Reply to Attn of:

National Aeronautics and Space Administration

Mary W. Jackson NASA Headquarters
Washington, DC 20546-0001

November 30, 2022

Science Mission Directorate

Summary of NASA Responses to Earth System Observatory Independent
Review Board Recommendations

The Earth System Observatory (ESO) is a complex and ambitious program of national and
international importance. As noted by the Independent Review Board (IRB), its success
would result in significant science and applications advances. The ESO’s IRB non-
consensus report highlights this complexity and importance in laying out their observations,
findings, and recommendations. The IRB recommends that NASA proceed with this
important program and their detailed recommendations will inform the decisions we make
moving forward to maximize the success of the ESO.

The IRB fully met the scope of its review as laid out in the Terms of Reference, identifying a
variety of critical cross-cutting factors across ESO’s organization and management, science
priorities and integrated operations, technical approach, and schedule and cost. NASA
accepts the intent of all the IRB’s recommendations. The ESO IRB final report and NASA’s
response are enclosed.

Our responses indicate the steps SMD has already begun taking to coordinate with our
internal and external stakeholders, including our international partners, to implement the
IRB’s recommendations.

I want to thank the IRB Co-Chairs, Dr. Waleed Abdalati and Mr. Geoff Yoder, as well as the
experienced board they pulled together for their work to produce this comprehensive and
rigorous review while meeting the constraints of a challenging eight-week timeframe. The
IRB’s independent analysis provides us with valuable, thought-provoking insights as we take-
the necessary steps to realize this ambitious collection of missions that is a hallmark of the
groundbreaking work we do at NASA.

Q{Sa/nolﬁm Ce/r\vudo,(){f,\, I
Thomas H. Zurbuchen, Ph.D. U
Associate Administrator,

Science Mission Directorate
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NASA’s Response to ESO IRB Recommendations

In July 2022, NASA established an Independent Review Board (IRB) to proactively assist with assessment
of current plans and goals for the next generation of Earth-observing satellites, designed to propel us
forward in understanding our changing planet: NASA’s Earth System Observatory (ESO).

The new set of Earth-focused missions will provide key information to guide efforts related to climate
change, disaster mitigation, fighting forest fires, improving weather and air quality forecasts, and
improving real-time agricultural processes. Within the ESO, each satellite will be uniquely designed to
complement the others, providing a 3D, holistic view of Earth, from bedrock to atmosphere.

The IRB has helped NASA review the technical concepts developed during preliminary formulation to
date for robustness and the ability to satisfy the mission’s essential requirements. It will help ensure
NASA is adopting lessons learned from experience with previous large, strategic science missions.

Within their ESO recommendations, the IRB identified both mission-specific and cross-cutting
considerations in ESO organization and management, science priorities and integrated operations,
technical approach, and schedule and cost. The IRB made 33 recommendations in total. This document
provides NASA’s response to the recommendations.

1. NASA should work with international partners to establish a 10-15 year international plan for
sustained gravimetry observations beyond Mass Change (MC) and determine how best to execute the
current MC concept in the context of that plan.

NASA Response: Concur; NASA has been collaborating with partners like ESA, DLR, and CNES since the
study phase of MC and is actively discussing the continuity of this measurement.

2. Closer synergy is needed to connect the needs of the science teams, Distributed Active Archive
Centers (DAACs), and user community to make ESO data scientifically useful for interdisciplinary
science and a mechanism to adequately fund these activities is needed. IRB recommends an ESO-wide
effort to define data system and software requirements for integrated cross-mission science and
applications that will help guide design of the pre-launch analytics environment.

NASA Response: Concur; NASA is in the process of establishing system and software requirements for
integrated cross-mission data, science and applications.

3. Individual project teams (Atmospheric Observing System (AOS), MC, Surface Biology and
Geology (SBG)) should interact more with the Earth Science Data Systems (ESDS) group to gain
visibility into data system plans even before science teams are formed.

NASA Response: Concur; the SMD Chief Science Data Officer's team is increasing engagement with all
ESO missions to ensure data system plans are integrated during formulation.

4. Determine the optimum solution for integrating the missions into a coherent ESD observatory
structure. Clearly define roles of each step to avoid issues as identified in the WFIRST lessons learned.

NASA Response: Concur; NASA is considering multiple organizational options for the overall
management of the ESO to ensure mission success.



5. Investigate opportunities for aligning launch dates such that complementarity of observations is
optimized, e.g., maximizing overlap of visible to shortwave infrared (VSWIR) and thermal infrared
(TIR) on SBG, and overlap of AOS-Polar (AOS-P) and AOS-Inclined (AOS-I).

