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ABSTRACT 
 

Standardized mechanism for landscape design has many potential constraints such as keeping cost with 
the budget and project as a whole within the execution timeline while ensuring that clients’ concerns are 
addressed. Therefore, in this paper a linear programing (LP) is developed that maximizes the square 
footage of the renovated area subject to the constraints determined through the experience of 
contractors, recommendations from California municipal codes, and clients’ limitations. The LP is tested 
against four different design projects. Considering the backyard landscape is both less costly and less 
time consuming than building the deck, the LP made the same priority shift in each project. 
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INTRODUCTION 
 
Residential construction and renovation contractors work in a highly competitive field as they are 
required to both maintain a high level of customer satisfaction and aptly manage clients' ambitious 
expectations during projects. They often work with less resource and advertising mechanisms, small 
business contractors are even more reliant on their ability to ingratiate themselves with each client in 
order to gain positive references and hopefully recommendations for future work. One of the primary 
challenges of residential contracting work is dealing with clients who are often first time homeowners 
and have little ability to conceptualize designs before the work is complete. Between considering costs, 
the wide variety of design selections, and the inconvenience of having their home invaded by strangers, 
clients often become frustrated and overwhelmed. 

 
The goal of the paper is to provide a mechanism for creating baseline designs for backyard remodeling 
projects. The mechanism would thereby help avoid some of the common project pitfalls such as lack of 
adequate funding or excessively tight timelines. A systemized method of providing a baseline design 
would also aid the contractor in appeasing the client’s concerns to ensure that the final design is 
aesthetically pleasing. Optimally, the systemized method would consider primarily the spatial allocation 
and relative size of each major area of a homeowner’s backyard. The method would also keep the two 
major sources of cost, size of the renovated yard and size of the deck, within budget. Finally, it would 
also consider any time constraints that the client would require.  

 



 
The goal of the project is accomplished by maximizing the size of each variable within the project 
limitations. The LP proposed is subject to both client and contractor specific constraints. The design 
constraints are usually determined through the experience of a capable contractor. The cost, time, and 
spatial constraints are determined by a client’s budget, size of potentially renovated area, and available 
time frame. Special constraints stemming from recommendations given by relevant domestic and 
municipal codes are also considered. The constraints for the LP are derived from other dimensional 
requirements and recommendations given by the codes. 
 
The Rise of Backyard Entertaining 
 
Historically, a home’s front porch enjoyed a period of popularity around the turn of the previous 
century. In the late 1800’s, porches became a “universally accepted feature of the American home” [1]. 
The porch served as a social gathering area during summer prior to the development of air conditioning. 
The move away from large porches is discussed by Rowe [2]. As the 1900’s past the half century mark, 
the need for a large front porch dwindled in most homes. In the last 50 years, home design has refocused 
to the backyard and informal rooms like the den or TV room. As entertaining in the backyard became 
more popular, the design and installation of decks increased also. The demise of the front porch has 
given rise to the prominence of backyard decks, which most homebuyers regard with a “the bigger the 
better” attitude [3, 4]. 
 
Market Resources 
 
 Often the major concern faced by homeowners, when considering adding a new deck, is the cost of the 
aggregate remodel. Contractors are often pressured to develop timely estimates which in turn causes 
them to default into conservative estimates that over inflate prices. These bids are the basis to draw up 
contracts. A recent market analysis showed that there was no support tool that could help estimators in 
this respect. In response to this need, David Arditi and others developed the Hyper Automated 
Estimating Support System (HAES) [5]. Using a cost estimating software package like HAES provides 
the greatest level of flexibility, accuracy, and speed available in the estimating process. However, 
industry scale software packages like HAES come with high startup costs, coupled with the need for 
internet capability at the jobsite, makes the system a tough sell to smaller builders. Less capital intensive 
means for creating estimations involve utilizing industry pricing books like RS Means books.  
 
