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JEfulo] 2~ (110) 9] deoje] AA3t Fd¥} AFsEF & 2 -8 2 4 k. oA, dolgH
122(110) &= $4-7P8 28 2-9 op7lax =2 F+dE = o, MySQL Z/X= 718 HAYSTACK, CASSANDRA 53}
7o olojo] HHE #AE HolEHo] A el A AES 01%% otk syl Fdow, Z#1-9le sy

A= 7y A SH2AEH(109)E o ¥E3h),
Ard Rz, gy AA F22E(108)=

(]

o
17
o
_EL rlr ﬂ offt
o
o

olate] Hlol Ei EHa shel(flat files)S ¥atal wAd dolEuolagon A%e Az 2 Wald
2 wmm w2 oA A4 Fol AE doEE Maals A 2, thbe Mak(translation) ¥
T

e . 54 ANz, g9 A S2HEH008)= B3 gy A %EiiEi(IOS)Oﬂ Add AR E=
(A9 AA FH2E(108) ol AMEA &= Ad9) vlelHuHo]=(110)0] Agd Hrol thsto] Z2o] A S+
2H(106) 25-H dlolgHo]~(110) 22 715 a4 9 wuz #H=o] A FYAE(106) 25 #5 235 =
Ak, 54 AAldz, g9 AA S22EH108)= A dold AlEI(102)9] #=o] Al F22F (106)°]
Add Are wriske ¥ 2Asgg. 5, 54 ArdE, 249 dHolE Al (102)9] ZH A S =H
(108)+= dlol8 AlE(102)e] ZZof Al SF12E(106)5 Akole] A L7 (01]74‘111 Add AR)& st
aL, #Eol A FH2E(106)9 2Tl Al S5 (108) Abelo] A %‘J‘{r & welshH, dlolEuHo] 2 (110)
Wo2d A S2212E108)00 e ARE AFst=s FAdn. st 7daeR, gy A S AE(108)
2 Zzol A S 2E(106)= STl E A (104)F H o] e o] 2 (110) *} 19l 43 So= tad 5 3
ot

el ??ﬂii 7H"] Z(108)2 go)|E-AF/FE-~F(yrite-thru/read-thru) 7JA] o, RE = 9 g
O|E7} AN =& £33, shue o, A =& Ay ARE AP, uelA od Xéioﬂ 3k A
s s F »lu}. EP% A7t AL dolgwolA(110)02 FoEch. deolgHolA~(110)+ v A #3&

R AR b AN SEs A 23S g e dubHos dolHuol s AlAEE R,

7 gzol AN FHAH6)E B Bzl AN wE(112)E EFE 5 om, 42 BRo] AA wms
ol AFE, AR Y EE Al A93d 5 vk e, 4&w ket Qol, 240 Bxe )
A 22 (106)9] Fzo] AN wEE112) A4e T4 AX el 94T & Aok AR, 2 99 9
A 2E2E10)E B4 Al AN wE(110E EHE + 9or, 270 9y AN wse A AR
A9 ALY R A 49T A9, A2, 4 Aol AHADE S, e Es S g
JAE AMI0)E EFT 5 glom, 2 o] A Fe2E(106)E FekoldE A (10)9] ALAES A
Ba A 0 EE pAe BEel AN wE(1E TRE S AT AR, 74 el AN 2ol
108) #4, F9 EE e gy AN =SS TFE 5 Aok 54 AR, 249 22| AA
_JJ_ =3

Sl Ely =
S 2E(106) W Z+7he] 2ol A =E(112)F ©@X] 54 Z2o] A FE2E(106) W9 o 22
Al 2E(112), B4 Z2o] FjA F2EH(106)o 93] AFEH= FFOIAE AW (104) 2 =9 A S 2H
(108) Wel d9 A ==(114)3Frt S48 4= Qo).

