
Metrics

Response time

How long between job’s arrival and first time job runs?


Total waiting time

How much time on ready queue but not running?


sum of “red” intervals above


Execution time: sum of “green” intervals

Turnaround time: “red” + “green”


 Time between a job’s arrival and its completion

Throughput: jobs completed/unit of time (e.g. 10 jobs/sec)

Time of
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Turnaround time Job completed

Response time{
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Task is running

Something else running



Other Concerns
Fairness: Who get the resources?


Equitable division of resources


Starvation: How bad can it get?

Lack of progress by some job


Overhead: How much useless work?

Time wasted switching between jobs


Predictability: How consistent?

Low variance in response time for repeated 
requests



When does the 
Scheduler Run?

Non-preemptive

job runs until it voluntarily yields the CPU


process blocks on an event (e.g., I/O or P(sem))

process explicitly yields

process terminates


Preemptive

all of the above, plus timer and other interrupts


when processes can’t be trusted

incurs some context switching overhead



Context switch overhead

Cost of saving registers (including, if 
appropriate, page table register) 

Cost of scheduler determining which process/
thread to run next

Cost of restoring registers (including, if 
appropriate, page table register)

Cost of flushing caches


L1, L2, L3, TLB



The Perfect Scheduler
Minimizes response time and turnaround time for 
each job

Maximizes overall throughput

Maximizes resource utilization (“work conserving”)

Meets all deadlines

Is fair: everyone makes progress, no one starves

Is envy-free: no core envies the schedule assigned to 
another core

Has zero overhead

Alas, no such scheduler exists… 



Basic Scheduling 
Algorithms

FIFO (First In First Out) a.k.a. FCFS

SJF (Shortest Job First)

EDF (Earliest Deadline First)


preemptive

Round Robin


preemptive

Shortest Remaining Time First (SRTF)


preemptive



FIFO
Jobs             with compute time 12, 3, 3. Same 
arrival time (so can be scheduled in any order)

Scenario 1: Schedule order 

Time 0 12

J1
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Average 
Turnaround Time:

(12+15+18)/3 = 15

J1, J2, J3
<latexit sha1_base64="dkX3usaOrOb2/x0amHzQgemQrXM=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnysLLpQuqrgWKEdhkyaaUMzD5OMUEp/wo3iquLP+Asu/QW/wEyri/o4kHA451xyT/yEM6ks683IzczOzS/kFwtLyyura8X1jWsZp4JQh8Q8Fjc+lpSziDqKKU5vEkFx6HPa8Htnmd+4o0KyOLpS/YS6Ie5ELGAEKy25Nc/eQzWvnF0Vr1iyTWsM9D8pnXy8n48AoO4VX1vtmKQhjRThWMqmbSXKHWChGOF0WGilkiaY9HCHDsarDtGOltooiIU+kUJjdSqHQyn7oa+TIVZd+dPLxL+8ZqqCI3fAoiRVNCKTh4KUIxWjrDdqM0GJ4n1NMBFMb4hIFwtMlP6dgq5umZWDfbtiod/ku7pTNo9N+9IuVU9hgjxswTbsgg2HUIULqIMDBG7hAUbwbHDj3ng0nibRnPE1swlTMF4+AQ6Djs0=</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="4eHAim1Ob51Fu3j1Tcm15TKvV7M=">AAAB6XicdVDLSgMxFL3js9ZX1aWbYBFcyDDTio9d0Y10VcGxhXYYMmmmDc1MxiQjlNKfcKO4UvwZf8G/MdPWRX0cSDicc0LuuWHKmdKO82ktLC4tr6wW1orrG5tb26Wd3TslMkmoRwQXshViRTlLqKeZ5rSVSorjkNNmOLjK/eYDlYqJ5FYPU+rHuJewiBGsjeTXA/cY1YNKflWDUtm1nQnQ/6QMMzSC0kenK0gW00QTjpVqu06q/RGWmhFOx8VOpmiKyQD36Ggy6hgdGqmLIiHNSTSaqHM5HCs1jEOTjLHuq59eLv7ltTMdnfsjlqSZpgmZfhRlHGmB8t6oyyQlmg8NwUQyMyEifSwx0WY7RVPdsaunJ27VQb/Jd3WvYl/Y7o1brl3OdlCAfTiAI3DhDGpwDQ3wgMA9PMErvFncerSerZdpdMGavdmDOVjvXyqHi9Q=</latexit>

J1, J2, J3
<latexit sha1_base64="Cy2/cM2o1mr+tyANqJKufMoOzp4=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZjvhYWXAjXVVwbKEdhkyaaUMzD5OMUEq/QXCjuFL8GX/B3/ALzLS6qI8DCYdzziX3JEg5k8qy3o3C3PzC4lJxubSyura+Ud7cupZJJgh1ScIT0QqwpJzF1FVMcdpKBcVRwGkzGJznfvOWCsmS+EoNU+pFuBezkBGstOTVffsA1f1qfjl+uWKb1gTof1I5+7jrIABo+OW3TjchWURjRTiWsm1bqfJGWChGOB2XOpmkKSYD3KOjyapjtKelLgoToU+s0ESdyeFIymEU6GSEVV/+9HLxL6+dqfDEG7E4zRSNyfShMONIJSjvjbpMUKL4UBNMBNMbItLHAhOlf6ekq1umc3RoOxb6Tb6ru1Xz1LQv7UqtBlMUYQd2YR9sOIYaXEADXCBwAw/wDC8GN+6NR+NpGi0YXzPbMAPj9RMXco4O</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="dxuQz5vlckSc0/n4Pjsd/ZtJni8=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnzsCm6kqwqOLbTDkEkzbWgmMyYZoZT+hBvFleLP+Av+jZm2LurjQMLhnBNyzw1TzpR2nE+rsLS8srpWXC9tbG5t75R39+5UkklCPZLwRLZDrChngnqaaU7bqaQ4DjlthcOr3G89UKlYIm71KKV+jPuCRYxgbSS/EbgnqBFU86sWlCuu7UyB/icVmKMZlD+6vYRkMRWacKxUx3VS7Y+x1IxwOil1M0VTTIa4T8fTUSfoyEg9FCXSHKHRVF3I4VipURyaZIz1QP30cvEvr5Pp6MIfM5Fmmgoy+yjKONIJynujHpOUaD4yBBPJzISIDLDERJvtlEx1x66dnbo1B/0m39W9qn1puzdupV6f76AIB3AIx+DCOdThGprgAYF7eIJXeLO49Wg9Wy+zaMGav9mHBVjvXynti9I=</latexit>



FIFO
Jobs             with compute time 12, 3, 3. Same 
arrival time (so can be scheduled in any order)

Scenario 1: Schedule order 


Scenario 2: Schedule order 

Time 0 12

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

15

J2
<latexit sha1_base64="FoZVQsQHXQzyK5Dw8BRWLR7YN+U=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnYT8VEZtFCsIrpGSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Jxqhj3WCxjde1TzaWIuIcCJb9OFKehL3nV7x4P/eoNV1rE0SX2Et4IaTsSgWAUjXRx1iw28wXXdkYg/5PC4cf7yQsAVJr513orZmnII2SSal1znQQbfapQMMkHuXqqeUJZl7Z5f3TggGwZqUWCWJmJkIzUiRwNte6FvkmGFDv6pzcU//JqKQb7jb6IkhR5xMYPBakkGJNhW9ISijOUPUMoU8JcSFiHKsrQ/EnOVHfs0u6OW3LIb/Jd3SvaB7Z77hbKRzBGFjZgE7bBhT0owylUwAMGbbiDR3iyfOvWurcextGM9bWzDhOwnj8BJhGMGw==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="oXFUyqkovQGg8C+rISY640mE3iM=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezmot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cXq3AgMhVbatCJuUckUQ5KksJUZ5EmksBmN7mZ+8xWNlTp9pnGG3YQPUhlLwclJTw+9eq9S9Wv+HGyTBEtShSUavcpPp69FnmBKQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i7VxkxKbqyt7PLF2nERuM+E0tOveTPzPa+cUX3cnMs1ywlQsDsW5YqTZLC3rS4OC1NgRLox0HzIx5IYLcp2UXPRgPegmCeu1m1rw6EMRzuAcLiGAK7iFe2hACAIG8A5f8O1F3pv3seio4C3LOoUVeJ9/QhaHqA==</latexit><latexit sha1_base64="KCzJk3CzlkurcNXt741MpkhTP6E=">AAAB1HicjVDLSgNBEOyNrxijRq9eBoPgKezmorkJXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rhEFCxoaKoauqqiTElLvv/lFTY2t7Z3irulvfL+wWHlqPxo09wIDEWqUtOOuEUlNYYkSWE7M8iTSGErGl/P9dYTGitT/UCTDHsJH2oZS8HJUfe3/Xq/Ug1q/gLs76UKKzT7lc/uIBV5gpqE4tZ2Aj+j3pQbkkLhrNTNLWZcjPkQpwuDM3bmqAGLU+NGE1uwa3c8sXaSRO4y4TSyP7U5+ZvWySm+7E2lznJCLZaP4lwxStk8LRtIg4LUxC1cGOkcMjHihgtynZT+Fz2s1xq14M6HIpzAKZxDABdwBTfQhBAEDOEF3uHDi7xn73XZUcFblXUMa/DevgFGOYer</latexit><latexit sha1_base64="Z6Gn2ZN2Z37d9zl2dk5lSh0gBMA=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Uq9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLVKI8Q==</latexit><latexit sha1_base64="Zn0Kbe53otaldNsOwbxh0dEtxgo=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Ur9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLaKI8g==</latexit><latexit sha1_base64="86VE0LqW0yapyeVcom1YvDFNloU=">AAAB33icjVDLSgNBEOzxGeMrPm5eBoPgKezmop4MelA8RXRNIAlhdjKbDJmdXWZ6hRhy96J4UvwJv8Nf8Jhf8AvcJF4iChY0NFXVdHX7sZIWHeeDzMzOzS8sZpayyyura+u5jc0bGyWGC49HKjJVn1mhpBYeSlSiGhvBQl+Jit89HemVW2GsjPQ19mLRCFlby0Byhil1ddEsNnN5t+CMQf9u8sefw7O37bthuZl7r7cinoRCI1fM2prrxNjoM4OSKzHI1hMrYsa7rC3644ADupdSLRpEJi2NdMxO+VhobS/0U2fIsGN/aiPyN62WYHDY6EsdJyg0nywKEkUxoqNraUsawVH10oZxI9OElHeYYRzTn2T/d7pXLBwV3Es3XzqBCTKwA7uwDy4cQAnOoQwecGjDAzzDC/HJPXkkTxPrDPme2YIpkNcv/ZuNaA==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="3lyu/beir4GmOdJ1ERHbE4Hx1PY=">AAAB33icdVDJSgNBFHwdtxi3qEcvjUHwNMwk4nILehFPER0TSELo6fQkTXoWut8IIeTuRfGk+Ef+gn9jZ/HgVtBQVFXzXr0gVdKg636Q3MLi0vJKfrWwtr6xuVXc3rkzSaa58HmiEt0ImBFKxsJHiUo0Ui1YFChRDwYXE79+L7SRSXyLw1S0I9aLZSg5QyvdXHXKnWLJc9wp6P+kBHPUOsX3VjfhWSRi5IoZ0/TcFNsjplFyJcaFVmZEyviA9cRouuCYHlipS8NE2xcjnarfciwyZhgFNhkx7Juf3kT8y2tmGJ62RzJOMxQxnw0KM0UxoZO2tCu14KiGljCupd2Q8j7TjKO9ScFWd53K8ZFXcelv8lXdLztnjnftlarn8xvkYQ/24RA8OIEqXEINfODQg0d4gVcSkAfyRJ5n0RyZ/9mFbyBvn0IViSI=</latexit>

18

Average 
Turnaround Time:

(12+15+18)/3 = 15

18

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="Vts56UrrFnPfu8MVYsvgUXcCkB0=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKex60dwEL+IpomsCSQizk95kyOzsMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cWmuREYilSlphVxi0pqDEmSwlZmkCeRwmY0upv5zVc0Vqb6mcYZdhM+0DKWgpOTnh56Qa9S9Wv+HGyTBEtShSUavcpPp5+KPEFNQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i1PjRhObqyt7PLF2nERuM+E0tOveTPzPa+cU33QnUmc5oRaLQ3GuGKVslpb1pUFBauwIF0a6D5kYcsMFuU5KLnqwHnSThFe1ei149KEIZ3AOlxDANdzCPTQgBAEDeIcv+PYi7837WHRU8JZlncIKvM8/QKiHpw==</latexit><latexit sha1_base64="13lmWzAKNIdoQ4DwbQNA7V1cK3Y=">AAAB1HicjVDLSgNBEOyNrxijrl69DAbBU9j1ot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVwiChY0NFUNXVVxrqSlIPjySmvrG5tb5e3KTnV3b98/qD5aXRiBkdBKm1bMLSqZYUSSFLZygzyNFTbj0fVMbz6hsVJnDzTOsZvyQSYTKTg56v62F/b8WlgP5mB/LzVYotHzPzt9LYoUMxKKW9sOg5y6E25ICoXTSqewmHMx4gOczA1O2Ymj+izRxk1GbM6u3PHU2nEau8uU09D+1Gbkb1q7oOSiO5FZXhBmYvEoKRQjzWZpWV8aFKTGbuHCSOeQiSE3XJDrpPK/6NFZ/bIe3gVQhiM4hlMI4Ryu4AYaEIGAAbzAO3x4sffsvS46KnnLsg5hBd7bN0TLh6o=</latexit><latexit sha1_base64="78M8VlMr7BKaL9lN3CDq/S76Iyo=">AAAB33icjVBNSwMxEJ3Ur1q/qh69BIvgqex6UW9FL+KpomsLbSnZNNuGZpMlmRVK6d2L4knxH/kX/DemHxdFwQcDw3tvmDcTZ0o6DIJPUlhaXlldK66XNja3tnfKu3v3zuSWi4gbZWwzZk4oqUWEEpVoZlawNFaiEQ8vp3rjQVgnjb7DUSY6KetrmUjO0FO3192wW66E1WAG+ndTgQXq3fJHu2d4ngqNXDHnWmGQYWfMLEquxKTUzp3IGB+yvhjPAk7okad6NDHWl0Y6Y7/5WOrcKI29M2U4cD+1Kfmb1soxOeuMpc5yFJrPFyW5omjo9Frak1ZwVCPfMG6lT0j5gFnG0f+k9L/To5PqeTW8CSq1i8UPinAAh3AMIZxCDa6gDhFw6MMTvMIbickjeSYvc2uBLGb24RvI+xcr2Yjw</latexit><latexit sha1_base64="YLUUqXBt1NijzL054XAmoDwblS8=">AAAB33icjVBNSwMxEJ3Ur1q/qh69BIvgqex6UW9FL+KpomsLbSnZNNuGZpMlmRVK6d2L4knxH/kX/DemHxdFwQcDw3tvmDcTZ0o6DIJPUlhaXlldK66XNja3tnfKu3v3zuSWi4gbZWwzZk4oqUWEEpVoZlawNFaiEQ8vp3rjQVgnjb7DUSY6KetrmUjO0FO3192wW66E1WAG+ndTgQXq3fJHu2d4ngqNXDHnWmGQYWfMLEquxKTUzp3IGB+yvhjPAk7okad6NDHWl0Y6Y7/5WOrcKI29M2U4cD+1Kfmb1soxOeuMpc5yFJrPFyW5omjo9Frak1ZwVCPfMG6lT0j5gFnG0f+k9L/To5PqeTW8CSu1i8UPinAAh3AMIZxCDa6gDhFw6MMTvMIbickjeSYvc2uBLGb24RvI+xcsKYjx</latexit><latexit sha1_base64="AnTsdNUjAS3moCn8vHHjfsoJl64=">AAAB33icjVDLSgNBEOyNrxhf8XHzMhgET2HXi3oy6EHxFNE1gSSE2clsMmR2Z5npFWLI3YviSfEn/A5/wWN+wS9wkniJKFjQ0FRV09UdJFIYdN0PJzMzOze/kF3MLS2vrK7l1zdujEo14z5TUulqQA2XIuY+CpS8mmhOo0DyStA9HemVW66NUPE19hLeiGg7FqFgFC11ddH0mvmCV3THIH83hePP4dnb1t2w3My/11uKpRGPkUlqTM1zE2z0qUbBJB/k6qnhCWVd2ub9ccAB2bVUi4RK24qRjNkpH42M6UWBdUYUO+anNiJ/02ophoeNvoiTFHnMJovCVBJUZHQtaQnNGcqebSjTwiYkrEM1ZWh/kvvf6f5+8ajoXXqF0glMkIVt2IE98OAASnAOZfCBQRse4BlenMC5dx6dp4k143zPbMIUnNcv/CKNZw==</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

