
MATH 441

Notes Starting Sept 12



Sept 12 : • Most material next 2 weeks : article applications .

pdfofnwdfebsss.ge

Plan : oooo Give some standard LP and IP ( integer programming
)

applications .

• Later we'll divide the room by LP
,

IP ,
etc

. applications
to help people find

groups .

• No class on Wednesday , Sept .

19
.

=

LP apps
: Resource Allocation

- Scarce resources

- Expensive resources

Tasks with Wait Times

mention others : Matrix

gamesSurpriseLP appt :

- Some piecewise - linear programs ← ( mathematical program
)

.

- Weighted bipartite matching ← ( Ip )

Ip apps
Bir packing



Bounded resources

Scarce resource example :

resources

tsmiiiiiiie
've

Wood Tables 5 ( #
tables ) -131 #

chairs )

Labour Chairs

I hours of labourice::±iuw÷÷÷You have 100 units wood
, 120

Quest ! Write LP ; is it feasible and bounded ; what else

can we say ? X
, ,X ,

=
# of tables

,
chairs

Max 2-  = §X ,
-13 Xc

S mean , S3×1-+4 E too

$ portable
XT  + 2X ,

f 120

÷
:#

*÷
" " "

Esare

" "

? ;÷:
"

f
Here I = 1=68] feasible

.

Typically feasible
In these problems : max E. I and banded far

→ simple reasons
. . .

Sit
. AT E b

- Dual problem & original
£38 LP have "

economic

where entries of A and interpretation
"

components of E
,

I are non
- negative .



Expensive resources
:

Apples ! $0.2each ,
Milk:

*
0.70 each litre

.

- -
X

, Xz

Require : X
,

xx
,

3 10 ( Earls )

X
,

+8×2330 C protein )

Quest ! Write LP ; is it feasible and bounded ; what else

can we say ?

minimize C.2) X
,

't1. 7) Xz
(

maximize - C. 2) X
,

- ( 7) Xz

10 t x. xx
, ( Standard farm ) - x

,
- x

,
f - to

30 E X
, -18×2 " '  '

- X
, -8×2 E - 30

X
, ,Xz 30 ( maybe Xi

,
FEI , maybe not

, maybe IR )
This LP is feasible ? take X

, ,Xz very large
( P is bounded : min has to be 30

. . .

i :÷:
But I :( I;) . (g) not feasible

.  -

e →
- I

b- →
- E

s::÷÷÷÷÷÷÷÷÷÷÷.
. n

.



These diagrams
← shouldn't have cycles

Tasks with Wait Times
? 30

Task OFF 720 min → Ta
i ¥Isk6→T

345

* Tasks take

littletime
to perform ,

but

• Task 2 must be done at least 20 min after

Task I

- Task 3 at least 10 min after Task I

- etc
.

=

Xi time we do task i :

min x .
. x. ⇒

. fi::¥I:
X

, -120 E Xz

X
,

-110 E Xz
I

Xz -125 I Xs

Rem ?

"

path
"

implies need
y ,

+45 Xs
at least 10+45 minutes

To " critical path
"

⇒÷⇒s÷÷÷÷÷
Also Xo

- Xo = ( Xf - Xs ) -1 ( Xs - Xz ) -1 I Xz - X
,
) -1 I X

,

- Xo ) 30+45+10+0

30 345 310 30 3 55



- Homework due
"

Sept 21
"

really Sept 23
, 11:59pm

Sept 14 :
- New webpage on fundamentals Unix & Guro bi

Parametric LP

max z  = to Xi A Xi Ax
,

sit .

ftp.IY?eiI
)

X
,

t X
z

-1 Xz t 12
.

( all Xi 's interchangeable)

X
, ,Xz , Xz 30

Two cases
:

AD 10 : Opt Sd Xj -

. 12
, Xz*=x¥o on .

( Optimum ) Objective to - o + 9. o + A. 12 =

"

iI⑦
A L IO i Opt Sol X ,*= 12

, XE .
- Xj ' O

( Optimum ) Objective = 10.12+90 t A . O = I 20

ObjL2#-#
12 . Ais . .

. ⇐x
. : I

Asio
,

x* ! ?

(
'

I ] , , (g)
,

ft , ] otter

-
smg¥wrm¥H



Sept17
:

- No class on Wednesday ( Sept 19 )

- Unix
,

DOS I Windows )
,

Guro bi basics ! new webpage
- Math 441 published as of today on canvas .

bbc.ca

- Homework #
I due on Sunday , 11:59pm

- Try submitting something to test the system before

Sunday
- Submit one PDF file for the entire homework



Seems

*
Difficult

Since

Bin Packing ( IP ) Integer Programming
← 1970 's

A project has 5 tasks taking 20,13
, 12,7 ,

and 3 hours
.

