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QoS-Awar e Packet Scheduling by L ooking Ahead Approach

Abstract

Running time sensitive multimedia services suchvaise-over-IP (VolP) and
Video-on-Demand (MoD) on All-IP networks may hawsver quality than that
on the traditional circuit-switched networks.

Influenced by many factors, packets transportedaopacket-switched
network, may suffer from long delay time, largéejitand high packet loss rate.
When a packet arrives its destination late, thereiway to correct the problem.
Thus, it will be beneficial if routers could forwhrpackets base on their
timeliness and importance, instead of using FimgErst-Out (FIFO) service
plan, giving important late packets proper precedenThe overall QoS
satisfaction will be improved significantly.

In this thesis, we develop a simple and effectisteesluling policy based
on this concept for the environments where padkate predefined hop-by-hop
time schedule. Routers are assumed in two diffej@ete architectures: ideal
Single Preemptive Queue router and practical MeltfIFO Queue router. To
forward a packet, a router first assigns a suit@bdit function to the packet
based on its timeliness and importance as wellhasldading status in its
succeeding routers along its predefined traveliath pthen inserts the packet
into an appropriate position in the output quededking the loading status of

succeeding routers into account could predict meceurately whether the



packet could reach its destination on time or not.

We conduct the research for the single servicesa@asironments first to
learn the characteristics of this new schedulinigcpoand then for the multiple
service class environments based on the knowlectpgrad. The challenge is to
find the best way to assign proper profit functitmslifferent classes of packets
in order to utilize resources more wisely, e.g.emtigand important packets get
precedence.

We evaluate the performance of this approach bwlsinon using NS-2
network simulator. Simulation results show that epproach outperforms our
previous version which doesn't take the loadintustaf succeeding routers into
account. Furthermore, our approach can outperfdren $Simulated Priority

Queue by at least 57% under heavy load and oun&wah metrics.
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[13]¢ P preemptivedt & #4722 — B NP-hard=nf® 42 » F]pt & Jf 2k 3+ heuristic
solution ' a fi @ apF F N g 44 @ ¥ J)E B o B3k output queuer -] 5 N B3ée > 3%
3 P ARIE B 2 - output queuer r A N-1 B 3f# "8 5 24572 % > fwi& » output queue
Et e FOUE R~ queuez. ® oo i B N BIE A B P  EBGE i o i@

e FDER A EE R RES o B FE 2 g R S ON) o
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2.1.2.2 Multiple FIFO Queue b+ #42;% & 2 (IRSMQ)
= Multiple FIFO routerf 2. » i3X router® 3 #i# FIFO queue ¥ 4R % Single
Preemptive Queue Routéeni# i) F]1 & ¥ 3 B 2= ¥ (# B FIFO queuek =) 11 3& ff -
ZEARIF B 2 2 pre-schedulefx #f ¢ 2 profit function:g # if & ¢ queuez k =43F
> R ERTE e FHORRZAES ATy EH Y S B+ 0 @ post-schedulef’ 4 ] -

Poihig 0 @ - queuer g ehendt @ ik B IRiE # & 3% queuerRir— =t

2.2 A Priority Based Packet Scheduler with Deadline Considerations

[7]1° #& 41 = #45% & /2 SPD (Static Priority with Deadline Consideratiogs [PPD(Dynamic
Priority with Deadline Considerations SPD i& 33 1 & «if & 4 #- queue® hifs R >
I ¥ € 4 3t Hremaining time to the deadline 4 i deadlineR| ¢ #-3%3t# #£3 -
B z’v’ﬂdeadlineb’“r;f;] eh4_end-to-endrdeadline &2 7= 3 ¢ ¥|iE & i router=local
deadline? = - m DPD i ¢ 124} # 7 remaining time to the deadling it i :c if L g ik

Voo BB o XA KA RAER NIA PR DR o

2.3 Implementation of Expedited Forwarding Using Dynamic Hop Counts
Based Absolute Priority Scheduling

[10]° L3P - 4 FIFO e A2% B 2 & > 3¢ cnut AP € "EF hop countsf x 7 %

£ 5 ¥ 2 7 hop countHgtinz B ¢ 3 4p 255 0 4o < hop countH gkt ¢ B €

BH s TR ehdt e BPER > 4T3 - B2 hop count: AR eng e iE 2 o
AL BSERTI RN o N A FE )’Iﬁ{ﬁgrs i $+ hop countd i enig & jg

