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A Study on Selection Mechanism of Action on
Communication Data

which Realizes Highly Functional Services on the Internet’

KAKIUCHI Masatoshi

Abstract

It is thought that network services are the structure which sends information into the des-
tination. Usually, information is transmitted via some nodes on a network, in order to send
information into the destination, because the Internet is an aggregating of small networks. FEach
node relaying over inter-networks should correctly transmit to the next node, in order to send
information into the right destination. In other words, each node needs to classify informa-
tion according to a transmission node. However, diversification of the Internet services made
the classification of information complex, and classification policies have complicated relation
among multiple services. Consequently, the relation of the policies among services became not
clear, and control of the whole network became difficult. In my study, in order to solve this
problem, it aims at building the normalized classification mechanism which can respond to mul-
tiple policies. For this reason, I built the model focusing on separation of service dependence
and not depending, designed and implemented to perform verification and evaluation through
the actual proof experiment.

In this paper, I discuss conventional classification mechanisms and conflict of policies on
network with multiple services. Then I clarify the concept of the parameter filter of having
separated the classification mechanism from service. The parameter filter contains a pair of
record parameters which mean a filter rule and an action which means contents of processing as
an element of a database to classify data. The parameter filter compares inputted key parameters

which are attributes of input data and record parameters, and outputs action corresponding to



the record parameter which adapted. That is, the parameter filter classifies the classification
record describing the filter rule in order to classify data.

I propose KUMA'’s Universal Parameter Filter (KUPF), to divide the parameter filter into
two stages of a service independence portion and a service dependence portion. Stage 1 non-
depending on service, compares inputted data and classification records, based on the classifica-
tion schema which specifies comparison method of key parameters and record parameters. Once
the schema is defined, Stage 1 proceeds automatically, regardless of the service for which these
classification records are used. Stage 2 depending on service, selects classification record which
contains action applied to inputted data, from results of Stage 1. This 2-phase selection model
of classification records exposes the parts depending on the service or its implementation.

I implemented a framework based on 2-phase selection model, built the network which
provides QoS using Diffserv and MPLS, and evaluated availability and performance compared
with Diffserv. This shows that, my model can apply to actual network services, but a processing
speed performance is inferior to conventional parameter filter which specialized in one service.

In order to improve processing speed, I applied R*-tree which is known efficient search
method on multi dimensional space. As a result, the framework has improved processing speed
sharply with maintaining the flexibility of the framework and showed the performance exceeding
implementation which specialized in service, when many classification filters were contained.

By applying the parameter filter proposed by this paper to network services, we can intro-
duce new services easily and control by the flexible policy about the combination of conventional
services. I think that this work contributes to diversification and an advancement of future net-

work services greatly.

Keywords: parameter filter, packet classification, QoS
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OO0 IPOCODOOODOOO IPOODOOODOOODOODOOOOODOOIPODODODOOOOODOO
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22. 0O0O0OO0OOO

021: 000000000000

gboooob |boobobad

10.0.1.0/24 | 10.0.0.1
10.0.2.0/24 | 10.0.0.2
10.0.3.0/24 | 10.0.0.3
10.0.4.0/24 | 10.0.04
10.0.4.1/32 | 10.0.0.41
10.0.5.0/24 | 10.0.0.5

goboobogobooboooobooboboobooboobobuooboooboobbobo
00000 10.029000000010.0.2.0/240000000000000 100020000000
0000 10.04.1000000010.04.0/240 10.04.1/32000000000000000000
goboopboobooobuoobboobooobuoobboooo

goboobbooobooboobbooboobboobooobooboooboobboon
gobooboooobooboboooboobbooboobbooboobDbooboobbooboo
goobooboooobooboooboobbooboobbooboobDbooobobooboooboo
goboobobooobboobooobooboobboobooobobooboobobooboobo
gobogood

4.3 BSD Reno release 000 BSD UNIXOOOOOOODODOOOODOODOO0OOODODOOOOOO
gobooboboobooboooboobobooboobbooobooboboooboobobooboo
gobooboboooboobooobooboobDbooboobboobooobooboooboo
gobooboooobooboobobooboobDbooboobbooboooDboobbooboo
goboobooooboobbooobooboobboooboobbooboooboobooboo
00000004.3 BSD Reno release 0 0 0 BSD UNIX O Radix Tree [4] 0 000 OO Radix Tree
ooobooobobooobobooobooboooobooboobD 200000 bOUOobDOoOobUODbDOn
gobooboogooboobooobooboboobooboobbuooboobobooboooboo
gobogbbooboboobuoooboobboobuoooboobbooboooboon

0000000000000 00000000DO000000000000000O Routing Infor-
mation Protocol (RIP)[5|0 0000000000000 O Open Shortest Path First (OSPF)[6]
obobobobobobobobobobobobobobobobobobobo
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020 0OODO0OO0ODOOOO

022 0000000000000

oooo (oboooboboo booooo bOoooo oOoooobo boooo oo
1 * 10.1.0.0/16 TCP * 80 oo
2 * 10.1.0.0/16 TCP * 21 oo
3| 10.2.0.0/16 10.1.0.0/16 TCP * 23 oo
4 * * * * * aln

2.2.2. Linux Forwarding Information Base

OO0D00000IPO000 Type-of-Servied] ToSOO OO OOOO0DOOOODOO0OOOOOO IPO
O000U0000LnuxO00OO0O0O0O0000000000000QO Forwarding Information Base
OFIBOOODOODOOOOLnux FIBOOOOOOOODOOODODOOOOODODOOODODOODOODOODOOOO
000000oo0ooooodooooorFIBOODOODODODOODOO0ODOOODOODODOOOOOOOOOgn
do0d0oodooooooooodoooooooooooooooriBOoODoooooooooo
00000000000 0000D00ToSOOODOOOOOODODOOODODOODOOOOOOOOO
gooogo

Lnux FIBOOOOOOODOODOOOOODOODODODODOODOOOODODO0DODO0OOO0OOO0ooOooDOooDOo
ggoooooobbooobobobtbdddooooooobobbbbbbdooooL b
ggoooooooobobobooobobtbdoddouooobbobobbbbbbdlooU oL L
ddodoooooooobobboboobobobobooogd

223. 0000000

000ooO000oooOoooO0o0ooOoooooo IPOO0O0OOOODODODOOODOOOOOOOO
oboboboobooooooooooobU0obobOobOoboo 2200b0bO0ObOobDOoDOoDOoO
O0o“**0000000000000000000O00TCPOOOOODOOOOOOOOOOOO
gobooboboobuooboboobooobooo

goboobbogoboobbooboobbobbooboobbooboobobuooboon
gobogbudgbbooobuoobboobooboboobuoobboobuoobbooboobo
ooooobooooo0oOooobooboo2200000000DOOO0OOOODODODO 2300000
goboobooobooboooboobbooboboobooboboobooobooboooo
00000 102010000000 10.1.0.1000000 TCPOOODODO 2000000000 230
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22. 0O0O0OO0OOO

