REEWSERA

HWAME Txy D —UHSEXXBEMXMAF 111 . 2014512A15AR

FURKFE D X T ABHRR
i 95
<yas @ cs.tsukuba.ac.jp>

ZDOR—JFE, RD URL IchHb %7,
http://www.softlab.cs.tsukuba.ac.jp/~yas/gen/it-2014-12-15
HBEWE. ROR—IDSEFR> TV I EHTEET,

http://www.softlab.cs.tsukuba.ac.jp/~vas/gen/
http://www.cs.tsukuba.ac.jp/~yas/

FORIEC#R & Hl http://www.softlab.cs.tsukuba.ac.jp/~yas/gen/it-2014-12-15
[it-2014-12-15 .pdf

SHOEEGE

o Mr(virtual)y EWSEZX A, AVE1—FERXY NT—TDEM ICHEWELCLEX
FTH %
o MRH, O—FRNLERKIZ., THEYEBEZRIAELED) OBRKTH %, "EEHIR
W EWSERTIERAZWV, AFRER. EFOBRICBOEING W &,
o EER RIS MOKHR
o {RA8FEE (virtual memory)
o {RABETEH (virtual machine)
o {RABEMAR (virtual private network)
o (REBFEMEICIE. RABAAAEDLS B,
o ARL—F a4 VJ - VRAFLDHEE "TTORR) OEZHADOERAT, RELHAE-
feo

HREE X

€Y1 —5HED "RE, OFREK

HEETIE, virtual,

e VIRV T DEETESNTWVS,
e BEDEHED\—RT 7)) EBEMATETH D, RICADEZITH, (H2EETIX)F
BUTWBRIIZIERMN DAL,

$BEE . MR (abstract). E(logical) («—#H (physical))

REE : E(real)

QHEEDvirtualDEHEA

virtual (adjective)
almost or nearly as described, but not completely or according to strict
definition : the virtual absence of border controls.
« Computing not physically existing as such but made by software to
appear to do so : a virtual computer. See also virtual reality .
o Optics relating to the points at which rays would meet if produced
backward.
¢ Physics denoting particles or interactions with extremely short lifetimes
and (owing to the uncertainty principle) indefinitely great energies,
postulated as intermediates in some processes.

Thesaurus ($8:E)

1. a virtual guarantee effective, in effect, near, near enough, essential, practical, to
all intents and purposes.

2. a virtual shopping environment simulated, artificial, imitation, make-believe;
computer-generated, online, virtual reality.

MacOSXf$/E New Oxford American Dictionary, New Oxford Writers Thesaurus & D,

O ETEE

virtual (&)
(REMNICIEEIEBEE EFZESTHRWD) BEELD, RE LD, ER (L) 0; (RED, /X—
FvILig;
o [H] E&RD (opp. real)
o [E] RED (BREOFEREE UTRLbNEZERBICHD SR, opp. real)
o [BE] REZE (virtual memory) D[ZRAWV3];
o (&) EMDH3.

U —4—XEMEFME2REL D,

SHEFFEDFHEICRENS "R,

COEETHOLNIICES REOEZA) & BEULEZRW, virtual DFRFEIC MRE, £2HT
D, KEEoTe, TERED) EREERD ST

R (LE¥3E)
RICEZZ &, RICBET B & Bl REHE,



RAEME DRI, {hypothetical, imagined. potential} enemy, virtual enemy & (EEH
@L\O

B{RAEECHE (virtual storage, iR X EY virtual
memory)

AVE1—FDAEYZSKLL DD S chDEHEH

& (MENR)XEY

dAYEax—Ficid. 2BHEORLEDCHD/IN—R I 7HRENFEENTWS,

XEY (X1 AEY). RAM(Random Access Memory)
EITROTATZLZRFIT %, LT 275 Z2—BNICREZFT %,
I C (Integrated Circuit, ¥V Y EWSTTHRICLD¥E FTESNCERLERE) <TF

5NTVBDT, &, BEIR. N—RTAXTLDFNEWN, EENEWV, (EFEN(E

Rzt)2EHZTLES). )