Time 0 3

J2
<latexit sha1_base64="FoZVQsQHXQzyK5Dw8BRWLR7YN+U=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnYT8VEZtFCsIrpGSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Jxqhj3WCxjde1TzaWIuIcCJb9OFKehL3nV7x4P/eoNV1rE0SX2Et4IaTsSgWAUjXRx1iw28wXXdkYg/5PC4cf7yQsAVJr513orZmnII2SSal1znQQbfapQMMkHuXqqeUJZl7Z5f3TggGwZqUWCWJmJkIzUiRwNte6FvkmGFDv6pzcU//JqKQb7jb6IkhR5xMYPBakkGJNhW9ISijOUPUMoU8JcSFiHKsrQ/EnOVHfs0u6OW3LIb/Jd3SvaB7Z77hbKRzBGFjZgE7bBhT0owylUwAMGbbiDR3iyfOvWurcextGM9bWzDhOwnj8BJhGMGw==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="oXFUyqkovQGg8C+rISY640mE3iM=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezmot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cXq3AgMhVbatCJuUckUQ5KksJUZ5EmksBmN7mZ+8xWNlTp9pnGG3YQPUhlLwclJTw+9eq9S9Wv+HGyTBEtShSUavcpPp69FnmBKQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i7VxkxKbqyt7PLF2nERuM+E0tOveTPzPa+cUX3cnMs1ywlQsDsW5YqTZLC3rS4OC1NgRLox0HzIx5IYLcp2UXPRgPegmCeu1m1rw6EMRzuAcLiGAK7iFe2hACAIG8A5f8O1F3pv3seio4C3LOoUVeJ9/QhaHqA==</latexit><latexit sha1_base64="KCzJk3CzlkurcNXt741MpkhTP6E=">AAAB1HicjVDLSgNBEOyNrxijRq9eBoPgKezmorkJXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rhEFCxoaKoauqqiTElLvv/lFTY2t7Z3irulvfL+wWHlqPxo09wIDEWqUtOOuEUlNYYkSWE7M8iTSGErGl/P9dYTGitT/UCTDHsJH2oZS8HJUfe3/Xq/Ug1q/gLs76UKKzT7lc/uIBV5gpqE4tZ2Aj+j3pQbkkLhrNTNLWZcjPkQpwuDM3bmqAGLU+NGE1uwa3c8sXaSRO4y4TSyP7U5+ZvWySm+7E2lznJCLZaP4lwxStk8LRtIg4LUxC1cGOkcMjHihgtynZT+Fz2s1xq14M6HIpzAKZxDABdwBTfQhBAEDOEF3uHDi7xn73XZUcFblXUMa/DevgFGOYer</latexit><latexit sha1_base64="Z6Gn2ZN2Z37d9zl2dk5lSh0gBMA=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Uq9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLVKI8Q==</latexit><latexit sha1_base64="Zn0Kbe53otaldNsOwbxh0dEtxgo=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Ur9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLaKI8g==</latexit><latexit sha1_base64="86VE0LqW0yapyeVcom1YvDFNloU=">AAAB33icjVDLSgNBEOzxGeMrPm5eBoPgKezmop4MelA8RXRNIAlhdjKbDJmdXWZ6hRhy96J4UvwJv8Nf8Jhf8AvcJF4iChY0NFXVdHX7sZIWHeeDzMzOzS8sZpayyyura+u5jc0bGyWGC49HKjJVn1mhpBYeSlSiGhvBQl+Jit89HemVW2GsjPQ19mLRCFlby0Byhil1ddEsNnN5t+CMQf9u8sefw7O37bthuZl7r7cinoRCI1fM2prrxNjoM4OSKzHI1hMrYsa7rC3644ADupdSLRpEJi2NdMxO+VhobS/0U2fIsGN/aiPyN62WYHDY6EsdJyg0nywKEkUxoqNraUsawVH10oZxI9OElHeYYRzTn2T/d7pXLBwV3Es3XzqBCTKwA7uwDy4cQAnOoQwecGjDAzzDC/HJPXkkTxPrDPme2YIpkNcv/ZuNaA==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="3lyu/beir4GmOdJ1ERHbE4Hx1PY=">AAAB33icdVDJSgNBFHwdtxi3qEcvjUHwNMwk4nILehFPER0TSELo6fQkTXoWut8IIeTuRfGk+Ef+gn9jZ/HgVtBQVFXzXr0gVdKg636Q3MLi0vJKfrWwtr6xuVXc3rkzSaa58HmiEt0ImBFKxsJHiUo0Ui1YFChRDwYXE79+L7SRSXyLw1S0I9aLZSg5QyvdXHXKnWLJc9wp6P+kBHPUOsX3VjfhWSRi5IoZ0/TcFNsjplFyJcaFVmZEyviA9cRouuCYHlipS8NE2xcjnarfciwyZhgFNhkx7Juf3kT8y2tmGJ62RzJOMxQxnw0KM0UxoZO2tCu14KiGljCupd2Q8j7TjKO9ScFWd53K8ZFXcelv8lXdLztnjnftlarn8xvkYQ/24RA8OIEqXEINfODQg0d4gVcSkAfyRJ5n0RyZ/9mFbyBvn0IViSI=</latexit>
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Average 
Turnaround Time:

(3+6+18)/3 = 9

J1, J2, J3
<latexit sha1_base64="dkX3usaOrOb2/x0amHzQgemQrXM=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnysLLpQuqrgWKEdhkyaaUMzD5OMUEp/wo3iquLP+Asu/QW/wEyri/o4kHA451xyT/yEM6ks683IzczOzS/kFwtLyyura8X1jWsZp4JQh8Q8Fjc+lpSziDqKKU5vEkFx6HPa8Htnmd+4o0KyOLpS/YS6Ie5ELGAEKy25Nc/eQzWvnF0Vr1iyTWsM9D8pnXy8n48AoO4VX1vtmKQhjRThWMqmbSXKHWChGOF0WGilkiaY9HCHDsarDtGOltooiIU+kUJjdSqHQyn7oa+TIVZd+dPLxL+8ZqqCI3fAoiRVNCKTh4KUIxWjrDdqM0GJ4n1NMBFMb4hIFwtMlP6dgq5umZWDfbtiod/ku7pTNo9N+9IuVU9hgjxswTbsgg2HUIULqIMDBG7hAUbwbHDj3ng0nibRnPE1swlTMF4+AQ6Djs0=</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="BSMj6M5IcuOoDc+VXROlMRNv/nE=">AAAB6XicdVDLSgMxFL1TX7W+6mPnJlgEFzLMtOJjZdGF0lUFxxbaYcikmTY08zDJCLX0J9worhT3foe/4LK/4Bc40+qiPg4kHM45l9wTN+JMKsN41zJT0zOzc9n53MLi0vJKfnXtSoaxINQiIQ9F3cWSchZQSzHFaT0SFPsupzW3e5r6tRsqJAuDS9WLqO3jdsA8RrBKJLvimLuo4hTTq+TkC6ZujID+J4Xjj+HZ68btsOrk35qtkMQ+DRThWMqGaUTK7mOhGOF0kGvGkkaYdHGb9kerDtB2IrWQF4rkBAqN1Ikc9qXs+W6S9LHqyJ9eKv7lNWLlHdp9FkSxogEZP+TFHKkQpb1RiwlKFO8lBBPBkg0R6WCBiUp+J5dUN/TS/p5ZMtBv8l3dKupHunlhFsonMEYWNmELdsCEAyjDOVTBAgLXcA9P8Kxx7U570B7H0Yz2NbMOE9BePgH6gJBK</latexit><latexit sha1_base64="4eHAim1Ob51Fu3j1Tcm15TKvV7M=">AAAB6XicdVDLSgMxFL3js9ZX1aWbYBFcyDDTio9d0Y10VcGxhXYYMmmmDc1MxiQjlNKfcKO4UvwZf8G/MdPWRX0cSDicc0LuuWHKmdKO82ktLC4tr6wW1orrG5tb26Wd3TslMkmoRwQXshViRTlLqKeZ5rSVSorjkNNmOLjK/eYDlYqJ5FYPU+rHuJewiBGsjeTXA/cY1YNKflWDUtm1nQnQ/6QMMzSC0kenK0gW00QTjpVqu06q/RGWmhFOx8VOpmiKyQD36Ggy6hgdGqmLIiHNSTSaqHM5HCs1jEOTjLHuq59eLv7ltTMdnfsjlqSZpgmZfhRlHGmB8t6oyyQlmg8NwUQyMyEifSwx0WY7RVPdsaunJ27VQb/Jd3WvYl/Y7o1brl3OdlCAfTiAI3DhDGpwDQ3wgMA9PMErvFncerSerZdpdMGavdmDOVjvXyqHi9Q=</latexit>

J1, J2, J3
<latexit sha1_base64="Cy2/cM2o1mr+tyANqJKufMoOzp4=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZjvhYWXAjXVVwbKEdhkyaaUMzD5OMUEq/QXCjuFL8GX/B3/ALzLS6qI8DCYdzziX3JEg5k8qy3o3C3PzC4lJxubSyura+Ud7cupZJJgh1ScIT0QqwpJzF1FVMcdpKBcVRwGkzGJznfvOWCsmS+EoNU+pFuBezkBGstOTVffsA1f1qfjl+uWKb1gTof1I5+7jrIABo+OW3TjchWURjRTiWsm1bqfJGWChGOB2XOpmkKSYD3KOjyapjtKelLgoToU+s0ESdyeFIymEU6GSEVV/+9HLxL6+dqfDEG7E4zRSNyfShMONIJSjvjbpMUKL4UBNMBNMbItLHAhOlf6ekq1umc3RoOxb6Tb6ru1Xz1LQv7UqtBlMUYQd2YR9sOIYaXEADXCBwAw/wDC8GN+6NR+NpGi0YXzPbMAPj9RMXco4O</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="7XQaqNl4P/Tpgpmqf4fDb6S//10=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+rZ+6jqldKr7OULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEu+QXA==</latexit><latexit sha1_base64="dxuQz5vlckSc0/n4Pjsd/ZtJni8=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnzsCm6kqwqOLbTDkEkzbWgmMyYZoZT+hBvFleLP+Av+jZm2LurjQMLhnBNyzw1TzpR2nE+rsLS8srpWXC9tbG5t75R39+5UkklCPZLwRLZDrChngnqaaU7bqaQ4DjlthcOr3G89UKlYIm71KKV+jPuCRYxgbSS/EbgnqBFU86sWlCuu7UyB/icVmKMZlD+6vYRkMRWacKxUx3VS7Y+x1IxwOil1M0VTTIa4T8fTUSfoyEg9FCXSHKHRVF3I4VipURyaZIz1QP30cvEvr5Pp6MIfM5Fmmgoy+yjKONIJynujHpOUaD4yBBPJzISIDLDERJvtlEx1x66dnbo1B/0m39W9qn1puzdupV6f76AIB3AIx+DCOdThGprgAYF7eIJXeLO49Wg9Wy+zaMGav9mHBVjvXynti9I=</latexit>

J2, J3, J1
<latexit sha1_base64="nG8c+aqEoIaWIRB7brKbr+TIl3Y=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZjvhYWXAjXVVwbKEdhkyaaUMzD5OMUEq/QXCjuFL8GX/B3/ALzLS6qI8DCYdzziX3JEg5k8qy3o3C3PzC4lJxubSyura+Ud7cupZJJgh1ScIT0QqwpJzF1FVMcdpKBcVRwGkzGJznfvOWCsmS+EoNU+pFuBezkBGstOTV/eoBqvtOftl+uWKb1gTof1I5+7jrIABo+OW3TjchWURjRTiWsm1bqfJGWChGOB2XOpmkKSYD3KOjyapjtKelLgoToU+s0ESdyeFIymEU6GSEVV/+9HLxL6+dqfDEG7E4zRSNyfShMONIJSjvjbpMUKL4UBNMBNMbItLHAhOlf6ekq1umc3RoOxb6Tb6ru1Xz1LQv7UqtBlMUYQd2YR9sOIYaXEADXCBwAw/wDC8GN+6NR+NpGi0YXzPbMAPj9RMXgY4O</latexit><latexit sha1_base64="Xb2Z7AYiz42iBlexktKOCQnSUb0=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+qV9lHVK6eX7eULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEv6QXA==</latexit><latexit sha1_base64="Xb2Z7AYiz42iBlexktKOCQnSUb0=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+qV9lHVK6eX7eULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEv6QXA==</latexit><latexit sha1_base64="Xb2Z7AYiz42iBlexktKOCQnSUb0=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+qV9lHVK6eX7eULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEv6QXA==</latexit><latexit sha1_base64="Xb2Z7AYiz42iBlexktKOCQnSUb0=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvQhQwzrfhYWXAjXVVwbKEdhkyatqGZh0lGKKXfUHCjuFL8E1f+gr8huDfT6qI+DiQczjmX3BM/5kwqy3ozMnPzC4tL2eXcyura+kZ+c+tKRokg1CERj0TDx5JyFlJHMcVpIxYUBz6ndb9/lvr1Gyoki8JLNYipG+BuyDqMYKUlt+qV9lHVK6eX7eULtmlNgP4nhdP3cav48TKuefnXVjsiSUBDRTiWsmlbsXKHWChGOB3lWomkMSZ93KXDyaojtKelNupEQp9QoYk6k8OBlIPA18kAq5786aXiX14zUZ1jd8jCOFE0JNOHOglHKkJpb9RmghLFB5pgIpjeEJEeFpgo/Ts5Xd0yy4cHdtlCv8l3dadknpj2hV2oVGCKLOzALhTBhiOowDnUwAEC13AHj/BkcOPWuDceptGM8TWzDTMwnj8BEv6QXA==</latexit><latexit sha1_base64="ln0De4JDD9QZWJ2RfvXTDgJ0Sig=">AAAB6XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnzsCm6kqwqOLbTDkEkzbWgmMyYZoZT+hBvFleLP+Av+jZm2LurjQMLhnBNyzw1TzpR2nE+rsLS8srpWXC9tbG5t75R39+5UkklCPZLwRLZDrChngnqaaU7bqaQ4DjlthcOr3G89UKlYIm71KKV+jPuCRYxgbSS/EVRPUCOo5ZcblCuu7UyB/icVmKMZlD+6vYRkMRWacKxUx3VS7Y+x1IxwOil1M0VTTIa4T8fTUSfoyEg9FCXSHKHRVF3I4VipURyaZIz1QP30cvEvr5Pp6MIfM5Fmmgoy+yjKONIJynujHpOUaD4yBBPJzISIDLDERJvtlEx1x66dnbo1B/0m39W9qn1puzdupV6f76AIB3AIx+DCOdThGprgAYF7eIJXeLO49Wg9Wy+zaMGav9mHBVjvXyn8i9I=</latexit>
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Average turnaround time very sensitive to schedule order!



FIFO Roundup

Simple
Low overhead
No starvation

Not responsive to 
interactive tasks 

The Good

The Bad

The Ugly

Average turnaround time 
very sensitive to order/
arrival time



How to minimize average 
turnaround time?



