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Frame inference is a key challenge for proof automation.
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�<k := �m.m \ (�1, k)
�>k := �m.m \ (k,1)

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5



Flow Framework

–– Augment heap graph with ghost state in a dataflow-like fashion ––

• Flow values from 
		  

• Flow propagation via 
		  

• The flow: 
		 least fixed point, wrt. initial value
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77
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search path monoid 
<latexit sha1_base64="4cgWdMWP9L0pghSVmoM2d3icsmc="></latexit>

(2Z[{�1,1},[,?)

<latexit sha1_base64="tE74U/KVX3OWAO4R5/tc+o1e+yk="></latexit>

�<k := �m.m \ (�1, k)
�>k := �m.m \ (k,1)

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11



Flow Framework

–– Augment heap graph with ghost state in a dataflow-like fashion ––

• Flow values from 
		  

• Flow propagation via 
		  

• The flow: 
		 least fixed point, wrt. initial value
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search path monoid 
<latexit sha1_base64="4cgWdMWP9L0pghSVmoM2d3icsmc="></latexit>

(2Z[{�1,1},[,?)

<latexit sha1_base64="tE74U/KVX3OWAO4R5/tc+o1e+yk="></latexit>

�<k := �m.m \ (�1, k)
�>k := �m.m \ (k,1)

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

113

6 9



Flow Framework

–– Augment heap graph with ghost state in a dataflow-like fashion ––

• Flow values from 
		  

• Flow propagation via 
		  

• The flow: 
		 least fixed point, wrt. initial value
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77

x

r

y z

u v

search path monoid 
<latexit sha1_base64="4cgWdMWP9L0pghSVmoM2d3icsmc="></latexit>

(2Z[{�1,1},[,?)

<latexit sha1_base64="tE74U/KVX3OWAO4R5/tc+o1e+yk="></latexit>

�<k := �m.m \ (�1, k)
�>k := �m.m \ (k,1)

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

Sufficient information for functional correctness
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Flow Framework 

• Ghost state for heap 
graphs 

• Inspired by data-flow 
analysis 

• Formalizes inductive 
heap invariants

Comparing Footprints 

• Check if update is 
frame-preserving 

• Efficient checks for 
general graphs

Frame Inference 

• Separation & flows 
• Frame-preserving 

updates 
• Finding footprints 

algorithmically



Separation

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"



Separation
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=
5

3 11
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=
5

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"



<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

Separation
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=
5

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"



<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

Separation
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=
5

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

13

77
r

v

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit> �
<
7
7

<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)x

z

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"



<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

Separation
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=
5

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

13

77
r

v

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit> �
<
7
7

<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)x

z

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"



<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

Separation

5
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit>

�<
77

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)
<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <

11

<latexit sha1_base64="t4YboWZwqzsPCJMHyKZp45+yu7o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8eAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVeu6pflKs/jKMAxnMAZeHADVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8ffvyM3w==</latexit>⇤<latexit sha1_base64="lNiRInKfn9Gy+II/xKjiZ8vfvlk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRECXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9dteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88TMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1W5rF+UqzyPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/AJvIjPI=</latexit>=
5

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

13

77
r

v

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="HIQljxQuFj3o+HKfKSnEmHIa/HU="></latexit>

(�1,1)

<latexit sha1_base64="0F0G27lRWysO8imXXkmVCWSnDfo="></latexit> �
<
7
7

<latexit sha1_base64="T+DkqpYv7H3z7gUAJkUcRQMKpeQ=">AAACHnicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkSN/6KGxeKCK70b5ymAbX1wgyHc+65d+bYASVcGMaXkllb39jcym6rO7t7+wfa4VGH+yFDuI186rOeDTmmxMNtQQTFvYBh6NoUd+3p5Vzv3mPGie/diVmALReOPeIQBIWkhlplMMKO9CaTInnH0e1VM47MSr1QLxXKtVgd/Ghq3jQL1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckfIcQDRFI5xX0IPuphbUbI41s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz7PSR4RhJOhMAogYkW/V0QQyiIRMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwEl46CO</latexit>

(11, 77)

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)x

z

• Flows graphs form a separation algebra 
➡ framing = "cutting the graph & flow"

Composition  defined only 
if inflow & outflow match.

<latexit sha1_base64="ZD9pB3X909N5V4yCyX4TT0grRw4=">AAACGnicbVDLSsNAFJ3UV42vqEs3wVIQKSWptnZZdKErqWIf0IQymU7aoZMHMxOhhHyHG3/FjQtF3Ikb/8ZpGlBbL8xwOOeee2eOE1LChWF8Kbml5ZXVtfy6urG5tb2j7e61eRAxhFsooAHrOpBjSnzcEkRQ3A0Zhp5DcccZX0z1zj1mnAT+nZiE2Pbg0CcuQVBIqq+Z1gC70ptOiuWdxLeX50lcr5bMSq1kntQTtWj9qOpxXysYZSMtfRGYGSiArJp97cMaBCjysC8QhZz3TCMUdgyZIIjiRLUijkOIxnCIexL60MPcjtOViV6UzEB3AyaPL/SU/e2Iocf5xHNkpwfFiM9rU/I/rRcJt27HxA8jgX00W+RGVBeBPs1JHxCGkaATCSBiRL5VRyPIIBIyTVWGYM5/eRG0K2WzVq7enBYa11kceXAADsERMMEZaIAr0AQtgMADeAIv4FV5VJ6VN+V91ppTMs8++FPK5zcKT5+g</latexit>⇤



Frame-preserving Updates

• Footprint

• the region          affected by an update



Frame-preserving Updates

• Footprint

• the region          affected by an update

• must be frame-preserving (not affect the frame): 
<latexit sha1_base64="PsrMu41+S25Wu1aAnY3vd1WOxf0="></latexit>8
>><

>>:

9
>>=

>>;
com

8
>><

>>:

9
>>=

>>;

<latexit sha1_base64="fsIcoqaKAr2hUMZUnGPGmMlm4hI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMgImFXfB0DgnhMwDwgWcLsZDYZMjO7zMyKYQn4BZ4EBfHqD3nyb5xNctDEgoaiqpvuriDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLzJ/OYDVZpF8t6MYuoL3JcsZASbTDrpnN52iyW37E6AFok3IyWYodotfnV6EUkElYZwrHXbc2Pjp1gZRjgdFzqJpjEmQ9ynbUslFlT76ePk2DE6slIPhZGyJQ2aqL9HUiy0HonAdgpsBnrey8T/vHZiwms/ZTJODJVkuihMODIRyj5HPaYoMXxkCSaK2WMRGWCFibH5FGwK3vzPi6RxVvYuyxe181Kl9jTNIw8HcAjH4MEVVOAOqlAHAgN4hld4c6Tz4rw7H9PWnDPLcB/+wPn8AQ4sjrE=</latexit>⇤F
<latexit sha1_base64="vKXtfJuIx+Gd1JlPA2mwdYVmk8w="></latexit>8
>><

>>:

9
>>=

>>;
com

8
>><

>>:

9
>>=

>>;

