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• Key challenges in PD
• Incomplete biological understanding
• Heterogeneity in symptom 

presentation and progression
• Desire for personalized patient 

management and prognostication
• Noisy, varied, and possibly qualitative 

measurements

• Key advantages of machine learning
• Ability to discover complex patterns
• Opportunity to incorporate prior 

knowledge
• Power to synthesize large amounts of 

data
• Possibility to incorporate uncertainty 

estimates
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Why Machine Learning?
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Disease progression modeling
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Disease progression modeling
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Patient management

Clinical trial design
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Answer questions such as:
• How quickly will disease progress?
• What types of  therapies will be most 

useful for me?
• When should I schedule my next visit?
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Past work

Jankovic. Parkinson’s disease: Clinical features and diagnosis. Journal of  Neurology, Neurosurgery, and Psychiatry. 2008.

Expert opinion
Three subtypes:
- Postural instability and gait dominant
- Tremor dominant
- Indeterminant 
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Past work

Fereshtehnejad, Zeighami, Dagher, and Postuma. Clinical criteria for subtyping Parkinson’s disease: Biomarkers and longitudinal progression. Brain. 2017.

Machine-learning based approaches
Three subtypes:
- Mild motor-predominant
- Diffuse malignant
- Intermediate

Expert opinion
Three subtypes:
- Postural instability and gait dominant
- Tremor dominant
- Indeterminant 
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Past work

Lawton et al. Developing and validating Parkinson’s disease subtypes and their motor and cognitive progression. Journal of  Neurology, Neurosurgery, and Psychiatry. 2018. 

Machine-learning based approaches
Four subtypes:
- Fast motor progression (1)
- Mild motor and non-motor disease (2)
- Severe motor disease, poor 

psychological well-being and sleep (3)
- Slow motor progression (4)

Expert opinion
Three subtypes:
- Postural instability and gait dominant
- Tremor dominant
- Indeterminant 
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Analysis Goals
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Analysis Goals

• Particularly interested in discovering disease states
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Analysis Goals

• Particularly interested in discovering disease states

Disease state definition: discrete label of a patient with two primary 

characteristics: a transition model which describes the probability of 

changing states and an observation model which describes the distribution 

of clinical measures associated with a state 
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Analysis Goals

• Particularly interested in discovering disease states
• Account for medications which affect clinical presentation but do not affect 

disease course
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Analysis Goals

• Particularly interested in discovering disease states
• Account for medications which affect clinical presentation but do not affect 

disease course
• Allow for personalized deviations in symptom presentation and medication 

effects
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Key Model Assumptions
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Key Model Assumptions

• Pre-process the data using a latent variable model

Severson, Ghosh and Ng. Unsupervised learning with contrastive latent variable models. AAAI. 2019.
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Key Model Assumptions

• Pre-process the data using a latent variable model

• Model progression using a Markov model, a specific type of probabilistic 
model

Severson et al. Personalized input-output hidden Markov models for disease progression modeling. Machine Learning for Healthcare. 2020.
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Key Model Assumptions

• Pre-process the data using a latent variable model

• Model progression using a Markov model, a specific type of probabilistic 
model

• Medications effect symptoms but not underlying disease progression

Severson et al. Personalized input-output hidden Markov models for disease progression modeling. Machine Learning for Healthcare. 2020.
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Key Model Assumptions

• Pre-process the data using a latent variable model

• Model progression using a Markov model, a specific type of probabilistic 
model

• Medications effect symptoms but not underlying disease progression

• Patients can only move progressively through states
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Severson et al. Personalized input-output hidden Markov models for disease progression modeling. Machine Learning for Healthcare. 2020.
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Personalized input output hidden Markov models
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<latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>
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xiT
<latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit>

xit
<latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit>

xi2
<latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit>

xi1
<latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit>

i 2 {1, . . . , N}
<latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

zi1
<latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit>

zi2
<latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit>

zit
<latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit>

ziT
<latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>
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xiT
<latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit>

xit
<latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit>

xi2
<latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit>

xi1
<latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit>

i 2 {1, . . . , N}
<latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

zi1
<latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit>

zi2
<latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit>

zit
<latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit>

ziT
<latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

di1
<latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit><latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit><latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit><latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit>

di2
<latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit><latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit><latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit><latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit>

dit
<latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit><latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit><latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit><latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit>

diT
<latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit><latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit><latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit><latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit>

Bengio and Frasconi. An input output HMM architecture. NIPS 1995.
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Personalized input output hidden Markov models

xiT
<latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit><latexit sha1_base64="iSHz2r1VJIPdoRDvT4VI5R4LTT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyKtIU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJZwryIjCQPOSVgLN+uDoBNIQizae5nvJX7ds2pOwvhdXALqKFCTd/+GgxjmkZMAhVE677rJOBlRAGnguWVQapZQuiEjFjfoCQR0162ODzH58YZ4jBW5knAC/f3REYirWdRYDojAmO9Wpub/9X6KYQ3XsZlkgKTdLkoTAWGGM9TwEOuGAUxM0Co4uZWTMdEEQomq4oJwV398jp0Luuu4YerWuO2iKOMTtEZukAuukYNdI+aqI0oStEzekVv1pP1Yr1bH8vWklXMnKA/sj5/AJfRk64=</latexit>

xit
<latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit><latexit sha1_base64="iOLYX7LuCmW7jTZyoA+cWs7DE8I=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhJwY/pQPKIM4rGCuxqD2GMYZSPp0HOcRrYNbfuzuWsgldAjRRqBvZXr5+wLAaJTFCtu56bop9ThZwJmFZ6mYaUshEdQNegpDFoP58fPnVOjdN3okSZJ9GZu78nchprPYlD0xlTHOrl2sz8r9bNMLrycy7TDEGyxaIoEw4mziwFp88VMBQTA5Qpbm512JAqytBkVTEheMtfXoX2ed0zfHdRa1wXcZTJMTkhZ8Qjl6RBbkmTtAgjGXkmr+TNerJerHfrY9FasoqZI/JH1ucPyHGTzg==</latexit>

