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ABSTRACT

The key to the asynchronous traffic shaping (ATS) technology being standardized in IEEE 802.1 time sensitive
network (TSN) task group (TG) is the theorem that a class-based FIFO system, attached with a minimal
interleaved regulator (IR) does not increase maximum delay while suppress the burst cascade. In this work it is
proved that the theorem also holds with a system that is FIFO only to individual flows. Based on the
observation that this “flow FIFO system” can be a single network, while the class-based FIFO system is within
a single node, it is further suggested that the networks with minimal IRs attached at their output ports, with
flow aggregates (FAs) within a network, can guarantee end-to-end delay while drastically reduce the scheduler
complexity. Numerical analysis shows that the suggested FA-based system with low complexity yields similar or

better performance than the integrated services (IntServ) system with high complexity.

o] A= IISA RN 281G A RFAMEATI AP 02 A& ol SE S (A S 2018-0-00846).
o Akl Fx)5A B33 Sangmyung University, Department of Human-centered Al, Jjoung@smu ac.kr, A3
F=rHE 1 201911-309-B-RN, Received November 21, 2019; Revised December 21, 2019; Accepted December 23, 2019

496

www.dbpia.co.kr



=153 Z2% 7] ~A 535} interleaved regulatorS- )43 V| EY = A|AA 7 v ZH g9

zntE Age] Ak 7k FAl 2= W B4l %
+F VESHZ, o= Y Aoy 5 ke $&
HolollA et vlES= *]91A]3t  (end-to-end
network delay)el] W3}e] 4= msecol|A] F271x]9] <
gt AlghE a8laL olrk I oA ZFEE S5
S48k gledl, IEEE 802.1 TSN!'s} IETF
deterministic network (DetNet)?o] thxAelc). o5
= E=re] WEH = ghellA 21X 7K delay) X
2 P A A AE Algehe VeRET
gk
TSN TGell4] #| A%l asynchronous traffic shaping
(ATS)"! 714 interleaved regulator (IR)S X=a}
ark IR JHxr e, Fel~ ==Y dgyeld
=9 2 E2| ArbelA] aligich 19 12 o=
Algk Zoltk Interleaved regulatore} e
FIFO A|2=glo] &= g]r}.

E AFelde WA, 7|E dTEeld AAE
interleaved regulator”} FIFO A]2=®le] z|AA|7F
W25 SolA] Werhs o] &5 F3sled, FIFO 54
o] N ZR-folltt AgE= Al E 3T o]
o] WEE 2L o] Lop} olelah ES
FIFO Alzgre] shfe] M ELIYL 5 k= s
Aokl IR v EH =] FHEE a3, vl
E9F glelx] 255 FRsle] 2AIEE] ] HAk=
5 A FF= Wk AN XA 24 F
A4 2 AT Ak e Bl B E
719k Alz®le] ATo] 7]E  integrated services
(IntServ) Z#| 1] ZellA AAE =2 B3twe] /i
E29 7|8k Al2glRo) 93k 7S Elsfelt

o A
M

to ol rlo

o

E Interleaved regulators
1B 1 BEO

CDT

l

[ Transmission Selection (strict priority) ]

I::___._m

il
__& {HH

—

l Class-Based FIFO System

2! 1. TSNE] ATS: IR + Class 7|HF FIFO A|2~HI[3]
Fig. 1. TSN ATS: IR + Class based FIFO system[3]

. 2 o

Min-plus algebras ¥} 2 77 19] interleaved
regulator”} 715 TSN ATSA|2~E]2] x| A7 Z )

