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The key dates for Leavitt path algebras
late ’50’s: Leavitt and non-IBN rings

mid ’60’s: Cohn and a class of algebras that “… may be regarded as 
pathological rings”

mid ’70’s: Bergman and the monoid-realization theorem

late ’70’s: Cuntz and graph C*-algebras

2005: Abrams and Aranda Pino 2007: Ara, Moreno and Pardo

Abrams, Ara, Siles Molina: Leavitt path algebras, Lecture Notes in 
Mathematics Vol. 2191, Springer Verlag, 2017.



A graph and its extended graph

v1
<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

v3
<latexit sha1_base64="aCJXJ5RlxA9vJSXn+kHy1M4mML0="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit>

v4
<latexit sha1_base64="5o7IKDY9gLFdRStvBpyGFyzmiOI="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit>

v5
<latexit sha1_base64="XEnGBwIhIUAc946elKahyxHOr10="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit>

v6
<latexit sha1_base64="UfomTyGXDzzJ10RXwIfU4GSYSXE="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit>

v!
<latexit sha1_base64="+ESNGFHMjPIRmpA5ljhoZ8TRV7k="></latexit><latexit sha1_base64="hJARN2wzcpXVoo8WRz9Wipj7Gqc="></latexit><latexit sha1_base64="hJARN2wzcpXVoo8WRz9Wipj7Gqc="></latexit>

e2
<latexit sha1_base64="+qvft35mNCYBd7mHkko9V+wUF/c="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit>

e1
<latexit sha1_base64="Gahtq2xaFc9C2zq3tCEmh3z/KjE="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit>

e3
<latexit sha1_base64="u6aps99kjMZnFt6LACGZVHxr8GA="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit>

e4
<latexit sha1_base64="u2R2RalfWEo8fhoEzg7jafnylrE="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit>

e5
<latexit sha1_base64="2oTVAYPOXK7qVoTAKdaZt9kQovk="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit>

e6
<latexit sha1_base64="4hpldoBTI3TdciTk2lw/afLqBL4="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit>

e7
<latexit sha1_base64="ZikDrdAbsc1p8mE1uoX8u32g7fg="></latexit><latexit sha1_base64="DItlr6l1+XJLuVwmgc5P4ZU9qUE="></latexit><latexit sha1_base64="DItlr6l1+XJLuVwmgc5P4ZU9qUE="></latexit>e8

<latexit sha1_base64="lycQNS7HDk/TwRHKTdDQ/1kZ1bI="></latexit><latexit sha1_base64="I4p7JkHKI5C2HUX4sU7SwGQkrL4="></latexit><latexit sha1_base64="I4p7JkHKI5C2HUX4sU7SwGQkrL4="></latexit>

e!
<latexit sha1_base64="miKXffsTgVs7S3sc7Y2C7OV8gB8="></latexit><latexit sha1_base64="KP/aQ8GcDmkMYALYuvJ6yN27yLs="></latexit><latexit sha1_base64="KP/aQ8GcDmkMYALYuvJ6yN27yLs="></latexit>

e⇤
1

<latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit>

e⇤
2

<latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit>

e⇤
3

<latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit>

e⇤
4

<latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit>

e⇤
5

<latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit>

e⇤
6

<latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit>

e⇤
7

<latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit>

e⇤
8

<latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit>

e⇤
!

<latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit>

e1 7! v1
<latexit sha1_base64="DdTxMJwbXkrMo8+QuHRMr+7ON3w="></latexit><latexit sha1_base64="DdTxMJwbXkrMo8+QuHRMr+7ON3w="></latexit><latexit sha1_base64="DdTxMJwbXkrMo8+QuHRMr+7ON3w="></latexit><latexit sha1_base64="DdTxMJwbXkrMo8+QuHRMr+7ON3w="></latexit>

e1 7! v2
<latexit sha1_base64="JcmbmDPM6loz7tJlK6tkwFiK1JQ="></latexit><latexit sha1_base64="JcmbmDPM6loz7tJlK6tkwFiK1JQ="></latexit><latexit sha1_base64="JcmbmDPM6loz7tJlK6tkwFiK1JQ="></latexit><latexit sha1_base64="JcmbmDPM6loz7tJlK6tkwFiK1JQ="></latexit>

bE = (E0, E1 [ E1⇤, ŝ, r̂)
<latexit sha1_base64="OAmmZ9pp/WneZfQW5OOcfyWYzMI="></latexit><latexit sha1_base64="OAmmZ9pp/WneZfQW5OOcfyWYzMI="></latexit><latexit sha1_base64="OAmmZ9pp/WneZfQW5OOcfyWYzMI="></latexit><latexit sha1_base64="OAmmZ9pp/WneZfQW5OOcfyWYzMI="></latexit>

E = (E0, E1, s, r)
<latexit sha1_base64="Y8c1YS6ipsmxydXm3Z6cHb4OSaI="></latexit><latexit sha1_base64="Y8c1YS6ipsmxydXm3Z6cHb4OSaI="></latexit><latexit sha1_base64="Y8c1YS6ipsmxydXm3Z6cHb4OSaI="></latexit><latexit sha1_base64="Y8c1YS6ipsmxydXm3Z6cHb4OSaI="></latexit>

s : E1 ! E0
<latexit sha1_base64="tJ40fFIAzfaFs/OV5vT5HotrHCM="></latexit><latexit sha1_base64="tJ40fFIAzfaFs/OV5vT5HotrHCM="></latexit><latexit sha1_base64="tJ40fFIAzfaFs/OV5vT5HotrHCM="></latexit><latexit sha1_base64="tJ40fFIAzfaFs/OV5vT5HotrHCM="></latexit>

r : E1 ! E0
<latexit sha1_base64="HONdh5uk0UAwtSRpwq/wqukxyTI="></latexit><latexit sha1_base64="HONdh5uk0UAwtSRpwq/wqukxyTI="></latexit><latexit sha1_base64="HONdh5uk0UAwtSRpwq/wqukxyTI="></latexit><latexit sha1_base64="HONdh5uk0UAwtSRpwq/wqukxyTI="></latexit>



Leavitt path algebras

e5
<latexit sha1_base64="2oTVAYPOXK7qVoTAKdaZt9kQovk="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit>

e!
<latexit sha1_base64="miKXffsTgVs7S3sc7Y2C7OV8gB8="></latexit><latexit sha1_base64="KP/aQ8GcDmkMYALYuvJ6yN27yLs="></latexit><latexit sha1_base64="KP/aQ8GcDmkMYALYuvJ6yN27yLs="></latexit>

v!
<latexit sha1_base64="+ESNGFHMjPIRmpA5ljhoZ8TRV7k="></latexit><latexit sha1_base64="hJARN2wzcpXVoo8WRz9Wipj7Gqc="></latexit><latexit sha1_base64="hJARN2wzcpXVoo8WRz9Wipj7Gqc="></latexit>

v1
<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

v3
<latexit sha1_base64="aCJXJ5RlxA9vJSXn+kHy1M4mML0="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit>

v4
<latexit sha1_base64="5o7IKDY9gLFdRStvBpyGFyzmiOI="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit>

v5
<latexit sha1_base64="XEnGBwIhIUAc946elKahyxHOr10="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit>

v6
<latexit sha1_base64="UfomTyGXDzzJ10RXwIfU4GSYSXE="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit>

e2
<latexit sha1_base64="+qvft35mNCYBd7mHkko9V+wUF/c="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit>

e1
<latexit sha1_base64="Gahtq2xaFc9C2zq3tCEmh3z/KjE="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit>

e3
<latexit sha1_base64="u6aps99kjMZnFt6LACGZVHxr8GA="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit>

e4
<latexit sha1_base64="u2R2RalfWEo8fhoEzg7jafnylrE="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit>

e6
<latexit sha1_base64="4hpldoBTI3TdciTk2lw/afLqBL4="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit>

e7
<latexit sha1_base64="ZikDrdAbsc1p8mE1uoX8u32g7fg="></latexit><latexit sha1_base64="DItlr6l1+XJLuVwmgc5P4ZU9qUE="></latexit><latexit sha1_base64="DItlr6l1+XJLuVwmgc5P4ZU9qUE="></latexit>e8

<latexit sha1_base64="lycQNS7HDk/TwRHKTdDQ/1kZ1bI="></latexit><latexit sha1_base64="I4p7JkHKI5C2HUX4sU7SwGQkrL4="></latexit><latexit sha1_base64="I4p7JkHKI5C2HUX4sU7SwGQkrL4="></latexit>

e⇤
1

<latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit>

e⇤
2

<latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit>

e⇤
3

<latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit>

e⇤
4

<latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit>

e⇤
5

<latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit>

e⇤
6

<latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit>

e⇤
7

<latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit>

e⇤
8

<latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit>

e⇤
!

<latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit>

e⇤e0 = �e,e0r(e)
<latexit sha1_base64="cx7nyQvBSwIFjivUSm18BZ8ic9U="></latexit><latexit sha1_base64="cx7nyQvBSwIFjivUSm18BZ8ic9U="></latexit><latexit sha1_base64="cx7nyQvBSwIFjivUSm18BZ8ic9U="></latexit><latexit sha1_base64="cx7nyQvBSwIFjivUSm18BZ8ic9U="></latexit>

vv0 = �v,v0v
<latexit sha1_base64="2H38IGjJw3hQXqFZPMzGDURFFbA="></latexit><latexit sha1_base64="2H38IGjJw3hQXqFZPMzGDURFFbA="></latexit><latexit sha1_base64="2H38IGjJw3hQXqFZPMzGDURFFbA="></latexit><latexit sha1_base64="2H38IGjJw3hQXqFZPMzGDURFFbA="></latexit>

v =
X

{e:s(e)=v}
ee⇤

<latexit sha1_base64="31yzsdrJZaECvLaNQfvzLMTBcDc="></latexit><latexit sha1_base64="31yzsdrJZaECvLaNQfvzLMTBcDc="></latexit><latexit sha1_base64="31yzsdrJZaECvLaNQfvzLMTBcDc="></latexit><latexit sha1_base64="31yzsdrJZaECvLaNQfvzLMTBcDc="></latexit>

if 0 < |s�1(v)| < 1
<latexit sha1_base64="pmcFv/7ALXmMEy0z9o3/zPKL+fI="></latexit><latexit sha1_base64="pmcFv/7ALXmMEy0z9o3/zPKL+fI="></latexit><latexit sha1_base64="pmcFv/7ALXmMEy0z9o3/zPKL+fI="></latexit><latexit sha1_base64="pmcFv/7ALXmMEy0z9o3/zPKL+fI="></latexit>

e⇤
1e1 = v2

<latexit sha1_base64="+BX3b7T03KyCL521ujZrcHV0GhQ="></latexit><latexit sha1_base64="+BX3b7T03KyCL521ujZrcHV0GhQ="></latexit><latexit sha1_base64="+BX3b7T03KyCL521ujZrcHV0GhQ="></latexit><latexit sha1_base64="+BX3b7T03KyCL521ujZrcHV0GhQ="></latexit>

e⇤
1e2 = 0

<latexit sha1_base64="Zg5RQ+4pGr/E10t9qOsE5FuwLtk="></latexit><latexit sha1_base64="Zg5RQ+4pGr/E10t9qOsE5FuwLtk="></latexit><latexit sha1_base64="Zg5RQ+4pGr/E10t9qOsE5FuwLtk="></latexit><latexit sha1_base64="Zg5RQ+4pGr/E10t9qOsE5FuwLtk="></latexit>

e1e
⇤
1 + e2e

⇤
2 = v1

<latexit sha1_base64="48Is3LyxSKDKTxteY6rB6y6Ll3A="></latexit><latexit sha1_base64="48Is3LyxSKDKTxteY6rB6y6Ll3A="></latexit><latexit sha1_base64="48Is3LyxSKDKTxteY6rB6y6Ll3A="></latexit><latexit sha1_base64="48Is3LyxSKDKTxteY6rB6y6Ll3A="></latexit>

