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Traffic Equilibnum Based on Multi-Agents System in Active Network
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Abstract ATEC ( Active Traffic Equilibrium Control) is a nechanism which control network performance based on multi-a-
gents system in active network. ATEC combines multi- path routing with resource allocation, and based on equilateral perform-
ance strategy, realizes balance of network traffic and bandwidth resource, so that congestion can be avoided or reduced, and net-
work performance can be improved. In this paper, implementation frame is introduced, including arithnetic, general model, de-
sign of agents and cooperating model. Finally, a result of simulation is given.

Key words: Traffic Equilibrium; Multi-Agents System( MAS) ; Active Network

, TCP , ,
4 [ 1] 1 ! !
[ RFC 3272], , , ( Active Net-
work) % 1994
/ DARPA , -
’ ( B B ! ’
) ) i)
[2 6] [3] , ( Active Traffic Equilibrium Control,
ATEC)
ATEC
Intemet (7] 20 ATEC ( Supply Bandwidth) ,
: 2004-05- 31; : 2004-07-17 ,

(90204008) ATEC ( Active Applica-



228-

tion, AA)
ATEC

tem, MAS) ,
gent, SA)

2 ATEC

[13]

(1)

(2)

(3)

MAS

2005
DARPA (o1, U ,
ATEC
( Multi- Agents Sys-
( Software A- , , :
, ATEC 1
T ——— T A B R R o ST
ATEC % ;Tt,ﬁ}g?ﬁf‘gﬁ ;;T 1 By 1 (JERFSE W oo i P W
=2 J TV:L —C - -sum(ﬁ';) A =W
, w T T 7 sum(C %ﬁgé% Z'Ki{ﬁ{n?”mﬁﬁﬂ
RS v W W S T e
U O A== _
T I, ):"j" | ]
i e T N 7 s v
1. [Avg_m= sum(n)/n
E] a_W'A‘v r g—() e (o
g =il R G T
IoVEn T =
— T L
= o] L I W=I"/Avg 7
]
N ~ o
‘ﬁ;ﬁéﬁ >
o 4 Iy *
H-E K ol 9E 2 % LAk T
R i [ R e P LA R
' 1 - 5 P ==
, =G G e N G =070
- Y
T 1 TIERH
! Arg_q:i It o |')
Hhes A W IF >2.0 THEN W:W+[Z‘f2(_?1)-sum(1x/)]- 0]
1 IF u<0.5 THEN W=W—[sum(W)- Z“:(g) ]'suj(/W)
1 ATEC
, - W
. ;O
; Q ; AVg_q
, , a
'n ; C
3
3.1 —_
, ATEC ,
(FHow) ,
, , ( Intemet IP )
ATEC MA
SA , :
, (1) ( Traffic Distribution Agent, TDA) TDA
, , TDA CRA , SBAA
(2) ( Supply Bandwidth Allocation A-
, gent SBAA) TDA
, , , SBAA CRA
, (3) ( Congestion Restrain Agent,
CRA) TDA SBAA
, CRA



229.

ATEC
2 ATEC , SA
; SBAA
) TDA , CRA
; TDA
3.2
ATEC SA
ATEC
Agent ARCHON™
ATEC SA ARCHON ,
( 3
ADE pwpar J0ET NGRS
L] I e ) |EEER—EEm |
(-i_ - _.th: 1ISBAA {SB-A_:\S‘?J e . ; ﬁﬁﬁ}’ -_fil_%”'ﬁﬂ é’f/l:ﬁ:ﬁ‘iu
HIDY o oy FDEE e
A | VR | B ol Bk
v o PEES AT - ] ] ; .
e gy anpord | [0 [ | o

Bl 2 ATEC 1 MAS S8

LKB
SA SA

ARCHON

3.2.1 TDA
(1) TDA
TDA

K13 ARCHON {& &5y

(
)
MA
SA
( )
SA :
SA
ATEC SA
MA
SA
( SA)
SA
, ATEC
SA
SBAA

, TDA

CRA
, TDA

, SBAA

DEAL_WITH_TRAFFIC_ EQUILIBRIUM

DEAL WITH_DOWNSTREAM_SBAA

SBAA

DEAL_WITH_LOCAL_SBAA

SBAA
SBAA

DEAL WITH_DOWNSTREAM_CRA

DEAL_WITH_LOCAL_CRA

GET_NODE_DATA

)

