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• Non-determinism

• Order in which interrupts are served
• Dropped measurements: Backpressure in ring-buffers between kernel and userspace
• Interactions between collocated processes/threads

• (Instruction Pointer) Skid
• Instruction level parallelism: Counters change between time interrupt enters processor pipeline and the 

interrupt handler is triggered
• CPU Design/Implmentation Bug 4
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C 0
1

<latexit sha1_base64="GlxSXSwBfMomCmp8IoLA2BIYa/0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1IOHQi8eK9gPaEPZbDft0t1N2N0IIfQvePGgiFf/kDf/jZs2B219MPB4b4aZeUHMmTau++2U1tY3NrfK25Wd3b39g+rhUUdHiSK0TSIeqV6ANeVM0rZhhtNerCgWAafdYNrM/e4TVZpF8tGkMfUFHksWMoJNLjWH8nxYrbl1dw60SryC1KBAa1j9GowikggqDeFY677nxsbPsDKMcDqrDBJNY0ymeEz7lkosqPaz+a0zdGaVEQojZUsaNFd/T2RYaJ2KwHYKbCZ62cvF/7x+YsJbP2MyTgyVZLEoTDgyEcofRyOmKDE8tQQTxeytiEywwsTYeCo2BG/55VXSuax713X34arWuCviKMMJnMIFeHADDbiHFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPeFKN2A==</latexit>

C 0
n

...

<latexit sha1_base64="HuGEUaCQiccn4fjCq2R7l4dMDTA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIikMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaDcX3mt59QaR7LRzNJ0I/oUPKQM2qs9FDvy3654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiWti6p3VXXvLyu12zyOIpzAKZyDB9dQgztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AFz6Npw==</latexit>

Cn
<latexit sha1_base64="fPd5/8VBr2gDoB1FCwjwu1HmFMs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIikMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaDcX3mt59QaR7LRzNJ0I/oUPKQM2qs9FDve/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XvqureX1Zqt3kcRTiBUzgHD66hBnfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBuruNag==</latexit>

C1 ...
True Value of HPCs

Noisy values of HPCs
Measured

Unknown; To be inferred



Stationary BayesPerf: The PGM Model
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• Scalable, general & works for real processors
• x86 (Intel), ppc64 (IBM)
• Based on Intel’s “Top-Down Microarchitectural Analysis” in VTune

• Parse BN automatically from per μ-arch listing in Linux Source Tree
• Contributed by vendors to Linux

C 0
i ⇠ Ci +

↵�(C̄i)p
N

Student(⌫ = N � 1)

<latexit sha1_base64="fFg2im7e2G9/TF9a1HJQMD5+xow="></latexit>

<latexit sha1_base64="gkDgIgTHl1j+8I191Muc+2RygFM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1IOHQi8eK9gPaEPZbDft0t1N2N0IIfQvePGgiFf/kDf/jZs2B219MPB4b4aZeUHMmTau++2U1tY3NrfK25Wd3b39g+rhUUdHiSK0TSIeqV6ANeVM0rZhhtNerCgWAafdYNrM/e4TVZpF8tGkMfUFHksWMoJNLjWH3vmwWnPr7hxolXgFqUGB1rD6NRhFJBFUGsKx1n3PjY2fYWUY4XRWGSSaxphM8Zj2LZVYUO1n81tn6MwqIxRGypY0aK7+nsiw0DoVge0U2Ez0speL/3n9xIS3fsZknBgqyWJRmHBkIpQ/jkZMUWJ4agkmitlbEZlghYmx8VRsCN7yy6ukc1n3ruvuw1WtcVfEUYYTOIUL8OAGGnAPLWgDgQk8wyu8OcJ5cd6dj0VrySlmjuEPnM8fG6GNmw==</latexit>

