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Basic idea of First Passage 
Source: shorturl.at/nsxT1 
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Active Camphor boat through  
passive floating crowders

Biswas, Cruz, Parmanada & Das,
Soft Matter (2020)
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Some works on First Passage from our group

Kinetochore Capture by multiple microtubules
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Finite N
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First binding of TBP on TATA box in promoter

Parmar, Das & Padinhateeri, NAR (2016)
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A lamb chased by many lions in confined volume 



Story of  Phage-Lambda  
infecting  E coli 

Lysis  caused  by  Holin  accumulation



Virus infecting bacteria — Bacteriophages

� phage: Lysis-Lysogeny switch
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M.O.I, E coli cell volume, Stochastic expression of CI, Cro, CII
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1706 cells). As we show below, characterizing the lysogeny deci-
sion at the level of individual infecting phages reveals a much
sharper (less noisy) decision. Integrating over the decisions of
individual phages infecting the same cell allows us, in turn, to
reproduce the observed whole-cell phenotype.

Another factor affecting the decision is the length of the
infected cell (which serves as a metric for both its age [Neidhardt
et al., 1990] and its volume). As seen in Figure 2C, for a given m,
shorter cells exhibited a higher propensity to lysogenize. This

result complements previous results obtained at m = 1, in which
cell fate was shown to be correlated with cell volume (St-Pierre
and Endy, 2008). As for the position of the infecting phages,
we observed that infecting phages preferentially attached to
the cell pole and midcell, in agreement with recently reported
results (Edgar et al., 2008) (Figure 2D). Imaging performed at
high temporal resolution for short durations revealed that
adsorbed phages diffuse on the cell surface for the first few
seconds of the adsorption process, but then become practically
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Figure 1. Assaying the Postinfection Decision with Single-Phage Resolution
(A) Fluorescence and DNA packaging efficiency of the gpD-mosaic phage (lLZ2). DAPI (40,6-diamidino-2-phenylindole) was used to label the phage genome. Left

two panels: YFP and DAPI signals from the phages under the fluorescence microscope. YFP and DAPI signals colocalize very well, and individual phages are

easily distinguishable. Only !1% of the gpD-mosaic phage particles examined (12 out of 1080) lacked the DAPI signal (indicating that these particles did not

successfully package the viral DNA or had already injected their DNA elsewhere). On the other hand, all the phage particles (1068 out of 1068) were well labeled

by YFP, as each DAPI spot had a corresponding YFP spot. Right two panels: intensity histograms of the YFP and DAPI signals.

(B) A schematic description of our cell-fate assay. Multiple YFP-labeled phages simultaneously infect individual cells of E. coli. The postinfection fate can be

detected in each infected cell. Choice of the lytic pathway is indicated by the intracellular production of new YFP-coated phages, followed by cell lysis. Choice

of the lysogenic pathway is indicated by the production of mCherry from the PRE promoter, followed by resumed growth and cell division. The three stages of the

process correspond to the three images seen in (C) below.

(C) Frames from a time-lapse movie depicting infection events (see also Movie S1). Shown is an overlay of the phase-contrast, mCherry, and YFP channels (YFP

channel: sum of multiple z slices for t = 0; single z slice at later time frames). At t = 0 (left), two cells are seen each infected by a single phage (green spots), and one

cell is infected by three phages. At t = 80 min (middle), the two cells infected by single phages have each gone into the lytic pathway, as indicated by the intra-

cellular production of new phages (green). The cell infected by three phages has gone into the lysogenic pathway, as indicated by the production of mCherry from

the PRE promoter (red). At t = 2 hr (right), the lytic pathway has resulted in cell lysis, whereas the lysogenic cell has divided. (Note: a number of unadsorbed phages

were removed from the image for clarity; those can be seen in Movie S1.)

See also Figure S1, Table S1, and Movie S1.
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<latexit sha1_base64="oYBlhCycSITVo+R8aeuIT93lnS4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsx0o8uiCC4r2Ae0Q8mkd9rQTGaaZIQy9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvP6HSPJaPZpqgH9Gh5CFn1Fipc0dshBPSL1fcqrsAWSdeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgTOSr1UY0LZmA6xa6mkEWo/W+w7IxdWGZAwVvZJQxbq74mMRlpPo8AmI2pGetWbi/953dSE137GZZIalGz5UZgKYmIyP54MuEJmxNQSyhS3uxI2oooyYysq2RK81ZPXSatW9dyq91Cr1G/yOopwBudwCR5cQR3uoQFNYCDgGV7hzZk4L86787GMFpx85hT+wPn8AYTvjvQ=</latexit><latexit sha1_base64="oYBlhCycSITVo+R8aeuIT93lnS4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsx0o8uiCC4r2Ae0Q8mkd9rQTGaaZIQy9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvP6HSPJaPZpqgH9Gh5CFn1Fipc0dshBPSL1fcqrsAWSdeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgTOSr1UY0LZmA6xa6mkEWo/W+w7IxdWGZAwVvZJQxbq74mMRlpPo8AmI2pGetWbi/953dSE137GZZIalGz5UZgKYmIyP54MuEJmxNQSyhS3uxI2oooyYysq2RK81ZPXSatW9dyq91Cr1G/yOopwBudwCR5cQR3uoQFNYCDgGV7hzZk4L86787GMFpx85hT+wPn8AYTvjvQ=</latexit><latexit sha1_base64="oYBlhCycSITVo+R8aeuIT93lnS4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsx0o8uiCC4r2Ae0Q8mkd9rQTGaaZIQy9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvP6HSPJaPZpqgH9Gh5CFn1Fipc0dshBPSL1fcqrsAWSdeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgTOSr1UY0LZmA6xa6mkEWo/W+w7IxdWGZAwVvZJQxbq74mMRlpPo8AmI2pGetWbi/953dSE137GZZIalGz5UZgKYmIyP54MuEJmxNQSyhS3uxI2oooyYysq2RK81ZPXSatW9dyq91Cr1G/yOopwBudwCR5cQR3uoQFNYCDgGV7hzZk4L86787GMFpx85hT+wPn8AYTvjvQ=</latexit><latexit sha1_base64="oYBlhCycSITVo+R8aeuIT93lnS4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsx0o8uiCC4r2Ae0Q8mkd9rQTGaaZIQy9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7dxvP6HSPJaPZpqgH9Gh5CFn1Fipc0dshBPSL1fcqrsAWSdeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgTOSr1UY0LZmA6xa6mkEWo/W+w7IxdWGZAwVvZJQxbq74mMRlpPo8AmI2pGetWbi/953dSE137GZZIalGz5UZgKYmIyP54MuEJmxNQSyhS3uxI2oooyYysq2RK81ZPXSatW9dyq91Cr1G/yOopwBudwCR5cQR3uoQFNYCDgGV7hzZk4L86787GMFpx85hT+wPn8AYTvjvQ=</latexit>



Focus on Lysis – Thermal induction of Lysogenic Bacteria
<latexit sha1_base64="uoM/KSV8aXghhXV8Y3z5Bu0heTU="></latexit><latexit sha1_base64="uoM/KSV8aXghhXV8Y3z5Bu0heTU="></latexit><latexit sha1_base64="uoM/KSV8aXghhXV8Y3z5Bu0heTU="></latexit><latexit sha1_base64="uoM/KSV8aXghhXV8Y3z5Bu0heTU="></latexit>

(t = 0 set precisely)
<latexit sha1_base64="xDqR8DuXBARbAFV2PbR0p2gQl68=">AAAB/nicdVDLSgMxFM34rPVVFVdugq1QNyUzlrYuhKIblxXsA9qhZNJMG5p5MLkjlKHgr7hxoYhbv8Odf2OmraCiBwKHc++5ufc4oRQKCPkwlpZXVtfWMxvZza3tnd3c3n5LBXHEeJMFMog6DlVcCp83QYDknTDi1HMkbzvjq7TevuOREoF/C5OQ2x4d+sIVjIKW+rnDYgEuSAErDlgbmdCjJqf9XJ6UzmsVq1zBpERI1bTMlFjV8lkZm1pJkUcLNPq5994gYLHHfWCSKtU1SQh2QiMQTPJpthcrHlI2pkPe1dSnHld2Mlt/ik+0MsBuEOnnA56p3x0J9ZSaeI7u9CiM1O9aKv5V68bg1uxE+GEM3Gfzj9xYYghwmgUeCH0xyIkmlEVC74rZiEaUgU4sq0P4uhT/T1pWySQl88bK1y8XcWTQETpGRWSiKqqja9RATcRQgh7QE3o27o1H48V4nbcuGQvPAfoB4+0ThUeUkw==</latexit><latexit sha1_base64="xDqR8DuXBARbAFV2PbR0p2gQl68=">AAAB/nicdVDLSgMxFM34rPVVFVdugq1QNyUzlrYuhKIblxXsA9qhZNJMG5p5MLkjlKHgr7hxoYhbv8Odf2OmraCiBwKHc++5ufc4oRQKCPkwlpZXVtfWMxvZza3tnd3c3n5LBXHEeJMFMog6DlVcCp83QYDknTDi1HMkbzvjq7TevuOREoF/C5OQ2x4d+sIVjIKW+rnDYgEuSAErDlgbmdCjJqf9XJ6UzmsVq1zBpERI1bTMlFjV8lkZm1pJkUcLNPq5994gYLHHfWCSKtU1SQh2QiMQTPJpthcrHlI2pkPe1dSnHld2Mlt/ik+0MsBuEOnnA56p3x0J9ZSaeI7u9CiM1O9aKv5V68bg1uxE+GEM3Gfzj9xYYghwmgUeCH0xyIkmlEVC74rZiEaUgU4sq0P4uhT/T1pWySQl88bK1y8XcWTQETpGRWSiKqqja9RATcRQgh7QE3o27o1H48V4nbcuGQvPAfoB4+0ThUeUkw==</latexit><latexit sha1_base64="xDqR8DuXBARbAFV2PbR0p2gQl68=">AAAB/nicdVDLSgMxFM34rPVVFVdugq1QNyUzlrYuhKIblxXsA9qhZNJMG5p5MLkjlKHgr7hxoYhbv8Odf2OmraCiBwKHc++5ufc4oRQKCPkwlpZXVtfWMxvZza3tnd3c3n5LBXHEeJMFMog6DlVcCp83QYDknTDi1HMkbzvjq7TevuOREoF/C5OQ2x4d+sIVjIKW+rnDYgEuSAErDlgbmdCjJqf9XJ6UzmsVq1zBpERI1bTMlFjV8lkZm1pJkUcLNPq5994gYLHHfWCSKtU1SQh2QiMQTPJpthcrHlI2pkPe1dSnHld2Mlt/ik+0MsBuEOnnA56p3x0J9ZSaeI7u9CiM1O9aKv5V68bg1uxE+GEM3Gfzj9xYYghwmgUeCH0xyIkmlEVC74rZiEaUgU4sq0P4uhT/T1pWySQl88bK1y8XcWTQETpGRWSiKqqja9RATcRQgh7QE3o27o1H48V4nbcuGQvPAfoB4+0ThUeUkw==</latexit><latexit sha1_base64="xDqR8DuXBARbAFV2PbR0p2gQl68=">AAAB/nicdVDLSgMxFM34rPVVFVdugq1QNyUzlrYuhKIblxXsA9qhZNJMG5p5MLkjlKHgr7hxoYhbv8Odf2OmraCiBwKHc++5ufc4oRQKCPkwlpZXVtfWMxvZza3tnd3c3n5LBXHEeJMFMog6DlVcCp83QYDknTDi1HMkbzvjq7TevuOREoF/C5OQ2x4d+sIVjIKW+rnDYgEuSAErDlgbmdCjJqf9XJ6UzmsVq1zBpERI1bTMlFjV8lkZm1pJkUcLNPq5994gYLHHfWCSKtU1SQh2QiMQTPJpthcrHlI2pkPe1dSnHld2Mlt/ik+0MsBuEOnnA56p3x0J9ZSaeI7u9CiM1O9aKv5V68bg1uxE+GEM3Gfzj9xYYghwmgUeCH0xyIkmlEVC74rZiEaUgU4sq0P4uhT/T1pWySQl88bK1y8XcWTQETpGRWSiKqqja9RATcRQgh7QE3o27o1H48V4nbcuGQvPAfoB4+0ThUeUkw==</latexit>

•<latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit>

What role does Holin proteins play?
<latexit sha1_base64="n0AUWRHYkPij3FVt0lsuV7jMoMA="></latexit><latexit sha1_base64="n0AUWRHYkPij3FVt0lsuV7jMoMA="></latexit><latexit sha1_base64="n0AUWRHYkPij3FVt0lsuV7jMoMA="></latexit><latexit sha1_base64="n0AUWRHYkPij3FVt0lsuV7jMoMA="></latexit>

•<latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit>

Virus infecting bacteria — Bacteriophages

� phage: Lysis-Lysogeny switch
<latexit sha1_base64="hBebY8GpND8mHFGJyATtevElikg=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpV0ATFVsDAwFIk+pDaqHMdprTp2ZDugKOovsPArLAwgxMrGxt/gthmg5Uq2js45V/fe48eMKu0431ZhZXVtfaO4Wdra3tnds/cP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gqqd+6JVFTwO53GxIvQkNOQYqQNNbCrlT4z7gBVYDxCQ3IB4U2qqDo1vxgSnkL1QDUewYFddmrOrOAycHNQBnk1B/ZXPxA4iQjXmCGleq4Tay9DUlPMyKTUTxSJER6boT0DOYqI8rLZRRN4YpgAhkKaxzWcsb87MhQplUa+cUZIj9SiNiX/03qJDs+9jPI40YTj+aAwYVALOI0HBlQSrFlqAMKSml0hHiGJsDYhlkwI7uLJy6Bdr7lOzb2tlxuXeRxFcASOQRW44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TG3Fqy85xD8KevzB6vDnEo=</latexit><latexit sha1_base64="hBebY8GpND8mHFGJyATtevElikg=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpV0ATFVsDAwFIk+pDaqHMdprTp2ZDugKOovsPArLAwgxMrGxt/gthmg5Uq2js45V/fe48eMKu0431ZhZXVtfaO4Wdra3tnds/cP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gqqd+6JVFTwO53GxIvQkNOQYqQNNbCrlT4z7gBVYDxCQ3IB4U2qqDo1vxgSnkL1QDUewYFddmrOrOAycHNQBnk1B/ZXPxA4iQjXmCGleq4Tay9DUlPMyKTUTxSJER6boT0DOYqI8rLZRRN4YpgAhkKaxzWcsb87MhQplUa+cUZIj9SiNiX/03qJDs+9jPI40YTj+aAwYVALOI0HBlQSrFlqAMKSml0hHiGJsDYhlkwI7uLJy6Bdr7lOzb2tlxuXeRxFcASOQRW44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TG3Fqy85xD8KevzB6vDnEo=</latexit><latexit sha1_base64="hBebY8GpND8mHFGJyATtevElikg=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpV0ATFVsDAwFIk+pDaqHMdprTp2ZDugKOovsPArLAwgxMrGxt/gthmg5Uq2js45V/fe48eMKu0431ZhZXVtfaO4Wdra3tnds/cP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gqqd+6JVFTwO53GxIvQkNOQYqQNNbCrlT4z7gBVYDxCQ3IB4U2qqDo1vxgSnkL1QDUewYFddmrOrOAycHNQBnk1B/ZXPxA4iQjXmCGleq4Tay9DUlPMyKTUTxSJER6boT0DOYqI8rLZRRN4YpgAhkKaxzWcsb87MhQplUa+cUZIj9SiNiX/03qJDs+9jPI40YTj+aAwYVALOI0HBlQSrFlqAMKSml0hHiGJsDYhlkwI7uLJy6Bdr7lOzb2tlxuXeRxFcASOQRW44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TG3Fqy85xD8KevzB6vDnEo=</latexit><latexit sha1_base64="hBebY8GpND8mHFGJyATtevElikg=">AAACEXicbVC7TsMwFHXKq5RXgJHFokXqQpV0ATFVsDAwFIk+pDaqHMdprTp2ZDugKOovsPArLAwgxMrGxt/gthmg5Uq2js45V/fe48eMKu0431ZhZXVtfaO4Wdra3tnds/cP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gqqd+6JVFTwO53GxIvQkNOQYqQNNbCrlT4z7gBVYDxCQ3IB4U2qqDo1vxgSnkL1QDUewYFddmrOrOAycHNQBnk1B/ZXPxA4iQjXmCGleq4Tay9DUlPMyKTUTxSJER6boT0DOYqI8rLZRRN4YpgAhkKaxzWcsb87MhQplUa+cUZIj9SiNiX/03qJDs+9jPI40YTj+aAwYVALOI0HBlQSrFlqAMKSml0hHiGJsDYhlkwI7uLJy6Bdr7lOzb2tlxuXeRxFcASOQRW44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TG3Fqy85xD8KevzB6vDnEo=</latexit>

Virulent (Only lysis, e.g. T4)
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1706 cells). As we show below, characterizing the lysogeny deci-
sion at the level of individual infecting phages reveals a much
sharper (less noisy) decision. Integrating over the decisions of
individual phages infecting the same cell allows us, in turn, to
reproduce the observed whole-cell phenotype.

Another factor affecting the decision is the length of the
infected cell (which serves as a metric for both its age [Neidhardt
et al., 1990] and its volume). As seen in Figure 2C, for a given m,
shorter cells exhibited a higher propensity to lysogenize. This

result complements previous results obtained at m = 1, in which
cell fate was shown to be correlated with cell volume (St-Pierre
and Endy, 2008). As for the position of the infecting phages,
we observed that infecting phages preferentially attached to
the cell pole and midcell, in agreement with recently reported
results (Edgar et al., 2008) (Figure 2D). Imaging performed at
high temporal resolution for short durations revealed that
adsorbed phages diffuse on the cell surface for the first few
seconds of the adsorption process, but then become practically
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Figure 1. Assaying the Postinfection Decision with Single-Phage Resolution
(A) Fluorescence and DNA packaging efficiency of the gpD-mosaic phage (lLZ2). DAPI (40,6-diamidino-2-phenylindole) was used to label the phage genome. Left

two panels: YFP and DAPI signals from the phages under the fluorescence microscope. YFP and DAPI signals colocalize very well, and individual phages are

easily distinguishable. Only !1% of the gpD-mosaic phage particles examined (12 out of 1080) lacked the DAPI signal (indicating that these particles did not

successfully package the viral DNA or had already injected their DNA elsewhere). On the other hand, all the phage particles (1068 out of 1068) were well labeled

by YFP, as each DAPI spot had a corresponding YFP spot. Right two panels: intensity histograms of the YFP and DAPI signals.

(B) A schematic description of our cell-fate assay. Multiple YFP-labeled phages simultaneously infect individual cells of E. coli. The postinfection fate can be

detected in each infected cell. Choice of the lytic pathway is indicated by the intracellular production of new YFP-coated phages, followed by cell lysis. Choice

of the lysogenic pathway is indicated by the production of mCherry from the PRE promoter, followed by resumed growth and cell division. The three stages of the

process correspond to the three images seen in (C) below.

(C) Frames from a time-lapse movie depicting infection events (see also Movie S1). Shown is an overlay of the phase-contrast, mCherry, and YFP channels (YFP

channel: sum of multiple z slices for t = 0; single z slice at later time frames). At t = 0 (left), two cells are seen each infected by a single phage (green spots), and one

cell is infected by three phages. At t = 80 min (middle), the two cells infected by single phages have each gone into the lytic pathway, as indicated by the intra-

cellular production of new phages (green). The cell infected by three phages has gone into the lysogenic pathway, as indicated by the production of mCherry from

the PRE promoter (red). At t = 2 hr (right), the lytic pathway has resulted in cell lysis, whereas the lysogenic cell has divided. (Note: a number of unadsorbed phages

were removed from the image for clarity; those can be seen in Movie S1.)

See also Figure S1, Table S1, and Movie S1.
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Images captured at 15-min intervals showed that, during the la-
tent period, S105–GFP accumulated throughout the membrane
but, after triggering, assumed a punctate distribution (Fig. 2).
Analysis of the optical sections from the 60-min and 105-min
images confirmed that S105–GFP is evenly distributed in the
former but largely localized to foci, which we designate as “rafts,”
in the latter (Fig. S3 andMovies S1 and S2). In the triggered cells,
there are multiple rafts of varying size, distributed throughout the
membrane. On the basis of the approximate number of S105–
GFP molecules per cell, estimated from quantitative Western
blotting (Fig. S4), and the percentage of total GFP fluorescence in
each raft per cell, the largest of the rafts may consist of as many as
1,000molecules, and the smallest of the rafts may consist of as few
as 50 molecules. The number of large rafts (>3 pixels in diameter)
per cell averaged 3.3 (for 229 cells counted; Fig. S5).

Raft Formation Reflects Hole-Forming Phenotypes of S105 Mutant
Alleles. These results falsified the original death raft model and
suggest an alternative that triggering time could be correlated
with the sudden formation of such rafts. To explore this notion
further, we tested the effect of representative S105 missense
alleles with opposing lysis phenotypes on inducible triggering and
raft formation in the context of the GFP fusion (Fig. 2). The
A52V substitution (Fig. 1), which abolishes triggering and, as
judged by chemical cross-linking, causes S105 to accumulate as
inactive dimers in the membrane, also blocks triggering and raft
formation in the context of the fusion protein (11). In contrast,
the A52G change, which causes catastrophically early (i.e., before
the assembly of the first virion) lysis in S105 (17) and, like all lytic
alleles, can be cross-linked into a multimeric ladder (11), greatly
advances the timing of triggering and raft formation of S105–
GFP. As a consequence of the early triggering, S105A52G–GFP

triggered at a lower level of fusion protein and formed fewer
smaller rafts than the parental, although the average number of
large rafts is similar (3.7 for 57 cells counted; Fig. S5).

Antiholin Fusion Accumulates Uniformly and Blocks S105–GFP Raft
Formation. Multiple lines of evidence indicate that TMD1 of
S105 is essential for triggering and hole formation. Indeed, λ S
encodes a second gene product, S107 (Fig. 1), which has been
designated as an antiholin because it specifically dimerizes with
and inhibits S105 (12, 18). Antiholins are produced by many
phages, in some cases as alternate products of the holin gene but
also, in some cases, as products of separate genes (8). The
antiholin character of S107 is due to its extra N-terminal positive
charge, which prevents TMD1 from entering the energized
(positive outside) bilayer (12, 19–21). S105ΔTMD1, in which the
entire first TMD has been deleted, was shown to inhibit S105
even more robustly, in the sense that, unlike S107, its antiholin
function cannot be subverted by collapsing the membrane po-

Fig. 1. Sequence and topology of S gene products. (A) Translational initia-
tion region of λ S, in the context of the λ late gene promoter and lysis cassette.
Late promoter pR′ is activated by the product of geneQ. S encodes both S105
holin and S107 antiholin by virtue of dual translational starts at codons Met3
andMet1, respectively (11, 12). The S105 allele used in this study has the start
codon for S107 inactivated. (B) Absence of TMD1 in the membrane confers
antiholin (negative dominant) character to S gene products (17–22). Topolo-
gies of antiholin S107, holin S105, and deletion construct S105ΔTMD1. As long
as the membrane is energized, TMD1 of S107 is prevented from entering the
membrane because it has two positive charges at its N terminus: the pro-
tonated free amino group of Met1 and the Lys2 side chain. The N terminus of
S105 is formylated (22). Both S107 and S105ΔTMD1 inhibit the lethal holin
function of S105. (C) Sequence of S105, showing extent of ΔTMD1 and posi-
tions of A52G and A52V mutations (12, 17).

Fig. 2. Deconvolution fluorescence imaging reveals S105–GFP raft forma-
tion. For the first five panels, numbers indicate the time after induction, in
minutes, of S105–GFP (green). The last two fluorescence panels are images
of inductions of S105A52V–GFP and S105A52G–GFP, taken at 120 min and 60
min, respectively. Membranes (red) are stained with FM 4–64. (Scale bar, 2
μm.) For S105–GFP, some raft formation is observed in a few cells at 90 min
after induction, but by 105 min, all cells show rafts. (Lower Right) Immu-
noblot, using anti-S105 N terminus antibody of whole cell protein samples
taken at the time of triggering, for the WT S105–GFP and S105A52G–GFP
samples or at 120 min, for S105A52V–GFP.
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Despite this precision, different holin mutants exhibited a wide range of means and noise in lysis time (Den-

nehy and Wang, 2011). The sources of this noise may include variations in the rate of transcription of l late

mRNA, the rate of holin protein translation by host ribosomes, the rate of holin insertion into the plasma

membrane, and the holin concentration required for triggering membrane hole formation. In our formula-

tions, the latter two factors were combined into a single parameter, threshold concentration.

To explore how variations in these parameters affect lysis time noise, wemathematically modeled lysis time

as the first-passage time for membrane holin levels to cross a critical threshold (Singh and Dennehy, 2014).

We employed stochastic gene expression models to derive the exact analytical formulae for the first-pas-

sage time moments (Singh and Dennehy, 2014). These formulae were used to generate predictions of how

changes in holin transcription and translation efficiencies and holin threshold concentrations can modulate

the lysis time mean and variation (Singh and Dennehy, 2014).

The key objective of the work described here is to investigate experimentally how manipulation of the lysis

threshold affects the noise in lysis timing. To this end, we systematically altered the amino acid sequence of

the holin protein in order to shift (both increase or decrease) the lysis threshold (Ghusinga et al., 2017; Singh

and Dennehy, 2014). These amino acid sequence changes may affect holin structure, dimerization and/or

oligomerization potential, and/or membrane insertion capacity. Sequence alterations that inhibit holin’s

ability to pass into the inner membrane may, for example, increase the threshold, whereas alterations

Figure 1. Phage Lambda Model System Can Be Manipulated to Study Lysis Time Variation

(A) Lysis model showing cell lysis mediated by l holin. Accumulation of holin in the inner cell membrane results in lesions,

which trigger cell lysis by allowing endolysin to access the E. coli cell wall.

(B) Lysogens were used for single-cell imaging and recording of lysis events. Inset panels track the lysis event occurring in

a single cell after induction (original images courtesy of Ry Young; scale bar, 5 mm). The third image shows the cell debris

(ghost) after lysis.

(C) Lysis time distributions for three lysogens (!100 cells) with different means (green, M1L/I87L; blue, S105; red, M1L/

G39S). Mean G SEM values are shown for each distribution.

(D) Cartoon showing stochastic accumulation of holin over time, and lysis time is the first-passage time (FPT) for holin

levels to reach a critical threshold. Since expression is stochastic, the threshold is reached at different times in different

cells.
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Images captured at 15-min intervals showed that, during the la-
tent period, S105–GFP accumulated throughout the membrane
but, after triggering, assumed a punctate distribution (Fig. 2).
Analysis of the optical sections from the 60-min and 105-min
images confirmed that S105–GFP is evenly distributed in the
former but largely localized to foci, which we designate as “rafts,”
in the latter (Fig. S3 andMovies S1 and S2). In the triggered cells,
there are multiple rafts of varying size, distributed throughout the
membrane. On the basis of the approximate number of S105–
GFP molecules per cell, estimated from quantitative Western
blotting (Fig. S4), and the percentage of total GFP fluorescence in
each raft per cell, the largest of the rafts may consist of as many as
1,000molecules, and the smallest of the rafts may consist of as few
as 50 molecules. The number of large rafts (>3 pixels in diameter)
per cell averaged 3.3 (for 229 cells counted; Fig. S5).

Raft Formation Reflects Hole-Forming Phenotypes of S105 Mutant
Alleles. These results falsified the original death raft model and
suggest an alternative that triggering time could be correlated
with the sudden formation of such rafts. To explore this notion
further, we tested the effect of representative S105 missense
alleles with opposing lysis phenotypes on inducible triggering and
raft formation in the context of the GFP fusion (Fig. 2). The
A52V substitution (Fig. 1), which abolishes triggering and, as
judged by chemical cross-linking, causes S105 to accumulate as
inactive dimers in the membrane, also blocks triggering and raft
formation in the context of the fusion protein (11). In contrast,
the A52G change, which causes catastrophically early (i.e., before
the assembly of the first virion) lysis in S105 (17) and, like all lytic
alleles, can be cross-linked into a multimeric ladder (11), greatly
advances the timing of triggering and raft formation of S105–
GFP. As a consequence of the early triggering, S105A52G–GFP

triggered at a lower level of fusion protein and formed fewer
smaller rafts than the parental, although the average number of
large rafts is similar (3.7 for 57 cells counted; Fig. S5).

Antiholin Fusion Accumulates Uniformly and Blocks S105–GFP Raft
Formation. Multiple lines of evidence indicate that TMD1 of
S105 is essential for triggering and hole formation. Indeed, λ S
encodes a second gene product, S107 (Fig. 1), which has been
designated as an antiholin because it specifically dimerizes with
and inhibits S105 (12, 18). Antiholins are produced by many
phages, in some cases as alternate products of the holin gene but
also, in some cases, as products of separate genes (8). The
antiholin character of S107 is due to its extra N-terminal positive
charge, which prevents TMD1 from entering the energized
(positive outside) bilayer (12, 19–21). S105ΔTMD1, in which the
entire first TMD has been deleted, was shown to inhibit S105
even more robustly, in the sense that, unlike S107, its antiholin
function cannot be subverted by collapsing the membrane po-

Fig. 1. Sequence and topology of S gene products. (A) Translational initia-
tion region of λ S, in the context of the λ late gene promoter and lysis cassette.
Late promoter pR′ is activated by the product of geneQ. S encodes both S105
holin and S107 antiholin by virtue of dual translational starts at codons Met3
andMet1, respectively (11, 12). The S105 allele used in this study has the start
codon for S107 inactivated. (B) Absence of TMD1 in the membrane confers
antiholin (negative dominant) character to S gene products (17–22). Topolo-
gies of antiholin S107, holin S105, and deletion construct S105ΔTMD1. As long
as the membrane is energized, TMD1 of S107 is prevented from entering the
membrane because it has two positive charges at its N terminus: the pro-
tonated free amino group of Met1 and the Lys2 side chain. The N terminus of
S105 is formylated (22). Both S107 and S105ΔTMD1 inhibit the lethal holin
function of S105. (C) Sequence of S105, showing extent of ΔTMD1 and posi-
tions of A52G and A52V mutations (12, 17).

Fig. 2. Deconvolution fluorescence imaging reveals S105–GFP raft forma-
tion. For the first five panels, numbers indicate the time after induction, in
minutes, of S105–GFP (green). The last two fluorescence panels are images
of inductions of S105A52V–GFP and S105A52G–GFP, taken at 120 min and 60
min, respectively. Membranes (red) are stained with FM 4–64. (Scale bar, 2
μm.) For S105–GFP, some raft formation is observed in a few cells at 90 min
after induction, but by 105 min, all cells show rafts. (Lower Right) Immu-
noblot, using anti-S105 N terminus antibody of whole cell protein samples
taken at the time of triggering, for the WT S105–GFP and S105A52G–GFP
samples or at 120 min, for S105A52V–GFP.
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What is important for Lysis ? —  Holin threshold and Time to reach it 
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tential (22). When we examined the effect of producing the
TMD1 deletion protein, tagged with mCherryFP, in trans to
S105–GFP, we observed that it blocked triggering in liquid cul-
ture (Fig. S6) and raft formation in individual cells (Fig. 3).
These results suggest that antiholins block lysis by preventing the
formation of rafts.

Raft Formation Occurs Within a 1-Min Interval at Triggering Time. To
further refine the triggering event at the molecular level, images
were captured every minute from 75 to 105 min after induction.
These images showed that although some small, transient rafts
are present before the appearance of large rafts, formation of
the large, stable rafts occurs in less than a minute (Fig. 4 and
Movies S3 and S4). The timing of the appearance of the first
large rafts coincides with the triggering time of S105–GFP in
liquid culture (Fig. S7).

FRAP Analysis Contrasts the Pre- and Posttriggered States of the
Holin–GFP Fusion. The mobility of S105–GFP in the two states was
probed with fluorescence recovery after photobleaching (FRAP)
experiments (Fig. 5). The results indicated that before triggering,
S105–GFP is mobile in the membrane, with a half time of re-
covery of 5–7 s. The control, the nonlytic mutant S105A52V–GFP,
showed similar high mobility, indicating that both molecules
freely diffuse within the membrane. After triggering, however,
the large rafts formed by S105–GFP are immobile and stable,
showing very little recovery over a 2-min period, suggesting that
triggering involves the sudden aggregation of freely diffusing
molecules into a higher molecular weight complex of limited

mobility. These results are consistent with results of cross-linking
analysis of S105 in membranes, in which the A52V and other
nonlethal mutant S105 proteins were blocked at the level of di-
mer formation, whereas the WT and timing variants exhibited
oligomer formation. In addition, purified S105 and S105A52G, but
not S105A52V, can form high-order oligomers in the detergent
dodecylmaltoside (23).

Discussion
Here we show that triggering reflects the sudden redistribution
of holins from a state of uniform dispersal and high mobility in
the membrane into a punctate pattern dominated by a few large
and immobile aggregates, or holin rafts. These observations

Fig. 3. Dominant-negative antiholin allele blocks S105–GFP from raft for-
mation. Cells coexpressing S105–gfp and S105ΔTMD1–mcherryfp at 150 min.
(A) S105–gfp, (B) S105ΔTMD1–mcherryfp, and (C) overlay. (Scale bar, 2 μm.)

Fig. 5. Triggered S105–GFP forms immobile rafts. Cells expressing S105–gfp
constructs were laser bleached in the region indicated by the red circle at
t = 0. Whole cell fluorescence (WCF), and the relative fluorescence intensity
of the bleached region (BR; black circles) and an unbleached region (UBR;
open circles) are shown versus time after bleaching. The dashed line indicates
the calculated full recovery level at which fluorescence is equilibrated across
the cell. Mobility is indicated by the equilibration of fluorescence intensity
in the bleached and unbleached regions as the proteins diffuse throughout
the membrane, leading to a decreased fluorescence in the unbleached region
and increased fluorescence in the bleached region, as observed before raft
formation (A and B). Little recovery is observed for S105–GFP after triggering
(C), and the bleached and unbleached regions show only minor changes in re-
covery. (A) S105A52V–GFP, taken 140 min after induction. (B and C) S105–GFP,
taken before (45 min) and after (140 min) triggering.

Fig. 4. Sudden formation of S105–GFP rafts. Two representative time-lapse
images (A and B) of cells induced for S105–GFP are shown, with the time (in
minutes) after induction indicated on the large panels. The small panels
show the area circumscribed in blue in the large panels, imaged at se-
quential 1-min intervals from Top to Bottom. Asterisks indicate the same
time shown on the large panels on the Left. (Scale bar, 1 μm.)
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tential (22). When we examined the effect of producing the
TMD1 deletion protein, tagged with mCherryFP, in trans to
S105–GFP, we observed that it blocked triggering in liquid cul-
ture (Fig. S6) and raft formation in individual cells (Fig. 3).
These results suggest that antiholins block lysis by preventing the
formation of rafts.

Raft Formation Occurs Within a 1-Min Interval at Triggering Time. To
further refine the triggering event at the molecular level, images
were captured every minute from 75 to 105 min after induction.
These images showed that although some small, transient rafts
are present before the appearance of large rafts, formation of
the large, stable rafts occurs in less than a minute (Fig. 4 and
Movies S3 and S4). The timing of the appearance of the first
large rafts coincides with the triggering time of S105–GFP in
liquid culture (Fig. S7).

FRAP Analysis Contrasts the Pre- and Posttriggered States of the
Holin–GFP Fusion. The mobility of S105–GFP in the two states was
probed with fluorescence recovery after photobleaching (FRAP)
experiments (Fig. 5). The results indicated that before triggering,
S105–GFP is mobile in the membrane, with a half time of re-
covery of 5–7 s. The control, the nonlytic mutant S105A52V–GFP,
showed similar high mobility, indicating that both molecules
freely diffuse within the membrane. After triggering, however,
the large rafts formed by S105–GFP are immobile and stable,
showing very little recovery over a 2-min period, suggesting that
triggering involves the sudden aggregation of freely diffusing
molecules into a higher molecular weight complex of limited

mobility. These results are consistent with results of cross-linking
analysis of S105 in membranes, in which the A52V and other
nonlethal mutant S105 proteins were blocked at the level of di-
mer formation, whereas the WT and timing variants exhibited
oligomer formation. In addition, purified S105 and S105A52G, but
not S105A52V, can form high-order oligomers in the detergent
dodecylmaltoside (23).

Discussion
Here we show that triggering reflects the sudden redistribution
of holins from a state of uniform dispersal and high mobility in
the membrane into a punctate pattern dominated by a few large
and immobile aggregates, or holin rafts. These observations

Fig. 3. Dominant-negative antiholin allele blocks S105–GFP from raft for-
mation. Cells coexpressing S105–gfp and S105ΔTMD1–mcherryfp at 150 min.
(A) S105–gfp, (B) S105ΔTMD1–mcherryfp, and (C) overlay. (Scale bar, 2 μm.)

Fig. 5. Triggered S105–GFP forms immobile rafts. Cells expressing S105–gfp
constructs were laser bleached in the region indicated by the red circle at
t = 0. Whole cell fluorescence (WCF), and the relative fluorescence intensity
of the bleached region (BR; black circles) and an unbleached region (UBR;
open circles) are shown versus time after bleaching. The dashed line indicates
the calculated full recovery level at which fluorescence is equilibrated across
the cell. Mobility is indicated by the equilibration of fluorescence intensity
in the bleached and unbleached regions as the proteins diffuse throughout
the membrane, leading to a decreased fluorescence in the unbleached region
and increased fluorescence in the bleached region, as observed before raft
formation (A and B). Little recovery is observed for S105–GFP after triggering
(C), and the bleached and unbleached regions show only minor changes in re-
covery. (A) S105A52V–GFP, taken 140 min after induction. (B and C) S105–GFP,
taken before (45 min) and after (140 min) triggering.