The linear program developed herein is essentially a hybrid of the old and new technologies with the 
added benefit of considering multiple aspects of an individual project’s constraints. It enables estimators 
to make accurate, fast, and reliable bids without the need for costly software packages or the 
inconvenience of requiring internet access at site. The information contained therein breaks down 
pricing based on zip codes [6]. Prior to the 1970’s and the advent of software systems, these were staples 
of estimators nationwide.  
 
Municipal Recommendations and Regulations 
 
 From the City of Los Angeles Department of Building and Safety: “A building permit is required to 
construct, enlarge, remodel, repair, move, remove, convert, or demolish any building or structure, or 
portions thereof. This includes garages, patios, carports, storage sheds, pools, retaining walls, fences, the 
addition or removal of interior or exterior walls, etc. A separate permit is required for each separate 
building or structure.” [7] 

 



 
Considering the requirement above, any size deck requires a building permit. Failure to obtain the 
proper permits can result in fines, stop-work orders, and even court ordered removal of structures. As 
municipalities seek to increase revenue, high tech imaging software such as Google Earth is being used 
to identify and prosecute homeowners who build without the necessary permits. Almost all aspects of 
the permitting process are based on square footage calculations. Decks are no exception; the City of Los 
Angeles uses the footprint of the structure in sq. ft. to determine the permit fees as well as to allow the 
city assessor’s office to reassess the property for increased property taxes. So the question becomes, how 
big should I build my deck, just how many square feet should it be?  Traditional wisdom dictates that the 
deck be kept “proportion to your house”, but there are no hard rules for interpreting what that means. 
Larger homes can easily accommodate bigger decks that would “overpower” a smaller home. Some 
builders recommend that a deck be as large as the largest room inside the house (i.e. the living room), 
creating the same area for dining and entertaining outside as inside. 
 
The cost of building a deck cannot be determined by a single square foot rate, a 200 sq. ft. deck is not 
simply twice the cost of a 100 sq. ft. deck. Most decks are built in increments of two feet because 
building materials are usually sold in even lengths of 8ft., 10ft., 12ft., etc. The cost of lumber is 
calculated by the linear foot; typically 14-foot boards are the most cost-effective. These are carried by 
most discount lumber centers like The Home Depot or Lowes while longer lengths can only be 
purchased through specialty lumber yards at a premium price. In other words, the cost per linear foot of 
a 14-foot board is likely to be several cents less than the cost of either an 8-foot or a 16-foot board. 
When buying lumber in bulk, the cost savings can be significant if the purchase is strategically geared 
towards using 14-foot boards. This is the reason that most client chose decks that are 14x24 feet. 
Another reason for using 14-foot boards comes directly from the Universal Building Code’s (UBC’s) 
requirement that 12’ is the maximum distance a common 2x8 joist can span [7]. When used with a 
2’cantilever, a 14’ deck is the longest that can be achieved using one set of piers and beams. Even an 
incremental increase to a 16’ deck would require another set of piers and beams which would increase 
cost significantly. Using the linear program provided in this paper [8], it is possible to obtain a deck 
design that is not only feasible, but also cost efficient. 
 

MATHEMATICAL PROGRAMMING 
 

In this section a mathematical programming of the problem is presented. The notations use for the 
formulation of the problem is as follows: 
 
x1 - Size of deck in sq. ft. 
x2 - Size of deck furnishings in sq. ft. 
x3 - Size of deck stair case in sq. ft. 
x4 - Size of renovated yard in sq. ft. 
 
In the following a mathematical programming of the problem is presented. 

 
Objective Function:    Max         𝑧 =   𝑥1+ 𝑥2+ 𝑥3+ 𝑥4   (1) 
 
Subject To: 
Cost constraint:     120𝑥1+ 25𝑥2   ≤ 25,000  $   (2) 
 
Spatial constraint:     𝑥1+ 𝑥4   ≤ 5000  𝑓𝑡!    (3) 
 



 

Time constraint:     !!
!"
  ≤ 8  𝑤𝑒𝑒𝑘𝑠     (4) 

 
Design constraint: Relative spatial constraints: (!!!!!)

