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Counterfactual policy evaluation
• Counterfactual, what-if analyses guide policy-related questions
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Counterfactual policy evaluation
• Of course, causal inference is the key requirement for counterfactual
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Goal (Price,Demand | Environment) ⌘ ⇡ (p, y | x)
<latexit sha1_base64="nSJloBO1njK12F/MxfnIwZpPM5Y="></latexit>

Causal price effects require inference
(i.e., price elasticity – so called !𝛽)



Counterfactual policy evaluation
• However, causal inference is NOT the only requirement for counterfactual
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Goal (Price,Demand | Environment) ⌘ ⇡ (p, y | x)
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Demand shifters require prediction
(e.g., seasonal effects – so called #𝒚)



Empirical models for policy evaluation
• Scalable, flexible machine learning has solved prediction policy problems

• Who will need to be recommended for hip replacement surgery
• Who will need to be categorized as our target customers
• Flexible predictive methods are tuned for !𝑦, but do not give useful guidance for #𝛽

• Athey (2017), Mullainathan and Spiess (2017)
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Empirical models for policy evaluation
• Scalable, flexible machine learning has solved prediction policy problems

• Who will need to be recommended for hip replacement surgery
• Who will need to be categorized as our target customers
• Flexible predictive methods are tuned for !𝑦, but do not give useful guidance for #𝛽

• Athey (2017), Mullainathan and Spiess (2017)

• Causal inference is still required to fully resolve resource allocation problems
• Who will first need to receive hip replacement surgery, under medical resource limitation
• Who will need to be prioritized as our target customers, under limited couponing budget
• Parsimonious structural models recover policy-invariant #𝛽 at the expenses of low predictive 

accuracy of !𝑦
• Bajari et al. (2015), Athey and Imbens (2019)
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Empirical models for policy evaluation
• Scalable, flexible machine learning has solved prediction policy problems

• Who will need to be recommended for hip replacement surgery
• Who will need to be categorized as our target customers
• Flexible predictive methods are tuned for !𝑦, but do not give useful guidance for #𝛽

• Athey (2017), Mullainathan and Spiess (2017)

• Causal inference is still required to fully resolve resource allocation problems
• Who will first need to receive hip replacement surgery, under medical resource limitation
• Who will need to be prioritized as our target customers, under limited couponing budget
• Parsimonious structural models recover policy-invariant #𝛽 at the expenses of low predictive 

accuracy of !𝑦
• Bajari et al. (2015), Athey and Imbens (2019)

• Focus on either prediction or inference
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A hybrid approach
• Our proposal theoretically decomposes causal components and predictive 

components into separable functions

• Each component can take flexible functional forms
• Price responsiveness and demand shifters are interpreted as function values, so they are 

robust to specifications

• Flexible deep learning methods can be used for estimation and prediction of 
causal and predictive functions

7

y = f (p,x) = f (g (p) , h (x))
<latexit sha1_base64="WoBSs1lP7bsJqBK+ewj7xUvV84A=">AAACQnicbVDLSgMxFM34rPVVdekmWIQKpcxUwW6EghuXFexDOkPJpJlpaOZBckcsQ7/NjV/gzg9w40IRty5M2wG19ULI4TzIzXFjwRWY5rOxtLyyurae28hvbm3v7Bb29lsqSiRlTRqJSHZcopjgIWsCB8E6sWQkcAVru8PLid6+Y1LxKLyBUcycgPgh9zgloKle4XaEL7BnC+ZBKS5jOyAwcL30fmxL7g/g5Ef1M1MmlPFgRixEsqtXKJoVczp4EVgZKKJsGr3Ck92PaBKwEKggSnUtMwYnJRI4FWyctxPFYkKHxGddDUMSMOWk0wrG+FgzfexFUp8Q8JT9nUhJoNQocLVzsq+a1ybkf1o3Aa/mpDyME2AhnT3kJQJDhCd94j6XjIIYaUCo5HpXTAdEEgq69bwuwZr/8iJoVSvWaaV6fVas17I6cugQHaESstA5qqMr1EBNRNEDekFv6N14NF6ND+NzZl0ysswB+jPG1zfYV7Bp</latexit>

Causal effect of price 
on demand

Demand shifter by 
environment



Linear expenditure share curve
• Two standard microeconomic assumptions – functional separability and quasi-

homotheticity – derives the linear cost function of good i given pi , m

where

is budget-irrelevant cost of living in the category and 

is additional expenditure of remaining category budget and 
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Ei = piyi = piai (p) + pi
bi (p)

b (p)
[m� a (p)]
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Feed-forward neural nets
• b, a, and mt are trained as separate neural nets

• Linear combinations of input variables create output vectors
• One hidden layer with 10 nodes is used for empirical application
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zb̃l1 = wb̃
l1z̃

b̃0

l�1 + ⌘b̃l1
<latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit><latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit><latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit><latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit>

zb̃lJl
= wb̃

lJl
z̃b̃

0

l�1 + ⌘b̃lJl
<latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit><latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit><latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit><latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit>

fl (·)
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1
<latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit><latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit><latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit><latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit>

xb̃
k

<latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit><latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit><latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit><latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit>

zb̃11 = wb̃
11x

b̃0 + ⌘b̃11
<latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5yp3APnHeXpfVrx08CuqVO8XqV8=">AAACOXicbZBLS8NAFIVv6rtWjW7dBIsoCCVxoxtBcONSwWqhiWUyvdGhkwczN2oN+XFu/AHu/AVuXCji3ulDUOuBgcM5d5i5X5hJocl1n63K1PTM7Nz8QnWxtrS8Yq/WznWaK45NnspUtUKmUYoEmyRIYitTyOJQ4kXYOxr0FzeotEiTM+pnGMTsKhGR4IxM1LHb95eFT0J2sQjLslN4Xnngx4yuw6i4LSe67+ruZ7VV7vhIbGK4Y9fdhjuUM2m8sanDWCcd+8nvpjyPMSEumdZtz80oKJgiwSWWVT/XmDHeY1fYNjZhMeqgGEIonU2TdJ0oVeYk5AzTnzcKFmvdj0MzOVhC/+0G4X9dO6doPyhEkuWECR89FOXSodQZEHW6QiEn2TeGcSXMXx1+zRTjZLhXDQTv78qT5ny34bkN79SFeViHDdgGD/bgEI7hBJrA4QFe4A3erUfr1foY4apYY25r8EvW5xdAiLNH</latexit><latexit sha1_base64="5yp3APnHeXpfVrx08CuqVO8XqV8=">AAACOXicbZBLS8NAFIVv6rtWjW7dBIsoCCVxoxtBcONSwWqhiWUyvdGhkwczN2oN+XFu/AHu/AVuXCji3ulDUOuBgcM5d5i5X5hJocl1n63K1PTM7Nz8QnWxtrS8Yq/WznWaK45NnspUtUKmUYoEmyRIYitTyOJQ4kXYOxr0FzeotEiTM+pnGMTsKhGR4IxM1LHb95eFT0J2sQjLslN4Xnngx4yuw6i4LSe67+ruZ7VV7vhIbGK4Y9fdhjuUM2m8sanDWCcd+8nvpjyPMSEumdZtz80oKJgiwSWWVT/XmDHeY1fYNjZhMeqgGEIonU2TdJ0oVeYk5AzTnzcKFmvdj0MzOVhC/+0G4X9dO6doPyhEkuWECR89FOXSodQZEHW6QiEn2TeGcSXMXx1+zRTjZLhXDQTv78qT5ny34bkN79SFeViHDdgGD/bgEI7hBJrA4QFe4A3erUfr1foY4apYY25r8EvW5xdAiLNH</latexit><latexit sha1_base64="wYMuZi0j89c2H8YzEjRaYfKMaZU=">AAACRHicbVDLSsNAFJ34rPUVdekmWERBKYkb3QgFNy4r2Ac0tUymN+3QyYOZG7WGfJwbP8CdX+DGhSJuxelDqK0HBg7nnMude7xYcIW2/WLMzS8sLi3nVvKra+sbm+bWdlVFiWRQYZGIZN2jCgQPoYIcBdRjCTTwBNS83sXAr92CVDwKr7EfQzOgnZD7nFHUUstsPNykLnLRhtTLslbqONm5G1Dsen56l814v9b9pHWQHbmAdCbcMgt20R7CmiXOmBTIGOWW+ey2I5YEECITVKmGY8fYTKlEzgRkeTdREFPWox1oaBrSAFQzHZaQWftaaVt+JPUL0RqqkxMpDZTqB55ODo5Q095A/M9rJOifNVMexglCyEaL/ERYGFmDRq02l8BQ9DWhTHL9V4t1qaQMde95XYIzffIsqZ4UHbvoXNmF0vG4jhzZJXvkkDjklJTIJSmTCmHkkbySd/JhPBlvxqfxNYrOGeOZHfIHxvcP9JW03A==</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit>