Fig. 4. Sudden formation of S105–GFP rafts. Two representative time-lapse
images (A and B) of cells induced for S105–GFP are shown, with the time (in
minutes) after induction indicated on the large panels. The small panels
show the area circumscribed in blue in the large panels, imaged at se-
quential 1-min intervals from Top to Bottom. Asterisks indicate the same
time shown on the large panels on the Left. (Scale bar, 1 μm.)
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laboratory conditions, only S and R are needed for host
lysis, though both Rz and Rz1 are essential in the pre-
sence of high concentrations of divalent cations [33-35].
The lytic pathway of phage l is commonly divided

into the early, delayed early, and late phases. Transitions
between stages are triggered by well-characterized mole-
cular actions involving gene transcription and transla-
tion [36]. Consequently, the timing of when individual
cells enter each phase greatly influences the length of
individual lysis times. A recent study by Amir et al. [10]
showed that 69% of the total lysis time variance is due
to variation in the time interval between the onset of
the pR’ promoter and the eventual lysis (see APPENDIX
A). This observation suggests that a large portion of the
observed lysis time stochasticity is a de novo phenom-
enon, confined to the production and accumulation of
holin proteins in the cell membrane, rather than a
direct carryover from the various upstream stochastic
events.
The formation of the l holin hole in the membrane is

hypothesized to be a multi-step process that starts with
the transcription of the late mRNA and the translation of
the S holin protein. The resulting holin monomers are
then inserted into the cell membrane, where they dimer-
ize, then oligomerize [37], eventually leading to the forma-
tion of higher-order holin aggregates, or rafts, in the cell
membrane. At a time that is specific to the holin protein
sequence, the holin rafts are transformed into a membrane
lesion(s) > 300 nm across [38], which is large enough for
the passage of a 500 KDa protein [28,29]. Lysis ensues
after endolysin digests the peptidoglycan. Thus, by

regulating endolysin’s access to the peptidoglycan, holin
controls the timing of lysis [26,27].
To formalize the heuristic model of holin hole formation

described by Wang et al. [28], Ryan and Rutenberg [39]
proposed a two-stage nucleation model, in which the pro-
duction rate of the holin monomers and holin self-affinity
contribute to the aggregation of holin rafts. Raft aggrega-
tion is opposed by thermal Brownian motion which tends
to disintegrate rafts into their holin constituents. As the
rafts grow and then exceed a certain critical size (the first
stage of nucleation), the probability of a second stage
nucleation (triggering to hole formation) increases (Figure
1). According to this model, lysis time stochasticity is the
inevitable outcome of each infected cell in the population
following its own time course of growth in holin raft size.
However, a recent study [40] using C-terminus GFP-fused
l S holin protein showed that, for most of the latent per-
iod, holin proteins are distributed uniformly in a relatively
mobile state in the cell membrane. At a time that coin-
cided with the triggering time, large immobile holin rafts
suddenly appeared in the membrane. The transition from
uniformly distributed holin to holin rafts occurred in less
than a minute. Although it is not clear whether these large
rafts correspond to the membrane holes observed by
cryoelectron microscopy [38], this study nevertheless casts
doubt on the previously hypothesized importance of holin
raft size growth as the determining factor in lysis timing
[28,39]. Rather, it is proposed that the lysis time is deter-
mined by when a critical holin concentration is reached in
the cell membrane (Figure 1). According to this model,
lysis time stochasticity is mainly the result of variation in

Figure 1 Schematic presentation of two models of holin hole formation. Holin monomers (shaded circles) are produced in the cytoplasm,
and then transported to the cell membrane (a top-down view of the cell membrane thereafter) where they dimerize. A previous model (open
arrows) [28,39] hypothesized that the growth of the holin aggregates ("rafts”) to a critical size that is responsible for the collapse of the proton
motive force (pmf), thus resulting in hole formation. The current model [40] (filled arrows) suggests that the holin proteins are mostly in a
mobile state, then quite suddenly, aggregates are formed, leading to the formation of holin holes. Addition of the energy poison KCN halts
further holin production and abolishes the pmf. This figure is adapted from Wang et al. [28] and White et al. [40].
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Critical Raft size
<latexit sha1_base64="KpVuY1SUYHCcaYREYvakvEqLsO4=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZlho0siG5do5JHAhHRKBxo6j7R3jEj4FTcuNMatP+LOv7EMs1DwJE1Oz7m39/b4iRQaHefbKmxsbm3vFHdLe/sHh0f2cbmt41Qx3mKxjFXXp5pLEfEWCpS8myhOQ1/yjj9pLPzOA1daxNE9ThPuhXQUiUAwikYa2OWGEmhuktzRAIkWT3xgV5yqk4GsEzcnFcjRHNhf/WHM0pBHyCTVuuc6CXozqszDks9L/VTzhLIJHfGeoRENufZm2e5zcm6UIQliZU6EJFN/d8xoqPU09E1lSHGsV72F+J/XSzG48mYiSlLkEVsOClJJMCaLIMhQKM5QTg2hLAuBsDFVlKGJq2RCcFe/vE7atarrVN3bWqV+ncdRhFM4gwtw4RLqcANNaAGDR3iGV3iz5taL9W59LEsLVt5zAn9gff4AfKCUEA==</latexit><latexit sha1_base64="KpVuY1SUYHCcaYREYvakvEqLsO4=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZlho0siG5do5JHAhHRKBxo6j7R3jEj4FTcuNMatP+LOv7EMs1DwJE1Oz7m39/b4iRQaHefbKmxsbm3vFHdLe/sHh0f2cbmt41Qx3mKxjFXXp5pLEfEWCpS8myhOQ1/yjj9pLPzOA1daxNE9ThPuhXQUiUAwikYa2OWGEmhuktzRAIkWT3xgV5yqk4GsEzcnFcjRHNhf/WHM0pBHyCTVuuc6CXozqszDks9L/VTzhLIJHfGeoRENufZm2e5zcm6UIQliZU6EJFN/d8xoqPU09E1lSHGsV72F+J/XSzG48mYiSlLkEVsOClJJMCaLIMhQKM5QTg2hLAuBsDFVlKGJq2RCcFe/vE7atarrVN3bWqV+ncdRhFM4gwtw4RLqcANNaAGDR3iGV3iz5taL9W59LEsLVt5zAn9gff4AfKCUEA==</latexit><latexit sha1_base64="KpVuY1SUYHCcaYREYvakvEqLsO4=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZlho0siG5do5JHAhHRKBxo6j7R3jEj4FTcuNMatP+LOv7EMs1DwJE1Oz7m39/b4iRQaHefbKmxsbm3vFHdLe/sHh0f2cbmt41Qx3mKxjFXXp5pLEfEWCpS8myhOQ1/yjj9pLPzOA1daxNE9ThPuhXQUiUAwikYa2OWGEmhuktzRAIkWT3xgV5yqk4GsEzcnFcjRHNhf/WHM0pBHyCTVuuc6CXozqszDks9L/VTzhLIJHfGeoRENufZm2e5zcm6UIQliZU6EJFN/d8xoqPU09E1lSHGsV72F+J/XSzG48mYiSlLkEVsOClJJMCaLIMhQKM5QTg2hLAuBsDFVlKGJq2RCcFe/vE7atarrVN3bWqV+ncdRhFM4gwtw4RLqcANNaAGDR3iGV3iz5taL9W59LEsLVt5zAn9gff4AfKCUEA==</latexit><latexit sha1_base64="KpVuY1SUYHCcaYREYvakvEqLsO4=">AAAB+3icbVDLTgIxFL2DL8TXiEs3jcTEFZlho0siG5do5JHAhHRKBxo6j7R3jEj4FTcuNMatP+LOv7EMs1DwJE1Oz7m39/b4iRQaHefbKmxsbm3vFHdLe/sHh0f2cbmt41Qx3mKxjFXXp5pLEfEWCpS8myhOQ1/yjj9pLPzOA1daxNE9ThPuhXQUiUAwikYa2OWGEmhuktzRAIkWT3xgV5yqk4GsEzcnFcjRHNhf/WHM0pBHyCTVuuc6CXozqszDks9L/VTzhLIJHfGeoRENufZm2e5zcm6UIQliZU6EJFN/d8xoqPU09E1lSHGsV72F+J/XSzG48mYiSlLkEVsOClJJMCaLIMhQKM5QTg2hLAuBsDFVlKGJq2RCcFe/vE7atarrVN3bWqV+ncdRhFM4gwtw4RLqcANNaAGDR3iGV3iz5taL9W59LEsLVt5zAn9gff4AfKCUEA==</latexit> — No
Critical number on membrane

<latexit sha1_base64="VQ7xRjVC9n9UoLQ0mknTVBru6R4=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe7SaBlMYxnBfEByhL3NXLJkd+/Y3RPCkcbGv2JjoYit/8HOf+PmcoUmPhh4894Mw7ww4Uwbz/t21tY3Nre2Szvl3b39g0P36Lit41RRaNGYx6obEg2cSWgZZjh0EwVEhBw64aQx9zsPoDSL5b2ZJhAIMpIsYpQYKw3cs4ZixnYcy1SEoHAssQARKiIBD9yKV/Vy4FXiF6SCCjQH7ld/GNNUgDSUE617vpeYICPKnuAwK/dTDQmhEzKCnqWSCNBBln8xwxdWGeIoVrakwbn6eyMjQuupCO2kIGasl725+J/XS010HWRMJqkBSReHopRjE+N5JHjIFFDDp5YQmseB6ZgoQo0NrmxD8JdfXiXtWtX3qv5drVK/KeIooVN0ji6Rj65QHd2iJmohih7RM3pFb86T8+K8Ox+L0TWn2DlBf+B8/gDMspgZ</latexit><latexit sha1_base64="VQ7xRjVC9n9UoLQ0mknTVBru6R4=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe7SaBlMYxnBfEByhL3NXLJkd+/Y3RPCkcbGv2JjoYit/8HOf+PmcoUmPhh4894Mw7ww4Uwbz/t21tY3Nre2Szvl3b39g0P36Lit41RRaNGYx6obEg2cSWgZZjh0EwVEhBw64aQx9zsPoDSL5b2ZJhAIMpIsYpQYKw3cs4ZixnYcy1SEoHAssQARKiIBD9yKV/Vy4FXiF6SCCjQH7ld/GNNUgDSUE617vpeYICPKnuAwK/dTDQmhEzKCnqWSCNBBln8xwxdWGeIoVrakwbn6eyMjQuupCO2kIGasl725+J/XS010HWRMJqkBSReHopRjE+N5JHjIFFDDp5YQmseB6ZgoQo0NrmxD8JdfXiXtWtX3qv5drVK/KeIooVN0ji6Rj65QHd2iJmohih7RM3pFb86T8+K8Ox+L0TWn2DlBf+B8/gDMspgZ</latexit><latexit sha1_base64="VQ7xRjVC9n9UoLQ0mknTVBru6R4=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe7SaBlMYxnBfEByhL3NXLJkd+/Y3RPCkcbGv2JjoYit/8HOf+PmcoUmPhh4894Mw7ww4Uwbz/t21tY3Nre2Szvl3b39g0P36Lit41RRaNGYx6obEg2cSWgZZjh0EwVEhBw64aQx9zsPoDSL5b2ZJhAIMpIsYpQYKw3cs4ZixnYcy1SEoHAssQARKiIBD9yKV/Vy4FXiF6SCCjQH7ld/GNNUgDSUE617vpeYICPKnuAwK/dTDQmhEzKCnqWSCNBBln8xwxdWGeIoVrakwbn6eyMjQuupCO2kIGasl725+J/XS010HWRMJqkBSReHopRjE+N5JHjIFFDDp5YQmseB6ZgoQo0NrmxD8JdfXiXtWtX3qv5drVK/KeIooVN0ji6Rj65QHd2iJmohih7RM3pFb86T8+K8Ox+L0TWn2DlBf+B8/gDMspgZ</latexit><latexit sha1_base64="VQ7xRjVC9n9UoLQ0mknTVBru6R4=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe7SaBlMYxnBfEByhL3NXLJkd+/Y3RPCkcbGv2JjoYit/8HOf+PmcoUmPhh4894Mw7ww4Uwbz/t21tY3Nre2Szvl3b39g0P36Lit41RRaNGYx6obEg2cSWgZZjh0EwVEhBw64aQx9zsPoDSL5b2ZJhAIMpIsYpQYKw3cs4ZixnYcy1SEoHAssQARKiIBD9yKV/Vy4FXiF6SCCjQH7ld/GNNUgDSUE617vpeYICPKnuAwK/dTDQmhEzKCnqWSCNBBln8xwxdWGeIoVrakwbn6eyMjQuupCO2kIGasl725+J/XS010HWRMJqkBSReHopRjE+N5JHjIFFDDp5YQmseB6ZgoQo0NrmxD8JdfXiXtWtX3qv5drVK/KeIooVN0ji6Rj65QHd2iJmohih7RM3pFb86T8+K8Ox+L0TWn2DlBf+B8/gDMspgZ</latexit>

— YES

In WT �, Lysis time ⇡ 65± 3.2 mins
<latexit sha1_base64="vO+5NNyAGM2d5Y/8qCg3fkZmFlU="></latexit><latexit sha1_base64="vO+5NNyAGM2d5Y/8qCg3fkZmFlU="></latexit><latexit sha1_base64="vO+5NNyAGM2d5Y/8qCg3fkZmFlU="></latexit><latexit sha1_base64="vO+5NNyAGM2d5Y/8qCg3fkZmFlU="></latexit>

Dennehy & Wang, BMC Microbiology (2011)
<latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit><latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit><latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit><latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit>

htLi = htpR0i+ hFPT i
<latexit sha1_base64="5Q7OlCkD5+54YXmT8zTQtOwPG2M=">AAACLXicbZDLSsNAFIYn9VbrLerSzWArCkJJutGNUFTEhYsqvUETwmQ6bYdOJmFmIpTQF3Ljq4jgoiJufQ2nbby1Hhj4+P9zOHN+P2JUKssaGZmFxaXllexqbm19Y3PL3N6pyzAWmNRwyELR9JEkjHJSU1Qx0owEQYHPSMPvX4z9xj0Rkoa8qgYRcQPU5bRDMVJa8szLgsMQ7zIClXfjiCmewR8xie4Oh1/GMfx2ripVmMoFz8xbRWtScB7sFPIgrYpnPjvtEMcB4QozJGXLtiLlJkgoihkZ5pxYkgjhPuqSlkaOAiLdZHLtEB5opQ07odCPKzhRf08kKJByEPi6M0CqJ2e9sfif14pV59RNKI9iRTieLurEDKoQjqODbSoIVmygAWFB9V8h7iGBsNIB53QI9uzJ81AvFW2raN+W8uXzNI4s2AP74AjY4ASUwTWogBrA4AE8gRF4NR6NF+PNeJ+2Zox0Zhf8KePjExuOpso=</latexit><latexit sha1_base64="5Q7OlCkD5+54YXmT8zTQtOwPG2M=">AAACLXicbZDLSsNAFIYn9VbrLerSzWArCkJJutGNUFTEhYsqvUETwmQ6bYdOJmFmIpTQF3Ljq4jgoiJufQ2nbby1Hhj4+P9zOHN+P2JUKssaGZmFxaXllexqbm19Y3PL3N6pyzAWmNRwyELR9JEkjHJSU1Qx0owEQYHPSMPvX4z9xj0Rkoa8qgYRcQPU5bRDMVJa8szLgsMQ7zIClXfjiCmewR8xie4Oh1/GMfx2ripVmMoFz8xbRWtScB7sFPIgrYpnPjvtEMcB4QozJGXLtiLlJkgoihkZ5pxYkgjhPuqSlkaOAiLdZHLtEB5opQ07odCPKzhRf08kKJByEPi6M0CqJ2e9sfif14pV59RNKI9iRTieLurEDKoQjqODbSoIVmygAWFB9V8h7iGBsNIB53QI9uzJ81AvFW2raN+W8uXzNI4s2AP74AjY4ASUwTWogBrA4AE8gRF4NR6NF+PNeJ+2Zox0Zhf8KePjExuOpso=</latexit><latexit sha1_base64="5Q7OlCkD5+54YXmT8zTQtOwPG2M=">AAACLXicbZDLSsNAFIYn9VbrLerSzWArCkJJutGNUFTEhYsqvUETwmQ6bYdOJmFmIpTQF3Ljq4jgoiJufQ2nbby1Hhj4+P9zOHN+P2JUKssaGZmFxaXllexqbm19Y3PL3N6pyzAWmNRwyELR9JEkjHJSU1Qx0owEQYHPSMPvX4z9xj0Rkoa8qgYRcQPU5bRDMVJa8szLgsMQ7zIClXfjiCmewR8xie4Oh1/GMfx2ripVmMoFz8xbRWtScB7sFPIgrYpnPjvtEMcB4QozJGXLtiLlJkgoihkZ5pxYkgjhPuqSlkaOAiLdZHLtEB5opQ07odCPKzhRf08kKJByEPi6M0CqJ2e9sfif14pV59RNKI9iRTieLurEDKoQjqODbSoIVmygAWFB9V8h7iGBsNIB53QI9uzJ81AvFW2raN+W8uXzNI4s2AP74AjY4ASUwTWogBrA4AE8gRF4NR6NF+PNeJ+2Zox0Zhf8KePjExuOpso=</latexit><latexit sha1_base64="5Q7OlCkD5+54YXmT8zTQtOwPG2M=">AAACLXicbZDLSsNAFIYn9VbrLerSzWArCkJJutGNUFTEhYsqvUETwmQ6bYdOJmFmIpTQF3Ljq4jgoiJufQ2nbby1Hhj4+P9zOHN+P2JUKssaGZmFxaXllexqbm19Y3PL3N6pyzAWmNRwyELR9JEkjHJSU1Qx0owEQYHPSMPvX4z9xj0Rkoa8qgYRcQPU5bRDMVJa8szLgsMQ7zIClXfjiCmewR8xie4Oh1/GMfx2ripVmMoFz8xbRWtScB7sFPIgrYpnPjvtEMcB4QozJGXLtiLlJkgoihkZ5pxYkgjhPuqSlkaOAiLdZHLtEB5opQ07odCPKzhRf08kKJByEPi6M0CqJ2e9sfif14pV59RNKI9iRTieLurEDKoQjqODbSoIVmygAWFB9V8h7iGBsNIB53QI9uzJ81AvFW2raN+W8uXzNI4s2AP74AjY4ASUwTWogBrA4AE8gRF4NR6NF+PNeJ+2Zox0Zhf8KePjExuOpso=</latexit>

⇡ 50
<latexit sha1_base64="pEYE9k0xvEY9rOpa61XdW1hdkjw=">AAAB83icdVDLSgMxFM3UV62vqks3wVZwNWTG2tZd0Y3LCvYBnaFk0kwbmpkJSUYspb/hxoUibv0Zd/6NmbaCih64cDjnXu69JxCcKY3Qh5VbWV1b38hvFra2d3b3ivsHbZWkktAWSXgiuwFWlLOYtjTTnHaFpDgKOO0E46vM79xRqVgS3+qJoH6EhzELGcHaSF7Zw0LI5B6eo3K/WEL2Rb3qVqoQ2QjVHNfJiFurnFWgY5QMJbBEs1989wYJSSMaa8KxUj0HCe1PsdSMcDoreKmiApMxHtKeoTGOqPKn85tn8MQoAxgm0lSs4Vz9PjHFkVKTKDCdEdYj9dvLxL+8XqrDuj9lsUg1jcliUZhyqBOYBQAHTFKi+cQQTCQzt0IywhITbWIqmBC+PoX/k7ZrO8h2btxS43IZRx4cgWNwChxQAw1wDZqgBQgQ4AE8gWcrtR6tF+t10ZqzljOH4Aest0/wxZD1</latexit><latexit sha1_base64="pEYE9k0xvEY9rOpa61XdW1hdkjw=">AAAB83icdVDLSgMxFM3UV62vqks3wVZwNWTG2tZd0Y3LCvYBnaFk0kwbmpkJSUYspb/hxoUibv0Zd/6NmbaCih64cDjnXu69JxCcKY3Qh5VbWV1b38hvFra2d3b3ivsHbZWkktAWSXgiuwFWlLOYtjTTnHaFpDgKOO0E46vM79xRqVgS3+qJoH6EhzELGcHaSF7Zw0LI5B6eo3K/WEL2Rb3qVqoQ2QjVHNfJiFurnFWgY5QMJbBEs1989wYJSSMaa8KxUj0HCe1PsdSMcDoreKmiApMxHtKeoTGOqPKn85tn8MQoAxgm0lSs4Vz9PjHFkVKTKDCdEdYj9dvLxL+8XqrDuj9lsUg1jcliUZhyqBOYBQAHTFKi+cQQTCQzt0IywhITbWIqmBC+PoX/k7ZrO8h2btxS43IZRx4cgWNwChxQAw1wDZqgBQgQ4AE8gWcrtR6tF+t10ZqzljOH4Aest0/wxZD1</latexit><latexit sha1_base64="pEYE9k0xvEY9rOpa61XdW1hdkjw=">AAAB83icdVDLSgMxFM3UV62vqks3wVZwNWTG2tZd0Y3LCvYBnaFk0kwbmpkJSUYspb/hxoUibv0Zd/6NmbaCih64cDjnXu69JxCcKY3Qh5VbWV1b38hvFra2d3b3ivsHbZWkktAWSXgiuwFWlLOYtjTTnHaFpDgKOO0E46vM79xRqVgS3+qJoH6EhzELGcHaSF7Zw0LI5B6eo3K/WEL2Rb3qVqoQ2QjVHNfJiFurnFWgY5QMJbBEs1989wYJSSMaa8KxUj0HCe1PsdSMcDoreKmiApMxHtKeoTGOqPKn85tn8MQoAxgm0lSs4Vz9PjHFkVKTKDCdEdYj9dvLxL+8XqrDuj9lsUg1jcliUZhyqBOYBQAHTFKi+cQQTCQzt0IywhITbWIqmBC+PoX/k7ZrO8h2btxS43IZRx4cgWNwChxQAw1wDZqgBQgQ4AE8gWcrtR6tF+t10ZqzljOH4Aest0/wxZD1</latexit><latexit sha1_base64="pEYE9k0xvEY9rOpa61XdW1hdkjw=">AAAB83icdVDLSgMxFM3UV62vqks3wVZwNWTG2tZd0Y3LCvYBnaFk0kwbmpkJSUYspb/hxoUibv0Zd/6NmbaCih64cDjnXu69JxCcKY3Qh5VbWV1b38hvFra2d3b3ivsHbZWkktAWSXgiuwFWlLOYtjTTnHaFpDgKOO0E46vM79xRqVgS3+qJoH6EhzELGcHaSF7Zw0LI5B6eo3K/WEL2Rb3qVqoQ2QjVHNfJiFurnFWgY5QMJbBEs1989wYJSSMaa8KxUj0HCe1PsdSMcDoreKmiApMxHtKeoTGOqPKn85tn8MQoAxgm0lSs4Vz9PjHFkVKTKDCdEdYj9dvLxL+8XqrDuj9lsUg1jcliUZhyqBOYBQAHTFKi+cQQTCQzt0IywhITbWIqmBC+PoX/k7ZrO8h2btxS43IZRx4cgWNwChxQAw1wDZqgBQgQ4AE8gWcrtR6tF+t10ZqzljOH4Aest0/wxZD1</latexit>⇡ 15

<latexit sha1_base64="S+9ZMlRfnuTiWYLslaSRDox6hlA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbED0WvXisYFuhu5Rsmm1Ds0lIsmIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqG5lpQltEcqkfYmwoZ4K2LLOcPihNcRpz2olHNzO/80i1YVLc27GiUYoHgiWMYOuksBpipbR8QsFFtVeu+DV/DrRKgpxUIEezV/4K+5JkKRWWcGxMN/CVjSZYW0Y4nZbCzFCFyQgPaNdRgVNqosn85ik6c0ofJVK7EhbN1d8TE5waM05j15liOzTL3kz8z+tmNrmKJkyozFJBFouSjCMr0SwA1GeaEsvHjmCimbsVkSHWmFgXU8mFECy/vEra9Vrg14K7eqVxncdRhBM4hXMI4BIacAtNaAEBBc/wCm9e5r14797HorXg5TPH8Afe5w+SN5C0</latexit><latexit sha1_base64="S+9ZMlRfnuTiWYLslaSRDox6hlA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbED0WvXisYFuhu5Rsmm1Ds0lIsmIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqG5lpQltEcqkfYmwoZ4K2LLOcPihNcRpz2olHNzO/80i1YVLc27GiUYoHgiWMYOuksBpipbR8QsFFtVeu+DV/DrRKgpxUIEezV/4K+5JkKRWWcGxMN/CVjSZYW0Y4nZbCzFCFyQgPaNdRgVNqosn85ik6c0ofJVK7EhbN1d8TE5waM05j15liOzTL3kz8z+tmNrmKJkyozFJBFouSjCMr0SwA1GeaEsvHjmCimbsVkSHWmFgXU8mFECy/vEra9Vrg14K7eqVxncdRhBM4hXMI4BIacAtNaAEBBc/wCm9e5r14797HorXg5TPH8Afe5w+SN5C0</latexit><latexit sha1_base64="S+9ZMlRfnuTiWYLslaSRDox6hlA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbED0WvXisYFuhu5Rsmm1Ds0lIsmIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqG5lpQltEcqkfYmwoZ4K2LLOcPihNcRpz2olHNzO/80i1YVLc27GiUYoHgiWMYOuksBpipbR8QsFFtVeu+DV/DrRKgpxUIEezV/4K+5JkKRWWcGxMN/CVjSZYW0Y4nZbCzFCFyQgPaNdRgVNqosn85ik6c0ofJVK7EhbN1d8TE5waM05j15liOzTL3kz8z+tmNrmKJkyozFJBFouSjCMr0SwA1GeaEsvHjmCimbsVkSHWmFgXU8mFECy/vEra9Vrg14K7eqVxncdRhBM4hXMI4BIacAtNaAEBBc/wCm9e5r14797HorXg5TPH8Afe5w+SN5C0</latexit><latexit sha1_base64="S+9ZMlRfnuTiWYLslaSRDox6hlA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbED0WvXisYFuhu5Rsmm1Ds0lIsmIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqG5lpQltEcqkfYmwoZ4K2LLOcPihNcRpz2olHNzO/80i1YVLc27GiUYoHgiWMYOuksBpipbR8QsFFtVeu+DV/DrRKgpxUIEezV/4K+5JkKRWWcGxMN/CVjSZYW0Y4nZbCzFCFyQgPaNdRgVNqosn85ik6c0ofJVK7EhbN1d8TE5waM05j15liOzTL3kz8z+tmNrmKJkyozFJBFouSjCMr0SwA1GeaEsvHjmCimbsVkSHWmFgXU8mFECy/vEra9Vrg14K7eqVxncdRhBM4hXMI4BIacAtNaAEBBc/wCm9e5r14797HorXg5TPH8Afe5w+SN5C0</latexit>

As nHolin : 0 ! X
<latexit sha1_base64="szXCBQ+6S9z2xL8VqKTEi5DSnrA=">AAACDXicbVC7TsMwFHV4lvIKMLJYtEhMVdIFxFRg6Vgk+pDaKHJcp7XqR2Q7oCrqD7DwKywMIMTKzsbf4LYZoOVIVzo651773hMljGrjed/Oyura+sZmYau4vbO7t+8eHLa0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehm6rfvidJUijszTkjA0UDQmGJkrBS65SsNyyLMeorDurSvTC6hB3uKDoYGKSUfYKcMQ7fkVbwZ4DLxc1ICORqh+9XrS5xyIgxmSOuu7yUmyJAyFDMyKfZSTRKER2hAupYKxIkOstk1E3hqlT6MpbIlDJypvycyxLUe88h2cmSGetGbiv953dTEF0FGRZIaIvD8ozhl0Eg4jQb2qSLYsLElCCtqd4V4iBTCxgZYtCH4iycvk1a14nsV/7Zaql3ncRTAMTgBZ8AH56AG6qABmgCDR/AMXsGb8+S8OO/Ox7x1xclnjsAfOJ8/7IiaLg==</latexit><latexit sha1_base64="szXCBQ+6S9z2xL8VqKTEi5DSnrA=">AAACDXicbVC7TsMwFHV4lvIKMLJYtEhMVdIFxFRg6Vgk+pDaKHJcp7XqR2Q7oCrqD7DwKywMIMTKzsbf4LYZoOVIVzo651773hMljGrjed/Oyura+sZmYau4vbO7t+8eHLa0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehm6rfvidJUijszTkjA0UDQmGJkrBS65SsNyyLMeorDurSvTC6hB3uKDoYGKSUfYKcMQ7fkVbwZ4DLxc1ICORqh+9XrS5xyIgxmSOuu7yUmyJAyFDMyKfZSTRKER2hAupYKxIkOstk1E3hqlT6MpbIlDJypvycyxLUe88h2cmSGetGbiv953dTEF0FGRZIaIvD8ozhl0Eg4jQb2qSLYsLElCCtqd4V4iBTCxgZYtCH4iycvk1a14nsV/7Zaql3ncRTAMTgBZ8AH56AG6qABmgCDR/AMXsGb8+S8OO/Ox7x1xclnjsAfOJ8/7IiaLg==</latexit><latexit sha1_base64="szXCBQ+6S9z2xL8VqKTEi5DSnrA=">AAACDXicbVC7TsMwFHV4lvIKMLJYtEhMVdIFxFRg6Vgk+pDaKHJcp7XqR2Q7oCrqD7DwKywMIMTKzsbf4LYZoOVIVzo651773hMljGrjed/Oyura+sZmYau4vbO7t+8eHLa0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehm6rfvidJUijszTkjA0UDQmGJkrBS65SsNyyLMeorDurSvTC6hB3uKDoYGKSUfYKcMQ7fkVbwZ4DLxc1ICORqh+9XrS5xyIgxmSOuu7yUmyJAyFDMyKfZSTRKER2hAupYKxIkOstk1E3hqlT6MpbIlDJypvycyxLUe88h2cmSGetGbiv953dTEF0FGRZIaIvD8ozhl0Eg4jQb2qSLYsLElCCtqd4V4iBTCxgZYtCH4iycvk1a14nsV/7Zaql3ncRTAMTgBZ8AH56AG6qABmgCDR/AMXsGb8+S8OO/Ox7x1xclnjsAfOJ8/7IiaLg==</latexit><latexit sha1_base64="szXCBQ+6S9z2xL8VqKTEi5DSnrA=">AAACDXicbVC7TsMwFHV4lvIKMLJYtEhMVdIFxFRg6Vgk+pDaKHJcp7XqR2Q7oCrqD7DwKywMIMTKzsbf4LYZoOVIVzo651773hMljGrjed/Oyura+sZmYau4vbO7t+8eHLa0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0ehm6rfvidJUijszTkjA0UDQmGJkrBS65SsNyyLMeorDurSvTC6hB3uKDoYGKSUfYKcMQ7fkVbwZ4DLxc1ICORqh+9XrS5xyIgxmSOuu7yUmyJAyFDMyKfZSTRKER2hAupYKxIkOstk1E3hqlT6MpbIlDJypvycyxLUe88h2cmSGetGbiv953dTEF0FGRZIaIvD8ozhl0Eg4jQb2qSLYsLElCCtqd4V4iBTCxgZYtCH4iycvk1a14nsV/7Zaql3ncRTAMTgBZ8AH56AG6qABmgCDR/AMXsGb8+S8OO/Ox7x1xclnjsAfOJ8/7IiaLg==</latexit>



Holin threshold & First Passage Time

It is very precise ...
<latexit sha1_base64="G7uR195MByXAOOMWRJYt+qZlP9A=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYLXsptEyaKNdBPOAZAmzk9lkyOyDmbvCEtL4KzYWitj6GXb+jZNkC008MHA4517unBOkUmh03W+rtLa+sblV3q7s7O7tH9iHRy2dZIrxJktkojoB1VyKmDdRoOSdVHEaBZK3g/HNzG8/cqVFEj9gnnI/osNYhIJRNFLfPrlDIjQxIzkxi0xoThzHIX276jruHGSVeAWpQoFG3/7qDRKWRTxGJqnWXc9N0Z9QhYJJPq30Ms1TysZ0yLuGxjTi2p/MA0zJuVEGJEyUeTGSufp7Y0IjrfMoMJMRxZFe9mbif143w/DKn4g4zZDHbHEozCTBhMzaIANhMqPMDaFMCfNXwkZUUYams4opwVuOvEpaNcdzHe++Vq1fF3WU4RTO4AI8uIQ63EIDmsBgCs/wCm/Wk/VivVsfi9GSVewcwx9Ynz96+5UD</latexit><latexit sha1_base64="G7uR195MByXAOOMWRJYt+qZlP9A=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYLXsptEyaKNdBPOAZAmzk9lkyOyDmbvCEtL4KzYWitj6GXb+jZNkC008MHA4517unBOkUmh03W+rtLa+sblV3q7s7O7tH9iHRy2dZIrxJktkojoB1VyKmDdRoOSdVHEaBZK3g/HNzG8/cqVFEj9gnnI/osNYhIJRNFLfPrlDIjQxIzkxi0xoThzHIX276jruHGSVeAWpQoFG3/7qDRKWRTxGJqnWXc9N0Z9QhYJJPq30Ms1TysZ0yLuGxjTi2p/MA0zJuVEGJEyUeTGSufp7Y0IjrfMoMJMRxZFe9mbif143w/DKn4g4zZDHbHEozCTBhMzaIANhMqPMDaFMCfNXwkZUUYams4opwVuOvEpaNcdzHe++Vq1fF3WU4RTO4AI8uIQ63EIDmsBgCs/wCm/Wk/VivVsfi9GSVewcwx9Ynz96+5UD</latexit><latexit sha1_base64="G7uR195MByXAOOMWRJYt+qZlP9A=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYLXsptEyaKNdBPOAZAmzk9lkyOyDmbvCEtL4KzYWitj6GXb+jZNkC008MHA4517unBOkUmh03W+rtLa+sblV3q7s7O7tH9iHRy2dZIrxJktkojoB1VyKmDdRoOSdVHEaBZK3g/HNzG8/cqVFEj9gnnI/osNYhIJRNFLfPrlDIjQxIzkxi0xoThzHIX276jruHGSVeAWpQoFG3/7qDRKWRTxGJqnWXc9N0Z9QhYJJPq30Ms1TysZ0yLuGxjTi2p/MA0zJuVEGJEyUeTGSufp7Y0IjrfMoMJMRxZFe9mbif143w/DKn4g4zZDHbHEozCTBhMzaIANhMqPMDaFMCfNXwkZUUYams4opwVuOvEpaNcdzHe++Vq1fF3WU4RTO4AI8uIQ63EIDmsBgCs/wCm/Wk/VivVsfi9GSVewcwx9Ynz96+5UD</latexit><latexit sha1_base64="G7uR195MByXAOOMWRJYt+qZlP9A=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYLXsptEyaKNdBPOAZAmzk9lkyOyDmbvCEtL4KzYWitj6GXb+jZNkC008MHA4517unBOkUmh03W+rtLa+sblV3q7s7O7tH9iHRy2dZIrxJktkojoB1VyKmDdRoOSdVHEaBZK3g/HNzG8/cqVFEj9gnnI/osNYhIJRNFLfPrlDIjQxIzkxi0xoThzHIX276jruHGSVeAWpQoFG3/7qDRKWRTxGJqnWXc9N0Z9QhYJJPq30Ms1TysZ0yLuGxjTi2p/MA0zJuVEGJEyUeTGSufp7Y0IjrfMoMJMRxZFe9mbif143w/DKn4g4zZDHbHEozCTBhMzaIANhMqPMDaFMCfNXwkZUUYams4opwVuOvEpaNcdzHe++Vq1fF3WU4RTO4AI8uIQ63EIDmsBgCs/wCm/Wk/VivVsfi9GSVewcwx9Ynz96+5UD</latexit>

HOLINS: The Protein Clocks of Bacteriophage Infections
<latexit sha1_base64="j86tt+MiWaYSueI5AyBGAe1JyKM="></latexit><latexit sha1_base64="j86tt+MiWaYSueI5AyBGAe1JyKM="></latexit><latexit sha1_base64="j86tt+MiWaYSueI5AyBGAe1JyKM="></latexit><latexit sha1_base64="j86tt+MiWaYSueI5AyBGAe1JyKM="></latexit>

Wang, Smith & Young, Annu Rev Microbiol (2000)
<latexit sha1_base64="ioNjqG9anrZf69r/K/vZOgl9gmM="></latexit><latexit sha1_base64="ioNjqG9anrZf69r/K/vZOgl9gmM="></latexit><latexit sha1_base64="ioNjqG9anrZf69r/K/vZOgl9gmM="></latexit><latexit sha1_base64="ioNjqG9anrZf69r/K/vZOgl9gmM="></latexit>

Holin triggering in real time
<latexit sha1_base64="N7XJZg/cIdBFGjSXfyVZuO8eCdI=">AAACE3icbVC7TsMwFHV4lvAKMLJYVEiIoUq6wFjB0rFI9CG1UeW4N6lVx4lsB6mK+g8s/AoLAwixsrDxNzhtBmg5kqXjc++59j1BypnSrvttra1vbG5tV3bs3b39g0Pn6LijkkxSaNOEJ7IXEAWcCWhrpjn0UgkkDjh0g8ltUe8+gFQsEfd6moIfk0iwkFGijTR0LvNBEOJmYvxYSxZFIJmIsLmZKRxrFsMM2wXw0Km6NXcOvEq8klRRidbQ+RqMEprFIDTlRKm+56baz4nUjHKY2YNMQUrohETQN1SQGJSfz3ea4XOjjHCYSHOExnP1tyMnsVLTODCdMdFjtVwrxP9q/UyH137ORJppEHTxUJiZVRNcBIRHTALVfGoIoZKZv2I6JpJQbWK0TQje8sqrpFOveW7Nu6tXGzdlHBV0is7QBfLQFWqgJmqhNqLoET2jV/RmPVkv1rv1sWhds0rPCfoD6/MHUGqb0Q==</latexit><latexit sha1_base64="N7XJZg/cIdBFGjSXfyVZuO8eCdI=">AAACE3icbVC7TsMwFHV4lvAKMLJYVEiIoUq6wFjB0rFI9CG1UeW4N6lVx4lsB6mK+g8s/AoLAwixsrDxNzhtBmg5kqXjc++59j1BypnSrvttra1vbG5tV3bs3b39g0Pn6LijkkxSaNOEJ7IXEAWcCWhrpjn0UgkkDjh0g8ltUe8+gFQsEfd6moIfk0iwkFGijTR0LvNBEOJmYvxYSxZFIJmIsLmZKRxrFsMM2wXw0Km6NXcOvEq8klRRidbQ+RqMEprFIDTlRKm+56baz4nUjHKY2YNMQUrohETQN1SQGJSfz3ea4XOjjHCYSHOExnP1tyMnsVLTODCdMdFjtVwrxP9q/UyH137ORJppEHTxUJiZVRNcBIRHTALVfGoIoZKZv2I6JpJQbWK0TQje8sqrpFOveW7Nu6tXGzdlHBV0is7QBfLQFWqgJmqhNqLoET2jV/RmPVkv1rv1sWhds0rPCfoD6/MHUGqb0Q==</latexit><latexit sha1_base64="N7XJZg/cIdBFGjSXfyVZuO8eCdI=">AAACE3icbVC7TsMwFHV4lvAKMLJYVEiIoUq6wFjB0rFI9CG1UeW4N6lVx4lsB6mK+g8s/AoLAwixsrDxNzhtBmg5kqXjc++59j1BypnSrvttra1vbG5tV3bs3b39g0Pn6LijkkxSaNOEJ7IXEAWcCWhrpjn0UgkkDjh0g8ltUe8+gFQsEfd6moIfk0iwkFGijTR0LvNBEOJmYvxYSxZFIJmIsLmZKRxrFsMM2wXw0Km6NXcOvEq8klRRidbQ+RqMEprFIDTlRKm+56baz4nUjHKY2YNMQUrohETQN1SQGJSfz3ea4XOjjHCYSHOExnP1tyMnsVLTODCdMdFjtVwrxP9q/UyH137ORJppEHTxUJiZVRNcBIRHTALVfGoIoZKZv2I6JpJQbWK0TQje8sqrpFOveW7Nu6tXGzdlHBV0is7QBfLQFWqgJmqhNqLoET2jV/RmPVkv1rv1sWhds0rPCfoD6/MHUGqb0Q==</latexit><latexit sha1_base64="N7XJZg/cIdBFGjSXfyVZuO8eCdI=">AAACE3icbVC7TsMwFHV4lvAKMLJYVEiIoUq6wFjB0rFI9CG1UeW4N6lVx4lsB6mK+g8s/AoLAwixsrDxNzhtBmg5kqXjc++59j1BypnSrvttra1vbG5tV3bs3b39g0Pn6LijkkxSaNOEJ7IXEAWcCWhrpjn0UgkkDjh0g8ltUe8+gFQsEfd6moIfk0iwkFGijTR0LvNBEOJmYvxYSxZFIJmIsLmZKRxrFsMM2wXw0Km6NXcOvEq8klRRidbQ+RqMEprFIDTlRKm+56baz4nUjHKY2YNMQUrohETQN1SQGJSfz3ea4XOjjHCYSHOExnP1tyMnsVLTODCdMdFjtVwrxP9q/UyH137ORJppEHTxUJiZVRNcBIRHTALVfGoIoZKZv2I6JpJQbWK0TQje8sqrpFOveW7Nu6tXGzdlHBV0is7QBfLQFWqgJmqhNqLoET2jV/RmPVkv1rv1sWhds0rPCfoD6/MHUGqb0Q==</latexit>

