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Middle Mile Network Design

Key decisions
1. Connectivity, i.e., buildings to connect.
2. Timing, i.e., trucks departure times.

Objectives
1. Reduce cost.
2. Minimize carbon emissions.
3. Maximize delivery speed.

Time-expanded network flow problem

Intractable at Amazon’s scale!

Origin Consolidation Hub Destination
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yet = trucks on edge e at time t
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Why considering speed?

Network design Delivery Speed

Orders and customer 
satisfaction

Key objective: Design the cheapest and fastest network for our customers 
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Network Design: Connectivity

<latexit sha1_base64="Fi4gUS9wIO5l3qaQWsiIPFPyd80="></latexit>

min
p,v

NetworkCost(p,y)

s.t. (p,y) 2 FeasibleNetwork

Trucks vector variable

Path vector variable
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The speed objective
<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z) = unique items that can be delivered in 1-day

Origin#2

Origin#1
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Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

Origin#2

Origin#1<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

= unique items that can be delivered in 1-day
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s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2
Origin#2

Origin#1<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

� <latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

= unique items that can be delivered in 1-day
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s2
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Speed(z) can be computed via a look-up table

Origin#2

Origin#1<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

� <latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

= unique items that can be delivered in 1-day
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<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z) can be computed via a look-up table

Origin#2

Origin#1<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

� <latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

= unique items that can be delivered in 1-day
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The speed objective
<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z) can be computed via a look-up table

Origin#2

Origin#1<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

= unique items that can be delivered in 1-day
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The speed objective
<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z) can be computed via a look-up table

Origin#2

Origin#1

<latexit sha1_base64="bx3lS1CR+RITsvuJpg+gz7wp4B8=">AAACa3ichVFNS8MwGE7r9/yaelDUQ3AIijBaEfUoevGmglNhLSPN3m1haVqTt+IovfgTvfkPvPgfzGYP6gRfCDx5PkjyJEqlMOh5b447MTk1PTM7V5lfWFxarq6s3pkk0xwaPJGJfoiYASkUNFCghIdUA4sjCfdR/2Ko3z+BNiJRtzhIIYxZV4mO4Awt1aq+BAjPiJg3lHjMoNgb7fMrLbpCFUHN36cH9B/P4T4NuvD4n82nAc9SOhZuVWte3RsNHQd+CWqknOtW9TVoJzyLQSGXzJim76UY5kyj4BKKSpAZSBnvsy40LVQsBhPmo64KumuZNu0k2i6FdMR+T+QsNmYQR9YZM+yZ39qQ/EtrZtg5DXOh0gxB8a+DOpmkmNBh8bQtNHCUAwsY18LelfIe04yj/Z6KLcH//eRxcHdY94/r/s1R7ey8rGOWbJEdskd8ckLOyCW5Jg3Cybuz5Kw7G86Hu+ZuuttfVtcpM2vkx7i7n/2dvBU=</latexit>

Unique(Origin#1) + Unique(Origin#2) � Unique(Origin#1 [Origin#2)

<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

= unique items that can be delivered in 1-day



Amazon Confidential 

The speed objective
<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z) can be computed via a look-up table

Origin#2

Origin#1

<latexit sha1_base64="bx3lS1CR+RITsvuJpg+gz7wp4B8=">AAACa3ichVFNS8MwGE7r9/yaelDUQ3AIijBaEfUoevGmglNhLSPN3m1haVqTt+IovfgTvfkPvPgfzGYP6gRfCDx5PkjyJEqlMOh5b447MTk1PTM7V5lfWFxarq6s3pkk0xwaPJGJfoiYASkUNFCghIdUA4sjCfdR/2Ko3z+BNiJRtzhIIYxZV4mO4Awt1aq+BAjPiJg3lHjMoNgb7fMrLbpCFUHN36cH9B/P4T4NuvD4n82nAc9SOhZuVWte3RsNHQd+CWqknOtW9TVoJzyLQSGXzJim76UY5kyj4BKKSpAZSBnvsy40LVQsBhPmo64KumuZNu0k2i6FdMR+T+QsNmYQR9YZM+yZ39qQ/EtrZtg5DXOh0gxB8a+DOpmkmNBh8bQtNHCUAwsY18LelfIe04yj/Z6KLcH//eRxcHdY94/r/s1R7ey8rGOWbJEdskd8ckLOyCW5Jg3Cybuz5Kw7G86Hu+ZuuttfVtcpM2vkx7i7n/2dvBU=</latexit>

