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STEREOCHEMISTRY AND REACTIVE INTERMEDIATES
MCH-012

The ‘Stereochemistry and Reactive Intermediates’ is Course Il of the Semester | of M.Sc.
Chemistry programme which deals with the stereochemistry and reactive intermediates in the
context of organic compounds. It is a four credits course comprising of four Blocks with a
total of 16 units. We understand that you have a prior knowledge of stereochemistry and the
reactive intermediates being part of the undergraduate organic chemistry courses. You would
have realised that there are a number of physical and spectral properties of molecules that
cannot be explained simply on the basis of their two dimensional structure. It is in such cases
that the three dimensional structures or the stereochemistry of molecules become essential.
Besides these properties, the stereochemical aspects play important role in deciphering the
exact mechanism or the path of a chemical reaction.

As mentioned above, with the background knowledge of reactive intermediates it is well
known to you that most of the organic reactions undergo completion via the formation of such
reactive species. The concepts of stereochemistry and reactive intermediates go hand in
hand as these mutually augment the information of the course of an organic reaction.

In this course we take you to the advanced levels of stereochemistry and the reactive
intermediates. This course aims to provide the learners a recall of the concepts learnt
earlier, introduce some new concepts and connect the two through a smooth transition.

The whole course is divided into two volumes viz., Volume 1 and Volume 2. Volume 1 has
been named “Stereochemistry of Organic Compounds” which comprises of two blocks.
Block 1, titled “Stereochemistry-l" consists of four units. This block is dedicated to the
stereochemical aspects like the molecular symmetry, stereoisomerism of molecules with and
without chiral centres and conformations of six membered rings. The second block i.e.,
Block 2, titled “Stereochemistry-Il”’ is again dedicated to the stereochemical aspects. It
starts with some basic concepts like configuration and assigning the configuration to the
newer concepts like topicity and prostereocisomerism, asymmetric induction, molecular
dissymmetry and chiroptical properties.

Volume 2 is named “Reactive Intermediates in Organic Chemistry” and consists again of
two blocks in continuation to the previous two blocks. Block 3, titled “Reactive
Intermediates-I” consists of four units. The block starts with the basics of the reaction
mechanism and covers carbocations as intermediates in two units. The last unit in this block
deals with carbanions as the reactive intermediates. Block 4 is titled as “Reactive
Intermediates-II” covers four more types of intermediates. These are free radicals,
carbenes, nitrenes and benzynes. You will study a good account of mechanistic details and
the stereochemical aspects wherever required for the clear understanding of the reactive
intermediates.

Expected Learning Outcomes

After studying the contents of this course, you should be able to:

% explain the symmetry elements and identify the presence of symmetry element in
organic molecules;

% define chirality and relate the molecular symmetry to chirality;

+ explain the stereoisomerism in molecules with one, two, three or more chiral centres;



+ define racemic mixtures and explain their formation and properties;

« explain the basic aspects of conformational isomerism and apply these to the
conformational isomerism in cyclohexanes;

« draw the conformational isomers of cyclohexenes, cyclohexanones and decalins;

% explain the concept of sterecisomerism in molecules without chiral centres;

« define and elaborate the axial, planar and helical chirality in complex organic molecules;
Study Guide

The ‘Stereochemistry and Reactive Intermediates’ course involves the concepts of
stereochemistry and reactive intermediates keeping under consideration the prior knowledge
of the learners in both the topics in their undergraduate courses. It is therefore suggested
that the learners should have revised and revisited the related undergraduate courses so as
to make a good connection with the current matter. Nevertheless, this course has been
developed in a very simple way with a number of illustrations which makes it easy for the
distance learners to understand. In case you have not studied from IGNOU we would
recommend that you may look into the organic chemistry courses of B.Sc. Chemistry
available in the IGNOU website under e-Gyankosh.

This is a 4 credits course and you know that as per IGNOU norms it translates into 120
hours of study time. This includes studying the printed blocks, solving the Self Assessment
Questions (SAQs), Terminal Questions (TQs), completing the assignments, attending the
counselling sessions, listening to the audio programmes, watching the video programmes
and participating in the teleconferencing sessions including the live teleconferencing
sessions, etc. The number of hours of study time given is suggestive; only some of you may
finish these activities a little earlier. You should not feel perturbed if you take a little longer
time to finish the work. Learning the contents and being able to apply the acquired
knowledge is more important. You will have five counselling sessions for this course. You
should judiciously plan your study schedules keeping all these in mind.

The print material of a course is supplied in the form of several booklets called the Blocks.
As you shall see, each block has a number of units (chapters). The units of a block have a
certain thematic unity. The first page of each block indicates the numbers and titles of the
units comprising the block. The first block of each course starts with course introduction.
This is followed by a brief introduction to the block.

Each unit begins with an introduction giving in brief the contents of the unit followed by a list
of expected learning outcomes which are expected to be achieved after you have
completely studied the unit. This is followed by the main body of the unit, which is divided
into various sections and subsections. Each unit ends with a summary of its contents in
order to enable you to recall the main points. It has been our effort to ensure that the
contents of the course are self sufficient. However, if you wish to study some topics in
greater details, you may consult the “suggested readings” given at the end of each block.

In each unit, there are several Self Assessment Questions (SAQs) and Terminal
Questions (TQs). These are meant to help you assess your understanding of the subject
content. Answers of both SAQs and TQs are given in the section named ‘Answers’.

Read the units carefully and note down the important points. You can use the space in the
margin of the printed page for making notes and writing your comments. Read the units



again and again until you have understood the point. However, if you still do not understand
something, consult your counsellor during the face-to-face sessions at the programme study
centre for clarification. Try to answer the SAQs while reading through the unit. These
exercises will help you to reinforce the information you gain through your reading of the text.
Once you have tried to answer the SAQs, you can compare your answers with the answers
given at the end of the unit. The TQs help in recalling the important concepts dealt in the unit.

Evaluation of MCH-012

You must know that in the instructional system at IGNOU, the assessment has two
components viz., continuous and term-end. The assignments form the continuous
assessment components, which constitute 30% weightage of the overall assessment. You
will have to do one tutor marked assignment for this course to earn the marks. In addition to
this, solving the assignments will help you in the preparation of your Term-End Exam (TEE)
which constitutes the 70% weigtage of the overall assessment. The TEE generally has short
and essay types of questions. It is suggested that you complete the assignments on time and
submit to the Study Centre Coordinator as per the schedule given in the assignment booklet.
This would ensure timely evaluation and would provide valuable suggestions from the
academic counsellor.

Always check the validity of the assignments while downloading/solving these.

We hope that you would find the contents of the course stimulating and useful. In case you
find difficulty in understanding any concept, you may get it clarified in the counselling
sessions or feel free to mail your queries to us at:

lalitaskumar@ignou.ac.in bifozdar@ignou.ac.in smalhotra@ignou.ac.in

Wish you Good Luck!
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STREOCHEMISTRY-I|

The first Block of the course in organic chemistry titled ‘Stereochemistry-I’ deals with the
stereochemical aspects of organic molecules. In this block you will be able to recall a few
concepts that you would have studied in the undergraduate courses while some additional
and advanced concepts have also been included for the better understanding of molecules in
three dimensions. The block contains four units.

The first unit titled “Molecular Symmetry and Chirality” starts with the basic aspects of
representing the organic molecules in two dimensions which explains the projection of
molecules in different ways and the interconversion of the representations. After giving a
brief account of classification of stereocisomers, a detailed account of symmetry elements is
given. The latter includes the four main types. It gives a relationship of symmetry to
molecular properties like, rotation of plane polarised light and dipole moment. The unit ends
with explaining the chirality and relating it to symmetry.

The second unit is titled ‘Stereochemistry of Molecules with Chiral Centres’. It covers the
stereochemistry of organic molecules with one, two and three chiral centres. The concept
has been explained with the help of examples for clarity. The terms, enantiomers,
diastereomers and meso compounds in this context have been explained thoroughly. The
related phenomenon of racemization and the methods of resolution are dealt in detail. The
concept of optical purity which is very important while studying optical isomerism has also
been explained in the unit.

The third unit is based on the ‘Conformations of Six Membered Rings’ which starts with
the basics of conformational isomerism that you have studied in your undergraduate courses.
This type of isomerism is explained in the unit first taking a general case of cycloalkanes and
then explained in the case of cyclohexenes, cyclohexanones and decalins. An explicit
stereochemical explanation of all the molecules has been given in the whole unit.

The fourth unit of the block deals with the ‘Stereochemistry of Molecules without Chiral
Centres’ that includes complex molecules which do not contain a chiral carbon but are
optically active. These molecules have axial, planar and helical chirality because of which
these are able to show the optical activity. The concept of existence of optical activity without
a chiral centre has been explained well with examples of allenes, spiranes and Alkylidene-
cycloalkanes. The unit also decribes the conformational chirality in biphenyls and bridged
biphenyls.

Expected Learning Outcomes
After studying this block, you should be able to:

% draw the organic molecules by different projections and explain the stereochemistry of
the molecule;

% describe different types of symmetry elements;

« explain the relationship between symmetry and the molecular properties;

% define chirality and explain the existence of chirality in molecules with one chiral centre;
+ explain the relationship between chirality and symmetry;

« explain the stereocisomerism in molecules with one, two, three or more chiral centres;

« define and differentiate among the enantiomers, diastereomers and meso compounds;

+ define racemic mixtures and explain their formation and properties;



list and describe the methods of separating racemic mixtures;
explain the criteria of optical purity in the context of optical isomers;
explain the basic aspects of conformational isomerism;

describe the stereochemistry of cycloalkanes;

draw the conformational isomers of cyclohexane, substituted cyclohexanes,
cyclohexenes, cyclohexanones, and decalins and explain their stability;

draw the conformational isomers of and explain their stability;

draw the conformational isomers of cyclohexanones and halocyclohexanones and
explain their stability;

explain the concept of sterecisomerism in molecules without chiral centres;
define and elaborate the axial, planar and helical chirality;

describe the stereochemistry of allenes, spiranes and Alkylidenecycloalkanes;
describe the conformational chirality in biphenyls and bridged biphenyls;
explain the planar chirality in cyclophanes and ansa compounds; and

define and explain helicity and cyclostereoisomerism.
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3HUVSHFWLYH 5HSUHVHQW DWDRIGXRIHV

OROHFXOHYV 6\PPHWU\ DQG OROHFXODU
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OROHFXOHV 5RWDWLRQ RI 30DQH 3RODULVHG /LIKW

,(QWHUFRQYHUVLRQV RI SU%ME\H%%W
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&ODVVLILFDWLRQ RI 6wHUERIVRPHRYC &KLUDOLWA
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2SWLFDO ,VRPHUV HOHPHQWYV

6\PPHWU\ (OHPHQWYV DQ
6 \ P P HGBXR/\IIDDU}J \ 2 S H U D

SRWDWLRQDO $[LV RI 6\pPHWOY P EQDPO 4XHVWLRQVY

30DQH RI 6\PPHWU\ $QVZHUV

1.1 INTRODUCTION

L F D O , \Y

<RX KDYH VWXGLHG LQ \RXU XQGHUJUDGX

LQYROYHV WKH VWXG\ Rl DUUDQJHPHQW

GLPHQVLRQV 7KHQWZRVISSFSWHWBRFKHPLVWU\ DUH
VWHUHRLVRPWHHVPWHIGHRFKHIZKLFK RFFXU GXULQJ D

FKHPLFDO UMDEME®QVSHDNLLVP LV RI WZR W\SHV YL]
FRQVWLWXWLRQDOLV® @D QWHRPRIXORPHYKRZLQJ WKHVH W\SHV

RI LVRPHUED® OB WKH FRQVWLWXWLRQTL
UHVSHFWKMHRQVWLWXVWGLIIHU LQ WKHLU ERQGLQJ VHTXHQFH DQG
WKH FRQQHFWLYLWYRUBWREPY® WKWWV\SH RI

ZKLFK DUH FKDLRRMLRWPHVWQG IXQFWLRQDO LVRPHUV DQG WKUHH
VSHFLDO FDVHV VY] WPDKWRPHUY DQG :H ZRXOG



Block 1

Stereochemistry-|

QRW GLVFXVV WKHVH W\SHV EHFDXVH LW LV H[SHFWHG
Rl WKH VDPH

,Q FRQWUDVW WR WKH FRQVWLWXWLRQDO LVRPHUV VW]
ERQGLQJ VHTXHQFH EXW WKH\ GLIITHU LQ WKH RULHQWD
$OWKRXJK \RX KDYH VWXGLHG WKHVH LVRPHUV DOVR LQ
ZH ZLOO VWXG\ PRUH DERXW WKHVH LVRPHUV LQ WKLV F
GHVFULELQJ WKH UHSUHVHQWDWLRQ RI PROHFXOHV LQ
SRVVLEOH WR YLVXDOLVH DQG H[SODLQ WKH VWHUHRFK
GLPHQVLRQV 7KHQ ZH ZLOO VWXG\ DERXW WKH FODVVL]
IRFXV ZRXOG OLH RQ WKH UHDVRQV RI H[LVWHQFH RI RS
VIPPHWU\ HOHPHQWY ZRXOG EH GHVFULEHG LQ GHWDLC
LPSRUWDQW DVSHFW RI RSWLFDO LVRPHULVP DQG WKH |
FKLUDOLW\ +RZ GRHV FKLUDOLW\ UHODWH WR DV\PPHW
7KH FRQFHSW RI FKLUDOLW\ ZLOO EH H[WHQGHG IXUWKF
RQH FKLUDO FDUERQ DWRP LQ WKH QH[W XQLW

([SHFWHG /HDUQLQJ 2XWERPHV

$IWHU VWXG\LQJ WKLV XQLW \RX VKRXOG EH DEOH WR

™ GUDZ WKH RUJDQLF PROHFXOHV E\ GLITHUHQW SURM
VWHUHRFKHPLVWU\ Rl WKH PROHFXOH

™ FODVVLI\ VWHUHRLVRPHUY DQG H[SODLQ WKH GLIIHL
™ GHVFULEH GLITHUHQW W\SHV RI VIPPHWU\ HOHPHQW)
™ H[SODLQ WKH UHODWLRQVKLS EHWZHHQ V\PPHWU\ D

™ GHILQH FKLUDOLW\ DQG H[SODLQ WKH H[LVWHQFH RI
RQH FKLUDO FHQWUH DQG

™ H[SODLQ WKH UHODWLRQVKLS EHWZHHQ FKLUDOLW\

1.2 REPRESENTATION OF ORGANIC
MOLECULES IN TWO DIMENSIONS

7KH VWHUHRFKHPLVWU\ RI RUJDQLF PROHFXOHV FDQ EH
XVH RI PRGHOV WKDW JLYH XV D WKUHH GLPHQVLRQDO )
WKH PRGHOV DUH QRW DOZzZD\V DYDLODEOH RU KDQG\ WF
VWUXFWXUH RI PROHFXOHV 7KHUHIRUH LW LV LPSRUWTI
UHSUHVHQWLQJ WKH WKUHH GLPHQVLRQDO VWUXFWXUH
WZR GLPHQVLRQDO VXUIDFH OLNH WKH SDSHUWRW D EOD
QHFHVVDU\ WR OHDUQ WKDW KRZ WR GUDZ WKUHH GLPH
GLPHQVLRQDO SDSHU 'UDZLQJ RI VWUXFWXUHV RI PROH
projection

7TKHUH DUH ILYH ZHOO NQRZQ PHWKRGV IRU UHSUHVHQV
GLYLGHG LQWR IROORZLQJ WZR PDLQ FDWHJRULHYV

X Perspective type: 7KLV LQFOXGHY WKH I0O\LQJ ZHGJH DQG W
UHSUHVHQWDWLRQ

X Projectiontype: 7KLV LQFOXGHV WKH )LVFKHU WKH 1HZPDQ
SURMHFWLRQV



Unit 1 Molecular Symmetry and Chirality

7KH WZR WA\SHV RI UHSUHVHQWDWLRQV RI WKH RUJDQLF PROHFXOHV DU
WKH IROORZLQJ VXEVHFWLRQV

1.2.1 Perspective Representation of Molecules

7KH SHUVSHFWLYH W\SH UHSUHVHQWDWLRQ LQFOXGHYV WKH IO\LQJ ZHG.
ZD\V DV PHQWLRQHG DERYH 7KH WZR W\SHV DUH H[SODLQHG LQ WKH IR
SDUDJUDSKYV

Flying Wedge representation: <RX NQRZ WKDW WKH YDOHQF\ RI FDUERQ LV IRXU
DQG D VDWXUDWHG FDUERQ DWRP LV DWWDFKHG 7KH IO\LQJ ZHESW ZKHQ
ERQGYV ,Q IO\LQJ ZHGJH IRUPXOD WRMWREZPRUERQ® IRUPXOD RU WKER®

RQ WKH SODQH RI WKH SDSHU DQG RI WKH RWKH| GLPHQVLRQDOl VKRZQ L

DQG WKH RWKHU EHORZ WKH SODQH 7KH ERQGYV| YHSUHVHQWDWILRQULY o

XVXDOO\ GRQ
RUGLQDUYOLQHV EXW WKH ERQG DERYH Wt PROHEXOHV E %I\,ﬁl)_(aq%l\_QV
) PD

FRQH™ DQG WKH ERQG EHORZ WKH SODQH"UV YK®| rx upo FHQW
HIDPSOH PHWKDQH FDQ EH UHSUHVHQWHG E\ 10| pOVR EH XVHG]URFWXU*
)LJ JLYHQ EHORZ DFKLUDO PROHFXOHYV

+
'DVKHG ZHGJH

%RQG L |
SODOH NN ;:De sgus”  ERQG DZDVIURP REVHUYHU

0.

+
/\4— 6ROLG ZHGJH
+ ERQG WRZDUGV REVHUYHU

Fig. 1.1: The Flying wedge representation of methane.

6LPLODUO\ WKH WZR LVRPHUV RI ODFWLF DFLG FDQ EH GUDZQ DV VKRZC

&22+ &22+

.+ +
%RQG L &ki—> %RQG EHORQ—S-G'D/Q
—

%RQG DERYH—S—G}Q
+

+ 2+ & +

Fig. 1.2: Flying wedge representation of lactic acid.

Zig-Zag Representation: 7KH SHUVSHFWLYH ]JLJ ]DJ VWUXFWXUH ZDV GHYLVHG E
ODVDPXQKILOH GUDZLQJ WKHVH W\SHV RI VWUXFWXUHV FDUERQ DQG K\G
DWRPV DUH QRW VKRZQ &DUERQ DWRP LV FRQVU supnpeEnU WKIBSWHVHQ\
RI WZR OLQHV DQG DW WKH HQG RI WKH OLQH ZK| pjLJ |DRUPX Rl K\GU
FRQVLGHUHG VXFK WKDW WKH YDOHQF\ Rl FDUER GRHV QRW U H[$GH Vv$HQ@WR
SUHVHQW LQ WKH FKDLQ LV ZULWWHQ WKHUH $| DQ HFOLSVHGHQW RU 1>
ZULWWHQ DW WKH DSSURSULDWH FDUERQ ZLWK \| FRQIRUPDWLRIRERQG 7
DOZD\V GHQRWHYVY D VWDJJHUHG FRQIRUPDWLRQ

7KH 10\LQJ ZHGJH DQG ]JLJ ]JDJ UHSUHVHQWDWLRQV RI " JOXFRVH DUH J

)LJ <RX VKRXOG EH DEOH WR QRWH WKH GLIITHUHQFH EHWZHHQ WKHYV
2+ 2+
&+2 +2+W
+2+ x &+2
2+ 2+

+2
(a) (b)

Fig. 1.3: Flying wedge (a) and Zig zag (b) representation of open chain D-glucose.
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1.2.2 Projection Representation of Molecules

7KH SURMHFWLRQ W\SH UHSUHVHQWDWLRQ LQFOXGHV W
6DZKRUVH SURMHFWLRQV DV PHQWLRQHG DERYH 7KH W
WKH IROORZLQJ SDUDJUDSKYV

Fischer Projections: )LVFKHU SURMHFWLRQ LV D FRQYHQWLRQ |
WKUHH GLPHQVLRQDO FRQILIJXUDWLRQDO UHODWLRQVKIL
UHSUHVHQWDWLRQ ,Q WKLY UHSUHVHQWDWLRQ WKH Pl
FDUERQ DWRP LV LQ WKH SODQH RI SURMHFWLRQ FRXO
WKH IRXU ERQGV D UWHWUKWRARDBREY WRRVOMHY ZKLFK LQWHUYV
HDFK RWKHU 7KH SRLQW RI LOQOWHUVHFWLRQ RI WKHVH (
DWR™MH KRULIJRQWDO OLQHV RI WKH FURVYV UHSUHVHQW
DERYH WKH SODQH DQG WKH YHUWLFDO OLQHYVY UHSUHVE
SODQH )LJ UHSUHVHQWY D JHQHUDO PROHFXOH GUD
HTXLYDOHQW LQ )LVFKHU SURMHFWLRQ 7KH WZR JURXS
SDSHU LQ ZHGJH DQG GDVK UHSUHVHQWDWLRQ DQG WKt
X z

N

Wi

Fig. 1.4: Fischer projection from wedge and dash representation.

RU GUDZLQJ WKH )LVFKHU SURMHFWLRQ D PROHFXOH
LQ )LJ DQG WKHQ ZULWLQJ JURXSV & DQG ' RQ WKH
SURMHFWLQJ RXW RI WKH SODQH WRZDUGV YLHZHU

$

&_‘7 .

%

$

'
e’
9% &

Fig. 1.5: Viewing a molecule for Fischer projection

=S

JLVFKHU SURMHFWLRQV DUH QRUPDOO\ XVHG WR UHSL
FHQWUHYV )RU H[DPSOH RQH RI WKH LVRPHUV RI ODFWL

DQG GDVK IRUPXOD DV D ZKRVH )LVFKHU SURMHFWL
?22+ 822+
—2 = 2+
Z&+ & +

DHGJH IRUPXOMELVFKHU SURMHEWLRQ

Fig. 1.6: Lactic acid: (a) Wedge and Dash (b) Fischer projection formula

‘H FDQ DFWXDOO\ GUDZ PDQ\ )LVFKHU SURMHFWLRQV IR
LW GHSHQGY XSRQ WKH GLUHFWLRQ RI YLHZLQJ WKH PR



Unit 1 Molecular Symmetry and Chirality

DERYH VWHUHRLVRPHU Rl ODFWLF DFLG FDQ DOVR EH UHSUHVHQWHG L
VKRZQ LQ )LJ

&22+ & + +
*—’72+ RU +2++ RU +2+&22+
&+ &22+ &+

Fig. 1.7. Fischer projections of lactic acid

2QH FDQ UHSUHVHQW FRPSOLFDWHG FDUERK\GUDWHY OLNH JOXFRVH DC
D zD\ WKDW FRPPXQLFDWHY WKHLU VWHUHRFKHPLFDO LQIRUPDWLRQ E\
VSHFLILHG JXLGHOLQHV IRU GUDZLQJ WKHVH SURMHFWLRQV

Sawhorse Projection: ,Q WKLY SURMHFWLRQ WKH WZR NH\ FDUERQ DWRPV DUH
E\ D GLDJRQDO OLQH ZKLFK LV WDNHQ WR EH RQ[ 7y vbzrkruvHl WKH SD
UHPDLQLQJ ERQGV DUH VKRZQ E\ VPDOO OLQHV { syrRMHFWLRQW BYH IRRE
SODQH 7KHUH LV D IUHH URWDWLRQ DERXW & & | WR EH YHU\ FROQ WAL
WR RQH FDUERQ PD\ EH URWDWHG FORFNZLVH R| WR VKRZ WKH MSHVLQOU
WKUHH JURXSY DWWDFKHG WR WKH RWKHU FDUE| UHODWLRQVKLUSR R\ - H
YDULRXV JURXSV DWWDFKHG WR WKHVH FDUERQ \évv}?/cvg?f:évl\_/vw \'jv-@ﬁé‘(/\im
WKLV W\SH RI SURMHF@ERWYD DRI+ &FBRSEPBQ EH DGMDFHOW FOMERO
UHSUHVHQWHG DV VKRZQ LQ )LJ

DWRPV FKLUD RU
+ + &+
&+ N &+
A= p
¥ o+ ¥ o+

DFKLUDO
Fig. 1.8: Sawhorse representations of Qbutane.

Newman Projection: )JRU WKLV W\SH Rl SURMHFWLRQ WKH PROHFXOH LV YLHZH
WKH ERQG MRLQLQJ WKH WZR FDUERQ DWRPV 7KH FDUERQ DWRP DW Wi
UHSUHVHQWHG E\ D FLUFOH ZKHUHDV WKH IURQW FDUERQ DWRP LV UHS
DW WKH FHQWUH Rl WKH FLUFOH 7KH WKUHH JURXSV DWWDFKHG WR WK
DUH UHSUHVHQWHG E\ WKUHH OLQHV HPHUJLQJ IURP WKLV SRLQW 7KH
WKH FLUFOH UHSUHVHQWY WKH EDFN FDUERQ DWRP DQG WKH WKUHH V>
DWWDFKHG WR WKLV FDUERQ DUH VKRZQ E\ WKUHH OLQHV HPHUJLQJ IU|
WKH FLUFOH 7KHVH VWUDLJKW OLQHV ZKLFK UHSUHVHQW WKH ERQGV T
RI R 1HZPDQ SURMHFWLRQV DUH KHOSIXO IRU D EHWWHU YLVXDOL]DWL
FRQIRUPDWLRQV RRD ARIPESRXHOHWKH VWDJJHUHG FRQIRUPDWLRQ RI

HWKDQH FDQ EH GUDZQ LQ QHZPDQ SURMHFWLRQ DV VKRZQ LQ )LJ

+

+ +
S ORRNLQJ GRZQ WK
+-"“&_&\ <~ FDUERQ FDUERQ E]

A +

+
6WDJJHUHG FRQIRUPDWLRQ

Fig. 1.9: Newman projection of staggered conformation of ethane.

$QRWKHU H[DPSOH LV WKH VWDJJHUHG FRQIRUPDWLRQ RI EXWDQH WKD\
UHSUHVHQWHG LQ VDZKRUVH SURMHFWLRQ DQG 1HZPDQ SURMHFWLRQ [
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&+
&+
+ +
+
+
+ R +
&+
&+
6DZKRUVH 1HZPDQQ

SURMHFWLRQ SURMHFWLRQ

Fig. 1.10: Sawhorse and Newman projections of butane.

6RPH RI WKH LPSRUWDQW SRLQWYV LQ WKH FRQWH[W RI |
WZR GLPHQVLRQV DUH PHQWLRQHG EHORZ

Xx 7KH 3IO0O\LQJ ZHGJH"  DQG 3]LJ ]DJ" IRUPXODH KDYH WK
WKH PROHFXODU EDFNERQH LQ WKH VWDJJHUHG FRQI
SODQH RI WKH SDSHU

X JLVFKHU IRUPXODH GHSLFW WKH PROHFXOH LQ WKH X
FRQIRUPDWLRQ ZKLOH WKH 1HZPDQ DQG VDZKRUVH S|
PROHFXOHV LQ WKHLU VWDJJHUHG DV ZHOO DV HFOLS

x 7KH 10\LQJ ZHGJH DQG ]JLJ ]DJ IRUPXODH DUH XVHI

FRQIRUPDWLRQ DQG FRQILIXUDWLRQ RI FRPSRXQGYV K
FHOQWUHYV

x 1HZPDQ DQG VDZKRUVH IRUPXODH DUH PRVW XVHIXO
WZR FKLUDO FHQWUHYV

KHQ VROYLQJ WKH VWHUHRFKHPLFDO SUREOHPV VRPH\
FRQYHUW RQH UHSUHVHQWDWLRQ LQWR WKH RWKHU DV
SURYLGH WKH UHTXLUHG LQIRUPDWLRQ :H ZRXOG H[SOL
YDULRXVY UHSUHVHQWDWLRQV RI PROHFXOHY LQ WKH IR

6$4

'UbZz WKH FRUUHFW UHSUHVHQWDWLRQ RI IROORZLQJ FR

& + &+2
D ¢ E o

f— G & O

%
+2 *

2

1.2.3 Interconversions of Projection Formulae

$ IHZ RI WKH VLPSOH ZD\V RI LQWHUFRQYHUVLRQ RI SUF
WKH RWKHU IRUP DUH GLVFXVVHG EHORZ

Fischer Projection to Sawhorse

7KH FRQYHUVLRQ Rl )LVFKHU SURMHFWLRQ WR VDZKRUV
FRQIRUPDWLRQ DQG WKHQ FRQYHUWLQJ LW WR LWV VWI
QXPEHULQJ RI FDUERQ DWRPV LV HYLGHQW IURP WKH HJ
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)LJ D UHSUHVHQWYV D
, ] LWV VDZKRUVH
WKH HFOLSVHG VDZKRUVH
UHSUHVHQWHG DV

F Z
& DQG &

&+ +

+—T— % U % U
+ &+

%o— +

&+ &+

D E

Q LVRPHU RI

IRUP LV ZULWWHQ NHHSLQJ &

IRUP EHFRPHYV

GLEURPREXWDQH LQ JLVFKHU
LQ IURQW DQG & DW \

E WV VWDJIJHUHG FRQIRL
KLFK LV REWDLQHG E\ URWDWLRQ DFURVV WK

&+

% U

% U +

&+

=

Fig. 1.11: Conversion of Fischer projection to sawhorse.

Sawhorse to Newman to Fischer

7TKH YHUWLFDO ERQGYVY LQ WKH HFOLSVHG

IRUP RI 1HZPDQ SURMHFWLRQ

DUUDQJHG LQ VXFK D zD\ WKDW WKH\ UHPDLQ EHORZ WKH KRUL]JRQWDO

GRWWHG OLQH

7KH WUDQVIRUPDWLRQ WR )LVFKHU SURMHFWLRQ LV WK

NHHSLQJ WKH IURQW FKLUDO DWRP DV WKH ORZHVW FKLUDO FHQWUH R(
WRS LQ WKH J)LVFKHU SURMHFWLRQ DV GHSLFWHG LQ )LJ

%DFN FDUERQ

+1 3K %DFN FDERQ
&0
L &0 :jﬁl——&o
3K -, .
<—)U&R+QW ;U;“ 2 ST % v
+
WO X, " FRULIRQWDQ) 2+

6WDJIJHUHG

SODQH

JURQW FDIKRQ

6DZKRUVH SURMHMEZWDRQSURMHFWLR@®ZPDQ SURMHFWLRRKHU SUR

6WDJIJHUHG

(FOLSVHG (FOLSVHG

Fig. 1.12: Conversion of sawhorse projection to Newman to Fischer.

Fischer to Newman to Sawhorse

yLJ

VKRZV WKH FRQYHUVLRQ RI )LVFKHU SURMHFWLRQ RI

D PROHFXO
1HZPDQ SURMHFWLRQ DQG WKHQ LQWR VDZKRUVH SURMHFWLRQ

&+2
% %,U
+—1—%U
—_— —_—
%tH— +
&+2

&+ 2+ &+ 2+
)LVFKHU SURMHEMO® @ URM HFFHE

(FOLSVHG (FOLSVHG

yLJ

FRQIRUPDWLRQ )LJ E

X

Fig. 1.13: Conversion of Fischer projection to Newman to sawhorse.
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D VKRZV WKH )LVFKHU SURMHFWLRQ RI RQH RI WKH LVRPHUV R
FDUERK\GUDWH ,W FDQ EH FRQYHUWHG LQWR VDZKRUVH

WV VWDJJHUHG

IRUP LQ HFOLSES

IRUP LV UHSUHVHQWHG DV
FDQ EH FRQYHUWHG LOQWR 1HZPDQ SURMHFWLRQ DV LQ
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&+ +2+ &
N2+ & 2% + 2+
1 Y)( W
tt—+ = &+2 = -
&+ 2+ + 2+ &+2
&+2+ &+2
D E F G
JLVFKHU (FOLVSHG VDZKRUVH 6WDJJHU

Fig. 1.14: Conversion of Fischer, sawhorse and Newman projections of threose.

$IWHU KDYLQJ D FODULW\ RI WKH UHSUHVHQWDWLRQ RI
LOQWHUFRQYHUVLRQ ZH SURFHHG WR D UHFDOO WKH W\
ZRUGV ZH ZLOO VWXG\ WKH FODVVLILFDWLRQ RI LVRPHU
SURFHHGLQJ WU\ WR DQVZHU WKH IROORZLQJ 6%$4V

6$4

'UDZ 1HZPDQ DQG VDZKRUVH SURMHFWLRQ IRUPXODH IR
LQ HFOLSVHG FRQILIJXUDWLRQ

D &+ E &22+
+—t—0%p U + 22—+

+—1—2&O T2+

&+ &22+

1.3 CLASSIFICATION OF STEREOISOMERS

7KH VWXG\ RI WKH WKUHH GLPHQVLRQDO VWUXFWXUHYV |
XQGHUVWDQG WKHLU VWHUHRFKHPLFDO UHODWLRQVKLS
VWHUHRLVRPHULVP H[LVWV GXH WR WKH GLIITHUHQW VSI
PROHFXOH LH WKHLU WKUHH GLPHQVLRQDO VWUXFW X!
VWUXFWXUH FKDQJHY LQWR GLITHUHQW VWHUHRLVRPHU
FODVVLILHG LQW RoNfigiRatigna HD/Q@6hfprmational isomers
&RQILIXUDWLRQDO LVRPHUY DUH WKH PROHFXOHYV ZKLF
RI DWRPVY DQG FDQQRW EH FRQYHUWHG LQWR HDFK RWK
7KHVH DUH | XUW K HydorReédricd VL Qi@Etical Bodmers 7KH RSWLFDO
LVRPHUYV DUH | XUW Khhbtidh@i3 VIV @iEskeeobsrs 7 KH
FRQIRUPDWLRQDO LVRPHUYVY DUH GLIITHUHQW UHODWLYH
E\ WKH URWDWLRQ DFURVY VLQJOH ERQGV LQ WKH PROF
FRQIRUPDWLRQDO LVRPHUV LQ GHWDLO LQ 8QLW

<RX KDYH DOUHDG\ VWXGLHG DERXW WKHVH W\SHV RI L\
QRWDWLRQV XVHG LQ WKHLU QRPHQFODWXUH LQ \RXU S
GLVFXVV PRUH DERXW WKHVH W\SHV RI LVRPHUV :H VW]
LVRPHUV LQ WKH IROORZLQJ VXEVHFWLRQ

1.3.1 Geometrical Isomers

7KH JHRPHWULFDO LVRPHUVY EHORQJ WR WKH FRQILJXUD
PHQWLRQHG DERYH ZKLFK GHSHQG XSRQ WKH FRQILJXUI
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&RQILIXUDWLRQ FDQ EH GHILQHG DV WKH VSHFLILF DUUDQJHPHQW RI D)
ZKLFK FKDUDFWHUL]HVY D SDUWLFXODU VWHUHRLVRPHU ,Q RWKHU ZRUG
WKDW WKH DUUDQJHPHQW RI DWRPV WKDW HPHUJHV IURP WKH VSDWLDC
LWV ERQGV $V SHU ,83%& FRQILIXUDWLRQ LV GHILQHG DV

7KH DUUDQJHPHQW RI WKH DWRPV LQ VSDFH RI D PROHFXOH RI GHILQH(
ZLWKRXW UHJDUG WR DUUDQJHPHQWYV WKDW GLIIHU RQO\ DV DIWHU URYV
PRUH VLQJOH ERQGYV

7TKHUH DUH WZR QHFHVVDU\ FRQGLWLRQV WKDW DUH UHTXLUHG WR EH |
JHRPHWULFDO LVRPHUV

7KHUH VKRXOG EH UHVWULFWHG URWDWLRQ EHWZHHQ WZR DWRPV X
FRQVLGHUDWLRQ 7KLV FDQ EH GXH WR SUHVHQFH RI D GRXEOH ERQC
WKH WZR DWRPV RU ZKHQ WKH WZR DWRPV DUH SDUW RI WKH VDPH U
WZR DWRPV PD\ QRW QHFHVVDULO\ EH FDUERQ FDUERQ RQO\ DQG FD(
FDUERQ QLWURJHQ RU QLWURJHQ QLWURJHQ DOVR

(DFK RI WKH WZR DWRPV XQGHU FRQVLGHUDWLRQ VKRXOG KDYH WZR
JURXSY OLQNHG WR WKHVH

<RX DUH IDP IFQ DM Z MR DWLRQV IRU JHRPHWULFDO LVRPHUV ZKLFK DU
EDVHG RQ WKH SUHVHQFH RI LGHQWLFDO JURXSV RQ WKH VDPH RU RSSI
GRXEOH ERD®ME FRPSRXQG FRQWDLQV IRXU GLITHUHQW VXEVWLWXHQWV
DE& &[\ RU FRQWDLQV PRUH WKDQ RQH GRXEOH ERQG WKHQ LW FDQQH
GHVLJQDW HGWWDWX N XFK FDVBQEWWWHP RI

QRPHQFODWXUH LV XVHG 7KH FRQFHSW LQ EULHI FDQ EH ZHOO GHSLEW
QRPHQFODWXUH IROORZHG LQ FDVH RI EXWHQH DV GHSLFWHG LQ )LJ

(F% /‘WUDQV
+& +

A (

+ + + \&+
FLV%XWHQH W UDQWMWHQH
= % XWHQH ( %XWHQH

Fig. 1.15: Geometrical isomers of 2-butene.

<RX ZLOO VWXG\ PRUBQBRERXWW. RVKWH RI JHRPHWULFDO LVRPHUY DQG WKH
&,3 UXOHV IRU DVVLIJQLQJ SULRULW\ RI JURXSY DWWDFKHG LQ GHWDLO
%ORFN

7KH IROORZLQJ VXEVHFWLRQ H[SODLQV WKH RWKHU W\SH RI FRQILJXUD!
YL] WKH RSWLFDO LVRPHUV

1.3.2 Optical Isomers

$vV SHU WKH GHILQLWLRQ JLYHQ DERYH RSWLFDO LVRPHUV EHORQJ WR
FRQILIXUDWLRQDO LVRPHUV W FDQ EH VDLG WKDW WKH PROHFXOHV W
PROHFXODU IRUPXOD EXW KDYH D GLITHUHQW DUUDQJHPHQW RI WKH DW
FDOOHG RSWLFDO LVRPHUV +RZHYHU WKLV LV QRW WKH FRPSOHWH HJ:!
PROHFXOHV $V WKH QDPH VXJJHVWV WKHVH LVRPHUVY DUH RSWLFDOO\ |
WKH SURSHUW\ RI GiddllaEtiyity D MWL BIKWWLFDO SURSHUW\ RI D
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PROHFXOH OLNH RWKWLHARKRLFK LV GHILQHG DV
PROHFXOH WR URWDW SRODUL]H®& ZHYJHKWY
PROHFXOHY RU FRPSRXQGV GR 7KHQ ZKDW

Plane polarised FRPSRXQGV VKRZ R" ,W W HVVHQWLDO WR XQGH

light ZKHQ OLJKw SODQH SROI WR DQVZHU W BIQGC TWHYMA\R\® X DU
RVFLOODWHYV LQ RRQFHBRWP \RXU SUHY

VLQJOH GLUHRWLRQ DIWHU

SDVVLQJ WKURXJKRX NQR D PROHFXOH FRQWDLQDRYWD FRCHJ & RIQ HOMARRNY
SRODULVLQJ ILOWXEVW! D E F DQG G UHVXOWV LQX\SHHIJHPEVWHQFH RI

PLUURU LPDJHenantiomers )LJ , | ZH WU\ WR V
VWUXFWXUHYV , DQG ,, ,W LV FOHDU Il,,, LQ ILJXUH

WKDW WKH , DQG ,, DUH QRQ VXSHWLPGRY MEHHV B XE K
WR FRQWDLQ DQ DV\PPHWULF FDU Ichiral molecules

I I "
Fig.1.16: Stuctures | and Il as the mirror images of a molecule with structure lll
depicting the non-superimposability of structures | and Il.

