%_HE Elastlcsearch 34 &

elasticsearch TREZ L, RRIFMIAE es RISKEFRM, =S|
qiEX), RBEEL, UR—ERINFE .

HAE: ETEuEsra L IERN S RS, Mg, aEaMdkEx
AlER ==, #E. B,

M=HeEB S Ep=pEE.

Ebal: ES EFESE 134110, FIIEEEEA R 204351, RBiEHEH, =H
B 20+, =5l 100/, EHEBE 1{4+83E,

FMEEEFRESI X/ EH 15068 ZzA.

NESI EmEFE:

it B Bl

1. RE\ELSEESR, XMETHHREREETRS!, & roll over APHENER
3l

2, FRARSHTESITE]
3. EXEmRERTIESIM force_merge #4E, LIEM=E];

4, EWSHTEIE, HEIEEEESSD, EEE T E S EIE =T shrink
=1, EIEETE;
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5. FEH curator #TFRSINEwmEBEE;
6. NITEEqgiEFE, aBNeEoEESE,;

7. Mapping fiEx=oSasiTENEE, EC=ENR. E5=EFH
2.

SPN L

1. B ARIEFEREARO;

2, B ANEI=EA refresh interval 285-1, ZARIFLE;
3. BAHEEF: ER bulk #HHES N

4, SINEESEEIFHNRIFER,;

5. RESREmHhEMMN id.

i i

1. ZEHA wildeard;

2, FRtE terms (B LTHESR) ;

3. FEOFAEEERSIMLSE, & keyword 23R E keyword ;
4, HFEEIEE, JLEETHERERSIBRE;

5, =EoENEATLE.
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1.4, HiiE

sREREM, WSIREAE.

rEfER—FD, BEREREFRNFafsESEEESNTRIT AT .

elasticsearch BIEIHIZES IBH4

HiE: B7 & EMEsei .
BEEE—Taall,

FHREENOREEEIYE, ENERRIIM X BANNUE.

MEHERS, EELSEERE, BT A SN XEST, Xfias+mes
Bl AEHERS].

BT7HEHERS, #HegxHo (1) NESXENRERTEYET, RANEST
TR E,

term 7B %) Hkdocld 7

cat » 12 | 23

28
deep ——=| 13 | 18 | 22
29

do " 9 |10

dog | 14 | 26 | 33

dogs ™ 100|102 | 108

FAMEESTIV
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FHES, AETRAXEasTHRER, sAEdHE, CRTEMEEREY
BRI, BAET Ba——a Bl EHEE.

N5 Im: EHEES I MEESSM 28T FST (Finite State Transducer) #iEES
.
lucene M 4+lR EEFE X EFEHAMNHIBESHAE FST. FSTEEMI=:

1. =Z=@ESAMA. BEiTESEPEEaENEENESTIAE, FE 7 FE=E,;

2, EEEEDR. Olen(st))y=aREISEHRE.

elasticsearch FESIEES T EL, MEHEMK, 258

HIRE: BTEAHEENESERN.

FSIEUER AR, mMEm BT, [ERE "=itEiT, SEERE" o =2EA
BEAYNEREN SN EERESHERTERO AR AR L EPR R
EEHMUSZIE M.

anfeliE{t, BN 1 fi, =EdE—

HSESIER

= F424R + B @ +rollover api j&alelE=sl, 26: BHHEEY: blog =
SIEUEIEE % blog index FAEMET, SFRIENE.

HEMATL . AZETHEERESHNSEIFIIEEEEEX, AT HE2 M
32 RE-1, FlERERT TB+EEEA.

—HEARSIEX, FRESANEGE=ZM®E, MUEEZE+EEER.
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ERHBSEEMHE, A%E (WUBiF 3 ARHE—RANEE) | E4H958E.
MTF=EEASBEEANIFTEEE, dEAZEEH force_merge A0 shrink E481E24F,
TEEE=EfE EEE.

BREER
—Bzani=g#Y, =EMETRZAEE.

T S BEN=EAET BRES, EHEIEEAI LI ERERF N, E
B uRzaxTASNISE, AEEEREHhRmaSHISN.

elasticsearch E40{J3CI master i%25/Y

HAE: ETRIS EENEERE, FERXZIVEERT.

mEmE:

1. AEREiETT s (master: true) T AR AEET <.

2, E/hETHE (min_master nodes) BB RE0IEREE.