LK(E) = free K-algebra on the symbols E0[E1[E1⇤
<latexit sha1_base64="IUNGAzVrggc6re6k/T+qojcEH1E=">AAACq3icdZFdi9NAFIYn8WutX1UvvRlshF1Zw0y2aZsLYUEKwgqusHWrTS2T6UkbdvLBzEQoIb/Of+Cd/8ZJNhfa1QMDL++ZZ86Zc6JCJEoT8suyb92+c/fewf3eg4ePHj/pP332WeWl5DDjucjlPGIKRJLBTCdawLyQwNJIwGV09a7JX34HqZI8u9C7ApYp22RJnHCmjbXq/3A+rM4Op0dvHRxLAOycOW+Y2EAkGc4zrLeA1S 6NcqFwFbblFnITLSviEj/wKTkmrk9ocNKIIJgMfb92pt+IUzshLwtnnyGEUnrcCDoedYxHJw1D/8MEk5E3HLXMmHot7I2HJ8OGqejr2qlX/UH7tAl8U9BODFAX56v+z3Cd8zKFTHPBlFpQUuhlxaROuIC6F5YKCsav2AYWRmYsBbWs2q5q/Mo4axzn0pxM49b9k6hYqpqRmZsp01u1n2vMf+UWpY4nyyrJilJDxq8LxaXAOsfN5vA6kcC12BnBuExMr5hvmWRcm/32zBDo/pdvipnnBi795A1Op900DtAL9BIdIorG6BS9R+dohrh1ZH205tYX27Uv7K92eH3VtjrmOforbPgNmxLC8g==</latexit><latexit sha1_base64="IUNGAzVrggc6re6k/T+qojcEH1E=">AAACq3icdZFdi9NAFIYn8WutX1UvvRlshF1Zw0y2aZsLYUEKwgqusHWrTS2T6UkbdvLBzEQoIb/Of+Cd/8ZJNhfa1QMDL++ZZ86Zc6JCJEoT8suyb92+c/fewf3eg4ePHj/pP332WeWl5DDjucjlPGIKRJLBTCdawLyQwNJIwGV09a7JX34HqZI8u9C7ApYp22RJnHCmjbXq/3A+rM4Op0dvHRxLAOycOW+Y2EAkGc4zrLeA1S 6NcqFwFbblFnITLSviEj/wKTkmrk9ocNKIIJgMfb92pt+IUzshLwtnnyGEUnrcCDoedYxHJw1D/8MEk5E3HLXMmHot7I2HJ8OGqejr2qlX/UH7tAl8U9BODFAX56v+z3Cd8zKFTHPBlFpQUuhlxaROuIC6F5YKCsav2AYWRmYsBbWs2q5q/Mo4axzn0pxM49b9k6hYqpqRmZsp01u1n2vMf+UWpY4nyyrJilJDxq8LxaXAOsfN5vA6kcC12BnBuExMr5hvmWRcm/32zBDo/pdvipnnBi795A1Op900DtAL9BIdIorG6BS9R+dohrh1ZH205tYX27Uv7K92eH3VtjrmOforbPgNmxLC8g==</latexit><latexit sha1_base64="IUNGAzVrggc6re6k/T+qojcEH1E=">AAACq3icdZFdi9NAFIYn8WutX1UvvRlshF1Zw0y2aZsLYUEKwgqusHWrTS2T6UkbdvLBzEQoIb/Of+Cd/8ZJNhfa1QMDL++ZZ86Zc6JCJEoT8suyb92+c/fewf3eg4ePHj/pP332WeWl5DDjucjlPGIKRJLBTCdawLyQwNJIwGV09a7JX34HqZI8u9C7ApYp22RJnHCmjbXq/3A+rM4Op0dvHRxLAOycOW+Y2EAkGc4zrLeA1S 6NcqFwFbblFnITLSviEj/wKTkmrk9ocNKIIJgMfb92pt+IUzshLwtnnyGEUnrcCDoedYxHJw1D/8MEk5E3HLXMmHot7I2HJ8OGqejr2qlX/UH7tAl8U9BODFAX56v+z3Cd8zKFTHPBlFpQUuhlxaROuIC6F5YKCsav2AYWRmYsBbWs2q5q/Mo4axzn0pxM49b9k6hYqpqRmZsp01u1n2vMf+UWpY4nyyrJilJDxq8LxaXAOsfN5vA6kcC12BnBuExMr5hvmWRcm/32zBDo/pdvipnnBi795A1Op900DtAL9BIdIorG6BS9R+dohrh1ZH205tYX27Uv7K92eH3VtjrmOforbPgNmxLC8g==</latexit><latexit sha1_base64="IUNGAzVrggc6re6k/T+qojcEH1E=">AAACq3icdZFdi9NAFIYn8WutX1UvvRlshF1Zw0y2aZsLYUEKwgqusHWrTS2T6UkbdvLBzEQoIb/Of+Cd/8ZJNhfa1QMDL++ZZ86Zc6JCJEoT8suyb92+c/fewf3eg4ePHj/pP332WeWl5DDjucjlPGIKRJLBTCdawLyQwNJIwGV09a7JX34HqZI8u9C7ApYp22RJnHCmjbXq/3A+rM4Op0dvHRxLAOycOW+Y2EAkGc4zrLeA1S 6NcqFwFbblFnITLSviEj/wKTkmrk9ocNKIIJgMfb92pt+IUzshLwtnnyGEUnrcCDoedYxHJw1D/8MEk5E3HLXMmHot7I2HJ8OGqejr2qlX/UH7tAl8U9BODFAX56v+z3Cd8zKFTHPBlFpQUuhlxaROuIC6F5YKCsav2AYWRmYsBbWs2q5q/Mo4axzn0pxM49b9k6hYqpqRmZsp01u1n2vMf+UWpY4nyyrJilJDxq8LxaXAOsfN5vA6kcC12BnBuExMr5hvmWRcm/32zBDo/pdvipnnBi795A1Op900DtAL9BIdIorG6BS9R+dohrh1ZH205tYX27Uv7K92eH3VtjrmOforbPgNmxLC8g==</latexit>

modulo the following five types of relations:
<latexit sha1_base64="f78afY4r05RA0jMP1m11UogaMg8=">AAACFXicbVDLSgMxFM34rPU16tJNsAhuLDPd+FgVRHBZwdpCW0omvdOGZpIhyVTK0K9w46+4caHiVnDn35hOZ6GtFwKHc84l95wg5kwbz/t2lpZXVtfWCxvFza3tnV13b/9ey0RRqFPJpWoGRANnAuqGGQ7NWAGJAg6NYHg11RsjUJpJcWfGMXQi0hcsZJQYS3Xd00j2Ei6xGQAOJefygYk+DtkI8NSusQyxAp659WXXLXllLx u8CPwclFA+ta771e5JmkQgDOVE65bvxaaTEmUY5TApthMNMaFD0oeWhYJEoDtpFmuCjy3Ts1cp+4TBGft7IyWR1uMosM6ImIGe16bkf1orMeF5J2UiTgwIOvsoTDg2MguNe0wBNXxsAaGK2VsxHRBFqLFNFm0J/nzkRVCvlC/K/m2lVL3O2yigQ3SETpCPzlAV3aAaqiOKHtEzekVvzpPz4rw7HzPrkpPvHKA/43z+ANr/n2M=</latexit><latexit sha1_base64="f78afY4r05RA0jMP1m11UogaMg8=">AAACFXicbVDLSgMxFM34rPU16tJNsAhuLDPd+FgVRHBZwdpCW0omvdOGZpIhyVTK0K9w46+4caHiVnDn35hOZ6GtFwKHc84l95wg5kwbz/t2lpZXVtfWCxvFza3tnV13b/9ey0RRqFPJpWoGRANnAuqGGQ7NWAGJAg6NYHg11RsjUJpJcWfGMXQi0hcsZJQYS3Xd00j2Ei6xGQAOJefygYk+DtkI8NSusQyxAp659WXXLXllLx u8CPwclFA+ta771e5JmkQgDOVE65bvxaaTEmUY5TApthMNMaFD0oeWhYJEoDtpFmuCjy3Ts1cp+4TBGft7IyWR1uMosM6ImIGe16bkf1orMeF5J2UiTgwIOvsoTDg2MguNe0wBNXxsAaGK2VsxHRBFqLFNFm0J/nzkRVCvlC/K/m2lVL3O2yigQ3SETpCPzlAV3aAaqiOKHtEzekVvzpPz4rw7HzPrkpPvHKA/43z+ANr/n2M=</latexit><latexit sha1_base64="f78afY4r05RA0jMP1m11UogaMg8=">AAACFXicbVDLSgMxFM34rPU16tJNsAhuLDPd+FgVRHBZwdpCW0omvdOGZpIhyVTK0K9w46+4caHiVnDn35hOZ6GtFwKHc84l95wg5kwbz/t2lpZXVtfWCxvFza3tnV13b/9ey0RRqFPJpWoGRANnAuqGGQ7NWAGJAg6NYHg11RsjUJpJcWfGMXQi0hcsZJQYS3Xd00j2Ei6xGQAOJefygYk+DtkI8NSusQyxAp659WXXLXllLx u8CPwclFA+ta771e5JmkQgDOVE65bvxaaTEmUY5TApthMNMaFD0oeWhYJEoDtpFmuCjy3Ts1cp+4TBGft7IyWR1uMosM6ImIGe16bkf1orMeF5J2UiTgwIOvsoTDg2MguNe0wBNXxsAaGK2VsxHRBFqLFNFm0J/nzkRVCvlC/K/m2lVL3O2yigQ3SETpCPzlAV3aAaqiOKHtEzekVvzpPz4rw7HzPrkpPvHKA/43z+ANr/n2M=</latexit><latexit sha1_base64="f78afY4r05RA0jMP1m11UogaMg8=">AAACFXicbVDLSgMxFM34rPU16tJNsAhuLDPd+FgVRHBZwdpCW0omvdOGZpIhyVTK0K9w46+4caHiVnDn35hOZ6GtFwKHc84l95wg5kwbz/t2lpZXVtfWCxvFza3tnV13b/9ey0RRqFPJpWoGRANnAuqGGQ7NWAGJAg6NYHg11RsjUJpJcWfGMXQi0hcsZJQYS3Xd00j2Ei6xGQAOJefygYk+DtkI8NSusQyxAp659WXXLXllLx u8CPwclFA+ta771e5JmkQgDOVE65bvxaaTEmUY5TApthMNMaFD0oeWhYJEoDtpFmuCjy3Ts1cp+4TBGft7IyWR1uMosM6ImIGe16bkf1orMeF5J2UiTgwIOvsoTDg2MguNe0wBNXxsAaGK2VsxHRBFqLFNFm0J/nzkRVCvlC/K/m2lVL3O2yigQ3SETpCPzlAV3aAaqiOKHtEzekVvzpPz4rw7HzPrkpPvHKA/43z+ANr/n2M=</latexit>

s(e)e = er(e) = e
<latexit sha1_base64="A5AsByit0M4YpIfE/Rl7YIlXeZQ="></latexit><latexit sha1_base64="A5AsByit0M4YpIfE/Rl7YIlXeZQ="></latexit><latexit sha1_base64="A5AsByit0M4YpIfE/Rl7YIlXeZQ="></latexit><latexit sha1_base64="A5AsByit0M4YpIfE/Rl7YIlXeZQ="></latexit>

s0(e⇤)e⇤ = e⇤r0(e⇤) = e⇤
<latexit sha1_base64="gvfHDtsZKIbDGXlLdTiSMYl3xmI="></latexit><latexit sha1_base64="sHAssrRBKeG86jKKrUmJGN3+5Hk="></latexit><latexit sha1_base64="sHAssrRBKeG86jKKrUmJGN3+5Hk="></latexit><latexit sha1_base64="cY1mlNk0VogUj+4iGXyNEgfeENY="></latexit>



e5
<latexit sha1_base64="2oTVAYPOXK7qVoTAKdaZt9kQovk="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit>

e!
<latexit sha1_base64="miKXffsTgVs7S3sc7Y2C7OV8gB8="></latexit><latexit sha1_base64="KP/aQ8GcDmkMYALYuvJ6yN27yLs="></latexit><latexit sha1_base64="KP/aQ8GcDmkMYALYuvJ6yN27yLs="></latexit>

v!
<latexit sha1_base64="+ESNGFHMjPIRmpA5ljhoZ8TRV7k="></latexit><latexit sha1_base64="hJARN2wzcpXVoo8WRz9Wipj7Gqc="></latexit><latexit sha1_base64="hJARN2wzcpXVoo8WRz9Wipj7Gqc="></latexit>

v1
<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

v3
<latexit sha1_base64="aCJXJ5RlxA9vJSXn+kHy1M4mML0="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit>

v4
<latexit sha1_base64="5o7IKDY9gLFdRStvBpyGFyzmiOI="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit>

v5
<latexit sha1_base64="XEnGBwIhIUAc946elKahyxHOr10="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit>

v6
<latexit sha1_base64="UfomTyGXDzzJ10RXwIfU4GSYSXE="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit>

e2
<latexit sha1_base64="+qvft35mNCYBd7mHkko9V+wUF/c="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit>

e1
<latexit sha1_base64="Gahtq2xaFc9C2zq3tCEmh3z/KjE="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit>

e3
<latexit sha1_base64="u6aps99kjMZnFt6LACGZVHxr8GA="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit>

e4
<latexit sha1_base64="u2R2RalfWEo8fhoEzg7jafnylrE="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit>

e6
<latexit sha1_base64="4hpldoBTI3TdciTk2lw/afLqBL4="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit>

e7
<latexit sha1_base64="ZikDrdAbsc1p8mE1uoX8u32g7fg="></latexit><latexit sha1_base64="DItlr6l1+XJLuVwmgc5P4ZU9qUE="></latexit><latexit sha1_base64="DItlr6l1+XJLuVwmgc5P4ZU9qUE="></latexit>e8

