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a ranked list of alternatives, which is the output of the AcA
Abstractl The Proposal Development Process (PDP) is a Process. Government contractors win pusmess for their
highly competitive process critical to generating revenue for Company by generating successfuypsalsvia the PDR a
government contracbrs. The Analysis of Alternatives (AoA) key ingredient of which is a high quality ranked list of
process, a sulprocess of the PDP, is conducted to develop alternatives. The AOA process is a highly tisensitive
complex IT solutions covering a wide range of technologies to process of entirely overhead cost, and currently comprises an
meet requirements in a Request for Proposals (RFP) from entjre fifth, on average, of the project sponsorOs prioposa
government agencies. To meet enterpriseost and productivity  geyelopment effort. The current time necessary for AoA is
goals to maintain competitive advantage in the market place, considered by the project sponsors to be too high, and it is

there is a need to decrease the mean time required ftre AoA ized that th X tential f t b fit to th
by 33% and its variability by 25% while maintaining or recognize a ere 1S potential for great benefit to the

increasing AoA quality. A detailed analysis of the AoAprocess Project sponsors if the efficiency die process were to be
divides the 24 tasks withinthe AoA into four categories: labor ~ increased1], [2]. _ _ _
intensive (35%), decision making (20%), experience recall The process by which alternative solutions to propose are
(19%), and networking (26%). determined and evaluated (i.e. AoA) is given by the project
Four design alternatives are consideredimplementing an  sponsors as the Decision and Analysis Resolution (DAR).
improved file management system (e.glntravation Inc.), a  The DAR is divided into twentjour tasks, represented by
content management System (eg EMC |nC), and malntalnlng a four phasesl) Dehne the Problem Doma|n |nvo|ves the
sanitized content repository. An added value alternative is also definition of requirements for the subject technology:
g?\?ﬁf?éi? 0'?i:j:)ﬁg'iggnztfgrr;gbif;?éigoéftgﬁe:;@egrws;s' Define Evaluation Criteria includes the compilation of clear
modeled using a Monte Carlo discretevent simulation model, and measurable criteria for eyaluatl_ng alternative solutions;
which simulates the mean time required and the time 3) Explore Alternate Solutions inclugde all research
variability for each AoA task as well as the quality ofthe AoA  Necessary to determine viable alternatives to propose4jand
output. An analysis of the cost versus utility shows that the Evaluate Solutions involves comparing and analyzing the
combination of adjusting staffing levels and maintaining a alternatives, and generating the ranked list of alternatives
sanitized content repository holds the highest value among the [2].
alternative configurations that meet the stakeholdersO needs A detailed analysis of the DAR gives insight into potinti
C::/i:tﬂlit?/ r";gﬁgﬁ:ﬂ“r?}[‘)g?rgg;c“g: do‘; ‘Edil?dtpi td;lrf;tlli?; methods for improving the efficiency of the process. Due to
. (] . .
. ' the fact that most of the AoA process is intellectual labor
mprovement of 10.226, at a per-AoA cost of $50,000 and a . . . . '
Lotgl ir\1lvestment cost of0$230 080 per year. $ there are multiple categories of tasks involved, reflecting the
' nature of the work performed in the AoA. The task
categories differin the variability of time required to
) . . accomplish tasks, giving insight into potential alternatives
HE Analysis of Alternatives (AoA) process is thefor improvement. The task categories are 1) Labor Intensive,
method by which alternative technical solutions argy Decision Making, 3) Exp@nce Recall, and 4)
evaluated and selected by government contractors to Prop@R&working [2]. Each task includes some or athsk
to government agencies in contract proposald COmprises cateqories, at a proportion defined via stakeholder
the technical portion of the Proposal Development Proceggowledge elicitation. The labor intensive task category
(PDP) Itis conducted once a bid decision is made to pursygpresents tasks in which an expert is not required and are
a particular soligation (usually a Request for Proposal) bystj|| time-consuming with low time variability. The decision
generating and submitting a propostte proposal includes making category redes an expert decision maker to
complete the tasks, for example, making judgment calls
" ot ved Aoril 2. 2012, Thi oot and it _about the weights for the evaluation criteria in AOA.
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interaction and commmication, for example, obtaining the C. Proposal Managers

opinion of a subject matter expert (SMERble Ishows the  proposal Managers develop and manage the proposal plan
variabilities and percent compositi@f AoA for each task 5,4 scedule. They structure, develop, and write proposals
category[1], [2]. around the RFP and may also leverage exjsanchived

