i l i t ies ,  and i ts  webs i te  a t t rac ts  80 mi l l ion  v is i to rs  month ly ,  managing
over  ha l f  a  b i l l ion  da i ly  package t rack ing requests .

FedEx revo lu t ion ized the log is t ics  indust ry  w i th  i ts  p ioneer ing express
a i r  serv ice  in  the 1970s,  in t roduc ing t ime-def in i te ,  overn ight  de l ivery .
Th is  model  d is rupted t rad i t iona l  sh ipp ing and set  the  company apar t .
Over  the years ,  FedEx expanded i ts  por t fo l io  th rough s t ra teg ic
acqu is i t ions ,  such as  F ly ing T iger  L ine and Cal iber  System,  to  inc lude
d iverse serv ices  l i ke  FedEx Ground,  FedEx Fre ight ,  and FedEx Of f ice .
Th is  expans ion a l lowed FedEx to  o f fe r  comprehens ive so lu t ions,  f rom
smal l -package de l ivery  to  in ternat iona l  f re ight .

In  add i t ion  to  i ts  core  serv ices ,  FedEx operates  spec ia l ized d iv is ions
l ike  FedEx Custom Cr i t i ca l  and FedEx Log is t ics ,  p rov id ing so lu t ions for
urgent  and sens i t i ve  sh ipments .  The company a lso  serves indust r ies
such as  hea l thcare ,  aerospace,  and automot ive ,  where the need for
secure  and t imely  de l iver ies  is  c r i t i ca l .  
FedEx o f fers  var ious sh ipp ing opt ions,  inc lud ing FedEx In ternat iona l
Pr io r i ty  and Economy serv ices ,  ca ter ing  to  d i f fe rent  cus tomer  needs in
terms o f  budget  and de l ivery  t ime.  For  example ,  express opt ions
typ ica l ly  de l iver  in  2-3  bus iness days,  wh i le  economica l  opt ions may
take 4-5  days.  FedEx ’s  ab i l i t y  to  hand le  la rge sh ipments ,  such as
those up to  1 ,000 k i lograms,  a long wi th  serv ices  l i ke  re turns
management  and hazardous goods t ranspor ta t ion ,  shows i ts  versat i l i t y
in  meet ing indust ry  demands.

FedEx cont inues to  innovate ,  par t icu lar ly  in  the  e-commerce space,
where i t  he lps  bus inesses sca le  w i th  f lex ib le  so lu t ions .  

About FedEx



FedEx se lec ted the Uni t  Load Dev ice (ULD)  opt imizat ion  prob lem for
the In ter  I IT  Tech Meet  13.0  due to  i ts  potent ia l  to  s ign i f i cant ly
enhance operat iona l  e f f i c iency,  reduce costs ,  and improve serv ice
re l iab i l i t y  across  i ts  log is t ics  network .  ULDs are  s tandard ized
conta iners  used in  a i r  sh ipments ,  vary ing in  shape and s ize ,  and have
st r ic t  we ight  and vo lume l imi ts .  Proper ly  pack ing these dev ices
ensures e f f ic ien t  use o f  space,  min imizes costs ,  and guarantees that
Pr ior i ty  Packages,  wh ich are  o f  h igher  precedence,  are  sh ipped wi thout
de lay .  
The cha l lenge is  to  dec ide which packages to  load in to  wh ich ULDs,
whi le  cons ider ing the weight  l im i ts ,  package d imens ions,  and ensur ing
that  Pr io r i ty  Packages are  not  compromised.

The opt imizat ion  o f  ULD pack ing o f fers  severa l  key  benef i ts  to  the
log is t ics  indust ry .  F i rs t ,  i t  increases e f f ic iency by  max imiz ing the
ava i lab le  space in  each ULD,  a l lowing more goods to  be t ranspor ted
per  f l igh t .  Th is  reduces the number  o f  sh ipments  requ i red and leads to
bet ter  resource u t i l i za t ion .  

The company ’s  FedEx E-commerce So lu t ions prov ide end- to-end
suppor t ,  wh i le  serv ices  l i ke  FedEx Pr ior i ty  A ler t  and Del ivery  S ignature
Opt ions ensure  enhanced secur i ty  fo r  va luab le  sh ipments .
Fur thermore,  FedEx ’s  commi tment  to  soc ia l  respons ib i l i t y  is
demonst ra ted through i ts  g loba l  g iv ing in i t ia t ive ,  FedEx Cares,  wh ich
has p ledged $200 mi l l ion  to  suppor t  communi t ies  wor ldwide.

