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A Little Biology

• Cancer is caused by DNA mutations


• Tumors contain mutated DNA


• Cell-free DNA: blood contains tiny amounts of mutated DNA


• Concentration of one in ten-thousand


• Should hypothetically be a cancer signal




The Race is On

• Recent academic successes based on this idea:


[Cohen et al.] Detection and localization of surgically resectable 
cancers with a multi-analyte blood test. Science (2018). 


[Liu et al.] Sensitive and specific multi-cancer detection and 
localization using methylation signatures in cell-free DNA. 
Annals of Oncology (2020).
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The Race is On

• Recent academic successes based on this idea:


• …and biotech firms building on it:


[Cohen et al.] Detection and localization of surgically resectable 
cancers with a multi-analyte blood test. Science (2018). 
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• Grail’s Galleri test


• $949


• Detects 50+ cancer types


• Specificity 99.5%


• Sensitivity 77%
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• DNA is 3 billion addresses long:


... AGCATGCAGTACGTACGTCACATTCGATCGATGG...


• Mutations are with respect to a reference sequence


…0010000000100000000000000100000000…


• Many (hundreds of thousands) of tumors have been sequenced
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Challenge: Cost

• A back-of-the-envelope calculation:


• Test must cost at most $102
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Challenge: Cost

• A back-of-the-envelope calculation:


• Test must cost at most $102


• Sequencing an address ten-thousand times costs $10-2
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Challenge: Cost

• A back-of-the-envelope calculation:


• Test must cost at most $102


• Sequencing an address ten-thousand times costs $10-2


• Thus, can only use a panel of ~104 addresses
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• A back-of-the-envelope calculation:
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0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0

Liver
Stomach
Stomach
Pancreas
Pancreas
Lung
Breast
Lung
Lung
Lung
Liver
Breast
Stomach
Pancreas



All cancers
Pr

op
or

tio
n 

de
te

ct
ed

0%

25%

50%

75%

100%

Cost (addresses)
0 4000 8000 12000 16000

DNA Panels from [Cohen et al.]



All cancers
Pr

op
or

tio
n 

de
te

ct
ed

0%

25%

50%

75%

100%

Cost (addresses)
0 4000 8000 12000 16000

DNA Panels from [Cohen et al.]



All cancers
Pr

op
or

tio
n 

de
te

ct
ed

0%

25%

50%

75%

100%

Cost (addresses)
0 4000 8000 12000 16000

DNA Panels from [Cohen et al.]



All cancers

0%

25%

50%

75%

100%
Ovary Liver

Stomach

0%

25%

50%

75%

100%
Pancreas Esophagus

Colorectum

0%

25%

50%

75%

100%

0 4000 8000 12000 16000

Lung

0 4000 8000 12000 16000

Breast

0 4000 8000 12000 16000

DNA Panels from [Cohen et al.]



This is an optimization problem!

• Max Cover, to be specific
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This is an optimization problem!

• Max Cover, to be specific


• Huge instance (104 elements, 109 subsets)


• Still solves in Gurobi
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Adaptive Panels

• Adaptivity: perform the test in stages


• Opportunity: the $100 constraint only needs to hold in expectation


• Higher accuracy at same average cost




Adaptive Panels

• Adaptivity: perform the test in stages


• Opportunity: the $100 constraint only needs to hold in expectation


• Higher accuracy at same average cost


• Challenge: this problem is hard (theoretically)




Adaptive Panels

• Adaptivity: perform the test in stages


• Opportunity: the $100 constraint only needs to hold in expectation


• Higher accuracy at same average cost


• Challenge: this problem is hard (theoretically) and hard (practically)




A Simple Model for DNA Mutations

• Cancer types 
t = 1, . . . , T
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a = 1, . . . , A
<latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit>



A Simple Model for DNA Mutations

• Cancer types 


• DNA addresses 


0.09 0.80 0.68 0.34 0.59 0.56 0.66 0.10 0.07 0.14 0.80 0.74 0.05 0.25 0.90 0.30 0.58 0.62 0.18 0.12 0.12 0.30 0.61 0.27 0.38 0.88 0.62

0.26 0.17 0.68 0.16 0.25 0.01 0.78 0.56 0.05 0.82 0.97 0.49 0.65 0.99 0.73 0.85 0.45 0.60 0.25 0.28 0.83 0.54 0.29 0.85 0.66 0.48 0.69

0.70 0.84 0.47 0.69 0.98 0.66 0.41 0.65 0.51 0.97 0.82 0.92 0.74 0.75 0.53 0.34 0.40 0.67 0.12 0.08 0.58 0.62 0.41 0.41 0.66 0.99 0.83

0.01 0.28 0.03 0.46 0.50 0.26 0.73 0.44 0.68 0.74 0.31 0.31 0.62 0.92 0.04 0.61 0.74 0.47 0.44 0.45 0.87 0.24 0.68 0.55 0.28 0.34 0.87

0.18 0.03 0.57 0.14 0.07 0.99 0.17 0.66 0.02 0.05 0.87 0.80 0.03 0.45 0.75 0.43 0.07 0.06 0.51 0.57 0.16 0.96 0.85 0.89 0.91 0.06 0.06

0.29 0.18 0.53 0.81 0.64 0.69 0.83 0.30 0.06 0.94 0.26 0.15 0.19 0.92 0.35 0.36 0.99 0.97 0.14 0.10 0.51 0.11 0.84 0.81 0.66 0.00 0.42