White et. al. PNAS (2011)
<latexit sha1_base64="Tuf7QWQ/+nSF3rgTWUz4LDQ6tjo=">AAACCHicbVC7SgNBFJ31GeMramnhYBBis+ym0TJqYyURzQOSJcxO7iZDZh/M3BXCktLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce4+fSKHRcb6tpeWV1bX13EZ+c2t7Z7ewt1/Xcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A19hsPoLSIo3scJuCFrBeJQHCGRuoUjhp9gUABbcqkTbO2QFq9ubgb0VLZcd3TTqHo2M4EdJG4M1IkM1Q7ha92N+ZpCBFyybRuuU6CXsYUCi5hlG+nGhLGB6wHLUMjFoL2sskjI3pilC4NYmUqQjpRf09kLNR6GPqmM2TY1/PeWPzPa6UYnHuZiJIUIeLTRUEqKcZ0nArtCgUc5dAQxpUwt1LeZ4pxNNnlTQju/MuLpF62Xcd2b8vFyuUsjhw5JMekRFxyRirkmlRJjXDySJ7JK3mznqwX6936mLYuWbOZA/IH1ucPZHaW+g==</latexit><latexit sha1_base64="Tuf7QWQ/+nSF3rgTWUz4LDQ6tjo=">AAACCHicbVC7SgNBFJ31GeMramnhYBBis+ym0TJqYyURzQOSJcxO7iZDZh/M3BXCktLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce4+fSKHRcb6tpeWV1bX13EZ+c2t7Z7ewt1/Xcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A19hsPoLSIo3scJuCFrBeJQHCGRuoUjhp9gUABbcqkTbO2QFq9ubgb0VLZcd3TTqHo2M4EdJG4M1IkM1Q7ha92N+ZpCBFyybRuuU6CXsYUCi5hlG+nGhLGB6wHLUMjFoL2sskjI3pilC4NYmUqQjpRf09kLNR6GPqmM2TY1/PeWPzPa6UYnHuZiJIUIeLTRUEqKcZ0nArtCgUc5dAQxpUwt1LeZ4pxNNnlTQju/MuLpF62Xcd2b8vFyuUsjhw5JMekRFxyRirkmlRJjXDySJ7JK3mznqwX6936mLYuWbOZA/IH1ucPZHaW+g==</latexit><latexit sha1_base64="Tuf7QWQ/+nSF3rgTWUz4LDQ6tjo=">AAACCHicbVC7SgNBFJ31GeMramnhYBBis+ym0TJqYyURzQOSJcxO7iZDZh/M3BXCktLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce4+fSKHRcb6tpeWV1bX13EZ+c2t7Z7ewt1/Xcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A19hsPoLSIo3scJuCFrBeJQHCGRuoUjhp9gUABbcqkTbO2QFq9ubgb0VLZcd3TTqHo2M4EdJG4M1IkM1Q7ha92N+ZpCBFyybRuuU6CXsYUCi5hlG+nGhLGB6wHLUMjFoL2sskjI3pilC4NYmUqQjpRf09kLNR6GPqmM2TY1/PeWPzPa6UYnHuZiJIUIeLTRUEqKcZ0nArtCgUc5dAQxpUwt1LeZ4pxNNnlTQju/MuLpF62Xcd2b8vFyuUsjhw5JMekRFxyRirkmlRJjXDySJ7JK3mznqwX6936mLYuWbOZA/IH1ucPZHaW+g==</latexit><latexit sha1_base64="Tuf7QWQ/+nSF3rgTWUz4LDQ6tjo=">AAACCHicbVC7SgNBFJ31GeMramnhYBBis+ym0TJqYyURzQOSJcxO7iZDZh/M3BXCktLGX7GxUMTWT7Dzb5w8Ck08cOFwzr3ce4+fSKHRcb6tpeWV1bX13EZ+c2t7Z7ewt1/Xcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A19hsPoLSIo3scJuCFrBeJQHCGRuoUjhp9gUABbcqkTbO2QFq9ubgb0VLZcd3TTqHo2M4EdJG4M1IkM1Q7ha92N+ZpCBFyybRuuU6CXsYUCi5hlG+nGhLGB6wHLUMjFoL2sskjI3pilC4NYmUqQjpRf09kLNR6GPqmM2TY1/PeWPzPa6UYnHuZiJIUIeLTRUEqKcZ0nArtCgUc5dAQxpUwt1LeZ4pxNNnlTQju/MuLpF62Xcd2b8vFyuUsjhw5JMekRFxyRirkmlRJjXDySJ7JK3mznqwX6936mLYuWbOZA/IH1ucPZHaW+g==</latexit>

It is imprecise too (has stochasticity) ...
<latexit sha1_base64="gn7iHBgvIFglFELlz9sCEYr9Bys=">AAACGXicbVC7TsMwFHXKq4RXgJHFokIqS5R0gbGCBbYi0YfURpXjOq1VJ47sG6Qq6m+w8CssDCDECBN/g9tmgJYjWT46955r3xOmgmvwvG+rtLa+sblV3rZ3dvf2D5zDo5aWmaKsSaWQqhMSzQRPWBM4CNZJFSNxKFg7HF/P6u0HpjSXyT1MUhbEZJjwiFMCRuo73i1grjGPjYtyzTBIiasjorEGSc0NnHKYnGPXdW0D3HcqnuvNgVeJX5AKKtDoO5+9gaRZzBKggmjd9b0UgpwoM1mwqd3LNEsJHZMh6xqakJjpIJ9vNsVnRhngSCpzEsBz9bcjJ7HWkzg0nTGBkV6uzcT/at0Mossg50maAUvo4qEoE2Z9PIsJD7jJA8TEEEIVN3/FJg1FKJgwbROCv7zyKmnVXN9z/btapX5VxFFGJ+gUVZGPLlAd3aAGaiKKHtEzekVv1pP1Yr1bH4vWklV4jtEfWF8/Sxmd3w==</latexit><latexit sha1_base64="gn7iHBgvIFglFELlz9sCEYr9Bys=">AAACGXicbVC7TsMwFHXKq4RXgJHFokIqS5R0gbGCBbYi0YfURpXjOq1VJ47sG6Qq6m+w8CssDCDECBN/g9tmgJYjWT46955r3xOmgmvwvG+rtLa+sblV3rZ3dvf2D5zDo5aWmaKsSaWQqhMSzQRPWBM4CNZJFSNxKFg7HF/P6u0HpjSXyT1MUhbEZJjwiFMCRuo73i1grjGPjYtyzTBIiasjorEGSc0NnHKYnGPXdW0D3HcqnuvNgVeJX5AKKtDoO5+9gaRZzBKggmjd9b0UgpwoM1mwqd3LNEsJHZMh6xqakJjpIJ9vNsVnRhngSCpzEsBz9bcjJ7HWkzg0nTGBkV6uzcT/at0Mossg50maAUvo4qEoE2Z9PIsJD7jJA8TEEEIVN3/FJg1FKJgwbROCv7zyKmnVXN9z/btapX5VxFFGJ+gUVZGPLlAd3aAGaiKKHtEzekVv1pP1Yr1bH4vWklV4jtEfWF8/Sxmd3w==</latexit><latexit sha1_base64="gn7iHBgvIFglFELlz9sCEYr9Bys=">AAACGXicbVC7TsMwFHXKq4RXgJHFokIqS5R0gbGCBbYi0YfURpXjOq1VJ47sG6Qq6m+w8CssDCDECBN/g9tmgJYjWT46955r3xOmgmvwvG+rtLa+sblV3rZ3dvf2D5zDo5aWmaKsSaWQqhMSzQRPWBM4CNZJFSNxKFg7HF/P6u0HpjSXyT1MUhbEZJjwiFMCRuo73i1grjGPjYtyzTBIiasjorEGSc0NnHKYnGPXdW0D3HcqnuvNgVeJX5AKKtDoO5+9gaRZzBKggmjd9b0UgpwoM1mwqd3LNEsJHZMh6xqakJjpIJ9vNsVnRhngSCpzEsBz9bcjJ7HWkzg0nTGBkV6uzcT/at0Mossg50maAUvo4qEoE2Z9PIsJD7jJA8TEEEIVN3/FJg1FKJgwbROCv7zyKmnVXN9z/btapX5VxFFGJ+gUVZGPLlAd3aAGaiKKHtEzekVv1pP1Yr1bH4vWklV4jtEfWF8/Sxmd3w==</latexit><latexit sha1_base64="gn7iHBgvIFglFELlz9sCEYr9Bys=">AAACGXicbVC7TsMwFHXKq4RXgJHFokIqS5R0gbGCBbYi0YfURpXjOq1VJ47sG6Qq6m+w8CssDCDECBN/g9tmgJYjWT46955r3xOmgmvwvG+rtLa+sblV3rZ3dvf2D5zDo5aWmaKsSaWQqhMSzQRPWBM4CNZJFSNxKFg7HF/P6u0HpjSXyT1MUhbEZJjwiFMCRuo73i1grjGPjYtyzTBIiasjorEGSc0NnHKYnGPXdW0D3HcqnuvNgVeJX5AKKtDoO5+9gaRZzBKggmjd9b0UgpwoM1mwqd3LNEsJHZMh6xqakJjpIJ9vNsVnRhngSCpzEsBz9bcjJ7HWkzg0nTGBkV6uzcT/at0Mossg50maAUvo4qEoE2Z9PIsJD7jJA8TEEEIVN3/FJg1FKJgwbROCv7zyKmnVXN9z/btapX5VxFFGJ+gUVZGPLlAd3aAGaiKKHtEzekVv1pP1Yr1bH4vWklV4jtEfWF8/Sxmd3w==</latexit>

Dennehy & Wang, BMC Microbiology (2011)
<latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit><latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit><latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit><latexit sha1_base64="w/RQW7OIX5ucDIFhtZZSpqqOIX8=">AAACF3icbVDLSgMxFM3UV62vqks3waJUkDLTjS5L68JNoYJ9QGcomfS2Dc1khiQjDEP/wo2/4saFIm5159+YPhbaeuDC4Zx7k3uPH3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUUmEsKTRpyEPZ8YkCzgQ0NdMcOpEEEvgc2v64NvXbDyAVC8W9TiLwAjIUbMAo0Ubq5Us3IASMEuye4zYRw0ucukzjar2G64zK0GfmiWEywcWy7TgXvXzBLtkz4FXiLEgBLdDo5b/cfkjjAISmnCjVdexIeymRmlEOk5wbK4gIHZMhdA0VJADlpbO7JvjMKH08CKUpofFM/T2RkkCpJPBNZ0D0SC17U/E/rxvrwbWXMhHFGgSdfzSIOdYhnoaE+0wC1TwxhFDJzK6YjogkVJsocyYEZ/nkVdIqlxy75NyVC5XqIo4sOkGnqIgcdIUq6BY1UBNR9Iie0St6s56sF+vd+pi3ZqzFzDH6A+vzB/gdnUI=</latexit>

Factors influencing lysis time stochasticity in bacteriophage �
<latexit sha1_base64="g3YvAZeeVa85zF7oI2+NGjWfyqc="></latexit><latexit sha1_base64="g3YvAZeeVa85zF7oI2+NGjWfyqc="></latexit><latexit sha1_base64="g3YvAZeeVa85zF7oI2+NGjWfyqc="></latexit><latexit sha1_base64="g3YvAZeeVa85zF7oI2+NGjWfyqc="></latexit>

Stochastic holin expression can account for lysis time variation in
<latexit sha1_base64="7EuJsPKIvOWAOAXIwLEfuH7B0iE="></latexit><latexit sha1_base64="7EuJsPKIvOWAOAXIwLEfuH7B0iE="></latexit><latexit sha1_base64="7EuJsPKIvOWAOAXIwLEfuH7B0iE="></latexit><latexit sha1_base64="7EuJsPKIvOWAOAXIwLEfuH7B0iE="></latexit>

the bacteriophage �
<latexit sha1_base64="nT+L2JtpMRDkAu8I+QlO8y1kkB8=">AAACEHicbVC7TsMwFHXKq4RXgJHFokUwVUkXGCtYGItEH1IbVY5z01h1HrIdpCrqJ7DwKywMIMTKyMbf4KYZoOVIlo7OuQ/f46WcSWXb30ZlbX1jc6u6be7s7u0fWIdHXZlkgkKHJjwRfY9I4CyGjmKKQz8VQCKPQ8+b3Mz93gMIyZL4Xk1TcCMyjlnAKFFaGlnn+dALsAoBe4QqECxJQzIGXB9yPcQn9Rk2NfDIqtkNuwBeJU5JaqhEe2R9Df2EZhHEinIi5cCxU+XmRChGOczMYSYhJXSilw00jUkE0s2Lg2b4TCs+DhKhX6xwof7uyEkk5TTydGVEVCiXvbn4nzfIVHDl5ixOMwUxXSwKMo5VgufpYJ8JoIpPNSFUMP1XTEMiimikqUNwlk9eJd1mw7Ebzl2z1rou46iiE3SKLpCDLlEL3aI26iCKHtEzekVvxpPxYrwbH4vSilH2HKM/MD5/AB2dmqc=</latexit><latexit sha1_base64="nT+L2JtpMRDkAu8I+QlO8y1kkB8=">AAACEHicbVC7TsMwFHXKq4RXgJHFokUwVUkXGCtYGItEH1IbVY5z01h1HrIdpCrqJ7DwKywMIMTKyMbf4KYZoOVIlo7OuQ/f46WcSWXb30ZlbX1jc6u6be7s7u0fWIdHXZlkgkKHJjwRfY9I4CyGjmKKQz8VQCKPQ8+b3Mz93gMIyZL4Xk1TcCMyjlnAKFFaGlnn+dALsAoBe4QqECxJQzIGXB9yPcQn9Rk2NfDIqtkNuwBeJU5JaqhEe2R9Df2EZhHEinIi5cCxU+XmRChGOczMYSYhJXSilw00jUkE0s2Lg2b4TCs+DhKhX6xwof7uyEkk5TTydGVEVCiXvbn4nzfIVHDl5ixOMwUxXSwKMo5VgufpYJ8JoIpPNSFUMP1XTEMiimikqUNwlk9eJd1mw7Ebzl2z1rou46iiE3SKLpCDLlEL3aI26iCKHtEzekVvxpPxYrwbH4vSilH2HKM/MD5/AB2dmqc=</latexit><latexit sha1_base64="nT+L2JtpMRDkAu8I+QlO8y1kkB8=">AAACEHicbVC7TsMwFHXKq4RXgJHFokUwVUkXGCtYGItEH1IbVY5z01h1HrIdpCrqJ7DwKywMIMTKyMbf4KYZoOVIlo7OuQ/f46WcSWXb30ZlbX1jc6u6be7s7u0fWIdHXZlkgkKHJjwRfY9I4CyGjmKKQz8VQCKPQ8+b3Mz93gMIyZL4Xk1TcCMyjlnAKFFaGlnn+dALsAoBe4QqECxJQzIGXB9yPcQn9Rk2NfDIqtkNuwBeJU5JaqhEe2R9Df2EZhHEinIi5cCxU+XmRChGOczMYSYhJXSilw00jUkE0s2Lg2b4TCs+DhKhX6xwof7uyEkk5TTydGVEVCiXvbn4nzfIVHDl5ixOMwUxXSwKMo5VgufpYJ8JoIpPNSFUMP1XTEMiimikqUNwlk9eJd1mw7Ebzl2z1rou46iiE3SKLpCDLlEL3aI26iCKHtEzekVvxpPxYrwbH4vSilH2HKM/MD5/AB2dmqc=</latexit><latexit sha1_base64="nT+L2JtpMRDkAu8I+QlO8y1kkB8=">AAACEHicbVC7TsMwFHXKq4RXgJHFokUwVUkXGCtYGItEH1IbVY5z01h1HrIdpCrqJ7DwKywMIMTKyMbf4KYZoOVIlo7OuQ/f46WcSWXb30ZlbX1jc6u6be7s7u0fWIdHXZlkgkKHJjwRfY9I4CyGjmKKQz8VQCKPQ8+b3Mz93gMIyZL4Xk1TcCMyjlnAKFFaGlnn+dALsAoBe4QqECxJQzIGXB9yPcQn9Rk2NfDIqtkNuwBeJU5JaqhEe2R9Df2EZhHEinIi5cCxU+XmRChGOczMYSYhJXSilw00jUkE0s2Lg2b4TCs+DhKhX6xwof7uyEkk5TTydGVEVCiXvbn4nzfIVHDl5ixOMwUxXSwKMo5VgufpYJ8JoIpPNSFUMP1XTEMiimikqUNwlk9eJd1mw7Ebzl2z1rou46iiE3SKLpCDLlEL3aI26iCKHtEzekVvxpPxYrwbH4vSilH2HKM/MD5/AB2dmqc=</latexit>

Singh & Dennehy, J.R. Soc Interface (2014)
<latexit sha1_base64="PA5PCPsez2vh8FfhmVJftY5bssI="></latexit><latexit sha1_base64="PA5PCPsez2vh8FfhmVJftY5bssI="></latexit><latexit sha1_base64="PA5PCPsez2vh8FfhmVJftY5bssI="></latexit><latexit sha1_base64="PA5PCPsez2vh8FfhmVJftY5bssI="></latexit>



Can one “ Control / Engineer ” Mean First Passage Time and fluctuations ? 

Wang, Genetics (2006)
<latexit sha1_base64="FPnRTCLI3J+RP3cui5dPact55cc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpRMF+qy6EKXFewD2qFk0ts2NJMZkoxQhm7c+CtuXCji1n9w59+YtrPQ6oELh3PuTe49QSy4NoR8Obml5ZXVtfx6YWNza3vH3d1r6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB0NfWb96A0j+SdGcfgh3QgeZ8zaqzUdQ+bVA5OcdrhBl+DBMOZnuBShZCzE9x1i6RMZsB/iZeRIspQ67qfnV7EkhCkYYJq3fZIbPyUKvusgEmhk2iIKRvRAbQtlTQE7aezKyb42Co93I+ULWnwTP05kdJQ63EY2M6QmqFe9Kbif147Mf0LP+UyTgxINv+onwhsIjyNBPe4AmbE2BLKFLe7YjakijJjgyvYELzFk/+SRqXskbJ3WylWL7M48ugAHaES8tA5qqIbVEN1xNADekIv6NV5dJ6dN+d93ppzspl99AvOxzdEm5Z2</latexit><latexit sha1_base64="FPnRTCLI3J+RP3cui5dPact55cc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpRMF+qy6EKXFewD2qFk0ts2NJMZkoxQhm7c+CtuXCji1n9w59+YtrPQ6oELh3PuTe49QSy4NoR8Obml5ZXVtfx6YWNza3vH3d1r6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB0NfWb96A0j+SdGcfgh3QgeZ8zaqzUdQ+bVA5OcdrhBl+DBMOZnuBShZCzE9x1i6RMZsB/iZeRIspQ67qfnV7EkhCkYYJq3fZIbPyUKvusgEmhk2iIKRvRAbQtlTQE7aezKyb42Co93I+ULWnwTP05kdJQ63EY2M6QmqFe9Kbif147Mf0LP+UyTgxINv+onwhsIjyNBPe4AmbE2BLKFLe7YjakijJjgyvYELzFk/+SRqXskbJ3WylWL7M48ugAHaES8tA5qqIbVEN1xNADekIv6NV5dJ6dN+d93ppzspl99AvOxzdEm5Z2</latexit><latexit sha1_base64="FPnRTCLI3J+RP3cui5dPact55cc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpRMF+qy6EKXFewD2qFk0ts2NJMZkoxQhm7c+CtuXCji1n9w59+YtrPQ6oELh3PuTe49QSy4NoR8Obml5ZXVtfx6YWNza3vH3d1r6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB0NfWb96A0j+SdGcfgh3QgeZ8zaqzUdQ+bVA5OcdrhBl+DBMOZnuBShZCzE9x1i6RMZsB/iZeRIspQ67qfnV7EkhCkYYJq3fZIbPyUKvusgEmhk2iIKRvRAbQtlTQE7aezKyb42Co93I+ULWnwTP05kdJQ63EY2M6QmqFe9Kbif147Mf0LP+UyTgxINv+onwhsIjyNBPe4AmbE2BLKFLe7YjakijJjgyvYELzFk/+SRqXskbJ3WylWL7M48ugAHaES8tA5qqIbVEN1xNADekIv6NV5dJ6dN+d93ppzspl99AvOxzdEm5Z2</latexit><latexit sha1_base64="FPnRTCLI3J+RP3cui5dPact55cc=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpRMF+qy6EKXFewD2qFk0ts2NJMZkoxQhm7c+CtuXCji1n9w59+YtrPQ6oELh3PuTe49QSy4NoR8Obml5ZXVtfx6YWNza3vH3d1r6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB0NfWb96A0j+SdGcfgh3QgeZ8zaqzUdQ+bVA5OcdrhBl+DBMOZnuBShZCzE9x1i6RMZsB/iZeRIspQ67qfnV7EkhCkYYJq3fZIbPyUKvusgEmhk2iIKRvRAbQtlTQE7aezKyb42Co93I+ULWnwTP05kdJQ63EY2M6QmqFe9Kbif147Mf0LP+UyTgxINv+onwhsIjyNBPe4AmbE2BLKFLe7YjakijJjgyvYELzFk/+SRqXskbJ3WylWL7M48ugAHaES8tA5qqIbVEN1xNADekIv6NV5dJ6dN+d93ppzspl99AvOxzdEm5Z2</latexit>

• Di↵erent lysis times ) di↵erent fitness
<latexit sha1_base64="n7fUcri6OCOSjraK/tbDNsEkhv8="></latexit><latexit sha1_base64="n7fUcri6OCOSjraK/tbDNsEkhv8="></latexit><latexit sha1_base64="n7fUcri6OCOSjraK/tbDNsEkhv8="></latexit><latexit sha1_base64="n7fUcri6OCOSjraK/tbDNsEkhv8="></latexit>

Since there is no a priori quantitative model describing
the relationship between lysis time and phage fitness, a
quadratic function was used to fit the entire data set.
With the current data set, the estimated maximum
fitness is 2.71 hr!1 and the optimal lysis time is 44.62min
[y ¼ 2.486 1 0.005x ! 0.002(x ! 43.816)2, P ¼ 0.0006,
using the statistical package of JMP v.5.0.1a for the
Macintosh computer]. In contrast, linear regression
analysis of the same data set is not significant (P ¼
0.6615). This result supports the general expectation

that, at least under the experimental condition, an
optimal lysis time exists for phage fitness. Too long or
too short a lysis time is detrimental to phage fitness.
Lysis times and burst sizes: Theoretical analysis of the

optimal lysis time assumed a positive relationship be-
tween lysis time and burst size; i.e., the longer the lysis
time is, the larger the burst size. It is the trade-off be-
tween the current, guaranteed linear gain and a future,
potential exponential gain that a phage will evolve toward
an optimal lysis time. Therefore, it is important to de-
termine that under the experimental condition there is
a positive linear relationship between lysis time and
burst size. This also ensures thatmutations at each S allele
do not have a negative pleiotropic effect on production
of phage progeny. A plot of the burst size vs. the lysis time
(Figure 5) clearly shows a linear relationship. Linear
regression analysis shows that phage progeny matures at
a rate of 7.7 phages min!1, and the eclipse period (the
time elapsedbetween phage infection and appearance of
the first mature phage progeny) is #28 min. This result
also suggests that there is no obvious pleiotropic effect of
the S alleles on phage progeny production.
Simulation of the infection dynamics: The previous

optimality model (Wang et al. 1996) assumed an
environment with constant host density and physiolog-
ical state, a condition clearly violated by the current
fitness assay design, namely phage growth in a tube
culture. To understand the relationship between lysis
timing and phage fitness under the current experimen-
tal condition, a model of phage population dynamics,
modified from Levin et al. (1977), was constructed.

Figure 3.—The lysis curves of three l S alleles. The culture
turbidity (in A550) was sampled every 2 min using a sipper-
equipped spectrophotometer. In this particular example,
the lysis times for l(S105L14C/C51S) (n), l(Swt) (d), and
l(SS68C) (:) are 41, 51, and 63 min, respectively.

Figure 4.—An example of the population dynamics during
fitness assay. The concentrations of E. coli (s) infected with
l(S105) (d) were plotted against time. Another phage strain,
l(S105C51S/S76C) (n), was also plotted (the corresponding
host concentration is not shown).

Figure 5.—The effect of lysis time on burst size and fitness.
For each of the 11 S alleles, burst size (h), individual fitness
measurements (d), and average fitness (s) are plotted
against their corresponding lysis times. Error bars indicate
one standard error. The dashed curve shows the quadratic
fit of the individual fitness measurements, and the solid linear
line represents the regression of burst size on lysis time.
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CFPTD = ! 1
g
log

!
1! X

xs

"
; (Equation 1)

where g is the cellular growth rate, X is the lysis threshold, and xs is the steady-state mean holin concentra-

tion reached after a long time if there was no lysis. Moreover, the noise in FPT was derived as

CV2
FPT = CV 2

x

½e2gCFPTD ! 1#
ðgCFPTDÞ2

; (Equation 2)

whereCV2
x quantifies the extent of stochasticity in holin expression. It is important to point out thatCV2

x is deter-

mined by the frequency and size of expression bursts (see Equation S13), which in turn depend on transcription

and translation rates, respectively. As holin expression levels are unaltered across mutants, we consider CV2
x to

be a constant as the mean FPT is varied with increasing lysis threshold. Intriguingly, this formula predicts the

timing noise to vary non-monotonically with the mean FPT and provides an excellent fit to the data (black line

in Figure 2). A key insight from (2) is that the noise is minimal when the threshold is 55% of the steady-state holin

concentration xs. Intuitively, when the threshold is low, lysis results from a fewbursting events, and increasing the

threshold suppresses noise through more effective time averaging of burst events. In contrast, at a high

threshold close to the steady-state holin level, the holin concentration starts saturating and crossing the

threshold becomes a noise-driven event. In this regime, increasing the threshold enhances noise as holin

concentration trajectories become evenmore shallower. In summary, our study uncoversmechanisms for gener-

ating precision in the timing of cellular events given the unavoidable constraints of stochastic gene expression

and dilution from cellular growth. We first show that genetic variation in event-timing noise exists. We addition-

ally show that this noise follows a consistent pattern where mutations increasing or decreasing the event

threshold relative to an optimum value increases noise.

These results suggest that event timing noise may be a feature of cellular event timing systems that is

amenable to natural selection. For critical cellular processes, such as apoptosis, cell division, and cell

Figure 2. Noise in Lysis Timing Is Minimized at Intermediate Threshold

Noise in first-passage time (FPT) as quantified using the coefficient of variation squared (CV2) is shown plotted against

mean FPT across holin mutants. Each point represents an isogenic l strain with amino acid substitutions (Table 1)

affecting the lysis threshold. Thesemutants show changes in FPT and CV2 consistent with themodel prediction (black line,

Equation 2). Equation 2 was fitting to the data considering a 40-min cell doubling time (i.e., E. coli growth at 30&C), with a

single-fitting parameterCVx , which was estimated to beCVx = 0:05. Threshold is optimal at the base of the plot where the

noise is minimized. WT, l strain with wild-type S gene; S105, l strain bearing the S105 allele (holin); error bars, 95% CIs

after bootstrapping (1,000 replicates).
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Dennehy & Wang, BMC Microbiology (2011)
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• Control late promoter pR0 activity
<latexit sha1_base64="CKAqyaQwT784yZED6HEPUms+348="></latexit><latexit sha1_base64="CKAqyaQwT784yZED6HEPUms+348="></latexit><latexit sha1_base64="CKAqyaQwT784yZED6HEPUms+348="></latexit><latexit sha1_base64="CKAqyaQwT784yZED6HEPUms+348="></latexit>

• Gene expression (noisy)
<latexit sha1_base64="R4ZWnvwuUy3LvEJm2LqmDWig6SY=">AAACCnicdVBNSwMxFMzWr1q/qh69RKuglyUpVnssetCjglWhXUo2fbWh2eySZMWy9OzFv+LFgyJe/QXe/DemtYKKDgSGmXm8vAkTKYwl5N3LTUxOTc/kZwtz8wuLS8XllXMTp5pDnccy1pchMyCFgroVVsJlooFFoYSLsHc49C+uQRsRqzPbTyCI2JUSHcGZdVKruL7ZDFMpwW7iI1CA4caNm2Ecb6tYmP5Oq1giPtmr7NIqJn6F0CqtOFKuUELKmPpkhBIa46RVfGu2Y55GoCyXzJgGJYkNMqat4BIGhWZqIGG8x66g4ahiEZggG50ywFtOaeNOrN1TFo/U7xMZi4zpR6FLRsx2zW9vKP7lNVLbqQaZUElqQfHPRZ1UYhvjYS+4LTRwK/uOMK6F+yvmXaYZt669givh61L8Pzkv+5T49LRcqh2M68ijNbSBthFF+6iGjtEJqiOObtE9ekRP3p334D17L5/RnDeeWUU/4L1+AFDRmgc=</latexit><latexit sha1_base64="R4ZWnvwuUy3LvEJm2LqmDWig6SY=">AAACCnicdVBNSwMxFMzWr1q/qh69RKuglyUpVnssetCjglWhXUo2fbWh2eySZMWy9OzFv+LFgyJe/QXe/DemtYKKDgSGmXm8vAkTKYwl5N3LTUxOTc/kZwtz8wuLS8XllXMTp5pDnccy1pchMyCFgroVVsJlooFFoYSLsHc49C+uQRsRqzPbTyCI2JUSHcGZdVKruL7ZDFMpwW7iI1CA4caNm2Ecb6tYmP5Oq1giPtmr7NIqJn6F0CqtOFKuUELKmPpkhBIa46RVfGu2Y55GoCyXzJgGJYkNMqat4BIGhWZqIGG8x66g4ahiEZggG50ywFtOaeNOrN1TFo/U7xMZi4zpR6FLRsx2zW9vKP7lNVLbqQaZUElqQfHPRZ1UYhvjYS+4LTRwK/uOMK6F+yvmXaYZt669givh61L8Pzkv+5T49LRcqh2M68ijNbSBthFF+6iGjtEJqiOObtE9ekRP3p334D17L5/RnDeeWUU/4L1+AFDRmgc=</latexit><latexit sha1_base64="R4ZWnvwuUy3LvEJm2LqmDWig6SY=">AAACCnicdVBNSwMxFMzWr1q/qh69RKuglyUpVnssetCjglWhXUo2fbWh2eySZMWy9OzFv+LFgyJe/QXe/DemtYKKDgSGmXm8vAkTKYwl5N3LTUxOTc/kZwtz8wuLS8XllXMTp5pDnccy1pchMyCFgroVVsJlooFFoYSLsHc49C+uQRsRqzPbTyCI2JUSHcGZdVKruL7ZDFMpwW7iI1CA4caNm2Ecb6tYmP5Oq1giPtmr7NIqJn6F0CqtOFKuUELKmPpkhBIa46RVfGu2Y55GoCyXzJgGJYkNMqat4BIGhWZqIGG8x66g4ahiEZggG50ywFtOaeNOrN1TFo/U7xMZi4zpR6FLRsx2zW9vKP7lNVLbqQaZUElqQfHPRZ1UYhvjYS+4LTRwK/uOMK6F+yvmXaYZt669givh61L8Pzkv+5T49LRcqh2M68ijNbSBthFF+6iGjtEJqiOObtE9ekRP3p334D17L5/RnDeeWUU/4L1+AFDRmgc=</latexit><latexit sha1_base64="R4ZWnvwuUy3LvEJm2LqmDWig6SY=">AAACCnicdVBNSwMxFMzWr1q/qh69RKuglyUpVnssetCjglWhXUo2fbWh2eySZMWy9OzFv+LFgyJe/QXe/DemtYKKDgSGmXm8vAkTKYwl5N3LTUxOTc/kZwtz8wuLS8XllXMTp5pDnccy1pchMyCFgroVVsJlooFFoYSLsHc49C+uQRsRqzPbTyCI2JUSHcGZdVKruL7ZDFMpwW7iI1CA4caNm2Ecb6tYmP5Oq1giPtmr7NIqJn6F0CqtOFKuUELKmPpkhBIa46RVfGu2Y55GoCyXzJgGJYkNMqat4BIGhWZqIGG8x66g4ahiEZggG50ywFtOaeNOrN1TFo/U7xMZi4zpR6FLRsx2zW9vKP7lNVLbqQaZUElqQfHPRZ1UYhvjYS+4LTRwK/uOMK6F+yvmXaYZt669givh61L8Pzkv+5T49LRcqh2M68ijNbSBthFF+6iGjtEJqiOObtE9ekRP3p334D17L5/RnDeeWUU/4L1+AFDRmgc=</latexit>

– intrinsic
<latexit sha1_base64="SipUq1VCynP9W9Iu9opAdMs9Oqc=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgk3CXJpZBG8sI5gOSI+xt9pIle3vH7pwQjvwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrDapVIhRqoYxgw3LFrblLkE3i5aQCOVrD8tdgFLM04gqZpMb0PTdBP6MaBZN8XhqkhieUTemY9y1VNOLGz5Y3z8mVVUYkjLUthWSp/p7IaGTMLApsZ0RxYta9hfif108xvPEzoZIUuWKrRWEqCcZkEQAZCc0ZypkllGlhbyVsQjVlaGMq2RC89Zc3Sade89ya91CvNG/zOIpwAZdwDR40oAn30II2MEjgGV7hzUmdF+fd+Vi1Fpx85hz+wPn8AV9pkT0=</latexit><latexit sha1_base64="SipUq1VCynP9W9Iu9opAdMs9Oqc=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgk3CXJpZBG8sI5gOSI+xt9pIle3vH7pwQjvwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrDapVIhRqoYxgw3LFrblLkE3i5aQCOVrD8tdgFLM04gqZpMb0PTdBP6MaBZN8XhqkhieUTemY9y1VNOLGz5Y3z8mVVUYkjLUthWSp/p7IaGTMLApsZ0RxYta9hfif108xvPEzoZIUuWKrRWEqCcZkEQAZCc0ZypkllGlhbyVsQjVlaGMq2RC89Zc3Sade89ya91CvNG/zOIpwAZdwDR40oAn30II2MEjgGV7hzUmdF+fd+Vi1Fpx85hz+wPn8AV9pkT0=</latexit><latexit sha1_base64="SipUq1VCynP9W9Iu9opAdMs9Oqc=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgk3CXJpZBG8sI5gOSI+xt9pIle3vH7pwQjvwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrDapVIhRqoYxgw3LFrblLkE3i5aQCOVrD8tdgFLM04gqZpMb0PTdBP6MaBZN8XhqkhieUTemY9y1VNOLGz5Y3z8mVVUYkjLUthWSp/p7IaGTMLApsZ0RxYta9hfif108xvPEzoZIUuWKrRWEqCcZkEQAZCc0ZypkllGlhbyVsQjVlaGMq2RC89Zc3Sade89ya91CvNG/zOIpwAZdwDR40oAn30II2MEjgGV7hzUmdF+fd+Vi1Fpx85hz+wPn8AV9pkT0=</latexit><latexit sha1_base64="SipUq1VCynP9W9Iu9opAdMs9Oqc=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgk3CXJpZBG8sI5gOSI+xt9pIle3vH7pwQjvwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrDapVIhRqoYxgw3LFrblLkE3i5aQCOVrD8tdgFLM04gqZpMb0PTdBP6MaBZN8XhqkhieUTemY9y1VNOLGz5Y3z8mVVUYkjLUthWSp/p7IaGTMLApsZ0RxYta9hfif108xvPEzoZIUuWKrRWEqCcZkEQAZCc0ZypkllGlhbyVsQjVlaGMq2RC89Zc3Sade89ya91CvNG/zOIpwAZdwDR40oAn30II2MEjgGV7hzUmdF+fd+Vi1Fpx85hz+wPn8AV9pkT0=</latexit>

Full Statistics ?
<latexit sha1_base64="jTpjBS86ozH0ZFds+27b+q+BpaM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZmxtHVlURCXFe0D2qFk0kwbmskMSUYspb/ixoUibv0Rd/6NmbaCih4InJxz783NCRLOlEbow1paXlldW89t5De3tnd27b1CU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB6CLzW3dUKhaLWz1OqB/hgWAhI1gbqWcXLlPO4Y02V6UZUfAM9uwick6rZa9UhshBqOJ6bka8SumkBF2jZCiCBeo9+73bj0kaUaEJx0p1XJRof4KlGcjpNN9NFU0wGeEB7RgqcESVP5ntPoVHRunDMJbmCA1n6veOCY6UGkeBqYywHqrfXib+5XVSHVb9CRNJqqkg84fClEMdwywI2GeSEs3HhmAimdkVkiGWmGgTV96E8PVT+D9peo6LHPfaK9bOF3HkwAE4BMfABRVQA1egDhqAgHvwAJ7AszW1Hq0X63VeumQtevbBD1hvn1rrk/w=</latexit><latexit sha1_base64="jTpjBS86ozH0ZFds+27b+q+BpaM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZmxtHVlURCXFe0D2qFk0kwbmskMSUYspb/ixoUibv0Rd/6NmbaCih4InJxz783NCRLOlEbow1paXlldW89t5De3tnd27b1CU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB6CLzW3dUKhaLWz1OqB/hgWAhI1gbqWcXLlPO4Y02V6UZUfAM9uwick6rZa9UhshBqOJ6bka8SumkBF2jZCiCBeo9+73bj0kaUaEJx0p1XJRof4KlGcjpNN9NFU0wGeEB7RgqcESVP5ntPoVHRunDMJbmCA1n6veOCY6UGkeBqYywHqrfXib+5XVSHVb9CRNJqqkg84fClEMdwywI2GeSEs3HhmAimdkVkiGWmGgTV96E8PVT+D9peo6LHPfaK9bOF3HkwAE4BMfABRVQA1egDhqAgHvwAJ7AszW1Hq0X63VeumQtevbBD1hvn1rrk/w=</latexit><latexit sha1_base64="jTpjBS86ozH0ZFds+27b+q+BpaM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZmxtHVlURCXFe0D2qFk0kwbmskMSUYspb/ixoUibv0Rd/6NmbaCih4InJxz783NCRLOlEbow1paXlldW89t5De3tnd27b1CU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB6CLzW3dUKhaLWz1OqB/hgWAhI1gbqWcXLlPO4Y02V6UZUfAM9uwick6rZa9UhshBqOJ6bka8SumkBF2jZCiCBeo9+73bj0kaUaEJx0p1XJRof4KlGcjpNN9NFU0wGeEB7RgqcESVP5ntPoVHRunDMJbmCA1n6veOCY6UGkeBqYywHqrfXib+5XVSHVb9CRNJqqkg84fClEMdwywI2GeSEs3HhmAimdkVkiGWmGgTV96E8PVT+D9peo6LHPfaK9bOF3HkwAE4BMfABRVQA1egDhqAgHvwAJ7AszW1Hq0X63VeumQtevbBD1hvn1rrk/w=</latexit><latexit sha1_base64="jTpjBS86ozH0ZFds+27b+q+BpaM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZmxtHVlURCXFe0D2qFk0kwbmskMSUYspb/ixoUibv0Rd/6NmbaCih4InJxz783NCRLOlEbow1paXlldW89t5De3tnd27b1CU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB6CLzW3dUKhaLWz1OqB/hgWAhI1gbqWcXLlPO4Y02V6UZUfAM9uwick6rZa9UhshBqOJ6bka8SumkBF2jZCiCBeo9+73bj0kaUaEJx0p1XJRof4KlGcjpNN9NFU0wGeEB7RgqcESVP5ntPoVHRunDMJbmCA1n6veOCY6UGkeBqYywHqrfXib+5XVSHVb9CRNJqqkg84fClEMdwywI2GeSEs3HhmAimdkVkiGWmGgTV96E8PVT+D9peo6LHPfaK9bOF3HkwAE4BMfABRVQA1egDhqAgHvwAJ7AszW1Hq0X63VeumQtevbBD1hvn1rrk/w=</latexit>

Is lysis time htLi ”Optimal” for WT � ?
<latexit sha1_base64="oNaolO1s0P2kSIU4RTWlexDYelU="></latexit><latexit sha1_base64="oNaolO1s0P2kSIU4RTWlexDYelU="></latexit><latexit sha1_base64="oNaolO1s0P2kSIU4RTWlexDYelU="></latexit><latexit sha1_base64="oNaolO1s0P2kSIU4RTWlexDYelU="></latexit>



