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1.0 INTRODUCTION 

This document is the User's Manual for the Latin Hypercube Sampling code, LHS, (version number 
2.41) in the context in which it is envisaged for the 1996 Waste Isolation Pilot Project (WIPP) 
Compliance Certification Application (CCA) Performance Assessment (PA), and in that context 
only. LHS is the WIPPYs constrained-Monte-Carlo-sampling code. Several WIPP codes, including 
LHS, are exercised sequentially as triads of codes. In each such case, the three codes are QAed 
individually, although they are exercised in sequence, as a group. It is recommended that they be 
learned as a group. The main code, treated herein, is called LHS. Its preprocessor code is called 
PRELHS, and its post processor is called POSTLHS. This manual identifies LHS9s sponsors and its 
expert consultants (Section 1). It describes the code's WIPP-PA purposes and functions (Section 2), 
provides recommended user training (Section 3), outlines the code's mathematical basis and 
numerical methods (Section 4), its capabilities and limitations (Section 5) ,  describes user 
interactions (Section 6), input files (Section 7), error messages (Section 8), and output files (Section 
9), and provides examples of relevant input, output, and debug files in its Appendices as well as 
calculations of interest (distributed throughout). 

1.1 Software Identifier: 

Code Name: 

WIPP Prefix: 

Version Number: 

Date: 

Platform: 

LHS, a constrained Monte-Carlo sampling code. 

FORTRAN 77 for OpenVMS AXP, ver. 6.1, on a DEC Alpha 

1.2 Points of Contact: 

Sponsor: Lanny N. Smith 
Science Applications International CorporationISandia National Laboratories 
2201 Buena Vista Drive, SE, (4th Floor) 
Albuquerque NM 87 106 
Voice: 505 766 9629 
Fax: 505 766 9 125 

Consultant: Harold Iuzzolino 
Geo-Centers, Inc 
2201 Buena Vista Drive, SE, (4th Floor) 
Albuquerque NM 87 106 
Voice: 505 766 9629 
Fax: 505 766 9 125 
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2.0 FUNCTIONAL REQUIREMENTS 

Section 2.1 lists LHSYs WIPP-relevant Functional Requirements as taken from the code's 
Requirements Document (known as the RDNVP document). 

2.1 Functional Requirements of LHS 

LHS is required to:. 

1. Perform Latin Hypercube Sampling. 

2. Generate a data distribution for each parameter that is to be sampled, including: NORMAL, 
LOGNORMAL, UNIFORM, LOGUNIFORM, CUMULATIVE USER DISTRIBUTION, DATA 
USER DISTRIBUTION, DELTA USER DISTRIBUTION, STUDENT, LOGSTUDENT, and 
TRIANGULAR. 

3. Correctly use the general-input data sets used for WIPP-PA analysis, namely: TITLE, NOBS, 
RANDOM SEED, OUTPUT. 

4. Generate a correlation matrix as requested. 
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3.0 REQUIRED USER TRAINING AND/OR BACKGROUND 

To exercise LHS, users should have basic knowledge of (1) OpenVMS, (2) Digital Command 
Language, and (3) an overall understanding of the WIPP PA database, which is used in virtually 
every WIPP code set (Rechard, 1992; Rechard et al. 1992). They should also have (4) access to the 
WIPP cluster of Alpha computers with an OpenVMS AXP (ver 6.1) operating system, or their 
functional equivalents. 

To manipulate and/or interpret the results of LHS, users should have (1) a basic understanding of 
introductory probability theory, and especially sampling theory and probability distribution 
functions, (2) a fairly complete, if basic, overview understanding of the WIPP PA process, and 
especially of, the uncertain physical parameters that are used, the data distributions they lead to, 
how distributions for different physical parameters are either related or not related, the rational basis 
ofmncertainty sampling methods, and the use of input-data vectors in WIPP PAS (WIPP PA Dept. 
[5 volumes], 1992), and (3) an operational familiarity with and general understanding of EHS's 
preprocessor code, PRELHS (see the QA document WPO#: 30714). 
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4.0 DESCRIPTION OF THE MODELS AND METHODS 

4.1 Description of the Model 

LHS neither models physical phenomena nor solves differential equations that model physical 
process. It's principal role in WIPP PAS is to sample, using Latin-Hypercube Sampling methods, 
distributions that represent reasonable values of WIPP input-parameter data. LHS treats each 
parameter independently, but permits user-specified correlations (restricted pairings) between 
parameters. Latin Hypercube sampling reduces the minimum number of sample vectors [nv] 
required to assure representative sampling. The minimum is roughly [(4/3) na], where na is the 
number of uncertain parameters. 

More specifically, LHS is designed to generate multivariate samples by a constrained randomization 
method known as Latin-hypercube sampling. LHS is capable of sampling using unconstrained 
random methods, but such applications are unforeseen in regulatory applications. 

The situation generally addressed by LHS is the following. We are given a variable of interest, Y, 
that is a dependent function of several other variables, including a discrete set of physical 
parameters X,, X,, ..., Xk. The Xs are independent, but may be pairwise correlated. However, due to 
unresolvable uncertainties, the physical parameters are not specifiable as single, unique numbers. 
Rather, they are characterized by ranges or distributions of values together with probabilities of 
occurrence associated with the values included in the distributions. These so-called distributions of 
uncertain data (i.e., one for each of the Xks) are specified in the WIPP PA database. The function 
that maps the Xs into Y may be quite complicated. For example, in the case at hand, the 
function involved may be any of the WIPP-PA computer models (in which case, Y could be any of 
the output CAMDAT Data-Base [CDB] files they produce) or it may be the entire collection of 
WIPP-PA computer models in sequence (in which case Y would be a total-release, complementary 
cumulative distribution function). The question of central interest is: How does Y change when 
the k X's vary over their ranges of allowable values according to a given joint probability 
distribution? 

The conventional approach to the above question is provided by Monte Carlo sampling. By 
sampling repeatedly from the given joint-probability-density function of the X's and evaluating Y 
for each sample, the distribution of Y, its mean, percentiles, etc., can be estimated. However, 
Monte-Carlo sampling is inefficient in the sense that most of its samples will be taken from the 
higher probability-of-occurrence portions of the distributions, which makes sense. Thus, extreme 
values, which usually reside toward the outer wings of the distributions, tend to be ignored for all 
but very large samples. To remedy that shortcoming, an alternative, so-called "constrained 
sampling system" was introduced. The particular system selected is known as Latin-Hypercube 
sampling. 

