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Introduction
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Component-Based Systems
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Electrical	Circuits
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Signal	Flow	Graphs



Compositional Modelling
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There is an emerging, multi-disciplinary field aiming at studying 
graphical models of computation compositionally, inspired by 
the algebraic methods of programming language semantics.

Diagrams are first-class citizens of the theory. The appropriate 
algebraic setting is monoidal (and not cartesian) categories. 



In this talk
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Signal Flow Graphs Petri nets

Diagrammatic  
circuit syntax

Signal flow interpretation:  
linear relations

Resource interpretation:  
additive relations

Fully complete 
axiomatisation

Fully complete 
axiomatisation

Take home message:  
seemingly diverse computational models can be studied 

within the same algebraic framework.

𝖦𝖫𝖠



The core language
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A simple diagrammatic syntax

𝖦𝖫𝖠
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n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

elements of 
a semiring

Discard
Copy Sum Zero Scale

Graphical Linear Algebra



Circuit Diagrams Behaviour
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n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

mn
<latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit><latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit><latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit><latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit>

m
<latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit><latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit><latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit><latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>mn

<latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit><latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit><latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit><latexit sha1_base64="YMgqwIzWr8A9SjHHETYBk4q2Fos=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8BLx6jmAckS5id9CZDZmaXmVkhhPyBFw+KePWPvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8O/fbT6gNT9SjnaQYSjpUPOaMWic9SNUvV/yqvwBZJ0FOKpCj0S9/9QYJyyQqywQ1phv4qQ2nVFvOBM5KvcxgStmYDrHrqKISTThdXDojF04ZkDjRrpQlC/X3xJRKYyYycp2S2pFZ9ebif143s/FNOOUqzSwqtlwUZ4LYhMzfJgOukVkxcYQyzd2thI2opsy6cEouhGD15XXSuqoGfjW4r1XqtTyOIpzBOVxCANdQhztoQBMYxPAMr/Dmjb0X7937WLYWvHzmFP7A+/wBnW+NWw==</latexit>

m
<latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit><latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit><latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit><latexit sha1_base64="yCU3e2mL8fi1obgrOxK+w2GhglE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXAxjIBkwjJEfY2c8ma3b1jd08IIb/AxkIRW3+Snf/GTXKFJj4YeLw3w8y8KBXcWN//9gobm1vbO8Xd0t7+weFR+fikbZJMM2yxRCT6IaIGBVfYstwKfEg1UhkJ7ETj27nfeUJteKLu7STFUNKh4jFn1DqpKfvlil/1FyDrJMhJBXI0+uWv3iBhmURlmaDGdAM/teGUasuZwFmplxlMKRvTIXYdVVSiCaeLQ2fkwikDEifalbJkof6emFJpzERGrlNSOzKr3lz8z+tmNr4Jp1ylmUXFloviTBCbkPnXZMA1MismjlCmubuVsBHVlFmXTcmFEKy+vE7aV9XArwbNWqVey+MowhmcwyUEcA11uIMGtIABwjO8wpv36L14797HsrXg5TOn8Afe5w/RV4zj</latexit>



n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

Stateful extension: syntax

𝖦𝖫𝖠s
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Stateful extension: behaviour

n
m

Stateless semantics can be inductively extended to a 
stateful one:
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The register is canonical
Registers and their semantics are justified by the iso

(𝖦𝖫𝖠s)/Fr ≅ 𝖲𝗍(𝖦𝖫𝖠/Fr)Arrows k → l are 
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= =

Arrows k → l are 

⟼

=⟼ Fr

n m n
m



What’s coming up

Control 
Theory

Concurrency 
Theory
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The signal flow perspective  
(CONCUR’14, POPL’15, Inf. and Comp. ’17)

 14



Linear interpretation

a and b are now vectors over ℝ. 

[[c: k → l ]] is always a linear relation between ℝk  and ℝl  
(= a subspace of ℝk x ℝl).

 15

Finite-dimensional linear relations form a 
category 𝖫𝗂𝗇𝖱𝖾𝗅ℝ

Proposition
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Equational Theory

v == n ≠ 0

𝕀ℍ: Interacting Hopf Algebras

= =

Frobenius Algebra

vv
=

Hopf Algebra

= =

Hopf Algebra

=

v
Frobenius Algebra

= =

�1
<latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit> �1

<latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>n

<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>
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1
<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>