zb̃12 = wb̃
12x

b̃0 + ⌘b̃12
<latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="HMpjkJnn7MgWcXdBZ8Iq5SVTzF4=">AAACOXicbZBLS8NAFIVvfFtf0a2boIiCUJJudCMIblwq2FZoYplMb9qhkwczN2oN+XFu/AHu/AVuXCji3mmtoNYDA4dz7jBzvzCTQpPrPllT0zOzc/MLi5Wl5ZXVNXt9uaHTXHGs81Sm6jJkGqVIsE6CJF5mClkcSmyG/ZNh37xGpUWaXNAgwyBm3UREgjMyUdtu3V0VPgnZwSIsy3bh1cojP2bUC6Pippzovqvbn9Vuue8jsYnhtr3tVt2RnEnjjc02jHXWth/9TsrzGBPikmnd8tyMgoIpElxiWfFzjRnjfdbFlrEJi1EHxQhC6eyYpONEqTInIWeU/rxRsFjrQRyayeES+m83DP/rWjlFh0EhkiwnTPjXQ1EuHUqdIVGnIxRykgNjGFfC/NXhPaYYJ8O9YiB4f1eeNI1a1XOr3rkLC7AJW7AHHhzAMZzCGdSBwz08wyu8WQ/Wi/X+hWvKGnPbgF+yPj4BRWyzSg==</latexit><latexit sha1_base64="HMpjkJnn7MgWcXdBZ8Iq5SVTzF4=">AAACOXicbZBLS8NAFIVvfFtf0a2boIiCUJJudCMIblwq2FZoYplMb9qhkwczN2oN+XFu/AHu/AVuXCji3mmtoNYDA4dz7jBzvzCTQpPrPllT0zOzc/MLi5Wl5ZXVNXt9uaHTXHGs81Sm6jJkGqVIsE6CJF5mClkcSmyG/ZNh37xGpUWaXNAgwyBm3UREgjMyUdtu3V0VPgnZwSIsy3bh1cojP2bUC6Pippzovqvbn9Vuue8jsYnhtr3tVt2RnEnjjc02jHXWth/9TsrzGBPikmnd8tyMgoIpElxiWfFzjRnjfdbFlrEJi1EHxQhC6eyYpONEqTInIWeU/rxRsFjrQRyayeES+m83DP/rWjlFh0EhkiwnTPjXQ1EuHUqdIVGnIxRykgNjGFfC/NXhPaYYJ8O9YiB4f1eeNI1a1XOr3rkLC7AJW7AHHhzAMZzCGdSBwz08wyu8WQ/Wi/X+hWvKGnPbgF+yPj4BRWyzSg==</latexit><latexit sha1_base64="qzaCh1S/rS+6VVhKb98bnXhZRPM=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpjJRS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZmFxaXklu5pbW9/Y3Mpv79RUGEsGVRaKUDZcqkDwAKrIUUAjkkB9V0Dd7V8M/fotSMXD4BoHEbR82g24xxlFLbXzzYebxEEuOpC4adpO7FJ67vgUe66X3KVz3q91P20dpscOIJ0Lt/MFq2iNYM4Te0IKZIJKO//sdEIW+xAgE1Sppm1F2EqoRM4EpDknVhBR1qddaGoaUB9UKxmVkJoHWumYXij1C9AcqdMTCfWVGviuTg6PULPeUPzPa8bonbUSHkQxQsDGi7xYmBiaw0bNDpfAUAw0oUxy/VeT9aikDHXvOV2CPXvyPKmVirZVtK+sQvlkUkeW7JF9ckRsckrK5JJUSJUw8kheyTv5MJ6MN+PT+BpHM8ZkZpf8gfH9A/matN8=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit><latexit sha1_base64="FduAJgmABV9M2G7OPqzIcvbi3/Y=">AAACRHicbVDJSgNBFOxxjXGLevQyGERBCTNB0IsQ8OIxglkgE0NP503SpGeh+40ah/k4L36AN7/AiwdFvIqdRYiJBQ1FVT1ev3IjwRVa1osxN7+wuLScWcmurq1vbOa2tqsqjCWDCgtFKOsuVSB4ABXkKKAeSaC+K6Dm9i4Gfu0WpOJhcI39CJo+7QTc44yillq5xsNN4iAXbUjcNG0ldjE9d3yKXddL7tIZ79e6n7QO0iMHkM6EW7m8VbCGMGeJPSZ5Mka5lXt22iGLfQiQCapUw7YibCZUImcC0qwTK4go69EONDQNqA+qmQxLSM19rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3rC7Bnj55llSLBdsq2Fcn+dLxuI4M2SV75JDY5JSUyCUpkwph5JG8knfyYTwZb8an8TWKzhnjmR3yB8b3D/ratOM=</latexit>

zb̃1J1
= wb̃

1J1
xb̃0 + ⌘b̃1J1
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Feed-forward neural nets
• b, a, and mt are trained as separate neural nets, then combined into expenditures
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<input layer>
(0th layer)