Unique(Origin#1) + Unique(Origin#2) � Unique(Origin#1 [Origin#2)

<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

= unique items that can be delivered in 1-day
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Approximating the speed objective
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Approximating the speed objective
Step 1: Consider truck departure time combinations:

<latexit sha1_base64="F0P/D+hYFbVj1BranT+O5JUavcI="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�
, z2

=


Origin#1 @ Night

Origin#2 @ Morning

�
,

<latexit sha1_base64="h0Veo5wBEAw7BJmTPMBkizWKUmA="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
, z4

=


Origin#1 @ Night

Origin#2 @ Night

�
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Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:
<latexit sha1_base64="/hBtGqTcDInJ30mG/LcnnQmuSoI=">AAACDnicbVC7SgNBFJ2N7/iKWtoMBiE2YVdEbQTRxjKiSYS8mJ29SYbMPpi5K8Rlv8DGX7GxUMTW2s6/cZJsoYkHhjmccy/33uNGUmi07W8rNze/sLi0vJJfXVvf2Cxsbdd0GCsOVR7KUN25TIMUAVRRoIS7SAHzXQl1d3A58uv3oLQIg1scRtDyWS8QXcEZGqlT2NdtQc9o0kRMbiIAL01pqemG0tND33zJQ9oWB51C0S7bY9BZ4mSkSDJUOoWvphfy2IcAuWRaNxw7wlbCFAouIc03Yw0R4wPWg4ahAfNBt5LxOSndN4pHu6EyL0A6Vn93JMzXo+1Mpc+wr6e9kfif14ixe9pKRBDFCAGfDOrGkmJIR9lQTyjgKIeGMK6E2ZXyPlOMo0kwb0Jwpk+eJbXDsnNcdq6PiucXWRzLZJfskRJxyAk5J1ekQqqEk0fyTF7Jm/VkvVjv1sekNGdlPTvkD6zPHzdXnDw=</latexit>

si = Speed(zi)

<latexit sha1_base64="F0P/D+hYFbVj1BranT+O5JUavcI="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�
, z2

=


Origin#1 @ Night

Origin#2 @ Morning

�
,

<latexit sha1_base64="h0Veo5wBEAw7BJmTPMBkizWKUmA="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
, z4

=


Origin#1 @ Night

Origin#2 @ Night

�
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Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:

Step 3: Interpolation via parametric optimization:

<latexit sha1_base64="/hBtGqTcDInJ30mG/LcnnQmuSoI=">AAACDnicbVC7SgNBFJ2N7/iKWtoMBiE2YVdEbQTRxjKiSYS8mJ29SYbMPpi5K8Rlv8DGX7GxUMTW2s6/cZJsoYkHhjmccy/33uNGUmi07W8rNze/sLi0vJJfXVvf2Cxsbdd0GCsOVR7KUN25TIMUAVRRoIS7SAHzXQl1d3A58uv3oLQIg1scRtDyWS8QXcEZGqlT2NdtQc9o0kRMbiIAL01pqemG0tND33zJQ9oWB51C0S7bY9BZ4mSkSDJUOoWvphfy2IcAuWRaNxw7wlbCFAouIc03Yw0R4wPWg4ahAfNBt5LxOSndN4pHu6EyL0A6Vn93JMzXo+1Mpc+wr6e9kfif14ixe9pKRBDFCAGfDOrGkmJIR9lQTyjgKIeGMK6E2ZXyPlOMo0kwb0Jwpk+eJbXDsnNcdq6PiucXWRzLZJfskRJxyAk5J1ekQqqEk0fyTF7Jm/VkvVjv1sekNGdlPTvkD6zPHzdXnDw=</latexit>

si = Speed(zi)