NASA Response: Concur; SBG and AOS will study this during Phase A.

6. Consider descopes on AOS-P to bring costs in better alighment with agency resources and
expected margins.

NASA Response: Concur; NASA will study content changes to better align cost and risk with resources and
address with SMD leadership at KDP-A for AOS.

7. Identify a person to oversee the full ESO portfolio, such that it is viewed as a complete
observatory.

NASA Response: Partial concur; the Earth Science Division (ESD) is considering multiple organizational
options for the overall management of the ESO to ensure mission success. Integration of the observatory
across disciplines of project management, engineering, science, applications, and data, may require
more than designation of a single person for oversight.

8. SBG: Increase engagement with NASA DAACs; Continue early acquisition of long-lead electronic
components.

NASA Response: Concur; the SMD Chief Science Data Officer's team is increasing engagement with all
ESO missions to ensure data system plans are integrated during formulation; ESD will continue to
approve appropriate long-lead procurements.

9. SBG-VSWIR: Expand validation efforts with other ESO programs under ground campaign.
NASA Response: Concur; SBG will study this during Phase A.

10. SBG-TIR: Establish JPL-Italian Space Agency (ASI) exchange of on-site liaisons to ensure interface
issues and communication challenges are addressed rapidly and effectively. Procure long-lead
electronic parts and investigate field programmable gate array (FPGA) solutions if application-specific
integrated circuit (ASIC) spin is not successful; i.e., provide a backup for the Falcon ASIC. Evaluate non-
adiabatic interfaces of Payload to Bus and over-design thermal management system given more
capable bus provided from ASI.

NASA Response: Concur; NASA ESD has already approved procurement of long-lead electronic parts on
all ESO missions. SBG will investigate FPGA solutions, as well as options for payload bus interfaces and
thermal management during Phase A. NASA will work with ASl to develop a shared approach to address
interface and communication challenges, leveraging lessons learned from the NASA-ASI partnership on
MAIA.

11. Explore opportunities with the European Space Agency (ESA) or other partners to develop more
sustainable program and assess associated implications.

NASA Response: Concur; NASA will study whether additional domestic and international partnerships
beyond those already planned can feasibly be implemented in the future.



12. Project should consider very low size, weight, power, and cost (SWAP-C) PIC (Photonic
Integrated Circuit) technology demonstration on MC mission both as a possible backup-system for the
Laser Ranging Interferometer (LRI) and as a tech push for future missions.

NASA Response: Concur; MC will study this during Phase A.

13. Project should continue risk-reduction efforts with universities on future ACC (accelerometer). If
feasible, provide opportunity to fly technology on mission (even if not at satellite center of gravity
(CG)) to characterize for future missions funded in the Tech maturation program.

NASA Response: Concur; MC will study this during Phase A.

14. Review the work assignments to the technology-oriented NASA Research Centers related to
delivery of flight hardware to ensure compatibility with capabilities.

NASA Response: Concur; NASA will review center work assignments while considering how best to align
mission content with Center capabilities.

15. Explore partnerships both domestic and internationally for potential non-traditional
partnerships such as but not limited to ground system operations, spacecraft operations, etc. with a
focus on future sustainability in mission implementations.

NASA Response: Concur; NASA will study whether additional domestic and international partnerships
beyond those already planned can feasibly be implemented in the future.

16. The IRB recommends an ESD study focusing on clarifying lines of authority and communication,
integration function at the ESD ESO level including consideration for an ESO Program Scientist,
Program Executive, data czar to help surface application requirements, function that connects the
dots between science teams and specific ROSES and Technology offices, etc. The study should also
consider if someone should be designated within ESD to review plans, descopes, launch schedules,
etc. from a systems level perspective for the overall observatory. The data system is where most users
will interact with the program as a system and this is where the scope, schedule and timing of these
platforms will determine how well the data can be used and by whom.

NASA Response: Concur; ESD is considering multiple organizational options for the overall management
of the ESO to ensure mission success.

17. Combine AOS-P and AOS-Il into an integrated project for more effective cost, schedule, and
performance management.

NASA Response: Non-Concur; While NASA agrees that effective cost, schedule and performance
management are essential for AOS success, NASA believes that development of seven instruments and
two spacecraft in different orbits, while interfacing with four international partners, is too complex for
effective management under a single project. NASA recognizes that this integration will require special
attention to the AOS constellation in the context of the overall ESO integration.

