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1 Introduction

Background

CE-QUAL-ICM (Cerco and Cole 1995) is a three-dirmensional (3-D) water
quality model based on the finite volume approach. There are two versions of
this model, a eutrophication version documented by Cerco and Cole (1995), and
a toxic substance version referred to as ICM/TOXI documented by Wang et al.
(1996). The project that funded the development of ICM/TOXI also funded the
present study reported herein.

Neither version of CE-QUAL-ICM (ICM) solves for hydrodynamics, so this
inforation must be supplied by a hydrodynamic model for driving transport in
the ICM model. The ICM model is usually linked to output from CH3D-WES
(Johnson et al. 1991), a 3-D finite difference hydrodynamic model based on a
structured grid scheme. Structured grids assume that computational cells are
ordered along columns and rows, whereas unstructured grids atlow cells to be
arranged in a nonordered fashion. Thus, unstructured grids allow greater
flexibility for describing the geometry of the domain.

RMAI10 (Norton, King, and Orlob 1973; Thomas and McAnally 1990) is a
3-D finite element hydrodynamic model frequently used by the U.S. Army
Engineer Waterways Experiment Station (WES). RMA10 is based on an
unstructured grid approach. There was a need for developing a linkage to the
RMA 10 model to allow greater flexibility provided by unstructured grids for
conducting water quality and contaminant mode] studies.

Objective and Scope

The objective of this study was to develop software to provide linkage of
RMA10 output to the ICM code and to test the success of the linkage for simple
test cases. The software development consisted of basically three parts:

(a) development of a code (MAPPER) to map the finite element grid
configuration and geometry information into a file that can be interpreted by the
ICM code; (b) development of an RMA 10 postprocessor code (FEMCONVT) to
convert RMA10 velocity and water surface information at nodes to flows and
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cell areas and volumes for each ICM cell; and (¢) modifications within ICM to
conform to the RMA10 linkage. Linkage testing consisted of checking local and
global volume and mass conservation and examining the transport against known
solutions. It is important to maintain mass conservation in water quality models
since they are based on the mass conservation principle.

This report is organized into chapters on Introduction, Implementation,

Testing, and Summary and Recommendations. Appendixes A-C deal with the
MAPPER, FEMCONVT, and ICM codes.

Chapter 1 Introduction



2 Implementation

The basic requirernents for the design and development of an unstructured
grid linkage methodology for ICM are as follows: (a) generating a geometry file
that relates the elements and their geometric attributes for an unstructured grid
hydrodynamic model, such as RMA19, to flow faces and computational cells of
ICM; (b) assigning a tagging system to relate flows from the hydrodynamic
model to ICM flow faces; (c) establishing a convention for positive/negative
flow directions; and (d) computing integrated flows across and normal to each
hydrodynamic element face. The linkage program MAPPER conducts the first
three tasks, while the linkage program FEMCONVT conducts the last.

MAPPER

The linkage geometry and map files are derived from the RMA 10 element
connection file that is generated for a hydrodynamic run. A C language program
(MAPPER.C) was written to generate this information. MAPPER.C is described
and listed in Appendix A. Descriptions of the RMA10 node and element
connectivity scheme were obtained from the RMA10 documentation (Thomas
and McAnally 1990; Brigham Young University 1994). The element connection
file, generated by an RMA 10 preprocessor code, which resides within the WES
Coastal and Hydraulics Laboratory (CHL), provides element and node
numbering, the 3-D coordinates of each node within the grid, and boundary
designation information. This file is read by MAPPER.C, which generates the
geometry (GEQ) and map (MAP) files required as input to ICM.

To accommodate unstructured grid hydrodynamics, the GEO file was
modified so that a one-dimensional array of centroid-based grid distances, which
are direction sensitive, is computed and replaces the original box lengths ( i.e.,
BL(B(F),QD(F))). The centroid-based grid lengths data consist of (a) distance
from centroid of IB cell to flow face (BID); (b) centroid to centroid distance
between IB and JB cells (BI); (c) centroid to centroid distance between the ILB
cell and IB (BIL); and (d) centroid to centroid distance between the JB cell and
JRB cell (BIR) (see Figure 1). The specification of the ILB, IB, JB, and JRB
ICM cell numbers (Figure 1) is accomplished through examination of the
¢lement connection file. Specifically, when elements that share common mid-
side nodes are identified, a cell face between boxes IB and JB is defined. Cells
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Figure 1. Grid nomenclature

to the right or left of cells with a common flow face are determined by selecting
the cell with the shortest centroid distance. For example, as shown in Figure 1,
the centroid distance from Cells JB to JRB is shorter than the distance from
Cells JB to J1; thus, Cell JRB is selected as the adjacent right cell, or the far
downstream cell for the QUICKEST weighting, and BIR is the distance from JB
to JRB.

Due to the fact that unstructured grids have no preferred grid direction, a
convention has been adopted. A flow direction for the establishment of the GEQ
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and MAP files is assumed based upon the cell numbering scheme obtained from
RMAI10. In the horizontal direction, flow is defined to be positive when it passes
from a smaller RMA10 element number to a larger RMA10 element number. In
the vertical direction, flows are defined positive upward, which is the convention
used in both RMA10 and ICM. When the flow field is read in from the HYD
file, the actual flow directions relative to the assumed flow directions are
determined so that the proper cells are sampled for the QUICKEST advection
operators.

The general concept of the MAP file was unaltered; however, additional
information was required to relate the RMA10 and ICM grids. The processor
program MAPPER assigns ICM cell numbers to RMA 10 element numbers and
writes the ordered pairs as the first set of records in the MAP file. The
correspondence between hydrodynamic elements and ICM cells is arbitrary in

- that the connection is accomplished via flow face definitions. This approach is
adopted so that the existing convention for numbering cells and flow faces in
ICM is unaltered.

The RMA10 element edges and ICM flow faces are related in the MAP file
via atag. In the horizontal direction, the flow faces between adjacent cells in
ICM are tagged to mid-side nodes in RMA10, which are defined along element
edges. Vertical flow faces in ICM are tagged to the top of each element in
RMAI10. These tags are used via translation arrays to relate RMA10 flow
locations to the corresponding sequentially numbered ICM flow face numbers.

Boundaries within the RMA10Q grid are specified via nodal codes that define
land, inflow, and tidal or head boundaries. These codes are used in MAPPER to
specify boundaries in the MAP file,

FEMCONVT

The Fortran language program FEMCONVT.f was written by Dr. R. C.
Berger of the WES CHL to read a binary RMA10-hydrodynamic output file and
convert nodal velocities and surface elevations into cell face areas (including
planar surface areas), volumes, and flows, which are written to another output
file (HYD file). A listing of FEMCONVT is provided in Appendix B. The
output of FEMCONVT is segregated into horizontal and vertical components. In
the horizontal direction, the information provided is time-varying horizontal flow
face areas and flows for each mid-side node. The vertical part of the
hydrodynamic output provides element number, element planar surface area,
volume, and the vertical flow defined on the top face of each element.

ICM Modifications

The original advection operator in ICM was designed to work with structured
grid hydrodynamic models such as CH3D-WES (Chapman 1988). As a result,
- the grid is described by rows and columns of grid cells and box lengths. These
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box lengths are used to compute the QUICKEST multipliers used for transport.
Due to the success realized during numerous applications of the QUICKEST
transport algorithm in both the ICM and CE-QUAL-W2 models (Dortch,
Chapman, and Abt 1991; Chapman 1992; Chapman and Cole 1992), a similar
approach was adopted for the unstructured version of ICM. The unstructured
grid modifications made to the original version of ICM are presented in
Appendix C. For ICM to accommodate unstructured hydrodynamic models such
as RMA10, the QUICKEST multipliers had to be recast in terms of element
centroid to centroid distances. As previously discussed, the linkage processor
program MAPPER generates the four length scales needed to develop the
QUICKEST multipliers. Using these length scales, the QUICKEST multipliers
were rewritten and checked to ensure that the advection multipliers summed to
one, and the diffusive multipliers summed to zero.

Linkage Procedure

To complete a linkage of RMA10 and ICM, the steps outlined below must be
compieted.

a. A binary output file generated by RMA10, which contains the time-
invariant grid and time-varying hydrodynamic data, must be obtained
from the hydrodynamic modeling team. The name of this file is specified
as RMA10 input, so it is arbitrary.

b. With regard to the time-invariant grid data, a program named R4ICR10.f,
written and provided by CHL, is used to read the RMA10 binary file and
generate a 3-D ASCH element connection file named R4ICR10.out. This
file describes the juxtaposition of all elements and nodes in the RMA10

grid.

¢. The linkage program MAPPER.C reads R4ICR10.out and generates the
ICM MAP and GEO files. The number and position of ICM cells or
boxes are determined by MAPPER automatically. Presently, a parameter
statement within the MAPPER code defines “number_of_layers,” which
must be set to the desired number of layers. This parameter can be used
to limit the output to a single layer for debug purposes. When this
parameter is set to the correct number of RMA10 iayers, the complete
MAP and GEO files are automatically generated. MAPPER input (i.e.,
R4ICR10.out) and output files for a simple 3 by 2 by 2 grid are presented
in Appendix D.

d. The time-varying hydrodynamic data are also extracted from the same
RMAI10 binary output file. This is accomplished using the
FEMCONVT f program. This program has one interactive input, which
is the RMA10 binary file name. All grid parameters are read from the
RMAI10 binary file. The output of this program is an ASCH ICM HYD
file. At this time, FEMCONVT.f has several limitations:
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® ASCII output should be written in binary to reduce space requirements
for applications with large output files.

® Base elevation in feet relative to an RMA 10 datum must be hardwired.
® FEMCONVT only works for quadrilateral elements,

® Parameter statements must be checked to ensure the code will
accommodate the size of the grid.

® Vertical diffusivities required by ICM are not computed nor output.

® There is no provision for temporal or spatial averaging of hydrodynamic
output.

e. Two additional parameters must be defined in the ICM file

WQM_COM.INC. NFEMHFFP and NFEMVFFP are the maximum
number of horizontal and vertical flow faces, respectively.
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3 Testing

Volume Balance Testing

Initial testing of the linkage methodology using hydrodynamic flow
information was performed on a simple 26 by 4 by 3 rectangular contracted
channel comprised of quadrilaterals as shown in Figure 2. To test both local and
global volume conservation, a single steady-state flow field was used. Given that
the flow field bas in fact converged to a steady-state solution, successive
applications of the flow field using the steady-state distribution of element
volumes as an initial state should result in no temporal change in volume. Using
these data, ICM was run using a 1-hr hydrodynamic update for 0.2 days, or two
hydrodynamic updates. As expected, global volume conservation was achieved.
However, significant variations in local volume conservation were observed
throughout the grid. This problem was further investigated by performing flow
balances on individual cells. In regions where elements were orthogonal, flow
imbalances on the order of 1 percent were found, where the error in flow balance
is based on the difference in the sum of the flows scaled by the maximum flow in
or out of that cell. In regions where elements were nonorthogonal, flow
imbalances were on the order of 60 percent. Discussions with CHL suggested
that this problem can be overcome or at least reduced to errors on the order of a
few percent. Means of correcting the flow/volume imbalances are being
pursued.

Given that RMA10 flow fields can be produced with small but possibly
acceptable volume errors, two alternatives can be adopted that will result in a
local volume balance. The simplest option is to use the flows from the RMA10
hydrodynamic processor, but not use the resulting volumes. Under this scenario,
time-varying volumes are computed within ICM using the previously computed
volurne and the input flows, thereby ensuring volume and mass conservation.
The downside of this option is that if a persistent net loss or gain is realized in
one or more cells, problems could develop during long-term simulations.
Specifically, cells could either dry out or become unrealistically large.

Alternatively, both RMA10 flows and volumes can be used by ICM. The
RMAI10 flow data would again be used within ICM to calculate conserving
volumes for each hydrodynamic update interval. The difference in the RMA10
volumes and ICM volumes can then be used to deterinine the volume errors for
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Figure 2. Volume balance test grid

each cell. If the volume error is ignored, i.e., RMA10 volumes are used, the
model will not conserve mass, but concentrations will be conserved. For
example, if a water quality constituent of 10 ppmn is introduced into a bay that
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contains 10 ppm, the concentrations will all remain 10 ppm, but some mass of
the constituent will be gained or lost.

Volume and mass conservation can be forced when using both RMA10 flows
and volumes by introducing a volume error correction. However, under this
option the concentrations will not remain conservative, or 10 ppm everywhere as
in the previous example. The error correction for each hydrodynamic update
interval is computed and added (or subtracted) incrementally over the ICM time-
steps within that update interval. Thus, the ICM volume computed at the end of
each hydrodynamic update interval will be identical to the corresponding
RMA10 volume. The simplest way to implement this correction is to generate a
source flow by dividing the total volume error for each hydrodynamic update
interval by the hydrodynamic update time interval. As the ICM simulation
proceeds, a volume source/sink can be added/subtracted by multiplying the
source flow by the ICM time-step.

Transport Testing

To test the revisions to ICM for the unstructured grid QUICKEST multipliers,
transport testing was done using a one-dimensional rectangular grid set up
without and with the unstructured grid multipliers as derived from the GEO and
MAP files generated by MAPPER. The RMA10 model was not used for these
tests. This grid consisted of 25 boxes 100 m in length with 1-m?cell face areas.
A constant flow rate of 0.1 m*sec was specified with no horizontal diffusion.
Specifying a constant source concentration at the inflow, the predicted square
wave concentrations in both simulations (i.e., with structured and with
unstructured grid) were identical as shown in Figures 3 and 4. The algorithm
was tested for variable grid spacing by alternating between 100- and 50-m box
lengths and repeating the simulations. Additionaily, both positive and negative
flows were tested. All runs yielded identical results, which confirmed correct
implementation of QUICKEST.

Additional testing of transport was performed using a steady-state RMA 10
hydrodynamic flow field. A rectangular channel RMA10 grid was used
consisting of 10 elements along the channel, 4 elements across the channel, and
3 elements deep (see Figure 5). Qutput from RMA10 was used to drive ICM.
Exact global mass conservation was verified via a simulation of a conservative

* tracer spot dump and simulation of a uniform tracer concentration throughout the

grid and boundaries. In addition, a constant source square wave test was
performed. Despite the coarseness of the grid, the expected characteristics of
QUICKEST are preserved in that minimal undershoot and overshoot and
smearing of the wave occur over about five grid points (see Figure 6).
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Figure 3. Square wave test result with structured grid QUICKEST multipliers
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Figure 4. Square wave test result with unstructured grid QUICKEST multipliers
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Figure 5. Transport test grid
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4 Summary and
Recommendations

A linkage methodology has been developed, implemented, and tested that
allows CE-QUAL-ICM to use unstructured grid hydrodynamic information from
the RMA10 finite element model. This has been accomplished through the
development of two postprocessor programs, which provide flow and linkage
information to ICM. Initial testing of volume conservation suggests that local
volume conservation problems inherent within RMA 10 limit the general skill of
the linkage system; however, a procedure for correcting the volume errors within
ICM is outlined. Irrespective, results of the present study suggest that forther
work towards eliminating volume conservation errors within RMA10 is
warranted. In addition, a centroid-based QUICKEST advection scheme
consistent with the unstructured form of RMA10 has been developed,
implemented, and tested. Testing of the scheme shows that it is mass
conservative and that it provides results consistent with the well-tested structured
grid version of QUICKEST previously employed in ICM.

With respect to future refinements of the linkage methodology, in addition to
either correcting for or eliminating the local volume conservation errors obtained
from RMA 10, the hydrodynamic processor FEMCONVT needs to be generalized
to accommodate combinations of triangular and quadrilateral elements.
Furthermore, additional work is required to integrate vertical eddy diffusivities
within RMA10 so that cell face values can be provided to ICM. Subsequent to
these and other more minor improvements outlined in Chapter 2, the complete
linkage methodology should be tested using a real time-varying field application.
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Appendix A
MAPPER Description and
Source Code Listing

The following is a brief description of the internal steps followed by the
program MAPPER.C that generates the MAP and GEO files needed by the ICM
model. This program is run after the RMA10 program is executed. There is a
program called R4ICR10.F written by the U.S. Army Engineer Waterways
Experiment Station Coastal and Hydraulics Laboratory that extracts the two files
used as input by MAPPER.C from the RMA10 binary output file. A listing of
the MAPPER.C source code follows the description.

The step by step operations of MAPPER.C are listed below.

Read the node-to-element connection table. Allocates each “Element” asa
column and assigns an ID.

Subroutine call: readElementConnectionFile()

Subroutine description: The routine opens and reads the element to node
connection table file. This file provides information that uniquely relates an
element or column identification number to the associated nodes. Additional
information obtained from this file is the coordinates of each node. At this point,
it is assumed that RMA 10 node identification numbers are being used. This
routine creates a unique “arc” for each side of the surface layer elements, which
can be either trapezoidal or triangular.

Source of input file: Input file is generated by R4ICR10.f.

Read boundary information.

Subroutine call: readBoundaryArcFile()

Appendix A MAPPER Desciription and Source Code Listing Al



Subroutine description: Routine reads a file that contains information about all
“special” nodes in the RMA10 grid. These special nodes are nodes at which
some physical parameters are specified such as head values, wall boundaries,
open boundaries, interior boundaries, etc. This information, in addition to the
node data from Step 1, completely describes the RMA10 grid structure.

