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ABSTRACT

We study the acceptance probability in the hybrid Monte Carlo method ap-
plied to lattice QCD with dynamical fermions. We investigate in detail its depen-
dence upon the step-size and the parameters 3,m, and V, and suggest a simple

phenomenological formula for this dependence.

1 Fakultat fiir Physik, Universitat Bielefeld, D-4800 Bielefeld 1, F. R. G.
2 Theory Division, CERN, CH-1211 Geneva 23, Switzerland.

BI-TP 90-05
3 CERN-TH.5662/90
March 1990



¢

5,°¢ paxy je sommeudp lenosjowr Juisn £q pejeisusd s ayepdn g eaneue) Y
.Am:Uu = ¢ se paute)qo 23e [ "ba 0y Hurpioose pajyfrem splay uworurs}-opnosd
y +~wlvmxo ~ (Y)d uonnquIsIp ¥ U0} UMBIp SISQUINT Wopues x9|duos Jusp
-uadapul jo 37 303004 ' wol [g] s1npeooid yreq yesy ajduns L[euocrjzinduiod
® 4q pauliopad aq ued ;) spley 23nel poxy Joj sppy *¢ o1y jo ajepdn T,

“1mag ez I—) = "0 s1090e) aseyd yyim

Ed
(2) ‘ Aa;_ zguiit- “In - a:a.uwz.ubv a.ucw W =5 )q
Yalya ui ‘Xijeur
uotwIay peradsess atyy st buwi+ () = (11)f) pue sppay s3ned a1y 10§ uorye uos|ipa
PIEpUR]S 3) s230Uap (77)28 59915 USA3 03 SUCIPINSAT J0f pasn a1e 2 sydimdsqng
‘AI[IqepRal 10} se0Ipul Inojod pue yul| ‘syis ssziddns am ‘I9ye] udjjo pue ‘s1ap
0 T (DO(a)d) 3¢ + ()25 = (229 )5
v _ asé,bﬁbnﬁwu%bz\ =
urIoy
TmOWy-|[am 21} Saxe) 9] "A{UO 52)1S UdA UC paUYIp ‘¢ SP[aY uotuLIR]-opnasd pue
SOOLIJRMI YUy HMUON[ [NSD 9} JO SULIBY Ul UM 3q TED Uodpuny uorpred sy,
"a®D S Joj Uly3LI08e 213 8qLIDSap A[Jaliq 9y "SUOIULII] parafiFe)s JO sInoaey o}
Ui (O 04 poifiaw of1e) U0y PrIqAy oy Ajdde am yIom [esuswnu mo uf
wyjed[e ay, g
‘s1ayewrered aieq jo aBuel splm e 03 Apdde
03 punoj st yatym Aprqeqord souejdacoe o1} 10} uossardxa agewixoidde ue je
aALLre am ‘19Y3ad0y sSurpuy mo Furyyng -Buolss aq 03 JN0 SEM) PIgM pUE 10}
peredinsaalr useq jom seq YPIYm ‘evuspuadap ¢ ayy Ioj symso) pesiFojouswousyd
aard om ‘AfeuLg [p] o1 wi posodord weyy Jayzem 3q 0] umoys sT aduapuadap ssewr
Hrenb 51y searaym ‘[g'z] “sja1 wr payssEBns avuspuadsp surnjoa oyj swIgue sisleue
MmO {HV) 10 motaryaq Surjess a1y WOI} VI 3INPSP 0) SN SMO[ SIy T, ‘monIungy
o115 Axejuaraidwod oy st aps a13ym (g/,, (HV))P1s = (770} {4 ) voneoa
£31aus oferone oy Jo vondung sduns v 51 fyiqeqord aouwdaooe 8Y3 }TUII] QUIN|OA
a8re| 2173 Ul 9eyy moys aa ‘[g] 3oz ur sisAjeur oYy Futpuayxy [g'c} sjer ur parussoad
3lam s)Msal 289y} Jo s)aeg ‘¢ pue by ‘4 uodn asuspuadap syt pue 43miqeqoad
arurydande Y3 Uo STOIYRATISQO NG JO UOISSNISIp Paflejep ' 2al¥ am 2jou siy) UJ

wWyiedfe HNH 341 Jo sdteuniojiad o1y Sunen[ess w Ljurejisiun

folemt e st [[is woaqoid ssueydsose atyy Jeyy swaas sy 91 “umop Futmols e jo
1093 21y Saplsag “Iojerado swr(] 3y Jo son[wauafio [feuls Jo A3isusp 13/m0] a1} 0
anp ps12adxs aq ydmu 'mopaq onSre om se ‘yangm ‘aseyd dhyoururds AqreIgo a1y w
duapuadop yeam £1as v punoy am ‘Ie[nonyred uy .r.-m.w. bs o auepuadep alanas
$59] ® 1oA0MOY "P3aIasqo am (T X § 0] dn $921S JO SIONR] UC SasseLr yrenb [jeurs je
suchRMILS Jus031 uf “[p] QNE ~ Y1y yeyy pasodoid uasq sey §t Sudnos #¥neg
paxy 9y "asuejdense qumsuod 10§ papast szis-dais jo UORNpa: Y3 wWoly sosiIe
wiyyIoEe JWH 943 Jo umop Fuimors YUY "I9jRam ONW 3q 0 paydadxs s1 b
no ssuspuadap ayy ‘aserd sujsunuds sy ul ‘MO[Y SSNOSIP [[tm am Y -Anjpuruids

