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Implementation and Performance Evaluation of an IPv4/v6 Interconnect System
Using Open Source Software

Tadashi OKADA, Kento ANDO and Kyouhei YAMAMOTO

We implement an IPv4/v6 interconnect system in low specification hardware with open source software

(OSS) as IPv6 network environment spread. The interconnect system is composed by adopting an IPv6-to-IPv4
transport relay translator (TRT), and using OSS such as FreeBSD, Jail, faithd and BIND. The performance of the

system is evaluated by a viewpoint of a mutual packet transformation of IPv4 and IPv6 and a durability when

flash memory is used. About the packet transformation, it is confirmed to operate normally by measuring

packets in the system at a high load. In addition, the system durability that replaced a hard disk with a flash

memory is evaluated by a continuous writing examination.

Key Words: IPv6, IPv4, Open Source Software, Packet Transformation, Flash Memory

1. [XL&HIZ

Forx OWRET, A—F V=AY T T =T
(0SS) DZEJEH+ 52 & T, &4 - BEREHRY
AT KBRS DO O EEIT-> TV 5.
Mtk g O — B CHEEE L7z THYLER 2, F4EM
R ERERT D ENERR] 3972 Y, AN
REMY AT LEFEBI L TCETZ., ZRHDV AT A
T, VERNROMEDAZ DRI EHEL, K
REDN— R =7 ECHERICEHNTEZLLO T
FKLTWD., AL TIE, FEOEZ T THELE
IPv4/v6 I(ES AT D ARG .

FCTHLY BEiF ARy U — 7 AT,
IPv4 & IPV6 L D3y b U —7 Z A H B L CHAfF
SHLHVATALATHD. 2L, FEOA X —X
v M OB KITE, IPvd T R L AD RS
BIERE L 720 56, IPv6 kv U —27 BNMExITHkL

JFREZAT PR 2 6469 A 1 H
R T 2R R
HEIRE T - EHY AT A TSEEYOTRK 2 54T 4
BABLRET - FRY AT A LEFR

KLTWL 2T, BEFED IPv4d ERE& A 20E T
HZENTED IPVANG AFV AT AINKEEE X
726 ThD.

X b U— 7 R OBIICH T - TlE, 0SS
R e 2y B a— X EHWSH Z 2T, K=
A2 MEELEEK>TWD., EHI1T, *vy hT—
7 BN EM c BT p X — M EBT D8
MiaFEL, MEEELEBTLIEHIToTV5.
AL, KEEE DL - ARFEVL & EE T AR O R
HWhexHSEHIZ, 77 v vaAE ) HZEALL L
& DI A2 E L7z,

ARFmSLTIL, IPve OBEE L IPvaNG A7 2T A
IZOWT 2ETHAT L. RITTV AT L7 & LT,
3F T IPVANG fFL AT LD S ASHAEE OV
REIZOWT, 48T T via AE VEADMANE
IZOWT, ZNENOHB « FikERERIZO N TR
~5%.

2. IPvaive EEBfT &R T LEE

2.1 ZKRLARWBEIPWG

IP (Internet  Protocol) 3, &% ERIN-CAZHAHH 21T
1= DIEFEAE Y, TCP/IP XR—AD Xy h T —
JxFEBTHET, RbEERIL FaLTHD.
KHL 328y hEDOIPT RLA (IPv6 R IE S



7=DT, KBlT 572D IPvd LRI D) MRfEibh
Tz, oL, A2 —F v bR RIZEE
VW, T RLAEORENTRINIZTZD, HLvIP

LLTI128E Y FEDIPVe BEES T

IP7 FLADREIZES LTI, 20104-2 A 3 H,
AR AHIE iz IP 7 R LR %5827 5 TANA (Internet
Assigned Numbers Authority) (%, IPv4 7 KL X DFE
JEEETHWHLZERELE 9. 72, BED
2011 44 H 15 H :,7/7k1¢%ﬁ®7sz
Z &4 % APNIC (Asia-Pacific Network Information
Center) 3, IPv4 7 KLU ADEENELR XL L
TWA O, fEENRRL Rol-mbENnsT, EHIZ
IPv4 DMEZ72< 72720, IPv6 X v bV —27ITE
1T+ 5D TRV, L, IPv4 ZEf DI IPv6

ZERIDBMED I, THhRAIZ IPv4 ZZERNHEZ TV &F
HEhb.

IPv6 TIZ7 FLAEZ 128 By MNMZT5HZ & T,
2D 128 LW FEEMEBL W DT FLANRTF
ET 5. E5IT, IPv6 (X727ZHICT L A%
L4727 Thel, IP EWH P ha v EKICTE
RO X I RS EIERBENEBINENTND ).