Mathematical formulation of the problem 

Calculation of the First Passage distribution



Protein bursts and degradation:  Forward Equations

Steady State:
<latexit sha1_base64="OCvCcx7/SH806dFqK3QStZZO5lc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswm4axSpoYxmJeUASwuzsTTJkdnaZuSuEJYWNv2JjoYitH2Hn3zh5FJp4YOBwzj3cuSdIpDDoed/O2vrG5tZ2bie/u7d/cOgeHTdMnGoOdR7LWLcCZkAKBXUUKKGVaGBRIKEZjG6mfvMBtBGxusdxAt2IDZToC87QSj23kHVSFYKe5rMaAgvHtIYM4Woy6blFr+TNQFeJvyBFskC15351wpinESjkkhnT9r0EuxnTKLiESb6TGkgYH7EBtC1VLALTzWZHTOiZVULaj7V9CulM/Z3IWGTMOArsZMRwaJa9qfif106xf9nNhEpSBMXni/qppBjTaSM0FBo4yrEljGth/0r5kGnG0faWtyX4yyevkka55Hsl/65crFwv6siRAjkl58QnF6RCbkmV1Aknj+SZvJI358l5cd6dj/nomrPInJA/cD5/AGlRmI4=</latexit><latexit sha1_base64="OCvCcx7/SH806dFqK3QStZZO5lc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswm4axSpoYxmJeUASwuzsTTJkdnaZuSuEJYWNv2JjoYitH2Hn3zh5FJp4YOBwzj3cuSdIpDDoed/O2vrG5tZ2bie/u7d/cOgeHTdMnGoOdR7LWLcCZkAKBXUUKKGVaGBRIKEZjG6mfvMBtBGxusdxAt2IDZToC87QSj23kHVSFYKe5rMaAgvHtIYM4Woy6blFr+TNQFeJvyBFskC15351wpinESjkkhnT9r0EuxnTKLiESb6TGkgYH7EBtC1VLALTzWZHTOiZVULaj7V9CulM/Z3IWGTMOArsZMRwaJa9qfif106xf9nNhEpSBMXni/qppBjTaSM0FBo4yrEljGth/0r5kGnG0faWtyX4yyevkka55Hsl/65crFwv6siRAjkl58QnF6RCbkmV1Aknj+SZvJI358l5cd6dj/nomrPInJA/cD5/AGlRmI4=</latexit><latexit sha1_base64="OCvCcx7/SH806dFqK3QStZZO5lc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswm4axSpoYxmJeUASwuzsTTJkdnaZuSuEJYWNv2JjoYitH2Hn3zh5FJp4YOBwzj3cuSdIpDDoed/O2vrG5tZ2bie/u7d/cOgeHTdMnGoOdR7LWLcCZkAKBXUUKKGVaGBRIKEZjG6mfvMBtBGxusdxAt2IDZToC87QSj23kHVSFYKe5rMaAgvHtIYM4Woy6blFr+TNQFeJvyBFskC15351wpinESjkkhnT9r0EuxnTKLiESb6TGkgYH7EBtC1VLALTzWZHTOiZVULaj7V9CulM/Z3IWGTMOArsZMRwaJa9qfif106xf9nNhEpSBMXni/qppBjTaSM0FBo4yrEljGth/0r5kGnG0faWtyX4yyevkka55Hsl/65crFwv6siRAjkl58QnF6RCbkmV1Aknj+SZvJI358l5cd6dj/nomrPInJA/cD5/AGlRmI4=</latexit><latexit sha1_base64="OCvCcx7/SH806dFqK3QStZZO5lc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswm4axSpoYxmJeUASwuzsTTJkdnaZuSuEJYWNv2JjoYitH2Hn3zh5FJp4YOBwzj3cuSdIpDDoed/O2vrG5tZ2bie/u7d/cOgeHTdMnGoOdR7LWLcCZkAKBXUUKKGVaGBRIKEZjG6mfvMBtBGxusdxAt2IDZToC87QSj23kHVSFYKe5rMaAgvHtIYM4Woy6blFr+TNQFeJvyBFskC15351wpinESjkkhnT9r0EuxnTKLiESb6TGkgYH7EBtC1VLALTzWZHTOiZVULaj7V9CulM/Z3IWGTMOArsZMRwaJa9qfif106xf9nNhEpSBMXni/qppBjTaSM0FBo4yrEljGth/0r5kGnG0faWtyX4yyevkka55Hsl/65crFwv6siRAjkl58QnF6RCbkmV1Aknj+SZvJI358l5cd6dj/nomrPInJA/cD5/AGlRmI4=</latexit>

p(x, t ! 1) =
1

ba�(a)
xa�1e�x/b

<latexit sha1_base64="Z6aweq6BWZi0cmbyJMNpKL08UwM="></latexit><latexit sha1_base64="Z6aweq6BWZi0cmbyJMNpKL08UwM="></latexit><latexit sha1_base64="Z6aweq6BWZi0cmbyJMNpKL08UwM="></latexit><latexit sha1_base64="Z6aweq6BWZi0cmbyJMNpKL08UwM="></latexit>

(here a = k/�)
<latexit sha1_base64="VQiccGNRqTAM9n2WpTFYpaSC4xE=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GUyEeIm7uehFCHrxGME8IAmhd9JJhszsLjOzQlgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7gpiwbXxvG9nZXVtfWMzs5Xd3tnd23cPDms6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgPhrcTv/6ISvMofDCjGNsS+iHvcQbGSh33uDBAhTQP9JoOL1p9kBLy5x035xW9Kegy8eckR+aodNyvVjdiicTQMAFaN30vNu0UlOFM4DjbSjTGwIbQx6alIUjU7XR6/pieWaVLe5GyFRo6VX9PpCC1HsnAdkowA73oTcT/vGZielftlIdxYjBks0W9RFAT0UkWtMsVMiNGlgBT3N5K2QAUMGMTy9oQ/MWXl0mtVPS9on9fypVv5nFkyAk5JQXik0tSJnekQqqEkZQ8k1fy5jw5L8678zFrXXHmM0fkD5zPHzDuk68=</latexit><latexit sha1_base64="VQiccGNRqTAM9n2WpTFYpaSC4xE=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GUyEeIm7uehFCHrxGME8IAmhd9JJhszsLjOzQlgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7gpiwbXxvG9nZXVtfWMzs5Xd3tnd23cPDms6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgPhrcTv/6ISvMofDCjGNsS+iHvcQbGSh33uDBAhTQP9JoOL1p9kBLy5x035xW9Kegy8eckR+aodNyvVjdiicTQMAFaN30vNu0UlOFM4DjbSjTGwIbQx6alIUjU7XR6/pieWaVLe5GyFRo6VX9PpCC1HsnAdkowA73oTcT/vGZielftlIdxYjBks0W9RFAT0UkWtMsVMiNGlgBT3N5K2QAUMGMTy9oQ/MWXl0mtVPS9on9fypVv5nFkyAk5JQXik0tSJnekQqqEkZQ8k1fy5jw5L8678zFrXXHmM0fkD5zPHzDuk68=</latexit><latexit sha1_base64="VQiccGNRqTAM9n2WpTFYpaSC4xE=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GUyEeIm7uehFCHrxGME8IAmhd9JJhszsLjOzQlgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7gpiwbXxvG9nZXVtfWMzs5Xd3tnd23cPDms6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgPhrcTv/6ISvMofDCjGNsS+iHvcQbGSh33uDBAhTQP9JoOL1p9kBLy5x035xW9Kegy8eckR+aodNyvVjdiicTQMAFaN30vNu0UlOFM4DjbSjTGwIbQx6alIUjU7XR6/pieWaVLe5GyFRo6VX9PpCC1HsnAdkowA73oTcT/vGZielftlIdxYjBks0W9RFAT0UkWtMsVMiNGlgBT3N5K2QAUMGMTy9oQ/MWXl0mtVPS9on9fypVv5nFkyAk5JQXik0tSJnekQqqEkZQ8k1fy5jw5L8678zFrXXHmM0fkD5zPHzDuk68=</latexit><latexit sha1_base64="VQiccGNRqTAM9n2WpTFYpaSC4xE=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GUyEeIm7uehFCHrxGME8IAmhd9JJhszsLjOzQlgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7gpiwbXxvG9nZXVtfWMzs5Xd3tnd23cPDms6ShTDKotEpBoBaBQ8xKrhRmAjVggyEFgPhrcTv/6ISvMofDCjGNsS+iHvcQbGSh33uDBAhTQP9JoOL1p9kBLy5x035xW9Kegy8eckR+aodNyvVjdiicTQMAFaN30vNu0UlOFM4DjbSjTGwIbQx6alIUjU7XR6/pieWaVLe5GyFRo6VX9PpCC1HsnAdkowA73oTcT/vGZielftlIdxYjBks0W9RFAT0UkWtMsVMiNGlgBT3N5K2QAUMGMTy9oQ/MWXl0mtVPS9on9fypVv5nFkyAk5JQXik0tSJnekQqqEkZQ8k1fy5jw5L8678zFrXXHmM0fkD5zPHzDuk68=</latexit>

Gamma distribution
<latexit sha1_base64="fojxMTFFGxgrsLzKrYuFMIVgSqA=">AAAB+3icbVA9SwNBEJ2LXzF+xVjaLAbBKtyl0TJooWUE8wHJEeY2e8mS3btjd08MR/6KjYUitv4RO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8nGlreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3Mz9ziNTmsfRg5kmzJc4injIKRorDcqVW5QSydBuUjxIl2LVrbkLkHXi5aQKOZqD8ld/GNNUsshQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZGKJn2s8XtM3JulSEJY2UrMmSh/p7IUGo9lYHtlGjGetWbi/95vdSEV37GoyQ1LKLLRWEqiInJPAj7smLUiKklSBW3txI6RoXU2LhKNgRv9eV10q7XPLfm3derjes8jiKcwhlcgAeX0IA7aEILKDzBM7zCmzNzXpx352PZWnDymRP4A+fzBydqlIA=</latexit><latexit sha1_base64="fojxMTFFGxgrsLzKrYuFMIVgSqA=">AAAB+3icbVA9SwNBEJ2LXzF+xVjaLAbBKtyl0TJooWUE8wHJEeY2e8mS3btjd08MR/6KjYUitv4RO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8nGlreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3Mz9ziNTmsfRg5kmzJc4injIKRorDcqVW5QSydBuUjxIl2LVrbkLkHXi5aQKOZqD8ld/GNNUsshQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZGKJn2s8XtM3JulSEJY2UrMmSh/p7IUGo9lYHtlGjGetWbi/95vdSEV37GoyQ1LKLLRWEqiInJPAj7smLUiKklSBW3txI6RoXU2LhKNgRv9eV10q7XPLfm3derjes8jiKcwhlcgAeX0IA7aEILKDzBM7zCmzNzXpx352PZWnDymRP4A+fzBydqlIA=</latexit><latexit sha1_base64="fojxMTFFGxgrsLzKrYuFMIVgSqA=">AAAB+3icbVA9SwNBEJ2LXzF+xVjaLAbBKtyl0TJooWUE8wHJEeY2e8mS3btjd08MR/6KjYUitv4RO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8nGlreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3Mz9ziNTmsfRg5kmzJc4injIKRorDcqVW5QSydBuUjxIl2LVrbkLkHXi5aQKOZqD8ld/GNNUsshQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZGKJn2s8XtM3JulSEJY2UrMmSh/p7IUGo9lYHtlGjGetWbi/95vdSEV37GoyQ1LKLLRWEqiInJPAj7smLUiKklSBW3txI6RoXU2LhKNgRv9eV10q7XPLfm3derjes8jiKcwhlcgAeX0IA7aEILKDzBM7zCmzNzXpx352PZWnDymRP4A+fzBydqlIA=</latexit><latexit sha1_base64="fojxMTFFGxgrsLzKrYuFMIVgSqA=">AAAB+3icbVA9SwNBEJ2LXzF+xVjaLAbBKtyl0TJooWUE8wHJEeY2e8mS3btjd08MR/6KjYUitv4RO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8nGlreNUUdaisYhVN0DNBI9Yy3AjWDdRDGUgWCeY3Mz9ziNTmsfRg5kmzJc4injIKRorDcqVW5QSydBuUjxIl2LVrbkLkHXi5aQKOZqD8ld/GNNUsshQgVr3PDcxfobKcCrYrNRPNUuQTnDEepZGKJn2s8XtM3JulSEJY2UrMmSh/p7IUGo9lYHtlGjGetWbi/95vdSEV37GoyQ1LKLLRWEqiInJPAj7smLUiKklSBW3txI6RoXU2LhKNgRv9eV10q7XPLfm3derjes8jiKcwhlcgAeX0IA7aEILKDzBM7zCmzNzXpx352PZWnDymRP4A+fzBydqlIA=</latexit>

Friedman, Cai, & Sunney Xie,PRL (2006)
<latexit sha1_base64="K40geSD4Hwo3p57wXr2p0PWWmuQ=">AAACFnicbVDJSgNBEO2JW4xb1KOXxqBEiGEmB/UYDIgHD3HJAkkIPT2VpElPz9DdIwxDvsKLv+LFgyJexZt/Y2c5aPRBweO9KqrquSFnStv2l5VaWFxaXkmvZtbWNza3sts7dRVEkkKNBjyQTZco4ExATTPNoRlKIL7LoeEOK2O/cQ9SsUDc6TiEjk/6gvUYJdpI3ezxhWTg+UQUcIWwAm4f4ttICIhxk0EhaTONqzdXI5wv2fbJUTebs4v2BPgvcWYkh2aodrOfbS+gkQ9CU06Uajl2qDsJkZpRDqNMO1IQEjokfWgZKogPqpNM3hrhA6N4uBdIU0LjifpzIiG+UrHvmk6f6IGa98bif14r0r2zTsJEGGkQdLqoF3GsAzzOCHtMAtU8NoRQycytmA6IJFSbJDMmBGf+5b+kXio6dtG5LuXK57M40mgP7aM8ctApKqNLVEU1RNEDekIv6NV6tJ6tN+t92pqyZjO76Besj29LopxE</latexit><latexit sha1_base64="K40geSD4Hwo3p57wXr2p0PWWmuQ=">AAACFnicbVDJSgNBEO2JW4xb1KOXxqBEiGEmB/UYDIgHD3HJAkkIPT2VpElPz9DdIwxDvsKLv+LFgyJexZt/Y2c5aPRBweO9KqrquSFnStv2l5VaWFxaXkmvZtbWNza3sts7dRVEkkKNBjyQTZco4ExATTPNoRlKIL7LoeEOK2O/cQ9SsUDc6TiEjk/6gvUYJdpI3ezxhWTg+UQUcIWwAm4f4ttICIhxk0EhaTONqzdXI5wv2fbJUTebs4v2BPgvcWYkh2aodrOfbS+gkQ9CU06Uajl2qDsJkZpRDqNMO1IQEjokfWgZKogPqpNM3hrhA6N4uBdIU0LjifpzIiG+UrHvmk6f6IGa98bif14r0r2zTsJEGGkQdLqoF3GsAzzOCHtMAtU8NoRQycytmA6IJFSbJDMmBGf+5b+kXio6dtG5LuXK57M40mgP7aM8ctApKqNLVEU1RNEDekIv6NV6tJ6tN+t92pqyZjO76Besj29LopxE</latexit><latexit sha1_base64="K40geSD4Hwo3p57wXr2p0PWWmuQ=">AAACFnicbVDJSgNBEO2JW4xb1KOXxqBEiGEmB/UYDIgHD3HJAkkIPT2VpElPz9DdIwxDvsKLv+LFgyJexZt/Y2c5aPRBweO9KqrquSFnStv2l5VaWFxaXkmvZtbWNza3sts7dRVEkkKNBjyQTZco4ExATTPNoRlKIL7LoeEOK2O/cQ9SsUDc6TiEjk/6gvUYJdpI3ezxhWTg+UQUcIWwAm4f4ttICIhxk0EhaTONqzdXI5wv2fbJUTebs4v2BPgvcWYkh2aodrOfbS+gkQ9CU06Uajl2qDsJkZpRDqNMO1IQEjokfWgZKogPqpNM3hrhA6N4uBdIU0LjifpzIiG+UrHvmk6f6IGa98bif14r0r2zTsJEGGkQdLqoF3GsAzzOCHtMAtU8NoRQycytmA6IJFSbJDMmBGf+5b+kXio6dtG5LuXK57M40mgP7aM8ctApKqNLVEU1RNEDekIv6NV6tJ6tN+t92pqyZjO76Besj29LopxE</latexit><latexit sha1_base64="K40geSD4Hwo3p57wXr2p0PWWmuQ=">AAACFnicbVDJSgNBEO2JW4xb1KOXxqBEiGEmB/UYDIgHD3HJAkkIPT2VpElPz9DdIwxDvsKLv+LFgyJexZt/Y2c5aPRBweO9KqrquSFnStv2l5VaWFxaXkmvZtbWNza3sts7dRVEkkKNBjyQTZco4ExATTPNoRlKIL7LoeEOK2O/cQ9SsUDc6TiEjk/6gvUYJdpI3ezxhWTg+UQUcIWwAm4f4ttICIhxk0EhaTONqzdXI5wv2fbJUTebs4v2BPgvcWYkh2aodrOfbS+gkQ9CU06Uajl2qDsJkZpRDqNMO1IQEjokfWgZKogPqpNM3hrhA6N4uBdIU0LjifpzIiG+UrHvmk6f6IGa98bif14r0r2zTsJEGGkQdLqoF3GsAzzOCHtMAtU8NoRQycytmA6IJFSbJDMmBGf+5b+kXio6dtG5LuXK57M40mgP7aM8ctApKqNLVEU1RNEDekIv6NV6tJ6tN+t92pqyZjO76Besj29LopxE</latexit>

with ⌫(x) = (1/b) exp(�x/b)
<latexit sha1_base64="gsaZNR8TCbohWOrjclsSOtj1fFU=">AAACCXicbZC7TsMwFIadcivlFmBksWiR0oGSdIEFqYKFsUj0IjVR5bhOa9VxItuBVlFXFl6FhQGEWHkDNt4Gt80ALb9k6dN/ztHx+f2YUals+9vIrayurW/kNwtb2zu7e+b+QVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vB6Wm/dEyFpxO/UOCZeiPqcBhQjpa2uCR+oGsCSyxNrVIaX0HLO/DJ0ySi2TkcaS12zaFfsmeAyOBkUQaZ61/xyexFOQsIVZkjKjmPHykuRUBQzMim4iSQxwkPUJx2NHIVEeunskgk80U4PBpHQjys4c39PpCiUchz6ujNEaiAXa1Pzv1onUcGFl1IeJ4pwPF8UJAyqCE5jgT0qCFZsrAFhQfVfIR4ggbDS4RV0CM7iycvQrFYcu+LcVou1qyyOPDgCx8ACDjgHNXAD6qABMHgEz+AVvBlPxovxbnzMW3NGNnMI/sj4/AFwt5b1</latexit><latexit sha1_base64="gsaZNR8TCbohWOrjclsSOtj1fFU=">AAACCXicbZC7TsMwFIadcivlFmBksWiR0oGSdIEFqYKFsUj0IjVR5bhOa9VxItuBVlFXFl6FhQGEWHkDNt4Gt80ALb9k6dN/ztHx+f2YUals+9vIrayurW/kNwtb2zu7e+b+QVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vB6Wm/dEyFpxO/UOCZeiPqcBhQjpa2uCR+oGsCSyxNrVIaX0HLO/DJ0ySi2TkcaS12zaFfsmeAyOBkUQaZ61/xyexFOQsIVZkjKjmPHykuRUBQzMim4iSQxwkPUJx2NHIVEeunskgk80U4PBpHQjys4c39PpCiUchz6ujNEaiAXa1Pzv1onUcGFl1IeJ4pwPF8UJAyqCE5jgT0qCFZsrAFhQfVfIR4ggbDS4RV0CM7iycvQrFYcu+LcVou1qyyOPDgCx8ACDjgHNXAD6qABMHgEz+AVvBlPxovxbnzMW3NGNnMI/sj4/AFwt5b1</latexit><latexit sha1_base64="gsaZNR8TCbohWOrjclsSOtj1fFU=">AAACCXicbZC7TsMwFIadcivlFmBksWiR0oGSdIEFqYKFsUj0IjVR5bhOa9VxItuBVlFXFl6FhQGEWHkDNt4Gt80ALb9k6dN/ztHx+f2YUals+9vIrayurW/kNwtb2zu7e+b+QVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vB6Wm/dEyFpxO/UOCZeiPqcBhQjpa2uCR+oGsCSyxNrVIaX0HLO/DJ0ySi2TkcaS12zaFfsmeAyOBkUQaZ61/xyexFOQsIVZkjKjmPHykuRUBQzMim4iSQxwkPUJx2NHIVEeunskgk80U4PBpHQjys4c39PpCiUchz6ujNEaiAXa1Pzv1onUcGFl1IeJ4pwPF8UJAyqCE5jgT0qCFZsrAFhQfVfIR4ggbDS4RV0CM7iycvQrFYcu+LcVou1qyyOPDgCx8ACDjgHNXAD6qABMHgEz+AVvBlPxovxbnzMW3NGNnMI/sj4/AFwt5b1</latexit><latexit sha1_base64="gsaZNR8TCbohWOrjclsSOtj1fFU=">AAACCXicbZC7TsMwFIadcivlFmBksWiR0oGSdIEFqYKFsUj0IjVR5bhOa9VxItuBVlFXFl6FhQGEWHkDNt4Gt80ALb9k6dN/ztHx+f2YUals+9vIrayurW/kNwtb2zu7e+b+QVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/vB6Wm/dEyFpxO/UOCZeiPqcBhQjpa2uCR+oGsCSyxNrVIaX0HLO/DJ0ySi2TkcaS12zaFfsmeAyOBkUQaZ61/xyexFOQsIVZkjKjmPHykuRUBQzMim4iSQxwkPUJx2NHIVEeunskgk80U4PBpHQjys4c39PpCiUchz6ujNEaiAXa1Pzv1onUcGFl1IeJ4pwPF8UJAyqCE5jgT0qCFZsrAFhQfVfIR4ggbDS4RV0CM7iycvQrFYcu+LcVou1qyyOPDgCx8ACDjgHNXAD6qABMHgEz+AVvBlPxovxbnzMW3NGNnMI/sj4/AFwt5b1</latexit>

For x = n/V ,
<latexit sha1_base64="PER+cT8qgpSUv4nzknsuJjY/zDk=">AAAB9XicbVC7TgMxENwLrxBeAUoaiwSJAoW7NNAgRSAhyiCRh5Qckc/xJVZ89sn2AdEp/0FDAUK0/Asdf4PzKCBhqtHMrnZ2gpgzbVz328ksLa+srmXXcxubW9s7+d29upaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBr7jQeqNJPizgxj6ke4J1jICDZWur+WChWf0AUSp/XiSSdfcEvuBGiReDNSgBmqnfxXuytJElFhCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVOCIaj+dpB6hI6t0UWgThFIYNFF/b6Q40noYBXYywqav572x+J/XSkx47qdMxImhgkwPhQlHRqJxBajLFCWGDy3BRDGbFZE+VpgYW1TOluDNv7xI6uWS55a823KhcjmrIwsHcAjH4MEZVOAGqlADAgqe4RXenEfnxXl3PqajGWe2sw9/4Hz+AK1NkKc=</latexit><latexit sha1_base64="PER+cT8qgpSUv4nzknsuJjY/zDk=">AAAB9XicbVC7TgMxENwLrxBeAUoaiwSJAoW7NNAgRSAhyiCRh5Qckc/xJVZ89sn2AdEp/0FDAUK0/Asdf4PzKCBhqtHMrnZ2gpgzbVz328ksLa+srmXXcxubW9s7+d29upaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBr7jQeqNJPizgxj6ke4J1jICDZWur+WChWf0AUSp/XiSSdfcEvuBGiReDNSgBmqnfxXuytJElFhCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVOCIaj+dpB6hI6t0UWgThFIYNFF/b6Q40noYBXYywqav572x+J/XSkx47qdMxImhgkwPhQlHRqJxBajLFCWGDy3BRDGbFZE+VpgYW1TOluDNv7xI6uWS55a823KhcjmrIwsHcAjH4MEZVOAGqlADAgqe4RXenEfnxXl3PqajGWe2sw9/4Hz+AK1NkKc=</latexit><latexit sha1_base64="PER+cT8qgpSUv4nzknsuJjY/zDk=">AAAB9XicbVC7TgMxENwLrxBeAUoaiwSJAoW7NNAgRSAhyiCRh5Qckc/xJVZ89sn2AdEp/0FDAUK0/Asdf4PzKCBhqtHMrnZ2gpgzbVz328ksLa+srmXXcxubW9s7+d29upaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBr7jQeqNJPizgxj6ke4J1jICDZWur+WChWf0AUSp/XiSSdfcEvuBGiReDNSgBmqnfxXuytJElFhCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVOCIaj+dpB6hI6t0UWgThFIYNFF/b6Q40noYBXYywqav572x+J/XSkx47qdMxImhgkwPhQlHRqJxBajLFCWGDy3BRDGbFZE+VpgYW1TOluDNv7xI6uWS55a823KhcjmrIwsHcAjH4MEZVOAGqlADAgqe4RXenEfnxXl3PqajGWe2sw9/4Hz+AK1NkKc=</latexit><latexit sha1_base64="PER+cT8qgpSUv4nzknsuJjY/zDk=">AAAB9XicbVC7TgMxENwLrxBeAUoaiwSJAoW7NNAgRSAhyiCRh5Qckc/xJVZ89sn2AdEp/0FDAUK0/Asdf4PzKCBhqtHMrnZ2gpgzbVz328ksLa+srmXXcxubW9s7+d29upaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBr7jQeqNJPizgxj6ke4J1jICDZWur+WChWf0AUSp/XiSSdfcEvuBGiReDNSgBmqnfxXuytJElFhCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVOCIaj+dpB6hI6t0UWgThFIYNFF/b6Q40noYBXYywqav572x+J/XSkx47qdMxImhgkwPhQlHRqJxBajLFCWGDy3BRDGbFZE+VpgYW1TOluDNv7xI6uWS55a823KhcjmrIwsHcAjH4MEZVOAGqlADAgqe4RXenEfnxXl3PqajGWe2sw9/4Hz+AK1NkKc=</latexit>

Experiments, Nature (2006)
<latexit sha1_base64="J4yiiSjijL2+4eDR/KK0K5uuQoE=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuDuoxKIIniWAekIQwO+lNhsw+mOkVw5KrF3/FiwdFvPoH3vwbJ8keNLGgoajqnukuN5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPVdJkGKQKooUAJzUgB810JDXd4OfEb96C0CIM7HEXQ8Vk/EJ7gDI3UzdOrhwiU8CFAfUKTtkB6wzBWMKbFsm2fHnfzBbtkT0EXiZOSAklR7ea/2r2Qx5MXuWRatxw7wk7CFAouYZxrxxoixoesDy1DA+aD7iTTS8b0yCg96oXKVIB0qv6eSJiv9ch3TafPcKDnvYn4n9eK0TvvJCKIYoSAzz7yYkkxpJNYaE8o4ChHhjCuhNmV8gFTjKMJL2dCcOZPXiT1csmxS85tuVC5SOPIkgNySIrEIWekQq5JldQIJ4/kmbySN+vJerHerY9Za8ZKZ/bJH1ifP1DvmMI=</latexit><latexit sha1_base64="J4yiiSjijL2+4eDR/KK0K5uuQoE=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuDuoxKIIniWAekIQwO+lNhsw+mOkVw5KrF3/FiwdFvPoH3vwbJ8keNLGgoajqnukuN5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPVdJkGKQKooUAJzUgB810JDXd4OfEb96C0CIM7HEXQ8Vk/EJ7gDI3UzdOrhwiU8CFAfUKTtkB6wzBWMKbFsm2fHnfzBbtkT0EXiZOSAklR7ea/2r2Qx5MXuWRatxw7wk7CFAouYZxrxxoixoesDy1DA+aD7iTTS8b0yCg96oXKVIB0qv6eSJiv9ch3TafPcKDnvYn4n9eK0TvvJCKIYoSAzz7yYkkxpJNYaE8o4ChHhjCuhNmV8gFTjKMJL2dCcOZPXiT1csmxS85tuVC5SOPIkgNySIrEIWekQq5JldQIJ4/kmbySN+vJerHerY9Za8ZKZ/bJH1ifP1DvmMI=</latexit><latexit sha1_base64="J4yiiSjijL2+4eDR/KK0K5uuQoE=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuDuoxKIIniWAekIQwO+lNhsw+mOkVw5KrF3/FiwdFvPoH3vwbJ8keNLGgoajqnukuN5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPVdJkGKQKooUAJzUgB810JDXd4OfEb96C0CIM7HEXQ8Vk/EJ7gDI3UzdOrhwiU8CFAfUKTtkB6wzBWMKbFsm2fHnfzBbtkT0EXiZOSAklR7ea/2r2Qx5MXuWRatxw7wk7CFAouYZxrxxoixoesDy1DA+aD7iTTS8b0yCg96oXKVIB0qv6eSJiv9ch3TafPcKDnvYn4n9eK0TvvJCKIYoSAzz7yYkkxpJNYaE8o4ChHhjCuhNmV8gFTjKMJL2dCcOZPXiT1csmxS85tuVC5SOPIkgNySIrEIWekQq5JldQIJ4/kmbySN+vJerHerY9Za8ZKZ/bJH1ifP1DvmMI=</latexit><latexit sha1_base64="J4yiiSjijL2+4eDR/KK0K5uuQoE=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuDuoxKIIniWAekIQwO+lNhsw+mOkVw5KrF3/FiwdFvPoH3vwbJ8keNLGgoajqnukuN5JCo21/W5ml5ZXVtex6bmNza3snv7tX12GsONR4KEPVdJkGKQKooUAJzUgB810JDXd4OfEb96C0CIM7HEXQ8Vk/EJ7gDI3UzdOrhwiU8CFAfUKTtkB6wzBWMKbFsm2fHnfzBbtkT0EXiZOSAklR7ea/2r2Qx5MXuWRatxw7wk7CFAouYZxrxxoixoesDy1DA+aD7iTTS8b0yCg96oXKVIB0qv6eSJiv9ch3TafPcKDnvYn4n9eK0TvvJCKIYoSAzz7yYkkxpJNYaE8o4ChHhjCuhNmV8gFTjKMJL2dCcOZPXiT1csmxS85tuVC5SOPIkgNySIrEIWekQq5JldQIJ4/kmbySN+vJerHerY9Za8ZKZ/bJH1ifP1DvmMI=</latexit>

@p(x, t)

@t
= k

Z x

0
dx0 [⌫(x� x0)� �(x� x0)] p(x0, t) + �

@

@x
[xp(x, t)]

<latexit sha1_base64="zpuWvgDq8ZwUKzT6uvEINn2JvAI="></latexit><latexit sha1_base64="zpuWvgDq8ZwUKzT6uvEINn2JvAI="></latexit><latexit sha1_base64="zpuWvgDq8ZwUKzT6uvEINn2JvAI="></latexit><latexit sha1_base64="zpuWvgDq8ZwUKzT6uvEINn2JvAI="></latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit> n+ 1

<latexit sha1_base64="tS1oueCW8IcjBoJYWelxkOuFA1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYNpCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1PY2Nza3inulvb2Dw6PyscnLZ1kiqHPEpGoTkg1Ci7RN9wI7KQKaRwKbIfju7nffkKleSIfzSTFIKZDySPOqLGSX5VXXrVfrrg1dwGyTrycVCBHs1/+6g0SlsUoDRNU667npiaYUmU4Ezgr9TKNKWVjOsSupZLGqIPp4tgZubDKgESJsiUNWai/J6Y01noSh7YzpmakV725+J/XzUx0E0y5TDODki0XRZkgJiHzz8mAK2RGTCyhTHF7K2EjqigzNp+SDcFbfXmdtOo1z615D/VK4zaPowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHZRyNvA==</latexit><latexit sha1_base64="tS1oueCW8IcjBoJYWelxkOuFA1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYNpCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1PY2Nza3inulvb2Dw6PyscnLZ1kiqHPEpGoTkg1Ci7RN9wI7KQKaRwKbIfju7nffkKleSIfzSTFIKZDySPOqLGSX5VXXrVfrrg1dwGyTrycVCBHs1/+6g0SlsUoDRNU667npiaYUmU4Ezgr9TKNKWVjOsSupZLGqIPp4tgZubDKgESJsiUNWai/J6Y01noSh7YzpmakV725+J/XzUx0E0y5TDODki0XRZkgJiHzz8mAK2RGTCyhTHF7K2EjqigzNp+SDcFbfXmdtOo1z615D/VK4zaPowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHZRyNvA==</latexit><latexit sha1_base64="tS1oueCW8IcjBoJYWelxkOuFA1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYNpCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1PY2Nza3inulvb2Dw6PyscnLZ1kiqHPEpGoTkg1Ci7RN9wI7KQKaRwKbIfju7nffkKleSIfzSTFIKZDySPOqLGSX5VXXrVfrrg1dwGyTrycVCBHs1/+6g0SlsUoDRNU667npiaYUmU4Ezgr9TKNKWVjOsSupZLGqIPp4tgZubDKgESJsiUNWai/J6Y01noSh7YzpmakV725+J/XzUx0E0y5TDODki0XRZkgJiHzz8mAK2RGTCyhTHF7K2EjqigzNp+SDcFbfXmdtOo1z615D/VK4zaPowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHZRyNvA==</latexit><latexit sha1_base64="tS1oueCW8IcjBoJYWelxkOuFA1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYNpCG8pmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut1PY2Nza3inulvb2Dw6PyscnLZ1kiqHPEpGoTkg1Ci7RN9wI7KQKaRwKbIfju7nffkKleSIfzSTFIKZDySPOqLGSX5VXXrVfrrg1dwGyTrycVCBHs1/+6g0SlsUoDRNU667npiaYUmU4Ezgr9TKNKWVjOsSupZLGqIPp4tgZubDKgESJsiUNWai/J6Y01noSh7YzpmakV725+J/XzUx0E0y5TDODki0XRZkgJiHzz8mAK2RGTCyhTHF7K2EjqigzNp+SDcFbfXmdtOo1z615D/VK4zaPowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHZRyNvA==</latexit>

n� 1
<latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit><latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit><latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit><latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit>

n� 2
<latexit sha1_base64="93l/txK2e9tLsZXqNy8JNZFq5ok=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXlVr/bLFbfmLkDWiZeTCuRo9stfvUHCshilYYJq3fXc1ARTqgxnAmelXqYxpWxMh9i1VNIYdTBdHDsjF1YZkChRtqQhC/X3xJTGWk/i0HbG1Iz0qjcX//O6mYlugimXaWZQsuWiKBPEJGT+ORlwhcyIiSWUKW5vJWxEFWXG5lOyIXirL6+TVr3muTXvoV5p3OZxFOEMzuESPLiGBtxDE3xgwOEZXuHNkc6L8+58LFsLTj5zCn/gfP4Aaa2Nvw==</latexit><latexit sha1_base64="93l/txK2e9tLsZXqNy8JNZFq5ok=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXlVr/bLFbfmLkDWiZeTCuRo9stfvUHCshilYYJq3fXc1ARTqgxnAmelXqYxpWxMh9i1VNIYdTBdHDsjF1YZkChRtqQhC/X3xJTGWk/i0HbG1Iz0qjcX//O6mYlugimXaWZQsuWiKBPEJGT+ORlwhcyIiSWUKW5vJWxEFWXG5lOyIXirL6+TVr3muTXvoV5p3OZxFOEMzuESPLiGBtxDE3xgwOEZXuHNkc6L8+58LFsLTj5zCn/gfP4Aaa2Nvw==</latexit><latexit sha1_base64="93l/txK2e9tLsZXqNy8JNZFq5ok=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXlVr/bLFbfmLkDWiZeTCuRo9stfvUHCshilYYJq3fXc1ARTqgxnAmelXqYxpWxMh9i1VNIYdTBdHDsjF1YZkChRtqQhC/X3xJTGWk/i0HbG1Iz0qjcX//O6mYlugimXaWZQsuWiKBPEJGT+ORlwhcyIiSWUKW5vJWxEFWXG5lOyIXirL6+TVr3muTXvoV5p3OZxFOEMzuESPLiGBtxDE3xgwOEZXuHNkc6L8+58LFsLTj5zCn/gfP4Aaa2Nvw==</latexit><latexit sha1_base64="93l/txK2e9tLsZXqNy8JNZFq5ok=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXlVr/bLFbfmLkDWiZeTCuRo9stfvUHCshilYYJq3fXc1ARTqgxnAmelXqYxpWxMh9i1VNIYdTBdHDsjF1YZkChRtqQhC/X3xJTGWk/i0HbG1Iz0qjcX//O6mYlugimXaWZQsuWiKBPEJGT+ORlwhcyIiSWUKW5vJWxEFWXG5lOyIXirL6+TVr3muTXvoV5p3OZxFOEMzuESPLiGBtxDE3xgwOEZXuHNkc6L8+58LFsLTj5zCn/gfP4Aaa2Nvw==</latexit>

n� 3
<latexit sha1_base64="wsyLW9/N/D5qBz7pWd7n9aSb0G8=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCY2kjsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O2vrG5tb24Wd4u7e/sFh6ei4qZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyK/LyqtIrld2qOwdZJV5OypCj0St9dfsJy2KUhgmqdcdzUxNMqDKcCZwWu5nGlLIRHWDHUklj1MFkfuyUnFulT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/RhuAtv7xKmrWq51a9h1q5fpvHUYBTOIML8OAa6nAPDfCBAYdneIU3RzovzrvzsWhdc/KZE/gD5/MHazKNwA==</latexit><latexit sha1_base64="wsyLW9/N/D5qBz7pWd7n9aSb0G8=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCY2kjsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O2vrG5tb24Wd4u7e/sFh6ei4qZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyK/LyqtIrld2qOwdZJV5OypCj0St9dfsJy2KUhgmqdcdzUxNMqDKcCZwWu5nGlLIRHWDHUklj1MFkfuyUnFulT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/RhuAtv7xKmrWq51a9h1q5fpvHUYBTOIML8OAa6nAPDfCBAYdneIU3RzovzrvzsWhdc/KZE/gD5/MHazKNwA==</latexit><latexit sha1_base64="wsyLW9/N/D5qBz7pWd7n9aSb0G8=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCY2kjsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O2vrG5tb24Wd4u7e/sFh6ei4qZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyK/LyqtIrld2qOwdZJV5OypCj0St9dfsJy2KUhgmqdcdzUxNMqDKcCZwWu5nGlLIRHWDHUklj1MFkfuyUnFulT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/RhuAtv7xKmrWq51a9h1q5fpvHUYBTOIML8OAa6nAPDfCBAYdneIU3RzovzrvzsWhdc/KZE/gD5/MHazKNwA==</latexit><latexit sha1_base64="wsyLW9/N/D5qBz7pWd7n9aSb0G8=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCY2kjsstCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O2vrG5tb24Wd4u7e/sFh6ei4qZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyK/LyqtIrld2qOwdZJV5OypCj0St9dfsJy2KUhgmqdcdzUxNMqDKcCZwWu5nGlLIRHWDHUklj1MFkfuyUnFulT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/RhuAtv7xKmrWq51a9h1q5fpvHUYBTOIML8OAa6nAPDfCBAYdneIU3RzovzrvzsWhdc/KZE/gD5/MHazKNwA==</latexit>

0
<latexit sha1_base64="NJOej0W8RUX35pSepwmQVtZHvz4=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ9WtDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDy/qjQ4=</latexit><latexit sha1_base64="NJOej0W8RUX35pSepwmQVtZHvz4=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ9WtDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDy/qjQ4=</latexit><latexit sha1_base64="NJOej0W8RUX35pSepwmQVtZHvz4=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ9WtDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDy/qjQ4=</latexit><latexit sha1_base64="NJOej0W8RUX35pSepwmQVtZHvz4=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ9WtDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDy/qjQ4=</latexit>

