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1. Introduction 

 

CFHT runs a word-class astronomy observatory remotely using an operational mode called 

Queued Service Observing (QSO).   QSO provides three main service functions: scheduling, 

observing, and data quality assurance.   The Automated Service Observing (ASO) concept has 

been proposed as a computer software solution for each of these functions.  The goal, as stated 

by the executive director, is to operate with some degree of computer automation starting with 

the 2014A semester.    

 

It is proposed that incremental steps be taken to develop and deploy software that increases 

the level of automation of the observing systems between now and 2014A.   This document 

addresses the task of scheduling; focusing exclusively on the challenge of computer generated 

observing queues and the migration to real-time observation scheduling.  A prototype 

development cycle was recently completed to demonstrate a proof-of-concept solution for 

observing queue generation using software based on genetic algorithms. 

 

2. QSO Scheduling, manual queue generation 

CFHT is a multi-agency observatory.   Twice per year, astronomers from these agencies submit 

observing proposals to get awarded time with the telescope.  A review process selects the best 

proposals for CFHT observation, allocates telescope time, and ranks the proposed programs.  

Operating in QSO mode, CFHT dynamically schedules and performs observations throughout the 

semester based on nightly environmental conditions and scheduling constraints with a goal of 

maximizing shutter time and a focus on the highest ranked programs. 

After allocations are awarded, the PI is expected to define observation requests with 

environmental and scheduling constraints.  The PI uses the PH2 tool to define constraints for at 

least photometric conditions, Image Quality (IQ), Sky Background (brightness), and the target’s 

maximum airmass at the time of the observation.   The PI can also specify scheduling constraints, 
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and whether observations are linked or monitored (see Figure 1 and Figure 2).  The applicable 

environmental constraint set can be different per observing instrument. 

 

 

Figure 1 - PH2 Observing Constraints defined by the PI 

 

Figure 2 - PH2 Scheduling Constraints 

 

Daily, the queue coordinator (QC) is responsible for studying the database of observation 

requests defined by PIs and creating a set of observation queues to be used by the remote 

observers (RO) at night to acquire data.  The set of queues is typically defined along the bins of 

the observational constraints and consideration for queue membership is based on a program’s 

rank and the target’s visibility pressure and observing constraints (see Figure 3 and Figure 4).  It 

is assumed that statistical factors such as cross-agency balance, partial-observations, and 

observing overheads affect queue creation. 
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Figure 3 - Queues based on Observing Constraints 

 

 

Figure 4 - Queue Membership 

 

In an observing semester, there are potentially thousands of observations that must be carried 

out.   As an example, for semester 12A, there are currently 3266 defined observing groups (OG) 
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and the WIRCam instrument is associated to 2044 of these OGs.  To those not skilled in the art 

of queue creation, the task of scheduling 2044 OGs could seem quite daunting.  In a simple 

exaggerated mathematic look at the problem, there are (22044 – 1) combinations that should be 

evaluated.  For comparison, the omnipotent Google can only tell you how large of a number 

21023 is.  The manner queues are manually created allows the QC to work on much smaller 

combinatorial problems.   As an example, for WIRCam 12A, 1000 OGs require seeing range 

0.55”-0.65” with a Median sky background and 254 OGs require seeing range 0.65”-0.8” with a 

Median sky background.  The QC developing a queue for 0.65”-0.8” seeing and Median sky 

background is only required to go through the combinatorial exercise of 2254-1.  Of course this 

number can be further reduced through evaluating the target visibility of the OGs.  And a further 

reduction can occur by only considering the highest ranking programs.  For example,   only 

considering A 1 programs would reduce the 254 OGS to 57, resulting in 1.44115188x1017 

combinations to evaluate.  

 

The example above is simplistic and not a fully realized overview of the evaluation process that 

the QC goes through while creating queues.  It is demonstrative of the set reduction exercises 

one must go through to try to achieve a human-manageable database to work against.   The 

example is indicative of the need for a computer software solution to further aid the QC in 

developing nightly queues.  It should be stated that it is impossible for a human to fully evaluate 

the complete combinatorial set of possible queue schedules on a daily basis – in particular at 

early points in an observing semester when the to-be-observed list is much larger. 