54 AAdE, UMEYA A=5100)0] o) Add AEE dojguo]2=(110)85r ofve} Zpzte] F'o] U
gl AMA S 2=E (106 2 108) BF o] Z+ dloj AlE(102) ol A7ddrt. 54 AR, 7} dolg o]
22(110) ol A3 HARE BAFoZ (A, MWySQLS B3 24 2 HolE2A) AFHE wd, A A
B7b g wr " wE Alo]o] Aoy AAE WA E 2YZ X e e =

2, 717be] F=2ol 9 Y A FE2E (106 2 108)el 98 717t A E = i) dHolE AF=Z Zhzbe] 3
2o] A FY2=E(106) 2 29 A FE=E(108) Wol AGHTE. 54 Ardz, Z47te] dzo] A F
2F](106) ¢k =t 7HA] S 2=E(108)¢] ©lol¥ /\115—‘5 ME A FelzE U A =m=E5(112 B 114) Al
ol 4 WA sH(bucketized) FAY &= 4 vk, F, AME A Z2E O A7 A ==2E5(112 e 11
4)2 Ze=Ho) e AFH 3 AHAEQ] Ak‘:e Aoz gy A FH2E7E A4 dHeolH AlY
(102) z¥]ar LF AArJeo A= dolE AE(102)F Atele] Al Fel2EE 22 o8] Ad A=E 571
stk o), zhzbe]l Zgo] 9 gl A ZH2EH (106 2 108)0] o5 AFH 7+ AE] A 747t =Udd 4u
5 Ageh).

£ Az, Zzte] "2ze] gy A S¥2E (106 2 108)¢ dolEuo]lA(110)o] Z+ AR = 1@
ZoA 2R wEF ALfEbA AEete A APEAHID)(o]sk, =& IDEal $hHE AARWET S, S5 4 =
= D= AYHoR(globally) Ifslt). shue] FdHoR, 7 == IDE 64-HE AHXAloltt. &jue

2]

FHoR | A=(shard)® == ID F3Fe] AZHEESE E3dwe=r. 54 AAdR, 2 == IDe (A8, ks
Ho= B FAlcome) F8F F4E F3l) LF9 sllE A= ID9F WEs)h; &, ZF AF= IDE B3 d93 o
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[0028]

[0029]

[0030]

[0031]
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= afer, Zzte] do] gl oy A FE2E (106 2 108)el o8 2t AgE 7 AES] A= o] Fd
T [¢)

3 dolg AAE Yehdth, thA TEd, BE dolE AAE 1g =& IN(E)E 2tE a8E =t A%FE
], 747kl FR2o] 9 ] Al FE2E (106 B 108)9] ©Hlo|E AR=R a#Zel] 77t AdE RE HH= F
A3k 3 T AF= ID(E)E ARSSte] ZHzbe] #=o] F Ey A S AE (106 3 108) 9] wHlo]E AR=el Zt

Arg gk upel o] 54 Az, AR= 1D SHARE ID(E) R 24 AN S 2H e BE AR=] o5 A
AL Sl 2=H(106) ¢k 2y Al S 2 (108) RiFol] BAlEE A% R B 74
| S212E (106 2 108) WellA Zhzte] Zzo] = 2y A ==(112 2 114) A
o, &aAe] Fmol A FE2E(106)94 ZF FHEo] A =E=(112)= i FEo 7H’\]
SE2E106)0] o8 A AF=e] MBEAE(ANA, A, FU e o] ARE)E AT ¢ e,
e M == IDEC] 54 Ak=d 93] AdE A= IDE AMlE(range) 5 AFE IDEF ¥ EH= =to| EH
i F3et=, ARE AT == IDE AlE(range)d RW=v. wibzbA R, 2] JHA] S 2H
(108)ell A 7+ 2l 7HA] ==(114)= /8 g 7HA] S212E(108)0] o8 A7dd AF=e] MBAE(AAY, &

