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ABSTRACT

The Chemical Mass Balance (CMB) receptor model uses chemical concentrations

measured in source and receptor samples to estimate the contributions of different

source types to ambient pollutant concentrations.  The model is used primarily in the

development of State Implementation Plans for PM10.  CMB7 is a software package which

implements the model.  This interactive software operates on IBM compatible

microcomputers and allows the user to: 1) select samples, chemical species, and source

types for modeling; 2) calculate source contributions and their standard errors using

the effective variance least squares estimation algorithm; 3) evaluate the goodness of

fit and validate the model results; 4) prepare outputs for reports and input to data

base and spreadsheet software; and 5) graph results.

The User's Manual describes model installation, the command menu, and the

structure of input and output data files.  A step-by-step tutorial using example data

files, which are included on a floppy disk with the executable computer code, is

provided.  Sources of ambient and source profile data for PM10 are described.
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SECTION 1

INTRODUCTION

The Chemical Mass Balance (CMB) air quality model is one of

several receptor models which have been applied to air resources

management.  Receptor models use the chemical and physical

characteristics of gases and particles measured at source and receptor

to both identify the presence of and to quantify source contributions

to receptor concentrations.  Receptor models are generally contrasted

with dispersion models which use estimates of pollutant emissions

rates, meteorological transport, and chemical transformation

mechanisms to estimate the contribution of each source to receptor

concentrations.  The two types of models are complementary, with each

type having strengths which compensate for the weaknesses of the

other. The current guidance for the development of PM10 State

Implementation Plans (SIPs) recommends the application of both

receptor and dispersion models with a reconciliation of their

independent source apportionments (U.S. EPA, 1987c). 

This software manual updates Volume III of EPA's Receptor Model

Technical Series by describing the fundamentals and use of CMB7. 

Volume III (U.S. EPA, 1987a) describes the earlier CMB 6.0 of the CMB

software.  

The primary objectives of this manual are:

! To identify the new features and improvements in CMB modeling
software.

! To provide instructions in the use of the new software.

! To identify additional examples of CMB applications to PM10,
visibility, and gaseous species.
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This manual is intended for wide use by state and local air

pollution control agency personnel in developing State Implementation

Plans for PM10 (suspended particulate matter with an aerodynamic

diameter less than 10 µm).  The U.S. Environmental Protection Agency

(EPA) has published two companion documents to this manual that are

also SIP-oriented and that should be consulted for SIP development. 

The first, "Protocol for Applying and Validating the CMB Model" (U.S.

EPA, 1987b), provides guidance on applicability, assumptions, and

interpretation of results.  The protocol provides a practical strategy

for obtaining valid results.  The second document, "Protocol For

Reconciling Differences Among Receptor and Dispersion Models" (U.S.

EPA, 1987c), recommends a procedure for examining and reconciling

differences between receptor and dispersion modeling results.

This manual is not intended to describe fully the CMB or other

receptor models or their applicability to different situations. 

Several review articles, books, and conference proceedings provide

additional information about the CMB and other receptor models (Hopke

and Dattner, 1982; Stevens and Pace, 1984; Hopke, 1985; Pace, 1986;

Gordon, 1980, 1988; Watson, 1989).

1.1 WHAT THE MODEL DOES

The CMB model uses the chemical composition of ambient pollution

samples to estimate the contributions of different source types to the

measured pollutant concentrations.  The CMB model has been most widely

used for suspended particulate matter, but it is equally applicable to

gaseous species.  The chemical composition of each source-type's

emissions (source profile) must also be known to use the model.  The

information required by and produced by the CMB model is shown in

Figure 1.
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Figure 1.  CMB7 Model inputs and outputs.

  The CMB model quantifies contributions from chemically distinct

source-types rather than contributions from individual emitters.  For

example, the model might calculate that 6.7 ± 2.2 µg/m3 of PM10 are

contributed by residual oil combustion, but this contribution might

not be further resolved into concentrations attributable to Power

Plant 2, Industrial Boiler 3, Hospital Heating Plant 6, etc.  Sources

which have similar chemical compositions cannot be separated by the

model.  The software performs tests on ambient data and source

profiles which tell how well source-type contributions can be resolved

from each other.

The CMB7 software can be applied to measurements of up to four

different particle size fractions when source and ambient data are

available.  When modeling PM10, the fine (PM2.5, 0 to 2.5 µm aerodynamic

diameter) and coarse (2.5 to 10 µm aerodynamic diameter) size

fractions are often modeled separately.  This feature allows particle
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size as well as chemical characteristics to be used in distinguishing

one source type from another.

The CMB model calculates source contribution estimates for each

individual ambient sample, which is usually of 24-hour duration for

PM10.  The chemical profiles may differ from one sample to the next

owing to differences in emission rates (e.g., some days may have wood-

stove burning bans in effect and others will not), wind directions

(e.g., a downwind point source would not be expected to be

contributing at an upwind sampling site), and changes in emissions

compositions (e.g., different gasoline characteristics and engine

performance in winter and summer may result in different profiles). 

For PM10 assessment, 24-hour samples are taken every sixth day for a

one-year period, and every sample is apportioned separately.  Seasonal

and annual averages of source contribution estimates are calculated to

evaluate the annual PM10 standard.

The CMB model is normally used to apportion particulate matter

which is directly emitted.  The remaining sulfate, nitrate, and

organic compounds which are not attributed to primary emissions are

secondary species and are not attributed directly to sources. 

Research is currently underway to calculate or measure fractionated

source profiles which simulate the profile as it would look at the

receptor after aging, transformation, deposition, and transport.  When

this research is completed, the CMB model may be applicable to the

attribution of secondary as well as primary species.

1.2 HOW THE MODEL WORKS

 The CMB model is derived from physical principles with 

assumptions stated in Appendix A.  Therefore, the CMB is not purely a

statistical model, though the least-squares estimation method used to

solve the CMB equations bears resemblance to multiple linear
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regression analysis.  The CMB consists of the following set of

equations:

Ci = Fi1S1 + Fi2S2 +. .+ FijSj . .+ FiJSJ      i=1..I, j=1..J

where Ci = Concentration of species i measured at a receptor site

Fij = Fraction of species i in emissions from source j

Sj = Estimate of the contribution of source j

I = Number of chemical species

J = Number of source types

These equations have a unique solution only when the number of

species is equal to or greater than the number of sources.  Model

evaluation studies show that the greater the number of species, the

more precise the apportionment. These simultaneous equations are

solved by an effective variance weighted least squares estimation

method (Watson et al., 1984) which has been thoroughly tested and

documented.  This method also requires  precision estimates for the Ci

and Fij values as model input.  These precision estimates result in

realistic uncertainties associated with the source contribution

estimates, Sj, which are calculated by the model.  All source

contribution estimates must be accompanied by their calculated

standard errors when CMB modeling results are reported.

1.3 CMB SOFTWARE HISTORY

The Chemical Mass Balance (CMB) receptor model was first applied

by Winchester and Nifong (1971), Hidy and Friedlander (1972), and

Kneip et al. (1972).  The original applications used unique chemical

species associated with each source-type, the so-called "tracer"

solution.  Friedlander (1973) introduced the ordinary weighted least-
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squares solution to the CMB equations, and this had the advantages of

relaxing the constraint of a unique species in each source-type and of

providing estimates of uncertainties associated with the source

contributions.

Gordon and his students at the University of Maryland (e.g.,

Kowalkzyk et. al., 1978) subsequently applied this method to many

chemical species that they measured in source and receptor samples. 

The ordinary weighted least squares solution was limited in that only

the uncertainties of the receptor concentrations were considered;  the

uncertainties of the source profiles, which are typically much higher

than the uncertainties of the receptor concentrations, were neglected.

The first user-oriented software for the CMB model was programmed

in 1978 at the Oregon Graduate Center in FORTRAN IV on a PRIME 300

minicomputer (Watson, 1979).  The PRIME 300 was limited to 3 megabytes

of storage and 64 kilobytes of random access memory.  CMB Versions 1

through 6 updated this original version and were subject to many of

the limitations dictated by the original computing system.  CMB7 has

been completely rewritten in a combination of the C and FORTRAN

languages to operate on microcomputers with floating-point

coprocessors, hard disk systems with tens of megabytes storage, and

available memory of 640 kilobytes.  

CMB 1 was used in the Portland Aerosol Characterization Study

(PACS) to develop a State Implementation Plan for the control of Total

Suspended Particulate Matter (Watson, 1979).  This modeling was the

first to identify and quantify residential wood combustion as a major

contributor to particulate levels in a U.S. urban area.

Version 2 of the CMB software was installed on EPA's UNIVAC

system in 1980.  This model could be operated by direct dial-up from a

remote terminal.  The CMB 2 software was identical to CMB 1 except

that the data input files were generalized.  This version was used to
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introduce state and local pollution control agencies to receptor

modeling in a series of workshops which were conducted during 1981.

CMB 3 included re-writing of the computer code in FORTRAN 77 and

added a ridge regression solution to the effective variance least-

squares estimation method for solving the CMB equations (Williamson

and DuBose, 1983). This version operated on the EPA UNIVAC via remote

terminals. The ridge regression algorithm was thought to reduce the

effects of collinearity (i.e., two or more source profiles which are

too similar to be separated from each other by the model) on source

contribution estimates.  Henry (1982) showed, however, that the ridge

regression solution was equivalent to changing the source profiles

from their measured values until the collinearity disappeared.  He

determined that the source contribution estimates given by the ridge

regression solution did not represent reality, and its use for air

quality modeling was abandoned.  CMB 4, created in 1984, ported

the CMB 3 software to an IBM/XT microcomputer for the first time and

added the original effective variance solution of CMB 1.

CMB Versions 2 through 4 were rarely used for air quality

modeling owing to a lack of appropriate model input data, inadequate

user instructions, and "buggy" software.  The anticipation of a

revised ambient air quality standard for suspended particulate matter,

PM10, resulted in a cooperative agreement between the U.S.

Environmental Protection Agency and the Desert Research Institute of

the University of Nevada System to re-package the software for

regulatory applications.  

CMB 5 was an experimental version which contained several

solution methods, performance diagnostics, and output displays which

could be easily evaluated by scientists and regulators via application

to real and synthesized data sets.  CMB 5 was revised nine times in

response to recommendations and findings of these scientists and

regulators.  These individuals met in 1986 to finalize the software
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for regulatory applications and to prepare instructions for the use of

this software in these applications.  CMB 6.0 incorporated the

recommendations of this group into software, a user's manual (U.S.

EPA, 1987a), a protocol for applying and validating the CMB model

(U.S. EPA, 1987b), and a protocol for reconciling CMB source

apportionments with source apportionments determined by dispersion

modeling (U.S. EPA, 1987c).

Even as CMB 6.0 was issued, its limitations were apparent.  The

computer code had never been intended for the capabilities of

microcomputers.  The data interfaces were inflexible and inconvenient,

the memory allocation was inefficient, and the computational

algorithms were slow.  Advances in microcomputer memory, displays, and

data analysis software created demands for more informative displays

and easily transferrable model output formats.  These limitations did

not prevent the software from being applied in numerous PM10 source

assessments which are described later in this update.  Many

recommendations were made by the users of CMB 6.0, and several

software "bugs" (none of which were found to affect the source

contribution estimates) were found.  The user suggestions were

compiled and have been addressed in CMB7.

1.4 DIFFERENCES BETWEEN CMB7 AND CMB 6.0

Many of the differences between CMB 6.0 and CMB7 software are

internal. The algorithms and computer code have been rewritten in a

combination of the C and FORTRAN languages to speed data access and

calculations.  The arrays have been expanded to accommodate a larger

number of source types and receptor species.  All of these changes are

transparent to the normal user of the compiled computer code. 

Several changes are external and affect the data input files, the

output files, and the way in which the user interacts with the model:
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! CMB7 is menu driven.  The CMB 6.0 HELP command has been
replaced by this menu.  This feature removes the need to
memorize command mnemonics and to enter them each time a model
function is desired.

! Each set of source profile and receptor chemical
concentrations may now be supplied to the model as a single,
blank delimited ASCII record (data fields are distinguished by
a blank between each field).  These records are easily
produced by popular data base and spreadsheet software.  The
option remains, however, to use CMB 6.0 source profile and
ambient input file formats. (See discussions in Section 4.)

! Ambient concentration and source profile ID codes have been
changed from two to six characters.  This allows a much larger
number of source profiles and chemical species to be used in
the model.  Input files for CMB 6.0 must be modified by
inserting four blank spaces before the species or source-type
code for each record in the input file.  The date field has
been expanded to eight characters from the six-character field
length in CMB 6.0.  (See Section 4 for details.)

! The optional INXXXXXX.IN7 input file which includes the names
of other input data files can contain either five or seven
filenames. To run CMB7 with CMB 6.0 input files,  five input
data filenames are listed in the same order as in CMB 6.0 with
the *.DAT extension.  To input data from constant record ASCII
files (e.g., example files PRPORT.TXT and ADPORT.TXT),
filenames in the sixth and seventh lines identify receptor and
source profile files, respectively, and end with the *.TXT
extender.  The first five names may be blank or any filename
without the *.DAT extension. (See Section 4 for details.)

! CMB7 uses dynamic memory allocation.  CMB7 is no longer
limited to 21 fitting species and 16 fitting sources as was
CMB 6.0.  All remaining memory up to 640K is available for use
by the program.  If fewer species are included, more profiles
can be included.  The precise number which can be used depends
on the memory configuration of a given computing system.  A
number appears on the screen at the start of each session
which indicates the size of the work array available to CMB7. 
A formula for the size of the work array required is given in
Appendix A.

! CMB7 produces two output files: one similar to that of CMB 6.0
and another which contains the contribution of each source to
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each chemical species in a single, blank-delimited record. 
These records can be read directly into commonly used
spreadsheet, data base, graphics, and statistical software.

! CMB7 produces pie charts of source contributions and bar
charts of measured and calculated species concentrations. 
These graphics can be printed from the screen or directed to a
file in HPGL language for high resolution printing or
plotting.

! CMB7 produces the Modified Pseudo-inverse Matrix (MPIN)
diagnostic to help identify the degree of influence each
chemical species concentration has on the contribution of the
corresponding source. (See Section 3 for details.) 

1.5 ORGANIZATION OF USER'S MANUAL

Section 1 has stated the objectives of this User's Manual (this

is a self-sufficient document) and identified the major differences

between this version of CMB modeling software and its predecessor. 

The second section describes the software on the distributed EPA

diskette, computer hardware requirements, and how to install CMB7 on

IBM-compatible computing systems.  The third section presents a

tutorial using example files provided on the EPA disk. The fourth

section describes the input and output files and methods of building

input files. The final section describes the meaning and

interpretation of different model outputs.  The appendices describe

the CMB model derivation from basic principles, the solution

algorithms, model assumptions, and the results of tests of deviations

from model assumptions.
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SECTION 2

SOFTWARE INSTALLATION

This section describes the hardware requirements, computer

programs, and installation procedures for CMB7. 

2.1 HARDWARE AND OPERATING SYSTEM

The minimum requirements for running CMB7 software are:

! IBM PC compatible desktop, portable, or laptop computer

! Available random access memory in excess of 420K 

! Single 5¼ dual-sided standard floppy disk drive

! DOS Version 2.0 or higher operating system

The recommended hardware configuration is:

! IBM compatible Intel 80286- or 80386-based microcomputer

! 640K random access memory   

! Mathematical co-processor (Intel 8087, 80287, or 80387)

! EGA, VGA, or Hercules compatible video graphics adapter

! HP LaserJet II compatible laser printer

! DOS Version 3.0 or higher operating system

! Hard disk with a minimum of 20M bytes capacity
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2.2 CMB SOFTWARE

CMB7 software can be acquired from the National Technical

Information Service or it can be retrieved from the EPA's Support

Center For Regulatory Air Models Bulletin Board System (SCRAM BBS). 

The software was developed under a cooperative agreement with the

Desert Research Institute of the University of Nevada, an agency of

the State of Nevada, and is non-proprietary.  This software is written

in the C and FORTRAN computer languages and is translated to an

executable program using Microsoft (Microsoft Corp., 16011 NE 36th

Way, Redmond, WA 98073) compilers.  The source code is also available

from the authors on written request accompanied by a formatted, double

density 5¼" floppy disk. The standard disk contains the following

files:

! CMB7.EXE:  Executable code for CMB7.

! PROFIN.PRG:  A dBaseIII+ or dBase IV utility program which
selects data from EPA's Source Composition Library (U.S. EPA,
1988) for formatting into CMB7 input data files.

! CMBIN7.PRG:  A dBase III+ or dBase IV utility program which
converts dBase files into CMB7 input data file formats for
source profile and ambient data.

! PROFILE.DBF:  An example dBase source profile data file in EPA
Source Composition Library format.  The entire PROFILE.DBF
file and its documentation (U.S. EPA, 1988) may be obtained
from the U.S. EPA Office of Air Quality Planning and
Standards.

! ADPORT.DBF:  An example dBase ambient data file.  This file
may be used as an example format when requesting data from
analytical laboratories.

! INPORT.IN7:  An example input data file containing the
filenames of all other example input files.

! POPORT.IN7:  An example input data file containing species
codes, mnemonics, and initial fitting species selections. 
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POPORT.DAT is the CMB6 copy of this file which is used with
the PROFIN program.

! SOPORT.IN7:  An example input data file containing source
profile codes, mnemonics, and initial fitting profile
selections.

! ADPORT.TXT:  An example input ambient data file in CMB7
format.  This file can also be produced from the ADPORT.DBF
file using the CMBIN7.PRG program.

! PRPORT.TXT:  An example input source profile data file in CMB7
format.  This file can also be produced from a PRPORT.DBF file
(created with the PROFIN.PRG program) using the CMBIN.PRG
program.

! ELNAM.STR and PROFILE.STR:  These are dBase structure files
which are used by the PROFIN.PRG program.

! MSHERC.COM:  This utility program from Microsoft Corp. must be
run prior to running CMB7 to obtain graphics output from a
Hercules compatible video adapter.

! README.DOC:  This file describes updates on software or the
user's manual which are subsequent to the printing of this
manual.

It is good practice to make a working copy of these programs on

another floppy disk and to store the original disk in a safe location.

In addition to this non-proprietary software, several additional

software packages have been found useful as a complement to CMB7:

! EPA Source Composition Library (U.S. EPA, Office of Air
Quality Planning and Standards, Air Quality Management
Division, Non-Criteria Pollutant Programs Branch, MD-15,
Research Triangle Park, NC 27711).  As noted above, this
library and its documentation contain many source profiles
compiled from several studies all over the U.S.  The source
profile data base is updated periodically, and new profiles
may be submitted by CMB users to the data base at the stated
address.
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! VEDIT PLUS (CompuView Products, Inc., 1955 Pauline Blvd., Ann
Arbor, MI  48103).  This text editor is able to handle the
long lines which can occur in CMB7 input files.

! dBASE III+ or dBASE IV (Ashton-Tate, 20101 Hamilton Ave.,
Torrance, CA  90502).  This data base program is useful for
assembling CMB7 input data files and for examining the
OUXXXXXX.DT2 output files.

! GRAFPLUS (Jewell Technologies, 4740 44th St. SW, Suite 203,
Seattle, WA  98116).  This software product can be used to
print screen graphic images on dot matrix printers.

! PrintAPlot (Insight Development Corporation, 1024 Country Club
Drive, Suite 140, Moraga, CA  94556).  This software product
can be used to print the HPGL graphic files produced by CMB7
on dot matrix printers and HP LaserJet Series II laser
printers.

! Plotter in a Cartridge (Pacific Data Products, 6464 Nancy
Ridge Drive, San Diego, CA  92121).  This hardware product can
be used to print the HPGL graphic files produced by CMB7 on HP
LaserJet Series II laser printers.

! Harvard Presentation Graphics (Software Publishing
Corporation, P.O. Box 7210, Mountain View, CA 94039). 
Publication-quality  pie charts, stacked bar charts, and time
series plots can be produced from CMB7 output data using this
plotting package.

The identification of commercially available software products

does not constitute an advertisement or an endorsement of them.  Data

files can be constructed and the CMB model can be operated without

proprietary software.  

2.3 SOFTWARE INSTALLATION

It is assumed that the computing system has been properly

configured using the instructions provided by its DOS systems manual. 

These instructions will vary from one computer to another.  On a

system without a hard disk, the systems disk must be inserted into the
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floppy disk drive to boot the system. After booting, the disk prompt

(usually A> for a floppy disk system or C> for a hard disk system)

appears on the display.  All examples given here will assume that C>

is the default prompt.

The default CONFIG.SYS file must be modified to provide

sufficient buffer and file specifications.  A 'FILES=14' and

'BUFFER=20' specification must appear in the CONFIG.SYS file.  The

values '14' and '20' are minimum values, and larger values are also

acceptable.  This modification may be made in a text editor or by

using the following sequence of commands (computer prompts are in

normal type, user responses are in BOLD FACE, and nonprinting

responses are in parentheses):

C> EDLIN CONFIG.SYS (ENTER)
I (ENTER)   
FILES = 14 (ENTER)
BUFFERS = 20 (ENTER)

(CONTROL)(BREAK)
E (ENTER)

The sequence above activates the DOS line editor (EDLIN), names

the new file CONFIG.SYS, enters the Insert mode (I), increases the

maximum number of files available to 14 and the number of buffers to

20, exits the Insert mode, and exits EDLIN.  The system must then be

rebooted using the following sequence:

C> (CONTROL)(ALT)(DEL)

On a hard disk system, the software is copied onto the disk using

the following sequence of commands:

C> MD CMB (ENTER)
C> CD CMB (ENTER)
C>CMB>COPY A:*.* (ENTER)

This sequence creates a directory entitled 'CMB', enters that

directory, and copies all files from the program floppy disk in drive
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A to that directory.  Before using the program, the command C>CD CMB

should be entered to assure that operations are being performed in the

proper directory.

With a single floppy disk drive, CMB7 may be executed with the

program disk in Drive A from the A> prompt.  After the program

displays its first prompt, the program disk may be removed and another

disk with the input files may be placed in drive A.  Depending on the

size of the input files, this disk may have limited space for CMB

output files.  

CMB input and output files may be read from and written to any

disk drive by specifying the name of that drive in the filename.  For

example, specifying B:ADPORT.TXT will cause the software to seek this

ambient data input file on drive B.  This is especially useful when a

system with two floppy disk drives is used.

The CMB7 software is now installed.  The next section presents a

tutorial using the CMB model with the example data files.



��

6(&7,21 �

&0% 02'(/ 23(5$7,216

7KLV VHFWLRQ GHVFULEHV WKH &0% PRGHO FRPPDQGV DQG LOOXVWUDWHV

WKH XVH RI WKHVH FRPPDQGV LQ D WXWRULDO H[DPSOH� 7KH WXWRULDO XVHV

WKH H[DPSOH LQSXW GDWD ILOHV ZKLFK DUH LQFOXGHG ZLWK WKH H[HFXWDEOH

FRGH� 7KLV H[DPSOH ZDV GUDZQ IURP WKH 3RUWODQG $HURVRO

&KDUDFWHUL]DWLRQ 6WXG\ �:DWVRQ� ������ WKH ILUVW VWXG\ LQ ZKLFK

UHFHSWRU PRGHOLQJ ZDV XVHG IRU UHJXODWRU\ SXUSRVHV� 7KLV H[DPSOH LV

LGHQWLFDO WR WKDW XVHG LQ WKH WXWRULDO RI (3$
V 7HFKQLFDO 6HULHV

9ROXPH ,,, �8�6� (3$� ����D��

��� &0% &200$1'6

&0%� LV PHQX GULYHQ� DQG DOO FRPPDQGV DUH LQYRNHG E\ W\SLQJ WKH

QXPEHU FRUUHVSRQGLQJ WR WKH GHVLUHG DFWLRQ ZKHQ WKH SURPSW LV JLYHQ�

7KH IROORZLQJ PHQX DSSHDUV LQ &0%� DIWHU HDFK RSHUDWLRQ�

� &KDQJH )LWWLQJ 6SHFLHV

� &KDQJH )LWWLQJ 6RXUFHV

� 6HOHFW 6DPSOHV

� $GYDQFH WR 1H[W 6DPSOH

� &DOFXODWH 6RXUFH &RQWULEXWLRQV

� 3HUIRUP $XWRILW

� 3UHVHQW 'DWD

� 3UHVHQW 6RXUFH &RQWULEXWLRQV

� :ULWH &0% ,QIRUPDWLRQ WR 'LVN

�� 3UHVHQW &RPSXWHG $YHUDJHV RI &0% 6HULHV

�� 3UHVHQW 6RXUFH 3URILOH RU 5HFHSWRU &RQFHQWUDWLRQV

�� :ULWH 6RXUFH &RQWULEXWLRQV WR 6SHFLHV WR 'LVN

�� *UDSK

�� 3UHVHQW 1RUPDOL]HG �RYHU VSHFLHV� 03,1 0DWUL[

�� ([LW



��

7KH QXPEHU RI WKH GHVLUHG DFWLRQ LV HQWHUHG DIWHU WKH SURPSW

�(QWHU VHOHFWLRQ� 7\SH WKH OLQH QXPEHU WR VHOHFW�� 7KHVH FRPPDQGV

DUH GHVFULEHG LQ WKH IROORZLQJ VXE�VHFWLRQV�

����� &KDQJH )LWWLQJ 6SHFLHV

)LWWLQJ VSHFLHV DUH WKRVH ZKLFK DUH XVHG LQ WKH FDOFXODWLRQ RI

VRXUFH FRQWULEXWLRQ HVWLPDWHV� 6SHFLHV ZKLFK DUH QRW LQFOXGHG LQ

WKLV FDOFXODWLRQ DUH WHUPHG IORDWLQJ VSHFLHV� 7KH FRPSDULVRQ RI

FDOFXODWHG DQG PHDVXUHG YDOXHV IRU IORDWLQJ VSHFLHV LV SDUW RI WKH

PRGHO YDOLGDWLRQ SURFHVV �8�6� (3$� ����E�� )LWWLQJ VSHFLHV VKRXOG

EH VHOHFWHG ZKLFK DUH PDMRU RU XQLTXH FRPSRQHQWV RI WKH VRXUFH�W\SHV

LQIOXHQFLQJ WKH UHFHSWRU FRQFHQWUDWLRQV�

7KH PHQX GLVSOD\V URZ QXPEHU� VSHFLHV FRGH� VSHFLHV QDPH� DQG

ILWWLQJ IODJV IRU XS WR IRXU SDUWLFOH�VL]H UDQJHV� 2QO\ WKH ILUVW

FROXPQ LV XVHG IRU D VLQJOH SDUWLFOH�VL]H UDQJH RU QRQ�SDUWLFXODWH

VSHFLHV� 7KH VRIWZDUH GHVLJQDWHV WKH ILUVW HQWU\ LQ WKH OLVW DV

WRWDO PDVV DQG VHWV LWV ILWWLQJ IODJ WR 
7
� 7KLV ILUVW HQWU\ LV

QHYHU XVHG DV D ILWWLQJ VSHFLHV� 6SHFLHV IRU ZKLFK GDWD DUH ODFNLQJ

KDYH ILWWLQJ IODJV VHW WR 
0
 DQG DUH QRW DYDLODEOH DV ILWWLQJ

VSHFLHV� 6SHFLHV DUH VHOHFWHG RU GHVHOHFWHG IRU WKH FXUUHQW VL]H

IUDFWLRQ E\ HQWHULQJ WKH DSSURSULDWH URZ QXPEHU LQ UHVSRQVH WR WKH

SURPSW� $ 


 GHVLJQDWHV D ILWWLQJ VSHFLHV ZKLOH D EODQN GHVLJQDWHV

D IORDWLQJ VSHFLHV� 7KH (17(5 NH\ LV GHSUHVVHG ZLWKRXW WKH HQWU\ RI D

URZ QXPEHU WR UHWXUQ WR WKH FRPPDQG PHQX�

����� &KDQJH )LWWLQJ 6RXUFHV

)LWWLQJ VRXUFHV DUH WKRVH IRU ZKLFK VRXUFH FRQWULEXWLRQ

HVWLPDWHV DUH FDOFXODWHG� 6HYHUDO SURILOHV PD\ EH DYDLODEOH ZKLFK

UHSUHVHQW WKH VDPH VRXUFH�W\SH� EXW RQO\ RQH RI WKHVH LV XVXDOO\ XVHG
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DV D ILWWLQJ VRXUFH� 3URILOHV RI VLPLODU FKHPLFDO FRPSRVLWLRQ DUH