N\—F - ¥4 X% (HD(Hard Disk), HDD(Hard Disk Drive))
TATSLCT 9T ERRET B, BEIEF. XEULDKREV, EERITWV, (K
N THB(BRZY>THE>TWD). )

XEY T, %ﬁ??“%ﬂﬂ (ZRLR) BMEVWTWS, BbZIEELT T—9 ZREIT . &
WZEETDE. T—IHWMOEES,

SRBEERIREAEY)

REBEEIREXEY., virtual memory) & ld, ZAXL—F 4 VI I ATFA(ER)OEEICLD,
ERICHEZTWED A EVBRELDHRERTIAVSLZHN T HDEEHATH %,

ket (RAM)

page out ‘
page in
T—
/
RGO
(N—EF<«2%)
S -

B RBRERIC LD ELEBEDOLK. EELBLDE, "ERE Z<OXEUYDBZLSIER
ThiF s,

E51&E (main memory, primary storage)
RAM T3, IWAE. &ffi.
Z k5t (secondary storage)
IN=RTFA R TS, RBE. &ffi
~—
FREEIRER O\—RTrRY) ZzEERO7OY 7LD, KESF. 4K
INA S -8KINA s DY —R%EY,
R—=IF7Ihk
FRECHD (HEVWESICHEN) R—I%E, ZREEANIE—T 3,
R=IAY
“RERBICHD (REREBEEINTWE) "—VY%, EXEAIE—T 3,
RIBELEDOEARNRLR 7 T« 7. & RAM ORE%. RMBR/N\—RFr I EFE>T,
TBELE KT 3, ISIFESEIBLEFEREVWAEY (1 C) IT. URFEDLHRVZ., &

WA= RTARAVICBE, THRTVEXTEYDORNBEZEANBIBNSASEZED D, DR
RWAEUZELR. BEW\-RFr X7 Z2RERE S,

REZEEFES & XATUH 1000 M X1 b ULHBWIYE 21— T, 2000 M /R kD XE
DEESTOVSLERITIDIENTEDLSICHD,

bEBERF 1D2DTAVILATREDXEVRENLOBDZEEScHDHE A TH S, &
BT BROTOTVSLMMESAEIDHRETEZISI LD H5,

OERR—I VY

ERR—I' V' (demand paging)ld. RIBFERZER T 572 H DHEA,

o ERRICIF. BAFARICHANGWN

o OV SLDERTUT, HB3R—IZ2FIEALRIC. ERRBICATN E 7RI SLA
DOETZ—BHET 2, BNOR—I%Z, ZREBHOSERE AR—I1 VLT EfTZ
BT %,
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o PV EAINBWR=IL, ELRICIEASRL,

o MEKRTREENSELZBADIE—EREE LR,

e FEULRWAR—IZTFI ALK THEr & ™8R iMTbhd0T. Z0OMELR
52¢E0H%,

OR—VBEBZTFI TV L




R=IAVULELS LRI, 2BOERR/NMABAHREVNS 2D BB, ZDRICIE. FIFH
DR=—IDHEDN S, BHEBEIR—IZBRUTIR—IT VU, BEZERYT 5.

BHEBBIR—VYEBRIRTZHE (PILTVXL) KIF. ROLSBEDHH 3,

e OPT(Optimal) Z)LTY XL, REZREWERE THAINAWIS Z ZREEN.

e FIFO (First-In First-Out) ZJL3YU XL, RHFVWRRIICHMAEN D% ZREE
No

RandomZILTYU X e TVFLICRATIREEN.

LRU((Least Recentry Used)) 7L TU XL, BRHERVEBSBINTWL BLER%E 2R

EEAN.