<latexit sha1_base64="lycQNS7HDk/TwRHKTdDQ/1kZ1bI="></latexit><latexit sha1_base64="I4p7JkHKI5C2HUX4sU7SwGQkrL4="></latexit><latexit sha1_base64="I4p7JkHKI5C2HUX4sU7SwGQkrL4="></latexit>

e⇤
1

<latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit><latexit sha1_base64="03/N6Q588eDtdmBP28plLRNq9BE="></latexit>

e⇤
2

<latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit><latexit sha1_base64="nxs+BTNbOgtfo8YTvlc982HdkMI="></latexit>

e⇤
3

<latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit><latexit sha1_base64="xd0emvDgh8+yTbjJVVn0ADOGvCw="></latexit>

e⇤
4

<latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit><latexit sha1_base64="FhcDO4SpZ0ARlPk+d79iVfOW+bI="></latexit>

e⇤
5

<latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit><latexit sha1_base64="2vK31ii53HSbfiLYjYzzk8si8lE="></latexit>

e⇤
6

<latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit><latexit sha1_base64="Ip0ud41mMmx2f8+3iOo35R3RZ6s="></latexit>

e⇤
7

<latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit><latexit sha1_base64="YtL6pAR/fLFPm8B6/SzfwTRD52I="></latexit>

e⇤
8

<latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit><latexit sha1_base64="27TtswGVLTElJwj0RgyEed4D3Jc="></latexit>

e⇤
!

<latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit><latexit sha1_base64="MPgPbkXGQzKiOQvZasVjTXvg+Kw="></latexit>

= v1

�
e1 � v2

�
e⇤
3e

⇤
4(e3 + e4)

<latexit sha1_base64="ctdUD+30hXiGnwa31pLgB8I/KUo="></latexit><latexit sha1_base64="Os2xb//6Q1Bd53IUYU4f5VstZ3k="></latexit><latexit sha1_base64="Os2xb//6Q1Bd53IUYU4f5VstZ3k="></latexit><latexit sha1_base64="ope2Vgmvj0RaGKU5XVUMQfSXekY="></latexit>

= e1e
⇤
3e

⇤
4(e3 + e4)

<latexit sha1_base64="Pzd32tDwU8gQLPUm2pZ8XaVEHhg="></latexit><latexit sha1_base64="JgorJD8rqnzuREsa3VFlqt01dWs="></latexit><latexit sha1_base64="JgorJD8rqnzuREsa3VFlqt01dWs="></latexit><latexit sha1_base64="Wk0yYQ3RCM57p4bHOQNtAEpxwnU="></latexit>

= e1e
⇤
3

<latexit sha1_base64="FphTPJq0ECi/axeRfYGqTUPAcIM="></latexit><latexit sha1_base64="KLM0kN45y7LFFWO2L9FqeRSJzus="></latexit><latexit sha1_base64="KLM0kN45y7LFFWO2L9FqeRSJzus="></latexit><latexit sha1_base64="g5YIg+qZ8WltN9yacUlsxTmhnLU="></latexit>

= e1e
⇤
3v2

<latexit sha1_base64="zeSUswO5R0ZQ0SH3M4l7Qqzxjpo="></latexit><latexit sha1_base64="zeSUswO5R0ZQ0SH3M4l7Qqzxjpo="></latexit><latexit sha1_base64="zeSUswO5R0ZQ0SH3M4l7Qqzxjpo="></latexit><latexit sha1_base64="zeSUswO5R0ZQ0SH3M4l7Qqzxjpo="></latexit>

v1v2 = 0
<latexit sha1_base64="k3KrVAVbgYL7vwfNEZfxHXPbSUU="></latexit><latexit sha1_base64="1hR2IQ6wu2ic2hPxZJb8K/Q2knI="></latexit><latexit sha1_base64="1hR2IQ6wu2ic2hPxZJb8K/Q2knI="></latexit><latexit sha1_base64="YcqSIeN6UX+LyTwH1QNSUoWtO6A="></latexit>

e⇤
4e3 = 0

<latexit sha1_base64="v9BPKm7/kqxx7iDO79LtQzERBDA="></latexit><latexit sha1_base64="R9/rOVR4K9yoMcc3g7ff+nS/eoc="></latexit><latexit sha1_base64="R9/rOVR4K9yoMcc3g7ff+nS/eoc="></latexit><latexit sha1_base64="v9yQx+D0Y8tuCERIKqAoi4ctfEI="></latexit>

e⇤
4e4 = v2

<latexit sha1_base64="bOjZLxpq9qNSgbVgTiU5ibY4j38="></latexit><latexit sha1_base64="bOjZLxpq9qNSgbVgTiU5ibY4j38="></latexit><latexit sha1_base64="bOjZLxpq9qNSgbVgTiU5ibY4j38="></latexit><latexit sha1_base64="bOjZLxpq9qNSgbVgTiU5ibY4j38="></latexit>

e⇤
3v2 = e⇤

3
<latexit sha1_base64="ddjGnjHqs/kcl+2HXXP+cbwaZP4="></latexit><latexit sha1_base64="ddjGnjHqs/kcl+2HXXP+cbwaZP4="></latexit><latexit sha1_base64="ddjGnjHqs/kcl+2HXXP+cbwaZP4="></latexit><latexit sha1_base64="ddjGnjHqs/kcl+2HXXP+cbwaZP4="></latexit>

v1e1 = e1
<latexit sha1_base64="LkNcw25JXkVu6+IE2GtAUKbm93A="></latexit><latexit sha1_base64="LkNcw25JXkVu6+IE2GtAUKbm93A="></latexit><latexit sha1_base64="LkNcw25JXkVu6+IE2GtAUKbm93A="></latexit><latexit sha1_base64="LkNcw25JXkVu6+IE2GtAUKbm93A="></latexit>

(e1e
⇤
1 + e2e

⇤
2)(e1 � v2)e

⇤
3e

⇤
4(e3 + e4) =

<latexit sha1_base64="4xsKQwAO9l2UKlLP5AoDKuCDaiI="></latexit><latexit sha1_base64="4xsKQwAO9l2UKlLP5AoDKuCDaiI="></latexit><latexit sha1_base64="4xsKQwAO9l2UKlLP5AoDKuCDaiI="></latexit><latexit sha1_base64="4xsKQwAO9l2UKlLP5AoDKuCDaiI="></latexit>

v1 = e1e
⇤
1 + e2e

⇤
2

<latexit sha1_base64="uOgAOED4xHnfbIsTzB7yPzGQZZU="></latexit><latexit sha1_base64="uOgAOED4xHnfbIsTzB7yPzGQZZU="></latexit><latexit sha1_base64="uOgAOED4xHnfbIsTzB7yPzGQZZU="></latexit><latexit sha1_base64="uOgAOED4xHnfbIsTzB7yPzGQZZU="></latexit>



Mn(K)
<latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit><latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit><latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit><latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit>

LK(An) =
<latexit sha1_base64="9pUrTfJPb5eeLEzbn6u34YMEEsM="></latexit><latexit sha1_base64="9pUrTfJPb5eeLEzbn6u34YMEEsM="></latexit><latexit sha1_base64="9pUrTfJPb5eeLEzbn6u34YMEEsM="></latexit><latexit sha1_base64="9pUrTfJPb5eeLEzbn6u34YMEEsM="></latexit>v1

<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

...
<latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit><latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit><latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit><latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

vn
<latexit sha1_base64="UDpd3tQ+yC7OjOCli3gnCSKnlnY="></latexit><latexit sha1_base64="UDpd3tQ+yC7OjOCli3gnCSKnlnY="></latexit><latexit sha1_base64="UDpd3tQ+yC7OjOCli3gnCSKnlnY="></latexit><latexit sha1_base64="UDpd3tQ+yC7OjOCli3gnCSKnlnY="></latexit>

An :
<latexit sha1_base64="N0U59mdByUcq5VU79Kcujj3+iIM="></latexit><latexit sha1_base64="N0U59mdByUcq5VU79Kcujj3+iIM="></latexit><latexit sha1_base64="N0U59mdByUcq5VU79Kcujj3+iIM="></latexit><latexit sha1_base64="N0U59mdByUcq5VU79Kcujj3+iIM="></latexit>

R1 :
<latexit sha1_base64="DokqHpk8rhwebKGNHv+wwRFLMC8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh2n0anrYCwfhwvh1EK1Aj63sdHrUeRunhag0GhIKnB tHw5ImDViSQuE8iCuHJYhLmOHYQwMa3aRZDDvnfc+kPCusP4b4gl3PaEA7V+vER2qg3G37WvJfvnFF2YtJI01ZERqxbJRVilPB25fzVFoUpGoPQFjpZ+UiBwuCvD4bXWZYaCRbz4P+egMFJnUCvIhrETHhF7qSKeXHfPgsLGkzp/TyPC19jl3GRENplvcc5Syn4yiSZqOeRYNXotDad2viDLRUdYoZVIrmTeyy37gv/C9L4AqWQkrDz8A4foZWZttlnCfR/S2T/CkTxEmh0lbNfgv+498FfvGi7TW7DkbDwctB9D7snbxebeAee8QesycsYs/ZCXvHTtmICZazr+wb+9752d3t7ncPlqGdnVXOA7Zh3Ye/AN+aGf0=</latexit><latexit sha1_base64="DokqHpk8rhwebKGNHv+wwRFLMC8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh2n0anrYCwfhwvh1EK1Aj63sdHrUeRunhag0GhIKnB tHw5ImDViSQuE8iCuHJYhLmOHYQwMa3aRZDDvnfc+kPCusP4b4gl3PaEA7V+vER2qg3G37WvJfvnFF2YtJI01ZERqxbJRVilPB25fzVFoUpGoPQFjpZ+UiBwuCvD4bXWZYaCRbz4P+egMFJnUCvIhrETHhF7qSKeXHfPgsLGkzp/TyPC19jl3GRENplvcc5Syn4yiSZqOeRYNXotDad2viDLRUdYoZVIrmTeyy37gv/C9L4AqWQkrDz8A4foZWZttlnCfR/S2T/CkTxEmh0lbNfgv+498FfvGi7TW7DkbDwctB9D7snbxebeAee8QesycsYs/ZCXvHTtmICZazr+wb+9752d3t7ncPlqGdnVXOA7Zh3Ye/AN+aGf0=</latexit><latexit sha1_base64="DokqHpk8rhwebKGNHv+wwRFLMC8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh2n0anrYCwfhwvh1EK1Aj63sdHrUeRunhag0GhIKnB tHw5ImDViSQuE8iCuHJYhLmOHYQwMa3aRZDDvnfc+kPCusP4b4gl3PaEA7V+vER2qg3G37WvJfvnFF2YtJI01ZERqxbJRVilPB25fzVFoUpGoPQFjpZ+UiBwuCvD4bXWZYaCRbz4P+egMFJnUCvIhrETHhF7qSKeXHfPgsLGkzp/TyPC19jl3GRENplvcc5Syn4yiSZqOeRYNXotDad2viDLRUdYoZVIrmTeyy37gv/C9L4AqWQkrDz8A4foZWZttlnCfR/S2T/CkTxEmh0lbNfgv+498FfvGi7TW7DkbDwctB9D7snbxebeAee8QesycsYs/ZCXvHTtmICZazr+wb+9752d3t7ncPlqGdnVXOA7Zh3Ye/AN+aGf0=</latexit><latexit sha1_base64="DokqHpk8rhwebKGNHv+wwRFLMC8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh2n0anrYCwfhwvh1EK1Aj63sdHrUeRunhag0GhIKnB tHw5ImDViSQuE8iCuHJYhLmOHYQwMa3aRZDDvnfc+kPCusP4b4gl3PaEA7V+vER2qg3G37WvJfvnFF2YtJI01ZERqxbJRVilPB25fzVFoUpGoPQFjpZ+UiBwuCvD4bXWZYaCRbz4P+egMFJnUCvIhrETHhF7qSKeXHfPgsLGkzp/TyPC19jl3GRENplvcc5Syn4yiSZqOeRYNXotDad2viDLRUdYoZVIrmTeyy37gv/C9L4AqWQkrDz8A4foZWZttlnCfR/S2T/CkTxEmh0lbNfgv+498FfvGi7TW7DkbDwctB9D7snbxebeAee8QesycsYs/ZCXvHTtmICZazr+wb+9752d3t7ncPlqGdnVXOA7Zh3Ye/AN+aGf0=</latexit>

