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The Office of Management and Budget is embracing
cloud computing as the preferred federal IT
environment of the future

» Reduce expenditures for IT | o
. . “Of the investments that will involve up-front
Infrastructure and services costs to be recouped in outyear savings, Cloud-

computing is aprime case in point. The federal
government will transform its Information

» Trade u p-fro Nt investment Technology Infrastructure by virtualizing data
. . e centers, consolidating data centers and
for Slg N |f|Cant Outyear operations, and ultimately adopting a Cloud
. computing business model. Initial pilots
Savin gS conducted in collaboration with federal agencies

will serve astest beds ... The pilots will evolve
into migrations of major agency capabilities

4 Beg In with Pl lot programs from agency computing platforms to base
agency I T processes and datain the Cloud.
th at Iead tO ag en Cy Expected savings in the outyears, as more

: : agencies reduce their costs of hosting systemsin

mi g ratl ons their own data centers, should be many times the

original investment in this area.”

President’s Budget, FY 10, Section 9
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In the private sector, cloud computing is in a “hype
cycle” and cost savings claims are often inflated

» Most ROI estimates are driven by reductions in hardware
replacement costs

» “ROI Calculators” are provided by vendors who stand to profit from
cloud adoption

» ROI was not based on a Life Cycle Cost Estimate, and excludes
—  Systems engineering and program management
—  Operations support
—  Transition costs and parallel operations during transition

It makes sense that cloud computing will lower IT costs, but
what’s the real story?
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Booz Allen constructed detailed cost models and a
framework for economic analysis that produces Life Cycle
Cost Estimates for cloud computing

» Cost model built on government and commercial best practices
— Tailored DoD Cost Element Structure (CES)
— Industry best-practice Cost Estimating Relationships
— SCEA-certified estimating and analysis methods

» Economic framework addresses

— Net Present Value: present value of the net difference of all estimated savings
minus total costs

— Benefit-Cost Ratio: ratio of total savings to total costs

— (Discounted) Payback Period: the time required to recover investments through
future savings
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We applied our analysis to the three prevalent cloud
computing deployment models

Cloud Computing
Deployment Model

Definition

Characteristics

Assumptions

Public Cloud Department or agency migrates its Relatively low level of mission, bureau, Transition to the new cloud
IT infrastructure to an existing or program-specific sensitivities; these environment will occur steadily over 3
public cloud. agencies may be the most likely early years; workload remains constant (i.e.,
adopters of cloud computing. no increase in capacity demand)
Hybrid Cloud Department or agency builds a Bureau or program-specific payment Seventy-five percent of the IT server

private cloud solution to handle the
majority of its IT workload but also
uses a public cloud solution to
provide “surge” support and/or
support for low-sensitivity
applications.

and/or privacy sensitivities; because of

the inherent complexity of this scenario,
these agencies are more likely to be part
of the “second wave” of cloud adopters.

workload will migrate to a private
cloud, and the remaining 25 percent
will be transitioned to a public cloud;
transition to the new cloud
environments will occur steadily over 3
years; existing facilities will be used
(i.e., no new investment is required in
physical facilities) and workload
remains constant (i.e., no increase in
capacity demand)

Private Cloud

Department or agency builds its
own private cloud solution or
participates in an interagency cloud
solution.

Broad mission sensitivity; given the
perceived risk, these agencies may be
more likely to be late adopters of cloud
solutions.

Transition to the new cloud
environment will occur steadily over 3
years; existing facilities will be used
(i.e., no new investment is required in
physical facilities); workload remains
constant (i.e., no increase in capacity
demand).
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Our study focused on factors likely to be common to
any cloud computing scenario

» The study considered
— Transition costs,
— Life-cycle operations, and

— Likely migration schedules - which other studies usually ignore or treat
incidentally

» Analysis framework consists of
— Up-front investment costs
— Transition schedules and costs

— Steady-state Operations and Support costs over a 10-year life cycle

» Exclusions:

» Costs that would be less likely to vary significantly between Cloud
scenarios

» Costs for physical facilities -- assume “wash” cost between the existing
and new Cloud environments.
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The cost estimating process produces low, high, and most
probable cost estimates.