—BLWFILTYZXLFE, OPTZILTUXLEH, RRATETH D, KROBHREES DT,
LRU (&, BEDRHRZE> TRKZ FAT 2755,

FOKRCH (DS wER)D TBEEE, ORMULHBELZ7 7L LRUZILTUX L,

FILTYXAL(FE, EREF. BBEERELCOHOHSH USRS NWi-EE OBELFAL
HBWE, BROEED, BARELRETEL L HTES, B ENICIEOAYE 1Y TIEERT
TERW, BASHDAETEITTESZLSIC BocbDIE. 7ATITLTH %,

W {RAEE1E 8 (virtual machine) ‘

BBV, RETY Y RERIAYE1—5, FEHEMARCE AVEa—F0lE, B
TRV,

€1YE1—5 DB |

e TEYRDN—RI 7 (EHEE)Z1DDARL =T 1>+ YZXFTL(OS)MMRIET %,
e OSOETEBOFZ TV r— 3y - 7OV ZLDEET %,
e N\—RITI7ICIE. RDLSBHDNEENS,

o CPU

o XE

o AMEB(/N\—RT1RI, T4 ATLA, F—R—K{ XYy ~T—7 - 1—R)

F7ZUN|F7Y

0s
RETHE

B Bk UicdY Ea—5 DAL

SRIEEHER

RAEFERE G REHERTE=IEFENDY T MU 7 OBEICLDED Hahlf, X
TDON=RTLT ARL—=FTa V7 - YRATLHDERZE. REO/N—RD 7 E@FRFIND
MR

77UV NFTY

0s
RABEH AR

B (RBHAEBRETOANL—FT 12T « VATLDFET

RAESEIZ, RIEETETE =4 (virtual machine monitor, VMM) &EWS/h& BY 7 kT x
TIickDEBREINS, REHEHT=F L. /\1/{—/\1 H(hypervisor) EEENZ 2 &HH
60

FREFHERE=FF1ETE. EROREHERZEZ LN TES,

S {RIEEBROFIRAE
e HLEHEEHDAVE 21— TIT>TWeAEZ 1 AOYEBNARIYE 21— Y TIRIT
HICENT B,
e 18OV E1—49T, BROARL—FT a7 - YRATFTLBO 77V —3y 70
IS L%EREICFHBEYT %,

e N—RUZF7HRELKIC. BRICRBTESZLSICT S,

o F=HDNYITYTIP, VIRNITTDAVAN—ILEBEICT %,

e Vv alliB< T2, (BEZERAAHZIDHI I ENTEDZ/N—RTI RV ZES, )
o ARL—TFT VT - YRFLDHEEREE UTHRET %,

e t¥aUT s ZHEH B,

@1V E1—5YDEN

Br

e 1970/ N\—R Iz 7OMEIEWV. 1D2D/\—RI 7 TEHDOSHENIE. /\—
RO 7ZESBENENTE S,

o |E: IVE1—FDERILT, HENROTE . HEHE/N—RTITFNnAETY> T
WeftEZ, \—RT7z7EULTRTATIREDLSICB>TE ., WHIMEDE,



F7U [ FTY FTUNTTY F7UNTFTY

0s 0s 0os
RETHE REHHR FETHH

BE? (RAEFHERIC & 2 — /N D& (FHIF)

F7V |77V F7UNFTY 77U ‘ 77U
oS 0s dS
ARG {RAREH A {RARETHS
ﬁ—\ 4\7

{RIGEHBE=%
REHA

B? RABEHERIC & 50— /N DER (EHER)

QN IK—I\AFBRIERA NEY

RIS EE=Y DA

N IR—=IN R
KA ER ETRIEHBERE=IDEET 2,

RANE
RHERETHEBOARNL—T V7 - YRATLADEET D, RIEHAERE=S1E. %
DARL =T A Y7+ YRATLD1 20 F7VT5—2 3 & UTEIET %,

F7U N TF7Y

A R0OS
AR
779 | |mmztums=s

A KROS
REHH

E? RA MBURIBEERE=Y

S RIEFHEHE= Y DRHUBEN

VMware Fusionid. MacOSX ETEIK RZA MRIDREHERE-_/WH, TETIE. XD
0S #R179 %,

e Windows
e Linux
e MacOSX

&t *17VM/BitVisor

BABRARE U TEFa7 - Yv/{r2006; DEED 12, ABERER E¥a2U7q &
VI —HHEET 5, XERIFPA2006ERFEIMRERAREE S+ ) 7 HEZRET IR
HROSERIEDRF,) IC&2XEERITE, ARKENEDIEH, BERBEKRE. HRIEKX
P ERRBAT. RES BRZEMAZREAZ. EHSE. @, NEC. HIIHFH.
NTT. NTTF=%. VI hA—PORMENSM, > FILHEKMiERH, 2009F3 ARF
7O0Yx Y MET,