[e1iy> uayolq gt aseyd sy Ioj aTe sajewins) 35301 U10q 1RY} 20N Fuissiw [iys

b
1-

I "L *77 oI moIF 0 vy UoC[jR[AII0dYIE 2y} 12adxa pinom suo sjuswingre Hea

I9ABMOT] ‘IR SIY] JO SUOT)RIYLIaA aaneinuendy -Buipdnoo paxy je g — b su | Y
wopuer wolf - lw = *) yyFug) uonep1Iod SwiflaAp ' yim PaIRID0SSE ‘UMOp
Buimors Jeonuo Jo wdjqoad 34y qim poajuonuod ST aUo ‘UCNIppE Uj TE 1o0joe) ®
0} 3511 saa13 ‘spoysaw s fepoy £q ‘suoljgndiveur XLyRUE UOIULIa) 10 SUOIRIAI JO
Iaqmuinu Sutses1out uy -dus ssewr jrenb Sutsearssp yjim Juswaambai s windwos
sy Jo Ful[eds oYy ospe st suyjuode oY jo sourwIelIad ayy I0f [rIdNIY

‘aoueydande uaatd w saanpe oy popasu azis-days a1y sajouap
Vig ataym ‘[g'g pi-A ~ Y1y 1eqy spadxs sugy -dags stjodoryepy reqo[d ayy ui
Appqeqold sotreydodse ajqruosear v UrBuieir o3 J5p10 UT Paseaisur sT awnjoa 1}
se paonpar mn_ 0 S¥1] Uonow Jo suolyenbs pezaIdsip ayy Ut pasn Ly az21s-dois ayyy
Teq3 323 B1J JUNCOIR OJUL SINBY BJEWIYSD S} “I0IDRY SUIN [OA [{21340 U 0] UCHIPpE
up [g'g) poyrew oy SYY ML pyeA ~ L Yety panfre uasq sey y ‘SUnII0f[e
L19€X3, Iayjo 10) A 9218 Wagsds Fuseaduy s >=du5£ﬁ.mzv SMOIZ suolyeINFYuLd
Eoﬁnvawvﬂ- 27e12U8F 0} pasmbai J awny Toqndwon 3 AN A Aauatotya ut xottadng
aq 0} sweadde oste 91 swgpORE  jouxa, Sunysixa Fuowy -sro1is sz1s-dajs-oyuy
IBUWISAS WIOTF 32TY 51 1 ‘spoT[jau 1I1[T83 2833 0} JSEIUOD U] ‘JRYY SI PO LY
913 JO SINB3] 3A10RI9R [RUOHIPPR BT, -a0l)ye] 313U Iy jo ajepdn 1ad suotsioaum
XLEW uonhwia) (ajejdueotn) (1)0 Luo saImbai 31 jeyy SI $53001s 831 0} A9y 21!
‘pasn L[apim uaaq JARY YOIYm SUnfyIof|e UolLiay 121[I18s Ul sy “A109Y) [0 Y} jo
SUOTIR|NIILE UT SL A[0T JURIYIUFLS 15011 S91 ‘sat10ayy sfned aand o s[qeadde Afenbo
srdunid m MM (1D 221198 Jo SUOLJRESaATT (s LIaum 10} [0o} yuejrodulr ue

Wy wey 1] powat (HNH) ope) SJuCT PlgAY padojesap fzusoal syl

uorpnpodjuy |



14

‘A[reryuauodxe mold AfJeououad [im fy udyy LI QMR ©
Spa30X2 17 J} ‘pueRq 10§10 3y} u() 93Ie| 00y jou st 17 papraoad suaddey siyy, §