JRU D PROHFXOH WR VKQR®QXSHULPSI RI PLUURU
LPDJRY FKLUDOLW\ RU SUHVHQF DWRWY UHTXLUHG
+RZHYHU LW EHFRPHV GLIILFXOW WR ILQG R:

ZLWK PRUH DV\PPHWULF FDUEKR® DWRMAW T>ZK\

VRPH PRO DUH FKLUDO ZKLOH RRZKGR \Z B UFHK KRNW "
DV\PPHWU\ LQ D7KHVH TXHVWLRQV BUMW DK GUHVWIQE H
RI VRPHPH HOHPHQWWKH PROHFXOH XQ 7KH
VIPPHWWVUHRPHWULF IHDWXUH ZKLFRWBQ EHHD SRLQW (
SURFHVV IRU ILQGLQJ WKH SUHVHQFH RI DQ\ \

IHZ VWHSYVY FDOOHG V\PPHWU\ RSHUDWLRQYV
VHFWHROQRUH SURFHHGLQJ \RX HUVWDQGL
FRQILIXUDWLRQDO LVRPHUV E\ DQ

6$4

'UDZ WKH SRVVLEOH JHRPF EURPRGLFKORURH
DVVLJIEFRQILIXUDWLRQ W

6$4

KLFK RI WKH IRIRUPHRPHWULFDO LV "

S

&2 +
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1.4 SYMMETRY ELEMENTS AND SYMMETRY
OPERATIONS

<RX KDYH UHDG MXVW DERYH WKDW WKH V\PPHWU\ RI D PROHFXOH LV G
W H U PsymRetry elements 7KH RSHUDWLRQV SHUIRUPHG WR GHWHUPLQH WKH
SUHVHQFH RI VI\PPHWU\ HGwrre@Mperations FEOOHG

V\IPPHWU\ HOHPHQW FDQ EH D JHRPHWULF OLQH SODQH RU SRLQW ZLWtk
ZKLFK RQH RU PRUH V\PPHWU\ RSHUDWLRQV DUH SHUIRUPHG 7KH V\PPFE
HOHPHQWY DUH RI IRXU WA\SHV 7KHVH DUH

5RWDWLRQDO RU SURSHKY D[LV RI VIPPHWU\
30DQH RI VAPPHWU\

&HQWUH RI VAIPPHWU\ RU EHQWUH RI LQYHUVLRQ
$OWHUQDWLQJ RU LPSURSBHU D[LV RI VIPPHWU\

X X X X

7TKHVH W\SHVY DUH H[SODLQHG LQ WKH IROORZLQJ VXEVHFWLRQV

1.4.1 Rotational Axis of Symmetry

W LV GHQRWHG EJ WKL QWRIRKRFE MQ/EHLY D OvdpeFDOOHG

axis of rotation 7KH VXEVFULSW pIRIOGBHOQGRWHNR WBWLRQ ,W LV

GHILQHG mMYRABGQED[LV RI VIPPHWU\ ZKHQ D VWUXFWXUH SRVVHVVLQJ WK
LV URWDWHG E\ DQ DQJOH RI f Q DURXQG WKH D[LV WKH VWUXFWXUH
VXSHULPSRVDEOH ZLWK WKH RUIsynQéer@aldQRE ,W LV DOVR FDOOHG
simple axis of symmetry 7KH YD@QX¥XW ®RIQHYHU EH D IUDFWLRQ EHFDXVH LQ
VXFK D FDVE; REHUDWLRQ ZLOO QRW JLYH VXSHULPSRVDEOH VWUXFWXU
HTXLYDOHQW VWUXFWXUH I D PROHFXOH SRVVHVVHY PRUH WKDQ RQH
VIPPHWU\ ZLWK GLIIHUWHIRQMOAMIOENVH W IRYQZ QJ PD[LPXP YDOXH RI

Q IROG LV mpoixipd e&xiswKKHQ WKHUH DEHDYHHW HUW® VDPH

YDOXH WIKHQ WKH SULQFLSDO D[LV LV RQH WKDW LQYROYHV PD[LPXP QX
DWRPV RI WKH PROHFXOH

‘H FRQVLGHU WKHHYDRSIGHRRURF\FOREXWDQH W FDQ EH GHSLFWHG

E\ LWV HQDQWLRPHUV DV VKRZQ LQ )LJ /HW XV VHH LI LW KDV DQ\ V
HOHPHQW 5RWDWRR®@ BAKH D[LV VKRZQ LQ WKH ILIXUH JLYHV D PROHF>
ZKLFK LV QRW LGHQWLFDO WR WKH VWDUOWILLYHVFBESRXQG EXW D URWDW
LGHQWLFDO PROHFXOH LQGLFDWLQJ WKH H[LVWHQFH RI D WZR IROG UR

VI\PPHWUY R 7KXV LW KDV D WZR IROG URWDWLRQDO D[LV RI V\PPF
s &0 &0, &oO > &0
| | $ SODQH RI VIBPHWU\
g / N LV DQ LPDJLQDU\ SODQH
—_— E—— SDVVLQJ WKURXJK DQ
REMHFW GLYLGLQJ LW VX
WKDW RQH KD@I LV WKH

UHIOHFWLRQ | WKH RWK
Fig. 1.17: Two fold rotational axis of symmetry KDOI

1.4.2 Plane of Symmetry

$ SODQH RI VIPPHWU\ LV D SODQH VXFK WKDW LI D OLQH IURP DQ\ HOHP
VLGH RI WKH SODQH LV GUDZQ SHUSHQGLFXODU WR WKH SODQH DQG WK
DQ HTXDO GLVWDQFH RQ WKH RWKHU VLGH RI WKH SODQH DQ LGHQWLF
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DW WKH HQG RI WKH OLQH ,Q RWKHU ZRUGV ZH FDQ VD
LV PLUURU LPDJH RI WKH RWKHU KDOI ,W LV EHFDXVH R
<RX PLIKW EH ID}{&%IEHO{VU\ LV DO wRrrérplarteH GWWIKVHGHV LI QD WHW KDWYV LJP D

ZLWK WKH IDPIRXXRPHV IURP WKH *NERBPEHIRQIGQJ PLUURU

PRQXPHQW RI ,Q.ﬁ_l-
7DM 0DKDO W L 3&@\6 WKH SODQH RI VIPPHWU\ QRW RQO\ LQ RUJDQLF

VIPPHWULFDO | ROEMdBOWY WKDW ZH VHH DURXQG HJ D EXWWHUIO\ :H
RI WKH EXLOGLOKD®@! RI WKH ERG\ DQG WKH ZLQJV LV LGHQWLFDO WR W
VIPPHWULFDO |WRLJ KDV VHYHUDO SODQHV RI VIPPHWU\ %RWK WKH |
DQRWKHU KDO|l EURPRFKORURPHWKDQH KDYH RQO\ RQH SODQH RI V\PPF

|
-

Vi) Seeum

+muHHHHHH

Fig. 1.18: Plane of symmetry depicted by some objects and molecules.

7KH SODQH PD\ SDVV WKURXJK DWRPV EHWZHHQ DWRPYV

FKORURSURSDQH KDV D SODQH RI VI\PPHWU\ )LJ D
PROHFXOH GRHV QRW SRVVHVV D SODQH RI VIPPHWU\ )I

/'\ e-ﬁe °-F-e

(a) (b)

Fig. 1.19: Plane of symmetry in (a) 2-chloropropane and (b) 2-chlorobutane.

6RPH PRUH H[DPSOHV RI FRPSRXQGYV KDYLQJ D SODQH R
WR KDYH D FOHDU XQGHUVWDQGLQJ 7KHVH DUH GLFEk
WHWUDFKORUR HWKHQH DQG PROHFXOHV ZLWK WZR VH

LQ )LJ
& ol &0
30D R_l___Q_ &\ﬁzé _ 30DQH RI
6\ PP AW = \ e 6\PPHW U\

+ & + +& +,

v AN vy N &

T AL

OROHFXOH VZHBXXWWZRURXSYVY DV VXEVWLWXHQWYV

Fig.1.20: Examples of molecules with Plane of symmetry.

, W VKRXOG EH UHPHPEHUHG WKDW HYHU\ SODQDU PROH
RI VIPPHWU\ QIPRRODHRAXOD U IS YQRMER® XVXDOO\ IRXQG W
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FDUU\ WKUHH VXEVFULSWYV LQGLFDWLQJ WKH SRVLWLRQ RI VIPPHWU\ SC
WR WKH SULQFLIRBVBH[IDWH H[SODLQHG EHORZ DQG GHSLFWHG LQ )LJ

x Horizontal () UHSUHVHQWY WKH UHIOHFWLRQ LQ WKH SODQH FRQWDLQL¢
SULQFLSDO D[LV Rl URWDWLRQ WKW LV D[LV ZLWK KLJKHVW YDOXH

x Vertical (W) UHSUHVHQWY WKH UHIOHFWLRQ LQ WKH SODQH FRQWDLQLQJ
DLV

x Diagonal(lY) UHSUHVHQWY UHIOHFWLRQ LQ WKH SODQH ZKLFK FRQWDLQ"
SULQFLSDO D[LV DQG ELVHFWV WKMHHWWJIOH EHWZHHQ WKH WZR

'KHQ ERIMXQIE SODQHV DUH S U HWHS D QMKHRQWIRH QV WK H
JUHDWHU QXPEHU RI DWRPV

C,
R T

/

Oy

Fig.1.21: Different planes of symmetry.

6%4

*LYH WKH RUGHU RI WKH VLPSOH §URBHVUKBI[LRORORZIPPHWU\ &
PROHFXOHYV

D &+ E &&O F &+&0 %HQ]HQH

1.4.3 Centre of Symmetry

&HQWUH RI VAIPPHWU\ LV GHILQHG DV 3D SRLQW LQ VSDFH VXFK WKDW LI
I[URP DQ\ SDUW RU DWRP RI WKH PROHFXOH WR WKDW SRLQW DQG WKHQ
HTXDO GLVWDQFH EH\RQG LW DQ DQDORJRXV SDUW RU DWRP ZLOO EH I
RWKHU ZRUGY LQYHUVLRQ RI DOO DWRPV LQ WKH PROHFXOH WKURXJK

DQ DUUDQJHPHQW LQGLVWLQJXLVKDEOH IURP WKH RULJLQDO RQH 7KH
F D O Oddr@re»df inversion

7KH FHQWUH RI V\PPHWU\'L V$ 8B QENGIIQRMHBNYV LI SUHVHQW

LQ DGGLMPLRQNWSHDVY WHWRXVKXQGHUVWDQG LW ZLWK WKH KHOS RI D
PROHFXOH RI GLPHWK\OF\FOREXWDQH GLFDUER[\OLF DFLG ,W KDV
FDUER[\O JURXSY DW WZR SRVLWLRQV DQG WZR PHWK\O JURXSV DW RW

/HW XV IRFXV RQ WKH VWUXFWXUH IRU WKLV PROHFXOH JLYHQ LQ )LJ
&+ &2 +

&HQWUH RI
VIPPHWU\

&2 + &+
Fig.1.22: 2,4-Dimethylcyclobutane-1,3-dicarboxylic acid.
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Centre of
symmetry

‘H GUDZ D OLQH IURP WKH FDUER[\O JURXS SDVV LW WK
WKH VWUXFWXUH DQG H[WHQG EH\RQG 2Q GRLQJ VR ZH
JURXS DIWHU WKH VDPH GLVWDQFH :KHQ ZH VWDUW IUR
WKURXJK WKH FHQWUH SRLQW DQG H[WHQG WKLV OLQH
K\GURJHQ 6LPLODUO\ IRU PHWK\O JURXS ZH ILQG WKDW
SDVVLQJ WKURXJK WKLV SRLQW ZH JHW D PHWK\O JURX

6RPH RWKHU H[DPSOHV RI FRPSRXQGV ZKLFK KDYH D FH
HWKDQWMUDQVGLFKORURHWKHQH E VKRZQ LQ )LJ D
UHVSHFWLYHO\ $ PROHFXOH VKRZQ LQ F FRQWDLQ

JURXSV DW DQG SRVLWLRQ RI D F\FOREXWDQH ULQJ L
VAPPHWU\

&HQWUH RI
VA\PPHWU\ ,,&_&+

g |-

/&:I:&\

+ _.+

/// -2 +8& + & 8\
LFKORURHWK*H&QH OROHFXOH YHWEKXWXI®R JURXSV
(@) (b) (c)

Fig. 1.23: Some molecules showing centre of symmetry.

1.4.4 Alternating Axis of Symmetry

$OWHUQDWLQJ D[LV RI VI\PPRBWUW LY GBOVIRIMMWHAHG DW
axis of rotation RU Ddafién-reflection axis of symmetry $ PROHFXOH LV
VDLG WR SRIMHOVGE DOQWHUQDWLQJ D[LV RI VIPPHWU\ LI U
DQJOH RODERXW DQ D[LV IROORZHG E\ UHIOHFWLRQ LQ
WKH D[LV JLYHV WKH PROHFXOH ZKLFK LV LQGLVWLQJXL
PROHFXOH 7KHK)DWSOSKDEMWG E\ WKH URWDWLRQ RI WKH |
PROHFXOH LV URWDWH®QELOP WKH YXG®¥RWH ZH JHW WK
H[SODLQHG REVHUYDWLRQ DIWHWZLOPORMDWERQFMW KAHHY
VD\ WKDW WKH PROH B2xddld Slteiatidy axis éf Bymmetry R U

four-fold alternating axis of symmetry L1 WKH YQDWH RKHQ WKH
URWDWLRQ LV E\ f WKH PR O HdxXfQldHalteyhatibd axisW R SRV VH
of symmetry DQG VR RQ

‘H FDQ XQGHUVWDQG WKH VIPPHWU\ RSHUDWLRQ E\ WDN
PROHFXOH ,I ZH WU\ D f URWDWLRQ WR JHW WKH SRV
QRW EH DEOH WR DFKLHYH WKLV +RZHYHU URWDWLRQ F
FDQ vD\ WKDW WKH PROHFXOH KDV WZR IROG DOWHUQD
VLPSOH D[LV RI VIPPHWU\ 7KXV LQ URWDWLRQ DURXQG
DSSHDUV WZLFH EXW RQH RI WKHP DSSHDUV DERYH WKH
WKH RWKHU DSSHDUV EHORZ WKH SODQH <RX FDQ WU\

:<— $OWHUQDWLQJ D[LV RI V\PPHW U\

/.

: 'LFKORUREXWDQH

&0/

Fig. 1.24: Alternating axis of symmetry in 1,3-dichlorobutane.
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,Q RUGHU WR XQGHUVWDQG WKH RSHUDWLRQV OHW XV FRQVLGHU DQ L'
WHWUDPHWK\OF\FOREXWDQH WKDW KDV WKH PHWK\O JURXSV DOW

DQG EHORZ WKH SODQH VWUXFWXUH , LQ )LJ /HW XV VHH WKH UHYV
f RQ VWUXFWXUH , :H JHW VWUXFWXUH ,, 7KH UHIOHFWLRQ RI VWUXF
RI WKH ULQJ JLYHV VWUXFWXUH ,,, ZKLFK LI \RX VHH FDUHIXOO\ UHVHP
'H FDQ VD\ WKDW WKH PROHFXOH KDV D z z L H D IRXU IROG DOW
D[LV RI VIPPHWU\ 7KLV LV GHSLFWHG LQ WKH ILJXUH JLYHQ IRU WKLV P
&+

+

\

Fig.1.25: Four fold alternating axis of symmetry.

7KH PROHFXOH VKRZQ LQ )LVHIEEXVFFOQWIRDPW | RXOFK RI
ZKLFK FRQWDLQV RQH DV\PPHWULF FDUERQ DWRP EXW LV QRW FKLUDO
SRVVHVVHV D IRXUIROG DOWHUQDWLQJ D[LV RI VIPPHWU\ 6WUXFWXUH
PLUURU LPDJH RI EHFRPHV VXSHULPSRVDEOH RYHU LW E\ WXUQLQJ W
GRZQ DQG WKHQ URWORQDWKW BILV VKRZQ LQ WKH ILIXUH <RX VKRXO(
WU\ LW \RXUVHOI WR VKRZ WKH H[LVWHQFH RI DOWHUQDWLQJ D[LV RI V\

&+

\\\.

&\

&+
+ &

+ &
! +
|

Fig.1.26: Molecule with twofold alternating axis of symmetry.

6$4

7KH GLDVWHUHRPHUV $ DQG % RI WDUWDULF DFLG DUH VKRZQ LQ WKH
FRQIRUPDWLRQ )LQG RXW WKH HOHPHQW V RI VIPPHWU\ SUHVHQW LQ H

+ 2+ +2 +
+2j%22+ vezk ~e22+
+ 2+ + 2+

$ %




Block 1

Stereochemistry-|

1.4.5 The Identity Element

7KH LGHQWLFDO RSHUDWLRQ ( LV WKH SURFHVV RI GRL
WKH FRUUHVSRQGLQJ V\P Pitiewtity\eldr@eHtP H Q WI LQ/RWFKHD Q J H

LV PDGH WR D PROHFXOH RU DQ\ RWKHU REMHFW WKH
WKH RULJLQDO VWUXFWXUH VR DOO WKH PROHFXOHV T
HOHPHQW DQG WKH FRUUHVSRQGLQJ LGHQWLFDO RSHUL

1.4.6 Asymmetric and Disymmetric Molecules

&KLUDO PROHFXOH H[LVWV LQ WZR VWHUHRLVRPHULF IR
ZKLFK WKH PLUURU LPDJHVY DUH QRQVXSHULPSRVDEOH 7
IURP WKH DERYH JLYHQ GHVFULSWLRQ WKDW D PROHEFXC(
RI VIPPHWU\ HOHPHQWY ZKLFK LQFOXGH SODQH RI V\PPI
DQG DOWHUQDWLQJ D[LV RI VAIPPHWU\ W LV DSSURSULL
RQH IROG DOWHUQDWLQJ D[LV RI VIPPHWU\ FRUUHVSRQ((
6LPLODUO\ D WZRIROG DOWHUQDWLQJ D[LV RI VIPPHWU
VAPPHWU\

,] D PROHFXOH FRQWDLQV DQ\ RI WKHVH HOHPHQWV RI V
symmetric molecule. ,| WKH V\PPHWU\ HOHPHQWY DUH PLVVLQJ
ZHUH HDUOaytdmetb© PRIGHFXOHYV ,| DOWHUQDWLQJ D[LV F
VLPSOH D[LV RI VIPPHWU\ ERWK DUH DEVHQW WKHVH P
DV\PPHWULF DQG WKH\ DUH XVXDOO\ DFWLYH 9%XW LI V1
SUHVHQW DQG DOWHUQDWLQJ D[LV RI VIPPHWU\ LV DEV!
QRZ JLYHQ WKdHssymidiribW QG WKH\ DUH XVXDOO\ DFWLYH
JHQHUDO SRLQWYVY WR UHPHPEHU DUH VXPPDULVHG EHOF

Table 1.1: Symmetry designations of chiral molecules

Term Alternating axis Simple axis Optical activity

6\PPHWULF BUHVHIQW OD\ RU |PD\ QRW EH| SUHVHQW
"LVV\PPHWUELNHQW SUHVHQW 8VXDOO\ DF
$V\PPHWULF $SEVHQW $SEVHQW 8VXDOC

7KH PROHFXODU SURSHUWLHY RI PROHFXOHY DUH EDVH(
WKDW LV GLUHFWO\ RU LQGLUHFWO\ UHODWHG WR WKH
VWXG\ DERXW WKLV UHODWLRQVKLS LQ WKH IROORZLQJ

1.5 SYMMETRY AND MOLECULAR PROPERTIES

7KH SK\VLFDO SURSHUWLHYV RI D FRPSRXQG DUH GHSHQ(
DQRG WR D JRRG HIWHQW WKH V\PPHWU\ LV UHVSRQVLEO
SURSHUWLHVY 7KH SURSHUWLHVY WKDW DUH GLVFXVVHG
WKH DELOLW\ WR URWDWH WKH SODQH RI SRODUL]HG OL
GLSROH PRPHQW

1.5.1 Rotation of Plane Polarised Light

<RX DUH IDPLOLDU ZLWK WKH IDFW WKDW RUGLQDU\ OLJ
HOHFWULFDO DQG PDIJQHWLF ILHOGV RU ZH FDQ VD\ WKl
SHUSHQGLFXODU WR WKH GLUHFWLRQ RI WKH EHDP RI O
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RUGLQDU\ OLJKW WK U RpdriceD LG RAH IFOODWGRQV LQ DOO EXW RQH
GLUHFWLRQ DUH EORFNHG DQG WKH OLJKW HPHUJLQJ IURP WKH SRODUL
RQO\ RQH SODQH 7Klave pMafRdIight G : WH® WKLV SODQH

SRODULVHG OLJKW LV SDVVHG WKURXJK VROXWLRQ RI DQ\ RSWLFDO DF!
SODQH JHWV URWDWHG E\ VRPH DQJOH 7KH FRPSRXQGV WKRVH URWDW
SODQH SRODULVHG OLJKWeXrBrofatory D IQIK W HRNHHFDKOLE K G

URWDWH LW LQ WKH O HEWr@adtthd FAROR & COYUHH VADXO®LHHES Z K\

FRPSRXQGV H[LVW DV RSWLFDO LVRPHUV 7KH DQVZHU LV NQRZQ WR \R:
EHFDXVH Rl WKH FKLUDOLW\ LQ WKH PROHFXOH

<RX KDYH VWXGLHG KRZ FKLUDOLW\ UHODWHVY WR WKH V\PPHWU\ LQ WK
PROHFXOHV WKRVH DUH FKLUDO FDQ URWDWH WKH SRODULVHG OLJKW
UHPDLQV XQFKDQJHG XQGHU D SURSHU RSHUDWLRQ URWDWLRQ EXW F
XQGHU DQ LPSURSHU RSHUDWLRQ UHIOHFWLRQ :H FDQ VD\ WKDW DQ L
RSHUDWLRQ UHIOHFWLRQ WUDQVIRUPV RQH HQDQWLRPHU LQWR DQRW

1.5.2 Dipole Moment

<RX NQRZ WKDW WKH GLSROH PRPHQW RI D FKHPLFDO FRPSRXQG LV GXt
GLIITHUHQFH LQ WKH FKDUJH GLVWULEXWLRQ LQ LWV PROHFXOHV ZKLFK
GLIITIHUHQFH LQ WKH HOHFWURQHJIJDWLYLWLHV RI WKH FRQVWLWXHQW DYV
D ZKROH ZLOO KDYH D GLSROH PRPHQW RQO\ LI WKH ORFDO GLSROH RI

UHJLRQ LV QRW FRPSHQVDWHG E\ DQ RSSRVLWH ORFDO GLSROH HOVHZk
PROHFXOH 6\PPHWU\ SURSHUWLHY DUH UHVSRQVLEOH IRU LQGLFDWLQJ
RU ZLOO QRW EH WKH FDVH 6SHFLILFDOO\ LI D PROHFXOH KDV D FHQW
WKHQ WR HDFK ORFDO GLSROH WKHUH ZLOO EH D FRUUHVSRQGLQJ HTXL
DQG WKH RYHUDOO GLSROH PRPHQW ZLLOIBWH WHUR I D PROHFXOH KDV
FRPSRQHQW RI WKH GLSROH PRPHQW YHFWRU DW ULJKW DQJOHV WR WK
JHUR DQG WKH PROHFXOH FDQ DW EHVW KDYH D PRPHQW DORQJ WKH G
D[LV +RZHYHU WKLV FRPSRQHQW RI WKH PRPHQW ZLOO DOVR YDQLVK 1
V\PPHWU\ SODQH SHUSHQGLFXODU WR WKH D[LV RU WKHUH LV DW OHDV
SHUSHQGLFXODU WR WKH ILUVW

1.6 SYMMETRY AND CHIRALITY

<RX KDYH UHDG VRPH RI WKH LPSRUWDQW FRQFHSWYV DVVRFLDWHG ZLW
VIPPHWU\ DQG V\PPHWU\ HOHPHQWYV 7KLV LV YHU\ VLIQLILFDQW DV WK}
XQGHUVWDQGLQJ RI VIPPHWU\ KHOSV WR GHWHUPLQH ZKHWKHU RU QRW
EH FKLUDO :H ZLOO ILUVW UHFDOO WKH FRQFHSW RI FKLUDOLW\ DQG W
VIPPHWU\ LQ D PROHFXOH

1.6.1 Chirality

7KH WHUP FKLUDOLW\ KDV EHHQ ¢hhHad IDfHE& WEKRIPWDHWMUP FDOOHG
FKLUDO LV GHULYHG IURHFZHLAKHPNDARUKDQGY :KDW KDV
FKLUDO DQG FKLUDOLW\ JRW WR GR ZLWK WKH KDQGV"

<RX DUH IDPLOLDU ZLWK D@RMp&ihposaRiGF HSHV Y L]

REVHUYH WKDW RXU WZR KDQGV DUH LGHQWLFDO EXW WKH\ DUH QRQ V
7KLV SURSHUW\ ZDV JLhahtediveédssHR@DAity DAK X V

FKLUDOLW\ LV D SURSHUW\ H[KLELWHG E\ WZR VXEVWDQFHV PDGH XS RI
EXW DUH QRW VXSHULPSRVDEOH RQ HDFK RWKHU 7KH REMHFWV ZKLFK
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VXSHULPSRVHG RQ WKHLU Plchiral 6RPH RWKHU
DUH KDQG JORVFLVVRUV DV VKRZDXQGQPPOLQ\
REVHUYHG t

Fig.1.27: Some chiral objects

/HW XV FRQVLGHU VRPH RIisuperimposable )RU H[DPSOH
OHWITWYW WRNHU DQG LW DV VKRZQ EH@WRH PLUU
SLFNHG DQG SXW LW RYHU WVXSHU LP :H FDQ
VD\ WKDW WKH FKDLU LV DFKLUDO 6RPH RWK

$ QXPEHU D EXWWHUIO\ HWF 7KHVH REMHF
HDFK RWKHU achiral <RX ZLOO EH DEOH WR DSES
FKLUDOLW\ LQ RUJDQLF PROHFXOH"

Q WK H
SK\WLFLVW -HDQ
%DSWLVWH %L4RW
SUHGLFWHG WKDW WKH
DELOLW\ WR URWDWH W

SODQH Rl SROPUL]DWLR 828
ZDV DWWULEXWDEOH W

VRPH DV\PPHWU\ LQ Fig.1.28: Some achiral objects.

WKH PROHFXOHV _9D W
+RI1 DQG /H %46%\%&JM+DG DER'KLUDOLWAXIS\HQRR)SRVDELOLW
GHWHUPLQHG |WkPXv QO\WVHG DQG RE VXSHULP SFOADLBAHOL B }
PROHFXODU SUHVHQFH RI DQ DV\ DWRP RU WKH DEVHQFH
DV\PPHWU\ ZDVHOHPHQWYV +HQFH LW FDQ EHSLQVPR WRRGDW KPIPW W U \
DVVRFLDWHG Y4WKp QHFHVVDU\ DQG VXIILFLHQW FRQGLWLRQ
;gisgéai\aﬁ[”&(?é KHQFH RSWLF7KH SDRSWLFDOO\ DFLV FDOOHG
DV\PPHWULE Fqugrﬁiar{)ers. 7ZR HOQDQWLRPHUV KOD\WWHADIHQWR EB O
WKH GLLQ ZKLFK WKH\ URWDWH WKHGSORP@HRI SODQH S
URWDWHY WKH SODQH RI SODQH SRODULVHG

RWKHU URWDWHY WR WKH OHIW KDQG )\

A%A

TKXVFRPSRXQG ZLWK RQH DY\DWRP IRU H[DPS!

(- ¢ EURPREXWDQH FDGLIIHUHQW VWHUHRLVRF
k) EHWZHHQ WKH LVRFWKH\ DUH PLUURU RWKHU ZKLFK
¢ ~ | DUH ORQHULPSL H WKH\ DUH GLIIHWKNGWNVEZROMHFK OWK\H
. HQDQWL7KH PROHFXOH KDV DQ DV\PPHW LV
Nonsuperimposable UHVSRQV WKH FKLUDOLW\ RI EURPREXWDQH DV VKRZQ |
mirror images
TA)U |%U
&, N
va—ge N U Ner—gn
&+ + &

%YURPREXWDQH

Fig. 1.29: Two isomers of 2-bromobutane.
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1.6.2 Chirality vis-a-vis Symmetry Elements

/[HW XV QRZ VHH KRZ WKH V\PPHWU\ UHODWHYV WR FKLUDOLW\ %\ GHILQI
REMHFW LV QRW VXSHULPSRVDEOH RQ LWV PLUURU LPDJH ZKHUH WKH I
REMHFW LV LWV UHIOHFWLRQ <RX KDYH UHDG WKDW IRU DQ\ PROHFXOH
SODQH RI VA\PPRROVWKH FRUUHVSRQGLQJ VI\PPHWU\ RSHUDWLRQ WKH UHI(
RSHUDWLRIDO VXSHULPSRVH WKH PROHFXOH RQ LWV UHIOHFWLRQ 7KX)\
PROHFXOH ZKLFK FRQWDLQV D SODQH RI VIPPHWU\ PXVW EH DFKLUDO

,Q IDFW DQ\ PROHFXOH ZKLFK FRQWDLQYD[QVLPBURGHU D[LV RI URWDWI
EH DFKLUDO 7KH UHDVRQ IRU WKLV LV WKDW DQ LPSURSHU D[LV RI URW
SURGXFW RI D SURSHROORW®B @& IER @®V&BE VOB A DQRQLQ

VXEVHFWLRQ W ZDV DOVR VKRZQ LQ VXEVHFWLRQ WKDW D SOL
VIPPHWWWDQG FHQWUH RIDLQH MXWWR QSHFIBHD[E®VHV RI DQ

6 DQG BHVSHFWLYHO\ 7KH UHIOHFWLRQ SDUW RI WKHVH RSHUDWLRQV
FDXVH WKH PROHFXOH WR EH VXSHULPSRVDEOH RQ LWV PLUURU LPDJH

DFKLUDO 7KLV SURYLGHV DQ DOWHUQDWLYH GHILQLWLRQ RI FKLUDOLW

Any molecule (or other object) which in all accessible conformations do
not contain an improper axis of rotation ( 6,, @ 0) is chiral.

$ FRQVHTXHQFH RI WKH GHSHQGHQFH RI BO[UBAIMW RQ WKH DEVHQFH R
WKDW DQ\ PROHFXOH VBKDMW VS RRAY BVYOINVQHQRIT VAIPPHWU\ RU FHQWHU

RI VIPPHWU\ ZLOO EH DFKLUDO ®DA WY IPROB¥KQW ZQ Q® LEAK
FKLUDO

OROHFXOHV FRQWDLQLQJ D VLQJOH FKLUDO FHQWUH DUH DOZD\V RSWLF
WR D SDLU RI HQDQWLRPHUV 7KHUH DUH FRPSRXQGV ZKLFK FRQWDLQ P
FKLUDO FHQWUH EXW VWLOO DUH RSWLFDOO\ LQDFWLYH $Q\ SDLU RI FF
VWHUHRLVRPHUV WKDW DUH QRW Hi@dle@vidofmEersfUVY DUH FODVVLILHG DV p
(QDQWLRPHUV GLDVWHUHRLVRPHUV GLIIHU LQ SK\WWLFDO DQG FKHPLFDC
EHKDYH DV GLIITHUHQW FRPSRXQGV :H ZLOO GLVFXVV PRUH DERXW HQD
GLDVWHUHRLVRPHUV LQ WKH QH[W XQLW

6$4

,GHQWLI\ WKH QXPEHU RI FKLUDO FHQWUHY LQ WKH QDWHJOLQLGH PROI
ZKLFK LV DQ DOQWLGLDEHWLF GUXJ

&+
‘\\\‘k
- &+
1+
O/I 2
+2 2

1IDWHJOLQLGH

,Q WKH IROORZLQJ ODVW VHFWLRQ OHW XV VXPPDULVH ZKDW DOO \RX K
XQLW DERXW VA\PPHWU\ DQG FKLUDOLW\

1.7 SUMMARY

X 7TKH XQLW RQ PROHFXODU V\PPHWU\ DQG FKLUDOLW\ SHUWDLQV WR W
VWHUHRFKHPLVWU\ RI RUJDQLF PROHFXOHV WKDW KDV GLUHFW UHOD
GLPHQVLRQDO VWUXFWXUHYVY 7KHUH DUH WZR PDLQ W\SHV RI UHSUH
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GLPHQVLRQDO VWUXFWXUHV RI WKHVH PROHFXOHYV |
OLNH WKH SDSHU RU D EODFNERDUG RU D ZKLWH ERD
W\SH WKDW LQFOXGHV WKH IO\LQJ ZHGJH DQG WKH ]L
SURMHFWLRQ W\SH WKDW LQFOXGHV WKH )LVFKHU W
SURMHFWLRQYV

7KH LQWHUFRQYHUVLRQ Rl WKH SURMHFWLRQV LV HV
LQIRUPDWLRQ 7KXV FRQYHUVLRQ RI )LVPKIHWH SURMHF
YHUVDZKRUVH WR 1HZPDQ YL H LY BRRID DGV LRQ R
JLVFKHU WR VDZKRUVH DQG 1HZPDQ SURMHFWLRQV K|
UHOHYDQW H[DPSOHYV

7KH VWXG\ RI WKH WKUHH GLPHQVLRQDO VWUXFWXUH
VWHUHRFKHPLVWU\ RI PROHFXOHY DQG WKHLU H[LVW
VWHUHRLVRPHUY DUH FODVVLILHG LQWR WZR W\SHV

FRQIRUPDWLRQDO LVRPHUV &RQILIXUDWLRQDO LVRP
KDYH GLIITHUHQW DUUDQJHPHQW RI DWRPV DQG FDQQ
RWKHU ZLWKRXW EUHDNLQJ D ERQG 7KHVH DUH IXUW
DQG RSWLFDO LVRPHUV 7KH PROHFXOHV WKDW KDYH
EXW KDYH D GLITHUHQW DUUDQJHPHQW RI WKH DWRP\
LVRPHUV 7KH RSWLFDO LVRPHUV DUH IXUWKHU FODV
GLDVWHUHRPHUV 7KH FRQIRUPDWLRQDO LVRPHUV DL
DUUDQJHPHQWY RI DWRPV REWDLQHG E\ WKH URWDWI|
PROHFXOH

7KH VAIPPHWU\ RI D PROHFXOH LV GHVFULEHG LQ WHU/
7KH RSHUDWLRQV SHUIRUPHG WR GHWHUPLQH WKH St
HOHPHQWY DUH FDOOHG V\PPHWU\ RSHUDWLRQV $ V\
JHRPHWULF OLQH SODQH RU SRLQW ZLWK UHVSHFW V
RSHUDWLRQV DUH SHUIRUPHG 7KH V\PPHWU\ HOHPHQ
7KHVH DUH 5RWDWLRQDO RU SURSHU D[LV RI V\PPHW
1 &HQWUH RI VIPPHWU\ RU FHQWUH RI LQYHUVLRQ
D[LV RI VIPPHWU\ 6Q 7KH LGHQWLFDO RSHUDWLRQ
QRWKLQJ WR D PROHFXOH DQG WKH FRUUHVSRQGLQJ
LGHQWLW\ HOHPHQW (

$ PROHFXOH FRQWDLQV DQ\ RI W K/H LHRW BIYQ WKWV RZ L\D\®
FDOOHG D VIPPHWULF PROHFXOH ,| DOWHUQDWLQJ D
D[LV RI VIPPHWU\ ERWK DUH DEVHQW WKHVH PROHF;
DV\PPHWULF DQG WKH\ DUH XVXDOO\ DFWLYH %XW LI
SUHVHQW DQG DOWHUQDWLQJ D[LV RI VIPPHWU\ LV DI
DUH JLYHQ WKH QDPH DV GLVV\PPHWULF DQG WKH\ DI

7KH SK\VLFDO SURSHUWLHV RI D FRPSRXQG DUH GHSt
VWUXFWXUH DQG WR D JRRG HIWHQW WKH V\PPHWU\ I
GLIITHUHQFH LQ WKHLU SURSHUWLHYVY 7ZR VXFK SURSF
SRODULVHG OLJKW DQG GLSROH PRPHQW

&KLUDOLW\ LV D SURSHUW\ HIKLELWHG E\ WZR VXEVW
SDUwWVY EXW DUH QRW VXSHULPSRVDEOH RQ HDFK RWk
EH VXSHULPSRVHG RQ WKHLU PLUURU LPDJHYV DUH FD
ZKLFK FRQWDLQV D SODQH RI VIPPHWU\ PXVW EH DFK
ZKLFK FRQWDLQV LQ LPSURSBHBI[W\D[LAL R D UFRHVDMKLLRI® 06
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1.8 TERMINAL QUESTIONS

'UbZz WKH VWUXFWXUHY DQG VKRZ WKH SULQFLSDO D[LV LQ HDFK RI
FRPSRXQGV

D &+ E &&O F &+&G %HQ]HQH
"ULWH WKH VWUXFWXUDO IRUPXOD IRU WKH IROORZLQJ LVRPHUYV
D] FKORUR PHWK\O (KH[HQWULEHWK\O SHQWHQH

'LQLWURSKHQ\OK\GUD]RQH GHULYDWLYH RI DFHWRQH DQG R[LPH F
IRUPDOGHK\GH GR QRW VKRZ JHRPHWULFDO LVRPHULVP ([SODLQ

KLFK RI WKH IROORZLQJ PROHFXOHY KDV WKH pFHQWUH RI V\PPHWU
RI FHOQWUH RI LQYHUVLRQ V\PPHWU\ LI SUHVHQW LQ WKH PROHFXOH
+ +

28&+
% U % U &0 +
) ) &0 + &0
\i)( @\ %\U( . + .
) &0 + % U + +

:KLFK VAIPPHWU\ HOHPHQW LV SUHVHQW LQ EURPREHQ]JHQH" ,O00XVWU
DQVZHU ZLWK VXLWDEOH VWUXFWXUHV

‘KDW DUH WKH V\P P HFMLW\EXGHHFQHADDERGERLQN H Q H
,OOXVWUDWH \RXU DQVZHU ZLWK VXLWDEOH VWUXFWXUHV

1.9 ANSWERS
Self Assessment Questions
&+ &+
+— 2+
+ &0
%t— +
&+2 by
++ %&UO ++2 +2+ + % U +2
* + & + &22+
2+
&+ &22+ &0
&+ &22+ &+ &22+
% U &0 %U +
>&=&< > —&<
&0 = + go | &0

7TKHVH ZLOO VKRZ JHRPHWULFDO LVRPHULVP DV WKHVH FRQWDLQ WZ
JURXSY DWWDFKHG WR GRXEOH ERQGHG FDUERQ DWRPV

OH 3K &220
(\% 7 AN v
/&—&\ DQG &:&\
¥ + OI-K &22+
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D &+ E& QR + F &+&G %HQ]HQH
C, axis C, axis C, axis & D[LV
" W i W
0| | H H H al cl
Methane & KO R URP HW K Trichloromethane %HQ]HQH

7KH %9 GLDVWHUHRPHU KDV LQYHWVWWRIWAPPHWU\ L
7KH $ GLDVWHUHRPHRHKIM &

7TKH QDWHJOLQLGH PROHFXOH KDV FKLUDO FHQWUH
DVWHULVN 7KH VXEVWLWXWHG FDUERQ RQ F\FOR
JHRPHWULF LVRPHUVY RQO\ KHUH WUDQV VXEVWLWXW

&+
W
* &+
1+
O/I 2
+2 2

1DWHJOLQLGH
Terminal Questions
& D[LV C, axis \|8}D[LV
i b !
Hk” P k"
" w "
H/l H H H o | el
Methane & KO RURPHW K Trichloromethane
D &0 &+—&+ E . &+
N S AN
AmaN SEK
+ &—&+ _ &+ ¥ L&
( +& &+
12
+ g\ 1 12 + 2+
/ z :> AN /
&—1
&—1 %
+ & . +

'LQLWURSKHQ\OK\GUD]RQH RI DFEMLRBHRI IRUPDOGHK\GH

%RWK RI WKHVH FDQQRW VKRZ JHRPHWULFDO LVRPHU
DWWDFKHG WR GRXEO\ ERQGHG FDUERQ DUH LGHQWL

OROHFXODU VWUXFWXUHYV DQG KDYH FHQWUH R
VKRZQ EHORZ 7KH VKDGHG FLUFOH UHSUHVHQWYV FHC
+

+

&0 + R:Ye
+
+
& O Br +
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7KH PROHFXOH EURPREHQ]HQH KDV VLPSOH D[LV RI V\PPHWU\ &

@Wn 'erzo

-r Br
H H H H
H H H H
I;l H
|
%RWK WKH PROHFXXQHY PRROMWDORQ WKHVH DOVR FRQWDLQ D SODQH RI

H HsC H

VIPPHWU\ DV VKRZQ EHORZ
CHg

N

HsC CHs
H H H \I; CHs
c,




FKHPLVW

81,7

67(5(2,620(5,60 2
02/(&8/(6 :,7+ &+,5%
&(175|(6

6WUXEFEWXUH

, QWURGXFWLRQ OHFKDQLFDO 6HSDUDWLRQ

([SHFWHG /HDUQLQJ 2XWFR®HRFKHPLFDO 6HSDUDWLRQ
OROHFXOHV ZLWK 2QH &HALBOO OHWKRGYV

&HQWUH &KURPDWRJUDSKLF 6HSDUDWLF
OROHFXOHV ZLWK 7ZR.8t6lHL&\RQOHWKRGV

&HQWUHYV
(QDQWLRPHUV DQG ‘LovwHURRBW YLD RI2SWLFDO 3XU

'LVVLPLODU 6WHUHRJHQLF &HRWHIRHXOHV ZLWK 7KUHH R

&KLUDO &HQWUHYV
OHVR &RPSRXQGV 6LPLODU

6WHUHRJHQLF & HQWUHV 3VHXGRDV\PPHWU\
5DFHPLF ORGLILFDWLRQ&XPPDU\
JRUPDWLRQ RI 5DFHPLF OL[WKWHP\LQDO 4XHVWLRQV
BURSHUWLHYV RI 5DFHPLF 0l QXOHVUV

