Quetion 4

+ G=(N/R)

*max 3 days package

*node 0 —* "production plant

*nodes 1,2,3,4,5 —> hospitrds (demand points) =x lex's denote them as Set H , H= 1423.L.5}

"node b — large center = +1iday fo re- pactage +¥ more olays

"nodes %83 —~ Small centers =¥+ 2 more days dreezing cenders hospitals

dj = demand o hoespitt j € H (&) —torge ®

dtj = deadline of hospital j € H |E| E— @ — @
I

tif = fraved time dom < o j , ()€ A sma @

Cij = wut wst of ﬂautm‘ng arc (4j) € A @ @

li= wnit wst of dr'ee%ing a package okt +he large center |, i€ 14§ —— @

Si= wut st of freezing o pockage at o small center , i€ {mesl  H LT

T t £ 7, direcﬂg go fo the hospitl 5 i} toj > F ux a J‘Neainq center

) Deusion variable : Xij ={4 . if vacine is fransportd over the arc (if ) € A
0, o/w
Model :
mn 2 djCoj Xoj + 2 2 dj( cor + i) Xij + Z dj X =+ 7 clj Si Xij
JEH i€1b.8:8} JEH jeH iefa8,9}
~— 2\ ~— ) ~— ) JEH
cost of direct tranaportations st of {rargportantions uning centers  cost of freeting ost ¢ (reesing ax
ok the large centr  smaul  centus
st.
Xoj + ZXij = 41 Nj€ H - €ach vacine either goes to a hospital directly or
1€46.7.8:8} Showd make o stop ot a §eezin  Center , this
constraint  alao ensurea -rree&ing ok most pnee
Xojtoj < 3 \fie H } If vacine direcﬂta goes o the hospital, travel time
Xoj toj £ dJ‘ Nj€ shwowld not exceed ¥ dmds and alyo the deadlne

Xijtoi £ F  Niedoh8,8) jeH 7 If o dreeving centor is uaed , time between the
production plant and center should not exceed F days

Xijtij < 3 Nie{#8,8) jeH —rsmall cenfes give us 3 more days

Xbj toj £ F Njt H — large center gives us ¥ more days

Xij (toi + t4) £ dbj  Nie {88}, je H } deadline constrainis
Xej (tov + toj + 1) < dgj Vje H

Xip €404} N GjIER



bY: m auemative locations for large freesing centos |, M =14, b+m}
* n  auemative locations for smaul Precaincx_ entas , S =1{3+m, ., F+m+n}
* hospitfols , H = 112,.,5%
* node D is the production plant

+ additional parameters : flj = fixed cost of locating a large center ak j € M
fsj = dixed cost of locating @ small center ot j € S

Decision varigbles : Xij ={4 if vaccine is transportwd over the arc (4 ) € A
0, o/w
4y = {1 ., if o lare center is opered at i€ M
0, olw
Zi = {4 . ij a small centcr is opened at <€ S
0 ,olw
Model :
mn Z djCopXop +2Z T dj(Coi+CijdKij + T T djli Xif + ZZ disiXij + Z fLi Yi v 2 s
led 1€EMUS j€H 1€M jed 1€S j€H i€em €S
— - ) e _ J ) —————
diret transportation  transportation cost whea ¢reeaing tost dor freezing cost for  large center  small cener
cost uxing a center large  ceners small centers opening (st  opening cost
s.t.
Xoj + 2 Xij = 4 VjeH
ieMmus
i £ Yi NieM | jeH } No allocatfion 1o centes if nere is no  center
Xijéi'i N1 € S .j€H
Xoj toj < ¥ e it f direct fransportution time and deadline (onstaint
Xoj toj £ dYy Np€ W
Kijtor £« # Nie MUS |, jeH — vocine showd arrive f centos within  days
Xijtij <« # NieM , jeH extra days gained from centers
XJJ“UJ £ 3 Ni€ S ,J€H

Xij (toir tij) £ d&j Mdies . jeH } deadline constrains when wring a center
Xij (toi « tij+4) £dY Niem, jeH

Xij € 404}  NwGj) € A
Yo € 4047 Nie M
74 € 40,41 Mi€ S



Queshon 2

({) Construct a feawsible free :
(C{} , U4J. , )(IJ)
( eost, copacity , How)

w»@m\ums))
@ ((43015) ,?®—‘5 _
- aurent st = (§x20)+ (I13x15) + (ux§) =

cs,w.o)