C 0
1

<latexit sha1_base64="GlxSXSwBfMomCmp8IoLA2BIYa/0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1IOHQi8eK9gPaEPZbDft0t1N2N0IIfQvePGgiFf/kDf/jZs2B219MPB4b4aZeUHMmTau++2U1tY3NrfK25Wd3b39g+rhUUdHiSK0TSIeqV6ANeVM0rZhhtNerCgWAafdYNrM/e4TVZpF8tGkMfUFHksWMoJNLjWH8nxYrbl1dw60SryC1KBAa1j9GowikggqDeFY677nxsbPsDKMcDqrDBJNY0ymeEz7lkosqPaz+a0zdGaVEQojZUsaNFd/T2RYaJ2KwHYKbCZ62cvF/7x+YsJbP2MyTgyVZLEoTDgyEcofRyOmKDE8tQQTxeytiEywwsTYeCo2BG/55VXSuax713X34arWuCviKMMJnMIFeHADDbiHFrSBwASe4RXeHOG8OO/Ox6K15BQzx/AHzucPeFKN2A==</latexit>

C 0
n

...

<latexit sha1_base64="HuGEUaCQiccn4fjCq2R7l4dMDTA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIikMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaDcX3mt59QaR7LRzNJ0I/oUPKQM2qs9FDvy3654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiWti6p3VXXvLyu12zyOIpzAKZyDB9dQgztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AFz6Npw==</latexit>

Cn
<latexit sha1_base64="fPd5/8VBr2gDoB1FCwjwu1HmFMs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIikMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaDcX3mt59QaR7LRzNJ0I/oUPKQM2qs9FDve/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpaF1XvqureX1Zqt3kcRTiBUzgHD66hBnfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBuruNag==</latexit>

C1 ...
True Value of HPCs

Noisy values of HPCs
Measured

Unknown; To be inferred
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PCR Util.
PCS Util.

S

L

DMA Util.
(Switched)

System
Interconnect

A

DMA Util.
(Directly Attached)

Outstanding
Req.
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A

Time
c1

<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

Samples
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A

Time
c1

<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

Samples

{c1, c2, c3} = {ea, eb, ec}
<latexit sha1_base64="QKjX0OwILDPbKT2cR5cr/37suaw="></latexit>

Configuration

Counter configuration changes

{c1, c2, c3} = {ea, ed, ee}
<latexit sha1_base64="BokdxNPWqVrkQE4rhaB7RI2p/yU="></latexit>

<latexit sha1_base64="LAzOxkO8YEzwy7F3I3da3wDioT8="></latexit>

{c1, c2, c3} = {ee, ef , ea}
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A

Time
c1

<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

Samples

{c1, c2, c3} = {ea, eb, ec}
<latexit sha1_base64="QKjX0OwILDPbKT2cR5cr/37suaw="></latexit>

Configuration

Counter configuration changes

{c1, c2, c3} = {ea, ed, ee}
<latexit sha1_base64="BokdxNPWqVrkQE4rhaB7RI2p/yU="></latexit>

<latexit sha1_base64="LAzOxkO8YEzwy7F3I3da3wDioT8="></latexit>

{c1, c2, c3} = {ee, ef , ea}

Ensure
Overlap
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A

Time
c1

<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

Samples

{c1, c2, c3} = {ea, eb, ec}
<latexit sha1_base64="QKjX0OwILDPbKT2cR5cr/37suaw="></latexit>

Configuration

Counter configuration changes

{c1, c2, c3} = {ea, ed, ee}
<latexit sha1_base64="BokdxNPWqVrkQE4rhaB7RI2p/yU="></latexit>

<latexit sha1_base64="LAzOxkO8YEzwy7F3I3da3wDioT8="></latexit>

{c1, c2, c3} = {ee, ef , ea}

Ensure
Overlap

{eb, ec}
<latexit sha1_base64="7amimEbkL3CR3nNdYLgBgi9rhxY=">AAAB83icdVDLSsNAFJ34rPVVdSO4GSyCCwlJtbbuCm5cVrAPaEKYTG/aoZMHMxOhhP6GGxeKuPVn3Pk3TtoIKnrgwuGce7n3Hj/hTCrL+jCWlldW19ZLG+XNre2d3creflfGqaDQoTGPRd8nEjiLoKOY4tBPBJDQ59DzJ9e537sHIVkc3alpAm5IRhELGCVKS46TgeefYfCoM/MqVcu8rNUbDQtbpjVHTpr1q6aN7UKpogJtr/LuDGOahhApyomUA9tKlJsRoRjlMCs7qYSE0AkZwUDTiIQg3Wx+8wyfaGWIg1joihSeq98nMhJKOQ193RkSNZa/vVz8yxukKmi6GYuSVEFEF4uClGMV4zwAPGQCqOJTTQgVTN+K6ZgIQpWOqaxD+PoU/0+6NdM+N2u3F9XWYRFHCR2hY3SKbNRALXSD2qiDKErQA3pCz0ZqPBovxuuidckoZg7QDxhvn6WakU8=</latexit>

