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MARK T. WHOEVER WORKS ON FRI 100 
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RULE’. WHOEVER WORKS 2. INDIVIDUAL REQUEST 
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METHOD AND APPARATUS FOR 
QUEUE-BASED AUTOMATED STAFF 

SCHEDULING 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 
[0002] This invention relates to automation of staff or 
employee scheduling. More particularly, the invention relates 
to a method and apparatus for queue-based automated staff 
scheduling. 
[0003] 2. Description of the PriorArt 
[0004] Staff scheduling is the process of matching a list of 
employees With a list of shifts or assignments (hereafter 
referred to as “assignments”) for a speci?ed date range. The 
choice of a particular individual for a given assignment on a 
given day is generally subject to several constraints imposed 
by institutional scheduling policies and individual/ group 
preferences. Scheduling a large task force in the presence of 
large number of such constraints, makes manual scheduling a 
daunting task. In many cases, it is infeasible to achieve a good 
schedule manually. Furthermore, the scheduling rules and 
preferences are rarely static. There are often exceptions to the 
scheduling rules and preferences based on various scheduling 
conditions. These problems also make it dif?cult to build a 
general purpose computer program that can automate 
employee scheduling. 
[0005] The main challenges in automating the process are 
tWofold: 

[0006] 1. How are the constraints, e.g. rules and prefer 
ences, Which are speci?c to the institutional, social, and 
political environment of an organization, expressed in a form 
that can be represented in the internal data structures of a 
general purpose softWare system? Furthermore, hoW can 
these representations be used to express not only rules and 
individual preferences, but also their exceptions? 
[0007] 2. Once a representation has been found, What is the 
computational process that makes it tractable to choose a 
schedule among large number of possible schedules, Which 
groW exponentially as the number of employees or assign 
ments increases? 

[0008] It Would be advantageous to provide a method and 
apparatus that addresses these problems. 

SUMMARY OF THE INVENTION 

[0009] The invention disclosed herein addresses the above 
mentioned problems by introducing a queue-based schedul 
ing system. The invention disclosed herein comprises an 
automated staff scheduling computer program that is highly 
?exible in enforcing scheduling rules. This ?exibility comes 
from the ability to: 

[0010] l. De?ne conditional and unconditional rules; 
[0011] 2. Rank the rules/requests in varying priority as 
represented by a numeric value assigned to each rule/request; 
and 

[0012] 
[0013] These three abilities synergistically produce an 
automatic scheduling system that can enforce a Wide variety 
of scheduling rules and requirements seen in actual staff 

