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Linear Programming : Its use in
Software Development

The term lincar programming was
coined in 1947 for the process of
planing a program on the basis of linear
constraints on the pmsmlc actvities.
The background is that during world
war-1l, mathematical methods were
used for planing military activities n an
optimal manner especially in England
and United States. The methods
developed during this period were then
taken over by cwvilian industry, and in
this way the theory of linear
‘programming was developed,

It is assumed that the reader of this
article has some knowledge of partial
differential equation, analytical
geometry and linear algebra.

What is linear Programming

Linear
distribution problem. It 15 a subject
characterized by one main préblem : lo
seek the maximum or mnimum of a
linear expression when the variables of
the problem are subjeet to restrictions
in the form of certain linear equalldes
and Inequalities. Now we are familfar
wdth the use of differential calculus to

solve mintmization problem. First |
observe that calculus 13 1o help in this
situation. We have Lo resort to other

mothods Lincar cqualities ar

Inequalities problems of this kind arc |

encountered when we have to exploit
limlied resources In a opilmal way
There 15 an enormous variety of
practical problems which can be

formulated as linear programming |
problems. So many that It may be an |
interesting puzzle for historian of :

mathematics to determine why it took
until the middle of the twentieth
century to discover the uscfulness of
linear pregramming. The development
of computer s surely part of the
explanation but perhaps not all of i, It
15 a technique for finding an optimum

comblination when there may be no

single best one. Production and
transport prablems, which play an

important role 1n industry. are of

speelal significance mn this respect,
Its application
There are many but In this essay.
we mention three main fype.
1. Resource allocation problems
(software development falls is this
programmers, compulers
€l are resource).
Transpertation problems
transpartation cost from producer
to consumer per unit the Lotal cost

[

will be as small as possible, An
example solved by Hitcheock i

programming Is a |

(the !

lonoram Ashraf Ali

M
The methor is & ISA-trained Civil Engincer and Mathematician

1941, Another examiple could be as
outline here : a truck rental
company sometimes rents trucks
for one way trip and, as a result
now has ioo many trucks in some
cilies and 100 few In other cities sy
5. 53 and sy have 4, 3. 6 and
extra trucks respectively etc.)

Diet problem (In this gory of

w

problem one has & number of foods

available. each of which has a

different combination of nutrients,

An example solved by Stigler in

1945),

Linear programming is being
applied on a rapidly ncreasing scale to
management and other problems as
compulers are becoming powerful and
numerous.

Formulation of linear programming

IL is somewhal easy to visualize the
solution of linear programming
problem graphically. In real world
problem, solution 1s avatlabte by widely
used computer programs.

Graphica! Solution

A linear programming problem Is

one where :

1. The [easible reglon |5 a subset of

non negative portion of domain R
raised fo the power 'n', Subsel : any
set each of whose clement is also an
element of set (S 1s said to contmue

in Lhe set and s called a subsel of.

S. Example (4. 5] Is subset of {1, 2,

3.4, 5).

2. The objective function to be
maximized or minimized ts linear
that is of the form.
P=alxlsagiot...... + apun
where the vanab]:s {all ) are non

negative and aj. are scalar

coeMiclents, Mbst Jinear programming
problems have high dimensional
feasible reglons. so graphing them is
out of question. Bespite this & will help

1o understand linear programming if we

graph same low dnncnsional examples,

Example-1:

The inequallty x z 0 has as its
solution set the closed hall-plane to the
right of y-axis the mequality y = 0
speciiles the closed half-plane above
the x-axis.

The solution set of Incguality 4x+y <
10 15 the half plane on and below the
line 4x + y = 10. Finally the solution set
of the 1nequality 18x + 15y < 66 is the
half-plane an and below the lne Jix +
15y = 66.

Points of the feasible region must
sauisly all of these inequaliies. So the

“ MBER 2001

feasibility region is the intersection of all
¢ haif-planes (as shown) in figure-1,
Y-axls.

Xeaxis

Example-2:
Minimize p = 3,42y subject ta
xy20
Sx+7yz 35
10x + 2y 2 40

The inequalitics x 2 0 and y 2 0
specify the positive quadrant of R
raised 1o the power 2. The inequalitics
5x + Ty 2 35 specifies all points above
the line 5x + 7y = 35 while the
thequality 10x + 4y z 40 given all point
above the line 10x + 4y = 40. The

feasible region 1s shown below in

Figure
Now how do we maximize or
minimize an objective function for such

. afeasible region By calculus we get.

