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Example	of	bipartite	
entanglement	(Bell	pair)

Example	of	tripartite	
entanglement	(3-qubit	GHZ)

*See first few slides of Performance 2020 talk “On the Exact Analysis of a 
Quantum Switch” for brief background on quantum communication and 

quantum entanglement switching
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Talk	Outline

- Problem	statement

- Switch	description

- Analysis

- Results

- Summary	&	Future	Directions
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Bell pairs,
link-level entanglement
longer-distance Bell pair,

Entanglement	Distribution

4

- Teleportation	(consumes	one	Bell	pair)
- Use	directly,	e.g.,	in	E91	or	similar	protocols

U

swap

|0iA |0iB + |1iA |1iBp
2

<latexit sha1_base64="IldvRUzhttXYzkj2Us6R7L/QQyQ="></latexit>
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Greenberger–Horne–Zeilinger
(GHZ)	projection

GHZ	States

|GHZi = |0i⌦n + |1i⌦n

p
2

<latexit sha1_base64="p9M1FH0bY7wDAwodIuvWys1NWb8="></latexit>

n-partite	GHZ	state

Used	in	multiparty	QKD,	secret	sharing,	quantum	sensing,	
multipartite	generalization	of	superdense coding…
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k=5 links
n=3	or 2

Bi-,	Tripartite	Switching
Bell state

GHZ state
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Q1:	What	is	the	capacity	region	of	the	switch?
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<latexit sha1_base64="ib4ERRALTtkjArFtWcUDv8a+lq4=">AAACMnicbVC7SgNBFJ31GeMramnhYBBiE3ajoGXQxjKCeUASwuzkRofM7iwzd8WwpPRrbPVjtBNbP8HC2WQLk3hg4HDOfcw9fiSFQdd9d5aWV1bX1nMb+c2t7Z3dwt5+w6hYc6hzJZVu+cyAFCHUUaCEVqSBBb6Epj+8Tv3mI2gjVHiHowi6AbsPxUBwhlbqFY6ue5UOwhMmtOSLiGk7AyhnEeMCR6fjXqHolt0J6CLxMlIkGWq9wk+nr3gcQIhcMmPanhthN0kHcwnjfCc2YIcP2T20LQ1ZAKabTA4Z0xOr9OlAaftCpBP1b0fCAmNGgW8rA4YPZt5Lxf+8doyDy24iwihGCPl00SCWFBVNU6F9oYGjHFnCuBb2r5Q/MM042uxmtviaDQFn7kjSfaiUNGlc3nw4i6RRKXtn5crtebF6lQWXI4fkmJSIRy5IldyQGqkTTp7JC3klb86r8+F8Ol/T0iUn6zkgM3C+fwGl+Kup</latexit>

C3 (tripartite capacity)
<latexit sha1_base64="aplh4EORyAssyVOdixOWm7lYx5I=">AAACM3icbVDLSsNAFJ34rPUVdelmsAh1UxIr6LLYjUsFq0JbymR6W4dOMmHmRgyhW7/Gbf0XcSdu/QMXTmoWtnpg4HDOfcw9QSyFQc97dRYWl5ZXVktr5fWNza1td2f3xqhEc2hxJZW+C5gBKSJooUAJd7EGFgYSboNRM/dvH0AboaJrTGPohmwYiYHgDK3Uc2mzV+8gPGJGq6hFzLQdApSzmHGB6dG451a8mjcF/Uv8glRIgcue+9XpK56EECGXzJi278XYzfLBXMK43EkM2OEjNoS2pRELwXSz6SVjemiVPh0obV+EdKr+7shYaEwaBrYyZHhv5r1c/M9rJzg462YiihOEiP8sGiSSoqJ5LLQvNHCUqSWMa2H/Svk904yjDW9mS6DZCHDmjizfh0pJk8flz4fzl9wc1/x67fjqpNI4L4IrkX1yQKrEJ6ekQS7IJWkRTp7IM5mQF2fivDnvzsdP6YJT9OyRGTif37jrrDg=</latexit>

?
<latexit sha1_base64="vCaTPsxFA8QnokPrRO4yXSSOnsI=">AAACEnicbVBNS8NAEN34WetX1aOXYBE8laQKerPoxWML9gPaUDbbSbt0kw27E6GE/gKv9c94E6/+Af+LBzdtDrZ1YODx3gxv5vmx4Bod59va2Nza3tkt7BX3Dw6Pjksnpy0tE8WgyaSQquNTDYJH0ESOAjqxAhr6Atr++DHT2y+gNJfRM05i8EI6jHjAGUVDNe77pbJTceZlrwM3B2WSV71f+ukNJEtCiJAJqnXXdWL0UqqQMwHTYi/REFM2pkPoGhjRELSXzg+d2peGGdiBVKYjtOfs342UhlpPQt9MhhRHelXLyP+0boLBnZfyKE4QIrYwChJho7Szr+0BV8BQTAygTHFzq81GVFGGJpslF1/RMeDSH2nmh1IKPTVxuavhrINWteJeV6qNm3LtIQ+uQM7JBbkiLrklNfJE6qRJGAHySmbkzZpZ79aH9bkY3bDynTOyVNbXLx/knvs=</latexit>

#	
BS
M
s/
se
c

#	GHZs/sec
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C2
<latexit sha1_base64="j59WMif774ik72PzXkQ4Qo/G9KU=">AAACFHicbVA9SwNBEN3zM8avqKXNYhCswl0UtAymsYxoPiA5wt5mL1myt3vszgnhyE+wjX/GTmzt/S8W7iVXmMSBgcd7M7yZF8SCG3Ddb2djc2t7Z7ewV9w/ODw6Lp2ctoxKNGVNqoTSnYAYJrhkTeAgWCfWjESBYO1gXM/09gvThiv5DJOY+REZSh5ySsBST/V+tV8quxV3XngdeDkoo7wa/dJPb6BoEjEJVBBjup4bg58SDZwKNi32EsNiQsdkyLoWShIx46fzU6f40jIDHCptWwKes383UhIZM4kCOxkRGJlVLSP/07oJhHd+ymWcAJN0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1rxrivVx5ty7T4ProDO0QW6Qh66RTX0gBqoiSgaolc0Q2/OzHl3PpzPxeiGk++coaVyvn4BZTyfpA==</latexit>

C3
<latexit sha1_base64="VomgIZ2LyJ7g/qDtFgl783wrPP4=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxIndgoiWRxhKjfCRwIXvLAhv2di+7cybkwk+wxT9jZ2zt/S8W7sEVAk4yyct7M3kzL4gEN+C6305ua3tndy+/Xzg4PDo+KZ6etYyKNWVNqoTSnYAYJrhkTeAgWCfSjISBYO1gUk/19gvThiv5DNOI+SEZST7klIClnur9ar9YcsvuovAm8DJQQlk1+sWf3kDROGQSqCDGdD03Aj8hGjgVbFboxYZFhE7IiHUtlCRkxk8Wp87wlWUGeKi0bQl4wf7dSEhozDQM7GRIYGzWtZT8T+vGMLzzEy6jGJikS6NhLDAonP6NB1wzCmJqAaGa21sxHRNNKNh0VlwCTSYMVv5IUj9QSpiZjctbD2cTtCplr1quPN6UavdZcHl0gS7RNfLQLaqhB9RATUTRCL2iOXpz5s678+F8LkdzTrZzjlbK+foFZuqfpQ==</latexit>