<hidden layer 1> <hidden layer l> <output layer>

Network for b

Network for a
Expenditure-share Network

Network for m

…

…

…

… …

zb̃ = wb̃
L+1z̃

b̃0

L + ⌘b̃L+1
<latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="TCe0RAZH8zbVbw9xJpIZjNp/Nho=">AAACQ3icbVHLSgMxFL3j2/qqbt0EiygIZcaNbgTBjQsXClYLnVoy6R0NZh4kd5R2mC90I+78DDcuFNH0IdTWA4HDOeeS3JMgVdKQ6746U9Mzs3PzC4ulpeWV1bXy+vKVSTItsCYSleh6wA0qGWONJCmspxp5FCi8Du5Pev71A2ojk/iSOik2I34by1AKTlZqlbF7k/skVRvzoCiO/IjTXRDmj8Wo3MrP9ryCDYXfTLdvjAZ3ij0fiU+OtsoVt+r2wSaJNyQVGOK8VX7x24nIIoxJKG5Mw3NTauZckxQKi5KfGUy5uOe32LA05hGaZt6vo2DbVmmzMNH2xMT66uhEziNjOlFgk71VzLjXE//zGhmFh81cxmlGGIvBRWGmGCWs1y1rS42CVMcSLrS0b2XijmsuyP5AyZbgja88Sa72q55b9S5cWIBN2IJd8OAAjuEUzqEGAp7gDT7g03l23p2vQV1TzrC3DfgD5/sHJkO3nw==</latexit><latexit sha1_base64="TCe0RAZH8zbVbw9xJpIZjNp/Nho=">AAACQ3icbVHLSgMxFL3j2/qqbt0EiygIZcaNbgTBjQsXClYLnVoy6R0NZh4kd5R2mC90I+78DDcuFNH0IdTWA4HDOeeS3JMgVdKQ6746U9Mzs3PzC4ulpeWV1bXy+vKVSTItsCYSleh6wA0qGWONJCmspxp5FCi8Du5Pev71A2ojk/iSOik2I34by1AKTlZqlbF7k/skVRvzoCiO/IjTXRDmj8Wo3MrP9ryCDYXfTLdvjAZ3ij0fiU+OtsoVt+r2wSaJNyQVGOK8VX7x24nIIoxJKG5Mw3NTauZckxQKi5KfGUy5uOe32LA05hGaZt6vo2DbVmmzMNH2xMT66uhEziNjOlFgk71VzLjXE//zGhmFh81cxmlGGIvBRWGmGCWs1y1rS42CVMcSLrS0b2XijmsuyP5AyZbgja88Sa72q55b9S5cWIBN2IJd8OAAjuEUzqEGAp7gDT7g03l23p2vQV1TzrC3DfgD5/sHJkO3nw==</latexit><latexit sha1_base64="4j2nMlozlpFrBqGCBgu/sqvAbjE=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSplxoxuh4MaFiwq2Cp1aMukdG5p5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKszMzs0vFBdLS8srq2vl9Y2mjhLFocEjGalrj2mQIoQGCpRwHStggSfhyuufjvSrO1BaROElDmJoB+w2FL7gDA3VKcPwJnVRyC6kXpaduAHDnuen99kk3UnP952M5sSPZzgWJo272b4LyKajnXLFrtrjodPAyUGF5FPvlJ/cbsSTAELkkmndcuwY2ylTKLiErOQmGmLG++wWWgaGLADdTsd1ZHTHMF3qR8qcEOmYnUykLNB6EHjGOVpF/9VG5H9aK0H/uJ2KME4QQv59kZ9IihEddUu7QgFHOTCAcSXMWynvMcU4mh8omRKcvytPg+Zh1bGrzoVdqR3kdRTJFtkme8QhR6RGzkidNAgnD+SFvJF369F6tT6sz29rwcozm+TXFIpfB8u4Pw==</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="TCe0RAZH8zbVbw9xJpIZjNp/Nho=">AAACQ3icbVHLSgMxFL3j2/qqbt0EiygIZcaNbgTBjQsXClYLnVoy6R0NZh4kd5R2mC90I+78DDcuFNH0IdTWA4HDOeeS3JMgVdKQ6746U9Mzs3PzC4ulpeWV1bXy+vKVSTItsCYSleh6wA0qGWONJCmspxp5FCi8Du5Pev71A2ojk/iSOik2I34by1AKTlZqlbF7k/skVRvzoCiO/IjTXRDmj8Wo3MrP9ryCDYXfTLdvjAZ3ij0fiU+OtsoVt+r2wSaJNyQVGOK8VX7x24nIIoxJKG5Mw3NTauZckxQKi5KfGUy5uOe32LA05hGaZt6vo2DbVmmzMNH2xMT66uhEziNjOlFgk71VzLjXE//zGhmFh81cxmlGGIvBRWGmGCWs1y1rS42CVMcSLrS0b2XijmsuyP5AyZbgja88Sa72q55b9S5cWIBN2IJd8OAAjuEUzqEGAp7gDT7g03l23p2vQV1TzrC3DfgD5/sHJkO3nw==</latexit><latexit sha1_base64="TCe0RAZH8zbVbw9xJpIZjNp/Nho=">AAACQ3icbVHLSgMxFL3j2/qqbt0EiygIZcaNbgTBjQsXClYLnVoy6R0NZh4kd5R2mC90I+78DDcuFNH0IdTWA4HDOeeS3JMgVdKQ6746U9Mzs3PzC4ulpeWV1bXy+vKVSTItsCYSleh6wA0qGWONJCmspxp5FCi8Du5Pev71A2ojk/iSOik2I34by1AKTlZqlbF7k/skVRvzoCiO/IjTXRDmj8Wo3MrP9ryCDYXfTLdvjAZ3ij0fiU+OtsoVt+r2wSaJNyQVGOK8VX7x24nIIoxJKG5Mw3NTauZckxQKi5KfGUy5uOe32LA05hGaZt6vo2DbVmmzMNH2xMT66uhEziNjOlFgk71VzLjXE//zGhmFh81cxmlGGIvBRWGmGCWs1y1rS42CVMcSLrS0b2XijmsuyP5AyZbgja88Sa72q55b9S5cWIBN2IJd8OAAjuEUzqEGAp7gDT7g03l23p2vQV1TzrC3DfgD5/sHJkO3nw==</latexit><latexit sha1_base64="4j2nMlozlpFrBqGCBgu/sqvAbjE=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSplxoxuh4MaFiwq2Cp1aMukdG5p5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKszMzs0vFBdLS8srq2vl9Y2mjhLFocEjGalrj2mQIoQGCpRwHStggSfhyuufjvSrO1BaROElDmJoB+w2FL7gDA3VKcPwJnVRyC6kXpaduAHDnuen99kk3UnP952M5sSPZzgWJo272b4LyKajnXLFrtrjodPAyUGF5FPvlJ/cbsSTAELkkmndcuwY2ylTKLiErOQmGmLG++wWWgaGLADdTsd1ZHTHMF3qR8qcEOmYnUykLNB6EHjGOVpF/9VG5H9aK0H/uJ2KME4QQv59kZ9IihEddUu7QgFHOTCAcSXMWynvMcU4mh8omRKcvytPg+Zh1bGrzoVdqR3kdRTJFtkme8QhR6RGzkidNAgnD+SFvJF369F6tT6sz29rwcozm+TXFIpfB8u4Pw==</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit><latexit sha1_base64="RTVIO5WMgclQV1hEkfzqlBwpBR0=">AAACTnicbVHLSgMxFM3UV62vqks3wSIKSpkRQTdCwY0LFxWsCp1aMumdNph5kNxR2mG+0I248zPcuFBE0zpCtV4IHM6D5J54sRQabfvZKkxNz8zOFedLC4tLyyvl1bVLHSWKQ4NHMlLXHtMgRQgNFCjhOlbAAk/ClXd7MtSv7kBpEYUX2I+hFbBuKHzBGRqqXYbBTeqikB1IvSw7dgOGPc9P77Nxup2e7ToZzYkfz2AkjBu3s10XkE1G2+WKXbVHQyeBk4MKyafeLj+5nYgnAYTIJdO66dgxtlKmUHAJWclNNMSM37IuNA0MWQC6lY7qyOiWYTrUj5Q5IdIRO55IWaB1P/CMc7iK/qsNyf+0ZoL+USsVYZwghPz7Ij+RFCM67JZ2hAKOsm8A40qYt1LeY4pxND9QMiU4f1eeBJf7VceuOucHldpeXkeRbJBNskMcckhq5JTUSYNw8kBeyBt5tx6tV+vD+vy2Fqw8s05+TaH4BQkLuEM=</latexit>

zb̃l1 = wb̃
l1z̃

b̃0

l�1 + ⌘b̃l1
<latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit><latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit><latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit><latexit sha1_base64="MpIHh90cGVPMhuj+QfLgtJSnjSg=">AAACU3icbVFNSwMxEM2uX7V+VT16CRZRUMuuCHoRCl48VrC10K0lm85qbPaDZFZpl/2PInjwj3jxoGldQa0DgZf33jCZFz+RQqPjvFr2zOzc/EJpsby0vLK6VlnfaOk4VRyaPJaxavtMgxQRNFGghHaigIW+hGt/cD7Wrx9AaRFHVzhMoBuy20gEgjM0VK9yP7rJPBSyD5mf571MuvmZFzK884PsMZ/SaHH/towm/KH707mb73uAbKq3V6k6NWdSdBq4BaiSohq9yrPXj3kaQoRcMq07rpNgN2MKBZeQl71UQ8L4gN1Cx8CIhaC72SSTnO4Ypk+DWJkTIZ2wPzsyFmo9DH3jHO+i/2pj8j+tk2Jw2s1ElKQIEf8aFKSSYkzHAdO+UMBRDg1gXAnzVsrvmGIczTeUTQju35WnQeuo5jo19/K4Wj8o4iiRLbJN9ohLTkidXJAGaRJOnsgb+bCI9WK927Y9+2W1raJnk/wqe+UTxGO31A==</latexit>

zb̃lJl
= wb̃

lJl
z̃b̃

0

l�1 + ⌘b̃lJl
<latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit><latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit><latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit><latexit sha1_base64="Zr79t6eVWXW62boDr7/anXjUCic=">AAACWXicbVFbS8MwFE7rbc7bdI++BIcoqKMVQV+EgS/i0wSnwjpLmp1qML2QnCqz9E/6IIh/xQezrcJ0OxD4+C4k50uQSqHRcT4te25+YXGpslxdWV1b36htbt3qJFMcOjyRiboPmAYpYuigQAn3qQIWBRLugueLoX73AkqLJL7BQQq9iD3GIhScoaH8Wvr2kHsoZB/yoCj8XF75sjj3IoZPQZi/FjNUWjK/preRcuROeveKAw+QzUj7tYbTdEZDp4FbggYpp+3X3r1+wrMIYuSSad11nRR7OVMouISi6mUaUsaf2SN0DYxZBLqXj5op6K5h+jRMlDkx0hE7mchZpPUgCoxzuI3+rw3JWVo3w/Csl4s4zRBiPr4ozCTFhA5rpn2hgKMcGMC4EuatlD8xxTiaz6iaEtz/K0+D2+Om6zTd65NG67Cso0K2yQ7ZJy45JS1ySdqkQzj5IN/WgrVofdmWXbGrY6ttlZk6+TN2/Qd66ri+</latexit>