{ed}
<latexit sha1_base64="cBXLISpV9uGiaXSvMMV/bupTUBI=">AAAB7nicdVDLSsNAFL2pr1pfVTeCm8EiuApJtbbuCm5cVrAPaEKZTCbt0MmDmYlQQj/CjQtF3Po97vwbJ20EFT1w4XDOvdx7j5dwJpVlfRilldW19Y3yZmVre2d3r7p/0JNxKgjtkpjHYuBhSTmLaFcxxekgERSHHqd9b3qd+/17KiSLozs1S6gb4nHEAkaw0lLfyejId+ajas0yL+uNZtNClmktkJNW46plI7tQalCgM6q+O35M0pBGinAs5dC2EuVmWChGOJ1XnFTSBJMpHtOhphEOqXSzxblzdKoVHwWx0BUptFC/T2Q4lHIWerozxGoif3u5+Jc3TFXQcjMWJamiEVkuClKOVIzy35HPBCWKzzTBRDB9KyITLDBROqGKDuHrU/Q/6dVN+9ys317U2kdFHGU4hhM4Axua0IYb6EAXCEzhAZ7g2UiMR+PFeF22loxi5hB+wHj7BK5Zj6w=</latexit>

{eb, ec}
<latexit sha1_base64="7amimEbkL3CR3nNdYLgBgi9rhxY=">AAAB83icdVDLSsNAFJ34rPVVdSO4GSyCCwlJtbbuCm5cVrAPaEKYTG/aoZMHMxOhhP6GGxeKuPVn3Pk3TtoIKnrgwuGce7n3Hj/hTCrL+jCWlldW19ZLG+XNre2d3creflfGqaDQoTGPRd8nEjiLoKOY4tBPBJDQ59DzJ9e537sHIVkc3alpAm5IRhELGCVKS46TgeefYfCoM/MqVcu8rNUbDQtbpjVHTpr1q6aN7UKpogJtr/LuDGOahhApyomUA9tKlJsRoRjlMCs7qYSE0AkZwUDTiIQg3Wx+8wyfaGWIg1joihSeq98nMhJKOQ193RkSNZa/vVz8yxukKmi6GYuSVEFEF4uClGMV4zwAPGQCqOJTTQgVTN+K6ZgIQpWOqaxD+PoU/0+6NdM+N2u3F9XWYRFHCR2hY3SKbNRALXSD2qiDKErQA3pCz0ZqPBovxuuidckoZg7QDxhvn6WakU8=</latexit>

Inf InfInf

Effectively, with time BayesPerf is “inferring” all 6 counters in every interval
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A

Time
c1

<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

Samples

{c1, c2, c3} = {ea, eb, ec}
<latexit sha1_base64="QKjX0OwILDPbKT2cR5cr/37suaw="></latexit>

Configuration

Counter configuration changes

{c1, c2, c3} = {ea, ed, ee}
<latexit sha1_base64="BokdxNPWqVrkQE4rhaB7RI2p/yU="></latexit>

