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ABSTRACT

The main memory DBMS(MMDBMS)} ecfficiently supports various database applications that reguire high
performance since it employs main memory rather than disk as a primary storage. In this paper, we discuss the
index manager of the Tachyon, a next-generation MMDBMS. Recently, the gap between the CPU processing
and main memory access times is becoming much wider due to rapid advance of CPU technology. By devising
data structures and algorithms that utilize the behavior of the cache in CPU, we are able to enhance the overall
performance of MMDBMSs considerably. In this paper, we address the practical implementation issues and our
solutions for them obtained in developing the cache-conscious index manager of the Tachyon. The main issues
touched are (1) consideration of the cache behavior, (2) compact representation of the index entry and the index
node, (3) support of variable-length keys, (4) support of multiple-attribute keys, (5) support of duplicated keys,
(6) definition of the system catalog for indexes, (7) definition of external APIs, (8) concurrency control, and (9)
backup and recovery. We also show the effectiveness of our approach through extensive experiments.
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E7} A Zoldl Afole (EHFE FHLLE
2R}

22 7](duplicate key)'”al 2442 2l3le] dlEa]
E (7] @, el 7 FE e AAY F4Ee g
Eyo] el E v w3 R 7 gEe £8e
2 gl g ez} shte] k= o gl &
e Aol Al 4.2804 dEshe vl el ¥
29 eZR S rE(overflow node) 52 A dste
HHALE AL

5.2, ke F=x

CSB™-E=l: W rx gls Lx ERe
o) 4 ZFA elglel xugEe FAE)

Y- == {datal), p0. nEntries, freeOffset,
tvpers]l 125 ). 1A, datal)e A e
2] 5] A" 4 gl Talelw, vmiz] ol A9
=50 AR A4S ALY BE RES AL
nEntriest #A] o] Y& xsAlel 2 72 <lER]
0] A= deTlE epdnl.  freeOffset2
datal) F-2=la ¥l F71e] A== A 717
= 2zl FOE typed o] =E9 Ele
vepis Rielot, A4 B-5e] =7l dubdon
256 Ble|E elglelnz R Apdelde k= WY
nEntries, freeOffset. type 955 25 [vlolE
unsigned char =glez Hdsidn

7129 B'-Ee] xxsle] & Aoz 7} dEe
9} &= slotli) B ZAlsiA] Fectes A
olt}, o]#% slot(i) HEx Al k2| Ealsle
Aez)el djy digsle, | WA dEzr) 2o o)
N AlAFE= A E rlelFle LX) ol2ijh
slot(i1& M8l ol 7hd Zo] 718 AHEshe
AT 2= Wolide o]zl FAE 583l {l&l
A,?Q?E}(IOJ.

Zrejuh B b A= slot(i)2) 7S ARgslA
tderh, 2k dEelvhd s slot(i}E el
seH, ol st 7+ k= o] XAt = sle
AE2] 571 FolEr) o)A AH rl2g
g FH7iE 8% olivE Ik F. olx U3
o = golp-5 FolA HH FHoto Aol
Egl2] o7} Zoksl= ARE 20 & )

slot(i} 8 AH83lR] e 7%, 2% 2] szl
2 T R b L B B L g e o R i S R )
dezle] = A4 wY(linear search)s 58

sof k. e 7 o] olEale] H-¢ 328l0]
Edld 1288le]E =79 aldla k= o= Qe
2o 57 BA] v AR o] k=5t ofn] A4
Wel] EAdtche AP mais, olzgh A% 24
2] wige sli4] virel nimsld & emH=vl of
vt}

2]E =+ (datal], nEntries, freeOffset,
(prefixlen), prevNode, nextNode, type)] =&
Zh=x}l data(), nEntries, freeOffset, type2 W4
el 7 Bxyl S4d3lel prevNode®) nextNode
= 2t o] m=o] H&I 95 EAlldRe BlE
=F 93 y2ER F7l 9% d=set
(prefixLen)-2 7pd Zo] 7ol ghsle] Al4-5[n] o]
= k= o EAsls 7] gES] RF AT
{common prefix)2] Zo[& vjehicl & o] k=
uiel dE=Se] FF AFoie o kT A=y,
77 JEBE o] FF AT ¥ES AR vuiA|
e 7] ke 2R} ofze AR Fie A
S& Y eEZ Y vire] 5 Fol7] ¥t A
o) B3} dlelElo| 27}t HHHEE o] A}
= oS Hzleh Ui sddde) eRlziR] R pe
2} nEntries. freeOffset. type. {prefixien) B=%E
R 18] E ynsigned char Elgl.eg AMeatslgdct,