0
<latexit sha1_base64="UqAUQYhf9OJjaPo+DJJHIcyAU08=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxE8HEKePGYgGsCyRJmJ73JmNnZZWZWWJZ8gRcPKl79JW/+jZMHookFDUVVN91dQSK4Nq775RRWVtfWN4qbpa3tnd298v7BvY5TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzcRvPaLSPJZ3JkvQj+hA8pAzaqzUdHvlilt1pyA/pLZIKjBHo1f+7PZjlkYoDRNU607NTYyfU2U4EzgudVONCWUjOsCOpZJGqP18euiYnFilT8JY2ZKGTNXfEzmNtM6iwHZG1Az1ojcR//M6qQkv/ZzLJDUo2WxRmApiYjL5mvS5QmZEZgllittbCRtSRZmx2ZRsCEsvLxPvrHpVdZvnlfr1PI0iHMExnEINLqAOt9AADxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abma4yA</latexit><latexit sha1_base64="UqAUQYhf9OJjaPo+DJJHIcyAU08=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxE8HEKePGYgGsCyRJmJ73JmNnZZWZWWJZ8gRcPKl79JW/+jZMHookFDUVVN91dQSK4Nq775RRWVtfWN4qbpa3tnd298v7BvY5TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzcRvPaLSPJZ3JkvQj+hA8pAzaqzUdHvlilt1pyA/pLZIKjBHo1f+7PZjlkYoDRNU607NTYyfU2U4EzgudVONCWUjOsCOpZJGqP18euiYnFilT8JY2ZKGTNXfEzmNtM6iwHZG1Az1ojcR//M6qQkv/ZzLJDUo2WxRmApiYjL5mvS5QmZEZgllittbCRtSRZmx2ZRsCEsvLxPvrHpVdZvnlfr1PI0iHMExnEINLqAOt9AADxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abma4yA</latexit><latexit sha1_base64="UqAUQYhf9OJjaPo+DJJHIcyAU08=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxE8HEKePGYgGsCyRJmJ73JmNnZZWZWWJZ8gRcPKl79JW/+jZMHookFDUVVN91dQSK4Nq775RRWVtfWN4qbpa3tnd298v7BvY5TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzcRvPaLSPJZ3JkvQj+hA8pAzaqzUdHvlilt1pyA/pLZIKjBHo1f+7PZjlkYoDRNU607NTYyfU2U4EzgudVONCWUjOsCOpZJGqP18euiYnFilT8JY2ZKGTNXfEzmNtM6iwHZG1Az1ojcR//M6qQkv/ZzLJDUo2WxRmApiYjL5mvS5QmZEZgllittbCRtSRZmx2ZRsCEsvLxPvrHpVdZvnlfr1PI0iHMExnEINLqAOt9AADxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abma4yA</latexit>

0
<latexit sha1_base64="NfYcUmQWyzb9URcp9R2nQmAUAyc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFDwYvHFowttKFstpN27WYTdjdCCP0FXjyoePUvefPfuP1AtPXBwOO9GWbmBYng2rjul1NYWV1b3yhulra2d3b3yvsH9zpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGNxO/9YhK81jemSxBP6IDyUPOqLFS0+2VK27VnYL8kNoiqcAcjV75s9uPWRqhNExQrTs1NzF+TpXhTOC41E01JpSN6AA7lkoaofbz6aFjcmKVPgljZUsaMlV/T+Q00jqLAtsZUTPUi95E/M/rpCa89HMuk9SgZLNFYSqIicnka9LnCpkRmSWUKW5vJWxIFWXGZlOyISy9vEy8s+pV1W2eV+rX8zSKcATHcAo1uIA63EIDPGCA8AQv8Oo8OM/Om/M+ay0485lD+APn4xvnBYyC</latexit><latexit sha1_base64="NfYcUmQWyzb9URcp9R2nQmAUAyc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFDwYvHFowttKFstpN27WYTdjdCCP0FXjyoePUvefPfuP1AtPXBwOO9GWbmBYng2rjul1NYWV1b3yhulra2d3b3yvsH9zpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGNxO/9YhK81jemSxBP6IDyUPOqLFS0+2VK27VnYL8kNoiqcAcjV75s9uPWRqhNExQrTs1NzF+TpXhTOC41E01JpSN6AA7lkoaofbz6aFjcmKVPgljZUsaMlV/T+Q00jqLAtsZUTPUi95E/M/rpCa89HMuk9SgZLNFYSqIicnka9LnCpkRmSWUKW5vJWxIFWXGZlOyISy9vEy8s+pV1W2eV+rX8zSKcATHcAo1uIA63EIDPGCA8AQv8Oo8OM/Om/M+ay0485lD+APn4xvnBYyC</latexit><latexit sha1_base64="NfYcUmQWyzb9URcp9R2nQmAUAyc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFDwYvHFowttKFstpN27WYTdjdCCP0FXjyoePUvefPfuP1AtPXBwOO9GWbmBYng2rjul1NYWV1b3yhulra2d3b3yvsH9zpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGNxO/9YhK81jemSxBP6IDyUPOqLFS0+2VK27VnYL8kNoiqcAcjV75s9uPWRqhNExQrTs1NzF+TpXhTOC41E01JpSN6AA7lkoaofbz6aFjcmKVPgljZUsaMlV/T+Q00jqLAtsZUTPUi95E/M/rpCa89HMuk9SgZLNFYSqIicnka9LnCpkRmSWUKW5vJWxIFWXGZlOyISy9vEy8s+pV1W2eV+rX8zSKcATHcAo1uIA63EIDPGCA8AQv8Oo8OM/Om/M+ay0485lD+APn4xvnBYyC</latexit>

