
Hey, old friend, 

are you OK old friend?

Atomic snapshot

write to one entry of 
an array

read multiple entries 
atomically  


Consensus number?

m
<latexit sha1_base64="6BfRtd621Zd0iqgxAwr0CWeFecQ=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzQy9MmH1kZtaEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xE8GVdpw3K7OwuLS8kl3Nra1vbG7lt3euVJxKhh6LRSwbPlUoeISe5lpgI5FIQ19g3R+cT/z6DUrF4+hSDxNsh7QX8YAzqo1UCzv5gms7U5D/SeHs4/2WAEC1k39tdWOWhhhpJqhSTddJdHtEpeZM4DjXShUmlA1oD0fT88bkwEhdEsTSTKTJVJ3L0VCpYeibZEh1X/30JuJfXjPVQbk94lGSaozY7KEgFUTHZNKVdLlEpsXQEMokNxcS1qeSMm1+JGeqO3bxuOQWHfKbfFf3juxT2605hUoZZsjCHuzDIbhwAhW4gCp4wADhHp7g2bq27qwH63EWzVhfO7swB+vlE+wmi1U=</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="s5N76jI97YJxpORA+0uSUiYccUc=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZNNOGZh4kd4RSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QKmnQdT9JbmV1bX0jv1nY2t7Z3SvuH9yZJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJL7FUSo6EevHMpScoZXqUbdY8hx3Bvo/KcECtW7xo91LeBaJGLlixrQ8N8XOmGmUXIlJoZ0ZkTI+ZH0xnq03oSdW6tEw0fbFSGfqUo5FxoyiwCYjhgPz05uKf3mtDMNKZyzjNEMR8/mgMFMUEzrtSntSC45qZAnjWtoNKR8wzTjaixRsddcpX5x7ZZf+Jt/V/TPnyvHqbqlaWdwgD0dwDKfgwSVU4QZq4AMHAU/wCm/knjySZ/Iyj+bI4s8hLIG8fwFSD4iV</latexit>

n
<latexit sha1_base64="hA7oNw4ovgUFfBAhuq78IrRwUCw=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgaphR0bqy4MZlC44ttKVm0rQNzWSG5I5QSpe6UVwp/pK/4De48g9MW13Ux4ELh3POJfckTKQw6HlvTmZufmFxKbucW1ldW9/Ib25dmTjVjAcslrGuhdRwKRQPUKDktURzGoWSV8P++div3nBtRKwucZDwZkS7SnQEo2ilimrlC77rTUD+J4Wzj/dbAgDlVv610Y5ZGnGFTFJj6r6XYHNINQom+SjXSA1PKOvTLh9OzhuRPSu1SSfWdhSSiTqTo5Exgyi0yYhiz/z0xuJfXj3FTrE5FCpJkSs2faiTSoIxGXclbaE5QzmwhDIt7IWE9aimDO2P5Gx1zz08PvIPPfKbfFcPDtxT1694hVIRpsjCDuzCPvhwAiW4gDIEwIDDPTzBs3Pt3DkPzuM0mnG+drZhBs7LJ+2fi1Y=</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="yxpHgBU9qnixKVv3ctNgjSbR/Zg=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgapixonVXcOOyBccW2lIzaaYNzWSG5I5QSrduFFeKv+Qv+DemDxf1cSBwOOeEe88NUykMet6nk1tZXVvfyG8WtrZ3dveK+wd3Jsk04wFLZKKbITVcCsUDFCh5M9WcxqHkjXB4PfUbD1wbkahbHKW8E9O+EpFgFK1UV91iyXe9Gcj/pAQL1LrFj3YvYVnMFTJJjWn5XoqdMdUomOSTQjszPKVsSPt8PFtvQk6s1CNRou1TSGbqUo7Gxozi0CZjigPz05uKf3mtDKNKZyxUmiFXbD4oyiTBhEy7kp7QnKEcWUKZFnZDwgZUU4b2IgVb3XPLF+d+2SO/yXf14My9cv26V6pWFjfIwxEcwyn4cAlVuIEaBMCAwxO8wptz7zw6z87LPJpzFn8OYQnO+xdTiIiW</latexit>

Multiple assignment

write atomically from    
   out of   entries

read from any one 
entry

1
Consensus number?

Atomic registers 

are not enough

Theorem There is no wait-free implementation of 
an        -assignment object by atomic registers 
for any

(m,n)
<latexit sha1_base64="SdEJ99SdGws0un7Q3qk7NhIp6bw=">AAAB4XicdVDLSgMxFL1TX7W+Rl26CRahggwzVnyAYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHj5/gL/oZfYNrqoj4OXDiccy65J0HKmdKu+27lZmbn5hfyi4Wl5ZXVNXt940YlmSTUJwlPZD3AinImqK+Z5rSeSorjgNNa0LsY+bVbKhVLxLXup7QV445gESNYG8kvxXtit20XPccdA/1PiucfZ+krAFTb9lszTEgWU6EJx0o1PDfVrQGWmhFOh4VmpmiKSQ936GB84hDtGClEUSLNCI3G6lQOx0r148AkY6y76qc3Ev/yGpmOjlsDJtJMU0EmD0UZRzpBo74oZJISzfuGYCKZuRCRLpaYaPMrBVPddcqHB17ZRb/Jd3V/3zlxvCu3WDmFCfKwBdtQAg+OoAKXUAUfCDC4hyd4tkLrznqwHifRnPW1swlTsF4+AYZgjCo=</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="1poN/dwdKEms0WG9uTc1FIu1kD0=">AAAB4XicdVDLSgMxFL3js9ZX1aWbYBEqSJmx4gNcFNy4rODYQltKJpNpQzOZIbkjlNIfcKO4Uvwhf8G/MX24qI8DgcM5J9x7bpBKYdB1P52FxaXlldXcWn59Y3Nru7Cze2+STDPus0QmuhFQw6VQ3EeBkjdSzWkcSF4P+tdjv/7AtRGJusNBytsx7SoRCUbRSn4pPlZHnULRK7sTkP9JEWaodQofrTBhWcwVMkmNaXpuiu0h1SiY5KN8KzM8paxPu3w4WXFEDq0UkijR9ikkE3UuR2NjBnFgkzHFnvnpjcW/vGaG0UV7KFSaIVdsOijKJMGEjPuSUGjOUA4soUwLuyFhPaopQ3uVvK3ulitnp17FJb/Jd3X/pHxZ9m7dYvVqdoMc7MMBlMCDc6jCDdTABwYCnuAV3pzQeXSenZdpdMGZ/dmDOTjvX0ORiaw=</latexit>

n > m > 1
<latexit sha1_base64="rXKEPTXRunRBh9SXvN+KGSTi6k4=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QFaC25cVnBsoS0lk8m0oZlMSDJCKf0BN4orxY2f4y/4G36BaauL+jhw4XDOueSehJIzbTzv3cnNzM7NL+QXC0vLK6trxfWNG51mitCApDxV9RBrypmggWGG07pUFCchp7WwdzHya7dUaZaKa9OXtJXgjmAxI9hYKRDlpOy3iyXf9cZA/5PS+ceZfAWAarv41oxSkiVUGMKx1g3fk6Y1wMowwumw0Mw0lZj0cIcOxicO0Y6VIhSnyo4waKxO5XCidT8JbTLBpqt/eiPxL6+Rmfi4NWBCZoYKMnkozjgyKRr1RRFTlBjetwQTxeyFiHSxwsTYXynY6p67f3jg73voN/muHuy5J65/5ZUqpzBBHrZgG3bBhyOowCVUIQACDO7hCZ6dyLlzHpzHSTTnfO1swhScl0/N7Yxa</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="QyHWfmjEiMyKwQExx2VS3z0BLTA=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gOkFNy4rODYQltKJpO2oZnMkNwRSukPuFFcKf6Qv+DfmD5c1MeBwOGcE+49N0ylMOh5n05uaXlldS2/XtjY3NreKe7u3Zsk04wHLJGJboTUcCkUD1Cg5I1UcxqHktfDwfXErz9wbUSi7nCY8nZMe0p0BaNopUBV4orfKZZ815uC/E9KMEetU/xoRQnLYq6QSWpM0/dSbI+oRsEkHxdameEpZQPa46PpimNyZKWIdBNtn0IyVRdyNDZmGIc2GVPsm5/eRPzLa2bYvWiPhEoz5IrNBnUzSTAhk74kEpozlENLKNPCbkhYn2rK0F6lYKt7bvns1C975Df5rh6cuJeuf+uVqlfzG+ThAA7hGHw4hyrcQA0CYCDgCV7hzYmcR+fZeZlFc878zz4swHn/Aoseidw=</latexit>

Show that a (2,3)-assignment object solves 2-thread consensus

Proof. To decide,     writes atomically to 
locations 0 and 1;     to locations 1 and 2

T0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

0 1

0 1

O
<latexit sha1_base64="F04ZJ8RDPayhc/7pU/JNUZRSbDE=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OLNBBwTSELs6fQkTXoWut8IIeTqRfGkSG5+jr/gZ/gHdhI9xKXgQVFVj37VfiKFRsd5tzJz8wuLS9nl3Mrq2vpGfnPrWsepYtxjsYxVzaeaSxFxDwVKXksUp6EvedXvnY/96i1XWsTRFfYT3gxpJxKBYBSNVLls5Quu7UxA/ieFs4/R6BUAyq38W6MdszTkETJJta67ToLNAVUomOTDXCPVPKGsRzt8MDlvSPaM1CZBrMxESCbqTI6GWvdD3yRDil390xuLf3n1FIOT5kBESYo8YtOHglQSjMm4K2kLxRnKviGUKWEuJKxLFWVofiRnqjv24VHRPXTIb/Jd3TuwT2234hRKRZgiCzuwC/vgwjGU4ALK4AEDDvfwBM/WjXVnPViP02jG+trZhhlYL58UHYt1</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="6G21IUWjR+Ltyw4F22V1r6zQEAg=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPRocLkFvHgzAccEkhB7Om+SJj0L3T1CCLl6UTwp/pK/4N/YWTzEpaChqKrmvXpBKoU2lH46uaXlldW1/HphY3Nre6e4u3enk0xx9HkiE9UImEYpYvSNMBIbqUIWBRLrweBq4tcfUGmRxLdmmGI7Yr1YhIIzY6XaTadY8lw6BfmflGCOaqf40eomPIswNlwyrZseTU17xJQRXOK40Mo0powPWA9H0/XG5MhKXRImyr7YkKm6kGOR1sMosMmImb7+6U3Ev7xmZsKL9kjEaWYw5rNBYSaJScikK+kKhdzIoSWMK2E3JLzPFOPGXqRgq1P39KzsnVLym3xX90/cS9er0VKlPL9BHg7gEI7Bg3OowDVUwQcOCE/wCm/OvfPoPDsvs2jOmf/ZhwU4718krYhz</latexit>

if     and not   , then      is emptyT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

Atomic registers 

are not enough

Theorem There is no wait-free implementation of 
an        -assignment object by atomic registers 
for any

(m,n)
<latexit sha1_base64="SdEJ99SdGws0un7Q3qk7NhIp6bw=">AAAB4XicdVDLSgMxFL1TX7W+Rl26CRahggwzVnyAYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHj5/gL/oZfYNrqoj4OXDiccy65J0HKmdKu+27lZmbn5hfyi4Wl5ZXVNXt940YlmSTUJwlPZD3AinImqK+Z5rSeSorjgNNa0LsY+bVbKhVLxLXup7QV445gESNYG8kvxXtit20XPccdA/1PiucfZ+krAFTb9lszTEgWU6EJx0o1PDfVrQGWmhFOh4VmpmiKSQ936GB84hDtGClEUSLNCI3G6lQOx0r148AkY6y76qc3Ev/yGpmOjlsDJtJMU0EmD0UZRzpBo74oZJISzfuGYCKZuRCRLpaYaPMrBVPddcqHB17ZRb/Jd3V/3zlxvCu3WDmFCfKwBdtQAg+OoAKXUAUfCDC4hyd4tkLrznqwHifRnPW1swlTsF4+AYZgjCo=</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="1poN/dwdKEms0WG9uTc1FIu1kD0=">AAAB4XicdVDLSgMxFL3js9ZX1aWbYBEqSJmx4gNcFNy4rODYQltKJpNpQzOZIbkjlNIfcKO4Uvwhf8G/MX24qI8DgcM5J9x7bpBKYdB1P52FxaXlldXcWn59Y3Nru7Cze2+STDPus0QmuhFQw6VQ3EeBkjdSzWkcSF4P+tdjv/7AtRGJusNBytsx7SoRCUbRSn4pPlZHnULRK7sTkP9JEWaodQofrTBhWcwVMkmNaXpuiu0h1SiY5KN8KzM8paxPu3w4WXFEDq0UkijR9ikkE3UuR2NjBnFgkzHFnvnpjcW/vGaG0UV7KFSaIVdsOijKJMGEjPuSUGjOUA4soUwLuyFhPaopQ3uVvK3ulitnp17FJb/Jd3X/pHxZ9m7dYvVqdoMc7MMBlMCDc6jCDdTABwYCnuAV3pzQeXSenZdpdMGZ/dmDOTjvX0ORiaw=</latexit>

n > m > 1
<latexit sha1_base64="rXKEPTXRunRBh9SXvN+KGSTi6k4=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QFaC25cVnBsoS0lk8m0oZlMSDJCKf0BN4orxY2f4y/4G36BaauL+jhw4XDOueSehJIzbTzv3cnNzM7NL+QXC0vLK6trxfWNG51mitCApDxV9RBrypmggWGG07pUFCchp7WwdzHya7dUaZaKa9OXtJXgjmAxI9hYKRDlpOy3iyXf9cZA/5PS+ceZfAWAarv41oxSkiVUGMKx1g3fk6Y1wMowwumw0Mw0lZj0cIcOxicO0Y6VIhSnyo4waKxO5XCidT8JbTLBpqt/eiPxL6+Rmfi4NWBCZoYKMnkozjgyKRr1RRFTlBjetwQTxeyFiHSxwsTYXynY6p67f3jg73voN/muHuy5J65/5ZUqpzBBHrZgG3bBhyOowCVUIQACDO7hCZ6dyLlzHpzHSTTnfO1swhScl0/N7Yxa</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="QyHWfmjEiMyKwQExx2VS3z0BLTA=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gOkFNy4rODYQltKJpO2oZnMkNwRSukPuFFcKf6Qv+DfmD5c1MeBwOGcE+49N0ylMOh5n05uaXlldS2/XtjY3NreKe7u3Zsk04wHLJGJboTUcCkUD1Cg5I1UcxqHktfDwfXErz9wbUSi7nCY8nZMe0p0BaNopUBV4orfKZZ815uC/E9KMEetU/xoRQnLYq6QSWpM0/dSbI+oRsEkHxdameEpZQPa46PpimNyZKWIdBNtn0IyVRdyNDZmGIc2GVPsm5/eRPzLa2bYvWiPhEoz5IrNBnUzSTAhk74kEpozlENLKNPCbkhYn2rK0F6lYKt7bvns1C975Df5rh6cuJeuf+uVqlfzG+ThAA7hGHw4hyrcQA0CYCDgCV7hzYmcR+fZeZlFc878zz4swHn/Aoseidw=</latexit>

0 1

Proof. To decide,     writes atomically to 
locations 0 and 1;     to locations 1 and 2

0 1

T0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

if     and not   , then      is emptyT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O
<latexit sha1_base64="F04ZJ8RDPayhc/7pU/JNUZRSbDE=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OLNBBwTSELs6fQkTXoWut8IIeTqRfGkSG5+jr/gZ/gHdhI9xKXgQVFVj37VfiKFRsd5tzJz8wuLS9nl3Mrq2vpGfnPrWsepYtxjsYxVzaeaSxFxDwVKXksUp6EvedXvnY/96i1XWsTRFfYT3gxpJxKBYBSNVLls5Quu7UxA/ieFs4/R6BUAyq38W6MdszTkETJJta67ToLNAVUomOTDXCPVPKGsRzt8MDlvSPaM1CZBrMxESCbqTI6GWvdD3yRDil390xuLf3n1FIOT5kBESYo8YtOHglQSjMm4K2kLxRnKviGUKWEuJKxLFWVofiRnqjv24VHRPXTIb/Jd3TuwT2234hRKRZgiCzuwC/vgwjGU4ALK4AEDDvfwBM/WjXVnPViP02jG+trZhhlYL58UHYt1</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="6G21IUWjR+Ltyw4F22V1r6zQEAg=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPRocLkFvHgzAccEkhB7Om+SJj0L3T1CCLl6UTwp/pK/4N/YWTzEpaChqKrmvXpBKoU2lH46uaXlldW1/HphY3Nre6e4u3enk0xx9HkiE9UImEYpYvSNMBIbqUIWBRLrweBq4tcfUGmRxLdmmGI7Yr1YhIIzY6XaTadY8lw6BfmflGCOaqf40eomPIswNlwyrZseTU17xJQRXOK40Mo0powPWA9H0/XG5MhKXRImyr7YkKm6kGOR1sMosMmImb7+6U3Ev7xmZsKL9kjEaWYw5rNBYSaJScikK+kKhdzIoSWMK2E3JLzPFOPGXqRgq1P39KzsnVLym3xX90/cS9er0VKlPL9BHg7gEI7Bg3OowDVUwQcOCE/wCm/OvfPoPDsvs2jOmf/ZhwU4718krYhz</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

    decides on its input valueT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

Show that a (2,3)-assignment object solves 2-thread consensus

if     and later   , then       and       are redT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O[1]
<latexit sha1_base64="t/ssBTxlrx7CV+euILeElnTtzGU=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiS2VF1ZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGldeXn+At+hn9g0uqiPg5cOJxzLnPPeLEUGi3r3cgtLC4tr+RXC2vrG5tbxe2dGx0linGHRTJSTY9qLkXIHRQoeTNWnAae5A1vcJ75jVuutIjCaxzG3A1oLxS+YBQz6bJlu51iyTatKcj/pHT2MZm8AkC9U3xrdyOWBDxEJqnWLduK0R1RhYJJPi60E81jyga0x0fTC8fkIJW6xI9UOiGSqTqXo4HWw8BLkwHFvv7pZeJfXitB/8QdiTBOkIds9pCfSIIRyeqSrlCcoRymhDIl0gsJ61NFGaafUkirW2a5WrHLFvlNvqs7R+apaV9ZpVoFZsjDHuzDIdhwDDW4gDo4wKAP9/AEzwYz7owH43EWzRlfO7swB+PlE9uyjHw=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="YyDcisbAeVP5Ye5C2XO6KWhDZlo=">AAAB4HicdVDLSgNBEOyNrxhfUY9eBoPgaZk1Ieot4MWbEVwTSJYwO5lNhsw+mOkVQsgHeFE8KX6Rv+DfuJvEQ3wUDBRVNXRX+4mSBin9tAorq2vrG8XN0tb2zu5eef/g3sSp5sLlsYp122dGKBkJFyUq0U60YKGvRMsfXeV+60FoI+PoDseJ8EI2iGQgOcNcuuk4Xq9ccWw6A/mfVGCBZq/80e3HPA1FhFwxYzoOTdCbMI2SKzEtdVMjEsZHbCAmsw2n5CST+iSIdfYiJDN1KcdCY8ahnyVDhkPz08vFv7xOisGFN5FRkqKI+HxQkCqCMcnrkr7UgqMaZ4RxLbMNCR8yzThmRyll1aldrdecKiW/yXd198y+tJ1bWmnUFjcowhEcwyk4cA4NuIYmuMBhCE/wCm8Wtx6tZ+tlHi1Yiz+HsATr/QvsQol6</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

Atomic registers 

are not enough

Theorem There is no wait-free implementation of 
an        -assignment object by atomic registers 
for any

(m,n)
<latexit sha1_base64="SdEJ99SdGws0un7Q3qk7NhIp6bw=">AAAB4XicdVDLSgMxFL1TX7W+Rl26CRahggwzVnyAYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHj5/gL/oZfYNrqoj4OXDiccy65J0HKmdKu+27lZmbn5hfyi4Wl5ZXVNXt940YlmSTUJwlPZD3AinImqK+Z5rSeSorjgNNa0LsY+bVbKhVLxLXup7QV445gESNYG8kvxXtit20XPccdA/1PiucfZ+krAFTb9lszTEgWU6EJx0o1PDfVrQGWmhFOh4VmpmiKSQ936GB84hDtGClEUSLNCI3G6lQOx0r148AkY6y76qc3Ev/yGpmOjlsDJtJMU0EmD0UZRzpBo74oZJISzfuGYCKZuRCRLpaYaPMrBVPddcqHB17ZRb/Jd3V/3zlxvCu3WDmFCfKwBdtQAg+OoAKXUAUfCDC4hyd4tkLrznqwHifRnPW1swlTsF4+AYZgjCo=</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="1poN/dwdKEms0WG9uTc1FIu1kD0=">AAAB4XicdVDLSgMxFL3js9ZX1aWbYBEqSJmx4gNcFNy4rODYQltKJpNpQzOZIbkjlNIfcKO4Uvwhf8G/MX24qI8DgcM5J9x7bpBKYdB1P52FxaXlldXcWn59Y3Nru7Cze2+STDPus0QmuhFQw6VQ3EeBkjdSzWkcSF4P+tdjv/7AtRGJusNBytsx7SoRCUbRSn4pPlZHnULRK7sTkP9JEWaodQofrTBhWcwVMkmNaXpuiu0h1SiY5KN8KzM8paxPu3w4WXFEDq0UkijR9ikkE3UuR2NjBnFgkzHFnvnpjcW/vGaG0UV7KFSaIVdsOijKJMGEjPuSUGjOUA4soUwLuyFhPaopQ3uVvK3ulitnp17FJb/Jd3X/pHxZ9m7dYvVqdoMc7MMBlMCDc6jCDdTABwYCnuAV3pzQeXSenZdpdMGZ/dmDOTjvX0ORiaw=</latexit>

n > m > 1
<latexit sha1_base64="rXKEPTXRunRBh9SXvN+KGSTi6k4=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QFaC25cVnBsoS0lk8m0oZlMSDJCKf0BN4orxY2f4y/4G36BaauL+jhw4XDOueSehJIzbTzv3cnNzM7NL+QXC0vLK6trxfWNG51mitCApDxV9RBrypmggWGG07pUFCchp7WwdzHya7dUaZaKa9OXtJXgjmAxI9hYKRDlpOy3iyXf9cZA/5PS+ceZfAWAarv41oxSkiVUGMKx1g3fk6Y1wMowwumw0Mw0lZj0cIcOxicO0Y6VIhSnyo4waKxO5XCidT8JbTLBpqt/eiPxL6+Rmfi4NWBCZoYKMnkozjgyKRr1RRFTlBjetwQTxeyFiHSxwsTYXynY6p67f3jg73voN/muHuy5J65/5ZUqpzBBHrZgG3bBhyOowCVUIQACDO7hCZ6dyLlzHpzHSTTnfO1swhScl0/N7Yxa</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="QyHWfmjEiMyKwQExx2VS3z0BLTA=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gOkFNy4rODYQltKJpO2oZnMkNwRSukPuFFcKf6Qv+DfmD5c1MeBwOGcE+49N0ylMOh5n05uaXlldS2/XtjY3NreKe7u3Zsk04wHLJGJboTUcCkUD1Cg5I1UcxqHktfDwfXErz9wbUSi7nCY8nZMe0p0BaNopUBV4orfKZZ815uC/E9KMEetU/xoRQnLYq6QSWpM0/dSbI+oRsEkHxdameEpZQPa46PpimNyZKWIdBNtn0IyVRdyNDZmGIc2GVPsm5/eRPzLa2bYvWiPhEoz5IrNBnUzSTAhk74kEpozlENLKNPCbkhYn2rK0F6lYKt7bvns1C975Df5rh6cuJeuf+uVqlfzG+ThAA7hGHw4hyrcQA0CYCDgCV7hzYmcR+fZeZlFc878zz4swHn/Aoseidw=</latexit>

0 1

Proof. To decide,     writes atomically to 
locations 0 and 1;     to locations 1 and 2

0 1

T0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

if     and not   , then      is emptyT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O
<latexit sha1_base64="F04ZJ8RDPayhc/7pU/JNUZRSbDE=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OLNBBwTSELs6fQkTXoWut8IIeTqRfGkSG5+jr/gZ/gHdhI9xKXgQVFVj37VfiKFRsd5tzJz8wuLS9nl3Mrq2vpGfnPrWsepYtxjsYxVzaeaSxFxDwVKXksUp6EvedXvnY/96i1XWsTRFfYT3gxpJxKBYBSNVLls5Quu7UxA/ieFs4/R6BUAyq38W6MdszTkETJJta67ToLNAVUomOTDXCPVPKGsRzt8MDlvSPaM1CZBrMxESCbqTI6GWvdD3yRDil390xuLf3n1FIOT5kBESYo8YtOHglQSjMm4K2kLxRnKviGUKWEuJKxLFWVofiRnqjv24VHRPXTIb/Jd3TuwT2234hRKRZgiCzuwC/vgwjGU4ALK4AEDDvfwBM/WjXVnPViP02jG+trZhhlYL58UHYt1</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="6G21IUWjR+Ltyw4F22V1r6zQEAg=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPRocLkFvHgzAccEkhB7Om+SJj0L3T1CCLl6UTwp/pK/4N/YWTzEpaChqKrmvXpBKoU2lH46uaXlldW1/HphY3Nre6e4u3enk0xx9HkiE9UImEYpYvSNMBIbqUIWBRLrweBq4tcfUGmRxLdmmGI7Yr1YhIIzY6XaTadY8lw6BfmflGCOaqf40eomPIswNlwyrZseTU17xJQRXOK40Mo0powPWA9H0/XG5MhKXRImyr7YkKm6kGOR1sMosMmImb7+6U3Ev7xmZsKL9kjEaWYw5rNBYSaJScikK+kKhdzIoSWMK2E3JLzPFOPGXqRgq1P39KzsnVLym3xX90/cS9er0VKlPL9BHg7gEI7Bg3OowDVUwQcOCE/wCm/OvfPoPDsvs2jOmf/ZhwU4718krYhz</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

    decides on its input valueT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

    decides on its input valueT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

Show that a (2,3)-assignment object solves 2-thread consensus

if     and later   , then       and       are redT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O[1]
<latexit sha1_base64="t/ssBTxlrx7CV+euILeElnTtzGU=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiS2VF1ZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGldeXn+At+hn9g0uqiPg5cOJxzLnPPeLEUGi3r3cgtLC4tr+RXC2vrG5tbxe2dGx0linGHRTJSTY9qLkXIHRQoeTNWnAae5A1vcJ75jVuutIjCaxzG3A1oLxS+YBQz6bJlu51iyTatKcj/pHT2MZm8AkC9U3xrdyOWBDxEJqnWLduK0R1RhYJJPi60E81jyga0x0fTC8fkIJW6xI9UOiGSqTqXo4HWw8BLkwHFvv7pZeJfXitB/8QdiTBOkIds9pCfSIIRyeqSrlCcoRymhDIl0gsJ61NFGaafUkirW2a5WrHLFvlNvqs7R+apaV9ZpVoFZsjDHuzDIdhwDDW4gDo4wKAP9/AEzwYz7owH43EWzRlfO7swB+PlE9uyjHw=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="YyDcisbAeVP5Ye5C2XO6KWhDZlo=">AAAB4HicdVDLSgNBEOyNrxhfUY9eBoPgaZk1Ieot4MWbEVwTSJYwO5lNhsw+mOkVQsgHeFE8KX6Rv+DfuJvEQ3wUDBRVNXRX+4mSBin9tAorq2vrG8XN0tb2zu5eef/g3sSp5sLlsYp122dGKBkJFyUq0U60YKGvRMsfXeV+60FoI+PoDseJ8EI2iGQgOcNcuuk4Xq9ccWw6A/mfVGCBZq/80e3HPA1FhFwxYzoOTdCbMI2SKzEtdVMjEsZHbCAmsw2n5CST+iSIdfYiJDN1KcdCY8ahnyVDhkPz08vFv7xOisGFN5FRkqKI+HxQkCqCMcnrkr7UgqMaZ4RxLbMNCR8yzThmRyll1aldrdecKiW/yXd198y+tJ1bWmnUFjcowhEcwyk4cA4NuIYmuMBhCE/wCm8Wtx6tZ+tlHi1Yiz+HsATr/QvsQol6</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

if     and later   , then       blue and      redT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O[1]
<latexit sha1_base64="t/ssBTxlrx7CV+euILeElnTtzGU=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiS2VF1ZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGldeXn+At+hn9g0uqiPg5cOJxzLnPPeLEUGi3r3cgtLC4tr+RXC2vrG5tbxe2dGx0linGHRTJSTY9qLkXIHRQoeTNWnAae5A1vcJ75jVuutIjCaxzG3A1oLxS+YBQz6bJlu51iyTatKcj/pHT2MZm8AkC9U3xrdyOWBDxEJqnWLduK0R1RhYJJPi60E81jyga0x0fTC8fkIJW6xI9UOiGSqTqXo4HWw8BLkwHFvv7pZeJfXitB/8QdiTBOkIds9pCfSIIRyeqSrlCcoRymhDIl0gsJ61NFGaafUkirW2a5WrHLFvlNvqs7R+apaV9ZpVoFZsjDHuzDIdhwDDW4gDo4wKAP9/AEzwYz7owH43EWzRlfO7swB+PlE9uyjHw=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="YyDcisbAeVP5Ye5C2XO6KWhDZlo=">AAAB4HicdVDLSgNBEOyNrxhfUY9eBoPgaZk1Ieot4MWbEVwTSJYwO5lNhsw+mOkVQsgHeFE8KX6Rv+DfuJvEQ3wUDBRVNXRX+4mSBin9tAorq2vrG8XN0tb2zu5eef/g3sSp5sLlsYp122dGKBkJFyUq0U60YKGvRMsfXeV+60FoI+PoDseJ8EI2iGQgOcNcuuk4Xq9ccWw6A/mfVGCBZq/80e3HPA1FhFwxYzoOTdCbMI2SKzEtdVMjEsZHbCAmsw2n5CST+iSIdfYiJDN1KcdCY8ahnyVDhkPz08vFv7xOisGFN5FRkqKI+HxQkCqCMcnrkr7UgqMaZ4RxLbMNCR8yzThmRyll1aldrdecKiW/yXd198y+tJ1bWmnUFjcowhEcwyk4cA4NuIYmuMBhCE/wCm8Wtx6tZ+tlHi1Yiz+HsATr/QvsQol6</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>



Atomic registers 

are not enough

Theorem There is no wait-free implementation of 
an        -assignment object by atomic registers 
for any

