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ABSTRACT

Service Level Agreement (SLA) is formal negotiated agreement
between a service provider and a customer. Today, the importance of SLA
is increasing continuously on the telecommunication market. In the SLA
contract, QoS parameters that specify the quality level of service that the

service provider will guarantee are included.

SL A monitoring, one of functionalities of Service Level Management
(SLM), involves monitoring the performance status of the offered service
and provide relevant information to the SLM system. In order for the SLM
system to verify whether the specified QoS parameters are being met, SLA
monitoring system must gather performance data from the underlying
network performance monitoring system and map such data to the QoS

parameters.

In this thesis, we propose a formal mapping mechanism between
QoS parameters in SLA and the network performance metrics in the
network access service. And we propose a general SLA monitoring system
architecture that can be used to monitor service levels for various services
offered by service providers. Finadly, we introduce POS-SLMS
(POSTECH-Service Level Monitoring System) implemented in the
POSTECH gigabit Ethernet backbone network.
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QoS M HES BT F A7 fAsid= 2 seugel g 2y
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WorldComA}F2] Private Label DSL (Access) A H]2~of #3F SLA oA o]t},

7k ol A" 574 5 2L QoS v HE #d FAIHQ] AY
52 3o FH 7= g
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| FAE AdE e TFAAQA AT Sl
= XH W =3 3JHo
=2 Fm ok 1o =70 T X 170 o
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Service Name: Private Label DSL (Access) SLA

¢ oS Netv ork Netw rk Dat. Mean Time
Pare neter Availi bility Late icy Delive "y To Re store
Guar inteed 24hrs-Premium
Avg. 99.7% Avg. 30ms Avg. 95%
De jree ¢ ° g g ° 48hrs-Basic
4-hour intervals
Mea Lrin for 5 4-hour intervals
9 A month . for 5 consecutive | A month
Pel ods consecutive
days
days
From WAN From WAN From WAN
FromDSLAM | . . .
Mea urin 0 interface of end | interface of end interface of
g user (CPE)to | user (CPE) to end user (CPE)
Pc nts WorldCom’s
. WorldCom’s WorldCom’'sATM | to WorldCom's
ATM switch . . .
ATM switch switch ATM switch
: 10% of the 10% of the 10% of the
Cr dits 10% of the MRC
MRC MRC MRC
Measuring M ethod
Net vork | ( Total Number of DSL Circuit * Total minutesin Month - Total Minutes
Avail ibility | DSL Circuit Outagesin Month )/ Circuits* Total minutes in month
Thetimeit takes for 64 byte packet to traverse from the WAN interface
of acustomer’s DSL CPE. First measurement is the NMC-to-CPE
Net vork network delay by PING test. Second measurement is the NMC-to-MSC
Lal ancy network delay by PING test. (NMC-to-CPE Delay - NMC-to-MSC
Delay) /2, NMC: Network Management Center, MSC: Metro Service
Center.
D ita A minimum of 100 packets per measurement to ensure statistical
Del ver validity. The average data delivery is then calculated as the mathematical
y average of all measurements
Mea Time WorldCom is committed to restoring DL S service within certain periods
of time based on the severity of the problem in addition to whether
ToR =tore

single or multiple clients are affected.
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Al AF ] Fetstet AsstE ekt TM Forumel| A A3k SLA
management Handbook[3]=> SLA®S] xk# <l 7id 3 &7 TOM Model&
NEoz A SLAS AAFeR EAsa FTEI JAS EFshe
SLA #& Jpol=gRglolt}, of7]A Adtal = SLA ¥ Vs ES
% 2 8 Zo] THAR U] AW 5 lviee)].

| Business Level Management |

‘ Service Level Management ‘

| SLA Creation ||SLAAssessment|

...... |SLA Negotiation | | SLA Reporting |

Customer

|SLA Provisioning | |SLA Maintenance|

| Customer Interface Management |

Network Level Management |

2 SLA
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M A2 AlER EE ARgRel webd SLA BEE
e g,

SLA Negotiation: AF-&2}= SLA BlZ3 o E0(7}= QoS Iz}

e ofe b ARAFES AEATE Aok NEe B4
o AUz AFAEIH Y4 sl 48T Uk adn
SLAE AMgS W Auls AgAs dvke WEe AR
AQA, ALEAT Qabs SLAS wE AEE B AAEA

of #& PP o] @AM o] Fo] Xt}

SLA Provisioning: AH|2 A FA= AR} AlokS WS A
% MPLSY F+= Diffservs e 54 A

g9irs o] 8 4 Stk BEE AubEQl IP Agds ARE-s
JoFs & AATM Mu|=E AT F 3

L5 UEYA AEES T5sh= 31S SLA Provisioning B

SLA Monitoring: 5212 QoS 3&tnEEo] 2 AR Q=
71 Ay HE o] SLA Monitoring®|t}. Alg 7HAlskaL ot
Z