In Latin-Hypercube sampling, one selects n different values of each of k variables XI, ..., Xk, but 
one does not sample according to the joint probability distribution, as would be the case for Monte- 
Carlo sampling. Rather, the sampling is as follows: The range of each variable is divided into n 
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- .  - 
non-overlapping intervals. To accomplish 'that, the probability axis of the cumulative probability 
distribution of that variable is divided into n bands of equal width, where n is the number of 
samples to be made (see Figure 1). The n bandwidths of equal change in probability are then 
reflected through the cumulative probability distribution function so as to divide the parameter axis 
into n non-overlapping but unequal (in width) intervals of parameter values. One value of the 
parameter from each such interval is selected at random with respect to the probability density in 
that interval. Thus, one acquires n samples of that parameter with absolute certainty that samples 
from the wings of the distribution will be included. 

It remains only to combine the samples so as to form n diferent sets of k-many variables. That 
can be accomplished as a fully random process, as follows: the n values obtained for the first 
parameter, X,, are paired in a random manner (equally likely combinations) with the n similarly- 
sampled values of X,. These n pairs are combined in the same random manner with the n 
sampled values of X, to form n triplets, and so on, until n k-tuplets are formed. The n k-tuplets 
comprise the Latin-Hypercube sample. LHS is also capable of pairing parameters so they are 
correlated by rank. That feature is absolutely necessary because certain parameter pairs are indeed 
correlated in nature. For example, it would be wholly aphysical to pair high porosities with low 
permeabilities, or vice versa. It is a well known fact that porosity and permeability are usually 
correlated in nature. Other WIPP parameter pairs are also correlated in nature. It is convenient to 
treat the n k-tuplets as an (n x k) matrix of input data where the ith row contains one specific 
sampled value for each of the k input variables and can therefore be used to specify completely a 
sampled realization of the input data for the ith run of the computer model. There are, of course, 
many details in actual practice. For example, the 1.0% probability wings are often clipped from 
normal distributions to make them numerically more manageable. Without that precaution, 
sampled values would lie between plus and minus infinity. Details are presented in full by Irnan 
and Shortencarrier (1 984). 

'* 

4.2 DESCRIPTION OF THE METHODS 

LHS performs Latin-hypercube sampling on input data furnished directly from PRELHS's output 
transfer file. Once all input-file information has been successfully read, the execution keywords, 
data-distribution information, and distribution correlation-structure information are echoed to 
LHS's output files for reference. If the input file specifies a distribution correlation structure, the 
correlation matrix will be echoed and checked to assure that it is positive definite. The Cholesky 
factorization is then computed. It will be used subsequently in the process that induces the desired 
correlation structure. Once that is completed, subroutines will be called to generate each requested 
distribution in the order in which it is listed in the input file. 

For the certification calculation, the distribution types that may be generated are: NORMAL, 
LOGNORMAL, UNIFORM, LOGUNIFORM, CUMULATIVE USER DISTRIBUTION, DATA 
USER DISTRIBUTION, DELTA USER DISTRIBUTION, STUDENT, LOGSTUDENT, and 
TRIANGULAR. 
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Figure 1. Graphical Representation of the LHS Sampling Technique for a Single Uncertain Variable xk, where k = 1,2, 
..., N. The uncertain variable is depicted in part (a) as nearly normally distributed. P(xYk)Ax is the probability that the 
value of the uncertain parameter lies between x*k and x*k +Ax. The integral of the part-(a) distribution is shown in 
part (b). It is the cumulative distribution function (CDF). The ordinate represents the probability that xk is less than or 
equal to the value of the abscissa. In LHS sampling, the ordinate of the CDF (part (c)) is divided into n equally-sized 
bins. For simplicity, n is here taken to be 8. In the 1992 PA, n was 70. Those bins are reflected through the CDF to the 
abscissa, where they form n unequally-sized bins. One value of the abscissa is selected randomly from each bin. 
These are depicted as solid dots on the x axis. The dots are the 8, LHS-sampled values of the uncertain parameter xk. 
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In addition, LHS is capable of generating BETA, UNIFORM*, LOGUNIFORM*, HISTOGRAM 
USER, EXPONENTIAL, RAYLEIGH, and RAYLEXP distributions, but their use is not anticipated 
in certification calculations and consequently they will not be discussed herein. 

When all the distributions given in the input file have been sampled, subroutines are called to 
arrange the sampled outcomes for each distribution type according to the correlation structure 
specified in the input file. The completed sample is then written to the output files. 

Two output files are created. One ASCII output file contains the values of all of the distribution 
samples on a vector-by-vector basis. The other ASCII output file contains echoed input-file 
information, the raw values for the sampled-distribution outcomes in tabular format for each 
distribution type, and tables of rank values for the sampled distribution outcomes. Depending on 
the output keywords specified, additional output tables may be generated showing raw and rank 
correlation tables for the sampled distributions, and histogram plots of each sampled distribution. 
Included with the distribution histograms is a listing of statistical information applicableyto the 
distribution portrayed in the plot. 

Each distribution is sampled in a slightly different way, but the basic process used is the same for 
all. It is the sampling process outlined above in terms of a normal distribution and described in full 
by Irnan and Shortencarrier (1984). 
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5.0 CAPABILITIES AND LIMITATIONS INHERENT IN THE 
SOFTWARE 

e 
LHS is capable of performing Latin-hypercube sampling, a form of stratified Monte Carlo sampling. 
It can sample 17 distribution types, although only 10 of those are contemplated for use in the WIPP 
PA certification calculations. The chosen 10 are: NORMAL, LOGNORMAL, UNIFORM, 
LOGUNIFORM, CUMULATIVE USER, DATA USER, DELTA USER, STUDENT, 
LOGSTUDENT, and TRIANGULAR distributions. The other seven distribution types (which LHS 
can sample, but which are not contemplated for WIPP-PA certification calculations) are BETA, 
UNIFORM*, LOGUNIFORM*, HISTOGRAM USER, EXPONENTIAL, RAYLEIGH, and 
RAYLEXP. 

For purposes of the WIPP PA certification calculations, sampled values for STUDENT and 
LOGSTUDENT distributions are constrained to be no smaller than the smallest input value and no 
larger than the largest input value, even though those values represent 1st an 99th percentiles. 

To execute, LHS reads the ASCII text output transfer file exactly as it was produced by PRELHS 
(see the WIPP PA User's Manual for PRELHS, Version 2.10; WPO#: 30714. [1996]). Contained 
in that file are input records describing the various types of distributions to be generated and 
keywords used to control the run, including, for example: TITLE, NOBS, RANDOM SEED, and 
OUTPUT. 

LHS is capable of generating a correlation matrix of sampled distribution data as directed by input 
from PRELHS's ASCII text transfer file. Specific keywords that can be read and acted upon by 
LHS, but will not be used for the certification calculation, are: NREPS, RANDOM PAIRING, and 
RANDOM SAMPLE. 