!!
  ≤ 1     (5) 

 
!!!
!!
  ≤ 1      (6) 

 
!!!
!!
≤ 1      (7) 

 
Design constraint: Min or Max size constraints: 𝑥1   ≥ 80  𝑓𝑡!     (8) 
 

𝑥2   ≥ 36  𝑓𝑡!     (9) 
 

𝑥3   ≤ 36𝑓𝑡!     (10) 
 
Regulatory constraints:    𝑥3   ≥ 18𝑓𝑡!     (11) 
      𝑥! ≥ 0  𝑖 = 1,2,3,4   (12) 
 
In the formulation presented, the objective function maximizes the square footage of the renovated area. 
So, the trade-off is between the size of a backyard deck and the square foot renovation of the yard. The 
idea of the LP is to see what size of renovated deck is possible given different parameters and how 
modifying different parameters can bring the entire project closer to meeting the client’s needs.  
 
The initial cost basis for deck square footage used for Test Clients 1, 2, and 3 were based on using 14-
foot boards and inclusive of all costs involved with demolition, materials, and construction. The cost 
basis for deck square footage used in Example 4 was based on using 16-foot boards and encompassed 
the same variables. The basic crew is assumed to be four workers, one master carpenter, one carpenter, 
and two laborers. Their skill levels and pay scale are proportional; this is typical for a job of this size and 
duration. 
 
The five primary considerations for the constraints were spatial relationships, size, cost, time and 
regulatory factors. 
The cost constraint directly represented the amount that the client budgeted for the entire remodel. The 
time constraint addresses the maximum amount of time that the job could take. The client would have to 
consider the time that his or her family would be inconvenienced as well as the time and manpower the 
contractor should spend working on the project. Shorter project duration often translate into satisfied 
clients and higher profits for the builders because there is less time for design changes and abrupt 
disruptions in the construction process.  
 
The spatial relationship constraints were synthesizing by combing several size constraints into spatial 
relationships between the various components of the remodel. Each of the constraints had its own unique 
effect on the plan. Also as suggested by contractors, the optimal deck size should be kept below ¼ of the 
total size of the yard.  
 
The size of the deck that can be built changes with time, time also changes proportionally based on the 
project size. In constraint 4 the deck size is constrained by time since the baseline project was 8 weeks 
or 56 days the 10 is an estimate, a constant which limits the size to 560 sq. ft.  



 
 
 

 
 

Figure 1: Remodeling Variables 
 
Size constraints were minimum and maximum square footage values. These values were based on 
contractor’s experiences and were recommended that in order to ensure that the LP computed solutions 
that could be translated into real-world products.  
 
The legal (or regulatory) constraint was derived from recommended specifications for staircase size that 
were taken from California building code. The information from the codes was translated into a 
minimum size of staircase. 
 
All of the constraints are beneficial to both client and contractor. By using the model to optimize the 
design, both parties know well in advance what the direction of the project is and how funds will be 
allocated before work begins. The traditional inspection process would still be in place to monitor 
construction and ensure that work is done in compliance with California code. Although the size of the 
deck is predetermined, the shape can be altered while maintaining the same square footage. Utilizing the 
square foot system also allows the contractor to determine a layout and allowances for furnishings 
without the need to purchase items in advance. 

 
The algorithm is depicted with the baseline client constraints for Test Client #1. The baseline constraints 
are a 25,000$ budget, 5000ft2 of renovation area, and an 8 week time horizon. 
 

RESULTS AND ANALYSIS 
 
The LP was used to produce specifications for a baseline renovation project, Client Project #1. Other 
projects were then generated and compared against Project #1. The specifications for Projects #2 and #3 
were generated by changing single variables with respect to those constraints defined in Project #1. The 
results for Project #4 were the result of changing both the available budget for the project and the cost 
per unit of deck, which was the leading cost driver in all of the projects. Results of the LP analysis for 
all of the projects were published in Table 1 below. 