Q1:	What	is	the	capacity	region	of	the	switch?
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C⇤
2

<latexit sha1_base64="B7QOoFnJmqWF5nWeZ75QoXcXpRk=">AAACFnicbVBNT8JAEN3iF+IX6tHLRmJiPJAWTfRI5OIREwskUMl22cKGbbfZnZqQht/gFf+MN+PVq//Fg1voQcBJJnl5byZv5vmx4Bps+9sqbGxube8Ud0t7+weHR+Xjk5aWiaLMpVJI1fGJZoJHzAUOgnVixUjoC9b2x41Mb78wpbmMnmASMy8kw4gHnBIwlNvo156v+uWKXbXnhdeBk4MKyqvZL//0BpImIYuACqJ117Fj8FKigFPBpqVeollM6JgMWdfAiIRMe+n82Cm+MMwAB1KZjgDP2b8bKQm1noS+mQwJjPSqlpH/ad0Egjsv5VGcAIvowihIBAaJs8/xgCtGQUwMIFRxcyumI6IIBZPPkouvyJjB0h9p5gdSCj01cTmr4ayDVq3qXFdrjzeV+n0eXBGdoXN0iRx0i+roATWRiyji6BXN0Js1s96tD+tzMVqw8p1TtFTW1y+V56BA</latexit>

C⇤
3

<latexit sha1_base64="X9hi06HauEwhv0WlEXcj1NgH5no=">AAACFnicbVBNT8JAEN36ifiFevSykZgYD6QFEz0SuXjExAIJVLJdtrBh2212pyak4Td4xT/jzXj16n/x4BZ6EHCSSV7em8mbeX4suAbb/rY2Nre2d3YLe8X9g8Oj49LJaUvLRFHmUimk6vhEM8Ej5gIHwTqxYiT0BWv740amt1+Y0lxGTzCJmReSYcQDTgkYym30a8/X/VLZrtjzwuvAyUEZ5dXsl356A0mTkEVABdG669gxeClRwKlg02Iv0SwmdEyGrGtgREKmvXR+7BRfGmaAA6lMR4Dn7N+NlIRaT0LfTIYERnpVy8j/tG4CwZ2X8ihOgEV0YRQkAoPE2ed4wBWjICYGEKq4uRXTEVGEgslnycVXZMxg6Y808wMphZ6auJzVcNZBq1pxapXq4025fp8HV0Dn6AJdIQfdojp6QE3kIoo4ekUz9GbNrHfrw/pcjG5Y+c4ZWirr6xeXl6BB</latexit>

Q1:	What	is	the	capacity	region	of	the	switch?

only	BSMs

only	GHZs

C2
<latexit sha1_base64="j59WMif774ik72PzXkQ4Qo/G9KU=">AAACFHicbVA9SwNBEN3zM8avqKXNYhCswl0UtAymsYxoPiA5wt5mL1myt3vszgnhyE+wjX/GTmzt/S8W7iVXmMSBgcd7M7yZF8SCG3Ddb2djc2t7Z7ewV9w/ODw6Lp2ctoxKNGVNqoTSnYAYJrhkTeAgWCfWjESBYO1gXM/09gvThiv5DJOY+REZSh5ySsBST/V+tV8quxV3XngdeDkoo7wa/dJPb6BoEjEJVBBjup4bg58SDZwKNi32EsNiQsdkyLoWShIx46fzU6f40jIDHCptWwKes383UhIZM4kCOxkRGJlVLSP/07oJhHd+ymWcAJN0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1rxrivVx5ty7T4ProDO0QW6Qh66RTX0gBqoiSgaolc0Q2/OzHl3PpzPxeiGk++coaVyvn4BZTyfpA==</latexit>

C3
<latexit sha1_base64="VomgIZ2LyJ7g/qDtFgl783wrPP4=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxIndgoiWRxhKjfCRwIXvLAhv2di+7cybkwk+wxT9jZ2zt/S8W7sEVAk4yyct7M3kzL4gEN+C6305ua3tndy+/Xzg4PDo+KZ6etYyKNWVNqoTSnYAYJrhkTeAgWCfSjISBYO1gUk/19gvThiv5DNOI+SEZST7klIClnur9ar9YcsvuovAm8DJQQlk1+sWf3kDROGQSqCDGdD03Aj8hGjgVbFboxYZFhE7IiHUtlCRkxk8Wp87wlWUGeKi0bQl4wf7dSEhozDQM7GRIYGzWtZT8T+vGMLzzEy6jGJikS6NhLDAonP6NB1wzCmJqAaGa21sxHRNNKNh0VlwCTSYMVv5IUj9QSpiZjctbD2cTtCplr1quPN6UavdZcHl0gS7RNfLQLaqhB9RATUTRCL2iOXpz5s678+F8LkdzTrZzjlbK+foFZuqfpQ==</latexit>
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Q1:	What	is	the	capacity	region	of	the	switch?

10

Time	Division	
Multiplexing	
(TDM)	line

C⇤
2

<latexit sha1_base64="B7QOoFnJmqWF5nWeZ75QoXcXpRk=">AAACFnicbVBNT8JAEN3iF+IX6tHLRmJiPJAWTfRI5OIREwskUMl22cKGbbfZnZqQht/gFf+MN+PVq//Fg1voQcBJJnl5byZv5vmx4Bps+9sqbGxube8Ud0t7+weHR+Xjk5aWiaLMpVJI1fGJZoJHzAUOgnVixUjoC9b2x41Mb78wpbmMnmASMy8kw4gHnBIwlNvo156v+uWKXbXnhdeBk4MKyqvZL//0BpImIYuACqJ117Fj8FKigFPBpqVeollM6JgMWdfAiIRMe+n82Cm+MMwAB1KZjgDP2b8bKQm1noS+mQwJjPSqlpH/ad0Egjsv5VGcAIvowihIBAaJs8/xgCtGQUwMIFRxcyumI6IIBZPPkouvyJjB0h9p5gdSCj01cTmr4ayDVq3qXFdrjzeV+n0eXBGdoXN0iRx0i+roATWRiyji6BXN0Js1s96tD+tzMVqw8p1TtFTW1y+V56BA</latexit>