6HSDUDWLRQ RI 5DFHPLF
OL[IWXUHV 5HVROXWLRQ

,1752'8&7,21

,Q WKH ILUVW XQLW RI WKLV FRXUVH ZH UHFDSLWXODW
UHDG LQ \RXU XQGHUJUDGXDWH FODVVHV 7KHVH ZHUH |
VWHUHRLVRPHULVP DQG WKH FRQFHSW RI RSWLFDO DFW
ZD\V Rl VWUXFWXUDO UHSUHVHQWDWLRQ RI WKUHH GLP
GLPHQVLRQV DV LW EHFRPHV QHFHVVDU\ WR H[SODLQ W
PROHFXOH <RX DOVR OHDUQW WKH LQWHUFRQYHUVLRQ
DOQRWKHU ,W ZDV OHDUQW WKDW D FDUERQ DWRP ZLWK
FKLUDO FDUERQ DQG D PROHFXOH FRQWDLQLQJ VXFK D
VXSHULPSRVDEOH PLUURU LPDJH 7KH WZR LVRPHUYV DU
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GLVFEXVVHG WKH W\A\SHV RI VIPPHWU\ HOHPHQWY DQG WKHLU UROH LQ H]I
HILVWHQFH RI HQDQWLRPHULVP DQG RSWLFDO DFWLYLW\ RI RUJDQLF PF

,Q WKH VHFRQG XQLW ZH ZRXOG H[SODLQ VWHUHRLVRPHULVP LQ WKH PI
RQH WZR WKUHH RU PRUH FKLUDO FHQWUHYVY <RX ZRXOG OHDUQ WKH S
UDFHPLVDWLRQ DQG VHSDUDWLRQ RI WZR LVRPHUV IURP D UDFHPLF PL]J
ZRXOG EH IROORZHG E\ WKH FRQFHSW RI RSWLFDO SXULW\ ,Q WKH ILU
UHDG WKDW VWHUHRLVRPHUYV DUH PDLQO\ RI WZR W\SHV YL] WKH FRQI
FRQIRUPDWLRQDO LVRPHUV 7KH QH[W XQLW GHDOV ZLWK FRQIRUPDWLF
DQG FRQIRUPDWLRQDO LVRPHUV

([SHFWHG /HDUQLQJ 2XWFRPHV _

$IWHU VWXG\LQJ WKLV XQLW \RX VKRXOG EH DEOH WR

™ H[SODLQ WKH VWHUHRLVRPHULVP LQ PROHFXOHV ZLWK RQH WZR W
FKLUDO FHQWUHYV

™ GHILQH DQG GLIIHUHQWLDWH DPRQJ WKH HQDQWLRPHUV GLDVWHUH
PHVR FRPSRXQGV

™ GHILQH UDFHPLF PLIWXUHYVY DQG H[SODLQ WKHLU IRUPDWLRQ DQG Sl
™ OLVW DQG GHVFULEH WKH PHWKRGV RI VHSDUDWLQJ UDFHPLF PL[WX
™ LGHQWLI\ D SVHXGR DV\PPHWULF FHQWUH DQG

™ H[SODLQ WKH FULWHULD RI RSWLFDO SXULW\ LQ WKH FRQWH[W RI R

02/(&8/(6 :,7+ 21( &+,5%/ &(175¢(

,Q WKH SUHYLRXV XQLW ZH KDYH GLVFXVVHG DERXW DV\PPHWU\ DQG FK
ZRXOG UHFDOO WKDW DV\PPHWULF FDUERQ DWR IHUHQW

$ FDUERQ DWR

WR LW ,1 RQH VXFK FDUERQ DWRP LV SUHVHQW | Fpuu\LQJ IRXU 6 WIKQ

EHFRPHV FKLUDO DQG WKLV FAXKULERQ BFWE&RMRY V|l JURXSV LV NQRZQ LV
DV\PPHWRLOWER \

VWHUHRLVRPHULVP LV JHQHUDWHG LQ WKH PRO| J I U R EEf W, LY DO

VWHUHRBHQWRHRZHYHU LW LV QRW FRUUHFW WI| FyowuRkrRwmo |P FKLUD
DWRP EHFDXVH LW LV WKH RYHUDOO PROHFXOH| FHQWUH DO 7KH \
LV VRPHWLPHV XVHG ZKHQ ZH KDYH WR GLIIHUH FDUERQ I
DWRPV OLNH QLWURJHQ RU SKRVSKRUXV HWF SUHVHQW LQ D PROHFXO|

/IHW XV QRZ DSSO\ WKH FRQFHSW RI FKLUDOLW\ WR D VLPSOH PROHFXO'
ZLWK IRXU K\GURJHQ DWRPV WHWUDKHGUDOO\ DWWDFKHG WR D FDUERQC
DEOH WR YLVXDOLVH WKDW WKH PROHFXOH RI PHWKDQH DQG LWV PLUU
VXSHULPSRVDEOH )LJ D ‘HILQG WKH VLPLODU VLWXDWLRQ LQ FDV
EURPRPHWKDQH )LJ E DQG EURPRFKORURPHWKDQH )LJ F 7KH
PROHFXOHYVY DUH DFKLUDO DQG GR QRW VKRZ RSWLFDO LVRPHULVP /HW
PROHFXOH RI EURPRFKORURLRGRPHWKDQH +HUH ZH ZRXOG REVHUYH W
PROHFXOH DQG LWV PLUURU LPDJH DUH QRW LGHQWLFDO DV WKHVH DU
VXSHULPSRVDEOH PLUURU LPDJHV )LJ G KHQFH WKLV LV D FKLUDC
7KH WZR PLUURU LPDJHV LQ G GLIIHU RQO\ LQ WKH DUUDQJHPHQW RI L
WKDW LV LQ WKHLU VSDWLDO DUUDQJHPHQW ,Q RWKHU ZRUGY WKHVH
FRQILIXUDWLRQ 7KLV PROHFXOH KDV RQH FDUERQ DWRP ZKLFK LV DWW
GLITHUHQW JURXSVY ZKHUHDV LQ FDVH RI PHWKDQH EURPRPHWKDQH DQ
EURPRFKORURPHWKDQH DOO WKH IRXU JURXSY DUH QRW GLIITHUHQW
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% XWDQ

&KLUDO PROHFXOH G %URPRFKORURLRGRPHWKDQH

‘H KDYH DOUHDG\ VWXGLHG WKDW LI D PROHFXOH FRQW
DWRP WKHQ LW JLYHV ULVH WHQD @W L B PRHRUNKRRRIHW ¥ HF\DHD
LVRPHUVY DUH RSWLFDOO\ DFWLYH DQG URWDWH WKH SO
GLUHFWLRQ ZLWK WKH VDPH PDJQLWXGH 7KH LVRPHU Z
SODQH SRODULVHG OLJKW WRZADWGOR WRMPBY PALGH LV FDC
UHSUHVHQWHG E\ D VLIQ RWGSHHRUYHGL W\WVWXOH B HW W F
6LPLODUO\ WKH LVRPHU ZKLFK URWDWHYV WKH SODQH RI
VLGH LV CF-DIOYORHR Q& RY\UHSUHVHQWHG E\ D VLIJQ RU
WKH OBWMIRUH LWV QDPH

[IDFWLF DFLG ZDV WKH ILUVW FRPSRXQG ZKLFK ZDV VWX
RSWLFDO LVRPHULVP W FRQWDLQV RQH DV\PPHWULF F
RSWLFDO DFWLYLW\ 7KH HOQODQWLRPHUV RI ODFWLF DFL
PROHFXOH DUH VKRZQ LQ )LJ

ODFWLF DFLG (QDQWLRPHUYV 1RQ VXSHULPSRVDEOH
)LJ (QDQWLRPHUV DQG WKH QRQ VXSHULPSRVDEOH PROHFXO

,Q ODFWLF DFLG WKH FHQWUDO FDUERQ DWRP LV DWWL
VXEVWLWXHQWYV 2¥LDQG &2+ ZKLFK DUH DUUDQJHG WH\
DURXQG WKH FDUERQ 7KHVH LVRPHUV EHLQJ QRQ VXSH
RI HDFK RWKHU KHQFH DUH FDOOHG HQDQWLRPHUV W)
PROHFXOH DV D ZKROH LV FKLUDO UDWKHU WKDQ SRVVE
,W KDV EHHQ VXJJHVWHG WKDW LW LV PRUH DSSURSULD
W\SH DV VWHUHRJHQLF FHQWUH DV PHOQWLRQHG HDUOLF

$FFRUGLQJ WR ,83%& UXOHV WKH WHUP FKLUDO FHQWU'
QRWDWLRQ 7KH HQDQWLRPHUV RI EXWDQ RO DUH UHS
W FDQ EH VHHQ WKDW WKH WZR DUH QRQVXSHULPSRVD

— i 4

RO (QDQWLRPHUV 1RQ VXSHULPSRVDEOH

)LJ (QDQWLRPHUV DQG WKH QRQ VXSHULPSRVDEOH Pl
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6RPH PRUH H[DPSOHV Rl FRPSRXQGV FRQWDLQLQJ RQH DV\PPHWULF F
DWRP DUH JLYHQ LQ )LJ W VKRXOG EH QRWHG WKDW XVXDOO\ WK
FDUERQ DWRP RU WKH FKLUDO FHQWUH LV VKRZQ E\ DQ DVWHULVN PELC
FRQWDLQLQJ D VLQJOH FKLUDO FHQWUH DUH DOZD\V FKLUDO DQG OH]|
HQDQWLRPHUV $ FDUERQ DWRP IRUPLQJ D GRXEOH ERQG FDQQRW EH
FHQWUH VLQFH LW FDQQRW KDYH IRXU GLIIHUHQW VXEVWLWXHQWYV

% U +
+ &—&+— 1+ l&o &+
$ODQLQH %URPR FKORURHVWKBIQMOHWKDQRO
yLJ OROHFXOHV ZLWK RQH VWHUHRJHQLF FHQWUH

<RX NQRZ IURP \RXU SUHYLRXV FODVVHV WKDW WKH DEVROXWH FRQIL
HQDQWLRPHUV LV GHVLJ® DWW GEX &R KOBHWHMFHDIOW W KD W

IRU DVVLJQLQJ WKH FRQILIXUDWLRQ IRXU JURXSV DWWDFKHG WR WK
FDUERQ DWRP DUH JLYHQ WKH SULRULWLHY DFFRUGLQJ WR &,3 UXOH\
LV YLHZHG IURP D GLUHFWLRQ WKDW LV RSSRVLWH WR WKH JURXS JH
SULRULW\ ,1 WKH VHTXHQFH Rl RWKHY WERFMHZIVRXSV IURP

WKHQ LW L\6 DRRQUIKGDWLRQ DQG LI WKH VHTXHQFH LV DQWLFORFNZ
WKHQ LW L\6 DRRQUIKGDWLRQ )RU H[DPSOH WKH WZR HQDQWLRPHUYV
ODFWLF DFLG DUH VKRZQ LQ )LJ ZKHUH WKH SULRULWLHV WR GLIIH
VXEVWLWXHQWY DUH GHSLFWHG DORQJ ZLWK WKH FRQILIJXUDWLRQ RI

6 /DFWLF DFLG S /DFWLF DFLG
yLJ $EVROXWH FRQILIXUDWLRQ RI HQDQWLRPHUV Rl ODFWLF DFLG

,Q WKH QH[W VHFWLRQ ZH ZLOO GLVFXVV WKH PROHFXOHY FRQWDLQLQJ
FHQWUHY <RX VKRXOG SURFHHG DIWHU WU\LQJ WR DQVZHU WKH IROOR

6%4

"ULWH WKH VWUXFWXUHV Rl WKH IROORZLQJ PROHFXOHV DQG LQGLFDWH
FDUERQ V LQ WKHVH

L OHWK\O SHQWHQH LL *O\FHUDOGHK\GH

02/(&8/(6 :,7+ 7:2 &+,5%/ &(175(6

7KH VWHUHRLVRPHUV ZLWK WZR FKLUDO FHQWUHY H[LVW QRW RQO\ LQ
HQDQWLRPHUVY DV REVHUYHG LQ PROHFXOHV ZLWK RQH FKLUDO FHQWUF
VKRZ DOQRWKHU W\SH RI VWHUHRLVRPHUVY FDOOHG WKH GLDVWHUHRLVRF
KDYH SULRU NQRZOHGJH UHJDUGLQJ WKH ODWHU W\SH DOVR :H ZRXOG
GLVFXVV WKHVH WZR LQ WKLY VXEVHFWLRQ 7KHVH VWHUHRLVRPHUV EL
WZR FDWHJRULHYVY 7KHVH DUH
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% U

% U
'LEURPRSHQ

x ,VRPHUV ZLWK GLVVLPLODU VWHUHRJHQLF FHQWUHYV
x ,VRPHUV ZLWK VLPLODU VWHUHRJHQLF FHQWUHYV

+RZ GR ZH ILQG RXW WKH QXPEHU RI LVRPHUV LQ WKHVE
VXEVHFWLRQ ZH ZRXOG XQGHUVWDQG WKH ZD\ VWHUHRIL
WKHVH PROHFXOHY DQG VWXG\ WKH VWHUHRLVRPHULVP
GLVVLPLODU VWHUHRJHQLF FHQWUHYV

(QDQWLRPHUVY DQG 'LDVWHUHRLVRPHU
6WHUHRJHQLF &HQWUHYV

7TKHUH LV D JHQHUDO UXOH E\ ZKLFK WKH QXPEHU RI VW
VKRZQ E\ D PROHFXOH ZLWK WZR RU PRUH VWHUHRJHQL
$FFRUGLQJ WR LW

,Q FRPSRXQGYV ZKHUH WKH VWHUHRLVRPHULVP LV GXH W
WRWDO QXPEHU RI VWHUHRLVRP KW ZH GO LYRMWT XIDPOHWE
QXPEHU RI FKLUDO FHQWUHYV

JHW XV XQGHUVWDQG LW ZLWK WKH KHOS RI DQ H[DPSO}
FDQ EH VHHQ E\ D WZR GLPHQVLRQDO ERQG OLQH VWUX|
WZR DV\PPHWULF FDUERQ DWRPV WKHUHIRUH WKH QXPI
VKRXOG EH HTXDO WR  7KHVH LVRPHUV DUH ZULWWHQ
EH VHHQ LQ )LJ

7KH SDLUV RI HQDQWLRPHUV DUH GUDZQ E\ GUDZLQJ DQ
WKH WZR VWUXFWXUHV DV ZDV VKRZQ ZKLOH VWXG\LQJ

&+ 7 &+ &+ 7 &+
7 2
%Y %Pr—+ + %\ %or—+
Z
%H—+ 7 +——%U %Y %o—+
7
&+&+ &+ &+ &+&+ &+ &+
7 Y/
9
)LJ 6WHUHRLVRPHUV RI GLEURPRSHQWDQH

JLUVW ZH GUDZ D FRQILIJXUDWLRQ , DQG WKHQ LWV PLU!
WKH WZR VWUXFWXUHV , DQG ,, DUH QRQ VXSHULPSRVDI
SDLU RI HQDQWLRPHUV DQG ERWK RI WKHVH ZLOO EH RS
WKH EURPLQH DQG K\GURJHQ DW VHFRQG FDUERQ L H |
WIHW D VWUXFWXUH WKDW LV GLIIHUHQW IURP , DQG ,, Df
ZH ZULWH D VWUXFWXUH WKDW LV D QRQ VXSHULPSRVDI
VWUXFWXUH ,9 $V FDQ EH VHHQ VWUXFWXUH ,9 LV DOV
FDQ VD\ WKDW WKH FRPSRXQGV UHSUHVHQWHG E\ VWUX
DFWLYH FRPSRXQGV 7KH FRPSRXQGV UHSUHVHQWHG E\
DUH SDHQW ®WLRPHUYV

%XW ZKDW LV WKH LVRPHULF UHODWLRQVKLS EHWZHHQ
DQG ,,," :H FDQ DQVZHU WKLV TXHVWLRQ E\ REVHUYLQJ
VWHUHRLVIRPGEH WKDW WKH\ GR QRW KDYH D PLUURU LPDJ
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HDFK RWKHU 6XFK LVRBGRBYWBUHRANVREHGY RU GLDVWHUHRPHUYV

7KXV GLDVWHUHRPHUV FDQ EH GHILQHG DV WKH SDLU RI VWHUHRLVRPE
KDYH PLUURU LPDJH UHODWLRQVKLS ZLWK HDFK RWKHU 7KH SURSHUWL
GLDVWHUHRLVRPHUYV DUH OLVWHG EHORZ

'LDVWHUHRLVRPHUYV PD\ RU PD\ QRW EH RSWLFDOO\ DFWLYH DQG LI |
DFWLYH WKHVH KDYH GLIITHUHQW YDOXHV IRU VSHFLILF URWDWLRQ

7KHVH SRVVHVYV GLITHUHQW SK\WLFDO SURSHUWLHYV VXFK DV P S VR

'XH WR WKH GLIITHUHQFH LQ WKHLU SK\VLFDO SURSHUWLHV WKHVH
E\IUDFWLRQDO FU\VWDOOLVDWLRQ IUDFWLRQDO GLVWLOODWLRQ RL
WHFKQLTXHYV

'LDVWHUHRLVRPHUV GLIIHU LQ VRPH FKHPLFDO SURSHUWLHY DOVR
GLITHU LQ WKH UDWH RI UHDFWLRQ ZLWK WKH VDPH UHDJHQW

$QRWKHU H[DPSOH WKDW FDQ EH ORRNHG LQWR LV EURPR FKORUREX
EH VHHQ E\ WKH VWUXFWXUH JLYHQ LQ )LJ LW FRQWDLQV WZR DV\PI
DWRPV 7KHUHIRUH WKH QXPEHU RI SRVVIKEHO/HMH \WURQUHRLVRPHUYV LV

EH UHSUHVHQWHG E\ IRXU )LVFKHU SURMHFWLRQ VWUXFWXUHYV DV JLYH

&+ &+ &+ & +
+—T— % U YoH— + +—1+— % U optH— + &+<|9L+I&+&+
0,
+——8&0  &O—+ ge1+—+ +—1 g0 % &0
&+ &+ &+ &+ %URPR FKORUREXWDQH
| (QDQWLRPHUYV , ,, 'LDVWHUHRLVRPHUV /, ,,, (QDQWLRPHUV ,,, ,9
) "LDVWHUHRLVRPHUV ,, ,9
I 'LDVWHUHRLVRPHUV ,; ,,,
[ 'LDVWHUHRLVRPHUV , ,9
)LJ (QDQWLRPHUVY DQG 'LDVWHUHRLVRPHUV LQ EURPR FKORUREXWDQ

<RX FDQ SUDFWLFH GUDZLQJ WKH HQDQWLRPHUY DQG GLDVWHUHRLVRPI
RWKHU PROHFXOHV 2QH VXFK H[DPSOH LV JLYHQ DV 6%$4 DW WKH HQG
VXEVHFWLRQ ,Q WKH IROORZLQJ VXEVHFWLRQ \RX ZRXOG VWXG\ WR LG
LQ FDVH RI PROHFXOHVY WKDW KDYH VLPLODU VWHUHRJIJHQLF FHQWUHYV

OHVR &RPSRXQGV 6LPLODU 6WHUHRJHQLF &HQWUH\

'H FRQVLGHU PROHFXOHV ZLWK WZR VWHUHRIHQ[ o, . .. |ZKLFK FDL
VHW RI VXEVWLWXHQWY DW HDEK DV\PPHWULF FI | | JRRN DW
WDUWDULF DFLG L H GLK\GUR[\EXWDQHGLRLH &% * * F(FQRZ WKDYV
FHQWUHV +RZ LV WKLV VWUXFWXUH GLITHUHQwW |_"PYWDULF BFfEwxuHy

FRQVLGHUHG DERYH LQ VXEVHFWLRQ

/JHW XV XQGHUVWDQG LW E\ GUDZLQJ WKH YDULRXV SRVVLEOH VWHUHRL
DFLG <RX FDQ VHH IURP )LJ WKDW RI WKH S| 6RPH PROHF XxdHY Vb uHD Q
D SDLU RI HQDQWLRPHUV DQG ,,, DQG ,9 UHSUHY DFKLUDO HYHQVEHRXI KR |
"KHQ \RX ORRN PRUH FORVHO\ DW VWUXFWXUHV wEBéHREﬁQFWKDU%%’@WH
DUH LGHQWLFDO EHFDXVH WKHVH DUH VXSHULP| FHowuH HDFK RW
ZH FDQ VD\ WKDW WKH VWUXFWXUH ,,, LV DFKLU RQWDLQL

FHQWUHYV
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7KW HVR
FRPSRXQGV D
RSWLFDOO\ LQ
WR LQWHUQDO
FRPSHQVDWLR
PHDQV LQWHU
KDOI RI WKH P
FRPSHQVDWLQ
HIITHFW FDXVH
RWKHU KDOI
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)LJ 6WHUHRLVRPHUV RI WDUWDULF DFLG

/[HW XV H[SODLQ WKH DERYH PHOQWLRQHG REVHUYDWLRQ

7KH VWUXFWXUH ,,, SRVVHVVHVY D SODQH RI VA\PPHWU\ Z|
& & ERQG VXFKWKBHDMH&XYV RQ 2V RR@AWR 2+ DQG + R
WR *+ DV FDQ EH REVHUYHG IURP WKH VWUXFWXUHYV ,,,
UHYHDOV WKH RSSRVLWH FRQILIXUDWLRQ RI & DQG & |
LQ 8QLW WKDW LI D PROHFXOH SRVVHVVHV D SODQH RI
VDPH FDQ DOVR EH VKRZQ IRU VWUXFWXUH ,9 DOWKRXJk

&22+ &22+
+—— 2+ +2—— +
TITMTMMM MM T IRRERRR TITIIMTMMMM T T T TR YRR
+—12+ +2——+

&22+ &22+

9
6WHUHRLVRPHUVY RI WDUWDULF DFLG VKRZLQJ SODQH |

7TKXV ZH FDQ FRQFOXGH WKDW VWUXFWXUHY , DQG ,, DL
VKRZ RSWLFDO DFWLYLW\ 7KH VWUXFWXUHV , DQG ,,, ,
HDFK RWKHU $V UHJDUGY RSWLFDO DFWLYLW\ RI ,,, WK
DRWERYHERAEK®BXVH WKH VWHUHRJHQLF FHQWUHV KDYH RSSR
RSWLFDOO\ LQDFWLYH $V LV HYLGHQW WKH URWDWLRC

gﬁg\EQQHVDWHG E\ WKH URWDWLRQ RI WKH VHFRQG KDOI
RgHEM%L@SWLFDOO\ LQDFWLYH 6XFK FRPSRXQGV ZHUH
I WMLQWHUQDO O\ FRPEHYVIHMOHGHE QRZQ WR \RX WKDW QRZ \
5 BUWKH YHQ WKN RTKHHYRRPSRXQGV DUH DOZD\V DFKLUDG

RSWLFDOO\ LQDFWLYH HYHQ WKRXJK WKH\ KDYH WZR RU

<RX ZRXOG REVHUYH WKDW LQ FDVH RI WDUWDULF DFLG
SRVVLEOH 2XW RI WKHVH WZR LVRPHUV IRUP D SDLU R
RSWLFDOO\ DFWLYH ZKHU R®PBIY BVMKXE WXRSG @ ILMWREEGIU LIOW FW
FRPSRXQGV ZLWK WZR VLPLODU VWHUHRJIJHQLF FHQWUH)
RI WKH H[SHFWHG VWHUHRLVRPHUYV

,Q WKLV VXEVHFWLRQ \RX KDYH UHDG WKDW D FRPSRXQ
VKRZ RSWLFDO LQDFWLYLW\ GXH WR WKH FDQFHOODWLF
WKH PROHFXOH ZLWK WKDW RI WKH RWKHU KDOI <RX PL
VLWXDWLRQ OHDGLQJ WR RSWLFDO LQDFWLYLW\ ZKHQ D
HTXDO UDWLR DV D PLIWXUH ,Q WKH IROORZLQJ VHFWLF
WKLY FRQFHSW %HIRUH SURFHHGLQJ WU\ WR DQVZHU \
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6%4

'Ubz DOO WKH SRVVLEOH HQDQWLRPHUV DQG GLDVWHUHRLVRPHUV RI I
EXWDQRO +RZ PDQ\ RI WKHVH DUH RSWLFDOO\ DFWLYH"

5$&(0,& 02',),&%$7,216

<RX PLIJKW KDYH FRPH DFURVY UHDFWLRQV ZKHUH DQ DFKLUDO UHDFWD

IRUPLQJ FKLUDO SURGXFWYV
IRUPDWLRQ RI
IRUPHG

LQ WKH IRUPDWLRQ RI

] WKHUH LV DEVHQFH RI
D SURGXFW LQ PDMRU DPRXQW DQ HTXLPRODU PL[WXUH
JRU H[DPSOH WKH QLFNHO FDWDO\WVHG K\GURJHQDWLRQ RI EXV
EXWDQRO $V EXWDQRQH LV DFKLUDO WKH WUL

DIDFWRU WKDW F

FDUERQ\O JURXS LQWHUDFWYV ZLWK K\GURJHQ ZLWK HTXDO SUREDELOLYV
HLWKHU VLGH ZKLFK SURGXFHYVY FKLUDO SURGXFWYVY LQ HTXDO DPRXQWYV

WKH UHDFWLRQ JLYHQ LQ )LJ
EXWDQRO LV REWDLQHG

&+ &+ 2 &* &+ gt
=2 & — = +2 +
T e SN
4+ &+ &+
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, 9

)LJ

I ERWK WKH DQG HQDQWLRPHUV DUH SUHYV
URWDWHY WKH SODQH RI SODQH SRODULVHG OLJ
EHFRPHV RSWLFDOO\ LQDFWLYH EHFDXVH WKH U
EH H[DFWO\ FDQFHOOHG E\ WKH RWKHU LVRPHU
WKHDFHPLF PL[WXUH RU UDFHPDW AKRIUWHILAH RV F
H[SODLQ WKH FDXVH RI RSWLFDO L QTH{W HYLQD\OR
FRPSHQVDWLR/@HVERPSRXQGY WKDW D UH GRXHNWH
LQWHUQDO FRPSH@DIMWLRQWKDW D UDFHPLF PLJ
URWDWLRQ RI SODQH SRODULV H®LJWIKWE \DU @ VL
ZULWWHQ EHIRUH WKH QDPH )RU H[DPSOH D UI

EXWDQRO FDQ EH ZULWRMHQ &+ &+ 2 +R%WD QR

+\GURJHQDWLRQ RI EXWDQRQH IRUPLQJ HQDQWLRPHUV RI

<RX KDYH UHDG WKDW DQ RSWLFDOO\ DFWLYH P

PLIWXUH RI WKH WZR HQDQWLRPHUYV

EXWDQR (

DPRXQW
7DUWDULF DF QVHVGLUH

REWDLQHG 11U

VR LW ZDV DO FD OH
UDFHPLF DFLG ﬁ SL“ﬁ
UDFHEXVDWLQ IRU

3D EXQFK RI J WY LV
‘KHQ 3DVWHXU/HRXQG
WKDW WDUWD Wk DRLVG 2
DFWXDOO\ D P[%@UHRI

HQDQWLRPHU %
FpooHG Lw D fUDThHPLE
PLIWXUH ~

WHYV WK

SRODULVHG OLJKW ZKHQ LW LV SDVVHG WKURXJK LWV VROXWLRQ 7KH F
DERYH UHDFWLRQ ZLOO VKRZ QR QHW RSWLFDO URWDWLRQ FDQ EH HI[S

)LJ $V FDQ EH VHHQ ILUVW D EHDP RI
PROHFXOH RI RQH LVRPHU RI

SODQH SRODULVHG OLJKW H
EXWDQRO D FKLUDO PROHFXOH

)LJ

FDXVHV D VOLJKW URWDWLRQ RI WKH SODQH RI SRODULVDWLRQ )LJ
JHWV FDQFHOOHG ZKHQ WKH OLJKW LQWHUDFWY ZLWK D PROHFXOH RI C

R EXWDQRO )LJ F

DQG QR QHW URWDWLRQ LV REVHUYHG

)LJ



%ORFN 6WHUHRFKHPLVW!I

PLIWXUH RI WZR LVRPHUV LV LQ XQHTXDO DPRXQWYV D (C
SODQH SRODULVHG OLJKW ZRXOG EH REVHUYHG DV VKR:

A A

&+ + &
S RPN, | I W -
\ 2+ +2
&+ + &
5 %N XWDQBRWDWLRQ %XWDQUROQHW URWDW—I—\BQJRWDWLRQ
D E F G H
)LJ 5RWDWLRQ RI SODQH SRODULVHG OLJKW E\ D PL[WXU

$OWKRXJIJK VHYHUDO PHWKRGY DUH QRZ SUHYDOHQW IRL
HQDQWLRPHULFDOO\ SXUH SURGXFWV \HW ODUJH QXPEH
REWDLQHG E\ UHVROXWLRQ RI UDFHPDWHYVY /HW XV ILUV
IRUPHG DIWHU ZKLFK ZH ZRXOG IRFXV RQ WKHLU UHVRO
WKH QH[W VXEVHFWLRQ

JRUPDWLRQ RI 5SDFHPLF OL[WXUHYV

$ UDFHPLF PL[WXUH LV IRUPHG E\ DQ\ RI WKH IROORZLQ.

L %\ PL[LQJ D SDLU RI HQDQWLRPHUV LQ HTXLPRODU UL
RI PROHV RI WKH HQDOWWROMNHUY PREOHWDRI RO DQG

PROHV EXWDQ RO PROH RI D UDFHPLF PL[WXUF

REWDLQHG 7KH SURFHVYV FDQ EH GHSLFWHG DV IROO

$GG HTXDO DPRXQWYV
\\//\\ WRIHWKHUSDFHP LF
%XWDQ 5RO %XWDQ RO _ %XWDQ RO
2SWLFDOO\ DFWLZSHWLFDRR®\ DFWLYH PRO 2SWLFDOO\ L

LLBURGXFWLRQ RI D FKLUDO FHQWUH IURP DQ DFKLUDO
2QH H[DPSOH RI WKLV W\SH RI UHDFWLRQ KDV EHHQ C
H[SODLQHG LQ )LJ ZKLFK LQYROYHV WKH UHGXFWL
VLPLODU H[DPSOH FDQ EH WDNHQ DVRWSURBIWQRLWLF
DFLG S\UXYLF DFLG LQ ZKLFK WZR LVRPHUV RI ODFW

UDWLR ,Q WKLV UHFWLRQ K\GURJHQ LV DGGHG D
GRXEOH ERQG DQG WKLY FDUERQ DWRP QRZ EHFRPHYV
DWRP 6LQFH WKHUH LV HTXDO SUREDELOLW\ RI DGGL
VLGH RI WKH SODQH RI FDUERQ\O JURXS D PL[WXUH |
SURGXFHG LQ HTXDO UDWLR ZKLFK LV D UDFHPLF PLJ\

EHORZ
2+
&+4ﬂg7&2+ 5DQH\1LFEHQJ&+7&22
3\UXYLF DFLG rIDFWLF DFLG

6RPH PRUH H[DPSOHV LQYROYLQJ VXFK UHDFWLRQV D
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+\GURJHQDWLRQ R$Q@ORKIQHYO DONHQH RQ FDWDO\WLF K\GURJHQDWL
DOVR JLYHV WKH PL[WXUH Rl WZR HQDQWLRPHUV RU FDQ EH VDLG WK
PLIWXUH LV REWDLQHG DV VKRZQ LQ WKX :ROORZLQJ HTXDWLRQ

SFKLUDO 5 6

6\QWKHVLV RI . DPBQR IDFAHBWKRG ZKLFK LV XVHG IRU WKH
VIQWKHVLV RI . DPLQR DFLGVY SURGXFHV D UDFHPLF PL[WXUH ,W LQ"
UHDFWLRQ RI DQ DOGHK\GH HJ DFHWDOGHK\GH ZLWK DPPRQLD DQ
F\ADQLGH WR JLYH DPLQRSURSDQHQLWUYULOH ZKLFK RQ K\GURO\VLV JlL
DODQLQH

l+ &+
+2 g KHDW +
&+ &+2 1+ +&EF—> &+ &+ — 5L > _
N 2+ 22&— &+ 1+
&1
$FHWDOGHK\GH $PLQRSURSDQHQLWULOH $0DC

LLL S5DFHPLOVHFWEBRR PL[WXUH LV DOVR IRUPHG E\ WKH SURFHVV RI
UDFHPLVDWLRQ ZKLFK LQYROYHV WKH FRQYHUVLRQ RI DQ RSWLFDOO
FRPSRXQG LQWR D SDLU RI HQDQWLRPHUV E\ XVLQJ KHDW OLJKW RU
UHDJHQW $ FRPSRXQG FDQ EH UDFHPLVHG XQGHU D JLYHQ VHW RI FF
E\ VRPH VSHFLILF UHDJHQW ZKLFK GHSHQGV XSRQ WKH QDWXUH RI W
FRPSRXQG )RU HIDPSOH UDFHPHQBW L RIQYBBRIOQRFHEF XU E\

FRPSRXQGV ZKLFK KDYH D FDUERQ\O IXQFWLRQ DWWDFKHG WR D FKL
$vV FDQ EH VHHQ WKH WUHDWPHQW RI DWHFOXWLRQ RI RQH LVRPHU \
EXW\OSKHQ\O NHWRQH LQ DTXHRXV HWKDQRO ZLWK DFLG RU EDVH Ot
FRPSRXQG WKDW ORVHV LWV RSWLFDO DFWLYLW\ VKRZLQJ WKDW WK
UDFHPLVHG DV JLYHQ EHORZ

+ & 2 + & 2 + &

2
\ [l AN [l \ [l
e— &8+ 2P RUZ &— & &+ — & &+

“\\\ ‘\\\ “\\\
+ & + & + ‘
+ + & +

5 VHEBOXWNOSKHQ\O NHWRQHPRBXWN\OSKHQ\O NHWRQH
7KLV LV H[SODLQHG E\ WKH IRUPDWLRQ RI HQROLF VWUXFWXUH LQ WI
HQRO RQ UHYHUWLQJ EDFN WR WKH NHWR IRUP JLYHV HTXDO DPRXQV

HQDQWLRPHUV 7KH PHFKDQLVP RI DFLG DQG EDVH FDWDO\VHG HQRO
EH VKRZQ DV JLYHQ LQ )LJ

$FLG &DWDO\VHG (QROLVDWLRQ

C:
2
+ & /Z/N +—|- +& (_Az_+ + & 2+

AN &/ — AN /
. &— — o —= & —2— +
. ‘j& v & ~ g+ |+

(QRO DFKLUDO
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%DVH &DWDO\WHG (QROLVDWLRQ
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'\, 2+ (QRO DFKLUDO

&RQYHUVLRQ RI (QRO IRUP EDFN LQWR WKH .HWR IF
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/8::8\ 2
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(QRO DFKLUDO 4 gp’i&/&\&+ = L &+
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)LJ OHFKDQLVP RI DFLG DQG EDVH FDWDO\VHG HQR

‘H FDQ DOVR HQ® XBHPILWK DJWXUH LQ D HWKHBLIFDO UHL
WKH VWDUWLQJ PDWHULDRO HYDPS\WHF D/OX(E V BVEW/IXYWHL R Q
D WHUWLDU\ DON\O KD O IS®HW KR D KO HDGBO/RW\R 6MKH IRUP
UDFHPLE PL[WXUH :K\" <RX KDYH VWXGLHG WKDW LQ V
LV IRUPHG WKURXJK D SODQDU LQWHUPHGLDWH WKH |
EH DWWDFNHG E\ D QXFOHRSKLOHOIN@PREDKEWUDY ZHOO
UHDFWLRQV JRPIORKDQUVE® DOVR SURGXFH UDFHPLF PL|
H[DPSOH LV VKRZQ LQ WKH IROORZLQJ UHDFWLRQ

%U&+

6, 5HDFWLRQ

2QH HQDQWLRPHU OHWK\OKH[D® RGBWK\OKH[DQ RO
5DFHPLVDWLRQ LV QRW D GHVLUHG SURFHVV ZKHQ ZH
SDUWLFXODU HQDQWLRPHU $V \RX DUH DZDUH PRVW
IRRGVWXIIV GUXJV IODYRXULQJ DIJHQWV SHUIXPHV D
PDWHULDOV XVXDOO\ VKRZ WKHLU GHVLUDEOH RU EHQ
HQDQWLRPHULF IRUP RQO\ ,I LQ DQ\ UHDFWLRQ D UDF
W EHFRPHV HVVHQWLDO WR VHSDUDWH WKH WZR HQD
LQYROYLQJ VHSDUDWLRQ RU HQRQXWMHRRRBIBY GLLW F O \D\OLHX
WKH PHWKRGV RI UHVROXWLRQ LW LV ZRUWKZKLOH W
SURSHUWLHV RI UDFHPLF PL[WXUHV 7KHVH DUH EULHI
VXEVHFWLRQ

SURSHUWLHV RI 5DFHPLF OL[WXUHV

7KH HQDQWLRPHUV GHSLFW ERWK VFDODU RQO\ PDJQL
PDJQLWXGH DV ZHOO DV GLUHFWLRQ SURSHUWLHV 7Kl
SRLQW ERLOLQJ SRLQW VROXELOLW\ LQ DFKLUDO VROY
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LQIUDUHG ,5 VSHFWUD 5DPDQ VSHFWUD XOWUDYLROHW YLVLEOH VSHF
ODJQHWLF 5HVRQDQFH 105 QRQUHVRQDQW ; UD\ GLIIUDFWLRQ SDWWH!
IRXQG WR EH WKH VDPH IRU HQDQWLRPHUV 1RQVFDODU SURSHUWLHV V
FKLURSWLFDO SURSHUWLHV LQWHUDFWLRQ ZLWK RWKHU FKLUDO VSHFI
DFWLYLWLHV GLIIHU LQ PRVW Rl WKH FDVHVY DQG DUH GHDOW LQ WKH VI
FRXUVH :H ZLOO EULHIO\ GLVFXVV WKH QDWXUH RI WKH UDFHPDWHV LQ
YL] WKH JDVHRXV SKDVH WKH OLTXLG SKDVH DQG WKH VROLG SKDVH I
SDUDJUDSKYV

OHOWLQJ s HWMWDUH WKUHH W\SHV RI UDFHPLF PRGLILFDWLRQV LQ FU\V
VWDWH 7KH PHOWLQJ SRLQW YDULHY GHSHQGLQJ XSRQ WKH W\SH

&RQJORPHEDWRKFRFKLUDO VSHFLHV ZLWK HQDQWLRPHUV DW
FRPSRVLWLRQ KDYH ORZHU PHOWLQJ SRLQWY WKDQ WKH LQGLYLGXD!