* IPSec DIEMERLHIC L HEF =2V T 117k
<IP 7 R AHEEREREIC L DFIHE - EEE

(A FHER R P RE

& ORI B — LT KL AZE Y Y TH

& T P2P (Peer to Peer) 1 73 ] BE
T X AR R K D IEREE DI

T R U AMEORE TR, 27—

v My ZR— U TORNRT N ALK T TRE
< IPv4 ~o X L0 HFLINTZEERD IPve ~

WL, VL—FRAAL v TFNHELL IPv6

NIy N AL R EE

2.2 IPv6 & IPv4 & DL ER T

IPvd & IPv6 IZIP 7 R L Z{KFR, IP ~v X DiEWN
\ZE 0 RHPED 72 EHERIET 6 2 LN TE 20,
F T, IPv6 HAFEL AT LA IPV4A/IPV6 % v R U —
JRFICEETH I ET, TOVAT AEZEBRT D
Ny MIZRF LT S 2 DO /LER 2 ANz, 1Pv4/IPv6
MOWBEEZEBT L2 L2785, T OWEIT IPvANG
HHFERT LAOFEIC L > TRARY, WIZ3FEED
AR DFET D 8.

)T aTIVAE T

T aT VAKX v X, B—0mERIZX LT
IPv4/IPv6 Ol FIZxtih S8/, EH560%y hU—

Wb B A FREICT S, IPv4 & IPv6 O T4 4
M LT E, IPvd THEZRMNHIUL IPv4 Tk
Z L, IPv6 THEFEERAHNIT IPv6 TIHET D1t
WA THD. IPv6 £ hT—27 & IPvd v hT—
JDOEFRIMELT, Frrl) o r7e7a halk

WHEITOT A RE, BT T aT VAR Yy T T RA
ATHD.
Q) b7

IPvd %>y hT— 27 Z#EH LT IPv6 D@ 51T 9
A THDH. IPv6 v hU—27 X IPv6 A Ki
tﬁpﬁotﬁofwﬁw%éﬁﬁﬁéhé.ﬂ&

FEEETDHEE, FrRAOADIZEBWT IPv4
A/&#HMéné_k@,ﬁ%Im4*yhU~
I ZEDTERN IPV6 Ny FEFEHTS
TENTESL., PRV OHERIERELZ Y v b
I IPvd ~v X &4 &k, IPv6 ~v ZiE#R%EH &1
N—=T 4T END. ZD, —PHLE L ISP
(Internet Services Provider) % -2 72 < [al#¢ L2, TPv4
Ry NEFRHENDZ 2D, £, ZOWHD
IPv6 v hU—27 %M LT IPv4d OEEEITO Z
EHLARETH D.

B)rTrAL—%

hZ A L—#L, IPV4/IPV6 /377 v k& A
$i3 % Z & T IPv4/IPv6 M COMEIE % LT H. b
T A L= IR EN TR E LT r R UK
& TRT (Transport Relay Translator) 7 X23% Y, Zi
ENEWT DRI D.

X AT, TSV S—va L To
BEHAATH DT, fEROT v Fx v — N EFARMIZ
F{EIZFE UC, IPv4/IPV6 * » b U — 7 5 fC Bl iE
T5. HlzIE IPv6e 7 RLAZHRELI-A L Z 7 =
—AMBIER Y T =T IPvd DXy MR
FBTsL, 7o MERY—"PAHGOAL 5T
I~x_§ﬁéﬂtlm47 N AL TR

DAZEESE~INE DR EZITV, 5850 BIRE DI -
TL B EEFIEAENERET D, ZOHETIE
FuXx FRXO NS AL—F% LT, H50UD
IPvd 7 KL AL IPv6 7 R L A ZRHESIT TR &
HRbHD.

—J, TRT &%, "IV AFR— @L< LT
BT 55X ThD. 585 IPvd 7 KL A% IPv6 7
RLRAIZBEBZSEDHZ LT, IPvd 7 KL AL IPV6
T RUVAEXIRDOTS. 20D, Y FA L
20, IPvd 7T RL AL IPv6 7 RL 2 &H 51T
DRIESIT TBLLEN . LiL, ZoOHER
ax 7 va Mo TCP BEICERLNATLES &V
IRBENBDD.

2.3 IPvANG HTFEVRTLOERE

ARG LT IPvANG HAF U AT HZIE, FT v
AL —%@ TRT FXEHHA L. Zo#EBEE LT
I, IPv4 SR & IPve xtISim RN B AWIZ 7 1 |k =
NOEFENEBERETEE T EIHERH D &
EZTNOTHDL, TaT VAR IR R Y v
7T, IPv4 ViRIT IPv4 SRR &, IPv6 S K1 IPv6



IPv 4/v 6

P N

/7 IPVEXR Y FO—F D IPVAR DI TN
/ £d00::/64 Jai 172.20.45.0/24 \
totd

@
= 22

NFARA

X1 IPvan6 SE7E S AT LR (MEREREAN S H 2 & )

WAL LDBRETOAIENTE R, 0720, #i

Z 1L IPv6 12T 5 & BELFD IPv4 H— B 2 % F|
T2 ENTERWY. TRT FRFTF AL —FT
HIUE, IPv6 ~BIT L& LThH, IPv6 & IPvd D
= RAOWGFERHTHIENTELDEAL
7z

A 2F 50, K1 (ZOKIZIE 3 3T 9 MERE
FEMAH OB H®AEENTWD) 1ZRT X HIC 0SS
T& % FreeBSD -+ faithd + BIND - Jail % V> THERL
SNTW5DH. 0SS 1%, FEMOHE, Y—Aa—

ROLEE, AR N —F T DR D7 &
DORFERH OV, EEHTFEE 20N E L.
ZDi=d, 0SS ZFHWTARKYV AT AEHBEST L Z
LT, VAT AEEEHAZHIBTE, 4 REE
L7 AT LEBIOREE T, FFEHEAZKIZE T R
THZELEREICAR S, ik v, Hi o s
WX T DV AT LAORMERZITRDEEZD.