0.01 0.96 0.49 0.02 0.52 0.97 0.21 0.82 0.49 0.09 0.60 0.46 0.93 0.07 0.55 0.06 0.74 0.74 0.24 0.88 0.92 0.10 0.58 0.09 0.78 0.36 0.96

0.75 0.45 0.64 0.67 0.26 0.15 0.72 0.17 0.49 0.05 0.36 0.86 0.77 0.86 0.90 0.88 0.13 0.99 0.08 0.34 0.65 0.95 0.73 0.13 0.44 0.21 0.42

0.14 0.42 0.31 0.99 0.63 0.43 0.62 0.12 0.78 0.77 0.92 0.36 0.80 0.89 0.33 0.29 0.62 0.99 0.80 0.85 0.07 0.67 0.13 0.26 0.57 0.58 0.56

0.24 0.48 0.13 0.55 0.16 0.56 0.89 0.18 0.11 0.43 0.65 1.00 0.57 0.52 0.47 0.89 0.03 0.72 0.49 0.36 0.65 0.34 0.71 0.19 0.15 0.56 0.52

Addresses

Types

t = 1, . . . , T
<latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit><latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit><latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit><latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit>

a = 1, . . . , A
<latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit>

P 2 RT⇥A
<latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="sr0duMOrV6n4Y2TDFwR8Rkao31E=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIviqeKF49V+gVNLJvtpl262YTdjVBCTl78K148KOLV3+DNf+Om7UFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6Lvz2A5WKxaKhxwn1IzwQLGQEayP17KM68phAXoT1MAiyu/w+ayBPs4gqdJX37IpTdSZAi8SdkQrMUO/ZX14/JmlEhSYcK9V1nUT7GZaaEU7zspcqmmAywgPaNVRgs8fPJm/k6MQofRTG0pTQaKL+nshwpNQ4Ckxnca6a9wrxP6+b6vDCz5hIUk0FmS4KU450jIpMUJ9JSjQfG4KJZOZWRIZYYqJNcmUTgjv/8iJpnVVdp+reOpXa5SyOEhzCMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7R1yZrNHMAfWJ8/LU+YQQ==</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="sr0duMOrV6n4Y2TDFwR8Rkao31E=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIviqeKF49V+gVNLJvtpl262YTdjVBCTl78K148KOLV3+DNf+Om7UFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6Lvz2A5WKxaKhxwn1IzwQLGQEayP17KM68phAXoT1MAiyu/w+ayBPs4gqdJX37IpTdSZAi8SdkQrMUO/ZX14/JmlEhSYcK9V1nUT7GZaaEU7zspcqmmAywgPaNVRgs8fPJm/k6MQofRTG0pTQaKL+nshwpNQ4Ckxnca6a9wrxP6+b6vDCz5hIUk0FmS4KU450jIpMUJ9JSjQfG4KJZOZWRIZYYqJNcmUTgjv/8iJpnVVdp+reOpXa5SyOEhzCMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7R1yZrNHMAfWJ8/LU+YQQ==</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit>



A Simple Model for DNA Mutations

• Cancer types 


• DNA addresses 


• Sequencing address    on individual of type   :


• Yields observation 


0.09 0.80 0.68 0.34 0.59 0.56 0.66 0.10 0.07 0.14 0.80 0.74 0.05 0.25 0.90 0.30 0.58 0.62 0.18 0.12 0.12 0.30 0.61 0.27 0.38 0.88 0.62

0.26 0.17 0.68 0.16 0.25 0.01 0.78 0.56 0.05 0.82 0.97 0.49 0.65 0.99 0.73 0.85 0.45 0.60 0.25 0.28 0.83 0.54 0.29 0.85 0.66 0.48 0.69

0.70 0.84 0.47 0.69 0.98 0.66 0.41 0.65 0.51 0.97 0.82 0.92 0.74 0.75 0.53 0.34 0.40 0.67 0.12 0.08 0.58 0.62 0.41 0.41 0.66 0.99 0.83

0.01 0.28 0.03 0.46 0.50 0.26 0.73 0.44 0.68 0.74 0.31 0.31 0.62 0.92 0.04 0.61 0.74 0.47 0.44 0.45 0.87 0.24 0.68 0.55 0.28 0.34 0.87

0.18 0.03 0.57 0.14 0.07 0.99 0.17 0.66 0.02 0.05 0.87 0.80 0.03 0.45 0.75 0.43 0.07 0.06 0.51 0.57 0.16 0.96 0.85 0.89 0.91 0.06 0.06

0.29 0.18 0.53 0.81 0.64 0.69 0.83 0.30 0.06 0.94 0.26 0.15 0.19 0.92 0.35 0.36 0.99 0.97 0.14 0.10 0.51 0.11 0.84 0.81 0.66 0.00 0.42

0.01 0.96 0.49 0.02 0.52 0.97 0.21 0.82 0.49 0.09 0.60 0.46 0.93 0.07 0.55 0.06 0.74 0.74 0.24 0.88 0.92 0.10 0.58 0.09 0.78 0.36 0.96

0.75 0.45 0.64 0.67 0.26 0.15 0.72 0.17 0.49 0.05 0.36 0.86 0.77 0.86 0.90 0.88 0.13 0.99 0.08 0.34 0.65 0.95 0.73 0.13 0.44 0.21 0.42