St ra teg ic  dec is ions,  such as  acqu i r ing  TNT Express to  s t rengthen i ts
European presence and d is tanc ing i tse l f  f rom Amazon,  re f lec t  FedEx 's
dr ive  to  remain  independent  and adapt  to  chang ing market  cond i t ions .

Under  the leadersh ip  o f  CEO Raj  Subramaniam,  fo l lowing founder
Freder ick  W.  Smi th ’s  t rans i t ion ,  FedEx cont inues to  pr io r i t i ze
customer-cent r ic  innovat ion and operat iona l  e f f i c iency.  Th is
adaptab i l i t y ,  combined wi th  i ts  vas t  in f ras t ruc ture ,  pos i t ions  FedEx as
a cr i t i ca l  p layer  in  the log is t ics  and t ranspor ta t ion  indust ry ,  enab l ing  i t
to  suppor t  bus inesses and ind iv idua ls  in  a  fas t -paced,  g loba l ized
marketp lace.

Background



By reduc ing the number  o f  ULDs needed,  opera t iona l  cos ts ,  such as
fue l ,  labor ,  and hand l ing  fees,  are  s ign i f i cant ly  lowered.  Fewer  ULDs
also mean less  s torage and t ranspor ta t ion  costs ,  d i rec t ly  impact ing  the
bot tom l ine .

In  add i t ion  to  cost  sav ings,  ULD opt imizat ion  improves t imel iness.
Proper ly  packed ULDs ensure  that  no packages,  espec ia l ly  Pr io r i ty
Packages,  are  le f t  beh ind,  resu l t ing  in  fas ter  de l ivery  t imes.  Th is  is
espec ia l ly  c ruc ia l  fo r  t ime-sens i t i ve  sh ipments ,  improv ing customer
sat is fac t ion  and overa l l  serv ice  re l iab i l i t y .  

Moreover ,  e f f i c ien t  ULD usage leads to  h igher  pro f i tab i l i t y .  By  hand l ing
more sh ipments  per  t r ip  w i thout  s ign i f i cant ly  increas ing costs ,  log is t ics
companies  can generate  add i t iona l  revenue.  Fur thermore,  opt imiz ing
the use o f  ULDs reduces ine f f ic ienc ies ,  d i rec t ly  benef i t ing  the
company 's  f inanc ia l  per formance.

Env i ronmenta l  sus ta inab i l i t y  is  another  key fac tor  dr iv ing  FedEx’s
in teres t  in  ULD opt imizat ion .  More e f f ic ien t  pack ing means less  fue l  i s
consumed per  sh ipment ,  lead ing to  a  reduct ion  in  carbon emiss ions.
Th is  a l igns  wi th  FedEx 's  commi tment  to  susta inab i l i t y  and
env i ronmenta l ly  f r iend ly  log is t ics  prac t ices .

The key const ra in ts  in  opt imiz ing ULDs inc lude not  exceed ing weight
l im i ts ,  ensur ing a l l  Pr io r i ty  Packages are  sh ipped,  and f i t t ing  the
packages wi th in  the ULD’s  d imens ions.  
The opt imizat ion  so lu t ion  seeks to  ba lance these const ra in ts  wh i le
min imiz ing costs ,  inc lud ing the r isk  o f  packages be ing le f t  beh ind or
the need to  spread Pr ior i ty  Packages across mul t ip le  ULDs.

In  summary,  FedEx 's  se lec t ion  o f  the  ULD opt imizat ion  prob lem s tems
f rom i ts  potent ia l  to  s t reaml ine log is t ics  opera t ions,  reduce operat iona l
costs ,  and enhance customer  sat is fac t ion .  By improv ing space
ut i l i za t ion ,  increas ing e f f ic iency,  and ensur ing t imely  de l iver ies ,  the
opt imizat ion  o f  ULD pack ing o f fers  s ign i f i cant  advantages for  both  the
company and i ts  cus tomers .