2|7} 71%9] class-based FIFO system<] #A|AA]7F %]
tjx]e} Fdshrhs Zo] =i,
shte] Z29-9 7] sequencer (A L)E 7|<3}
=, A71A A=A, A, )= FHH A
sequence®|™ L=(L,, Ly, ... 7l ZAo]2] sequence
olt}. o5 5o dw T2 F A izl AF
H A7 Aol Aol Lyoloh Al2H SollA (AL)
< 419 sequencez}il 33 (D,L)S =% sequencez}
oL 3)& W A<DEP¥ S+ FIFO°|th
3714 v}2-2] 4712 2715 W53 function (-
£ operator) ITell Hajx] 22{s}A}.
* Cl: II+= 97! sequence (A,L)S Wholr] A7F
sequence = iR
+ C2: I+ causal 3} = IAL) = A’2bd
e A2 Ay L Anmn FFL, L Lol depend SFA|RE A
m > n) oIt} L, (m > n + D)ol dlsix=
independent 3l A’y Ayl depend 3HA] dtte
Aol F-531el,
C3: II+= A°ll W34 homogeneous 3t} = 319
o] Ak he}l 199 sequence A, Lol tsiA] 11
(A+h,L)=II(A,L)+h o]t}
C4: II+= Aol a4 isotone 3lcf. = A < A’ ©]
= 912]9] sequence Lol tHafiA] TI(A,L)<II(A’,L)
olck.
Definition 1 (Pi-Regularity): C1-C45 RHE3le
@ 16l e, A = TALRR 229 5
sequence (A,L)> II—regulare]th
37|14 II(A,L)= leaky bucket 522 ZHAlsk=
“arrival curve” % 3493k 4= Qlch A>TI(A,L)2}H= A
< dFl 5] BF arrival curve B} HA] =3l
e % glek

Theorem 1 (Minimal II-Regulator): II7} C1-C4-<
nhEshe el 3FRKPi-regular
“Minimal I regulator”+= 213} Z2-9- HZ! sequence
(A,L)2 =% sequence (D,L)=E #H3}sh= FIFO A~
glojv], ofuf Di=A; °©]3 D, = max{A,Dyi, II
(D,L)n}elek ko] Asdgicl

1) oFA Ao Agle s E2-5ell tsiA
II-regulatore]t},

2) (Minimality:) (A,L)2 (D’,L)Z HEsh= 319
9] Ilregulator?} EE n € N+l a4 Dn
> Dn.

3) 225 (AL)°] I-regulargl= 73 D=Azh=
2L EA]olt

g-regulator™9}  Packtized ~ Greedy

-

operator).

Minimal

497

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’20-03 Vol.45 No.03

Shaper™ 5-©] Minimal I-Regulator®] Z& ejlo]t}k
ZF 947l Leaky bucket shaper+ Packetized greedy
shaper®] 53k 73-9-o]ck

olAll o8] Z2-97} &35 7] sequence (A,L,F)
E Eg L oA 18] ZHelet) F2 n¥l
A HFlo] &3t Z2 o) RE T2 44 11
-Regular slcla 312} “Interleaved regulator (IR)"+=
2E Z299 &9 sequence s [I-Regulardl=3 1t
o} F= FIFO Azdelck o] Sgella] vh- 517
£2] o] A]ed= 4= ¢lr}h FIFO2] Head of Queue
| Sz FHzle] &l E2-9-2] II-Regular 71l 2
< W7k, queve Fo] e B HZS AlE el
A 71e] Al fok.gbd Minimal IRE th53 7o] A
o3 4 gick

Theorem 2: 7! sequence (A,LF)S &3}A}L
ol7]o) &3t 229 e 7H7t Hf—Regulatorﬂ- A olg]
o] gJr}ar }AF. Minimal IRE 18] 7l sequence
(ALF)Z =9 sequence (D,L,F)E ¥3ks}= FIFO
Alz=slo]n], o] Di=A, ©]3L Dy = max{AnDy-1,I1"
O™, L™} elek o714 1) nlA) sjzlo] <3k
FEgolAe] nilA sfzle] $rlolck vhgo] ARE
c.

1) o2 AHeol" AJ2Ele 7] sequenceel| THal

Al IRo]t}.
2) (Minimality:) (A,L,F)2 (D’,LF)Z WH3lsl=
2]l IR 2E neEN+el s+ D’n > Dn.
3) (A,LF)ell &3 & Z297} [lregulargle= 7
3 D=Agk= AL TAelch

Specht”} A|A&+ Urgency Based Scheduler'”7}
Minimal IR2] tjEA <] ofo]c}.

Theorem 3: 37! sequence (A,L,F)7} FIFO A]~
el S& <lglglt). dl% sequenceel] 3 2% 7}
IIRegular 3t} %2 sequence (D,L,F)= minimal
IRZ q1815lr}. &% Minimal IR Z25- fol s
A T g5 A48} ©]2i3 Minimal IRS] &3
sequence S (E,L.F)2}a. 312} S¢} Minimal IR-S

2

iInterleaved Regulator?