P oooand P

dx
and there Is no point of the feasible

= 500

* reglon where these pariial derivalives

are zero, There Is no critical point in
the interior point of the feasiblc rcglon

* of this lincar programming problem.



For the sake of the size of the
article, we will not discuss more as
such a knowledgeable reader might

* Analytical solution-Tae Stmplex method :

The Simplex method Is the main
solutign procedure used for linear
problems. This method

(A simplex is a hyperpolyhedron with

n+l corpers in n dimensions: for

example, a polnt, a limited straight
line, a triangle, a letrahedron cte.).
Linear programming problem can
generally be solved by standard and

: widely avaslable computer programs.
to know -

is useful
samething about how the method
works, If only to be able 1o use a
program and interpret its results
intelligently. In particular, most of the

|
'\7| notice incompleteness.
J wu-+°w i
N | © was devised
s
.. However, it
§ o
Figure-2
The following will be

useful to understand the elaboration
that will follow, The maximum (or
minimum) In a linear programeming
problemn ither—
Does not exists (then we call the
problem unbounded. Unbounded
means in practice that it has been
wrongly formulated.
or
* Occurs al the corner point of the
feasible region
Example-3
Find the maximum and minimum
values of the function,
fix) =
as X varies over (he region defined
by the inequalities
x+y<3
N 4x< 7

-1
If we gra))h um region defined by

v the simplex
method 15 explained.

Most linear programming problems
afe toa large for the idnd of graphical
solution described above. The most
commonly used is the simplex method.
In practice, the implementation of this
method or any of the special purpose
methods Is carried out by ‘canned’
(programs in ready to usc farm)

| computer programs.

In the following, 1 will attempt ta
provide sucdinctly the steps to find
analytical solution of linear
programming problem. Lel me start
with an example : maximize p=5x + 6y
subject to

Bx + By <30
We invented a new varable called
'SLACK VARIABLE'. We create separate

. slack variable for each inequality

the preceding

o .0

vl

It Is clear from the diagram that the. |

above inequalities define the shaded
reglon whose vertices (corner polnts)
are Indicated. We can defermine the
maximum and minimum values of the
function 1n the shaded region simply
by computing the values of each of
four vertices ﬂ{l 2)=16, fif2. 1)=11. fi(l,
-1)1=-5 and fl(1.5,
Thus the largest and smallest
values of the function are 16 & -5,

for the feasible reglon of

© the above cquation.

Xy 8.
244y 4 5 =24
6% + 3y + 57 = 30

Now we have a system of
simultaneous linear equations and are

]nnkmg for a mlulion [with all \nr!a'hlcs

by George Dantsig n 1947

© salary of

the boundary and interior ‘of the
region.

The simplex method starts from
some vertex of the polyhedron. and
at cach stage locks far a
neighbauring vertex with a better
value of the objective function,

With the simplex method, It Is very
easy to keep track numerically of
whether the current trafl solution 15
oplimal and If not what laido to
improve It

One may reach a trial solution
where ane or more of the basic
variables equals zero. This
phenomenon  is  koown  as
‘Degeneracy’

1t is clear by now that Lincar
Programming can be used with
advantage for software development
cycie.

=

Essential Steps in  Software
Development

User requirement documentation
Requirement analysis.
Input/output specification,

Destgn of algarithm.

Design document {coding).
Implementation of the program
ltesting and debugging).

Program document.

Program modification

In the process of software
develapment, all the above mentioned
steps are not equally Important. In
some case item (1) and (4) are
important: while In some other
category of software development; (tem
(7) and (8] are important than others.

PopwP e

oo

© The major cost of saftware development

is the salary of the programmers: then
comes the cost of buying compulers.
The overage life of the computer {s 3-4
years. So it s a kind of Reséurce
Allacation problem. Resource here is
programmers, cost of
compuiers and capital. Product Is the
finished softwarc. It is a sort of
optimization problem. Therefore.
knowledge of Linear Programming is
important to achieve efficiency m this
process.

which B (the
n‘n;eclhz funcllun| Any non-negative
solution of the system ts called "Feasible

x
© Solution'. Normally there are infinltely

many feasible solutions, but the simplex
methed concentretes on a particular
type of feasible solulion called a BASIC
FEASIBLE SOLUTION (BFS).