3. Specify rules both per individual and per group. 
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scheduling situations. Furthermore, all these abilities rely on 
using a queue per scheduled assignment to hold requests and 
rules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 provides an example of constraints that go 
into scheduling an assignment on a given day according to the 
invention; 
[0015] FIG. 2 shoWs an internal queue data structure that is 
used to hold rules and requests entered by a user; in FIG. 2, 
time scope ?eld of the requests, or actions of rules, are used to 
determine into Which queues the request is inserted according 
to the invention; 
[0016] FIG. 3 shoWs the details of a request as stored in 
computer memory according to the invention; 
[0017] FIG. 4 shoWs the details of a conditional rule as 
stored in computer memory according to the invention; and 
[0018] FIG. 5 shoWs hoW the invention can expose sched 
uling rationale by displaying the scheduling request on each 
individual and also the event that caused the request if it Was 
imposed by a conditional rule. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The invention disclosed herein provides a queue 
based scheduling system, Which comprises an automated 
staff scheduling computer program that is highly ?exible in 
enforcing scheduling rules. This ?exibility comes from the 
ability to: 
[0020] l. De?ne conditional and unconditional rules; 
[0021] 2. Rank the rules/requests in varying priority as 
represented by a numeric value assigned to each rule/request; 
and 
[0022] 3. Specify rules both per individual and per group. 
[0023] These three abilities synergistically produce an 
automatic scheduling system that can enforce a Wide variety 
of scheduling rules and requirements seen in actual staff 
scheduling situations. Furthermore, all these abilities rely on 
using a queue per scheduled assignment to hold requests and 
rules. 
[0024] The scheduling process using the said automated 
staff scheduling system can be summarized in the folloWing 
steps: 
[0025] 1. Collect requests and rules using a graphical user 
interface. 
[0026] 2. Determine the scheduling period that has a start 
date and stop date as de?ned by the user. 
[0027] 3. Create a request queue for each assignment of 
each day of the scheduling period. 
[0028] 4. For each request or a rule, determine Which days 
the request or rule is applicable. 
[0029] 5. For each applicable assignment of each day, insert 
the request into its queue. 
[0030] 6. Sort the assignments of all days from most con 
strained to least constrained and begin scheduling from the 
most constrained assignment. 
[0031] 7. For each assignment in the day, create a list of 
candidates for that assignment for that day. For each candi 
date, associate the highest priority request in the request 
queue that applies to that candidate. This highest priority 
value for the candidate is the candidate bid for the chosen 
assignment. 
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[0032] 8. ort the candidate according to the bid calculated in 
Step 7 above. Schedule the candidate With the highest num 
ber. 
[0033] 9. Repeat Steps 6-9 above for the remaining assign 
ments in each day of the user-de?ned period. 
[0034] As a concrete example of the main ideas above, FIG. 
1 shoWs hoW scheduling rules and individual preferences are 
collected in a queue in a single day, i.e. December 24th. For 
simplicity, it is assumed in the ?gure that there is only a single 
assignment in each day, although the same method can be 
used for cases Where there are multiple assignments in a day. 
[0035] Constraints on scheduling choices can be either con 
ditional, meaning the constraints are only in effect if a certain 
scheduling condition applies, or they are unconditional. An 
example of a conditional rule is: “If George is scheduled for 
Primary assignment, then do not schedule Steve for the 
Backup assignment the same day.” Whether a rule is condi 
tional or unconditional, any rule can be de?ned to either apply 
to a speci?c individual or a group of individuals. An example 
of a group rule is: “Do not exceed 40 hours for the full-time 
staff members.” Users can de?ne as many groups as needed, 
in addition to a system de?ned group called “Everyone” 
Which includes all scheduled individuals. Institutional rules 
are generally expressed in the form of group rules because 
institutional rules are not speci?c to any one individual. 

[0036] As shoWn in FIG. 1, all rules and requests are asso 
ciated With a number Which describes the rank or the priority 
of that rule/request relative to the other rules. A large positive 
number indicates that any individual under that rule is highly 
favored to be scheduled for the given shift on the given day. In 
contrast, a large negative number implies that all individuals 
subject to the rule are not favored to be scheduled. Individuals 
Who are not subject to any rules have a priority point Zero by 
default, indicating neutrality. Given this scheme, the choice of 
Who to schedule on a given shift is determined by sorting the 
list and selecting the individual With the highest positive point 
value. Consequently, When an individual is under more than 
one rule, the rule having the highest ab solute value of priority 
points is the rule chosen to alloW the individual to compete 
With other individuals. This has important implication 
because it lends to a straightforWard Way of implementing 
exceptions to rules. For example in the FIG. 1, assume that 
Joe Worked on Friday instead of Mark. Because of the rule 
“Whoever Works on Friday Works on Saturday and Sunday,” 
Joe is under this constraint to be scheduled for Saturday With 
priority points of +100. HoWeveribecause Joe is under a 
constraint, “Joe Would like December 24”’ off” With a point 
value of —200 and because the absolute value of this request is 
greater than the rule described aboveiJoe is not scheduled 
for Saturday. Therefore the tWo rules interact to form a more 
complex rule Which has the meaning: “Schedule Joe on Sat 
urday and Sunday if Joe is Working on Friday unless Joe has 
requested that day of .” 
[0037] FIG. 2 shoWs hoW the requests and rule descriptions 
are stored in queues per assignment per day for a user-de?ned 
period. Static or unconditional rules can be entered in the 
request queues prior to running the automated scheduler. 
Although the Word “queue” is used to refer to a memory data 
structure that holds the collection of requests, any equivalent 
data structure, such as an array or a list, could be used instead. 

