[Eu79 - Smdg Set 21 Solutions
QMCSﬁon 1 @ ('HDUJI wst)‘ @

S—mdinj 2 UWnits o B form P

period 4 @——'——’ -u . ot perod 2. goes not saﬁs/vg Hhe
fow  bouaunce .
(0:1) (0:2) (4,2)
cost = (§x 25) + (5 x ) ~+
(Lx 50) + (Lx4o0) + (Lx5D)+ ( 2Lxud)

poriod L +5(FD) &0 (@) -y 8)-2 +2 =
\_/

(2,40)
d ¢ix Seagibility
(4, o)
vg M + = (€K25)+(5+2L()+ (L(XUO) + (((X50)+
(4,50) -3 &=
pen‘od 1 @M -y 3 2 + (4x50) + WO = 922
(044) (0:2) (4,2)

peviod L +5@w ‘1

(4,40)
arcs in e dree :
TP = 52
(P{.AL) — Tt - Tt = 50 Ter2 = 50
(4, BI) — Tpr -T2 = uo b untnowns = let Tp2=0 = Ta = 2
(81,82) — Tes- T2 = 2 5 equahons Tep = O
(P2, A2) — Tr7= - Tre = 50 Te = /12
(P2,82) = Tr - WL = o Tez = (O
ar¢s not on +he 1ree :
(Pl . P2) = Xmea = 0O — chece gor T - Te2 & Ceipz = 50-50 £ 4 (X
(Al, B2) = Xanr = D - " Tar - TTh2a < Cahtpe = 2 - D & 4 -

enter e arc (P{,P2)
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now st

= ost reduchon

Question 2

Hakimi p-centcr  algorthm

(8x25) + (5xay) + (3xUD) + (Lx50)+ 4 + (Ux50) + (2xwo) = 924

edge (4U)

\“ ,
"l

L6
L5

(= 3-:3
along edge (1l)
X

922 - 924 = 1§
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‘i= 1/2I3iL{ 1= 4,([

alonj ea’ge (2,u):

distance fom @ :
" v« @ 4= X
WX = {4{-X
ax= ¥
x= 3%

S worst disl. = 7,5

distance fom (D : LtXx oR 13-X distance from @D: u+x
" "

n " @ X @3 1D-X
" " @ :(5+X) DR 12-X
" n @ : UeX = 0-X
AX = b
5+t = F-X Xx=3
X = 2 = worst olist. = 7
x=1

= worst disl. = & K

= [(ocofe on the edse (2u)
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Question 3

1 o 2 0 25 3
2 0 25 )5 55 (5
3 0 2 30 20
Y 0o 5 (0
5 0 25
b

Christofides  Algonthm

eh = {(2), (43), (10, (38) , u3)
L= arcs on the tree
Ny=131,2,5,63
L odd edpe vertices

{. min (st spanning tree =

2. least wst perfect match among N's

matches Cost
-2 5-b 0+25= 35 % = Tha= 342), (58) t — edpes in +he mateh
1-5 a-b A5+u5= 7D E'w= E'+ UE'S = (/12),(13), (tle) , (36),(45), (56)§
1-6 -5 35+ 30= b5 L Jouble
H= (N', E'W
15
1o W— wst = {0

3. Nerfices with deggree ¥ 2 = @ => eliminatc 2 nodes, add 4

I5
a) eliminate ((4) and (/3) , add (3L) == (W (%) No

, four , cannot
=-/0-20 + = - ¥
A [ 2 22 g o[ o 25 be cnoosen
20
(3
b eiminate (13) and (/2) , acdd (23) =¥ W— wst = 105
A= -20-10+25 = -5
av

¢) elminate (12) oand (L) , add (2u)
A= - - (0 + I5 = -5

(oSt = (05

= choosc b) OR <)



Potching  Heuristic wst = 120
relaxed  solution

N=14 1,2,3.0,5,b}

C =4 Ci, Ca?d

Subtour number — P=1 most cosﬂd ones

= merge Ci and Co by removing ars (al) and (3%, acbing (23) and (u5)
min cost peifect march : 2-3 -5 = wst=25+15 = WO *_/

15 - —
U © —()- 5 A= -15-30+95+15 = -5
1D 2.
> st = /05 P=L , stop ¥
_3)
¥ Y=z ¢
Question L out > in =¥ deficit , in»out = swplus
— -2 0 .
a) \ 3 S= get of surptus verices
G DN= v «» oepcit "
Cij = cost of shortat path from {1oy

Si = Surplus ¢f node < €S
(e di= depcit o 4 jED

0 z:) +3
Xy = # o chains ocbles btw < and |
S (surpius) = 363 — Se= 2-4= 1t (surplus p] node %) Csa = 3
D (deficit) = d2at - dp = 2-1=4 (defcit of node 2)
( deficit of nocle 3)
golve  min  ZZ C4 Xij for i=6 = Xpea = L
‘4 for =2 = Xex = 4
St 2 Xif = 84 NieS
JeD
2 Xij = dj vjed Solution : X2 = 4
1€S OFV¥ = (Cé2- Y62 = 3
Xjj =0 and infeger

=» all nodes have euver deprees 4




b)
Y Graph is onnected v

N Not all verfices have even edges x

= 0dd degree vertices = 34,3,U4,8,9,01

= add chains fo make aul \erhices even
Ls new chains : ({/3), (L&), (910)