A, U EE Y AE)E AT ¢ Jon, 4 AEs Ui == IDEC] 5A AR=d o] AAE A=
DE AE F A= DE™® 9WIHE =T H3 FRE IIEE, HEE AFT =t IDE AHEJ
shgk=t)

ey, A bke) Zo], Aol A= D ZRo] % FY A S 2E (106 2 108)o ol A7 A g

T dolg AAel g}, 7F ZEof A S AE(106) Wel ZRo] A m=E(106)9] ek 2y A
Al 2E 2 108) Wl 2E A =E(114)9] s BHom (G, F2ol A F22E(106)9 ZY A
Al AH108) = dubdos M2 g Jiee] 220 AN =E(112)9 fY AA =E01)E 747 23S
T ST B Eﬂoi("ﬂﬂ‘iﬁ Aol AL FezE W] A mEE g olfr R FU|HoR EE S,
AJolE e FAES7E dad o Avk(shut down)E 5 SIvh) We 5 A7] wjiel, z4zko] FEof fA]
=2(112) %oy A =E01)Cl ofs) AE s AR Al 7 AL FEE el Eet ofyE) 1A
aﬂi’\ﬂc Aol el A Zéz—*uoi e THoRE Wd S gn. Anuh, 7 AR @ ARE ID(E) AER B

(]

54 AN, Zzte] BEo] AN wE=(112) R e AN =E(1)E A AN == el AYE Hue

A R ATE B TAT ve ATEAE TFAT. 54 AR, 249 AN FezEd 2zt

AN wsold Agshs wdT el 2TEOE ol A(R Y AR IDE)ZE Y AN FelzE el
EX

Zyzrol Al wxel fi AFHEAE ARSET FAT & Advk. FUE, A mEVF 2o A ==
(112)24, Z2o] A ==(112)°0A st g AZELolE ZToldE AHW(104)EFE &%
(dAad, 715 £ #5 94)& FAlstaL, d2o] A == o] A-e A= el ARE HASHY, 4
o] EdtAY, 2AlstAY, AGstezn 1 84S AFstH, NE B2 A S E(106)] R A
=E(112)8 tE Z=2o] A =E(112)F Abeole] FAIEW olgt 2o A ==(112)¢ Y A 8~
H(108)9] #t] Al =E(114) Atole] F4l& #Hst7AY &olatA gtk w7l E, Al =7t Zul FRA
=E(11)EHE, 2 A =2(114) 44 Adsts 182 B AZEe = g Al ==(114)¢F FRof F)
Al S 2H(106)9] FEo] A w==(112)¢ Hy A S8 2H((108)Y oFE Y JHAl =E=(114) Aleld] &
Ak olye}t gy A ==(114) 9 dHoleHo] 2~ (110) Alele] BA1S #ulsitt, zHzto] A w=E5(112 2
1144 Adsts a2 A2 L2XEQols 2o Pz JHE AAstal ATt Aoz oldf s},

rlr

M

)

(6
o

O

54 AAdz, 7zF d2o] A ==(112)eA4 e e AT Eols E3 U #Eo] JHA] FHAH (10
6)°] T A =E(112), 99 A FHEEH108)9] dY A =E(114) 2 NE 220 AN SeH
(106)7} Alget= SetelAE A (104)9F &f3h=, Hol&el #elE H3dtt. oy Hol&2 AR= 1D @
" A= D B RS AFes e RO A S AE(106) e 54 A ==(112)9F 74 A= 1D
BFe Aednr. o WAaor, 54 #zo] AN FYLE(106)°] os) Ags= SRlAE MB(104)= 2
2o] A FH2E(106) Wel 220 A =E(112) T o= 740] ZetolAdE M (104) 7} HTsAY F7138t

Ak gulelEstela b gust BAH S DE FASEA QAATHEA, FehldE AW(l0)E B2
o AN =(112) F ol sle] SRR Adsks 9 1:;'; AgH F 54 A= D9 B 4w

g AYSAL A, 2em O AE DE AFHE 54 B2o] AN wE(11)d B /S Tt BE 93
FAE # b, B, 54 AR, 2 99 AN =200 TS pe ATESCE EF
P2 e AN ZeE108)9] T AN wmE(114), Bl AA Fe2E(106)9] B2 AN wmE(114) 2