Source of input file: Input file is generated by R4ICR10.1.

Relate each arc to the adjacent columns.

Subroutine call: mapColumnsToArcs()

Subroutine description: Routine determines the adjacent column identification
numbers for each arc.

Relate each column to its neighbors.

Subroutine call: nmpNeighbﬁrColunmsForEachColumn()

Subroutine description: Routine determines for each column, all the columns
that share a common arc. Thus, a list is generated for each column that contains
all of its neighbor columns.

Determine arc type.

Subroutine call: determineArcTypeF()

Subroutine description: Routine examines each arc and determines its type,
which is defined to be (a) INTERNAL - arc that is internal to the grid,

(b) BOUNDARY - arc lies at an open boundary, and (c) WALL - arc lies at the
wall of the grid. The arc type is defined using the nodal boundary data.
Determine upstream and downstream columns.

Subroutine call: mapUpstreamAndDownstreamColumnsForEachColumnF()

Subroutine description: Routine defines adjacent columns.

Create a list of all elements in the 3-D grid.
Subroutine call: createElementList()

Subroutine description: Routine will generate a list of all elements in the
RMA10 grid. First, it generates surface layer or column elements. Next, for
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each column, it will define elements within that column ffom the surface down.
The order of clements is that defined by RMA10.

Map neighboring elements.

Subroutine call: mapElementToNeighborElements()

Subroutine description: Routine determines neighboring elements. This is
accomplished by using the column information previously defined.

Check for internal and boundary flow faces.

Subroutine call: generateHorizontalFlowFaceListF()

Subroutine description; Routine examines each arc, its type. If the type is
“INTERNAL” or “BOUNDARY,” it will create a flow-face for that arc; this is
done in layer order starting at the surface then going down. For each defined
flow face, the adjacent elernents of that flow face are listed.

Determine far upstream elements for each horizontal flow face.
Subroutine call: mapHorizontalFlowFaces()

Subroutine description: Routine determines for each flow face its far upstream
and far downstream element IDs using the adjacent element ID information.
Create the vertical flow face list.

Subroutine call: mapVerticalFlowFaces()

Subroutine description: Routine uses the column information defined above and
creates a vertical flow face between each element. It also does the vertical
mapping of upstream and downstream elements.

Define tags that relate RMA10 and ICM flow faces.

Subroutine call: setFlowFaceldentifierTags()

Subroutine description: Routine examines each flow face and tags it with a
unique identifier. This wnique identifier is defined as (a) horizontally oriented

flow face (the top center node ID of each flow face); and (b) vertically oriented
flow face (the RMA10 element ID of the element below the flow face).
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Number ICM flow faces.

Subroutine call: renumber AllFlowFacesForOutputE()

Subroutine description: Routine renumbers the flow face identifications
consistent with the ICM convention.

Calculate surface areas and the centroid locations.

Subroutine call: calcuIateColmnnSurfaceAreaAndCenh-oid()

Subroutine description: Routine will calculate surface area and centroid location
using the surface node coordinates.

Calculate required distances between centroids.

Subroutine call: calculateDistanceBetweenCentroidsF()

Subroutine description: Routine calculates the following length scale
information for each flow face:

(a) BIL = Distance between far upstream element centroid and upstream
element centroid.

(b) BI = Distance between upstream element centroid aﬁd the
downstream element centroid.

(c) BIR = Distance between downstream element centroid and far
downstream element centroid.

(d) BID = Distance between flow face and the upstream element centroid.

Print “MAP FILE”,
Subroutine call: printFlowFaceListF()

Subroutine description: Routine writes “MAP” file data.

Print “GEO FILE”.
Subroutine call: printGeoFileF()

Subroutine description: Routine writes “GEO” file data.

Appendix A MAPPER Description and Source Code Listing



€ SYFAVT 40 YFFGINNN 2uijepy

002 HTONVIRLL sulepg
001 AIOZVdVYl. duyeps

o€ dANLSYHHLO Suljap#
02 NND suljop#
01 40 ouljop#

[4 IHS LON suyep#
JHS SulpRp#

—i

I MO supepy
0 ON ounyapy
I SAX ouyepy

0 HSTvd sulep#
I HNYL 2ulapy#

<y'yjeur> apnpouly
<Y3uLns> apnjoul
<U'OIPIS> Ipnjouls
£
"PHE [spoln Jusale Uy
OTVIAY ue woy WI 10§ 31 ,,OHD., W) pue 31  JVIAL, °W piing :HSOdUNd
i
PIEISD Y A1), AN VIDOU

YHAdVIN - HNVN IWVID0Ad +/

A5

Appendix A MAPPER Description and Source Code Listing



I

MO0Td LNEWHTH {
NdMopgIIswE, IDNALS J00Td LNHWHTH 1on1s
HdeAcqyiuawale, IONJLS HO0TH LNHWHTH 1onus

‘PIoRIMO[JUIONOG

{pIppusws|g zioqySa NUOUIIIOD
¥ pRuSUSTHIOqY ST NUOUIIIOD
‘[g]praoey

‘prIade]

“Juno)ore

todA& [yuswars

{pruunjoo

PPUSWATH( [ BUIs

PruduIa[

g

ur
yur
Jur
ur
u
Jux
ur
ur
g

‘N gHoOIIUSURIEIXNG, LOELS ID0TE LNIWATH 10nns
‘n@porguewsimseTdy IDNYLS D0 TE LNEINGTH 10n0s }
IDNALS™IDOTE LNENETE 10008 JopadK

wf

00¢ NHHMLHENI =uljap#
002 TV.INOZIMOH suyep#
001 TVOLLYHA Suljep#

06 TIVA suljopg
08 AIVANNOY 2uljap
0L TVNIUHLNI SUljop#;

0c SOUVXVIN suljop#

Appendix A MAPPER Description and Source Code Listing

A6



APpojgstmunioppesyd,  YD0TE NIWNTOD
SO0 T NIWNTODdx D0 TH NINNTOD Jopadiy
SDOTENINNTOD {

Ndiuswargaoems 00719 LNHWATHd
~hguswsie IDOTH LNIWT TAd

- APIOXuad ‘¥pronuad jeoy
‘BaIyaoeLmms jBO[]

IplpruwmiopzioquaeNuoumos  jur
[¥IpIorvIoqyBisNuowwos  jur
‘[¥]prmumionioquSraNuounos  jur
HUNODUUIN[ODIOqUSIONUOWRIIOD UL

‘[plsprose  quy

‘sIdeyOsequmu  jur

Junodore  jur

‘adA puwinjos  Juy

‘pluwmpod  ur

“ngyoorguUIN[oIXNdy LOMALS DO Td NINNTOD 1onns
“ngyoogumnjo))se d,, LOMILS JA00Td NIWR'TOD aoz.:ww
LONYLS ADOTHE NINNTOD 1onxs JopadL)

"TINN = Aenyngiuswsigdnyoor, 0019 LNHWHTA

‘0 = Junouswgeqold ur

P
“AdeorgstpuautorgpesHdy AD0Td LNHNATH

D0Td LNFWH Tad« D0 TS LNAWA T Jopadhy

A7

Appendix A MAPPER Description and Source Code Listing



“TINN = NPPeoIgIsT oIy pesHd MD001d D¥vd
SO0TE DYV« 00T DUV Jopaddy

SID01d7 09V (

tadfy Jun

{[7]umjoyusoelpe  jur

‘[€lprepou  jur

‘pom  qui

‘nPpogaIvIXeNdy LONELS D0 Td DUV 1onus
‘mgporgaryised, LONULS M0 Td OV tonus }
IDMILS ADOTA DAY 1ons jopadd)

'TINN = LerryandapoNdnyool,  JIDOTA dAONd
wo = EchovoZﬁmn_n;w ut

“TINN = BdPpo[gepoNpesHd DO TE HAONd
DO TE HAONd« MDOTE HGON JopadAy

SIDOTE HAAON {

umm”_muumc%.ﬂooo .._moﬁ

‘PIepou Ut

ngoorgepoNIxeu, IDNULS ID0Td HAON onas
SHANOOIGAPONISEl; LONVIS MO0 T HAON 1onus }
IOMILS MDOTH AAON 10008 Jopadsy

'TINN = AenypJuanopdnyooly, Y20 T NIWNTOD

‘0 = Junoumno)eqord jut

Appendix A MAPPER Description and Source Code Listing

A8



“TION = NPOIIsT TeoeMoffeorymgied A0071E OVAMOTHd
“TTON = API0[EIST TooRMOTIooegngpeayd AD0TE HOVAMO T
“TTNN = BPpo[gsrTaoeimolpeeyd AD0Td HOVAMOTAd

O0TE HOVAMOTAd+ JMD0TH HOVAMOT JopedA

MO0 HOVAMOTA {

*SPIOTIUSDUIESIISUMO(TUSSMISIROURISP 120[J
*spronuapwesnsdUsomiogaouRISIp 120[)

*90BJPUY PIONUS UM IS IOURISI(TUIBSHSUMOD 1eop
0B pUypIONUIYUsSaMIagRoURISITBaNsdn 180}
‘SPIOIUADUIDMIDGIIULISIP J8OYj
[ghuswsigiuaoelpe  jur

‘[Zlwunouacefpe  jur

‘uopeUSLIo  Jur

‘adfy qur

‘pruswargueensdney  jur

‘ppuswaiguieansdn  jur

‘PIUSUIS|HUIRANSUMOP  JUl

‘PDUSWIAHUIBaNSUMO(] 8] wur

‘Plioke; ur

‘PISORMO][apowr  Juf

‘PIsoBIMOl]  JuI

‘PIore

‘Bereynuepr jur

Idorey LONALS MD0TE DUV wnns
Ndyoo]gaoemolixoNdy LOMILS AO0TE HIVIMO T 10008
N gAeorgacemorgise]d, LOMALS ID0TE HOVAMOTA 100ns }
LOMALS D0 T HOVAMOTH 10015 Jopads)

0 = umoDoryeqos pliis

A9

_ Appendix A MAPPER Description and Source Code Listing



I

Js sadAjojoad uonouny 4/

wl

“srTepoNeoelns [SI'T AAON HDVAUNST
{LSIT HAON HDVIINSd+ LSIT AAON HDVLINS Jepadfy

{LSIT HAON d3OVRINS {

SJoru Juy

‘dopu

}

LONYLS LSIT HAON HOVLANS 10n1s Japadf)

J+ Q0 = UnoDIpoNATepUnogeqord T 4/

TINN = HdyooigopoNLrepunogpesyd MO0T1d FAON" AdVANNOgd
D01 HAON AIVANNOLIdx ¥D0Td AAON” AYVANNOL Jepadi)

MO0 HAON A¥dvaNnod {

‘PISpONATEpUNOg  JUY

“ndAPo[gepoNArepunogIXau, LOANLS MO0 TI AAON AdVANNQH 10nns
hdyoorgapoNAtepunogisel, LONYLS ID0TE AAON AMYANNOG 19nns }
LOMALS MD0Td HAON AdVANNOY 1onns jopadiy

*TINN = Aenyngooegmoridmjoot, MO0OTI AIVAMOTId

‘0 = WN0DPE MO [eqOI3 ut

Appendix A MAPPER Description and Source Code Listing

A10



‘Qundnquunio)ydnsjoof
2D0TE NIWNT10Dd

‘QuDAndorypuy
M00180dvd

*(QuDAndspoNpuy
MO0 AAONd

uCnﬂosMoommkoﬁauzamoo:a*
D01 HOVAMOT

0 HY0TUUN[O3MON )OO [B,
AD0Td NWNTOD

uAvmxoo_mEoEo_mauZEmoc:a*
JA00Td LINHNHTH

‘OPpoo1gorIHswSag mo NoIR20[[R,,
AD0Td DdY

‘Odoorgepo Zmﬁv:somBQZoumoo:«*
AD00Td HAON XdvaNnod

momu_oommuﬁoZBQZoEoomm*
D019 HAON

All

Appendix A MAPPER Description and Source Code Listing



(ureur proa

1% ANLLOAOY NIVIA «/

I %/

I ’ */

1307 4 JADOTE NNNTTOD )00l gUmno)AIusuIa AN Ieoo] [
proa

*(x HIRDXILINIOJyDIRSS
jur

(5 Teyo ‘4 TOUD ¢y HII)UWIN[ON0E
Jur

{O9gory Arepunogpea
proA

‘GIDOTY D¥Vd MO0 TH DUV d)ASOTyOM LUTIPONUOURTIO IS DT
il

‘(ungndeoegmorgdnyoo]
ADOTH HOVAMOTdd

{Qunngiuewsigdnyoo]
MD0Td LNHWH Tdd

Appendix A MAPPER Description and Source Code Listing

Al2



/% 1811 ore g3 3urzinn
908}-#0]] [EJUOZLIOY Y5k2 2)RIAUDK) ,/

/% HILEHIETE
T0qy3iou s} JuaLS[3 Yoed 10 defy] ./

% SJUSWISD [[& 2)LaI)) 4/

‘0siusurargIoqy e ZoHEoEoEmmE

‘ISt usuafgaieai

mOm:EEo.u:ommuomw:E:MoUEmubmzaoQ_éﬂ:mE“mmD%E

/% SUWIN[OD weaxnsumop pue wgansdn depy ./

I oI TIVM (€

10 018 LYVANNOAL (Z ‘018 TYNIALNI (
e ST 91 J¥ 918 (OB 10 SUIMIINS( ,/

*Oded4 [oryouminiaiep

mOS:EoU:ummhommcgﬁoo‘-oﬁmﬁuzgﬁ

/+ SIOQUBIAU 8)1 0 UWINOD Yora ALY ,/

/% SPIS YoBa UO SUWN[OD OM)
oY} ‘UWN[0d ¥ UI e YOes 0 8oy 4/

A $poU LY VANNOH 978 s3pou
YOIy “31ly IndIno OTYIARY Ue Wiy pesy L/

/x "UF PEAI OS[E ST (J] UWN[OL) "UMINGOO B
Se ,JUSUI9F,, Youa $3)e00[[y "S|qe;
UOTIOAUU0 JUSIS[3-0)-3POU OU} PRoy 4/

{(soryosumnjodew

‘09ingory Arepunogpear

uAvQ_anwoocaooﬁoso_mﬁmou

A13

Appendix A MAPPER Description and Source Coda Listing



/% 9 .OdD, 2 W] of
‘OuisreceImorJund
/% A WJIVIAL, 2Ul UL 4/

‘O dspionus)usamsgaoue)si(Iaie[nofed

{OpIonuR)PUY eIy INSUIIA[0)IR[NI[ED
s AU
youe 10 ANouIoad o) JIeINO[ED) 4/

‘Ondinp1o4s00e JMO [ VIeqUunual
I uwnjod Aq Jo pesisur
Iake] £q BursesIour paloquiny oe
A9y} 181[) OS S20RJ-MO[] B3 JAQUINUY 4/

{()sBe J 1oynuUapeoe I MOJios
/% * SJUAUALD A2} _
0} sdrysuonefa o110 oy
saAtes1ad Je1]) Avm U PAIApIO 9q UBD
$20BJ-MO[J 1) 0§ JO areme si O] VI
ey} uonewIojur Jo adK) swIos M
30R]-MO[J Y28 93UAISJRI 0} PA3N 4/

‘{()saoeJmoreonio A dew
In SpI Justus]o Jusselpe Jratf)
QUIILIRIDP PUE S30BJ-MO[J [EO1)I0A
oyl 9jerousd $)sI] UWIN[OD YY) WOL] 4/
‘()saoegmor[eiuozuioydeur
/% SIIAWIYD Jud0BlDE §31 pUR 908]-MO[] |
Ay} usamiaq diysuoneas suruIRla( «/

') ISTTo08 MO {BIUOZ IO )R IouST

Appendix A MAPPER Description and Source Code Listing

Al4



Ie

{
“Yoo[gapoNe = ngioorgaponpesyd }
(TTNN == ndyoorgsponpesHd)yt

/x snd 1811 198 4/

“JUNOD3PONTIEB]O[8++ = P[OPOU<-YI0]gaPONE

“TTON = NdAO0[gIPONIXU-YIO]FIPONE
“TTNN = NdXO0[FOPONISE[<-300] oPONE

«( AMUOAmlmEOZﬁouN_%Cuozaogooqmlmﬂoz& = J001g=poNe
‘NJoPONISE] IDOTE FAONG
onejs

HOOIH3PONE IDOTH AAON
T ur

}
OdbioorgapoNmaNsIeo]|e,, AD0Td 4AON

*/

{

‘Odatgoenund

A15

Appendix A MAPPER Description and Source Code Listing



TINN = Y00 gOPONARPUNOFIXAU<-TO0[OPONATpUnoge
TTINN = BdAO0Ig2PONArepUnogise|<-1 Y00 gapONATepunoge

((IDOTE FAON" AYVANNODIORZIS 1)o0[[d(ADOTE HAON AIVANNOLd) = Hd¥ooigapoNLiepunoge