5DFHPLF &RPSRXQGV ZLWK HDRARXOQXO WXFEHEMWWO KDYLQJ
DQG PROHFXOHV WKH PHOWLQJ SRLQW RI UDFHPLF PRGLILFDWLRC
PHOWLQJ SRLQW WKDQ WKH LQGLYLGXDO HQDQWLRPHUV

SBVHXGRUDFHPDODWR®WLG VROXWLRQ IRUPV KDYH WKH XQLW FU\WWWDOV L
SURSRUWLRQ RI DQG IRUPY 7KH PHOWLQJ SRLQW RI WKH SVHXC(
LV DOPRVW VLPLODU WR WKH LQGLYLGXDO HQDQWLRPHUV

&U\WWDO 6KDSH ORUSKRUDIRWDOV PD\ EHORQJ WR pFHQWURV\PPHWULFT |
MQRQ FHQWURV\PPHWULFY VSDFH JURXSYV ZLWK RU ZLWKRXW DQ LQYHUYV
EHWZHHQ DWRPV UHVSHFWLYHO\ 7KH HQDQWLRPHULFDOO\ SXUH FRPSHF
GLV\PPHWULF FU\VWDOV RU QRQ FHQWURV\PPHWULF FU\VWDOV ZKLOH W
FRPSRXQGV FU\WWWDOOLVH LQ FHQWURV\PPHWULF VSDFH JURXSV ; UD\ (
VWXGLHV FDQ GLIITIHUHQWLDWH EHWZHHQ WKHVH WZR W\SHYV

'"HQVLW\ LQ VRGEGRX WRBWH/'KDW D FORVHU SDFNLQJ RI PROHFXOHV FDQ [
H[SHFWHG WR H[KLELW KLJKHU GHQVLW\ 7KHUHIRUH WKH UDFHPLF FRP
H[SHFWHG WR H[KLELW KLJKHU GHQVLW\ WKDQ WKH HQDQWLRPHUYV

6ROXELOLW\ EHKDYRRXELOLW\ RI UDFHPDWHV LV WZLFH LQ FRPSDULVR(
VROXELOLW\ RI HQDQWLRPHUV 7KLV JHQHUDOLVDWLRQ LV QRW DSSOLF
UDFHPLF PRGLILFDWLRQV DQG LV SULPDULO\ DSSOLFDEOH WR QHXWUDC
FRPSRXQGV L H WKH RQHV ZKLFK ODFN SRODU JURXSV

6SHFWURVHARS\5 DQG 105 VSHFWUD RI UDFHPLF PLIWXUHY DQG WKDW RI
VLQJOH HQDQWLRPHU DUH IRXQG WR EH VLJQLI| 7KH WMWPRFKLIUI‘D@W <R’

WKLV LQ WKH XQLW RQ VSHFWURVFRS\ GHVFULEHV D VIPPSOH
ZLWK LVRPHULH PROHFXO

&KURPDWRJUDSKLF(EBRDMIRRPHUY VKRZ GLIIHUH| HJ DOO WKH RRDSRXKEH)
EHKDYLRXU ZKHQ WKH DGVRWEHQWWLXMHFEAW WK ZLBKRU ZA WK [y
HQDQWLRPHUV E\ WKH XVH RI DFKLUDO VWDWLR "RQILJXUDWLRQ &Q B\ J4Y
VDPSOHWHURFKLUDO
SUHGRPLQDQW HQDQWLRPHU FDQ EH VHSDUDWH |y 5 yvppson ribWRLEE K
DVVRFLDWHY XQGHU DFKLUDO FKURPDWRJUDSK| LVRPHUV ZLWK IRSSRVLWH

FRQILIXUDWLRC(
,Q WKH IROORZLQJ VHFWLRQ OHW XV VWXG\ WK KLFK HQI

VHSDUDWHG IURP WKHLU UDFHPLF PLIWXUHV < FHHG DIV
WKH IROORZLQJ 6%4
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6$4

:KLFK RI WKH IROORZLQJ VWDWHPHQWY LV LQFRUUHFW
D FRPSRXQG"

D S5DFHPLF PL[WXUH RI D FRPSRXQG LV RSWLFDOO\ LQI
FRPSHQVDWLRQ RI URWDWLRQ RI WKH SODQH SRODUL

E S5DFHPLF PL[WXUHV FDQ EH REWDLQHG GXULQJ WKH -
IURP DQ DFKLUDO FRPSRXQG

F 5DFHPLF PL[WXUHV FDQ EH VHSDUDWHG E\ WKH IRUP
VDOWYV

G B5DFHPLVDWLRQ RI D FRPSRXQG LV LQGHSHQGHQW R
XVHG

6(3$5%$7,21 2) 5$&(0,& 0,:785(6
5(62/87,21

7KH SURFHVV Rl VHSDUDWLQJ D UDFHPLF PL[WXUH LQWR
HQDQWLRPHUV YL] DQG # HNMNRPXYWWRINQRAQ\DV

VLIJQLILFDQW WR JHW WKH LQGLYLGXDO HQDQWLRPHUV
FKDUDFWHULVWLF SURSHUWLHY DQG ELRORJLFDO UHDF!
LGHQWLFDO SK\VLFDO DQG FKHPLFDO SURSHUWLHV H[F
UHDJHQWY VR WKHLU VHSDUDWLRQ LV QRW SRVVLEOH E

7KH VKDSH RI
FU\WWDO GHSH
WKH WUDQVOD
UHSHWLWLRQ
VWUXFWXUDO
GHVFULEHG D
FHOO WKDW L(
QXPEHU RI IRUY
8QLW FHOO PD
RQH RU VHYHU
PROHFXOHV W
DUUDQJHPHQW
UHIOHFWYV WK
VIPPHWU\ RI W
FU\WWWDO VWU

IUDFWLRQDO FU\WWWDOOLVDWLRQ IUDFWLRQDO GLVWLOC
DPHWKRGV KDYH EHHQ GHYHORSHG IRU UHVROXWLRQ EX
 FHYWERE GHSHQGV XSRQ WKH FKHPLFDO QDWXUH RI WKH

W
L FBRRbEHUDWLRE
SDWWHUSHFKDQLFDO 6HSDUDWLRQ

ML L] N O L \AL
VVIKTT /Ny

QFYﬂ&\V_'MI-IPWKRG LV DSSOLFDEOH IRU WKRVH PL[WXUHV RQ¢
\GKQ\WHF W FU\WWDOV ZKIGAKQWKRPRHGKRYAD UMV DOV RI

DWDFHPLE PRGLILFDWLRQ FRQWDLQ WZR W\SHV RI FU\VWI
KHDFK RWKHU 6XFK FU\WWDOV FDQ EH VHSDUDWHG PHFK
RIDZIQFIKLQJ OHQV DQG D SDLU RI WZHH]HUV 7KLV PHWKF
i BYHWIHOQU ZKHQ KH VHSDUDWHG WKH FU\WWWDOV RI VRGL>
KEHSDUDWLRQ RI WKH LVRPHUV EHFDPH SRVVLEOH LQ WK

PP\ vwDOV ZHUH KHPLKHGULF DQG SRVVHVVHG GLIIHU

LV RI YHU\ OLPLWHG XVH DQG TXLWH FXPEHUVRPH DOVR
FRPSRXQGY GR QRW IRUP DV\PPHWULF FU\VWDOV WR SH
PHFKDQLFDOO\

$ PRUH XVHIXO YDULDWLRQ RI PHFKDQLFDO VHSDUDWLR
RULJLQDOO\ GLVFRYHUHG E\ *HUQH] ,I D VDWXUDWHG V
FDUHIXOO\ LQRFXODWHG ZLWK D SXUH FU\WVWDO RI RQH
ZLOO JURZ DQG DQ DSSUHFLDEOH DPRXQW RI WKDW HQTC
KHQFH VHSDUDWHG IURP WKH UDFHPLF PL[WXUH )RU HJ[I
DPPRQLXP WDUWUDWH FDQ EH FU\WWDOOLVHG IURP D VF
PRGLILFDWLRQ QRW RQO\ E\ LQRFXODWLRQ ZLWK D FU\V
LQRFXODWLRQ ZLWK 1&2RWSDUDAROH +
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,QFOXVLRQ &RPSOH[ SURBHFO®XWHRQ FRPSOH[ LV IRUPHG E\ WKH
WUHDWPHQW Rl RQH FRRE|RBKILFW KDY THEDWKW\ RU VSDFH LQ WKH
FU\WWDO ODWWLFH ZLWK D VHPROCG\F RPFRXY GRA

WKH JXHVW ILWV LQWR WKH FDYLW\ Rl WKH KRV DQG KRVYV
E\ YDQ GHU :DDOV IRUFHV DQG WKHUH LV QR FR ,,,2+ | QJ &KLU
EL QDSKWKRO ZKLFK DUH RSWLFDOO\ DFWU RG KRVW
VHSDUDWLRQ RI UDFHPLF PLIWXUHV ,Q VXFK VH ** |[rRoYHQW\
KH[DQH DUH XVHG Oe
7KH SURFHGXUH XVHG IRU VHSDUDWLRQ FRQVLYV SWUXFWXUHIRWKH UD
JXHVW DQG WKH KRVW PROHFXOH H J EL EL QDSKWRR¥ROYH
KH[DQH IRU KUV "XULQJ WKLV SURFHVV FU\\ XVLRQ FF
VHSDUDWH RXW ZKLFK DUH ILOWHUHG 7KH PRWKHU OLTXRU LV XVHG IF
WKH VHFRQG LVRPHU 7KH LQFOXVLRQ FRPSOH[ LV IRUPHG LQ WKH R

JXHVW UDWLR DQG LV UHFU\VWDOOLVHG IURP WKH VDPH VROYHQW EHQ
%LRFKHPLFDO 5HVROXWLRQ

&HUWDLQ EDFWHULD RU IXQJL FRQVXPH RQH HQDQWLRPHU VHOHFWLYHC
JURZ LQ WKH SUHVHQFH RI D UDFHPLF PL[WXUH ZKLOH WKH RWKHU UHP
FDQ EH UHFRYHUHG ODWHU 7KH VHSDUDWLRQ E\ WKLV PHWKRG LV DOP
7KH HQDQWLRPHU WKDW LV OHIW LQ VROXWLRQ LV LVRODWHG E\ IUDFW
JRU H[DPSOH D VROXWWBQLFRIDFLG LV WUHDWHG ZLWK DQ RUGLQDU\ PR
BHQLFLOOLXP WAGDHFKIFHYH UHVROXWLRQ 7KH PRXOG VHOHFWLYHO\ XWL
GHWURUWDULF DFD® HDWRBUWMDDMHFVDFLG 7KLV PHWKRG KDV VRPH
GLVDGYDQWDJHY DV OLVWHG EHORZ

x 7KH JURZWK RI VXFK PLFURRUJDQLVPV RFFXUV LQ YHU\ GLOXWH VRO
WKHUHIRUH FRPSRXQG LV REWDLQHG LQ VPDOO DPRXQWYV RQO\

x 2QH HQDQWLRPHU LV DOZD\V GHVWUR\HG DV D UHVXOW RQO\ RQH HQ
REWDLQHG GXULQJ UHVROXWLRQ

X $ VXLWDEOH PLFURRUJDQLVP LV DOVR UHTXLUHG IRU WKH SXUSRVH I
YHU\ GLIILFXOW WR ILQG DQ DSSURSULDWH PLFURRUJDQLVP IRU D SD
VXEVWUDWH

SHVROXWLRQ ZLWK (QJ\PHV

$00 HQ]J\PHVY DUH FDWDO\VWV FKLUDO DQG VWHUHRVHOHFWLYH LQ WKH
HOYLURQPHQW 6RPH HQ]J\PHV DUH KLJKO\ VHOHFWLYH ZKHUHDV RWKHU
UHFHSWLYH )RU H[DPSOH IRUPDWLRQ RI RQH HQDQWLRPHU RI D FKLUD
SKHURPRQH ZDV DFKLHYHG E\ HQODQWLRVHOHFWLYH K\GURO\VLV RI LWV
PLIWXUH )LJ 3VIDX&RPRQDV GHSDVHD3&/ WKH HQ]\PH RI

FKRLFH WR SURGXFH DOFRKRO )LJ E

{ ) = () él/\
PRO GP

SKRVSKDWH =
EXIITHU DFHWRQH H
2&20H 2+ 2&20H

,QVHFW SKHURPHQH

D E F

)LJ 5HVROXWLRQ RI UDFHPLF SKHURPRQH ZLWK 3&/
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<RX ZLOO VWX(

HQDQWLRPHULF

HIFHWWLQ 6HF

$IWHU WKH UHDFWLRQ LV FRPSOHWH WKH UHVROYHG D
HODQWLRPHULF DFHWDWH )LJ F ZKLFK LV OHIW XQ

K\GUR[\ SKHQ\OEXWDQRLF DFLG ZDV UHDFWHG ZLWK (
DFHWDWH 9% HWK\QWEXWWRDRHRWDKME HWKHU PHWKRI\
PHWK\OSURSDQH WR JLYH LWV DFHWDKNHX@UHDHAWID& D
BEORFXSNKRO ZDV IRXQG HRBKIORFGILIXUDWLRQ )LJ

2+ 2&20H

/36
3(\)\ & 1{\/\ K/\/k
OH&ZOH
+\GUR[\ SKHQ\OEXWDQ®LF BRLG
)LJ 5HVROXWLRQ RI VXEVWLWXWHG EXWDQRLF DI

&KHPLFDO OHWKRGYV

7KHVH PHWKRGV LQYROYH WUHDWPHQW RI WKH UDFHPLF
RSWLFDOO\ DFWLYH FRRSAROG GIVAURGWVEEDLU R
GLDVWHUHRLVRPHUV 7KH EDVLV RI VHSDUDWLRQ RI UDF
LV WKDW WKH GLDVWHUHRLVRPHUV KDYH GLIIHUHQW SK
HQDQWLRPHUV KDYH LGHQWLFDO SK\VLFDO SURSHUWLH!
FRQYHUWHG LQWR D SDLU RI GLDVWHUHRLVRPHUV WKH
FRQYHQWLRQDO PHWKRGV VXFK DV FU\WVWDOOLVDWLRQ
HWF 7KH SXUH GLDVWHUHRLVRPHUV DUH WKHQ WUHDW
JLYH D SXUH HQDQWLRPHU $FFRUGLQJ WR :LOHQ \
FKDUDFWHULVWLFV RI D JRRG UHVROYLQJ DJHQW DUH

6WDELOLW\ LQ XVH DQG LQ VWRUDJH
(DVH RI SUHSDUDWLRQ UHFRYHU\ UHXVH WKXV FRVYV
/IRZ PROHFXODU ZHLJKW DQG ORZ WR[LFLW\

$YDLODELOLW)\ LQ KLJK HQDQWLRPHULF SXULW\ DQG
HQDQWLRPHUYV

x 5HDVRQDEOH VROXELOLW\

X X X X

,Q RQH RI WKH ZD\V FKHPLFDO UHVROXWLRQ FDQ EH DF
GLDVWHUHRLVRPHULF VDOWY DV H[SODLQHG EHORZ

JRUPDWLRQ RI GLDVWHUHRLVRPHULF VDOWYV

7KLV PHWKRG LV PRVW VXLWDEOH IRU WKH UHVROXWLR(
EHFDXVH WKH\ FDQ HDVLO\ IRUP GLDVWHUHRLVRPHULF \
PL[WXUH RI DFLGV FDQ IRUP WZR VDOWV RQ WUHDWPHQ
7KH WZR VDOWYV ZLOO EH GLDVWHUHRLVRPHUV RI HDFK
E\ IUDFWLRQDO FU\WWDOOLVDWLRQ (DFK RI WKH VHSDL
DQ HQDQWLRPHU RQ WUHDWPHQW ZLWK D PLQHUDO DFL!
K\GURFKORULF DFLG 7KH UHVROXWLRQ SURFHVV FDQ ElI
FKDUW JLYHQ LQ )LJ

$FLG

+ 62
o %DVH > $FLG
r$FBG:::::
% $FLG
DH _*62. $FLG
% DV H

6HSDUDWHG E\ IUDFWLRQDO FU\WDOOLVDWLF

)LJ JORZ FKDUW VKRZLQJ UHVROXWLRQ E\ IRUPDWLRQ RI
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$Q H[DPSOH RI VHSDUDWLRQ RI D UDFHPLF PL[WXUH DFLG XVLQJ D FKL
JLYHQ LQ )LJ 2QH Rl WKH DV\PPHW®& VP GWUBRQ DWRPV LQ WKH
LGHQWLFDO WR DQ DV\PPHWGALFOFDWERQ® WRHA R® KHWH

DV\PPHWULF FDUERR6 VWRM LLY WHKHI PLUURU LPDJH RI DQ DV\PPHWULF
FDUERQ DWRB YQOMKH/ KHUHIRUH WKH VDOWYV DUH GLDVWHUHRPHUV VR
GLITHUHQW SK\VLFDO SURSHUWLHY DQG FDQ EH VHSDUDWHG $IWHU VHS¢
EH FRQYHUWHG EDFN WR WKH FDUER[\OLF DFLGV E\ DGGLQJ D VWURQJ I

+&0 7KH FKLUDO EDVH FDQ EH VHSDUDWHG IURP WKH FDUER[\OLF DFLG
DJDLQ
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7KH DERYH PHWKRG FDQ DOVR EH XVHG IRU WKH VHSDUDWLRQ RI UDFHF
EDVHV E\ WUHDWLQJ ZLWK RQH HQDQWLRPHU RI D VXLWDEOH DFLG 7KH
XVHG EDVHV IRU WKH VHSDUDWLRQ RI HQDQWLRPHUV RI DFLGV DUH \
+ EUXFLQH + TXLQLQH + HSKHGULQH + PHQWK\ODPLQH DQG SLI
7KH DFLGV JHQHUDOO\ XVHG IRU WKH VHSDUDWLRQ RI EDVLF FRPSRXQG

DODQLQH RU DQ\ DPLQR DFLG FDPSKRU VXOSKRQLF DFLG WDUMW
PDOLF DFLG HWF B6WUXFWXUHV RI VRPH UHVROYLQJ DJHQWY DUH JLYH ¢

6WU\FKQLQH 5 +

%UXFLQH 5 2&+ 4XLQLQH E3LFROLQH
&+ |62+
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2
(SKHGULQH OHQWK\O DPLQH &DPSKRU VXOSKRQLF DFLG

yLJ 6WUXFWXUHV RI VRPH UHVROYLQJ DIJHQWYV
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&KURPDWRJUDSKLF 6HSDUDWLRQ

<RX DUH IDPLOLDU ZLWK WKH SULQFLSOH RI FKURPDWR/
FRPSRQHQWYV RI D PLIWXUH RI FRPSRXQGV JHW VHSDUD\
GLVWULEXWLRQ EHWZHHQ WKH VWDWLRQDU\ DQG WKH P
DGVRUEHQW LV WDNHQ DV WKH VWDWLRQDU\ SKDVH LQ
DGVRUSWLRQ IRU WZR GLIIHUHQW HQDQWLRPHUV ZLOO |
WZR ZRXOG JHW VHSDUDWHG DIWHU WKH SURFHVV LV R)
WKLY SXUSRVH DUH ODFWRVH TXLQLQH VLOLFD JHO H)

7KH FKURPDWRJUDSKLF PHWKRG RI UHVROXWLRQ RI UDF
JHQHUDOO\ XQGHU WKUHH GLIITHUHQW FRQGLWLRQV

L 'LUHFW UHVROXWLRQ RI WKH UDFHPLF PL[WXUH XVLQ
PDWHUERBWDWXUDOO\ RFFXUULQJ SRO\WDFFKDULGH\
SURYLGH XVHIXO FKLUDO VWDWLRQDU\ SKDVH PDWHU
WULDFHW\O FHOOXORVH 0&7& IRUPV D YHUVDWLOH |
FRPSRXQGV H J UDFHPLF ROHILQV ELSKHQ\OV NHW
DFLGY DQG VDOWYV KDYH EHHQ UHVROYHG

LLLLUHFW UHVROXWLRQ RQ DQ DFKLUDO VROLG SKDVH X
OLTXLG SMDMHFDWLRQLF FKHODWHG PHWDO FRPSOHJ[F
WULV GLDPLQR PHWDO FRPSOH[ KDYH EHHQ UHVROYH
HIFKDQJH VHSKDGH[ GH[WUDQ FURVV OLQNHG ZLWK }
ZLWK DQ DTXHRXV VROXWLRQ RI WDUWDUDWH

LLLUHFW UHVROXWLRQ XVLQJ DQ DFKLUDO VROLG VWD)
FKLUDO UHEQHRQWYQDU\ DGVRUEHQW OLNH VLOLFD JH
VWHUHRVHOHFWLYH E\ VSHFLDO WUHDWPHQW ZLWK R

WDUWDULF DFLG DQG FDPSKRU VXOSKRQLF DFLC(
E\ HOXWLRQ ZLWK VROYHQW

*DV FKURPDWRJUDSK\ KDV DOVR EHHQ H[WHQVLYHO\ XV
VHSDUDWLRQ RI HQDQWLRPHUV ZRUNLQJ RQ WKH DERYH
GHULYDWLYHV RI RSWLFDOO\ DFWLYH DPLQR DFLGV KDY
FKURPDWRJUDSKLF UHVROXWLRQ RI UDFHPLF DOFRKROV
3DSHU FKURPDWRJUDSK\ FDQ DOVR DIIHFW SDUWLDO UH
PDWHULDO LWVHOI FDQ DFW DV FKLUDO DGVRUEHQW RL
VROXWLRQ RI RSWLFDOO\ DFWLYH FRPSRXQG VXFK DV F

LQHWLF OHWKRGYV

7KLYV PHWKRG LV EDVHG RQ WKH SULQFLSOH WKDW VRPFL
HQDQWLRPHUV ZLWK D SDUWLFXIQDW QRW JHTXIKR WERL |1 H L
LV SRVVLEOH EHFDXVH WKH DFWLYDWLRQ HQHUJ\ RI WKI|
VWDWHY LQ WKH UHDFWLRQ RI WKH UDFHPDWH ZLWK D F
WKH WZR HQDQWLRPHUV UHDFW DW iG IPIHFQWHKR®O WHB AW V
ZLWK PHQGHOLF DFLG DW D IDVWHU UDWH WKDQ WKD
DFLG LV HVWHULILHG ZLWK LQVXIILFLHQW TXDQWLW\ RI
UHVXOWLQJ PLIWXPHQQWXKRWWMKDYHHQGHODWH IRUPHG DW I
DQG LQ ODUJHU DPRXQWYV 7KH XQUHDFWHG PHQGHOLF I
HQDQWLRPHU 7KHVH DUH VHSDUDWHG DQG UHSHWLWLF



8QLW 6WHUHRLVRPHULVP RI OROHFXOHV :LWK

DOPRVW IXOO VHSDUDWLRQ ODQGHOLF DFLG FDQ EH REWDLQHG E\ Wt
WKH HVWHU REWDLQHG

<RX KDYH OHDUQW WKDW LW LV LPSRUWDQW WR VHSDUDWH D GHVLUHG
RI LVRPHUV EHFDXVH RI D VSHFLILF XWLOLW\ RI RQH RYHU WKH RWKHU
I[URP D UDFHPLF PL[WXUH LW LV HVVHQWLDO WR FKHFN WKH H[WHQW RI
LVRODWHG LVRPHU ,Q WKH IROORZLQJ VHFWLRQ ZH ZLOO GLVFXVV ZKD
SXULW\ RI WKH LVRODWHG LVRPHUV

7KH HOQDQWLRPHULF

&5,7(5,$ 2) 237,&$/ 385,7< HIFHVV RI - PHDQV

WKDW RI WKH PL[WXUH

FRQVLVWYV RI WK
<RX NQRZ WKDW UDFHPLF PL[WXUH KDV D FRPSR HQDQWLRPHU '\/EIIQDQWL

ERWK WKH W\SHV 7KH FRPSRVLWLRQ RI QRQ UDI yrnvy poc WRHKRWKHE!
FRPSRVLWLRQ GLIITHUHQW IURP ,| RQO\ RQH FRQVLVWYV RLWKEUHV}
FDOO®IY® QW LRBXQBIQWLRPHULFDRID \WHOQBHJMWLRPH| UDFHPLF IRUP [6LQFH IRU
H[FHVM#H LY GHILQHG LQ VLPSOH SHUFHQWDJH W| WKH WKDW

UDFHPLF WKH ASWLFDO
wv A LFHRIDVLQ HRD QWL R P HU URWDWLRQV FOQFHO RQH

HQWRIUM XUH DQRWKHU RQOJ WKH

:KHQ ZH FRQVLGHU WKH QXPEHU RI PROHV RI WK EI'Q(\QNVKLHV\TVUV;:TU HYW_DQ RC
H[SUHVVLRQ FDQ EH PRGLILHG DV IROORZV HODOWLRPHU HRQWULEXW

WR WKH REVHUJYHG RSWLF
URWDWLRQ 7K REVHUYH
URWDWLRQ LV [IWKHUHIRU
7KH WHUPV LQ WKH QXPHUDWRU DULVH EHFDXVH RU RQH KDAbBULPHW
PHDVXUH RI WKH GLIITHUHQFH LQ SRSXODWLRQ R| Z2XDW LW ZRXO G0yl

EHHQ LI WKH P LE
XA

HQDQWLRPH

(QDOW LRpFHARORIR QMO D QW LIRFPGIRIR W KHQD Q WL RP
W RWRDMRERWRDQWLRPHU

HOQODQWLRPHULF H[FHVV RI VLIQLILHV WKDW W FRQVLVWHG R v
HQDQWLRPHU ZRWHKESWINFDO URWDWLRQ WRDBW LW [ opQwLRPHD $v
D PLIWXUH DQG GRHOQWXAHWLARRHU 7KH HQDQ OoRQJ DV WKH FRIPMRXQG
FDQ EH FDOFXODWHG IURP RSWLFDO URWDWLRQ| LV FKHPLFDOO XULU@J IR
HQDQWLRPHULE H[FHVYV
(QD QW LLREFHEH V V REVHUNSHFURWDWLRQ DQG RSWLFDO BXULW\ ZLC
V' SHFURW CRW RIX HQ DQWVY.RPHU EH WKH VDPH

7KH HQDQWLRPHULF SXULW\ LV H[SUHVVHG DV RSWLFDO SXULW\ DOVR D
DV IROORZV

2 S W ISPOJR W' S D@y, B@h u

$ FU\VWDOOLQH HQDQWLRPHU LV RIWHQ FRQVLGHUHG RSWLFDOO\ SXUH
SRLQW DQG URWDWLRQ DUH XQFKDQJHG E\ IXUWKHU FU\VWDOOL]DWLRQ
FULWHULD RI FDOFXODWLQJ RU JHWWLQJ DQ LGHD RI WKH RSWLFDO SXL
UDFHPLF PRGLILFDWLRQ IRUPV D VROLG VROXWLRQ VLQFH LQ WKDW FD
UHVROYHG HOQDQWLRPHU PD\ QRW FKDQJH LQ HLWKHU URWDWLRQ RU PH
IXUWKHU UHFU\VWDOOL]DWLRQ $SDUW IURP VDPSOH SXULW\ WKH RSWL
DITHFWHG E\ VROYHQW SRODULW\ PRLVWXUH FRQWHQW LQ WKH VROYHC
ZDYHOHQJWK HPSOR\HG DQG WKH SRVVLELOLW\ RI KXPDQ HUURU 7KXV
GHWHUPLQDWLRQ RI HQDQWLRPHU FRPSRVLWLRQ E\ XVH RI HTXDWLRQ J
JLYH D URXJK HVWLPDWH RI WKH HQDQWLRPHU FRPSRVLWLRQ

,Q D VROXWLRQ RI D FKHPLFDOO\ QRW HQDQWLRPHULFDOO\ SXUH FRPE
RI RSWLFDO SXULW\ DQG HQDQWLRPHULF H[FHVV DUH LGHQWLFDO ,I Wk
FRQWDLQ DQ\ RWKHU FRPSRXQG H[FHSW IRU WKH VROYHQW DQG WKH \
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RI WKH SXUH HODQWLRPHU LV NQRZQ WKH HQDQWLRPHI
E\ PHDVXULQJ WKH RSWLFDO URWDWLRQ RI D VROXWLRQC
RUGHU IRU WKH RSWLFDO SXULW\ DQG WKH HQDQWLRPH
VSHFLILF URWDWLRQ RI WKH SXUH HQDQWLRPHU PXVW I
PLIWXUH VKRZLQJ D VSHFLILF URWDWLRQ RI RQH RI WKFE
DQ HQDQWLRPHULF H[FHVV RI

YRU H[DPSOH DQ HQDQWLRPHULFDO CBXIXNGRVD Y ISRHVRD
VSHFLILF URWDW®BBQ RI 2Q WKH RWKHU KDQG D VDPS

6 EXWDQRO WKDW FRQWDLQV OHVVWSWWKDQ DQ HTXLF
EXWDQRO ZLOO VKRZ D VSHFLILF URWDWLRQ WKDW LV O
JHUR 6XFK D VDPSOH LV VDLG WR KDYH DQ HQDQWLRPH

,/ D PLIWXUH RI WKH HQDQWLRPHUV RI EXWDQRO VKRZ
WKH HQDQWLRPHULE H[FHEXWDQRKCHFDQ EH FDOFXODWH

(QDQW L RIPHWV-A-——u

2Q WKH EDVLV RI WKH DERYH FDOFXODWLRQV LW FDQ E
FRQVLVWY RI UDFHPLF IRUP ZKLFK FRQWDLQV HTXDO

HQDQWLRPHUV 6R KDOI RI RU LV WKH * HQDQV
HQDQWLRPHU 7KH UHPDLQLQJ RI WKH PL[WXUH LV
BR WKH PL[WXUH LV HQDQWLRPHU DQG + HQDC

$IWHU DQVZHULQJ WKH IROORZLQJ 6%4V \RX PD\ SURFHI
PROHFXOHYV ZLWK WKUHH RU PRUH FKLUDO FHQWUHV

6$4

&DOFXODWH WKH HQDQWLRPHULF H[FHVV Rl WKH PL[WXL

PROSRUIVRPHU DQG 6 LFRRBHU RI FKORUREXWDOQH

02/(&8/(6 :,7+ 7+5(( 25 025( &+,5%/
&(175(6

<RX KDYH OHDUQW WKH JHQHUDO IRUPXOD WKDW LV DS
VWHUHRLVRPHUV LQ D FKLUDO PROHFK &B Q%ADX WLRD W B
FRPSRXQG ZLWK WKUHH VWHUHRFHQWUHVY Q FDQ KDY
QXPEHU RI VWHUHRFHQWUHY LQ D PROHFXOH LQFUHDVH
PLJKW EHFRPH PRUH FRPSOH[ /HW XV XQGHUVWDQG WK
KDYH WKUHH VWHUHRFHQWUHY E\ WDNLQJ EURPR FKC
H[DPSOH :H FDQ GUDZ HLJKW SRVVLEOH FRQILJXUDWLR:
DV VKRZQ LQ )LJ 7KHVH DUH GUDZQ LQ VXFK D ZD\ W
PLUURU LPDJH LV VKRZQ QH[W )RU H[DPSOH ,, LV WKH P
K\SRWKHWLFDO PLUURU LV VKRZQ LQ EHWZHHQ 6LPLOD
9 DQG 9, 9,, DQG 9,,, 6LQFH QRQH Rl WKH PLUURU LPDJ
WKHUH DUH IRXU SDLUV RI HQDQWLRPHUV DQG DOO WKH
DFWLYH
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PROHFXOHV ZLWK WKUHH VHWHUHKRFHOQGRIHWMPPKMW WAHUP LV FDOOHG
DERXW ZKLFK \RX ZLOO VWXG\ LQ WKH IROORZLQJ VXEVHFWLRQ

BVHXGRDV\PPHWU\

&HUWDLQ PROHFXOHY PD\ FRQWDLQ WHWUDKHGUDO FDUERQ DWRP WKD\
FRQVWLWXWLRQDOO\ LGHQWLFDO FKLUDO JURXSV DQG WZR RWKHU GLII
7KH FKLUDO JURXSV PD\ RU PD\ QRW KDYH WKH VDPH DEVROXWH FRQILJ
XV WDNH WKH H[DPSOH RI WULK\GUR[\JOXWDULF DFLG 7KH SRVVLEOH V
WKLY PROHFXOH DUH JIOYHW IKDYLWKUHH VWHUHRFHQWUHYV DV

GHSLFWHG E\ WKH QXPEHUV

DQG
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)LJ 6WHUHRLVRPHUV RI

RU

WULK\GUR[\JOXWDULF DFLG
., ZH ORRN DW WKHVH VWUXFWXUHV FDUHJIRQG\
DUH LGHQWLFDO DV WKHVH FDQ EH LOWHUFRQYHUWHG E\ D

WKH SDSHU DQG WKD W HMWRW UXKHFM\NDHMHQWHD FHQWUDO FDUERQ DWRP
LQ VWUXFWXUH ,

LW FDQ EH VHHQ WKDW
f URWDWIL

,, LV D VWHUHRFHQWUH DV IRXU GLIITHUHQW JU
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WR LW $OWKRXJK WKH WZR JURXSV YHUWLFDOO\ DWWD
VDPH IXQFWLRQDO JURXSV 7KHVH KDYH RSSRVLWH DEV
DUH UHVSRQVLEOH WR PDNH & D VWHUHRFHQWUH 7KH
LV VBN XGRDV\PPHW U Ll7K IF HQWMUMHQFH RI1 D SVHXGRDV\PF
FHQWUH LQ D PROHFXOH FDQ EH FDB 6 Q® BNOIKGERW X URP
VI\VWHP FDQ EH DSSOLHG WR SVHXGRDV\PPHWULF FHQW
OHWUWDHMBDUH XVHG WR UHSUHVHQW WKHLU FRQILJXUDWI
SDLU UHSUHVHQWHG E\ VWUXFWXUHV 9,, DQG 9,,, 7KHVI
VSHFLHVY EHFDXVH WKHVH DUH DOVR VXSHULPSRVDEOH |
WKH FDVHPRVRAMSRXQG UHSUHVHQWHG E\ VWUXFWXUH

‘KHQ RGG QXP
FKLUDO FHQW
SUHVHQW LQ

FRQVWLWXWLR
VIPPHWULF PR
WKH WRWDO Q
VWHUHRLVRPH
SRVVLEOH LV

® B6XFK PROH
SURGXFH FKLU
PHVR DFKLUD
VWHUHRLVRPH

_ DWRP & LQ FRPSRXQG 9,, RU 9,,, LV DOVR D SVHXGRDV'
BWUXFWXUHV ,,, DQG ,9 UHSUHVHQW D SDLU RI HQDQWLI

DEVROXWH FRQILIXUDWLRQ DW HDFK RI WKHLU VWHUHR
O?&,_&%EUQWUDO FDUERQ DWRP & LV QRW D VWHUHRFHQW
B MWWDHEKHG WR LW DUH LGHQWLFDO ERWK LQ WKH IXQFW
UYWHUHRFKHPLVWU\ 7KXV LQ WKLV SDLU RI VWHUHRLVR
) LIHQHUHQW JURXSV DWWDFKHG WR LW DQG WKH FRPSR Y
RXYOQHYHRFHQWUHY B6WUXFWXUHV 9 DQG 9, GR QRW UHSU
DEHBREH VXSHULPSRVHG RQ VWUXFWXUHV ,,, DQG ,9 UHVS
ERXW D KRULJRQWDO D[LV WKURXJK & 7KXV WKHUH D
WULK\GUR[\JOXWDULF DFLG D SDLU RI HQDQWLRPHUV U

U

.9 DQGPWYRVRPHUV UHSUHVHQWHG E\ VWUXFWXUHYV , F
7KH PHVR IRUPY DUH GLDVWHUHRPHUYV RI HDFK RWKHU L
HODQWLRPHUV +HQFH GXH WR WKH V\PPHWULFDO QDW.
WKHUH DUH FRQVLGHUDEO\ IHZHU WKDQ WKH PD[LPXP H
W H[LVWV LQ IRXU VWHUHRLVRPHULF IRUPV WZR RI ZKL

,9 ZKLOH WKH RWKHU WZR , DQG 9,, DUH RSWLFDOO\ L
IRUPV ,Q DOO LW FRQWDLQV WZR DV\PPHWULF DQG RQH
DWRPYV

/HW XV DJDLQ ORRN LQWR WKH PROHFXOH RI WULK\GUR]
I[IURP WKH SRLQW RI YLHZ RI FRQILIXUDWLRQ DW GLIIHUI
VWHUHRLVRPHUV RI WKLY PROHFEX®DH, WUKIDYL WHKQ@ HI® )LJ

VWHUHRFHQWUHY DV GHSLFWHG E\ WKH QXPEHUYV DQ
DEVROXWH FRQILIXUDWLRQ DW HDFK VWHUHRFHQWUH IF

7TDEOH $EVROXWH FRQILIXUDWLRQV RI WULK\GUR[\JOXWD

6WHUHRFHQWUH &RPSRXQG 1R

.9 9

» 9.4,
91

9!1 911!