023 000000000010

goog (oo

1 | permit tcp any 10.1.0.0 255.255.0.0 eq 80
permit tcp any 10.1.0.0 255.255.0.0 eq 21
permit tcp 10.2.0.0 255.255.0.0 10.1.0.0 255.255.0.0 eq 23

= W N

deny ip any any

024 000000000020

goog (oo

4 | block in all

1 | pass in from any to 10.1.0.0/16 port = 80

2 | pass in from any to 10.1.0.0/16 port = 21

3 | pass in from 10.2.0.0/16 to 10.1.0.0/16 port = 23

0000003000 400000000000000030000000000DOO00DOOOOO
O0000oo0oooo0oooooooooon 103.010000000 10.1.01000000 TCPO
oOoooo2o00000000 250000000400000000000000DO000ODCOO
g0oO0o0d0ooOOdO0ooOdUoobOoOobOobOOooOdOo 2400000000000 0DOOODOOODOO
gobooboogoobooboooboobooobboobooobobuooboooboobbooon
2300000000000000000O0O 102010000000 10.1.01 000000 TCPODO
o000 2000000000 230000000100 004040000300000D0O0DOO
oo400000000O0000O00DOOObOO0U0DOObDOOUODOODO

gobuogbogbbogbuooobuodboobbuoobooobooboobobuooboon
boboboboboooooobooboobooooooooooooooooobobobobon
goboobooboooboobboooboobobooboobbooboobDbooboobboooboo
oobooboboobobooboooboobobooboo
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020 0OODO0OO0ODOOOO

HTTP Proxy
Yot Y \ Router B
10.0.1.1 A Normal line
/V
Router A ~a
User B \ . .
10.0.1.2 Router C Dedicated line

023 00000b00b0b0oboboboboboobo

dst. porta )

80

@

10.0.1.2 src. addrgss

02400000

23. OOOO0OO

goboobbooboobboobo0oboobboobuooobooboobobooboboon
goboobooobooboooboobboobooboobbuooboooboobooboo
gobooboooobooboobooobooboboboboobooboboobboooboobooboo
goboobooobooboooboobobooboobbobbuooboobobooboobo
gooogooo

gobooboobboobooboobooboobbooboooboobooobooboboon
ooobob 23ob0ooooooooooobooboobooboon

(1) HTTPOOOOOO HITPOOOODOOOOO
(2) 000 BOOOOOOOODO

00000000 AO0OOO0OOO0OOOOOOO 25000000000 “*000000000
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24. bDOOOOOOOOOOOD

025 0000000000

ugg (b0obogoboo [bOoOoob |boob

(1) * =80 |HTTPOOOOOOO
(2) | =10.0.12 * 000 CcOo0n

oobooz240000000000DO00DOOOOO0OOOODOODOODO 20000000
ooboooooooobo0oOooOooboOobbo01Imm200oooboobooooooDo
OO0 AOOOHTTPOOOOOOOODDOOODO 1001100000008 O000OCOOO
ooob0obOobOobOobo 240010000000000O0DO0O0DO0ODOIODODOOOODOOO
00000 HTTPOOODOOODODOOODDOO BOOODOOOOOOOOoOOoOoOoOO 10.0.1.20
000000 2000000000 00000000000O 2400200000000000000
000200000 0000000000000 COoOoOoOoOogog
024000000010020000000000O00O00O000OQO0OOOOSMUDODODOOO
0 100120 0000000000000DOO0O0ODOOO2000000000000DO0ODDOO
0li0n20000dooo0ogbooooooo0o0obo BOOOo HITPOOODOOOODOODOOO
10.0.1200 00000 8&OOCO0OODDOODO1IOD 2000000000000 O0DOHTTPDOOOO
00000000 COO00000000000000000000000000000000000
gobuodgbboobuoobbooboopoobogn

24, O0O00O0OO0OOODOODOOO

0000000000000 000D0O0dInternet Service Provider; ISPOOO0O0O00O0OO00O0O
0000000000000 000000o0o0o000o000o0o0oo0o0o0ooOon0nnaoo Service
Level Agreement; SLAOO ISPOOOO0O0O0O0OO0OISPO SLAOOOOOOOOODOOO Filter
RuleD00OOOO0O0O0O0OO0O0D0ActionD 000000000000 OOOOOOOOOOOOOO
gogooobtbodoooubbbooooobobooooob bbb bbb booa
ggooooobobobobobbtboddddooooobbobobbbbbbdloUUUo L L
dddooooooooobbbobobobbobboduuououoouooa

02500000000000000000000000000000000O0DOO0O0ODODOO0OO
ddoooooooobobooobbboddooooooobobobobobbo0odooooooo O
0oooooooooobooobooddooooooooobooobobbo00o0oooooooO
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020 0OODO0OO0ODOOOO

Classification Mechanism

Input Data 1.| dest. addr. = 10.2.0.0/16 Action
— = =P protocol = TCP pass
dest. addr. =10.2.0.1 dst. port = 80
protocol = TCP pass
dst. port = 80
S PoT 2.[ dest. addr. = 10.5.0.0/16
p» =P protocol = TCP pass »
dst. port = 80
3.| dest. addr. = 10.0.0.0/8
protocol = UDP drop
dst. port =111
\ \ Processing Rule
Filter Rule Action
025 0000000000
Parameter Filter
10.2.0.0/16
Classification Schema TCP pass
dest. addr. matching 80
protocol matching
dest. port matching 10.5.0.0/16
TE?OP pass ~ Classification Record
— -
Record Parameters 10.0.0.0/8 Action
UDP drop
111
—\ /
Input Data Action
dest. addr. =10.2.0.1 v
protocol = TCP Key Parameters Matched Record pass
dst. port = 80
10.2.0.1 10.5.0.0/16
> TCP TCP pass >
80 80

12

026 00000000D00OOO
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24. bDOOOOOOOOOOOD

O0o0o0ooooooooooo

ooooopo2s50000000000DOOO0000O0DOOO0OOOOOODOOOOOODO
00000000ooooooooo0o0oo0000UooooooooOoOo0Do0oO0ooooooooDO
0000000000000 000000000000000004d0 Classification RecordO 0O O
gooooOoooOoOoOoOODODODOODOO10000000000000000000000000
026000000000D00COO00000ODOOOOOO0OOODODOOODOOOOOODO
0000000000 00000000000Key Parameter00 000000000000 O0O
O0000000000Record Parameter0000000O00000O0ODOOOO Classification
Schemall 000 0000000000000 00000OO0O0O0OOOOOODOODOOOOOOOO
O000000000000000000000000ooooo000oo00oo0o0ooooooooon
O0000000000ooo0o0000000000oo0oooooooDo0o0o0ooooooooon
O0000oooooooooooooooon
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030 Juoogdood
20000000

gobooboobbooboobobooboobbooboobobooboobobooboon
gboobogbooooobobobobooobooboboboopoooobobobobooooon
goood0oboodOoooOoboo0o0obOoO0bOoOooU0DoO0 2000bDOoO0bOOOODOoOODoOO
0000000000000000200000000000000000000KUMA’s Universal
Parameter Filter (KUPF)OOOOODO