0
<latexit sha1_base64="NfYcUmQWyzb9URcp9R2nQmAUAyc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFDwYvHFowttKFstpN27WYTdjdCCP0FXjyoePUvefPfuP1AtPXBwOO9GWbmBYng2rjul1NYWV1b3yhulra2d3b3yvsH9zpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGNxO/9YhK81jemSxBP6IDyUPOqLFS0+2VK27VnYL8kNoiqcAcjV75s9uPWRqhNExQrTs1NzF+TpXhTOC41E01JpSN6AA7lkoaofbz6aFjcmKVPgljZUsaMlV/T+Q00jqLAtsZUTPUi95E/M/rpCa89HMuk9SgZLNFYSqIicnka9LnCpkRmSWUKW5vJWxIFWXGZlOyISy9vEy8s+pV1W2eV+rX8zSKcATHcAo1uIA63EIDPGCA8AQv8Oo8OM/Om/M+ay0485lD+APn4xvnBYyC</latexit><latexit sha1_base64="NfYcUmQWyzb9URcp9R2nQmAUAyc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFDwYvHFowttKFstpN27WYTdjdCCP0FXjyoePUvefPfuP1AtPXBwOO9GWbmBYng2rjul1NYWV1b3yhulra2d3b3yvsH9zpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGNxO/9YhK81jemSxBP6IDyUPOqLFS0+2VK27VnYL8kNoiqcAcjV75s9uPWRqhNExQrTs1NzF+TpXhTOC41E01JpSN6AA7lkoaofbz6aFjcmKVPgljZUsaMlV/T+Q00jqLAtsZUTPUi95E/M/rpCa89HMuk9SgZLNFYSqIicnka9LnCpkRmSWUKW5vJWxIFWXGZlOyISy9vEy8s+pV1W2eV+rX8zSKcATHcAo1uIA63EIDPGCA8AQv8Oo8OM/Om/M+ay0485lD+APn4xvnBYyC</latexit><latexit sha1_base64="NfYcUmQWyzb9URcp9R2nQmAUAyc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFDwYvHFowttKFstpN27WYTdjdCCP0FXjyoePUvefPfuP1AtPXBwOO9GWbmBYng2rjul1NYWV1b3yhulra2d3b3yvsH9zpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGNxO/9YhK81jemSxBP6IDyUPOqLFS0+2VK27VnYL8kNoiqcAcjV75s9uPWRqhNExQrTs1NzF+TpXhTOC41E01JpSN6AA7lkoaofbz6aFjcmKVPgljZUsaMlV/T+Q00jqLAtsZUTPUi95E/M/rpCa89HMuk9SgZLNFYSqIicnka9LnCpkRmSWUKW5vJWxIFWXGZlOyISy9vEy8s+pV1W2eV+rX8zSKcATHcAo1uIA63EIDPGCA8AQv8Oo8OM/Om/M+ay0485lD+APn4xvnBYyC</latexit>

...
<latexit sha1_base64="TfgVUKMkZm1hPIXx37kUCkJ1Tkc=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lVQEFTwUvHisYNpCG8pms2nXbnbD7qRQQv+DFw8qXv1B3vw3bj8QbX0w8Hhvhpl5YSq4Qc/7clZW19Y3Ngtbxe2d3b390sFhw6hMU+ZTJZRuhcQwwSXzkaNgrVQzkoSCNcPB7cRvDpk2XMkHHKUsSEhP8phTglZqdIaRQtMtlb2KN4X7Q6qLpAxz1Lulz06kaJYwiVQQY9pVL8UgJxo5FWxc7GSGpYQOSI+1LZUkYSbIp9eO3VOrRG6stC2J7lT9PZGTxJhREtrOhGDfLHoT8T+vnWF8FeRcphkySWeL4ky4qNzJ627ENaMoRpYQqrm91aV9oglFG1DRhrD08jLxzyvXFe/+oly7madRgGM4gTOowiXU4A7q4AOFR3iCF3h1lPPsvDnvs9YVZz5zBH/gfHwDNwmPEA==</latexit><latexit sha1_base64="TfgVUKMkZm1hPIXx37kUCkJ1Tkc=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lVQEFTwUvHisYNpCG8pms2nXbnbD7qRQQv+DFw8qXv1B3vw3bj8QbX0w8Hhvhpl5YSq4Qc/7clZW19Y3Ngtbxe2d3b390sFhw6hMU+ZTJZRuhcQwwSXzkaNgrVQzkoSCNcPB7cRvDpk2XMkHHKUsSEhP8phTglZqdIaRQtMtlb2KN4X7Q6qLpAxz1Lulz06kaJYwiVQQY9pVL8UgJxo5FWxc7GSGpYQOSI+1LZUkYSbIp9eO3VOrRG6stC2J7lT9PZGTxJhREtrOhGDfLHoT8T+vnWF8FeRcphkySWeL4ky4qNzJ627ENaMoRpYQqrm91aV9oglFG1DRhrD08jLxzyvXFe/+oly7madRgGM4gTOowiXU4A7q4AOFR3iCF3h1lPPsvDnvs9YVZz5zBH/gfHwDNwmPEA==</latexit><latexit sha1_base64="TfgVUKMkZm1hPIXx37kUCkJ1Tkc=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lVQEFTwUvHisYNpCG8pms2nXbnbD7qRQQv+DFw8qXv1B3vw3bj8QbX0w8Hhvhpl5YSq4Qc/7clZW19Y3Ngtbxe2d3b390sFhw6hMU+ZTJZRuhcQwwSXzkaNgrVQzkoSCNcPB7cRvDpk2XMkHHKUsSEhP8phTglZqdIaRQtMtlb2KN4X7Q6qLpAxz1Lulz06kaJYwiVQQY9pVL8UgJxo5FWxc7GSGpYQOSI+1LZUkYSbIp9eO3VOrRG6stC2J7lT9PZGTxJhREtrOhGDfLHoT8T+vnWF8FeRcphkySWeL4ky4qNzJ627ENaMoRpYQqrm91aV9oglFG1DRhrD08jLxzyvXFe/+oly7madRgGM4gTOowiXU4A7q4AOFR3iCF3h1lPPsvDnvs9YVZz5zBH/gfHwDNwmPEA==</latexit>