(m,n)
<latexit sha1_base64="SdEJ99SdGws0un7Q3qk7NhIp6bw=">AAAB4XicdVDLSgMxFL1TX7W+Rl26CRahggwzVnyAYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHj5/gL/oZfYNrqoj4OXDiccy65J0HKmdKu+27lZmbn5hfyi4Wl5ZXVNXt940YlmSTUJwlPZD3AinImqK+Z5rSeSorjgNNa0LsY+bVbKhVLxLXup7QV445gESNYG8kvxXtit20XPccdA/1PiucfZ+krAFTb9lszTEgWU6EJx0o1PDfVrQGWmhFOh4VmpmiKSQ936GB84hDtGClEUSLNCI3G6lQOx0r148AkY6y76qc3Ev/yGpmOjlsDJtJMU0EmD0UZRzpBo74oZJISzfuGYCKZuRCRLpaYaPMrBVPddcqHB17ZRb/Jd3V/3zlxvCu3WDmFCfKwBdtQAg+OoAKXUAUfCDC4hyd4tkLrznqwHifRnPW1swlTsF4+AYZgjCo=</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="MyXm1unuRxe7VfZodRnl8tHNXtE=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBItQQYYZKz7AYsGNywqOLbSlZDKZNjSTGZKMUEp/wI3iSnHpz/gH4m/4BaatLurjwIXDOeeSe+InnCntOO9WZmZ2bn4hu5hbWl5ZXcuvb1yrOJWEeiTmsaz7WFHOBPU005zWE0lx5HNa83vnI792Q6VisbjS/YS2ItwRLGQEayN5xWhP7LbzBdd2xkD/k8LZRzl5ecuVq+38azOISRpRoQnHSjVcJ9GtAZaaEU6HuWaqaIJJD3foYHziEO0YKUBhLM0IjcbqVA5HSvUj3yQjrLvqpzcS//IaqQ6PWwMmklRTQSYPhSlHOkajvihgkhLN+4ZgIpm5EJEulpho8ys5U92xS4cHbslBv8l3dW/fPrHdS6dQOYUJsrAF21AEF46gAhdQBQ8IMLiDR3iyAuvWurceJtGM9bWzCVOwnj8B/LqNSw==</latexit><latexit sha1_base64="1poN/dwdKEms0WG9uTc1FIu1kD0=">AAAB4XicdVDLSgMxFL3js9ZX1aWbYBEqSJmx4gNcFNy4rODYQltKJpNpQzOZIbkjlNIfcKO4Uvwhf8G/MX24qI8DgcM5J9x7bpBKYdB1P52FxaXlldXcWn59Y3Nru7Cze2+STDPus0QmuhFQw6VQ3EeBkjdSzWkcSF4P+tdjv/7AtRGJusNBytsx7SoRCUbRSn4pPlZHnULRK7sTkP9JEWaodQofrTBhWcwVMkmNaXpuiu0h1SiY5KN8KzM8paxPu3w4WXFEDq0UkijR9ikkE3UuR2NjBnFgkzHFnvnpjcW/vGaG0UV7KFSaIVdsOijKJMGEjPuSUGjOUA4soUwLuyFhPaopQ3uVvK3ulitnp17FJb/Jd3X/pHxZ9m7dYvVqdoMc7MMBlMCDc6jCDdTABwYCnuAV3pzQeXSenZdpdMGZ/dmDOTjvX0ORiaw=</latexit>

n > m > 1
<latexit sha1_base64="rXKEPTXRunRBh9SXvN+KGSTi6k4=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QFaC25cVnBsoS0lk8m0oZlMSDJCKf0BN4orxY2f4y/4G36BaauL+jhw4XDOueSehJIzbTzv3cnNzM7NL+QXC0vLK6trxfWNG51mitCApDxV9RBrypmggWGG07pUFCchp7WwdzHya7dUaZaKa9OXtJXgjmAxI9hYKRDlpOy3iyXf9cZA/5PS+ceZfAWAarv41oxSkiVUGMKx1g3fk6Y1wMowwumw0Mw0lZj0cIcOxicO0Y6VIhSnyo4waKxO5XCidT8JbTLBpqt/eiPxL6+Rmfi4NWBCZoYKMnkozjgyKRr1RRFTlBjetwQTxeyFiHSxwsTYXynY6p67f3jg73voN/muHuy5J65/5ZUqpzBBHrZgG3bBhyOowCVUIQACDO7hCZ6dyLlzHpzHSTTnfO1swhScl0/N7Yxa</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="A3Umq+7BLdw76kfwbOWq1/35UPk=">AAAB4XicdVDLSgMxFL1TX3V8VV26CRbB1TCj4gNsLbhxWcGxhbaUTCbThmYyQ5IRSukPuFFcKS79Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6xrVKMkmoTxKeyHqAFeVMUF8zzWk9lRTHAae1oHc+8ms3VCqWiCvdT2krxh3BIkawNpIvynHZaxeKnuOOgf4nxbOPUvryZpeq7cJrM0xIFlOhCcdKNTw31a0BlpoRTod2M1M0xaSHO3QwPnGIdowUoiiRZoRGY3Uqh2Ol+nFgkjHWXfXTG4l/eY1MR8etARNppqkgk4eijCOdoFFfFDJJieZ9QzCRzFyISBdLTLT5FdtUd539wwNv30W/yXd1f885cbxLt1g5hQnysAXbsAseHEEFLqAKPhBgcAeP8GSF1q11bz1Mojnra2cTpmA9fwJEVo17</latexit><latexit sha1_base64="QyHWfmjEiMyKwQExx2VS3z0BLTA=">AAAB4XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gOkFNy4rODYQltKJpO2oZnMkNwRSukPuFFcKf6Qv+DfmD5c1MeBwOGcE+49N0ylMOh5n05uaXlldS2/XtjY3NreKe7u3Zsk04wHLJGJboTUcCkUD1Cg5I1UcxqHktfDwfXErz9wbUSi7nCY8nZMe0p0BaNopUBV4orfKZZ815uC/E9KMEetU/xoRQnLYq6QSWpM0/dSbI+oRsEkHxdameEpZQPa46PpimNyZKWIdBNtn0IyVRdyNDZmGIc2GVPsm5/eRPzLa2bYvWiPhEoz5IrNBnUzSTAhk74kEpozlENLKNPCbkhYn2rK0F6lYKt7bvns1C975Df5rh6cuJeuf+uVqlfzG+ThAA7hGHw4hyrcQA0CYCDgCV7hzYmcR+fZeZlFc878zz4swHn/Aoseidw=</latexit>

0 1

Proof. To decide,     writes atomically to 
locations 0 and 1;     to locations 1 and 2

0 1

T0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

if     and not   , then      is emptyT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O
<latexit sha1_base64="F04ZJ8RDPayhc/7pU/JNUZRSbDE=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OLNBBwTSELs6fQkTXoWut8IIeTqRfGkSG5+jr/gZ/gHdhI9xKXgQVFVj37VfiKFRsd5tzJz8wuLS9nl3Mrq2vpGfnPrWsepYtxjsYxVzaeaSxFxDwVKXksUp6EvedXvnY/96i1XWsTRFfYT3gxpJxKBYBSNVLls5Quu7UxA/ieFs4/R6BUAyq38W6MdszTkETJJta67ToLNAVUomOTDXCPVPKGsRzt8MDlvSPaM1CZBrMxESCbqTI6GWvdD3yRDil390xuLf3n1FIOT5kBESYo8YtOHglQSjMm4K2kLxRnKviGUKWEuJKxLFWVofiRnqjv24VHRPXTIb/Jd3TuwT2234hRKRZgiCzuwC/vgwjGU4ALK4AEDDvfwBM/WjXVnPViP02jG+trZhhlYL58UHYt1</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="NvLCXrxVgVAVn54uyRbCc2JNtb8=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4HIy4MWbCTgmkITY0+kkTXoWut8IIeTqRfGkiH6Rv+Bn+Af2JHqIS8GDoqoe/ar9WAqNjvNuZebmFxaXssu5ldW19Y385taVjhLFuMciGam6TzWXIuQeCpS8HitOA1/ymj84S/3aDVdaROElDmPeCmgvFF3BKBqpetHOF1zbmYD8TwqnHy8pXivt/FuzE7Ek4CEySbVuuE6MrRFVKJjk41wz0TymbEB7fDQ5b0z2jNQh3UiZCZFM1JkcDbQeBr5JBhT7+qeXin95jQS7x62RCOMEecimD3UTSTAiaVfSEYozlENDKFPCXEhYnyrK0PxIzlR37OJhyS065Df5ru4d2Ce2W3UK5RJMkYUd2IV9cOEIynAOFfCAAYc7eIQn69q6te6th2k0Y33tbMMMrOdPXeONOg==</latexit><latexit sha1_base64="6G21IUWjR+Ltyw4F22V1r6zQEAg=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNPRocLkFvHgzAccEkhB7Om+SJj0L3T1CCLl6UTwp/pK/4N/YWTzEpaChqKrmvXpBKoU2lH46uaXlldW1/HphY3Nre6e4u3enk0xx9HkiE9UImEYpYvSNMBIbqUIWBRLrweBq4tcfUGmRxLdmmGI7Yr1YhIIzY6XaTadY8lw6BfmflGCOaqf40eomPIswNlwyrZseTU17xJQRXOK40Mo0powPWA9H0/XG5MhKXRImyr7YkKm6kGOR1sMosMmImb7+6U3Ev7xmZsKL9kjEaWYw5rNBYSaJScikK+kKhdzIoSWMK2E3JLzPFOPGXqRgq1P39KzsnVLym3xX90/cS9er0VKlPL9BHg7gEI7Bg3OowDVUwQcOCE/wCm/OvfPoPDsvs2jOmf/ZhwU4718krYhz</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

    decides on its input valueT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

    decides on its input valueT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

Show that a (2,3)-assignment object solves 2-thread consensus

if     and later   , then       and       are redT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O[1]
<latexit sha1_base64="t/ssBTxlrx7CV+euILeElnTtzGU=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiS2VF1ZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGldeXn+At+hn9g0uqiPg5cOJxzLnPPeLEUGi3r3cgtLC4tr+RXC2vrG5tbxe2dGx0linGHRTJSTY9qLkXIHRQoeTNWnAae5A1vcJ75jVuutIjCaxzG3A1oLxS+YBQz6bJlu51iyTatKcj/pHT2MZm8AkC9U3xrdyOWBDxEJqnWLduK0R1RhYJJPi60E81jyga0x0fTC8fkIJW6xI9UOiGSqTqXo4HWw8BLkwHFvv7pZeJfXitB/8QdiTBOkIds9pCfSIIRyeqSrlCcoRymhDIl0gsJ61NFGaafUkirW2a5WrHLFvlNvqs7R+apaV9ZpVoFZsjDHuzDIdhwDDW4gDo4wKAP9/AEzwYz7owH43EWzRlfO7swB+PlE9uyjHw=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="YyDcisbAeVP5Ye5C2XO6KWhDZlo=">AAAB4HicdVDLSgNBEOyNrxhfUY9eBoPgaZk1Ieot4MWbEVwTSJYwO5lNhsw+mOkVQsgHeFE8KX6Rv+DfuJvEQ3wUDBRVNXRX+4mSBin9tAorq2vrG8XN0tb2zu5eef/g3sSp5sLlsYp122dGKBkJFyUq0U60YKGvRMsfXeV+60FoI+PoDseJ8EI2iGQgOcNcuuk4Xq9ccWw6A/mfVGCBZq/80e3HPA1FhFwxYzoOTdCbMI2SKzEtdVMjEsZHbCAmsw2n5CST+iSIdfYiJDN1KcdCY8ahnyVDhkPz08vFv7xOisGFN5FRkqKI+HxQkCqCMcnrkr7UgqMaZ4RxLbMNCR8yzThmRyll1aldrdecKiW/yXd198y+tJ1bWmnUFjcowhEcwyk4cA4NuIYmuMBhCE/wCm8Wtx6tZ+tlHi1Yiz+HsATr/QvsQol6</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

if     and later   , then       blue and      redT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

O[1]
<latexit sha1_base64="t/ssBTxlrx7CV+euILeElnTtzGU=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiS2VF1ZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGldeXn+At+hn9g0uqiPg5cOJxzLnPPeLEUGi3r3cgtLC4tr+RXC2vrG5tbxe2dGx0linGHRTJSTY9qLkXIHRQoeTNWnAae5A1vcJ75jVuutIjCaxzG3A1oLxS+YBQz6bJlu51iyTatKcj/pHT2MZm8AkC9U3xrdyOWBDxEJqnWLduK0R1RhYJJPi60E81jyga0x0fTC8fkIJW6xI9UOiGSqTqXo4HWw8BLkwHFvv7pZeJfXitB/8QdiTBOkIds9pCfSIIRyeqSrlCcoRymhDIl0gsJ61NFGaafUkirW2a5WrHLFvlNvqs7R+apaV9ZpVoFZsjDHuzDIdhwDDW4gDo4wKAP9/AEzwYz7owH43EWzRlfO7swB+PlE9uyjHw=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="Bl1+pcsOlTDVuTT4U7T7VWmhc6c=">AAAB4HicdVDLSsNAFL2pr1pfUZduBovgKiS2+FhZcOPOCsYW2lAm00k7dPJg5kYopR/gRnGl9ov8BT/DPzBpdVEfBy4czjmXuWf8RAqNtv1uFBYWl5ZXiqultfWNzS1ze+dWx6li3GWxjFXTp5pLEXEXBUreTBSnoS95wx9c5H7jjist4ugGhwn3QtqLRCAYxVy6ajlexyw7lj0F+Z+Uzz9ec0zqHfOt3Y1ZGvIImaRatxw7QW9EFQom+bjUTjVPKBvQHh9NLxyTg0zqkiBW2URIpupcjoZaD0M/S4YU+/qnl4t/ea0Ug1NvJKIkRR6x2UNBKgnGJK9LukJxhnKYEcqUyC4krE8VZZh9SimrbluV46pTsclv8l3dPbLOLOfaLteqMEMR9mAfDsGBE6jBJdTBBQZ9eIBneDGYcW88Gk+zaMH42tmFORiTTyWHjkE=</latexit><latexit sha1_base64="YyDcisbAeVP5Ye5C2XO6KWhDZlo=">AAAB4HicdVDLSgNBEOyNrxhfUY9eBoPgaZk1Ieot4MWbEVwTSJYwO5lNhsw+mOkVQsgHeFE8KX6Rv+DfuJvEQ3wUDBRVNXRX+4mSBin9tAorq2vrG8XN0tb2zu5eef/g3sSp5sLlsYp122dGKBkJFyUq0U60YKGvRMsfXeV+60FoI+PoDseJ8EI2iGQgOcNcuuk4Xq9ccWw6A/mfVGCBZq/80e3HPA1FhFwxYzoOTdCbMI2SKzEtdVMjEsZHbCAmsw2n5CST+iSIdfYiJDN1KcdCY8ahnyVDhkPz08vFv7xOisGFN5FRkqKI+HxQkCqCMcnrkr7UgqMaZ4RxLbMNCR8yzThmRyll1aldrdecKiW/yXd198y+tJ1bWmnUFjcowhEcwyk4cA4NuIYmuMBhCE/wCm8Wtx6tZ+tlHi1Yiz+HsATr/QvsQol6</latexit>

O[2]
<latexit sha1_base64="Ai7IYqXfxD8jKDsjeMLyJTMBz8c=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRt8bGy4MadFYwttKFMppN26OTBzI1QSj/AjeJK68rP8Rf8DP/ApNVFfRy4cDjnXOae8WIpNFrWu5FbWFxaXsmvFtbWNza3its7NzpKFOMOi2Skmh7VXIqQOyhQ8masOA08yRve4DzzG7dcaRGF1ziMuRvQXih8wShm0mWr7HaKJdu0piD/k9LZx2TyCgD1TvGt3Y1YEvAQmaRat2wrRndEFQom+bjQTjSPKRvQHh9NLxyTg1TqEj9S6YRIpupcjgZaDwMvTQYU+/qnl4l/ea0E/RN3JMI4QR6y2UN+IglGJKtLukJxhnKYEsqUSC8krE8VZZh+SiGtbpmVo6pdschv8l3dKZunpn1llWpVmCEPe7APh2DDMdTgAurgAIM+3MMTPBvMuDMejMdZNGd87ezCHIyXT90sjH0=</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="yhanmG0pwdkxFrh8KqOyOZb6B4k=">AAAB4HicdVDLTsJAFL3FF+ILdelmIjFx1bRAUFeSuHEnJlZIoCHTYQoTpo/M3JoQwge40bhS+SJ/wc/wD2xBF/g4yU1Ozjk3c894sRQaLevdyC0tr6yu5dcLG5tb2zvF3b1bHSWKcYdFMlItj2ouRcgdFCh5K1acBp7kTW94kfnNO660iMIbHMXcDWg/FL5gFDPpql12u8WSbVozkP9J6fzjNcO00S2+dXoRSwIeIpNU67ZtxeiOqULBJJ8UOonmMWVD2ufj2YUTcpRKPeJHKp0QyUxdyNFA61HgpcmA4kD/9DLxL6+doH/qjkUYJ8hDNn/ITyTBiGR1SU8ozlCOUkKZEumFhA2oogzTTymk1S2zUqvaFYv8Jt/VnbJ5ZtrXVqlehTnycACHcAw2nEAdLqEBDjAYwAM8w4vBjHvj0XiaR3PG184+LMCYfgInAY5C</latexit><latexit sha1_base64="LBiagXrOyy9FcGMzc2dSfpk8L0I=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNPQkweUW8OLNCI4JJEPo6fQkTXoWut8IIeQDvCieFL/IX/BvnEniIS4FDUVVNe/V8xMlDVL6aRVWVtfWN4qbpa3tnd298v7BvYlTzYXLYxXrts+MUDISLkpUop1owUJfiZY/usr91oPQRsbRHY4T4YVsEMlAcoa5dNOper1yxbHpDOR/UoEFmr3yR7cf8zQUEXLFjOk4NEFvwjRKrsS01E2NSBgfsYGYzDackpNM6pMg1tmLkMzUpRwLjRmHfpYMGQ7NTy8X//I6KQYX3kRGSYoi4vNBQaoIxiSvS/pSC45qnBHGtcw2JHzINOOYHaWUVad27azu1Cj5Tb6ru1X70nZuaaVRX9ygCEdwDKfgwDk04Bqa4AKHITzBK7xZ3Hq0nq2XebRgLf4cwhKs9y/tvIl7</latexit>

    decides on    ’s input valueT0
<latexit sha1_base64="hqEkLC2MtykzeEG6eYUPZkxMQsw=">AAAB33icdVDLTgIxFL2DL8QX6tJNIzFxNeko8bGSxI1LjIyQACGdUqCh80h7x4QQ9m40rjTs/Bx/wc/wDyygC3yc5CYn55yb3tMgUdIgpe9OZmFxaXklu5pbW9/Y3Mpv79yaONVc+DxWsa4FzAglI+GjRCVqiRYsDJSoBv3LiV+9E9rIOKrgIBHNkHUj2ZGcoZVuKi3ayhc8l05B/ieFi4/x+BUAyq38W6Md8zQUEXLFjKl7NMHmkGmUXIlRrpEakTDeZ10xnB44IgdWapNOrO1ESKbqXI6FxgzCwCZDhj3z05uIf3n1FDtnzaGMkhRFxGcPdVJFMCaTtqQtteCoBpYwrqW9kPAe04yj/ZOcrU7d45Oid0zJb/Jd3T9yz13vmhZKRZghC3uwD4fgwSmU4ArK4AOHLjzAM7w4gXPvPDpPs2jG+drZhTk4408424wd</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="9HUzl0xiZCb65msc6jJlmnhnTqY=">AAAB33icdVDLSgMxFL2pr1pfVZdugkVwNWS0+FhZcOOyYscW2lIyaaYNzTxIMkIp3btRXCn1i/wFP8M/MNPqoj4OXDiccy65J34ihTaEvKPcwuLS8kp+tbC2vrG5VdzeudVxqhj3WCxj1fCp5lJE3DPCSN5IFKehL3ndH1xmfv2OKy3iqGaGCW+HtBeJQDBqrHRT65BOseQ6ZAr8PyldfEwyvFY7xbdWN2ZpyCPDJNW66ZLEtEdUGcEkHxdaqeYJZQPa46PpgWN8YKUuDmJlJzJ4qs7laKj1MPRtMqSmr396mfiX10xNcNYeiShJDY/Y7KEgldjEOGuLu0JxZuTQEsqUsBdi1qeKMmP/pGCrE+f4pOweE/ybfFf3jpxzx70mpUoZZsjDHuzDIbhwChW4gip4wKAHD/AML8hH9+gRPc2iOfS1swtzQJNPgqGN4g==</latexit><latexit sha1_base64="G164GDDMbqPvyM7nn68wAZdrNmc=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39S7tFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbvm84pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AElriRs=</latexit>

T1
<latexit sha1_base64="OVjx8ZqFejv3BhuuLYquiAadrE0=">AAAB33icdVDLTgJBEOzFF+IL9ehlIjHxtNkVgnqSxItHjKyQACGzwyxMmH1kpteEEO5eNJ403Pwcf8HP8A8cQA/4qKSTSlV1pmv8RAqNjvNuZZaWV1bXsuu5jc2t7Z387t6tjlPFuMdiGauGTzWXIuIeCpS8kShOQ1/yuj+4nPr1O660iKMaDhPeDmkvEoFgFI10U+u4nXzBtZ0ZyP+kcPExmbwCQLWTf2t1Y5aGPEImqdZN10mwPaIKBZN8nGulmieUDWiPj2YHjsmRkbokiJWZCMlMXcjRUOth6JtkSLGvf3pT8S+vmWJw1h6JKEmRR2z+UJBKgjGZtiVdoThDOTSEMiXMhYT1qaIMzZ/kTHXHLpZLbtEhv8l3de/EPrfda6dQKcEcWTiAQzgGF06hAldQBQ8Y9OABnuHF8q1769F6mkcz1tfOPizAmnwCOlSMHg==</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="eL7eJgvO9hVtKdY2a4WcCgFGlGQ=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNMxocDkZ8OIxYsYEkhB6Oj1Jk56F7jdCCLl7UTwp8Yv8BT/DP7An0UNcCh4UVfXoV+0nUmh0nHcrt7C4tLySXy2srW9sbhW3d251nCrGPRbLWDV8qrkUEfdQoOSNRHEa+pLX/cFl5tfvuNIijmo4THg7pL1IBIJRNNJNreN2iiXXdqYg/5PSxcckw2u1U3xrdWOWhjxCJqnWTddJsD2iCgWTfFxopZonlA1oj4+mB47JgZG6JIiVmQjJVJ3L0VDrYeibZEixr396mfiX10wxOGuPRJSkyCM2eyhIJcGYZG1JVyjOUA4NoUwJcyFhfaooQ/MnBVPdsY9Pyu6xQ36T7+rekX1uu9dOqVKGGfKwB/twCC6cQgWuoAoeMOjBAzzDi+Vb99aj9TSL5qyvnV2YgzX5BIQajeM=</latexit><latexit sha1_base64="lQUTZcL6ze63AOVEigYyEzQcnNM=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNPSY4HILePEYMWMCSQg9nZ6kSc9C9xshhNy9KJ4U/8hf8G/sLB7iUtBQVFXzXr0gVdIgpZ9ObmV1bX0jv1nY2t7Z3SvuH9ybJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJK7jKBWdiPVjGUrO0Ep39a7XLZY8l85A/iclWKDWLX60ewnPIhEjV8yYlkdT7IyZRsmVmBTamREp40PWF+PZghNyYqUeCRNtX4xkpi7lWGTMKApsMmI4MD+9qfiX18owvOyMZZxmKGI+HxRmimBCpm1JT2rBUY0sYVxLuyHhA6YZR3uTgq1O3fJ5xStT8pt8V/fP3CvXu6WlamVxgzwcwTGcggcXUIUbqIEPHPrwBK/w5gTOo/PsvMyjOWfx5xCW4Lx/AUrkiRw=</latexit>

Hey, old friend, 

are you OK old friend?

Atomic snapshot

write to one entry of 
an array

read multiple entries 
atomically  


Consensus number?

m
<latexit sha1_base64="6BfRtd621Zd0iqgxAwr0CWeFecQ=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzQy9MmH1kZtaEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xE8GVdpw3K7OwuLS8kl3Nra1vbG7lt3euVJxKhh6LRSwbPlUoeISe5lpgI5FIQ19g3R+cT/z6DUrF4+hSDxNsh7QX8YAzqo1UCzv5gms7U5D/SeHs4/2WAEC1k39tdWOWhhhpJqhSTddJdHtEpeZM4DjXShUmlA1oD0fT88bkwEhdEsTSTKTJVJ3L0VCpYeibZEh1X/30JuJfXjPVQbk94lGSaozY7KEgFUTHZNKVdLlEpsXQEMokNxcS1qeSMm1+JGeqO3bxuOQWHfKbfFf3juxT2605hUoZZsjCHuzDIbhwAhW4gCp4wADhHp7g2bq27qwH63EWzVhfO7swB+vlE+wmi1U=</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="Tu4p0MMEoLZ2opHd8bwR1r2DEIk=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6kcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2ckVCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT59xTI1I</latexit><latexit sha1_base64="s5N76jI97YJxpORA+0uSUiYccUc=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZNNOGZh4kd4RSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QKmnQdT9JbmV1bX0jv1nY2t7Z3SvuH9yZJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJL7FUSo6EevHMpScoZXqUbdY8hx3Bvo/KcECtW7xo91LeBaJGLlixrQ8N8XOmGmUXIlJoZ0ZkTI+ZH0xnq03oSdW6tEw0fbFSGfqUo5FxoyiwCYjhgPz05uKf3mtDMNKZyzjNEMR8/mgMFMUEzrtSntSC45qZAnjWtoNKR8wzTjaixRsddcpX5x7ZZf+Jt/V/TPnyvHqbqlaWdwgD0dwDKfgwSVU4QZq4AMHAU/wCm/knjySZ/Iyj+bI4s8hLIG8fwFSD4iV</latexit>

n
<latexit sha1_base64="hA7oNw4ovgUFfBAhuq78IrRwUCw=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgaphR0bqy4MZlC44ttKVm0rQNzWSG5I5QSpe6UVwp/pK/4De48g9MW13Ux4ELh3POJfckTKQw6HlvTmZufmFxKbucW1ldW9/Ib25dmTjVjAcslrGuhdRwKRQPUKDktURzGoWSV8P++div3nBtRKwucZDwZkS7SnQEo2ilimrlC77rTUD+J4Wzj/dbAgDlVv610Y5ZGnGFTFJj6r6XYHNINQom+SjXSA1PKOvTLh9OzhuRPSu1SSfWdhSSiTqTo5Exgyi0yYhiz/z0xuJfXj3FTrE5FCpJkSs2faiTSoIxGXclbaE5QzmwhDIt7IWE9aimDO2P5Gx1zz08PvIPPfKbfFcPDtxT1694hVIRpsjCDuzCPvhwAiW4gDIEwIDDPTzBs3Pt3DkPzuM0mnG+drZhBs7LJ+2fi1Y=</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="a6Xlpt4zlt8GD7E4cZCrjMF+/fI=">AAAB3XicdVDLSgMxFL1TX7W+Rl0KEiyCq2HGitaVBTcuW3BsoS01k2ba0ExmSDJCKV3qRnGl+Ct+gr/gN+jGPzBtdVEfBy4czjmX3JMg4Uxp1321MjOzc/ML2cXc0vLK6pq9vnGh4lQS6pOYx7IWYEU5E9TXTHNaSyTFUcBpNeidjvzqFZWKxeJc9xPajHBHsJARrI1UES077znuGOh/kj/5eLvefq68l1v2S6MdkzSiQhOOlap7bqKbAyw1I5wOc41U0QSTHu7Qwfi8Ido1UhuFsTQjNBqrUzkcKdWPApOMsO6qn95I/MurpzosNgdMJKmmgkweClOOdIxGXVGbSUo07xuCiWTmQkS6WGKizY/kTHXXKRweeAUX/Sbf1f1959jxKm6+VIQJsrAFO7AHHhxBCc6gDD4QoHALD/BoXVo31p11P4lmrK+dTZiC9fQJcsWNSQ==</latexit><latexit sha1_base64="yxpHgBU9qnixKVv3ctNgjSbR/Zg=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgapixonVXcOOyBccW2lIzaaYNzWSG5I5QSrduFFeKv+Qv+DemDxf1cSBwOOeEe88NUykMet6nk1tZXVvfyG8WtrZ3dveK+wd3Jsk04wFLZKKbITVcCsUDFCh5M9WcxqHkjXB4PfUbD1wbkahbHKW8E9O+EpFgFK1UV91iyXe9Gcj/pAQL1LrFj3YvYVnMFTJJjWn5XoqdMdUomOSTQjszPKVsSPt8PFtvQk6s1CNRou1TSGbqUo7Gxozi0CZjigPz05uKf3mtDKNKZyxUmiFXbD4oyiTBhEy7kp7QnKEcWUKZFnZDwgZUU4b2IgVb3XPLF+d+2SO/yXf14My9cv26V6pWFjfIwxEcwyn4cAlVuIEaBMCAwxO8wptz7zw6z87LPJpzFn8OYQnO+xdTiIiW</latexit>

Multiple assignment

write atomically from    
   out of   entries

read from any one 
entry

1
Consensus number?

Theorem  Atomic               -register 
assignment for           has consensus 
number at least  

⇣
n, n(n+1)

