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Introduction

� Problems
{ Request repair 

jobs with paper 
forms;

{ Schedule the 
requested jobs 
manually;

{ Hard to archive 
and analyze data.

� Solution

Homeowner 
Association
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Introduction

Solution:
� Accept online 

applications;
� Schedule the 

requested jobs 
with particular 
scheduler- ASH.

Homeowner 
Association

ASH
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Introduction

� HOA scheduling problem

Customers’ ☺Optimized criterionγ

Limited resourcesSide constraintsβ

One administrator & 
several contractorsMachine environmentα

HOA SchedulingStandard Notation
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Background & Related Work

� Original Scheduling Algorithms
{ Greedy Unit Task Scheduling Algorithm
{ First In First Out Algorithm (FIFO)
{ Shortest Processing Time First (SPTF)
{ Semi-clairvoyant R Algorithm (Sc-R)

� Comparisons and Inspirations
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Job characteristics

� HOA scheduling problem
{ A set of jobs J = { j1, j2, j3….jn };

{ Job property descriptor: 
� pi represents job ji process time, di represents

job ji deadline and wi represents job ji weight;
� ri represents job ji release time;
� ci represents job ji complete time, fi

represents job ji finish time, where fi = ci - ri ..



September 26, 2005 ASH - A Scheduler for HOAs 8

Original Scheduling Algorithms (1- 4)

� Greedy Unit Task Scheduling algorithm
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Original Scheduling Algorithms (1- 4)

� Greedy Unit Task Scheduling Algorithm
{ Method: make a locally optimal choice 

that could lead to the final global optimal 
solution 

{ Advantage: conceptual simplicity 
{ Disadvantage: rarely find the globally 

optimal solution
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Original Scheduling Algorithms (2- 4)

J4 J3 J2J5 J1

� First In First Out (FIFO)
{ Method: assigns priority to the jobs in the order in 

which they request 
{ Advantage: simple implementation and fairness
{ Disadvantage: cannot handle different job priorities
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Original Scheduling Algorithms (3- 4)

J2

P2

J1

P1

J4

P4

J3

P3

J5

P5

� Shortest Processing 
Time First (SPTF)
{ Method: choose the job 

that requires minimum 
processing time to run 
first 

{ Advantage: obtain the 
minimum average 
processing time 

{ Disadvantage: 
starvation - ignore 
those jobs with long 
service time requests

J2

P2

J5

P5

J3

P3

J4

P4

J1

P1

Where P5 > P3 > P2 > P4 > P1
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Original Scheduling Algorithms (4- 4)

� Semi-clairvoyant R algorithm (Sc-R)
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Original Scheduling Algorithms (4- 4)

� Semi-clairvoyant R algorithm (Sc-R)
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Original Scheduling Algorithms (4- 4)

� Semi-clairvoyant R algorithm (Sc-R)
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Original Scheduling Algorithms (4- 4)

� Semi-clairvoyant R algorithm (Sc-R)
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Original Scheduling Algorithms (4- 4)

� Semi-clairvoyant R algorithm (Sc-R)
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Original Scheduling Algorithms (4- 4)

� Semi-clairvoyant R algorithm (Sc-R)
{ Method: Applied some knowledge under 

uncertainty and multiple queues with 
different priorities

{ Advantage:O(1)-competitive with respect 
to average flow time or average stretch

{ Disadvantage: not fully developed and 
implemented method
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Comparisons and Inspirations

� Comparison measures:
{ Average Flow Time – total processing time 

divided by the number of jobs:

AFT = 1/n ∑i=1
n (ci – ri+1)

{ Average Stretch (AS) – average proportion 
between the real process time and minimum process time:

AS = 1/n ∑i=1
n {(ci – ri+1) / pi}
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Comparisons and Inspirations

Results comparison

0
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40
50
60
70

A.F A.S A.F A.S A.F A.S A.F A.S A.F A.S A.F A.S

5 jobs 6 jobs 7 jobs 8 jobs 9 jobs 10 jobs

Sc-R SPTF FIFO

A.F represents Average Flow Time, A.S represents Average Stretch,

Sc-R stands for Semi-clairvoyance R algorithm, SPTF stands for Shortest Processing Time 
First algorithm, and FIFO stands for First In First Out Algorithm.
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Comparisons and Inspirations

� SPTF performs best with respect to AFT and AS, 
Sc-R stands in the middle, FIFO lags behind both 
SPTF and Sc-R

� SPTF will cause starvation, and the processing 
queue is lack of flexibility compared with Sc-R

� Balance the pros and cons in the original  
scheduling algorithms and the constraints of HOA, 
apply multi-level queue with multi-level priorities in 
ASH 
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The Super-ASH Algorithm ( 1 of 2 )

� Supplemental considerations
� Budget and Cost
� One HOA with multiple Contractors – parallel 

processing 
� Job Type Table – knowledge on the job 

property, such as the job approximate cost 
and process time

� Emergency jobs and normal jobs
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The Super-ASH Algorithm ( 2 of 2 )

� Super-ASH flexibility
� Update job type information

e.g: add, modify and delete
� Set budget interval and amount

e.g: admin. setBudget(30, 10000); 
� Choose scheduling method 

e.g: setQueueModel(int model); 
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Design and Implementation

� Design Objectives
{ Minimize Actual Average Process Time

-- the average time that users experience to have their jobs 
done (QoS) (more details in the next slide)

{ Minimize Actual Average proportion between real 
process time and minimum process time
-- the average ratio of a job’s actual process time to its 
expected process time (efficiency) (more details in the next 
slide)
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Design Objectives ( 1 of 2 )

{ Minimize Actual 
Average Flow Time

AAFT = 1/n ∑i=1
n (ci – ri

’+1)

ci – depends on scheduling 
results, 

ri
’ – depends on receive time 

and budget

{ Minimize Actual 
Average Stretch

AAS = 1/n ∑i=1
n {(ci – ri

’+1) / pi}

ci – depends on scheduling       
results,

ri
’ – depends on receive time 

and budget
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Design Objectives ( 2 of 2 )

� Actual Average Flow Time and Actual Average Stretch stands 
on the Homeowner Association and customers’ point of view;

� Average Flow Time and Average Stretch stands on the 
contractors and schedulers’ point of view.

