
CPU Scheduling

(Chapters 7-11)

The Problem

You are the cook at the State Street Diner

Customers enter and place orders 24 hours a day

Dishes take varying amounts of time to prepare


What are your goals?

Minimize average latency

Minimize maximum latency

Maximize throughput


Which strategy achieves your goal?

Context matters!

What if instead you are:

the owner of an expensive container ship, and 
have cargo across the world

the head nurse managing the waiting room of an 
emergency room

a student who has to do homework in various 
classes, hang out with other students and 
(occasionally) sleep

Kernel Operation  

(conceptual, simplified)

 Initialize devices

 Initialize “first process”

 while (TRUE) {


while device interrupts pending

  - handle device interrupts


while system calls pending

 - handle system calls


if run queue is non-empty

 - select a runnable process and switch to it


otherwise

    - wait for device interrupt

}
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Schedulers in the OS

Disk scheduler selects next read/write 
operation

Network scheduler selects next packet to 
send or process

Page Replacement scheduler selects page to 
evict

CPU scheduler selects next process to run 
from the ready queue


Scheduling processes
OS keeps PCBs on different queues


Ready processes are on ready queue - OS chooses 
one to dispatch

Processes waiting for I/O are on appropriate 
device queue

Processes waiting on a condition are on an 
appropriate condition variable queue


OS regulates PCB migration during life cycle 
of corresponding process

Why scheduling is 
challenging

Processes are not created equal!

CPU-bound process: long CPU bursts


mp3 encoding, compilation, scientific applications


I/O-bound process: short CPU bursts

index a file system, browse small web pages


Problem

don’t know jobs type before running it

jobs behavior can change over time

CPU bursts

Terminology and Metrics

Job/Task

A user request: e.g., mouse click, web request, 
shell command…


Turnaround time

Time elapsed between a job’s arrival and its 
completion


Throughput

Number of tasks completed per unit of time 



More Metrics
Response time


Time between job’s arrival and first response produced

Initial waiting time


Time between job’s arrival and first time job runs

Total waiting time


Time on the ready queue but not running

sum of “red” intervals below


Execution time: sum of “green” intervals

Time of
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Turnaround time

Response time 

depends on job:

we’ll assume it 

equal to the initial 
waiting time

Job completed

Other Concerns
Fairness


Equitable division of resources


Starvation

Lack of progress by some job


Overhead

Time wasted switching between jobs


Predictability

Low variance in response time for repeated 
requests

The Perfect Scheduler
Minimizes response and turnaround time

Maximizes throughput

Maximizes resource utilization (“work conserving”)

Meets deadlines


think watching a video, operating car brakes, etc

Guarantees fairness

Is envy-free


no job wants to switch its schedule with another

Alas, no such scheduler exists… 

When Does the 
Scheduler Run?

Non-preemptive

job runs until its actions cause it to yield CPU


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

job explicitly yields

job terminates


Preemptive

all of the above, plus timer and other interrupts

incurs some context switching overhead



Workload assumptions

Jobs arrive at the same time 

but can still be ordered w.r.t. one another


Once started, jobs run to completion

unless preempted


Run-time of each job is known

Basic Scheduling 
Algorithms

FIFO (First In First Out)

SJF (Shortest Job First)

STCF (Shortest Time-to-Completion First)


preemptive


Round Robin

preemptive

FIFO
Jobs             with compute time 12, 3, 3

Job arrival 

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

Job arrival 


Job arrival
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>

6

J3
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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>

J3
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Average turnaround time very sensitive to arrival time!



FIFO
Simple
Low overhead

Optimal average turnaround time (with same-sized jobs)
No starvation

Poor average turnaround time

when jobs have variable size

Not responsive to 
interactive tasks 

The Good

The Bad

The Ugly

Average turnaround time 
very sensitive to arrival time

SJF: Shortest Job First

Schedule jobs in order of estimated completion time

Optimal* average turnaround time (   )att

*when jobs are available simultaneously

SJF: Shortest Job First

Schedule jobs in order of estimated completion time

Optimal* average turnaround time (   )

Intuition

*when jobs are available simultaneously

att

att = (r1+r2+r3+r4+r5+r6)/6

c1 c2 c3 c4 c5 c6SJF

r1 r2 r3 r4 r5 r6

Can switching execution order reduce response time? 

XYZ c1 c2 c3c4 c5 c6

att = (r1+r2+(r4−c3)+(r5−c3)+r3+c4+c5+r6)/6
= (r1+r2+r3+r4+r5+r6+(c4+c5�2c3))/6

<latexit sha1_base64="1j9JdI/l5ozFjrrhXcg941MOzYY="></latexit><latexit sha1_base64="HV5zz4xSesQvClQdpqikij51AOk="></latexit><latexit sha1_base64="HV5zz4xSesQvClQdpqikij51AOk="></latexit><latexit sha1_base64="HV5zz4xSesQvClQdpqikij51AOk="></latexit><latexit sha1_base64="HV5zz4xSesQvClQdpqikij51AOk="></latexit><latexit sha1_base64="rUquY7YL+b66HJZwHpSCzr8svWA="></latexit>

