CHAPTER /0

Dynamic /)ijmmm irg

102-1 (a0 Notice that the nodes of the network may be

divided in “layers' : the nodes i~ tHa vt jaler
ovre a.ccessible from “a origin ev\(r Ha roug by
noder ¢ tha Cn«—l)“ 'aye" ci-t., tha “l«ﬁqo‘g

of needas (o tha Pi?um constifota +a (‘.yq_,._‘).

Stage n — nia colvman
S<.8

w= ',zl 3I+
es — nodes off tLa nefworik

Xn(odecision o« s'f\ae. ) — trmmediate des tination

o steaaa
Ces

-(3:(3.) = n:"ws (C,sx“ + -p,,: x. N

£, =0
(b) £lewzn

(®

*

, (0) =
min (20,1%,20)= 19

OPt"MAI roule ¢ O- B-D-17 .

g distonca betwwaan nodas ¢ o d

¢c) Number of Stages = 3
Calculations:
\ X2| f£2(S2, X2) | }
N\ |
s2\ | 1 2 | £2%(S2) | X2*
S3 | £3%(S3) | X3* | [ i
| | Node—g3 1 11 -—= | 1n l Ji
Nodep 1 | 6 | o NodeB 4 | 13 15 | 13
Node £ 2 | 7 [ NodeC S | === 13 | 13 | 2
\ X1] £1(S1, X1) | I
\ | |
S1\ | 3 4 5 | £1*(S1) { X1*
| {
Node D 6 | 20 19 20 | 19 |74

Optimal solution(s):

Optimal |
solution | X1* X2% X3*
|
1 | 2 1 0

10—



10,2-1( d) Afpk,t'ns the shoctest roule aljori.{hw\,

Solved nodes Closest ¢ nth [ Distance Last
dai anected nect ed totel nearest | o nth ,
n t; r::;t,’ wf/q",,(z; f,:,';ol”/ 2dy distance node nearest nale connection
] 0 B b b b 08
b 0 ¢ t c ? oC
) D 6+%3=1/3
3 0 A 7 A 9 oA
8 D bt1=13
C E J+62/3
Y A g T+5= 14 D 13 Bp
[ D 6+3:73 E CE
c E F+6:/3
5 P T 13+6:=19) T 20 oam
E T 13+7 =20

Using the shorlest route djorithm we had o do Fsums and o Comparisons, while
wsing dymmi& pro ramming wve did anly 1 sums and 3 com/ar«'spnp’. The latter a”roach
seems b be mere eH.‘c;cn't for this ’_type. of shortest roule Problemsl ce, shortest roule
problems ia “layerd“ netwer ks,

—~ ¥ .
10.22 _;z*m):mo.x?":wﬂ‘"’,‘Y’j"” 21 fy (i_) =15
_;“( 5 =W ’l.'( 2 35
Car —EBp 21 \ 63
Q #(c)':'“ > T

Q

% (03¢ v
may §140, 1%, *,_U”:‘(‘i
Ho,l'.':?f
= 040 2.
Optl‘Md routes: 0-4A- S-"-lr' and 4o is the Carregpoﬂdfnj sales (ncome.
- H- )
0 Regien
Optimal Solution: / 2 3
Y\u—:v\ber / 2 3
S«iespeo‘:k_ 3 2 [

) Stagen — region n
st::%: Se — number of salespeople remaining to be allocated ot stage n
Ln — humber of salespeople allocated B region n
CalXy) — tnerease {n Sales I'n region n i Xn saJeSPeopk are alloated o it

INTERACTIVE DETERMINISTIC DYNAMIC PROGRAMMING ALGORITHM SOLUTION

Number of Stages = 3

Calculations:
\ X2} £2(s2, X2) | t
$3 £3%(S3) | X3¥* \ | |
___.j___________J._____ s\ |1 2 3 4 | £2%(52) | X2*
1 | 28 | 1 1 \
2 | 4 | 2 R 4 I
3| 63 { 3 3 162 70 --- wem 70 |2
O 14 4 j8 8 8  --- 1 84 11,3
s |96 105 97 98 | 105 |2

16 -2
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10.0-3
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(Continued)
\ X1| £1(s1, X1) i |
N { |
s1\ | 1 2 3 4 | £1%(S1) | X1*
| | |
§ | 140 132 140 138 | 140 | 1,3
[N o
stagests S Teslumiss ¥ returork

clates i ANedes L b wetwork

{447( be Aomes b achvities, 9-ved<
+ L7 (k)

FM* )
£.4(9)

Y (*S
X an

=0

~M(A\=~ax(n,n)=I1L
6(1\“ (n,ny=

NS

wﬁwalpu‘fl\ [—51"'1"'?""7 1
w [ L § = 7‘ -+ 9
X2 £f2(82,X2)
S 1 2 £27(82) | x2°
() Interactive Deterministic Dynamic Programming Algorithm: 2 2 2 2
1 12 12 12 1,
13 - 13 1
Sy I 4" (S4) I Xg™ 2
1 S 1 (’:7
2 4 1
3 ; 1 X1 f1(81.X1) .
S, 1 2 f1 (S1) | X3
1 17 16 17 1
X3 £3(83,X3)
S3 1 2 (S3) | X3
Optimal Sol | X1 Xo" Xa* Xa*
1 6 8 | 8 2 1 1 2 1
2 10 9 10 1 2 2 1 1

et

Optimal solution(s):

Optimal |
solution | X1*  X2%  X3*
|
1 | 1 2 3
2 ) 3 2 1




0.2-4
Q) Fulse, “precediy” should read “fllesy s Centure No.F, seckons (1-2.

b) Ealte. The ophimed dec3 fov dhut shage ovistevel /0S found by e
Selutw pNCLo&u*Q- How you g ot there 3 M0 [or/g s A po fand
(fenturt Mo, € seckov (01, proveiple oF op el dy)

JUBSE e

c) Felie, Mg sz dlx proveple 6F opdmd Ty ag %'L;.MQCJOA‘L-’ o Cunred
Shute, Wt Wiy,

0.3-1
Let x, be the number of crates allocated +2 store n.
Let Pn()(n\ be the ¢~,cpccfd prp%it Lrom al\oca‘tinﬁ '{n crates & storen.
Let 5, be the number of crates remaining.

