
Operating Systems 

Lecture 7


CPU Scheduling

[Cont.]




Announcements
HW1 due next week

Quiz time!


Quizzes can happen in any lecture from now on.

Policy:


I understand that things come up..

If you are unable to attend a lecture


Inform us at least 1 hour in advance

Email to: cs4410-staff@cornell.edu

We will ignore that quiz for you



Goal for today’s lecture

Continue understanding CPU scheduling problem

Various algorithms

And tradeoffs


Designing an ideal CPU scheduler

Ourselves ….

In today’s class ….



Recap: 

CPU scheduling so far



Recall: 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



Recall: Metrics
Response time


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

Total waiting time


How much time on ready queue but not running?

sum of “red” intervals below


Execution time: sum of “green” intervals


Turnaround time: “red” + “green”

 Time between a job’s arrival and its completion


Throughput: jobs completed/unit of time

Time of
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Turnaround time Job completed

Response time{
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Task is running

Something else 
running



Recall: Other Metrics
Fairness: Who get the resources?


Equitable division of resources


Starvation: How bad can it get?

Lack of progress by some job


Overhead: How much useless work?

Time wasted switching between jobs


Predictability: How consistent?

Low variance in response time for repeated 
requests



Recall: Basic Scheduling 
Algorithms

FIFO (First In First Out)

SJF (Shortest Job First)

EDF (Earliest Deadline First)


preemptive

Round Robin


preemptive

Shortest Remaining Time First (SRTF)