C⇤
3

<latexit sha1_base64="X9hi06HauEwhv0WlEXcj1NgH5no=">AAACFnicbVBNT8JAEN36ifiFevSykZgYD6QFEz0SuXjExAIJVLJdtrBh2212pyak4Td4xT/jzXj16n/x4BZ6EHCSSV7em8mbeX4suAbb/rY2Nre2d3YLe8X9g8Oj49LJaUvLRFHmUimk6vhEM8Ej5gIHwTqxYiT0BWv740amt1+Y0lxGTzCJmReSYcQDTgkYym30a8/X/VLZrtjzwuvAyUEZ5dXsl356A0mTkEVABdG669gxeClRwKlg02Iv0SwmdEyGrGtgREKmvXR+7BRfGmaAA6lMR4Dn7N+NlIRaT0LfTIYERnpVy8j/tG4CwZ2X8ihOgEV0YRQkAoPE2ed4wBWjICYGEKq4uRXTEVGEgslnycVXZMxg6Y808wMphZ6auJzVcNZBq1pxapXq4025fp8HV0Dn6AJdIQfdojp6QE3kIoo4ekUz9GbNrHfrw/pcjG5Y+c4ZWirr6xeXl6BB</latexit>

only	BSMs

only	GHZs

C2
<latexit sha1_base64="j59WMif774ik72PzXkQ4Qo/G9KU=">AAACFHicbVA9SwNBEN3zM8avqKXNYhCswl0UtAymsYxoPiA5wt5mL1myt3vszgnhyE+wjX/GTmzt/S8W7iVXmMSBgcd7M7yZF8SCG3Ddb2djc2t7Z7ewV9w/ODw6Lp2ctoxKNGVNqoTSnYAYJrhkTeAgWCfWjESBYO1gXM/09gvThiv5DJOY+REZSh5ySsBST/V+tV8quxV3XngdeDkoo7wa/dJPb6BoEjEJVBBjup4bg58SDZwKNi32EsNiQsdkyLoWShIx46fzU6f40jIDHCptWwKes383UhIZM4kCOxkRGJlVLSP/07oJhHd+ymWcAJN0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1rxrivVx5ty7T4ProDO0QW6Qh66RTX0gBqoiSgaolc0Q2/OzHl3PpzPxeiGk++coaVyvn4BZTyfpA==</latexit>

C3
<latexit sha1_base64="VomgIZ2LyJ7g/qDtFgl783wrPP4=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxIndgoiWRxhKjfCRwIXvLAhv2di+7cybkwk+wxT9jZ2zt/S8W7sEVAk4yyct7M3kzL4gEN+C6305ua3tndy+/Xzg4PDo+KZ6etYyKNWVNqoTSnYAYJrhkTeAgWCfSjISBYO1gUk/19gvThiv5DNOI+SEZST7klIClnur9ar9YcsvuovAm8DJQQlk1+sWf3kDROGQSqCDGdD03Aj8hGjgVbFboxYZFhE7IiHUtlCRkxk8Wp87wlWUGeKi0bQl4wf7dSEhozDQM7GRIYGzWtZT8T+vGMLzzEy6jGJikS6NhLDAonP6NB1wzCmJqAaGa21sxHRNNKNh0VlwCTSYMVv5IUj9QSpiZjctbD2cTtCplr1quPN6UavdZcHl0gS7RNfLQLaqhB9RATUTRCL2iOXpz5s678+F8LkdzTrZzjlbK+foFZuqfpQ==</latexit>
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Q1:	What	is	the	capacity	region	of	the	switch?

11

C⇤
2

<latexit sha1_base64="B7QOoFnJmqWF5nWeZ75QoXcXpRk=">AAACFnicbVBNT8JAEN3iF+IX6tHLRmJiPJAWTfRI5OIREwskUMl22cKGbbfZnZqQht/gFf+MN+PVq//Fg1voQcBJJnl5byZv5vmx4Bps+9sqbGxube8Ud0t7+weHR+Xjk5aWiaLMpVJI1fGJZoJHzAUOgnVixUjoC9b2x41Mb78wpbmMnmASMy8kw4gHnBIwlNvo156v+uWKXbXnhdeBk4MKyqvZL//0BpImIYuACqJ117Fj8FKigFPBpqVeollM6JgMWdfAiIRMe+n82Cm+MMwAB1KZjgDP2b8bKQm1noS+mQwJjPSqlpH/ad0Egjsv5VGcAIvowihIBAaJs8/xgCtGQUwMIFRxcyumI6IIBZPPkouvyJjB0h9p5gdSCj01cTmr4ayDVq3qXFdrjzeV+n0eXBGdoXN0iRx0i+roATWRiyji6BXN0Js1s96tD+tzMVqw8p1TtFTW1y+V56BA</latexit>

C⇤
3

<latexit sha1_base64="X9hi06HauEwhv0WlEXcj1NgH5no=">AAACFnicbVBNT8JAEN36ifiFevSykZgYD6QFEz0SuXjExAIJVLJdtrBh2212pyak4Td4xT/jzXj16n/x4BZ6EHCSSV7em8mbeX4suAbb/rY2Nre2d3YLe8X9g8Oj49LJaUvLRFHmUimk6vhEM8Ej5gIHwTqxYiT0BWv740amt1+Y0lxGTzCJmReSYcQDTgkYym30a8/X/VLZrtjzwuvAyUEZ5dXsl356A0mTkEVABdG669gxeClRwKlg02Iv0SwmdEyGrGtgREKmvXR+7BRfGmaAA6lMR4Dn7N+NlIRaT0LfTIYERnpVy8j/tG4CwZ2X8ihOgEV0YRQkAoPE2ed4wBWjICYGEKq4uRXTEVGEgslnycVXZMxg6Y808wMphZ6auJzVcNZBq1pxapXq4025fp8HV0Dn6AJdIQfdojp6QE3kIoo4ekUz9GbNrHfrw/pcjG5Y+c4ZWirr6xeXl6BB</latexit>

C2
<latexit sha1_base64="j59WMif774ik72PzXkQ4Qo/G9KU=">AAACFHicbVA9SwNBEN3zM8avqKXNYhCswl0UtAymsYxoPiA5wt5mL1myt3vszgnhyE+wjX/GTmzt/S8W7iVXmMSBgcd7M7yZF8SCG3Ddb2djc2t7Z7ewV9w/ODw6Lp2ctoxKNGVNqoTSnYAYJrhkTeAgWCfWjESBYO1gXM/09gvThiv5DJOY+REZSh5ySsBST/V+tV8quxV3XngdeDkoo7wa/dJPb6BoEjEJVBBjup4bg58SDZwKNi32EsNiQsdkyLoWShIx46fzU6f40jIDHCptWwKes383UhIZM4kCOxkRGJlVLSP/07oJhHd+ymWcAJN0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1rxrivVx5ty7T4ProDO0QW6Qh66RTX0gBqoiSgaolc0Q2/OzHl3PpzPxeiGk++coaVyvn4BZTyfpA==</latexit>

C3
<latexit sha1_base64="VomgIZ2LyJ7g/qDtFgl783wrPP4=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxIndgoiWRxhKjfCRwIXvLAhv2di+7cybkwk+wxT9jZ2zt/S8W7sEVAk4yyct7M3kzL4gEN+C6305ua3tndy+/Xzg4PDo+KZ6etYyKNWVNqoTSnYAYJrhkTeAgWCfSjISBYO1gUk/19gvThiv5DNOI+SEZST7klIClnur9ar9YcsvuovAm8DJQQlk1+sWf3kDROGQSqCDGdD03Aj8hGjgVbFboxYZFhE7IiHUtlCRkxk8Wp87wlWUGeKi0bQl4wf7dSEhozDQM7GRIYGzWtZT8T+vGMLzzEy6jGJikS6NhLDAonP6NB1wzCmJqAaGa21sxHRNNKNh0VlwCTSYMVv5IUj9QSpiZjctbD2cTtCplr1quPN6UavdZcHl0gS7RNfLQLaqhB9RATUTRCL2iOXpz5s678+F8LkdzTrZzjlbK+foFZuqfpQ==</latexit>