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1

c2

c3

c4

c5

c6

1

1.5

2.5

2

3

4

(or, better, shortest length of next CPU burst!)

Burst 

length

<latexit sha1_base64="JpgCVLCasOuEKvBzQZ6cAC8bKUs=">AAAB6XicdVDLSgMxFM34rPXRqks3weJjVSat9rEruHFZi31AZyiZNNOGZjJDkhHK0D9w40IRt36LuHfn35hpFVT0wIXDOfdy7z1exJnStv1uLS2vrK6tZzaym1vbO7n87l5HhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu97kIvW7N1QqFoprPY2oG+CRYD4jWBup5SSDfMEu1lG1XkLQkDJCFTslZ+VKzYaoaM9RaJSck9eX41xzkH9zhiGJAyo04VipPrIj7SZYakY4nWWdWNEIkwke0b6hAgdUucn80hk8MsoQ+qE0JTScq98nEhwoNQ080xlgPVa/vVT8y+vH2q+5CRNRrKkgi0V+zKEOYfo2HDJJieZTQzCRzNwKyRhLTLQJJ2tC+PoU/k86pSKqFM+vTBotsEAGHIBDcAoQqIIGuARN0AYE+OAW3IMHa2LdWY/W06J1yfqc2Qc/YD1/ALrWkIA=</latexit>

{



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1 c2

c3

c4

c5

c6

1 2.5

2.5

2

3

4

0



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1 c2 c3 c4 c5 c6

1 2.5 74.5 10 140

Average Turnaround time (att): 39/6 = 6.5

Would a different schedule produce a lower 
turnaround time?

ci

<latexit sha1_base64="F5sTdxIWfWmh/HaDqGRMi6+zRcA=">AAAB4HicdVDbSkJBFN3HbmY3q8cghiTo6XBOSvmW0UuPSnkBFZkzjjo458LMPoGIj0EvEb0U9CV+Qr/QN/TWFzRqPdhlwYbFWmsze40XSaHRcd6sxMLi0vJKcjW1tr6xuZXe3qnoMFaMl1koQ1XzqOZSBLyMAiWvRYpT35O86vUvJn71histwuAaBxFv+rQbiI5gFI10xVqilc64tjMF+Z9kzj7Gpffb/XGxlX5ttEMW+zxAJqnWddeJsDmkCgWTfJRqxJpHlPVplw+nB47IoZHapBMqMwGSqTqXo77WA98zSZ9iT//0JuJfXj3GTr45FEEUIw/Y7KFOLAmGZNKWtIXiDOXAEMqUMBcS1qOKMjR/kjLVHTt7knOzDvlNvqtXjm03Z+dLTqZwDjMkYQ8O4AhcOIUCXEIRysCgC/fwBM+WZ91ZD9bjLJqwvnZ2YQ7Wyycreo4n</latexit>

cj

<latexit sha1_base64="EU5peKLdqcCWyDYwBiwaJ1mPO2w=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4sVjgmYBE0JPp5O06VnofiOEkKPgRcSLgl+ST/AX/AZvfoGdRA9xKXhQVNWjX7UXSaHRcd6sxNz8wuJScjm1srq2vpHe3KroMFaMl1koQ1XzqOZSBLyMAiWvRYpT35O86vXOxn71histwuAS+xFv+LQTiLZgFI10wZrXzXTGtZ0JyP8kc/IxKr3f7o6KzfRrvRWy2OcBMkm1vnKdCBsDqlAwyYepeqx5RFmPdvhgcuCQ7BupRdqhMhMgmagzOepr3fc9k/QpdvVPbyz+5V3F2M43BiKIYuQBmz7UjiXBkIzbkpZQnKHsG0KZEuZCwrpUUYbmT1KmumNnj3Ju1iG/yXf1yqHt5ux8yckUTmGKJOzAHhyAC8dQgHMoQhkYdOAenuDZ8qw768F6nEYT1tfONszAevkELPSOKA==</latexit>

Consider ci < cj

<latexit sha1_base64="Dn66PYoxZkG4jsSiI33RUnnP9RM=">AAAB5HicdVDLSgMxFL2pr1pfVZeCBIvgapixRbsQrLhx2YJ9gC1DJs20sZkHSUYopUt3bkTcKPgd/QR/wW9w5xeYtrqojwMXDuecS+6JFwuutG2/odTc/MLiUno5s7K6tr6R3dyqqSiRlFVpJCLZ8IhigoesqrkWrBFLRgJPsLrXOx/79RsmFY/CS92PWSsgnZD7nBJtpDp1+Ql1r91szrHsCfD/JHf6Maq83+6Oym72tdmOaBKwUFNBlLpy7Fi3BkRqTgUbZpqJYjGhPdJhg8mRQ7xvpDb2I2km1HiizuRIoFQ/8EwyILqrfnpj8S/vKtF+sTXgYZxoFtLpQ34isI7wuDFuc8moFn1DCJXcXIhpl0hCtfmXjKluW/mjgpO38W/yXb12aDkFq1ixc6UzmCINO7AHB+DAMZTgAspQBQo9uIcneEY+ukMP6HEaTaGvnW2YAXr5BNkxj7c=</latexit>

where

(cj + (ci + cj))/2

<latexit sha1_base64="4K7tqnmend4wOjCiNZefJhyLbmk=">AAAB8nicdVDLSgMxFM3UV62v0S4FCRahpTDOtEW7s+LGZQv2AW0ZMmmmjc08SDLCULr0J9yIuFHwA/oJ/oLf4M4vMG11UR8HQg7nnEvuiRMyKqRpvmmJpeWV1bXkempjc2t7R9/da4gg4pjUccAC3nKQIIz6pC6pZKQVcoI8h5GmM7yY+s0bwgUN/CsZh6Trob5PXYqRVJKtp7PYvoZ5qC6aVzSXOy7YesYyzBng/yRz9jGpvd8eTKq2/trpBTjyiC8xQ0K0LTOU3RHikmJGxqlOJEiI8BD1yWi28hgeKakH3YCr40s4UxdyyBMi9hyV9JAciJ/eVPzLa0fSLXdH1A8jSXw8f8iNGJQBnPaHPcoJlixWBGFO1YYQDxBHWKpfSqnqplE8KVlFE/4m39UbBcMqGeWamamcgzmSYB8cgiywwCmogEtQBXWAQQzuwRN41qR2pz1oj/NoQvuaSYMFaC+f8Z2S6Q==</latexit>

att = 



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1 c2 c3 c4 c5 c6

1 2.5 74.5 10 140

Average Turnaround time (att): 39/6 = 6.5

Would a different schedule produce a lower 
turnaround time?

ci

<latexit sha1_base64="F5sTdxIWfWmh/HaDqGRMi6+zRcA=">AAAB4HicdVDbSkJBFN3HbmY3q8cghiTo6XBOSvmW0UuPSnkBFZkzjjo458LMPoGIj0EvEb0U9CV+Qr/QN/TWFzRqPdhlwYbFWmsze40XSaHRcd6sxMLi0vJKcjW1tr6xuZXe3qnoMFaMl1koQ1XzqOZSBLyMAiWvRYpT35O86vUvJn71histwuAaBxFv+rQbiI5gFI10xVqilc64tjMF+Z9kzj7Gpffb/XGxlX5ttEMW+zxAJqnWddeJsDmkCgWTfJRqxJpHlPVplw+nB47IoZHapBMqMwGSqTqXo77WA98zSZ9iT//0JuJfXj3GTr45FEEUIw/Y7KFOLAmGZNKWtIXiDOXAEMqUMBcS1qOKMjR/kjLVHTt7knOzDvlNvqtXjm03Z+dLTqZwDjMkYQ8O4AhcOIUCXEIRysCgC/fwBM+WZ91ZD9bjLJqwvnZ2YQ7Wyycreo4n</latexit>

cj

<latexit sha1_base64="EU5peKLdqcCWyDYwBiwaJ1mPO2w=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4sVjgmYBE0JPp5O06VnofiOEkKPgRcSLgl+ST/AX/AZvfoGdRA9xKXhQVNWjX7UXSaHRcd6sxNz8wuJScjm1srq2vpHe3KroMFaMl1koQ1XzqOZSBLyMAiWvRYpT35O86vXOxn71histwuAS+xFv+LQTiLZgFI10wZrXzXTGtZ0JyP8kc/IxKr3f7o6KzfRrvRWy2OcBMkm1vnKdCBsDqlAwyYepeqx5RFmPdvhgcuCQ7BupRdqhMhMgmagzOepr3fc9k/QpdvVPbyz+5V3F2M43BiKIYuQBmz7UjiXBkIzbkpZQnKHsG0KZEuZCwrpUUYbmT1KmumNnj3Ju1iG/yXf1yqHt5ux8yckUTmGKJOzAHhyAC8dQgHMoQhkYdOAenuDZ8qw768F6nEYT1tfONszAevkELPSOKA==</latexit>

Consider ci < cj

<latexit sha1_base64="Dn66PYoxZkG4jsSiI33RUnnP9RM=">AAAB5HicdVDLSgMxFL2pr1pfVZeCBIvgapixRbsQrLhx2YJ9gC1DJs20sZkHSUYopUt3bkTcKPgd/QR/wW9w5xeYtrqojwMXDuecS+6JFwuutG2/odTc/MLiUno5s7K6tr6R3dyqqSiRlFVpJCLZ8IhigoesqrkWrBFLRgJPsLrXOx/79RsmFY/CS92PWSsgnZD7nBJtpDp1+Ql1r91szrHsCfD/JHf6Maq83+6Oym72tdmOaBKwUFNBlLpy7Fi3BkRqTgUbZpqJYjGhPdJhg8mRQ7xvpDb2I2km1HiizuRIoFQ/8EwyILqrfnpj8S/vKtF+sTXgYZxoFtLpQ34isI7wuDFuc8moFn1DCJXcXIhpl0hCtfmXjKluW/mjgpO38W/yXb12aDkFq1ixc6UzmCINO7AHB+DAMZTgAspQBQo9uIcneEY+ukMP6HEaTaGvnW2YAXr5BNkxj7c=</latexit>

where

(cj + (ci + cj))/2

<latexit sha1_base64="4K7tqnmend4wOjCiNZefJhyLbmk=">AAAB8nicdVDLSgMxFM3UV62v0S4FCRahpTDOtEW7s+LGZQv2AW0ZMmmmjc08SDLCULr0J9yIuFHwA/oJ/oLf4M4vMG11UR8HQg7nnEvuiRMyKqRpvmmJpeWV1bXkempjc2t7R9/da4gg4pjUccAC3nKQIIz6pC6pZKQVcoI8h5GmM7yY+s0bwgUN/CsZh6Trob5PXYqRVJKtp7PYvoZ5qC6aVzSXOy7YesYyzBng/yRz9jGpvd8eTKq2/trpBTjyiC8xQ0K0LTOU3RHikmJGxqlOJEiI8BD1yWi28hgeKakH3YCr40s4UxdyyBMi9hyV9JAciJ/eVPzLa0fSLXdH1A8jSXw8f8iNGJQBnPaHPcoJlixWBGFO1YYQDxBHWKpfSqnqplE8KVlFE/4m39UbBcMqGeWamamcgzmSYB8cgiywwCmogEtQBXWAQQzuwRN41qR2pz1oj/NoQvuaSYMFaC+f8Z2S6Q==</latexit>

att = (ci + (ci + cj))/2

<latexit sha1_base64="nc6/z+gTJ93mT7R9HnYgEyhqHVs=">AAAB8nicdVDLSgMxFM34rPU12qUgwSK0FMaZtmh3Fty4bME+oC1DJs20sZkHSUYYSpf+hBsRNwp+gJ/gL/gNuvEPzLS6qI8DIYdzziX3xAkZFdI0X7WFxaXlldXUWnp9Y3NrW9/ZbYog4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWMzpL/NYV4YIG/oWMQ9Lz0MCnLsVIKsnWMzlsU1iAyVXA9mU+f1S09axlmFPA/0n29OPtev+5/l6z9ZduP8CRR3yJGRKiY5mh7I0RlxQzMkl3I0FChEdoQMbTlSfwUEl96AZcHV/CqTqXQ54QseeopIfkUPz0EvEvrxNJt9IbUz+MJPHx7CE3YlAGMOkP+5QTLFmsCMKcqg0hHiKOsFS/lFbVTaN0XLZKJvxNvqs3i4ZVNip1M1utgBlSYA8cgBywwAmognNQAw2AQQxuwQN41KR2o91p97PogvY1kwFz0J4+AS9akxI=</latexit>

att = 
<

<latexit sha1_base64="NRC51iVm3e1x18Z5pL+ca/EzhNE=">AAAB3nicbVBNSwJBGH7Xysy+7OPWZUiCTstuLumhgxBBR4X8ABWbHWd1cPaDmdlAxGuXCC8F/aSuHf0xQbNuHZQeGHh4nmd43+d1I86ksqyFkdnY3Mpu53byu3v7B4eFo+OmDGNBaIOEPBRtF0vKWUAbiilO25Gg2Hc5bbnj28RvPVEhWRg8qElEez4eBsxjBCst1W/6haJlVqwEyDatlFims6oUq9mv0/niu1zrFz67g5DEPg0U4VjKjm1FqjfFQjHC6SzfjSWNMBnjIZ0u15uhCy0NkBcK/QKFlupKDvtSTnxXJ32sRnLdS8T/vE6svEpvyoIoVjQg6SAv5kiFKOmKBkxQovhEE0wE0xsiMsICE6Uvkl9WL107dilpvE7+qjevTNsxK3V9gztIkYMzOIdLsKEMVbiHGjSAAIUXeIN349F4Nl6NeRrNGL9/TmAFxscPmlaMeQ==</latexit>



SJF Roundup

Optimal average 
turnaround time 

Pessimal variance in turnaround 
time for a given task

The Good

The Bad

The Ugly Can starve long jobs 

Need to estimate 
execution time

Job’s turnaround time depends 
on length of other jobs



SJF Roundup

Optimal average 
turnaround time 

Pessimal variance in turnaround 
time for a given task

The Good

The Bad

The Ugly Can starve long jobs 

Need to estimate 
execution time

Job’s turnaround time depends 
on length of other jobs



Shortest Process Next 
(SJF for interactive jobs)

Enqueue in order of estimated completion time

Exponential moving average (EMA): Use recent 
history as indicator of near future


Let       duration of      CPU burst

           estimated duration of     CPU burst

        estimated duration of next CPU burst 
               

n
th

n
th

determines weight placed on past behavior0↵1

<latexit sha1_base64="Hgn5FQE+mNtc/VR7+yarSQyXkT4="></latexit>

⌧n+1= ↵⌧n+(1� ↵)tn

<latexit sha1_base64="Hz55G28W0cnbD9PwUtxQLmG/o1M="></latexit>

tn=

<latexit sha1_base64="C6n5aoWpWGfcaHgEcPU+zWLTbYQ=">AAACDHicbVDLSgMxFM3UR2t9VV26iRbBhQ4zduhjIVTcuKxgH9IZhkyatqGZB0lGKEN/wY17v8KNFDcK4i/4G36B06lFWr0QOJxzktxznIBRITXtU0ktLa+spjNr2fWNza3t3M5uQ/ghx6SOfebzloMEYdQjdUklI62AE+Q6jDSdweVEb94RLqjv3chhQCwX9TzapRjJmLJzp9L2zAMzeajNe44V6aqWzMkfMDq3c3lNrVQMrazDGQs11TBKWvGXyVfzzfTj7de4Zuc+zI6PQ5d4EjMkRFvXAmlFiEuKGRllzVCQAOEB6pEo2WEEj2KqA7s+j48nYcLO+ZArxNB1YqeLZF8sahPyP60dym7ZiqgXhJJ4ePpRN2RQ+nDSDOxQTrBkwxggzGm8IcR9xBGWcX/ZJHqhaOiFSeJFMIveOFN1Qy1fxx1cgOlkwD44BMdAByVQBVegBuoAgwfwDF7Bm3KvPClj5WVqTSk/d/bA3Cjv3w3Fmh8=</latexit>