I

‘ndepoNAepunogise] DOTE AAON AYVANNOEd
amels

‘IdpoogepoNATEpUnoge, ¥D0TE AAON AYVANNOH
‘T

}
(101 gepoNATepUnogmaNa1eoofie, ID0TY HAON AdVANNOL

%/

{
{(qoorgopoNE) wImaI

O0]IPONE = JIJOPONISE|

{
N JOPONISE] = N INOOILOPONISE[<-HI0[IPONE
YO0Ig2PONE = N JHO0]IoPONIXU<-TIJoPONISE] }
a8

Appendix A MAPPER Description and Source Code Listing

Al6



I

“TTNN = BPIRO[GIVIXaNd<-o0[gorye
TINN = Ndydo1garyised<-yooigorye

g AMUOAmlomsmoon_w.Coo:muﬁMUOAmIUMﬂu = Yoorgorve

“IdPIVISE] D0 TH DUV
anes

HOOIgOIV e, MDOTE DUV
T g

}
OcPioo1gory maNaeo0Ie, MDOTE DUV

%/

{
{(ngorgspoNArepunoge)uinior

Nd¥d0{gopoNATepunoge = ndspoNArepunog)se|

{
-hdspoNArepunogise| = hmxooﬁmouoz\gmcsomumaﬁA.hmxoommo_qumumu:scmﬁ
“hdeolgapoNAIepunoge = b&ooﬁ%02>?ﬁ§0muxo:A-bmuqub%::omumE }
s
{
“hdyporgapoNArepunoge = NdAoo1gapoNArepunogpeapyd J
(TINN == BPpoorgspoNAepunogpespd)

/% snd 1811 198 4/

A17

Appendix A MAPPER Description and Source Code Listing



[+

NQuswamIsel, HDOTE INHWHTH
ane)s

ndyoorgiuawsigue, D01 LNHNTIH

T

}

OP{o0]IUSWSFIMINIE00(IE, HDO T LNAWA1H

#f

{
{(poorgoryelmniai

SOOIgOIVE = NJOIVISe]

{
‘ndoryise| = Hpppolgorviserd<-yoo|gorye
YO0IFOTYR = DINo0[oIvI¥oNd<-ngoIyise] }
os]e
{
Sooigorye = nayooidisrorypesyd |
(TINN == DPPOIMST Iy peoHd)IT

f snd 111 198 5/

{1- = [1Jumnjouadelpe<-yoo[goIye
1- = [o]uwmoyjusoe[pe<-yoo[goIye

QUNODOIVIRqOIS++ = PIore<-}oo[gaIve

Appendix A MAPPER Description and Source Code Listing

A18



I

{

xbmxoo_macoﬁo_mcsﬁéﬁ

{
“Hdyoo[giusmdygue = N Jiusrag)se;
“Hiuswarg)se = bmxoommEquEqumA.bmxuoﬁmEuEEm:m
Wndyoogiuswargue = bﬂﬂooﬁmu:oEoncxoZmA.meoEuﬁmﬁE }
aspe
{
‘I oo Hiuewa[gue = I yusrise]
dyoo[gIuswoguR = NdHroIIsTRuswsgpesyd }
(TINN == AdAooigsrpuswsigpesyd)yr

snd sy 108 4/

JUNOD AW eqo[3 uwwzoEu_uA-bm%BmEuEmmm:m
HHUNoODIUSUR|Heqo| S

q-= (HpIeoey<-npjoogiusurgue
(++1 :9>1 {0=1)105

TN N=IJMORIUSW<-NNI0[gIUouIs I ue
11N N=Nd3A0qVIUdWS[a<-HINO0|gIustua[gue

STIAN = bnﬂosmEoEoﬁmﬁuZmA-meuEmEoEEmﬁ
“TINN = B4300] iuswsimise 1d<-ngyoorgiuswaque

¢ AMUOAmJHZmEmEmcmooEm.Coo:woﬁMUOAml.HZmzmAm& = Ndoogiuswiajgue

A19

Appendix A MAPPER Description and Source Code Listing



/5 snd 1811 190G 4/

{
{1~ = [1]pIuun]o)ZI0qy SN UOUIICI<- 1} 0 Hunjo)e
{1~ = [1]proryloquySaNuounuco<-n oo guunjo)e
1- = [1pjuanoDIoqUS NUOURI0I<-T) {so[guunjo)e }
(++1 >1 1g=1)I0]

{0 = JUNODUIIN[OIOQY IO NUOTIIOI<-I}JHO0] UN[O)E

HUNODUIN[OEqO[S++ = P[UUN[Od<-NJYI0[guUUN[0))e

..1—1H NN = b&.MOO—mEHﬂ—OU.._MOZQAJH_&vﬁooﬁmgﬁﬁoom
“TINN = Ddoopguuniosed<-ndyoo guuunio)e

(D019 NINNTOD)I0321s [ Joo[[Ba(D0TE NIWNTODd) = Hdyoo[guunjo)s

snduunjonse] IDOTE NIWNNTODd
one)s

ngypojguuuniode, D01 NIWNTOD
qur

}
OdrporguuinopmaNa1eoo[e, 0T NIWNT0D

[x w/

Appendix A MAPPER Description and Source Code Listing

A20



%

TINN = bmoEAémonmoommBoEm
FTINN = bﬂﬁoomm®ommko_m§oZmA.bmxo2muommBoEm
“TTINN = bmu_ooHmoommaoﬁummqu-bmxuo_muommkoﬁm

«( QUO..E..NU;#S»OA&%S?.Coo:moAMUqurmO,mqum& = Ndooojgasemorge
*DJeSEIMOLISE] HDOTH HOVAMOTAd
one)s

1IP0I FRIMOLTE, MO0 TH HIVAMO A
Tur

.

OdProo]gaoegmolImaNaresoyre,, JAD0TH HOVAMOTA

*/

{
{(npoolgmunjo)e)uInal
\ngyoolguuInio)e = Jdudinjose]

{
“duunjoDyise| = ..Exo&mcﬁsmooummqm.n.bmxooﬁmS:EOUm
oI guIInoe = NdAPorgumnjodIXaNd<-n Juuno)sey }
os[e
{
“Idyoo[guuinioye = DdAdorgasrTumnjopesyd )
(TINN == BdoIgsTTawno)pesHd)r

A21

Appendix A MAPPER Description and Source Code Listing



I

“ISTTO4 18O[J

qel4 ‘[€]x wor3
(ISTTo‘ A X)O[3URII | PIZI[RISUN]OPIOIIUD,)I)B[NI[B PIOA

%/

‘{(ngeoorgaoe Mol e)uinal

N PIOOTEIE MO e = 1 JI0BIMOLISE]

{
thdase mopdIse] = noydorgasegmopiser1d<-ngyoorgooeymorje
N IHOOIFIRIMO]E = NJNO0[HeJMO[JIXONA<-11 o8 MO ISE] }
asye
{
ndporgesemorde = ngjoorgisriesedmolpeoyd }
(TINN == BA0[gIsI TR molIpeaHd)Jr

I snd 151 108 4/
1- = [1husurargiussefpe<-n o0 gooe Mo e
- = [ohuswsiHiuadelpe<-ngoo[gooe Mol e

{1- = [1JumnjoDusselpe<-n oo geoeImofge

{1- = [glumnioDiuaoe[pe<-n o0 gooe Mol Ie |

{JUN0)30B MOL][BQO]S++ = PIIORIMOI<-TIPHOO] g8 O] I8

Appendix A MAPPER Description and Source Code Listing

A22




1%

Ow_obcooccﬁoéouwtzmssiooﬁﬂso_mo pioA

w/

= [ThstTo 'p = [ohstT0
(VR0T ) (TXAEZ + TUET - TX4T2 - EX4T + TH4TZ + EXy[2-) = 0

(Vx0T ) (1A4€7 - ThatZ + 14,72 + €hozz - 7hy 12 - €x12) =p

'CALEL + EX4EX = |2
‘TAKCA + TXeTX = 12
THARTA+ TXg X = |2
LATX - TATX) + (146X - €ALTX)- (Th4EX - €447 = v

0T/ A1)A+Hg)h) = ¢4
07T/ ([TIx+[€]x) = ¢x

0T/ ([€l&+[71h) = 24
0T/ felx+zlx)=zx

0T/ (zIA+[1]8) = 14
0T/ qTIx+H1IX) = 1x
A SUONBOO]
yutodprur o1 ARNOED 1811 4/

'€Z ‘77 ‘1Z 1ed]y

‘EAEX ‘TATX ‘1K1X Je0py
3 °p ‘v 1eOP

}

A23

Appendix A MAPPER Description and Source Code Listing



{(++1 {p>1 p=1)10§
0 = unoDISTIPISpou
[+ sorme penuajod 4 sey munjod yoey ./
{0 = unoDspou
}
(TINN =i BJUUN[OD)JIYM

‘ngyoorgIsTTIno)pesd = nqunjod

‘o srIprapou ‘(g1 hstpIopou Jut

“Ipunoy ur

‘[chsr10 1e0j}

{APTonuao ‘Y pronuan jeoqy
‘opopNaUIO)ISe] ul

‘ease 1e0[J

614 “[]x 1e0jy
unoDspou i
‘[¥Isp1epou wl

s pr [ 1 i

‘pProE ur

\ndepou DO HAONd
“idore D01 DIvVd
Hquuned }D0Td NWNTODd

Appendix A MAPPER Description and Source Code Listing

A24




“([1-1]sprspou)ngeponpuy = ngepou }
(++1 Hunopopou=>1 =Dy
I $9poU asay) JO 1000 108 MON] ./

‘[thsrIpIepot = [1]spapou
(++1 funoDsrpropousy {0=1)10]
AURODISITPISpOU = juno)spou

‘[clp1epou<-ngom = [+Hunoisriplepoulisrprapou
. (ON == 31punoy)y

‘SHX =1Ipunoy

(Ifhsriprepou == [z]pfepou<-ngore i}
(++ HRONSITPIpous{ {o=/)10§
*ON =1[punoj

:8225:05&98 = H++E=DU§AE%05«mﬁﬂonom
(ON == punoy)yr

*SHA = 1punoy
({fhsrIpropou == [g]plopou<-ngse )1
(++ Junodisriprspous( to=Niog
‘ON = 11punoy
/% PIAUIOdUS Apeal[e 218 JT YooU ) ./

“(PIoFe)Andorypuy = ngose
:[T]splore<-nquumjos = pIome
onunuos (1 > [1lsprome<-ngumnioo)y

.o

A25

Appendix A MAPPER Description and Source Code Listing



12

{ APIONURD = X PIONU20<-1JUiniod
XPIONUa) = ¥ PIOoIuRd<-NJuinjod

‘eaIe = BANY 0B MS<-1)JUHIN[OO

Yeaaq

‘0 pAETA + [P1A + [€)4 + [2]A) = Xplonuad
‘0plplx + [g1x + [Z]X + [1]X) = XPplonuad

(L1x[p14 - [P]x4[€]4 - [€]%4[T14 - [TIx4[T14-
[T &4 lp)x + [p)AeleTx + [€1K,dT]% + [Z1A4[T1]X )sG'0 = vore
p 9seo

eaiq

{[1hsro = Apronuad
: :[0PsrT0 = Xpronusd
(IS0 A X)1SURLI L PIZIBISUSD JOPIONUS)SIBNO[RD

(L% €1 - [g]x4[T)L - [Z]xu[T14-
(1184 L€1% + [€]4:L2]X + [21A4[1]X )60 =voIE
(g ases }

(unoDepomyoIIms
W[ Jo adKy 1 oAy 4/

{
‘[1]sareuIpIoOI<-TiJapou = [1]A
‘[0]sereutprooa<-ndapou = [1]x
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{
uAEGE:HoUEmobmmsvmbmqﬁioomzxoﬁ = nJuumpodueansdn
‘pruwnjod<-npuowsuesnsdn = pruamnjoyuresnsdn
}
(TTON =j ngwswargueansdn)jr
ﬂAuﬁ:oEﬂmEmobmmam:%:uEEmm:Moc_ = JJiuaws[guieansdn
uu_EqummEmobmmzA-bn_uommBom = ppuswegweansdn

‘p O[]

‘TP s[qnop

STATX TAIX Ky yeoy

“PIvwnjo weansdn‘ prummo)wesnsumop w1

*NJUUIN[oDWEISUMOP ‘BJuumpoyureonsdn MUOAM..ZEDAOUL

‘PRuswargueansdn ‘PRUSLUS IR T)SUMOP jui
ngruswaguIesssdn .bmuzoﬁoﬁmguuhmcko_u D079 LNHNA T9d

}

(ndaoegmory AD0T9 HOVAMOTHA)A 19 denoqes
o[y

/% wf
{

{

~IPOOIFUUNODIXONA<-IJUIINIOD = HJUIN{od

A27

~ Appendix A MAPPER Description and Source Code Listing



{

AEE&&

00=p
asfe
{
‘Zp=p

{(zpybs = zp
HTA- TR (TE-TA) + (TX-TX)(TX-TX) = 2P

1 APIOQURd<-N JUuno)weansumop = zZ4
.mNEobcooA-meH_EoUEmmbmcaov =7X

‘A pronuas<-nquunjo)ueansdn = 1£
Xpronuso<-nduumniodweansdn = 7x

}
((TINN =j AduunjoduIeansumop) 2% (TINN =| Aduwnjo)ueansdn) )y

TTINN = BJUUn[O)UBafSuMop

2812

t
(pruwnjopuieansumop) Jnduunio)dnyoo] = nJuumouIeansumop
{PIUWN[OI<-1} JIUSWD[FUILINSUMOP = PIUUIN[ODIHRINSUMOD

. }

(TINN =i DIIUSWSHUIESNSUMOP)]T

{(PIUSWAHWEISUMOP) JIIUSWS[HANYOO] = I} JIUSUID[HUICINSUMOP

P HWRANSUMOP<L-T} JI0RJMO]] = PIIUSWIA[FWIRISSUMOP

TINN = ngquumioduieansdn
2812
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I

*100°0 = HONVIHTOL jeojj
‘TP fqnop

iregA ‘egx jeors

*P 74 ‘19 ‘T ‘Tw eoyy
‘PIOBUADIUIA ‘pronusyw 1e0[]
:gepou ‘Tapou ut

“HdTAPOU ‘Nd3poy  YDOTA HAONd

tadA poun u1

-idore 00T D¥vd

TVATYX TVATYX ‘TATX TATX KX Jeopy
‘pruwnjoywreansdprey .E:EEcoEmobmckoQu& Jui

quEEoUEmomeDumm .bmS:EoUEmubm:BoQu& MUOAmiZEDAOUL

‘PIuuIRjoDweansdn prumnoyWesnsuMop g
duwnjodweansdn 1 JuuIn[o)EsnsuAMOp ADOTE NIANTOd

‘PIUSWIgUIEaNSd[) e} ‘PHUSUIA]FLIBSNSUMO(TIE) g
HidiueuIe[WIEaRSA(}18) ‘N USUISHUILANSUMOQIE)  MDOTE  LNTNTAd

‘ppuswFweansdn ‘PIIUAWAHUIELSUMOP up
nqiusnisigueonsdn ‘Hdiuawis|Fueansumop MO0Td INFWAT1ad

}

( ngeoeqmory AD0TH HOVAMOTA )~ (g ore[nofes
oYY

*f
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H1]soreuipIooa<-nd1apou = [ VA
{[o]sereumipIoco<-TIJT9pou = (VX
‘(Tepow)JndspoNpuy = ndapou

{[ZlpIspou<-ngare = zapou
‘[olpIepou<-nJore = [apou
ngom<-ngooeImo]] = nJoie

}
((TINN == Hduwunjopuweansdn) 9 (TN =i DJI2edMorr) It

"TTON = BJUNODWEANSUMOP
aspR
{
{(pIuunjowIRanSUMOp) JiJumnjoydnyoo] = NJUUIN[O)IHEINSUMOD
PPIIUN[OI<-NJIUSWR[HIWENSUMOP = PJUUN[OUIEdNSUMOD
}
{(TINN =i DUSWIAWEISUAOD)JI
{(ppuswaHUIRALSUMOP) INJIEsuIa]gdn{00] = NJIUSWIS[HUWEANSEMOP
{PIUSWIR|HUIEINSUMOP<-T 0B, MO}] = PIIUSWIAHWENSUMOP

TINN = ndumnjo)meansdn
ospo
{
{(pruwmjoweansdn) nguunjo)dnyoo] = nquunjoHureansdn
‘plumnod<-nJiuswejguieansdn = pruwnjoduesnsdn
)
(TION =i Kusuragweansdn)jr
{(privewsrqueansdn)nJiuawagdnyoof = ngiuswopquieansdn
‘ppuswagquieansdn<-nJaoe Mol = prucwspgueonsdn

20°0=P
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1%

"TVOLLYAA = 2d4 [our]
(HONVIATOL > (1%-2X) 1
uﬂo

"TVINOZIEYOH = 2dA 1ourg

(ADNVITIOL > (14-74) 1
adfy sy 198 &/

: APIORUBd<-NJUUINJODIRANSUMOP = 7
“XPIONUII<-TJUUN[ODYUIBANSUMOP = ZX

- Aplonuas<-nqumnjoduesnsdn = 74
“Xpronusd<-nquunjoueansdn = 1x

}

((TTINN =i BdwunjopwEsnsumop) %% (TIN =j Ndademory) )it

{

REEBE
‘P =p

H(zp)ubs = zp
HTA-1D)(TA-1L) + (TX-1X)4(TX-1X) = 7P

- APIONULd<-NJUIN[ODWEASUMOP = 74
"X PIOUI<-T} JUIN[ODWRANSUMOP = ZX

0/ @VA+1vA) =14
0T/ (TVX+ 1YY = IX!
‘[1]sareurpiooo<-ngzapou = g4
‘[0]sereurpIooo<-ngzopou = Zyx
*(Zepou)IndapoNpuy = ndgepou
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{[z]pIepou<-ngom = gapou
‘loIpIepou<-ngore = [3pou
{NJore<-ngaoe Mol = ndoe