 
 

 
 

Table 1: Results of LP Analysis 
 
The results of the analysis across all of the projects show that the LP generated the exact same spatial 
allocation recommendation for projects #1 and #4. The allocation plans for the deck were 578.95 sq. ft. 
and 4421.05 sq. ft. for the area of renovated yard. The results were equal because the overall work area, 
5000 sq. ft., and overall time frame, 8 weeks, constraints were kept equal while the budget was 
considered not binding by the LP. Even though the cost per unit of deck was increased in Project #4, the 
in tandem increase in the budget of Project #4 kept the cost variable unbound. In project #2, the 40% 
decrease in available budget shifted the deck to yard square footage ratio to a meager 0.045. This is 
because the LP shifts the emphasis of the project towards the renovation of the yard when the budget is 
constrained in order to maximize the size of the area that is renovated during the course of the project. 
LP was developed with the assumption that most clients would rather have a complete renovation of the 
project area, even if that means sacrificing a portion of the total size of their deck. When the budget is 
return to the baseline budget, but the time frame is constrained by 2 weeks, Project #3, the final spatial 
allocation plan still emphasis the size of the yard, but not to the same degree as in project #2. The deck 
to yard square footage ratio was 0.080 in Project #3.  
 
The cost, spatial, and time constraints used in Client Project #1 were 25,000$, 5000 sq. ft., and 8 weeks. 
The LP produced a design layout that allocated 578.95 sq. ft. to the deck and 4421.05 sq. ft. for yard 
renovation. Table 2 shows that cost was not a limiting factor in the design, but rather the time allotted 
for the project limited the size of the deck. From the sensitivity analysis shown in Table 3, it can be seen 
that for every 1 unit increase in the time constraint, or for every 1 week increase, the value of the 
objective function increases by 35.09 sq. ft. The increase in square footage can either be from increasing 
the size of the deck or increasing the size of the area allocated for furnishings on the deck. Changing the 
constraints in the algorithm and re-running the LP is the only way to determine how the design changes. 
 

 
 

Table 2: Test Client Project #1 Results 
 

Client Project #1 Client Project #2 Client Project #3 Client Project #4

Baseline Delta Cost -10K Delta Time -2 weeks Delta Cost +10K, +10$/unit of Deck

Cost Constraint $25,000.00 $15,000.00 $25,000.00 35000, 35$/sq ft Deck
Spatial Constraint 5000 sq ft 5000 sq ft 5000 sq ft 5000 sq ft
Time Constraint 8 weeks 8 weeks 6 weeks 8 weeks

X1 - Deck 578.95 217.39 368.42 578.95
X2 - Furnishings 192.98 72.46 122.81 192.98

X3 - Stairs 36.00 36.00 36.00 36.00
X4 - Yard 4421.05 4782.61 4631.58 4421.05

LP Generated Recommendations (Square Feet)

Results of 
LP Analysis

Deck Furnishings Stairs Yard
x1 x2 x3 x4

578.95 192.98 36.00 4421.05
Cost constraint 25 2 23315.79 <= 25000.00
Spatial constraint 1 1 5000.00 <= 5000.00
Time constraint 0.01 0.0005 8.00 <= 8.00
Relative spatial const. 1 228.98 <= 578.95
Relative spatial const. 2 578.95 <= 578.95
Relative spatial const. 3 2315.79 <= 4421.05
Min or max size const. 1 1 578.95 >= 80.00
Min or max size const. 2 1 192.98 >= 36.00
Min or max size const. 3 1 36.00 <= 36.00
Legal constraint 1 36.00 >= 18.00
Coefficient of objective function 1 1 1 1 5228.98

