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Åὅ classes of trafic flows.
Åὔ mutually exclusive service options/modes.
Å Input-queued system.
Å Real-world examples : channel/frequency selection in wireless communications 

(e.g. WiFiƴŜǘǿƻǊƪǎ ƻǊ ŎƻƎƴƛǘƛǾŜ ǊŀŘƛƻ ǎȅǎǘŜƳǎύΣ Χ
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Å Time slotted operation.
Å The number of jobs that arrive per class is independent across time slots.
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Each time slot,
Å a single service mode/option can be selected,
Å when service mode/option ίis selected in time slot ὸ, (up to) Ὑȟὸclass-ὧjobs 

will be served
Å neither realizations nor statistics of Ὑȟὸare known to scheduling agent 
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Scheduling agent :
Å observes the global state of the queues,
Å can infer service rates Ὑȟὸfrom evolution of queue lengths, but does not have 

any advance knowledge of realizations or underlying statistics 
in stark contrast to conventional assumptions.
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Objective: 
Design scheduling algorithm that

Å achieves maximum stability (throughput optimality), and 
Å provides (near-)optimal response times.
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For analysis purposes, we assume that 
Å the number of jobs that arrive per time slot and class ~ 'ÅÏÍÅÔÒÉÃwith mean ‗ for 

class ὧ.
Å the number of served jobs of class ὧat service option ί~ 'ÅÏÍÅÔÒÉÃwith mean ‘ȟ.
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Stability region:  Given the set of mean arrival rates ‗ȟ‗ȟȣȟ‗ and mean 

service rates ‘ ‘ȟȟ‘ȟȟȣȟ‘ȟ for service option ί. There exists a vector 

‗ȟ‗ȟȣȟ‗ ᶰὧέὲὺὩὼὬόὰὰ‘ȟ‘ȟȣȟ‘

such that ‗ȟ‗ȟȣȟ‗ ‗ȟ‗ȟȣȟ‗ component-wise.
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¢ƘŜ ŀōƻǾŜ ǎǘŀōƛƭƛǘȅ ŎƻƴŘƛǘƛƻƴ Χ

Å is necessaryfor all algorithms that do not have advance knowledge of the 
realizations of the service rates Ὑȟὸand 

Å sufficient for the algorithm that we will propose.

maximum stability for our algorithm. 

¢ƘŜ ŀōƻǾŜ ǎǘŀōƛƭƛǘȅ ŎƻƴŘƛǘƛƻƴ Χ
Å is not necessary in case of scheduling algorithms that do have advance 

knowledge of the realizations of service rates (channel-ŀǿŀǊŜΣ ȫƻǇǇƻǊǘǳƴƛǎǘƛŎΩύΦ

Stability region:  Given the set of mean arrival rates ‗ȟ‗ȟȣȟ‗ and mean 

service rates ‘ ‘ȟȟ‘ȟȟȣȟ‘ȟ for service option ί. There exists a vector 

‗ȟ‗ȟȣȟ‗ ᶰὧέὲὺὩὼὬόὰὰ‘ȟ‘ȟȣȟ‘

such that ‗ȟ‗ȟȣȟ‗ ‗ȟ‗ȟȣȟ‗ component-wise.



3. STABILITYREGIONSINGLE CLASS

11

Proposition :  Consider the system with a single traffic class and ὔservice options 
with service rates ‘ for service option ί. The system is stable if the following holds:

‗ ÍÁØ‘ȟ‘ȟȣȟ‘ Ȣ
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Proposition :  Consider the system with a single traffic class and ὔservice options 
with service rates ‘ for service option ί. The system is stable if the following holds:

‗ ÍÁØ‘ȟ‘ȟȣȟ‘ Ȣ

Algorithm : 
Åὗὸ Ôhe number of jobs in queue at time ὸwith

ὗὸ ὗὸ ρ ὃὸ Ὑ ὸȟ

and ὃὸand Ὑ ὸ, number of arrivals and departures when the service 

option is ὛὸȢ

Å Fix ὤπ ὗπ the threshold value : for every ὸ πȡ

Å If ὤὸ ρ ὗὸ ρḊ
ὤὸ ὤὸ ρ and Ὓὸ Ὓὸ ρȢ

Å If ὤὸ ρ ὗὸ ρ or 1Ô π:  