% _ > .
Then, {*(50 -o‘n;(\a.zcs"fpn(v\“)-r}m'(sn %n)J

~ An=

Number of Stages = 3

Calculations:
* X3%
§3 : £3%(83) : 3 \ X2| £2(S2, X2) | i
0 | o© ) \ | —
1 4 |1 S2\ : 0 1 2 3 4 5 : £2%(52) : X2
2 9 2
2 : i : : 0|70 ) |0
4 | 18 | 4 1 |4 6 | 6 P 1
5 | 20 s 2 {9 10 11 | 11 |2
3 113 15 15 15 B k) | 1,2,3
4 | 18 19 20 19 19 -ee ] 20 | 2
5 120 24 26 24 23 22 | 2 11,2,3
Optimal solution(s):
\ X1} £1(s1, X1) | |
N | | Optimal |
S1\ | O 1 2 3 4 5 | £1x(sl) | X1* solution | X1* X2% X3#%
| I I |
s | 24 25 24 25 23 21 | 25 | 1,3 1 I 1 ) 3
2 | 3 2 0
(032

let rn be the number of study days allocated 6 course n |

Let PnlXnd be the nwmber of 3rade points cgper,tcol when Lp deys are 6pen't on
Cowrse n .

Let s, be the number of study days not ye’t allocated .

%
(s < v -%
Then, f" ~ 1 éQtzMin(Sn,‘f) CPA(XH\ t ;M' S “’J

Number of Stages = &

Calculations:
\ X3| £3(S3, X3) | |
A | |
S& | f4x(S4) | X4x S\ |1 2 3 4 | £3*(S3) : X
| | | |
L1 6 1 2 | 8 . .- - | 8 1
2 | 7 | 2 3 19 10 aee --- | 10 | 2
3 | 9 | 3 4 |11 11 13 --- | 13 | 3
4 | 9 1 &4 S |11 13 14 14 [ & | 3,4



103-72 (CONTINUVED)

\ X2| £2(s2, X2) | |
\ I | \ X1j £1(S1, X1) | |I
s2 1 2 3 4 £2%(52 X2% \ i
) : II ) : SI\ | 1 2 3 4 | F1*(S1) | X1%
L R R |1 ! | |
4 | 1s 13 .- .- ] 15 11 7122 23 21 20 | 23 | 2
5 | 18 15 14 --- ] 18 |1
6 |19 18 16 17 | 19 11
Optimal solution(s):
Optimal |
solution | X1*  X2*x  X3*  X4x
|
1 | 2 1 3 1

103 Let ¢, = number of commercials ruwn in area n. ‘
Let P, (¥ = number o§ votes ?mvru when L tommereials are run n area. n
Let Sy, = Nuwber of commercials remm'm‘n%,
Then (0= mex fp00 1Y (gn-xn)]
n $ nay

0L XntSy

INTERACTIVE DETERMINISTIC DYNAMIC PROGRAMMING ALGORITHM SOLUTION

Number of Stages = &

Calculations:
S4 | f4%(S4) | Xax
| |
0 | 0 | o
L 3 | 1
2 | 7 | 2
3 12 | 3
4 | 14 | &4
S | 16 | 5

lo-%



10.3-3 (CONTINUED)

\ X3 £3(S3, X3) | |
\ | |
s\ { O 1 2 3 4 5 | £3x(S3) | X3x
| | |
0 |0 T ) |0
1 |3 5 B T |1
2 {7 8 9 T R I | 2
3|12 12 12 11 “.eee- 12 { 0,1,2
4 § 14 17 16 14 10 - | 17 I 1
S | 16 19 21 18 13 9 I 21 |2
\ X2| £2(52, X2) | |
\ | |
S2\ | 0 1 2 3 4 5 | £2%(S2) | X2%
| | |
0 | O e ) | 0
1 |5 6 B |1
2 |9 11 8 T T B § | {1
3 (12 15 13 10 T e {1
4 |17 18 17 15 11 --- | 18 i1
s |21 23 20 19 16 12 | 23 {1
Optimal solution(s):
\ X1j £1(S1, X1) | |
\ | | Optimal |
SI\ | © 1 2 3 4 5} f1x(s1) | X1* solution | XI1* X2% X3%  Xa*
] ! | [
5 | 23 22 22 20 18 15 | 23 ] 0 1 | 0 1 1 3
1034

Let ¥, be the number of worKers allocated t precinct n.

Let g,(xa) be the increase in the aumber of Votes if X, workers are assigned to
recinet n,

Let's, be the number of workers remaining.