0.14 0.42 0.31 0.99 0.63 0.43 0.62 0.12 0.78 0.77 0.92 0.36 0.80 0.89 0.33 0.29 0.62 0.99 0.80 0.85 0.07 0.67 0.13 0.26 0.57 0.58 0.56

0.24 0.48 0.13 0.55 0.16 0.56 0.89 0.18 0.11 0.43 0.65 1.00 0.57 0.52 0.47 0.89 0.03 0.72 0.49 0.36 0.65 0.34 0.71 0.19 0.15 0.56 0.52

Addresses

Types

t = 1, . . . , T
<latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit><latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit><latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit><latexit sha1_base64="fWc/GvxEGpQSaGMOo1oQhhbYYLg=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBQym7IiiCUPDisUK/oF1KNpttQ7PJkswKtfSXePGgiFd/ijf/jWm7B219MPB4b4aZeWEquAHP+3bW1jc2t7YLO8Xdvf2Dknt41DIq05Q1qRJKd0JimOCSNYGDYJ1UM5KEgrXD0d3Mbz8ybbiSDRinLEjIQPKYUwJW6rslwLfYr/REpMBUcKPvlr2qNwdeJX5OyihHve9+9SJFs4RJoIIY0/W9FIIJ0cCpYNNiLzMsJXREBqxrqSQJM8FkfvgUn1klwrHStiTgufp7YkISY8ZJaDsTAkOz7M3E/7xuBvF1MOEyzYBJulgUZwKDwrMUcMQ1oyDGlhCqub0V0yHRhILNqmhD8JdfXiWti6rvVf2Hy3LtJo+jgE7QKTpHPrpCNXSP6qiJKMrQM3pFb86T8+K8Ox+L1jUnnzlGf+B8/gCCvZGp</latexit>

a = 1, . . . , A
<latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit><latexit sha1_base64="7SHpxzhAax+h5tcP+N9zuVjRG2k=">AAAB+HicbVBNSwMxEJ31s9aPVj16CRbBQym7IiiCUPHisYL9gHYp2Wy2Dc0mS5IV6tJf4sWDIl79Kd78N6btHrT1wcDjvRlm5gUJZ9q47rezsrq2vrFZ2Cpu7+zulcr7By0tU0Vok0guVSfAmnImaNMww2knURTHAaftYHQ79duPVGkmxYMZJ9SP8UCwiBFsrNQvlzC6Rl61x0NpdBXd9MsVt+bOgJaJl5MK5Gj0y1+9UJI0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfjY7fIJOrBKiSCpbwqCZ+nsiw7HW4ziwnTE2Q73oTcX/vG5qoks/YyJJDRVkvihKOTISTVNAIVOUGD62BBPF7K2IDLHCxNisijYEb/HlZdI6q3luzbs/r9Sv8jgKcATHcAoeXEAd7qABTSCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx9IG5GD</latexit>

P 2 RT⇥A
<latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="sr0duMOrV6n4Y2TDFwR8Rkao31E=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIviqeKF49V+gVNLJvtpl262YTdjVBCTl78K148KOLV3+DNf+Om7UFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6Lvz2A5WKxaKhxwn1IzwQLGQEayP17KM68phAXoT1MAiyu/w+ayBPs4gqdJX37IpTdSZAi8SdkQrMUO/ZX14/JmlEhSYcK9V1nUT7GZaaEU7zspcqmmAywgPaNVRgs8fPJm/k6MQofRTG0pTQaKL+nshwpNQ4Ckxnca6a9wrxP6+b6vDCz5hIUk0FmS4KU450jIpMUJ9JSjQfG4KJZOZWRIZYYqJNcmUTgjv/8iJpnVVdp+reOpXa5SyOEhzCMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7R1yZrNHMAfWJ8/LU+YQQ==</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="7dx9QuB1qFK9X/PkqFYy28qAwOg=">AAAB+3icbVA9SwNBEJ2LXzFGPW1FWAyCVbiz0VKxsYySL8jFsLfZS5bs7R27c0I4Utn4V2wsFPF/2Plv3HwUmvhg4PHeDDPzwlQKg5737RTW1jc2t4rbpZ3y7t6+e1BumiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHN1O/9ci1EYmq4zjl3ZgOlIgEo2ilnntcI4FQJIgpDsMwv5885HUSoIi5IdeTnlvxqt4MZJX4C1KBBWo99yvoJyyLuUImqTEd30uxm1ONgkk+KQWZ4SllIzrgHUsVtXu6+eyNCTm1Sp9EibalkMzU3xM5jY0Zx6HtnJ5rlr2p+J/XyTC67OZCpRlyxeaLokwSTMg0E9IXmjOUY0so08LeStiQasrQJleyIfjLL6+S5nnV96r+nQdFOIITOAMfLuAKbqEGDWDwBC/wBu/Os/PqfMzjKjiL3A7hD5zPH6Urltw=</latexit><latexit sha1_base64="sr0duMOrV6n4Y2TDFwR8Rkao31E=">AAACBnicbVBNS8NAEJ34WetX1KMIi0XwVBIviqeKF49V+gVNLJvtpl262YTdjVBCTl78K148KOLV3+DNf+Om7UFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6Lvz2A5WKxaKhxwn1IzwQLGQEayP17KM68phAXoT1MAiyu/w+ayBPs4gqdJX37IpTdSZAi8SdkQrMUO/ZX14/JmlEhSYcK9V1nUT7GZaaEU7zspcqmmAywgPaNVRgs8fPJm/k6MQofRTG0pTQaKL+nshwpNQ4Ckxnca6a9wrxP6+b6vDCz5hIUk0FmS4KU450jIpMUJ9JSjQfG4KJZOZWRIZYYqJNcmUTgjv/8iJpnVVdp+reOpXa5SyOEhzCMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7R1yZrNHMAfWJ8/LU+YQQ==</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit><latexit sha1_base64="6F0n0GZ8pXabD9eAOO1snqoOzJI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoHiqePFYpV/QxLLZbtulm03YnQgl5OTFv+LFgyJe/Q3e/Ddu2h609cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zv3WA1OaR7IO45j5IRlI3ueUgJG69mENe1xiLyQwDIL0LrtP69gDHjKNr7KuXXYqzgR4kbgzUkYz1Lr2l9eLaBIyCVQQrTuuE4OfEgWcCpaVvESzmNARGbCOoZKYPX46eSPDx0bp4X6kTEnAE/X3REpCrcdhYDrzc/W8l4v/eZ0E+hd+ymWcAJN0uqifCAwRzjPBPa4YBTE2hFDFza2YDokiFExyJROCO//yImmeVlyn4t6elauXsziK6AAdoRPkonNURTeohhqIokf0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPy6PmEU=</latexit>