xi2
<latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit><latexit sha1_base64="Cs+xW5iGyRQGoHgtHz5PeNYYhT4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmRNpDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJcyLyEjykFMCxvLt6gDYFIIwm+Z+xhu5b9ecurMQXge3gBoq1PLtr8EwpmnEJFBBtO67TgJeRhRwKlheGaSaJYROyIj1DUoSMe1li8NzfG6cIQ5jZZ4EvHB/T2Qk0noWBaYzIjDWq7W5+V+tn0J47WVcJikwSZeLwlRgiPE8BTzkilEQMwOEKm5uxXRMFKFgsqqYENzVL69Dp1F3Dd9f1po3RRxldIrO0AVy0RVqojvUQm1EUYqe0St6s56sF+vd+li2lqxi5gT9kfX5A2Qnk4w=</latexit>

xi1
<latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit><latexit sha1_base64="BFQoIYBLbLm9++mqm4lsasZ8N+A=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxNpDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHucpMyPyUDyiFOCxgrsag/ZGMMoH0+DnHvTwK65dXcuZxW8AmpQqBnYX71+QrOYSaSCaN313BT9nCjkVLBppZdplhI6IgPWNShJzLSfzw+fOqfG6TtRosyT6Mzd3xM5ibWexKHpjAkO9XJtZv5X62YYXfk5l2mGTNLFoigTDibOLAWnzxWjKCYGCFXc3OrQIVGEosmqYkLwlr+8Cu3zumf47qLWuC7iKMMxnMAZeHAJDbiFJrSAQgbP8Apv1pP1Yr1bH4vWklXMHMEfWZ8/YqKTiw==</latexit>

i 2 {1, . . . , N}
<latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit><latexit sha1_base64="wMhmyJanVLxR6hg5I3dB41L3gRQ=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAILkqZEUGXRTeupIJ9QKeUTJq2oZnMkNwRylDwV9y4UMSt3+HOvzFtZ6GtBwKHc+7h3pwglsKg6347uZXVtfWN/GZha3tnd6+4f9AwUaIZr7NIRroVUMOlULyOAiVvxZrTMJC8GYxupn7zkWsjIvWA45h3QjpQoi8YRSt1i0eC+EIRP/XKxO9FaMrkzp90iyW34s5AlomXkRJkqHWLXzbMkpArZJIa0/bcGDsp1SiY5JOCnxgeUzaiA962VNGQm046O39CTq3SI/1I26eQzNTfiZSGxozDwE6GFIdm0ZuK/3ntBPtXnVSoOEGu2HxRP5EEIzLtgvSE5gzl2BLKtLC3EjakmjK0jRVsCd7il5dJ47ziWX5/UapeZ3Xk4RhO4Aw8uIQq3EIN6sAghWd4hTfnyXlx3p2P+WjOyTKH8AfO5w//HZQ2</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

zi1
<latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit><latexit sha1_base64="YxTx6bpu7o5edkbjianTI7STRjw=">AAAB+HicbZBNS8NAEIYn9avWj0Y9egkWwVNJRNBj0YvHCrYV2hA22027dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJpihr0UQk6iEkmgkuWQs5CvaQKkbiULBOOLqZ1TuPTGmeyHscp8yPyUDyiFOCxgrsag/ZE4ZRPpkGOfemgV1z6+5czip4BdSgUDOwv3r9hGYxk0gF0brruSn6OVHIqWDTSi/TLCV0RAasa1CSmGk/nx8+dU6N03eiRJkn0Zm7vydyEms9jkPTGRMc6uXazPyv1s0wuvJzLtMMmaSLRVEmHEycWQpOnytGUYwNEKq4udWhQ6IIRZNVxYTgLX95Fdrndc/w3UWtcV3EUYZjOIEz8OASGnALTWgBhQye4RXerIn1Yr1bH4vWklXMHMEfWZ8/ZbaTjQ==</latexit>

zi2
<latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit><latexit sha1_base64="qJRLKcwvdOa9jTOtxza3KL7MGW4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokRdBl0Y3LCvYCbQiT6aQdOpmEmROxDXkSNy4UceujuPNtnLZZaOsPAx//OYdz5g8SwTU4zrdV2tjc2t4p71b29g8Oq/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd17uPTGkeyweYJsyLyEjykFMCxvLt6gDYEwRhNsv9jDdy3645dWchvA5uATVUqOXbX4NhTNOISaCCaN13nQS8jCjgVLC8Mkg1SwidkBHrG5QkYtrLFofn+Nw4QxzGyjwJeOH+nshIpPU0CkxnRGCsV2tz879aP4Xw2su4TFJgki4XhanAEON5CnjIFaMgpgYIVdzciumYKELBZFUxIbirX16HTqPuGr6/rDVvijjK6BSdoQvkoivURHeohdqIohQ9o1f0Zs2sF+vd+li2lqxi5gT9kfX5A2c7k44=</latexit>

zit
<latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit><latexit sha1_base64="GqJpErJM3YqXs0HB7fyDxoUvP+8=">AAAB+HicbZBNS8NAEIY39avWj0Y9egkWwVNJRNBj0YvHCrYV2hA220m7dLMJuxOxDf0lXjwo4tWf4s1/47bNQVtfWHh4Z4aZfcNUcI2u+22V1tY3NrfK25Wd3b39qn1w2NZJphi0WCIS9RBSDYJLaCFHAQ+pAhqHAjrh6GZW7zyC0jyR9zhOwY/pQPKIM4rGCuxqD+EJwyifTIOc4zSwa27dnctZBa+AGinUDOyvXj9hWQwSmaBadz03RT+nCjkTMK30Mg0pZSM6gK5BSWPQfj4/fOqcGqfvRIkyT6Izd39P5DTWehyHpjOmONTLtZn5X62bYXTl51ymGYJki0VRJhxMnFkKTp8rYCjGBihT3NzqsCFVlKHJqmJC8Ja/vArt87pn+O6i1rgu4iiTY3JCzohHLkmD3JImaRFGMvJMXsmbNbFerHfrY9FasoqZI/JH1ucPy4WT0A==</latexit>

