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ABSTRACT

A tactical network needs to categorize flow by every application service with the aim of achieving military
priorities depending on the importance of information in operational employment. The flow-based services make
different network congestion control depending on traffic, and it causes to happen to different queuing delays and
packet loss. In this paper, we proposed an algorithm to dynamically optimize the parameter of flow
queue-controlled delay(FQ-CoDel), which combines queue management and scheduler, to ensure the quality of
service(QoS) of individual application services and to manage network congestion control. The proposed method
of queue management reduces queuing delays and advances the timing of queue stabilization as packets are
dropped at an appropriate time. The proposed method of scheduling has the advantage of prioritizing particular

flow or fairing the entire flow according to the purpose of the algorithm.

# AT Tl TAT} AQske v Aeue] FPIEND T L JEAE Gaeway 714 AT A Aoz Sapsg)
%Url (UE161127ED)
First Author : Ajou University Department of Electrical and Computer Engineering, sogloomy @ajou.ac.kr, A

oz,
ﬁ

Corresponding Author : Ajou University Department of Electrical and Computer Engineering, jkim@ajou.ac.kr, %413]<1
* LIG NEXI, Korea, choonghee.lee@lignex1.com, %]<]; hyungwon.park@lignex1.com, *3]¢1

** Agency for Defense Development, Korea, dhkwon@add.re.kr

F=rHE 1 201910-237-C-RU, Received October 21, 2019; Revised November 8, 2019; Accepted November 12, 2019

2260

www.dbpia.co.kr



= vESE £ $1%F FQ-CoDel mi/fW4: 343} el

I. M

M

Al =IZE v E
= gl w2t HHI’\ 4 l AA =) A vE
A3 A= AREALe] EfFe] F7Itel wet &
Fb 3ol wiwisA ARl VES = £t A
e XAz A S 2 she, AgHE A7E el
B I~ R e
QoS(Quality of Service) R Aol °38ks Frl 3
ZE R flEl ARES AeAeRE T gEt
(tail drop) WA]o Az|Er}. Fak 2ot WAl ol
A7 F7ro] dolsls wi7bA] Thsdt & we A7le
Adstar, el 217 g7te] fs wl vl =Ashe
e 2 G, o} A5 A 4] 2
Hhshd v EL T Eatwr) —7}6}1 2E TCP
Aol Aol =2 A|A ®rk w3t Edd] 5.5 Lo
A s ke BEAEH ik, UES o8
-8 SHelA Aee] A3k o]zl’t wAIKE 3§
Z3}7] 218l AQM(Adaptive Queue Management)2]
A oAe] diFEA. AQM2 T Wi-o] oS FH
alo] EAkS o538t 'RlEhe daregelH, Al
o ehpEfellA] ARSE AL giek S Wie] oFe] AR
ZIph Exte] WhAsleltiaL el Setar ehpEl R
dE= Wzs A7IEAY v F/] A AR o
AE reoflX AFES Fol E4E I8I=E gk
Aoz ol dlolelr} ZP%'i A& A HZ
7)8}4= FIFO(First In First Out) W13} 77} o} 29
2171 Aol 2ReElellA Tl dlsiE= HRE TEH
© 2 ¥7]5= RED(Random Early Detection) ]
o] slck

71E AQM darE]Fo] T i Ale|= ke R
A A e sizle] AA| el w2 ATt
<+ 3Asld J7E FHelshs  CoDel(Controlled
Delay) 177} A7 Algk=]ar 9lrk. CoDel Z2 &
F-& Fzlo] Ffol AlF3H= 2|9 %ZKsojourn time)-S-
Akste] B9 7] EA41E ellddich AER A]9dA
7ol 715S W= 73—% ?r—% Fe=re Hzle H7]7
t}. CoDel &i22]% =71, 5 2718 A%,
3 AME A /K]7]— olB 2| A7k} 7S vy
o] F5i%0]7] wlitel] thefgl el AdE7]
Lo)5la, BEAIA FAF A A7k BF 2 Qs
odrct e AdEe WAl M ERES i
7P Agksicia ARG FQ(Flow Queue)-
CoDel ZREF-LE ALE212] QoS L7ANRS- 31036}
7] sl 2255 Fejsl] $13F WA S 2 CoDel =