AT T SN EoifRENiRes it EE, =BEEE,

BT —THB, o 0% findMaster, #EE T S ETEERI M Master, &

WEEE] null. FEEREXEGERD T

E—¥: BmIANEERETT RE0EIR, elasticsearch.yml Z2&/9E

discovery.zen.minimum_master-nodes;
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FTH: thE: RFEETEE master 8, ESEEETTREERNMNEER,;
TETREIERETS, Wid/eE=ETR. FEEER id 5 string 323,

HHME: EHBER Id BEE.

1GET / cat/nodes?v&h=ip,port,heapPercent heapMax,id,name
2ip port heapPercent heapMaxid name

¥R —T Elasticsearch S| XHERNSE

HHRE: BETRENREERE, FERATUVSEET.

EENFESINENREFRAESA L, gIZFSIfEE.
MEBANGE: EVABAMME buk B, XEHRE—T: EEEANRIE.

CEEAXETRHETE.

NODE 1 - «* MASTER

R ey SR ——
£ HhEe o

Z S OEFEERETSSEANE, BEEXR. (NMRsaEEskEa/mMmiET S,
ERNTEnEREHTANES. )
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") R 151212 B ABRE

'1‘ L
} ;

T TR 1 ETRERE, FRAXE d ZRENERE TR 0. BReWE
FAEMTRE, BRETR I HEksgR 0fEshoERTR 3 E.

F=¥: TRIEZTTHRERTSEE, NEMRD, MWEERFTEEITR
HTom2RFEgR £, SES5RER. raElFoRFERTm, TR3&E
HE#ETSR (TR 1) BREMD, 5 1 REREFNRESSAMRD.
MEaRHERE EFMfEFEND FEEE?

BE: SMERFEZEER, FREZEMESREERN S IdTEE o R id B

iz,

1shard = hash(_routing) % (num_of primary shards)

VR —T Elasticsearch {@3a0i312?

HAE: ETRESEZNEERE, REER=ITVEERET.
EZREES “query then fetch™  FE-PHE.
query BiERIHM: ENAINE, B4R

H=EFEEL &

1. Be—F5I8ERESS 1 3E H 105k, —RiERSwH (XaE
FoHH) B8—14.

2, BT REFMETER, SRERIFHEFEOMLEITIS.
3. B2 FENGREAEIMETR, METRFE— T ERAHEFEIE.

fetch B RO B R : BELEUE.
EHTSFNAREYHE, EOSEFiE.
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Elasticsearch 7£282R}, ¥ Linux fheBaHLEiiAx

EIRE B T8I ES ERpESEsE .

1. =HLEE=F swap;

2, HAFRSHR: Min (TSRRE/2, 32GB) ;
3. BEBAXHOEE

4, EEN+IFIMBEELSEEMEE;

5, HBEFMEaid Al —FEESFHER RAIDID, ENETSgsELlRER
ETREENE.

lucence AEREHEEMTA?

HAE: BT #EOMEEN ENEE.
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Lucene EFFESINERNAITTE, o2FRsI81E, ||, EE=1Z=. ALl
EFfxTHEET—£.

BiIFEA— 2273, # AR g% T Elasticsearch FIEFESIZER XM AIE, BIEB
cCESEE.

Elasticsearch 2U{aJZCIR Master 5597

1. Elasticsearch f9i%=E£ 2 ZenDiscovery #2528, =263 Ping (T2
BB RPC £ EMELL) F Unicast (BREER S EHAFELIEE B

ETRsE ping 1B) AT,
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2. JTErEALLAL A master 89T 5= (node.master: true) #HiE nodeld =8&HE
F, BElnEEi TRt ECRAET RE—tnE, #EERHE— (F 04i)

/s, Ri\as2 master T =.
3. WMENEITTENEEZEEES —=mME (FJLiks master T RE n/2+1)
HEHETEECSHEEE D, BRI TREE master. SNEHFEE—EHIIFERE

LFiREH.

4, #3E: master TRHNEASESEEERT. TAFRINEE, AN
APIEE, data T RAILAZEH http ThEE™.

Elasticsearch FEYS = (EbaiE 20 4) , HApgy 10 PiET—

‘4 master, B 10 DiETE— master, EALD?