[0038] Conditional rules and requests are entered during 
the execution of the program, depending on the scheduling 
conditions. For example, in the conditional rule “If George is 
scheduled for Primary assignment, then do not schedule 
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Steve for Backup assignment on the same day,” the request 
“Do not schedule Steve for Backup” is only entered in the 
request queue for “Backup” that day only if the auto scheduler 
has already scheduled George for “Primary” that day. As a 
result, the queues may groW during the execution of the 
program. The signi?cance of dynamically manipulating the 
request queues during the execution of the program is that 
every scheduling decision can in?uence the scheduling deci 
sions of another assignment Which has not yet been sched 
uled. This permits a highly adaptive scheduler that changes its 
scheduling behavior during the execution of the program, 
based on scheduling decisions made earlier during execution 
of the program. 
[0039] FIG. 3 shoWs hoW the request information can be 
summariZed as appropriate for storage in the internal data 
structures, or as stored in the computer’s memory. The agent 
is either the user Who manually entered the request on the 
computer, or a consequence of a conditional rule described 
next. The time scope determines in Which queues of FIG. 2 the 
request should stored. 
[0040] FIG. 4 shoWs the details of a conditional rule. Each 
conditional rule has a set of conditions and a set of actions. 
When all the conditions are met, the set of actions is converted 
into a request of the form shoWn in FIG. 3 before they are 
inserted into appropriate queues of FIG. 2. Consider the com 
plex conditional rule “If Sam is scheduled on Friday for 
Phones and Mary is not scheduled 2 days later for Admin, 
then schedule Frank the folloWing Tuesday for Phones and 
schedule Mary on December 20th through December 21”” for 
Late Shift. 
[0041] In this someWhat concocted example: 
[0042] l. The conditions are “Sam is scheduled on Friday 
for Phones” and “Mary is not scheduled 2 days later.” 
[0043] 2. The actions are “Schedule Frank the folloWing 
Tuesday for Phones” and “Schedule Mary on December 20th 
through December 21st.” 
[0044] 3. “FolloWing Tuesday,” “Friday,” “2 days later,” 
“December 20th through December 21”” are examples of 
time scopes used in the rule. 
[0045] 4. Phones, Late Shift and Admin are examples of 
assignments. 
[0046] Having the requests stored in the queues enables the 
auto scheduler to readily offer a justi?cation or rationale for a 
scheduling decision made by the scheduling system. This 
explanation or rationale can be used by the human user to 
override the automated scheduling choices if necessary. FIG. 
5 shoWs an interface that exposes information contained in 
the queues in a form a user can use to override the choice that 
the automatic scheduler has made. This alternates list dis 
plays all the constraints (requests) that are currently imposed 
on the alternate individuals. The column called “Request” 
indicates Whether there Was a request for “On,” “Off,” or 
“Neutral” if no requests are applicable. The “Request 
Description” column is the name of the request or the rule that 
created the request. Some entries also shoW the cause in the 
request description. These are requests that are actions of 
conditional rules, and the information about the causing event 
is derived from the “Agent” ?eld of FIG. 3. 
[0047] The above describes hoW to decide Who to schedule 
for a given assignment on a given day. This is a local decision 
because it does not consider the impact it has on the entire 
schedule. A collection of good local choices, hoWever, can 
lead to poor global schedule because of interdependencies 
betWeen assignments caused by rules. In other Words, a per 
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fectly good local choice may force a poor local choice on a 
different assignment on a different day by driving the auto 
scheduler into a corner toWards the end of scheduling process. 
When that happens, the auto scheduler may be forced to 
schedule someone that violates a rule or a request. The fol 
loWing describes tWo methods to avoid these cases. 