3.1. 20000000

00000000000 000000000000000000000000000000000
00000000000 0000000000000000000000000000000000
0000000000000 D0000000000000000 1000000000000000
00000000000 0000000000000000000000000000000000
0000000000000 00000000000000000000000000000000
0000D00000000000000000000000000000000000

0000000000000000000 Resq 0000000 fO0000O0O0D0DO000O00
oooooto

Rresult = f(Ralla d) (31)

OD000OR,,000000000000000000dO00000000000000000000
R, 00000000dO00000000000000000000000000000 Rypq00
O00R,s: 0 d000000000000000O00000O0000000000000

Rresult € Rmid - Rall (32)
000000000 (3.1)0000 200000000000
Rmid = f1(Ran, d) (3.3)

Rresult = fQ(Rmid7 d) (34)

'00000 Rresu: 0000000000000 0000D000000000 Reesu: 000000000 DOODO

oo
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030 ODDOoOoOooooooo 20000000

031:00000000

000000 |0o0/ooo g goood

Ry 0000/0000 0-100 | Ay
Ry 0000/1001 4-5 | Ay
Rs 0100/0110 4-6 | As
Ry 0100/0110 94-95 | Ay

0000/ 00000000000000000dO00000000000000 Rmgd000O
00f0000000000000000 Rpmiqa00 Reesy 100000000000000 (3.3)0
(34)0000001000000200000000

01000000000000000000000000000000000000000000
00000000000 Ry 0000000000000 000000000000000000
0000000000000000000000000 10000000000000000000
00000000000000000000

0000 2000000000000000000000000000000000000000
IPv4/IPv6 000000000000 PO00O0OOOOOOOOOOOOOOOOOOOOOOO
00000000000000000QeSO000000000000N0N00N0NN000N0N0Nonono
0000000000

000000000 2000000000000000000000000000000000O
00000000000000000000000000000000000 2000000000
000000000

e JO0DDOOIODDUOOODDOOUODDOOODLDOUUODDDOOODDOOODDOODDDOO
good

e JO0DIUODOODDOODDOODDOODDOODO

oooo40000000OCCOO00000OODODOOOO000O0DObODODOOOOOOOOoOooOoO
gooooooooOoOooUooobooo0gooobooogoobooooOoD 3.10bpo40bo0gad
gobogboboobooobgao

Ran = {R1, R2, R3, R4}

0000 A000000000000O00OO00O0OOOO00OOOOODOOOOOOOOOOO0O00
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3.1. 20000000

001000000 50000000000d = (0100,5)00000000000000000O0O
R, Ry, R3, R 0000000000000 Ry,Re, ReOODOO0O0O0O0DODDODO

Rmia = fi(Ran,d) = {R1, R, R3}

OOO0O0OR;, R, RsO000D000D000O00OOOOODO f£,0000000000000000O0O
oooo0o0ooooooooooooooooOo0O0ono-1000 RiO04-60 RzO00 450 R, OO0
gooogn

Rresult = fQ(Rmid7 d) = RQ

0000000d00000000000 A0000000
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040

KUPFOOOOOOO

O00O0OOKUPFODODODDDOODODODOOOOODDDODODODOODODDDDODDOOODODODO KUPF
0000000000000 APIO0DO0OOODOOOOOOO0000OO0OODOOOODOOO

4.1. KUPFOOO

gobuogbogbboobuooobuoobuoobboobuoobbooboobbuooboon
OO00o0oDooOoooooooKUPFOOOOOODOOOOOODOODOOOO0OODOOOOO
0000000000000 D0D0o00KUPFOOOODOODODDODOOODOOOODODODOODOOOO
00odbobooooooooOooOooOooooOOooOooOOo 2000000000000 O0OOOOOOn
200 0000000DO0DO0OO00ODO0OO0D0O0OO0ODOO0 1OD0DbO0ODbDObOODOODOODbOUObDODbOo
goboobooobooboooboobobooboobbooboobooboboobooboo
ooooboooobooo0obOooboouoo 2000b000 10000 bOo0obOOooboDOoobDOobO
gobodobodoobooboobobooboobobooboobboobooobooboobo
200 00000b0b0obUoboo 20000000 b0obOobDOobDooDoooobobo
gooboooogn

0410 KUPFOOOOOOOOODOOOOOODDOOO Classification TableDO OO OO0 OO0
10000000000000000000DOO0DOO0DO00DO00000O00DOOoDOOoOO0OOO0OooOOn
go0ob0obo0oboobo 2000000000000 00000ODO0ODOOODODOODOOOOOODOD
ooboooboobobooboooboobobooboog

41.1. 000O0OOOOO

OO00000IPO0O0ODOOO0OODOOO0ODOOParameter00000KUPFOOOOOOOOO
0000000000000 0OC0DOO0DO0ODO0O0OoOoboOoOgoognDOParameter Typed O
oooooOobooooIlPOO0OOCO0ODOODOOOODOUODOOOOD

04200000000000000000O0DOOO0OOODDOOOODDOOOOOOOOOD
goboobobooobooboboooboobobooboobbooboobobooboobboooo
gooboobooboooboobboooboobobooboobooboboobooobooboooo
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040 KUPFOOOOOODO

parameters
_______________ |
|
v | 2
Stage 1 P StAge 2 (el
matched selected
\ records records
records

0 4.1: KUPFOO

parameter—— parameter type
’;ameter data copy func.
free func.
equal func.

042 00000000DO0OOO

gboooboooboobooboboobobooboobobooboboobobobobooban
oooboOobooOoobooOooodooo20b000b0O00bOOo0obOOOobObOOobDbOOobObOOobDboODooo
gobodgbboobooobuoobbooboobobooboboobod

0000000000000000000000000000000 00000 Comparison TypeD
boboboboboboobobooooooooooooboobooboobooobooboobooboooDon
goboooboobboooboooboobog

e JOOOODOODOOODOODO

e JOOOOUDOODDOODOOODOODDOUODLOOD

comparison type- _ parameter type—

key parameter type >

record parameter typel[]

comparison func. — parameter type—

043 000
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4.1. KUPFODODO

parameter spec.—

parameter type

parameter length

— parameter type—|

044 0000000

classification schema—

—parameter spec.—_

key parameter spec.[]

record parameter spec.[]

comparison type[] 4

—parameter spec.—_

.l—."