preemptive



Recall: FIFO Roundup

Simple
Low overhead
No starvation

The Good

Potentially poor performance for 
interactive tasksThe Ugly

Average turnaround time 
very sensitive to arrival time

The Bad



Recall: SJF Roundup

Optimal average turnaround time

(Assuming ….?) The Good

The Ugly Can starve long jobs 

The Bad Need to estimate execution time



Recall: EDF Roundup

Does not optimize other metricsThe Bad

The Ugly
Cannot decide when to run 
jobs without deadlines 

Meets deadlines if possible (but…)
The Good Free of starvation



Recall: Round Robin Roundup

No starvation

Can reduce response time

Fair resource allocation

The Good

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

The Bad

Particularly bad average turnaround 
for simultaneous, equal length jobsThe Ugly



SJF

   arrives at time 0;         arrive at time 10

110

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

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

Time 0 100

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

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

arrive

10
Average Turnaround Time:

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

= 103.33



SJF

110

J2
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Time 0 100

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

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

arrive

10
Average Turnaround Time:

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

= 103.33

+ Preemption

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

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

   arrives at time 0;         arrive at time 10

With a preemptive scheduler — SRTF

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

arrive

Time 0

J1
<latexit sha1_base64="XR7WM4AnN6zhkolyfa+hhTTgLvU=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnaN+KgMWihWEV0TSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Zxqhj3WCxjVfWp5lJE3EOBklcTxWnoS17xuydDv3LDlRZxdIW9hDdC2o5EIBhFI12eN91mvuDazgjkf1I4+ng/fQGAcjP/Wm/FLA15hExSrWuuk2CjTxUKJvkgV081Tyjr0jbvjw4ckC0jtUgQKzMRkpE6kaOh1r3QN8mQYkf/9IbiX14txeCg0RdRkiKP2PihIJUEYzJsS1pCcYayZwhlSpgLCetQRRmaP8mZ6o5d3Nt1iw75Tb6rezv2oe1euIXSMYyRhQ3YhG1wYR9KcAZl8IBBG+7gEZ4s37q17q2HcTRjfe2swwSs508kmIwa</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="/bQa51adOPO4gX1oTMufscPsb1g=">AAAB33icdVDJTgJBFHzjirjhcvPSkZh4msyIcTlJ9KDxhNEREiCkp2mgQ8+S7jcmSLh70XjS+BN+h7/gkV/wC2xAD7hU8pJKVb30q/ZjKTQ6zrs1MTk1PTObmkvPLywuLWdWVq91lCjGPRbJSJV8qrkUIfdQoOSlWHEa+JIX/fbJwC/ecKVFFF5hJ+bVgDZD0RCMopEuz2tuLZN1bWcI8j/JHn30T1/Xb/uFWuatUo9YEvAQmaRal10nxmqXKhRM8l66kmgeU9amTd4dHtgjW0aqk0akzIRIhupYjgZadwLfJAOKLf3TG4h/eeUEGwfVrgjjBHnIRg81EkkwIoO2pC4UZyg7hlCmhLmQsBZVlKH5k7Sp7ti5vV0355Df5Lu6t2Mf2u6Fm80fwwgp2IBN2AYX9iEPZ1AADxg04R6e4NnyrTvrwXocRSesr501GIP18gkQpI2X</latexit><latexit sha1_base64="sYISfn5PWgX0xhEuyRLwhistDps=">AAAB33icdVDJSgNBFHwTtxi3qEcvjUHwNEwbcbkFvYiniI4JJCH0dHqSJj0L3W+EEHL3onhS/CN/wb+xs3iIS0FDUVXNe/WCVEmDnvfp5BYWl5ZX8quFtfWNza3i9s69STLNhc8Tleh6wIxQMhY+SlSinmrBokCJWtC/HPu1B6GNTOI7HKSiFbFuLEPJGVrp9rpN28USdb0JyP+kBDNU28WPZifhWSRi5IoZ06Beiq0h0yi5EqNCMzMiZbzPumI4WXBEDqzUIWGi7YuRTNS5HIuMGUSBTUYMe+anNxb/8hoZhmetoYzTDEXMp4PCTBFMyLgt6UgtOKqBJYxraTckvMc042hvUrDVPbd8ckzLHvlNvqv7R+65S29oqXIxu0Ee9mAfDoHCKVTgCqrgA4cuPMErvDmB8+g8Oy/TaM6Z/dmFOTjvX0CciSE=</latexit>
