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Summary
§ Demonstrates how ASPEN can be used to assist and support an 

overall observing system architecture.
§ ASPEN = Advanced Systems Performance Evaluation tool for NOAA 

§ Here, we ask what is the optimal constellation of sensors to 
satisfy the requirements from a subset of all applications and 
users across the NOAA mission.

§ ASPEN is used to calculate the cost and benefits of all possible 
combinations of two design ensembles of sensors. The benefit 
vs. cost plot visualizes an efficient frontier (EF) of the optimal 
constellations

§ Please bear in mind: We are using a current version of ASPEN. 
This is a demonstration and results should not be taken 
quantitatively, but do indicate the type of study that ASPEN is 
capable of.
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Study components
§ ASPEN
§ Capability tables of sensors in the JPL catalog of sensors used in the NSOSA 

study
§ A simple cost model for constellations of these sensors
§ Application requirement and priority tables developed by the SAT

§ Global NWP
§ Nowcasting applications 

§ Six in all: dense fog, fire monitoring, floods, offshore winds and sea ice, thunderstorms, and winter 
precipitation 

§ SAT = Systems performance Assessment Team

§ Sensor design ensembles
§ Simple design ensemble (SDE)
§ Enhanced design ensemble (EDE)
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ASPEN Approach
§ ASPEN compares obs systems capabilities to applications requirements ranges 

and their priorities, and associates a score to these obs systems: based on their 
degree of users/needs satisfaction metric (in %)

§ ASPEN also accounts for the associated costs of obs systems & computes their 
benefit/cost ratios

§ ASPEN was developed following the NSOSA methodology, expanded to be able 
to assess all solutions, and to account for all applications and uses

§ A major criterion for ASPEN’s trustworthiness is the trustworthiness of its 
inputs: (1) observing systems detailed capabilities and costs, and (2) users’ 
observational requirements ranges and priorities

§ ASPEN assumes that satisfying users needs close to the maximum level, will 
lead to maximizing systems skills and performances. 

§ Similarly, satisfying users needs at the minimum level will lead to minimum 
levels of performance and skills of those systems
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Sensors and costs
§ For each of 9 types of sensors there are up to 3 versions—from three sensor 

classes: the threshold class (TC), the expected class (EC) and the maximal class 
(MC).

§ Costs for EC sensors with legacy equivalents in the JPSS and GOES-R program are 
those total program's costs allocated to each sensor based proportionally to each 
sensor's build costs. Costs for other sensors are based on simple scaling 
arguments.
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design ensemble (EDE), which are discussed in Section 4. Bolded portions of the sensor name 306 
column used as labels in figures. in this paper. 307 

Sensor Type Legacy  TC (M) EC (M) MC (M) SDE EDE 
IR GEO Sounder GEO-CrIS 79 157 314 2 4 
Lightning Mapper (LM) GLM 

 
92 184 2 3 

VIS IR GEO Imager ABI 157 314 628 1 4 
Atmospheric Composition 
Sensor (ACS)  

ACX 
 

101 
 

2 2 

Ocean Color Sensor (OCS)  OCX 
 

92 
 

2 2 
MW LEO Sounder ATMS 56 111 222 1 10 
Ozone Mapper Profile Sensor 
(OMPS)  

OMPS 
 

120 
 

2 4 

VIS IR LEO Imager VIIRS 161 322 644 2 10 
VIS IR LEO Sounder CrIS 100 199 398 2 10 

The sensor performances are all given for a single sensor. A modified sensor performances 308 

table is generated whenever a sensor orbital configuration specifies multiple sensors, n. The 309 

modifications are simplistic. For a sensor in the same LEO orbit (but with different equatorial 310 

crossing times) the temporal refresh time is divided by n. For a sensor in GEO orbit the domain 311 

is assumed to be defined as viewed from GOES Central if n=1 and from GOES East and West if 312 

n=2. 313 

3.3. Sensor costs 314 

The cost model used in ASPEN should be tailored for the task under consideration. Currently 315 

the cost model simply sums the annualized per sensor allocation of the total system costs in a 316 

constellation. As such these costs include development costs, launch costs, spacecraft costs, and 317 

ground system costs, but do not include exploitation costs (i.e., the costs of modifying 318 

applications and educating users to properly use the new observations). A further complication is 319 

that ground system and exploitation costs might depend on application. (In future studies when 320 

ASPEN is used to assess the value or cost effectiveness of data or products, the appropriate costs 321 

would then include costs of exploiting, processing and communicating the data or products.) 322 

Whatever cost model is used, it is key that the same basis for estimating costs is applied 323 

consistently to all observing systems (or data or products) that are being compared side-by-side. 324 

Commented [RA53]: When sensors are listed later in 
the paper, they should follow the names in this table, i.e. 
IR GEO sounder, VIS IR LEO sounding… (not GEO 
sounder or LEO sounder). 

