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1

VEHICLE NAVIGATIONAL SYSTEM AND
METHOD

FIELD OF THE INVENTION

The present invention relates generally to an appara-
tus and method for providing information to improve
the accuracy of tracking vehicles movable primarily
over streets, as well as to an automatic vehicle naviga-
tional system and method for tracking the vehicles as
they move over the streets.

A portion of the disclosure of this patent document
contains materials to which a claim of copyright protec-
tion is made. The copyright owner has no objection to
the facsimile reproduction by anyone of the patent doc-
ument or the patent disclosure, as it appears in the Pa-
tent and Trademark Office patent file or records, but
reserves all other rights whatsoever.

BACKGROUND OF THE INVENTION

A variety of automatic vehicle navigational systems
has been developed and used to provide information
about the actual location of a vehicle as it moves over
streets. A common purpose of the vehicle navigational

systems is to maintain automatically knowledge of the
" actual location of the vehicle at all times as it traverses
the streets (i.e., track the vehicle). A given navigational
system may be utilized in the vehicle to provide the
vehicle operator with knowledge of the location of the
vehicle and/or at a ceniral monitoring station that may
monitor the location of one.or more vehicles.

For example, one general approach to such vehicle
navigational systems is known as “dead reckoning”, in
which the vehicle is tracked by advancing a “dead
reckoned position” from measured distances and
courses or headings. A system based upon dead reckon-
ing principles may, for example, detect the distance
traveled and heading of the vehicle using distance and
heading sensors on the vehicle. These distance and
heading data are then processed by, for example, a com-
puter using known equations to calculate periodically a
dead reckoned position DRP of the vehicle. As the
vehicle moves along a street, an old dead reckoned
position DRP, is advanced to a new or current dead
reckoned position DRP, in response to the distance and
heading data being provided by the sensors.

One problem with prior systems using dead reckon-
ing is the accumulation of error that occurs as the dead
reckoned positions are advanced. This error occurs, in
part, as a result of inherent limitations on the achievable
accuracy of the distance and heading sensors, which
thus provide data that do not precisely identify the
distance traveled nor the heading of the vehicle. Unless
compensation for this error is made, the dead reckoned
positions will become increasingly imprecise or inaccu-
rate.

Prior dead reckoning vehicle navigational systems
have been developed and have attempted to solve this
problem of the accumulation of error by providing
additional information to the dead reckoned positions.
Generally, the additional information may be a map
corresponding to the streets of a given area over which
the vehicle may be moving, The map is stored in mem-
ory as a map data base and is accessed by the computer
to process this stored information in relation to the dead
reckoned positions.

U.S. Pat. No. 3,789,198, issued Jan. 29, 1974, discloses
a vehicle location monitoring system using dead reck-
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2

oning for tracking motor vehicles, including a tech-
nique for compensating for accumulated errors in the
dead reckoned positions. In this system, a computer
accesses a stored map data base, which is a table or
array having a 2-dimensional, orthogonal grid of entries
of coordinates X;; Y, that may or may not correspond
to driveable surfaces, such as streets St. Storage loca-
tions in the array that correspond to streets are indi-
cated by a logic 1, while all other storage locations are
filled with a logic 0.

In accordance with a vehicle navigational algorithm
of the patent, a dead reckoned position DRP of the
vehicle is periodically calculated, which position DRP
is identified and temporarily stored in the computer as
coordinates X4 Youd. Then, to compensate for the accu-
mulated error, the array is interrogated at a location
corresponding to the coordinates X,q Yorz. If a logic 1
is found, the vehicle is defined as corresponding to a
known driveable surface and no correction is made. If a
logic 0 is found, representing no driveable surface, adja-
cent entries in the array are interrogated, as specifically
described in the patent. If a logic 1 is then found at one
of these adjacent entries, coordinates X7 Y,iq are cor-
rected or updated to coordinates X, Yy corresponding
to the logic 1 that was found, and these latter coordi-
nates then become X, Youd to advance the dead reck-
oned position. If no logic 1 is found after such interroga-
tions, then no change is made to the original Xow You
and the corresponding dead reckoned position DRP is
advanced.

Another example of an automatic vehicle naviga-
tional system that uses a map data base to correct for the
accumulation of errors in tracking a vehicle is disclosed
in 2 publication entitled “Landfall: A High Resolution
Vehicle-Location System”, by D. King, GEC Journal
of Science and Technology, Vol. 45, No. 1, 1978, pages
34-44. As described in the publication, the term Land-
fall is an acronym for Links and Nodes Database For
Automatic Landvehicle Location, in which a stored
map data base comprises roads (links) that are intercon-
nected by junctions (nodes) having inlet/outlet ports.
Thus, any mapped area is regarded merely as a network
of nodes, each containing a number of inlet/outlet ports,
and interconnected links.

The publication describes the basic vehicle naviga-
tional algorithm used under the Landfall principle by
assuming that a vehicle is on a road or link moving
toward a node which it will enter by an input port. As
the vehicle moves forward, the motion is detected by a
distance encoder and the “distance-to-go”, i.e., the dis-
tance to go to the next node, is decremented until it
becomes zero, corresponding to the entry point of the
input port of such a node. Then, as the vehicle exits one
of several output ports of the node, a change of heading
of the vehicle at the exit point with respect to the entry
point is measured. Then, the map data base for that node
is scanned for an exit port matching the measured
change in heading and, once identified, this exit port
leads to the entry point of another node and the dis-
tance-to-go to that other node. Landfall attempts to
compensate for the accumulation of error resulting
from the achievable accuracy of the distance encoder
by cancelling the error when the vehicle encounters a
node and turns onto an exit port. More details of this
vehicle navigational algorithm are disclosed in the pub-
lication.
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A common problem with the above-mentioned sys-
tems is the use of limited information to compensate for
the accumulation of error, so as to accurately track a
vehicle. For example, in the vehicle navigational system
of the patent, this limited information is a coarse and
simplistic representation of streets by logic 1 and logic 0
data of the map data base. In the Landfall system, a
relatively simplistic assumption is made that vehicles
are always on a street of the map.