(6) C VA~ {HV)
ey poadxs
210j3121} am ‘[ < G o) os[e pITea s1 g ba oy PIYMm ‘L bo wolg iy ~ vy
IYIRI L2 ~ 'Y YRY) sumeur s '+ qidus] paxy Jo sauopafeny o 1o Py [dul|
aysueperRys sty uey) 1:fuo] sauiojeler; 104 °[§] 3o O aprEW SUOITRAIASqO A
Yilm JUIISISUOD 51 INOLARY2Q 8 TONG ¢ 'V UL 25w aMRWELs OO SI 31} YoIYm
puodaq 2y = 1 x U Wyr jutod awos 03 dn L[resul] 3sea1aul 0} [y 303dxo am ‘soway
QA uorjow Jo mno_.-n_.ﬂvu oy Buneny A 17 ~ (FV) 9] (1 = dhy) dags
somreuip IBNI9[OW 3UC 1o} ARjeIpaurun puy 2a ‘), pte ¢ sbo Swanquon
{gv} jo Buiress aq3 Apnjs 0] JuRIOLYNs sny st 31 Vi “sourydade
juejeuod 1o paxmbar azws-daye ay) surmIaep 07 Jopio Uy “A[dde o} }nsar swin[oa
apuyur aify 10 YInoua a8re] st wopasy jo sa31dap Jo Jaqumu oY) 3dNRE] G X ©
uo Lpearre yeq) Juimolys ‘2583 enjy Ul OS[E JUI[edXa St § ‘ba Yim juswaaiie ay)y
Apuareddy -eonyye] .9 X p © Uo suoHE[AUNS (J){) INO WOIJ S3[NS3T WO MOTS Im
q1 "3y uj ‘s10¥E(Ps0 Jo Jaqumu Butseadul pue (1) pany 10j pagprosdde £[pidex
st a?ﬁu.Aﬁcvvﬁm jo £32180p Jo Iaqumu S3re] ~} swnjoa adre| ay} ‘W9 2q uew
sy ‘g -ba ur 3msaz a3 oy puodsarrod amdy suqy ur sun ayy, e[ 'SP ur umoys
are () Jo uoltpuny B 52 ajea dueydasoe Jy3 10] symsyy "s10je[[Iso psjdnod
N Jo u2sis v pazi[eue aavy am J[NEII SM[} SPIEMO) DUIFIAUCD 3Y) P59} O,

® * (entre)ape -
ch i == ebm.‘.\r — 23D

saurm

-joa afire) 1e aje1 avueydanow afesent Y IJEN[EAI WD am UOTINQISIP SN} Fuls)

(1) - So=,uy)o ‘e — 4 : m:ms-msm = (HV)

g3no1y; pajejael Yipla puR Uea Yilm ueissned € aq
Tt BOTIRQLISIP ff 7 FUij W] 3) pUe Ysurea uatf) [[Is sjuemuny Iaydiy -jueisucd
= 20 = ([I{HV) — HV)} = ,(+9)o ‘paxy souuires 5y dasy 07 s¢ ©5 patres 3q
PIROYS +¥ 1243 9 "2 WOy juaptas SN S§ 31 ‘pii] awnjoa sqruyul 3ty ul ()

£

QMUY € 2A3NPE O "LV UL JapJo JYSIY Jo s1e sjuRNWIND JyFiy jualayp st ‘puey
131430 21} U0 ‘DuIpUIdap 2z1s-dals I, “ISMO[S 10 A4 Ym A[reani] ;01T sjuemimns
MY K 4y A P [HTUD] UOITR[RIIOD JuRAI[II 3Y) 0 pareditio afiTe| sawin|oa 3y

(9) * sjuenun Byfg + r:mﬂnmﬂvm = (HV)

Sjue|nIng ojut papuedxa aq A[jUstuasuod
ues &yipenba siyf, g be jo fyedord Junmrassid-gare oty woy smojjoy prym ‘[g]
1 = (g~} SHHrauopt 2y asn am azis-dags Jo uononpar paimnbaz Y} Ijewn;sa of,
‘[ea3] a[qeuosEal ® Ju ‘syer auewydodde 2y ‘Aqalay) pue ‘gv Lynuenb sasusxs
a3 daay 04 JapIo Ul Pasealdap aq 0} sey azis-das oy paseansui si umpoa ay) sy

[4} _ 4
hq@w@..@«h.nh..h 5 .@..@.m. ...m_._...

€ - (Vo +({ )X 17 = HY
{1V)O 39pIo ye pajeicia st uoTjRAIasUGY f1oua
‘g 'ba £q pauyap ‘days Hozpdea) auo uj -uotjow jo suotzenba 97} UT SI0LI5 UOIIBSI)IIDY

~SIp Jo asnredaq astre dags syodonapy ayy ut sspiqeqord 423l Buysues-uopy
Aiqeqouad asuejdadoe ayJ g

‘uoljour jo
suorjenbs aiyy jo uoLjesNaIsIp 313 0} SNP 510130 sanowar dags stjodoxjayy euy sty

{'u
(¥) s+ .?..”hw.m =H ' (ge-2'Num = »ry

Aypqeqord yym pajdadde st uorgeanSyuoo
STy 21am “arepdn sfjodonajy reqolf © o3 joalqns si uonelnSguos 4 peuy ays
e} st uryauode HWH Y1 Jo aampesy mau oy, -Jg] ‘a1 ur punoy aq puEIsuy 10}
ues (2)5e 103 suowsaadxa yoydxy °[g] plojrrews dnosd 3y} U0 aaTjealtap v st o
puw s1ojeieuad (g))g are 'gt 'L = £ “TL YL 1y X AWy = 1 £q 3jousp om
_.:wau_ .vmn:.?- Azopalen Pel[e2-05 3u0 83JNJN)SU0D snY] -saumy TN N PajeIajl a1v

i

(LS +{n)sTe)S ~ fu=
(g) v

z
2 _ESW.@H - furyp)dxa =

uohjour jo suotjenba pazizelasip Sorydugy
gl
oYy g/ 22— Wxe ~ (Tx) g 03 Sutpaodse pamquIstp ‘1 wjuawow mou wosy Aunawg