ﬂllo e

N
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[0032]

[0033]

[0034]
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g A S 2E(108)7F ek ZR2o] A Fe2E(106)9] FEo] A =E(112)¢F FF3h=, Holk
o] #ElE g@asrh. Avirl, ofd wWAom, Aol FRo] A S 2E(106)AdA 7t FEo] A (11
2)F 2ol FRo] Al FE2E(106)A thE B2 A =E=(112) F o= Zo| /E IR F|A =
2E(106)°] oJ3] Ad o= A= IDES AsteA] d2g. wprkAR, ojdd WAoo ® | Er A Fe
2H(103)4 2t g9 A ==0114) = ZY AA S 2EH08)dA T gy A =5(114) F o= Aol
g9 A FE2E108) o8 AFE o= A= IDES AFsEA JAE. Ayl 23 FR2o Al
S 2E(106)004] 7 Z2o] A w=E=(112)= 2y Al SE2=E(103)dA 2H A ==(114) 5 o= 3
o= A= IDES A=A 1A AR, gy A SHZE103)dA 72 By A =E(114)
Z4z7}e] F2o] A S 2E(106)4] FRo] AA] =E(112) F o= Ho| o A= IDES A=A

o orr o
1>

ol “

O

>

o2, TEZ(EAT gAIAR] AAddAe 2 TE) e 2 =t gigh AReE 1 A= IDE
ze] Zwo] JfA] S 2E(106)% ElY] Al S Z=E(108)9] M A=l AT, g vpef &
to| A 7 xEE =t [DE ztErh A= IDE o, AE AN =E(112 BE 11)E =29 BYS
9 FHEhu R ofgt sl o] e o]E-3t B(UFE, Y 2E, Hto] EE H|Holu tE A
2o A=) mEvoly(ddd, =71 APHAY HAHJS W gdaE)E A%
é/\]oﬂi, TYPE(EAT dArAQ A4 Vt &8 agE)elA ZF A= X7t AAE]
g, thF-Ee] oA= FEolrt; &, dF-EY A= Z#zZoA 2709 =
Agtt,. 54 %‘/\ A&, 7+ oA A7t A4 }L ay LC?Jr A A=) AT o,
D17} == ID2& A3 = A= =& 1Dl sldshe A= ID(AziY], AF= ID1) ¥ »=X ID29] 3fdst
AdE & don, AR e A= e ARl AAo A F2H Y
2 0e 7H/\1 r=o A& F %EP. i, ox= oA Bsie]l oA EdE YEhE {== ID1, oA E
HA T urk. &g, oA HEtuolH (A, oA 7t A=A

ki3 o/]\

I‘N' o,
oo il
g

b
Iy

vl
broyo o0fr
A e
o BT

e L
i
=
Ry

Moo
rﬂ
L

[ N
N
N

=)
El‘%itd /\171% veb= F/‘ro““ Z)E T

(3 Al L =T A/ | ol 4 < A /e SR

7 o, ma, dgAE (=& ID1, oA B, == 1D2)9

Je|2 AF= D29 A ANEdE 5 Jduk. d7d, 24 WET AI2=E(100)9] AFEATE T o2 AREAReRe]
F A e Jidely ARSIt A BAE et FS, "W e " B oA #Al= 2709 AF
of A4 4 dvdl, Al 1 AF=v AREARe] AEATY W EE A= s, Al 2 AfEE TE AR}
= /ide AA AdExrt By e Abse skt

