
Operating Systems 

Lecture 6


Process life cycle

CPU Scheduling




Announcements
HW1 is out


A lot of “cool” problems

Goal: deeper understanding of all concepts covered so far


Note on academic integrity

I take it VERY seriously

If any indication of cheating


Both the copy-er, and the copy-ee are responsible

I reserve the right to invite you to an oral test 

Homework may feel hard: start early!



Context for today’s lecture

A lot of “algorithms”

Scheduling is an algorithmic problem

With some interesting OS bits …


Focus on understanding tradeoffs

No algorithm will be perfect for every scenario

If you understand tradeoffs


You’ll be able to choose the “right” one

I don’t expect you to learn these by heart



System calls/traps

user program requests 
OS service

synchronous/non-
maskable

Recall: Types of Interrupts

Interrupts

HW device requires OS service


timer, I/O device, interprocessor 

asynchronous/maskable

Exceptions 

process missteps (e.g. division by zero)

attempt to perform a privileged instruction


sometime on purpose! (breakpoints)

synchronous/non-maskable



Recall: The Narrow Waist

System call 

interface

Portable OS Kernel

Portable OS Library

x86 ARM PowerPC

10Mbps/100Mbps/1Gbps Ethernet

1802.11 a/b/g/n SCSI

Graphics accellerators LCD Screens

Web Browsers Email

Databases Word Processing
Compilers

Web Servers



Recall: Executing a System Call
Process:


Calls system call function in library

Places arguments in registers and/or pushes them onto user stack

Places syscall type in a dedicated register

Executes syscall machine instruction


Kernel

Executes syscall interrupt handler

Places result in dedicated register

Executes RETURN_FROM_INTERRUPT


Process:

Executes RETURN_FROM_FUNCTION



Signals (Virtualized Interrupts)



ID Name Default 
Action Corresponding Event

2 SIGINT Terminate Interrupt

(e.g., CTRL-C from keyboard)

9 SIGKILL Terminate Kill program

(cannot override or ignore)

14 SIGALRM Terminate Timer signal

17 SIGCHLD Ignore Child stopped or terminated

20 SIGSTP Stop until 
SIGCONT

Stop signal from terminal

(e.g., CTRL-Z from keyboard)

Asynchronous notifications in user space
Just

a


taste…

Signals (Virtualized Interrupts)



Receiving a Signal
Each signal prompts one of these default actions


terminate the process 

ignore the signal

terminate the process and dump core

stop the process

continue process if stopped


Signal can be caught by executing a user-level 
function called signal handler 


similar to exception handler invoked in response to an 
asynchronous interrupt



Context switch



How to Yield/Wait?

Must switch from executing the current 
process to executing some other READY process


Current process: RUNNING     READY

Next process: READY    RUNNING
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1. Save kernel registers of Current on its interrupt stack

2. Save kernel Stack pointer of Current in its PCB

3. Restore kernel Stack pointer of Next from its PCB

4. Restore kernel registers of Next from its interrupt stack



Three Flavors of 

Context Switching

Interrupt: from user to kernel space

on system call, exception, or interrupt

Stack switch: Px user stack    Px interrupt stack


Yield: between two processes, inside kernel

from one PCB/interrupt stack to another

Stack switch: Px interrupt stack    Py interrupt stack


Return from interrupt: from kernel to user space

with the homonymous instruction

Stack switch: Px interrupt stack    Px user stack
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<latexit sha1_base64="k2oEsuOfOe2VmRv5A0ON1LMNQQk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQqPlYWXeiygrGFppTJdNoOnWTCzI1SSj/CjeLK4tf4Cy79Bb/ApNVFfRy4cDjnXOaeCWIpDDrOm5WbmZ2bX8gvFpaWV1bXiusbN0YlmnGPKal0LaCGSxFxDwVKXos1p2EgeTXonWd+9ZZrI1R0jf2YN0LaiURbMIqp5PtadLpItVZ3hWax5NrOGOR/Ujr9eL8YAUClWXz1W4olIY+QSWpM3XVibAyoRsEkHxb8xPCYsh7t8MH40iHZSaUWaSudToRkrE7laGhMPwzSZEixa356mfiXV0+wfdwYiChOkEds8lA7kQQVyWqTltCcoeynhDIt0gsJ61JNGaafk1V37P3DA3ffIb/Jd3Vvzz6x3SunVD6DCfKwBduwCy4cQRkuoQIeMIjhAZ5hZPWse+vReppEc9bXziZMwXr5BC+xkEg=</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="WwyK4GfHYwGHnHM7HYcAlpR1fsE=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3bisYGyhKWUynbRDJ5kwc6OU0o9wo7hS/Bp/wb8xaeuiPg4MHM45w73nBokUBh3n0yosLa+srhXXSxubW9s75d29O6NSzbjHlFS6FVDDpYi5hwIlbyWa0yiQvBkMr3K/ec+1ESq+xVHCOxHtxyIUjGIm+b4W/QFSrdVDqVuuuLYzBfmfVGCORrf84fcUSyMeI5PUmLbrJNgZU42CST4p+anhCWVD2ufj6aYTcpRJPRIqnb0YyVRdyNHImFEUZMmI4sD89HLxL6+dYnjeGYs4SZHHbDYoTCVBRfLapCc0ZyhHGaFMi2xDwgZUU4bZcfLqjl09rblVh/wm39W9E/vCdm+cSv1yfoMiHMAhHIMLZ1CHa2iABwwSeIJXeLOG1qP1bL3MogVr/mcfFmC9fwFLtY1P</latexit>