Q»\ FIFO

H System §
/ .

Theorem: sup(D,, — A,) = sup(E, — 4,,)
n n

2 2. [419] A olee] =Ast
Fig. 2. Depiction of the key contribution of [4]

498

2 QA A 2] He) QAR 28] suke] Hol
7(1034711'3"]' %(2?1'.%]“:} é SuanN+(Dn _An) = SUpne
N+(En—Ay). I3 2% o5 EA33E Zlolch

. Moksh= XA H& T3

15 2] theoreme| A73}7] #IalA] ofefel 22
g A 27le] W m|efo} it}

1) FIFO Al~H SZ elglsles nE 229+
regular sfjo} &l HA Avdsixpd, 4 1]
%59l H| WAE Z7)e AZle] glojok 3
t}. = leaky-bucket 52| #|=ZHolElE F3t

A3} 722 8] BAE 7ok itk oJ7]A B

sEl g2 A7k okel] 9lgle] FE-== dlolE]

=

|
2) FIFO A]2=8] S&= 2E 9l]] packet5S FIFOR

3) IR e E25E 718 2y S48 Ase
= regulate 3t} =, Ilregular®] 54 I=}0]
H (15 S0] 4 I S Hd vjaE =
)% Q9 Alsk Bdsp e

4) (Minimal IR) IR-> Head of Queue®| packet®]
EFH2S WSS X B4 AR o=
Minimal regulator®] S-4do]c}

5) IR EHZ7E wHE531= packetE<l] disfA]
zeto AQAZHE AlFE 5 Qrk ClE Eo
queue”} B]o] 3l= A3 ol|A] packete] E41&
W o]E cut-through & 4= Qi

g7 A, fleh e A0S BT i

stoda] A|dAZE HAA7E FoluA] ederhal ik,
ol AA Alz=sle] FHelf A|AA 7t st A
4

FHl A& Z71e 4= Qi weF FIFO Al2E] 2149
A 7ke] D, 54 E=2-5 o] A AA|zke
D' (D>D') 2} RS A3 & sied T=$-0] Hrf
A A7k DR Folwdrh

B oATE Bl 99 24 F 2oNS d3lsl] F
o dubA gl AEellA = $12] A|AAZE FHeHA7}L S
7kslx]  ¥erheE  theoremo]  WHEEHE Wgith
Theorem 2°l|4] #2]%l IR 7] sequence (A,L,F)
o dafix] S3k 24 glo] minimal dlt} (A,LF)<]
A Z2$ M2 [I-Regulator’} A 2]=e] g)7]qt 8}
ohd s} wlebs 9 24 F 2HS ohe) 7o)
WAAAE ole)] Theorem 47} A3}

A% oW 27 AxE2 A 2290 SRE

—

www.dbpia.co.kr



%%} interleaved regulators o] 83 U|EH = 2| A7 wAF ZH 9=

o disl-"t FIFOE RASHY) o|& “ZZ% FIFO
Alz=El7eola} )L

Theorem 4: 3} oAk Z=2%- |7 sequence
(ATLH7} “Z29 FIFO A|2~®l” S& qlglgic) Z=
% 7] sequence fi= II-Regular 3}c} o]&
£2] =3 sequence (D,L,F):= minimal IRZ
o} s Minimal IR Z25- fol] s 1T
28317 regulatedtr}. ©]21F Minimal IR &%
sequence S (E,L.F)2kx 32} S} Minimal IRS ¥
Z AA A 2wle] Z) A|AA| 7R Al SRke] )
AdA7 Y sl & BE 29 £9) n, n>0,°]
N34 supea(D'-A'y)=supia(B'-A').