<latexit sha1_base64="9pLVjyiKocm6agkrKEP6gpCNv78=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVQlCwFjBwlgk+pDaUDmO01p17Mh2QCXqf7AwgBAr/8LG3+C0GaDlSJaPzrlXPj5Bwpk2rvvtLC2vrK6tlzbKm1vbO7uVvf2WlqkitEkkl6oTYE05E7RpmOG0kyiK44DTdjC6zv32A1WaSXFnxgn1YzwQLGIEGyvd9wLJQz2O7ZU9TfqVqltzp0CLxCtIFQo0+pWvXihJGlNhCMdadz03MX6GlWGE00m5l2qaYDLCA9q1VOCYaj+bpp6gY6uEKJLKHmHQVP29keFY59HsZIzNUM97ufif101NdOlnTCSpoYLMHopSjoxEeQUoZIoSw8eWYKKYzYrIECtMjC2qbEvw5r+8SFqnNe+85t2eVetXRR0lOIQjOAEPLqAON9CAJhBQ8Ayv8OY8Oi/Ou/MxG11yip0D+APn8wdYTpMR</latexit>z

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

Origin#2

Origin#1
<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

<latexit sha1_base64="F0P/D+hYFbVj1BranT+O5JUavcI="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�
, z2

=


Origin#1 @ Night

Origin#2 @ Morning

�
,

<latexit sha1_base64="h0Veo5wBEAw7BJmTPMBkizWKUmA="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
, z4

=


Origin#1 @ Night

Origin#2 @ Night

�
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<latexit sha1_base64="pjB6Gwe3oNzp86pvJ7c5HTUEYGU="></latexit>

Speed(z) = max
↵�0

X

i

↵isi

subject to
X

i

↵izi = z

X

i

↵i
d = 1

Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:

Step 3: Interpolation via parametric optimization:

<latexit sha1_base64="/hBtGqTcDInJ30mG/LcnnQmuSoI=">AAACDnicbVC7SgNBFJ2N7/iKWtoMBiE2YVdEbQTRxjKiSYS8mJ29SYbMPpi5K8Rlv8DGX7GxUMTW2s6/cZJsoYkHhjmccy/33uNGUmi07W8rNze/sLi0vJJfXVvf2Cxsbdd0GCsOVR7KUN25TIMUAVRRoIS7SAHzXQl1d3A58uv3oLQIg1scRtDyWS8QXcEZGqlT2NdtQc9o0kRMbiIAL01pqemG0tND33zJQ9oWB51C0S7bY9BZ4mSkSDJUOoWvphfy2IcAuWRaNxw7wlbCFAouIc03Yw0R4wPWg4ahAfNBt5LxOSndN4pHu6EyL0A6Vn93JMzXo+1Mpc+wr6e9kfif14ixe9pKRBDFCAGfDOrGkmJIR9lQTyjgKIeGMK6E2ZXyPlOMo0kwb0Jwpk+eJbXDsnNcdq6PiucXWRzLZJfskRJxyAk5J1ekQqqEk0fyTF7Jm/VkvVjv1sekNGdlPTvkD6zPHzdXnDw=</latexit>

si = Speed(zi)

<latexit sha1_base64="9pLVjyiKocm6agkrKEP6gpCNv78=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVQlCwFjBwlgk+pDaUDmO01p17Mh2QCXqf7AwgBAr/8LG3+C0GaDlSJaPzrlXPj5Bwpk2rvvtLC2vrK6tlzbKm1vbO7uVvf2WlqkitEkkl6oTYE05E7RpmOG0kyiK44DTdjC6zv32A1WaSXFnxgn1YzwQLGIEGyvd9wLJQz2O7ZU9TfqVqltzp0CLxCtIFQo0+pWvXihJGlNhCMdadz03MX6GlWGE00m5l2qaYDLCA9q1VOCYaj+bpp6gY6uEKJLKHmHQVP29keFY59HsZIzNUM97ufif101NdOlnTCSpoYLMHopSjoxEeQUoZIoSw8eWYKKYzYrIECtMjC2qbEvw5r+8SFqnNe+85t2eVetXRR0lOIQjOAEPLqAON9CAJhBQ8Ayv8OY8Oi/Ou/MxG11yip0D+APn8wdYTpMR</latexit>z

