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SENSE OF DIRECTION, TOPOLOGICAL AWARENESS
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ABSTRACT
Based on some recent results, it is here argued that the communication
complexity of distributed problems can be greatly affected by two factors
hereby identified as 'sense of direction' and 'topological awareness'. It is
also suggested that tinsensitivity' to either or both factors is an indicator of
the inherent difficulty of a distributed problem. A bibliography of recent

results is included.



3243 poacad [(2] meroy pue yomaoF ‘TUSRd  [82°CL] 4391 343 03 UIT

aq ATUO ueD saFessam puw sapou [[E O3 JUTUEIW SWes Yyl Sey 333Ta '"I°T I(I8WD

343) UMOUN A[TE30[F $I JOTI2IUITJO 3SO0UM BUTJI 2Y3 GT UOTIVALEP
3U0 ATUO 2SN YOTYM STG3TLOI[B U0T3D@[d@ (U Fol u)§ paIjudsaad ‘4FeTOUTS
pus JIaqQYSJaTH 4G 24n3057U00 B 4Q pI3RATSOE ‘TJo3R¥TIS9AlT 23430
‘paansse
ST JOTZ03JTP JO 3suas [2qold oU JT pIpIva IJB SITITATIOE IOT1I2OTUNITWOD
(u 3ot 4j 3ey3 pascud [g§] suang *saossacoad (TE o7 Juruesw sues Igy
3aBq 30U A2d 43j9Ta ‘"9°T (UOIYOIJITP JO Isusw 12q0 18 Law uo L7sd 310U €30p puw
‘FuTs ayq FUOTE SUOTIORJTP YI0q UT 3UaE 3q O3 FITFUSSIW SMO[[R UoTIaloR JT9]
‘[9T] J4reroals pus FusqysJIH 03 ap ST UOTIAyes {4 JoL u)g 384TF AL
(g2 029t 1L 0L 9 k" 1] "83FQ (U FoT)0 PUB JATITIUSPT
ug ‘A7r1eo7diq ‘oFessew @ G PIPQTOUT Iq UBD I°YA UQ 137X S3ETRIISUO]D
{Ui¥ a[o=x ayq ST 3aTRA 18943TY YiTa apou ay3 (WGITJOB[R 3gl O UOTIN0IAI
— ay3 14815 A[Snoauel(nufs £2W Sopod TR “97F) I0JNO€ e 3q 48T Ipou Auy
ranTRA 3853u8] 3Qy FuTaey SPOU 3T 3UTUALITIP
TIFM ‘p93N03xX0 2040 ‘YOTgmM [SIpou [IR O3 I[QVITEAR IP=W 3q O3)
Tq3Ta03TE uB uFTSep O3 JUBM A (IJeMR IT FUOTR 3T YOTya jo anlea
10UT1ISTP 8 sBg 2pou ¢owmad {sepou U  jo Fuis w s 9 gqdedd oyl
:3Jossedodd jo Sujd ® uy (FETPUTJ-SUaIILs 4o) TOTIoR 18
sy1 §7 £218371S9AUT 1SAW 33 JO U0 ‘sA@Iqodd PIIngrIISIp Juodwy
JMTH T MI BOLLOS'N -HOIXAJSAS Vv &0 Hi¥rg "1°¢

HOIIJFHIQ 40 ISLEE K4

‘359 UauE)

-

TEITISTSAGT pur IOTISGTD JO 33TST ¥ pIIJTIUPT A£QaJay adm $520%087 L9y
awaq] -A1[XI[1XOC UOTIBOTUAMTOD YUY 109 ,® L133343 pUR 4[308J4TP JIBI 3407129)

JIOTIBWME0UT [30530[0d0o], 0a1 j8Y) MOGR SI[NSIJ »wsy] ‘L[3w=y IYINFIL juldag

smow £g pIW4TJIO0 U9q wvq uoToTdsns ITYF I1WY3 InIJw I ‘sj0u STYT 4T

“sapou
g3 03 SIQBII2AR ,U0[3EWJOJUl [e0iForodol, JO JUNOWR pUE PUTH 343 IO spuadap

281" A3T¥a[d®OO 4OTIROTUREIOCD 343 IBQY P93 o3dsne, Buo( 9IIg SBY 31
(5 gdead ayjz ‘"9°T) AJOMIIU Y]
Jo £3aT0doq agy 4o Furpuadep JIZJTP Spunoq osagl "(ATTYR [AAST oT{EoTEnadO
5q3) sweTqoud UTEJJISD 2ATON O3 DAJTNDAL SITITATIOR UOTIERDIUN@EOD O junOdB