Minimal IR “Z2-9- FIFO A]2~&” $2] Z[of] %]

4*1 He Z7MA71A] sbetk o714 E2-9- FIFO A

glo]at 7 Z2-9- fol] tishA FIFOS nAs)
< gtk ALE 29 o] A szl

HAZE, Dy Al2eH] oﬂxH 947, Evs IR
29

a5 3& FasiEt

Yoo

ol O mlﬂ
o,
Jm ) —[0

Proof: ©] %2 [4]9] Theorem 42] S} A}
slct. A"l so FHo AAAZRE: d=b sk
“Damper”2t= 7P} A5 /‘“71'6]]1‘%_7(} Damper+

Alzgl S2AE] 25z E ERS 9] H7lS A3
(A'+d) Aol MEUE 7o) A=olr). 54 =
% £7} Il-regular 3}chH A7} ©]v] arrival curve S W
Z3ch= 9fnlolx, wehx (Ad)e] &Y AXS 7}
A= damper®| = U3t arrival curve s WHSF
t}. & damper= 3h1] Ilregulatore]c}. (damper®]
input> &3+ 2299 7 sequence (D,L,F)o]™ d
7} Al2=8l S¢] Ftf A AAZke| B BE nell s
Dy <(A,+d)elth. damper®] Z2 AA-o] (A +d)o]=
2 damper+= 3|5 sequenceell tsl4] FIFOo|t}.)

A minimal IR, Theorem 29l 2]&lj4], t}& <]
H Ilregulator 2t} 2EAU 72 delay & H3lvh=

Flow |
MN-regular :
Minimal
i FIFO per Interleaved |::>
! flow Reaulat i
/ system S egulator
A D,f Ef

a3 3. &% FIFO A|2~¥l7} Minimal IR®] Z3}
Fig. 3. Combination of the flow FIFO system and the
minimal interleaved regulator

Zolc}k. weba] Ef < A™+d. =, minimal IR®] Z2 4]
A Alrdnrt 4 2t 3k mE 24 ol o)
a4 o]7le] A7} Theoreme] Z4%sich
=, Theorem 4°ll ¢J3l}4] FIFO X|2~glo] Z}z}e] 2
2950 halA%t FIFOS % 7|2 theorem®| A5t
t} 2he o)l Ha}x|uk o|2)gt theorem®] FAFO 2
ofefe] %ol = IRS] A8} theorem #-8o] 7}55}
Al =k
o« Z29 719 priority 2ol 2 E

7} vl = A

25 el AT Aoz $2E 2 3 A}
A
HJrEW cefl 41915 7l E29-50] Q181

£ TheRt A2E 7l sl WES T RS A
F8 5 glek 23 364 P} B el B2l
o, £1229] A ~® §7} T29 HE FIFOZ 24 3
iz vmdlele £ selfe] A Dick
T ek 7 BE F29Se dald HelH Az
DE rAZ, 7} IRS Bl A7ke x3ks
FHhA| A7 D7} slef D' W} AA ek WAl
Selli Z71aF M2E size7}, $716 IRS 533144
skslele] e W1E size hoR 3]s ok

oled 5AE o84l thiah A2 sk #]91A
7]— Ex]- J.gﬂul 4 = /qu]%l— s 011:]—,

C BEIE B AR IS $AE9 T BR
= ek
e SAIS] BRSEE BE e FEe

A shte] FIFO queueol| Fo¥ L strict priority
o7 Aelglt}. sl preemption® A-E
& 4= Sl
o F2 A FRESES ofuliel o] AHEgith
« AR 2712 M EYIE Aoste] vEAZ9
output port =~ input port ¥t} IR A&k}
HEL] =2 §]H 22 Arrival curves EE}Eb E S
Qg EEoh RelH FHHE EL UL o8
gt
HESZE T8k E25% T UEY=A JH=xE
ohvlES)T FHEET) BT TSRS shie
=3 Z=29(Flow aggregate, FA)Z 7=t}
U E =] FAx ol = FAYR queues I
3] fair queuing WHA o] ~AIET S F3Pgich

olgA Fozx RE ¥E $41<9] FAS] Ao
2| A 7S RAEE 5= gl on] FAd| 43F Z295o)

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’20-03 Vol.45 No.03

HejA A zbE BARTE WESZ QI E E Ao
ZE25 5 EYHFTENA] Held ofd MiAE
=277} S7VsARE IRS B e 3hs =2

el
V. #3124
shiel 28 (Fe BY E29) b=

A LR g FaR, o F29 i
Sk A7be] HelAle chest

D < ‘+2(9§‘ (1)

ofelell A A AMgal ot 7)Eel el
Helsieick

(D2 ovls vkt Aok Azl of2 7
LR A& Auriebe 29 AdAzke] Hjx=
Z}7+e] latency®] oll #x g W] o] M Eo
2§k Az H§E Aot} o]2gk LR A9
£4J-2 “Pay burst only once”2}3 g}, wEgE LR A]
wlel QlsiEle E257F AUAR (p,0,) 5 wHETH
W, LRAHE 5313 Folli= QIIAE. (p, 0, +O5p;)
2 weck 5 A nas ) e w27k
A AP,