……

Shahrezaei & Swain,PNAS (2008)
<latexit sha1_base64="D/oV+J2JwDmFs7UJho/3k0Mu1cA=">AAACDnicbVA9SwNBEN2L3/ErammzGCIRJNylMaUfjZVEYlTIHWFuMzFL9vaO3T0lHvkFNv4VGwtFbK3t/DduYgq/Hgw83pthZl6YCK6N6344uanpmdm5+YX84tLyymphbf1cx6li2GSxiNVlCBoFl9g03Ai8TBRCFAq8CPtHI//iGpXmsTwzgwSDCK4k73IGxkrtQqnRg57CW0BO/W3auAEudzOfG1o/OWgMabnqurWddqHoVtwx6F/iTUiRTFBvF979TszSCKVhArRueW5iggyU4UzgMO+nGhNgfbjClqUSItRBNn5nSEtW6dBurGxJQ8fq94kMIq0HUWg7IzA9/dsbif95rdR0a0HGZZIalOxrUTcV1MR0lA3tcIXMiIElwBS3t1LWAwXM2ATzNgTv98t/yXm14rkV77Ra3D+cxDFPNskWKROP7JF9ckzqpEkYuSMP5Ik8O/fOo/PivH615pzJzAb5AeftE4Jjmc0=</latexit><latexit sha1_base64="D/oV+J2JwDmFs7UJho/3k0Mu1cA=">AAACDnicbVA9SwNBEN2L3/ErammzGCIRJNylMaUfjZVEYlTIHWFuMzFL9vaO3T0lHvkFNv4VGwtFbK3t/DduYgq/Hgw83pthZl6YCK6N6344uanpmdm5+YX84tLyymphbf1cx6li2GSxiNVlCBoFl9g03Ai8TBRCFAq8CPtHI//iGpXmsTwzgwSDCK4k73IGxkrtQqnRg57CW0BO/W3auAEudzOfG1o/OWgMabnqurWddqHoVtwx6F/iTUiRTFBvF979TszSCKVhArRueW5iggyU4UzgMO+nGhNgfbjClqUSItRBNn5nSEtW6dBurGxJQ8fq94kMIq0HUWg7IzA9/dsbif95rdR0a0HGZZIalOxrUTcV1MR0lA3tcIXMiIElwBS3t1LWAwXM2ATzNgTv98t/yXm14rkV77Ra3D+cxDFPNskWKROP7JF9ckzqpEkYuSMP5Ik8O/fOo/PivH615pzJzAb5AeftE4Jjmc0=</latexit><latexit sha1_base64="D/oV+J2JwDmFs7UJho/3k0Mu1cA=">AAACDnicbVA9SwNBEN2L3/ErammzGCIRJNylMaUfjZVEYlTIHWFuMzFL9vaO3T0lHvkFNv4VGwtFbK3t/DduYgq/Hgw83pthZl6YCK6N6344uanpmdm5+YX84tLyymphbf1cx6li2GSxiNVlCBoFl9g03Ai8TBRCFAq8CPtHI//iGpXmsTwzgwSDCK4k73IGxkrtQqnRg57CW0BO/W3auAEudzOfG1o/OWgMabnqurWddqHoVtwx6F/iTUiRTFBvF979TszSCKVhArRueW5iggyU4UzgMO+nGhNgfbjClqUSItRBNn5nSEtW6dBurGxJQ8fq94kMIq0HUWg7IzA9/dsbif95rdR0a0HGZZIalOxrUTcV1MR0lA3tcIXMiIElwBS3t1LWAwXM2ATzNgTv98t/yXm14rkV77Ra3D+cxDFPNskWKROP7JF9ckzqpEkYuSMP5Ik8O/fOo/PivH615pzJzAb5AeftE4Jjmc0=</latexit><latexit sha1_base64="D/oV+J2JwDmFs7UJho/3k0Mu1cA=">AAACDnicbVA9SwNBEN2L3/ErammzGCIRJNylMaUfjZVEYlTIHWFuMzFL9vaO3T0lHvkFNv4VGwtFbK3t/DduYgq/Hgw83pthZl6YCK6N6344uanpmdm5+YX84tLyymphbf1cx6li2GSxiNVlCBoFl9g03Ai8TBRCFAq8CPtHI//iGpXmsTwzgwSDCK4k73IGxkrtQqnRg57CW0BO/W3auAEudzOfG1o/OWgMabnqurWddqHoVtwx6F/iTUiRTFBvF979TszSCKVhArRueW5iggyU4UzgMO+nGhNgfbjClqUSItRBNn5nSEtW6dBurGxJQ8fq94kMIq0HUWg7IzA9/dsbif95rdR0a0HGZZIalOxrUTcV1MR0lA3tcIXMiIElwBS3t1LWAwXM2ATzNgTv98t/yXm14rkV77Ra3D+cxDFPNskWKROP7JF9ckzqpEkYuSMP5Ik8O/fOo/PivH615pzJzAb5AeftE4Jjmc0=</latexit>
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<latexit sha1_base64="wesDDipFFX3lmY9gSKYS94+TBHI="></latexit><latexit sha1_base64="wesDDipFFX3lmY9gSKYS94+TBHI="></latexit><latexit sha1_base64="wesDDipFFX3lmY9gSKYS94+TBHI="></latexit><latexit sha1_base64="wesDDipFFX3lmY9gSKYS94+TBHI="></latexit>

(for kn = k = constant)
<latexit sha1_base64="S9PUbjcV77KdEZXhTQX9+TgF16A=">AAACCXicbVA9SwNBEN2LXzF+RS1tFhMhNuEujTZC0MYygvmA5Ah7m71kyd7usTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7m19Y3Nrfx2YWd3b/+geHjUMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPxzcxvPzBtuJL3MImZH5Gh5CGnBKzUL+JKqDQuj/sSX+GxrbSnI0yVNEAkTMvn/WLJrbpz4FXiZaSEMjT6xa/eQNEkYhKoIMZ0PTcGPyUaOBVsWuglhsWEjsmQdS2VJGLGT+efTPGZVQZ4dlKoJOC5+nsiJZExkyiwnRGBkVn2ZuJ/XjeB8NJPuYwTYJIuFoWJwKDwLBY84JpREBNLCNXc3orpiGhCwYZXsCF4yy+vklat6rlV765Wql9nceTRCTpFFeShC1RHt6iBmoiiR/SMXtGb8+S8OO/Ox6I152Qzx+gPnM8fbqWYQw==</latexit><latexit sha1_base64="S9PUbjcV77KdEZXhTQX9+TgF16A=">AAACCXicbVA9SwNBEN2LXzF+RS1tFhMhNuEujTZC0MYygvmA5Ah7m71kyd7usTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7m19Y3Nrfx2YWd3b/+geHjUMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPxzcxvPzBtuJL3MImZH5Gh5CGnBKzUL+JKqDQuj/sSX+GxrbSnI0yVNEAkTMvn/WLJrbpz4FXiZaSEMjT6xa/eQNEkYhKoIMZ0PTcGPyUaOBVsWuglhsWEjsmQdS2VJGLGT+efTPGZVQZ4dlKoJOC5+nsiJZExkyiwnRGBkVn2ZuJ/XjeB8NJPuYwTYJIuFoWJwKDwLBY84JpREBNLCNXc3orpiGhCwYZXsCF4yy+vklat6rlV765Wql9nceTRCTpFFeShC1RHt6iBmoiiR/SMXtGb8+S8OO/Ox6I152Qzx+gPnM8fbqWYQw==</latexit><latexit sha1_base64="S9PUbjcV77KdEZXhTQX9+TgF16A=">AAACCXicbVA9SwNBEN2LXzF+RS1tFhMhNuEujTZC0MYygvmA5Ah7m71kyd7usTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7m19Y3Nrfx2YWd3b/+geHjUMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPxzcxvPzBtuJL3MImZH5Gh5CGnBKzUL+JKqDQuj/sSX+GxrbSnI0yVNEAkTMvn/WLJrbpz4FXiZaSEMjT6xa/eQNEkYhKoIMZ0PTcGPyUaOBVsWuglhsWEjsmQdS2VJGLGT+efTPGZVQZ4dlKoJOC5+nsiJZExkyiwnRGBkVn2ZuJ/XjeB8NJPuYwTYJIuFoWJwKDwLBY84JpREBNLCNXc3orpiGhCwYZXsCF4yy+vklat6rlV765Wql9nceTRCTpFFeShC1RHt6iBmoiiR/SMXtGb8+S8OO/Ox6I152Qzx+gPnM8fbqWYQw==</latexit><latexit sha1_base64="S9PUbjcV77KdEZXhTQX9+TgF16A=">AAACCXicbVA9SwNBEN2LXzF+RS1tFhMhNuEujTZC0MYygvmA5Ah7m71kyd7usTsnhCOtjX/FxkIRW/+Bnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7m19Y3Nrfx2YWd3b/+geHjUMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPxzcxvPzBtuJL3MImZH5Gh5CGnBKzUL+JKqDQuj/sSX+GxrbSnI0yVNEAkTMvn/WLJrbpz4FXiZaSEMjT6xa/eQNEkYhKoIMZ0PTcGPyUaOBVsWuglhsWEjsmQdS2VJGLGT+efTPGZVQZ4dlKoJOC5+nsiJZExkyiwnRGBkVn2ZuJ/XjeB8NJPuYwTYJIuFoWJwKDwLBY84JpREBNLCNXc3orpiGhCwYZXsCF4yy+vklat6rlV765Wql9nceTRCTpFFeShC1RHt6iBmoiiR/SMXtGb8+S8OO/Ox6I152Qzx+gPnM8fbqWYQw==</latexit>



Using Forward Master Equation formalism, obtained Mean and Variance
<latexit sha1_base64="1ed3ZSmSgrDyIkhj+yWEE7d5RWw="></latexit><latexit sha1_base64="1ed3ZSmSgrDyIkhj+yWEE7d5RWw="></latexit><latexit sha1_base64="1ed3ZSmSgrDyIkhj+yWEE7d5RWw="></latexit><latexit sha1_base64="1ed3ZSmSgrDyIkhj+yWEE7d5RWw="></latexit>

for any kn 6= constant k (with feedback), and � 6= 0 (with degradation)
<latexit sha1_base64="OVpSUWO0CDqeo28foQgObCeMj8k="></latexit><latexit sha1_base64="OVpSUWO0CDqeo28foQgObCeMj8k="></latexit><latexit sha1_base64="OVpSUWO0CDqeo28foQgObCeMj8k="></latexit><latexit sha1_base64="OVpSUWO0CDqeo28foQgObCeMj8k="></latexit>

Solved:
<latexit sha1_base64="F6vvk0VGNewjG94/HqCV5Gi1Oj0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd1cFE9BLx4jmockS5idnU2GzGOZmQ2EkK/w4kERr36ON//GSbIHTSxoKKq66e6KUs6M9f1vb219Y3Nru7BT3N3bPzgsHR03jco0oQ2iuNLtCBvKmaQNyyyn7VRTLCJOW9Hwdua3RlQbpuSjHac0FLgvWcIItk56elB8RONrhHqlsl/x50CrJMhJGXLUe6WvbqxIJqi0hGNjOoGf2nCCtWWE02mxmxmaYjLEfdpxVGJBTTiZHzxF506JUaK0K2nRXP09McHCmLGIXKfAdmCWvZn4n9fJbHIVTphMM0slWSxKMo6sQrPvUcw0JZaPHcFEM3crIgOsMbEuo6ILIVh+eZU0q5XArwT31XLtJo+jAKdwBhcQwCXU4A7q0AACAp7hFd487b14797HonXNy2dO4A+8zx/LQ4+5</latexit><latexit sha1_base64="F6vvk0VGNewjG94/HqCV5Gi1Oj0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd1cFE9BLx4jmockS5idnU2GzGOZmQ2EkK/w4kERr36ON//GSbIHTSxoKKq66e6KUs6M9f1vb219Y3Nru7BT3N3bPzgsHR03jco0oQ2iuNLtCBvKmaQNyyyn7VRTLCJOW9Hwdua3RlQbpuSjHac0FLgvWcIItk56elB8RONrhHqlsl/x50CrJMhJGXLUe6WvbqxIJqi0hGNjOoGf2nCCtWWE02mxmxmaYjLEfdpxVGJBTTiZHzxF506JUaK0K2nRXP09McHCmLGIXKfAdmCWvZn4n9fJbHIVTphMM0slWSxKMo6sQrPvUcw0JZaPHcFEM3crIgOsMbEuo6ILIVh+eZU0q5XArwT31XLtJo+jAKdwBhcQwCXU4A7q0AACAp7hFd487b14797HonXNy2dO4A+8zx/LQ4+5</latexit><latexit sha1_base64="F6vvk0VGNewjG94/HqCV5Gi1Oj0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd1cFE9BLx4jmockS5idnU2GzGOZmQ2EkK/w4kERr36ON//GSbIHTSxoKKq66e6KUs6M9f1vb219Y3Nru7BT3N3bPzgsHR03jco0oQ2iuNLtCBvKmaQNyyyn7VRTLCJOW9Hwdua3RlQbpuSjHac0FLgvWcIItk56elB8RONrhHqlsl/x50CrJMhJGXLUe6WvbqxIJqi0hGNjOoGf2nCCtWWE02mxmxmaYjLEfdpxVGJBTTiZHzxF506JUaK0K2nRXP09McHCmLGIXKfAdmCWvZn4n9fJbHIVTphMM0slWSxKMo6sQrPvUcw0JZaPHcFEM3crIgOsMbEuo6ILIVh+eZU0q5XArwT31XLtJo+jAKdwBhcQwCXU4A7q0AACAp7hFd487b14797HonXNy2dO4A+8zx/LQ4+5</latexit><latexit sha1_base64="F6vvk0VGNewjG94/HqCV5Gi1Oj0=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd1cFE9BLx4jmockS5idnU2GzGOZmQ2EkK/w4kERr36ON//GSbIHTSxoKKq66e6KUs6M9f1vb219Y3Nru7BT3N3bPzgsHR03jco0oQ2iuNLtCBvKmaQNyyyn7VRTLCJOW9Hwdua3RlQbpuSjHac0FLgvWcIItk56elB8RONrhHqlsl/x50CrJMhJGXLUe6WvbqxIJqi0hGNjOoGf2nCCtWWE02mxmxmaYjLEfdpxVGJBTTiZHzxF506JUaK0K2nRXP09McHCmLGIXKfAdmCWvZn4n9fJbHIVTphMM0slWSxKMo6sQrPvUcw0JZaPHcFEM3crIgOsMbEuo6ILIVh+eZU0q5XArwT31XLtJo+jAKdwBhcQwCXU4A7q0AACAp7hFd487b14797HonXNy2dO4A+8zx/LQ4+5</latexit>

Full distribution ?
<latexit sha1_base64="diy/Z2ZdQLSCCu1x70m7G0pzSak=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwFZJY2rqyKIjLCvYBbSiT6aQdOpmEeQi1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7T5gyKpXrflgLi0vLK6u5tfz6xubWtr2z25CJFpjUccIS0QqRJIxyUldUMdJKBUFxyEgzHF5kfvOWCEkTfqNGKQli1Oc0ohgpI3Xt/UvNGOyZRYKGOtPgGezaBdc5rZT8Ygm6juuWPd/LiF8unhShZ5QMBTBHrWu/d3oJ1jHhCjMkZdtzUxWMkVAUMzLJd7QkKcJD1CdtQzmKiQzG0+sn8MgoPRglwhRXcKp+nxijWMpRHJrOGKmB/O1l4l9eW6uoEowpT7UiHM8WRZpBlcAsCvO1IFixkSEIC2puhXiABMLKBJY3IXx9Cv8nDd/xXMe79gvV83kcOXAADsEx8EAZVMEVqIE6wOAOPIAn8GzdW4/Wi/U6a12w5jN74Aest08ompUF</latexit><latexit sha1_base64="diy/Z2ZdQLSCCu1x70m7G0pzSak=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwFZJY2rqyKIjLCvYBbSiT6aQdOpmEeQi1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7T5gyKpXrflgLi0vLK6u5tfz6xubWtr2z25CJFpjUccIS0QqRJIxyUldUMdJKBUFxyEgzHF5kfvOWCEkTfqNGKQli1Oc0ohgpI3Xt/UvNGOyZRYKGOtPgGezaBdc5rZT8Ygm6juuWPd/LiF8unhShZ5QMBTBHrWu/d3oJ1jHhCjMkZdtzUxWMkVAUMzLJd7QkKcJD1CdtQzmKiQzG0+sn8MgoPRglwhRXcKp+nxijWMpRHJrOGKmB/O1l4l9eW6uoEowpT7UiHM8WRZpBlcAsCvO1IFixkSEIC2puhXiABMLKBJY3IXx9Cv8nDd/xXMe79gvV83kcOXAADsEx8EAZVMEVqIE6wOAOPIAn8GzdW4/Wi/U6a12w5jN74Aest08ompUF</latexit><latexit sha1_base64="diy/Z2ZdQLSCCu1x70m7G0pzSak=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwFZJY2rqyKIjLCvYBbSiT6aQdOpmEeQi1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7T5gyKpXrflgLi0vLK6u5tfz6xubWtr2z25CJFpjUccIS0QqRJIxyUldUMdJKBUFxyEgzHF5kfvOWCEkTfqNGKQli1Oc0ohgpI3Xt/UvNGOyZRYKGOtPgGezaBdc5rZT8Ygm6juuWPd/LiF8unhShZ5QMBTBHrWu/d3oJ1jHhCjMkZdtzUxWMkVAUMzLJd7QkKcJD1CdtQzmKiQzG0+sn8MgoPRglwhRXcKp+nxijWMpRHJrOGKmB/O1l4l9eW6uoEowpT7UiHM8WRZpBlcAsCvO1IFixkSEIC2puhXiABMLKBJY3IXx9Cv8nDd/xXMe79gvV83kcOXAADsEx8EAZVMEVqIE6wOAOPIAn8GzdW4/Wi/U6a12w5jN74Aest08ompUF</latexit><latexit sha1_base64="diy/Z2ZdQLSCCu1x70m7G0pzSak=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwFZJY2rqyKIjLCvYBbSiT6aQdOpmEeQi1FH/FjQtF3Pof7vwbJ20FFT1w4XDOvdx7T5gyKpXrflgLi0vLK6u5tfz6xubWtr2z25CJFpjUccIS0QqRJIxyUldUMdJKBUFxyEgzHF5kfvOWCEkTfqNGKQli1Oc0ohgpI3Xt/UvNGOyZRYKGOtPgGezaBdc5rZT8Ygm6juuWPd/LiF8unhShZ5QMBTBHrWu/d3oJ1jHhCjMkZdtzUxWMkVAUMzLJd7QkKcJD1CdtQzmKiQzG0+sn8MgoPRglwhRXcKp+nxijWMpRHJrOGKmB/O1l4l9eW6uoEowpT7UiHM8WRZpBlcAsCvO1IFixkSEIC2puhXiABMLKBJY3IXx9Cv8nDd/xXMe79gvV83kcOXAADsEx8EAZVMEVqIE6wOAOPIAn8GzdW4/Wi/U6a12w5jN74Aest08ompUF</latexit>

Moments of the First Passage time to reach the Holin threshold 
Ghusinga, Dennehy, Singh, PNAS (2017)

<latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit><latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit><latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit><latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit>

Stochastic First Passage time = min{t : n(t) � X|n(0) = 0)}
<latexit sha1_base64="VqurIwvHnzJgcec4R4q0lxF5hnQ="></latexit><latexit sha1_base64="VqurIwvHnzJgcec4R4q0lxF5hnQ="></latexit><latexit sha1_base64="VqurIwvHnzJgcec4R4q0lxF5hnQ="></latexit><latexit sha1_base64="VqurIwvHnzJgcec4R4q0lxF5hnQ="></latexit>

• For Holin (� ⇡ 0), fluctuations (CV 2
) minimum for no feedback (kn = k)

<latexit sha1_base64="oZeLcf86frss+fh1cX5zsc2qJC8="></latexit><latexit sha1_base64="oZeLcf86frss+fh1cX5zsc2qJC8="></latexit><latexit sha1_base64="oZeLcf86frss+fh1cX5zsc2qJC8="></latexit><latexit sha1_base64="oZeLcf86frss+fh1cX5zsc2qJC8="></latexit>

• For other proteins which degrade fast (� > 0), CV 2
minimised for

positive feedback (e.g. kn = c1 + c2n, or Hill form kn = kmax
r+(cn)H

1+(cn)H )
<latexit sha1_base64="4k/ZzWMLRJzMUco40jnQoiWSCmY="></latexit><latexit sha1_base64="4k/ZzWMLRJzMUco40jnQoiWSCmY="></latexit><latexit sha1_base64="4k/ZzWMLRJzMUco40jnQoiWSCmY="></latexit><latexit sha1_base64="4k/ZzWMLRJzMUco40jnQoiWSCmY="></latexit>

CV 2 = �2/hti2
<latexit sha1_base64="K3tTS6SHdOy6F4uWOkeV3hdYSvE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJptEfQiDHfxOMG9wNqNNEu7sDQtSSqMsk/gxa/ixYMiXj1789uYdT3o5h8CP/7P8yR5/n7CqFSW9W2U1tY3NrfK25Wd3b39A/PwqCPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf9Kc17sPREga83s1TYgXoZDTgGKktDU0a83OwIHX0JU0jNDAOc9chnjICFTQFTnNBs7QrFp1KxdcBbuAKijUGppf7ijGaUS4wgxJ2betRHkZEopifWPFTSVJEJ6gkPQ1chQR6WX5OjNY084IBrHQhyuYu78nMhRJOY183RkhNZbLtbn5X62fquDKyyhPUkU4XjwUpAyqGM6zgSMqCFZsqgFhQfVfIR4jgbDSCVZ0CPbyyqvQceq2VbfvLqqNmyKOMjgBp+AM2OASNMAtaIE2wOARPINX8GY8GS/Gu/GxaC0Zxcwx+CPj8wf3eZrP</latexit><latexit sha1_base64="K3tTS6SHdOy6F4uWOkeV3hdYSvE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJptEfQiDHfxOMG9wNqNNEu7sDQtSSqMsk/gxa/ixYMiXj1789uYdT3o5h8CP/7P8yR5/n7CqFSW9W2U1tY3NrfK25Wd3b39A/PwqCPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf9Kc17sPREga83s1TYgXoZDTgGKktDU0a83OwIHX0JU0jNDAOc9chnjICFTQFTnNBs7QrFp1KxdcBbuAKijUGppf7ijGaUS4wgxJ2betRHkZEopifWPFTSVJEJ6gkPQ1chQR6WX5OjNY084IBrHQhyuYu78nMhRJOY183RkhNZbLtbn5X62fquDKyyhPUkU4XjwUpAyqGM6zgSMqCFZsqgFhQfVfIR4jgbDSCVZ0CPbyyqvQceq2VbfvLqqNmyKOMjgBp+AM2OASNMAtaIE2wOARPINX8GY8GS/Gu/GxaC0Zxcwx+CPj8wf3eZrP</latexit><latexit sha1_base64="K3tTS6SHdOy6F4uWOkeV3hdYSvE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJptEfQiDHfxOMG9wNqNNEu7sDQtSSqMsk/gxa/ixYMiXj1789uYdT3o5h8CP/7P8yR5/n7CqFSW9W2U1tY3NrfK25Wd3b39A/PwqCPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf9Kc17sPREga83s1TYgXoZDTgGKktDU0a83OwIHX0JU0jNDAOc9chnjICFTQFTnNBs7QrFp1KxdcBbuAKijUGppf7ijGaUS4wgxJ2betRHkZEopifWPFTSVJEJ6gkPQ1chQR6WX5OjNY084IBrHQhyuYu78nMhRJOY183RkhNZbLtbn5X62fquDKyyhPUkU4XjwUpAyqGM6zgSMqCFZsqgFhQfVfIR4jgbDSCVZ0CPbyyqvQceq2VbfvLqqNmyKOMjgBp+AM2OASNMAtaIE2wOARPINX8GY8GS/Gu/GxaC0Zxcwx+CPj8wf3eZrP</latexit><latexit sha1_base64="K3tTS6SHdOy6F4uWOkeV3hdYSvE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJptEfQiDHfxOMG9wNqNNEu7sDQtSSqMsk/gxa/ixYMiXj1789uYdT3o5h8CP/7P8yR5/n7CqFSW9W2U1tY3NrfK25Wd3b39A/PwqCPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf9Kc17sPREga83s1TYgXoZDTgGKktDU0a83OwIHX0JU0jNDAOc9chnjICFTQFTnNBs7QrFp1KxdcBbuAKijUGppf7ijGaUS4wgxJ2betRHkZEopifWPFTSVJEJ6gkPQ1chQR6WX5OjNY084IBrHQhyuYu78nMhRJOY183RkhNZbLtbn5X62fquDKyyhPUkU4XjwUpAyqGM6zgSMqCFZsqgFhQfVfIR4jgbDSCVZ0CPbyyqvQceq2VbfvLqqNmyKOMjgBp+AM2OASNMAtaIE2wOARPINX8GY8GS/Gu/GxaC0Zxcwx+CPj8wf3eZrP</latexit>



Full First Passage distribution:   Backward  Formalism

First Passage time distribution with n(0) = 0:
<latexit sha1_base64="7weX2K6PY3xUoMH2y8vFSyYief8=">AAACHHicbVBNS8NAEN3Urxq/oh69LLZCvZSkHhRBKArisYL9gLaUzXbbLt1swu5EKaU/xIt/xYsHRbx4EPw3btoctHVg4PHeG2bm+ZHgGlz328osLa+srmXX7Y3Nre0dZ3evpsNYUValoQhVwyeaCS5ZFTgI1ogUI4EvWN0fXiV6/Z4pzUN5B6OItQPSl7zHKQFDdZyTa6404ArRmvQZBh4w3DVrFffjxIEfOAxwXhbcY3yB3fw5tu2Ok3OL7rTwIvBSkENpVTrOZ6sb0jhgEqgwm5qeG0F7TBRwKtjEbsWaRYQOzQVNAyUJmG6Pp89N8JFhurgXKtMS8JT9PTEmgdajwDfOgMBAz2sJ+Z/WjKF31h5zGcXAJJ0t6sUCQ4iTpEwMilEQIwMIVdzciumAKELB5JmE4M2/vAhqpaLnFr3bUq58mcaRRQfoEBWQh05RGd2gCqoiih7RM3pFb9aT9WK9Wx8za8ZKZ/bRn7K+fgBqbJ7w</latexit><latexit sha1_base64="7weX2K6PY3xUoMH2y8vFSyYief8=">AAACHHicbVBNS8NAEN3Urxq/oh69LLZCvZSkHhRBKArisYL9gLaUzXbbLt1swu5EKaU/xIt/xYsHRbx4EPw3btoctHVg4PHeG2bm+ZHgGlz328osLa+srmXX7Y3Nre0dZ3evpsNYUValoQhVwyeaCS5ZFTgI1ogUI4EvWN0fXiV6/Z4pzUN5B6OItQPSl7zHKQFDdZyTa6404ArRmvQZBh4w3DVrFffjxIEfOAxwXhbcY3yB3fw5tu2Ok3OL7rTwIvBSkENpVTrOZ6sb0jhgEqgwm5qeG0F7TBRwKtjEbsWaRYQOzQVNAyUJmG6Pp89N8JFhurgXKtMS8JT9PTEmgdajwDfOgMBAz2sJ+Z/WjKF31h5zGcXAJJ0t6sUCQ4iTpEwMilEQIwMIVdzciumAKELB5JmE4M2/vAhqpaLnFr3bUq58mcaRRQfoEBWQh05RGd2gCqoiih7RM3pFb9aT9WK9Wx8za8ZKZ/bRn7K+fgBqbJ7w</latexit><latexit sha1_base64="7weX2K6PY3xUoMH2y8vFSyYief8=">AAACHHicbVBNS8NAEN3Urxq/oh69LLZCvZSkHhRBKArisYL9gLaUzXbbLt1swu5EKaU/xIt/xYsHRbx4EPw3btoctHVg4PHeG2bm+ZHgGlz328osLa+srmXX7Y3Nre0dZ3evpsNYUValoQhVwyeaCS5ZFTgI1ogUI4EvWN0fXiV6/Z4pzUN5B6OItQPSl7zHKQFDdZyTa6404ArRmvQZBh4w3DVrFffjxIEfOAxwXhbcY3yB3fw5tu2Ok3OL7rTwIvBSkENpVTrOZ6sb0jhgEqgwm5qeG0F7TBRwKtjEbsWaRYQOzQVNAyUJmG6Pp89N8JFhurgXKtMS8JT9PTEmgdajwDfOgMBAz2sJ+Z/WjKF31h5zGcXAJJ0t6sUCQ4iTpEwMilEQIwMIVdzciumAKELB5JmE4M2/vAhqpaLnFr3bUq58mcaRRQfoEBWQh05RGd2gCqoiih7RM3pFb9aT9WK9Wx8za8ZKZ/bRn7K+fgBqbJ7w</latexit><latexit sha1_base64="7weX2K6PY3xUoMH2y8vFSyYief8=">AAACHHicbVBNS8NAEN3Urxq/oh69LLZCvZSkHhRBKArisYL9gLaUzXbbLt1swu5EKaU/xIt/xYsHRbx4EPw3btoctHVg4PHeG2bm+ZHgGlz328osLa+srmXX7Y3Nre0dZ3evpsNYUValoQhVwyeaCS5ZFTgI1ogUI4EvWN0fXiV6/Z4pzUN5B6OItQPSl7zHKQFDdZyTa6404ArRmvQZBh4w3DVrFffjxIEfOAxwXhbcY3yB3fw5tu2Ok3OL7rTwIvBSkENpVTrOZ6sb0jhgEqgwm5qeG0F7TBRwKtjEbsWaRYQOzQVNAyUJmG6Pp89N8JFhurgXKtMS8JT9PTEmgdajwDfOgMBAz2sJ+Z/WjKF31h5zGcXAJJ0t6sUCQ4iTpEwMilEQIwMIVdzciumAKELB5JmE4M2/vAhqpaLnFr3bUq58mcaRRQfoEBWQh05RGd2gCqoiih7RM3pFb9aT9WK9Wx8za8ZKZ/bRn7K+fgBqbJ7w</latexit>

f0,X(t) = � @
@tS0,X(t)

<latexit sha1_base64="foM5SsB3Xh02679TI4N48oDGB00=">AAACIHicbVBLSwMxGMzWV62vVY9egq1QQctuL/UiFL14rGgf0F2WbJptQ7MPkqxQlv0pXvwrXjwoojf9NWbbpWjrQGCYb74kM27EqJCG8aUVVlbX1jeKm6Wt7Z3dPX3/oCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67vg6m3cfCBc0DO7lJCK2j4YB9ShGUkmO3qh4TmKc9dKqPIWX8BxaHkc4sSLEJUUsnTMoU3g3t1YcvWzUjCngMjFzUgY5Wo7+aQ1CHPskkJghIfqmEUk7yS7HjKQlKxYkQniMhqSvaIB8IuxkGjCFJ0oZQC/k6gQSTtXfGwnyhZj4rnL6SI7E4iwT/5v1Y+ld2AkNoliSAM8e8mIVNoRZW3BAOcGSTRRBmFP1V4hHSDUkVaclVYK5GHmZdOo106iZt/Vy8yqvowiOwDGoAhM0QBPcgBZoAwwewTN4BW/ak/aivWsfM2tBy3cOwR9o3z+e76Fo</latexit><latexit sha1_base64="foM5SsB3Xh02679TI4N48oDGB00=">AAACIHicbVBLSwMxGMzWV62vVY9egq1QQctuL/UiFL14rGgf0F2WbJptQ7MPkqxQlv0pXvwrXjwoojf9NWbbpWjrQGCYb74kM27EqJCG8aUVVlbX1jeKm6Wt7Z3dPX3/oCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67vg6m3cfCBc0DO7lJCK2j4YB9ShGUkmO3qh4TmKc9dKqPIWX8BxaHkc4sSLEJUUsnTMoU3g3t1YcvWzUjCngMjFzUgY5Wo7+aQ1CHPskkJghIfqmEUk7yS7HjKQlKxYkQniMhqSvaIB8IuxkGjCFJ0oZQC/k6gQSTtXfGwnyhZj4rnL6SI7E4iwT/5v1Y+ld2AkNoliSAM8e8mIVNoRZW3BAOcGSTRRBmFP1V4hHSDUkVaclVYK5GHmZdOo106iZt/Vy8yqvowiOwDGoAhM0QBPcgBZoAwwewTN4BW/ak/aivWsfM2tBy3cOwR9o3z+e76Fo</latexit><latexit sha1_base64="foM5SsB3Xh02679TI4N48oDGB00=">AAACIHicbVBLSwMxGMzWV62vVY9egq1QQctuL/UiFL14rGgf0F2WbJptQ7MPkqxQlv0pXvwrXjwoojf9NWbbpWjrQGCYb74kM27EqJCG8aUVVlbX1jeKm6Wt7Z3dPX3/oCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67vg6m3cfCBc0DO7lJCK2j4YB9ShGUkmO3qh4TmKc9dKqPIWX8BxaHkc4sSLEJUUsnTMoU3g3t1YcvWzUjCngMjFzUgY5Wo7+aQ1CHPskkJghIfqmEUk7yS7HjKQlKxYkQniMhqSvaIB8IuxkGjCFJ0oZQC/k6gQSTtXfGwnyhZj4rnL6SI7E4iwT/5v1Y+ld2AkNoliSAM8e8mIVNoRZW3BAOcGSTRRBmFP1V4hHSDUkVaclVYK5GHmZdOo106iZt/Vy8yqvowiOwDGoAhM0QBPcgBZoAwwewTN4BW/ak/aivWsfM2tBy3cOwR9o3z+e76Fo</latexit><latexit sha1_base64="foM5SsB3Xh02679TI4N48oDGB00=">AAACIHicbVBLSwMxGMzWV62vVY9egq1QQctuL/UiFL14rGgf0F2WbJptQ7MPkqxQlv0pXvwrXjwoojf9NWbbpWjrQGCYb74kM27EqJCG8aUVVlbX1jeKm6Wt7Z3dPX3/oCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67vg6m3cfCBc0DO7lJCK2j4YB9ShGUkmO3qh4TmKc9dKqPIWX8BxaHkc4sSLEJUUsnTMoU3g3t1YcvWzUjCngMjFzUgY5Wo7+aQ1CHPskkJghIfqmEUk7yS7HjKQlKxYkQniMhqSvaIB8IuxkGjCFJ0oZQC/k6gQSTtXfGwnyhZj4rnL6SI7E4iwT/5v1Y+ld2AkNoliSAM8e8mIVNoRZW3BAOcGSTRRBmFP1V4hHSDUkVaclVYK5GHmZdOo106iZt/Vy8yqvowiOwDGoAhM0QBPcgBZoAwwewTN4BW/ak/aivWsfM2tBy3cOwR9o3z+e76Fo</latexit>

@

@t
~S(t) = A~S(t)

<latexit sha1_base64="zKSpqXLHjXnXnCpHkiX0uVHfzII=">AAACLXicbZBLS8NAEMc39VXrK+rRy2IR6qUkvehFqI+Dx4r2AU0om+2mXbrZhN1NoYR8IS9+FRE8VMSrX8NNG8S2Dgz8+M8MM/P3IkalsqypUVhb39jcKm6Xdnb39g/Mw6OWDGOBSROHLBQdD0nCKCdNRRUjnUgQFHiMtL3RbVZvj4mQNORPahIRN0ADTn2KkdJSz7xzuo4vEE6cCAlFEUt/CSrNY4KTx7SizlN45QRIDT0/uV7UHbdnlq2qNQu4CnYOZZBHo2e+Of0QxwHhCjMkZde2IuUm2V7MSFpyYkkihEdoQLoaOQqIdJPZtyk800of+qHQyRWcqX8nEhRIOQk83ZkdLJdrmfhfrRsr/9JNKI9iRTieL/Jj7UMIM+tgnwqCFZtoQFhQfSvEQ6TNU9rgkjbBXn55FVq1qm1V7YdauX6T21EEJ+AUVIANLkAd3IMGaAIMnsErmIIP48V4Nz6Nr3lrwchnjsFCGN8/xBeplw==</latexit><latexit sha1_base64="zKSpqXLHjXnXnCpHkiX0uVHfzII=">AAACLXicbZBLS8NAEMc39VXrK+rRy2IR6qUkvehFqI+Dx4r2AU0om+2mXbrZhN1NoYR8IS9+FRE8VMSrX8NNG8S2Dgz8+M8MM/P3IkalsqypUVhb39jcKm6Xdnb39g/Mw6OWDGOBSROHLBQdD0nCKCdNRRUjnUgQFHiMtL3RbVZvj4mQNORPahIRN0ADTn2KkdJSz7xzuo4vEE6cCAlFEUt/CSrNY4KTx7SizlN45QRIDT0/uV7UHbdnlq2qNQu4CnYOZZBHo2e+Of0QxwHhCjMkZde2IuUm2V7MSFpyYkkihEdoQLoaOQqIdJPZtyk800of+qHQyRWcqX8nEhRIOQk83ZkdLJdrmfhfrRsr/9JNKI9iRTieL/Jj7UMIM+tgnwqCFZtoQFhQfSvEQ6TNU9rgkjbBXn55FVq1qm1V7YdauX6T21EEJ+AUVIANLkAd3IMGaAIMnsErmIIP48V4Nz6Nr3lrwchnjsFCGN8/xBeplw==</latexit><latexit sha1_base64="zKSpqXLHjXnXnCpHkiX0uVHfzII=">AAACLXicbZBLS8NAEMc39VXrK+rRy2IR6qUkvehFqI+Dx4r2AU0om+2mXbrZhN1NoYR8IS9+FRE8VMSrX8NNG8S2Dgz8+M8MM/P3IkalsqypUVhb39jcKm6Xdnb39g/Mw6OWDGOBSROHLBQdD0nCKCdNRRUjnUgQFHiMtL3RbVZvj4mQNORPahIRN0ADTn2KkdJSz7xzuo4vEE6cCAlFEUt/CSrNY4KTx7SizlN45QRIDT0/uV7UHbdnlq2qNQu4CnYOZZBHo2e+Of0QxwHhCjMkZde2IuUm2V7MSFpyYkkihEdoQLoaOQqIdJPZtyk800of+qHQyRWcqX8nEhRIOQk83ZkdLJdrmfhfrRsr/9JNKI9iRTieL/Jj7UMIM+tgnwqCFZtoQFhQfSvEQ6TNU9rgkjbBXn55FVq1qm1V7YdauX6T21EEJ+AUVIANLkAd3IMGaAIMnsErmIIP48V4Nz6Nr3lrwchnjsFCGN8/xBeplw==</latexit><latexit sha1_base64="zKSpqXLHjXnXnCpHkiX0uVHfzII=">AAACLXicbZBLS8NAEMc39VXrK+rRy2IR6qUkvehFqI+Dx4r2AU0om+2mXbrZhN1NoYR8IS9+FRE8VMSrX8NNG8S2Dgz8+M8MM/P3IkalsqypUVhb39jcKm6Xdnb39g/Mw6OWDGOBSROHLBQdD0nCKCdNRRUjnUgQFHiMtL3RbVZvj4mQNORPahIRN0ADTn2KkdJSz7xzuo4vEE6cCAlFEUt/CSrNY4KTx7SizlN45QRIDT0/uV7UHbdnlq2qNQu4CnYOZZBHo2e+Of0QxwHhCjMkZde2IuUm2V7MSFpyYkkihEdoQLoaOQqIdJPZtyk800of+qHQyRWcqX8nEhRIOQk83ZkdLJdrmfhfrRsr/9JNKI9iRTieL/Jj7UMIM+tgnwqCFZtoQFhQfSvEQ6TNU9rgkjbBXn55FVq1qm1V7YdauX6T21EEJ+AUVIANLkAd3IMGaAIMnsErmIIP48V4Nz6Nr3lrwchnjsFCGN8/xBeplw==</latexit>

Compact form:
<latexit sha1_base64="tMlnv1AG0XsCk4loHwQQGkX3RRw=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxRWbYaFwR2bjERMAERtIpBRr6mLQdDZnwH25caIxb/8Wdf2MHZqHgSZqcnHNfPVHMmbG+/+0V1tY3NreK26Wd3b39g/LhUduoRBPaIoorfR9hQzmTtGWZ5fQ+1hSLiNNONGlkfueRasOUvLPTmIYCjyQbMoKtkx4aSsSYWDRUWlyhfrniV/050CoJclKBHM1++as3UCQRVFrCsTHdwI9tmGJtGeF0Vuolhrr5EzyiXUclFtSE6fzqGTpzyiDb7J60aK7+7kixMGYqIlcpsB2bZS8T//O6iR1ehimTcWKpJItFw4Qjq1AWARowTYnlU0cw0czdisgYa5eDC6rkQgiWv7xK2rVq4FeD21qlfp3HUYQTOIVzCOAC6nADTWgBAQ3P8Apv3pP34r17H4vSgpf3HMMfeJ8/tf+R+Q==</latexit><latexit sha1_base64="tMlnv1AG0XsCk4loHwQQGkX3RRw=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxRWbYaFwR2bjERMAERtIpBRr6mLQdDZnwH25caIxb/8Wdf2MHZqHgSZqcnHNfPVHMmbG+/+0V1tY3NreK26Wd3b39g/LhUduoRBPaIoorfR9hQzmTtGWZ5fQ+1hSLiNNONGlkfueRasOUvLPTmIYCjyQbMoKtkx4aSsSYWDRUWlyhfrniV/050CoJclKBHM1++as3UCQRVFrCsTHdwI9tmGJtGeF0Vuolhrr5EzyiXUclFtSE6fzqGTpzyiDb7J60aK7+7kixMGYqIlcpsB2bZS8T//O6iR1ehimTcWKpJItFw4Qjq1AWARowTYnlU0cw0czdisgYa5eDC6rkQgiWv7xK2rVq4FeD21qlfp3HUYQTOIVzCOAC6nADTWgBAQ3P8Apv3pP34r17H4vSgpf3HMMfeJ8/tf+R+Q==</latexit><latexit sha1_base64="tMlnv1AG0XsCk4loHwQQGkX3RRw=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxRWbYaFwR2bjERMAERtIpBRr6mLQdDZnwH25caIxb/8Wdf2MHZqHgSZqcnHNfPVHMmbG+/+0V1tY3NreK26Wd3b39g/LhUduoRBPaIoorfR9hQzmTtGWZ5fQ+1hSLiNNONGlkfueRasOUvLPTmIYCjyQbMoKtkx4aSsSYWDRUWlyhfrniV/050CoJclKBHM1++as3UCQRVFrCsTHdwI9tmGJtGeF0Vuolhrr5EzyiXUclFtSE6fzqGTpzyiDb7J60aK7+7kixMGYqIlcpsB2bZS8T//O6iR1ehimTcWKpJItFw4Qjq1AWARowTYnlU0cw0czdisgYa5eDC6rkQgiWv7xK2rVq4FeD21qlfp3HUYQTOIVzCOAC6nADTWgBAQ3P8Apv3pP34r17H4vSgpf3HMMfeJ8/tf+R+Q==</latexit><latexit sha1_base64="tMlnv1AG0XsCk4loHwQQGkX3RRw=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxRWbYaFwR2bjERMAERtIpBRr6mLQdDZnwH25caIxb/8Wdf2MHZqHgSZqcnHNfPVHMmbG+/+0V1tY3NreK26Wd3b39g/LhUduoRBPaIoorfR9hQzmTtGWZ5fQ+1hSLiNNONGlkfueRasOUvLPTmIYCjyQbMoKtkx4aSsSYWDRUWlyhfrniV/050CoJclKBHM1++as3UCQRVFrCsTHdwI9tmGJtGeF0Vuolhrr5EzyiXUclFtSE6fzqGTpzyiDb7J60aK7+7kixMGYqIlcpsB2bZS8T//O6iR1ehimTcWKpJItFw4Qjq1AWARowTYnlU0cw0czdisgYa5eDC6rkQgiWv7xK2rVq4FeD21qlfp3HUYQTOIVzCOAC6nADTWgBAQ3P8Apv3pP34r17H4vSgpf3HMMfeJ8/tf+R+Q==</latexit>