ay3 o pagsTIqelse .Ualq samey spunoq Jaddn pumw Jsmol '[3pO® STYI UTUITA
*Lyd=Ja30I1qFq PITOIOUI
343 UT S90UaJajad 243 JO AUB 39€ ‘TopOW 2Gl JO UOTIBZTIIIRJIYD PIITRIAP aJox @
J0od -sdzfap Jujanend pue UOTSSTISUBIF 93 PILedIOD uays 3TqF37189u 3q 53 pomEnssw
ST 3u73 Fuissecodd 92T3TATIIR I0FIe0IUndWOI DUR (£17e00[ paadojuad) Fuissadsoad
730Q durnbag TR4aued uUT TIFAM d0T38INd@Od ¥ “(WY3ITJ0I[B [BOTUSDT AWER 3Y3
393n0sxa Jogsaoald Lisas °9°) JISTRAWAY sy uorlejnda@od sy3 Juiiap Jossasoud
yo®ad JO JnOTA2Yaq 243 1843 paansye &7 37 ((FWUTE ay3) SIpoU 30T JO 37O 1@
umoun 3q [1ra ([9€] 1[NS3J Y3 Jo T3 597020 a3 ‘Arestoaud agom) uopieindmod
343 JO 3[N834 343 pUB (FIUJNCR 2Y3) SIPOU (249499 10 20O ¥ PITLAE
aq uwo [apom T} uUT uopreyndmod y ~EITATIOR TOTIEUTURHAOT 8 $9303[3SU0D
oJ® uR uo 3Fessam B JO JOISSTAsUBL} Y3 (SINOGUITIT agqil) Paidauued
£T2994Tp ST 17 4OTQam 0} SJoSsadaud agy 03 L7uo s3dessd jIESUBJY URD PUS O
34242 ST Jossao0ud 0B (5408E3004d I99433G SHUTT UOTIROTUNEWROI 1094TP 1uasaLdag
S$0JdB pue ‘suossasodd udsssdad $apou sLaym 9 jdeaF PIyol4TpuUn IR S8 J3IQTI0530

3T A<0maU Y3 [ 9E'G¢e ] FITEIAU

3T SuUQT133T;49AUT 3§94} JO 1S0W IT [eped@ FuTATIapun eyl CWI[IE AJBUITISIP

091NGTIIS TP ag3 O3 sefiuadoud Jdedd Jo uoTIRUTTIIAP Wouy Jurduwd ‘saaTqodd ;o
£319T749a @ JuTaToe 107 pRdOTPASD UIIQ FarY SWYITLOT (R pITNQTLIRIP ‘£T3um o9y

WIIMACLINT b



L

Q0T303[d 243 LOJ IVTJInS SJvjsuedy aFessaw@ (U)Q 22Y3 umoys seq [p2] 2ITYSNEIEH

‘BUTTTAQRY S£{} 20 2o SExd 3y3 BUTANsSsy -2 347BTF 47 a404s ST FuUfiTeqel STUg
*3[0£0 34} UT IPOW JEIPTOUT 4IYI0 I DU IPOU 2] UIIMZ3IQ
\2OUBYSTP, 343 03 FUTPJOOOR PI[TIQ3T 348 2pOU B IO JUSPIOUT SOJB [IR (FIT
pue [338TX? AT04D Y3 UO UOFIVIUSTILO JO ISuss [eqold & (IT
pue {paTJTIULPT ST I[OAD URFUOI[TURY ® (z
:Fuimorrog A4y ‘ardumexs Joj sy 3UTTTeqRy
1431ST8U0D ATIRQOTIE §¥ *(sdosseooad [I® 03 Fujuee® Iwee 3yl PRy LIUSTd.

384y juBs@ 3T ‘JuTL B Ul ‘4780030 [RUR) ,1U2}STSUOD AT[eqOTH, [1e 948 Fuj[[9qeT

12001 3ql 1843 suzam deid 3737d™WCO 7 UT UOTIOIJIP SO 2SUIS reqold ®w IO IUISedY
"(a Bor u) 5 = (3%