<latexit sha1_base64="fsIcoqaKAr2hUMZUnGPGmMlm4hI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMgImFXfB0DgnhMwDwgWcLsZDYZMjO7zMyKYQn4BZ4EBfHqD3nyb5xNctDEgoaiqpvuriDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLzJ/OYDVZpF8t6MYuoL3JcsZASbTDrpnN52iyW37E6AFok3IyWYodotfnV6EUkElYZwrHXbc2Pjp1gZRjgdFzqJpjEmQ9ynbUslFlT76ePk2DE6slIPhZGyJQ2aqL9HUiy0HonAdgpsBnrey8T/vHZiwms/ZTJODJVkuihMODIRyj5HPaYoMXxkCSaK2WMRGWCFibH5FGwK3vzPi6RxVvYuyxe181Kl9jTNIw8HcAjH4MEVVOAOqlAHAgN4hld4c6Tz4rw7H9PWnDPLcB/+wPn8AQ4sjrE=</latexit>⇤F
<latexit sha1_base64="2FeTUsdrOER2LluEpjAVLWZgtxc=">AAAB83icbZDLSgMxFIbP1Futt6pLN4NFcFVmxNuy4MZlFXuBdiiZNNOGZpIhOaOWoY/hSlAQt76D7+DKtzG9LLT1h8DH/5+Qkz9MBDfoed9Obml5ZXUtv17Y2Nza3inu7tWNSjVlNaqE0s2QGCa4ZDXkKFgz0YzEoWCNcHA1zhv3TBuu5B0OExbEpCd5xClBa7Xat7zXR6K1eugUS17Zm8hdBH8GJZip2il+tbuKpjGTSAUxpuV7CQYZ0cipYKNCOzUsIXRAeqxlUZKYmSB7nOw8co+s1XUjpe2R6E7c31cyEhszjEM7GRPsm/lsbP6XtVKMLoOMyyRFJun0oSgVLip3XIDb5ZpRFEMLhGpul3Vpn2hC0dZUsC34839ehPpJ2T8vn92clirh57SPPBzAIRyDDxdQgWuoQg0oKHiCF3h1UufZeXPep6M5Z9bhPvyR8/EDoo2S1Q==</latexit>)<latexit sha1_base64="qhc141S1Wlo/Q2Gszvop/isWLNw=">AAAB6XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbcuGzBPqAdJJPeaUMzmSHJiGXoF7gSFMStn+TKvzF9LLT1QOBwzgn33hOmUhjred9kZXVtfWOzsFXc3tnd2y8dHDZNkmmODZ7IRLdDZlAKhQ0rrMR2qpHFocRWOLyd+K1H1EYk6t6OUgxi1lciEpxZJ9VrD6WyV/GmoMvEn5MyzOHyX91ewrMYleWSGdPxvdQGOdNWcInjYjczmDI+ZH3sOKpYjCbIn6abjumpk3o0SrR7ytKp+vtLzmJjRnHokjGzA7PoTcT/vE5mo5sgFyrNLCo+GxRlktqETs6mPaGRWzlyhHEt3LKUD5hm3Lpyiq4Ff/HmZdI8r/hXlcv6Rblar876KMAxnMAZ+HANVbiDGjSAA8IzvMIbGZIX8k4+ZtEVMu/wCP6AfP4Ai6+Nqw==</latexit>

P
<latexit sha1_base64="RQ6zHd62t5MG/+fOFYF57ZEfj7E=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48ZgBs0AyhJ5OTdKkp2fo7hHDkC/wJCiIVz/Jk39jZzlo4oOCx3tVVNULU8G1cd1vp7C2vrG5Vdwu7ezu7R+UD4+aOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTf3WIyrNE/lgxikGMR1IHnFGjZV8v1euuFV3BrJKvAWpwAL1Xvmr209YFqM0TFCtO56bmiCnynAmcFLqZhpTykZ0gB1LJY1RB/nT7NIJObNSn0SJsiUNmam/R3Iaaz2OQ9sZUzPUy95U/M/rZCa6DXIu08ygZPNFUSaIScj0bdLnCpkRY0soU9weS9iQKsqMDadkU/CWf14lzYuqd1298i8rNb82z6MIJ3AK5+DBDdTgHurQAAYIz/AKb87IeXHenY95a8FZZHgMf+B8/gCNNI2s</latexit>

Q
<latexit sha1_base64="qhc141S1Wlo/Q2Gszvop/isWLNw=">AAAB6XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbcuGzBPqAdJJPeaUMzmSHJiGXoF7gSFMStn+TKvzF9LLT1QOBwzgn33hOmUhjred9kZXVtfWOzsFXc3tnd2y8dHDZNkmmODZ7IRLdDZlAKhQ0rrMR2qpHFocRWOLyd+K1H1EYk6t6OUgxi1lciEpxZJ9VrD6WyV/GmoMvEn5MyzOHyX91ewrMYleWSGdPxvdQGOdNWcInjYjczmDI+ZH3sOKpYjCbIn6abjumpk3o0SrR7ytKp+vtLzmJjRnHokjGzA7PoTcT/vE5mo5sgFyrNLCo+GxRlktqETs6mPaGRWzlyhHEt3LKUD5hm3Lpyiq4Ff/HmZdI8r/hXlcv6Rblar876KMAxnMAZ+HANVbiDGjSAA8IzvMIbGZIX8k4+ZtEVMu/wCP6AfP4Ai6+Nqw==</latexit>

P
<latexit sha1_base64="RQ6zHd62t5MG/+fOFYF57ZEfj7E=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48ZgBs0AyhJ5OTdKkp2fo7hHDkC/wJCiIVz/Jk39jZzlo4oOCx3tVVNULU8G1cd1vp7C2vrG5Vdwu7ezu7R+UD4+aOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTf3WIyrNE/lgxikGMR1IHnFGjZV8v1euuFV3BrJKvAWpwAL1Xvmr209YFqM0TFCtO56bmiCnynAmcFLqZhpTykZ0gB1LJY1RB/nT7NIJObNSn0SJsiUNmam/R3Iaaz2OQ9sZUzPUy95U/M/rZCa6DXIu08ygZPNFUSaIScj0bdLnCpkRY0soU9weS9iQKsqMDadkU/CWf14lzYuqd1298i8rNb82z6MIJ3AK5+DBDdTgHurQAAYIz/AKb87IeXHenY95a8FZZHgMf+B8/gCNNI2s</latexit>

Q



Frame-preserving Updates

• Footprint

• the region          affected by an update

• must be frame-preserving (not affect the frame): 
<latexit sha1_base64="PsrMu41+S25Wu1aAnY3vd1WOxf0="></latexit>8
>><

>>:

9
>>=

>>;
com

8
>><

>>:

9
>>=

>>;

<latexit sha1_base64="fsIcoqaKAr2hUMZUnGPGmMlm4hI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMgImFXfB0DgnhMwDwgWcLsZDYZMjO7zMyKYQn4BZ4EBfHqD3nyb5xNctDEgoaiqpvuriDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLzJ/OYDVZpF8t6MYuoL3JcsZASbTDrpnN52iyW37E6AFok3IyWYodotfnV6EUkElYZwrHXbc2Pjp1gZRjgdFzqJpjEmQ9ynbUslFlT76ePk2DE6slIPhZGyJQ2aqL9HUiy0HonAdgpsBnrey8T/vHZiwms/ZTJODJVkuihMODIRyj5HPaYoMXxkCSaK2WMRGWCFibH5FGwK3vzPi6RxVvYuyxe181Kl9jTNIw8HcAjH4MEVVOAOqlAHAgN4hld4c6Tz4rw7H9PWnDPLcB/+wPn8AQ4sjrE=</latexit>⇤F
<latexit sha1_base64="vKXtfJuIx+Gd1JlPA2mwdYVmk8w="></latexit>8
>><