TRT i kT 2 L —4#|Z, faithd & totd THERL
ém,BMD&@#LTQW#éw faithd |,
FreeBSD | HARMEH I I N TWVD F T AL —& T
®7~%/T%6.%6#L®w~74/77 —7
LIz, 55 1P 7 KL 2 & LC#Hh1 5 faith 7 L
T4 I AL, WA 27 x—2L LT faithd 7
—E U ERSTT D MY BB L TELS. Ih
T faithd 7% IPv6 R A DL EE SN Ty b &
RELCTZTHLS.

ZO% IP 7'a ha VEBEITW, sl 7o T
W5 TPvd AR A Rzt d 5 9. R T AR— NE
LULTOEWRZLITH OT, EHTIIRAT L R—
T ETRENSLIEL /2D, faithd TIX, FT7 A
AR—rE7o had LT TCP 24577V
= a rTRITAIZ IP 7 b3V OEBREIT O
TENTERW, E, IPV6 Xy FU—ZICET
DUERE N HE 2B LIZGEIZRY, X7y hD
EZEEITOZLENTED.

- L
HARB
/j
\_v/
£77, totd IX7 2% DNS & L EEEN, IPV6 7K
A k23 DNS —RIZflWEbE L E X, ZOR

WhAbtZ7e% Yy DNS — 03 % 7 H Y, DNS
=R fNE DR ZEEET 5. £ L TUNED IPv4
7 RLATHIE, IPv6 7 R L A~E 22 H L THY
WA DEITICEEE T D 100,

IPvd 7 KL A2 96 By hD faith 7'V 7 4 v 7 A
ZHAHAEDEDLZ LT, 128 Ev b IPv6 7 R L
A& TH. LT, 58k IP 7 RLADT LT
A w7 AN, faithd V7 4 v 7 ZADry FE& IP
7'a b a VOB ETS.

£, SRIOT AT A THIHT % DNS H—C
1% BIND!D Z v 7=, BIND i3 b M L TWD
DNS ¥— DY 7 7 =7 T, RAAL L4 (av
Va—XE2#iT254%H) & IP 7 RLAZXIGS
BET SV r—v a7 haLths. S
RESL L 7= IPvANNG 35/ AT HITHBWT, DNS H—
/3% Proxy DNS 2265217 Ht> 72 DNS W& hoH 3
RK(URL) Z IP 7 R L 2A~%hii &4, W& T 5

LA L, totd & BIND %, EH5D0H—E X4 [FH
UAR— FEECRET DT, F—H— hicdlE
THZENTERW 12, 2oz, Ry 2T
LEEMATHZ LT, ZoORMBEERR L. FAE(L
VAT A ENX, MR — N RICERBRR A — N
FEESE D00 MATH S, AlENIEEL Y
AT LD FHHA L LT FreeBSD £ Jaill®) Z3E A L,
faithd & totd 35 £ OF BIND % Rl —#— N ETHREL
7

Jail 1%, FreeBSD FizEIEES/-FAE(LS 2T L
THhbH. Jail iZ, 774’/1//27.5.%37J RILA~D
T RBARFHIBREINTZTo v ZADEAETHY, Jail
AT HZ L T, FreeBSD WITAMR & X7 LT
EET DRI FreeBSD & 27 A& HEEEN+ 5 =
EMTED W, ok ABEEKIIAZX N Eo—x
JVTEIET B72%, AA B EFEUHEETEETS.



¥y H10007 —H R b

2 TRT R IPvaNG o AT L DOEME

EBHIZ, Jail NTEMBLTWAHED, EX=2U T4
NEl, BHLEHTHD.

iz & vy, totd & BIND #[f—— Ry =7 k
(AT 5 LRI, B9 2 Y — SO HIIC &
HT7v=r7aX NOHNE, F7z IPvave IEfET A
TADEDDON— R = TilEa 2 S OHIEE XS
TEMTEDLLEEZD.

3. IPvaNG £F P X T LD EREETAE

3.1 MEeEMED BRI & EIE

K 2T ME Jail 2D Z LT, IPvaNG HfE
FERE L DNS 2 A L, —o0H— N ko5
L7z, BEIZHWZ—"On— Ry = TRk E £
LIRS, AEEEM L-o— R Y = TIEPERE DR
LOTHY, ZON—FU o THFETEFRICY—E
AN CEE, N R T EHETLLED
FRERNEOND. £ 2T, BEMATE X7 MK
EEITV, MEZRCEEL TV A0 E 2 ORI %
1T-7-.

F 1 IPVANG ATV AT KD N— R = Tk

CPU |Intel Celeron (R) CPU E1200 @1.60GHz
A& U |Transcend DDR2-667 512MB

HDD | A 37 Deskstar80GB Serial ATA 11300

NIC |ASUS P5GC-MX/1333 (10/100M) INTEL
945GC+ICH7
BUFFALO LGY-PCI-TXD( 10/100M)
PCI2.0

F9°, K 212L Y TRT K IPvaNG 317 2T 4
DEMEZ RN
O FA B AX, AHEHi= URL 75 IPve 7 R L
AEWGT 570, ¥y DNS & LTEMfEL

TWVE Y= N~HNEDOEEITD.