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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
<latexit sha1_base64="FoZVQsQHXQzyK5Dw8BRWLR7YN+U=">AAAB33icdVC7SgNBFL0bXzG+opY2g0GwWnYT8VEZtFCsIrpGSEKYncwmQ2YfzNwVQkhvo1gpdn6Ov2DpL/gFThIt4uPAhcM55zL3jJ9IodFx3qzM1PTM7Fx2PrewuLS8kl9du9Jxqhj3WCxjde1TzaWIuIcCJb9OFKehL3nV7x4P/eoNV1rE0SX2Et4IaTsSgWAUjXRx1iw28wXXdkYg/5PC4cf7yQsAVJr513orZmnII2SSal1znQQbfapQMMkHuXqqeUJZl7Z5f3TggGwZqUWCWJmJkIzUiRwNte6FvkmGFDv6pzcU//JqKQb7jb6IkhR5xMYPBakkGJNhW9ISijOUPUMoU8JcSFiHKsrQ/EnOVHfs0u6OW3LIb/Jd3SvaB7Z77hbKRzBGFjZgE7bBhT0owylUwAMGbbiDR3iyfOvWurcextGM9bWzDhOwnj8BJhGMGw==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="oXFUyqkovQGg8C+rISY640mE3iM=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezmot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cXq3AgMhVbatCJuUckUQ5KksJUZ5EmksBmN7mZ+8xWNlTp9pnGG3YQPUhlLwclJTw+9eq9S9Wv+HGyTBEtShSUavcpPp69FnmBKQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i7VxkxKbqyt7PLF2nERuM+E0tOveTPzPa+cUX3cnMs1ywlQsDsW5YqTZLC3rS4OC1NgRLox0HzIx5IYLcp2UXPRgPegmCeu1m1rw6EMRzuAcLiGAK7iFe2hACAIG8A5f8O1F3pv3seio4C3LOoUVeJ9/QhaHqA==</latexit><latexit sha1_base64="KCzJk3CzlkurcNXt741MpkhTP6E=">AAAB1HicjVDLSgNBEOyNrxijRq9eBoPgKezmorkJXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rhEFCxoaKoauqqiTElLvv/lFTY2t7Z3irulvfL+wWHlqPxo09wIDEWqUtOOuEUlNYYkSWE7M8iTSGErGl/P9dYTGitT/UCTDHsJH2oZS8HJUfe3/Xq/Ug1q/gLs76UKKzT7lc/uIBV5gpqE4tZ2Aj+j3pQbkkLhrNTNLWZcjPkQpwuDM3bmqAGLU+NGE1uwa3c8sXaSRO4y4TSyP7U5+ZvWySm+7E2lznJCLZaP4lwxStk8LRtIg4LUxC1cGOkcMjHihgtynZT+Fz2s1xq14M6HIpzAKZxDABdwBTfQhBAEDOEF3uHDi7xn73XZUcFblXUMa/DevgFGOYer</latexit><latexit sha1_base64="Z6Gn2ZN2Z37d9zl2dk5lSh0gBMA=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Uq9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLVKI8Q==</latexit><latexit sha1_base64="Zn0Kbe53otaldNsOwbxh0dEtxgo=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Ur9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLaKI8g==</latexit><latexit sha1_base64="86VE0LqW0yapyeVcom1YvDFNloU=">AAAB33icjVDLSgNBEOzxGeMrPm5eBoPgKezmop4MelA8RXRNIAlhdjKbDJmdXWZ6hRhy96J4UvwJv8Nf8Jhf8AvcJF4iChY0NFXVdHX7sZIWHeeDzMzOzS8sZpayyyura+u5jc0bGyWGC49HKjJVn1mhpBYeSlSiGhvBQl+Jit89HemVW2GsjPQ19mLRCFlby0Byhil1ddEsNnN5t+CMQf9u8sefw7O37bthuZl7r7cinoRCI1fM2prrxNjoM4OSKzHI1hMrYsa7rC3644ADupdSLRpEJi2NdMxO+VhobS/0U2fIsGN/aiPyN62WYHDY6EsdJyg0nywKEkUxoqNraUsawVH10oZxI9OElHeYYRzTn2T/d7pXLBwV3Es3XzqBCTKwA7uwDy4cQAnOoQwecGjDAzzDC/HJPXkkTxPrDPme2YIpkNcv/ZuNaA==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="oXFUyqkovQGg8C+rISY640mE3iM=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezmot4EL+IpomsCSQizk95kyOzOMtMrhJC7F8WT/pK/4N84eVySWNBQVDV0V0WZkpZ8/9crbG3v7O4V90sH5cOj48pJ+cXq3AgMhVbatCJuUckUQ5KksJUZ5EmksBmN7mZ+8xWNlTp9pnGG3YQPUhlLwclJTw+9eq9S9Wv+HGyTBEtShSUavcpPp69FnmBKQnFr24GfUXfCDUmhcFrq5BYzLkZ8gJP5g1N24aQ+i7VxkxKbqyt7PLF2nERuM+E0tOveTPzPa+cUX3cnMs1ywlQsDsW5YqTZLC3rS4OC1NgRLox0HzIx5IYLcp2UXPRgPegmCeu1m1rw6EMRzuAcLiGAK7iFe2hACAIG8A5f8O1F3pv3seio4C3LOoUVeJ9/QhaHqA==</latexit><latexit