Each task has to be done by one

person .

What is the longest amount of time

that a person must work if you project
has 3 people ?

× ,
I if

person
I does task i

.

X ¥ Xi
,

. . . Xs O otherwise

U 0 Yi ,
-

-

, YS Yi
-

- I . .  . . 2 '  '  . .  I .

I *

2- & Z
, ,

-
- its z ist

. .  . . 3 "  " i
.

min W suybjoect zox
, -113×2+12×3 -17×4+3×5 EW

( Max - w ) 204 , -11342+1243+744+345 EW

202,4132-2-1 -

- - +3241W

X
,

+ Y ,
-12

,
= I ( Task

)M ) And
xzxyytz-lctaskzlotxy.YI.TT

'

Zi
,

.  - 75-

#
and are in

@→
Integer Program (×

, ,
. . ,z ,

c. { 0,1 ) Boolean )



Bin packing :

X I
×

U a

I *ZENTasks length : 200
,

19
,

17,26 , 53,2 ,
7,98

How to divide among .

3 people s .t
. max work that

any one person does is minimized ?

In practise i sort ! 200
,

98 , 53
,

26
,

19,17 , 7,2

Step I : 200 → X

Step 2 's next largest s → 4 until
go

over 200

etc :

Say ? 200
, 199,198 ,

etc
.  - -

X t 200
,

Y → 199
,

198
,

Often there are practical algorithms that

work well to within some reasonable Yo of error
. . .



Weighted Bipartite Matching ( an IP that can be solved with LP )

20 Monday
( if you use simplex method)

Group I

Ig
l or it opt .

Sol
.

is unique)
it TuesdayGroup 2

21

Utility = 20 Xin 's 18 Xi ,
+ 17 Xzm-121 Xzt

×
, m

, f
I if Gro - pl presents on Monday

0 otherwise
X

, MIX IT I

Group I : X
, mt

X
IT

= I Xan , Xzt
⇐ " "  " " " S

!

Group z : xzm + Xz ,

=
I /

00 I
-

-
-

Monday ! X
, m

-1 Xzm =L Of afters El

Tuesday ? X , t
 t Xzt = I all

Maximize Utility at
.

I # ,
vcrs

are integers

solves the wmatchng problem



Sept 21
,

2018

Deadline for proposals us Friday ,
October - S

Applications i - Graph Colouring
" "

-

Baby Sudoku ( 4x4 Sudoku )

→

- Markowitz Model
, Traveling Salesman Problem ( TSP )

,Convex
→

programming
- Progressive Taxation

-

Homework # I is
"

out  of 20 points
"

20 might change
-

Problems with software :

- Guro bi on
Mac yermight be missing Xcode Command Line

tools
- Lindo ( may have used in Math 340 )

INTEGERS in LINDO means variable { 0
,

I }
GIN C

"

generalized integer
"

) means integer ( I :{ 911,53 .  - 3)



Graph Colouring :

① -

②\
example

Graph :

\ I

Vertex Set ④ V :{ 1,2 , 3,4 }
Edge Set =

set of
"

pairs
" E :{ 1h23

, 1437,4341
,

14,17
,

4347)
of vertices

Problem : Given a graph V = El ,
- - . ,n ) ( given  n )

given E
, given a number of colours

.

Say 3 colours
.

Question !
can you colour the

Vertices so that  no two vertices of the same colour

are joined by an edge .

Example

a
this graph

,

3 colours :

••to
yes



, fi ,
2,33 Our

intuition
②

3cdou#① T
Let ×

; ;
, f to

if vertex i is coloured
,

-

\④/otherwiseIs it feasible that :

Xij are { 0,1 )
,

is I
,

- -

,
4

, j ' I

, 2,3

Of Xijf I
, Xij

E I =

integers i

Vertex I should have one colour : Xi
,

-1×12+43=1

} similarly
4

Vertex I & 2 should be different colours :

×
" -1×21 I I

X
iz

t Xzz E I

X
, 3×423 I I

223
499284

I & 4 Similarly
←

There exists a 3

344 colouring iff this IP

a÷ . . ) is
" sine

etc .



Sudoku 4x4 C easy )

'

::÷÷
.

Ii ::::
. . .



Sept 24 :

- Wednesday : batter part of class devoted to finding
project groups

- Next Homework : Magic square type question

( Rem ! Guro bi has a Sudoku Ip file / model

example )
- Threshold phenomena are always a good ( reliable )

research topic :

# ratherthan II
- Sample proposal will be on website

=

-

A few other IP C integer programs )
- Quadratic

program
- Other examples€

Standard example : Markowitz model
.