<latexit sha1_base64="LAzOxkO8YEzwy7F3I3da3wDioT8="></latexit>

{c1, c2, c3} = {ee, ef , ea}

Ensure
Overlap

{eb, ec}
<latexit sha1_base64="7amimEbkL3CR3nNdYLgBgi9rhxY=">AAAB83icdVDLSsNAFJ34rPVVdSO4GSyCCwlJtbbuCm5cVrAPaEKYTG/aoZMHMxOhhP6GGxeKuPVn3Pk3TtoIKnrgwuGce7n3Hj/hTCrL+jCWlldW19ZLG+XNre2d3creflfGqaDQoTGPRd8nEjiLoKOY4tBPBJDQ59DzJ9e537sHIVkc3alpAm5IRhELGCVKS46TgeefYfCoM/MqVcu8rNUbDQtbpjVHTpr1q6aN7UKpogJtr/LuDGOahhApyomUA9tKlJsRoRjlMCs7qYSE0AkZwUDTiIQg3Wx+8wyfaGWIg1joihSeq98nMhJKOQ193RkSNZa/vVz8yxukKmi6GYuSVEFEF4uClGMV4zwAPGQCqOJTTQgVTN+K6ZgIQpWOqaxD+PoU/0+6NdM+N2u3F9XWYRFHCR2hY3SKbNRALXSD2qiDKErQA3pCz0ZqPBovxuuidckoZg7QDxhvn6WakU8=</latexit>

{ed}
<latexit sha1_base64="cBXLISpV9uGiaXSvMMV/bupTUBI=">AAAB7nicdVDLSsNAFL2pr1pfVTeCm8EiuApJtbbuCm5cVrAPaEKZTCbt0MmDmYlQQj/CjQtF3Po97vwbJ20EFT1w4XDOvdx7j5dwJpVlfRilldW19Y3yZmVre2d3r7p/0JNxKgjtkpjHYuBhSTmLaFcxxekgERSHHqd9b3qd+/17KiSLozs1S6gb4nHEAkaw0lLfyejId+ajas0yL+uNZtNClmktkJNW46plI7tQalCgM6q+O35M0pBGinAs5dC2EuVmWChGOJ1XnFTSBJMpHtOhphEOqXSzxblzdKoVHwWx0BUptFC/T2Q4lHIWerozxGoif3u5+Jc3TFXQcjMWJamiEVkuClKOVIzy35HPBCWKzzTBRDB9KyITLDBROqGKDuHrU/Q/6dVN+9ys317U2kdFHGU4hhM4Axua0IYb6EAXCEzhAZ7g2UiMR+PFeF22loxi5hB+wHj7BK5Zj6w=</latexit>

{eb, ec}
<latexit sha1_base64="7amimEbkL3CR3nNdYLgBgi9rhxY=">AAAB83icdVDLSsNAFJ34rPVVdSO4GSyCCwlJtbbuCm5cVrAPaEKYTG/aoZMHMxOhhP6GGxeKuPVn3Pk3TtoIKnrgwuGce7n3Hj/hTCrL+jCWlldW19ZLG+XNre2d3creflfGqaDQoTGPRd8nEjiLoKOY4tBPBJDQ59DzJ9e537sHIVkc3alpAm5IRhELGCVKS46TgeefYfCoM/MqVcu8rNUbDQtbpjVHTpr1q6aN7UKpogJtr/LuDGOahhApyomUA9tKlJsRoRjlMCs7qYSE0AkZwUDTiIQg3Wx+8wyfaGWIg1joihSeq98nMhJKOQ193RkSNZa/vVz8yxukKmi6GYuSVEFEF4uClGMV4zwAPGQCqOJTTQgVTN+K6ZgIQpWOqaxD+PoU/0+6NdM+N2u3F9XWYRFHCR2hY3SKbNRALXSD2qiDKErQA3pCz0ZqPBovxuuidckoZg7QDxhvn6WakU8=</latexit>

Inf InfInf

Effectively, with time BayesPerf is “inferring” all 6 counters in every interval

How to ensure overlap?
• Best effort
• Validity: Use Linux to find conflicting configs
• Overlap: Remove nodes from combined Markov Blanket 

of configurations across consecutive time slices
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Hypothetical example: Measure events 𝑒9, 𝑒:, 𝑒;, 𝑒<, 𝑒=, 𝑒> on counters 𝑐?, 𝑐@, 𝑐A