Client Project #1
Total cost of project
Total size of the deck and the yard
Total time it takes to construct the deck and renovate the yard
Furnishings and stairs must fit within the deck
Furnishings must fit within less than 1/3rd of the deck
Deck must fit within less than 1/4th of the yard
Minimum size of deck must be 80 sq ft
Minimum size of furnishings must be 36 sq ft
Maximum size of stairs must be 36 sq ft
Minimum size of stairs must be 18 sq ft



 

 
 

Table 3: Test Client Project #1 Sensitivity Analysis 
 
In Project #2, the constraints from Project #1 were kept equivalent with the exception of the cost 
constraint. The budget for Project #2 was reduced by 10,000$. This reduction caused is significant shift 
towards enlarging the area for yard renovation in the final recommended space allocation plan. A 
10,000$ reduction in budget represents an overall 40% decrease with respect to Project #1. In turn, this 
reduction in budget caused a 62.4% reduction in overall deck size for Project #2. Table 4 shows the new 
recommended deck size to be 217.39 sq. ft. The shadow price for the cost constraint, shown in Table 5, 
easily informs the contractor that a 1 sq. ft. increase in the final value of the objective function requires 
at a minimum a 100$ increase in budget. 
 

 
 

Table 4: Test Client Project #2 Results 
 

 

 
 

Table 5: Test Client Project #2 Sensitivity Analysis 
 
Again, for Project #3, the constraints from Project #1 were carried over with the exception of a 2 week 
reduction in time frame. Comparing the results in Table 6 (Project #3) and Table 4 (Project #2), it is 
easy to see that the 25% decrease in project timeline caused less of a shift towards the recommended 

Min or max size const. 1 578.95 0.00 80.00 498.95 Infinite Not Binding 498.95
Min or max size const. 2 192.98 0.00 36.00 156.98 Infinite Not Binding 156.98
Min or max size const. 3 36.00 1.00 36.00 349.96 18.00 Binding 0.00
Legal constraint 36.00 0.00 18.00 18.00 Infinite Not Binding 18.00
Cost constraint 23315.79 0.00 0.00 Infinite 1684.21 Not Binding 1684.21
Spatial constraint 5000.00 0.98 0.00 2133.33 1666.67 Binding 0.00
Time constraint 8.00 35.09 0.00 0.70 4.47 Binding 0.00
Relative spatial const. 1 228.98 0.00 0.00 Infinite 349.96 Not Binding 349.96
Relative spatial const. 2 578.95 0.33 0.00 1049.89 470.95 Binding 0.00
Relative spatial const. 3 2315.79 0.00 0.00 Infinite 2105.26 Not Binding 2105.26

Client Project #1 Sensitivity Analysis
Allowable 
Decrease

Status SlackConstraint Name Final Value Shadow Price Constraint 
R.H. Side

Allowable 
Increase

Deck Furnishings Stairs Yard
x1 x2 x3 x4

217.39 72.46 36.00 4782.61
Cost constraint 25 2 15000.00 <= 15000.00
Spatial constraint 1 1 5000.00 <= 5000.00
Time constraint 0.01 0.0005 4.57 <= 8.00
Relative spatial const. 1 108.46 <= 217.39
Relative spatial const. 2 217.39 <= 217.39
Relative spatial const. 3 869.57 <= 4782.61
Min or max size const. 1 1 217.39 >= 80.00
Min or max size const. 2 1 72.46 >= 36.00
Min or max size const. 3 1 36.00 <= 36.00
Legal constraint 1 36.00 >= 18.00
Coefficient of objective function 1 1 1 1 5108.46

Client Project #2
Total cost of project
Total size of the deck and the yard
Total time it takes to construct the deck and renovate the yard
Furnishings and stairs must fit within the deck
Furnishings must fit within less than 1/3rd of the deck
Deck must fit within less than 1/4th of the yard
Minimum size of deck must be 80 sq ft
Minimum size of furnishings must be 36 sq ft
Maximum size of stairs must be 36 sq ft
Minimum size of stairs must be 18 sq ft