TABLE | ) .
AOA TASK CATEGORY VARIABILITIES AND PERCENTCOMPOSITION OF proposal informatiorfl], [2].
AOA .
° D. Stakeholder Conflict
Variability (Standard L Th i i b h | devel t
Task Category R Composition of ere is a tension between the proposal developmen
eviation) AocA managers and the solutions architectse fimnagersO goals
Labor Intensive Low (5%) 35% of increasing proposahroughputand raise the probability
Decision Making High (30%) 19% of increasing revenue from won contracts, this would require
3 3 0/ 0, . .
Experience Recall Medium (20%) 19% an increase in the AoA throughput for proposals. However,
Networking High (30%) 26%

the solutions architects®O constraints of limited time and

personnel resources available to conduct AoA detracts from
Key external information relevant to the decisioaking their ability to meet the demand required foriacrease in

processes is requested and obtained at several points in ﬁhﬁ)osal throughpUe].

process. This information includes 1) research from past

AoA efforts, 2) industry research (including technology I1l. NEED STATEMENT

specifications, etc.), 3)ustomer knowledge, 4) subject There is a need for a system to increase proposal

matter expert opinions, and 5) internal survey reSpons%Sévelopment efficiency by reducing the meandineeded

These areas of information are not under the control ofthoi%q, Analysis of Alternatives by at least 33%, and the

cpndgcting AO0A, and so a lack of available informa_tion ma}fariability by 25%, while maintaining or increasing AoA
significantly delay the AoA process or lowtre quality of roposed solution quality at acceptable cost.
the output by up to 25%. Also, the applicability of thep

information once obtained is unknown prior to obtaining it,
therefore the usefulness of the information sought is highly

variable. The lack of applicability of information may also Alternatives are developed based on a detailed
lower the AoA output qualityy up to 25%[2]. understanding of the Aoprocess and further research with

the goal of addressing the stakeholdersO needs. The two
Il. STAKEHOLDER ANALYSIS alternative types considered aflg based on optimizing

_ . ronnel resources to conduct AoA, Zpformation
Key stakeholders are those within the project sponsor@E

L Vv Inc.Os Civil d National S ] éhnology solutiog that will facilitate technical AoA
organization, Vangent Inc.Os Civilian and Nationa ecurlF‘Xaterial storage and retrieval. The defined alternatives are

glvm?n,_ anld ;“"?"Z _b_een cgtegorlz?d as tgoze_thit H6t consideredas exclusive, as an integrated system
Plrecty I|n|;0 vel n nwgg and or performing AoA in the comprised of a combination of alternatives that target the
roposal Development Process. need may provide maximum utility to the stakeholders.

IV. DESIGNALTERNATIVES

A. Solutions Architects A. Optimized Staffing Levels

Solutions Architects (SA) are technical experts and are the.l.he optimized staffing levels alternative involvesdding

primary employee responsible for conducting the entire AOé‘ne additional solutions dritect to aid in conducting AoA.
process. They perform market research and dolle

ificati 4 d ¢ q This holds many potentiabenefits for the AoA process
component  specifications an ata from vendors VBecausehe parallel nature of AoA tasks is not utilized when

interpersonal communication and/or reviewing producénly one solutions arcteict is conducting AoA There is

literature. They then organize the solutions developmeg;(pected to be a significant impact on the procksation

effort by combining available technologies and/or serviceg,nd when an additional solutions architect aids in
into potential solutions that meedolicitor requirements. erforming AoA. Of the 24tasks identified throughout all
Finally, by performing an alternatives analysis, solution tages of the AOA process, 21 of those tasks may be
architects provide a recommended solution to psepio the conducted in parallel with at least one other task, which can

solicitor [1], [2]. lead to asubstantialincrease in efficiency if an additional
B. Capture Managers architect is available. Also, with an added solutions architect