T OREPEEe fE x4k hop countd B H B4R > B A T 3 hop countf ALk et @
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2.4 Scalable Hardware Priority QueueArchitecturesfor High-Speed
Packet Switches

[15]¢ - # % Fe AT 42 #7378 7 = &0 Priority Queuer: 3% 1) &7 <4l 48 7 - Priority Queue

Zd % queue = > & B queuet # B A E A o 4p e A queuelRir i - &

BORFE R > KB A RNT AL S F B B AR URIEZ A A AIRTE o “712 Priority

Queuew M A FPRFE &L B L g2 o

5 =%
[13]4% g2 4t @GP A 2 JRIF & %op B chw f& profit function> H ¢ & 7 #iclp S8ic 0 i
» £ & ch&_hard deadling: soft deadline ig42 #73% e deadlinef ip #f ¢ & i# | routeriZ
errhard deadling soft deadlinem 2£3t ¢ 3| £z chdeadline Step-Downg? Slope-Step

? 4§ hard deadlinenit #-& 4/¥ B > m Slope-DownZ Double-Slope® 4ziF soft

deadlines3¢ FEAZ BT % > £ 428 hard deadlinenit ¢ k& 117 B
H S Bk T Y s B H a2 58 o 4e Step-Downg? Slope-Stept_#- hard
deadlinex 3 # MR o PR TR e R R R A

I At LG AT € Aok E g AR € > 7 4 hard deadlingg & 4 £ 173
‘et @ 2.3 F 5 » Slope-Downg? Double-Slope#- soft deadlinex = H 3¢ ©_i% 11 pF
& > I #-hard deadlineg & & £ — ELPFRF > P pU fER T P8 EUF 1 anp ik R
WETIhite 9 A € PF o AT L R dt e froutersniE waE I pFERF R 1S R
Ao ds i B profit function g% gk o

BB~ “ri% 1) i Step-Downe? Slope-Step H & A 5 BEY hite ¢ R iF
7 hard deadline R]i2 3 profit > B2 R4k ¥ M @ ERTE 7 € D@ it e o L E R

E e FRE 0 FIA AP T 0SS m o dorouter k B ST 0 AT G T BiRaEE e AT R
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§ 0 MY RPIARELZ Y routerauik R g f R % > 3 hard /soft deadlingt &
w0 RS mhroutery 1y AT € o BEAREWm Y » 7 #& ) Slope-Downg
Double-Slope = Lﬁ 20T 4 G A frami ke o T B E LG BRI oroutersik R 2 e
Bp s

A Priority Based Packet Scheduler with Dead@mmsiderations [£F 2% i 8= 7 % &L
121 4t¢ cndeadlinel® 5 3¢ Az cnicdy 0 LAY TG A HT BIRBEE R TURBR B
7 AR PRIE > - B AP iR KR A B R IRIE L P A R R
EBRoaEBMLEG F R o hrouteritite € ATRARME > & el B R A4S
JRirE B %3 AR F B RTRBERLE RN o) ] T BRI EHELR

Implementation of Expedited Forwarding Usingi@gnic Hop Counts Based Absolute
Priority Scheduling [10} & 3t ¢ {4 3% hop count? :& = £t 42 » 2 hop count # &_" & i
(8 F e kin s bldcf4R4p F hop countnfs FEefev it FEMRR T B 2P HTH -

Priority Queue [15f #~# 7 4p = «03_¥ & * multiple FIFO queue routel # - = 8
FEHTRIRBELZET FREALSK AR L 0 & Priority Queue® & f % &b

queued JRix— ficlass’ FMEZ T A F > &V i Fl i 5 AE R aPRIE F BT

SRR B 4ot €33 SRR ME A APR DG 2T R RPIRBERRTT

MER- AR TEZ TR 0 F REDFT IR F o pbeb s Wi E - f8classy ¢

FleFFlaLdlm g T LR > NP Z 0 T O RGE R RJIE e
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H*