@ MWAbEEZIF Y — 3%, DNS H— 3~f]
WE b EEXET S,

® DNS #— 3% AAAA L zi—F (IPv6 1E#H) 2
bniEEhnz, RiFiEA L a—F (IPv4 5
ZiKd (5[E DNS H— ZiE A L a— RO A%
iE).

@ 7'm ¥ DNS IT3ZITE o 7R DY IPv4 72
DT, HOHNLLORELTZ 96 £ hD faith 7' L
T4 T AE3REy FOIPV4 T R AEMAE
b 128 B b IPv6 7 KL AZERLL, KA
b A SNERET D,

® IPv6 7 RV RAZZ FTH-T2R A b AL, D%
TR ST RVRAEHEDA V¥ 7 = — R |ZEHY
WTHA IPv6 7 RLAFEEL, Rlxy T
—JWFHTB L TCWAZ ERLMMNBEDT, T7 4V
NF—=F T =AThHD IPVANG B — R ~TF—
% (HTTP %K) #XET 5. ZOBEZIT Lo
T RUVREFERIPT FLALE L TEETS.

® IPvaNNG ZEHY— NI, T — X B TS & v—
FUTHBREITY. V=T 4 T TF—T N E S
ML, 5856 IP 7 KL A faith 7'V 7 4 v 7 A%E
DT —BEZITWDEREA L H T 2—ATHD
faithd0 (ZH5ET 5.

@ faithd BNEDOT — X #Z TWMHET v haLk
ZEHLL, %655 IP 7 RL AT faith L7 4 v 7 A
ZEOBRWZ IPvd 7 L 2%ty b LCHEET
5.

HTTP B3R %2 T H - 7= Web H— NS4 &K
7.

@ IPv4/NG MY — TR A b A~k 5.

3.2 RINDKERLERE
AE ORI, IPvane dEFES AT AT b AT
MM DHIRMENIEY, ZOBEX Ty NaxEH U b



IPv 4/v 6

L, BENEFIITZ T NHERT D (BEE
W HERRIE, RTEOM 1 S H).

IPv6 DBl E| Y Y TRl 7 A > b (£d00::/64) IZ
BT 25HRAN AC2D) 05, IPvd OFNT KL A2%E
fil (172.20.45.0/24) IZFdE S Au72 R A b B(172.20.45.
6) ~%, /N K% 100Mbps THaE L, £ DR
IPFW1S Z W T, 75 25 A (1 & 172.20.45.1)
~ONH Ny N EFHIT 5. JET 20K
1LOONPLDDEGD AT THD. T 4 DFT
OB LT 5 Z & T, IPvaNG HIFT AT AIC
T, Xy bR FR DD, FRIDHETH
EENSHEWVWRONHIETE S,

£72, IPvan6e EEV AT LOEEL Y, VAT
LI L TR B AMMAND DL, HAEERNS7-0
DKL L T2 D37 PR HEZ N L, T
Wik Z T X TV EThd B 2T, BHxt
Gl b3y R RBZVOIE, MTU(Maximum
Transmission Unit) 28 /NDOEETH 5. IPv6 Tl IPv4
EHI2 Y MTU O/ YA X% 1280 /34 h EE®D
LNTW5A. ZD7=h MTU=1280 /XA b THiE%
Tot=. &2V 7 &8 100M A —H %> b THEHE S
LTS 728, 100Mbps DIk AZFE WG 2 L 5127
— X BEEITo 1.

Y7 e MTU % 1280 /A MCEREL, &
W EAT o T fERZ K 3 ITRT.

10000000

j; 8000000 v

Z 6000000 / — O
2 S s =@
A1

Fomen = __ g
m // ----- @

01234567 8 9101112131415

| FHHIRE R[]

3 Ty M EHRIREE O BI£R (MTU=1280)

3LV, Ny MR EEERIZERAIRERICH D
2T IPvANG HE(EY AT BTHT D NS 0 e R
IMEEB 2 5. 15 2WE LIZEED IPva/ve A7 A
T LANZET D37y MU, 8865911 il ThH o7z,
EDD, 1Y 0 OYE T BT 8865911/
15/60 = 9851l & 72 5. & HIZ, —DOD T L—AD
A XL, MTU 28 1280 31 R THY, ZhiZA —
Xy b~y L ML —IRBIMEND DT,
1280+14+4 = 1298 /NA f&72h. ZDOT L—AMN
9851 & 2 DT, T —XEiX 9851 X 1298 =
12786598 /XA k= 102292784 £~ k= 97.0M E v
FeZenh. LY IPvANG 1EY AT HMITHT 5

AT DI SN IL ) 97.0Mbps & 72V, 100Mbps
DR EIZIEFE NG D L5107 —ZEEEITA T
LMD,

I, BHOWE7n—% 7y b ¥ 7F¥iT
THRZEZA, OTIL, @TI1, @T6, @DT7T
Lotz 22T, OQOHE T N7 v FOHEKIX
HZoTWAW (L LEZ>TWT IPvdve H1F
AT MIEE LT ARY) SREL, X3 0llE
o a, OOy NED 11 1275 L 9 ICIERE
T5HE, R2OXIRERPELND.