UENZ AlZ=51(100) 2 53] o] A F2/2H(106)9] F=o] A ==(112)9 #y HA] S212E (10
8)e] =t A =E=(114)oA Addlshs 2=z ] AZEdol= SEto|dE A B(104) 2 HHET oy} v
2 @aol} oy AN wEE(12 2 114) 47hoR wi Zrtonny fud e HeE Addt. o7
o, A2 "AAl(object)_F7Hadd{ID1, == ©E41, wEHEHOIH (RS WAE= A2 obd), Holr:=
(payload) (&7 AIE = A& obd)}'E Fall 74158 AN =271 == D17} afjdshe AF=cllA HAE
= ERle] Azel WAR wE DI @A ARE wEE A Ed, $0Fd AN kss
5, =5 1013 9 digdelE (o, BdAREZ)o) HolmE(qA, o]F-3 ¥ H/Ex T YXRE,
Weel, das mE szl Fxd ge AUZ)E
(update){ID1, == BFYL(FY HAH= 22 obd), #lEtde

A AL OPd)) & B FAF AN w5 g AR A AR s Dol ela] e e
= el Egt (o7, i | E‘r 12 WAsAY, Ao FAE vetdolg = v
EldlolH = ‘”Eﬂol‘fo}ﬂ”r 1:4?]4 of WAlE delz=et A AE HAd=E o ]E@DP). T oo d=HA,
A7 AA_AA (delete) (== D1} E B3 415 A ==t Aol WARE == IDlo] & AEE ==
= AR = uE A=A, Al A (g 3 -’F*J%‘L AN B Aol BAE =
= IDIol] ofs) AHd == 3 AFE d=E A

A, ® ooE dzA, A A el =
T BASE AL o), dMelm=(34 o

LA Wy

2 L i
4
™
o
ot
>
i
fr

G
=
b
[
S
—
il
of
:Oll:

olAl oA AE FxstH, FAY 'assoc_add{ID1, oA EY1, 102, HEMHCH (3 HWAEHE AL o)} E

3 (== IDIS AFeE) F459 A == == Dl o8 AEE == oA Bt1¢] == ID2¢]] 9
af AHE == Apolo] o xE AAstaL, WAE A5, UﬂE}Eﬂ olEI (A, olA7F @A FHAD NS YEE
B s el == IDIY 93] AEE =t} ] oNAE A, E TE d2HA, HE
"assoc_update{*== ID1, oA E}¥d1, == 1D2, wE}d ]Ei A HAEE AL obd) ' E Ed (== IDIE
Agste) A5 AX =EE =5 Dl o5 A —‘t‘ZQP =& ID2ef| 93 A¥EE w=t Aleld A&
dololEdtt. & g2 o=2H, g 'assoc_delete{n= IDl, oA B3 HAEHE AL old), w=
ID2}'E Ea) (== IDIS AAsE) 452 A === == Do 98] Ade ==¢ == D2 &) 2]

OHﬂ
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[0035]

[0036]

[0037]
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By n Apole] o XE AbAlgth. o2 d 24, A 'assoc_get{®=Z ID1, °x EFYL, AL 7
(sortkey) (3 WA HE AL o}y)

L AR (star) (34 WAEE AL obd), FE1iIni0FY BAHE Ae
b} & Bol (= IDIE AFSE) FAFN AN wmE oA B9 AAER == DI s AEe
wms g wEE F wn DES BT 2742, PAA0Y, 3P2E U QA9 dad, 39
77k ehel g i s = A

T2 gAsgd, (=5 D1 ARSIE) $a1F0 A4 === A2 dehuge] 93] PA"
B J ] EFl19] S wx= Do) o]&) 4w
2M, A 'assoc_exists{=Z ID1, oA E}AL,
YA

£
2
N

wEoh 9AE LEE F LS IDES WS E g o

& == D59 22E, AE7(F HAEe A2 obd), ARHEE BAHEE AL obd), F=(A

© A k) E S8 (== IS AFse) FASY A == oA B9l dAE® AF= D1 €]
3 AdE w9 9249 gE =t [DEY g2Ed HAE wTe v [DES kst wik, Aedk A
58 AE3 gEE 49 ¢ oy gy A =E5(114)E gdulo]Est=d AeE S A
shiel Fdog, Zrol 2 gy A FHAE08 2 106)o o3 FdE AN T st o] A gy
of gt =& A wolE(query rates)E A U3t HA o2 st o]o QlElid Ay dlolHE st &