Furthermore, in addition to using limited information
to correct for the accumulation of error, the vehicle
navigational algorithms of the patent and Landfall do
not develop an estimate of correct location accuracy
and use this information in dependence with the map
data base to determine if the vehicle is on a street or not.
Systems that do not maintain this estimate are more
likely to update the position incorrectly or to fail to
update the position when it should be.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
novel apparatus and method for improving the accu-
racy of tracking a vehicle as it moves over streets.

It is another object of the present invention to pro-
vide a novel apparatus and method for compensating
for the accumulation of error in the vehicle navigational
system usable by a vehicle as it moves over streets.

It is still another object of the present invention to
accurately keep track of the vehicle should the vehicle
move on and off the streets.

The above and other objects are obtained in one
aspect of the present invention which is an apparatus for
providing information to improve the accuracy of
tracking a vehicle movable over streets in a given area,
including first means for providing data identifying
respective positions of the vehicle, each position having
an accuracy relative to an actual location of the vehicle
and one of the positions being a current position, second
means for providing a map data base of the streets, and
means for deriving any of a plurality of parameters in
dependence on one or more respective positions of the
vehicle and the streets of the map data base to determine
if a more probable current position exists.

In a related aspect, the invention is a method for
providing information to improve the accuracy of
tracking a vehicle movable over streets in a given area,
including the steps of providing data identifying respec-
tive positions of the vehicle, each position having an
accuracy relative to an actual location of the vehicle
and one of the positions being a current position, pro-
viding a map data base of the streets, and deriving any
of a plurality of parameters in dependence on one or
more respective positions of the vehicle and the streets
of the map data base to determine if a more probable
current position exists.

Thus, in these apparatus and method aspects of the
present invention, a significant ainount of information in
the form of the plurality of parameters may be derived
from the positions of the vehicle and the map data base.
Furthermore, and as will be described more fully be-
low, this information may be used not necessarily to
correct or update the current position of the vehicle,
but at least to determine if a more probable current
position exists.

In another aspect, the present invention is an appara-
tus for automatically tracking a vehicle movable about
streets of an overall given area, including first means for
providing first data identifying respective positions of
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the vehicle as the vehicle moves about the streets, each
position having a certain accuracy and one of the posi-
tions being a current position, second means for provid-
ing second data being an estimate of the accuracy of the
respective positions of the vehicle, the estimate chang-
ing as the vehicle moves about the streets to reflect the
accuracy of the respective positions, third means for
providing a map data base of the streets of the given
area, and means for determining if a more probable
position than the current position exists in response to
the first data, the second data and the map data base.
In a related aspect, the present invention is a method
for automatically tracking a vehicle movable about
streets of an overall given area including providing first
data identifying respective positions of the vehicle as
the vehicle moves about the streets, each position hav-
ing a certain accuracy and one of the positions being a
current position, providing second data being an esti-
mate of the accuracy of the respective positions of the
vehicle, the estimate changing as the vehicle moves
about the streets to reflect the accuracy of the respec-
tive positions, providing a map data base of the streets
of the given area, and determining if a more probable
position than the current position exists in response to
the first data, the second data and the map data base.
With these apparatus and method aspects of the pres-
ent invention, the vehicle is tracked by determining if a
more probable position than the current position exists.
If a more probable current position is determined, then
the current position is corrected (updated), but if a more
probable position cannot be found, the current position
is not updated. This determination is made in response
to the data about the positions of the vehicle, the data
which are an estimate of the accuracy of the respective
positions of the vehicle and the map data base.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-FIG. 1C are diagrams used to explain the
principles of dead reckoning.

FIG. 2 is a block diagram of an automatic vehicle
navigational system of the present invention.

FIG. 3 illustrates pictorially a map of a given area
over which a vehicle may move.

FIGS. 4A-4B are illustrations used to explain certain
information of the map data base.

FIGS. 5A-5C-2 are pictorial illustrations used to
explain various embodiments of an estimate of the accu-
racy of the positions of a vehicle.

FIGS. 6A-6E are illustrations used to explain certain
derived paraneters of the present invention.

FIGS. 7A-7C show the structure of an overail com-
puter program of the present invention.

FIG. 8 is a flow chart of the overall vehicle naviga-
tional algorithm of the present invention.

FIGS. 9-36 are more detailed flow diagrams and
other illustrations used to explain the vehicle naviga-
tional algorithm of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

I. Introduction

The present invention will be discussed specifically in
relation to automatic vehicle location system using dead
reckoning, which is one approach to tracking a vehicle
movable over streets. However, the present invention
may have application to other approaches to the prob-
lem of automatic vehicle location for tracking vehicles
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moving over streets, including, for example, “proximity
detection” systems which use signposts that typically
are, for example, low power radio transmitters located
on streets to sense and transmit information identifying
the location of a passing vehicle, as well as to Landfall-
type systems previously described. The present inven-
tion also may have application in conjunction with yet
other systems of providing information of the location
of a vehicle movable over streets, such as land-based
radio and/or satellite location systems. Still further-
more, the vehicle that will be discussed may be a motor
vehicle, such as a car, a recreational vehicle (RV), a
motorcycle, a bus or other such type of vehicle primar-
ily movable over streets.