IVOLLYHA 9882
“yealq
‘TP=p

TP-=TP (00> TP W
TX -TegxX =7Pp

0T/ YA+ 1vA) = egh
{0/ (TYX + 1vX) = 1egx

‘[1Jso1RUIpIO0DC-NIJ7opOU = TV A
‘L0Is91eUIpI002<-NTAPOU = TVX
+(ZopoULINJ3PONPUY = NJgspou

{[1]sareuipiooa<-NJ[opou = [ A
[[Qlsoeuiprooo<-nd[opou = [¥X
‘(1spou)JndspoNpuy = BJ[opou

\[ZipIepou<-ngom = zapou
‘{olpIepou<-ngom = Japou
INdoTe<-NJa0e mol] = JJom

“TV.LNOZIYOH ssed }
(edA Laur)yonms

P

NAIMLEENI = 2dAT8un
aspd
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I

‘[1]sareuipIooa<-ngopou = y4
‘[o]sereurprooo<-ngspou = [ yvx
{(1epou)gndspoNpul = BJropou

‘[Z]pIepou<-igore = zapou
‘[0]JpIepou<-ngore = yapou
N dore<-1490e MolJ = ngole
oI Jo uonenbs ajenore)y 4/

T TW-T4=1q
(42K 1 (1%-7%0) = T

:NHHM LAGN] o580
URO&Q
‘P=p

TP-=2P(0'0>7p )N
‘ZA - mgk =7p

0T/ (TVh + 1K) = regh
0T/ (TVX + [VX) = regx

‘[1]sereupIooo<-ngzepou = gvA
‘{0]soremipIoco<-ngzapou = Zyx
“(zopou)dngspoNpul = nggepou

‘[T]sereurpiooo<-ngropou = [y4
:[0]soreurpIOOO<-NgTopoU = [yX
“(Tspow)dndapoNpuy = ngyepou
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f#

( ndsoedmony JD0TA HOVAMOTI ) 11g ote[no[es
107}

#f

{plumyer

yearq
wp=p

{(zpyibs = zp
HTA-K)(TA-K) + (TX-X)4(TX-X) = P

H(qur-Tur) / (Tqe QW - 7qx W) = £
gw-Tw) / (19-29) = ¥
I SUI] OM) 2}
JO UonEI0] UOTIISSIIUT 9J8[N0[R)) &/

IV TU-TVA =79
‘(avA-TvA)  (TVX-2yx) = zw

[1]sreuipIood<-n4zapou = 74
[QIseUIPIO0I<-NJZIPOU = ZTYX
‘(Zopou)dNdspPONPUY = NJZIPOU
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( (TINN =i hdyuewsguiesnsdnres) % (TN =i Nduwnjodureansdn) )jx
‘(pruswerguIEansd ) rey) g giuswaygdnyoo] = hguswoiquieansd) ey
‘PRUSWRHWEeansd ) ej<-NJI0B Mo = priuswierguesnsdnaey

TINN = nguumnjomeansdn
aspo
{
”6_cEEoUEmo.:&E.mmechUm:xooﬁ = Rduunjo)wesinsdn
‘PIUUR[OO<-NJIuamiaguuesnsdn = pIuwnjodweai)sdn
}
(TION =i hdyuswsgueansdn)jr
‘(pRuswsgwesnsda)yngiuswsfgdnyoo] = I ususpquesnsdn
‘PRUswSfguBansdn<-1Jodseymopy = pRuswaygueansdn

‘zp aIqnop

p JBOJ

TATY 1hX 1eop}
‘pruamoyureansdpsey jur

-hduumjojureansdnrey YOO TE NIWNTODd

‘ppusws[ueansd.te] ur
-Ndiuswarguieansdnrey YDOTE INIWNA T

‘pruuamjoyweansdn ur
~duwmnjodueansdn OO TE NINNTODd

‘Priuswerguzonsdn Jur
-iquewaiguesnsdn Y01 LNANH 1A

}
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%

{PIUUIN[O LB SUMOD 1

inquumopureansumop  YOOTH NINNTODd

prveue IR SUMOD ut

QAR quEInsuMop  JD0TH LNHWHTE
}

( ngeoegmol} D01 HOVAMOTId )d JIg 91enofed
o[

#/
{

{(puinjax

00=p
as]e

{

‘Zp=p
{(zp)mbs = zp
A TR (TA-TL) + (TX-TX)5(TX-1X) = TP

¢ A pronuos<-nquunjoDweansdn ey = g4
S} pronuas<-nduunjopureansdnrey = zx

¢ A pronju0<-nquunjodurzansdn = £
Y pronuso<-nquunioduwesnsdn = 1x

{(pruwmjoneansdnre)) Jnguunjoddnyoo] = pquuniopureansdn ey
‘pIUIURjod<-T JiNeuIa]guueansd ey = pjuwnjo)ueansdpe]
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* APIONU2D<-NJUWN[OWIBLSUMOP = [
"XPIONUS<-1 JUIIN[OUIBATISUMOp = [X

.AEE:EcUEauh230%&5&&5200@502 = JUN[O)UIBINSUMO(TIE]
EqEEooA-.z%:oﬁﬂmEmobwcaoQ.am = PIUINjODWEaNSUMO(TIR]

}
((TION =i Bguewoguesnsumoqey) 3% (TIN = i HUUIR[OWIEINSUMOP) )1
.@ﬁ:uEBmEmubwcaoembmb%:oaoﬂm@_&co_ = I} JIUSWO[HUIBRIISUMOCTIR)
‘PIIUSIISIHUIELSUMO(IE)<-1 J30B]MOT] = PPUSW|HUILIRSUMOTIE]

“TTNN = RJUWnoDWeansumop
5[
{
Q::EEoOEmohm:BoE&b&E:EoU&:xoo_ = NJUUIRODURITSUMOP
E:EEouA-.:mEuEu_mEmuhm:&% PIUWN[ODUIBSNSUMOP
}
(710N =i DIUSUA[WIRAIISUMOD)JT
.ﬁEEmEuEEmu.umcBoEmHEEQEuHm%MoE HJIUSW[FUWRINSUMOpP
‘PRUSWS[HWESIISUMOP<- NJS08I MO} = PIIUSWIS[WRAISUMOP

‘P S[qnop

P oy

HANA S TN S 1e0]J
PIULIN[O)WIRDTISUMOCTE] ur

-IquuInowWesnsuMoqe)  D0TE NIWNTOId

‘PIIUSWIS[HUIRAISUMO(]IE) jur
TJUSWSHWeANSUAOTEY  MDOTE ININATA]
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%

( (TVINOZRIOH == Uonwuusiio<-ndaoe,jmof) 3% (TIN =i 1d08Mojy) Jopum

L gooI s TeorIMolpesHd = 11daoedmop

% sooue)sip pannboi oy
018[NO[ED PUE J0BJ [[20 YOBS QUNIEXT ./

Ngaoedmorly DO HOVAMO T

() ISPIONUIDUIIMIFTIOURISI([IIR[NO[BD PIOA

a#f

{(p)uames

00=p

asje

H(Zp)wbs = zp
HTA-T)(TA-TK) + (TX-1X)4(ZX-1X) = 2P |

¢ X PIONULO<-I JIUN[ODWLANSUMO(TIR] = ZA
X PIONU0<-NJUWN[ODUIBINSUMOTIR] = 7X
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Ix

1

I

I

iII4 21e[nTe]) 4/
‘(NJedeIMor) A (Ig stenoes
= 3«&@:<EEEQU=8&Bmuocﬁmmghmo.:mnkovA-bmuomchm

1a1d emore) 4/

{(ndooegmor)d T o moged
= SPIONUI)UIIMIDGAOURISIP<-11 008, J MO}
i1 Senofey 4/
JUSWIA WL ISUMOp

9U) puUE 08JMO[J USIMIOq Q0URISI(T = (I

"PIOTU3D

JUSWIRTHWEANSUMOIE] PUR PIOJIUSD
WISWSTHWEINSUMOP UIIMI3Q 2OURISKT = YT

"plonusd

JUSWIS[HUIZONSUMOP 9L} PUE PIORUSD

Juswisfweansdn usamiaq souelsI(q = Ig

"PrOnUSO Jusuia[gweazsdn pue pronjusd
JusuISWRINsd 18] USIMISq 9UBISKT = I 4/

by

((AIVANNOL == adAi<-ndaoeimop) || (TVNAELNI == adfy<-ngaseqmory) Iy
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[

[thwast =[Sy
{(++1 1g>1 Q=1)10]
updure)

Helowsn [elrs ur

VP

}

([e]astp aur ‘[€]wIsT] Jup) Jowre Sy [Ty SISITOM [ JIHO3UD! Ul

#f

{
ngyaoigaoe Mol IXaNd<-NJaoeIMol] = NJo0BIMOT)

Fx Q2BJ MO[J XU 0) 05) 4/
i(ngeregmolDd gIg se[nojed
=SPIOHUIDHWEBIISUMO(JUIIMIIGIOURISIP<-I JOoRJMO{)
[+ idId SI1B[Mo[R) 4/

‘(ngeoegmoI TIg semored
= spronua)weansdjusom1agaourISIp<-NJooeIMoJ

Appendix A MAPPER Description and Scurce Code Listing

A40



I

([ehst wut )ASISIXEIIVINOSYO SID0TE DUV

l

I

((felost == [g1ns1) 9% ([1]7181 ==

CISH OS »/

IS MOS /

#/

(ESTYDuImar

as]a -

(ENYL)uInger
(1113810 2% ([olzasy == [)Tast) )

. {
hupdwsy = [f]zisy
([0zsty = (st
HHosy = upduey }
[y < [Nosimy
- (+H >l =0y
(++1 1> g=1)10]

‘s = [rlgwsy
(++1 €51 {0=1)10]

{
Wupdwey = [[]13sy
‘[fIsy = sy
‘[ 1asy = juydurey }
([fsy < [DISIDR
(++{ tg>T t1+H1=N10g
(441 1g>1 {0=)10]
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I

nquumjoiuLImd,. DO Td NIWNTOD
‘[og}nsAununp Ieqo
spndur, 3T

}

(O9quonsauuo Ut pear
ptoa

#/

{
H{TINN)uwInaI

INgRooIgoIyIXaNd<-Tigo1e = 1o

{

‘(ndore)urmal
(swregat I Ty sIequInu)jl
{81 [0IPIePOU<-T} J01R 3R ) JOWISSY T ATV SISTTOM LID{O0UDT = Jwegay [Ty sIaqunu
}
(++1 ig>1 {o=Dio] }
(TION =i ndore)amm

‘ndyoojgisrorypesd = ngorme

7

lsuregay JarysIaqunu Jur

3

ndorey DO DAV
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f  oures s8re 31 o swmar dwons ./

% i°|y jo
PU9 3yl ANOAHS pear LSHL 2y Joye
anjeA (A(1¥.L) OIZUOU B SUINJI J30J /.

% o[l 3O PUB 1{1 peay 4/

= )
‘g = ad{ Loury
( (., 7D, ‘ngAwrump)durons; )1

HANLSHAHLO = odL2un

“yearq ( Gindur)joay Yy

‘(nghwwinp® s9; ‘andur)jueosy
}
(T)orym

{
“(onree

(um\,093°Z014, uado 03 ajqeuq) , )und )

/% 31 9jqe)
UON23UU0D 9pou 0 Juawispe oty uadQ) ,/

(TION == yndunp

*(1,4093°Z014, Juadoy = pindur

‘xopur ur

‘[0Zhsriepou ur
TRDUISspoNIOIaquIny jur
DdoTy DO DUV
‘[€lorvurspou wur
‘quno)ore s

‘odA oury 1 g

“dopoNIusIInD,  }D0TY HAON
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‘AIOZVAV YL = 2d£ L uumjoo<-nduunio)iuarmnd }
(8 == [[PQUISSPONJQIoqUINU )T

{[ost1spou = [[[3DuIsopoNJOIqUInU]IsiTepou
/+ Spou ise| se pJ apou 1sat) yeaday ./
M BDUISIpONIOISqIIRU
(0 =i [thsrTepou)yr
(++1 18>1 {p=1)I0f
{0 = [PDUISSPONIQIoqUINY

([1hsr1epoux’, p%, ‘pndurjuessy
(++1 18>t {p=T)10]

{(PIUWIN[OI<-NJUUINIODIUSLINGY® P2, ‘Indur)jueosy

ISAFAVT HO dHAINNN = SIARJOIoqunu<-I}Juiinjo)jusrmd

{400 UIIRIOMAN IR0 B = JIJLUIN[O)IUDLIND

% *3[1J UOIO2UTUOS )
WoIJ (J] JUSWI[S 3Y) PEIX oM 0§

“I0AR] 90BJINS Y] J0] O VIARI Ul
pazaquinu e £a1) S8 SHUA[S

InO JoqUINU [JIM 3M JBY) AON 4/
gD oseo |}

(ad£ T aum)yonms
{

*NND = odA L aurj
{ (LNNDO, ‘ngAurunp)duonsj )y }
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yeorq
{

"PIoIe<-NJoIe = [JUNO)OIR]SPIONe<-T} JUWIN[O)IHATING

{
{[]oryurapou = [z]prepou<-ngore
H{1]oryuropou = [1]prepou<-ngore
‘[olorvurepou = [g]pepou<-ngore
O:I001gory manL)eo0][e = nJore }
(TINN == ndome))1

{ oXuepOu )JSISTXHOIVIIYO9YD = 1jgoTe

{
*[xsputlistyapou = [1]oryuropou
H+X3put (0 =} Dyt
)
(++ tg>1 {o=Nio}
}
(+HUNoJIe {H>UNcHoIe {)=junodIR)I0]
0 = xopur

{AI0ZVdV UL 9880
}

(ad4 L nun[oo<-NJUUIN O IUSLIND)YS)IMS

{

: = WNO)IIR<-N) JULHIOD)IUILIND
‘HTONVIYL = odd fuwinjoo<-ngumnyo))juarino )
(9 == [PDUsaPONIOI2qUINU))Y
= o]
{

‘¥ = JUNODOIR<-NJIRUN[O))IUSLIND
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yeaiq
{
jeaxq
{
PIoIe<-11daie = [JUNo)dme]sprore<-a JIunjo)aIms
{
{z]oryurspou = [g]p[opou<-nJoie
‘[1]oryuispou = [1]p[apou<-ndore
‘[0]oryugapou = [g]pIapou<-ngore
(OO0 HIIY MINAIBOO][B = D JoIe }
(TN == Ador)yt
{ oryupapou ) ISISIXHIIVIROdYD = nJore
{
{[xaputhsrapou = [1]oryurapou
++xaput (0 =j DI
}
(++11g>1 {0=D3oJ
}
(++HiunoDHose (£>JunoDole (G=1NooIe)I0}
{0 = xoput
CHTONVIIL 9580
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I

()soryo] suwnjodeur
ploa

*f

{
{(yndui)esoroy

Nearq

mﬁEmBﬁ:EoouA-bmuﬁoZthzou%.L@..ﬁimﬁwgoﬁ
(1151 {0=D)10J

“(PIPPOU<-TIJIPONILRLINOY", Po5, Jindur)Jueos)
HOP00THOPONMINSIEI0][E = N JOPONIUSLIND
f¥ 91} UOTIOBUUOD Sy} wiol) pi
Spou Ay} peal oam 0F "GTVIARI I

paraquinu axe £3tf) Se sapou i
INO JAQUIRY [[IM oM JBY) JON] 4/

:NND 2582
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aspe
{
{pIuUmos<-NJuuunjos = [ [ juumgousoefpe<-ngore
[1]Juwnjopusoeipe<-ngore = [pluwnjodiusselpe<-ngore }
([ Juwnjousoelpe<-ngon < pUlnjoo<-IJuiunjod)j }
as[e

{

TPPIUWR[00<-NJuuinod = [ [ Juwinjousoe/pe<-1Joie

}
(1~ == [1Juumnjoyussepe<-ngore)J

[ I8I[ UWENJO2 Juooeipe U ISII)
2 ST PI BIINJOO JI[JBUS S1]) 08 13§ 4/

(PIorE)INJOIYpuUy = Nore

{[1]spIore<-nJuuunios = ppoe

‘anunuod (1 > [1]spIote<-nduunjoos)|
}

(++1 uwsoUoEA.bm_HEEoov_ =110}

/% Soxe [enuajod § sey wunjoo yoeq 4/

}
(TINN =j HJuunjod)aIgm

‘noorgistummio)pesyHd = NJuwmiod

dduragr ‘1 bur

iproxe ur

Mdore DO TA DUV
nquuniod YH0TE NIWNTODd
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fx