=
e AEsk WolAA 59 ¥y s pow mma)

o

25 oldete] SLAE EAFTI SLA WEE A5 A
shal b7t Uzoll a AlLE FEolA AFEE 4
SLA Maintenance: 7+A] 3}
AstE A gk o] = r

5 AAshe EEolth. =84 HESYA 4 HE AR
o] "3kx] AA3Fe] SLA ProvisoningS 23 4= QJth,
SLA Reporting: AF&Atell Al Al U dFetu|E S B
HY & 435 ALSA oA ¢85+ F2°] SLA Reporting]

.
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24 ZUY9 SLA #E &£FA

ot 7714 7le Toll dF Fe HAAE E3etiA SLA e
= XP%@r 2 FFs) 5] f% SEEZZIaOWES SLA #HE &
(Service Level management Solution, SLS)o|H &4 Aoz &5
A A o}J_ N AFE 2AHE o5 Y. Ciscoworks2000[5]
Al SLSo|t}. sl tlHlo] 2ol Service Assurance Agent (SAA)E
Management Engine 11102 SAAZH-E 7[A|1l o+ AHES Rol F+
Jolt}, o] F X9 FAS SNMPE o]&3tt). 18]al Service Leve
Manager= SLA #E]E 18 &3 vl A=A Management Enginel1109]]
A XMLE ZARE ®rol SLA #EE sk B ol AlolAelth
CiscoWorks2000> U E Y agentE H X} 29-H S tjnjo]x o

au rlo

o] SNMP agent®} #-2 agentE A X5l A2 I rHES BUHY
A sl AAE EEFdhe WHES AMEste EF Aol o]¢t &
HP Openview NetMetrix[6]¢} 72 AFE52 Yty s EHIE 43

A UESIZ HEUAE HolEHE Rof #A5ta AMEAES dA
gy FEE Agsts 5ot 1glal AdEZetol= UEYAE
3 o=y Aol Mo SLSEX: Aprismadl SLA E% #y &£FA4
©] SPECTRUM[7]Z} BMC Software A}¢] PATROL[8] A%+t =17
Compuware A} EcoSCOPE[9]7} Ut} ol& 247 AREA7L ARE-sh=
AW dlolEfro] e} e FAlE o EEAlolAE EUEH sta v
EH2E SAHSE d o] &3t ol BT adzl SLA #HE AY
st7] gk Aol

12



A

2 98 AolER 295 9
=
=

25 HEHZ EHF EYEP A3 A+

HEYA Au2E A3 o UEYAS e i ZYH
B vt vt HMEYA 7so] wdsty] A AetAAAREH A w7t
A UMENA BUHP A #3 A% AE Ho gtk AlRHoE Y E
A2 EWY BEUHY Y ok AA AM7EA=E AE B B H Y (Active
Monitoring)[16, 17]3} A E. E U ¥ & (Passive Monitoring)[17, 18] 7] 3L
SNMPAgent[30, 31, 32] & ©] &35t WAooz vt

251 9HElB FUEHFH HY

HE] B F B T (Active monitoring) 21> NPMe] 573 #tS 8t
i AE e HAE & wals AXsta sty HAE mAlA
e Xow dAG HAE g7l
Ao MEYNAS FEE ot Wl H
o HxAAE Fotr] fsiAd A
HEE sj7ls AN BRulle H3 ol
A o5 Atolo] AIZHH 7
AzE el AL = = HAS Al AFeAu, NTP(Network
Time Protocol)E Al-&3le] 57|13} 318, 20]. NEIH RUYE Ho A=
574 HF ol 7|zte] A A= F¥E Ak tiEAQ] dHE B
UHY Z2 A E=ZF Surveyor[19], RIPE NCC Test Traffic[5, 20], PingER
[21], NLANR AMP[22], Skitter[23]5-©] ATt 3% 3 2 o2 HEH FEUH
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¥ ZRAES 9 A BRVFoR vla BAY A% Ho Frh
Sur reyor | RIF = Pin( ER AMF Skitt r
1w 1-w
Mesas Ireme i Y 2-way ) Traceroute
delay & delay & : 2-way ping | ..
nt ping like
loss loss
Time 3ync. | GPS GPS NTP NTP NTP
us, .
, Coverdl |US, New- | America,
US, Asia, | Europe, . .
Locat on SIX Zedland Asia, NZ,
Europe New continents | (N2) Europe
Zealand P
Mess Ire Basedon | Every 0.5 | Pingevery | Traceroute Hourl
Fregu ancy | request sec 30 minutes | every min y
Data Upon Upon Available | Available Upon
Avail bility | request reguest online online reguest
NSF, NSF,
Spon: ors NS CG DOE NLANR DARPA
‘ DARPA | Advanced ’ ’
Internet 2 CAIDA
3
Surveyor= IPPM 7] OFo2HEH UEYT HxH~ #AH
EE5S Jtog st PR AHY AR HEUas Yot
zzAE % obAlel, §¥ S tgew HiE 448 7F