714 olAH]l  schedulerzla & 4 9lE
packetized generalized processor sharing (PGPS)3}
Zhdel gl= 28l 7[WEe]  deficit round
robin(DRR)e] LR Awell =Z3H=ch PGPS9
latency= 53} 2tk

E 1. 53 7159 1 o]
Table 1. Notations and their meaning
Notation Meaning
L, Max packet length of flow i
r Link capacity
o; Max burst size of flow i
Pi Input data rate of flow i
?; Quantum value assigned for flow i
@is/ Latency of flow i at sever .5;
D, Delay experienced by packets of flow i
500

L L
Pi, r

@PFPS

Fel(quantum) =717} HFe] FHj Ao W} 2R
795 E38hes, d4bHel DRRE] latency+= v}
o] FolAle}

@P""”:% (F—@)(H% +ZL

i n=1

714 Fe Ze EEF ¢,52 Folth F& =9
19 EJIE}JLE ghtl. DRRO] F2tell tigk ApA|gt
*é = (915 Axsiet

Aol A= Al ZdY =2 & A3k
ar tﬂf‘ﬂ 2% 7/ME 2AEHE "F%E}—c IntServ
ZH|sl¢] =t vinE 93l Zhdet EEEAE A4
gl Aljkels B EEFA) 7I8E A0}
IntServe] ~A|%E2+= PGPS2} DRRO| F 74| = 3}
vs AMSHEE gk

7:
=]

I

i e

4.1 Symmetric UESZ
WA Zhdst v EYaE vadRal 28 49 2
o) HE F297L 5UT KL I, SU3A A
o AAE vIEH Il BE muis 27l o)
2748 FHEES} Slck 16709 B2gh qEEER
o] o]g,]uq o] & g/7f e xER ZHE) F W
Eeis o] F 4W7E A 2ER FHEH v
of sl o] F 2/ 22 xR SHE v
2h, 28 (Y, FUEE) BE APE ERSE2
ol T3k E=5- 7] Alzwlellx] 3 25
o] 7]z 200k ol®t 8lE L
A adefdeta sk

i)
A

Al
o

2 input ports per node,
16 flows per port,
8 flows go to the same output port

.

4 flows go to the
me output port

2 flows go to the
\ \same output port

2 flows are combined
into a single FA

Total 16 flows at the
all the output ports

O 4. B Al83t vEY = 2
Fig. 4. Architecture of the single network used for the
analysis

www.dbpia.co.kr



= RS 7 A

%%} interleaved regulators o] 83 U|EH = 2| A7 wAF ZH 9=

WA, T E25 7R 2AIE A ellA ] 2]
AZke ek, PGPS AAlE 1 7=
s b e L LT gy

! 2 r r/16 r

L g 51L

o, = Lok s (el o514 D, < Y ==
f=

B3 229 7 PGPS 2AIEY welAe

L, L
@iPGPS: g mex L £— 97 o]
Pi r /8 T

k
D=6 =2 w12 ol Ay AN

Zke ZFole EFE Melr)
A E25 7 2% Aol DRRE AL
S 98 weduA. RV ¢, = L, = Lolebn
3L wkd -=ofA9] latency”}
prR_ 1 L; -
6= [(F ¢ )(1+—)+EL”

i n=1

" EL] 461

oz A Lﬂ Ef=z4

_ (16L—1L)(
r

zl AAZFE

k .,

D=6 =12 g #2710 DRR 2
=8 Wl 0 =221/r, D, < 66L/r. ™}
A1 0|23t symmetric 3F $HHelA= T E=59
Z7]9) uhlEsle] x|edx|zke] wiskgS oF 5 9lrk
Symmetric & 73ellA+= t] oy} o]2|3k v|ES=2
7} A E A% Aol A% ABA o Weirl
c}.