‘anufjuoo

{

EnﬁooE:EEoUEoZmA-meE:Eoo = Zhquunios }
(nquunfod == Znguunjos)yr

}

(TINN =j ¢nduuniod Japrym

“npoIMIs TUWnjo)pesHd = Znguwnjon

“Ipunoy ‘1 yur

‘eduumpod D0 Td NINN'TODd

(ProFe juy

}

UM 00 Y30 TE NI TODd)OTY PAWENIOIST TUWIN[0)YOesS

Wy

#/

{

‘ndypoIguUINe N XINd<-HJUUIN[0d = HJUR[od

*PIUIR[OI<-NJUUN{0D = []IunjoyIusde pe<-1doTe

{

{
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I+

ndydojgepoNArepunogpesd = ngapoNArepunoq }
_ (++1 1g>T1 {p=DIo}

4Ipunoy yur
‘1 ‘pJapou yur
‘ndepoNAlepunoq Y019 HAON AYVANNOLd

}

(Mdo1e IDOTE DUV d)IATepUnog MOl VSTV PIOSY!
ur

%/

(1wl

{

I IYooIgUUNIONIXINA<-Z I JUN[OD = ZHJUWIN[OI

{(pruwinfoo<-7 I JIUN[0) Wiyl
(3[punoy )Jr

{
“HNYL = [punoy
(PIoTe == [1jspIore<-gNJueinjod)yr }
(++1 unoDorR<-ZNJUHN0I>T {0=1)I0f

HSTVA =31puncy
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I«

TVYNYEHLINI = odli<-ngore
((1- =i [1]wunjousoelpe<-ngore) 3 (1- =; [oJuwnjoyuacelpe<-ngore))yr }
(TINN =} Hdore)[IYM

‘DEoolmsT oIy progd = ngore

nsax g
Ndore DOTE DAvVd

}
(gad4 Loryeunuiaiap proa

#/

{
{sgxumger

H{ON)uanyax
(ON == 11punoy)jr

{
“Ndyo0]gapoNAlepunog)xau<-1depoNATepunoq = NJapoNArepunog

{
yealq
‘SHA= Ipunoj }
{pIspou == PISPONATEPUNOQ<-T JOPONATEPUNOQ)JT
:[1lprspou<-ndore = pjapou };
(TINN =i BdepoNATepunoq )oqym

‘ON = J]puncy
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fae

(+HUnoDdIE JUNoIIe<-

NJUIR[0>IUNO)OIE {()=uno)ImR )10 }
(TINN =i BJuun[od)ym

goorgisruunio))pead = nJuniod

‘pany) ‘puooss ‘J8ay 1 u
PPIULIRIODISIO ut
PIore ‘June)ore Jur

nquuniod DO T NWNT0Dd
}

(uunjopysegIoJsumnioioqusroNdewr
. proa

%/
{

{
ingyoorgorvixaNd<-ngore = ndore
{
TIVA = adAi<-ngore
os2
‘AAVANNOY = odiic-ngore |
(SHX == )nsany

{(ngore)JArepunog Mol VSIOTVIRPaYDI = )jnsar }

as[e
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I

{
((ON)ungar

{(SHX)uImiox
( ([Zlprepou<-gngore == [1lprepou<-{ngomn)
I
(I1]p1epou<-zngome == {Tlp1epou<-1agore)
il
([0lp1apou<-zngore == {1Ip19pou<-1ngore) )i
(++11g>1 {g=D)i0]

T Jur

}
(zndore D014 DUVd ‘1ndore AD0TH DAV A)ISOTVOM LUIAPONUOURIODF[HOY T
ur

#f

“NdPpeo U NXINA<-JUUINOd = HJun[od

{
{

'pIoTe = [+-Huno)Hmun[o0qyse NUOUWIIOO <-1) JUUIN{ 00} PoIy JoqUS1a N UOWHIOd< -} JUWIN[0D
{pruwImo YO = U:=oUmEEoUHo§wEZmoEEooA-._E:EEo33:8:ﬂoouoa:wBZ:oEEoQA-bmSc28 }

{0 < pruwmio)sayio)y
i
“( PI9IR “NJUWIN[0Dd )01y PIALUBNIOISITUWIN[O OIS = PIUWIN{ODIOY30

‘hluno)ore]spyore<-nJumnios = proe }
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I

{(TPIOTE)INJOTY UL = ZNJore
}
(ZpIo3e =| prore )31

‘[1Ispiome<-nquuin[os = ZpoIe

}

(++1 1p>1 10=N)10]
{ON = asryaysoddpunog
{(PI218) gy puy = Ndore

‘JIOZVd VYL o580
}

(edA Luun[oo<-nJUUnjoo) s Ims

{(pruwnjod) Induwnjo)dnyoo] = nJumnjod

‘Ep ‘TP Jeo]]

‘PP oI[quop

AN A SR} jeopy

TpIore ur

‘oryasoddpopunog jur

SHnSar ‘1 LIt

‘gndapou ‘Tngapou ‘ngapou  JDOTI AAONd
‘EPISpOU ‘ZPISpou ‘pIopou jur

‘ENdoTe ‘THgom ‘ngore DO DUVd
aduwmnjod  YD0TE NIWNTODd
}

(proe yur ‘pruRun[od Jun)JUunjo) Uy asoddopuy
00T DdVd

*f
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(T==D51
bl )
{
‘(ZIspIore<-ndquuniod) nJorypuy = ¢ugore
‘([0]sPIore<-BJUWN[O0) N JOTYPUL] = ZNJOm }
(I==Dp
5[0
‘ {
‘([Z]sppore<-nduunjoo) HdoIypul = gagore
‘([T]spIore<-nJuunjod){HJory puij = g jore }
0 ==15

yea1q ([1]spIoTB<-NJUUIniod))!
(++1 tg>1 {0=1)0y

“(PIoIR)INJoIVPUY = NJore
‘ATONVIAL 9580

earq

(TINN)wImer
as[d
{{zndore)ungar
(SFX == oryaysoddpopunoy)yt

{
es1q
'SHAX = oryansoddopunog
}
(ON ==1ynsanjr
H(Zhdore ngom)gsoryom Lufapo NUOWODI YT = J[nsal

A55

Appendix A MAPPER Description and Source Code Listing



Hendgoreyumal
o8]0

{(Zhdole)uimal
(ep > Zp)3

‘pp = ¢p
{(pp)uibs = pp
HZA-TR)4(TA-TA) + (TX-T0(TX-1X) = PP

[ 1])sareuIpIooo<-HNJopou = g4
‘[p]saeuIpIoca<-NJIpOU = 7X
{(€PIPPOU)INJIPONPUL = ¢HJopOU

‘Pp=1¢p
‘(pphibs = pp
HTA- TR (TA-TA) + (TX-T0)5(TX-TX) = PP

M.H:moﬁﬁuuocuA-._Euuom =7k
[[o]ssreuTpIo0I<-NJopou = 7X
*(ZPIepOW)INJSpONpUY = ZHJapou

‘[ 1]s9eurprooo<-ngapou = £
[p]sdreuIpIoOO<-Ndapou = X
H(PISPOW)INJaPONPUY = NJapou
‘[TIpIopou<-gLdore = gpIapou
‘[1ipIepou<-gndore = gpIopou
‘[1IpIepou<-ngore = papou

{

{([11SPIOIE<-NJUUIN[O0)NJOIYPUY = N Jore
([0ISPIoTE<-NJUWNI00)FNJOIYPUY = ZNJOTe }
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Ix

{
g-= EE:EEoUm.ﬁonsmmoza_o:m:oo@bm:&&oo
aspe
{
:[p}uwniousselpe<-ngoryiey = [rlpruunjopzIoqySreNucunuoI<-nJumnios
as[o
:[1Juummouasepe<-ngoryie] = EE:EEoUmhopcm_chcEESA-hquz_oo
(pIumunjodIay0 == SHE::BUE@%.:um.n-hmo.:x.atm_
“(PI2IV3eY)0 ‘pIUUINiODISYI0)Umno )y uaryaNsoddQpuy = ngorviey )
(1- =] pIuwnjoDIa110)31
“EEo:..\aonﬁ_mﬁozp_o:z:ooA-._EE:Eoo = pIaiviaygio
mEEqE:BU.Sp:mBZacEEooA-metEou = praumfo)Ieyio }
(++1 JURODOTEL-T}JUUINOI>T ()=1)10]
}
(TINN =i Bduunjoo)arym

“Hpoorgisruin[o)pespd = 1) Juwn[oo

N@OIVIE)  DOTIE DUV
‘PIPIVISIO ‘pIUWIN[ODIBO T jur
nduwmios D019 NN 10D

}
() quumiopyoegiosumnio)ureansumoqpuyweansdndew
proa

Al

|
(TINN)wInRx
I v-yae) ./
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I

{

tndorguunioDixaNd<-nJuunioo = nJuuwnyod

{SI0AB ] OIoqUINUS-HJUWIN0D = SIOAL TIOISQUINNLUENTUIXBIATL
(s19AR TJOIQUINNWINWIXEATL < SIOARJFOIOqUINUL-T) JULR[0D)]T
}
(TINN =i Hduwnjoo)dqrym

‘nporgisruuunoypesyd = nJuuinjos

{0 = SIARTIOISQUINNJWRWTXBIATT
I 1SI] ULUNOO Ul
s194e] JO IaqUINU WWIXBLW SUTUINAJ 4/

. ‘PIUBSWIA[HO TRUIYISE] Ul
1 ur

S[18D30QUINNT Ut

‘PHIeAef[RDIULIINDT T
{SIARTJOIOQUINNWINUWIIXEAIT Ul

nduumiod, JID0TE NIANTOO
NJAA0QVIUSWA[R, DO T LNAWATH
S QuswRpRy }DOTE LNFWHTH

}

OISITIusWe[go1BaI0
proA

wf
.*
{

NPpPorguunioXaNd<-IJUIn[od = HJUEUnod
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UT S JUSLSYS S& QUIeS S(J] UWR[OY) 4/

[

I

PHUSWIH(T BUI<-IJIUSWS = PYIUSWSH( ] BurgIse]

{

NPPo[gUWN[O N ¥INA<-NJUUN[O0 = HJUUN[od
HHS[[DJQIqUINNT
*PRUSWAA<-T JIUAISS = PRUSWS]H() [ BUkI<-1) JIUSWIS]D
*PIUWN]OO<-HJUIIN{OD = PIUIS]S<-NJIISLIA[2
*PIRARTIIODIUSIIND = PIake]<-NJIUswope
AUNODOIE<-N)JUWIN{OD = JUNO.)OIR<-T)JIUSWISfO
‘adA LImnjos<-nJuunjos = ad£ [Jusuroe<-n Jjustieo
*PIUIN[OO<-NJUIIN[OD = PIUMIMJOI<~1} JIUSUIA[S
~IIUSWIS = I JIUSWIFIORIINS<-1) JUUINJOD
‘N IULWIR = DJIUSUR[o<-N JIUN[0D
‘O PIo0IIUSISTTMAN B0 = nJiusuap

(TTION =i hm:EEoovo:n%

dooigistTuminfoypesHd = nguuinios

“JIaAe[ 9oeJins

0 = S[IRDIQRqUINNT
*T = pHake {[auamn)1
1811 JoAe] 20BJINS O] 4/
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I

‘ST[RDIOISqUINNT = PIIUSWUS[I<-T) JIUSUIR]S
HHS[[RDJOIRqUINNT

{PHLARTIRDIUSLINY)] = PHRAR[<-N)JIUIII]S
ISR = I JIUAL[O<-T) JHHN[Od

NJIUAWID = NJMO[OIUSWII<-1) JIA0G Y IUSUI[D
{NJIA0QYIUSUEI]R = 1) JA0QVIUSURO<-I JIUIWI[d
‘N JIUAWI<-NJUUIN[CD = NJIA0qYIUAWA[D
UNODIIE<-NJTWN[0D = JUNOD)IIe<-HJIUMI[S

‘ad A L runjos<-nJuuniod = adA [ JUaMIS[a<-1 JIUSW]S
{pPIUWIN[OI<-TJUIN[OD = PIUMIN[Od<-T)JIUUIS]O
OO0 IV MANSIEO] [ = AJIUSUI[S

}

( s1edeTjQiequnU<-NJUIIN[0D => plIaAe o IURLIN)NJI

}
(TINN =i HJuun[od)aiym

‘oo qIsrrunjo)pesHd = nqumnjoo

}
(++prrefeTjeDiuann)
{SI9AR JOIqUINNWNUITXEJAI=>PIIRAR T DIULLINDT
7 = PHSART[RDIURNINDN IO
SIaAe] 92BJINSQNS [[8 OP MON] 4/
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[

(sjuswargroqusraNo Jiuswsjgdew
p1oA

*f

{
"D IAooqUUINio N XaNd<-NJUuIn|os = [ JUWnos

{

NJAA0Q Y JUSWSIL-T JIUSTILLS = I} JIUSWA]3
'PIUSWSHO TRUNGISe[++ = PRUSWA[H( | BULI<-NIUSWfR }
(TTNN =i NJPAOQYIUAWA[<-NI USRS TM

"NdMOTAIUSUIN[O<- I JIUSUIID = N JIUSWS[o
(TINN =i NMO[PFIUAW[I<-NIUIW[2)[Iym
I JIUAMWS[FS0RFINS<-T}JUIIN]OD = J)JIUSWS[S
}
(TTINN =i Hduunjod)sHyM

‘ngpoigisTTUmInIo)pesHd = nguunioo

I PIvSWISFQ[RuULE
XSU) (PIM SIS T8 JOQUINU MON] 4/

f
NPoguunjodIxaNd<-NJUWN0D = 1 JUIR[0D

AB1
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‘ngyoolgIsrumniopesyd = nquwnjod
}
(510ABTIOIqUINNUINWIXEAT => PHIARTIUSIIMI)SIYM

{1 = plIeAepusing

{

‘nporguumoxaNd<-nJumIn[od = nJuuafod

SR TOIRQUINUL-NJUUIN[0D = SIAARTIOIAQUINNINWUTXBIATE
(s30Ae TIOISQUINNWNWIXEA! < SIARTJOIIGUINU<S-T}JUNIN]OD)JT
}
(TINN =i NJUWN[o2)a]1ysm

ngporgisruunjo)peasHd = nguunyod
0 = STARTIOISQUINAJUINUEXEIATT

I+ ISI[ UWINJOO Uy
s104e] JO JAqUINU WNIXBW SUILISNA(T 4/

NJIUAWS[HIE] ‘NJIUAWSIHISYIO0 ‘NQIusuLRE D01 LINIFWNATAD

{SI0ARTJQIqUIN AW XR AT g
‘prIsAeTIURLIND ut

a jul

spIImn[ODTe] ‘PIULINOISHIO ‘PIUINOD ut

“RUUNJODIEY ‘DJUIRODIYI0 NJuumiod  MDOTE NINNT0Dd

Appendix A MAPPER Description and Source Code Listing

A62



N MO[IgIUSUIONOL-F) JIUSWA[HIB] = J)JIUWS]TTe]
(ppedepusimns > PHoAR[<-T JIUSWATFIe))a[IyM

w.s%:oEquom%swA.bm:EEoU._& = N JIUdUId[Iey
mAEaEEoUEb&h&:EEoUQ:xoo_ = JJuwnjoIe)
}
(1- = pIuwno) eI
mEEqEEoomuon:@oZ:oEEooA...E:EEoo = pJutinjo ey

‘T~ = {1}PNuaWs]FI0qUBIONUOUIII0d< -1 FIUSS[o
: a2

‘PRUSWR[aL-1] JIUSWR IO = EEEoEuE.Snamﬁ%a&&oﬂ-ﬁ%ﬁ&&o

(TTNN =i DJIUswWFIaYI0)3

N MO[IUBIAL-TIJIUSWS]FINIO = 1} JIUSUIS{FINI0
(PI¥oAR PUBLING > PIISAR]<-1) IUSWS[TISYI0)OFI A

E%:QEoﬁmuoamuzwA.bn_:EEoU.aﬁo = DAIUAHIANI0
mGEE:EU.B%&&&@:EEoU&QoB = I JUHUNJO) IO
}
(1- =i pruwn[o)IsyI0)31
oL pruuInjeyoqyse NUOURLIOI<-T) JUIN[00 = PTUUN[O) IS0
}

(441 JUNODOIR<-NFUUIN[O>T {()=1)10]

}

(TINN =i Hdwwswspa)yr -

N MOPEIUSWS[A-T IUSWA[S = X JJUSWID[O
(P1I0AvIUSNING > pLIoKe|<-N JIUIS})S[IgM

NIUSUIS[FIOBFINS<-NJUUINOD = 1) JIUSWA[D

}

(TTON =i hquunjos)ayim
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I

‘ndiwawsfs  YOHOTd LNHWNITEd
Ndeoegmoly D01 HOVAMOTId

dqgore 00T O¥vd
‘prFafeTIUarIng i 111}

{830K8 TIOIOQUIRNWINUIIXEIAT i
nquumnied YOOI NINNTODd
}

OqIsTTa0Rd MO J[eIUOZ IO erousd
proa

#/
{
{

‘“++pliedeuanmo

{

{ngeporgumnio)ixeNd<-nJuunjos = nJuwin[od

{

{
{1- = [1lpnuetaig Z J0qySIoNUOUIIIOo<-T) JIUSUIA[D
as[a
‘pRUSsWIS[a<-Tiiuawa[gIe] = [T]pIIuatus|ZI0qUSIoNUOWLOI<-T} JIUSWI[o
(TTON =i DIuauS[re))J
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‘PlHeARTIUSLIND = PLIRARIL-NIJIBMO]]
"TVINOZIIOH = UONRIULIO<-1} 208, MO
{ON00[g80B MO JMINSIBIOTTE = I)JO0BIMOT]