LHS produces two ASCII output files during each run. (i) The main ASCII output file serves solely 
as the input control file for POSTLHS. It contains echoed input file information, the raw values for 
the sampled distribution outcomes in tabular format for each distribution type, and tables of rank 
values for the sampled distribution outcomes. Depending on the keywords provided, additional 
output tables may be present showing raw and rank correlation tables for the sampled distributions, 
and histogram plots of each sampled distribution. Included with the distribution histograms is a 
listing of statistical information applicable to the distribution portrayed in the plot. (ii) The 
secondary ASCII text output file contains the raw sampled distribution data on a vector-by-vector 
basis. No other information is present in the second file. 

LHS has considerable error-checking capability. It performs a number of internal checks to ensure 
that execution keywords and distribution input parameters have been specified correctly. In the 
event that an improper specification is detected, an appropriate message is printed and the execution 
of the program is terminated. 
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LHS is programmed using ANSI ~3:9-1978 FORTRAN 77, except that comments are written in 
lower-case characters. At present, LHS is limited to the generation of 100 parameter distributions, 
10,000 outcome vectors for a single sampling run, and 50 distribution correlations specified in the 
input file. These limits may be increased, but the code would have to be recompiled. 
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6.0 USER INTERACTIONS WITH THE SOFTWARE 0 
LHS requires the user to specify the names of (i) certain already-existent input files and of (ii) the 
output files the code will create as a result of being exercised. Before reviewing the methods by 
which LHS is exercised, we will discuss in the subsection that follows the file specification 
requirements of LHS . 

6.1 LHS's InputfOutput File Structure 

The section that follows is a brief discussion of LHS's input and output files. 

6.1.1 LHS's Input TEXT TRANSFER File 

LHS's input file is, verbatim, the ASCII text output file from PRELHS. LHS does have the 
possibility of running with a user-generated input file, but that option will not be used for 
regulatory calculations and therefore it will not be discussed herein. LHS's input file is thus 
dual purpose. It serves (i) as a control file that directs LHS's function by specifying the code- 
execution keywords in a format suitable for direct usage by LHS, and (ii) as a data file that 
the parameter-distribution data on which LHS will operate. 

An example of an LHS input file is the PRELHS output transfer file : 

It is described in detail in Section 7.0, below, and listed in full in Appendix A. 

6.1.2 LHS's Output TEXT File 

LHS7s results are written to an ASCII text file, which, in turn, is forwarded to LHS's post processor. 
It contains the outcomes of the Latin-Hypercube sampling procedure, it echoes LHS's input fiie, and 
it shows parameter-correlation tables and histogram plots of each sampled distribution. 

An example of LHS's output text file is given in: 

That file is described in detail in Section 9.0, below, and listed in full in Appendix B. 

6.1.3 LHS's Output DEBUG File 

The optional output debugging text file contains the actual numerical values LHS produces for each 
sampled parameter, on an outcome-by-outcome basis. The information in this file is the same as 
that available in the output ASCII text file, but without the inclusion of descriptive text or plots. 



LHS, Version Number: 2.41 
User's Manual 

WPO#:30732 
January 3 1,1996 

Page 15 of 50 

An example of a LHS debugging text file is: 

It is reproduced in full in Appendix C of this document. 

6.2 Exercising LHS 

LHS can be run by COMMAND file, or it can be run interactively if the user types the proper 
commands directly. In COMMAND-file mode, LHS can execute either interactively or in batch 
mode. Given those capabilities, it is recommended that COMMAND-file mode be employed as a 
rule. It is the method that will be applied in regulatory calculations. 

A COMMAND file that runs LHS is show below: 

$ ! 
$ ! DEFINE INPUT, OUTPUT, & 

$ !  
$ DEFINE LHS2-UIFSINPUT 
$ DEFINE LHS2-OUT$OUTPUT 
$ DEFINE LHS2-DBGSOUTPUT 
$ DEFINE LHS2-NOZSSCRTCH 
$ DEFINE LHS2-N03SSCRTCH 
$ DEFINE LHSZ_NO4$SCRTCH 
$ DEFINE LHS2-N07SSCRTCH 
$ DEFINE LHS2-N08SSCRTCH 
$ DEFINE LHS2_NO9$SCRTCH 
$ ! 

SCRATCH FILES. RUN THE LHS CODE. 

LHS2-T1.INP 
LHS2-T1.OUT 
LHS2-T1.DBG 
FOROO2.DAT 
FOR003.DAT 
FOROO4.DAT 
FOR0 07 . DAT 
FOR008.DAT 
FOR009.DAT 

$ RUN WP$PRODROOT:[LHS.EXE]LHS-PA96.EXE 
$ !  

DEASSIGN LHS2_UIF$INPUT 
DEASSIGN LHS2-OUT$OUTPUT 
DEASSIGN LHS2-DBGSOUTPUT 
DEASSIGN LHS2-N02SSCRTCH 
DEASSIGN LHS2-N03SSCRTCH 
DEASSIGN LHS2-NOQ$SCRTCH 
DEASSIGN LHS2_NO7$SCRTCH 
DEASSIGN LHSZ_NO8$SCRTCH 
DEASSIGN LHS2-N09SSCRTCH 

EXIT 

In the above COMMAND file, nine VMS "DEFINE" commands are used to link the names of user- 
selected input and output files (far right side of the DEFINE statements) with the logical symbols 
that define those same files internally within LHS (near right side of the DEFINE statements). The 
first three DEFINE commands link LHS's input and output files with their corresponding logical 
symbols. The remaining six DEFINE commands link LHS's internal scratch-file logical symbols 
with their corresponding internally-chosen file names. The scratch-file names are designed to 
indicate the unit number of each file. Since scratch files are opened, used, closed, and deleted 
during execution of LHS, they are of no consequence to users. 
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The DEFINE commands are followed by a RUN command that directs the computer to run the LHS 
executable located in the "PRODUCTION" directory. That command is followed by a series of 
DEASSIGN commands that deactivate the logical-symboUfile-assignment matches made prior to 
the run. The DEASSIGN step is primarily a good housekeeping policy. It is not a requirement. 
However, if DEASSIGN commands are not implemented and the code is then run interactively, it is 
possible that subsequent runs might access the wrong input files. For that reason, it is prudent to 
apply the DEASSIGN commands. 

Any COMMAND file similar to the one listed above can be run interactively. If the file is named 
LHS.COM , it can be executed at the VMS $ prompt as follows: 

Command files may be executed in batch mode by tying the following construction at the VMS 
prompt, "$": 

Batch-mode runs allow the terminal to be used for other independent purposes during execution. 
However, because LHS normally executes in only a minute or two, it is unlikely that a user would 
run in batch mode. Batch mode is applied routinely in regulatory calculations. 