a
<latexit sha1_base64="saRI2obXsl4tYQEu+TibIwWDsGk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnRQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwPWM3Q==</latexit><latexit sha1_base64="saRI2obXsl4tYQEu+TibIwWDsGk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnRQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwPWM3Q==</latexit><latexit sha1_base64="saRI2obXsl4tYQEu+TibIwWDsGk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnRQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwPWM3Q==</latexit><latexit sha1_base64="saRI2obXsl4tYQEu+TibIwWDsGk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnRQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwPWM3Q==</latexit>

t
<latexit sha1_base64="p7K2fj6SmHL4bAtv+PuSXgo34Kw=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQExVPBi8cW7Ae0oWy2k3btZhN2J0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemEphyPO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmOTZ4IhPdDplBKRQ2SJDEdqqRxaHEVji6m/mtJ9RGJOqBxikGMRsoEQnOyEp16pXKXsWbw10lfk7KkKPWK311+wnPYlTEJTOm43spBROmSXCJ02I3M5gyPmID7FiqWIwmmMwPnbrnVum7UaJtKXLn6u+JCYuNGceh7YwZDc2yNxP/8zoZRTfBRKg0I1R8sSjKpEuJO/va7QuNnOTYEsa1sLe6fMg042SzKdoQ/OWXV0nzsuJ7Fb9+Va7e5nEU4BTO4AJ8uIYq3EMNGsAB4Rle4c15dF6cd+dj0brm5DMn8AfO5w/dwYzw</latexit><latexit sha1_base64="p7K2fj6SmHL4bAtv+PuSXgo34Kw=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQExVPBi8cW7Ae0oWy2k3btZhN2J0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemEphyPO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmOTZ4IhPdDplBKRQ2SJDEdqqRxaHEVji6m/mtJ9RGJOqBxikGMRsoEQnOyEp16pXKXsWbw10lfk7KkKPWK311+wnPYlTEJTOm43spBROmSXCJ02I3M5gyPmID7FiqWIwmmMwPnbrnVum7UaJtKXLn6u+JCYuNGceh7YwZDc2yNxP/8zoZRTfBRKg0I1R8sSjKpEuJO/va7QuNnOTYEsa1sLe6fMg042SzKdoQ/OWXV0nzsuJ7Fb9+Va7e5nEU4BTO4AJ8uIYq3EMNGsAB4Rle4c15dF6cd+dj0brm5DMn8AfO5w/dwYzw</latexit><latexit sha1_base64="p7K2fj6SmHL4bAtv+PuSXgo34Kw=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQExVPBi8cW7Ae0oWy2k3btZhN2J0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemEphyPO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmOTZ4IhPdDplBKRQ2SJDEdqqRxaHEVji6m/mtJ9RGJOqBxikGMRsoEQnOyEp16pXKXsWbw10lfk7KkKPWK311+wnPYlTEJTOm43spBROmSXCJ02I3M5gyPmID7FiqWIwmmMwPnbrnVum7UaJtKXLn6u+JCYuNGceh7YwZDc2yNxP/8zoZRTfBRKg0I1R8sSjKpEuJO/va7QuNnOTYEsa1sLe6fMg042SzKdoQ/OWXV0nzsuJ7Fb9+Va7e5nEU4BTO4AJ8uIYq3EMNGsAB4Rle4c15dF6cd+dj0brm5DMn8AfO5w/dwYzw</latexit><latexit sha1_base64="p7K2fj6SmHL4bAtv+PuSXgo34Kw=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQExVPBi8cW7Ae0oWy2k3btZhN2J0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZemEphyPO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmOTZ4IhPdDplBKRQ2SJDEdqqRxaHEVji6m/mtJ9RGJOqBxikGMRsoEQnOyEp16pXKXsWbw10lfk7KkKPWK311+wnPYlTEJTOm43spBROmSXCJ02I3M5gyPmID7FiqWIwmmMwPnbrnVum7UaJtKXLn6u+JCYuNGceh7YwZDc2yNxP/8zoZRTfBRKg0I1R8sSjKpEuJO/va7QuNnOTYEsa1sLe6fMg042SzKdoQ/OWXV0nzsuJ7Fb9+Va7e5nEU4BTO4AJ8uIYq3EMNGsAB4Rle4c15dF6cd+dj0brm5DMn8AfO5w/dwYzw</latexit>