~

(2!5010) \§@—’
6 3 quations , 4 unkowns

-5
(2) For arcs in the tree : ({2) = Ty - T = Cu =
(uxmg - 7D= Ci (23) = T2 - Tz = (a3 = | So, let Ty=0 and 3Solve:
dind” i 's) (2u) =T - Ty = Cay= 13
M=19 , Ma=/3 , Ta=9
7’_1—71:;. & (4

(3) For w-1ree ares (|} Xij=0, check jf
i X? Uy_ , check g T4- T > C#)
& Cz = 19-9 ;! 2 X

(13) — gince Xi3 = D check dfor Ty- T3 &

Enter arc (13) - @
/ \@_‘5 A= 5

\)@ )
TR= I1#

({) For arcs in 1ne tree : ({2)—‘7-4—7"2—02. Mu=0D; Tu=19, Ta=1I3 ,
(413) — Ty- T3 =(s3
(2y) = T2 - Ty = Cay=

6
2
3

(2) For co-tree arcs : (23) — xince X23= 0O check for To-T3 & Cas =» 13-172 ) L~
(3u) == since X23 =0 check for T3-Ty £ Cay =¥ [#-045 X

enter arc (3U) - [ @
/" - A= min'fl5,/5, u3, /03 = [0
—_

/@ @ 15
\ / max exdro allowable
Hous for arcs (13) and (3U)
New tfree :
Y arc (34) is not in 1he Hree since X3u = U3y

20 @) o ;
\é Phe lD
j Ty=0; T«=13 , T =I(3, I3=[%

-5

({) For arcs in the tree : (12) — M- M Cra = 6
(13 > T -Tz= (3 = 9

= 3

(2u) = T2 - T, = Ca2u
chece for Ta-T3 <

(2) For co-tfree aues @ (23) —™ since Xa3 = 0 Caz =/3-17¢ L L~
(3U) — since Xsu= U3y check for T3-Ty > C3y = I¥F-04&£ 5 1~

~= all safished = soltion is ophmal
cost = (5x6) + (5x13) + (15«2) + (lOx5) = |35 ,



Quentipn 3

Dist (k) ?ustomzer ) 3 A 5 b possible  locotions wtth opening  (osts .{’=[5 bl 23]
istance (km . . .
Location (4) 1 65 55 40 80 30 5 ustomers  with pen sts =3 Y§

2 70 70 55 80 20 (i not cbvered)

38 30 60 75 80

4 30 40 80 40 70 : . o

i T =
560 75 80 10 25 covenn i clistance 55 bm
6 20 60 75 30 80 ti - distance between  {—=j

Consract tne coucrage mafrix — aj = ,Z 1,0 tjerT
. 0, o/w

L 1 2 3 4 5 £

1 o 4+ 4 o 1 g )y 0

2] o 0 4 o0 1 £ X 2

31 o A © o 0 4 3 leftovers : i —Z a4 wj
wl 4 4 o 1 o k¥ 40D 4

5] 0 0 0 4 4 L A

bl 4 o o 4 ©o F 0

dual in open form
mox W4 + Wae+ Wz +Wu+ Ws

st Wa + W3 + ws <« fi = 5
Ws + ws &« fa= b
Wa < b=y V= w=03 1 3 o 4]
Wq + Wa + Wy 2 fyu=y
Wu+ Ws < {5 = 2
WA+ Wy ¢ fo = 3
Oé: WA.WQ....,W? é 3
Now, ¢ind Y* and 2* wb‘lng_ €S tonditons :
H)H’i—JZawa) Yi=0 Ny For i=2.3.5, f-Z Qijw, # 0 = Y2=Ys=Ys= 0
¢
(2) wj (;aggﬁzi—i):o\g For j=aLsb5 , wp# Ri=3 > Zi=ZRu=25= 0
() (wj - Bz = DYy For j=1423.5 , w;# O = 2agli v =4
=L = Yi+r B 2 =4
1= = Y YW M0+ 2% =1 = Yu= o
J‘_=3 = M‘-r Mo-l- . %Z:—i -~ Z3= 0
J_=5 == H1+ Mo'k %1’%:1 —VH,4=_4L

We hae & canes

NY=4, 21= 0 in this cone , dfauliiea 4 and b are opened , there is no uncovered wrtomer
= wst = 5+3 = §

DYp=0 , 2=4  in this come, oWy 4 is opened and wustomes 1 is uncovered
= wst= 5+ 3 = §

Y Check eawibility : lfweonsy open L . L will ol be wnwvored ,but Zu= O = infeanible
do, we choot come & @ Y=L, Z4=0

Fna gowtion : Y*= (4 o o o o. 4]
2= Lo o o o0 o]
we= [3 4 3 0 4] dotml wst = Yo b+ Yot = 5+3 =8,