 

3. Queue Valuation 

 

A loose theory on queue creation can be derived from the goals and history of operating in QSO 

mode.  Queue creation can be defined as an exercise in computational optimization – whether 

performed by a human or a computer.  By reducing the dataset to constraint-based queues, the 

RO decision-making process at night is reduced to selecting from manageable sets of data versus 

the global collection of observations.  It is assumed the QC has placed a valuation on the queues 

using criteria including the allocated grade and rank, sky background and moon distance, 

airmass, target visibility pressure, observing overheads, overall and per instrument agency 

balance, and OG and program observing statistics.   The formula used by the QC is unknown or 

non-standardized and not publicly available.  A suitable solution for attaining the value of a 

queue was constructed during the prototype development period. 

 

Queue Capacity 

 

For a measure of CFHT’s effectiveness, a known metric is the utilization of dark time.  This is 

directly related to Queuecapacity.  A fairly simplistic (and unacceptable) valuation on queues can 

be defined by the capacity of the queue. 

 

Queuecapacity = ∑ (OGitime + OGoverheads) 
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A computational goal of queue generation would be to maximize the Queuecapacity against the 

total available dark time for a particular night.  A minimum acceptable percentage can be used 

to drive the processing of each queue until that threshold is achieved.  For example, a queue is 

incomplete and unacceptable until the Queuecapacity achieves 90% of the total available dark time. 

 

Queue Value 

 

But, Queuecapacity alone cannot be used to valuate queues.   Having a queue that incurs frequent 

large telescope motions increases the OGoverheads diminishing the available shutter time for 

science.   Additionally, without at least considering the allocated grade and rank, it is possible to 

generate queues filled with the lowest ranked programs.   Queuecapacity remains a functional 

factor for generating queues, and the contribution of the allocated grade and rank allows for a 

more acceptable valuation. 

 

Queuevalue = ∑ (OGgrade+rank*OGitime) 

 

OGgrade+rank can be empirically defined in a lookup table for usage.   If properly defined, this factor 

can ensure higher ranked programs generate higher valued queues.  The values for OGgrade+rank 

were derived from Table 1 for prototyping purposes. 

 

Grade Rank OGgrade+rank 

A 1 10.0 

A 2 9.8 

A 3 9.6 

B 1 8.0 

B 2 7.8 

C 1 4.0 

C 2 3.8 

S 1 5.0 

S 2 4.8 
 

Table 1 - Hypothetical Grade+Rank Factors 

 

Target Pressure 

 

Targetpressure is an important factor to consider while generating queues.    It has been 

preliminarily defined as the negative of the slope of the linear fit of target visibility from the 

current time to the end of the semester.    This is best visualized through example.  Consider 

three targets with varying visibility throughout the semester.  In Table 2, each target is listed 

with the total number of times the OG can be observed on a particular night.  For simplicity of 

the demonstration, the number of queue runs and the number of nights considered are minimal.   
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  Tonight 
Last Night of 
Run 

1st Night of 
Next Run 

Last Night of Next 
Run 

1st Night of 
Last Run 

Last Night of 
Last Run 

T1 5 5 3 3 1 1 

T2 2 3 3 5 3 2 

T3 0 0 3 4 7 8 

 

Table 2 - Example Target Visibility Table 

This data table can be better visualized in a plot with the linear fits of each target’s visibility.  In 

Figure 5, T1 is represented by the blue market, T2 is represented by the red marker, and T3 is 

represented by the green marker. 

 

 

 

Figure 5 - Example Target Pressure Values 

 

The linear fit of each data series representing the targets are provided on the chart.    For this 

example, Targetpressure (T1) = 0.9143, Targetpressure (T2) = -0.0571, and Targetpressure (T3) = -1.7714.  

This can be interpreted as: 

 

Targetpressure (T1) > Targetpressure (T2) > Targetpressure (T3) 

 

The implication is that T1 will have fewer opportunities for observing later in the semester; 

therefore its Targetpressure is higher now.  With the same example data, move forward in time 

towards the end of the semester.  Figure 6 demonstrates the effect on the Targetpressure values 

for the same example data later in the semester. 

y = -0.9143x + 6.2 

y = 0.0571x + 2.8 

y = 1.7714x - 2.5333 
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Figure 6 – Example Target Pressure Values at end of Semester 

At this point in time, Targetpressure (T1) = 0.0, Targetpressure (T2) = 1.0, and Targetpressure (T3) = -1.0.   