}n
p

—(N
m

Jo o

2EZ 5 ot A AAe] DWRR(Deficit
Weighted Round Robin) &~7A1E 7|H-S 23t v}
Alolt}. FQ-CoDel di2l&d v E=frjrt 4B
5 AL, ZF A B Sfel] 7]E CoDel ar2]5-S

Ag31e], Qos H4ol e F4 Ale] Aulzol A
shepa,

A AN I 8 A wet B MRt
o, SAmHL, JJr°a/‘:JT“ﬂ/‘] 2 Af 5 v’k §
& ARl Al A o) w=gE 2R 284 AR
Tk wet FAF PAEE D—J d3b7] S8k =4
o7 g Au|arit 2295 53 280t sl
Anbq o w 3§ Afu|mpe} B?‘f}% Erfje] &4
o] thE7] wjtel] ‘3110151 &5, A4, A2 5 Aol
T UEZ SRR T SleiAle e S

g 502 Belshe 7o) st @) 3
J AL Tkl 88 Anlert EAlshe s 3
oA Alle] QoS WARE WlES)Z ExbAels
#1511 FQ.Cobel sl 2842 2l
Jobsha 1 RS gk} B e
Ghos) A2 T4 24l 712 FQ-Coel
R L E PR RIS RES
243he Akaich agelris AReold e ¥
218} 5A oA ARE wit)

o]-'—7

II. X|¢AIZE 7[5 AQM 7|E{Q| D7t MA

CoDel ¥ar2]&2 #|dA7ks 7|HkeR E23)]
ol 58 7] A|AAZF] target delay 3he ©]8-
3lod F R AkA A AL
43led  AAe] gdle]EH= RIEE  AX
FQ-CoDel &i2]Zellx& vf gle-= Aoldh
o4 A== 2719 <Fal quantum FHE O]B“F}O‘l
S 25 ¥ 7525 ZAg) CoDeld} FQ-CoDel &
72)5-E A3 RFC Aol dntel v
= A4S 713 target delay, interval, quantum

o] 71l == e vkt 2ol sk

ZAA3}a, interval S ©]
3

pil

0_L4

25

rulm

- target delay : 5 ms
- interval : Z7] %t 100 ms, thS- 7] Elo]n % 54]7/1
#H7] 3l52] AlgZel whHsle] A= 7
- quantum : 1% %k 1,514 bytes, o]t MTU(l,SOO
bytes) + 3T{(14 bytes) Z7|= A

A MEZ B B Eee) o
WETe] 22 go 98 QAT 52 Teistel

2261

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-12 Vol.44 No.12

7%} target delay®} interval 33 AT 87} 9l
ek olsh TI 27 5 A= W0 b

8o M RN BRE TRl 2 T

= Kulatunga®] 17779} 3)2shs v/l gk =
Fop V=Sl 736 o] H3H e Msfshs
Yeo] ol ¥z paEc) Kulatunga®] ¢37+= 24
HENZ 3 ellA] WETH AM-ES Fola,
A AAZHE Agkslr] $18F target delay} interval®]
Z3rS- 2= Zlo|th v ES = 3o wisl= Aksat
o} v R 23S AEA Zletolsly] witel] AA
B4rh ek Sl gk Yoo 2 TCP 4
A A0S ol &sjo] S ALK WETLE o,
TCP F25 4 el Sl=ul Alol|E Tl
UESH= A3l Wl TCP goodputs 2| ehs}stnd
CoDel A2:19] ST 1] el Al RTAE
WSS target delayE A 35}sle] =& Yeo
A= v/ F target delay shFab wEslkar 9l
om, TCP AL F2$ ¥ FEala Aezthe
Aleke] glet

II. Mosk= FQ-CoDelQ| ZXa} A

B Aol A% o we} V== E4 9
Ar]2 Adsol 43S IR FQ-CoDel] Al 714
Mg AgHom HAsshe A WS W
Aoz AT

o

3.1 target delay il’“ﬂ

Zlo] tel| qlsi=l= A1
o] A7k i%liﬂ ]E’G]u— 6”"’} Hle] mi= A
A7k A3t B3 2|47 target delay @

] ?s]-q_ o:]:rLoﬂ /H = x<& E/K]u]—oﬂ /H aﬂi:ru].