}
(TINN =i Bdore)ym

ngyoorgsiorypeaHd = ngote
}

(sTaheOIRQUINNWNWIXEWT => pirafepuaimno)afiym

{1 = ppedeuonng

{

NEeOIFEUNOIXINA<-NJUUIN[OD = I)JUUINfod

1SI0ABTJOISQUINUL-T) JUUINOD = §19 A2 TIQIOQUENNLUTIITXRATE
(s1oheIQIQUINNUINUTXEAN < SI0AR [OIOqUINU<-1) JUWIN]09)J1
}
(TINN =i hHquumoo)ayrym

nPpogisrTummo)pespd = Juuwnod
‘0 = s1akerTjOIequIn ZE:EMWBEM

I IS ULINjOD Uy
SIoA®[ JO JOQUINY WNWITYEW SURIINA(] 4/

{pIUwInod ur
$)nsax 1111
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(edXi<-ngore)yoyms

{
1= = [Thuswarmuasefpe<-1Jdaoe8,JMmol)
ospe
‘PRUAUIIEL-NJIUIWRe = | ] huswaigiuadselfpe<-ngaoe,jmory
(TINN =j ngiusware)yr

{1 JMO[FIUSUIN[I<-T} JIUSWS[O = T} JIUSWS[D
(plieAeIuazno> PLIRARI<-NJIUSUIS[S)I]IYM

I PBUSWS|FI0RJINS<-T)JUUIN]OD = 1) JIUSII[S
{(pruwmios).InJquunjoydnyoo] = nguwnios }
(I- =i ppuwnjoo)yr
{1 JuwnjoDusoelpe<-nJome = pyumingod

{

{1- = [plhususiiusselpe<-1gade,jmoly
98

{PRUAIIL-N JIUouIde = [ghusuergiusoelpe<-1Jaoe moq)
(TINN =i Wduswse)p

N JMOTFIUIO<L-TIJIUSUIQ = I)JIUOLIA]D
(PHeAeIUALINGS> PIIOAR]<-T JIUSWID[A)[TYM

N JIUSWIFI0orLINS<-IJUINJOD = N JIUIWI]0
{(prumnjoo}ngueunjoydnyoo| = nJuwinjod }
(1~ =j pruwinjos)
([o]uumoDiusoelpe<-ndoie = pjuwnjod

{[1]uwmjoyusoeipe<-ndore = [ Juminjousoelpr<-1 308, MO]

‘[oJuwmouaselpe<-ngore = [gluwnjoDiusselpe<-n4aoe Moy

tndore = ndom<-nJgaoeimoyg

Appendix A MAPPER Description and Source Code Listing

A66



I

‘ngoryapsoddo ‘ngore  YHOTE DUV
“Id30edmol) DO TE dIVAMOTdd
nguswale YOO TH  INIFNETad

}

()saoegmopgienoziiopdewm
proa

wf
{

{

‘+Hpreieiuaims

{
D Hoo[gaIyINoNd<-1 oI = N Jore

jearq
“TTIVM = adhi<-ngaoegmor)
TIVA 9589

. ealq
‘AVANNOY = 2dl1<-ngaoegmoy
:XAVANNOQY ased

eoiq i
“IVNIALNI = od1<-ngasegmopy
"TVNYH.LNI 2580
}
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‘yealq
‘SHX =1punoy }
(PpUSWRTHIYSL == PIIUSWISH 3TN

‘[T]pIUAS]HIoqUB AN UOWIOI<-NJNUSWS[HIO] = PlIuswo[giose)

}

(++T HUNODOTR<-N USSR {Q=1)I0]
‘ON = 1[punoj-

{(ppusw[HSD AN Jusws[gdnoo] = BT

‘PRIUSWRTTIYFL = PIIUSWS]EINSUMOP<-TJOoR,JMOL]
{PRUSWAHIS] = pRusws[gweansdn<-nJooe,jmol]

{[1 huswejpuasepe<-nJ2ov MO} = ppusws[IySH
‘[oJauswarHIUAdE[pRL-N 208 MO]] = PPUSWISITIIS]
TTVNYEHLNI @880
}
(edf1<-ngooed Mo ysIMS

}
("TINN =} 1dooeIMol)oiym

‘ndAo0IHISITIoRIMOIPeeHd = ngeoeimor)
‘PIIURWISTEIYBRYTe] ‘PIUSWS[HIJoJHe] ut

Nduawsigrey D014 LNAWHTHd
- ‘Rguum[oySngTe; ‘nquwnjopye IRl D0 T NINNT0Dd

‘pIumIn[oDYryrey ‘prUINoIo e} w1
PIUIn{oDY3L  PIUMINION i
“nQueuIYAY  ‘ngiuewoayel  MDOTH LNAHWATHL
POUSWATIYSL  PLIUSUISTHIR] Tur

‘PRUSWA I8 R) L1}

‘I punoy wut
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earq

‘- = ppuswargureansdfrej<-1Ja0e,Jmolj
os[2
{
..EEEoEo_mm._oﬁmEZuoEEouA-b%:quﬁmEmﬁ
= ppiuswargueansdrel<-nJaoeJmof;
)
(SHA ==13[punoj)j1

{
{
esiq
‘SHA =1Ipunoy )
(PIURWISHNS] == PHUSWIS[HI05 eI}
‘[TlpnusuIaFI0GY 31O N UOUIUO3<-T} JIUSWOTIYSI = ppuswa]giadre)
}
(++1 SunoDore<-nIuss YIS {o=1)10]
{ON = 1Ipunoj

(pruswaySu)in puswsigdnyoo] = ngiuswoysu

- = PRUSWAHWEaNSUMOJIR<-TI 0B MO[]
9819
{
{[Y]ppusa[g ZI0qyF 1o NUOUIIIOO<-T) JIUUIS[F1IO]
= PUSWIHUILONSUMO(TIB]<-1 998, MO[]
}
(SHX == 1punog)jr
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{ppusWIR[HJe TieY = plusjweansdn rey<-1 oo Mo

*1- = pPUSWa[HIJoTIe)
as]e

{PPUSUIS[I<-) JIUSUID]FTE] = PIIUSWAHIJoTIe]
(TINN =i hduawargrep)ir

NdMOTagIUSIIS|a<-N JIUSWA[HIE] = I} JIUSWIS[HIe]
(pPIeAe]<-NJIUSWIaHIIS] > PIRAR[<-NJIUSWIA[HIR] )T IMm

LI IUALIS|FR0RINS<-T) JUIN[O N [e] = NJIUStUQ[Ie]
(PIULIN[O o JTe)) INJUHIn[o)dn00] = HJUnio o e

‘{o]uunjopuaselpec-ndoryansoddo = pown[oijorjie]

_ 98]
H1}uumousoelpe<-ngoryonsoddo = pyuunjo)ijarey

(PruumioD)e] == [pluwnjoDuacefpe<-ndoryasoddo)

((p1ore<-ndom ‘pruumiodeJuunjo)yuporyansoddopury = ngoryensoddo

IPIRUN[OS<-N JIUSWS[HIFO] = pIuwInoIo]
{(ppuswarhiaJndiusweigdnyoof = nJiuswsygije]

indore<-1JooeJmory = ndore }
35[0

- = ppusws|ueansdp) wej<-nJaoeJmolJ
(1~ == pRuswoigyaIt

PIUSWSTIYSIT = PHUSW]HWEINSUMOPL-T)Jo08IMOf]
‘pRuswee] = ppuswR[gueansdn<-nJooe Moy

[ 1 huswspussefpe<-ngaoeImop) = ppusys
{{ohuswaiuasepe<-1nJoce MOl = PIUSWS[TNI]
TAUVANNOY 9sed
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jearq

‘pRuswrIYS ey = PIUSWRHWIES)SUMOJ IR <-1)JO0R ] MO]]

‘1~ = ppusWTRYSy 12y
as[e

‘PIUBWIRA<-R IS FIe] = PRUSWIIYS i IRY
(TINN ={ hdtuswspgIe))

*NJMO[FIUSUIA[A<-NJIUSWIA[FIL] = N JIUSWAFIe)
(Profer<-ngiuswiargiydu > PIioAe]<-D JIusuragres)aym

“.c%noEoﬁmgmt%Aé&nEEoUEmER« = NJiuouwis[ie}
“(proumoySnrep)gnduunjondmioo] = nJuumoyIniey

‘[oJuwniousselpe<-ngoryansoddo = pIutunjoDySrygres
ase

{[1hrunjopyusoelpe<-ngoryensoddo = pPIuwn[o)y Sy ey

(pruwnjo Ny == [o]uwmiouscefpe<-ngaryaousoddo)y

{(ppre<-ngore
‘PruwnjoySIJuunio) yuprysisoddopuy = ngoryansoddo

PIUWR[OO<-IJIUSWSTAIYSL = pluwm[oySis
((PRUsWRIIYBL)In Jyuowapgdnyoof = DusuRIySL

NJore<-NJaoe Mo = ngoIe
25[9

q-= PIIUSWIS[HWEASUMO(TTe] <1} Ja08 MO}
(T~ == ppuswoimyBL)y
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[4

% SUOIJUIAUOD

10410 J0 SSHTAQAVOTAAI id
48 OL NEIVL ST MO'TI HALLISOd
s 01VIARL WE 10d 4/

UL HWBANSUMO(IR]

‘NAIUSWRFUIBTISUMOP

‘ngusuropgueansdn
‘ngiuowrergureansdniey DO INIWA T
ndquunjod D019 NIWNTODd

ngsoegmoly YO0TH HOVAMOTdd
SQuswsp YNOTE LNHNHTE
}

()seorgmorgresnsa A dew
proa

wf

{

‘nProrgesedmofnxaNd<-NJaor Mol = I3 mof)

U

ealq
ITIVAM 9580
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‘PIUBWIS[3<-T JIUAWSHWETISUMOP = PIIUSWAHUIRANSUMOPL-T1 I8 MO[]
‘PRUsWSR<-NIudWguransdn = ppususiguiesnsdn<-13202jmopy

{1~ = ppususiguesnsd() rej<-14o0e,IMO[)
oso
‘phuswRR<-NJiuaweguieansdie] = ppuswoiguisonsdpyej<-ngasemoyy

(TINN =i Bdiuswsigueansdn ey

‘PIE0BIMOTJ<-T1JOORIMOJ = PI20B] MO JUI0NOG<-1) JIUSWA BT SUMOD
YIVNAHLINI =edAi<-ngsoemoy

“TVOLLYHA = UOHEIUSTIOL-TIJ30e I MOT)
{000 0B MO MONSIRIOTE = 11J30BJMO]

“Ndmopgusmaf<-nJjustsiquesnsdn = nuswopgureansdn ey
‘I MORHIUSIISO<-I) JIUSWD[HUWEINSUMOD = JiJJusura[juieansdn
‘NJPA0Q YIS A<-H JIUSWS[HWRINSUMOD = J) JIUSUIS[FUIEITSUMOCTIE]

(TTON =i NJIUSWIHWEINSUMOP)ITIYM
N JPAOQYIUSWIS[E<-TI JIUSUIS[O = 1) JIUSWID[FWIBATSUMOD
I JMO[OFIUSWS[IL-T) JIUAWI]D = 1} JIUSIUD[D
(TION =| NJMO[PRPIUNIR[B<-TIJIUSWIS]3)I[ T4
QUSRI MS<-HJUWN]O) = HJISWI[D

(TINN =i DJUUIN[od)dfIYgMm

I yoorgisruunjo)pesHd = nJuwniod

/x dnaq 03 uayey mofy FALLISOd pue
ynam dn wonoq 23 woly parequinu
§308] MO[J [2O11ISA SARY [IM D] 4/
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1%

(Bdoreyuanyax
(p1oTe == pore<-ndore)y

}
(TTON =i ndore)siym

NANOOTISITOIVPesHd = ngoe
nddre D01 D¥Vd
}

(PIoTE UNINJOTY Ul
AD0719 Duvd

wl

{
{ngoorguunjoxoNd<-IJumnod = nJuwned

{

‘11 JPA0Q Y IUSWR[I<-TI JIUSWI[FUUBINSUMOP = X JIUSWIQ[IE1SUMOP

[~ = PIIUSWA[HUBINSUMO(IB}<-T)JOOBIMO] |
. aspe
{PTIURWISTA<-T) JIUSWIAFRONSUMOCEIR] = PPIUSIISIBINSUMO([IB)<-T) 908 MO])
(TINN =; DJIuawS[uRNSUMOIR))J
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fa

1=

*f
{
(TINN)wmar
{
N0 FOPONIXIU<-1JIPOU = J)Japou
{(ngepou)uamax
(PISpou == papou<-1Japou)js

)
(TTNN =i Bdepow)e[ym

*AJHO0Ig3PONPESHd = ndepou
“BdePou JDOTE HAON
}

(PIapou 3un).InJapoNpury
D019 dAONd

wf
{
(TINN)UINRI

{
“ndolgoryixeNd<-ngore = ngore
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{([pIopou]Aexry ngopoNdnyooryuiniax
aspe

{TINN)wmR1
(3unoDapoN[eqo]3 < prapou)

{
YO0 HIPON)I¥UL-1)JOPOU = I} Japou

{Ndapou = [prepou<-ngepoulieiryngepondniyoo;
}
(TINN =i ndspou)spym
‘ndpporgapoNpesHd = JJepou

(GIDOTd HAONJ)I0aZIs* [+1HNn0)2poN[8qO]8)20][e3(x IDOTE HAONJ)
= AelryngepoNdnyoo]

}
(T1INN == AeiryngapoNdnjoop)j:
-hdepou JDOTd AAONd
}
|
(pIspou g gagepoNdmyoor

AD0TH HAONd
/x PuUnoTe SIS Sulequinu apou --gSN LON Od #/
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A

/=

}

(Pruwunjos Jui)gnJuwunio)dnyoor
ID0Td NWNTODd

*/
{
(TinN)umnal
" {
nERoorguuNfoINaNd<-I1JUNod = BJULIn[od
{(nguunjox)umal
(PTUWIN{OD == PIUUN[OI<-T)JUUINTOO)JI
}

(TTON =j nguunjos)syym

Ppporgisrjuwnjo)pesHd = nJuwinjos

nguun|od D019 NINNTODd

}

(PUwINOD Jur)nJuwnjo.pury
ADOTE NN 100

wf
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nduawepe ADOTE INTNETEd
}

(ppusurafe ul ) gngiuawagdnyoo
D014 LNAWATdd

Ix A/

{

¢ ( [pjuungos] Aerrynguumiondnsoo] ) uinyar
2812

*(TINN) vl
( (Junooumn[o)[Eqo[S < pluwmjod) || ([ > pluwinjod) ) J1

{

{
¢ nPPojguIINjo XN d<- NJUEUN|oo = JJuuinjoy)

N JUIUN[OD = [PIUWIN0D <- JJuunos]{eiry nguunio)dnyoo]
}
(" TINN =i BJUwnjoo ) 3[rym
‘nppoigisTTuuInjo)pesHd = nguunjo))

(D014 NIWNTOD) Joazis' [-Hunopumnjo)eqold) soffed(s D01 NANTODd)
= Aerrynguunjo)dnyoo|

}

(TTNN == Aexrynguwnjo)dayoor) ji

“duwniod D01 NIWNNT00d
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f#

(p1oseqmory unyingesegmordnyoor

D019 HOVAMOTAd

#/

‘([ppuswisie] Aeiry.n Jiuewsgdnyooyyuiniar
as]a
(TINN)uImar
((GunoDuswidlHTeqo[3 < ppuewsis) i (1 > pPUslS[e) )II

{
{

"N PPOIUSUS[HIXONA<-NIUSWIS = N JIUII]O

duauiape = HBEuE&oA-b%:qumo.._?Eb%:uEeﬁmm:xooﬁ
}
(TTION = DdIvswap)aym

oISt puswsgpeald = nJuswape

(MO0 79 LNEWA THIIOSZIS [+1UnoDiuswala1eqo|8)ooieals DO TH NN TH)
= Aemrynguswargdnyoo]

}
(TINN == Aerrynguswargdnyoo)yt
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I %/

‘([p1eoeJmof]] AerryndadeJmolJdnyoo])inial
as[a
(TINN)wma1
((unopaoeImor1eqol8 < preoedmops) || (1 > pIecedmory) )it

{

{
‘N dyP0[g0R MOl XN d<-NIJ20e MO = N a8 MmO]]

‘N Jeoe Moy = [prodedmori<-ndasemolj]ieiry ngooegmorgdnsjoo;
}
(TTNN =i NaoeIMOIF)NIYM
meooﬂmuwﬁoommaoﬁvmoﬁm = NJooe MO}

(D0 TE HOVAMOTAI)IORZIS [ HIUN0)20e M0 1eqo]3)001[ed(y D0 TE HOVAMO T
= felryangeoegmopidnyoo|

}
(TINN == AerryndaoeJmorgdnyoor)y
indasegmol) DO T HOVAMOTdd

}
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(TYILLYFA == UOHRIUSLIO<-1) {038, IMO]))JT
osa

{
‘PISpONI2us)ydo) = Se T IoRIUSpI<-T oo Mo])

(T-uspeoemorgrake]) + JoTr [pIepoNIaIus)a0RINS|ISITOpPONORLINS
= pIspoNIaIua)do)

s
‘PISPONI2IU)ABLINS = pIoponIaiuaydo)