RIWHQ IRXQG WR EH FROOLQHDU ZKHQ WZR RU PRUH DUH VHOHFWHG DV ILWWLQJ

VRXUFHV� )LWWLQJ VRXUFHV DUH VHOHFWHG ZKLFK UHSUHVHQW WKH HPLVVLRQV

PRVW OLNHO\ WR LQIOXHQFH UHFHSWRU FRQFHQWUDWLRQV�

7KH PHQX GLVSOD\V URZ QXPEHU� SURILOH FRGH� SURILOH QDPH� DQG

ILWWLQJ IODJV IRU XS WR IRXU SDUWLFOH�VL]H UDQJHV� 2QO\ WKH ILUVW

FROXPQ LV XVHG IRU D VLQJOH SDUWLFOH�VL]H UDQJH RU QRQ�SDUWLFXODWH

VSHFLHV� 3URILOHV DUH VHOHFWHG RU GHVHOHFWHG IRU WKH FXUUHQW VL]H

IUDFWLRQ E\ HQWHULQJ WKH DSSURSULDWH URZ QXPEHU LQ UHVSRQVH WR WKH

SURPSW� $ 


 GHVLJQDWHV D ILWWLQJ SURILOH DQG D EODQN GHVLJQDWHV D

QRQ�ILWWLQJ SURILOH� 7KH (17(5 NH\ LV GHSUHVVHG ZLWKRXW WKH HQWU\ RI

D URZ QXPEHU WR UHWXUQ WR WKH FRPPDQG PHQX�

����� 6HOHFW 6DPSOHV

$ VXEVHW RI VDPSOHV PD\ EH VHOHFWHG IRU &0% VRXUFH DSSRUWLRQPHQW

ZLWK WKLV FRPPDQG� 7KLV LV HVSHFLDOO\ XVHIXO ZKHQ RQO\ D VLQJOH VL]H

UDQJH LV GHVLUHG� ZKHQ WKH �3HUIRUP $XWRILW� FRPPDQG LV XVHG� RU ZKHQ

WKH �3UHVHQW &RPSXWHG $YHUDJHV� FRPPDQG LV XVHG�

7KH PHQX GLVSOD\V URZ QXPEHU� VDPSOH ,'� VDPSOLQJ GDWH� VDPSOH

GXUDWLRQ� VWDUW KRXU� DQG VL]H UDQJH� 6DPSOHV DUH VHOHFWHG RU

GHVHOHFWHG IRU WKH FXUUHQW VL]H IUDFWLRQ E\ HQWHULQJ WKH DSSURSULDWH

URZ QXPEHU LQ UHVSRQVH WR WKH SURPSW� $ 


 GHVLJQDWHV D ILWWLQJ

VDPSOH� ZKLOH D EODQN GHVLJQDWHV D VDPSOH ZKLFK ZLOO EH VNLSSHG� 7KH

(17(5 NH\ LV GHSUHVVHG ZLWKRXW WKH HQWU\ RI D URZ QXPEHU WR UHWXUQ WR

WKH FRPPDQG PHQX�

����� $GYDQFH WR 1H[W 6DPSOH

7KLV FRPPDQG SODFHV LQ FXUUHQW PHPRU\ WKH GDWD IURP WKH QH[W

VDPSOH RQ WKH �6HOHFW 6DPSOHV� OLVW� 7KH FXUUHQW ILWWLQJ VDPSOH LV

GHVHOHFWHG ZKHQ WKLV FRPPDQG LV XVHG�
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1RWH� ,W LV LPSRUWDQW WR XVH &RPPDQGV � DQG �� SULRU WR WKLV

FRPPDQG WR VDYH WKH &0% UHVXOWV�

����� &DOFXODWH 6RXUFH &RQWULEXWLRQV

$Q HIIHFWLYH YDULDQFH ZHLJKWHG OHDVW VTXDUHV FDOFXODWLRQ LV

DSSOLHG WR WKH ILWWLQJ VSHFLHV DQG SURILOHV IRU WKH VHOHFWHG VDPSOH�

6RXUFH FRQWULEXWLRQ HVWLPDWHV� WKHLU VWDQGDUG HUURUV� PRGHO

SHUIRUPDQFH PHDVXUHV� DQG PHDVXUHG DQG FDOFXODWHG VSHFLHV

FRQFHQWUDWLRQV DUH GLVSOD\HG WR DOORZ DQ HYDOXDWLRQ RI WKH YDOLGLW\

RI WKH VROXWLRQ� 3DFH DQG :DWVRQ �8�6� (3$� ����E� H[SODLQ WKH XVH

RI WKH GLVSOD\HG SHUIRUPDQFH PHDVXUHV DQG PHWKRGV WR YDOLGDWH D

VRXUFH DSSRUWLRQPHQW FDOFXODWLRQ� 7KLV FRPPDQG PD\ EH LQYRNHG DV

PDQ\ WLPHV DV QHHGHG WR WHVW WKH HIIHFWV RI VHOHFWLQJ GLIIHUHQW

ILWWLQJ VSHFLHV DQG SURILOHV�

1RWH� 'DWD DUH UHFRUGHG RQ GLVN RQO\ ZKHQ &RPPDQGV � RU �� DUH

LQYRNHG�

����� 3HUIRUP $XWRILW

$XWRILW DOORZV D VLQJOH VHOHFWLRQ RI ILWWLQJ VSHFLHV DQG

SURILOHV WR EH DSSOLHG WR D VHOHFWHG OLVW RI VDPSOHV ZLWKRXW RSHUDWRU

LQWHUYHQWLRQ� 7KLV IHDWXUH LV HVSHFLDOO\ XVHIXO IRU PRGHO VLPXODWLRQ

WHVWLQJ DQG VFUHHQLQJ SXUSRVHV� $XWRILW LV HTXLYDOHQW WR LQYRNLQJ

&RPPDQGV �� �� ��� DQG � LQ VXFFHVVLRQ XQWLO WKH VRXUFH FRQWULEXWLRQV

IRU DOO VHOHFWHG VDPSOHV KDYH EHHQ FDOFXODWHG�

����� 3UHVHQW 'DWD

7KLV FRPPDQG GLVSOD\V WKH VDPH LQIRUPDWLRQ FDOFXODWHG E\ &RPPDQG

� ZLWKRXW UHFDOFXODWLQJ WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV� 7KH GDWD

DUH GLVSOD\HG RQ WKUHH VHSDUDWH VFUHHQV� DQG WKLV FRPPDQG DOORZV GDWD

LQ WKHVH VFUHHQV WR EH UHYLHZHG ZLWKRXW WKH GHOD\ FDXVHG E\ WKH OHDVW
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VTXDUHV FDOFXODWLRQ� &RPPDQG � VKRXOG EH LQYRNHG DW OHDVW RQFH

EHIRUH WKLV VFUHHQ LV GLVSOD\HG IRU D JLYHQ VHOHFWLRQ RI ILWWLQJ

VSHFLHV� ILWWLQJ SURILOHV� DQG VDPSOHV WR DVVXUH WKDW FRUUHFW YDOXHV

DUH GLVSOD\HG�

����� 3UHVHQW 6RXUFH &RQWULEXWLRQV

7KLV FRPPDQG SUHVHQWV D VFUHHQ GLVSOD\ RI WKH IUDFWLRQDO

FRQWULEXWLRQ RI HDFK VRXUFH�W\SH WR HDFK FKHPLFDO VSHFLHV� 7KHVH

UHVXOWV DUH XVHIXO ZKHQ FRQWULEXWLRQV WR VSHFLHV RWKHU WKDQ WRWDO

PDVV DUH GHVLUHG� 7KH\ DOVR LQGLFDWH ZKLFK VRXUFHV DUH WKH PDMRU DQG

PLQRU FRQWULEXWRUV WR HDFK FKHPLFDO FRQFHQWUDWLRQ�

����� :ULWH &0% ,QIRUPDWLRQ WR 'LVN

7KLV FRPPDQG ZULWHV WKH LQIRUPDWLRQ GLVSOD\HG E\ &RPPDQGV � RU �

WR WKH GLVN ILOH &0%287�'7�� 7KLV RXWSXW FDQ EH VHQW WR D SULQWHU

XVLQJ WKH '26 35,17 FRPPDQG WR UHWDLQ D SHUPDQHQW UHFRUG RI HDFK &0%

PRGHOLQJ VHVVLRQ� ,Q DGGLWLRQ� D ILW WR VL]H IUDFWLRQ �&2$56� GDWD

�&RPPDQG ��� IROORZHG E\ &RPPDQG �� IROORZHG E\ D ILW WR VL]H

IUDFWLRQ �),1(� GDWD ZLWKRXW DQ LQWHUYHQLQJ FKDQJH LQ ILWWLQJ VRXUFHV

RU VSHFLHV� IROORZHG DJDLQ E\ &RPPDQG �� ZLOO UHVXOW LQ GDWD EHLQJ

ZULWWHQ WR &0%287�'7� IRU VL]H �727$/�� IRUPHG E\ FRPELQLQJ VRXUFH

FRQWULEXWLRQV IRU WKH WZR VL]H IUDFWLRQV� 7KLV LV DOVR WUXH IRU ILWV

WR VL]H IUDFWLRQ �),1(� IROORZHG E\ VL]H IUDFWLRQ �&2$56��

&RPPDQG � FDQ EH XVHG IRU HYHU\ &0% WULDO WR UHFRUG WKH FKDQJHV

PDGH WKURXJKRXW WKH VHVVLRQ� ,W LV XVXDOO\ XVHG RQO\ WR UHFRUG WKH

EHVW DQG ILQDO ILW RI WKH VRXUFHV WR WKH DPELHQW GDWD� $ KDUGFRS\

UHFRUG RI D ZRUNLQJ VHVVLRQ FDQ EH PDGH E\ VLPXOWDQHRXVO\ HQWHULQJ

�&75/��3ULQW 6FUHHQ� DW WKH EHJLQQLQJ RI WKH PRGHOLQJ VHVVLRQ� 7KH

SULQWHU PXVW EH FRQQHFWHG WR WKH FRPSXWHU DQG RQ OLQH� 3UHVVLQJ

�&75/��3ULQW 6FUHHQ� D VHFRQG WLPH VZLWFKHV RII FRQWLQXRXV SULQWLQJ�
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$ VLQJOH VFUHHQ RI LQIRUPDWLRQ FDQ EH SULQWHG E\ HQWHULQJ

�6+,)7��3ULQW 6FUHHQ��

1RWH� 1RW DOO FRPSXWHUV DUH FRQILJXUHG IRU VFUHHQ GXPSV� &KHFN

\RXU FRPSXWHU PDQXDO FRQFHUQLQJ WKLV IHDWXUH�

������ 3UHVHQW &RPSXWHG $YHUDJHV

7KLV FRPPDQG LV RUGLQDULO\ LQYRNHG DIWHU $XWRILW �&RPPDQG �� WR

FDOFXODWH DYHUDJHV DQG VWDQGDUG GHYLDWLRQV RI WKH VRXUFH

FRQWULEXWLRQV IURP D VHULHV RI VDPSOHV� 7KH VFUHHQ GLVSOD\ FDQ EH

RSWLRQDOO\ GLUHFWHG WR WKH 28;;;;;;�'7� KDUGFRS\ ILOH� 7KLV FRPPDQG

FDQ DOVR EH XVHG DIWHU D VHULHV RI LQWHUDFWLYH VRXUFH DSSRUWLRQPHQW

FDOFXODWLRQV� $OO VRXUFH FRQWULEXWLRQ HVWLPDWHV ZULWWHQ WR GLVN ZLOO

EH LQFOXGHG LQ WKH DYHUDJH�

������ 3UHVHQW 6RXUFH 3URILOH RU 5HFHSWRU &RQFHQWUDWLRQV

7KLV FRPPDQG SURGXFHV D VFUHHQ GLVSOD\ RI WKH VRXUFH SURILOHV

DQG UHFHSWRU FRQFHQWUDWLRQV� ,W LV XVHG WR YHULI\ WKDW WKH LQSXW

GDWD KDYH EHHQ DFFXUDWHO\ UHDG LQWR WKH &0%� VRIWZDUH�

������ :ULWH 6RXUFH &RQWULEXWLRQV WR 6SHFLHV WR 'LVN

7KLV FRPPDQG SURGXFHV DQ RXWSXW ILOH� HQWLWOHG 28;;;;;;�'7�� RI

VRXUFH FRQWULEXWLRQV ZKLFK LV FRQYHQLHQW IRU FRPSXWHU PDQLSXODWLRQ�

7KH RXWSXW LV QRW FRQYHQLHQW IRU YLVXDO H[DPLQDWLRQ� 7KH

FRQWULEXWLRQ RI HDFK VRXUFH�W\SH WR HDFK FKHPLFDO VSHFLHV LV ZULWWHQ

WR D VLQJOH GDWD UHFRUG IRU WKDW VSHFLHV� (DFK ILHOG LQ WKH UHFRUG

LV EODQN�GHOLPLWHG� DQG WKH ILOH FDQ EH HDVLO\ UHDG LQWR SRSXODU GDWD

EDVH RU VSUHDGVKHHW VRIWZDUH�

������ *UDSK
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7KLV FRPPDQG SUHVHQWV D PHQX IRU IRXU JUDSK W\SHV� �� EDU FKDUW

RI FDOFXODWHG DQG PHDVXUHG UHFHSWRU VSHFLHV FRQFHQWUDWLRQV� �� EDU

FKDUW RI VRXUFH SURILOHV� �� SLH FKDUW RI VRXUFH FRQWULEXWLRQV WR D

VLQJOH VDPSOH� DQG �� SLH FKDUW RI VRXUFH FRQWULEXWLRQV WR 30
��

�LI

ILQH DQG FRDUVH VL]H IUDFWLRQV KDYH EHHQ DSSRUWLRQHG�� $IWHU

VHOHFWLRQ WKH JUDSK LV GLVSOD\HG XQWLO WKH (17(5 NH\ LV GHSUHVVHG�

*UDSKV � DQG � GLVSOD\ VSHFLHV LGHQWLILHUV DORQJ WKH [ D[LV� :KHQ

WKH VSHFLHV DUH WRR QXPHURXV WR EH GLVSOD\HG RQ D VLQJOH VFUHHQ�

HQWHULQJ DQ 
5
 ZLOO VKLIW WKH GLVSOD\ ZLQGRZ WR WKH ULJKW DQG

HQWHULQJ DQ 
/
 ZLOO VKLIW WKH GLVSOD\ ZLQGRZ WR WKH OHIW� :LWK DQ

DSSURSULDWH SULQWHU DQG FRPSXWHU LQWHUIDFH� WKH VFUHHQ LPDJH PD\ EH

WXUQHG LQWR KDUGFRS\ E\ GHSUHVVLQJ �6+,)7��3ULQW 6FUHHQ� NH\V� $IWHU

H[LWLQJ WKH JUDSKLFDO GLVSOD\� WKH SURJUDP DVNV ZKHWKHU D JUDSKLFV

ILOH LV GHVLUHG� $ 
<
 UHVSRQVH UHVXOWV LQ D +HZOHWW�3DFNDUG

*UDSKLFV /DQJXDJH �+3*/� ILOH EHLQJ ZULWWHQ WR GLVN� 7KHVH ILOHV FDQ

EH UHDG GLUHFWO\ LQWR GHVNWRS SXEOLVKLQJ DQG JUDSKLFV VRIWZDUH�

������ 3UHVHQW 1RUPDOL]HG �RYHU VSHFLHV� 03,1 0DWUL[

7KLV FRPPDQG SUHVHQWV D VFUHHQ GLVSOD\ RI WKH WUDQVSRVH RI WKH

QRUPDOL]HG PRGLILHG SVHXGR�LQYHUVH PDWUL[ �03,1� DV GHVFULEHG E\ .LP

DQG +HQU\ ������� 7KH 03,1 PDWUL[ FRQVLVWV RI URZV IRU HDFK ILWWLQJ

VSHFLHV DQG FROXPQV IRU HDFK ILWWLQJ VRXUFH� 7KH HQWULHV LQ WKLV

PDWUL[ LQGLFDWH WKH GHJUHH RI LQIOXHQFH HDFK VSHFLHV FRQFHQWUDWLRQ

KDV RQ WKH FRQWULEXWLRQ RI WKH FRUUHVSRQGLQJ VRXUFH DQG WKH VWDQGDUG

HUURU RI WKDW HVWLPDWH� 7KH QRUPDOL]HG 03,1 PDWUL[ YDOXHV LQGLFDWH

WKH VHQVLWLYLW\ RI WKH VRXUFH FRQWULEXWLRQ DQG VWDQGDUG HUURU

HVWLPDWHV WR LQGLYLGXDO VSHFLHV� :KHQ HQWULHV H[FHHG ���� WKH VRXUFH

FRQWULEXWLRQ LV YHU\ VHQVLWLYH WR WKH FRUUHVSRQGLQJ VSHFLHV

FRQFHQWUDWLRQ� 7KH 03,1 YDOXHV DUH XVHG WR GHWHUPLQH PRGHO

VWDELOLW\� ,I WKHUH LV GRXEW DERXW WKH DFFXUDF\ RU SUHFLVLRQ RI
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LQIOXHQWLDO VSHFLHV FRQFHQWUDWLRQV� WKHQ WKH VWDQGDUG HUURUV

FDOFXODWHG E\ WKH PRGHO PD\ QRW UHSUHVHQW WKH WUXH XQFHUWDLQW\ RI WKH

VRXUFH FRQWULEXWLRQV�

������ ([LW

7KLV FRPPDQG FORVHV DOO ILOHV� WHUPLQDWHV SURJUDP H[HFXWLRQ DQG

UHWXUQV FRQWURO WR WKH '26 RSHUDWLQJ V\VWHP� 7KH SURJUDP PD\ DOVR EH

WHUPLQDWHG ZLWK D &75/�& RU &75/�%5($. NH\ VHTXHQFH� EXW RXWSXW GDWD

PD\ EH ORVW� 7KH H[LW FRPPDQG VKRXOG EH XVHG LQ DOO FDVHV H[FHSW

WKRVH LQ ZKLFK WKH SURJUDP DSSHDUV WR EH KXQJ XS�

��� (;$03/( &0% $33/,&$7,21

7KLV VXEVHFWLRQ LOOXVWUDWHV WKH XVH RI &0%� E\ XVLQJ WKH H[DPSOH

ILOHV ZKLFK DUH VXSSOLHG ZLWK WKH VRIWZDUH� 7KHVH LQVWUXFWLRQV

VKRXOG EH IROORZHG FORVHO\ GXULQJ SUDFWLFH VHVVLRQV ZLWK WKH WHVW

GDWD� $ SULQWRXW RI WKH LQLWLDO UXQ ZLWK WKH WHVW GDWD VHW IRU 3$&6�

LV SUHVHQWHG LQ $SSHQGL[ &� ,I DQ\ GLIILFXOWLHV DUH HQFRXQWHUHG

IROORZLQJ WKH LQVWUXFWLRQV LQ WKLV VXEVHFWLRQ� $SSHQGL[ & VKRXOG EH

FRQVXOWHG� 6HYHUDO DGGLWLRQDO UXQV IRU WKH VDPH VLWH DQG VDPSOLQJ

GDWH VKRXOG EH SHUIRUPHG WR GHWHUPLQH ZKHWKHU SUHGLFWLRQV FDQ EH

LPSURYHG E\ DGGLQJ RU GHOHWLQJ VRPH ILWWLQJ VRXUFH�V� RU VSHFLHV�

,QVWUXFWLRQV LQ WKLV VXEVHFWLRQ DUH LQ ODUJH W\SH ZKLOH DOO

FRPSXWHU LQSXWV DQG RXWSXWV DUH LQ VPDOO W\SH� 8VHU UHVSRQVHV DUH LQ

EROG�IDFH W\SH�

First, enter the CMB sub-directory

C>CD CMB

Start the model by typing

C>CMB>CMB7

The first software response reminds you that all user input must be in
upper case.
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MAKE SURE THAT YOUR CAPS LOCK IS ON ! ! !

You are first asked for the name of the file which contains the names of
the input data files.  The contents and formats of these files are discussed in
Section 4.

DISK FILE FOR INITIAL INPUT?
IF NOT ENTER CARRIAGE RETURN
IF SO ENTER NAME OF DISK FILE
INPORT.IN7

On this prompt, enter the name of the file to which you want your output
data directed.  The default name will be CMBOUT.  It is good practice to name
these files in such a way that they identify sampling site, season, and
monitoring network.  CMB7 supplies its own extensions to this filename, and any
extensions added to this filename are ignored.

DO YOU WISH TO RENAME CMBOUT?
IF NOT ENTER A CARRIAGE RETURN.
IF SO ENTER THE FILE NAME.
OUPORT

The model name, date and software authors then appear.  Check the EPA's
Support Center For Regulatory Air Models Bulletin Board System (SCRAM BBS) if you
have doubts about whether or not you are operating with the most recent version. 

******************************************************************************
*                                                                            *
*               U. S. EPA CHEMICAL MASS BALANCE RECEPTOR MODEL               *
*                         *** IBM-PC CMB7 89338  ***                         *
*                                                                            *
*      EPA PROJECT MGRS: THOMPSON G. PACE III, PE                            *
*                        QUANG NGUYEN                                        *
*                        U.S. ENVIRONMENTAL PROTECTION AGENCY                *
*                        OFFICE OF AIR QUALITY PLANNING AND STANDARDS        *
*                        RESEARCH TRIANGLE PARK, NC                          *
*                        (919)-541-5585                                      *
*                                                                            *
*     PRINCIPAL AUTHOR:     DR. JOHN G. WATSON                               *
*                           DESERT RESEARCH INSTITUTE                        *
*                           UNIVERSITY OF NEVADA SYSTEM                      *
*                           (702)-677-3166                                   *
*     CONTRIBUTING AUTHORS:                                                  *
*     DR. J.C. CHOW         MR. P.L. HANRAHAN         DR. N.F. ROBINSON      *
*     MR. J.E. CORE         DR. R.C. HENRY            DR. H.J. WILLIAMSON    *
*     MR. D.A. DUBOSE       MR. T.G. PACE             DR. L. WIJNBERG        *
*     MR. QUANG NGUYEN                                                       *
******************************************************************************
      71168   (This number specifies the number of separate floating point values
which can be accommodated by the remaining memory in your system.  Appendix A
provides a method of relating this value to the number of profiles and species
which you can use in the program.)

The first prompt asks you to

Initialize size fraction by selecting receptor site
Strike enter to continue (ENTER)

   1 PACS1        08/13/77 24 0  COARS  
   2 PACS1        08/13/77 24 0  FINE   
   3 PACS2        01/24/78 24 0  COARS  
   4 PACS2        01/24/78 24 0  FINE   
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   5 PACS3        08/07/77 24 0  COARS  
   6 PACS3        08/07/77 24 0  FINE   

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: 1

Enter the line number for each sample.  In this case, select the sample
identified on line 1 by typing 1, and the following display appears with an
asterisk opposite line 1.  The asterisk indicates that sample is selected for CMB
modeling.

   1 PACS1        08/13/77 24 0  COARS *
   2 PACS1        08/13/77 24 0  FINE   
   3 PACS2        01/24/78 24 0  COARS  
   4 PACS2        01/24/78 24 0  FINE   
   5 PACS3        08/07/77 24 0  COARS  
   6 PACS3        08/07/77 24 0  FINE   

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: 2

Select the fine particle sample which corresponds to the coarse particle
sample.

   1 PACS1        08/13/77 24 0  COARS *
   2 PACS1        08/13/77 24 0  FINE  *
   3 PACS2        01/24/78 24 0  COARS  
   4 PACS2        01/24/78 24 0  FINE   
   5 PACS3        08/07/77 24 0  COARS  
   6 PACS3        08/07/77 24 0  FINE   

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: (ENTER)

Press the ENTER key to return to the main menu.

   1 Change Fitting Species
   2 Change Fitting Sources                            
   3 Select Samples                                    
   4 Advance to Next Sample                            
   5 Calculate Source Contributions                    
   6 Perform Autofit                                   
   7 Present Data                                      
   8 Present Source Contributions                      
   9 Write CMB Information to Disk                     
  10 Present Computed Averages of CMB Series           
  11 Present Source Profile or Receptor Concentrations 
  12 Write Source Contributions to Species to Disk     
  13 Graph                                             
  14 Present Normalized (over species) MPIN Matrix     
  15 Exit                                              

Type the line number to select: 5

Each of the commands described in Section 3.1 is executed by typing its
corresponding line number.  By typing '5', for example, the CMB calculation is
made for the first selected sample.  There is a short delay (which can sometimes
be up to a minute if operating on an 8086 system without a math coprocessor or if
there are many species and source types), and the source contribution display
appears.
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SOURCE CONTRIBUTION ESTIMATES -  SITE: PACS1       DATE: 08/13/77  CMB7 89338
SAMPLE DURATION        24      START HOUR        0         SIZE:    COARS
       R SQUARE       .97    PERCENT MASS     100.6
     CHI SQUARE      1.44              DF        13

  SOURCE
     * TYPE     SCE(UG/M3)    STD ERR      TSTAT
------------------------------------------------
1      MARIN       10.6029     1.8240     5.8131
3      UDUST        9.5985     1.2616     7.6081
4      AUTPB        9.0906     1.3961     6.5112
5      RDOIL        9.7127     1.6108     6.0296
8      KRAFT       12.3265     7.9102     1.5583
11     ALPRO       11.0997     2.2441     4.9462
12     STEEL        8.1587     1.5239     5.3538
13     FERMN        9.8720     1.6165     6.1072
------------------------------------------------
MEASURED CONCENTRATION FINE/COARSE/TOTAL:
      80.0+-     8.0/      80.0+-     8.0/     160.0+-    11.3

Strike enter to continue
This display provides most of the information needed to determine the

source contribution estimates, their standard errors, and the model performance
measures.  The interpretation of these measures for each display is discussed in
Section 5 of this manual.  To obtain the next display, press the ENTER key

(ENTER)

and the similarity/uncertainty cluster display appears.  This display indicates
those profiles which are similar to each other and might not be reliably resolved
by the CMB model.

       UNCERTAINTY/SIMILARITY CLUSTERS  CMB7  89338      SUM OF CLUSTER SOURCES
-------------------------------------------------------------------------------

-------------------------------------------------------------------------------
Strike enter to continue

Press ENTER again

(ENTER)

and the species concentration display appears.  This display compares the
calculated to measured concentrations of each chemical species.  The asterisks
next to a species ID indicate that the species was used in the CMB calculation.

SPECIES CONCENTRATIONS -  SITE: PACS1        DATE: 08/13/77  CMB7  89338
SAMPLE DURATION        24      START HOUR        0         SIZE:    COARS
       R SQUARE       .97    PERCENT MASS     100.6
     CHI SQUARE      1.44              DF        13

SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
C1     TOT    T  80.00000+-  8.00000  80.46161+-  6.36458   1.01+-  .13      .0
C9     F           .73400+-   .07300    .50073+-   .22362    .68+-  .31    -1.0
C11    NA     *   6.33000+-   .63300   6.07759+-   .47089    .96+-  .12     -.3
C12    MG     *   1.48000+-   .14800   1.48676+-   .52389   1.00+-  .37      .0
C13    AL     *   4.84000+-   .48400   4.40992+-   .55081    .91+-  .15     -.6
C14    SI     *   3.27000+-   .32700   3.38783+-   .15779   1.04+-  .11      .3
C16    S          2.50000+-   .25000   2.41256+-   .28216    .97+-  .15     -.2
C17    CL     *   4.67000+-   .46700   5.19693+-  1.07658   1.11+-  .26      .4
C19    K      *   1.12000+-   .11200   1.44197+-   .38620   1.29+-  .37      .8
C20    CA     *   1.52000+-   .15200   1.47195+-   .10333    .97+-  .12     -.3
C22    TI     *    .14000+-   .01400    .13692+-   .03204    .98+-  .25     -.1
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C23    V      *    .27700+-   .02800    .34841+-   .07289   1.26+-  .29      .9
C24    CR     *    .00800+-   .00100    .24531+-   .11640  30.66+-15.05     2.0
C25    MN     *   2.47000+-   .24700   2.43813+-   .12229    .99+-  .11     -.1
C26    FE     *   5.41000+-   .54100   4.11644+-   .30571    .76+-  .09    -2.1
C28    NI     *    .77900+-   .07800    .63016+-   .11802    .81+-  .17    -1.1
C29    CU     *    .05000+-   .00500    .06613+-   .00683   1.32+-  .19     1.9
C30    ZN     *    .21400+-   .02100    .23739+-   .03413   1.11+-  .19      .6

Strike enter to continue  (ENTER)

 Most of the CMB displays provide only a single screen of information at a
time; the remaining information is obtained by depressing ENTER when this prompt
is seen.

C35    BR     *    .52000+-   .05200    .51378+-   .15795    .99+-  .32     -.0
C82    PB     *   1.78000+-   .17800   1.93077+-   .27347   1.08+-  .19      .5
C201   OC     *  10.10000+-  1.01000   8.38185+-  1.29686    .83+-  .15    -1.0
C202   EC     *   1.68000+-   .16800   1.34287+-   .39741    .80+-  .25     -.8
C203   SO4    *   8.10000+-   .81300   8.11920+-  1.25659   1.00+-  .18      .0
C204   NO3    *   1.13000+-   .11300    .71048+-   .41362    .63+-  .37    -1.0
-------------------------------------------------------------------------------
Strike enter to continue
(ENTER)

The main menu appears after each command has been fully executed.  This
menu will be abbreviated in the remainder of this tutorial to save space.

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 1

The CMB is an interactive model in which the user must judge which profiles
or species are most appropriate for a given sample.  Species may be eliminated if
the measurements are suspect or if an unidentified source is suspected as being a
major contributor to that species.  The fitting species are changed by invoking
Command 1.

             Sizes:  FINE  COARS
   1 C1     TOT      T     T          
   2 C9     F                           
   3 C11    NA       *     *            
   4 C12    MG       *     *            
   5 C13    AL       *     *            
   6 C14    SI       *     *            
   7 C16    S                           
   8 C17    CL       *     *            
   9 C19    K        *     *            
  10 C20    CA       *     *            
  11 C22    TI       *     *            
  12 C23    V        *     *            
  13 C24    CR       *     *            
  14 C25    MN       *     *            
  15 C26    FE       *     *            
  16 C28    NI       *     *            
  17 C29    CU       *     *            
  18 C30    ZN       *     *            
  19 C35    BR       *     *            
  20 C82    PB       *     *            

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: U              
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An asterisk appears next to each species which is used for each fitting
species.  The selection shown here is a default which is defined in the
POPORT.IN7 file.  The fitting species and sources can be different for different
size fractions.  There is not enough room on the display for all of the available
species, and entering 'U' shows the remaining portions of the species list.

             Sizes:  FINE  COARS
   5 C13    AL       *     *            
   6 C14    SI       *     *            
   7 C16    S                           
   8 C17    CL       *     *            
   9 C19    K        *     *            
  10 C20    CA       *     *            
  11 C22    TI       *     *            
  12 C23    V        *     *            
  13 C24    CR       *     *            
  14 C25    MN       *     *            
  15 C26    FE       *     *            
  16 C28    NI       *     *             
  17 C29    CU       *     *            
  18 C30    ZN       *     *            
  19 C35    BR       *     *            
  20 C82    PB       *     *            
  21 C201   OC       *     *            
  22 C202   EC       *     *            
  23 C203   SO4      *     *            
  24 C204   NO3      *     *            

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: 8

Entering an '8' causes the asterisk corresponding to coarse particle CL to
be removed.  Chlorine is no longer a fitting species for the coarse fraction
data.  The species must appear on the screen to be selected or deselected.