oty AA H= s T
& 3 2lth RIPENCCE 24 A3t Surveyorel 7ol IPPM7]HES] wf

EeEg 243D S TRAEC L £2 FHolY FRUAS FHeo
YEYT Egd e mUHY W&i ahar gtk surveyorshe] kol A
e 8o 9g u rh} ZHsE Ao] okl osxkvitt FrlHoz
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=A%t o] Atk PingERS Ping End-to-end Reporting®] A2 2ok
AU HAE] AXWHAES 543517 S IEPM[45]9] ZE A Eo]
th 30l A FHEF Pingd Ao AFEEE AZEOQ] PingERS Al
Al o= 3ol Yol A Folgtd s dil(end-to-end)e]
Wz 545 JhsstA o= RS 7FAa 9tk NLANRY
AMP(Active Monitoring Programming)[22]¢} Skitter[23] H]5=3F &-%2 7}
e dEHE BUHAYS 9% Z2AESon A wely 4 T}

59 AGEo] ¥ 3 % go] A thach

Al B B U E ¥ (Passive monitoring) WA WEYAE AUty =

e dPES mEE A ol Autds drles Fob HE
93 FEE ol olth AL WAL dEn wWaTHe W
Fale Edg glo] At d2le ¢ aYEE Hn 24s
7] wiitol o AAARJ WEYA ZHE 2dE F Utk AV U E
Az BT tf&Fst 2 W vz u&std mE g7ls 3
7 ofgia, #4 Aok s dlolEsl UF wop dud Axgow
= o] T =8 AEY YRS AREIUY f9 FAlES £
Folunt AT & QAN AkF VEAL Fu sefolehs A
o A7) gET 9 AR BUHY PYo YEAD ded &
&7 ol9o vE TR UESI HEWE WEHESES EAs S
B34 ol gl

A AANE EUHY WS AMEets ZRAEZS d2es b
3t 2o A5 HoF= Ntop[24], Cisco 2+-5-H 2] NetFlow >-Hl

[e]

& w5 g8 A WEYA AEHES EAsE £9 FowScan
[25], CAIDACIA Al&sts RUHH &5 /s 93 LZEo0]
CoralReef[26], 772 #A=2] Waikato 3Fe] WAND[27] = A E  NLANR
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°] PMA[28], Sprint2] IP-Mon[29], f-2]1}2}2] POSTECHS] WebTrafMon
[18]3 #}7] M4l NG-MON[67]°] Uth. & 4 = 2 79 A2 =

HY ZRAESS Ha Adysta dvh siAE By Yo A3Es
T2 a5/ (Throughput)©]t}. FlowScany} #o] 54 NetFlow x9S v
ol QIE AYE st A% UAAT Lo Aol HHEss F
sk ARk E¥ (raw traffic)< S

Qelom wolEel. o| A9t AT
=

‘;\‘_—é_

E )|
doF st Ed o] o] Hol AXEgonto

<

T

Sprit NG-M DN

Nt Flow 5 Coral Reef
“t onsean ) ~or IPMon | (POSIECH)
Raw
: _ Raw .
Inj ut Traffic NetFlow Raw Traffic , Raw Traffic
Traffic
NetFlow
Packet
O :put Throughput | Throughput | Throughput Trace Throughput
Lir k <<100 <<155
<<622 Mbps | 10 Gbps 10 Gbps
Sp ed Mbps Mbps

Hardware+ Hardware+
Sao ution | Software Software Software
Software Software

Sa npling | No Yes(device) | Configurable | No Configurable
Ar Aysis | On-line On-line On-line Off-line On-line
4
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AAE BUEZAM E O nedok s AF Fol s A
Zyfegelth. MY 4 B EdHS BE o EHAL 09
EEHe ARG oA WA eI Holte Edge wE
e O e ol Aoly] WEd AEIS Fo td mEA
2 248 = o

25.3 SNMPagentE o] &3 ZUEH =Y

SNMPE 2 UE T 9o tufol~2E5S miyAHE 3 uf A}
s ZEEZot o WESA ol FHE tnle]~E <l
71EH 02 SNMP agent7t 7= o] QlojA] 1E50] FAlete AHE
By 73 JEL A Ao EdY JRES RUEHY & $x 9t

rr oo

¢ NPM ¢
. .
. . NPM
NPM
.
.
SNMP a¢ ent * e NPM
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53] RMON[30], Internet2[31]t} A+to] MAWI[32]s 2] Aol A