-comparison type-

045 000000

e J0DOUODODOO KOO LODOO

gooogooo

043000000000000000DOO0000OODOOOO00O0DOOO0OODOODODOOODOOd

gbobobobopooobobobooboboboboboooobobobobobobpOooDoo

41.2. 0J000O0OOOOOOOODOOO

00000 Ipv4000000D00O0DODOOOOO3200000000000000000000

0000000000000000000000D0OParameter Specification0 00000 44000

goboopobgoobooooobg

goobooooobobobooooboboboboboobooboobobobobDoooboon

goboobooooboobooboboobooboboooboobbooboobobooboooboo

04.1: 00000000

gobooon

gogobooon goboooooboon

oooobDooooog
cooooooooa
ooo

32bit00000
32bit00000
oooogo

ooooog oooooo
oooood oooooo oooooo
goooocooo goboooooood
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040 KUPFOOOOOODO

Key parameter: 0xCOA80102 6 80
" (dst addr=192.168.1.2)  (protocol = TCP) (dst port = 80)
Comparison method: bit strgam unsigned mteger unsigned mteger
comparison comparison comparison
Record parameter 1: O0xCOA80102 6 80 80 |:> match
Record parameter 2: 0xCOA80102 0 1023 |:> unmatched

0 46: 0000000

— classification record —
handle no.

ref. counter
—parameter spec.—_

parameter spec.[] >

parameter(]

action ——parameter——_

047 000000

000000000 000000000000000 3000000000000 0 Classification
Schemad0 OO OO0 4500000000000000000

oooolpv40000000O000ODOCOOOO0ODOOOOODOODOOOODOOO 300000
ooboooooooooob 410000000 O0DOO0OOOOO00ODOODOODbOObOO
gobooboooobooboooboobobobobooboobobooboooDboobboooo
goboobobooobooboooboobboboboobbooobooboboooboobobooo
4.6

g00d00oO00Oo0O0O0ooO0DOOo0OoObooOo KUPFOODOOODOOOOODOODOODOO
0O00O0O00D0O0o0OO00oOoOooKUPFOOOOODODOODOOOODOOODOOOOOOO

413. 0OOOOO

goo00ooOoboooo4700000000000DOO0DO0ODOODOODOOODOOOODODOO
goboobooboooboobooboooboobobooboobbooboobobooboobobooo
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42, 00000000 OOOO

classification table —

handle no. I
~classification schema-

classification schema >

classification record(]

— classification record —

048 000

godooooooooboooOoOooooOoOoUobobOl1dgbooboogooboogo 10bbobgboogoo
oooooobooooooobooOoOob 1obogooo0oDooOoboOoOoOob 1obbogoooo
oooooob0oOoOobOoOoOoObOOO0O0ODbOOO0O0OOOU0ODO0O0ODOObOOOO0ODbDOOODOObOO
gbobugogbobobbobobuobuoobobuobooboobobobonoooboooon
bobobobobooooboobooboooooooooooooooooooooooobooDboOon
ooboobobo0obboooboooboobboobooobooo

41.4. O g O

00000000 480000000000 0DOODODODODODODODODODOOOODODOO
goboobooooboobobooobooboobbooboobboobooobooboooboo
goboobooooboobooobooboboboboobboooboobbooboobboboo
goboooobooboboon

4.2, 00O0O0OOOOOOOOO

KUpPFOOODOOOODOOODOOOOD42000000000000D00O0000DOOOOO
ooooooobo40000D000O0OCO0ODOODOOOOOODOODOOOODOOO

42.1. 00O0O0OO0ODO

goboobboobogbooobooboobboobooobooboobbooboon
gboboboobobogbobugobouobobuoboobobuiibdlkupt_zrr.alloc
zez00000000O00O0O0DOODOODOODOOO0O0OOODOODOOO0O0O0O0ODOODOOO0OOO0
000000 kupfuint_allocUOOOOO0O0O0D0OOO0O0O0OO0ODOOOO0OO0OODOODOOODOODO
000000000000 0000 kupfvlbits,allocOOOOODODOOODOOOODOOOODOO
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040 KUPFOOOODOO

0 42: 000000000000

ooooooo
0000000 | kupf_zzzalloc(OOOOOOO, O, ...)
0000000 | kupf_paramdata free(UOOO0OOO, OOO0O0O)
ooood
00000 | kupf_comp_table_alloc(O0O, OOODODO,
oooooooooo, ooooooooooog, oooo)
00000 | kupf_comp_table free(OOO)

goboogoog

goooooog

gooooood
gooooood
googooood
googooood
gooogood

goooooogn

kupf_entry_alloc(DOOOOOOO0ODODODO, OOOODODO,
0oooo)

kupf_entry retain(00O0O)

kupf _entry free(d OO )

kupf_comp_table entry add(0 00, OOOOO0O)
kupf_comp_table_entry remove(D OO, O0OOOOO)
kupf_comp_table_entry remove handle(O OO,
000000o0oooon)

kupf_comp_table entry flush(O O 0O)

goog

0l1gooocooon
0200000000

kupf_comp_table _collect(D OO, OOOODOODONO)
kupf_select_xxx(0 00, OOOOOOO, ...)

043: 000000

oo |oboo gogo
oooood | KUPF_PT.UINT kupfuint_alloc(D0 000000, 000)
oooooo | KUPF_PTSINT kupfsint_alloc(00 00000, 000)
0000000 | KUPFPTFLBITS kupfflbitsalloc(OOOOOO0O,0000)
0000000 | KUPFPT_VLBITS kupfvlbitsalloc(DODODOOOO,0000,0000)
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42, 00000000 OOOO

Classification
Table

kupf _xxx_al | oc() kupf _conp_t abl
col l ect()

upf _conp_tabl e_entry_add()

Parameter

kupf_entry_al | oc() refer to amember

kupf_parandata_free(i

free IaSS|f|cat|0n Record

kupf_entry_free()

free

04900000000

044: 000

oooo |oood od

O0ooooooo | KUPF.CT.UINT-MATCH ooooooooo
OooooooO0 | KUPF.CTSINT_MATCH
Ooooooooo | KUPF.CT_FLBITS_ MATCH
O0oooooooooo | KUPF.CTFLBITS.PREFIX MATCH IPO0O0OOO0OO0OOOCOOOOO
O000ooooooooood | KUPF.CT_FLBITS.MASK_MATCH IPToSOOOOOOOODODOOO
00oooooooo | KUPF.CT_VLBITS_ MATCH

oboobobobobobobobo

0430 KUPFOOODOOOOOODOOOOOODOOOOOODODOOO0OoOooooooooon
gobooboboooboobooooboobobobboobuoobboobooobooboooboo
0000do0o0o0oooO0oboogoooDb 490000000000 000DOODODOODOODODOOO
goboobobooobooboooboobboobobooboobobuoobboooboobooboo
goboobbooboooboobbooboobboobooobooo