             Sizes:  FINE  COARS
   5 C13    AL       *     *            
   6 C14    SI       *     *            
   7 C16    S                           
   8 C17    CL       *                  
   9 C19    K        *     *            
  10 C20    CA       *     *            
  11 C22    TI       *     *            
  12 C23    V        *     *            
  13 C24    CR       *     *            
  14 C25    MN       *     *            
  15 C26    FE       *     *            
  16 C28    NI       *     *            
  17 C29    CU       *     *            
  18 C30    ZN       *     *            
  19 C35    BR       *     *            
  20 C82    PB       *     *            
  21 C201   OC       *     *            
  22 C202   EC       *     *            
  23 C203   SO4      *     *            
  24 C204   NO3      *     *            

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: (ENTER)

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 2
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In the same way, Command 2 allows the fitting source profiles to be changed
interactively.

             Sizes:  FINE  COARS
   1 1      MARIN    *     *            
   2 2      CDUST                       
   3 3      UDUST    *     *            
   4 4      AUTPB    *     *            
   5 5      RDOIL    *     *            
   6 6      VBRN1                       
   7 7      VBRN2                       
   8 8      KRAFT    *     *            
   9 9      SULFT                       
  10 10     HOGFU                       
  11 11     ALPRO    *     *            
  12 12     STEEL    *     *            
  13 13     FERMN    *     *            
  14 14     CARBO                       
  15 15     GLASS                       
  16 16     CARBF                       
  17 17     SO4                         
  18 18     NO3                         
  19 19     OC                          
  20 20     EC                          

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: 8

Entering an '8' causes the asterisk corresponding to the coarse KRAFT
profile to be removed.  KRAFT is no longer a fitting profile for the CMB
calculation.

              Sizes:  FINE  COARS
   1 1      MARIN    *     *            
   2 2      CDUST                       
   3 3      UDUST    *     *            
   4 4      AUTPB    *     *            
   5 5      RDOIL    *     *            
   6 6      VBRN1                       
   7 7      VBRN2                       
   8 8      KRAFT    *                  
   9 9      SULFT                       
  10 10     HOGFU                       
  11 11     ALPRO    *     *            
  12 12     STEEL    *     *            
  13 13     FERMN    *     *            
  14 14     CARBO                       
  15 15     GLASS                       
  16 16     CARBF                       
  17 17     SO4                         
  18 18     NO3                         
  19 19     OC                          
  20 20     EC                          

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: (ENTER)

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 5
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Command 5 is invoked to re-calculate the source contribution estimates
after each change in fitting species, profiles, or samples.

NO CONVERGENCE AFTER  20 ITERATIONS.  ENTER A CARRIAGE RETURN TO VIEW RESULTS

(ENTER)

In this case, the combination of fitting species and sources yields a very
unstable solution.  Appendix A shows that the effective variance least squares
estimation method is an iterative solution which converges on the most probable
values.  This convergence usually occurs in two to five iterations.  If a
solution hasn't converged after 20 iterations, then the selection of sources and
species is not physically meaningful, and other selections must be made.  This
message is one of the many internal model validation tests which are built into
CMB7 software.  Notice that many of the other performance measures are outside of
reasonable ranges cited in Section 5 in the displays below.

SOURCE CONTRIBUTION ESTIMATES -  SITE: PACS1      DATE: 08/13/77  CMB7  89338
SAMPLE DURATION        24      START HOUR        0         SIZE:    COARS
       R SQUARE       .90    PERCENT MASS      94.8
     CHI SQUARE      4.85              DF        12

  SOURCE
     * TYPE     SCE(UG/M3)    STD ERR      TSTAT
------------------------------------------------
1      MARIN       12.9724     2.0982     6.1826
3      UDUST       11.8115     1.2227     9.6603
4      AUTPB       11.1218     1.5084     7.3734
5      RDOIL       11.7584     2.0859     5.6371
11     ALPRO       13.6058     2.4641     5.5217
12     STEEL        -.3121      .2882    -1.0829
13     FERMN       14.8819     1.5638     9.5168
------------------------------------------------

MEASURED CONCENTRATION FINE/COARSE/TOTAL:
      80.0+-     8.0/      80.0+-     8.0/     160.0+-    11.3
Strike enter to continue  (ENTER)

       UNCERTAINTY/SIMILARITY CLUSTERS  CMB7  89338      SUM OF CLUSTER SOURCES
-------------------------------------------------------------------------------

-------------------------------------------------------------------------------
Strike enter to continue  (ENTER)

SPECIES CONCENTRATIONS -  SITE: PACS1        DATE: 08/13/77  CMB7  89338
SAMPLE DURATION        24      START HOUR        0         SIZE:    COARS
       R SQUARE       .90    PERCENT MASS      94.8
     CHI SQUARE      4.85              DF        12

SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
C1     TOT    T  80.00000+-  8.00000  75.83980+-  3.68599    .95+-  .11     -.5
C9     F           .73400+-   .07300    .62178+-   .25880    .85+-  .36     -.4
C11    NA     *   6.33000+-   .63300   6.59115+-   .56393   1.04+-  .14      .3
C12    MG     *   1.48000+-   .14800   1.15164+-   .70809    .78+-  .48     -.5
C13    AL     *   4.84000+-   .48400   5.31604+-   .67496   1.10+-  .18      .6
C14    SI     *   3.27000+-   .32700   3.65624+-   .19443   1.12+-  .13     1.0
C16    S          2.50000+-   .25000   2.28332+-   .33567    .91+-  .16     -.5
C17    CL         4.67000+-   .46700   5.74261+-  1.30243   1.23+-  .30      .8
C19    K      *   1.12000+-   .11200   1.90394+-   .58130   1.70+-  .55     1.3
C20    CA     *   1.52000+-   .15200   1.14509+-   .11261    .75+-  .11    -2.0
C22    TI     *    .14000+-   .01400    .14879+-   .02506   1.06+-  .21      .3
C23    V      *    .27700+-   .02800    .41650+-   .08825   1.50+-  .35     1.5
C24    CR     *    .00800+-   .00100    .01272+-   .00580   1.59+-  .75      .8
C25    MN     *   2.47000+-   .24700   2.56464+-   .14741   1.04+-  .12      .3
C26    FE     *   5.41000+-   .54100   1.52394+-   .24114    .28+-  .05    -6.6
C28    NI          .77900+-   .07800    .65911+-   .14252    .85+-  .20     -.7
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C29    CU     *    .05000+-   .00500    .04401+-   .00719    .88+-  .17     -.7
C30    ZN     *    .21400+-   .02100    .18275+-   .04540    .85+-  .23     -.6
C35    BR     *    .52000+-   .05200    .62465+-   .19393   1.20+-  .39      .5
C82    PB     *   1.78000+-   .17800   2.28533+-   .33450   1.28+-  .23     1.3
C201   OC     *  10.10000+-  1.01000   8.11789+-  1.36887    .80+-  .16    -1.2
C202   EC     *   1.68000+-   .16800   1.41114+-   .40161    .84+-  .25     -.6
C203   SO4    *   8.10000+-   .81300   7.95489+-  1.50170    .98+-  .21     -.1
C204   NO3    *   1.13000+-   .11300   1.02827+-   .50149    .91+-  .45     -.2
-------------------------------------------------------------------------------
Strike enter to continue (ENTER)

  1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select:

Re-select CL as a fitting species and KRAFT as a fitting profile by using
Commands 1 and 2 as described above.  The screen displays are not reproduced
below. 

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 9

To save results on disk in a hardcopy format which is identical to the
three screen displays, enter Command 9 at the prompt.  The screen display is
written to the OUPORT.DT1 data file.  Command 12 writes the contribution of each
source profile to each chemical species concentration on a single, long record
into the file OUPORT.DT2.  It is a good idea to use both of these before
proceeding to the next sample.

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 4

Since the coarse fraction apportionment is completed, it is time to perform
the fine fraction apportionment.  Command 4 brings the next sample's data into
the model calculation arrays.

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 5

Command 5 once again calculates the source contribution estimates and
presents the three displays of model results.

SOURCE CONTRIBUTION ESTIMATES -  SITE: PACS1      DATE: 08/13/77  CMB7  89338
SAMPLE DURATION        24      START HOUR        0         SIZE:    FINE 
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       R SQUARE       .98    PERCENT MASS      98.7
     CHI SQUARE      1.12              DF        13

  SOURCE
     * TYPE     SCE(UG/M3)    STD ERR      TSTAT
------------------------------------------------
1      MARIN       12.3889     2.2457     5.5167
3      UDUST        9.5917     1.3876     6.9127
4      AUTPB       10.0835     1.4942     6.7486
5      RDOIL       11.0603     1.9239     5.7490
8      KRAFT        4.6896     5.0467      .9292
11     ALPRO       10.6023     3.5896     2.9536
12     STEEL        8.6729     1.3771     6.2979
13     FERMN       11.8754     1.8321     6.4820
------------------------------------------------

MEASURED CONCENTRATION FINE/COARSE/TOTAL:
      80.0+-     8.0/      80.0+-     8.0/     160.0+-    11.3
Strike enter to continue  (ENTER)

       UNCERTAINTY/SIMILARITY CLUSTERS  CMB7  89338      SUM OF CLUSTER SOURCES
-------------------------------------------------------------------------------

       1      8                                              17.078+-     4.241
       1      5      8                                       28.139+-     3.833
-------------------------------------------------------------------------------
Strike enter to continue (ENTER)

SPECIES CONCENTRATIONS -  SITE: PACS1        DATE: 08/13/77  CMB7  89338
SAMPLE DURATION        24      START HOUR        0         SIZE:    FINE 
       R SQUARE       .98    PERCENT MASS      98.7
     CHI SQUARE      1.12              DF        13

SPECIES-------I---MEAS------------------CALC-------------RATIO C/M----RATIO R/U
C1     TOT    T  80.00000+-  8.00000  78.96461+-  4.82449    .99+-  .12     -.1
C9     F           .88300+-   .08800    .67644+-   .24792    .77+-  .29     -.8
C11    NA     *   6.93000+-   .69300   6.97025+-   .56446   1.01+-  .13      .0
C12    MG     *    .43000+-   .04300   1.60951+-   .62627   3.74+- 1.50     1.9
C13    AL     *   4.66000+-   .46600   4.02418+-   .88919    .86+-  .21     -.6
C14    SI     *   3.02000+-   .30200   2.92212+-   .13329    .97+-  .11     -.3
C16    S          2.95000+-   .29500   3.02466+-   .31807   1.03+-  .15      .2
C17    CL     *   5.95000+-   .59500   5.69381+-  1.24836    .96+-  .23     -.2
C19    K      *   1.64000+-   .16400   1.73084+-   .46411   1.06+-  .30      .2
C20    CA     *   1.78000+-   .17800   1.43537+-   .11366    .81+-  .10    -1.6
C22    TI     *    .08300+-   .00800    .10088+-   .01630   1.22+-  .23     1.0
C23    V      *    .37200+-   .03700    .39757+-   .08308   1.07+-  .25      .3
C24    CR     *    .31500+-   .03200    .20976+-   .12151    .67+-  .39     -.8
C25    MN     *   2.99000+-   .29900   2.82844+-   .14115    .95+-  .11     -.5
C26    FE     *   4.53000+-   .45300   4.24446+-   .33269    .94+-  .12     -.5
C28    NI     *    .76500+-   .07700    .68246+-   .13428    .89+-  .20     -.5
C29    CU     *    .04400+-   .00400    .05274+-   .00510   1.20+-  .16     1.3
C30    ZN     *    .22500+-   .02300    .26786+-   .03966   1.19+-  .21      .9
C35    BR     *    .41900+-   .04200    .56133+-   .17386   1.34+-  .44      .8
C82    PB     *   2.53000+-   .25300   2.13749+-   .30300    .84+-  .15    -1.0
C201   OC     *   7.54000+-   .75400   8.50978+-  1.35632   1.13+-  .21      .6
C202   EC     *   1.42000+-   .14200   1.33579+-   .34012    .94+-  .26     -.2
C203   SO4    *  10.30000+-  1.03400   9.78819+-  1.47514    .95+-  .17     -.3
C204   NO3    *    .63800+-   .06400    .88402+-   .35938   1.39+-  .58      .7
-------------------------------------------------------------------------------
Strike enter to continue  (ENTER)

In this case, several potential collinearities have been identified by the
similarity/uncertainty clusters.  It may be necessary to group several of these
source profiles into a common profile which represents several source sub-types. 
No further experimentation will be conducted in this tutorial.  The CMB data are
recorded to disk by using Commands 9 and 12 at the menu prompt.

   1 Change Fitting Species                            
     . . .
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     . . .
  15 Exit                                              

Type the line number to select:  9    then 12

There are several commands which allow the user to learn more about his
input data and the nature of the CMB least squares calculation.  As an example,
invoke Command 3 and select line 1, the PACS1 coarse particle fraction.  Exit to
the menu and use Command 5 to re-calculate the source contributions for these
data.  The display was presented previously and will not be repeated. 

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select:  11

Command 11 allows inspection of the data which have been read into the CMB
program.  This is useful for verifying that all input data files were correctly
formatted and that the data were correctly retrieved by the software.  It is also
useful when a deficit or surplus of a certain species is found in the species
concentrations display.  The source profiles can be examined one by one, or as a
group, in order to find profiles which contain significant quantities of these
species.

WHAT DO YOU WANT TO SEE?
ENTER S FOR SOURCE PROFILE OR R FOR RECEPTOR CONCENTRATIONS.
S
DO YOU WANT TO LOOK AT THE WHOLE MATRIX? 
IT IS 20 SOURCES BY 24 SPECIES
N
WHICH SOURCE DO YOU WANT?
GIVE SOURCE CODE 
4
SOURCE: AUTPB   
C1     TOT            1.0000  +-     .0000
C9     F               .0000  +-     .0001
C11    NA              .0000  +-     .0005
C12    MG              .0000  +-     .0050
C13    AL              .0110  +-     .0050
C14    SI              .0082  +-     .0030
C16    S               .0040  +-     .0013
C17    CL              .0300  +-     .0100
C19    K               .0007  +-     .0003
C20    CA              .0125  +-     .0050
C22    TI              .0000  +-     .0010
C23    V               .0000  +-     .0000
C24    CR              .0000  +-     .0001
C25    MN              .0000  +-     .0002
C26    FE              .0210  +-     .0080
C28    NI              .0002  +-     .0001
C29    CU              .0007  +-     .0003
C30    ZN              .0035  +-     .0013
C35    BR              .0500  +-     .0170
C82    PB              .2000  +-     .0300
C201   OC              .5000  +-     .1000
C202   EC              .0380  +-     .0140
C203   SO4             .0130  +-     .0040
C204   NO3             .0091  +-     .0030

Strike enter to continue 
(ENTER)
WHICH SOURCE DO YOU WANT?
GIVE SOURCE CODE
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(ENTER)
WHAT DO YOU WANT TO SEE? 
ENTER S FOR SOURCE PROFILE OR R FOR RECEPTOR CONCENTRATIONS.
OR ARE YOU DONE? 
D

At each of the prompts, enter 'S' for source profiles, 'R' for receptor
data, 'Y' for yes, 'N' for no, or 'D' for done.  The 'D' returns to the main
menu.

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 8 

Command 8 presents the fractional amount which each source contributes to
each species.  This information is also useful when trying to determine which
profiles are responsible for major over- or under-predictions of the measured
species.

                              CALC SPECIES(PER SOURCE) 
         INDIVIDUAL RATIO = -------------------------- 
                             MEAS SPECIES(ALL SOURCES) 
 
                                  SOURCE CODE 
   SPECIES   MARIN  UDUST  AUTPB  RDOIL  KRAFT  ALPRO  STEEL  FERMN
    TOT      .155   .120   .126   .138   .059   .133   .108   .148 
    F        .000   .000   .000   .007   .000   .720   .000   .039 
    NA       .715   .017   .000   .056   .086   .063   .016   .053 
    MG      1.383   .290   .000   .000   .069   .690  1.311   .000 
    AL       .000   .182   .024   .013   .003   .614   .012   .016 
    SI       .000   .708   .027   .035   .002   .012   .144   .039 
    S        .139   .012   .014   .499   .186   .050   .058   .068 
    CL       .833   .000   .051   .000   .014   .024   .027   .008 
    K        .106   .060   .004   .019   .043   .014   .049   .760 
    CA       .097   .131   .071   .098   .000   .020   .302   .087 
    TI       .000   .740   .000   .147   .003   .051   .209   .066 
    V        .000   .006   .000  1.023   .000   .018   .014   .008 
    CR       .000   .014   .000   .017   .042   .000   .578   .016 
    MN       .000   .004   .000   .002   .000   .000   .252   .687 
    FE       .000   .127   .047   .073   .012   .011   .613   .055 
    NI       .000   .001   .002   .775   .008   .026   .079   .000 
    CU       .000   .065   .167   .189   .022   .106   .552   .097 
    ZN       .000   .047   .157   .197   .014   .007   .463   .306 
    BR       .059   .005  1.203   .003   .015   .009   .000   .045 
    PB       .000   .014   .797   .005   .000   .001   .026   .002 
    OC       .000   .150   .669   .103   .011   .055   .000   .142 
    EC       .000   .125   .270   .241   .007   .172   .000   .125 
    SO4      .120   .004   .013   .517   .182   .045   .021   .048 
    NO3      .000   .000   .144   .113   .000   .068   .000  1.061 

Strike enter to continue  (ENTER) 

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 14

Command 14 presents the transpose of the normalized MPIN matrix.  This
matrix shows the relative influence of each species on each source contribution. 
The species with the largest amount of influence is assigned a value of +1, and
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species with values which exceed 0.5 are considered to be highly influential.  If
only one species is influential for a given source, it is extremely important
that its ambient and source measurements are accurate and precise.  The effects
of influential species on the similarity/uncertainty clusters and source
contribution estimates can be determined by adding or dropping this species as a
fitting species.   

                            TRANSPOSE OF SENSITIVITY MATRIX 
 
                                  SOURCE CODE 
   SPECIES   MARIN  UDUST  AUTPB  RDOIL  KRAFT  ALPRO  STEEL  FERMN
   NA         .99    .01   -.03   -.09    .14    .01   -.06    .01 
   MG         .21   -.05   -.04   -.04   -.07    .13    .18   -.08 
   AL        -.17   -.03   -.10   -.11   -.05   1.00   -.14    .01 
   SI        -.02   1.00   -.05   -.05    .04   -.14   -.19    .02 
   CL        1.00   -.02    .04    .12   -.36   -.04    .01   -.02 
   K         -.04    .05   -.03   -.05    .11   -.01   -.22    .46 
   CA         .28    .02    .03    .12   -.19   -.03    .39   -.06 
   TI         .00    .49   -.07    .08   -.03   -.02   -.07    .02 
   V          .23   -.04   -.06   1.00   -.40   -.04   -.19    .04 
   CR        -.10   -.07   -.03   -.12    .13   -.02    .33   -.12 
   MN        -.02   -.07   -.10   -.04   -.07   -.03   -.05   1.00 
   FE        -.08   -.12   -.05   -.14    .07   -.06   1.00   -.31 
   NI         .17   -.06   -.06    .87   -.32   -.02   -.09   -.00 
   CU        -.12   -.19    .09    .02    .05    .17    .67   -.18 
   ZN        -.02   -.09    .07    .09   -.02   -.05    .31    .10 
   BR         .01   -.02    .55   -.05    .03   -.04   -.07   -.01 
   PB         .00   -.04   1.00   -.06    .00   -.07   -.08   -.05 
   OC        -.04    .09    .61    .04    .01    .02   -.22    .11 
   EC        -.01    .03    .16    .17   -.07    .20   -.16    .09 
   SO4       -.66    .01   -.04    .04   1.00   -.04   -.16   -.01 
   NO3       -.00    .01    .03    .06   -.04    .04   -.19    .35 
   
Strike enter to continue  (ENTER)

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 13 

Command 13 provides a visual display of CMB information.  Bar charts of
calculated and measured chemical concentrations, bar charts of source profiles,
and pie charts of source contribution estimates can be produced with this
command.  Upon typing command 13, a graphics menu appears.

   1                     Graph elemental concentrations
   2                              Graph source profiles
   3                         Graph source contributions
   4                                         Graph PM10
   5                                    Exit graph menu

Type the line number to select or deselect 1

The plot shown in Figure 2 appears on the computer display.  Note that this
plot displays both the calculated and measured concentrations of each chemical
species.  Thick lines correspond to the measured concentrations, while thin lines
and "*" indicate calculated and fitting elements, respectively.  Typing ENTER
returns the prompt

Hardcopy?  Y or N  
Y
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Figure 2.  Example of bar chart from CMB graphics menu.

Entering 'Y' results in the plot written to a file in HPGL language.  This
is the language which drives Hewlett Packard Plotters and can be read by many
graphics, word processing, and desktop publishing programs.  Figure 2 was
integrated into this manual from the CMBPLOT file using WordPerfect 5.0.

Plot file name cmbplot.001

After this prompt, the graphics menu reappears

   1                     Graph elemental concentrations
   2                              Graph source profiles
   3                         Graph source contributions
   4                                         Graph PM10
   5                                    Exit graph menu

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu:   2 

Entering selection 2 displays the source profiles available for plotting.

   1  1      MARIN     
   2  2      CDUST     
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   3  3      UDUST     
   4  4      AUTPB     
   5  5      RDOIL     
   6  6      VBRN1     
   7  7      VBRN2     
   8  8      KRAFT     
   9  9      SULFT     
  10  10     HOGFU     
  11  11     ALPRO     
  12  12     STEEL     
  13  13     FERMN     
  14  14     CARBO     
  15  15     GLASS     
  16  16     CARBF     
  17  17     SO4       
  18  18     NO3       
  19  19     OC        
  20  20     EC        

Toggle selection, Up or Down, Carriage return to exit:  4  

Selecting source 4 causes an asterisk to appear beside this source profile
mnemonic

   1  1      MARIN     
   2  2      CDUST     
   3  3      UDUST     
   4  4      AUTPB    *
   5  5      RDOIL     
   6  6      VBRN1     
   7  7      VBRN2     
   8  8      KRAFT     
   9  9      SULFT     
  10  10     HOGFU     
  11  11     ALPRO     
  12  12     STEEL     
  13  13     FERMN     
  14  14     CARBO     
  15  15     GLASS     
  16  16     CARBF     
  17  17     SO4       
  18  18     NO3       
  19  19     OC        
  20  20     EC        

Toggle selection, Up or Down, Carriage return to exit: (ENTER)

ENTER causes the display similar to that of Figure 2 to be plotted for
source profiles.  Another ENTER yields 

Hardcopy?  Y or N  
N

   1                     Graph elemental concentrations
   2                              Graph source profiles
   3                         Graph source contributions
   4                                         Graph PM10
   5                                    Exit graph menu

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: 3

Command 3 in the graphics menu presents a pie chart as shown in Figure 3. 
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Figure 3.  Example of pie chart from CMB graphics menu.

If both FINE and COARS particle-size ranges are included and have been
apportioned, invoking Graphics Command 4 will plot a pie chart of the sum of
these two fractions.  Invoking Graphics Command 5 returns control to the main
menu.

   1 Change Fitting Species                            
     . . .
     . . .
  15 Exit                                              

Type the line number to select:  6

It is often convenient to perform many CMB calculations at once and to
record the data on disk without interaction.  To accomplish this, we invoke
Command 6, Autofit.  Autofit allows a single selection of fitting species and
profiles to be applied to a selected list of samples without operator
intervention.  This feature is especially useful for model simulation testing and
screening purposes. Autofit is equivalent to invoking commands 5, 9, 12, and 4 in
succession until the source contributions for all selected samples have been
calculated.  Autofit first preselects all samples and then enters Select Samples
menu to allow deselection of any samples not to be included in the selected list.

   1 PACS1        08/13/77 24 0  COARS *
   2 PACS1        08/13/77 24 0  FINE  *
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   3 PACS2        01/24/78 24 0  COARS *
   4 PACS2        01/24/78 24 0  FINE  *
   5 PACS3        08/07/77 24 0  COARS *
   6 PACS3        08/07/77 24 0  FINE  *

Type the line number to select or deselect 
D for page down, U for page up, ENTER for main menu: (ENTER)

Exiting the Select Samples menu starts Autofit.  There will be much disk
activity but no screen displays until Autofit has completed its analysis.  All of
the CMB analyses may be printed from the OUPORT.DT1 and OUPORT.DT2 files.

   1 Change Fitting Species
     . . .
     . . .
  15 Exit                                              

Type the line number to select: 10

Command 10 creates a summary table of source apportionments for the series
and calculates the average and standard deviation of the source contributions for
each source profile used in the series.

OUTPUT WILL GO TO HARDCOPY.
DO YOU WANT IT DISPLAYED AT YOUR TERMINAL INSTEAD?  
Y

The following output display can be directed to the OUPORT.DT1 file by
entering 'N' instead of 'Y' at the prompt above.

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------
PACS1         08/13/77 MARIN      12.39    10.60    22.99
PACS2         01/24/78   MARIN      -3.42      .31    -3.12
PACS3         08/07/77   MARIN      20.40    15.51    35.91
                                 -------- -------- --------
                         AVERAGE     9.79     8.81    18.60
                     (STD. DEV.)    12.12     7.76    19.88

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 UDUST       9.59     9.60    19.19
PACS2         01/24/78 UDUST       1.17    54.03    55.20
PACS3         08/07/77 UDUST      79.18    61.89   141.07
                                 -------- -------- --------
                         AVERAGE    29.98    41.84    71.82
                     (STD. DEV.)    42.82    28.20    62.62

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 AUTPB      10.08     9.09    19.17
PACS2         01/24/78 AUTPB      17.07     3.21    20.28
PACS3         08/07/77 AUTPB      23.93    35.26    59.19
                                  ------- -------- --------
                         AVERAGE    17.03    15.85    32.88
                     (STD. DEV.)     6.92    17.06    22.79

                                    FINE     COARS    TOTAL
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CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 RDOIL      11.06     9.71    20.77
PACS2         01/24/78 RDOIL        .74      .19      .93
PACS3         08/07/77 RDOIL      14.01    12.45    26.46
                                 -------- -------- --------
                         AVERAGE     8.60     7.45    16.06
                     (STD. DEV.)     6.97     6.43    13.40

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 KRAFT       4.69    12.33    17.02
PACS2         01/24/78 KRAFT      14.23      .28    14.51
PACS3         08/07/77 KRAFT      -3.53     9.42     5.89
                                 -------- -------- --------
                         AVERAGE     5.13     7.34    12.47
                     (STD. DEV.)     8.89     6.29     5.84

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 ALPRO      10.60    11.10    21.70
PACS2         01/24/78 ALPRO       -.44     4.19     3.75
PACS3         08/07/77 ALPRO      -1.52     4.46     2.94
                                 -------- -------- --------
                         AVERAGE     2.88     6.58     9.46
                     (STD. DEV.)     6.71     3.91    10.61

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 STEEL       8.67     8.16    16.83
PACS2         01/24/78 STEEL      -1.00      .56     -.45
PACS3         08/07/77 STEEL       -.02    -2.21    -2.23
                                 -------- -------- --------
                         AVERAGE     2.55     2.17     4.72
                     (STD. DEV.)     5.33     5.37    10.53

                                    FINE     COARS    TOTAL
CMB SITE      DATE      SOURCE    (UG/M3)  (UG/M3)  (UG/M3)
------------  --------  -------- -------- -------- --------

PACS1         08/13/77 FERMN      11.88     9.87    21.75
PACS2         01/24/78 FERMN        .62     -.11      .51
PACS3         08/07/77 FERMN        .09     1.41     1.50
                                 -------- -------- --------
                         AVERAGE     4.20     3.72     7.92
                     (STD. DEV.)     6.66     5.38    11.99

Strike enter to continue (ENTER)

  1 Change Fitting Species                            
    . . .
    . . .
  15 Exit

Type the line number to select: 15

All of the CMB menu commands have been illustrated in this tutorial, and
the final Command 15 exits from the CMB modeling session.
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6(&7,21 �

,1387 $1' 287387 '$7$ ),/(6

7KLV VHFWLRQ GHVFULEHV WKH VWUXFWXUH RI &0%� LQSXW DQG RXWSXW ILOHV DQG

PHWKRGV RI JHQHUDWLQJ WKHVH ILOHV�

��� &0%� ,1387 $1' 287387 ),/( '(6&5,37,216

$OO &0% LQSXW DQG RXWSXW ILOHV DUH QDPHG LQ WKH IRUP 33;;;;;;�666�

� 7KH 33 SUHIL[ LQGLFDWHV WKH FRQWHQWV RI WKH ILOH�

� 7KH ;;;;;; LV UHSODFHG E\ D XVHU WR LGHQWLI\ WKH VSHFLILF FRPELQDWLRQ

RI GDWD ZKLFK KH KDV SODFHG LQ WKH ILOH�

� 7KH 666 H[WHQGHU LQGLFDWHV WKH IRUPDW LQ ZKLFK WKH GDWD KDYH EHHQ

DUUDQJHG�

)RU H[DPSOH� WKH ILOHQDPH ,161:�(��,1� FRXOG UHPLQG WKH XVHU WKDW WKLV

LV WKH ILOHQDPH LQSXW ILOH �,1� IURP WKH 6WDWH RI 1HYDGD 30
��

QHWZRUN �61� IRU

ZLQWHU �:� RI ���� ��� RQ (3$ VDPSOLQJ GD\V �(� DW VLWH � ��� LQ &0%� WH[W

IRUPDW ��,1��� 7KH UHFRPPHQGHG SUHIL[HV DQG VXIIL[HV DUH LGHQWLILHG LQ WKH

GHVFULSWLRQV RI HDFK LQGLYLGXDO ILOH� $ SRVLWLRQLQJ OLQH LV VLWXDWHG DERYH

HDFK H[DPSOH RI LQSXW ILOHV WR VKRZ ZKHUH HDFK ILHOG EHJLQV DQG HQGV� 6RPH

ILOHV DUH IL[HG IRUPDW� ZKLFK PHDQV WKDW HDFK ILHOG PXVW EHJLQ DQG HQG RQ D

FHUWDLQ FROXPQ� 2WKHU ILHOGV DUH EODQN GHOLPLWHG� ZKLFK PHDQV GDWD ILHOGV DUH

GLVWLQJXLVKHG E\ RQH RU PRUH EODQN VSDFHV EHWZHHQ HDFK ILHOG� ,QSXW GDWD

ILOHV GHVFULEHG E\ 8�6� (3$ �����D� LQ &0% ��� FDQ EH XVHG LQ &0%� ZLWK WKH

IROORZLQJ PLQRU FKDQJH�

� ,QVHUW IRXU EODQN VSDFHV EHIRUH WKH HOHPHQW RU VRXUFH ,' QXPEHU LQ

WKH 32;;;;;;�'$7 DQG 62;;;;;;�'$7�

7KLV FKDQJH FDQ EH PDGH LQ D WH[W HGLWRU �RU D ZRUG SURFHVVLQJ SURJUDP�

DQG LV QHHGHG EHFDXVH &0%� YLHZV WKHVH QXPEHUV DV VL[ FKDUDFWHUV LQVWHDG RI
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WZR GLJLWV� 2WKHU WKDQ WKLV FKDQJH� WKH GHVFULSWLRQV RI &0% ��� LQSXW GDWD