SNMP agent® AH&3h3 Utk E 5 = 9] A7k wuEe ) o
§ g wde W s olde] B Aol B Rl 2
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QoS H#uE gt VEYT HIEHA wjEY

o] Aol A= NSPe} ISPHA A9l SLAC] Had QoS u}Ebv]E
Meta ol5e 24 2 ugsr] a4 Bad yENL =9

a2
7 U E H o A2l NPM (Network Performance Metric)oll th &~ A sk},

QoS stetrlEl@ ALgAEC] Wi Qi ANzt 9F FE oy
EER
T 1=

S & QoSE EAsti Q= A9 oAFE AREAE 7] 4
Fote 7les 9mgtH3]. QoS ThetnH = Al B Z~of mhehA A H
25 Alste GA AREAbel webA debd o glar, ofo] et
SLA ®HE3 <o W&ol &kt TM Forume] SLA Management
Handbook[3]ol 4= QoS WelvEES A A7Fx] FHoz FE3lo]
A gk,

o

_4

QoS

IPLayer IP packet loss ratio, IP packet transfer delay, IP packet delay
variation, Availability, Throughput, Utilization.

ATM CER (céll error ratio), CD (cell delay), CLR (cell lossratio), CTD
Layer (cell transfer Delay), CDV (cell delay variation).

FRLayer |FTD (Frame Transfer Delay), Availability, FLR (Frame Loss

Ratio).
xDSL System parameters of Bit rates (up and downstream), Reach,
Layer Crosstalk, Radiation.

6 QoS

715 &A% (Technology Specific) Ttetr|H & §-& TGAE AUl =&
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Adatr] 913 EYA AMHl2= 73 389 ggugEs 9|t
A YEYT AMn]2 7]E 2 ATM, Frame Relay, xDSL, IP AH] = 5
theFst ZH kel gk Qos dErE &2 & 6 ¥ 2t

QoS

Call connectivity, Attenuation, Noise, Crosstalk, echo,
Distortion, Delay, Propagation delay.

Image quality, Character error rate.

Noise, Crosstalk, Stereo channél interface.

Call completion rate.

7 QoS

(Z
r
=2
x
E
[>

= A (Service Specmc) dluEE Y EY T AN
¥ QoS H#HHE ofw| gttt 7}t
o] -8/ (Availability)3} 2124 (Reliability) 5 ©]
goltp, AMujzo #=-siA FH AAE dE8 =
. 713 Au) ] YA g B ES Y]
2 fell 8 AMul=o Vlsdes gy FE AHE
= 7o g YedE serHES 9u|dth dE&
& AT F fle ATE Aulxe F4 A5t
ojw]st7] wii-oll AMH|2~ B A ZF (Mean Time To Repair, MTTR)o] 1}
22 AlZF (Mean Time to Restore Service, MTRS) i A{H] 2~ A}
7+2 (Mean Time Between Failure, MTBF)E-2 SLAG] 2lo]A
QoS 3yt Eolt). o2} o] SLA Management Handbookll A
T AH2= AlFAEo] Aol Alwsles AH[2= SLA AE Al F
QoS FHHHIHES A= AAstL rh =& A8[Ze uhebA
thekgk Qos dtetrE Eo] EA1E = T

[
I Mo

|
ol
w2
WS
~ ij,;i ) ofo
®E ooy
. > Hu
I
fui)
mm
_\‘-‘Ll
!
é

o

B
o W o I
~

RS
(o]
-

i,
J|m

L

o ff o oo oMt mf dd M X O on
%, o = 2
T e
>~
> £23
2L
= 3
X
=
[>
i

an
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B Lo A= TM Forum¥} =+9]9] o # NSPS} ISPE o] A A|sl=
SLAE FasiA Qos stetwlg o] AWkl olE 2% 33 o] Ay
ST

<« Availability

- .3y Delivery

QoS Parameters ;:.' """ » Latency

.. & Bandwidth
~. 4  vTBF

€4 \MTRS

3NSP ISP QoS

Availability:= 7}&Aolgtar 3t Mu|AE A&t AAx &
wjrtet RS 7Hs Rk 7ol o -5 dEhd= stete|E etk o] Avalability
£ TM Forum®] T4 AmolAs ARgAbEo]l 7P dal Aojse=
QoS FHetw| e etar Awelar 9t} Deliverys AEAdS ow|aln] A~
5 AFE3l ddhe AR e dete YAdA debt FRe &4
glo] e 7hsd 7Fe] o §-&5 ou|gth Laency= A A oE AR}
7F AEl=E ol &s] BEE 7IHd glo] AET F ATt AR E
oln] gtt}. Bandwidth: AF&A7F YEY T Hu|~22 AL o &g g
A A o= HAEE AEE F U=7HE nlstE Aot MTBF9
MTRSE= flolA Aweh =9 o ot AAl= ARl Al F a3
7153 Aulz 5914 g E = MTTR] obd MTRSe|th. dfubatd
AREARE T AR 2ol FA7E BAYES o Au]s AFATE dep Rk