FIGS. 1A-1C are used to explain the basic principles
of dead reckoning for tracking a moving vehicle V.
Accordingly, FIG. 1A shows an XY coordinate system
in which a vehicle V is moving over an actual street St
from an arbitrary first or old location L, at coordinates
X,Y, to a new or current location L. at coordinates
XY

Assume that an old dead reckoned position DRP,has
been calculated, as described below, which coincides
with the actual location L, of the vehicle V, thereby
also having coordinates X,Y,. Assume also that a new
or current dead reckoned position DRP, is to be calcu-
lated when the vehicle V is at its new or current loca-
tion L. The old dead reckoned position DRP, is ad-
vanced to the current dead reckoned position DRP; by
a calculation using well-known equations as follows:

Xc+Xo+AD-cos (H) m

Y.=Yo+ADsin (H) @
where XY, are the coordinates of DRP,, AD is a mea-
sured distance traveled by the vehicle V between L,
and L., and H is a measured heading of the vehicle V.

The illustration and discussion of FIG. 1A assumes
that there has been no error in calculating the current
dead reckoned position DRP,. That is, the current dead
reckoned position DRP, is shown to coincide exactly
with the actual location L, of the vehicle V, whereby
L. and DRP, have the identical coordinates X.Y,.

FIG. 1B illustrates the more general situation in
which errors are introduced into the calculation of the
current dead reckoned position DRP.. As a result, the
current dead reckoned position DRP, will differ from
the actual location L. of the vehicle V by an error E.
This error E can arise due to a number of reasons. For
example, the measurements of the distance AD and the
heading H obtained with distance and heading sensors
(not shown in FIGS. 1A-1C) on the vehicle V may be
inaccurate. Also, equations (1) and (2) are valid only if
the vehicle V travels over distance AD at a constant
heading H. Whenever the heading H is not constant,
error is introduced into the calculation.

Moreover, the error E, unless compensated, will on
average accumulate as the vehicle V continues to move
over the street St since X.Y. becomes X,Y, for each
new calculation of the dead reckoned position DRP.in
accordance with equations (1) and (2). This is indicated
in FIG. 1B by showing the vehicle V at a subsequent
new location L', together with a subsequent current
dead reckoned position DRP’; and an accumulated
error E's E. Thus, any given DRP.has a certain inaccu-
racy associated with it corresponding to the error E.

FIG. 1C is used to explain generally the manner in
which the error E associated with a given current dead
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reckoned position DRP. is compensated. FIG. 1C
shows the vehicle V at location L., together with a
current dead reckoned position DRP.and an error E, as
similarly illustrated in FIG. 1B. In accordance with the
present invention, a determination will be made if a
more probable position than the current dead reckoned
position DRP, exists. If it is determined that a more
probable position does exist, then the current dead reck-
oned position DRP, is changed or updated to a certain
XY coordinate corresponding to a point on the street
St, identified as an updated current dead reckoned posi-
tion DRP,,. The DRP,, may or may not coincide with
the actual location L. of the vehicle (shown in FIG. 1C
as not coinciding), but has been determined to be the
most probable position at the time of updating, Alterna-
tively, at this time it may be determined that no more
probable position than the current dead reckoned posi-
tion DRP, can be found, resulting in no changing or
updating of the current dead reckoned position DRP..
If the updating does occur, then the XY coordinates of
the DRP,, become X,Y, in equations (1) and (2) for the
next advance, whereas if no updating occurs at this
time, then the XY coordinates of the DRP,. become
XoYo.

I1. Exemplary System Hardware

FIG. 2 illustrates one embodiment of an automatic
vehicle navigational system 10 of the present invention.
A computer 12 accesses a data storage medium 14, such
as a tape cassette or floppy or hard disk, which stores
data and software for processing the data in accordance
with a vehicle navigational algorithm, as will be de-
scribed below. For example, the computer 12 can be an
IBM Personal Computer (PC) currently and widely
available in the marketplace, that executes program
instructions disclosed below.

System 10 also includes means 16 for sensing dis-
tances AD traveled by the vehicle V. For example, the
means 16 can constitute one or more wheel sensors 18
which sense the rotation of the non-driven wheels (not
shown) respectively of the vehicle V and generate ana-
log distance data over lines 20. An analog circuit 22
receives and conditions the analog distance data on lines
20 in a conventional manner, and then outputs the pro-
cessed data over a line 24.

System 10 also includes means 26 for sensing the
heading H of the vehicle V. For example, means 26 can
constitute a conventional flux gate compass 28 which
generates heading data over a line 30 for determining
the heading H. The previously described wheel sensors
18 also can be differential wheel sensors 18 for generat-
ing heading data as a part of overall means 26. An ad-
vantage of possibly using both the flux gate compass 28
and the differential wheel sensors 18 to provide heading
data to the computer 12 will be discussed below.

The computer 12 has installed in it an interface card
32 which receives the analog distance data from means
16 over line 24 and the analog heading data from means
26. Circuitry 34 on the card 32 converts and conditions
these analog data to digital data identifying, respec-
tively, the distance AD traveled by the vehicle V and
heading H of the vehicle V shown in FIGS. 1A-1C.
For example, the interface card 32 may be the commer-
cially available Tecmar Lab Tender Part No. 20028,
manufactured by Tecmar, Solon, (Cleveland), Ohio.

The system 10 also includes a display means 36, such
as a CRT display or XYZ monitor 38, for displaying a
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map M of a set of streets {St} and a symbol S, of the
vehicle V, which are shown more fully in FIG. 3. An-
other computer interface card 40 is installed in the com-
puter 12 and is coupled to and controls the display
means 36 over lines 42, so as to display the map M, the
symbol Sy and relative movement of the symbol S,over
the map M as the vehicle V moves over the set of streets
{St}. The card 40 responds to data processed and pro-
vided by the card 32 and the overall computer 12 in
accordance with the vehicle navigational algorithm of
the present invention to display such relative move-

10

ment. As another example, the display means 36 and the -

circuitry of card 40 may be one unit sold commercially
by the Hewlett-Packard Company, Palo Alto, Califor-
nia as mode] 1345A (instrumentation digital display).