za = wa
L+1z̃

a0

L + ⌘aL+1
<latexit sha1_base64="LSf3gI5zA/ctGqDxTCygtkhMBto=">AAACLnicbVDLSgNBEJz1GeMr6tHLYBCFSNgVQS9CQAQPHhSMCtkYZie9OmT2wUyvkiz7RV78FT0IKuLVz3A2RnzEhoGaqmq6u7xYCo22/WSNjI6NT0wWporTM7Nz86WFxVMdJYpDnUcyUuce0yBFCHUUKOE8VsACT8KZ19nL9bNrUFpE4Ql2Y2gG7DIUvuAMDdUq7fcuUpbtugHDK89Pb7L820oPK05GXRSyDemX1styITesZRUXkH1bW6WyXbX7RYeBMwBlMqijVunBbUc8CSBELpnWDceOsZkyhYJLyIpuoiFmvMMuoWFgyALQzbR/bkZXDdOmfqTMC5H22Z8dKQu07gaecear679aTv6nNRL0d5qpCOMEIeSfg/xEUoxonh1tCwUcZdcAxpUwu1J+xRTjaBIumhCcvycPg9PNqmNXneOtcm1jEEeBLJMVsk4csk1q5IAckTrh5Jbck2fyYt1Zj9ar9fZpHbEGPUvkV1nvH02mqmY=</latexit><latexit sha1_base64="LSf3gI5zA/ctGqDxTCygtkhMBto=">AAACLnicbVDLSgNBEJz1GeMr6tHLYBCFSNgVQS9CQAQPHhSMCtkYZie9OmT2wUyvkiz7RV78FT0IKuLVz3A2RnzEhoGaqmq6u7xYCo22/WSNjI6NT0wWporTM7Nz86WFxVMdJYpDnUcyUuce0yBFCHUUKOE8VsACT8KZ19nL9bNrUFpE4Ql2Y2gG7DIUvuAMDdUq7fcuUpbtugHDK89Pb7L820oPK05GXRSyDemX1styITesZRUXkH1bW6WyXbX7RYeBMwBlMqijVunBbUc8CSBELpnWDceOsZkyhYJLyIpuoiFmvMMuoWFgyALQzbR/bkZXDdOmfqTMC5H22Z8dKQu07gaecear679aTv6nNRL0d5qpCOMEIeSfg/xEUoxonh1tCwUcZdcAxpUwu1J+xRTjaBIumhCcvycPg9PNqmNXneOtcm1jEEeBLJMVsk4csk1q5IAckTrh5Jbck2fyYt1Zj9ar9fZpHbEGPUvkV1nvH02mqmY=</latexit><latexit sha1_base64="LSf3gI5zA/ctGqDxTCygtkhMBto=">AAACLnicbVDLSgNBEJz1GeMr6tHLYBCFSNgVQS9CQAQPHhSMCtkYZie9OmT2wUyvkiz7RV78FT0IKuLVz3A2RnzEhoGaqmq6u7xYCo22/WSNjI6NT0wWporTM7Nz86WFxVMdJYpDnUcyUuce0yBFCHUUKOE8VsACT8KZ19nL9bNrUFpE4Ql2Y2gG7DIUvuAMDdUq7fcuUpbtugHDK89Pb7L820oPK05GXRSyDemX1styITesZRUXkH1bW6WyXbX7RYeBMwBlMqijVunBbUc8CSBELpnWDceOsZkyhYJLyIpuoiFmvMMuoWFgyALQzbR/bkZXDdOmfqTMC5H22Z8dKQu07gaecear679aTv6nNRL0d5qpCOMEIeSfg/xEUoxonh1tCwUcZdcAxpUwu1J+xRTjaBIumhCcvycPg9PNqmNXneOtcm1jEEeBLJMVsk4csk1q5IAckTrh5Jbck2fyYt1Zj9ar9fZpHbEGPUvkV1nvH02mqmY=</latexit><latexit sha1_base64="LSf3gI5zA/ctGqDxTCygtkhMBto=">AAACLnicbVDLSgNBEJz1GeMr6tHLYBCFSNgVQS9CQAQPHhSMCtkYZie9OmT2wUyvkiz7RV78FT0IKuLVz3A2RnzEhoGaqmq6u7xYCo22/WSNjI6NT0wWporTM7Nz86WFxVMdJYpDnUcyUuce0yBFCHUUKOE8VsACT8KZ19nL9bNrUFpE4Ql2Y2gG7DIUvuAMDdUq7fcuUpbtugHDK89Pb7L820oPK05GXRSyDemX1styITesZRUXkH1bW6WyXbX7RYeBMwBlMqijVunBbUc8CSBELpnWDceOsZkyhYJLyIpuoiFmvMMuoWFgyALQzbR/bkZXDdOmfqTMC5H22Z8dKQu07gaecear679aTv6nNRL0d5qpCOMEIeSfg/xEUoxonh1tCwUcZdcAxpUwu1J+xRTjaBIumhCcvycPg9PNqmNXneOtcm1jEEeBLJMVsk4csk1q5IAckTrh5Jbck2fyYt1Zj9ar9fZpHbEGPUvkV1nvH02mqmY=</latexit>

zm = wm
L+1z̃

m0

L + ⌘mL+1
<latexit sha1_base64="GQLrGCPID8mdSIzbB3Oa83XLeSs="></latexit><latexit sha1_base64="GQLrGCPID8mdSIzbB3Oa83XLeSs="></latexit><latexit sha1_base64="GQLrGCPID8mdSIzbB3Oa83XLeSs="></latexit><latexit sha1_base64="GQLrGCPID8mdSIzbB3Oa83XLeSs="></latexit>

fl (·)
<latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ogXf4FfWiCWGFBF819cDqM8i1CE=">AAAB83icbZDNSgMxFIXv1L9aq1bBlZtgEeqmzLjRpeDGZQXbCp1hyGQybWgmMyR3hDIUfBU3LhTxXdz5NqY/C209EPg4J+HenCiXwqDrfjuVjc2t7Z3qbm2vvn9w2Diq90xWaMa7LJOZfoyo4VIo3kWBkj/mmtM0krwfjW9nef+JayMy9YCTnAcpHSqRCEbRWmHjJAmlL3mCLZ/FGfpaDEd4ETaabtudi6yDt4QmLNUJG19+nLEi5QqZpMYMPDfHoKQaBZN8WvMLw3PKxnTIBxYVTbkJyvn6U3JunZgkmbZHIZm7v1+UNDVmkkb2ZkpxZFazmflfNigwuQ5KofICuWKLQUkhCWZk1gWJheYM5cQCZVrYXQkbUU0Z2sZqtgRv9cvr0Ltse27bu3ehCqdwBi3w4Apu4A460AUGJbzAG7w7z86r87Goq+IsezuGP3I+fwCdLpQd</latexit><latexit sha1_base64="ogXf4FfWiCWGFBF819cDqM8i1CE=">AAAB83icbZDNSgMxFIXv1L9aq1bBlZtgEeqmzLjRpeDGZQXbCp1hyGQybWgmMyR3hDIUfBU3LhTxXdz5NqY/C209EPg4J+HenCiXwqDrfjuVjc2t7Z3qbm2vvn9w2Diq90xWaMa7LJOZfoyo4VIo3kWBkj/mmtM0krwfjW9nef+JayMy9YCTnAcpHSqRCEbRWmHjJAmlL3mCLZ/FGfpaDEd4ETaabtudi6yDt4QmLNUJG19+nLEi5QqZpMYMPDfHoKQaBZN8WvMLw3PKxnTIBxYVTbkJyvn6U3JunZgkmbZHIZm7v1+UNDVmkkb2ZkpxZFazmflfNigwuQ5KofICuWKLQUkhCWZk1gWJheYM5cQCZVrYXQkbUU0Z2sZqtgRv9cvr0Ltse27bu3ehCqdwBi3w4Apu4A460AUGJbzAG7w7z86r87Goq+IsezuGP3I+fwCdLpQd</latexit><latexit sha1_base64="1voc+22K8+8GVlzPqe0NhK6kdLM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRKkhJvOix4MVjBfsBTQibzaZdutmE3YlQQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5oWZ4Boc59uqrK1vbG5Vt2s7u3v7B/bhUVenuaKsQ1ORqn5INBNcsg5wEKyfKUaSULBeOL6d+b1HpjRP5QNMMuYnZCh5zCkBIwX2SRwIT7AYGh6NUvAUH47gIrDrTtOZA68StyR1VKId2F9elNI8YRKoIFoPXCcDvyAKOBVsWvNyzTJCx2TIBoZKkjDtF/Pzp/jcKBGOU2VKAp6rvycKkmg9SULTmRAY6WVvJv7nDXKIb/yCyywHJuliUZwLDCmeZYEjrhgFMTGEUMXNrZiOiCIUTGI1E4K7/PIq6V41Xafp3jv11mUZRxWdojPUQC66Ri10h9qogygq0DN6RW/Wk/VivVsfi9aKVc4coz+wPn8AA/+VbA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit>