ILOHV DUH IXOO\ GHVFULEHG E\ 8�6� (3$ �����D� DQG WKRVH GHVFULSWLRQV ZLOO EH

EULHIO\ GRFXPHQWHG LQ 6HFWLRQ ���� 7KH &0% ��� IRUPDWV VKRXOG RQO\ EH XVHG LI

WKH\ DOUHDG\ H[LVW� $OO QHZ &0% LQSXW ILOHV VKRXOG EH FRQVWUXFWHG DFFRUGLQJ

WR WKH IRUPDWV GHVFULEHG LQ WKLV GRFXPHQW� &0% ��� IRUPDWV ZLOO QRW EH

VXSSRUWHG LQ VXEVHTXHQW YHUVLRQV RI WKH &0% VRIWZDUH�

����� ,QSXW )LOHQDPH )LOH� ,1;;;;;;�,1�

7KLV IL[HG IRUPDW ILOH FRQWDLQV D OLVW RI WKH QDPHV RI RWKHU &0%� LQSXW

GDWD ILOHV� 7KLV ILOHQDPH� ZKLFK LV HQWHUHG LQ UHVSRQVH WR WKH ILUVW SURPSW

ZKHQ WKH &0% VRIWZDUH LV VWDUWHG� FRQVLVWV RI VHYHQ OLQHV DV VKRZQ EHORZ�

/LQHV � WKURXJK � FRQWDLQ DQ\ VSDFH ILOOHU VXFK DV 
;;;;;;
� /LQHV � WKURXJK �

FRQWDLQ WKH QDPHV RI WKH ILOHV ZKLFK DUH GHVFULEHG LQ WKH IROORZLQJ VXE�

VHFWLRQV� ,13257�,1� LV DQ H[DPSOH RI WKLV ILOH VWUXFWXUH XVHG LQ &0%��

)LOH� ,13257�,1�
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��������������������

%HJLQ )LOH�

;;;;;;

;;;;;;

;;;;;;

623257�,1�

323257�,1�

$'3257�7;7

353257�7;7

(QG ILOH�

(DFK ILOHQDPH FDQ EH XS WR HLJKW FKDUDFWHUV LQ OHQJWK ZLWK XS WR D

WKUHH�FKDUDFWHU H[WHQGHU� (DFK ILOHQDPH LQ WKLV LQSXW ILOHQDPH ILOH PXVW EH

OHIW�MXVWLILHG DQG RFFXS\ &ROXPQV ����� 5RZV � WKURXJK �� 7KH SXUSRVH RI WKLV

ILOH LV WR VDYH WKH HIIRUW RI NH\LQJ LQ WKH LQSXW ILOHQDPH LQGLYLGXDOO\� ,I

DQ ,1;;;;;;�,1� ILOHQDPH LV QRW HQWHUHG DW WKH SURPSW� &0%� ZLOO UHTXHVW WKH

QDPHV RI LQGLYLGXDO GDWD LQSXW ILOHQDPHV�

����� 6RXUFH 3URILOH 6HOHFWLRQ )LOH� 62;;;;;;�,1�

7KH PRVW FRPPRQO\ XVHG VRXUFH SURILOHV DUH XVXDOO\ LGHQWLILHG LQ LQLWLDO

&0% PRGHOLQJ VHVVLRQV� ,W LV RIWHQ FRQYHQLHQW WR GHVLJQDWH WKHVH SURILOHV DV
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GHIDXOWV ZKLFK ZLOO EH VHOHFWHG HDFK WLPH WKH PRGHO LV XVHG� 7KHVH GHIDXOW

SURILOHV FDQ EH GHVLJQDWHG LQ WKH 62;;;;;;�,1� ILOH� (DFK OLQH RI WKLV ILOH

FRQWDLQV D VL[�FKDUDFWHU VRXUFH FRGH QXPEHU LQ &ROXPQV � WR � DQG DQ HLJKW�

FKDUDFWHU VRXUFH SURILOH QDPH LQ &ROXPQV ����� 6RXUFH FRGHV QHHG QRW EH

HQWHUHG LQ QXPHULFDO RUGHU� WKRXJK WKLV DUUDQJHPHQW LV KHOSIXO IRU ILOH

HGLWLQJ DQG GRFXPHQWDWLRQ� ,I WKH VRXUFH LV WR EH LQFOXGHG DV DQ LQLWLDO

ILWWLQJ VRXUFH �DV GHILQHG LQ 6HFWLRQ ������� DQ DVWHULVN LV SODFHG LQ &ROXPQ

��� $OO RWKHU FROXPQV RQ HDFK OLQH DUH XVXDOO\ EODQN� EXW &ROXPQV ����� FDQ

EH XVHG IRU FRPPHQWV RU VRXUFH GRFXPHQWDWLRQ ZKLFK FDQ EH YLHZHG GXULQJ VFUHHQ

HGLWLQJ RU ZKHQ WKH ILOH LV SULQWHG� 7KH PD[LPXP QXPEHU RI VRXUFHV ZKLFK FDQ

EH XVHG LQ &0%� GHSHQGV RQ VHYHUDO YDULDEOHV� DV GHVFULEHG LQ $SSHQGL[ $�

)LIW\ WR ��� VRXUFH SURILOHV FDQ EH HDVLO\ DFFRPPRGDWHG LQ PRVW FDVHV�

623257�,1� LV DQ H[DPSOH RI WKH VRXUFH SURILOH VHOHFWLRQ ILOH�

)LOH� 623257�,1�

� �

�������������������� 2SWLRQDO &RPPHQWV

([DPSOH�

%HJLQ )LOH�

� 0$5,1 
 0DULQH $HURVRO

� &'867 &RQWLQHQWDO 'XVW

� 8'867 
 8UEDQ 'XVW��%HWWHU WKDQ &'867 LQ XUEDQ FDVHV�

� $873% 
 /HDGHG $XWR ([KDXVW

� 5'2,/ 
 5HVLGXDO 2LO &RPEXVWLRQ

� 9%51� 9HJHWDWLYH %XUQLQJ 3URILOH �

� 9%51� 9HJHWDWLYH %XUQLQJ 3URILOH �

� .5$)7 
 .UDIW 3DSHU 0LOO

� 68/)7 6XOILWH 3DSHU 0LOO

�� +2*)8 +RJJHG )XHO %RLOHU

�� $/352 
 $OXPLQXP 3URGXFWLRQ

�� 67((/ 
 6WHHO %ODVW )XUQDFH

�� )(501 
 )HUURPDQJDQHVH )XUQDFH

�� &$5%2 &DUERUXQGXP )XUQDFH

�� */$66 *ODVV )XUQDFH

�� &$5%) &DUERUXQGXP )XUQDFH

�� 62� 6LQJOH &RQVWLWXHQW 6XOIDWH

�� 12� 6LQJOH &RQVWLWXHQW 1LWUDWH

�� 2& 6LQJOH &RQVWLWXHQW 2UJDQLF &DUERQ

�� (& 6LQJOH &RQVWLWXHQW (OHPHQWDO &DUERQ

(QG )LOH�



��

$V QRWHG LQ WKH H[DPSOH DERYH� FRPPHQWV ZKLFK GHVFULEH WKH PHDQLQJ RI

WKH VRXUFH SURILOH LGHQWLILHU FDQ EH HQWHUHG LQ HDFK UHFRUG RI WKLV ILOH DIWHU

WKH ��WK VSDFH WR IXUWKHU GHVFULEH WKH VRXUFH PQHPRQLF RU WKH UHDVRQ LW ZDV

VHOHFWHG DV D GHIDXOW YDOXH�

����� 6SHFLHV 6HOHFWLRQ )LOH� 32;;;;;;�,1�

7KH PRVW FRPPRQO\ XVHG ILWWLQJ VSHFLHV DUH XVXDOO\ LGHQWLILHG E\ LQLWLDO

&0% PRGHOLQJ� 7KHVH FDQ EH VHOHFWHG LQ 32;;;;;;�,1� DV GHIDXOWV ZKLFK ZLOO EH

VHOHFWHG DV ILWWLQJ VSHFLHV DW PRGHO VWDUWXS� 7KLV IHDWXUH DOOHYLDWHV WKH

QHHG WR VHOHFW WKHVH VSHFLHV LQGLYLGXDOO\ HYHU\ WLPH WKH PRGHO LV XVHG�

7KLV ILOH VWUXFWXUH LV VLPLODU WR WKDW RI WKH 6RXUFH 1DPHV ILOH� $ VL[�

FKDUDFWHU VSHFLHV FRGH LV SODFHG LQ &ROXPQV � WR � DQG DQ HLJKW�FKDUDFWHU

VSHFLHV QDPH LV SODFHG LQ &ROXPQV � WR ��� $Q DVWHULVN LQ &ROXPQ ��

GHVLJQDWHV WKDW VSHFLHV DV D ILWWLQJ VSHFLHV� :KHQ &ROXPQ �� LV EODQN� WKH

VSHFLHV LV D IORDWLQJ VSHFLHV� 7KH FRGH 
��
 LV UHVHUYHG IRU SDUWLFXODWH PDVV

DQG &0%� DVVLJQV WKH VSHFLHV QDPH 
727
 WR WKLV FRGH� ,Q RUGHU WR PDLQWDLQ

FRQVLVWHQF\ ZLWK VSHFLHV FRGLQJ LQ WKH (3$ 6RXUFH 3URILOH /LEUDU\� DWRPLF

QXPEHUV RI HOHPHQWV DUH UHFRPPHQGHG WR EH XVHG IRU HOHPHQWDO VSHFLHV� 7KH

WRWDO QXPEHU RI VSHFLHV ZKLFK FDQ EH DFFRPPRGDWHG E\ &0%� GHSHQGV RQ VHYHUDO

YDULDEOHV� DV GHVFULEHG LQ $SSHQGL[ $� )LIW\ WR ��� GLIIHUHQW VSHFLHV FDQ EH

HDVLO\ DFFRPPRGDWHG LQ PRVW DSSOLFDWLRQV�

323257�,1� LV DQ H[DPSOH RI WKH FKHPLFDO VSHFLHV ILOH�

)LOH� 323257�,1�

� �

�������������������� 2SWLRQDO &RPPHQWV

%HJLQ )LOH�

&� 727 7RWDO 0DVV E\ *UDYLPHWU\

&� ) :DWHU�VROXEOH )OXRULGH E\ ,&

&�� 1$ 
 6RGLXP E\ 6KRUW�OLYHG 1HXWURQ $FWLYDWLRQ

&�� 0* 
 0DJQHVLXP E\ ,1$$

&�� $/ 
 $OXPLQXP E\ ;�UD\ )OXRUHVFHQFH

&�� 6, 
 6LOLFRQ E\ ;5)��0DUNHU IRU GXVW

&�� 6 6XOIXU E\ ;�UD\ )OXRUHVFHQFH

&�� &/ 
 &KORULQH E\ ;�UD\ )OXRUHVFHQFH

&�� . 
 3RWDVVLXP E\ ;�UD\ )OXRUHVFHQFH

&�� &$ 
 &DOFLXP E\ ;�UD\ )OXRUHVFHQFH

&�� 7, 
 7LWDQLXP E\ ;�UD\ )OXRUHVFHQFH

&�� 9 
 9DQDGLXP E\ ;�UD\ )OXRUHVFHQFH



��

&�� &5 
 &KURPLXP E\ ;�UD\ )OXRUHVFHQFH

&�� 01 
 0DQJDQHVH E\ ;�UD\ )OXRUHVFHQFH

&�� )( 
 ,URQ E\ ;�UD\ )OXRUHVFHQFH

&�� 1, 
 1LFNHO E\ ;�UD\ )OXRUHVFHQFH

&�� &8 
 &RSSHU E\ ;�UD\ )OXRUHVFHQFH

&�� =1 
 =LQF E\ ;�UD\ )OXRUHVFHQFH

&�� %5 
 %URPLQH E\ ;�UD\ )OXRUHVFHQFH

&�� 3% 
 /HDG E\ ;�UD\ )OXRUHVFHQFH

&��� 2& 
 2UJDQLF &DUERQ E\ 725

&��� (& 
 (OHPHQWDO &DUERQ E\ 725

&��� 62� 
 6XOIDWH E\ $QLRQ &KURPDWRJUDSK\

&��� 12� 
 1LWUDWH E\ $QLRQ &KURPDWRJUDSK\

(QG )LOH�

7H[W FRPPHQWV FDQ EH DGGHG WR WKLV ILOH DIWHU WKH ��WK FKDUDFWHU WR

GHVFULEH WKH VSHFLHV UHSUHVHQWHG E\ WKH PQHPRQLF� 7KLV LV HVSHFLDOO\ XVHIXO

ZKHQ WKH VDPH VSHFLHV KDV EHHQ PHDVXUHG E\ GLIIHUHQW PHWKRGV�

����� $PELHQW 'DWD ,QSXW )LOH� $';;;;;;�7;7

7KH ILUVW UHFRUG RI WKH $';;;;;;�7;7 ILOH FRQWDLQV LGHQWLILHUV IRU HDFK

ILHOG� 7KHVH LGHQWLILHUV FDQ EH XS WR VL[ DOSKDQXPHULF FKDUDFWHUV LQ OHQJWK

DQG DUH VHSDUDWHG E\ D EODQN� &0%� VRIWZDUH XVHV WKHVH LGHQWLILHUV LQ WKH

RUGHU JLYHQ LQ WKLV ILOH WR LGHQWLI\ VSHFLHV FRQFHQWUDWLRQV DQG WKHLU

SUHFLVLRQV LQ VFUHHQ DQG RXWSXW GLVSOD\V�

7KH $';;;;;;�7;7 ILOH FRQWDLQV UHFRUGV ZLWK WKH IROORZLQJ HQWULHV�

)LHOG �� 6LWH ,' �XS WR �� FKDUDFWHUV�

)LHOG �� 6DPSOLQJ GDWH �XS WR � FKDUDFWHUV�

)LHOG �� 6DPSOH GXUDWLRQ �XS WR � FKDUDFWHUV�

)LHOG �� 6DPSOH VWDUW KRXU �XS WR � FKDUDFWHUV�

)LHOG �� 3DUWLFOH VL]H IUDFWLRQ �XS WR � FKDUDFWHUV�

)LHOG �� 0DVV FRQFHQWUDWLRQ �DQ\ QXPEHU RI FKDUDFWHUV LQ LQWHJHU�

IORDWLQJ SRLQW� RU H[SRQHQWLDO IRUPDW�

)LHOG �� 3UHFLVLRQ RI PDVV FRQFHQWUDWLRQ �VDPH IRUPDW DV )LHOG ��

)LHOG ���Q� &RQFHQWUDWLRQV RI FKHPLFDO VSHFLHV �VDPH IRUPDW DV )LHOG ���

ZKHUH Q  �� �� �� �����

)LHOG ���Q� 3UHFLVLRQV RI VSHFLHV FRQFHQWUDWLRQV �VDPH IRUPDW DV )LHOG

��� ZKHUH Q  �� �� �� �����

'DWD UHFRUGV FRQWDLQLQJ WKH EODQN GHOLPLWHG ILHOGV �L�H�� GDWD ILHOGV

DUH GLVWLQJXLVKHG E\ D EODQN EHWZHHQ HDFK ILHOG� VSHFLILHG DERYH IROORZ WKLV

ILUVW UHFRUG� 7KH WRWDO QXPEHU RI UHFRUGV ZKLFK FDQ EH LQFOXGHG GHSHQGV RQ

WKH QXPEHU RI VSHFLHV� QXPEHU RI VRXUFHV� DQG VL]H RI WKH FRPSXWHU PHPRU\� ,Q



��

PRVW FDVHV� RQH KXQGUHG RU PRUH UHFRUGV FDQ EH LQFOXGHG LQ D VLQJOH PRGHO

LQSXW ILOH�

8S WR IRXU GLIIHUHQW VL]H IUDFWLRQ LGHQWLILHUV PD\ EH XVHG� DQG WKH XVHU

FDQ VHOHFW PQHPRQLFV ZKLFK VXLW KLV SXUSRVHV� 7KH VL]H IUDFWLRQ QDPHV ),1(

DQG &2$56 DUH UHVHUYHG IRU WKH 30
���

DQG FRDUVH SDUWLFOH �30
��
�30

���
� VL]H

IUDFWLRQV ZKLFK DUH PRVW FRPPRQO\ PHDVXUHG LQ 30
��

VRXUFH DVVHVVPHQW VWXGLHV�

:KHQ WKHVH PQHPRQLFV DUH XVHG� D VHSDUDWH RXWSXW GLVSOD\ LV SURGXFHG ZKLFK

VXPV WKH ),1( DQG &2$56 VRXUFH FRQWULEXWLRQ HVWLPDWHV WR SURYLGH WKH HVWLPDWHV

IRU 30
��
�

0LVVLQJ YDOXHV IRU FKHPLFDO VSHFLHV DUH LQGLFDWHG E\ SODFLQJ D ���� LQ

WKH VSHFLHV FRQFHQWUDWLRQ DQG SUHFLVLRQ ILHOGV� $ VSHFLHV IRU ZKLFK WKH YDOXH

LV PLVVLQJ FDQQRW EH XVHG DV D ILWWLQJ VSHFLHV� 3UHFLVLRQV ZKLFK H[FHHG ]HUR

PXVW EH DVVLJQHG WR DOO FKHPLFDO FRQFHQWUDWLRQV ZKLFK ZLOO EH XVHG DV ILWWLQJ

VSHFLHV� &0%� ZLOO UHWXUQ DQ HUURU PHVVDJH ZKHQ LW ILQGV ]HUR RU QHJDWLYH

SUHFLVLRQV�

$';;;;;;�7;7 ILOHV FDQ EH JHQHUDWHG IURP G%$6( ,,,� DPELHQW GDWD ILOHV

E\ ILUVW PRGLI\LQJ WKH VWUXFWXUH WR FRQWDLQ WKH ILHOGV LGHQWLILHG DERYH� WKHQ

UXQQLQJ WKH &0%,1��35* SURJUDP �LQVWUXFWLRQV LQ 6HFWLRQ ����� ,QSXW ILOHV FDQ

DOVR EH JHQHUDWHG IURP VSUHDGVKHHW ILOHV E\ DUUDQJLQJ FROXPQV LQ WKH VSHFLILHG

RUGHU DQG XVLQJ WKH VSUHDGVKHHW
V �SULQW WR GLVN� RU �WH[W RXWSXW� RSWLRQV�

7KHVH ILOHV FDQ DOVR EH FUHDWHG LQ D WH[W HGLWRU ZKLFK DOORZV WKH HGLWLQJ RI

YHU\ ORQJ UHFRUGV �9(',7 LV VXFK DQ HGLWRU�� &0%� ILOH VWUXFWXUHV OHQG

WKHPVHOYHV WR GDWD ZKLFK DUH DOUHDG\ LQ GDWD EDVH RU VSUHDGVKHHW IRUPDWV�

KRZHYHU� DQG &0% ��� IRUPDWV OHQG WKHPVHOYHV PRUH UHDGLO\ WR GDWD HQWU\ YLD

WH[W HGLWRU�

7KH $'3257�7;7 ILOH LV DQ H[DPSOH LQSXW DPELHQW GDWD ILOH LQ &0%�

IRUPDW�

����� 6RXUFH 3URILOH 'DWD ,QSXW )LOH� 35;;;;;;�7;7

7KH 35;;;;;;�7;7 ILOH FRQWDLQV UHFRUGV ZLWK WKH IROORZLQJ HQWULHV�

)LHOG �� 3URILOH QXPEHU RU VRXUFH FRGH �XS WR VL[ FKDUDFWHUV�

)LHOG �� 6RXUFH PQHPRQLF �XS WR HLJKW FKDUDFWHUV�

)LHOG �� 3DUWLFOH VL]H IUDFWLRQ �XS WR ILYH FKDUDFWHUV�

)LHOG ���Q� )UDFWLRQ RI VSHFLHV LQ SULPDU\ PDVV RI VRXUFH HPLVVLRQV

�IORDWLQJ SRLQW RU H[SRQHQWLDO IRUPDW�� ZKHUH Q  �� �� �� ���
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)LHOG ���Q� 9DULDELOLW\ RI IUDFWLRQ RI VSHFLHV LQ SULPDU\ PDVV RI VRXUFH

HPLVVLRQV �VDPH IRUPDW DV )LHOG ��� ZKHUH Q  �� �� �� ����

7KH ILUVW UHFRUG RI WKH 35;;;;;;�7;7 ILOH FRQWDLQV LGHQWLILHUV IRU HDFK

ILHOG� 7KHVH LGHQWLILHUV FDQ EH XS WR VL[ DOSKDQXPHULF FKDUDFWHUV LQ OHQJWK�

DUH EODQN GHOLPLWHG� DQG PXVW FRUUHVSRQG WR WKH LGHQWLILHUV XVHG LQ WKH

$';;;;;;�7;7 ILOH� 7KH RUGHU RI WKH FKHPLFDO VSHFLHV LQ WKH 35;;;;;;�7;7 ILOH

PXVW EH WKH VDPH DV WKH RUGHU VSHFLILHG LQ WKH $';;;;;;�7;7 DQG 32;;;;;;�,1�

ILOHV�

'DWD UHFRUGV FRQWDLQLQJ WKH EODQN GHOLPLWHG ILHOGV VSHFLILHG DERYH

IROORZ WKLV ILUVW UHFRUG� 7KH WRWDO QXPEHU RI UHFRUGV ZKLFK FDQ EH LQFOXGHG

GHSHQGV RQ WKH QXPEHU RI VSHFLHV� QXPEHU RI VRXUFHV� DQG VL]H RI WKH FRPSXWHU

PHPRU\� ,Q PRVW FDVHV� RQH KXQGUHG RU PRUH UHFRUGV FDQ EH LQFOXGHG LQ D

VLQJOH PRGHO LQSXW ILOH�

8S WR IRXU GLIIHUHQW VL]H IUDFWLRQ LGHQWLILHUV PD\ EH XVHG� DQG WKH XVHU

FDQ VHOHFW PQHPRQLFV ZKLFK VXLW KLV SXUSRVHV� 7KHVH LGHQWLILHUV PXVW

FRUUHVSRQG WR WKRVH XVHG LQ WKH $';;;;;;�7;7 ILOH�

0LVVLQJ YDOXHV IRU FKHPLFDO VSHFLHV LQ VRXUFH ILOHV DUH UHSODFHG E\ D

EHVW HVWLPDWH ZLWK D ODUJH YDULDELOLW\� 'HIDXOW YDOXHV RI � IRU WKH IUDFWLRQ

DQG ����� IRU WKH YDULDELOLW\ DUH RIWHQ FKRVHQ IRU VSHFLHV ZKLFK DUH H[SHFWHG

WR EH SUHVHQW LQ VPDOO FRQFHQWUDWLRQV� 7KLV LQGLFDWHV WKDW WKH VSHFLHV LV

SUHVHQW LQ VRXUFH HPLVVLRQV DW D FRQFHQWUDWLRQ OHVV WKDQ ����� $ VPDOOHU

YDOXH PD\ EH DSSURSULDWH IRU FHUWDLQ VRXUFH�W\SHV DQG VSHFLHV� $ SUHFLVLRQ

YDOXH ZKLFK H[FHHGV ]HUR PXVW EH HQWHUHG IRU DOO ILWWLQJ VSHFLHV� &0%� ZLOO

UHWXUQ DQ HUURU PHVVDJH ZKHQ LW GHWHFWV SUHFLVLRQV ZKLFK DUH OHVV WKDQ RU

HTXDO WR ]HUR�

35;;;;;;�7;7 ILOHV FDQ EH JHQHUDWHG IURP VLQJOH UHFRUG G%$6( ,,,� VRXUFH

SURILOH ILOHV E\ ILUVW PRGLI\LQJ WKH VWUXFWXUH WR FRQWDLQ WKH ILHOGV

LGHQWLILHG DERYH� WKHQ UXQQLQJ WKH &0%,1��35* SURJUDP �LQVWUXFWLRQV LQ 6HFWLRQ

����� ,QSXW ILOHV FDQ DOVR EH JHQHUDWHG IURP VSUHDGVKHHW ILOHV E\ DUUDQJLQJ

FROXPQV LQ WKH VSHFLILHG RUGHU DQG XVLQJ WKH VSUHDGVKHHW
V �SULQW WR GLVN� RU

�WH[W RXWSXW� RSWLRQV� 7KHVH ILOHV FDQ DOVR EH FUHDWHG LQ D WH[W HGLWRU ZKLFK

DOORZV WKH HGLWLQJ RI YHU\ ORQJ UHFRUGV �9(',7 LV VXFK DQ HGLWRU�� &0%� ILOH

VWUXFWXUHV OHQG WKHPVHOYHV WR GDWD ZKLFK DUH DOUHDG\ LQ GDWD EDVH RU



��

VSUHDGVKHHW IRUPDWV� KRZHYHU� DQG &0% ��� IRUPDWV OHQG WKHPVHOYHV PRUH UHDGLO\

WR GDWD HQWU\ YLD WH[W HGLWRU�

35;;;;;;�'%) ILOHV FDQ EH JHQHUDWHG IURP WKH (3$ VRXUFH FRPSRVLWLRQ

OLEUDU\ G%$6( ,,,� ILOH VWUXFWXUHV XVLQJ WKH 352),1�35* SURJUDP �LQVWUXFWLRQV

DUH LQ 6HFWLRQ ����� 7KH 353257�7;7 ILOH LV DQ H[DPSOH RI DQ LQSXW VRXUFH

SURILOH GDWD ILOH LQ &0%� IRUPDW�

����� +DUGFRS\ 2XWSXW )LOH� 28;;;;;;�'7�

7KH KDUGFRS\ RXWSXW ILOH SUHVHQWV WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV�

VWDQGDUG HUURUV� PRGHO SHUIRUPDQFH PHDVXUHV� DQG PHDVXUHG DQG FDOFXODWHG

FKHPLFDO VSHFLHV RQ D RQH�SDJH GLVSOD\ IRU HDFK VDPSOH� 7KH ZULWWHQ GLVSOD\

LV LGHQWLFDO WR WKDW ZKLFK DSSHDUV RQ WKH VFUHHQ GXULQJ DQ LQWHUDFWLYH

PRGHOLQJ VHVVLRQ� 7KLV RXWSXW FDQ EH SULQWHG WR KDUGFRS\ DQG ERXQG LQ D

PRGHOLQJ UHSRUW� 7KH ILOH IRUPDW LV LQ $6&,, WH[W PRGH DQG LV VHOI�

H[SODQDWRU\� ([DPSOHV RI RXWSXW DUH JLYHQ LQ 6HFWLRQ ��

����� 'DWD $QDO\VLV 2XWSXW )LOH� 28;;;;;;�'7�

7KH GDWD DQDO\VLV RXWSXW ILOH UHFRUGV WKH FRQWULEXWLRQ RI HDFK VRXUFH�

W\SH WR HDFK FKHPLFDO VSHFLHV LQ D VLQJOH GDWD UHFRUG� 6DPSOH LGHQWLILHUV DQG

PRGHO SHUIRUPDQFH PHDVXUHV DUH DOVR LQFOXGHG LQ HDFK UHFRUG� $OO ILHOGV DUH

EODQN�GHOLPLWHG� 7KH ILOH VWUXFWXUH LV�

)LHOG �� 6SHFLHV LGHQWLILHU

)LHOG �� )LWWLQJ IODJ� D 


 LQGLFDWHV WKDW WKH VSHFLHV ZDV D ILWWLQJ

VSHFLHV� ZKLOH D 
B
 LQGLFDWHV WKDW LW ZDV QRW

)LHOG �� 6DPSOLQJ VLWH LGHQWLILHU

)LHOG �� 6DPSOLQJ GDWH

)LHOG �� 6DPSOH VWDUW KRXU

)LHOG �� 6DPSOH GXUDWLRQ

)LHOG �� 3DUWLFOH VL]H IUDFWLRQ

)LHOG �� 0HDVXUHG VSHFLHV FRQFHQWUDWLRQ

)LHOG �� 3UHFLVLRQ RI PHDVXUHG VSHFLHV FRQFHQWUDWLRQ

)LHOG ��� 5 VTXDUH YDOXH

)LHOG ��� &KL VTXDUH YDOXH

)LHOG ��� 3HUFHQW RI PHDVXUHG PDVV

)LHOG ����Q� 6RXUFH FRQWULEXWLRQ HVWLPDWH� Q  �� �� �� ����

)LHOG ����Q� 6WDQGDUG HUURU RI VRXUFH FRQWULEXWLRQ HVWLPDWH� Q  ��

�� �� ����
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)LHOGV � DQG � WKURXJK � UHSHDW PRGHO LQSXW GDWD� )LHOGV � DQG ��

WKURXJK �� SURYLGH LQIRUPDWLRQ DERXW WKH &0% FDOFXODWLRQ� 7KH UHPDLQLQJ

ILHOGV FRUUHVSRQG WR HDFK VRXUFH SURILOH LQ WKH 35;;;;;;�7;7 ILOH DQG FRQWDLQ

WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV DQG VWDQGDUG HUURUV IRU WKHVH VRXUFHV� $

YDOXH RI ���� LV UHFRUGHG ZKHQ D SURILOH ZDV QRW XVHG LQ WKH FDOFXODWLRQ�

7KH ILUVW UHFRUG LQ WKLV RXWSXW ILOH FRQWDLQV EODQN GHOLPLWHG ILHOG

LGHQWLILHUV� $OO VXEVHTXHQW UHFRUGV FRQWDLQ GDWD� )LHOGV ����Q DQG ����Q DUH

ODEHOHG ZLWK VRXUFH FRGHV DQG VRXUFH FRQWULEXWLRQ XQFHUWDLQW\ FROXPQV DUH

ODEHOHG ZLWK VRXUFH QDPHV�

����� *UDSKLFV 2XWSXW )LOH� &0%3/27�;;;

,Q DGGLWLRQ WR &0%287�'7� DQG &0%287�'7�� &0%� DOVR JLYHV WKH XVHU WKH

RSWLRQ WR SURGXFH +HZOHWW�3DFNDUG *UDSKLFV /DQJXDJH �+3*/� SORW ILOHV RI WKH

VFUHHQ JUDSKLF GLVSOD\V� (DFK SORW LV SODFHG LQWR D VHSDUDWH ILOH RI WKH VDPH

QDPH ZLWK WKH H[WHQVLRQ LQFUHPHQWHG E\ RQH �H�J�� &0%3/27����� &0%3/27�����

HWF���

7KHVH SORWV FDQ EH UHDG GLUHFWO\ LQWR PDQ\ JUDSKLFV DQG GHVNWRS

SXEOLVKLQJ SDFNDJHV� 3XEOLFDWLRQ�TXDOLW\ SORWV FDQ DOVR EH SURGXFHG IURP

WKHVH ILOHV RQ +3 ���� DQG ���� SORWWHUV� RU +3 /DVHU-HW ,, SULQWHUV� XVLQJ

VRIWZDUH RU KDUGZDUH SUHYLRXVO\ GHVFULEHG LQ 6HFWLRQ ����

��� &5($7,1* '$7$ ,1387 ),/(6

7KHUH DUH WKUHH FRPPRQ PHWKRGV RI FUHDWLQJ WKH &0% LQSXW ILOHV�

PDQXDOO\ HQWHULQJ WKH GDWD LQ WKH FRUUHFW IRUPDW XVLQJ D WH[W HGLWRU RU ZRUG

SURFHVVLQJ SURJUDP� HGLWLQJ H[LVWLQJ LQSXW ILOHV ZLWK D WH[W HGLWRU RU ZRUG

SURFHVVLQJ SURJUDP� RU WUDQVIHUULQJ ILOHV IURP FRPSXWHUL]HG GDWD EDVHV�

$ WH[W HGLWRU RU ZRUG SURFHVVRU LQ WH[W PRGH FDQ EH XVHG WR W\SH HQWLUH

LQSXW ILOHV� ,W LV EHVW WR EULQJ WKH H[DPSOH ILOHV LQWR WKH HGLWRU� WKHQ

LQVHUW WKH QHZ YDOXHV LQ WKH VDPH ORFDWLRQV DV WKH H[LVWLQJ YDOXHV E\ XVLQJ

WKH HGLWRU LQ 7<3(29(5 PRGH� $OO VSDFHV EHWZHHQ ILHOGV VKRXOG EH HQWHUHG ZLWK

WKH VSDFH EDU� WDEV VKRXOG QRW EH VHW� (DFK OLQH VKRXOG EH WHUPLQDWHG ZLWK

WKH (17(5 NH\ UDWKHU WKDQ XVLQJ WKH ZUDSDURXQG IHDWXUH SUHVHQW LQ PDQ\

HGLWRUV� 1R EODQN OLQHV DW WKH HQG RI WKH ILOH VKRXOG EH SUHVHQW� &RPSOHWHG

ILOHV VKRXOG EH VDYHG ZLWK DQ DSSURSULDWH ILOHQDPH� ('/,1� WKH OLQH HGLWRU



��

VXSSOLHG ZLWK 06�'26 RU 3&�'26� PD\ EH XVHG� EXW LW LV QRW FRQYHQLHQW VLQFH LW

LV QRW VFUHHQ RULHQWHG�

,I LQSXW GDWD ILOHV KDYH EHHQ SUHSDUHG IRU RWKHU DSSOLFDWLRQV �H�J��

VRXUFH SURILOHV PD\ EH FRPPRQ WR VHYHUDO GLIIHUHQW GDWD VHWV�� WKHQ WKHVH

ILOHV PD\ EH FXW DQG SDVWHG WR SURGXFH WKH QHHGHG LQSXW GDWD ILOHV� %HFDXVH RI

GLIIHUHQFHV LQ LQGLYLGXDO HGLWLQJ SURJUDPV� WKH XVHU LV DGYLVHG WR FRQVXOW WKH

PDQXDO IRU WKH HGLWLQJ SURJUDP WR EH XVHG IRU GLUHFWLRQV RQ RSHQLQJ D FRS\ RI

WKH H[LVWLQJ ILOH� GHOHWLQJ DQG DGGLQJ PDWHULDO� VDYLQJ WKH FKDQJHV� DQG

UHQDPLQJ WKH ILOH�

0DQ\ VRXUFH SURILOH DQG DPELHQW GDWD VHWV DUH DYDLODEOH LQ GDWD EDVH

PDQDJHPHQW IRUPDWV� 6HOHFWLRQV RI GDWD� ILHOG QDPHV� DQG GDWD VWUXFWXUH FDQ

EH HDVLO\ PDGH E\ WKH GDWD EDVH VRIWZDUH�

����� &RQYHUVLRQ RI (3$ 6RXUFH 'DWD %DVH )LOHV

7KH G%$6( ,,,� SURJUDP 352),1�35* VHOHFWV VRXUFH SURILOHV DQG VSHFLHV

IURP WKH (3$ VRXUFH FRPSRVLWLRQ OLEUDU\ GDWD EDVH DQG SODFHV WKHVH LQWR D

G%DVH,,,� ILOH ZKLFK FDQ WKHQ EH IRUPDWWHG LQWR DQ $6&,, LQSXW ILOH IRU &0%��

$Q H[DPSOH RI WKH (3$ VRXUFH FRPSRVLWLRQ OLEUDU\ LV LQFOXGHG LQ WKH

352),/(�'%) H[DPSOH GDWD EDVH� 7KH IROORZLQJ WXWRULDO XVLQJ WKLV SURJUDP

UHTXLUHV WKH G%DVH,,,� RU G%DVH ,9 GDWD PDQDJHPHQW VRIWZDUH�

7KH G%DVH VRIWZDUH PXVW UHVLGH LQ WKH VDPH GLUHFWRU\ DV WKH &0% ILOHV�

RU D SDWK WR WKH G%DVH VRIWZDUH PXVW EH HVWDEOLVKHG ZLWK WKH '26 3$7+ FRPPDQG�

WR VXFFHVVIXOO\ LPSOHPHQW ILOH FRQYHUVLRQV�

)LUVW� VWDUW G%DVH DQG REWDLQ WKH GRW SURPSW

&!'%$6(

�'2 352),1

(17(5 7+( 1$0( 2) 7+( (/(0(17 1$0( ),/(� 323257�'$7

(17(5 7+( 1$0( 2) 7+( 287387 '%$6( 352),/( ),/(� 353257�

(17(5 7+( 1$0( 2) 7+( (3$ 6285&( 352),/( '%$6( ),/(� 352),/(

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��
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(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� ��

(17(5 7+( 352),/( 180%(5 25 $ &$55,$*( 5(7851 72 (;,7� �(17(5�

� 86( 353257�

� &23< 72 353257 )25 6,=( 
$�B��
�25�6,=( 
$�B��


� 86( 353257

� 5(3/$&( 6,=( :,7+ 
),1(
 )25 6,=( 
$�B��


� 5(3/$&( 6,=( :,7+ 
&2$56
 )25 6,=( 
$�B��


� 02',)< 6758&785(

(OLPLQDWH WKH ILHOGV 
&�
 DQG 
727
 E\ SODFLQJ WKH FXUVRU RQ HDFK RQH ZLWK WKH XS

DUURZ RU GRZQ DUURZ NH\ DQG SUHVVLQJ &75/�8� 3UHVV &75/�: WR VDYH WKHVH FKDQJHV� (QWHU

%52:6( DQG HQWHU WKH GHVLUHG VRXUFH PQHPRQLF LQ WKH QDPH FROXPQ� 6DYH WKHVH FKDQJHV E\

W\SLQJ &75/�:� 7KH UHPDLQLQJ G%DVH ILOH VKRXOG ORRN OLNH WKLV�

&2'( 1$0( 6,=( &� ) ��� &��� 12�

� 0$5,1 ),1( ������� ������� ��� ������� �������

���

�� (& &2$56 ������� ������� ��� ������� �������

7KH IROORZLQJ FRPPDQGV ZLOO FRQYHUW WKH G%DVH ILOH �H�J�� 353257�'%)�� ZKLFK ZDV

SUHSDUHG E\ WKH 352),1�35* SURJUDP� LQWR D WH[W ILOH �H�J�� 353257�7;7��

�'2 &0%,1�

1$0( 2) '%$6( ,1387 ),/(� 353257

1$0( 2) &0% ,1387 ),/(� 353257

�

7KLV 353257�7;7 ILOH LV LQ &0%� LQSXW GDWD IRUPDW� 7KH $'3257�7;7 LQSXW

GDWD ILOH PD\ EH FUHDWHG E\ WKH '2 &0%,1� FRPPDQG DQG W\SLQJ $'3257 LQVWHDG RI

353257 LQ UHVSRQVH WR WKH SURPSWV�

��� &0% ��� ),/(6 )250$76

&0% ��� ILOH IRUPDWV DUH QRW DV YHUVDWLOH RU GDWD�EDVH RULHQWHG DV &0%�

IRUPDWV� 7KH\ DUH VWLOO DYDLODEOH IRU XVHUV ZKR SUHIHU WKHP� KRZHYHU� DQG D

EULHI GRFXPHQWDWLRQ LV SURYLGHG KHUH� 7KH ILOHV DUH�

� ,1;;;;;;�'$7� /LVW RI RWKHU LQSXW GDWD ILOHQDPHV

� 62;;;;;;�'$7� /LVW RI VRXUFH SURILOH QXPEHUV DQG QDPHV

� 32;;;;;;�'$7� /LVW RI VSHFLHV QXPEHUV DQG QDPHV

� )6;;;;;;�'$7� )LQH SDUWLFOH VRXUFH SURILOHV

� &6;;;;;;�'$7� &RDUVH SDUWLFOH VRXUFH SURILOHV

� '$;;;;;;�'$7� )LQH DQG FRDUVH SDUWLFOH DPELHQW

FRQFHQWUDWLRQV

(DFK ILOH H[FHSW WKH '$;;;;;;�'$7 ILOH FRQWDLQV D VLQJOH OLQH IRUPDW

�L�H�� HQWULHV RQ VHTXHQWLDO OLQHV DOO KDYH WKH VDPH IRUPDW�� 7KH IRUPDWV IRU
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WKH VL[ ILOHV DUH SUHVHQWHG LQ VHSDUDWH VXEVHFWLRQV EHORZ� 7KH QRWDWLRQV $�

,� DQG ) UHIHU WR DOSKDQXPHULF� LQWHJHU� DQG IORDWLQJ�SRLQW IRUPDWV�

UHVSHFWLYHO\� $ IORDWLQJ�SRLQW IRUPDW GHVLJQDWHG )���� IRU H[DPSOH� LQGLFDWHV

WKDW WKH ILHOG LV HLJKW FKDUDFWHUV ZLGH DQG� LI QR GHFLPDO SRLQW DSSHDUV LQ

WKH ILHOG LW LV DVVXPHG WKDW VL[ FKDUDFWHUV DUH WR WKH ULJKW RI WKH LPSOLHG

GHFLPDO� )UHTXHQWO\� WKLV GHFLPDO SRLQW LV LQFOXGHG LQ WKH GDWD LQ D IORDWLQJ

SRLQW ILHOG� LQ WKDW FDVH� WKH DFWXDO GHFLPDO ORFDWLRQ RYHUULGHV WKH LPSOLHG

ORFDWLRQ LQ WKH �)� IRUPDW� 'DWD HQWULHV LQ WKH , IRUPDW VKRXOG DOZD\V EH

ULJKW MXVWLILHG �L�H�� DOLJQHG WR WKH ULJKW VLGH RI WKH ILHOG��

7KH ,1;;;;;;�'$7 ILOH FRQWDLQV WKH QDPHV RI WKH ILYH RWKHU ILOHQDPHV LQ

WKH IROORZLQJ RUGHU�

)LOH� ,13257�'$7

� � �

��������������������

%HJLQ )LOH�

)63257�'$7

&63257�'$7

'$3257�'$7

623257�'$7

323257�'$7

(QG )LOH�

62;;;;;;�'$7 DQG 32;;;;;;�'$7 DUH LGHQWLFDO WR 62;;;;;;�,1� DQG

32;;;;;;�,1� H[FHSW WKDW WKH VSHFLHV FRGHV PXVW EH QXPHULF� QRW DOSKDQXPHULF�

7KH &6;;;;;;�'$7 DQG )6;;;;;;�'$7 ILOHV FRQWDLQ IRXU UHTXLUHG LQSXW

ILHOGV SOXV DQ XQVWUXFWXUHG FRPPHQW DUHD WR GHVFULEH WKH GDWD UHFRUGHG LQ

WKRVH ILHOGV� 7KH IRUPDW LV�

&2/801 )250$7 &217(176

��� ,� 6RXUFH FRGH QXPEHU

��� ,� 6SHFLHV FRGH

���� )��; )UDFWLRQ RI ILQH �RU FRDUVH� VRXUFH

HPLVVLRQV IURP LQGLFDWHG VSHFLHV

����� )��; 8QFHUWDLQW\ RI IUDFWLRQ

����� $�� &DQ EH XVHG IRU FRPPHQWV� XVXDOO\ WR

LGHQWLI\ VL]H IUDFWLRQ� VRXUFH QDPH� DQG

VSHFLHV
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$OO VRXUFH FRGH QXPEHUV DQG VSHFLHV FRGHV XVHG LQ WKLV ILOH PXVW EH

OLVWHG LQ WKH 62;;;;;;�'$7 DQG 32;;;;;;�'$7 ILOHV�

7KH '$;;;;;;�'$7 ILOH FRQWDLQV WZR OLQH IRUPDWV IRU HDFK VDPSOH� 7KH

KHDGHU IRUPDW �LGHQWLILHG E\ WKH QXPEHUV �� LQ FROXPQV � DQG �� SURYLGHV

LQIRUPDWLRQ RQ WKH UHFHSWRU VLWH DQG GDWH DQG LV OLPLWHG WR D VLQJOH OLQH�

7KH VHFRQG W\SH RI IRUPDW �LGHQWLILHG E\ WKH QXPEHUV �� LQ FROXPQV � DQG ��

UHFRUGV DPELHQW FRQFHQWUDWLRQV IRU WKH DERYH VLWH DQG GDWH� ZLWK D VHSDUDWH

OLQH IRU HDFK FKHPLFDO VSHFLHV�

7<3( &2/801 )250$7
D

&217(176

+HDGHU ��� ,� 
��


���� $�� 5HFHSWRU LGHQWLILFDWLRQ

����� $� <HDU� <<

����� $� 0RQWK DQG GD\� 00''

����� ,� 'XUDWLRQ RI VDPSOH� KRXUV

����� ,� 6WDUWLQJ KRXU RI VDPSOH

����� ,� 6L]H IUDFWLRQV RQ QH[W OLQHV� ��  ILQH DQG

FRDUVH� ��  ILQH DQG WRWDO

����� 0XVW EH EODQN

&RQFHQ�

WUDWLRQ ��� ,� 
��


���� $�� 5HFHSWRU LGHQWLILFDWLRQ

����� $� <HDU� <<

����� $� 0RQWK DQG GD\� 00''

����� ,� 'XUDWLRQ RI VDPSOH� KRXUV

����� ,� 6WDUWLQJ KRXU RI VDPSOH

����� ,� 6SHFLHV FRGH

����� )��; &RQFHQWUDWLRQ RI ILQH IUDFWLRQ

����� )��; 6WDQGDUG HUURU RI ILQH IUDFWLRQ �PHDVXUHPHQW

XQFHUWDLQW\�

����� )��; &RQFHQWUDWLRQ RI FRDUVH RU WRWDO IUDFWLRQ

����� )��; 6WDQGDUG HUURU RI FRDUVH RU WRWDO IUDFWLRQ

�PHDVXUHPHQW XQFHUWDLQW\�

D , � ,QWHJHU �,�� � WKURXJK ���

$ � $OSKDQXPHULF �$��� XS WR �� FKDUDFWHUV� $�=� ���� DQ\ NH\ERDUG V\PERO�

) � )ORDWLQJ SRLQW �)��;� XS WR � LQWHJHUV DQG D GHFLPDO SRLQW�� 1RWH� ,W

LV YHU\ KHOSIXO LQ UHDGLQJ WKH ILOH WR KDYH WKH GHFLPDO SRLQWV DOLJQHG

YHUWLFDOO\� $ GHFLPDO SRLQW PXVW EH LQFOXGHG LQ WKH ILHOG�
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$Q XQOLPLWHG QXPEHU RI DPELHQW VDPSOHV FDQ EH LQFOXGHG LQ WKLV ILOH�

6SHFLHV FRGHV PXVW EH WKH VDPH LQ DOO ILOHV� 0HDVXUHPHQW SUHFLVLRQV ZKLFK

H[FHHG ]HUR PXVW EH DVVLJQHG WR WKH DPELHQW FRQFHQWUDWLRQ GDWD�

,I RQO\ 30
��

GDWD DUH DYDLODEOH� DOO ILQH SDUWLFOH FRQFHQWUDWLRQV VKRXOG

EH VHW WR ]HUR DQG WKH �ILQH DQG WRWDO� GHVLJQDWLRQ ���� VKRXOG EH HQWHUHG LQ

FROXPQV ����� RI WKH KHDGHU UHFRUG� &0% DQDO\VHV VKRXOG EH SHUIRUPHG RQO\ RQ

WKH WRWDO VL]H IUDFWLRQ�
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6(&7,21 �

&0% 3(5)250$1&( 0($685(6

7KLV VHFWLRQ GHVFULEHV WKH GLIIHUHQW SHUIRUPDQFH PHDVXUHV ZKLFK DUH XVHG

WR HYDOXDWH WKH YDOLGLW\ RI VRXUFH FRQWULEXWLRQ HVWLPDWHV� *UHDWHU GHWDLO RQ

WKH XVH RI WKH SHUIRUPDQFH PHDVXUHV LV SUHVHQWHG E\ 8�6� (3$ �����E�� 7KH

SHUIRUPDQFH PHDVXUHV DUH SUHVHQWHG LQ WKUHH VHSDUDWH GLVSOD\V ZKHQ &RPPDQGV �

RU � DUH LQYRNHG� �� WKH VRXUFH FRQWULEXWLRQ GLVSOD\� �� WKH XQFHUWDLQW\

VLPLODULW\ FOXVWHU GLVSOD\� DQG �� WKH VSHFLHV FRQFHQWUDWLRQ GLVSOD\� (DFK RI

WKHVH GLVSOD\V LV GLVFXVVHG EHORZ� 7KH HTXDWLRQV XVHG WR FDOFXODWH WKHVH

PHDVXUHV DUH SUHVHQWHG LQ $SSHQGL[ $�

��� 6285&( &2175,%87,21 (67,0$7(6 ',63/$<

$Q H[DPSOH RI D VRXUFH FRQWULEXWLRQ WDEOH GLVSOD\ LV VKRZQ EHORZ�

6285&( &2175,%87,21 (67,0$7(6 � 6,7(� 3$&6� '$7(� �������� &0%� �����

6$03/( '85$7,21 �� 67$57 +285 � 6,=(� &2$56

5 648$5( ��� 3(5&(17 0$66 �����

&+, 648$5( ���� ') ��

6285&(


 7<3( 6&(�8*�0�� 67' (55 767$7

������������������������������������������������

� 0$5,1 ������� ������ ������

� 8'867 ������ ������ ������

� $873% ������ ������ ������

� 5'2,/ ������ ������ ������

� .5$)7 ������� ������ ������

�� $/352 ������� ������ ������

�� 67((/ ������ ������ ������

�� )(501 ������ ������ ������

������������������������������������������������

0($685(' &21&(175$7,21 ),1(�&2$56(�727$/�

������ ���� ������ ���� ������� ����

6RXUFH FRQWULEXWLRQ HVWLPDWHV DUH WKH PDLQ RXWSXW RI WKH &0% PRGHO� 7KH

VXP RI WKHVH FRQFHQWUDWLRQV DSSUR[LPDWHV WKH WRWDO PDVV FRQFHQWUDWLRQ�

1HJDWLYH VRXUFH FRQWULEXWLRQ HVWLPDWHV DUH QRW SK\VLFDOO\ PHDQLQJIXO� EXW WKH\

FDQ RFFXU ZKHQ D VRXUFH SURILOH LV FROOLQHDU ZLWK DQRWKHU SURILOH RU ZKHQ WKH

VRXUFH FRQWULEXWLRQ LV FORVH WR ]HUR� &ROOLQHDULW\ LV XVXDOO\ LGHQWLILHG LQ

WKH VLPLODULW\�XQFHUWDLQW\ FOXVWHU GLVSOD\� :KHQ WKH DEVROXWH YDOXH RI D

SRVLWLYH RU QHJDWLYH VRXUFH FRQWULEXWLRQ HVWLPDWH LV OHVV WKDQ LWV VWDQGDUG

HUURU� WKH VRXUFH FRQWULEXWLRQ LV XQGHWHFWDEOH� 7ZR RU WKUHH WLPHV WKH
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VWDQGDUG HUURU PD\ EH WDNHQ DV DQ XSSHU OLPLW RI WKH VRXUFH FRQWULEXWLRQ LQ

WKLV FDVH�

7KH VWDQGDUG HUURUV UHIOHFW WKH SUHFLVLRQV RI WKH DPELHQW GDWD� WKH

VRXUFH SURILOHV� DQG WKH DPRXQW RI FROOLQHDULW\ DPRQJ GLIIHUHQW SURILOHV�

6WDQGDUG HUURUV VKRXOG EH UHSRUWHG ZLWK HYHU\ VRXUFH FRQWULEXWLRQ HVWLPDWH�

7KH VWDQGDUG HUURU LV D VLQJOH VWDQGDUG GHYLDWLRQ� 7KHUH LV DERXW D ���

SUREDELOLW\ WKDW WKH WUXH VRXUFH FRQWULEXWLRQ LV ZLWKLQ RQH VWDQGDUG HUURU DQG

DERXW D ��� SUREDELOLW\ WKDW WKH WUXH FRQWULEXWLRQ LV ZLWKLQ WZR VWDQGDUG

HUURUV RI WKH VRXUFH FRQWULEXWLRQ HVWLPDWH�

7KH 7�VWDWLVWLF �767$7� LV WKH UDWLR RI WKH VRXUFH FRQWULEXWLRQ HVWLPDWH

WR WKH VWDQGDUG HUURU� $ 767$7 YDOXH OHVV WKDQ ��� LQGLFDWHV WKDW WKH VRXUFH

FRQWULEXWLRQ HVWLPDWH LV DW RU EHORZ D GHWHFWLRQ OLPLW� /RZ 767$7 YDOXHV IRU

VHYHUDO VRXUFH FRQWULEXWLRQV PD\ EH FDXVHG E\ FROOLQHDULWLHV DPRQJ WKHLU

SURILOHV� WKLV ZLOO EH LQGLFDWHG E\ WKH 6LPLODULW\�8QFHUWDLQW\ &OXVWHUV�

7KH UHGXFHG FKL VTXDUH� GHJUHHV RI IUHHGRP� 5 VTXDUH� DQG SHUFHQW PDVV

DUH JRRGQHVV RI ILW PHDVXUHV IRU WKH OHDVW VTXDUHV FDOFXODWLRQ�

7KH FKL VTXDUH LV WKH ZHLJKWHG VXP RI VTXDUHV RI WKH GLIIHUHQFHV EHWZHHQ

WKH FDOFXODWHG DQG PHDVXUHG ILWWLQJ VSHFLHV FRQFHQWUDWLRQV� 7KH ZHLJKWLQJ LV

LQYHUVHO\ SURSRUWLRQDO WR WKH VTXDUHV RI WKH SUHFLVLRQV LQ WKH VRXUFH SURILOHV

DQG DPELHQW GDWD IRU HDFK VSHFLHV� ,GHDOO\� WKHUH ZRXOG EH QR GLIIHUHQFH

EHWZHHQ FDOFXODWHG DQG PHDVXUHG VSHFLHV FRQFHQWUDWLRQV DQG FKL VTXDUH ZRXOG

HTXDO ]HUR� $ YDOXH OHVV WKDQ � LQGLFDWHV D YHU\ JRRG ILW WR WKH GDWD� ZKLOH

YDOXHV EHWZHHQ � DQG � DUH DFFHSWDEOH� &KL VTXDUH YDOXHV JUHDWHU WKDQ �

LQGLFDWH WKDW RQH RU PRUH VSHFLHV FRQFHQWUDWLRQV DUH QRW ZHOO H[SODLQHG E\ WKH

VRXUFH FRQWULEXWLRQ HVWLPDWHV� 7KH GHJUHHV RI IUHHGRP HTXDO WKH QXPEHU RI

ILWWLQJ VSHFLHV PLQXV WKH QXPEHU RI ILWWLQJ VRXUFHV� 7KH GHJUHH RI IUHHGRP LV

QHHGHG ZKHQ VWDWLVWLFDO VLJQLILFDQFH WHVWV DUH DSSOLHG WR WKH UHGXFHG FKL

VTXDUH YDOXH�

7KH 5 VTXDUH LV WKH IUDFWLRQ RI WKH YDULDQFH LQ WKH PHDVXUHG

FRQFHQWUDWLRQV GDWD ZKLFK LV H[SODLQHG E\ WKH YDULDQFH LQ WKH FDOFXODWHG

VSHFLHV FRQFHQWUDWLRQV� ,W LV GHWHUPLQHG E\ D OLQHDU UHJUHVVLRQ RI PHDVXUHG

YHUVXV PRGHO�FDOFXODWHG YDOXHV IRU WKH ILWWLQJ VSHFLHV� 5 VTXDUH UDQJHV IURP

� WR ���� 7KH FORVHU WKH YDOXH LV WR ���� WKH EHWWHU WKH VRXUFH FRQWULEXWLRQ

HVWLPDWHV H[SODLQ WKH PHDVXUHG FRQFHQWUDWLRQV� :KHQ 5 VTXDUH LV OHVV WKDQ
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���� WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV GR QRW H[SODLQ WKH REVHUYDWLRQV YHU\

ZHOO ZLWK WKH JLYHQ VRXUFH SURILOHV DQG�RU VSHFLHV�

3HUFHQW PDVV LV WKH SHUFHQW UDWLR RI WKH VXP RI WKH PRGHO�FDOFXODWHG

VRXUFH FRQWULEXWLRQ HVWLPDWHV WR WKH PHDVXUHG PDVV FRQFHQWUDWLRQ� 7KLV UDWLR

VKRXOG HTXDO ����� WKRXJK YDOXHV UDQJLQJ IURP �� WR ���� DUH DFFHSWDEOH� ,I

WKH PHDVXUHG PDVV LV YHU\ ORZ �� � WR �� �J�P��� WKLV UDWLR PD\ EH RXWVLGH RI

WKLV UDQJH EHFDXVH WKH SUHFLVLRQ RI WKH PDVV PHDVXUHPHQW LV DERXW � �J�P� �(3$

VDPSOLQJ UHTXLUHPHQWV DUH � �J�P� SUHFLVLRQ��

��� 6,0,/$5,7<�81&(57$,17< &/867(5 ',63/$<

7KLV GLVSOD\ LV VKRZQ EHORZ�

       UNCERTAINTY/SIMILARITY CLUSTERS  CMB7  89338     SUM OF CLUSTER SOURCES
-------------------------------------------------------------------------------

       1      8                                              17.078+-     4.241
       1      5      8                                       28.139+-     3.833
-------------------------------------------------------------------------------