ziT
<latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit><latexit sha1_base64="V76Pab7yRPCsyn+Kfyc4sQkUNoc=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhd6gDWEynbRDJ5MwcyK2IU/ixoUibn0Ud76N0zYLbf1h4OM/53DO/EEiuAbH+bZKG5tb2zvl3cre/sFh1T467ug4VZS1aSxi1QuIZoJL1gYOgvUSxUgUCNYNJnfzeveRKc1j2YJpwryIjCQPOSVgLN+uDoA9QRBms9zPeCv37ZpTdxbC6+AWUEOFmr79NRjGNI2YBCqI1n3XScDLiAJOBcsrg1SzhNAJGbG+QUkipr1scXiOz40zxGGszJOAF+7viYxEWk+jwHRGBMZ6tTY3/6v1UwhvvIzLJAUm6XJRmAoMMZ6ngIdcMQpiaoBQxc2tmI6JIhRMVhUTgrv65XXoXNZdww9XtcZtEUcZnaIzdIFcdI0a6B41URtRlKJn9IrerJn1Yr1bH8vWklXMnKA/sj5/AJrlk7A=</latexit>

. . .
<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>. . .

<latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit><latexit sha1_base64="61XfzoBLfz7FPV/wQNrYIeiFZxQ=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2rumf5w3WteVvUUYYzOIdL8KABTbiHFvjAQMAzvMKbo5wX5935WI6WnCJzCn/gfP4A8WqOwg==</latexit>

di1
<latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit><latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit><latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit><latexit sha1_base64="/V4Bc9vMYVGD6lULGlHwdQ2aom0=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfc7fw7YbTdObCq+CW0ECl2r79NQwTmsVMAhVE64HrpODlRAGnghW1YaZZSuiEjNjAoCQx014+P7zAp8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmZCcJe/vArd86Zr+O6i0bou46iiY3SCzpCLLlEL3aI26iCKMvSMXtGb9WS9WO/Wx6K1YpUzR+iPrM8fQ9qTdw==</latexit>

di2
<latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit><latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit><latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit><latexit sha1_base64="/yKVlOhCzqhgJBtE4CFYS9jsyoE=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJWkCLosunFZwV6gDWEymbRDJ5MwcyLWkCdx40IRtz6KO9/GaZuFtv4w8PGfczhn/iAVXIPjfFtr6xubW9uVneru3v5BzT486uokU5R1aCIS1Q+IZoJL1gEOgvVTxUgcCNYLJjezeu+BKc0TeQ/TlHkxGUkecUrAWL5dGwJ7hCDKw8LPebPw7brTcObCq+CWUEel2r79NQwTmsVMAhVE64HrpODlRAGnghXVYaZZSuiEjNjAoCQx014+P7zAZ8YJcZQo8yTguft7Iiex1tM4MJ0xgbFers3M/2qDDKIrL+cyzYBJulgUZQJDgmcp4JArRkFMDRCquLkV0zFRhILJqmpCcJe/vArdZsM1fHdRb12XcVTQCTpF58hFl6iFblEbdRBFGXpGr+jNerJerHfrY9G6ZpUzx+iPrM8fRV+TeA==</latexit>

dit
<latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit><latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit><latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit><latexit sha1_base64="HFFuvkeKC7kCvvG3KZ78JmDM7IA=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlBXuBNoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NVJpijr0EQkqh8QzQSXrAMcBOunipE4EKwXTG5m9d4DU5on8h6mKfNiMpI84pSAsXy7PgT2CEGUh4Wfcyh8u+E0nbnwKrglNFCptm9/DcOEZjGTQAXReuA6KXg5UcCpYEVtmGmWEjohIzYwKEnMtJfPDy/wqXFCHCXKPAl47v6eyEms9TQOTGdMYKyXazPzv9ogg+jKy7lMM2CSLhZFmcCQ4FkKOOSKURBTA4Qqbm7FdEwUoWCyqpkQ3OUvr0L3vOkavrtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOXMEfoj6/MHqamTug==</latexit>

diT
<latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit><latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit><latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit><latexit sha1_base64="ddHX+uRZRzKweORrhDeAFf1qY3w=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokIuiy6MZlhV6ENoTJZNIOnUzCzIlYQ57EjQtF3Poo7nwbp20W2vrDwMd/zuGc+YNUcA2O821V1tY3Nreq27Wd3b39un1w2NNJpijr0kQk6j4gmgkuWRc4CHafKkbiQLB+MLmZ1fsPTGmeyA5MU+bFZCR5xCkBY/l2fQjsEYIoDws/553CtxtO05kLr4JbQgOVavv21zBMaBYzCVQQrQeuk4KXEwWcClbUhplmKaETMmIDg5LETHv5/PACnxonxFGizJOA5+7viZzEWk/jwHTGBMZ6uTYz/6sNMoiuvJzLNAMm6WJRlAkMCZ6lgEOuGAUxNUCo4uZWTMdEEQomq5oJwV3+8ir0zpuu4buLRuu6jKOKjtEJOkMuukQtdIvaqIsoytAzekVv1pP1Yr1bH4vWilXOHKE/sj5/AHkJk5o=</latexit>