⇠ Ber(Pta)
<latexit sha1_base64="Q5jljZkuGC3Ru8H/PqsoTJ9f/9I=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURQXFVdOOygn1AE8JkOmmHzkzCzEQoIbjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbJR3dza3tm19/Y7Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjm8LvPhCpaCzu9SQhPkdDQSOKkTZSYB96inLocaRHkmfXROb1VpBplJ8Gds1pOFPAReKWpAZKtAL7yxvEOOVEaMyQUn3XSbSfIakpZiSveqkiCcJjNCR9QwXiRPnZ9IUcnhhlAKNYmhIaTtXfExniSk14aDqLW9W8V4j/ef1UR5d+RkWSaiLwbFGUMqhjWOQBB1QSrNnEEIQlNbdCPEISYW1Sq5oQ3PmXF0nnrOE6DffuvNa8KuOogCNwDOrABRegCW5BC7QBBo/gGbyCN+vJerHerY9Z65JVzhyAP7A+fwAE6Zcl</latexit><latexit sha1_base64="Q5jljZkuGC3Ru8H/PqsoTJ9f/9I=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURQXFVdOOygn1AE8JkOmmHzkzCzEQoIbjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbJR3dza3tm19/Y7Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjm8LvPhCpaCzu9SQhPkdDQSOKkTZSYB96inLocaRHkmfXROb1VpBplJ8Gds1pOFPAReKWpAZKtAL7yxvEOOVEaMyQUn3XSbSfIakpZiSveqkiCcJjNCR9QwXiRPnZ9IUcnhhlAKNYmhIaTtXfExniSk14aDqLW9W8V4j/ef1UR5d+RkWSaiLwbFGUMqhjWOQBB1QSrNnEEIQlNbdCPEISYW1Sq5oQ3PmXF0nnrOE6DffuvNa8KuOogCNwDOrABRegCW5BC7QBBo/gGbyCN+vJerHerY9Z65JVzhyAP7A+fwAE6Zcl</latexit><latexit sha1_base64="Q5jljZkuGC3Ru8H/PqsoTJ9f/9I=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURQXFVdOOygn1AE8JkOmmHzkzCzEQoIbjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbJR3dza3tm19/Y7Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjm8LvPhCpaCzu9SQhPkdDQSOKkTZSYB96inLocaRHkmfXROb1VpBplJ8Gds1pOFPAReKWpAZKtAL7yxvEOOVEaMyQUn3XSbSfIakpZiSveqkiCcJjNCR9QwXiRPnZ9IUcnhhlAKNYmhIaTtXfExniSk14aDqLW9W8V4j/ef1UR5d+RkWSaiLwbFGUMqhjWOQBB1QSrNnEEIQlNbdCPEISYW1Sq5oQ3PmXF0nnrOE6DffuvNa8KuOogCNwDOrABRegCW5BC7QBBo/gGbyCN+vJerHerY9Z65JVzhyAP7A+fwAE6Zcl</latexit><latexit sha1_base64="Q5jljZkuGC3Ru8H/PqsoTJ9f/9I=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyURQXFVdOOygn1AE8JkOmmHzkzCzEQoIbjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbJR3dza3tm19/Y7Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjm8LvPhCpaCzu9SQhPkdDQSOKkTZSYB96inLocaRHkmfXROb1VpBplJ8Gds1pOFPAReKWpAZKtAL7yxvEOOVEaMyQUn3XSbSfIakpZiSveqkiCcJjNCR9QwXiRPnZ9IUcnhhlAKNYmhIaTtXfExniSk14aDqLW9W8V4j/ef1UR5d+RkWSaiLwbFGUMqhjWOQBB1QSrNnEEIQlNbdCPEISYW1Sq5oQ3PmXF0nnrOE6DffuvNa8KuOogCNwDOrABRegCW5BC7QBBo/gGbyCN+vJerHerY9Z65JVzhyAP7A+fwAE6Zcl</latexit>
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Problem: Active Sequential Hypothesis Testing

• Unknown cancer type drawn according to (known) prior


• Partial Adaptivity: select a sequence of addresses 


• Same sequence always used


• Stop anytime, and “guess” the cancer type


• Constraint: correctly identify type with probability at least 


• Objective: minimize expected cost (number of addresses used)