B S R MR

o] vleize) =7] s} B AQA ¢, & o163

o] B AAALE 9 o] AL AT 518 A

& 7] 20 4,2 4 ()3 o] AN 5 9]
o}

ﬁtar_qet = C(1+ tt(Ll‘_L/Ct) (1)

Brarger e THIA A2] 7hsE sliZ9] ot 518 )

AXZNE arfdle] 5 AP rlssilar eldE=
71| ko] ghog A=t el Fof v &
297} Q141%E= FQ-CoDel ZREZo|A] WES=A
ol wel 29| target delay e Z2A = v

2262

£ Yeo AN T} o] Akl ek

t =3{16CN (N, — O — CT, )

stable,s P

A (2)= VIES = 3ol we target delay2] ot
A WHele] HIgES epdch of7|A aEEhe vE
A= L BEF7 S FE ¢ 2259 N, A
g AAATE T, HA FE 5 Aol b, & 2=
Hz A7 =25 )\ 7} sk 4 (2)5 FQ-CoDel
e el Ag3pr] flaiA Ed Al Zefel
43 BE S22 Y% target delay 3 ARSS

7}7‘45}% target delay Zh AH|2 Sl S92

Alxkgiet.

ts: min{ma‘x{tmin’tsluble.,s }’ tmax.s} (3)
t maxy?, .
opt min, M

2
target delay®] & Wehllan, 4 (4= 78 E=29-
2] optimal target delayS “FeRdlc}, G=2]ollx] AR5}
= FevlEE E 1o vepd 9lom] Auas FEls
sell w2} 7hshe vl NoF ¢, otk
toe o =29 49} EI-CER(End Instrument
-Customer Edge Router) A|1A|7ke] Fo2 Akl
o} 7 Z2-9ol A== 29| target delay= 3}
gt vlaste] HSphs AR

E 1. target delay #H3}oll AMS=]= vi/fS
Table 1. Parameters for target delay optimization

Parameter Description

W7 ol %

AMIZH 2 sollA] ERS

I % interval

A7 34 7l #A target T Aol
(Brin = o Jrtmin))

Ao Hx 8, & 2k A7 =A4E

T s} #9147

End Instrument-Customer Edge Router
dpr-cer 2| A 7F

target delay 53k

Emin

7y Auls Fef|2mollA] target delay A
e %}‘-(tumx.s = N, Xdg czp)

www.dbpia.co.kr



T/ UEAZ EAE

3.2 interval rate 7‘<|7&1§}

FQ-CoDel ¥12]&2
14 7Fsest 7 Aok
A& sirlaks 2o
7 EAE S
ol weh 7o) EAkE 2 QPgsh Aol G Frk

1) =Y 1n) =), :ﬁ? 5)

T2} (5)= 7| CoDel are|Eel4] sfzle] 7]
== Atk n dF 7] 35E e, 1(n)
= A7 A7) 35l 2 A7 H7] interval & e}
ek, #2 A7 A7) AL 100 ms o, £k 7]
A7 A2 3l A7) Slge] Alell vha]este]
A& Al dubH 0 2 CoDel YE|Ee W&

oly

TRkl =g dzle] ARl Aste] o4t A
2lA7ko] H] o] oR Frlele WAE Csl]
Slal ARt wiebA 2l 7] Ade] =efsieizt
= 718 dzle] glebd A H71A =3, v
Fp=gh o] MbAsie] vE=Z7} vl ExkRE
il l e A AR /‘124741] 71eEet A&
d7]alok et o Fo] A2 WETAIeE 7]sk
FHOE FHlo] Ftel “‘011 717 ST

e AskE o1t mebx QlslElE szl o=t
HES]=Z 2ol whet Al43t 5 ssh= H?SH 4
T AellA HZLE d7]she daelse] 2 }E‘r

A kst= HW% Hz A 7] AAellA &4
WA FE Golste] A Eddge °ﬂ#’6}¢ ot

& 7] A AP

Proo.j

7’100,1"—‘:‘ F25 jollA Hx 7l d7] A4l 100
msel] F7]E HZle] 5 Hehick g = A @)
o4 =23} optimal target delayS 2] (1)l o]
slo] Ak §4 s’k 7o Heolth 4 (6)2

oo A B, ] el 2l EAL vl et
et
’yv
o = [TéJXO.l @)
100
L= 5555 ®

T (D2 45 AT H]%i w58k optimal
interval rate Xl—r@]l’/l— Al (8

optimal interval rate®|t}.