# 2 MTU = 1280 DEFD#(E 7 = — (11 /37 v h TIEHSIL)
3y b ORE BT
@ @ © @
0.25 11| 10.99651 5.50449 | 7.07334
0.5 11| 10.99877 5.50232| 7.07313
gl 1 11| 10.99792 5.50546 | 7.07792
ﬁé 2 11| 10.99970 5.50177 | 5.50288
i 5 11| 10.99860 5.50257 | 7.07303
7, 7 11| 10.99888 5.50216 | 7.07258
10 11| 10.99873 5.50244 | 7.07305
15 11| 10.99744 5.50431| 7.07296
2LV 15 p0%E, QOHKTIE, 0.02 %D

I, @DOHLALTIE, 8.3 % DYk, @O M TIX 1.04
Y DHEME NI FERNEGEONTZ. oKLY, &
1DON—FRU=THETH VAT ANIEFIZEMEL
TWBEEZD. LL, BNy b, 2%V TCP
DWERBISE OBUITIAFEN TI=. X, TCP T,
ETONRT Y M T HERINEZEETHDO T
7w, HOBREZLOHEAZETEL, WRILEE
ELTWD., ZOMERINEZED IRTEHFFLLTO
BOTHY, 20Dy FEDOIEL D& A3
ElieLEBE2zbNnD.
D%%K%mmﬁ% Lo THHL—EDEE
FZE LT
Z)Wfﬁ wu}_.LT\/K% sz))[\o—ﬁiﬂ@ﬁ%:[aﬁﬂ T »N
L7

4. 75y atEVICEHERDMAE

4.1 7Sy Ya rEYEAOBMERER
IPv4/v6 EAF AT HIZX LT, 7T v aAE
VOB NERFT S, Zhicky, KEEHL -
REBERHND., EHICT7T7 vy aAEY LT
USB AEUZHHAL, 520U HHID USB AE Y
RNy 2T TEERL TEBITIE, Mo AT
BT A AT TNA ZAORY BFEZAEENESICTX
5.

A EBR%E LT IPvANG EfFS 2T 2D Xk 91T, &



e L GEMAT 23 v b U — 7 8L, MAER
BETHD. "N— R =7 OFFACE 2 — K
U7 CHEET D Z LN TETY, SR
HONTERIGEN T2 L3I TE W, arta
— ZNHE DR —Y OEEFRIZOVWT, CPU : 44%,
AEY :29%, "N— KT 4 A7 KZ A7 (HDD) :
16%, ¥ —HR—FK:9%, B : 2% WVHT—%
N5 16),

ZDHL, fHHEICZHAIET, N— K7 =T OfF
FIH OB E CEEZ, HDD O FERIZOW TR
T5. 205 TEO—KIEEERIT HDD %, 24 I
MR S H 72> HDD D4R & BOBER O B
WIHE S TS 160, BEEHRE &I HDD O
EFERITIKTL, 4FRITITEFERNI 80 %, 6
FERIITETRDN 50 Wil d EFRINLTWS.

Foi=, HDD OO OF 4 A7 T34 A L
LC7TvvarE)28ALL L, EHMRM
DERBFOENDNEINFHELTE. 77 v a2 AE
U% IPvANG EIFV AT MZEA L L&, F9°F
THZ PIEOFINERT L2 TR S, 75
va AV IZZFOREE, EXIAHLSHEDR,
HxIRICEBEEZNTEFOE Y T — X O, H
DHLEITS 17, F£72, EXALCHELRY K
T &, BEERREIZHIL LEFORMNN TE 72 <
%, O, EEXHAEEICHIER S 5.

F, 7O vvaAE VL, EBXIAAL AL
B IR—= ) LIRS HALTIT R D — 0, EEH
2L, BEOX—VEaEld [Tayr ) L)
HALTH722 9 18, 26 0H A X — RIS ~<—
U 8KB, T uv NN —T% 64 HEHL -
512KB £ SN TW5b. 578y WD | R_—Y
ODNREEEHZDLEE, Tuv 7 OENEEH
BT THNOEER A E VICHAH L THER—
EHEFHL, fEEHAEY ONEEROT 0y 7I10HE
EHL, to7uay s 2EEHEETS. HlzE, 1
By be EEXLTYH, N—UHMNTRIEXHEZ
BTy BKTITOI 5 &80,

DX DITHAMECALEW A DT T v v 2 AE
U %, IPVAIVG6 HIFET AT DMTEATDH Z LN AE
E D DFHIZIT 5. AFEIOMGETIE, 77 v a
AEY L LTLMTATTED USB A€V L4f5
L9335, F7=, 4 SSD(Solid State Drive) DAtk &
KFLTETRBY, REOVRWNE D THNIE HDD
ERIREOiE CATTE 5720, BEo—DEH
A FREDREEZIT O .

