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USE

Slitting and Levelling of material (coils, bars, sheets)-Cutting
material, trimming,...

Blending - blending, diet, feeding rations for animals, ..

Transport problems - material flow from stock to the
destination and route planning - shortest route

Assignment of resources with limited capacities - CCR

Sources : Operation Management, Quality and Competitiveness in a global
environment, Russel and Taylor (ESF library



Formulation of the model

Product Description Work /hour Material/pcs Return/pcs
Dish x1 1 4 40
Mug x2 2 3 50

Which combination of products will have the greatest return
at the limits of maximum production capacity type = 40 hours
and the amount of material that is limited to 120 kg of clay?

Note: A similar task in terms of flow was solved in the P&Q example
(only valid for Czech student), where the limitation in resource
B and with a maximum capacity of 2400 minutes)



Basic structures and used terminology

We minimize our target function in the form of:

Z = c1*x1+c2*x2+.....4cn*xn with respect to the matrix of restrictive conditions:

(inour case c1=40 and c2=50)

A11*x1 + A12*x2+ ..+ Aln*xn (<>=) Bl
A22*x1 + A22*x2+ ..+ A2n*xn (<>=) B2

1
Am1*x1+Am2*x2+ ...+ Amn*xn (<>=) B2

It is classical system of linear equations je Ax=B

The solving of such a linear equation system, e.g. By use of GAUSS-JORDAN
algorithm is not required with the help of Excel Solver.

xij : decision variable= level of operation activity specified by this variable

Bi :restrictive conditions, allowed deviations from the norm (in time and
material)

cj : coefficient of the target function (in our case returns, meaning 40 and 50 )
Aij : restrictive coefficients : work and material for one unit (pcs) of the product



Exa M p | e I (introduction to the problem — practical demonstration )

Product Description Work /hour Material/pcs Return/pcs
Dish x1 1 4 40
Mug x2 2 3 50

Z = c1*x1+c2*x2+.....+cn*xn (classical equation from)
Target function: Z= 40*x1+50*x2, which we must maximize
Maximal production capacity = 40 hours and Maximal quantity of material =120 kg
Specifications of task restrictions by use of 2x2 matrix:

1*x1 + 2*x2 =40 (work-no more than 40 hours)
4*x1 + 3*x2 =120 (material=kg of clay in our case)->x1=(40-2x2)+3x2=120....

Manual SOIVing : -> X1=24 a X2=8 and after substitution od variables

in target function we will get \
Z=40*24+50*8=1360
(optimal Return meets the point B — see next slide)



Graphical solution
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Use of Solver (Czech EXCEL)
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U S e O S O I Ve r (see actual Excel formulas on one of the the next slides)

X2
x1
. Capacity | —D7*D6+ET*EG
Variables (x1, x2)
Return 40 50 0 7
e| = * *
Work 1 2

0S—__ 40
=D11*DE+E11*ER

x1=Dish , x2=Mug, max 40 hod (B1), max 120 kg (BZ)}

Target function Z = x1*cl + x2*c2 = 40*x1+50*x2

Assignment
entered in table

Assignment

4*x1 + 3 *x2 =120 - capacity restrictions= max quantity of material =B1
1*x1 + 2*x2= 40 -capacity resrictions by max work capacity=B2

*

Product Description Work /hour Material/pcs Return/pcs

Dish x1 1 4 40

Mug X2 2 3 50
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Use of Solver (Czech- not for MOH_AOPR)

J—

B C D E F G
Miska Hrnek Total Kapacita
Proménné x1,X2 0 4 0 _ 7= Xl*Cl + X2*C2 — 40*X1+30*X2
Pfinos EE 4 0
I /
Materil 4] 3 [ o 120 " % % "
Prace 1] 2 | o 0 E7=C7*C4+D7*D4=4*x1+3*x2=120
_ E8=C8*C4+D8*D4=x1+2*x2=40
Parametry Resitele >
Uéelova funkce: SESS =
Hiedat: (@) max ) Min (") Hodnota:
Proménné modelu:
5C54:5054
Miska Hrnek Total Kapacita
Omezujici podminky: Proménné x1,X2 24 8
SEST <= 5F57 Piinos 40 50 1360
SES8 <= 5F58
Material 4 3 120 120
Price 1 2 40 a0 |




=D7*DE+ET*ES

se of solver (ENG)

; T PR P T Z = x1*cl + x2*c2 = 40*x1+30*x2

6 Varaibles X1, X2 1] 0 >—

: S I F10=D10*D6+E10*E6=4*x1+3*x2=120
190 Material 4 3 0 N 120 F11=D11*D6+E11*D6=X1+2*X2=40