Commented [RH54R53]: Done. 

Commented [RA55]: As you say, costs are an 
extremely important part of ASPEN, and whatever you 
assume will likely always be challenged by someone.  

Commented [RH56R55]: Agree. 
Reprise this in the conclusions. 

Commented [RA57]: Does this include development 
costs? 

Commented [RH58R57]: Yes, our estimates are tied 
to the total JPSS and GOES-R system costs. 

Commented [RA59]: What are exploitation costs? A 
Table of definitions might be useful. 

Commented [RH60R59]: Added a short explanation 
of exploitation costs. 

Commented [RA61]: There are several references to 
“future studies” and what should be done, which make 
me wonder if this paper is premature? 

Commented [RH62R61]: This sentence can move to 
the conclusions. 

§ The constellation cost 
model simply sums the 
annualized per sensor 
allocation of the total 
system costs. By 
construction, this method 
reproduces the JPSS and 
GOES-R program costs for 
identical EC 
constellations.
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Applications
§ For Global NWP, the SAT study was led by Dr. Rick Anthes and included 

representatives from NOAA, NASA, DoD, and academia. 
§ For the nowcasting applications, the SAT study was led by Dr. Jordan Gerth

who conducted surveys of the front-line operational forecasting staff.
§ We converted the results of these studies to the needed ASPEN 

requirements and (technical) priority tables. 
§ ASPEN weights benefits of different applications by strategic priorities. In 

this study the nowcasting applications were weighted equally.
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Application priorities and 
sensor capabilities

a) Which variables are required by 
which applications

– For each variable, for each application, 
the total priority (as a percent x 10)

b) Which variables are observed by 
which sensors

– For each variable, for each EC sensor, 
the total ASPEN benefit (scaled so that 
a value of 0.035 is plotted as 100)
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 265 
Figure 1. Application priorities (a) for variables by application (summed over attributes) and 266 
contribution to the mission benefit (b) by sensor (summed over attributes and applications). 267 
Values in (a) are in percent times 10 and in (b) are scaled so that a value of 0.035 is plotted as 268 
100. Gray cells in (a) indicate that the application has no requirement for that variable. Gray cells 269 
in (b) indicate that the sensor provides no benefit (i.e., no useful information) for that variable. 270 
Variables not required by any of the applications are not listed. 271 

3.2. Sensors performances 272 

Sensor data for this study is based on information from the NSOSA study and from the 273 

GeoXO program for 9 sensor types. The sensors are briefly described in Appendix B. Sensors 274 

are specified in three classes to approximate the three levels of performance of the SPRWG 275 
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Application priorities and sensor capabilities, larger
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265 

Figure 1. A
pplication priorities (a) for variables by application (sum

m
ed over attributes) and 

266 
contribution to the m

ission benefit (b) by sensor (sum
m

ed over attributes and applications). 
267 

V
alues in (a) are in percent tim

es 10 and in (b) are scaled so that a value of 0.035 is plotted as 
268 

100. G
ray cells in (a) indicate that the application has no requirem

ent for that variable. G
ray cells 

269 
in (b) indicate that the sensor provides no benefit (i.e., no useful inform

ation) for that variable. 
270 

V
ariables not required by any of the applications are not listed. 
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Traceability in ASPEN

The ASPEN benefit components for the Temperature Sounding for 
Global NWP. Shown for each attribute (color) for each Sounder 
(rows).
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 428 

Figure 3. The benefit contribution by attribute to Global NWP for Air Temperature for the 429 
sensors in the SDE providing temperature information. 430 

In Fig. 4 the benefit for Global NWP is plotted vs. cost for all constellations in the SDE. Note 431 

that the baseline configuration of the two required sensors, the MW LEO Sounder and the VIS 432 