4.2 |IPvaIv6 ETFESRTLDTAOUVARTHIER
IPv4/NG 17 AT AT T T v o AE ) &8 A

TARED, ZTOTAT AOEMIEERY7- Y OFE XA
HEE L EEIARRBRENET D, £, 77 v
2 AFY OEXIALFE EEZAALFEEHE LI
BTH52LT, T4AIT A RELTCT Ty va
AFYEHEATELENEI DB CTEDHLEEZT-.
IPvaNG HAFL AT LDT 4 A7 T 72 A EWIE
T 5 5L LT iostat & AV 7=, iostat 1L, 1704
72 ) DFEARIAIERE X AL B, ¥ 1/0 A1
X EO VO IZFET 2FFHEREZISGT 52 LT
XBHa~vwr RThHD. IPvave IEL AT TN
T, crontab & AV T jostat #FE{T79 22 LT, 18
W1 EFEFHESREBUG L, £ d 72 BT 72
ZORER, FioE S bhi-.

WREEIAREIEL : 4.61 [El/s

W) E XA B 58.72KB/s

CORRAE 1 YD ICEHRT D L,

W) E Z AR 0 398304 [F]/H

R E X IARR R - 4924 8MB/H = 4.81GB/H
Lnns.

4.3 759l arEYDOHEERTE

7T v va AT OMAMERMIO - HIC, EERIC
EXIALZ L CTHREITY. 77 v ivaAEY L
T, 8GB ® USB AE U, 16GB ® SSD % f#i~7=.
IPvaiNG TF L AT DT 4 AT T 7R A%, — &
VAT LAEBELTCLEY L, TOFEAERRS
DEZALTHLZENTHIEND. ZOZL%EE
BL, Y027 A%ERLT.

B L7 0 77 A%, fHlitG L7257 /31 A
ki1 o07 74 VE2HERL, EDOT 7 A NMIT
LT JEBAT, Ty Lz EXALTNL.
EBERBNRLS oL, TOT7 7 AN~ EEEL
TWE, ZhEa= 7 =P ETHRYIERT. LT,
7T v va AT VICEXIAALT RS, KRB, SSD
DEEHEZAALEE Z, MOT 4 27 T34 X
~MRET D, ZOEEERITO T u T hE, BLE
100170 C EFEIC L W ERR L 7=,

TT—WAEULEEETO, EXALEREL,
77y va AR RRESEZIANTEERE, £3
WoRd T

#3 TITvVarAEYDTT—FTDT 4 AT I EA

USB A&V SSD
EX AL LK E[GB] 12319.45 258688.73
AEVRERSEZIA 1727 14024
AT2IE %L (A1)

Ty a AR IR TR v ZICEX AL TR

T SSDIZBH L Tid, JFHRINIE TIo= 7 =2 RAEET, REFRITETICE 3 EALDHEEEIELT.



IPv 4/v 6

5L, 2070y I ORENTLEI ZENHD.
L2L, SSD £7-4?® USB AE VU TlE, =7
LRy UIREEINTEY, Yus T ATHRUS
FricEZAAT E LT, HEMICEZALMEN
WG FTICHEI 0 Y TEITH . FlxlE, ©X A& 1GB
@ SSD T, 512MB O 7 7 A VA EZIAANTIHT O
Z 4RI L= E LT, SSD ORI 512MB (2 4
FEXIAENDDOTIERL T, KD IGB (1 2 [H
EXRAENDZLICRD. D, SEIOKBIET
Fohiz SSD OREHFEBZIAALZEEIL, 178
v ~NOEZIALBEKERBETODLEEZLN
5.

4.4 759 arEYMAKICHT HER
BRUAZT T a2 AFY ~DEXALT LA
UAKMIMADO T REZED LEHFMEEZX >TWND
DT, EEOEZXIALEZNDZ EIXNETHD.
IO, EOHGEEMHEL, —DODOHZELT
FHMIT 5. F, EXiALT— X &L EZAREE
D 2O bHFEMETHT .
() EBEXIALT — X ENDOHEE
4. 250, 461 B/ HOEZIALDHY, T
THRRRLZTay 7 ICEXAERDETD. £,
EBXWZICEAT 0y JHAOEBIETHY, Ta Yy
7 %A XL 512KB & 5.
1 B oEZIALET, 512 X 4.6]1 = 2361KB
<1 H 24 BFEIBRZ AN TS E LI &EnEX
A BT, 2361KB X 3600 X 24=194.5GB
72 DT,
-USB AEVOEZIIALENE I DOEIZ D BE
1%, 12319.45/194.5=63.3 H
+SSD OEXIALENE 3 OMITA D HEIL,
258688.73/194.5=1330.0 H
(2) FZIAREE DS OHEE
TRTCOT—ENEBRDT 0y I ~DEZIART
HDHEMELT, BAROEZIALZENOHMmE
HEE+T5. £/, EEHZICLD 7 0y 7 BALOHE:
ECTHY, 7y 7P A XL 512KB £ 5.
- 1 BHoOFEZIALEEIL, 4.61[H
1 H 24 FEERE AN TS E LI EDEX
AL BT, 4.61 X 3600 X 24=398304 [H]
- 8GB ® USB A E VU O~ v v 7 ¥iT 8192/0.512
=16000 f& T, 14%7=0 171 v ~DOF¥E
TIAL[EELIE, 398304/16000 X 365=9086.3 [Hl/4F
< 16GB @ SSD D i 7 v v 7 ¥ ix 16384/0.512
=32000 fE T, 144720 178 v 7 ~DFHE
TIAL[EELIE, 398304/32000 X 365=4513.2 [Hl/4F
72 DT,
cUSB AEVD 178y 7 ~DFHEEEZALRELK
DN 3 DIEIZ 72 B DX, 1727/9086.3 = 0.190 4E=