1. HEH master EBBE#MEA/NT 30, OLETEEECHERTHE
(discovery.zen.minimum_master nodes) fHEiTFrEEETR—ELI LR
= A =]

2, LEERZEAREE, HeEEnE—fN— master {£i%, HAftt{EH data
Te, ERlEsnE.

BFIREMSEEIEN, MERSERNTS RRITERE?

1, TransportClient | transport R EEE— elasticsearch £8. ©
FAMARNEFR, HERENESE A SHE ST YE R transport JHE, FLL
i Ao S EHTES.
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¥R —T Elasticsearch ZFE5|XHERIZEE.

HRTFFAERANS ID 2518 (8=FFiEH routing) -, EIEABEBHERS
Sz T

shard = hash(document id) % (num_of primary shards)

1. SESgRFFENTSESNIFEmET SRiEXRE, BExXRSAE Memary
Buffer, #ZAE=EM (FAEEE 1#) E A3 Flesystem Cache, =-M Momery
Buffer 3 Filesystem Cache BIiT#Z 500U 4 refresh;

2. HFEEEEFEET, & Momery Buffer # Filesystem Cache BIEUE0I&E
=F5%, S 2B translog ¥R FEEEEND =40, ExIIEESWE
EXG, A=5 A3 translog 1, 2 Filesystem cache MPEEE N FIEE
TR, AEERE, XA EEMME flush;

3. TEflushiZiEDR, AFEPNERFEER, AEESA-1FER, KA/ fsync
HEZ—PFRREER, HERSERIFIEE, |HRY translog HFEMEHFHE—

A~Ffh3 translog.

4, flush fEAFEVE=REE (30 30 o#h) 5= translog EEXAF (EA
B 512M) B
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Fisdrgsh

H-n'!,- 1sec
cm Commit ba disk
wﬁjm flush
Commil every 5 gac,
wilh every wriba operatian
and whan flushed

Wil Faoute
reguest C finli reguess i
node

Elaslicsearch Elasticsearch
instance inglanca

Flush evany
30 ir of

whien gets faa b
L B Insida a 'il'.u'rl ;

#HFE: <F Lucene B9 Segement:
1. Llucene E3|EB=1-EEM, EFEE—1THEFT=IEEEERSI.

2. BREAFOZEN, AF lucene BB RBEMBRMAZFSIF, MARNK
EE=S5.

3. WFE—1EBEEERMsS, RIIHMNAEET=HER, FESITE=HE
CPU M. XHHamilRE. ZERERNHESE, BEEESEE.

4, A TEEREEAME, Easticsearch £6#F/ MR SHANE, BXFHS
FEIEE, FHEREHRAME.

¥R —T Elasticsearch EFRFIMIERSCHEHANTEE.

1. BIERAOEFLIBESEIE, B2 Elasticsearch PR EEATTER, Bilbs
EEHEMI M E MM LR TEER,;

2, HE s I EFHEF—1THEEedel 2. SRREREER, LEH=EE
Hrow ik, MEE.del THPEiricHBE. EERAELESER, B
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-2 CEEIIEE AEXE

3. EFLEEOIES, Elasticsearch Xz TEEZE-IMMEES, HHTE
FrEt, < |BARF A ST del ZXHREiRicHRl kR, SRS ERRSIE—03R
E. HEFmnEk#ZAELEER, EEcESRPHTiEE.

kiR —F Elasticsearch EZEFNTEE,

1. BERE#ERITER—TEITEERE, HM#R=9 Query Then Fetchg

2, TE¥EEalikl, Easl BBAFESIFE—IToREN (EoREEAF
Th) s SO REFHRRTERFAEE —LEXXENAN S from + size 79
B AI.

PS: EEEZEMEIEE==i8 Filesystem Cache g9, {HE 25585 #iERE Memory
Buffer, EREAEEER ZIFECER.