O AHAS BPEEA B4 2] HuE O Ausd BAE g
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Rl

Ag 7 S el U]

o

32 HEYI HIEHAx

HEYZ Hxds njEE

SLAS] QoS HerlH

;\19] s _‘%;g 7]

BESE

=ie]
==
==z O

= UE]_
J}gﬂ_ 1

= 7171l &

A n} gho] Aus A8 A
o},

1
R

27 A & 5

W=

Group[34] °14 A <e NPME o] Aglstar Atk

CAIDA Metric Woi <ing
Group

IP Performance Metrics Netw rrk
Working Group

Latency
Packet Loss Percentage

Connectivity (RFC2678)
One-Way Delay (RFC2679)

A=A el T

(Network Performance Metric, NPM) ©] &t
BAst7] fleiA Al E = UEHAD AT
3}l = QoS dEMEE
HYES A HEWs HEZo| o HLro
FEoR AAAE 7HE BW 4 5 dvh £ 8illAM =
Working Group[33]34 IETF[55]2] |P-Performance Metrics (IPPM) Working

o] & AAAE 7t

CAIDA Metric

Throughput One-Way Packet Loss (RFC2680)
Link Utilization Round Trip Delay (RFC2681)
Availability

8 CAIDA IPPM Working group

CAIDA Metric Working Group®ll A 2] 3+ NPM< IPPMoll A A o] §F
E7 NPME Eoe F0 Atz olt) o & 5] Latency™ IPPMol A <]
Round Trip Delay[38] X.t} dubx o g o] Algsl= Sojo|t}, 18y}
Connectivity[35], One-Way Delay[36]1} One-Way Packet Loss[37] & = 4| H| =
of webA om = wiEe] & & Slvh dF 5] 7be= Z9eE
28 o= 2T gEA AAEHY] dEel 54 EAACd s AH 9
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. Connectivit
4 Availabiity ==Y Y

A Functionality

...y One way loss
;.-¥  Loss =
. '... B I
. 4 - ‘_:: » One way delay
A “.)A  RTT delay
4 Delay variance
3 ...-w  Capacity
U Utilization ’.--.,‘
Bandwidth
Throughput
4 NSP ISP NPM

NPM ] Availability?} QoS 3}l v € 9] Availabilityol] = ¢F7Fe] =}o]
7} 2tk QoS IEhnE 9] Availability:= AR AE A A & wf wirl 1
MUl =5 AR & dE7te] AFE YedE oREe NPM Y
Availability:= 2] <1724 (Connectivity)? WE A tjujo] =9 7]5A]
(Functionality) 2] gt} Losset Deay:= & Itz |7l A rs}
A AAdE ousty IPPMolA = & U AlR3Fed ). Utilizations A
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V. QoS H}&tn el ¢ Y ES T H¥XdA wjEE S vy

poed
rir
Z
T
<
lo
1T
o l
o,

74] o}‘ﬁ QoS J%E}HIEFJ%A 4741‘2 A+

& Aol ARE AAsts Aol F ols A
It MES| A RUEY WSS o83t SLA
oAt LElAl Zhzhel Aul wit QoS whEH|E 7k
A= oj"d NPMo] QoS et ElE ot dl 2

A3 2= 9l Wyl wi= sl 42

©

=4 AH adga =4 7|17 == SLA agentd] FF TS A4S
Tt} o} 7] x4 29] SLA agente] & F = Application agent, System agent, Traffic
agent, Network agent= 7o) A Al Z}3t}[12].

2 omRolAE oA AWe ARES a#EiA skt QoS I
oo sty e o8 e NPMES o3 A7l AS 54 w3
(Measurement mapping)°l 2t A sttt of 7o 54 NPM #S 3l QoS
gepr g o] SLA 7t A& ¢ AX=E ks 7] g 37 4 %
AT A7l I 7 wid (Evaluation mapping)el et gl o] /o
2 AulAaE AlFsks o 9o SLA AS Hrtsly
o

M & oo o 2
e
DY
i
i
o
ol
| K
Z
T
<
tlo

- o

_

41 NSPs} ISP BRI A ] QoS THmE sk NPM Zhe] w]g

AH] vkt AR A7E A8k QoS dEtwlE E o] thEY] wite] o1
o vtk AlEE = A g G A f@v 1" 55 NSPSE ISP
QoS Tt H & NPM w3 oAlE& HolFa o). zhzhe] Fhepry ¢}
NPMoll ¥k W82 oF ol zpAMs] digong Faustes gt 5
3] 29 5ol A 7= Au o] 59420 genEEQl MTBFeF MTRS

Ol
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E NPM Al oE4S & ol 54 NPMS FA8kaL vt &
A7y HARE W A w 7x Aees A A4 MTBFS}
MTRSE #ad 5 = Al T4 A< st g E0]7] witoltt.