The system 10 also includes an operator control con-
sole means 44 having buttons 46 by which the vehicle
operator may enter command data to the system 10.
The console means 44 communicates over a line 48 with
the means 32 to input the data to the computer 12. For
example, the command data may be the initial XY coor-
dinate data for the initial DRP when the system 10 is
first used. Thereafter, as will be described, this com-
mand data need not be entered since the system 10
accurately tracks the vehicle V.

The system 10 may be installed in a car. For example,
the monitor 38 may be positioned in the interior of the
car near the dashboard for viewing by the driver or
front passenger. The driver will see on the monitor 38
the map M and the symbol S, of the vehicle V. Pursuant
to the vehicle navigational algorithm described below,
the computer 12 processes a substantial amount of data
to compensate for the accumulation of error E in the
dead reckoned positions DRP, and then controls the
relative movement of the symbol S, and the map M.
Therefore, the driver need only look at the monitor 38
to see where the vehicle V is in relation to the set of
streets {St} of the map M.

Moreover, a number of differeni maps M may be
stored on the storage medium 14 as a map data base for
use when driving throughout a given geographical area,
such as the San Francisco Bay Area. As the vehicle V
is driven from one given area to another, the appropri-
ate map M may be called by the driver by depressing
one of the buttons 46, or be automatically called by the
computer 12, and displayed on the monitor 38. System
10 will perform its navigational functions in relation to
the map data base, using a part of the map data base
defined as the navigation neighborhood of the vehicle.
The map M which currently is being displayed on the
monitor 38 may or may not correspond precisely to the
navigation neighborhood.

II1. Information Used to Improve the Accuracy of
Tracking the Vehicle V (The Map M; The DRP; The
Estimate of the Accuracy of the DRP)

A. The Map M
1. The Map M Generally

FIG. 3 shows the map M of a given area (part of the
map data base) or navigation neighborhood having a set
of streets {St} over which the vehicle V may move. For
example, the street identified as “Lawrence Express-
way” may correspond to a street Stj, the street identi-
fied as “Tasman Drive” may correspond to a street St
and the street identified as “Stanton Avenue” may cor-
respond to a street St3. Also shown is the vehicle sym-
bol S, which is displayed on the monitor 38. Thus, the
vehicle V may move along Lawrence Expressway, then
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make a left turn onto Tasman Drive and then bear right
onto Stanton Avenue, and this track will be seen by the
vehicle operator via the relative movement of the sym-
bol Syand map M.

2. The Map Data Base
(2) Introduction

The map M is stored on the storage medium 14 as part
of the map data base which is accessed by the computer
12. This map data base includes, as will be further de-
scribed, data identifying (1) a set of line segments {S}
defining the set of streets {St}, (2) street widths W, (3)
vertical slopes of the line segments S, (4) magnetic vari-
ation of the geographical area identified by the map M,
(5) map accuracy estimates, and (6) street names and
street addresses.

(b) Set of Line Segments {S}-

FIG. 4A is used to explain the data stored on medium
14 that identify a set of line segments {S} defining the
set of streets {St}. Each such street St is stored on the
medium 14 as as algebraic representation of the street
St. Generally, each street St is stored as one or more arc
segments, or, more particularly, as one or more straight
line segments S. As shown in FIG. 4A, each line seg-
ment S has two end poinis EP1 and EP; which are
defined by coordinates X1Y; and X,Y>, respectively,
and it is these XY coordinate data that are stored on the
medium 14. The course (heading) of the segment S can
be determined from the end points.

(c) Street Width W

The streets St of any given map M may be of different
widths W, such as a six-lane street like Lawrence Ex-
pressway, a four-lane street like Stanton Avenue and a
two-lane street like Tasman Drive, all illustrated in the
map M of FIG. 3. Data identifying the respective
widths W of each street St are stored on the medium 14
as part of the map data base. The width W of the street
St is used as part of an update calculation described
more fully below.

(d) Vertical Slope of a Line Segment S

FIG. 4B is used to explain correction data relating to
the vertical slope of a given street St and which are part
of the map data base stored on medium 14. FIG. 4B-1
shows a profile of the actual height of a street St which
extends over a hill. The height profile of the actual
street St is divided into line parts P1-Rs for ease of
explanation, with each part P;-Ps having a true length
11-15. FIG. 4B-2 shows the same parts P1-Ps as they are
depicted on a flat map M as line segments S;~Ss. Parts
Pi, P3and Psshown in FIG. 4B-1 are flat and, therefore,
their true lengths 13, 13 and 15 are accurately represented
on the map M, as shown in FIG. 4B-2. However, the
true length 1 and 14 of sloping parts P and P4 shown in
FIG. 4B-1 are foreshortened in FIG. 4B-2 from I and 14
to I'2 and I'4. This constitutes map foreshortening errors
which are proportional to the cos a and the cos S,
respectively, these angles @ and 8 being shown in FIG.
4B-1. Such foreshortening errors always occur when-
ever a 3-dimensional surface is depicted on a 2-dimen-
sional or flat map M. Consequently, the XY coordinates
of the respective end points EP of line segments S; and
S4shown in FIG. 4B-2 do not reflect the actual lengths
12 and 14 of the actual street St. Therefore, the map data
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base can store vertical slope correction data for these
segments Sy and S4 to compensate for the foreshorten-
ing errors. The correction data may be stored in the
form of a code defining several levels of slope. For
example, in some places these slope data may be coded
at each segment S. In other areas these slope data are
not encoded in the segment S but may be coded to
reflect overall map accuracy, as described below.