0
<latexit sha1_base64="UqAUQYhf9OJjaPo+DJJHIcyAU08=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxE8HEKePGYgGsCyRJmJ73JmNnZZWZWWJZ8gRcPKl79JW/+jZMHookFDUVVN91dQSK4Nq775RRWVtfWN4qbpa3tnd298v7BvY5TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzcRvPaLSPJZ3JkvQj+hA8pAzaqzUdHvlilt1pyA/pLZIKjBHo1f+7PZjlkYoDRNU607NTYyfU2U4EzgudVONCWUjOsCOpZJGqP18euiYnFilT8JY2ZKGTNXfEzmNtM6iwHZG1Az1ojcR//M6qQkv/ZzLJDUo2WxRmApiYjL5mvS5QmZEZgllittbCRtSRZmx2ZRsCEsvLxPvrHpVdZvnlfr1PI0iHMExnEINLqAOt9AADxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abma4yA</latexit><latexit sha1_base64="UqAUQYhf9OJjaPo+DJJHIcyAU08=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxE8HEKePGYgGsCyRJmJ73JmNnZZWZWWJZ8gRcPKl79JW/+jZMHookFDUVVN91dQSK4Nq775RRWVtfWN4qbpa3tnd298v7BvY5TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzcRvPaLSPJZ3JkvQj+hA8pAzaqzUdHvlilt1pyA/pLZIKjBHo1f+7PZjlkYoDRNU607NTYyfU2U4EzgudVONCWUjOsCOpZJGqP18euiYnFilT8JY2ZKGTNXfEzmNtM6iwHZG1Az1ojcR//M6qQkv/ZzLJDUo2WxRmApiYjL5mvS5QmZEZgllittbCRtSRZmx2ZRsCEsvLxPvrHpVdZvnlfr1PI0iHMExnEINLqAOt9AADxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abma4yA</latexit><latexit sha1_base64="UqAUQYhf9OJjaPo+DJJHIcyAU08=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxE8HEKePGYgGsCyRJmJ73JmNnZZWZWWJZ8gRcPKl79JW/+jZMHookFDUVVN91dQSK4Nq775RRWVtfWN4qbpa3tnd298v7BvY5TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzcRvPaLSPJZ3JkvQj+hA8pAzaqzUdHvlilt1pyA/pLZIKjBHo1f+7PZjlkYoDRNU607NTYyfU2U4EzgudVONCWUjOsCOpZJGqP18euiYnFilT8JY2ZKGTNXfEzmNtM6iwHZG1Az1ojcR//M6qQkv/ZzLJDUo2WxRmApiYjL5mvS5QmZEZgllittbCRtSRZmx2ZRsCEsvLxPvrHpVdZvnlfr1PI0iHMExnEINLqAOt9AADxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abma4yA</latexit>

2
<latexit sha1_base64="4CZJ5Ro9dAYIz1Z0II/1FsznrT0=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWyCEAUPAS8eE3BNIFnC7KQ3GTM7u8zMCmHJF3jxoOLVX/Lm3zh5IJpY0FBUddPdFSSCa+O6X05ubX1jcyu/XdjZ3ds/KB4e3es4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91iMqzWN5Z8YJ+hEdSB5yRo2VmtVeseSW3RnID6kskxIs0OgVP7v9mKURSsME1bpTcRPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IWdW6ZMwVrakITP190RGI63HUWA7I2qGetmbiv95ndSEl37GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbAgrL68Sr1q+KrvNi1L9epFGHk7gFM6hAjWowy00wAMGCE/wAq/Og/PsvDnv89acs5g5hj9wPr4B6guMhA==</latexit><latexit sha1_base64="4CZJ5Ro9dAYIz1Z0II/1FsznrT0=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWyCEAUPAS8eE3BNIFnC7KQ3GTM7u8zMCmHJF3jxoOLVX/Lm3zh5IJpY0FBUddPdFSSCa+O6X05ubX1jcyu/XdjZ3ds/KB4e3es4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91iMqzWN5Z8YJ+hEdSB5yRo2VmtVeseSW3RnID6kskxIs0OgVP7v9mKURSsME1bpTcRPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IWdW6ZMwVrakITP190RGI63HUWA7I2qGetmbiv95ndSEl37GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbAgrL68Sr1q+KrvNi1L9epFGHk7gFM6hAjWowy00wAMGCE/wAq/Og/PsvDnv89acs5g5hj9wPr4B6guMhA==</latexit><latexit sha1_base64="4CZJ5Ro9dAYIz1Z0II/1FsznrT0=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWyCEAUPAS8eE3BNIFnC7KQ3GTM7u8zMCmHJF3jxoOLVX/Lm3zh5IJpY0FBUddPdFSSCa+O6X05ubX1jcyu/XdjZ3ds/KB4e3es4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91iMqzWN5Z8YJ+hEdSB5yRo2VmtVeseSW3RnID6kskxIs0OgVP7v9mKURSsME1bpTcRPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IWdW6ZMwVrakITP190RGI63HUWA7I2qGetmbiv95ndSEl37GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbAgrL68Sr1q+KrvNi1L9epFGHk7gFM6hAjWowy00wAMGCE/wAq/Og/PsvDnv89acs5g5hj9wPr4B6guMhA==</latexit>1

<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>1
<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>