⌧n=

<latexit sha1_base64="W1XJqG/ehGjC6z52Vme9hp1aZEQ=">AAACD3icbZDLSsNAFIYn9dJab1GXbkaL4EJCYot2I1TcuKxgL9KEMJlO26GTSZiZCCX0Idy49DVcKOJG0UfwNXwCk9QuWv1h4Mx3zpk55/dCRqUyzS8tt7C4tJwvrBRX19Y3NvWt7aYMIoFJAwcsEG0PScIoJw1FFSPtUBDke4y0vOFFmm/dEiFpwK/VKCSOj/qc9ihGKkGubtoKRS639+zsrY7oe05sGWamoz/B+MzVS6ZRzS5wSqFpVGZJqVZq5R9uvp/qrv5hdwMc+YQrzJCUHcsMlRMjoShmZFy0I0lChIeoT+JshjE8SFAX9gKRHK5gRmfqkC/lyPeSSh+pgZzPpfC/XCdSvaoTUx5GinA8+agXMagCmJoDu1QQrNgoCRAWNJkQ4gESCKvEwmK2evmkYpXTjeeD6erNY8OqGNWrxINzMFEB7IJ9cAgscApq4BLUQQNgcA+ewRt41+60R+1Fe52U5rTfnh0wI+3zBz66m0Y=</latexit>

⌧n+1=

<latexit sha1_base64="Z4ZND02fl0Z92xOO/JovA1GNU00=">AAACE3icbZDLSsNAFIYn9dJab1GXbkaLICghsUG7ESpuXFawrdKEMJlO26GTCzMToYQ8hhsXvkg3Ii5U8AF8DZ/AJLWLVn8YOPOdc2bO+d2QUSF1/UspLCwuLRdLK+XVtfWNTXVruyWCiGPSxAEL+K2LBGHUJ01JJSO3ISfIcxlpu8PLLN++J1zQwL+Ro5DYHur7tEcxkilyVNOSKHJi/8hIrD0rf6/D+64dG5qe6/hPkJw7akXXavkFTinUNXOWVOqVdvHp7nvccNQ3qxvgyCO+xAwJ0TH0UNox4pJiRpKyFQkSIjxEfRLnMyTwIEVd2At4enwJczpThzwhRp6bVnpIDsR8LoP/5TqR7NXsmPphJImPJx/1IgZlADODYJdygiUbpQHCnKYTQjxAHGGZ2ljOV6+emkY123g+mK7eOtEMU6tdpx5cgIlKYBfsg0NggDNQB1egAZoAg0fwDN7Bh/KgjJUX5XVSWlB+e3bAjJTPHw3wnMI=</latexit>



Earliest Deadline First (EDF)
Schedule in order of earliest deadline; 
preemptive

If a schedule exists that meets all deadlines, 
then EDF will generate that schedule!


does not even need to know the execution times of the jobs!

Informal Proof
Let S be a schedule of a set of jobs that meets all deadlines

Let    and    be two neighboring jobs in S so that   .deadline >   .deadline

Let S’ be S with    and    switched


S’ also meets all deadlines!

Repeat until sorted (i.e., bubblesort)


Resulting schedule is EDF

j1

<latexit sha1_base64="pnfJRWZsS4fzODpQQoECMBczzEQ=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4MVjgmaBJISeTidp07PQ/UYIIUfBi4gXBb/ET/AX/Aa9+Ad2Ej3EpeBBUVWPftVeJIVGx3m1EnPzC4tLyeXUyura+kZ6c6uiw1gxXmahDFXNo5pLEfAyCpS8FilOfU/yqtc/HfvVK660CIMLHES86dNuIDqCUTTS+WXLbaUzru1MQP4nmZOPt+vd59J7sZV+abRDFvs8QCap1nXXibA5pAoFk3yUasSaR5T1aZcPJweOyL6R2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5Iy1R07e5Rzsw75Tb6rVw5tN2fnS06mkIcpkrADe3AALhxDAc6gCGVg0IVbeIBHy7NurDvrfhpNWF872zAD6+kTImWOIA==</latexit>

j2

<latexit sha1_base64="3imbh06TZtga6ZELisXYPNdmeN0=">AAAB4HicdVDJSgNBFHzjGuMW9ShIYxA8DTNJ0NwMePGYoFkgCaGn00na9Cx0vxFCyFHwIuJFwS/xE/wFv0Ev/oGdRA9xKXhQVNWjX7UXSaHRcV6tufmFxaXlxEpydW19YzO1tV3RYawYL7NQhqrmUc2lCHgZBUpeixSnvid51eufjv3qFVdahMEFDiLe9Gk3EB3BKBrp/LKVaaXSru1MQP4n6ZOPt+u959J7sZV6abRDFvs8QCap1nXXibA5pAoFk3yUbMSaR5T1aZcPJweOyIGR2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5I01R07e5Rzsw75Tb6rVzK2m7PzJSddyMMUCdiFfTgEF46hAGdQhDIw6MItPMCj5Vk31p11P43OWV87OzAD6+kTI9+OIQ==</latexit>

j1

<latexit sha1_base64="pnfJRWZsS4fzODpQQoECMBczzEQ=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4MVjgmaBJISeTidp07PQ/UYIIUfBi4gXBb/ET/AX/Aa9+Ad2Ej3EpeBBUVWPftVeJIVGx3m1EnPzC4tLyeXUyura+kZ6c6uiw1gxXmahDFXNo5pLEfAyCpS8FilOfU/yqtc/HfvVK660CIMLHES86dNuIDqCUTTS+WXLbaUzru1MQP4nmZOPt+vd59J7sZV+abRDFvs8QCap1nXXibA5pAoFk3yUasSaR5T1aZcPJweOyL6R2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5Iy1R07e5Rzsw75Tb6rVw5tN2fnS06mkIcpkrADe3AALhxDAc6gCGVg0IVbeIBHy7NurDvrfhpNWF872zAD6+kTImWOIA==</latexit>

j2

<latexit sha1_base64="3imbh06TZtga6ZELisXYPNdmeN0=">AAAB4HicdVDJSgNBFHzjGuMW9ShIYxA8DTNJ0NwMePGYoFkgCaGn00na9Cx0vxFCyFHwIuJFwS/xE/wFv0Ev/oGdRA9xKXhQVNWjX7UXSaHRcV6tufmFxaXlxEpydW19YzO1tV3RYawYL7NQhqrmUc2lCHgZBUpeixSnvid51eufjv3qFVdahMEFDiLe9Gk3EB3BKBrp/LKVaaXSru1MQP4n6ZOPt+u959J7sZV6abRDFvs8QCap1nXXibA5pAoFk3yUbMSaR5T1aZcPJweOyIGR2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5I01R07e5Rzsw75Tb6rVzK2m7PzJSddyMMUCdiFfTgEF46hAGdQhDIw6MItPMCj5Vk31p11P43OWV87OzAD6+kTI9+OIQ==</latexit>

j1

<latexit sha1_base64="pnfJRWZsS4fzODpQQoECMBczzEQ=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4MVjgmaBJISeTidp07PQ/UYIIUfBi4gXBb/ET/AX/Aa9+Ad2Ej3EpeBBUVWPftVeJIVGx3m1EnPzC4tLyeXUyura+kZ6c6uiw1gxXmahDFXNo5pLEfAyCpS8FilOfU/yqtc/HfvVK660CIMLHES86dNuIDqCUTTS+WXLbaUzru1MQP4nmZOPt+vd59J7sZV+abRDFvs8QCap1nXXibA5pAoFk3yUasSaR5T1aZcPJweOyL6R2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5Iy1R07e5Rzsw75Tb6rVw5tN2fnS06mkIcpkrADe3AALhxDAc6gCGVg0IVbeIBHy7NurDvrfhpNWF872zAD6+kTImWOIA==</latexit>

j2

<latexit sha1_base64="3imbh06TZtga6ZELisXYPNdmeN0=">AAAB4HicdVDJSgNBFHzjGuMW9ShIYxA8DTNJ0NwMePGYoFkgCaGn00na9Cx0vxFCyFHwIuJFwS/xE/wFv0Ev/oGdRA9xKXhQVNWjX7UXSaHRcV6tufmFxaXlxEpydW19YzO1tV3RYawYL7NQhqrmUc2lCHgZBUpeixSnvid51eufjv3qFVdahMEFDiLe9Gk3EB3BKBrp/LKVaaXSru1MQP4n6ZOPt+u959J7sZV6abRDFvs8QCap1nXXibA5pAoFk3yUbMSaR5T1aZcPJweOyIGR2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5I01R07e5Rzsw75Tb6rVzK2m7PzJSddyMMUCdiFfTgEF46hAGdQhDIw6MItPMCj5Vk31p11P43OWV87OzAD6+kTI9+OIQ==</latexit>

<latexit sha1_base64="xjrys1gDzB4Ie8UUpgQwFI6Q8oc=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT3mTM7MwyMyuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0OfVb96gNV/LWjlMMEzqQPOaMWifd3PWCXqkcVPwZyN+kDAvUe6X3bl+xLEFpmaDGdAI/tWFOteVM4KTYzQymlI3oADuOSpqgCfPZqRNy7JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwR5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/i/EJrVSnBW8a9Py7XqIo4CHMIRnEAA51CDK6hDAxgM4AGe4NkT3qP34r3OW5e8xcwBfIP39gn3iI2K</latexit>

j1
<latexit sha1_base64="v6r5pOibXcbexVpQNBDrNLiYv0c=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT2WTM7Mwy0yuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKJXCou9/eEvLK6tr64WN4ubW9s5uaW+/aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wjy6nfuufGCq1ucZzyMKEDJWLBKDrp5q5X7ZXKQcWfgfxNyrBAvVd67/Y1yxKukElqbSfwUwxzalAwySfFbmZ5StmIDnjHUUUTbsN8duqEHDulT2JtXCkkM/XrRE4Ta8dJ5DoTikP705uKv3mdDOOLMBcqzZArNl8UZ5KgJtO/SV8YzlCOHaHMCHcrYUNqKEOXTvF/ITSrleCs4l+flmvVRRwFOIQjOIEAzqEGV1CHBjAYwAM8wbMnvUfvxXudty55i5kD+Abv7RP5DI2L</latexit>

j2

<latexit sha1_base64="xjrys1gDzB4Ie8UUpgQwFI6Q8oc=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT3mTM7MwyMyuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0OfVb96gNV/LWjlMMEzqQPOaMWifd3PWCXqkcVPwZyN+kDAvUe6X3bl+xLEFpmaDGdAI/tWFOteVM4KTYzQymlI3oADuOSpqgCfPZqRNy7JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwR5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/i/EJrVSnBW8a9Py7XqIo4CHMIRnEAA51CDK6hDAxgM4AGe4NkT3qP34r3OW5e8xcwBfIP39gn3iI2K</latexit>

j1
<latexit sha1_base64="v6r5pOibXcbexVpQNBDrNLiYv0c=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT2WTM7Mwy0yuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKJXCou9/eEvLK6tr64WN4ubW9s5uaW+/aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wjy6nfuufGCq1ucZzyMKEDJWLBKDrp5q5X7ZXKQcWfgfxNyrBAvVd67/Y1yxKukElqbSfwUwxzalAwySfFbmZ5StmIDnjHUUUTbsN8duqEHDulT2JtXCkkM/XrRE4Ta8dJ5DoTikP705uKv3mdDOOLMBcqzZArNl8UZ5KgJtO/SV8YzlCOHaHMCHcrYUNqKEOXTvF/ITSrleCs4l+flmvVRRwFOIQjOIEAzqEGV1CHBjAYwAM8wbMnvUfvxXudty55i5kD+Abv7RP5DI2L</latexit>

j2

both deadlines 
are met



Earliest Deadline First (EDF)
Schedule in order of earliest deadline; 
preemptive

If a schedule exists that meets all deadlines, 
then EDF will generate that schedule!


does not even need to know the execution times of the jobs!

Informal Proof
Let S be a schedule of a set of jobs that meets all deadlines

Let    and    be two neighboring jobs in S so that   .deadline >   .deadline

Let S’ be S with    and    switched


S’ also meets all deadlines!

Repeat until sorted (i.e., bubblesort)


Resulting schedule is EDF

j1

<latexit sha1_base64="pnfJRWZsS4fzODpQQoECMBczzEQ=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4MVjgmaBJISeTidp07PQ/UYIIUfBi4gXBb/ET/AX/Aa9+Ad2Ej3EpeBBUVWPftVeJIVGx3m1EnPzC4tLyeXUyura+kZ6c6uiw1gxXmahDFXNo5pLEfAyCpS8FilOfU/yqtc/HfvVK660CIMLHES86dNuIDqCUTTS+WXLbaUzru1MQP4nmZOPt+vd59J7sZV+abRDFvs8QCap1nXXibA5pAoFk3yUasSaR5T1aZcPJweOyL6R2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5Iy1R07e5Rzsw75Tb6rVw5tN2fnS06mkIcpkrADe3AALhxDAc6gCGVg0IVbeIBHy7NurDvrfhpNWF872zAD6+kTImWOIA==</latexit>

j2

<latexit sha1_base64="3imbh06TZtga6ZELisXYPNdmeN0=">AAAB4HicdVDJSgNBFHzjGuMW9ShIYxA8DTNJ0NwMePGYoFkgCaGn00na9Cx0vxFCyFHwIuJFwS/xE/wFv0Ev/oGdRA9xKXhQVNWjX7UXSaHRcV6tufmFxaXlxEpydW19YzO1tV3RYawYL7NQhqrmUc2lCHgZBUpeixSnvid51eufjv3qFVdahMEFDiLe9Gk3EB3BKBrp/LKVaaXSru1MQP4n6ZOPt+u959J7sZV6abRDFvs8QCap1nXXibA5pAoFk3yUbMSaR5T1aZcPJweOyIGR2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5I01R07e5Rzsw75Tb6rVzK2m7PzJSddyMMUCdiFfTgEF46hAGdQhDIw6MItPMCj5Vk31p11P43OWV87OzAD6+kTI9+OIQ==</latexit>

j1

<latexit sha1_base64="pnfJRWZsS4fzODpQQoECMBczzEQ=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4MVjgmaBJISeTidp07PQ/UYIIUfBi4gXBb/ET/AX/Aa9+Ad2Ej3EpeBBUVWPftVeJIVGx3m1EnPzC4tLyeXUyura+kZ6c6uiw1gxXmahDFXNo5pLEfAyCpS8FilOfU/yqtc/HfvVK660CIMLHES86dNuIDqCUTTS+WXLbaUzru1MQP4nmZOPt+vd59J7sZV+abRDFvs8QCap1nXXibA5pAoFk3yUasSaR5T1aZcPJweOyL6R2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5Iy1R07e5Rzsw75Tb6rVw5tN2fnS06mkIcpkrADe3AALhxDAc6gCGVg0IVbeIBHy7NurDvrfhpNWF872zAD6+kTImWOIA==</latexit>

j2

<latexit sha1_base64="3imbh06TZtga6ZELisXYPNdmeN0=">AAAB4HicdVDJSgNBFHzjGuMW9ShIYxA8DTNJ0NwMePGYoFkgCaGn00na9Cx0vxFCyFHwIuJFwS/xE/wFv0Ev/oGdRA9xKXhQVNWjX7UXSaHRcV6tufmFxaXlxEpydW19YzO1tV3RYawYL7NQhqrmUc2lCHgZBUpeixSnvid51eufjv3qFVdahMEFDiLe9Gk3EB3BKBrp/LKVaaXSru1MQP4n6ZOPt+u959J7sZV6abRDFvs8QCap1nXXibA5pAoFk3yUbMSaR5T1aZcPJweOyIGR2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5I01R07e5Rzsw75Tb6rVzK2m7PzJSddyMMUCdiFfTgEF46hAGdQhDIw6MItPMCj5Vk31p11P43OWV87OzAD6+kTI9+OIQ==</latexit>

j1

<latexit sha1_base64="pnfJRWZsS4fzODpQQoECMBczzEQ=">AAAB4HicdVDJSgNBFHwTtxi3qEdBGoPgaZgxQXMz4MVjgmaBJISeTidp07PQ/UYIIUfBi4gXBb/ET/AX/Aa9+Ad2Ej3EpeBBUVWPftVeJIVGx3m1EnPzC4tLyeXUyura+kZ6c6uiw1gxXmahDFXNo5pLEfAyCpS8FilOfU/yqtc/HfvVK660CIMLHES86dNuIDqCUTTS+WXLbaUzru1MQP4nmZOPt+vd59J7sZV+abRDFvs8QCap1nXXibA5pAoFk3yUasSaR5T1aZcPJweOyL6R2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5Iy1R07e5Rzsw75Tb6rVw5tN2fnS06mkIcpkrADe3AALhxDAc6gCGVg0IVbeIBHy7NurDvrfhpNWF872zAD6+kTImWOIA==</latexit>

j2

<latexit sha1_base64="3imbh06TZtga6ZELisXYPNdmeN0=">AAAB4HicdVDJSgNBFHzjGuMW9ShIYxA8DTNJ0NwMePGYoFkgCaGn00na9Cx0vxFCyFHwIuJFwS/xE/wFv0Ev/oGdRA9xKXhQVNWjX7UXSaHRcV6tufmFxaXlxEpydW19YzO1tV3RYawYL7NQhqrmUc2lCHgZBUpeixSnvid51eufjv3qFVdahMEFDiLe9Gk3EB3BKBrp/LKVaaXSru1MQP4n6ZOPt+u959J7sZV6abRDFvs8QCap1nXXibA5pAoFk3yUbMSaR5T1aZcPJweOyIGR2qQTKjMBkok6k6O+1gPfM0mfYk//9MbiX149xk6+ORRBFCMP2PShTiwJhmTclrSF4gzlwBDKlDAXEtajijI0f5I01R07e5Rzsw75Tb6rVzK2m7PzJSddyMMUCdiFfTgEF46hAGdQhDIw6MItPMCj5Vk31p11P43OWV87OzAD6+kTI9+OIQ==</latexit>