!
<latexit sha1_base64="k2oEsuOfOe2VmRv5A0ON1LMNQQk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQqPlYWXeiygrGFppTJdNoOnWTCzI1SSj/CjeLK4tf4Cy79Bb/ApNVFfRy4cDjnXOaeCWIpDDrOm5WbmZ2bX8gvFpaWV1bXiusbN0YlmnGPKal0LaCGSxFxDwVKXos1p2EgeTXonWd+9ZZrI1R0jf2YN0LaiURbMIqp5PtadLpItVZ3hWax5NrOGOR/Ujr9eL8YAUClWXz1W4olIY+QSWpM3XVibAyoRsEkHxb8xPCYsh7t8MH40iHZSaUWaSudToRkrE7laGhMPwzSZEixa356mfiXV0+wfdwYiChOkEds8lA7kQQVyWqTltCcoeynhDIt0gsJ61JNGaafk1V37P3DA3ffIb/Jd3Vvzz6x3SunVD6DCfKwBduwCy4cQRkuoQIeMIjhAZ5hZPWse+vReppEc9bXziZMwXr5BC+xkEg=</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="WwyK4GfHYwGHnHM7HYcAlpR1fsE=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3bisYGyhKWUynbRDJ5kwc6OU0o9wo7hS/Bp/wb8xaeuiPg4MHM45w73nBokUBh3n0yosLa+srhXXSxubW9s75d29O6NSzbjHlFS6FVDDpYi5hwIlbyWa0yiQvBkMr3K/ec+1ESq+xVHCOxHtxyIUjGIm+b4W/QFSrdVDqVuuuLYzBfmfVGCORrf84fcUSyMeI5PUmLbrJNgZU42CST4p+anhCWVD2ufj6aYTcpRJPRIqnb0YyVRdyNHImFEUZMmI4sD89HLxL6+dYnjeGYs4SZHHbDYoTCVBRfLapCc0ZyhHGaFMi2xDwgZUU4bZcfLqjl09rblVh/wm39W9E/vCdm+cSv1yfoMiHMAhHIMLZ1CHa2iABwwSeIJXeLOG1qP1bL3MogVr/mcfFmC9fwFLtY1P</latexit>



We are now ready 

to understand 


the life cycle of a Process
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PCB: being created

Registers: uninitialized
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Admitted to 

the Ready 


queue

PCB: being created

Registers: uninitialized



Process Life Cycle
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PCB: on the Ready queue

Registers: pushed by kernel 
code onto interrupt stack

Admitted to 

the Ready 


queue



Process Life Cycle
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PCB: currently executing

Registers: popped from 
interrupt stack into CPU

Admitted to 

the Ready 


queue
Dispatch



Process Life Cycle
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PCB: on Ready queue

Registers: pushed onto interrupt 
stack (SP saved in PCB)

Admitted to 

the Ready 


queue
Dispatch

Yield



Process Life Cycle
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Admitted to 

the Ready 


queue
Dispatch

Yield

PCB: currently executing

Registers: SP restored from 
PCB; others restored from stack



Process Life Cycle

Ready

Init

Running

Waiting

Zombie

21

Admitted to 

the Ready 


queue
Dispatch

Yield

PCB: on specific waiting queue 
(I/O device, lock, etc.)

Registers: on interrupt stack

blocking call

e.g., read(), wait()



Process Life Cycle
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Admitted to 

the Ready 


queue
Dispatch

Yield

PCB: on Ready queue

Registers: on interrupt stack

blocking call

e.g., read(), wait()

blocking call

completion



Process Life Cycle
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Admitted to 

the Ready 


queue
Dispatch

Yield

blocking call

e.g., read(), wait()

blocking call

completion

PCB: currently executing

Registers: restored from 
PCB (SP)  and interrupt 
stack into CPU



Process Life Cycle

Ready

Init

Running
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Admitted to 

the Ready 


queue
Dispatch

Yield

blocking call

e.g., read(), wait()

blocking call

completion

PCB: on Finished queue, 
ultimately deleted

Registers: no longer needed

done

exit()



CPU scheduling



Mechanism and Policy

Mechanism

enables a functionality


Policy

determines how that funtionality should be 
used

Mechanisms should not determine policies!



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

}

CPU
 

Sche
dulin

g



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 turnaround time?

Minimize maximum turnaround time?


Which strategy achieves your goal?



Context matters!

What if instead you are:

Google, serving millions of users?

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, eat, and 
(occasionally) sleep



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 process type before running it

Process behavior can change over time

CPU bursts



Job Characteristics
Job: A task that needs a period of CPU time


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


Defined by:

Arrival time


When the job was first submitted

Execution time


Time needed to run the task in isolation

Deadline


By when the task must have completed (e.g. for 
videos, car brakes…)