6

OT

O O

5
U
6 6 5 6 6 5

5

, 1RW D VWHUHRFHQWUH VLQFH WZR RI WKH JURXSV DU
uyv BVHXGRDV\PPHWULF FHQWUH

I ZH DQDO\WH WKH VWUXFWXUHY DQG WKH DEVROXWH F
WDEOH LW FDQ EH VHH®BKDHVLEW QWHRWROHWKH\ FDQ E
LQWHUFRQYHUWHG E\ D f URWDWLRQ LQ WKH SODQH F
UHSUHVAHHHWRVDU XFWXUH
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,QQHQHUDO D PROHFXOH FDQ KDYH RQH SVHXGRDV\PPHWULF FHQWUH R
QXPEHU RI FRQVWLWXWLRQDOO\ DOLNH FKQUWO FHQWUHV LV Q DQG \
HYHQ DQG WKH PLQLPXP YDOXH LV IRXU )RU H[DPSOH WULK\GUR[
DFLGYV FDQ KDYH D SVHXGRDV\PPHWULF FHQWUH EXW WHWUDK\GUF
KDV QR SRVVLELOLW\ Rl KDYLQJ D SVHXGRDV\PPHWULF FHQWUH

<RX FDQ FKHFN \RXU XQGHUVWDQGLQJ UHJDUGLQJ SVHXGRDV\PPHWULF FHQWU'
WKH IROORZLQJ 6%4

6$4

'UDZ WKH PHVR LVRPHUV RI WULFKORURSHQWR@YH DQG LQGLFDWH WKH FRQ
SVHXGRDV\PPHWULF FHOQOWUH LQ WKH LVRPHUYV

6800%5<

/[HW XV VXPPDULVH WKH NH\ FRQFHSWV VWXGLHG LQ WKLV XQLW

$ FDUERQ DWRP ZLWK IRXU GLIIHUHQW JURXSV DWWDFKHG WR LW EHFRF
KHQFH FDOOHG D FKLUDO FHQWUH DQG JH®HUDWHY FKLUDOLW\ LQ WKH
JHQHUDWHYV VWHUHRLVRPHULVP LQ WKH PROHFXOH 7KH FKLUDOLW\ LQ
PROHFXOHV ZLWK RQH WZR DQG WKUHH FKLUDO FHQWUHV KDV EHHQ GL
XQLW

7KH PROHFXOHV OLNH PHWKDQH DQG EURPRPHWKDQH KDYH WKHLU PLU
VXSHULPSRVDEOH XSRQ HDFK RWKHU WKHUHIRUH FRQWDLQ DQ DFKLUDC
QRW VKRZ RSWLFDO DFWLYLW\ :KLOH WKH PROHFXOHV ZLWK RQH FKLUL
EURPRFKORURIOXRURPHWKDQH KDV D QRQ VXSHULPSRVDEOH PLUURU LF
VKRZV RSWLFDO DFWLYLW\ 7KH LVRPHUV REWDLQHG DUH FDOOHG WKH

RWKHU PROHFXOHY EHORQJLQJ WR WKLV FDWHJRU\ DUH ODFWLF DFLG

DODQLQH HWF

7KH VWHUHRLVRPHUV ZLWK WZR FKLUDO FHQWUHY DUH QRW RQO\ LQ Wik
HQDQWLRPHUY DV REVHUYHG LQ PROHFXOHV ZLWK RQH FKLUDO FHQWUF
DQRWKHU W\SH RI VWHUHRLVRPHUY FDOOHG WKH GLDVWHUHRLVRPHUYV |
7KH GLDVWHUHRLVRPHUV FDQ EH GHILQHG DV WKH SDLU RI VWHUHRLVR|
QRW KDYH PLUURU LPDJH UHODWLRQVKLS ZLWK HDFK RWKHU 7KH VWHU
PRUH WKDQ RQH FKLUDO FHQWUH EURDGO\ IDOO LQWR WZR FDWHJRULH
LVRPHUV ZLWK GLVVLPLODU VWHUHRJHQLF FHOWUHY DQG LVRPHUV ZLW
VWHUHRJHQLF FHOQWUHY 7KH QXPEHU RI VWHUHRLVRPHUYV LV FDOFXODYV
@ ZKHUH Q LV WKH QXPEHU RI FKLUDO FHQWUHYV

YRU H[DPSOH GLEPRPRSEXNQWPFA@BWDLQV WZR DV\PPHWULF FDUERQ
DWRPV WKHUHIRUH WKH QXPEHU Rl SRVVLEOH VWHUHRLVRPHUV VKRXO
7KH HQDQWLRPHUV DQG GLDVWHUHRPHUV Rl WKH PROHFXOH GLEURF
EH GUDZQ LQ )LVFKHU SURMHFWLRQ $QRWKHU PROHFXOH RI WKLV W\SH

EURPR FKORUREXWDQH 7DUWDULF DFLG LV WKH H[DPSOH RI D PROHF
VLPLODU VWHUHRJHQLF FHQWUHV 2QH RI WKH LVRPHUV KHUH LV SUHIL]
ZKLFK LV RSWLFDOO\ LQDFWLYH DV WKH URWDWLRQ RI RQH KDOI RI WKF
FRPSHQVDWHG E\ WKH URWDWLRQ RI WKH VHFRQG KDOI

,Q VRPH FDVHV WKH DQG HQDQWLRPHUV DUH SUHVHQW LQ HTXDO I
PLIWXUH DV D UHVXOW WKHUH ZRXOG EH QR QHW URWDWLRQ RI WKH SO
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OLJKW 6XFK D PLIWXUH EHFRPHY RSWLFDOO\ LQDFWLYH
E\ RQH LVRPHU ZRXOG EH HI[DFWO\ FDQFHOOHG E\ WKH F
D PL[IWXUH LV QDPHG WKH UDFHPLF PL[WXUH RU UDFHPD
DUH D QXPEHU RI ZzD\V RI IRUPDWLRQ RI D UDFHPLF PL[W
HODQWLRPHUVY UDFHPLVDWLRQ K\GURJHQDWLRQ RI DO

7KH SURFHVV Rl VHSDUDWLQJ D UDFHPLF PL[WXUH LQWR
HQDQWLRPHUV YL] DQG + IRUPV LV NQRZQ DV UHVF
HPSOR\HG KHUH DUH PHFKDQLFDO VHSDUBWL.RQWERGFKF
ZLWK HQ]\PHV FKHPLFDO PHWKRGV FKURPDWRJUDSKLF
PHWKRGYV

7KH HITWHQW RI SXULW\ RI WKH LVRODWHG LVRPHU IURP
IRXQG RXW E\ FDOFXODWLQJ WKH HQDQWLRPHULF H[FHV
PHDQV WKDW RI WKH PLIWXUH FRQVLVWYV RI WKH
DQG WKH RWKHU FRQVLVWY RI WKH UDFHPLF IRUP 6L
UDFHPLF WKH RSWLFDO URWDWLRQV FDQFHO RQH DQRW
WKDW FRQVLVWYV RI WKH HOQDQWLRPHU FRQWULEXWH\
7KH REVHUYHG URWDWLRQ LV WKHUHIRUH RU RQH k
EHHQ LI WKH PLIWXUH KDG FRQVLVWHG RQO\ Rl WKH |
FRPSRXQG LV FKHPLFDOO\ SXUH HQDQWLRPHULF H[FHV)
WKH VDPH

$ FRPSRXQG ZLWK WKUHH VWHUHRFHQWUHYV Q FDQ K
WKH QXPEHU RI VWHUHRFHQWUHY LQ D PROHFXOH LQFU!
VLWXDWLRQ PLIKW EHFRPH PRUH FRPSOH[ )RU H[DPSOH
SHQWDQRO FDQ EH GHSLFWHG E\ LVRPHUV &HUWDLQ P
WHWUDKHGUDO FDUERQ DWRP WKDW LV MRLQHG WR WZF
JURXSY DQG WZR RWKHU GLITHUHQW DFKLUDO JURXSV 7
QRW KDYH WKH VDPH DEVROXWH FRQILIXUDWLRQ H J W
FDVHV WKH QXPEHU RI LVRPHUV ZRXOG EH OHVV WKDQ V
DUH FRQVLGHUHG WR KDYH D SVHXGRDV\PPHWULF FHQW

7(50,1$/ 48(67,216

:KDW LV PHDQW E\ SVHXGRDV\PPHWU\" *LYH H[DPSOH
WKH SUHVHQFH RI D SVHXGR DV\PPHWULF FHQWUH

:KDW LV PHDQW E\ HQDQWLRPHULF H[FHVV" +RZ LV L
PROHV RI WKH WZR HQDQWLRPHUV RU WKHLU VSHFLIL

:KDW W\SH RI LVRPHULVP LV VKRZQ E\ WKH IROORZLC(

&22+
&+2
—t— 2+
&0
+ &—FT— &+
&+ 2+
& +

'ubz bOO WKH SRVVLEOH VWHUHRLVRPHUV IRU WKH
SURMHFWLRQ +RZ PDQ\ RI WKHVH DUH RSWLFDOO\ DF
LOQDFWLYH LVRPHU"

+ & &+ &+ &+

I I
&0 &O
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:KDW WA\SH RI LVRPHULVP LV VKRZQ E\ WKH IROORZLQJ FRPSRXQGV" ¢
5 6FRQILIXUDWLRQ WR WKH VWHUHRJHQLF FHQWUHYV

&22&+

+ q&22&+
&

+

+RZ PDQ\ FKLUDO FDUERQ DWRPV DUH JHQHUDWHG ZKHQ EURPLQH L
FLVEXWHQH 'UDZ WKH LVRPHUV REWDLQHG LQ J)LVFKHU SURMHFWLRQ

5 6FRQILJXUDWLRQ WR HDFK FKLUDO FDUER@ @WIRP 1RWH $GGLWLR
DGGLWLRQ

([SODLQ ZLWK WKH KHOS RI bQ H[DPSOH WKDW WKH IROORZLQJ VWD
DOzZD\V WUXH

3$00 PROHFXOHV ZLWK VWHUHRJHQLF FHQWUHY DUH FKLUDO"

'ubz DbOO WKH SRVVLEOH VWHUHRLVRPHUV IRU WKH IROORZLQJ FRPS
WKH RSWLFDOO\ DFWLYH DQG PHVR LVRPHUV DPRQJVW WKHVH

L &+ &+ 2+ * &+ 2+ * &+ 2+ * &+

LL &+&+%U + &+% %4 &+

$16:(56
6HOI $VVHVVPHQW 4XHVWLRQV
&+ |2+
+ 8&— J&—l&-u- =&+  &+2+ —&+& & + 2

OHWK\O SHQWHQH *O\FHUDOGHK\GH

$vV FDQ EH VHHQ IURP WKH )LVFKHU SURMHFWLRQV VWUXFWXUHV |, L

., DQG ,9 DUH HQDQWLRPHUV 7KH VWUXFWXUHV |, DQG ,,, , DQG ,
DQG ,, bQG ,9 FRQVWLWXWH D SDLU RI GLDVWHUHRPHUYVY $00 WKH I
VWHUHRLVRPHUV ZLOO EH RSWLFDOO\ DFWLYH
&+ & + &+ &+
+—T— 2+ +2—1—+ T 2+ +2—— +
+—1—&0 &ot—+ 8oH— + —1 so0
&+ &+ &+ &+

, 9

3DLU RI HQDQWLRPHUYV 3DLU RI HOQDQWLRPHUV
QRQ VXSHULPSRVDEOH QRQ VXSHULPSRVDEOH

G
H S PRO y
PRO PRO
HH PROSBV+ PRGHV * PROHYV

HH5 HQDQWLRMHWDQWLRPHY
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7KHVH DUH WKH PHVR VWHUHRLVRPHUV ZLWK SVHXGF
UDQWQRWDWLRQV

& + &+

+—T— &0 t & O

&O61T— + . & o)

— —&—+ (6] & (¢]
& + & +

6 UGS 6 V5

THUPLQDO 4XHVWLRQV
5HIHU WR VXEVHFWLRQ IRU GHILQLWLRQ DQG H[D

(QDQWLRPHULF H[FHVV WHOOV XV KRZ PXFK PRUH RI |
SUHVHQW LQ WKH PL[WXUH W LV H[SUHVVHG LQ SHU
WKH SHUFHQW HH FDQ EH FDOFXODWHG E\ GLYLGLQJ
WKH RQH HOQDQWLRPHU E\ WKH WRWDO QXPEHU RI PR
HQDQWLRPHUYV ,Q WHUPV RI PROHVY DQG VSHFLILF UR
E\ WKH IROORZLQJ IRUPXODH

(QDQWUE—F{HH\VRVROR'RQHHQDQWLPIRDO-IMRWH}QDQWULRpHU
W RRVFDARIZ R\WR D QWL RP HU
2SWLEDORWRS D@\ D@y u

%RWK WKHVH FRPSRXQGY VKRZ RSWLFDO LVRPHULVP
DUH FKLUDO FHQWUH VR D SDLU RI HQDQWLRPHUV LYV

—— 2+ +2—1— + &+2 & +2
+ &—T— &+ + &—T— &+ &0 & +
&+ &+ &+ 2+ &+2+

7TKHRUHWLFDOO\ IRXU SRVVLEOH FRQILIJXUDWLRQV
WKHUH DUH WZR FKLUDO FHOQWUHY SUHVHQW LQ WKL\

&+ & + &+ &+
+—r—&O0 &O1T— + +—T1— &0 &OST— +
&S+—+ +—T— &0 +—1— &0 &OT—+
&+ &+ &+ &+
6WUXFWXUHYV , DQG ,, DUH QRQVXSHULPSRVDEOH PLL

ERWK RI WKHVH ZLOO EH RSWLFDOO\ DFWLYH 6WUXF!
VXSHULPSRVDEOH PLUURU LPDJHVY DQG FRQWDLQ D S¢
DUH LGHQWLFDO PROHFXOHY DQG UHSUHVHQW D PHV|
RSWLFDOO\ LQDFWLYH

7KH WZR JLYHQ VWUXFWXUHY DUH HQDQWLRPHUV EH
VXSHULPSRVDEOH PLUURU LPDJH RI HDFK RWKHU 7KF

HDFK VWHUHRJHQLF FDUERQ LV VKRZQ EHORZ
&22&+

+ &
&+
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7TKH DQWL DGGLWLRQ RI EURPLQH WR FLV EXWHQH FDQ EH VKRZQ D

FKLUDO FHOQWUHY DUH JHQHUDWHG 7KH WZR SURGXFWYV IRUPHG , DC
DUH HQDQWLRPHUYV

&+

9 6
/0 +—T— %U

6
UtH2— +

&+

%u&+ % U &+
+ %o +
- 5 = .
&7 L4 + +——%U
+IA) % U &+

&RPSRXQGV FRQWDLQLQJ RQH VWHUHRJHQLF FHQWUH DUH DOZD\V FI
PROHFXOHVY FRQWDLQLQJ PRUH WKDQ RQH VWHUHRJHQLF FHQWUH PD
WR LVRPHUV RI WDUWDULF DFLG LQ VXEVHFWLRQ

L 7KLV FRPSRXQG FRQWDLQV WKUHH FKLUDO FHQWUHY KHQFH WK
RI SRVVLEOH LVRPHWIVZLNOO WKH HLJKW FRQILIXUDWLRQV DV LQ )l
IRU WULK\GUR[\JOXWDULF DFLG <RX ZLOO ILQG WKDW RQO
VWHUHRLVRPHUY DUH RSWLFDOO\ DFWLYH DQG WZR DUH PHVR FRF

LL 7KLY FRPSRXQG FRQWDLQV WZR FKLUDO FHQWUHY ZKLFK DUH G

VR IRXU VWHUHRLVRPHUV DUH SRVVLEOH 7KH\ IRUP WZR SDLUV R|
DOO DUH RSWLFDOO\ DFWLYH

&+ % U &+ % U &+ &+
+—T1T— %U %oHT— + +—T1— %U YoT— +
+—1—%U Yrb— + Yr— + +—1—%U

& + &+ &+ &+
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&21)250%$7,21
6,:0(0%(5(' 5,

6 WU X
,QWUR( TULVXEVWLWXWH
([SHFWHG /HDUQL! &RQIRUPDWLRQV D
%DVLF $V¢ &\FORKH
&RQIRUP &RQIRUPDWLRQV D
&\FORKHIL

'LKHC $QJOH DQG
7TRUVLRQC &RQIRUPDWLRQV D
'"HFDOLQV DQG

&RQIRUPILQ "HEDOROQHYV

1RQF\FOLF

BVDE RI &\FORDONDQHY HFDPOLQV
&RQIRUPDWLRQV D ‘HFBOEF D O
&\FORKH 6XPPDU\
&RQIRUPDWLRQV R 7HUPLQDO 4
ORQRVXEVWLWXW H $QVZHUV

'LVXEVWLWXWHG

,1752'8&7,

,Q WBUHY XQLWIZHFXVVHG WKH VWHUHRFKHPL\
DQG PRUH WKDQ RQ<RX VWXGLHG WKH IRUP
SURGXFWYVY DQG GLIITHUHQW PHWKRGV RI VHS R
IDU \RX KDYH VWXGLHG DERXW FRQILIJIXUDWLRC
LVRPHUV WKDW DUH VWHUHRLVRPHUHG ZLWKRXW
EUHDNLQJ DW OHDVW RQH FKHPLFDO ER!
FRQIRUPDWLRQDO LVRPHUV WKH VWHUHRL
ZLWKRXW EUHDNLQJ

<RX DUH IDPLOLDU ZLWK WKH FRQIRUPDWL OLNH
HWKDQH WKH RWKHU DONDQHV L: H ZRXOG Ul
EDVLF DVSHFWV RI FLWLQJ WKH VLPSOH PROF
OROF\FOLF
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7KH JHQHUDO VWHUHRFKHPLVWU\ Rl F\FORDONDQHYV ZLOO EH GLVFXVVH
ZH ZLOO GLVFXVV LQ GHWDLO WKH FRQIRUPDWLRQDO LVRPHUV DQG WKH
F\FORKH[DQHV F\FORKH[HQHV DQG F\FORKH[DQRQHV 7KH XQLW DOVR G
FRQIRUPDWLRQV DQG VWDELOLW)\ RI IXVHG KH[\O ULQJV YL] GHFDOLQV
GHFDORQHYV

([SHFWHG /HDUQLQJ 2XWFERPHYV

$IWHU VWXG\LQJ WKLV XQLW \RX VKRXOG EH DEOH WR
™ H[S ODULAQ W K H E DV L F DV SHFWYV R |1 f
™ G HVFULEH W K H VWHUHRFKHPLVWU\

™ GUDZ WKH FRQIRUPDWLRQDO LVRPHUV RI F\FORKH[DQH DQG VXEVW
F\FORKH[DQHYVY DQG H[SODLQ WKHLU VWDELOLW\

™ GUDZ WKH FRQIRUPDWLRQDO LVRPHUV RI FA\AFORKH[HQHY DQG H[SOD!
VWDELOLW\

™ GUDZ WKH FRQIRUPDWLRQDO LVRPHUV RI F\FORKH[DQRQHY DQG
KDORF\FORKH[DQRQHYVY DQG H[SODLQ WKHLU VWDELOLW\ DQG

™ GUDZ WKH FRQIRUPDWLRQDO LVRPHUV RI GHFDOLQV GHFDOROV DQ(
DQG H[SODLQ WKHLU VWDELOLW\

%$6,8 $63(&76 2) &21)250$7,216

<RX KDYH UHDG LQ \RXU XQGHUJUDGRROYIHRBRIWY 7KH VSDWLDO | WHUP

UHODWHYV WR WKH GLIIHUHQW VSDWLDO DUUDQJ} DUUDQJHPHQ BWRPV
DULVH WKURXJK URWDWLRQ DERXW WKH VLQJOH| PWRPV RU JURX3WHIHE |
DOVR VWXGLHG WKH FRQIRUPDWLRQV LQ FDVH R EES:*RFUXPODHWZ; \JL:IQ(%’%H
DONDQHV DQG F\FOLF PROHFXOH OLNH F\FORKH| \,\whEOH ROHV QRZLQ
XV UHORRN LQWR VRPH Rl WKH EDVLF DVSHFWV | Norzo DV FROIR@MHWAKE
XQGHUVWDQGLQJ WKH VWHUHRFKHPLVWU\ RI PR{ RU FRQIRUPDWEWLRJI FF

LVRPHULVP LVRPHUV
'LKHGUDO $QJOH DQG 7RUVLRQ $QJOH

JURP 8QLW \RX ZRXOG UHFDOO WR GUDZ WKH 1HZPDQ SURMHFWLRQV R
DQG WKH ZD\V Rl FRQYHUWLQJ WKHVH IRUPV WR VDZKRUVH SURMHFWLR
SURMHFWLRQ IRUPXODH DUH PRVW XVHIXO IRU VWXG\LQJ WKH FRQIRUPI
PROHFXOHV :KLOH REVHUYLQJ WKH 1HZPDQ SURMHFWLRQ \RX ZRXOG U
DQJOH IRUPHG EHWZHHQ D & + ERQG RQ WKH IURQW FDUERQ DQG D & +
EDFN FDUERQ LV UBIHHGEHD WARX@VORI IHUHQW FRQIRUPDWLRQDO
LVRPHUV DUH QDPHG GHSHQGLQJ XSRQ WKH GLKHGUDO DQJOH ZKLFK LV
WRUVLRQLDQWE&H PROHFXOH ,W LV WKH DQJOH EHWZHHQ IURQW UHIHUH
DQG WKH EDFN UHIHUHQFH JURXS LQ D IRXU DWRP FKDLQ ,W FDQ EH E|
UHSUHVHQWHG DV WKH DQJOH EHWZHHQ WZR SODQHV + & & DQG & &
IRUPHG E\ WZR FDUERQ DWRPV DQG WZR K\GURJHQ DWRPV DV VKRZQ LQ
W LV GHVFULEHG DV SRVLWLYH LI WKH GLUHFWLRQ RI DQJOH IURP WKF
EDFN JURXS LV FORFNZLVH DQG LW LV FDOOHG QHJDWLYH LI WKH GLUH
ZLVH DV VKRZQ LQ )LJ E 7KH WIRWRULR@R QO ROQOWKMPR QY WR
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PROHFXOH 7KH pWRUVLRQDO VWUDLQY LV FDXVHG E\ QF
DWRPV RU JURXSV WKDW DUH FRYDOHQWO\ ERQGHG DQC
PROHFXOH ,W GHSHQGV XSRQ KRZ FORVH WKH DWRPV R
7KXV LW FDQ EH FRQWL@GMHUWBHRERW R FXOWD I DWW DDVR EHHQ
FDO O H3L WKH VRMRIQ® RSSRVLWLRQ VWUDLQ

'LKHGUDO DQJOH 7RUVLRQ DQJOH
+

/\~& +
&BANZIVH YH
$QWLFOR YH
+
E
)LJ 'LKHGUDO DQJOH LQ D IRXU DWRP FKDLQ

'H ZLOO OHDUQ WKH QDPHV XVHG IRU GLIITHUHQW FRQIRI
WKH WRUVLRQDO DQJOH ZKLOH VKRZLQJ WKH FRQIRUPD!'

<RX NQRZ WKDW WKH FRQIRUPHUYVY DUH IRUPHG GXH WR |
ZKLFK LV JHQHUDOO\ WDNHQ WR EH D VSRQWDQHRXV pnll
URWDWLRQV DUH QRW DFWXDOO\ IUHH DQG LQYROYH V
H[SHULHQFH HQHUJ\ EDUULHUVY FDOOHG WRUVLRQDO VW
UHVSRQVLEOH IRU WKH WRUVLRQDO VWUDLQ LQ WKH ER
URWDWLRQ DURXQG & & ERQG 7KH VWDELOLW\ RI GLIIHL
SUHGLFWHG E\ GUDZLQJ D JUDSK EHWZHHQ WKH HQHUJ\
FRQIRUPDWLRQV ZKLFK DUH VHHQ DW WKH ORZHVW YDO
FXUYH DUH FHFREORGPRIWNYKRKEIRUPDWLRQDOHLXIRPPBI UV
UHYLVH DQG GLVFXVV WKH FRQIRUPHUV LQ QRQF\FOLF C
VXEVHFWLRQ

&RQIRUPDWLRQV LQ $F\FOLF $ONDQHYV

7KH FRQIRUPDWLRQDO LVRPHUV DUH REWDLQHG DV D U}
VR IUHH DURXQG D FDUERQ FDUERQ VLQJOH ERQG $ PR
QXPEHU RI FRQIRUPDWLRQV &KDQJLQJ WKH FRQIRUPDW
URWDWLQJ DERXW ERQGVY EXW QRW EUHDNLQJ WKHP $¢
PROHFXOH DUH JHQHUDOO\ UHDGLO\ LQWHUFRQYHUWLE¢
UHSUHVHQW WKH VDPH PROHFXOH

7KH HQHUJ\ EDUULHU DVVRFLDWHG ZLWK FKDQJH RI RQH
XVXDOO\ ORZ IRU VLPSOH DONDQHV )RU H[DPSOH LW FI

. +

+
+ +
N+
+ + + +

6WDJJHUHG (FOL

BWDJJHUHG DQG (
FRQIRUPDWLRQV L

RU N- PRO IRU XQKLQGHUHG DONDQHV <RX KDYH UF
HWKDQH WKDW WKH VWDJJHUHG FRQIRUPDWLRQ KDV PL(
FRQIRUPDWLRQ KDV PD[LPXP HQHUJ\ ,Q IDFW LQ JHQHU
PRVW Rl WKH DF\FOLF PROHFXOHV <RX KDYH UHDG DER

Lol MAXFKH QRWDWLRQV IRU WKH UHSUHVHQWDWLRQ RI WKF
CHYERDQHY /HW XV UHFDOO WKH VLPSOH H[DPSOH RI HWK

DUH DQ LQILQLWH QXPEHU RI FRQIRUPDWLRQV 7KHVH O
GUDZLQJ SRWHQWLDO HQHUJ\ YHUVXV WRUVLRQ DQJOH
yLJ 7KH WZR H[WUHPH FRQIRUPDWLRQV LQ WKH FDVH
VWDJJHUHG DQG HFOLSVHG FRQIRUPDWLRQV 7KH ILIXU
EHWZHHQ K\GURJHQV RQ DGMDFHQW FDUERQV LQ WKH p
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6WDJJHUHG (FOLSVHG 6WPJLEVHG 6WDJJIHWHGVHG
)LJ SRWHQWLDO HQHUJ\ YV WRUVLRQ DQJOH SURILOH IRU FRQIRUPDWLRQV

,Q WKH FDVH RI SURSDQH DV H[SHFWHG ODUJHU UHSXOVLYH LQWHUDF)
HFOLSVLQJ K\GURJHQ DQG PHWK\O JURXS LV REVHUYHG GXH WR D ODUJ
:DDOV UDGLXV RI WKH PHWK\O JURXS WKDQ D K\GURJHQ DWRP )LJ

& + &+
7@
+ +
+
+g+ ¥ +
6WDJJHUHG (FOLSVHG
¥

)LJ 6WDJJHUHG DQG (FOLSVHG FRQIRUPDWLRQV RI SURSDQH

CQREXWDQH YDULRXV FRQIRUPDWLRQV DUH SRVVLEOH E\ WKH URWDWLR(
DQG & ERQG 7KHVH DUH OLNH WKRVH IRU HWKDQH DQG SURSDQH YL]

GHIJHQHUDWH VWDJIJHUHG DQG HFOLSVHG FRQIRUPDWLRQV +RZHYHU LQ
DUH WZR DGGLWLRQDO VWDJIJHUHG DQG WZR HFOLSVHG FRQIRUPDWLRQ
PLQLPD DQG PD[LPD GR QRW UHPDLQ HTXDO LQ PDIJQLWXGH 7KHUHIRUH
QRWDWLRQV DUH UHTXLUHG IRU PROHFXOHYVY OLNH EXWDQH DV VKRZQ L
GHSHQG RQ WKH WRUVLRQ DQJOH RI URWDWLRQ IRU WKH FRQIRUPDWLR

$V PHQWLRQHG DERYH URWDWLRG BEREBQ® VEKMW B A8 WDNO &+

WR "WRUVLRQ DQJOH ,I WKH & & ERQG TH)Y BUEXWDQH LV URWDWHG E\
WLPH WKHUH DUH VL[ FRQIRUPDWLRQV ZKLFK SRVVHVV ORZHU OHYHO R
HQHUJ\ DV VKRZQ LQ )LJ D 7KHVH FRQIRUPDWLRQV DUH QDPHG

H6\QSHUL SO0 PODXNRKHIFOLSVHBIWLY RU pDQWLSHULSODQDUT
LHFOL®VHIDIXFKHY DQG UHWXUQLQJ EDFNRWRWIVWQRULSODQDUY DIWHU

7KH FRQIRUPDWLRQV DUH QDPHG SHULSODRDY ZKHQ WKH WRUVLRQ DQJ
EXW WKH\ DUH SUHIL[HG E\ WKH WHUPV V\Q RU DQWL UHVSHFWLYHO\ 6
FRQIRUPDWLRQ LV DOVR HFOLSVHG FRQIRUPDWLRQ DQG VRPHWLPHV FD
HFOLSVHGY 7KH SRWHQWLDO HQHUJ\ GLDJUDP IRU WKH FRQIRUPHUV LV
E /RRNLQJ DW WKH HQHUJ\ GLDJUDP \RX ZRXOG REVHUYH WKDW WKH
RUDQMRQIRUPDWLRQ KDV WKH PLQLPXP HQHUJ\ WKHUHIRUH LW LV WKH
FRQIRUPDWLRQ ,Q WKLV FRQIRUPDWLRQ DOO WKH DWRPV JURXSV DUH
UHVSHFW WR RQH DQRWKHU DQG WKH WURXGNUDHUNW JURXSV L H WKH
VHSDUDWHGWRUVLRQ DQJOH
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6\QSHULSODQDU *DXFKHFOLSVHG $QWLSHULSODQDUWYFOLSVHG *DXFKH

(FOLSVHG

GHJUHH

)LJ D &RQIRUPDWLRQV RI Q EXWDQH E 3RWHQWLDO HQHU

7KH FRQIRUPDWLRQV RI ORQJHU XQEUDQFKHG K\GURFD
FRPSOLFDWHG ZLWK LQFUHDVH LQ WKH QXPEHU RI FDUE
FRQIRUPDWLRQV IRU SHQWDQH DQG WU\ WR DQVZHU WK
VHFWLRQ

W LV QRW DOZD\V WKH DQWL FRQIRUPDWLRQ ZKLFK LV |
,Q VRPH FDVHV WKH JDXFKH FRQIRUPDWLRQ FDQ EH PRI
RWKHU IDFWRUV )RU H[DPSOH LQ HWK\OHQH JO\FRO HYV
FRQIRUPDWLRQ EHFRPHY PRUH VWDEOH GXH WR K\GURJ
K\GURJHQ DWRP RI RQH K\GUR[\O JURXS DQG R[\JHQ DWHEF

VHHQ LQ )LJ ,Q WKLV FDVH WKH LQWUDPROHFEXODU
WKH WRUVLRQDO VWUDLQ VWHULF IDFWRU DQG UHSXOV
2+ 2/;'—
i
[}
+ 22—+
+ +
2+ T
$QWL *DXFKH
)LJ $QWL DQG *DXFKH FRQIRUPDWLRQV RI HWK\OHC

'H ZLOO QRZ GLVFXVV WKH EDVLF DVSHFWV RI WKH VWU
ZLOO KHOS LQ XQGHUVWDQGLQJ WKH VWHUHRFKHPLVWU
WKHVH PROHFXOHV %HIRUH SURFHHGLQJ WU\ WR DQVZF

6$4

'UDZ WKH FRQIRUPDWLRQV IRU SHQWDQH DQG LQGLFDW|
FRQIRUPDWLRQV
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<RX KDYH UHDG WKDW DF\FOLF PROHFXOHYVY FDQ PLQLPLVH VWUDLQ VLP!
FRQIRUPDWLRQ RU ZH FDQ VD\ WKDW WKHVH FDQ URWDWH IUHHO\ GXH V
YHU\ OLWWOH VWUDLQ LQ WKH PROHFXOH +RZHYHU \RX ZLOO VHH WKD
ZLWK F\FOLF RU ULQJ FRPSRXQGV 7KHVH KDYH OHVV IUHHGRP WR PDNH
FRQIRUPDWLRQV <RX DUH IDPLOLDU ZLWK F\FOLF DONDQHV ZKLFK KDYF
YDU\LQJ IURP WR DQG PRUH 7KHVH FRPSRXQGV H[SHULHQFH VWUDLQ
GXH WR QXPEHU RI IDFWRUV DV JLYHQ EHORZ

X &KDQJER@MG OHRIXWMLQJ DQ LQFUHDVH LQ HQHUJ\

X &KDQJER@G DQURM WKH WHWUDKHGUDO DQJOH RI f IRUD VS
K\EULGLVHG FDUERQ D\WKILO/MH LVRAEIDMEARH GHW KHVQ D L Q
IDFW WKHUH LV VWUDLQ HQHUJ\ Rl DERXW NFDO PRO RU N- PRO

ZLWK D GHYLDWLRQ RI HDFK f DQJOH

Xx TRUVLRQDODWWHIBD@®LQHG LQ WKH SUHYLRXV VHFWLRQ LV WKH PDMRL
UHVSRQVLEOH IRU WKH VWDELOLW\ Rl WKH DF\FOLF FRPSRXQGV <RX |
HFOLSVLQJ LQWHUDFWLRQV FDXVH LQFUHDVH LQ HQHUJ\ LQ D FRQIRU

X YDQ GHU FODRQ/ ERQGHG LQWHINREWLIRIGW WKH HQHUJ\ E\
FDXVLQJ D FKDQJH LQ WKH VWDELOLW\ RI WKH PROHFXOH

$V D UHVXOW Rl WKH DERYH VWUDLQV DOO WKH SRVVLEOH FRQIRUPDW|
PD\ SRVVHVV VRPH VWUDLQ HQHUJS UMKWH®YWWD® \EWUDLQ
UHSUHVHQWHG E\ WKH IROORZLQJ HTXDWLRQ

(727 (U (T ( (V

"KHUK,LY WKH VWUDLQ GXH WR ERQG VWUHWEFEKIMQJ RU GHYLDWLRQ LQ EJ
WKH VWUDLQ GXH WR BEQQDEHEWWGDRRQ DV H[ISWOWKMHG DERYH

VWUDLQ GXH WR WRUMM®OYES DOHUHAMQWUDLQ ZKLFK LV GXH WR YDQ G
:DDOV LQWHUDFWLRQ /HWYTV EULHIO\ GLVFXVV WKH %DH\HU VWUDLQ WK
WKH UROH RI DQJOH VWUDLQ LQ WKH FRQIRUPDWLRQV H[KLELWHG E\ GL
F\FOLF FRPSRXQGV

$FFRUGLQJ WR 9DQYW +RIl D VDWXUDWHG FDABERQ KDV WHWUDKHGUDO
K\EULGLVHG DQG KDV D EHRQIGHD'RUPHD ®RIVFLHQWLVW %DH\HU

SURSRVHG D WKHRU\ DERXW DQJOH VWUDLQ LQ F\FORDONDQHV LQ WKH
FHQWXU\ +H DVVXPHG WKDW WKH F\FORDONDQHV DUH SODQDU PROHFX
LQWHUQDO ERQG DQJOHV IRU F\FORDONDQHYV ZHUH WKH VDPH DV WKRV}
FRUUHVSRQGLQJ SRO\JRQV DV VKRZQ LQ )LJ +H IXUWKHU DGGHG WK
GHYLDWLRQ IURP WKH QRUPDO WHWUDKHGUDO DQJOH PD\ EH SRVLWLY]|
WR D VW U DLIHFDO OGO H KWW VYIIU@LQ IRU GLITHUHQW ULQJ VL]HV LV
JLYHQ EHORZ

6PDO0O BROSRXQGV ZLWK DQG ULQJ DWRPV 7KH VPDOO ULQJV KDYH
KLJK DQJOH VWUDLQ 7KH ERQG DQJOHV LQ WKHVH DUH OHVV WKDQ
WR EH ODUJH &\FORSURSDQH LV DQ H[DPSOH RI WKLV W\SH WKDW KD\
DQJOH VWUDLQ
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AN

&RPPRABOQRUPDOFRIPGERXQGYV ZLWK ULQJ DWRPV 7KH'
KDYH ODUJH DQJOH VWUDLQ 7KH ERQG DQJOHV LQ WK
WKHUKFRWHVPDOO

/DUJH WBARPISRXQGV ZLWK RU PRUH ULQJ DWRPV ,Q WI|
ERQG DQJOHV DUH DJDLQ JUHDWHU WKDQ (7f DQG HI[S

1O O O O

&\FORSURS®DWEBREXWDQH &\F O R SNRQO\RXMHD Q H &\FORKHSWDQH &\FORRFWD

yLJ $QJOH LQ SODQDU SRO\JRQ ULQJV

7KH VWDELOLW\ Rl ULQJ FRPSRXQGV FDQ EH GHWHUPLQI
RI FRPEXVWLRQ 7KH KHDW RI FRPEXVWLRQ LV WKH KHD
FRPEXVWLRQ RI RQH PROH RI D VXEVWDQFH $V \RX DUH
F\FOLF FRPSRXQGYV HDFK PHPEHU GLIIHUV I[URP WKH RQF
E\ RQH &HWRXS +LIJKHU WKH KHDW RI FRPEXVWLRQ SHU
ORZHU ZLOO EH LWV VWDELOLW\ 7KH DQJOH VWUDLQ DC
VRPH F\FORDONDQHY DUH JLYHQ LQ 7DEOH W FDQ EI
HTXDWLRQ

&+Q Q@ : &2 Q2 +HDW
7TDEOH +HDWV RI FRPEXVWLRRFDROUPRY> ONRCPARRMOD Q HV

&\FORDONDBQE] %DH\HU 7RWDO SHUt&+
6L]H $QJOH 6WUDLQ

&\FORSURSDQH

&\FOREXWDQH

&\FORSHQWDQH

&\FORKHI[DQH

&\FORKHSWDQH

&\FORRFWDQH

JURP WKLY WDEOH ZH REVHUYH WKDW WKH F\FORKH[DQH
FRPEXVWLRQ SIWRX& D QG WKH YDOXH LV YHU\ FORVH WHER
DONDQHYV NFDO PRO N- PRO 7KH FRPEXVWLRQ
PD[LPXP DPRXQW RI KHDURXSH UKH&HFH LW LV OHDVW VWD
FRPSDULVRQ WR DOO F\FORDONDQHV %XW WKLV WKHRU
FRPSRXQGY KDYLQJ ODUJH DQJOH VWUDLQ SRVVHVV KHI
PXFK GLITHUHQW IURP WKDW RI F\FORKH[DQH

6DFKVH ORKUYV WKHRU\ RI VWUDLQOHVYV ULQJV

,Q RUGHU WR H[SODLQ WKH VWDELOLW\ RI ODUJHU F\FO|
IRUZDUG WKH WKHRU\ RKNWODERQHVWRA.@DY OLH LQ D \
SODQH LQ ULQJV ZLWK ILYH PHPEHUV RU IHZHU DV SUR!
ZLWK VL[ PHPEHUVY RU PRUH FDUERQ DWRPV OLH LQ GLI
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%DH\HU V DQJOH VWUDLQ FDOFXODWLRQV IRU HDFK ULQJ EDVHG RQ WKI
LQFRUUHFW 7KH SXFNHUHG VWUXFWXUH RI D ULQJ ZLWK VL[ RU PRUH
PLQLPLVHY WKH DQJOH VWUDLQ LQ WKH PROHFXOH DQG PLQLPLVHV GLV
W\SLFDO WHWUDKHGUDO DQJOHYV

$IWHU VWXG\LQJ DERXW WKH JHQHUDO VWDELOLW\ RI FI\IFORDONDQHV L«
\RX ZLOO VWXG\ WKH FRQIRUPDWLRQV DQG VWDELOLW\ RI F\AFORKH[DQH
SURFHHGLQJ DQVZHU WKH IROORZLQJ 6%$4

6$4

7KH LOQOWHULRU DQJOHV RI F\AFORSHQWDQH DUH f ZKHUHDV WKRVH RI I
DUH f 7TKH F\AFORSHQWDQH LV H[SHFWHG WR EH OHVV VWUDLQHG WKD
VLQFH WKH DQJOH LV FORVHU WR WKH LGHDO DQJOH RI WHWUDKHGUDO

-XVWLI\V\RXU DQVZHU E\ DJUHHLQJ RU GLVDJUHHLQJ WR WKLV VWDWHPH

&21)250%$7,216 $1' 67$%,/,7< 2)
&<&/2+(;$1(6

7TKHUH DUH VHYHUDO VLJQLILFDQW QDWXUDO SURGXFWYV WKDW FRQWDL
D SDUW RI D ObDUJH PROHFXOH 7KHUHIRUH LW LV YHU\ LPSRUWDQW WR
VWHUHRFKHPLVWU\ RI FAFORKH[DQH ,W LV NQRZQ WR \RX WKDW F\FORK
PHPEHUHG VDWXUDWHG F\FOLF PROHFYX®SK\EZUIWKLBBOG WKH FDUERQ DWRF
DQG WHWUDKHGUDO LQ QDWXUH 7KH DQJOH LQ FDVH RI D SODQDU VL[ [
VXSSRVHG WR,EMKH FDUERQ DWRPAS RVEW K@ LWVIHE MW HQ

WKH FDVH RI F\FORKH[DQH WKHUH(ZREVKMUEH ® Q7RODVOH VWUDLQ
FDXVHV WKH ULQJ WR ORVH LWV SODQDULW\ DQG DWWDLQ GLITHUHQW F
VWXG\ DERXW WKH FRQIRUPDWLRQV RI XQVXEVW 7KH EKDLU KH[DQH I
VXEVHFWLRQ 7KLV ZLOO KHOS LQ XQGHUVWDQG FRQIRUPDWLR®URW W lwK(

F\FORKH[DQHV QDPH GXH WR KH
UHVHPEODQFH|RI

&RQIRUPDWLRQV RI &\FORKH[DQH VWUXFWXUH ZELWK D FKDI

$V LW LV PHQWLRQHG LQ WKH DERYH SDUDJUDSK WKDW WKH SODQDU F\
VKRXOG KDYH VRPH DQJOH VWUDLQ DQG LQ RUGHU WR RYHUFRPH WKLV
D SXFNHUHG ULQJ :KHQ ZH WU\ WR DUUDQJH WKH FDUERQ DWRPV LQ Wt}
WKHUH LV QR DQJOH VWUDLQ WKLV UHVXOWYV LQ WKH H[LVWHQFH RI WK
IRUPV RU ZH PD\ VD\ WKH FRQIRUP DWERDRNQFKKHWH DUH QDPHG DV
FRQIRUPDWLRQV DQG WKH & & & ERQG DQJOHV LQ ERWK WKH IRUPV DUH
WHWUDKHGUDO oY DO HKRIILUVW VWXG\ WKH FKDLU FRQIRUPDWLRQ RI
F\FORKH[DQH DQG LW KDV EHHQ IRXQG WR EH PRUH VWDEOH WKDQ WKH
FRQIRUPDWLRQ

&KDLU &RQIRUPDWLRQ RI &\FORKH[DQH

7KH FKDLU IRUP LV D QRQ SODQDU DQG ULJLG VWUXFWXUH ,W KDV D OF
DORQJ ZLWK D ORZ DQJOH VWUDLQ 7KLV FDQ EH REVHUYHG E\ GUDZLQJ
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SURMHFWLRQ DV DOQURKEYGOGMBRAQRII EHUHG ZLWK UHV
DQRWKHU <RX VKRXOG WDNH QRWH RI WKH IDFW WKDW
FKDLU FRQIRUPDWLRQ RI F\FORKH[DQH DUH HTXLYDOHQ
FRQIRUPDWLRQ DQG LWV 1HZPDQ SURMHFWLRQ LQ )LJ

FRQWDLQV WZR W\SHV RI K\GURJHQV LQ WKH WRWDO RI

)LJ D 7KH FKDLU FRQIRUPDWLRQ E 7KH 1HZPDQ SURMHI

6L K\GURJHJVDKDMGHJRIJHQV VIPRXQHAKDHUH SHUSHQGLFXOT
WKH SODQH IRUPHG E\ WKH VHDW R& SWKIHQFKSDO R [L 8 DL
VL[ HTXDWKR&URDHQV VKRXQHAKVDUUH ORFDWHG DW DQJOH
WKH SODQH RI WKH VHDW RI WKH FKDLU H[WHQGHG UDG
REVHUYH )LJ G \RX ZRXOG ILQG WKDW WKH WKUHH
HDFK RWKHU LQ WKH UHVSHFWLYH SRVLWLRQV DERYH D
WKH K\GURJHQV RQ WKH DG WD ESX¥\ \¥ DRIE RW ¥ HD G HKIHG U |
+%& & P+EHLQFDV LQGLFDWHG LQ WKH VWUXFWXUH

%RDW &RQIRUPDWLRQ RI &\FORKH[DQH

7KH ERDW FRQIRUPDWLRQ KDV QR DQJOH VWUDLQ EXW
7KH WZR K\GURJHQV LQ WKH D[LDO SRVLWLRQ LQ ERDW
H[SHULHQFH WUDQVDQQXODU QRQ ER QGHGWMHUNDHWILRQI!I
,Q IDFW WKLV LQWHUDFWLRQ LV QHJOLJLEOH DQG WKH!I
DQG & ZKLFK LV UHSXOVLYH LQO®D%ROH DEMEHRKEFOH K O\
WR WKLV LQWHUDFWLRQ DQG WKH HFOLSVHG LQWHUDFW
VWDEOH WKDQ WKH FKDLU FRQIRUEBRWWRIR BRP WNK-IP RO ZP
SURMHFWLRQ LQ HFOLSVHG IRUP DQG WKH ERDW FRQIRL

DUH VKRZQ LQ )LJ D E DQG F UHVSHFWLYHO\
= ++ 4+
\+ + * + . +‘/—~‘+ +
+ & +
D E
JLJ &RQIRUPDWLRQ RIDF\R@RKXHIRQIFM E 1HZPDQ SURMI

F %RDW FRQIRUPDWLRQ ZLWK IODJSROH LQWHUDFWLRC

'H ZLOO QRZ XQGHUVWDQG WKH SURFHVV RI LQYHUVLRQ
F\FORKH[DQH FKDLU FDQ IOLS WR WKH RWKHU FKDLU IRL
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,QYHUVLRQ RI &\ FORKH[DQH &RQIRUPDWLRQ