B ARL =TT - YRATLP T TV T— a3 VICRELBWETEF 2 UT gz
my 3,

o | CA—RMRWE, ARL—F a7 - IRFLDEBUGN, BEICH>TH, fhA
[CiEfED IR,

e N—RFARINPBEEBNICES(LEIND, N\—RFARIDOPWMOEEINTE, BRFA
WHSRAE LR LY,

o BBHINIC REBTSAN—F - Yy b T—7 (&R) (CBMIE. 2y NT—VBEZR
St dEHtic, FATTELRRY NT—7%ZHIRT %,

BEOARL—F v « YAFL(Windows, Linux ZH)ZZBULRWVWTETT %, 2D
lc. RIEEHEH (E=¥) T X1V T HEEEEBINT 5,

77U || 77U
77y ||77v oS _ .
¥ UFBEEDEN
0S AR s I ChH—FRRLZFBEBITEHEIE
 N—=RF1 R DEFL
REHHES RBIHHBE=S c Ry R T—BEOHESE
KETUH

X ? BitVisor DHE



X? BitVisor Oi2EhEmE

http://www.bitvisor.org/ http://www.securevm.org/

®IZal—¥%&v=al—%

®JavalRiEsE#

Java EETEMITOTIL A M- REFENDEHEBO—ECER SnicdD) =

X119 %,

JavalREBEtE#AES &, SEXSEFHRBE/N\—R T 7( CPU)PARL—F 1 V5 - VAT LA
THBIC/NA NI—REWSEBBMEZ DL SICHKRD, NI~ O—RIZE@BEEhE7TY

T—rvavid, EOCPUPARL—T V7T - YATLTHEMET %,

N hO—F N hO—FK e g =g N N4 hO—F
JavaffAREH A Java{sAREHEAE JavaffAREHE A JavafAREH A
Linux MacOSX Windows Solaris

IZal—%
AMDYRTFALT, PO RTLERUEBEZEBTZY I 77, AYE. 3L
JIvEa—92F GHER) TodThil,
e Wine: Unix £ Windows BO 7OV S LAZETIT2HDTOY Z L, Wine
&, Windows Y 7 kU 7EMNVATL - A=)LERTH /O S L) EITZ 2
L—k9%,
e MARILI 1L —%: XFihk OMEEE I, £t BAWCTIaL—~T 3,
o RIBEHEM: AV 1 —92EKDIIaL—%,
YZal—%
REEROFACESHD, BRATETIMELUTEHETTA 95, EFICPZE IR
M350, BDRULADHNBVWEDE IV E 21— DR TERITT S, BEDRDDIC
lFm5m0, (TZal—%iF. MO bDIKFEZD, YT al—FiF. &KL
DITIEEZ IRV, )
e 7K -YZal—%
o HIERVZ 5 L —%

(XF)imAR

180 (Bffik) FROOAVE1—5%Z, EHAT TSS (Time Sharing System) T S RflcfiE
S5 (Rffitz) AvEa1—%, F—R—RHSIHERAEN XFEFROIAVE 2 —F LK D
BEE. FROOAVE1—IHEESNTE EXFEEEICKRT DHEENH D,

B? £EO/NA M O—KRHEZRS

W{REEAR

Q=M% (Private Network)

(RO BEWVERZET—EX &E NTT Z0OBEEFEENSBLISHOE FEHRERED S
&, BB, BEFHREEETRE S, (HEROBHEOHE I, KETEX2, ) HOAD
ADREZERFBVOT, ZE2TH2 (BEZ BRI BICIE. BIFELICHLL, )

BER

HRR % HER D ’@‘/

LAN
E? SRR
BRAKRT-ERE. FEBICSM. Flo

o NTT 1 Y% ILF7 V£ R 64 K bit/s, 15km LA, A%& 28,000~
« NTT 4 Y472 £ 1.6 M bit/s, 15km b, B4 152,000/~