Challenges:
<latexit sha1_base64="jO62eJZkcscNbofAkTrWvqFZ/Lg=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Cru5KJ6CuXiMYB6QLGF20psMmZ1dZmbFsOyvePGgiFd/xJt/4+Rx0MSChqKqm+6uIBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0km5reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+Z3HlFpHssHM03Qj+hI8pAzaqw0KJWzfhCSxpgKgXKEOr8hg1LFrbpzkHXiLUkFlmgOSl/9YczSCKVhgmrd89zE+BlVhjOBebGfakwom9AR9iyVNELtZ/Pbc3JhlSEJY2VLGjJXf09kNNJ6GgW2M6JmrFe9mfif10tNeO1nXCapQckWi8JUEBOTWRBkyBUyI6aWUKa4vZWwMVWUGRtX0Ybgrb68Ttq1qudWvftapX67jKMAZ3AOl+DBFdThDprQAgZP8Ayv8Obkzovz7nwsWjec5cwp/IHz+QNB3JPp</latexit><latexit sha1_base64="jO62eJZkcscNbofAkTrWvqFZ/Lg=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Cru5KJ6CuXiMYB6QLGF20psMmZ1dZmbFsOyvePGgiFd/xJt/4+Rx0MSChqKqm+6uIBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0km5reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+Z3HlFpHssHM03Qj+hI8pAzaqw0KJWzfhCSxpgKgXKEOr8hg1LFrbpzkHXiLUkFlmgOSl/9YczSCKVhgmrd89zE+BlVhjOBebGfakwom9AR9iyVNELtZ/Pbc3JhlSEJY2VLGjJXf09kNNJ6GgW2M6JmrFe9mfif10tNeO1nXCapQckWi8JUEBOTWRBkyBUyI6aWUKa4vZWwMVWUGRtX0Ybgrb68Ttq1qudWvftapX67jKMAZ3AOl+DBFdThDprQAgZP8Ayv8Obkzovz7nwsWjec5cwp/IHz+QNB3JPp</latexit><latexit sha1_base64="jO62eJZkcscNbofAkTrWvqFZ/Lg=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Cru5KJ6CuXiMYB6QLGF20psMmZ1dZmbFsOyvePGgiFd/xJt/4+Rx0MSChqKqm+6uIBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0km5reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+Z3HlFpHssHM03Qj+hI8pAzaqw0KJWzfhCSxpgKgXKEOr8hg1LFrbpzkHXiLUkFlmgOSl/9YczSCKVhgmrd89zE+BlVhjOBebGfakwom9AR9iyVNELtZ/Pbc3JhlSEJY2VLGjJXf09kNNJ6GgW2M6JmrFe9mfif10tNeO1nXCapQckWi8JUEBOTWRBkyBUyI6aWUKa4vZWwMVWUGRtX0Ybgrb68Ttq1qudWvftapX67jKMAZ3AOl+DBFdThDprQAgZP8Ayv8Obkzovz7nwsWjec5cwp/IHz+QNB3JPp</latexit><latexit sha1_base64="jO62eJZkcscNbofAkTrWvqFZ/Lg=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Cru5KJ6CuXiMYB6QLGF20psMmZ1dZmbFsOyvePGgiFd/xJt/4+Rx0MSChqKqm+6uIBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0km5reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+Z3HlFpHssHM03Qj+hI8pAzaqw0KJWzfhCSxpgKgXKEOr8hg1LFrbpzkHXiLUkFlmgOSl/9YczSCKVhgmrd89zE+BlVhjOBebGfakwom9AR9iyVNELtZ/Pbc3JhlSEJY2VLGjJXf09kNNJ6GgW2M6JmrFe9mfif10tNeO1nXCapQckWi8JUEBOTWRBkyBUyI6aWUKa4vZWwMVWUGRtX0Ybgrb68Ttq1qudWvftapX67jKMAZ3AOl+DBFdThDprQAgZP8Ayv8Obkzovz7nwsWjec5cwp/IHz+QNB3JPp</latexit>

Laplace Transforms:
<latexit sha1_base64="Igkf6sURYJQ7xeRshkBtEe5nafM=">AAAB/XicbVC7SgNBFJ31GeNrfXQ2g0GwCrtpFKugjYVFhLwgWcLdyWwyZGZ2mZkV4hL8FRsLRWz9Dzv/xkmyhSYeuHA4517uvSdMONPG876dldW19Y3NwlZxe2d3b989OGzqOFWENkjMY9UOQVPOJG0YZjhtJ4qCCDlthaObqd96oEqzWNbNOKGBgIFkESNgrNRzj+8g4UAoriuQOoqV0Fe455a8sjcDXiZ+TkooR63nfnX7MUkFlYZw0Lrje4kJMlCGEU4nxW6qaQJkBAPasVSCoDrIZtdP8JlV+tiutiUNnqm/JzIQWo9FaDsFmKFe9Kbif14nNdFlkDGZpIZKMl8UpRybGE+jwH2mKDF8bAkQxeytmAxBATE2sKINwV98eZk0K2XfK/v3lVL1Oo+jgE7QKTpHPrpAVXSLaqiBCHpEz+gVvTlPzovz7nzMW1ecfOYI/YHz+QPUNZTM</latexit><latexit sha1_base64="Igkf6sURYJQ7xeRshkBtEe5nafM=">AAAB/XicbVC7SgNBFJ31GeNrfXQ2g0GwCrtpFKugjYVFhLwgWcLdyWwyZGZ2mZkV4hL8FRsLRWz9Dzv/xkmyhSYeuHA4517uvSdMONPG876dldW19Y3NwlZxe2d3b989OGzqOFWENkjMY9UOQVPOJG0YZjhtJ4qCCDlthaObqd96oEqzWNbNOKGBgIFkESNgrNRzj+8g4UAoriuQOoqV0Fe455a8sjcDXiZ+TkooR63nfnX7MUkFlYZw0Lrje4kJMlCGEU4nxW6qaQJkBAPasVSCoDrIZtdP8JlV+tiutiUNnqm/JzIQWo9FaDsFmKFe9Kbif14nNdFlkDGZpIZKMl8UpRybGE+jwH2mKDF8bAkQxeytmAxBATE2sKINwV98eZk0K2XfK/v3lVL1Oo+jgE7QKTpHPrpAVXSLaqiBCHpEz+gVvTlPzovz7nzMW1ecfOYI/YHz+QPUNZTM</latexit><latexit sha1_base64="Igkf6sURYJQ7xeRshkBtEe5nafM=">AAAB/XicbVC7SgNBFJ31GeNrfXQ2g0GwCrtpFKugjYVFhLwgWcLdyWwyZGZ2mZkV4hL8FRsLRWz9Dzv/xkmyhSYeuHA4517uvSdMONPG876dldW19Y3NwlZxe2d3b989OGzqOFWENkjMY9UOQVPOJG0YZjhtJ4qCCDlthaObqd96oEqzWNbNOKGBgIFkESNgrNRzj+8g4UAoriuQOoqV0Fe455a8sjcDXiZ+TkooR63nfnX7MUkFlYZw0Lrje4kJMlCGEU4nxW6qaQJkBAPasVSCoDrIZtdP8JlV+tiutiUNnqm/JzIQWo9FaDsFmKFe9Kbif14nNdFlkDGZpIZKMl8UpRybGE+jwH2mKDF8bAkQxeytmAxBATE2sKINwV98eZk0K2XfK/v3lVL1Oo+jgE7QKTpHPrpAVXSLaqiBCHpEz+gVvTlPzovz7nzMW1ecfOYI/YHz+QPUNZTM</latexit><latexit sha1_base64="Igkf6sURYJQ7xeRshkBtEe5nafM=">AAAB/XicbVC7SgNBFJ31GeNrfXQ2g0GwCrtpFKugjYVFhLwgWcLdyWwyZGZ2mZkV4hL8FRsLRWz9Dzv/xkmyhSYeuHA4517uvSdMONPG876dldW19Y3NwlZxe2d3b989OGzqOFWENkjMY9UOQVPOJG0YZjhtJ4qCCDlthaObqd96oEqzWNbNOKGBgIFkESNgrNRzj+8g4UAoriuQOoqV0Fe455a8sjcDXiZ+TkooR63nfnX7MUkFlYZw0Lrje4kJMlCGEU4nxW6qaQJkBAPasVSCoDrIZtdP8JlV+tiutiUNnqm/JzIQWo9FaDsFmKFe9Kbif14nNdFlkDGZpIZKMl8UpRybGE+jwH2mKDF8bAkQxeytmAxBATE2sKINwV98eZk0K2XfK/v3lVL1Oo+jgE7QKTpHPrpAVXSLaqiBCHpEz+gVvTlPzovz7nzMW1ecfOYI/YHz+QPUNZTM</latexit>

f̃0,X(s) = 1� sS̃0,X(s)
<latexit sha1_base64="3k6leG3gz4GiVBJ/C5rnlHYb16Q=">AAACGXicbZDLSsNAFIYn9VbjLerSzWARKmhJutGNUHTjsqK9QBLCZDJph04uzEyEEvIabnwVNy4Ucakr38ZpG1Bbfxj4+c45nDm/nzIqpGl+aZWl5ZXVteq6vrG5tb1j7O51RZJxTDo4YQnv+0gQRmPSkVQy0k85QZHPSM8fXU3qvXvCBU3iOzlOiRuhQUxDipFUyDNMx9YdSVlA8rDwcvOkX9TFMbyA1qko+e0P1x3XM2pmw5wKLhqrNDVQqu0ZH06Q4CwiscQMCWFbZirdHHFJMSOF7mSCpAiP0IDYysYoIsLNp5cV8EiRAIYJVy+WcEp/T+QoEmIc+aozQnIo5msT+F/NzmR47uY0TjNJYjxbFGYMygROYoIB5QRLNlYGYU7VXyEeIo6wVGHqKgRr/uRF0202LLNh3TRrrcsyjio4AIegDixwBlrgGrRBB2DwAJ7AC3jVHrVn7U17n7VWtHJmH/yR9vkNKyqefg==</latexit><latexit sha1_base64="3k6leG3gz4GiVBJ/C5rnlHYb16Q=">AAACGXicbZDLSsNAFIYn9VbjLerSzWARKmhJutGNUHTjsqK9QBLCZDJph04uzEyEEvIabnwVNy4Ucakr38ZpG1Bbfxj4+c45nDm/nzIqpGl+aZWl5ZXVteq6vrG5tb1j7O51RZJxTDo4YQnv+0gQRmPSkVQy0k85QZHPSM8fXU3qvXvCBU3iOzlOiRuhQUxDipFUyDNMx9YdSVlA8rDwcvOkX9TFMbyA1qko+e0P1x3XM2pmw5wKLhqrNDVQqu0ZH06Q4CwiscQMCWFbZirdHHFJMSOF7mSCpAiP0IDYysYoIsLNp5cV8EiRAIYJVy+WcEp/T+QoEmIc+aozQnIo5msT+F/NzmR47uY0TjNJYjxbFGYMygROYoIB5QRLNlYGYU7VXyEeIo6wVGHqKgRr/uRF0202LLNh3TRrrcsyjio4AIegDixwBlrgGrRBB2DwAJ7AC3jVHrVn7U17n7VWtHJmH/yR9vkNKyqefg==</latexit><latexit sha1_base64="3k6leG3gz4GiVBJ/C5rnlHYb16Q=">AAACGXicbZDLSsNAFIYn9VbjLerSzWARKmhJutGNUHTjsqK9QBLCZDJph04uzEyEEvIabnwVNy4Ucakr38ZpG1Bbfxj4+c45nDm/nzIqpGl+aZWl5ZXVteq6vrG5tb1j7O51RZJxTDo4YQnv+0gQRmPSkVQy0k85QZHPSM8fXU3qvXvCBU3iOzlOiRuhQUxDipFUyDNMx9YdSVlA8rDwcvOkX9TFMbyA1qko+e0P1x3XM2pmw5wKLhqrNDVQqu0ZH06Q4CwiscQMCWFbZirdHHFJMSOF7mSCpAiP0IDYysYoIsLNp5cV8EiRAIYJVy+WcEp/T+QoEmIc+aozQnIo5msT+F/NzmR47uY0TjNJYjxbFGYMygROYoIB5QRLNlYGYU7VXyEeIo6wVGHqKgRr/uRF0202LLNh3TRrrcsyjio4AIegDixwBlrgGrRBB2DwAJ7AC3jVHrVn7U17n7VWtHJmH/yR9vkNKyqefg==</latexit><latexit sha1_base64="3k6leG3gz4GiVBJ/C5rnlHYb16Q=">AAACGXicbZDLSsNAFIYn9VbjLerSzWARKmhJutGNUHTjsqK9QBLCZDJph04uzEyEEvIabnwVNy4Ucakr38ZpG1Bbfxj4+c45nDm/nzIqpGl+aZWl5ZXVteq6vrG5tb1j7O51RZJxTDo4YQnv+0gQRmPSkVQy0k85QZHPSM8fXU3qvXvCBU3iOzlOiRuhQUxDipFUyDNMx9YdSVlA8rDwcvOkX9TFMbyA1qko+e0P1x3XM2pmw5wKLhqrNDVQqu0ZH06Q4CwiscQMCWFbZirdHHFJMSOF7mSCpAiP0IDYysYoIsLNp5cV8EiRAIYJVy+WcEp/T+QoEmIc+aozQnIo5msT+F/NzmR47uY0TjNJYjxbFGYMygROYoIB5QRLNlYGYU7VXyEeIo6wVGHqKgRr/uRF0202LLNh3TRrrcsyjio4AIegDixwBlrgGrRBB2DwAJ7AC3jVHrVn7U17n7VWtHJmH/yR9vkNKyqefg==</latexit>

where S̃0,X(s) =
PX

j=1(sI�A)�1
1j

<latexit sha1_base64="iIWk5Xcj4LXAR754vOzVUJeF1qY="></latexit><latexit sha1_base64="iIWk5Xcj4LXAR754vOzVUJeF1qY="></latexit><latexit sha1_base64="iIWk5Xcj4LXAR754vOzVUJeF1qY="></latexit><latexit sha1_base64="iIWk5Xcj4LXAR754vOzVUJeF1qY="></latexit>

Technical details
<latexit sha1_base64="pyiXCdPnWDkEMPCdh0+OXIEl0vc=">AAAB+3icbVC7TsNAEDyHVwgvE0qaExESVWSngTKChjJIeUmJFZ3P6+SU89m6WyOiKL9CQwFCtPwIHX/D5VFAwkgrzc3s6nYnzKQw6HnfTmFre2d3r7hfOjg8Oj5xT8ttk+aaQ4unMtXdkBmQQkELBUroZhpYEkrohOO7ud95BG1Eqpo4ySBI2FCJWHCGVhq45SbwkbJPSSNAJqShA7fiVb0F6CbxV6RCVmgM3K9+lPI8AYVcMmN6vpdhMGUaBZcwK/VzAxnjYzaEnqWKJWCC6WL3Gb20SkTjVNtSSBfq74kpS4yZJKHtTBiOzLo3F//zejnGN8FUqCxHUHz5UZxLiimdB0EjoYGjnFjCuBZ2V8pHTDOONq6SDcFfP3mTtGtV36v6D7VK/XYVR5GckwtyRXxyTerknjRIi3DyRJ7JK3lzZs6L8+58LFsLzmrmjPyB8/kDeyiUDg==</latexit><latexit sha1_base64="pyiXCdPnWDkEMPCdh0+OXIEl0vc=">AAAB+3icbVC7TsNAEDyHVwgvE0qaExESVWSngTKChjJIeUmJFZ3P6+SU89m6WyOiKL9CQwFCtPwIHX/D5VFAwkgrzc3s6nYnzKQw6HnfTmFre2d3r7hfOjg8Oj5xT8ttk+aaQ4unMtXdkBmQQkELBUroZhpYEkrohOO7ud95BG1Eqpo4ySBI2FCJWHCGVhq45SbwkbJPSSNAJqShA7fiVb0F6CbxV6RCVmgM3K9+lPI8AYVcMmN6vpdhMGUaBZcwK/VzAxnjYzaEnqWKJWCC6WL3Gb20SkTjVNtSSBfq74kpS4yZJKHtTBiOzLo3F//zejnGN8FUqCxHUHz5UZxLiimdB0EjoYGjnFjCuBZ2V8pHTDOONq6SDcFfP3mTtGtV36v6D7VK/XYVR5GckwtyRXxyTerknjRIi3DyRJ7JK3lzZs6L8+58LFsLzmrmjPyB8/kDeyiUDg==</latexit><latexit sha1_base64="pyiXCdPnWDkEMPCdh0+OXIEl0vc=">AAAB+3icbVC7TsNAEDyHVwgvE0qaExESVWSngTKChjJIeUmJFZ3P6+SU89m6WyOiKL9CQwFCtPwIHX/D5VFAwkgrzc3s6nYnzKQw6HnfTmFre2d3r7hfOjg8Oj5xT8ttk+aaQ4unMtXdkBmQQkELBUroZhpYEkrohOO7ud95BG1Eqpo4ySBI2FCJWHCGVhq45SbwkbJPSSNAJqShA7fiVb0F6CbxV6RCVmgM3K9+lPI8AYVcMmN6vpdhMGUaBZcwK/VzAxnjYzaEnqWKJWCC6WL3Gb20SkTjVNtSSBfq74kpS4yZJKHtTBiOzLo3F//zejnGN8FUqCxHUHz5UZxLiimdB0EjoYGjnFjCuBZ2V8pHTDOONq6SDcFfP3mTtGtV36v6D7VK/XYVR5GckwtyRXxyTerknjRIi3DyRJ7JK3lzZs6L8+58LFsLzmrmjPyB8/kDeyiUDg==</latexit><latexit sha1_base64="pyiXCdPnWDkEMPCdh0+OXIEl0vc=">AAAB+3icbVC7TsNAEDyHVwgvE0qaExESVWSngTKChjJIeUmJFZ3P6+SU89m6WyOiKL9CQwFCtPwIHX/D5VFAwkgrzc3s6nYnzKQw6HnfTmFre2d3r7hfOjg8Oj5xT8ttk+aaQ4unMtXdkBmQQkELBUroZhpYEkrohOO7ud95BG1Eqpo4ySBI2FCJWHCGVhq45SbwkbJPSSNAJqShA7fiVb0F6CbxV6RCVmgM3K9+lPI8AYVcMmN6vpdhMGUaBZcwK/VzAxnjYzaEnqWKJWCC6WL3Gb20SkTjVNtSSBfq74kpS4yZJKHtTBiOzLo3F//zejnGN8FUqCxHUHz5UZxLiimdB0EjoYGjnFjCuBZ2V8pHTDOONq6SDcFfP3mTtGtV36v6D7VK/XYVR5GckwtyRXxyTerknjRIi3DyRJ7JK3lzZs6L8+58LFsLzmrmjPyB8/kDeyiUDg==</latexit>

(1) To find the matrix elements (sI�A)�1
ij

<latexit sha1_base64="eZysvtAFTA5wcAA88BUt0tUV8qA="></latexit><latexit sha1_base64="eZysvtAFTA5wcAA88BUt0tUV8qA="></latexit><latexit sha1_base64="eZysvtAFTA5wcAA88BUt0tUV8qA="></latexit><latexit sha1_base64="eZysvtAFTA5wcAA88BUt0tUV8qA="></latexit>

for any X
<latexit sha1_base64="2Fxnx+IBkqSb1JCqkSnmeW4vwu0=">AAAB8nicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYGItEH1IaVY7rtFYdO7IdpCjqZ7AwgBArX8PG3+C0GaDlTEfn3Kt77gkTzrRx3W9nY3Nre2e3slfdPzg8Oq6dnPa0TBWhXSK5VIMQa8qZoF3DDKeDRFEch5z2w9ld4fefqNJMikeTJTSI8USwiBFsrORHUiEsMtQYNEa1utt0F0DrxCtJHUp0RrWv4ViSNKbCEI619j03MUGOlWGE03l1mGqaYDLDE+pbKnBMdZAvIs/RpVXGqDgfSWHQQv29keNY6ywO7WSMzVSveoX4n+enJroJciaS1FBBloeilCMjUfE/GjNFieGZJZgoZrMiMsUKE2NbqtoSvNWX10mv1fTcpvfQqrdvyzoqcA4XcAUeXEMb7qEDXSAg4Rle4c0xzovz7nwsRzeccucM/sD5/AHpNJBV</latexit><latexit sha1_base64="2Fxnx+IBkqSb1JCqkSnmeW4vwu0=">AAAB8nicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYGItEH1IaVY7rtFYdO7IdpCjqZ7AwgBArX8PG3+C0GaDlTEfn3Kt77gkTzrRx3W9nY3Nre2e3slfdPzg8Oq6dnPa0TBWhXSK5VIMQa8qZoF3DDKeDRFEch5z2w9ld4fefqNJMikeTJTSI8USwiBFsrORHUiEsMtQYNEa1utt0F0DrxCtJHUp0RrWv4ViSNKbCEI619j03MUGOlWGE03l1mGqaYDLDE+pbKnBMdZAvIs/RpVXGqDgfSWHQQv29keNY6ywO7WSMzVSveoX4n+enJroJciaS1FBBloeilCMjUfE/GjNFieGZJZgoZrMiMsUKE2NbqtoSvNWX10mv1fTcpvfQqrdvyzoqcA4XcAUeXEMb7qEDXSAg4Rle4c0xzovz7nwsRzeccucM/sD5/AHpNJBV</latexit><latexit sha1_base64="2Fxnx+IBkqSb1JCqkSnmeW4vwu0=">AAAB8nicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYGItEH1IaVY7rtFYdO7IdpCjqZ7AwgBArX8PG3+C0GaDlTEfn3Kt77gkTzrRx3W9nY3Nre2e3slfdPzg8Oq6dnPa0TBWhXSK5VIMQa8qZoF3DDKeDRFEch5z2w9ld4fefqNJMikeTJTSI8USwiBFsrORHUiEsMtQYNEa1utt0F0DrxCtJHUp0RrWv4ViSNKbCEI619j03MUGOlWGE03l1mGqaYDLDE+pbKnBMdZAvIs/RpVXGqDgfSWHQQv29keNY6ywO7WSMzVSveoX4n+enJroJciaS1FBBloeilCMjUfE/GjNFieGZJZgoZrMiMsUKE2NbqtoSvNWX10mv1fTcpvfQqrdvyzoqcA4XcAUeXEMb7qEDXSAg4Rle4c0xzovz7nwsRzeccucM/sD5/AHpNJBV</latexit><latexit sha1_base64="2Fxnx+IBkqSb1JCqkSnmeW4vwu0=">AAAB8nicbVC7TsMwFL3hWcqrwMhi0SIxVUkXGCtYGItEH1IaVY7rtFYdO7IdpCjqZ7AwgBArX8PG3+C0GaDlTEfn3Kt77gkTzrRx3W9nY3Nre2e3slfdPzg8Oq6dnPa0TBWhXSK5VIMQa8qZoF3DDKeDRFEch5z2w9ld4fefqNJMikeTJTSI8USwiBFsrORHUiEsMtQYNEa1utt0F0DrxCtJHUp0RrWv4ViSNKbCEI619j03MUGOlWGE03l1mGqaYDLDE+pbKnBMdZAvIs/RpVXGqDgfSWHQQv29keNY6ywO7WSMzVSveoX4n+enJroJciaS1FBBloeilCMjUfE/GjNFieGZJZgoZrMiMsUKE2NbqtoSvNWX10mv1fTcpvfQqrdvyzoqcA4XcAUeXEMb7qEDXSAg4Rle4c0xzovz7nwsRzeccucM/sD5/AHpNJBV</latexit>

(2) To find the Laplace Inverse : f0,X(t) = L�1[f̃0,X(s)]
<latexit sha1_base64="eDfus7iaghAGayHt6lMfkVPyCO4="></latexit><latexit sha1_base64="eDfus7iaghAGayHt6lMfkVPyCO4="></latexit><latexit sha1_base64="eDfus7iaghAGayHt6lMfkVPyCO4="></latexit><latexit sha1_base64="eDfus7iaghAGayHt6lMfkVPyCO4="></latexit>

Rijal, Prasad & Das, PRE (2020)
<latexit sha1_base64="gPK9tKWej650dlpfgCZg9fn3Snk=">AAACD3icbVDJSgNBEO2JW4zbqEcvjcEQIYSZuegxuIDHMZgFkhBqOp2kTc9Cd48QhvyBF3/FiwdFvHr15t/YSeagiQ8KHu9VUVXPiziTyrK+jczK6tr6RnYzt7W9s7tn7h/UZRgLQmsk5KFoeiApZwGtKaY4bUaCgu9x2vBGl1O/8UCFZGFwp8YR7fgwCFifEVBa6pqFKrsHXsKuAAk93C7gK5AlnLSZwm71eoKLjuVYp10zb5WtGfAysVOSRyncrvnV7oUk9mmgCAcpW7YVqU4CQjHC6STXjiWNgIxgQFuaBuBT2Ulm/0zwiVZ6uB8KXYHCM/X3RAK+lGPf050+qKFc9Kbif14rVv3zTsKCKFY0IPNF/ZhjFeJpOLjHBCWKjzUBIpi+FZMhCCBKR5jTIdiLLy+TulO2rbJ96+QrF2kcWXSEjlER2egMVdANclENEfSIntErejOejBfj3fiYt2aMdOYQ/YHx+QPUb5lR</latexit><latexit sha1_base64="gPK9tKWej650dlpfgCZg9fn3Snk=">AAACD3icbVDJSgNBEO2JW4zbqEcvjcEQIYSZuegxuIDHMZgFkhBqOp2kTc9Cd48QhvyBF3/FiwdFvHr15t/YSeagiQ8KHu9VUVXPiziTyrK+jczK6tr6RnYzt7W9s7tn7h/UZRgLQmsk5KFoeiApZwGtKaY4bUaCgu9x2vBGl1O/8UCFZGFwp8YR7fgwCFifEVBa6pqFKrsHXsKuAAk93C7gK5AlnLSZwm71eoKLjuVYp10zb5WtGfAysVOSRyncrvnV7oUk9mmgCAcpW7YVqU4CQjHC6STXjiWNgIxgQFuaBuBT2Ulm/0zwiVZ6uB8KXYHCM/X3RAK+lGPf050+qKFc9Kbif14rVv3zTsKCKFY0IPNF/ZhjFeJpOLjHBCWKjzUBIpi+FZMhCCBKR5jTIdiLLy+TulO2rbJ96+QrF2kcWXSEjlER2egMVdANclENEfSIntErejOejBfj3fiYt2aMdOYQ/YHx+QPUb5lR</latexit><latexit sha1_base64="gPK9tKWej650dlpfgCZg9fn3Snk=">AAACD3icbVDJSgNBEO2JW4zbqEcvjcEQIYSZuegxuIDHMZgFkhBqOp2kTc9Cd48QhvyBF3/FiwdFvHr15t/YSeagiQ8KHu9VUVXPiziTyrK+jczK6tr6RnYzt7W9s7tn7h/UZRgLQmsk5KFoeiApZwGtKaY4bUaCgu9x2vBGl1O/8UCFZGFwp8YR7fgwCFifEVBa6pqFKrsHXsKuAAk93C7gK5AlnLSZwm71eoKLjuVYp10zb5WtGfAysVOSRyncrvnV7oUk9mmgCAcpW7YVqU4CQjHC6STXjiWNgIxgQFuaBuBT2Ulm/0zwiVZ6uB8KXYHCM/X3RAK+lGPf050+qKFc9Kbif14rVv3zTsKCKFY0IPNF/ZhjFeJpOLjHBCWKjzUBIpi+FZMhCCBKR5jTIdiLLy+TulO2rbJ96+QrF2kcWXSEjlER2egMVdANclENEfSIntErejOejBfj3fiYt2aMdOYQ/YHx+QPUb5lR</latexit><latexit sha1_base64="gPK9tKWej650dlpfgCZg9fn3Snk=">AAACD3icbVDJSgNBEO2JW4zbqEcvjcEQIYSZuegxuIDHMZgFkhBqOp2kTc9Cd48QhvyBF3/FiwdFvHr15t/YSeagiQ8KHu9VUVXPiziTyrK+jczK6tr6RnYzt7W9s7tn7h/UZRgLQmsk5KFoeiApZwGtKaY4bUaCgu9x2vBGl1O/8UCFZGFwp8YR7fgwCFifEVBa6pqFKrsHXsKuAAk93C7gK5AlnLSZwm71eoKLjuVYp10zb5WtGfAysVOSRyncrvnV7oUk9mmgCAcpW7YVqU4CQjHC6STXjiWNgIxgQFuaBuBT2Ulm/0zwiVZ6uB8KXYHCM/X3RAK+lGPf050+qKFc9Kbif14rVv3zTsKCKFY0IPNF/ZhjFeJpOLjHBCWKjzUBIpi+FZMhCCBKR5jTIdiLLy+TulO2rbJ96+QrF2kcWXSEjlER2egMVdANclENEfSIntErejOejBfj3fiYt2aMdOYQ/YHx+QPUb5lR</latexit>

Sn�X(t) = 0 and Sn<X(0) = 1
<latexit sha1_base64="rprgW/5Txrnuc2KQVDijAoPtkYM=">AAACFnicbZC7TsMwFIadcivlFmBksWiRykCVdIEBpAoWxiLoRWqjyHGc1qrjBNtBqqI+BQuvwsIAQqyIjbfBaTNAy5Es/fr+c3R8fi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7rK/M4DEZJG/E6NY+KEaMBpQDFSGrnmSeXWTTnsD8g97E6q6hheQKsCEffhzDnPsJVhaFdcs2zVrGnBRWHnogzyarrmV9+PcBISrjBDUvZsK1ZOioSimJFJqZ9IEiM8QgPS05KjkEgnnZ41gUea+DCIhH5cwSn9PZGiUMpx6OnOEKmhnPcy+J/XS1Rw5qSUx4kiHM8WBQmDKoJZRtCngmDFxlogLKj+K8RDJBBWOsmSDsGeP3lRtOs126rZN/Vy4zKPowgOwCGoAhucgga4Bk3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB3/K+PwBUPaaZA==</latexit><latexit sha1_base64="rprgW/5Txrnuc2KQVDijAoPtkYM=">AAACFnicbZC7TsMwFIadcivlFmBksWiRykCVdIEBpAoWxiLoRWqjyHGc1qrjBNtBqqI+BQuvwsIAQqyIjbfBaTNAy5Es/fr+c3R8fi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7rK/M4DEZJG/E6NY+KEaMBpQDFSGrnmSeXWTTnsD8g97E6q6hheQKsCEffhzDnPsJVhaFdcs2zVrGnBRWHnogzyarrmV9+PcBISrjBDUvZsK1ZOioSimJFJqZ9IEiM8QgPS05KjkEgnnZ41gUea+DCIhH5cwSn9PZGiUMpx6OnOEKmhnPcy+J/XS1Rw5qSUx4kiHM8WBQmDKoJZRtCngmDFxlogLKj+K8RDJBBWOsmSDsGeP3lRtOs126rZN/Vy4zKPowgOwCGoAhucgga4Bk3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB3/K+PwBUPaaZA==</latexit><latexit sha1_base64="rprgW/5Txrnuc2KQVDijAoPtkYM=">AAACFnicbZC7TsMwFIadcivlFmBksWiRykCVdIEBpAoWxiLoRWqjyHGc1qrjBNtBqqI+BQuvwsIAQqyIjbfBaTNAy5Es/fr+c3R8fi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7rK/M4DEZJG/E6NY+KEaMBpQDFSGrnmSeXWTTnsD8g97E6q6hheQKsCEffhzDnPsJVhaFdcs2zVrGnBRWHnogzyarrmV9+PcBISrjBDUvZsK1ZOioSimJFJqZ9IEiM8QgPS05KjkEgnnZ41gUea+DCIhH5cwSn9PZGiUMpx6OnOEKmhnPcy+J/XS1Rw5qSUx4kiHM8WBQmDKoJZRtCngmDFxlogLKj+K8RDJBBWOsmSDsGeP3lRtOs126rZN/Vy4zKPowgOwCGoAhucgga4Bk3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB3/K+PwBUPaaZA==</latexit><latexit sha1_base64="rprgW/5Txrnuc2KQVDijAoPtkYM=">AAACFnicbZC7TsMwFIadcivlFmBksWiRykCVdIEBpAoWxiLoRWqjyHGc1qrjBNtBqqI+BQuvwsIAQqyIjbfBaTNAy5Es/fr+c3R8fi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7rK/M4DEZJG/E6NY+KEaMBpQDFSGrnmSeXWTTnsD8g97E6q6hheQKsCEffhzDnPsJVhaFdcs2zVrGnBRWHnogzyarrmV9+PcBISrjBDUvZsK1ZOioSimJFJqZ9IEiM8QgPS05KjkEgnnZ41gUea+DCIhH5cwSn9PZGiUMpx6OnOEKmhnPcy+J/XS1Rw5qSUx4kiHM8WBQmDKoJZRtCngmDFxlogLKj+K8RDJBBWOsmSDsGeP3lRtOs126rZN/Vy4zKPowgOwCGoAhucgga4Bk3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB3/K+PwBUPaaZA==</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>n� 1

<latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit><latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit><latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit><latexit sha1_base64="L8cGB8Zf0r4BGod1cqvhyLeGQB0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiAQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/vtJ1SaJ/LRTFIMYjqUPOKMGiv5VXnlVfvliltzFyDrxMtJBXI0++Wv3iBhWYzSMEG17npuaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpgujp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzEQ3wZTLNDMo2XJRlAliEjL/nAy4QmbExBLKFLe3EjaiijJj8ynZELzVl9dJq17z3Jr3UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8AaCiNvg==</latexit>

……
X � 1<latexit sha1_base64="xePp/9ZCMgd2PjIPOGwrRztIxTM=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsugjWUE8wHJEfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M39zhPXRsTqEacJ9yM6UiIUjKKVWtXulVcdlCtuzV2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+tjh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8XorhjZ8JlaTIFVsuClNJMCbzz8lQaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxO2vWa59a8h3qlcZvHUYQzOIdL8OAaGnAPTWgBAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHRo6NqA==</latexit><latexit sha1_base64="xePp/9ZCMgd2PjIPOGwrRztIxTM=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsugjWUE8wHJEfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M39zhPXRsTqEacJ9yM6UiIUjKKVWtXulVcdlCtuzV2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+tjh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8XorhjZ8JlaTIFVsuClNJMCbzz8lQaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxO2vWa59a8h3qlcZvHUYQzOIdL8OAaGnAPTWgBAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHRo6NqA==</latexit><latexit sha1_base64="xePp/9ZCMgd2PjIPOGwrRztIxTM=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsugjWUE8wHJEfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M39zhPXRsTqEacJ9yM6UiIUjKKVWtXulVcdlCtuzV2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+tjh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8XorhjZ8JlaTIFVsuClNJMCbzz8lQaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxO2vWa59a8h3qlcZvHUYQzOIdL8OAaGnAPTWgBAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHRo6NqA==</latexit><latexit sha1_base64="xePp/9ZCMgd2PjIPOGwrRztIxTM=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBxnCXRsugjWUE8wHJEfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M39zhPXRsTqEacJ9yM6UiIUjKKVWtXulVcdlCtuzV2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+tjh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8XorhjZ8JlaTIFVsuClNJMCbzz8lQaM5QTi2hTAt7K2FjqilDm0/JhuCtvrxO2vWa59a8h3qlcZvHUYQzOIdL8OAaGnAPTWgBAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHRo6NqA==</latexit> X<latexit sha1_base64="mGJVDjdwF2NXvbXYNMdJ0gYqZUo=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuBPBG9OIRoyAJbMjsMAsTZh+ZmTUhhE/w4kFjvPpF3vwbZwETNVpJJ5Wq7nR3+YngSmP8YeVWVtfWN/Kbha3tnd294v5BW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3548vMv7tnUvE4utWThHkhGUY84JRoI92UO+V+sYTt83rVrVQRtjGuOa6TEbdWOasgxygZSrBEs1987w1imoYs0lQQpboOTrQ3JVJzKtis0EsVSwgdkyHrGhqRkClvOj91hk6MMkBBLE1FGs3V7xNTEio1CX3TGRI9Ur+9TPzL66Y6qHtTHiWpZhFdLApSgXSMsr/RgEtGtZgYQqjk5lZER0QSqk06BRPC16fof9J2bQfbzrVbalws48jDERzDKThQgwZcQRNaQGEID/AEz5awHq0X63XRmrOWM4fwA9bbJ8zBjXg=</latexit><latexit sha1_base64="mGJVDjdwF2NXvbXYNMdJ0gYqZUo=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuBPBG9OIRoyAJbMjsMAsTZh+ZmTUhhE/w4kFjvPpF3vwbZwETNVpJJ5Wq7nR3+YngSmP8YeVWVtfWN/Kbha3tnd294v5BW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3548vMv7tnUvE4utWThHkhGUY84JRoI92UO+V+sYTt83rVrVQRtjGuOa6TEbdWOasgxygZSrBEs1987w1imoYs0lQQpboOTrQ3JVJzKtis0EsVSwgdkyHrGhqRkClvOj91hk6MMkBBLE1FGs3V7xNTEio1CX3TGRI9Ur+9TPzL66Y6qHtTHiWpZhFdLApSgXSMsr/RgEtGtZgYQqjk5lZER0QSqk06BRPC16fof9J2bQfbzrVbalws48jDERzDKThQgwZcQRNaQGEID/AEz5awHq0X63XRmrOWM4fwA9bbJ8zBjXg=</latexit><latexit sha1_base64="mGJVDjdwF2NXvbXYNMdJ0gYqZUo=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuBPBG9OIRoyAJbMjsMAsTZh+ZmTUhhE/w4kFjvPpF3vwbZwETNVpJJ5Wq7nR3+YngSmP8YeVWVtfWN/Kbha3tnd294v5BW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3548vMv7tnUvE4utWThHkhGUY84JRoI92UO+V+sYTt83rVrVQRtjGuOa6TEbdWOasgxygZSrBEs1987w1imoYs0lQQpboOTrQ3JVJzKtis0EsVSwgdkyHrGhqRkClvOj91hk6MMkBBLE1FGs3V7xNTEio1CX3TGRI9Ur+9TPzL66Y6qHtTHiWpZhFdLApSgXSMsr/RgEtGtZgYQqjk5lZER0QSqk06BRPC16fof9J2bQfbzrVbalws48jDERzDKThQgwZcQRNaQGEID/AEz5awHq0X63XRmrOWM4fwA9bbJ8zBjXg=</latexit><latexit sha1_base64="mGJVDjdwF2NXvbXYNMdJ0gYqZUo=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuBPBG9OIRoyAJbMjsMAsTZh+ZmTUhhE/w4kFjvPpF3vwbZwETNVpJJ5Wq7nR3+YngSmP8YeVWVtfWN/Kbha3tnd294v5BW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3548vMv7tnUvE4utWThHkhGUY84JRoI92UO+V+sYTt83rVrVQRtjGuOa6TEbdWOasgxygZSrBEs1987w1imoYs0lQQpboOTrQ3JVJzKtis0EsVSwgdkyHrGhqRkClvOj91hk6MMkBBLE1FGs3V7xNTEio1CX3TGRI9Ur+9TPzL66Y6qHtTHiWpZhFdLApSgXSMsr/RgEtGtZgYQqjk5lZER0QSqk06BRPC16fof9J2bQfbzrVbalws48jDERzDKThQgwZcQRNaQGEID/AEz5awHq0X63XRmrOWM4fwA9bbJ8zBjXg=</latexit>