Queption |

Open 4 NDC , minimize londezn‘ dlistance 1 any utomer minimize  menx gis tonce

r

— mox 4 0, 3,3, 43 *

- mox {13,0, 5,7}
— max {3.5,0, %]
-~ mox { uy,*¥, ¥, 0}

= Jocaft a BMC at
noole 1

a) i} we choose node
il we choose node

il we choose node
we choose node

= W A
I T
HHN =

b) Now, BN con be locaded at the edges too — (absviwte p- tenter problem )
Hakimi  Algonthm

Eclge  (4,2) wige (4,3) &dge ({,u) Toge (4,3)
12]
" -‘\\\ 4
¢ L % [
% | ‘. q | \)'?,/ ‘8 N A
6 J . b T "5},'\ 31
54 .2 51 b 2 ORI AN P
P u TS b N o
3 | 3 3 5 X 4Y
2] 2} 24, 4 OX
- 2 - z a< 3
1 4 ké)\ _2 ] Az 1_3 3+ A L‘ -
2 4
0] @ @ @ @ @ (1) .
=3
@ &)

*(2) = 1-center is at @ , worst distance is @ node (B (st = Y)
*(43) 7 {-wentr is at @ , worst distnce is W o nwe B (cost=y4)

* upper enwclop for edge (4,4) Is oletermined bg nooes 2,3 and 4.

h-X

[ )

3 3 ostovice. +o =¥ U-X X=0-5
2

dfsz‘a/lcc-lo%or@) - 3+ X 34X = L-x

5
1—cenkr s 0.5 L from nocke 41 , woist distonee =335 (wst=3.5)

‘ u distonce o —7 74X OR [2- X ~ FtX = /2-%x
2N distonce o D3 3+X  OR  &-x 2X=5

RSl uorst olistomce = 85 B necle (B ¢ locate betucer @ oud B

But | we locate ety on (@) or (3 — wost distoge =F) b node ©@

= min { max disne § = 3.5 whan open/'ng a centar 05 awa(z/ fom  node @ , cos#=35



Question 5
* Set of available sites for base stutions = M =44, m}
- set 6f disticts = N = {4,..,n}
f = fixed cost of locating & base station
C*: cost o buying a red- type ambulance
C® : cost o buying a blue - fype ambutance
Pi : population of cistict <€ N
tij : travel time fom je™m t ieN
Kt Red-type coverage : tj &5 = let's define parameters
Blue-‘rgpe ovtrage ¢ tif £ 3 for  wucrage :aRi; = 44, tijes , jem . ieN
o, o/w

aBi}=? 1,0 tij£3 ,jeM , ieN
0, olw

a) Minimire cost wlile touering  everybody |, both recl-'the oad blue - type coverage is necessary

Decixion variables -
Xj.=%4 . bage j isopened, jEM

0, o/w
‘Af={ 4, if there is ot leart one red-type ambulance ot base j €M
0, olw
!f:{ 4, i} there [s at least one blue-’rﬁpe ambulance ek baxe j€M
o, olw
Model :
mn Z (4% ¢ 'Y« Ctuy)
JEM
st.
z akq !53 > A Ni€ N —> Every district is couered by at least one red--inpe ambulance
JeEM
2 agi; !53 > A Ni€ N —> Every district is covered bg at least one blue--rnpe ambulance
JeEM
U;R £ X NjeM }aun ambulance con be located only if fnere is a base
YiB =« xj Nj€M

X, Y45 . Y% e 4043 vjem

b) C* — optimal vawe found via the model in part (a)
Budget = ¢ < C*

+ gddifional cecixion vandble @ wi= %4 , if distict 1 is both served bué red and blue type ambulances,

o, olw 1€N
max 2 W
i€N 3\
St. T (f-x+ CYRe CBY®Y 2 G Sole this model f different budget levels :
d€M C, C+n , C+ah ,.. and recwrd how mavlg
PR ik Yj® > wi  VieN disiicls  (wi=41) are served. The increane in
JEM tovered  dlistvicts shows how many additivnal
2 ai® Y% > wi  Vien areas wowld receive both services if the buoget
€M SUthg inUeoRe) .
4t < X{ NjeMm
it 2 % NfE M

Uit Y% X, wi €404t \jeM deN



¢) moximise fotal number o} people (outred wihin o budget ,C

+ gddiional cdecivibpn vardble @ wi= % 4, if distict 4 is both served b‘j red and blue hape ambulances,
o, olw 1€N
Model :
max 2 Piwg
ieN