422. 0 0O0O0OO

goboboodgbuoobouogboobuobuooboobbobooboobooobuooobg
bobobobobooboobooboobooooboobooboooooobooboobooboobooDOoon
gobooboboooboobbooobooboobobo0oboobobooboooboobboooo
ooboobobo0obooobooobooboooboon
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040 KUPFOOOOOODO

0440 KUPFOOOOOODOOOOODOOOOODODOOOODOOOOODODOOOOOOO
gobodobogobdooboooboobobooboobobooboobobooobooboobo
goboobogbbooboobboobooboooboobbooboobbooboobo
gobodgbogbbooboopobooboobbooboobboobuoobbooboobo
gobuodbogobdggbuooobuogboobbgooboobbuoobuoobobooboobo
bobobobobooboooooooooooooooooobooooboooooboooboobOoDbOon
00000000000 20000000000000000D0000O00DO00DOO0DO0ODOODOOO
00100000000 0O000000000 10000 bO00ob0O0ob0Oob0obOUobOUobOobOOooOooDoo
gboboboobooooooooobooooboooOooOOooDOobOo 1bobooboooboobooooo
gobooboobobooboooboobboboboobooboboobbooobooboooboo
gobooboboobobooboooboobboobog

423. 0O00OOOOOO

goboobboobdoobboooboobbobboobooobuoobooobooboon
goboooboboobbogo
googobooobooboboobooboobooboobooboobuooboobobooboobo
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Bounding Rectangle; MBROOOOOOOMBROOODOOOOODOOOOOODOOOOOOOOODO
00000000000020000MBROOOO 61000000000 MBRODO2O Pi(z1,91),
Py(y1,y2) 00000000000 OOMBROOOODDOODDOOOODOODOOOOODOOOOO
OOR-treeJ 000000 MBROOODOOOOOOOOOOOOO 6200000 MBROOO

y

Pi(x1, y1) X

P2(x2, y2)

O 6.1: MBR OO
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RO

I R1 ! RO:
1 | q!

@ |: 1“l_ Search :

| I Point
! i R12 | :
Rl | R2 I ! |
(2) || r = J‘ - - — - |
:| R11 | T R21 |1

[

I e S H-! [ :
R11 | R12| R13 R21 | R22 : : : :
LLP T L L
| ' R2 I

Data objects

O 6.2: R-tree D 0O0O

00000000000000000000000 MBROOOOOOO MBROODODOOO MBR
000000000000000000MBROOOOOOOOO0OO0OO0O00000000000
00000000000000000000 MBROOOOOOOOOOOO0000O0000000
0000000000000000000000000000006.20 “x?0000000000
0000000000000000000 (1)—(2)—(3)—-000000000R1300000
0000000000 “x?’000000000000000000000

6.2. R*-treeJ 00000000 ODOOOO

R*tree 0 0000000000000 MBRODOOOODOOODDODOODOODODOOO R*-tree
gboboboboboooooooooooobobobobobobobooooooboOoobon
gobooooboooobdg

e JODOIODDOOODOODDOODRO

e JO0IDUIO0ODODUODODUODODUODLODODDODLDODODOODODODUODODDUODODO
gobooobooboboobooon

e | 0000000 DODOODDLDODDOODODODOO

000000000000 0000000000000O000O000D000D0O000O00O0O00000
000000000000000D000 Virtual Bounding Rectangle; VBRO[13] 00000000
0o0o0o0O0000000000000000000000O00O000000O000O0
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6.2. R*tree0000000DO0O0ODOOD

6.2.1. 0000000 OOODOODOO

0000000000000000000000000000000000000000000
TCP,UDPOOOOOOOIPv6OOODO0OO0TCP, UDPOOODOODOOOO 1600000
0D00IPv600000 1280000000000000000000000000000000016
00000 12800000000000000000000R*tree000000000000000
000D0000000000000000000000 Area, Length, Margin 0 00000000
000000D000000000000000000000000000000000000000
00000000000000000000000000000000000 Area, Length, Margin
0000000000 [14)0
0000000000000 Virtual Bounding Rectangle; VBRO[13] 000000000000
O0O0OVBROOMBROOOOOODDOOOOOOODOOOOOOODDOO00O0O0O0O000000O
000000000000000000000VBROOOOOOOOOOOO0000000000O
000D000000000000000000000000000000000000000000
00000000000000000000000000000000000000 Area, Length,
Margin 0000 000000000000000000000000000000000O0

6.2.2. J00000OOOOODODOO

00000000ooo0ooooooooogooooo ‘o, r0oooo0oooooooon
O0O0O0oOooIpPO0O0OO ToSOOOOOODODOOOOODODOOOOO0DOODOOOOOOOOO
goboooboobbooobooboboobo

00 1200000000 X ={z1,22,...,2,30Y ={y1,92,...,yn 0O M = {my,ma,...,my,}
000000 (6.1)0000000X0O0Y O0O0OO0 MOOOODOODOOOOOOOOO

:L‘i-mi:bi-mi, (izl,...,n) (6.1)

goboobboooboobboobooboboobooboooboobooobooboboon
0000000000 VBRO 1O0OODOOOOODOOODOOoOOOoOO 0, vY000oo0oooood
goboobboobooboboobooboooboobobooobo

flx) = (6.2)
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+1 (b=1Am=1)
fo(b,m) = (6.3)
—1 (otherwise)

1 (b=0Am=1)
fl(b,m) = (6.4)
+1 (otherwise)
X0 BOOODOD MOODODOODOODOO0DO000X = {a1,29,...,2,}08 = {by, bs, ..., by }0

M ={mi,mg,...,my} 00000000000

fo(bi,mi) < f(zi) < fi(biymi), (i=1,2,...,n) (6.5)
goodoooodoooooooougooonooooonog
> folbimi) < > @) < D falbi,mi) (6.6)
1<i<n 1<i<n 1<i<n
000 MOOOOOOOOOODODODO0O0OoOOoOOoOooDDOO0O0oOoOoOoDbOOo0oooO0 MoOoooo

1000000000 M ={m),m),...,m,} 0000000 j1<;j<n)000000000
000

fo(bj,m}) = fo(bj,my) —1
fl(bjﬁm;') = f1(bj,m;) +1
fo(bi,m}) = fo(bi,m;)
J1(bs,mi) = fi(bi,ms), (1 <i<nAi#j)
oonOon
D folbiymi) < > folbimy) (6.7)
1<i<n 1<i<n
S filbimi) < > fulbi,m)) (6.8)
1<i<n 1<i<n