7KH ILUVW FROXPQ FRQWDLQV WKH FOXVWHUV� RQH FOXVWHU RQ HDFK URZ� (DFK

FOXVWHU LV LGHQWLILHG E\ WKH FRGH QXPEHUV DVVRFLDWHG ZLWK LWV VRXUFH SURILOH�

7KH FOXVWHUV DUH IRUPHG ZKHQ� �� WZR RU PRUH VRXUFH SURILOHV LQ DQ HLJHQYHFWRU

GHULYHG IURP WKH VLQJXODU YDOXH GHFRPSRVLWLRQ H[FHHG ���� �WKHVH WHUPV DUH

H[SODLQHG LQ $SSHQGL[ $�� DQG �� WKH 7�VWDWLVWLF IRU DQ\ RQH RI WKHVH VRXUFH�

W\SHV LV OHVV WKDQ RU HTXDO WR ���� 7KHVH XQFHUWDLQW\�VLPLODULW\ FOXVWHUV DUH

FDXVHG E\ H[FHVVLYH VLPLODULW\ �FROOLQHDULW\� DPRQJ WKH VRXUFH SURILOHV LQ WKH

FOXVWHU RU E\ KLJK XQFHUWDLQWLHV LQ WKH LQGLYLGXDO VRXUFH SURILOHV� 7KH

VWDQGDUG HUURUV DVVRFLDWHG ZLWK WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV RI RQH RU

PRUH VRXUFHV LGHQWLILHG LQ D FOXVWHU DUH XVXDOO\ YHU\ ODUJH� RIWHQ WRR ODUJH

WR DOORZ DQ DGHTXDWH VHSDUDWLRQ RI WKHVH VRXUFH FRQWULEXWLRQV WR EH PDGH�

,I FROOLQHDULW\ LV WKH FDXVH RI WKHVH H[FHVVLYH VWDQGDUG HUURUV� WKHQ

WKH VWDQGDUG HUURU RI WKH VXP RI WKH VRXUFH FRQWULEXWLRQV IRU D FOXVWHU PD\ EH

VPDOOHU WKDQ WKH VWDQGDUG HUURU RI DQ\ VLQJOH VRXUFH FRQWULEXWLRQ LQ WKH

FOXVWHU� 7KH VXP RI VRXUFH FRQWULEXWLRQV DQG WKH VWDQGDUG HUURU RI WKH VXP

DUH VKRZQ LQ WKH ILQDO FROXPQ RI WKLV GLVSOD\� 7KLV VXP PD\ EH PRUH XVHIXO

WKDQ WKH LQGLYLGXDO VRXUFH FRQWULEXWLRQ HVWLPDWHV LI WKH VWDQGDUG HUURU RI WKH

VXP LV VXEVWDQWLDOO\ ORZHU WKDQ WKH VWDQGDUG HUURUV RI HDFK VRXUFH
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FRQWULEXWLRQ HVWLPDWH� 7KH VXP GRHV QRW DOORZ GLIIHUHQWLDWLRQ DPRQJ WKH

FRQWULEXWLRQ HVWLPDWHV RI WKH VRXUFHV FRQWDLQHG LQ WKH FOXVWHU�

&OXVWHUV ZLOO QRW DSSHDU LI WKH WZR DERYH�VWDWHG FULWHULD DUH QRW PHW�

7KLV DEVHQFH RI FOXVWHUV PHDQV WKDW WKH VRXUFH FRQWULEXWLRQV FDQ EH UHVROYHG

LQ WKH VSHFLILF DSSOLFDWLRQ� 6LQFH DPELHQW GDWD XQFHUWDLQWLHV� DQG UHODWLYH

OHYHOV RI VRXUFH FRQWULEXWLRQV YDU\ IURP VDPSOH WR VDPSOH� LW LV SRVVLEOH WKDW

D JLYHQ FRPELQDWLRQ RI SURILOHV PD\ DSSHDU LQ WKH FOXVWHUV IRU RQH VHW RI

DPELHQW GDWD� EXW QRW IRU DQRWKHU VHW� )RU WKLV UHDVRQ� LW LV LPSRVVLEOH WR

GHFLGH D SULRUL WKDW D VHW RI SURILOHV LV FROOLQHDU RU QRW� 7KH GHFLVLRQ PXVW

EH PDGH IRU HDFK VHW RI GDWD DQG HDFK VHW RI SURILOHV FRPELQHG ZLWK WKRVH

GDWD�

��� 63(&,(6 &21&(175$7,216 ',63/$<

$Q H[DPSOH RI WKH VSHFLHV FRQFHQWUDWLRQ GLVSOD\ LV VKRZQ EHORZ�
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7KLV GLVSOD\ VKRZV KRZ ZHOO WKH LQGLYLGXDO DPELHQW FRQFHQWUDWLRQV DUH

UHSURGXFHG E\ WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV� 7KLV GLVSOD\ RIIHUV FOXHV

FRQFHUQLQJ ZKLFK VRXUFHV PLJKW EH PLVVLQJ RU ZKLFK RQHV GR QRW EHORQJ LQ WKH

FDOFXODWLRQ� )LWWLQJ VSHFLHV DUH PDUNHG ZLWK DQ DVWHULVN LQ WKH FROXPQ

ODEHOHG 
,
�
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7KH FROXPQ ODEHOHG 5$7,2 5�8 FRQWDLQV WKH UDWLR RI WKH VLJQHG GLIIHUHQFH

EHWZHHQ WKH FDOFXODWHG DQG PHDVXUHG FRQFHQWUDWLRQV �WKH UHVLGXDO� GLYLGHG E\

WKH XQFHUWDLQW\ RI WKDW UHVLGXDO �VTXDUH URRW RI WKH VXP RI WKH VTXDUHV RI WKH

XQFHUWDLQW\ LQ WKH FDOFXODWHG DQG PHDVXUHG FRQFHQWUDWLRQV�� 7KH 5�8 UDWLR

VSHFLILHV WKH QXPEHU RI XQFHUWDLQW\ LQWHUYDOV E\ ZKLFK WKH FDOFXODWHG DQG

PHDVXUHG FRQFHQWUDWLRQV GLIIHU� :KHQ WKH DEVROXWH YDOXH RI WKH 5�8 UDWLR

H[FHHGV �� WKH UHVLGXDO LV VLJQLILFDQW� ,I LW LV SRVLWLYH� WKHQ RQH RU PRUH

RI WKH SURILOHV LV FRQWULEXWLQJ WRR PXFK WR WKDW VSHFLHV� ,I LW LV QHJDWLYH�

WKHQ WKHUH LV DQ LQVXIILFLHQW FRQWULEXWLRQ WR WKDW VSHFLHV DQG D VRXUFH PD\ EH

PLVVLQJ� 7KH VXP RI WKH VTXDUHG 5�8 IRU ILWWLQJ VSHFLHV GLYLGHG E\ WKH

GHJUHHV RI IUHHGRP \LHOGV WKH FKL VTXDUH� 7KH KLJKHVW 5�8 YDOXHV IRU ILWWLQJ

VSHFLHV DUH WKH FDXVH RI KLJK FKL VTXDUH YDOXHV�

7KH FROXPQ HQWLWOHG 5$7,2 &�0 VKRZV WKH UDWLR RI FDOFXODWHG WR PHDVXUHG

FRQFHQWUDWLRQ DQG WKH VWDQGDUG HUURU RI WKDW UDWLR IRU HYHU\ FKHPLFDO VSHFLHV

ZLWK PHDVXUHG GDWD� 7KH UDWLRV VKRXOG EH QHDU ���� LI WKH PRGHO KDV

DFFXUDWHO\ SUHGLFWHG WKH PHDVXUHG FRQFHQWUDWLRQV�

��� $'',7,21$/ ',$*1267,&6

&RPPDQG � �3UHVHQW 6RXUFH &RQWULEXWLRQV� RI WKH PDLQ PHQX SURGXFHV D

WDEOH WKDW VKRZV WKH IUDFWLRQ RI HDFK VSHFLHV
 FDOFXODWHG DPELHQW

FRQFHQWUDWLRQ FRQWULEXWHG E\ HDFK VRXUFH LQ WKH ILW� $Q H[DPSOH RI WKLV

GLVSOD\ LV VKRZQ EHORZ�
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0($6 63(&,(6�$// 6285&(6�

6285&( &2'(

63(&,(6 0$5,1 8'867 $873% 5'2,/ .5$)7 $/352 67((/ )(501

727 ���� ���� ���� ���� ���� ���� ���� ����

) ���� ���� ���� ���� ���� ���� ���� ����

1$ ���� ���� ���� ���� ���� ���� ���� ����

0* ���� ���� ���� ���� ���� ���� ���� ����

$/ ���� ���� ���� ���� ���� ���� ���� ����

6, ���� ���� ���� ���� ���� ���� ���� ����

6 ���� ���� ���� ���� ���� ���� ���� ����

&/ ���� ���� ���� ���� ���� ���� ���� ����

. ���� ���� ���� ���� ���� ���� ���� ����

&$ ���� ���� ���� ���� ���� ���� ���� ����

7, ���� ���� ���� ���� ���� ���� ���� ����

9 ���� ���� ���� ����� ���� ���� ���� ����

&5 ���� ���� ���� ���� ����� ���� ������ ����

01 ���� ���� ���� ���� ���� ���� ���� ����

)( ���� ���� ���� ���� ���� ���� ���� ����

1, ���� ���� ���� ���� ���� ���� ���� ����

8 ���� ���� ���� ���� ���� ���� ���� ����

=1 ���� ���� ���� ���� ���� ���� ���� ����

%5 ���� ���� ���� ���� ���� ���� ���� ����

3% ���� ���� ����� ���� ���� ���� ���� ����

2& ���� ���� ���� ���� ���� ���� ���� ����

(& ���� ���� ���� ���� ���� ���� ���� ����



��

62� ���� ���� ���� ���� ���� ���� ���� ����

12� ���� ���� ���� ���� ���� ���� ���� ����
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GHWHUPLQHG E\ H[DPLQLQJ WKLV GLVSOD\�

$QRWKHU GLDJQRVWLF LV WKH WUDQVSRVH RI WKH QRUPDOL]HG PRGLILHG SVHXGR�
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7KLV PDWUL[ LQGLFDWHV WKH GHJUHH RI LQIOXHQFH HDFK VSHFLHV FRQFHQWUDWLRQ

KDV RQ WKH FRQWULEXWLRQ DQG VWDQGDUG RI HUURU RI WKH FRUUHVSRQGLQJ VRXUFH

FDWHJRU\� 03,1 LV QRUPDOL]HG VXFK WKDW LW WDNHV RQ YDOXHV IURP �� WR ��

6SHFLHV ZLWK 03,1 DEVROXWH YDOXHV RI � WR ��� DUH DVVRFLDWHG ZLWK LQIOXHQWLDO

VSHFLHV� 1RQLQIOXHQWLDO VSHFLHV KDYH 03,1 DEVROXWH YDOXHV RI ��� RU OHVV�

6SHFLHV ZLWK DEVROXWH YDOXHV EHWZHHQ ��� DQG ��� DUH DPELJXRXV EXW VKRXOG

JHQHUDOO\ EH FRQVLGHUHG QRQLQIOXHQWLDO�
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6(&7,21 �

6285&( $1' 5(&(3725 3$57,&8/$7( '$7$ %$6(6 )25 7+( &0%

2QH RI WKH RULJLQDO REMHFWLRQV WR UHFHSWRU PRGHOLQJ IRU 30
��

VRXUFH

DVVHVVPHQW ZDV WKDW VRXUFH SURILOH DQG DPELHQW GDWD ZHUH QRW DYDLODEOH IRU

WKHLU DSSOLFDWLRQ� 7KHVH REMHFWLRQV DUH QR ORQJHU YDOLG� VLQFH D ODUJH QXPEHU

RI GDWD EDVHV RI ERWK VRXUFH DQG UHFHSWRU PHDVXUHPHQWV KDYH EHHQ DFTXLUHG LQ

WKH 8QLWHG 6WDWHV IRU XVH LQ WKHVH PRGHOV RYHU WKH SDVW GHFDGH� 7KHVH GDWD

EDVHV DUH ZLGHO\ GLVSHUVHG� KRZHYHU� DQG DUH QRW JHQHUDOO\ DYDLODEOH IRU VWXG\

RU HYDOXDWLRQ� 7KLV VLWXDWLRQ LV XQIRUWXQDWH EHFDXVH� �� WKHVH H[LVWLQJ

SDUWLFXODWH GDWD EDVHV PLJKW DOOHYLDWH WKH QHHG WR DFTXLUH QHZ GDWD EDVHV� ��

WKHLU SRWHQWLDO IRU UHFHSWRU PRGHO DSSOLFDWLRQ DQG WHVWLQJ LV XQWDSSHG� ��

WKH\ SURYLGH PRGHOV IRU VXFFHVV DQG IDLOXUH ZKLFK FDQ HQKDQFH WKH GHVLJQ RI

QHZ GDWD DFTXLVLWLRQ SURMHFWV� DQG �� WKH\ SURYLGH D FRPSUHKHQVLYH YLHZ RI

SDUWLFXODWH OHYHOV� FRQFHQWUDWLRQV� DQG VRXUFH FRQWULEXWLRQV IRU PDMRU SDUWV

RI WKH 8QLWHG 6WDWHV� 7KLV VHFWLRQ LGHQWLILHV VHYHUDO GDWD EDVHV ZKLFK DUH

DYDLODEOH DQG FDQ EH XVHG LQ WKH IXWXUH WR DGGUHVV WKHVH JRDOV�

��� '$7$ %$6( 5(48,5(0(176

,W LV QRW SRVVLEOH� QRU HYHQ RI YDOXH� WR FDWDORJ HYHU\ PHDVXUHPHQW RI

SDUWLFXODWH PDWWHU HYHU WDNHQ� 6LQFH PDQ\ PHDVXUHPHQW SURJUDPV KDYH UHFHQWO\

EHHQ FRPSOHWHG� VHYHUDO DUH LQ SURJUHVV� DQG RWKHUV DUH SODQQHG� DQ\

FRPSLODWLRQ PXVW EH FRQVLGHUHG D VQDSVKRW DW D SDUWLFXODU WLPH� 1HYHUWKHOHVV�

VXFK D VQDSVKRW LV XVHIXO VLQFH LW SURYLGHV D VWDUWLQJ SRLQW IRU HYDOXDWLQJ

DQG XVLQJ H[LVWLQJ GDWD� 7KH LQIRUPDWLRQ LQFOXGHG KHUH LV XVHIXO WRGD\� DQG

LW ZLOO VHUYH DV D VWDUWLQJ SRLQW IRU IXWXUH FRPSLODWLRQV RI D VLPLODU QDWXUH�

7KH SUHYLRXV VXUYH\ RI WKLV W\SH ZDV FRQGXFWHG IRU 7RWDO 6XVSHQGHG 3DUWLFXODWH

�763� GDWD EDVHV E\ /LR\ HW DO� ������ QHDUO\ D GHFDGH DJR�

7KH LGHDO SDUWLFXODWH PDWWHU GDWD EDVH IRU VRXUFH DQG UHFHSWRU

PHDVXUHPHQWV KDV WKH IROORZLQJ FKDUDFWHULVWLFV�
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� $ ODUJH QXPEHU RI FKHPLFDOO\ DQG VL]H FODVVLILHG FRQFHQWUDWLRQV�

0DVV� HOHPHQWV� LRQV� DQG FDUERQ KDYH EHHQ IRXQG WR EH WKH PRVW

HDVLO\ PHDVXUHG DQG XVHIXO VSHFLHV� ZKLOH 30
��

DQG 30
���

DUH WKH PRVW

XVHIXO VL]H UDQJHV�

� &RPSUHKHQVLYH FRYHUDJH ZLWK UHVSHFW WR WLPH� VSDFH� DQG� LQ WKH FDVH

RI VRXUFH VDPSOHV� RSHUDWLQJ FRQGLWLRQV� 6LPXOWDQHRXV UHFHSWRU

VDPSOHV WDNHQ DW ORFDWLRQV DIIHFWHG E\ GLIIHUHQW VRXUFH�W\SHV DUH

XVHIXO LQ WKH YHULILFDWLRQ RI UHFHSWRU PRGHO VRXUFH DSSRUWLRQPHQWV�

6LPLODUO\� UHFHSWRU VDPSOHV WDNHQ LQ GLIIHUHQW VHDVRQV DUH DIIHFWHG

E\ GLIIHUHQW HPLVVLRQV VRXUFHV DQG PHWHRURORJLFDO FRQGLWLRQV� 6RXUFH

VDPSOHV QHHG WR UHSUHVHQW WKH IXOO UDQJH RI SURILOHV IURP D JLYHQ

VRXUFH FDWHJRU\ VR WKDW XQFHUWDLQWLHV FDQ EH HVWLPDWHG IRU LQSXW WR

UHFHSWRU PRGHOV� 0XOWLYDULDWH UHFHSWRU PRGHOV� VXFK DV PXOWLSOH

OLQHDU UHJUHVVLRQ RU IDFWRU DQDO\VLV� UHTXLUH PRUH WKDQ DSSUR[LPDWHO\

�� UHFHSWRU VDPSOHV WR FRPSO\ ZLWK WKHLU DVVXPSWLRQV�

� 'RFXPHQWDWLRQ RI PHDVXUHPHQW PHWKRGV� ORFDWLRQV� DQG VDPSOLQJ WLPHV�

:ULWWHQ UHFRUGV RI WKH HQWLUH H[SHULPHQWDO SURJUDP ZKLFK DFTXLUHG WKH

GDWD EDVH DUH HVVHQWLDO WR LWV H[WHQGHG XVH� ,Q WKH FDVH RI VRXUFH

FKDUDFWHUL]DWLRQ� WKLV LQIRUPDWLRQ VKRXOG LQFOXGH WKH IXHOV�

RSHUDWLQJ F\FOH� W\SH RI IDFLOLW\� ORFDWLRQ� DQG WLPH RI WHVW�

� 4XDOLW\ FRQWURO DQG TXDOLW\ DXGLWV� 5HSOLFDWHV� ILHOG EODQNV� DQG

LQGHSHQGHQW YHULILFDWLRQV RI ILHOG PRQLWRULQJ DQG ODERUDWRU\

RSHUDWLRQV DUH QHHGHG WR DVVXUH WKDW WKH VWDWHG SURFHGXUHV ZHUH

DFWXDOO\ FRPSOLHG ZLWK�

� 3UHFLVLRQ DQG DFFXUDF\ HVWLPDWHV� 6WDWH�RI�WKH�DUW UHFHSWRU PRGHOLQJ

WUHDWV PHDVXUHPHQW XQFHUWDLQWLHV DV SDUW RI WKH LQSXW GDWD DQG

UHWXUQV XQFHUWDLQWLHV RQ VRXUFH FRQWULEXWLRQ HVWLPDWHV GHULYHG IURP

WKRVH LQSXWV� 7KH TXDOLW\ FRQWURO DQG TXDOLW\ DXGLW GDWD VKRXOG EH

SURFHVVHG WR TXDQWLI\ WKHVH XQFHUWDLQWLHV�

� 9DOLGDWLRQ VXPPDULHV RU IODJV� 9DOLGDWLRQ FULWHULD VKRXOG KDYH EHHQ

DSSOLHG WR HYHU\ VDPSOH� DQG WKH UHVXOWV RI WKDW YDOLGDWLRQ VKRXOG EH

UHSRUWHG ZLWK WKH GDWD�

� $YDLODELOLW\ LQ FRPSXWHUL]HG IRUPDWV� )RU UHVHDUFK SXUSRVHV� GDWD

FDQQRW EH SURSULHWDU\ RU VHFUHW� ,I LW LV QRW LQ VRPH FRPSXWHUL]HG

DQG GRFXPHQWHG IRUP� SUHIHUDEO\ DFFHVVLEOH E\ GHVNWRS FRPSXWHUV� WKH

H[SHQVH RI SXWWLQJ LW LQWR VXFK IRUP XVXDOO\ RXWZHLJKV WKH SRWHQWLDO

EHQHILWV GHULYHG IURP H[DPLQLQJ WKH GDWD�

��� '$7$ %$6( 6859(<

7KH GDWD EDVHV SUHVHQWHG KHUH JHQHUDOO\ PHHW WKH IRUHJRLQJ UHTXLUHPHQWV�

WKRXJK QR VLQJOH GDWD EDVH FRPSOHWHO\ IXOILOOV DOO RI WKHP� 7KHVH GDWD EDVHV
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ZHUH LGHQWLILHG YLD FRQWDFWV ZLWK QHDUO\ �� VWDWH DQG ORFDO DJHQFLHV�

XQLYHUVLWLHV� DQG UHVHDUFKHUV� 1HDUO\ ��� UHSRUWV DQG SXEOLFDWLRQV ZHUH

DVVHPEOHG DQG UHYLHZHG� 7KH DYDLODELOLW\ RI WKH GDWD LQ WKH SXEOLF GRPDLQ ZDV

DVFHUWDLQHG� DQG GDWD VHWV ZKLFK FRXOG QRW EH UHOHDVHG ZHUH H[FOXGHG IURP

IXUWKHU FRQVLGHUDWLRQ�

����� 6RXUFH &KDUDFWHUL]DWLRQ 'DWD %DVHV

7DEOH � VXPPDUL]HV WKH GDWD EDVHV ZKLFK KDYH EHHQ FRPSLOHG IRU VRXUFH

SURILOHV� 7KH (3$ VRXUFH FRPSRVLWLRQ OLEUDU\ �8�6� (3$� ����� LV UHFRPPHQGHG

IRU /HYHO , 30
��

DVVHVVPHQW� 7KLV OLEUDU\ FRQWDLQV D ODUJH QXPEHU RI VRXUFHV�

EXW LWV FXUUHQW FRQWHQWV IRU PRWRU YHKLFOHV DQG UHVLGHQWLDO ZRRG FRPEXVWLRQ

DUH GDWHG DQG GR QRW UHIOHFW WKH FRPSRVLWLRQV IURP PRGHUQ YHKLFOHV� VWRYHV�

DQG IXHOV� 7KH PRUH UHFHQW VRXUFH OLEUDULHV �&RRSHU HW DO�� ����� $KXMD HW

DO�� ����� +RXFN HW DO�� ����� &RUH HW DO�� ����� :DWVRQ HW DO�� ����� �����

FRQWDLQ SURILOHV ZKLFK DUH PRUH DSSOLFDEOH WR GDWD EDVHV DFTXLUHG WRGD\ IRU

30
��

VRXUFH DVVHVVPHQW� 7KH KLVWRULFDO VRXUFH OLEUDULHV IURP WKH 3RUWODQG

$HURVRO &KDUDFWHUL]DWLRQ 6WXG\ �:DWVRQ� ����� DQG WKH ZLGH UDQJH RI SURILOHV

UHSRUWHG E\ +RSNH ������ DUH VWLOO RI YDOXH EHFDXVH RI WKHLU FRPSUHKHQVLYHQHVV

DQG DSSOLFDELOLW\ WR UHFHSWRU GDWD WDNHQ LQ DQ HDUOLHU HUD� 6KHIILHOG DQG

*RUGRQ ������ SUHVHQW WKH PRVW FRPSOHWH FRPSLODWLRQ RI HPLVVLRQV

FKDUDFWHULVWLFV IURP FRDO� DQG RLO�ILUHG SRZHU SODQWV� DQG WKLV LV DQ

H[FHOOHQW UHVRXUFH IRU VWXG\LQJ SROOXWLRQ LQ DUHDV ZLWK WKHVH VRXUFH�W\SHV�

0RVW RI WKH FROOHFWLRQV RI VRXUFH SURILOHV OLVWHG LQ 7DEOH � FRQWDLQ VRLO DQG

URDG GXVW FRPSRVLWLRQV� DQG LW LV XQOLNHO\ WKDW WKHVH SURILOHV FKDQJH RYHU

ORQJ SHULRGV RI WLPH� 7KH 3DFLILF 1RUWKZHVW 6RXUFH &RPSRVLWLRQ /LEUDU\ �&RUH�

����� LV RQH RI WKH ILUVW WR DFTXLUH VSHFLDWLRQ RI WKH RUJDQLF FDUERQ IUDFWLRQ

RI VRXUFH VDPSOHV� 7KH PHDVXUHPHQW RI WKHVH DGGLWLRQDO VSHFLHV ZLOO DOORZ

WKHP WR EH HYDOXDWHG LQ UHFHSWRU PRGHO DSSOLFDWLRQV WR SDUWLFXODWH PDWWHU�

����� 5HFHSWRU 0HDVXUHPHQW 'DWD %DVHV

6HYHUDO PDMRU DPELHQW SDUWLFXODWH VWXGLHV DUH GHVFULEHG LQ 7DEOH �� 7KH

QRWDWLRQV DUH VHOI�H[SODQDWRU\� DQG WKH UHDGHU LV UHIHUUHG WR WKH UHIHUHQFHV

IRU DGGLWLRQDO LQIRUPDWLRQ RQ HDFK VWXG\� $OO RI WKRVH OLVWHG LQ 7DEOH � DUH



��

7$%/( �

6800$5< 2) &0% 6285&( 352),/(6

6WXG\ �5HIHUHQFH�

6L]H

)UDFWLRQV 0DMRU 6RXUFH 7\SHV

(3$ 5HFHSWRU 0RGHO 6RXUFH

/LEUDU\ �&RUH HW

DO�� ����� 8�6� (3$�

�����

� � ��� �P

��� � �� �P

� � �� �P

� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

9HJHWDWLYH %XUQLQJ� ,QGXVWULDO

6RXWK &RDVW $LU %DVLQ

6RXUFH &RPSRVLWLRQ

/LEUDU\ �&RRSHU HW DO��

�����

� � ��� �P

��� � �� �P

� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

9HJHWDWLYH %XUQLQJ� ,QGXVWULDO

&DOLIRUQLD $LU 5HVRXUFHV

%RDUG 6RXUFH /LEUDU\

�$KXMD HW DO�� �����

+RXFN HW DO�� �����

� � ��� �P

� � ��� �P

� � �� �P

� � �� �P

*HRORJLFDO� 'LHVHO 7UXFNV�

9HJHWDWLYH %XUQLQJ� ,QGXVWULDO

3DFLILF 1RUWKZHVW

&RPSRVLWLRQ /LEUDU\ �&RUH

HW DO�� �����

� � ��� �P

��� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

9HJHWDWLYH %XUQLQJ� ,QGXVWULDO

�)RUHVW 3URGXFWV�

5HFHSWRU 0RGHOLQJ LQ

(QYLURQPHQWDO &KHPLVWU\

�+RSNH� �����

� � ��� �P

� � �� �P

� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

9HJHWDWLYH %XUQLQJ� ,QGXVWULDO

)LQH 3DUWLFOH (PLVVLRQV

IURP 6WDWLRQDU\ DQG

0LVFHOODQHRXV 6RXUFHV LQ

WKH 6RXWK &RDVW $LU %DVLQ

�7DEDFN HW DO�� �����

� � ��� �P ,QGXVWULDO

8QLYHUVLW\ RI 0DU\ODQG

6RXUFH &RPSRVLWLRQV

�6KHIILHOG DQG *RUGRQ�

�����

� � ��� �P

��� � �� �P

� � �� �P

&RDO� DQG 2LO�)LUHG 3RZHU

3ODQWV

3RUWODQG $HURVRO

&KDUDFWHUL]DWLRQ 6WXG\

�:DWVRQ� �����

� � ��� �P

� � �� �P

*HRORJLFDO� :RRG %XUQLQJ�

,QGXVWULDO

0RQWDQD 6RXUFH

&RPSRVLWLRQ /LEUDU\

�+RXFN HW DO�� �����

����� 3ULWFKHWW HW DO��

�����

� � ��� �P

��� � �� �P

� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

:RRG %XUQLQJ� ,QGXVWULDO
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6WXG\ �5HIHUHQFH�

6L]H

)UDFWLRQV 0DMRU 6RXUFH 7\SHV

0LVVRXOD &LW\�&RXQW\ $LU

3ROOXWLRQ &RQWURO

'LVWULFW 6RXUFH /LEUDU\

�+RXFN HW DO�� �����

� � ��� �P

��� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

:RRG %XUQLQJ

:\RPLQJ 6RXUFH

&RPSRVLWLRQ /LEUDU\

�3ULWFKHWW DQG &RRSHU�

����D�

� � ��� �P

��� � �� �P

*HRORJLFDO

$ODVND 6RXUFH &RPSRVLWLRQ

/LEUDU\ �3ULWFKHWW DQG

&RRSHU� ����E�

� � ��� �P

��� � �� �P

*HRORJLFDO� :RRG %XUQLQJ

+DUYDUG $LU 3ROOXWLRQ

+HDOWK (IIHFWV 6WXG\

�&KRZ� �����

� � ��� �P *HRORJLFDO

6WDWH RI 1HYDGD $LU

3ROOXWLRQ 6WXG\ �:DWVRQ

HW DO�� ����D�

� � ��� �P

� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

:RRG %XUQLQJ

6&(1,& 'HQYHU �:DWVRQ HW

DO�� ����E�

� � ��� �P

� � �� �P

*HRORJLFDO� 0RWRU 9HKLFOHV�

:RRG %XUQLQJ� ,QGXVWULDO

�EUHZHU\� FDWDO\VW

FUDFNHU�� 3RZHU 3ODQW �FRDO

DQG JDV�

IDLUO\ PDMRU VWXGLHV ZKLFK ZHUH LQLWLDWHG IRU WKH SXUSRVH RI DSSO\LQJ UHFHSWRU

PRGHOV� DQG VHYHUDO RI WKH UHIHUHQFHV LQFOXGH WKH UHVXOWV RI WKH PRGHOLQJ�

+RSNH ������ LGHQWLILHV D QXPEHU RI DGGLWLRQDO VWXGLHV ZKLFK DUH PRUH VKRUW�

WHUP WKDQ WKH DSSOLFDWLRQV RULHQWDWLRQ RI WKH GDWD EDVHV FLWHG LQ 7DEOH ��
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6WXG\ 6LWH /RFDWLRQ

DQG DQG

5HIHUHQFH 6WXG\ 3HULRG 6WXG\ 'HVFULSWLRQ

�� �67$&6� � 6HDWWOH

7DFRPD $HURVRO

&KDUDFWHUL]DWLRQ 6WXG\

�&RRSHU HW DO�� �����

� 8UEDQ VLWHV LQ

:DVKLQJWRQ

� ����� WR

������

���� WR �����

���� WR ����

� ���KRXU VDPSOHV IRU ������

������ DQG ���� �P VL]H

UDQJHV DQG DQDO\]HG IRU

PDVV� HOHPHQWV� LRQV� DQG

FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG IRU 6,3 GHYHORSPHQW�

�� 6WDWH RI :DVKLQJWRQ

'HSW� RI (FRORJ\

0RQLWRULQJ 3URJUDP

�%HFN DQG $VVRFLDWHV�

�����

� � VLWHV LQ

:DVKLQJWRQ

� ���� WR �����

� ���KRXU VDPSOHV IRU �����

DQG ������ �P VL]H UDQJHV

DQG DQDO\]HG IRU PDVV�

HOHPHQWV� LRQV� DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH DQG

IDFWRU DQDO\VLV ZHUH

DSSOLHG�

�� �3$125$0$6� � 3DFLILF

1RUWKZHVW 5HJLRQDO

$HURVRO 0DVV

$SSRUWLRQPHQW 6WXG\

�&RUH HW DO�� �����

� � VLWHV LQ

:DVKLQJWRQ�

� VLWHV LQ

2UHJRQ�

� VLWHV LQ

,GDKR

� ���� WR ����

� ���KRXU DQG ���KRXU VDPSOHV

IRU ����� DQG ����� �P VL]H

UDQJHV DQG DQDO\]HG IRU

PDVV� HOHPHQWV� LRQV� DQG

FDUERQ�

� &RQFXUUHQW YLVLELOLW\

PHDVXUHPHQWV DUH DOVR

DYDLODEOH IRU VRXUFH

DSSRUWLRQPHQW� &KHPLFDO PDVV

EDODQFH ZDV DSSOLHG�

�� �3$&6� � 3RUWODQG

$HURVRO

&KDUDFWHUL]DWLRQ 6WXG\

�:DWVRQ� �����

� � VLWHV LQ

2UHJRQ

� ���� WR ����

� ���KRXU� ��KRXU� DQG ��KRXU

VDPSOHV IRU ����� DQG ����

�P VL]H UDQJHV DQG DQDO\]HG

IRU PDVV� HOH� PHQWV� LRQV�

DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG IRU 6,3 GHYHORSPHQW�
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6WXG\ 6LWH /RFDWLRQ