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

arrival { <latexit sha1_base64="KQIXI7fiHXS7KP9Hg8yMQEzo+Pk=">AAAB3nicdVC7SgNBFL0bXzG+opY2g0GwWnZVfFQGLbSM4ppAEsLsZDYZMvtg5q4QltQ2ipVi6ef4C5b+gl/gJNEiPg5cOJxzLnPP+IkUGh3nzcpNTc/MzuXnCwuLS8srxdW1ax2ninGPxTJWNZ9qLkXEPRQoeS1RnIa+5FW/dzr0qzdcaRFHV9hPeDOknUgEglE00mUjaxVLru2MQP4npeOP97MXAKi0iq+NdszSkEfIJNW67joJNjOqUDDJB4VGqnlCWY92eDa6b0C2jNQmQazMREhG6kSOhlr3Q98kQ4pd/dMbin959RSDw2YmoiRFHrHxQ0EqCcZkWJa0heIMZd8QypQwFxLWpYoyNF9SMNUde3d/z911yG/yXd3bsY9s98IplU9gjDxswCZsgwsHUIZzqIAHDAK4g0d4sqh1a91bD+NozvraWYcJWM+f+lyMDA==</latexit><latexit sha1_base64="M1VLn4uoiL/EPi/fjF/51yTEgr4=">AAAB3nicdVDLTgIxFL2DL8QXPnZuGomJq0lHjI+VRBe6ROMICRDSKR1o6DzSdkxwwtqNxpXGr/A7/AWX/IJfYAFd4OMkNzk559z0nnqx4Epj/G5lpqZnZuey87mFxaXllfzq2rWKEkmZSyMRyapHFBM8ZK7mWrBqLBkJPMEqXvd06FdumFQ8Cq90L2aNgLRD7nNKtJEu62kzX3BsPAL6nxSOPwZnrxu3g3Iz/1ZvRTQJWKipIErVHBzrRkqk5lSwfq6eKBYT2iVtlo7u66NtI7WQH0kzoUYjdSJHAqV6gWeSAdEd9dMbin95tUT7h42Uh3GiWUjHD/mJQDpCw7KoxSWjWvQMIVRycyGiHSIJ1eZLcqY6tov7e04Ro9/ku7q7ax/ZzgUulE5gjCxswhbsgAMHUIJzKIMLFHy4hyd4toh1Zz1Yj+NoxvraWYcJWC+f5miNiQ==</latexit><latexit sha1_base64="M1VLn4uoiL/EPi/fjF/51yTEgr4=">AAAB3nicdVDLTgIxFL2DL8QXPnZuGomJq0lHjI+VRBe6ROMICRDSKR1o6DzSdkxwwtqNxpXGr/A7/AWX/IJfYAFd4OMkNzk559z0nnqx4Epj/G5lpqZnZuey87mFxaXllfzq2rWKEkmZSyMRyapHFBM8ZK7mWrBqLBkJPMEqXvd06FdumFQ8Cq90L2aNgLRD7nNKtJEu62kzX3BsPAL6nxSOPwZnrxu3g3Iz/1ZvRTQJWKipIErVHBzrRkqk5lSwfq6eKBYT2iVtlo7u66NtI7WQH0kzoUYjdSJHAqV6gWeSAdEd9dMbin95tUT7h42Uh3GiWUjHD/mJQDpCw7KoxSWjWvQMIVRycyGiHSIJ1eZLcqY6tov7e04Ro9/ku7q7ax/ZzgUulE5gjCxswhbsgAMHUIJzKIMLFHy4hyd4toh1Zz1Yj+NoxvraWYcJWC+f5miNiQ==</latexit><latexit sha1_base64="M1VLn4uoiL/EPi/fjF/51yTEgr4=">AAAB3nicdVDLTgIxFL2DL8QXPnZuGomJq0lHjI+VRBe6ROMICRDSKR1o6DzSdkxwwtqNxpXGr/A7/AWX/IJfYAFd4OMkNzk559z0nnqx4Epj/G5lpqZnZuey87mFxaXllfzq2rWKEkmZSyMRyapHFBM8ZK7mWrBqLBkJPMEqXvd06FdumFQ8Cq90L2aNgLRD7nNKtJEu62kzX3BsPAL6nxSOPwZnrxu3g3Iz/1ZvRTQJWKipIErVHBzrRkqk5lSwfq6eKBYT2iVtlo7u66NtI7WQH0kzoUYjdSJHAqV6gWeSAdEd9dMbin95tUT7h42Uh3GiWUjHD/mJQDpCw7KoxSWjWvQMIVRycyGiHSIJ1eZLcqY6tov7e04Ro9/ku7q7ax/ZzgUulE5gjCxswhbsgAMHUIJzKIMLFHy4hyd4toh1Zz1Yj+NoxvraWYcJWC+f5miNiQ==</latexit><latexit sha1_base64="M1VLn4uoiL/EPi/fjF/51yTEgr4=">AAAB3nicdVDLTgIxFL2DL8QXPnZuGomJq0lHjI+VRBe6ROMICRDSKR1o6DzSdkxwwtqNxpXGr/A7/AWX/IJfYAFd4OMkNzk559z0nnqx4Epj/G5lpqZnZuey87mFxaXllfzq2rWKEkmZSyMRyapHFBM8ZK7mWrBqLBkJPMEqXvd06FdumFQ8Cq90L2aNgLRD7nNKtJEu62kzX3BsPAL6nxSOPwZnrxu3g3Iz/1ZvRTQJWKipIErVHBzrRkqk5lSwfq6eKBYT2iVtlo7u66NtI7WQH0kzoUYjdSJHAqV6gWeSAdEd9dMbin95tUT7h42Uh3GiWUjHD/mJQDpCw7KoxSWjWvQMIVRycyGiHSIJ1eZLcqY6tov7e04Ro9/ku7q7ax/ZzgUulE5gjCxswhbsgAMHUIJzKIMLFHy4hyd4toh1Zz1Yj+NoxvraWYcJWC+f5miNiQ==</latexit><latexit sha1_base64="IS5ByZzDkO7KOYDQyygDe+H0erk=">AAAB3nicdVDLSgMxFL1TX7W+qi7dBIvgaphR8bErunFZxbGFtpRMmmlDM5MhuSOUoWs3iivFT/IX/BvTh4v6OBA4nHPCveeGqRQGPe/TKSwsLi2vFFdLa+sbm1vl7Z17ozLNeMCUVLoRUsOlSHiAAiVvpJrTOJS8Hg6uxn79gWsjVHKHw5S3Y9pLRCQYRSvdtvJOueK73gTkf1KBGWqd8kerq1gW8wSZpMY0fS/Fdk41Cib5qNTKDE8pG9Aezyf7jciBlbokUtq+BMlEncvR2JhhHNpkTLFvfnpj8S+vmWF03s5FkmbIEzYdFGWSoCLjsqQrNGcoh5ZQpoXdkLA+1ZShPUnJVvfc49MT/9gjv8l39eDIvXD9G69SvZzdoAh7sA+H4MMZVOEaahAAgwie4BXeHOo8Os/OyzRacGZ/dmEOzvsXFm+JEw==</latexit>

Turnaround time Job completed

Response time{
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Task is running

Something else 
running



Other Concerns
Fairness: Who get the resources?