We skip the detalls of finding
solution. However it Is  trial and error
process.

Geometric Interpretation

BFS's correspond to corner pomnts
of the feasible region and vice versa. A
medium size problem involving forty
vartahles and sixty constraints nught
ave over a hillion comers, The simplex
methed finds the optmum solutron by

checking = very tny proportion of the

comer point.

- Properties of the Simplex Method
1. The set of admissible points (knewn
as the feasible region] consists of

Last Word 3

In this article, 1 have tricd to
describe what is lincar programming,
its properties. methods of solutions
{graphical and analytical} and its
application briefly. However in depth
discussion s not possibic in a short
essay like this. ]

Some of training centers (llke
Grameen Star Education, DITT etc.) are
teaching Linear as onc of
the subjects. | Lrust students of this

- class and other interested professionals

will find this article useful. &

Courtesy 1

L. Coneept of Mathematical Madelling—
W_J. Meyer.

2. Malhematical Programming in

Practical- E. M. L. Beal
3. An article by the author that
appeared in 11 the

manth of July 2000.



Creative Introduces New PC
Cameras

Creative Technology Ltd, the worldwide Jeader in
digital entertainment products for the PC and the Internat,
recently introduced a line of PC cameras with a bold new
form factor and smart set of features. Now available at the
price of Tk. 10,000, the PC-CAM 300 is the first in this new
line of compact portable digital cameras that connect ta the
PC to double as webeams.

PC-CAM 300 combines porteble digital camera and a
desktop PC webcam into one product, is loaded with
features such ns an advanced CCL) image sensor for realistic
skin tones, vibrant colors and clearer video. with PC-CAM
300 users can take pictures in the shade or dimly lit
surroundings with less worry about dark or blurrel images.
With 8MB of built-in memory, the camera stores up to 128
snapshots at 640x480 resolution or 255 snapshots at 320x40
resolution when the camera is detached from the PC.

Unlike other PC cameras, the PC-CAM 300 features the
ability to record ur 10 75 seconds of full-motion video with
audio. Users will also enjoy the camera’s digital voice
recorder, wich can recard up to 34 minutes of audio.

When the camera is attached to the PC, theiincluded
Creative Webcam PhoteEditor software allows consumers to
easily edit and retouch captured images in an easy-to-
navigate program. PC-CAM 300 users can then share them
with family and [riends-via email, video email,
videoconference, ot by uploading to a web site,

For more information visit : http:/ /asia.creative com or

Intel Corp. Chopped Prices
Inte] Corp. chopped prices across its entire Pentium 4
line by up ta 54% prior to its launch of a 2GHz version take a
look al the incredible market price draps: Pentium 4, 1.8 GHz
$263, Pentiven 4, 1.7 GHz 5198, Pentium 4, 1.7 GHz
with RDRAM modules $253, Pentium 4, 1.6 GHz §170,
Pentium 4, 1.5 GHz $196. #

BUET Students Top International
Competition

Three students of the Electrical & Electronics Engineering
department of BUET have secured the first place in the
prestigious “Myron Zucker Student Design Contest” organized
by Industry Applications Society (JAS) of the Institute of
Electrical & Flertronies Engineers (TEEE), Inc., New Jersey, USA.
The second and third prizes of the competition were eamed by
Ohio Northern University and Tenn Techun]oglca
University, respectively; both bem? from the

Khandaker Rakibur Rahman (Olive), S M Sha]cdm Hasan
(Nasim) and Mohammad Ahsanul Adeeb, all of whom are
final year undergraduate students of EEE Dept. of BUET, have
attained this honor because of their design project titled
“"Design & Development of a Micracontroller-based Solid-state
Prepayment Energy Meter.” The design project was performed
under the supervision of Professor 5. M. Lutful Kabir of BUET
and with the assistance of SIEMENS Bangladesh Ltd. This is
one of the highest international achievements attained by the
‘Bangladeshi students so far.