ci  ci+1
<latexit sha1_base64="thyEpmNKPkEOvbdzAV/cOD8/yzw=">AAAB7XicdVDLSsNAFL2pr1ofjbp0M1gEQQiJlaorC25cVjC20JY4mU7aoZMHMxOhhHyDOzeKK8X/cOUv+Bn+gdNWF/Vx4MLhnHOZe8ZPOJPKtt+Nwtz8wuJScbm0srq2XjY3Nq9knApCXRLzWLR8LClnEXUVU5y2EkFx6HPa9IdnY795Q4VkcXSpRgnthrgfsYARrLTkmWXiMdThFBEvY/tO7pkVx7InQP+TyunH6+01ADQ8863Ti0ka0kgRjqVsO3aiuhkWihFO81InlTTBZIj7NJucm6NdLfVQEAs9kUITdSaHQylHoa+TIVYD+dMbi3957VQFx92MRUmqaESmDwUpRypG4+6oxwQlio80wUQwfSEiAywwUfqHSrq6bVVrh07VRr/Jd3X3wDqxnAunUq/BFEXYhh3YAweOoA7n0AAXCKRwD0/wbCTGnfFgPE6jBeNrZwtmYLx8ApQ1kNw=</latexit><latexit sha1_base64="qNIqmnKSko2Jw0feP+C22KtkzV8=">AAAB7XicdVDLSsNAFL2pr1ofjbp0M1iEghASK1VXFty4rGBsoS1hMp20QycPZiZCCf0Gd24UV4r/oRt/wc9w4d5pq4v6OHDhcM65zD3jJ5xJZdtvRm5ufmFxKb9cWFldWy+aG5uXMk4FoS6JeSyaPpaUs4i6iilOm4mgOPQ5bfiD07HfuKJCsji6UMOEdkLci1jACFZa8swi8Rhqc4qIl7E9Z+SZJceyJ0D/k9LJ+/N1u/zxUvfM13Y3JmlII0U4lrLl2InqZFgoRjgdFdqppAkmA9yj2eTcEdrVUhcFsdATKTRRZ3I4lHIY+joZYtWXP72x+JfXSlVw1MlYlKSKRmT6UJBypGI07o66TFCi+FATTATTFyLSxwITpX+ooKvbVqV64FRs9Jt8V3f3rWPLOXdKtSpMkYdt2IEyOHAINTiDOrhAIIVbeIBHIzFujDvjfhrNGV87WzAD4+kT+ySSuA==</latexit><latexit sha1_base64="qNIqmnKSko2Jw0feP+C22KtkzV8=">AAAB7XicdVDLSsNAFL2pr1ofjbp0M1iEghASK1VXFty4rGBsoS1hMp20QycPZiZCCf0Gd24UV4r/oRt/wc9w4d5pq4v6OHDhcM65zD3jJ5xJZdtvRm5ufmFxKb9cWFldWy+aG5uXMk4FoS6JeSyaPpaUs4i6iilOm4mgOPQ5bfiD07HfuKJCsji6UMOEdkLci1jACFZa8swi8Rhqc4qIl7E9Z+SZJceyJ0D/k9LJ+/N1u/zxUvfM13Y3JmlII0U4lrLl2InqZFgoRjgdFdqppAkmA9yj2eTcEdrVUhcFsdATKTRRZ3I4lHIY+joZYtWXP72x+JfXSlVw1MlYlKSKRmT6UJBypGI07o66TFCi+FATTATTFyLSxwITpX+ooKvbVqV64FRs9Jt8V3f3rWPLOXdKtSpMkYdt2IEyOHAINTiDOrhAIIVbeIBHIzFujDvjfhrNGV87WzAD4+kT+ySSuA==</latexit><latexit sha1_base64="qNIqmnKSko2Jw0feP+C22KtkzV8=">AAAB7XicdVDLSsNAFL2pr1ofjbp0M1iEghASK1VXFty4rGBsoS1hMp20QycPZiZCCf0Gd24UV4r/oRt/wc9w4d5pq4v6OHDhcM65zD3jJ5xJZdtvRm5ufmFxKb9cWFldWy+aG5uXMk4FoS6JeSyaPpaUs4i6iilOm4mgOPQ5bfiD07HfuKJCsji6UMOEdkLci1jACFZa8swi8Rhqc4qIl7E9Z+SZJceyJ0D/k9LJ+/N1u/zxUvfM13Y3JmlII0U4lrLl2InqZFgoRjgdFdqppAkmA9yj2eTcEdrVUhcFsdATKTRRZ3I4lHIY+joZYtWXP72x+JfXSlVw1MlYlKSKRmT6UJBypGI07o66TFCi+FATTATTFyLSxwITpX+ooKvbVqV64FRs9Jt8V3f3rWPLOXdKtSpMkYdt2IEyOHAINTiDOrhAIIVbeIBHIzFujDvjfhrNGV87WzAD4+kT+ySSuA==</latexit><latexit sha1_base64="qNIqmnKSko2Jw0feP+C22KtkzV8=">AAAB7XicdVDLSsNAFL2pr1ofjbp0M1iEghASK1VXFty4rGBsoS1hMp20QycPZiZCCf0Gd24UV4r/oRt/wc9w4d5pq4v6OHDhcM65zD3jJ5xJZdtvRm5ufmFxKb9cWFldWy+aG5uXMk4FoS6JeSyaPpaUs4i6iilOm4mgOPQ5bfiD07HfuKJCsji6UMOEdkLci1jACFZa8swi8Rhqc4qIl7E9Z+SZJceyJ0D/k9LJ+/N1u/zxUvfM13Y3JmlII0U4lrLl2InqZFgoRjgdFdqppAkmA9yj2eTcEdrVUhcFsdATKTRRZ3I4lHIY+joZYtWXP72x+JfXSlVw1MlYlKSKRmT6UJBypGI07o66TFCi+FATTATTFyLSxwITpX+ooKvbVqV64FRs9Jt8V3f3rWPLOXdKtSpMkYdt2IEyOHAINTiDOrhAIIVbeIBHIzFujDvjfhrNGV87WzAD4+kT+ySSuA==</latexit><latexit sha1_base64="3vg64YQDBRwtMUGwvvmmeKU5HZ4=">AAAB7XicdVDJSgNBFHwTtxiXjHr00hgEQRhmjES9Bbx4jOCYQBKGnpeepEnPQnePEEJ+w4viSfFX/AX/xs7iIS4FDUVVNe/VCzPBlXbdT6uwsrq2vlHcLG1t7+yW7b39e5XmEpmPqUhlK6SKCZ4wX3MtWCuTjMahYM1weD31mw9MKp4md3qUsW5M+wmPOFJtpMAuY8BJRzCCwZifepPArniOOwP5n1RggUZgf3R6KeYxSzQKqlTbczPdHVOpOQo2KXVyxTKKQ9pn49m6E3JspB6JUmleoslMXcrRWKlRHJpkTPVA/fSm4l9eO9fRZXfMkyzXLMH5oCgXRKdk2p30uGSoxcgQipKbDQkOqKSozYVKprrrVGvnXtUlv8l3df/MuXK8W69Sry1uUIRDOIIT8OAC6nADDfABIYcneIU3K7MerWfrZR4tWIs/B7AE6/0Lz2qN+w==</latexit>

SJF

Optimal average turnaround time 

(when jobs are available simultaneously)

Pessimal in how turnaround 
times can get far apart  
(see under “starvation”) 

Needs estimate of execution times 

The Good

The Bad

The Ugly
Can starve long jobs 



Relaxing 

“Same Arrival Time”

   arrives at time 0;         arrive at time 10


To retain benefits of SJF, we relax 
    “Jobs run to completion”


use a preemptive scheduler

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

STCF: Shortest Time-to-
Completion First

On job arrival, scheduler schedules job with 
shortest remaining time

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>

Average Turnaround Time:

((120-0) + (20-10) + (30 -10))/3 = 50

J2
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But what if the completion time is unknown?

Shortest Process Next 
(SJF for interactive jobs)