9

Tamod aaTeu ® W01 pejoedxa 24T PINOM 0O SB § = U JO PEdISUL § & © PUY dm
"ol ‘pouadeam A3uweoyrudts osye st 31 aseyd uaoIq M]j W puw paqeowed Lp)a(dwos
jsoure st A3uremBurs anfeauadio oY) aseyd olrjpunuds oYy ul -senesusfe Jo uotjng
-Iysip oif3 Iaao TOLyZIHR)UT Y3 JO J00)3 AN} SSYRIISTOUISP A[T@a]d snyy wyep oY ],
21l €00 F 96'% = ¢ ye 20eid
soye) uonIswRIy Y] ‘eg( ) = S ‘ssew yrenb jso[ewss ano a0} yeyy ;oN pC =g
®ITOFE0PURGT PUeCh = 9% ['0F (0L = © sjusuodys puy am “miof sryy of
ByRp oY) Bunytg .cl_yEv.Fd. X (V) 43lm quaysisuos aq 03 uaes s 31 ‘Sundnod paxy
¥y "saseyd JUaISHIP om) IY) UT JUAIyIp L[payIeus 9q 0] PUINCY SI ‘JaAIMOTY ‘SSBII
yrenb ay3 uo souspuadap oq ] 'Z "9y Ul WmOYs BIEP 21) £ PIWIYUCD Bl INOLARYR]
st ], -eseqd uayoiq 10 JirPuTWAS A[[eITd Y} UT ale am layjeysm jo juapuadaput
{*ut'g) poxy 1e L1y ~ (HV) 1Ry} £ UOID98 Ul UOISENISIP oY) wolf j9adxs om
Y1 = 1) puejsuoo jdoy sem yIFua] L1090alR1) 2Y) SOUIG ") PUe ¢ UdM)I( SjRI
souejdedse o) paf sn Aq pasn sozis-dogs oqy, (bwi'g) Jo son[ea peaxy [eisass jm
%08 £q Bupirea 1Y7 Jo san[es JUSISYHIP S3IY) PSIPN}S am ‘axixapuadap szis-days oy
Os[e oo 0} I9PI0 V[ '9INIR| H X § B UO G PUR §'F ‘C'F = g je sessew yrenb
STIOLIeA U)Lm STOTYR[NLUIS [eUoI}ppe pawlofiad saRy am ‘uoltsuely aseyd [eigp ay
§s0.10%® Uoljrllea )1 pue jusuodxa ssew ayj jo aosuspuadep g oy Apnjs of,
“A|[eolIomInu INOIARYSG ST PAYLIaA OS[R 2ARY om
y=pug=g¢g 1 dod g .n|a,E 0} spuodsa1300 paspul yomgm ‘Y 57 seEIeAlp
31 sny T, -01sZ wnjuswow je siojedrdoid uvord 2013 asny) jo joupoad sy sowodaq
11 1epIo Sutpea) of, ‘uowsuedxs p/1 e ut g1 "bo ur uoissaidxe afy) pajenofes sary
am ‘[11] 321 Jo senbmpsy sy Juisf} g = g “Furdnos Suonys ye JnsaJ siy) payiiaa
sary apy oseyd uayolq oY) 10] nlﬁE ~ {HV) syeumnss a1} 198 Yy pnos
am ‘JuRLIBATI A[[RUCTIR[SURI) UlRwal £[2A1)0apa g1 ‘ba ur s1097e] om) 81y ay) j=iy)
JuaYXs 943 o], (1 = 1) 25e> 201y ayj jo yey) o) I|[IUSs aq 03 payoadia s1 umijiads
aneausFie o1} a1y ‘aseyd oirjeunuds A[eIip a1y i 2ouapuadap ssem yram A1
2 192dX0 310JP1YY apy (0 +— P s® JuwsTod st () ey sysefins “oug w ‘s
Pus qum Aresun] seysivea XX aowg o (Pw/XX)4 [ HV) 5198 ato pue [RiaLy
ULy aIe SUOIRWIUINS YT, "juelreaw] AJfeuotje|suel) are b /XX = w.l. M.E + .a-)
SI0)DR] B3 YIIYm UL ‘[ = ;] ‘99D I0I] 3y} UL UIBS L[Ises jsoul ST Sy -wnijpads
an[eauRSis ([0} 3] 1940 (O BWIWNS) UonelSagur Iaype pauaywam Alguesgiufs aq
i1 AyrrenBurs onfeauafie sigy yeys Z1 'be Jo sInjonays a1y wWOI] YR 51 31 'I19AaMOY
.wwE se so812A1p (U)ol [F] Jo1 Ut pondre sem 31 ‘107elado Sel @siasur

9y} jo semod Fununoo Ag ydey usaq sy jred remdus gsowr ayy A[uo 31oym

(et}

01
CorF RICu @ e @) T Qe+ g )G+ ,g-)

0 h%n@l@..@k.m&@.@..@
18 am sppeYy uotwiap-opnosd ay) 1~aa0 FuiSersay
§TULIS) Te[uns
+ PP (P @)+ g )% T bt g ) ! (Pu + @)%
{z1) paquyly
w4 @) TP+ @) (P @) 2w +a)
» dgip‘eredsip'e'e
ST JUC 958D SIY} U] 'SINJINIYS I[dLUIS B 9a- €Y S3A11RALIID
a1} Yorya 1oy *(1)3 dnoid s¥ned ayy Tepisuon am ‘ojdurexs randxs Tie sard of, 't
BIUSWOW Y3 1340 pafeiarr aael am alolm pum ﬂ.lmmE + (J-} ¢ = 48 aloym