CRA

CRA

COMPUTE_DISTRIBUTE_PROPORTION

SET_SENT ALTER

DISTRIBUTE_TRAFFIC

TDA

SBAA

DEAL WITH_TRAFFIC_ EQUILIBRIUM

SET_|

Suppy Bandwidth

Output Sub Queue

SENT FILTER

(DEAL_WITH_TRAFFIC_EQUILIBRIUM )
. (] J

3

GET_NODE_DATA

Input Link Ouput_Link

|Input| |Capa(:ity| |Sub Queuel |Capa(:ity|

(N []

J

|
(DEAL_WITH_DOWNSTREAM_SBAA)
| Output Link |—'| Supply Bandwidthl

. [] J

1
( DEAL_WITH_DOWNSTREAM_CRA )
| Readjust Supply Bandwidth |

. L] [N J

T~

(COMPUTE_DISTRIBUTE_PROPORTION)

|Equalizing Queue Delay Strategyl

.

(] J

I

e

DISTRIBUTE_TRAFFIC )

|Pr0p0rti0n Input l——l ()utput_Sub_Queuel

|

END J

Kl 4 +ifig DEAL_WITH_TRAFFIC_EQUILIBRIUM

(2) TDA

TDA
CRA

SBAA, CRA
LOCAL_SBAA,

SA SBAA,

SBAA

Name: SUPPLY _BANDWIDTH_INTEREST_FOR_SBAA
Data_Narme: SUPPLY_BANDWIDTH



230-

2005

Condition: NIL
LOCAL/DOWNSTREAM CRA, CRA
AVERAGE = QUEUE _ DELAY _ OUT AVERAGE _
QUEUE DELAY _IN
Narme: QUEUE_LENGTH _INTEREST FOR_SBAA
Data_Name: QUEUE_LENGTH
Condition: NIL
Name: SUPPLY_BANDWIDTH _INTEREST_FOR_SBAA
Data_Name: SUPPLY_BANDWIDTH
Condition: NIL
DOWNSTREAM_SBAA,
——AVERAGE_ BANDWIDTH_UTILITY
Name: THROUGHTPUT _INTEREST_FOR_SBAA
Data_Name: THROUGHTPUT
Condition: NIL
Name: SUPPLY_BANDWIDTH _INTEREST_FOR_SBAA
Data_Name: SUPPLY_BANDWIDTH
Condition: NIL
3.2.2 SBAA
(1) SBAA
SBAA TDA
( ), TDA SBAA
: SBAA :
TDA , SBAA
CRA , SBAA
DEAL_WITH_BANDWIDTH_ALLOCATION
TDA( TDA, ,
QUERY _UPSTREAM TDA) :
QUERY _UPSTREAM_TDA
TDA :

DEAL_WITH_LOCAL_TDA
TDA , TDA
SBAA : TDA
DEAL WITH DOWNSTREAM_SBAA ,
GET_LINK_DATA
DYNAMIC_ALLOCATION

FEEDBACK_SUPPLY_BANDWIDTH DYNAMIC_AL-

LOCATION TDA
5 DEAL_WITH_BANDWIDTH _ALLOCA-
TION
(2) SBAA
SBAA SA TDA
TDA , SBAA
TDA .
TDA
SBAA TDA
Name: DEAL_ WITH_LOCAL_SBAA
Input FLOW_ID
Results: A set of SUPPLY_BANDWIDTH
Name: DEAL_WITH_DOWNSTREAM_SBAA

Input FLOW_ID
Results: A set of SUPPLY_BANDWIDTH and THROUGHTPUT

3.223 CRA

(1) CRA
CRA TDA
, RELATIVE_CONGESTION_COEF-
FICIENT
, TDA
CRA
DEAL_WITH_ SUPPLY_BANDWIDTH _ READJUST
TDA( TDA,

QUERY _UPSTREAM TDA)