mi
<latexit sha1_base64="Kgno2i1Xl4XJUPuhbD7ErSnTz7o=">AAAB9XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv2AtpbNdtIu3WzC7kQtIf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzrx9LYdB1v53Cyura+kZxs7S1vbO7V94/aJoo0RwaPJKRbvvMgBQKGihQQjvWwEJfQssfX0/rrQfQRkTqDicx9EI2VCIQnKG17rsIT+gHaZj1U5H1yxW36s5El8HLoUJy1fvlr+4g4kkICrlkxnQ8N8ZeyjQKLiErdRMDMeNjNoSORcVCML10dnVGT6wzoEGk7VNIZ+7viZSFxkxC33aGDEdmsTY1/6t1Egwue6lQcYKg+HxRkEiKEZ1GQAdCA0c5scC4FvZWykdMM442qJINwVv88jI0z6qe5dvzSu0qj6NIjsgxOSUeuSA1ckPqpEE40eSZvJI359F5cd6dj3lrwclnDskfOZ8/ZOyTFA==</latexit><latexit sha1_base64="Kgno2i1Xl4XJUPuhbD7ErSnTz7o=">AAAB9XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv2AtpbNdtIu3WzC7kQtIf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzrx9LYdB1v53Cyura+kZxs7S1vbO7V94/aJoo0RwaPJKRbvvMgBQKGihQQjvWwEJfQssfX0/rrQfQRkTqDicx9EI2VCIQnKG17rsIT+gHaZj1U5H1yxW36s5El8HLoUJy1fvlr+4g4kkICrlkxnQ8N8ZeyjQKLiErdRMDMeNjNoSORcVCML10dnVGT6wzoEGk7VNIZ+7viZSFxkxC33aGDEdmsTY1/6t1Egwue6lQcYKg+HxRkEiKEZ1GQAdCA0c5scC4FvZWykdMM442qJINwVv88jI0z6qe5dvzSu0qj6NIjsgxOSUeuSA1ckPqpEE40eSZvJI359F5cd6dj3lrwclnDskfOZ8/ZOyTFA==</latexit><latexit sha1_base64="Kgno2i1Xl4XJUPuhbD7ErSnTz7o=">AAAB9XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv2AtpbNdtIu3WzC7kQtIf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzrx9LYdB1v53Cyura+kZxs7S1vbO7V94/aJoo0RwaPJKRbvvMgBQKGihQQjvWwEJfQssfX0/rrQfQRkTqDicx9EI2VCIQnKG17rsIT+gHaZj1U5H1yxW36s5El8HLoUJy1fvlr+4g4kkICrlkxnQ8N8ZeyjQKLiErdRMDMeNjNoSORcVCML10dnVGT6wzoEGk7VNIZ+7viZSFxkxC33aGDEdmsTY1/6t1Egwue6lQcYKg+HxRkEiKEZ1GQAdCA0c5scC4FvZWykdMM442qJINwVv88jI0z6qe5dvzSu0qj6NIjsgxOSUeuSA1ckPqpEE40eSZvJI359F5cd6dj3lrwclnDskfOZ8/ZOyTFA==</latexit><latexit sha1_base64="Kgno2i1Xl4XJUPuhbD7ErSnTz7o=">AAAB9XicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgv2AtpbNdtIu3WzC7kQtIf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzrx9LYdB1v53Cyura+kZxs7S1vbO7V94/aJoo0RwaPJKRbvvMgBQKGihQQjvWwEJfQssfX0/rrQfQRkTqDicx9EI2VCIQnKG17rsIT+gHaZj1U5H1yxW36s5El8HLoUJy1fvlr+4g4kkICrlkxnQ8N8ZeyjQKLiErdRMDMeNjNoSORcVCML10dnVGT6wzoEGk7VNIZ+7viZSFxkxC33aGDEdmsTY1/6t1Egwue6lQcYKg+HxRkEiKEZ1GQAdCA0c5scC4FvZWykdMM442qJINwVv88jI0z6qe5dvzSu0qj6NIjsgxOSUeuSA1ckPqpEE40eSZvJI359F5cd6dj3lrwclnDskfOZ8/ZOyTFA==</latexit>

ri
<latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="viijUOP4qADov6H/6vO6qj7XUxc=">AAAB6HicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gU0omvdOGZjJDckcsQ/+GGxeK+Ivc+W9MHwttPRD4OCfh3pwoU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecJjZWpfqRphv2Ej7SMpeDkrDAkfKYoLsxsIAe1ut/wF2KbEKygDis1B7WvcJiKPEFNQnFre4GfUb/ghqRQOKuEucWMiwkfYc+h5gnafrHYecYunDNkcWrc0cQW7u8XBU+snSaRu5lwGtv1bG7+l/Vyim/6hdRZTqjFclCcK0YpmxfAhtKgIDV1wIWRblcmxtxwQa6miishWP/yJrSvGoHjBx/KcAbncAkBXMMt3EMTWiAggxd4g3cv9169j2VdJW/V2yn8kff5A1V7kK8=</latexit><latexit sha1_base64="viijUOP4qADov6H/6vO6qj7XUxc=">AAAB6HicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gU0omvdOGZjJDckcsQ/+GGxeK+Ivc+W9MHwttPRD4OCfh3pwoU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecJjZWpfqRphv2Ej7SMpeDkrDAkfKYoLsxsIAe1ut/wF2KbEKygDis1B7WvcJiKPEFNQnFre4GfUb/ghqRQOKuEucWMiwkfYc+h5gnafrHYecYunDNkcWrc0cQW7u8XBU+snSaRu5lwGtv1bG7+l/Vyim/6hdRZTqjFclCcK0YpmxfAhtKgIDV1wIWRblcmxtxwQa6miishWP/yJrSvGoHjBx/KcAbncAkBXMMt3EMTWiAggxd4g3cv9169j2VdJW/V2yn8kff5A1V7kK8=</latexit><latexit sha1_base64="WnIvXHXlsX8Sw+xLiUaBVZTMvVc=">AAAB83icbZBNT8JAEIan+IX4hXr00khMPJHWix6JXjxiImACDdkuU9iw3Ta7UyNp+BtePGiMV/+MN/+NC/Sg4Jts8uSdmczsG6ZSGPK8b6e0tr6xuVXeruzs7u0fVA+P2ibJNMcWT2SiH0JmUAqFLRIk8SHVyOJQYicc38zqnUfURiTqniYpBjEbKhEJzshavR7hE4VRrqd90a/WvLo3l7sKfgE1KNTsV796g4RnMSrikhnT9b2UgpxpElzitNLLDKaMj9kQuxYVi9EE+fzmqXtmnYEbJdo+Re7c/T2Rs9iYSRzazpjRyCzXZuZ/tW5G0VWQC5VmhIovFkWZdClxZwG4A6GRk5xYYFwLe6vLR0wzTjamig3BX/7yKrQv6r7lO6/WuC7iKMMJnMI5+HAJDbiFJrSAQwrP8ApvTua8OO/Ox6K15BQzx/BHzucPnqKSCQ==</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit><latexit sha1_base64="edaPBB6byIZqzK79z3+l1SidV90=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2AJpTNdtMu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7ezeueRayMS9YCTlAcxHSoRCUbRWr6P/AnDKNfTvuhXa27dnYusgldADQo1+9Uvf5CwLOYKmaTG9Dw3xSCnGgWTfFrxM8NTysZ0yHsWFY25CfL5zVNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62XYXQd5EKlGXLFFouiTBJMyCwAMhCaM5QTC5RpYW8lbEQ1ZWhjqtgQvOUvr0L7ou5Zvr+sNW6KOMpwAqdwDh5cQQPuoAktYJDCM7zCm5M5L86787FoLTnFzDH8kfP5A5/ikg0=</latexit>