IR GEO Imager, provide a large benefit (0.71) that is hard to improve upon. All constellations 433 

are contained in the gray area, which is the area within the convex hull of all the points 434 

representing the constellations in the cost-benefit plane. By definition, all lines connecting points 435 

on the convex hull are contained in the convex hull area. The upper boundary of the convex hull 436 

(plotted in magenta) is the efficient frontier. A point along the efficient frontier has the maximum 437 

benefit for its cost, i.e., all other constellations having this cost or less have less benefit. 438 

Constellations along a horizontal line in this plot except for the leftmost one (i.e., least expensive 439 

one) have higher cost but the same benefit as the constellations along this line to the left. We 440 

refer to these constellations, plotted in dark gray, as superfluous. A superfluous constellation 441 

adds one or more sensors to a less expensive constellation but does not provide additional 442 

3

MW Sounder (EC/2)

GEO Sounder (EC/1)
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  Temporal Refresh

  Error S.D.

Application Benefit Contribution
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Commented [RA71]: Fig. 4 is interesting. The total 
range of benefit is 0.71 to 0.78, which says the benefit of 
the lowest performing constellation is only 7% lower 
than the highest performing constellation, yet the cost 
varies by more than a factor of 2. If policy makers (i.e. 
funders) see this diagram they won’t understand the 
value of 0.78 to 0.71, but they will understand $1.8B vs 
0.8B. Could be highly misleading and dangerous. 

Commented [RH72R71]: Sid ?? 
As noted, this is partly the result of always including the 
two required sensors, the MW LEO Sounder and the VIS 
IR GEO Imager. 

The components of ASPEN benefit summed over attributes to 
Global NWP for each required variable for each sensor in the SDE. 
Scaled so that a plotted value of 100 is an actual value of 0.80. 



10National Environmental Satellite, Data, and Information Service 

Sensor design ensembles
Each design ensemble lists all possible constellations under consideration.
§ The simple design ensemble (SDE) has all the EC sensors and each is in a 

predetermined orbital configuration
§ In the SDE every constellation includes the MW LEO Sounder and VIS IR GEO Imager 

sensors.
§ All LEO sensors if present are in a 2-orbit configuration
§ The GEO sensors orbital configuration follows GeoXO plans

§ The VIS IR GEO Imager, the LM, and the OCS if present are on both the East and West platforms
§ The IR GEO Sounder and ACS if present are on the Central platform

§ The SDE has 128 members.
§ The enhanced design ensemble (EDE) allows choices from all classes of sensors 

and several LEO orbital configurations
§ The LEO sensors if present may be in a 1-, 2-, or 4-orbit configuration
§ The GEO sensors orbital configuration follows GeoXO plans as in the SDE
§ In each constellation a single class and single orbital configuration may be included
§ The EDE has approximately 3/4 of a million members.



11National Environmental Satellite, Data, and Information Service 

Efficient Frontier, Nowcasting, Simple Design Ensemble (SDE)
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 528 

Figure 6. Benefit vs. cost ($B) for constellations in the SDE for the nowcasting applications. 529 
As in Fig. 4. 530 

The table in Fig. 6 reveals the following progression along the efficient frontier : 531 

• A is the baseline constellation composed of the two required sensors, the MW LEO 532 

Sounder and the VIS IR GEO Imager;  533 

• B adds the IR GEO Sounder;  534 

• C adds the VIS IR LEO Imager; 535 

• D adds the LM; 536 

• E adds the ACS; and  537 

• F adds the remaining sensors—OMPS, OCS, and VIS IR LEO Sounder—that do not 538 

provide any additional benefit for the nowcasting applications. 539 
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⊕ ID Benefit Cost Cost 
Effectiveness Distance to EF GEO 

