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1. MODEL DESCRIPTION

traffic flows service options

class 1

class 2

i b @

A 0 classes of trafic flows.

A 0 mutually exclusiveervice optionsiodes

A Input-queued system

A Reaiworld examples : channel/frequency selection in wireless communications
egWiFiySGg2Nyl a 2NJ O23ayAGALDS NIRA2 aeail
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1. MODEL DESCRIPTION

traffic flows service options

)
class 1 :

———

)
class 2 . ;
|

———

é

A Time slotted operation.
A The number of jobs that arrive per class is independent across time slots.
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1. MODEL DESCRIPTION

traffic flows service options

class 1 ..

class 2

class 0 ll ll @

Each time slot,
A a single service mode/option can be selected, )
A when service mode/option is selected in time slai, (up t0)Y ; 0 classwjobs

will be served
A neither realizations nor statistics &f ; 0 are known to scheduling agent
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1. MODEL DESCRIPTION

traffic flows service options
class 1 .. :
———
class 2 ? i
é 0 4 €. )

g b ll @

Scheduling agent :

A observes the global state of the queues,

A can infer service rate¥ 6 from evolution of queue lengths, but does not have
any advance knowledge of realizations or underlying statistics

=) N Stark contrast to conventional assumptions.
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1. MODEL DESCRIPTION

traffic flows service options
)
class 1 .. :
———
class 2 ? ,
|
é 0 ,. €&, )
é
class O ll @
(Objective: h
Design scheduling algorithm that
A achieves maximum stability (throughput optimality), and
g A provides (neaf)optimal response times. P
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1. MODEL DESCRIPTION

traffic flows service options

)
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For analysis purposes, we assume that

A the number of jobs that arrive per time slotand class AT | Avtioriean_ for
classi

A the number of served jobs of clagst service optiori ~' AT [ AvdtOrkeAn’ .
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2. STABILITY REGION

(Stability region: Given the set of mean arrival ratés h_ F8 h_ ) and mean A
service rates  (* RH RMB R ) for service optiori . There exists a vector
ChmBh)vwné s goddt BH )
\such that_h Mh ) (_h Mh )componentwise. P
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2. STABILITY REGION

(Stability region: Given the set of mean arrival ratés h_ F8 h_ ) and mean
service rates  (* RH RMB R ) for service optiori . There exists a vector
ChmBh)vwné s goddt BH )

\such that_h Mh ) (_h Mh )componentwise.

J

/?KS o208 alloAfAade O2yRAGA2Y X \\
A isnecessanyfor all algorithms that do not have advance knowledge of the
realizations of the service ratéé; 0 and

A sufficient for the algorithm that we will propose.
mmmmm—) maximum stabilityfor our algorithm.

CtKS 020S adloAatAade O2yRAUOAZY X
A isnot necessary in case of scheduling algorithms that do have advance
knowledge of the realizations of service rates (chasgng | NS> 0 2 Wg N.
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3. STABILITY REGION SINGLE CLASS

(Proposition : Consider the system with a single traffic class arskrvice options
with service rates for service optionri . The system is stable if the following holds:

_ [ Agnrn mnr 8
-
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3. STABILITY REGION SINGLE CLASS

(Proposition : Consider the system with a single traffic class arskrvice options
with service rates for service optionri . The system is stable if the following holds:

_ [ Agnrn mnr 8
-

ﬁlgorithm ; \

A 00 &e number of jobs in queue at timewith
0 0O p 6 Y (Oh
ando (o) and’Y (0), number of arrivals and departures when the service
option is"Y0)8

A Fix@(m 0 (1) the threshold value : for evey 1,

Ao p) 0B p)D
WO o p)and™YO) Yo p)8
A lfdxo p) 00 pold 1
X0 ——2and"Yor Y& @B U0 /
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3. STABILITY REGION SINGLE CLASS
@0
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3. STABILITY REGION SINGLE CLASS

stochastic LY.L - P t dzA RQ
- ao
n o
/‘ ; | | | . 0 "Qa
0 0.5 1 1.5 2 2.5 3 3.5
x10% ~
/Challenges in the stochastic processﬁ IngfpleevEmEs I e vt i
A The number of times to sample a A Vanish in the limit y
FSIraAoftS ASNWAO 2L0AZY BAUK PIZZROT )
trajectory is unbounded, as well as Challenges in fluid limit:
the amount that the threshold value A Even if the fluid hits 0 once, then will
\_Increases. J g increase again, but this is bounded.
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4. STABILITY REGION TWO CLASSES

(T Proposition : Consider the system with a single traffic class with arrival rates )
(_ h_), and0 service options with service rates  * yH  for service option
i . There exists a vector
(=_F1=_)N WE & U o MBH )
. such that(_ h.) (_h)componentwise. Y,
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4. THRESHOLD BASED SCHEDULING ALGORITHM
Gjeue dynamics : \

A 0 (0 e number of clas®jobs in queue at tim@®with
6© G0 p 80O Yi O ]
ando (0) andY (0), number of arrivals and departures of classhen
the service option iS§Y0)8

A0 B 0 (08

A &0 the threshold value at time, with fixéXm) 0(m B 0 ().

A ® @O (® the queue length per class of the threshold value a téme

with fix G@RY @ 0 (M (). /
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4. THRESHOLD BASED SCHEDULING ALGORITHM
@orithm ; \

A At each time slod p:

Afao p) 0004
keep going (@) @O p),
@ (Ohd (0) @O ph@ p) h
Y0 Yo p)8
Ao p) 000):
Update:cX0) 0 ©
® (O (0) 0 (O (O
"YOF YE I VERQUDYQE ¢

- fix , small lower bound focX0).

AlfaQs (0@ manda da {0 ©) @ OO

Update:cXo) 0 ©
\ ® (O (0) 0 (O (0
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4. THRESHOLD BASED SCHEDULING ALGORITHM
@orithm ; \

A At each time slod p:

Afao p) 0004
keep going (@) @O p),
@ (Ohd (0) @O ph@ p) h
Y0 Yo p)8
Ao p) 000):
Update:cX0) 0 ©
® (O (0) 0 (O (O
"YOF YE I VERQUDYQE ¢

- fix , small lower bound focX0).

Ala: (0 () mandada O O & L o

—Updater Xy U 0
\ & (O (0) 0 (O (0
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4. THRESHOLD BASED SCHEDULING ALGORITHM : EXP
/Example 6 rwﬂﬁ T\
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Stability region:




4. THRESHOLD BASED SCHEDULING ALGORITHM : EXP

/Exampleii ¢ andl T\
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ﬂac. of service options :
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4. STABILITY REGION TWO CLASSES

5 x10t | HJ-'Ff dZ)\ RQ

stochastic

n (MM (1

n o
2.5
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fChaIIenges in the stochastic processﬁ

Improvement in the fluid limit:
A The number of times to sample A Vanish in the.limit
FSI&aA0ES ASNDAOS| 2 o a2 BReIRY: w322 R0
trajectory is unbounded, as well as
the amount that the threshold value

K Increases. /
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4. STABILITY REGION TWO CLASSES
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/Additional challenges in the fluid:\ /BUT ; \

A The feasible service optiondis_|
dependent of the per class
number of jobs.

™A There is at least one feasible
service option per paim )8

_'AA The fluid limit lives inside the area
NRA Sa |0 Sdetermined by ® hand this

k eventually shrinks. ' /

A An unpredictable number
W3I22RQ GNJF 2S00
\ one wherez(0) is reduced.