If a bid is made, the capture managers develop a winniH@ﬁ_re is a larger pool of _experience between the architects
bid strategy i understanding the solicitor, the solution, andVhich may reduce the time necessary to conduct tasks
the competitive environment. They also oversee pricin elying on experience recall. With an increase in experience
identify resources requirednd manage process execution?€tween the solutions architects there is expected to be more
111, 2. knowledge available to use in making decisions, for

example in defining key requirementgynderstanding the
criteria needed for a specific AoAt is expected that



solutions architects will be able to conduct certain tasldelay availability of information. The COTS product that is
simultaneously and the AoA process will thereforedme considered is EMCOs Documentum [4].
more efficient. One potential drawback is tbenflict in
making decisions that can occur with the difference of 3) Sanitized Document Repository
opinions between two individuals, which could possibly A sanitized document repository is essentially a collection
cause tasks that require decisiomking to take longer to of files that have been sanitized of proprietary elagsified
perform[2]. information. This will virtually eliminate any security risks
. . associated with sharing of files and may provide quicker
B." Information Technology Alternatives access to information since it will not require file specific
Key stakeholders have indicated that they currently usgcess permissions. In addition, since it may be implemented
Microsoft Sharepoint for sharing files between architectgsa simple shared drive, technical support is generally not
and thatit does not provide the level of accemsfeatures necessary as this solution does not require special hardware
that are neededesulting in a low qualitand undewtilized o software. Potential drawbacks are that it will only contain
system[2]. The nformation technology alternatives that aresanitized documents, which could initially limit the quality
proposed will seek to directly increase efficiency ohnd quantityof information available until additional files
performing all tasks in the AoArpcess byallowing for  are added and the repository continues to grow. This
storage, retrieval and direct sharing of current and pagternative will reduce variability of the mean time duration
technical solution material. &t proposal mterial could be of the AoA process since highly variable tasks such as those
used as a reference for current work and may even Pyt require decision making, @erience recall, and
directly applicable to the AoA at hand, potentially removinthetworking may be partly converted kabor intensive task
the need for new work in a given task of AOPwo vendors of retrieving past proposal data. The new content that is
of such products are considered because of exiBtegse created, which would have otherwise been unavailable to
agreemats or other relationshipgith the project sponsors. share between solutions architects, may contain similar
decisbns that have been made and analyses that have been

1) File Management System _ _conducted, thereby preventing the architect from having to
A file management system is an IT solution that wilkirt Sfresh® on new AoAs.

allow files to be stored in a hierarchical structure on a
backend server where they can be managed and accessed by V. SIMULATION DESIGN
solutions architects. It can be integrated with existing

desktop productivity applicationsaharchitects are familiar A Monte Carlo Discretvent simulation is run for 1000

with, and promotes intranet collaboration by increasinlgeal'ca(;'obnst?]ndD”AOFgel_s‘ thte Eugelgt trJall(sneAnrA dprocel_ss_i "’;.Sn
availability of information. A file management system ca efined by the via stakeholde owledge eficitation,

easily be scaled with the additi of more storage space, an s well as each of the various suggested alternatives. The

should only require a minimal amount of technical suppo?t'mUIatlon mo<|j|els ?Otz thf bas_lc strudcttlrj]re a;fnd tﬂOV\]f Oftthﬁ |
as it is not overly complex in terms of hardware anf{’0C€ss as Well as lask calegories an € efiects of externa

software. Specific user tailoring is limited to basiclnformatlon flow[1], [2].

permissions required for accessing files, and searchA. Model Assumptions

functiorality is limited to filenames, tags, and attributes. The The model assumptions made in the simulation are as

commercialoff-the-shelf (COTS product considered is fq|jows: 1) solutions architects work on one task at a time, 2)

Intravation Inc.Os Virtual Proposal Center (VPC) [3]. solutions architects work on one proposal at a time, 3) the
four task categories adequately wap the labor done in the