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

Origin#2

Origin#1
<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

<latexit sha1_base64="F0P/D+hYFbVj1BranT+O5JUavcI="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�
, z2

=


Origin#1 @ Night

Origin#2 @ Morning

�
,

<latexit sha1_base64="h0Veo5wBEAw7BJmTPMBkizWKUmA="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
, z4

=


Origin#1 @ Night

Origin#2 @ Night

�
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<latexit sha1_base64="pjB6Gwe3oNzp86pvJ7c5HTUEYGU="></latexit>

Speed(z) = max
↵�0

X

i

↵isi

subject to
X

i

↵izi = z

X

i

↵i
d = 1

Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:

Step 3: Interpolation via parametric optimization:

Parameter defining the 
optimal value of the LP

<latexit sha1_base64="/hBtGqTcDInJ30mG/LcnnQmuSoI=">AAACDnicbVC7SgNBFJ2N7/iKWtoMBiE2YVdEbQTRxjKiSYS8mJ29SYbMPpi5K8Rlv8DGX7GxUMTW2s6/cZJsoYkHhjmccy/33uNGUmi07W8rNze/sLi0vJJfXVvf2Cxsbdd0GCsOVR7KUN25TIMUAVRRoIS7SAHzXQl1d3A58uv3oLQIg1scRtDyWS8QXcEZGqlT2NdtQc9o0kRMbiIAL01pqemG0tND33zJQ9oWB51C0S7bY9BZ4mSkSDJUOoWvphfy2IcAuWRaNxw7wlbCFAouIc03Yw0R4wPWg4ahAfNBt5LxOSndN4pHu6EyL0A6Vn93JMzXo+1Mpc+wr6e9kfif14ixe9pKRBDFCAGfDOrGkmJIR9lQTyjgKIeGMK6E2ZXyPlOMo0kwb0Jwpk+eJbXDsnNcdq6PiucXWRzLZJfskRJxyAk5J1ekQqqEk0fyTF7Jm/VkvVjv1sekNGdlPTvkD6zPHzdXnDw=</latexit>

si = Speed(zi)

<latexit sha1_base64="9pLVjyiKocm6agkrKEP6gpCNv78=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVQlCwFjBwlgk+pDaUDmO01p17Mh2QCXqf7AwgBAr/8LG3+C0GaDlSJaPzrlXPj5Bwpk2rvvtLC2vrK6tlzbKm1vbO7uVvf2WlqkitEkkl6oTYE05E7RpmOG0kyiK44DTdjC6zv32A1WaSXFnxgn1YzwQLGIEGyvd9wLJQz2O7ZU9TfqVqltzp0CLxCtIFQo0+pWvXihJGlNhCMdadz03MX6GlWGE00m5l2qaYDLCA9q1VOCYaj+bpp6gY6uEKJLKHmHQVP29keFY59HsZIzNUM97ufif101NdOlnTCSpoYLMHopSjoxEeQUoZIoSw8eWYKKYzYrIECtMjC2qbEvw5r+8SFqnNe+85t2eVetXRR0lOIQjOAEPLqAON9CAJhBQ8Ayv8OY8Oi/Ou/MxG11yip0D+APn8wdYTpMR</latexit>z

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

Origin#2

Origin#1
<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�

<latexit sha1_base64="F0P/D+hYFbVj1BranT+O5JUavcI="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�
, z2

=


Origin#1 @ Night

Origin#2 @ Morning

�
,

<latexit sha1_base64="h0Veo5wBEAw7BJmTPMBkizWKUmA="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
, z4