sha1_base64="KCzJk3CzlkurcNXt741MpkhTP6E=">AAAB1HicjVDLSgNBEOyNrxijRq9eBoPgKezmorkJXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rhEFCxoaKoauqqiTElLvv/lFTY2t7Z3irulvfL+wWHlqPxo09wIDEWqUtOOuEUlNYYkSWE7M8iTSGErGl/P9dYTGitT/UCTDHsJH2oZS8HJUfe3/Xq/Ug1q/gLs76UKKzT7lc/uIBV5gpqE4tZ2Aj+j3pQbkkLhrNTNLWZcjPkQpwuDM3bmqAGLU+NGE1uwa3c8sXaSRO4y4TSyP7U5+ZvWySm+7E2lznJCLZaP4lwxStk8LRtIg4LUxC1cGOkcMjHihgtynZT+Fz2s1xq14M6HIpzAKZxDABdwBTfQhBAEDOEF3uHDi7xn73XZUcFblXUMa/DevgFGOYer</latexit><latexit sha1_base64="Z6Gn2ZN2Z37d9zl2dk5lSh0gBMA=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Uq9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLVKI8Q==</latexit><latexit sha1_base64="Zn0Kbe53otaldNsOwbxh0dEtxgo=">AAAB33icjVA9SwNBEJ2NXzF+RS1tFoNgFe7SqF3QRqwieiaQhLC32UuW7N0eu3NCCOltFCvFf+Rf8N+4l6SJKPhgYHjvDfNmwlRJi573RQorq2vrG8XN0tb2zu5eef/gwerMcBFwrbRphcwKJRMRoEQlWqkRLA6VaIajq1xvPgpjpU7ucZyKbswGiYwkZ+iou5terVeu+FVvBvp3U4EFGr3yZ6eveRaLBLli1rZ9L8XuhBmUXIlpqZNZkTI+YgMxmQWc0hNH9WmkjasE6Yxd8rHY2nEcOmfMcGh/ajn5m9bOMDrvTmSSZigSPl8UZYqipvm1tC+N4KjGrmHcSJeQ8iEzjKP7Sel/pwe16kXVv/Ur9cvFD4pwBMdwCj6cQR2uoQEBcBjAM7zBOwnJE3khr3NrgSxmDmEJ5OMbLaKI8g==</latexit><latexit sha1_base64="86VE0LqW0yapyeVcom1YvDFNloU=">AAAB33icjVDLSgNBEOzxGeMrPm5eBoPgKezmop4MelA8RXRNIAlhdjKbDJmdXWZ6hRhy96J4UvwJv8Nf8Jhf8AvcJF4iChY0NFXVdHX7sZIWHeeDzMzOzS8sZpayyyura+u5jc0bGyWGC49HKjJVn1mhpBYeSlSiGhvBQl+Jit89HemVW2GsjPQ19mLRCFlby0Byhil1ddEsNnN5t+CMQf9u8sefw7O37bthuZl7r7cinoRCI1fM2prrxNjoM4OSKzHI1hMrYsa7rC3644ADupdSLRpEJi2NdMxO+VhobS/0U2fIsGN/aiPyN62WYHDY6EsdJyg0nywKEkUxoqNraUsawVH10oZxI9OElHeYYRzTn2T/d7pXLBwV3Es3XzqBCTKwA7uwDy4cQAnOoQwecGjDAzzDC/HJPXkkTxPrDPme2YIpkNcv/ZuNaA==</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="pAT7HaRqWRXr5vkpJUVWFXXDT+g=">AAAB33icdVDLTgIxFL3FF+ILHzs3jcTE1WQGjI+VRBcaVxgdIQFCOqUDDZ1H2o4JEvZuNK40/oTf4S+45Bf8AgvoAh8nucnJOeem99SLBVfatt9Ramp6ZnYuPZ9ZWFxaXsmurl2rKJGUuTQSkax4RDHBQ+ZqrgWrxJKRwBOs7HVOhn75hknFo/BKd2NWD0gr5D6nRBvp8ryRb2RzjmWPgP8nuaOPwenrxu2g1Mi+1ZoRTQIWaiqIUlXHjnW9R6TmVLB+ppYoFhPaIS3WGx3Yx9tGamI/kmZCjUfqRI4ESnUDzyQDotvqpzcU//KqifYP6j0exolmIR0/5CcC6wgP2+Iml4xq0TWEUMnNhZi2iSRUmz/JmOq2VdjbdQo2/k2+q7t569ByLpxc8RjGSMMmbMEOOLAPRTiDErhAoQX38ATPyEN36AE9jqMp9LWzDhNAL58SHY2Y</latexit><latexit sha1_base64="3lyu/beir4GmOdJ1ERHbE4Hx1PY=">AAAB33icdVDJSgNBFHwdtxi3qEcvjUHwNMwk4nILehFPER0TSELo6fQkTXoWut8IIeTuRfGk+Ef+gn9jZ/HgVtBQVFXzXr0gVdKg636Q3MLi0vJKfrWwtr6xuVXc3rkzSaa58HmiEt0ImBFKxsJHiUo0Ui1YFChRDwYXE79+L7SRSXyLw1S0I9aLZSg5QyvdXHXKnWLJc9wp6P+kBHPUOsX3VjfhWSRi5IoZ0/TcFNsjplFyJcaFVmZEyviA9cRouuCYHlipS8NE2xcjnarfciwyZhgFNhkx7Juf3kT8y2tmGJ62RzJOMxQxnw0KM0UxoZO2tCu14KiGljCupd2Q8j7TjKO9ScFWd53K8ZFXcelv8lXdLztnjnftlarn8xvkYQ/24RA8OIEqXEINfODQg0d4gVcSkAfyRJ5n0RyZ/9mFbyBvn0IViSI=</latexit>
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30