2MERS- 2 {datal], prevNode, nextNode,
freeOffset. type)® F=FT ek datall.
freeOffset, type 59 4=+ 72 ke xo} Sds|c}
prevNode?} nextNodets 7z} o) o) 4FZa g
Fof| ZA3E HERS L8 o gaEg F
7] 3k =24 AHERYE WY sore} upi
7R ZE == U9 freeOffset. type B=2 2% 16}
°)E unsigned char eldo.2 Aalsieic}.

5.3. CSB’-E2|E 98t AjlAH sjgteza o

g

A=g) FiE 7 elle CSBY-E QdAE
gslr) flsled Lay AHuEel AAEelel I}
TachyonelA= CSB*-E#] gleiel B X 824
2% 4,13 22 Treelnfod §A3k}

UorDe 34 A2 2l CSB'-E&rt 85 7]
F Festerke] 9RF veldd ooty dW
CSB'-=Ezle] FE Xxeo F4E  yehhd,

1) olz| & ubg g 2L mTolgt AlgslE o)fe Ul
¥ rzdle B2E 7] @EY FE AT de
W 7hsAdel Wl A7) wEelr},
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numAttributes+ 718 7 ol B H-EL S
vhebdcl & MAXZH 71412] attrDescEe] &3]
e AL #HE8ge=zA o] Hi7) o] oleelH
EER PAEE UF dEYRE 7] 7158 ATy
o}, attrDescl)+= 718 A8k 7t o) =8| H-Eo
g AHEell 7] 3] viaE 7§ FAseE A
9] fEBHE o] v|2E yhEgte 24 S}

UorD

root

numAttributes

atirDesc[0]

attrDesc[MAX-1]
J8 5.1, CSB+-E28 A% A2d slEaie) g

5.4. 22 APls

Tachyon A48 L2 a9 alefel C+ +&
ol-g3te] A= gt CSB'-E#| ez
CSBtreelndexzhs o189 FHl2g Falo] 2%
APIE AlFsi | o oj4sje] £-4 =27 5]
A e = glc). B Aol CSBY-Ea] a4}
71 Algshs A 23 APTel #ste] =elgh)

CSBtreelndex  E3l&%  MemAllocPtr,
CurrentPosition, CSBtreelnfo2] H] 77| =is w4
2 ZH=th, MemAllocPtre CSB™-Ez2] o) 2+
F7192k4] ov]g FAHog s & Tachyon
o] Frldaka] elal el QJamlted digh 29l
Elo], CurrentPositions CSB-Eel& o] &5}
Wo] AelE H=ig u] A =] T4l dEele] T
A8 e #2072 CSBteelnfos A 4,204
g3t vle} o] FE roe] T 715 PR
oles]hESS 54 5 @9 CSB'-E2ie 93+ A
2rb AR Aad shEeo o] dER] F42E
zZhe=ch

CSBtreelndex Zell2= CSBtreelndex(), insertd).
delete(), deleteCurrent(), search(}, getNext(),
getPrev(). getFirst(), getLast() 52} o1& 717 &
& 9§ APIE Alggic)

CSBtreelndex(MemAllocPtr, CSBtreelnfo)=
CSBtreelndex 28] 732} constructor) 4l 54
o #le CSB'-E2|E 955 dge Iy &
# CSBT-E2jel] W3t HEE 1A= =S 4]
28] 7R 344 zlo} vy W5l CSBtreelnfor}

612

o5 71elF| e o) gl olFe ajolia Fo)
A e $13le] TEe] Hag Fr|dAA ¥
2zke] E9la 2RlAE syl Wl Mem-
AllocPtre| 7Fe|7| =2 gk},

insert(OID)+= OID7} 7127 = A4 9} oS5 =
JEElE CSB'-Eel uiell Alshs oW,
delete(OID)+= OID7} 717 A2} of-3=]+= ol
ER|E OSB'-E)2YE] Alasl= Polnh 244
Al Aol AlA] AAE A AbIgE $ol] o]el of
& <lE2E CSB-E2le| Al3lslm, HilE 444 4]
ol CSB -E2)2%e] iue]S A3 Fofl A
s AAE GG B3], e A9 g
7] 35 2 o8 AA Azt B qkE e
B 32 7] 3% 2 <lEg]d dsidx OID #te)
U] AR5 oAl Hgi)