[13]#74& ! per-hopit # £ 4z ;2 41 * profit function=h= 3¢ 4 i & » - B router=h
ite m@ﬁ%ﬁlﬁi PRAFE oo L e & #ARF B 2 Kb dt e BARE S o F & ¢ Tl router
P% > router ¢ i& 5 41 ¢ m?%ﬁ}i SPRFZE B R R G 4 oa BR3¢ f § oo profit
function > schedulert & 3 41 ¢ & profit function:g (73 42 » B+ L BEFe 5 P -
DAL F AR o B R Bjrsh 2 jitter 0 113k B FRAXSF 0 %A L F £ 0 profit
function 2 £ 42F & 2 ek 3h o A g e @ [13]913K 3+ 0 profit function

A e FI3)A 44 #+¢ Afs FreArt & routeravik i o 4% 415 gE % R fz(Looking
Ahead Scheduling) ¥ ¢t &#-4+3%47 3 @ < Multiple FIFO Queue routefs 1 3% 1 sx & o7

: Priority Multiple Queue routets Jf]& o F|Pt > AR TR NN 2 A BING > 4o 3.1
“Ton 0 &% - @i & Priority Multiple Queue routeft 1£(PMQ) > % = 38 (> & =0 p& 3¢ 2
AZ(LAS) o AF7 7 o7k 0 e PE SN A AR HOT[A3] 74k O enfp 2 2 AR > B & i W AW

PEF P AT P router§ &¥ 3¢ Afl FEeAR & routersik i i schedulery { BErzihif ip

e wEEIlE P e s g o
NJCM[13] SPQ-SA Our A h __P_M_Q_;A_ _-i Our A h PMQ-SA
ur roacl - ur roac -
MQ-SA L N pp : pp
Intra-Router Scheduling >|_ Looking Ahead Scheduling

B 3.1 ~#7#%4
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3.1 Objective Function
PRAFS ¥ S3te wBpE R Sjitter 2 348 A Fehe s APy £ A E
B pRF%(multiple classyiyf ;w2 T 35 ¥| & i e profit function iz = (scheduling policy) i¢
FHaB LRSS o i d IR RRZ T 0 3 B ERIRIEL T F P hE R eru R
2 E 45T - B R EHIR ST -

A& - B R i fRde 258 (1) %757 0 12 total chargeff i utility function)
K BWIRAS &R hE dptk o Il & FIRFFE B RT > FE @t 7 Je epprofit
functionfie = ‘2 = 1% o scheduling policy'7 1% 3] kit o & it g i@ & § 2 § B2 5%

%ﬁ%@’ankmﬁg@%g L EARA IR APSTHRY R E- B ED

=
4
“@%
Ri%
w0z
(i
ol
c’*

%A R g TR -

B b PRIFE R T 5 i@ % 7 e e scheduling policy#-sn 73 jE A2 8L @ 3% 3] p e
w4718 3| e total chargehe = 34 (1)#777 o B3R M A+ A 5 = | f& class) & f& classi 7 j
TEIARGR o 3% o N ek A A Ae B K- quality indexs ¢ H = 2 e i 0 (dR0)
AP % 0 s Al en % i 4@ * 3% scheduling policyi total charge ¢ i ep *F‘”T iz

& 35 4@ 258 (1)& + erscheduling policy # # 5.2 & &4rd 31477 »
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Notation

Qi

Ci

Ni

3 N;

# 3.1 Total Chargen % #«
Definition
quality of the j-th flow of classi (0<q<1)
unit price per byte of class i

number of bytes admitted in the j-th flow of class i

(Conversational or Streaming class)

number of bytes received in the j-th flow of class i

(Background class)

number of flows of class i

C:ZZ(qi,j [T mi,j) (1)

i=1 j=1

237 (Q)7 4%t classi¥ H - gxinaoquality index s e o ;4 (2)# 77 o B P gL

RHhArd 32407 o Bk~ L henglicd RRYEFH T EEE AR T

Qualityz_ % 38 %@ﬁx‘ﬁw - & ML % > charge threshold % #c & 4 M3 ¥ R ik 8

PIARL & 7 7 &<

wA R TS 05 & 4835 & charge thresholdmn 73 im P42 95 8 FRF%

S5t HHEATRTELR KRR Q) - 20 B BOx Bi(3)ijf‘u£'\charge

threshold-
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% 3.2 Quality Index: % #

Notation
a=1-
(average delay time of class i) / BV
Bi=1 - (average jitter of class i) / B{?
yi = 1- (packet loss rate of class i)
a
o]