Furthermore, FIG. 4B-3 is a plot of the heading H
measured by the means 26 for each segment S;-Ss as the
vehicle V traverses the street St having the height pro-
file shown in FIG. 4B-1. Any segment S having a verti-
cal slope, such as corresponding parts P and P4 of the
actual street St, may introduce through “magnetic dip
angles”, errors in the compass heading readout of the
flux gate compass 28 of the means 26 as the vehicle V
moves over parts P, and P4. Where the map data base
contains correction data for a segment S having a verti-
cal slope, the compass heading errors also may be cor-
rected.

Thus, when foreshortening errors are coded on each
segment S, and if the position (DRP) of the vehicle V
has been recently updated to a segment S, as further
described below, and has not since turned or otherwise
been detected as leaving that segment S, then the dead
reckoning equations (1) and (2) can be modified to equa-
tions (1°) and (2'):

Xe=X,+CpAD-cos (H) )

Ye=Yo+CpADsin () @)
Here the foreshortening coefficients Cr are calculated
from foreshortening and other data coded for the se-
lected segment S, as is the corrected heading H'.

(e) Magnetic Variation of the Geographic Area

The map data base may contain correction data to
relate magnetic north to true north and magnetic dip
angles to determine heading errors due to the vertical
slope of streets St, thereby accounting for the actual
magnetic variation of a given geographic area. Because
these are continuous and slowly varying correction
factors only a few factors need be stored for the entire
map data base.

() Map Accuracy Estimate

The map M is subject to a variety of other errors
including survey errors and photographic errors which
may occur when surveying and photographing a given
geographic area to make the map M, errors of outdated
data such as a new street St that was paved subsequent
to the making of the map M, and, as indicated above, a
general class of errors encountered when describing a
3-dimensional earth surface as a 2-dimensional flat sur-
face. Consequently, the map data base may contain data
estimating the accuracy for the entire map M, for a
subarea of the map M or for specific line segments S.
The navigational algorithm described below may use
these map accuracy data to set a minimum size of an
estimate of the accuracy of the updated dead reckoned
position DRP,, also as described more fully below.
Additionally, some streets St in the map M are known
to be generalizations of the actual locations (e.g., some
trailer park roads). The map accuracy data may be
coded in such a way as to identify these streets St and
disallow the navigational algorithm from updating to
these generalized streets St.
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B. The Dead Reckoned Position DRP

The present invention provides information on the
current dead reckoned position DRP, of the vehicle V
by using certain sensor data about wheel sensors 18 and
compass 28 and the computations of equations (1) and
(2) or (1) and (2'). In addition, sensor calibration infor-
mation derived in the process of advancing and updat-
ing the dead reckoned positions DRP, as will be de-
scribed below, is used to improve the accuracy of such
sensor data and, hence, the dead reckoned position
accuracy.

c. The Estimate of the Accuracy of the DRP
1. The Estimate—Generally

The present invention provides and maintains or
carries forward as the vehicle V moves, an estimate of
the accuracy of any given dead reckoned position DRP.
Every time the dead reckoned position DRP is
changed, i.e., either advanced from the old dead reck-
oned position DRP, to the current dead reckoned posi-
tion DRP, or updated from the DRP, to the updated
current dead reckoned position DRP.y, the estimate is
changed to reflect the change in the accuracy of the
DRP. The estimate embodies the concept that the ac-
tual location of the vehicle V is never precisely known,
so that the estimate covers an area that the vehicle V is
likely to be within. As will be described below, the
estimate of the accuracy of a given dead reckoned posi-
tion DRP can be implemented in a variety of forms and
is used to determine the probability of potential update
positions of a given DRP.to a DRP,,.

2. The Estimate as a Probability Density Function or as
a Contour of Equal Probability (CEP)

FIG. 5A generally is a replot of FIG. 1B on an XYZ
coordinate system, where the Z axis depicts graphically
a probability density function PDF of the actual loca-
tion of the vehicle V. Thus, FIG. 5A shows along the
XY plane the street St, together with the locations L,
and L. and the current dead reckoned position DRP,
previously described in connection with FIG. 1B. As
shown in FIG. 5A, the peak P of the probability density
function PDF is situated directly above the DRP,.

The probability density function PDF is shown as
having a number of contours each generated by a hori-
zontal of XY plane slicing through the PDF function at
some level. These contours represent contours of equal
probability CEP, with each enclosing a percentage of
the probability density, such as 50% or 90%, as shown.

FIG. 5B is a projection of the contours CEP of FIG.
5A onto the XY coordinates of the map M. A given
contour CEP encloses an area A having a certain proba-
bility of including the actual location of the vehicle V.
Thus, for example, the 90% contour CEP encloses an
area A which has a 0.9 probability of including the
actual location of the vehicle V. As will be further
described, as the old dead reckoned position DRP, is
advanced to the current dead reckoned position DRP,
and the error E accumulates, as was described in rela-
tion to FIG. 1B, the area A of the CEP will become
proportionately larger to reflect the accumulation of
the error E and the resulting reduction in the accuracy
of the DRP however, when the DRP, is updated to
the DRP,,, as was described in connection with FIG.
1C, then the area A of the CEP will be proportionately
reduced to reflect the resulting increase in the accuracy
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of the DRP,;. Whether expanded or reduced in size, the
CERP still represents a constant probability of including
the actual location of the vehicle V. As will be de-
scribed, the CEP has a rate of growth or expansion
which will change, accordingly, as certain measure-
ments and other estimates change.

FIG. 5C is similar to FIG. 5B, except that it shows
one example of a specific implementation of the CEP
that is used in accordance with the present invention, as
will be further described. For this implementation, a
contour CEP is approximated by a rectangle having
corners RSTU. The CEP is stored and processed by the
computer 12 as XY coordinate data defining the corners
RSTU, respectively.