(11) * +v wsdpio oy + — Tt %é@.@mmé.@& X gtV 0 {HV)

Ajpureu ‘uonnqrLIuc? >LLUIT U0
I2pISUC) SN 3] ¢ 'bo uT wIay Fuipeal 9y} jo srenbs siy woIy Ju] auinjoa af1e]
o) w1 {7} Jo souapuadsp sseur a1y} Uleiqo am ‘Uordas snoraaxd arf g ur passhosip
SY CATIURIaY(p BnEYaq ‘'Y 0} 3NQLIYUCD TRIgM ‘SIAIYRALISP ST ‘80 tapuadap b
IMIuIs-uou € sBY 3991 JF Ay -fuw ssew jrenb oty uo acuppuadap )t oskuue 09

jueitoduut osfe st 1 gy Jo svuspuadep azis-days pue aumjoa ayqy wcyy jredy
acuapwadap ®w -p

‘uaye)} aIe TIOIPDUN} 10119

a1y Jo syl aqelrdoidde ayy 3t g ba woay peuresqo AyIses arw suorsssa1dxs asaty],

ADHu “[[ews A.m_qV .An:‘\ﬂnkdulv&unmvv ~ Auuu&.v

il (v _A\:.hﬂulvaxo
{HV} Jo sanfes [o1] (ews pue [g°g] s3re[ 107 pauresqo
usaq A[snolasrd aney suoissaidxe sjemxoiddy g8nous adrel @1 smnnOA BT S
Suo| se (f7y) jo sanfea Lrexjiqre 10 piyea st a1 A 4V2)9J18 2 (7277 ) “soumydanoe
aBeraae a3 Jo aduspuadap smmioa ayy Ioj JMsai ano Tey] 2j0u A[gEuUy o
B2 I Vig UOIFR[aT 2]  0F $pes| pue
*M0[2q 7 "3 Y}m TOHIIUUOD 1 PassTOSIP S8 “BJep Ino 4q pami1aa st In oraryaq sy



"1 & 7 1O] PAANYIE BT ¥0)
Apreutxordde jo sye 3oueydadcoe Ue JRY) 2j0U 12YIING 3p 'sanfea ¢f jo sduel siyy Ul

ayel ssuwydasye ayy jo uonpdunsap quaeaxe ue 198 sm ‘gz 0 = g/ (gl = 2 Busn
(81} T (FePpe = {7d)

£q paururejep L[211jus 3q pInoys ajel asurjdadde ay) ‘gl puw g 'sba 0y Fulpipoay

L
VA TV A A|v =2
) M v/t (XX}

Jo uotouny ® se ayes sowejdadde iy
¢ “Sy w joid am ‘a)qBySeu st ()2 ur sFureyd 2y YoIm 1240 ‘9GS g S 1°G [=atejul
a3 09 59AesINO FunIL1iEaY "suOHR[NUNS [enjoe ul azis-dsys Jo YD 3y} Jof Spmd
[esn & 128 weo am ‘ajel aduejdadoe syy Jo suu) w 97 -ba Bune|nuiiojer Ag

'Z 10 10908] ® 4q Ljuo saduep (g)2
-2'1 ‘[[ews A[2Alje]al s PIgm ‘sauapuadap g JUalayIp 2say) Usamiaq (PIelUsiuL oY)
jo are> saye) {g)o Jualdlyeod oqJ, g1 10)3u8] ' Aq sesealdap ([J7) [EAILIUL SuTes
ayy uy Lg 109ej v kq sdoap XX} o1 *gz'0 0t 990 woy sdoip (XX} aFeiase oy
‘gz0'0 = P 30] 0oUC puR T'C = ¢f usemiayg :aseyd uayoiq oyy ul sBugdnod omy e
{7 Jo 1notaeyaq 34y areduros sn o] A{3w1dxs s1g3 moys of, (XX} Jo souspuadap
g a1y £q paqumesp juajxa sire| 0 st 31 yey) pue uonistes) o) ss0138 dn moys
£[uo jou s20p (V) Jo 2ouapuadep g Fuoiss 2y o) uteSe ssans 0) JUrem o
-4 "y w (XX} jo senfea 2BI9[ 18 UIDS SUCHRIAID Y3 O) SPEI] EIY], "¢ Jrews je
(g)? jo anea 9y} E3JRUISI-1A0 *(gf)2 UCHPUNY A1) URYY JIYIRI 2 BALA JUWISUOD B
Buisn ‘g "By woiy uaes aq wed sy ‘70 =2 Yim (XX)2 = y oy spuodsaniod "3y
i umelp aul] 4], " (XX} ojur paqiosqe st aduspuadsp s1y3 Jo jred Jolew w jeyy
pue asuspuadap ¢ Juonss e sey () =) smoys Linuenb 1a)ie] Y} Ul uonjernes
128 ey yonw ayy, (XX} 1sureBe § By ur jod am yorwym pue () Jo 2uspuadap ¢
1IN 2Y3 5399921 Yius *; A -lpd“EAmdv = X U jeY) iis paredwod aq pinoys
(g)> W uorjeires ayj} “jovy U] -ayerapous L[1rej st g Yiw (¢)o jo aswasoul sy 1eY)
270U 0} yuepiodun IGULIIYINY s1 3| [@m A]qeuoseal aa1Be sao1jye] JUAIBYIp wWol)
vlep 1Ry ‘12A3mO1 ‘338 am ‘SUOITII 3521} SPISINO “INIIYLP 135 BIRp juasald Iy
Fuisn (g)o Jo £pnis sryemysds v soyew syead 3534y Jo souwasaxd ayy, (ez00 = bur)
aoute] (Z1 X g a3 Uo [e] ccooFczs = ¢ Fuydnos 1zaossosafuonisuel) ay) e