¥ *
Then = (s = ,5"3(:‘2‘5"LP"“")*{M'““""‘\j'

INTERACTIVE DETERMINISTIC DYNAMIC PROGRAMMING ALGORITHM SOLUTION

Number of Stages = 4

Calculations:
\\x3| £3(S3, X3) : :
sS4 { f4x(S4) : X4* s\ : 0 1 2 3 4 5 6 | £3%(S3) | X3*
! | |
o1 o |0 0|0 P R |0
11r ¢ |1 116 5 e B | o
2 1 1 | 2 2 [11 11 10 eee  eee eee eee |11 | 0,1
Z | %“ | 3 3 114 16 16 15 cee  e-s  --- | 16 | 1,2
: | 3 I 4 4 |16 19 21 21 18  --- === | 21 | 2,3
A I s s |17 21 2 26 2% 21  --- | 26 |3
18 (I 6 (18 22 26 29 29 21 22 | 29 | 3,4
\ X2 £2(s2, X2) I |
\ | | |
sAjo 1 2 3 4 5 6 | £24(52) | X2%
| | |
0 |0 <-x - e - - - o |0
116 7 R I |1
2 |11 13 11 e eee eee eee | 13 |1
3 {16 18 17 16  ee- o= --e | 18 [ 1
4 |21 23 22 22 18  -es .- | 23 |1
5 |2 28 27 27 24 20 ... | 28 |1
6 129 33 32 32 29 26 21 | 33 |1

1p-6



10.3-%

(cown rwuél))
\ X1| f1(S1, X1) | |
i
s}\} 0 1 2 3 4 5 6 | f1x(sD) } X1x
| i
6 | 33 32 32 33 31 29 24 | 33 | 0,3
Optimal solution(s):
Precinct
Optimal | ! < 3 4
solution | X1x  X2%x  X3%  Xa*
l
1 ! 0 1 3 2 number
2 | 3 1 0 2 o s
3 | 3 1 1 1 worker
10375

Let xn be the number produced in month n .
Let 5, be the inventory

Then £%s,y=  min X, -, v -
.F" " may[Tr, -5, DJ["C};\X3+ d"m“[s“‘ Yy 0l ‘—'rvm("’"‘\‘(-s"i Xn n, 07)1
! ~Knsm,
where Month| T | mn | Cn [dn
! 2 5 5.4o .0FS
2 32 y 5.55 | .o?5
> 5 b 5.50 | 0?5
o 4 2 5.65 | 0%
n= 4 Sy I p‘rfs‘) 1 Py
Z .30 2
3 S.65 I
4 ©.00 o
n=3 XJ £ (irx_j) .
Sa i 2 3 4 S [4 ‘:1(’3 L{
- - - - .y = 4t rsa4es] &
4_ - - - - — (3895|3215 e t1s| &
3 =1 - | - |3345]3¢375] 3330 |m30] &
& — - - |271.95]27915| 2780 — Jarso| §
< - - j21%s5|22315§22.30| — -~ 30| 4
é — |16 95|te.016| 76.801 — - - kB 3
7 11.45 gt (130l — | — - = |n.30) 2
n= 2 x {. (s Xy)
Sl o T 7T 2] 3416 c 7 ke
o —_ — — — (6€.725 Kk 6.7115766.3251 66 .95 |61 &§
{ - - — & 115 & 225 | <1235 6 1. 4O] 6t 1T5]et1T5] 3
2 - - |sscs|s3 615 |s5.725| s5.35|85.915 |S¥ . 6T {sv 428
3 = |so.msiso.125|50.175 [5D. 30 |S0#26|D. 55 5047:[;0. {
Nn= X, 'p (S“x ) .
s, ol (] 2] 3| 4] s |8%]|x*
o — | = [rss[72.9s|72ms] 1730|7730 5
Henea, prodoce five in geriod L, one in ,oeriooLZ
SI1%  te pe,r€013 and twro S 'ae.r.'oel 4.

lo -2




10.3-%

ta) Let X, Cin ¥1,000000) be amount 9pewt in phase 11
[ Sn Liniomm,ees be amou“t\'st,ae +o.{. b:h sf:;v:Ke.t attainedin phase | when
: initial shave e i
It Pn(ih\ 'Ees‘pe(yb‘tt:‘: p‘:c;s;al or @’thc fraction of this market Share
1 ]

. . - ).
retained in phase n when ¥, is spent in phase n (n=3 or 3

INTERACTIVE DETERMINISTIC DYNAMIC PROGRAMMING ALGORITHM SOLUTION

Number of Stages = 3

Calculations:
\ X2 f2(s2, x2) [ |
\ | |
S3 | £3%(S3) | x3% S2\ | 0 1 2 3 | £24(52) | X2
S| | —_ | |
0 0.3 | 0 0 |0.06 . TITT | 0.06 |0
1 | 0.5 11 1 101 o0.12 ... ... ] 0.12 |1
2 ] 0.6 | 2 2 ]0.12 0.2 0.15 -.--. | 0.2 |1
3 0.7 | 3 3 1016 0.24 0.25 0.18 | 0.25 | 2
Optimal solution(s):
\ X1] £1(s1, X1) | |
\ | Optimal |
SI\ | 1 2 3 4 : £1x(51) { X1* solution | X1* X2+ x3%
]
4 |'s 6 4.8 3 | 6 P2 ‘1——-: 3 1 1

Hewtebta st Plov 13 fy spoad £2,6w0,000 31 Phage 1 ank
Clovem > ewd, of Phases Za/l,?, s Al rep, 1
¥« dh wnatet shoe £ C .

(0-%



10.3-6
l) PL«SC} .

Pt\&k’z I. 4\2 (S,KL>: (.V+.IKL)Cé+,O1(;’XL))
- - 00} \;11 -+ (.601{ 1-.037.) ~(\,_1~(.2‘I -f-,oZJ’s>

for 08xy¢5
D (s,x4) . _
—_——— = — O/Y¥q +~ 00 ts 4+ O3V
DL 2 -+
= -~ 0035 oL
> %ot = = £+£§
.oty [ >

s Sfé 4-‘.‘._: Hag x ¥z betause

té
SH050x4) 3 shviekly mereas. g on [0,-‘_-; e
x wid hewce 3 SHRAY orCreasy on (0,8]
segt T IF 02+l +~_ 5 (6
>3 $28 g Heo 55 hecan
'H«morsh-..»d NN X VT, é&;:ble,

A A F

= xY¥Ts aid ft“{s):.OGrlaz'f

Plote )0 £ (4,) = (10 x, ~x, (.0 ¥x,) # 24)

= 06 xE- [0t Y. T,

ok (‘('*'{ 19y, - LILx, +4.3 = O
2 X, -~/ { ’
Sy o bt JUES DM 5 gyf e 05
' 2 (L)
M
% Tws C,(‘(n() celoeves Jp e > fl
adevel [0%) ot ¥ ¥ .95 w it
e ¥ L¥(4): €302, Ty, sphmelly 12105000 3

krdb\—\’/r—‘/ s SPﬂi D ,LAI{]-' Fl,o55,000 & Plate 2 Y
£t Feereas L P 7, ALl ey & ket y
6’? c()ozj..