2

⌘

<latexit sha1_base64="0xzVVLloQKEFzExgjswJTf8yHwQ=">AAAB/XicdVDLSgMxFL3j2/qqunRhsAgVpcyo+FhZcONSwarglJJJM21oJjMkd4QyFNz4Ed25cqO4UvwFf8HP8A9MW134OhA4nHPCvfcEiRQGXffNGRoeGR0bn5jMTU3PzM7l5xfOTJxqxisslrG+CKjhUiheQYGSXySa0yiQ/DxoHfb88yuujYjVKbYTXo1oQ4lQMIpWquWXfclDLKoNP9SUZaqo1r21TrbZ8bVoNHGtli94JbcP8j8pHLx3u7cAcFzLv/r1mKURV8gkNebScxOsZlSjYJJ3cn5qeEJZizZ41l+/Q1atVCdhrO1TSPrqtxyNjGlHgU1GFJvmp9cT//IuUwz3qplQSYpcscGgMJUEY9LrgtSF5gxl2xLKtLAbEtaktge0jeXs6W5pa2fb23LJb/J1emWztF/yTrxCeRsGmIAlWIEieLALZTiCY6gAgxu4hyd4dq6dO+fBeRxEh5zPP4vwDc7LB139l5M=</latexit><latexit sha1_base64="sIh+SUPRdGMgR20TPOjlFL8Lfj4=">AAAB/XicdVDLSgMxFM34rPVVdenCYBEqyjDTFh8rC25cVnBUcErJpJk2NJMZkjtCGQpu/Aj9ADeKK8Vf8Bf8DP/AtNWFrwOBwzkn3HtPkAiuwXHerLHxicmp6dxMfnZufmGxsLR8quNUUebRWMTqPCCaCS6ZBxwEO08UI1Eg2FnQPRz4Z5dMaR7LE+glrBGRtuQhpwSM1Cys+YKFUJLbfqgIzWRJbrmb/azc9xVvd2CzWSi6tjME/p8UD95vBritNwuvfiumacQkUEG0vnCdBBoZUcCpYP28n2qWENolbZYN1+/jDSO1cBgr8yTgofotRyKte1FgkhGBjv7pDcS/vIsUwr1GxmWSApN0NChMBYYYD7rALa4YBdEzhFDFzYaYdojpAUxjeXO6Y1d2qm7Fwb/J1+le2d633WO3WKuiEXJoFa2jEnLRLqqhI1RHHqLoGt2jJ/RsXVl31oP1OIqOWZ9/VtA3WC8fp8OZWA==</latexit><latexit sha1_base64="sIh+SUPRdGMgR20TPOjlFL8Lfj4=">AAAB/XicdVDLSgMxFM34rPVVdenCYBEqyjDTFh8rC25cVnBUcErJpJk2NJMZkjtCGQpu/Aj9ADeKK8Vf8Bf8DP/AtNWFrwOBwzkn3HtPkAiuwXHerLHxicmp6dxMfnZufmGxsLR8quNUUebRWMTqPCCaCS6ZBxwEO08UI1Eg2FnQPRz4Z5dMaR7LE+glrBGRtuQhpwSM1Cys+YKFUJLbfqgIzWRJbrmb/azc9xVvd2CzWSi6tjME/p8UD95vBritNwuvfiumacQkUEG0vnCdBBoZUcCpYP28n2qWENolbZYN1+/jDSO1cBgr8yTgofotRyKte1FgkhGBjv7pDcS/vIsUwr1GxmWSApN0NChMBYYYD7rALa4YBdEzhFDFzYaYdojpAUxjeXO6Y1d2qm7Fwb/J1+le2d633WO3WKuiEXJoFa2jEnLRLqqhI1RHHqLoGt2jJ/RsXVl31oP1OIqOWZ9/VtA3WC8fp8OZWA==</latexit><latexit sha1_base64="sIh+SUPRdGMgR20TPOjlFL8Lfj4=">AAAB/XicdVDLSgMxFM34rPVVdenCYBEqyjDTFh8rC25cVnBUcErJpJk2NJMZkjtCGQpu/Aj9ADeKK8Vf8Bf8DP/AtNWFrwOBwzkn3HtPkAiuwXHerLHxicmp6dxMfnZufmGxsLR8quNUUebRWMTqPCCaCS6ZBxwEO08UI1Eg2FnQPRz4Z5dMaR7LE+glrBGRtuQhpwSM1Cys+YKFUJLbfqgIzWRJbrmb/azc9xVvd2CzWSi6tjME/p8UD95vBritNwuvfiumacQkUEG0vnCdBBoZUcCpYP28n2qWENolbZYN1+/jDSO1cBgr8yTgofotRyKte1FgkhGBjv7pDcS/vIsUwr1GxmWSApN0NChMBYYYD7rALa4YBdEzhFDFzYaYdojpAUxjeXO6Y1d2qm7Fwb/J1+le2d633WO3WKuiEXJoFa2jEnLRLqqhI1RHHqLoGt2jJ/RsXVl31oP1OIqOWZ9/VtA3WC8fp8OZWA==</latexit><latexit sha1_base64="sIh+SUPRdGMgR20TPOjlFL8Lfj4=">AAAB/XicdVDLSgMxFM34rPVVdenCYBEqyjDTFh8rC25cVnBUcErJpJk2NJMZkjtCGQpu/Aj9ADeKK8Vf8Bf8DP/AtNWFrwOBwzkn3HtPkAiuwXHerLHxicmp6dxMfnZufmGxsLR8quNUUebRWMTqPCCaCS6ZBxwEO08UI1Eg2FnQPRz4Z5dMaR7LE+glrBGRtuQhpwSM1Cys+YKFUJLbfqgIzWRJbrmb/azc9xVvd2CzWSi6tjME/p8UD95vBritNwuvfiumacQkUEG0vnCdBBoZUcCpYP28n2qWENolbZYN1+/jDSO1cBgr8yTgofotRyKte1FgkhGBjv7pDcS/vIsUwr1GxmWSApN0NChMBYYYD7rALa4YBdEzhFDFzYaYdojpAUxjeXO6Y1d2qm7Fwb/J1+le2d633WO3WKuiEXJoFa2jEnLRLqqhI1RHHqLoGt2jJ/RsXVl31oP1OIqOWZ9/VtA3WC8fp8OZWA==</latexit><latexit sha1_base64="nfiqHSTyanwI8eK9QmLoglE1MZs=">AAAB/XicdVDLSgMxFM3UV62vUZcuDBahRSkzbfGxK7hxWcFqoVNKJs20oZnMkNwRylBw46+4UVwp/oK/4N+YPlzUx4HA4ZwT7r3HjwXX4DifVmZhcWl5JbuaW1vf2Nyyt3dudJQoyho0EpFq+kQzwSVrAAfBmrFiJPQFu/UHF2P/9o4pzSN5DcOYtUPSkzzglICROva+J1gABXnsBYrQVBbkkVscpeWRp3ivD8WOnXdLzgT4f5JHM9Q79ofXjWgSMglUEK1brhNDOyUKOBVslPMSzWJCB6TH0sn6I3xopC4OImWeBDxR53Ik1HoY+iYZEujrn95Y/MtrJRCctVMu4wSYpNNBQSIwRHjcBe5yxSiIoSGEKm42xLRPTA9gGsuZ051S5aTqVhz8m3yf3iiXzkvulZuvVWcdZNEeOkAF5KJTVEOXqI4aiKIH9IRe0Zt1bz1az9bLNJqxZn920Rys9y9ujZSR</latexit>

n > 1
<latexit sha1_base64="PnzY/hiDXGL8lGKwi01Jtdzhqt0=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgapjR4mOjBTcuKzq20JaSSdM2NJMZkjtCKd27UVwp3fk5/oKf4R+YtrqojwMXDuecS+5JmEhh0PPenczc/MLiUnY5t7K6tr6R39y6NXGqGQ9YLGNdDanhUigeoEDJq4nmNAolr4S9i7FfuePaiFjdYD/hjYh2lGgLRtFK1+rMb+YLvutNQP4nhfOP0egVAMrN/Fu9FbM04gqZpMbUfC/BxoBqFEzyYa6eGp5Q1qMdPpgcOCR7VmqRdqztKCQTdSZHI2P6UWiTEcWu+emNxb+8Wortk8ZAqCRFrtj0oXYqCcZk3Ja0hOYMZd8SyrSwFxLWpZoytH+Ss9U99/Co6B965Df5rh4cuKeuf+UXSkWYIgs7sAv74MMxlOASyhAAgw48wDO8OKFz7zw6T9Noxvna2YYZOKNPMGiMGA==</latexit><latexit sha1_base64="mw0K5tvmFlo4t1KNDBPe1xmPJxM=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgapho8bHRghuXFR1baEvJpJk2NJMZkoxQSvduFFdK/SJ/wc/wD8y0uqiPAxcO55xL7kmQCK6N5707ubn5hcWl/HJhZXVtfaO4uXWr41RR5tNYxKoeEM0El8w33AhWTxQjUSBYLehfZH7tjinNY3ljBglrRaQrecgpMVa6lme4XSxh15sA/U9K5x/jDK/VdvGt2YlpGjFpqCBaN7CXmNaQKMOpYKNCM9UsIbRPumw4OXCE9qzUQWGs7EiDJupMjkRaD6LAJiNievqnl4l/eY3UhCetIZdJapik04fCVCATo6wt6nDFqBEDSwhV3F6IaI8oQo39k4Kt7rmHR2V86KHf5Lu6f+CeuvgKlyplmCIPO7AL+4DhGCpwCVXwgUIXHuAZXpzAuXcenadpNOd87WzDDJzxJ3oujd0=</latexit><latexit sha1_base64="mw0K5tvmFlo4t1KNDBPe1xmPJxM=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgapho8bHRghuXFR1baEvJpJk2NJMZkoxQSvduFFdK/SJ/wc/wD8y0uqiPAxcO55xL7kmQCK6N5707ubn5hcWl/HJhZXVtfaO4uXWr41RR5tNYxKoeEM0El8w33AhWTxQjUSBYLehfZH7tjinNY3ljBglrRaQrecgpMVa6lme4XSxh15sA/U9K5x/jDK/VdvGt2YlpGjFpqCBaN7CXmNaQKMOpYKNCM9UsIbRPumw4OXCE9qzUQWGs7EiDJupMjkRaD6LAJiNievqnl4l/eY3UhCetIZdJapik04fCVCATo6wt6nDFqBEDSwhV3F6IaI8oQo39k4Kt7rmHR2V86KHf5Lu6f+CeuvgKlyplmCIPO7AL+4DhGCpwCVXwgUIXHuAZXpzAuXcenadpNOd87WzDDJzxJ3oujd0=</latexit><latexit sha1_base64="mw0K5tvmFlo4t1KNDBPe1xmPJxM=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgapho8bHRghuXFR1baEvJpJk2NJMZkoxQSvduFFdK/SJ/wc/wD8y0uqiPAxcO55xL7kmQCK6N5707ubn5hcWl/HJhZXVtfaO4uXWr41RR5tNYxKoeEM0El8w33AhWTxQjUSBYLehfZH7tjinNY3ljBglrRaQrecgpMVa6lme4XSxh15sA/U9K5x/jDK/VdvGt2YlpGjFpqCBaN7CXmNaQKMOpYKNCM9UsIbRPumw4OXCE9qzUQWGs7EiDJupMjkRaD6LAJiNievqnl4l/eY3UhCetIZdJapik04fCVCATo6wt6nDFqBEDSwhV3F6IaI8oQo39k4Kt7rmHR2V86KHf5Lu6f+CeuvgKlyplmCIPO7AL+4DhGCpwCVXwgUIXHuAZXpzAuXcenadpNOd87WzDDJzxJ3oujd0=</latexit><latexit sha1_base64="mw0K5tvmFlo4t1KNDBPe1xmPJxM=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgapho8bHRghuXFR1baEvJpJk2NJMZkoxQSvduFFdK/SJ/wc/wD8y0uqiPAxcO55xL7kmQCK6N5707ubn5hcWl/HJhZXVtfaO4uXWr41RR5tNYxKoeEM0El8w33AhWTxQjUSBYLehfZH7tjinNY3ljBglrRaQrecgpMVa6lme4XSxh15sA/U9K5x/jDK/VdvGt2YlpGjFpqCBaN7CXmNaQKMOpYKNCM9UsIbRPumw4OXCE9qzUQWGs7EiDJupMjkRaD6LAJiNievqnl4l/eY3UhCetIZdJapik04fCVCATo6wt6nDFqBEDSwhV3F6IaI8oQo39k4Kt7rmHR2V86KHf5Lu6f+CeuvgKlyplmCIPO7AL+4DhGCpwCVXwgUIXHuAZXpzAuXcenadpNOd87WzDDJzxJ3oujd0=</latexit><latexit sha1_base64="a/U9nUM9x2XnBIfWaClAG9m8OoU=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgapixxcdGCm5cVnRsoS0lk2ba0ExmSO4IpXTvRnGl+Ef+gn9j+nBRHwcCh3NOuPfcMJXCoOd9Orml5ZXVtfx6YWNza3unuLt3b5JMMx6wRCa6EVLDpVA8QIGSN1LNaRxKXg8HVxO//sC1EYm6w2HK2zHtKREJRtFKt+rS7xRLvutNQf4nJZij1il+tLoJy2KukElqTNP3UmyPqEbBJB8XWpnhKWUD2uOj6YJjcmSlLokSbZ9CMlUXcjQ2ZhiHNhlT7Juf3kT8y2tmGJ23R0KlGXLFZoOiTBJMyKQt6QrNGcqhJZRpYTckrE81ZWhvUrDVPbd8WvHLHvlNvqsHJ+6F69/4pWplfoM8HMAhHIMPZ1CFa6hBAAx68ASv8OaEzqPz7LzMojln/mcfFuC8fwFA+IkW</latexit>

n
<latexit sha1_base64="DcxbFz6NpUqgXT9p6Pa3R5KBhjc=">AAAB3XicdVDLTgIxFL2DL8QX6tJNIzFxNZkR4mMliRuXkDhCAgQ7pQMNnXbSdkwIYetG40pj2Pk5/oKf4R9YQBf4OMlNTs45N72nYcKZNp737mQWFpeWV7KrubX1jc2t/PbOtZapIjQgkktVD7GmnAkaGGY4rSeK4jjktBb2LyZ+7ZYqzaS4MoOEtmLcFSxiBBsrVUU7X/Bdbwr0Pymcf4zHrwBQaeffmh1J0pgKQzjWuuF7iWkNsTKMcDrKNVNNE0z6uEuH0/NG6MBKHRRJZUcYNFXncjjWehCHNhlj09M/vYn4l9dITXTaGjKRpIYKMnsoSjkyEk26og5TlBg+sAQTxeyFiPSwwsTYH8nZ6p5bPC75RQ/9Jt/VgyP3zPWrfqFcghmysAf7cAg+nEAZLqECARCgcA9P8OzcOHfOg/M4i2acr51dmIPz8glCFIuV</latexit><latexit sha1_base64="/k6//hRXHVR+t9r0enzuCaq4N0U=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxo8bGy4MZlC44ttKVm0kwbmskMSUYopVs3iitF9Iv8BT/DPzDT6qI+Dlw4nHMuuSdBIrg2rvuOcnPzC4tL+eXCyura+kZxc+tKx6mizKexiFUjIJoJLplvuBGskShGokCwejA4z/z6DVOax/LSDBPWjkhP8pBTYqxUk51iyXPcCfD/pHT28ZLhtdopvrW6MU0jJg0VROum5yamPSLKcCrYuNBKNUsIHZAeG03OG+M9K3VxGCs70uCJOpMjkdbDKLDJiJi+/ull4l9eMzXhSXvEZZIaJun0oTAV2MQ464q7XDFqxNASQhW3F2LaJ4pQY3+kYKu7zuFR2Tt08W/yXd0/cE4dr+aVKmWYIg87sAv74MExVOACquADBQZ38AhP6Brdonv0MI3m0NfONswAPX8Ci9qNWg==</latexit><latexit sha1_base64="/k6//hRXHVR+t9r0enzuCaq4N0U=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxo8bGy4MZlC44ttKVm0kwbmskMSUYopVs3iitF9Iv8BT/DPzDT6qI+Dlw4nHMuuSdBIrg2rvuOcnPzC4tL+eXCyura+kZxc+tKx6mizKexiFUjIJoJLplvuBGskShGokCwejA4z/z6DVOax/LSDBPWjkhP8pBTYqxUk51iyXPcCfD/pHT28ZLhtdopvrW6MU0jJg0VROum5yamPSLKcCrYuNBKNUsIHZAeG03OG+M9K3VxGCs70uCJOpMjkdbDKLDJiJi+/ull4l9eMzXhSXvEZZIaJun0oTAV2MQ464q7XDFqxNASQhW3F2LaJ4pQY3+kYKu7zuFR2Tt08W/yXd0/cE4dr+aVKmWYIg87sAv74MExVOACquADBQZ38AhP6Brdonv0MI3m0NfONswAPX8Ci9qNWg==</latexit><latexit sha1_base64="/k6//hRXHVR+t9r0enzuCaq4N0U=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxo8bGy4MZlC44ttKVm0kwbmskMSUYopVs3iitF9Iv8BT/DPzDT6qI+Dlw4nHMuuSdBIrg2rvuOcnPzC4tL+eXCyura+kZxc+tKx6mizKexiFUjIJoJLplvuBGskShGokCwejA4z/z6DVOax/LSDBPWjkhP8pBTYqxUk51iyXPcCfD/pHT28ZLhtdopvrW6MU0jJg0VROum5yamPSLKcCrYuNBKNUsIHZAeG03OG+M9K3VxGCs70uCJOpMjkdbDKLDJiJi+/ull4l9eMzXhSXvEZZIaJun0oTAV2MQ464q7XDFqxNASQhW3F2LaJ4pQY3+kYKu7zuFR2Tt08W/yXd0/cE4dr+aVKmWYIg87sAv74MExVOACquADBQZ38AhP6Brdonv0MI3m0NfONswAPX8Ci9qNWg==</latexit><latexit sha1_base64="/k6//hRXHVR+t9r0enzuCaq4N0U=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxo8bGy4MZlC44ttKVm0kwbmskMSUYopVs3iitF9Iv8BT/DPzDT6qI+Dlw4nHMuuSdBIrg2rvuOcnPzC4tL+eXCyura+kZxc+tKx6mizKexiFUjIJoJLplvuBGskShGokCwejA4z/z6DVOax/LSDBPWjkhP8pBTYqxUk51iyXPcCfD/pHT28ZLhtdopvrW6MU0jJg0VROum5yamPSLKcCrYuNBKNUsIHZAeG03OG+M9K3VxGCs70uCJOpMjkdbDKLDJiJi+/ull4l9eMzXhSXvEZZIaJun0oTAV2MQ464q7XDFqxNASQhW3F2LaJ4pQY3+kYKu7zuFR2Tt08W/yXd0/cE4dr+aVKmWYIg87sAv74MExVOACquADBQZ38AhP6Brdonv0MI3m0NfONswAPX8Ci9qNWg==</latexit><latexit sha1_base64="ohEWnNSd56y/dfp0kcdGLTwykac=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgapixxceu4MZlC44ttKVm0jttaCYzJBmhlG7dKK4Uf8lf8G9MHy7q40DgcM4J954bpoJr43mfTm5ldW19I79Z2Nre2d0r7h/c6SRTDAOWiEQ1Q6pRcImB4UZgM1VI41BgIxxeT/3GAyrNE3lrRil2YtqXPOKMGivVZbdY8l1vBvI/KcECtW7xo91LWBajNExQrVu+l5rOmCrDmcBJoZ1pTCkb0j6OZ+tNyImVeiRKlH3SkJm6lKOx1qM4tMmYmoH+6U3Fv7xWZqLLzpjLNDMo2XxQlAliEjLtSnpcITNiZAllitsNCRtQRZmxFynY6p5bPq/4ZY/8Jt/VgzP3yvXrfqlaWdwgD0dwDKfgwwVU4QZqEAADhCd4hTfn3nl0np2XeTTnLP4cwhKc9y9SpIiT</latexit>

Take away

Writing atomically requires 
more computational power 
than reading atomically getAndset(  ): sets register value to  ; returns old valuev

<latexit sha1_base64="cgWY33EbQf83HnW89xWRlSdYyKc=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVo3iSxItHSFwhAYKzwyxMmH1kppeEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xEyk0Os6blVlYXFpeya7m1tY3Nrfy2zvXOk4V4x6LZazqPtVcioh7KFDyeqI4DX3Ja37/YuLXBlxpEUdXOEx4K6TdSASCUTRSddDOF1zbmYL8TwrnH++3BAAq7fxrsxOzNOQRMkm1brhOgq0RVSiY5ONcM9U8oaxPu3w0PW9MDozUIUGszERIpupcjoZaD0PfJEOKPf3Tm4h/eY0Ug1JrJKIkRR6x2UNBKgnGZNKVdITiDOXQEMqUMBcS1qOKMjQ/kjPVHbt4cuwWHfKbfFf3juwz2626hXIJZsjCHuzDIbhwCmW4hAp4wIDDPTzBs3Vj3VkP1uMsmrG+dnZhDtbLJ/m3i18=</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="Qob/UjfG0Q1VqcMLk+znDuPpvTE=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcyoaN0V3LhswbGFttRMeqcNzTxIMoVSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jXSaY4+jyRiWoETKMUMfpGGImNVCGLAon1YHAz9etDVFok8Z0ZpdiOWC8WoeDMWKk27BRLnuPOQP8nJVig2il+tLoJzyKMDZdM66bnpqY9ZsoILnFSaGUaU8YHrIfj2XoTemKlLg0TZV9s6ExdyrFI61EU2GTETF//9KbiX14zM2G5PRZxmhmM+XxQmElqEjrtSrtCITdyZAnjStgNKe8zxbixFynY6q5zfnnhnbv0N/mu7p85145X80qV8uIGeTiCYzgFD66gArdQBR84IDzBK7yRB/JInsnLPJojiz+HsATy/gVfoIif</latexit>

v
<latexit sha1_base64="cgWY33EbQf83HnW89xWRlSdYyKc=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVo3iSxItHSFwhAYKzwyxMmH1kppeEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xEyk0Os6blVlYXFpeya7m1tY3Nrfy2zvXOk4V4x6LZazqPtVcioh7KFDyeqI4DX3Ja37/YuLXBlxpEUdXOEx4K6TdSASCUTRSddDOF1zbmYL8TwrnH++3BAAq7fxrsxOzNOQRMkm1brhOgq0RVSiY5ONcM9U8oaxPu3w0PW9MDozUIUGszERIpupcjoZaD0PfJEOKPf3Tm4h/eY0Ug1JrJKIkRR6x2UNBKgnGZNKVdITiDOXQEMqUMBcS1qOKMjQ/kjPVHbt4cuwWHfKbfFf3juwz2626hXIJZsjCHuzDIbhwCmW4hAp4wIDDPTzBs3Vj3VkP1uMsmrG+dnZhDtbLJ/m3i18=</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="Qob/UjfG0Q1VqcMLk+znDuPpvTE=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcyoaN0V3LhswbGFttRMeqcNzTxIMoVSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jXSaY4+jyRiWoETKMUMfpGGImNVCGLAon1YHAz9etDVFok8Z0ZpdiOWC8WoeDMWKk27BRLnuPOQP8nJVig2il+tLoJzyKMDZdM66bnpqY9ZsoILnFSaGUaU8YHrIfj2XoTemKlLg0TZV9s6ExdyrFI61EU2GTETF//9KbiX14zM2G5PRZxmhmM+XxQmElqEjrtSrtCITdyZAnjStgNKe8zxbixFynY6q5zfnnhnbv0N/mu7p85145X80qV8uIGeTiCYzgFD66gArdQBR84IDzBK7yRB/JInsnLPJojiz+HsATy/gVfoIif</latexit>

Read-Modify-Write

registers

RMW method for a function set 

replaces current register value   with       for 

returns register’s original value  

F
<latexit sha1_base64="x96AZtKCdOnEPh0/RNnNmz9YFMk=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFgCAeIzhJIAmhp9OTtOlZ6H4jhJAv8KJ4Ujz4Of6Cv+EX2En0EJeCB0VVPfpV+4kUGh3n3crMzM7NL2QXc0vLK6tr+fWNio5TxbjHYhmrmk81lyLiHgqUvJYoTkNf8qrfOx/51VuutIija+wnvBnSTiQCwSgaqdJgVJKLVr7g2s4Y5H9SOPs4TV4BoNzKvzXaMUtDHiGTVOu66yTYHFCFgkk+zDVSzRPKerTDB+Mbh2THSG0SxMpMhGSsTuVoqHU/9E0ypNjVP72R+JdXTzE4ag5ElKTIIzZ5KEglwZiMCpO2UJyh7BtCmRLmQsK6VFGG5ltyprpjFw/23aJDfpPv6t6efWy7V26hdAITZGELtmEXXDiEElxCGTxgcAP38ATPFrfurAfrcRLNWF87mzAF6+UTkTCMzw==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="/H7Kp1rDEdnATylHolXAP6lC6UY=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFARxWcGxhbaUTJppYzOTIbkjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bphKYdDzPp3cwuLS8kp+tbC2vrG5VdzeuTMq04wHTEml6yE1XIqEByhQ8nqqOY1DyWth/3Ls1x64NkIltzhIeSum3UREglG00l2TUUmu2sWS73oTkP9JCWaotosfzY5iWcwTZJIa0/C9FFtDqlEwyUeFZmZ4SlmfdvlwsuOIHFipQyKl7UuQTNS5HI2NGcShTcYUe+anNxb/8hoZRmetoUjSDHnCpoOiTBJUZFyYdITmDOXAEsq0sBsS1qOaMrRnKdjqnls+OfbLHvlNvqsHR+6569/4pcrF7AZ52IN9OAQfTqEC11CFABjcwxO8wpvDnUfn2XmZRnPO7M8uzMF5/wJOYYpR</latexit>

v
<latexit sha1_base64="cgWY33EbQf83HnW89xWRlSdYyKc=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVo3iSxItHSFwhAYKzwyxMmH1kppeEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xEyk0Os6blVlYXFpeya7m1tY3Nrfy2zvXOk4V4x6LZazqPtVcioh7KFDyeqI4DX3Ja37/YuLXBlxpEUdXOEx4K6TdSASCUTRSddDOF1zbmYL8TwrnH++3BAAq7fxrsxOzNOQRMkm1brhOgq0RVSiY5ONcM9U8oaxPu3w0PW9MDozUIUGszERIpupcjoZaD0PfJEOKPf3Tm4h/eY0Ug1JrJKIkRR6x2UNBKgnGZNKVdITiDOXQEMqUMBcS1qOKMjQ/kjPVHbt4cuwWHfKbfFf3juwz2626hXIJZsjCHuzDIbhwCmW4hAp4wIDDPTzBs3Vj3VkP1uMsmrG+dnZhDtbLJ/m3i18=</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="Qob/UjfG0Q1VqcMLk+znDuPpvTE=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcyoaN0V3LhswbGFttRMeqcNzTxIMoVSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jXSaY4+jyRiWoETKMUMfpGGImNVCGLAon1YHAz9etDVFok8Z0ZpdiOWC8WoeDMWKk27BRLnuPOQP8nJVig2il+tLoJzyKMDZdM66bnpqY9ZsoILnFSaGUaU8YHrIfj2XoTemKlLg0TZV9s6ExdyrFI61EU2GTETF//9KbiX14zM2G5PRZxmhmM+XxQmElqEjrtSrtCITdyZAnjStgNKe8zxbixFynY6q5zfnnhnbv0N/mu7p85145X80qV8uIGeTiCYzgFD66gArdQBR84IDzBK7yRB/JInsnLPJojiz+HsATy/gVfoIif</latexit>

v
<latexit sha1_base64="cgWY33EbQf83HnW89xWRlSdYyKc=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVo3iSxItHSFwhAYKzwyxMmH1kppeEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xEyk0Os6blVlYXFpeya7m1tY3Nrfy2zvXOk4V4x6LZazqPtVcioh7KFDyeqI4DX3Ja37/YuLXBlxpEUdXOEx4K6TdSASCUTRSddDOF1zbmYL8TwrnH++3BAAq7fxrsxOzNOQRMkm1brhOgq0RVSiY5ONcM9U8oaxPu3w0PW9MDozUIUGszERIpupcjoZaD0PfJEOKPf3Tm4h/eY0Ug1JrJKIkRR6x2UNBKgnGZNKVdITiDOXQEMqUMBcS1qOKMjQ/kjPVHbt4cuwWHfKbfFf3juwz2626hXIJZsjCHuzDIbhwCmW4hAp4wIDDPTzBs3Vj3VkP1uMsmrG+dnZhDtbLJ/m3i18=</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="Qob/UjfG0Q1VqcMLk+znDuPpvTE=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcyoaN0V3LhswbGFttRMeqcNzTxIMoVSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jXSaY4+jyRiWoETKMUMfpGGImNVCGLAon1YHAz9etDVFok8Z0ZpdiOWC8WoeDMWKk27BRLnuPOQP8nJVig2il+tLoJzyKMDZdM66bnpqY9ZsoILnFSaGUaU8YHrIfj2XoTemKlLg0TZV9s6ExdyrFI61EU2GTETF//9KbiX14zM2G5PRZxmhmM+XxQmElqEjrtSrtCITdyZAnjStgNKe8zxbixFynY6q5zfnnhnbv0N/mu7p85145X80qV8uIGeTiCYzgFD66gArdQBR84IDzBK7yRB/JInsnLPJojiz+HsATy/gVfoIif</latexit>

f(v)
<latexit sha1_base64="eAHPX8eTito4NMSkZbuGjEGQn4k=">AAAB4HicdVC7SgNBFL0bXzG+Vi1tBoMQm2XXiMbKgI1lBNcEkhBmJ7PJkNkHM3cDIaS0sFGsFL/IX/AbrPwDdxMt4uPAhcM55zL3jBdLodG234zcwuLS8kp+tbC2vrG5ZW7v3OgoUYy7LJKRanhUcylC7qJAyRux4jTwJK97g4vMrw+50iIKr3EU83ZAe6HwBaOYSX5peNgxi45lT0H+J8Xzj/dbAgC1jvna6kYsCXiITFKtm44dY3tMFQom+aTQSjSPKRvQHh9PL5yQg1TqEj9S6YRIpupcjgZajwIvTQYU+/qnl4l/ec0E/Up7LMI4QR6y2UN+IglGJKtLukJxhnKUEsqUSC8krE8VZZh+SiGtblvlk2OnbJPf5Lu6e2SdWc6VU6xWYIY87ME+lMCBU6jCJdTABQZ9uIcneDaYcWc8GI+zaM742tmFORgvn3fdjDQ=</latexit><latexit sha1_base64="eMnY4AQX2kV6+9PzKSd+K0+m9us=">AAAB4HicdVBLSgNBFHwTfzH+oi4FaQxC3IQZIxpXBty4TMAxgSSEnk5P0qTnQ/ebQAhZunCjuFI8iUfwCp5BN97AmUQX8VPwoKiqR79qJ5RCo2m+Gqm5+YXFpfRyZmV1bX0ju7l1pYNIMW6zQAaq7lDNpfC5jQIlr4eKU8+RvOb0zxO/NuBKi8C/xGHIWx7t+sIVjGIiufnBQTubswrmBOR/kjv7eLvefa6+V9rZl2YnYJHHfWSSat2wzBBbI6pQMMnHmWakeUhZn3b5aHLhmOzHUoe4gYrHRzJRZ3LU03roOXHSo9jTP71E/MtrROiWWiPhhxFyn00fciNJMCBJXdIRijOUw5hQpkR8IWE9qijD+FMycXWzUDw+soom+U2+q9uHhdOCVbVy5RJMkYYd2IM8WHACZbiACtjAoAe38ACPBjNujDvjfhpNGV872zAD4+kT/PSOJw==</latexit><latexit sha1_base64="eMnY4AQX2kV6+9PzKSd+K0+m9us=">AAAB4HicdVBLSgNBFHwTfzH+oi4FaQxC3IQZIxpXBty4TMAxgSSEnk5P0qTnQ/ebQAhZunCjuFI8iUfwCp5BN97AmUQX8VPwoKiqR79qJ5RCo2m+Gqm5+YXFpfRyZmV1bX0ju7l1pYNIMW6zQAaq7lDNpfC5jQIlr4eKU8+RvOb0zxO/NuBKi8C/xGHIWx7t+sIVjGIiufnBQTubswrmBOR/kjv7eLvefa6+V9rZl2YnYJHHfWSSat2wzBBbI6pQMMnHmWakeUhZn3b5aHLhmOzHUoe4gYrHRzJRZ3LU03roOXHSo9jTP71E/MtrROiWWiPhhxFyn00fciNJMCBJXdIRijOUw5hQpkR8IWE9qijD+FMycXWzUDw+soom+U2+q9uHhdOCVbVy5RJMkYYd2IM8WHACZbiACtjAoAe38ACPBjNujDvjfhpNGV872zAD4+kT/PSOJw==</latexit><latexit sha1_base64="eMnY4AQX2kV6+9PzKSd+K0+m9us=">AAAB4HicdVBLSgNBFHwTfzH+oi4FaQxC3IQZIxpXBty4TMAxgSSEnk5P0qTnQ/ebQAhZunCjuFI8iUfwCp5BN97AmUQX8VPwoKiqR79qJ5RCo2m+Gqm5+YXFpfRyZmV1bX0ju7l1pYNIMW6zQAaq7lDNpfC5jQIlr4eKU8+RvOb0zxO/NuBKi8C/xGHIWx7t+sIVjGIiufnBQTubswrmBOR/kjv7eLvefa6+V9rZl2YnYJHHfWSSat2wzBBbI6pQMMnHmWakeUhZn3b5aHLhmOzHUoe4gYrHRzJRZ3LU03roOXHSo9jTP71E/MtrROiWWiPhhxFyn00fciNJMCBJXdIRijOUw5hQpkR8IWE9qijD+FMycXWzUDw+soom+U2+q9uHhdOCVbVy5RJMkYYd2IM8WHACZbiACtjAoAe38ACPBjNujDvjfhpNGV872zAD4+kT/PSOJw==</latexit><latexit sha1_base64="eMnY4AQX2kV6+9PzKSd+K0+m9us=">AAAB4HicdVBLSgNBFHwTfzH+oi4FaQxC3IQZIxpXBty4TMAxgSSEnk5P0qTnQ/ebQAhZunCjuFI8iUfwCp5BN97AmUQX8VPwoKiqR79qJ5RCo2m+Gqm5+YXFpfRyZmV1bX0ju7l1pYNIMW6zQAaq7lDNpfC5jQIlr4eKU8+RvOb0zxO/NuBKi8C/xGHIWx7t+sIVjGIiufnBQTubswrmBOR/kjv7eLvefa6+V9rZl2YnYJHHfWSSat2wzBBbI6pQMMnHmWakeUhZn3b5aHLhmOzHUoe4gYrHRzJRZ3LU03roOXHSo9jTP71E/MtrROiWWiPhhxFyn00fciNJMCBJXdIRijOUw5hQpkR8IWE9qijD+FMycXWzUDw+soom+U2+q9uHhdOCVbVy5RJMkYYd2IM8WHACZbiACtjAoAe38ACPBjNujDvjfhpNGV872zAD4+kT/PSOJw==</latexit><latexit sha1_base64="nFHZ2oOfO/WrpfxBFPtgVwtzk5U=">AAAB4HicdVDLTgJBEOzFF+IL9ehlIjHBy2ZXiOKNxItHTFwhAUJmh1mYMPvITC8JIXyAF40njV/kL/g3zgIe8FHJJJWqmnRX+4kUGh3n08qtrW9sbuW3Czu7e/sHxcOjBx2ninGPxTJWLZ9qLkXEPRQoeStRnIa+5E1/dJP5zTFXWsTRPU4S3g3pIBKBYBQzKSiPz3vFkms7c5D/SQmWaPSKH51+zNKQR8gk1brtOgl2p1ShYJLPCp1U84SyER3w6XzDGTkzUp8EsTIvQjJXV3I01HoS+iYZUhzqn14m/uW1Uwxq3amIkhR5xBaDglQSjElWl/SF4gzlxBDKlDAbEjakijI0RymY6o5duay6FYf8Jt/VvQv72nbv3FK9trxBHk7gFMrgwhXU4RYa4AGDITzBK7xZzHq0nq2XRTRnLf8cwwqs9y/dt4l0</latexit>