1
<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>

1
<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>

3
<latexit sha1_base64="TNnS2x+wsZm5FC51dSrlpCiG9tE=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWw0oIKHgBePCbgmkCxhdtKbjJmdXWZmhbDkC7x4UPHqL3nzb5w8EE0saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP7nWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMbyZ+8xGV5rG8M6ME/Yj2JQ85o8ZKjfNuseSW3SnID6kskhLMUe8WPzu9mKURSsME1bpdcRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/mx46JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEl37GZZIalGy2KEwFMTGZfE16XCEzYmQJZYrbWwkbUEWZsdkUbAhLLy8T76x8VXYb1VLtep5GHo7gGE6hAhdQg1uogwcMEJ7gBV6dB+fZeXPeZ605Zz5zCH/gfHwD646MhQ==</latexit><latexit sha1_base64="TNnS2x+wsZm5FC51dSrlpCiG9tE=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWw0oIKHgBePCbgmkCxhdtKbjJmdXWZmhbDkC7x4UPHqL3nzb5w8EE0saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP7nWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMbyZ+8xGV5rG8M6ME/Yj2JQ85o8ZKjfNuseSW3SnID6kskhLMUe8WPzu9mKURSsME1bpdcRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/mx46JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEl37GZZIalGy2KEwFMTGZfE16XCEzYmQJZYrbWwkbUEWZsdkUbAhLLy8T76x8VXYb1VLtep5GHo7gGE6hAhdQg1uogwcMEJ7gBV6dB+fZeXPeZ605Zz5zCH/gfHwD646MhQ==</latexit><latexit sha1_base64="TNnS2x+wsZm5FC51dSrlpCiG9tE=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWw0oIKHgBePCbgmkCxhdtKbjJmdXWZmhbDkC7x4UPHqL3nzb5w8EE0saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP7nWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMbyZ+8xGV5rG8M6ME/Yj2JQ85o8ZKjfNuseSW3SnID6kskhLMUe8WPzu9mKURSsME1bpdcRPjZ1QZzgSOC51UY0LZkPaxbamkEWo/mx46JidW6ZEwVrakIVP190RGI61HUWA7I2oGetGbiP957dSEl37GZZIalGy2KEwFMTGZfE16XCEzYmQJZYrbWwkbUEWZsdkUbAhLLy8T76x8VXYb1VLtep5GHo7gGE6hAhdQg1uogwcMEJ7gBV6dB+fZeXPeZ605Zz5zCH/gfHwD646MhQ==</latexit>

1
<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>

1
<latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit><latexit sha1_base64="41O092kcY7hhC+mwlJd2hRrlCpc=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKeyK4OMU8OIxAdcEkiXMTnqTMbOzy8ysEJZ8gRcPKl79JW/+jZMHookFDUVVN91dYSq4Nq775RRWVtfWN4qbpa3tnd298v7BvU4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqLSPJF3ZpRiENO+5BFn1Fip4XXLFbfqTkF+iLdIKjBHvVv+7PQSlsUoDRNU67bnpibIqTKcCRyXOpnGlLIh7WPbUklj1EE+PXRMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//PamYkug5zLNDMo2WxRlAliEjL5mvS4QmbEyBLKFLe3EjagijJjsynZEJZeXib+WfWq6jbOK7XreRpFOIJjOAUPLqAGt1AHHxggPMELvDoPzrPz5rzPWgvOfOYQ/sD5+Abn7oyB</latexit>

2
<latexit sha1_base64="4CZJ5Ro9dAYIz1Z0II/1FsznrT0=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWyCEAUPAS8eE3BNIFnC7KQ3GTM7u8zMCmHJF3jxoOLVX/Lm3zh5IJpY0FBUddPdFSSCa+O6X05ubX1jcyu/XdjZ3ds/KB4e3es4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91iMqzWN5Z8YJ+hEdSB5yRo2VmtVeseSW3RnID6kskxIs0OgVP7v9mKURSsME1bpTcRPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IWdW6ZMwVrakITP190RGI63HUWA7I2qGetmbiv95ndSEl37GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbAgrL68Sr1q+KrvNi1L9epFGHk7gFM6hAjWowy00wAMGCE/wAq/Og/PsvDnv89acs5g5hj9wPr4B6guMhA==</latexit><latexit sha1_base64="4CZJ5Ro9dAYIz1Z0II/1FsznrT0=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWyCEAUPAS8eE3BNIFnC7KQ3GTM7u8zMCmHJF3jxoOLVX/Lm3zh5IJpY0FBUddPdFSSCa+O6X05ubX1jcyu/XdjZ3ds/KB4e3es4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91iMqzWN5Z8YJ+hEdSB5yRo2VmtVeseSW3RnID6kskxIs0OgVP7v9mKURSsME1bpTcRPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IWdW6ZMwVrakITP190RGI63HUWA7I2qGetmbiv95ndSEl37GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbAgrL68Sr1q+KrvNi1L9epFGHk7gFM6hAjWowy00wAMGCE/wAq/Og/PsvDnv89acs5g5hj9wPr4B6guMhA==</latexit><latexit sha1_base64="4CZJ5Ro9dAYIz1Z0II/1FsznrT0=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWyCEAUPAS8eE3BNIFnC7KQ3GTM7u8zMCmHJF3jxoOLVX/Lm3zh5IJpY0FBUddPdFSSCa+O6X05ubX1jcyu/XdjZ3ds/KB4e3es4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91iMqzWN5Z8YJ+hEdSB5yRo2VmtVeseSW3RnID6kskxIs0OgVP7v9mKURSsME1bpTcRPjZ1QZzgROCt1UY0LZiA6wY6mkEWo/mx06IWdW6ZMwVrakITP190RGI63HUWA7I2qGetmbiv95ndSEl37GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbAgrL68Sr1q+KrvNi1L9epFGHk7gFM6hAjWowy00wAMGCE/wAq/Og/PsvDnv89acs5g5hj9wPr4B6guMhA==</latexit>