S.t. > ('(:XJ + CRBE + CB."JS) £ € — Budget constraint

JEM
Z of Y5 > wi vieN ensure that distict is convidered covered (Wi=4) omy f it is
4eM 5 . B within reach of ak leowt one red -4ype and ok least one
Z oi ¥ > wi  VieN blue - ype  ambulance
jem
YR < X ST i{ there is a ba
"}B s Al \j-: “ an embulance can be (ocoted Onl(ﬁ i ere is o se
Y& < X j €
¢ ¢

d) baxic coverage (blue- type coutrage) is o must
maximizt red -fype Coucrage

+ additional deci¥ipn vardbles : i"f = 14 , i} district 1 is served by a md-+5pe ambulance , i€N
0 ,0lw
3
2 = 1, i} district 4 is served by a blue-+5pe ambulance , 1€N
0 ,0lw
Model:
max 2 PizR
€N
st T (f%x + CRYf « ) £ C — Buget constaint
JEM
B 4B . :

2 ay BJ- 3 4 die N —  ®very dishict showld be senred by a biue - type

JEM 2 ambulance

JEM

Hf < X NjeM

W £ ¥ ViEM

. (3 g .

X} » 97 BJ, < 40,1} N €M

e B .

Z»i ) 21, € ‘;Dr'i Ni €N
e) Only one +type of coverage is enough , maximire tofal appreciation
+ additional parameters - q = level of appreciation per person if served bﬂ @ ‘blue -type ambulance

3q = level of appreciation per person if Served bcj a ‘red -fype ambulance
Q@ = minimum number of people receiving service required by the govemment

Tuie the same decivion variables : Xj, 145 . Bf , 2R, 28 (lower bound)

+ oadditional dedigion variable
u; = i‘l , if distict i is served by at least one type of ambulance
0, olw

I} a district is served b5 both red and blue We ambuy\anes , the ‘ol oppreciotion  wouwud be
34+ 9= Uuq (double counting)



¥ T awid double wunﬁma , we will formulate  the appreciation level per distict an  follows

Q- ui + 29 -ZR — l}tm%wvaed blue- type = yi= 4 ,24:=0 = 9
wmds?rcd +3pe ="7u4—1,14'=i = 39
h = 4 =x 39

blue and red =x Ui=1, Z;®
= avoided

IJ covered blé
double wunﬁng

Model :  max Z Pi (A-ui + 29-2%)
1€N
Z(fxé + R+ C%}) £ C  — Buger constvaint

st.
JEM R e
JEM .
= Q“ BJ > Zi N1€eN
JEM {§ covered ok least by one ype (Wi=1),
< . ok least one of Zi° of Zi® should be 4.
Ui & 2% + 2i NieN @ both 2i® and Zi® are ze™ , ui con
not be 4.
2 Pi- > Q — fotal # o] people receiving service shoukd be
1€N at lewst @

{) hospital ¢ loctted @k Ankara

total youmey : base j —=distict i — hospifal L
'LiJ' + (2min )+ dik

travel time between distict 1 to hospital L

number o bases To open
il distvict 4 is served b# bene | with a red- +5pe ambulance

+ nuw  deution variobles = b1J = 7f0 othurwi &
. if disdict < is sered bg base | with a blue- type ambulance

b‘(" = 3
0, othuunte

+ dik
+ P

Model : max X Pi 2R
ieN

2 Xj =P — fofal nwmber of bades opened showd be p

JEM
> qu_ > 4 N{€eN ~ blue- fype (ovorage s necessary
JCM
2 bR > Z4® Ni€N
J€M
bjf < ayf HJ NiEN. jeM E assignment  ( bae - distvict) is only
bid-B < 0B Y8 MjEN, jem made if coverage is satishied

R and there is ambulance at the bave
$° £ X N§ €M (acording 1o each type)
Y 2 Xj N EM

< (2 NieN, Jé M

(tj + a+ dic) bR
fime  wnstraiats

(tij « 2+ div) bijB ¢ 1y NieN, jeM
X, 4% , Y5 edod) VieMm
zZ5 2 € i Yi €N

bif®, big® € 4ot Vi



&) (overage matrix

C
L\ { 2 5 F 8 10.
3|1 1 1 0 1)) 0
yl1 1 1 0 1 0
b |1 0o 0 o o A
tlo 0 4 1 1 1
b) ual greedy opproach
C
L\ { 2 5 £ 8 10
311 1 1 0 1) 0
yl1 1 1 0 1 0
b |1 0 D0 o o A1
1lo 0 4 1 1 1
w¥3 2 o 3 3 2
CS wnditiona