Enqueue in order of estimated completion time

Use recent history as indicator of near future


Let       duration of      CPU burst

           estimated duration of     CPU burst

        estimated duration of next CPU burst 
               

tn = n
th

τn = n
th

⌧n+1=
<latexit sha1_base64="750cQ9Kbrb8d11PXabt4vpEsV8k=">AAAB6nicdVDLSgMxFL1TX7W+qi7dRIsgCMOMFR8LseLGZQuOLXRqyaRpG5rJDElGKEO/wo3iSvEj/AR/wZ3f4BeYtrqojwMXDuecS+5JEHOmtOO8WZmp6ZnZuex8bmFxaXklv7p2paJEEuqRiEeyFmBFORPU00xzWoslxWHAaTXonQ/96g2VikXiUvdj2ghxR7A2I1gb6drXOGmmYtcd+JsnqJkvuLYzAvqfFE4/XirvAFBu5l/9VkSSkApNOFaq7jqxbqRYakY4HeT8RNEYkx7u0HR06wBtG6mF2pE0IzQaqRM5HCrVDwOTDLHuqp/eUPzLqye6fdRImYgTTQUZP9ROONIRGhZHLSYp0bxvCCaSmQsR6WKJiTbfkzPVHbt4sO8WHfSbfFf39uxj2624hdIZjJGFDdiCHXDhEEpwAWXwgICEO3iEJyu0bq1762EczVhfO+swAev5E5bqkG8=</latexit><latexit sha1_base64="dwXyllyUN/PntiT5a2xykFbJhrY=">AAAB6nicdVBLSgNBFOzxG+Mv6lKQ1iAIwjBjxM9CjLhxmYBjApkYejo9SZOeD91vhDBk6QncKK4UD5EjeAXP4M4T2El0ET8FD4qqevSr9mLBFVjWmzExOTU9M5uZy84vLC4t51ZWr1SUSMocGolIVj2imOAhc4CDYNVYMhJ4glW8zvnAr9wwqXgUXkI3ZvWAtELuc0pAS9cukKSRhrt2z908wY1c3jatIfD/JH/60S+/3270S43cq9uMaBKwEKggStVsK4Z6SiRwKlgv6yaKxYR2SIulw1t7eFtLTexHUk8IeKiO5UigVDfwdDIg0FY/vYH4l1dLwD+qpzyME2AhHT3kJwJDhAfFcZNLRkF0NSFUcn0hpm0iCQX9PVld3TILB/t2wcK/yXd1Z888Nu2ynS+eoREyaB1toR1ko0NURBeohBxEkUT36Ak9G4FxZzwYj6PohPG1s4bGYLx8AmXNkdU=</latexit><latexit sha1_base64="dwXyllyUN/PntiT5a2xykFbJhrY=">AAAB6nicdVBLSgNBFOzxG+Mv6lKQ1iAIwjBjxM9CjLhxmYBjApkYejo9SZOeD91vhDBk6QncKK4UD5EjeAXP4M4T2El0ET8FD4qqevSr9mLBFVjWmzExOTU9M5uZy84vLC4t51ZWr1SUSMocGolIVj2imOAhc4CDYNVYMhJ4glW8zvnAr9wwqXgUXkI3ZvWAtELuc0pAS9cukKSRhrt2z908wY1c3jatIfD/JH/60S+/3270S43cq9uMaBKwEKggStVsK4Z6SiRwKlgv6yaKxYR2SIulw1t7eFtLTexHUk8IeKiO5UigVDfwdDIg0FY/vYH4l1dLwD+qpzyME2AhHT3kJwJDhAfFcZNLRkF0NSFUcn0hpm0iCQX9PVld3TILB/t2wcK/yXd1Z888Nu2ynS+eoREyaB1toR1ko0NURBeohBxEkUT36Ak9G4FxZzwYj6PohPG1s4bGYLx8AmXNkdU=</latexit><latexit sha1_base64="dwXyllyUN/PntiT5a2xykFbJhrY=">AAAB6nicdVBLSgNBFOzxG+Mv6lKQ1iAIwjBjxM9CjLhxmYBjApkYejo9SZOeD91vhDBk6QncKK4UD5EjeAXP4M4T2El0ET8FD4qqevSr9mLBFVjWmzExOTU9M5uZy84vLC4t51ZWr1SUSMocGolIVj2imOAhc4CDYNVYMhJ4glW8zvnAr9wwqXgUXkI3ZvWAtELuc0pAS9cukKSRhrt2z908wY1c3jatIfD/JH/60S+/3270S43cq9uMaBKwEKggStVsK4Z6SiRwKlgv6yaKxYR2SIulw1t7eFtLTexHUk8IeKiO5UigVDfwdDIg0FY/vYH4l1dLwD+qpzyME2AhHT3kJwJDhAfFcZNLRkF0NSFUcn0hpm0iCQX9PVld3TILB/t2wcK/yXd1Z888Nu2ynS+eoREyaB1toR1ko0NURBeohBxEkUT36Ak9G4FxZzwYj6PohPG1s4bGYLx8AmXNkdU=</latexit><latexit sha1_base64="dwXyllyUN/PntiT5a2xykFbJhrY=">AAAB6nicdVBLSgNBFOzxG+Mv6lKQ1iAIwjBjxM9CjLhxmYBjApkYejo9SZOeD91vhDBk6QncKK4UD5EjeAXP4M4T2El0ET8FD4qqevSr9mLBFVjWmzExOTU9M5uZy84vLC4t51ZWr1SUSMocGolIVj2imOAhc4CDYNVYMhJ4glW8zvnAr9wwqXgUXkI3ZvWAtELuc0pAS9cukKSRhrt2z908wY1c3jatIfD/JH/60S+/3270S43cq9uMaBKwEKggStVsK4Z6SiRwKlgv6yaKxYR2SIulw1t7eFtLTexHUk8IeKiO5UigVDfwdDIg0FY/vYH4l1dLwD+qpzyME2AhHT3kJwJDhAfFcZNLRkF0NSFUcn0hpm0iCQX9PVld3TILB/t2wcK/yXd1Z888Nu2ynS+eoREyaB1toR1ko0NURBeohBxEkUT36Ak9G4FxZzwYj6PohPG1s4bGYLx8AmXNkdU=</latexit><latexit sha1_base64="EeT/k1y2Q3bwIHvIxhWd8IpYR8o=">AAAB6nicdVDLSsNAFL2pr1pfVZduRosgCCGx4mMhVNy4rGBsoallMp22QyeTMHMjlNCvcKO4UvwYf8G/MX24qI8DA4dzznDvuUEshUHH+bRyc/MLi0v55cLK6tr6RnFz685EiWbcY5GMdD2ghkuhuIcCJa/HmtMwkLwW9K9Gfu2BayMidYuDmDdD2lWiIxjFTLr3kSatVB26Q3/3grSKJdd2xiD/kxJMUW0VP/x2xJKQK2SSGtNwnRibKdUomOTDgp8YHlPWp12ejncdkv1MapNOpLOnkIzVmRwNjRmEQZYMKfbMT28k/uU1EuycNVOh4gS5YpNBnUQSjMioOGkLzRnKQUYo0yLbkLAe1ZRhdp5CVt2xyyfHbtkhv8l3de/IPrfdG7dUuZzeIA87sAcH4MIpVOAaquABAw1P8ApvVmg9Ws/WyySas6Z/tmEG1vsXiEmNVQ==</latexit>

⌧n+1= ↵⌧n+(1� ↵)tn
<latexit sha1_base64="1Ydor9Cv5AmnjWOK48iSIQU/iVM=">AAACC3icbZDLSgMxFIbPeK31VnXpJvUCSnGY0eJlIYhuXCpYFZxSMmnaBjOZITkjlNJXcOML+BBuFFeK4Cv4NmY6uqj4Q+DnO39I/hMmUhj0vC9nZHRsfGKyMFWcnpmdmy8tLF6aONWM11gsY30dUsOlULyGAiW/TjSnUSj5VXh7ks2v7rg2IlYX2E14PaJtJVqCUbSoUdoKkKaNnqr4/aB8SAIqkw4lA6iCciUob/hbOdzEhs2veu6+l4n4rpcbz60Ok9WjtaDyCABnjdJn0IxZGnGFTFJjbnwvwXqPahRM8n4xSA1PKLulbd4blOmTdYuapBVrexSSAR3K0ciYbhTaZESxY/7OMvjf7CbF1n69J1SSIlcsf6iVSoIxyTZDmkJzhrJrDWVa2B8S1qGaMrT7Kw6q7+xW/Z2s8V/zW7227R64/rldwTHkKsAyrMAG+LAHR3AKZ1ADBg/wDG/w7tw7T86L85pHR5yfO0swJOfjGxqBmr0=</latexit><latexit sha1_base64="RF5Q5rsmYb0jP0kPiZTgrEuqz6g=">AAACC3icbZDLSgMxGIUzXmu9VV26Sb2AUhxmbNG6EIpuXFawKjilZNK0Dc1khuQfoZS+ght9FDeKK0XwFfo2ZmZ0UfFA4PD9JyTn9yPBNTjO2Jqanpmdm88t5BeXlldWC2vr1zqMFWUNGopQ3fpEM8ElawAHwW4jxUjgC3bj98+T+c09U5qH8goGEWsGpCt5h1MCBrUKBx6QuDWUJXfkFU+xR0TUIziF0iuWvOKee5DBfWiZ/LZjV51E2LWdzDh2ZZJs13a80tO4Nqi3Cl9eO6RxwCRQQbS+c50ImkOigFPBRnkv1iwitE+6bJiWGeFdg9q4EypzJOCUTuRIoPUg8E0yINDTf2cJ/G92F0On2hxyGcXAJM0e6sQCQ4iTzeA2V4yCGBhDqOLmh5j2iCIUzP7yafXyUcUtJ43/mt/qjUP7xHYvzQrOUKYc2kRbaA+56BjV0AWqowai6BG9oHf0YT1Yz9ar9ZZFp6yfOxtoQtbnNxMpnEM=</latexit><latexit sha1_base64="RF5Q5rsmYb0jP0kPiZTgrEuqz6g=">AAACC3icbZDLSgMxGIUzXmu9VV26Sb2AUhxmbNG6EIpuXFawKjilZNK0Dc1khuQfoZS+ght9FDeKK0XwFfo2ZmZ0UfFA4PD9JyTn9yPBNTjO2Jqanpmdm88t5BeXlldWC2vr1zqMFWUNGopQ3fpEM8ElawAHwW4jxUjgC3bj98+T+c09U5qH8goGEWsGpCt5h1MCBrUKBx6QuDWUJXfkFU+xR0TUIziF0iuWvOKee5DBfWiZ/LZjV51E2LWdzDh2ZZJs13a80tO4Nqi3Cl9eO6RxwCRQQbS+c50ImkOigFPBRnkv1iwitE+6bJiWGeFdg9q4EypzJOCUTuRIoPUg8E0yINDTf2cJ/G92F0On2hxyGcXAJM0e6sQCQ4iTzeA2V4yCGBhDqOLmh5j2iCIUzP7yafXyUcUtJ43/mt/qjUP7xHYvzQrOUKYc2kRbaA+56BjV0AWqowai6BG9oHf0YT1Yz9ar9ZZFp6yfOxtoQtbnNxMpnEM=</latexit><latexit sha1_base64="RF5Q5rsmYb0jP0kPiZTgrEuqz6g=">AAACC3icbZDLSgMxGIUzXmu9VV26Sb2AUhxmbNG6EIpuXFawKjilZNK0Dc1khuQfoZS+ght9FDeKK0XwFfo2ZmZ0UfFA4PD9JyTn9yPBNTjO2Jqanpmdm88t5BeXlldWC2vr1zqMFWUNGopQ3fpEM8ElawAHwW4jxUjgC3bj98+T+c09U5qH8goGEWsGpCt5h1MCBrUKBx6QuDWUJXfkFU+xR0TUIziF0iuWvOKee5DBfWiZ/LZjV51E2LWdzDh2ZZJs13a80tO4Nqi3Cl9eO6RxwCRQQbS+c50ImkOigFPBRnkv1iwitE+6bJiWGeFdg9q4EypzJOCUTuRIoPUg8E0yINDTf2cJ/G92F0On2hxyGcXAJM0e6sQCQ4iTzeA2V4yCGBhDqOLmh5j2iCIUzP7yafXyUcUtJ43/mt/qjUP7xHYvzQrOUKYc2kRbaA+56BjV0AWqowai6BG9oHf0YT1Yz9ar9ZZFp6yfOxtoQtbnNxMpnEM=</latexit><latexit sha1_base64="RF5Q5rsmYb0jP0kPiZTgrEuqz6g=">AAACC3icbZDLSgMxGIUzXmu9VV26Sb2AUhxmbNG6EIpuXFawKjilZNK0Dc1khuQfoZS+ght9FDeKK0XwFfo2ZmZ0UfFA4PD9JyTn9yPBNTjO2Jqanpmdm88t5BeXlldWC2vr1zqMFWUNGopQ3fpEM8ElawAHwW4jxUjgC3bj98+T+c09U5qH8goGEWsGpCt5h1MCBrUKBx6QuDWUJXfkFU+xR0TUIziF0iuWvOKee5DBfWiZ/LZjV51E2LWdzDh2ZZJs13a80tO4Nqi3Cl9eO6RxwCRQQbS+c50ImkOigFPBRnkv1iwitE+6bJiWGeFdg9q4EypzJOCUTuRIoPUg8E0yINDTf2cJ/G92F0On2hxyGcXAJM0e6sQCQ4iTzeA2V4yCGBhDqOLmh5j2iCIUzP7yafXyUcUtJ43/mt/qjUP7xHYvzQrOUKYc2kRbaA+56BjV0AWqowai6BG9oHf0YT1Yz9ar9ZZFp6yfOxtoQtbnNxMpnEM=</latexit><latexit sha1_base64="JQLtQHMBWA4Owx6VW7F5eKWkZ7g=">AAACC3icbZBPSwJBGMZn7Z/ZP6tjlzEJDHHZTSk7BFKXjgaZgisyO446ODu7zLwbiPgVuvRVuhSdiqCv0Ldpd7WD0gMDD7/3GWae1w0E12BZP0ZqZXVtfSO9mdna3tndy+4fPGg/VJQ1qC981XKJZoJL1gAOgrUCxYjnCtZ0RzfxvPnIlOa+vIdxwDoeGUje55RAhLrZkgMk7E5k0Z46uSvsEBEMCU6gdHJFJ1ewSzN4Ct0on7fMqhUL26Y1M5ZZWSR5NFe9m/12ej4NPSaBCqJ127YC6EyIAk4Fm2acULOA0BEZsElSZopPItTDfV9FRwJO6EKOeFqPPTdKegSGenkWw/9m7RD61c6EyyAEJunsoX4oMPg43gzuccUoiHFkCFU8+iGmQ6IIhWh/maR6+bxil+PGy+aveuPMvDTtOytfu57vII2O0DEqIBtdoBq6RXXUQBQ9o1f0gT6NJ+PFeDPeZ9GUMb9ziBZkfP0CFkWZMg==</latexit>