‘ST 1243 1UOY3IVATI I3 I 0 £JBSS903U 3J8 $i3jsumal sBmssam (u B0y u) ;; 90

STY3 UT 2R3 QA0S sasyg [H1] JORZ pUB uURLQN ‘JO=40y S9pou Ayl O3 I[gBITRAR

ST uo.nuum.,u.ﬁv JO 9suas [BQOoTF ou ‘FuTiTaqel Iy IO IP3IA ST 20f3dTASSE 12§10
ou JI  s33p3 jo BUTT[3qeY [BOO[ 2 I[QRIIRBAR s3y 3poU Joes ‘=a"F ‘sanoqyBteu
-0 33T U93m39q STnBUTISTP YD pur ‘yd=aF 3197dR00 v uUT FUTAq JO IuURMR
ST epou yoead fsepou U uo ydsad s3a7duwed B FUTIQ D  JO SEED 9@y JIPISU)
(a3l cc (@)l ‘1 smow oy ‘4By3 Moys o3 ST wym K
(@345 7 (apyts
430Todoy ydea¥ 1aA18 Aum Oy 3843 SMO[TOJ 3F ‘UOISSASSTP snoTaddd 2yl Tody
BAVED ALJWROD V HI #OTIO8TE INEQAT @VE 272
‘237qoud B JO AFpX3[d@00 20[1e0Tunmmed I3 [A{3agiisod) SadulATHUT
JOF3094TD JO ISUIT (B JO 20uasaud 3G3) 18Y) UOTIBITPUT 3I8JTJ 343 ST $3qL
ST TQoxd omg avagy 0f 0€72 i-li2 JJOTLRAJLIEQO DUR $TOASA
220q% 343 ‘[9g] @WITJodd UOTISA[D 3IYY OF ,IUI[RAINDS, 94W UOTIIRIISUOD 3II}
-3uruueds I Tdwgy puv Iddy-Futuuewds }yIjam-damiaia gioq I[DJFO @ U F0GTS

“JURISUCD @AFIRITIdT3rwm

94l UF 40220 [[IA 3IDUBIIJITP JUBAITAL £[UO I} 1843 0% ‘(u Boy uys = S.gmu

3243 joadsns I 1UAMOUA 310U ST JITSRI 4JONA MOF  SIE¥TXD UOTIDAJTD
JO 3suas [2qo(d e 37 J9T5ed ST warqodd uI0T30913 TRUOT}OIJITIPTQ 9yl ‘Je2TnojiJed
Ul 'SUOTSJ3A OA3 J3Ylo 3IY3 UBY3 ISTSEI ST UOTIDAITP Jo Isuas r3qoid pue
Sey1rTiqeded IOTIRITUNAMOD [2UAII0IIPTY 430G YITA Tayqodd UoT3oara 3qy ‘st eyl
(@*0)% T (a'd)¥s
(a'0)% T (ntb)ls
1proy ATTRTAFIY SUOTIRTSJ FUTMOTIOJ a4l Uayr
~inoge {a‘q} K pum

ﬁw.cwux SUQTIFPUOD UBYM ITOLTY ® uy aajqoud uoflaala

3497 jo £37Y¥aTd®OD UOT1BOTUNRTOD 34} 330Uap Tn.xvmu pae ‘419sar3o9dsaua
‘Sap3r(74eded JOT3e0TUNEACD TRUOTILIJTPIIN Jug [RUOTIILJTPTIq 230Uap
a puB  q  UCIYI™IUIIC SO 35U3S [2q0TF JO ‘Arsar3oedsad ‘aouasqe pus aouasadud
3y3 3jouap b pur b 397 IOTIRAIAISQO FWTACTTOJ IGF 03 speal yoeoudde

431387 343 ‘I3A3MO UMOUN 30U [IT3IS ST }9JJ00 S§ dojjeusidxe qoyruM
T107103JTP JO dsuaw [2qoIF ' Jo LIFTTQRIIRAR ag3 UT [ J90M IVUSIJIIIEP I3
JO 30408 3} ‘(UOTI0SJTP U0 ATUC UT JUSE SABM[Z 4R soFesscam ‘I7209d) Jamod
HOTIBITUNAACD 3SIT 3§35 INLII3A [2UCTIVIJTPTUN ag] IJUTS ‘3980 ayy 29 0% STYL
Furunses {warqodad Y] JO UOTSJIIA Y30 34} {(UBY] 4I3TSea, JO ISUIS Y] UT)
TOLJ 4IUIIISITPy ST UOTSJI2A [BUOLIOIJTPTUR Y] 38Y3 ST uopieus[dxe atqissod
J3giouy  *("031@ ‘praoys ¥ S® 1YBY3 I8 uU9Nq 100U Fey UOTNJ@A [RUOTIIIIPIq
341 Jo sysATeuB 393 ‘°F9) requdprodr L73gnd ST (dad, 743} 384y ¥ uoljeurdxa
3797ssod ¥ UOTIOITP JO ISUsR [2QOTI ou (jIM 3$8D [RUOTIOIJITPTQ 342
J0J $IU0 3Y3 APYY {483¥9J4F FT JUNOG JOMA[ Jue JI(Ieds ST puneg-usaddn f9°1)
«19333Q, 3JIB 2930 [IUOTIVIJLPTUN ayl J4OJ SPUNOQ ¥y 183 smoys ({ IunIp4

4T JA04S) SIF®O {30q JO0J 93TP 03 UMCUN JDPUADQ 43¥3qs 3Y3 38 AQQ[ IFO[O ¥
“[92f02*iL] sesm
1199 47 11933200 2a73edF[dFIInd ag3 JUTONpAd UO PITRFIIUSIUOD N4oA juIabasgng