=


Origin#1 @ Night

Origin#2 @ Night

�
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<latexit sha1_base64="pjB6Gwe3oNzp86pvJ7c5HTUEYGU="></latexit>

Speed(z) = max
↵�0

X

i

↵isi

subject to
X

i

↵izi = z

X

i

↵i
d = 1

Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:

Step 3: Interpolation via parametric optimization:

Parameter defining the 
optimal value of the LP

<latexit sha1_base64="9pLVjyiKocm6agkrKEP6gpCNv78=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVQlCwFjBwlgk+pDaUDmO01p17Mh2QCXqf7AwgBAr/8LG3+C0GaDlSJaPzrlXPj5Bwpk2rvvtLC2vrK6tlzbKm1vbO7uVvf2WlqkitEkkl6oTYE05E7RpmOG0kyiK44DTdjC6zv32A1WaSXFnxgn1YzwQLGIEGyvd9wLJQz2O7ZU9TfqVqltzp0CLxCtIFQo0+pWvXihJGlNhCMdadz03MX6GlWGE00m5l2qaYDLCA9q1VOCYaj+bpp6gY6uEKJLKHmHQVP29keFY59HsZIzNUM97ufif101NdOlnTCSpoYLMHopSjoxEeQUoZIoSw8eWYKKYzYrIECtMjC2qbEvw5r+8SFqnNe+85t2eVetXRR0lOIQjOAEPLqAON9CAJhBQ8Ayv8OY8Oi/Ou/MxG11yip0D+APn8wdYTpMR</latexit>z

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

Origin#2

Origin#1
<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
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<latexit sha1_base64="pjB6Gwe3oNzp86pvJ7c5HTUEYGU="></latexit>

Speed(z) = max
↵�0

X

i

↵isi

subject to
X

i

↵izi = z

X

i

↵i
d = 1

Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:

Step 3: Interpolation via parametric optimization:

Parameter defining the 
optimal value of the LP

<latexit sha1_base64="9pLVjyiKocm6agkrKEP6gpCNv78=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVQlCwFjBwlgk+pDaUDmO01p17Mh2QCXqf7AwgBAr/8LG3+C0GaDlSJaPzrlXPj5Bwpk2rvvtLC2vrK6tlzbKm1vbO7uVvf2WlqkitEkkl6oTYE05E7RpmOG0kyiK44DTdjC6zv32A1WaSXFnxgn1YzwQLGIEGyvd9wLJQz2O7ZU9TfqVqltzp0CLxCtIFQo0+pWvXihJGlNhCMdadz03MX6GlWGE00m5l2qaYDLCA9q1VOCYaj+bpp6gY6uEKJLKHmHQVP29keFY59HsZIzNUM97ufif101NdOlnTCSpoYLMHopSjoxEeQUoZIoSw8eWYKKYzYrIECtMjC2qbEvw5r+8SFqnNe+85t2eVetXRR0lOIQjOAEPLqAON9CAJhBQ8Ayv8OY8Oi/Ou/MxG11yip0D+APn8wdYTpMR</latexit>z

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

Origin#2

Origin#1

<latexit sha1_base64="6Ej+Cz6DQa00zPoMtYOTTseFceA="></latexit>

min
p,y,z

NetworkCost(p,y)� Speed(z)

s.t. (p,y) 2 FeasibleNetwork

z 2 FeasibleSchedule(p)

<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
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<latexit sha1_base64="pjB6Gwe3oNzp86pvJ7c5HTUEYGU="></latexit>

Speed(z) = max
↵�0

X

i

↵isi

subject to
X

i

↵izi = z

X

i

↵i
d = 1

Approximating the speed objective
Step 1: Consider truck departure time combinations:

Step 2: Compute speed for each combination:

Step 3: Interpolation via parametric optimization:

Parameter defining the 
optimal value of the LP

<latexit sha1_base64="9pLVjyiKocm6agkrKEP6gpCNv78=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVQlCwFjBwlgk+pDaUDmO01p17Mh2QCXqf7AwgBAr/8LG3+C0GaDlSJaPzrlXPj5Bwpk2rvvtLC2vrK6tlzbKm1vbO7uVvf2WlqkitEkkl6oTYE05E7RpmOG0kyiK44DTdjC6zv32A1WaSXFnxgn1YzwQLGIEGyvd9wLJQz2O7ZU9TfqVqltzp0CLxCtIFQo0+pWvXihJGlNhCMdadz03MX6GlWGE00m5l2qaYDLCA9q1VOCYaj+bpp6gY6uEKJLKHmHQVP29keFY59HsZIzNUM97ufif101NdOlnTCSpoYLMHopSjoxEeQUoZIoSw8eWYKKYzYrIECtMjC2qbEvw5r+8SFqnNe+85t2eVetXRR0lOIQjOAEPLqAON9CAJhBQ8Ayv8OY8Oi/Ou/MxG11yip0D+APn8wdYTpMR</latexit>z

<latexit sha1_base64="RViUdW2V/4qkUFyUdQWCK1pG0Hc=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSDES9gVUY9BLx4jmgckIczOdpIhsw9meoW47MmLv+LFgyJe/QZv/o2zSQ6aWDBMUdVNd5cbSaHRtr+thcWl5ZXV3Fp+fWNza7uws1vXYaw41HgoQ9V0mQYpAqihQAnNSAHzXQkNd3iV+Y17UFqEwR2OIuj4rB+InuAMjdQtHCRtRJrcRgBempbabig9PfLNlzykx91C0S7bY9B54kxJkUxR7Ra+2l7IYx8C5JJp3XLsCDsJUyi4hDTfjjVEjA9ZH1qGBswH3UnGZ6T0yCge7YXKvADpWP3dkTBfZ7uZSp/hQM96mfif14qxd9FJRBDFCAGfDOrFkmJIs0yoJxRwlCNDGFfC7Er5gCnG0SSXNyE4syfPk/pJ2TkrOzenxcrlNI4c2SeHpEQcck4q5JpUSY1w8kieySt5s56sF+vd+piULljTnj3yB9bnD/DumW4=</latexit>

Speed(z)

<latexit sha1_base64="PxVPm8wgXviljJttTkSW7o2Cp7w=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmVF+4A2lslk0g6dTMLMRCih4A+41T9wJ279FX/A73CSZmFbDwwczrmXe+Z4MWdK2/a3VVpZXVvfKG9WtrZ3dveq+wdtFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm8zvPFGpWCQe9CSmboiHggWMYG2ke/XoDKo1u27nQMvEKUgNCjQH1Z++H5EkpEITjpXqOXas3RRLzQin00o/UTTGZIyHtGeowCFVbppHnaITo/goiKR5QqNc/buR4lCpSeiZyRDrkVr0MvE/r5fo4MpNmYgTTQWZHQoSjnSEsn8jn0lKNJ8YgolkJisiIywx0aaduSu+yqJNK6YYZ7GGZdI+qzsXdefuvNa4LioqwxEcwyk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+Z6Mlq9g5hDlYX78xBZYd</latexit>

s1

<latexit sha1_base64="G8ys/AWG5JJvil/m3iVpcRyGRTg=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0a1WnXnXuLiqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULMp2WHg==</latexit>

s2

<latexit sha1_base64="xKLtIlMy+xo8/MknNU9FcN5YP/s=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRa1GXRjcuK9gFtLJPJpB06mYSZiVBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86HFM3RAPBAsYwdpI9+rxvF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7Jok5IpxlmsYZm0zqrORdW5q1Xq13lFRTiCYzgFBy6hDrfQgCYQGMALvMKb9Wy9Wx/W52y0YOU7hzAH6+sXNDWWHw==</latexit>