In other words, the CEP, whether stored and used in
an elliptical, rectangular or other such shape, may be
considered to constitute a plurality of points, each iden-
tified by XY coordinate data, defining a shape enclosing
an area A having a probability of including the actual
location of the vehicle V.

FIG. 5C-1 shows graphically the expansion or en-
largement of the CEP as the vehicle V moves over a
street St and as an old dead reckoned position DRP, is
advanced to a current dead reckoned position DRP,. In
FIG. 5C-1, a given DRP, is shown as not necessarily
coinciding with an actual location L, of the vehicle V,
ie., there is an accumulation error E. Surrounding the
DRP, is the CEP having an area A that is shown as
containing the actual location L, of the vehicle V. Upon
the advancement of the DRP, to the DRP,, when the
vehicle V has moved to the location L, the CEP will
have been expanded from the area A defined by corners
RSTU to the area A’ defined by corners R'S'T'U’. More
specifically, as the vehicle V moves from the location
Lo to the location L., the computer 12 processes certain
data so that the CEP may grow from area A to area A’
at a varying rate, as will be described below. Also, the
manner in which the XY coordinate data of the corners
RSTU are changed to define corners R'S'T'U’ will be
described below.

FIG. 5C-2 shows graphically the reduction in size of
the CEP. FIG. 5C-2 indicates that at the time of the
vehicle V is at the location L., the vehicle navigational
algorithm of the present invention has determined that a
more probable current position than the DRP, exists, so
that the latter has been updated to the DRP,y,, as ex-
plained in FIG. 1C. Consequently, the expanded CEP
having corners R'S'T'U’ is also updated to a CEP,
having an area A" with corners R”S"T""U" to reflect
the increased certainty in the accuracy of the DRP,,.
Again, the CEP, having the area A" surrounds the
DRP,, with a probability of including the actual loca-
tion of the vehicle V. The detailed manner in which the
CEP is updated to the CEP, by the computer 12 will be
described more fully below.

While area A, area A’ and area A" of the respective
CEPs have been described above and shown to include
the actual location of the vehicle V, since the CEP is a
probability function, it does not necessarily have to
contain the actual location of the vehicle V. The vehicle
navigational algorithm described below still uses the
CEP to determine if a more probable current dead reck-
oned position DRP exists.

3. Other Embodiments of the Estimate and its Growth

The estimate of the accuracy of a given dead reck-
oned position DRP, which has a probability of contain-
ing the actual location of the vehicle V, may be imple-
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mented in embodiments other than the CEP. For exam-
ple, the estimate may be a set of mathematical equations
defining the PDF. Equation A is an example of a PDF
of a DRP advancement assuming independent zero
mean normal distributions of errors in heading and dis-
tance, and to first order approximation, independence of
errors in the orthogonal directions parallel and perpen-
dicular to the true heading direction.

PDFD,P) = ——Zﬂ;mp . (&)
2 2
D/ADT P/ADT
e~} +
op op
where
P=ADrsin H,
and

D==distance parellel to true heading direction
AD7==true distance of DRP advance
op=standard deviation of distance sensor error (a
percentage)
He=heading error
P=distance perpendicular io true heading direction
o p=standard deviation of position error perpendicu-
lar to true heading direction (a percentage) which
is a function of oyand AD7
o g=standard deviation of heading sensor error
Equation B is an example of a similar PDF of the accu-
mulated error. Its axes, 6 and ¢, have an arbitrary rela-
tion to D and P depending upon the vehicle’s past track.

5 2 ®)
1 - 9 ¢
o= () (2]

where

f#=major axis

¢d=minor axis perpendicular to 6

og=standard deviation of errors accumulated in 6

direction

op=standard deviation of errors accumulated in ¢

direction

Assuming independence of errors, the vehicle position
probability density function PDF after an advance can
be calculated by two dimension convolution of the old
PDF (equation B) and the current PDF (equation A)
and their respective headings. A new PDF of the form
of equation B could then be approximated with, in gen-
eral, a rotation of axis @ to some new axis 8’ and ¢ and
¢' and an adjustment of o9 and o°y. The computer 12
can then calculate the probability of potential update
positions in accordance with these mathematical PDF
equations thus providing information similar to that of
the CEP as the vehicle V moves.

Alternatively, the computer 12 can store in memory a
table of values defining in two dimensions the probabil-
ity distribution. The table can be processed to find simi-
lar information to that contained in the CEP, as de-
scribed more fully below.
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In addition, the rate of growth of the CEP can be
embodied in different ways. Besides the method de-
scribed below, the rate of growth could be embodied by
a variety of linear filtering techniques including Kalman
filtering.

IV. Parameters Derived by the Computer to Improve
the Accuracy of Tracking the Vehicle V

A. Parameters—Generally

Computer 12 will derive and evaluate from the
above-described information one or more parameters
that may be used to determine if a more probable posi-
tion than the current dead reckoned position DRP,
exists. These “multi-parameters”, any one or more of
which may be used in the determination, include (1) the
calculated heading H of the vehicle V in comparison to
the headings of the line segments S, (2) the closeness of
the current dead reckoned position DRP, to the line
segments S in dependence on the estimate of the accu-
racy of the DRP,, such as the CEP in the specific exam-
ple described above, (3) the connectivity of the line
segments S to the line segment S corresponding to a
preceding DRP,y, (4) the closeness of the line segments
S to one another (also discussed below as “ambiguity™),
and (5) the correlation of the characteristics of a given
street St, particularly the headings or path of the line
segments S of the given street St, with the calculated
headings H which represent the path of the vehicle V.
FIGS. 6A~6D show graphically and are used to explain
the parameters (1)-(4) derived by the computer 12.
More details of these and other parameters will be dis-
cussed below in relation to the details of the vehicle
navigational algorithm.