Time	Division	
Multiplexing	
(TDM)	line



1212

C⇤
2

<latexit sha1_base64="B7QOoFnJmqWF5nWeZ75QoXcXpRk=">AAACFnicbVBNT8JAEN3iF+IX6tHLRmJiPJAWTfRI5OIREwskUMl22cKGbbfZnZqQht/gFf+MN+PVq//Fg1voQcBJJnl5byZv5vmx4Bps+9sqbGxube8Ud0t7+weHR+Xjk5aWiaLMpVJI1fGJZoJHzAUOgnVixUjoC9b2x41Mb78wpbmMnmASMy8kw4gHnBIwlNvo156v+uWKXbXnhdeBk4MKyqvZL//0BpImIYuACqJ117Fj8FKigFPBpqVeollM6JgMWdfAiIRMe+n82Cm+MMwAB1KZjgDP2b8bKQm1noS+mQwJjPSqlpH/ad0Egjsv5VGcAIvowihIBAaJs8/xgCtGQUwMIFRxcyumI6IIBZPPkouvyJjB0h9p5gdSCj01cTmr4ayDVq3qXFdrjzeV+n0eXBGdoXN0iRx0i+roATWRiyji6BXN0Js1s96tD+tzMVqw8p1TtFTW1y+V56BA</latexit>

C⇤
3

<latexit sha1_base64="X9hi06HauEwhv0WlEXcj1NgH5no=">AAACFnicbVBNT8JAEN36ifiFevSykZgYD6QFEz0SuXjExAIJVLJdtrBh2212pyak4Td4xT/jzXj16n/x4BZ6EHCSSV7em8mbeX4suAbb/rY2Nre2d3YLe8X9g8Oj49LJaUvLRFHmUimk6vhEM8Ej5gIHwTqxYiT0BWv740amt1+Y0lxGTzCJmReSYcQDTgkYym30a8/X/VLZrtjzwuvAyUEZ5dXsl356A0mTkEVABdG669gxeClRwKlg02Iv0SwmdEyGrGtgREKmvXR+7BRfGmaAA6lMR4Dn7N+NlIRaT0LfTIYERnpVy8j/tG4CwZ2X8ihOgEV0YRQkAoPE2ed4wBWjICYGEKq4uRXTEVGEgslnycVXZMxg6Y808wMphZ6auJzVcNZBq1pxapXq4025fp8HV0Dn6AJdIQfdojp6QE3kIoo4ekUz9GbNrHfrw/pcjG5Y+c4ZWirr6xeXl6BB</latexit>

C2
<latexit sha1_base64="j59WMif774ik72PzXkQ4Qo/G9KU=">AAACFHicbVA9SwNBEN3zM8avqKXNYhCswl0UtAymsYxoPiA5wt5mL1myt3vszgnhyE+wjX/GTmzt/S8W7iVXmMSBgcd7M7yZF8SCG3Ddb2djc2t7Z7ewV9w/ODw6Lp2ctoxKNGVNqoTSnYAYJrhkTeAgWCfWjESBYO1gXM/09gvThiv5DJOY+REZSh5ySsBST/V+tV8quxV3XngdeDkoo7wa/dJPb6BoEjEJVBBjup4bg58SDZwKNi32EsNiQsdkyLoWShIx46fzU6f40jIDHCptWwKes383UhIZM4kCOxkRGJlVLSP/07oJhHd+ymWcAJN0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1rxrivVx5ty7T4ProDO0QW6Qh66RTX0gBqoiSgaolc0Q2/OzHl3PpzPxeiGk++coaVyvn4BZTyfpA==</latexit>

C3
<latexit sha1_base64="VomgIZ2LyJ7g/qDtFgl783wrPP4=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxIndgoiWRxhKjfCRwIXvLAhv2di+7cybkwk+wxT9jZ2zt/S8W7sEVAk4yyct7M3kzL4gEN+C6305ua3tndy+/Xzg4PDo+KZ6etYyKNWVNqoTSnYAYJrhkTeAgWCfSjISBYO1gUk/19gvThiv5DNOI+SEZST7klIClnur9ar9YcsvuovAm8DJQQlk1+sWf3kDROGQSqCDGdD03Aj8hGjgVbFboxYZFhE7IiHUtlCRkxk8Wp87wlWUGeKi0bQl4wf7dSEhozDQM7GRIYGzWtZT8T+vGMLzzEy6jGJikS6NhLDAonP6NB1wzCmJqAaGa21sxHRNNKNh0VlwCTSYMVv5IUj9QSpiZjctbD2cTtCplr1quPN6UavdZcHl0gS7RNfLQLaqhB9RATUTRCL2iOXpz5s678+F8LkdzTrZzjlbK+foFZuqfpQ==</latexit>

Q2:	Are	there	switching	policies	better	than	TDM?
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C⇤
2

<latexit sha1_base64="B7QOoFnJmqWF5nWeZ75QoXcXpRk=">AAACFnicbVBNT8JAEN3iF+IX6tHLRmJiPJAWTfRI5OIREwskUMl22cKGbbfZnZqQht/gFf+MN+PVq//Fg1voQcBJJnl5byZv5vmx4Bps+9sqbGxube8Ud0t7+weHR+Xjk5aWiaLMpVJI1fGJZoJHzAUOgnVixUjoC9b2x41Mb78wpbmMnmASMy8kw4gHnBIwlNvo156v+uWKXbXnhdeBk4MKyqvZL//0BpImIYuACqJ117Fj8FKigFPBpqVeollM6JgMWdfAiIRMe+n82Cm+MMwAB1KZjgDP2b8bKQm1noS+mQwJjPSqlpH/ad0Egjsv5VGcAIvowihIBAaJs8/xgCtGQUwMIFRxcyumI6IIBZPPkouvyJjB0h9p5gdSCj01cTmr4ayDVq3qXFdrjzeV+n0eXBGdoXN0iRx0i+roATWRiyji6BXN0Js1s96tD+tzMVqw8p1TtFTW1y+V56BA</latexit>

C⇤
3

<latexit sha1_base64="X9hi06HauEwhv0WlEXcj1NgH5no=">AAACFnicbVBNT8JAEN36ifiFevSykZgYD6QFEz0SuXjExAIJVLJdtrBh2212pyak4Td4xT/jzXj16n/x4BZ6EHCSSV7em8mbeX4suAbb/rY2Nre2d3YLe8X9g8Oj49LJaUvLRFHmUimk6vhEM8Ej5gIHwTqxYiT0BWv740amt1+Y0lxGTzCJmReSYcQDTgkYym30a8/X/VLZrtjzwuvAyUEZ5dXsl356A0mTkEVABdG669gxeClRwKlg02Iv0SwmdEyGrGtgREKmvXR+7BRfGmaAA6lMR4Dn7N+NlIRaT0LfTIYERnpVy8j/tG4CwZ2X8ihOgEV0YRQkAoPE2ed4wBWjICYGEKq4uRXTEVGEgslnycVXZMxg6Y808wMphZ6auJzVcNZBq1pxapXq4025fp8HV0Dn6AJdIQfdojp6QE3kIoo4ekUz9GbNrHfrw/pcjG5Y+c4ZWirr6xeXl6BB</latexit>