L

Yead w jo uoreoIpuUl Ue ST 210y} o[V [£] §0°0 F S1°G = G ¥ S PIYA ‘Horyisueny
aseyd oy e yead 1eap ' 338 9a (100 = bt) samep 9T X 8 Y ug (s
aoryre] Wl s1e mopaq pue sxay usald A pue (XX) ‘dws 107 sonpes) saseyd yioq ui
PUR £33133¥[ JURIIYIP UO PaUIe)qo BIBP 10} (g )2 Tuspl200 =Yy3joid am ¢ "3y uj

"v3 © { HV) padxa pom suo ‘Learey -3 qiBue] uotjereliod Juof e jo ssnedaq
afire] m013 pmoys ‘sutey pejeREnIn {4)0 Jo Wns € st YT Ym ‘F7 uoiBal jry) uf
‘uotyisuey sseyd € 03 asoy Moso 03 £Jy]] ‘10€] UL ‘ale STUOLIRIAIP \DNG -Zjesue
a40qe 311 Ul pesn uuof J[dusls a3 WO} SUOTIEIAIP 0} Pu=]] ted su[], g paxy je
Patiea 81 2ZIS 201)7%] Y3 s 2T RG> Wed WSS Y3 Jo aseyd ==Yy yeyy os[e aj0) (A1)
Jo 2ouapuadap ¢ ayy w1 usppry £p3red st gy jo scuspuadiiap ¢ Yy jey) 350U s

(91) T VA A,E vgu = {(gv)
A PE]

‘(¢ }2 uvorpoung
umom{un we Aq siyy azujeuresed oy - Hv Jo sduspuadsp g a1y Jo sisf[eue we yim
1A[ 310J313Y] IR SHy “[OI)UOD JIPUN [P St [T Jo avuspmuadsp ssew yrenb pue
azis-dags ‘awmjos 3 yeq) Umoys sy SIS ENoMAaId ay™=) Ul uoissTISIP YT,

asudpuadap g -g

b
(s1) . ACML ~(HV)
ﬂ -
.BDmHmdmh 2] AG

P2q1159p [[om 18 s3urjdno JuRIagIp e fwt uo ([ 7} Jo sot_1apuadap sy o) s3nsal
Ino jeq) aes am ‘yoe} u] -(AX) jo souspuadap sseur ayy Aqy paguidsap juaixa a81e)
® 03 51 %w vo () Jo aouapuadap a1y Jeyy ‘Jeramory ‘sysawiFns (1) 01 UOISUIXL
)1 PU® 8582 321) ay) Jo uotssndsip m(y (XX} yInoays jsnl uwey) fem payeanydwos

s10ur ® up wnaads anfeauadio a1y uo puadap o) (v} 199CIxa pinom am [e12uaF Uy

(b1) S Cur@ad = x

t lajpuwieled Japio
[RIMY> 59 S1 SUOIRIRLILS 3317)7] UL PAULeIqo AJ1sed 1 Yogm p=tv wmiprads snfesuafie
2y Wt safeyp s1a9pal Yorym sojerado uy Joyerado el ayy loj endads anjes
-U331a JUAIAYIp SY) JO MBI SIsIIR saseyd OM] SU) Uddwm 19 2IUAYIP SHY eIl
sysafans sisdjeue asoqe ayy, -aseyd Jinowmis freny sy j wt fw jo juspuadspiu
Aprewnxordde aq 0} sweas {[yg) s "uoneRmOED m..._:m:ﬂcu Buolls jeatlifeur o)
Uit JmawaaIde quaqeaxa puy shyy an I8 jo oseyd usymuiq Sppemnys sy uf