&

Bi(l)

a'i BYi-l-biwi-l-cig‘/i

g =

Definition

delay time satisfaction factor of class i

jitter satisfaction factor of class i

loss rate satisfaction factor of class i
quality coefficient of delay time for class i
quality coefficient of jitter for class i
quality coefficient of loss rate for class i

maximum acceptable average delay time

of class i

maximum acceptable average jitter of

classi

maximum acceptable loss rate of class i

0 for averagelelay timeof class > B"
or averagditter of class > B®
or lossrateof clasg = B®
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32 #AEEHEH

Bl 3.2 800 2 7 routerfzcnff i 4 o 2 ¢ output queus” 4 5 [13]# 9 Single
Preemptive Queue(SPQMultiple FIFO Queue(MQg« # # 3 1 Priority Multiple
Queue(PMQ) & £ 427 & i 7 1 5 [13]° cjp = #AZ(IRS) 457 3 e PV £ 42
(LAS) -

HoP g 4tdt e BLpr 2 R E 0K he & profit functions f- 4k pREE &
SR IES ¢ 0 AP AGE Y profit function® E® 2 e & 4 BBRS 7 F oreal-time
PRAR & Bechife » 3 o chle £ T iE < - 48 scheduling policy & % p % £ & 4 it 53
AR R TR Bk D3t E AR R o

________________________________

class 1 packets

class 2 packets

o
c
—-
©
(S
-
Ke)
[
®
=
(]
v

class i packets

T NOUPIRIOIR,. ¢ ;" i « SIS % 3 JEN Output packet streaming
Scheduling Policy : Step-Down

. L. . . Slope-Down
different combination of <« Profit Function Slope-Step

profit functions Double-Slope

B 3.2 Router £z 2. FE A8 78 4

FipE kL 4 B [13]9 74k 4 e & profit function 2 4 7 [ profit function #7 % = &9
scheduling policy £ /i % ~#7 % #73& 1 &1 Priority Multiple Queue routef #(PMQ)% =

PEN PAZ(LAS) © Bofs /1 52 LAS BARIF B 2 IR ALE I RAE -
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3.3 Profit Function

7 2 [13]#73% 3+ 0 profit function # - f§ ¥ 5 »% > ¥ 43¢ = router~ < f # -

~=h
=}
ﬁ
\\\Xr
¢

4o i o 2 ¢ hard deadling: soft deadline¥ 4 4t ¢ % i | router42 5 hard deadline

% soft deadline m 24t ¢ 3:E £z 4 s deadline-

A. Hard deadline

42§ hard deadliner#t & #-& 117 B > % FAAL R - 27§ BXKF - B real-timedf
¢ 384 - 1 F| it & {cs4 5 deadling hard local deadline. 3% = {945 5| & % F| 2 % -
4ok 4+ ¢ &% % hard local deadline. + 1% 11 » B routerza i %4 & % 4o E 2 B
S QHETH A LR RGRRTR -

4rfm % Z_hard local deadlingd | %7t f2 = % 2_»ziy 5 &=+ B8 o

—=h

B. Soft deadline

4z i soft deadlinehit & JEF|#-€ & % - 4o% 44 & &2 % soft local deadline. # %

T

routerzu z 35 ¥ v o TR ek 'e 0 BEAR 7 € F R %dte o R § R b K
4rf hard deadline+4riv 3% Z_soft local deadlingit | %7 48 > /2 2 x5 7 &=~ 8o
C. Presoft deadline profit rate

% soft deadlinez =i i% J1 3t ¢ pF > ¥ J& (¥ 2 profit o
D. Post soft deadline profit rate

% soft deadlinez t¢ % J 3t ¢ pF > ¥ J& (¥ 2 profit -

Bl 3.33/ B 3.6 7] 41w #& profit functionszip 2 B g Bl-H ¥ Tc i p il

—
o
i<
e
Pl
ﬂ'ld\
&y
e

¥
.\
I

% routeri¥ 12 pERF & Bite A @iiER S chE - B routerd) i e ¥
Ml IP e hiBEE FAC R 20 ¢ R P4t ¢ BIEPER 2 - 2 8

T
ERENEFRF o [13]7 Sficnk T AP H o3 2 > T E K- hard/soft deadlingk =
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2y