The “Myron Zucker Student Design Contest” is an
international competition where electrical engineering
students from all over the World compete for the prestigious
top three places. It is worth mentiening here that in the past,
the top three places were typically secured by U.S. and
European universities. This year, for the first time, a university
from Asia has tapped the competition.

tel.: B126120

utoSoft

54, Block-A, Laimatia, Dhaka 1207, Ph. 019358059, Email. autosoft@aitlbd.net
& o e e e e < e o TR i
Discover Ban

o o ot o v o e Bangladesh s one of the unpul
TR i it g i v Bk - 1and unnofied beauly spotin the south east Asian landscape,

£
B

ladesh

[cized undefiled piaces of

£
Fre

i e, 5 v S e, ey
W e A, 3 e e o, cuie,
e Y, i s e
oy i, Tt et w1 e
78 e e s afire B Discaver
Bangadesh

S AR
Mz s

(@07 30889, b0,

B o[-, TR, iS00

Its glorious and painful historic past, lushness of her greanery's,
network of rvers, tibutaries and streams,vastness of ts ooean,
deep siience of ts mourkans, simpiicity of i's people, thought
provoking stories about its lourist airachions, undsturbed
wideress afiracted travelers for oanluries.

&
)
For the best tourist site of Bangladesh

http:{iwwnw travelsbangladesh.com

<

735 TeTTH T ST TR |

Why did the Dutch, Porfuguese, Arabs, French, British and many
other nafions iravel o his land and express their satisfaclion?

We are discovering it every day, Will youtoo?

¥3)388

o COTEATTNET SEF o



ifers TR o e

<% e i wfde wm el
WA ((MHAGHF AT FA) | W3
“rienfa 7 Berce B @ cedgRiE
AfEe Ao wATn a9k

o 3o A e fotey @ |

TR wBE did v @l wm T 9z T
T © Row Rfes Ry =031 arem
Pause/Break 1 (5% (7408 T |
bt e
[rreiay

[y
ekt
R

gz

o}

ol Rsbps b ey g e et e it
ol s . e e

e M
mr:wu...\‘

o gt e "o v T ol
Hy;

s e s
el
]

wrEHE iR s oA,
AT emR e 0wt v
T T | R o e
o€ T (R T FPew) aofe
TN 20 WIS T IS T |
et ot et/ o3 v
TYFTH 3,000 GFF, beo Bial g
fefitm

¢oo TrEm A e X
=AW oW FA T @ WEE
WEATS cendry [ fBAw ceme-
FHTE 1 W A @ e
wofs et fefeerm wpsifee 1T
COM 5= 7w e
2T W A |

@ ST ey foede W
37 e 43 FF iR e

'_g—ITLC@MWNMWE

T VAW &My age, kName of the day,
&Total days of life, &Current day, &Exit .

ﬁmmﬁl B FEE T
hhmivhw
it e
ik ) g -l
s S
Misra Tt
\ 1wmm)-vﬂm'k-‘ :
RIS ) I beiles|
i
it bl
el
s e
s [
[
e e
b
o jriTap——
LR At it
it ) e T
i
it | ey adid
ey et e
ook ik (v ;-
o st St i)
(:nqﬂ'.:ﬂ)bvh (i
Lol
il el P 1 e
fréicmay )
peniey ey
) Bl et v
y
e
h s
+ E— -1t
i ] I
o I o "o O~ v e g (oot (k)
ol ool o
i b0 .
i ecaaL -
ot irefLTN it
o — e
R

s
et = b ot b et
]

st
T fafw

fogrma cefire wn of conamBee
w B Ay A S e e

[—
CoT TN T W WA T A gy

ieten vt
Geraiulie: v

e

Gereaiuietchie
i

i

=% % 7% R 43 79 IEaAE Fe
&I WR T T W WA U |
TR T AR S wTaves o T
am i | conarafe o W o WA- .