0↵1
<latexit sha1_base64="0/uGZygxU9+/Fr7+CrrqMedjORs=">AAAB9HicdVDLSgMxFL3js9bXqODGTbQIroaMFR8rK25ctuDYQqeUTJq2oZkHSUYptZ/iRnGluPYT/AV3foNfYPpwUR8HEk7OOZfce4NEcKUxfrempmdm5+YzC9nFpeWVVXtt/UrFqaTMo7GIZSUgigkeMU9zLVglkYyEgWDloHM+8MvXTCoeR5e6m7BaSFoRb3JKtJHq9ib2t33BzEVE0ibjh1u3c66Dh0D/k9zp52vpAwCKdfvNb8Q0DVmkqSBKVV2c6FqPSM2pYP2snyqWENohLdYbdt1Hu0ZqoGYszYk0GqoTORIq1Q0DkwyJbquf3kD8y6umunlc6/EoSTWL6OijZiqQjtFgBajBJaNadA0hVHLTIaJtIgnVZlFZMzp28ocHbh6j3+R7dG/fOXHcEs4VzmCEDGzBDuyBC0dQgAsoggcUbuEenuDZurHurAfrcRSdssY1GzAB6+UL9MmTXw==</latexit><latexit sha1_base64="qs4VNQ8TBu8Iti0KjBOvvs7bpPc=">AAAB9HicdVDLSgMxFL1TX7W+RgU3gkSL4KrMWPGxsuLGZQuOLXRKyaSZNjTzIMkopXbpZ7hRXCmu+wn+gt/gzi8wfbiojwMJJ+ecS+69XsyZVJb1bqSmpmdm59LzmYXFpeUVc3XtSkaJINQhEY9ExcOSchZSRzHFaSUWFAcep2WvfT7wy9dUSBaFl6oT01qAmyHzGcFKS3Vzw3K3XU71hXncwuOHXTezds4aAv1Psqef/dLH3Va/WDff3EZEkoCGinAsZdW2YlXrYqEY4bSXcRNJY0zauEm7w657aFdLDeRHQp9QoaE6kcOBlJ3A08kAq5b86Q3Ev7xqovzjWpeFcaJoSEYf+QlHKkKDFaAGE5Qo3tEEE8F0h4i0sMBE6UVl9OhWLn94YOct9Jt8j+7s505ydsnKFs5ghDRswg7sgQ1HUIALKIIDBG7hAZ7hxbgx7o1H42kUTRnjmnWYgPH6BcOslMU=</latexit><latexit sha1_base64="qs4VNQ8TBu8Iti0KjBOvvs7bpPc=">AAAB9HicdVDLSgMxFL1TX7W+RgU3gkSL4KrMWPGxsuLGZQuOLXRKyaSZNjTzIMkopXbpZ7hRXCmu+wn+gt/gzi8wfbiojwMJJ+ecS+69XsyZVJb1bqSmpmdm59LzmYXFpeUVc3XtSkaJINQhEY9ExcOSchZSRzHFaSUWFAcep2WvfT7wy9dUSBaFl6oT01qAmyHzGcFKS3Vzw3K3XU71hXncwuOHXTezds4aAv1Psqef/dLH3Va/WDff3EZEkoCGinAsZdW2YlXrYqEY4bSXcRNJY0zauEm7w657aFdLDeRHQp9QoaE6kcOBlJ3A08kAq5b86Q3Ev7xqovzjWpeFcaJoSEYf+QlHKkKDFaAGE5Qo3tEEE8F0h4i0sMBE6UVl9OhWLn94YOct9Jt8j+7s505ydsnKFs5ghDRswg7sgQ1HUIALKIIDBG7hAZ7hxbgx7o1H42kUTRnjmnWYgPH6BcOslMU=</latexit><latexit sha1_base64="qs4VNQ8TBu8Iti0KjBOvvs7bpPc=">AAAB9HicdVDLSgMxFL1TX7W+RgU3gkSL4KrMWPGxsuLGZQuOLXRKyaSZNjTzIMkopXbpZ7hRXCmu+wn+gt/gzi8wfbiojwMJJ+ecS+69XsyZVJb1bqSmpmdm59LzmYXFpeUVc3XtSkaJINQhEY9ExcOSchZSRzHFaSUWFAcep2WvfT7wy9dUSBaFl6oT01qAmyHzGcFKS3Vzw3K3XU71hXncwuOHXTezds4aAv1Psqef/dLH3Va/WDff3EZEkoCGinAsZdW2YlXrYqEY4bSXcRNJY0zauEm7w657aFdLDeRHQp9QoaE6kcOBlJ3A08kAq5b86Q3Ev7xqovzjWpeFcaJoSEYf+QlHKkKDFaAGE5Qo3tEEE8F0h4i0sMBE6UVl9OhWLn94YOct9Jt8j+7s505ydsnKFs5ghDRswg7sgQ1HUIALKIIDBG7hAZ7hxbgx7o1H42kUTRnjmnWYgPH6BcOslMU=</latexit><latexit sha1_base64="qs4VNQ8TBu8Iti0KjBOvvs7bpPc=">AAAB9HicdVDLSgMxFL1TX7W+RgU3gkSL4KrMWPGxsuLGZQuOLXRKyaSZNjTzIMkopXbpZ7hRXCmu+wn+gt/gzi8wfbiojwMJJ+ecS+69XsyZVJb1bqSmpmdm59LzmYXFpeUVc3XtSkaJINQhEY9ExcOSchZSRzHFaSUWFAcep2WvfT7wy9dUSBaFl6oT01qAmyHzGcFKS3Vzw3K3XU71hXncwuOHXTezds4aAv1Psqef/dLH3Va/WDff3EZEkoCGinAsZdW2YlXrYqEY4bSXcRNJY0zauEm7w657aFdLDeRHQp9QoaE6kcOBlJ3A08kAq5b86Q3Ev7xqovzjWpeFcaJoSEYf+QlHKkKDFaAGE5Qo3tEEE8F0h4i0sMBE6UVl9OhWLn94YOct9Jt8j+7s505ydsnKFs5ghDRswg7sgQ1HUIALKIIDBG7hAZ7hxbgx7o1H42kUTRnjmnWYgPH6BcOslMU=</latexit><latexit sha1_base64="0XtSJE3036STOHv2UaD2KtMaz44=">AAAB9HicdVDLSgMxFL1TX7W+RgU3bqJFcDVkrPjYVdy4rODYQqeUTJppQzMPkoxSaj/FjeJK8Tv8Bf/GtB0X9XEg4eTcc8m9J0gFVxrjT6swN7+wuFRcLq2srq1v2JtbtyrJJGUeTUQiGwFRTPCYeZprwRqpZCQKBKsH/ctxvX7HpOJJfKMHKWtFpBvzkFOijdS2d7C/5wtmLiLSHskfbtsuuw6eAP1PypCj1rY//E5Cs4jFmgqiVNPFqW4NidScCjYq+ZliKaF90mXDydQjdGCkDgoTaU6s0USd8ZFIqUEUGGdEdE/9rI3Fv2rNTIdnrSGP00yzmE4/CjOBdILGEaAOl4xqMTCEUMnNhIj2iCRUm6BKZnXsVE6O3QpGv8n36t6Rc+6417hcvcgzKMIu7MMhuHAKVbiCGnhA4QGe4BXerHvr0Xq2XqbWgpX3bMMMrPcv5iiQRQ==</latexit>