6
<latexit sha1_base64="UB6FHUoTF9hGquYqJyIRYmqgyAw=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxEooKHgBePCbgmkCxhdtKbjJmdXWZmhbDkC7x4UPHqL3nzb5w8EE0saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP7nWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMbyZ+8xGV5rG8M6ME/Yj2JQ85o8ZKjWq3WHLL7hTkh1QWSQnmqHeLn51ezNIIpWGCat2uuInxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCSz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNoSll5eJd1a+KruN81Ltep5GHo7gGE6hAhdQg1uogwcMEJ7gBV6dB+fZeXPeZ605Zz5zCH/gfHwD8BeMiA==</latexit><latexit sha1_base64="UB6FHUoTF9hGquYqJyIRYmqgyAw=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxEooKHgBePCbgmkCxhdtKbjJmdXWZmhbDkC7x4UPHqL3nzb5w8EE0saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP7nWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMbyZ+8xGV5rG8M6ME/Yj2JQ85o8ZKjWq3WHLL7hTkh1QWSQnmqHeLn51ezNIIpWGCat2uuInxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCSz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNoSll5eJd1a+KruN81Ltep5GHo7gGE6hAhdQg1uogwcMEJ7gBV6dB+fZeXPeZ605Zz5zCH/gfHwD8BeMiA==</latexit><latexit sha1_base64="UB6FHUoTF9hGquYqJyIRYmqgyAw=">AAAB53icbVDLSgNBEOyNrxhfUY9eBoPgKWxEooKHgBePCbgmkCxhdtKbjJmdXWZmhbDkC7x4UPHqL3nzb5w8EE0saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP7nWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMbyZ+8xGV5rG8M6ME/Yj2JQ85o8ZKjWq3WHLL7hTkh1QWSQnmqHeLn51ezNIIpWGCat2uuInxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCSz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNoSll5eJd1a+KruN81Ltep5GHo7gGE6hAhdQg1uogwcMEJ7gBV6dB+fZeXPeZ605Zz5zCH/gfHwD8BeMiA==</latexit>

...
<latexit sha1_base64="rUU+C56Zksmb51FohyzuDmo91Lo=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lVQE9Vb04rGCaQttKJvNpl272Q27k0IJ/Q9ePKh49Qd589+4/UC09cHA470ZZuaFqeAGPe/LWVldW9/YLGwVt3d29/ZLB4cNozJNmU+VULoVEsMEl8xHjoK1Us1IEgrWDAe3E785ZNpwJR9wlLIgIT3JY04JWqnRGUYKTbdU9ireFO4PqS6SMsxR75Y+O5GiWcIkUkGMaVe9FIOcaORUsHGxkxmWEjogPda2VJKEmSCfXjt2T60SubHStiS6U/X3RE4SY0ZJaDsTgn2z6E3E/7x2hvFVkHOZZsgknS2KM+GicievuxHXjKIYWUKo5vZWl/aJJhRtQEUbwtLLy8Q/r1xXvPuLcu1mnkYBjuEEzqAKl1CDO6iDDxQe4Qle4NVRzrPz5rzPWlec+cwR/IHz8Q04148W</latexit><latexit sha1_base64="rUU+C56Zksmb51FohyzuDmo91Lo=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lVQE9Vb04rGCaQttKJvNpl272Q27k0IJ/Q9ePKh49Qd589+4/UC09cHA470ZZuaFqeAGPe/LWVldW9/YLGwVt3d29/ZLB4cNozJNmU+VULoVEsMEl8xHjoK1Us1IEgrWDAe3E785ZNpwJR9wlLIgIT3JY04JWqnRGUYKTbdU9ireFO4PqS6SMsxR75Y+O5GiWcIkUkGMaVe9FIOcaORUsHGxkxmWEjogPda2VJKEmSCfXjt2T60SubHStiS6U/X3RE4SY0ZJaDsTgn2z6E3E/7x2hvFVkHOZZsgknS2KM+GicievuxHXjKIYWUKo5vZWl/aJJhRtQEUbwtLLy8Q/r1xXvPuLcu1mnkYBjuEEzqAKl1CDO6iDDxQe4Qle4NVRzrPz5rzPWlec+cwR/IHz8Q04148W</latexit><latexit sha1_base64="rUU+C56Zksmb51FohyzuDmo91Lo=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBE8lVQE9Vb04rGCaQttKJvNpl272Q27k0IJ/Q9ePKh49Qd589+4/UC09cHA470ZZuaFqeAGPe/LWVldW9/YLGwVt3d29/ZLB4cNozJNmU+VULoVEsMEl8xHjoK1Us1IEgrWDAe3E785ZNpwJR9wlLIgIT3JY04JWqnRGUYKTbdU9ireFO4PqS6SMsxR75Y+O5GiWcIkUkGMaVe9FIOcaORUsHGxkxmWEjogPda2VJKEmSCfXjt2T60SubHStiS6U/X3RE4SY0ZJaDsTgn2z6E3E/7x2hvFVkHOZZsgknS2KM+GicievuxHXjKIYWUKo5vZWl/aJJhRtQEUbwtLLy8Q/r1xXvPuLcu1mnkYBjuEEzqAKl1CDO6iDDxQe4Qle4NVRzrPz5rzPWlec+cwR/IHz8Q04148W</latexit>