Average Turnaround Time:

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

= 50

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

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

Shortest Remaining 
Time First



SRTF Roundup

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

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

Starvation

The Good

The Bad

The Ugly



What about priorities?

After all, all policies so far are prioritizing jobs 
in some form



Priority Scheduling

Assign a number (priority) to each job 

Schedule jobs in priority order


Breaking ties arbitrarily



Priority Scheduling
What if job priority = job’s arrival time?


Emulates FCFS 


What if each job has the same priority?

Emulates RR (by breaking ties based on jobIDs)


What if job priority = estimated execution time?

Emulates SJF

SRTF by setting job priority = estimated remaining exec. time 


What if job priority = job’s deadline?

Emulates EDF



Priority Scheduling
Suppose each job has a different priority 

Can we have starvation?


Yes!


Can the highest priority job ever starve?

Priority inversion!



Priority Inversion
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
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Priority = 1 (highest)

Priority = 2

Priority = 3 (lowest) File shared between 
J1 and J3

Suppose J3 is scheduled at some point

Acquires a “lock” on the shared file

Lock = nobody else can access it until J3 releases the lock


When J1 scheduled next: It gets blocked

Which job does the scheduler choose next?


J2! (Priority inversion)



Priority Inversion
High priority tasks blocked by low priority tasks


Low priority task must run for high priority to progress

Medium priority task can starve a high priority one


Solution?

Priority donation/inheritance


High priority task “grants” its high priority to low priority task



Priority Inversion



Priority Inversion in the real world
July 4th, 1997 —Pathfinder lands on Mars


First US Mars landing since Vikings in 1976; first rover


A few days into mission….

Multiple system resets occur

System would reboot randomly, losing valuable time & progress


Problem? Priority inversion!

Low priority task (for data collection) grabs a “lock”

A high priority task (for data distribution) blocked

Had to be reset to safe state 


automated resetting based on some conditionals

Repeat!



The core problem!
All our policies so far: 


preferential job scheduling

FCFS, SJF, EDF, SRTF….


Or, round robin (poor turnaround time)


What we really wanted:

Efficiently handle mix of CPU-bound, I/O bound, interactive jobs, ..

What does “efficiently” really mean? 


Give I/O bound jobs enough CPU to issue their next file op, and wait


Give interactive jobs enough CPU to respond to an input, and wait


Let CPU-bound jobs grind away without too much disturbance



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
AQ8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

B

C

D How are jobs assigned to a queue?

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

Parameter:


how many queues?



Moving down
AQ8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

C

D

B Job starts at the top level

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

Otherwise, it stays where it is

What about I/O?


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


Parameter

quantum size for each queue



Moving Up
AQ8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

C

BD

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


Parameter

time before jobs are moved up 



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

Sneeeeakyyy… 
AQ8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

B

C

D



The core problem!
What we really wanted:


Efficiently handle mix of CPU-bound, I/O bound, interactive jobs, ..

What does “efficiently” really mean? 


Give I/O bound jobs enough CPU to issue their next file op, and wait


Give interactive jobs enough CPU to respond to an input, and wait


Let CPU-bound jobs grind away without too much disturbance


+Mechanism to avoid cheating



Let us design our own

CPU scheduler



An ideal scheduler?
Each thread gets an equal share of CPU


While ensuring that time-sensitive jobs are not blocked


What is the “mechanism” we should use? 


Priorities? Nah. We already saw issues.


Number of quantum used? Close, but can be cheated.


Why not directly track CPU time per thread?

Scheduling decision


Among all “ready” threads

Choose the thread with minimum CPU time so far



An ideal scheduler?
Scheduling decision: 


Among all “ready” threads

Choose the thread with minimum CPU time so far


Why may this work?

I/O bound jobs: issue next file op, and wait


Blocked/sleeping threads don’t advance their CPU time

When ready, get boosted!


Interactive jobs: respond to an input, and wait

Blocked/sleeping threads don’t advance their CPU time

When ready, get boosted!


CPU-bound jobs: grind away all the remaining CPU cycles

While getting a fair allocation of CPU cycles

Cannot cheat!—kernel maintains CPU time for each job



An ideal scheduler?
Scheduling decision: 


Among all “ready” threads

Choose the thread with minimum CPU time so far


But what if too many I/O bound and/or interactive jobs?