Severson et al. Personalized input-output hidden Markov models for disease progression modeling. Machine Learning for Healthcare. 2020.
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Personalized input output hidden Markov models

• The graphical model on the previous slide is specified using the following 
distributions:

zi,1 ⇠ Cat(⇡), zi,t|zi,t�1 = j ⇠ Cat(Aj)
<latexit sha1_base64="LpH/W+sMzloj8y9X+baab5ItuLo="></latexit><latexit sha1_base64="LpH/W+sMzloj8y9X+baab5ItuLo="></latexit><latexit sha1_base64="LpH/W+sMzloj8y9X+baab5ItuLo="></latexit><latexit sha1_base64="LpH/W+sMzloj8y9X+baab5ItuLo="></latexit>

xi,t|zi,t = k, di,t ⇠ N (µk + ri + (vk +mi)di,t,⌃k)
<latexit sha1_base64="WKI3OTujJ7HztfzNC3rgJNbK3TI="></latexit><latexit sha1_base64="WKI3OTujJ7HztfzNC3rgJNbK3TI="></latexit><latexit sha1_base64="WKI3OTujJ7HztfzNC3rgJNbK3TI="></latexit><latexit sha1_base64="WKI3OTujJ7HztfzNC3rgJNbK3TI="></latexit>

mi ⇠ N (0,�2
mID), ri ⇠ N (0,�2

rID), vk ⇠ N (0,�2
v , ID)

<latexit sha1_base64="jMY5gqBNazVrAM9XrE40H9JAcqg="></latexit><latexit sha1_base64="jMY5gqBNazVrAM9XrE40H9JAcqg="></latexit><latexit sha1_base64="jMY5gqBNazVrAM9XrE40H9JAcqg="></latexit><latexit sha1_base64="jMY5gqBNazVrAM9XrE40H9JAcqg="></latexit>

Severson et al. Personalized input-output hidden Markov models for disease progression modeling. Machine Learning for Healthcare. 2020.
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Learning the model

Optimization objective:

Two remaining pieces to the learning algorithm for PIOHMM:

1. How to choose                                ?
2. Given the posterior approximation, can we evaluate the required 

expectations?

q(Z,M,R|X,�)
<latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNm cWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNm cWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNm cWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNm cWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit>

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

L(✓,�) = Eq(Z,M,R|X,�)[log p(X,Z,M,R|✓)] +H[q(Z,M,R|X,�)]
<latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit>
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Choosing the variational approximation

• Need to specify q(Z,M,R|X,�)
<latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit>

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects
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Choosing the variational approximation

• Need to specify

• Mean field approximation

q(Z,M,R|X,�)
<latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit>

q(Z,M,R|X,�) =
NY

i=1


q(mi|�mi)q(ri|�ri)

TY

t=1

q(zit|�zit)

�

<latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit>

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects
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Choosing the variational approximation

• Need to specify

• Mean field approximation

q(Z,M,R|X,�)
<latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit>

q(Z,M,R|X,�) =
NY

i=1


q(mi|�mi)q(ri|�ri)

TY

t=1

q(zit|�zit)

�

<latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit>

True Posterior
Approx. Posterior

Image based on: Bishop. Pattern Recognition and Machine Learning. 2006.

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects
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Choosing the variational approximation

• Need to specify

• Mean field approximation

• Leverage structure of hidden states

q(Z,M,R|X,�)
<latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit>

q(Z,M,R|X,�) =
NY

i=1


q(mi|�mi)q(ri|�ri)

TY

t=1

q(zit|�zit)

�

<latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit>

Image based on: Bishop. Pattern Recognition and Machine Learning. 2006.

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

True Posterior
Approx. Posterior
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Choosing the variational approximation

• Need to specify

• Mean field approximation

• Leverage structure of hidden states

q(Z,M,R|X,�)
<latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit><latexit sha1_base64="YKcU/mcJP7i9cEw42PwrvClO3xc=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMiKALF0U3boQq9oJtKZk004ZmLiZnxDL2Zdz4Km5cWERw5auYaUeprQcCX/4/h5Pz24HgCkzz00jNzS8sLqWXMyura+sb2c2tivJDSVmZ+sKXNZsoJrjHysBBsFogGXFtwap27zz2q/dMKu57N9APWNMlHY87nBLQUit7iu/yDWAPYDvR7eAA//DlBF8P8OPvpRYbQg9ok/1WNmcWzFHhWbASyKGkSq3ssNH2aegyD6ggStUtM4BmRCRwKtgg0wgVCwjtkQ6ra/SIy1QzGm05wHtaaWPHl/p4gEfqZEdEXKX6rq1fugS6atqLxf+8egjOSTPiXhAC8+h4kBMKDD6OI8NtLhkF0ddAqOT6r5h2iSQUdLAZHYI1vfIsVA4Lluaro1zxLIkjjXbQLsojCx2jIrpAJVRGFD2hF/SGhsaz8Wq8Gx/jpykj6dlGf8r4+gZBeaUX</latexit>

q(Z,M,R|X,�) =
NY

i=1


q(mi|�mi)q(ri|�ri)

TY

t=1

q(zit|�zit)

�

<latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit><latexit sha1_base64="Gro7/C+k8vsrPI5FmXJ86dxRI58="></latexit>

q(Z,M,R|X,�) =
NY

i=1


q(mi|�mi)q(ri|�ri)q(zi1|ri,mi, xi)

TY

t=2

q(zit|zi(t�1), ri,mi, xi)

�

<latexit sha1_base64="ntuWL3E5neO4FACNGHGOPE0Mhjw="></latexit><latexit sha1_base64="ntuWL3E5neO4FACNGHGOPE0Mhjw="></latexit><latexit sha1_base64="ntuWL3E5neO4FACNGHGOPE0Mhjw="></latexit><latexit sha1_base64="ntuWL3E5neO4FACNGHGOPE0Mhjw="></latexit>

Image based on: Bishop. Pattern Recognition and Machine Learning. 2006.