This is interpreted as: 

 

Targetpressure (T2) > Targetpressure (T1) > Targetpressure (T3) 

 

A queue generated with OGs exhibiting higher Targetpressure could be more valuable than a queue 

generated with OGs having lower Targetpressure.  The effect is a necessary influence on the 

valuation of the generated queue. 

 

Queuevalue = ∑ (Targetpressure *OGgrade+rank*OGitime) 

 

Agency Balance 

 

CFHT is a multi-agency observatory.  In addition to the original agencies representing Canada, 

France, and Hawaii, CFHT now provides observations for Taiwan, Brazil, and China.  For time-

accounting purposes, CFHT observes for large programs (L), discretionary (D) - which include 

TOO programs, calibration (C), and engineering (E) purposes.  With the semester allocations of 

observing time to PIs and Large Programs known, the allocated percentage of time for each 

agency is calculated – the normalized distribution.  The allocated agency balance is simply the 

standard deviation of this distribution. 

 

y = 1 

y = -x + 3 

y = x + 7 
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Figure 7 - Allocated Agency Balance – 2012A WIRCam 

 

Figure 7 shows the agency allocation distribution for 12A for the WIRCam instrument.  The 

standard deviation of this distribution provides an Agencyallocated value of 0.074.  As a semester 

moves along, the running totals for validated time are continually updated – Figure 8.   

 

 

Figure 8 - Running Agency Balance - 2012A WIRCam as of 3/8/2012 

 

Using the same method for calculating Agencyallocated, standard deviations of the normalized 

distributions of the running validated time yield a metric indicating how operations are 
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proceeding  from an agency balance perspective.  From the data used for Figure 8, the value for 

Agencyvalidated is 0.113. 

 

While generating queues, an Agencybalance factor for each queue will be calculated by adding the 

OGitime from each member OG in a queue to the running total of validated time for its agency.  

The same method used to derive the Agencyallocated and Agencyvalidated values is employed to 

calculate a standard deviation of the queue’s effect on the normalized distribution of these 

running totals.  The Agencybalance is simply the absolute value of the difference of this standard 

deviation and Agencyallocated. 

 

Agencybalance = |σ{Agencyvalidated + ∑ Agency(OGitime)} - Agencyallocated| 

 

These numbers can be used to help steer queue generation towards the original agency 

balances.  This factor is curious in that some observing nights, it will be impossible to be 

generate balanced queues.  For example, a program might require staring mode observing on a 

particular OG or for a particular program for an entire night.  In this scenario, there is no 

possibility of building a queue along the lines of agency balance.  Nevertheless, it is a factor that 

is available for influencing the value of a queue and Queuevalue can be reformulated. 

 

Queuevalue = Agencybalance * ∑ (Targetpressure *OGgrade+rank*OGitime) 

 

Queue Capacity and Queue Value 

 

The process of making observing queues is a combinatorial exercise.  There are many possible 

solutions and determinants are needed to choose the best queue possible.  It is demonstrated 

that a queue’s ultimate effectiveness, fitness, or suitability is based on the two primary factors 

that are derived above:  Queuevalue and Queuecapacity.   From a generated set of queue solutions, 

the most suitable queue has maximized both factors.    It is not difficult to show that many 

queues can be generated to maximize the Queuecapacity.  From this subset of queues, the queue 

with the greatest Queuevalue can be selected.  

 

Consider a small example set of queues that was generated for 3/9/2012 for WIRCam 2012A. 

The total available dark time is 34673 seconds.  The agency balance allocation was previously 

calculated and is 0.074. 
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Candidate Queuecapacity Queuevalue Agencybalance OGs 

1 34669 326863 0.0483 12AH52_OG2_OB2:2100.0   12AP21_OG2_OB2:360.0   
12AF08_OG3_OB3:3360.0   12AC20_OG3_OB3:3600.0   
12AD95_OG3_OB3:170.0 … 

2 34660 267372 0.0942 12AC97_OG1_OB3:2860.0   12AC97_OG1_OB4:2860.0   
12AC97_OG1_OB5:2860.0   12AC97_OG1_OB6:2860.0   
12AC97_OG1_OB7:2860.0 … 

3 34649 309694 0.0455 12AC20_OG4_OB4:3600.0   12AD95_OG4_OB4:170.0   
12AH52_OG4_OB4:1400.0   12AS03_OG5_OB4:180.0   
12AF08_OG5_OB5:3360.0 … 