Interactive runs without command files are possible, but they are not recommended. Nor are they 
anticipated in regulatory calculations. To execute LHS interactively, the user, at a minimum, must 
type the following VMS commands after the system prompt: 

$ DEFINE LHS2-UIF$INPUT 

$ DEFINE LHS2-OUT$OUTPUT LHS2-T 1 .OUT 

$ DEFINE LHS2PBG$OUTPUT LHS2-T 1 .DBG 

$ RUN WP$PRODROOT: [LHS .EXE]LHS-PA96.EXE 

Since the user never sees LHS's scratch files, it is quite acceptable that they be defined internally. 
LHS will assign them the names corresponding to their logical symbols. 
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7.0 DESCRIPTION OF THE INPUT FILES 

PRELHS creates an ASCII output transfer file (see the WIPP PA PRELHS User's Manual, WPO#: 
30714) that ordinarily serves as LHS's input control file. That file is described in detail in the 
paragraphs that follow. A sample listing of the LHS input file is given in Appendix A of this 
manual. It contains all of the information necessary for LHS to exercise and thereby create a 
sample. The input file has as its first and last record a title line created by PRELHS from 
information found in the WIPP PA database identifying the database's title and version number. 
Also included is the date and time stamp signifying when PRELHS created the LHS input file. This 
title record is carried through to the completion of the LHS run and appears on the ASCII text 
output file. After the initial title record, a second title record gives a descriptive title that identifies 
the LHS input file. It serves no other purpose. 

Following the two title records, the LHS input file lists code execution keywords. In the case of the 
sample file in Appendix A, keywords NOBS and RANDOM SEED appear and specify that a 
sample of 75 outcomes will be created by LHS, along with specifying the value of the starting 
random seed as 933090934. Next comes the information necessary to calculate each ;of the 
distributions to be included in the sample. For the example file in Appendix A, ten data distribution 
types are included. They are NORMAL, LOGNORMAL, UNIFORM, LOGUNIFORM, 
CUMULATIVE USER DISTRIBUTION, DATA USER DISTRIBUTION, DELTA USER 
DISTRIBUTION, STUDENT, LOGSTUDENT, and TRIANGULAR. These 10 distributions 
correspond to the data distribution types that will be utilized for the regulatory calculation. 

After specification of the data distribution input, the LHS input file in Appendix A lists further 
input. The CORRELATION MATRIX keyword is listed, followed by the various correlation pairs 
and the desired correlation values. Next, the OUTPUT keyword is listed, followed by its attendant 
keywords: CORR, HIST, and DATA. These keywords are used to instruct LHS as to which of 
three types of output are to be prepared and written to one of the two LHS output files. The last 
record in the PRELHS output transfer file is a repeat of the title record found at the beginning-of the 
file. 

The LHS input file is designed to be used without modification. Therefore, for the purp&es of 
regulatory calculations, it will not be edited or otherwise modified in any way after it has been 
created by PRELHS. 

7.1 Detailed Description of LHS Input File Entries 

The following is a description of LHS's input file entries. Each paragraph gives the entry name and 
a brief description of its function. Please note that some input keywords applicable to the LHS code 
are not used in regulatory calculations. 
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LHS KEYWORD COMMANDS USED IN REGULATORY CALCULATIONS 0 
Thefollowing commands are used by LHS to set up the run or control its execution. 

NOBS 

The TITLE record specifies the title for the LHS run. The record after 
TITLE may contain up to 100 alphanumeric characters. An example of 
usage of this keyword follows: 
TITLE CMS TEST INPUT FILE FOR THE LHS CODE 

The NOBS record is used, with its associated parameter value, no.-obs, 
to specify the number of vectors to be created for a sample (sample size 
[n,]). An example of usage of this keyword follows: 
NOBS 75 

RANDOM SEED THE RANDOM SEED record, along with its associated parameter 
value, number, is used to specify the starting point for the random 
number generator. An example of usage of this keyword follows: 
RANDOM SEED 933090934 

CORRELATION MATRIX 

The CORRELATION MATRIX record, along with its associated 
parameter values, establishes the desired rank correlation among 
variables. If this parameter is omitted, all pairwise correlations will be 
minimized. The CORRELATION MATRIX record is followed by one 

. or more lines containing the number of pairs to be rank correlated, 
no.-rank-corr, followed by that many ordered triplets no.-rank-corr 
specifying the number IDS of the two variables being correlated and their 
rank correlation. An example of usage of this keyword follows: 
CORRELATION MATRIX 

4 
1 3 0.999 
2 5 0.950 
4 6 0.800 
5 2 0.950 

OUTPUT The OUTPUT record, along with its associated parameter keywords 
CORR, HIST, and DATA, controls the amount and type of output 
generated. The parameter keywords are defined as follows: 

CORR signifies that both the raw and rank correlation matrices of the 
sample will be printed out in tabular form. 
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HIST signifies that histograms and associated statistical information 
will be printed for each variable in the sample. 

DATA signifies that the individual values of each sampled variable will 
be printed, followed by the ranks of each variable. For the regulatory 
calculation, this output control keyword must be specified in 
conjunction with the OUTPUT keyword. 
Examples of usage of the OUTPUT keyword follow: 

OUTPUT CORR HIST DATA 
OUTPUT CORR DATA 
OUTPUT HIST DATA 

LHS COMMANDS NOT USED IN REGULATORY CALCULATIONS 
.. , 

The following LHS execution commands may be included in the input file, as described previously. 
However, these particular commands are not to be used for regulatory calculations. 

NREPS The NREPS record specifies the number of repetitions of the sample 
(each with a sample size of no.-obs. If not specified, NREPS 
defaults to 1). 

RANDOM PAIRING 
When present, the RANDOM PAIRING record specifies that sample 
values are to be paired randomly; otherwise, sample values are 
restrictively paired subject to any conditions under the 
CORRELATION MATRIX parameter. 
If both RANDOM PAIRING and CORRELATION MATRIX records 
appear, the former is ignored with a message to that effect printed after 
the correlation matrix. 

RANDOM SAMPLE 
When present, the RANDOM SAMPLE record specifies that a random 
sample is to be generated; otherwise, a Latin hypercube sample is 
generated. 