3t & T TL_A3% routerz iF JIpERF o

A. Sep-Down :

priﬁt profit=1 when Td=Tb
profit=0 when Td>Td

a—— S|0pe=82~ time
Tc Td Tb
(currenttime)  (expected  (hard deadline)

trans. time)

i8] 3.3 Profit function Step-Down

% — #& profit function £_Step-Dowrr # router$k * Step-Down typei profit function

72 gie)

2 3t ¢ pFoschedulers /f & hard deadline. # i% 14+ & ¥ > % % 2 0 7 @ g ]

\

& ;2 & hard deadline_ #+ i# 41 P & profit »  #-2. % & o

#

=

B. Slope-Down :
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profit profit=1 when Td<Ta
A profit=1+(Td—Ta)*S2 when Tb=Td >Ta
profit=0 when Td >Tb

1 f— SIOp.e=S1“

S'/o
P~
@\82
\ time
Tc Td Ta To
(current time)  (expected  (soft deadline) (hard deadline)

trans. time)

i 3.4 Profit function Slope-Down

% = #& profit function £_Slope-Down profit function % soft deadlinez = & 5 % 0 »
# 51 tsoft deadlinez #v i 11 # & Zg *F 1 & > w3 7 soft deadlines 5 ™ "% & Jf & 5 % )

e FRIFIE LA 0 408 57 hard deadling!] & profit > { #-2. F 3 o

C. Slope-Sep:
Profit rofit=1+ (Td— Tb)*S1 when Td=Tb
profit=0 when Td >Tb
1fBoececcececs .\ P m
a— slope=82—-> time
Tc Td Tb
(current time)  (expected (hard deadline)
trans. time)

& 3.5 Profit function Slope-Step
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¥ = 48 profit function £_Slope-Step ¥ router 2 Slope-Step typenits pF > &
hard deadline_ #» ¥ 1} * 4% 5 % 3! profit 4% < - % & ;2 & hard deadline. = ¥ 1! p| &

profit » i #-2_ F 3 o

D. Double-Slope :

profit profit=1+(Td—Ta)*S1 when Td=Ta
A profit=1+(Td—Ta)*S2 when Tb=Td >Ta

profit=0 when Td>Tb
\
Slope=g
1fecececcccee e \
Slo,
'OGQSQ
\ time
Tc Td Ta Tb
(currenttime)  (expected  (soft deadline) (hard deadline)
trans. time)

] 3.6 Profit function Double-Slope

¥ = #& profit function £_Double-Slope 3§ routerzJ2 Double-Slope typgt# pF > %
7 % soft deadlinez #» 4% 5 % ) profit 4% 2 “t > ® profit function { soft deadlines &

HME2 R RENPFFAEZ 2 FAIE > 5 02 Slope-Down# 4y it o

3.4 Scheduling Palicy

Fpek-o 48 profit function (Step-Down Slope-Down- Slope-Step* Double-Slope) 4 %]
B A e RIFE % A R enfEfed 2 Fanck o e AP 2 L scheduling
policy » 4§ ¢ I 2K &R R RN E B P eng 38 P RE 48 B i3 oo scheduling policy

PR R R R o -
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3.5 Priority Multiple Queuerouter (PMQ)
# > [13]# 1 3 f& output queue routek 1 - £ # Single Preemptive Queue routriy s

F R EL A 2

\\\Xr

vy RiEarty 0 AEAF T aRA F A T iFa

+ o Tt x & 415 Multiple FIFO Queue routeft 1‘{;."1 oo - A Rl S = ET 1

r o r 2

Bl 3.7 Single Preemptive Quede Multiple FIFO Queue routeti* i

Single Preemptive Queue roufeti2_ #712 ¢ § #if dcic £ F] 5 routers rz - »
it e 3% 3] output queueniz {, i~ ¥ ;@ Multiple FIFO Queue routeft 1™ & %| - output
queued_d #iF FIFO queuest e = » 5 #3& » chdfe 36~ H ¢ — B queueik =3 o

F #- Multiple FIFO Queue route#? Single Preemptive Queue i+~ # > 4] 3.7 #1
TV UFRT UFERFOEE AR 0 A TS hw g g I EER o R Bf
Eenite » L RFPLEEE o Aipap ’};‘Z—,-ijﬁ.{éi%i Multiple FIFO Queue routest