[0048] In the ?rst method, the auto scheduler generates 
schedules in multiple phases. During each phase, the auto 
matic scheduler entirely schedules every assignment on every 
day in the scheduling period. On second and later phases, it 
learns from any haZards detected in earlier phases to generate 
a better overall schedule. These haZards are detected When 
ever the automatic scheduler cannot ?nd an individual that 
Would not violate some rule or request. Whenever the auto 
matic scheduler is forced into such a comer, it looks to see if 
any conditional rule has forced this situation. If it did, it ?nds 
the source or the condition of the rule (the cause) that gener 
ated the violating request (the result). Note that the automatic 
scheduler cannot do anything about violations that result 
from a static or unconditional request because the cause of 
those requests is human users. For dynamically generated 
requests, such as those caused by conditional rules, the auto 
scheduler can make a note to itself in the current phase not to 
make the scheduling choice that it had made on the source or 
causing assignment. This self-note can be achieved by enter 
ing a normal on/ off request on the source queue, as described 
in FIGS. 2 and 3. The only difference is that these are requests 
made internally by the auto scheduler and are not directly 
related to rules and requests entered by the user. In subsequent 
phases, the automatic scheduler avoids the haZard by using 
the submitted request, i.e. the self-note, from previous phases. 
To take this internal request into account, the auto scheduler 
need not do anything special. The auto scheduler sorts the 
queue and chooses the highest priority candidate, as dis 
cussed earlier. This internal request canbe thought of as a Way 
to push-back the scheduling choice that forced the violation 
to occur. After several iterations (phases), the haZards can be 
avoided. 

[0049] In the second method, the auto scheduler randomly 
chooses different assignments on different days, rescheduling 
individuals until the global schedule improves or converges to 
an acceptable one. To knoW Whether the global schedule has 
improved after a scheduling adjustment, the auto scheduler 
summarizes the number of requests or rules in each queue that 
are in violation across all assignments in the entire schedule. 
If the total number of violations decreases, the schedule has 
been improved and therefore is chosen over prior schedules. 
This method, knoWn in academic literature as “Simulated 
annealing”, Works Well When used together With the 
described queue-based scheduler. 
[0050] One of the desirable consequences of priority-based 
scheduling system using queues is that it alloWs a straightfor 
Ward implementation of an auction system as a Way to resolve 
con?icting requests for contested assignments or days. Each 
scheduled individual can be given a ?xed number of points or 
currency to spend. Each individual then decides hoW to dis 
tribute or spend the points to various requests, based on that 
individual’s needs and preferences. In many cases Where 
there are no contentions, a small number of points may suf 
?ce, but in other cases, such as an off request for a popular 
holiday, may require raising the points to out-compete others 
With similar requests. The individual that spends the most 
points Wins the request for that assignment for that day. It is 
also easy to model seniority or preferential treatment of indi 
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viduals by giving each individual a different number of points 
to spend. A senior staff member, for example, could be given 
20,000 points to make the requests and preferences of his 
choice and a junior member could be given 15,000 points. 
Points that remain unspent during a scheduling period could 
be carried over to the next scheduling period, attenuated 
gradually, or cancelled. 