Equitable division of resources


Starvation: How bad can it get?

Lack of progress by some job


Overhead: How much useless work?

Time wasted switching between jobs


Predictability: How consistent?

Low variance in response time for repeated 
requests



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

Maximizes overall throughput

Maximizes resource utilization (“work conserving”)

Meets all deadlines

Is fair: everyone makes progress, no one starves

Has zero overhead

Alas, no such scheduler exists… 



When does the 
Scheduler Run?

Non-preemptive

job runs until it voluntarily yields the CPU


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

process explicitly yields

process terminates


Preemptive

all of the above, plus timer and other interrupts


when processes can’t be trusted

incurs some context switching overhead



Context switch overhead

Cost of saving registers

Cost of scheduler determining which process 
to run next

Cost of restoring register

Cost of flushing caches


L1, L2, L3, TLB



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



FIFO
Jobs             with compute time 12, 3, 3

Job arrival 

Time 0 12

J1
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<latexit sha1_base64="9MC8cK0/hDYBpboCXJKo2583k2w=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuiG+MKoiMkQLBTOtDQeaTtmBDC3o3GlcY/8hfc+C2WQReoJ7nJyTnnpvfUjTiTyrI+jNTK6tr6Rnozs7W9s7uX3T+4lWEsCHVIyEPRdrGknAXUUUxx2o4Exb7LacsdX8z91j0VkoXBjZpEtOfjYcA8RrDS0vVVv9DP5iwzX9aoIE1K1Wq+qIldyZeKNWSbVoJc/aj5eQcAjX72vTsISezTQBGOpezYVqR6UywUI5zOMt1Y0giTMR7SaXLgDJ1qaYC8UOgJFErUpRz2pZz4rk76WI3kb28u/ud1YuVVe1MWRLGiAVk85MUcqRDN26IBE5QoPtEEE8H0hYiMsMBE6T/JJNUL5aJdsNBf8lPdyZs1027aufo5LJCGYziBM7ChAnW4hAY4QGAIj/ACr4ZrPBhPxvMimjK+dw5hCcbbFzzMi2M=</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="Fd7QjVuSIAM2wcUjDpRcw1yZcwI=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezqQb0JXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rgksaChqGrorooyJS35/q9X2Njc2t4p7pb2yvsHh5Wj8otNcyMwFKlKTTPiFpXUGJIkhc3MIE8ihY1oeDf1G69orEz1M40y7CS8r2UsBScnPT10L7uVql/zZ2DrJFiQKixQ71Z+2r1U5AlqEopb2wr8jDpjbkgKhZNSO7eYcTHkfRzPHpywMyf1WJwaN5rYTF3a44m1oyRymwmngV31puJ/Xiun+LozljrLCbWYH4pzxShl07SsJw0KUiNHuDDSfcjEgBsuyHVSctGD1aDrJLyo3dSCRx+KcAKncA4BXMEt3EMdQhDQh3f4gm8v8t68j3lHBW9R1jEswfv8A0OEh6k=</latexit><latexit sha1_base64="NqpqdmRquKnIsd/wh6pJQIUUvVI=">AAAB1HicdVDLSgNBEOyNrxijRq9eBoPgadldE5PcBC/iKaJrAkkIs5PZZMjsg5leIYTcvSie9Jf8Bf/GycNDRAsaiqqG7qoglUKj43xZuY3Nre2d/G5hr7h/cFg6Kj7qJFOM+yyRiWoHVHMpYu6jQMnbqeI0CiRvBePrud964kqLJH7AScp7ER3GIhSMopHub/sX/VLZsb1LgxoxpFqvexVD3JpXrTSIazsLlGGFZr/02R0kLIt4jExSrTuuk2JvShUKJvms0M00Tykb0yGfLh6ckTMjDUiYKDMxkoW6tkcjrSdRYDYjiiP925uLf3mdDMN6byriNEMes+WhMJMEEzJPSwZCcYZyYghlSpgPCRtRRRmaTgom+k8+8j/xPbthu3cO5OEETuEcXKjBFdxAE3xgMIQXeIcPK7CerddlRzlrVdYxrMF6+wa+GIgD</latexit><latexit sha1_base64="COTg4oc8zekQG3JEYBGIrc9WHI8=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3eOvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqPmJSQ==</latexit><latexit sha1_base64="7k02RsmPkwRbXrWNeay6SZp3LrA=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3euvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqUmJSg==</latexit><latexit