B. Parameters—Specifically
1. Heading H »

FIG. 6A shows in illustration I the measured heading
H of the vehicle V. FIG. 6A also shows in respective
illustrations II-IV a plurality of line segments S, for
example line segments $1-S3, stored in the map data
base. These segments S1-S3 may have, as shown, differ-
ent headings hi-hs, as may be calculated from the XY
coordinate data of their respective end points EP. The
heading H of the vehicle V is compared to the respec-
tive headings h of each segment S in the mnap data base
corresponding to the navigation neighborhood cur-
rently used by the navigation algorithm, such as seg-
ments S;-S3. Depending on this heading comparison,
computer 12 determines if one or more of these seg-
ments S qualifies as a “line-of-position” or L-O-P in
determining if a more probable current dead reckoned
position DRP, exists. Such segments § qualifying as
L-O-Ps are candidates for further consideration to de-
termine if a DRP. is to be updated to DRP,,.

2. Closeness of DRP, Related to Estimate

FIG. 6B is used to explain one example of the close-
ness parameter with respect to the estimate of the accu-
racy of the DRP. Specifically, one criterion that is con-
sidered is whether a given line segment S intersects or is
within the CEP. Segments S intersecting the CEP are
more likely to correspond to the actual location of the
vehicle V than segments S not intersecting the CEP. A
given line segment S doesn’t intersect the CEP if, for
example, all four corners RSTU (or R'S'T'U’) are on
one side of the CEP. As shown in FIG. 6B, which
illustrates eight representative line seginents S;~Sg, seg-
ments S;-S4 and S¢-S7 (S¢ and S7 correspond to one
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given street St) do not intersect the CEP and, therefore,
are not considered further. Segments Sy, S5 and Sg do
intersect the CEP and, therefore, qualify as L-O-Ps or
candidates for further consideration in determining if a
more probable current dead reckoned position DRP,
exists, as will be described below. FIG. 6B happens to
show that the actual location of the vehicle V at this
time is on a street St corresponding to segment Sg.

As an alternative, assume that the embodiment of the
estimate being used is the table of entries of values of the
probability density function PDF described above. The
computer 12 may determine the distance and heading
between a given line segment s and the DRP,. From this
and the table of PDF’s the computer 12 can determine
the most probable position along the segment S and the
probability associated with that position. Any probabil-
ity less than a threshold will result in the given line
segment S not being close enough to the current dead
reckoned position DRP, to be a likely street St on
which the vehicle V may be moving, whereas any prob-
ability greater than the threshold may constitute such a
likely street St. In addition, these probability values can
be used to rank the relative closeness of candidate seg-
ments S.

3. Connectivity of the Line Segments S

1t is more probable that a given line segment S corre-
sponds to a street St on which the vehicle V is moving
if it is connected to a line segment S previously deter-
mined to contain the updated current dead reckoned
position DRP,,. FIG. 6C graphicaily illustrates several
possible ways in which two line segments S and S; are
deemed connected. As shown in Example I of FIG. 6C,
any two line segments S; and S; are connected if an
intersection i of these two segments S; and S; is within
a threshold distance of the end points EP of the two
segments, Sy, and Sy, respectively. Alternatively, two
line segments S; and S are interconnected if the inter-
section i is inclusive of the end points EP, as shown by
Example II and Example III in FIG. 6C. ’

To test for connectivity, for example, and with refer-
ence to Examples I-1II of FIG. 6C, the line segment S
may be the segment S corresponding to the preceding
updated current dead reckoned position DRP,; while
line segment S; may be a segment S being presently
evaluated in connection with updating the current dead
reckoned position DRP.. Computer 12 will compute
from segment data contained in the navigation neigh-
borhood of the map data base, the connectivity to deter-
mine if this segments S qualifies under this connectivity
test. That is, the present invention considers that the
vehicle V more likely will move about interconnected
streets St and line segments S of a given street St, rather
than about unconnected streets St or unconnected line
segments S of a given street St. Other segments S may
or may not so qualify under this connectivity parame-
ter. Since the present invention also allows for the vehi-
cle V to move off and on the set of streets {S} of the
map data base, this connectivity test is not absolute but
is one of the parameters used in the updating process
more fully described later.

4. Closeness of Line Segments S to One Another
(Ambiguity)
FIG. 6D shows two line segments S and S; on oppo-
site sides of the current dead reckoned position DRP,.
As will be further described, the computer 12 ultimately
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may determine that these two line segments S; and S;
are the only two remaining line segments S that may
likely correspond to the actual street St on which the
vehicle V is moving. However, if the computer 12 de-
termines that these two segments S and S; are too close
together, or that the distance between S; and DRP. is
insignificantly different than the distance between S;
and DFP,, then one segment S or Sz may be as likely as
the other segment S; or S to correspond to the street St
on which the vehicle V is actually moving. In this am-
biguous event, neither segment S nor Sy is selected as a
more probable segment and the current dead reckoned
position DRP, is not updated at this time.

5. Correlation
(a) Generally

The correlation parameter generally described the
closeness of fit of a recent portion of the path taken by
the vehicle V to the path defined by segments S in the
navigation neighborhood. The correlation parameter is
computed differently depending upon whether the ve-
hicle V is turning or not. If the vehilce V is not turning
a simple path matching is calculated, as described below
in section 5(3). If the vehicle V is turning a correlation
function is calculated, as described below in section

5(c).