LK(R1) =
<latexit sha1_base64="Zzys6vTzSoXTyDzxNFBHsnPMLYQ="></latexit><latexit sha1_base64="Zzys6vTzSoXTyDzxNFBHsnPMLYQ="></latexit><latexit sha1_base64="Zzys6vTzSoXTyDzxNFBHsnPMLYQ="></latexit><latexit sha1_base64="Zzys6vTzSoXTyDzxNFBHsnPMLYQ="></latexit>

K[x, x�1]
<latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit><latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit><latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit><latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit>

Rn :
<latexit sha1_base64="Dx7mI0QDG5IEEYpe6I7UDoBSMY8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh6l5NT3shYNwYfw6iFagx1Z2Oj3qvI3TQlQaDQkFzo 2jYUmTBixJoXAexJXDEsQlzHDsoQGNbtIshp3zvmdSnhXWH0N8wa5nNKCdq3XiIzVQ7rZ9Lfkv37ii7MWkkaasCI1YNsoqxang7ct5Ki0KUrUHIKz0s3KRgwVBXp+NLjMsNJKt50F/vYECkzoBXsS1iJjwC13JlPJjPnwWlrSZU3p5npY+xy5joqE0y3uOcpbTcRRJs1HPosErUWjtuzVxBlqqOsUMKkXzJnbZb9wX/pclcAVLIaXhZ2AcP0Mrs+0yzpPo/pZJ/pQJ4qRQaatmvwX/8e8Cv3jR9ppdB6Ph4OUgeh/2Tl6vNnCPPWKP2RMWsefshL1jp2zEBMvZV/aNfe/87O5297sHy9DOzirnAduw7sNflMEaOg==</latexit><latexit sha1_base64="Dx7mI0QDG5IEEYpe6I7UDoBSMY8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh6l5NT3shYNwYfw6iFagx1Z2Oj3qvI3TQlQaDQkFzo 2jYUmTBixJoXAexJXDEsQlzHDsoQGNbtIshp3zvmdSnhXWH0N8wa5nNKCdq3XiIzVQ7rZ9Lfkv37ii7MWkkaasCI1YNsoqxang7ct5Ki0KUrUHIKz0s3KRgwVBXp+NLjMsNJKt50F/vYECkzoBXsS1iJjwC13JlPJjPnwWlrSZU3p5npY+xy5joqE0y3uOcpbTcRRJs1HPosErUWjtuzVxBlqqOsUMKkXzJnbZb9wX/pclcAVLIaXhZ2AcP0Mrs+0yzpPo/pZJ/pQJ4qRQaatmvwX/8e8Cv3jR9ppdB6Ph4OUgeh/2Tl6vNnCPPWKP2RMWsefshL1jp2zEBMvZV/aNfe/87O5297sHy9DOzirnAduw7sNflMEaOg==</latexit><latexit sha1_base64="Dx7mI0QDG5IEEYpe6I7UDoBSMY8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh6l5NT3shYNwYfw6iFagx1Z2Oj3qvI3TQlQaDQkFzo 2jYUmTBixJoXAexJXDEsQlzHDsoQGNbtIshp3zvmdSnhXWH0N8wa5nNKCdq3XiIzVQ7rZ9Lfkv37ii7MWkkaasCI1YNsoqxang7ct5Ki0KUrUHIKz0s3KRgwVBXp+NLjMsNJKt50F/vYECkzoBXsS1iJjwC13JlPJjPnwWlrSZU3p5npY+xy5joqE0y3uOcpbTcRRJs1HPosErUWjtuzVxBlqqOsUMKkXzJnbZb9wX/pclcAVLIaXhZ2AcP0Mrs+0yzpPo/pZJ/pQJ4qRQaatmvwX/8e8Cv3jR9ppdB6Ph4OUgeh/2Tl6vNnCPPWKP2RMWsefshL1jp2zEBMvZV/aNfe/87O5297sHy9DOzirnAduw7sNflMEaOg==</latexit><latexit sha1_base64="Dx7mI0QDG5IEEYpe6I7UDoBSMY8=">AAADXnicvVJdaxNBFJ0mautqbasvgi+DIeCDhN2A+AGFogg+VmtsIRvC3dm72aEzs8vMXeuy5C/4qn/NR/+Js0nUJPXZCwNnzv2cMzcplXQUhj92Ot0bN2/t7t0O7tzdv3dweHT/kysqK3AkClXYiwQcKmlwRJIUXpQWQScKz5PLN63//DNaJwvzkeoSJxpmRmZSALXUh6l5NT3shYNwYfw6iFagx1Z2Oj3qvI3TQlQaDQkFzo 2jYUmTBixJoXAexJXDEsQlzHDsoQGNbtIshp3zvmdSnhXWH0N8wa5nNKCdq3XiIzVQ7rZ9Lfkv37ii7MWkkaasCI1YNsoqxang7ct5Ki0KUrUHIKz0s3KRgwVBXp+NLjMsNJKt50F/vYECkzoBXsS1iJjwC13JlPJjPnwWlrSZU3p5npY+xy5joqE0y3uOcpbTcRRJs1HPosErUWjtuzVxBlqqOsUMKkXzJnbZb9wX/pclcAVLIaXhZ2AcP0Mrs+0yzpPo/pZJ/pQJ4qRQaatmvwX/8e8Cv3jR9ppdB6Ph4OUgeh/2Tl6vNnCPPWKP2RMWsefshL1jp2zEBMvZV/aNfe/87O5297sHy9DOzirnAduw7sNflMEaOg==</latexit>

e1
<latexit sha1_base64="Gahtq2xaFc9C2zq3tCEmh3z/KjE="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit>

e2
<latexit sha1_base64="xE9ulyERTuMwyQLHfAprZLOkFtw="></latexit><latexit sha1_base64="xE9ulyERTuMwyQLHfAprZLOkFtw="></latexit><latexit sha1_base64="xE9ulyERTuMwyQLHfAprZLOkFtw="></latexit><latexit sha1_base64="xE9ulyERTuMwyQLHfAprZLOkFtw="></latexit>

e3
<latexit sha1_base64="KetExAdkYUbpPta+yCqRdCJrCTE="></latexit><latexit sha1_base64="KetExAdkYUbpPta+yCqRdCJrCTE="></latexit><latexit sha1_base64="KetExAdkYUbpPta+yCqRdCJrCTE="></latexit><latexit sha1_base64="KetExAdkYUbpPta+yCqRdCJrCTE="></latexit>

en
<latexit sha1_base64="XMkPaGHh9uR358SDNcpSIu0qpAQ="></latexit><latexit sha1_base64="XMkPaGHh9uR358SDNcpSIu0qpAQ="></latexit><latexit sha1_base64="XMkPaGHh9uR358SDNcpSIu0qpAQ="></latexit><latexit sha1_base64="XMkPaGHh9uR358SDNcpSIu0qpAQ="></latexit>

LK(Rn) =
<latexit sha1_base64="q0uWc4unfgwiC74hsAGrpmzKbTk="></latexit><latexit sha1_base64="q0uWc4unfgwiC74hsAGrpmzKbTk="></latexit><latexit sha1_base64="q0uWc4unfgwiC74hsAGrpmzKbTk="></latexit><latexit sha1_base64="q0uWc4unfgwiC74hsAGrpmzKbTk="></latexit>

LK(1, n)
<latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit><latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit><latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit><latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit>

T :<latexit sha1_base64="muEvbV452wrv0l0LzauhpBhk0bE=">AAADXHicvVJbaxNBFJ4mVuvWaqvgiy+DIeCDhN1A8QKFogg+VtvYQjaUs7Nns0PnssyctYYl/8BX/W8++VecXNQk9dkDA9985zrfnKxS0lMc/9hqtW9t376zczfavbd3/8H+wcNP3tZO4EBYZd1FBh6VNDggSQovKoegM4Xn2dXbmf/8MzovrTmjSYUjDWMjCymAAvXx7PXlfifuxXPjN0GyBB22tJPLg9a7NLei1mhIKPB+mP QrGjXgSAqF0yitPVYgrmCMwwANaPSjZj7qlHcDk/PCunAM8Tm7mtGA9n6isxCpgUq/6ZuR//INaypejhppqprQiEWjolacLJ+9m+fSoSA1CQCEk2FWLkpwICios9ZljFYjuck06q42UGByLyBIuBKREn6ha5lTecT7h3FF6zlVkOd5FXLcIibpS7O4lyjHJR0liTRr9RwavBZW69CtSQvQUk1yLKBWNG1SX/zGXRH+WAJXsBBSGn4KxvNTdLLYLOMDif5vmexPmSjNrMpnanZn4D/+XRQWL9lcs5tg0O+96iUf4s7xm+UG7rAn7Cl7xhL2gh2z9+yEDZhgBfvKvrHvrZ/t7fZue28R2tpa5jxia9Z+/AvsNRlb</latexit><latexit sha1_base64="muEvbV452wrv0l0LzauhpBhk0bE=">AAADXHicvVJbaxNBFJ4mVuvWaqvgiy+DIeCDhN1A8QKFogg+VtvYQjaUs7Nns0PnssyctYYl/8BX/W8++VecXNQk9dkDA9985zrfnKxS0lMc/9hqtW9t376zczfavbd3/8H+wcNP3tZO4EBYZd1FBh6VNDggSQovKoegM4Xn2dXbmf/8MzovrTmjSYUjDWMjCymAAvXx7PXlfifuxXPjN0GyBB22tJPLg9a7NLei1mhIKPB+mP QrGjXgSAqF0yitPVYgrmCMwwANaPSjZj7qlHcDk/PCunAM8Tm7mtGA9n6isxCpgUq/6ZuR//INaypejhppqprQiEWjolacLJ+9m+fSoSA1CQCEk2FWLkpwICios9ZljFYjuck06q42UGByLyBIuBKREn6ha5lTecT7h3FF6zlVkOd5FXLcIibpS7O4lyjHJR0liTRr9RwavBZW69CtSQvQUk1yLKBWNG1SX/zGXRH+WAJXsBBSGn4KxvNTdLLYLOMDif5vmexPmSjNrMpnanZn4D/+XRQWL9lcs5tg0O+96iUf4s7xm+UG7rAn7Cl7xhL2gh2z9+yEDZhgBfvKvrHvrZ/t7fZue28R2tpa5jxia9Z+/AvsNRlb</latexit><latexit sha1_base64="muEvbV452wrv0l0LzauhpBhk0bE=">AAADXHicvVJbaxNBFJ4mVuvWaqvgiy+DIeCDhN1A8QKFogg+VtvYQjaUs7Nns0PnssyctYYl/8BX/W8++VecXNQk9dkDA9985zrfnKxS0lMc/9hqtW9t376zczfavbd3/8H+wcNP3tZO4EBYZd1FBh6VNDggSQovKoegM4Xn2dXbmf/8MzovrTmjSYUjDWMjCymAAvXx7PXlfifuxXPjN0GyBB22tJPLg9a7NLei1mhIKPB+mP QrGjXgSAqF0yitPVYgrmCMwwANaPSjZj7qlHcDk/PCunAM8Tm7mtGA9n6isxCpgUq/6ZuR//INaypejhppqprQiEWjolacLJ+9m+fSoSA1CQCEk2FWLkpwICios9ZljFYjuck06q42UGByLyBIuBKREn6ha5lTecT7h3FF6zlVkOd5FXLcIibpS7O4lyjHJR0liTRr9RwavBZW69CtSQvQUk1yLKBWNG1SX/zGXRH+WAJXsBBSGn4KxvNTdLLYLOMDif5vmexPmSjNrMpnanZn4D/+XRQWL9lcs5tg0O+96iUf4s7xm+UG7rAn7Cl7xhL2gh2z9+yEDZhgBfvKvrHvrZ/t7fZue28R2tpa5jxia9Z+/AvsNRlb</latexit><latexit sha1_base64="muEvbV452wrv0l0LzauhpBhk0bE=">AAADXHicvVJbaxNBFJ4mVuvWaqvgiy+DIeCDhN1A8QKFogg+VtvYQjaUs7Nns0PnssyctYYl/8BX/W8++VecXNQk9dkDA9985zrfnKxS0lMc/9hqtW9t376zczfavbd3/8H+wcNP3tZO4EBYZd1FBh6VNDggSQovKoegM4Xn2dXbmf/8MzovrTmjSYUjDWMjCymAAvXx7PXlfifuxXPjN0GyBB22tJPLg9a7NLei1mhIKPB+mP QrGjXgSAqF0yitPVYgrmCMwwANaPSjZj7qlHcDk/PCunAM8Tm7mtGA9n6isxCpgUq/6ZuR//INaypejhppqprQiEWjolacLJ+9m+fSoSA1CQCEk2FWLkpwICios9ZljFYjuck06q42UGByLyBIuBKREn6ha5lTecT7h3FF6zlVkOd5FXLcIibpS7O4lyjHJR0liTRr9RwavBZW69CtSQvQUk1yLKBWNG1SX/zGXRH+WAJXsBBSGn4KxvNTdLLYLOMDif5vmexPmSjNrMpnanZn4D/+XRQWL9lcs5tg0O+96iUf4s7xm+UG7rAn7Cl7xhL2gh2z9+yEDZhgBfvKvrHvrZ/t7fZue28R2tpa5jxia9Z+/AvsNRlb</latexit>

