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The Probl em

Thi s nodel was fornulated to anal yze a probl em
presented by a | and devel opnment firm planning to construct
a group of office buildings. The devel oper has acquired
approximately fifty two acres of land in a prine north
Dallas | ocation and is planning to construct seven office
bui | di ngs over the next several years. The goal of this
nodel is to determ ne the schedul e of buil di ng openi ngs

which will maxinmize the firms profit.

The NMbdel

The nmodel deals with two distinct types of office
bui | di ngs, high rise and garden. The two types each
have their own net incones, denands for space, and
constructi on costs. The nodel can, in fact, be consi dered
as two i ndependent nodel s. This fact is very hel pful
and nmakes finding the optinal solution nuch easier, due
to the size of the final fornul ated nodel.

In the fornmul ati on of the nodel, vari ables are
separated by buil ding nunber, w th buil dings one, two,
and three being high rise, and four, five, six, and seven
bei ng garden type. Bui | di ngs one and three are essentialy
t he sane, each havi ng 350k sq. ft. of avail abl e space.
Building two is slightly larger with 4 50k sq. ft.
Bui | di ngs four and five are |likew se essentially the Same each

havi ng 60k sg. ft. Buildings six and seven are al so



Definition of the Mbdel

This nodel as fornulated is a m xed i nteger |inear
progranm ng nodel with 105 vari abl es and 85 constraints.
The objective function finds.the optiml sol ution using
present value of the rent plus the present val ue of the
sal e value m nus the present value of the construction cost
for each of the seven buildings. The nodel is constrained
by the demand for each type of office space, by the
maxi mum capacity of each building, and by the obvious
requi renent that a buil di ng must be opened before it is

rented out.

Definition of Variables

There are three sets of variables in this nobdel,
Ziy,Bi y, and SALE .

z; i nteger variable either 0 or 1. A 1 indicates
that building i is to be opened in year ,.

A O indicates no change in building s status.

Bi conti nuous vari abl e indicating the nunber of

square feet to be rented in building i in year
SALEi conti nuous variable indicating the sale val ue of
building i in.year 7. It is found by nmultiplying

the total nunmber of sg. ft. rented out by the
NO i divided by the capitalization rate of 10%

Ot her constraini ng vari abl es:

CC y - construction cost for building i in year v,

Dy demand for high rise space in year v
D2y - denmand for garden space in year .

MC - Maxi mum capacity of building i.



essentially the sane with 75k sqgq. ft. each.

The demand for each type of office space is based
on projections for Dallas as a whole, and this |ocation
in particular. The actual figures were provided by the
firminvol ved.

It should be noted the firminvolved is prinmarily
i nvolved in | and devel opnent and is, therefore, not
interested in owning the buildings for an extended peri od
of tine. They have specified that the buil dings be sold
by the nodel at the end of the tinme period, in this case

seven years.

Assunptions

There are several basic assunptions incorporated

into the fornul ati on of this nodel.

The first assunption is that once a square foot of
space is rented, it will renain rented for the renni nder
of the seven year tine span. This is used so that incone
can be considered as a cash streamfor n years, thus
elimnating the need to keep track of rent for each year.
This way it can be considered as a | unp sum

The second assunption was one stipulated by the firm
involved; that is, there is to be no capital restriction
pl aced on the openi ng of the buil dings. They have enough
capital to cover the construction of any or all of the

bui I di ngs at any tine.



Definition of Coefficients

The coefficient on the Zi y variable is the preserit
val ue of the construction cost for building i in year ,
adj usted of inflation of 8% per year.

The coefficient on the Biy variable is the present
val ue of the cash streamof rent for building ; in year ,
adjusted for inflation of 8% per year.

The coefficient on the SALEI variable is the present
value of the sale value of building i in year seven.

The present val ue discount rate is 20%in all three

cases.