Operation 
[0051] l. The scheduling administrator de?nes scheduling 
rules and policies and enters them in the system in the form of 
conditional or unconditional rules. Each rule is given a num 
ber that represents the priority of that rule. 
[0052] 2. Users, potentially using a Web interface from a 
remote location, enter their request for the scheduling period. 
These could be either re-occurring request, eg “I prefer to 
Work on Tuesdays,” “I prefer to not Work the ?rst Monday of 
every month,” or non-reoccurring, eg “I Would like Decem 
ber 24’h-December 26”’ off.” Users can assign a priority point 
to each of these requests, indicating the relative importance of 
the request. 
[0053] 3. Once all rules and requests have been entered, the 
scheduling administrator tells the system to begin scheduling 
for a user-speci?ed period de?ned by a begin date and an end 
date. The auto scheduler sorts the rules/requests for a given 
assignment for that day based on the value of the priorities. 
Candidates are matched With the requests to arrive at the 
candidate With the highest request priority, Which is the 
scheduling choice for the assignment for that day. 
[0054] 4. Once the schedule has been generated by the 
system, the scheduling administrator optionally inspects each 
scheduling choice and revieWs alternates for any particular 
assignment. The auto scheduler helps the administrator in 
choosing alternates by shoWing all the rules and requests that 
are in effect for each of the alternates. This information is 
available in the request queue for the chosen assignment. 
[0055] 5. When the schedule is completed after manual 
modi?cations in Step 4 above, the schedule can then be made 
available for all to see either by printing the schedule on a 
printer or making the scheduling available on a Web site for 
remote vieWing. 
[0056] Although the invention is described herein With ref 
erence to the preferred embodiment, one skilled in the art Will 
readily appreciate that other applications may be substituted 
for those set forth herein Without departing from the spirit and 
scope of the present invention. Accordingly, the invention 
should only be limited by the Claims included beloW. 

1. A queue-based scheduling apparatus for automated staff 
scheduling and for enforcing scheduling rules and require 
ments, comprising: 
means for de?ning conditional and unconditional rules; 
means for ranking rules and requests in varying priority as 

represented by a numeric value assigned to each rule and 
request; and 

means for specifying rules both per individual and per 
group. 

2. The apparatus of claim 1, further comprising: 
at least one queue per each scheduled assignment for hold 

ing requests and rules. 
3. A scheduling process, comprising the steps of: 
collecting requests and rules using a graphical user-inter 

face; 
determining a scheduling period that has a user-de?ned 

start date and stop date; 
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creating a request queue for each day of a period; 
for each request or rule, determining Which days said 

request or rule is applicable; 
for each applicable day, inserting a request into its queue; 
sorting said days from most constrained to least con 

strained; 
beginning scheduling from a most constrained day; 
for each assignment in a day, creating a list of candidates 

for that assignment for that day; 
for each candidate, associating a highest priority request in 

said request queue that applies to said candidate, 
Wherein said highest priority value for a candidate is a 
candidate bid for a chosen assignment; 

sorting said candidates according to a bid calculated in the 
immediately preceding step; 

scheduling a candidate having a highest number; 
determining a schedule for any remaining days. 
4. The method of claim 3, Wherein said constraints on 

scheduling choices comprise either of conditional and uncon 
ditional constraints, Wherein conditional constraints are only 
in effect if a certain scheduling condition applies. 

5. The method of claim 3, Wherein a rule applies to either of 
a speci?c individual or a group of individuals. 

6. The method of claim 3, further comprising the step of: 
associating rules With a number Which describes a rank or 

a priority of that rule relative to other rules; 
Wherein a large positive number indicates that any indi 

vidual under that rule is highly favored to be scheduled 
for the given shift on a given day; 

Wherein a large negative number indicates that any indi 
vidual under that rule is not favored to be scheduled for 
the given shift on a given day; and 

Wherein an individual Who is not subject to any rules has a 
priority point Zero by default, indicating neutrality. 

7. The method of claim 3, further comprising the step of: 
choosing a rule having a highest absolute value of priority 

points for an individual to compete With other individu 
als When more than one rule is to be applied. 

8. The method of claim 3, further comprising the steps of: 
entering static or unconditional rules in the request queue 

prior to running the automated scheduler; and 
entering conditional rules and requests during execution of 

the steps of said method, depending on the scheduling 
conditions; 

Wherein a highly adaptive scheduler is provided that 
changes its scheduling behavior during execution of the 
method, based on scheduling decisions made during 
execution of the method. 

9. The method of claim 3, further comprising the step of: 
providing conditional rules, Wherein each conditional rule 

has a set of conditions and a set of actions, Wherein When 
all conditions are met, said set of actions is converted 
into a request. 