LK(T ) =
<latexit sha1_base64="dI9YrAtMOnmA3ojpf87X18zrxZU="></latexit><latexit sha1_base64="dI9YrAtMOnmA3ojpf87X18zrxZU="></latexit><latexit sha1_base64="dI9YrAtMOnmA3ojpf87X18zrxZU="></latexit><latexit sha1_base64="dI9YrAtMOnmA3ojpf87X18zrxZU="></latexit>

KhX,Y |XY = 1i
<latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="X+n3Rp8U7Dfa3Z8kZ0AhjfisSqg="></latexit><latexit sha1_base64="5u8cwuk5oBD+45TWqvxqJF7dwGw="></latexit><latexit sha1_base64="5u8cwuk5oBD+45TWqvxqJF7dwGw="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit>

Main Examples

v1
<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

...
<latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit><latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit><latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit><latexit sha1_base64="k5fPkdaDn8Mbouceg63xrCwZPqA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i8qLeiF48VjS20oWy2m3bpZhN2J0IJ/QlePKh49R9589+4bXPQ6oOBx3szzMyLMikMet6XU1lZXVvfqG7WtrZ3dvfq+wcPJs014wFLZao7ETVcCsUDFCh5J9OcJpHk7Wh8PfPbj1wbkap7nGQ8TOhQiVgwila6c123X294rjcH+Uv8kjSgRKtf/+wNUpYnXCGT1Jiu72UYFlSjYJJPa73c8IyyMR3yrqWKJtyExfzUKTmxyoDEqbalkMzVnxMFTYyZJJHtTCiOzLI3E//zujnGF2EhVJYjV2yxKM4lwZTM/iYDoTlDObGEMi3srYSNqKYMbTo1G4K//PJfEpy5l65/6zWaV2UaVTiCYzgFH86hCTfQggAYDOEJXuDVkc6z8+a8L1orTjlzCL/gfHwDuOeM8g==</latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

AN :
<latexit sha1_base64="vU5DVyg2wwR/q9yIIIzJ1YgS/+g="></latexit><latexit sha1_base64="h0HpPCyrm5mzQnmyXEXB6cDUCrI="></latexit><latexit sha1_base64="h0HpPCyrm5mzQnmyXEXB6cDUCrI="></latexit><latexit sha1_base64="GIBnNZXFR/3o7X0kVP/tprKa4J0="></latexit> v3

<latexit sha1_base64="wP3kMGOAlqwZ2s3wqBWzeqfvExI="></latexit><latexit sha1_base64="wP3kMGOAlqwZ2s3wqBWzeqfvExI="></latexit><latexit sha1_base64="wP3kMGOAlqwZ2s3wqBWzeqfvExI="></latexit><latexit sha1_base64="wP3kMGOAlqwZ2s3wqBWzeqfvExI="></latexit>

LK(AN) =
<latexit sha1_base64="7mK/1stv83V2k5IpyFs/CqCo9dU="></latexit><latexit sha1_base64="7mK/1stv83V2k5IpyFs/CqCo9dU="></latexit><latexit sha1_base64="7mK/1stv83V2k5IpyFs/CqCo9dU="></latexit><latexit sha1_base64="7mK/1stv83V2k5IpyFs/CqCo9dU="></latexit>

FMN(K)
<latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit><latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit><latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit><latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit>



Properties of Leavitt path algebras
LK(E)

<latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY=">AAADYHicvVJbaxNBFJ4mXtp4aaNv+jIYAhUkZIOiPhSKUhD0oVLTFrIhnJ09m512ZnaZOWsNS/6Dr/rPfPaPOJuNmqQ+e2Dgm+9c55sT5Uo66vd/bDWaN27eur2907pz99793b32g1OXFVbgUGQqs+cROFTS4JAkKTzPLYKOFJ5Fl28r/9lntE5m5hPNchxrmBqZSAHkqdMPk/f7R08ne51+r78wfh0ES9BhSzuetBtHYZyJQq MhocC5UTDIaVyCJSkUzlth4TAHcQlTHHloQKMbl4tx57zrmZgnmfXHEF+wqxklaOdmOvKRGih1m76K/JdvVFDyalxKkxeERtSNkkJxynj1dh5Li4LUzAMQVvpZuUjBgiCv0FqXKWYayc7mre5qAwUmdgK8jCsRIeEXupIxpQd88KKf03pO7uV5lvscW8cEA2nqe4pymtJBEEizVs+iwSuRae27lWECWqpZjAkUiuZl6JLfuCv8P0vgCmohpeEnYBw/QSuTzTLOk+j+lon+lGmFUabiSs1uBf7j37X84gWba3YdDAe9173g4/PO4ZvlBm6zx+wJ22cBe8kO2Tt2zIZMsAv2lX1j3xs/mzvN3Wa7Dm1sLXMesjVrPvoFfE0ahQ==</latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY=">AAADYHicvVJbaxNBFJ4mXtp4aaNv+jIYAhUkZIOiPhSKUhD0oVLTFrIhnJ09m512ZnaZOWsNS/6Dr/rPfPaPOJuNmqQ+e2Dgm+9c55sT5Uo66vd/bDWaN27eur2907pz99793b32g1OXFVbgUGQqs+cROFTS4JAkKTzPLYKOFJ5Fl28r/9lntE5m5hPNchxrmBqZSAHkqdMPk/f7R08ne51+r78wfh0ES9BhSzuetBtHYZyJQq MhocC5UTDIaVyCJSkUzlth4TAHcQlTHHloQKMbl4tx57zrmZgnmfXHEF+wqxklaOdmOvKRGih1m76K/JdvVFDyalxKkxeERtSNkkJxynj1dh5Li4LUzAMQVvpZuUjBgiCv0FqXKWYayc7mre5qAwUmdgK8jCsRIeEXupIxpQd88KKf03pO7uV5lvscW8cEA2nqe4pymtJBEEizVs+iwSuRae27lWECWqpZjAkUiuZl6JLfuCv8P0vgCmohpeEnYBw/QSuTzTLOk+j+lon+lGmFUabiSs1uBf7j37X84gWba3YdDAe9173g4/PO4ZvlBm6zx+wJ22cBe8kO2Tt2zIZMsAv2lX1j3xs/mzvN3Wa7Dm1sLXMesjVrPvoFfE0ahQ==</latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY=">AAADYHicvVJbaxNBFJ4mXtp4aaNv+jIYAhUkZIOiPhSKUhD0oVLTFrIhnJ09m512ZnaZOWsNS/6Dr/rPfPaPOJuNmqQ+e2Dgm+9c55sT5Uo66vd/bDWaN27eur2907pz99793b32g1OXFVbgUGQqs+cROFTS4JAkKTzPLYKOFJ5Fl28r/9lntE5m5hPNchxrmBqZSAHkqdMPk/f7R08ne51+r78wfh0ES9BhSzuetBtHYZyJQq MhocC5UTDIaVyCJSkUzlth4TAHcQlTHHloQKMbl4tx57zrmZgnmfXHEF+wqxklaOdmOvKRGih1m76K/JdvVFDyalxKkxeERtSNkkJxynj1dh5Li4LUzAMQVvpZuUjBgiCv0FqXKWYayc7mre5qAwUmdgK8jCsRIeEXupIxpQd88KKf03pO7uV5lvscW8cEA2nqe4pymtJBEEizVs+iwSuRae27lWECWqpZjAkUiuZl6JLfuCv8P0vgCmohpeEnYBw/QSuTzTLOk+j+lon+lGmFUabiSs1uBf7j37X84gWba3YdDAe9173g4/PO4ZvlBm6zx+wJ22cBe8kO2Tt2zIZMsAv2lX1j3xs/mzvN3Wa7Dm1sLXMesjVrPvoFfE0ahQ==</latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY=">AAADYHicvVJbaxNBFJ4mXtp4aaNv+jIYAhUkZIOiPhSKUhD0oVLTFrIhnJ09m512ZnaZOWsNS/6Dr/rPfPaPOJuNmqQ+e2Dgm+9c55sT5Uo66vd/bDWaN27eur2907pz99793b32g1OXFVbgUGQqs+cROFTS4JAkKTzPLYKOFJ5Fl28r/9lntE5m5hPNchxrmBqZSAHkqdMPk/f7R08ne51+r78wfh0ES9BhSzuetBtHYZyJQq MhocC5UTDIaVyCJSkUzlth4TAHcQlTHHloQKMbl4tx57zrmZgnmfXHEF+wqxklaOdmOvKRGih1m76K/JdvVFDyalxKkxeERtSNkkJxynj1dh5Li4LUzAMQVvpZuUjBgiCv0FqXKWYayc7mre5qAwUmdgK8jCsRIeEXupIxpQd88KKf03pO7uV5lvscW8cEA2nqe4pymtJBEEizVs+iwSuRae27lWECWqpZjAkUiuZl6JLfuCv8P0vgCmohpeEnYBw/QSuTzTLOk+j+lon+lGmFUabiSs1uBf7j37X84gWba3YdDAe9173g4/PO4ZvlBm6zx+wJ22cBe8kO2Tt2zIZMsAv2lX1j3xs/mzvN3Wa7Dm1sLXMesjVrPvoFfE0ahQ==</latexit>

has some specified algebraic property ,
<latexit sha1_base64="OwMCur3qmPySI1+hun+S5yN74SQ="></latexit><latexit sha1_base64="A/SSRLWZJnEcRYFSpSXJCCdRBBw="></latexit><latexit sha1_base64="A/SSRLWZJnEcRYFSpSXJCCdRBBw="></latexit><latexit sha1_base64="0fewRy088rpzYS2OMGBR5OZWFso="></latexit>