69.4 H
< SSD D171y 7 ~DOYHEXIALEEINF 3

DEIZ 72 5 DIX, 14024/4513.2 = 3.107 4E= 1134

A

EBXIAALT—HEEEZALBEE HIZ, 1ZIZA
CHMmAHETE TS, ZOFENS, USB A
TYD 2 ABREOHFMTIE, EMFAAOGFY R
FLAEATLOIFEE LY. LL, Y AT LADEL
A5 T57-0, VA7 AFH#AE USB AEY
ICHERANCEZIAALTEE, AR TEIHRIT-OI
IIFIHFTRETH 5.

SSD IZBAL TiE, 3EMURIFMEZ D L TPHTE
5O T, HDD & OEMERHEIIREER b DD, FE
ALV DMMAMEZ > TWEEZ NS, HEE
T OAEPREH T & MMk OFEE BB LT, £FEVAT
DR L CHIET D Z EIEHRETH S.

5. HEMNE

AWFZETIE 0SS CIREREZR 2 v B o — & 205 H
L, Jail BBEEAE A L7 TRT HR.D IPv4/ve fFs
AT LEAER LT, FELEVAT AR L TRD
AR ODPNDHIRAET, KA F 72— AITKTHA
Ay ERIE L. ZOfRA LT 52 &
TIERE R 2 v B o — & BT, RERVENMERZT
LI LERTZIENTET

£/, 2 Ea—ZRHOmMAMICET % MEE
RFT 572D, 7T v a AEVEAOKRF &
TIAALEREZWE LIZRAEEIT o 72, IPvaNG 317
AT DT A AT 7R AREE, 77 v a2 AT
I L CEERAREI TR E D LT, BEXAL
T—HE L EXIALEEN L FaEHEE L7z, USB
A ZEEETOY X7 AEIHIZ, SSD % HDD
EOBEMZIC, TNENFATELZ N THET
5.

IPv6 v b U —27 OILKRIZMEVY, IPv4 & IPv6 &
IS E DM BEMENE KT 50T, WFHEH Y
AT DEBICZMICEBR TE . KU AT LEx3E
BRUCEMA T 272021E, BEssadi-tx=l
T A4 DRI - TEY, SHBOFBEE L.

Z2 & X ®

1) The Open Source Initiative : http://opensource.org/

2) HEEH, ERER, WMHEIE: Web 1 FAREI AT
LOMEE A =TV —2AOMR, Bl T FEM AR
9548 5, pp.55-60 (2006).

3) B, AKAEMEEL, [EIE  Web N— ZAEBERL AT
LOF =T V=AY 7 b =TI OME, HILTESE



FEFR AT 45 46 5, pp.59-66 (2004).

4) WHEKXE, JFELEA, FHBEIE  2RERR S AT L O,
HL TR SR PRGRE 5 52 5, pp.73-77 (2010).

5) Available Pool of Unallocated IPv4 Internet Addresses Now
Completely Emptied : http://www.icann.org/en/news/press/releases/
release-03feb11-en.pdf

6) APNIC IPv4 Address Pool Reaches Final /8 : http://www.apnic.
net/ publications/news/2011/final-8

7) Internet Protocol, Version 6 (IPv6) Specification : https:/www.
ietf.org/rfc/rfc2460.txt

8) Gene, A T# : Cisco CCNP ROUTE 7 % & | : Hi¥% BP 4,
(2011).

9) KAME Project : http:/www.kame.net/~suz/freebsd-ipv6-config-
guide.txt

10) The FreeBSD Project : http://www.freebsd.org/cgi/ports.cgi?query
=totd& stype =all

11) Internet Systems Consortium : http://www.isc.org/downloads/bind/

12) HimEBEA, BMES, AR : £ TF5 IPve, ASCII,
pp.129-143 (2002).

13) FreeBSD Handbook : http://www.freebsd.org/doc/en_US.ISO8859
-1/books/handbook/jails.html

14) e RESC, BRI, ERRIAA @ S2E FreeBSD —/ A
g @EHT AN, Bfirtaatt, pp.118-158 (2012).

15) Chapter 29. Firewalls:http://www.freebsd.org/doc/
en_US.ISO8859-1/books/handbook/firewalls-ipfw.html

16) 5th USENIX Conference on File and Storage Technologies :
https://www.usenix.org/legacy/events/fast07/tech/schroeder/schroede
r_html/index.html

17)  Backblaze : http://blog.backblaze.com/2013/11/12/how-long-do-
disk-drives-last/

18) H#% PC : http://pc.nikkeibp.co.jp/article/basic/20091109/1020283

/?rt=nocnt



	津山工業高等専門学校紀要　第56号.pdfから挿入したしおり
	ページ付き
	In this section, let ℤ + and ℝ denote respectively the set of all positive integers and real numbers. In what follows, we retain the notation given in the “Nanotube Series, parts I ~ III” published in the Journal of Mathematical Chemistry4)-6). The r...
	Recall that in ref. 3) we formulated the following Problem AI using Propositions AI and AII with Note AI:
	Problem AI. Is it possible to prove the following proposition via the Weierstrass Preparation Theorem or other methods?
	Note AI. The following proposition, which is easily established via Taylor’s theorem, is fundamental in investigating Proposition AI.
	Problem BI. Let ξ be any positive real number and let η be any real number, and let (ξ,η: ℝ  ℝ be a function defined by (ξ,η(x) = |xη|ξ. Recall the Practical Asymptotic Linearity Theorem (PALT)14), and check if the following Proposition BI is true, an...