determines weight placed on past behavior

Round Robin

Each process is allowed to run for a quantum

Context is switched (at the latest) at the end 
of the quantum 

What is a good quantum size?


Too long, and it morphs into FIFO

Too short, and much time lost context switching

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



Round Robin vs FIFO

Assuming no overhead to time slice, is Round 
Robin always better than FIFO?

What is the least efficient way you could 
get work done this semester using RR?

Round Robin vs FIFO
Jobs of about equal length start at about the same time

Average Turnaround time

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

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

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


= 21

RR

FIFO/SJF
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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

No starvation

Can reduce response time

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

Particularly bad average turnaround 
for simultaneous, equal length jobs

The Good

The Bad

The Ugly



Taking stock

STCF has great average turnaround time, 
but very uneven response time

Round Robin can reduce response time, but 
can have terrible att

FIFO works well if jobs are short, but 
otherwise is problematic for both turnaround 
(unless jobs have equal size) and response 
time…

Priority Scheduling

Assign a number (priority) to each job and 
schedule jobs in priority order

Reduces to STCF if      is used as priority 

To avoid starvation, change job’s priority with 
time (aging)

⌧n+1

Multi-level 

Feedback Queue (MFQ)
Scheduler learns characteristics of the jobs it 
is managing


Uses the past to predict the future


Favors jobs that used little CPU…

…but can adapt when the job changes its 
pattern of CPU usage

The Basic Structure
Queues correspond to 
different priority levels


higher is better


Scheduler runs job in queue i 
if no other job in higher 
queues


Each queue runs RR
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Problem?



Mobility
Job starts at the top level


If it uses full quantum before 
giving up CPU, moves down


Otherwise, stays were it is


What about I/O?

Job with frequent I/O will not 
finish its quantum and stay at 
the same level
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Problem?

Movin’On Up
A job’s behavior can change


After a CPU-bound interval, 
process may become I/O bound


Must allow jobs to climb up 
the priority ladder…


As simple as periodically 
placing  all jobs in the top 
queue, until they percolate 
down again

AQ8

Q7

Q6
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Q4
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C

BD Problem?

Sneeeeakyyy… 
Say that I have a job that 
requires a lot of CPU


Start at the top queue

If I finish my quantum, I’ll be 
demoted…


…just give up the CPU before 
my quantum expires!


Better accounting

fix a job’s time budget at each 
level, no matter how it is used
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Proportional Share 
Scheduling

Each job receives a set fraction of CPU time

Several approaches (see your readings)


Lottery scheduling

give jobs a number of lottery tickets       
in proportion to the target share

leverages randomness


Stride scheduling (deterministic)

stride ∝ 1/tickets

when scheduled, the job “takes a stride”; strides 
add up to constitute the job’s pass

scheduler chooses job with lowest pass



Linux’s CFS

(Completely Fair Scheduler)

Tracks processes’ v(irtual)runtime

Picks next process with lowest


All processes are equal when accounting   
for 


but some processes are more equal than others!

vruntime

vruntime

When translating runtime to            ,  
receives a “discount” proportional to its weight

pivruntime

vruntimei = vruntimei +
weighto
weiighti

⇥ runtimei

More 

in the readings!


(and you are responsible 
for them…)

Multiprocessor Scheduling: 
Sequential Applications

A web server

A thread per user connection

Threads are I/O bound 
(access disk/network)


favor short jobs!

Queue

Request

An MFQ, right?
Idle processors take task off MFQ

Only one processor at a time gets access to MFQ

If thread blocks, back on the MFQ

Single MFQ 

Considered Harmful

Contention on MFQ lock

Limited cache reuse


since threads hop from processor to processor


Cache coherence overhead

processor need to fetch current MFQ state

on a uniprocessor, likely to be in the cache

on a multiprocessor, likely to be in the cache 
of another processor


2-3 orders of magnitude more expensive to fetch 

Multiprocessor 
Scheduling: 
Sequential 
Applications

To Each (Process), 

its Own (MFQ)

Processors use affinity scheduling

each thread is run repeatedly on the same 
processors


maximizes cache reuse

more complex to achieve on a single MFQ


Idle processors can steal work from other 
processors


only if it is worth the time of rewarming the 
cache!