The FEornmul at ed Mbdel

The fornul ated nodel can be mat hematically represented

in the foll owi ng way:
Maxi m ze Profit=

7 )
i 1 (PW*Bi * Oiy+PV7*SALEi -PVy,*Zi *CCl )

ril
Subj ect To:
1) 71 By, <DLy (High rise space rented
|l ess than or equal to
demand)

(Garden space rented | ess

Bi | <
y D2y than or equal to demand)

For y from1 to 7

2) E (Zi y*Diy),<B,

For i from1to 7 o
[ The buil di ng nmust be

7 .
_ N opened before space is
(2jiy?Piy)~ By rented out)
For i from1l to 7
3) 173 Bi =M i ( Total space | eased equal
=1 i i i
to buil ding capacit
Vor i from1l to 7 u! 'ng pacity)
L) }Z Ziy=1 (The building is to be opened
=1 once and only once)
"'Tnri fromd1+Nn7



The Optimal Solution

The fornul ated nodel was sol ved using the LI NDO
sof twar e package. LI NDO was used because of its ability
to optinm ze the nodel using 0,1 vari abl es.

Due to the nodel's size and the increased conplexity
of solving an integer nodel, it was necessary to optim ze
the nodel in two parts. The was aconpli shed by setting
specific ziy values for i=1,2,3 and allow ng the software
to optimze for buildings four, five, six, and seven. The
optimal values for Ziy i=4-,5,6,7 were then set, and the
software was allowed to optinize for buildi ngs one, two,
and t hree. The optinal val ue yields a present val ue
net profit of $37,118,515.

The opti nal opening schedule is as foll ows:

Year
Bui | di ng Opened
Hgh ! 5
ri se 2 3
3 1
4 2
5 2
Gar den 6 3
7 1

It can be seen that the buil dings should be opened
as soon as demand constraints allow Further, with the
gi ven denand there is roomfor additional high rise space,
and especially for garden space.

It should be noted that the nodel is solving for a

schedul e of buil di ng openi ngs. Actual construction takes



fromtwel ve to ei ghteen nonths and nust be started accordingly.
The lag tine between start and opening will have no effect
on the outcone of the optinal solution due to the fact that
all present values are related to the sane year 0 starting
point and the lag tine "slide" will have the sane effect
on all variabl es.

This slide, while not effecting the actual opti mal
sol ution, may have sonme effect on the net profit, however,

the effect should be relatively snall.

In the course of finding an optinmal value, it was
di scovered that the initial revenues collected fromthe
garden offices were too | ow, neking the garden buil di ngs
unprofitable. Wen the firmwas notified, they instructed
the rent to be raised slightly and the resulting opti nal

val ue incresed profit by over 20%

Concl usi on

The useful ness and i nportance of |inear progranm ng
can be clearly seen in situations such as this. It can
give a firma nmuch clearer picture of the interaction
of all factors involved, and which factors are the critical
ones. In this case, the rent on the garden offices
proved too | ow, a fact which had not been seen before
thi s nodel was formnul at ed.

Further, a nodel of this nature provides a great deal

of flexibility in exploring various changes to situation.

Such factors as rent, demand, and changes in construction



can be analyzed with relative ease. To nake such changes
and eval uate by hand woul d be extenely tedious, and often

virtually inpossible.



H gh rise
Bui | di ng

Gar den
Bui | di ngs

TABLE |

The optinal sol ution

Total net profit: $37,118,515

Space Rented in Year

[ 000 sqg.ft. )
1 2 3 4 ) 6
293 57
242 208
3 200 150
60
5 50 10
© 75
75
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TABLE | |
Net profit per building
H gh rise buil di ngs:
Bui I di ng
(000) 1 2 3
Rent $7,754.26 $17,550.16 $22,211.50
PV. sale 24,657.68 31,702.73 24,657.68
Con. cost (23,870.00) (37,884.00) (36,400.00)
Net profit 8,541.85 11,368.89 10,469.18
Gar den bui | di ngs:
Bui | di ng
Rent $2340.00 $2256.80 $2301.00 $3618.75
PV. sal e 2950.68  2950.68  3688.35  3688.35
Net profit 1512.00 1429.48 1739.35 2057.10

Total net profit:

Hi gh rise : $30,379.92
Gar den : 6,738.61

Total 37,116.53

Note: This figure is off in the last digit due to
roundoff error.