	ページ付き
	Single-walled carbon nanotubes (SWNTs) are graphene sheets rolled up into cylinders, and based on the direction of the roll up, i.e., chirality index (n,m), they are divided into two main classes, metallic and semiconducting ones (m- and s-SWNTs). Fr...
	Separation into m- and s-SWNTs was first reported by Collins et al. in 2001.6 They performed electrical breakdown of multi-walled carbon nanotubes, resulting in the loss of individual carbon shell from the nanotubes to yield SWNTs. After this report,...
	Procedures for single (n,m) sorting of s-SWNTs have also been reported by several groups. Ghosh et al. succeeded in sorting of ten different (n,m) species by using nonlinear density-gradient ultracentrifugation.16 Liu et al. developed sophisticated g...
	To date, there have been three reports describing biomedical applications of single- or double-chirality -enriched s-SWNTs. Dai and colleagues utilized the second NIR photoluminescence of (7,6), (6,5), and (12,1)/(11,3) SWNTs for biological imaging. ...
	Finally, the possibility of single-chirality-enriched s-SWNTs as photodynamic agents is discussed based on the recent photochemical studies of SWNTs. The photodynamic activity of photosensitizers is based on photooxidative reactions, which involve ac...
	In summary, single-chirality enrichment of s-SWNTs is a rapidly emerging technology, which has enabled their detailed photochemical evaluation. The NIR responsiveness of s-SWNTs via the van Hove transitions, such as luminescence, and heat and ROS ge...

	ページ付き
	This is the direct continuation of section 3 of the preceding part IV of this series of papers.
	In this section, let ℤ+ and ℝ denote respectively the set of all positive integers and real numbers. In what follows, we retain the notation given in the “Nanotube Series, parts I ~ III” published in the Journal of Mathematical Chemistry1)-3).
	The reader is referred to refs. 4)-7) for cross-disciplinary investigations related to the Fukui Conjecture and to the chemistry of carbon nanotubes. The reader is also referred to refs. 8)-16) and references therein for the science and technology of ...
	Definitions I. Let a, b ( ℝ with a < b and let I = [a, b]. A real-valued function on a subset S ( ℝ is called real analytic on S if it is the restriction to S of a function which is real analytic on some open set O ( S.
	Definitions II. Let S1 and S2 be nonempty subsets of ℝ. A function f: S1 ( S2 is said to be nondecreasing if x1 ≤ x2 implies f(x1) ≤ f(x2) for all x1, x2 ( S1. A function f: S1 ( S2 is said to be nonincreasing if x1 ≤ x2 implies f(x2) ≤ f(x1) for all ...

	ページ付き
	In ref. 1), the following Challenging Problem F was given. This problem is related to absolutely continuous functions (generally highly irregular) and to their Fourier expansions.
	Let us recall that Challenging Problem F is closely related to the Asymptotic Linearity Theorems (ALTs) in the repeat space theory (RST). The reader is referred to 2)-7) for the ALTs and for the definitions of the original alpha space X𝛼(q) and of ot...
	Conjecture OALT-1. (OALT-X𝛼(q) AC(I) version). Let q ( ℤ +, let s ( ℤ, let {AN} ( X𝛼(q), and let I be a closed interval compatible with {AN}. Then, for any 𝜑 ( AC(I), there exists an (s(𝜑) ( ℝ such that
	Tr[(( Iq) (𝜑(AN)) ] = (s(𝜑)N + o(1) (1)
	as N ( (. Moreover the real number (s(𝜑) is represented by the integral given by
	(s(𝜑) = . (2)
	Challenging Problem F. Prove or disprove Conjecture OALT-1.
	Let P(I) denote the subspace of AC(I) of all the polynomial functions with real coefficients. The Conjecture OALT-1 with AC(I) replaced with P(I) is called Off-diagonal ALT, OALT-X𝛼(q), P(I) version. The reader is invited to prove or disprove this si...
	Challenging Problem G. Prove or disprove the following Conjecture OALPHA-1.
	Conjecture OALPHA-1. (OALPHA-X𝛼(q) AC(I) version). Let q ( ℤ +, let s ( ℤ, let {AN} ( X𝛼(q), and let I be a closed interval compatible with {AN}. Then, for any 𝜑 ( AC(I), there exists an (s(𝜑) ( ℝ such that
	Tr[(( Iq) (𝜑(AN)) ] /N →(s(𝜑) (3)
	as N ( (. Moreover the real number (s(𝜑) is represented by the integral given by
	(s(𝜑) = . (4)