Cloud CostModals
CostElementStructure
: F a3 hilue 3 T RO e el T QRS t t LS

1

CostEstimsaEs

| 4 m__
1. Begin with a tailored Cost FJ
Element Structure
2. Gather data and estimate costs,
using Cost Estimating
Relationships, historical data,
vendor quotes, and engineering

. Sanen Qs Seenarie by | Soemarie 31 | Scemaris )
estimates LotoServer |Publie | Hybed | Privaw
Carts/Ecomsmic Aatricn | (Ko Claed Cland Cland
Virimalieed)
3. Refine assumptions for each v e ot e — s
cloud deployment model TN o o e
huli.‘l:-tI ||]I'lI;'l \I!'n rr# ] tw EE E
4., Calculate the economic metrics !i ,,,,,,, Masries:
| XY RV A ﬁ HE 'H_J.i BILE
BLR XA 154 1) (%]
OFF (Yeart) LT iz b il
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Our cost model allows precise descriptions of hardware
procurement, reuse, power consumption, facilities*, and

I ab OF COSI{S  *The cost model allows facility costs, but in this study we assumed the facility costs were $0

General Cloud Server & Facililty Characteristic Assumptions Power Metrics
T (UPS load) 1
[EESSRERIR - Dca to b provice Cooling (chillers, fans, pumps) x UPS Load 1.0
Axiliariss (UPSE lowes, lighting. other) x UPS Load 0.3

Facilitv Size

Tier Level of Facility _ -
: Land & Conztruetion Cozez
Exizitng Server Information Land (ES's per acrs)
Avg. Current Womber of acres of land needed
Server Facilitiss Cost par Sguare Foot
Ttilization Rate

No. of Existing Servers
Lem-gnd Sagvey
d-rangs Server

Power Related Facilities Cost

Highoend Server Building Arch. & Engeing (% of IT & Won-IT contr, couts) 3
Total Exsiting smvisonsnt mever Units 1,436
Existing IT $Syrtem Admin, 5taff Requirements (247) E -
Power Usage
% Existing Servers to be Re-uzed in New Private Cloud i Average hours per vear 8766
Lomretnd Sesves T 3L F ) - ry
Load factor (power, not computation) 98%
Electricity Cost (S EWH
Mo, of exizting Servers to be Re-ured in New Privae Cloud
Lem-end Sarv ¢ i i
"_r — = 5"z per KW Br Tier Level
E o TIER Level FYos+ FYop9+
Tetal existing Servers to be re-uasd 0 Tier II £20.000 €22 520
Tier IV 522.000 524,772
No. Sarvers in New Cloud Environmant — ~ —rr : - ~— = ~
* FY03 Cost Data from Uptime Institute 2008 White Paper b Pitt Tumer & John Ssader on 5's par .~|
Mlax Berver Utilization in Clowd Environment Gi%a
[Tcr:lf Fayuired MTHD ] 231 |

[Tetal required serven | 12 |

Mlaz Server Utilization in Cloud Envirenment
Total requered serven
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Our cost model allows precise descriptions of hardware
procurement, reuse, power consumption, facilities*, and
labor costs (con't)

IT Labor: Server Inseallation & Hoolup Hr:. Server
Low-2nd Sarver 20
hlid-range Server 20
High-end Server 20

[IT fully loaded labor $'s par Hour (FYD9 §'3) [ swo |

IT Labor: COTS ST Inzeall. & Config. % Coxr Mark up

COTS EW Installation Labor 36%
COTS 5W Inrial Confimararion Labor 3%

Rack Information
Low-end Server

Tnits Per Rack i3
Asyornad area per Rack (5T 9
%6 of Rack Filled 100%%
Mumber of Racks 12
Nember of IT facilities SF Reguired 216
Aid-range Server
Units Per Rack 16
g g
1007