Time
c1

<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

c2
<latexit sha1_base64="yK2mkoNq4whOMWh1c/xxnj6d33I=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPbB+rV+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0mrVvUuq7X7q0r9JI+jCKdwBhfgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/h041m</latexit>

c3
<latexit sha1_base64="hrru09OEpREHeNVmd6x1UFGADA8=">AAAB6nicbVBNS8NAEJ34WetX1YvgZbEInkrSCnosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt9MD6tX6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fkwioDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1SvX+qlw/zeMowBmcwyV4cA11uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/jV41n</latexit>

c1
<latexit sha1_base64="Ik2zce+uJZeOSNRKYnArS7ssfPE=">AAAB6nicbVBNS8NAEJ3Ur1q/ql4EL4tF8FSSKuix4MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YH1vX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6RVq3qX1dr9VaV+ksdRhFM4gwvw4BrqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/gT41l</latexit>

Samples

{c1, c2, c3} = {ea, eb, ec}
<latexit sha1_base64="QKjX0OwILDPbKT2cR5cr/37suaw="></latexit>

Configuration

Counter configuration changes

{c1, c2, c3} = {ea, ed, ee}
<latexit sha1_base64="BokdxNPWqVrkQE4rhaB7RI2p/yU="></latexit>

<latexit sha1_base64="LAzOxkO8YEzwy7F3I3da3wDioT8="></latexit>

{c1, c2, c3} = {ee, ef , ea}

Ensure
Overlap

{eb, ec}
<latexit sha1_base64="7amimEbkL3CR3nNdYLgBgi9rhxY=">AAAB83icdVDLSsNAFJ34rPVVdSO4GSyCCwlJtbbuCm5cVrAPaEKYTG/aoZMHMxOhhP6GGxeKuPVn3Pk3TtoIKnrgwuGce7n3Hj/hTCrL+jCWlldW19ZLG+XNre2d3creflfGqaDQoTGPRd8nEjiLoKOY4tBPBJDQ59DzJ9e537sHIVkc3alpAm5IRhELGCVKS46TgeefYfCoM/MqVcu8rNUbDQtbpjVHTpr1q6aN7UKpogJtr/LuDGOahhApyomUA9tKlJsRoRjlMCs7qYSE0AkZwUDTiIQg3Wx+8wyfaGWIg1joihSeq98nMhJKOQ193RkSNZa/vVz8yxukKmi6GYuSVEFEF4uClGMV4zwAPGQCqOJTTQgVTN+K6ZgIQpWOqaxD+PoU/0+6NdM+N2u3F9XWYRFHCR2hY3SKbNRALXSD2qiDKErQA3pCz0ZqPBovxuuidckoZg7QDxhvn6WakU8=</latexit>

{ed}
<latexit sha1_base64="cBXLISpV9uGiaXSvMMV/bupTUBI=">AAAB7nicdVDLSsNAFL2pr1pfVTeCm8EiuApJtbbuCm5cVrAPaEKZTCbt0MmDmYlQQj/CjQtF3Po97vwbJ20EFT1w4XDOvdx7j5dwJpVlfRilldW19Y3yZmVre2d3r7p/0JNxKgjtkpjHYuBhSTmLaFcxxekgERSHHqd9b3qd+/17KiSLozs1S6gb4nHEAkaw0lLfyejId+ajas0yL+uNZtNClmktkJNW46plI7tQalCgM6q+O35M0pBGinAs5dC2EuVmWChGOJ1XnFTSBJMpHtOhphEOqXSzxblzdKoVHwWx0BUptFC/T2Q4lHIWerozxGoif3u5+Jc3TFXQcjMWJamiEVkuClKOVIzy35HPBCWKzzTBRDB9KyITLDBROqGKDuHrU/Q/6dVN+9ys317U2kdFHGU4hhM4Axua0IYb6EAXCEzhAZ7g2UiMR+PFeF22loxi5hB+wHj7BK5Zj6w=</latexit>