s

}H

Connectivity
Functionality

Oneway loss
RT loss

Oneway delay
RTT Delay

Delay variance

Capacity
Bandwidth
Throughput

Utilization

5 QoS NPM

i AT QoS et El 9t NPMZEe] g disiA =4
3 (Measurement mapping)@t 37} w3 (Evaluation mapping)] 7+
el A Aolatex vk 54 wjgoldt ©@e3d] QoS I EE st

0 Bad NPMES sk 2ol ohuel dE NPMS ofu @
HEYT ZUEE WS o]&ad o'l =4 A HA Adujzle] =
g 7Ibs BFE AYske As ovdth |7 wig 2 QoS et E
g SLAS adder Hrh & s #HUF A A As v
s AL eu@th Pk vgo geldt o] HH NPM @S
A3kl dd Qos FetnlE 7t SLAS B =AY RS ALE
A7t 7] Ae FAR S T
Qa s
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(Availability)

NPM

Availability ,

SAP (Service Access Point)

SA% = 100%- SUA%

(Delivery)

NPM

Packet Delay, Packet Loss

100KB

Timestamp

SAP

number of lost packet

~ total number of test packet

x 100 (%)

9 QoS

(1)

Qa5
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(Latency)

NPM One-way delay or RTT

4 64KB
Timestamp
5
SAP
> RTT (mseg)
total number of RTT test packet
(Bandwidth)
NPM Throughput, Utilization, Capacity.
(Capacity)
, (throughput)
SAP
10 QoS 2
Qa s
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(MTRS)
NPM
NPM
SAP (Service Access Point)
NPM NPM
(MTBF)
SAP
11 QoS 3

® 9, 10, 1152 Z+7Fe] QoS IEtvHE9 SLA EAS 913 ujjsg

Ao} a5 BojErh. 4F wiE FA2 SLASE BASH] 97 dwkA
S xshstg. 53] 7 A FFY wE 4™ F H7F ufsgel A
(o)

=
SLAE Aoz #Hyb g 4= 9= H7l 2] (Evaluation Function)

574 AMul=9] Qos dEm|E vty dwkdtelal o] sk HAS 4

=]

Mo rir o oX
=
ofo




o] Hox= HF e AHEst] 5A Aujzo] A7) B
o= dubd el ono Al QoS IHebr|E e NPM 7He] w3 S 423}
staizl gk o] =AEE T B = oA AAE FA g
F7r wig o] F4A wisg MES Al SLA EYEE Al ~EA &

ar | [ {rn2y P
q2— —+{n2, N3} <
a3~ . gnay
a4 ) ;
QoS Parameter

“ns.n6y | L
NI5M Evaluation
Function

6
a9 62 dnkARl vig WS HAYd s ol&d Hol
At 2ol wig e s dukst shr] fs JE Q N, ES AI7HA
S Aottt 8% Qv 574 AHlz=e sdst= QoS detrE &
ometar Jg N NPMES Haelth HEY Ex H7F 255 Bof
= Hgolth eoll A UERE A Zo] m(x), n(x) F7HA & F ol
m(x)©= =74 "8 (Measurement mapping)S Vst n(x)&= H7F w3

(Evaluation mapping)s °| 7|3t} B3k QoS S HES Stk 59 T
ool NPMOo R wigd & ovhe S HF QoA Ha No #HA%
2N (Powerset of N) ©.2 7}= a4 oz o 5 9la 7Hzhe] NPME
S B7F 2] e ER g JUF FAo R wg A AA o
% QoS e E H7F & 4 e viEe d AAS vEhdal 9l

o)% W7t vel FAL Aok FRe R wrel eddd AT

d
i

Ay

\.4

£y

_



g vsgol A arefelof & AMRS 1 7ol A9k

il
ol
K
o
)
2
>
rlr
%

N
NPM
(N1,N2,N3,N4
H | J K
Monitoring Method] [ o . ] [ o . ] Agent Type
[ (AP.S) Monitoring Point | | Monitoring Period aa na ta. sa

7

=74 visgoll M= el Qos W HE $13 NPME Rhe 274
st Aol olYyel XUE™ W (Monitoring Method)S 9 E] B/ A] B
ISNMP agentE ©]-&3 ZRIAE AAsta EYHPET $1x] (Monitoring
point)¢} EUYE{® 7|3+ (Monitoring Period) 123l agent 3-+F5 (Agent
Type) AA &) oF st
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of ZolX WEST 4% F4& AT ATES s A 2

stoll A Agketar e W S50 weljA FAlA o ®m ol QoS
S 7L Ao o2 F8h7] fall AFEE= NPMeo] mig il

ols] FA3} W o] FHo|H AAE= UEYI He SHS Y3 o
g 7HA] HHES ol&s NPMS FohAl €T

51 UYEHI A5 S #d g9 71+

Internet2[31]+= W|=2] 2001 7Ho] Wiet=3 AbFA 1eja ZH7)