Min or max size const. 1 217.39 0.00 80.00 137.39 Infinite Not Binding 137.39
Min or max size const. 2 72.46 0.00 36.00 36.46 Infinite Not Binding 36.46
Min or max size const. 3 36.00 1.00 36.00 108.93 18.00 Binding 0.00
Legal constraint 36.00 0.00 18.00 18.00 Infinite Not Binding 18.00
Cost constraint 15000.00 0.01 0.00 8315.79 2516.00 Binding 0.00
Spatial constraint 5000.00 0.97 0.00 1258.00 2727.27 Binding 0.00
Time constraint 4.57 0.00 0.00 Infinite 3.43 Not Binding 3.43
Relative spatial const. 1 108.46 0.00 0.00 Infinite 108.93 Not Binding 108.93
Relative spatial const. 2 217.39 0.33 0.00 326.78 109.39 Binding 0.00
Relative spatial const. 3 869.57 0.00 0.00 Infinite 3913.04 Not Binding 3913.04

Client Project #2 Sensitivity Analysis
Allowable 
Decrease

Status SlackConstraint Name Final Value Shadow Price Constraint 
R.H. Side

Allowable 
Increase



 
size for yard renovation than the 40% decrease in project budget from Project #2. This information can 
be quite valuable because it enables contractors to discuss various options that clients may choose from 
in order to optimize their renovation experience. 
 

 
 

Table 6: Test Client Project #3 Results 
 

 

 
 

Table 7: Test Client Project #3 Sensitivity Analysis 
 
In Project #4 there were two major changes to the constraints. This potential client desired a higher 
quality deck and therefore an increase to 35$ per sq. ft. of deck was considered for the LP. The client, 
considering the increased deck cost, also increased the size of their budget to 35,000$. The results of the 
LP were identical to the results from Project #1. The reason that a similar space allocation plan was 
recommended by the LP is because in both projects, #1 and #4, the budget was sufficient and not 
binding. This being the case and all other constraints being held constant, referring primarily to the 
5000sq. ft. of space and 8 week time frame, the LP generated an identical recommendation.  
 

 
 

Table 8: Test Client Project #4 Results 
 

Deck Furnishings Stairs Yard
x1 x2 x3 x4

368.42 122.81 36.00 4631.58
Cost constraint 25 2 18473.68 <= 25000.00
Spatial constraint 1 1 5000.00 <= 5000.00
Time constraint 0.01 0.0005 6.00 <= 6.00
Relative spatial const. 1 158.81 <= 368.42
Relative spatial const. 2 368.42 <= 368.42
Relative spatial const. 3 1473.68 <= 4631.58
Min or max size const. 1 1 368.42 >= 80.00
Min or max size const. 2 1 122.81 >= 36.00
Min or max size const. 3 1 36.00 <= 36.00
Legal constraint 1 36.00 >= 18.00
Coefficient of objective function 1 1 1 1 5158.81

Client Project #3
Total cost of project
Total size of the deck and the yard
Total time it takes to construct the deck and renovate the yard
Furnishings and stairs must fit within the deck
Furnishings must fit within less than 1/3rd of the deck
Deck must fit within less than 1/4th of the yard
Minimum size of deck must be 80 sq ft
Minimum size of furnishings must be 36 sq ft
Maximum size of stairs must be 36 sq ft
Minimum size of stairs must be 18 sq ft