C2
<latexit sha1_base64="j59WMif774ik72PzXkQ4Qo/G9KU=">AAACFHicbVA9SwNBEN3zM8avqKXNYhCswl0UtAymsYxoPiA5wt5mL1myt3vszgnhyE+wjX/GTmzt/S8W7iVXmMSBgcd7M7yZF8SCG3Ddb2djc2t7Z7ewV9w/ODw6Lp2ctoxKNGVNqoTSnYAYJrhkTeAgWCfWjESBYO1gXM/09gvThiv5DJOY+REZSh5ySsBST/V+tV8quxV3XngdeDkoo7wa/dJPb6BoEjEJVBBjup4bg58SDZwKNi32EsNiQsdkyLoWShIx46fzU6f40jIDHCptWwKes383UhIZM4kCOxkRGJlVLSP/07oJhHd+ymWcAJN0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1rxrivVx5ty7T4ProDO0QW6Qh66RTX0gBqoiSgaolc0Q2/OzHl3PpzPxeiGk++coaVyvn4BZTyfpA==</latexit>

C3
<latexit sha1_base64="VomgIZ2LyJ7g/qDtFgl783wrPP4=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxIndgoiWRxhKjfCRwIXvLAhv2di+7cybkwk+wxT9jZ2zt/S8W7sEVAk4yyct7M3kzL4gEN+C6305ua3tndy+/Xzg4PDo+KZ6etYyKNWVNqoTSnYAYJrhkTeAgWCfSjISBYO1gUk/19gvThiv5DNOI+SEZST7klIClnur9ar9YcsvuovAm8DJQQlk1+sWf3kDROGQSqCDGdD03Aj8hGjgVbFboxYZFhE7IiHUtlCRkxk8Wp87wlWUGeKi0bQl4wf7dSEhozDQM7GRIYGzWtZT8T+vGMLzzEy6jGJikS6NhLDAonP6NB1wzCmJqAaGa21sxHRNNKNh0VlwCTSYMVv5IUj9QSpiZjctbD2cTtCplr1quPN6UavdZcHl0gS7RNfLQLaqhB9RATUTRCL2iOXpz5s678+F8LkdzTrZzjlbK+foFZuqfpQ==</latexit>

Q2:	Are	there	switching	policies	better	than	TDM?



Quantum	
memory

Type

unoccupied,	
long-term
occupied,	
long-term
short-term

Switch	is	equipped	
with	quantum	
memories	(buffer)

B+1 quantum	memories	
allocated	to	each	link:
- B	long-coherence
- 1	short-coherence B=1

14

Switch	Description

Switch	can	perform	
projective	

Switch	capable	of	
classical	communication



Qubits	from	newly-
generated	Bell	pairs	
are	initially	stored	in	
“short-term”	
memories.

Must	either	use	qubit	or	
store	in	long-term	
memory;	else,	it	is	lost.

qubits	stored	in	“long-term”	memory
(“stored	entanglement”)

Quantum	
memory

Type

unoccupied,	
long-term
occupied,	
long-term
short-term

15

Switch	Description
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qubits	stored	in	
“short-term”	
memory

≡

“stored	entanglement”

Switch	Description
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1
2

3
…

k

Switch	serves	entangled	
states	to	k users

1. Bell	pairs	over	
individual	links

2. switch	performs	either	
a	BSM	or	a	GHZ	
measurement,	
resulting	in	end-to-end	
entanglement

Switch	Operation
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1. link-level	entanglement	
generation

entangled	states	
generated	according	
to	Poisson	process

µ
<latexit sha1_base64="Axjk879YwLDMP2+AExxYFOsoqOE=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGXQxjKi+YDkCHubvWTJ7u2xOyeEIz/BNv4ZO7G1979YuJdcYRIHBh7vzfBmXhALbsB1v53CxubW9k5xt7S3f3B4VD4+aRmVaMqaVAmlOwExTPCINYGDYJ1YMyIDwdrB+D7T2y9MG66iZ5jEzJdkGPGQUwKWeurJpF+uuFV3XngdeDmooLwa/fJPb6BoIlkEVBBjup4bg58SDZwKNi31EsNiQsdkyLoWRkQy46fzU6f4wjIDHCptOwI8Z/9upEQaM5GBnZQERmZVy8j/tG4C4a2f8ihOgEV0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1b1rqq1x+tK/S4ProjO0Dm6RB66QXX0gBqoiSgaolc0Q2/OzHl3PpzPxWjByXdO0VI5X78Xl6AO</latexit>

µ
<latexit sha1_base64="Axjk879YwLDMP2+AExxYFOsoqOE=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGXQxjKi+YDkCHubvWTJ7u2xOyeEIz/BNv4ZO7G1979YuJdcYRIHBh7vzfBmXhALbsB1v53CxubW9k5xt7S3f3B4VD4+aRmVaMqaVAmlOwExTPCINYGDYJ1YMyIDwdrB+D7T2y9MG66iZ5jEzJdkGPGQUwKWeurJpF+uuFV3XngdeDmooLwa/fJPb6BoIlkEVBBjup4bg58SDZwKNi31EsNiQsdkyLoWRkQy46fzU6f4wjIDHCptOwI8Z/9upEQaM5GBnZQERmZVy8j/tG4C4a2f8ihOgEV0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1b1rqq1x+tK/S4ProjO0Dm6RB66QXX0gBqoiSgaolc0Q2/OzHl3PpzPxWjByXdO0VI5X78Xl6AO</latexit>

µ
<latexit sha1_base64="Axjk879YwLDMP2+AExxYFOsoqOE=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGXQxjKi+YDkCHubvWTJ7u2xOyeEIz/BNv4ZO7G1979YuJdcYRIHBh7vzfBmXhALbsB1v53CxubW9k5xt7S3f3B4VD4+aRmVaMqaVAmlOwExTPCINYGDYJ1YMyIDwdrB+D7T2y9MG66iZ5jEzJdkGPGQUwKWeurJpF+uuFV3XngdeDmooLwa/fJPb6BoIlkEVBBjup4bg58SDZwKNi31EsNiQsdkyLoWRkQy46fzU6f4wjIDHCptOwI8Z/9upEQaM5GBnZQERmZVy8j/tG4C4a2f8ihOgEV0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1b1rqq1x+tK/S4ProjO0Dm6RB66QXX0gBqoiSgaolc0Q2/OzHl3PpzPxWjByXdO0VI5X78Xl6AO</latexit>

µ
<latexit sha1_base64="Axjk879YwLDMP2+AExxYFOsoqOE=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGXQxjKi+YDkCHubvWTJ7u2xOyeEIz/BNv4ZO7G1979YuJdcYRIHBh7vzfBmXhALbsB1v53CxubW9k5xt7S3f3B4VD4+aRmVaMqaVAmlOwExTPCINYGDYJ1YMyIDwdrB+D7T2y9MG66iZ5jEzJdkGPGQUwKWeurJpF+uuFV3XngdeDmooLwa/fJPb6BoIlkEVBBjup4bg58SDZwKNi31EsNiQsdkyLoWRkQy46fzU6f4wjIDHCptOwI8Z/9upEQaM5GBnZQERmZVy8j/tG4C4a2f8ihOgEV0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1b1rqq1x+tK/S4ProjO0Dm6RB66QXX0gBqoiSgaolc0Q2/OzHl3PpzPxWjByXdO0VI5X78Xl6AO</latexit>