>>:

9
>>=

>>;
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8
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>>:

9
>>=

>>;

<latexit sha1_base64="fsIcoqaKAr2hUMZUnGPGmMlm4hI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMgImFXfB0DgnhMwDwgWcLsZDYZMjO7zMyKYQn4BZ4EBfHqD3nyb5xNctDEgoaiqpvuriDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLzJ/OYDVZpF8t6MYuoL3JcsZASbTDrpnN52iyW37E6AFok3IyWYodotfnV6EUkElYZwrHXbc2Pjp1gZRjgdFzqJpjEmQ9ynbUslFlT76ePk2DE6slIPhZGyJQ2aqL9HUiy0HonAdgpsBnrey8T/vHZiwms/ZTJODJVkuihMODIRyj5HPaYoMXxkCSaK2WMRGWCFibH5FGwK3vzPi6RxVvYuyxe181Kl9jTNIw8HcAjH4MEVVOAOqlAHAgN4hld4c6Tz4rw7H9PWnDPLcB/+wPn8AQ4sjrE=</latexit>⇤F
<latexit sha1_base64="2FeTUsdrOER2LluEpjAVLWZgtxc=">AAAB83icbZDLSgMxFIbP1Futt6pLN4NFcFVmxNuy4MZlFXuBdiiZNNOGZpIhOaOWoY/hSlAQt76D7+DKtzG9LLT1h8DH/5+Qkz9MBDfoed9Obml5ZXUtv17Y2Nza3inu7tWNSjVlNaqE0s2QGCa4ZDXkKFgz0YzEoWCNcHA1zhv3TBuu5B0OExbEpCd5xClBa7Xat7zXR6K1eugUS17Zm8hdBH8GJZip2il+tbuKpjGTSAUxpuV7CQYZ0cipYKNCOzUsIXRAeqxlUZKYmSB7nOw8co+s1XUjpe2R6E7c31cyEhszjEM7GRPsm/lsbP6XtVKMLoOMyyRFJun0oSgVLip3XIDb5ZpRFEMLhGpul3Vpn2hC0dZUsC34839ehPpJ2T8vn92clirh57SPPBzAIRyDDxdQgWuoQg0oKHiCF3h1UufZeXPep6M5Z9bhPvyR8/EDoo2S1Q==</latexit>)<latexit sha1_base64="qhc141S1Wlo/Q2Gszvop/isWLNw=">AAAB6XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbcuGzBPqAdJJPeaUMzmSHJiGXoF7gSFMStn+TKvzF9LLT1QOBwzgn33hOmUhjred9kZXVtfWOzsFXc3tnd2y8dHDZNkmmODZ7IRLdDZlAKhQ0rrMR2qpHFocRWOLyd+K1H1EYk6t6OUgxi1lciEpxZJ9VrD6WyV/GmoMvEn5MyzOHyX91ewrMYleWSGdPxvdQGOdNWcInjYjczmDI+ZH3sOKpYjCbIn6abjumpk3o0SrR7ytKp+vtLzmJjRnHokjGzA7PoTcT/vE5mo5sgFyrNLCo+GxRlktqETs6mPaGRWzlyhHEt3LKUD5hm3Lpyiq4Ff/HmZdI8r/hXlcv6Rblar876KMAxnMAZ+HANVbiDGjSAA8IzvMIbGZIX8k4+ZtEVMu/wCP6AfP4Ai6+Nqw==</latexit>

P
<latexit sha1_base64="RQ6zHd62t5MG/+fOFYF57ZEfj7E=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48ZgBs0AyhJ5OTdKkp2fo7hHDkC/wJCiIVz/Jk39jZzlo4oOCx3tVVNULU8G1cd1vp7C2vrG5Vdwu7ezu7R+UD4+aOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTf3WIyrNE/lgxikGMR1IHnFGjZV8v1euuFV3BrJKvAWpwAL1Xvmr209YFqM0TFCtO56bmiCnynAmcFLqZhpTykZ0gB1LJY1RB/nT7NIJObNSn0SJsiUNmam/R3Iaaz2OQ9sZUzPUy95U/M/rZCa6DXIu08ygZPNFUSaIScj0bdLnCpkRY0soU9weS9iQKsqMDadkU/CWf14lzYuqd1298i8rNb82z6MIJ3AK5+DBDdTgHurQAAYIz/AKb87IeXHenY95a8FZZHgMf+B8/gCNNI2s</latexit>

Q
<latexit sha1_base64="qhc141S1Wlo/Q2Gszvop/isWLNw=">AAAB6XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbcuGzBPqAdJJPeaUMzmSHJiGXoF7gSFMStn+TKvzF9LLT1QOBwzgn33hOmUhjred9kZXVtfWOzsFXc3tnd2y8dHDZNkmmODZ7IRLdDZlAKhQ0rrMR2qpHFocRWOLyd+K1H1EYk6t6OUgxi1lciEpxZJ9VrD6WyV/GmoMvEn5MyzOHyX91ewrMYleWSGdPxvdQGOdNWcInjYjczmDI+ZH3sOKpYjCbIn6abjumpk3o0SrR7ytKp+vtLzmJjRnHokjGzA7PoTcT/vE5mo5sgFyrNLCo+GxRlktqETs6mPaGRWzlyhHEt3LKUD5hm3Lpyiq4Ff/HmZdI8r/hXlcv6Rblar876KMAxnMAZ+HANVbiDGjSAA8IzvMIbGZIX8k4+ZtEVMu/wCP6AfP4Ai6+Nqw==</latexit>

P
<latexit sha1_base64="RQ6zHd62t5MG/+fOFYF57ZEfj7E=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48ZgBs0AyhJ5OTdKkp2fo7hHDkC/wJCiIVz/Jk39jZzlo4oOCx3tVVNULU8G1cd1vp7C2vrG5Vdwu7ezu7R+UD4+aOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTf3WIyrNE/lgxikGMR1IHnFGjZV8v1euuFV3BrJKvAWpwAL1Xvmr209YFqM0TFCtO56bmiCnynAmcFLqZhpTykZ0gB1LJY1RB/nT7NIJObNSn0SJsiUNmam/R3Iaaz2OQ9sZUzPUy95U/M/rZCa6DXIu08ygZPNFUSaIScj0bdLnCpkRY0soU9weS9iQKsqMDadkU/CWf14lzYuqd1298i8rNb82z6MIJ3AK5+DBDdTgHurQAAYIz/AKb87IeXHenY95a8FZZHgMf+B8/gCNNI2s</latexit>

Q

• Theorem:
Update                         is frame-preserving if           and  
have the same outflow, for all inflows.