<latexit sha1_base64="xjrys1gDzB4Ie8UUpgQwFI6Q8oc=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT3mTM7MwyMyuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0OfVb96gNV/LWjlMMEzqQPOaMWifd3PWCXqkcVPwZyN+kDAvUe6X3bl+xLEFpmaDGdAI/tWFOteVM4KTYzQymlI3oADuOSpqgCfPZqRNy7JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwR5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/i/EJrVSnBW8a9Py7XqIo4CHMIRnEAA51CDK6hDAxgM4AGe4NkT3qP34r3OW5e8xcwBfIP39gn3iI2K</latexit>

j1
<latexit sha1_base64="v6r5pOibXcbexVpQNBDrNLiYv0c=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT2WTM7Mwy0yuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKJXCou9/eEvLK6tr64WN4ubW9s5uaW+/aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wjy6nfuufGCq1ucZzyMKEDJWLBKDrp5q5X7ZXKQcWfgfxNyrBAvVd67/Y1yxKukElqbSfwUwxzalAwySfFbmZ5StmIDnjHUUUTbsN8duqEHDulT2JtXCkkM/XrRE4Ta8dJ5DoTikP705uKv3mdDOOLMBcqzZArNl8UZ5KgJtO/SV8YzlCOHaHMCHcrYUNqKEOXTvF/ITSrleCs4l+flmvVRRwFOIQjOIEAzqEGV1CHBjAYwAM8wbMnvUfvxXudty55i5kD+Abv7RP5DI2L</latexit>

j2

<latexit sha1_base64="xjrys1gDzB4Ie8UUpgQwFI6Q8oc=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT3mTM7MwyMyuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+06hMM2wwJZRuR9Sg4BIblluB7VQjTSKBrWh0OfVb96gNV/LWjlMMEzqQPOaMWifd3PWCXqkcVPwZyN+kDAvUe6X3bl+xLEFpmaDGdAI/tWFOteVM4KTYzQymlI3oADuOSpqgCfPZqRNy7JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwR5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/i/EJrVSnBW8a9Py7XqIo4CHMIRnEAA51CDK6hDAxgM4AGe4NkT3qP34r3OW5e8xcwBfIP39gn3iI2K</latexit>

j1
<latexit sha1_base64="v6r5pOibXcbexVpQNBDrNLiYv0c=">AAAB6nicjVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHgxWNE84BkCbOT2WTM7Mwy0yuEJZ/gxYMiXv0ib/6Nk8dBRcGChqKqm+6uKJXCou9/eEvLK6tr64WN4ubW9s5uaW+/aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wjy6nfuufGCq1ucZzyMKEDJWLBKDrp5q5X7ZXKQcWfgfxNyrBAvVd67/Y1yxKukElqbSfwUwxzalAwySfFbmZ5StmIDnjHUUUTbsN8duqEHDulT2JtXCkkM/XrRE4Ta8dJ5DoTikP705uKv3mdDOOLMBcqzZArNl8UZ5KgJtO/SV8YzlCOHaHMCHcrYUNqKEOXTvF/ITSrleCs4l+flmvVRRwFOIQjOIEAzqEGV1CHBjAYwAM8wbMnvUfvxXudty55i5kD+Abv7RP5DI2L</latexit>

j2

..but o
nly if 

tasks 
need 

only t
he 

proce
ssor!

both deadlines 
are met



When EDF fails

Two jobs:

  : deadline at    12; 1 unit of computation, 10 of I/O

  : deadline at    10; 5 units of computation

EDF:

j2

<latexit sha1_base64="peQ6sp/G2H23aHh1oWvVNCwBr2A=">AAAB4HicbVDLSgMxFM3UV62PVl12EyyCqyHTjnUEkYIblxXtA9pSMmmmjc08SDJCKd27EXGj4G/4E/6CH+C232CmtYsWDwQO55xw77luxJlUCH0bqbX1jc2t9HZmZ3dvP5s7OKzLMBaE1kjIQ9F0saScBbSmmOK0GQmKfZfThju8TvzGIxWShcG9GkW04+N+wDxGsNLS3UO32M0VLBPNAJHp2M5F0dbkDCG7VIYLq1DJT6fZy8+fajf31e6FJPZpoAjHUrYsFKnOGAvFCKeTTDuWNMJkiPt0PFtwAk+01INeKPQLFJypSznsSznyXZ30sRrIVS8R//NasfKczpgFUaxoQOaDvJhDFcKkLewxQYniI00wEUxvCMkAC0yUvklGV0dmqWxbpaT6KllUrxdNyzadW32DKzBHGuTBMTgFFjgHFXADqqAGCOiDZ/AG3g3XeDJejNd5NGX8/TkCSzA+fgGi8Y3B</latexit>

j1

<latexit sha1_base64="atDkCdUK9ukj+vXwqDKuJK7NutQ=">AAAB4HicbVDLSgMxFL1TX7U+WnXZTbAIroYZW7QLkYIblxXtA9pSMmmmjc1khiQjlNK9GxE3Cv6GP+Ev+AFu+w1mOrqoeCBwOOeEe8/1Is6UdpxPK7Oyura+kd3MbW3v7OYLe/tNFcaS0AYJeSjbHlaUM0EbmmlO25GkOPA4bXnjy8Rv3VOpWChu9SSivQAPBfMZwdpIN3d9t18oOXbVSYBc20mJY1eWlVKtOJ/nz9+/6v3CR3cQkjigQhOOleq4TqR7Uyw1I5zOct1Y0QiTMR7S6WLBGToy0gD5oTRPaLRQl3I4UGoSeCYZYD1Sf71E/M/rxNqv9qZMRLGmgqSD/JgjHaKkLRowSYnmE0MwkcxsiMgIS0y0uUluUb18WnHLSeO/5Ld688R2K3b12tzgAlJkoQiHcAwunEENrqAODSAwhEd4gVfLsx6sJ+s5jWasnz8HsATr7Rtoko2X</latexit>

t=

<latexit sha1_base64="hguoZ5fB2ge/DrHZPTrvM86R7iU=">AAAB4XicdVDLSsNAFL2pr1ofrbp0M1oEVyGxRbtRC25cVrAPaEuZTCft0EkmzNwIpfQD3Ii4UfCH/AV/wy8wTXVRHwcuHM45l7lnvEgKg47zbmWWlldW17LruY3Nre18YWe3YVSsGa8zJZVuedRwKUJeR4GStyLNaeBJ3vRGVzO/ece1ESq8xXHEuwEdhMIXjGIqdQ7Oe4WiazspyP+kePnhp6j1Cm+dvmJxwENkkhrTdp0IuxOqUTDJp7lObHhE2YgO+CS9cEqOEqlPfKWTCZGk6kKOBsaMAy9JBhSH5qc3E//y2jH6le5EhFGMPGTzh/xYElRkVpf0heYM5TghlGmRXEjYkGrKMPmUXFLdsUunZbfkkN/ku3rjxHbLduXGKVYvYI4s7MMhHIMLZ1CFa6hBHRgM4QGe4cVi1r31aD3Noxnra2cPFmC9fgIiPI1G</latexit>

t=

<latexit sha1_base64="hguoZ5fB2ge/DrHZPTrvM86R7iU=">AAAB4XicdVDLSsNAFL2pr1ofrbp0M1oEVyGxRbtRC25cVrAPaEuZTCft0EkmzNwIpfQD3Ii4UfCH/AV/wy8wTXVRHwcuHM45l7lnvEgKg47zbmWWlldW17LruY3Nre18YWe3YVSsGa8zJZVuedRwKUJeR4GStyLNaeBJ3vRGVzO/ece1ESq8xXHEuwEdhMIXjGIqdQ7Oe4WiazspyP+kePnhp6j1Cm+dvmJxwENkkhrTdp0IuxOqUTDJp7lObHhE2YgO+CS9cEqOEqlPfKWTCZGk6kKOBsaMAy9JBhSH5qc3E//y2jH6le5EhFGMPGTzh/xYElRkVpf0heYM5TghlGmRXEjYkGrKMPmUXFLdsUunZbfkkN/ku3rjxHbLduXGKVYvYI4s7MMhHIMLZ1CFa6hBHRgM4QGe4cVi1r31aD3Noxnra2cPFmC9fgIiPI1G</latexit>

t=5

<latexit sha1_base64="tkeEZdZ+AiIFylO02fMBp189F3g=">AAAB5HicdVDJSgNBFHwTtxi3qEdBOwbBg4QZEzUXMeDFYwJmgUwIPZ0e06RnofuNEEKO3ryIeFHwO/wEf8Fv8OQfOEn0EJeCB0VVPfpVO6EUGk3zzUjMzM7NLyQXU0vLK6tr6fWNmg4ixXiVBTJQDYdqLoXPqyhQ8kaoOPUcyetO73zk16+50iLwL7Ef8pZHr3zhCkYxlupoZ07tzFE7nbVy5hjkf5I9+9h+qbzf7JTb6Ve7E7DI4z4ySbVuWmaIrQFVKJjkw5QdaR5S1qNXfDA+ckj2YqlD3EDF4yMZq1M56mnd95w46VHs6p/eSPzLa0boFlsD4YcRcp9NHnIjSTAgo8akIxRnKPsxoUyJ+ELCulRRhvG/pOLqZi5/XLDyJvlNvqvXDnNWIVesmNnSAUyQhC3YhX2w4ARKcAFlqAKDHtzBIzwZrnFr3BsPk2jC+NrZhCkYz58ATI5V</latexit>

t=6

<latexit sha1_base64="HEMl9Pi044r+OKAvi1JVF/S49BE=">AAAB5HicdVDJSgNBFHwTtxi3qEdBOwbBg4QZE2IuYsCLxwTMApkQejo9sUnPQvcbIYQcvXkR8aLgd/gJ/oLf4Mk/cJLoIS4FD4qqevSrdkIpNJrmm5GYm19YXEoup1ZW19Y30ptbdR1EivEaC2Sgmg7VXAqf11Cg5M1Qceo5kjec/vnYb1xzpUXgX+Ig5G2P9nzhCkYxlhpoZ07tTLGTzlo5cwLyP8mefey+VN9v9iqd9KvdDVjkcR+ZpFq3LDPE9pAqFEzyUcqONA8p69MeH06OHJGDWOoSN1Dx+Egm6kyOeloPPCdOehSv9E9vLP7ltSJ0S+2h8MMIuc+mD7mRJBiQcWPSFYozlIOYUKZEfCFhV1RRhvG/pOLqZi5fLFh5k/wm39XrxzmrkCtVzWz5CKZIwg7swyFYcAJluIAK1IBBH+7gEZ4M17g17o2HaTRhfO1swwyM508Bxo5W</latexit>

t=10

<latexit sha1_base64="/VwsMkXzJWjDM2cNwqjm+fCPwZE=">AAAB5XicbVDLSgMxFM3UV62vqktBU4vgQoZMO9a6EAtuXLZgH9ApJZNm2tDMgyQjlNKlSzcibhT8DT/BX/AbXPkHpq1dtHjgwuGcc8k9cSPOpELoy0gsLa+sriXXUxubW9s76d29mgxjQWiVhDwUDRdLyllAq4opThuRoNh3Oa27/ZuxX7+nQrIwuFODiLZ83A2YxwhWWmooJ3PlZCzUTmctE00AkVm0i5c5W5NzhOx8Ac6s7PXP4Ufl++Go3E5/Op2QxD4NFOFYyqaFItUaYqEY4XSUcmJJI0z6uEuHkytH8ERLHeiFQk+g4ESdy2FfyoHv6qSPVU8uemPxP68ZK6/YGrIgihUNyPQhL+ZQhXBcGXaYoETxgSaYCKYvhKSHBSZKf0xKV0dmvmBb+XH1RTKrXsuZlm0WKyhbOgNTJMEBOAanwAIXoARuQRlUAQEcPIFX8GZ0jUfj2XiZRhPG384+mIPx/guvOY6+</latexit>

t=12

<latexit sha1_base64="IK/9CYEv/aknZFAcCzcZjLweh2M=">AAAB5XicbVDLSgMxFL1TX7W+qi4FTS2CCxkybdFuxIIbly3YB3RKyaRpG5p5kGSEUrp06UbEjYK/4Sf4C36DK//AmY4uWjxw4XDOueSeOIHgSmP8aaSWlldW19LrmY3Nre2d7O5eQ/mhpKxOfeHLlkMUE9xjdc21YK1AMuI6gjWd0XXsN++YVNz3bvU4YB2XDDze55ToSGppO3dp56xCN5vHZhnHQJaJE4LN0rySv/o+fK993R9Vu9kPu+fT0GWepoIo1bZwoDsTIjWngk0zdqhYQOiIDNhkduUUnURSD/V9GY2n0UydyxFXqbHrREmX6KFa9GLxP68d6n65M+FeEGrm0eShfiiQ9lFcGfW4ZFSLcUQIlTy6ENEhkYTq6GMys+rF85JVjBsvkr/qjYJplcxyDecrZ5AgDQdwDKdgwQVU4AaqUAcKAh7hBV6NgfFgPBnPSTRl/O7swxyMtx95SI6X</latexit>

t=0

<latexit sha1_base64="IvqXFO2eQTZdRiHF7j10Y7LXGOk=">AAAB5HicdVDLSgMxFL1TX7W+qi4FTS2CCykZW7QbseDGZQv2AZ1SMmmmDc08SDJCKV26cyPiRsHv8BP8Bb/BlX9g2uqiPg5cOJxzLrknbiS40hi/WYm5+YXFpeRyamV1bX0jvblVU2EsKavSUISy4RLFBA9YVXMtWCOSjPiuYHW3fzH269dMKh4GV3oQsZZPugH3OCXaSHXtZM6cDG6ns3YOT4D+J9nzj92XyvvNXrmdfnU6IY19FmgqiFJNG0e6NSRScyrYKOXEikWE9kmXDSdHjtCBkTrIC6WZQKOJOpMjvlID3zVJn+ie+umNxb+8Zqy9YmvIgyjWLKDTh7xYIB2icWPU4ZJRLQaGECq5uRDRHpGEavMvKVMd5/InBTuP0W/yXb12nLMLuWIFZ0tHMEUSdmAfDsGGUyjBJZShChT6cAeP8GR51q11bz1Mownra2cbZmA9fwL4245Q</latexit>