High-end Server

Lnits Per Rack g

Aspurned 3rea par Fack (5T 3

%% of Rack Filled 100
Number of Racks

Iuember of [T fazilitias 5F Ragquired T2
New Faciliey Size

IT arsa (5F 114
Mo - IT Power Cocling wopport area (3F 548
Total Size of Facilivy (5F 1 060
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Our cost model allows precise descriptions of hardware
procurement, reuse, power consumption, facilities*, and
labor costs (con't)

Alize. Hardware Cost Informarion

| Low-end Server

Rack costs

External hasdeired connactions
Internal routers and switches
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High-and Server

Razk costs
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Internal routers and switches
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|Cabling Coztz (% of other HW Coztz)
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w Cloud Environment

No. Servers

Aveg Power
Conzumption
(Wartz)

Server cost

(K §'z)

L ov-2nd Sarver 0 217 51.8
Mid-range Server 0 641 $3.3
Hizh-and 3arver 0 1,000 512.6

Procure New Server:

Low

' o
=20 SETVET

Alid
g
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The model allows detailed specification of implementation
schedules, to include reuse of existing infrastructure

Implementation Schedule
Total FY2009 FY20l5 FY2016 FYaoa? FY2018
[Facilitis Construetion Schedul | %
Server Implementation Required Total Fy2o0e FYIols FY2016 Y2017 FY2018
Low-sod Server Ra-uia { 0
Medrangs Sarver Ra-nia 0 0
High-end Server Hamez ]
Lowraied Sarva N 281 320
Mid-range Rarver Newr 1} 93
High-end Server New 4 3
Total 27 466 1] 250 186 0 0 0 0 1] 0 0
[ Total Implementation vears | | [ I 2 I ] 1 | 1 | 0 | ] [ 1] I
Other Hardware mentation Required Total FYi016 | FY2017 | Fviols
Other Hardware ltem A 0 ]
Qtthis Bardease ltem B { 0
Orthas Basdease ram C 0 0
] ] 1] 1] L 0 ] ] 1] 1] 0 0
Mlize. Eﬂ'ﬂhuleu, Switchesz. Racks. Cablez) Total FYI009 FY2010 FY2oll Fy2onl FY2013 FyIol4 FYiols FYI016 FYao17 FY2018
= Razis 12 1] 5 0 0 1]
=Raia 7 0 4 3 0 Y
#Fals 4 0 2 0 0
Total 23 1] 13 10 0 0 1] ] 1] 0 0
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The cloud computing cost model calculates costs over a
program life cycle and estimates the economic benefit of
the proposed program