<latexit sha1_base64="qhc141S1Wlo/Q2Gszvop/isWLNw=">AAAB6XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbcuGzBPqAdJJPeaUMzmSHJiGXoF7gSFMStn+TKvzF9LLT1QOBwzgn33hOmUhjred9kZXVtfWOzsFXc3tnd2y8dHDZNkmmODZ7IRLdDZlAKhQ0rrMR2qpHFocRWOLyd+K1H1EYk6t6OUgxi1lciEpxZJ9VrD6WyV/GmoMvEn5MyzOHyX91ewrMYleWSGdPxvdQGOdNWcInjYjczmDI+ZH3sOKpYjCbIn6abjumpk3o0SrR7ytKp+vtLzmJjRnHokjGzA7PoTcT/vE5mo5sgFyrNLCo+GxRlktqETs6mPaGRWzlyhHEt3LKUD5hm3Lpyiq4Ff/HmZdI8r/hXlcv6Rblar876KMAxnMAZ+HANVbiDGjSAA8IzvMIbGZIX8k4+ZtEVMu/wCP6AfP4Ai6+Nqw==</latexit>

P
<latexit sha1_base64="RQ6zHd62t5MG/+fOFYF57ZEfj7E=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48ZgBs0AyhJ5OTdKkp2fo7hHDkC/wJCiIVz/Jk39jZzlo4oOCx3tVVNULU8G1cd1vp7C2vrG5Vdwu7ezu7R+UD4+aOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTf3WIyrNE/lgxikGMR1IHnFGjZV8v1euuFV3BrJKvAWpwAL1Xvmr209YFqM0TFCtO56bmiCnynAmcFLqZhpTykZ0gB1LJY1RB/nT7NIJObNSn0SJsiUNmam/R3Iaaz2OQ9sZUzPUy95U/M/rZCa6DXIu08ygZPNFUSaIScj0bdLnCpkRY0soU9weS9iQKsqMDadkU/CWf14lzYuqd1298i8rNb82z6MIJ3AK5+DBDdTgHurQAAYIz/AKb87IeXHenY95a8FZZHgMf+B8/gCNNI2s</latexit>

Q
<latexit sha1_base64="qhc141S1Wlo/Q2Gszvop/isWLNw=">AAAB6XicbVDLSgMxFL3xWeur6tJNsAiuyoz4WhbcuGzBPqAdJJPeaUMzmSHJiGXoF7gSFMStn+TKvzF9LLT1QOBwzgn33hOmUhjred9kZXVtfWOzsFXc3tnd2y8dHDZNkmmODZ7IRLdDZlAKhQ0rrMR2qpHFocRWOLyd+K1H1EYk6t6OUgxi1lciEpxZJ9VrD6WyV/GmoMvEn5MyzOHyX91ewrMYleWSGdPxvdQGOdNWcInjYjczmDI+ZH3sOKpYjCbIn6abjumpk3o0SrR7ytKp+vtLzmJjRnHokjGzA7PoTcT/vE5mo5sgFyrNLCo+GxRlktqETs6mPaGRWzlyhHEt3LKUD5hm3Lpyiq4Ff/HmZdI8r/hXlcv6Rblar876KMAxnMAZ+HANVbiDGjSAA8IzvMIbGZIX8k4+ZtEVMu/wCP6AfP4Ai6+Nqw==</latexit>

P
<latexit sha1_base64="RQ6zHd62t5MG/+fOFYF57ZEfj7E=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx48ZgBs0AyhJ5OTdKkp2fo7hHDkC/wJCiIVz/Jk39jZzlo4oOCx3tVVNULU8G1cd1vp7C2vrG5Vdwu7ezu7R+UD4+aOskUwwZLRKLaIdUouMSG4UZgO1VI41BgKxzdTf3WIyrNE/lgxikGMR1IHnFGjZV8v1euuFV3BrJKvAWpwAL1Xvmr209YFqM0TFCtO56bmiCnynAmcFLqZhpTykZ0gB1LJY1RB/nT7NIJObNSn0SJsiUNmam/R3Iaaz2OQ9sZUzPUy95U/M/rZCa6DXIu08ygZPNFUSaIScj0bdLnCpkRY0soU9weS9iQKsqMDadkU/CWf14lzYuqd1298i8rNb82z6MIJ3AK5+DBDdTgHurQAAYIz/AKb87IeXHenY95a8FZZHgMf+B8/gCNNI2s</latexit>

Q



Finding Footprints

• Algorithm: 
1. add physical footprint 
2. compute outflow (for all inflows) 
3. add nodes if pre/post outflow differs 
4. repeat until fixed point
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)
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5
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5
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(�1, 77)r

<latexit sha1_base64="8kLBfnPx/+bnwr+vI3Ce2umPh1o="></latexit>

(�1, 5)
<latexit sha1_base64="f+R77/cfUgbWUlH/Bjmp/EQjzgk=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSJUKCWppu2y6EKXVewD2lAmk0k7dPJgZiKUkC9x46+4caGI4Er/xmkaUFsvzHA45557Z44dUsKFrn8puZXVtfWN/GZha3tnd0/dP+jwIGIIt1FAA9azIceU+LgtiKC4FzIMPZvirj25nOnde8w4Cfw7MQ2x5cGRT1yCoJDUUDUHDnalN50UyzuJb68ukrhhlo1qrWycNZLC4EcslMxyvX46VIt6RU9LWwZGBoogq9ZQ/Rg4AYo87AtEIed9Qw+FFUMmCKJYrog4DiGawBHuS+hDD3MrTvcm2olkHM0NmDy+0FL2tyOGHudTz5adHhRjvqjNyP+0fiTchhUTP4wE9tF8kRtRTQTaLCvNIQwjQacSQMSIfKuGxpBBJGSiBRmCsfjlZdCpVoxaxbw5LzabWRx5cASOQQkYoA6a4Bq0QBsg8ACewAt4VR6VZ+VNeZ+35pTMcwj+lPL5DSDKoIs=</latexit>
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="AJTYIDCNXfViH7/8RpQUdK3PCo4="></latexit>

(�1, 7)
<latexit sha1_base64="gqMbLuLmbh9WuttWqrMzx5DdQek=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSJUKCWptumy6EKXVewD2lAmk0k7dPJgZiKUkC9x46+4caGI4Er/xmkaUFsvzHA45557Z44dUsKFrn8puZXVtfWN/GZha3tnd0/dP+jwIGIIt1FAA9azIceU+LgtiKC4FzIMPZvirj25nOnde8w4Cfw7MQ2x5cGRT1yCoJDUUK0NHOxKbzoplncS315dJHGjVjaq9bJx1kgKgx+xUDLLpnk6VIt6RU9LWwZGBoogq9ZQ/Rg4AYo87AtEIed9Qw+FFUMmCKJYrog4DiGawBHuS+hDD3MrTvcm2olkHM0NmDy+0FL2tyOGHudTz5adHhRjvqjNyP+0fiTchhUTP4wE9tF8kRtRTQTaLCvNIQwjQacSQMSIfKuGxpBBJGSiBRmCsfjlZdCpVox6pXZzXmw2szjy4AgcgxIwgAma4Bq0QBsg8ACewAt4VR6VZ+VNeZ+35pTMcwj+lPL5DSPaoI0=</latexit>

(7, 77)