Starvation of CPU-bound jobs, or even priority inversion

How to avoid this?


Idea 2: Introduce “target latency”

Period of time over which every thread should get some CPU cycles

Define quantum = target-latency/n

Every target-latency period, 


Each thread gets at least a quantum worth of CPU time



An ideal scheduler?
Scheduling decision: 


Among all “ready” threads

If a thread has not been scheduled for target-latency time


Schedule it for a quantum worth of CPU time 

Where quantum = target-latency/n


Else, choose the thread with minimum CPU time so far

Problem?


Target latency = 20 ms, 200 threads

Each thread gets 0.1ms of CPU time

Large context switching overheads


Idea 3: introduce a “minimum granularity”

Minimum time a thread must run, when scheduled



An ideal scheduler?
Scheduling decision: 


Among all “ready” threads

If a thread has not been scheduled for target-latency time


Schedule it for X worth of CPU time 

Where X = maximum (quantum, min. granularity)


Else, choose the thread with minimum CPU time so far


Problem?

Target latency = 20ms, minimum granularity = 1ms, 200 threads


Each thread gets 1ms worth of CPU time

But….


Some thread may have to wait for 20ms.

Back to being problematic for I/O and interactive jobs.



An ideal scheduler?
We have been using priorities the wrong way all along


We should use priorities to reflect “share” rather than preference

nice jobs: willing to give up for important jobs

nice values range from -20 to 19

If you are nice(r)—higher nice value—you will let important tasks run


Idea 3: Assign CPU cycles to threads using priorities as “weights"

Each nice value is assigned a weight


Weight = 1024/(1.25)nice

Share of thread i 


(its weight/(sum of all thread weights)) * target-latency



An ideal scheduler?
Scheduling decision: 


Among all “ready” threads

If a thread has not been scheduled for target-latency time


Schedule it for X worth of CPU time 

Where X = maximum (thread’s share, min. granularity)

Where thread’s share depends on 


thread’s nice value & other threads’ nice value

Else, choose the thread with minimum CPU time so far


Would this work for all mix of jobs?

Let us see!



An ideal scheduler? Example 1
Among all “ready” threads


If a thread has not been scheduled for target-latency time

Schedule it for X worth of CPU time 

Where X = maximum (thread’s share, min. granularity)

Where thread’s share depends on 


thread’s nice value & other threads’ nice value

Else, choose the thread with minimum CPU time so far


Target latency = 20ms, Minimum granularity = 1ms

Two CPU-bound jobs (nice = 20)


Each thread’s share = (1/2)*20 = 10ms! 

Each thread runs for 10ms, before the other gets CPU!



An ideal scheduler? Example 2
Among all “ready” threads


If a thread has not been scheduled for target-latency time

Schedule it for X worth of CPU time 

Where X = maximum (thread’s share, min. granularity)

Where thread’s share depends on 


thread’s nice value & other threads’ nice value

Else, choose the thread with minimum CPU time so far


Target latency = 20ms, Minimum granularity = 1ms

A CPU-bound jobs (nice value = 20), and an I/O job (nice value = -19)


Thread shares will be: tiny (cpu-bound job), large (I/O job)

CPU-bound job can block I/O job for at most target-latency

I/O job will not block CPU-bound job—will go to sleep/block



An ideal scheduler?
Among all “ready” threads


If a thread has not been scheduled for target-latency time

Schedule it for X worth of CPU time 

Where X = maximum (thread’s share, min. granularity)

Where thread’s share depends on 


thread’s nice value & other threads’ nice value

Else, choose the thread with minimum CPU time so far


Very close to today’s Linux CFS scheduler!

The only difference is Linux does scheduling on “virtual runtimes”


Rather than real CPU times (implementation issue)

Nicer job => lower weight => virtual runtime increases more quickly

Less Nicer job => higher weight => virtual runtime increases less quickly



We have a CPU 
scheduler!

Designed by you!

In half a lecture …

Pretty close to ideal ….

Actually used by millions today …


You now know CPU scheduling

Network/Disk/… scheduling very similar



So, what does the OS 
really schedule?

Most textbooks use the “old model”

One thread per process

Thus, misconception: OS schedules processes


Usually, OS really schedules threads

Switching overheads are low


Threads: save/restore registers

Processes: +the entire PCB (+active address space)