32D {UIOTIIWATPTUA 24} 20 LJBITI0BU IJIW SI[ITAFION UOTIEDTUNWNOS (U Bory a) s



53

“(sydeJdd Jons Uy 3see] 3B) SsausdJesw [20iforodaos

Jo FEITNEERI X pue 3 JOJ pautejuRd ST I(MOTIITD £{renda, Juiaq Jo A3jTend

341 18Y3 SMO[IOJ 1T ‘ssouadeag [2oidorodol yira sqdedd 339[d@00 pus sTuags ug
UOTIIMIISUOD 3Ly -FATUURdS pUB UOTIVNS TP JOJ 3Ipunoq (U FoT U) 3 Y TOJIL

*SSousdeng (FOTI010407 IO 30Uasqe UY FIOATIITP, 7203 suw IOTISale

ACT 3o R 38U0% 30a5— uu

Jug TOTIoMl}au00 sad3-TdTLaudde 3
‘spnjrule@ JOo J3pJo 03 109dsSad JITA 3843 SMOTIOS 3T (£)-(1) sSpunoq moug

-ssouaLsMe [207doTodo} JO 30uasqe ug

(£) (nBog u +a)s = 2 U4
sarrdEt sty3 ‘{gi] =a7dg
pu® 3aIqEny ‘dade[I®D A&q w.uu 1o punog-daddn (@ Boy u + 3)0 943l JO AIdFA UL

"%y T2y
3T {878TXa Ssausuea8 [20;Forodol
ou j¥ 3 @arqoud uoTivare o3 ,9TQionped, ST 4 WITQoJd UOTIINIISUQD
aaq3-FuruTeds 1UITIA-TAJFUTE 443 32T TAMOYS UIlq SBg ¥ ‘{3E£] uI
ALTROIAATA WA THORd w
c&37xapdmod
343 4T Jfod juezsoday um sLe(d ssauaJdemg [90r3orodol ‘ageD 3TQY UT OSTR ‘ST jayl
(g For u) !5 SPWODIQ pUBOG Y3 ‘ss2uauvAr [20;Fotodo; TITH “iey3 paacad asasy
SYORZ DU UBJOK ‘YOBJIOY ‘J3a3mO0f -ssauldens [30;Jorodoy FnoiTH (dwud sistdmoo
2 U 33J43-Futuueds 2 300J44SUOD O3 PIPIBW U3 SJajsuzdl oFessewm Amcv.... ‘ST 1243
(2) t(aBorasa); =9
1843 SACTI{9og 1§ ‘{SE] svauaszae [edjdofcdol
J0 33u29QqR 4T ,JURIRATADS, 343 P a3Tqoud 20§}0onLISU0d Iuj-dujuwmda
{1 PUR UOTIMV[I I3 UFS @I[Qoud UOTIINII IYF V3 PIIITLISII 04 37 3ITIUDITAR
{30780ctcdoq 03 L17XITIAOD UOTIRIFUNATRD 3y} [9 (A} [AFITSURS, JO DUTH STyl
*ydas?d ajartdmod

2 JoJ ﬁm:vu 03 (@ FoT U) 3 WOMJ pUNOQ-JIMOT g3 sagsad sgLddear reosForodos

JO 20U3EQE ‘SDJIOM JSYI0 UL "POpRIU IS8 SJIIJSUBJ] IFessaa ﬁmuvo ‘qdedT ¥ Iovm

¥ 3UTSQ JO 3ITAT 300 34 S3P0U 943 »J9UA [dEJF 533(CUSI ¥ 7 ‘3ey3 4oysafouod

Y3 0% speal ‘[IJ€] LT 291815 SUIVTITALISTO JAGID YI[M I8Y3aBol STYl UL I 40§
(a Sor u + 3)g = 3fu,

SpTaT4 s7q3 *{yi] <s83(18p £q panoq

~Jaddn (u 30T a + 2)0 343 Y3IL4 PIUIQEEY (4 Fol U + 3)rs £q mcTaq papunoq

ST s93p@ u @ pum s3apou U yita sydedd (I8 J43a0 5 gargodd uwoTdRR Yy jO

‘s 3 £37¥a7dWOD UOTIROTUAITLOS ISRI—-1S40M 247 UaY3} ‘S3STXd 3sauaJems [edjdofodos

od g% ‘jeq3 [$E] Ar umoys Iawnj I juasadd ST UOTINILTP JO 98uaw [BQOT B

Jay3aga ugo Burpuadap sa3Fueysyd aFessad@  (U)y JO (T FoT 4@);; SIITNDRd UCTINRTR
‘ssauadene [rojJorodol giTM gdead s3a7dmod ® UF ‘1243 3J4CJIG UIIV IABY IAH

“ma1qo-d

g jo A3[xa7dmod 3yl UT I[OJ SUTUTA939p 8 £BTd UBO (3T JO AOB[ 9Y3l JI0) SSIUu3AB

[2at3oTedoq oyl mOYs 07 IUTA T UCTITe® STYyy ur -ITaualcAd TedII0(0407 sw
3Fpataocuy ,otdodm, STHI JO S8pou (T2 03 AJTTIYRITRAR ayj 93 Joj9d [[BUS 4