f 2 F
<latexit sha1_base64="SB56ImBLmA1DazXbxpTADiO7+2E=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapixonVlQRCXFRxb6JSSSTNtaCYTkoxQSpd+gBvFleLX+At+gyv/wLTVRX0cuHA451xyTyLJmTae9+bk5uYXFpfyy4WV1bX1jeLm1rVOM0VoQFKeqkaENeVM0MAww2lDKoqTiNN61D8b+/UbqjRLxZUZSNpKcFewmBFsrBTGKGQChQRzdN4ulnzXmwD9T0qnH++3CABq7eJr2ElJllBhCMdaN31PmtYQK8MIp6NCmGkqMenjLh1OLh2hPSt1UJwqO8KgiTqTw4nWgySyyQSbnv7pjcW/vGZm4kpryITMDBVk+lCccWRSNK6NOkxRYvjAEkwUsxci0sMKE2M/p2Cre2756NAve+g3+a4eHLgnrn/pl6oVmCIPO7AL++DDMVThAmoQAAEJ9/AEz07fuXMenMdpNOd87WzDDJyXT41pjyI=</latexit><latexit sha1_base64="8/0WMU23rYBZ+nMsLTwnMGtoioU=">AAAB6HicdVDLSgMxFL1TX7W+qi4FCRbB1TBjRevKgiAuW3BsoVNKJs20oZnMkGSEUrr0A9worhS/wk/wF/wG3fgHpq0u6uPAhcM555J7EiScKe04r1ZmZnZufiG7mFtaXlldy69vXKo4lYR6JOaxrAdYUc4E9TTTnNYTSXEUcFoLeqcjv3ZFpWKxuND9hDYj3BEsZARrI/kh8plAPsEcnbXyBdd2xkD/k8LJx9v19nP1vdLKv/jtmKQRFZpwrFTDdRLdHGCpGeF0mPNTRRNMerhDB+NLh2jXSG0UxtKM0GisTuVwpFQ/Ckwywrqrfnoj8S+vkeqw1BwwkaSaCjJ5KEw50jEa1UZtJinRvG8IJpKZCxHpYomJNp+TM9Udu3h44BYd9Jt8V/f27WPbrbqFcgkmyMIW7MAeuHAEZTiHCnhAIIFbeIBHq2fdWHfW/SSasb52NmEK1tMnEo+RFQ==</latexit><latexit sha1_base64="8/0WMU23rYBZ+nMsLTwnMGtoioU=">AAAB6HicdVDLSgMxFL1TX7W+qi4FCRbB1TBjRevKgiAuW3BsoVNKJs20oZnMkGSEUrr0A9worhS/wk/wF/wG3fgHpq0u6uPAhcM555J7EiScKe04r1ZmZnZufiG7mFtaXlldy69vXKo4lYR6JOaxrAdYUc4E9TTTnNYTSXEUcFoLeqcjv3ZFpWKxuND9hDYj3BEsZARrI/kh8plAPsEcnbXyBdd2xkD/k8LJx9v19nP1vdLKv/jtmKQRFZpwrFTDdRLdHGCpGeF0mPNTRRNMerhDB+NLh2jXSG0UxtKM0GisTuVwpFQ/Ckwywrqrfnoj8S+vkeqw1BwwkaSaCjJ5KEw50jEa1UZtJinRvG8IJpKZCxHpYomJNp+TM9Udu3h44BYd9Jt8V/f27WPbrbqFcgkmyMIW7MAeuHAEZTiHCnhAIIFbeIBHq2fdWHfW/SSasb52NmEK1tMnEo+RFQ==</latexit><latexit sha1_base64="8/0WMU23rYBZ+nMsLTwnMGtoioU=">AAAB6HicdVDLSgMxFL1TX7W+qi4FCRbB1TBjRevKgiAuW3BsoVNKJs20oZnMkGSEUrr0A9worhS/wk/wF/wG3fgHpq0u6uPAhcM555J7EiScKe04r1ZmZnZufiG7mFtaXlldy69vXKo4lYR6JOaxrAdYUc4E9TTTnNYTSXEUcFoLeqcjv3ZFpWKxuND9hDYj3BEsZARrI/kh8plAPsEcnbXyBdd2xkD/k8LJx9v19nP1vdLKv/jtmKQRFZpwrFTDdRLdHGCpGeF0mPNTRRNMerhDB+NLh2jXSG0UxtKM0GisTuVwpFQ/Ckwywrqrfnoj8S+vkeqw1BwwkaSaCjJ5KEw50jEa1UZtJinRvG8IJpKZCxHpYomJNp+TM9Udu3h44BYd9Jt8V/f27WPbrbqFcgkmyMIW7MAeuHAEZTiHCnhAIIFbeIBHq2fdWHfW/SSasb52NmEK1tMnEo+RFQ==</latexit><latexit sha1_base64="8/0WMU23rYBZ+nMsLTwnMGtoioU=">AAAB6HicdVDLSgMxFL1TX7W+qi4FCRbB1TBjRevKgiAuW3BsoVNKJs20oZnMkGSEUrr0A9worhS/wk/wF/wG3fgHpq0u6uPAhcM555J7EiScKe04r1ZmZnZufiG7mFtaXlldy69vXKo4lYR6JOaxrAdYUc4E9TTTnNYTSXEUcFoLeqcjv3ZFpWKxuND9hDYj3BEsZARrI/kh8plAPsEcnbXyBdd2xkD/k8LJx9v19nP1vdLKv/jtmKQRFZpwrFTDdRLdHGCpGeF0mPNTRRNMerhDB+NLh2jXSG0UxtKM0GisTuVwpFQ/Ckwywrqrfnoj8S+vkeqw1BwwkaSaCjJ5KEw50jEa1UZtJinRvG8IJpKZCxHpYomJNp+TM9Udu3h44BYd9Jt8V/f27WPbrbqFcgkmyMIW7MAeuHAEZTiHCnhAIIFbeIBHq2fdWHfW/SSasb52NmEK1tMnEo+RFQ==</latexit><latexit sha1_base64="a0N0iYjABoJE4+XifoQ98JYXI2E=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapixonVXEMRlBccWOqVk0kwbmskMyR2hlH6EG8WV4tf4C/6N6cOFrwOBwzkn3HtulElh0PM+nMLS8srqWnG9tLG5tb1T3t27M2muGQ9YKlPdiqjhUigeoEDJW5nmNIkkb0bDy6nfvOfaiFTd4ijjnYT2lYgFo2ilMCahUCRkVJKrbrniu94M5H9SgQUa3fJ72EtZnnCFTFJj2r6XYWdMNQom+aQU5oZnlA1pn49nm07IkZV6JE61fQrJTP2Wo4kxoySyyYTiwPz0puJfXjvHuNYZC5XlyBWbD4pzSTAl09qkJzRnKEeWUKaF3ZCwAdWUoT1OyVb33OrZqV/1yG/yVT04cS9c/8av1GuLGxThAA7hGHw4hzpcQwMCYJDBI7zAqzN0Hpwn53keLTiLP/vwDc7bJ/NDjGI=</latexit>

v
<latexit sha1_base64="cgWY33EbQf83HnW89xWRlSdYyKc=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVo3iSxItHSFwhAYKzwyxMmH1kppeEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xEyk0Os6blVlYXFpeya7m1tY3Nrfy2zvXOk4V4x6LZazqPtVcioh7KFDyeqI4DX3Ja37/YuLXBlxpEUdXOEx4K6TdSASCUTRSddDOF1zbmYL8TwrnH++3BAAq7fxrsxOzNOQRMkm1brhOgq0RVSiY5ONcM9U8oaxPu3w0PW9MDozUIUGszERIpupcjoZaD0PfJEOKPf3Tm4h/eY0Ug1JrJKIkRR6x2UNBKgnGZNKVdITiDOXQEMqUMBcS1qOKMjQ/kjPVHbt4cuwWHfKbfFf3juwz2626hXIJZsjCHuzDIbhwCmW4hAp4wIDDPTzBs3Vj3VkP1uMsmrG+dnZhDtbLJ/m3i18=</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="qRNw/hPNqhgsJm53SJIO9fTyhvY=">AAAB3XicdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlAo4JJCH2dF6SJj0funsCIWSpG8WV4lU8glfwDLrxBnYSXcRPwYOiqh79qv1YcKUd59WamZ2bX1hMLaWXV1bX1jMbm5cqSiRDj0UikhWfKhQ8RE9zLbASS6SBL7Dsd89GfrmHUvEovND9GOsBbYe8xRnVRir1GpmsaztjkP9J9vTj7XrnufRebGReas2IJQGGmgmqVNV1Yl0fUKk5EzhM1xKFMWVd2sbB+Lwh2TNSk7QiaSbUZKxO5WigVD/wTTKguqN+eiPxL6+a6Fa+PuBhnGgM2eShViKIjsioK2lyiUyLviGUSW4uJKxDJWXa/EjaVHfs3NGhm3PIb/Jd3TuwT2y35GYLeZggBduwC/vgwjEU4ByK4AEDhFt4gEfryrqx7qz7SXTG+trZgilYT59+3Y1S</latexit><latexit sha1_base64="Qob/UjfG0Q1VqcMLk+znDuPpvTE=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcyoaN0V3LhswbGFttRMeqcNzTxIMoVSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jXSaY4+jyRiWoETKMUMfpGGImNVCGLAon1YHAz9etDVFok8Z0ZpdiOWC8WoeDMWKk27BRLnuPOQP8nJVig2il+tLoJzyKMDZdM66bnpqY9ZsoILnFSaGUaU8YHrIfj2XoTemKlLg0TZV9s6ExdyrFI61EU2GTETF//9KbiX14zM2G5PRZxmhmM+XxQmElqEjrtSrtCITdyZAnjStgNKe8zxbixFynY6q5zfnnhnbv0N/mu7p85145X80qV8uIGeTiCYzgFD66gArdQBR84IDzBK7yRB/JInsnLPJojiz+HsATy/gVfoIif</latexit>

fetch-and-increment(): adds 1 to register value; returns old value 

fetch-and-add(  ): adds   to register value; returns old value k
<latexit sha1_base64="xlvthK5bCK+zpfTX2295UTCYIrk=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzQy9MmH1kZtaEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xE8GVdpw3K7OwuLS8kl3Nra1vbG7lt3euVJxKhh6LRSwbPlUoeISe5lpgI5FIQ19g3R+cT/z6DUrF4+hSDxNsh7QX8YAzqo1UG3TyBdd2piD/k8LZx/stAYBqJ//a6sYsDTHSTFClmq6T6PaISs2ZwHGulSpMKBvQHo6m543JgZG6JIilmUiTqTqXo6FSw9A3yZDqvvrpTcS/vGaqg3J7xKMk1Rix2UNBKoiOyaQr6XKJTIuhIZRJbi4krE8lZdr8SM5Ud+ziccktOuQ3+a7uHdmntltzC5UyzJCFPdiHQ3DhBCpwAVXwgAHCPTzBs3Vt3VkP1uMsmrG+dnZhDtbLJ+mEi1Q=</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="3qK6+uJ0MMEDQXAOWOdAvfb3/co=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZ9E4bmnmQZIRSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jTSaY4+jyRiWoGTKMUMfpGGInNVCGLAomNYHg99RsPqLRI4lszSrETsX4sQsGZsVJ92C2WPMedgf5PSrBArVv8aPcSnkUYGy6Z1i3PTU1nzJQRXOKk0M40powPWR/Hs/Um9MRKPRomyr7Y0Jm6lGOR1qMosMmImYH+6U3Fv7xWZsJKZyziNDMY8/mgMJPUJHTalfaEQm7kyBLGlbAbUj5ginFjL1Kw1V2nfHHulV36m3xX98+cK8ere6VqZXGDPBzBMZyCB5dQhRuogQ8cEJ7gFd7IPXkkz+RlHs2RxZ9DWAJ5/wJPbYiU</latexit>

k
<latexit sha1_base64="xlvthK5bCK+zpfTX2295UTCYIrk=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzQy9MmH1kZtaEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xE8GVdpw3K7OwuLS8kl3Nra1vbG7lt3euVJxKhh6LRSwbPlUoeISe5lpgI5FIQ19g3R+cT/z6DUrF4+hSDxNsh7QX8YAzqo1UG3TyBdd2piD/k8LZx/stAYBqJ//a6sYsDTHSTFClmq6T6PaISs2ZwHGulSpMKBvQHo6m543JgZG6JIilmUiTqTqXo6FSw9A3yZDqvvrpTcS/vGaqg3J7xKMk1Rix2UNBKoiOyaQr6XKJTIuhIZRJbi4krE8lZdr8SM5Ud+ziccktOuQ3+a7uHdmntltzC5UyzJCFPdiHQ3DhBCpwAVXwgAHCPTzBs3Vt3VkP1uMsmrG+dnZhDtbLJ+mEi1Q=</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="XikN8daHC+KQSUuByY+U8Q2ssiw=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nca2Zzru2MQf4nuZOPt+vt5/J7qZl9qbcilgQYaiaoUjXXiXVjQKXmTOAwU08UxpT1aAcH4/OGZNdILdKOpJlQk7E6laOBUv3AN8mA6q766Y3Ev7xaotuFxoCHcaIxZJOH2okgOiKjrqTFJTIt+oZQJrm5kLAulZRp8yMZU92x84cHbt4hv8l3dW/fPrbdspsrFmCCNGzBDuyBC0dQhDMogQcMEG7hAR6tS+vGurPuJ9GU9bWzCVOwnj4BbqqNRw==</latexit><latexit sha1_base64="3qK6+uJ0MMEDQXAOWOdAvfb3/co=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZ9E4bmnmQZIRSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jTSaY4+jyRiWoGTKMUMfpGGInNVCGLAomNYHg99RsPqLRI4lszSrETsX4sQsGZsVJ92C2WPMedgf5PSrBArVv8aPcSnkUYGy6Z1i3PTU1nzJQRXOKk0M40powPWR/Hs/Um9MRKPRomyr7Y0Jm6lGOR1qMosMmImYH+6U3Fv7xWZsJKZyziNDMY8/mgMJPUJHTalfaEQm7kyBLGlbAbUj5ginFjL1Kw1V2nfHHulV36m3xX98+cK8ere6VqZXGDPBzBMZyCB5dQhRuogQ8cEJ7gFd7IPXkkz+RlHs2RxZ9DWAJ5/wJPbYiU</latexit>

compare-and-swap(     ): if register value is equal to  , set to e, u
<latexit sha1_base64="LlHEtLHUtqgwW/51qmvqFNmDTHw=">AAAB33icdVDLSgNBEOyNrxhfUY9eBoPgQZZdEzSeDHjxGNE1gSSE2clsMmT2wUyvEEKOghfFk+If+Qt+gyf/wEmih/goaCiqqpmu8RMpNDrOm5WZm19YXMou51ZW19Y38ptb1zpOFeMei2Ws6j7VXIqIeyhQ8nqiOA19yWt+/2zs12640iKOrnCQ8FZIu5EIBKNopEt+kLbzBdd2JiD/k8Lpx/stAYBqO//a7MQsDXmETFKtG66TYGtIFQom+SjXTDVPKOvTLh9ODhyRPSN1SBArMxGSiTqTo6HWg9A3yZBiT//0xuJfXiPFoNwaiihJkUds+lCQSoIxGbclHaE4QzkwhDIlzIWE9aiiDM2f5Ex1xy4eldyiQ36T7+reoX1iuxduoVKGKbKwA7uwDy4cQwXOoQoeMOjCPTzBs+Vbd9aD9TiNZqyvnW2YgfXyCRiPjAM=</latexit><latexit sha1_base64="Gmm8E6WGaW/bxj9ohnxS/sQMg+4=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwIcOMEY0rA25cJuiYQBJCT6eTNOn50P1GCCFLwY3iSvEmHsEreAbdeAM7iS7ip+BBUVWPftV+LIVGx3m1pqZnZufmUwvpxaXlldXM2vqljhLFuMciGamKTzWXIuQeCpS8EitOA1/yst89HfrlK660iMIL7MW8HtB2KFqCUTTSOd9LGpmsazsjkP9J9uTj7XrrufRebGReas2IJQEPkUmqddV1Yqz3qULBJB+ka4nmMWVd2ub90YEDsmOkJmlFykyIZKRO5GigdS/wTTKg2NE/vaH4l1dNsJWv90UYJ8hDNn6olUiCERm2JU2hOEPZM4QyJcyFhHWoogzNn6RNdcfOHR64OYf8Jt/VvX372HZLbraQhzFSsAnbsAsuHEEBzqAIHjBowy08wKPlWzfWnXU/jk5ZXzsbMAHr6ROdpo32</latexit><latexit sha1_base64="Gmm8E6WGaW/bxj9ohnxS/sQMg+4=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwIcOMEY0rA25cJuiYQBJCT6eTNOn50P1GCCFLwY3iSvEmHsEreAbdeAM7iS7ip+BBUVWPftV+LIVGx3m1pqZnZufmUwvpxaXlldXM2vqljhLFuMciGamKTzWXIuQeCpS8EitOA1/yst89HfrlK660iMIL7MW8HtB2KFqCUTTSOd9LGpmsazsjkP9J9uTj7XrrufRebGReas2IJQEPkUmqddV1Yqz3qULBJB+ka4nmMWVd2ub90YEDsmOkJmlFykyIZKRO5GigdS/wTTKg2NE/vaH4l1dNsJWv90UYJ8hDNn6olUiCERm2JU2hOEPZM4QyJcyFhHWoogzNn6RNdcfOHR64OYf8Jt/VvX372HZLbraQhzFSsAnbsAsuHEEBzqAIHjBowy08wKPlWzfWnXU/jk5ZXzsbMAHr6ROdpo32</latexit><latexit sha1_base64="Gmm8E6WGaW/bxj9ohnxS/sQMg+4=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwIcOMEY0rA25cJuiYQBJCT6eTNOn50P1GCCFLwY3iSvEmHsEreAbdeAM7iS7ip+BBUVWPftV+LIVGx3m1pqZnZufmUwvpxaXlldXM2vqljhLFuMciGamKTzWXIuQeCpS8EitOA1/yst89HfrlK660iMIL7MW8HtB2KFqCUTTSOd9LGpmsazsjkP9J9uTj7XrrufRebGReas2IJQEPkUmqddV1Yqz3qULBJB+ka4nmMWVd2ub90YEDsmOkJmlFykyIZKRO5GigdS/wTTKg2NE/vaH4l1dNsJWv90UYJ8hDNn6olUiCERm2JU2hOEPZM4QyJcyFhHWoogzNn6RNdcfOHR64OYf8Jt/VvX372HZLbraQhzFSsAnbsAsuHEEBzqAIHjBowy08wKPlWzfWnXU/jk5ZXzsbMAHr6ROdpo32</latexit><latexit sha1_base64="Gmm8E6WGaW/bxj9ohnxS/sQMg+4=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwIcOMEY0rA25cJuiYQBJCT6eTNOn50P1GCCFLwY3iSvEmHsEreAbdeAM7iS7ip+BBUVWPftV+LIVGx3m1pqZnZufmUwvpxaXlldXM2vqljhLFuMciGamKTzWXIuQeCpS8EitOA1/yst89HfrlK660iMIL7MW8HtB2KFqCUTTSOd9LGpmsazsjkP9J9uTj7XrrufRebGReas2IJQEPkUmqddV1Yqz3qULBJB+ka4nmMWVd2ub90YEDsmOkJmlFykyIZKRO5GigdS/wTTKg2NE/vaH4l1dNsJWv90UYJ8hDNn6olUiCERm2JU2hOEPZM4QyJcyFhHWoogzNn6RNdcfOHR64OYf8Jt/VvX372HZLbraQhzFSsAnbsAsuHEEBzqAIHjBowy08wKPlWzfWnXU/jk5ZXzsbMAHr6ROdpo32</latexit><latexit sha1_base64="ecV0fn0Lqojhe5xUpXz/Pm8+Ozc=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgQoYZK1p3BTcuKzq20JaSSTNtaGYyJHeEUrp3o7hS/CN/wb8xfbiojwOBwzkn3HtumEph0PM+ndzS8srqWn69sLG5tb1T3N27NyrTjAdMSaUbITVcioQHKFDyRqo5jUPJ6+HgauLXH7g2QiV3OEx5O6a9RESCUbTSLT/JOsWS73pTkP9JCeaodYofra5iWcwTZJIa0/S9FNsjqlEwyceFVmZ4StmA9vhouuCYHFmpSyKl7UuQTNWFHI2NGcahTcYU++anNxH/8poZRpX2SCRphjxhs0FRJgkqMmlLukJzhnJoCWVa2A0J61NNGdqbFGx1zy2fn/llj/wm39WDU/fS9W/8UrUyv0EeDuAQjsGHC6jCNdQgAAY9eIJXeHNC59F5dl5m0Zwz/7MPC3DevwB+aYlD</latexit>

e
<latexit sha1_base64="1g1VNh16W0NRodBMfkzkRUORQco=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzQy9MmH1kZtaEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xE8GVdpw3K7OwuLS8kl3Nra1vbG7lt3euVJxKhh6LRSwbPlUoeISe5lpgI5FIQ19g3R+cT/z6DUrF4+hSDxNsh7QX8YAzqo1Uw06+4NrOFOR/Ujj7eL8lAFDt5F9b3ZilIUaaCapU03US3R5RqTkTOM61UoUJZQPaw9H0vDE5MFKXBLE0E2kyVedyNFRqGPomGVLdVz+9ifiX10x1UG6PeJSkGiM2eyhIBdExmXQlXS6RaTE0hDLJzYWE9amkTJsfyZnqjl08LrlFh/wm39W9I/vUdmtuoVKGGbKwB/twCC6cQAUuoAoeMEC4hyd4tq6tO+vBepxFM9bXzi7MwXr5BOCui04=</latexit><latexit sha1_base64="1sJYNMlJyXbk3iS07qcF8UXcvKA=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mMzWzOtZ0xyP8kd/Lxdr39XH4vNbMv9VbEkgBDzQRVquY6sW4MqNScCRxm6onCmLIe7eBgfN6Q7BqpRdqRNBNqMlancjRQqh/4JhlQ3VU/vZH4l1dLdLvQGPAwTjSGbPJQOxFER2TUlbS4RKZF3xDKJDcXEtalkjJtfiRjqjt2/vDAzTvkN/mu7u3bx7ZbdnPFAkyQhi3YgT1w4QiKcAYl8IABwi08wKN1ad1Yd9b9JJqyvnY2YQrW0ydl1I1B</latexit><latexit sha1_base64="1sJYNMlJyXbk3iS07qcF8UXcvKA=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mMzWzOtZ0xyP8kd/Lxdr39XH4vNbMv9VbEkgBDzQRVquY6sW4MqNScCRxm6onCmLIe7eBgfN6Q7BqpRdqRNBNqMlancjRQqh/4JhlQ3VU/vZH4l1dLdLvQGPAwTjSGbPJQOxFER2TUlbS4RKZF3xDKJDcXEtalkjJtfiRjqjt2/vDAzTvkN/mu7u3bx7ZbdnPFAkyQhi3YgT1w4QiKcAYl8IABwi08wKN1ad1Yd9b9JJqyvnY2YQrW0ydl1I1B</latexit><latexit sha1_base64="1sJYNMlJyXbk3iS07qcF8UXcvKA=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mMzWzOtZ0xyP8kd/Lxdr39XH4vNbMv9VbEkgBDzQRVquY6sW4MqNScCRxm6onCmLIe7eBgfN6Q7BqpRdqRNBNqMlancjRQqh/4JhlQ3VU/vZH4l1dLdLvQGPAwTjSGbPJQOxFER2TUlbS4RKZF3xDKJDcXEtalkjJtfiRjqjt2/vDAzTvkN/mu7u3bx7ZbdnPFAkyQhi3YgT1w4QiKcAYl8IABwi08wKN1ad1Yd9b9JJqyvnY2YQrW0ydl1I1B</latexit><latexit sha1_base64="1sJYNMlJyXbk3iS07qcF8UXcvKA=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mMzWzOtZ0xyP8kd/Lxdr39XH4vNbMv9VbEkgBDzQRVquY6sW4MqNScCRxm6onCmLIe7eBgfN6Q7BqpRdqRNBNqMlancjRQqh/4JhlQ3VU/vZH4l1dLdLvQGPAwTjSGbPJQOxFER2TUlbS4RKZF3xDKJDcXEtalkjJtfiRjqjt2/vDAzTvkN/mu7u3bx7ZbdnPFAkyQhi3YgT1w4QiKcAYl8IABwi08wKN1ad1Yd9b9JJqyvnY2YQrW0ydl1I1B</latexit><latexit sha1_base64="eNHnSiNLNgA/Dw6gRWDDaKT3T9k=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZ9E4bmnmQZIRSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jTSaY4+jyRiWoGTKMUMfpGGInNVCGLAomNYHg99RsPqLRI4lszSrETsX4sQsGZsVIdu8WS57gz0P9JCRaodYsf7V7CswhjwyXTuuW5qemMmTKCS5wU2pnGlPEh6+N4tt6EnlipR8NE2RcbOlOXcizSehQFNhkxM9A/van4l9fKTFjpjEWcZgZjPh8UZpKahE670p5QyI0cWcK4EnZDygdMMW7sRQq2uuuUL869skt/k+/q/plz5Xh1r1StLG6QhyM4hlPw4BKqcAM18IEDwhO8whu5J4/kmbzMozmy+HMISyDvX0aXiI4=</latexit>

u
<latexit sha1_base64="VtMnPTZTwBaHDj1RhWw4XkK63iM=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzQy9MmH1kZtaEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xE8GVdpw3K7OwuLS8kl3Nra1vbG7lt3euVJxKhh6LRSwbPlUoeISe5lpgI5FIQ19g3R+cT/z6DUrF4+hSDxNsh7QX8YAzqo1USzv5gms7U5D/SeHs4/2WAEC1k39tdWOWhhhpJqhSTddJdHtEpeZM4DjXShUmlA1oD0fT88bkwEhdEsTSTKTJVJ3L0VCpYeibZEh1X/30JuJfXjPVQbk94lGSaozY7KEgFUTHZNKVdLlEpsXQEMokNxcS1qeSMm1+JGeqO3bxuOQWHfKbfFf3juxT2625hUoZZsjCHuzDIbhwAhW4gCp4wADhHp7g2bq27qwH63EWzVhfO7swB+vlE/g+i14=</latexit><latexit sha1_base64="/wZJsYZPICKCZiHNxGh6Iy8FpLQ=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2c0VCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT599ZI1R</latexit><latexit sha1_base64="/wZJsYZPICKCZiHNxGh6Iy8FpLQ=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2c0VCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT599ZI1R</latexit><latexit sha1_base64="/wZJsYZPICKCZiHNxGh6Iy8FpLQ=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2c0VCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT599ZI1R</latexit><latexit sha1_base64="/wZJsYZPICKCZiHNxGh6Iy8FpLQ=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6mcNLM513bGIP+T3MnH2/X2c/m91My+1FsRSwIMNRNUqZrrxLoxoFJzJnCYqScKY8p6tIOD8XlDsmukFmlH0kyoyVidytFAqX7gm2RAdVf99EbiX14t0e1CY8DDONEYsslD7UQQHZFRV9LiEpkWfUMok9xcSFiXSsq0+ZGMqe7Y+cMDN++Q3+S7urdvH9tu2c0VCzBBGrZgB/bAhSMowhmUwAMGCLfwAI/WpXVj3Vn3k2jK+trZhClYT599ZI1R</latexit><latexit sha1_base64="z9ZW702hVu8t8z68chcgSwrgWK8=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZNNOGZh4kd4RSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QKmnQdT9JbmV1bX0jv1nY2t7Z3SvuH9yZJNNc+DxRiW4GzAglY+GjRCWaqRYsCpRoBMPrqd94ENrIJL7FUSo6EevHMpScoZXqWbdY8hx3Bvo/KcECtW7xo91LeBaJGLlixrQ8N8XOmGmUXIlJoZ0ZkTI+ZH0xnq03oSdW6tEw0fbFSGfqUo5FxoyiwCYjhgPz05uKf3mtDMNKZyzjNEMR8/mgMFMUEzrtSntSC45qZAnjWtoNKR8wzTjaixRsddcpX5x7ZZf+Jt/V/TPnyvHqXqlaWdwgD0dwDKfgwSVU4QZq4AMHAU/wCm/knjySZ/Iyj+bI4s8hLIG8fwFeJ4ie</latexit>