1# ng Lendte ¥ S Bbom gD o

351 PMQ ##

i T i i

o round-robin queue o o—priority queue—o

B 3.8 Priority Multiple Queue® = Priority Queue
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24 Multiple FIFO Queue routesf 2 % % 7 iTenddid » A - @ * B FIFO
queue @ EH ¢ — B queues ik L I F U B G Bf% it @ &~ 0 FLIF priority queue
4o@] 3.8 4757 o H s eh queuefi i round-robin queue

Bl 3.9 & PMQ 3 1 - pre-schedulefx £f & & profit function:£ # i § ¢ queuez
Eagddr > R BATHe E R 2 MEN Ay E# Y S B+ @ priority queuer £
e post-schedulefﬁg 4 i% 41 » round-robin queu@| &4 i & MQ routerZ g0 (e % >
4rf 2.1.2.2%7i o # ¢ scheduling database 7 % & #: 42 3 3 > &4 profit function~ =

Pk ptAeAp M TR .

| Pre-Scheduler

Post-Scheduler |

® 3.9 Priority Multiple Queue route¥

3.6 % g X 42 (Looking Ahead Scheduling)

AR Y i e N R AR AR O [A3] TR b B 0 B A R enZ w| A wpE N A
¥orouter§ %4 & il AR & routersk i schedulert { B rpenif m e 2 pF

FlEp i g
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AP ES P - Beititd ALY Lrouterk B 2 > PR Ui BB
profit function $-#ceniz g5 > T 45 I 5 F A B S8k o pE AR A 30 & B router

RIApA 3 T F RS R AT hite g o

3.6.2 f#3i+is ¥ router E.:{“
FOECE T R router2 ot 0 blde B s I E R RIAT e £ ORI EGR
ERT el v @ ACK ¥ nfiings - £ % it is i routerz f§ 5 & A 3 router

P oqueueinite iz it £

F AR JLRE > Pl queued 3t g g E ¢ RG
Moo AT P ERE R R D] L AFE IR -

AP * routing table? ehf Rk 318 routerz. f % iR T pE S AR
f53% router# * Link-State routing protocol izt d 2 ¢ - & i routeryisey 4p
2 R EEREREARE 2 link costshE 3 0 Link-State routing protocolt i 7 & 58 metrics k 3+
B link cost> b4 & f ¢ ~ 7 ¥ HFE & delay time® - @ A AF7 3 ¢ #-§ X routing

metric = delay time-

OSPF (Open Shortest Path First)

OSPFE_- #4 1 * Link-State;# & /% ¢hrouting protocok #:iz B % 2 # > link cost-&_
KFE ~ queuert 435 » #7117 queue delay transmission time& propagation delay
TP AEIE- BN %y € { A7 routing table? link costE 3 0 Aept i &

P B AR

d 3t A% @ * routing table? e 3 > #70u iy &2 routing protocol AT F 3 ead &

5 AR o dod it @ F g an AT routing tableF i o IR P ARAE R £ H A P en 24X
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o ARG R P pE S B AR a2 3§ eprouting 3t e R A E OB Y R R pay o
i routing protocol? & 3% i chf= 3 = P o

3.6.3 # f5# & profit function % ¥

current total transmission time>(

estimated remaining transmission time >
y

Sender —q=====—c===- Ppacket = —m e -» Receiver
early or late ? _ shorter or longer ?
Q Routing
& Table
Router
expected transmission time expected remaining transmission time >

@ 3.10 # i 3 & profit function % #icsix 35

j\zﬂg‘gfp—";;ﬁif[;ﬁé e Ry N er?“‘}ﬁ'm}@&xfu- ida T F e TR F| T IR

Al P4 e il R T AR B €

¥
G
pr
(ﬂd\
by

FHE - BrouterspE R 2 H ¥ A R

REHE  QABE I FRAEES F A BT .

¥ oo # e FIEE B routerpF - AT 0135 38 routing tabled ch U R ir 4t
Fler B LpF LI TR R e AP E ) g Tk B 3 33 £ profit function
mxﬁﬁ:,réf f‘{,‘]’g r‘rlaf P ,J,J»ﬂ.r%i_.f# Bi:r?l& ;P\_/E‘ i*qj}%\%j\ﬂ,_.