el FejalefA] Mg els we AHs
ZRAsbd . ekl oA Fe)i= we] zlele] B
g2 7FRt}, search(Keyl. Opl. Key2, Op2,
OID)+= #H$ AE U&= 3 WA A4S 2o}
Wi geeolrl. Keyl® Key2+e H9 2] )t
I B 724 s F7) 95t AHesm, Oplat Op2
{ {= 7 >=, = NULL 9| 3 g& 2=
ad4kalolel, OID= ol#lgl =718 ubEsh= Al |
# AFe] F=E vl g1sle] AlgHd &2
1, search(5, . 15. {. CID}7} &=, CSB'-
] 48 Eslo] 5 vr} 39 15 ®r} AL 3
W AAzE OIDe) gkeic), =3k CSBireelndex
Fell22] W ¥4 CurrentPositionel] ¢] 22} of
25= CSB™-Ez| dlEre] Favl (rX A v
=yl QEe] Fanel R gAY

getNext(Key2. Op2, OID)& search()& 53]
U A E hEshs A A5 AL F ole] 2
A5S AR Zohlz] 3] AR, &
CSB'-E8l9] 9] +3|2 £4}] CurrentPosition
o] o)) el dlER]F} 7le]7)e A9 7] Flol
Key2, Op2¢) =248 wtEslr & H7e & =
sk Afols 1 A2 T4 3 OIDE 3l
it =, getNext()9] 3% Aol A2 =
2] o] ohE} F9] £3]E olEshA FHoE o}
L A F4E EHer AL S gl A
Folle o] Ao} digsle dExE rlElF|nE
CurrentPositiong WFA A%k}, S5k, Ak
wAle] AbgAR= search() o] dFH TE)
getNext () §hpo) vHE 525 Zalo] o] 2o

#eld 4= ol
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2 el o] gex getPrev(Key2, Op2,
OID) $E A3} getPrev() ¥ getNext()
o) 1 7lge] wdEh, 4R 7] 3 2719 9
22 EEE A~ Fohe Ale] o|Helr}
weld] 7] 3 Ao deor Hel AdE A=l
7| Slsi= 439 search() ¥ & getPrev()
o] vhERl o] Foshol oA ol Aol
Opl¥} Op2& 2E =2 AAFe 2 Sk uhka] o,
2 A=ig 4 gl

deleteCurrent() 3= CSBtreelndex E=)l-2]
W W44l CurrentPositione] Yehl+ dlE-] S
CSB'-E2|2RE] sk ghpolrh. o] i
search() = 2 getNext() (-2 getPrev()) 2}
ZAggte w2 Feial 7] el HHE Esle dE
2| 5-& AHAEl7] S8l AMgES &= AR o
W 7] @ HYE 4S5 AASE =5 A
AL s Aol WA search() g T3]
2L TEIE A WA A JeEe dEa
CSB'-Eel2ye gev) o9, s de=lg &
2]&9l 2%+ CurrentPositionel A el A4
AAe e Wel OIDE o|8-3le] A He]zls
FE2P o2 ANAA T =zl deleteCurrent()
8 o]83te] OSBT-Erj2RE AHAZIH

o] o= getNext (} (22 getPrev()) TE ol&
3] 2L S e oS A2 dsE s =g
& CSB™-E2|24¥ e} o A3 #iy =g
2] £21344l $13)+&= CurrentPositionol4 T2]Fic}.
et iAoz A Ade dEs] Wy
OIDZE ol&8sle] AA Felxg TE3F =N A4
A1713, AEZE= deleteCurrent() T8 ¢]85}e]
CSB'-E2|24E 4pAZck  ol2d Ale
getNext(Z=2 getPrev()) Trall 213}e] wtEal= ol
Eg)rl S5k g wirlx] ukEgic)

T8 A F-2llok & 22 CurrentPosition 13
2} 7§ dA-ele}, & CurrentPositione] 712)7]& <l
ezl AAHEAN ofg =7l 4oE FARE
2 getNext(Q(ZF2 getPrev())E ZEspd,
CurrentPositione] 7}&)7]+ o] lE8]& FLAslm
A Dt ol deleteCurrent(d Seeliais
a3 NE8]e) A7) 3 CurrentPositione] 23 o
E2E 717 s 243} AR <l CSBT-
Egle] FEAg) Wl 2 ¢ gloenR A A
7 2912 deleteCurrent{) g2l #= 2k iAo
A pFEE g