s3

<latexit sha1_base64="WiEywwKKvI4ADA5kP1C064O293A=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV7QPaWCaTSTt0MgkzE6GEgj/gVv/Anbj1V/wBv8NJm4VtPTBwOOde7pnjxZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQlsk4pHselhRzgRtaaY57caS4tDjtOONbzK/80SlYpF40JOYuiEeChYwgrWR7tVjbVCu2FV7BrRKnJxUIEdzUP7p+xFJQio04VipnmPH2k2x1IxwOi31E0VjTMZ4SHuGChxS5aazqFN0ZhQfBZE0T2g0U/9upDhUahJ6ZjLEeqSWvUz8z+slOrhyUybiRFNB5oeChCMdoezfyGeSEs0nhmAimcmKyAhLTLRpZ+GKr7Jo05IpxlmuYZW0L6pOverc1SqN67yiIpzAKZyDA5fQgFtoQgsIDOEFXuHNerberQ/rcz5asPKdY1iA9fULNc2WIA==</latexit>

s4

Origin#2

Origin#1

<latexit sha1_base64="r1MB5yfX0sP28W3KuQEFreUcrDQ="></latexit>

min
p,y,z,↵>0

NetworkCost(p,y)�
P

i ↵
isi

s.t. (p,y) 2 FeasibleNetwork,

z 2 FeasibleSchedule(p)
P

i ↵
izi = z,

P
i ↵

i = 1

<latexit sha1_base64="ivBs7mTE3A33EqgN3yS5mT0FbBQ="></latexit>

z1
=


Origin#1 @ Morning

Origin#2 @ Morning

�

<latexit sha1_base64="U+yXHQosUf9evO4fyw8PHUInmyo="></latexit>

z4
=


Origin#1 @ Night

Origin#2 @ Night

�

<latexit sha1_base64="53ubwFb2dgLzutCKDMcJeQmrDLI="></latexit>

z2
=


Origin#1 @ Night

Origin#2 @ Morning

�

<latexit sha1_base64="5FFQO8KKjfgfkUA5+E0kH+lQVeQ="></latexit>

z3
=


Origin#1 @ Morning

Origin#2 @ Night

�
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Outline

► Motivation

► Problem formulation

► Solution strategy

► Results
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Results on a randomly generated datasets
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Results on a randomly generated datasets
Results on 4 randomly generated datasets

► Location of nodes generated at random (cost of operating a truck proportional to distance)
► Items stored in each warehouse randomly generated
► Assuming a 0.1 conversion factor from speed and cost
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Results on a randomly generated datasets
Results on 4 randomly generated datasets

► Location of nodes generated at random (cost of operating a truck proportional to distance)
► Items stored in each warehouse randomly generated
► Assuming a 0.1 conversion factor from speed and cost

Speed parametric approximation compute by subsampling datapoint

<latexit sha1_base64="8ZDkhtERKuCUAfhgYcjOwTsFIhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJPtpl262Sy7G6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvlJxp43nfTmltfWNzq7xd2dnd2z+oHh61dZIqQlsk4YnqhqgpZ4K2DDOcdqWiGIecdsLJXe53nqjSLBGPZippEONIsIgRNFbq9CcoJVYG1ZpX9+ZwV4lfkBoUaA6qX/1hQtKYCkM4at3zPWmCDJVhhNNZpZ9qKpFMcER7lgqMqQ6y+bkz98wqQzdKlC1h3Ln6eyLDWOtpHNrOGM1YL3u5+J/XS010E2RMyNRQQRaLopS7JnHz390hU5QYPrUEiWL2VpeMUSExNqE8BH/55VXSvqj7V3X/4bLWuC3iKMMJnMI5+HANDbiHJrSAwASe4RXeHOm8OO/Ox6K15BQzx/AHzucPzqOPOQ==</latexit>Take all combination for top      origins
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Results on a randomly generated datasets

8.36% 
improvement 
over baseline

Baseline 
method only 
considering cost
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Summary
Problem
► Speed and cost should be jointly optimised
► Speed objective is submodular and can be evaluated with a data query

Solution
► Leverage parametric optimization
► Subsampling strategy to reduce complexity

Results
► 8.36% speed and cost benefits compared to baseline
► No additional computational cost compared to baseline