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

True Posterior
Approx. Posterior
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Evaluating the expectations

Optimization objective:

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

L(✓,�) = Eq(Z,M,R|X,�)[log p(X,Z,M,R|✓)] +H[q(Z,M,R|X,�)]
<latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit>
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Evaluating the expectations

Optimization objective:

Eq(zi,mi,ri|xi,�)[log p(xi|zi,mi, ri, ✓)] ⇡
1

S

SX

s=1

Eq(zi|xi,mi=ms
i ,ri=rsi )

[log p(xi|zi,mi = ms
i , ri = rsi , ✓)]

<latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit>

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

L(✓,�) = Eq(Z,M,R|X,�)[log p(X,Z,M,R|✓)] +H[q(Z,M,R|X,�)]
<latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit>
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Evaluating the expectations

Optimization objective:

Monte Carlo approximation:

Eq(zi,mi,ri|xi,�)[log p(xi|zi,mi, ri, ✓)] ⇡
1

S

SX

s=1

Eq(zi|xi,mi=ms
i ,ri=rsi )

[log p(xi|zi,mi = ms
i , ri = rsi , ✓)]

<latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit>

Eq(zi,mi,ri|xi,�)[log p(xi|zi,mi, ri, ✓)] ⇡
1

S

SX

s=1

Eq(zi|xi,mi=ms
i ,ri=rsi )

[log p(xi|zi,mi = ms
i , ri = rsi , ✓)]

<latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit>

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

L(✓,�) = Eq(Z,M,R|X,�)[log p(X,Z,M,R|✓)] +H[q(Z,M,R|X,�)]
<latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit>
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Evaluating the expectations

Optimization objective:

Monte Carlo approximation:

“Reparameterization trick”:

Kingma and Welling. Auto-encoding variational Bayes. ICLR 2014.

ms
i = L̂mi✏

s
mi

+ µ̂mi
<latexit sha1_base64="Us5vhE1823hPu853Qd6cwEtXKhM=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOs8oI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCGx6Rg</latexit><latexit sha1_base64="Us5vhE1823hPu853Qd6cwEtXKhM=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOs8oI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCGx6Rg</latexit><latexit sha1_base64="Us5vhE1823hPu853Qd6cwEtXKhM=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOs8oI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCGx6Rg</latexit><latexit sha1_base64="Us5vhE1823hPu853Qd6cwEtXKhM=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOs8oI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCGx6Rg</latexit>

✏smi
⇠ N (0, I)

<latexit sha1_base64="qlYP9sRi43+h9A837XYdDEb4QQo=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCgkgigrorutGNVLCt0NQymZ7o0JkkzJyIJeRZ3Pgqblwo6krwYZxeBG8/DHz85xzmnD9IpDDouu/O2PjE5NR0YaY4Oze/sFhaWq6bONUcajyWsb4ImAEpIqihQAkXiQamAgmNoHvUrzduQBsRR+fYS6Cl2FUkQsEZWqtdOvAhMUJazFRb5JeG+kYo6iuG15zJ7DTf8BFuMQgzN9+iX3ySb7ZLZXfbHYj+BW8EZTJStV169TsxTxVEyCUzpum5CbYyplFwCXnRTw0kjHfZFTQtRkyBaWWDE3O6bp0ODWNtX4R04H6fyJgypqcC29lf3fyu9c3/as0Uw/1WJqIkRYj48KMwlRRj2s+LdoQGjrJngXEt7K6UXzPNONpUizYE7/fJf6G+s+1ZPtstVw5HcRTIKlkjG8Qje6RCjkmV1Agnd+SBPJFn5955dF6ct2HrmDOaWSE/5Hx8AnmppNE=</latexit><latexit sha1_base64="qlYP9sRi43+h9A837XYdDEb4QQo=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCgkgigrorutGNVLCt0NQymZ7o0JkkzJyIJeRZ3Pgqblwo6krwYZxeBG8/DHz85xzmnD9IpDDouu/O2PjE5NR0YaY4Oze/sFhaWq6bONUcajyWsb4ImAEpIqihQAkXiQamAgmNoHvUrzduQBsRR+fYS6Cl2FUkQsEZWqtdOvAhMUJazFRb5JeG+kYo6iuG15zJ7DTf8BFuMQgzN9+iX3ySb7ZLZXfbHYj+BW8EZTJStV169TsxTxVEyCUzpum5CbYyplFwCXnRTw0kjHfZFTQtRkyBaWWDE3O6bp0ODWNtX4R04H6fyJgypqcC29lf3fyu9c3/as0Uw/1WJqIkRYj48KMwlRRj2s+LdoQGjrJngXEt7K6UXzPNONpUizYE7/fJf6G+s+1ZPtstVw5HcRTIKlkjG8Qje6RCjkmV1Agnd+SBPJFn5955dF6ct2HrmDOaWSE/5Hx8AnmppNE=</latexit><latexit sha1_base64="qlYP9sRi43+h9A837XYdDEb4QQo=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCgkgigrorutGNVLCt0NQymZ7o0JkkzJyIJeRZ3Pgqblwo6krwYZxeBG8/DHz85xzmnD9IpDDouu/O2PjE5NR0YaY4Oze/sFhaWq6bONUcajyWsb4ImAEpIqihQAkXiQamAgmNoHvUrzduQBsRR+fYS6Cl2FUkQsEZWqtdOvAhMUJazFRb5JeG+kYo6iuG15zJ7DTf8BFuMQgzN9+iX3ySb7ZLZXfbHYj+BW8EZTJStV169TsxTxVEyCUzpum5CbYyplFwCXnRTw0kjHfZFTQtRkyBaWWDE3O6bp0ODWNtX4R04H6fyJgypqcC29lf3fyu9c3/as0Uw/1WJqIkRYj48KMwlRRj2s+LdoQGjrJngXEt7K6UXzPNONpUizYE7/fJf6G+s+1ZPtstVw5HcRTIKlkjG8Qje6RCjkmV1Agnd+SBPJFn5955dF6ct2HrmDOaWSE/5Hx8AnmppNE=</latexit><latexit sha1_base64="qlYP9sRi43+h9A837XYdDEb4QQo=">AAACInicbZDLSsNAFIYnXmu9VV26GSyCgkgigrorutGNVLCt0NQymZ7o0JkkzJyIJeRZ3Pgqblwo6krwYZxeBG8/DHz85xzmnD9IpDDouu/O2PjE5NR0YaY4Oze/sFhaWq6bONUcajyWsb4ImAEpIqihQAkXiQamAgmNoHvUrzduQBsRR+fYS6Cl2FUkQsEZWqtdOvAhMUJazFRb5JeG+kYo6iuG15zJ7DTf8BFuMQgzN9+iX3ySb7ZLZXfbHYj+BW8EZTJStV169TsxTxVEyCUzpum5CbYyplFwCXnRTw0kjHfZFTQtRkyBaWWDE3O6bp0ODWNtX4R04H6fyJgypqcC29lf3fyu9c3/as0Uw/1WJqIkRYj48KMwlRRj2s+LdoQGjrJngXEt7K6UXzPNONpUizYE7/fJf6G+s+1ZPtstVw5HcRTIKlkjG8Qje6RCjkmV1Agnd+SBPJFn5955dF6ct2HrmDOaWSE/5Hx8AnmppNE=</latexit>