Sounder LM GEO 
Imager ACS OCS MW 

Sounder OMPS LEO 
Imager

LEO 
Sounder

A EF.128 0.488 0.850 0.575 0.0000 EC/2 EC/2
G CF.4 0.493 0.951 0.518 0.0134 EC/2 EC/1 EC/2
B EF.1 0.517 1.007 0.513 0.0000 EC/1 EC/2 EC/2
H CN.5 0.521 1.108 0.470 0.0036 EC/1 EC/2 EC/1 EC/2
I CN.3 0.525 1.191 0.441 0.0062 EC/1 EC/2 EC/2 EC/2
J CN.7 0.529 1.292 0.410 0.0098 EC/1 EC/2 EC/2 EC/1 EC/2
C EF.33 0.568 1.651 0.344 0.0000 EC/1 EC/2 EC/2 EC/2
K CN.37 0.572 1.752 0.327 0.0001 EC/1 EC/2 EC/1 EC/2 EC/2
D EF.35 0.576 1.835 0.314 0.0000 EC/1 EC/2 EC/2 EC/2 EC/2
E EF.39 0.581 1.936 0.300 0.0000 EC/1 EC/2 EC/2 EC/1 EC/2 EC/2
F EF.127 0.581 2.758 0.210 0.0000 EC/1 EC/2 EC/2 EC/1 EC/2 EC/2 EC/2 EC/2 EC/2

Cost ($B)

The constellations defining the efficient frontier (EF) 
in green are optimal, but other near-optimal 
constellations (in gold, within 0.01 of the EF) should 
also be considered.
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 602 
Figure 8. Benefit vs. cost ($B) for constellations in the EDE for the Global NWP application. 603 

As in Fig. 4, but only for part of the range of cost and benefit and without plotting the 604 
superfluous constellations. The total number of constellations in the EDE is 767999 but only 617 605 
(0.08%) are not superfluous in the case of the Global NWP application. In the table all the 606 
efficient frontier  constellations but only the 10 closest of the CN constellations are listed. 607 

5.4. Nowcasting enhanced design ensemble 608 

The convex hull for the nowcasting EDE case in Fig. 9 is like that for the Global NWP 609 

case—steep for the first several constellations and then quite flat. The first 4 and last 6 points of 610 

the efficient frontier  are outside the bounds of the scatterplot in Fig. 9. Compared to the 611 

nowcasting SDE case, the range of benefits along the efficient frontier  is now 0.11 to 0.62 612 
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⊕ ID Benefit Cost Cost 
Effectiveness Distance to EF GEO 

Sounder LM GEO 
Imager ACS OCS MW 

Sounder OMPS LEO 
Imager

LEO 
Sounder

A EF.768 0.340 0.056 6.135 0.0000 TC/1
B EF.31488 0.664 0.217 3.069 0.0000 TC/1 TC/1
C EF.32064 0.742 0.383 1.937 0.0000 MC/1 TC/1
D EF.1368 0.790 0.536 1.474 0.0000 TC/2 MC/1
E EF.32088 0.799 0.697 1.147 0.0000 TC/2 MC/1 TC/1
J CN.39768 0.800 0.858 0.932 0.0020 TC/2 MC/1 TC/2

CN.47448 0.800 1.180 0.678 0.0071 TC/2 MC/1 TC/4
CN.646488 0.809 1.493 0.542 0.0042 TC/2 MC/1 TC/1 MC/2
CN.262488 0.805 1.493 0.539 0.0082 TC/2 MC/1 TC/1 EC/4
CN.654168 0.809 1.654 0.489 0.0062 TC/2 MC/1 TC/2 MC/2
CN.692568 0.817 2.128 0.384 0.0063 TC/2 MC/1 MC/4
CN.722136 0.818 2.178 0.375 0.0070 TC/2 EC/1 TC/1 MC/4

F EF.723288 0.826 2.289 0.361 0.0000 TC/2 MC/1 TC/1 MC/4
CN.729816 0.819 2.339 0.350 0.0081 TC/2 EC/1 TC/2 MC/4

G EF.730968 0.827 2.450 0.338 0.0000 TC/2 MC/1 TC/2 MC/4
CN.738624 0.820 2.458 0.334 0.0069 MC/1 TC/4 MC/4

H EF.738648 0.828 2.772 0.299 0.0000 TC/2 MC/1 TC/4 MC/4
CN.737880 0.820 2.994 0.274 0.0081 TC/2 EC/4 TC/4 MC/4

I EF.767999 0.828 7.759 0.107 0.0000 MC/1 MC/2 MC/2 EC/1 EC/2 MC/4 EC/4 MC/4 MC/4

Cost ($B)

For the EDE, most of the constellations are not 
interesting because they provide the same benefit at 
additional cost by adding a sensor that provides no 
additional benefit. These are labeled superfluous.