Multiprocessor 
Scheduling: 
Sequential 
Applications



Multiprocessor Scheduling: 
Parallel Applications

Application is decomposed in parallel tasks

granularity roughly equal to available processors


or poor cache reuse

Often (e.g., MapReduce) 
using bulk synchronous 
parallelism (BSP)

Ti
m
e

Local computation

Local computation

P1
<latexit sha1_base64="AO5HHbUJv031gGOddvWC8A4sPcw=">AAAB4HicdVBLSgNBFHwdfzH+oi7dNAbB1TBjJOrKgBuXERwTSELs6fQkTXo+dL8RQsgB3BhcKR7HlVfwGN7AmUQX8VPwoKiqR79qL1bSoG2/k9zC4tLySn61sLa+sblV3N65MVGiuXB5pCLd8JgRSobCRYlKNGItWOApUfcGF5lfvxPayCi8xmEs2gHrhdKXnGEm1TpOoVMsOZY9Bf2flM4/Xie3AFDrFN9a3YgngQiRK2ZM07FjbI+YRsmVGBdaiREx4wPWE6PphWN6kEpd6kc6nRDpVJ3LscCYYeClyYBh3/z0MvEvr5mgf9oeyTBOUIR89pCfKIoRzerSrtSCoxqmhHEt0wsp7zPNOKafklW3rXLl2Cnb9Df5ru4eWWeWc2WXqhWYIQ97sA+H4MAJVOESauAChz48wBM8E07uyYQ8zqI58rWzC3MgL58+1IwP</latexit><latexit sha1_base64="n5M8GqEP+1MclwZrUlwmTLAh8ac=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjkdu9AplmzTmoL8T0pn78+TVvnjxekUX1vdiCUBD5FJqnXTtmJsj6hCwSQfF1qJ5jFlA9rjo+mFY3KQSl3iRyqdEMlUncvRQOth4KXJgGJf//Qy8S+vmaB/0h6JME6Qh2z2kJ9IghHJ6pKuUJyhHKaEMiXSCwnrU0UZpp+SVbfMSvXIrljkN/mu7h6ap6Z9aZVqVZghD3uwD2Ww4RhqcAEOuMCgD3fwAI8GM26NiXE/i+aMr51dmIPx9Amlw43r</latexit><latexit sha1_base64="n5M8GqEP+1MclwZrUlwmTLAh8ac=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjkdu9AplmzTmoL8T0pn78+TVvnjxekUX1vdiCUBD5FJqnXTtmJsj6hCwSQfF1qJ5jFlA9rjo+mFY3KQSl3iRyqdEMlUncvRQOth4KXJgGJf//Qy8S+vmaB/0h6JME6Qh2z2kJ9IghHJ6pKuUJyhHKaEMiXSCwnrU0UZpp+SVbfMSvXIrljkN/mu7h6ap6Z9aZVqVZghD3uwD2Ww4RhqcAEOuMCgD3fwAI8GM26NiXE/i+aMr51dmIPx9Amlw43r</latexit><latexit sha1_base64="n5M8GqEP+1MclwZrUlwmTLAh8ac=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjkdu9AplmzTmoL8T0pn78+TVvnjxekUX1vdiCUBD5FJqnXTtmJsj6hCwSQfF1qJ5jFlA9rjo+mFY3KQSl3iRyqdEMlUncvRQOth4KXJgGJf//Qy8S+vmaB/0h6JME6Qh2z2kJ9IghHJ6pKuUJyhHKaEMiXSCwnrU0UZpp+SVbfMSvXIrljkN/mu7h6ap6Z9aZVqVZghD3uwD2Ww4RhqcAEOuMCgD3fwAI8GM26NiXE/i+aMr51dmIPx9Amlw43r</latexit><latexit sha1_base64="n5M8GqEP+1MclwZrUlwmTLAh8ac=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjkdu9AplmzTmoL8T0pn78+TVvnjxekUX1vdiCUBD5FJqnXTtmJsj6hCwSQfF1qJ5jFlA9rjo+mFY3KQSl3iRyqdEMlUncvRQOth4KXJgGJf//Qy8S+vmaB/0h6JME6Qh2z2kJ9IghHJ6pKuUJyhHKaEMiXSCwnrU0UZpp+SVbfMSvXIrljkN/mu7h6ap6Z9aZVqVZghD3uwD2Ww4RhqcAEOuMCgD3fwAI8GM26NiXE/i+aMr51dmIPx9Amlw43r</latexit><latexit sha1_base64="2hzZXYb7hLPGSUfAEb20eqo+7ZY=">AAAB4HicdVDLSgMxFL1TX7W+qi7dBIvgashYqboruHFZwbGFtpRMmmlDM5khuSOU0g9wo7hS/CJ/wb9xpq2L+jgQOJxzwr3nBomSFin9dAorq2vrG8XN0tb2zu5eef/g3sap4cLnsYpNK2BWKKmFjxKVaCVGsChQohmMrnO/+SCMlbG+w3EiuhEbaBlKzjCXGj2v1CtXPJfOQP4nFVig0St/dPoxTyOhkStmbdujCXYnzKDkSkxLndSKhPERG4jJbMMpOcmkPgljkz2NZKYu5Vhk7TgKsmTEcGh/ern4l9dOMbzsTqROUhSazweFqSIYk7wu6UsjOKpxRhg3MtuQ8CEzjGN2lLw6dau1c69KyW/yXd0/c69c75ZW6rXFDYpwBMdwCh5cQB1uoAE+cBjCE7zCm8OdR+fZeZlHC87izyEswXn/AnoJiS4=</latexit>

P2
<latexit sha1_base64="V1/NV6fL5ExwRekDnm1Rlxh4/Sg=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiStVF1ZcOOygtFCW+pkOmmHTjJh5kYopR/gxuJK8XNc+Qt+hn9g0uqiPg5cOJxzLnPP+LEUBh3n3cotLC4tr+RXC2vrG5tbxe2da6MSzbjHlFS64VPDpYi4hwIlb8Sa09CX/MYfnGf+zR3XRqjoCocxb4e0F4lAMIqZVO+UC51iybWdKcj/pHT28Tq5BYB6p/jW6iqWhDxCJqkxTdeJsT2iGgWTfFxoJYbHlA1oj4+mF47JQSp1SaB0OhGSqTqXo6Exw9BPkyHFvvnpZeJfXjPB4KQ9ElGcII/Y7KEgkQQVyeqSrtCcoRymhDIt0gsJ61NNGaafklV37Er1yK045Df5ru6V7VPbvXRKtSrMkIc92IdDcOEYanABdfCAQR8e4AmeLWbdWxPrcRbNWV87uzAH6+UTQE6MEA==</latexit><latexit sha1_base64="OVY8sGmgyiTuJ73JB/7/Vvd9Jik=">AAAB4HicdVC7TgJBFL2LL8QXamkzkZhQbXaBoFaS2Fhi4goJEDI7zMKE2Udm7poQwgfYSKw0fo42/oKfYWHvLmiBj5Pc5OScczP3jBtJodGy3ozM0vLK6lp2PbexubW9k9/du9ZhrBh3WChD1XSp5lIE3EGBkjcjxanvSt5wh+ep37jhSoswuMJRxDs+7QfCE4xiKtW7pVw3X7BNawbyPymcvT9P28WPl3o3/9ruhSz2eYBMUq1bthVhZ0wVCib5JNeONY8oG9I+H88unJCjROoRL1TJBEhm6kKO+lqPfDdJ+hQH+qeXin95rRi9k85YBFGMPGDzh7xYEgxJWpf0hOIM5SghlCmRXEjYgCrKMPmUtLpllqsVu2yR3+S7ulMyT0370irUqjBHFg7gEIpgwzHU4ALq4ACDAdzBAzwazLg1psb9PJoxvnb2YQHG0yenPY3s</latexit><latexit sha1_base64="OVY8sGmgyiTuJ73JB/7/Vvd9Jik=">AAAB4HicdVC7TgJBFL2LL8QXamkzkZhQbXaBoFaS2Fhi4goJEDI7zMKE2Udm7poQwgfYSKw0fo42/oKfYWHvLmiBj5Pc5OScczP3jBtJodGy3ozM0vLK6lp2PbexubW9k9/du9ZhrBh3WChD1XSp5lIE3EGBkjcjxanvSt5wh+ep37jhSoswuMJRxDs+7QfCE4xiKtW7pVw3X7BNawbyPymcvT9P28WPl3o3/9ruhSz2eYBMUq1bthVhZ0wVCib5JNeONY8oG9I+H88unJCjROoRL1TJBEhm6kKO+lqPfDdJ+hQH+qeXin95rRi9k85YBFGMPGDzh7xYEgxJWpf0hOIM5SghlCmRXEjYgCrKMPmUtLpllqsVu2yR3+S7ulMyT0370irUqjBHFg7gEIpgwzHU4ALq4ACDAdzBAzwazLg1psb9PJoxvnb2YQHG0yenPY3s</latexit><latexit sha1_base64="OVY8sGmgyiTuJ73JB/7/Vvd9Jik=">AAAB4HicdVC7TgJBFL2LL8QXamkzkZhQbXaBoFaS2Fhi4goJEDI7zMKE2Udm7poQwgfYSKw0fo42/oKfYWHvLmiBj5Pc5OScczP3jBtJodGy3ozM0vLK6lp2PbexubW9k9/du9ZhrBh3WChD1XSp5lIE3EGBkjcjxanvSt5wh+ep37jhSoswuMJRxDs+7QfCE4xiKtW7pVw3X7BNawbyPymcvT9P28WPl3o3/9ruhSz2eYBMUq1bthVhZ0wVCib5JNeONY8oG9I+H88unJCjROoRL1TJBEhm6kKO+lqPfDdJ+hQH+qeXin95rRi9k85YBFGMPGDzh7xYEgxJWpf0hOIM5SghlCmRXEjYgCrKMPmUtLpllqsVu2yR3+S7ulMyT0370irUqjBHFg7gEIpgwzHU4ALq4ACDAdzBAzwazLg1psb9PJoxvnb2YQHG0yenPY3s</latexit><latexit sha1_base64="OVY8sGmgyiTuJ73JB/7/Vvd9Jik=">AAAB4HicdVC7TgJBFL2LL8QXamkzkZhQbXaBoFaS2Fhi4goJEDI7zMKE2Udm7poQwgfYSKw0fo42/oKfYWHvLmiBj5Pc5OScczP3jBtJodGy3ozM0vLK6lp2PbexubW9k9/du9ZhrBh3WChD1XSp5lIE3EGBkjcjxanvSt5wh+ep37jhSoswuMJRxDs+7QfCE4xiKtW7pVw3X7BNawbyPymcvT9P28WPl3o3/9ruhSz2eYBMUq1bthVhZ0wVCib5JNeONY8oG9I+H88unJCjROoRL1TJBEhm6kKO+lqPfDdJ+hQH+qeXin95rRi9k85YBFGMPGDzh7xYEgxJWpf0hOIM5SghlCmRXEjYgCrKMPmUtLpllqsVu2yR3+S7ulMyT0370irUqjBHFg7gEIpgwzHU4ALq4ACDAdzBAzwazLg1psb9PJoxvnb2YQHG0yenPY3s</latexit><latexit sha1_base64="HMjGsFBCfruepZzQzgPPtzCwVU0=">AAAB4HicdVDLSgMxFL3xWeur6tJNsAiuhplWqu4KblxWcGyhLSWTZtrQTGZI7gil9APcKK4Uv8hf8G+caeuiPg4EDueccO+5QaKkRdf9JCura+sbm4Wt4vbO7t5+6eDw3sap4cLnsYpNK2BWKKmFjxKVaCVGsChQohmMrnO/+SCMlbG+w3EiuhEbaBlKzjCXGr1KsVcqe447A/2flGGBRq/00enHPI2ERq6YtW3PTbA7YQYlV2Ja7KRWJIyP2EBMZhtO6Wkm9WkYm+xppDN1Kccia8dRkCUjhkP708vFv7x2iuFldyJ1kqLQfD4oTBXFmOZ1aV8awVGNM8K4kdmGlA+ZYRyzo+TVXadaO/eqLv1Nvqv7FefK8W7dcr22uEEBjuEEzsCDC6jDDTTABw5DeIJXeCOcPJJn8jKPrpDFnyNYAnn/AnuDiS8=</latexit>