“{9€] .o7dofm, pawmJaay uU33q ey IFpI[Mouy

$O PUTA STYT ‘SUOSBAL SNOTAQO JOJ L(XTaied® Aouadeipe “F) LForodoj 3yj

3O 93parmouy ATd@T 30U S0P ILNIONUGR IGF JO IFPITMOUN 38y} 3joN 919 ‘ejardaocd

ST qdea® ayf  Jura B 37 qdedF¥ agy 89 {ydedd a4y Jo ,a4n3dnuals, [s0pdorodol
343 MUy 39pOU Iy} 1BQI SIUWASER U39q SIY 3T ‘UOTSSAIL TP snotaaud Iy3 ul

SSERAS7AT TVOIDCIGIOL e

3q7 3SRT SETTEST

JT 33daT TIQ08 ¥ (JU ITUsssJ ‘ST L8yl

?:nz.ﬂuu
1843 SMoIT0g
17 ‘PUROG-4IADT SNOFAGO UR ST @ 2aouTs  C[E£E] wpjnLan pus oJojusg ‘NoRg 4£Q

PRSTAIP AT3uenbawgne UIIQ 248Y UOFIR[R  (T)) SO UOTIDR[IO0 IUTIUP uw f;ITqoud



“3UTJL 2 M} UOLid3Ta JOJ spunog JuiistTxy

{w] (4)0 + u 3ot u 32 [g2] (u)g + u Foy u 53-1

"} 3andtd

(NOILJIHTIJ 0 ¥sSNdFS)

14FToA-an@TUTE UO puneq (2a0udsTp J0) aaoyy (q

f{U0T338dT) JO ISULS T2qold yiTA SUTJ TRUQTIV9JIPI4
4F UOTIOITI Uo punoq (@ 30T U);; Y3 {AoddSIp JO) daoad (®
) { )

iu3do [1T3I8 94w smarTqodd PFulMOITOj IUL

(NOILJ3¥Id 40 3ISNIS ON)
TYNOLLOJLIAIg

‘yopom jured-ci-juyod 3yl UTYIFA AJTROLIITP

109J9YUT 9,T@Tqodd 3Y3 JO JO}POTPUT UR 3Q UBD UOF03JTDP JO asuaw

(L2] (U)o + u Bor u §9- [0t] (w)d » a oy u 2477 I9NO LLOFHIAIND

INQOH HINOT ANGOd 43440 Jdo/pue ssauddeme [B31F0rodel 03 (JO AoB JO) ,A1TATITSUIS, (A

“duta =

UF UQF309T? 54 ydesd 3397dW00 B UT UOTISR[@ ‘"Fra fLUOTIORJIP

& Jo 3suak 2 ST 34943 JT L7110 4£317xe7ducd 3dnpad o} pajpordxe
aJnd1y 29§) UAouUN 30U Y38 ST (2a0qe Qq wa[30Jd) UOTIVALID jO asuad ,Fuodis, 5q UBD SYUTT UOY1TOTUNEECD [FUOTIIPPR jO A3TTIQ8TIEA® o4l (FTF

2 y3tm suaddey qeym .Amcv L rE3s st osydedd 939 (daos Ul 4UOIIONL}SUOD IaJ3~-Buiuueds -qdeaS 3357400 @ Uf pue FUTL B UL 4OL3ONIISUCD

1YBTPM-TNETUTE ‘UOTIJ9ETD (O ISUIS ,A29M, B {102 UIAD 1BYY paaodd OSIB sazy 3 3aaq-Futuueds ‘-8-@ ‘sseusdesr [eoyForodo] I8 juequoday
ssqdedd 91973d00 4 J0TI0NGISUQD IaJj-Buruusds se jou ST (§23pa Jo 4aqunu aq3 ‘"¥-3) ydesd syj jo ,92TS, oYl (If

5o

oUE UOT3138T9 1310q JOj Spdnogq  (U).; AT {0® 03 JUPFILJJas ST
Al s q

JO 9SL3S 2as4, 2 1243 paaodd jsal aaey I puB sxdez 3

*3897Qo<d PIINGTIISTP

29430 JO A3:14a7ig00 34} S199Jj2 J0I1034(D JO ISUIS 24T SADIJ

fswaTiodd pIYNQILISIP L3430
30 £1TxaTd@o0 o3 $129J 19 533uduizmz [2.7B0Todoy 18yl 2acdd

TUOF321URTLO O ISUIS pue

£117240L1094 10T 4700 31730 K9 punog 3y; FuTAaaryle WY3TLod[e ayy pue

Ideym ‘100 L) SO ISUIS [2QO[3F {1014 SsIUTL [BUOTIINLTPIQ

Af d0T3oere 10 punoq Jaddn (U)y + 4 FOT T @  UB IUTWIRR]