10. The method of claim 3, further comprising the step of: 
providing an alternates list that exposes information in a 

form a user can use to override the choice that said 

automatic scheduler has made; 
Wherein said alternates list displays all constraints and 

requests that are currently imposed on alternate indi 
viduals. 

11. The method of claim 3, further comprising the steps of: 
said auto scheduler generating schedules in multiple 

phases; 

Dec. 11,2008 

Wherein during each phase, said automatic scheduler 
entirely schedules every assignment on every day in a 
scheduling period; 

Wherein on second and later phases, said auto scheduler 
learns from any haZards detected in earlier phases to 
generate a better overall schedule; 

Wherein said haZards are detected Whenever said automatic 
scheduler cannot ?nd an individual that Would not vio 
late some rule or request; 

said automatic scheduler determining if any conditional 
rule has forced this situation and, if it did, ?nding a 
source or a condition of the rule that generated a violat 
ing request; 

said automatic scheduler generating and submitting an 
internal request; and 

in subsequent phases, said automatic scheduler avoiding 
said haZard by using said submitted request from previ 
ous phases. 

12. The method of claim 3, further comprising the steps of: 
said auto scheduler randomly choosing different assign 

ments on different days, rescheduling individuals until a 
global schedule improves or converges to an acceptable 
one; and 

said auto scheduler summarizing a number of requests or 
rules in each queue that are in violation across all assign 
ments in an entire schedule to determine Whether a glo 
bal schedule has improved after a scheduling adjust 
ment; 

Wherein if a total number of violations decreases, said 
schedule has been improved and therefore is chosen over 
prior schedules. 

13 . An auction method for resolving con?icting scheduling 
requests, comprising the steps of: 

giving each scheduled individual a ?xed number of points 
or currency to spend; 

each individual then deciding hoW to distribute or spend 
said points to various requests, based on individual 
needs and preferences; 

Wherein an individual that spends the most points Wins a 
request for an assignment for a speci?c day. 

14. The method of claim 13, Wherein seniority or prefer 
ential treatment is provided to individuals by giving each 
individual a different number of points to spend based upon 
said seniority or preference. 

15. The method of claim 13, further comprising the steps 

a scheduling administrator de?ning scheduling rules and 
policies and entering said scheduling rule and practices 
in the form of conditional or unconditional rules, 
Wherein each rule is given a number that represents the 
priority of that rule; 

users entering their request for a scheduling period, 
Wherein said users, can assign a priority point to each of 
these requests, indicating a relative importance of said 
request; 

once all rules and requests have been entered, said sched 
uling administrator initiating scheduling for a user 
speci?ed period de?ned by a begin date and an end date; 

sorting said rules and requests for a given assignment for a 
day based on the value of said priorities; 

matching candidates With requests to arrive at a candidate 
With a highest request priority, Which is a scheduling 
choice for an assignment for that day; 
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once a schedule has been generated, said scheduling 
administrator optionally inspecting each scheduling 
choice and reVieWing alternates for any particular 
assignment; and 

When said schedule is complete, making said schedule 
available. 

16. An automated staff scheduling method, comprising the 
steps of: 

alloWing a large number of con?icting requests and rules to 
be entered; 

said requests and rules competing in a scheduling decision 
based on numerical priority associated With said 
requests and rules. 

17. The method of claim 16, further comprising the step of: 
resolving con?icts that arise in said scheduling decision. 
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18. The method of claim 16, further comprising the step of: 
implementing rules and exceptions to rules. 
19. The method of claim 16, further comprising the step of: 
implementing auction-based bidding for contentious 

assignments and days based on Which request has the 
highest priority. 

20. The method of claim 16, further comprising the step of: 
exposing a rationale for a scheduling decision to a user by 

shoWing Who is scheduled, their constraints, and a cause 
for said constraints. 

21. The method of claim 16, further comprising the step of: 
manipulating a local queue of requests for each 

assignment. 