€ T Towtoon B Wt it i
Textbox G54 1 G5 Label AT TR "“}"““"“""““
B Fextbox-f0R T Label-@t FeT® 77 (oo Pometam b
Enter Your Birth Day <% 7800 Testbox @ Niemen)
oS Lael BL0 MNTE IR Enter the  teasaiataore
current day. M Your age, Total days of et oo™ .
R Name of the day ST T TR WHE  (raratuiiee !
o7 Label T T4 | ¥ Label 9T UL
Caption T Ahrw T 1 <317 Ai6fE s e B ()

command button AT T4 AT caption IS, AT 1

carEet
ﬁﬂﬁ -\cDb e o ammamﬁﬁ'srﬂmﬁﬁwwm- IT-COM
i SO W FE | (T e R TR IT-COM-M % e
O o T AR @eEs PR T e oW TE | e T
ooz (T T (9 AAE ¢ WS FE(E AW (T-COM FARFET
T RO Wm0 TR | R fiep-aa @ Tm satetn e e
LT BT ) oitee 6 AR | EEE FEEEUE we (AR FTRETR
ﬁﬁ)mmﬂmmmmmwmwmmw i
AT b MW oo IR Wy sl BAE T

o P ——




T W

tusher@www.com

. S/BIECG T

AT T i e TSR A
TG TH-BAT TR
T i W EREE

TR volh T 1 TS e
TG TR T 3 TS Mg R

ATPIED WA (W o 3 KR B
R+ g TR P R wem
ST vt AP | Pitney Bawes AT ol
mwﬁm:%m& @R
i o i ees Tinet we-a
i #9 | 99E T Netmanage JH
TS e TH W 4w dw

THRE w01 fefebm

7 @R W o
WS- Onr: TR A T WS
I Tl ¥
Offramp- T FIRESIER (FR BATE g
I wfed Beart =
EIRCE W@ T WS W
T TTEEAG ST AT | 9
T WS oA T
(3) =UfER v FMETIRER T
w(:‘)mﬁﬁtﬁmmmﬁmnm
PIEGT (v FAHEDTE T s
mjuwnﬁsq_mmalmww

fax gateways |

TR W WS T W
24TSE (TR E TIGWE - W e A
TG W T W AR £ A
a1 sfet w3 e 6% s
T T TR AR AL e T e |

oz fog
Fig 57 (7% | TR 'S 47T T |
FOTEAG I T S S G

TR T O (TSI QA T BT |
wfeEed cAFE e B-ondw aw g fag
TS e s cige

= T = A ersEeEeE

& WG iR | WA o T

" e IS BEA <1 E-9E-aE T

wE e Rm Wl feh wrm
G TR | W W carsrEE
O S w fia At o
g A wTE A W,
R =1 AT RATAT Y P | AL
Fax broadcasi- T GFE] IR IR
ST R AR WA | SR Fax
‘on demand- 7 e cafie WG Y
G R R A, & (SRR
SIS (4T 6 M WA | 93 o

TR w0 49 oW wm Wl o
A R w0 e
T FAS BA, TR W feme wfEw-
AEBIETE @ Bermd g

Il Tt e
TIRCE W TR W @ R
Eiioid o WA WA

TR D ITEE SAET, TSN

TR

w06 R wen e FSER et
T W TR T TR S
BT e G STR A o R
TIAAGT TR W TS TR WA
E TG SR | W (TS
S Fax viewing WG of
BEretE- AT U | S T I R
EIEATTE TS W

RS WEECE 33 W - 47t
TSR TITE FAW A e T
ora ) Wi T e YR e
R R S A | e o
w1 aifrer e f 1R, o7 e
ST | PR FIE (ST T T
¥ @R T A fme @FEe AiER
CeTSEERAE W A v g e
e aF | TR (0 R W W T
4, 25fe TITEA TEA @ s yeE e
T T Y (FW SR W
34% ST TS WIER T 4R @
M ao% W WX« s Fida T
TR GeTeTEsR G I TG e |

ST TR AW | 3 WG
a WE F W TR EW WS
ARl @ W @R Tomm
(TS W RS W WS T WA
o 972 o TR wReTe e R
A TN 4FE SR ST
TS “21Te T |

o ememe W fo oweR
FAHEDECE T T TR 9 I
(EEB (4TS TR TR TG A | TR

allwavecom | @4 7T faxwave
v ofEEs | of aof 3w
COM | ST W IR ARY R
TRl S | 0 DD ST @i