(1 == urspeoemoqJreken)r

‘PHRARI<-T {398 MO]] = UJS[0BIMO],J10AR]

‘[1Ip1opou<-ndore = prspoNIsIuayaoesIns

M OIe<-NJIDLIMO[] = N JoTe
(TVINOZDIOH == :ouﬁzuﬁo.n.bmoommaoswm
(TINN =i bmou«.maomvo::_w»

‘hdoogisrjeoemorpesHd = ngaoegmoy

‘PIUSWA] ur

AQUBWR[s  IDOT LNHWNATA
UIS[R0oR MO J104e] pli34
‘PIopoNISIue)do) ut
‘PIdSPONISIUaD2BIINS ur

dore DO IVd
“deoedmol JID0TH HIVAMOTId

}
()s8e Lioymuap[aoe,JmoL)as
proA

A8t
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N OO Fa0vIMOLTIXINd<-NIJo0B MO = 1 J908 MO}

/+ HALLVOHN Fe) 1oynuapr oy Supjeur
£q u8s xnjJ ur a8ueyd © AeoIpul
T[4 3 "PI JUAWIS]S Jo51e] 311 0) Pt
JUSMIA[R JO[RLUS AU} YITM JUIIS[D Ue
UI0J} 9q 0} UIYe) SI S[opow H.LOY ur
osuas xafJ 2Y, j¥o4e] puz 31 0}
munjod awes oy} ui dn o8 votp Ioke]
I03)0q S} I8 20BLNSGNS YY) UL
sjusure[e Surrequunu 1S Aatj) uay}
‘30BJINS 9N} UI ISI1J SHUSUII]S Jaquuny
A3 QT VINTY U1 380823q ST SIY, oY
STUBUAPOIPAY S} UWIOIJ UL pBalX Ale
soxn(j oy usym X174 40 HSNHS DNOAM
HHL HAVH TTIM UURJo0 B Ul 30B] MO(J
[EONI0A ISII] A1) Jeauaq Ssaoe]
MOIJ [BO1I0A IV "IoA®[ 20e)Ins
ol Yreauaq Jake] B Ul 9q IS 31
uat ‘Joke[ 9oBJINS SY) UI JOU ST
Juswiape weansdn saoey mofJ A g1
*PIUSIUDTF UL §,)USUIA]S WIRASTMOP
§,208] MO[J oY} 2q 0] Uay®e) St
TSRUSPE S U ST JT “[[92

ooeyns € s1 [[90 weansdn J1 YoouD) 4/

{PIURWIR[H( [ BUIK-N JIUSWS[S = Te [ I0Nuspi<-nJooeJmol)
{(PUSWR]R) I NJIUSWHANN00] = NJIUSWID
‘privswRrHwEansdn<-nJaoeJMo]j= PIIUSWSS

}

{
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I

yealq
{ M, = adA1008)

IV 958D

¥eaxq
fd, =adA1e0u]

{AdVANNOY 9sed

“qesrq
1 = adK 1000y
“TVNMALNI o562 }
(adf1<-ndosegmopy)yonims

)
(TTON =i AdsoeAmoz)aNym

1 = pIaoegmolepout

N0 RIS TR MOLIpeaHd = 1 J3oe Mol

‘uoneyuatIgaoe] ‘ad4 1a08) Ieyd
‘pIsdB MO J[opowt JUE
Ndesedmol ADOTY BOVAMO T

}

O MdInOI0S90B JMOLI[VISqUINUSL
proa

%/

A83

Appendix A MAPPER Description and Source Code Listing



"da%edmof} D0TH HOVAMOTId
Nqewiere 00T LNHWHTEd
}

(nduumpos  JD0TE NIWNTODd JOFU[S0uIMOLI[EoNI A SULRIOD YA,
ur

#f
{

{
N IHO0T R0 MOJIXaN A< JAORIMOT) = 1208 MO]J

S++PIooB MO [OpPOU = pIade MOl [apoui<-NJo0eMO]]
)
(I, == ad£ 1000]) || (g, == ad£20u3) )1

Nearg
LA, = UonBusiIaoe)
TTVOLLYHA °8sed

Meaxrq
‘H, = uonejuatiaon]
IVINOZIMOH 9seo }
(uonBIURLIOS-N ORI MO JYONMS
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ST pur)uingox

{
ndaaoqyiuswp<-iuausguesnsdn = nquswapqueansdn

PIPIRAMOY} = [++XapupIsrTIurjIsT3ur
PIeoEgMOfWonoq<-T fuswsiguieansdn = prooeJmopy
}
(T'INN =i nguswargureansdn)ojiym

N JA0QYIUSR<-AJIUSWSS = NJjusweruesssdn

UNODIBIMOTJURUNTOD = [++XIpUTISITRUIIST UL
H{(un)JoozZIs* [ -HUN0)IIBI MO ULINOD)IOT[BI( 4 JUI) = IST UL

I” ‘fexre
JO 3718 [210) JO JUN0s 3q
AeIIB U JUSUS[3 ISITF OB 4/
| {
N JMOTRIUSIA<-TIJIUSWIDD = I JIUSS[
H4IURODIR MO JUUR]0D }
(TINN =i BdMO[ogIUSU[A<-TIJIUSIII)IIYM
NJIUSWIFIILINS - JUUIN[OD = NFIUIUWI[D

{0 = Xepupsru jur

ST, ur

0 = JUNODBJ MO tIIN]0D ut
PIaoBIMOT] ‘T pLit

guswerguIeansdn DO T LNIWA T
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=

‘PIIUSWISA<-T) PIUSWIA]D
\P9% P8%. Fno)pupidy
}
(TTINN =1 DIUSWS[R)[TYM

‘nIYoorgIsI iU gpeard = nJiudwaye
GOWEE  INOT ‘pno)punidy

MA:B-O_—M—HO.&:v:oQO% = -HH:O

YSTTUIoqUINY ‘f w1
ST UYL ur
nduuniod D01 NWATODd

PRIURUI[UIRANSUMOCTIE)
‘prvsurdrgueansdyrey
‘pIIUAUI|TUIBANSHMOP

. ‘Phuswepqueansdn g
'PIodRI MO [opou ur
‘uoneuatI(ase] ‘adA Jaoe] Teyo
oy HA

‘pravegmory ut

ngaoegmoly  YD0TE HOVAMOTH
Jdmews(d  HIDOTH LNHWHTH

}

Odisryeoegmorund
p1oA

*f
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yealq
LA, = UONEBIUaLI0a08]

IVOILLYHA 9880

Yea1q
*H, = UonenIat0eey

"TVINOZIIOH 3sed )
(UOTIRIUSIO -1 JOOB I MOTT)YINMS

{
yearq
LM, = adL 1 90u]

TTTIVA 9580

yealq
“f, = odf1208]

‘AdVANNOY 9sed

earq
4], = od£ ye0u]

"TVNAEHLN] aseo }
(edA1<~-ngaoe MOTHYNIMS

}
(TION =i ndodeImofp)omym
{0 = pPIeoeIMO]J
ngaoolgisrIeoedmoypesyd = ndaoejmory
(DVL INAMO #dAL €df ¥df T g1 ddd W, ‘pno)jundy

{
NP0 IUSIIL]HIXINA<-TIJIUSUS]D = HJIUSLIS[S

{(PRUAWS[HQ [PULI<-T) JIFSWIA[S
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‘PRSI HWRAIISUMO(TTR]

‘PPURUIS[HUIRINSUMOD

‘ppusws[gueansdn

‘privewergueansdie)

‘PIRoBIMOLJ[opOw
“O\P9% 9% 9% P9% P9% P9% P9% P8%.Pno)pundy
‘+H+preoeImo])

}

((TVNAHELNI == 2dfi<-ngaoegmol) || (XIVANNOH == odA1<-nJadeJmoN) )i

0 = pIiusw[guieanisumore]

as[e

{PRUSW[HIUENSUMOIR]<- I JO0eJMO[J = PTIUSWIS[HUBONSUMO(JIE]
(1- =i PIUSWRTHWETSUMO IR <- 0B MO[J)IT

{0 = PPUSUIIQ[UIB3RSUM 0D

82

(PRSI UBINSUMOP<-NIJ20B I MO = PIUSIWIA[UIESNSUMOD
{1- =| PPRUSIS[JUWIRSNSUMOP<-N 08 IMOTI ]I

‘0 = ppusursfueansdn

a5

‘ppusweyqueansdn<-ngaoeInof] = ppuswerguieansdn
(1- =i ppuswjguesnsdn<-nJo0e Mo

‘0 = ppvasws[guweansde]

o8]0

‘{ppuswsgureansd ) Iej<-nJsoe Mol = ppusurequeansdy)rey
(1- =i ppuewsrwWesnsd)rey<-NdaoeJmoi)jr

{PIooEJMO[[OPOUI<-T) JAORMO]J = P[OOBJMO]I[IpOLE
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{

“Jyoorgunio ) xaNd<-nJunios = HJuniod
‘asrpuraay
*(sITUMFeqUINY ‘PIIRLN[0O<-T}JUIN[OD, INDSYP]%,, Fino)jiuridy

‘[ohsrpur = isrjupequInu
(I JUUno0)OJU[30BIMO] [BITHIS A SULINO) YOALNS] = ISTUL

e A sty
oM UM AIOWSUT 9SEI[0I 0) pasu
0 pajeoo][e A[fedtweusp st I8y
SIYL, "WUINOD YOra IO $308] MO[J
[edTHI9A JO ISI] © SUINIAT UONOUN] 4/
}
(TTION =i HgUua[od)oiym

‘ngyoorgisrTuuno)pespd = nquwinjod

‘WINIAN g5 W, ‘puo)pundg

Ix OJUI TAIIN[OD B U] SI0B] MO]]
[2OTI9A JO JOqUINU S} IN0 SJLIM 4/

. {
N dooIg0e I MO IXNA<-1}JI08IMO]] = HIJ0BIMO]]

{(SeL1vynuopl<-1JooR Moy
‘UOTIRIGALI20.]
‘adA 100
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{(JIN0)as0TT

{
‘D oorguunioxoNd<-nJumunios = I JEunod

{(srpunesy

*(an, ‘pro)prunidy
{
‘(presegmoldfapour’, pgg; |, Jno)puiidy
{PIPORIMOJ[PPOUI<-T)JRIBJMO]] = PIROBI MO ][apowd
{([srpundngasegmordnyoo] = ndaoemoyy }
(++41 JSTTUIRqUINU=>T { T=1)J0J
H(PYUWM[0d<-NJUUIN|0d’, p9% , JIno)putidy

‘{ohsrur = 1sTTurIsquINt
H{NJUUIN[0o)CJU[332, MO [BOTIID A SUUIN[O) YIAINDI = ISPTIUL

e M YA ysiayg
om usym AJOUISUI 95B[aT 0] Pl
08 paresof[e A[[eorureuip I IS
STI], ‘UWIN[OD YoBa JOJ 5308] MO[J
[2O1MIDA JO ISI] ® SUIN}RI yonouny ./
}
(TTNN =i Iguanfod)aprys

‘ndooigisTTUINfO)pesHd = nJuuinjod
GIWCISITNAA S W,‘Jno)jundy

I+ OJUI ULIN[OD € U §a08] MOY
[BOTMIBA Y} IO VLM 5/
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(TINN =i Bduwnos)sjym
“Hdyoorgsrumnio)pesyd = nguuingos
(,INNFd  NdS |, ‘no)pundy

[+ PLIUSWle wopoq Surpuodsaros
SJT pue pr JUSWA[S oBLINS
A “UWNOD Y28 I0J N0 I 4/

}(.M, 00008, yuadog = Jino

d1d ‘ard ‘19 ‘“md Ly

tod£ 1000} Ieyo

NJeIMO JDOTI HOVAMOTI
‘PIRACq IS ur

SAOqYIUAWS  YDOTY LNHNATAd
“DJIUSWIHWONO] ‘HIUSWS[HIoeLIns JO0Td LNAWHTHL
MQUAWID DO T INTWATAD

-Iduuniod D019 NINNTODd

¢ JIno,, 114

}

(uammgoanurxd

proa

" #/
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e

{(PIoACqYIUSUIS[R' I\ PYYp, JynO)pIuLId)

‘0 = PIPAOQ VUSSR
as]9

{PPIUSW[I<-NJRAOQ VIUSWISLE = P[OAOGY JUIWIAS
(TINN =i NJeA0qyIuauIala)jl
‘N JSAOQYIUSWI[I<-NJIUSWI[3 = NJIA0G YIS

}
(TINN =i DPuswDR)a[IYM

T PIooI ST PUAWRgPeaHd = NJIUSUId]e

'Lnng W, ‘poojpundy
ar0qe sax0q 10 Jurid MON 4/

{

‘ngyoorguunjo)xeNd<-nJuunios = nNJuuinos

{(PIIUAWIS[O<-H JIUSWAHUION0]
‘pIIUSURR<-T) JIUSUID[Faor]InS

‘W I\NPG% P9%,,
‘mo)puiidy
N JIUSW]D = HJIUSID[FWION0q

‘I MO IV} JIUSWID = N JIUSW[
CTIOAN =} DIMOPIFIUSWII-T U)o

‘nQULse = NJIUSUId[HI0vLHS
LN JIUSWIA29LJINS<-T JUUIN[0D = T HUSTID[2
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*SPIONUADUILAISUMO(UIIMIDFIOUEISIP<-T}JIORIMO] = Y[
*S0BPUY PIOTIUA) UM IS FI0UR)SIIUIEITISUMOP<-T)JI0BIMO]] = aig
*SPIONUA) UM IOUBISIP<-TJIOBIMO]J = Tg

“SpIoNUSDWEANSd() U9aMIdGIOUBISIPL-T1JI0BIMOY = TIg

{
Yeaiq
LM, =adAp0u)

TIVAA 9580

Hyealq
g, =adA 1008
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TVAINTD TAONW DNIHIHNOS OL
THONVHD 34 OL SAHHN STHL NOLLVOI'TddV SIHL OL QHdIMTEVH ST AHTH
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HOVA SIHL DNOTV STVIHLYTRIAVAO JO YHTOWNN = AON
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NN = (8“THANANdI
¥AON = (L“THADANGI
[+(ZAON)IHAN = (9“THADANAI
THAEAON)ITAN = (S THADANAI
TH(TAHADITIN = FTHADANAI
TH(TAON)ITIN = (€ TAANANGI
T+(TAON)ITIN = (Z"TAANANJI
“TAON = (1"THADANAIL
Topi=(urul)sif
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NHHI(10F' OA1
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9 = (THADAJINN
THAI = (9" TAADGNAI
YAON = ($“THANaNAaI
T+(THADITIN = P THADANI
THIAON)ITIN = (€“THANANAI
T+HIAON)IHAN = (ZTAADANII
TAON = (I“THADANAI
THEAI=(ANDSTT
T+HIANI=JAN{
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T(1-DHEAON)ITIN = (L THADANAI
I+THAI = (¢ THADAaNdL
T+HZ " THANANAI = (€“THADANGI
T+HI“TAADANAI = (2" THADANAI
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TH( S THADANAI = (€“1THdDANI
I+ THADANAI = (P TEADANI
TxJdAON + IAONHMIN = ($“1HANANdI
[+714dl = (Z"ITRaDaNdal
TAON = (I THADANAI
I-(+AON = LdON
TAAI=(ANISIT
T+IANI=TANE
I -+ (NNDATIN = THdI
dSTd
9 = (THADAINN
TAdAI = (9" THADANAI
UAON = (S“TAADANG!
I+71ddI = ($"THADANAI
[+(Z“THADANAI = (€ THADANa
1+(I"TAADANAI = (" TIanaNdI
Tx LAONH(TAON)ITIN = (1“12aDaNdl
I-(+dON = 1LdON
THAI=(ANDSTT
T+AINI=IANC
I -1+ (NNDJTIN = T9d1
NHHLQITAN LD TTEN)AL
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HIANA
9 = (THANHINN
THAI = (9" TADANAI
¢+HIAON)IFAN = (- THANANAI
[+CIAON)ITIN = (F THADANI
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TAON = (I"13aDAaNdal
THA=(NNDSIT
T+IANI=IAINS
NNIf = THdI
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((S'HOVADANAI'E) THAX=SH
((S'IDVADANAIT) THAX=SA
(S'HOVADANAI 1Y THAX=SN
((FIOVANANAI T THAX=FA
((FaOVADANAI T THAX=PN
(€HOVADANAI' €Y THAX=CH
(€' HOVADANAI D THAX=EA
(€'FOVADANAI TYTHAX=EN
(Z'HOVADANAI T THAX=CA
((Z'HOVADANAI' TYTHAX=ZN
((1'ZOVADANAI €Y THAX=TH
((I'3IVADANAITYTHAX=TA
((I'g8IVADANAI T THAX=11
(¢ (L' FEOVADANADNTIAOD=LZ
(T (L'FIHVADANADTIAOD=LA
(I'(LHDOVADANAD@IOD=LX
(£ (S HOVADANADQAODI=SZ
(T (S'HOVADANADTIOD=SX
(1(s"HDVADANADTIOD=¢X
(€€ FIOVADANADTIOD=EZ
(Z(€AOVADANADAUOI=CA
(T HOVADANAD@IOD=¢X
(€' (T'HOVADANAD@IOD=1Z
' FDOVADANADTIOD=1 A
(T*(IHOVADANAD@IOD=TX
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1Z « X =1Z¢X