L. o]
g}, A AAlgE, 2 3ye §8%9 wA(intersection), WHA B T LA = Alo]o] Ao T
dHE S &olatAl g}, oA, el FEom, A T2 EJAE S (point lookup)S THFIL,
TE Abolo] ket Aztel gt FE|E FH(range)sti FhEEste=dl HAsE BAo2 HHE g
A, HelxE FAgtel JojA, FFeldE AWM (104) = 24 AEAe] BE FEd dist FH2lEs e
(issue) @ & uvh. ZTpolAdE AW (104)+= AFEAF} "HF" oA BF)& A'H3l= 'assoc_get' HEE AT
T k. A AgE oAl 7] A, MY oA A w=E Al 1 ==(AY, AFgxlel sdEte

Er)o} ARE2Ee] dZ(contacts) HE T |Fete =2 Akl Ao Y (UHE, ", A, ",
"Eol" ) ARE AT F k. mgh, dHo|X e ® tE FEE S5 Hd, EtoldE A (104)

a7
o
E A A8 2, HEAR A L BREE AU s AT BABoRN,
mEnl o vhAs N AES] 9 E2E(all post)l AHE WA 5 Ak PR, 54 9 EAE
gE ZAEE G4 BAow B 4 e

shitol zﬂﬂi, Zzo] JfA S 2=E(106)9 Hul A F=Hel s 7AE JE S AEE HAAE &
ol shal ¥ # HOlEE AYsteE 2HlZ Ulo] =E=E(idl, id2) Aol dAFte] gk g MEC] l-v
E'—E](in—memory) :IIZ'E‘ et dAd, 7 (idl, B9 A3 AlE(idIeA vxE L AR BSlE Zke g
AES] BE A3he disl], 1 T2 2709 Ql-vW=Eg JQuxE #Asith. J&Es uiel o], olE A AE
©idle] &g AF=E V2R ZF Fel2E Y] A i o3 #ElEnh. "Sol, sl VeHE F2E ALY
o, 2719 =25 Alolo] AR A#L AXe] ME =5 7t uis 279 A3 NEE AFH F 3l

o Al 1 Y= AZke] S (temporal attribute)(<lZATH, E}u] 2"is)e] 7IRkste Hel HEl(range
queries)E A Y3}, id29] Al 2 Addx= B FAYS A YA AT, QI E(inserts) 2t SQ(look ups)2]
o 2 A B3 E(complexity) & ALgth, shvte] o=, A 1 Jd¥AE £33 HHA AFE A dE
g #AztE 524 ofololtt. &3 Mol A <dEFE shute] Ads ZFSAY skt Adte
Agst, thxe] B=E EFI: a) $flags (1 Hpo]E)(AHS 7MAAEE WERH); b) $id2 (8 HFolE); ¢)
$time (4 ¥FO)E); d) $data (8 H}O]E)($data LG H 37]-"4 8 ulo]E Hr=o]t}($datac] thsl] 8 H}o]E o]
Aol eEE A, oA E 2 wWEF HA(chunk)ol] Wt ¥AE (pointer)”} Ho] & $data &= A
o $datai= 27g°] assoc EbYlel wia] AdEHolt})); Bloe) $link (8 wWiolE) TAZF id2 QlHA M
(bucket) oA th& H old AEZ ] e xAl(ole Fx). shbe AR, ofole $time £ FATEL

2 #A3tET. 2o dEZe = (7FE 10,0002.2) vt A A gejor AArbssieh. g
Zo =gste A9, ofdels M olgk=(wrap around)Eth. ool $time HHAF Y] wFol, viFEe A=
+ AEZE 499 7|EY 9AE olFakA i drke] HEHE Folrt.