(4 - Z o W) Yi = o

(wj-P )2} =0

A=laijl for T=5

s - for c;‘=1.5,|o Wy ¥+ P

2,5,8. 2,10 = wrtrmard
310161?‘ - m' 87-7‘54

' qu_-ZO, dg‘-T

i1 2 5 &§ 8§ ©
w*=[3 2 p 3 3 2]
z=Lo00 0 O 0]

3 4 b ¥
y=[4 0 0 1]

Ni = dor A= U #i-Z 04j U 0 = Yu=Ye=o0

= Z9=25=Zio =0

(guw«i £Z -0 =0 g = for }= 12880 wj# o

+ Y B+ 2_/
+ ¢ +

+

T

<HE00

+

Yhuvy

Z’f
+ 39
e =

T Wwoe T

+

- .a-.9—.q..a_.
[ TR

~ pphimod  dULkion

no uncoutred  watomes
fotal st = 5+ = /3,

L

4
4
i
i

is v open at 3 an? ,

Yr=41
283=0
25 =0
Y3=4
Zi= 0

3 wvers 1,2.5
¥ wvgs 5,8,.8,10



Quenton ¥

@) 1-entr pblem  ( verfex  pestricied)

i locatt gt @ — max10,% 587= e

I 1 « @ — maxi17,0,3,6}= %

0 oo @ maxf5.,3.0,ul=5 % = {-cater at B

n n I W— maxt9,b,4, 0f= 8 wst= 5
b) Abeblute 4 - center problem :  Haumi Algoithm

Edges — (1,2) , (1,30, (2,3) , (2,4) , (3,4)
tdge (4.2) &dge (h3) Edge (2/3) solge (2, U) Edge (3.u)
b
5l S el ] ol \ 15 I
’ ’ "\41 “
M I,' unl , 8 | ,/ P Wi 10 |
1) . 1y . sl 7,7 ]l "\ ) 8
4 / w4 7
21\ .2 8 / ¥ | i2d g
\k/ ,I (V// 7 .
ud Y I} § -,',\, b Sy i ?
([ /, 3 5 | 7 10 J b
sih Y 6 ] | ol ¢ s] s |
N BEEE ¢ | 3 8] Y
* L. X ul N 2 | 7 3.
bl 3l 1.2 ] -
"1 S ’ 2T
5 2 \ = 51 7\\; ! I\ )
ul 2 1 @ ® ul A=Y
3l N i=3 3 | @ @
2] @ ©) 1l o
: ¥,

e ' 1=y

o ® ® ®

(1:2) = upper envtlop detomined by @ and @

N
2~
*7-/_

7-X = 6+X ] {-centtr af 0.5 ooy ¢om (2
2x =1 worst olistonce =(6.5
X=0.%

(1:3) —= upper envelsp detcrmined bg @D ond

X5
* ,_\5,‘ X = 8-X [ {-corfer ot 05 auwuétfrom (E)
2X =9 worst olistance = (L. #* = Ophntod oLt
X= L5 /s fo oper 05 ouu

b

4 frorm © on efpe (1,3)
(23)= {-centrr at (B ., worst Odlistorce
(2.u) = 1 -center ot @ . worst distance
(3.4) 2 {-certer at (B . worst oistonce

l I

5
* Ost = L-5,
5



Quisheon & 6)

- 15\'5,

({) Find a Jfeonible tree : .zo@\ /.,@_'5 st = x4 + Sxu + 1532 = 130
s =@
-5
(2) PAres on the tree : ({2) — Tu- T2 = Cr = | Ty= 0 ;
(23) > -T = Caz = =6, Ma=2, T3=-2
{,21;) > - = Cy =2
(3) (o-1ree arcs : (43) —= since Xi3=0 check for T-T3 & C3 => 6-(-2) £ 4 X
(o]
Enfer arc (13) - &)
/\IA\; s A= min 420,5, 50%= 5
-7
}@
-5
New 4ree 2
/i\ -5
\)w —7

(1) Arcs on 4he 3ree : (IJ.) — -T2 = Cz= | Ty= 0 ;
(1/13) = Ty-T3 = Ciz= 2 M=¢ ,Mh=2, Ta=4
(2y) = M- Ty = Cy =2
(2) Co- free ares : (23) — wince X2z = 0 cheek for M—-T3 £ Caz = A-4 & 4§
(3u) > since X3y= 0 check fr T3-Ty <« Cau = LU-0<& 5 -

~Y ol satisfied , wwtion is optimal
wst = (5xy) + (5x2) + (15 x2)= (00,