10-9



10.%-7
Let x, be the number of pafa.”C' units of component n that are installed,
Let 0 (Xn) be the Pmbabi(if} that the component will function i it Cowtning YXn

poratlel untbs.
Let ¢,(xm be the cost of insta\(:v\ﬁ X, units of CDMpMMt n.
let s, be the number oc dollars (i n hundreds of #) remaining to be spent.

Ch o ;- ent5aD)

' 3
Then f 0= x,\ro,Tf::n{s,ots“
where & = max Ju: CathI 2 S, a€ez§
Nzuy, Sw Se(50) % 23t La |50, 550 P00 £S5, - €5 tx4)) ¥
0, 0 ) SN 0 3l ‘2 5 3 %*‘Sa) 743
2 .5 ! 0 0 — —_— — 0 0
3 .} L 1A | o 0 - - 0 0, !
yesgo| .9 | 3 2 0 3% 0 — .35 I
+ 0 .49 0 g | .49 |
5 0 b3 4 0 | .63 {
b 0 6> 56 4s | L 63 I
1 0 2 B & N X B 2
§£9,410| 0 .63 72 €U L9 3
n=21: X;_ ‘&_(52 X3) = f). Y *(5 - Cy 2
53 o ) (1) 1, 5 ()(3)) £205) | xy
0,! 0 — — _— 0 0
2,3 0 0 — — 0 0,1
o 0 0 0 — 0 012
5 0 .2l 0 0 L2 'Y
[ 0 294 0 0 . 294 '
7 0 .38 245 0 .38 !
g 0 . 318 . 343 .28 . 378 l
9 0 . 432 . Y4 .92 | Ly 2
10 0 . HEb i . 5oy . 504 3
(cont)

(0-1D



*
Nne) X, 18, (8, X)) = 2 X )E, (5, =Co (XD L% ¥
cont S, o 1 i1 : 3 ¥Ja)|¥w
| © o ,2x 227 .302 .302] 3

Th\AS, the opt(W\a\ 50“(.&(.0"\ LS X_T:B’X:‘_—:’ X_*:

) 3
\/:&idc‘ﬂﬁ a  system r&[:‘ab,‘liby of .30294.
lb,’)"g Interactive Deterministic Dynamic Programming Algorithm:

sz | £2%(s2) x2"

0 0 0 gtages e X, ¥q

: o 0 rhte 5 samonnt o Slack
2 4 1

3 . X N NG N ConStat

4 12 2 . .

Gub L0y
Xq f1(81.,X1)

S7 0 1 2 3 4 £17(s1) | X1

4 I 12 6 8 0 -16 I 12 I 0
Optimal Sol. I X1* X2

1 0 2

103-9 shrges €, 6, Ky

shde as o (V-0 Lrd £x(n

53 g *(5‘3)‘ ‘(]‘ 6
_..\._-—J—-—-/ [ N 6 - — )
0 © (o \ o - (o}
( o o o
T 6 — —
1 © v (o
3 1t0 . 3 (e = — 0o
b \ “ (6 o — |,
( (o . ¥y (6 Lo —
¢ | T C lp Lo — o
Tl T > 20 30 — 36
X o0 g > Jeo 40 Ye
9| 3n 3 q 30 306 qo [4e
A 30 3 B ) 30 Yo 40 Yo
(v} 5o p) Wlde qorm /fs
;-,(f.,x,)

\
5\ ")4;”{“) L)

o 2 3 4 5 | L¥01)] ¥
ﬂf’l(ztf’gcgr, Cc ]7

=66

10-11

¥*
1 X

¥

=3

oyl okl x,*7Y gtz 0, x4



10.3-10
Lif' s, denote the slack remainirg in the constraint %, t¥s £ 3.
£ B = e [Sexy —3%3 ]
2 { >0 r oé¥ L2
i‘_r_:—‘_’i,_(): 36-?)5;{:0 7;:', %, 2 .__:71;*{5‘ fovr 044, £,
o X2 o for X, 02 A for 225,473,

3
(5mremax, [36X,+9XF —e¥] +fF 3% )]
| 04 ¥, ¢ 3 2 . ,
2, x3 may [36x,+3¥, %1
T max szelﬂaex.+ 32 —ex}4as]e  max, ,
4+ 3603-x))-3(3 _Y')'s])
‘(0"' D.’:x'f’ b'@.(?zx;) - - |9(XIZ'X/ —2) >0 _—_? lea, = )
CXd >0 Hfor 157{.4-1—-“’73-
for 1e¥,£3 94&3m>=—amf+%m—ﬁ{;a for % =-a+Vi3
DY, <o for Xy 7 -2+ 13
%u max = -2+ ‘V’,—g
Hewce, f (3,%,) attains its mavimum at X, = -2 +V13
summarizing: S, | £%6) | x} T XY E (-2 HE 5V
3 |98.223 [ -2+13 =l.Lo6 ' = (1-b06, 1.394); £=T.133

{0.3-1]