returns Boolean to indicate if value changed 
otherwise, leave unchanged 



Trivialities

An RMW method for   is non-trivial if 
there exists    such that  f(v) 6= v

<latexit sha1_base64="RCAUDLC21W7vQQlLqgOnv8qKqpU=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBzWRGjI9EI4kbl5iIkAAhndKBSqcd2w4JIfyDG40rH3/jL/gbfoEFdIGPk9zk5Jxz03saxJxp43nvTmpmdm5+Ib2YWVpeWV3Lrm9ca5koQstEcqmqAdaUM0HLhhlOq7GiOAo4rQTd85Ff6VGlmRRXph/TRoTbgoWMYGOlWpjv7aK6oLeo18zmfNcbA/1Pcmcfp/ELAJSa2bd6S5IkosIQjrWu+V5sGgOsDCOcDjP1RNMYky5u08H40CHasVILhVLZEQaN1akcjrTuR4FNRth09E9vJP7l1RITHjUGTMSJoYJMHgoTjoxEo9aoxRQlhvctwUQxeyEiHawwMfZvMra65xYO9v2Ch36T7+rlPffY9S/9XPEEJkjDFmxDHnw4hCJcQAnKQEDCPTzBs3Pj3DkPzuMkmnK+djZhCs7rJ6OejpI=</latexit><latexit sha1_base64="G4XkXcckGWPNPJlEbJ9JBIYHXKU=">AAAB53icdVDLSgMxFL1TX3V8VV26CRahbsqMFR9gseDGZQXHFtpSMmmmjc1kxiRTKKX/4EZxpYg/4x+Iv+EXmLa6qI8DFw7nnEvuiR9zprTjvFupmdm5+YX0or20vLK6llnfuFJRIgn1SMQjWfWxopwJ6mmmOa3GkuLQ57Tid89GfqVHpWKRuNT9mDZC3BYsYARrI9WCXG8X1QW9Qb1mJuvmnTHQ/yR7+lGMX97sYrmZea23IpKEVGjCsVI114l1Y4ClZoTToV1PFI0x6eI2HYwPHaIdI7VQEEkzQqOxOpXDoVL90DfJEOuO+umNxL+8WqKDo8aAiTjRVJDJQ0HCkY7QqDVqMUmJ5n1DMJHMXIhIB0tMtPkb21R38oWDfbfgoN/ku7q3lz/OuxdutnQCE6RhC7YhBy4cQgnOoQweEIjgDh7hybq2bq1762ESTVlfO5swBev5ExoHj7M=</latexit><latexit sha1_base64="G4XkXcckGWPNPJlEbJ9JBIYHXKU=">AAAB53icdVDLSgMxFL1TX3V8VV26CRahbsqMFR9gseDGZQXHFtpSMmmmjc1kxiRTKKX/4EZxpYg/4x+Iv+EXmLa6qI8DFw7nnEvuiR9zprTjvFupmdm5+YX0or20vLK6llnfuFJRIgn1SMQjWfWxopwJ6mmmOa3GkuLQ57Tid89GfqVHpWKRuNT9mDZC3BYsYARrI9WCXG8X1QW9Qb1mJuvmnTHQ/yR7+lGMX97sYrmZea23IpKEVGjCsVI114l1Y4ClZoTToV1PFI0x6eI2HYwPHaIdI7VQEEkzQqOxOpXDoVL90DfJEOuO+umNxL+8WqKDo8aAiTjRVJDJQ0HCkY7QqDVqMUmJ5n1DMJHMXIhIB0tMtPkb21R38oWDfbfgoN/ku7q3lz/OuxdutnQCE6RhC7YhBy4cQgnOoQweEIjgDh7hybq2bq1762ESTVlfO5swBev5ExoHj7M=</latexit><latexit sha1_base64="G4XkXcckGWPNPJlEbJ9JBIYHXKU=">AAAB53icdVDLSgMxFL1TX3V8VV26CRahbsqMFR9gseDGZQXHFtpSMmmmjc1kxiRTKKX/4EZxpYg/4x+Iv+EXmLa6qI8DFw7nnEvuiR9zprTjvFupmdm5+YX0or20vLK6llnfuFJRIgn1SMQjWfWxopwJ6mmmOa3GkuLQ57Tid89GfqVHpWKRuNT9mDZC3BYsYARrI9WCXG8X1QW9Qb1mJuvmnTHQ/yR7+lGMX97sYrmZea23IpKEVGjCsVI114l1Y4ClZoTToV1PFI0x6eI2HYwPHaIdI7VQEEkzQqOxOpXDoVL90DfJEOuO+umNxL+8WqKDo8aAiTjRVJDJQ0HCkY7QqDVqMUmJ5n1DMJHMXIhIB0tMtPkb21R38oWDfbfgoN/ku7q3lz/OuxdutnQCE6RhC7YhBy4cQgnOoQweEIjgDh7hybq2bq1762ESTVlfO5swBev5ExoHj7M=</latexit><latexit sha1_base64="G4XkXcckGWPNPJlEbJ9JBIYHXKU=">AAAB53icdVDLSgMxFL1TX3V8VV26CRahbsqMFR9gseDGZQXHFtpSMmmmjc1kxiRTKKX/4EZxpYg/4x+Iv+EXmLa6qI8DFw7nnEvuiR9zprTjvFupmdm5+YX0or20vLK6llnfuFJRIgn1SMQjWfWxopwJ6mmmOa3GkuLQ57Tid89GfqVHpWKRuNT9mDZC3BYsYARrI9WCXG8X1QW9Qb1mJuvmnTHQ/yR7+lGMX97sYrmZea23IpKEVGjCsVI114l1Y4ClZoTToV1PFI0x6eI2HYwPHaIdI7VQEEkzQqOxOpXDoVL90DfJEOuO+umNxL+8WqKDo8aAiTjRVJDJQ0HCkY7QqDVqMUmJ5n1DMJHMXIhIB0tMtPkb21R38oWDfbfgoN/ku7q3lz/OuxdutnQCE6RhC7YhBy4cQgnOoQweEIjgDh7hybq2bq1762ESTVlfO5swBev5ExoHj7M=</latexit><latexit sha1_base64="csCM0b8/sW4c21Um4P4R2TRPLB4=">AAAB53icdVDLSgMxFL1TX7W+qi7dBItQN8OMLT7ARcGNywqOLbSlZNJMG5tJxiRTKKX/4EZxpfg3/oJ/Y/pwUR8HAodzTrj33DDhTBvP+3QyS8srq2vZ9dzG5tb2Tn53707LVBEaEMmlqodYU84EDQwznNYTRXEccloL+1cTvzagSjMpbs0woa0YdwWLGMHGSo2oODhGTUEf0KCdL/iuNwX6nxRgjmo7/9HsSJLGVBjCsdYN30tMa4SVYYTTca6Zappg0sddOpouOkZHVuqgSCr7hEFTdSGHY62HcWiTMTY9/dObiH95jdRE560RE0lqqCCzQVHKkZFo0hp1mKLE8KElmChmN0SkhxUmxt4mZ6t7bum07Jc89Jt8Vw9O3AvXv/ELlcv5DbJwAIdQBB/OoALXUIUACEh4gld4c+6dR+fZeZlFM878zz4swHn/AmDPjBQ=</latexit>

v
<latexit sha1_base64="DhapmIy0kQ2XsKicmYQXThYBx8E=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFgBePCTgmkITY0+lJmvQsdL8JhJCrF8WT4tXP8Rf8Db/ATqKHuBQ8KKrq0a/aT6TQ6DjvVmZufmFxKbucW1ldW9/Ib27d6DhVjHsslrGq+VRzKSLuoUDJa4niNPQlr/q9y7Ff7XOlRRxd4yDhzZB2IhEIRtFIlX4rX3BtZwLyPylcfJwnrwBQbuXfGu2YpSGPkEmqdd11EmwOqULBJB/lGqnmCWU92uHDyXkjsmekNgliZSZCMlFncjTUehD6JhlS7Oqf3lj8y6unGJw0hyJKUuQRmz4UpJJgTMZdSVsozlAODKFMCXMhYV2qKEPzIzlT3bGLR4du0SG/yXd178A+td2KWyidwRRZ2IFd2AcXjqEEV1AGDxhwuIcneLZurTvrwXqcRjPW1842zMB6+QSjo4sh</latexit><latexit sha1_base64="gHcwT4ceXErfQxsFAjbsxLYKPJ4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLLhx2YJjC22pmTTThmZmQpIplNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1rVKUkmoTxKeyFqAFeUspr5mmtOakBRHAafVoHcx9qt9KhVL4is9ELQZ4U7MQkawNlKl38rlPcedAP1P8ucfRfHyZhfLrdxro52QNKKxJhwrVfdcoZtDLDUjnI7sRqqowKSHO3Q4OW+E9ozURmEizcQaTdSZHI6UGkSBSUZYd9VPbyz+5dVTHZ40hywWqaYxmT4UphzpBI27ojaTlGg+MAQTycyFiHSxxESbH7FNddcpHB16BRf9Jt/V/QPn1PEqXr50BlNkYQd2YR88OIYSXEIZfCBA4Q4e4cm6sW6te+thGs1YXzvbMAPr+RMaDIxC</latexit><latexit sha1_base64="gHcwT4ceXErfQxsFAjbsxLYKPJ4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLLhx2YJjC22pmTTThmZmQpIplNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1rVKUkmoTxKeyFqAFeUspr5mmtOakBRHAafVoHcx9qt9KhVL4is9ELQZ4U7MQkawNlKl38rlPcedAP1P8ucfRfHyZhfLrdxro52QNKKxJhwrVfdcoZtDLDUjnI7sRqqowKSHO3Q4OW+E9ozURmEizcQaTdSZHI6UGkSBSUZYd9VPbyz+5dVTHZ40hywWqaYxmT4UphzpBI27ojaTlGg+MAQTycyFiHSxxESbH7FNddcpHB16BRf9Jt/V/QPn1PEqXr50BlNkYQd2YR88OIYSXEIZfCBA4Q4e4cm6sW6te+thGs1YXzvbMAPr+RMaDIxC</latexit><latexit sha1_base64="gHcwT4ceXErfQxsFAjbsxLYKPJ4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLLhx2YJjC22pmTTThmZmQpIplNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1rVKUkmoTxKeyFqAFeUspr5mmtOakBRHAafVoHcx9qt9KhVL4is9ELQZ4U7MQkawNlKl38rlPcedAP1P8ucfRfHyZhfLrdxro52QNKKxJhwrVfdcoZtDLDUjnI7sRqqowKSHO3Q4OW+E9ozURmEizcQaTdSZHI6UGkSBSUZYd9VPbyz+5dVTHZ40hywWqaYxmT4UphzpBI27ojaTlGg+MAQTycyFiHSxxESbH7FNddcpHB16BRf9Jt/V/QPn1PEqXr50BlNkYQd2YR88OIYSXEIZfCBA4Q4e4cm6sW6te+thGs1YXzvbMAPr+RMaDIxC</latexit><latexit sha1_base64="gHcwT4ceXErfQxsFAjbsxLYKPJ4=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLLhx2YJjC22pmTTThmZmQpIplNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1rVKUkmoTxKeyFqAFeUspr5mmtOakBRHAafVoHcx9qt9KhVL4is9ELQZ4U7MQkawNlKl38rlPcedAP1P8ucfRfHyZhfLrdxro52QNKKxJhwrVfdcoZtDLDUjnI7sRqqowKSHO3Q4OW+E9ozURmEizcQaTdSZHI6UGkSBSUZYd9VPbyz+5dVTHZ40hywWqaYxmT4UphzpBI27ojaTlGg+MAQTycyFiHSxxESbH7FNddcpHB16BRf9Jt/V/QPn1PEqXr50BlNkYQd2YR88OIYSXEIZfCBA4Q4e4cm6sW6te+thGs1YXzvbMAPr+RMaDIxC</latexit><latexit sha1_base64="HE9Yg4CTqhB87ZSr5pfkJ7evIDs=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QEuCm5ctuDYQltqJr3ThmYmQ5IplNKtG8WV4i/5C/6N6cNFfRwIHM454d5zw1RwbTzv08ktLa+sruXXCxubW9s7xd29ey0zxTBgUkhVD6lGwRMMDDcC66lCGocCa2H/ZuLXBqg0l8mdGabYimk34RFn1FipOmgXS77rTUH+JyWYo9IufjQ7kmUxJoYJqnXD91LTGlFlOBM4LjQzjSllfdrF0XS9MTmyUodEUtmXGDJVF3I01noYhzYZU9PTP72J+JfXyEx02RrxJM0MJmw2KMoEMZJMupIOV8iMGFpCmeJ2Q8J6VFFm7EUKtrrnnp6f+ace+U2+qwcn7pXrV/1S+Xp+gzwcwCEcgw8XUIZbqEAADBCe4BXenAfn0Xl2XmbRnDP/sw8LcN6/AGDUiKM=</latexit>

f
<latexit sha1_base64="arXxAl9y1GWjrUmgWrwH/4mK1ms=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4AKKAS8eE3BMIAmxp9OTNOlZ6H4jhJCrF8WT4tXP8Rf8Db/ATqKHuBQ8KKrq0a/aT6TQ6DjvVmZufmFxKbucW1ldW9/Ib25d6zhVjHsslrGq+1RzKSLuoUDJ64niNPQlr/n9i7Ffu+VKizi6wkHCWyHtRiIQjKKRqkE7X3BtZwLyPymcf5wlrwBQaeffmp2YpSGPkEmqdcN1EmwNqULBJB/lmqnmCWV92uXDyXkjsmekDgliZSZCMlFncjTUehD6JhlS7Omf3lj8y2ukGBy3hiJKUuQRmz4UpJJgTMZdSUcozlAODKFMCXMhYT2qKEPzIzlT3bGLhyW36JDf5Lu6d2Cf2G7VLZRPYYos7MAu7IMLR1CGS6iABww43MMTPFs31p31YD1Ooxnra2cbZmC9fAKME4sR</latexit><latexit sha1_base64="1H2D6Go0HakWo2D7FlfVGc7/cC8=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgKcyouIDBgBePCTgmkITY03mTNOlZ6O4RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGv2k8EV9px3q3MzOzc/EJ20V5aXlldy61vXKk4lQw9FotY1nyqUPAIPc21wFoikYa+wKrfOx/51RuUisfRpe4n2AxpJ+IBZ1QbqRK0cnm34IxB/if5s49i8vJmF8ut3GujHbM0xEgzQZWqu06imwMqNWcCh3YjVZhQ1qMdHIzPG5IdI7VJEEszkSZjdSpHQ6X6oW+SIdVd9dMbiX959VQHx80Bj5JUY8QmDwWpIDomo66kzSUyLfqGUCa5uZCwLpWUafMjtqnuFPYPD9x9h/wm39W9vcJJwa24+dIpTJCFLdiGXXDhCEpwAWXwgAHCHTzCk3Vt3Vr31sMkmrG+djZhCtbzJwJ8jDI=</latexit><latexit sha1_base64="1H2D6Go0HakWo2D7FlfVGc7/cC8=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgKcyouIDBgBePCTgmkITY03mTNOlZ6O4RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGv2k8EV9px3q3MzOzc/EJ20V5aXlldy61vXKk4lQw9FotY1nyqUPAIPc21wFoikYa+wKrfOx/51RuUisfRpe4n2AxpJ+IBZ1QbqRK0cnm34IxB/if5s49i8vJmF8ut3GujHbM0xEgzQZWqu06imwMqNWcCh3YjVZhQ1qMdHIzPG5IdI7VJEEszkSZjdSpHQ6X6oW+SIdVd9dMbiX959VQHx80Bj5JUY8QmDwWpIDomo66kzSUyLfqGUCa5uZCwLpWUafMjtqnuFPYPD9x9h/wm39W9vcJJwa24+dIpTJCFLdiGXXDhCEpwAWXwgAHCHTzCk3Vt3Vr31sMkmrG+djZhCtbzJwJ8jDI=</latexit><latexit sha1_base64="1H2D6Go0HakWo2D7FlfVGc7/cC8=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgKcyouIDBgBePCTgmkITY03mTNOlZ6O4RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGv2k8EV9px3q3MzOzc/EJ20V5aXlldy61vXKk4lQw9FotY1nyqUPAIPc21wFoikYa+wKrfOx/51RuUisfRpe4n2AxpJ+IBZ1QbqRK0cnm34IxB/if5s49i8vJmF8ut3GujHbM0xEgzQZWqu06imwMqNWcCh3YjVZhQ1qMdHIzPG5IdI7VJEEszkSZjdSpHQ6X6oW+SIdVd9dMbiX959VQHx80Bj5JUY8QmDwWpIDomo66kzSUyLfqGUCa5uZCwLpWUafMjtqnuFPYPD9x9h/wm39W9vcJJwa24+dIpTJCFLdiGXXDhCEpwAWXwgAHCHTzCk3Vt3Vr31sMkmrG+djZhCtbzJwJ8jDI=</latexit><latexit sha1_base64="1H2D6Go0HakWo2D7FlfVGc7/cC8=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgKcyouIDBgBePCTgmkITY03mTNOlZ6O4RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGv2k8EV9px3q3MzOzc/EJ20V5aXlldy61vXKk4lQw9FotY1nyqUPAIPc21wFoikYa+wKrfOx/51RuUisfRpe4n2AxpJ+IBZ1QbqRK0cnm34IxB/if5s49i8vJmF8ut3GujHbM0xEgzQZWqu06imwMqNWcCh3YjVZhQ1qMdHIzPG5IdI7VJEEszkSZjdSpHQ6X6oW+SIdVd9dMbiX959VQHx80Bj5JUY8QmDwWpIDomo66kzSUyLfqGUCa5uZCwLpWUafMjtqnuFPYPD9x9h/wm39W9vcJJwa24+dIpTJCFLdiGXXDhCEpwAWXwgAHCHTzCk3Vt3Vr31sMkmrG+djZhCtbzJwJ8jDI=</latexit><latexit sha1_base64="mI6DvvU5fXOwbtm2SX2qlB5j3dM=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFNy4bMGxhbbUTJppQzOTIbkjlNKtG8WV4i/5C/6N6cNFfRwIHM454d5zw1QKg5736eSWlldW1/LrhY3Nre2d4u7enVGZZjxgSirdCKnhUiQ8QIGSN1LNaRxKXg8H1xO//sC1ESq5xWHK2zHtJSISjKKValGnWPJdbwryPynBHNVO8aPVVSyLeYJMUmOavpdie0Q1Cib5uNDKDE8pG9AeH03XG5MjK3VJpLR9CZKpupCjsTHDOLTJmGLf/PQm4l9eM8Pooj0SSZohT9hsUJRJgopMupKu0JyhHFpCmRZ2Q8L6VFOG9iIFW91zy2enftkjv8l39eDEvXT9ml+qXM1vkIcDOIRj8OEcKnADVQiAAYcneIU35955dJ6dl1k058z/7MMCnPcvSUSIkw==</latexit>

Theorem  Any non-trivial RMW register 
has consensus number at least 2

Proof. Initialize register r to v 6= f(v)
<latexit sha1_base64="DVx2neqrl9EqDjJ/RhJrQVxqWiE=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBDZkR4mMliRuXmDhCAoR0SgeqnXZsOySE8A9uNLLx8Tf+gp/hH1hAF/g4yU1Ozjk3vadBzJk2rvvupObmFxaX0suZldW19Y3s5taVloki1CeSS1ULsKacCeobZjitxYriKOC0Gtycjf1qjyrNpLg0/Zg2I9wRLGQEGyvVe6gh6C0K8739VjbnFdwJ0P8kd/oxGr0AQKWVfWu0JUkiKgzhWOu658amOcDKMMLpMNNINI0xucEdOpgcOkR7VmqjUCo7wqCJOpPDkdb9KLDJCJuu/umNxb+8emLC4+aAiTgxVJDpQ2HCkZFo3Bq1maLE8L4lmChmL0SkixUmxv5NxlZ3C8XDkld00W/yXd0/KJwUvAsvVy7BFGnYgV3IgwdHUIZzqIAPBCTcwxM8O9fOnfPgPE6jKedrZxtm4Lx+Ak/Yjw4=</latexit><latexit sha1_base64="p5iknso5Bku9k0xzWbigV69kb6o=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBzWRGiI+VJG5cYuIICRDSKR2odKZj2yEhhH9wo1EXGv/GX/Az/AM7oAt8nOQmJ+ecm95TP+ZMacd5tzJz8wuLS9nl3Mrq2vpGfnPrSolEEuoRwYWs+1hRziLqaaY5rceS4tDntOb3z1K/NqBSMRFd6mFMWyHuRixgBGsjNQaoGdEbFBQH++18wbWdCdD/pHD68ZjiqdrOvzU7giQhjTThWKmG68S6NcJSM8LpONdMFI0x6eMuHU0OHaM9I3VQIKSZSKOJOpPDoVLD0DfJEOue+uml4l9eI9HBcWvEojjRNCLTh4KEIy1Q2hp1mKRE86EhmEhmLkSkhyUm2vxNzlR37NJh2S056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIA7eIYX69q6te6th2k0Y33tbMMMrNdPmZ6Q0w==</latexit><latexit sha1_base64="p5iknso5Bku9k0xzWbigV69kb6o=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBzWRGiI+VJG5cYuIICRDSKR2odKZj2yEhhH9wo1EXGv/GX/Az/AM7oAt8nOQmJ+ecm95TP+ZMacd5tzJz8wuLS9nl3Mrq2vpGfnPrSolEEuoRwYWs+1hRziLqaaY5rceS4tDntOb3z1K/NqBSMRFd6mFMWyHuRixgBGsjNQaoGdEbFBQH++18wbWdCdD/pHD68ZjiqdrOvzU7giQhjTThWKmG68S6NcJSM8LpONdMFI0x6eMuHU0OHaM9I3VQIKSZSKOJOpPDoVLD0DfJEOue+uml4l9eI9HBcWvEojjRNCLTh4KEIy1Q2hp1mKRE86EhmEhmLkSkhyUm2vxNzlR37NJh2S056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIA7eIYX69q6te6th2k0Y33tbMMMrNdPmZ6Q0w==</latexit><latexit sha1_base64="p5iknso5Bku9k0xzWbigV69kb6o=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBzWRGiI+VJG5cYuIICRDSKR2odKZj2yEhhH9wo1EXGv/GX/Az/AM7oAt8nOQmJ+ecm95TP+ZMacd5tzJz8wuLS9nl3Mrq2vpGfnPrSolEEuoRwYWs+1hRziLqaaY5rceS4tDntOb3z1K/NqBSMRFd6mFMWyHuRixgBGsjNQaoGdEbFBQH++18wbWdCdD/pHD68ZjiqdrOvzU7giQhjTThWKmG68S6NcJSM8LpONdMFI0x6eMuHU0OHaM9I3VQIKSZSKOJOpPDoVLD0DfJEOue+uml4l9eI9HBcWvEojjRNCLTh4KEIy1Q2hp1mKRE86EhmEhmLkSkhyUm2vxNzlR37NJh2S056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIA7eIYX69q6te6th2k0Y33tbMMMrNdPmZ6Q0w==</latexit><latexit sha1_base64="p5iknso5Bku9k0xzWbigV69kb6o=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBzWRGiI+VJG5cYuIICRDSKR2odKZj2yEhhH9wo1EXGv/GX/Az/AM7oAt8nOQmJ+ecm95TP+ZMacd5tzJz8wuLS9nl3Mrq2vpGfnPrSolEEuoRwYWs+1hRziLqaaY5rceS4tDntOb3z1K/NqBSMRFd6mFMWyHuRixgBGsjNQaoGdEbFBQH++18wbWdCdD/pHD68ZjiqdrOvzU7giQhjTThWKmG68S6NcJSM8LpONdMFI0x6eMuHU0OHaM9I3VQIKSZSKOJOpPDoVLD0DfJEOue+uml4l9eI9HBcWvEojjRNCLTh4KEIy1Q2hp1mKRE86EhmEhmLkSkhyUm2vxNzlR37NJh2S056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIA7eIYX69q6te6th2k0Y33tbMMMrNdPmZ6Q0w==</latexit><latexit sha1_base64="zjcA+jAwGNMPUSQ8a2bLxscFMFU=">AAAB53icdVDLTgIxFL2DL8QHqEs3jcQEN5MZIT52JG5cYuIICRDSKR2odNqx7ZAQwj+40bjS+Df+gn9jebjAx0manJxzmnvPDRPOtPG8Tyezsrq2vpHdzG1t7+zmC3v7d1qmitCASC5VI8SaciZoYJjhtJEoiuOQ03o4uJr69SFVmklxa0YJbce4J1jECDZWag5RS9AHFJWGJ51C0Xe9GdD/pAgL1DqFj1ZXkjSmwhCOtW76XmLaY6wMI5xOcq1U0wSTAe7R8WzRCTq2UhdFUtknDJqpSzkcaz2KQ5uMsenrn95U/Mtrpia6aI+ZSFJDBZkPilKOjETT1qjLFCWGjyzBRDG7ISJ9rDAx9jY5W91zy2cVv+yh3+S7enDqXrr+jV+sVhY3yMIhHEEJfDiHKlxDDQIgIOEJXuHNuXcenWfnZR7NOIs/B7AE5/0LYGiMDA==</latexit>

public T decide (T value) {

 int i := ThreadID.get();

 propose(value);

 if 

   return proposed[i];

 else

   return propose[1-i];

}

(r.rmw = v)
<latexit sha1_base64="dZTHgbudo7pogskfqt0XqYhVFxI=">AAAB53icdVDLTgIxFL2DL8QX6tJNIzHBzWRGiI+FkcSNS0wcIQFCOqUDlc500nYwhPAPbjSy8fE3/oKf4R9YQBf4OMlNTs45N72nfsyZ0o7zbqXm5hcWl9LLmZXVtfWN7ObWtRKJJNQjggtZ9bGinEXU00xzWo0lxaHPacXvno/9So9KxUR0pfsxbYS4HbGAEayNVMtLW4a36BT19pvZnGs7E6D/Se7sYzR6AYByM/tWbwmShDTShGOlaq4T68YAS80Ip8NMPVE0xqSL23QwOXSI9ozUQoGQZiKNJupMDodK9UPfJEOsO+qnNxb/8mqJDo4bAxbFiaYRmT4UJBxpgcatUYtJSjTvG4KJZOZCRDpYYqLN32RMdccuHBbdgoN+k+/q3oF9YruXbq5UhCnSsAO7kAcXjqAEF1AGDwgIuIcneLZurDvrwXqcRlPW1842zMB6/QTijY7F</latexit><latexit sha1_base64="YMT28SUM8H3lZryhgKUKo7Ug6W4=">AAAB53icdVDLSgMxFL1TX7W+qi7dBItQN8OMLT4WYsGNywqOLdRSMmmmjc1MhiRTKaX/4EZRF4p/4y/4Gf6BmVYX9XHgwuGcc8k98WPOlHacdyszMzs3v5BdzC0tr6yu5dc3LpVIJKEeEVzIuo8V5Syinmaa03osKQ59Tmt+7zT1a30qFRPRhR7EtBniTsQCRrA2UqMobRneoGPU323lC67tjIH+J4WTj8cUT9VW/u2qLUgS0kgTjpVquE6sm0MsNSOcjnJXiaIxJj3cocPxoSO0Y6Q2CoQ0E2k0VqdyOFRqEPomGWLdVT+9VPzLayQ6OGwOWRQnmkZk8lCQcKQFSlujNpOUaD4wBBPJzIWIdLHERJu/yZnqjl3aL7slB/0m39W9PfvIds/dQqUME2RhC7ahCC4cQAXOoAoeEBBwB8/wYl1bt9a99TCJZqyvnU2YgvX6CSxikIo=</latexit><latexit sha1_base64="YMT28SUM8H3lZryhgKUKo7Ug6W4=">AAAB53icdVDLSgMxFL1TX7W+qi7dBItQN8OMLT4WYsGNywqOLdRSMmmmjc1MhiRTKaX/4EZRF4p/4y/4Gf6BmVYX9XHgwuGcc8k98WPOlHacdyszMzs3v5BdzC0tr6yu5dc3LpVIJKEeEVzIuo8V5Syinmaa03osKQ59Tmt+7zT1a30qFRPRhR7EtBniTsQCRrA2UqMobRneoGPU323lC67tjIH+J4WTj8cUT9VW/u2qLUgS0kgTjpVquE6sm0MsNSOcjnJXiaIxJj3cocPxoSO0Y6Q2CoQ0E2k0VqdyOFRqEPomGWLdVT+9VPzLayQ6OGwOWRQnmkZk8lCQcKQFSlujNpOUaD4wBBPJzIWIdLHERJu/yZnqjl3aL7slB/0m39W9PfvIds/dQqUME2RhC7ahCC4cQAXOoAoeEBBwB8/wYl1bt9a99TCJZqyvnU2YgvX6CSxikIo=</latexit><latexit sha1_base64="YMT28SUM8H3lZryhgKUKo7Ug6W4=">AAAB53icdVDLSgMxFL1TX7W+qi7dBItQN8OMLT4WYsGNywqOLdRSMmmmjc1MhiRTKaX/4EZRF4p/4y/4Gf6BmVYX9XHgwuGcc8k98WPOlHacdyszMzs3v5BdzC0tr6yu5dc3LpVIJKEeEVzIuo8V5Syinmaa03osKQ59Tmt+7zT1a30qFRPRhR7EtBniTsQCRrA2UqMobRneoGPU323lC67tjIH+J4WTj8cUT9VW/u2qLUgS0kgTjpVquE6sm0MsNSOcjnJXiaIxJj3cocPxoSO0Y6Q2CoQ0E2k0VqdyOFRqEPomGWLdVT+9VPzLayQ6OGwOWRQnmkZk8lCQcKQFSlujNpOUaD4wBBPJzIWIdLHERJu/yZnqjl3aL7slB/0m39W9PfvIds/dQqUME2RhC7ahCC4cQAXOoAoeEBBwB8/wYl1bt9a99TCJZqyvnU2YgvX6CSxikIo=</latexit><latexit sha1_base64="YMT28SUM8H3lZryhgKUKo7Ug6W4=">AAAB53icdVDLSgMxFL1TX7W+qi7dBItQN8OMLT4WYsGNywqOLdRSMmmmjc1MhiRTKaX/4EZRF4p/4y/4Gf6BmVYX9XHgwuGcc8k98WPOlHacdyszMzs3v5BdzC0tr6yu5dc3LpVIJKEeEVzIuo8V5Syinmaa03osKQ59Tmt+7zT1a30qFRPRhR7EtBniTsQCRrA2UqMobRneoGPU323lC67tjIH+J4WTj8cUT9VW/u2qLUgS0kgTjpVquE6sm0MsNSOcjnJXiaIxJj3cocPxoSO0Y6Q2CoQ0E2k0VqdyOFRqEPomGWLdVT+9VPzLayQ6OGwOWRQnmkZk8lCQcKQFSlujNpOUaD4wBBPJzIWIdLHERJu/yZnqjl3aL7slB/0m39W9PfvIds/dQqUME2RhC7ahCC4cQAXOoAoeEBBwB8/wYl1bt9a99TCJZqyvnU2YgvX6CSxikIo=</latexit><latexit sha1_base64="zXop37hX2Y9jOujR5upckqTAj+I=">AAAB53icdVDLSgMxFL1TX7W+qi7dBItQN8OMLT4WQsGNywqOLbSlZNJMG5tMhiRTKaX/4EZxpfg3/oJ/Y/pwUR8HAodzTrj33DDhTBvP+3QyS8srq2vZ9dzG5tb2Tn53707LVBEaEMmlqodYU85iGhhmOK0nimIRcloL+1cTvzagSjMZ35phQlsCd2MWMYKNlRpF5SrxgC7R4LidL/iuNwX6nxRgjmo7/9HsSJIKGhvCsdYN30tMa4SVYYTTca6Zappg0sddOpouOkZHVuqgSCr7YoOm6kIOC62HIrRJgU1P//Qm4l9eIzXReWvE4iQ1NCazQVHKkZFo0hp1mKLE8KElmChmN0SkhxUmxt4mZ6t7bum07Jc89Jt8Vw9O3AvXv/ELlfL8Blk4gEMogg9nUIFrqEIABCQ8wSu8OffOo/PsvMyiGWf+Zx8W4Lx/AfMdi8M=</latexit>

Let    be a set of functions such that for 
all    and    , either


Commute:

Overwrite:

Interfering RMW
F

<latexit sha1_base64="x96AZtKCdOnEPh0/RNnNmz9YFMk=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFgCAeIzhJIAmhp9OTtOlZ6H4jhJAv8KJ4Ujz4Of6Cv+EX2En0EJeCB0VVPfpV+4kUGh3n3crMzM7NL2QXc0vLK6tr+fWNio5TxbjHYhmrmk81lyLiHgqUvJYoTkNf8qrfOx/51VuutIija+wnvBnSTiQCwSgaqdJgVJKLVr7g2s4Y5H9SOPs4TV4BoNzKvzXaMUtDHiGTVOu66yTYHFCFgkk+zDVSzRPKerTDB+Mbh2THSG0SxMpMhGSsTuVoqHU/9E0ypNjVP72R+JdXTzE4ag5ElKTIIzZ5KEglwZiMCpO2UJyh7BtCmRLmQsK6VFGG5ltyprpjFw/23aJDfpPv6t6efWy7V26hdAITZGELtmEXXDiEElxCGTxgcAP38ATPFrfurAfrcRLNWF87mzAF6+UTkTCMzw==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="/H7Kp1rDEdnATylHolXAP6lC6UY=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFARxWcGxhbaUTJppYzOTIbkjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bphKYdDzPp3cwuLS8kp+tbC2vrG5VdzeuTMq04wHTEml6yE1XIqEByhQ8nqqOY1DyWth/3Ls1x64NkIltzhIeSum3UREglG00l2TUUmu2sWS73oTkP9JCWaotosfzY5iWcwTZJIa0/C9FFtDqlEwyUeFZmZ4SlmfdvlwsuOIHFipQyKl7UuQTNS5HI2NGcShTcYUe+anNxb/8hoZRmetoUjSDHnCpoOiTBJUZFyYdITmDOXAEsq0sBsS1qOaMrRnKdjqnls+OfbLHvlNvqsHR+6569/4pcrF7AZ52IN9OAQfTqEC11CFABjcwxO8wpvDnUfn2XmZRnPO7M8uzMF5/wJOYYpR</latexit>

fi fj

fi(fj(v)) = fj(fi(v))

fi(fj(v)) = fi(v)