but…



When EDF fails

j2

<latexit sha1_base64="peQ6sp/G2H23aHh1oWvVNCwBr2A=">AAAB4HicbVDLSgMxFM3UV62PVl12EyyCqyHTjnUEkYIblxXtA9pSMmmmjc08SDJCKd27EXGj4G/4E/6CH+C232CmtYsWDwQO55xw77luxJlUCH0bqbX1jc2t9HZmZ3dvP5s7OKzLMBaE1kjIQ9F0saScBbSmmOK0GQmKfZfThju8TvzGIxWShcG9GkW04+N+wDxGsNLS3UO32M0VLBPNAJHp2M5F0dbkDCG7VIYLq1DJT6fZy8+fajf31e6FJPZpoAjHUrYsFKnOGAvFCKeTTDuWNMJkiPt0PFtwAk+01INeKPQLFJypSznsSznyXZ30sRrIVS8R//NasfKczpgFUaxoQOaDvJhDFcKkLewxQYniI00wEUxvCMkAC0yUvklGV0dmqWxbpaT6KllUrxdNyzadW32DKzBHGuTBMTgFFjgHFXADqqAGCOiDZ/AG3g3XeDJejNd5NGX8/TkCSzA+fgGi8Y3B</latexit>

j1

<latexit sha1_base64="atDkCdUK9ukj+vXwqDKuJK7NutQ=">AAAB4HicbVDLSgMxFL1TX7U+WnXZTbAIroYZW7QLkYIblxXtA9pSMmmmjc1khiQjlNK9GxE3Cv6GP+Ev+AFu+w1mOrqoeCBwOOeEe8/1Is6UdpxPK7Oyura+kd3MbW3v7OYLe/tNFcaS0AYJeSjbHlaUM0EbmmlO25GkOPA4bXnjy8Rv3VOpWChu9SSivQAPBfMZwdpIN3d9t18oOXbVSYBc20mJY1eWlVKtOJ/nz9+/6v3CR3cQkjigQhOOleq4TqR7Uyw1I5zOct1Y0QiTMR7S6WLBGToy0gD5oTRPaLRQl3I4UGoSeCYZYD1Sf71E/M/rxNqv9qZMRLGmgqSD/JgjHaKkLRowSYnmE0MwkcxsiMgIS0y0uUluUb18WnHLSeO/5Ld688R2K3b12tzgAlJkoQiHcAwunEENrqAODSAwhEd4gVfLsx6sJ+s5jWasnz8HsATr7Rtoko2X</latexit>

t=

<latexit sha1_base64="hguoZ5fB2ge/DrHZPTrvM86R7iU=">AAAB4XicdVDLSsNAFL2pr1ofrbp0M1oEVyGxRbtRC25cVrAPaEuZTCft0EkmzNwIpfQD3Ii4UfCH/AV/wy8wTXVRHwcuHM45l7lnvEgKg47zbmWWlldW17LruY3Nre18YWe3YVSsGa8zJZVuedRwKUJeR4GStyLNaeBJ3vRGVzO/ece1ESq8xXHEuwEdhMIXjGIqdQ7Oe4WiazspyP+kePnhp6j1Cm+dvmJxwENkkhrTdp0IuxOqUTDJp7lObHhE2YgO+CS9cEqOEqlPfKWTCZGk6kKOBsaMAy9JBhSH5qc3E//y2jH6le5EhFGMPGTzh/xYElRkVpf0heYM5TghlGmRXEjYkGrKMPmUXFLdsUunZbfkkN/ku3rjxHbLduXGKVYvYI4s7MMhHIMLZ1CFa6hBHRgM4QGe4cVi1r31aD3Noxnra2cPFmC9fgIiPI1G</latexit>

t=

<latexit sha1_base64="hguoZ5fB2ge/DrHZPTrvM86R7iU=">AAAB4XicdVDLSsNAFL2pr1ofrbp0M1oEVyGxRbtRC25cVrAPaEuZTCft0EkmzNwIpfQD3Ii4UfCH/AV/wy8wTXVRHwcuHM45l7lnvEgKg47zbmWWlldW17LruY3Nre18YWe3YVSsGa8zJZVuedRwKUJeR4GStyLNaeBJ3vRGVzO/ece1ESq8xXHEuwEdhMIXjGIqdQ7Oe4WiazspyP+kePnhp6j1Cm+dvmJxwENkkhrTdp0IuxOqUTDJp7lObHhE2YgO+CS9cEqOEqlPfKWTCZGk6kKOBsaMAy9JBhSH5qc3E//y2jH6le5EhFGMPGTzh/xYElRkVpf0heYM5TghlGmRXEjYkGrKMPmUXFLdsUunZbfkkN/ku3rjxHbLduXGKVYvYI4s7MMhHIMLZ1CFa6hBHRgM4QGe4cVi1r31aD3Noxnra2cPFmC9fgIiPI1G</latexit>

t=6

<latexit sha1_base64="HEMl9Pi044r+OKAvi1JVF/S49BE=">AAAB5HicdVDJSgNBFHwTtxi3qEdBOwbBg4QZE2IuYsCLxwTMApkQejo9sUnPQvcbIYQcvXkR8aLgd/gJ/oLf4Mk/cJLoIS4FD4qqevSrdkIpNJrmm5GYm19YXEoup1ZW19Y30ptbdR1EivEaC2Sgmg7VXAqf11Cg5M1Qceo5kjec/vnYb1xzpUXgX+Ig5G2P9nzhCkYxlhpoZ07tTLGTzlo5cwLyP8mefey+VN9v9iqd9KvdDVjkcR+ZpFq3LDPE9pAqFEzyUcqONA8p69MeH06OHJGDWOoSN1Dx+Egm6kyOeloPPCdOehSv9E9vLP7ltSJ0S+2h8MMIuc+mD7mRJBiQcWPSFYozlIOYUKZEfCFhV1RRhvG/pOLqZi5fLFh5k/wm39XrxzmrkCtVzWz5CKZIwg7swyFYcAJluIAK1IBBH+7gEZ4M17g17o2HaTRhfO1swwyM508Bxo5W</latexit>

t=10

<latexit sha1_base64="/VwsMkXzJWjDM2cNwqjm+fCPwZE=">AAAB5XicbVDLSgMxFM3UV62vqktBU4vgQoZMO9a6EAtuXLZgH9ApJZNm2tDMgyQjlNKlSzcibhT8DT/BX/AbXPkHpq1dtHjgwuGcc8k9cSPOpELoy0gsLa+sriXXUxubW9s76d29mgxjQWiVhDwUDRdLyllAq4opThuRoNh3Oa27/ZuxX7+nQrIwuFODiLZ83A2YxwhWWmooJ3PlZCzUTmctE00AkVm0i5c5W5NzhOx8Ac6s7PXP4Ufl++Go3E5/Op2QxD4NFOFYyqaFItUaYqEY4XSUcmJJI0z6uEuHkytH8ERLHeiFQk+g4ESdy2FfyoHv6qSPVU8uemPxP68ZK6/YGrIgihUNyPQhL+ZQhXBcGXaYoETxgSaYCKYvhKSHBSZKf0xKV0dmvmBb+XH1RTKrXsuZlm0WKyhbOgNTJMEBOAanwAIXoARuQRlUAQEcPIFX8GZ0jUfj2XiZRhPG384+mIPx/guvOY6+</latexit>

t=0

<latexit sha1_base64="IvqXFO2eQTZdRiHF7j10Y7LXGOk=">AAAB5HicdVDLSgMxFL1TX7W+qi4FTS2CCykZW7QbseDGZQv2AZ1SMmmmDc08SDJCKV26cyPiRsHv8BP8Bb/BlX9g2uqiPg5cOJxzLrknbiS40hi/WYm5+YXFpeRyamV1bX0jvblVU2EsKavSUISy4RLFBA9YVXMtWCOSjPiuYHW3fzH269dMKh4GV3oQsZZPugH3OCXaSHXtZM6cDG6ns3YOT4D+J9nzj92XyvvNXrmdfnU6IY19FmgqiFJNG0e6NSRScyrYKOXEikWE9kmXDSdHjtCBkTrIC6WZQKOJOpMjvlID3zVJn+ie+umNxb+8Zqy9YmvIgyjWLKDTh7xYIB2icWPU4ZJRLQaGECq5uRDRHpGEavMvKVMd5/InBTuP0W/yXb12nLMLuWIFZ0tHMEUSdmAfDsGGUyjBJZShChT6cAeP8GR51q11bz1Mownra2cbZmA9fwL4245Q</latexit>

t=1

<latexit sha1_base64="dpCjUlrDqUqYboRVx7R8IqGchcQ=">AAAB5HicdVDJSgNBFHwTtxi3qEdBOwbBg4QZEzQXMeDFYwJmgUwIPZ2epEnPQvcbIYQcvXkR8aLgd/gJ/oLf4Mk/cJLoIS4FD4qqevSrdkIpNJrmm5GYm19YXEoup1ZW19Y30ptbNR1EivEqC2SgGg7VXAqfV1Gg5I1Qceo5kted/sXYr19zpUXgX+Eg5C2Pdn3hCkYxlupoZ87sjNVOZ62cOQH5n2TPP3ZfKu83e+V2+tXuBCzyuI9MUq2blhlia0gVCib5KGVHmoeU9WmXDydHjshBLHWIG6h4fCQTdSZHPa0HnhMnPYo9/dMbi395zQjdYmso/DBC7rPpQ24kCQZk3Jh0hOIM5SAmlCkRX0hYjyrKMP6XVFzdzOVPClbeJL/Jd/Xacc4q5IoVM1s6gimSsAP7cAgWnEIJLqEMVWDQhzt4hCfDNW6Ne+NhGk0YXzvbMAPj+RP6VY5R</latexit>

t=12

<latexit sha1_base64="IK/9CYEv/aknZFAcCzcZjLweh2M=">AAAB5XicbVDLSgMxFL1TX7W+qi4FTS2CCxkybdFuxIIbly3YB3RKyaRpG5p5kGSEUrp06UbEjYK/4Sf4C36DK//AmY4uWjxw4XDOueSeOIHgSmP8aaSWlldW19LrmY3Nre2d7O5eQ/mhpKxOfeHLlkMUE9xjdc21YK1AMuI6gjWd0XXsN++YVNz3bvU4YB2XDDze55ToSGppO3dp56xCN5vHZhnHQJaJE4LN0rySv/o+fK993R9Vu9kPu+fT0GWepoIo1bZwoDsTIjWngk0zdqhYQOiIDNhkduUUnURSD/V9GY2n0UydyxFXqbHrREmX6KFa9GLxP68d6n65M+FeEGrm0eShfiiQ9lFcGfW4ZFSLcUQIlTy6ENEhkYTq6GMys+rF85JVjBsvkr/qjYJplcxyDecrZ5AgDQdwDKdgwQVU4AaqUAcKAh7hBV6NgfFgPBnPSTRl/O7swxyMtx95SI6X</latexit>

Need to think of jobs at a finer granularity:

Real deadline for the computing portion of  is 2! j1

Two jobs:

  : deadline at    12; 1 unit of computation, 10 of I/O

  : deadline at    10; 5 units of computation



EDF Roundup

Meets deadlines if possible (but beware…)

CPU-bound jobs will make 
I/O-bound jobs wait  

The Good

The Bad

The Ugly
Cannot decide when to 
run jobs without deadlines 

Free of starvation



Round Robin
Each process is allowed to run for a quantum


Context is switched (at the latest) at the end of 
the quantum — preemption!


Next job to run is the one that hasn’t run for the 
longest amount of time


What is a good quantum size?

Too long, and it morphs into FIFO

Too short, and too much time lost context switching

Typical quantum: about 100X cost of context switch 
(~100ms vs. << 1ms)



Round Robin vs FIFO
5 jobs of about equal length (5 units of time)

Average Turnaround time

(5 + (10-1) + (15-2) + 

(20-3) + (25-4)) / 5 = 13

0
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3

4

21
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24

25

Average Turnaround time

(21 + (22-1) + (23-2) + (24-3) + (25-4)) / 5


= 21

RR

FIFO/SJF
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10
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0



At least it is fair…
Mix of one I/O-bound and two CPU-bound jobs


I/O-bound: compute; go to disk; repeat

?

100ms quantum 100ms quantum

100ms quantum

Issues

I/O 


Request

wait 190 ms

Time

CPU Bound

CPU Bound

I/O Bound

compute }<latexit sha1_base64="kOjE+AtIsfGZe3ojNA2ouAOnP+g=">AAAB3nicbVDLSsNAFL2pr1pfVZduBqsgCCGxReuu6MZlFWMLTSmT6aQdOnkwcyOU0rUbxZXi0s/xF/wbk0YXLR64cDjnXOae8WIpNFrWt1FYWl5ZXSuulzY2t7Z3yrt7DzpKFOMOi2Sk2h7VXIqQOyhQ8nasOA08yVve6DrzW49caRGF9ziOeTegg1D4glFMpTt32itXLLNuZSC2aeXEMmvzSqVx5J5+AkCzV/5y+xFLAh4ik1Trjm3F2J1QhYJJPi25ieYxZSM64JPZfVNynEp94kcqnRDJTJ3L0UDrceClyYDiUC96mfif10nQr3cnIowT5CHLH/ITSTAiWVnSF4ozlOOUUKZEeiFhQ6oow/RLSrPq1fOaXc0aL5K/6s6ZeWnat3alcQU5inAAh3ACNlxAA26gCQ4w8OEZ3uDdoMaT8WK85tGC8buzD3MwPn4ALDGKqw==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="beAYnWTiXFuiLpk6mRWhlfW8eAY=">AAAB3nicbVDLTgJBEOzFF+Jr1aOXicTE02ZWiOKN6MUjGldIgJDZYRYmzD4y02tCCGcvGk8aP8lf8G/cBTxArGSSSlVNuqv9REmDlP5YhbX1jc2t4nZpZ3dv/8A+PHoycaq58HisYt3ymRFKRsJDiUq0Ei1Y6CvR9Ee3ud98FtrIOHrEcSK6IRtEMpCcYSY9dKY9u0ydGs1BXIfOCXWqy0oZFmj07O9OP+ZpKCLkihnTdmmC3QnTKLkS01InNSJhfMQGYjLbb0rOMqlPglhnL0IyU5dyLDRmHPpZMmQ4NKteLv7ntVMMat2JjJIURcTng4JUEYxJXpb0pRYc1TgjjGuZbUj4kGnGMTtJaVa9cll1K3njVfJX3btwrh333i3XbxY3KMIJnMI5uHAFdbiDBnjAIYBX+IBPi1kv1pv1Po8WrMWfY1iC9fULJ/WJIA==</latexit>