1� �
<latexit sha1_base64="alBvsuphapBU8JrnOoY6ljefefM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Usc764VcIu1Xa27dnYEsE68gNSjQ7Fe/emHCspgrZJIa0/XcFP2cahRM8kmllxmeUjaiA961VNGYGz+f3TshJ1YJSZRoWwrJTP09kdPYmHEc2M6Y4tAselPxP6+bYXTl50KlGXLF5ouiTBJMyPR5EgrNGcqxJZRpYW8lbEg1ZWgjqtgQvMWXl0n7vO65de/uota4LuIowxEcwyl4cAkNuIUmtICBhGd4hTfn0Xlx3p2PeWvJKWYO4Q+czx9p7o+G</latexit><latexit sha1_base64="alBvsuphapBU8JrnOoY6ljefefM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Usc764VcIu1Xa27dnYEsE68gNSjQ7Fe/emHCspgrZJIa0/XcFP2cahRM8kmllxmeUjaiA961VNGYGz+f3TshJ1YJSZRoWwrJTP09kdPYmHEc2M6Y4tAselPxP6+bYXTl50KlGXLF5ouiTBJMyPR5EgrNGcqxJZRpYW8lbEg1ZWgjqtgQvMWXl0n7vO65de/uota4LuIowxEcwyl4cAkNuIUmtICBhGd4hTfn0Xlx3p2PeWvJKWYO4Q+czx9p7o+G</latexit><latexit sha1_base64="alBvsuphapBU8JrnOoY6ljefefM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Usc764VcIu1Xa27dnYEsE68gNSjQ7Fe/emHCspgrZJIa0/XcFP2cahRM8kmllxmeUjaiA961VNGYGz+f3TshJ1YJSZRoWwrJTP09kdPYmHEc2M6Y4tAselPxP6+bYXTl50KlGXLF5ouiTBJMyPR5EgrNGcqxJZRpYW8lbEg1ZWgjqtgQvMWXl0n7vO65de/uota4LuIowxEcwyl4cAkNuIUmtICBhGd4hTfn0Xlx3p2PeWvJKWYO4Q+czx9p7o+G</latexit><latexit sha1_base64="alBvsuphapBU8JrnOoY6ljefefM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyURQfFU8OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Usc764VcIu1Xa27dnYEsE68gNSjQ7Fe/emHCspgrZJIa0/XcFP2cahRM8kmllxmeUjaiA961VNGYGz+f3TshJ1YJSZRoWwrJTP09kdPYmHEc2M6Y4tAselPxP6+bYXTl50KlGXLF5ouiTBJMyPR5EgrNGcqxJZRpYW8lbEg1ZWgjqtgQvMWXl0n7vO65de/uota4LuIowxEcwyl4cAkNuIUmtICBhGd4hTfn0Xlx3p2PeWvJKWYO4Q+czx9p7o+G</latexit>



• Recall:


•     = number of addresses (3 billion) 


•     = number of cancer types (10-100)


Theoretical Guarantee

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>



• Recall:


•     = number of addresses (3 billion) 


•     = number of cancer types (10-100)


•  


Theoretical Guarantee

L<latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit>

= maximum length of test sequence (can think of this as ~10,000)

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>



• Recall:


•     = number of addresses (3 billion) 


•     = number of cancer types (10-100)


•  


Theoretical Guarantee

Runtime Cost Guarantee

Brute Force

L<latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit>

= maximum length of test sequence (can think of this as ~10,000)

OPT
<latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit>AL

<latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit>

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>



• Recall:


•     = number of addresses (3 billion) 


•     = number of cancer types (10-100)


•  


Theoretical Guarantee

Runtime Cost Guarantee

Brute Force

LP Heuristic

[Naghshvar,Javidi’13]

None

L<latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit>

= maximum length of test sequence (can think of this as ~10,000)

OPT
<latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit>AL

<latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit>

O(AT 2)
<latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit>

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>



• Recall:


•     = number of addresses (3 billion) 


•     = number of cancer types (10-100)


•  


Theoretical Guarantee

Runtime Cost Guarantee

Brute Force

LP Heuristic

[Naghshvar,Javidi’13]

None

Our Algorithm

L<latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit>

= maximum length of test sequence (can think of this as ~10,000)

OPT
<latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit>AL

<latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit>

O(AT 2)
<latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit>

O(ATL)
<latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit><latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit><latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit><latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit>