Let    be a set of functions such that for 
all    and    , either


Commute:

Overwrite:


Examples

test-and-set: getAndset(1)    


Overwrite

swap: getAndset(x)


Overwrite 

fetch-and-inc


Commute

Interfering RMW
F

<latexit sha1_base64="x96AZtKCdOnEPh0/RNnNmz9YFMk=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFgCAeIzhJIAmhp9OTtOlZ6H4jhJAv8KJ4Ujz4Of6Cv+EX2En0EJeCB0VVPfpV+4kUGh3n3crMzM7NL2QXc0vLK6tr+fWNio5TxbjHYhmrmk81lyLiHgqUvJYoTkNf8qrfOx/51VuutIija+wnvBnSTiQCwSgaqdJgVJKLVr7g2s4Y5H9SOPs4TV4BoNzKvzXaMUtDHiGTVOu66yTYHFCFgkk+zDVSzRPKerTDB+Mbh2THSG0SxMpMhGSsTuVoqHU/9E0ypNjVP72R+JdXTzE4ag5ElKTIIzZ5KEglwZiMCpO2UJyh7BtCmRLmQsK6VFGG5ltyprpjFw/23aJDfpPv6t6efWy7V26hdAITZGELtmEXXDiEElxCGTxgcAP38ATPFrfurAfrcRLNWF87mzAF6+UTkTCMzw==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="BcVj9q5SX3eEJb3l4tbOfQRZngc=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLAjisoLTFtpSMmmmjc1MhiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZmdm1/ILtpLyyura7n1jYoSqSTUJ4ILWQuwopzF1NdMc1pLJMVRwGk16J2N/OoNlYqJ+Er3E9qMcCdmISNYG6nSIJij81Yu7znuGOh/kj/9KCYvb3ax3Mq9NtqCpBGNNeFYqbrnJro5wFIzwunQbqSKJpj0cIcOxjcO0Y6R2igU0kys0VidyuFIqX4UmGSEdVf99EbiX1491eFRc8DiJNU0JpOHwpQjLdCoMGozSYnmfUMwkcxciEgXS0y0+RbbVHedwsG+V3DRb/Jd3d9zjh3v0suXTmCCLGzBNuyCB4dQggsogw8EruEOHuHJotatdW89TKIZ62tnE6ZgPX8CB5mN8A==</latexit><latexit sha1_base64="/H7Kp1rDEdnATylHolXAP6lC6UY=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFARxWcGxhbaUTJppYzOTIbkjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bphKYdDzPp3cwuLS8kp+tbC2vrG5VdzeuTMq04wHTEml6yE1XIqEByhQ8nqqOY1DyWth/3Ls1x64NkIltzhIeSum3UREglG00l2TUUmu2sWS73oTkP9JCWaotosfzY5iWcwTZJIa0/C9FFtDqlEwyUeFZmZ4SlmfdvlwsuOIHFipQyKl7UuQTNS5HI2NGcShTcYUe+anNxb/8hoZRmetoUjSDHnCpoOiTBJUZFyYdITmDOXAEsq0sBsS1qOaMrRnKdjqnls+OfbLHvlNvqsHR+6569/4pcrF7AZ52IN9OAQfTqEC11CFABjcwxO8wpvDnUfn2XmZRnPO7M8uzMF5/wJOYYpR</latexit>

fi fj

fi(fj(v)) = fj(fi(v))

fi(fj(v)) = fi(v)

f(v) = 1

fi(fj(v)) = fi(v)

fi(fj(v)) = fi(v)

fi(fj(v)) = fj(fi(v))

f(v, x) = x

f(v) = v + 1

Consensus number of 
interfering RMW

Theorem  Any set of RMW registers whose 
commute or overwrite has consensus number 2 
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Proof  Suppose we had a protocol for 3-thread consensus. 
Let’s focus on the critical state

T1T2

0-valent 1-valent

The methods cannot be 
reads or writes

The methods cannot be on 
separate objects

or easy contradiction

Must be RMW methods on 
a single register

f2 f1

f1 f2

Maybe functions commute

fi(fj(v)) = fj(fi(v))

T1

T2

moves
moves
movesT3

0 1

T3

runs 
solo

T3

runs 
solo

Indistinguishable
for T3

0-valent 1-valent

f2 f1

0-valent 1-valent

f2 f1

Maybe functions overwrite


f1

T1

T2

moves
moves
movesT3

0

1
T3

runs 
solo

T3

runs 
solo

Indistinguishable
for T3

fi(fj(v)) = fi(v)
Impact

Many early machines provide these “weak” 
RMW instructions


test-and-set (IBM 360)

fetch-and-add (NYU Ultracomputer)

swap (original SPRCs)


We now understand their limitations



Compare-and-swap has 
infinite consensus number

Initialize RMW atomic register   with a 
value FIRST that cannot be a thread id

r

r.get()

public T decide (T value) {

 int i := ThreadID.get();

 propose(value);

 if 

   return proposed[i];

 else

   return proposed[        ];

}

(r .CaS (FIRST , i))

A step back

We have a hierarchy of objects with 
different consensus number


1: Read/Write registers

2: Stacks, Queues,  etc.

….

∞: CAS, Load-link/store-conditional


But why again do we care about consensus?

Universality of 
Consensus

A class    is universal for   threads if one 
can construct a wait-free linearizable 
implementation of any object with some 
objects of class C and some read/write 
registers

n
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<latexit sha1_base64="KqYErCF+8oP3IujauUy/moxGGGs=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFQC4eE3BMIAmxp/MmadKz0N0jhJCrF8WT4tXP8Rf8Db/ATqKHuBQ8KKrq0a/aTwRX2nHerczc/MLiUnY5t7K6tr6R39y6VnEqGXosFrGs+1Sh4BF6mmuB9UQiDX2BNb9fHvu1W5SKx9GVHiTYCmk34gFnVBupWm7nC67tTED+J4WLj/PkFQAq7fxbsxOzNMRIM0GVarhOoltDKjVnAke5ZqowoaxPuzicnDcie0bqkCCWZiJNJupMjoZKDULfJEOqe+qnNxb/8hqpDk5aQx4lqcaITR8KUkF0TMZdSYdLZFoMDKFMcnMhYT0qKdPmR3KmumMXjw7dokN+k+/q3oF9artVt1A6gymysAO7sA8uHEMJLqECHjBAuIcneLZurDvrwXqcRjPW1842zMB6+QRYiIru</latexit><latexit sha1_base64="cDAMQHiEGRnaCzMNN/z95OOOyOw=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqXr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPO4owP</latexit><latexit sha1_base64="cDAMQHiEGRnaCzMNN/z95OOOyOw=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqXr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPO4owP</latexit><latexit sha1_base64="cDAMQHiEGRnaCzMNN/z95OOOyOw=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqXr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPO4owP</latexit><latexit sha1_base64="cDAMQHiEGRnaCzMNN/z95OOOyOw=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsgXHFtpSM2mmDc3MhCQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngSCM6Vd993KzM0vLC5ll+2V1bX1jdzm1pVKUkmoTxKeyHqAFeUspr5mmtO6kBRHAae1oF8e+7UbKhVL4ks9ELQV4W7MQkawNlK13M7lPcedAP1P8ucfRfHyZhcr7dxrs5OQNKKxJhwr1fBcoVtDLDUjnI7sZqqowKSPu3Q4OW+E9ozUQWEizcQaTdSZHI6UGkSBSUZY99RPbyz+5TVSHZ60hiwWqaYxmT4UphzpBI27og6TlGg+MAQTycyFiPSwxESbH7FNddcpHB16BRf9Jt/V/QPn1PGqXr50BlNkYQd2YR88OIYSXEAFfCBA4Q4e4cm6tm6te+thGs1YXzvbMAPr+RPO4owP</latexit><latexit sha1_base64="aZIdRfIu1g79D5Z2TjgPT1De4To=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QEuCt24bMGxhbbUTJppQzOTIbkjlNKtG8WV4i/5C/6N6cNFfRwIHM454d5zw1QKg5736eSWlldW1/LrhY3Nre2d4u7enVGZZjxgSirdCKnhUiQ8QIGSN1LNaRxKXg8HlYlff+DaCJXc4jDl7Zj2EhEJRtFKtUqnWPJdbwryPynBHNVO8aPVVSyLeYJMUmOavpdie0Q1Cib5uNDKDE8pG9AeH03XG5MjK3VJpLR9CZKpupCjsTHDOLTJmGLf/PQm4l9eM8Posj0SSZohT9hsUJRJgopMupKu0JyhHFpCmRZ2Q8L6VFOG9iIFW91zT8/P/FOP/Cbf1YMT98r1a36pfD2/QR4O4BCOwYcLKMMNVCEABhye4BXenHvn0Xl2XmbRnDP/sw8LcN6/ABW5iHA=</latexit>

C
<latexit sha1_base64="sxkcMhYEFKAA64P8m38fQLwZTX8=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFQC4eIzhJIAmhp/MmadOz0N0jhJAv8KJ4Ujz4Of6Cv+EX2En0EJeCB0VVPfpV+4ngSjvOu5WZm19YXMou51ZW19Y38ptbVRWnkqHHYhHLuk8VCh6hp7kWWE8k0tAXWPP75bFfu0WpeBxd60GCrZB2Ix5wRrWRqk1GBSm38wXXdiYg/5PCxcd58goAlXb+rdmJWRpipJmgSjVcJ9GtIZWaM4GjXDNVmFDWp10cTm4ckT0jdUgQSzORJhN1JkdDpQahb5Ih1T310xuLf3mNVAcnrSGPklRjxKYPBakgOibjwqTDJTItBoZQJrm5kLAelZRp8y05U92xi0eHbtEhv8l3de/APrXdK7dQOoMpsrADu7APLhxDCS6hAh4wuIF7eIJnC60768F6nEYz1tfONszAevkEjMWMzA==</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="a+IPP04Bt9a7HNMqHISpq4r+RlQ=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QEuCt24rOC0hbaUTJppYzOZIbkjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bphKYdDzPp3c0vLK6lp+vbCxubW9U9zdq5kk04wHLJGJboTUcCkUD1Cg5I1UcxqHktfDQWXi1x+4NiJRdzhMeTumPSUiwShaqdZiVJJKp1jyXW8K8j8pwRzVTvGj1U1YFnOFTFJjmr6XYntENQom+bjQygxPKRvQHh9NdxyTIyt1SZRo+xSSqbqQo7Exwzi0yZhi3/z0JuJfXjPD6LI9EirNkCs2GxRlkmBCJoVJV2jOUA4toUwLuyFhfaopQ3uWgq3uuafnZ/6pR36T7+rBiXvl+rd+qXw9v0EeDuAQjsGHCyjDDVQhAAb38ASv8OZw59F5dl5m0Zwz/7MPC3DevwBJ9opO</latexit>

C
<latexit sha1_base64="sxkcMhYEFKAA64P8m38fQLwZTX8=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNMwYcQHFQC4eIzhJIAmhp/MmadOz0N0jhJAv8KJ4Ujz4Of6Cv+EX2En0EJeCB0VVPfpV+4ngSjvOu5WZm19YXMou51ZW19Y38ptbVRWnkqHHYhHLuk8VCh6hp7kWWE8k0tAXWPP75bFfu0WpeBxd60GCrZB2Ix5wRrWRqk1GBSm38wXXdiYg/5PCxcd58goAlXb+rdmJWRpipJmgSjVcJ9GtIZWaM4GjXDNVmFDWp10cTm4ckT0jdUgQSzORJhN1JkdDpQahb5Ih1T310xuLf3mNVAcnrSGPklRjxKYPBakgOibjwqTDJTItBoZQJrm5kLAelZRp8y05U92xi0eHbtEhv8l3de/APrXdK7dQOoMpsrADu7APLhxDCS6hAh4wuIF7eIJnC60768F6nEYz1tfONszAevkEjMWMzA==</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="KCjb0fgrOJ2a3nb08AV11L/yRkQ=">AAAB4nicdVDLSgMxFL1TX3V8VV26CRbB1TBjxQdYLHTjsoLTFtpSMmmmjc1khiQjlNIvcKO4Utz5M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNraqKU0moT2Iey3qAFeVMUF8zzWk9kRRHAae1oF8e+7UbKhWLxZUeJLQV4a5gISNYG6naJJijcjuX9xx3AvQ/yZ9/FJOXN7tYaedem52YpBEVmnCsVMNzE90aYqkZ4XRkN1NFE0z6uEuHkxtHaM9IHRTG0ozQaKLO5HCk1CAKTDLCuqd+emPxL6+R6vCkNWQiSTUVZPpQmHKkYzQujDpMUqL5wBBMJDMXItLDEhNtvsU21V2ncHToFVz0m3xX9w+cU8e79PKlM5giCzuwC/vgwTGU4AIq4AOBa7iDR3iyqHVr3VsP02jG+trZhhlYz58DLo3t</latexit><latexit sha1_base64="a+IPP04Bt9a7HNMqHISpq4r+RlQ=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QEuCt24rOC0hbaUTJppYzOZIbkjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bphKYdDzPp3c0vLK6lp+vbCxubW9U9zdq5kk04wHLJGJboTUcCkUD1Cg5I1UcxqHktfDQWXi1x+4NiJRdzhMeTumPSUiwShaqdZiVJJKp1jyXW8K8j8pwRzVTvGj1U1YFnOFTFJjmr6XYntENQom+bjQygxPKRvQHh9NdxyTIyt1SZRo+xSSqbqQo7Exwzi0yZhi3/z0JuJfXjPD6LI9EirNkCs2GxRlkmBCJoVJV2jOUA4toUwLuyFhfaopQ3uWgq3uuafnZ/6pR36T7+rBiXvl+rd+qXw9v0EeDuAQjsGHCyjDDVQhAAb38ASv8OZw59F5dl5m0Zwz/7MPC3DevwBJ9opO</latexit>

Theorem  An object with consensus 
number   is universal for   threads

Coming up…
An impractical universal construction


aims for correctness, not efficiency

applies only to deterministic objects 

can be optimized


Step 1: A lock-free universal construction

some method finishes infinitely often in a finite 
number of steps


Step 2: A wait-free universal construction

every method finishes infinitely often in a finite 
number of steps



Lock-free Universal 
Construction: Try I 
A queue

Threads concurrently trying 
to enqueue, dequeue

Consensus 

object

points to 
current state

0

wants to 
dequeue

1

wants to 
enqueue

Lock-free Universal 
Construction: Try I 
A queue

Threads concurrently trying 
to enqueue, dequeue

Consensus 

object

points to 
current state

0

wants to 
dequeue

1

wants to 
enqueue

Lock-free Universal 
Construction: Try I 
A queue

Threads concurrently trying 
to enqueue, dequeue

Consensus 

object

0

wants to 
dequeue

1

wants to 
enqueue

points to 
current state

Lock-free Universal 
Construction: Try I 
A queue

Threads concurrently trying 
to enqueue, dequeue

Consensus 

object

0

wants to 
dequeue

1

wants to 
enqueue

Propose state to 
consensus object

points to 
current state

Pointer switches 
to winner



Lock-free Universal 
Construction: Try I 
A queue

Threads concurrently trying 
to enqueue, dequeue

Consensus 

object

0

wants to 
dequeue

1

wants to 
enqueue

Propose state to 
consensus object

points to 
current state Pointer switches 

to winner

Unfortunately, non obvious how 
to reuse consensus objects 

Lock-free Universal 
Construction: Try II 
Represent object as


initial state +

a log (linked list) of method calls


New method call

finds end of list

atomically appends new method to log

determines current state by locally re-
executing log

Lock-free Universal 
Construction: Try II 

0

wants to 
dequeue

tail enq enq enq deq

head

points to 
latest log 

entry

Lock-free Universal 
Construction: Try II 

0

wants to 
dequeue

tail enq enq enq deq

head

points to 
latest log 

entry

Happy?



Lock-free Universal 
Construction: Try II 

0

wants to 
dequeue

tail enq enq enq deq

next 
pointer

enq consensus
o
b
j
e
c
t

2
sequence
number head

Lock-free Universal 
Construction: Try II 

tail enq enq enq deq

next 
pointer

enq consensus
o
b
j
e
c
t

2
sequence
number head

0

2

3

5

n-1

Lock-free Universal 
Construction: Try II 

tail enq enq enq deq

next 
pointer

enq consensus
o
b
j
e
c
t

2
sequence
number

head
0 2 3 5 n-1

To change the object’s state, a thread

computes max index max in head 
array

proposes new method as input to 
consensus object in max node 

If it loses  


writes back in max next pointer the 
same value already written there 
by winner


if it wins

appends node with proposed method 
(this is the linearization point)

computes response by traversing log

A node can lose consensus only if another succeeds: lock free

Wait-free 

Universal Construction

A little help from your friends

threads announce their intentions

before trying to  enqueue its own method, 
thread tries to help enqueueing someone else’s 
announced method

mechanism ensures every method will be 
enqueued after a finite number of steps



The ingredients

tail enq enq enq deq

head
0 2 3 5 n-1

announce

i

enq
0

next

The Universal class

public class Universal {
  private Node[] announce; 
  private Node[] head;
  private Node tail = new node();
  tail.seq := 1;
  for (int j:=0; j < n; j++) {
    head[j] := tail; announce[j] := tail
  };

I need somebody’s help…
public Response apply(Invoc invoc) {

  int i := ThreadID.get();

  announce[i] := new Node(invoc);

  head[i] := Node.max(head); 

  while (announce[i].seq = 0) {

  …

  // while node not appended to list

  …

  }

… // create response by traversing log

}

announce new method call, 
asking help from others

I need somebody’s help…

tentatively compute end of log

public Response apply(Invoc invoc) {

  int i := ThreadID.get();

  announce[i] := new Node(invoc);

  head[i] := Node.max(head); 

  while (announce[i].seq = 0) {

  …

  // while node not appended to list

  …

  }

… // create response by traversing log

}



I need somebody’s help…

Execute loop until Node has 
not been added to log (by 
thread i or some other thread)

public Response apply(Invoc invoc) {

  int i := ThreadID.get();

  announce[i] := new Node(invoc);

  head[i] := Node.max(head); 

  while (announce[i].seq = 0) {

  …

  // while node not appended to list

  …

  }

… // create response by traversing log

}

I need somebody’s help…

  while (announce[i].seq = 0) {

  …

  // while node not appended to list

  …

  }


while (announce[i].seq = 0) {

I need somebody’s help…
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   … 

}

tentative end of log

while (announce[i].seq = 0) {

I need somebody’s help…
while (announce[i].seq = 0) {

Candidate thread for help
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   … 

}



Managing altruism
Chosen thread a function of log’s length


effectively, each log position is preferentially 
assigned to a thread


period equal to number of threads

if thread   has announced a method and failed 
to append it by the time “its” log position 
comes around , then every thread tries to 
append it on its behalf

specifically…


If log’s last node has sequence number  , every 
thread that wants to enqueue a node checks 
whether thread                 needs help

i
<latexit sha1_base64="qN3hgh8l37BfO6FSGx27YQzJf/I=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVoniSxItHSFwhAYKzwyxMmH1kpteEEI560XjS+Ev+gt/gyT9wAD3go5JOKlXVma7xEyk0Os6blVlYXFpeya7m1tY3Nrfy2ztXOk4V4x6LZawaPtVcioh7KFDyRqI4DX3J6/7gfOLXb7jSIo4ucZjwdkh7kQgEo2ikmujkC67tTEH+J4Wzj/dbAgDVTv611Y1ZGvIImaRaN10nwfaIKhRM8nGulWqeUDagPT6anjcmB0bqkiBWZiIkU3UuR0Oth6FvkiHFvv7pTcS/vGaKQbk9ElGSIo/Y7KEglQRjMulKukJxhnJoCGVKmAsJ61NFGZofyZnqjl08LrlFh/wm39W9I/vUdmtuoVKGGbKwB/twCC6cQAUuoAoeMOBwD0/wbF1bd9aD9TiLZqyvnV2Yg/XyCeaSi1I=</latexit><latexit sha1_base64="n8pXmP44Y+/etvdw1UgPUMrelq0=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nMm9mcaztjkP9J7uTj7Xr7ufxeamZf6q2IJQGGmgmqVM11Yt0YUKk5EzjM1BOFMWU92sHB+Lwh2TVSi7QjaSbUZKxO5WigVD/wTTKguqt+eiPxL6+W6HahMeBhnGgM2eShdiKIjsioK2lxiUyLviGUSW4uJKxLJWXa/EjGVHfs/OGBm3fIb/Jd3du3j2237OaKBZggDVuwA3vgwhEU4QxK4AEDhFt4gEfr0rqx7qz7STRlfe1swhSsp09ruI1F</latexit><latexit sha1_base64="n8pXmP44Y+/etvdw1UgPUMrelq0=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nMm9mcaztjkP9J7uTj7Xr7ufxeamZf6q2IJQGGmgmqVM11Yt0YUKk5EzjM1BOFMWU92sHB+Lwh2TVSi7QjaSbUZKxO5WigVD/wTTKguqt+eiPxL6+W6HahMeBhnGgM2eShdiKIjsioK2lxiUyLviGUSW4uJKxLJWXa/EjGVHfs/OGBm3fIb/Jd3du3j2237OaKBZggDVuwA3vgwhEU4QxK4AEDhFt4gEfr0rqx7qz7STRlfe1swhSsp09ruI1F</latexit><latexit sha1_base64="n8pXmP44Y+/etvdw1UgPUMrelq0=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nMm9mcaztjkP9J7uTj7Xr7ufxeamZf6q2IJQGGmgmqVM11Yt0YUKk5EzjM1BOFMWU92sHB+Lwh2TVSi7QjaSbUZKxO5WigVD/wTTKguqt+eiPxL6+W6HahMeBhnGgM2eShdiKIjsioK2lxiUyLviGUSW4uJKxLJWXa/EjGVHfs/OGBm3fIb/Jd3du3j2237OaKBZggDVuwA3vgwhEU4QxK4AEDhFt4gEfr0rqx7qz7STRlfe1swhSsp09ruI1F</latexit><latexit sha1_base64="n8pXmP44Y+/etvdw1UgPUMrelq0=">AAAB3XicdVBLSgNBFHwTfzH+oi4FaQyCq2HGiMaVATcuE3BMIAmxp/OSNOn50N0jhJClbhRXilfxCF7BM+jGG9hJdBE/BQ+Kqnr0q/ZjwZV2nFcrNTM7N7+QXswsLa+srmXXNy5UlEiGHotEJKs+VSh4iJ7mWmA1lkgDX2DF752O/MoVSsWj8Fz3Y2wEtBPyNmdUG6nMm9mcaztjkP9J7uTj7Xr7ufxeamZf6q2IJQGGmgmqVM11Yt0YUKk5EzjM1BOFMWU92sHB+Lwh2TVSi7QjaSbUZKxO5WigVD/wTTKguqt+eiPxL6+W6HahMeBhnGgM2eShdiKIjsioK2lxiUyLviGUSW4uJKxLJWXa/EjGVHfs/OGBm3fIb/Jd3du3j2237OaKBZggDVuwA3vgwhEU4QxK4AEDhFt4gEfr0rqx7qz7STRlfe1swhSsp09ruI1F</latexit><latexit sha1_base64="9BmpHVh3tBaQ2mpIa2rPl32ASUM=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxY0boruHHZgmMLbamZ9E4bmnmQZIRSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jTSaY4+jyRiWoGTKMUMfpGGInNVCGLAomNYHg99RsPqLRI4lszSrETsX4sQsGZsVJddIslz3FnoP+TEixQ6xY/2r2EZxHGhkumdctzU9MZM2UElzgptDONKeND1sfxbL0JPbFSj4aJsi82dKYu5Vik9SgKbDJiZqB/elPxL6+VmbDSGYs4zQzGfD4ozCQ1CZ12pT2hkBs5soRxJeyGlA+YYtzYixRsddcpX5x7ZZf+Jt/V/TPnyvHqXqlaWdwgD0dwDKfgwSVU4QZq4AMHhCd4hTdyTx7JM3mZR3Nk8ecQlkDevwBMe4iS</latexit>

k
<latexit sha1_base64="VgP8tjQ6cqFQpwSP2K+AqcIseRs=">AAAB3XicdVDLTgJBEOzFF+IL9ehlIjHxtNkVg3qSxItHSFwhAQKzQy9MmH1kZtaEEK5eNHrR+D+e/AU/wz9wAD3go5JOKlXVma7xE8GVdpx3K7OwuLS8kl3Nra1vbG7lt3euVZxKhh6LRSzrPlUoeISe5lpgPZFIQ19gzR9cTPzaDUrF4+hKDxNshbQX8YAzqo1UHbTzBdd2piD/k8L5x+tjBwAq7fxbsxuzNMRIM0GVarhOolsjKjVnAse5ZqowoWxAezianjcmB0bqkiCWZiJNpupcjoZKDUPfJEOq++qnNxH/8hqpDk5bIx4lqcaIzR4KUkF0TCZdSZdLZFoMDaFMcnMhYX0qKdPmR3KmumMXS8du0SG/yXd178g+s92qWyiXYIYs7ME+HIILJ1CGS6iABwwQ7uAJnq2OdWvdWw+zaMb62tmFOVgvnxOei3M=</latexit><latexit sha1_base64="IYJ0h6VGxZ9bAlfaj5Fur+mqVHQ=">AAAB3XicdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhC4goJEJwdLjBh9pGZWRNCaG002mj8H238BT/Dwt4BtMDHSW5ycs65mXvGjwVX2nHerNTc/MLiUno5s7K6tr6R3dy6UFEiGXosEpGs+VSh4CF6mmuBtVgiDXyBVb9/OvarVygVj8JzPYixGdBuyDucUW2kSr+Vzbm2MwH5n+RO3p/vG/mPl3Ir+9poRywJMNRMUKXqrhPr5pBKzZnAUaaRKIwp69MuDifnjciekdqkE0kzoSYTdSZHA6UGgW+SAdU99dMbi3959UR3jppDHsaJxpBNH+okguiIjLuSNpfItBgYQpnk5kLCelRSps2PZEx1xy4UD9yCQ36T7+revn1suxU3VyrCFGnYgV3IgwuHUIIzKIMHDBBu4AEerUvr2rq17qbRlPW1sw0zsJ4+AXqNjU8=</latexit><latexit sha1_base64="IYJ0h6VGxZ9bAlfaj5Fur+mqVHQ=">AAAB3XicdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhC4goJEJwdLjBh9pGZWRNCaG002mj8H238BT/Dwt4BtMDHSW5ycs65mXvGjwVX2nHerNTc/MLiUno5s7K6tr6R3dy6UFEiGXosEpGs+VSh4CF6mmuBtVgiDXyBVb9/OvarVygVj8JzPYixGdBuyDucUW2kSr+Vzbm2MwH5n+RO3p/vG/mPl3Ir+9poRywJMNRMUKXqrhPr5pBKzZnAUaaRKIwp69MuDifnjciekdqkE0kzoSYTdSZHA6UGgW+SAdU99dMbi3959UR3jppDHsaJxpBNH+okguiIjLuSNpfItBgYQpnk5kLCelRSps2PZEx1xy4UD9yCQ36T7+revn1suxU3VyrCFGnYgV3IgwuHUIIzKIMHDBBu4AEerUvr2rq17qbRlPW1sw0zsJ4+AXqNjU8=</latexit><latexit sha1_base64="IYJ0h6VGxZ9bAlfaj5Fur+mqVHQ=">AAAB3XicdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhC4goJEJwdLjBh9pGZWRNCaG002mj8H238BT/Dwt4BtMDHSW5ycs65mXvGjwVX2nHerNTc/MLiUno5s7K6tr6R3dy6UFEiGXosEpGs+VSh4CF6mmuBtVgiDXyBVb9/OvarVygVj8JzPYixGdBuyDucUW2kSr+Vzbm2MwH5n+RO3p/vG/mPl3Ir+9poRywJMNRMUKXqrhPr5pBKzZnAUaaRKIwp69MuDifnjciekdqkE0kzoSYTdSZHA6UGgW+SAdU99dMbi3959UR3jppDHsaJxpBNH+okguiIjLuSNpfItBgYQpnk5kLCelRSps2PZEx1xy4UD9yCQ36T7+revn1suxU3VyrCFGnYgV3IgwuHUIIzKIMHDBBu4AEerUvr2rq17qbRlPW1sw0zsJ4+AXqNjU8=</latexit><latexit sha1_base64="IYJ0h6VGxZ9bAlfaj5Fur+mqVHQ=">AAAB3XicdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhC4goJEJwdLjBh9pGZWRNCaG002mj8H238BT/Dwt4BtMDHSW5ycs65mXvGjwVX2nHerNTc/MLiUno5s7K6tr6R3dy6UFEiGXosEpGs+VSh4CF6mmuBtVgiDXyBVb9/OvarVygVj8JzPYixGdBuyDucUW2kSr+Vzbm2MwH5n+RO3p/vG/mPl3Ir+9poRywJMNRMUKXqrhPr5pBKzZnAUaaRKIwp69MuDifnjciekdqkE0kzoSYTdSZHA6UGgW+SAdU99dMbi3959UR3jppDHsaJxpBNH+okguiIjLuSNpfItBgYQpnk5kLCelRSps2PZEx1xy4UD9yCQ36T7+revn1suxU3VyrCFGnYgV3IgwuHUIIzKIMHDBBu4AEerUvr2rq17qbRlPW1sw0zsJ4+AXqNjU8=</latexit><latexit sha1_base64="wrq3OweaLfRc97/FS12gopZ1xaA=">AAAB3XicdVDLSgMxFL2pr1pfVZdugkVwNcxYqboruHHZgmMLbamZ9E4bmnmQZIRSunWjuFL8JX/BvzF9uKiPA4HDOSfce26QSqGN636S3Mrq2vpGfrOwtb2zu1fcP7jTSaY4+jyRiWoGTKMUMfpGGInNVCGLAomNYHg99RsPqLRI4lszSrETsX4sQsGZsVJ92C2WPMedgf5PSrBArVv8aPcSnkUYGy6Z1i3PTU1nzJQRXOKk0M40powPWR/Hs/Um9MRKPRomyr7Y0Jm6lGOR1qMosMmImYH+6U3Fv7xWZsLLzljEaWYw5vNBYSapSei0K+0JhdzIkSWMK2E3pHzAFOPGXqRgq7tOuXLulV36m3xX98+cK8ere6VqZXGDPBzBMZyCBxdQhRuogQ8cEJ7gFd7IPXkkz+RlHs2RxZ9DWAJ5/wJO04iS</latexit>