QUERY _UPSTREAM TDA
TDA ,
( )
GET_LINK_DATA
COMPUTE_RELATIVE_CONGESTION COEFFICIEN

READJUST_ SUPPLY_ BANDWIDTH

FEEDBACK_SUPPLY BANDWIDTH
TDA
6 CRA DEAL_WITH_ SUPPLY _BAND-

WIDTH _ READJUST

DEAL_WITH_D()WNSTREAM_SBAA‘E DEAL_WITH_D()WNSTREAM_SBAA'E

J:W [ Output | [ Supply Bandwidth | J:ﬁ_' [ Output | [ Supply Bandwidih |
s 7 7 ? :
¥ ¥
ﬁ% DEAI_WITH_BAND %% DEAL_WITH_BAND
A WIDTH ALL()CATI()N m WIDTH_ALLOCATION
C 3 >
]
GET_ LINK DATA GET_LINK_DATA )
Flow_ID Flow_ID
Input Link ()uput Lmkl |Input Linkl Ouput_Link
/’ J
QUERY UPS l DEAL_WITH_ L()LAL TDA QUERY UPS DEAL WITH_LOCAL_TDA
(LREAM_TDA | Output Linkl Supply TREAM_TDA ()utput Link | Supply
Bandwidth Bandwidth
? J I J
DYNAMIC_ ALL()(,ATI()N DYNAMIC_ALL()CATI()N\
|(,()mpute Resour( e Utility | | Compute Resource Utility |
Alloc: dte Bandwidth | | Allocate Bandwidth |

7/ ~

3
(FEEDBALK SUPPLY _BAND WIDTH) (FEEDBACK_SUPPLY_BAND WIDTH)
L END ) L END )

&5 FifE DEAL_WITH_ Kl 6 Fifig DEAL_WITH_

BANDWIDTH_ALLOCATION SUPPLY_BANDWIDTH_
READJUST f)&5fa k3 n

(2) CRA
CRA SA TDA
TDA , CRA
TDA , TDA
CRA
TDA
Name: DEAL_WITH_LOCAL_CRA
Input FLOW_ID

Results: A set of SUPPLY_BANDWIDTH and QUEUE_LENGTH
Name: DEAL_WITH_DOWNSTREAM_CRA



231-

Input FLOW_ID
Results: A set of SUPPLY_BANDWIDTH and QUEUE_LENGTH

3.3
, MA
SA
SA ,

3.3.1 TDA

(1) DEAL_WITH_DOWNSTREAM SBAA TDA
DEAL WITH_DOWNSTREAM_SBAA SBAA
HPA  Re-
Query Interaction , 7
DEAL WITH

FIPA Re-

quest Interaction
(2) DEAL_WITH_DOWNSTREAM CRA

DOWNSTREAM_SBAA :

guest Interaction  Query Interaction

AT TUHE AL
| m™A | | sSBAA | TDA

Request Supply Bandwidth :
SUPPLY BANDWIDTH,THROUGHPUT) Query Provision - :
Supply Bandwidth

!_H: T Refuse I__i fefuse
[ '
i

-l-l-i

. i —
i Failure u .\
- Result

| |_- Result |_|'. i

Agree
Agree ©

Failure

K7 AYERR DEAL_WITH_DOWNSTREAM_SBAA

3.3.2 SBAA
(1) QUERY _UPSTREAM TDA
SBAA )
TDA ,
Query Interaction , 8
3.3.3 CRA
QUERY _UPSTREAM_TDA CRA

FIPA

TDA
Query Interaction

FIPA

4.1

RIP  ATEC

: MA ATEC

[12] IP

, RIP ATEC

, 1Mbps,
10Mbps
kWA P
SBAA TDA -
| Query if ; )
al )
- Refuse I:ID«. )
Agree . .
T & 7 I‘S--. .
l_\-:-_ | ] .
| |_| ailure _ [Agree] ., o
i Inform:t/f C - - O—RIP T 5
Result - et O—éJ%C F 3
(SUPPLY_BAN[{IDTH, + 1. =
THROUGHPUT) :

K8 QUERY_UPSTREAM_ K9 Mg TNA]

TDA )& 1EEAY

4.2
RIP , : 10( a)
(R3- >R1,R1- >R2,R14 - >R16,R5- >R7), ,
ATEC
: 10( b)
ATEC (5.7s) RIP(7.
24s);  ATEC RIP, ATEC 250s
(1s ), RIP 400s
8 A RS2 Mt
Zol R TR g6 g e
o4 ; sty o 4 Ly =g
Sof AN s E2f pfie
=0 £ e ity ' i
0 120 240 360 480 600 0 120 240 360 480 600

] (s) HEBAZERT ()
(a)RIP (b)ATEC

K 10 JCi T (a) 5 ATEC (b)HIEEREPERERT L

, R5 - >R14
RIP , RS - >R14 R5- >R7
- >R17 - >R16 - >R14 11
(a) , 11.9s , 100s 400s
ATEC ,R5 R14 ,
( 12 ) :