O(log T )OPT
<latexit sha1_base64="z7mghjodNLsfQCDpKIlS4VxoZR8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERRXBTfuWqEv6Awlk6ZtaB5DkhHK2IW/4saFIm79DXf+jZl2Ftp6IHA4517uyYliRrXxvG9nZXVtfWOzsFXc3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHyb+e0HojSVomEmMQk5Ggo6oBgZK/Xc41o5YHIIG+cw4MiMFE9r9ca055a8ijcDXCZ+TkogR73nfgV9iRNOhMEMad31vdiEKVKGYkamxSDRJEZ4jIaka6lAnOgwneWfwjOr9OFAKvuEgTP190aKuNYTHtnJLKNe9DLxP6+bmMF1mFIRJ4YIPD80SBg0EmZlwD5VBBs2sQRhRW1WiEdIIWxsZUVbgr/45WXSuqj4XsW/vyxVb/I6CuAEnIIy8MEVqII7UAdNgMEjeAav4M15cl6cd+djPrri5DtH4A+czx+L1JUh</latexit><latexit sha1_base64="z7mghjodNLsfQCDpKIlS4VxoZR8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERRXBTfuWqEv6Awlk6ZtaB5DkhHK2IW/4saFIm79DXf+jZl2Ftp6IHA4517uyYliRrXxvG9nZXVtfWOzsFXc3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHyb+e0HojSVomEmMQk5Ggo6oBgZK/Xc41o5YHIIG+cw4MiMFE9r9ca055a8ijcDXCZ+TkogR73nfgV9iRNOhMEMad31vdiEKVKGYkamxSDRJEZ4jIaka6lAnOgwneWfwjOr9OFAKvuEgTP190aKuNYTHtnJLKNe9DLxP6+bmMF1mFIRJ4YIPD80SBg0EmZlwD5VBBs2sQRhRW1WiEdIIWxsZUVbgr/45WXSuqj4XsW/vyxVb/I6CuAEnIIy8MEVqII7UAdNgMEjeAav4M15cl6cd+djPrri5DtH4A+czx+L1JUh</latexit><latexit sha1_base64="z7mghjodNLsfQCDpKIlS4VxoZR8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERRXBTfuWqEv6Awlk6ZtaB5DkhHK2IW/4saFIm79DXf+jZl2Ftp6IHA4517uyYliRrXxvG9nZXVtfWOzsFXc3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHyb+e0HojSVomEmMQk5Ggo6oBgZK/Xc41o5YHIIG+cw4MiMFE9r9ca055a8ijcDXCZ+TkogR73nfgV9iRNOhMEMad31vdiEKVKGYkamxSDRJEZ4jIaka6lAnOgwneWfwjOr9OFAKvuEgTP190aKuNYTHtnJLKNe9DLxP6+bmMF1mFIRJ4YIPD80SBg0EmZlwD5VBBs2sQRhRW1WiEdIIWxsZUVbgr/45WXSuqj4XsW/vyxVb/I6CuAEnIIy8MEVqII7UAdNgMEjeAav4M15cl6cd+djPrri5DtH4A+czx+L1JUh</latexit><latexit sha1_base64="z7mghjodNLsfQCDpKIlS4VxoZR8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERRXBTfuWqEv6Awlk6ZtaB5DkhHK2IW/4saFIm79DXf+jZl2Ftp6IHA4517uyYliRrXxvG9nZXVtfWOzsFXc3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHyb+e0HojSVomEmMQk5Ggo6oBgZK/Xc41o5YHIIG+cw4MiMFE9r9ca055a8ijcDXCZ+TkogR73nfgV9iRNOhMEMad31vdiEKVKGYkamxSDRJEZ4jIaka6lAnOgwneWfwjOr9OFAKvuEgTP190aKuNYTHtnJLKNe9DLxP6+bmMF1mFIRJ4YIPD80SBg0EmZlwD5VBBs2sQRhRW1WiEdIIWxsZUVbgr/45WXSuqj4XsW/vyxVb/I6CuAEnIIy8MEVqII7UAdNgMEjeAav4M15cl6cd+djPrri5DtH4A+czx+L1JUh</latexit>

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>



• Recall:


•     = number of addresses (3 billion) 


•     = number of cancer types (10-100)


•  


Theoretical Guarantee

Runtime Cost Guarantee

Brute Force

LP Heuristic

[Naghshvar,Javidi’13]

None

Our Algorithm

L<latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit><latexit sha1_base64="/bflja0iYDTSZVl4YYA9CWNn+gI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUKwCNhYWCZgPSI6wt5lL1uztHbt7QjjyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O/PYTKs1j+WAmCfoRHUoeckaNlRr3/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mhU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2ddkwBUyIyaWUKa4vZWwEVWUGZtNyYbgLb+8SloXVc+teo3LSu0mj6MIJ3AK5+DBFdTgDurQBAYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6EhjMg=</latexit>

= maximum length of test sequence (can think of this as ~10,000)

OPT
<latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit><latexit sha1_base64="q4xRn+Rn9ZTIqssk++5X7zZfQ1Y=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUHFVcOPOCn1BZyiZNNOGJpkhyQhl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh9C73e09UaRbLtpklNBB4LFnECDZW8n2BzUSJ7KHVng+rNbfuLoDWiVeQGhRoDatf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtMs/RhVVGKIqVfdKghfp7I8NC65kI7WSeUa96ufifN0hNdBNkTCapoZIsD0UpRyZGeQFoxBQlhs8swUQxmxWRCVaYGFtTxZbgrX55nXSv6p5b9x6va83boo4ynME5XIIHDWjCPbSgAwQSeIZXeHNS58V5dz6WoyWn2DmFP3A+fwAqo5G6</latexit>AL

<latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit><latexit sha1_base64="JaGVt1ycoysBfXnwn02dti2l+b0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoHiKePHgIYJ5QLIJs7OdZMjsg5lZJSz5Dy8eFPHqv3jzb5xs9qCJBQ1FVff0dHmx4Erb9rdVWFldW98obpa2tnd298r7B00VJZJhg0Uikm2PKhQ8xIbmWmA7lkgDT2DLG9/M/NYjSsWj8EFPYnQDOgz5gDOqjdTrZi+kEv3pde+uX67YVTsDWSZOTiqQo94vf3X9iCUBhpoJqlTHsWPtplRqzgROS91EYUzZmA6xY2hIA1Rumu2ckhOj+GQQSVOhJpn6eyKlgVKTwDOdAdUjtejNxP+8TqIHl27KwzjRGLL5okEiiI7ILALic4lMi4khlElu/krYiErKtAmqZEJwFk9eJs2zqmNXnfvzSu0qj6MIR3AMp+DABdTgFurQAAYSnuEV3qwn68V6tz7mrQUrnzmEP7A+fwCwSJKX</latexit>

O(AT 2)
<latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit><latexit sha1_base64="0ZCz4lkU1suXaqev7+2NAUUpJRo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuERRPFS/erNAvaNeSTbNtaJJdkqxQlv4ILx4U8erv8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i2TCTmPoCDyULGcHGSu378k3jsXreL5bcijsHWiVeRkqQod4vfvUGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76fzcKTqzygCFkbIlDZqrvydSLLSeiMB2CmxGetmbif953cSEV37KZJwYKsliUZhwZCI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkla14rkV7+GiVLvO4sjDCZxCGTy4hBrcQR2aQGAMz/AKb07svDjvzseiNedkM8fwB87nD7+4jn0=</latexit>