Summary Financial Economic Measures
CES= Labar = FTE:
Net Present Value (NPV) in FY09 K5's 530,251 2.0 Test 1.0
Benefit-Cost Ratio (BCR) A6 31 | 15
Discounted Pavhack Perind (DPF)* 4.0 3.2 E 3.4
Real Discount Rate = 2.60%% 124.2 | ITO&S 50
*Years from the beginning of the Clawd investment phase
Year¥o.=w |  ©o | 1 | = [ 3 T[T 4 [ =& T & T = T =& T e T 1w [ 11 [ 1= T 13 ]
Fves [ Fwie | Fvil | Fvi: | Ewad | Evas | Fwas | Evie | Evar | Fvas | Evis | Fves | Fven | Fvae |
Discount Factors= | 1.0000 | 08747 09500 | 09259 | 09004 | 08796 | 08575 | 08355 | o0%l4s | 07937 | 07736 | 07540 | 0738 [ 07165 |
Intermal Clowud Altemative Constant Dollars Costs
Total Fy o9 FY10 Fyil Fyl: FY13 Fyl4 FY1E FY16 FY17 FY18 FY19 FY20 FY:l Fr22
Invezement Cozrez (BY DS K5 512,018 50 57407 54,608 50 S0 S0 20 20 S0 S0 0 0 S0 S0
Recurring Coser (BY09 K1) 546,003 50 58,050 54,636 52,087 52,087 52,087 55,192 54,162 52,087 52,087 52,087 55,192 54,162 §2.087
Searzs Ous Altermacive Conseant Dallars
Total Fyoe Y10 Fyil Fyi2 F113 Fyls FY1s Yl Fyvi? FY1s FY1% Fy20 FY':1 Fi:
Inverstment Cozez (BYDP K51 20 50 50 S0 50 50 S0 20 0 S0 S0 0 S0 50 50
Returring Coses (BY09 K§'s) 596,672 50 87,438 87,436 57,436 57,436 57,436 57,436 87,436 57,436 §T.436 57,416 57,418 57,418 87,438
Undiscounted BYD9 KS's Coses & Banali: Tatal FY09 FY10 FY11l FY12 FY13 FY1l4 FY'15 FY14 FY17 FY1% FY1% FY'20 FY'21 FY22
Net Invertment Coaen (Clowd Al - 50 Ale) 1 512,018 W 57407 34 608 Y 0 Y ¥ ¥ S0 k) 30 30 0 30
Xt Sysram Bansfe (50 Al - Claiad Alr) b LE0, 650 71 LE14 £ 900 PR LR 5 34 p el L g1 378 T8 hag L8 a3 L8 hag el L £327s LR
Diseountad Costs & Banafies (K5's) Tatal Y9 FY'10 FY1l Fy12 FY'13 FYl4 FY'15 FY'1% FY17 FY1% FY1% FY'20 FY'21 FYy::
Direcounted Net Invenment Cozer S1L.E06 S0 57,219 54,377 S0 S0 S0 30 30 50 50 50 30 0 0
Dizcounted Nat Cloud Banefies 541,578 50 5358 52,450 54553 54,527 54,708 5154 52,758 54,058 54048 54,138 51852 52407 LN L
Cumulstive Xet Cloud Benefit S11 596 LS12194]  59.535] 54582 5245 54550 55,874 s9.601)  s13.967] s1:203] s22351) S23043]  S26.450]  S30.281
DFF Caleulation 0.0 0 (el a0 41 7.6 5.5 5.2 113 154 232 1.0 15.9

Slide 12 Booz | Allen | Hamilton




Presented at the 2010 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

Our LCCE approach calculates investment costs, Benefit-
Cost Ratio, and Discounted Payback Period on a Life Cycle

basis

Status Quo: Scenario 1: | Scenario 2: | Scenario 3:
1.000 Server Public Hybrid Private
Costs/Economic Metrics | (Non- Cloud Cloud Cloud
‘irtualized)
Environment
Investment Phase Costs s0 $3.0 $6.1 $7.0
FY10-12 (BY(9 MS)
0O&SPhase Costs §773 $22.5 §28.9 $31.1
FY10-22 (BY09 MS)
Total LCCs(BY09 MS) $77.3 §25.5 $15.0 $38.1
Economic Metrics:
NPV (BY09 MS) NA $41.8 $13.7 $31.1
BCR N/A 154 6.8 8.7
DPP (Years) N/A 2.7 3.5 3.7
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Public Cloud deployments offer the greatest economic benefit, at
the expense of ownership and control of resources and data

Public Cloud BCR ws.
Mo. of Servers

» O&S costs are

— Unit costs of services
procured from the Cloud 60 S
provider and = == -ar-6CR 1 YA Mgration

— Small amount of IT support Py

labor to respond to service
changes or problems

= nom
[T Fod P

NO. of Status Quo Servers Migrated

4 Assumlng pLIbIIC CIOUdS Public Cloud Net Present Value (NPV) vs.

are the primary IT source NO. of Servers

— Additional costs to the o
agency are minimized s BT

— Overall BCR is heavily S O e venyEtn
influenced by the overall s20.000 ey i
migration timeline —i.e., Caoom
the faster the migration, the R
better the BCR (IOWer 100 200 400 600 800 1,000 1,500 2,000 3,000 4,000
(o{0) StS) NO. of Status Quo Servers Migrated
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Private Cloud deployments offer substantial savings (although
significantly less than public clouds) while preserving resource and data
ownership and control