ὤὸ and Ὓὸ ὟͯὲὭὪίὩὶὺȢέὴὸ
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Challenges in the stochastic process:  

Å The number of times to sample a 
ŦŜŀǎƛōƭŜ ǎŜǊǾƛŎŜ ƻǇǘƛƻƴ ǿƛǘƘ ΨƎƻƻŘΩ 
trajectory is unbounded, as well as 
the amount that the threshold value 
increases. 

Improvement in the fluid limit:  

Å Vanish in the limit. 

Challenges in fluid limit:  

Å Even if the fluid hits 0 once, then will 
increase again, but this is bounded. 

stochastic
ΨŦƭǳƛŘΩ
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Proposition :  Consider the system with a single traffic class with arrival rates 
‗ȟ‗ , and ὔservice options with service rates ‘ ‘ȟȟ‘ȟ for service option 
ί. There exists a vector 

‗ȟ‗ ᶰὧέὲὺὩὼὬόὰὰ‘ȟ‘ȟȣȟ‘

such that ‗ȟ‗ ‗ȟ‗ component-wise.
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Queue dynamics :  

Åὗ ὸ Ôhe number of class ὧjobs in queue at time ὸwith
ὗ ὸ ὗ ὸ ρ ὃ ὸ Ὑȟ ὸȟ

and ὃ ὸand Ὑȟ ὸ, number of arrivals and departures of class ὧwhen 

the service option is ὛὸȢ

Åὒὸ В ὗ ὸȢ

Åὤὸ the threshold value at time ὸ, with fix ὤπ ὒπ В ὗ π.

Å ὢ ὸȟὢ ὸ the queue length per class of the threshold value a time ὸ, 
with fix ὢ πȟὢ π ὗ πȟὗ π).
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Algorithm :  
Å At each time slot ὸ ρ:

Å If ὤὸ ρ ὒὸȡ

keep going : ὤὸ ὤὸ ρ , 
ὢ ὸȟὢ ὸ ὢ ὸ ρȟὢ ὸ ρ ȟ
Ὓὸ Ὓὸ ρȢ

Å If ὤὸ ρ ὒὸ: 
Update: ὤὸ ὒὸ

ὢ ὸȟὢ ὸ ὗ ὸȟὗ ὸ
Ὓὸͯ ὟὲὭὪίὩὶὺὭὧὩέὴὸὭέὲ

- fix „small lower bound for ὤὸ.

Å If άὭὲɴ ὗ ὸ πand άὥὼɴ ὗ ὸ ὢ
ᶰ

ὸ:

Update: ὤὸ ὒὸ
ὢ ὸȟὢ ὸ ὗ ὸȟὗ ὸ
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4. THRESHOLD BASED SCHEDULING ALGORITHM: EXP

Example : ὅ ςand ὔ τ
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Sec. of service options :
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Example : ὅ ςand ὔ τ
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Challenges in the stochastic process:  

Å The number of times to sample a 
ŦŜŀǎƛōƭŜ ǎŜǊǾƛŎŜ ƻǇǘƛƻƴ ǿƛǘƘ ΨƎƻƻŘΩ 
trajectory is unbounded, as well as 
the amount that the threshold value 
increases. 

Improvement in the fluid limit:  

Å Vanish in the limit. 
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Additional challenges in the fluid:

Å The feasible service option is 
dependent of the per class 
number of jobs.

Å An unpredictable number of 
ΨƎƻƻŘΩ ǘǊŀƧŜŎǘƻǊƛŜǎ ōŜŦƻǊŜ ǘƘŜ 
one wherez ὸis reduced.

BUT : 

Å There is at least one feasible 
service option per pair ήȟή Ȣ

Å The fluid limit lives inside the area 
determined by z ὸȟand this 
eventually shrinks.
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