P3
<latexit sha1_base64="uLqSjkxwgMY0HBDM4s9N5uWAeYs=">AAAB4HicdVBLSgNBFHwdfzH+oi7dNAbB1TBjJOrKgBuXERwTSELs6fQkTXo+dL8RQsgB3BhcKR7HlVfwGN7AmUQX8VPwoKiqR79qL1bSoG2/k9zC4tLySn61sLa+sblV3N65MVGiuXB5pCLd8JgRSobCRYlKNGItWOApUfcGF5lfvxPayCi8xmEs2gHrhdKXnGEm1TrlQqdYcix7Cvo/KZ1/vE5uAaDWKb61uhFPAhEiV8yYpmPH2B4xjZIrMS60EiNixgesJ0bTC8f0IJW61I90OiHSqTqXY4Exw8BLkwHDvvnpZeJfXjNB/7Q9kmGcoAj57CE/URQjmtWlXakFRzVMCeNaphdS3meacUw/JatuW+XKsVO26W/yXd09ss4s58ouVSswQx72YB8OwYETqMIl1MAFDn14gCd4Jpzckwl5nEVz5GtnF+ZAXj4BQciMEQ==</latexit><latexit sha1_base64="yTd4gtdq01kLXBLtTr8oWM2pnYo=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjmdSqFTLNmmNQX5n5TO3p8nrfLHi9Mpvra6EUsCHiKTVOumbcXYHlGFgkk+LrQSzWPKBrTHR9MLx+QglbrEj1Q6IZKpOpejgdbDwEuTAcW+/ull4l9eM0H/pD0SYZwgD9nsIT+RBCOS1SVdoThDOUwJZUqkFxLWp4oyTD8lq26ZleqRXbHIb/Jd3T00T0370irVqjBDHvZgH8pgwzHU4AIccIFBH+7gAR4NZtwaE+N+Fs0ZXzu7MAfj6ROot43t</latexit><latexit sha1_base64="yTd4gtdq01kLXBLtTr8oWM2pnYo=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjmdSqFTLNmmNQX5n5TO3p8nrfLHi9Mpvra6EUsCHiKTVOumbcXYHlGFgkk+LrQSzWPKBrTHR9MLx+QglbrEj1Q6IZKpOpejgdbDwEuTAcW+/ull4l9eM0H/pD0SYZwgD9nsIT+RBCOS1SVdoThDOUwJZUqkFxLWp4oyTD8lq26ZleqRXbHIb/Jd3T00T0370irVqjBDHvZgH8pgwzHU4AIccIFBH+7gAR4NZtwaE+N+Fs0ZXzu7MAfj6ROot43t</latexit><latexit sha1_base64="yTd4gtdq01kLXBLtTr8oWM2pnYo=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjmdSqFTLNmmNQX5n5TO3p8nrfLHi9Mpvra6EUsCHiKTVOumbcXYHlGFgkk+LrQSzWPKBrTHR9MLx+QglbrEj1Q6IZKpOpejgdbDwEuTAcW+/ull4l9eM0H/pD0SYZwgD9nsIT+RBCOS1SVdoThDOUwJZUqkFxLWp4oyTD8lq26ZleqRXbHIb/Jd3T00T0370irVqjBDHvZgH8pgwzHU4AIccIFBH+7gAR4NZtwaE+N+Fs0ZXzu7MAfj6ROot43t</latexit><latexit sha1_base64="yTd4gtdq01kLXBLtTr8oWM2pnYo=">AAAB4HicdVC7SgNBFL0bXzG+opY2g0FItewaiVoZsLFcwTWBJITZyWwyZPbBzF0hhHyAjcFK8XO08Rf8DAt7dxMt4uPAhcM55zL3jBdLodGy3ozcwuLS8kp+tbC2vrG5VdzeudZRohh3WSQj1fCo5lKE3EWBkjdixWngSV73BueZX7/hSosovMJhzNsB7YXCF4xiJjmdSqFTLNmmNQX5n5TO3p8nrfLHi9Mpvra6EUsCHiKTVOumbcXYHlGFgkk+LrQSzWPKBrTHR9MLx+QglbrEj1Q6IZKpOpejgdbDwEuTAcW+/ull4l9eM0H/pD0SYZwgD9nsIT+RBCOS1SVdoThDOUwJZUqkFxLWp4oyTD8lq26ZleqRXbHIb/Jd3T00T0370irVqjBDHvZgH8pgwzHU4AIccIFBH+7gAR4NZtwaE+N+Fs0ZXzu7MAfj6ROot43t</latexit><latexit sha1_base64="TLGzzDIzUJckyyfnu2H0mn+7tTM=">AAAB4HicdVDLSgMxFL2pr1pfVZdugkVwNcxYqboruHFZwbGFtpRMmmlDM5khuSOU0g9wo7hS/CJ/wb9xpq2L+jgQOJxzwr3nBomSFl33kxRWVtfWN4qbpa3tnd298v7BvY1Tw4XPYxWbVsCsUFILHyUq0UqMYFGgRDMYXed+80EYK2N9h+NEdCM20DKUnGEuNXrVUq9c8Rx3Bvo/qcACjV75o9OPeRoJjVwxa9uem2B3wgxKrsS01EmtSBgfsYGYzDac0pNM6tMwNtnTSGfqUo5F1o6jIEtGDIf2p5eLf3ntFMPL7kTqJEWh+XxQmCqKMc3r0r40gqMaZ4RxI7MNKR8ywzhmR8mru061du5VXfqbfFf3z5wrx7t1K/Xa4gZFOIJjOAUPLqAON9AAHzgM4Qle4Y1w8kieycs8WiCLP4ewBPL+BXz9iTA=</latexit>