1i0T3IBIUSTIO JO I5UIS

2quld yrtm 4d24F 9337dm@co T 40f1InL3SUCD 9dr~Fusuunde

HOT399dTP

‘griagdg tp

‘sepoa jurod-oq-quiod

ut sa@eTqodd jo £37xardmos g3l I0UANTIUT A[309ITP UOTIORJITP

HOANE QY JO s9uew puw ssouaJBAR [207d0oTodol Y30Q 3RG3 IVUSPIAP ST @uaql (¥
:BUTMOTTIO] Ayl ATdET 03 S@2as UOLISNORTP ¥notadud a3yl
2 SETHOLd KAJO QMV SNOISTNIONGD  °5
"ST ¥ 1993 ST 94n303(U0d && [JOTIVNJLEP SO ISUIW 0] OV[® ,IATIISUISAL,
e 37 sydedd 2337d@co 4T M JIY3IYAM UAO0GA 30U [ITIE ST 1T 338D O3 ‘A(Teutq
~297304d 38q3 SO A3ILADILJTD JUILIYUT IYJ JO UOLIBITRUT
a8 3Q I4BIT IOFIONUTY JO ISUIS ID/DpUB sSIuaLzM8 [3c1Bofodey o7 dergoud 2
49 {37 JO A0WT 0) ,A3TATITSUSE, 3¢} 393 ATIAT 97 $mass 37 ‘ATLeIrary gz puw
(2 8y darqoud JrnofjJTe 9<Go@ v {1180309 3T M4 jeql L({dW] 03 SIS =Wl [S1]
sg3u3iea’ [307dorTodor TITA sydedd 9397dmo0 4T sadzasauw ﬁwuvq IiFnbey 0] umoys

J99Q 3Ny A UCTISAJINUCD Iuy-Puracedy IYFTIM-ANWTULA ‘puey LRG0 BY3 U4Q



55

‘zg6l ‘TInd@O; TIIETQ TOUTSd TTEET ADY IET IO 4 U0TLR@JIOJUT [BR0Y JO
JUTRJRSUOD 3g3 :JuTjaod UCTIBUTISIP=-F3In@ £a3nqrLIsids “"W'[ 33330

*086T ‘£ ‘ROV) “es9sssooud 3O SuciledndTIUOD J4BTADLTO
UT FUTPUT;-SWOJIXD PATTTRIJUSIST, *"€°[ <SIB[DUTS puw "§°@ FIaqUsJId

*€96T ‘G ‘SVEOL ROV «993J3-Butuumds (YSToA-TNETUTH
J0J WGITLOBTE DI10QTJIISTP We *"W'd 24345 DUB "§°4 313N ‘°9°¥ JaZBIIBY

"6LET ‘1IN ‘owen [2Tuaiul ‘ysoTewsow
(@ 301 ulg + ()0 JITA IOA}3U 2 UT JIPRST 2B JuTpuTd "5ty 498D

*6L6T ‘LIN ‘988-HL-SdI7 -day "USal ‘ySEy3TIcEiR
yjed 1§37J04S DOINGIJIISIP JO A£37X21dUOT JOTIedTURMEO], ‘- Q°(J URHMPITJL

"£86T ‘TINJES] TIIBTQ TOUTId TIWAY WOV DUZ TO0Xd

 ¢8I0M33U DPDINQIJISIP UF UOTIOA[98 J0J §JJOAPBILe ‘"D UOSHDTIAPIIL

"ZR6T ‘G2 ‘WO¥D "us408s900ud SO SUOTITINITHU0D JBINOJTD UT
3UTPUTJ-RWILILP DPIZTL3L3UI0IP JOJ TYITJOBIR paacuduy Jw uQu ‘"H'M UTTAUREL

cZghT ‘¢ ‘TEITICIIY "L 42 [04TO0 2 Uy JUTpUATS-WIILXS JOJ
WGITI0ITL [SUOTIORIIPTUN (U FOT U)Q UVe ‘"W H2DOY PUB H 2ame(y ‘°@ A310q

"€86T ‘6 ‘AZ-L TIAT LsuoTieindWOd DPIJNQTLISTP
uf marqodd MOTJ TNWIXRR IYF OUB SINDTUYIST [BSJ9aesy qd=i9y ‘ri-+l Junsyd

*286T ‘=% TIAT ‘wsuied 1S37J40OYS 40F WYITIOITI 0NQTJIISTP Va 707D UMD

*2g6T ‘g 'IT-L TEAT -us¢dedd

225393 10 suoriadada [a7Tzded 43d3p SmYyTiodTw oyod, ‘oI Jumyg

“8L6T ‘2z ‘AOVI
T gBd0sseoodd JO $u0FIRJNITJUOD JBIADJLTIS UT JUTHUTI~IWILLLI
P9ZIT243U303P JOF TGITJ03TR paacuddy iUys 'y §349Qq04 puw "pcF Fuwy)d