sthvte] FElo g, 7] (primary) A¥2E A WAAE s+ HlolE(global memcached hash table)&
1%("assoc-<1d1>-<type>")OE S92 7 Jde 9d WA= 7l AR 5 Ao ofdlels vee 2
Xl sl E e 4= Y a) count (4 WPOlE): (A&FHo R AFEL, Adzoi ©x] 749 <l

obtl) (idl, type) A MEo|A 7FAIA A#e] FFE(count); b) head (4 Hlo]E): =3+ H{HA A (7
AEE 2490) ofzo] =9 nolE QXA o) tail (4 HIOJE): 3 HHA (714 A 4HH
Jol el (tail)e] npolE QA 2 d) id2 ¢ldx FOE (8 HlolE): id2 3| HolES %33}

FEIH.

> rsL'

X
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L lm lﬂ off

fr ko oX ™o 2
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ue B odE oo
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[0038]

[0039]

[0040]

[0041]
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o
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nE 2o
o 2 m

] ]i, Al 2 ($id2) Q9x= FF HolE2A FHEH, A4 (§idl, $type, $id2) Azt sl 4l
SU& HYgth. shvte] FEoR, 4 HelE 1 AAE WAAE WEE & s
ATH HolEL 7|2 AdYxgo] oA ofyolo]r, Z}zt2 3T 4] WA A

]
Zow AAhth. AN B2 4 HolEe AgFo s
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SH2H(108a)d A4 Y JIA] ==(114) & JUolEE ZRo] A FH2H(106)2 FH3(E 7, No. 3),
2 WstE deolgAol~(110a)el 71Fgtt. = 7o =AlE wpep 2 715 WHEE FAg ZR2o A ==
(112)& =3 1z Z9 A S8 2E 108 E 715 HHE AEd ¢ J2m (% 7, No. 5), gHlEE &
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s Y ol tiE WEkE The sl sk dh, Hlo]EEo] A~ (110a, 110b) Atele] B HAl= HolE Ht

2 JbsetA
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dejo] v AFe ZEAAC ZIwet W8 AFH A=®E 3 ol AFEA e, HFE =90

Alzgle] FRee e S Yk

st=glo] AlZ=EI(1000)9] T3 84+ Bt7lel o sl Zledrk. 53], EAA YA ] 2(1016)= =40
A 2 E1(1000) 3 7} o]ﬂLj\(Ethernet)(dlﬂtH IEEE 802.3) WIEL =, WMZd <l (backplane) 53 #& <9o]9
FE9E MEYAD Abole Bals AlFeth, gE&F AFA(1018)= AW (22a, 22b)olA FAEE A& V)T
= Adsty] 93 Heoly 4% JEZEH“J gEole] oA AFE AlFses whd, AlAE w22 (1014) (A,
DRAM) = Z2A|A(1002)° <Jal A" Ago] dejg 2 Z2ay BaEoje] dAl S Azt /0 XE
(620)+= st=slo] A="1(1000)el 2" 4 de F7HQ FH AAE Apolo] FAlE AFs= dfrt o]de]
24 /e ¥y 4 XEon,

HF

Ao o eEt),

St=glo] Al=EI(1000)2 thkst Al2=® ol7|8E 29E 4 glom, st=9lo] AJ2EI(1000)2] theFgk 8
e AidE Ak oo, AA(1004) = Z2AA(1002)e W (on-chip)d F vt HIFo =, A
(1004) 2 ZZAA(1002)= "Z2AA BE'"Z T gAY £ gon, ojul TZAA(1002)E "ZZAA
Foj"ghar gtch, Athrl, ¥ ddgel 54 AAdE v FHLs -