DQG DQG

5HIHUHQFH 6WXG\ 3HULRG 6WXG\ 'HVFULSWLRQ

�� �0$&6� � 0HGIRUG

$HURVRO

&KDUDFWHUL]DWLRQ 6WXG\

�'H&HVDU DQG &RRSHU�

�����

� � VLWHV LQ

2UHJRQ

� ���� WR ����

� ���KRXU VDPSOHV IRU ���� ��

���� DQG ���� �P VL]H UDQJHV

DQG DQDO\]HG IRU PDVV�

HOHPHQWV� LRQV� DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG�

�� �$&+(;� � $HURVRO

&KDUDFWHUL]DWLRQ

([SHULPHQW �+LG\ HW

DO�� �����

� �� VLWHV LQ

&DOLIRUQLD

� ���� WR �����

���� WR �����

� 6L[ ��KRXU VDPSOHV ZHUH

FROOHFWHG GDLO\ DQG DQDO\]HG

IRU PDVV� HOHPHQWV� LRQV�

DQG FDUERQ� &RQFXUUHQW

PHWHRURORJLFDO PHDVXUHPHQWV

DUH DOVR DYDLODEOH�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG�

�� �6&$46� � 6RXWKHUQ

&DOLIRUQLD $LU 4XDOLW\

6WXG\ �%OXPHQWKDO HW

DO�� �����

� � PDMRU VLWHV

LQ /RV $QJHOHV

$UHD

� ������ �����

���� WR �����

����� WR �����

� ���KRXU DQG ��KRXU VDPSOHV

IRU ������ ����� DQG ���� �P

VL]H UDQJHV DQG DQDO\]HG IRU

PDVV� HOHPHQWV� LRQV�

FDUERQ� FDUERQ\OV�

K\GURFDUERQ� HWF�
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6WXG\ 6LWH /RFDWLRQ

DQG DQG

5HIHUHQFH 6WXG\ 3HULRG 6WXG\ 'HVFULSWLRQ

�� �5(62/9(� � 5HVHDUFK

RQ 2SHUDWLRQV �

/LPLWLQJ 9LVXDO

([WLQFWLRQ �7ULMRQLV

HW DO�� �����

�� &DOLIRUQLD 3DUWLFXODWH

6WXG\ �)ORFFKLQL HW

DO�� �����

� � VLWHV LQ 6(

'HVHUW RI

&DOLIRUQLD

� ���� WR ����

� �� VLWHV LQ

&DOLIRUQLD

� ���� WR ����

� ���KRXU VDPSOHV IRU �����

DQG ���� �P VL]H UDQJHV DQG

DQDO\]HG IRU PDVV� HOHPHQWV�

LRQV� DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH DQG

RWKHU UHFHSWRU PRGHOLQJ

WHFKQLTXHV ZHUH DSSOLHG WR

DWWULEXWH WKH YLVLELOLW\

GHJUDGDWLRQ LQ WKH 0RKDYH

'HVHUW�

� ���KRXU VDPSOHV IRU ����

����� ��������� DQG ������

�P VL]H UDQJHV DQG DQDO\]HG

IRU PDVV DQG HOHPHQWV�

��� �:2*$� � :HVWHUQ 2LO

DQG *DV $VVRFLDWLRQ

$HURVRO 'DWD %DVH

�:DWVRQ HW DO�� ����E�

� �� VLWHV LQ

&DOLIRUQLD

� ���� WR �����

� ���KRXU VDPSOHV IRU ������

������� ������� ������ DQG

������ �P VL]H UDQJHV DQG

DQDO\]HG IRU PDVV� HOHPHQWV�

DQG LRQV� 7KLV GDWD EDVH

LQFOXGHV GDWD FROOHFWHG IURP

8�6� (3$ DQG &DOLIRUQLD $LU

5HVRXUFHV %RDUG�

��� &DOLIRUQLD $LU

5HVRXUFHV %RDUG

'LFKRWRPRXV 6DPSOLQJ

1HWZRUN �:DWVRQ HW

DO�� ����D�

� � VLWHV LQ

&DOLIRUQLD

� ���� WR �����

���� WR ����

� ���KRXU VDPSOHV IRU �����

DQG ������ �P VL]H UDQJHV

DQG DQDO\]HG IRU PDVV DQG

HOHPHQWV�

� &KHPLFDO PDVV EDODQFH DQG

IDFWRU DQDO\VLV ZHUH

DSSOLHG�
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7DEOH � �FRQWLQXHG�

$PELHQW 3DUWLFXODWH 'DWD %DVHV

6WXG\ 6LWH /RFDWLRQ

DQG DQG

5HIHUHQFH 6WXG\ 3HULRG 6WXG\ 'HVFULSWLRQ

��� 6RXWK &RDVW $LU

4XDOLW\ 0DQDJHPHQW

'LVWULFW 30�� 6WXGLHV

�*UD\ HW DO�� �����

����61$36� � 6WDWH RI

1HYDGD $LU 3ROOXWLRQ 6WXG\

�&KRZ HW DO�� �����

� � VLWHV LQ

6RXWKHUQ

&DOLIRUQLD

� ���� WR ����

���� WR �����

� � VLWHV LQ

5LYHUVLGH�

&DOLIRUQLD

� ���� WR �����

� � VLWHV LQ

1HYDGD

� ���� WR ����

� ���KRXU VDPSOHV IRU �����

DQG ���� �P VL]H UDQJHV DQG

DQDO\]HG IRU PDVV� HOHPHQWV�

LRQV� DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV EH

DSSOLHG IRU 6,3 GHYHORSPHQW�

� ���KRXU VDPSOHV ZLOO EH

FROOHFWHG IRU ����� DQG ����

�P DURXQG 5LYHUVLGH� &$� DQG

ZLOO EH DQDO\]HG IRU PDVV�

HOHPHQWV� LRQV� DQG FDUERQ�

� ���KRXU DQG ��KRXU VDPSOHV

IRU ����� DQG ���� �P VL]H

UDQJHV DQG DQDO\]HG IRU

PDVV� HOHPHQWV� LRQV� DQG

FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG�

��� 6RXWKHUQ &DOLIRUQLD

(GLVRQ &RWWRQZRRG &RYH

6WXG\ �%RZHQ HW DO��

�����

� &RWWRQZRRG

&RYH� 19

� ���� WR

FXUUHQW

� ���KRXU VDPSOHV IRU �����

DQG ������ �P VL]H UDQJHV

DQG DQDO\]HG IRU PDVV DQG

HOHPHQWV�

��� (DVW +HOHQD 6RXUFH

$SSRUWLRQPHQW 6WXG\

�+RXFN HW DO�� �����

� �� VLWHV LQ

0RQWDQD

� ���� WR ����

� ���KRXU VDPSOHV IRU ������

������� DQG ���� �P VL]H

UDQJHV DQG DQDO\]HG IRU

PDVV� HOHPHQWV� DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG�

��� .DOLVSHOO� 0RQWDQD

6RXUFH $SSRUWLRQPHQW

6WXG\ �2OVHQ� �����

� .DOLVSHOO�

0RQWDQD

� ���� WR ����

� ���KRXU VDPSOHV IRU �����

DQG ������ �P VL]H UDQJHV

DQG DQDO\]HG IRU PDVV�

HOHPHQWV� DQG FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG�
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��� $UL]RQD 6WDWHZLGH 30��
6,3 'HYHORSPHQW �'H1HH

DQG 1HXURWK� �����

� � VLWHV LQ

$UL]RQD

� ���� WR ����

� ���KRXU DQG VSRUDGLF ��KRXU

VDPSOHV IRU ����� DQG ������

�P VL]H UDQJHV DQG DQDO\]HG

IRU PDVV� HOHPHQWV� DQG

FDUERQ�

� &KHPLFDO PDVV EDODQFH ZDV

DSSOLHG IRU 6,3 GHYHORSPHQW�
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6WXG\ 6LWH /RFDWLRQ

DQG DQG

5HIHUHQFH 6WXG\ 3HULRG 6WXG\ 'HVFULSWLRQ

��� �9,677$� � 9LVLELOLW\

,PSDLUPHQW GXH WR

6XOIXU 7UDQVSRUW DQG

7UDQVIRUPDWLRQ LQ WKH

$WPRVSKHUH �%OXPHQWKDO

HW DO�� ����� &DKLOO

HW DO�� ���� � +HULQJ

HW DO�� ����� 0DFLDV

HW DO�� ����D� ����E�

� � VLWHV LQ

$UL]RQD� �

VLWHV LQ

,OOLQRLV

� ���� WR �����

������ �����

���� WR ����

� ���KRXU VDPSOHV IRU �����

DQG ������ VL]H UDQJHV DQG

DQDO\]HG IRU PDVV� HOHPHQWV�

LRQV� DQG FDUERQ�

&RQFXUUHQW PHWHRURORJLFDO

PHDVXUHPHQWV DUH DOVR

DYDLODEOH�

��� ���� 'HQYHU :LQWHU

+D]H 6WXG\ �+HLVOHU HW

DO�� �����

� � VLWHV LQ

&RORUDGR

� ����� WR �����

� ��KRXU VDPSOHV IRU ������

������� DQG ���� �P VL]H

UDQJHV DQG DQDO\]HG IRU

PDVV� HOHPHQWV� LRQV� DQG

FDUERQ� &RQFXUUHQW

YLVLELOLW\ PHDVXUHPHQW LV

DOVR DYDLODEOH�

� &KHPLFDO PDVV EDODQFH DQG

RWKHU UHFHSWRU PRGHOLQJ

WHFKQLTXHV ZHUH DSSOLHG�

��� �6&(1,&� 'HQYHU� �

6WXG\ &RRSHUDWLYH IRU

(PLVVLRQV DQG ,PSDFW

&KDUDFWHUL]DWLRQ LQ

'HQYHU �:DWVRQ HW DO��

����%�

� � VLWHV LQ

&RORUDGR

� ����� WR ����

� � DQG ���KRXU GD\�QLJKW

VDPSOHV IRU ����� �P VL]H

UDQJH DQG DQDO\]HG IRU PDVV�

HOHPHQWV� LRQV� DQG FDUERQ�

&RQFXUUHQW PHWHRURORJ\ DQG

YLVLELOLW\ PHDVXUHPHQWV DUH

DOVR DYDLODEOH�

� &KHPLFDO PDVV EDODQFH DQG

RWKHU UHFHSWRU PRGHOLQJ

WHFKQLTXHV ZLOO EH DSSOLHG

WR DVVHVV WKH HIIHFW RI

YLVLELOLW\ GHJUDGDWLRQ GXH

WR HPLVVLRQ FKDQJHV�
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5HFHSWRU PRGHOV XVH WKH FKHPLFDO DQG SK\VLFDO FKDUDFWHULVWLFV RI

JDVHV DQG SDUWLFOHV PHDVXUHG DW VRXUFH DQG UHFHSWRU WR ERWK LGHQWLI\

WKH SUHVHQFH RI DQG WR TXDQWLI\ VRXUFH FRQWULEXWLRQV WR WKH UHFHSWRU�

7KH SDUWLFOH FKDUDFWHULVWLFV PXVW EH VXFK WKDW� �� WKH\ DUH SUHVHQW

LQ GLIIHUHQW SURSRUWLRQV LQ GLIIHUHQW VRXUFH HPLVVLRQV� �� WKHVH

SURSRUWLRQV UHPDLQ UHODWLYHO\ FRQVWDQW IRU HDFK VRXUFH W\SH� DQG ��

FKDQJHV LQ WKHVH SURSRUWLRQV EHWZHHQ VRXUFH DQG UHFHSWRU DUH

QHJOLJLEOH RU FDQ EH DSSUR[LPDWHG�

&RPPRQ W\SHV RI UHFHSWRU PRGHOV LQFOXGH� �� FKHPLFDO PDVV

EDODQFH �&0%�� �� SULQFLSDO FRPSRQHQW DQDO\VLV �3&$� RWKHUZLVH NQRZQ

DV IDFWRU DQDO\VLV�� DQG �� PXOWLSOH OLQHDU UHJUHVVLRQ �0/5��

([WHQVLYH H[SODQDWLRQV RI HDFK RI WKHVH PRGHOV� RSHUDWLQJ VHSDUDWHO\

DQG WRJHWKHU� DUH JLYHQ E\ :DWVRQ ������� &KRZ ������� +RSNH �������

DQG :DWVRQ HW DO� �����D� ����E�� 7KH 3&$� &0%� DQG 0/5 KDYH EHHQ

FRPELQHG ZLWK D GLVSHUVLRQ PRGHO LQ D 30�� DVVHVVPHQW SDFNDJH SUHSDUHG

IRU WKH &DOLIRUQLD $LU 5HVRXUFHV %RDUG �)UHHPDQ HW DO�� ����� :DWVRQ

HW DO�� ����D� ZKLFK SURYLGHV LQWHUIDFHV DPRQJ GDWD EDVHV DQG

PRGHOLQJ VRIWZDUH� 7KH FKHPLFDO PDVV EDODQFH �&0%� LV WKH

IXQGDPHQWDO UHFHSWRU PRGHO� DQG WKH GHULYDWLRQ RI WKH 3&$ DQG 0/5

PRGHOV IURP IXQGDPHQWDO SK\VLFDO SULQFLSOHV EHJLQV ZLWK WKH &0%�

7KH FKHPLFDO PDVV EDODQFH FRQVLVWV RI D OHDVW VTXDUHV VROXWLRQ

WR D VHW RI OLQHDU HTXDWLRQV ZKLFK H[SUHVVHV HDFK UHFHSWRU
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FRQFHQWUDWLRQ RI D FKHPLFDO VSHFLHV DV D OLQHDU VXP RI SURGXFWV RI

VRXUFH SURILOH VSHFLHV DQG VRXUFH FRQWULEXWLRQV� 7KH VRXUFH SURILOH

VSHFLHV �L�H�� WKH IUDFWLRQDO DPRXQW RI WKH VSHFLHV LQ WKH HPLVVLRQV

IURP HDFK VRXUFH�W\SH� DQG WKH UHFHSWRU FRQFHQWUDWLRQV� ZLWK

DSSURSULDWH XQFHUWDLQW\ HVWLPDWHV� VHUYH DV LQSXW GDWD WR WKH &0%

PRGHO� 7KH RXWSXW FRQVLVWV RI WKH DPRXQW FRQWULEXWHG E\ HDFK VRXUFH�

W\SH WR HDFK FKHPLFDO VSHFLHV� 7KH PRGHO FDOFXODWHV YDOXHV IRU WKH

FRQWULEXWLRQV IURP HDFK VRXUFH DQG WKH XQFHUWDLQWLHV RI WKRVH YDOXHV�

,QSXW GDWD XQFHUWDLQWLHV DUH XVHG ERWK WR ZHLJKW WKH LPSRUWDQFH RI

LQSXW GDWD YDOXHV LQ WKH VROXWLRQ DQG WR FDOFXODWH WKH XQFHUWDLQWLHV

RI WKH VRXUFH FRQWULEXWLRQV�

$�� '(5,9$7,21� (48$7,216� $1' 62/87,216

7KH FRQFHQWUDWLRQ PHDVXUHG DW D UHFHSWRU GXULQJ D VDPSOLQJ

SHULRG RI OHQJWK 7 GXH WR D VRXUFH M ZLWK FRQVWDQW HPLVVLRQ UDWH (M LV

6M  'M � (M �$���

ZKHUH �7 � �

'M  �� G >X�W�� ) �W�� [M@ GW �$���

LV D GLVSHUVLRQ IDFWRU GHSHQGLQJ RQ ZLQG YHORFLW\ �X�� DWPRVSKHULF

VWDELOLW\ �)�� DQG WKH ORFDWLRQ RI VRXUFH M ZLWK UHVSHFW WR WKH

UHFHSWRU �[M�� $OO SDUDPHWHUV LQ (TXDWLRQ $�� YDU\ ZLWK WLPH� VR WKH

LQVWDQWDQHRXV GLVSHUVLRQ IDFWRU� G� PXVW EH DQ LQWHJUDO RYHU WLPH

SHULRG 7 �:DWVRQ� ������

9DULRXV IRUPV IRU G KDYH EHHQ SURSRVHG �3DVTXLOO� �����

6HLQIHOG� ����� %HQDULH� ������ VRPH LQFOXGLQJ SURYLVLRQV IRU

FKHPLFDO UHDFWLRQV� UHPRYDO� DQG VSHFLDOL]HG WRSRJUDSK\� 1RQH DUH

FRPSOHWHO\ DGHTXDWH WR GHVFULEH WKH FRPSOLFDWHG� UDQGRP QDWXUH RI
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GLVSHUVLRQ LQ WKH DWPRVSKHUH� 7KH DGYDQWDJH RI UHFHSWRU PRGHOV LV

WKDW DQ H[DFW NQRZOHGJH RI 'M LV XQQHFHVVDU\�

,I D QXPEHU RI VRXUFHV� -� H[LVWV DQG WKHUH LV QR LQWHUDFWLRQ

EHWZHHQ WKHLU HPLVVLRQV WR FDXVH PDVV UHPRYDO� WKH WRWDO PDVV

PHDVXUHG DW WKH UHFHSWRU� &� ZLOO EH D OLQHDU VXP RI WKH

FRQWULEXWLRQV IURP WKH LQGLYLGXDO VRXUFHV�

- -

&  ( 'M � (M  ( 6M �$���

M � M �

6LPLODUO\� WKH FRQFHQWUDWLRQ RI HOHPHQWDO FRPSRQHQW L� &L ZLOO EH

-

&L  ( )LM � 6M L  �����, �$���

M �

ZKHUH )LM  WKH IUDFWLRQ RI VRXUFH FRQWULEXWLRQ 6M FRPSRVHG

RI HOHPHQW L�

7KH QXPEHU RI FKHPLFDO VSHFLHV �,� PXVW EH JUHDWHU WKDQ RU HTXDO

WR WKH QXPEHU RI VRXUFHV �-� IRU D XQLTXH VROXWLRQ WR WKHVH

HTXDWLRQV�

6ROXWLRQV WR WKH &0% HTXDWLRQV FRQVLVW RI� �� D WUDFHU VROXWLRQ�

�� D OLQHDU SURJUDPPLQJ VROXWLRQ� �� DQ RUGLQDU\ ZHLJKWHG OHDVW

VTXDUHV VROXWLRQ ZLWK RU ZLWKRXW DQ LQWHUFHSW� �� D ULGJH UHJUHVVLRQ

ZHLJKWHG OHDVW VTXDUHV VROXWLRQ ZLWK RU ZLWKRXW DQ LQWHUFHSW� DQG ��

DQ HIIHFWLYH YDULDQFH OHDVW VTXDUHV VROXWLRQ ZLWK RU ZLWKRXW DQ

LQWHUFHSW� $Q HVWLPDWH RI WKH XQFHUWDLQW\ DVVRFLDWHG ZLWK WKH VRXUFH

FRQWULEXWLRQV LV DQ LQWHJUDO SDUW RI VHYHUDO RI WKHVH VROXWLRQ

PHWKRGV�

:HLJKWHG OLQHDU OHDVW VTXDUHV VROXWLRQV DUH SUHIHUDEOH WR WKH

WUDFHU DQG OLQHDU SURJUDPPLQJ VROXWLRQV EHFDXVH� �� WKHRUHWLFDOO\
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WKH\ \LHOG WKH PRVW OLNHO\ VROXWLRQ WR WKH &0% HTXDWLRQV� SURYLGLQJ

PRGHO DVVXPSWLRQV DUH PHW� �� WKH\ FDQ PDNH XVH RI DOO DYDLODEOH

FKHPLFDO PHDVXUHPHQWV� QRW MXVW WKH VR�FDOOHG WUDFHU VSHFLHV� �� WKH\

DUH FDSDEOH RI DQDO\WLFDOO\ HVWLPDWLQJ WKH XQFHUWDLQW\ RI WKH VRXUFH

FRQWULEXWLRQV� DQG �� WKHUH LV� LQ SUDFWLFH� QR VXFK WKLQJ DV D

�WUDFHU��

&0% VRIWZDUH LQ FXUUHQW XVH DSSOLHV WKH HIIHFWLYH YDULDQFH

VROXWLRQ GHYHORSHG DQG WHVWHG E\ :DWVRQ HW DO� ������ EHFDXVH WKLV

VROXWLRQ� �� SURYLGHV UHDOLVWLF HVWLPDWHV RI WKH XQFHUWDLQWLHV RI WKH

VRXUFH FRQWULEXWLRQV �RZLQJ WR LWV LQFRUSRUDWLRQ RI ERWK VRXUFH

SURILOH DQG UHFHSWRU GDWD XQFHUWDLQWLHV�� DQG �� JLYHV JUHDWHU

LQIOXHQFH WR FKHPLFDO VSHFLHV ZLWK KLJKHU SUHFLVLRQV LQ ERWK WKH

VRXUFH DQG UHFHSWRU PHDVXUHPHQWV DUH WKDQ WR VSHFLHV ZLWK ORZHU

SUHFLVLRQV�

7KH HIIHFWLYH YDULDQFH VROXWLRQ LV GHULYHG E\ PLQLPL]LQJ WKH

ZHLJKWHG VXPV RI WKH VTXDUHV RI WKH GLIIHUHQFHV EHWZHHQ WKH PHDVXUHG

DQG FDOFXODWHG YDOXHV RI &L DQG )LM �%ULWW DQG /XHFNH� ������ 7KH

VROXWLRQ DOJRULWKP LV DQ LWHUDWLYH SURFHGXUH ZKLFK FDOFXODWHV D QHZ

VHW RI 6M EDVHG RQ WKH 6M HVWLPDWHG IURP WKH SUHYLRXV LWHUDWLRQ� ,W LV

FDUULHG RXW E\ WKH IROORZLQJ VWHSV H[SUHVVHG LQ PDWUL[ QRWDWLRQ� $

VXSHUVFULSW N LV XVHG WR GHVLJQDWH WKH YDOXH RI D YDULDEOH DW WKH NWK

LWHUDWLRQ�

�� 6HW LQLWLDO HVWLPDWH RI WKH VRXUFH FRQWULEXWLRQV HTXDO WR

]HUR�

N �

6M  � M ����- �$���

�� &DOFXODWH WKH GLDJRQDO FRPSRQHQWV RI WKH HIIHFWLYH

YDULDQFH PDWUL[� 9H� $OO RII�GLDJRQDO FRPSRQHQWV RI WKLV

PDWUL[ DUH HTXDO WR ]HUR�
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9HLL  )&L � (�6M� � ))LM �$���

�� &DOFXODWH WKH N�� YDOXH RI 6M

N�� 7 N �� �� 7 N ��

6  �) �9H� )� ) �9H� & �$���

�� 7HVW WKH �N���WK LWHUDWLRQ RI WKH 6M DJDLQVW WKH NWK

LWHUDWLRQ� ,I DQ\ RQH GLIIHUV E\ PRUH WKDQ � SHUFHQW� WKHQ

SHUIRUP WKH QH[W LWHUDWLRQ� ,I DOO GLIIHU E\ OHVV WKDQ �

SHUFHQW� WKHQ WHUPLQDWH WKH DOJRULWKP�

N�� N N��

LI 
6M � 6M
�6M ! ���� JR WR VWHS �

N�� N N��

LI 
6M � 6M
�6M � ���� JR WR VWHS � �$���

�� $VVLJQ WKH �N���WK LWHUDWLRQ WR 6M DQG )6M� $OO RWKHU

FDOFXODWLRQV DUH SHUIRUPHG ZLWK WKHVH ILQDO YDOXHV�

7 N�� �� �� ���

)6M  >�) �9H � )�MM@ M  ����- �$���

ZKHUH &  �&����&,�
7� D FROXPQ YHFWRU ZLWK &L DV WKH LWK

FRPSRQHQW

6  �6����6-�
7� D FROXPQ YHFWRU ZLWK 6M DV WKH MWK

FRPSRQHQW

)  $Q , [ - PDWUL[ RI )LM� WKH VRXUFH FRPSRVLWLRQ

PDWUL[

)&L  2QH VWDQGDUG GHYLDWLRQ SUHFLVLRQ RI WKH &L
PHDVXUHPHQW

))LM  2QH VWDQGDUG GHYLDWLRQ SUHFLVLRQ RI WKH )LM
PHDVXUHPHQW

9H  'LDJRQDO PDWUL[ RI HIIHFWLYH YDULDQFHV
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7KLV HIIHFWLYH YDULDQFH VROXWLRQ DOJRULWKP LV YHU\ JHQHUDO� DQG

LW UHGXFHV WR PRVW RI WKH VROXWLRQV FLWHG DERYH ZLWK WKH IROORZLQJ

PRGLILFDWLRQV�

� :KHQ WKH ))LM DUH VHW HTXDO WR ]HUR� WKH VROXWLRQ UHGXFHV

WR WKH RUGLQDU\ ZHLJKWHG OHDVW VTXDUHV VROXWLRQ�

� :KHQ WKH ))LM DUH VHW HTXDO WR WKH VDPH FRQVWDQW YDOXH� WKH

VROXWLRQ UHGXFHV WR WKH XQZHLJKWHG OHDVW VTXDUHV VROXWLRQ�

� :KHQ D FROXPQ LV DGGHG WR WKH )LM PDWUL[ ZLWK DOO YDOXHV

HTXDO WR �� DQ LQWHUFHSW WHUP LV FRPSXWHG IRU WKH YDULDEOH

FRUUHVSRQGLQJ WR WKLV FROXPQ�

� :KHQ WKH QXPEHU RI VRXUFH SURILOHV HTXDOV WKH QXPEHU RI

VSHFLHV �, -�� DQG LI WKH VHOHFWHG VSHFLHV DUH SUHVHQW

RQO\ LQ D VLQJOH� H[FOXVLYH VRXUFH SURILOH� WKH VROXWLRQ

UHGXFHV WR WKH WUDFHU VROXWLRQ�

� :KHQ WKH PDWUL[

7 N ��

�) �9H� )� �$����

LV UH�ZULWWHQ DV

7 N ��

�) �9H� ) � 1,� �$����

ZLWK 1 HTXDO WR VRPH QRQ�]HUR QXPEHU� NQRZQ DV WKH

VPRRWKLQJ SDUDPHWHU� DQG , HTXDO WR WKH LGHQWLW\ PDWUL[�

WKH VROXWLRQ EHFRPHV WKH ULGJH UHJUHVVLRQ VROXWLRQ

�:LOOLDPVRQ DQG 'X%RVH� ������

:DWVRQ ������ IRXQG WKDW LQGLYLGXDO VRXUFHV ZLWK VLPLODU VRXUFH

SURILOHV ZRXOG \LHOG XQUHOLDEOH YDOXHV LI LQFOXGHG LQ WKH VDPH

FKHPLFDO PDVV EDODQFH� +HQU\ ������ SURSRVHG D TXDQWLWDWLYH PHWKRG RI

LGHQWLI\LQJ WKLV LQWHUIHUHQFH EHWZHHQ WKHVH VLPLODU VRXUFH

FRPSRVLWLRQV� ZKLFK LV NQRZQ DV �FROOLQHDULW\�� +LV �VLQJXODU YDOXH
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GHFRPSRVLWLRQ� GHILQHV DQ �HVWLPDEOH VSDFH LQWR ZKLFK UHVROYDEOH

VRXUFHV VKRXOG OLH�� 7KH VRXUFHV ZKLFK GR QRW IDOO LQWR WKLV

HVWLPDEOH VSDFH DUH FROOLQHDU� RU WRR VLPLODU WR EH UHVROYHG IURP WKH

VRXUFHV ZKLFK GR OLH ZLWKLQ WKH HVWLPDEOH VSDFH� +HQU\ ������ IXUWKHU

SURSRVHG WKDW OLQHDU FRPELQDWLRQV RI VRXUFH FRQWULEXWLRQV UHVXOWLQJ

IURP FROOLQHDU VRXUFH FRPSRVLWLRQV ZRXOG EH PRUH UHSUHVHQWDWLYH RI

WKH VXPPHG FRQWULEXWLRQV RI WKHVH VRXUFHV�

:LOOLDPVRQ DQG 'XERVH ������ FODLPHG WKDW WKH ULGJH UHJUHVVLRQ

UHGXFHV FROOLQHDULWLHV� +HQU\ ������ WHVWHG WKH ULGJH UHJUHVVLRQ

VROXWLRQ ZLWK UHVSHFW WR WKH VHSDUDWLRQ RI XUEDQ DQG FRQWLQHQWDO GXVW

DQG IRXQG WKDW WKH ELDV UHVXOWHG LQ SK\VLFDOO\ XQUHDOLVWLF QHJDWLYH

YDOXHV IRU VHYHUDO RI WKH )LM� 7KH ULGJH UHJUHVVLRQ VROXWLRQ KDV QRW

EHHQ XVHG LQ WKH &0% VLQFH WKHVH WHVWV ZHUH SXEOLVKHG�

)RUPXODV IRU WKH SHUIRUPDQFH PHDVXUHV DUH�

� , -

5HGXFHG FKL VTXDUH  ;�  ��� ( >�&L � ( )LM6M�
��9HLL@ �$����
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7KH 6LQJXODU 9DOXH 'HFRPSRVLWLRQ RI WKH ZHLJKWHG ) PDWUL[ LV