Assign jobs to Contractors 

Contractors work on the jobs

Finish the jobs

AFT & AS

Customers request  repair jobs

HOA release jobs

AAFT & AAS
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The Super-ASH Algorithm - HOA  handling

� Step One:
{ Update the Job Type Table if necessary

� Add, modify and delete

{ Configure the variables if needed
� Scheduler  (ASH-Power2, ASH-Even or 

ASH-Tri, FIFO or SPTF)
� Budget (Interval, amounts)
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The Super-ASH Algorithm - HOA  handling

� Maintain the Job Type Table and create Job List
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The Super-ASH Algorithm - HOA  handling

� Step Two: Release jobs

NoYes

NoYes

J1 Jn

Priority = 1 and 
Budget-1 >= Cost-1

Homeowner Association

Send to corresponding 
Scheduler and proceed

Priority = 0 and 
Budget-2 >= Cost-2

Note: Budget-1 represents the amounts before scheduling all the requested jobs; Budget-2 represents 
the amounts left after releasing the emergency jobs.Cost-1 equals the costs of to-be-released emergency 
jobs, Cost-2 equals the costs of to-released normal jobs.

Jobs & Dollars

Jobs & Dollars
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The Super-ASH algorithm
� Step Three: Hand to relative contractors

ID = 3

ID = 5

ID = 4ID = 1
ID = 0

J2J1 Jn

Plumbing 
scheduler

Roofing 
scheduler

Nursery 
scheduler

Painting 
scheduler

Electronic 
scheduler

Cleaning 
scheduler

ID = 2
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The Super-ASH Algorithm

� Step Four: Scheduling

Electricity 
Contractor

Roofing 
Contractor

Plumbing 
Contractor

Job Type 
Table

Job List

Table

Scheduling 
Result Table

Process Time-
flow Table

Statistical Data 
Table

Electricity Scheduler
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Implementation
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Screen Shot – Job Type Table
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Screen Shot - Job List Table
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Scheduling Result Table
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Quick Demo
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Experiments and Analysis

� Test Case 1: Different Job Costs affects scheduling results 
{ Low-Cost
{ High-Cost
{ Mixed-Cost

� Test Case 2: Different Budget setting affects scheduling results
{ Same amounts, Different intervals
{ Same intervals, Different amounts

� Test Case 3: Queue Models result in different scheduling results
{ Power-2
{ Up-down triangle
{ Even
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Test Case One – Job Cost
High-Time-5 & [15, 5000]
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NOTE: For y-axis, it represents time units per job if they are either AFT or AAFT; 

and it represents ratio if they are either AS or AAS.
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Test Case Two – Budget and Interval (1 of 4)

� Same Amount, Different Interval (1 of 2)

Same Amount $10,000
Same Amounts $10,000 - Low Cost Jobs
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For y-axis, it represents time units per job if they are either AFT or AAFT; 

and it represents ratio if they are either AS or AAS. 



September 26, 2005 ASH - A Scheduler for HOAs 39

Test Case Two – Budget and Interval (2 of 4)

� Same Amount, Different Interval (2 of 2)

Budget(30,10000) Budget(15,5000) Budget(6,2000) Budget(3,1000)
For y-axis, it represents time units per job if they are either AFT or AAFT; 

and it represents ratio if they are either AS or AAS. 
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Test Case Two – Budget and Interval (3 of 4)

� Same Interval, Different amount

Same Interval - 6 High Cost
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For y-axis, it represents time units per job if they are either AFT or AAFT; 

and it represents ratio if they are either AS or AAS. 
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Test Case Two – Budget and Interval (4 of 4)

� Same Interval, Different amount

For y-axis, it represents time units per job if they are either AFT or AAFT; 

and it represents ratio if they are either AS or AAS. 
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Test Case Three – Queue Models
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Test Case Three – Queue Models
ASH-Even won
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For y-axis, it represents time units per job if they are either AFT or AAFT; 

and it represents ratio if they are either AS or AAS. 
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Conclusion
� The Super-ASH algorithm is mostly better 

than FIFO and SPTF in terms of AAFT and 
AAS

� The Super-ASH algorithm is flexible for 
offering HOAs’ different configurations

� The Super-ASH algorithm performance is 
highly dependable to the coming jobs as all 
the other scheduling algorithms (more)
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Conclusion

� More accurate Job Type Table can improve 
the scheduling performance

� More  appropriate budget setting can 
improve the scheduling performance

� More knowledge about the job property will 
improve the scheduling performance
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Future Work

� Further study on the relationship 
between job property and queue 
shape

� Apply heuristic knowledge applied in 
the Super-ASH algorithm, such as 
heuristic queue model generator
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