(c,0,0) ⟶ (c,1,1) ⟶ (c,1,2) ⟶ (c,1,3) ⟶ …1
3 6 9 12

0 00



Signal Flow Graphs
In fact, the class of signal flow graphs embeds in 

 19

𝖦𝖫𝖠s

⟼
�1

<latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit><latexit sha1_base64="WBOXyV7XCI1iJiPFnHk1/xZ3pfg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69RIvgxbIrBT0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrUvcO8V+v1zxqt4ceJX4OalAjka//NUbKJrGTFoqiDFd30tskBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTvG5UwY4UtqVtHiu/p7ISGzMJA5dZ0zsyCx7M/E/r5va6CbIuExSyyRdLIpSga3Cs9fxgGtGrZg4Qqjm7lZMR0QTal1AJReCv/zyKmldVX2v6t/XKvVaHkcRTuAMLsCHa6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5SMjcM=</latexit>



Further Developments
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• ``Kleene’s Theorem’': signal flow graphs modulo 𝕀ℍ 
identify precisely the rational behaviours in the 
semantic domain. 

• Graphical Equational Reasoning for Linear Dynamical 
Systems. 
(Bonchi, Sobocinski, Z., CONCUR’14, Fong, Sobocinski, Rapisarda, LICS’16) 

• Realisability procedure for signal flow graph specification.  
(Bonchi, Sobocinski, Z., PoPL’15) 

• Syntactic criterion for composing controllable systems. 
(Fong, Sobocinski, Rapisarda, LICS’16)

x

1 � x � x2
<latexit sha1_base64="u550MDGvTwQyJUjSyk6UlAQJ9+Y=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJy2IRvFiSIqi3ohePFYwttLFstpt26eaD3Y20hIB/xYsHFa/+D2/+GzdtDtr6YODx3gwz87yYM6ks69soLS2vrK6V1ysbm1vbO+bu3r2MEkGoQyIeibaHJeUspI5iitN2LCgOPE5b3ug691uPVEgWhXdqElM3wIOQ+YxgpaWeedD1BSbpOEttdIrGeT3Us55ZtWrWFGiR2AWpQoFmz/zq9iOSBDRUhGMpO7YVKzfFQjHCaVbpJpLGmIzwgHY0DXFApZtOz8/QsVb6yI+ErlChqfp7IsWBlJPA050BVkM57+Xif14nUf6Fm7IwThQNyWyRn3CkIpRngfpMUKL4RBNMBNO3IjLEOg+lE6voEOz5lxeJU69d1qzbs2rjqkijDIdwBCdgwzk04Aaa4ACBFJ7hFd6MJ+PFeDc+Zq0lo5jZhz8wPn8Au2mUOw==</latexit><latexit sha1_base64="u550MDGvTwQyJUjSyk6UlAQJ9+Y=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJy2IRvFiSIqi3ohePFYwttLFstpt26eaD3Y20hIB/xYsHFa/+D2/+GzdtDtr6YODx3gwz87yYM6ks69soLS2vrK6V1ysbm1vbO+bu3r2MEkGoQyIeibaHJeUspI5iitN2LCgOPE5b3ug691uPVEgWhXdqElM3wIOQ+YxgpaWeedD1BSbpOEttdIrGeT3Us55ZtWrWFGiR2AWpQoFmz/zq9iOSBDRUhGMpO7YVKzfFQjHCaVbpJpLGmIzwgHY0DXFApZtOz8/QsVb6yI+ErlChqfp7IsWBlJPA050BVkM57+Xif14nUf6Fm7IwThQNyWyRn3CkIpRngfpMUKL4RBNMBNO3IjLEOg+lE6voEOz5lxeJU69d1qzbs2rjqkijDIdwBCdgwzk04Aaa4ACBFJ7hFd6MJ+PFeDc+Zq0lo5jZhz8wPn8Au2mUOw==</latexit><latexit sha1_base64="u550MDGvTwQyJUjSyk6UlAQJ9+Y=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJy2IRvFiSIqi3ohePFYwttLFstpt26eaD3Y20hIB/xYsHFa/+D2/+GzdtDtr6YODx3gwz87yYM6ks69soLS2vrK6V1ysbm1vbO+bu3r2MEkGoQyIeibaHJeUspI5iitN2LCgOPE5b3ug691uPVEgWhXdqElM3wIOQ+YxgpaWeedD1BSbpOEttdIrGeT3Us55ZtWrWFGiR2AWpQoFmz/zq9iOSBDRUhGMpO7YVKzfFQjHCaVbpJpLGmIzwgHY0DXFApZtOz8/QsVb6yI+ErlChqfp7IsWBlJPA050BVkM57+Xif14nUf6Fm7IwThQNyWyRn3CkIpRngfpMUKL4RBNMBNO3IjLEOg+lE6voEOz5lxeJU69d1qzbs2rjqkijDIdwBCdgwzk04Aaa4ACBFJ7hFd6MJ+PFeDc+Zq0lo5jZhz8wPn8Au2mUOw==</latexit>