¥ . 2 ¥
- mn [ -5 -
'fn (5,) ¢ x(,‘£255f o0 (Ly-5)" 4 20co(x -0 "'{rm (x,n)]

-~
h=4: 54 | $¥¢se) [ %4
200£5, €255] 100 (255 -54) |255

o)

lo-12



10.3"”( D)
A=3: _513(63))(.-5) = 100( X3 ~53) & 2000 (Xa“l"o) +100(255-x5)2

24205,%3) _ jp0(K3~3;3)+2000 ~200 55X ) = 2p0(2X3- (551 245) =0

Y3
Sy 4245
= X3= Tz
S 3 +24s -
200e 22EEY = 5, 2155 and Sa;lq._’ £ 255 =5 5, £265
So

Hence  w, o 534243 5 leascble for 24045, £255

%‘L(s)

too ((53+245) /2 = 53 )*+2000((5, +245)/2 = 200)
4 100l265— (55 +245)/2)

25(245- 5,02 +a5(265-3)*+ 1000(55—155) or

. >3 | Fy(s3) | %3
240£5,£ 255 }25 (245-53)* +25(2b5-5,)> + 1000 (53 -I55) }?_z_t?:l_‘.tf

it

n =2 £ (52, %) = 100 (X, - S2) +2000(¥,~240) £, (%)

M = 200(,~5.)+2000 - 50(245-X, ) -50(265~X,) + 1000
? o
" 100 (3%, =(25,4228)) =0 =) X, = 25 +25%
3

240 ¢ _%_?z.ér_z_bﬁ_gzss = 247525, £ 270, S0, for
'252_4' llf and’
T3

24?.555,_’.—_155' X5 =
)?‘ +1oao{251+2-2>"__ zt/o) + ,F*(Z‘Bz tzzs‘)
3 3 3

£¥(s,)= 100(25z+125’_sz
: 3
= 129_C(ZZ{’5:.)L+(255”52)21‘(ZY5‘51\2+GD(35‘;'("/5)]-

q
Now Sor 220 2 5,% 2435 .2_5_7:%2:2—55 240 £ ¥, = 2§, 652 %) 5 091;’22'{0,
ox,

,L
and {: [$,) =loo (zqo-61\7'+ 2ooo(1*+o-zqo\+¥3 (240) =100 (24p-5,) %+ Iol, 250 or
¥

5 | £7(s,) [ %

220% 5,% 241.5 I [00(140‘51)1-{*’0',250 240
2425 £5, € 255 %’3[(12951)% (255 =507 + (295 =520 %+40 (35,~165) ] 3,5_:._5_52_5.'

Ne=ls £ (255, %, V=100 (¥,-255)™+ 2000 (x,-220)+ £.5 (X))
for 220¢X,£ 2935 2§, (255,%) _ 200 (2%, -4£5):0= xY¥r242.5

%
for 2435 #x, ¢ 156 o4, (zss,x.') = 899 (x, ~240) 70 = X,*': 24%1.5
2X

242,5 amd ¥ (255)< |op(292, £-255) 1 2000(242.5-220)

Henece, x*=
+1vo (240-292,5)F + sl 250 = /62,500
*—

or s, | dsa | wr

255 | lb2,500 | 242.,5 iumm&r 242.5
Y\d . [y . L , ut“w\r\ 2"/‘0
R so the Dpth\a' solution (s Winter 1543.5

Sprong 255

with ¢05¢=z162,500
l0-13



10,3'1 2 /e;{‘ S:« Le Mo ameut f Hu () reSource n:,m«.v.‘»j (q\v Skese l)

X3 wmaaws y \> ) )
- e (8 ’( ’-7‘ — post L{"‘27< =0 :> )(3:
0-—\(3-;}5 3 3 }() 3
T
‘?-y:~2<0 Se
245

4,“? .? « M)C-‘V\"“N

————

//————~‘—w
gyt - -
\‘L’-—S} =4 ‘ﬁ;*«z , [)*-4 ///
oy (533
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(@) Oince the only inteqer factors of 4 are 1,2 and# let
Sn be the remainiig factor of ¥ entering stuge n.
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l"~3’“}{d Y (Coritrniued)

n=2: N £ (52,%) *
o\ | 2 " 5,0 ‘ ¥,
| |20 — - 20 \ !
2136 32 - 26 '
4 168 45 g0 0 4

bl I

L 5\,)‘6{‘, IS R e v
X 7T g4 | 4

Aixd s the ar)t.‘W\af colubion (5 x'=4, X:=Iand x:_-,
with a wlue of g4
(b) Ae above [et 5,=the (not necessarly mtejcr).[aator rema[m‘nﬁ
at stage n .

T(’; 5,y = [l 5 and  x% =53
»* > -~

] = 128150 S _ 2
fo = Xzész{‘%xz + 4.7 ( Z/"‘L)}‘,!’fos,_{”‘Ht’s‘/"zg
2f, (45 - 4x, - 1652 and
— 5 - 2

X X3
57 €, (Ky 50) = fur 3252 50 when X752 20

2 2 3
a)ﬁz y?—

Thus {05, 5.) s a Convex function of %, when 5, X, 20

And 50 the maximum of 1(1 nust occur when X,z1 or X, =5,
(the endpoints of the interval over which we are mx:m;j.’ng)
but £,0192)= 441652 and (5 %) =52 + b
s0 fu52) 2 fa (52,92) < 4ribs, 2 95 16

&Y Y4 ST16S2 + 12 20 &P d(55-1)(52-3)20€P 1452 23

Thus, (x| | £5,%£3
275, 3¢5 5
b S | £ 5263
¥:($1): 4+7_(p * :
4o +16 325, ¢4
e¥sy = max {02+ 5758
‘ 1€ % ¢4 '
3 e 3 g4
| 3- r
: 3 6)‘# [}
O Lt *“’J:éx.+—2—3f‘“ >0 when X,z0 a nd
2% '