7KH SURFHVV Rl LQWHUFRQYHUVLRQ Rl WZR HTXLYDOHQW FRQIRUPDWLF
URWDWLRQ DURXQG VLQJOH ERQGYV DORQJ ZLWK SRVVLEOH DQJOH GHIF
DWLQJ LQYHOVSEBRQJWKH FDVH Rl F\FORKH[DQH WKH SURFHVV LQYROYH
LOQWHUFRQYHUVLRQ RI RQH FKDLU IRUP WR DQRWKHU FKDLU IRUP WKUF
LQWHUPHGLDWH FRQIRUPH W ZLQ/W RE RDKHIVAK HV W K H

SODQDULW\ Rl WKH IRXU FDUERQV LV GLVWRUWHG RU WZLVWHG LQ WKL
KHQFH WKH QDPH WZLVW ERDW 7KHVWHEZVBREWDW LV DOVR FDOOHG WK
$V \RX FDQ VHH WKH WZR FKDLU IRUPV DUH TXLWH V\PPHWULFDO LQ WK
7KH HTXDWRULDO K\GURJHQ RU DQ\ RWKHU VXEVWLWXHQW FKDQJHV WR
YLFH YHUMI®J LQYHUVLRQ

+
+
+ W

+ +

&KDLU 7ZLVW ERDW ' QYHUWHG &KDLU

)LJ 5LQJ LQYHUVLRQ YLD WZLVW ERDW LQ F\FORKH[DQH

7KHUH DUH VHYHUDO FRQIRUPDWLRQV RI F\IFORKH[DQH RI YDU\LQJ HQHL
GXH WR WKH URWDWLRQ DURXQG VLQJOH ERQGV 7KH VWUXFWXUHV RI V
KDOI FKDLU DQG FKDLU FRQIRUPDWLRQV DUH JLYHQ LQ )LJ 7KH ILJ:
LQGLFDWHV WKH LOQOWHUFRQYHUVLRQ RI WKHVH FRQIRUPHUV 7KH HQHU.
WKH FRQIRUPHUV DUH VKRZQ LQ )LJ

= =0T === =

&KDLU , +DOI| FKDLU7ZL.VW ERDW%RPpW ,9 7ZLVW ERDW FKDLU&KPLU ,
)LJ &RQIRUPHUV RI F\FORKH[DQH DQG WKHLU LQWHUFRQYHUVLRQ
o) +DOI FKDLU ,, +DOI KDLU ,,
o d
o
o —/
[a)
[V
=

(QHUJ\

7ZLVW %RDW7ZLVW %RDW ,,, &KDLU,
yLJ (QHUJ\ 'LDJUDP RI YDULRXV FRQIRUPDWLRQV RI F\FORKH[DQH

$vV FDQ EH VHHQ LQ WKH ILJXUH WKH FKDLU FRQIRUPDWLRQ KDV WKH P/
WKHUHIRUH FODRXOHE WKBWRHIJPDWLRQ RI F\AFORKH[DQH 7KH ERDW
FRQIRUPDWLRQ LV NFDO PRO N- PRO KLJKHU LQ HQHUJ\ WKDQ WKI
FRQIRUPDWLRQ <RX KDYH UHDG WKDW WKH UHDVRQ RI WKLV KLJK HQHL
VWUDLQ 7KLV PD\ ODUJHO\ EH DWWULEXWHG WR WKH IRXU SDLUV Rl K\(
IODJSROH LOWHUDFWLRQV 7KH WZLVW ERDW FRQIRUPDWLRQ LV RQO\
N- PRO PRUH VWDEOH WKDQ WKH ERDW FRQIRUPDWLRQ %\ WZLVWL(
FDUERQV WKH VWUDLQ GXH WR HFOLSVHG ERQGV LV VRPHZKDW UHOLH"®
FRQIRUPDWLRQ LV WKH WUDQVLWLRQ VWDWH LQ PRYLQJ IURP RQH WZL\
/ILNHZLVH WKH WZR KDOI FKDLU FRQIRUPDWLRQV UHSUHVHQWHG E\ WK
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$[L DIOHBXW\OF\FORKH[D
/HVV VWDEOH

QH

SHDNV DUH DOVR WKH WUDQVLWLRQ VWDWHYV LQ WKH L
DQRWKHU

<RX KDYH UHDG DERYH WKH SUHVHQFH RI D[LDO DQG HT
FKDLU FRQIRUPDWLRQ RI F\AFORKH[DQH 7KHVH WZR SRV
IRUPDWLRQ RI GLITHUHQW FRQIRUPHUV LQ VXEVWLWXWH
VXEVHFWLRQ OHW XV XQGHUVWDQG LW ILUVW LQ PRQRYV

ORQRVXEVWLWXWHG &\FORKH[DQHYV

<RX KDYH UHDG LQ WKH SUHYLRXV VXEVHFWLRQ WKDW V
WR ULQJ LQYHUVLRQ LQ XQVXEVWLWXWHG F\FORKH[DQH
DV WKHVH DUH HTXDO LQ HQHUJ\ 7KH FRQIRUPHUV IRUP
PRQRVXEVWLWXWHG F\FORKH[DQH DUH ZLWK XQHTXDO H
ERQG OHQJWKYV LQWUD DQQXODU WRUVLRQ DQJOHV HW|
FRQIRUPDWLRQV LQ WKHVH PROHFXOHV\QRULJ \RX F

GLD[LDO LQWHUDFWLRQV DQG JDXFKH EXWDQH LQWH !
ZLWK & DQG & PHWK\OHQH JURXS 7KH ODWWHU LV VLP
RI Q EXWRX®D\ WDNH D QRWH RI WKH IDFW WKDW WKHV
DUH QRW IRXQG LQ WKH HTXDWRULDO VXEVWLWXWHG F\
FRQIRUPDWLRQ RI PHWK\O F\FORKH[DQH ZLWK HTXDWRU
ORZHU HQWKDOS\ ,W KDV EHHQ IRXQG WR EH ORZHU E\
WKDQ WKH D[LDO PHWK\O FRQIRUPHU 7KLV KDV EHHQ P
1HZPDQ SURMHFWLRQ IRU WKH WZRFRQIRRIPWMWRARDY 7K
HQHWYJKDV EHHQ XVHG WR GHQRWH WKH GLIITHUHQFH EHYV
SDUWLFXODU FRQIRUPDWLRQ DQG WKH HQHUJ\ Rl WKH P
VDPH PROHFXOH

ULQJ LQ LQY
RU 1OLSSLQJ

'LD[LDO LOQWHUDFW[LP®Y JURXS FRQIRUPHL(TXDWR&H—.D]GJJRXS FRQIRUPHU

+o +|;[/N&+
| o1
+u &k ot &+
ULQJ LQYHUVL
RU IOLSSLQJ
+ &+ +y
HT | *tur
*o1 *or *or

)LJ 5LQJ LQYHUVLRQ RI PHWK\O F\FORKH[DQH GLD[LDC
JDXFKH EXWDQH LQWHUDFWLRQ RI D[LDO PHWK\O JURXSE
PHWK\OHQH JURXS

,Q WKH FDVH RI ODUJH DON\O VXEVWLWXHQW LQ WKH F\|
E\ GLD[LDO LQWHUDFWLRQ LV PXFK PRUH LQWHQVH ¢
WHUWLDU\ EXW\O JURXS DV D VXEWWHEMNYH Q P F DIRHK HF [FOQ@ I
ZLWK WHUW EXW\O JURXS LQ HTXDWRULDO SRVLWLRQ L\
ZKHQ LW LV LQ WKH D[LDO SRVLWLRQ E\ N- PRO
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/[HW XV VHH WKH HIIHFWV RI VXEVWLWXHQWY LQ FDVH RI GLVXEVWLWXW
GHULYDWLYHV LQ WKH IROORZLQJ VXEVHFWLRQ

'LVXEVWLWXWHG &\FORKH[DQHYV

,Q FRQWUDVW WR WKH PRQRVXEVWLWXWHG F\FORKH[DQHVY GLVXEVWLW
VKRZ FRQILIXUDWLRQDO LVREWHU®UVLRR P SHNDODWHW KD W

JHRPHWULFDO LVRPHUV D W\SH RI FRQILJIXUDWLRQDO LVRPHUV WKDW F
LOQWHUFRQYHUWHG E\ D VLPSOH URWDWLRQDO SURFHVV L H UHTXLUHV
EURNHQ 7KH SUHIHUUHG FRQIRUPDWLRQ LQ GLVXEVWLWXWHG F\FORKH|
XSRQ WKH SRVLWLRQ RI WKH WZR VXEVWLWXHQWY RQ WKH ULQJ ZKLFK
WZR JURXBMRDWHWYR HDFK RWKHU <RX FDQ XQGHUVWDQG LW E\ WDNLQJ
GLPHWK\O F\FORKH[DQH DV WKH H[DPSOH LQ ZKLFK WKH WZR PHWK\O JU
SODFHG DW GLITHUHQW SRVLWLRQV

,Q FDVH RKHLPHWK\OF\FORWKKH DVAR FRQIRUPHUYV DUH RI HTXDO HQHUJ\
DQG KDYH VDPH VWDELOLW\ ,W LV VR DV LQ ERWK WKH FRQIRUPHUV RQ
D[LDO DQG WKH RWKHU HTXDWRULDO DQG YLFH YHUVD 7KLV FDQ EH YH
REVHUYLQJ VWUXFWXUHYVY JLYHQ LQ )LJ

ol OH

LPHWK\OF\FORKEIQEHQ[H LDO DQG RQH HTXDWRWLDO PHWK\O JURXS

)LJ 7KH FRQIRUPDWLRQV RI GLPHWK\OF\FORKH[DQH

,Q FDVH RIGRPHWK\OF\FORKH{IRPHU LV WKH RQH ZKHUH RQH RI

WKH PHWK\O VXEVWLWXHQWY RFFXSLHV D[LDO SRVLWLRQ DQG WKH RWK

HTXDWRULDO SRVLWLRQ ZKHUH ERWK WKH ERQGV SRLQW XSZDUGV :H F

FRQIRUPHWRYIRUPHWUBKID IRUPHH HRRQORUPHU LQ ZKLFK

RQH ERQG SRLQWV XSZDUG DQG RWKHU GRZQZDUGV 7KH FRQIRUPDWLR
GLPHWK\O F\FORKH[DQHV DUH VKRZQ LQ )LJ

T e

FLV 'LPHWK\OF\FORKH[DQH 2QH D[LDO DQG RQH HTXDWRULDO PHWK\O JURXSV

Lz 0 H
v OH —
' oH +
N
+ OH

WUDQVLPHWK\OF\FORKHARQHK PHWK\O JURXSV HTXDWRULDO %RWK PHWK\O JURXSV D[LDO

)LJ 7KH FRQIRUFLDWDMQUWDW RVGLPHWK\OF\FORKH[DQHYV

7KWL¥RQIRUPHDYB (ERWK DUH HTXDO LQ HQHUJ\ DQG FDQ LQWHUFRQYH
WKURXJK ULQJ IOLSSLQJ 7KHVH DUH NFDO PRO RU N- PRO OHVV V'
WUDLQ\RP HUHIFRQIRUPDWLRQ HTXLYDOHQW WR RQH D[LDO VXEVWLWXHQV
GLVFXVVHG EMOPZYWRHU KDV WZR FRQIRUPHUV RQH ZKHUH ERWK WKH
PHWK\O JURXSV DUH D[LDO ZKLOH LQ WKH RMLKYHU ERWK DUH HTXDWRUL]
DQWUDRRQILIJXUDWIBBRPHU ZRXOG EH PRUUH VWDEOH LQ LWV
FRQIRUPDWLRQ DV ERWK WKH PHWK\O JURXSV DUH SODFHG DW OHVV KL
SRVLWLRQV +RZHYHU WKHUH LV D VOLJKW GHVWDELOLVLQJ JDXFKH LQ
WKH WZR PHWK\O JURXSV LQ WKLV FRQIRUPDWLRQ DPRXQWLQJ WR N F
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N- PRO RI HQHUJ\ 2Q WKH RRGHRWURDWGR® KM KLIJKO\
XQVWDEOH GXH WR VW U RGLIDJDXE KH BREHIDF MR QRHG/ L Q
VXEVHFWLRQDLVLQJ WKH HQHUJ\ WR NFDO PRO RU
NFDO PRO IRU HDFK D[LDO VXEVWLWXHQW

<RX ZLOO REVHBNKH RKBWGEMR HW K\ O F\ F ORI HLQWK H U
ERWK PHWK\O RQ DDPLDRUSRRWW LR W TXDWRHLDO SRVLWL
JLYHQ LQ )LJ 7KHVH WZR KDYH D FRQVLGHUDEOH H(
GLD[LDO FRQIRUPHU LV PXFK OHVV VWDEOH GXH WR WK
VWURQJ GLD[LDO LQWHUDRWHRRY | RAKAHH G LIV PEWRO X I
VWUDLQ IUHH DQG WKXV WKH ULQJ SUHIHUWWRQWHPDLQ
LVRPHU KDV RQH RI WKH PHWK\O JURXSV RQ D[LDO DQG
LQ ERWK WKH PRIQIR&PHWWH ERWK WKH FRQIRUPHUV DU
LQ HQHUJ\ DQG WKH ULQJ IOLSSLQJ RFFXUV ZLWKRXW D
FDVH PAKWRPHU LV PRUH VWDEOH

+ OH +
é; m T '
+
+
OH OH
OH OH

FLV 'LPHWK\OF\FOR®%RWRHHWK\O JURXSV HTXDWRAURWE® PHWK\O JURXSV D[LDO

+ ,0H oH
N
m\ = "
OH ofl B
A
OH +

WUDQVLPHWK\OF\FORKH[DQH 2QH PHWK\O JURXS D[LDO DQG RQH HTXDWRULDO

yLJ 7KH FRQIR U POLWIQRBQUWD RNVG LPHWK\OF\FORKH[DQHYV

<RX FDQ ILQG RXW WKH FRQIRUPBWERWVVRQHWWIN FDVH R
EDVLV RI DERYH GLVFXVVLRQ DQG DOVR ILQG RXW WKH

VRPH VSHFLDO FDVHV WKH ERDW FRQIRUPDWLRQ PD\ EH
H[DPSERDW FRQIRUPDWLRQ RI F\FORKH[DQH GLRO LV

FKDLU FRQIRUPDWLRQ ,W LV GXH WR WKH LQWUDPROHF
WKH WZR K\GUR[\O JURXSV ZKLFK DUH VXLWDEO\ SODFH
HQHUJ\ UHOHDVHG GXH WR WKLV K\GURJHQ ERQGLQJ RX
7KH ERDW FRQIRUPDWLRQ RI WKH GLRO LV VKRZQ LQ )LJ

+

+
N/
2/ 2

)LJ 7KH ERDW FRQIRUPDWLRQ RI F\FORKH[DQH

,Q WKH IROORZLQJ VXEVHFWLRQ OHW XV XQGHUVWDQG \
WULVXEVWLWXWHG F\FORKH[DQHYV

7TULVXEVWLWXWHG &\FORKH[DQHYV
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<RX NQRZ WKDW F\FORKH[DQH FDQ KDYH PRUH WKDQ WZR VXEVWLWXHQ
EH wuL WHWUD SHQWD DQG KH[DVXEVWLWXWHG :H ZRXOG UHVWULF
F\FORKH[DQHV LQ WKLV FRXUVH :H KDYH WR XQGHUVWDQG WKDW DV Wtk
VXEVWLWXHQWY LQFUHDVH WKH QXPEHU RI LQWHUDFWLRQV LQFUHDVH
GLIILFXOW\ LQ WKH FRQIRUPDWLRQDO DQDO\WVLV RI WKHVH PROHFXOHYV
WKDW D JUHDWHU QXPEHU RI VXEVWLWXHQWY LQ HTXDWRULDO SRVLWLI
PROHFXOH

,Q WKH WULVXEVWLW XW HE RRQ FIQOIRKID\WD DRIY RWKIFLY WUDQV LVRPHUYV
DUH SRVVLEOH ,Q VRPH RI WKH FDVH\WRWKRBOQR RV D ZD\ WR DVVLJQ
JLYHQ PROHFXOH 6R LQ WKH WULVXEVWLWXWHG PROHFXOH RQH VXEV\
UHIHUHRFS JLYHQ WIKHQSUWKH RWKHU WZELIRWH GHQRWHG DV

WUDRQWK UHVSHFW WR WKH UH I HUBQRFXS JRUW] NP OBV &K H

UHIHUHQFH LQ IOXRUR PHWK\OF\FORKH[DQH FDUER[\OLF DFLG DQG
FRQILJIXUDWLRQV LQ WKLV PROHFXOH DUH JLYHQ ZLWK UHVSHFW WR WK
FRQILIXUDWLRQ VKRZQ LQ )LJ WUDQRX® ER RIDPHG DV
PHWK\OF\FOBKFHIDEBR[\OLF DFLG +RZHYHU WKH VDPH QRUP FDQ QRW EH
DSSOLHG WR DOO WKH W\SHV RI VXEVWLWXHQWV

7KH WULPHWK\OF\FORKH[DQH PROHFXOH KDV D FKLUDO LVRPHU DQCGC
IRUPY 7KH LVRPHU KDV IRXU FKLUDO SDLUV RI HQDQWLRPHUYV DQC(
LVRPHU KDV RQO\ WZR DFKKUDFL G DOMGVNWUBRNHIMRPHUY FDQ EH
GUDZQ IRU WULPHWK\OF\FORKH[DQH DV )LJ E W FDQ H[LVW D
GLDVWHUHRPHUV 7KH DOWHUQDWLYH FRQIRUPHUY REWDLQHG E\ ULQJ |
XQVWDEOH EHFDXVH RI GLD[LDO OH OH LQWHUDFWLRQ WKHUHIRUH Q
)
m&“
/. jé:Z; 7
OH
D E

yLJ \B U D Q\NO X RFLR/ PHW K\O F\FOR KHD[DER[\OLF DFLG

EFLODQGUDWRPHUV RI WULPHWK\OF\FORKH[DQH

,Q DQRWKHU H[DPSOH Rl WULVXEVWLWXWHG F\FORKH[DQH ZH ORRN LQW

LVRSURS\O PHWK\OF\FORKHQMKRD RBVIRUNDLQO HAGK H
VWUXFWXUH \RX ZRXOG ILQG WKDW LW FRQWDLQV WKUHH DV\PPHWULF F
UDFHPLF FRPSRXQGV IRUPHG DV * SDLUV DQG QDPHG DV PHQWKRO QH
LVRPHQWKRO DQG QHRLVRPHQWKRO $Q LVRPHU RI HDFK LV GHSLFWHG
$PRQJVW DOO WKH FRQIRUPDWLRQV WKH RQH ZLWK VXEVWLWXHQWYV LQ
LV WKH PRVW VWDEOH 1HRLVRPHQWKRO ZLWK OH DQG 2+ D[LDOO\ SODF
VWDEOH 7KH EXONLHVW LVRSURS\O JURXS UHPDLQV HTXDWRULDO LQ D
FRQIRUPDWLRQV

$0 23U $0 23
+2 - +2 ——
_— _

2+ +2

OHQWKRO IHRPHQWKRQVRPHQWKRO 1IHRLVRPHQWKRO

&J ,VRPHUV RI WKH FRQIRUPHUV RI LVRSURS\O PHWK\OF\FORKH[DQRC
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,Q WKH QH[W VHFWLRQ \RX ZRXOG VWXG\ DERXW FRQIRU
F\FORKH[\O VA\VWHPV ZLWK D GRXEOH ERQG L H F\FORK
DQVZHU WKH IROORZLQJ 6%$4V

6$4

"ULWH WKH FRQIRUPDWLRQV RI GLPHWK\OF\FORKH[DQ
VWDEOH FRQIRUPHU

6$4

KLFK RI WKH IROORZLQJ FRUUHFWO\ OLVWYV WKH FRQIRI
RI LQFUHDVLQJ HQHUJ\"

D &KDLU %RDW 7ZLVW +DOI FKDLU
E &KDLU 7ZLVW +DOI FKDLU %RDW
F &KDLU 7ZLVW %RDW +DOI FKDLU
G +DOI FKDLU 7ZLVW %RDW &KDLU

&21)250%7,216 $1' 67%%,/,7< 2)
&<&/2+(;(1(6

<RX DUH DZDUH WKDW F\FORKH[HQH LV D PROHFXOH FRC
WKH F\FORKH[\O ULQJ 7KH WK\GU [FRIOMDBLPNUERR DSVRPV
$FFRUGLQJ WR WKH DQDO\WLFDO GDWD WKH F\FORKH[HC
FRQIRUPDWLRQ DV GHSLFWHG LQ )LJ

ULQJ
CQYHUV. W
+DOI FKDLU +DOI FKDLU %RDW
D E
yLJ &\FORKH[HQH ULQJ LQ D KDOI FKDLU DQG E ERD

$V ZH VHH LQ )LJ WKH FDUERQ DWRPV DW SRVLWLR:
SODQH 7KH SRVLWLRQV RI WKH PHWK\OHQH RU DOO\OLF
I[URP EHLQJ LQ DQ D[LDO RU HTXDWRULDO SRVLWLRQ LQ
GHVFULEHG DV SVHXGRD[LDO DQG SVHXGRHTXDWRULD
DQG SRVLWLRQV DUH D[LDO RU HTXDWRULDO LQ WUXH
GRXEOH ERQG 7KH ULQJ LV LQYHUWHG XVLQJ D ERDW IR
TXDQWXP PHFKDQLFY DQG PROHFXODU PHFKDQLFV LPSO
IRU ULQJ LQYHUVLRQ LV NFDO PRO

JHW XV XQGHUVWDQG WKH HIITHFW RI VXEVWLWXHQWV R
KDYH D VXEVWLWXHQW ; DW SRVLWLRQ LW ZLOO SUHI
<RX ZRXOG UHFDOO WKDW WKH HQHUJ\ LQYROYHG LQ F\I
VLPLODU VXEVWLWXHQW 7KH UHDVRQ RI WKH VWDELOL\
RQO\ RQH ; + LQWHUDFWLRQ DV FRPSDUHG WR WZR ; + L
VXEVWLWXWHG F\FORKH[DQH
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,Q WKH TIROORZLQJ VHFWLRQ ZH ZRXOG GLVEXVV DERXW WKH FRQIRUPDYV
VWDELOLW\ RI FA\AFORKH[DQRQHYV

&21)250%$7,216 $1' 67$%,/,7< 2)
&<&/2+(;$121(6

<RX DUH DOUHDG)\ IDPLOLDU ZLWK WKH VWUXFWXUH Rl F\IFORKH[DQRQH
VL[ PHPEHUHG NHWRQH REWDLQHG E\ VXEVWL@XWLQJ D & 2 JURXS IRU F
F\FORKH[DQH 6LPLODU WR F\FORKH[DQH LW DGRSWV D FRQILIXUDWLRGC
VWDEOH ,W KDV EHHQ IRXQG WKDW F\FORKH[DQRQH H[LVWV PDLQO\ LQ
FRQIRUPDWLRQ 7KH & & 2 & DQJOH LV VRPRZKWW OHVV WKDQ XVXDO YI
DQ H[SDQGHG 2 & & DQ@XOHFPMRLU LV IODWWHQHG DW WKH FDUERQ\O VLW
DV LV HYLGHQW IURP LWV FKDLU IRUP 7KH DFWLYDWLRQ HQHUJ\ IRU UL
DERXW NFDO PRO 7KH ORZHU ULQJ LQYHUVLRQ HQHUJ\ IRU F\FORKH]
FRPSDULVRQ WR WKDW IRU F\FORKH[DQH LV GXH WR WKH HDVH RI URWD
WKH ERQG IMBYBGEPUERQ 7KH WZR FKDLU FRQIRUPHUV WKHUHIRUH VKRZ
YHU\ TXLFN LQWHUFRQYHUVLRQ DQG FDQQRW EH GLVWLQJXLVKHG DV Gl

)LJ
ﬁ _uLQJ LQy
RU IOLSSLQJ
yLJ &\FORKH[DQRQH ULQJ FRQIRUPDWLRQ DQG ULQJ IOLS
7KH WZLVW ERDW FRQIRUPDWLRQ IRU F\FORKH[DQRQH KDV HQHUJ\ N

KLJKHU DV FRPSDUHG WR WKH HQHUJ\ RI FKDLU FRQIRUPDWLRQ ,Q IDFV
DQG WKH ERDW IRUPV H[LVW DV WZR FRQIRUPDWLRQV ZLWK GLIIHUHQW
HOHPHQWY DQG SRLQW JURXSV 7KH FRQIRUPHUV RI WKH WZLVW ERDW |
VKRZQ LQ )LJ DQG )LJ UHVSHFWLYHO\

OO OB = =,

& B6\PPHWU\ & 6\PPHWU\

yLJ 7ZLVW ERDW FRQ  )LJ %RDW FRC\R
F\FORKH[DQRQH F\FORKH[DQRQH

7KH VXEVWLWXHQWY DW SRVLWLRQ LQ F\FORKH[DQRQH H[LVW LQ D[LD

SRVLWLRQV GHSHQGLQJ RQ WKH VWHULF DQG HOHFWURQLF LQWHUDFWL

PHWK\O VXEVWLWXWHG F\FORKH[DQH WKH PHWK\O VXEVWLWXHQW SUHI

HTXDWRULDO SRVLWLRQ 7KH VXEVWLWXHQWY DW HTXDWRULDO SRVLWL

SRVLWLRQ ZLWK WKH & 2 JURXS LQ F\FORKH[DQRQHV 7KLV UHVXOWYV LQ

WKH FRQIRUPDWLRQDO HQHUJ\ Rl DON\O VXEVWLWXHQWY DW SRVLWLRQ
2

4

&+

)LJ &RQIRUPDWLRQ RI HTXDWRULDO PHWK\OF\FORKH[DQH
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$V ZH REVHUYH WKDW WKH D[LDO K\GURJHQ LV QRW SUH
WKH D[LDO JURXS DW & ZLOO KDYH RQO\ RQH LQWHUDF
DQ D[LDO JURXS DW & KDV RQO\ LQWHUDFWLRQ ZLWK +
& RU& LQ F\FORKH[DQQRQH ZLOO EH PRUH VWDEOH W
UHIHUUHG WABNDONHWRQH HIIHFWY

+
/2

)LJ &RQIRUPDWLRQ RI D[LDO PHWK\OF\FORKH[DC
/[HW XV OHDUQ WKH FRQIRUPDWLRQ LQ KDORF\FORKH[DQ
+DORF\FORKH[DQRQHV

W LV XQGHUVWRRG WKDW F\FORKH[DQRQHV FDQ EH VXE
DWRPV DW SRVLWLRQ IRUPLQJ KDORF\FORKH[DQRQHYV
FRXOG EH IOXRUR FKORUR DQG EURPR 7KHVH PROHFXC
WR EH LQ WKH D[LDO SRVLWLRQ DQG DUH UHVSRQVLEOH
FRQIRUPDWLRQDO HQHUJ\ ,W FDQ EH LQWHUSUHWHG Wt
KDORJHQV LV UHVSRQVLEOH IRU DQ LQFUHDVHG HQHUJ\
FRQVLGHULQJ WKH LQWHUDFWLRQ EHWZHHQ HTXDWRULL
JURXS ,W KDV EHHQ REVHUYHG WKDW WKH HTXDWRULDC
JURXS H[SHULHQFH D VWHULF UHSXOVLRQ GXH WR DQ D
UHVSHFW WR HDFK RWKHU ,W LV WUXH IRU DOO KDORJH
IORXURF\FOR KH[DQRQH %HVLGHV WKH VWHULF UHSXOV
UHSXOVLRQ EHWZHHQ & ; DQG WKH & 2 ERQGV 7KLV DO\
HQHUJ\ 7KLV HIIHFSVRIULE IGKBOVRYHUODS DQ&RPHUHBRUHG
HIITHFWHH RYHUODS FDQ RFFXU RQO\ IRU WKH D[LDO KDO
HITHFWLYH LQ IOXRUR GHULYDWLYH EHFDXVH RI LWV KL
GLSROH GLSROH LQWHUDFWLRQV IRU KDORF\FORKH[DQ

Zl
+ + +
o |° I R
2 2 2
+ +y +
— R + +
Z ULQJ LQYHU
‘ ‘ ‘ + RU IOLSSL +
6WDELOLVDWLRQ E\ DQRPHULF HIIHFW\/{»H +H |8L .
L L . T A | T H)\k
D ' D D D 2

&RQIRUPHU ZLWK D[LDO KDORJH®RQIRUPHU ZLWK HTXDWRULDO KDORJHQ

yLJ 7KH GLSROH GLSROH LOQWHUDFWLRQV LQ KDORF\

2QH PRUH IDFWRU LQIOXHQFHV WKH FRQIRUPDWLRQDO F
F\FORKH[DQRQHV YL] WKH VROYHQW XVHG 7KXV LQ F
FKORUR JURXS UHPDLQV SUHIHUDEO\ LQ WKH D[LDO SR
ZKLOH EURPRF\FORKH[DQRQH SUHIHUV D[LDO FRQIRUPI

,Q WKH ODVW VHFWLRQ UHJDUGLQJ FRQIRUPDWLRQV \RX
DQG VWDELOLW\ RI IXVHG VL[ PHPEHUHG ULQJ FRPSRXOQ!
GHULYDWLYHV
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7KH PROHFXOHV LQ ZKLFK WZR ULQJV DUH IXVHG WRIJHWKHU DQG WKXYV
FRPPRQ DUH FPIXO0HG WKAIWKHDWGDUH FDOOHG ELF\FOHV 7KH

IXVHG ULQJ FRPSRXQGY DUH YHU\ VLIJQLILFDQW DV WKHVH DUH IRXQG L
XVHIXO QDWXUDO SODQW SURGXFWY OLNH VWHURLGY DONDORLGV WH
JHQHUDO IRUPXOD RI WKHVH IXVHG ULQJV LQ JLYHQ LQ )LJ 7TKH VPI
IXVHG ULQJ LV ELF\FOR > @ EXWDQH ZKHUH P Q 7KLV LV WKH DS
,83%8& QDPH RI ELF\FOREXWDQH <RX ZRXOG OLNH WR NQRZ WKH PHDQLQ
QXPEHUV LQ VTXDUH EUDFNHWY 7KH QXPEHUV DFWXDOO\ LQGLFDWH WHK
FDUERQ DWRPV LQ HDFK ULQJ <RX FDQ HDVLO\ FDOFXODWH IRU DQ\ RI
DV LW LV REYLRXV LQ ELF\FOREXWDQH DQG ELF\FORSHQWDQH VWUXFW X

|+
" +8LK/|\/&+Q
[
+
D *HQHUDO IRBP¥%OB\FOR > @ EXWDQH F %LF\FOR > @ SHQWDQH

yLJ JXVHG ULQJ FRPSRXQGV

/JHW XV VWXG\ WKH FRQIRUPDWLRQV RI D FRPSRXQG ZKLFK KDV WZR IXV
PHPEHUHG ULQJV QDPHO\ GHFDOLQ

'"HFDOLQV

$V PHQWLRQHG DERYH GHFODOLQ LV WKH FRPSRXQG KDYLQJ WZR F\FOR
IXVHG WRIJHWKHU DV VKRZQ LQ )LJ 7KH ,83%$& QDPH RI GHFDOLQ LV
> @ GHFDQH 'HFDOLQ LV IRXQG LQ VWHURLGY OLNH FKROHVWHURO
DV SDUW RI WKH QDWXUDO SURGXFWYV

(O

yLJ 6WUXFWXUH RI ELF\FOR > @ GHFDQH GHFDOLQ

$V FDQ EH VHHQ IURP WKH VWUXFWXUH RI WKLY PROHFXOH HDFK RI WK
ULQJ LV DFWXDOO\ GLVXEVWLWXWHG ,W LV XQGHUVWRRG WKDW WKH G|
SUHIHU D VWDEOH FRQIRUPDWLRQ KRZHYHU WKH VWHUHRFKHPLVWU\ RI
VKRZV WKDW LW H[KLELWYV FRQILIJXUDWLRQDO LVRPHULVP WRR

<RX FDQ PD\ UHFDOO WKH VWUXFWXUH Rl QDSKWKDOHQH DQG VHH WKH
GHFDOLQ <RX ZRXOG QRWLFH WKDW LW KDSSHQV WR EH WKH K\GURJHQ
QDSKWKDOHQH ,Q IDFW GHFDOLQ LV QDPHG DV GHFDK\GURQDSKWKDOH
SUHSDUHG E\ WKH K\GURJHQDWLRQ Rl QDSKWKDOHQH LQ SUHVHQFH RI I
UHDFWLRQ LV VKRZQ LQ )LJ
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“ + = ©© WUDRNDOLQ
1DSKWKDOHQH 7THWUD CO

FLWMFDOLQ
)LJ 6\QWKHVLV RI GHFDOLQ E\ K\GURJHQDWLRQ RI Q

7KH GHFODOLQ PROHFXOH H[LVWV LQ WZR GLDVWHURPH
FRQILIXUDWLRQ DW WKH BL®QWN\DLERIP V7 BIQGHDMMADLQ D
FKDLU FRQIRUPDWLRQ /HW XV ORRN LQWR WKH WZR VW

&LVHFDOLQ

7KHLEHFDOLQ KDV ERWK WKH F\FORKH[DQH ULQJV LQ FK
FXUYH VKDSHG ZLWK FRQFDYH DQG FRQYH[ IDFHV 2QH F
HTXDWRULDOO\ DWWDFKHG DQG WKH RWKHU LV D[LDOO\
IRUP WKH K\GURJHQV DW WKH IXVHG EWRERDAK BWKGG &
LH ERWK DUH SODFHG XSZDUGV 2QH RI WKH K\GURJHQ
HTXDWRULDO 7KH SODQDUFRYRUPKIDL ULWW QXIFQV XLWH R

ERWK K\GURJHQV XS

30DQDU VWUXFWKDHU VWUXFWXUH

yLJ 30DQDU DQG FKDLRLYWRPHUWRUEMADOLQ

'XH WR WKH FKDLU FRQIRUPDWLRQ WKH DQJOH DQG WR!
GHFDOLQ 7KH WKH VL[ PHPEHUHG ULQJV FDQ IOLS IURP
DQG WKH ULQJ LQYHUVLRQ HQHUJ\ LV NFDO PRO
WHPSHUDWXUH 7KH WRERGHEQIRIUP BUW RIRQ VXSHULP SRV
PLUURU LPDJHV RI RQH DQRWKHU VR FLV GHFDOLQ LV D
FKDLU+tFKDLU LQWHUFRQYHUVLRQ OHDGV WR D UDSLG L:
HQDQWLRPHUV DV D UHVXOW WKLV LQYHUVERQ SURGXFF
GHFDOLQ REVHUYHV WKUHH JDXFKH LQWHUDFWLRQV OH
IRU WKLV IRUP 7KHVH LQWHUDFWLRQV UHPDLQ WKH VDF
LQ )LJ 7KXV ERWK WKH FRQIRUPHENMFRDYRUWPHRIH H Q
LV D PRELOH VI\VWHP WKHUHIRUH VXEVWLWRBQW LQ WKL
SRVLWLRQ $V VKRZQ LQ WKH ILIJXUH WKLV IRUP KDV VW
K\GURJHQ DWRPV RQ WKH FRQFDYH IDFH DOVR
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ULQRYHUVLRQ
—

—

D %XWDQH JDXFKH XQLWV E &DQFDYH IDFH VW

yLJ FLWFDOLQ D 5LQJ LQYHUVLRQ VKRZLQJ JDXFKH EXWDQH LQWHUDFWLRC
E VWHULF LOWHUDFWLRQV RQ WKH FRQFDYH IDFH

JHW XV QRZ XQGHUVWDQ\GUMGBHF D IUXFWXUH RI
7UDQNFDOLQ

7KMWUDGHFDOLQ KDV D ULJLG VWUXFWXUH IRUPHG E\ WKH IXVLRQ RI WZF
ULQJV 7KH ULJLGLW\ Rl WKH PROHFXOHUGRBMVIQRM) DOORZ ULQJ LQYHUV
ZLOO QRW XQGHUJR ULHQMWL@YHXVLRQ BB QQFIW OHDG WR IXVLRQ RI

RQH ULQJ WHERQYGK ,W FDQ LQYHUW WR D FKDLU ERDW RU HYHQ KLJK H
ERDW ERDW V\WVWHP EXW LW FDQQRW LQYHUW WR WKH RWKHU FKDLU IR
FDUERQ ERQGV LQ WKLV IRUP DUH HTXDWRULDO WR HDFK RWKHU GXH W
&RQVHTXHQWO\ LW JHWV D IODW VKDSH ,W KDV D SODQH RI VIPPHWU\ S
WK8H D[LV 7KH PROHWRQHQDW XUH DQG WKHUHIRUH GHSLFWV DFKLUDOLW
7KH FKDLU VWUXFWXUH ULQJ LQYHUVMRIDAIHF® WKH LD[HV RI VIPPHWU\ L
JLYHQ LQ )LJ

+ +—RQH K\GURJHQ XS +

SO Tl

*— RQH K\GURJHQ GRZQ
+ H WVUGG¥DOLQ D WUM@GFDOLQ
D&KDLU VWUXFWXUH E5LQJ LQYHUVLRQ

)LJ 7TUDQNFDOLQ D &KDLU VWUXFWXUH E 5LQJ LQYHUVLRQ

7TUDGQGWFDOLQ LV PRUHLY¥WOQ BROHP WK EQ .- PRO 7KH
PRQRVXEVWIIWXBEMWDN ALY SUHIHU GHILQHG D[LDO RU HTXDWRULDO SRVL
WKH FKDLU EHLQJ ULJLG LQ VWUXFWXUBEHRWOHDMWXAHH LQ KV\GURI\
K\GUR[\ VXEVWLWXHQW LV HTXWWBRHAEDOFZRQLOWKHQ H®WKWK\O
VXEVWLWXHQW LV D[LDO )LJ

EWUDRWFDORO EOHWKNO DEHFDOLQ
yLJ ORQRVXEWWUDBMNVBEGLQV

1RZ \RX ZLOO VWXG\ WKH PRQRVXEVWLWXWHG GHFDOLQ DQG GHFDOLQ =
JURXS

'HFDOROV DQG '"HFDORQHYV

<RX DUH IDPLOLDU ZLWK WKH VWUXFWXUH RI GHFDOLQ QRZ ,W LV LPSR
WKH WZR HTXLYDOHQW SRVLWLRQV LQ GHFDOLQ DUH DQG LQ ERWK W
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VXEVWLWXWLRQ DV VKRZQ LQ ILIJXUH <RX UHDG LQ WKH
VXEVWLWXHQWY LQ GHFDOLQ SUHIHU WR EH LQ WKH HT?>

, 1 ZH KDYH K\GUR[\ JURXS DV WKH VXEVWLWXHQW WKHQ
GHFDORO DQG GHFDORO WKDW DUH DYDLODEOH DV W
SRVLWLRQV DUH VXEVWLWXWHG E\ D FDUERQ\O JURXS Z
GHFDORQH 7KH UHGXFWLRQ RI WKH FDUERQ\O JURXS \
GHFDORO DQG GHFDORO 7KH SUHVHQFH RI FDUERQ\O
PDNHV WKHVH SRVLWLRQV FKLUDO DV WKHVH SRVLWLRQ
VXEVWLWXWHG )LJ /THW XV XQGHUVWDQG KRZ WKH\
VWHUHRFKHPLVWU\ RI WKH PROHFXOH

CO O o

ORQRVXEVWLWXWLRQHIF® GRIGDOLQ '"HFDORQH
)LJ &KLUDO FHQWUHV LQ GHFDORO DQG GHFDO

&DQ \RX ILQG RXW WKH QXPEHU RI VWHUHRLVRPHUV LQ
\RX KDYH FRUUHFWO\ FDOFXODWHRBU GHHWH B R XBDEG E H
GHFDORQH 1RZ ZH ORRN LQWR WKH W\SH RI LVRPHUV S|

HHSLQJ LQ PLQG WKH FRQIRUPDWLRQ RI GHFDOLQ ZH V
GHFDORO FDQ H[KLELW JHRPHWULFDO LVRFHDRWGP ,W Pt
WUDRUPV ,Q GHFDORQH HDFK RI WKHVH IRUPV FDQ H[LV
VKRZQ LQ )LJ

OXWXDOPMMWRRHU UHPDLQV LQ HTXLOLEULXP ZLWK WKH
ULQJ IOLSSLQJ :RXOG LW EWHJ BRWRPHWHDIQ®W RZIKYH 1R
EHFDXVM/WIKBRWQIRUPDWLRQ LV D ULJLG VWUXFWXUH DV L
LV REVHUYHG +RAUHDMWRPAMKHY PRUH VWDEGHVDY FRPSDI
LVRPHU

2| 2 1 |

7UDQVHFDORQH

yLJ 6WHUHRLVRPHUV RI GHFDORQH

$V \RX FDQ VHH RQ GUDZLQJPULEHFD@R@W L ZHHIHWRIR X U
VWHUHRLVRPHUV 7KH VXEVWLWXWHG GHFDORQHY DOV
DQG JLYH VLPLODU QXPEHU DQG W\SH RI VWHUHRLVRPH!