fl (·)
<latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ogXf4FfWiCWGFBF819cDqM8i1CE=">AAAB83icbZDNSgMxFIXv1L9aq1bBlZtgEeqmzLjRpeDGZQXbCp1hyGQybWgmMyR3hDIUfBU3LhTxXdz5NqY/C209EPg4J+HenCiXwqDrfjuVjc2t7Z3qbm2vvn9w2Diq90xWaMa7LJOZfoyo4VIo3kWBkj/mmtM0krwfjW9nef+JayMy9YCTnAcpHSqRCEbRWmHjJAmlL3mCLZ/FGfpaDEd4ETaabtudi6yDt4QmLNUJG19+nLEi5QqZpMYMPDfHoKQaBZN8WvMLw3PKxnTIBxYVTbkJyvn6U3JunZgkmbZHIZm7v1+UNDVmkkb2ZkpxZFazmflfNigwuQ5KofICuWKLQUkhCWZk1gWJheYM5cQCZVrYXQkbUU0Z2sZqtgRv9cvr0Ltse27bu3ehCqdwBi3w4Apu4A460AUGJbzAG7w7z86r87Goq+IsezuGP3I+fwCdLpQd</latexit><latexit sha1_base64="ogXf4FfWiCWGFBF819cDqM8i1CE=">AAAB83icbZDNSgMxFIXv1L9aq1bBlZtgEeqmzLjRpeDGZQXbCp1hyGQybWgmMyR3hDIUfBU3LhTxXdz5NqY/C209EPg4J+HenCiXwqDrfjuVjc2t7Z3qbm2vvn9w2Diq90xWaMa7LJOZfoyo4VIo3kWBkj/mmtM0krwfjW9nef+JayMy9YCTnAcpHSqRCEbRWmHjJAmlL3mCLZ/FGfpaDEd4ETaabtudi6yDt4QmLNUJG19+nLEi5QqZpMYMPDfHoKQaBZN8WvMLw3PKxnTIBxYVTbkJyvn6U3JunZgkmbZHIZm7v1+UNDVmkkb2ZkpxZFazmflfNigwuQ5KofICuWKLQUkhCWZk1gWJheYM5cQCZVrYXQkbUU0Z2sZqtgRv9cvr0Ltse27bu3ehCqdwBi3w4Apu4A460AUGJbzAG7w7z86r87Goq+IsezuGP3I+fwCdLpQd</latexit><latexit sha1_base64="1voc+22K8+8GVlzPqe0NhK6kdLM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRKkhJvOix4MVjBfsBTQibzaZdutmE3YlQQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5oWZ4Boc59uqrK1vbG5Vt2s7u3v7B/bhUVenuaKsQ1ORqn5INBNcsg5wEKyfKUaSULBeOL6d+b1HpjRP5QNMMuYnZCh5zCkBIwX2SRwIT7AYGh6NUvAUH47gIrDrTtOZA68StyR1VKId2F9elNI8YRKoIFoPXCcDvyAKOBVsWvNyzTJCx2TIBoZKkjDtF/Pzp/jcKBGOU2VKAp6rvycKkmg9SULTmRAY6WVvJv7nDXKIb/yCyywHJuliUZwLDCmeZYEjrhgFMTGEUMXNrZiOiCIUTGI1E4K7/PIq6V41Xafp3jv11mUZRxWdojPUQC66Ri10h9qogygq0DN6RW/Wk/VivVsfi9aKVc4coz+wPn8AA/+VbA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit><latexit sha1_base64="oMrT2y8LgCLU6AugxmqhUMNIIFI=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCBSmJCHosePFYwX5AE8Jms2mXbrJhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeWEmuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKNlrihrUymk6oVEM8FT1gYOgvUyxUgSCtYNR7dTv/vIlOYyfYBxxvyEDFIec0rASIF9HAfCEyyGukcjCZ7igyGcB3bNaTgz4GXilqSGSrQC+8uLJM0TlgIVROu+62TgF0QBp4JNql6uWUboiAxY39CUJEz7xez8CT4zSoRjqUylgGfq74mCJFqPk9B0JgSGetGbiv95/RziG7/gaZYDS+l8UZwLDBJPs8ARV4yCGBtCqOLmVkyHRBEKJrGqCcFdfHmZdC4brtNw769qzYsyjgo6Qaeojlx0jZroDrVQG1FUoGf0it6sJ+vFerc+5q0rVjlzhP7A+vwBBT+VcA==</latexit>

ˆ̃b = f b̃
⇣
zb̃
⌘

<latexit sha1_base64="vfgqJBSMZ7DmS1J6N5HAB69gzTw=">AAACIHicbVDJSgNBEO1xjXGLevQyGIQIEmZEiBch4MVjBLNAJoaeTk2mSc9Cd40Qh3yKF3/FiwdF9KZfYyeZQxYfFLx+r4quem4suELL+jFWVtfWNzZzW/ntnd29/cLBYUNFiWRQZ5GIZMulCgQPoY4cBbRiCTRwBTTdwc3Ybz6CVDwK73EYQyeg/ZB7nFHUUrdQcXyKqYNc9CB1R6Nr72Hm5QjwsPQ0J0ne9/GsWyhaZWsCc5nYGSmSDLVu4dvpRSwJIEQmqFJt24qxk1KJnAkY5Z1EQUzZgPahrWlIA1CddHLgyDzVSs/0IqkrRHOizk6kNFBqGLi6M6Doq0VvLP7ntRP0rjopD+MEIWTTj7xEmBiZ47TMHpfAUAw1oUxyvavJfCopQ51pXodgL568TBoXZdsq23eXxep5FkeOHJMTUiI2qZAquSU1UieMPJNX8k4+jBfjzfg0vqatK0Y2c0TmYPz+AQBnpT8=</latexit><latexit sha1_base64="vfgqJBSMZ7DmS1J6N5HAB69gzTw=">AAACIHicbVDJSgNBEO1xjXGLevQyGIQIEmZEiBch4MVjBLNAJoaeTk2mSc9Cd40Qh3yKF3/FiwdF9KZfYyeZQxYfFLx+r4quem4suELL+jFWVtfWNzZzW/ntnd29/cLBYUNFiWRQZ5GIZMulCgQPoY4cBbRiCTRwBTTdwc3Ybz6CVDwK73EYQyeg/ZB7nFHUUrdQcXyKqYNc9CB1R6Nr72Hm5QjwsPQ0J0ne9/GsWyhaZWsCc5nYGSmSDLVu4dvpRSwJIEQmqFJt24qxk1KJnAkY5Z1EQUzZgPahrWlIA1CddHLgyDzVSs/0IqkrRHOizk6kNFBqGLi6M6Doq0VvLP7ntRP0rjopD+MEIWTTj7xEmBiZ47TMHpfAUAw1oUxyvavJfCopQ51pXodgL568TBoXZdsq23eXxep5FkeOHJMTUiI2qZAquSU1UieMPJNX8k4+jBfjzfg0vqatK0Y2c0TmYPz+AQBnpT8=</latexit><latexit sha1_base64="vfgqJBSMZ7DmS1J6N5HAB69gzTw=">AAACIHicbVDJSgNBEO1xjXGLevQyGIQIEmZEiBch4MVjBLNAJoaeTk2mSc9Cd40Qh3yKF3/FiwdF9KZfYyeZQxYfFLx+r4quem4suELL+jFWVtfWNzZzW/ntnd29/cLBYUNFiWRQZ5GIZMulCgQPoY4cBbRiCTRwBTTdwc3Ybz6CVDwK73EYQyeg/ZB7nFHUUrdQcXyKqYNc9CB1R6Nr72Hm5QjwsPQ0J0ne9/GsWyhaZWsCc5nYGSmSDLVu4dvpRSwJIEQmqFJt24qxk1KJnAkY5Z1EQUzZgPahrWlIA1CddHLgyDzVSs/0IqkrRHOizk6kNFBqGLi6M6Doq0VvLP7ntRP0rjopD+MEIWTTj7xEmBiZ47TMHpfAUAw1oUxyvavJfCopQ51pXodgL568TBoXZdsq23eXxep5FkeOHJMTUiI2qZAquSU1UieMPJNX8k4+jBfjzfg0vqatK0Y2c0TmYPz+AQBnpT8=</latexit><latexit sha1_base64="vfgqJBSMZ7DmS1J6N5HAB69gzTw=">AAACIHicbVDJSgNBEO1xjXGLevQyGIQIEmZEiBch4MVjBLNAJoaeTk2mSc9Cd40Qh3yKF3/FiwdF9KZfYyeZQxYfFLx+r4quem4suELL+jFWVtfWNzZzW/ntnd29/cLBYUNFiWRQZ5GIZMulCgQPoY4cBbRiCTRwBTTdwc3Ybz6CVDwK73EYQyeg/ZB7nFHUUrdQcXyKqYNc9CB1R6Nr72Hm5QjwsPQ0J0ne9/GsWyhaZWsCc5nYGSmSDLVu4dvpRSwJIEQmqFJt24qxk1KJnAkY5Z1EQUzZgPahrWlIA1CddHLgyDzVSs/0IqkrRHOizk6kNFBqGLi6M6Doq0VvLP7ntRP0rjopD+MEIWTTj7xEmBiZ47TMHpfAUAw1oUxyvavJfCopQ51pXodgL568TBoXZdsq23eXxep5FkeOHJMTUiI2qZAquSU1UieMPJNX8k4+jBfjzfg0vqatK0Y2c0TmYPz+AQBnpT8=</latexit>