Packing Unit-Load Devices for
Air Shipments

Figure :  1 .  A  p ic ture  o f  ULDs a t  an a i rpor t  (Source:  www. fedex.com)

Figure  2 :  ULDs come in  d i f fe rent  shapes and s izes

The packages that  are  be ing t ranspor ted are  usua l ly  s tacked ins ide
large s tandard s ized conta iners ,  ca l led  Uni t  Load Dev ices (ULDs) ,  tha t
are  then loaded onto  the a i rc ra f t .  
These ULDs are  ava i lab le  in  var ious s tandard s izes ,  meant  fo r  car ry ing
d i f fe rent  types and quant i t ies  o f  packages.  Each o f  them have spec i f i c
shapes,  d imens ions,  we ight ,  vo lume and a  l im i t  fo r  how much load they
can car ry .  Some of  the  var ie t ies  o f  ULDs are  shown in  the p ic tures
be low:

Many ULDs have tapered or  rounded edges on one o f  the i r  s ides in
order  to  enab le  fu l l  u t i l i za t ion  o f  space ins ide the a i rc ra f t .  For  the
purposes o f  th is  prob lem s ta tement ,  assume that  a l l  ava i lab le  ULDs
are cubo ida l  in  shape.  The packages,  wh ich are  smal le r  in  compar ison
to  the ULDs,  a lso  come in  var ious shapes and s izes .  



Problem Statement
For  a  g iven f l igh t ,  a  g iven set  o f  ULDs that  must  t rave l  in  tha t  f l igh t ,
and a  l i s t  o f  packages that  need to  be f lown in  that  f l igh t ,  we would
l ike  to  dec ide which package shou ld  be packed in  wh ich ULD and how
i t  shou ld  be packed (coord inates  and or ienta t ion  ins ide the ULD) .  
A so lu t ion  must  sa t is fy  a l l  the  fo l lowing requ i rements :

Tota l  we ight  o f  a l l  packages in  a  ULD shou ld  not  exceed i ts  l im i t .1 .
None o f  the  Pr ior i ty  Packages must  be le f t  beh ind (some economy
packages can be le f t  beh ind) .

2 .

A l l  packages ass igned to  a  par t icu lar  ULD must  f i t  in to  that  ULD.3.

Amongst  the  many poss ib le  so lu t ions that  sa t is fy  the above
requ i rements ,  the  one wi th  the lower  ‘ to ta l  cos t ’  i s  pre ferab le .  Tota l
cos t  has the fo l lowing components  and are  exp la ined la ter  be low:

Cost  o f  packages le f t  beh ind1.
Cost  o f  spread ing the Pr ior i ty  Packages in to  too many ULDs2.

Again ,  assume that  a l l  packages are  cubo ida l  in  shape and they can
on ly  be or ien ted a long the axes ins ide a  ULD.  That  means the edges o f
the package must  be para l le l  to  the wal ls  o f  ULD (and not  inc l ined a t
o ther  ang les) .  
Thus,  there  are  6  poss ib le  or ien ta t ions for  each package ins ide a  ULD.
I t  i s  fu r ther  g iven that  there  are  two types o f  packages:  Pr io r i ty  and
Economy.  Pr io r i ty  Packages are  h igher  va lued than Economy
Packages.  I f  there  are  more packages than space ava i lab le  then
Pr ior i ty  Packages are  g iven pr io r i ty .  A lso ,  Pr io r i ty  Packages shou ld  be
grouped in to  as  few d i f fe rent  ULDs as  poss ib le  so  that  they can be
unpacked and de l ivered fas ter .



  ULD Identifier    Length (cm)    Width (cm)    Height (cm)    Weight Limit  (kg)  

  ULD-1                      

  …                       

  ULD-m                      

Package Identifier 
Length
(cm) 

 Width
(cm)

 Height
(cm)

 Weight
(kg)  

 Type
(P/E)

 Cost of
Delay

  P-1                                

  …                                

  P-n                                

Inputs
The fo l lowing inputs  are  prov ided:

Table :  1 .  Format  o f  a  tab le  descr ib ing ULD at t r ibu tes

Table :  2 .  Format  o f  a  tab le  descr ib ing package a t t r ibu tes

List  of  ULDs:  A  l i s t  o f  ULDs is  prov ided in  the fo l lowing tabu lar  fo rm1.

2 .  List  of  Packages:  A  l i s t  o f  packages is  prov ided in  the fo l lowing
tabu lar  fo rm

3.  Cost  ‘K ’  fo r  each ULD that  car r ies  a  Pr io r i ty  Package in  the
so lu t ion .  Thus,  fo r  example ,  i f  a  to ta l  o f  7  ULDs have one or  more
Pr ior i ty  Packages in  them,  a  to ta l  cos t  o f  7K is  incur red.



Expected Output

  

As an output ,  i t  i s  expected that  fo r  each package we get :

The ULD ident i f ie r  in  wh ich i t  must  be loaded or  NONE in  case i t
can not  be loaded.

1 .

The coord inates  o f  the  cubo ida l  packages ins ide a  ULD us ing the
fo l lowing convent ion.