18. Charter review of past Lessons Learned with recommendations for how to best implement
appropriate Lessons Learned in ESD and the ESO.



NASA Response: Concur; the NASA ESO team will review Lessons Learned in the NASA databases with an
eye to implementation of the ESO.

19. Ensure that an overarching ESD Program Office oversees, supports, and coordinates science data
utilization in the applications domain (See Q4).

NASA Response: Concur; ESD is considering multiple organizational options for the overall management
of the ESO to ensure mission success.

20. Determine the optimum solution for integrating the ESO missions into a higher level ESD
integrated structure. Focus areas should include HQ, Center, and project management and how these
projects leverage the rest of the ESD portfolio. Clearly define roles of each step to avoid issues as
identified by the WFIRST lessons learned.

NASA Response: Concur; ESD is considering multiple organizational options for the overall management
of the ESO to ensure mission success. Considerations will include the connections between the ESO
structure and the higher level ESD integrated structure.

21. Centers should conduct an independent assessment of workforce availability and not rely solely
on workforce planning tools. Includes skills and training assessment to achieve the best balance of
technical capabilities with institutional capabilities.

NASA Response: Concur; NASA is evaluating and closely monitoring center workforce planning
approaches in response to findings from several different IRBs.

22. Review strategies for improving team morale such as periodic science lectures, etc.
NASA Response: Concur.

23. Deviations from decadal survey (DS) recommendations should use the Committee on Earth
Science and Applications from Space (CESAS) as the community input for recommended changes. An
example could include assessing a continuity gap with Mass Change (MC) or applicability of short
duration missions.

NASA Response: Concur; NASA will ask CESAS to review the current status of mission plans compared to
DS recommendations as part of the upcoming midterm review.

24. Assign a Standing Review Board (SRB) chair for each mission during pre-formulation to start
working with the IRB for a successful handover of information.

NASA Response: Concur; ESD is in the process of establishing SRBs for the ESO missions, starting with
appointment of SRB chairs.

25. Develop a common understanding of SRB engagement in addition to formal Key Decision Points
(KDPs).

NASA Response: Concur; ESD is in the process of establishing SRBs for the ESO missions.

26. Start the communications plan now with emphasis on the observatory philosophy to help with
sustainability.



NASA Response: Concur; ESD's communications team will establish an ESO-level communications plan.
27. AOS: AOS-l and AOS-P projects should be integrated.

NASA Response: Partial Concur; NASA agrees that additional emphasis on AOS-I and AOS-P integration is
necessary; however, NASA does not believe this integration is best accomplished by combining into a
single, large and complex project. See response to #17.

28. AOS: A single spacecraft (s/c) contractor should be considered for both missions.
NASA Response: Concur; AOS will study this during Phase A.

29. AOS: An assessment to better balance AOS-P and AOS-I payloads to enable use of a common s/c
could be explored.

NASA Response: Concur; AOS will study this during Phase A.

30. SBG: Re-evaluate costs allocated to PM/SE/MA (project management/systems
engineering/mission assurance) to ensure they capture complexities associated with International
Partner interfaces (I/F’s) and support to 2 missions (SBG-VSWIR and SBG-TIR).

NASA Response: Concur; SBG will address this during Phase A.

31. MC: An improved implementation approach for the Accelerometers is needed.
NASA Response: Concur; MC will address this during Phase A.

32. MC: Further exploration of options to improve redundancy is needed to reduce risk.
NASA Response: Concur; MC will address this during Phase A.

33. MOC: A long-term solution to achieve MC science should be pursued in parallel with the MC
approach leveraging Grace Follow-On (GFO).

NASA Response: Concur; In addition to the planning described in the response to #1, ESTO is investing in
quantum gravimetry technologies in partnership with STMD for a potential demonstration mission that
could provide more affordable options in the future.
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The IRB is pleased to present our report and offer our special thanks to Dr. Thomas Zurbuchen, Dr.
Karen St Germain, and Kathleen Gallagher Boggs at NASA HQ for their support for our work. We
also want to commend the ESD staff, Program Offices and project offices for their support and
responses to the IRB requests for meetings and information. The teams have formulated a
comprehensive plan for carrying out the ESO missions per the 2017 Earth Science Decadal Report.

The IRB submits the results of our work in the form of 54 findings and 40 recommendations, all with
the overriding goal of maximizing the probability of ESO mission success.
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IRB Background

* The NASA Science Mission Directorate Associate Administrator
established an Independent Review Board (IRB) to proactively assist with
assessment of plans and goals for the ESO.