4.2 Asymmetric HE¥3 &&A
ojflell = FE- 7k 5o ks

o 250
#|dA1ke] oA WSkl SlohrAl )i o
_S.Z__EO_O,] 01]7'5]:0 2 il-i]"iﬂ"]' EE“?'J]' {f—%ﬂ = i

n rr

3
-5 BAslaA) ) Z29-0] Abe el AEse
(rate)7} 555 U B Zellx 2] Al 7te] AR}
= S 283 webA 29 49 B} E25
o}, e E=5o SHEe ok shtel SRt 2
HH«I Al A4 s ket ) o] 7
< Z29 Ek ~AEE w1 A A7

_% T, r=9p,0ln] PGPS 2AEE A A
0/ =10L/ro1¥ D, < 30L/r. 5§ F2%- 7]
PGPS 2AZE=] WAlelME r=9p,/2, o,=2L

0P =11L/2ro] v

[~ o

o

p =7 +§]@ 2L el FA A1 2

123e] 15w 7}& 3t Aeg HAlh A E
25 7HF 2A1E=] WA ellA DRRS ARS8 7%
= wesuatl Hot ¢, =27, = 2Ll sk rﬂr
2 shie] Ze9e] ek 2Loln o] F ZTESE
Aolsid 2% L AR FoE spxich uﬂraw
F=18Le]c}. ol ZEofAe]
O M =40L/rolmR AA| VIES=ZS] AAA7FS
D, < 120L/r. 5% &2% 7|9t DRR ~A1E% 1
Al M= 3 diak S2971 43 FAS] A9 s
o2 FAQl 2wz AHI}L 0=291/2r,
D, < 48L/r. DRRE AH438h= 7%= FA A|2El9)]
Aol Al fslsict F 7 2AlIEY B o]
218} asymmetric &+ oAM= 53 F2920] =]
o gkal#sle] z|edA7ke] WshEE o 4 gick

Asymmetric §F 3H3ol|H= e E29-9] 3413]-] Z]
o3 A]Z}o] Minimal IR-S E3}8paiA] ik =
of s FrE deﬂ et 2]edA]7te] 3}‘%-4 Lﬂ
E9F AAA ok oS B 5 9ok 18 5
¢} 2+8 multi-domain Y| EY =S w23k}

2570 PR v B T50] AAE ]
2 F297E Al N ME]AE Adehar 7Rk
RE MEHIE TYE 54S Rz gtk
Minimal IRS AvpdA] FEgA} 2299 o %)
Axzte] vlEH =] A|dA7E Helx| = Ak w2t
4] asymmetric 73 ol A] p; =r/188 Z2% j9 A
A7t FH S 2lolr ]

N Z2-5 7IRF AR whAellA 9] 9] F) A
AAZRe Wgtglen S3 SR 7 2AE W
Alef|x] 2] Hell 2|dA7RS 8hd, PGPS A& Q)

A4 0=l =10L/r o]uf

max

D;=D,,, < 39L/r. wetA Al A U E]ZE 53t

O\

Total 16 flows
per port

R

2 input ports
2 output ports

A

latency”}

a7 5. Be) vEgaE 2y A4 vEga 7x
Fig. 5. Architecture of the multiple networks used for the
analysis

501

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’20-03 Vol.45 No.03

B 2. Az HeAe v
Tab

able 2. Maximum delay comparison

Flow-based FA-based

system system
PGPS, Single network 51L/r 24L/r
DRR, Single network 138L/r 66L/r
PGPS, Sergle network, 30L)r 2L
Asymmetric flows
PGPS, Sn}gle network, 120L/r ASL)r
Asymmetric flows
PGPS, Th.ree networks, 90L/r 7L
Asymmetric flows
DRR, Thrfae networks, 360L/r 243L)r
Asymmetric flows

dh= deie A]AAZE H A= 1170rele) 3 &
2% 7]ul DRR 2A|ZE vlAle|Ae] o) z]oﬂx]ﬂ—

S FalRak 0 =24 /ro1n D, < 81L/r.
2hA] st 2] A AI7E #Hi=])+= 2431 o]tk 753}5
Aelshd olelle} 2tk

V.2 B

R oI Fol|4+= Interleaved regulators V| E$ = A}
ool wix|ElaL MBS A QlellA= 57 E=-5 7|4t
2AEHE ¥ —i‘ﬂ 3 F297) o8] vEHaE