A description of the input for the different distribution types capable of being sampled by LHS is 
included here. Since all of the distribution information will be present on the LHS input file 
generated by PRELHS, the treatment of the distribution parameters is brief. The first 10 
distribution types listed cover the types used for the certification calculation. The remaining seven 
entries will pertain to distribution types that can be processed by LHS but will not be used for the 
final certification calculation. 
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LHS DISTRIBUTION TYPES USED IN THE REGULATORY CALCULATION * 
NORMAL 

LOGNORMAL 

UNIFORM 

The NORMAL record specifies a truncated normal distribution. An 
example of the distribution format follows: 
NORMAL material-name parametername 

minimum maximum 

The LOGNORMAL record specifies a LOGNORMAL distribution. An 
example of the distribution format follows: 
LOGNORMAL material-name parameter-name 

minimum maximum 

The UNIFORM record specifies a uniform distribution. An example of 
the distribution format follows: 
UNIFORM material-name parameter-name 

minimum maximum 

The LOGUNIFORM record specifies a loguniform distribution. An 
example of the distribution format follows: 
LOGUNIFORM material-name parametername 

minimum maximum 

USER DISTRIBUTION (CUMULATIVE) 
.. The USER DISTRIBUTION (CUMULATIVE) record specifies a 

cumulative user supplied distribution. An example of the distribution 
format follows: 
USER DISTRIBUTION (CUMULATIVE) material-name parameter-name 

nval SPECIFIED CONTINUOUS 
value 1 probability 1 
value2 probability2 

USER DISTRIBUTION (DATA) 
The USER DISTRIBUTION (DATA) record specifies a data user 
supplied distribution. An example of the distribution format follows: 
USER DISTRIBUTION (DATA) material-name parameter-name 

nval EQUAL CONTINUOUS 
value1 value2 ... valuenval 
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USER DISTRIBUTION (DELTA) 
The USER DISTRIBUTION (DELTA) record specifies a delta user- 
supplied distribution. An example of the distribution format follows: 
USER DISTRIBUTION (DELTA) material-name parameter-name 

nval SPECIFIED DISCRETE 
value 1 probability 1 
value2 probability2 
... ... 
valuenVal probabilitynval 

STUDENT The STUDENT record specifies a student-t distribution. An example 
of the distribution format follows: 
STUDENT material-name parameter-name 

nval 
value 1 value2 . . . valuenVal 

The LOGSTUDENT record specifies a logstudent-t distribution. An 
example of the distribution format follows: 
LOGSTUDENT material-name parameter-name 

nval 
value 1 value2 .. . valuenVal 

TRIANGULAR The TRIANGULAR record specifies a triangular distribution. An 
example of the distribution format follows: 
TRIANGULAR material-name parameter-name 

minimum apex maximum 

LHS DISTRIBUTION TYPES NOT USED IN THE REGULATORY CALCULATION 

BETA The BETA record specifies a beta distribution. An example of the 
distribution format follows: 
BETA material-name parameter-name 

minimum maximum shape-p shape-q 

EXPONENTIAL The EXPONENTIAL record specifies an exponential distribution. An 
example of the distribution format follows: 
EXPONENTIAL material-name parametername 

minimum maximum lambda 

RAYLEIGH The RAYLEIGH record specifies a Rayleigh distribution. An example 
of the distribution format follows: 
RAYLEIGH material-name parameter-name 

minimum maximum lambda 
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RAYLEXP The RAYLEXP record specifies a Rayleigh-exponential distribution. 
An example of the distribution format follows: 
RAYLEXP material-name parameter-name 

minimum crossover maximum lambda 

UNIFORM* 

LOGUNIFORM* 

The UNIFORM* record requests a uniform distribution with specific 
sampling frequencies on subintervals. An example of the distribution 
format follows: 
UNIFORM* material-name parametername 

m freql ... freq, c l  ... cm+l 

The LOGUNIFORM* record requests a loguniform distribution with 
specific sampling frequency on subintervals. An example of the 
distribution format follows: 
LOGUNIFORM* material-name parameter-name 

m freql ... freq, c l  ... cm+l 

USER DISTRIBUTION (CUMHISTOGRAM) 
The USER DISTRIBUTION (CUMHISTOGRAM) record 
specifies a cumhistogram user-supplied distribution. An example of 
the distribution format follows: 
USER DISTRIBUTION (CUMHISTOGRAM) material-name parameter-name 

nval SPECIFIED - DISCRETE 
value 1 probability 1 
value2 probability2 
. . . ... 
valuenval probabilitynval 
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8.0 ERROR MESSAGES 

Detailed error detection is implemented in LHS through an assortment of error-checking 
subroutines. Errors detected during execution resu.lt in the generation of corresponding error 
messages written to the ASCII text output file. If the code regards the error as serious, and that is 
generally the case, the run will abort after an error message has been written. 

LHS's error messages are numerous and specific in nature. In most cases, the error message 
describes the subroutine where the error occurred, and is accompanied by text describing the error. 
Often that is sufficient to track the problem down, especially if a "debug" version of the code is 
available. "Debug" versions of LHS allow interaction with the code during its execution and 
facilitate tracking down errors. However, the user should always perform a detailed visual 
inspection of the entire ASCII output file to assure (i) the output looks as it should and (ii) that no 
error messages have appeared. 

LHS error messages fall into several categories. Numerous error messages are devoted to 
improperly-specified input data records. All of the execution keywords, problem size 
specifications, and distribution input data are checked for proper form. LHS is unable to determine 
whether a particular data distribution accurately reflects the physical information it is supposed to 
portray in the real world, but it is quite able to determine whether that information is entered in a 
syntactically correct way. LHS easily detects errors such as the maximum range being smaller than , 

the minimum range for a given distribution. 

Once the input-file information has been successfully read, LHS checks to see if parameters set in 
the input file (such as the number of distributions to be sampled, the number of outcome vectors to 
be generated, and the number of distribution parameter correlations specified) exceed the limits 
imposed by maximum-value parameters specified internally. LHS also checks to see that at least a 
minimum number of distributions and sample outcome vectors have been specified. 

As the code creates the sample for the various distributions, error checks are invoked that are 
internal to the subroutines used to calculate the distributions. This type of error checking is most 
prevalent in the generation of BETA distributions, distributions that will not be used in regulatory 
calculations. Lastly, LHS utilizes numerous error-checking routines to assure that the correlation 
table calculated during a run meets the mathematical tests it must pass to be deemed acceptable. 
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9.0 DESCRIPTION OF THE OUTPUT 0 
The LHS code creates two output files during a run. The first is an ASCII text log file suitable for 
use as an input file to POSTLHS, and the second is an ASCII text debug file. Both files are 
described in detail in the paragraphs that follow. Sample listings of the LHS output files are given 
in Appendix B and Appendix C of this report. 

9.1 LHS Output Log File 

The LHS output log file is an ASCII text file created specifically for use as the input control file to 
POSTLHS. It contains all the LHS sampling information required by POSTLHS. Appendix B 
contains a sample output log file. 

The first data block of LHS's output log file contains an echoed listing of the LHS input file, 
rearranged somewhat to be more understandable to the user. Included in the "echoed input" section 
are the LHS execution keywords, input execution-parameter data specifications, a recapitulation of 
the input information for the various distributions sampled, and information concerning the 
correlation matrix. 