* The IRB is chartered to:

* Review the technical concepts developed during preliminary formulation to date
for robustness

* Review the ESQO’s ability to satisfy the mission’s essential requirements

* Ensure NASA is adopting lessons learned from experience with previous large,
strategic science missions




IRB Background: Scope

The ESO IRB will review the overall architecture and individual technical concepts developed during Pre-
Phase A for robustness and the ability to satisfy preliminary Level 1 Requirements, including addressing
the following questions:

1. Does the proposed architecture meet the intent of the Decadal Survey and alignment with Agency
need and the ESO?

2. Are the scope and cost/schedule understood and aligned?
a. Do the mission concepts fit within the cost estimates developed by the National Academies in the 2018
Earth Science Decadal Survey?

b. What is the likely range of probable cost and schedule for the overall architecture and the individual mission
concepts, and what are the drivers?

c. How do non-optimal funding profiles affect the cost/schedule of the missions?

d. Are there any (obvious) make/buy, design, acquisition, or technical trades that the program should conduct
that could result in lower cost, better margins to the planned launch dates, or reduced technical risk?

e. Are there any (obvious) descopes that the project should consider that could result in lower cost, better
margins to the planned launch dates, or reduced technical risk?




IRB Background: Scope (ont)

3. Does the current partitioning of work across NASA centers and our external
partners best position the program for cost/schedule/technical success?

4. Is the management approach and structure adequate for a program of this scope
and complexity? Are lessons learned from the Large Mission Study and previous
IRBs (e.g., JWST, Mars 2020, Mars Sample Return) being implemented?

5. What is the current readiness of critical technologies? What technology
investments are needed to best position the program for success?

6. What is the current applications readiness of the mission concepts and associated
applied sciences planning? What applied science/applications investments are
needed to best position the program for success?




IRB Background: Methodology
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(DUWK 6\VWHP 2EVHUYDWRU\ (62 3URJUDP
,QGHSHQGHQW 5HYLHZ %RDUG ,5%
7THUPV RI 5SHIHUHQFH 725
. %DFNJURXQG

1$6% LV GHVLJQLQJ D QHZ VHW RI (DUWK IRFXVHG PLVVLRQV WKH (DUWK 6\VWHP 2EKHIUYIDQMRRIQ 2062 W,
&KDQJLQJ P@mQHWRYLGH NH\ LQIRUPDWLRQ WR JXLGH HIIRUWY UHODWHG WR FOLPDWH FKDQJH GLVDV
DQG LPSURYLQJ UHDO WLPH DJULFXOWXUDO SURFHVVHV :LWKLQ WKH (62 HDFK VDWHOOLWH ZLOO EH

YLHZ RI (DUWK IURP EHGURFN WR DWPRVSKHUH $UHDV RI IRFXV IRU WKH REVHUYDWRU\ LQFOXGH

¥ $HURVROV $ $QVZHULQJ WKH FULWLFDO TXHVWLRQ RI KRZ DHURVROV DIIHFW WKH JOREDO HQHUJ\

f &0RXG &RQYHFWLRQ DQG 3UHFLSLWDWLRQ &&3 7DFNOLQJ WKH ODUJHVW VRXUFHV RI XQFHUWDLQ
VHYHUH ZHDWKHU

ODVV &KDQJH 0& 3URYLGLQJ GURXJKW DVVHVVPHQW DQG IRUHFDVWLQJ DVVRFLDWHG SODQQLQJ IR

6XUIDFH %LRORJ\ DQG *HRORJ\ 6%* B8QGHUVWDQGLQJ FOLPDWH FKDQJHV WKDW LPSDFW IRRG DQG 0
WKH IOX[HV RI FDUERQ ZDWHU QXWULHQWY DQG HQHUJ\ ZLWKLQ DQG EHWZHHQ HFRV\VWHPV DQG

6XUIDFH 'HIRUPDWLRQ DQG &KDQJH 6'& 4XDQWLI\LQJ PRGHOV RI VHD OHYHO DQG ODQGVFDSH FKDQ|
DVVHVVPHQWY LQFOXGLQJ G\QDPLFV RI HDUWKTXDNHV YROFDQRHV ODQGVOLGHV JODFLHUV JURX