Now apply End Paidng Aigorithm  with additionad edges
15t cyce : 4-2-3-Uu-5- b- 7 - §
2™ cycle A= 10- 1
e memge = (-2-3-Y-5-6-7- 9-l0-1{ -8
3rd e /2 -2 -1l
“merge = (-2-3-4-/2-13-/ -5-b-7-9-10-11-§
uth ucle - 15 (b= 17 -1
“smerge =% {-2-/5-16-17-16-3-Y-12~13-1y~-5-6-F -9-(0- 11 - &
5™ cycie
'~ merge =¥ (-2 -/5 -lb-17-18-3-U-12-13- /- 5-b-F-F-(0—11 — &

* all edges ave vitited, stop Y

d (T} °  s=iul = su= 3
N=J2,37 = da= 1
da= 2
© iz = 4
5 Cuz= 2
3
3 }g—uumon= Yuz=4 , Yuz=2
4
2 DFN = 4 + 4 = 5

=» allL nodes have euven edges
and graph is strongly wonnected  ( Eulevian c(ycle)




Question 5 15 nodes (1 cepot , Iy customers)
Q=20 — velicle ca.pau‘fg_
Qi= = curtomers’ demandls
m=1,4 — # of vehicles

ol arc costs are 4

T=5 - max rmure rgth

@) SaNings Heunstic
- Iniﬁal;ba( asgign o mufc for each cuwtomer = fotal cost=

- Merge a pair of rutes (lefs say @Bond @) => saving Sy =

Siz2= Cwo + Co2 - Ci2

- Merge another pair  (lets say @) ond @)= S3y= 4

% =y merge these two routcs , saving is 3+3 -
U

= tofal traveled distance
toial sahsfied demand

5
20

(e

O

—
—_—

» x

1x5
Ux s

* With this loguc,
. nodes |, aa douows :

Ly merge 5,6,7 ,and &

()

FOANGE

ux2= 28

Cio+ Coj— Cg’ (0 is dq!ol-)
4+ 1-4 =

4

5= 41
T v no more expending
® ¥ e rowtc

we can end up with 3 routes with U nodes each and a wute usith

18

=¥ Sorved wstomer Ust according to their
angular pogition armund the depot :

F-8-9-10-1-12-13-1

in ordler wldile
wpaa'fg conskaints :

P=>4—2—=3—> 4—D
0—=5—= b —=23—>8—p
O—=9—10—=41 )2—D
O—[3—= lh— O

L " 9,10,11, and )2
Ls »  I3,and My (we have capaof{y, but no other cusfomer is [¢ft)
@\ 4 routes
‘lemcle_i. veh:clel fotal cost= 5+5+5+ 3=
forad saving = 28 -(§ = (O
eh/y’ hee 3 x
@& ] \e lde/
b) Sweep Algorithm :  Imagine that the layout o] nodes are as foliows :
®
RE) ®
~~~~~~~~~~~ ®  -2-3-u-5-b-
® (T
...... S [ ] | = Add cuastomers
@ @ Route 1 :
Routc 2 :
® D) Route 3 :
@ Routc Yy :
C)
Total cost =

18



C) Cluster Fitst - Route  Secwond

Cluster 4 = 44,2,3,u oial demand of each cluster & &
Cluster 2. = 15,6,7,:& % rowte  lengtn UJ each cluster « T
Clustker 3 = 449.10,14,12%

Cluster 4 = 413,143 tofal cost = 1§

Solving TSP dor each cluster = same routch ab before (since au arc costs ove cquol )

Which one is better 7 §ince the problem is symmedic (au arc costs ove equal) , we don't gee
a difference in fems st and mufc asgignmens.

d) Infer routc improvement ¥ —* Since all  routes gives the  less wsﬂg option , thee
IS no improvemeat

Infra  routc improvemert 7 ¥ 3 routs had  ackieved fuldl copacity . adding customes
t thesxe putes is inftanible .

— wwtomer exchoage betweer rmouten makes no
improvement , ¥nce arc costs et equsl..

Question b — % Hunﬁariw\ Mattuod

4 2 3 4y 5, Row uUN
1 8 3 5 2 y|— 92
2 w s 3 & =F|— 3
3 ¢ 2 41+ 3 5(— 41
yl 3 = a y s3|[—- 2
5L s a2 & 3 ul-— 2
Subtract ROW MIN from each row
4 2 3 u 5
11 6 4 3 0 a
al 1 2 o 3 y
3] 5 A o 2
yl 4 5 o 2 1
5L 3 0 u 1 a2l
COL MIN = 4 (v} 0 o 4

subkact (OL MIN from each tolumn :

_ A 2 3 y 5. owvtr 2em's | 2 3 y 5.
11 5 4 3 o0 4 with min # 1| 50— 0 A 5 Unes,
c'= 21 o 2 o 3 3 of Lines C'= 2| —=2¢ 1 3—3| n=5
3 y 41 o a2 3 = 3 y 4 ) 2 3 STOP ¥
yl o 5 0o 2 0 y| —75 O 2— 0| Ophmum
5L & oy 4 44 SL—4&— +—+ 1 8ol is ochieved
I 2 3 u 5. ost
= 11 5 4 3 [o\ A Optima/ 1 — L
21 © 2 o 3 3 ~  assignmenrt : 2 — A Yy
3l y 4 [0 2 3 3 —~ 3 1 total
y| o 5 o a [oO b » 5 3 ost= 2
SLa @ y 4 4 5 2 2 2