k + 1 mod n
<latexit sha1_base64="iLFWHgSMZtHS5NJF21dpcWgp1pE=">AAAB5nicdVDLSgMxFL1TX7W+qi7dBIsgCMOMlaorC25cVnBssS01k0nb0EwyJBmhlH5DN4orxW9x5S/4Gf6BaauL+jhw4XDOueSehAln2njeu5OZm19YXMou51ZW19Y38ptb11qmitCASC5VLcSaciZoYJjhtJYoiuOQ02rYOx/71TuqNJPiyvQT2oxxR7A2I9hY6aZ34KNGLCMkWvmC73oToP9J4ezjdXQLAJVW/q0RSZLGVBjCsdZ130tMc4CVYYTTYa6Rappg0sMdOpjcOUR7VopQWyo7wqCJOpPDsdb9OLTJGJuu/umNxb+8emraJ80BE0lqqCDTh9opR0aicWkUMUWJ4X1LMFHMXohIFytMjP2anK3uucXSkV/00G/yXT04dE9d/9IvlEswRRZ2YBf2wYdjKMMFVCAAAgLu4QmeHeaMnAfncRrNOF872zAD5+UTUy+Ocw==</latexit><latexit sha1_base64="MGxQ6BRRQiZmTRcv1rzO6ibtMvE=">AAAB5nicdVDLSgMxFL1TX7W+qi7dBItQEIYZK1VXFty4rODYYqeUTCZtQzPJkGSEUvoN3SiuFL9FN/6Cn+HCvdNWF/Vx4MLhnHPJPQlizrRxnDcrMze/sLiUXc6trK6tb+Q3t660TBShHpFcqnqANeVMUM8ww2k9VhRHAae1oHc29ms3VGkmxaXpx7QZ4Y5gbUawSaXr3r6L/EiGSLTyBdd2JkD/k8Lp+/PIL368VFv5Vz+UJImoMIRjrRuuE5vmACvDCKfDnJ9oGmPSwx06mNw5RHupFKK2VOkIgybqTA5HWvejIE1G2HT1T28s/uU1EtM+bg6YiBNDBZk+1E44MhKNS6OQKUoM76cEE8XSCxHpYoWJSb8ml1Z37FL50C056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIBbeIBHi1kj6866n0Yz1tfONszAevoEuh6QTw==</latexit><latexit sha1_base64="MGxQ6BRRQiZmTRcv1rzO6ibtMvE=">AAAB5nicdVDLSgMxFL1TX7W+qi7dBItQEIYZK1VXFty4rODYYqeUTCZtQzPJkGSEUvoN3SiuFL9FN/6Cn+HCvdNWF/Vx4MLhnHPJPQlizrRxnDcrMze/sLiUXc6trK6tb+Q3t660TBShHpFcqnqANeVMUM8ww2k9VhRHAae1oHc29ms3VGkmxaXpx7QZ4Y5gbUawSaXr3r6L/EiGSLTyBdd2JkD/k8Lp+/PIL368VFv5Vz+UJImoMIRjrRuuE5vmACvDCKfDnJ9oGmPSwx06mNw5RHupFKK2VOkIgybqTA5HWvejIE1G2HT1T28s/uU1EtM+bg6YiBNDBZk+1E44MhKNS6OQKUoM76cEE8XSCxHpYoWJSb8ml1Z37FL50C056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIBbeIBHi1kj6866n0Yz1tfONszAevoEuh6QTw==</latexit><latexit sha1_base64="MGxQ6BRRQiZmTRcv1rzO6ibtMvE=">AAAB5nicdVDLSgMxFL1TX7W+qi7dBItQEIYZK1VXFty4rODYYqeUTCZtQzPJkGSEUvoN3SiuFL9FN/6Cn+HCvdNWF/Vx4MLhnHPJPQlizrRxnDcrMze/sLiUXc6trK6tb+Q3t660TBShHpFcqnqANeVMUM8ww2k9VhRHAae1oHc29ms3VGkmxaXpx7QZ4Y5gbUawSaXr3r6L/EiGSLTyBdd2JkD/k8Lp+/PIL368VFv5Vz+UJImoMIRjrRuuE5vmACvDCKfDnJ9oGmPSwx06mNw5RHupFKK2VOkIgybqTA5HWvejIE1G2HT1T28s/uU1EtM+bg6YiBNDBZk+1E44MhKNS6OQKUoM76cEE8XSCxHpYoWJSb8ml1Z37FL50C056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIBbeIBHi1kj6866n0Yz1tfONszAevoEuh6QTw==</latexit><latexit sha1_base64="MGxQ6BRRQiZmTRcv1rzO6ibtMvE=">AAAB5nicdVDLSgMxFL1TX7W+qi7dBItQEIYZK1VXFty4rODYYqeUTCZtQzPJkGSEUvoN3SiuFL9FN/6Cn+HCvdNWF/Vx4MLhnHPJPQlizrRxnDcrMze/sLiUXc6trK6tb+Q3t660TBShHpFcqnqANeVMUM8ww2k9VhRHAae1oHc29ms3VGkmxaXpx7QZ4Y5gbUawSaXr3r6L/EiGSLTyBdd2JkD/k8Lp+/PIL368VFv5Vz+UJImoMIRjrRuuE5vmACvDCKfDnJ9oGmPSwx06mNw5RHupFKK2VOkIgybqTA5HWvejIE1G2HT1T28s/uU1EtM+bg6YiBNDBZk+1E44MhKNS6OQKUoM76cEE8XSCxHpYoWJSb8ml1Z37FL50C056Df5ru4d2Ce2e+EWKmWYIgs7sAtFcOEIKnAOVfCAgIBbeIBHi1kj6866n0Yz1tfONszAevoEuh6QTw==</latexit><latexit sha1_base64="FS3Di4rzMJASGd1siuamLfpVYlk=">AAAB5nicdVDLSgMxFL1TX7W+Rl26CRZBEIYZK1V3BTcuKzi22JaSyWTa0EwyJBmhlH6DG8WV4uf4C/6N6cNFfRwIHM454d5zo4wzbXz/0yksLa+srhXXSxubW9s77u7enZa5IjQkkkvVjLCmnAkaGmY4bWaK4jTitBENriZ+44EqzaS4NcOMdlLcEyxhBBsr3Q9OAtROZYxE1y0Hnj8F+p+UYY561/1ox5LkKRWGcKx1K/Az0xlhZRjhdFxq55pmmAxwj46me47RkZVilEhlnzBoqi7kcKr1MI1sMsWmr396E/Evr5Wb5KIzYiLLDRVkNijJOTISTUqjmClKDB9agolidkNE+lhhYuxpSra671WqZ0HFR7/Jd/Xw1Lv0gpugXKvOb1CEAziEYwjgHGpwDXUIgYCAJ3iFN4c5j86z8zKLFpz5n31YgPP+BY5ki5I=</latexit>

Progress guarantee
After thread   announces       , no more 
than    other nodes can be added to the 
log before       is appended to the log

i
<latexit sha1_base64="2dqHmEDbE1o2OUd0CxOCZLa5WjM=">AAAB3XicdVDJSgNBFHwTtxi3qEcvjUHwNMyY4AKKAS8eE3BMIAmxp9OTNOlZ6H4jhJCrF8WT4tXP8Rf8Db/ATqKHuBQ8KKrq0a/aT6TQ6DjvVmZufmFxKbucW1ldW9/Ib25d6zhVjHsslrGq+1RzKSLuoUDJ64niNPQlr/n9i7Ffu+VKizi6wkHCWyHtRiIQjKKRqqKdL7i2MwH5nxTOP86SVwCotPNvzU7M0pBHyCTVuuE6CbaGVKFgko9yzVTzhLI+7fLh5LwR2TNShwSxMhMhmagzORpqPQh9kwwp9vRPbyz+5TVSDI5bQxElKfKITR8KUkkwJuOupCMUZygHhlCmhLmQsB5VlKH5kZyp7tjFw5JbdMhv8l3dO7BPbLfqFsqnMEUWdmAX9sGFIyjDJVTAAwYc7uEJnq0b6856sB6n0Yz1tbMNM7BePgGQfosU</latexit><latexit sha1_base64="WZ67JVNiP5asus3J+0+JufergXk=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgaZhRcQGDAS8eE3BMIAmxp9NJmvQsdL8RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGvOkik0Oi671ZmZnZufiG7aC8tr6yu5dY3rnScKsZ9FstYVQOquRQR91Gg5NVEcRoGkleC3vnIr9xwpUUcXWI/4Y2QdiLRFoyikcqimct7jjsG+Z/kzz4KycubXSg1c6/1VszSkEfIJNW65rkJNgZUoWCSD+16qnlCWY92+GB83pDsGKlF2rEyEyEZq1M5GmrdDwOTDCl29U9vJP7l1VJsHzcGIkpS5BGbPNROJcGYjLqSllCcoewbQpkS5kLCulRRhuZHbFPddfYPD7x9l/wm39X9PefE8cpevngKE2RhC7ZhFzw4giJcQAl8YMDhDh7hybq2bq1762ESzVhfO5swBev5EwbnjDU=</latexit><latexit sha1_base64="WZ67JVNiP5asus3J+0+JufergXk=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgaZhRcQGDAS8eE3BMIAmxp9NJmvQsdL8RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGvOkik0Oi671ZmZnZufiG7aC8tr6yu5dY3rnScKsZ9FstYVQOquRQR91Gg5NVEcRoGkleC3vnIr9xwpUUcXWI/4Y2QdiLRFoyikcqimct7jjsG+Z/kzz4KycubXSg1c6/1VszSkEfIJNW65rkJNgZUoWCSD+16qnlCWY92+GB83pDsGKlF2rEyEyEZq1M5GmrdDwOTDCl29U9vJP7l1VJsHzcGIkpS5BGbPNROJcGYjLqSllCcoewbQpkS5kLCulRRhuZHbFPddfYPD7x9l/wm39X9PefE8cpevngKE2RhC7ZhFzw4giJcQAl8YMDhDh7hybq2bq1762ESzVhfO5swBev5EwbnjDU=</latexit><latexit sha1_base64="WZ67JVNiP5asus3J+0+JufergXk=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgaZhRcQGDAS8eE3BMIAmxp9NJmvQsdL8RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGvOkik0Oi671ZmZnZufiG7aC8tr6yu5dY3rnScKsZ9FstYVQOquRQR91Gg5NVEcRoGkleC3vnIr9xwpUUcXWI/4Y2QdiLRFoyikcqimct7jjsG+Z/kzz4KycubXSg1c6/1VszSkEfIJNW65rkJNgZUoWCSD+16qnlCWY92+GB83pDsGKlF2rEyEyEZq1M5GmrdDwOTDCl29U9vJP7l1VJsHzcGIkpS5BGbPNROJcGYjLqSllCcoewbQpkS5kLCulRRhuZHbFPddfYPD7x9l/wm39X9PefE8cpevngKE2RhC7ZhFzw4giJcQAl8YMDhDh7hybq2bq1762ESzVhfO5swBev5EwbnjDU=</latexit><latexit sha1_base64="WZ67JVNiP5asus3J+0+JufergXk=">AAAB3XicdVDJSgNBFHwTtzhuUY9eGoPgaZhRcQGDAS8eE3BMIAmxp9NJmvQsdL8RQsjVi+JJ8QP8Gf9A/A2/wE6ih7gUPCiq6tGvOkik0Oi671ZmZnZufiG7aC8tr6yu5dY3rnScKsZ9FstYVQOquRQR91Gg5NVEcRoGkleC3vnIr9xwpUUcXWI/4Y2QdiLRFoyikcqimct7jjsG+Z/kzz4KycubXSg1c6/1VszSkEfIJNW65rkJNgZUoWCSD+16qnlCWY92+GB83pDsGKlF2rEyEyEZq1M5GmrdDwOTDCl29U9vJP7l1VJsHzcGIkpS5BGbPNROJcGYjLqSllCcoewbQpkS5kLCulRRhuZHbFPddfYPD7x9l/wm39X9PefE8cpevngKE2RhC7ZhFzw4giJcQAl8YMDhDh7hybq2bq1762ESzVhfO5swBev5EwbnjDU=</latexit><latexit sha1_base64="3cjq+8qy37N+5phT+ujTSCnZOMk=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFNy4bMGxhbbUTHqnDc1MhiQjlNKtG8WV4i/5C/6N6cNFfRwIHM454d5zw1RwbTzv08ktLa+sruXXCxubW9s7xd29Oy0zxTBgUkjVCKlGwRMMDDcCG6lCGocC6+HgeuLXH1BpLpNbM0yxHdNewiPOqLFSjXeKJd/1piD/kxLMUe0UP1pdybIYE8ME1brpe6lpj6gynAkcF1qZxpSyAe3haLremBxZqUsiqexLDJmqCzkaaz2MQ5uMqenrn95E/MtrZia6aI94kmYGEzYbFGWCGEkmXUmXK2RGDC2hTHG7IWF9qigz9iIFW91zy2enftkjv8l39eDEvXT9ml+qXM1vkIcDOIRj8OEcKnADVQiAAcITvMKbc+88Os/Oyyyac+Z/9mEBzvsXTa+Ilg==</latexit>

nodei
<latexit sha1_base64="4yJrmj0wdEQjZqI+Ytj9VKNLreo=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gMUC25cVnBaoS0lk8m0sZlkSDJCKf0CN4orxYWf4y/4G36BaauL+jhw4XDOueSehCln2njeu5ObmZ2bX8gvFpaWV1bXiusbNS0zRWhAJJfqOsSaciZoYJjh9DpVFCchp/Wwdz7y67dUaSbFlemntJXgjmAxI9hYqSZkRNusXSz5rjcG+p+Uzj5O01cAqLaLb81IkiyhwhCOtW74XmpaA6wMI5wOC81M0xSTHu7QwfjGIdqxUoRiqewIg8bqVA4nWveT0CYTbLr6pzcS//IamYmPWgMm0sxQQSYPxRlHRqJRYRQxRYnhfUswUcxeiEgXK0yM/ZaCre655YN9v+yh3+S7erDnHrv+pV+qnMAEediCbdgFHw6hAhdQhQAI3MA9PMGzQ50758F5nERzztfOJkzBefkESJ+NSw==</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="doU+PUZGBrGmZ5qKI8n5SzQ+5SI=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFNy4rOC0hbaUTOa2jc1MhiQjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bpgKro3nfTq5peWV1bX8emFjc2t7p7i7V9MyUwwDJoVUjZBqFDzBwHAjsJEqpHEosB4Orid+/QGV5jK5M8MU2zHtJbzLGTVWqiUywg7vFEu+601B/iclmKPaKX60IsmyGBPDBNW66XupaY+oMpwJHBdamcaUsgHt4Wi645gcWSkiXansSwyZqgs5Gms9jEObjKnp65/eRPzLa2ame9Ee8STNDCZsNqibCWIkmRQmEVfIjBhaQpnidkPC+lRRZuxZCra655bPTv2yR36T7+rBiXvp+rd+qXI1v0EeDuAQjsGHc6jADVQhAAb38ASv8Oag8+g8Oy+zaM6Z/9mHBTjvXwXQis0=</latexit>

n
<latexit sha1_base64="p3yZOKdHoPjo8jyvuElfRQgRqKo=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8QGKBTcuW3BsoS01k6ZtaCYzJHeEUrp1o7hS3Po5/oK/4ReYtrqojwMXDuecS+5JmEhh0PPenczM7Nz8QnYxt7S8srqWX9+4NnGqGQ9YLGNdDanhUigeoEDJq4nmNAolr4S9i5FfueXaiFhdYT/hjYh2lGgLRtFKZdXMF3zXG4P8TwrnH2fJKwCUmvm3eitmacQVMkmNqflego0B1SiY5MNcPTU8oaxHO3wwPm9IdqzUIu1Y21FIxupUjkbG9KPQJiOKXfPTG4l/ebUU28eNgVBJilyxyUPtVBKMyagraQnNGcq+JZRpYS8krEs1ZWh/JGere+7+4YG/75Hf5Lt6sOeeuH7ZLxRPYYIsbME27IIPR1CESyhBAAw43MMTPDs3zp3z4DxOohnna2cTpuC8fAKX24sZ</latexit><latexit sha1_base64="4H5qRTtw9X5f1b2pw/XAIcv/tew=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjiw+wWHDjsgXHFtpSM2mmDc1khiQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNrSsVp5JQn8Q8lvUAK8qZoL5mmtN6IimOAk5rQf987NduqFQsFpd6kNBWhLuChYxgbaSqaOfynuNOgP4n+bOPUvLyZpcq7dxrsxOTNKJCE46VanhuoltDLDUjnI7sZqpogkkfd+lwct4I7Rmpg8JYmhEaTdSZHI6UGkSBSUZY99RPbyz+5TVSHR63hkwkqaaCTB8KU450jMZdUYdJSjQfGIKJZOZCRHpYYqLNj9imuusUDotewUW/yXd1/8A5cbyqly+fwhRZ2IFd2AcPjqAMF1ABHwhQuINHeLKurVvr3nqYRjPW1842zMB6/gQORIw6</latexit><latexit sha1_base64="4H5qRTtw9X5f1b2pw/XAIcv/tew=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjiw+wWHDjsgXHFtpSM2mmDc1khiQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNrSsVp5JQn8Q8lvUAK8qZoL5mmtN6IimOAk5rQf987NduqFQsFpd6kNBWhLuChYxgbaSqaOfynuNOgP4n+bOPUvLyZpcq7dxrsxOTNKJCE46VanhuoltDLDUjnI7sZqpogkkfd+lwct4I7Rmpg8JYmhEaTdSZHI6UGkSBSUZY99RPbyz+5TVSHR63hkwkqaaCTB8KU450jMZdUYdJSjQfGIKJZOZCRHpYYqLNj9imuusUDotewUW/yXd1/8A5cbyqly+fwhRZ2IFd2AcPjqAMF1ABHwhQuINHeLKurVvr3nqYRjPW1842zMB6/gQORIw6</latexit><latexit sha1_base64="4H5qRTtw9X5f1b2pw/XAIcv/tew=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjiw+wWHDjsgXHFtpSM2mmDc1khiQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNrSsVp5JQn8Q8lvUAK8qZoL5mmtN6IimOAk5rQf987NduqFQsFpd6kNBWhLuChYxgbaSqaOfynuNOgP4n+bOPUvLyZpcq7dxrsxOTNKJCE46VanhuoltDLDUjnI7sZqpogkkfd+lwct4I7Rmpg8JYmhEaTdSZHI6UGkSBSUZY99RPbyz+5TVSHR63hkwkqaaCTB8KU450jMZdUYdJSjQfGIKJZOZCRHpYYqLNj9imuusUDotewUW/yXd1/8A5cbyqly+fwhRZ2IFd2AcPjqAMF1ABHwhQuINHeLKurVvr3nqYRjPW1842zMB6/gQORIw6</latexit><latexit sha1_base64="4H5qRTtw9X5f1b2pw/XAIcv/tew=">AAAB3XicdVDLSgMxFL1TX3V8VV26CRbB1TBjiw+wWHDjsgXHFtpSM2mmDc1khiQjlNKtG8WV4gf4M/6B+Bt+gWmri/o4cOFwzrnkngQJZ0q77ruVmZtfWFzKLtsrq2vrG7nNrSsVp5JQn8Q8lvUAK8qZoL5mmtN6IimOAk5rQf987NduqFQsFpd6kNBWhLuChYxgbaSqaOfynuNOgP4n+bOPUvLyZpcq7dxrsxOTNKJCE46VanhuoltDLDUjnI7sZqpogkkfd+lwct4I7Rmpg8JYmhEaTdSZHI6UGkSBSUZY99RPbyz+5TVSHR63hkwkqaaCTB8KU450jMZdUYdJSjQfGIKJZOZCRHpYYqLNj9imuusUDotewUW/yXd1/8A5cbyqly+fwhRZ2IFd2AcPjqAMF1ABHwhQuINHeLKurVvr3nqYRjPW1842zMB6/gQORIw6</latexit><latexit sha1_base64="JpgTTHPuSms7ScDFCevHyAhZXKY=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFNy4bMGxhbbUTHqnDc1khiQjlNKtG8WV4i/5C/6N6cNFfRwIHM454d5zw1RwbTzv08ktLa+sruXXCxubW9s7xd29O51kimHAEpGoRkg1Ci4xMNwIbKQKaRwKrIeD64lff0CleSJvzTDFdkx7kkecUWOlmuwUS77rTUH+JyWYo9opfrS6CctilIYJqnXT91LTHlFlOBM4LrQyjSllA9rD0XS9MTmyUpdEibJPGjJVF3I01noYhzYZU9PXP72J+JfXzEx00R5xmWYGJZsNijJBTEImXUmXK2RGDC2hTHG7IWF9qigz9iIFW91zy2enftkjv8l39eDEvXT9ml+qXM1vkIcDOIRj8OEcKnADVQiAAcITvMKbc+88Os/Oyyyac+Z/9mEBzvsXVQyImw==</latexit>

nodei
<latexit sha1_base64="4yJrmj0wdEQjZqI+Ytj9VKNLreo=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gMUC25cVnBaoS0lk8m0sZlkSDJCKf0CN4orxYWf4y/4G36BaauL+jhw4XDOueSehCln2njeu5ObmZ2bX8gvFpaWV1bXiusbNS0zRWhAJJfqOsSaciZoYJjh9DpVFCchp/Wwdz7y67dUaSbFlemntJXgjmAxI9hYqSZkRNusXSz5rjcG+p+Uzj5O01cAqLaLb81IkiyhwhCOtW74XmpaA6wMI5wOC81M0xSTHu7QwfjGIdqxUoRiqewIg8bqVA4nWveT0CYTbLr6pzcS//IamYmPWgMm0sxQQSYPxRlHRqJRYRQxRYnhfUswUcxeiEgXK0yM/ZaCre655YN9v+yh3+S7erDnHrv+pV+qnMAEediCbdgFHw6hAhdQhQAI3MA9PMGzQ50758F5nERzztfOJkzBefkESJ+NSw==</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="dFQmDVoa6/Uhu8vWHBio/Qf/B08=">AAAB4nicdVDLSgMxFM3UVx1fVZdugkVwNcxY8QEWC25cVnDagi0lk7nTxmYmQ5IRSukXuFFcKe78Gf9A/A2/wLTVRX0cuHA451xyT4KUM6Vd993KzczOzS/kF+2l5ZXVtcL6Rk2JTFLwqeBCNgKigLMEfM00h0YqgcQBh3rQOxv59RuQionkUvdTaMWkk7CIUaKNVEtECG3WLhQ9xx0D/0+Kpx/l9OXNLlfbhddmKGgWQ6IpJ0pdeW6qWwMiNaMchnYzU5AS2iMdGIxvHOIdI4U4EtJMovFYncqRWKl+HJhkTHRX/fRG4l/eVaajo9aAJWmmIaGTh6KMYy3wqDAOmQSqed8QQiUzF2LaJZJQbb7FNtVdp3Sw75Vc/Jt8V/f3nGPHu/CKlRM0QR5toW20izx0iCroHFWRjyi6RnfoET1ZYN1a99bDJJqzvnY20RSs50+++Y5s</latexit><latexit sha1_base64="doU+PUZGBrGmZ5qKI8n5SzQ+5SI=">AAAB4nicdVDLSgMxFL1TX7W+qi7dBIvgapix4gNcFNy4rOC0hbaUTOa2jc1MhiQjlNIvcKO4Uvwgf8G/MX24qI8DgcM5J9x7bpgKro3nfTq5peWV1bX8emFjc2t7p7i7V9MyUwwDJoVUjZBqFDzBwHAjsJEqpHEosB4Orid+/QGV5jK5M8MU2zHtJbzLGTVWqiUywg7vFEu+601B/iclmKPaKX60IsmyGBPDBNW66XupaY+oMpwJHBdamcaUsgHt4Wi645gcWSkiXansSwyZqgs5Gms9jEObjKnp65/eRPzLa2ame9Ee8STNDCZsNqibCWIkmRQmEVfIjBhaQpnidkPC+lRRZuxZCra655bPTv2yR36T7+rBiXvp+rd+qXI1v0EeDuAQjsGHc6jADVQhAAb38ASv8Oag8+g8Oy+zaM6Z/9mHBTjvXwXQis0=</latexit>

tail

head
0 2 3 5 n-1

announce

1 2 n+1
<latexit sha1_base64="SvF2veMgNlj0xsYgl0tvCy++2+s=">AAAB43icbVDLSgMxFL1Trdb6qrp0k1oEQRwmtli7K7hxWcGxhbaUTJppQzMPkoxQSv/AjeJK8V9c+gv+jZk+Fi0euHA451xyT7xYcKUd59fKbGxmt7ZzO/ndvf2Dw8LR8ZOKEkmZSyMRyZZHFBM8ZK7mWrBWLBkJPMGa3ugu9ZvPTCoehY96HLNuQAYh9zkl2kjNsFO87BRxr1DCtjMDcuyaQbWyIDWMllapng2uvgGg0Sv8dPoRTQIWaiqIUm3sxLo7IVJzKtg030kUiwkdkQGbzI6conMj9ZEfSTOhRjN1JUcCpcaBZ5IB0UO17qXif1470f5td8LDONEspPOH/EQgHaG0MepzyagWY0MIldxciOiQSEK1+Ze8qe7Y5ZsKLqfV18myuntt12z8gEv1MsyRg1M4gwvAUIU63EMDXKAwglf4gE/Lt16sN+t9Hs1Yi50TWIH19QfJ84we</latexit><latexit sha1_base64="yfoL6UaPOyMaaQRk/H/209+JPLo=">AAAB43icbVDLSgMxFM1Uq7W+6mPnJrUIgjhMbLF2V3DjsoJjC51SMmmmDc1khiQjlNI/cKO4UvwfwS/wE/wLM30sWjxw4XDOueSe+DFnSjvOj5VZW89ubOa28ts7u3v7hYPDRxUlklCXRDySLR8rypmgrmaa01YsKQ59Tpv+8Db1m09UKhaJBz2KaSfEfcECRrA2UlN4xQuviLqFErKdKaBj1wyqlTmpIbiwSvVsePl9TH8b3cKX14tIElKhCcdKtZET684YS80Ip5O8lygaYzLEfTqeHjmBZ0bqwSCSZoSGU3Uph0OlRqFvkiHWA7XqpeJ/XjvRwU1nzEScaCrI7KEg4VBHMG0Me0xSovnIEEwkMxdCMsASE23+JW+qO3b5uoLKafVVsqjuXtk1G92jUr0MZsiBE3AKzgECVVAHd6ABXEDAELyAd/BhBdaz9Wq9zaIZa75zBJZgff4BoUGNiw==</latexit><latexit sha1_base64="yfoL6UaPOyMaaQRk/H/209+JPLo=">AAAB43icbVDLSgMxFM1Uq7W+6mPnJrUIgjhMbLF2V3DjsoJjC51SMmmmDc1khiQjlNI/cKO4UvwfwS/wE/wLM30sWjxw4XDOueSe+DFnSjvOj5VZW89ubOa28ts7u3v7hYPDRxUlklCXRDySLR8rypmgrmaa01YsKQ59Tpv+8Db1m09UKhaJBz2KaSfEfcECRrA2UlN4xQuviLqFErKdKaBj1wyqlTmpIbiwSvVsePl9TH8b3cKX14tIElKhCcdKtZET684YS80Ip5O8lygaYzLEfTqeHjmBZ0bqwSCSZoSGU3Uph0OlRqFvkiHWA7XqpeJ/XjvRwU1nzEScaCrI7KEg4VBHMG0Me0xSovnIEEwkMxdCMsASE23+JW+qO3b5uoLKafVVsqjuXtk1G92jUr0MZsiBE3AKzgECVVAHd6ABXEDAELyAd/BhBdaz9Wq9zaIZa75zBJZgff4BoUGNiw==</latexit><latexit sha1_base64="yfoL6UaPOyMaaQRk/H/209+JPLo=">AAAB43icbVDLSgMxFM1Uq7W+6mPnJrUIgjhMbLF2V3DjsoJjC51SMmmmDc1khiQjlNI/cKO4UvwfwS/wE/wLM30sWjxw4XDOueSe+DFnSjvOj5VZW89ubOa28ts7u3v7hYPDRxUlklCXRDySLR8rypmgrmaa01YsKQ59Tpv+8Db1m09UKhaJBz2KaSfEfcECRrA2UlN4xQuviLqFErKdKaBj1wyqlTmpIbiwSvVsePl9TH8b3cKX14tIElKhCcdKtZET684YS80Ip5O8lygaYzLEfTqeHjmBZ0bqwSCSZoSGU3Uph0OlRqFvkiHWA7XqpeJ/XjvRwU1nzEScaCrI7KEg4VBHMG0Me0xSovnIEEwkMxdCMsASE23+JW+qO3b5uoLKafVVsqjuXtk1G92jUr0MZsiBE3AKzgECVVAHd6ABXEDAELyAd/BhBdaz9Wq9zaIZa75zBJZgff4BoUGNiw==</latexit><latexit sha1_base64="yfoL6UaPOyMaaQRk/H/209+JPLo=">AAAB43icbVDLSgMxFM1Uq7W+6mPnJrUIgjhMbLF2V3DjsoJjC51SMmmmDc1khiQjlNI/cKO4UvwfwS/wE/wLM30sWjxw4XDOueSe+DFnSjvOj5VZW89ubOa28ts7u3v7hYPDRxUlklCXRDySLR8rypmgrmaa01YsKQ59Tpv+8Db1m09UKhaJBz2KaSfEfcECRrA2UlN4xQuviLqFErKdKaBj1wyqlTmpIbiwSvVsePl9TH8b3cKX14tIElKhCcdKtZET684YS80Ip5O8lygaYzLEfTqeHjmBZ0bqwSCSZoSGU3Uph0OlRqFvkiHWA7XqpeJ/XjvRwU1nzEScaCrI7KEg4VBHMG0Me0xSovnIEEwkMxdCMsASE23+JW+qO3b5uoLKafVVsqjuXtk1G92jUr0MZsiBE3AKzgECVVAHd6ABXEDAELyAd/BhBdaz9Wq9zaIZa75zBJZgff4BoUGNiw==</latexit><latexit sha1_base64="0AwtWzg7FObmjVq/5YuKLv3tnWk=">AAAB43icbVDLSsNAFL3xWeur6tLN1CIIQkhssXZXcOOygrGFppTJdNIOnUzCzEQopX/gRnGl+D/+gn/jpE0XLR4YOJxzhnvPDRLOlHacX2tjc2t7Z7ewV9w/ODw6Lp2cPqs4lYR6JOax7ARYUc4E9TTTnHYSSXEUcNoOxveZ336hUrFYPOlJQnsRHgoWMoK1kdrCL1/7Zbdfqri2Mwdy7IZBvZaThouWVgVytPqlH38QkzSiQhOOleq6TqJ7Uyw1I5zOin6qaILJGA/pdL7kDF0aaYDCWJonNJqrKzkcKTWJApOMsB6pdS8T//O6qQ7velMmklRTQRaDwpQjHaOsMRowSYnmE0MwkcxsiMgIS0y0uUvRVHfs6m3NrWbV18myundjN2z30a00q/kNCnAOF3AFLtShCQ/QAg8IjOENPuHLCq1X6936WEQ3rPzPGazA+v4Dq+yKfw==</latexit>