1$6% LV FXUUHQWO\ LQLWLDWLQJ WKH IRUPXODWLRQ SKDVH IRU WKH (62 $PRQJ LWV ILUVW LQWHJUDW
WKH 1,6$5 1%$6% ,652 6\QWKHWLF $SHUWXUH 5DGDU PLVVLRQ LQWHQGHG DV D SDWKILQGHU IRU WKH (§
$LQ &< ZLWK 6'& IROORZLQJ DW D ODWHU GDWH

R UHVSRQG WR
HU PLWLJDWLR
QLTXHO\ GHVLJ

DODQFH D NH\
VLQ IXWXUH S|

U ZDWHU XVH IR

JULFXOWXUH K
KH DWPRVSKHU!

bDH GULYHQ E\ F¢
DGZDWHU DQG |

HG SDUWV LV 1%
2 DQG VSHFLILI
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., BFRSH
7KH (DUWK 6\WWHP 2EVHUYDWRU\ (62 3URJUDP ,QGHSHQGHQW 5HYLHZ %RDUG ,5% ZLOO UHYLHZ WKH|RYHUDOO DUFKI
3KDVH $ IRU UREXVWQHVV DQG WKH DELOLW\ WR VDWLVI\ SUHOLPLQDU\ /HYHO B5HTXLUHPHQWYV LQFOXGLQJ DGGUHVVL

"RHV WKH SURSRVHG DUFKLWHFWXUH PHHW WKH LQWHQW Rl WKH GHFDGDO VXUYH\ DQG DOLJQPHQW|ZLWK $JHQF\ Q¢

$UH WKH VFRSH DQG FRVW VFKHGXOH XQGHUVWRRG DQG DOLJQHG"
'R WKH PLVVLRQ FRQFHSWV ILW ZLWKLQ WKH FRVW HVWLPDWHYV GHYHORSHG E\ WKH 1DWLRQDO ${DGHPLHV LQ WK
:KDW LV WKH OLNHO\ UDQJH Rl SUREDEOH FRVW DQG VFKHGXOH IRU WKH RYHUDOO DUFKLWHFWXUH DQG WKH LQG
+RZ GR QRQ RSWLPDO IXQGLQJ SURILOHV DIIHFW WKH FRVW VFKHGXOH RI WKH PLVVLRQV"

$UH WKHUH DQ\ REYLRXV PDNH EX\ GHVLJQ DFTXLVLWLRQ RU WHFKQLFDO WUDGHV WKDW WKH |SURJUDP VKRXO
ODXQFK GDWHV RU UHGXFHG WHFKQLFDO ULVN"

@ T m O

H $UH WKHUH DQ\ REYLRXV GHVFRSHV WKDW WKH SURMHFW VKRXOG FRQVLGHU WKDW FRXOG UHVYOW LQ ORZHU F
'RHV WKH FXUUHQW SDUWLWLRQLQJ RI ZRUN DFURVV 1$6% FHQWHUV DQG RXU H[WHUQDO SDUWQHUV |EHVW SRVLWLR(

,V WKH PDQDJHPHQW DSSURDFK DQG VWUXFWXUH DGHTXDWH IRU D SURJUDP RI WKLV VFRSH DQG FRPSOH[LW\" $UH C
-:67 0DUV ODUV 6DPSOH 5HWXUQ EHLQJ LPSOHPHQWHG"

:KDW LV WKH FXUUHQW UHDGLQHVV RI FULWLFDO WHFKQRORJLHV" :KDW WHFKQRORJ\ LQYHVWPHQWV| DUH QHHGHG W

:KDW LV WKH FXUUHQW DSSOLFDWLRQV UHDGLQHVV RI WKH PLVVLRQ FRQFHSWY DQG DVVRFLDWHG D|SSOLHG VFLHQF
EHVW SRVLWLRQ WKH SURJUDP IRU VXFFHVV"
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.., BHYLHZ O0DQDJHPHQW

7KH FRQYHQLQJ DXWKRULW\ IRU WKH (62 ,5% LV 1$6$7V 6FLHQFH OLVVLRQ 'LUHFWRUDWH 60' $VVRFLD
7KLV ,QGHSHQGHQW 5HYLHZ ZLOO EH RUJDQL]HG E\ &RUQHOO 7HFKQLFDO 6HUYLFHV &76 DW /D5& DQG
DQG SURMHFW PDQDJHPHQW HQJLQHHULQJ DQG VFLHQFH UHOHYDQW WR (62