O(ATL)
<latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit><latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit><latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit><latexit sha1_base64="CwKycMOXl0FPCnUPvWnrtGvR7nE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCIqnihcPghX6Be1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQz9VtPVGkmRd2MY+pHeCBYyAg2Vmrel6/rd6e9YsmtuDOgZeJlpAQZar3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHlW8dyK93Beql5lceThCI6hDB5cQBVuoQYNIPAIz/AKb450Xpx352PemnOymUP4A+fzBzIMji8=</latexit>

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>

O(log T + log log �
�1

)OPT
<latexit sha1_base64="ZJZsP/jnw9DvmLr6wmvB7T73NPI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsiguKq4MZdK/QFTSyTyaQdOnkwMxFKyFe48VfcuFDErbjzb5ykWWjrgRkO59zLvfc4EaNCGsa3VlpZXVvfKG9WtrZ3dvf0/YOeCGOOSReHLOQDBwnCaEC6kkpGBhEnyHcY6TvTm8zvPxAuaBh05Cwito/GAfUoRlJJI73eqlksHMMOPIM5mX8uYRLdJ3UzPbV8JCfcT1rtTjrSq0bDyAGXiVmQKijQHulflhvi2CeBxAwJMTSNSNoJ4pJiRtKKFQsSITxFYzJUNEA+EXaSn5XCE6W40Au5eoGEufq7I0G+EDPfUZXZjmLRy8T/vGEsvSs7oUEUSxLg+SAvZlCGMMsIupQTLNlMEYQ5VbtCPEEcYamSrKgQzMWTl0nvvGEaDfPuotq8LuIogyNwDGrABJegCW5BG3QBBo/gGbyCN+1Je9HetY95aUkreg7BH2ifP8z3neg=</latexit><latexit sha1_base64="ZJZsP/jnw9DvmLr6wmvB7T73NPI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsiguKq4MZdK/QFTSyTyaQdOnkwMxFKyFe48VfcuFDErbjzb5ykWWjrgRkO59zLvfc4EaNCGsa3VlpZXVvfKG9WtrZ3dvf0/YOeCGOOSReHLOQDBwnCaEC6kkpGBhEnyHcY6TvTm8zvPxAuaBh05Cwito/GAfUoRlJJI73eqlksHMMOPIM5mX8uYRLdJ3UzPbV8JCfcT1rtTjrSq0bDyAGXiVmQKijQHulflhvi2CeBxAwJMTSNSNoJ4pJiRtKKFQsSITxFYzJUNEA+EXaSn5XCE6W40Au5eoGEufq7I0G+EDPfUZXZjmLRy8T/vGEsvSs7oUEUSxLg+SAvZlCGMMsIupQTLNlMEYQ5VbtCPEEcYamSrKgQzMWTl0nvvGEaDfPuotq8LuIogyNwDGrABJegCW5BG3QBBo/gGbyCN+1Je9HetY95aUkreg7BH2ifP8z3neg=</latexit><latexit sha1_base64="ZJZsP/jnw9DvmLr6wmvB7T73NPI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsiguKq4MZdK/QFTSyTyaQdOnkwMxFKyFe48VfcuFDErbjzb5ykWWjrgRkO59zLvfc4EaNCGsa3VlpZXVvfKG9WtrZ3dvf0/YOeCGOOSReHLOQDBwnCaEC6kkpGBhEnyHcY6TvTm8zvPxAuaBh05Cwito/GAfUoRlJJI73eqlksHMMOPIM5mX8uYRLdJ3UzPbV8JCfcT1rtTjrSq0bDyAGXiVmQKijQHulflhvi2CeBxAwJMTSNSNoJ4pJiRtKKFQsSITxFYzJUNEA+EXaSn5XCE6W40Au5eoGEufq7I0G+EDPfUZXZjmLRy8T/vGEsvSs7oUEUSxLg+SAvZlCGMMsIupQTLNlMEYQ5VbtCPEEcYamSrKgQzMWTl0nvvGEaDfPuotq8LuIogyNwDGrABJegCW5BG3QBBo/gGbyCN+1Je9HetY95aUkreg7BH2ifP8z3neg=</latexit><latexit sha1_base64="ZJZsP/jnw9DvmLr6wmvB7T73NPI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsiguKq4MZdK/QFTSyTyaQdOnkwMxFKyFe48VfcuFDErbjzb5ykWWjrgRkO59zLvfc4EaNCGsa3VlpZXVvfKG9WtrZ3dvf0/YOeCGOOSReHLOQDBwnCaEC6kkpGBhEnyHcY6TvTm8zvPxAuaBh05Cwito/GAfUoRlJJI73eqlksHMMOPIM5mX8uYRLdJ3UzPbV8JCfcT1rtTjrSq0bDyAGXiVmQKijQHulflhvi2CeBxAwJMTSNSNoJ4pJiRtKKFQsSITxFYzJUNEA+EXaSn5XCE6W40Au5eoGEufq7I0G+EDPfUZXZjmLRy8T/vGEsvSs7oUEUSxLg+SAvZlCGMMsIupQTLNlMEYQ5VbtCPEEcYamSrKgQzMWTl0nvvGEaDfPuotq8LuIogyNwDGrABJegCW5BG3QBBo/gGbyCN+1Je9HetY95aUkreg7BH2ifP8z3neg=</latexit>
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(Sub-optimal) Adaptive Panels
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