sha1_base64="kIFSuKUQzqDRK91J7OZzb1zO/BY=">AAAB33icdVC7TgJBFL2LL8QXaqfNRGJitdldQaAj2BgriK6QACGzwyxMmH1kZtaEEHobjZXGj/AvLPwFG7/FAbTA6ElucnLOuZl7xos5k8qyPozU0vLK6lp6PbOxubW9k93du5FRIgh1ScQj0fSwpJyF1FVMcdqMBcWBx2nDG55P/cYtFZJF4bUaxbQT4H7IfEaw0tLVZfe0m81ZpnOmUUSaFEolJ6+JXXQK+TKyTWuGXOWg/sleq2+1bva93YtIEtBQEY6lbNlWrDpjLBQjnE4y7UTSGJMh7tPx7MAJOtZSD/mR0BMqNFMXcjiQchR4OhlgNZC/van4l9dKlF/qjFkYJ4qGZP6Qn3CkIjRti3pMUKL4SBNMBNMXIjLAAhOl/ySjq//0Q/8T1zHLpl23c5UqzJGGQziCE7ChCBW4gBq4QKAP9/AEz4Zn3BkPxuM8mjK+d/ZhAcbLF2aGjO8=</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="Fd7QjVuSIAM2wcUjDpRcw1yZcwI=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezqQb0JXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rgksaChqGrorooyJS35/q9X2Njc2t4p7pb2yvsHh5Wj8otNcyMwFKlKTTPiFpXUGJIkhc3MIE8ihY1oeDf1G69orEz1M40y7CS8r2UsBScnPT10L7uVql/zZ2DrJFiQKixQ71Z+2r1U5AlqEopb2wr8jDpjbkgKhZNSO7eYcTHkfRzPHpywMyf1WJwaN5rYTF3a44m1oyRymwmngV31puJ/Xiun+LozljrLCbWYH4pzxShl07SsJw0KUiNHuDDSfcjEgBsuyHVSctGD1aDrJLyo3dSCRx+KcAKncA4BXMEt3EMdQhDQh3f4gm8v8t68j3lHBW9R1jEswfv8A0OEh6k=</latexit><latexit sha1_base64="NqpqdmRquKnIsd/wh6pJQIUUvVI=">AAAB1HicdVDLSgNBEOyNrxijRq9eBoPgadldE5PcBC/iKaJrAkkIs5PZZMjsg5leIYTcvSie9Jf8Bf/GycNDRAsaiqqG7qoglUKj43xZuY3Nre2d/G5hr7h/cFg6Kj7qJFOM+yyRiWoHVHMpYu6jQMnbqeI0CiRvBePrud964kqLJH7AScp7ER3GIhSMopHub/sX/VLZsb1LgxoxpFqvexVD3JpXrTSIazsLlGGFZr/02R0kLIt4jExSrTuuk2JvShUKJvms0M00Tykb0yGfLh6ckTMjDUiYKDMxkoW6tkcjrSdRYDYjiiP925uLf3mdDMN6byriNEMes+WhMJMEEzJPSwZCcYZyYghlSpgPCRtRRRmaTgom+k8+8j/xPbthu3cO5OEETuEcXKjBFdxAE3xgMIQXeIcPK7CerddlRzlrVdYxrMF6+wa+GIgD</latexit><latexit sha1_base64="COTg4oc8zekQG3JEYBGIrc9WHI8=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3eOvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqPmJSQ==</latexit><latexit sha1_base64="7k02RsmPkwRbXrWNeay6SZp3LrA=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3euvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqUmJSg==</latexit><latexit sha1_base64="kIFSuKUQzqDRK91J7OZzb1zO/BY=">AAAB33icdVC7TgJBFL2LL8QXaqfNRGJitdldQaAj2BgriK6QACGzwyxMmH1kZtaEEHobjZXGj/AvLPwFG7/FAbTA6ElucnLOuZl7xos5k8qyPozU0vLK6lp6PbOxubW9k93du5FRIgh1ScQj0fSwpJyF1FVMcdqMBcWBx2nDG55P/cYtFZJF4bUaxbQT4H7IfEaw0tLVZfe0m81ZpnOmUUSaFEolJ6+JXXQK+TKyTWuGXOWg/sleq2+1bva93YtIEtBQEY6lbNlWrDpjLBQjnE4y7UTSGJMh7tPx7MAJOtZSD/mR0BMqNFMXcjiQchR4OhlgNZC/van4l9dKlF/qjFkYJ4qGZP6Qn3CkIjRti3pMUKL4SBNMBNMXIjLAAhOl/ySjq//0Q/8T1zHLpl23c5UqzJGGQziCE7ChCBW4gBq4QKAP9/AEz4Zn3BkPxuM8mjK+d/ZhAcbLF2aGjO8=</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="Fd7QjVuSIAM2wcUjDpRcw1yZcwI=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezqQb0JXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rgksaChqGrorooyJS35/q9X2Njc2t4p7pb2yvsHh5Wj8otNcyMwFKlKTTPiFpXUGJIkhc3MIE8ihY1oeDf1G69orEz1M40y7CS8r2UsBScnPT10L7uVql/zZ2DrJFiQKixQ71Z+2r1U5AlqEopb2wr8jDpjbkgKhZNSO7eYcTHkfRzPHpywMyf1WJwaN5rYTF3a44m1oyRymwmngV31puJ/Xiun+LozljrLCbWYH4pzxShl07SsJw0KUiNHuDDSfcjEgBsuyHVSctGD1aDrJLyo3dSCRx+KcAKncA4BXMEt3EMdQhDQh3f4gm8v8t68j3lHBW9R1jEswfv8A0OEh6k=</latexit><latexit sha1_base64="NqpqdmRquKnIsd/wh6pJQIUUvVI=">AAAB1HicdVDLSgNBEOyNrxijRq9eBoPgadldE5PcBC/iKaJrAkkIs5PZZMjsg5leIYTcvSie9Jf8Bf/GycNDRAsaiqqG7qoglUKj43xZuY3Nre2d/G5hr7h/cFg6Kj7qJFOM+yyRiWoHVHMpYu6jQMnbqeI0CiRvBePrud964kqLJH7AScp7ER3GIhSMopHub/sX/VLZsb1LgxoxpFqvexVD3JpXrTSIazsLlGGFZr/02R0kLIt4jExSrTuuk2JvShUKJvms0M00Tykb0yGfLh6ckTMjDUiYKDMxkoW6tkcjrSdRYDYjiiP925uLf3mdDMN6byriNEMes+WhMJMEEzJPSwZCcYZyYghlSpgPCRtRRRmaTgom+k8+8j/xPbthu3cO5OEETuEcXKjBFdxAE3xgMIQXeIcPK7CerddlRzlrVdYxrMF6+wa+GIgD</latexit><latexit