⌘ Threshold number
<latexit sha1_base64="TAxe9xqAHGEmlSJVAUCP3mnEn0I=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoM6RBK3nvJWo7qU1LA79AReaNVx2cN+81M08QkTb9lTYtimjbr2jXv2meGlTUgQuHc+7l3nu8kDOlbfvDSqysrq1vJDdTW9s7u3vp/YO6CiJJoUYDHsimRxRwJqCmmebQDCUQ3+PQ8EZXsd8Yg1QsEFU9CaHjk4FgfUaJNlI3fZRtw23ExllcHUpQw4D3sIh8D2Q3nbFzF6WCmy9gO2fbRcd1YuIW8+d57BglRgYtUemm39u9gEY+CE05Uarl2KHuTInUjHKYpdqRgpDQERlAy1BBfFCd6fyFGT41Sg/3A2lKaDxXv09Mia/UxPdMp0/0UP32YvEvrxXpfqkzZSKMNAi6WNSPONYBjvPAPSaBaj4xhFDJzK2YDokkVJvUUiaEr0/x/6Tu5hw759y4mfLlMo4kOkYn6Aw5qIjK6BpVUA1RdIce0BN6tu6tR+vFel20JqzlzCH6AevtE/bflyk=</latexit><latexit sha1_base64="TAxe9xqAHGEmlSJVAUCP3mnEn0I=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoM6RBK3nvJWo7qU1LA79AReaNVx2cN+81M08QkTb9lTYtimjbr2jXv2meGlTUgQuHc+7l3nu8kDOlbfvDSqysrq1vJDdTW9s7u3vp/YO6CiJJoUYDHsimRxRwJqCmmebQDCUQ3+PQ8EZXsd8Yg1QsEFU9CaHjk4FgfUaJNlI3fZRtw23ExllcHUpQw4D3sIh8D2Q3nbFzF6WCmy9gO2fbRcd1YuIW8+d57BglRgYtUemm39u9gEY+CE05Uarl2KHuTInUjHKYpdqRgpDQERlAy1BBfFCd6fyFGT41Sg/3A2lKaDxXv09Mia/UxPdMp0/0UP32YvEvrxXpfqkzZSKMNAi6WNSPONYBjvPAPSaBaj4xhFDJzK2YDokkVJvUUiaEr0/x/6Tu5hw759y4mfLlMo4kOkYn6Aw5qIjK6BpVUA1RdIce0BN6tu6tR+vFel20JqzlzCH6AevtE/bflyk=</latexit><latexit sha1_base64="TAxe9xqAHGEmlSJVAUCP3mnEn0I=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoM6RBK3nvJWo7qU1LA79AReaNVx2cN+81M08QkTb9lTYtimjbr2jXv2meGlTUgQuHc+7l3nu8kDOlbfvDSqysrq1vJDdTW9s7u3vp/YO6CiJJoUYDHsimRxRwJqCmmebQDCUQ3+PQ8EZXsd8Yg1QsEFU9CaHjk4FgfUaJNlI3fZRtw23ExllcHUpQw4D3sIh8D2Q3nbFzF6WCmy9gO2fbRcd1YuIW8+d57BglRgYtUemm39u9gEY+CE05Uarl2KHuTInUjHKYpdqRgpDQERlAy1BBfFCd6fyFGT41Sg/3A2lKaDxXv09Mia/UxPdMp0/0UP32YvEvrxXpfqkzZSKMNAi6WNSPONYBjvPAPSaBaj4xhFDJzK2YDokkVJvUUiaEr0/x/6Tu5hw759y4mfLlMo4kOkYn6Aw5qIjK6BpVUA1RdIce0BN6tu6tR+vFel20JqzlzCH6AevtE/bflyk=</latexit><latexit sha1_base64="TAxe9xqAHGEmlSJVAUCP3mnEn0I=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoM6RBK3nvJWo7qU1LA79AReaNVx2cN+81M08QkTb9lTYtimjbr2jXv2meGlTUgQuHc+7l3nu8kDOlbfvDSqysrq1vJDdTW9s7u3vp/YO6CiJJoUYDHsimRxRwJqCmmebQDCUQ3+PQ8EZXsd8Yg1QsEFU9CaHjk4FgfUaJNlI3fZRtw23ExllcHUpQw4D3sIh8D2Q3nbFzF6WCmy9gO2fbRcd1YuIW8+d57BglRgYtUemm39u9gEY+CE05Uarl2KHuTInUjHKYpdqRgpDQERlAy1BBfFCd6fyFGT41Sg/3A2lKaDxXv09Mia/UxPdMp0/0UP32YvEvrxXpfqkzZSKMNAi6WNSPONYBjvPAPSaBaj4xhFDJzK2YDokkVJvUUiaEr0/x/6Tu5hw759y4mfLlMo4kOkYn6Aw5qIjK6BpVUA1RdIce0BN6tu6tR+vFel20JqzlzCH6AevtE/bflyk=</latexit>

X � 2
<latexit sha1_base64="Na1lUomPll3eenPBKEImQeAEndE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ+ei1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QOQa41P</latexit><latexit sha1_base64="Na1lUomPll3eenPBKEImQeAEndE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ+ei1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QOQa41P</latexit><latexit sha1_base64="Na1lUomPll3eenPBKEImQeAEndE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ+ei1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QOQa41P</latexit><latexit sha1_base64="Na1lUomPll3eenPBKEImQeAEndE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ+ei1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6RVq3pu1bu/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QOQa41P</latexit>
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<latexit sha1_base64="NTaWuCimNw3lhuqtU2yUAZ72+3Y="></latexit><latexit sha1_base64="NTaWuCimNw3lhuqtU2yUAZ72+3Y="></latexit><latexit sha1_base64="NTaWuCimNw3lhuqtU2yUAZ72+3Y="></latexit><latexit sha1_base64="NTaWuCimNw3lhuqtU2yUAZ72+3Y="></latexit>

Survival probability Sn(t):
<latexit sha1_base64="qdJa2M85Sh4R3PN60yDhQBrUqmQ=">AAACCHicbVA9TwJBEN3DL8SvU0sLN4IJNuSORmNFtLHEIB8JELK3LLBhb/eyO0dCCKWNf8XGQmNs/Ql2/hsXuELBl0zy8t5MZuYFkeAGPO/bSa2tb2xupbczO7t7+wfu4VHNqFhTVqVKKN0IiGGCS1YFDoI1Is1IGAhWD4a3M78+YtpwJR9gHLF2SPqS9zglYKWOe1qJ9YiPiMCRVgEJuOAwxrlKR+bhIneNO27WK3hz4FXiJySLEpQ77lerq2gcMglUEGOavhdBe0I0cCrYNNOKDYsIHZI+a1oqSchMezJ/ZIrPrdLFPaVtScBz9ffEhITGjMPAdoYEBmbZm4n/ec0YelftCZdRDEzSxaJeLDAoPEsFd7lmFMTYEkI1t7diOiCaULDZZWwI/vLLq6RWLPhewb8vZks3SRxpdILOUB756BKV0B0qoyqi6BE9o1f05jw5L86787FoTTnJzDH6A+fzBwUmmKM=</latexit><latexit sha1_base64="qdJa2M85Sh4R3PN60yDhQBrUqmQ=">AAACCHicbVA9TwJBEN3DL8SvU0sLN4IJNuSORmNFtLHEIB8JELK3LLBhb/eyO0dCCKWNf8XGQmNs/Ql2/hsXuELBl0zy8t5MZuYFkeAGPO/bSa2tb2xupbczO7t7+wfu4VHNqFhTVqVKKN0IiGGCS1YFDoI1Is1IGAhWD4a3M78+YtpwJR9gHLF2SPqS9zglYKWOe1qJ9YiPiMCRVgEJuOAwxrlKR+bhIneNO27WK3hz4FXiJySLEpQ77lerq2gcMglUEGOavhdBe0I0cCrYNNOKDYsIHZI+a1oqSchMezJ/ZIrPrdLFPaVtScBz9ffEhITGjMPAdoYEBmbZm4n/ec0YelftCZdRDEzSxaJeLDAoPEsFd7lmFMTYEkI1t7diOiCaULDZZWwI/vLLq6RWLPhewb8vZks3SRxpdILOUB756BKV0B0qoyqi6BE9o1f05jw5L86787FoTTnJzDH6A+fzBwUmmKM=</latexit><latexit sha1_base64="qdJa2M85Sh4R3PN60yDhQBrUqmQ=">AAACCHicbVA9TwJBEN3DL8SvU0sLN4IJNuSORmNFtLHEIB8JELK3LLBhb/eyO0dCCKWNf8XGQmNs/Ql2/hsXuELBl0zy8t5MZuYFkeAGPO/bSa2tb2xupbczO7t7+wfu4VHNqFhTVqVKKN0IiGGCS1YFDoI1Is1IGAhWD4a3M78+YtpwJR9gHLF2SPqS9zglYKWOe1qJ9YiPiMCRVgEJuOAwxrlKR+bhIneNO27WK3hz4FXiJySLEpQ77lerq2gcMglUEGOavhdBe0I0cCrYNNOKDYsIHZI+a1oqSchMezJ/ZIrPrdLFPaVtScBz9ffEhITGjMPAdoYEBmbZm4n/ec0YelftCZdRDEzSxaJeLDAoPEsFd7lmFMTYEkI1t7diOiCaULDZZWwI/vLLq6RWLPhewb8vZks3SRxpdILOUB756BKV0B0qoyqi6BE9o1f05jw5L86787FoTTnJzDH6A+fzBwUmmKM=</latexit><latexit sha1_base64="qdJa2M85Sh4R3PN60yDhQBrUqmQ=">AAACCHicbVA9TwJBEN3DL8SvU0sLN4IJNuSORmNFtLHEIB8JELK3LLBhb/eyO0dCCKWNf8XGQmNs/Ql2/hsXuELBl0zy8t5MZuYFkeAGPO/bSa2tb2xupbczO7t7+wfu4VHNqFhTVqVKKN0IiGGCS1YFDoI1Is1IGAhWD4a3M78+YtpwJR9gHLF2SPqS9zglYKWOe1qJ9YiPiMCRVgEJuOAwxrlKR+bhIneNO27WK3hz4FXiJySLEpQ77lerq2gcMglUEGOavhdBe0I0cCrYNNOKDYsIHZI+a1oqSchMezJ/ZIrPrdLFPaVtScBz9ffEhITGjMPAdoYEBmbZm4n/ec0YelftCZdRDEzSxaJeLDAoPEsFd7lmFMTYEkI1t7diOiCaULDZZWwI/vLLq6RWLPhewb8vZks3SRxpdILOUB756BKV0B0qoyqi6BE9o1f05jw5L86787FoTTnJzDH6A+fzBwUmmKM=</latexit>

Protein number stays below threshold X at time t, starting with n at t = 0
<latexit sha1_base64="GPNNnVBPk72wDGYoKmrljBhRLE8="></latexit><latexit sha1_base64="GPNNnVBPk72wDGYoKmrljBhRLE8="></latexit><latexit sha1_base64="GPNNnVBPk72wDGYoKmrljBhRLE8="></latexit><latexit sha1_base64="GPNNnVBPk72wDGYoKmrljBhRLE8="></latexit>



Our results suitable for Holin (� = 0, i.e no degradation)
<latexit sha1_base64="403ACtOEIrWN8uWTNVqFzNQSkV4="></latexit><latexit sha1_base64="403ACtOEIrWN8uWTNVqFzNQSkV4="></latexit><latexit sha1_base64="403ACtOEIrWN8uWTNVqFzNQSkV4="></latexit><latexit sha1_base64="403ACtOEIrWN8uWTNVqFzNQSkV4="></latexit>

f0,X(t) =
bk0

(b+ 1)2

� k1
k1 � k0

+ b
�
e�

bk0t
b+1 +

� k1
k0 � k1

�
e�

bk1t
b+1

<latexit sha1_base64="lqEKEtXi/WZI626++J9FjbRmJSM="></latexit><latexit sha1_base64="lqEKEtXi/WZI626++J9FjbRmJSM="></latexit><latexit sha1_base64="lqEKEtXi/WZI626++J9FjbRmJSM="></latexit><latexit sha1_base64="lqEKEtXi/WZI626++J9FjbRmJSM="></latexit>

+
XX

j=3

j�1X

n=0

kn
(b+ 1)j�2

Qj�2
q=1((b+ 1)kq � bkn)
Qj�1

p=0,p 6=n(kp � kn)
e�

bknt
b+1

�

<latexit sha1_base64="lVcetRvOwx7tGXH8kLCUlFDzzsM="></latexit><latexit sha1_base64="lVcetRvOwx7tGXH8kLCUlFDzzsM="></latexit><latexit sha1_base64="lVcetRvOwx7tGXH8kLCUlFDzzsM="></latexit><latexit sha1_base64="lVcetRvOwx7tGXH8kLCUlFDzzsM="></latexit>

For unequal kn (with positive or negative feedback):
<latexit sha1_base64="xvCdv6ffa9EYiCon9XGxryqCF0g="></latexit><latexit sha1_base64="xvCdv6ffa9EYiCon9XGxryqCF0g="></latexit><latexit sha1_base64="xvCdv6ffa9EYiCon9XGxryqCF0g="></latexit><latexit sha1_base64="xvCdv6ffa9EYiCon9XGxryqCF0g="></latexit>

Note: Exponential tail (not Gaussian)
<latexit sha1_base64="RT17FGbZQsISB0E+QF9BHm04/Eo="></latexit><latexit sha1_base64="RT17FGbZQsISB0E+QF9BHm04/Eo="></latexit><latexit sha1_base64="RT17FGbZQsISB0E+QF9BHm04/Eo="></latexit><latexit sha1_base64="RT17FGbZQsISB0E+QF9BHm04/Eo="></latexit>

For equal kn = k (no feedback):
<latexit sha1_base64="172a8MPuRVwdVz3K7+6y6QV/VVw="></latexit><latexit sha1_base64="172a8MPuRVwdVz3K7+6y6QV/VVw="></latexit><latexit sha1_base64="172a8MPuRVwdVz3K7+6y6QV/VVw="></latexit><latexit sha1_base64="172a8MPuRVwdVz3K7+6y6QV/VVw="></latexit>

f0,X(t) =
kbX

(b+ 1)X

"
X�1X

n=0

1

n!

✓
X � 1

n

◆✓
kt

b+ 1

◆n
#
e�

kbt
b+1

<latexit sha1_base64="rLU/22ITDxP4y41z7MlLpmSSZhc="></latexit><latexit sha1_base64="rLU/22ITDxP4y41z7MlLpmSSZhc="></latexit><latexit sha1_base64="rLU/22ITDxP4y41z7MlLpmSSZhc="></latexit><latexit sha1_base64="rLU/22ITDxP4y41z7MlLpmSSZhc="></latexit>



Comparison with experimental WT Holin, Lysis time distribution

Use Experimental values of:
<latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit><latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit><latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit><latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit>

X = 1500, htLT i ⇡ 65 mins & �LT ⇡ 3.5 mins
<latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit><latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit><latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit><latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit>

Theory: hti = b+X
bk and CV 2 = �2

hti2 = b2+X+2bX
(b+X)2

<latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit><latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit><latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit><latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit>

) b = 3 and k = 10 min�1
<latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit><latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit><latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit><latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit>

htLT i ⇡ 15 + hti
<latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit><latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit><latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit><latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit>

Dennehy & Singh,
J.R. Soc Interface (2014)

<latexit sha1_base64="vny4VBPJ6YnpFRB+vsxRBD4H8GE="></latexit><latexit sha1_base64="vny4VBPJ6YnpFRB+vsxRBD4H8GE="></latexit><latexit sha1_base64="vny4VBPJ6YnpFRB+vsxRBD4H8GE="></latexit><latexit sha1_base64="vny4VBPJ6YnpFRB+vsxRBD4H8GE="></latexit>



Comparison with experimental (WT lambda) Lysis time distribution

X = 1500, htLT i ⇡ 65 mins & �LT ⇡ 3.5 mins
<latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit><latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit><latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit><latexit sha1_base64="RjDA/LAt72QiRDBqXWa9okdfLvU="></latexit>

Use Experimental values of:
<latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit><latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit><latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit><latexit sha1_base64="JUnXxasczOPFydDPvYxtI+noUqQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyXpRfFUFMFjBdMW2lA220m7dLMJu5tiKb148a948aCIV/+DN/+NmzYHbX0w8HhvZnfmBQlnSjvOt1VYWV1b3yhulra2d3b37P2DhopTScGjMY9lKyAKOBPgaaY5tBIJJAo4NIPhdeY3RyAVi8W9HifgR6QvWMgo0Ubq2seeAnzzkIBkEQhNOB4RnoLCcXiJu3bZqTgz4GXi5qSMctS79lenF9M0e4lyolTbdRLtT4jUjHKYljqpgoTQIelD21BBIlD+ZHbFFJ8apYfDWJoSGs/U3xMTEik1jgLTGRE9UIteJv7ntVMdXvgTJpJUg6Dzj8KUYx3jLBLcYxKo5mNDCJXM7IrpgEhCtQmuZEJwF09eJo1qxXUq7l21XLvK4yiiI3SCzpCLzlEN3aI68hBFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/n4yX+w==</latexit>

) b = 3 and k = 10 min�1
<latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit><latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit><latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit><latexit sha1_base64="hQX4Tqbg1N1PFdHuDPpkPv2plvQ="></latexit>

htLT i ⇡ 15 + hti
<latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit><latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit><latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit><latexit sha1_base64="fripwUps6xkkomGas/ocFDKuu/E="></latexit>

Theory: hti = b+X
bk and CV 2 = �2

hti2 = b2+X+2bX
(b+X)2

<latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit><latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit><latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit><latexit sha1_base64="Z3uT916NcJoqDwQQQb1IRFf4toI="></latexit>

, all cumulants n analyitically
<latexit sha1_base64="T0cJJAGMJwWIGA8qiip6Fj5CKXQ=">AAACEXicbVA9T8MwFHTKVylfAUYWixapA6qSLjBWsDAWibZIbRS9uG5r1XEi20GKov4FFv4KCwMIsbKx8W9w2gzQcpKl0917z7oLYs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFSWS0A6JeCTvA1CUM0E7mmlO72NJIQw47QXT69zvPVCpWCTudBpTL4SxYCNGQBvJt+vnGDjHJAkTDkIrXBtMIY7BFzUMAnjKtJnlPPXtqtNw5sCrxC1IFRVo+/bXYBiZu1RowkGpvuvE2stAmoOcziqDRNEYyBTGtG+ogJAqL5snmuEzowzxKJLmCY3n6u+NDEKl0jAwkyHoiVr2cvE/r5/o0aWXMREnmgqy+GiUcKwjnNeDh0xSonlqCBCZh8dkAhKINiVWTAnucuRV0m02XKfh3jarrauijjI6Qaeojlx0gVroBrVRBxH0iJ7RK3qznqwX6936WIyWrGLnGP2B9fkDoq2c6A==</latexit><latexit sha1_base64="T0cJJAGMJwWIGA8qiip6Fj5CKXQ=">AAACEXicbVA9T8MwFHTKVylfAUYWixapA6qSLjBWsDAWibZIbRS9uG5r1XEi20GKov4FFv4KCwMIsbKx8W9w2gzQcpKl0917z7oLYs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFSWS0A6JeCTvA1CUM0E7mmlO72NJIQw47QXT69zvPVCpWCTudBpTL4SxYCNGQBvJt+vnGDjHJAkTDkIrXBtMIY7BFzUMAnjKtJnlPPXtqtNw5sCrxC1IFRVo+/bXYBiZu1RowkGpvuvE2stAmoOcziqDRNEYyBTGtG+ogJAqL5snmuEzowzxKJLmCY3n6u+NDEKl0jAwkyHoiVr2cvE/r5/o0aWXMREnmgqy+GiUcKwjnNeDh0xSonlqCBCZh8dkAhKINiVWTAnucuRV0m02XKfh3jarrauijjI6Qaeojlx0gVroBrVRBxH0iJ7RK3qznqwX6936WIyWrGLnGP2B9fkDoq2c6A==</latexit><latexit sha1_base64="T0cJJAGMJwWIGA8qiip6Fj5CKXQ=">AAACEXicbVA9T8MwFHTKVylfAUYWixapA6qSLjBWsDAWibZIbRS9uG5r1XEi20GKov4FFv4KCwMIsbKx8W9w2gzQcpKl0917z7oLYs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFSWS0A6JeCTvA1CUM0E7mmlO72NJIQw47QXT69zvPVCpWCTudBpTL4SxYCNGQBvJt+vnGDjHJAkTDkIrXBtMIY7BFzUMAnjKtJnlPPXtqtNw5sCrxC1IFRVo+/bXYBiZu1RowkGpvuvE2stAmoOcziqDRNEYyBTGtG+ogJAqL5snmuEzowzxKJLmCY3n6u+NDEKl0jAwkyHoiVr2cvE/r5/o0aWXMREnmgqy+GiUcKwjnNeDh0xSonlqCBCZh8dkAhKINiVWTAnucuRV0m02XKfh3jarrauijjI6Qaeojlx0gVroBrVRBxH0iJ7RK3qznqwX6936WIyWrGLnGP2B9fkDoq2c6A==</latexit><latexit sha1_base64="T0cJJAGMJwWIGA8qiip6Fj5CKXQ=">AAACEXicbVA9T8MwFHTKVylfAUYWixapA6qSLjBWsDAWibZIbRS9uG5r1XEi20GKov4FFv4KCwMIsbKx8W9w2gzQcpKl0917z7oLYs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0ddFSWS0A6JeCTvA1CUM0E7mmlO72NJIQw47QXT69zvPVCpWCTudBpTL4SxYCNGQBvJt+vnGDjHJAkTDkIrXBtMIY7BFzUMAnjKtJnlPPXtqtNw5sCrxC1IFRVo+/bXYBiZu1RowkGpvuvE2stAmoOcziqDRNEYyBTGtG+ogJAqL5snmuEzowzxKJLmCY3n6u+NDEKl0jAwkyHoiVr2cvE/r5/o0aWXMREnmgqy+GiUcKwjnNeDh0xSonlqCBCZh8dkAhKINiVWTAnucuRV0m02XKfh3jarrauijjI6Qaeojlx0gVroBrVRBxH0iJ7RK3qznqwX6936WIyWrGLnGP2B9fkDoq2c6A==</latexit>

Skewness = 3

(2)
3
2

<latexit sha1_base64="0Mzi3phFzt78f3VGrgPZJqrgink="></latexit><latexit sha1_base64="0Mzi3phFzt78f3VGrgPZJqrgink="></latexit><latexit sha1_base64="0Mzi3phFzt78f3VGrgPZJqrgink="></latexit><latexit sha1_base64="0Mzi3phFzt78f3VGrgPZJqrgink="></latexit>

Kurtosis = 3 + 4

2
2

<latexit sha1_base64="AQ/W1bHfNVhvPPrpe8MWoQB1HM4=">AAACHnicbZDLSgMxFIYzXmu9VV26CbaCIJSZUVEEoehGcFPBXqBTSybNtKGZC8kZsQzzJG58FTcuFBFc6duYXgRt/eHAx3/OITm/GwmuwDS/jJnZufmFxcxSdnlldW09t7FZVWEsKavQUISy7hLFBA9YBTgIVo8kI74rWM3tXQz6tTsmFQ+DG+hHrOmTTsA9Tgloq5U7KjjA7iG5iiWEiqvUOcVnug72HU8Smjg9EkWkdZj+kH1rp4VWLm8WzaHwNFhjyKOxyq3ch9MOaeyzAKggSjUsM4JmQiRwKliadWLFIkJ7pMMaGgPiM9VMhueleFc7beyFUlcAeOj+3kiIr1Tfd/WkT6CrJnsD879eIwbvpJnwIIqBBXT0kBcLDCEeZIXbXDIKoq+BUMn1XzHtEh0L6ESzOgRr8uRpqNpFyyxa13a+dD6OI4O20Q7aQxY6RiV0icqogih6QE/oBb0aj8az8Wa8j0ZnjPHOFvoj4/MbVkOh9Q==</latexit><latexit sha1_base64="AQ/W1bHfNVhvPPrpe8MWoQB1HM4=">AAACHnicbZDLSgMxFIYzXmu9VV26CbaCIJSZUVEEoehGcFPBXqBTSybNtKGZC8kZsQzzJG58FTcuFBFc6duYXgRt/eHAx3/OITm/GwmuwDS/jJnZufmFxcxSdnlldW09t7FZVWEsKavQUISy7hLFBA9YBTgIVo8kI74rWM3tXQz6tTsmFQ+DG+hHrOmTTsA9Tgloq5U7KjjA7iG5iiWEiqvUOcVnug72HU8Smjg9EkWkdZj+kH1rp4VWLm8WzaHwNFhjyKOxyq3ch9MOaeyzAKggSjUsM4JmQiRwKliadWLFIkJ7pMMaGgPiM9VMhueleFc7beyFUlcAeOj+3kiIr1Tfd/WkT6CrJnsD879eIwbvpJnwIIqBBXT0kBcLDCEeZIXbXDIKoq+BUMn1XzHtEh0L6ESzOgRr8uRpqNpFyyxa13a+dD6OI4O20Q7aQxY6RiV0icqogih6QE/oBb0aj8az8Wa8j0ZnjPHOFvoj4/MbVkOh9Q==</latexit><latexit sha1_base64="AQ/W1bHfNVhvPPrpe8MWoQB1HM4=">AAACHnicbZDLSgMxFIYzXmu9VV26CbaCIJSZUVEEoehGcFPBXqBTSybNtKGZC8kZsQzzJG58FTcuFBFc6duYXgRt/eHAx3/OITm/GwmuwDS/jJnZufmFxcxSdnlldW09t7FZVWEsKavQUISy7hLFBA9YBTgIVo8kI74rWM3tXQz6tTsmFQ+DG+hHrOmTTsA9Tgloq5U7KjjA7iG5iiWEiqvUOcVnug72HU8Smjg9EkWkdZj+kH1rp4VWLm8WzaHwNFhjyKOxyq3ch9MOaeyzAKggSjUsM4JmQiRwKliadWLFIkJ7pMMaGgPiM9VMhueleFc7beyFUlcAeOj+3kiIr1Tfd/WkT6CrJnsD879eIwbvpJnwIIqBBXT0kBcLDCEeZIXbXDIKoq+BUMn1XzHtEh0L6ESzOgRr8uRpqNpFyyxa13a+dD6OI4O20Q7aQxY6RiV0icqogih6QE/oBb0aj8az8Wa8j0ZnjPHOFvoj4/MbVkOh9Q==</latexit><latexit sha1_base64="AQ/W1bHfNVhvPPrpe8MWoQB1HM4=">AAACHnicbZDLSgMxFIYzXmu9VV26CbaCIJSZUVEEoehGcFPBXqBTSybNtKGZC8kZsQzzJG58FTcuFBFc6duYXgRt/eHAx3/OITm/GwmuwDS/jJnZufmFxcxSdnlldW09t7FZVWEsKavQUISy7hLFBA9YBTgIVo8kI74rWM3tXQz6tTsmFQ+DG+hHrOmTTsA9Tgloq5U7KjjA7iG5iiWEiqvUOcVnug72HU8Smjg9EkWkdZj+kH1rp4VWLm8WzaHwNFhjyKOxyq3ch9MOaeyzAKggSjUsM4JmQiRwKliadWLFIkJ7pMMaGgPiM9VMhueleFc7beyFUlcAeOj+3kiIr1Tfd/WkT6CrJnsD879eIwbvpJnwIIqBBXT0kBcLDCEeZIXbXDIKoq+BUMn1XzHtEh0L6ESzOgRr8uRpqNpFyyxa13a+dD6OI4O20Q7aQxY6RiV0icqogih6QE/oBb0aj8az8Wa8j0ZnjPHOFvoj4/MbVkOh9Q==</latexit>

Gaussian: 0
<latexit sha1_base64="D6Kd9YSzRRmRPPG2+Kbi/MxaX5o=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeiBz1WsB+QhjLZbtqlm03Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjtk4yRVmLJiJR3RA1E1yyluFGsG6qGMahYJ1wfDvzO09MaZ7IRzNJWRDjUPKIUzRW8u8w05qjvCZuv1J1a+4cZJV4BalCgWa/8tUbJDSLmTRUoNa+56YmyFEZTgWblnuZZinSMQ6Zb6nEmOkgn588JedWGZAoUbakIXP190SOsdaTOLSdMZqRXvZm4n+en5noKsi5TDPDJF0sijJBTEJm/5MBV4waMbEEqeL2VkJHqJAam1LZhuAtv7xK2vWa59a8h3q1cVPEUYJTOIML8OASGnAPTWgBhQSe4RXeHOO8OO/Ox6J1zSlmTuAPnM8fbRWQqw==</latexit><latexit sha1_base64="D6Kd9YSzRRmRPPG2+Kbi/MxaX5o=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeiBz1WsB+QhjLZbtqlm03Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjtk4yRVmLJiJR3RA1E1yyluFGsG6qGMahYJ1wfDvzO09MaZ7IRzNJWRDjUPKIUzRW8u8w05qjvCZuv1J1a+4cZJV4BalCgWa/8tUbJDSLmTRUoNa+56YmyFEZTgWblnuZZinSMQ6Zb6nEmOkgn588JedWGZAoUbakIXP190SOsdaTOLSdMZqRXvZm4n+en5noKsi5TDPDJF0sijJBTEJm/5MBV4waMbEEqeL2VkJHqJAam1LZhuAtv7xK2vWa59a8h3q1cVPEUYJTOIML8OASGnAPTWgBhQSe4RXeHOO8OO/Ox6J1zSlmTuAPnM8fbRWQqw==</latexit><latexit sha1_base64="D6Kd9YSzRRmRPPG2+Kbi/MxaX5o=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeiBz1WsB+QhjLZbtqlm03Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjtk4yRVmLJiJR3RA1E1yyluFGsG6qGMahYJ1wfDvzO09MaZ7IRzNJWRDjUPKIUzRW8u8w05qjvCZuv1J1a+4cZJV4BalCgWa/8tUbJDSLmTRUoNa+56YmyFEZTgWblnuZZinSMQ6Zb6nEmOkgn588JedWGZAoUbakIXP190SOsdaTOLSdMZqRXvZm4n+en5noKsi5TDPDJF0sijJBTEJm/5MBV4waMbEEqeL2VkJHqJAam1LZhuAtv7xK2vWa59a8h3q1cVPEUYJTOIML8OASGnAPTWgBhQSe4RXeHOO8OO/Ox6J1zSlmTuAPnM8fbRWQqw==</latexit><latexit sha1_base64="D6Kd9YSzRRmRPPG2+Kbi/MxaX5o=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkviqeiBz1WsB+QhjLZbtqlm03Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjtk4yRVmLJiJR3RA1E1yyluFGsG6qGMahYJ1wfDvzO09MaZ7IRzNJWRDjUPKIUzRW8u8w05qjvCZuv1J1a+4cZJV4BalCgWa/8tUbJDSLmTRUoNa+56YmyFEZTgWblnuZZinSMQ6Zb6nEmOkgn588JedWGZAoUbakIXP190SOsdaTOLSdMZqRXvZm4n+en5noKsi5TDPDJF0sijJBTEJm/5MBV4waMbEEqeL2VkJHqJAam1LZhuAtv7xK2vWa59a8h3q1cVPEUYJTOIML8OASGnAPTWgBhQSe4RXeHOO8OO/Ox6J1zSlmTuAPnM8fbRWQqw==</latexit>

Gaussian: 3
<latexit sha1_base64="ZOfGdqCW16eU140BFZ3fZEqbzHY=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5ioVgFLbSMYD7gcoS5zV6yZG/v2J0TQsjPsLFQxNZfY+e/cZNcoYkPBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacabLJGJ7oRguBSKN1Gg5J1Uc4hDydvh6Hbmt5+4NiJRjzhOeRDDQIlIMEAr+XeQGSNAXdOLXrniVt056CrxclIhORq98le3n7As5gqZBGN8z00xmIBGwSSflrqZ4SmwEQy4b6mCmJtgMj95Ss+s0qdRom0ppHP198QEYmPGcWg7Y8ChWfZm4n+en2F0FUyESjPkii0WRZmkmNDZ/7QvNGcox5YA08LeStkQNDC0KZVsCN7yy6ukVat6btV7qFXqN3kcRXJCTsk58cglqZN70iBNwkhCnskreXPQeXHenY9Fa8HJZ47JHzifP3GhkK4=</latexit><latexit sha1_base64="ZOfGdqCW16eU140BFZ3fZEqbzHY=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5ioVgFLbSMYD7gcoS5zV6yZG/v2J0TQsjPsLFQxNZfY+e/cZNcoYkPBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacabLJGJ7oRguBSKN1Gg5J1Uc4hDydvh6Hbmt5+4NiJRjzhOeRDDQIlIMEAr+XeQGSNAXdOLXrniVt056CrxclIhORq98le3n7As5gqZBGN8z00xmIBGwSSflrqZ4SmwEQy4b6mCmJtgMj95Ss+s0qdRom0ppHP198QEYmPGcWg7Y8ChWfZm4n+en2F0FUyESjPkii0WRZmkmNDZ/7QvNGcox5YA08LeStkQNDC0KZVsCN7yy6ukVat6btV7qFXqN3kcRXJCTsk58cglqZN70iBNwkhCnskreXPQeXHenY9Fa8HJZ47JHzifP3GhkK4=</latexit><latexit sha1_base64="ZOfGdqCW16eU140BFZ3fZEqbzHY=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5ioVgFLbSMYD7gcoS5zV6yZG/v2J0TQsjPsLFQxNZfY+e/cZNcoYkPBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacabLJGJ7oRguBSKN1Gg5J1Uc4hDydvh6Hbmt5+4NiJRjzhOeRDDQIlIMEAr+XeQGSNAXdOLXrniVt056CrxclIhORq98le3n7As5gqZBGN8z00xmIBGwSSflrqZ4SmwEQy4b6mCmJtgMj95Ss+s0qdRom0ppHP198QEYmPGcWg7Y8ChWfZm4n+en2F0FUyESjPkii0WRZmkmNDZ/7QvNGcox5YA08LeStkQNDC0KZVsCN7yy6ukVat6btV7qFXqN3kcRXJCTsk58cglqZN70iBNwkhCnskreXPQeXHenY9Fa8HJZ47JHzifP3GhkK4=</latexit><latexit sha1_base64="ZOfGdqCW16eU140BFZ3fZEqbzHY=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5ioVgFLbSMYD7gcoS5zV6yZG/v2J0TQsjPsLFQxNZfY+e/cZNcoYkPBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacabLJGJ7oRguBSKN1Gg5J1Uc4hDydvh6Hbmt5+4NiJRjzhOeRDDQIlIMEAr+XeQGSNAXdOLXrniVt056CrxclIhORq98le3n7As5gqZBGN8z00xmIBGwSSflrqZ4SmwEQy4b6mCmJtgMj95Ss+s0qdRom0ppHP198QEYmPGcWg7Y8ChWfZm4n+en2F0FUyESjPkii0WRZmkmNDZ/7QvNGcox5YA08LeStkQNDC0KZVsCN7yy6ukVat6btV7qFXqN3kcRXJCTsk58cglqZN70iBNwkhCnskreXPQeXHenY9Fa8HJZ47JHzifP3GhkK4=</latexit>

Theory: 0.10 , Exp: 0.06
<latexit sha1_base64="EVqqr5/EUfU0jClMQiyjrgCu7Cw=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBRSkzXai4KorgskJv0JaSSU/b0MyF5Iy0DNOHcOOruHGhiFvBnW9jello64HAx/+fk5P8biiFRtv+tlZW19Y3NlNb6e2d3b39zMFhVQeR4lDhgQxU3WUapPChggIl1EMFzHMl1NzBzcSvPYDSIvDLOAqh5bGeL7qCMzRSO5Mr9yFQoytq5x2bjnNj2kQY4vTiWEEniW+H4cS1zxPazmQNTIsugzOHLJlXqZ35anYCHnngI5dM64Zjh9iKmULBJSTpZqQhZHzAetAw6DMPdCueLk/oqVE6tBsoc3ykU/X3RMw8rUeeazo9hn296E3E/7xGhN3LViz8MELw+WxRN5IUAzqJiHaEAo5yZIBxJcxbKe8zxTiaINMmBGfxy8tQLZg88859IVu8nseRIsfkhJwRh1yQIrkjJVIhnDySZ/JK3qwn68V6tz5mrSvWfOaI/Cnr8weeEp0z</latexit><latexit sha1_base64="EVqqr5/EUfU0jClMQiyjrgCu7Cw=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBRSkzXai4KorgskJv0JaSSU/b0MyF5Iy0DNOHcOOruHGhiFvBnW9jello64HAx/+fk5P8biiFRtv+tlZW19Y3NlNb6e2d3b39zMFhVQeR4lDhgQxU3WUapPChggIl1EMFzHMl1NzBzcSvPYDSIvDLOAqh5bGeL7qCMzRSO5Mr9yFQoytq5x2bjnNj2kQY4vTiWEEniW+H4cS1zxPazmQNTIsugzOHLJlXqZ35anYCHnngI5dM64Zjh9iKmULBJSTpZqQhZHzAetAw6DMPdCueLk/oqVE6tBsoc3ykU/X3RMw8rUeeazo9hn296E3E/7xGhN3LViz8MELw+WxRN5IUAzqJiHaEAo5yZIBxJcxbKe8zxTiaINMmBGfxy8tQLZg88859IVu8nseRIsfkhJwRh1yQIrkjJVIhnDySZ/JK3qwn68V6tz5mrSvWfOaI/Cnr8weeEp0z</latexit><latexit sha1_base64="EVqqr5/EUfU0jClMQiyjrgCu7Cw=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBRSkzXai4KorgskJv0JaSSU/b0MyF5Iy0DNOHcOOruHGhiFvBnW9jello64HAx/+fk5P8biiFRtv+tlZW19Y3NlNb6e2d3b39zMFhVQeR4lDhgQxU3WUapPChggIl1EMFzHMl1NzBzcSvPYDSIvDLOAqh5bGeL7qCMzRSO5Mr9yFQoytq5x2bjnNj2kQY4vTiWEEniW+H4cS1zxPazmQNTIsugzOHLJlXqZ35anYCHnngI5dM64Zjh9iKmULBJSTpZqQhZHzAetAw6DMPdCueLk/oqVE6tBsoc3ykU/X3RMw8rUeeazo9hn296E3E/7xGhN3LViz8MELw+WxRN5IUAzqJiHaEAo5yZIBxJcxbKe8zxTiaINMmBGfxy8tQLZg88859IVu8nseRIsfkhJwRh1yQIrkjJVIhnDySZ/JK3qwn68V6tz5mrSvWfOaI/Cnr8weeEp0z</latexit><latexit sha1_base64="EVqqr5/EUfU0jClMQiyjrgCu7Cw=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBRSkzXai4KorgskJv0JaSSU/b0MyF5Iy0DNOHcOOruHGhiFvBnW9jello64HAx/+fk5P8biiFRtv+tlZW19Y3NlNb6e2d3b39zMFhVQeR4lDhgQxU3WUapPChggIl1EMFzHMl1NzBzcSvPYDSIvDLOAqh5bGeL7qCMzRSO5Mr9yFQoytq5x2bjnNj2kQY4vTiWEEniW+H4cS1zxPazmQNTIsugzOHLJlXqZ35anYCHnngI5dM64Zjh9iKmULBJSTpZqQhZHzAetAw6DMPdCueLk/oqVE6tBsoc3ykU/X3RMw8rUeeazo9hn296E3E/7xGhN3LViz8MELw+WxRN5IUAzqJiHaEAo5yZIBxJcxbKe8zxTiaINMmBGfxy8tQLZg88859IVu8nseRIsfkhJwRh1yQIrkjJVIhnDySZ/JK3qwn68V6tz5mrSvWfOaI/Cnr8weeEp0z</latexit>