RS aR o4 @A} T 28
ek, AR, EF /0 MA008)% AAHE FH AAE 34T 1/0 WA1000)E 948 & At =
A% ARG, el Maw £AE S glon], old shale] ALW(1000)e] T4 asE el Wael A
tho AR, Smslel AZR10000e Fbel ZEAN, AFFA wE dues e F74H FTHLLE
e+ .

o &

o:
i

Sel FRon, & A 1EE A8 S WY 4 B4 Ao S dudes o
=alol AARA000)0 21 $ARE Ade) AksE vEE FARG. 54 ANdL, @ e snes
of BE W/Er Sololuli vESD B4 ZRET 28 wiedd oe ARY v, 43 Tes 5
& AR, 44 7158 BEe Sudel, AFE BEASE viAel A8 Abed wE EE o] Eo
2ol o8] Q9 & Ak AR, A5 RES Y ZRAN1002)9 g shEdle] Axwe] T AA

5
EFE 5+ dvh 2700, A9l geel: b BeF AR
it

, Addel WHEol= s}# t]2A, CD-ROM, ROM, EEPROM S
e oo Hstet A A fFPoz AFE S k. AU, ¥ WHoE g5 He® Ay e e
o, WESI/EZA A 0] 2~(1016)E Fdl 718 UE TS AW e 974 AFGAZEEH 42

T At WHole= 7HE uE® AF2(1018)9F 22 AFFARRE wEL(1014) 2 HARE F Z2AA (100
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2 98 z3EE, st=go] A2E(1000)9] 23S #E] 2 Aojdtt. &9 A~ A
AXESo] o g Aol A A 2He] FtELo] FARA Alole] QI Ho|AE ATt FFE, 2FEZ(LINUX)
@ Az, Agxyoel, FHE RS ofE FFFH (Apple Computer)Ar=F-E ©]-&7} z

Macintosh) &9 AlZ=®, FHYZE(INIX) &9 A&, plolaBAXE(r) A%5(r) &9 A&=8, BSD

g 53 22 A9 AR & Alzdle] AMgE F k. 28, O FEE Jhestth. oXd, & wAlA el
Zle=d Yuld A 75e Hedol(firmware)old Ex ofZgAlo]ld FEE A 3|2 (application specific
integrated circuit) elA #d49 & Art.

&Q AEFE 2ZE] &gl d(MEAD SR B AZE0] ofETloldoRNE o H ol

olr
o
o3

A7, e #4842 9 842 A A AFE gHdodE2 49 = vk, WHow T2 A Al=H
of e AMFEL AyPd F vl PHPolo AR o= ATEYS], e = 9 Feojoltt. A wjA Y
A5 o wlxE g, "HolZ(tape), H=I, JAIE 9 Auje|tt. WHols ZEAY Al&gle] E iy
F3hste] TSRS ZRA Al=H o5 dAEE A TSt "ZRA AzE"oE fojE g =
ZAE AR B WF-2Y T2A4 AX 25S Wit T2 A X9 dF de JHIRE 9 =g
3= 5-(logic circuitry)olth. BAelA B, AFYH 2 A% wjA= 273t}

2 HAME AR ol T ¢ e B HAAY dA[AQl AAde tiE BE ¥sk, X3, Wy, gz 2 W
AE xS, vz R, AAS F9d, HEE ATEES SR oldllE 4 e B PAAY oAA
AAfe] gk ZE Wk, X3, Wy, oA 2 wAES 23 d2EA, B o AAdEe] &4 UEYT
Aol ESE AAdEe] FAstE e TleEdey, 2 IS { ofEgAelds Adsta AR
(association) Z#ZEA Hlo|HE RHAYs = 909 &4l A ddEo] A-&= + Ut Avrt, dF A
Ald=Z, " Mu)z" g §l-Afo] ENgE gole udlele] ARRE ¢ glow, MM E AY APIE &S, 7MY
mutd A (AAY, WELE, AnEE JHel& GPS, /MEH B G 7] (personal digital assistance), 7§¢!

| ALEA )9 F2 FAde] Ax~H(custom) APT i ¢
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