The next data block of the output log file is a group of tables showing resulting values over all 
outcomes for each of the distributions sampled. The table heading RUN NO. identifies the outcome 
vector number, there being 1 - 75 in the case of the sample problem in Appendix B. The headers 
X(l) X(2) X(3) ... X(10) identify each of the 10 distributions sampled, with the sampled values 
listed under these headings on a vector by vector basis. For the example in Appendix B, there were 
75 outcome vectors and 10 sampled distributions. Since an LHS sample table can contain up to 10 
distributions, a single table is sufficient to present the entire sample. The table contains 75 outcome 
vectors, each containing sampled results for distributions 1 - 10. The information in this table is 
used as input to POSTLHS. 

Once the raw data table has been presented, a similar table is written for the ranks of the Latin- 
hypercube sample values. This table shows the rank of a given distribution's sampled value in 
comparison to all the other values for that particular distribution over the entire 75-outcome vector 
sample. For example, in sampled distribution number X(l), which is a normal distribution, 
outcome vector number 57 is ranked first. That means the actual sampled value for outcome vector 
numbe; 57 of that distribution is the smallest of the entire 75-outcome sample (in this case it is - 
5.000E-02). At the other end of the spectrum, outcome vector number 15 is the largest value for 
that distribution (ranked 75th at a value of 2.000E-01). The minimum to maximum range for 
sample variable number 1 is 5.000E-02 - 2.000E-01. Since those bounds delimit the 99th 
percentile, the smallest sampled value may lie slightly to the left of the lower bound and the largest 
sampled value may lie slightly to the right of the upper bound. Correlations called for in LHS's 
input file are implemented on the basis of ranked data rather than raw data. 

Since the OUTCOME keyword HIST was specified in the LHS input file, histogram density 
function plots, together with applicable statistical data, are presented for each of the 10 distributions 
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generated in the example file given in Appendix B. A header at the top of each histogram identifies 
the distribution being displayed. The graphical plot gives a rough outline of the distribution shape 
and shows where the sampled values fall between the function's upper and lower bounds. For 
density, the distance between the function's bounds is subdivided into segments, and the sampled 
outcomes are allocated to their associated segment, depending on their value. Statistical data 
located directly beneath the histogram plots show the actual minimum and maximum values 
sampled for a given distribution, the mean and median values of the sampled distribution, and the 
associated variance. These statistical measures can assist users endeavoring to assure that a 
sampled distribution is correct. 

The last data block found on the LHS log output file listed in Appendix B gives correlation tables 
for the raw sampled data, including ranks. These tables give the correlations between each 
distribution and all of the other distributions present in the sample. Positive correlations indicate 
that high values in one variable correlate with high variables in the other. Negative correlations 
indicate that high values in one variable correlate with low values in the other. The user ,should 
assure the suitability of the correlations by inspecting the rank-correlation table and determining 
whether the correlations specified in the LHS input file were implemented. The user should scour 
the entire table for spurious correlations. To accomplish that, users must have prior knowledge of 
the distributions being generated and their interrelationships. 

9.2 LHS Output Debug File 

The LHS output debug file is a simple free-formatted list containing the raw sampled values  for 
each of the distributions over all of the vector outcomes. The sample file in Appendix C contains 
raw data for each of the 10 distributions, for each of the 75 outcome vectors. The first number 
listed is the outcome vector number. It is followed by the number of data entries in the outcome, 
Gd then by the sampled data values themselves. The sampled data are listed in the same order in 
which they were given in the LHS input file. For the sample output debug file in Appendix C, the 
first outcome vector lists the value 7.3280208E-02 as the value associated with distribution 1. The 
value of the last (or 10th) sampled distribution for outcome vector 1 is 1.8736359E-04. This first 
distribution is a NORMAL distribution with lower and upper bounds of 5.000E-02 and 0.2000. The 
tenth distribution is a LOGSTUDENT distribution with lower and upper bounds of 9.550E-07 and 
9.525E-03. 
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APPENDIX A: EXAMPLE OF AN LHS INPUT TEXT FILE (LHS2-T1.INP) 

Listed below is an example LHS input control file, as produced by PRELHS, and described in detail in Sec. 7.0. 

Ver: ING6.4 TITLE SDB: wipp::wipp-copy Calc: PRELHS 
TITLE CMS Test Input File for the LHS Code 
NOBS 75 
RANDOM SEED 933090934 
NORMAL GLOBAL DISPPERC 

5.00000E-02 2.00000E-01 
LOGNORMAL COLLOID CONC 

1.0OOOOE-02 1.00000E+02 
UNIFORM WAS-AREA TAUFAIL 

4.800003-02 9.60000E+00 
LOGUNI FORM WAS-AREA SPPERM 

1.00000E-17 1.00000E-12 
USER DISTRIBUTION (CUMULATIVE) BOREHOLE DOMEGA 

2 0 SPECIFIED CONTINUOUS 
4.20000E+00 0.00000 
4.20000E+00 0.15000 
6.30000E+00 0.00000 
6.30000E+00 0.50000 
8.40000E+00 0.00000 
8.40000E+00 0.15000 
1.05000E+01 0.00000 
1.05000E+01 0.10000 
1.26000E+01 0.00000 
1.26000E+01 0.05000 
1.47000E+01 0.00000 
1.47000E+01 0.02000 
1.68000E+01 0.00000 
1.68000E+01 0.01000 
1.88000E+01 0.00000 
1.88000E+01 0.01000 
2.09000E+01 0.00000 
2.09000E+01 0.01000 
2.30000E+01 0.00000 
2.30000E+01 0.00000 

USER DISTRIBUTION (DATA) CULEBRA POROSITY 
2 1 EQUAL CONTINUOUS 

5.805633-02 9.550003-02 1.033303-01 1.074003-01 1.15000E-01 1.205003-01 
1.22250E-01 1.235003-01 1.29000E-01 1.385003-01 1.443303-01 1.465003-01 
1.61600E-01 1.61800E-01 1.651703-01 1.78000~-01 1.78400E-01 1.796003-01' ' !' 
2.02500E-01 2.077503-01 2.525003-01 t i .  
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USER DISTRIBUTION (DELTA) BOREHOLE DIAMMOD 
14 SPECIFIED DISCRETE 

5.080003-02 0.07143 
1.016003-01 0.07143 
1.524003-01 0.07193 
1.936803-01 0.07193 
2.190803-01 0.07143 
2.286003-01 0.07143 
2.508303-01 0.07143 
2.799003-01 0.07143 
3.048003-01 0.07143 
3.492503-01 0.07193 
3.810003-01 0.07143 
4.445003-01 0.07193 
5.588003-01 0.07143 
6.096003-01 0.07149 