Theory: 3.02 , Exp: 3.54
<latexit sha1_base64="v91i1nacE8VJTZnUqRA5onM233M=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPIcxERfEUFMFjhGyQhNDTqSRNeha6ayRhSD7Ci7/ixYMiXgVv/o2d5aCJDwoe71V1dT03lEKjbX9bS8srq2vriY3k5tb2zm5qb7+sg0hxKPFABqrqMg1S+FBCgRKqoQLmuRIqbu9m7FceQGkR+EUchNDwWMcXbcEZGqmZyhS7EKjBFT3N2jk6yoxoHaGPk4djBa1hfNsPx+752ZA2U2k7a09AF4kzI2kyQ6GZ+qq3Ah554COXTOuaY4fYiJlCwSUMk/VIQ8h4j3WgZqjPPNCNeLJ8SI+N0qLtQJnykU7U3xMx87QeeK7p9Bh29bw3Fv/zahG2Lxux8MMIwefTRe1IUgzoOCLaEgo4yoEhjCth/kp5lynG0QSZNCE48ycvknIu69hZ5z6Xzl/P4kiQQ3JETohDLkie3JECKRFOHskzeSVv1pP1Yr1bH9PWJWs2c0D+wPr8Aa3cnT0=</latexit><latexit sha1_base64="v91i1nacE8VJTZnUqRA5onM233M=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPIcxERfEUFMFjhGyQhNDTqSRNeha6ayRhSD7Ci7/ixYMiXgVv/o2d5aCJDwoe71V1dT03lEKjbX9bS8srq2vriY3k5tb2zm5qb7+sg0hxKPFABqrqMg1S+FBCgRKqoQLmuRIqbu9m7FceQGkR+EUchNDwWMcXbcEZGqmZyhS7EKjBFT3N2jk6yoxoHaGPk4djBa1hfNsPx+752ZA2U2k7a09AF4kzI2kyQ6GZ+qq3Ah554COXTOuaY4fYiJlCwSUMk/VIQ8h4j3WgZqjPPNCNeLJ8SI+N0qLtQJnykU7U3xMx87QeeK7p9Bh29bw3Fv/zahG2Lxux8MMIwefTRe1IUgzoOCLaEgo4yoEhjCth/kp5lynG0QSZNCE48ycvknIu69hZ5z6Xzl/P4kiQQ3JETohDLkie3JECKRFOHskzeSVv1pP1Yr1bH9PWJWs2c0D+wPr8Aa3cnT0=</latexit><latexit sha1_base64="v91i1nacE8VJTZnUqRA5onM233M=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPIcxERfEUFMFjhGyQhNDTqSRNeha6ayRhSD7Ci7/ixYMiXgVv/o2d5aCJDwoe71V1dT03lEKjbX9bS8srq2vriY3k5tb2zm5qb7+sg0hxKPFABqrqMg1S+FBCgRKqoQLmuRIqbu9m7FceQGkR+EUchNDwWMcXbcEZGqmZyhS7EKjBFT3N2jk6yoxoHaGPk4djBa1hfNsPx+752ZA2U2k7a09AF4kzI2kyQ6GZ+qq3Ah554COXTOuaY4fYiJlCwSUMk/VIQ8h4j3WgZqjPPNCNeLJ8SI+N0qLtQJnykU7U3xMx87QeeK7p9Bh29bw3Fv/zahG2Lxux8MMIwefTRe1IUgzoOCLaEgo4yoEhjCth/kp5lynG0QSZNCE48ycvknIu69hZ5z6Xzl/P4kiQQ3JETohDLkie3JECKRFOHskzeSVv1pP1Yr1bH9PWJWs2c0D+wPr8Aa3cnT0=</latexit><latexit sha1_base64="v91i1nacE8VJTZnUqRA5onM233M=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPIcxERfEUFMFjhGyQhNDTqSRNeha6ayRhSD7Ci7/ixYMiXgVv/o2d5aCJDwoe71V1dT03lEKjbX9bS8srq2vriY3k5tb2zm5qb7+sg0hxKPFABqrqMg1S+FBCgRKqoQLmuRIqbu9m7FceQGkR+EUchNDwWMcXbcEZGqmZyhS7EKjBFT3N2jk6yoxoHaGPk4djBa1hfNsPx+752ZA2U2k7a09AF4kzI2kyQ6GZ+qq3Ah554COXTOuaY4fYiJlCwSUMk/VIQ8h4j3WgZqjPPNCNeLJ8SI+N0qLtQJnykU7U3xMx87QeeK7p9Bh29bw3Fv/zahG2Lxux8MMIwefTRe1IUgzoOCLaEgo4yoEhjCth/kp5lynG0QSZNCE48ycvknIu69hZ5z6Xzl/P4kiQQ3JETohDLkie3JECKRFOHskzeSVv1pP1Yr1bH9PWJWs2c0D+wPr8Aa3cnT0=</latexit>

If k ⇡ 1 min�1 and b ⇡ 30, then skewness ⇡ 0.30
<latexit sha1_base64="u4cOUX9LaKt5MDGVFhAJBukY3bc="></latexit><latexit sha1_base64="u4cOUX9LaKt5MDGVFhAJBukY3bc="></latexit><latexit sha1_base64="u4cOUX9LaKt5MDGVFhAJBukY3bc="></latexit><latexit sha1_base64="u4cOUX9LaKt5MDGVFhAJBukY3bc="></latexit>



Short lived proteins:  with degradation rate � 6= 0
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Laplace Transform:
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Finding the poles, for general X, and hence finding f0,X(t) remains di�cult.
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We obtained the third moment (not known before), & can predict Skewness.
<latexit sha1_base64="onannmetLZecAWMtJ8L85xmKRhs="></latexit><latexit sha1_base64="onannmetLZecAWMtJ8L85xmKRhs="></latexit><latexit sha1_base64="onannmetLZecAWMtJ8L85xmKRhs="></latexit><latexit sha1_base64="onannmetLZecAWMtJ8L85xmKRhs="></latexit>

•<latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit><latexit sha1_base64="qG3ngpI1+/H/xsm3HIfx7mnMtvY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIh4EL2Vv2YMPu3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7dzvPDFteKwecJqwQJKR4hGnBK30WO2HqRAMq4Nyxat5C7jrxM9JBXI0B+Wv/jCmqWQKqSDG9HwvwSAjGjkVbFbqp4YlhE7IiPUsVUQyE2SLg2fuhVWGbhRrWwrdhfp7IiPSmKkMbackODar3lz8z+ulGF0HGVdJikzR5aIoFS7G7vx7d8g1oyimlhCqub3VpWOiCUWbUcmG4K++vE7a9Zrv1fz7eqVxk8dRhDM4h0vw4QoacAdNaAEFCc/wCm+Odl6cd+dj2Vpw8plT+APn8wcyho/+</latexit>



Noise versus X, non-monotonic behaviour for negative feedback
1074 Nucleic Acids Research, 2017, Vol. 45, No. 3

Figure 4. Minimum of noise in the first-passage time at intermediate protein levels. (A) The coefficient of variation CVt of the FPT is reported as a function
of the target expression level ! (in units of the steady-state value). The analytical estimate in Equation (8) (continuous lines) predicts with good precision
the results of exact Gillespie simulations (symbols). Both curves show a minimum timing noise value for an intermediate level of expression, around ! ≃
0.55. We verified that the presence of a minimum is robust with respect to the parameter values, as expected from Equation (8). The plot considers different
values of the burst size b, the key determinant of protein number fluctuations (Equation (3)), while keeping the steady state to a constant value (ab=
2000 proteins). The mRNA half-life is 5 min and the protein half-life around 8 h, roughly corresponding to dilution for bacteria in slow-growth conditions
(see the Materials and Methods section for the biologically relevant range of the parameter values). (B) Increasing the number of proteins produced (thus
relaxing the constraint on the steady state value) lowers the noise in the timing fluctuations if expression is controlled at the transcriptional level, i.e. varying
the burst frequency a. On the other hand, increasing the translation rate, and thus the burst size b, does not affect the timing noise. Lines represent the
analytical predictions while dots are the results of Gillespie simulations.

Here, the dissociation constant K specifies the regulator
level at which the production rate is half of its maximum
value, while the Hill coefficient n defines the degree of co-
operativity of the regulator and thus the steepness of the
regulation curve.

To compare in a meaningful way different regulatory
strategies, it is essential to precisely define the constraints
and the criteria to put different circuits on equal footing
(30,41). For example, to show that negative transcriptional
regulation speeds up the gene response to activation, its dy-
namics can be compared to the one of a constitutive gene
with the same steady-state level of expression (20,30). We
adopt the same approach, comparing different regulatory
strategies while keeping fixed the final expression level. This
can be achieved in practice by choosing the appropriate val-
ues of the regulation strengths (defined by the dissociation
constants K in Equation (12)) and of the basal transcrip-
tion rates km for the three circuits. Given this constraint,
the same average response time can be achieved by different
types of autoregulation (positive or negative) or by a consti-
tutive promoter by setting the crossing threshold at different
positions. This is shown in Figure 5A: the protein expres-
sion tends asymptotically to the same equilibrium level in
the three circuits, and the same average FPT (vertical line)
is measured by placing different thresholds (!0, +, −) because
of the different dynamics of the average protein level p(t) in
the three circuits.

Figure 5B shows the ratio between the timing noise of
the two self-regulations and the timing noise for constitu-
tive expression. Depending on the average crossing time,
different regulatory strategies have different noise proper-
ties. Around the time scale set by the protein half-life (cell-
cycle time in bacteria) adding any type of autoregulation
introduces larger timing fluctuations. On the other hand, if
the crossing time is shorter than the cell cycle, smaller tim-
ing fluctuations can be achieved introducing negative self-

regulation, while positive autoregulation reduces the timing
noise for longer time scales. The scenario emerging from this
result is that the type of regulation that can buffer timing
fluctuations crucially depends on the time that the cell has
to precisely ‘measure’ with respect to the typical time scale
of the process (protein half-life or cell-cycle time for stable
proteins). The reduction or amplification of noise in the pro-
tein number at the steady state seems to be more directly
associated to the sign of autoregulation, i.e. noise reduction
for repression and noise amplification for activation (42).
Instead, the noise properties of autoregulation are context
dependent at the level of FPT fluctuations (Figure 5B).

This effect can be understood qualitatively by looking at
the dynamics of the protein level in Figure 5A, and con-
sidering Equation (8) to connect noise at the protein level
and timing noise. Now, the dynamics of p(t) is strongly de-
pendent on the type of regulation. The expression of a con-
stitutive gene crosses an intermediate (with respect to the
steady state) protein level at a time close to the protein half-
life since t ≃ −log(1 − !)/"p, and this is the range where its
timing noise is close to a minimum. On the other hand, for
negative autoregulation this same timing corresponds to a
protein level much closer to the steady-state value, where the
derivative dp(t)/dt is much smaller, and thus the fluctuations
are strongly amplified at the timing level. The opposite is
true for short times, where this derivative has a larger value
if the gene is negatively autoregulated. Analogous observa-
tions hold for positive autoregulation. Clearly, at a quan-
titative level, the fact that autoregulation can significantly
change the noise at the protein level plays an important role.
However, the contribution from the deterministic dynamics
seems dominant in most cases.

As previously discussed, positive self regulation can dis-
play bistability, and thus bimodality, in the protein level for
specific parameter values (39,40). In this particular case,
the protein expression level can converge to a stable no- or

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article-abstract/45/3/1069/2661740 by Indian Institute of Technology - Bom

bay user on 09 August 2019

� ⇡ 0.002 min�1
<latexit sha1_base64="KSXifpXks+ghiPcBWSZGH0d4xxA=">AAACDnicbVA9SwNBEN3zM8avU0ubxRCwMdwFQcugjWUE8wG5GOY2m2TJ7t6xuyeGI/4BG/+KjYUittZ2/hv3khSa+GDg8d4MM/PCmDNtPO/bWVpeWV1bz23kN7e2d3bdvf26jhJFaI1EPFLNEDTlTNKaYYbTZqwoiJDTRji8zPzGHVWaRfLGjGLaFtCXrMcIGCt13GLQByEABxDHKrrHXsnzyvgBp4ESWDA5vk1P/HHHLWRGBrxI/BkpoBmqHfcr6EYkEVQawkHrlu/Fpp2CMoxwOs4HiaYxkCH0actSCYLqdjp5Z4yLVuniXqRsSYMn6u+JFITWIxHaTgFmoOe9TPzPayWmd95OmYwTQyWZLuolHJsIZ9ngLlOUGD6yBIhi9lZMBqCAGJtg3obgz7+8SOrlku+V/OvTQuViFkcOHaIjdIx8dIYq6ApVUQ0R9Iie0St6c56cF+fd+Zi2LjmzmQP0B87nD8tDmqs=</latexit><latexit sha1_base64="KSXifpXks+ghiPcBWSZGH0d4xxA=">AAACDnicbVA9SwNBEN3zM8avU0ubxRCwMdwFQcugjWUE8wG5GOY2m2TJ7t6xuyeGI/4BG/+KjYUittZ2/hv3khSa+GDg8d4MM/PCmDNtPO/bWVpeWV1bz23kN7e2d3bdvf26jhJFaI1EPFLNEDTlTNKaYYbTZqwoiJDTRji8zPzGHVWaRfLGjGLaFtCXrMcIGCt13GLQByEABxDHKrrHXsnzyvgBp4ESWDA5vk1P/HHHLWRGBrxI/BkpoBmqHfcr6EYkEVQawkHrlu/Fpp2CMoxwOs4HiaYxkCH0actSCYLqdjp5Z4yLVuniXqRsSYMn6u+JFITWIxHaTgFmoOe9TPzPayWmd95OmYwTQyWZLuolHJsIZ9ngLlOUGD6yBIhi9lZMBqCAGJtg3obgz7+8SOrlku+V/OvTQuViFkcOHaIjdIx8dIYq6ApVUQ0R9Iie0St6c56cF+fd+Zi2LjmzmQP0B87nD8tDmqs=</latexit><latexit sha1_base64="KSXifpXks+ghiPcBWSZGH0d4xxA=">AAACDnicbVA9SwNBEN3zM8avU0ubxRCwMdwFQcugjWUE8wG5GOY2m2TJ7t6xuyeGI/4BG/+KjYUittZ2/hv3khSa+GDg8d4MM/PCmDNtPO/bWVpeWV1bz23kN7e2d3bdvf26jhJFaI1EPFLNEDTlTNKaYYbTZqwoiJDTRji8zPzGHVWaRfLGjGLaFtCXrMcIGCt13GLQByEABxDHKrrHXsnzyvgBp4ESWDA5vk1P/HHHLWRGBrxI/BkpoBmqHfcr6EYkEVQawkHrlu/Fpp2CMoxwOs4HiaYxkCH0actSCYLqdjp5Z4yLVuniXqRsSYMn6u+JFITWIxHaTgFmoOe9TPzPayWmd95OmYwTQyWZLuolHJsIZ9ngLlOUGD6yBIhi9lZMBqCAGJtg3obgz7+8SOrlku+V/OvTQuViFkcOHaIjdIx8dIYq6ApVUQ0R9Iie0St6c56cF+fd+Zi2LjmzmQP0B87nD8tDmqs=</latexit><latexit sha1_base64="KSXifpXks+ghiPcBWSZGH0d4xxA=">AAACDnicbVA9SwNBEN3zM8avU0ubxRCwMdwFQcugjWUE8wG5GOY2m2TJ7t6xuyeGI/4BG/+KjYUittZ2/hv3khSa+GDg8d4MM/PCmDNtPO/bWVpeWV1bz23kN7e2d3bdvf26jhJFaI1EPFLNEDTlTNKaYYbTZqwoiJDTRji8zPzGHVWaRfLGjGLaFtCXrMcIGCt13GLQByEABxDHKrrHXsnzyvgBp4ESWDA5vk1P/HHHLWRGBrxI/BkpoBmqHfcr6EYkEVQawkHrlu/Fpp2CMoxwOs4HiaYxkCH0actSCYLqdjp5Z4yLVuniXqRsSYMn6u+JFITWIxHaTgFmoOe9TPzPayWmd95OmYwTQyWZLuolHJsIZ9ngLlOUGD6yBIhi9lZMBqCAGJtg3obgz7+8SOrlku+V/OvTQuViFkcOHaIjdIx8dIYq6ApVUQ0R9Iie0St6c56cF+fd+Zi2LjmzmQP0B87nD8tDmqs=</latexit>

Co et. al., NAR (2017)
<latexit sha1_base64="artTL+ViKB0L3aI7VeQkvB63Sts=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhgiy7aWIZTWMlUcwDkiXMTmaTIbMPZu4KYUlj46/YWChi6z/Y+TdOki008cCFwzn3cu89Xiy4Atv+NnIrq2vrG/nNwtb2zu6euX/QVFEiKWvQSESy7RHFBA9ZAzgI1o4lI4EnWMsb1aZ+64FJxaPwHsYxcwMyCLnPKQEt9czjWoQZWJgI6xynXQ745vJugktl26mc9cyibdkz4GXiZKSIMtR75le3H9EkYCFQQZTqOHYMbkokcCrYpNBNFIsJHZEB62gakoApN519McGnWuljP5K6QsAz9fdESgKlxoGnOwMCQ7XoTcX/vE4C/oWb8jBOgIV0vshPBIYITyPBfS4ZBTHWhFDJ9a2YDokkFHRwBR2Cs/jyMmmWLce2nNtysXqVxZFHR+gElZCDKqiKrlEdNRBFj+gZvaI348l4Md6Nj3lrzshmDtEfGJ8/ocmVbg==</latexit><latexit sha1_base64="artTL+ViKB0L3aI7VeQkvB63Sts=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhgiy7aWIZTWMlUcwDkiXMTmaTIbMPZu4KYUlj46/YWChi6z/Y+TdOki008cCFwzn3cu89Xiy4Atv+NnIrq2vrG/nNwtb2zu6euX/QVFEiKWvQSESy7RHFBA9ZAzgI1o4lI4EnWMsb1aZ+64FJxaPwHsYxcwMyCLnPKQEt9czjWoQZWJgI6xynXQ745vJugktl26mc9cyibdkz4GXiZKSIMtR75le3H9EkYCFQQZTqOHYMbkokcCrYpNBNFIsJHZEB62gakoApN519McGnWuljP5K6QsAz9fdESgKlxoGnOwMCQ7XoTcX/vE4C/oWb8jBOgIV0vshPBIYITyPBfS4ZBTHWhFDJ9a2YDokkFHRwBR2Cs/jyMmmWLce2nNtysXqVxZFHR+gElZCDKqiKrlEdNRBFj+gZvaI348l4Md6Nj3lrzshmDtEfGJ8/ocmVbg==</latexit><latexit sha1_base64="artTL+ViKB0L3aI7VeQkvB63Sts=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhgiy7aWIZTWMlUcwDkiXMTmaTIbMPZu4KYUlj46/YWChi6z/Y+TdOki008cCFwzn3cu89Xiy4Atv+NnIrq2vrG/nNwtb2zu6euX/QVFEiKWvQSESy7RHFBA9ZAzgI1o4lI4EnWMsb1aZ+64FJxaPwHsYxcwMyCLnPKQEt9czjWoQZWJgI6xynXQ745vJugktl26mc9cyibdkz4GXiZKSIMtR75le3H9EkYCFQQZTqOHYMbkokcCrYpNBNFIsJHZEB62gakoApN519McGnWuljP5K6QsAz9fdESgKlxoGnOwMCQ7XoTcX/vE4C/oWb8jBOgIV0vshPBIYITyPBfS4ZBTHWhFDJ9a2YDokkFHRwBR2Cs/jyMmmWLce2nNtysXqVxZFHR+gElZCDKqiKrlEdNRBFj+gZvaI348l4Md6Nj3lrzshmDtEfGJ8/ocmVbg==</latexit><latexit sha1_base64="artTL+ViKB0L3aI7VeQkvB63Sts=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhgiy7aWIZTWMlUcwDkiXMTmaTIbMPZu4KYUlj46/YWChi6z/Y+TdOki008cCFwzn3cu89Xiy4Atv+NnIrq2vrG/nNwtb2zu6euX/QVFEiKWvQSESy7RHFBA9ZAzgI1o4lI4EnWMsb1aZ+64FJxaPwHsYxcwMyCLnPKQEt9czjWoQZWJgI6xynXQ745vJugktl26mc9cyibdkz4GXiZKSIMtR75le3H9EkYCFQQZTqOHYMbkokcCrYpNBNFIsJHZEB62gakoApN519McGnWuljP5K6QsAz9fdESgKlxoGnOwMCQ7XoTcX/vE4C/oWb8jBOgIV0vshPBIYITyPBfS4ZBTHWhFDJ9a2YDokkFHRwBR2Cs/jyMmmWLce2nNtysXqVxZFHR+gElZCDKqiKrlEdNRBFj+gZvaI348l4Md6Nj3lrzshmDtEfGJ8/ocmVbg==</latexit>

Ghusinga, Dennehy, Singh, PNAS (2017)
<latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit><latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit><latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit><latexit sha1_base64="tcvvMIMKms+uBb9XbDmbFSzKYPY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoUMpMN3VZH6ArqdQ+oC0lk952QjOZIckIZehPuPFX3LhQxK3gzr8xfSy09cCFk3PuJfceL+JMacf5tlIrq2vrG+nNzNb2zu6evX9QV2EsKdRoyEPZ9IgCzgTUNNMcmpEEEngcGt7wcuI3HkAqFop7PYqgE5CBYH1GiTZS185f+7FiYkDy+AqEAH+Ux1Xz9vM4aTONK7fn1THOFR23dIq7dtYpOFPgZeLOSRbNUenaX+1eSOMAhKacKNVynUh3EiI1oxzGmXasICJ0SAbQMlSQAFQnmV41xidG6eF+KE0Jjafq74mEBEqNAs90BkT7atGbiP95rVj3zzoJE1GsQdDZR/2YYx3iSUS4xyRQzUeGECqZ2RVTn0hCtQkyY0JwF09eJvViwXUK7l0xW76Yx5FGR+gY5ZCLSqiMblAF1RBFj+gZvaI368l6sd6tj1lryprPHKI/sD5/APxsnB0=</latexit>

� = 0, & negative feedback
<latexit sha1_base64="eSrrCDTmLXFyUDVO+vsFHXedmiY="></latexit><latexit sha1_base64="eSrrCDTmLXFyUDVO+vsFHXedmiY="></latexit><latexit sha1_base64="eSrrCDTmLXFyUDVO+vsFHXedmiY="></latexit><latexit sha1_base64="eSrrCDTmLXFyUDVO+vsFHXedmiY="></latexit>

A
<latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit><latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit><latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit><latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit>

B<latexit sha1_base64="mOdWk+21ukUPyYA07jR2QW+iJao=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S5L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1Tmify1kxTFsRkJHnEKTFWatYH5Qpy0aV/gasQuT7CVexb4vkYIQ9iFy1QASs0BuX3/jChWcykoYJo3cMoNUFOlOFUsFmpn2mWEjohI9azVJKY6SBfHDqDZ1YZwihRtqSBC/X7RE5iradxaDtjYsb6tzcX//J6mYmqQc5lmhkm6XJRlAloEjj/Gg65YtSIqSWEKm5vhXRMFKHGZlOyIXx9Cv8nbc/FyMVNr1Krr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+JdjPo=</latexit><latexit sha1_base64="mOdWk+21ukUPyYA07jR2QW+iJao=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S5L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1Tmify1kxTFsRkJHnEKTFWatYH5Qpy0aV/gasQuT7CVexb4vkYIQ9iFy1QASs0BuX3/jChWcykoYJo3cMoNUFOlOFUsFmpn2mWEjohI9azVJKY6SBfHDqDZ1YZwihRtqSBC/X7RE5iradxaDtjYsb6tzcX//J6mYmqQc5lmhkm6XJRlAloEjj/Gg65YtSIqSWEKm5vhXRMFKHGZlOyIXx9Cv8nbc/FyMVNr1Krr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+JdjPo=</latexit><latexit sha1_base64="mOdWk+21ukUPyYA07jR2QW+iJao=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S5L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1Tmify1kxTFsRkJHnEKTFWatYH5Qpy0aV/gasQuT7CVexb4vkYIQ9iFy1QASs0BuX3/jChWcykoYJo3cMoNUFOlOFUsFmpn2mWEjohI9azVJKY6SBfHDqDZ1YZwihRtqSBC/X7RE5iradxaDtjYsb6tzcX//J6mYmqQc5lmhkm6XJRlAloEjj/Gg65YtSIqSWEKm5vhXRMFKHGZlOyIXx9Cv8nbc/FyMVNr1Krr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+JdjPo=</latexit><latexit sha1_base64="mOdWk+21ukUPyYA07jR2QW+iJao=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S5L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCecXM/9zj1Tmify1kxTFsRkJHnEKTFWatYH5Qpy0aV/gasQuT7CVexb4vkYIQ9iFy1QASs0BuX3/jChWcykoYJo3cMoNUFOlOFUsFmpn2mWEjohI9azVJKY6SBfHDqDZ1YZwihRtqSBC/X7RE5iradxaDtjYsb6tzcX//J6mYmqQc5lmhkm6XJRlAloEjj/Gg65YtSIqSWEKm5vhXRMFKHGZlOyIXx9Cv8nbc/FyMVNr1Krr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+JdjPo=</latexit>

C
<latexit sha1_base64="olP+18ESVYdMGGJN7yxTBu/Gpqg=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCec1Od+554pzRN5a6YpC2IykjzilBgrNeuDcgW56NK/wFWIXB/hKvYt8XyMkAexixaogBUag/J7f5jQLGbSUEG07mGUmiAnynAq2KzUzzRLCZ2QEetZKknMdJAvDp3BM6sMYZQoW9LAhfp9Iiex1tM4tJ0xMWP925uLf3m9zETVIOcyzQyTdLkoygQ0CZx/DYdcMWrE1BJCFbe3QjomilBjsynZEL4+hf+Ttudi5OKmV6ldr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+PhjPs=</latexit><latexit sha1_base64="olP+18ESVYdMGGJN7yxTBu/Gpqg=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCec1Od+554pzRN5a6YpC2IykjzilBgrNeuDcgW56NK/wFWIXB/hKvYt8XyMkAexixaogBUag/J7f5jQLGbSUEG07mGUmiAnynAq2KzUzzRLCZ2QEetZKknMdJAvDp3BM6sMYZQoW9LAhfp9Iiex1tM4tJ0xMWP925uLf3m9zETVIOcyzQyTdLkoygQ0CZx/DYdcMWrE1BJCFbe3QjomilBjsynZEL4+hf+Ttudi5OKmV6ldr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+PhjPs=</latexit><latexit sha1_base64="olP+18ESVYdMGGJN7yxTBu/Gpqg=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCec1Od+554pzRN5a6YpC2IykjzilBgrNeuDcgW56NK/wFWIXB/hKvYt8XyMkAexixaogBUag/J7f5jQLGbSUEG07mGUmiAnynAq2KzUzzRLCZ2QEetZKknMdJAvDp3BM6sMYZQoW9LAhfp9Iiex1tM4tJ0xMWP925uLf3m9zETVIOcyzQyTdLkoygQ0CZx/DYdcMWrE1BJCFbe3QjomilBjsynZEL4+hf+Ttudi5OKmV6ldr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+PhjPs=</latexit><latexit sha1_base64="olP+18ESVYdMGGJN7yxTBu/Gpqg=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6L3bhswT6gHUomzbSxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeuDC4Zx7ufeeMBVcG4Q+nMLa+sbmVnG7tLO7t39QPjxq6yRTlLVoIhLVDYlmgkvWMtwI1k0VI3EoWCec1Od+554pzRN5a6YpC2IykjzilBgrNeuDcgW56NK/wFWIXB/hKvYt8XyMkAexixaogBUag/J7f5jQLGbSUEG07mGUmiAnynAq2KzUzzRLCZ2QEetZKknMdJAvDp3BM6sMYZQoW9LAhfp9Iiex1tM4tJ0xMWP925uLf3m9zETVIOcyzQyTdLkoygQ0CZx/DYdcMWrE1BJCFbe3QjomilBjsynZEL4+hf+Ttudi5OKmV6ldr+IoghNwCs4BBlegBm5AA7QABQw8gCfw7Nw5j86L87psLTirmWPwA87bJ+PhjPs=</latexit>

X = 150
<latexit sha1_base64="pFVMmIxTS3mVahnaaSUM9wZTivA=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxtnUhFN24rGAf0A4lk2ba0ExmSDJCKf0INy4Ucev3uPNvzLQVVPTAhcM593LvPUEiuDYIfTi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7O/PY9U5rH8s5MEuZHZCh5yCkxVmp34CXE56hfLCH3olbxyhWIXISq2MMZ8arlszLEVslQAks0+sX33iCmacSkoYJo3cUoMf6UKMOpYLNCL9UsIXRMhqxrqSQR0/50fu4MnlhlAMNY2ZIGztXvE1MSaT2JAtsZETPSv71M/Mvrpias+VMuk9QwSReLwlRAE8PsdzjgilEjJpYQqri9FdIRUYQam1DBhvD1KfyftDwXIxffeqX61TKOPDgCx+AUYFAFdXADGqAJKBiDB/AEnp3EeXRenNdFa85ZzhyCH3DePgGYMo5r</latexit><latexit sha1_base64="pFVMmIxTS3mVahnaaSUM9wZTivA=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxtnUhFN24rGAf0A4lk2ba0ExmSDJCKf0INy4Ucev3uPNvzLQVVPTAhcM593LvPUEiuDYIfTi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7O/PY9U5rH8s5MEuZHZCh5yCkxVmp34CXE56hfLCH3olbxyhWIXISq2MMZ8arlszLEVslQAks0+sX33iCmacSkoYJo3cUoMf6UKMOpYLNCL9UsIXRMhqxrqSQR0/50fu4MnlhlAMNY2ZIGztXvE1MSaT2JAtsZETPSv71M/Mvrpias+VMuk9QwSReLwlRAE8PsdzjgilEjJpYQqri9FdIRUYQam1DBhvD1KfyftDwXIxffeqX61TKOPDgCx+AUYFAFdXADGqAJKBiDB/AEnp3EeXRenNdFa85ZzhyCH3DePgGYMo5r</latexit><latexit sha1_base64="pFVMmIxTS3mVahnaaSUM9wZTivA=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxtnUhFN24rGAf0A4lk2ba0ExmSDJCKf0INy4Ucev3uPNvzLQVVPTAhcM593LvPUEiuDYIfTi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7O/PY9U5rH8s5MEuZHZCh5yCkxVmp34CXE56hfLCH3olbxyhWIXISq2MMZ8arlszLEVslQAks0+sX33iCmacSkoYJo3cUoMf6UKMOpYLNCL9UsIXRMhqxrqSQR0/50fu4MnlhlAMNY2ZIGztXvE1MSaT2JAtsZETPSv71M/Mvrpias+VMuk9QwSReLwlRAE8PsdzjgilEjJpYQqri9FdIRUYQam1DBhvD1KfyftDwXIxffeqX61TKOPDgCx+AUYFAFdXADGqAJKBiDB/AEnp3EeXRenNdFa85ZzhyCH3DePgGYMo5r</latexit><latexit sha1_base64="pFVMmIxTS3mVahnaaSUM9wZTivA=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpKxtnUhFN24rGAf0A4lk2ba0ExmSDJCKf0INy4Ucev3uPNvzLQVVPTAhcM593LvPUEiuDYIfTi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7O/PY9U5rH8s5MEuZHZCh5yCkxVmp34CXE56hfLCH3olbxyhWIXISq2MMZ8arlszLEVslQAks0+sX33iCmacSkoYJo3cUoMf6UKMOpYLNCL9UsIXRMhqxrqSQR0/50fu4MnlhlAMNY2ZIGztXvE1MSaT2JAtsZETPSv71M/Mvrpias+VMuk9QwSReLwlRAE8PsdzjgilEjJpYQqri9FdIRUYQam1DBhvD1KfyftDwXIxffeqX61TKOPDgCx+AUYFAFdXADGqAJKBiDB/AEnp3EeXRenNdFa85ZzhyCH3DePgGYMo5r</latexit>

X = 634
<latexit sha1_base64="KTAeyLW98+br1jH0QjbxLHo4LCs=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOtCKLpxWcE+oA1lMp20QyeTMDMRSuhHuHGhiFu/x51/46StoKIHLhzOuZd77wkSzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo46KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g+l17nfvqVQsFnd6llA/wmPBQkawNlK3By9hreoNyxVkXzRqrleDyEao7rhOTty6V/WgY5QcFbBCa1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni3Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob573DEJCWazwzBRDJzKyQTLDHRJqGSCeHrU/g/6bi2g2zn1q00r1ZxFMEJOAXnwAF10AQ3oAXagIApeABP4NlKrEfrxXpdthas1cwx+AHr7ROi1o5y</latexit><latexit sha1_base64="KTAeyLW98+br1jH0QjbxLHo4LCs=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOtCKLpxWcE+oA1lMp20QyeTMDMRSuhHuHGhiFu/x51/46StoKIHLhzOuZd77wkSzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo46KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g+l17nfvqVQsFnd6llA/wmPBQkawNlK3By9hreoNyxVkXzRqrleDyEao7rhOTty6V/WgY5QcFbBCa1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni3Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob573DEJCWazwzBRDJzKyQTLDHRJqGSCeHrU/g/6bi2g2zn1q00r1ZxFMEJOAXnwAF10AQ3oAXagIApeABP4NlKrEfrxXpdthas1cwx+AHr7ROi1o5y</latexit><latexit sha1_base64="KTAeyLW98+br1jH0QjbxLHo4LCs=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOtCKLpxWcE+oA1lMp20QyeTMDMRSuhHuHGhiFu/x51/46StoKIHLhzOuZd77wkSzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo46KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g+l17nfvqVQsFnd6llA/wmPBQkawNlK3By9hreoNyxVkXzRqrleDyEao7rhOTty6V/WgY5QcFbBCa1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni3Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob573DEJCWazwzBRDJzKyQTLDHRJqGSCeHrU/g/6bi2g2zn1q00r1ZxFMEJOAXnwAF10AQ3oAXagIApeABP4NlKrEfrxXpdthas1cwx+AHr7ROi1o5y</latexit><latexit sha1_base64="KTAeyLW98+br1jH0QjbxLHo4LCs=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOtCKLpxWcE+oA1lMp20QyeTMDMRSuhHuHGhiFu/x51/46StoKIHLhzOuZd77wkSzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo46KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g+l17nfvqVQsFnd6llA/wmPBQkawNlK3By9hreoNyxVkXzRqrleDyEao7rhOTty6V/WgY5QcFbBCa1h+H4xikkZUaMKxUn0HJdrPsNSMcDovDVJFE0ymeEz7hgocUeVni3Pn8MwoIxjG0pTQcKF+n8hwpNQsCkxnhPVE/fZy8S+vn+qw4WdMJKmmgiwXhSmHOob573DEJCWazwzBRDJzKyQTLDHRJqGSCeHrU/g/6bi2g2zn1q00r1ZxFMEJOAXnwAF10AQ3oAXagIApeABP4NlKrEfrxXpdthas1cwx+AHr7ROi1o5y</latexit>

X =770
<latexit sha1_base64="+nlEen4AXNZfpsX2/ouzX6BUCIM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSaxNHUhFN24rGAf0IYymU7asZNMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMLnK/c49lYqJ+FZPE+pHeBSzkBGsjdTuwgvPQ4NyBdnn9ZpbrUFkI+Q5rpMT16ueVaFjlBwVsERzUH7vDwVJIxprwrFSPQcl2s+w1IxwOiv1U0UTTCZ4RHuGxjiiys/m187giVGGMBTSVKzhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz1icpJrGZLEoTDnUAuavwyGTlGg+NQQTycytkIyxxESbgEomhK9P4f+k7doOsp0bt9K4XMZRBEfgGJwCB3igAa5BE7QAAXfgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ03djkk=</latexit><latexit sha1_base64="+nlEen4AXNZfpsX2/ouzX6BUCIM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSaxNHUhFN24rGAf0IYymU7asZNMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMLnK/c49lYqJ+FZPE+pHeBSzkBGsjdTuwgvPQ4NyBdnn9ZpbrUFkI+Q5rpMT16ueVaFjlBwVsERzUH7vDwVJIxprwrFSPQcl2s+w1IxwOiv1U0UTTCZ4RHuGxjiiys/m187giVGGMBTSVKzhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz1icpJrGZLEoTDnUAuavwyGTlGg+NQQTycytkIyxxESbgEomhK9P4f+k7doOsp0bt9K4XMZRBEfgGJwCB3igAa5BE7QAAXfgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ03djkk=</latexit><latexit sha1_base64="+nlEen4AXNZfpsX2/ouzX6BUCIM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSaxNHUhFN24rGAf0IYymU7asZNMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMLnK/c49lYqJ+FZPE+pHeBSzkBGsjdTuwgvPQ4NyBdnn9ZpbrUFkI+Q5rpMT16ueVaFjlBwVsERzUH7vDwVJIxprwrFSPQcl2s+w1IxwOiv1U0UTTCZ4RHuGxjiiys/m187giVGGMBTSVKzhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz1icpJrGZLEoTDnUAuavwyGTlGg+NQQTycytkIyxxESbgEomhK9P4f+k7doOsp0bt9K4XMZRBEfgGJwCB3igAa5BE7QAAXfgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ03djkk=</latexit><latexit sha1_base64="+nlEen4AXNZfpsX2/ouzX6BUCIM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSaxNHUhFN24rGAf0IYymU7asZNMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMLnK/c49lYqJ+FZPE+pHeBSzkBGsjdTuwgvPQ4NyBdnn9ZpbrUFkI+Q5rpMT16ueVaFjlBwVsERzUH7vDwVJIxprwrFSPQcl2s+w1IxwOiv1U0UTTCZ4RHuGxjiiys/m187giVGGMBTSVKzhXP0+keFIqWkUmM4I67H67eXiX14v1WHdz1icpJrGZLEoTDnUAuavwyGTlGg+NQQTycytkIyxxESbgEomhK9P4f+k7doOsp0bt9K4XMZRBEfgGJwCB3igAa5BE7QAAXfgATyBZ0tYj9aL9bpoLVjLmUPwA9bbJ03djkk=</latexit>A

<latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit><latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit><latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit><latexit sha1_base64="3GbLGYyD2Vzjtij0SghpF8bF3Ic=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpLB0S6rbly2YB/QDiWTZtrYTGZIMkIZ+gVuXCji1k9y59+YPgQVPXDhcM693HtPmAquDUIfTmFldW19o7hZ2tre2d0r7x+0dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or2d++54pzRN5ayYpC2IylDzilBgrNS775Qpy0bl/hqsQuT7CVexb4vkYIQ9iF81RAUvU++X33iChWcykoYJo3cUoNUFOlOFUsGmpl2mWEjomQ9a1VJKY6SCfHzqFJ1YZwChRtqSBc/X7RE5irSdxaDtjYkb6tzcT//K6mYmqQc5lmhkm6WJRlAloEjj7Gg64YtSIiSWEKm5vhXREFKHGZlOyIXx9Cv8nLc/FyMUNr1K7WsZRBEfgGJwCDC5ADdyAOmgCChh4AE/g2blzHp0X53XRWnCWM4fgB5y3T+DZjPk=</latexit>
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Concluding comments

Thank  You

1)  We obtained the full First Passage time distribution, for long lived proteins (like Holin in Lambda phage).   
     [ For short lived proteins, we have the exact expression of the Laplace transform of the distribution.] 

3) For long live proteins too,  a non-monotonic noise (CV) is possible for “Negative feedback” 

2) The skewness and departure from Gaussian may be more clearly discernible  
     if transcription & translation rates and burst size may be engineered.

4) Results for continuous protein concentration x = n/V, have been derived,  
and those are consistent with the results for discrete protein numbers n.