<latexit sha1_base64="kOQBCvsCUuhdKsBUyXCHOcuzIJY="></latexit>�
>
7
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5
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<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v
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u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="ofO+EXxjytPG3UxIcAvcH4SvYvU=">AAACHnicbVDLSgMxFM3UVx1foy7dDBahQimTamuXRRe6rGJroR1KJpNpQzMPkoxQhn6JG3/FjQtFBFf6N6bTAbX1QsLhnHvuTY4TMSqkZX1puaXlldW1/Lq+sbm1vWPs7rVFGHNMWjhkIe84SBBGA9KSVDLSiThBvsPInTO6mOp394QLGga3chwR20eDgHoUI6movlHtucRT3nRSou5JcnN5Pknq1RKs1ErwpD7Rez+iXlQ8PO4bBatspWUuApiBAsiq2Tc+em6IY58EEjMkRBdakbQTxCXFjKgVsSARwiM0IF0FA+QTYSfp3ol5pBjX9EKuTiDNlP3tSJAvxNh3VKeP5FDMa1PyP60bS69uJzSIYkkCPFvkxcyUoTnNynQpJ1iysQIIc6reauIh4ghLlaiuQoDzX14E7UoZ1srV69NCo5HFkQcH4BAUAQRnoAGuQBO0AAYP4Am8gFftUXvW3rT3WWtOyzz74E9pn98OiKB/</latexit>

(5, 11)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

7

3 11

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="GsdeeiVxCOQsXXt95dAZCtS9uds=">AAACHnicbVDLSgMxFM3UV62vUZduBotQoZRJtY9l0YUuq9gHtKVk0kwbmskMSUYoQ7/Ejb/ixoUigiv9G9PpgNp6IeFwzj33JscJGJXKtr+M1Mrq2vpGejOztb2zu2fuHzSlHwpMGthnvmg7SBJGOWkoqhhpB4Igz2Gk5YwvZ3rrnghJfX6nJgHpeWjIqUsxUprqm6XugLjaG0+K9D2Nbq8uplG1lIfFch6eVaeZ7o+YyVXyEJ72zaxdsOOylgFMQBYkVe+bH92Bj0OPcIUZkrID7UD1IiQUxYzoFaEkAcJjNCQdDTnyiOxF8d6pdaKZgeX6Qh+urJj97YiQJ+XEc3Snh9RILmoz8j+tEyq32osoD0JFOJ4vckNmKd+aZWUNqCBYsYkGCAuq32rhERIIK51oRocAF7+8DJrFAiwXSjfn2VotiSMNjsAxyAEIKqAGrkEdNAAGD+AJvIBX49F4Nt6M93lrykg8h+BPGZ/fEZiggQ==</latexit>

(7, 11)

<latexit sha1_base64="l+C53MLxUJAfKZqx+/VN2C1gthE=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUKCUprWl3RRe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC13/UnIrq2vrG/nNwtb2zu6eun/Q5UHEEO6ggAasZ0OOKfFxRxBBcS9kGHo2xXf25GKm391jxkng34ppiC0PjnziEgSFpIZqbeBgV3rTSbG8k/jm8jyJjXqz3KyWa42kMPjRCiWzbJqnQ7WoV/S0tGVgZKAIsmoP1Y+BE6DIw75AFHLeN/RQWDFkgiCK5YqI4xCiCRzhvoQ+9DC34nRvop1IxtHcgMnjCy1lfzti6HE+9WzZ6UEx5ovajPxP60fCbVgx8cNIYB/NF7kR1USgzaLSHMIwEnQqAUSMyLdqaAwZREIGWpAhGItfXgbdasU4q9Sva8VWK4sjD47AMSgBA5igBa5AG3QAAg/gCbyAV+VReVbelPd5a07JPIfgTymf360moFc=</latexit>

(7, 77)

<latexit sha1_base64="kOQBCvsCUuhdKsBUyXCHOcuzIJY="></latexit>�
>
7

<latexit sha1_base64="ty9R0hZXOtQrLfWDxgQ3TMz+qKk="></latexit>

(�1, 7)



pre

post

Finding Footprints

• Algorithm: 
1. add physical footprint 
2. compute outflow (for all inflows) 
3. add nodes if pre/post outflow differs 
4. repeat until fixed point

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

5

3 11

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="ofO+EXxjytPG3UxIcAvcH4SvYvU=">AAACHnicbVDLSgMxFM3UVx1foy7dDBahQimTamuXRRe6rGJroR1KJpNpQzMPkoxQhn6JG3/FjQtFBFf6N6bTAbX1QsLhnHvuTY4TMSqkZX1puaXlldW1/Lq+sbm1vWPs7rVFGHNMWjhkIe84SBBGA9KSVDLSiThBvsPInTO6mOp394QLGga3chwR20eDgHoUI6movlHtucRT3nRSou5JcnN5Pknq1RKs1ErwpD7Rez+iXlQ8PO4bBatspWUuApiBAsiq2Tc+em6IY58EEjMkRBdakbQTxCXFjKgVsSARwiM0IF0FA+QTYSfp3ol5pBjX9EKuTiDNlP3tSJAvxNh3VKeP5FDMa1PyP60bS69uJzSIYkkCPFvkxcyUoTnNynQpJ1iysQIIc6reauIh4ghLlaiuQoDzX14E7UoZ1srV69NCo5HFkQcH4BAUAQRnoAGuQBO0AAYP4Am8gFftUXvW3rT3WWtOyzz74E9pn98OiKB/</latexit>

(5, 11)

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

7

3 11

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="GsdeeiVxCOQsXXt95dAZCtS9uds=">AAACHnicbVDLSgMxFM3UV62vUZduBotQoZRJtY9l0YUuq9gHtKVk0kwbmskMSUYoQ7/Ejb/ixoUigiv9G9PpgNp6IeFwzj33JscJGJXKtr+M1Mrq2vpGejOztb2zu2fuHzSlHwpMGthnvmg7SBJGOWkoqhhpB4Igz2Gk5YwvZ3rrnghJfX6nJgHpeWjIqUsxUprqm6XugLjaG0+K9D2Nbq8uplG1lIfFch6eVaeZ7o+YyVXyEJ72zaxdsOOylgFMQBYkVe+bH92Bj0OPcIUZkrID7UD1IiQUxYzoFaEkAcJjNCQdDTnyiOxF8d6pdaKZgeX6Qh+urJj97YiQJ+XEc3Snh9RILmoz8j+tEyq32osoD0JFOJ4vckNmKd+aZWUNqCBYsYkGCAuq32rhERIIK51oRocAF7+8DJrFAiwXSjfn2VotiSMNjsAxyAEIKqAGrkEdNAAGD+AJvIBX49F4Nt6M93lrykg8h+BPGZ/fEZiggQ==</latexit>

(7, 11)

<latexit sha1_base64="l+C53MLxUJAfKZqx+/VN2C1gthE=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUKCUprWl3RRe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC13/UnIrq2vrG/nNwtb2zu6eun/Q5UHEEO6ggAasZ0OOKfFxRxBBcS9kGHo2xXf25GKm391jxkng34ppiC0PjnziEgSFpIZqbeBgV3rTSbG8k/jm8jyJjXqz3KyWa42kMPjRCiWzbJqnQ7WoV/S0tGVgZKAIsmoP1Y+BE6DIw75AFHLeN/RQWDFkgiCK5YqI4xCiCRzhvoQ+9DC34nRvop1IxtHcgMnjCy1lfzti6HE+9WzZ6UEx5ovajPxP60fCbVgx8cNIYB/NF7kR1USgzaLSHMIwEnQqAUSMyLdqaAwZREIGWpAhGItfXgbdasU4q9Sva8VWK4sjD47AMSgBA5igBa5AG3QAAg/gCbyAV+VReVbelPd5a07JPIfgTymf360moFc=</latexit>