E
<latexit sha1_base64="FKJjd8xw0DoagSjQqfenD04oLjA="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="M0ROzkQIVaOvJ4omKdKT8tj4tXc="></latexit> has some specified graph-theoretic property

finite dimensional finite and acyclic

LK(E)
<latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit>

E
<latexit sha1_base64="FKJjd8xw0DoagSjQqfenD04oLjA="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="M0ROzkQIVaOvJ4omKdKT8tj4tXc="></latexit>

e5
<latexit sha1_base64="2oTVAYPOXK7qVoTAKdaZt9kQovk="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit><latexit sha1_base64="fuQ1sFb76il7pyt7uv1eo8bJJpg="></latexit>

v1
<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

v3
<latexit sha1_base64="aCJXJ5RlxA9vJSXn+kHy1M4mML0="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit>

v4
<latexit sha1_base64="5o7IKDY9gLFdRStvBpyGFyzmiOI="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit>

v5
<latexit sha1_base64="XEnGBwIhIUAc946elKahyxHOr10="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit><latexit sha1_base64="yaUbGn+TXLSwb/L1QU3Kk9yCgMc="></latexit>

v6
<latexit sha1_base64="UfomTyGXDzzJ10RXwIfU4GSYSXE="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit><latexit sha1_base64="3gg7qt9+5vGUIG1FQwwKinA/wxc="></latexit>

e2
<latexit sha1_base64="+qvft35mNCYBd7mHkko9V+wUF/c="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit>

e1
<latexit sha1_base64="Gahtq2xaFc9C2zq3tCEmh3z/KjE="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit>

e3
<latexit sha1_base64="u6aps99kjMZnFt6LACGZVHxr8GA="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit>

e4
<latexit sha1_base64="u2R2RalfWEo8fhoEzg7jafnylrE="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit><latexit sha1_base64="qjGof5nbXTi2LG7wMGqXhXEqGtw="></latexit>

e6
<latexit sha1_base64="4hpldoBTI3TdciTk2lw/afLqBL4="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit><latexit sha1_base64="XK6KnUlmY1y/hiZoiu7q7bTAgSU="></latexit>



Properties of Leavitt path algebras

simple hereditary saturated subsets are trivial and 
every cycle has an exit

LK(E)
<latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit>

E
<latexit sha1_base64="FKJjd8xw0DoagSjQqfenD04oLjA="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="M0ROzkQIVaOvJ4omKdKT8tj4tXc="></latexit>

v
<latexit sha1_base64="S52Y8C68YUN59ZYa74Hw/bvPAhc="></latexit><latexit sha1_base64="Y/H/pdQD6mwWuQ4XMEcgIAcPm2A="></latexit><latexit sha1_base64="Y/H/pdQD6mwWuQ4XMEcgIAcPm2A="></latexit><latexit sha1_base64="k1d6eUwxFOvn4dWOMoY+dFgT+YM="></latexit>

u
<latexit sha1_base64="kYiNsLEMnKqUGhzgoOzbf2u3p7w="></latexit><latexit sha1_base64="N6nLa5gxfeCi3/q3y3PikJdne+Q="></latexit><latexit sha1_base64="N6nLa5gxfeCi3/q3y3PikJdne+Q="></latexit><latexit sha1_base64="U2EiY8yt25I08kr2HkgfCIk4Eeg="></latexit>

v 2 V ) u 2 V
<latexit sha1_base64="1ctxCmuK/e9T+vzdt+VUW2Nbskk="></latexit><latexit sha1_base64="qTuomRrrl99jkZahQ2yo2C2Nn9c="></latexit><latexit sha1_base64="qTuomRrrl99jkZahQ2yo2C2Nn9c="></latexit><latexit sha1_base64="/v9sxwJNt2JEiIcutsk3UZBfNhA="></latexit>

u
<latexit sha1_base64="kYiNsLEMnKqUGhzgoOzbf2u3p7w="></latexit><latexit sha1_base64="N6nLa5gxfeCi3/q3y3PikJdne+Q="></latexit><latexit sha1_base64="N6nLa5gxfeCi3/q3y3PikJdne+Q="></latexit><latexit sha1_base64="U2EiY8yt25I08kr2HkgfCIk4Eeg="></latexit>

v1
<latexit sha1_base64="lEQQ/o44Ri6YZY+XQDtcfweEWG4="></latexit><latexit sha1_base64="VMddr955s5n6Rw6J+zJB2A1yElQ="></latexit><latexit sha1_base64="VMddr955s5n6Rw6J+zJB2A1yElQ="></latexit><latexit sha1_base64="5jjUTIrSIWUa4bicGMZzldKJ1OQ="></latexit>

v2
<latexit sha1_base64="4YIz4uCXPIJFh5N6VisrITWuWBQ="></latexit><latexit sha1_base64="xIjw7/SK3hcuSsO/Bb4ervxBxJs="></latexit><latexit sha1_base64="xIjw7/SK3hcuSsO/Bb4ervxBxJs="></latexit><latexit sha1_base64="9bKAamGCKYEjX8tgGcthftCPHrU="></latexit>

v3
<latexit sha1_base64="c6d7XuYaiZE3LC9TxHBjp9Z7zIg="></latexit><latexit sha1_base64="wSlFkhFotZPywZcmALLMy0vynHo="></latexit><latexit sha1_base64="wSlFkhFotZPywZcmALLMy0vynHo="></latexit><latexit sha1_base64="FuWsLx6+PgG2kXcYt6Xzx96Tp0w="></latexit>

v1, v2, v3 2 V ) u 2 V
<latexit sha1_base64="2mozvWglVRno/VzyGj9ABZsM070="></latexit><latexit sha1_base64="IAN+3sTTtQTWmGKPTqWYPcp7qm4="></latexit><latexit sha1_base64="IAN+3sTTtQTWmGKPTqWYPcp7qm4="></latexit><latexit sha1_base64="3uUM+fo2qysYZk2oYCYGbo51qOs="></latexit>

V ✓ E0,
<latexit sha1_base64="LFZY4QhUkGRVPdULCtihXgNka58="></latexit><latexit sha1_base64="yk68cJ/GKt/VEcb/kGY8r6bkgQA="></latexit><latexit sha1_base64="yk68cJ/GKt/VEcb/kGY8r6bkgQA="></latexit><latexit sha1_base64="3g5dqw5sFSVBZUTaHfD42zvSfKU="></latexit>

V ✓ E0,
<latexit sha1_base64="LFZY4QhUkGRVPdULCtihXgNka58="></latexit><latexit sha1_base64="yk68cJ/GKt/VEcb/kGY8r6bkgQA="></latexit><latexit sha1_base64="yk68cJ/GKt/VEcb/kGY8r6bkgQA="></latexit><latexit sha1_base64="3g5dqw5sFSVBZUTaHfD42zvSfKU="></latexit>



Properties of Leavitt path algebras

prime downward directed

LK(E)
<latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit>

E
<latexit sha1_base64="FKJjd8xw0DoagSjQqfenD04oLjA="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="M0ROzkQIVaOvJ4omKdKT8tj4tXc="></latexit>

v
<latexit sha1_base64="S52Y8C68YUN59ZYa74Hw/bvPAhc="></latexit><latexit sha1_base64="Y/H/pdQD6mwWuQ4XMEcgIAcPm2A="></latexit><latexit sha1_base64="Y/H/pdQD6mwWuQ4XMEcgIAcPm2A="></latexit><latexit sha1_base64="k1d6eUwxFOvn4dWOMoY+dFgT+YM="></latexit>

u
<latexit sha1_base64="kYiNsLEMnKqUGhzgoOzbf2u3p7w="></latexit><latexit sha1_base64="N6nLa5gxfeCi3/q3y3PikJdne+Q="></latexit><latexit sha1_base64="N6nLa5gxfeCi3/q3y3PikJdne+Q="></latexit><latexit sha1_base64="U2EiY8yt25I08kr2HkgfCIk4Eeg="></latexit>

w
<latexit sha1_base64="dDx1g8htmTFqOBrduaBY+obLiEw="></latexit><latexit sha1_base64="jWESv8FHE++BSlam1or48Y4aZfs="></latexit><latexit sha1_base64="jWESv8FHE++BSlam1or48Y4aZfs="></latexit><latexit sha1_base64="Wgdq8P0Rl4xSCrZtj/R8d+v+u0c="></latexit>



Properties of Leavitt path algebras

one sided artinian acyclic, row-finite, infinite paths end in a sink

LK(E)
<latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit>

E
<latexit sha1_base64="FKJjd8xw0DoagSjQqfenD04oLjA="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="M0ROzkQIVaOvJ4omKdKT8tj4tXc="></latexit>

v1
<latexit sha1_base64="8PAKmmixM9V7EuJjn4WJYmj2zAM="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit><latexit sha1_base64="BRBckf5J2itsIQ6MV2lt3OdGnRs="></latexit>

v2
<latexit sha1_base64="RnLauIjsfIi1c/EKrcB2wuxx9a8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit><latexit sha1_base64="vdaCPE1NSJIO2U3ieYpHDz91CA8="></latexit>

v3
<latexit sha1_base64="aCJXJ5RlxA9vJSXn+kHy1M4mML0="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit><latexit sha1_base64="7+An/e4ZjGTsSKaG/UAenbk8Nsc="></latexit>

v4
<latexit sha1_base64="5o7IKDY9gLFdRStvBpyGFyzmiOI="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit><latexit sha1_base64="DY7vSTAraABkoaKhE1CBCXv4ZaE="></latexit>

e2
<latexit sha1_base64="+qvft35mNCYBd7mHkko9V+wUF/c="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit><latexit sha1_base64="4TWgrdRvjtxoRH9cYpisFS/0ZOc="></latexit>

e1
<latexit sha1_base64="Gahtq2xaFc9C2zq3tCEmh3z/KjE="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit><latexit sha1_base64="oYJZZuJpNLm6airNbuKnjEqZwV4="></latexit>

e3
<latexit sha1_base64="u6aps99kjMZnFt6LACGZVHxr8GA="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit><latexit sha1_base64="ko+763tzlQVosGPwibi3OupeYmY="></latexit> v 2 E0 ) |s�1(v)| < 1

<latexit sha1_base64="WyIKkiyRr/NQPEC0WbKRLdfWuS8="></latexit><latexit sha1_base64="WyIKkiyRr/NQPEC0WbKRLdfWuS8="></latexit><latexit sha1_base64="WyIKkiyRr/NQPEC0WbKRLdfWuS8="></latexit><latexit sha1_base64="WyIKkiyRr/NQPEC0WbKRLdfWuS8="></latexit>



Properties of Leavitt path algebras

one sided notherian cycles has no exits, row-finite, infinite paths 
end in a sink or in a cycle

LK(E)
<latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit><latexit sha1_base64="vblG++LoX+MBfPnUsMY8o57cJkY="></latexit>

E
<latexit sha1_base64="FKJjd8xw0DoagSjQqfenD04oLjA="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="b2agCkUlMb7l2aswhuwEojuPiLc="></latexit><latexit sha1_base64="M0ROzkQIVaOvJ4omKdKT8tj4tXc="></latexit>



Ring theoretic properties of Leavitt path algebras

[Ara, Goodearl ’12]   Leavitt path algebras are hereditary.

[Abrams, Ara, Siles Molina ’17] Leavitt path algebras are 
semiprimitive. 

Leavitt path algebras are isomorphic to their opposite.



A ring R is Bézout in case every finitely generated one-
sided ideal is principal.

Bézout rings

The Bézout property need not pass to (full) corners. 
In particular it is not a Morita invariant.