3.3 quantum &5}

FQ-CoDel ¥ae]&e Auls ZR9vir) =24
g 5 Al FE AR AREly] 98
DWRR 2A1%8] 9hAS- A8} gl A4 A%
oflA] &8 Afulzplct *Jél?‘f& QoS 8-7AKkS WA
37] YJellre 2% ¥ 79l quantum 3ES A
AshA Hufaflo} gt} FQ-CoDel 2 &S ol
quantum} 2|AA|7ke] PAE Ao AolshH ot
+3 2k

o e, ©)

T (9= FET oA BE A7ls Aske
283 F AAAEE IS5 Frelth ¢+ quantum
@ pw,,_,% Jt Ale] =271, = FFLe] Jigelch
2E Z297} RR(Round Robin) ~A| &7 wlrje g
1 3] XHE)EE= 2L round 2 A )3k, 2|7k B

¢+ round 2 8tc} quantum ZAFol|A ARSI}
rlEl= & 20l A=Ee] glrk 2 dFeli= 4]
9)F o]&3td Ao wel 7 7IA] quantum %3}
HRALS Alokghet,

minimize 7, (j is the best priority)
subject to Y ¢, < E (10)
j=1 =

output * ¢, = q;

T 102> 54 E=25 5 2 ARk A
A3} Aole}. BT rw Tl ARl 2
E 2. quantum 333}l A== e
Table 2. Parameters for quantum optimization

Parameter Description

4 Z 29 jollA] A=+ default quantum
g Z29 jollA] A== optimal quantum
n; E25 jollA Asfol He AR A
Pagsi F25 A 3t A3 27

r; Z29% jollA &=+ round

k Rk k°l]/‘1 E2S F (k=)2N)

2263

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-12 Vol.44 No.12

1= optimal quantum ¢ 5 ©]4-3}e] BE 7S A2
3= 2 23} rounde]r}. g WY round°ﬂ/ﬂ 2] =
+ quantum 32 fAIBPEA 54 E25-0] A7t
= ©EAAI

n
minimize Ly = 3, —rf= [, —r; ), =)
j=1 :
subject to V7, < min (7’j) an
Cn e My
output : 7, then calculate ¢, =q; = e

7

BE EFEA HFAHRE v

= Aadx ]7}‘*“ #aslele #A 3t
A = 2T ERPellx AE S+ ol
L1 norm< vehditk B 7 3= default quantum
s °]B-?'f}°4 o]l 23} round K} Zrolof 3131 round
# 4-3}3l= optimal quantum #LS ZHETh

3.4. FQ-CoDel M4 &m2|&

7]& FQ-CoDel> 58 Au|~ 4 vEY= 37
7} FetA wAE el E ARk wbd Ak
3= FQ-CoDel=>- -8 AJn]2mlr} Aboldh 74 4|
LAARRS 837 Sl 7PE AR]eiet =2A el
& st gefrlelE Ao R A-83ke) Aol
2]& 1< target delay, interval rate, quantum "§7i*
_/,: ﬂz«li]_e_ o]ﬁ_z‘f} ] jﬂ FQ-CoDel S| 7;]] el i]_o]u].
ch 2 FEsEich 3 HA gl
/H‘C‘ target delayi Au| Fels 92 Ak,

- S92 Akl 7 aﬂ A
ok R8s rhe) 81§28 9

SRS b
£ quantum- 74]/&{?}‘?}. dE]E 1904 k= AT
E292] 7i5E vehick

c

Or_&

== 2 7

interval rate—

272|1F 1. #-23 FQ-CoDel ¥2|&
Algorithm 1. Adaptive FQ-CoDel algorithm

Algorithm 1. Optimize ¢ I .(n), o

“opt> Topt

1: Procedure OPTIMIZE t,,, ,,(n), q,,

2 Inpln: a ]Vs’ 7;;’ )‘O’ pm:g,i

3:  Step 1.