EoE, getFirstOE 2H} siwd CSB -E2] 419

W A2 7] 2k 7R e ddEs dEe]
£ Ao} CurrentPositions A8 F& 5ol
getLast()= CSB™-E2] 4 »F & 7] 32 717
£ Ads} di-3== A ]S 3o} CurrentPosition
2 AR FE Fpolrh. o] ¥ ¥ £ A4t
o] Mezje} o] B G 24 lo] 7] @l &
AR HA AAEE AA2slok s A-$oll AME-
=}

VI BAA A, M9, A% 7%
A4 -

£ Al Tachyons] ¥z vhake] 44
Aolsh Wy = H% 7)E AUshs xIEe
kg ahee).

6.1. =SAIN A

alel e thiie] EsddSol ofsje] F-5Ho
2 A Aw= dloleo]mg out Aol A4 A
o] Z 9)3lo] AMLE|E oA 27 T {two-phase
locking protocol)'¥-& FalsiA] Haghcind wj$- 4]
73 A2 A3} W), g 81, CSB'-
Ezje] FE oo tisle] zk EldAlde] £3 A
7] o AEE Fopd, EdAAES ¢aldoes
8= Zld 2A3 492 25 W}

2 ATl M= o) & s der] st 7t CSBT-E
glmict 289] el (latch) ' " EBoe EAXE
Alolshs W& A A}, 4 =aAade CSBT-E
& dMA37t 23] sigsle MAE A5, ol
i3 A2z Huiel o] X E FA] EolEr) o)
A WA gtz ZAA Aoyt et ol 9l
daz) G gl A e ZxpbA] 42 el
a3} oe} HioTei(meta data)el?] W&o}, wef
dlolel= o|xtA 27 1oke: H4sle] ey Udd
s 2R "avl glov dAE olgsled EelH
AR waksiel =708 AerEl wpalg o
43te 24 CSB™-Eele| Bujd d@ge nAgd
4 9lom CSB'-EE darsie 5ol HHE
A HlE® EA4L ZA A S

2) A4 E SHEE $leted e F2 A4
g FF @A (shared latch)et W74 4
¢ A A (exclusive latch)E H=
Lid=
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g 2@ el 019} Ak HES Fpites
2] & o]-23 ARIES/IME A|Alslgdc}. o] Hhale
t]~z 7]k DBMSY B-EalE gjile = s, B-
EZ] r=rit} A5 dgiiny, 2dA3e 7t
=5 g2 A A @AE da, AN}
L o] HHE EoiErt. Wl EdlHHe] 43)
EZ B-Ezle] ddAd Falz &S 2AREM,
=g HA o d3E MH (tree latch)F HS3=F
e g dFAde] AelA gldaue] ARE Fx
37 EaEE ).

ARIES/IM-& A4 E2l7} ohd YA x~stma} 8t
= kot xE A HEZ E g7l A4
sl wha) Bl FAAS S 3 4 lvks Aol
ket =i oleidt FAA e EIe o
23 74k DBMSelAE wi$ =24 FEx|g
MMDBMSelHE 1. &37} AlAog winjalc
t}j~3 79t DBMSE] B-Ee t]a= e &)
stz By g34L tra JAA~E sk o
2}4] g EdlAde] Ez] ghlg 9l tle] T
23 AAAE stk E9 o E EdYHES o
2 dizisfel k. z2hvt MMDBMS®| CSB™-E=]
= F7|dakA] Wel Assleg 2] 2ae] ofg-
w2 A A8t deld 3 =Edddde] o El
Yo Er] BAg ok Ak TR R
gl

ARIES/IM2 2 3] w7l S0] o3 Bxlshe,
zt malfide] A} FelFol sl =Y 7}
@t} sz 74 DBMSHME dlols 714 vl g
Z Y A v]do] ZA FAER] @enz FA
Ae] gAke- 93led ARIES/IMeo] w3 #-83)c)
v MMDBMSel A dloleso] 2 AA7} 7]
oAbz Jel] AFsteR dlolel A4 v 5 =
Ag] n)go| AAsh= vlFo] wlg- A vepdr)
wela] £ dFelAs ARIES/IM thal Al E2el
Y5 Ae e A3y

6.2. WYl U 5T s

W3] g 8 gejahs Aadeld wAg 4 9l
= clorgt 2Fo) tinjsid A4 B3 A WA el
o By 2o AREE 7|S3H: 27 (logeing)'®
e SaElam, =)oz S el dlolE
Ho|lA2g tjams WgAZlo s oF B
g dlejefrle)z~et 27 ARE of-d3l] Hlo]¥
o] AE AP gle AR 3827 %t_]_[ll][zaJ.

