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One measure of resiliency is the ability to be responsive to multiple possible 
futures (pathways) weighted according to Program policy 

The missions studied span the space of the various desired measurements 

The missions identified the enabling capabilities/technologies 
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Determine if Li rs 
Determine if Life Exits Today 
Assess the Extent of Prebiotic Chemical Evolution 

Determine the Evolution of the Surface and Interior of 
rs ("Geolo 

Determine the nature and sequence of the various geological 
processes (vo I ca n ism , mpact, sedimentation, alteration, etc.) 
that have created and modified the Martian crust and surface. 
Characterize the Structure, Composition, Dynamics and History 
of the Interior. 

Determine the Climate 
" Characterize the Pres te and Climate Processes 

Characterize the Ancient Climate and Climate Processes 

Prepare for Human Ex I oration 
Acquire Martian Environmental Data Sets 
Conduct In-Situ Engineering Science Demonstrations 
Emplace Infrastructure far (Future) Missions 
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MEPAG Measurments 

Within a Pathway Measured by a Mission 7 I Priority I I 
1 Priority I I 

5 
0 
LL 

I 1 

(measurement completeness factlor) K= 
(measurement priority -1) L DF 

Measurements 
within 
within Figure of Merit 

1 within 

(measurement priority -1) L DF 
All Measurements 

within 

(measurement completeness) changes between 0 and 1 
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Number of Equivalent Priority 1 
Y t Measurements for ~~~~~~ within a 

Total Number of Equivale 
Measurements within a 

t Weight 

Figure of Merit Figure of Merit 
* for a ~~~~~~~~ 

mixture 
All 



Overall Number of Measurements 
FOM with a Given Priority 

- 1 -  2 - 3 - 4 -  5 

2 
3 

1 

Priority “n” measurement is .3 times more valuable than priority “n+l ” 
All measurements performed constitute FOM=1 00. For measurements beyond MSL, 

apply unity weight to categories of assigned (C), Primary (CI), and assigned secondary (C2) 
measurements, apply 0.5 to auxiliary measurements (d). 

For MSL, apply unity to assigned primary (C), apply 0.5 to TBD, apply 0.5 to partial measurements. 
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ellipse Attribute Definition : 
Semi-major axis of 
landing ellipse in 
ki Io m et e rs 

Estimate length of semi-major axis for 
this technology assuming task succeeds 
with probability 100%; (pick one) 

Point estimate Range estimate 
(best guess) (low to high) 

Estimate e 

or or 1:; 
- 

Enter your estimate of 
actual probability of success 
that technology will be 
developed (0-1 00%). 

~ If the technology task fails, what is the 
best state-of-the-art likely to be achieved? 
(default-use current SOA) 

I I 

Estimate the budget profile in 3 year blocks (2002 M$) 
I I I 1 I 

3 6 9 1 2  

I Enter total technology development cost for this 
techno I og y (20 02 do I I a rs) 

Point estimate or Range estimate 
(best guess) (low to high) 

Notes, Assumptions: 

[Optional] This technology applies to following mission(s) 
(check all that apply if known, otherwise leave blank): 

R MSR R VOL 0 SAR 
R ROV R IMA R WLD 
R RVL 0 ssc R SAB 
R MAG R POL R SCT, 
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25 

Cos t  Profile 
(2002 $M): 

[ I  3, 13, 13, 8.4, 
8.4, 8.4, 0, O , O ,  

0, 0, 01 

o On-orbit sc ience  
o Telecom network, navigation 
o Multimission survivability orb. 

~~ 

o MAG orbiter 
o SARorbi te r  
o ImaglAtmos 

o Surface Sci. 
orbit ei- 

orbiter 

3 3 
4 8 
5 9 

FOM = 14 

15 out of 2047 portfolios mee t  
this budget constraint. Other xx 

xx 
mission portfolios eliminated 
by larger number of required 
technologies, hence  larger 
investment cos ts  that  violate 
budget. 
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50a 
{Min Cost} 

Cost Profile 
(2002 $M): 

i45.5, 45.5, 45.5, 
17.7, 17.7, 17.7, 
16, 16, 16, 5, 5, 

51 

50b 
{Max missions} 

Cost Profile 
(2002 $M): 

[46.5, 46.5, 46.5, 
22.4, 22.4, 22.4, 
20,20, 20, IO, 

IO, IO] 