11 Work 1/ 2 0 g

Parametry Reitele / PS

¢ | =D10*DEe+EL0*EG
Nastavitd:  Tq rget ¥ B
oM Ome O =D11*D6+E11*E6
MNa zakladé zmé&ny prom&nnych bunék: Va ria bles
$D&5:SE55 S
Omezuijici podminky:
SF510 <= 5G510 - -
511 <= $G511 l fdat |
Restrictions
strani - .
= Dish Mug Total Capacity
Varaibles X1, X2 24 2
Return 40 50 1360
Mastavit promé&nné bez omezujicich podminek jako nezdporné
Vyberte metodu Fedeni: GRG Monlinear |Z|
Vitods fesen . Material 4 3 120 120
Modul GRG Nonlinear vyberte pro hladké nelinearni problémy Resitele. Modul LP Simplex zvolte pro
linedrni problémy Reditele @ modul Evolutionary pro nehladké problémy Resitele. WCI rk 1 2 40 40
Sovet | [ |_=n




Vyuziti Resitele (use of Solver)

E.I{:H}Sl}ﬂi Excel 15.0 Citlivostni sestava
List: [Simplex_1 Misky Hrnky Chairs Tables 20170228.xlIsx]List1
Sestava vytvorena: 9. 3. 2017 16:19:56

Froménngé
Koneind Redukovand  Uéelova funkce Povoleny Povoleny
Leva strana omezujici podminky Mazev Hodnota  naklady koeficient narist pokles
SC54 Proménné x1,X2 Miska 24 o 40 26,66666607 15
SD54 Proménné x1,X2 Hrnek 8 0 50 30 20
Omezujici podminky
Konetna  Stinova Prava strana Povoleny Povoleny
Leva strana omezujici podminky Nazev Hodnota cena omezujici podminky narust pokles
SEST Material Total 120 ] 120 60

40
SES8 Prace Total 40 16 40 40 10




Use of Solver (English)

r 4 -
Vysledky Resitele - Vysledky Relitele 2
Regitel nalezl Feseni, které splfiuje viechny omezujici
odminky a podminky optimalnosti. Sest; . o B v - - ar e
P vap Vo f;;;:dkwé Rezitel nalezl rezeni, které splnuje vEechny omezujici
® Uchovat feseni Resitele podminky @ padminky optimalnosti. Sestavy
O Obnovit pévodni hodnoty WS IEd kl:r"l"ﬁ
(%) Uchovat feSeni Resitele Citlivostni

[ Zpét do dialogového okna Parametry Beditele [ strutné sestavy

OK Storno UloZit scénaf... | 0 Obnavit I:II:I'U'DdI'II hﬂdl’lﬂt}'

Sestavy

Limitni

[] zpét do dialogového okna Parametry Reitele Strucné sestavy

Vytvofi zadany typ sestavy. lednotlivé sestavy budou vioieny na samostatné
listy v sesitu.

oK | Storno Ulodit scénar...

P —

=3 —r xz
Ulozit scénaf Microsoft Excel 140 Citlivostni sestawa

List: [LP_EXCEL_SOLWER USE_20171101.xIsx]List1L
. e Sestawva vyitwvorena: 2.11.2017F 8:49:10
Mazev scenare:
Sensitivity analsysis AQPR.
Proménmée bufky
Konecna sSnizensa
oK Storno Bunka Marew Hodnota Gradient
SDSe wWaraibles X1, X2 Dish . § [n]
SESG Waraibles X1, X2 Mug a2 [u]
Ommezujici podmimkoy
Konefnd Lagrangedw
Bunka Marew Hodnota multiplikator
NeW Excel L|St SFS10 Material Total 120 5]

AF311 Work Total A0 16




\'4 V4
Zm e n a U IO hy' jiné vynosy jind omezeni typu prace na dvou strojich a jejich kapacitni omezeni

Parametry Resitele

Ugelova funkee:

Hiedat: (@) max

Proménné modelu:

5C512:5D0512

Omezujici podminky:

SES13

O Min

Miska Hrnek Total Kapacita
Proménné x1,x2 0 0
Piinos 40 50 [i]
Stroj 1 3 L] 200
Stroj 1 5 0 a00 |
Miska Hrnek Total Kapacita
Proménné x1,x2 0 A0
Pfinos 40 a0 2000
Stroj 1 7 5 200 200
Stroj 1 a a 200 400

SES15 <= §F515
SES16 <= SF516
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