"2861 ‘S¢ ‘WOTS .Wy3IJo3re uyasd
rgordoye syldesd uo suoTleqndmod DIYNQIJIISTds TP BJETH PUR WY THUBUD

‘0881 ‘datsdaaruQ 2umipul ‘Lf tdey 4S9
- x5T33&% Furssed ITFRSEIW 0 TopoW TIWMIOJ Yy 'L sudng

"QLel TTIUOS TERIETIV JIST TS0
“aTITE03T3 J32d 3327.0US £9ZT[RLIISRPL Yg ‘TdTL 33P0G4H DUBR N[ ARYQY

2

T3881 TodOT] L3590 L TTEAS 4 TiZD TOd
- Sd0ssacoud JO $q40A3aU 4T safidadoud T2qoid puw [2007, ‘g uiniday

12861 TTISA3 ITESY 9ISFT TIEXT TTUT IEET O
F @ SJ0Sse00ud O SuOTIILNITIUCD
SRTADITO 4T BUTPUTI~2AILIZII 4O FAYITJORIR £a30QT439TCe '"d'W USPJNQY

THTISOT IR

RAN

{93

{u1]

{01l

s
o
—

{41

Uy uy (ISW) MOTISNUd3SUCd 3343-Pujuueds JYFTaA-~ONWTULT

PUR UOE1I0JLISUOD S3Jd7-3Furuueds

‘prs ,3uocudls, ‘23
PTS (qeam, ‘273

UOT1IAJ4TD
JO s3uas 2u ‘83

saliaJdene
r
8

3
[2o13orodo] ou

fUOT309T? I0J spunoqg Fuflscxy iz "8T4

L : (@)2
m (LT W ) s
M M
w A,wcvu. m {a Bor uj3
m :
w ﬁmcvu : Amcvw
I3W 3adl~-Fuguuedg/udiioatd

IT UDI108JIP SO 3SUIE I2qoTy 2 SJandtyg




*286T ‘"IBAT TTI3
TJUT “HUSH TI0XT WAMOAIBU B UT OTTJ PIINQTJIISTD 8 BUTIJ0S. ‘W1 Joudam

*086T "Jojua) "say MLL WEI ‘L2Sg-0d

O *day "yOaLl " NUQITJOSTE PaINQTIsIP yied 3sajaoys sJITd-T(® UYe °°S Janog

o
. *£961 ‘TIWIWOY “IIETA
IUTIY TAWAT HOV DU DRI WYl TJOTTR DPINqQTJIISTP ® 03 T[efjusnbas

B WOJJ IUQT109Tas-3 PInqiJIsTdu *‘H YSPOM DUB "N saduedd **7T rajags

"EQ6T ‘62 ‘II-I TAT ‘usTo0030dd jiom}am pPajnqiIIstds *°V TT2395
"286T ‘2L ‘THIORISN 48700030ud MOTJ-TNWIXEW PIZTITRIGUIVS0. ‘¥ [1989S

"£86T ‘A3TSJIATU UO3RTJR) ‘EZ-YI=50S *de¥ "YoeL ‘uI :UOTIORTIS
PaINQTJILSTP JOJ onbIwoa] UOTIoNPaId Vu ‘g p LIUPIg pue "N odojueg

‘2ROT ‘A3TSIOATUA UOYATJIRD “OT-HI-SOS °*ded ‘UyoaL “4UOFIVITIS
PIYNQTJIZSTP JOJ SPUNOQ UOTIROTUNIEO, *°g°[ ASUPTS PUB ‘N OJOJUBY

"2861 ‘"JUDH UOTIBTIY T30<
TIOII "x£19€ PIINQTIISEP U0 SOTINTIBLE JOPJ(Qy ‘°§°P £2UpFS pur § cJoueg

*€86T
£37SI0ATUN UO3ATIRY “‘SE-HI-SOS “daY "YOOL "uII :UOTIOSTIS PINQTIISIp
J0J anbTuyo9] UCTIONPAJ Wu *°G°P ASUPIS DUR “H{ MOZRNAUDS **N OJO3UBS

*aeadde o3 *TIOF TJUT “3NAWSH
TF usSW3[qodd pajingrJIsTp JOo A3TXSTdWod 2Bessem Y3 UQw *°N OJ0jUBS

"1861
TIUGY TITD TGAT "uSUOTFOaJITP (OJBISId PUBR £ [NSSA MU 183U WUOMTAUS
PRIRQIJAISTP 9Bae] AX9A JOJ SWYITJIOATR PIjNqEJIISTAw *"N 0OJ0j3ues

"0861 TINAUS) PUE XIGIYL TdEID TESTII/UTQUST “JUos I8 WFIL 0
“wSHJOMYBU PIYNQTISTP UT UCTFBmJOJUT AF0T0do} BUTUTHJIS3O0s ‘"N OJOUBS

[su]

[tw]

[Ex]

[2u]
[ir]

foxl

[6€]

[8e]