B 4oz 8 Bf{—:ﬁiﬁ; v 4@ 3,107 o
B 3115 45 4@

LR F A £

LABATY BT R P B R A SR 48 § R IE
A I R g s R

—r‘/' 45{@1@1}%“%%&/\ LL”*‘.A,i;l :
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early > longer than the expected remaining transmission tim%

’\ shorter than the expected ’\ /Jthe most elastic : adjust

early |/ remaining transmission timel/ —local deadline backward
late >| longer than the expected remaining transmission tim>
’\ shorter than the expected the most urgent : adjust
late - R .
remaining transmission time local deadline forward
packet
Sender :@ ------------------ » Receiver
Router

B 3.11 3¢ e hB kR

[13]z0e 44 profit function> B $@icezk 2 4 % 2 5 @ 5 07 3% o 4e Step-Down#?
Slope-Stepi_#-hard deadlingk 7 # 5 ¥ 1 pF /% » @ Slope-Downg? Double-Slope#- soft
deadlinez 3 # g % I pF R > ¥ ¥ hard deadlinef & & £ — FLpFER o

# 3.34_local deadling? & = s\ e ddic o AmpEN ARy > AP RF E e BEpER
R TS BRPFRFITL5e ABfY e FUEF o a BRI B RE R
TGRSR E TS BIFPEBDER 3 FApte g h T o L FL B LERY T

ROEIRR R PR o B G % ¢ ST A r . #-local deadlingg % ¥ /L% 3 (7~
THF HIELR) @ scheduleré-4f e 3 5 i o) o

FE o BRI AR BEEAEY VR g s R irafjf;'a rl

#-local deadlineg § ¥ A s @& 3t e ff 53 1 > schedulerf ¥ 12 ,‘{gtt A FcH ﬁi%ﬁ £ h

i‘]’é’ o
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Ay bk w - B GBc B 4 routerdlocal deadlinet ik 3 BE 4t ¢ i i pE

oo NP -g R Bl O B i o B i o

% 3.3 3 ¥ local deadlinen 4-dc 2 ¥ %

Notation Name Definition
© 3 A hpE R g BEEER - R BEER
dpre (current exceeded (total transmission time — expected
transmission time) transmission time)

(EI Rkt Fpleg g
o SE RV R A % SR 2l
(estimated exceeding
dpost (estimated remaining transmission time —

transmission time
expected remaining transmission time)

afterward)

St e pE R + (S TR B R
PRI
(current exceeded transmission time +
dore + dpost |(EStimated total exceeding
estimated exceeding transmission time

transmission time)
afterward)

A3 08 12 BFeng Shid » % rd]a &
profit function =42 &
BE G
C (an empirical value between 0 and 1 for
(adjusting coefficient)
controlling the level of profit function

adjustment)

# 3.4 4_local deadlingf 23 o 5% > AP RIp R pr A Rk A R

Step-DownZ Slope-Steprrhard local deadling: 2 3% % # > » Slope-Downg? Double-Slope
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A %_soft local deadlings & 3% 3k ## o 42t 34 F {5 e local deadline™ 14 F Jgdte & fFf i@

YEABARY T oA enIE it R pERY o

# 3.4 Local deadling} & = ;¢

Profit function Adjusting formula
Step-Down _
P hard local deadline - = ¢ - (dpre + dpost)
Slope-Down
Slope-Down _
P soft local deadline - = ¢ - (dyre + dpost)
Double-Slope
profit profit
1 Step-Down (urgent case) 1 Step-Down (elastic case)
adjust hard local deadline backward adjust hard local deadline forward
I-I-I-I-I-I-I-I'_‘ -_—
| | '
| o
] : : ]
| ' ' |
l ‘ ] [} ' l
1 : p time ' 1 p time
hard local hard local
deadline deadline
profit profit

Double-Slope (urgent case)
adjust hard local deadline backward

Double-Slope (elastic case)
adjust hard local deadline forward

,'_>I R
» time L 1 2P time
soft local hard local soft local hard local
deadline deadline deadline deadline

] 3.12 4 % profit function 2 local deadline
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B 3.12 8 5 i 444+ 72 = profit function# % local deadline+ % B - 7 F profit
function ¢ 3 £ :¥ Z & » &4 Step-Downg? & i¢ profit ratea4% 2 % » @ Double-Slope
w3 AR (S - # profit rate ¢ 5 ¥ hard /soft deadlinez % - 4yt schedulerf i 13334t ¢
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3.7.2 %% E#4 (Pseudocode)

Il pre-scheduler
Enque ( Packet , ArrivalTime)

{
if (IsLookingAhead )