{eb, ec}
<latexit sha1_base64="7amimEbkL3CR3nNdYLgBgi9rhxY=">AAAB83icdVDLSsNAFJ34rPVVdSO4GSyCCwlJtbbuCm5cVrAPaEKYTG/aoZMHMxOhhP6GGxeKuPVn3Pk3TtoIKnrgwuGce7n3Hj/hTCrL+jCWlldW19ZLG+XNre2d3creflfGqaDQoTGPRd8nEjiLoKOY4tBPBJDQ59DzJ9e537sHIVkc3alpAm5IRhELGCVKS46TgeefYfCoM/MqVcu8rNUbDQtbpjVHTpr1q6aN7UKpogJtr/LuDGOahhApyomUA9tKlJsRoRjlMCs7qYSE0AkZwUDTiIQg3Wx+8wyfaGWIg1joihSeq98nMhJKOQ193RkSNZa/vVz8yxukKmi6GYuSVEFEF4uClGMV4zwAPGQCqOJTTQgVTN+K6ZgIQpWOqaxD+PoU/0+6NdM+N2u3F9XWYRFHCR2hY3SKbNRALXSD2qiDKErQA3pCz0ZqPBovxuuidckoZg7QDxhvn6WakU8=</latexit>

Inf InfInf

Effectively, with time BayesPerf is “inferring” all 6 counters in every interval

How to ensure overlap?
• Best effort
• Validity: Use Linux to find conflicting configs
• Overlap: Remove nodes from combined Markov Blanket 

of configurations across consecutive time slices

What is the inference procedure?
• Expectation propagation
• Parallelize inference across 

configuration changes



Training the BayesPerf Model
• Does this model require training? – Yes

• The measurement noise model: Parameter α!
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• In this paper: Make BayesPerf model application 
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• Assume a normal prior
• Compute MLE of α! from the same data as 𝐶!
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Training the BayesPerf Model
• Does this model require training? – Yes

• The measurement noise model: Parameter α!

• In this paper: Make BayesPerf model application 
agnostic
• Assume a normal prior
• Compute MLE of α! from the same data as 𝐶!
• “Works well enough”

• In general: BayesPerf can be trained with 
representative workload set
• Train BayesPerf model using backpropagation –

[ICML 2020]
• What if error model is not Student-t? – DNNs

41
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• No modifications to 
perf_event or Linux

• C-API compatible** with Perf –
MLE measurements

• Override standard libc symbols 
using LD_PRELOAD

• Implements EP for the BayesPerf models
• Code can be automatically generated
• CAPIv2 for ppc64
• XDMA for x86



The BayesPerf Accelerator
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• Core operation 1: MCMC Sampling (85+% of runtime)
• Core operation 2: Vector Dot Product + Update
• Keep data in flight between Op1 and Op2
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• Core operation 1: MCMC Sampling (85+% of runtime)
• Core operation 2: Vector Dot Product + Update
• Keep data in flight between Op1 and Op2

Operation 1

• Critical challenge: Keep data in flight
• Uses CONNECT-based 8-endpoint 2-

VC torus NoC
• 228GB/s peak bisection bandwidth

AcMC2 [ASPLOS 2019] 
generated MCMC 

samplers



Evaluation: Error Correction Performance of BayesPerf
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Baselines for comparison
• Linux (*) – Vanilla perf_event
• CM (*) – Counter Miner [MICRO 2018] 

• Gumbel Extreme Value Detector + Logistic Regression
• WMK+Pin – [IISWC 2008] 

• Rule-based correction

On average BayesPerf reduces error by as much 43.6% less error when scaling to 35 counters 
[KMeans app from the HiBench benchmark suite]
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Average Improvement:   BP vs Linux = 4.9x, 5.3x BP vs CM = 3.6x, 3.7x
Best Improvement:          BP vs Linux = 7.8x, 7.6x BP vs CM = 6x, 5.4x
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What happens to PCIe latency?
• Amortized over multiple HPCs being 

inferred
• Overlap computation and 

communication on accelerator
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• The Transfer Scheduler is trained using: RL [Symphony - ICML2020], CF [Paragon - ASPLOS 2013]
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• The Transfer Scheduler is trained using: RL [Symphony - ICML2020], CF [Paragon - ASPLOS 2013]
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Conclusion

• Net effect of BayesPerf
• Increases the number of HPC registers
• Decreases the sampling frequency

• BayesPerf will benefit the portability/scalability of ML for systems
• More measurements at less error ⟹More controllers deployed
• Composability with other ML models

• We think this idea can be used quantifying and correcting errors other ML 
applications
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