:	successful	entanglement	generation	rateµ
<latexit sha1_base64="Axjk879YwLDMP2+AExxYFOsoqOE=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoNgFe6ioGXQxjKi+YDkCHubvWTJ7u2xOyeEIz/BNv4ZO7G1979YuJdcYRIHBh7vzfBmXhALbsB1v53CxubW9k5xt7S3f3B4VD4+aRmVaMqaVAmlOwExTPCINYGDYJ1YMyIDwdrB+D7T2y9MG66iZ5jEzJdkGPGQUwKWeurJpF+uuFV3XngdeDmooLwa/fJPb6BoIlkEVBBjup4bg58SDZwKNi31EsNiQsdkyLoWRkQy46fzU6f4wjIDHCptOwI8Z/9upEQaM5GBnZQERmZVy8j/tG4C4a2f8ihOgEV0YRQmAoPC2d94wDWjICYWEKq5vRXTEdGEgk1nySXQZMxg6Y808wOlhJnauLzVcNZBq1b1rqq1x+tK/S4ProjO0Dm6RB66QXX0gBqoiSgaolc0Q2/OzHl3PpzPxWjByXdO0VI5X78Xl6AO</latexit>

Modeling	Link-Level	Entanglement	Generation
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1. link-level	entanglement	
generation

2. swapping,	according	to	
switching	policy

Switch	Operation
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- perform	a	
- store	in	memory
- discard

Switch	Operation
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- perform	a	
- store	in	memory
- discard

Switch	Operation
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- perform	a	
- store	in	memory
- discard

Switch	Operation

coherence	time	is	an	
exponential	r.v. with	mean	1/↵

<latexit sha1_base64="klcSlb0lfm6jOTPonFn4n0Z9k4c=">AAACGXicbVBNS8NAEN3Ur1q/qh69BIvgqSZV0GPRi8cK9gPaUCbbTbt0kw27E6GE/gmv9c94E6+e/C8e3LQ52NaBgcd7M7yZ58eCa3Scb6uwsbm1vVPcLe3tHxwelY9PWlomirImlUKqjg+aCR6xJnIUrBMrBqEvWNsfP2R6+4UpzWX0jJOYeSEMIx5wCmiojnvVAxGPoF+uOFVnXvY6cHNQIXk1+uWf3kDSJGQRUgFad10nRi8FhZwKNi31Es1ioGMYsq6BEYRMe+n83ql9YZiBHUhlOkJ7zv7dSCHUehL6ZjIEHOlVLSP/07oJBndeyqM4QRbRhVGQCBulnT1vD7hiFMXEAKCKm1ttOgIFFE1ESy6+gjHDpT/SzA+lFHpq4nJXw1kHrVrVva7Wnm4q9fs8uCI5I+fkkrjkltTJI2mQJqFEkFcyI2/WzHq3PqzPxWjByndOyVJZX79kEqHE</latexit>
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- perform	a	
- store	in	memory
- discard

newly-generated	entanglement

Switch	Operation
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- perform	a	
- store	in	memory
- discard

Switch	Operation

newly-generated	entanglement
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- perform	a	
- store	in	memory
- discard

Switch	Operation
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- perform	a	
- store	in	memory
- discard

Switch	Operation
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- perform	a
- store	in	memory
- discard

Switch	Operation
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- perform	a	
- store	in	memory
- discard

Switch	Operation



- perform	a	
- store	in	memory
- discard
- wait

29

Switch	Operation
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- perform	a	
- store	in	memory
- discard
- wait

Switch	Operation
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- perform	a	
- store	in	memory
- discard
- wait

Switch	Operation



Recall:
Link-level	entanglement	generation:	Poisson process
Successful link-level	entanglement	generation	rate
Coherence	time:	exponential r.v.
Decoherence	rate

Can	model	using	a	continuous-time	Markov	chain.

The	Model

32

↵
<latexit sha1_base64="zUC7cNfgm3PeDsr/4em0d4TD2R8=">AAACF3icdVBNS8NAEN34/W3Vo5fFIngqiUobb0UvHhVsLbRBJtutXbvJht2JUEL/g9f6Z7yJV4/+Fw9u2ghWdGDg8d4Mb+aFiRQGXffDmZtfWFxaXlldW9/Y3Nou7ew2jUo14w2mpNKtEAyXIuYNFCh5K9EcolDy23Bwkeu3j1wboeIbHCY8iOA+Fj3BAC3V7IBM+nBXKruV6plXq9aoW3EnlQOv6vs+9QqmTIq6uit9drqKpRGPkUkwpu25CQYZaBRM8tFaJzU8ATaAe962MIaImyCbXDuih5bp0p7StmOkE/bnRgaRMcMotJMRYN/81nLyL62dYs8PMhEnKfKYTY16qaSoaP467QrNGcqhBcC0sLdS1gcNDG1AMy6hhgHHmT+y3A+VkmZk4/rOhP4PmscV76RyfH1arp8Xwa2QfXJAjohHaqROLskVaRBGHsgTGZNnZ+y8OK/O23R0zil29shMOe9f4iKhkw==</latexit>

µ
<latexit sha1_base64="MTSDqKil7D+kFMIxDU345V/f+j8=">AAACFHicdVBNS8NAEN3Ur1q/qh69LBbBU0mqtPFW9OKxov2ANpTNdtsu3WTD7kQooT/Ba/0z3sSrd/+LBzdtBCs6MPB4b4Y38/xIcA22/WHl1tY3Nrfy24Wd3b39g+LhUUvLWFHWpFJI1fGJZoKHrAkcBOtEipHAF6ztT25Svf3IlOYyfIBpxLyAjEI+5JSAoe57Qdwvluxy9cqpVWvYLtuLSoFTdV0XOxlTQlk1+sXP3kDSOGAhUEG07jp2BF5CFHAq2KzQizWLCJ2QEesaGJKAaS9ZnDrDZ4YZ4KFUpkPAC/bnRkICraeBbyYDAmP9W0vJv7RuDEPXS3gYxcBCujQaxgKDxOnfeMAVoyCmBhCquLkV0zFRhIJJZ8XFV2TCYOWPJPUDKYWembi+M8H/g1al7FyUK3eXpfp1FlwenaBTdI4cVEN1dIsaqIkoGqEnNEfP1tx6sV6tt+Vozsp2jtFKWe9fg5mgUQ==</latexit>

Interested	in	capacity	of	switch
à any	set	of	n=2/3	of	users	want	to	share	an	entangled	state
à Bell	pairs	used	as	soon	as	there	are	enough	to	generate	an	
n-partite	entanglement



The	Model:	B=1	state	space
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Bell	pairs	used	as	soon	as	there	are	
enough	for	a	swap

à up	to	2	links	will	store	Bell	pairs

0,0 1,0 1,1



1,1

0,0
1,0

kµ
<latexit sha1_base64="efiHUIkDSA52Ue/lRXBpEUz+eBc=">AAACFXicdVBNS8NAEN3Ur1q/qh69LBbBU0jaiu2t6MVjBfsBbSib7aZdssmG3YlQQv+C1/pnvIlXz/4XDyZtBCs6MPB4b4Y389xIcA2W9WEUNja3tneKu6W9/YPDo/LxSVfLWFHWoVJI1XeJZoKHrAMcBOtHipHAFazn+reZ3ntkSnMZPsAsYk5AJiH3OCWQUf4wiEflimVe1av1RhNbprWsDNQazVoN2zlTQXm1R+XP4VjSOGAhUEG0HthWBE5CFHAq2Lw0jDWLCPXJhA1SGJKAaSdZ3jrHFykzxp5UaYeAl+zPjYQEWs8CN50MCEz1by0j/9IGMXgNJ+FhFAML6crIiwUGibPH8ZgrRkHMUkCo4umtmE6JIhTSeNZcXEV8Bmt/JJkfSCn0PI3rOxP8P+hWTbtmVu/rldZNHlwRnaFzdIlsdI1a6A61UQdRNEVPaIGejYXxYrwab6vRgpHvnKK1Mt6/AE9FoL0=</latexit>