I/O 

completes

go to disk} <latexit sha1_base64="eJRT2aKj8NLNtdg0+tJWALu4ka4=">AAAB3nicbVDLSgMxFL1TX7W+qi7dBKsgCEOmrXVmV3Tjsoq1hU4pmTTThmYeJBmhlK7dKK4Ul36Ov+DfOJ3qosUDFw7nnEvuiRcLrjTG30ZuZXVtfSO/Wdja3tndK+4fPKgokZQ1aSQi2faIYoKHrKm5FqwdS0YCT7CWN7qe+a1HJhWPwns9jlk3IIOQ+5wSnUp37rRXLGHTcWp2BSNs2lXbceyUXGBcLdeQZeIMpfqJe/4JAI1e8cvtRzQJWKipIEp1LBzr7oRIzalg04KbKBYTOiIDNsnum6LTVOojP5LphBpl6kKOBEqNAy9NBkQP1bI3E//zOon27e6Eh3GiWUjnD/mJQDpCs7KozyWjWoxTQqjk6YWIDokkVKdfUsiqV2pVK6u+TP6qN8umY1q3Vql+BXPk4QiO4QwsuIQ63EADmkDBh2d4g3eDGE/Gi/E6j+aM351DWIDx8QOj+YsA</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="gan4aYZ9X/bTnbqpEZKpB6NYsok=">AAAB3nicbVDLTgIxFL2DL8QX6tJNIzFxNekA4syO6MYlGhESIKRTOtDQeaTtmBDC2o3GlcZP8hf8G8uAC4gnaXJyzmnuPddPBFca4x8rt7G5tb2T3y3s7R8cHhWPT55UnErKmjQWsWz7RDHBI9bUXAvWTiQjoS9Yyx/fzv3WM5OKx9GjniSsF5JhxANOiTbSQ3fWL5aw7Xk1t4IRtt2q63muIVcYV8s15Ng4QwmWaPSL391BTNOQRZoKolTHwYnuTYnUnAo2K3RTxRJCx2TIptl+M3RhpAEKYmlepFGmruRIqNQk9E0yJHqk1r25+J/XSXXg9qY8SlLNIroYFKQC6RjNy6IBl4xqMTGEUMnNhoiOiCRUm5MUsuqVWtXJqq+Tv+rNsu3Zzr1Tqt8sb5CHMziHS3DgGupwBw1oAoUAXuEDPi1ivVhv1vsimrOWf05hBdbXL5+9iXU=</latexit>

Issues

I/O 


Request

compute}<latexit sha1_base64="kOjE+AtIsfGZe3ojNA2ouAOnP+g=">AAAB3nicbVDLSsNAFL2pr1pfVZduBqsgCCGxReuu6MZlFWMLTSmT6aQdOnkwcyOU0rUbxZXi0s/xF/wbk0YXLR64cDjnXOae8WIpNFrWt1FYWl5ZXSuulzY2t7Z3yrt7DzpKFOMOi2Sk2h7VXIqQOyhQ8nasOA08yVve6DrzW49caRGF9ziOeTegg1D4glFMpTt32itXLLNuZSC2aeXEMmvzSqVx5J5+AkCzV/5y+xFLAh4ik1Trjm3F2J1QhYJJPi25ieYxZSM64JPZfVNynEp94kcqnRDJTJ3L0UDrceClyYDiUC96mfif10nQr3cnIowT5CHLH/ITSTAiWVnSF4ozlOOUUKZEeiFhQ6oow/RLSrPq1fOaXc0aL5K/6s6ZeWnat3alcQU5inAAh3ACNlxAA26gCQ4w8OEZ3uDdoMaT8WK85tGC8buzD3MwPn4ALDGKqw==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="XVhhdQpEtsC8aWc95yYgtqlNXIE=">AAAB3nicbVDLSsNAFL3xWeur6tLNYBUEIUxs0boLunFZxdhCU8pkOmmHTh7MTIRQunajuFHxk/yF/o1Jo4sWD1w4nHMuc894seBKYzw1lpZXVtfWSxvlza3tnd3K3v6jihJJmUMjEcm2RxQTPGSO5lqwdiwZCTzBWt7oJvdbT0wqHoUPOo1ZNyCDkPucEp1J9+6kV6lis4FzIMvEBcFmfV6p2sfu2fvUTpu9yrfbj2gSsFBTQZTqWDjW3TGRmlPBJmU3USwmdEQGbDy7b4JOMqmP/EhmE2o0U+dyJFAqDbwsGRA9VIteLv7ndRLtN7pjHsaJZiEtHvITgXSE8rKozyWjWqQZIVTy7EJEh0QSqrMvKc+q1y7qVi1vvEj+qjvn5pVp3VlV+xoKlOAQjuAULLgEG26hCQ5Q8OEFPuDTIMaz8Wq8FdEl43fnAOZgfP0AJNmMMQ==</latexit><latexit sha1_base64="beAYnWTiXFuiLpk6mRWhlfW8eAY=">AAAB3nicbVDLTgJBEOzFF+Jr1aOXicTE02ZWiOKN6MUjGldIgJDZYRYmzD4y02tCCGcvGk8aP8lf8G/cBTxArGSSSlVNuqv9REmDlP5YhbX1jc2t4nZpZ3dv/8A+PHoycaq58HisYt3ymRFKRsJDiUq0Ei1Y6CvR9Ee3ud98FtrIOHrEcSK6IRtEMpCcYSY9dKY9u0ydGs1BXIfOCXWqy0oZFmj07O9OP+ZpKCLkihnTdmmC3QnTKLkS01InNSJhfMQGYjLbb0rOMqlPglhnL0IyU5dyLDRmHPpZMmQ4NKteLv7ntVMMat2JjJIURcTng4JUEYxJXpb0pRYc1TgjjGuZbUj4kGnGMTtJaVa9cll1K3njVfJX3btwrh333i3XbxY3KMIJnMI5uHAFdbiDBnjAIYBX+IBPi1kv1pv1Po8WrMWfY1iC9fULJ/WJIA==</latexit>

I/O 

completes

go to disk} <latexit sha1_base64="eJRT2aKj8NLNtdg0+tJWALu4ka4=">AAAB3nicbVDLSgMxFL1TX7W+qi7dBKsgCEOmrXVmV3Tjsoq1hU4pmTTThmYeJBmhlK7dKK4Ul36Ov+DfOJ3qosUDFw7nnEvuiRcLrjTG30ZuZXVtfSO/Wdja3tndK+4fPKgokZQ1aSQi2faIYoKHrKm5FqwdS0YCT7CWN7qe+a1HJhWPwns9jlk3IIOQ+5wSnUp37rRXLGHTcWp2BSNs2lXbceyUXGBcLdeQZeIMpfqJe/4JAI1e8cvtRzQJWKipIEp1LBzr7oRIzalg04KbKBYTOiIDNsnum6LTVOojP5LphBpl6kKOBEqNAy9NBkQP1bI3E//zOon27e6Eh3GiWUjnD/mJQDpCs7KozyWjWoxTQqjk6YWIDokkVKdfUsiqV2pVK6u+TP6qN8umY1q3Vql+BXPk4QiO4QwsuIQ63EADmkDBh2d4g3eDGE/Gi/E6j+aM351DWIDx8QOj+YsA</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="YNRU1r1V1UqAMkIpbcx3xIhdvNA=">AAAB3nicbVDLSgMxFM34rPVVdekmWAVBGDJtrTO7QTcuq1hb6JSSSTNtaOZBkhGG0rUbxY2Kn+Qv9G9Mp7po8cCFwznnknviJ5xJhdDUWFldW9/YLGwVt3d29/ZLB4ePMk4FoU0S81i0fSwpZxFtKqY4bSeC4tDntOWPbmZ+64kKyeLoQWUJ7YZ4ELGAEay0dO9NeqUyMh2nblcRRKZdsx3H1uQSoVqlDi0T5Si7p97F+9TNGr3St9ePSRrSSBGOpexYKFHdMRaKEU4nRS+VNMFkhAd0nN83gWda6sMgFnoiBXN1IYdDKbPQ18kQq6Fc9mbif14nVYHdHbMoSRWNyPyhIOVQxXBWFvaZoETxTBNMBNMXQjLEAhOlv6SYV6/Wa1ZefZn8VW9WTMe07qyyew3mKIBjcALOgQWugAtuQQM0AQEBeAEf4NPAxrPxarzNoyvG784RWIDx9QOcoYyG</latexit><latexit sha1_base64="gan4aYZ9X/bTnbqpEZKpB6NYsok=">AAAB3nicbVDLTgIxFL2DL8QX6tJNIzFxNekA4syO6MYlGhESIKRTOtDQeaTtmBDC2o3GlcZP8hf8G8uAC4gnaXJyzmnuPddPBFca4x8rt7G5tb2T3y3s7R8cHhWPT55UnErKmjQWsWz7RDHBI9bUXAvWTiQjoS9Yyx/fzv3WM5OKx9GjniSsF5JhxANOiTbSQ3fWL5aw7Xk1t4IRtt2q63muIVcYV8s15Ng4QwmWaPSL391BTNOQRZoKolTHwYnuTYnUnAo2K3RTxRJCx2TIptl+M3RhpAEKYmlepFGmruRIqNQk9E0yJHqk1r25+J/XSXXg9qY8SlLNIroYFKQC6RjNy6IBl4xqMTGEUMnNhoiOiCRUm5MUsuqVWtXJqq+Tv+rNsu3Zzr1Tqt8sb5CHMziHS3DgGupwBw1oAoUAXuEDPi1ivVhv1vsimrOWf05hBdbXL5+9iXU=</latexit>



Round Robin Roundup

No starvation

Can reduce response time

Overhead of context switching
Mix of I/O and CPU bound

Particularly bad average turnaround 
for close-in arrival-time, equal length 
jobs

The Good

The Bad

The Ugly



SJF

   arrives at time 0;         arrive at time 10

110

J2
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J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

J2, J3
<latexit sha1_base64="SL0VilvK140vr/iiqbUfy3rRFnI=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnysLLpQuqrgWKUtQybNtKHJzJBkhFL6C24UV4p+jr/g0l/wC0xbXdTHgQuHc84l9yRIOFPacd6szNT0zOxcdj63sLi0vJJfXbtUcSoJ9UjMY3kVYEU5i6inmeb0KpEUi4DTWtA9Gfq1GyoVi6ML3UtoU+B2xEJGsDbSdcUv7qCKX0J+vuDazgjof1I4+ng/fQGAqp9/bbRikgoaacKxUnXXSXSzj6VmhNNBrpEqmmDSxW3aH505QFtGaqEwlmYijUbqRA4LpXoiMEmBdUf99IbiX1491eFBs8+iJNU0IuOHwpQjHaNhZ9RikhLNe4ZgIpm5EJEOlpho8zM5U92xS3u7bslBv8l3da9oH9ruuVsoH8MYWdiATdgGF/ahDGdQBQ8ICLiDR3iyOtatdW89jKMZ62tnHSZgPX8C7tCNnw==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="x6PfRoqgdhbDjvkde1uxs220SZY=">AAAB5XicdVDJSgNBFHzjGuMW9eilMQgeZJhJxOUW9CI5RXBMJAlDT6cnadKz0P1GCCG/4EXxpPg7/oJ/Y2fxEJeChqKqmvfqBakUGh3n01pYXFpeWc2t5dc3Nre2Czu7dzrJFOMeS2SiGgHVXIqYeyhQ8kaqOI0CyetB/2rs1x+40iKJb3GQ8nZEu7EIBaNopPuqXzomVb9M/ELRtZ0JyP+kCDPU/MJHq5OwLOIxMkm1brpOiu0hVSiY5KN8K9M8paxPu3w4WXNEDo3UIWGizIuRTNS5HI20HkSBSUYUe/qnNxb/8poZhuftoYjTDHnMpoPCTBJMyLgz6QjFGcqBIZQpYTYkrEcVZWgukzfVHbt8euKWHfKbfFf3SvaF7d64xcrl7AY52IcDOAIXzqAC11ADDxhE8ASv8Gb1rEfr2XqZRhes2Z89mIP1/gUK44qm</latexit>

Time 0 100

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

J2, J3
<latexit sha1_base64="vZIJyuew3NMxp+92IYyPU6PAsA0=">AAAB43icdVDJSgNBFHwTtxi3qEcvjUHwIGEmEZeTAS+SUwTHBJIw9HR6kiY9C91vhBDyB14UT4onf8Zf8OYv+Ad2Ej3EpeBBUVWPftV+IoVG236zMnPzC4tL2eXcyura+kZ+c+tax6li3GWxjFXDp5pLEXEXBUreSBSnoS953e+fj/36DVdaxNEVDhLeDmk3EoFgFI1Ur3qlg6pX9vIFp2hPQP4nhbOP5OUdAGpe/rXViVka8giZpFo3HTvB9pAqFEzyUa6Vap5Q1qddPpwcOSJ7RuqQIFZmIiQTdSZHQ60HoW+SIcWe/umNxb+8ZorBSXsooiRFHrHpQ0EqCcZk3Jh0hOIM5cAQypQwFxLWo4oyNP+SM9XtYvno0Cnb5Df5ru6WiqdF59IpVEowRRZ2YBf2wYFjqMAF1MAFBn24g0d4sgLr1rq3HqbRjPW1sw0zsJ4/AXSjjWU=</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="6cfCEZoBmGyzfzPVv2rP+98xRX8=">AAAB43icdVDJSgNBFHwTtxi3qEcvjUHwIMNMElxuAS+SUwTHBJIw9HR6kiY9C91vhBDyB14UT4r/4y/4N3YWD3EpaCiqqnmvXpBKodFxPq3cyura+kZ+s7C1vbO7V9w/uNdJphj3WCIT1Qqo5lLE3EOBkrdSxWkUSN4MhtdTv/nAlRZJfIejlHcj2o9FKBhFIzXrfvms7lf8Ysm1nRnI/6QECzT84kenl7As4jEySbVuu06K3TFVKJjkk0In0zylbEj7fDxbckJOjNQjYaLMi5HM1KUcjbQeRYFJRhQH+qc3Ff/y2hmGl92xiNMMeczmg8JMEkzItDHpCcUZypEhlClhNiRsQBVlaO5SMNUdu3JedSsO+U2+q3tl+8p2b91Srby4QR6O4BhOwYULqMENNMADBkN4gld4s0Lr0Xq2XubRnLX4cwhLsN6/AFqOikI=</latexit>

arrive

10
Average Turnaround Time:

100+(110-10)+(120 -10)/3 

= 103.33



SJF

110

J2
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Time 0 100

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

J2, J3
<latexit sha1_base64="vZIJyuew3NMxp+92IYyPU6PAsA0=">AAAB43icdVDJSgNBFHwTtxi3qEcvjUHwIGEmEZeTAS+SUwTHBJIw9HR6kiY9C91vhBDyB14UT4onf8Zf8OYv+Ad2Ej3EpeBBUVWPftV+IoVG236zMnPzC4tL2eXcyura+kZ+c+tax6li3GWxjFXDp5pLEXEXBUreSBSnoS953e+fj/36DVdaxNEVDhLeDmk3EoFgFI1Ur3qlg6pX9vIFp2hPQP4nhbOP5OUdAGpe/rXViVka8giZpFo3HTvB9pAqFEzyUa6Vap5Q1qddPpwcOSJ7RuqQIFZmIiQTdSZHQ60HoW+SIcWe/umNxb+8ZorBSXsooiRFHrHpQ0EqCcZk3Jh0hOIM5cAQypQwFxLWo4oyNP+SM9XtYvno0Cnb5Df5ru6WiqdF59IpVEowRRZ2YBf2wYFjqMAF1MAFBn24g0d4sgLr1rq3HqbRjPW1sw0zsJ4/AXSjjWU=</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="6cfCEZoBmGyzfzPVv2rP+98xRX8=">AAAB43icdVDJSgNBFHwTtxi3qEcvjUHwIMNMElxuAS+SUwTHBJIw9HR6kiY9C91vhBDyB14UT4r/4y/4N3YWD3EpaCiqqnmvXpBKodFxPq3cyura+kZ+s7C1vbO7V9w/uNdJphj3WCIT1Qqo5lLE3EOBkrdSxWkUSN4MhtdTv/nAlRZJfIejlHcj2o9FKBhFIzXrfvms7lf8Ysm1nRnI/6QECzT84kenl7As4jEySbVuu06K3TFVKJjkk0In0zylbEj7fDxbckJOjNQjYaLMi5HM1KUcjbQeRYFJRhQH+qc3Ff/y2hmGl92xiNMMeczmg8JMEkzItDHpCcUZypEhlClhNiRsQBVlaO5SMNUdu3JedSsO+U2+q3tl+8p2b91Srby4QR6O4BhOwYULqMENNMADBkN4gld4s0Lr0Xq2XubRnLX4cwhLsN6/AFqOikI=</latexit>