0000000000000000 (66)00 1000000 300000000O00O0O0OO0OODO
ooboo00ooOoUooOo0o0ooOoUobOoOobO00DOoO VBRO 1OOODOOO

6.2.3. 000 ChooseSplitindex 00000

10000000000O0000DO000000bO0DbO0 200000000000 0O0ODODO
0000000000000 00000 ChooseSplitlndex0OODODODODOODOOO0OODOOOOOO
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6.2. R*tree0000000DO0O0ODOOD

R1

R2 R3

] —
2
b;.d
(A~

0 6.3: 000 ChooseSplitlndex 000 00O

00000000000000000000000000000000000000000 MBRO
000000000000000MBROOOOOOODOOOOOOOOO MBROOOODOOOO
000000063000 RI020000000000 MBROOO R2,R30000000 MBR
000O0R2, R3000000000000000000O0O0ODO00 300000200000
00 (R1), (R2, R3)0 200000000000000 R20 R3000 MBROOOO(RL, R2),
(R3)0000 (R1,R3), (R2)0 2000000000000000000 R30000 R2000
000000000000000000000000000000000O00R20000 R3000
000 RIOOO0O0DO00000O0O0O0O0
00000000000000000MBROOOOOOOOOO000000000000000
000000000000000000000000000000000000000000000
00000000 MBROOODOOOOOOOOOOOOO000O0O0O0O000 MBROOOOOOO
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
R*-tree 0000 0000000000000000000000O0O0 MBROOOOOOOOOMO
0000D0000000000000000000000 MBROOOOOOOOOOOOO00O
001000000000000000000000000000000000000000000
00000000000 6.3000(R1), (R2,R3)00000020000(RL, R2), (R3)0000
(R1,R3), (R2) 0000 100000000000000(R1), (R2,R3)00000000000
000000000000 MBROOOOO MBROOOOOOODO

6.2.4. 0OUO0O ChooseSubtreeJ 0 00O OQOQOQ0QQgg

000 ChooseSubtree 0000 0000000000000 O00OOO0OOODOOOOOOOOOO
OO0MBROODDOOOOOODOOODOOODODODOOODOOOODOOOOODOOODODOMoOOO
00000000000 DO000000000O00D0D00000000O00DODDO00o0Do0 NO MBR
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06100000000

000000 |000/000 00 00 oo
Ry | 0000/0000  [—4,4] 0-100 [—4,4]
Ry | 0000/1001  [-4,0] 45 [-4,-3]
Rg | 0100/0110  [-2,2] 46 [-4,-3]
Ry | 0100/0110  [-2,2] 9495  [3,4]

0000000000 00000OD0O MBROOODDOOOOOOODODODOOOODONDOODDOOO
0000000000000 0000000000 0000000000000 ChooseSubtree O
00000 NOODOOODOOOOOODODOOODOOO0ODOOOO0OOOoOoODOoooOooood
gobooboboobobooboooboobbooobg
goboobbooboobbooboobbooboobobooboobobooboobbon
0000000000000000000000000000R*tree0000000D00O0O0OODO
gobuoobboobooobuoobbooboobobogn

(00000)=(0000000000)—(0000000000) (6.9)

(00000)=(0000000000)—-(0000000000) (6.10)

gobodgbogbboobooobooboobbooboobbooboobbooboobn
gobuodgbboobooobooboboobuoobbooboooboon

(00000)=2-(0000000000)
—(000D0000000)—(000000000) (6.11)

(000O00)=2-(0000000000)
—-(000D0000000)—(000000000) (6.12)

00000000 00Dooo00oooo0oooooo MBROOODODOOOOODODDODOOOOOOOO
00000000 MBROODODOOOOOODODO MBROOODODOOOOOODOOO

6.25. DOOOOO

03.10000000000000000000000000000O0O0OOOO00O0O0O0O0O0O0OO
oo00o0o0OoOO0O0o0oO0O0oD00 400 4400000000R,000000O00D000C0OOO
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6.2. R*tree0000000DO0O0ODOOD

+4} range +4} range
R1 R1
bit mask bit mask
4 r2 O|Rr3 +4 4 rR2 O|R3Ry3 |t
b1 |/
=N N |
4 4
Split
R1 R1
Y \ 4
|R1 | R2 [ R3 | R1 | R23
[ R1 | R2 | R3 |

06400000

0 6.2. 0000

00 | D000 (R*-tree)
(R1), (Re, R3) 3 (6)
(R1, R2), (Rs3) 4 (4)
(R1, R3), (R2) 4 (4)

0000000006.10000000000000000M (6.6)0000000000000000
000000 10000000 —40040000000000000py =0,p1 = 100,q0 = —4,q1 =4
000000 r-r 000000000 [v,v]000000

Vo = qo + VOWI — qO)J (6.13)
P1— Do

v =qo+ Fl(ql — qo)w (6.14)
P1— Do

0D6400R, R, R300000000000000000000000006.230000000
000000000000 00000 620000000000000O00O0D0O (Ry),(Re,R3)00O
gooogpoog

06.500R;, Ry, Ry0000000 R3sO0000OOOOOOOOOOG.24000 (6.11)0(6.12)
0000oooooOoooodoooDe3000dd0DDOO0O0OODOO00O0ODOD R,OODODDODDOOO
oono
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+4} range +4} range
t? dr t? dr
R4 biEmaﬁA R4 biEmaﬁA
4 rR2 O|Rr3 +4 4 rR2 O|Rr3 /R23 +4
S N |
4 Choose Subtree 4
—_—
R1 R1
v I v
|R1 [ R2 | R4 | RS | R1 [R23| R4 |
Y \
[R1| [ R2 | | R4 | [R1||RrR2|R3]|| R4 |
065 0000000
063: 00000000000
000 | 00000 (Rf-tree) 00000 (R*-tree)
R 6 (0) 60 (0)
Ry 4(2) 4 (2)
Ry 10 (6) 8 (4)

6.3. OOOOO

O00000Dooo000ooooo KUPFOOODOOOOOOOKUPFEF-VR O NetBSD 1.6
00 COO0D0O0O00000O00U00Do00000oo0000Dooo000KUPF-VROOOODO
gobodobogobdoobooobooboobbooboobobuooboooboobboon
ooooooobooOobOoOo KupFOOOOOOUODOOOOOOODOOOODOUODODODOO
OO00O0OCOOOOKUPFOOODOODOODODOOOODOOODOOODOOOODOOODOOOOOOODOO
KUPF-VROOOOOOOOO

KUPF-VRODOOODOOOOOOOOOOOOO MBROODDOODODODODODOOOOODOOOOO
OO000000ooopooOoooO0oU00U0ooDooOOoOOO0U0OUOOoODDOO 6.60000KUPF
ooooOoe6600000000D0OD00O0ODODOODODODODOOODODOODODOODODOOOD
gobooboooboobooboboobooboboobbooobooboooboobobooboo
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6.3. 00000

gooogooo

comparison type
key parameter type
record parameter type[]

range parameter type(]

comparison func.
range comparison func.

key param - param func.

record param - range func.