@VPN(Virtual Private Network)

AYE, A1 VF—YREWS, HEEDNTIERATEZRYNT—0 B >T WBH, Hich
b ER#R(private network) THREIFNTWB LS ICRED T %,

10



X7? VPN

VPNZRIRY 2 i

* PPTP

e L2PT over IPsec

o SoftEther VPN http://www.softether.org/, Packetix VPN, UT-VPN
http://utvpn.tsukuba.ac.ip/

e OpenVPN

e MS-SSTP

FRRZTIE. ZADNSZER(IPT RLATHIR) OF—ERZFAT 2DICEZS,

o PHTERA T+ 75— VPN Y —E X http://campus-vpn.cc.tsukuba.ac.ip/ja/
o BHREIFSE http://www.coins.tsukuba.ac.ip/ce/ (F5|=EDH)

®VPN &£ERLAN

ERLAN 25K, BRTHEEONLT 5. BDD PC TREWETH D, ERLAN I
DOBESEOFEICERT 5,

o SR L, BRI DEIC. NXAT—RZEIMMBVED,
o IRENRBIESLH D, WPA, WPAZ 2 E,
e FVIES{L, WEP 2 &,

ESAUVURRT—RRZL)DEDIE, BENESEETRENREZER TN %,

FRFRLAN

(97

E? EHRLANDBEEES

ERLANDBEABTDERZR<ICIE. VPN ZFE-> THES(ET B ERW. XL TLWB AR

11

BSbenfcr—5 & VPN OfREZMD I EHNTES, BS (LRIDT—IZAFIT B L
(FHEL LY,

B? SEIRLANDBISES

ERT VPNOEREZRY T EIFTER,

EE2: VPN O T, BE{LESncBERRR. BSEhs (Tlcbdsh %) . VPN O
B L. RROBEREOHEOBEICHEIEHESHEDLH D,

O ERLANFIFROHTTPS £ DNS

Web R—3® URL T, http: THED DO, BEEIBESELINTLERW, https: THE
3H0E. BEENES{ILINTWVS, https: DBE L. BS LN TORWER LAN T
HolceLTH, BENBOHETZITHL W,

UD U, https: DBEDHEIIC. DNS OF 7 AN EN%, DNS 77X E. BEkEh
TWRW, R LAN B BS{tEnTwWiinid. P27 ALY —ROEFINMEREND,

VPN Z{EZIF. (BREICLD) DNS OFDHESLTE S,

W Z D fth DIRAB Kl

Q8T 1 X (virtual disk)

120KEBT7AIE, 1DDN=RFAXTERLULSIKFZEABDELSICL IcbD, REBT
AVEFES EL RDESBIENTES,

o T—YZEWSHLLTRET %
e BHRODT77ANDBERBZYTIRNI 71 XREDICT B,
e CDR BREICEBZATHD T 7ML 2—KHICEZ S,

@{RIEHR R N (virtual host)
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Xy hT—=JICERENCIVE2—FZRAMEWVWS, RA NI T—EX 28R#I570
ToL (B—=N) ZEMEERBEVWSBHEDH B,

REBRA M, RELASEHOOAVE1—IDRETH D%, 1BIKE W93, 2
L. RYMNT—0%BZTHEISAITREBICIE. 18IKENS hTwaZ &EEr>20tE
7‘8:‘/\0

RAEBRR b DRBITE

o (REFTEEE-ES
o BADTOAVIATHIET D, 18OIAYE1—FTEHWNTWSID2OTAOYIALT, &
BORAAVZICHUTH—EXZRET S,
o Web #—/\
o X—JL =N

S RABRER (virtual reality)

BERIVEL—Y - IST74v I AP VY ROKIMZEE>T FELAWVW BOZE (AV
E1—90FIC) EELTVWENDTELRENIT S,

AEDMEEENTB L, BRERUELSIKRET S, BRED 71— RNy IDH %,

SHERS MR8,

RAEDOHAETIH., IVE21—FICLBPERZHENT. THBELCEFFEELRWV] EWSEEDN
fEbndZenNH s, LENE. ZHE (LFHE) DI TRRTE A >fcced, AvEa—
FEXY NT—UDRKEICED, BRIGEWLARILICEFTELTCE 2 (BINIKRED b0 &
BERIAARICE>TER) EVWSBEKBELUTETWS,

o [RABHH. RBHS
o (RIEXZF. RIEHE. REFE

WARL—TFT 12T « AT

OARL—FT 1Y « VAT (Operating System,0S) & (&

e BERYT KD (FOTIL) .