2 .

A lso expected in  the output  is  the  to ta l  cos t  incur red o f  the  proposed
so lu t ion .  Th is  cost  is  the  sum of  (a)  de lay-cost  o f  a l l  packages that
cou ld  not  be loaded p lus  (b)  the  cost  o f  spread ing Pr ior i ty  Packages in
mul t ip le  ULDs,  computed as  K x  (number  o f  ULDs that  have Pr ior i ty
Packages) .

In  th is  compet i t ion  we are  assuming that  a  package ins ide a  ULD wi l l
be  a l igned a long i ts  axes.  Th is  assumpt ion makes i t  easy to  represent
the pos i t ion  o f  a  package ins ide a  ULD by means o f  coord inates  ( th ree
d imens iona l )  o f  i ts  two d iagona l ly  oppos i te  corners .  In  th is  convent ion
we fo l low two ru les :

The coord inate  sys tem is  a l igned to  the ax is  o f  the  ULD wi th  the
or ig in  (0 ,0 ,0)  a t  the  f ront ,  le f t ,  bo t tom corner .The length  o f  the  ULD
is  measured a long the x  ax is ,  w id th  a long y  and he ight  a long the z
ax is .

1 .

Convention for Representing a Package
Position Inside a ULD

Figure  3 :  Coord inate  axes for  a  ULD



 ULD Identifier
  

Length (cm) Width (cm) Height (cm)  Weight Limit (kg) 

  ULD-1
  

  100
  

  80
  

  80
  

  250
  

  ULD-2
  

  100
  

  80
  

  80
  

  250
  

2 .  For  p lac ing a  package,  we need to  spec i fy  the  re ference corner  o f
the package which is  se lec ted as  fo l lows in  our  convent ion.  Amongst
the e ight  corners  o f  the  package,  se lec t  the  ones that  w i l l  have the
smal les t  z -coord inate  when p laced ins ide the ULD.  
Amongst  a l l  such corners ,  se lec t  the  one that  has the smal les t  y  va lue.
The pos i t ion  o f  the  package is  spec i f ied  us ing the coord inates  o f  the
re ference-corner  and the corner  d iagona l ly  oppos i te  to  i t .  For  ins tance,
a  package o f  s ize  (2x25x2)  w i th  locat ion  spec i f ied  by  (5 ,0 ,0) - (30,2 ,2)
wi l l  be  p laced l i ke  th is  ins ide ULD at  the  bot tom sur face,  5cm to  the
r ight  o f  the  or ig in :  

Figure  4 :  Package ins ide a  ULD

Faces (s ides)  o f  the  packages may touch the wal ls  o f  the  ULD,  as  wel l
as  s ides o f  o ther  packages,  fo r  compact  pack ing.

Table  3 :  ULD at t r ibu tes  for  Example  Prob lem

Example:  Here  is  a  f i c t i t ious  toy  example  o f  on ly  2  ULDs and 4
packages.  Suppose K=40 and the o ther  inputs  are  as  fo l lows:



Package
Identifier  

Length
(cm)

Width (cm) 
Height
(cm)

Weight
(kg)

Type (P/E)
Cost of
Delay

  P-1
  

  70
  

  40
  

  50
  

  100
  

  Priority
  

  -
  

  P-2
  

  70
  

  40
  

  50
  

100   Priority   -
  

  P-3
  

  70
  

  40
  

  50
  

  150
  

  Economy
  

  20
  

  P-4
  

  70
  

  40
  

  50
  

  150
  

  Economy
  

  30
  

Table  4 :  Package a t t r ibu tes  for  Example  Prob lem

Three feas ib le  so lu t ions  (not  necessar i ly  opt imal )  a re  prov ided for
i l lus t ra t ion  purposes.

Solut ion-1
Both the ULDs get  one Pr ior i ty  package and one Economy package
each.

Here,  the  pos i t ion  o f  P-1  in  ULD-1 accord ing to  our  convent ion is :
(5 ,0 ,0)  -  (45,70,50)  and that  o f  P-3  in  ULD-1 is  (45,0 ,0) - (85,70,50) .
The cost  o f  th is  so lu t ion  is  (40x2)  80 as  there  are  two ULDs wi th
Pr ior i ty  packages and no package is  le f t  ou t .



Solut ion-2
One ULD has two Pr ior i ty  packages,  and the o ther  has two Economy
packages.