“ueuwmS e duiptinoes



(118

T-1/0%¢ 24 1ee1uor spun jloddns
[eURUY 10} IeydsulpuwRIsTuUNDsIo,] aysIna(] o]} JUeys OS[e 9p) SoUR)SISEE MY
107 s13qu2d 13nduios sarypadses o) Jo yeis aY) 03 [yYUWY) BIe I YIMNL “ZUTH
e JWA-AVED PUe NUHAD 1° JX-AVHD 243 uo pawzopad s1em aey pajuasaxd
suolyeindwon a1y, -Bywp SIY Yy sjmsal ino areduod 0 Ljmunjroddo sy 10}

pue SUOISSNISIp 10} UL ‘3 JUBY) 03 a)1] pinom a4y sjuawadpajmouydy

“sytun peas{yd ur 2uInjoA 95133e[ pue ssew yrenb
pexy e Suroeds so1)9e| a3 Jo SafURYD 0 sAljISULS AIsA joU SI 198X wyjriofe oy
Sunfew 10} 1500 —IyX2 Y} yeYy} 53598%ns sy, iy sty ut suspuedsp ¢ ayy 4q
10y pojesuadwiod jusyxe sdre o} are (symn aouyye| ur) A 1981 pue bw 13[lews jo

13940 3y} JeY) sURAM SIYT, -orez jusnodxs we o) Jupea Aqissod ‘ayerspo sI

YIS SIq) JBY) ‘Ieasmoy ‘a7edipul Byep () ‘on[es Jafire[ ® o} p jo juouadxs ay
siys A1qeqord orym g qym (o Jo uoryerras sy pazoud QAR 3 O 4D
~ _.\T\__ime:e\nlax.mv ~ Yiyg uonepl ayy 188 uayy spy  -jueisuod sivpourered
[eotsdyd swery sures 2y ye Surdasy spiym ‘o Buoeds 201yye] o) Fuisearsop 1apisucd
as ‘sl Jo sadouenbasuod sy sjeiysnq of, g ur saBureyp 0] snny st oysoddo a)
JBY} MOYs synsar Mo ‘sanifiqeqod eoueydesor mejfewus o) speaj) jserayul reatsdyd
Jo suotpaaaip oy w4 pus fu o afueip w aiyp -vouspuadsp ¢ 2y 107 symsa
eridopousmousyd me jo suoryeadun oYy SSILSIP 0) 1] pinom am ‘Afjeut
"Yeam Iayyel st aseyd sinpunuds Arenys oy w bw uo L Jo sruapuadsp
Jondxe a1y Jeyy adxe suyy agy w uo juepuadap A[qeam L[uo 2q os[e poys
JUIT) UOIIR[SIIOI0INE T ISLIIITT YY) a.wﬁ ‘[¥1] Joa ut payesrpur s ‘aarsseur sy apow
159401 21} JI ‘A[eur] -SUOIJR[NUIS JNO Ul PoaTosqo Os[w ' ‘g «— b v A[mo[s L[uo
mo13 PINoYs SUOISIHAUT X[JRW UOIILIS} 10} PSpaall awur) 2y} ‘arowIByung -jusp
-vadopur *w Lppyewrroidde 1 ajea um.:ﬁaouod 3y} o1 puy ap -09eIado owxngg
o1} jo umayoads JUSIIYIP 54} 0) S0P “JUIISKIP S| ssew yrenb [JeWIS 38 Inotaeysq

a1} ‘aseyd oLnjounnds oy : Ut 1I0J0e] ® [)im PAYNQUIUOD Ser SUINfoA 3313e
T qd ot U3 ug } ® [)im panqt q I 3R]

b,
v/s—
pue ssew yIenb Judieno yim ajer soueydasse jueysuos jo Juswarnbar Yy} alay
.«\_mr__._:E ~ L oq1j sao01d |7 ‘omny sayndwod [ej0) a1y ey puy om ‘tononporym ayy
UL PRsSNosIp S ‘SUCISISANY X119eW UOTULI3) IO SUIN} PISERIOU] UB PIE LMOpP Fuimors
[E309112 Junovo out Jutye] *, . 4 /*7 olyel paxy & pue Surdnos poxy e Surwnsse
‘ssewr yrenb [ews jo jrum ayy uy yusuweimbar awry Jandwon 9} 2JRUISa UBD om
‘p1-A ~ Y1y ‘oduopuadep aumioa ayy yiim tayjafoy “ymsar siyy woly -Suipd
-nod Fuolys ge uoisuedxs p/1 v wr puy am InolARYaq 3y} S ‘3IOUIIAYIITY ‘I m
“ \WE ~ Y1y me] Jui[ess  Jo moae] w sre aseyd uayoIq Afeanya a1y ui sPuid
“TO0 UIDHIP J% eyep [eaasuIny )P Jo sesuyd JUdlayIp omy oY) ur souapuadap
SR JIIIBMP 134 sPqIYXa Aypiqeqold soue)dasoe S} yeYY) MOTs s3NSI IM(Y

noISsSnasip pue fletrwing g



<l

g1 "bo ut J[ns3a o) sMOYE IAIND Y], '9'C S F > 1'Q [RAIdUT 33
ui eyep 10} ‘41 "ba m pauysp ‘z jo uonoun] v se 281 aouwjdaros Ay, :g aIndg

T0 =2 (XX} = x 0y
spuodssiion sun aq ], *{XX) jsuredn payofd | (A -Ldnlv:.. XHV) = X v aaniig