(7, 77)

<latexit sha1_base64="kOQBCvsCUuhdKsBUyXCHOcuzIJY="></latexit>�
>
7

<latexit sha1_base64="ty9R0hZXOtQrLfWDxgQ3TMz+qKk="></latexit>

(�1, 7)



pre

post

Finding Footprints

• Algorithm: 
1. add physical footprint 
2. compute outflow (for all inflows) 
3. add nodes if pre/post outflow differs 
4. repeat until fixed point

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

5

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

7

3 11

9

x

y z

u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="l+C53MLxUJAfKZqx+/VN2C1gthE=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUKCUprWl3RRe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC13/UnIrq2vrG/nNwtb2zu6eun/Q5UHEEO6ggAasZ0OOKfFxRxBBcS9kGHo2xXf25GKm391jxkng34ppiC0PjnziEgSFpIZqbeBgV3rTSbG8k/jm8jyJjXqz3KyWa42kMPjRCiWzbJqnQ7WoV/S0tGVgZKAIsmoP1Y+BE6DIw75AFHLeN/RQWDFkgiCK5YqI4xCiCRzhvoQ+9DC34nRvop1IxtHcgMnjCy1lfzti6HE+9WzZ6UEx5ovajPxP60fCbVgx8cNIYB/NF7kR1USgzaLSHMIwEnQqAUSMyLdqaAwZREIGWpAhGItfXgbdasU4q9Sva8VWK4sjD47AMSgBA5igBa5AG3QAAg/gCbyAV+VReVbelPd5a07JPIfgTymf360moFc=</latexit>

(7, 77)

<latexit sha1_base64="EU9jShleHGaAnU7rFGtckgMS4bQ=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13RRe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxzeZ7EZq1ZalZK1UaiDn40tVgvmebpUCsYZSMtfRmYGSiArNpD7WPgBCjysC8QhZz3TSMUVgyZIIhiuSLiOIRoAke4L6EPPcytON2b6CeScXQ3YPL4Qk/Z344YepxPPVt2elCM+aI2I//T+pFwG1ZM/DAS2EfzRW5EdRHos6h0hzCMBJ1KABEj8q06GkMGkZCBqjIEc/HLy6BbKZtn5dp1tdBqZXHkwRE4BkVggjpogSvQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5rkoEs=</latexit>

(7, 11)

<latexit sha1_base64="kOQBCvsCUuhdKsBUyXCHOcuzIJY="></latexit>�
>
7

<latexit sha1_base64="ty9R0hZXOtQrLfWDxgQ3TMz+qKk="></latexit>

(�1, 7)



pre

post

Finding Footprints

• Algorithm: 
1. add physical footprint 
2. compute outflow (for all inflows) 
3. add nodes if pre/post outflow differs 
4. repeat until fixed point

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v

5
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<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="CUp8VwnUzXjtPrmkm8Vyc6jJ8EE="></latexit>

(�1, 5)
<latexit sha1_base64="QFs+6X/nnEFN4gUmdCxXjIxdxvw=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13pS50WcU+oA1lMp20QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6CEC8P4UjJr6xubW9ltdWd3b/9AOzzqcD9kCLeRT33WsyHHlHi4LYiguBcwDF2b4q49vZzr3XvMOPG9OzELsOXCsUccgqCQ1FArD0bYkd5kUiTvOLq9asaRWakX6qVCuRargx9NzVcK1er5UMsZRSMpfRWYKciBtFpD7WMw8lHoYk8gCjnvm0YgrAgyQRDFckXIcQDRFI5xX0IPuphbUbI31s8kM9Idn8njCT1hfzsi6HI+c23Z6UIx4cvanPxP64fCqVkR8YJQYA8tFjkh1YWvz6PSR4RhJOhMAogYkW/V0QQyiIQMVJUhmMtfXgWdUtG8KFZuyrlGM40jC07AKcgDE1RBA1yDFmgDBB7AE3gBr8qj8qy8Ke+L1oySeo7Bn1I+vwGqsKBX</latexit>

(5, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="l1PMSASfs7GVcLKYsMXghSHBrdc=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprba7Uhe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxz2Upis9YoNSqlaj1RBz+aWqyVTPN0qBWMspGWvgzMDBRAVu2h9jFwAhR52BeIQs77phEKK4ZMEESxXBFxHEI0gSPcl9CHHuZWnO5N9BPJOLobMHl8oafsb0cMPc6nni07PSjGfFGbkf9p/Ui4dSsmfhgJ7KP5Ijeiugj0WVS6QxhGgk4lgIgR+VYdjSGDSMhAVRmCufjlZdCtlM2zcu26Wmi2sjjy4AgcgyIwwTlogivQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5huoEs=</latexit>

(5, 11)

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

<latexit sha1_base64="SgZ7IfK1P6xZw165YCWSJ1rRbak=">AAACH3icbVDLSgMxFM3UVx1foy7dDBahQimTah/LogtdVrEPaIeSSTNtaOZBkhHKMH/ixl9x40IRcde/MZ0W1NYLCYdz7rk3OU7IqJCWNdUya+sbm1vZbX1nd2//wDg8aokg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M76e6e1HwgUN/Ac5CYntoaFPXYqRVFTfqPQGxFXedFKs7iS+v7lK4lq5AEuVAryoJXrvR9TzEBaq1fO+kbOKVlrmKoALkAOLavSNr94gwJFHfIkZEqILrVDaMeKSYkbUjkiQEOExGpKugj7yiLDjdHFinilmYLoBV8eXZsr+dsTIE2LiOarTQ3IklrUZ+Z/WjaRbs2Pqh5EkPp4vciNmysCchWUOKCdYsokCCHOq3mriEeIISxWprkKAy19eBa1SEVaK5bvLXL2+iCMLTsApyAMIqqAObkEDNAEGT+AFvIF37Vl71T60z3lrRlt4jsGf0qbfnBygwg==</latexit>

(11, 77)v
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u

<latexit sha1_base64="WLHi2ZTsUqC4e61nVlous68vsQ8="></latexit>

(�1, 77)

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

<latexit sha1_base64="0u63NZSWjtyGsOcJ1W32ma1QfQI="></latexit>

(�1, 77)r

<latexit sha1_base64="l+C53MLxUJAfKZqx+/VN2C1gthE=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUKCUprWl3RRe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC13/UnIrq2vrG/nNwtb2zu6eun/Q5UHEEO6ggAasZ0OOKfFxRxBBcS9kGHo2xXf25GKm391jxkng34ppiC0PjnziEgSFpIZqbeBgV3rTSbG8k/jm8jyJjXqz3KyWa42kMPjRCiWzbJqnQ7WoV/S0tGVgZKAIsmoP1Y+BE6DIw75AFHLeN/RQWDFkgiCK5YqI4xCiCRzhvoQ+9DC34nRvop1IxtHcgMnjCy1lfzti6HE+9WzZ6UEx5ovajPxP60fCbVgx8cNIYB/NF7kR1USgzaLSHMIwEnQqAUSMyLdqaAwZREIGWpAhGItfXgbdasU4q9Sva8VWK4sjD47AMSgBA5igBa5AG3QAAg/gCbyAV+VReVbelPd5a07JPIfgTymf360moFc=</latexit>