(k � 1)µr1 + ↵
<latexit sha1_base64="9Q7tnAzBLR5aDzwOTkBe8k4zfbg="></latexit>

(k
�
1)
µr

1

<latexit sha1_base64="5UxlJspafPQFogmYPxbVmOTmdlg="></latexit>

(k �
2)µr

2

<latexit sha1_base64="A77xhRigBvXlZBI2S+/gWgWJCwQ=">AAACHXicdVDLSgMxFM34rPVVdekmWIS6sEynFdtd0Y3LCvYBnaFk0rQNzUyG5I5Qhv6G2/oz7sSt+C8uzLQVrOiBwOGcezk3x48E12DbH9ba+sbm1nZmJ7u7t39wmDs6bmkZK8qaVAqpOj7RTPCQNYGDYJ1IMRL4grX98W3qtx+Z0lyGDzCJmBeQYcgHnBIwklsYXzoXbhBj1XN6ubxdvKo4lWoN20V7jpSUq7VyGZeWSh4t0ejlPt2+pHHAQqCCaN0t2RF4CVHAqWDTrBtrFhE6JkPWNTQkAdNeMr95is+N0scDqcwLAc/VnxsJCbSeBL6ZDAiM9G8vFf/yujEMql7CwygGFtJF0CAWGCROC8B9rhgFMTGEUMXNrZiOiCIUTE0rKb4iYwYr/0jSPJBS6Kmp67sT/D9pOcVSuejcV/L1m2VxGXSKzlABldA1qqM71EBNRFGEntAMPVsz68V6td4Wo2vWcucErcB6/wKYR6Lg</latexit>

(k
�
2)
µr

2

<latexit sha1_base64="2mkVNwOoMEfcpwZudcqUfrBF9YA="></latexit>

+
2↵

<latexit sha1_base64="fhXuYgJsfqUKNkA1bFh0CQ64eM4=">AAACGXicdVBNS0JBFJ1nX2ZfVss2QxIEgTw/It1JbVoaZAoqct846uC8N4+Z+wJ5+Cfa2p9pF21b9V9aNE8NMurChcM593LuPV4ohUHX/XBSa+sbm1vp7czO7t7+Qfbw6MGoSDPeYEoq3fLAcCkC3kCBkrdCzcH3JG9645tEbz5ybYQK7nES8q4Pw0AMBAO0VOui2AEZjqCXzbn5y3KxXKlSN+/OKwGlSrVUooUlkyPLqveyn52+YpHPA2QSjGkX3BC7MWgUTPJpphMZHgIbw5C3LQzA56Ybz++d0jPL9OlAadsB0jn7cyMG35iJ79lJH3BkfmsJ+ZfWjnBQ6cYiCCPkAVsYDSJJUdHkedoXmjOUEwuAaWFvpWwEGhjaiFZcPA1jjit/xIkfKiXN1Mb1nQn9HzwU84VSvnhXztWul8GlyQk5JeekQK5IjdySOmkQRiR5IjPy7MycF+fVeVuMppzlzjFZKef9C7yCofs=</latexit>

+
2µ

<latexit sha1_base64="wTzBWRzWd8kO0UrKnb4GfMoxHwU=">AAACFnicdVBNS0JBFJ1nX2ZfVss2QxIEgbwPI91JbVoaZAoqMm+cp4Pz3jxm7gvk4W9oa3+mXbRt239p0Tw1yKgLFw7n3Mu59/ix4Bps+8PKra1vbG7ltws7u3v7B8XDowctE0VZk0ohVdsnmgkesSZwEKwdK0ZCX7CWP77J9NYjU5rL6B4mMeuFZBjxgFMChmpeuN0w6RdLdvmy4laqNWyX7XllwKvWPA87S6aEltXoFz+7A0mTkEVABdG649gx9FKigFPBpoVuollM6JgMWcfAiIRM99L5sVN8ZpgBDqQyHQGesz83UhJqPQl9MxkSGOnfWkb+pXUSCKq9lEdxAiyiC6MgERgkzj7HA64YBTExgFDFza2YjogiFEw+Ky6+ImMGK3+kmR9IKfTUxPWdCf4fPLhlxyu7d5VS/XoZXB6doFN0jhx0heroFjVQE1HE0ROaoWdrZr1Yr9bbYjRnLXeO0UpZ719c1qC5</latexit>

r 3
<latexit sha1_base64="YMy4NviLfT70oHHLo1KiwlVamzs=">AAACFHicdVBNS8NAEN34WetX1aOXxSJ4CmlTsb0VvXisaD+gDWWz3bZLN9mwOxFK6E/wWv+MN/Hq3f/iwU0bwYoODDzem+HNPD8SXIPjfFhr6xubW9u5nfzu3v7BYeHouKVlrChrUimk6vhEM8FD1gQOgnUixUjgC9b2Jzep3n5kSnMZPsA0Yl5ARiEfckrAUPeq7/YLRce+rJQr1Rp2bGdRKXCrNdfFpYwpoqwa/cJnbyBpHLAQqCBad0tOBF5CFHAq2CzfizWLCJ2QEesaGJKAaS9ZnDrD54YZ4KFUpkPAC/bnRkICraeBbyYDAmP9W0vJv7RuDMOql/AwioGFdGk0jAUGidO/8YArRkFMDSBUcXMrpmOiCAWTzoqLr8iEwcofSeoHUgo9M3F9Z4L/B62yXXLt8l2lWL/OgsuhU3SGLlAJXaE6ukUN1EQUjdATmqNna269WK/W23J0zcp2TtBKWe9fE9ugDg==</latexit>

34

r1, r2, r3 2 [0, 1]

system params,

rj := 1� rj
<latexit sha1_base64="7IrP3aGwSZN49eAEWfJBpxqLKYs="></latexit>

The	Model:	B=1
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Q1:	What	is	the	capacity	region	of	the	switch?
Q2:	Are	there	better	policies	than	TDM?