‘1) “Jo7 woxy uaxey axe seo13e] (62070 PUe 10°0 = ) (9T X $Z pUe (5200 = )
¢l X b2 241 10} eiep 2], g Yoea ju S5RW }SI[[EUIS 9y} IOJ aIe umoys sjutod sy,
*(¢f)> 10} sanjea jugsIsuOd 51 (§ WOINDSS 395) PapNYs SISTERW JUSIBPIP Y] 22137e]
¢ X ¥ 3 e u) ARanpadsar ‘170 pUe ¢Z0°0 = b 103 oxe sooiyge) 2] I X8
pue [g] ;Z1 % g ay1 woxy eye 91 'ba w1 pauysp {¢)> usnyacd 3], £ arndyy

"680°0 PU® GZ10'0 UsAmiRq Aues sazis-das oy,

"oty 193 = { ) 01 g paxy Jof £17 are saul] Y] 4V sazis-dags JUAIaYIp Joj are
S pue g aures 3y Yiim symiog (se(fuein) 3¢ pire (s2(2d) §'p ‘(spuowrerp) o'p
= ¢ s3urjdnos axy 9 o118] 9 X § © uo () Jo svuspuadap ssew ayJ, :z sandig
g ‘bo u1 aatd

3[NS21 SUM[oa 23R oY) MOYS EIUL 2T, "UIALB 5T8 a01)7e] O X b B UO QD) 10 viep
{q) 1 "suontpuos Lrepunoq dtpotiad asn sa pue Z/((1='¢ + ' — TH¢)'¢ — 20)
= (¢)g st uoigor ay], "8ZI PU® ZE£'S = N ‘sIorefjoso pa[dnod x Jo ureyd ® 10}
eyEp moys am (e) u]l (v} jo vonpung » se Ly)1geqord aoueidaooy :f sandyg

suonpde) aindi g

1T

‘B6E (L861) 6§ 112 "a2Y "sAyq “indo)] -[ pue ;efaq D (4]
.n..m.. uu.uwuuﬂ uo mw-.-_vwwuo._n— E
paysiqnd aq o) '6861 1290320 ‘62/68 WHLId ‘wraxdaad weypey ‘semisz g
PUR ystesy ] ‘1eururog vy 'saq] "py ‘ulog (@Y “tefsun|y Y ‘uweuwnse] g {g]
"gL6E (2861) ¢ed
Ay “sfyq ‘refing Ty pue uauay YT ‘Juressnol, ‘(1 ‘™I ‘AL ‘QINIeN §
‘eeg (2861)
881 1191 “sAud ‘PIAM "M'H pue aepuig y-q ‘nSey g ‘yosrey 4 (1
‘126 (€861) [854] 0gza "sAyd oy pue
29T (2861) @Y1l 112 "sAqq ‘ucssiaiag g pUe PIOW "V ‘uing-Fieqny H (I
6861 A1enIq3] '68/9 YLA/IdW ‘IPjoywies “Jy pue w1asnen -y (9]
“L1€ (6861)
£12H sAyJ "[onN ‘180Y ‘g pue Jahapy -5 ‘Aasioq Y Apauusy] -qy ‘ieng 'y
9622 (9861) T "AaY 'sAY ‘uos)im
"D pUe Aysineag g ‘afede] g0 ‘pRfuoIy 'O ‘iey W'D ‘wnoxey ‘H'n (g
‘g ‘1] 'sdyd w paysnqnd aq o1 ‘066 T YIrely '06/£90¢-HL
-NY3JD “yuudaid NyYgD pue 90-06 J1-14 “wuudaad ppjappig 'plim - mCH pue
zjeg "H ‘uossialed ‘g .._Uh..wE 'S ‘Yosreny tJ ‘yoeql] 'y .ﬁ.ﬁaU S ‘reaen) "ATY
68, 301397 jo s3uipasdo1g ul
Pysyqnd aq 0 ‘68T LqUIAON ‘1¢/68 JI-19 “utidard ppjeparg ‘ypequ v
. “16Y (6861) 2628 1197 sAYJ ‘PlAm “MH pue
2985 ' ‘uossialeg ‘g 149y '§ ‘psrey tJ YPEQI] v “eidng g treawny Ay {'g
‘£L¥ (6861) 6 (1ddng *2019) g sdyg ‘puy "eidng g
i 68/9125-HL-NYD "uudosd NHID
‘adreyg @' pue dnany ‘M D AMEMY D ‘aeg ) Prd v wmidng oy (F
"BLTT (8861) BEA "2y “shqq ‘adxwys g puwe duopiy Ay 0 “midng "y (¢
‘8521 (8861) 86 "9y sAyg ‘zana1) J§ (g
‘91z (2861)
S61E "2 “siyd "remoy g pur veldlpuad i g ‘Apetxusy (I 'y ‘aueng S ([

—

6

—
I~

—

‘9

S3ILIIAB)IY



‘913
L

1 314
q




£9IXpg 7 |
o2IXPZ o
cOIXg +]
gSTXE 7

g9%v

160"

¥)Ho




c [ &

- c9TXPE v
ETXPE o
COTXg *
L 2Ixg v
%7 »




	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