B2 714 DBMSelAE 1928 ¥ 4k

614

dHE fese 21 HIF=E 7Sk e
N A A L B e DR BRI
= W7 ik deseE 20 H=EsE rjEshe,
EPAA e F(transaction failure)+} Al~4l 25
{system failure)7} #3812 o o] F o]-&8}d al
Y22 G@F AR 383 o) WAL e
AE)E o] ARlEh= % of AR A4
o] 2o H@3eg g 5 gk

MMDBMSelA+ vz Al A5 fikshe 27
#tgdo] A MMDBMS A% #3te] 7kt & 94
olt}, webd 7]E<e] oja= 7w DBMSS] aldx
27) vk4g MMDBMSel oHj2 H843h= 7%
vpe] 2 HBme AAOR glsle] A A2F)
Ao A A, B dTedMe qidar) A
ASL 7k AAE we} doleehe HoA &
oreted Alae]l 2fe] A A WA tlxz sk
DBMS$ 54§ ez ANES FEg F o]
£ ol8slod Adag A A whalE Al

o] HpAle clgs) zhe ARe zhech  AlA, A
A 22k A A2 2 52RE9] 3HE-S §)3le] 2l
diof oigh 2o Ha=s A4 937 gA =
v}, ek 27 Ase fE vlazm fas o)
A E1EA HER =44 A AeE A
4 ok B4, F7194=] 9] dlojgwle]laE o]
2z Wgdshs A9 Qluag ulg] oA A el
¢ 4 glong wig] Azke =4 EEAE ¢ ek
AR Alzmd @7} A 4] t]aF 7|a DBMSY
Hhalg o]-g3le] Qi HEsP) HiMe o
9| 20 #HR=EE viagzte dHsse}l s
b Algke WAl Frigaka] Wie] AAEE 7
o2 QY T ¢ 9lemR AAF {2
El2] 3% Hz] AJge] A=)

Aol A e Zahshe Fol s E
A 27 daMe olblAs 2uiaA B
= glefok g} B Aol o] F 3] e~
o] W7 diF digEE =2lddl 2o Haces:
718k WAl AR & AEE Y
ez} ad=At A sfulch elet digEe
shie] 2 HE2ES 7|83k Aolrh. olE B°1.
ez T1e] AR AEE] elo] A= H-Fel=
{Insert, 11, ely9] 9EE = 21 HI=5 7| E
g}, e, EdAAL 2 FfF DAER, 35 fdeix)
= o] 21 Hze odile] o Ziql els T1elA
AAss AL FP3 ot oldl =eFal
21 d2os Edade] 3 217 Sk 5709

i

L oim
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AR el 715k, S ERA| Fads
Aol ol FAFe M Tlza WH2E WAL
% glet.

Vi. 4% HE7}

2 Aol Dt APE Fale] & ATl
Al les Belxjel $oae A5e

7.1, Ay B84

A% BHE HEld AlSd slEse] EAEE
Sun Ultra 10 ¥=280]432]t}d, Sun Ultra 108
UltraSPARC IIi 322414 (440MHz#] <52} 2MB¢]
A S AHelgar, 1GBY F719431% Atsln
ol 29 AAZE= Sun0S 5.78 AHgsld, &
walz| 2 ONU9) C++ #skide] g+ 4+ 3.0.1 w3
AHg-3Rt.

A 7| Tachyon CSB -2z aldlA =iz}
9] vhit ke 2= Tachyonolld] 718l ARg3}ad
W T-Ee] #elals AMslgot 5 73S BY =
e 2 A4 B2t £33 64 vl EE A1
slgel, wA el 7l Zeol, ol 7l sl
2bzt e slA AAEr 1009788 wiolelE: 4k, 4
A, AN At AR gkl Z71E FAE
o},

7.2, AR BN

M 71, 7.2, 7.3& 2 do|(4 vlo]|E A=),
T, H|FE 548 e Fle disiy Zd Algl,
b A= =e] wWe] Aels e ¥ Hulolr)