3. EAimhERSEMRSN AT BIEXEN ID HbEE SHhETR, E6
HEEEI B CSHMNEMNIIREFE T =REFEERNERIE.

4, = rEFE WAk R, HETERIdRETEEERE0FEExNTH
R3E=E4 GET EX. EighRNEAF F5 X8, UEFFENE, E5EM
YESHETSR. —ERENXEEENET, hETSENSREE R,

5. #-3: Query Then Fetch MR ERFETEBAXGHIToNEHESEENEET S
FRIER, T CEHER PHEFED A S ER, DFS Query Then Fetch 18
IMT=<EEEpaE, 3\ Term {1 Document frequency, X-MESEER,
EBEEEEsEE. *
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Cuiery Phass

= Send request io Al shands + Each shard pesforme search localy

= Craale & pricrity gueus b gobally sorl "
msulis retumad by shards Craahes a priovity quaws of sze frome+size and

s0ME reguls by ralavance

« Bends document D% and scores of malching
documanis Io e coordinating noda

Search
PexLIERS
Coordinating
nada
Priority
ueus
Fatch Phass Felch Phase
« Raguas] documanls 1o be ralurned 1o ha chianl e = Ralurng documants requsstad by (s
from individual shards coordinating rode alier enrching them

Elasticsearch (E28E R}, ¥ Linux B EEMERILEE?

1, 64 GBE AEU=ESESEER, E=32 6B # 16 GB Vlm=b=ERENR
M. 3 8GE =EGEER.

2, MREFEEEEHRY (PUs f1BESMEOzEIEE, SEESHEOEN. £
A AR R EAh F AT AT R — = R Y B g 2R

3. MREFEHEEGE S50, sRimmE dEfEErmE. ETF SSD BTES.
ERfESIEER T ER. dFRFERIESERE, S50 E—1FaiEiE.

4, HEZEPMIEERRE, GEEfEFESS8UeHL. AallEESE
FESXHNMERS.

5. ERREHTHEEAESES VM HESES VM Ex=e—8n. &
Elasticsearch g9J1-~hs, 8 Java BIEH =TI,
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b

6. Eid=E gateway.recover _after nodes, gateway.expected nodes,
gateway.recover_after_time AJLIEERERMNHEBRL ST REE, =0
BE S EHE R EMN BRI RE A TL# R,

7. EHasticsearch S ESAFERAEEEN, LAY SLERTNMAETF. B
EEE—SIELrETHNTEASEEnESs. BEFFAEEAEEE.

8. A EREEEMEOWE (CMS) IS EERA .

9, MEFEMAFERN (LF) —35 Lucene ({EAZEE 32GB! ) , BF
ES HEAP SIZE HMiEZFEES.

10, AETHRIBESTRESSSHEERENN. NEAETBIRSE, —4
100 Mt ZtEnleE=m 10.ZE8. BEEBIBAZ 10 ®IpEERIEZNE
#. AHFH swapping WTHEESATH.

11. Lucene BT AE4r&. B Elasticsearch T =1 HTTP =i
ZEHTEEHRERT AENEEs., ez FE=ERENTaEmEs. 5
ROZISIMFER EERE, B85 —PEAaE, 0 64,000,

3 EoIERRERAZE
1. FRtEERAFEEE ) SR ERE 5-15 MB XE1MFENEES.
2. EfE: (EE SSD

3. E#I&F: Elasticsearch EiESE 20MB/s, HHLWEENZ2NFE0
2E. MEFBHE SSD, TLIEERER 100-200 MB/s. MEBGEMLES
A, BEAEEERER, fFULIflEXESHIRE. B/ LIS
index.translog.flush_threshold _size 28, WEIARY 512 MB BIEX—E/1E,
Ekin 1 GB, RULlE—RE=R AN EESSHTERRHEANE.
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4, NMEFHNERSEASELZHMERE, TEEE1ESIAY

index.refresh_interval 2% 30s.

5. MBHREMAKES AN, BEEETES index.number_of replicas: 0 %A
El

¥ GC FHE, 7E(EM Elasticsearch BEFES{T4?

1. SEE: https://elasticsearch.cn/article/32

2, HAFRREMESIEEEIZARF, LiE GC, FEF 5i#F data node Lt segment
memory i85S E,

3. BH¥ET, field cache, filter cache, indexing cache, bulk queue S,
ZRSGEMNIN, FAEENZRIEERAGERES heap EGERA, BAESE
EF=aFEAEE, A5 heap Z2EA LI ESEMIFTE? BHxA cear
cache® "HEEA" NAZERRAE.

4, BRERAESREENERSES. RLEEXNENBEENGSE, OLIE
A scan & scroll api =M.

5.  cluster stats BFEAREHTEXKEV B, EXEEROLI=ETRASE 1
EEFIE T tribe node &,

6, BHIE heap 4%, BOSSXENARS, FITEFR heap FRBERM
FEAmE.