â = fa (za)
<latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nuPe5eSkk7sNfkltSGq42GjEGno=">AAAB/XicbZBLSwMxFIXv+Ky1anXrwmAR6qbMuNGNILhxWcE+oDOWTJrphGYeJHeEOnTpxr/ixoUi/g13/hvTaRfaeiDh45yE5B4/lUKjbX9bK6tr6xubpa3ydmVnd6+6X2nrJFOMt1giE9X1qeZSxLyFAiXvporTyJe844+up3nngSstkvgOxyn3IjqMRSAYRWP1q0duSDGnk8vg3uyu5AHWHwtUYhjiab9asxt2IbIMzhxqMFezX/1yBwnLIh4jk1TrnmOn6OVUoWCST8pupnlK2YgOec9gTCOuvbwYZEJOjDMgQaLMipEU7u8bOY20Hke+ORlRDPViNjX/y3oZBhdeLuI0Qx6z2UNBJgkmZNoKGQjFGcqxAcqUMH8lLKSKMjTdlU0JzuLIy9A+azh2w7m1oQSHcAx1cOAcruAGmtACBk/wAm/wbj1br9bHrK4Va97bAfyR9fkDxAKYvQ==</latexit><latexit sha1_base64="nuPe5eSkk7sNfkltSGq42GjEGno=">AAAB/XicbZBLSwMxFIXv+Ky1anXrwmAR6qbMuNGNILhxWcE+oDOWTJrphGYeJHeEOnTpxr/ixoUi/g13/hvTaRfaeiDh45yE5B4/lUKjbX9bK6tr6xubpa3ydmVnd6+6X2nrJFOMt1giE9X1qeZSxLyFAiXvporTyJe844+up3nngSstkvgOxyn3IjqMRSAYRWP1q0duSDGnk8vg3uyu5AHWHwtUYhjiab9asxt2IbIMzhxqMFezX/1yBwnLIh4jk1TrnmOn6OVUoWCST8pupnlK2YgOec9gTCOuvbwYZEJOjDMgQaLMipEU7u8bOY20Hke+ORlRDPViNjX/y3oZBhdeLuI0Qx6z2UNBJgkmZNoKGQjFGcqxAcqUMH8lLKSKMjTdlU0JzuLIy9A+azh2w7m1oQSHcAx1cOAcruAGmtACBk/wAm/wbj1br9bHrK4Va97bAfyR9fkDxAKYvQ==</latexit><latexit sha1_base64="xMF8ggxtQZiRdPY+nwRwZ9ig7VE=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSuNGNUHDjsoK9QBPLZDpphk4mYeZEqKFLN76KGxeKuPUR3Pk2TtMstPXADB//fw4z5/cTzhTY9rdRWlpeWV0rr1c2Nre2d8zdvbaKU0loi8Q8ll0fK8qZoC1gwGk3kRRHPqcdf3Q19Tv3VCoWi1sYJ9SL8FCwgBEMWuqbh26IIcOTy+BO3y6nAdQecpRsGMJJ36zadTsvaxGcAqqoqGbf/HIHMUkjKoBwrFTPsRPwMiyBEU4nFTdVNMFkhIe0p1HgiCovyxeZWMdaGVhBLPURYOXq74kMR0qNI193RhhCNe9Nxf+8XgrBhZcxkaRABZk9FKTcgtiapmINmKQE+FgDJpLpv1okxBIT0NlVdAjO/MqL0D6rO3bdubGrjdMijjI6QEeohhx0jhroGjVRCxH0iJ7RK3oznowX4934mLWWjGJmH/0p4/MHXFWaFg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit><latexit sha1_base64="6JGCTKYlVmvh62ZWVgmHxVgas8c=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkOHxZXCnb5fTAKoPOUo2COG4Z1bsmp2XNQ9OARVUVKNnfrn9mKQRFUA4Vqrr2Al4GZbACKfjspsqmmAyxAPa1ShwRJWX5YuMrSOt9K0glvoIsHL190SGI6VGka87IwyhmvUm4n9eN4XgwsuYSFKggkwfClJuQWxNUrH6TFICfKQBE8n0Xy0SYokJ6OzKOgRnduV5aJ3WHLvm3JxV6idFHCW0jw5RFTnoHNXRNWqgJiLoET2jV/RmPBkvxrvxMW1dMIqZPfSnjM8fXZWaGg==</latexit>

m̂ = fm (zm)
<latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="h1mfO/UpNN5W6Ab7KiK5BvAw5Q8=">AAAB/XicbZC9TsMwFIVv+C2lQGFlIKJCKkuVsMCChMTCWCT6IzWhclynsWonkX2DVKKOLLwKCwMI8RpsvA1u2gFajmTr0zm27HuCVHCNjvNtrayurW9slrbK25Wd3b3qfqWtk0xR1qKJSFQ3IJoJHrMWchSsmypGZCBYJxhdT/POA1OaJ/EdjlPmSzKMecgpQWP1q0deRDCXk8vw3uyeYCHWHwtUfBjhab9acxpOIXsZ3DnUYK5mv/rlDRKaSRYjFUTrnuuk6OdEIaeCTcpepllK6IgMWc9gTCTTfl4MMrFPjDOww0SZFaNduL9v5ERqPZaBOSkJRnoxm5r/Zb0Mwws/53GaIYvp7KEwEzYm9rQVe8AVoyjGBghV3PzVphFRhKLprmxKcBdHXob2WcN1Gu6tAyU4hGOogwvncAU30IQWUHiCF3iDd+vZerU+ZnWtWPPeDuCPrM8f+3aY4Q==</latexit><latexit sha1_base64="h1mfO/UpNN5W6Ab7KiK5BvAw5Q8=">AAAB/XicbZC9TsMwFIVv+C2lQGFlIKJCKkuVsMCChMTCWCT6IzWhclynsWonkX2DVKKOLLwKCwMI8RpsvA1u2gFajmTr0zm27HuCVHCNjvNtrayurW9slrbK25Wd3b3qfqWtk0xR1qKJSFQ3IJoJHrMWchSsmypGZCBYJxhdT/POA1OaJ/EdjlPmSzKMecgpQWP1q0deRDCXk8vw3uyeYCHWHwtUfBjhab9acxpOIXsZ3DnUYK5mv/rlDRKaSRYjFUTrnuuk6OdEIaeCTcpepllK6IgMWc9gTCTTfl4MMrFPjDOww0SZFaNduL9v5ERqPZaBOSkJRnoxm5r/Zb0Mwws/53GaIYvp7KEwEzYm9rQVe8AVoyjGBghV3PzVphFRhKLprmxKcBdHXob2WcN1Gu6tAyU4hGOogwvncAU30IQWUHiCF3iDd+vZerU+ZnWtWPPeDuCPrM8f+3aY4Q==</latexit><latexit sha1_base64="C6QgkpD+dIYawH4aDIqyX/2HCaU=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSuNGNUHDjsoK9QBPLZDpphs4kYeZEqKFLN76KGxeKuPUR3Pk2TtMstPXADB//fw4z5/cTzhTY9rdRWlpeWV0rr1c2Nre2d8zdvbaKU0loi8Q8ll0fK8pZRFvAgNNuIikWPqcdf3Q19Tv3VCoWR7cwTqgn8DBiASMYtNQ3D90QQyYml8Gdvl1OA6g95CjZMISTvlm163Ze1iI4BVRRUc2++eUOYpIKGgHhWKmeYyfgZVgCI5xOKm6qaILJCA9pT2OEBVVeli8ysY61MrCCWOoTgZWrvycyLJQaC193Cgyhmvem4n9eL4XgwstYlKRAIzJ7KEi5BbE1TcUaMEkJ8LEGTCTTf7VIiCUmoLOr6BCc+ZUXoX1Wd+y6c2NXG6dFHGV0gI5QDTnoHDXQNWqiFiLoET2jV/RmPBkvxrvxMWstGcXMPvpTxucPlVWaOg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit><latexit sha1_base64="fHy272QZl0J7vtohOXU1Klde1as=">AAACCHicbZDLSsNAFIYnXmu9RV26MFiEClISEXQjFNy4rGAv0MQymU6aoZNJmDkRaujSja/ixoUibn0Ed76N0zQLbT0ww8f/n8PM+f2EMwW2/W0sLC4tr6yW1srrG5tb2+bObkvFqSS0SWIey46PFeVM0CYw4LSTSIojn9O2P7ya+O17KhWLxS2MEupFeCBYwAgGLfXMAzfEkEXjy+BO3y6nAVQfcpRsEMJxz6zYNTsvax6cAiqoqEbP/HL7MUkjKoBwrFTXsRPwMiyBEU7HZTdVNMFkiAe0q1HgiCovyxcZW0da6VtBLPURYOXq74kMR0qNIl93RhhCNetNxP+8bgrBhZcxkaRABZk+FKTcgtiapGL1maQE+EgDJpLpv1okxBIT0NmVdQjO7Mrz0DqtOXbNuTmr1E+KOEpoHx2iKnLQOaqja9RATUTQI3pGr+jNeDJejHfjY9q6YBQze+hPGZ8/lpWaPg==</latexit>
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<latexit sha1_base64="dkNdg6BGEQjbV0RCDvfhG+XSxJA="></latexit><latexit sha1_base64="dkNdg6BGEQjbV0RCDvfhG+XSxJA="></latexit><latexit sha1_base64="dkNdg6BGEQjbV0RCDvfhG+XSxJA="></latexit><latexit sha1_base64="dkNdg6BGEQjbV0RCDvfhG+XSxJA="></latexit>