TRIANGULAR WAS-AREA GRATCORI 
0.00000E+00 3.200003-09 6.40000E-07 

STUDENT S-MB139 POROSITY 
16 

4.00000E-03 5.00000E-03 5.00000E-03 8.00000E-03 1.00000E-02 1.10000E-02 
1.3OOOOE-02 1.30000E-02 1.60000E-02 1.600003-02 1.600003-02 1.700003-02 
1.800003-02 1.90000E~02 2.100003-02 2.700003-02 

LOGSTUDENT STULMATl STULPRPl 
2 0 

9.550003-07 1.033303-06 1.579003-06 2.150003-06 9.205003-06 8.222503-06 
2.235003-05 4.290003-05 7.385003-05 9.443303-05 1.465003-09 3.616003-04 
5.618003-09 7.651703-04 9.780003-09 1.789003-03 2.796003-03 5.025003-03 
7.077503-03 9.525003-03 

CORRELATION MATRIX 
4 
1 30.999 
2 50.950 
4 60.800 
5 20.950 

OUTPUT CORR HIST DATA 
TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 

END OF APPENDIX A 
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APPENDIX B: EXAMPLE OF AN LHS OUTPUT TEXT FILE (LHS2-T1.OUT) 

Listed below is an example LHS ASCII text output log file, as described in detail in Sec. 9.1. This file is suitable in its present form for use as an 
input file to the POSTLHS code. 

TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 

RANDOM SEED = 933090934 

NUMBER OF VARIABLES = 10 

NUMBER OF OBSERVATIONS = 75 
0 AN INPUT CORRELATION MATRIX HAS BEEN SPECIFIED 
0 THE SAMPLE INPUT VECTORS WILL BE PRINTED ALONG WITH THEIR CORRESPONDING RANKS 
0 HISTOGRAMS OF THE ACTUAL SAMPLE WILL BE PLOTTED FOR EACH INPUT VARIABLE 
0 THE CORRELATION MATRICES (RAW DATA AND RANK CORRELATIONS) WILL BE PRINTED 
1 

TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 

VARIABLE DISTRIBUTION RANGE LABEL 
1 NORMAL 5.0000E-02 TO 0.2000 GLOBAL DISPPERC 
2 LOGNORMAL 1.OOOOE-02 TO 100.0 COLLOID CONC 
3 UNIFORM 4.80003-02 TO 9.600 WAS-AREA TAUFAIL 
4 LOGUNIFORM 1.0000E-17 TO 1.0000E-12 WAS-AREA SPPERM 
5 USER SUPPLIED DISTRIBUTION (CUMULATIVE ) BOREHOLE DOMEGA 
6 USER SUPPLIED DISTRIBUTION ( DATA ) CULEBRA POROSITY 
7 USER SUPPLIED DISTRIBUTION (DELTA) BOREHOLE DIAMMOD 

8 TRIANGULAR WITH PARAMETERS BELOW WAS-AREA GRATCORI 
A= 0.0000E+00 
B= 3.20003-09 
C= 6.4000E-07 

WITH PARAMETERS BELOW 
15 DEGREES OF FREEDOM 

AVG= 1.36883-02 
STDDEV= 1.5857E-03 

LOGSTUDENT WITH PARAMETERS BELOW 
19 DEGREES OF FREEDOM 

LOG AVG= -9.157 
LOG STDDEV= 0.6912 

STUDENT S-MB13 9 POROSITY 

STULMATl STULPRPl 
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, 1TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
OINPUT RANK CORRELATION MATRIX PAGE 
1 
0 1 1.0000 
0 2 0.0000 1.0000 
0 3 0.9990 0.0000 1.0000 
0 4 0.0000 0.0000 0.0000 1.0000 
0 5 0.0000 0.9500 0.0000 0.0000 1.0000 
0 6 0.0000 0.0000 0.0000 0.8000 0.0000 1.0000 
0 1 2 3 4 5 6 
OVARIABLES 
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lTITLE SDB: wipp::wipp-copy Calc: PRELHS 
OLATIN HYPERCUBE SAMPLE INPUT VECTORS 

Ver: ING6.4 

RUN NO. 
0 1 
0 2 
0 3 
0 4 

. o  5 
0 6 
0 7 
0 8 
0 9 
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 ' 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 36 
0 37 
0 38 
0 39 
0 40 
0 41 
0 42 
0 43 
0 44 
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lTITLE SDB: wipp::wipp-copy C a l c :  PRELHS 
ORANKS OF LATIN HYPERCUBE SAMPLE INPUT VECTORS 

Ver: ING6.4 08/02/96 15:17:16 

RUN NO. 
0 1 
0 2 
0 3. 
0 4 
0 5 
0 6 
0 7 
0 8 
0 9 
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
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1 TITLE SDB: wipp::wipp-copy Calc: PRELHS 
0 HISTOGRAM FOR VARIABLE NO. 1 NORMAL 

MIDPOINT FREQ . 
1 X 
1 X 
0 
3 XXX 
2 XX 
3 XXX 
4 XXXX 
6 XXXXXX 
6 XXXXXX 
7 XXXXXXX 
7 MXXXXX 
7 XXXXXXX 
6 XXXXXX 
6 XXXXXX 
4 XXXX 
4 XXXX 
3 XXX 
2 XX 
1 X 
1 X 
1 X 

7 5 

MIN MAX 

0.49999983-01 0.2000000 

RANGE 

0.1500000 

Ver: ING6.4 08/02/96 15:17:16 
DISTRIBUTION 

MEAN 

0.1248673 

MEDIAN 

0.1250420 

VARIANCE 

0.10039303-02 



LHS, Version Number: 2.4 1 
User's Manual 

WPO#:30732 
January 3 1 ,  1996 

Page 36 of 50 

1 TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
0 HISTOGRAM FOR VARIABLE NO. 2 LOGNORMAL DISTRIBUTION 

MIDPOINT FREQ . 

MIN MAX 

0.11793513-01 100.0001 

RANGE 

99.98830 

MEAN 

5.677361 

MEDIAN 

0.9872297 

VARIANCE 

214.3602 
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1 TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
0 HISTOGRAM FOR VARIABLE NO. 3 UNIFORM DISTRIBUTION 

MIDPOINT 

MIN 

0.1035329 

FREQ . 

3 XXX 
4 XXXX 
4 XXXX 
3 XXX 
4 XXXX 
4 XXXX 
3 XXX 
4 XXXx 
4 XXXX 
4 XXXX 
3 XXX 
4 XXXX 
3 XXX 
5 xxxxx 
3 XXX 
4 XXXx 
3 X X X  
4 XXXX 
4 XXXX 
4 XXXX 
1 X 

7 5 

MAX 

9.514432 

RANGE 

9.410899 

MEAN 

4.824547 

MEDIAN 

4.839019 

VARIANCE 

7.577834 
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1 TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
0 HISTOGRAM FOR VARIABLE NO. 4 LOGUNIFORM DISTRIBUTION 

MIDPOINT 

MIN 

FREQ . 