A By A QIEHl sEdt o AloldES st
A3 F5 ATFE 9udt) o] T Internet2 Measurement Working Group
[46]ol A= F=2 ZAt) QB B2l Internet2el A €] QoSE  E. 3}
9%t AP AEYH FHo] AL w3y Qul. B2 Ao YEL

A s FA4d% 7]9sa Atk Internet2i= University Corporation for

Advanced Internet Development (UCAID) 2}al &= vl Ao A ==&

AEg Fasa Qo

National Internet Measurement Infrastructure (NIMD[47]= @A 2] 3
A AEIAS] HESA o3 SA JdZHEEHAE T75617] 9
3 AZE O] AxEoHA FAd HAA TZZAEZ ou|dtl. NIMI
T AT o] Mo TEA E2E= NIMI Probetts =4 A
HEY S4 AAS FAsty AEE s AZE o]z FAE )
th ¥ SAsaA st dEYIL Ate]=7E AXItkal i NIMI

AE] FH &S ntgoz AAX] HEYT FH] 75
SIEE A=l gtk NIMI ZZAE= Nationa Science Foundation
(NSF)[48]°l 4] ¥ A]Z}3le] & 2]+ Defense Advanced Research Projects
Agency (DARPA)[49]o| Al 1S whal Qlt),



National Laboratory for Applied Network Research (NLANR)[50]+= NFS
7t Adshs 1o UEND #4S ngs] 98 w9 2FY @
4ol |8 A+ 7l#elth. NLANROI A= vBNS[51]9F 22 €h7d ol A <]
&9 YEND dAUely aeln By #4223 PWE
-3kt NLANR Measurement and Network Analysis Group[52] 314
5 AFY BAAA Ege 54S selaly) 93 wgow
National Analysis Infrastructure (NAI)[53]5 -4 &} L ¢toll A sjA| B =
UE 229 PMA[28]9F AEIH RUE Y WA 9] AMP[22]9} SNMPS}
BGPE ©]&3 ZEAESS skl Ut

O

N

off o

Cooperative Association for Internet Data Analysis (CAIDA)[54]= 7| =F

o Aelx Yo} tigte] F= TFRA AR JdEY dZgAEYA
S AAYY 7eHEH #F4 2 UEAA FHE 45t
TA s B == St Slth CAIDA ©f & dojA= HES
B oAudel feg obF 2 Aelstn Jon oy
E5 A3 Q) CAIDAONA Alget= oy 7}
545 AT & T dEAd AL sitter[23]17F 9
P Path, Round Trip Time, Persistent Routing Changess
A 71ES A3l ol ST 1w olrE
= 985 gt CAIDACA
Fotal v #@Y 7]t

IETF[55]¢] IPPM $17 ZFolAl= AAHUA 1P Z2EF
deir s S 7ol el s Fdvk A IPPMel A AA]
gt 712 A2 (connectivity), W e Ad 2 =4 (oneway delay
and loss), Y3k A L &2 (round-trip delay and loss), %] <1A 2} (delay
variation), <=2 ¥ (loss pattern), 3|7 Auj < (packet reordering), bulk
transport capacity, link bandwidth capacitys-©]th. M EY A A& 43t
A= oy 7] A= IPPME] tha ) 2 7]%%% A= w88 =4

A3E War o
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Surveyor[19] = Advanced Network and Services[56] 2] X 2 2 E
UEA dEr RUHY BAE ol & e A AN (dday)dt SAE
(loss) & 3L Jitter'sS 543k 2ol 1 Higolth dAl A AAAL=E
] AJo E~E & 4= = Surveyor boxES A A 543 9
PCE AA& v AZA A EZE A3 HRES HulolA 99
EYES =A%}, o] 21719 boxell = Global Positioning System (GPS)
receivergl= REO| ¢lo] o]Eo] GPSEHE AI7HE wrolel A7F B
3t2 3t} Surveyor TEAEE PPMolA ARG o] 7HA] wEEE
il o9} H=% TRAER {99 RIPE
PEN

of thsfA éo}iﬂi 6},\,\3}.