{
LookUp ( RoutingTable ) ;
Adjust ( Hard/SoftDeadline) ;

}
if (IsFull (AllQueue ) ) Drop(Packet) ;

if (ArrivalTime > HardDeadline ) Drop(Packet) ;
else
{
ProfitCalculate ( PacketProfitFunction , Arrivatie );
for (AllQueue)
{

FindMaxTotalProfit ; //find a queue to insert

}

Queue— Enqueue

/I post-scheduler
Deque ()
{
if (ISEmpty ( PriorityQueue ) )
{
// round-robin queue
if (IsEmpyt ( ServingQueue ) ) NextRoundRobinQueueServingQueue ;
/I remove and transmit the first packet in teerig queue
else ServingQueue— Dequeue ;

}

else PriorityQueue— Dequeue ;

}
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Parameter Range

Number of CBR flows

Data rate of CBR flows
Specified in individual experiments
Queue size

Hop count
Router architecture  FIFO,SPQ,MQ,PMQ,PQ
Scheduling algorithm IRS,LAS

Step-Down, Slope-Down,
Profit function
Slope-Step, Double Slope
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Parameter Range

Number of CBR flows 3,6,9,12,15,18

Hop count 4
Queue size 20 packets
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IRS-PMQ v.s. IRS-MQ (Step-Down)

Average Jitter at Different Number of CBR flows
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IRS-PMQ v.s. IRS-MQ (Step-Down)

Average Delay Time at Different Number of CBR flows
(hop count : 4 queue size : 20 packets)
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Parameter Range

Number of CBR flows 12

Hop count 3,4,5,6,7,8
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IRS-PMQ v.s. IRS-MQ (Step-Down)
Loss Rate at Different Hop Count
(number of CBR flows : 12 queue size : 20 packets)
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IRS-PMQ v.s. IRS-MQ (Step-Down)

Average Jitter at Different Queue Size
(number of CBR flows : 12 hop count : 4)
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IRS-PMQ v.s. IRS-MQ (Step-Down)

Average Delay Time at Different Queue Size
(number of CBR flows : 12 hop count : 4)
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Parameter Range

Number of CBR flows 3,6,9,12,15,18

Hop count 4
Queue size 20 packets
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LAS-PMQ v.s. IRS-PMQ (Step-Down)

Average Jitter at Different Number of CBR flows
(hop count : 4 queue size : 20 packets)
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LAS-PMQ v.s. IRS-PMQ (Step-Down)

Average Delay Time at Different Number of CBR flows
(hop count : 4 queue size : 20 packets)
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Parameter Range

Number of CBR flows 12

Hop count 3,4,5,6,7,8
Queue size 20 packets
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LAS-PMQ v.s. IRS-PMQ (Step-Down)

Average Jitter at Different Hop Count
(number of CBR flows : 12 queue size : 20 packets)
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LAS-PMQ v.s. IRS-PMQ (Step-Down)

Loss Rate at Different Hop Count
(number of CBR flows : 12 queue size : 20 packets)
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LAS-PMQ v.s. IRS-PMQ (Step-Down)

Average Jitter at Different Queue Size
(number of CBR flows : 12 hop count : 4)
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LAS-PMQ v.s. IRS-PMQ (Step-Down)

Average Delay Time at Different Queue Size
(number of CBR flows : 12 hop count : 4)
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LAS-PMQ v.s. IRS-PMQ (Step-Down)
Average Delay Time at Different Queue Size
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Four Profit Function Co-exist

Loss Rate at Different Number of CBR flows
(hop count : 4 queue size : 20 packets)
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# 4.9 Scheduling policies for two real-time classes

Scheduling
Conversational Class Streaming Class
Policy
Policy 1 Step-Down Step-Slope
Policy 2 Step-Down Slope-Down
Policy 3 Step-Down Double-Slope
Policy 4 Step-Slope Slope-Down
Policy 5 Step-Slope Double-Slope
Policy 6 Slope-Down Double-Slope
Policy 7 Step-Slope Step-Down
Policy 8 Slope-Down Step-Down
Policy 9 Double-Slope Step-Down
Policy 10 Slope-Down Step-Slope
Policy 11 Double-Slope Step-Slope
Policy 12 Double-Slope Slope-Down
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Policy 6
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Policy 1 v.s. Policy 6
Average Jitter at different number of VolIP flows
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