MAX RANGE MEAN MEDIAN VARIANCE 
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User's Manual 

1 TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
0 HISTOGRAM FOR VARIABLE NO. 5 USER SUPPLIED DISTRIBUTION 

MIDPOINT 

MIN 

4.263539 

FREQ . 

MAX 

22.53333 

XX 
xxxxx 
xxxxx 
XXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXX 
XXXXXXXX 
XXXX 
XXXX 
XXXX 
XXX 
X 
XX 
X 

RANGE 

18.26979 

MEAN 

8.638453 

MEDIAN 

7.755095 

VARIANCE 

10.28359 

WP0#:30732 
January 31, 1996 

Page 39 of 50 
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1 TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96~15:17:16 
0 HISTOGRAM FOR VARIABLE NO. 6 USER SUPPLIED DISTRIBUTION 

MIDPOINT FREQ . 

X 
XX 
X X X X  
XXXXXXX 
XXXXXXXXXXX 
XXXXXX 
X X X X  
XXXXXX 
XXX 
XXXXXXXXXX 
XXXXXXXXX 
X 
XX 
xxxxx 
X 

MIN MAX RANGE 

0.58706403-01 0.2482859 0.1895795 

MEAN 

0.1467121 

MEDIAN 

0.1439527 

VARIANCE 

0.1413787E-02 



ta 
tl) Ell 

3 2 
2 "I 
PIP: 
.. E;I 
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1 TITLE SDB: wipp::wipp-copy Calc: PRELHS 
0 HISTOGRAM FOR VARIABLE NO. 8 TRIANGULAR 

MIDPOINT FREQ . 

6 X X X X X X  
6 XXXXXX 
6 X X X X X X  
5 xxxxx 
6 XXXXXX 
5 xxxxx 
4 X X X X  
5 xxxxx 
4 XXXX 
4 XXXX 
4 XXXX 
3 X X X  
2 XX 
3 X X X  
3 X X X  
3 XXX 
1 X 
1 X 
1 X 
2 X X  
1 X 

7 5 

Ver: ING6.4 08/02/96 15:17:16 
DISTRIBUTION 

MIN MAX RANGE MEAN MEDIAN VARIANCE 

0.26291063-08 0.56725433-06 0.56462523-06 0.21448143-06 0-18628563-06 0.22560383-13 
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1 TITLE SDB: wipp::wipp-copy C a l c :  PRELHS Ver: ING6.4 08/02/96 15:17:16 
0 HISTOGRAM FOR VARIABLE NO. 9 STUDENT DISTRIBUTION 

MIDPOINT 

X 

X 
X 
X 
XXX 
X X X  
xxxxx 
XXXXXX 
XXXXXXX 
XXXXXXXXX 
XXXXXXXX 
XXXXXXX 
XXXXXXX 
XXXX 
xxxxx 
X X  
XX 
X 
X 
X 

MIN MAX RANGE MEAN MEDIAN VARIANCE 

0.90062353-02 0.17797003-01 0.87907623-02 0.13671533-01 0.13673793-01 0.28350583-05 
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1 TITLE SDB: wipp::wipp-copy Calc: PRELHS 
0 HISTOGRAM FOR VARIABLE NO. 10 LOGSTUDENT 

MIDPOINT FREQ . 

Ver: ING6.4 08/02/96 15:17:16 
DISTRIBUTION 

MIN MAX RANGE MEAN MEDIAN VARIANCE 

0.1028524E-04 0.88903203-03 0.87874683-03 0.13950473-03 0.10671943-03 0.16151763-07 
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lTITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
OCORRELATIONS AMONG INPUT VARIABLES CREATED BY THE LATIN HYPERCUBE SAMPLE FOR RAW DATA PAGE 1 
0 1 1.0000 
0 2 -0.0686 1.0000 
0 3 0.9827 -0.0725 1.0000 
0 4 0.0112 -0.1254 0.0260 1.0000 
0 5 -0.0728 0.7182 -0.0720 -0.1281 1.0000 
0 6 0.0011 -0.0498 -0.0279 0.5423 0.0065 1.0000 
0 7 -0.0122 0.2493 -0.0188 -0.0543 0.0979 -0.0055 1.0000 
0 8 -0.0261 0.0863 -0.0390 0.0366 0.0444 -0.0307 0.0146 1.0000 
0 9 0.0090 0.0449 0.0151 0.0199 0.0449 0.0354 0.0144 0.0035 1.0000 
0 10 -0.0744 0.0827 -0.0771 -0.0462 0.0858 -0.0601 0.1137 0.0808 0.0187 1.0000 
0 1 . 2  3 4 5 6 7 8 9 10 
OVARIABLES 
1TITLE SDB: wipp::wipp-copy Calc: PRELHS Ver: ING6.4 08/02/96 15:17:16 
OCORRELATIONS AMONG INPUT VARIABLES CREATED BY THE LATIN HYPERCUBE SAMPLE FOR RANK DATA 
0 1 1.0000 
0 2 0.0033 1.0000 
0 3 0.9989 0.0027 1.0000 
0 4 -0.0090 0.0281 -0.0087 1.0000 
0 5 0.0215 0.9540 0.0210 0.0416 1.0000 
0 6 -0.0109 0.0051 -0.0083 0.7826 -0.0041 1.0000 
0 7 -0.0360 -0.0173 -0.0392 0.0023 0.0048 0.0287 1.0000 
0 8 -0.0408 -0.0357 -0.0382 -0.0213 -0.0200 -0.0161 -0.0129 1.0000 
0 9 -0.0125 -0.0399 -0.0117 0.0127 -0.0463 0.0313 0.0051 0.0030 1.0000 
0 10 0.0393 0.0104 0.0389 0.0614 0.0061 0.1036 0.0294 -0.0200 -0.0031 1.0000 
0 1 2 3 4 5 6 7 8 9 10 
OVARIABLES 

END APPENDIX 

PAGE 1 
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APPENDIX C: EXAMPLE OF AN LHS DEBUG FILE (LHS2-TlDBG) 

Listed below is a Sample LHS ASCII output debug file, as described in Sec. 9.2. This file contains 
75 outcome vectors, each with a parameter value for the 10 distributions sampled in the LHS run. 
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END OF APPENDIX C 
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As a convenience to users, this section contains a complete history of all the Quality-Assurance 
Review Forms issued during the review of this User's Manual. Review forms are issued after the 
User's Manual has been completed and reviewed. Thus, they will be appended to the manual after 
it has been paginated and therefore they may not, themselves, be paginated. 

APPENDIX D: QA REVIEW FORMS 0 

END OF APPENDIX D 

END OF THE USER'S MANUAL 