Efficient Frontier, Global NWP, Enhanced Design Ensemble (EDE)
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5.5. Satisfying a budget constraint 646 

Given a hypothetical budget of $1B, the most beneficial choice is the constellation with the 647 

maximum benefit among all those with costs less than or equal to the budget of $1B. The choice 648 

is the baseline constellation (EF.128 or 4A for constellation A in Fig. 4) for the Global NWP 649 

SDE, and CF.4 (6G) for the nowcasting SDE. Constellation CF.4 (6G) adds the ACS to the 650 

baseline constellation. The choice is CN.39768 (8J) for the Global NWP EDE and EF.9050 (9G) 651 

for the nowcasting EDE. The actual costs and benefits for these constellations and some 652 

neighboring constellations are given in Fig. 10. It is interesting to consider nearby constellations, 653 

including some that break the budget by a small amount but provide additional benefit.  For the 654 

Global NWP SDE, EF.1 (4B) adds the IR GEO Sounder to EF.128 (4A) for a total cost of only 655 

$1.007B, increasing the benefit from 0.710 to 0.744 (i.e., by 4.8%). For the nowcasting SDE, 656 

CN.5 (6H) adds the IR GEO Sounder to CF.4 (6G) for a total cost of $1.108B increasing the 657 

benefit from 0.493 to 0.521 (i.e., by 5.6%). For the Global NWP EDE, the choice CN.39768 (8J) 658 

could be replaced with EF.32088 (8E) with a savings of $161M and a negligible decrease in 659 

benefit. These constellations are identical except that EF.32088 (8E) has 1 TC VIS IR LEO 660 

Imager and CN.39768 (8J) has two.  For the nowcasting EDE, CN.9098 (9T) adds the ACS to 661 

the choice EF.9050 (9G) for a total cost of only $1.038B marginally increasing the benefit from 662 

0.572 to 0.577 (i.e., by 0.8%). 663 

 664 

Figure 10. Optimal and near optimal constellation satisfying or nearly satisfying a budget of 665 
$1B. Similar to the table part of Fig. 4 but adding columns on the left listing the design ensemble 666 
(DE; column 1) and the application (App.; column 2) and adding figure number to the letters (in 667 
column 3).  668 

Comparing the constellations in Fig. 10 for the SDE and EDE, all cases include the baseline 669 

sensors—two VIS IR GEO Imagers and one or two MW LEO Sounders. However, given its 670 

additional degrees of freedom, the EDE optimal constellations choose the less capable TC VIS 671 

IR GEO Imagers and 1 of the more capable MC MW LEO Sounder instead of the 2 EC MW 672 

DE Ap
p. ⊕ ID Benefit Cost Cost 

Effectiveness Distance to EF GEO 
Sounder LM GEO 

Imager ACS OCS MW 
Sounder OMPS LEO 

Imager
LEO 

Sounder
4A EF.128 0.710 0.850 0.835 0.0000 EC/2 EC/2
4B EF.1 0.744 1.007 0.738 0.0000 EC/1 EC/2 EC/2
6A EF.128 0.488 0.850 0.575 0.0000 EC/2 EC/2
6G CF.4 0.493 0.951 0.518 0.0134 EC/2 EC/1 EC/2
6B EF.1 0.517 1.007 0.513 0.0000 EC/1 EC/2 EC/2
6H CN.5 0.521 1.108 0.470 0.0036 EC/1 EC/2 EC/1 EC/2
8E EF.32088 0.799 0.697 1.147 0.0000 TC/2 MC/1 TC/1
8J CN.39768 0.800 0.858 0.932 0.0020 TC/2 MC/1 TC/2
9G EF.9050 0.572 0.937 0.611 0.0000 TC/1 TC/2 MC/1 EC/1
9T CN.9098 0.577 1.038 0.556 0.0001 TC/1 TC/2 EC/1 MC/1 EC/1
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 602 
Figure 8. Benefit vs. cost ($B) for constellations in the EDE for the Global NWP application. 603 

As in Fig. 4, but only for part of the range of cost and benefit and without plotting the 604 
superfluous constellations. The total number of constellations in the EDE is 767999 but only 617 605 
(0.08%) are not superfluous in the case of the Global NWP application. In the table all the 606 
efficient frontier  constellations but only the 10 closest of the CN constellations are listed. 607 