Min or max size const. 1 368.42 0.00 80.00 288.42 Infinite Not Binding 288.42
Min or max size const. 2 122.81 0.00 36.00 86.81 Infinite Not Binding 86.81
Min or max size const. 3 36.00 1.00 36.00 209.61 18.00 Binding 0.00
Legal constraint 36.00 0.00 18.00 18.00 Infinite Not Binding 18.00
Cost constraint 18473.68 0.00 0.00 Infinite 6526.32 Not Binding 6526.32
Spatial constraint 5000.00 0.98 0.00 4948.00 2500.00 Binding 0.00
Time constraint 6.00 35.09 0.00 2.70 2.47 Binding 0.00
Relative spatial const. 1 158.81 0.00 0.00 Infinite 209.61 Not Binding 209.61
Relative spatial const. 2 368.42 0.33 0.00 628.84 260.42 Binding 0.00
Relative spatial const. 3 1473.68 0.00 0.00 Infinite 3157.89 Not Binding 3157.89

Client Project #3 Sensitivity Analysis
Constraint Name Final Value Shadow Price Constraint 

R.H. Side
Allowable 
Increase

Allowable 
Decrease

Status Slack

Deck Furnishings Stairs Yard
x1 x2 x3 x4

578.95 192.98 36.00 4421.05
Cost constraint 35 2 29105.26 <= 35000.00
Spatial constraint 1 1 5000.00 <= 5000.00
Time constraint 0.01 0.0005 8.00 <= 8.00
Relative spatial const. 1 228.98 <= 578.95
Relative spatial const. 2 578.95 <= 578.95
Relative spatial const. 3 2315.79 <= 4421.05
Min or max size const. 1 1 578.95 >= 80.00
Min or max size const. 2 1 192.98 >= 36.00
Min or max size const. 3 1 36.00 <= 36.00
Legal constraint 1 36.00 >= 18.00
Coefficient of objective function 1 1 1 1 5228.98

Client Project #4
Total cost of project
Total size of the deck and the yard
Total time it takes to construct the deck and renovate the yard
Furnishings and stairs must fit within the deck
Furnishings must fit within less than 1/3rd of the deck
Deck must fit within less than 1/4th of the yard
Minimum size of deck must be 80 sq ft
Minimum size of furnishings must be 36 sq ft
Maximum size of stairs must be 36 sq ft
Minimum size of stairs must be 18 sq ft



 

 
 

Table 9: Test Client Project #4 Sensitivity Analysis 
 
Conclusion 
 
The LP provided valuable information regarding whether or not a basic project can realistically be 
completed within the constraints provided by the test clients. Also, because the LP was created in a 
Microsoft Excel spread sheet, constraints can easily be removed or altered at any future client's request. 
This attribute gives the LP a level of flexibility and adaptability that residential contractor's require due 
to the multitude of different residential housing designs that they work with. The LP was also able to 
highlight the fact that both the time and cost variables had large impacts on deck size and that in order to 
ensure a complete renovation of the project area, a substantial shift from deck construction to yard 
renovation might be required. With proper foresight of major cost driver's like deck size, residential 
contractors are much better suited to complete projects on time and under budget. 
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Min or max size const. 1 578.95 0.00 80.00 498.95 Infinite Not Binding 498.95
Min or max size const. 2 192.98 0.00 36.00 156.98 Infinite Not Binding 156.98
Min or max size const. 3 36.00 1.00 36.00 349.96 18.00 Binding 0.00
Legal constraint 36.00 0.00 18.00 18.00 Infinite Not Binding 18.00
Cost constraint 29105.26 0.00 0.00 Infinite 5894.74 Not Binding 5894.74
Spatial constraint 5000.00 0.98 0.00 8948.00 1666.67 Binding 0.00
Time constraint 8.00 35.09 0.00 1.70 4.47 Binding 0.00
Relative spatial const. 1 228.98 0.00 0.00 Infinite 349.96 Not Binding 349.96
Relative spatial const. 2 578.95 0.33 0.00 1049.89 470.95 Binding 0.00
Relative spatial const. 3 2315.79 0.00 0.00 Infinite 2105.26 Not Binding 2105.26

Client Project #4 Sensitivity Analysis
Constraint Name Final Value Shadow Price Constraint 

R.H. Side
Allowable 
Increase

Allowable 
Decrease

Status Slack