P4
<latexit sha1_base64="Zm5awphFr3zAMN0c8SJWzTz++j0=">AAAB4HicdVDLSsNAFL2pr1pfVZduBovgKiRaqq4suHFZwdhCW+pkOmmHTiZh5kYopR/gxuJK8XNc+Qt+hn9g0uqiPg5cOJxzLnPP+LEUBh3n3cotLC4tr+RXC2vrG5tbxe2dGxMlmnGPRTLSDZ8aLoXiHgqUvBFrTkNf8ro/uMj8+h3XRkTqGocxb4e0p0QgGMVMqnXKhU6x5NrOFOR/Ujr/eJ3cAkCtU3xrdSOWhFwhk9SYpuvE2B5RjYJJPi60EsNjyga0x0fTC8fkIJW6JIh0OgrJVJ3L0dCYYeinyZBi3/z0MvEvr5lgcNoeCRUnyBWbPRQkkmBEsrqkKzRnKIcpoUyL9ELC+lRThumnZNUd+7hSdo8d8pt8V/eO7DPbvXJK1QrMkIc92IdDcOEEqnAJNfCAQR8e4AmeLWbdWxPrcRbNWV87uzAH6+UTQ0KMEg==</latexit><latexit sha1_base64="s1c2zYMqk9tgOTc+8voGQ3twTvg=">AAAB4HicdVC7TgJBFL2LL8QHqKXNRGJCtdkVglpJYmOJiSskQMjsMAsTZh+ZuWtCCB9gI7HS+Dna+At+hoW9u6AFPk5yk5Nzzs3cM24khUbLejMyS8srq2vZ9dzG5tZ2vrCze63DWDHusFCGqulSzaUIuIMCJW9GilPflbzhDs9Tv3HDlRZhcIWjiHd82g+EJxjFVKp3K7luoWib1gzkf1I8e3+etksfL/Vu4bXdC1ns8wCZpFq3bCvCzpgqFEzySa4dax5RNqR9Pp5dOCGHidQjXqiSCZDM1IUc9bUe+W6S9CkO9E8vFf/yWjF6J52xCKIYecDmD3mxJBiStC7pCcUZylFCKFMiuZCwAVWUYfIpaXXLLFcrdtkiv8l3defIPDXtS6tYq8IcWdiHAyiBDcdQgwuogwMMBnAHD/BoMOPWmBr382jG+NrZgwUYT5+qMY3u</latexit><latexit sha1_base64="s1c2zYMqk9tgOTc+8voGQ3twTvg=">AAAB4HicdVC7TgJBFL2LL8QHqKXNRGJCtdkVglpJYmOJiSskQMjsMAsTZh+ZuWtCCB9gI7HS+Dna+At+hoW9u6AFPk5yk5Nzzs3cM24khUbLejMyS8srq2vZ9dzG5tZ2vrCze63DWDHusFCGqulSzaUIuIMCJW9GilPflbzhDs9Tv3HDlRZhcIWjiHd82g+EJxjFVKp3K7luoWib1gzkf1I8e3+etksfL/Vu4bXdC1ns8wCZpFq3bCvCzpgqFEzySa4dax5RNqR9Pp5dOCGHidQjXqiSCZDM1IUc9bUe+W6S9CkO9E8vFf/yWjF6J52xCKIYecDmD3mxJBiStC7pCcUZylFCKFMiuZCwAVWUYfIpaXXLLFcrdtkiv8l3defIPDXtS6tYq8IcWdiHAyiBDcdQgwuogwMMBnAHD/BoMOPWmBr382jG+NrZgwUYT5+qMY3u</latexit><latexit sha1_base64="s1c2zYMqk9tgOTc+8voGQ3twTvg=">AAAB4HicdVC7TgJBFL2LL8QHqKXNRGJCtdkVglpJYmOJiSskQMjsMAsTZh+ZuWtCCB9gI7HS+Dna+At+hoW9u6AFPk5yk5Nzzs3cM24khUbLejMyS8srq2vZ9dzG5tZ2vrCze63DWDHusFCGqulSzaUIuIMCJW9GilPflbzhDs9Tv3HDlRZhcIWjiHd82g+EJxjFVKp3K7luoWib1gzkf1I8e3+etksfL/Vu4bXdC1ns8wCZpFq3bCvCzpgqFEzySa4dax5RNqR9Pp5dOCGHidQjXqiSCZDM1IUc9bUe+W6S9CkO9E8vFf/yWjF6J52xCKIYecDmD3mxJBiStC7pCcUZylFCKFMiuZCwAVWUYfIpaXXLLFcrdtkiv8l3defIPDXtS6tYq8IcWdiHAyiBDcdQgwuogwMMBnAHD/BoMOPWmBr382jG+NrZgwUYT5+qMY3u</latexit><latexit sha1_base64="s1c2zYMqk9tgOTc+8voGQ3twTvg=">AAAB4HicdVC7TgJBFL2LL8QHqKXNRGJCtdkVglpJYmOJiSskQMjsMAsTZh+ZuWtCCB9gI7HS+Dna+At+hoW9u6AFPk5yk5Nzzs3cM24khUbLejMyS8srq2vZ9dzG5tZ2vrCze63DWDHusFCGqulSzaUIuIMCJW9GilPflbzhDs9Tv3HDlRZhcIWjiHd82g+EJxjFVKp3K7luoWib1gzkf1I8e3+etksfL/Vu4bXdC1ns8wCZpFq3bCvCzpgqFEzySa4dax5RNqR9Pp5dOCGHidQjXqiSCZDM1IUc9bUe+W6S9CkO9E8vFf/yWjF6J52xCKIYecDmD3mxJBiStC7pCcUZylFCKFMiuZCwAVWUYfIpaXXLLFcrdtkiv8l3defIPDXtS6tYq8IcWdiHAyiBDcdQgwuogwMMBnAHD/BoMOPWmBr382jG+NrZgwUYT5+qMY3u</latexit><latexit sha1_base64="bA1FkkaL0i/AkaMUtd1tYAE/gbA=">AAAB4HicdVDLSgMxFL2pr1pfVZdugkVwNcxoqboruHFZwbGFtpRMmmlDM5MhuSOU0g9wo7hS/CJ/wb9xpq2L+jgQOJxzwr3nBomSFl33kxRWVtfWN4qbpa3tnd298v7BvdWp4cLnWmnTCpgVSsbCR4lKtBIjWBQo0QxG17nffBDGSh3f4TgR3YgNYhlKzjCXGr1qqVeueI47A/2fVGCBRq/80elrnkYiRq6YtW3PTbA7YQYlV2Ja6qRWJIyP2EBMZhtO6Ukm9WmoTfZipDN1Kccia8dRkCUjhkP708vFv7x2iuFldyLjJEUR8/mgMFUUNc3r0r40gqMaZ4RxI7MNKR8ywzhmR8mru855reqdu/Q3+a7unzlXjnfrVuq1xQ2KcATHcAoeXEAdbqABPnAYwhO8whvh5JE8k5d5tEAWfw5hCeT9C353iTE=</latexit>

CommunicationBarriers

tasks are roughly of 
equal length

progress limited by 
slowest processor

Scheduling Bulk 
Synchronous Applications
Oblivious Scheduling
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Four applications,               , each with four threads
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Each process time-slices its ready list independently  

Length of BSP step determined by last scheduled thread 

Gang Scheduling
Schedule all tasks from the same 
program together  
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Four applications,               , each with four threads
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