sha1_base64="COTg4oc8zekQG3JEYBGIrc9WHI8=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3eOvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqPmJSQ==</latexit><latexit sha1_base64="7k02RsmPkwRbXrWNeay6SZp3LrA=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3euvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqUmJSg==</latexit><latexit sha1_base64="kIFSuKUQzqDRK91J7OZzb1zO/BY=">AAAB33icdVC7TgJBFL2LL8QXaqfNRGJitdldQaAj2BgriK6QACGzwyxMmH1kZtaEEHobjZXGj/AvLPwFG7/FAbTA6ElucnLOuZl7xos5k8qyPozU0vLK6lp6PbOxubW9k93du5FRIgh1ScQj0fSwpJyF1FVMcdqMBcWBx2nDG55P/cYtFZJF4bUaxbQT4H7IfEaw0tLVZfe0m81ZpnOmUUSaFEolJ6+JXXQK+TKyTWuGXOWg/sleq2+1bva93YtIEtBQEY6lbNlWrDpjLBQjnE4y7UTSGJMh7tPx7MAJOtZSD/mR0BMqNFMXcjiQchR4OhlgNZC/van4l9dKlF/qjFkYJ4qGZP6Qn3CkIjRti3pMUKL4SBNMBNMXIjLAAhOl/ySjq//0Q/8T1zHLpl23c5UqzJGGQziCE7ChCBW4gBq4QKAP9/AEz4Zn3BkPxuM8mjK+d/ZhAcbLF2aGjO8=</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="Fd7QjVuSIAM2wcUjDpRcw1yZcwI=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezqQb0JXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rgksaChqGrorooyJS35/q9X2Njc2t4p7pb2yvsHh5Wj8otNcyMwFKlKTTPiFpXUGJIkhc3MIE8ihY1oeDf1G69orEz1M40y7CS8r2UsBScnPT10L7uVql/zZ2DrJFiQKixQ71Z+2r1U5AlqEopb2wr8jDpjbkgKhZNSO7eYcTHkfRzPHpywMyf1WJwaN5rYTF3a44m1oyRymwmngV31puJ/Xiun+LozljrLCbWYH4pzxShl07SsJw0KUiNHuDDSfcjEgBsuyHVSctGD1aDrJLyo3dSCRx+KcAKncA4BXMEt3EMdQhDQh3f4gm8v8t68j3lHBW9R1jEswfv8A0OEh6k=</latexit><latexit sha1_base64="NqpqdmRquKnIsd/wh6pJQIUUvVI=">AAAB1HicdVDLSgNBEOyNrxijRq9eBoPgadldE5PcBC/iKaJrAkkIs5PZZMjsg5leIYTcvSie9Jf8Bf/GycNDRAsaiqqG7qoglUKj43xZuY3Nre2d/G5hr7h/cFg6Kj7qJFOM+yyRiWoHVHMpYu6jQMnbqeI0CiRvBePrud964kqLJH7AScp7ER3GIhSMopHub/sX/VLZsb1LgxoxpFqvexVD3JpXrTSIazsLlGGFZr/02R0kLIt4jExSrTuuk2JvShUKJvms0M00Tykb0yGfLh6ckTMjDUiYKDMxkoW6tkcjrSdRYDYjiiP925uLf3mdDMN6byriNEMes+WhMJMEEzJPSwZCcYZyYghlSpgPCRtRRRmaTgom+k8+8j/xPbthu3cO5OEETuEcXKjBFdxAE3xgMIQXeIcPK7CerddlRzlrVdYxrMF6+wa+GIgD</latexit><latexit sha1_base64="COTg4oc8zekQG3JEYBGIrc9WHI8=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3eOvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqPmJSQ==</latexit><latexit sha1_base64="7k02RsmPkwRbXrWNeay6SZp3LrA=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3euvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqUmJSg==</latexit><latexit sha1_base64="kIFSuKUQzqDRK91J7OZzb1zO/BY=">AAAB33icdVC7TgJBFL2LL8QXaqfNRGJitdldQaAj2BgriK6QACGzwyxMmH1kZtaEEHobjZXGj/AvLPwFG7/FAbTA6ElucnLOuZl7xos5k8qyPozU0vLK6lp6PbOxubW9k93du5FRIgh1ScQj0fSwpJyF1FVMcdqMBcWBx2nDG55P/cYtFZJF4bUaxbQT4H7IfEaw0tLVZfe0m81ZpnOmUUSaFEolJ6+JXXQK+TKyTWuGXOWg/sleq2+1bva93YtIEtBQEY6lbNlWrDpjLBQjnE4y7UTSGJMh7tPx7MAJOtZSD/mR0BMqNFMXcjiQchR4OhlgNZC/van4l9dKlF/qjFkYJ4qGZP6Qn3CkIjRti3pMUKL4SBNMBNMXIjLAAhOl/ySjq//0Q/8T1zHLpl23c5UqzJGGQziCE7ChCBW4gBq4QKAP9/AEz4Zn3BkPxuM8mjK+d/ZhAcbLF2aGjO8=</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="i3XIq4fXzIcYkeLxlYF1gHRh8+Q=">AAABznicbVBNS8NAEJ3Urxqr1rOXxSJ4KokX9SZ48VjB2EJby2YzaZdusmF3IpTSm6fizT/lX/DfuP24tPXBwOO9gZn34kJJS0Hw61X29g8Oj6rH/knNPz07r9ferC6NwEhopU0n5haVzDEiSQo7hUGexQrb8fhp4bc/0Fip81eaFNjP+DCXqRScnNQa1BtBM1iC7ZJwTRqwxqD+00u0KDPMSShubTcMCupPuSEpFM78Xmmx4GLMhzhdPjdj105KWKqNm5zYUt3Y45m1kyx2mxmnkd32FuJ/Xrek9L4/lXlREuZidSgtFSPNFklZIg0KUhNHuDDSfcjEiBsuyPXhu+Thds5dEt02H5rhSwBVuIQruIEQ7uARnqEFEQhIYA7f3rv36c1XBVW8dVMXsAHv6w/jAIXC</latexit><latexit