w
2
ul
Iz
i
)
>,
=)
&
>,
[z
i
T
>,
o
offt
>,
=2
>
>
ofo
ol
ol
rlr
=
T

reply & |83 4 F A FAkole] RTTY 71 &4 E (packet loss) =
LA RAA 9] = 7beA (reachability)S 54 3UH57, 58, 59, 60, 61].
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ICMP= #j7l ARV} desA] HAEH RUHEY WA A HAE 37
o7 F2 AEEH = XR2EZFo|Y Ping ©|Y} Traceroute 2 o] =2 A
oMo A ICMP ZZEZS o] &3t} s %k ICMPE DOS (denia of
service) 340 AFEHY] W, WEYA 54 o2 ICMP 37l 0]
oy s AS I1SPY NSPEo| 4] AZtebA] etk gk szl
EAN S F9HY 29A 2 UEYI trfolzoA &A s
= dojt = glojA AAF ] VESHA 5SS SHsk+ d A
iat717F otk shAIRE FhHS A e WHolAL YES A 4

d
S = 7HE dmAQl BRlelst & 5 ok ICMP it &
il
=

flo ol

o237 2ok A F (point-to-point) bandwidth=: ézga 7] 93 =
Bandwidth pING (BING)[57], AMP[22]¢l| 4] on-demand throughput #t-S -
o, pchar/pathchar[58, 59]+= 574 329 bandwidths % o, 1
NIMI oA ©hak 294 (oneway delay)dt A5 53S9
Treno (Traceroute RENO)[60]2} Poip (poission ping)[61] & X& U E
Ass A5t EEL 7|24 o2 ICMP #7 & o] &3t} E3)
(oneway delay)s SAsH7] 9= HEES #Al

E WS wAl Alolof] AJ7F 5713} (time synchronization)o] - Q.&Fal wh

J 713H& Héﬂ o5 Atolofl GPS A& E ol AIZHS

=
[e)
AP 5 Qi Pio] WAl gRuEe] glojof du.

FHAE, TCPY UDP 7]8Fe] Wo] HEYA e SAdd 22
th62, 63]. ICMPS] w2 -9 wjZo] Gt HESNT 554 S T
T Qe o]f = AFE 4 gl TCP #Flo] HAE EfF o o]fy
v AFolth ey 3tier WA A4 eI = witol uESL A A
Egge 4% 4 fEEE 1 Hyo] At UDP 7 A9l
TCPol ®l&lA] zZrkalar, ICMPol| Hl&] DOS &ZAx #eHo] x| ut
ICMP =} 7l Hlal 3|t ¥ o] =i TCPe HlejAx AlgAo] ko vk
Aol 2t} 514l AW HEYT A SAHI}E Y7 TES
YEYT A 54 oiiE IcMPe TCP 2g]a2 UDPE F Qo] uet
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WA ALgstl. TCPe UDP 7|¥ke] tlx ¢l &L gy
Netperf[62] += TCP ¢} UDP #| %1 & BSD &S EallA o]
&4 (CPU-Utilization) ¥} Bulk Transfer PerformanceE =4 4= 9+
FHolAdE/MMEEAY HEYa Hs 54 #d =
TCP 7|¥ke] HER A HA554 E2A4 AL 7 &4
2 SA3= Eolth

A, HEE A A H A E3tete] WET AT
< S8t W64, 650l tiEA AT R EE gt B UESA A
T2 Throughputs A|e]stal NE]H W2lS o] 2xuk Pyl Fo|u}
ZRAENAE JdEHe FjAE wAS ZIkste] ARgEtal At
Nettimer[65]+= M E &4 o] dojubi= FA9] pandwidth =% So]t} 4]
EQT EYHS FAEE WHor mox= tiil A7Vl tE s
g Ao B Wi FHoA AYUE oA sFE Alo]o] A
25 o] g3l Wi et 1 P9 throughputs 578 Tt

r:i o

A2, 43} 2 EF<2 IPMeasurement Protocol (IPMP)[69] =
AREE MIE A Aes S8k WS dolrat. oA Adsh o
2 e dils wBesta A UEYA A A4S feA

NLANR ZZEolAME IPMPE Aolatdth #7l &g ~

o] ZolX= MESA A5 = 44l A NPMS T317] A3l
=k ol ofe @Y Vv Al SA el e AAlsHA &
of Bkt o= edelM= i W T B vigel e duE
AL, HE]A AMujzoA SLAS H7F & o 283 B7F 545 A9
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VI. B34 SLA H7HE A7 dwtg
of FeM= UEHNA Anjzdr EAAH SLA B7HE A8
Qos TetHlE g Bk 54 Aukslstel Relstux @k 3gIAE
ojml F7} wisg AP, A wFI tlEe] SLA HUle] wt=A] FQ
3 w3 el
H7F wgel A 7HE T3 A 574 QoS HEtuEE duksl #
B7h AL AYsts Aotk e ® 125 ol AAE EE QoS
gt e wE Pt A oE FAHeR BT 9t
QcS NF M
Connectivity
(Availability) 100-—= *100(%)
One Way ( B ) —( B ),
(Delivery) loss 100~ 100(%)
RT loss 00-L = )~ = )« 100(%)
One Way timest ) timest
(Latency) delay >( imestamp imestamp)
RT delay > timestamp - timestamp)
On-demand
(Bandwidth) | throughput -
12 QoS
12 oA AAIE F7F 219 oS nlg o= A ATM, Frame
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Relay AH] 2~ & UEYA AH]2 vtk 54 Al QoS setvHE A
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