5.4. Nowcasting enhanced design ensemble 608 

The convex hull for the nowcasting EDE case in Fig. 9 is like that for the Global NWP 609 

case—steep for the first several constellations and then quite flat. The first 4 and last 6 points of 610 

the efficient frontier  are outside the bounds of the scatterplot in Fig. 9. Compared to the 611 

nowcasting SDE case, the range of benefits along the efficient frontier  is now 0.11 to 0.62 612 
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 528 

Figure 6. Benefit vs. cost ($B) for constellations in the SDE for the nowcasting applications. 529 
As in Fig. 4. 530 

The table in Fig. 6 reveals the following progression along the efficient frontier : 531 

• A is the baseline constellation composed of the two required sensors, the MW LEO 532 

Sounder and the VIS IR GEO Imager;  533 

• B adds the IR GEO Sounder;  534 

• C adds the VIS IR LEO Imager; 535 

• D adds the LM; 536 

• E adds the ACS; and  537 

• F adds the remaining sensors—OMPS, OCS, and VIS IR LEO Sounder—that do not 538 

provide any additional benefit for the nowcasting applications. 539 
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⊕ ID Benefit Cost Cost 
Effectiveness Distance to EF GEO 

Sounder LM GEO 
Imager ACS OCS MW 

Sounder OMPS LEO 
Imager

LEO 
Sounder

A EF.128 0.488 0.850 0.575 0.0000 EC/2 EC/2
G CF.4 0.493 0.951 0.518 0.0134 EC/2 EC/1 EC/2
B EF.1 0.517 1.007 0.513 0.0000 EC/1 EC/2 EC/2
H CN.5 0.521 1.108 0.470 0.0036 EC/1 EC/2 EC/1 EC/2
I CN.3 0.525 1.191 0.441 0.0062 EC/1 EC/2 EC/2 EC/2
J CN.7 0.529 1.292 0.410 0.0098 EC/1 EC/2 EC/2 EC/1 EC/2
C EF.33 0.568 1.651 0.344 0.0000 EC/1 EC/2 EC/2 EC/2
K CN.37 0.572 1.752 0.327 0.0001 EC/1 EC/2 EC/1 EC/2 EC/2
D EF.35 0.576 1.835 0.314 0.0000 EC/1 EC/2 EC/2 EC/2 EC/2
E EF.39 0.581 1.936 0.300 0.0000 EC/1 EC/2 EC/2 EC/1 EC/2 EC/2
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Nowcasting
SDE

Global NWP
EDE

Nowcasting
SDE

Global NWP
EDE

Given a hypothetical budget of $1B, the most beneficial 
choice is the constellation with the maximum benefit among 
all those with costs less than or equal to the budget of $1B. 
These choices are 6G for the nowcasting SDE and 8J for the 
GNWP EDE. However, if choices slightly in excess of the $1B 
threshold are allowed, then 6B should be considered in place 
of 6G. 6G increases the benefit by 4.8% by dropping the ACS 
and adding the GEO Sounder.
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Summary
§ In this proof-of-concept study, ASPEN calculates the efficient frontier (EF) 

in the space of constellation cost vs. benefit.
§ The EF visualization identifies the most efficient constellations—the 

constellations that maximize benefit for a given cost.
§ The optimal constellation depends strongly on the budget, the applications 

considered, and the design ensemble.
§ Thus, the optimal constellations for Global NWP are different from those 

for nowcasting.
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Limitations and caveats
§ We only considered the Global NWP and nowcasting applications and only 

some of the NOAA GEO and LEO sensors.
§ In particular, we did not consider radio occultation, despite the fact that

radio occultation sounding data are one of the most cost-effective and 
impactful data sources in NWP.

§ We used the current version of ASPEN and available ASPEN data bases.
§ ASPEN reliability depends on trustworthiness of its inputs (performances 

and costs of the observing systems, and requirements ranges and priorities 
of the applications).
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In conclusion
§ Earth observing systems are expensive and have long lifetimes.
§ Investment decisions in these systems can be supported by ASPEN.
§ ASPEN is a work in progress, and we welcome community collaboration 

and coordination.
§ With further advances we expect ASPEN will become an increasingly 

valuable addition to the observing systems assessment toolbox.
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That’s all! For more...
• email: rnh@umd.edu

• ASPEN description
o Oct 2022 BAMS paper doi: 

10.1175/bams-d-22-0004.1
o https://ams.confex.com/ams/103ANNU

AL/meetingapp.cgi/Paper/410548

General Methodology of ASPEN
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