sha1_base64="Fd7QjVuSIAM2wcUjDpRcw1yZcwI=">AAAB1HicbVDLSgNBEOyNrxijRq9eBoPgKezqQb0JXsRTRNcEkhBmJ73JkNnZZaZXCCF3L4on/SV/wb9x8rgksaChqGrorooyJS35/q9X2Njc2t4p7pb2yvsHh5Wj8otNcyMwFKlKTTPiFpXUGJIkhc3MIE8ihY1oeDf1G69orEz1M40y7CS8r2UsBScnPT10L7uVql/zZ2DrJFiQKixQ71Z+2r1U5AlqEopb2wr8jDpjbkgKhZNSO7eYcTHkfRzPHpywMyf1WJwaN5rYTF3a44m1oyRymwmngV31puJ/Xiun+LozljrLCbWYH4pzxShl07SsJw0KUiNHuDDSfcjEgBsuyHVSctGD1aDrJLyo3dSCRx+KcAKncA4BXMEt3EMdQhDQh3f4gm8v8t68j3lHBW9R1jEswfv8A0OEh6k=</latexit><latexit sha1_base64="NqpqdmRquKnIsd/wh6pJQIUUvVI=">AAAB1HicdVDLSgNBEOyNrxijRq9eBoPgadldE5PcBC/iKaJrAkkIs5PZZMjsg5leIYTcvSie9Jf8Bf/GycNDRAsaiqqG7qoglUKj43xZuY3Nre2d/G5hr7h/cFg6Kj7qJFOM+yyRiWoHVHMpYu6jQMnbqeI0CiRvBePrud964kqLJH7AScp7ER3GIhSMopHub/sX/VLZsb1LgxoxpFqvexVD3JpXrTSIazsLlGGFZr/02R0kLIt4jExSrTuuk2JvShUKJvms0M00Tykb0yGfLh6ckTMjDUiYKDMxkoW6tkcjrSdRYDYjiiP925uLf3mdDMN6byriNEMes+WhMJMEEzJPSwZCcYZyYghlSpgPCRtRRRmaTgom+k8+8j/xPbthu3cO5OEETuEcXKjBFdxAE3xgMIQXeIcPK7CerddlRzlrVdYxrMF6+wa+GIgD</latexit><latexit sha1_base64="COTg4oc8zekQG3JEYBGIrc9WHI8=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3eOvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqPmJSQ==</latexit><latexit sha1_base64="7k02RsmPkwRbXrWNeay6SZp3LrA=">AAAB33icdVDLTgJBEOz1ifhCPXqZSEw8bXYRBG5EL8YTRldIgJDZYRYmzD4y02tCCHcvGk8a/8hf8G8cHh4wWskklaqadFf7iRQaHefLWlldW9/YzGxlt3d29/ZzB4cPOk4V4x6LZayaPtVcioh7KFDyZqI4DX3JG/7wauo3HrnSIo7ucZTwTkj7kQgEo2iku5vueTeXd+zChUGZGFKqVApFQ9xyoVSsEtd2ZsjDAvVu7rPdi1ka8giZpFq3XCfBzpgqFEzySbadap5QNqR9Pp4tOCGnRuqRIFbmRUhm6lKOhlqPQt8kQ4oD/dubin95rRSDSmcsoiRFHrH5oCCVBGMybUt6QnGGcmQIZUqYDQkbUEUZmptkTfWffuR/4hXsqu3euvna5eIGGTiGEzgDF8pQg2uogwcM+vAMb/Bu+daT9WK9zqMr1uLPESzB+vgGqUmJSg==</latexit><latexit sha1_base64="kIFSuKUQzqDRK91J7OZzb1zO/BY=">AAAB33icdVC7TgJBFL2LL8QXaqfNRGJitdldQaAj2BgriK6QACGzwyxMmH1kZtaEEHobjZXGj/AvLPwFG7/FAbTA6ElucnLOuZl7xos5k8qyPozU0vLK6lp6PbOxubW9k93du5FRIgh1ScQj0fSwpJyF1FVMcdqMBcWBx2nDG55P/cYtFZJF4bUaxbQT4H7IfEaw0tLVZfe0m81ZpnOmUUSaFEolJ6+JXXQK+TKyTWuGXOWg/sleq2+1bva93YtIEtBQEY6lbNlWrDpjLBQjnE4y7UTSGJMh7tPx7MAJOtZSD/mR0BMqNFMXcjiQchR4OhlgNZC/van4l9dKlF/qjFkYJ4qGZP6Qn3CkIjRti3pMUKL4SBNMBNMXIjLAAhOl/ySjq//0Q/8T1zHLpl23c5UqzJGGQziCE7ChCBW4gBq4QKAP9/AEz4Zn3BkPxuM8mjK+d/ZhAcbLF2aGjO8=</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="adGSVvXwnJRWbytHmA1Ol8BsWcE=">AAAB33icbVDLTgIxFL2DL8QX6k43jcTE1WSGNzuCG+MKoiMkQEinFGjoPNJ2TAhh70bjSuNH+Bcu/AU3fotl0AXqSW5ycs656T11Q86ksqwPI7Gyura+kdxMbW3v7O6l9w9uZBAJQh0S8EC0XCwpZz51FFOctkJBsedy2nTH53O/eUuFZIF/rSYh7Xp46LMBI1hp6eqyl+ulM5aZLWqUkCaFcjmb18QuZQv5CrJNK0ametT4ZK+1t3ov/d7pByTyqK8Ix1K2bStU3SkWihFOZ6lOJGmIyRgP6TQ+cIZOtdRHg0Do8RWK1aUc9qSceK5OeliN5G9vLv7ntSM1KHenzA8jRX2yeGgQcaQCNG+L+kxQovhEE0wE0xciMsICE6X/JBVXzxXzds5Cf8lPdSdrVky7YWeqNVggCcdwAmdgQwmqcAF1cIDAEO7hCZ4N17gzHozHRTRhfO8cwhKMly96+Y0f</latexit><latexit sha1_base64="cy2CyhkhAeSMJVv5+qGRtkgbTCA=">AAAB33icbVDLSgMxFL1TX7U+WnXpJlgEV8PM9L0ruhFXFR1baEvJpJk2NPMgyQildO9GcaX4R/6Cf2M6rYuqBwKHc06491wv5kwqy/oyMhubW9s72d3c3v7BYb5wdPwgo0QQ6pKIR6LjYUk5C6mrmOK0EwuKA4/Ttje5WvjtRyoki8J7NY1pP8CjkPmMYKWlu5tBaVAoWqZT1aghTSr1ulPWxK45lXID2aaVoggrtAaFz94wIklAQ0U4lrJrW7Hqz7BQjHA6z/USSWNMJnhEZ+mCc3SupSHyI6FfqFCqruVwIOU08HQywGosf3sL8T+vmyi/3p+xME4UDclykJ9wpCK0aIuGTFCi+FQTTATTGyIyxgITpW+SS6uXqmW7ZKG/5Ke665gN0761i83L1Q2ycApncAE21KAJ19ACFwiM4Bne4N3wjCfjxXhdRjPG6s8JrMH4+Aa9vIl6</latexit>