2) Content Management System AOA process, and 4) all tasks are of equal importance to the
A content management system extends on a f'[ﬁlality of the AoA output.

management systemith additional benefits and features. It

has more robust searching and indexing capabilities thaB. Simulation Inputs and Outputs

allow for full-text and content searches wittstored files Figure 1 shows the inputs and outputs of the simulation
and therefore is a higher quality soluti¢relative to the file model. The simulation inputs are entirely exogenous,
management alternative)in terns  of information defined from process documentation and stakeholder
accessibility and availability. It allows for users to beknowledge elicitation. They are: 1) the Ao0A process
assigned roles based upon their -filgcess needs andstructure definition, including the relative base duration
includes authentication, file cheak and checlout, change random variable (considered as a percentage of the total
tracking, and version control. These features accommodaigpected time for AoA) for each of th24 tasks, the
greater enterprise security and integrity requirementspercentage of each task category composing each task, and
However, due to the much higher complexity associatatle inherent duration variability associated with the task
with a content management system, it may require mocategories; 2) task category efficiency indexes for each
technical support and training along with potential problemsiternative; 3) the difficulty metric random variable for each
with authentication and access permassi which could AoA; 4) the availability of external information, determined



via a probability distribution; 5) the applicability of external
information, also determined via a probiddy distribution;
and6) the number of technologies (AoAs required) for each
proposal.

The atputs of the simulation model are entirely
endogenous, calculated by the simulation model, and are: 1)

D. Design of Experiment

The configurationsof alternatives that comprise the
design of experiment are shown in Table

TABLE Il

the duration for each phase of the AoA and for the entire SIMULA TION DESIGN OFEXPERIMENT
A0A,; 2) the variability of the time duration for each phase o Alternatives
and for the entire AoA; and 3) thguality metric for the Run C°"f'g"l'at'°" Al A2 A3 A4
1 Baseline - - - -
AOA output. ) X < -
3 A1, A2 X X
4 A1, A2, A3 X X X
5 A1, A2, A4 X X - X
6 A1, A3 X X -
7 A1, A4 X - - X
8 A2 - X -
9 A2, A3 - X | X -
10 A2, A4 - X - X
1 A3 . - ox -
Simulation Model 12 Ad . ; ; X

Al: Optimizing Staffing Levels, A2: Maintain a Sanitiz
Repository, A3: File Maagement, A4: Content Management

In simulating each configuration, efficiency indexes were
needed to calculate the effect of the tested configuration on
the systerlin particular the efficiency of each task
Fig. 1. Simulation Model Inputs and Outputs category. These efficiency improvements for each
alternative configuration were elicited from key stakeholder

h [ .
C. Simulation Calculations expets and they can be seen in F2g2]

Several calculationsare performed by the simulatip
most importantlyjthose for time delay (generating durations), .
time varidility, and AoA output quality. 11

“ Labor Intensive ® Decision Making Experience Recall  Networking

The process time delay calculated by the simulation for !
each task is given bil) with the variables being as follows: 3 Zz
¥ Tc=Number of Task Categories E o
¥ D =Inherent Process Delay for each Process 5
¥ E = Task Category Efficiency Index £ o
¥ W = Task Category Weight (proportion of that task 03
category in the process) ”
¥ N = Number of Technologies/AoAs in the Proposal 0
¥ V - TaSk Category Varlabﬁ! FaCtO!‘ (RV) Baseline Al  Al1,A2 A] AZ Al AZ Al1,A3 Al A4 A2 A2,A3 A2,A4 A3 A4
¥ Tv=AoA Difficulty Factor (RV) et Cntgetons
Fig. 2. Efficiency Indexes for Simulation Configurations (;
imizin ffing Levels, A2: Maintain nitized R i .
Task Delay =ETC(D *EXVEW *Tv)IN 1) Sl?et Mana%i?ent?mﬁ goﬁ%tent M:natgemaenslf)a tized Repostiory.