The cost  o f  th is  so lu t ion  is  40 as  on ly  one ULD has pr io r i ty  packages,
and no package is  le f t  ou t .  However ,  th is  so lu t ion  is  not  acceptab le
because the second ULD is  loaded beyond i ts  capac i ty  o f  250KG

The fu l l  p rob lem data  (Chal lenge Prob lem Data)  tha t  w i l l  be  used to
judge the winners  w i l l  be  re leased on 18th  November .  I t  w i l l  inc lude
about  9  ULDs o f  d i f fe rent  s izes  and no more than 500 packages.  ULDs
wi l l  no t  be b igger  than 240 x  320 x  240 cm3 and package d imens ions
wi l l  vary  f rom 4cm to  100cm (a long each o f  the  three coord inates) .

Challenge Problem Data

Solut ion-3
Here,  one ULD has two Pr ior i ty  packages,  wh i le  the o ther  one has on ly
one Economy package (P4) .

The cost  o f  th is  so lu t ion  is  (40 for  Pr io r i ty  +20 for  de lay ing package
P3)  60 un i ts .



The fo l lowing must  be submi t ted in  the f ina l  so lu t ion :

Each contes t ing  team shou ld  prepare a  shor t  repor t  on the method
they used to  so lve  the prob lem.  The method shou ld  be exp la ined in
s imple ,  conc ise  Eng l ish  so that  i t  i s  unders tandab le  by  non-exper ts .
I t  can be suppor ted by  techn ica l  deta i ls  inc lud ing deta i ls  o f  the
a lgor i thm,  f lowchar ts ,  example  computa t ions,  f igures  e tc .  The repor t
shou ld  ment ion the d i f f i cu l t ies  faced and the ideas t r ied .  The repor t
shou ld  a lso  c lear ly  ment ion any l im i ta t ions  or  drawbacks o f  the
proposed approach.  Th is  repor t  shou ld  be submi t ted in  a  PDF
format  (up to  10 pages) .

Code used to  so lve  the prob lem,  w i thout  any th i rd-par ty  or
commerc ia l  l ib rar ies  shou ld  a lso  be shared.  Code can be in  any
programming language.  A shor t  how- to  on runn ing the code must
accompany th is  submiss ion.

F ina l ly ,  the  output  obta ined by  so lv ing the cha l lenge prob lem
re leased for  the  compet i t ion  shou ld  be submi t ted in  the fo l lowing
format .

Solution Deliverables

Par t ic ipants  w i l l  be  requ i red to  submi t  a  p la in  tex t  f i le  in  the  fo l lowing
format :

The f i rs t  l ine  o f  the  f i le  shou ld  conta in  to ta l  cos t  (an in teger  va lue)
computed for  the  so lu t ion ,  the  to ta l  number  o f  packages packed in
a l l  ULDs and the number  o f  ULDs wi th  Pr io r i ty  Packages separated
by commas (no spaces) .  

1 .

For  example :10200,380,4

2.  Subsequent  l ines  shou ld  conta in  deta i ls  o f  one packet  per  l ine  in  the
format :  Package- ID,ULD- ID,x0,y0,z0,x1,y1,z1 
where Package- ID is  the  ID o f  the  package,  ULD- ID is  the  ID o f  the
ULD to  wh ich the packages is  ass igned,  (x0 ,y0,z0)  are  the coord inates
of  the  re ference corner  o f  the  package and (x1,y1,z1)  are  the
coord inates  o f  the  d iagona l ly  oppos i te  corner  (see convent ion above) .
I f  a  par t icu lar  package is  not  a l lo t ted  to  any ULD then i ts  ULD- ID
should  ment ion NONE and the coord inates  be -1 , -1 , -1 , -1 , -1 , -1 .

Output Format



Evaluation Criteria 
The teams wi l l  be  judged on the fo l lowing cr i te r ia :

Qual i ty  o f  the  so lu t ion  to  the cha l lenge prob lem submi t ted in  the

above format  (60%) .  So lu t ions shou ld  t ry  to  meet  a l l  p r imary

requ i rements  (a l l  p r io r i ty  packages must  be sh ipped,  we ight  o f

ULDs shou ld  not  exceed the l im i t ,  a l l  se lec ted packages must  be

fu l ly  ins ide the i r  respect ive  ULDs and no two packets  shou ld

spat ia l ly  over lap) .  Cost  is  a  secondary  goa l .

Qual i ty  o f  p resenta t ion  and the fo l lowing quest ion  and answer

sess ion (20%) .

Qua l i ty  o f  the  repor t  submi t ted (15%) .

Qua l i ty  o f  the  code submi t ted (5%) .