Private Cloud Benefit-Cost Ratio (BCR)
8.0 VS,
. . ) 7.0 NO. of Servers __
» O&S costs remain high in a 60 “I
Private Cloud model g 5.0 -
C 4.0 T Vigrstion
R3.0 —O—BCR2 YR
» Benefits are derived mostly 2.0 . Migration
from operating efficiency in ;E Migration
infrastructure SO OO A AR b
NO. of Status Quo Servers Migrated
} If Mlgratlon IS pr0|0nged Private Cloud Net Present Value (NPV) vs.
— Increased costs are incurred NO- of semvers
$160,000
— The BCR ultimately achieved 5140000 - —
will be lower $120,000 e (BY09 KS's)
N $100,000 _D_'\:;X); I\(lRI:/Iigra'(ion
— Lesser incremental benefits v Siome Qsh;
still do accrue but not of o e
magnitude intended 20,000

S0
100 200 400 600 800 1,000 1,500 2,000 3,000 4,000

NO. of Status Quo Servers Migrated
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Hybrid Cloud deployments offer both cost savings and ownership
and control of resources and data

Hybrid Cloud BCR vs,
No. of Servers

» Results Reflect

Assumptions: .

— 75% of the current server D
workload migrate to a private v 4 BER1 R gt
Cloud, only 25% would =
transition to the public Cloud. 0 S

— BUT if use is reversed (25% NO. of Status Quo Servers Migrated

private Cloud and 75% public
Cloud), hybrid scenario
results are closer to the public
Cloud results

Hybrid Cloud Net Present Value (NPV) vs.
NO. of Servers

$180,000

» Actual results will be a e v gon
function of speed and scope o v
of transition v oo B

(BYO9 K$'s)
$40,000

$20,000
$0

100 200 400 600 800 1,000 1,500 2,000 3,000 4,000

NO. of Status Quo Servers Migrated
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Longer migration schedules reduce the BCR,
highlighting the importance of proper planning

» Lengthy parallel operation of status quo and Cloud environments
reduces economic benefit

 BCR goes down rapidly as the migration schedule lengthens, AND
* The discounted payback period (DPP) increases as the transition time

Private Cloud (BCR vs DPP) Private Cloud Discount Payback Period (DPP) vs.
NO. of Servers

3-2-1YR Migration Schedule Comparisons

6.0

8.0 &

70 D 50 —o—DPP 3 YR Migration
' = = = =3 YR Migration P (Yrs.)
60 i P 40 -
. AR ——2 YR Migration _D_R(F;:)Z YR Migration
5. N . .
\\ . ——1YR Migration 3.0 —A—DPP 1 YR Migration
40 \" .. (Yrs.)
30

20 10
10
0.0

2.0

(v =<

0.0

100 200 400 600 800 1,000 1,500 2,000 3,000 4,000

0.0 10 20 30 40 50 6.0
NO. of Status Quo Servers Migrated

Slide 17 Booz | Allen | Hamilton




Presented at the 2010 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

Booz Allen’s economic analysis supports the
government’s expectations of significant cost savings

» Over a 13-year life cycle (3 year transition plus 10 years of O&S)
— 66% Savings in Life Cycle over conventional IT environments

— Benefit-to-Cost Ratios (BCR) for mid-sized data centers range from 5.7 to
15.4, while BCRs for larger data centers range as high as 25

— Payback is not immediate, likely occurring in 4-5 years

» Additional insights were gained into optimal cloud adoption
strategies

— Scaleis important: Economic benefits increase as larger numbers of
non-virtualized servers are migrated into a cloud environment