The total AoA duration is the sum of each task defayd
thetime variability is calculated as the standard deviation of
the mean time duration. A. Simulation Results

The quality metric is summed oveeach external  Figure 3 shows the AoAercent time duration reduction
information flow point and is based on applicability.from the baseline time for each configuration of alternatives

VI. RESULTS

availability of information as shown irg]. considered.The configurations where several alternatives
¥ Av= Availability Metric are included have a greater effect than single alternatives.
¥ Ap= Applicability Metric Only six of the twelve configurations meghe desired
minimum 33% decrease of AoA duration and 25% decrease
Quality Metric = E (0.6*Av+04* Ap) (2) in variability. Those configurations which meet the goals are

marked with the darker coloring. Of these, the combination



of optimized staffing levels, maintaining a sanitizedepository alternative is the only one which significantly
repository, ad implementing a content management systemiffects the quality metric. For those configurations involving
(A1, A2, A4) have the most significant effect at a 52%hat alternative, the quality metric increases by 10-18+/
decrease in AoA duration from the baseline. Taken singly94%, and for thoséhat do not, the quality etric improves
the alternative with the greatest impact on mean tinfely marginally (p toa.04%improvement)

duration is the optimized staffing levels aitative, with a B cost Analysis

0,
percent decrease of 36.53%. It should be noted ttiat A cost analysis is conducted for each alternative. The

configurations which do not meet ts&akeholdersO neate optimized staffing levels alternative for one additional SA is

tar;toesr?]a\;\il\?::h do not include the optimizing staffing Ievelséstimated to be a $200,000 yearly burden resulting in a total

five year ost of approximately $1,000,00[2]. The file
management alternaé has a total five year cost estimated
60.00% o166 at $83,075. This includes first year cost of licensing 100
50.00% Py . 8 users at $75,000 plus annumahintenance of $1,615 per year
40.00% [2]. The content management alternative has a total five year
000% B - cost estimated at $202,740. Thicludes first year cost of
0% "o licensing 100 users at $110,665 plus annual maintenance of
1L1s% 10.11% $18,415 per year [5]. The sanitized repository alternative has
an estimated five year cost of $150,000, this being calculated
Al Al1,A2 A1,A2,A1,A2,A1,A3 A1l,Ad A2 A2,A3 A2,Ad A3 A4 from the tlme necessary to Sanltlze AOA dmm':s [2]
A3 Since these alternatives are independent with regard to cost,
Alternative Configurations the cost of any combination of these alternatives is the sum
_ Duration D for Adar Each Simulati of the individual costs. These costs are reduced by cost
E'ghf%u;ﬁ;e&tl: “Cr)?)tt'i?:izin‘zcrg?;f‘;ng’Levglrs, S amaate! saved from time saved in AoA duration reduction, as will be

Sanitized Repository, A3:File Management, A4: Content discussed.
Management ~ - .
’ ) C. StakeholdersO Utility Function

Figure 4 shows the AoA time duration variabilflysigma A Utility function with eight criteria is developed from
from the original durationjn standard devtions for the Stakeholder values elicitation, using the swing weight
baseline and each athative configuration. He method. The most prominent factor in the utility function is
configurations with mltiple alternativeshave a greater the time reduction of alternativefsliowed by the usability
effect on the variability than any single alternatives, an@f the alternative for SAs. The integrability of the alternative
only six configurations meet the goal of 25% variabilityS @S0 given significant weight below usability, and is
reduction. The coigurations with the greatest effect are thdollowed by the alternativeOs effect on AoA quality. The
optimized staffing levels alternative and sanitized repositofigilorability ranks next, and the contract/business time
alternative coupled with either the file management ofariabiity, and scalability factorsre weighted low(<.10)
content management alternative (Al, A2, A3; or Al, A2[2]-

A4), both having a percent decreasevariability of 50%. D. CostBenefit Analysis Results