JLYHQ E\
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ZKHUH 8 DQG 9 DUH ,[, DQG -[- RUWKRJRQDO PDWULFHV� UHVSHFWLYHO\� DQG

ZKHUH ' LV D GLDJRQDO PDWUL[ ZLWK - QRQ]HUR DQG SRVLWLYH HOHPHQWV

FDOOHG WKH VLQJXODU YDOXHV RI WKH GHFRPSRVLWLRQ� 7KH FROXPQV RI 9

DUH FDOOHG WKH HLJHQYHFWRUV RI WKH FRPSRVLWLRQ DQG WKHLU FRPSRQHQWV

DUH DVVRFLDWHG ZLWK VRXUFH W\SHV PHQWLRQHG HDUOLHU LQ WKH GLVFXVVLRQ

RI WKH 6LPLODULW\�8QFHUWDLQW\ &OXVWHU 'LVSOD\�

7KH PD[LPXP VL]H RI WKH &0%� ZRUN DUUD\� ZKLFK GHWHUPLQHV KRZ

PDQ\ VRXUFH SURILOHV DQG ILWWLQJ VSHFLHV FDQ EH XVHG E\ WKH VRIWZDUH�

FDQ EH HVWLPDWHG IURP WKH IROORZLQJ VXP�

:RUN DUUD\ VL]H �LQ ��E\WH IORDWLQJ SRLQW XQLWV�  

��0 � ��,
 � �-
 � �,
-
 � �,- � �- �$����

ZKHUH

0  QXPEHU RI UHFHSWRU VDPSOHV

,
  QXPEHU RI VSHFLHV �ILWWLQJ DQG IORDWLQJ�

-
  QXPEHU RI VRXUFH SURILOHV �ILWWLQJ DQG IORDWLQJ�

,  PD[LPXP QXPEHU RI ILWWLQJ VSHFLHV

-  PD[LPXP QXPEHU RI ILWWLQJ VRXUFHV

7KH ZRUN DUUD\ VL]H PXVW EH OHVV WKDQ WKH QXPEHU ZKLFK DSSHDUV

DIWHU WKH LQWURGXFWRU\ EDQQHU LQ &0%� �VHH 6HFWLRQ �����

$�� &0% 02'(/ $668037,216

7KH &0% PRGHO DVVXPSWLRQV DUH�

�� &RPSRVLWLRQV RI VRXUFH HPLVVLRQV DUH FRQVWDQW RYHU WKH

SHULRG RI DPELHQW DQG VRXUFH VDPSOLQJ�

�� &KHPLFDO VSHFLHV GR QRW UHDFW ZLWK HDFK RWKHU� L�H�� WKH\

DGG OLQHDUO\�
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�� $OO VRXUFHV ZLWK D SRWHQWLDO IRU VLJQLILFDQWO\ FRQ�

WULEXWLQJ WR WKH UHFHSWRU KDYH EHHQ LGHQWLILHG DQG KDYH

KDG WKHLU HPLVVLRQV FKDUDFWHUL]HG�

�� 7KH VRXUFH FRPSRVLWLRQV DUH OLQHDUO\ LQGHSHQGHQW RI HDFK

RWKHU�

�� 7KH QXPEHU RI VRXUFHV RU VRXUFH FDWHJRULHV LV OHVV WKDQ RU

HTXDO WR WKH QXPEHU RI FKHPLFDO VSHFLHV�

�� 0HDVXUHPHQW XQFHUWDLQWLHV DUH UDQGRP� XQFRUUHODWHG� DQG

QRUPDOO\ GLVWULEXWHG�

$�� ())(&76 2) '(9,$7,216 )520 &0% 02'(/ $668037,216

$VVXPSWLRQV � WKURXJK � IRU WKH &0% PRGHO DUH IDLUO\ UHVWULFWLYH

DQG ZLOO QHYHU EH WRWDOO\ FRPSOLHG ZLWK LQ DFWXDO SUDFWLFH�

)RUWXQDWHO\� WKH &0% PRGHO FDQ WROHUDWH GHYLDWLRQV IURP WKHVH

DVVXPSWLRQV� WKRXJK WKHVH GHYLDWLRQV LQFUHDVH WKH VWDWHG

XQFHUWDLQWLHV RI WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV�

7KH &0% PRGHO KDV EHHQ VXEMHFWHG WR D QXPEHU RI WHVWV WR

GHWHUPLQH LWV DELOLWLHV WR WROHUDWH GHYLDWLRQV IURP PRGHO DVVXPSWLRQV

�:DWVRQ� ����� *RUGRQ HW DO�� ����� +HQU\� ����� &XUULH HW DO�� �����

']XED\ HW DO�� ����� :DWVRQ DQG 5RELQVRQ� ����� 'H&HVDU HW DO�� �����

-DYLW] HW DO������D� ����E� DQG :DWVRQ HW DO�� ����E�� 7KHVH VWXGLHV

DOO SRLQW WR WKH VDPH EDVLF FRQFOXVLRQV UHJDUGLQJ GHYLDWLRQV IURP WKH

DERYH�VWDWHG DVVXPSWLRQV�

:LWK UHJDUG WR $VVXPSWLRQ �� VRXUFH FRPSRVLWLRQV� DV VHHQ DW WKH

UHFHSWRU� DUH NQRZQ WR YDU\ VXEVWDQWLDOO\ DPRQJ VRXUFHV� DQG HYHQ

ZLWKLQ D VLQJOH VRXUFH RYHU DQ H[WHQGHG SHULRG RI WLPH� 7KHVH

YDULDWLRQV DUH ERWK V\VWHPDWLF DQG UDQGRP DQG DUH FDXVHG E\ WKUHH

SKHQRPHQD� �� WUDQVIRUPDWLRQ DQG GHSRVLWLRQ EHWZHHQ WKH HPLVVLRQV

SRLQW DQG WKH UHFHSWRU� �� GLIIHUHQFHV LQ IXHO W\SH DQG RSHUDWLQJ

SURFHVVHV EHWZHHQ VLPLODU VRXUFHV RU WKH VDPH VRXUFH LQ WLPH� DQG ��

XQFHUWDLQWLHV RU GLIIHUHQFHV EHWZHHQ WKH VRXUFH SURILOH PHDVXUHPHQW
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PHWKRGV� (YDOXDWLRQ VWXGLHV KDYH JHQHUDOO\ FRPSDUHG &0% UHVXOWV IURP

VHYHUDO WHVWV XVLQJ UDQGRPO\ SHUWXUEHG LQSXW GDWD DQG IURP

VXEVWLWXWLRQV RI GLIIHUHQW VRXUFH SURILOHV IRU WKH VDPH VRXUFH W\SH�

7KH JHQHUDO FRQFOXVLRQV GUDZQ IURP WKHVH WHVWV DUH DV IROORZV�

� 7KH HUURU LQ WKH HVWLPDWHG VRXUFH FRQWULEXWLRQV GXH WR

ELDVHV LQ DOO RI WKH HOHPHQWV RI D VRXUFH SURILOH LV LQ

GLUHFW SURSRUWLRQ WR WKH PDJQLWXGH RI WKH ELDVHV�

� )RU UDQGRP HUURUV� WKH PDJQLWXGH RI WKH VRXUFH

FRQWULEXWLRQ HUURUV GHFUHDVHV DV WKH GLIIHUHQFH EHWZHHQ

WKH QXPEHU RI VSHFLHV DQG VRXUFHV LQFUHDVHV�

7KH PRVW UHFHQW DQG V\VWHPDWLF WHVWV DUH WKRVH RI -DYLW] HW DO�

�����E� ZKLFK DSSO\ WR D VLPSOH ��VRXUFH XUEDQ DLUVKHG DQG D FRPSOH[

���VRXUFH XUEDQ DLUVKHG� 7KHVH WHVWV ZLWK �� FRPPRQO\ PHDVXUHG

FKHPLFDO VSHFLHV VKRZHG WKDW SULPDU\ PRELOH� JHRORJLFDO� FRDO�ILUHG

SRZHU SODQW� DQG YHJHWDWLYH EXUQLQJ VRXUFH�W\SHV FDQ EH DSSRUWLRQHG

ZLWK XQFHUWDLQWLHV RI DSSUR[LPDWHO\ ��� ZKHQ FRHIILFLHQWV RI

YDULDWLRQ LQ WKH VRXUFH SURILOHV DUH DV KLJK DV ���� 7KLV

SHUIRUPDQFH ZDV GHPRQVWUDWHG HYHQ ZLWKRXW WKH SUHVHQFH RI XQLTXH

�WUDFHU� VSHFLHV VXFK DV VHOHQLXP IRU FRDO�ILUHG SRZHU SODQWV RU

VROXEOH SRWDVVLXP IRU YHJHWDWLYH EXUQLQJ� ,Q D FRPSOH[ XUEDQ

DLUVKHG� ZKLFK DGGHG UHVLGXDO RLO FRPEXVWLRQ� PDULQH DHURVRO� VWHHO

SURGXFWLRQ� OHDG VPHOWLQJ� PXQLFLSDO LQFLQHUDWLRQ� DQG D FRQWLQHQWDO

EDFNJURXQG DHURVRO� LW ZDV IRXQG WKDW WKH JHRORJLFDO� FRDO�ILUHG

SRZHU SODQW� DQG EDFNJURXQG VRXUFH SURILOHV ZHUH FROOLQHDU ZLWK WKH

PHDVXUHG VSHFLHV� $W FRHIILFLHQWV RI YDULDWLRQ LQ WKH VRXUFH

SURILOHV DV ORZ DV ���� DYHUDJH DEVROXWH HUURUV ZHUH RQ WKH RUGHU RI

���� ���� DQG ���� IRU WKH JHRORJLFDO� FRDO�EXUQLQJ� DQG EDFNJURXQG

VRXUFHV� UHVSHFWLYHO\� $OO RWKHU VRXUFHV ZHUH DSSRUWLRQHG ZLWK

DYHUDJH DEVROXWH HUURUV RI DSSUR[LPDWHO\ ��� HYHQ ZKHQ FRHIILFLHQWV

RI YDULDWLRQ LQ WKH VRXUFH SURILOHV UHDFKHG ���� 2QFH DJDLQ� WKHVH
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WHVWV ZHUH SHUIRUPHG ZLWK FRPPRQO\ PHDVXUHG FKHPLFDO VSHFLHV� DQG

UHVXOWV ZRXOG LPSURYH ZLWK D JUHDWHU QXPEHU RI VSHFLHV ZKLFK DUH

XQLTXHO\ HPLWWHG E\ WKH GLIIHUHQW VRXUFH W\SHV�

:LWK UHJDUG WR WKH QRQOLQHDU VXPPDWLRQ RI VSHFLHV� $VVXPSWLRQ ��

QR VWXGLHV KDYH EHHQ SHUIRUPHG WR HYDOXDWH GHYLDWLRQV IURP WKLV

DVVXPSWLRQ� :KLOH WKHVH GHYLDWLRQV DUH JHQHUDOO\ DVVXPHG WR EH VPDOO�

FRQYHUVLRQ RI JDVHV WR SDUWLFOHV DQG UHDFWLRQV EHWZHHQ SDUWLFOHV DUH

QRW LQKHUHQWO\ OLQHDU SURFHVVHV� 7KLV DVVXPSWLRQ LV HVSHFLDOO\

DSSOLFDEOH WR WKH HQG SURGXFWV RI SKRWRFKHPLFDO UHDFWLRQV DQG WKHLU

DSSRUWLRQPHQW WR WKH VRXUFHV RI WKH SUHFXUVRUV� )XUWKHU PRGHO

HYDOXDWLRQ LV QHFHVVDU\ WR GHWHUPLQH WKH WROHUDQFH RI WKH &0% PRGHO

WR GHYLDWLRQV IURP WKLV DVVXPSWLRQ� 7KH FXUUHQW SUDFWLFH LV WR

DSSRUWLRQ WKH SULPDU\ PDWHULDO ZKLFK KDV QRW FKDQJHG EHWZHHQ VRXUFH

DQG UHFHSWRU� 7KH UHPDLQLQJ TXDQWLWLHV RI UHDFWLYH VSHFLHV VXFK DV

DPPRQLXP� QLWUDWH� VXOIDWH� DQG HOHPHQWDO FDUERQ DUH WKHQ DSSRUWLRQHG

WR FKHPLFDO FRPSRXQGV UDWKHU WKDQ GLUHFWO\ WR VRXUFHV� :KLOH WKLV

DSSURDFK LV QRW DV VDWLVI\LQJ DV D GLUHFW DSSRUWLRQPHQW� LW DW OHDVW

VHSDUDWHV SULPDU\ IURP VHFRQGDU\ HPLWWHUV DQG WKH W\SHV RI FRPSRXQGV

DSSRUWLRQHG JLYH VRPH LQVLJKW LQWR WKH FKHPLFDO SDWKZD\V ZKLFK IRUPHG

WKHP� $V FKHPLFDO UHDFWLRQ PHFKDQLVPV DQG UDWHV� GHSRVLWLRQ

YHORFLWLHV� DWPRVSKHULF HTXLOLEULXP� DQG PHWKRGV WR HVWLPDWH

WUDQVSRUW DQG DJLQJ WLPH EHFRPH EHWWHU GHYHORSHG� LW PD\ EH SRVVLEOH

WR SURGXFH �IUDFWLRQDWHG� VRXUFH SURILOHV ZKLFK ZLOO DOORZ WKLV

GLUHFW DWWULEXWLRQ RI UHDFWLYH VSHFLHV WR VRXUFHV� 6XFK

DSSRUWLRQPHQW ZLOO UHTXLUH PHDVXUHPHQWV RI JDVHRXV DV ZHOO DV

SDUWLFXODWH VSHFLHV DW UHFHSWRU VLWHV�

$ PDMRU FKDOOHQJH WR WKH DSSOLFDWLRQ RI WKH &0% LV WKH

LGHQWLILFDWLRQ RI WKH SULPDU\ FRQWULEXWLQJ VRXUFHV IRU LQFOXVLRQ LQ

WKH PRGHO� $VVXPSWLRQ �� :DWVRQ ������ V\VWHPDWLFDOO\ LQFUHDVHG WKH

QXPEHU RI VRXUFHV FRQWULEXWLQJ WR KLV VLPXODWHG GDWD IURP IRXU WR
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HLJKW FRQWULEXWRUV ZKLOH VROYLQJ WKH &0% HTXDWLRQV DVVXPLQJ RQO\ IRXU

VRXUFHV� +H DOVR LQFOXGHG PRUH VRXUFHV LQ WKH OHDVW VTXDUHV

VROXWLRQV WKDQ WKRVH ZKLFK ZHUH DFWXDOO\ FRQWULEXWRUV� ZLWK WKH

IROORZLQJ UHVXOWV�

� 8QGHUHVWLPDWLQJ WKH QXPEHU RI VRXUFHV KDG OLWWOH HIIHFW RQ

WKH FDOFXODWHG VRXUFH FRQWULEXWLRQV LI WKH SURPLQHQW

VSHFLHV FRQWULEXWHG E\ WKH PLVVLQJ VRXUFHV ZHUH H[FOXGHG

IURP WKH VROXWLRQ�

� :KHQ WKH QXPEHU RI VRXUFHV ZDV XQGHUHVWLPDWHG� DQG ZKHQ

SURPLQHQW VSHFLHV RI WKH RPLWWHG VRXUFHV ZHUH LQFOXGHG LQ

WKH FDOFXODWLRQ RI VRXUFH FRQWULEXWLRQV� WKH FRQWULEXWLRQV

RI VRXUFHV ZLWK SURSHUWLHV LQ FRPPRQ ZLWK WKH RPLWWHG

VRXUFHV ZHUH RYHUHVWLPDWHG�

� :KHQ VRXUFH�W\SHV DFWXDOO\ SUHVHQW ZHUH H[FOXGHG IURP WKH

VROXWLRQ� UDWLRV RI FDOFXODWHG WR PHDVXUHG FRQFHQWUDWLRQV

ZHUH RIWHQ RXWVLGH RI WKH ��� WR ��� UDQJH� DQG WKH VXP RI

WKH VRXUFH FRQWULEXWLRQV ZDV PXFK OHVV WKDQ WKH WRWDO

PHDVXUHG PDVV� 7KH ORZ FDOFXODWHG�PHDVXUHG UDWLRV

LQGLFDWHG ZKLFK VRXUFH FRPSRVLWLRQV VKRXOG EH LQFOXGHG�

� :KHQ WKH QXPEHU RI VRXUFHV ZDV RYHUHVWLPDWHG� WKH VRXUFHV

QRW DFWXDOO\ SUHVHQW \LHOGHG FRQWULEXWLRQV OHVV WKDQ WKHLU

VWDQGDUG HUURUV LI WKHLU VRXUFH SURILOHV ZHUH

VLJQLILFDQWO\ GLVWLQFW IURP WKRVH RI RWKHU VRXUFHV� 7KH

RYHU�VSHFLILFDWLRQ RI VRXUFHV GHFUHDVHG WKH VWDQGDUG

HUURUV RI WKH VRXUFH FRQWULEXWLRQ HVWLPDWHV�

5HFHQW UHVHDUFK VXJJHVWV WKDW $VVXPSWLRQ � VKRXOG EH UHVWDWHG WR

VSHFLI\ WKDW VRXUFH FRQWULEXWLRQV DERYH GHWHFWLRQ OLPLWV VKRXOG EH

LQFOXGHG LQ WKH &0%� $W WKLV WLPH� KRZHYHU� LW LV QRW \HW SRVVLEOH

WR GHWHUPLQH WKH �GHWHFWLRQ OLPLW� RI D VRXUFH FRQWULEXWLRQ DW D

UHFHSWRU VLQFH WKLV LV D FRPSOLFDWHG DQG XQNQRZQ IXQFWLRQ RI WKH

RWKHU VRXUFH FRQWULEXWLRQV� WKH VRXUFH FRPSRVLWLRQ XQFHUWDLQWLHV DQG

WKH XQFHUWDLQWLHV RI WKH UHFHSWRU PHDVXUHPHQWV� $GGLWLRQDO PRGHO

WHVWLQJ LV QHHGHG WR GHILQH WKLV �GHWHFWLRQ OLPLW��
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7KH OLQHDU LQGHSHQGHQFH RI VRXUFH FRPSRVLWLRQV UHTXLUHG E\

$VVXPSWLRQ � KDV EHFRPH D VXEMHFW RI FRQVLGHUDEOH LQWHUHVW VLQFH WKH

SXEOLFDWLRQ RI +HQU\
V ������ VLQJXODU YDOXH GHFRPSRVLWLRQ �69'�

DQDO\VLV� $V SUHYLRXVO\ QRWHG� WKLV DQDO\VLV SURYLGHV TXDQWLWDWLYH

PHDVXUHV RI FROOLQHDULW\ DQG WKH VHQVLWLYLW\ RI &0% UHVXOWV WR

VSHFLILF UHFHSWRU FRQFHQWUDWLRQV� 7KHVH PHDVXUHV FDQ EH FDOFXODWHG

DQDO\WLFDOO\ LQ HDFK DSSOLFDWLRQ� +HQU\ ������ DOVR SURSRVHG DQ

RSWLPDO OLQHDU FRPELQDWLRQ RI VRXUFH FRQWULEXWLRQV WKDW KDYH EHHQ

GHWHUPLQHG WR EH FROOLQHDU�

2WKHU �UHJUHVVLRQ GLDJQRVWLFV� KDYH EHHQ VXPPDUL]HG E\ %HOVOH\

HW DO� ������ DQG KDYH EHHQ DSSOLHG WR WKH &0% E\ 'H&HVDU HW DO�

�����D� ����E�� .LP DQG +HQU\ ������ VKRZ WKDW PRVW RI WKHVH

GLDJQRVWLFV DUH XVHOHVV EHFDXVH WKH\ DUH EDVHG RQ WKH DVVXPSWLRQ RI

]HUR XQFHUWDLQW\ LQ WKH VRXUFH SURILOHV� .LP DQG +HQU\ GHPRQVWUDWH�

WKURXJK WKH H[DPLQDWLRQ RI UDQGRPO\ SHUWXUEHG PRGHO LQSXW GDWD� WKDW

WKH YDOXHV IRU WKHVH GLDJQRVWLFV YDU\ VXEVWDQWLDOO\ ZLWK W\SLFDO

UDQGRP FKDQJHV LQ WKH VRXUFH SURILOHV�

7HVWV SHUIRUPHG RQ VLPXODWHG GDWD ZLWK REYLRXVO\ FROOLQHDU

VRXUFH FRPSRVLWLRQV W\SLFDOO\ UHVXOW LQ SRVLWLYH DQG QHJDWLYH YDOXHV

IRU WKH FROOLQHDU VRXUFH W\SHV DV ZHOO DV ODUJH VWDQGDUG HUURUV LQ

WKH FROOLQHDU VRXUFH FRQWULEXWLRQ HVWLPDWHV� 8QOHVV WKH VRXUFH

FRPSRVLWLRQV DUH QHDUO\ LGHQWLFDO� WKH VXP RI WKHVH ODUJH SRVLWLYH

DQG QHJDWLYH YDOXHV YHU\ FORVHO\ DSSUR[LPDWHV WKH VXP RI WKH WUXH

FRQWULEXWLRQV�

:LWK PRVW FRPPRQO\ PHDVXUHG VSHFLHV �H�J�� LRQV� HOHPHQWV� DQG

FDUERQ� DQG VRXUFH�W\SHV �H�J�� PRWRU YHKLFOH� JHRORJLFDO� UHVLGXDO

RLO� VHD VDOW� VWHHO SURGXFWLRQ� ZRRG EXUQLQJ� DQG YDULRXV LQGXVWULDO

SURFHVVHV�� IURP ILYH WR VHYHQ VRXUFHV DUH OLQHDUO\ LQGHSHQGHQW RI

HDFK RWKHU LQ PRVW FDVHV �-DYLW] HW DO�� ����E��
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*RUGRQ HW DO� ������ IRXQG LQVWDELOLWLHV LQ WKH RUGLQDU\

ZHLJKWHG OHDVW VTXDUH VROXWLRQV WR WKH &0% HTXDWLRQV ZKHQ VSHFLHV

SUHVXPHG WR EH �XQLTXH� WR D FHUWDLQ VRXUFH W\SH ZHUH UHPRYHG IURP

WKH VROXWLRQ� 8VLQJ VLPXODWHG GDWD ZLWK NQRZQ SHUWXUEDWLRQV UDQJLQJ

IURP � WR ���� :DWVRQ ������ IRXQG� �,Q WKH SUHVHQFH RI OLNHO\

XQFHUWDLQWLHV� VRXUFHV VXFK DV XUEDQ GXVW DQG FRQWLQHQWDO EDFNJURXQG

GXVW FDQQRW EH DGHTXDWHO\ UHVROYHG E\ OHDVW VTXDUHV ILWWLQJ� HYHQ

WKRXJK WKHLU FRPSRVLWLRQV DUH QRW LGHQWLFDO� 6HYHUDO QHDUO\ XQLTXH

UDWLRV PXVW H[LVW IRU JRRG VHSDUDWLRQ��

:LWK UHJDUG WR $VVXPSWLRQ �� WKH WUXH QXPEHU RI LQGLYLGXDO

VRXUFHV FRQWULEXWLQJ WR UHFHSWRU FRQFHQWUDWLRQV LV JHQHUDOO\ PXFK

ODUJHU WKDQ WKH QXPEHU RI VSHFLHV WKDW FDQ EH PHDVXUHG� ,W LV

WKHUHIRUH QHFHVVDU\ WR JURXS VRXUFHV LQWR VRXUFH�W\SHV RI VLPLODU

FRPSRVLWLRQV VR WKDW WKLV DVVXPSWLRQ LV PHW� )RU WKH PRVW FRPPRQO\

PHDVXUHG VSHFLHV� PHHWLQJ $VVXPSWLRQ � SUDFWLFDOO\ GHILQHV WKHVH

JURXSLQJV�

:LWK UHVSHFW WR $VVXPSWLRQ � �WKH UDQGRPQHVV� QRUPDOLW\� DQG WKH

XQFRUUHODWHG QDWXUH RI PHDVXUHPHQW XQFHUWDLQWLHV�� WKHUH DUH QR

UHVXOWV DYDLODEOH IURP YHULILFDWLRQ RU HYDOXDWLRQ VWXGLHV� (YHU\

OHDVW VTXDUHV VROXWLRQ WR WKH &0% HTXDWLRQV UHTXLUHV WKLV DVVXPSWLRQ�

DV GHPRQVWUDWHG E\ WKH GHULYDWLRQ RI :DWVRQ HW DO� ������� ,Q

UHDOLW\� YHU\ OLWWOH LV NQRZQ DERXW WKH GLVWULEXWLRQ RI HUURUV IRU

WKH VRXUFH FRPSRVLWLRQV DQG WKH DPELHQW FRQFHQWUDWLRQV� ,I DQ\WKLQJ�

WKH GLVWULEXWLRQ SUREDEO\ IROORZV D ORJ�QRUPDO UDWKHU WKDQ D QRUPDO

GLVWULEXWLRQ� $PELHQW FRQFHQWUDWLRQV FDQ QHYHU EH QHJDWLYH� DQG D

QRUPDO GLVWULEXWLRQ DOORZV D VXEVWDQWLDO SURSRUWLRQ RI QHJDWLYH

YDOXHV� ZKLOH D ORJ�QRUPDO GLVWULEXWLRQ DOORZV QR QHJDWLYH YDOXHV�

)RU VPDOO HUURUV �H�J�� OHVV WKDQ ����� WKH DFWXDO GLVWULEXWLRQ PD\

QRW EH LPSRUWDQW� EXW IRU ODUJH HUURUV LW SUREDEO\ LV LPSRUWDQW� $

V\PPHWULF GLVWULEXWLRQ EHFRPHV OHVV SUREDEOH DV WKH FRHIILFLHQW RI
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YDULDWLRQ RI WKH PHDVXUHPHQW LQFUHDVHV� 7KLV LV RQH RI WKH PRVW

LPSRUWDQW DVVXPSWLRQV RI WKH VROXWLRQ PHWKRG WKDW UHTXLUHV WHVWLQJ�

$�� 02'(/ ,1387 $1' 287387 '$7$

7KH FKHPLFDO PDVV EDODQFH PRGHOLQJ SURFHGXUH UHTXLUHV� ��

LGHQWLILFDWLRQ RI WKH FRQWULEXWLQJ VRXUFHV�W\SHV� �� VHOHFWLRQ RI

FKHPLFDO VSHFLHV WR EH LQFOXGHG� �� HVWLPDWLRQ RI WKH IUDFWLRQ RI

HDFK RI WKH FKHPLFDO VSHFLHV ZKLFK LV FRQWDLQHG LQ HDFK VRXUFH� W\SH

�L�H�� WKH VRXUFH FRPSRVLWLRQV�� �� HVWLPDWLRQ RI WKH XQFHUWDLQW\ LQ

ERWK DPELHQW FRQFHQWUDWLRQV DQG VRXUFH FRPSRVLWLRQV� �� VROXWLRQ RI

WKH FKHPLFDO PDVV EDODQFH HTXDWLRQV� DQG �� YDOLGDWLRQ DQG

UHFRQFLOLDWLRQ� (DFK RI WKHVH VWHSV UHTXLUHV GLIIHUHQW W\SHV RI GDWD�

(PLVVLRQV LQYHQWRULHV DUH H[DPLQHG WR GHWHUPLQH WKH W\SHV RI

VRXUFHV ZKLFK DUH PRVW OLNHO\ WR LQIOXHQFH D UHFHSWRU� 3ULQFLSDO

FRPSRQHQWV DQDO\VLV DSSOLHG WR D WLPH VHULHV RI FKHPLFDO PHDVXUHPHQWV
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VRXUFH FRQWULEXWLRQV� 7KH RXWSXW FRQVLVWV RI� �� WKH VRXUFH

FRQWULEXWLRQ HVWLPDWHV �6M� RI HDFK VRXUFH�W\SH� �� WKH VWDQGDUG
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9HULI\LQJ DQG FRUUHFWLQJ WKH LQSXW ILOHV QDPHV LQ WKH ,1;;;;;;�,1� ILOH
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FDQ KDSSHQ ZKHQ WKH QXPEHU RI ILWWLQJ VRXUFHV H[FHHGV WKH QXPEHU RI

ILWWLQJ VSHFLHV RU ZKHQ RQH RU PRUH RI WKH SURILOHV KDYH ]HUR YDOXHV IRU

DOO RI WKH ILWWLQJ VSHFLHV� 7KH SUREOHP FDQ EH VROYHG E\ UHGXFLQJ WKH

QXPEHU RI ILWWLQJ VRXUFHV RU E\ LQFUHDVLQJ WKH QXPEHU RI ILWWLQJ
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LJQRUH WKLV VSHFLHV�
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 LQ DQ\ RXWSXW ILHOG

7KH UHVXOWV RI WKH PRGHO H[FHHG WKH OLPLWDWLRQV RI WKH RXWSXW

IRUPDWV� 7KH QXPEHU LV XVXDOO\ PHDQLQJOHVV ZKHQ WKLV DSSHDUV�

1R FRQYHUJHQFH DIWHU �� LWHUDWLRQV � (17(5 D FDUULDJH UHWXUQ WR 9,(:
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7KLV PHVVDJH LV JLYHQ ZKHQ WKH HIIHFWLYH YDULDQFH VROXWLRQ KDV QRW

FRQYHUJHG RQ D VHW RI VRXUFH FRQWULEXWLRQ HVWLPDWHV� ,W LV XVXDOO\

DVVRFLDWHG ZLWK FROOLQHDU SURILOHV� &KDQJH SURILOHV WR REWDLQ
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