n+2
<latexit sha1_base64="Bp5YjyGZL/qsGYSijB7c2LYGgGQ=">AAAB43icbVDdSgJBGP22ssz+rC67GZMgiJZdlcw7oZsuDdoUVGR2nNXB2dllZjYQ8Q26Kboqepcue4Xepll/LpQOfHA453zMd8aPOVPacX6tjc2tzPZOdje3t39weJQ/PnlSUSIJ9UjEI9nysaKcCepppjltxZLi0Oe06Y/uUr/5TKVikXjU45h2QzwQLGAEayM1Radw1SmUevmiazszIMeuGVQrC1Jz0dIq1jPh9TcANHr5n04/IklIhSYcK9V2nVh3J1hqRjid5jqJojEmIzygk9mRU3RhpD4KImlGaDRTV3I4VGoc+iYZYj1U614q/ue1Ex3cdidMxImmgswfChKOdITSxqjPJCWajw3BRDJzISJDLDHR5l9yprpjl28qbjmtvk6W1b2SXbPdB7dYL8McWTiDc7gEF6pQh3togAcERvAKH/BpBdaL9Wa9z6Mb1mLnFFZgff0By2yMHw==</latexit><latexit sha1_base64="ZWkQ9rFD5o/shnWFDDbEaz1MOu4=">AAAB43icbVDLSgMxFL1Trdb6qo+dm9QiCOIw0xZrdwU3Lis4ttApJZNmamjmQZIRSukfuFFcKf6P4Bf4Cf6FmT4WLR64cDjnXHJPvJgzqSzrx8isrWc3NnNb+e2d3b39wsHhg4wSQahDIh6Jtocl5SykjmKK03YsKA48Tlve8Cb1W09USBaF92oU026AByHzGcFKS63QLV64xXKvULJNawpkmXWNWnVO6jZaWKVGNrj8Pqa/zV7hy+1HJAloqAjHUnZsK1bdMRaKEU4neTeRNMZkiAd0PD1ygs601Ed+JPSECk3VpRwOpBwFnk4GWD3KVS8V//M6ifKvu2MWxomiIZk95CccqQiljVGfCUoUH2mCiWD6QkQescBE6X/J6+qWWbmq2pW0+ipZVHfKZt207+xSowIz5OAETuEcbKhBA26hCQ4QGMILvMOH4RvPxqvxNotmjPnOESzB+PwDorqNjA==</latexit><latexit sha1_base64="ZWkQ9rFD5o/shnWFDDbEaz1MOu4=">AAAB43icbVDLSgMxFL1Trdb6qo+dm9QiCOIw0xZrdwU3Lis4ttApJZNmamjmQZIRSukfuFFcKf6P4Bf4Cf6FmT4WLR64cDjnXHJPvJgzqSzrx8isrWc3NnNb+e2d3b39wsHhg4wSQahDIh6Jtocl5SykjmKK03YsKA48Tlve8Cb1W09USBaF92oU026AByHzGcFKS63QLV64xXKvULJNawpkmXWNWnVO6jZaWKVGNrj8Pqa/zV7hy+1HJAloqAjHUnZsK1bdMRaKEU4neTeRNMZkiAd0PD1ygs601Ed+JPSECk3VpRwOpBwFnk4GWD3KVS8V//M6ifKvu2MWxomiIZk95CccqQiljVGfCUoUH2mCiWD6QkQescBE6X/J6+qWWbmq2pW0+ipZVHfKZt207+xSowIz5OAETuEcbKhBA26hCQ4QGMILvMOH4RvPxqvxNotmjPnOESzB+PwDorqNjA==</latexit><latexit sha1_base64="ZWkQ9rFD5o/shnWFDDbEaz1MOu4=">AAAB43icbVDLSgMxFL1Trdb6qo+dm9QiCOIw0xZrdwU3Lis4ttApJZNmamjmQZIRSukfuFFcKf6P4Bf4Cf6FmT4WLR64cDjnXHJPvJgzqSzrx8isrWc3NnNb+e2d3b39wsHhg4wSQahDIh6Jtocl5SykjmKK03YsKA48Tlve8Cb1W09USBaF92oU026AByHzGcFKS63QLV64xXKvULJNawpkmXWNWnVO6jZaWKVGNrj8Pqa/zV7hy+1HJAloqAjHUnZsK1bdMRaKEU4neTeRNMZkiAd0PD1ygs601Ed+JPSECk3VpRwOpBwFnk4GWD3KVS8V//M6ifKvu2MWxomiIZk95CccqQiljVGfCUoUH2mCiWD6QkQescBE6X/J6+qWWbmq2pW0+ipZVHfKZt207+xSowIz5OAETuEcbKhBA26hCQ4QGMILvMOH4RvPxqvxNotmjPnOESzB+PwDorqNjA==</latexit><latexit sha1_base64="ZWkQ9rFD5o/shnWFDDbEaz1MOu4=">AAAB43icbVDLSgMxFL1Trdb6qo+dm9QiCOIw0xZrdwU3Lis4ttApJZNmamjmQZIRSukfuFFcKf6P4Bf4Cf6FmT4WLR64cDjnXHJPvJgzqSzrx8isrWc3NnNb+e2d3b39wsHhg4wSQahDIh6Jtocl5SykjmKK03YsKA48Tlve8Cb1W09USBaF92oU026AByHzGcFKS63QLV64xXKvULJNawpkmXWNWnVO6jZaWKVGNrj8Pqa/zV7hy+1HJAloqAjHUnZsK1bdMRaKEU4neTeRNMZkiAd0PD1ygs601Ed+JPSECk3VpRwOpBwFnk4GWD3KVS8V//M6ifKvu2MWxomiIZk95CccqQiljVGfCUoUH2mCiWD6QkQescBE6X/J6+qWWbmq2pW0+ipZVHfKZt207+xSowIz5OAETuEcbKhBA26hCQ4QGMILvMOH4RvPxqvxNotmjPnOESzB+PwDorqNjA==</latexit><latexit sha1_base64="3XWtLzoXF+FfWS+6/UsK2bz5CWo=">AAAB43icbVDLSgMxFL1TX7W+qi7dpBZBEIaZtli7K7hxWcGxhU4pmTTThmYyQ5IRSukfuFFcKf6Pv+DfmOlj0eKBwOGcE+49N0g4U9pxfq3c1vbO7l5+v3BweHR8Ujw9e1ZxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjO8zv/1CpWKxeNKThPYiPBQsZARrI7WFX7rxS5V+sezazhzIsRsG9dqSNFy0ssqwRKtf/PEHMUkjKjThWKmu6yS6N8VSM8LprOCniiaYjPGQTudLztCVkQYojKV5QqO5upbDkVKTKDDJCOuR2vQy8T+vm+rwrjdlIkk1FWQxKEw50jHKGqMBk5RoPjEEE8nMhoiMsMREm7sUTHXHrt7W3GpWfZOsqnsVu2G7j265WV3eIA8XcAnX4EIdmvAALfCAwBje4BO+rNB6td6tj0U0Zy3/nMMarO8/rWWKgA==</latexit>

Help 
2 Help 3

3

max(head)+1 modn=3
<latexit sha1_base64="y5K4Ji+caBF7i9+GlqvHO7N0F2s=">AAAB/HicbVDLSgMxFL3j2/qqj50gGYtQEYYZK9YuhIIbly1YFZpSMpnUhmYeJBmxlOLGX3GjuFJcu/QX/As/wbTVRYsHAodzTrj3XD8RXGnX/bKmpmdm5+YXFjNLyyura9n1jUsVp5KyGo1FLK99opjgEatprgW7TiQjoS/Yld85G/hXt0wqHkcXupuwRkhuIt7ilGgjNbM7IbnLtxkJ9rF9gG0P2ziMA2xH2D7FdqGZzXmOOwRynZJB8eiXlDz0Z+XKW9XvDwCoNLOfOIhpGrJIU0GUqntuohs9IjWngvUzOFUsIbRDblhvuH0f7RkpQK1YmhdpNFTHciRUqhv6JhkS3VaT3kD8z6ununXS6PEoSTWL6GhQKxVIx2hwChRwyagWXUMIldxsiGibSEK1OVjGVHedwvGRVxhUnyR/1WuHTsnxql6u7MIIC7ANu5AHD4pQhnOoQA0oPMATvMKbdW89Ws/Wyyg6Zf3+2YQxWO8/kMmVEQ==</latexit><latexit sha1_base64="lrDoqyvMqEs3E0Fw69fjcERujws="></latexit><latexit sha1_base64="lrDoqyvMqEs3E0Fw69fjcERujws="></latexit><latexit sha1_base64="lrDoqyvMqEs3E0Fw69fjcERujws="></latexit><latexit sha1_base64="lrDoqyvMqEs3E0Fw69fjcERujws="></latexit><latexit sha1_base64="M7ZE/4IE9o8j4xxXdgTyvQwl3OA=">AAAB/HicbVDLSgMxFM3UV62vqktBMhahIgwztli7EApuXFZwbKEpJZNJ29DMgyQjllLc+CtuFFeK3+Av+Ddm+li0eCBwOeeEe8/xYs6ksu1fI7Oyura+kd3MbW3v7O7l9w8eZJQIQl0S8Ug0PSwpZyF1FVOcNmNBceBx2vAGN6neeKRCsii8V8OYtgPcC1mXEaw01ckfB/ip2KfYP0PmOTIdZKIg8pEZIvMamaVOvuBY9gTQtqoalfJsqDpwLhXADPVO/gf5EUkCGirCsZQtx45Ve4SFYoTTcQ4lksaYDHCPjibXj+GppnzYjYR+oYITdsGHAymHgaedAVZ9uayl5H9aK1Hdq/aIhXGiaEimi7oJhyqCaRXQZ4ISxYd6wEQwfSEkfSwwUbqwnI5uW6XLslNKoy8P8+juhVW1nDunULNnHWTBETgBReCACqiBW1AHLiDgBbyBT/BlPBuvxrvxMbVmjNmfQ7AA4/sPhT2SvA==</latexit>

I need somebody’s help…
while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   … 

}

Pick new thread 
in each iteration

I need somebody’s help…
while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   … 

}

If they need help, 
lend a hand



I need somebody’s help…
while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   … 

}

otherwise, the 
chance is MINE!

I need somebody’s help…
while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   Node after := before.decNext.decide(prefer);

   before.next := after;

   after.seq := before.seq + 1;

   head[i] := after; 

}

decide next node 
to append

I need somebody’s help…
while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   Node after := before.decNext.decide(prefer);

   before.next := after;

   after.seq := before.seq + 1;

   head[i] := after; 

}

add appropriate

pointer to before

I need somebody’s help…
while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   Node after := before.decNext.decide(prefer);

   before.next := after;

   after.seq := before.seq + 1;

   head[i] := after; 

}

make visible that a node 
has been appended



Computing the response

SeqObject MyObject := new SeqObject();

current := tail.next;

while (current != announce[i]){ 


MyObject.apply(current.invoc);

current := current.next;


  }

head[i] :=announce[i]; 

return MyObject.apply(current.invoc);

} 

Builds local copy by traversing 
the log and computes response

All together now
public Response apply(Invoc invoc) {

  int i := ThreadID.get();

  announce[i] := new Node(invoc);

  head[i] := Node.max(head);

while (announce[i].seq = 0) {
  Node before := head[i]; 

  Node help := announce[(before.seq + 1 % n)]; 

  if (help.seq = 0) 

    prefer := help;

  else

    prefer := announce[i];

   Node after := before.decNext.decide(prefer);

   before.next := after;

   after.seq := before.seq + 1;

   head[i] := after; 

}
SeqObject MyObject := new SeqObject();

current := tail.next;

while (current != announce[i]){ 


MyObject.apply(current.invoc);

current := current.next;


  }

head[i] :=announce[i]; 

return MyObject.apply(current.invoc);

} 

}

Back to mutual exclusion
(but with an eye to performance)

Spin locks: if at first you 
don’t succeed, try try again

Threads contend for the lock

one succeeds, entering CS

upon finishing, releases lock


Two effects on performance

 lock serialize accesses


loss of parallelism

contention resolution


what implications?



Basic spin locks

Use R/W registers

Peterson’s algorithm

Bakery algorithm


Large footprint

 Ω(n) R/W registers


Sometimes do not guarantee mutual exclusion

modern processors do not provide sequentially 
consistent memory

Test-and set locks
public class TASLock implements Lock {

  AtomicBoolean state := new AtomicBoolean(false); 

  public void lock() {

    while (state.getAndSet(true)) {};

  }

 public void unlock() {

     state.set(false);

  }

}

public class TTASLock implements Lock {

  AtomicBoolean state := new AtomicBoolean(false); 

  public void lock() {

    while (true) {

      while (state.get()) {};

      if (!state.getAndSet(true)) 


 return;

 }


 }

 public void unlock() {

     state.set(false);

  }

}

no. of threads

ti
m
e

ideal

TAS

TTAS

Why is TTAS performing 
much better than TAS? 

Why are TAS and  TTAS 
performing poorly?

Cache effects

Simple TAS

all TAS go to bus 


everybody waits

each TAS invalidates cached copies of lock


every thread must use bus to retrieve new lock 
value even if unchanged

lot of bus traffic!


lock release may be delayed

by spinner hogging the bus

Cache effects

TTAS

Suppose    reads a lock held by 


cache miss the first time

but, as long as    has the lock, all reads are 
from the cache


When    releases lock

all cached copies of lock are invalidated

all spinning thread reread lock value

call getAndSet at about same time

burst of bus traffic, before quiescence

T2
<latexit sha1_base64="qJry6qLIIgVk57UapqM0b8+SUqE=">AAAB33icdVDLSgNBEOyNrxhfUY9eBoPgadlNROPJgBePEbMmkIQwO5lNhsw+mOkVQshR8KJ4Uvwjf8Fv8OQfOEn0EB8FDUVVNdM1fiKFRsd5szILi0vLK9nV3Nr6xuZWfnvnWsepYtxjsYxVw6eaSxFxDwVK3kgUp6Eved0fnE/8+g1XWsRRDYcJb4e0F4lAMIpGuqp1ip18wbWdKcj/pHD28X5LAKDayb+2ujFLQx4hk1Trpusk2B5RhYJJPs61Us0Tyga0x0fTA8fkwEhdEsTKTIRkqs7laKj1MPRNMqTY1z+9ifiX10wxKLdHIkpS5BGbPRSkkmBMJm1JVyjOUA4NoUwJcyFhfaooQ/MnOVPdsUvHR27JIb/Jd3WvaJ/a7qVTqJRhhizswT4cggsnUIELqIIHDHpwD0/wbPnWnfVgPc6iGetrZxfmYL18Aueoi+E=</latexit><latexit sha1_base64="dJNclTW6nHHygsNlhmY3rZrOAZA=">AAAB33icdVDLSgMxFL2pr1pfVZeCBIvgaphpRevKghuXLXZsoS0lk2ba0MyDJCOU0qXgRnGl+Cd+gr/gN+jGPzBtdVEfBy4czjmX3BMvFlxp235Fqbn5hcWl9HJmZXVtfSO7uXWpokRS5tJIRLLuEcUED5mruRasHktGAk+wmtc/G/u1KyYVj8KqHsSsFZBuyH1OiTbSRbWdb2dzjmVPgP8nudOPt+vd58p7uZ19aXYimgQs1FQQpRqOHevWkEjNqWCjTDNRLCa0T7psODlwhPeN1MF+JM2EGk/UmRwJlBoEnkkGRPfUT28s/uU1Eu0XW0MexolmIZ0+5CcC6wiP2+IOl4xqMTCEUMnNhZj2iCRUmz/JmOq2VTg6dAo2/k2+q7t568RyKnauVIQp0rADe3AADhxDCc6hDC5Q6MItPMAj8tANukP302gKfe1swwzQ0ydszo3U</latexit><latexit sha1_base64="dJNclTW6nHHygsNlhmY3rZrOAZA=">AAAB33icdVDLSgMxFL2pr1pfVZeCBIvgaphpRevKghuXLXZsoS0lk2ba0MyDJCOU0qXgRnGl+Cd+gr/gN+jGPzBtdVEfBy4czjmX3BMvFlxp235Fqbn5hcWl9HJmZXVtfSO7uXWpokRS5tJIRLLuEcUED5mruRasHktGAk+wmtc/G/u1KyYVj8KqHsSsFZBuyH1OiTbSRbWdb2dzjmVPgP8nudOPt+vd58p7uZ19aXYimgQs1FQQpRqOHevWkEjNqWCjTDNRLCa0T7psODlwhPeN1MF+JM2EGk/UmRwJlBoEnkkGRPfUT28s/uU1Eu0XW0MexolmIZ0+5CcC6wiP2+IOl4xqMTCEUMnNhZj2iCRUmz/JmOq2VTg6dAo2/k2+q7t568RyKnauVIQp0rADe3AADhxDCc6hDC5Q6MItPMAj8tANukP302gKfe1swwzQ0ydszo3U</latexit><latexit sha1_base64="dJNclTW6nHHygsNlhmY3rZrOAZA=">AAAB33icdVDLSgMxFL2pr1pfVZeCBIvgaphpRevKghuXLXZsoS0lk2ba0MyDJCOU0qXgRnGl+Cd+gr/gN+jGPzBtdVEfBy4czjmX3BMvFlxp235Fqbn5hcWl9HJmZXVtfSO7uXWpokRS5tJIRLLuEcUED5mruRasHktGAk+wmtc/G/u1KyYVj8KqHsSsFZBuyH1OiTbSRbWdb2dzjmVPgP8nudOPt+vd58p7uZ19aXYimgQs1FQQpRqOHevWkEjNqWCjTDNRLCa0T7psODlwhPeN1MF+JM2EGk/UmRwJlBoEnkkGRPfUT28s/uU1Eu0XW0MexolmIZ0+5CcC6wiP2+IOl4xqMTCEUMnNhZj2iCRUmz/JmOq2VTg6dAo2/k2+q7t568RyKnauVIQp0rADe3AADhxDCc6hDC5Q6MItPMAj8tANukP302gKfe1swwzQ0ydszo3U</latexit><latexit sha1_base64="dJNclTW6nHHygsNlhmY3rZrOAZA=">AAAB33icdVDLSgMxFL2pr1pfVZeCBIvgaphpRevKghuXLXZsoS0lk2ba0MyDJCOU0qXgRnGl+Cd+gr/gN+jGPzBtdVEfBy4czjmX3BMvFlxp235Fqbn5hcWl9HJmZXVtfSO7uXWpokRS5tJIRLLuEcUED5mruRasHktGAk+wmtc/G/u1KyYVj8KqHsSsFZBuyH1OiTbSRbWdb2dzjmVPgP8nudOPt+vd58p7uZ19aXYimgQs1FQQpRqOHevWkEjNqWCjTDNRLCa0T7psODlwhPeN1MF+JM2EGk/UmRwJlBoEnkkGRPfUT28s/uU1Eu0XW0MexolmIZ0+5CcC6wiP2+IOl4xqMTCEUMnNhZj2iCRUmz/JmOq2VTg6dAo2/k2+q7t568RyKnauVIQp0rADe3AADhxDCc6hDC5Q6MItPMAj8tANukP302gKfe1swwzQ0ydszo3U</latexit><latexit sha1_base64="Au1esu523HZyJJNnO7JpMaUhQ9E=">AAAB33icdVDLSgMxFL3js9ZX1aWbYBFcDTOtaN0V3Lis2LGFtpRMmmlDM5MhuSOU0r0bxZXiH/kL/o3pw0V9HAgczjnh3nPDVAqDnvfprKyurW9s5rby2zu7e/uFg8N7ozLNeMCUVLoZUsOlSHiAAiVvpprTOJS8EQ6vp37jgWsjVFLHUco7Me0nIhKMopXu6t1St1D0XW8G8j8pwgK1buGj3VMsi3mCTFJjWr6XYmdMNQom+STfzgxPKRvSPh/PFpyQUyv1SKS0fQmSmbqUo7Exozi0yZjiwPz0puJfXivDqNIZiyTNkCdsPijKJEFFpm1JT2jOUI4soUwLuyFhA6opQ3uTvK3uueWLc7/skd/ku3pQcq9c/9YrViuLG+TgGE7gDHy4hCrcQA0CYNCHJ3iFNyd0Hp1n52UeXXEWf45gCc77F02RiSE=</latexit>

T1
<latexit sha1_base64="tUkRZIs2RQDRZ8XTLTUQIH/133E=">AAAB33icdVDLSgNBEOyNrxhfUY9eBoPgadk1QePJgBePEbMmkIQwO5lNhsw+mOkVQshR8KJ4Uvwjf8Fv8OQfOEn0EB8FDUVVNdM1fiKFRsd5szILi0vLK9nV3Nr6xuZWfnvnWsepYtxjsYxVw6eaSxFxDwVK3kgUp6Eved0fnE/8+g1XWsRRDYcJb4e0F4lAMIpGuqp13E6+4NrOFOR/Ujj7eL8lAFDt5F9b3ZilIY+QSap103USbI+oQsEkH+daqeYJZQPa46PpgWNyYKQuCWJlJkIyVedyNNR6GPomGVLs65/eRPzLa6YYlNsjESUp8ojNHgpSSTAmk7akKxRnKIeGUKaEuZCwPlWUofmTnKnu2MXjklt0yG/yXd07sk9t99IpVMowQxb2YB8OwYUTqMAFVMEDBj24hyd4tnzrznqwHmfRjPW1swtzsF4+AeYvi+A=</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="/I25v0l7CuWgOkzMUVIZ2pTwpls=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgashY0boruHFZsWMLbSmZNNOGZh4kd4RSunejuFL8I3/BvzF9uKiPA4HDOSfce26QKmmQ0k8nt7K6tr6R3yxsbe/s7hX3D+5NkmkufJ6oRDcDZoSSsfBRohLNVAsWBUo0guH11G88CG1kEtdxlIpOxPqxDCVnaKW7etfrFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYVjpjGacZipjPB4WZIpiQaVvSk1pwVCNLGNfSbkj4gGnG0d6kYKtTt3xx7pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYNLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AEwYiSA=</latexit>

T1
<latexit sha1_base64="oaMKEm3R/72+nB/vBD3nv/KctoM=">AAAB33icdVDJTgJBFHyDG+KGevTSkZh4msyIQT1J4sUjRkZIgGBP0wMdepZ0vzEhhLsXl5PG3/HkL/gZ/oEN6AGXSl5SqaqXftV+IoVGx3m3MnPzC4tL2eXcyura+kZ+c+tKx6li3GOxjFXdp5pLEXEPBUpeTxSnoS95ze+fjf3aDVdaxFEVBwlvhbQbiUAwika6rLbddr7g2s4E5H9SOP14fbgGgEo7/9bsxCwNeYRMUq0brpNga0gVCib5KNdMNU8o69MuH04OHJE9I3VIECszEZKJOpOjodaD0DfJkGJP//TG4l9eI8XguDUUUZIij9j0oSCVBGMybks6QnGGcmAIZUqYCwnrUUUZmj/JmeqOXSwdukWH/Cbf1b0D+8R2L5xCuQRTZGEHdmEfXDiCMpxDBTxg0IU7eIJny7durXvrcRrNWF872zAD6+UTEEmL/w==</latexit><latexit sha1_base64="upZnzzgYYzYa43z40MrJmdaWxQU=">AAAB33icdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhiZIUECJkdBpgw+8jMXRNC6G18VBp/Rxt/wc+wsHcALfBxkpucnHNu5p7xYyk0Os6blZqbX1hcSi9nVlbX1jeym1uXOkoU4x6LZKRqPtVcipB7KFDyWqw4DXzJq37/dOxXr7jSIgorOIh5M6DdUHQEo2iki0rLbWVzru1MQP4nuZP357tG/uOl3Mq+NtoRSwIeIpNU67rrxNgcUoWCST7KNBLNY8r6tMuHkwNHZM9IbdKJlJkQyUSdydFA60Hgm2RAsad/emPxL6+eYOeoORRhnCAP2fShTiIJRmTclrSF4gzlwBDKlDAXEtajijI0f5Ix1R27UDxwCw75Tb6re/v2se2eO7lSEaZIww7sQh5cOIQSnEEZPGDQhRt4gEfLt66tW+t+Gk1ZXzvbMAPr6RN3OI3b</latexit><latexit sha1_base64="upZnzzgYYzYa43z40MrJmdaWxQU=">AAAB33icdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhiZIUECJkdBpgw+8jMXRNC6G18VBp/Rxt/wc+wsHcALfBxkpucnHNu5p7xYyk0Os6blZqbX1hcSi9nVlbX1jeym1uXOkoU4x6LZKRqPtVcipB7KFDyWqw4DXzJq37/dOxXr7jSIgorOIh5M6DdUHQEo2iki0rLbWVzru1MQP4nuZP357tG/uOl3Mq+NtoRSwIeIpNU67rrxNgcUoWCST7KNBLNY8r6tMuHkwNHZM9IbdKJlJkQyUSdydFA60Hgm2RAsad/emPxL6+eYOeoORRhnCAP2fShTiIJRmTclrSF4gzlwBDKlDAXEtajijI0f5Ix1R27UDxwCw75Tb6re/v2se2eO7lSEaZIww7sQh5cOIQSnEEZPGDQhRt4gEfLt66tW+t+Gk1ZXzvbMAPr6RN3OI3b</latexit><latexit sha1_base64="upZnzzgYYzYa43z40MrJmdaWxQU=">AAAB33icdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhiZIUECJkdBpgw+8jMXRNC6G18VBp/Rxt/wc+wsHcALfBxkpucnHNu5p7xYyk0Os6blZqbX1hcSi9nVlbX1jeym1uXOkoU4x6LZKRqPtVcipB7KFDyWqw4DXzJq37/dOxXr7jSIgorOIh5M6DdUHQEo2iki0rLbWVzru1MQP4nuZP357tG/uOl3Mq+NtoRSwIeIpNU67rrxNgcUoWCST7KNBLNY8r6tMuHkwNHZM9IbdKJlJkQyUSdydFA60Hgm2RAsad/emPxL6+eYOeoORRhnCAP2fShTiIJRmTclrSF4gzlwBDKlDAXEtajijI0f5Ix1R27UDxwCw75Tb6re/v2se2eO7lSEaZIww7sQh5cOIQSnEEZPGDQhRt4gEfLt66tW+t+Gk1ZXzvbMAPr6RN3OI3b</latexit><latexit sha1_base64="upZnzzgYYzYa43z40MrJmdaWxQU=">AAAB33icdVC7TgJBFL2LL8QXamkzkZhQbXbFoFaS2FhiZIUECJkdBpgw+8jMXRNC6G18VBp/Rxt/wc+wsHcALfBxkpucnHNu5p7xYyk0Os6blZqbX1hcSi9nVlbX1jeym1uXOkoU4x6LZKRqPtVcipB7KFDyWqw4DXzJq37/dOxXr7jSIgorOIh5M6DdUHQEo2iki0rLbWVzru1MQP4nuZP357tG/uOl3Mq+NtoRSwIeIpNU67rrxNgcUoWCST7KNBLNY8r6tMuHkwNHZM9IbdKJlJkQyUSdydFA60Hgm2RAsad/emPxL6+eYOeoORRhnCAP2fShTiIJRmTclrSF4gzlwBDKlDAXEtajijI0f5Ix1R27UDxwCw75Tb6re/v2se2eO7lSEaZIww7sQh5cOIQSnEEZPGDQhRt4gEfLt66tW+t+Gk1ZXzvbMAPr6RN3OI3b</latexit><latexit sha1_base64="xsCIIOVUYMy1dULdosH9YpVzdJc=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgashYqboruHFZsWMLbSmZNNOGZh4kd4RSunejuFL8I3/BvzF9uKiPA4HDOSfce26QKmmQ0k8nt7K6tr6R3yxsbe/s7hX3D+5NkmkufJ6oRDcDZoSSsfBRohLNVAsWBUo0guH11G88CG1kEtdxlIpOxPqxDCVnaKW7etfrFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYXnbGMk4zFDGfDwozRTAh07akJ7XgqEaWMK6l3ZDwAdOMo71JwVanbrly7pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYMLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AEt+iR4=</latexit>

T1
<latexit sha1_base64="tUkRZIs2RQDRZ8XTLTUQIH/133E=">AAAB33icdVDLSgNBEOyNrxhfUY9eBoPgadk1QePJgBePEbMmkIQwO5lNhsw+mOkVQshR8KJ4Uvwjf8Fv8OQfOEn0EB8FDUVVNdM1fiKFRsd5szILi0vLK9nV3Nr6xuZWfnvnWsepYtxjsYxVw6eaSxFxDwVK3kgUp6Eved0fnE/8+g1XWsRRDYcJb4e0F4lAMIpGuqp13E6+4NrOFOR/Ujj7eL8lAFDt5F9b3ZilIY+QSap103USbI+oQsEkH+daqeYJZQPa46PpgWNyYKQuCWJlJkIyVedyNNR6GPomGVLs65/eRPzLa6YYlNsjESUp8ojNHgpSSTAmk7akKxRnKIeGUKaEuZCwPlWUofmTnKnu2MXjklt0yG/yXd07sk9t99IpVMowQxb2YB8OwYUTqMAFVMEDBj24hyd4tnzrznqwHmfRjPW1swtzsF4+AeYvi+A=</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="erk+2Lmol7sN2/Lzp3M1hdZx42Q=">AAAB33icdVBLSgNBFHzjN8Zf1KUgjUFwNcwY0bgy4MZlghkTSELo6XSSJj0fut8IIWQpuFFcKd7EI3gFz6Abb2An0UX8FDwoqurRr9qPpdDoOK/WzOzc/MJiaim9vLK6tp7Z2LzUUaIY91gkI1X1qeZShNxDgZJXY8Vp4Ete8XtnI79yxZUWUVjGfswbAe2Eoi0YRSNdlJtuM5N1bWcM8j/Jnn68Xe88l96LzcxLvRWxJOAhMkm1rrlOjI0BVSiY5MN0PdE8pqxHO3wwPnBI9ozUIu1ImQmRjNWpHA207ge+SQYUu/qnNxL/8moJtvONgQjjBHnIJg+1E0kwIqO2pCUUZyj7hlCmhLmQsC5VlKH5k7Sp7ti5o0M355Df5Lu6d2Cf2G7JyRbyMEEKtmEX9sGFYyjAORTBAwYduIUHeLR868a6s+4n0Rnra2cLpmA9fQJrVY3T</latexit><latexit sha1_base64="/I25v0l7CuWgOkzMUVIZ2pTwpls=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgashY0boruHFZsWMLbSmZNNOGZh4kd4RSunejuFL8I3/BvzF9uKiPA4HDOSfce26QKmmQ0k8nt7K6tr6R3yxsbe/s7hX3D+5NkmkufJ6oRDcDZoSSsfBRohLNVAsWBUo0guH11G88CG1kEtdxlIpOxPqxDCVnaKW7etfrFkueS2cg/5MSLFDrFj/avYRnkYiRK2ZMy6MpdsZMo+RKTArtzIiU8SHri/FswQk5sVKPhIm2L0YyU5dyLDJmFAU2GTEcmJ/eVPzLa2UYVjpjGacZipjPB4WZIpiQaVvSk1pwVCNLGNfSbkj4gGnG0d6kYKtTt3xx7pUp+U2+q/tn7pXr3dJStbK4QR6O4BhOwYNLqMIN1MAHDn14gld4cwLn0Xl2XubRnLP4cwhLcN6/AEwYiSA=</latexit>



Measuring quiescence

Acquire lock.  While in CS

pause for    without using bus

use bus heavily


Tune 

if    > quiescence time, then time in CS is 
independent of the number of threads

otherwise, time in CS grows with thread number                   

�
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must choose parameters 
carefully

not portable across 
platforms

Solutions

Keep a queue!

avoids useless invalidations

on release, thread notifies next in line


no one else needs to know…

FIFO: same high level of fairness as Bakery’s 
algorithm
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Anderson Queue Lock

FIFO

Simple

Reduces invalidations


but what if a line holds multiple thread bits?

false sharing

reduced by padding (each bits in separate cache 
line)

but space hog (especially if few contenders) 

MCS Queue Lock

Lock’s state represented as a queue of QNodes

Each thread can choose location of queue 
element it spins on (good for cache-less 
NUMA)

release invalidates only successor’s cache entry

class QNode {

 volatile boolean locked := false;

 volatile qnode   next  := null;

}


MCS Queue Lock
class MCSLock implements Lock {

 AtomicReference tail;

 public void lock() {

  QNode qnode := new QNode();

  QNode pred := tail.getAndSet(qnode);

  if (pred != null) {

   qnode.locked := true;

   pred.next := qnode;

   while (qnode.locked) {}

  }}}




MCS Queue Unlock

class MCSLock implements Lock {

 AtomicReference tail;

 public void unlock() {

  if (qnode.next = null) {

   if (tail.CAS(qnode, null)

    return;

   while (qnode.next = null) {}

  }

 qnode.next.locked = false;