?�<latexit sha1_base64="5muuBb3ga205L8ZTqItDb2ib//A=">AAAB/HicdZBLSwMxFIUzPmt9jY+dm2ARXJWpCOrKQjcuKzi20BlKJs20oZkkJBmxDoN/xY0LFbf+EHf+GzNthfo6EDic715yOZFkVBvP+3Dm5hcWl5ZLK+XVtfWNTXdr+1qLVGHiY8GEakdIE0Y58Q01jLSlIiiJGGlFw0bBWzdEaSr4lRlJEiaoz2lMMTI26rq7gSgwMdl5ngVISiVu865bqVW9saD3y3yhCpiq2XXfg57AaUK4wQxp3al50oQZUoZiRvJykGoiER6iPulYy1FCdJiNr8/hgU16MBbKPm7gOJ3dyFCi9SiJ7GSCzED/ZEX4F+ukJj4NM8plagjHk4/ilEEjYFEF7FFFsGEjaxBW1N4K8QAphI1tpDxbwv/GP6qeVb3L40q9MW2jBPbAPjgENXAC6uACNIEPMLgDD+AJPDv3zqPz4rxORuec6c4O+Cbn7RMOz5XR</latexit><latexit sha1_base64="5muuBb3ga205L8ZTqItDb2ib//A=">AAAB/HicdZBLSwMxFIUzPmt9jY+dm2ARXJWpCOrKQjcuKzi20BlKJs20oZkkJBmxDoN/xY0LFbf+EHf+GzNthfo6EDic715yOZFkVBvP+3Dm5hcWl5ZLK+XVtfWNTXdr+1qLVGHiY8GEakdIE0Y58Q01jLSlIiiJGGlFw0bBWzdEaSr4lRlJEiaoz2lMMTI26rq7gSgwMdl5ngVISiVu865bqVW9saD3y3yhCpiq2XXfg57AaUK4wQxp3al50oQZUoZiRvJykGoiER6iPulYy1FCdJiNr8/hgU16MBbKPm7gOJ3dyFCi9SiJ7GSCzED/ZEX4F+ukJj4NM8plagjHk4/ilEEjYFEF7FFFsGEjaxBW1N4K8QAphI1tpDxbwv/GP6qeVb3L40q9MW2jBPbAPjgENXAC6uACNIEPMLgDD+AJPDv3zqPz4rxORuec6c4O+Cbn7RMOz5XR</latexit><latexit sha1_base64="5muuBb3ga205L8ZTqItDb2ib//A=">AAAB/HicdZBLSwMxFIUzPmt9jY+dm2ARXJWpCOrKQjcuKzi20BlKJs20oZkkJBmxDoN/xY0LFbf+EHf+GzNthfo6EDic715yOZFkVBvP+3Dm5hcWl5ZLK+XVtfWNTXdr+1qLVGHiY8GEakdIE0Y58Q01jLSlIiiJGGlFw0bBWzdEaSr4lRlJEiaoz2lMMTI26rq7gSgwMdl5ngVISiVu865bqVW9saD3y3yhCpiq2XXfg57AaUK4wQxp3al50oQZUoZiRvJykGoiER6iPulYy1FCdJiNr8/hgU16MBbKPm7gOJ3dyFCi9SiJ7GSCzED/ZEX4F+ukJj4NM8plagjHk4/ilEEjYFEF7FFFsGEjaxBW1N4K8QAphI1tpDxbwv/GP6qeVb3L40q9MW2jBPbAPjgENXAC6uACNIEPMLgDD+AJPDv3zqPz4rxORuec6c4O+Cbn7RMOz5XR</latexit>



The resource perspective  
(POPL’19, LICS’19)
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Motivating Example
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i on

=𝕀ℍ

Over ℝ, any i, o and m will be in this relation.

mi+n

m=n+o



Motivating Example
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≠

Over ℕ, i, o and m are in the relation only if m ⪰ o.

i m o



Motivating Example
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In fact, over ℕ, this circuit behaves as the place of a Petri net.

oi

n

m

i m o



Additive Relations
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Finitely-generated additive relations form a 
category 𝖠𝖽𝖽𝖱𝖾𝗅ℕ

Proposition (non-trivial!)

a and b are now vectors over ℕ. 

[[c : k → l ]] is always an additive relation between ℕk  and ℕl  
(= a subset of ℕk x ℕl including (0,0) and closed under addition)



Equational Theory
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v
Bialgebra

=
v

=

Bialgebra

= =

Frobenius Algebra

v

=

=

= n ≠ 0

𝔸ℝ: Algebra of Resources

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>



𝔸ℝ vs 𝕀ℍ 
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v n ≠ 0

= =

Frobenius Algebra

vv
=

Hopf Algebra

= =

Hopf Algebra

=

v
Frobenius Algebra

= =
In 𝔸ℝ: a bialgebra

=

=

== n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>

n
<latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit><latexit sha1_base64="OvZszN6YBVQKv2zzriZcuxnimes=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmnJQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3+ZxFOEMzuESPKhBHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1KmM6g==</latexit>n
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Theorem

Completeness

(𝖦𝖫𝖠s)/𝔸ℝ ≅ 𝖲𝗍(𝖠𝖽𝖽𝖱𝖾𝗅ℕ)

𝖦𝖫𝖠/𝔸ℝ ≅ 𝖠𝖽𝖽𝖱𝖾𝗅ℕ

Corollary

 28

𝔸ℝ



Embedding Petri Nets

 29

⟼

We can thus use 𝔸ℝ for equational reasoning about Petri Nets.

::=



𝖢𝗂𝗋𝖼s𝖲𝗍(𝖢𝗂𝗋𝖼)

Classifying State Semantics
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Firing semantics Banking semantics



Conclusions

 31
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Vision

Major research thread: cover probabilistic models 
(Bayesian reasoning, machine learning, etc.). 

We propose          as an assembly language for 
diverse families of component-based systems. 

𝖦𝖫𝖠

𝖦𝖫𝖠
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