Elasticsearch JFAEIEE (LZER) RIESUEEM?
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Elasticsearch EBEMEMELESE cardinality EE. 522 —1=ENES,
Bliz=Ef distincta&E unique BEREIE. SE2ETF HLLEFE. HLL =&
BN MEBREER  AEREERFEFSNSEREPR bits MEIE AT N MER
EH. EEsE: TEENEE, AXEfAENER (§8R = BEE2RE);
PEHEEREREESHN,; BNULEEIESS2E, RE2EXEFENEERN
FERAE. DItHTEEHTZINE—E, ATERERSHFESENERERE .

EHEERT, Elasticsearch MRFEES—E?

1, ALiEdRFSEARUARZES , LREFRFHASEHEREFES, BN
AEx=LEE &R ks,

2, BHNNFEEME, —HHEEF = quorum/fonefall, il quorum, EIE
FEAFH R T SEE. BEFEASZE A, thogEFTHEAME
ZFESHSE NEFEEN, XFEEITHIAEE, sRFEEE—FAENTSR
=2,

3. M FiEEE, oTLUZE replication 28 sync(Bk), EEESEREEXS N

FoRE=EmEFSED,; WMEIZSE replication 37 async B, tboTLLETS S8
FHiEREE preference FHprimary £FHEFEa R, BELEEEHES.

UNfETHE#E Elasticsearch SEEHIRTS?

Marvel 1E{Fo] LB EFIET Kibana 553 Elasticsearch. ROl = FIT
FEREEY FHEeE, boligifidENESs . ESITSER.

A TR BRI REARA.
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) R s —iE BWXE B

". . 8 ek

THE— TR MEIRRTGT ?

SEE EF word2vec # Elasticsearch scHi-f bk ig =

BB TEFHA?

ERAFHEIUESENTFAT
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R fishe

FEfE R Biarray/List EMCAEER. TEE
HashMap/TreeMap TR ATEILL, LTREEEEN- @
Skiip List BIEd. TRATEAN, Hucene. redis. HbaseBENRE, MRS TFTrecMapBiEn, BEESNHLER (Skip UstTiR)
Trie HdcicriAm, mREEGArEL R TR A ST . DR e SRR AT (A prie]
Double Array Trie TémELmA, ATAA). SN IARRRERNE (BT
Ternary Search Tree ZEE. €—-tnode@3tiia. BAGTEREHRAES (Termory Search Tree!

Finite State Transducers (FST) —lENBEEHET, Lucene 4N ARNEN. HumER

Trie (O BB E=EEAE, flAFEFECHtaExEEE i EasTELl
EIRESHENEN. e85 3 EF R

1. BT=AasFF BEDPERME—DRIERGE—FH.
2, MWETRIE—TR BELESEINFHEEDE, AETRIEPNFES.

3. & TSNFRETTResFaEAEA.

i
AR

-

b e h

O

e
@

L

(0«
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1. TTLFERH, tre WE—EMNTSEE 260N RN, LB TTE=E, FEAND
ALl AmEeEs, shEANERELNE. MZ2ENEE, AsEdREH R
mEE.

2, = WEAMERA—AFEENIEE, STERE—TEE ERE
ILTaRFERZICEREER;

3, IR EHNFHEE, EMTNRNTTRA— I EEEERE, =ERAARE
Axpi=E, MEEREELALFEBRBENSZRE O(1).

HEMEEMNSTIAY?

1, #HEMNEESETRERE*xLI, REERSE—WINENSZE, SHAESET
SFiTEA. HIFRNEEREF)N T FESEZRIS—-FESHERNEEFI

2. HREESEMNTEEE: B EHE batyu 1 beauty ERERSE, 618 —
A 7Tx8 B9F (batyu £E3H 5, coffee £EHR 6, 0 2) , &5, FUTMUE
B Eaf#H=. HitEMtEIEERLIF =1 EnE/ME:

MEE FTHFESFTEESNTE, WEEFSHEF. GUAELDBHEF
+1.  (WF.3,3 iR 0)

Enste+l (T 33 8ERA2)

FREEF+1 (30F 3,3 B3REA 2)

EZERO MERNERSREEEERE 3.
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+
19 = w N = o
B W N | =R | = N | D
A= w [t = . w
w w N N w R
— w N w = Ul
w N w - o o | <