/7’5 > 0 when X, z0

ovr
and so we need only check the end @ints of each
iatecvsl For +he MBXLMVUM.,
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1031y Ceontinued)
—ff(%):mmyfﬁ’o, 545@:} T4 R 94}: 7 which ececurs

whewn x,*:‘f, )‘: =1 and x; =\ g5 in the x‘nfeﬁx’-’r case.
103°15 let 5, be the slack remaining in the tonstraint
Wy =X 2 * ¥ &I enter,‘hg the »n™ Sta.jf,,
* . *
7(3(6’)-06 r::z% {x”} 235y amd X =5
-
-Y*(s,_\: max {(I\Xz)q[ (52"7(1—)j
2
= may. {(,sx ,_)(51+Xz)}: may {~x,+u-5,_)X2+52}
X,z maxf-5,, of Xa2may$.s, 0%
z 4
0 'gzlx"/s’*) -2 and So ][;_ [s Concave w {th

ds”
cespect To X, for §ived 5, and thus, the maximum of
£, wi\ octur ak the endpoint or when 252 - 0.

o %,
) Falasy) = - 2%, +(5,1)=0 = ¥, = 1-5
B¥L 2
but X. wnmust be gr&ater than —Sa {[,V this & bef’},g may mum
= =52 5.5, = 5, z-l  and e
2 - 2
-5 ¢ S,z -
£, = { (1=%2)" 4 52 f Sa
“ O ll‘f 51‘4‘ -/
ik : > -
and W= {‘,_2_: £ Sa
-5, i f S5, £ -1
Xr
_Y_-“lv(s‘) = e { X,-F,"" (l~><,)}: ma_x?;!n;uyzzfl,(—‘; +(|—»c.))§) 0}
: ¥, >0 Ly, %
3
= Moy {ﬁ——xl+x}
oey, a2 t ' '
()E—%—E -‘l~.z+‘/~.] - 5)(," _aY, + 1 =0
—,_-———~—-——-——"—_—_—_ H\
ox, 2 Eqy4-3 4 + = and So
—.::? X, = — = 3 " 3

2
>
Ehis ‘('W"CHOV\ Was o relative maximum ahd minimune at
X, =% ond x =1, Plottirxﬁ the g—und,'('or\ we Sind

3
2 *x_1 yx_z
3 =>7x7‘=3)x,—3'x5-_30md
2* = L
q 2 |3 29
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is the Slack ‘n the ¥ constrant

Lef 5 = (RH)P‘L\ Wheve ‘?'
.LL(R,, X,) = 2%, O0fX, % yy\iV\{R.\ Rz}
N2 _ S {’*(5) , vt
R—, [Omn?p'l R, § m,n;_, 2_3
R,
%
M= f (b, 7,%,) = 15X, + folo-%, 873%,)
~¥ b3
= [5'[;1_/0”’\4"\{&2:‘ ,Y-BX,} Df )(,1—'3'
Oﬁ%lézémin{%,g’BX}- é;‘\(v

w ity

=2 {, (6,8, X)) =15%, +30 -5, = /OX, + 30

= may [—F(é?x)j 50 at X, =2
0< X, %2

£ M[é K1, 873xf s 53,
—__% ';l(lv/glxl) = §O ~15 X%
=> e [_‘§|(G,g,xl)] < 40 a_,f 7(1:2,

24, €&
3
Herenz ey [f(08x,)] = 50 at x¥=2
! o£X%,¢8

%'*": 2 und X:- =D v the OPf;Ma-( So\utt‘OU\,

Db“)eC&'\\ ve -(‘L'\C,'EROV\ Vl’A\ue 2* = 5‘0 '
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let s = (R R.) where R: t5 the slack (n the (B constraint

o (¢ %5 =0
%(P“)K?—;X"):{’“Xa i§ ¥»20

2)‘;:('%1)&?—) = MM{0’0<WQ0)’:R' C-l-”X)j}
£ 3-_?__."
mavy § o0, R /D173

10.3-171

3]

£ R, 22
= (R—"‘l £ 05&,6-1‘
¥ . o) e RZZ
> T & F 0¢R, 22
v, “(R,-3%: R,)]
';z (R")R':'):Dﬁv;\j?—m""{%‘,RzSC?X?'.’“(}( | 2, 2

= ?-)(Z l{: Rq-aXZZZ
= . (R,Ry, %) {:w Ri“3Xay i¢ o0 &Ri-3%2 €2
2

2+
1+ R | Ry ( K R
= (¥ S )y (¢ Rag Bt
’742 (Rl)R.) {7R1 N &;(sz_%—'
R e Rk,
* R 2 4 R15R1~2
YZ: 2 I‘I‘ Rl'zﬁle‘__RB—‘
.3' i E’g‘ £ R,
V- £5(b-%., 5-X
£ (R R, ety A (e 5700 .
[3x, + HlezXs ) ] m f3"'+1(”‘
- wmey ! it
zoey;\?zi' i‘-
2\(| -2 = |
= moay ov:\?:f—r— +th qmax‘5[33 K'j} k
at XS =4
2

= X,*’;gi; X::é_ and X.*"'O with 727 =11

(5 optimal.
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wh) Let 5. be the current fortune of the player
Let A be the svent Yhave §100 gt the end,
be the amewunt bet at the nt wmakdn