Warfield showed that if     is Bézout, then so is Mn(R)
<latexit sha1_base64="qO6mYo6ZL8Q0242kqRf0+J1t814="></latexit><latexit sha1_base64="KGCBVnWqfkX9QpVx41gI9P3e5LM="></latexit><latexit sha1_base64="KGCBVnWqfkX9QpVx41gI9P3e5LM="></latexit><latexit sha1_base64="rrYFddCwhKY3ZtCvYu0xM0XNj6M="></latexit>

R
<latexit sha1_base64="p6JjiDfjiiiXYmw0ahdIxPnpxiE="></latexit><latexit sha1_base64="8JwLG+xyD3AKhlbXbi3uB/RyfrU="></latexit><latexit sha1_base64="8JwLG+xyD3AKhlbXbi3uB/RyfrU="></latexit><latexit sha1_base64="pdl8H/AfD0WZ40wQnX9xdJIDKQs="></latexit>

Intuitively, the Bézout property allows us to do some 
“Number Theory”, since for each                 , there 
exists              for which                              .     

a, b 2 R
<latexit sha1_base64="vhfpOhjLGg+ZDx/mLwRW4YUaXOE="></latexit><latexit sha1_base64="X+W9PbvGbNwIF3AU/uBcnnfD2FI="></latexit><latexit sha1_base64="X+W9PbvGbNwIF3AU/uBcnnfD2FI="></latexit><latexit sha1_base64="DuW5HYTC3CbkEgzEvm/UVlxo1wY="></latexit>

c 2 R
<latexit sha1_base64="3AdXFQsH95Px8Qq7W6R0Ak/RxLw="></latexit><latexit sha1_base64="nZjkO9K+8DJ4YFQj4a74E6pcGTI="></latexit><latexit sha1_base64="nZjkO9K+8DJ4YFQj4a74E6pcGTI="></latexit><latexit sha1_base64="yKM2KWkZBDvqWo9esEd0nuO09b8="></latexit>

Ra + Rb = Rc
<latexit sha1_base64="bv5rNADRt8IfnXQhp36lOizclRI="></latexit><latexit sha1_base64="asPdubXEh47+5HBrdtQcMY6Z7+g="></latexit><latexit sha1_base64="asPdubXEh47+5HBrdtQcMY6Z7+g="></latexit><latexit sha1_base64="uH977PBLDW2KllmX1VkrqB/3pLo="></latexit>



Mn(K)
<latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit><latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit><latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit><latexit sha1_base64="YZhnAIybw35uFRHvDK/QMaXJz2k="></latexit>

K[x, x�1]
<latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit><latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit><latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit><latexit sha1_base64="hCHYNinRkK5Pkl6URTwIZFi7Gj4="></latexit>

LK(1, n)
<latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit><latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit><latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit><latexit sha1_base64="foWPRLayAPGV8TmVp66dQ6mYuDI="></latexit>

⇠= LK(1, n)n
<latexit sha1_base64="4Yp6+FBStOJ6frRdpHzf/K4KPUA="></latexit><latexit sha1_base64="4Yp6+FBStOJ6frRdpHzf/K4KPUA="></latexit><latexit sha1_base64="4Yp6+FBStOJ6frRdpHzf/K4KPUA="></latexit><latexit sha1_base64="4Yp6+FBStOJ6frRdpHzf/K4KPUA="></latexit>

KhX,Y |XY = 1i
<latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="X+n3Rp8U7Dfa3Z8kZ0AhjfisSqg="></latexit><latexit sha1_base64="5u8cwuk5oBD+45TWqvxqJF7dwGw="></latexit><latexit sha1_base64="5u8cwuk5oBD+45TWqvxqJF7dwGw="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit><latexit sha1_base64="zZBmgxqdhmWywJj/27rRPXBvlxU="></latexit>

and are Bézout

and hence it is Bézout

is Bézout  [Gerritzen, ’00]

Bézout rings and Leavitt path algebras

FMN(K)
<latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit><latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit><latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit><latexit sha1_base64="mA9TdQ9YKCZXgH3oBdfQpXEcigQ="></latexit>

,

[Abrams, Mantese, - ’18]Leavitt path algebras are Bézout.



Theorem [Hazrat, Rangaswamy ’16]. Any Leavitt path algebra is the direct 
limit of unital subalgebras, each one isomorphic to the Leavitt path algebra 
of a finite graph.

Proof: main ingredients

1) Reduction to unital Leavitt path algebras:

2) Reduction to Leavitt path algebras associated to graphs 
containing source vertices or source cycles:

Theorem [Abrams, Nam, Phus ’15]. The Leavitt path algebra associated to a 
finite graph which contains neither source vertices nor source cycles is 
Bézout.



Proof: main ingredients
3) Induction on the number of vertices:

KhX,Y |XY = 1i
<latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit><latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit><latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit><latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

M2(K)
<latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit><latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit><latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit><latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit>
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<latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit><latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit><latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit><latexit sha1_base64="xaCP8mNJZqHQoh827+8r+kUqeuc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquF+ut4EUQoYLbFtqlZNNsG5tNliQrlKX/wYsHFa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjq9nfvuJKs2keDCThAYxHgoWMYKNlVp3/Yvq7Xm/XHFr7hxolXg5qUCOZr/81RtIksZUGMKx1l3PTUyQYWUY4XRa6qWaJpiM8ZB2LRU4pjrI5tdO0ZlVBiiSypYwaK7+nshwrPUkDm1njM1IL3sz8T+vm5qoHmRMJKmhgiwWRSlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfnmV+Be1q5p371Ya9TyNIpzAKVTBg0towA00wQcCj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AkzKN9g==</latexit>
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⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>
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K
<latexit sha1_base64="+k7vdyiaXvTSeWdlB7nWVXWB4M8=">AAAB53icbZA9SwNBEIbn4leMX1FLm8MgWIU7G7UyIKJgk4BnAskR9jZzyZq9vWN3TwhHfoGNhYqt/8Ta0s7Sf+Lmo9DEFxYe3neGnZkg4Uxpx/mycguLS8sr+dXC2vrG5lZxe+dWxamk6NGYx7IREIWcCfQ00xwbiUQSBRzrQf98lNfvUSoWixs9SNCPSFewkFGijVW7bhdLTtkZy54Hdwqls4/vy3cAqLaLn61OTNMIhaacKNV0nUT7GZGaUY7DQitVmBDaJ11sGhQkQuVn40GH9oFxOnYYS/OEtsfu746MREoNosBURkT31Gw2Mv/LmqkOT/yMiSTVKOjkozDlto7t0dZ2h0mkmg8MECqZmdWmPSIJ1eY2BXMEd3blefCOyqdlt+aUKhcwUR72YB8OwYVjqMAVVMEDCggP8ATP1p31aL1Yr5PSnDXt2YU/st5+AAbFj5M=</latexit><latexit sha1_base64="9iKOadZRBrr6lBxD+k88A0TZqfM=">AAAB53icbZC7SgNBFIbPxluMt3jpbAaDYBV2bdTKgIiCTQKuCSRLmJ2cTUZnL8zMCjHkCWwsVGx9AR/E0s4yb+LkUmjiDwMf/38Oc87xE8GVtu1vKzM3v7C4lF3OrayurW/kN7duVJxKhi6LRSxrPlUoeISu5lpgLZFIQ19g1b87G+bVe5SKx9G17ibohbQd8YAzqo1VuWrmC3bRHonMgjOBwunn4OJj52FQbua/Gq2YpSFGmgmqVN2xE+31qNScCeznGqnChLI72sa6wYiGqLzeaNA+2TdOiwSxNC/SZOT+7ujRUKlu6JvKkOqOms6G5n9ZPdXBsdfjUZJqjNj4oyAVRMdkuDVpcYlMi64ByiQ3sxLWoZIybW6TM0dwpleeBfeweFJ0KnahdA5jZWEX9uAAHDiCElxCGVxggPAIz/Bi3VpP1qv1Ni7NWJOebfgj6/0H1sSQ8A==</latexit><latexit sha1_base64="9iKOadZRBrr6lBxD+k88A0TZqfM=">AAAB53icbZC7SgNBFIbPxluMt3jpbAaDYBV2bdTKgIiCTQKuCSRLmJ2cTUZnL8zMCjHkCWwsVGx9AR/E0s4yb+LkUmjiDwMf/38Oc87xE8GVtu1vKzM3v7C4lF3OrayurW/kN7duVJxKhi6LRSxrPlUoeISu5lpgLZFIQ19g1b87G+bVe5SKx9G17ibohbQd8YAzqo1VuWrmC3bRHonMgjOBwunn4OJj52FQbua/Gq2YpSFGmgmqVN2xE+31qNScCeznGqnChLI72sa6wYiGqLzeaNA+2TdOiwSxNC/SZOT+7ujRUKlu6JvKkOqOms6G5n9ZPdXBsdfjUZJqjNj4oyAVRMdkuDVpcYlMi64ByiQ3sxLWoZIybW6TM0dwpleeBfeweFJ0KnahdA5jZWEX9uAAHDiCElxCGVxggPAIz/Bi3VpP1qv1Ni7NWJOebfgj6/0H1sSQ8A==</latexit><latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit> K
<latexit sha1_base64="+k7vdyiaXvTSeWdlB7nWVXWB4M8=">AAAB53icbZA9SwNBEIbn4leMX1FLm8MgWIU7G7UyIKJgk4BnAskR9jZzyZq9vWN3TwhHfoGNhYqt/8Ta0s7Sf+Lmo9DEFxYe3neGnZkg4Uxpx/mycguLS8sr+dXC2vrG5lZxe+dWxamk6NGYx7IREIWcCfQ00xwbiUQSBRzrQf98lNfvUSoWixs9SNCPSFewkFGijVW7bhdLTtkZy54Hdwqls4/vy3cAqLaLn61OTNMIhaacKNV0nUT7GZGaUY7DQitVmBDaJ11sGhQkQuVn40GH9oFxOnYYS/OEtsfu746MREoNosBURkT31Gw2Mv/LmqkOT/yMiSTVKOjkozDlto7t0dZ2h0mkmg8MECqZmdWmPSIJ1eY2BXMEd3blefCOyqdlt+aUKhcwUR72YB8OwYVjqMAVVMEDCggP8ATP1p31aL1Yr5PSnDXt2YU/st5+AAbFj5M=</latexit><latexit sha1_base64="9iKOadZRBrr6lBxD+k88A0TZqfM=">AAAB53icbZC7SgNBFIbPxluMt3jpbAaDYBV2bdTKgIiCTQKuCSRLmJ2cTUZnL8zMCjHkCWwsVGx9AR/E0s4yb+LkUmjiDwMf/38Oc87xE8GVtu1vKzM3v7C4lF3OrayurW/kN7duVJxKhi6LRSxrPlUoeISu5lpgLZFIQ19g1b87G+bVe5SKx9G17ibohbQd8YAzqo1VuWrmC3bRHonMgjOBwunn4OJj52FQbua/Gq2YpSFGmgmqVN2xE+31qNScCeznGqnChLI72sa6wYiGqLzeaNA+2TdOiwSxNC/SZOT+7ujRUKlu6JvKkOqOms6G5n9ZPdXBsdfjUZJqjNj4oyAVRMdkuDVpcYlMi64ByiQ3sxLWoZIybW6TM0dwpleeBfeweFJ0KnahdA5jZWEX9uAAHDiCElxCGVxggPAIz/Bi3VpP1qv1Ni7NWJOebfgj6/0H1sSQ8A==</latexit><latexit sha1_base64="9iKOadZRBrr6lBxD+k88A0TZqfM=">AAAB53icbZC7SgNBFIbPxluMt3jpbAaDYBV2bdTKgIiCTQKuCSRLmJ2cTUZnL8zMCjHkCWwsVGx9AR/E0s4yb+LkUmjiDwMf/38Oc87xE8GVtu1vKzM3v7C4lF3OrayurW/kN7duVJxKhi6LRSxrPlUoeISu5lpgLZFIQ19g1b87G+bVe5SKx9G17ibohbQd8YAzqo1VuWrmC3bRHonMgjOBwunn4OJj52FQbua/Gq2YpSFGmgmqVN2xE+31qNScCeznGqnChLI72sa6wYiGqLzeaNA+2TdOiwSxNC/SZOT+7ujRUKlu6JvKkOqOms6G5n9ZPdXBsdfjUZJqjNj4oyAVRMdkuDVpcYlMi64ByiQ3sxLWoZIybW6TM0dwpleeBfeweFJ0KnahdA5jZWEX9uAAHDiCElxCGVxggPAIz/Bi3VpP1qv1Ni7NWJOebfgj6/0H1sSQ8A==</latexit><latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