3 Precision landing 
3 Impact attenuation 
o Hazard avoidance 
o Forward planetary protection 
o Sample characterization, surface 
o Sub-surface access, shallow 
o Mobility 
o Sample handling, contam. 
o Telecom network, navigation 
o Multimission survivability: lander 
0 scouts 

o Precision landing 
o Impact attenuation 
o Hazard avoidance 
o Forward planetary protection 
o Sample characterization, surface 
o Sub-surface access, shallow 
o SUB-SURFACE ACCESS, S OM> 
Q SUB-SURFACE ACCESS, DEEP> 

o Mobility 
o Sample handling, contam. 
o Telecom network, navigation 
o Multimission survivability: lander 
o MULTIMISSION SURVIVABILITY: 

ORB> 
0 scouts 

~~ 

o MSL 
0 scouts 
0 POL 

o MSL 
0 scouts 
o Volcanology 
0 POL 

PLUS 
o MAG orbiter 
o WLD 
o SAB 

4 15 
5 11 

FOM = 30 

19 
25 
10 
16 
15 

FOM = 36 

225 out of 2047 portfolios 
meet budget constraint. Other 
mission portfolios driven by 
larger number of required 
technologies, hence larger 
investment costs; options with 
higher technology value and 
smaller budgets possible, but 
pathways influence eliminates. 
This option maximizes 
technology, but minimum cost 
criterion only allows 3 
missions. 

Same as 50a except 3 
additional missions enabled 
because not minimizing 
cost-only has to be less than 
50MIyr cap 

MAG allowed in because it 
does not require on-orbit 
Science technology program 
and multimission survivability: 
orb low in cost. 

See 50b option 
for option to 

maximize 
number of 
missions. 

xx 
xx 
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50c+ 
(MSR Lower 

Limit} 

Cost Profile 
(2002 $M): 

t52.2, 52.2, 
52.2, 

19.4, 19.4, 
14, 14, 14, 

3, 3, 31 

75b 
(Max 

Missions} 

Cost Profile 
(2002 $M): 

[65.2, 65.2, 
65.2, 32.8, 

32.8, 32.8, 20, 
20, 20, I O ,  I O ,  

1 01 

o Precision landing 
o Impact attenuation 
o Hazard avoidance 
o Forward planetary protection 
o Sample characterization, surface 
o Sub-surface access, shallow 
o Mobility 
o Sample handling, contam. 
o Back planetary protection 
o Telecom network, navigation 
o Mars Orbit Rendezvous 
o Multimission survivability: lander 

o Precision landing 
o Impact attenuation 
o Hazard avoidance 
o On-orbit science 
o Forward planetary protection 
o Sample characterization, surface 
o Sub-surface access, shallow 
o Sub-surface access, 30m 
o Sub-surface access, deep 
o Mobility 
o Sample handling, contam. 
o Back planetary protection 
o Telecom network, navigation 
o Mars Orbit Rendezvous 
o Multimission survivability: lander 
o Multimission survivability: orb. 
0 scouts 
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-- 
o MSL 
o MSR 
o Volcanology 
0 POL 

o MSL 
o MSR 
o Volcanology 
0 POL 

PLUS 
o MAGI orbiter 
o SARorbiter 
o ImaglAtmos 

o SurfaceSci 

o WLD 
o SA6 
0 Scouts 

orbiter 

orbiter 

1 18 
27 
8 
16 
12 

FOM = 41 

1 27 
2 36 
3 12 
4 25 
5 20 

FOM = 61 

2047 portfolios meet this 
budget constraint. Slack in 
budget permits larger number 
of required technologies 
across missions; This case 
minimizes cost which 
excludes some missions. 

This case maximizes number 
of missions enables allowing 
higher costs. 

Basic message: problem is 
unconstrained by this 
budget for the input costs. 

xx 
xx 

xx 
xx 
xx 
xx 
xx 
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We have developed1 and demonstrated a 
method for allocation of technology 
investment which maximizes science return 
in a budget-constrained environment 

- The method synergistically includes Mars goals, 
pathways, measurements, missions, capa bi I ities, 
technologies, costs, etc. 

- The method builds on the Pathways work of 
McCleese/Awidson, the mission studies of Jordan, 
and the technology IR&D program of Hayati 

- Early results seem plausible and interesting! 
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Review the data inputs carefully and perform 
sensitivity analyses where appropriate 

Enter data for five separate Scout mission 
classes (rovers, landers, orbiters, aerials, 
networks) 

Develop data for graceful degradation when 
specified metric ramges are not achieved. 

Complement exist'ing study with more 
intense focus on risk assessment and 
answering specific decision-related issues. 
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