Similarly to the results for AoA mean time duration, those Figure 5 shows cost versus utility where cost is considered

configurations which do not include the optimized staffing,¢ {hecost per AoA, which includes cost savirfigsm time
levels alternative do not meet the variability reduction goal.q5yeqd as a result c’)f AoA duration reduction. Note that the

sanitized repository alternative (ABas a negative cost, or

Percent Decrease in AoA Mean
Time Duration
o
]
w
8
8

g 00% positive return on investment, 2,400 per AoA The
E  soom i upperleft corner represents the desirable region of the
SE 10005 37.50% 750% 37.50% graph, having high utility and low cost, whereas the upper
=2 e right region has high tility with high cost. The group of
§ E pall B H B B B configurations in the upper right region contains those that
&% 2000% 1875% include the optimized staffing levels alternafive high
£E8 By ) value but high cost alternative. These are also the only
3 B = configurations that meet the goals for AoA aneduration
0.00% and duration variability reduction. The configurations in the
Al Al1,A2 A1,A2,A1,A2, A1, A3 A1,A4 A2 A2,A3 A2,Ad A3 A4 . .
A A upperleft corner are primarily technologyased
Alternative Configurations alternatives.

The quality metric shows improvement in certain
alternative configurations. It is seen that the sanitized

Fig. 4. Percent Decrease for AoA Duration Variability for E:
Simulation Configuration(Al: Optimizing Staffing Levels, A2
Maintain a Sanitized Repository, A3File Management, A
Content Management)



5 utility. This configuration yields a 438 decrease in the
Closest to Desirable Region ¢ a1, 12,4 mean time duration for AoA a 37.5% decrease tlie

Meet the
* AL A2

N O Az A4

AP Qs e ‘AAAIIA,;.% ¢ wan™  duration variability, 10.20 inarease in AoA output quality,
g ., e, @@ perAoA cost of $50,000, and a total investment cost of
I IS s urston end $230,000 per year _

l.j Oes,-,%e Reduction Need The cost of the content management alternative (A4) has

the potential to decrease significantly due to the possibility
0 that the project sponsors have existing license agreements
SSON000 SISON000 SIA0D00  SSSON0G0 - STSAUND 82500000 for the EMC Documentum content management ,tool
leading to potentially higheralue if that alternative could be

included Table IV shows the ranking of alternative
configurations by utility scoreFor a content management
cost reduction of 35%, the configuration of optimized
staffing levels, sanitized repository, and content
managenent system (Al, A2, Adwould be nearer the

desirable region on the cost vs. utility chattis therefore

recommended that the optimized staffing levels and

E. Sensitivity Analysis JHTE . ) .
A sensitivity analysis is performed on the weights used ggraintaining - a sanitized repository  alternatives  be

score alternative confi . . ~ .IEanemented, and the cost reduction poterdfaihe content
gurations in the stakeholdersO Ut'llLrYanagement system by further explored

function for the three highestinking configurations and the '

three greatesweighted ulity function criteria. Table Il

shows the amount by hich the weight of each criterion

Cost per AoA

Fig. 5. Cost per AoA vs. Utility. The uppefeft region is higt
utility, low cost, the upperight region is highutility, high cost.
Configurations in the uppeaight meet theduration and variabilit
reduction need(Al: Optimizing Staffing Levels, A2Maintain a
Sanitized Repository, A3:File Management, A4:Content

TABLE IV
ALTERNATIVE CONFIGURATION RANKS BY UTILITY

would have to increase in order to overtake the highest Alternative -
ranking alternative configuratioutility . Rank | configuration | UtHItY
1 A1, A2, A4 4.25

TABLE I s, o5 a0

NSITIVITY ANALYSIS FORUTILITY WEIGHT 2 2 -

SENS SIS FORU GHTS 4 A2, M4 3.90

. Utility Function Criteria 5 A2 3.54

Alternative 6 A, A4 3.49
Configurations  \canTime | Usability | Integrability ; AZA 4A3 gfg

A1, A2 33% 41% 69% 9 A1, A3 3.14

A1, A2, A3 34 48% 119% 10 A 3.09

A2, A4 60% 34% 60% 11 Baseline 2.50

Al: Optimizing Staffing Levels, A2Maintain a Sanitized Repository, 12 A3 2.37

A3: File Management, A4Content Management Al: Optimizing Staffing Levels, A2Maintain a Sanitized Repository,

A3: File Management, A4Content Management
It is also found thathe combination of optimized staffing

levels, maintaining a sanitized repository, and implementing ACKNOWLEDGMENT
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