$V PHQWLRQHG EHIRUH WKH UHGXFWLRQ RI GHFDORQH ¢
REVHUYH WKUHH FKLUDO FHQWUHY LQ GHFDORO DV VKR
FDOFXODWLRUWPEOD ZH JNWHUHRLVRPHUV LQ FDVH RI GH
XV XQGHUVWDQG LW ZLWK WKH H[DPSOH RI K\GURT[\ VX
PROHFXOH FDQ KDYH K\GUR[\ JURXS D[LDOO\ RU HTXDWF
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WUD@WHFDORO ZLWK D[LDO K\GUR[\ JURXS DQG HTXDWRULDO K\GUR[\ JUI
GLDVWHUHRLVRPHULF WR HDFK RWKHU (DFK RI WKHVH GLDVWHUHRPHU
LPDJH 7KXV ZH ZRXOG KDYH IRXU VWHUHRLVRPHUYVY LQ DOO

TKHFLYVRPHU RI GHFDORO XQGHUJRHY ULQJ IOLSSLQJ DQG UHVXOWYV LQ
DUUDQJHPHQW IRU D[LDOO\ DQG HTXDWRULDOO\ VXEVWLWXWHG )LJ
K\GUR[\ DQG D[LDO K\GUR[\ DUH LQ HTXLOLEULXP WR HDFK RWKHU ,Q R
WKH D[LDO K\GUR[\ JURXS LV RQ WKH ORZHU VLGH RU WKH FRQFDYH IDF
IRUP KDV LW RQ WKH XSSHU L H WKH FRQYH[ IDFH (DFK RI WKHVH IRUP
PLUURU LPDJHV L H WKH HQDQWLRPHUYV

+ 2+
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WUDQWFDORO (TXDWRULDO $[LE&E= (TXDWRULDO
D E
yLJ 6WHUHRLVRWHD®W@RI FEVGHFDORO

$V \RX ZLOO REVHUYH IURP WKH HTXLOLEULXP VWUXFWXUH D WKDW W}

IDFHV GLD[LDO LOQOWHUDFWLRQ DV D UHVXOW LW ZRXOG EH OHVV VWD
WKH HTXLOEULXP VWUXFWXUH E

<RX FDQ WU\ WR DQVZHU WKH IROORZLQJ 6%$4 WR FKHFN \RXU XQGHUVWI
UHJDUGLQJ WKH FRQIRUPDWLRQV RI GHFDOLQY GHFDOROV DQG GHFDOI

6$4

7KHFLBHFDOLQ PROHFXOH KD VWUDRHAD B Q@& EHN DK ®

D WKH WRUVLRQDO VWW@HADOILY MEXVHQYWR WEH SUHVHQFH RI ERWK WKH
ULQJV LQ FKDLU IRUP

E WKIHHFDOLQ KDV WKUHH JDXFKH LOWHUDFWLRQV SUHVHQW LQ WKH
F WKH ULQJ IOLSSLQJ RU LQ¥FHUVYRRABWY SRVVLEOH LQ WKH
G FLBGHFDOLQ KDV RQH + DW HTXDWRULDO SRVLWLRQ DQG WKH RWKHU

,Q WKH IROORZLQJ VHFWLRQ ZH ZLOO VXPPDULVH WKH NH\ FRQFHSWYV G
DERXW WKH FRQIRUPDWLRQV LQ VL[ PHPEHUHG ULQJV
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7KH FRQIRUPDWLRQDO LVRPHUVY DUH D WA\SH RI VWHUHR
ZLWKRXW EUHDNLQJ D ERQG WKXV GLIIHU IURP VWHUHRI
DW OHDVW EUHDNLQJ RQH ERG LQ WKH PROHFXOH 7KH
LVRPHUVY DUH QDPHG GHSHQGLQJ XSRQ WKH GLKHGUDO
DQJOH LQ WKH PROHFXOH 7KH FRQIRUPHUYV DUH QDPHG
JDXFKH DQG HFOLSVHG GHSHQGLQJ XSRQ WKH WRUVLRQ

7TKH UHSUHVHQWDWLRQ RI WKH FRQIRUPDWLRQDO LVRPFE
PDLQO\N DV WKH HFOLSVHG VWDJJHUHG JDXFKH QRWDW
RI HWKDQH PROHFXOH WKH VWDJJHUHG DQG HFOLSVHG |
FRQIRUPDWLRQV LQ WKH HQHUJ\ GLDJUDP 7KH QXPEHU
KLIKHU DONDQHYV

7KH SUHVHQFH RI FRQIRUPDWLRQDO LVRPHUV LQ F\FORE
VWDELOLW\ Rl WKH F\FORDONDQH 7KH VWUDLQV LQ F\F(
OHQJWK ERQG DQJOH WRUVLRQDO VWUDLQ DQG YDQ G|
GHSHQGV XSRQ WKH VL]H Rl WKH ULQJ DV H[SODLQHG E\

,Q WKH FDVH RI VL[ PHPEHUHG ULQJV OLNH F\FORKH[DQH
WKH ULQJ WR ORVH LWV SODQDULW\ DQG DWWDLQ GLIIH
H[LVWV LQ FKDLU DQG ERDW FRQIRUPDWLRQV WKH FKDI
VWDEOH RQH 7KH FKDLU IRUP LV D QRQ SODQDU DQG Ul
WRUVLRQDO VWUDLQ DORQJ ZLWK D ORZ DQRXSWWUDLQ
DUH VWDJJHUHG ZLWK UHVSHFW WR RQH DQRWKHU

7KH ERDW FRQIRUPDWLRQ KDV QR DQJOH VWUDLQ EXW
K\GURJHQV LQ WKH D[LDO SRVLWLRQ LQ ERDW FRQIRUPLE
QRQ ERQGHG LQWHUDFWLRQ FDOOHG WKH g LQWHUDF
& DQG & ZKLFK LV UHSXOVLYH LQ QDWXUH LV FDOOHG

7KH SURFHVV Rl LQWHUFRQYHUVLRQ Rl WZR HTXLYDOHQ
URWDWLRQ DURXQG VLQJOH ERQGV DORQJ ZLWK SRVVL
DV ULQJ LQYHUVLRQ ,Q F\FORKH[DQH WKLV SURFHVV L(
FKDLU IRUP WR DQRWKHU FKDLU IRUP WKURXJK VHYHUL
WKH uWZLVW ERDWY LQ ZKLFK WKH SODQDULW\ RI WKH |
7KH RWKHU IRUP LV pKDOI FKDLUY 7KH HTXDWRULDO K\
FKDQJHV WR DI[EBOYBIQIEDLQJ LQYHUVLRQ

7KH FRQIRUPHUV IRUPHG E\ WKH ULQJ IOLS LQ PRQRVXE
ZLWK XQHTXDO HQHUJLHV ,Q FRQWUDVW WR WKH PRQR\
GLVXEVWLWXWHG F\FORKH[DQHV VKRZ FRQILIXUDWLRQD
FRQIRUPDWLRQ LQ GLVXEVWLWXWHG F\FORKH[DQHV GHS
WZR VXEVWLWXHQWY RQ WKH ULQJ ZKLFK PHRQV ZKHWK
DUNUDWMK HDFK RWKHU ,Q WKH WULVXEFWLWXWHG F\FOF
FRQILIXUDWLRQ RU FLV WUDQV LVRPHUVY DUH SRVVLEOH
PROHFXOH RQH VXEVWLWXHQW LV WDNHQ MVDRQUBHIHUHQ
WKH RWKHU WZR FURVGUHOIARWK G BYSHFW WR WKH UHIHUL

7KH F\FORKH[HQH ULQJ LV LQ WKH KDOI FKDLU FRQIRUPI
PHWK\OHQH RU DOO\OLF K\GURJHQ DWRPV DUH YHU\ IDU
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HTXDWRULDO SRVLWLRQ LQ WUXH VHQVH 7KHVH DUH WKHUHIRUH GHVFI
SVHXGRD[LDO DQG SVHXGRHTXDWRULDO ,Q WKH FDVH RI GLVXEVWLW
F\FORKH[HQHV WKH SUHIHUUHG SRVLWLRQ LV D[LDO DQG QRW WKH HTX

7KH F\AFORKH[DQRQH PROHFXOH H[LVWV PDLQO\ LQ WKH FKDLU FRQIRUP]
FDVH Rl F\FORKH[D@&H WRARHFKDLU FRQIRUPHUV VKRZ YHU\ TXLFN
LOQWHUFRQYHUVLRQV DQG FDQQRW EH GLVWLQJXLVKHG 7KH KDORF\FOR
WKH KDORJHQ DWRP WR EH LQ WKH D[LDO SRVLWLRQ DQG DUH UHVSRQV
WKH FRQIRUPDWLRQDO HQHUJ\

,Q WKH FDVH RI IXVHG F\FOLF ULQJ FRPSRXQGYV OLNH GHFDOLQV WKHU}
VL[ PHPEHUHG ULQJV ZKLFK WU\ WR DWWDLQ WKH VWDEOH FRQIRUPDWL
PROHFXOH H[LVWV LQ WZR GLDVWHURPHULF IRUPV GXH WR GLIIHUHQW F
ULQJ IXVLR@PBUDAVPYV ZKLFK DWWDLQ D FKDLU FRQIRUPDWLRQ 7KH
SUHVHQFH RI FDUERQ\O DQG K\GUR[\ VXEVWLWXHQWYV LQ GHFDOLQV L H
GHFDORQHV UHVSHFWLYHO\ PDNH WKH SRVLWLRQV FKLUDO DV WKHVH ¢
VIPPHWU\ DIWHU JHWWLQJ VXEVWLWXWHG %RWK RI WKHVH PROHFXOHYV
JHRPHWULFDO LVRPHULVP DQG H[LVW LQ FLV DQG WUDQV IRUPV ZKLFK I
HQDQWLRPHUV LQ WKHLU VWDEOH IRUP

7(50,1%$/ 48(67,216

'UDZ WKH GLIITHUHQW FRQIRUPDWLRQV RI HWK\OHQH JO\FRO DV 1HZF
SURMHFWLRQV DQG ODEHO HDFK FOHDUO\

'UDZ 1HZPDQ SURBRMHPWWKQOEIXWDQH WKLRO ZLWK DQ
DOQWLSHULSODQDU FRQIRUPDWLRQ DORQJ WKH & & ERQG

'UDZ WKH VWUXFWKVYBO VR B BEXOWD GR@ PHWK\OF\FORKH[DQH
LQ LWV ORZHVW HQHUJ\ FKDLU FRQIRUPDWLRQ +RZ PDQ\ LVRPHUV RI
FRPSRXQG DUH WKHUH"

'UDZ WKH VWUXFWXUDO IRUPXOD RI GLFKORUR GLIOXRUR
GLPHWK\OF\FORKH[DQH DV D 1HZPDQ SURMHFWLRQ IRUPXOD YLHZHG
& & DQG & & ERQGV $VVXPH WKDW WKH FRPSRXQG DGRSWV D FKD
FRQIRUPDWLRQ

'KLFK RRMPRWUDBQNWDOLQ LV PRUH VWDEOH DQG ZK\" ,00XVWUDWH \R
DQVZHU

,GHQWLI\ WKH IROOR ZHIRIWARP@B XFXGAW DO RU DFKLUDO
&0 &0
% U
L LL

%\ GUDZLQJ WKH FKDLU FRQIRUALIMDIEBRLDIDQWKRZ WKDW ERWK
GLFKORURF\FORKH[DQHYVY DUH RSWLFDOO\ LQDFWLYH

$16:(56
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6HOI $VVHVVPHQW 4XHVWLRQV

7TKH SHQWDQH PROHFXOH KDV QLQH VWDJIJHUHG FR!

7KH DQVZHU LV LQ GLVDJUHHPHQW DV WKH IODW FF
LV JHQHUDOO\ Rl WRR KLJK DQ HQHUJ\ GXH WR DQ D
WRUVLRQDO VWUDLQ

7KH SXFNHUHG VWUXFWXUH RI D ULQJ ZLWK VL[ RU
PLQLPLVHY WKH DQJOH VWUDLQ LQ WKH PROHFXOH L
WKH W\SLFDO WHWUDKHGUDO DQJOHV

&RPSDULVFRQRQWWUKARQIRUPDWLRQV VKRZV WKDW L
FRQIRUPDWLRQ ERWK WKH PHWK\O JURXSV DUH HTX
VWDEOH WKIRUWERKLFK KDV RQH VXEVWLWXHQW HDF
HTXDWRULDO SRVLWLRQV

s o H OH OH
, . .
OH OH
: + +

OH +
FLV 'LPHWK\OF\FORKH[DQH RQH PHWK\O JURXS D[LDO DQG RQH HTXDWRULDO

OH
WUDQVLPHWK\OF\FORKRW&H+PHWK\O JURXSV HTXDVERWKOBOHWK\O JURXSV D[LDO

F
E

THUPLQDO 4XHVWLRQV

7KH HFOLSVHG FRQIRUPDWLRQ LQ ZKLFK WKH WZR |

FRLQFLGHQW DW HLWKHU HQG Rl WKH ERQG MRLQLQ
DV VIQSHULSODQDU ,I WKH JURXS DW WKH EDFN RI \
FORFNZLVH PDQQHU ZLWK UHVSHFW WR WKH REVHUY
FRQIRUPDWLRQV REWDLQHG DUH DV VKRZQ EHORZ

2+
2+ 2+ +2 2+ 2+
2+ . 24+ A + + N +, +
+2 + +
+ + +
+ ++ * * + 2+ * + +
+ + 2+

6\QSHULSODQDU *DXFKH (FOLSVHG *DXFKH (FOLSVHG $QWLSHULSODQDU

W LV LQLWLDOO\ EHVW 5V R FEHME\ @/EXNVADVQBIX FW K URIC
]LIJ]IbJ SURMHFWLRQ 7KH K\GURJHQ DWRPV FDQ WKH
GRQH HLWKHU LPDJLQDU\ RU DFWXDOO\ 7KH UHIHUI
WKH VXOIDQ\O JURXS $W SRVLWLRQ WKHUH DUH W
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KLIJIKHVW SULRULW\ JURXS KHUH LV WKH UHIHUHQFH JURXS %\ ORRN
& & ERQG WKH 1HZPDQ SURMHFWLRQ VKRZQ LV REWDLQHG

(W

6+

%HFDXVH WKH VWHWRRGHAVWHYS RO\ D UHODWLYH FRQILIXUDWLRQ
RI WKH WZR FKLUDOLW\ FHOWUHYV LQ WKH ULQJ WKHUH ZLOO EH WZ]
FLV>S VHF EXW\0O@ PHWK\OF\FRKEPDQ\WD VL QHH RIXIHQ
RI ERWK LVRPHY ¥ RPXINWWXBPH G WKH WZR FRPSRXQGV ZLOO EH
GLDVWHUHRPHUV (DFK GLDVWHUHRPHU FDQ H[LVW LQ WZR SRVVLEO
FRQIRUPDWLRQV 7KH PRUH HQHUJHWLFDOO\ IDYRXUDEOH FRQIRUPD
WKRVH ZKNUEXWK\KW JURXS RFFXSLHVY DQ HTXDWRULDO SRVLWLRQ VL
WKHVH WKH PRUH EXONLHU HWK\O JURXS ZLOO EH DW LWV PD[LPXP .
GLVWDQFH IURP WKH ULQJ VA\VWHP

mﬁ @Dﬁ—&

A — At g

7UbDQ@QV PRUH VWDEOH

,Q WKH FWWHR@RPHU ERWK K\GURJHQ EULGJHG DWRPVY DUH SUHVHC
RQ WKH HTXDWRULDO SRVLWERDWR ZHKULORQH) RVRHKHDVH R
K\GURJHQV LV LQ D[LDO DQG WKH RWKHU LQ WKH HTXDWRULDO SRVL
FDVHFRKVRPHU WKH K\GURJHQ DWRP SUHVHQW LQ WKH D[LDO SRVLYV
LQYROYHG LQ WKH GLD[LDO LOQOWHUDFWLRQ LWV VWDELOLW\ LV O
WUDRDQRPHU

LWUDOQ¥KLUDO
LIWUDGKLUDO

%RWK WKH FKDLU FRQIRUPDWLRQV DUH VXSHULPSRVDEOH DQG DUH \
LPDJHV RI HDFK RWKHU W VKRZVY WKDW WKH PROHFXOH LQ DFKLUDO
EH VKRZQ URKQ\RPHU

N 5LQJ IOLm

FLV GLFKORURF\FORKH[DQH
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6WUXEWXUH

,QWURGXFWLRQ 30DQDU &KLUDOLW\
(ISHFWHG /HDUQLQJ 2XWFR&HWWRSKDQHYV

BWHUHRFKHPLVWU\ RI $O5@N0Q H\R ISRE QG V
6SLUDQHV +HOLFLW\

6WHUHRFKHPLVWU\ RI $OOH<8\|1:VORVWHUHRLVRPHULVP

6WHUHRFKHPLVWU\ RI 6SLU%W1—|VUHRFKHPLVWU\ RI

6WHUHRFKHPLVWU\ RI $GDPDQWDQHYV

$ONVOLGHQHF\FORDONDQHY, i yHRFKHPLVWU\ Rl FDWFE
SWHUHRFKHPLVWU\ Rl %LSKHQ\OV

2SWLFDO DFWLYLW\ LQ %LDLH_PLYPLQDO AXHVWLRQV

$WURSLVRPHULVP &RQlRUP§d\/\}_f|QQ\9
&KLUDOLW\

BWHUHRFKHPLVWU\ RI %ULGJHG
%LSKHQ\OV

,1752'8&7,21

,Q WKH ILUVW WZR XQLWV RI WKLV FRXUVH \RX KDYH OH
PROHFXOHV ZLWK RQH WZR WKUHH RU PRUH FKLUDO F}
FRQFHSW RI FKLUDOLW\ DV RQH RI WKH FRQGLWLRQV IR
DFWLYLW\ <RX KDYH OHDUQHG WKH FRQFHSW RI UDFHP|
HQDQWLRPHUV DIWHU JRLQJ WKURXJK WKRVH XQLWV ,Q
FRQIRUPDWLRQDO LVRPHULVP <RX OHDUQW WR GUDZ W
F\FORKH[DQH DQG UHODWHG FRPSRXQGV DQG H[SODLQ \

FRQVLGHUHG PROHFXOHVY WKDW KDYH FKLUDO FHQWUHYV
RSWLFDO DFWLYLW\
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,Q WKH SUHVHQW XQLW ZH ZRXOG GLVFEFXVV WKH PROHFXOHV WKDW GR C
FHQWUHY EXW VWLOO VKRZ RSWLFDO LVRPHULVP GXH WR WKH SUHVHQF
D SODQH DV WKH IDFWRUV UHVSRQVLEOH IRU WKH RSWLFDO DFWLYLW\

WKH FDWHJRU\ RI FRPSOH[ VA\VWHPV :H ZLOO GLVFXVV WKH D[LDO FKLU
FKLUDOLW\ DQG KHOLFLW\ LQ PROHFXOHYV 7KH DOOHQHV VSLUDQHV D
FRPSRXQGY F\FORSKDQHV FDWHQDQHY DGDPDQWDQHV HWF EHORQJ

RI VXFK FRPSRXQGV :H ZRXOG VWDUW ZLWK DOOHQHV LQ WKH IROORZL

([SHFWHG /HDUQLQJ 2XWEFERPHV

$IWHU VWXG\LQJ WKLV XQLW \RX VKRXOG EH DEOH WR

™ H[SODLQ WKH FRQFHSW RI VWHUHRLVRPHULVP LQ PROHFXOHV ZLWKI
FHQWUHYV

™ GHILQH DQG HODERUDWH WKH D[LDO SODQDU DQG KHOLFDO FKLUDC

™ GHVFULEH WKH VWHUHRFKHPLVWU\ RI DOOHQHV VSLUDQHV DQG
$ON\OLGHQHF\FORDONDQHYV

™ GHVFULEH WKH FRQIRUPDWLRQDO FKLUDOLW)\ LQ ELSKHQ\OV DQG EL
™ H[SODLQ WKH SODQDU FKLUDOLW\ LQ F\FORSKDQHV DQG DQVD FRPS
™ GHILQH DQG H[SODLQ KHOLFLW\ DQG F\FORVWHUHRLVRPHULVP DQG
™ GHVFULEH WKH VWHUHRFKHPLVWU\ Rl DGDPDQWDQHVY DQG FDWHQDC

67(5(2&+(0,675< 2) $//(1(6 $1°
63,5$1(6

<RX KDYH UHDG WKDW D FRPSRXQG LV FKLUDO LI LW LV QRW VXSHULPSF
PLUURU LPDJH 7KLV GHILQLWLRQ SURYLGHV D QHFHVVDU\ DQG VXIILFLF
FKLUDOLW\ <RX NQRZ WKDW WKH FKLUDO PROHFXOHV PD\ SRVVHVV D U
QR SODQH RI VIPPHWU\ FHQWUH RI VIPPHWU\ RU DOWHUQDWLQJ D[LV RI
7KLV FULWHULRQ PD\ EH IXOILOOHG E\ WKH SUHVHQFH RI DQ DV\PPHWUI
RU VWHUHRJHQLF FHQWUH +RZHYHU LQ WKLV XQLW \RX ZLOO VWXG\ D
WKDW GR QRW KDYH VWHUHRJHQLF FHQWUHY EXW VWLOO VKRZ RSWLFD

0DQ\ RUIJDQLF FRPSRXQGY ODFN DV\PPHWULF FDUERQ DWRP EXW SRVVH
SODQDU RU KHOLFDO FKLUDOLW\ ,Q RWKHU ZRUGV WKHVH FRPSRXQGV
PROHFXOHV ZLWKRXW FKLUDO FHQWUHY 7KH DOOHQHV VSLUDQHV DQG
WKH H[DPSOHV ZKLFK EHORQJ WR WKLV FODVV RI FRPSRXQGV <RX ZLOC
WKHVH FRPSRXQGV LQ WKH IRUWKFRPLQJ VHFWLRQV :H ZLOO VWDUW ZI
EHIRUH WKDW OHW XV XQGHUVWDQG WKH SULQFLSOH LQYROYHG LQ WK
FKLUDOLW\ 7KLV FDQ EH H[SODLQHG E\ DQ HORQJDWHG WHWUDKHGURQ

(ORQJDWHG 7THWUDKHGURQ $SSURDFK

<RX DUH YHU\ ZHOO IDPLOLDU ZLWK WKH WHWUDKHGUDO VWUXFWXUH RI
WHWUDKHGUDO PROHFXOH KDV IRXU DWRPV RU JURXSY DW WKH FRUQHL
WHWUDKHGURQ DQG D WHWUD FRRUGLQDWHG FDUERQ LQ WKH FHQWUH
UHSUHVHQWHG LQ D JHQHULF IRUP DV &DEFG )LJ D ,I WKH FDUERQ
UHSODFHG E\ D OLQHDU FKDLQ VXFK DV & & RU & & & WKH WHWUDKHGU |
HORQJDWHG DORQJ WKLV D[LV DV VKRZQ LQ )LJ E 7KLV OHDGV WR (



%ORFN

6WHUHRFKHPLVWU\ ,

7KH UHDVRQ IR
GLVV\PPHWU\
WKH JURXSV D
RQH HQG RI W
OLH LQ D SOD(
DQJOHV WR WK
RWKHU HQG

WKH PROV D FRQVHTXHCH HRREPDWLRQ LI WKH
VXEVWLWXHQWY DUH LQ DFFRUGD

D e

&KLUDO D[LV

U WKH D\
|V WKDW G, D
DQG E D
H VA\VW {&\E
DH DW U P E G
RVH DW WKH i
D E
L. D $ UHJXODU WHWUDKHGURQ E ¢

7KH H[SODQH[LVWHQFH RI FKLUDO D[LV E\ HOR!
LV DSSOLFDEOH WR WKH DOOHQHV DV \RX ZI

6WHUHRFKHPLVWI

7KH & & VI\VWHP DV PHQWLRQH® Q@ EDROY:#i [F\D ® DDA HAGK D W
DOOHQHRMBRKXKQGY LQ ZKLFK D FDUERQ DWRP L

DWRPV E\ GRX 7KH VLPSOHVW DOOKBQH 4& &&RSD

ZKLFK LV | ZLWK SURSHQERQGLQJ LQ DUHSUHVHQWHG DV
JLYHQLOQ <RX ZRXOG REVHUYH WKDWLQ WKH PROHFXOF
DUWSK\EULGLVHG DQG XVH WKH WKUHH 1ERQG ZLWK
WZR K\GURJHQV DQG D FDUERQVX\EULGLVHG |

WZR FDUERQ DWRPV WKIIRUPLQJ 1 ERQGV 7KH

KDV VBRRIELWDOV ZKLFK GERQGLQJ

VSK\EULGLVHG FHQWUDO FDUERQ
V2 hybridised sp? hybridised

NE .

il (L AN

yLJ %RQGLQJ LQ DOOHQHYV

<RX ZLOO DOVR QRWH WKDW WKHUFC ERQGV 7KH WZR
EERQGVSHUSHQGLFXODU TKRY MDZRK KR VDKAHRPV DW HDFK
WHUPLQDO FCERQG DQJOH +&+ Rl f DQG WK

D SODQH 7KH WZR +&+ SODQHV DUH CZKLFK OLH LQ
RUWKRJRQIDQG FDQ EH UHSUHVHQWHG DV WKFED® LEH )LJ
UHSUHVLQ WZR GLPHQVLRQ DV VERMKXHQH E DQG
SURMHFWVR®@.)LJ F

" H' /H +.
N c=c=cC *
H V4 \
H H
+
D E F

YLJ  'LVV\PPHWU\ LQ ZRROPIRWXDD O\ SHUSHQ

‘H FDQ XQGHUVWDQG WKH HQDQWLR FRQVLGHULQJ WKH
H[DPSOH GLFKOR! GLH7KH PROGRHV QRW V
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FRQVLVWLQJ RI D VWHUHRJHQLF FHQWUH +RZHYHU LW GRHV H[LVW DV
FDQ EH VHHQ E\ WKH WZR VWUXFWXUHY VKRZQ LQ WKH ILIXUH D DQC
LPDJHV I ZH URWDWH VWYDNEWRFUAMKHBD[EV DV VKRZQ F LV
REWDLQHG ZKLFK LV QRW VXSHULPSRVDEOH ZLWK D ‘H REVHUYH WK
QRW VXSHULPSRVDEOH RQ D E\ DQ\ RWKHU URWDWLRQ :H FRQFOXGF
GLFKORURSURSD GLHQH LV D FKLUDO PROHFXOH GXH WR WKH SUH

D[LV DQG FDQ H[LVW DV D SDLU Rl HQDQWLRPHUYV D DQG E ,W FDOQ
UHSUHVHQWHG LQ 1HZPDQ SURMHFWLRQ DV VKRZQ LQ )LJ G
,,,,, &0
o |
&0 + &0 &0 A R &0 ’
K _— &% }&:ij\ &”' :&jL/ + &0
gomm ¥ &6 \+ i \&o &0 \+ ~
+
D E F G
)LJ 'LFKORURSURSDAQ GLHQH DQG LWV

3 GHVLJQDWLRIQ LQ
7KXV ZH FDQ FRQFOXGH WKDW DQ\ DOOHQH ZLW/| FRQILIXUDWLRQWW XEV

H[DPSOH DE& & &DE ZLOO EH FKLUDO DQG FDQ H HSTUXL'-RYUDL@VC'\QF‘{’VU DQWLR
:KHQ DVVLJIQL QOBARRILIXUDWLRQ WR DOOHQHV | CoRENZLVH L XQGV

FKLUDO D[LV RU KDYLQJ D[LDO FKLUDOLW\ WKH | .| WKH SULRULWRRWWLE

GLVWLQJXLVK D[LDO FKLUDOLW\ IURP W5 RWRH| DQWLFORFNZLY K HLWDLV;
DVVLIQHG

ZLWK 3 DQG 0 GHQRWLQJ D SDUWLFXODU FRQILy JXe-iR%E K 7100 O

FRQILIXUDWLRQ LQ DOOHQHYV DV GHWDLOHG EHO

$VVLIQLQJ &RQILIXUDWLRQ LQ $OOHQHYV

,Q RUGHU WR DVVLJQ WKH FRQILIXUDWLRQ WR P F K D[LDO
VHTXHQFH UXOHV LV DSSOLHG LQ DGGLWLRQ WR 6 0 H UXOHV
FRQILIXUDWILARQ PW \RX KDYH VWXGLHG LQ \RXU 8 e —<H UXOH
WKRBWHI QHDU JURXSYV SUHREHGHVIDXYV PODRXSVW PRUH FOHDU E\

WDNLQJ EURPR FKORUR EXWDGLHQH DV DQ H[DPSOH ZKLFK FRQWD

JURXSY DWWDFKHG WR HDFK FDUERQ 7KH VWUXFWXUH LV JLYHQ LQ )LJ

&0 4
9LHZ IURP 5 — N NP 2
/ ~N
% U &+
)LJ %URPR FKORUR EXWDGLHQH VWUXFWXUH YLHZ IURP /+6

<RX NQRZ WKDW WKH PROHFXOHVY FDQ EH YLHZHG IURP DQ\ VLGH RI WKF
DVVLIQ WKH FRQILIXUDWLRQ ,Q WKH DERYH H[DPSOH ZH KDYH FKRVHQ
WKH OHIW VLGH LQLWLDOO\ DV VKRZQ LQ WKH ILIXUH <RX VKRXOG IRO(
VWHSV LQ RUGHU WR DFKLHYH WKH FRUUHFW FRQILIJIXUDWLRQ

'UDZ D FLUFOH MAR FDOFQX LSHUYRHW R FSMOLLIRFH WK H JURXSV RQ WKH
IURQW DQG WKH EDFN FDUERQ 1RZ GUDZ D YHUWLFDO OLQH RQ WKH
VKRZV WKH JURXSY DWWDFKHG WR WKH I URQW FDUERQ DV LQGLFDWH

*URXSV RQ IURQW FDUERQ

O | —

*URXSV RQ IURQW FDUERQ
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'UDZ D KRUL]RQWDO OLQH EHKLQG WKH FLUFOH VR D
WKH EDFN FDUERQ DV LOQOGLFDWHG EHORZ

*URXSV RQ EDFN FDUERQ

30DFH WKH JURXSV DV YLHZHG LQ VWHS IRU WKH IU
DQG %U RQ WKH ORZHU VLGH ZKHUHDV RIQUWKH) EDFN
WKH OHIW DQG ULJKW VLGHV UHVSHFWLYHO\

1RZ DVVLIJQ WKH SULRULWLHV WR WKH VXEVWLWXHQV
DGGLWLRQDO UXOH PHQWLRQHG DERYH 3ULRULWLHV
EURPLQH DQG FKORULQH UHVSHFWLYHO\ EHLQJ SUHV
SULRULWLHV DQG DUH DVVLIQHG WR PHWK\O JURX
WKH EDFN FDUERQ

& 0O

% U

/IRRN IRU WKH VHTXHQFH DQG REVHUYH <RX ZL
FORFNZLVH GLUHFWLRQ WEHWRHIRUKUDW LUR/QDIW IFIDYH €
VHHQ LQ WKH VWUXFWXUH JLYHQ EHORZ

% U

5

1RZ ZH ZLOO VHH ZKHWKHU WKH DEVROXWH FRQILIJIXUDW
WKH PROHFXOH LV YLHZHG RU LW GRHV QRW GHSHQG
YLHZLQJ WKH VDPH PROHFXOH WKURXJK WKH & & & D[LV

W FDQ EH VHHQ IURP WKH VWUXFWXUHV GUDZQ EHORZ
IURQW DQG WKH YHUWLFDO OLQH RQ WKH EDFN VLGH 2(
DWWDFKHG DUH PHWK\O RQ WKH OHIW DQG K\GURJHQ R
LV RQ WKH WRS DQG EURPLQH RQ WKH ORZHU VLGH RQ \
DUH DVVLJQHG DFFRUGLQJ WR WKH UXOHV DQG DV LQGL

&0

Ro
o

+

S — & @ fr— & + +

% U \&+

\/

% U
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$IWHU DVVLIQLQJ WKH SULRULWLHV RI WKH JURXSY DWWDFKHG ZH ILQ(
LV FORFNZLVH YKRQILWUDMWERKY DV DVVLIQHG LQ VWHS W FDQ
EH YHULILHG IURP WKH VWUXFWXUH GUDZQ EHORZ

&0

%

W FDQ EH JHQHUDOLVHG IURP WKH DERYH REVHUYDWLRQV WKDW D VXE
DE& & &H OO EH FAKEUDO LI D

JXUWKHU LW FDQ EH VHHQ WKDW ZH REWDLQ WKH VDPH FRQILIJXUDWLRQ
HODQWLRPHU LV YLHZHG IURP DQ\ VLGH RI WKH FKLUDO D[LV /HW XV KL
HIDPSOH ZKHUH D LV WKH JURXS RI KLJKHU SULRULW\ WKDQ WKH JURXS
DUULSHFRRWILIXUDWLRQ ZKHQ WKH PROHFXOH LV YLHZHG IURP HLWKHU -

E E D E
B-I---E «— _ —:E D
[}
D D E D
/+6 YLHZ 5+6 YLHZ
6FRQILIXUDWLRQ 6 FRQILIXUDWLRQ
yLJ &RQILIXUDWLRQ LQ DOOHQHV ZLWK /+6 DQG 5+6 YLHZV

7KXV HYHQ ZKHQ D F DQG RUE G WKHIUDPHZRUN UHWDLQV FKLUDC
HORQJDWHG WHWUDKHGUDO DSSURDFK ILJXUH )ROORZLQJ WKLV FRQGL
XQGHUVWDQG DQG Y L\WXID\OEXHUWDIODEK W MREHBWQD DV

GHSLFWHG LQ )LJ

\ &KLUDO DJ[LV
o [

D\ E

+28& o N \\:&O

Neme= = &

/ \ / \
G + &2+ + & O

F o\
$ %
yLJ &KLUDO D[LV DQG FKLUDOLW\ LQ DOOHQHYV

/IHW XV QRZ VWXG\ DQRWKHU FDWHJRU\ RI FRPSRXQGYVY WKDW DUH RSWLI
ZLWKRXW WKH SUHVHQFH RI D FKLUDO FHQWUH EXW GHSLFW D[LDO FKLI
EHFRPH RSWLFDOO\ DFWLYH %HIRUH SURFHHGLQJ WU\ WR DQVZHU WK

6$4

6KRZ WKDW SHQWD GLHQH LV D FKLUDO PROHFXOH :ULWH DQ\ RQH R
HQDQWLRPHU DQG GHWHUPLQH WKH DEVROXWH FRQILIXUDWLRQ
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'KLFK RI WKH IROORZLQJ DOOHQHV ZRXOG VKRZ HQDQW!I
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6WHUHRFKHPLVWU\ RI 6SLUDQHYV

<RX NQRZ WKDW DOOHQHV KDYH FRQVHFXWLYH GRXEOH
GRXEOH ERQGV ZLWK WZR ULQJV LW OHDGV WR D ELF\FC
WKWBLUR FRPSRXQWE&HUDRBYLQJ RQH FDUERQ DWRP FRPI
WZR ULQJV /HW XV ILUVW XQGHUVWDQG WKH QRPHQFOTL

I1RPHQFODWXUH RI 6SLUDQHYV

7KH QDPH uVSLUDQHYT FRAMLRIBDRELWEWVAOWINQ 7KH WZLV)
UHVSRQVLEOH IRU QRQSODQDULW\ LQ WKH PROHFXOH D
FDQ EH REVHUYHG LQ )LJ

+g\ &+
+ +

‘ /,/" \\\\\\\‘// 1 1,

&/ + & &+ 2+
+ &+

6SLUR > @ SHQWDQH 6SLUDQH

D E
)LJ D $ VLPSOH VSLUDQH E $ VXEVWLWXWHG |

7KH VSLUDQHY DUH QDPHG E\ VHOHFWLQJ WKH SDUHQW
JLYHQ E\ FRXQWLQJ WKH WRWDO QXPEHU RI FDUERQV L
DWRP DW WKH MXQFWLRQ /HW XV FRQVLGHU VSLURSHQ
SUHVHQW LQ LW DV LV LQGLFDWHG LQ )LJ D 7KH Q:
WZR ULQJV ZLWKRXW FRXQWLQJ WKH FDUERQ DWRP FRF
SODFHG LQ VTXDUH EUDFNHWYV ZKHUH WKH ORZHU QXPE!
GRW WKHQ WKH RWKHU QXPEHU LV ZULWWHQ ,Q WKH F
ULQJY HDFK FRQVLVWLQJ RI WZR FDUERQ DWRPV OHDYL
ERWK WKH ULQJV WKHUHIRUH ZH ZLOO ZULWH > @ 7KI
WKH EUDFNHW 7KXV |IRU WKLV VLPSOH VSLUDQH ZH ZUL
SHQWDQH 6RPH PRUH H[DPSOHV RI XQVXEVWLWXWHG V¢

O~ (O

6SLURRKHSWDQH 6SLURBXQGHFDQH

)LJ 7TKH XQVXEVWLWXWHG VSLUDQHYV
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,Q VXEVWLWXWHG VSLUDQHV WKH SRVLWLRQ RI WKH VXEVWLWXHQWV L
QXPEHUV 7KH QXPEHULQJ EHJLQV ZLWK WKH VPDOOHU ULQJ DQG SDVVF
-XQFWLRQ RU WKH FRPPRQ FDUERQ DWRP WKH QXPEHULQJ LV FRQWLQX
ELJJHU ULQJ )RU H[DPSOH IRU D VXEVWLWXWHG VSLUDQH WKH VWUXF

yLJ LV QDPHG FKORURVSLUR > @ QRQDQH
&+— &+
~
&+
8> /8\&+—&+/
&0 &KORURV @LQMRED QH
yLJ 1DPLQJ D VXEVWLWXWHG VSLUDQH

7KH FRQGLWLRQV IRU FKLUDOLW\ LQ VSLUDQHY DUH VLPLODU WR WKRV}
ULQJV RI VSLUDQHY DUH SHUSHQGLFXODU WR HDFK RWKHU DQG GLIIHUF
WKH FDUERQ DWRPV LQ HDFK ULQJ ZLOO PDNH WKH PROHFXOH FKLUDO

VXEVWLWXWHG VSLUDQHY FDQ H[KLELW HQDQWLRPHULVP LI WKHVH SRV

7KHVH HQDQWLRPHUV DUH DOVR DVVLJQHG WKH DEVROXWH FRQILJXUDW
PHWKRG XVHG LQ WK H7RBIVHOPIQMOARPBHVRI D PROHFXOH VKRZQ LQ
yLJ LV IRXQG WRRRVYVKVUWLRQ

+1 1+
9LHZ|URP—/—+—@><><>‘\ 1+ .
+ +

+

5&RQILIXUDWLRQ

yLJ $VVLIQLQJ DEVROXWH FRQILIXUDWLRQ LQ VSLUDQHYV

$ VSLUR FRPSRXQG PD\ DOVR FRQWDLQ DV\PPHWULF FDUERQ DWRPV DV
RU DV SDUW RI WKH ULQJ )RU H[DPSOH VWUXFWXUH , JLYHQ LQ )LJ
VLPLODU DV\PPHWULF FDUERQ DWRPV PDUNHG ZLWK DQ DVWHULVN

GLIIHUHQWLDO JHRPHWULFDO LVRPHUV YL] vy .., DQG ,9 )XUWKHU HD
JHRPHWULFDO LVRPHUV ZLOO H[LVW DV D SDLU RI HQDQWLRPHUYV
+ &+ +
+&—&—&+ <&+—&— &+ +—T—&+ &+—l&—&+
2& / /&\ — &2
| O |&+ - '
&—&—&+ — &t — &— +
[ > e
2&—2/ — &2 28— —&2
.9
)LJ *HRPHWULFDO LVRPHUV LQ VSLUDQHY ZLWK DV\PPHWULF FDUERQ

1RZ ZH ZRXOG VWXG\ DQRWKHU W\SH RI PROHFXOHY WKDW KDYH D[LDO
DON\OLGHQHY RU DON\OLGHQHF\FOFRDONDQHYV
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<RX NQRZ WKDW D ULQJ DQG D GRXEOH ERQG DUH VWHU
LV D SRVVLELOLW\ RI UHSODFLQJ WKH GRXEOH ERQG E\
7KH UHSODFHPHQW RI GRXEOH ERQGYV LQ DOOHQH E\ D F
DON\OLGHQHF\FORDONDQH 7KLV UHSODFHPHQW GRHV Q
Rl WKH PROHFXOH $ JHQHUDO VWUXFWXUH ZLWK VXEVW
$V FDQ EH VHHQ IURP WKH VWUXFWXUH WKHVH PROHFX
GRXEOH ERQG DQG DUH FRQILIXUDWLRQDOO\ VWDEOH