arrive

10
Average Turnaround Time:

100+(110-10)+(120 -10)/3 

= 103.33

+ Preemption

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

J2, J3
<latexit sha1_base64="SL0VilvK140vr/iiqbUfy3rRFnI=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgQoaZVnysLLpQuqrgWKUtQybNtKHJzJBkhFL6C24UV4p+jr/g0l/wC0xbXdTHgQuHc84l9yRIOFPacd6szNT0zOxcdj63sLi0vJJfXbtUcSoJ9UjMY3kVYEU5i6inmeb0KpEUi4DTWtA9Gfq1GyoVi6ML3UtoU+B2xEJGsDbSdcUv7qCKX0J+vuDazgjof1I4+ng/fQGAqp9/bbRikgoaacKxUnXXSXSzj6VmhNNBrpEqmmDSxW3aH505QFtGaqEwlmYijUbqRA4LpXoiMEmBdUf99IbiX1491eFBs8+iJNU0IuOHwpQjHaNhZ9RikhLNe4ZgIpm5EJEOlpho8zM5U92xS3u7bslBv8l3da9oH9ruuVsoH8MYWdiATdgGF/ahDGdQBQ8ICLiDR3iyOtatdW89jKMZ62tnHSZgPX8C7tCNnw==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="uRFxPE/UF9dyrPktg3CrjFF72Xc=">AAAB5XicdVBJTgJBFP2NE+KEw85NRWLiwnS6wTisJLrQsMLEFgyQTnVRDRWqh1RVmyDhCm40rjTewHN4BZdcwRNYgC5weMlPXt57P/VfeTFnUlnWu5Gamp6ZnUvPZxYWl5ZXsqtrVzJKBKEOiXgkqh6WlLOQOoopTquxoDjwOK14ndOhX7mhQrIovFTdmDYC3AqZzwhWWrouufldVHILyM3mbNMaAf1Pcscfg7PXjdtB2c2+1ZsRSQIaKsKxlDXbilWjh4VihNN+pp5IGmPSwS3aG53ZR9taaiI/EnpChUbqRA4HUnYDTycDrNrypzcU//JqifIPGz0WxomiIRk/5CccqQgNO6MmE5Qo3tUEE8H0hYi0scBE6Z/J6OqWWdjfswsW+k2+qzt588i0L+xc8QTGSMMmbMEO2HAARTiHMjhAIIB7eIJno23cGQ/G4ziaMr521mECxssn2tyPHA==</latexit><latexit sha1_base64="x6PfRoqgdhbDjvkde1uxs220SZY=">AAAB5XicdVDJSgNBFHzjGuMW9eilMQgeZJhJxOUW9CI5RXBMJAlDT6cnadKz0P1GCCG/4EXxpPg7/oJ/Y2fxEJeChqKqmvfqBakUGh3n01pYXFpeWc2t5dc3Nre2Czu7dzrJFOMeS2SiGgHVXIqYeyhQ8kaqOI0CyetB/2rs1x+40iKJb3GQ8nZEu7EIBaNopPuqXzomVb9M/ELRtZ0JyP+kCDPU/MJHq5OwLOIxMkm1brpOiu0hVSiY5KN8K9M8paxPu3w4WXNEDo3UIWGizIuRTNS5HI20HkSBSUYUe/qnNxb/8poZhuftoYjTDHnMpoPCTBJMyLgz6QjFGcqBIZQpYTYkrEcVZWgukzfVHbt8euKWHfKbfFf3SvaF7d64xcrl7AY52IcDOAIXzqAC11ADDxhE8ASv8Gb1rEfr2XqZRhes2Z89mIP1/gUK44qm</latexit>

   arrives at time 0;         arrive at time 10

With a preemptive scheduler — SRTF

J2, J3
<latexit sha1_base64="vZIJyuew3NMxp+92IYyPU6PAsA0=">AAAB43icdVDJSgNBFHwTtxi3qEcvjUHwIGEmEZeTAS+SUwTHBJIw9HR6kiY9C91vhBDyB14UT4onf8Zf8OYv+Ad2Ej3EpeBBUVWPftV+IoVG236zMnPzC4tL2eXcyura+kZ+c+tax6li3GWxjFXDp5pLEXEXBUreSBSnoS953e+fj/36DVdaxNEVDhLeDmk3EoFgFI1Ur3qlg6pX9vIFp2hPQP4nhbOP5OUdAGpe/rXViVka8giZpFo3HTvB9pAqFEzyUa6Vap5Q1qddPpwcOSJ7RuqQIFZmIiQTdSZHQ60HoW+SIcWe/umNxb+8ZorBSXsooiRFHrHpQ0EqCcZk3Jh0hOIM5cAQypQwFxLWo4oyNP+SM9XtYvno0Cnb5Df5ru6WiqdF59IpVEowRRZ2YBf2wYFjqMAF1MAFBn24g0d4sgLr1rq3HqbRjPW1sw0zsJ4/AXSjjWU=</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="wTXpks5SrycpqvCDAjmhmjICDyw=">AAAB43icdVDLSgMxFL1TX3V8VV26CRbBhQwzHfGxEAtupKsKji20ZcikmTY08zDJCKX0D9worhRX/ox/IH6Gf2Da6qI+Dlw4nHMuuSdByplUtv1u5GZm5+YX8ovm0vLK6lphfeNKJpkg1CMJT0Q9wJJyFlNPMcVpPRUURwGntaB3NvJrN1RIlsSXqp/SVoQ7MQsZwUpLtYpf2qv4rl8oOpY9BvqfFE8/0pc38+S66hdem+2EZBGNFeFYyoZjp6o1wEIxwunQbGaSppj0cIcOxkcO0Y6W2ihMhJ5YobE6lcORlP0o0MkIq6786Y3Ev7xGpsKj1oDFaaZoTCYPhRlHKkGjxqjNBCWK9zXBRDB9ISJdLDBR+l9MXd223IN9x7XRb/Jd3StZx5Zz4RTLJZggD1uwDbvgwCGU4Ryq4AGBHtzBIzwZoXFr3BsPk2jO+NrZhCkYz59Wfo4U</latexit><latexit sha1_base64="6cfCEZoBmGyzfzPVv2rP+98xRX8=">AAAB43icdVDJSgNBFHwTtxi3qEcvjUHwIMNMElxuAS+SUwTHBJIw9HR6kiY9C91vhBDyB14UT4r/4y/4N3YWD3EpaCiqqnmvXpBKodFxPq3cyura+kZ+s7C1vbO7V9w/uNdJphj3WCIT1Qqo5lLE3EOBkrdSxWkUSN4MhtdTv/nAlRZJfIejlHcj2o9FKBhFIzXrfvms7lf8Ysm1nRnI/6QECzT84kenl7As4jEySbVuu06K3TFVKJjkk0In0zylbEj7fDxbckJOjNQjYaLMi5HM1KUcjbQeRYFJRhQH+qc3Ff/y2hmGl92xiNMMeczmg8JMEkzItDHpCcUZypEhlClhNiRsQBVlaO5SMNUdu3JedSsO+U2+q3tl+8p2b91Srby4QR6O4BhOwYULqMENNMADBkN4gld4s0Lr0Xq2XubRnLX4cwhLsN6/AFqOikI=</latexit>

arrive

Time 0

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

10 120

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>

J2
<latexit sha1_base64="FoZVQsQHXQzyK5Dw8BRWLR7YN+U=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnYT8VEZtFCsIrpGSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Jxqhj3WCxjde1TzaWIuIcCJb9OFKehL3nV7x4P/eoNV1rE0SX2Et4IaTsSgWAUjXRx1iw28wXXdkYg/5PC4cf7yQsAVJr513orZmnII2SSal1znQQbfapQMMkHuXqqeUJZl7Z5f3TggGwZqUWCWJmJkIzUiRwNte6FvkmGFDv6pzcU//JqKQb7jb6IkhR5xMYPBakkGJNhW9ISijOUPUMoU8JcSFiHKsrQ/EnOVHfs0u6OW3LIb/Jd3SvaB7Z77hbKRzBGFjZgE7bBhT0owylUwAMGbbiDR3iyfOvWurcextGM9bWzDhOwnj8BJhGMGw==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="oXFUyqkovQGg8C+rISY640mE3iM=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezmot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cXq3AgMhVbatCJuUckUQ5KksJUZ5EmksBmN7mZ+8xWNlTp9pnGG3YQPUhlLwclJTw+9eq9S9Wv+HGyTBEtShSUavcpPp69FnmBKQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i7VxkxKbqyt7PLF2nERuM+E0tOveTPzPa+cUX3cnMs1ywlQsDsW5YqTZLC3rS4OC1NgRLox0HzIx5IYLcp2UXPRgPegmCeu1m1rw6EMRzuAcLiGAK7iFe2hACAIG8A5f8O1F3pv3seio4C3LOoUVeJ9/QhaHqA==</latexit><latexit sha1_base64="KCzJk3CzlkurcNXt741MpkhTP6E=">AAAB1HicjVDLSgNBEOyNrxijRq9eBoPgKezmorkJXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rhEFCxoaKoauqqiTElLvv/lFTY2t7Z3irulvfL+wWHlqPxo09wIDEWqUtOOuEUlNYYkSWE7M8iTSGErGl/P9dYTGitT/UCTDHsJH2oZS8HJUfe3/Xq/Ug1q/gLs76UKKzT7lc/uIBV5gpqE4tZ2Aj+j3pQbkkLhrNTNLWZcjPkQpwuDM3bmqAGLU+NGE1uwa3c8sXaSRO4y4TSyP7U5+ZvWySm+7E2lznJCLZaP4lwxStk8LRtIg4LUxC1cGOkcMjHihgtynZT+Fz2s1xq14M6HIpzAKZxDABdwBTfQhBAEDOEF3uHDi7xn73XZUcFblXUMa/DevgFGOYer</latexit><latexit sha1_base64="Z6Gn2ZN2Z37d9zl2dk5lSh0gBMA=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Uq9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLVKI8Q==</latexit><latexit sha1_base64="Zn0Kbe53otaldNsOwbxh0dEtxgo=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Ur9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLaKI8g==</latexit><latexit sha1_base64="86VE0LqW0yapyeVcom1YvDFNloU=">AAAB33icjVDLSgNBEOzxGeMrPm5eBoPgKezmop4MelA8RXRNIAlhdjKbDJmdXWZ6hRhy96J4UvwJv8Nf8Jhf8AvcJF4iChY0NFXVdHX7sZIWHeeDzMzOzS8sZpayyyura+u5jc0bGyWGC49HKjJVn1mhpBYeSlSiGhvBQl+Jit89HemVW2GsjPQ19mLRCFlby0Byhil1ddEsNnN5t+CMQf9u8sefw7O37bthuZl7r7cinoRCI1fM2prrxNjoM4OSKzHI1hMrYsa7rC3644ADupdSLRpEJi2NdMxO+VhobS/0U2fIsGN/aiPyN62WYHDY6EsdJyg0nywKEkUxoqNraUsawVH10oZxI9OElHeYYRzTn2T/d7pXLBwV3Es3XzqBCTKwA7uwDy4cQAnOoQwecGjDAzzDC/HJPXkkTxPrDPme2YIpkNcv/ZuNaA==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="oXFUyqkovQGg8C+rISY640mE3iM=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezmot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cXq3AgMhVbatCJuUckUQ5KksJUZ5EmksBmN7mZ+8xWNlTp9pnGG3YQPUhlLwclJTw+9eq9S9Wv+HGyTBEtShSUavcpPp69FnmBKQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i7VxkxKbqyt7PLF2nERuM+E0tOveTPzPa+cUX3cnMs1ywlQsDsW5YqTZLC3rS4OC1NgRLox0HzIx5IYLcp2UXPRgPegmCeu1m1rw6EMRzuAcLiGAK7iFe2hACAIG8A5f8O1F3pv3seio4C3LOoUVeJ9/QhaHqA==</latexit><latexit sha1_base64="KCzJk3CzlkurcNXt741MpkhTP6E=">AAAB1HicjVDLSgNBEOyNrxijRq9eBoPgKezmorkJXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rhEFCxoaKoauqqiTElLvv/lFTY2t7Z3irulvfL+wWHlqPxo09wIDEWqUtOOuEUlNYYkSWE7M8iTSGErGl/P9dYTGitT/UCTDHsJH2oZS8HJUfe3/Xq/Ug1q/gLs76UKKzT7lc/uIBV5gpqE4tZ2Aj+j3pQbkkLhrNTNLWZcjPkQpwuDM3bmqAGLU+NGE1uwa3c8sXaSRO4y4TSyP7U5+ZvWySm+7E2lznJCLZaP4lwxStk8LRtIg4LUxC1cGOkcMjHihgtynZT+Fz2s1xq14M6HIpzAKZxDABdwBTfQhBAEDOEF3uHDi7xn73XZUcFblXUMa/DevgFGOYer</latexit><latexit sha1_base64="Z6Gn2ZN2Z37d9zl2dk5lSh0gBMA=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Uq9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLVKI8Q==</latexit><latexit sha1_base64="Zn0Kbe53otaldNsOwbxh0dEtxgo=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Ur9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLaKI8g==</latexit><latexit sha1_base64="86VE0LqW0yapyeVcom1YvDFNloU=">AAAB33icjVDLSgNBEOzxGeMrPm5eBoPgKezmop4MelA8RXRNIAlhdjKbDJmdXWZ6hRhy96J4UvwJv8Nf8Jhf8AvcJF4iChY0NFXVdHX7sZIWHeeDzMzOzS8sZpayyyura+u5jc0bGyWGC49HKjJVn1mhpBYeSlSiGhvBQl+Jit89HemVW2GsjPQ19mLRCFlby0Byhil1ddEsNnN5t+CMQf9u8sefw7O37bthuZl7r7cinoRCI1fM2prrxNjoM4OSKzHI1hMrYsa7rC3644ADupdSLRpEJi2NdMxO+VhobS/0U2fIsGN/aiPyN62WYHDY6EsdJyg0nywKEkUxoqNraUsawVH10oZxI9OElHeYYRzTn2T/d7pXLBwV3Es3XzqBCTKwA7uwDy4cQAnOoQwecGjDAzzDC/HJPXkkTxPrDPme2YIpkNcv/ZuNaA==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="3lyu/beir4GmOdJ1ERHbE4Hx1PY=">AAAB33icdVDJSgNBFHwdtxi3qEcvjUHwNMwk4nILehFPER0TSELo6fQkTXoWut8IIeTuRfGk+Ef+gn9jZ/HgVtBQVFXzXr0gVdKg636Q3MLi0vJKfrWwtr6xuVXc3rkzSaa58HmiEt0ImBFKxsJHiUo0Ui1YFChRDwYXE79+L7SRSXyLw1S0I9aLZSg5QyvdXHXKnWLJc9wp6P+kBHPUOsX3VjfhWSRi5IoZ0/TcFNsjplFyJcaFVmZEyviA9cRouuCYHlipS8NE2xcjnarfciwyZhgFNhkx7Juf3kT8y2tmGJ62RzJOMxQxnw0KM0UxoZO2tCu14KiGljCupd2Q8j7TjKO9ScFWd53K8ZFXcelv8lXdLztnjnftlarn8xvkYQ/24RA8OIEqXEINfODQg0d4gVcSkAfyRJ5n0RyZ/9mFbyBvn0IViSI=</latexit>
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30

Average Turnaround Time:

(120-0)+(20-10)+(30-10)/3 

= 50

At end of each quantum, scheduler selects job 
with the least remaining time to run next

Often same job is selected, 
avoiding a context switch…
…but new short jobs see 
improved response time

Shortest Remaining 
Time First



SRTF Roundup

Good response time and 
turnaround time of I/O 
bound processes

Bad turnaround time and response 
time for CPU bound processes 
Need estimate of execution for each job

Starvation

The Good

The Bad

The Ugly