xb̃
1

<latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit><latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit><latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit><latexit sha1_base64="Dcd/aqOmxt6vc7j/uveZr6rPQdk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgK3/XtutNwZsDLxC1JHZVo+fbXIExoFoPQlBOl+q6Tai8nUjPKoagOMgUpoWMyhL6hgsSgvHx2eIFPjBLiKJGmhMYz9fdETmKlJnFgOmOiR2rRm4r/ef1MR1dezkSaaRB0vijKONYJnqaAQyaBaj4xhFDJzK2YjogkVJusqiYEd/HlZdI5b7hOw729qDfPyjgq6Agdo1PkokvURDeohdqIogw9o1f0Zj1ZL9a79TFvXbHKmUP0B9bnDyVqk1E=</latexit>

xb̃
k

<latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit><latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit><latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit><latexit sha1_base64="iCTmFhXNaOKkpdpouIkQt0rH2To=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvHisYD+gjWGzmbRLN5uwuxFryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzpR3n21pZXVvf2KxsVbd3dvdq9v5BRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Abj66nffQCpWCLu9CQFLyZDwSJGiTaSb9ce7/OBZjyEPCgKf+zbdafhzICXiVuSOirR8u2vQZjQLAahKSdK9V0n1V5OpGaUQ1EdZApSQsdkCH1DBYlBefns8AKfGCXEUSJNCY1n6u+JnMRKTeLAdMZEj9SiNxX/8/qZjq68nIk00yDofFGUcawTPE0Bh0wC1XxiCKGSmVsxHRFJqDZZVU0I7uLLy6Rz3nCdhnt7UW+elXFU0BE6RqfIRZeoiW5QC7URRRl6Rq/ozXqyXqx362PeumKVM4foD6zPH31Sk4s=</latexit>

zb̃11 = wb̃
11x

b̃0 + ⌘b̃11
<latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5yp3APnHeXpfVrx08CuqVO8XqV8=">AAACOXicbZBLS8NAFIVv6rtWjW7dBIsoCCVxoxtBcONSwWqhiWUyvdGhkwczN2oN+XFu/AHu/AVuXCji3ulDUOuBgcM5d5i5X5hJocl1n63K1PTM7Nz8QnWxtrS8Yq/WznWaK45NnspUtUKmUYoEmyRIYitTyOJQ4kXYOxr0FzeotEiTM+pnGMTsKhGR4IxM1LHb95eFT0J2sQjLslN4Xnngx4yuw6i4LSe67+ruZ7VV7vhIbGK4Y9fdhjuUM2m8sanDWCcd+8nvpjyPMSEumdZtz80oKJgiwSWWVT/XmDHeY1fYNjZhMeqgGEIonU2TdJ0oVeYk5AzTnzcKFmvdj0MzOVhC/+0G4X9dO6doPyhEkuWECR89FOXSodQZEHW6QiEn2TeGcSXMXx1+zRTjZLhXDQTv78qT5ny34bkN79SFeViHDdgGD/bgEI7hBJrA4QFe4A3erUfr1foY4apYY25r8EvW5xdAiLNH</latexit><latexit sha1_base64="5yp3APnHeXpfVrx08CuqVO8XqV8=">AAACOXicbZBLS8NAFIVv6rtWjW7dBIsoCCVxoxtBcONSwWqhiWUyvdGhkwczN2oN+XFu/AHu/AVuXCji3ulDUOuBgcM5d5i5X5hJocl1n63K1PTM7Nz8QnWxtrS8Yq/WznWaK45NnspUtUKmUYoEmyRIYitTyOJQ4kXYOxr0FzeotEiTM+pnGMTsKhGR4IxM1LHb95eFT0J2sQjLslN4Xnngx4yuw6i4LSe67+ruZ7VV7vhIbGK4Y9fdhjuUM2m8sanDWCcd+8nvpjyPMSEumdZtz80oKJgiwSWWVT/XmDHeY1fYNjZhMeqgGEIonU2TdJ0oVeYk5AzTnzcKFmvdj0MzOVhC/+0G4X9dO6doPyhEkuWECR89FOXSodQZEHW6QiEn2TeGcSXMXx1+zRTjZLhXDQTv78qT5ny34bkN79SFeViHDdgGD/bgEI7hBJrA4QFe4A3erUfr1foY4apYY25r8EvW5xdAiLNH</latexit><latexit sha1_base64="wYMuZi0j89c2H8YzEjRaYfKMaZU=">AAACRHicbVDLSsNAFJ34rPUVdekmWERBKYkb3QgFNy4r2Ac0tUymN+3QyYOZG7WGfJwbP8CdX+DGhSJuxelDqK0HBg7nnMude7xYcIW2/WLMzS8sLi3nVvKra+sbm+bWdlVFiWRQYZGIZN2jCgQPoYIcBdRjCTTwBNS83sXAr92CVDwKr7EfQzOgnZD7nFHUUstsPNykLnLRhtTLslbqONm5G1Dsen56l814v9b9pHWQHbmAdCbcMgt20R7CmiXOmBTIGOWW+ey2I5YEECITVKmGY8fYTKlEzgRkeTdREFPWox1oaBrSAFQzHZaQWftaaVt+JPUL0RqqkxMpDZTqB55ODo5Q095A/M9rJOifNVMexglCyEaL/ERYGFmDRq02l8BQ9DWhTHL9V4t1qaQMde95XYIzffIsqZ4UHbvoXNmF0vG4jhzZJXvkkDjklJTIJSmTCmHkkbySd/JhPBlvxqfxNYrOGeOZHfIHxvcP9JW03A==</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit><latexit sha1_base64="pkPYkMSJ8OPOI8KLq8ux1yL2JkU=">AAACRHicbVDJSgNBFOyJW4xb1KOXwSAKSpgRQS9CwIvHCGaBTAw9nTdJk56F7jdqHObjvPgB3vwCLx4U8Sp2FiEmFjQUVfV4/cqNBFdoWS9GZm5+YXEpu5xbWV1b38hvblVVGEsGFRaKUNZdqkDwACrIUUA9kkB9V0DN7V0M/NotSMXD4Br7ETR92gm4xxlFLbXyjYebxEEu2pC4adpKbDs9d3yKXddL7tIZ79e6n7T200MHkM6EW/mCVbSGMGeJPSYFMka5lX922iGLfQiQCapUw7YibCZUImcC0pwTK4go69EONDQNqA+qmQxLSM09rbRNL5T6BWgO1cmJhPpK9X1XJwdHqGlvIP7nNWL0zpoJD6IYIWCjRV4sTAzNQaNmm0tgKPqaUCa5/qvJulRShrr3nC7Bnj55llSPi7ZVtK9OCqWjcR1ZskN2yQGxySkpkUtSJhXCyCN5Je/kw3gy3oxP42sUzRjjmW3yB8b3D/XVtOA=</latexit>

zb̃12 = wb̃
12x

b̃0 + ⌘b̃12
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Loss function
Output values are evaluated by the following loss function:

where
• n and T # of goods and # of time periods in data
• %𝐸, %𝑎, and (𝑚 Expenditure, minimum quantity, and maximum expenditure

observed in data
• *𝐸, !𝑎, and +𝑚 Fitted expenditure, minimum quantity, and maximum expenditure
• 𝜃! and 𝜃" Tuning parameters for the regularization
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L-2 regularization for identification
of the minimum demand quantity 

L-2 regularization for
identification of the category budget

Sum of Squared Residuals

L =

P
i,t

⇣
log Ēit � log Êit

⌘2

nT
+ ✓a

P
i,t log pit

nT

P
i,t (log āit � log âit)

2

nT
+ ✓m

P
i,t (log m̄t � log m̂t)

2

nT
<latexit sha1_base64="dr9AvmHR4+nFiWPYGDFPERxLxzI="></latexit>



Two counterfactual simulation studies
• Extrapolation

• Does the proposed model predict a reasonable counterfactual demand curve outside of the 
observed price ranges?