⇠=<latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit><latexit sha1_base64="JiAdaEhNHNrB6pbnIyTdBEZj2Zc=">AAAB63icbVA9TwJBEJ3DL8Qv1NJmIzGxInc2YkdiY4mJJyRwIXvLHGzY273s7pkQwm+wsVBj6x+y89+4wBUKvmSSl/dmMjMvzgQ31ve/vdLG5tb2Tnm3srd/cHhUPT55NCrXDEOmhNKdmBoUXGJouRXYyTTSNBbYjse3c7/9hNpwJR/sJMMopUPJE86odVLYY0oO+9WaX/cXIOskKEgNCrT61a/eQLE8RWmZoMZ0Az+z0ZRqy5nAWaWXG8woG9Mhdh2VNEUTTRfHzsiFUwYkUdqVtGSh/p6Y0tSYSRq7zpTakVn15uJ/Xje3SSOacpnlFiVbLkpyQawi88/JgGtkVkwcoUxzdythI6opsy6figshWH15nYRX9Zt6cO/Xmo0ijTKcwTlcQgDX0IQ7aEEIDDg8wyu8edJ78d69j2VryStmTuEPvM8fPSiOdQ==</latexit>

KhX,Y |XY = 1i
<latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit><latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit><latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit><latexit sha1_base64="q/vzHXuI2tXLRVTznUbFqbVG/OM=">AAACAHicbVBNS8NAEN34WetX1YvgZbEIHqQkXqwHoeBF8FLB2JQmlM122i7dbMLuRiixXvwrXjyoePVnePPfuE170NYHA2/fm2FnXphwprRtf1sLi0vLK6uFteL6xubWdmln907FqaTg0pjH0guJAs4EuJppDl4igUQhh0Y4uBz7jXuQisXiVg8TCCLSE6zLKNFGapf2r31ORI8D9k6aD17zwvFl/m6XynbFzoHniTMlZTRFvV368jsxTSMQmnKiVMuxEx1kRGpGOYyKfqogIXRAetAyVJAIVJDlF4zwkVE6uBtLU0LjXP09kZFIqWEUms6I6L6a9cbif14r1d1qkDGRpBoEnXzUTTnWMR7HgTtMAtV8aAihkpldMe0TSag2oRVNCM7syfPEPa2cV5wbu1yrTtMooAN0iI6Rg85QDV2hOnIRRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCrpZXo</latexit>

K
<latexit sha1_base64="+k7vdyiaXvTSeWdlB7nWVXWB4M8=">AAAB53icbZA9SwNBEIbn4leMX1FLm8MgWIU7G7UyIKJgk4BnAskR9jZzyZq9vWN3TwhHfoGNhYqt/8Ta0s7Sf+Lmo9DEFxYe3neGnZkg4Uxpx/mycguLS8sr+dXC2vrG5lZxe+dWxamk6NGYx7IREIWcCfQ00xwbiUQSBRzrQf98lNfvUSoWixs9SNCPSFewkFGijVW7bhdLTtkZy54Hdwqls4/vy3cAqLaLn61OTNMIhaacKNV0nUT7GZGaUY7DQitVmBDaJ11sGhQkQuVn40GH9oFxOnYYS/OEtsfu746MREoNosBURkT31Gw2Mv/LmqkOT/yMiSTVKOjkozDlto7t0dZ2h0mkmg8MECqZmdWmPSIJ1eY2BXMEd3blefCOyqdlt+aUKhcwUR72YB8OwYVjqMAVVMEDCggP8ATP1p31aL1Yr5PSnDXt2YU/st5+AAbFj5M=</latexit><latexit sha1_base64="9iKOadZRBrr6lBxD+k88A0TZqfM=">AAAB53icbZC7SgNBFIbPxluMt3jpbAaDYBV2bdTKgIiCTQKuCSRLmJ2cTUZnL8zMCjHkCWwsVGx9AR/E0s4yb+LkUmjiDwMf/38Oc87xE8GVtu1vKzM3v7C4lF3OrayurW/kN7duVJxKhi6LRSxrPlUoeISu5lpgLZFIQ19g1b87G+bVe5SKx9G17ibohbQd8YAzqo1VuWrmC3bRHonMgjOBwunn4OJj52FQbua/Gq2YpSFGmgmqVN2xE+31qNScCeznGqnChLI72sa6wYiGqLzeaNA+2TdOiwSxNC/SZOT+7ujRUKlu6JvKkOqOms6G5n9ZPdXBsdfjUZJqjNj4oyAVRMdkuDVpcYlMi64ByiQ3sxLWoZIybW6TM0dwpleeBfeweFJ0KnahdA5jZWEX9uAAHDiCElxCGVxggPAIz/Bi3VpP1qv1Ni7NWJOebfgj6/0H1sSQ8A==</latexit><latexit sha1_base64="9iKOadZRBrr6lBxD+k88A0TZqfM=">AAAB53icbZC7SgNBFIbPxluMt3jpbAaDYBV2bdTKgIiCTQKuCSRLmJ2cTUZnL8zMCjHkCWwsVGx9AR/E0s4yb+LkUmjiDwMf/38Oc87xE8GVtu1vKzM3v7C4lF3OrayurW/kN7duVJxKhi6LRSxrPlUoeISu5lpgLZFIQ19g1b87G+bVe5SKx9G17ibohbQd8YAzqo1VuWrmC3bRHonMgjOBwunn4OJj52FQbua/Gq2YpSFGmgmqVN2xE+31qNScCeznGqnChLI72sa6wYiGqLzeaNA+2TdOiwSxNC/SZOT+7ujRUKlu6JvKkOqOms6G5n9ZPdXBsdfjUZJqjNj4oyAVRMdkuDVpcYlMi64ByiQ3sxLWoZIybW6TM0dwpleeBfeweFJ0KnahdA5jZWEX9uAAHDiCElxCGVxggPAIz/Bi3VpP1qv1Ni7NWJOebfgj6/0H1sSQ8A==</latexit><latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit>



Principal ideal ring
[Abrams, Mantese, - ’18]

Let E be any graph. Then the associated Leavitt path 
algebra is a principal ideal ring if and only if E is finite and 
no cycle in E has an exit.

Structure of projective modules
Albrecht ’61. Each projective left module over a left semi-hereditary 
unital ring is isomorphic to a direct sum of finitely generated left ideals.

Let     be a finite graph and     any field. Any projective 
left              module is isomorphic to a direct sum of prin-
cipal left ideals.

E
<latexit sha1_base64="HpzEzVQ2aDUuKINpauaS1FB7M20=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VaQgscWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1Gv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9pNzWu51XqjSKMEp3AGF+DBFdThDprgAwOEZ3iFN+fReXHenY9F65pTzJzAHzifPwctjJw=</latexit><latexit sha1_base64="HpzEzVQ2aDUuKINpauaS1FB7M20=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VaQgscWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1Gv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9pNzWu51XqjSKMEp3AGF+DBFdThDprgAwOEZ3iFN+fReXHenY9F65pTzJzAHzifPwctjJw=</latexit><latexit sha1_base64="HpzEzVQ2aDUuKINpauaS1FB7M20=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VaQgscWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1Gv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9pNzWu51XqjSKMEp3AGF+DBFdThDprgAwOEZ3iFN+fReXHenY9F65pTzJzAHzifPwctjJw=</latexit><latexit sha1_base64="HpzEzVQ2aDUuKINpauaS1FB7M20=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VaQgscWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LeTFIMYjqUPOKMGiu1Gv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9pNzWu51XqjSKMEp3AGF+DBFdThDprgAwOEZ3iFN+fReXHenY9F65pTzJzAHzifPwctjJw=</latexit>

K
<latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit><latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit><latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit><latexit sha1_base64="iJYvevAKnnZQIj8vcz4UXcngUcs=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9VYQQfDSgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2Cxtlbd3dvf2KweHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApH11O/9YRK80Tem3GKQUwHkkecUWOl5l2vUnVr7gxkmXgFqUKBRq/y1e0nLItRGiao1h3PTU2QU2U4EzgpdzONKWUjOsCOpZLGqIN8duiEnFqlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBjmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlO2IXiLLy8T/7x2VfOabrV+U6RRgmM4gTPw4ALqcAsN8IEBwjO8wpvz6Lw4787HvHXFKWaO4A+czx8QP4yi</latexit>

LK(E)-
<latexit sha1_base64="l0TXFnPUY+TcChg3vEfVA9vEuWw=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZJ4UW8FKQh6qGBsoY1ls922SzebsDtRS+j/8OJBxas/xpv/xm2bg7Y+GHi8N8PMvCAWXKPjfFsLi0vLK6u5tfz6xubWdmFn905HiaLMo5GIVCMgmgkumYccBWvEipEwEKweDC7Gfv2BKc0jeYvDmPkh6Une5ZSgke6v21el6lEL2ROmx6N2oeiUnQnseeJmpAgZau3CV6sT0SRkEqkgWjddJ0Y/JQo5FWyUbyWaxYQOSI81DZUkZNpPJ1eP7EOjdOxupExJtCfq74mUhFoPw8B0hgT7etYbi/95zQS7Z37KZZwgk3S6qJsIGyN7HIHd4YpRFENDCFXc3GrTPlGEogkqb0JwZ1+eJ95J+bzs3jjFSjVLIwf7cAAlcOEUKnAJNfCAgoJneIU369F6sd6tj2nrgpXN7MEfWJ8/5VGRqw==</latexit><latexit sha1_base64="l0TXFnPUY+TcChg3vEfVA9vEuWw=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZJ4UW8FKQh6qGBsoY1ls922SzebsDtRS+j/8OJBxas/xpv/xm2bg7Y+GHi8N8PMvCAWXKPjfFsLi0vLK6u5tfz6xubWdmFn905HiaLMo5GIVCMgmgkumYccBWvEipEwEKweDC7Gfv2BKc0jeYvDmPkh6Une5ZSgke6v21el6lEL2ROmx6N2oeiUnQnseeJmpAgZau3CV6sT0SRkEqkgWjddJ0Y/JQo5FWyUbyWaxYQOSI81DZUkZNpPJ1eP7EOjdOxupExJtCfq74mUhFoPw8B0hgT7etYbi/95zQS7Z37KZZwgk3S6qJsIGyN7HIHd4YpRFENDCFXc3GrTPlGEogkqb0JwZ1+eJ95J+bzs3jjFSjVLIwf7cAAlcOEUKnAJNfCAgoJneIU369F6sd6tj2nrgpXN7MEfWJ8/5VGRqw==</latexit><latexit sha1_base64="l0TXFnPUY+TcChg3vEfVA9vEuWw=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZJ4UW8FKQh6qGBsoY1ls922SzebsDtRS+j/8OJBxas/xpv/xm2bg7Y+GHi8N8PMvCAWXKPjfFsLi0vLK6u5tfz6xubWdmFn905HiaLMo5GIVCMgmgkumYccBWvEipEwEKweDC7Gfv2BKc0jeYvDmPkh6Une5ZSgke6v21el6lEL2ROmx6N2oeiUnQnseeJmpAgZau3CV6sT0SRkEqkgWjddJ0Y/JQo5FWyUbyWaxYQOSI81DZUkZNpPJ1eP7EOjdOxupExJtCfq74mUhFoPw8B0hgT7etYbi/95zQS7Z37KZZwgk3S6qJsIGyN7HIHd4YpRFENDCFXc3GrTPlGEogkqb0JwZ1+eJ95J+bzs3jjFSjVLIwf7cAAlcOEUKnAJNfCAgoJneIU369F6sd6tj2nrgpXN7MEfWJ8/5VGRqw==</latexit><latexit sha1_base64="l0TXFnPUY+TcChg3vEfVA9vEuWw=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZJ4UW8FKQh6qGBsoY1ls922SzebsDtRS+j/8OJBxas/xpv/xm2bg7Y+GHi8N8PMvCAWXKPjfFsLi0vLK6u5tfz6xubWdmFn905HiaLMo5GIVCMgmgkumYccBWvEipEwEKweDC7Gfv2BKc0jeYvDmPkh6Une5ZSgke6v21el6lEL2ROmx6N2oeiUnQnseeJmpAgZau3CV6sT0SRkEqkgWjddJ0Y/JQo5FWyUbyWaxYQOSI81DZUkZNpPJ1eP7EOjdOxupExJtCfq74mUhFoPw8B0hgT7etYbi/95zQS7Z37KZZwgk3S6qJsIGyN7HIHd4YpRFENDCFXc3GrTPlGEogkqb0JwZ1+eJ95J+bzs3jjFSjVLIwf7cAAlcOEUKnAJNfCAgoJneIU369F6sd6tj2nrgpXN7MEfWJ8/5VGRqw==</latexit>

[Abrams, Mantese, - ’18]



Thank you for your attention!