C
2
(b
ip
ar
ti
te

ca
p
ac
it
y)

<latexit sha1_base64="ib4ERRALTtkjArFtWcUDv8a+lq4=">AAACMnicbVC7SgNBFJ31GeMramnhYBBiE3ajoGXQxjKCeUASwuzkRofM7iwzd8WwpPRrbPVjtBNbP8HC2WQLk3hg4HDOfcw9fiSFQdd9d5aWV1bX1nMb+c2t7Z3dwt5+w6hYc6hzJZVu+cyAFCHUUaCEVqSBBb6Epj+8Tv3mI2gjVHiHowi6AbsPxUBwhlbqFY6ue5UOwhMmtOSLiGk7AyhnEeMCR6fjXqHolt0J6CLxMlIkGWq9wk+nr3gcQIhcMmPanhthN0kHcwnjfCc2YIcP2T20LQ1ZAKabTA4Z0xOr9OlAaftCpBP1b0fCAmNGgW8rA4YPZt5Lxf+8doyDy24iwihGCPl00SCWFBVNU6F9oYGjHFnCuBb2r5Q/MM042uxmtviaDQFn7kjSfaiUNGlc3nw4i6RRKXtn5crtebF6lQWXI4fkmJSIRy5IldyQGqkTTp7JC3klb86r8+F8Ol/T0iUn6zkgM3C+fwGl+Kup</latexit>

C3 (tripartite capacity)
<latexit sha1_base64="aplh4EORyAssyVOdixOWm7lYx5I=">AAACM3icbVDLSsNAFJ34rPUVdelmsAh1UxIr6LLYjUsFq0JbymR6W4dOMmHmRgyhW7/Gbf0XcSdu/QMXTmoWtnpg4HDOfcw9QSyFQc97dRYWl5ZXVktr5fWNza1td2f3xqhEc2hxJZW+C5gBKSJooUAJd7EGFgYSboNRM/dvH0AboaJrTGPohmwYiYHgDK3Uc2mzV+8gPGJGq6hFzLQdApSzmHGB6dG451a8mjcF/Uv8glRIgcue+9XpK56EECGXzJi278XYzfLBXMK43EkM2OEjNoS2pRELwXSz6SVjemiVPh0obV+EdKr+7shYaEwaBrYyZHhv5r1c/M9rJzg462YiihOEiP8sGiSSoqJ5LLQvNHCUqSWMa2H/Svk904yjDW9mS6DZCHDmjizfh0pJk8flz4fzl9wc1/x67fjqpNI4L4IrkX1yQKrEJ6ekQS7IJWkRTp7IM5mQF2fivDnvzsdP6YJT9OyRGTif37jrrDg=</latexit>

?
<latexit sha1_base64="vCaTPsxFA8QnokPrRO4yXSSOnsI=">AAACEnicbVBNS8NAEN34WetX1aOXYBE8laQKerPoxWML9gPaUDbbSbt0kw27E6GE/gKv9c94E6/+Af+LBzdtDrZ1YODx3gxv5vmx4Bod59va2Nza3tkt7BX3Dw6Pjksnpy0tE8WgyaSQquNTDYJH0ESOAjqxAhr6Atr++DHT2y+gNJfRM05i8EI6jHjAGUVDNe77pbJTceZlrwM3B2WSV71f+ukNJEtCiJAJqnXXdWL0UqqQMwHTYi/REFM2pkPoGhjRELSXzg+d2peGGdiBVKYjtOfs342UhlpPQt9MhhRHelXLyP+0boLBnZfyKE4QIrYwChJho7Szr+0BV8BQTAygTHFzq81GVFGGJpslF1/RMeDSH2nmh1IKPTVxuavhrINWteJeV6qNm3LtIQ+uQM7JBbkiLrklNfJE6qRJGAHySmbkzZpZ79aH9bkY3bDynTOyVNbXLx/knvs=</latexit>#	

BS
M
s/
se
c

#	GHZs/sec

- Effects	of	decoherence
- Effects	of	buffer	size
- Behavior	as	number	of	

links	increases
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36

TDM	
line

r1 = 0

r2 = 1

r3 2 (0, 1)
<latexit sha1_base64="SRFuWeQQRgK8vURX0R3PwiiMh5M="></latexit>

r1 = 0

r2 2 (0, 1)

r3 = 1
<latexit sha1_base64="0B4kr/LYO+TQe2DIFH3FwQbsYtg="></latexit> r1 = 0

r2 = 1

r3 = 1
<latexit sha1_base64="EfuWLzuNWMSIuEattXF+9wnxmY8="></latexit>



B=1,	no	decoherence
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Fraction	of	better-than-TDM	policies	diminishes.
Similar	results	for	B=2	systems.

Area(																		)
Total	Area ! 0

<latexit sha1_base64="pDenTPxkivp8BFzbF4OGMCWVZk0=">AAACFnicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpl262Q27E6GE/gav9c94E69e/S8e3LQ52NaBgcd7M8y8FyaCG3Ddb2djc2t7Z7e0V94/ODw6rpyctoxKNWU+VULpTkgME1wyHzgI1kk0I3EoWDscP+R6+4Vpw5V8hknCgpgMJY84JWApvwcKu/1K1a2588LrwCtAFRXV7Fd+egNF05hJoIIY0/XcBIKMaOBUsGm5lxqWEDomQ9a1UJKYmSCbPzvFl5YZ4Ehp2xLwnP27kZHYmEkc2smYwMisajn5n9ZNIboLMi6TFJiki0NRKrC1mDvHA64ZBTGxgFDN7a+YjogmFGw+S1dCTcYMlnxk+T1QSpipjctbDWcdtOo177pWf7qpNu6L4EroHF2gK+ShW9RAj6iJfEQRR69oht6cmfPufDifi9ENp9g5Q0vlfP0C7HCgcw==</latexit>



Effects	of	Decoherence,	B=1
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3	links 10	links

Similar	results	for	B=2

µ = 1
<latexit sha1_base64="+mf+9ySlxZhfDkO2Or6ZLjKGrZs=">AAACFnicdVBNS8NAEN3Ur1q/qh69LBbBU0iqtPEgFL14rGA/oA1ls922SzfZsDsRSuhv8Fr/jDfx6tX/4sFNW8GKDgw83pvhzbwgFlyD43xYubX1jc2t/HZhZ3dv/6B4eNTUMlGUNagUUrUDopngEWsAB8HasWIkDARrBePbTG89MqW5jB5gEjM/JMOIDzglYKhGN0yu3V6x5NiVK7daqWLHduaVAbfieR52l0wJLaveK352+5ImIYuACqJ1x3Vi8FOigFPBpoVuollM6JgMWcfAiIRM++n82Ck+M0wfD6QyHQGesz83UhJqPQkDMxkSGOnfWkb+pXUSGHh+yqM4ARbRhdEgERgkzj7Hfa4YBTExgFDFza2YjogiFEw+Ky6BImMGK3+kmR9IKfTUxPWdCf4fNMu2e2GX7y9LtZtlcHl0gk7ROXJRFdXQHaqjBqKIoyc0Q8/WzHqxXq23xWjOWu4co5Wy3r8AiUug0w==</latexit>

↵ = 0 ! 1/↵ = 1
↵ = 0.1 ! 1/↵ = 10

↵ = 0.5 ! 1/↵ = 2
<latexit sha1_base64="lyHzqJ4sE8oEb6qp/05rRQ7m7PE="></latexit>



Effects	of	Buffer	Size
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1.	Advantages	of	extra	buffer	diminish	with	k
2.	C3 benefits	more	from	extra	buffer	than	C2
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- Bipartite/tripartite	entanglement	switching	problem
- Modeled	as	a	CTMC
- Explored	randomized	switching	policies

- There	is	always	a	better	policy	than	TDM
- Advantages	diminish	as	number	of	users	grows
- Analytical	proofs	for	buffer-size	one	systems

- Extensions
- Non-identical	links
- Non-unit	state	fidelities
- Larger	buffer	sizes

- User	requests	&	optimality	of	scheduling	policies

Summary	&	Future	Directions
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