4 28910 225482 0.0966 12AC20_OG9_OB9:3600.0   12AD95_OG9_OB9:170.0   
12AH52_OG9_OB9:540.0   12AH52_OG9_OB9:540.0   
12AH52_OG7_OB7:700.0  … 

5 24116 117124 0.0846 12AH15_OG45_OB45:1440.0   12AH15_OG48_OB48:1440.0   
12AH15_OG47_OB47:1440.0   12AC19_OG47_OB47:700.0   
12AP22_OG676_OB676:170.0 … 

6 21386 176026 0.0434 12AC17_OG254_OB254:525.0   12AC17_OG252_OB252:350.0   
12AC17_OG253_OB253:525.0   12AP22_OG317_OB317:170.0   
12AC17_OG255_OB255:525.0 …. 

 

Table 3 - Example of Queue Valuation 

What queue candidate from this set is the most suitable?  Candidates 1-3 fill an observing night 

within 99% of the available dark time.  Candidates 1 and 3 are the most balanced according to 

agency time allocations.  Candidate 1 exhibits the best overall value and can be assumed to the 

most suitable observing queue for the night. 

 

4. Knapsack 0-1 

 

The knapsack problem is a problem in combinatorial optimization. Given a knapsack with a fixed 

capacity and a set of items, each with a weight and a value, fill the knapsack with the highest 

total value of items.   In section 3, the task of generating queues was related to two critical 

values Queuevalue and Queuecapacity.  This can be directly mapped to the Knapsack 0-1 problem.  

Therefore it is assumed that computer algorithms and software capable of solving the Knapsack 

0-1 problem can be used to generate CFHT’s observing queues. 

 

In the traditional textbook Knapsack 0-1 problem, items have a fixed value and the placement in 

the knapsack has no dependencies other than the total weight of all items must fit within the 

knapsack.  For the CFHT Queue problem, the weight of the OG is fixed as its calculated itime.  

But, the value of the OG is dependent on when it is scheduled, and the preceding and following 

OGs within the same schedule.   

 

5. Genetic Algorithm 

 

A genetic algorithm is a search heuristic used to solve combinatorial and search problems by 

mimicking the process of natural evolution.  The problem at hand is mapped to a genetic 

representation.  A fitness function is created to provide a suitability value for these 

representations.   The genetic operations for initialization, selection, reproduction, and 

termination are defined for the evolution of the solution space. 

 

http://en.wikipedia.org/wiki/Combinatorial_optimization
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There are many examples that use genetic algorithms to solve the Knapsack 0-1 problem.  A 

software prototype has been developed to demonstrate the solvability of CFHT’s queue 

generation problem. 

 

Genome 

 

The genome is defined as a sequence of OGs that are to be observed.  The genome is order 

dependent.   For each OG, its required shutter time, grade, rank, and agency are known.  From 

the genome, a timeline for the night can be constructed.  Additionally all the critical factors 

ultimately leading to the genome’s Queuevalue and Queuecapacity can be calculated.  A minimally 

acceptable class representation of a genome includes the calculable factors and the genome 

sequence. 

 

class Genome { 

   boolean valid 

 

   double time_obs 

   double time_overhead 

   double agency_balance 

 

   double value 

 

   OG[] genes      

} 

 

Initialization 

 

To initialize the solution space, all OGs that can be observed for the night in question and fit the 

queue’s constraints are used at least once in a genome.  By initializing the solution space in such 

a way, the succeeding combinatorial processing will have the potential of utilizing every possible 

OG at any point in night’s queue.  The initialization process provides a pruning benefit to 

processing load.   OGs that do not suit the constraints of the queue or are not visible during the 

queue night are eliminated from the processing effort. 

 

A query from the QSO database returns the whole set of OGs that need to be observed for the 

installed instrument on the telescope.  This result set is sorted by the grade and rank of the 

program and then the entered order of the OG.  In the case of WIRCam on 3/9/2012, the result 

set has 2248 members. 

 

The starting time of a queue is set to 18° evening twilight.  Starting with the first OG in the result 

set, a determination is made whether or the not OG can be observed at the current time.  If the 

OG is suitable at this time, it becomes a member of the queue and is removed from the result 
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set to eliminate future use in genome initialization.  The time position is incremented by the 

OG’s itime and the next OG in the result set is tested at the new time position.  If the OG is 

unsuitable at this time position, it is moved to an unused set of OGs for future consideration.  

This process continues until the current queue has reached its capacity, i.e. the time position is 

now near 18° morning twilight. 