>R7- >R17 - >R16- >Rl4

>R4- >R3- >R12- >R11- >R14
>R7- >R10- >R8- >R6- >R11- >R14
>R7- >R10- >R8 - >R12- >R11- >

R5- >R14 _1:R5 -
R5- >R14 2:R5 -
R5- >R14 3:R5 -
R5- >R14 _4:R5 -

R14
16 —R5->R14 12 o :2::{{:::;
12. \ o . - —=-R5->R14_3
& e =8 - + == =R5<-R14_4
.;::f 8 I,l . = I|ll.. .-:--,m_
=) 4 " -_- H4 £ R
060120 240 360 480 600 060120 240 360 480 600
A (s) BFE] ()
(a)RIP (b)ATEC
Bl 11 el il (a) 5 ATEC (bt REXT L
11( b) :
8.28s , 100s 280s,
R5- >R14 , ATEC



232-

2005

RIP

> R14
RS -
RIP

RS -

>R13 R5- >Ri1S,
ATEC
RIP

ATEC

12 RIP ATEC
ATEC
, ATEC

ATEC

54.4% , RIP
48.2% ;
RIP 6% 8%

4.3

, 1, 5,13, 14,

18( 9

, 1
100s 150s 180s 250s
: (TCP)
, 1. 5Mbps 2. OMbps , 13

5,13, 14,18

—_ ﬁ[l}l;(, N 6000000
£ 50000000 L  __. o

=,4000000 RIS
1€ 3000000 s

| ' 2000000 . .
r.

1000000
Lo .. R _ CL
0 120 240 360 480 600 0 120 240 360 480 600
ATE] ()

Al (s)
Bl 13 LU A it 671 £

— Rl

— DN WA N
S oo oo
1

TR SIAITER (%)

12 RIP Y5 ATEC M7 58
TEIRA XS H

RIP ,

ATEC )

, ATEC

(1)

(2) :

(3) :

[1]

[ 2]

[ 3]

[ 4]

[5]

[ 6]

[7]

[ 8]

[ 9]

[ 10]

[ 11]

[12]

[13]

) ATEC

aj Jain. Congestion Control in Computer Networks: Issues and
Trends[ J . IEEE Network Magazine, 1990: 24- 30.

Nelakuditi S, Zhi- Li Zhang, Tsang R P. Adaptive Proportional Rou-
ting: A Localized QoS Routing Approach[ C] . Tel-Avio, Israel: IN-
FOCOM, 2000. 1566-1575.
Qingming Ma, Peter Steenkiste, Hui Zhang. Routing High- bandwidth
Traffic in Max- Min Fair Share Networks[ C]. Stanford, California,
USA: Proceedings of ACM SIGCOMM’96, 1996. 206-217.

Peter B Key, Graham A Cope. Distributed Dynamic Routing Schemes
[J] . IEEE Communication Magazine, 1990, 54- 64.

Israel Cidon, Raphael Rom. Multi- path Routing Combined with Re-
source Reservation[ C] . Kobe, Japan: INFOCOM'97, 1997. 92-100.
Guoliang Xue. Optimal, Multi- path End- to- End Data Transmission in
Networks[ C] . Antibes, France: ISCC’00, 2000.

J Saltzer, D Reed, D Clark. End- to- End Arguments in System Design
[J] . ACM Transactions on Computer Systems, 1984, 2( 4) : 195-206.
D L Tennenhouse, et al. A Suney of Active Network Research[ J] .
IEEE Communication Magazine, 1997, 80- 86.

Jonathan M Smith, Kenneth L Calvent, et al. Activating Networks: A
Progress Report[ J] . Computer, 1999, 32-41.

Larry Peterson, Yitzchak Gottlieb, et al. An OS Interface for Active
Routers[ J] . IEEE Jumal on Selected Areas in Communication, 19
(3).

T Witrig, N R Jentings, et al. ARCHON-A Framework for Intelligent
Cooperation[ J] . IEE- BCS Intelligent Systems Engnieering, 1994, 3
(3) :168-179.

Spyros Denazis, Alex Galis. Overview FAIN Programmable Network
and Management Architecture-Draft[ C] . 2000- 2003 FAIN Consor-
tium, 2003.

Raj Jain. Congestion Control in Computer Networks:
Trends[ J . IEEE Network Magazine, 1990, 24-30.

Issues and

(1970-), , , '