,] WKH DON\OLGHQH F\FORDONDQH PROHFXOH LV VXLWD!
DFWLYLW\ DQG H[LVW DV HOQODQWLRPHUV 7KH VXEVWLW X
SHUSHQGLFXODU WR HDFK RWKHU 7KLV OHDGV WR WKH
GLVFXVVHG LQ WKH FDVH RI DOOHQHY DQG VSLUDQHV 7
DFHWLF DFLG H[LVWV DV WZR HQDQWLRPHUV DV VKRZQ

|; E + &22+ +22& +
/,< > < //'< > < > < >‘\\
+ & &+
D + +

$ON\OLGHQH F\FORDONDQH
D E

yLJ D 6WUXFWXUH Rl JHQHUDO [EQ ) DLVEHRAHH FORRID O N D G
PHWK\OF\FORKH[\OLGHQH DFHWLF DFLG

7KH FKLUDO DFWLYLW\ DV GHSLFWHG DERYH LV DOVR RE
ZKHUH RQH FDUERQ LQ & & LV UHSODFHG E\ D KHWHUR T
H[RF\FOLF LPLQH ERQG & 1 KDV WKH XQVKDUHG SDLU F
VXEVWLWXHQW DQG UHVXOWV LQWR DQ RSWLFDOO\ DFW
HQDQWLRPHUV 7KH VWDELOLW\ Rl WKH LVRPHUV GHSHQ
DWWDFKHG WR WKH 1 LQ LPLQH )RU H[DPSOH LPLQHV Z
FRQILIXUDWLRQDOO\ XQVWDEOH DQG UDFHPLVDWLRQ R}
SUHVHQFH RI D K\GUR[\ JURXS L H LQ R[LPHV UHVROYL
VWDEOH PROHFXOHV DUH REWDLQHG 7KH VWUXFWXUHV
DUH JLYHQ LQ )LJ

&0 /2 % U
A

)LJ &KLUDO LPLQHYV DQG R[LPHYV

‘H ZRXOG QH[W GLVFXVV WKH VWHUHRFKHPLVWU\ RI ELS
D[LDO FKLUDOLW\ EXW E\ YLUWXH RI UHVWULFWHG URWI
WR DQVZHU WKH IROORZLQJ 6%4

6%4

'UbDZ WKH HOQDQWLRPHUV RI WKH VSLUDQH PROHFXOH VW

% U
&0

&0
% U
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67(5(2&+(0,675< 2) %,3+(1</6

<RX VWXGLHG DERXW WKH SUHVHQFH RI DV\PPHWU\ GXH WR WKH SUHVH
D[LV LQ FDVH Rl DOOHQHV VSLUDQHV DQG DON\OLGHQHF\F\FORDONDQH
UHVWULFWLRQ Rl GRXEOH ERQGYV WZR ULQJV DUUDQJHG LQ SHUSHQGLF
WKH SUHVHQFH RI D ULQJ DQG GRXEOH ERQG ERWK UHVSHFWLYHO\ 1R
REVHUYH WKH SUHVHQFH RI FKLUDOLW\ LQ PROHFXOHV GXH WR KLQGHU
VLQJOH ERQGV 7KLV W\SH RI EHKDYLRXU LV H[KLELWHG LQ FDVH RI ELS
ELDU\OV $V LQ WKH FDVH RI PROHFXOHVY GHDOW LQ WKH SUHYLRXV VHF
LV REVHUYHG LQ ELSKHQ\OV LI WKH\ DUH DSSURSULDWHO\ VXEVWLWXWH
JHQHUDOO\ WR LVRPHDW VYR SGMEB EHH& WKH 8KHQRPHQRQ LV

FDOOMGIRSLVRPHBIM XKV XQGHUVWDQG WKH SKHQRPHQRQ LQ ELSKHQ\OV

$SWURSLVRPHULVP &RQIRUPDWLRQDO &KLUDOLW\

7KH WBWRRSLVRRHUDXNPQ IURP WKH *HUPDQ@ELW QLQJ

URWDIQB @HULYHG |URP WU M SARW RK GZLDOKWR X W | iVSVVL\’/FL‘E[L)\(’)RLPVHRU HVJ L\é WS*
7KH UHVWULFWHG URWDWLRQ LV GXH WR WKH G| 100 owLRPRU ltégﬂv{?ibq
JURXSV W ZDV ILUVW GHWHFWHG LQ FRPSRXQG | QFOXGHYV VHULHYV
FRPSRXQGV ZKLFK FRQWDLQ WZR DURPDWLF ULQ VWHUHRLVRPHIRIKNW KR WY
FDUERQ VLQJOH ERQG ¥&W\E RI ZKLHFE DUWKRZQ| WR UHVWULFWHG URWDW
7KHUH LV XVXDOO\ IUHH URWDWLRQ DERXW WKH| DERXW VLQJOHRERR®J W

LYV DOVR FBOORGDMKEHBRQG E

BLYRWDO ERQG

6\PPHWULF $FKLUDO
)LJ D %LSKHQ\O VWUXFWXUH E %LSKHQ\OV VKRZLQJ SLYRWDO ERQG

"KHQ WKH IRXU RUWKR SRVLWLRQV DUH VXEVWLWXWHG E\ EXON\ JURXS\
RSWLFDO DFWLYLW\ 7KLV LV EHFDXVH WKH URWDWLRQ DERXW WKH FHQ
RFFXU GXH WR VWHULF KLQGUDQFH DQG WKH WZR ULQJV OLH LQ GLIIF
WKH WZR ULQJV DUH LQFOLQHG WR HDFK RWKHU ,Q IDFW WKH DFWXDO
RI WKH WZR ULQJV GHSHQGVY RQ WKH VXEVWLWXHQW JURXSV EXW LW L\
LH WKH WZR ULQJV DUH DSSUR[LPDWHO\ SHUSHQGLFXODU WR HDFK R\
PROHFXOH LV QRW VXSHULPSRVDEOH RQ LWV PLUURU LPDJH DQG WKHU
RSWLFDOO\ DFWLYH 7KH URWDWLRQDO LVRPHULVP RI ELSKHQ\O GHULY|
yLJ OHDGV WR WKH IRUPDWLRQERIQGBBQWILRPHUV ZKHQ D

IRUPV WKH FKLUDO D[LV PY SKHRN HQ RIKWARLFB O OH G

DWURSLVRPHULVP LV D W\SH Rl FRQIRUPDWLRQDO URWDWLRQDO LVRP
FRQIRUPDWLRQDO LVRPHUV RU FRQIRUPHUV FDQ EH LVRODWHG

yLJ (QGDQWLRPHUV RI D FKLUDO ELSKHQ\O GHULYDWLYH

.l ZH FRQVLGHU D ELSKHQ\O ZLWK VXEVWLWXHQWY DV D E RQ ERWK WK
HQHUJ\ SURILOH GLDUBWMWRWR® DURXQG WKH ERQG EHWZHHQ WZR
SKHQ\O ULQJV FDQ EH UHSUHVHQWHG DV VKRZQ LQ )LJ
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%LSKHQ\O Z1
VXEVWLWXHQWY D DQ

=
~
IRWHQWLDO HQHUJ

'‘LKHGUD® DQJOH

yLJ (QHUJ\ SURILOH GLDJUDP IRU URWDWLRQ LQ WKH ERQ
ULQJV

,Q WKH IROORZLQJ VXEVHFWLRQ OHW XV XQGHUVWDQG
2SWLFDO $FWLYLW\ LQ %LDU\OV

$vV SHU WKH GLVFXVVLRQ JLYHQ LQ WKH DERYH VXEVHFYV
1 T ELSKHQ\OV FDQ EH FKLUDO LI WKH IROORZLQJ FF

X 7KH ELSKHQ\OV PXVW FRQWDLQ EXON\ RUWKR VXEVYV
WKH URWDWLRQ DURXQG WKH VLQJOH ERQG WKDW F|
UHVWULFWHG GXH WR WKH pFROOLVLRQY RI VXEVWL'

SHVROYDEOH PHDQV
WKDW WKH FRPSRXQG LV
RSWLFDOO\ DHWLYH

)LJ 6WUXFWXUH RI D ELSKHQ\O ZLWK EXON\ JUR

x ] WKH VXEVWLWXHQWY DUH QRW EXON\ HQRXJK WK
WKH VLQJOH ERQG DQG WKH PROHFXOH DWWDLQV D
VKRZQ LQ )LJ D 7KH PROHFXOH KDV D SODQH RI
FKLUDOLW\ 7KHVH ELSKHQ\OV DUH QRW UHVROYDEO
IRUPDWLRQ RI DQ\ HQDQWLRPHUV ORQRVXEVWLWXW
KDYLQJ VPDOOHU VXEVWLWXHQWY DQG GLVV\PPHWU
QRQUHVROYDEOH 7KH HQHUJ\ EDUULHU WR URWDWL
WKH JURXSV DURXQG WKH SLYRWDO ERQG LQFUHDVH
VORZHU LV WKH UDWH RI UDFHPIGDMIIXRRQ R)RU H[DP SC
GLPHWKR[\ELSKHQ\O LV QRQ UHVROYDEOH 7KH RUGH
SURGXFHG E\ GLIIHUHQW JURXSV LV Rl WKH RUGHU
%U Il OH ! &O!1&122 11 20H ! )

X 7KH ELSKHQ\OV WKDW FRQWDLQ WZR GLIITHUHQW RU\
DUH UHVROYDEOH DV WKH PROHFXOH EHFRPHV FKLU
HODQWLRPHULF IRUPV 2EYLRXVO\ LI RQH RU ERWK
VXEVWLWXHQWY L H ; < LQ )LJ D WKH PROHEFXH
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2EVHUYH WKH VWUXFWXUH RI VXEVWLWXWHG ELSKHQ\O QDPHO\ T GLC
DV JLYHQ LQ )LJ E 7KH PROHFXOH LV UHSUHVHQWHG LQ D NH\ FRQ|
ZLWK WKH WZR DURPDWLF ULQJV PXWXDOO\ SHUSHQGLFXODU 7KLV PRO
LQ WKLY PROHFXOH WKH PLUURU LPDJH LV QRW VXSHULPSRVDEOH RQ H
KHQFH DUH HQDQWLRPHUV $V VHHQ LQ WKLV PROHFXOH WKHUH LV QF
IDFW LW LV WKH PROHFXOH DV D ZKROH WKDW LV FKLUDO GXH WR UHVYV
PHOWLRQHG DERYH WWIUNRSVVRIPHOUHSPDRU FRQIRUPDWLRQDO
FKLUDOLW\

12 &22+ 4228

Q-0

+22& 12 &22+

D E

)LJ D &RSODQDU FRQIRUPDWLRQ LQ ELSKHQ\OV
E T 'LOLWURGLSKHQLF DFLG DQG LWV PLUURU LPDJH

/HWYV DVVLIQ WKH FRQILIXUDWLRQ WR RQH RI WKH HQDQWLRPHUV RI W
H[SODLQHG LQ )LJ D 2Q YLHZLQJ WKH PROHFXOH IURP WKH OHIW V

FKLUDO D[LV ZH REWDLQ )LJ E DQG RQ JLYLQJ WKH SULRULWLHV ZH

SRVVBVFRQILIXUDWLRQ

12
+22&

9LHZIURP @ O

&22+

12
—_— > +2 &———=f----- 12
/+6 YLHZ
&2 +
6 &RQILIXUDWLRQ
D E
)LJ D 6WUXFWXUH RI T '"LQLWURGLSKHQLF DFLG

E $VVLIQLQJ DEVROXWH FRQILIJXUDWLRQ WR T 'LQLWURGLSKHQLF DFI|
%XWWUHVVLQJ HIITHFW

$QRWKHU REVHUYDWLRQ FDQ EH PDGH E\ VXEVWLWXWLQJ DQRWKHU JUR
SRVLWLRQ RI WKH ULQJ 7KH VXEVWLWXHQW SXVKHV WKH VXEVWLWXHQ'
SRVLWLRQ WRZDUGV WKH FRQQHFWLQJ ERQG EHWZHHQ WKH WZR ULQJV
WKH VWHULF UHSXOVLRQ EHWZHHQ WKH RUWKR VXEVWLWXHQWYV RQ WZI
HQHUJ\ EDUULHU IRU UDFHPLVDWLRQ UHVXOWV )RU H[DPSOH LQWURG X
JURXS DRV WSBRVLWLRQ LQ T ELV WULIOXRURPHWK\O ELSKHQ\O )LJ
LQFUHDVHV HQHUJ\ EDUULHU E\' N- PRO IRU WKLV PROHFXOH DV FRPSI
RQABUWKREVWLWXWHG ELSKHQEXWAKUM VWL ©D G0 HHG W K H
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D E
JLJ D 6WUXFWXUH RI T ELV WULIOXRURPHWK\O ELSKH
T ELV WULIOXRURPHWK\O ELSKHQ\O
<RX UHDG DERYH WKDW DOPRVW DOO WKH DSSURSULDW
DUH UHVROYDEOH 7KHUH LV DQRWKHU ZD\ WKDW OHDG\
XV XQGHUVWDQG KRZ"

6WHUHRFKHPLVWU\ RI %ULGJHG %LSKHC(

<RX KDYH UHDG DERXW EULGJHG FRPSRXQGV ZKLOH VW)
K\GURFDUERQV :H FDQ GHILQH WKH EULGJHG FRPSRXQC
FRPSRXQGV LQ ZKLFK WZR ULQJY KDYH WZR RU PRUH DW
WKHVH DWRPV IRUP D EULGJH EHWZHHQ WKH ULQJV 7KF
FRPSRXQGV OLNH WKH ELDU\OV KDYH D EULGJH RI DWR
RQH VLGH RI WKH ULQJ WR WKH RWKHU ULQJ

<RX KDYH UHDG LQ WKH SUHYLRXV SDUDJUDSK WKDW Wk
ELDU\OV LV GHSHQGHQW XSRQ WKH EXONLQHVV RI WKH
WKH ULQJV :KHQ T SRVLWLRQV RI D ELSKHQ\O GHULY
WKH SRVVLELOLW\ RI VWDEOH FKLUDO FRQIRUPDWLRQ L
EULGJLQJ DWRPV DQG SUHVHQFH RI VXEVWLWXHQWY DW
SRVLWLRQV QDPHO\ DW DQG Y SRVLWLRQV ,Q RWKHU
RQ WKH ULQJ VL]JH DQG EXONLQHVV RI WKH RUWKR VXEYV
UuLJLGLW\ RI EULGIJHYVY 7KH VWHUHRFKHPLVWU\ RI ELSKH
EHHQ VWXGLHG E\ 89 DQG 105 VSHFWURVFRS\ DQG ; UD\

'KHQ WKH OXPEHBRXRRG WR DIIHFW WKH RSWLFDO DFWLYLW\ Rl WKHVH FR

EULGJLQJ DWR
WKUHH RU PRU
FRQILIXUDWLR
LV FRPSDUDEO

PEDUBJH LV MRLQHG WR 1 SRVLWLRQV DQG WKH ELSKHC(
HZWKMHHW D GLVXEVWLWXWHG IOXRUHQH ,Q WKLV PROHFX

SB%H%"\P\%LQb‘BbDU WKHUHIRUH LW LV QRW UHVROYDEOH

ELDU\OV ZLWKRXWFESEYWWXWHG PROHFXOH RI GLK\GURSKHQDQWKU

UHVROYHG 7KH FRPSRXQGV ZLWK WKUHH DWRP EULGJH'

RSWLFDOO\ VWDEOH

$vV FDQ EH REVHUYHG E\ WKH H[DPSOHV JLYHQ DERYH W
OHQJWK RI D ELDU\O EULGJH FRQVLGHUDEO\ GHFUHDVH)
7TKHUHIRUH WKH D[LDOO\ FKLUDO ELDU\OV KDYLQJ D ILY
UDFHPL]H DW URRP WHPSHUDWXUH ,W ZDV IRXQG WKDW

WHWUDMOREVWLWXWHG ELDU\O )LJ UDFHPL]JHV DW U
HYHQ XQGHU QHXWUDO FRQGLWLRQV ,W KDV EHHQ DWW
HQHUJ\ EDUULHU RI  N- PRO 7KH ELDU\O KDV D IRUP\O

RSSRVLWH DU\O ULQJY DQG IRUPVY DQ LOWHUPHGLDWH I
ZKLFK UHGXFHV ERWK WKH WRUVLRQ DQJOH EHWZHHQ W
EDUULHU WR URWDWLRQ DERXW WKH FKLUDO DJ[LV
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)LJ THRWWXYXREVWLWXWHG ELDU\O

7KH URWDWLRQDO HQHUJ\ EDUULHU RI ELDU\OV FDQ EH LQFUHDVHG E\ L
D ULJLG QRQSODQDU EULGJH 7KXV LQ D ELQDSKWK\O GHULYDWLYH ZLV
EULGJLQJ DWRP WKH UDFHPL]DWLRQ HQHUJ\ LV ORZ N- PRO )RU OD
EULGJHVY DV WKH GLKHGUDO DQJOH LQFUHDVHV WKH WZR DU\O ULQJV |
FKLUDO FRQIRUPDWLRQ 7KH FRQILIJXUDWLRQDO VWDELOLW\ LV HQKDQF
RWKHU WZR RUWKR VXEVWLWXHQWY DUH VXEVWLWXWHG ZLWK EXON\ JU
EULGJHG ELSKHQ\OV DUH JLYHQ LQ )LJ

2 I
~
0 +1
I I 3<5 L3 I 2 1+

5 1HRPHQWK\O
)LJ &KLUDO EULGJHG ELSKHQ\OV
,Q WKH IROORZLQJ VHFWLRQ OHW XV XQGHUVWDQG WKH VWHUHRFKHPL

ZLWK SODQDU FKLUDOLW\ %HIRUH \RX SURFHHG IXUWKHU WU\ WR DQVz
6%$4

6$4

'UDZ WKH VW U XFN XQXRREBR PHWKR[\ELSBHEDMER[\( | 5 sopoH RI
DFLG DQG SUHGLFW ZKHWKHU WKH PROHFXOH LV| VIiPPHWU\ GHYEWHRYWH R

FKLUDOLW\ RQJO\ E\ WKH
GLIITIHUHQFH RF ERWK

3/$1%$5 &+,5%/,7< VLGHV RI WKH[|SODQH L\
OHDGV WR SODBQDU
$V PHQWLRQHG HDUOLHU SODQDU FKLUDOLW\ L\ FKLUDOLW\ WKH SU

FDUERQ LQ WKH PROHFXOH 7KH SODQDU FKLUD <'E\ D PRO
DV\PPHWU\ LQ WKH PROHFXODU SODQH 7KH FKLUDOLW\ LV SDUWLFXODL
WKH SODQH DUUDQJHPHQW RI DWRPV RU JURXSVY LQ WKH PROHFXOH ZLW
UHIHUHQFH SODQH KHQFH FDOOHG FKLUDO SODQH $V LQ WKH FDVH RI

FKLUDOLW\ DULVHV GXH WR WKH H[FKDQJH RI JURXSYVY DURXQG WKH DJ[LYV
HIFKDQJH RI VXEVWLWXWHG JURXSY DFURVYV WKH SODQH OHDG WR SODC
GHILQLWLRQ RI SODQDU FKLUDOLW\ ZDV SURSRVHG E\ &DKQ HW DO LQ

SODQH FRQWDLQV DV PDQ\ DWRPV LQ WKH PROHFXOH DV SRVVLEOH EXW
FKLUDOLW\ LV GXH WR WKH IDFW WKDW DW OHDVW RQH RU PRUH JURXS
FROQWDLQHG LQ WKH FKLUDO SODQH RU WKH VWHUHRSODQH &HUWDLQ L
SDUDF\FORSKDQHV WUDQV F\FORDONHQHV ZLWK D WZLVWHG GRXEOH E
PHWDOORFHQH FRPSOH[HVY KDYH D FKLUDO SODQH $PRQJ PROHFXOHV Z
FKLUDOLW\ WKH F\FORSKDQHY DUH WKH PRVW LPSRUWDQW 2WKHU H[D|
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OHWDOORFHQH
RUJDQRPHWD(Q
FRPSRXQGV L(
D PHWDO DWR
VDQGZLFKHG E
WZR DURPDWL
H[DPSOH IHUU

DQQXOHQHV WUDQV F\FORRFWHQH DQG UHODWHG PROI
EH FRQVLGHUHG WR SRVVHVV D[LDO FKLUDOLW\ DQG PF
FRPSOH[HV RI DUHQHV :H ZLOO FRQVLGHU WKH VWHUHR
PROHFXOHVY EHORQJLQJ WR WKLV FDWHJRU\

&\FORSKDQHYV

&\FORSKDQHYV DUH WKH FRPSRXQGV LQ ZKLFK WZR EHQ]I
PHWK\OHQH EULGJHVY RQ HLWKHU VLGH EHWZHHQ SDUD ¢
JLYLQJ SDUDF\FORSKDQHY DQG PHWDF\FORSKDQHV UHV!

O o &

P
=]

\@J O O
3DUDF\FORSKDQHYV OHWDF\FORSKDQHV3DUDF\FORSKDQH FDUER[\OLF DFLG

yLJ 6WUXFWXUHV RI PHWDF\FORSKDQHY DQG SDUDF

3DUDF\FORSKDQH ZLWK P Q LV RSWLFDOO\ VWDEOH
FRPSRXQG LV UHVROYDEOH EXW UDFHPLVHV DW +  7&
Q DUH WKH FRPSRXQG FDQQRW EH UHVROYHG ,Q > @
WKH FKLUDO SODQH LV WKH SODQH RI WKH EHQJHQH ULC
VXEVWLWXWHG DW RQH ULQJ WKH SUHVHQFH RI HYHQ R
EHQ]JHQH ULQJV PDNHV WKH VWUXFWXUH FKLUDO 6RPH
RI RQH Rl WKH EHQJHQH ULQJV ZLWK WKH &22+ JURXS DL

RFH@H> @SDUDF\FORSKDBQH GLR[D> @F\FORSKDDRHHW\O PHWK\O
FDUER[\OLF DFLG FDUER[\OLF DFLG IHUURFHQH

)LJ OROHFXOHYVY ZLWK FKLUDO SODQHV
$QVD &RPSRXQGYV

7KH FDUERQ EULGJHG DQDORJXHV RI EHQ]JHQH ULQJV DU
FRPSRXQGV DQVD /DWLQ IRU KDQGOH $QVD &RPSRXQ
RI SKDQHV ZKHUH WZR QRQYLFLQDO SRVLWLRQV RI DQ
KHWHUR DWRPV DQG ZKLFK LQ WXUQ DUH FRMRLQHG E\

$V LQ WKH FDVH Rl VXEVWLWXWHG ELSKHQ\OV WKH UHV
LV UHVSRQVLEOH IRU WKHLU FKLUDOLW\ SURYLGHG WKH
7KXV DV DQ H[DPSOH FRPSRXQGV D DQG E LQ )LJ

VXEVWLWXHQWY DQG D WHQ PHPEHUHG PHWK\OHQH EUL
< +DQEBG WKHQ WKH DQVD FRPSRXQG EHFRPHV QRQUH\
RSWLFDO DFWLYLW\ GLVDSSHDUV DV LQ WKH FDVH RI F
DQG UDSLG URWDWLRQ RI WKH SKHQ\0O ULQJ WKURXJK W
7KLV ILQDOO\ UHVXOWV LQWR UDFHPLVDWLRQ 7KH FRP
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QXPEHUHG PHWK\OHQH EULGJH FDQ EH UHVROYHG DQG LV RSWLFDOO\ V
ZKHQ WKHUH LV RQO\ RQH VXEVWLWXHQW ZLWK D QLQH PHPEHUHG EULC
FRPSRXQG LV RI LQWHUPHGLDWH RSWLFDO VWDELOLW\ DV LQ WKH FDVH

2

\ |2 D [ &2\  %U
E [\ Qwu
&+ o F [ &2\ ©
[ G [ €2\ ©
b H [ &2\ 9

yLJ 6RPH H[DPSOHV RI DQVD FRPSRXQGV

1RZ ZH ZLOO GLVFXVV D VSHFLDO FDVH RI FKLUDO D[LVY FDOOHG KHOLFL
SURFHHGLQJ WR WKH QH[W VHFWLRQ WU\ WR DQVZHU WKH IROORZLQJ 6

6%4

*LYHQ EHORZ LV D ELDU\O FRPSRXQG $UH WKH WZR EHQ]JHQH ULQJV VX
LQ D SODQH" 'UDZ WKH VWUXFWXUH WR MXVWLI\\RXU DQVZHU

+22&

&22+

+& &+

+(/,&,7<
6HYHUDO FRPSRXQGV KDYH EHHQ SUHSDUHG WK O EHFDXV
VKDSH WKDW LV DFWXDOO\ KHOLFDO DQG FDQ W, 7D’EJHH ';';%LLFFDDOO DWFK%EQ
LQ RULHQWDWLRQ $ KHOL[ OLNH WKH WKUHDG | Ccyn wr WKH S Lﬂq \
KHOLFDO VWUXFWXUHV DULVH GXH WR WKH SRV] RKHOLEDO R WXUQ\
VWUXFWXUHY DUH QRQ VXSHU LPSRVDEOH PLUU| gLvV\PPHRWU\ ROH DQRW

FRPPRQ REMHFWYV KDYLQJ KHOLFDO JHRPHWU\ D

KHOLFLQVNDFW [ILJ

KHOLFLW\ LV SDUWLEX

) (®) W\SH RI FKLU LW\
L
£72%
R
w
o
Zaberey
*‘i“',_;;‘
)LJ 6RPH FRPPRQ REMHFWY KDYLQJ KHOLFDO JHRPHWU\

7TKXV PROHFXOHV ZLWK KHOLFDO VWUXFWXUHYVY DOVR H[KLELW FKLUDOL
SUHVHQFH RI D FKLUDO SODQH <RX PLJKW EH IDPLOLDU ZLWK ULJKW KI
KHOLFDO VWUXFWXUH RI KO LKA CF®D @ RN KRN H

PROHFXOHV LQ ZKLFK WKH DUUDQJHPHQW RI WKH DWRPV RU JURXSV LV
KHOL[ 6RPHWLPHV WKH HQWLUH PROHFXOH LV XYXDOO\ OHVV WKDQ RQ
KHOL[ EXW WKLV GRHV QRW DOWHU WKH SRVVLELOLW\ RI OHIW DQG UL.
H[IDPSOH LV KH[DKHOLFHQH LQ ZKLFK RQH VLGH RI WKH PROHFXOH PXV!

RWKHU EHFDXVH RI FURZGLQJ 7KH SODQDU FRQILIXUDWLRQ RI KHOLFH(
RZLQJ WR VHYHUH VWHULF LOWHUDFWLRQV EHWZHHQ WKH WHUPLQDO U
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QDPH KHOLFHQHVY PROHFXOHV ZLWK FKLUDO SODQHYV Dl
KHOLFDO FKLUDOLW\

+H[DKHOLFHQH LV D FODVVLF H[DPSOH RI D VWDEOH KH(
RSWLFDO URWDWLRQ $ QXPEHU RI DURPDWLF ULQJV DL
D KHOLFDO W\SH Rl VWUXFWXUH B6WHUHRLVRPHULVP LV
PLQLPXP RI EHQJHQH ULQJV +HOLFHQHV KDYLQJ D ODL
ULQJV RU DUH DOVR NQRZQ 6XFK FRPSRXQGV DUF
WKHVH KDYH QR HOHPHQWYV RI VIPPHWU\ DQG FDQ KDYF
RULHQWDWLRQ $ ULJKW KDQGIP® ®HOQHLW KBYEHIGER QH
6HH )LJ 7KH KHOLFHQHV FDQ EH UDFHPLVHG E\ KHD
SRLQWYV 7KH KHWHURF\FOLF DQDORJXHV RI KH[DKHOLFF
EHHQ SUHSDUHG

.
D)l le@
2, N\
(P)- m)-
)LJ 6WUXFWXUH RI KH[DKHOLFHQH

,Q WKH IROORZLQJ VHFWLRQ \RX ZLOO VWXG\ WKH VWHU
FRPSRXQGV

&<&/267(5(2,620(5,60

KHQ WKH FKLUDO FHQWUHY DUH SUHVHQW LQ F\FOLF PF
F\FORVWHUHRLVRPHULVP ,Q PRQRF\FOLF PROHFXOHYV Z
VXEVWLWXHQW WKH 1 SODQH SDVVHV WKURXJK WKH VXE
F\FOLF PROHFXOH LQ RQH RI WKH FRQIRUPIPWNVRQV $V
LVRPHU $Q H[DPSOH RI WKLV W\SH LV EURPRF\FORSHQW
PRQRF\FOLF PROHFXOHV ZLWK WZR RU IRXU DFKLUDO V>
GLDJRQDOO\ RSSRVLWH FDUPRY RRW R PRADHM ¥ VOVQ W KHLL
LVRPHUV WHMHW\OF\FORKH[DQROV H[KLELW WKLV NLQG RI
LQ WKH )LJ

A emre v

)LJ &\FOLF DFKLUDO PHVR LVRPHUV

, ] WKH VAPPHWUl ISOQBIPH @WEVHQW LQ PRQRF\FOLF PROHF’
HILVW LQ HQDQWLRPHULF IRUPV 7ZR H[DPSOHV DUH JLY

&+ + &
%, W% U &+ b
/ z?‘&+ +@

&0 &O

)LJ &\FOLF FKLUDO PROHFXOHV

6PDOO EULGJHG FRPSRXQGYV KDYH IHZHU VWHUHRLVRPH
GLVV\PPHWULF QDWXUH DQG DEVHQFHL®RI TKKH V\PPHWU\
UHDVROQ LV W WU ULQJ IXVLIEULGJH LV LPSRVYV



8QLW 6WHUHRLVRPHULVP RI OROHFXOHV :LWKRX

WR LOQYROYHPHQW RI YHU\ KLJK HQHUJ\ VSHFLHV 7KXV ELF\OR> @ KF
KDV WZR FKLUDO FHQWUHV EXW GXH WR WKH ODFN RI DQ\ DFKLURWRSL
PROHFXOH KDV RQO\ VWHUHRLVRPHUY DQG QRW DV FDQ EH H[SHFWH
RI SUHVHQFH RI WZR FKLUDO FHQWUHY 7KH VWHUHRLVRPHUYV DUH VKRZ

5 6

)LJ 6WHUHRLVRPHUV RI ELF\OR> @KHSWDQ RQH
,Q WKH IROORZLQJ VHFWLRQ \RX ZLOO EULHIO\ VWXG\ DERXW WKH VWHL
IXVHG F\FOLF PROHFXOHYV

67(5(28&+(0,675< 2) $'$0$17$1(6

$GDPDQWDQH LV D WULF\FOLF VI\VWHP KDYLQJ WKUHH F\FORKH[DQH ULQ
WRJHWKHU WKHUHIRUH DOVR QDPHG WULF\FOR > @ GHFDQH ,WV P
IRUPXOD+LW®G LW LV FRORXUOHVV FU\WWDOOLQH KDYLQJ D FDPSKRU C
RGRXU ,W LV DQ XQIXQFWLRQDOLVHG K\GURFDUERQ ZKLFK PHDQV WKH
FRPSRVHG RI RQO\ FDUERQ DQG K\GURJHQ ,W KDV ZLGH DSSOLFDWLRQ\
ILUVW LVRODWHG IURP D KLJK ERLOLQJ IUDFWLRQ RI SHWUROHXP ,WV \
WR KH[DPHWK\OHQH WHWUDPLQH ZLWK IRXU QLWURJHQV UHSODFHG E\ &
K\GURJHQ DQG FDUERQ DWRPV FDQ EH GHVFULEHG E\ RQO\ WZR VLWH
HTXLYDOHQW VLWHY DQG HTXLYDOHQW VLWHV DV FDQ EH VHHQ LQ WK
WKH PROHFXOH JLYHQ LQ )LJ 7KHVH DUH GHSLFWHG LQ WKH VWUXF
DQG

yLJ 6WUXFWXUH RI WULF\FOR > @ GHFDQH

/[HW XV VXPPDULVH WKH NH\ FRQFHSWV VWXGLHG LQ WKLV XQLW

6800%$5<

7TKHUH DUH VRPH FRPSOH[ VI\VWHPV ZKLFK GR QRW KDYH D FKLUDO FHQV
SUHVHQFH RI D FKLUDO D[LV RU D SODQH EHFRPHVY RQH RI WKH IDFWRU\)
WKH RSWLFDO DFWLYLW\ RI VXFK PROHFXOHV

$OOHQHV DUH FRPSRXQGV LQ ZKLFK D FDUERQ DWRP LV ERQGHG WR WZ
DWRPV E\ GRXEOH ERQGV $Q\ DOOHQH ZLWK WZR GLIIHUHQW VXEVWLW)
DE& & &DE ZLOO EH FKLUDO DQG FDQ H[LVW LQ WZR HQDQWLRPHULF IRU
DVVLIJQLRD®BKARQILIXUDWLRQ WR DOOHQHV RU RWKHU FRPSRXQGV ZLW
D[LV RU KDYLQJ D[LDO FKLUDOLW\ WKH SUHIL[ pDJ LV VRPHWLPHV XVHC
D[LDO FKLUDOLW)\ IURP WKH RWKHU W\SHV 7KH DVVLJQPHQW LV GRQH D
UXOHV



%ORFN

6WHUHRFKHPLVW!I

KHQ WKH GRXEOH ERQGY DUH UHSODFHG ZLWK WZR ULC
ELF\FOLF PROHFXOH 7KHVH DUH FDOOHG WKH VSLUR FR
KDYLQJ RQH FDUERQ DWRP FRPPRQ WR WZR ULQJV 7KH
VHOHFWLQJ WKH SDUHQW RU WKH URRW QDPH ZKLFK LV
QXPEHU RI FDUERQV LQ WKH WZR ULQJY DQG RQH FDUERF
VXLWDEO\ VXEVWLWXWHG VSLUDQHY FDQ H[KLELW HQDQ
FKLUDOLW\ 7KHVH HODQWLRPHUV DUH DOVR DVVLJQHG
IROORZLQJ WKH PHWKRG XVHG LQ WKH FDVH RI DOOHQH

7KH UHSODFHPHQW RI GRXEOH ERQGV LQ DOOHQH E\ D F
DON\OLGHQHF\FORDONDQH ,I| WKH DON\OLGHQHF\FORDO
VXEVWLWXWHG LW ZLOO VKRZ RSWLFDO DFWLYLW\ DQG
VXEVWLWXHQW JURXSY DUH SUHVHQW LQ SODQHV SHUSI

7KH ELSKHQ\OV H[KLELW WKH SUHVHQFH RI FKLUDOLW\ L
URWDWLRQ DERXW VLQJOH ERQGV $V LQ WKH FDVH RI $
DON\OLGHQHF\WERDRNLEPKWL W\ LV REVHUYHG LQ ELSKHQ
DSSURSULDWHO\ VXEVWLWXWHG 7KH QDPHV JLYHQ JHQ|
DUH uDWURSLVRPHUVY DQG WKH SKHQRPHQRQ LV FDOO
IRXU RUWKR SRVLWLRQV DUH VXEVWLWXWHG E\ EXON\ J
DFWLYLW\ :KHQ D JURXS DW WKH PHWD SRVLWLRQ RI W|
LQ WKH VWHULF UHSXOVLRQ EHWZHHQ WKH RUWKR VXEV
DQG WKH HQHUJ\ EDUULHU IRU UDFHPLVDWLRQ UHVXOW:"
HITHFW

7KH SODQDU FKLUDOLW\ LV DOVR GXH WR WKH SUHVHQF
PROHFXOH ,W LV VKRZQ E\ D PROHFXOH ZLWK DV\PPHWL
7KH FKLUDOLW\ LV SDUWLFXODUO\ GXH WR WKH RXW RI
JURXSV LQ WKH PROHFXOH ZLWK UHVSHFW WR UHIHUHQI
FRPSRXQGV SDUDRPNVUDRIHOIRPEOWHQHY ZLWK D WZLVWHG
DQG PHWDOORFHQH FRPSOH[HY KDYH D FKLUDO SODQH

&\FORSKDQHV DUH WKH FRPSRXQGV LQ ZKLFK WZR EHQ]J!
PHWK\OHQH EULGJHV RQ HLWKHU VLGH EHWZHHQ SDUD ¢
JLYLQJ SDUDF\FORSKDQHY DQG PHWDF\FORSKDQHYV UHV:!
EULGJHG DQDORJXHV Rl EHQ]JHQH ULQJV DUH NQRZQ DV
FRPSRXQGV FRQVWLWXWH D VXEFODVV RI SKDQHV ZKHL
DQ DU\O ULQJ DUH VXEVWLWXWHG ZLWK KHWHUR DWRPYV
E\ D EULGJH

7KH PROHFXOHV ZLWK KHOLFDO VWUXFWXUHYV DOVR HI[KI
SUHVHQFH RI D FKLUDO SODQH %DVHG RQ WKH QDPH KF
FKLUDO SODQHY DUH DOVR FDOOHG FRPSRXQGV ZLWK K|

'KHQ WKH FKLUDO FHQWUHY DUH SUHVHQW LQ F\FOLF PF
F\FORVWHUHRLVRPHULVP 1 WKH 6y PPHI W BV HQW PLHQ W V
PRQRF\FOLF PROHFXOHV WKHVH FDQ H[LVW LQ HQDQWL

$GDPDQWDQH LV D WULF\FOLF VI\VWHP KDYLQJ WKUHH F\
WRJHWKHU WKHUHIRUH DOVR QDPHG WULF\FOR > @
XQIXQFWLRQDOLVHG K\GURFDUERQ LQ ZKLFK WKH PROH]
FDUERQ DQG K\GURJHQ\PREWKDV D
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7(50,1$/ 48(67,216

K\ GR VSLUDQHV H[KLELW RSWLFDO LVRPHULVP"

:KLFK RI WKH IROORZLQJ LV D FKLUDO PROHFXOH" ([SODLQ JLYLQJ
‘ &22+ +228& &22+

1= >:
+2 8228+ + & &22+

'"HWHUPLQH WKH DEVROXWH FRQILIXUDWLRQ RI WKLY PROHFXOH E\
1HZPDQ SURMHFWLRQ
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KLFK RI WKH IROORZLQJ LV DUH QRQFKLUDO PROHFXOH V "

+22& &22+
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'"HWHUPLQH WKH DEVROXWH FRQILIJXUDWLRQ RI WKH PROHFXOH JLYt
YLHZHG IURP /+6

%U&22+

$16:(56

6HOlI $VVHVVPHQW 4XHVWLRQV

‘H VHH WKDW WKH WZR VXEVWLWXHQWY RQ HDFK FDUERQ RI WKH D
DUH GLIIHUHQW K\GURJHQ DQG PHWK\O JURXS KHQFH LW ZLOO EH [
PROHFXOH 2QH RI LWV HQDQWLRPHU LV GUDZQ DV VKRZQ EHORZ 9L
HLWKHU VLGH LV UHSUHVHQWHG DV D FURVV RI WZR OLQHV DQG SUL
DVVLJQHG :H ILQG WKDW WEKRWY HQPQOIWLRRGU KDV
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/+6 YLHZFRQILIJXUDWLRQ 546 YLHBFRQILIJXUDWLI

LL LLL DQG LY DUH FKLUDO PROHFXOHV DQG Zl1

% U % U
&0 &0
/ &0 &0

% U % U

+22& ) )
OH?2 20H

$V FDQ EH VHHQ WKH FRPSRXQG LV QRW RSWLFDOO\
SUHVHQW LQ 9§ DQG T SRVLWLRQV

7KH EHQ]JHQH ULQJV DUH QRW LQ D SODQH DV FDQ
VWUXFWXUH GUDZQ EHORZ ,W FDQ EH GUDZQ DV LW

+22& &22+

+ & &+

THUPLQDO 4XHVWLRQV

6SLUDQHY KDYH WZR ULQJYV MRLQHG WKURXJK D FRF
PDNHV WKHVH PROHFXOHY QRQSODQDU DQG WKH WZ
DO\ D[LV +HQFH WKH\ H[KLELW RSWLFDO LVRPHULVP
URWDWLRQ SURYLGHG WKDW WKH\ FRQWDLQ WZR GL

ULQJ
&RPSRXQG L LV FKLUDO DV LW GRHV QRW SRVVHVYV
DOWHUQDWLQJ D[LV RI VIPPHWU\ :KLOH FRPSRXQG
SRVVHVVHV D SODQH RI VI\PPHWU\

+ +

“ /

/ja— &— &LHZ IURP WEEV V¥l +
+ & % U

% U
6 &RQILIXUDWLRQ

2Q0\ PROHFXOH LLL LV QRQFKLUDO
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