Eq(zi,mi,ri|xi,�)[log p(xi|zi,mi, ri, ✓)] ⇡
1

S

SX

s=1

Eq(zi|xi,mi=ms
i ,ri=rsi )

[log p(xi|zi,mi = ms
i , ri = rsi , ✓)]

<latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit>

Eq(zi,mi,ri|xi,�)[log p(xi|zi,mi, ri, ✓)] ⇡
1

S

SX

s=1

Eq(zi|xi,mi=ms
i ,ri=rsi )

[log p(xi|zi,mi = ms
i , ri = rsi , ✓)]

<latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit><latexit sha1_base64="AuvT48o4SxUQIZgsieJTqwBnlZY="></latexit>

✏sri ⇠ N (0, I)
<latexit sha1_base64="t6Njv3t/ZMEWzzdF04FbT1/pBJc=">AAACIXicbZBNSwMxEIaz9avWr6pHL8EiVJCyK4I9Fr3oRRRsK3RryaazbWj2g2RWLMv+FS/+FS8eFPEm/hnTWkFbXwg8vDNDZl4vlkKjbX9Yubn5hcWl/HJhZXVtfaO4udXQUaI41HkkI3XjMQ1ShFBHgRJuYgUs8CQ0vcHpqN68A6VFFF7jMIZ2wHqh8AVnaKxOsepCrIU0mKqOyG41dbUIqBsw7HMm04us7CLco+endnbwg+fZfqdYsiv2WHQWnAmUyESXneK72414EkCIXDKtW44dYztlCgWXkBXcREPM+ID1oGUwZAHodjq+MKN7xulSP1LmhUjH7u+JlAVaDwPPdI4219O1kflfrZWgX22nIowThJB/f+QnkmJER3HRrlDAUQ4NMK6E2ZXyPlOMowm1YEJwpk+ehcZhxTF8dVSqnUziyJMdskvKxCHHpEbOyCWpE04eyBN5Ia/Wo/VsvVnv3605azKzTf7I+vwCGVSkrA==</latexit><latexit sha1_base64="t6Njv3t/ZMEWzzdF04FbT1/pBJc=">AAACIXicbZBNSwMxEIaz9avWr6pHL8EiVJCyK4I9Fr3oRRRsK3RryaazbWj2g2RWLMv+FS/+FS8eFPEm/hnTWkFbXwg8vDNDZl4vlkKjbX9Yubn5hcWl/HJhZXVtfaO4udXQUaI41HkkI3XjMQ1ShFBHgRJuYgUs8CQ0vcHpqN68A6VFFF7jMIZ2wHqh8AVnaKxOsepCrIU0mKqOyG41dbUIqBsw7HMm04us7CLco+endnbwg+fZfqdYsiv2WHQWnAmUyESXneK72414EkCIXDKtW44dYztlCgWXkBXcREPM+ID1oGUwZAHodjq+MKN7xulSP1LmhUjH7u+JlAVaDwPPdI4219O1kflfrZWgX22nIowThJB/f+QnkmJER3HRrlDAUQ4NMK6E2ZXyPlOMowm1YEJwpk+ehcZhxTF8dVSqnUziyJMdskvKxCHHpEbOyCWpE04eyBN5Ia/Wo/VsvVnv3605azKzTf7I+vwCGVSkrA==</latexit><latexit sha1_base64="t6Njv3t/ZMEWzzdF04FbT1/pBJc=">AAACIXicbZBNSwMxEIaz9avWr6pHL8EiVJCyK4I9Fr3oRRRsK3RryaazbWj2g2RWLMv+FS/+FS8eFPEm/hnTWkFbXwg8vDNDZl4vlkKjbX9Yubn5hcWl/HJhZXVtfaO4udXQUaI41HkkI3XjMQ1ShFBHgRJuYgUs8CQ0vcHpqN68A6VFFF7jMIZ2wHqh8AVnaKxOsepCrIU0mKqOyG41dbUIqBsw7HMm04us7CLco+endnbwg+fZfqdYsiv2WHQWnAmUyESXneK72414EkCIXDKtW44dYztlCgWXkBXcREPM+ID1oGUwZAHodjq+MKN7xulSP1LmhUjH7u+JlAVaDwPPdI4219O1kflfrZWgX22nIowThJB/f+QnkmJER3HRrlDAUQ4NMK6E2ZXyPlOMowm1YEJwpk+ehcZhxTF8dVSqnUziyJMdskvKxCHHpEbOyCWpE04eyBN5Ia/Wo/VsvVnv3605azKzTf7I+vwCGVSkrA==</latexit><latexit sha1_base64="t6Njv3t/ZMEWzzdF04FbT1/pBJc=">AAACIXicbZBNSwMxEIaz9avWr6pHL8EiVJCyK4I9Fr3oRRRsK3RryaazbWj2g2RWLMv+FS/+FS8eFPEm/hnTWkFbXwg8vDNDZl4vlkKjbX9Yubn5hcWl/HJhZXVtfaO4udXQUaI41HkkI3XjMQ1ShFBHgRJuYgUs8CQ0vcHpqN68A6VFFF7jMIZ2wHqh8AVnaKxOsepCrIU0mKqOyG41dbUIqBsw7HMm04us7CLco+endnbwg+fZfqdYsiv2WHQWnAmUyESXneK72414EkCIXDKtW44dYztlCgWXkBXcREPM+ID1oGUwZAHodjq+MKN7xulSP1LmhUjH7u+JlAVaDwPPdI4219O1kflfrZWgX22nIowThJB/f+QnkmJER3HRrlDAUQ4NMK6E2ZXyPlOMowm1YEJwpk+ehcZhxTF8dVSqnUziyJMdskvKxCHHpEbOyCWpE04eyBN5Ia/Wo/VsvVnv3605azKzTf7I+vwCGVSkrA==</latexit>