Let Xn
§3(53)~Ma,%§ {PfA[S,B}Z
§ os s3<50 £,054) =
[ S0 L5y <lve Lo(5,)) = (f X3 # 106-53
, i Y3 = 100-5;3
. ‘ L x, =0
if S37ioo 45(53)_50 i Ky d Sy
[ . /2 if Y3 =535-100
- 63 l b} (5‘3) Y'),
04 53 £50 0 0L Xy £50
s0¢5, <lop | Vo /00 - 53
YX4% { 0
10045 /2 Sy - (oo
§, (s,) = ‘)é ‘5 [.&' (5, ~ z)a w47 (S5, +%, )?_J
__ 52 T2 (52, %) X
0&9; 425 0 O £ ¥X2£5,
25455 <50 ) O £ ¥rz50-51
4 50-5,4¥%, £ 5,2
¥ S,_:fo 1 04 X2 & 50
l?_ X, =50
5p¢ 52 £ 35 ) 0¢ X2 %£5,-50
Y 52-50<4 X3 £ 100-5,
v 2 Xy = (00=52
'/7 /0’0~52, ZKZé 52_
S, = 75 L/2. OE£X, £ 25
2)4 *a =25
Uy 252 %2275
75«5, </00 /2 £ Xa & /00-52
3/ Xa= /00 =52
l/z /00"5.24)(2."-51 -50 -
1/ o 5,-50<4X2 £ 52
5, =100 ! ¥ =0
'/ O&Xy & 50
"4 S0« %2 £ (60
Sy Voo Y 0£%,452 — OO
3/4 X2 =5, —1leo
/2 S,- 106 <X, 25, =50
\/ 4 S52-506 < ¥, £55
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o1

= [ (= *
(conT) ) 6’z, $—1 (SL) X2
O<£5: 425 o o< x,_ASL
25£5,< 50 I/ 20-5, £¥Fes,
50 43 5o
504 5. <75 Y2 LEXLLS, =50 or |06-5,
F5 3/4 25"
>5<S;, <L /00 3/4 00— 55
|0 ] (2
Ho< 5y 3/4 S, - 100
(3= met [ (6 ~X)E FEF(sex )y [
3/6‘ I'F X =0
£,095% )N\ 34 if X =23
‘/2_ e 2_5()('.“'—{0
3/7 ,f— 50 < X, 57{
S, | $Xeso | xS
+5 | 3/t | 0 or a5
policy # | % | won Ist bet' lost Ist bet | won 2 bet [lost 27 pet
: ° 2s 25 o 50
2 25 o 50 o o

-2
(o (a) Let ¥, be the investment made in vear nj that (s xu< 0, #,8B.
Let S0 be the amount of money on hand gt the be mfnjo; the year.

Let .} (50 . %n) be the mayximum g,(ped‘wl amount of money gt the

end of the third yeat 31V'M Sn oand ¥, in year n.

£X (5w Xn 20

or 5.2 5000 {,.(5n ,%n) ’{ r’* (S~ fow)*?ﬁm(s +5000)  Xy:4
7{ (5.\)1-.1.&“ (s, +5000) ¥.=B

For 0% 5, < 5000 F“(sn,)(h) = -(:H(S,,.) and Yy =0
(one cannol inavest |eos than svo0)

¥*
n=g: Sy | 2esn| ¥
0<% < So00 53 o
% 2 5000 Sa+ 2000 A
n=2: "‘z -‘-'__(53,)(,_) _F“ 5) ¥
25 = 5 NEE A
0%£5,%5000 &, — — S 9
So00£5,410000lc. + 2000  5,+3400 §t2500 |5, 43400 | A
loooo.‘:s:. 52+2000 SZ-Hlooo Sl-}-ZSOa sz.‘”‘{poo A

j6-2]



jouw-2 AN £,05 X0 " 78‘
cordr 5, 0 A B foeso|
Eooo | P400 qg00 7150 | 9f00 | A

T\'\e OP‘E\MQ‘ @ol'l(_y % +o a‘ways (‘n\/€6t n A with an
years of #49800.

expected Cortune after three

b) Let Xn and S, be as in part W@y,
Let §,(5n,%n) be the mavimum probability of having at least

Ri(d,000 after 3 years given Snand ¥ -

*
n=3 Y F, (55, %3) v v
63\ o A B 5 (5| 77
0% 5, < 5000] 0 - = 0 o
Boop 4 5, 210000 0 -7 | 7 A
10000 ¢ 5 & 15000 F | | o or )
15000 £ 5, ) / / I 0, Aor B
V\=2: ‘( (5?— )‘l—) ¥
x 2 ) x
52 o A P 1y (52) i (25
T 045, {5000| © — — 0 0o
5000 ¢ 5, <10000] .7 e 13 23 B
10000 £ 5 TR SR " loors
*n-—:*—: ":;(‘71.1!) ¥
SN 0 A B -Fn (5'3 | X/*
Soo0 | . F3 T 15T E5T I B

Hence, the optimal policies are (using the numbers on the
represent the return on the (nvestment (ndicated

arcs
at the nodes).
ytear ! yaar 2 year 3
A

8 _sese —
8 go00 = _t00pp 0 or B

10000, ——"

/Soeo 0 A OI"B
and the maximum ro\oal:ih'{:y of ‘r\kvfnﬁ at' least #1000
at the end of three \ears is .15%.