— parameter type—

range list - range func.

virtual range func.

el

— parameter type—_

— parameter type—_

O 6.6: KUPF-VROOO

gogbooobogooboobo

oobooo 20000000000

ggoogo

oo Rl(al,bl)DDD RQ(CLQ,bg)DDDDDDDD

goboooboooboooo

0000000000000 R(z,x)000

goboooboobooooboon

000000000 000000 R(z,x)000O

gobooobooboo

0000 Ri(ai,b;),(t=1,..,n) 000000 R(min(a;),max(b;)) 000

ooooooo
0000000 Ro(ag,bo) D00 Ri(a,b) 000000 R(

a1—ag bi—ag
bo—ao ’ bp—ag

yooo

gobodoboooboobooobooboobbooboobobooboobobooboobo

goboopoboobooooboobboon

06400 4400000000000000000D00000DOODO0OOOOOOOOOOOOO

bobobooooooooooboooooooOooO0ooOobUobOobUOobDOobOobOoDbOoD 20

oobooboboobooobooboooboobbooboo

oboobobooobooobbboooboobooboobboobbooobooobOoobooboobo

0000000000000 0000000000000D00mMmO0o0o0o0g A={a,ay,...
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0640000

goo |gobbooboobbogo

gobooo0obd |oobbooboooboo
gobooo0obd |oobbooboooboo
gobooooboo (obooboboobboobg
gogboooboobo |gobbooob
goboooboobboonb |boobboobbooboobboo
gogooooobdoo (oboobboobboobo

B ={b1,by,...,b,,} 0000000000000 0OOOOD ADODDODO BOOOODODOODOOD
ai:bi,(izl,Q,...,m) (615)

000000000000000MO000000000000000000000O000000000
00000000000000000000000000000000 R;={b1,bs,..},(i=12,..)
0000000000000 00000000000000000000000000000000
00000000000 P={p,p2,....p,}0000000000 Q= {q1,q2,...,qm} 0000

A ={a1,az,...,am} (6.16)

pi(i=1,2,...,n)
a; =

0(otherwise)
B ={by,bs, ..., bn} (6.17)

pi(i=1,2,....,n)
bi={

1(otherwise)

0do0o0ddpDbOOoooo200b000o00o0o0oag R(%,%)DDDD
godddooddoooooooooooooooooooooooooooooooooooo

oo ooodnooooooon

0 A={ai,a2,....,an}, B={b1,bs,....,0,}00 000000 P ={p1,p2,-,Pn}, @ =1{q1,92, -, qn}

0000000000000 000000 {A,P}0{B,Q}00DDO0ODLODOO
pi = Gisa; = bi, (¢ = 1) (6.18)
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6.3. 00000

——classification table ——

handle no. e
- classification schema-

classification schema

classification record[] 8

virtual rectangle tree g — classification record —

—

— virtual rectangle tree

O 6.7 KUPF-VROOO

— virtual rectangle tree — .
- virtual rectangle node -

root node >

min. node

max. node e
- classification schema-

classification schema >

range parameter spec.

—parameter spec.—

O 6.8: KUPF-VROOO

000000000000 00000000O000 ADDOO{A,P}(p;,=1)000000O0O0O0DO
0000000O0ooooooooooooo {A,Pj0OO00C0{A,PlODOO0DOOOOODOOOOO
0(66)00100000030000000000000

OO0ooo0odOder0O0DOKUPFOODOOO 48000000000 DOOOO0O0DODOOOODOO
oooobooooooboobooobesbbobooboboOobbOOobOUO 69D bOUODObDDODbO
gooboobogobooboooboobooboboobooboboobboooboobbooon
goboobbooboobooobuoooboobbooboooboon

0620000 RtreeDOKUPF-VROOODODO 6.100000000000KUPF-VROOODO
000 R-treed MBROOODOOODOOUOOOOUODOUODD RtreeD000O0OOO0OOODOO
ooboodobooUoOoOoOooboOoUobboOoOoooUOoOoOoUobOoOoUbDboOOoo 3pogoooo
gobodbobogobooboooboobbobbooboobbuoobooobooboobo
gobuodgbobogbooobugbboobooobuobboobooobaob

gobogbbogbbooboonobad

1. 000000 NOOODOOOOO0ODODDODO0O0OO ROOODODO
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54

level entry
up entry
down entry

MBR]]
virtual MBR([]

— virtual rectangle entry —

classification record

}

- virtual rectangle entry -

- virtual rectangle entry -

- virtual rectangle entry -

Y

!

— classification record —

—— parameter—-—

O 6.9: KUPF-VROOOOOOOODODO

root node

classification
record

classification
record

classification
record

leaf node

intermediate node

classification
record

0 6.10: KUPF-VROOOO

ugg oo

classification
record
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6.4. OO

Test packets Marked packets
LI 1}
Sender Router Receiver
100Base-TX 100Base-TX
ToS marking
IP fowarding

0 6.11: KUPF-VROOODOOOOO

2.000000NOCO10D000000OCO0OO NOODODOODOODOODOOOOOOD
OO00ROOOOOODOOOO

. 000pooOooo0oboo NODOODOO VBRODOOODO

4. 000 NOODDOOOODODOOODOOOODOOOODO NOOOOOOO VBROODOOO
OO0000d0DOodoOoOO00ooOOo0oOoO0ooOO00DoooDOodooOoooDooooogooO N
googd

5. 000 NOOODOOOODOOOOOODODOO0oODoOo0O0 NOODDOOO VBROOOODODO
ooboooobobooobbooobbooobbooobbooobDboooboboooboboo
OO0ROOODO

6. 2000

6.4. O [

000000000000000000000000VBROOOO KUPFOKUPF-VROOOO
0000000000000000000000000000 KUPFOIPOOOODOOOOO0OO
ALTQ 900000

6.4.1. 0DOOOOO

000000000000 6.11 0004 Sender, Router, Receiver OO OO 650000000
Sender 000 000000000000 0ORouterd IPOOOO Receiver 000 0 Router 0000
00000000000000000000IPOOOOO ToSOODOOOODODODOODOOODODOOO
do0ooodboooo oo0000o00bO0obO0obOobODOoo0obOOoDOo0bD 10bOoDoOo0obOooooo
0000000000 ToSOOOOODODOODOOODOODOO RDTSC (Read Time-Stamp Counter)
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0 6.5 KUPF-VROOOO

CPU | Pentium IIT (1 GHz)
000 | 512 MByts
O0O0ooog | Intel i82559
OS | NetBSD 1.6.1