[Le]

[9¢]

[sel

[#E]

‘q@6T ‘Ai1TsJearug
J033TL80 ‘6q~4I~S3S ‘dOd TUOIL “LUOTI0AJTP JO Isuas Y3Ia sydead
3391d®OD Ul SEYITJOI[E JOLI0919 (U)Qg ‘"L BIINJJI{] PUEB "N OJOjUBS ‘°[p AOeg

*£86T ‘£3TSIaATU} UCIATJRD ‘HE-HI-SIS
“dag "q9el "L BUTI40S 09INQILISTde ‘€L L9UPTS PUB ‘N oJojues ‘-d u30Y

*E86T ‘TTIAMO] AJSeqIL Jded)
QASY TJUSH IS TIYL TO0AJ 4332 PIYNQTIISTP B JO URTpPeE 3y} FUTPULF 40g
WYITS0FT® UOT308I9S OYII~3Nn0qRe §u ‘"g"¢ ASUDPIS PUR "N ouojuEg ‘*Q WIIOH

1261
‘42 TOF TISAY TINAWOS T ‘4LT9ATINQTIISTP URIPAW 3UY3 FUTPUTIM ‘"W 4IpOH

"Z86T ‘y ‘SVEOL ADV ~.@3Tqedd 2aau3xe
JBTNOLTO 9y3 JoJ mQ3ITJOITR [RUOTIL94TPTUO (a2 Bof u)g ayy ‘ST°9) UosJdIISg

*186T ‘TISES SSeY TIEQ TAYJCS TIESTd TQETIRY TAWAT TOGIJ Cuswgjrdod(e
3343 -FutuuRds [SETUTH PIJAQTIIISTP 2AT3deDY, ‘°d Tpewsg puw S JaALBd

saradde 01 ‘WIVE " sWgITIOZTB 3UTDULS
INWIXBW DAINGTJIISTP 4O SPUNOq JIMOTy ‘" ®IJOY pue "§ YOBJIOY ‘°p [(GO®R4

*E86T ‘STOUTIIL Jo A3TSJaajug
‘12i=1 -day YoaL -,U0T103TIN J0J SEYIFJIOTTR D33NQI43ISTCOs UYL 2ITYSNSIEH

"EQET ‘STOUTTIY JO £3TSJ9Afupl “356-Y
day "yoaj ',SWaIRAS PIJNQEJISTP U0 JUTJJIOo8 JOo AJTXITIWOO YL, ‘"D "W InoT

- szadde
03 THIEH FUCEST T TIOY CLU0T1RILITIO JO asUas [=qOord ¥ incyiiAa
STOJFO B UT UOT3O08T[? palnqQlJisST s '~N OJO3UBS pue - W30y ‘-3 yord0y

46T ‘9 ‘ST KHOL WOV “«SHJOMJSU UT SUBIPSE DUR $IJIUID
FUTpALy JOJ SAYITIOT[2 PIINQT4ISTAe ‘"N OJ403UBS pU® -Q IIjoy ‘-3 yomdol

“€86T ‘43TsJeafuq u0lITJIB) ‘2Z-YL-SOS
‘dayg 'uoc?el ‘LBUTAURTI PaIAQTIIST(s "N OIOUBY PUB g XIJO04 ‘*F OEBJO}Y

“Z2géi ‘FUTIndAay puw
ITIEIYL JAEIT “Sojloisurqaog d0 TJUSH =N TILT TOOIG cLnL0n33U 7 jo sepou
341 JuTHged JO; mYITLOFTR pATAqTLISTds ‘TN OJOIUBS pUW g Tjo4 ‘3 qoBuO}

TT36T fOOTJ3%2A O A3TSJ3A5I] ‘HL-Lg-§55 "dIy "yday
" 5<4088900dd jO SUOYIFJINITJUOD JBIALLFIO QT JUTIUTS~2WIEIXI PITT[3I431E33a3p
JO; A3 i403{3 d51<rirqeqond ¥y ‘N QLDjuUBRS puB 1 09304 '3 490840}

TE9BT fuoruuydal ‘nog “dsy T3l
TG ALOMIIT DIAGTLEISTP UF 9dJaj~Jutuueds e JUTPUTS IBUY I3 PUBRY
AQ U9 IRJY-FUTUJEAS ANMTATE 3 FUTPUTLe ‘'S SAOBZ pUR S UBJOW ‘I 10840}

‘€360 ‘uotugedl ‘Zig 'dey ‘4ol
" a@d0S52004d JO Xi0Mlag Iq3rimon ® JOJ SWYIFI0FTR PIIAQTLIGTIP JO SEWTO ®
J0g spunoq iadda pum LamQOy (U BOT u)Qu 'S SAOEZ PUR S UBJON ‘°F qO¥L0Y

[ee]

(2€]

[1e]

[62]

£32]

fLz}

[92]

[s2]

[12]

{221

(a3t}