7KH 60" $$ ZLOO DVVXUH WKH QHFHVVDU\ VXSSRUW IRU WKH (62 ,5% 7KH (62 ,5% &KDLU DQG WKH 60' FH
FRRUGLQDWH WKH SURGXFWLRQ DQG HQVXUH WKH TXDOLW\ RI UHYLHZ GHOLYHUDEOHYV 7KH FR 5HYLHZ
FRQVLVWHQW ZLWK 8 6 ODZV SROLFLHV DQG UHJXODWLRQV 7KH QRQ FRQVHQVXV ILQDO UHSRUW ZLO|
SURYLVLRQ RI D QRQ FRQVHQVXV ILQDO ZULWWHQ UHSRUW

,9 IRWLRQDO 6FKHGXOH

7KH ,5% ZLOO FRQGXFW WKH DVVHVVPHQW RYHU DQ DSSUR[LPDWHO\ ZHHN SHULRG IURP LQLWLDO PH
GHWHUPLQHG IROORZLQJ GLVFXVVLRQV EHWZHHQ WKH (62 ,5% &KDLUV FR 5HYLHZ 0DQDJHUV DQG RWK

HHN +ROG NLFNRIIl WHOHFRQ WR UHYLHZ DVVHVVPHQW SODQ IROORZLQJ GLVFXVVLRQ ZLWK (6' OHD
HHNV 3URJUDP SUHVHQWYV VWDWXV WR UHYLHZ ERDUG UHYLHZ ERDUG VHQGV TXHVWLRQV DQG SU|
HHN 3URJUDP EULHILQJ WR UHYLHZ ERDUG YLUWXDO VLWH YLVLWV

HHN 2SWLRQDO DGGLWLRQDO UHYLHZV ZLWK SURMHFWY YLUWXDO VLWH YLVLWYV

‘HHN '"HYHORS GUDIW ILQGLQJV DQG TXHVWLRQV IRU GLVFXVVLRQ ZLWK (62 SURJUDP GHYHORS GUD
‘HHN &RPSOHWH GUDIW UHSRUW EULHI (62 SURJUDP DQG FRQVLGHU FRPPHQWYV IURP WKH SURJUDP
‘HHN ‘'UDIW VHPL ILQDO UHSRUW EULHI 60" OHDGHUVKLS

‘HHNV 3UHSDUH ILQDO UHSRUW SULQW DQG GHOLYHU WR 60" $$

H $GPLQLVWUD!
ZLOO EH FRPSU

SHYLHZ 0DQDJF
0DQDJHUV ZLOC
O EH YHUEDOO\

HWLQJ WR FRPS
HU 1$6$ VWDNHK

GHUVKLS GHWH
HVHQWDWLRQ U

W UHSRUW

(@)}
(@)



'"HOLYHUDEOHV

9
t ,QGLYLGXDO OHPEHU ,QGHSHQGHQW 5HSRUWYV ,0,5V

t 3UHVHQWDWLRQ WR 60' $$ DQG RWKHU 1$6% VWDNHKROGHUV VXPPDUL]LQJ WKH UHYLHZ UHVXOWYV
t 1RQ FRQVHQVXV ILQDO UHSRUW ZLWK REVHUYDWLRQV ILQGLQJV FRQFHUQV DQG UHFRPPHQGDWLRQV FRQVLVWHQW
9, 3HUVRQQHO

7KH H[SHFWHG PHPEHUVKLS LQFOXGHV

7%& (62 ,5% &R &KDLU

7%& (62 ,5% &R &KDLU

7%' 8S WR (62 H[SHUWV

7%' 8S WR 6HQLRU 3URMHFW 0DQDJHUV 7THFKQRORJ\ '"HYHORSPHQW
7%' 8S WR 3URJUDPPDWLF ([SHUWV

7%' 'DWD H[SHUW

7%' $SSOLFDWLRQV H[SHUW
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([ 2IILFLR

0V (ODLQH 'HQQLQJ 1$6% +4 FR 5HYLHZ ODQDJHU 3ROLF\
‘U OLNH (JDQ 1$6% +4 FR 5HYLHZ 0DQDJHU (6'

'U 7DKDQL $PHU 1$6%$ +4 FR 5HYLHZ ODQDJHU (6'

OV 7\0DU *UHHQH 1$6% +4 3XEOLF $IIDLUV 2IILFHU

$SSURYHG

7TKRPDV =XUEXFKHQ
'LIJLWDOO\ VLIQHG E\
7KRPDV =XUEXFKHQ
'DWH

7KRPDV + =XUEXFKHQ 3K
$VVRFLDWH $GPLQLVWUDWRU
6FLHQFH OLVVLRQ 'LUHFWRUDWH
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