— Time is money: economic benefits increase as the migration schedule
shortened

— Budget cycles impact migration: most agencies will required 18-24
months to plan and implement a migration to a cloud environment
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Agencies can implement policy changes and modify
business practices to increase the potential benefits of
cloud computing

POLICY PRACTICE
» When selecting a private cloud, seek » Provide timely, well-coordinated support to
efficiencies through inter-departmental and ensure agencies have the necessary tools to
interagency collaboration efficiently plan and carry out migrations to

cloud environments
» Establish incentives, with effective monitoring,
for departments and agencies » Identify agencies with highest near-term IT
costs and expedite their migration to cloud
environments

» Identify specific IT functions that can be
transitioned to cloud computing in the near-
term

» Promote early wins to help build momentum
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Now is the time to develop the economic framework and business case
for moving towards operating in the Cloud...

= Decision makers are faced with many of the following questions
=  What services if any should | acquire from the Cloud?
= What is the total cost and ROI to me?
= What are the transition cost to the cloud?
= When can | expect a payback on my investment?
= How do I monitor my costs during the business cycle?
= What is the reduction in the operating costs?
= How do | ensure security and at what cost?

= QOrganizations need to establish the economic benefits of Cloud Computing
= Booz Allen’s proprietary model that can be tailored to any organization

Status Quo O&M Costs

Data Center Start l-.lp- -.
Costs h

Project Costs

Slide 20 Booz | Allen | Hamilton




Presented at the 2010 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

The government’s fiscal planning process shows that organizations need to answer the questions ‘When’ and ‘How Soon’, not ‘If’

» The federal planning process has an imbedded delay in the realization
of the benefits that can be attain from moving to a cloud environment

Fiscal Yr
Calendar Yr

FY o3

FY 10

FY 1t

FY12

FY 13

Planning for Cloud today will begin to show initial result in FY 11-FY12

during

a transition period

FY 09

| FYil | FYit | FY12

FY 13

Y

FY18

FY16

| FY17 | FY1h

Extecution nd Yr Execution | 3rd Yr Execution | |
FY 095 and prior
I |
|
[ Enactrent Execution | 2nd Yr Execution | 3rd Yr Exgcution |
Pres. Bud  FY10 FY108 and prior IFUture
| Emerging
| | Technology
Planning | Program/Bydoeting [k Enactment | Execution | 2nd Yr Execution | 3rd Yr Execttion |
FY 1145 1 Pres Budget FY 11§ and prior
I
Early Adopters _ |
Budget & Planning Transition (Operations
I |
I |
| Plannyig | ProgiamBudgeting [ Enactrent | Execution | ndViBxecton | 3 VrBxecttion | |
FY12-17 ! FY 127 POM Pres Budget FY 128 and prior
FY 12- 13 Budget Est Sub I
]
' idde Adopt | '
| logle op ors Budget & Plannin Transition QOperations |
Today's I !
y | | Planning | ProgramBudgeting [ Enactment | Execution | Ind Yr Execution | 3rd Yr Execttion | |
Emerging FY 1317 Pres Budge FY 135 and Prior |
|
Technology
|
I Late Adopters ‘ Budget & Planning Transition (Operations
| |
| |
| | Planning | ProgamBudgeting [ Enaciment | Execution | 2nd Yr Execution | Jid Yr Execution |

CY09 oY1 oY 1T 0y 1 RiE oY 1t CY 1 CY 76 oY1 CY 18
) JF [uJa T 1o A [s{oln{oLy [F Taja w1 [als [oln]ofs [F [mlaTwla 12 Tals [o[n]ofs [F [M{ATwla T TA]s [o{n{ofo [ mlalus T2 Ja s [o[nfols [ m{alwli L T s on]ofs ¢ {mfalula T TaTsJoIn]ofs [F f{ATula Ja Tals[oI{o(y [F [{A Tl Ta TaTs[o[u[ofu [F [W[A M J1 [als
|

FY 14-19 FY 1419 POM Pres Budget

145 and prior