1Z + IX=1Z1X
suerqooe( Joj sajqenrea Areroduwa)

LZ-S7 =57
LA-SKX=6X
LX - X =6X

LZ-tZ=¢2
LA-EA=¢€X
LX-E€X=¢X

LZ-12=1Z
LA-TA=1X
LX-IX=1X

TJUIOD B 0} SIOURISIP 90UAISJI

SHXOT TY.INOZINOH 1LY TND TV

(L'HIVADANADOVH{(L BV AN € TIA X
((L'FTOVADANANOV-ATIDA(L AIVADANADOV-LZ)=L7
((S*EOVADANADOVH(S O VADANAI'E) THA X«
((S'HOVADANADOY-ATTDAUS HOVANANADOV-SZ)=57
(£'FDVADANADOV+H(EHOVADANAI'E) THA X
(€' FOVADANADOY- AR TDA(E OVANANADOV-£Z)=CZ
(I"'EIIVADANADOVH(T ‘D VADANAIE)Y THA X«
((T'EIVADANADOV-ATTE/ (I 'IDVADANADOV-1Z)=1Z

NOLLVARIOASNVIL FHIL 04 SHLYNITIO0D dHL LOHYI0D

((8'ZOVADANAI' YD TIAX=8A
(@'FOVADANAI 1) TIAX=801
(L'FOVADANAI' Y THAX=LH
(L'HOVADANAI'Z)Y THAX=LA
(L' FOVADANAI' T TAAX=LN
(9'HOVADANAI D TAAX=9A
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((€ZSA%'T-SZEA THSZTIA+
EZTA+ E+TZSA-TZEA+ €)+80%'T+
(EZS K4 THSZEA'T-
TZEAs THSZIAHTZSA-€ZT Ax' Tl N1+
(SZEA+ CH+SZIAHEZC A+ €~
TZSK-1ZEX% T-€ZT Ak 50N T+
(SZEA-CZSK+IZEA+ THEZT Ax TSN+
(SZEX+P+SZTA-CZSA+ -
EZT A% CHTZSA+TZEX x € )ucb e T+
(SZEX-SZTA-CZSA+EZI A-TZSA+IZEX)+EN+
(SZEA+ E+SZIX-CZS K€"
EZTA+ P HIZSAHIZER V)« Tx' T
(EZSA % THSZEA+'T-TZEAHEZI X% 1N) = X4

§Z + SA =SZSA
SZx tA = SZEX
SZ x TXA=SZIX
tZ x SA = €ZSK
£Z « tA = EZEX
£Zx TA=¢tZIX
1Z % SA =T1ZSA
1Z » €A = TZEA
IZ« TA=T1ZIA

§Z » SX = SZSX
$Z « £X = SZ¢X
§Z x IX = 621X
€Z « X =tZ6X
£Z « £X = €Z€X
£Z x IX=¢ZTX
IZ « SX=1ZSX
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(€'ADAON=€4I
(1'HDJON=141
HI=(ANDASTT
I+ANI = AN
NAHL0Z O (EDNIJOIN) AI
AN'T=HI 00€ Od
0= ANF
: D
NOILVTINOTYD HNNTOA SINFNTGTF dE O
D
SNUNUOD DDN
HANLLNOD 012
Jipus
(MVEIV OXN T OSTI T )AL M
AdXA AT XA, G )T LRM
w0661 (DS pPue (08618 (1SI))J
(AV£AV+X VX V) LIOS=(D VTV
(EZSX-SZEXHIZEX-CZIX)4S'0 = AV
(EZSA-SZEAHIZEA-CZIA)S0 = XV
Ad+Xd=DXNT1d
"0t/
((EZSX % T-SZEX ' THSZIX+
EZTX ' CHIZSX-1ZE X+ € )8 Ax T+
(EZSX+ T+SZEX'T-
1ZEX 5 THSZIXHZSX-CZTX 5 T LA
(SZEX % E+SZIXHEZSX+'C-
1ZSX-1ZEX % T-EZTX % T)9A s T+
(SZEX-CZSXHIZEX % THEZIXx TS A+
(SZEX %' P+SZIX-CZSXx b
EZTXw ' EF1ZSXATZEX s E)at An T+

(SZEX-SZTX-€ZSX+EZIX-TZSX+IZEX)EA+

(SZEXx E+SZIX-EZSX+'€-
EZTX# PHTZSXHTIZEX ' V-)xTA+ T+
(€ZSX% THSZEXx T TZEXHEZIXxTA) = Ad
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((eaDOV-ATT1D/((cADNOV-£dZ)=CH7Z
(19DOV+(IaI'e) THA X
((TADOV-ATTDATIDOV-19Z)=142Z

(€' LLDAIOD=LIZ
(€°'S1LD@I0D=C1Z
(€' ELD@MIOD=E1Z
(€ TLDAMIOD=11Z
(£'L9DAI0D=L9Z
(€'s9D@I0D=597
(€' eaD@I0D=£47
€ 19DAI0D=19Z
(T'LADAI0D=LA
(Z'SHDAY0D=SA
(T'edD@I0D=¢A
(TT14D@I0D=1X
(1 LaD@I0D=LX
(I'SDMIOD=5X
(T'edD@I0D=¢X
(T'19DAY0O=1X
Jpuo

LITQIEN TIFIL(+ c)omm
LAT'SAT'EQE TQF GG s )onIm

uay(695 ba-onj
(0Z'ADdON=811
(61°dDdON=LLI
(81°ADdON=9.1
(L1'HDdON=S.LI
(91'aDdON=¥LI
(ST'ADdON=€ L1
(P1'IDION=ZLI
(€1'HDdON=I.LI
(L'ADJON=L41
(S‘ADdON=6H}
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THLASX % T LAEXHATXAS ALY+ THS X EX+T-
CALX-CASX ¥ THEATX-TALX-TAEX)«(SLZ-SHZ)+
TILASX-LATX+SALX+SAEX ' T-SATXHAEASK +'Z
FEATXH T TALX-TASX-TAEXw D+(€1Z-97)+
CHLASX-LREX-LAIX+ THSALX+SAEX-EALX+
CASXHEATXw T TALX+ TTAEX T+ (1LZ-19Z)=(ANL)TOA

LNHWETH NV 40 FNNTOA FHL ALV INDTVD

LA+SX=LXSX

LA+EX=LAEX

LA+IX=LATX

CAxLX=SALX

SA+EX=CXEX

SA+IX=CXIX

EXxLX=EXLX

EA+SX=CACK

A+ IX=CXIX

TA=LX=TALX

[AxSX=TASX

TA*EX=TAEX
(LIDOVHLII'E)THA X

(LIDOY-ATTDA(LIDOV-E1Z)=L1Z
(SLDOVHESLI')THAX +

((SLDOV-ATTD/(SILDOV-S12)=5S1Z
(ELDOVHELI'E) TAA X%

(ELDOV-ARTAV(ELDOV-E1Z)=C 17
. (IIDOVHIII'E) THAX +

(TIDOV-ATFTDA(LLDOV-1LZ)=11Z
(LADOVH(LAT'E) THAX %

(LEDOV-AFTDAULANOV-SIZ)=L97
(CADOV+(SHI'E) THAX

{(HDOV-ATTDA(SIDOV-SHZ)=SH7Z
(EEDOVHELI'E) THA X +

Lo
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+TILASX-LATX
FEALXASAEX-CASKX+ERIX-TALX-TAEX))+SM=SINL
(ONLASX+LAIX
“CALX-SAEXHEASKX-EATXHTALX+TAEX)
+RI/(LAEX-LATX
+CAEXHSATX-EALXFEASK-TALX-TASK))+PAA=YdINL
(COC/LASX+LATX-SALX-SKEX 5T
FEAIX-CASK# TERAI X THT ALXHTASKX+TAEX ')
+TILASX-LATX
FCRLXHCAEX-CASKXHEATX-TALX-TAEX))+EM=EJNL
CTU(LASX+ THLAEX
+ATX E-SALX# T-SAEX# €+SATX-EALX
“CASK# C-ERIX# P+ ALX % EHTASXHTAEX 5'P-)
_ . +OCNLASK'T-LAEX
“LATXx CHSALX ' THSAEX# E-SAIX+EALX
FEASKx CHEAT X T TALX % € TASKX-TXEX 5 V)« TM=TINL
COEHLASXHLAEXHLATX % T-SALX-SKEX+HERLX
“CASX-CATX s THIALX* THIAEX T TINLASX
LATXHSALXFSAEX-CASKHEAIX-TALX-TAEX))« TM=TdINL
(SAEX+LASXK+
LATX-SALX-EASX-CATX+TALX+TAEX)+S 0=(ANDVHIVA
(BLDTIAA=8M
(LIDTIEAA=LM
(OLDTHAA=9M
(SLDTAAA=SM
(FIDTHAA=YM
(CLDTHEAA=EM
(ZLDTHAA=TM
(ILDTHAA=TM

VHIV ANV XN1'T TVOILYHA HHL HLVINDTVO

TINLASX x T LATX % THE K LX + THS AEX-SATX-
m%mu?m?HNA%Dm*.N-meNIKﬂmNV*FHN-hMNi
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EANIATANLH INI=(ANDX N TIA
COMLASX+LATX
CALX-SAEXHEASX-CAIXHTALX+TAEX)
+RILAEXHLATX
“CAEX-SAIXHEALX-EASK+T ALXHTASK ) 8M=8dINT
(OEHLASK % THLATX# T-SALX % T-SAEX
HEATXHEASK-EATXHTALX % THIASX-TXEX)
+TILASX-LATX
FOALXHSREX-EASKHEATX - TALX-TAEX)«LM=LINL
CTILASX % PHLAEX
LATX R E-CALX+P-SAEX« E+SATXHEXLX
FEASK " CCAI X THI ALK 5 E+HTASX-TAEX T
HOEHLASK ' t-LAEX
HLATX ' CHCA LN PHCAEX w €-SATX-CALX
CASK EHEATX s T TALX % € TASX+HT AEX 5 T+ 9OM=0dINLL
COEMLASKw THLAEX-LATX-SALX+'T
"SALXw THEALXHEASK ' T-EATX+TALXFTAEX)
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Appendix D
MAPPER Input and Output
Files for Example Grid

This appendix presents an example grid and the associated input and output
files for MAPPER.C. The example consists of a 3 by 2 by 2 grid domain of
12.0 m’, with element dimensions 1.0 by 1.0 by 1.0 m. The node numbers are
shown at the corners and facial mid-points, and the element numbers are
indicated in the center of each element in Figure D1. Plan views are shown in
Figure D1 for the two layers at the top, middle, and bottom of each layer. The
node-element connectivity output file from RC4IC10.f is shown for the example
grid in Table D1. This file provides the input required for MAPPER.C. The
output files from MAPPER.C, MAP and GEO, are shown for the example grid in
Tables D2 and D3, respectively. Following is a description of the steps to
conduct this example, along with explanations for the input and output files.

MAPPER Input File Description

The hydrodynamic grid is initially generated by the FastTABS program,
which is a preprocessor and postprocessor for two-dimensional (2-D) finite
element models maintained by the U.S. Army Engineer Waterways Experiment
Station Coastal and Hydarulics Laboratory. The user interactively constructs a
grid within FastTABS that then outputs a mesh geometry file for later input into
RMA. All information contained in this file is subsequently written by RMA to
what is referred to as the RMA binary output file. This RMA output file
ultimately will contain a complete geometric description of the grid in 3-D along

with the time-varying hydrodynamic flow fields. The RC4IC10.f postprocessing

program reads the RMA binary output file and creates the node-element
connectivity file, which is the input file for MAPPER.C

The node-element connectivity file (i.e., Table D1) is described as follows.
Information in the first section of this file describes the 2-D mesh geometry of
the grid. Each line begins with a line type code consisting of two or three letters.
Code definitions follow below.
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T1 thru T3: Titles. T1 and T2 are optional, T3 is necessary.
SI: Signifies English or SI units. English=0, SI= 1.
$L: logical unit numbers used by RMA specific routines.
GO: Used to input the nodes of a GO string (RMA term). Used as a
reference line for a renumbering of node identifier numbers done by RMA
internally.
GE: Element definitions.
Field Description
1  The first integer is the element identifier.
2-9 The next eight integers define the nodal connectivity of the element.
The node ordering is counter-clockwise beginning at a corner then
sequentially around the perimeter. Eight integers are always used.
Triangular elements that have only six nodes will have the remaining two
integers set to zero. -

10 Material identifier (internal to RMA)

11 Areal value. Represents the direction of the eddy viscosity tensor
for the element and is usually left as zero.

GNN: Corner node coordinates.
Field Description
I  Integer. N bde identifier.
2  Real X coordinate.
3 Real. Y coordinate.
4  Real. Z coordinate.
Midside nodes are not listed. They can be calculated from corner nodes.

Information in the second section Table D1 describes the depth dimension of
the grid. This section begins with the specification of the following parameters:

NP - Total number of nodes in grid.
NE - Total number of elements in grid.

NPM - Total number of nodes in the surface plane.
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NEM - Total number of elements in surface plane.

Next, the number of nodes beneath each surface node, including the surface
node, and an integer indicating the numbering of this column of nodes are
specified.

NDEP - Total number of nodes in a column. A column exists for each node
in the surface plane.

NREF - Nodes in the surface plane are numbered sequentially. However, all
other nodes are numbered in sequential order from the node beneath the
surface node to the bottom within a node column. This integer is the starting
node identifier for the first node beneath the surface plane node in a node
column plus 1.

The final section of Table D1 indicates for each node within a node column
whether it is internal to the grid or positioned on the boundary. The following
definitions apply.

NSURF: An integer associated with each node column indicating the type of
node column. Possible values are as follows:

0 - Internal node column.
1000 - Wall boundary exists at this node column.
1200 - Head boundary exists at this node column.

31000 - M2 tidal boundary exists at this node column.

MAPPER Output Files Descriptions

The program MAPPER.C reads the node-element connectivity file and
generates the output files MAP and GEO files used as input by ICM. When
MAPPER reads the node-element connectivity file, it builds an internal RMA
grid. MAPPER is aware of how RMA numbers its nodes and elements. After
completing the internal RMA grid, MAPPER can then write out the linkage and
geometry data ICM needs. MAPPER will create the MAP and GEO files. The
MAP file contains the RMA element to ICM cell correspondence and flow face
definitions. The GEO file specifies the vertical relationship between ICM cells
and lists the QUICKEST weighting distances.

ICM MAP File Description

The MAP file contains four sections of data. A brief explanation of each
section follows below.
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The first section lists the correspondence between ICM cell identifiers and
RMA element identifiers. Note that the two models have different numbering
schemes for their cells. This section establishes the relationship between the two
numbering schemes. The FEMCONVT.F program, which reads the RMA binary
output file, writes out data in terms of RMA internal element numbers and node
numbers; therefore, the information in this section will allow a unigue
identification of each cell and flow face.

RMA numbers elements sequentially in the order of their creation for the
surface layer. Next, it numbers its elements from the bottom up to the layer
beneath the surface layer going from one column to the next in the order of the
element numbering in the surface layer. The ICM numbering scheme
sequentially numbers the cells within a layer starting with the surface layer then
progressing to the layer beneath till the last layer has been processed.
Definitions of the parameters for this section follow.

ICM - Unique ICM cell identifier.

FEM - Unique RMA cell identifier corresponding to the appropriate ICM
ceil.

The second section identifies each flow face in the grid. Definitions of the
parameters for flow face definition follow. .

FFID - Unique flow face identifier.

ILB - QUICKEST far upstream weighting cell identifier.

IB - Cell identifier for flow donor cell.

JB - Cell identifier for flow receiver cell.

JRB - QUICKEST far downstream weighting cell identifier.

TYPE - Character variable indicating type of flow face. B indicates
Boundary. I indicates Internal flow face.

ORIENT - Character variable indicating direction orientation. H indicates
face is oriented for horizontal flow. V indicates face is oriented for vertical
flow.

LAYER - Indicates what layer the flow face is in.

The third section lists the number of vertical flow faces in a cell column
beneath each surface cell. Definitions of the parameters for this section follow.

SB - Surface cell (box) identifier.

NVF - Number of vertical flow faces beneath the surface cell.
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The fourth section lLists the vertical flow face identifiers for each ICM cell
column iterated in the third section. Definitions of the parameters necessary for
this section follow.

SB - Surface cell (box) identifier.

VEN - List of all flow face identifiers oriented vertically beneath a surface
cell.

ICM GEO File Description

The GEQ file contains tree sections of data. A brief explanation of each
section follows below.

The first section identifies for each surface cell the bottom cell directly
beneath it. Definitions of the parameters for this section follow.

SB - Surface cell (box) identifier.
BBN - Bottom cell identifier.

The second section identifies for each cell, in increasing order, the cell
directly above it. Definition of the parameter for this section follows.

BU - Identifier of cell above. Cell identifier is implicit in line order.

The third section specifies the QUICKEST weighting distances for each flow
face. Definitions of the parameters for this section follow.

BI - Centroid to centroid distance between IB cell JB cell.

BID - Distance from centroid of IB cell to flow face.

BIL - Centroid to centroid distance between ILB cell and IB cell.
BIR - Centroid to centroid distance between JB cell and JRB cell.

TYPE - Character variable indicating type of flow face. B indicates
Boundary. I indicates Internal flow face.

LAYER - Indicates what layer the flow face is in.
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