4 for s = 1. max(service class) do

5 Calculate optimal target delay t,, by (4)
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Table 3. Structure of FQ-CoDel for performance analysis

Application service Number of flow
Highest Assured Voice 4
priority Assured Multimedia

129 . 10

(1) Conferencing

Lowest Short Message 16

priority Non-Assured Voice 22
I~

=4 Broadcast Video 12

E 4. A 3
Table 4. Performance analysis environment

Parameter Value
HE77r =7)(B) |24 Mbps
Assured Voice = 1.4
Assured Multimedia Conferencing

WEFZE ap] | =17

E# 9F (a) | Short Message = 1.3
Non-Assured Voice = 1.5
Broadcast Video = 1.8
s TE | A=B*a § Folg HEE A

o%“:
’:é

=
23]

3 He*o 714> | 5,000 packets

Assured Voice = 35 ms

Assured Multimedia Conferencing

= 35 ms

Short Message = 50 ms

Non-Assured Voice = 35 ms

Broadcast Video = 50 ms

EI-CER #|2iA]7}

target delay
53k
A3} A|edA7E | 100 ms

5 ms

2] ghe). 2<% (Lowest priority)+= 37F4] 58 AfH]
2>(Short Message, Non-Assured Voice, Broadcast

Video)Z U= 2]t} AAR 725 vlglo g A

E 5. target delay®} interval rate %3} A58 Az}

Al 5 AAskar, 2 ket
drEE 1& E3 °*°ibﬂ geprlels A4k
FQ-CoDel =Z2EZS gkt AlEH|AS
MATLABS.= nga}l HAZ= VX EL o] %
gk 7F 88 An) el s dshs F2-94= DWRR S
2 ZA4slar vpx|eholli= PQ(Priority Queuing)?} 2
T 5 2AEY 1S ALk AeEE
A7 37} Fellele F 49 2o} 7 3-8 An] e
A W57 U] 1.3 ~ 1.8 wjel Fold Bx e E
g o] TAFHE 7P gL BTl QsiE=
o] 3t 27]% 1,000 bytes 2 7P, Z29n}
t} F QlglEl= izl 5= 5,000 N2 AR =
o] of2 A7 P2 ]Ik, FFle] lsixa
ﬂﬂﬂ: A7k ms w2 gel3lt) EI-CER A|<14]
7Ee 7)Aol A] shte] SRl 3k 3k et
A,

42 ds=M 2n

3 5 daEF 1elA A A TS ks A
Folr}. 7]EHMAL target delay} interval rate 2|5
7V 2 5 msH 022 vAH 3 ARgslda, Algk
wpale 28 Au]| s g W E = 37l w2} optimal

~=

target delay®} optimal interval rate 2|55 483}

ok Al 7P AdsA ] Aol vt Ak

- 7= A S R el 21sd= 5,000 7R )
T R o] FE el |7 EAlE = 7l
o = 5
T QHSE A 5 mE djzle] Hak A|dAzE o]
Y el AAE o3t AdoR sdgkel] B3
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target delay | . PRI R AR T kA3 AA outdated HZ +
g (ms) Y | interval rate #|2 (ko) (ko) ko)
Assured Voice 5 0 1,492 5,000 1,594 (31.88 %)
Assured Multimedia
712 | Conferencing 5 0 2,045 4,997 1,765 (35.30 %)
H}FA] | Short Message 5 0 1,292 4,963 1,346 (26.92 %)
Non-Assured Voice 5 0 1,668 4,909 1,866 (37.32 %)
Broadcast Video 5 0 2,253 4,997 1,949 (38.98 %)
Assured Voice 5 0.4 1,651 (+159) 1,845 (-3,155) 599 (11.98 %)
A ézfl‘iizgnzg“med‘a 5.18 1.0 2217 (+172) 869 (-4,128) 357 (7.14 %)
B2 | Short Message 5 0.3 1,445 (+153) 2,574 (-2,389) 662 (13.24 %)
Non-Assured Voice 5.82 0.7 1,891 (+223) 1,117 (-3,792) 452 (9.04 %)
Broadcast Video 6.64 1.0 2,381 (+128) 1,125 (-3,872) 375 (7.50 %)
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