e BREANT, BRABLSICHBICBWTWE IOV ZL, AXRL—FTaVT - ¥
ATLEADTOTZLE. INTARL=FT 27 - YATLDBETEITENS, )
e AVEa1—5D "B %F%, BEANBEZ A EBEREEERDDZ, BUN—RUT

TH, BOIARL—FT a7 - YRATLDE &0 EXADBRIEAEDLES,
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e VIRDITILED, BERNGED KIF. ATV N) #RHET S,
o 77AINETALIKNY
o 7OEXR
o U4V R, A4V

o BEEM, \—RUz7ZEEIZ, XEUEE. CPUEHE,

OARL—FT 4V T « YIRATLDAEY ADEFTAHERIT

FEARE(MDONINSE)e NITRD UEF, SHDIARE,

OSiF. 7OV SL2RTISBTATILTHS, HOTOTILIFE. OSONZEHENT
FUHTRITE NS,

TIFOSIE, #HHRTTBH?
BIOSH'7—hO—%%ZXEVILFHRAAH. T—hO—FERITT 2,
T—hO—MNOSZEAEYICHEMAH, OSEETT 2,

BIOS(Basic Input Output System). ROM Monitor, O SZ/\—RF4 X /M5 XEJICO
E—UT. OSIcHIE%EEST 707 >4, ROM (Read-Only Memory) &WS, DREDTE
EKHBEATYICA>TWD, HWYRTATIE, (7AY E - TARIAD) BERNZAES
DOEEREENEFEN T W e,

OARL—FT 1T « VATLDER

e Unix, Linux

MacOS 9/X

¢ Microsoft Windows 95/98/2000/NT/XP/Vista/7/8
¢ MS-DOS

¢ i0S, Android, Symbian OS, iTron

VIZhUzT7ZEESK. BADO/NXY IVDOSTEHETS2HDZES, (CPU OEEDKE,
FU OS TH CPU OEEMNTOT S LITES EEBELIEL, )

BAODMEWZWY 7T ROz 7HIET 2L 50SECPUERBAI/AVOY ZES,

 giidd

e O—%(Loader)

¢ EZ% (Monitor)

o /N ?MEEOS

¢ TSS (Time Sharing System)OS
o J—UR7—3VHOS
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o /XY OAOS
o 2w NT—208S, 280S, ERFEOS

TR—=VFI)L - AVE1—5) OEZFIFE. EBBEF LW, i, IvE1— FyrEfiicorkc
DT, 18QIAVE1—9ZEHAN (FICIEHBEAN) TRRIC E5 2 &n—BNE- 7,

TSS (Time Sharing System)Tld&. 1DV E 21— XBDOATRRKICE 5. —ADED
F. BATHBELTWBDLDLSICRZ %,

70t

RS LETAOEZR,

TOtERER ARL=TFT a7 - YATLOBEICELD. ZRERICREFS w70y
SLDXEY (LR ICHMAAEN. ETARICB DD,

B774)0 O\=RF1RY) ICA>TWH, 7OV LG 7OV ILTH %, 12070
TS LAERFIC2EENT CEEEZDE. TOTTLAETOER DEWVWHI DD D,

AT AEY

0 70
L8 A
7034

ANRL—=Fa 2T
VAT

CPU l[e] CPU l[o]

120707 AR ZHE #RO 7Oz A HE
ALTWHIAYEa1—% LTwadava—%

B? ARL—FT 17 « YDATLDEBEER

12070€AN5R3 &, BERIFED—ATEROOAVYE1—FD/\—RDUx ZEFBELT
W3 &35ICRZ%, AvE1—YDREIEDRA,

7O0EREFE KL OT7ORANST—5EZRIFWNE (FOERHEBE)
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