A W= e BAER AAAZRe] HWAE B
3= Wk AAERAT

WA 71E qd-EollA A A% Minimal interleaved
regulator”} FIFO A|2~H2] X|AA7t =& 52|

A Eths o] &S F3sled, FIFO §4°] 714
2gol|nt 85 = A2HleA e g o] 2o] "I
<+ FH3lednk o velr} oleidt “E=-9- FIFO /‘V\
gro] shte] UELFA 4 Qlvks AE Aljlskw
Minimal IRS V| ES 2] Y Eo| F3la}], Lﬂ
AT E25E T3 2AEE Y EA=
A e Wk AXEith FAH RS %-u

nol' il

250 g7t vE =S (JIHEE ¢ x FHEE
o o w AAEBR, Fazk Tl ] B %‘E
of 7|k 2~AlZEE] el vl&l 100~1000¥H7}2k
L7h ol 5 Qlek A EAE BElA o ;L
of| A Alkgt & At 53 FE5 7k Al 2=H)
9] Ad5°] 7]% integrated services (IntServ) Z#|3]
AZedA AARE 2 Hatwe] s E2-5 79k A
2EH) B B8 ] v ] A B
95 Falsidck

j} mlm

1::N o

502

(1]

2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

References

IEEE 802.1,
Group Home Page, http://www.ieee802.org/1/

Time-Sensitive Networking Task

pages/tsn.html
IETF DetNet Working Group, https://datatracke
r.ietf.org/wg/detnet/about/

E. Mohammadpour, E. Stai, M. Mohiuddin, and
J.-Y. Le Boudec, “Latency and backlog bounds
in time-sensitive networking with credit based
shapers and asynchronous traffic shaping,” 30th
Int. Teletraffic Congress (ITC 30), 2018.

J.-Y. Le Boudec, “A theory of traffic regulators
for deterministic networks with application to
regulators,” [EEE/ACM  Trans.
Netw., vol. 26, no. 6, Dec. 2018.
C.-S. Chang and Y. H. Lin,

framework for deterministic service guarantees

interleaved

“A  general

in telecommunication networks with variable
length packets,” in Proc. 6th IWQoS, pp. 49-58,
May 1998.

J.-Y. Le Boudec, “Some properties of variable
length packet shapers,” IEEE/ACM Trans.
Netw., vol. 10, no. 23, pp. 329-337, Jun. 2002.
J. Specht and S.
scheduler for time-sensitive switched Ethernet
28th Euromicro Conf.
Real-Time Syst. (ECRTS), pp. 75-85, Jul. 2016.
D. Stiliadis and A. Varma,
servers: A general model for analysis of traffic
scheduling algorithms,” IEEE/ACM  Trans.
Netw., vol. 6, no. 5, Oct. 1998.

M. Shreedhar and G. Varghese, “Efficient fair
queueing using deficit round-robin,” IEEE/ACM
Trans. Netw., vol. 4, no. 3, pp. 375-385, Jun.
1996.

L. Lenzini,
“Tradeoffs
latency, and fairness with deficit round-robin
schedulers,” IEEE/ACM Trans. Netw., vol. 12,
no. 4, Aug. 2004.

Samii, “Urgency-based

”

networ in Proc.

“Latency-rate

and G. Stea,
complexity, low

E. Mingozzi,

between low

www.dbpia.co.kr



=/ 5 225 7MF 2A1 593 interleaved regulatorS- ©]-8-3F V| EY = XA BAF ZH Y=

(Jinoo Joung)

19921 2<% : KAIST Azt
3} st

19943 89 :NYU A7|HA2
33} Master

19974 8 :NYU #17]xzl&
313} Ph.D.

19973 10%4~20051d 294 :4¢
AR F3ed

2005 3U~3A A S FHASA B
e

<AlEel frAdEal vES =, ait]= Al2E)]

[ORCID:0000-0003-3053-9691]

[=)
S =T

www.dbpia.co.kr

503



	통합 플로우 기반 스케줄링과 Interleaved Regulator를 이용한 네트워크 지연시간 보장 프레임워크
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안하는 지연시간 보장 프레임워크
	Ⅳ. 수치 분석
	Ⅴ. 결론
	References