HFHELE, BNEEEE—EE=/A (Metric Space) , E=RRAEAX
EmEBUM=FEFEH:

dix,y) =10 - Bilx 5 yHE=EA0, W x=y
dixy)sdyx) —-xBymnEEERETvR «HES
dix,y) + d(y,z) == d(x,z) - =8BF&=

1. RBE=-EFER, NEERES5Squery BEE N TERNE—IEEHEL ES
ARIBEEEA B d+n, B/H dn.

2, BKWpgEsidEd M 1M 0REEEIT TR, EE0FTESFETEE
BE. FEFORILTRMNE EEE n EEEEEST A n. ki, BI1E5E
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WLT=E" book” MIANFT A" cake” " books” , " book"” F|" books”
RIFR= 1, " book” F" cake” MU LIRS 4. NFHEHISHFHE, LM
H{FEBAFREN, HEZ2RSETSANREEES, FEEREES
dineweord, root)fil. BRAESSTH SETHE, HBRiEEFTS, F50
LIglEsFm F o R FTRaEEFaib. thal, A" boo” WA _EikFH-FAIE
B, FAEREETS, EH d( "book” , "boo” ) =181, AERERSH
1AM Fo~A, S558E" books” . MNBHEES d( "books”, "boo" )=2,
NFFFREEE" books” ZE, BESH 2.

3. ERHCEDNT: tEERSETANEEEEd) AERAERE4STH
SrsSHAdn F dn (88) Wi, BOEREETRSERSRAMNESd M T
n, MEEZT A REER. k@A cape BEEXRABEEZEER 1, METEM
BMgmEEE d( "book” , “cape’ )=4, HEESENEDRZEREES S
3RS, EAEEE T cakeZATR, tHE d( "cake” " “cape” )=1, W2
ZFrLLE R cake, FAEEIEM cake TREWERES0H 289, 7513 E cape
Mcart T m, ZEFERED cape B EEHHNSERE.

elasticsearch Sz 228 EE
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1. B5FEHGE es SUAFHEEIER, es BN MNEIEFEIRS index. ETF
HEZFSIBIA I &1 index L EE T E -~ type 228, 84 type 3T li— -~ document.
m—-~ index =73 LS 1~ shard(BliAZE 5.

2, TEoMIAEER, 84 shard =#S#l, BED—4 shard 5 primary #I replica
F es BEFEHENEARR shard 89 primary # replica. es E8S41T5, =8
iEFE—I T Rk master TR, X master T REXHRE T -2£E8B85 T F0,
EhanggEE S| n#iEs, /2 =10# primary shard #1 replica shard Sf5f, =3
A

WA, ey her o
b L g T
T ARHER . T
e P . P b e BT
AT

| whard] primarg I | thard? rimary | | shardf primary I

| thami? seplica I I srand R rephes I I sham1 replica I

elasticsearch IERISAITE

TE, EFEETLEEET SHITEAEER, 5 Kakfa ~EH.

1. EFwEE— node EEFERITE, = node 52 coordinating node
(AT

2. coordinating nade, 3 document i#{THE RE&EITR Wiz =2 B shard,
HEREES M node (& primary shard)

3. =fERY node LAY primary shard 9+ IBE R, AEHEEIEREZES replica node
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4, coordinating node, #NFEEM primary node MErHE replica node #EE
2=, LENENEREERE

AN, MpR

Fawwd, fasdl
e TATLEN

elasticsearch IEHISAGE

es MIESNFEBEEOLIT A 4 M 184E:
1. _refresh

2. commit

3. flush

4, merge

BirEEEY

refresh

BEdE
. =& 1s #T7—i
refresh 324

2\, buffer 2, MiFET—
i refresh #24E
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2\, &== buffer

. & 30 o#hiT—iR
commit translog

2\, translog BEE#H

2\ &Ea—1T commit point EHERBTRERIE—HE
buffer #aEHiTEI 7 IHE—1 segment {5
3. AT flushBIE

flush commit E#4FP
merge | S =fa=
. E— _ —s —"I. - I ¥
. s
J . }.| | )
."'(_"::'_-.-:‘?‘} | ll =
= T T | =
s= 1 I :
— N | |
— oo [(—H e
g gt ¥ = p—— — . =) L=
= — =) — . —~ A
&b " BT | M=
<_\_'__ - __
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