 

Once a queue’s capacity has been reached, a new queue is initialized and the time position is 

reset to 18° evening twilight.  Continuing from the last position in the result set, the new queue 

is initialized with OGs at acceptable times. 

 

After the initial pass through the result set of OGs, two important sets of data have been 

created, the solution space of initialized queues and a set of unused OGs.  For each initialized 

queue that has not reached capacity, similar processing to fill the queue to capacity using the 

unused OGs takes place.  This processing will continue until it is impossible to use an unused OG 

in the initial set of queues.  For WIRCam on 3/9/2012, from the 2248 OGs, 316 queues are 

initialized, and 130 of the OGs have been determined to be unusable on this observing night. 

 

The next step of initialization is calculating the factors and values for the queues.  Finally, the 

solution space is sorted by the descending value of the Queuecapacity. 

 

Selection 

 

The selection process for a genetic algorithm is used to choose which of the members of the 

current solution space to use to spawn the next generation of solutions.   One approach to 

selection is to split the solution space is in half according to Queuevalue.     The first queue is 

selected from the upper half of the solution space; the second genome is selected from the 

lower half. 

 

Evolution 

 

Two evolutionary processes are proposed for usage to spawn the next generation of the 

solution space: mating and mutation.  Contrary to formal definitions of genetic algorithms, the 

general term of mating is used instead of crossover – which is considered in this exercise as one 

of the possible processes of mating.  The mating processes utilize the previously selected 

genomes to reproduce.  The next genome will inherit features from both parents.  Mutation is a 

process where a selected genome randomly changes its makeup.  For each generation, the 

choice of evolutionary process is made randomly.  If mutation is the randomly chosen process to 

execute, both selected genomes are mutated.  If the new genome has a greater value than the 

least valued parent, it replaces that parent in the solution space. 

 

Prototyping has yielded two possible mating methods: crossover and interleaving.  In crossover, 

a random point within the dominant genome is selected.  A random point in the second selected 
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genome is also determined.  All chromosomes after the crossover point in the dominant 

genome are eliminated.  All chromosomes after the random point of the second genome are 

added after the crossover point in the dominant genome.  Dominance of a genome is 

determined randomly – a coin flip.   The following illustrates the crossover process. 

 

A and B are genomes.  A has a higher value than B.  The maximum capacity of a genome is 13 

elements.  The following describes the chromosomes that make up the genes. 

 

A:   

A B C D E F G H I J K L M 

 

B:  

N O P Q R S T U V     

 

A coin flip determines that B is the dominant genome.  The random crossover point for B is 

randomly determined to be 5.  The random crossover point for A is determined to be 4.  Mating 

by crossover yields a new genome C. 

 

C:  

N O P Q R E F G H I J K L 

 

Notice how C does not include chromosome M from A because it would not fit.   

 

If interleaving is the chosen mating method, chromosomes of the selected parent genomes are 

interleaved to create the new genome.  Using the previous scenario, a reproduced genome 

based on interleaving would look like: 

 

C:  

N A O B P C Q D R E S F T 

 

Truncation due to capacity is evident again.  The interleaving process could be modified so that 

crossover points are used to determine where the interleaving will begin and how many 

elements will be used. 

 

If the value of C is greater than the value of B, B is replaced in the solution space by C.  In queue-

speak, if C is an invalid queue due to capacity or OG-visibility issues, it is aborted and A and B 

would remain in the solution space for future processing. 

 

Evolution by mutation does not require the interaction of two genomes.  Mutation of a queue 

genome involves randomly exchanging chromosome positions or elimination of chromosomes.   

These actions are described by example below using the previously defined B genome. 
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A mutation can simply be the exchange of positions of two chromosomes.    In the following 

example, B is mutated by switching the positions of the chromosomes N and V. 

 

C:  

V O P Q R S T U N     

 

A mutation can also trigger the loss of random chromosomes.  In the following example, B is 

mutated by losing the chromosomes P, R, T, and U. 

 

C:  

N O Q S V         

 

The new C genome must be valid and have a higher value than the B genome if it is to replace its 

parent B in the solution space. 

 

Termination 

 

Termination determines when the genetic processing can end.  Typically a suitable solution or 

set of suitable solutions has been discovered.  For the prototype, termination occurs when 25% 

of the solution space has suitable queues, and a suitable queue is defined as being within 5% of 

the maximum Queuecapacity.  At this point the set of queues can be extracted and evaluated by 

the QC for RO handoff. 