X n
43 £ (1,%,) = K+ X, +(3) "—,Cn: W+~ L,)r ]{::l(o)
=K + Xn t(5) {0 since {1 o) =0
where g;(l)’-lbl?;’(o):O and K":{O it X, =0

1o oo B

3 i or, >0

lo-22



|04~ (conT)

vl $.(o2. % Col
=2 2 z

12 T 2 7] hilet
=1{: X ‘F, s'JXl) *

. 5 ' 0] | [ 2 3 q 5:.(5') Xje

1o 3716265351625 | 708 |5.75 | =

The ap‘HW\a\ 690\\'0} 15 to roduce. two on the first run and
i& none. are acceptable  produce two on the second run,
The

minimum Eypected cost = $5.F5.

b5y = A {5 fhsaskn) £ £r, (5nt¥n)?
where  (¥(5920 for S, 28 and §1(5) =1 for 9,25
n=5: 5 #;LS;) )(f“ n=H": Ky -&(Sq,)(“\ 54) 4
0 0 0 EENIREENEN %‘( 41 Xy
: 0 0 olo |—{— |- |~ o |0
2 0 o ! o (o |— | — - 0 0
3 | |%? 2|0 a4 | = | = | ¥ |W2
4y | % |xZ 313 | Yy |2 |2, | %2 PP
55'?_5 1 )‘;565.'5 l/ 2/3 8/7 2/3 | 2/% 2/3 f/q l
-; 54?-5 | - - - - l qu‘5
= ¥
L ssx 0 lj (;s.)(%) 715 5)36 Nl £, (52,%2) KN
o= T=T==10 0 ST 71 21 3] 2% ™
1o Ba?l = |~ | = |77 o0~ | =1={—1°9 |°
P s Bl i xa L (SR 3| —~ | = |- | 3/81) !
3 |Y3r%| Ve |3 = |24 2 ez |48/ |49/81 | — | — [48/81 |D),2
4 |27a|9m [P EH V3| /3 27230, 3 |2%slevser |62/ | 2/3 | — |6#/81 | |
s25[v =1 = -1 = |1 553-5 4 Y% |?e1 | Fo/e (¥ 23 | /21 15 .
T 2 I A I Rl B BV C )
=2{7 d by
nete Nl Bt) |

1
2 1981 1°%43 " a5 |"“%u3l |
160

o i_o Frot;a_lo:l'.{:y iwinnin? bet using above polf(-‘fg = Zq3 =658

D‘ -

Let ¥n=a and X, =d denote the dec/sion 1 advertise or discontinue
the product, respectively, for quarter n(n=1,2,3).

let 5, denote the level of Sales above (5, 20) or below (5, £0) the
breakeven point (in millions) for cbuarf&r (n-1)-

Let § (5n, X,y denote the maximm expectel discounted peofit (in millions)
{rom the beginning of Pev-u'od n enwafd 4 Wen state 5 and decision ¥,
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Y5 T (sn Xn) = ~ b .
ek hen. 4+ 5[ ) fb" tdt| + E'—_*a j T, (5+1) dt
"30 + 6n+5 - n a[h | b

n
n n
. | S
where a, and b are given loY 7 5 p
3 3

LS

b, «
Hence, for 1£nt3 { (5, ,4)=-30 +5’[5q+“"*b }4 bn-ang {nﬂ(sn+t)dt

ﬂ(Sn,b: A0 and the process stops.
* _(-2a0 i 005y
T%en ‘Y*LS e mm:}ﬂ(s,\'q\’(n(sn,p()} and. ;H(S‘*\- {_ o5, i} 5,20
n=
== {(s d)=-20
(5,17 =30+ 5 (5, +|)+--H (5, +4)dt

For -3¢, ¢ ’-fa(s,,a\ =-30 +5 (5, 1)+ I Qod,f-# *f‘/O(é +f)di‘]

- f(53+'+)
For 12€%,25 1, (55 ,6)= -30 +5(5, +.)+- f‘/O(S + )t = 15+ 455,

Henee, for =325, 1, 7(3 (s,)= max{-,zo 5’(‘5 +4)2-45§

*
- -20 (f _31-.53_—1/ Xy =d
5(5,+4) s f -1£5, ézl XJza

.‘Summara'h;’lj ! 93 ‘ §3L5 ) | x*
-3¢ 5,< -] -0 _
125,41 5(5,+4)2 - &5 o
1 €5, 251154455, a

= 2:
AZ27 for =325, = -1,

S: (5,,a) = -30+ 5(6 +2)+ 'U zad,t+f(5(s rtad) -éS)aU.'
=%,

f(¥5(6z+t)rl5)ol,t]
-5,
= 5 (25447 +4m)
L/ 2-

Since G324 f (s, d)=-20 ¢f, (-1,a), we must find where
= . q 2,
f205, ) =4, (5. ,d). that :s,.:—’(.i 54475, + ‘_BC?.): .20 .

g% - -41 480 . 5 oy
2 5
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fod -5 (coNT)

-5,

Fer -1¢6 ¢ Y iz(ﬁl'a) = —30+5‘(62+z)+ {(S(S +tey) (aS)dr+f45(5+£}*’5)‘!f

= :/_f(—(§1+4)3/3+ 9 (52+‘+)% +.206 + 103/‘;)

. 4 f C l
Since §, (-1 a)= 35 /ercmd f (s '2,4) is an increasing function
of $, over 'I“s 21, Xgq =a s J(v\e ptimal decision
in this intepyal,

s, | £7(s,) - x ¥

-3¢ 5, £57 — 20 d
2,
Sres, e | # (15 +195. v 11E) a
N ;/‘7'['(51+L{)3//3+-z(sz+4)z+'205z + .'.%é] a
n:_
-§ (~a20 d) =
£, (-20, a)=-30+5(- 4-/3)+ ff (- y+e)dt
S +4¢
= ~35’+§U 20¢f+5f (L (-9+6)% « F(-418) + ‘/4?)12_“]

2.4-‘/-

5
*:,’-[—?f(—?r Loy 2o ltee) + ’—QE)#] = 4.77
3

Summarizing:
S| 2Ty | xS
-4 I W | a

So the optimal policy is:
First (bua_rter — advertise.
Second ﬁbuarter - 5, ¢ ‘5:' | dis wnt.‘nue,I-f— 5, > S:; advertise

Third auarler - iL 5,¢ -1, discontinge., If S>-1, advertise

wheve 6: = ~2.,4
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