(7, 77)

<latexit sha1_base64="EU9jShleHGaAnU7rFGtckgMS4bQ=">AAACHXicbVDLSsNAFJ3UV42vqEs3wSJUKCUprW13RRe6rGJroQ1lMpm0QycPZiZCCfkRN/6KGxeKuHAj/o3TNKC2XpjhcM49984cO6SEC8P4UnIrq2vrG/lNdWt7Z3dP2z/o8iBiCHdQQAPWsyHHlPi4I4iguBcyDD2b4jt7cjHT7+4x4yTwb8U0xJYHRz5xCYJCUkOtOnCwK73ppFjeSXxzeZ7EZq1ZalZK1UaiDn40tVgvmebpUCsYZSMtfRmYGSiArNpD7WPgBCjysC8QhZz3TSMUVgyZIIhiuSLiOIRoAke4L6EPPcytON2b6CeScXQ3YPL4Qk/Z344YepxPPVt2elCM+aI2I//T+pFwG1ZM/DAS2EfzRW5EdRHos6h0hzCMBJ1KABEj8q06GkMGkZCBqjIEc/HLy6BbKZtn5dp1tdBqZXHkwRE4BkVggjpogSvQBh2AwAN4Ai/gVXlUnpU35X3emlMyzyH4U8rnN5rkoEs=</latexit>

(7, 11)

<latexit sha1_base64="kOQBCvsCUuhdKsBUyXCHOcuzIJY="></latexit>�
>
7

<latexit sha1_base64="ty9R0hZXOtQrLfWDxgQ3TMz+qKk="></latexit>

(�1, 7)

Not minimal.

Works well in practice.

Incomplete.



Flow Framework 

• Ghost state for heap 
graphs 

• Inspired by data-flow 
analysis 

• Formalizes inductive 
heap invariants

Comparing Footprints 

• Check if update is 
frame-preserving 

• Efficient checks for 
general graphs

Frame Inference 

• Separation & flows 
• Frame-preserving 

updates 
• Finding footprints 

algorithmically
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<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�

>
11
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<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

r <latexit sha1_base64="qgcNVXMSF9QZ23oRbDs8/XFRB+s="></latexit>

Mr

<latexit sha1_base64="NklZ/ABLUqO+iX75L5nmvkuH2KQ=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK6KCVpbe2y6EI3QhX7gDaEyWTSDp08mJkIJeRD3Pgrblwo4saF4N84TQtq64UZDufcc+/McSJKuDCMLyW3tLyyupZfVzc2t7Z3tN29Ng9jhnALhTRkXQdyTEmAW4IIirsRw9B3KO44o4uJ3rnHjJMwuBPjCFs+HATEIwgKSdlape9iT3qzSYm80+T28jxN6tWiWa4VzUo9Vfs/onp9bMe2VjBKRlb6IjBnoABm1bS1j74botjHgUAUct4zjUhYCWSCIIrlgpjjCKIRHOCehAH0MbeSbGuqH0nG1b2QyRMIPWN/OxLocz72HdnpQzHk89qE/E/rxcKrWwkJoljgAE0XeTHVRahPktJdwjASdCwBRIzIt+poCBlEQuapyhDM+S8vgna5ZNZK1ZvTQqMxiyMPDsAhOAEmOAMNcAWaoAUQeABP4AW8Ko/Ks/KmvE9bc8rMsw/+lPL5DfAOoJ8=</latexit>

M 0
u

<latexit sha1_base64="NrI1EYI/TlY6E5G/R0HeLOmBL24=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK6KCVpbe2y6EI3QhVbC20Ik8mkHTp5MDMplJAPceOvuHGhiBsXgn/jNC2orRdmOJxzz70zx4ko4cIwvpTc0vLK6lp+Xd3Y3Nre0Xb32jyMGcItFNKQdRzIMSUBbgkiKO5EDEPfofjeGV5M9PsRZpyEwZ0YR9jyYT8gHkFQSMrWKj0Xe9KbTUrknSa3l+dpUq8WzXKtaFbqqdr7EdXrY3tkawWjZGSlLwJzBgpgVk1b++i5IYp9HAhEIedd04iElUAmCKJYLog5jiAawj7uShhAH3Mrybam+pFkXN0LmTyB0DP2tyOBPudj35GdPhQDPq9NyP+0biy8upWQIIoFDtB0kRdTXYT6JCndJQwjQccSQMSIfKuOBpBBJGSeqgzBnP/yImiXS2atVL05LTQaszjy4AAcghNggjPQAFegCVoAgQfwBF7Aq/KoPCtvyvu0NafMPPvgTymf3/GSoKA=</latexit>

M 0
v

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11
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u

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

r <latexit sha1_base64="qgcNVXMSF9QZ23oRbDs8/XFRB+s="></latexit>

Mr

<latexit sha1_base64="D7rJS4xCcpDLpWFxh2cB5lqJMu4=">AAACG3icbVDLSsNAFJ3UV42vqEs3wSK4KCWptnZZdKEboYp9QBvCZDJph04ezEyEEvIfbvwVNy4UcSW48G+cpgG19cIMh3PuuXfmOBElXBjGl1JYWl5ZXSuuqxubW9s72u5eh4cxQ7iNQhqyngM5piTAbUEExb2IYeg7FHed8cVU795jxkkY3IlJhC0fDgPiEQSFpGytOnCxJ73ZpETeaXJ7eZ4mjVrZrNbL5kkjVQc/onptx7ZWMipGVvoiMHNQAnm1bO1j4IYo9nEgEIWc900jElYCmSCIYjk/5jiCaAyHuC9hAH3MrSRbmupHknF1L2TyBELP2N+OBPqcT3xHdvpQjPi8NiX/0/qx8BpWQoIoFjhAs0VeTHUR6tOgdJcwjASdSAARI/KtOhpBBpGQcaoyBHP+y4ugU62Y9Urt5rTUbOZxFMEBOATHwARnoAmuQAu0AQIP4Am8gFflUXlW3pT3WWtByT374E8pn99+TKBu</latexit>

Mu
<latexit sha1_base64="/3F/jPI1cJsGzZ+enVNL2lvHd+M=">AAACG3icbVDLSsNAFJ3UV42vqEs3wSK4KCWptnZZdKEboYqthTaEyWTSDp08mJkUSsh/uPFX3LhQxJXgwr9xmgbU1gszHM65596Z40SUcGEYX0phaXllda24rm5sbm3vaLt7HR7GDOE2CmnIug7kmJIAtwURFHcjhqHvUHzvjC6m+v0YM07C4E5MImz5cBAQjyAoJGVr1b6LPenNJiXyTpPby/M0adTKZrVeNk8aqdr/EdVre2xrJaNiZKUvAjMHJZBXy9Y++m6IYh8HAlHIec80ImElkAmCKJbzY44jiEZwgHsSBtDH3Eqypal+JBlX90ImTyD0jP3tSKDP+cR3ZKcPxZDPa1PyP60XC69hJSSIYoEDNFvkxVQXoT4NSncJw0jQiQQQMSLfqqMhZBAJGacqQzDnv7wIOtWKWa/Ubk5LzWYeRxEcgENwDExwBprgCrRAGyDwAJ7AC3hVHpVn5U15n7UWlNyzD/6U8vkNf9Cgbw==</latexit>