rsi = L̂ri✏
s
ri + µ̂ri

<latexit sha1_base64="vMfUu9uwuvNAdXvbi+LQVYyJ3JA=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOsyoI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCnaqR0</latexit><latexit sha1_base64="vMfUu9uwuvNAdXvbi+LQVYyJ3JA=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOsyoI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCnaqR0</latexit><latexit sha1_base64="vMfUu9uwuvNAdXvbi+LQVYyJ3JA=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOsyoI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCnaqR0</latexit><latexit sha1_base64="vMfUu9uwuvNAdXvbi+LQVYyJ3JA=">AAACIXicbVDNS8MwHE3n15xfVY9egkMQhNGK4C7C0IsHDxPcB6y1pFm2hSVpSVJhlP4rXvxXvHhQZDfxnzHretDNB4GX996P5PfCmFGlHefLKq2srq1vlDcrW9s7u3v2/kFbRYnEpIUjFsluiBRhVJCWppqRbiwJ4iEjnXB8M/M7T0QqGokHPYmJz9FQ0AHFSBspsOsyoI8KXkFvhHR6lwWpETLokVhRZgL51QTO5gGPJ0UksKtOzckBl4lbkCoo0AzsqdePcMKJ0JghpXquE2s/RVJTzEhW8RJFYoTHaEh6hgrEifLTfMMMnhilDweRNEdomKu/J1LElZrw0CQ50iO16M3E/7xeogd1P6UiTjQReP7QIGFQR3BWF+xTSbBmE0MQltT8FeIRkghrU2rFlOAurrxM2uc11/D7i2rjuqijDI7AMTgFLrgEDXALmqAFMHgGr+AdfFgv1pv1aU3n0ZJVzByCP7C+fwCnaqR0</latexit>

X: Observed data
Z: Disease states
R: Personalized state 
M: Personalized medication effects

L(✓,�) = Eq(Z,M,R|X,�)[log p(X,Z,M,R|✓)] +H[q(Z,M,R|X,�)]
<latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit><latexit sha1_base64="47xO6q5L6M9O9n6uf0f5XJ4eOjo="></latexit>
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Synthetic proof of concept
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Summarizing the project
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Dataset for analysis

• Longitudinal data from the Parkinson’s Progression Markers Initiative 
(PPMI) and Parkinson’s Disease Biomarker Program (PDBP)
• 82 variables measuring motor and non-motor symptoms over time
• 423 PD patients from PPMI and 610 PD patients from PDBP

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Analysis workflow

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Key take-aways

• The learning procedure resulted in an 8 state model where states are 
primarily differentiated by functional impairment, tremor, bradykinesia, 
and neuropsychiatric measures

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Key take-aways

• The learning procedure resulted in an 8 state model where states are 
primarily differentiated by functional impairment, tremor, bradykinesia, 
and neuropsychiatric measures
• The predictive model discovers non-sequential overlapping disease 

progression trajectories

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Key take-aways

• The learning procedure resulted in an 8 state model where states are 
primarily differentiated by functional impairment, tremor, bradykinesia, 
and neuropsychiatric measures
• The predictive model discovers non-sequential overlapping disease 

progression trajectories
• The addition of personalized medication effects leads to a more descriptive 

model

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Model parameters – State means

How can we interpret the states?

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Model parameters – State means

How can we interpret the states?

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Model parameters – State means

How can we interpret the states?

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Outcome measures

What are the clinical implications of the states?

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Progression pathways

What can we say about the progression of the states?

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.



K.A. Severson | IBM Research ML for PD 51

Predictive capability

PDBP Condition 
Positive

Condition 
Negative

Predicted 
Positive 91 62 Precision = 0.59

Predicted 
Negative 52 405 NPV = 0.87

Recall = 0.64 Specificity = 
0.87

Accuracy = 0.81
F1 Score = 0.61

• What can we say about the 
predictive capability of the model?
• Predictive question: how well can 

we predict disease state at year 2 
given data from baseline?
• Prediction in this case is defined 

as the most probable state 
assignment

PPMI 
Testing

Condition 
Positive

Condition 
Negative

Predicted 
Positive 10 7 Precision = 0.59

Predicted 
Negative 14 52 NPV = 0.79

Recall = 0.42 Specificity = 
0.88

Accuracy = 0.75
F1 Score = 0.49

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. 2021.
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Conclusions

• Application of the disease progression resulted in novel Parkinson’s disease 
insights and strong predictive performance
• Disease state was found to vary across motor and non-motor symptoms
• The model discovered non-sequential, overlapping disease progression 

trajectories, supporting the use of non-deterministic disease progression 
models
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Comparison to a standard hidden Markov model

Severson et al. Discovery of Parkinson’s disease states using machine learning and longitudinal data. Lancet Digital Health. Accepted.