06.6: 0000000000

goobo |oobooobogo booobo gobogo gobogood
IPv4 host fxp0 UDP 192.168.4.0 - 10,000 — 10,099

IPv4 net fxp0 UDP 192.168.4.0/28 — 10,000 — 10,099
IPv6 host fxp0 UDP fec0:0:0:4::0 — 10,000 — 10,099

IPv6 net fxp0 UDP fec0:0:0:4000::/64 — 10,000 — 10,099

ooooooboOooooOoboOoobooobooooDboObD 4000DOoOobOoOo 100000
ooboooooolobooo0oooOobboOobboOoDooshoooobO 200b0b0b0bObDOO
0000O0DO0DO0ODO 160000000000

642. 0 0O O O

obooobooboobooboobe6sUlbbOUdbOUObOObOUODbDObDOODODOODOnD 6.120
6.1306.1406.1500000000 «(M)”, N)’000000000000OO0O0OOOOOOOO
gobooboogobdooboobobooboobobooobuoobboobooobooboobo
OU0O00OO0OKUPF-VRO KUPFOOOOOOOOODOOOOOUOOOOOKUPF-VRO ALTQUODO
000 6.1606.1706.1806.190 00 0ALTQOUOIPVA000DOOOOOODOOODO 3200000
ooolpv600000O0OCOOO0ODOOOOOOO0ODOOOOOOODOOODOODOOODOODOO
oooooooooooOooOob 3200000booboo0oooo0ooooDOoDbOoOoOobooo
gbobugogbgobbobobobuobpuoobobobobuobboboboobobooobon
obooboobooooooooooooooooobooobooboobobobobobobobOoboon
gobooboboooboobbooobooboboobooboobobooboooboobboooo
ODODALTQOOIPvd host 00D D ODODOOOODODOODOOOOOOOOOOOOOOODODODOO
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6.4. OO

07 T T T T T T T
ALTQ (M) —+—
ALTQ (N) ---x--- ¥
06 L KUPF (M) ------ X
. KUPF (N) 8- i
KUPF-VR (M) —-=— %5
KUPF-VR (N) ---o- o
0.5 i
w oA
g 0.4 F B i
= K
(o))
@ 03 |
o Rl
o R
o

0 200 400 600 800 1000 1200 1400
#Filters

0 6.122. 000000000000000 (IPv4 host)

0 0 O OIPv4 network, IPv6 host/network 0 0000 0000000000000 DOOODOOODO
000000000000000 320 [Pv4000000000000O0OO00OALTQOOOODOO
0000000000000 0000000000000000000000000O0KUPF-VR O
IpPOOO0O0ODOOOO0ODODOOO0ODOOOODODOODOOOO0OOOOOO0ODOOOOODODDOOO0OO
OO00O000KUPF-VRO ALTQOOOOOO0O0OODOOOOOOOODOOOOOOOOOOOOD
O000O0O0O0OALTQUOOOOOODOOOIPvdhost 0O OOOOODOOOODOOOO KUPF-VR
goboooboobobon

00000000000000D00 IPvAa000O0O0 20030 8000000 124,00000 [15]
000000000 ALTQUDOUOOOOOO0O IPvdhost 00000000 DO0O0OO0OOOOOOO
O 100000000000000000O0DOO0O00DOOOO0620000000000000000O0
10000000 0000000000000 C0O0O000OO0O0O000O000KUPF-VROODODOO
goobogoobobgd

6.43. DOOOODO

KUPF-VROOUOOOOOOOOOOKUPFOOOOOOOOOODOODOOOD 6.70 KUPFO
KUPF-VROOODOOOOOOODOIPv4 network OO O OOODOOKUPF-VROOODOOOOODO
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58

Processing time [ms]

Processing time [ms]

07 T T T T T T T
ALTQ (M) —— ]
ALTQ (N) ---x--- A
o6 L KUPE (M) - A
: KUPF (N) - e
KUPF-VR (M) - = P
KUPF-VR (N) ---o - o
05 | g -
04 | -
x A
03t -
0.2 e -
LT
x 2
0.1 - "é” 5] ///,)(’//_
e - _
OE i & =0 — RO Vol © Bt Vil © Bl Ol
0 200 400 600 800 1000 1200 1400

#Filters

0 6.13: 0000000000000 O00O (IPv4 net)

0.8 T T T T T T T
ALTQ (M) —+—
ALTQ (N) ---%--- I

0.7 + KUPF (M) ---3--- i
KUPF (N) 8- X

KUPF-VR (M) —-®-—
0.6  KUPF-VR (N) ---o- * .7 .
e
05 B
o8
04 B i
H
03 F X |

0 200 400 600 800 1000 1200 1400
#Filters

0 6.14: 0000000000000 OO (IPv6 host)

ugg oo
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6.4.

oo

Processing time [ms]

Processing time [ms]

0 6.16: 000000000000 OO (ALTQ, KUPF-VR: IPv4 host)

NAIST-IS-DT0061007

07 T T T T T T T k
ALTQ (M) —+— )
ALTQ (N) ---x-- A
KUPFE (M) ------ *
06  KUPE(N) o /@
KUPF-VR (M) - -® -
KUPF-VR (N) - -0 - X
05 + i
0.4 | X s
0.3 X m i

0 200 400 600 800 1000 1200 1400
#Filters

0 6.15: 0000000000000 O00O (IPv6 net)

0.05 T T T T T T T
ALTQ (M) —+— N
L ALTQ(N) - R
0.045 I KUPF-VR (M) % %
KUPF-VR (N) -8 K
0.04 oK x -
0.035 | 4
,"Xl
0.03 |- . ]
0.025 | X i
,'X‘
002 F % .
0.015 .
0.01 | _ _
11 [ - Feeeeen e o [ geeBe B IO o RO £ R -8 B o s o -H
0.005 .
S S S8 S8 S S8 S S
0 == aaat | | | | | |
0 200 400 600 800 1000 1200 1400
#Filters
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60

0.12

0.1

0.08

0.06

Processing time [ms]

0.04

0.02

T T T
ALTQ (M) —+—
ALTQ (N) -

KUPF-VR (M) ---%--- ;
L KUPF-VR (N) & /]

0 200 400 600 800 1000 1200 1400
#Filters

0 6.17: 0000000000000 O00O (ALTQ, KUPF-VR: IPv4 net)

0.16

0.14

0.12

0.1

0.08

0.06

Processing time [ms]

0.04

0.02

AllTQ (M) T T T T T T
ALTQ (N) -

L KUPF-VR (M) - % 3
KUPF-VR (N) 8- 7

0 200 400 600 800 1000 1200 1400
#Filters

0 6.18: D000 0U0OU0O0O0D0O0OOODOO (ALTQ, KUPF-VR: IPv6 host)

ugg oo
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6.4. 00O

0.16 T T T T T T T
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