Mv

• Question: does  and  hold?
<latexit sha1_base64="2cgN01lUdRqUa7pQEgjCVWNIp1w="></latexit>

Mu = M 0
u

<latexit sha1_base64="BX1W45EXcWVvk5JBg4R6wXnHycg="></latexit>

Mv = M 0
v



Overview

<latexit sha1_base64="+A+DQ6x1fvTiPP0lNZgDJzB+rPI="></latexit>

M 0
x

<latexit sha1_base64="6Yz2oo5Z9rL2BUnQGKvihc9Uvqc="></latexit>

M 0
y

<latexit sha1_base64="0F1yWJvQRKede26yH/iSbW3OKm8="></latexit>

M 0
z

<latexit sha1_base64="SlAoXZCfpmDQvog6Dw/Pi589pLY="></latexit>

My
<latexit sha1_base64="1CtgCsTEanHV7FWJwXI2GoeXD7Q="></latexit>

Mz

<latexit sha1_base64="GGmvqpuiS3kGpAtPsfMOF7uVaVo="></latexit>

Mx

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11

v

7

3 11

x

y z

u

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

r <latexit sha1_base64="qgcNVXMSF9QZ23oRbDs8/XFRB+s="></latexit>

Mr

<latexit sha1_base64="NklZ/ABLUqO+iX75L5nmvkuH2KQ=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK6KCVpbe2y6EI3QhX7gDaEyWTSDp08mJkIJeRD3Pgrblwo4saF4N84TQtq64UZDufcc+/McSJKuDCMLyW3tLyyupZfVzc2t7Z3tN29Ng9jhnALhTRkXQdyTEmAW4IIirsRw9B3KO44o4uJ3rnHjJMwuBPjCFs+HATEIwgKSdlape9iT3qzSYm80+T28jxN6tWiWa4VzUo9Vfs/onp9bMe2VjBKRlb6IjBnoABm1bS1j74botjHgUAUct4zjUhYCWSCIIrlgpjjCKIRHOCehAH0MbeSbGuqH0nG1b2QyRMIPWN/OxLocz72HdnpQzHk89qE/E/rxcKrWwkJoljgAE0XeTHVRahPktJdwjASdCwBRIzIt+poCBlEQuapyhDM+S8vgna5ZNZK1ZvTQqMxiyMPDsAhOAEmOAMNcAWaoAUQeABP4AW8Ko/Ks/KmvE9bc8rMsw/+lPL5DfAOoJ8=</latexit>

M 0
u

<latexit sha1_base64="NrI1EYI/TlY6E5G/R0HeLOmBL24=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK6KCVpbe2y6EI3QhVbC20Ik8mkHTp5MDMplJAPceOvuHGhiBsXgn/jNC2orRdmOJxzz70zx4ko4cIwvpTc0vLK6lp+Xd3Y3Nre0Xb32jyMGcItFNKQdRzIMSUBbgkiKO5EDEPfofjeGV5M9PsRZpyEwZ0YR9jyYT8gHkFQSMrWKj0Xe9KbTUrknSa3l+dpUq8WzXKtaFbqqdr7EdXrY3tkawWjZGSlLwJzBgpgVk1b++i5IYp9HAhEIedd04iElUAmCKJYLog5jiAawj7uShhAH3Mrybam+pFkXN0LmTyB0DP2tyOBPudj35GdPhQDPq9NyP+0biy8upWQIIoFDtB0kRdTXYT6JCndJQwjQccSQMSIfKuOBpBBJGSeqgzBnP/yImiXS2atVL05LTQaszjy4AAcghNggjPQAFegCVoAgQfwBF7Aq/KoPCtvyvu0NafMPPvgTymf3/GSoKA=</latexit>

M 0
v

<latexit sha1_base64="QdVlfgi1Sj6eZ+Bl8585m15HKTk="></latexit>�
>
11
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u

<latexit sha1_base64="t++Y4PddAtUflxkZykJ5P48HJ/M="></latexit> � <
5

<latexit sha1_base64="Te/wjNumiRSXpZhW7F4NiP1fpdQ="></latexit>�
>
5

<latexit sha1_base64="p9u0owlVu1TdfSMgL/VdM38FqsM="></latexit> � <
11

r <latexit sha1_base64="qgcNVXMSF9QZ23oRbDs8/XFRB+s="></latexit>

Mr

<latexit sha1_base64="D7rJS4xCcpDLpWFxh2cB5lqJMu4=">AAACG3icbVDLSsNAFJ3UV42vqEs3wSK4KCWptnZZdKEboYp9QBvCZDJph04ezEyEEvIfbvwVNy4UcSW48G+cpgG19cIMh3PuuXfmOBElXBjGl1JYWl5ZXSuuqxubW9s72u5eh4cxQ7iNQhqyngM5piTAbUEExb2IYeg7FHed8cVU795jxkkY3IlJhC0fDgPiEQSFpGytOnCxJ73ZpETeaXJ7eZ4mjVrZrNbL5kkjVQc/onptx7ZWMipGVvoiMHNQAnm1bO1j4IYo9nEgEIWc900jElYCmSCIYjk/5jiCaAyHuC9hAH3MrSRbmupHknF1L2TyBELP2N+OBPqcT3xHdvpQjPi8NiX/0/qx8BpWQoIoFjhAs0VeTHUR6tOgdJcwjASdSAARI/KtOhpBBpGQcaoyBHP+y4ugU62Y9Urt5rTUbOZxFMEBOATHwARnoAmuQAu0AQIP4Am8gFflUXlW3pT3WWtByT374E8pn99+TKBu</latexit>

Mu
<latexit sha1_base64="/3F/jPI1cJsGzZ+enVNL2lvHd+M=">AAACG3icbVDLSsNAFJ3UV42vqEs3wSK4KCWptnZZdKEboYqthTaEyWTSDp08mJkUSsh/uPFX3LhQxJXgwr9xmgbU1gszHM65596Z40SUcGEYX0phaXllda24rm5sbm3vaLt7HR7GDOE2CmnIug7kmJIAtwURFHcjhqHvUHzvjC6m+v0YM07C4E5MImz5cBAQjyAoJGVr1b6LPenNJiXyTpPby/M0adTKZrVeNk8aqdr/EdVre2xrJaNiZKUvAjMHJZBXy9Y++m6IYh8HAlHIec80ImElkAmCKJbzY44jiEZwgHsSBtDH3Eqypal+JBlX90ImTyD0jP3tSKDP+cR3ZKcPxZDPa1PyP60XC69hJSSIYoEDNFvkxVQXoT4NSncJw0jQiQQQMSLfqqMhZBAJGacqQzDnv7wIOtWKWa/Ubk5LzWYeRxEcgENwDExwBprgCrRAGyDwAJ7AC3hVHpVn5U15n7UWlNyzD/6U8vkNf9Cgbw==</latexit>

Mv

• Question: does  and  hold?
<latexit sha1_base64="2cgN01lUdRqUa7pQEgjCVWNIp1w="></latexit>

Mu = M 0
u

<latexit sha1_base64="BX1W45EXcWVvk5JBg4R6wXnHycg="></latexit>

Mv = M 0
v

• Naive: compute fixed point (over functions), then check
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