Denand for O fice Space

.Square . eet in Year
(000

1 2 3 4 5 6 7
High rise 200 220 242 266 293 322 354
Gar den 100 110 121 133 146 161 177

Demand for each type is expected to increase at a rate
'of 10% per year for the seven years.

TABTIF |V

Sal e Val ue of the Buil di ngs

Present value factor: (. 335

Sal e PV Sal e
Bui | di ng Val ue( 000) Val ue( 000)

1 $73,605.00 $24,657.68
High rise 2 94,635.00 31,702.73

3 73,605.00 24,657.68

4 8,808.00 2,950.68

5 8,808.00 2,950.68
Gar den

6 11, 010. 00 3,688.35

7 11,010.00 3,688.35



TABLE V 12

Net Operating | ncome

Hi gh rise office space:

Inflation: 8% per year Goss rent: $18.00/sq. ft.
Present Val ue: 20% per year Expenses: 4.75
NO : 13.25
I nf 1. Adj . PV PV Adj . PV Cash
Year Fact or NO Fact or NO St ream
1 1.000 $13.25 1.000 |$13.25 $69.14
2 1.080 14.31 0.833 11.93 55.89
3 1.166 15.45 0.694 10.73 43.96
4 1.260 16.69 0.579 9.66 33.23
5 1.360 18.03 0.482 8.69 23.57
6 1.469 19.47 0.402 7.83 14.88
7 1.587 21.03 0.335 7.05 7.05

Garden of fice space:

Inflation : 8% per year Goss rent: $13.00/sq. ft.
Present Val ue: 20% per year Expenses: 3.75
NO : V. 25
I nfl. Adj . PV PV Adj . PV Cash
Year Fact or NO Fact or NO St ream
1 1.000 $9.25 1.000 $9.25 $48.25
2 1.080 9.99 0.833 8.32 39.00
3 1.166 10.79 0.694 7.49 30.68
4 1.260 11.65 0.579 6.75 23.19
5 1.360 12.58 0.482, 6.06 16.44
6 1.469 13.59 0.402 5.46 10.38
7 1.587 14.68 0.335 4.92 4,92
Note: The inflation factor listed is accurate only to 3
deci mal pl aces. The actual adj. NO is cal cul ated

with the non-rounded inflation and PV factor
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TABLE VI

Construction Costs

Hi gh rise office buildings:

I nflation: 8% per year Cost: $104.00/sqg. ft.
Present Value: 20% per year Building SU. ft. (000) cost(000)
1,3 350 $36,400
2 450 $46,800
Adj. Cost (000) Adj. Cost ( 000)
I nfl. Bui | di ng PV Bui I di ng:
Year Factor 1,3 2 Fact or 1,3 2

1 1.000 $36,400 $46,800 1.000 |[ 36,400 $46,800
1.080 39312 50544 0.833 | 32,747 42,103
1.166 42,457 54,588 0.694 | 29,465 37,884
1.260 45854 58955 0.579 | 26,549 34,135
1.360 49522 63,671 0482 | 23,870 30,689
1.469 53484 68,765 0.402 | 21501 27,644
1.587 57,762 /4,266 0.335 19,350 24,879

~N oo o Ao

Garden office buil di ngs:

I nfl ati on: 8% per year Cost: $70.00/sq. ft.
Present Value: 20% per year L
Bui | di ng sg. ft. (000) Cost (000’

4,5 60 $4200
6,7 75 $5250

Adj. Cost (Q00) Adj . Cost( 000)

Infl. Bui | di ng: PV Bui I di ng:
Year Fact or 4.5 6,7 Fact or 4.5 6,7

1 1.000 $4200 $5250 1.000 | 4200 $5250

2 1.080 4536 5670 0.833 3778 4723
3 1.166 4899 6124 0.694 3400 4250
4 1.260 5291 6613 0.579 3063 3829
5 1.360 5714 7143 0.482 2754 3443
6 1.469 6171 7714 0.402 2481 3101
7 1.587 6665 8331 0.335 2233 2791
Note: The inflation factor listed is accurate only to 3

deci mal places. ,o actual adj. cost is calcul ated
with the non-rounded inflation and PV factor.
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