A R 3-0ER @ Wi am

W G WE eWe few @l

DGR WA T A, AeEe T
feEfe rebeurs? el |

dataoneslleem © <% ARDE A-

o1 W Bonwl | AT fax

trom wave, fax broadcast Teyft AfEH



R 9% AEER PR g TR
e S T ot WY te o
T | T (e WA TR AR

| oAl T ot Wl W
aﬁm AarneT R @R aﬁma

ﬁﬂfﬂ'ﬂaw fop v = W &
A AT AW W W
waais oAfiees w@ L-EE wEEmE
T WA TR WRE &N 903
STy U WA T R TR
R | GO AER AEFE T
WOFIE 01 PIN (76 e 251 fEs

FH TS B LR T S
TR TR | TR emITARL arie
e ey 30RO o W
TS AR T NI (U0 W
WA A @A, FED T OTIFF
WINE WA 30028 Wy EW WA, W
e diTe IME ANKES EEA | @ fax
‘broadeast-® R 78 |

j2com : dffe WO FRTET WI |
Mﬁmﬁﬂammw"ﬁﬂm
W O AEET A T T W
T we WA feR oy Wi
wmE- (3) A, (2) WEB w2 (o) B 1 B

FER WA T AT AR A R
Az B oo o | TS AR Wl
e fim wrE Tm AR s W

R TENA WAR-SEH ¥ T ST
orEneE ¢ wion JRe e T
ST @ ARG TS S B

e 1 e @A B ooEe e TPCint : OF®  OFR EMER
WY S-S HR T | R R | ewRAEs | e wrw AR e
wE RAE soolt WA WNE1 TR a0 | < Wl ome IteE 9 30 (R
T I T 2 W o G A | AR W TS AR e | e
T qEEE-an AR W1 oEele oF | SRR AReR wewk sy W weEs

EG Wl s 5 fens o s
0%, 0% AL U, omd e
Fom | o aefie w S gFER e
e 71 B-cETR e Gones o
W R e Fm el e e
e o TEFI TR Mac € Unix
A @F e o T
faxawaycom : H30T0 3-00%9 § w1
AEA-03 T e | o AR e
e e W @il e T am
T T G Yo BB 5T Fars

A TR AOCE WA | AR R WA
AT AR Fs T remote
printer.  recipient_name@fax_number,
iddd. tpeint. T Wl Gw W e
wE e oW, T gt Rem
BN (client software) EENTIE
T T SR TR T MIME
WA TG FAE T

TN, AW G- R osm
TR oy ST | W T T daiw o
FHG TW AW T I3 AITRG Wi (W

(TS oide o) | SR W 6% W | T @ e Fhmen wim fm B
W W€ 30 B fre T O Seo | WA Em Bae B wweiiE
Wl TR | Wi S TS WA L TR, | oA wele IBEOG wiE wRw
i 2SS S W S T, W | o TR TR e R O -
W 4% AEEH @ em o Wy 5 | faxPCeom epigraphx com
feurs AfEwe B om | <R 309 freefaxcompk  broadcast-fax.com
S s Sl T e | Cynergine: internet-point.com
e WS Lo e wE | e

T “MAE W faxnumber@faxawaycom | AETCACA (TS B9

fiomm )  TRm oW e

<A WA & T o TR
faxMission.com : 46 6 (TEEA TR

e WEE SIS daed-a ¥

T

AT LA TR WIS T
v W A T e
s W @2 WY wER ARG TR
IR G B © www.globalig net t 8

Why MCE?
@ MCE is the No.1 Herdware Training Center In Bangladesh
@ MCE is the Pioneer of Hardware Training(Since 1991)
@ MCE Trained up over 2000 Hardware Professionals
@ MCE has 12 Years Experienced Trainers

Computer Education
WE Build Up Professional

HARDWARE COURSES

SOFTWARE COURSES

® anlunu-ln Con

s NT/2 Ve o
[ N'I.‘..UIJIJ Networking nming - C, C++/V

leetronics fur Computer Professionals

3 ter Graphic Design( 1y
@ Web Master

We Repair
Computer, Monitor, Printer
Laptop, Digitizer & Plotter
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20/1, New Eskaton(Near Mona Tower), Dhaka-1000.
Phone: 9333237, 019320920
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