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>
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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 Roundup

Simple
Low overhead
No starvation

The Good

Not responsive to 
interactive tasks The Ugly

The Bad Average turnaround time 
very sensitive to arrival time



How to minimize average 
turnaround time?



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1

c2

c3

c4

c5

c6

1

1.5

2.5

2

3

4



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1 c2

c3

c4

c5

c6

1 2.5

2.5

2

3

4

0



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1 c2 c3 c4 c5 c6

1 2.5 74.5 10 140

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

Would a different schedule produce a lower 
turnaround time?

ci

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

cj

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

Consider ci < cj

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

where

(cj + (ci + cj))/2

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

att = 



SJF: Shortest Job First

Schedule jobs in order of estimated completion time

c1 c2 c3 c4 c5 c6

1 2.5 74.5 10 140

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

Would a different schedule produce a lower 
turnaround time?

ci

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

cj

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

Consider ci < cj

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

where

(cj + (ci + cj))/2

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

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

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

att = 
<

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



SJF Roundup

Optimal average 
turnaround time The Good

The Ugly Can starve long jobs 

The Bad
Need to estimate 
execution time



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

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


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



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

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


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

..but o
nly if 

tasks 
only 

need 
the 

proce
ssor!



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



Round Robin
Each process is allowed to run for a quantum


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


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


What is a good quantum size?

Too long, and it morphs into FIFO

Too short, and much time lost context switching

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



Round Robin Roundup

No starvation

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

Time 0 100

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

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

arrive

10
Average Turnaround Time:

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

= 103.33



SJF

110

J2
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Time 0 100

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

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

arrive

10
Average Turnaround Time:

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

= 103.33

+ Preemption

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

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

   arrives at time 0;         arrive at time 10

With a preemptive scheduler — SRTF

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

arrive

Time 0

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

10 120

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

J2
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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



Priority Scheduling

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

Reduces to SRTF when using as priority the 
estimate of the execution time

To avoid starvation


change job’s priority with time (aging)

select jobs randomly, weighted by priority



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

Parameter:


how many queues?
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D How are jobs assigned to a queue?



Moving down
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
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Moving 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


Parameter

time before jobs are moved up 
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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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Linux’s “Completely Fair 
Scheduler” (CFS)

Let “Spent Execution Time” (SET) to be the amount of time that a 
process has been executing

Scheduler selects process with lowest SET

Let △ be some time (typically, 50ms or so)

Let N be the number of processes on the run queue

Process runs for △/N time


there is a minimum value too

If it uses up this quantum, reinsert into the queue


SET += △/N

Computing of elapsed SET can be weighed by priority value

Processes that move to a waiting queue, upon returning to the READY queue 
have SET initialized to the minimum SET of any process on the READY queue



CPU scheduling

Many possible “algorithms”

Scheduling is an algorithmic problem

With some interesting OS bits …


Knowing tradeoffs is important

No algorithm will be perfect for every scenario

If you understand tradeoffs


You’ll be able to choose the “right” one

I don’t expect you to learn these by heart