2% 7.1 1008 A19) 7] S-S 204 A B2
Aralaldad ARglel A7 Azke 237 Aijeld
7t2Z2 AR 7) FEY Seln MRS A
A7 olmighel. CSBT-ERY AR Ao] T-&
2o} vlwale] oF | 8ull M= o= viepgrl
Ez] gl T-Ezle A 545 B 7] 3
ekt & A4 vlar) ol A== wiwd, C3B™-
Egls =T el oln] 7] gho)] HAEe gl7] uE
off A vzt T-Beld ulsid Aoz 2|
ubgglc} w3k CSBY-Ea] kxeo gkaEl X7
Aeg qlsle] BEe) g4 4] 54 ml2r o s
o} olegt Al mlx EAe] ) ARl Al b
3= Zlole}

23 7.2 1009 A9 7] L 209 292
ARalslA] zh ALola] 107 He] 2k olx] A9

E S A% A9E e, 71238 A1gk
7] e ol ARSL Az A7 v}
o] Ay CIB -E2j7} T-Erlwe} 1 8] A=
whE g Holx US-& & 4 Uk 7] ghEe]
200 A= S wel =wje) gpele} 100M}
AQ)EE Ao =ele Folg A7) 14 23s)7)
dfo el e =2A WslslA] o skt AAE
ol &z slef. &gt uist o], CSB'-E2}= =7
G AH mlart dod FhsAlel Ar) dlEel
© Agolld T-Ez] v} £ Ao velydc}

—#— SB-Tree ~&TTres |

J" 7.1, A AE

U e wun we an i

“—+—CsBilise —w—1-Tres | J

I8 7.2 1 9A) AL Mg

a3 7.38 1009 7o 7] e AR §F 3 5%
M 20%747] E¥ AR AEEE waEAFEA
4 ALE a3 AP Ao}, rl222- dds
£ Vo MRS A AGE Anlgich o] 4
32 CSB™-=27} T-2elxc} 1,69 A% wheE 4]
o Bolx gt

a3 7.4, 7.5, 7.6& 7bd Ae)(7T~10 ule)ES] F
248, 2l vlEE BAL e e dsid B
A4, sk o= Ale], w8 Aeg 5993 49 A&
Feolch, 28l 7,43 1004 A 7] 35L- AR
A 2008 7] 92 Akslel HR Aake 247 A
otk ZIEEL AR 7] AEL] Folm MRS
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Azl A7k oRight. CSB'-Ef Akl Alsel
T-22] vr} | 5wiAx e Zles vfepgrlh
2™ 7.5 100% 58 20970 2= 4
AbaEal 7 Agla] 107 WHel o Ui Aee
a3 Y AAs ‘—}E}b‘lﬂr 712ES Al 7
FEQ) ol ABHE Hel AZRE ugst A
¥ A3}, CSB’ EEJ?} T-gz] Bl 1 THIRE wlE
s Bgeh 1) 7.6
Alal gk & 5%eM 20%7H% 5%3E AHEL
HEAFIHA Hg) 2elE TP AY el
7125 ANEE Jehixz ARE2 Ay Az
oqnlgc} Ay A CSBT-E7) T-Ef Hr
1.5 A= g Ags bl

5% 10% 15% 2%
L

—O—Lbhv 2 —— T-Tret |

T8 7.3, W$) Aele] A%

23 7.7, 7.8, 7.9 34 Hol(4 vle|= A5
o BEE B e Flol disld 7 Al
24 =) Aol wgl AE s AY Aot

a3 7.7 718 Pk NERREE 1, 2, 3
2 s 7|wA 1004t el 71 gES A 97}

2 A¥ A7k F4% Anolrk, FMREE AR
7% A= ddElREe] Folu AZSHE A
A7k oulgicl. A3 A3t jEREL] 37 &
Vel wel T-male] Aee #HIpt e v
CSB'-Ezle] 4% Aal AslEe He £ 5 Nl
t} 1 0]%E CSBY-Eg)eliie 0115?—11"%54 7}
Z7)ghel a2} 7)9] Ze|7t A vl Wolct.
metd CSBY 2219 Foirt ZvisieR Er oM
AZb R e B A7ke] g A= Aolrh b
W, T-EflE 7] 3ke] ZHol7t EelEs] ol 4
S wkx] gowmz Ao U ARl A He

3

a3 788 718 P d=eliEe 48
A7 1002 A9 71 BEE ARIT F 108
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B leAe A8 PAsH: dselREe] fol
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b
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A2 b oA FAele] He| Azkg ofvuigl
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