 

6. Goals  

 

The goal of the proposed software module is to perform the function of generating queues 

described in section 2.  Initially, the software can be used as an assistive tool to expedite and 

standardize the QC’s manual queue creation task.  Relative to this specific task, the software 

should eventually be able to generate a set of nightly queues without QC (human) manipulation.   

Achieving this capability provides a stepping stone for evolving towards a queue-less automated 

observing environment. 

 

7. Functional Requirements 

 

1) The ASO queue generator will create queues binned against the existing observing 

constraints similar to the current manually created queues.   Using the PH2 definitions for IQ 

bins and if applicable, the photometric conditions constraint, at least one queue per 

constraint bin will be generated.  Utilizing the WIRCam and Megacam IQ constraints, it is 

necessary to provide 12 queue categories.  There is less familiarity with the ESPaDOns 

instrument, and those categories will need to be determined. 
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Queue Photometric Conditions IQ 

1 Yes <0.55” 

2 Yes 0.55”-0.65” 

3 Yes 0.65”-0.80” 

4 Yes 0.80”-1.00” 

5 Yes 1.00”-1.20” 

6 Yes >1.20” 

7 No <0.55” 

8 No 0.55”-0.65” 

9 No 0.65”-0.80” 

10 No 0.80”-1.00” 

11 No 1.00”-1.20” 

12 No >1.20” 
 

Table 4 - The Set of Generated Queues 

2) The ASO queue generator should be integrated as a java software module into the QSO 

Tools software. 

 

3) The QC should be able to manipulate the factors used in all the value calculations.  This 

provides a capability of influencing how agency balance, target pressure, and other 

observing statistics affect queue creation.  This functionality should exist until these factors 

are stabilized.  Once acceptance of these factors has occurred, this manual adjustment 

functionality should be eliminated to ensure standardization in the expectation of the 

automated software results.  

 

4) Calibration observations are not understood at this point but are critical for official queue 

development. 

 

5) There are still many pieces of PI information that are not properly entered into PH2.  Either 

the PI will be required to enter their program constraints correctly or the QSO team will 

inherit this responsibility. 

 

6) The handling of the following data is not fully understood and not part of the prototype: 

monitored OBs, sequence OBs, REEL OGs. 

 

7) Scheduling constraints defined within PH2 have not been integrated into the prototype. 

 

8) The moon’s impact on sky background and instrument filters must be defined and be 

software-determinable. 
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9) How do the TOO and Discretionary agencies rank in queue placement?  Programs such as 

those for Tholen and Wainscoat which historically are must-do-when-asked need 

appropriate markers developed into the QSO database and software. 

 

8. Design, Development, and Integration Schedule 

 

As of 3/9/2012, a rough prototype has been developed and can demonstrate most of the 

functionality described in this document.   A conceptual design review can take place now. 

 

Acceptance of the concept should lead to the next step – which is a feature-scoping design 

process based on this document and prototype.  This process should be completed by 6/1/2012 

and provide the full feature set for the software to develop effective queues for all three 

instruments.  A preliminary design review of the work achieved by 6/1/2012 can take place. 

 

The scope and complexity of the required features resulting from the design reviews will 

determine the software development, testing, and integration timeframe. 

 

It would be great to officially use this software starting with 2013A semester.   It is an extremely 

uneducated guess that the required features and potential changes to PH2 and other QSO 

software (if necessary) can be developed between 6/1/2012 and 12/31/2012. 

 

9. The Future 

 

A successful integration of the queue assistant tool validates the intended migration to a fully 

automated observing process.  Slightly modifying the genetic algorithm to allow inclusion of 

real-time site monitoring data provides an acceptable mechanism for pruning the available OG 

data set and allowing instantaneous selection of a most-valuable OG to observe. 
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10. Related screen shots 

 

 

Figure 9 - Initialization of solution space 

Upon initialization of the genetic algorithm, 11 potential queues have already been created. 
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Figure 10 - After 100 generations 

After 103 generations, 31 acceptable queues have been created. 
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Figure 11 - Unfit queues 

After 103 generations, there are still a large number of unfit queues.  After a threshold is 

achieved on the number of generations or on the number of fit solutions, the selection process 

of the genetic algorithm could be altered to focus on the least fit queues. 
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Figure 12 - PH2 Constraints in comments versus database fields 