• No endogeneity

• Endogeneity
• Is the proposed identification strategy robust to strategic pricing unobserved to researchers?
• Demand fluctuations are perfectly correlated with price fluctuations
• Seasonal price shocks with and without actual demand shocks

12



Extrapolation
• Data generated by a translated CES function

• Six empirical strategies
• Proposed model & neural nets with price term as a predictor
• Proposed model & neural nets with price polynomials as predictors
• Proposed model & Bayesian estimation with price polynomials as predictors

• Log demand model & “off-the-shelf” neural nets with price term as a predictor
• Log demand model & “off-the-shelf” neural nets with price polynomials as predictors
• Log demand model & Bayesian estimation with price polynomials as predictors

13



Extrapolation
• Predicted demand curves
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Extrapolation
• Predicted demand curves
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Extrapolation
• Predicted demand curves
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True expenditure curve
Proposed expenditure−share model with neural nets
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True expenditure curve
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Extrapolation
• Flexible models with “off-the-shelf” neural nets present superior in-sample MSE’s
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Extrapolation
• Out-of-sample MSE’s within observed price ranges are still better

• Researchers may choose flexible models over proposed models

18



Extrapolation
• However, proposed models fit better outside of observed price ranges

• Proposed models offer more accurate counterfactual predictions for optimal pricing
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Endogeneity
• Data generated under cyclical pricing

• Firm is aware of the season, but not aware of the amount of seasonal demand shock
• Firm raises prices during the peak season
• Firm raises prices in reaction to random positive shocks

• Two empirical strategies based on the out-of-sample fit (within range)
• Proposed model & neural nets with price term as a predictor
• Log demand model & “off-the-shelf” neural nets with price term as a predictor

• Two different situations
• There IS true demand shock during peak season
• There IS NOT true demand shock during peak season

20



Endogeneity
• Predictive demand curves robust to endogeneity bias

w/o true demand shock                                               w/ true demand shock
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Endogeneity
• Minimum quantity captures seasonality more robust to strategic pricing

• Mean fixed effects include confounds – i.e., aggregate demand shift due to strategic pricing
• Price responses are also more robust in the proposed framework w/o good instruments

w/o true demand shock                                               w/ true demand shock
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Preliminary application
• Complete transaction data in the diaper category of a grocery store in the Bay area

• Nationwide chain
• Information available at the individual level
• Accurate price/sales information observed

• We analyze weekly aggregation of the sales quantity
• Estimation sample: May 2005 ~ Dec 2006
• Holdout sample: Jan 2007 ~ May 2007
• Small number of data points

• 84 observations in sample
• 22 observations out of sample

• This is a preliminary test
• Further analysis in progress 
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All diapers
• Proposed models predict more stable demand curves, despite small # of obs.

• Flexible predictive models potentially overfit the sample

24



All diapers
• Proposed models improve out of sample MSE’s by about 9~44%

• This is without regime shifts observed

25

In-sample (before 2007) Out-of-sample (after 2007)
P only NN (proposed) 105,928.20 55,404.57
P-poly NN (proposed) 105,845.70 55,497.91

P-poly Bayes (proposed) 107,594.90 62,428.08
P only NN (log demand) 94,440.84 98,498.49

P-poly NN (log demand) 102,349.40 60,975.31
P-poly Bayes (log demand) 101,641.00 89,882.08



Pampers
• Proposed models predict more stable demand curves, despite small # of obs.

• Flexible predictive models potentially overfit the sample

26



Pampers
• Proposed models improve out of sample MSE’s by about 23~28%

• This is without regime shifts observed

27

In-sample (before 2007) Out-of-sample (after 2007)
P only NN (proposed) 14,149.01 13,542.20
P-poly NN (proposed) 14,153.27 13,545.53

P-poly Bayes (proposed) 14,278.67 14,462.53
P only NN (log demand) 12,894.89 18,912.17

P-poly NN (log demand) 12,739.95 17,711.84
P-poly Bayes (log demand) 12,944.71 18,673.13



Takeaways
• We suggest a theory-based identification strategy to decompose demand 

fluctuations into environment-driven shifters and budget-driven price responses
• Our strategy yields a good predictive performance for counterfactual pricing
• It also presents a superior out-of-sample prediction in real-world data

• The proposed model is robust to endogeneity concerns
• It exploits further information in the data – i.e., minimum quantity
• It is useful especially when there is no good instrument 

• The theoretical regularization combined with neural nets offers accurate 
prediction of demand shifters and reasonable approximation of causal price effects
• Scalable and flexible method, yet stable across policy regime spaces

28



Thank you
• Questions and comments: mingyu.joo@ucr.edu

• We can share a preliminary version of manuscript 
• Empirical application not included yet

• Stay well!
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Appendix
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Identification strategy (within-season)
A. Minimum cost-of-living function

• Distinguished from “mean” fixed effects in most demand 
models, the minimum demand quantity identifies the cost-
of-living function - 𝑎!(') - as the baseline demand shifter.

B. Price sensitivity function
• Expenditure for the excess quantity identifies the (pure) 

price sensitivity - )𝑏! ' - as the response to price 
fluctuations.

C. Category budget
• The maximum expenditure over time identifies the category 

budget - 𝑚" - as the upper-bound of the expenditure.
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Theoretical assumptions
Functional (or weak) separability (Deaton and Muellbauer 1980)

• Preferences independent from other categories (e.g., soft drinks vs. clothing)
• Allowing for a separable sub-utility maximization subject to category budget allocation

32

u (y) = u (vC1 (y1, y2, y3) , . . . , vCK (yN�1, yN ))
<latexit sha1_base64="tiz6T+anhBe1lzWun/UmaP5SEWE="></latexit>



Theoretical assumptions
Functional (or weak) separability (Deaton and Muellbauer 1980)

• Preferences independent from other categories (e.g., soft drinks vs. clothing)
• Allowing for a separable sub-utility maximization subject to category budget allocation

Quasi-homotheticity (Gorman 1976, Deaton and Muellbauer 1980)

• Budget increases lead to proportional increases in expenditures, beyond the fixed cost-of-
living.

33

max
y1,y2,y3

vC1 (y1, y2, y3)

s.t. p1y1 + p2y2 + p3y3 = EC1
<latexit sha1_base64="dffavwr3ol6YKWF+3RIydEm+wmc="></latexit>

u (y) = u (vC1 (y1, y2, y3) , . . . , vCK (yN�1, yN ))
<latexit sha1_base64="tiz6T+anhBe1lzWun/UmaP5SEWE="></latexit>

E (p, v) = a (p) + b (p) v
<latexit sha1_base64="hN0Ud8cqLhCnhh1jKGLGGNLXMBY=">AAACOnicdZDLSgMxFIYzXmu9VV26CRahopSZKtiNUBDBZQv2Ap2hZNJMG5q5kJwplKHP5cancOfCjQtF3PoAZtoK2uqBwM//nUPO+d1IcAWm+WQsLa+srq1nNrKbW9s7u7m9/YYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uA65c0hk4qHwR2MIub4pBdwj1MC2urkaje2YB4UbJ9A3/WSaHw2tCXv9eEEX2EyD7/RKXb/QcNOLm8WzUnhRWHNRB7NqtrJPdrdkMY+C4AKolTbMiNwEiKBU8HGWTtWLCJ0QHqsrWVAfKacZHL6GB9rp4u9UOoXAJ64PycS4is18l3dmW6q5llq/sXaMXhlJ+FBFAML6PQjLxYYQpzmiLtcMgpipAWhkutdMe0TSSjotLM6BGv+5EXRKBWt82KpdpGvlGdxZNAhOkIFZKFLVEG3qIrqiKJ79Ixe0ZvxYLwY78bHtHXJmM0coF9lfH4BpZit7w==</latexit>

The minimum cost-of-living
(e.g., eggs to feed family)

Optimal allocation of remaining budget
(e.g., additional eggs for baking)



Empirical model
• Log expenditure of good i at time period t is given by

• Outside option price is normalized to be one (             )
• Minimum cost-of-living for outside option is normalized to be zero (             )
• Budget-relevant cost for outside option is normalized to be one (                                                  )
• Environmental variables control for seasonal fluctuations (    )
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Empirical model
• Log expenditure of good i at time period t is given by

• Outside option price is normalized to be one (             )
• Minimum cost-of-living for outside option is normalized to be zero (             )
• Budget-relevant cost for outside option is normalized to be one (                                                  )
• Environmental variables control for seasonal fluctuations (    )

• Functions to be estimated by neural nets are 
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