(b) Path Matching Between the Sequence of Previous
Vehicle Headings and the Sequence of Connected
Segment Headings

As will be shown by the two examples I and II of
FIG. 6F, and described more fully below, path match-
ing is used when the vehicle V has been determined not
to be turning. In each example I and II, the solid lines
having the current dead reckoned position DRP, show
a recent dead reckoned path used for matching and the
dashed lines show an older dead reckoned path not used
for matching. The other solid lines of examples I and 11
show respective sequences of connected line segments
S. After computer 12 determines, for example, line seg-
ment S to be the most likely to correspond to the street
St on which the vehicle V is probably moving, then this
path match parameter will compare the dead reckoned
path of the vehicle V with the path of the segment S;
and connected segments (if needed), such as segment Sy,
to determine if the respective paths match. Example I of
FIG. 6E shows paths that do match, whereby segment
S2 would be used for updating the current dead reck-
oned position DRP, to the DRP,. Example II shows
paths that do not match, so that segment S; would not
be used for updating the currrent dead reckoned posi-
tion DRP..

(c) Correlation Function Between the Sequence of
Previous Vehicle Headings and the Sequence of
Connected Segment Headings

A correlation function, described more fully below, is
used when it has been determined that the vehicle V has
been turning. After computer 12 determines a given line
segment S to be the most likely to correspond to the
street St on which the vehicle V is probably moving,
the correlation function is derived to determine if the
segment S is sufficiently correlated to warrant updating
the current dead reckoned position DRP.. The com-
puter 12 does this by calculating the best point BP of the
correlation function and testing its value as well as
certain shape factors. If it passes these tests, this best
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point BP is stored for later use in updating the DRP.to
DRP,,.

V. Use of the Parameters Derived by the Computer 12
to Improve the Accuracy of Tracking the Vehicle V

A. Parameter Use—Generally

In the present invention, the parameters of Section
IV. discussed above are used as logical tests in conjunc-
tion with other processing and logical tests to determine
if a point along a selected segment S, i.e., the most prob-
able segment, is a more probable position of the vehicle
V than the current dead reckoned position DRP,. If
such a most probable segment S is selected, then an
update of the DRP, to that point (the DRP.,) will be
made as outlined in Section V1. below and detailed
more fully in Section IX.

The parameters are generally used to sequentially test
and eliminate the set of segments {S} in the navigation
neighborhood from further consideration as candidate
segments S for the most probable segment S. As will be
described in detail in Section IX., the navigation algo-
rithm uses these parameters and other processing and
logic to eliminate all but one or two segments S as can-
didate segments. The algorithm then makes a final de-
termination if one segment S fully qualifies as having
the highest probability of representing the street St
where the vehicle V is moving and that the probability
is sufficienily high to qualify for updating the current
dead reckoned position DRP, to the DRP,, as the
above-mentioned point on such one segment S.

B. Parameter Use—Other Embodiments

The use of these parameters for determining if and
how to update the current dead reckoned position
DRP, can take other embodiments. For example, rather
than a logical sequence of eliminating segments S, they
may be used in a weighted score algorithm. In such an
algorithm the parameters described in Section IV.
above may be numerically computed for each segment
S in the navigation neighborhood. Each parameter
could be weighted by numerical values representing the
average error bounds estimated for that parameter and
representing the significance assigned to that parameter.
In this way a weighted sum of scores could be com-
puted for each segment S and the segment S with the
best weighted sum determined. If that sum was suffi-
ciently good the decision would be made to update.

In another embodiment a combination of the elimina-
tion method of the present invention and the scoring
method discussed above, could be used.

V1. Update of the DRP,, the CEP and Sensor
Calibration Data to Improve the Accuracy of Tracking
the Vehicle V

A. Update—Generally

Once a segment S, i.e., the most probable segment S,
has been determined to be sufficiently probable of con-
taining the actual location of the vehicle V to justify
updating the current dead reckoned position DRP,, the
computer 12 processes the segment, parameter and
DRP,data to determine the most probable DRP,,, the
updated CEP, and, if appropriate, updated distance and
heading sensor calibration coefficients. The method of
calculating DRP, depends on whether the computer 12
determines that the vehicle V has been turning or has
been moving in a straight line.
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As will be described in detail later, if the vehicle V
has been moving in a straight line, DRP,y is computed
directly using the selected segment S, the DRP,, the
angle and distance between them and the CEP. If the
vehicle V is turning, the DRP,, is determined by calcu-
lating a correlation function obtained by comparing the
sequence of recent vehicle headings to the segment S
(and if necessary connected segments S). The best point
BP of the correlation computation becomes the selected
DRP,, if it passes certain quality tests.

The CEP is updated to CEP, differently in accor-
dance with the two methods of updating the DRP,.
Also, when the update is judged to provide added infor-
mation about the calibration of the sensors 18 and 28,
the calibration coefficients are updated.

B. Update—Other Embodiments

The method of updating DRP. to DRP,, can take
other embodiments. For example, the past DRP posi-
tions, the most probable position along the selected
segment S, the score of the segment S if a score was
computed, as well as other parameter information could
be input into a linear filter (not shown) for computing
an optimum or least mean square position based on
some assignment of values of the different inputs. The
optimum or most probable position may or may not fall
on a segment S.

VII. Summary

Thus far, there has been described a variety of infor-
mation that is inputted to, stored and processed by the
computer 12 to improve the accuracy of tracking the
vehicle V. This information includes, for example, the
distance and heading data inputted to the computer 12,
the map data base stored on medium 14 and the estimate
of the accuracy of the dead reckoned positions DRP.
As was also described, the computer 12 may use this
information to derive one or more parameters, each of
which and all of which, are useful for determining if a
most probable segment S exists and if such segment S
contains a more probable current dead reckoned posi-
tion DRP, than the current DRP,. If it is determined
that such a segment S exists, the computer 12 computes
a more probable position and then updates the DRP. to
a DRPgy, the estimate of the accuracy of the DRP and
the calibration coefficients. The computer 12 may selec-
tively process the information described and other in-
formation to be described, and derive the parameters,
and perform the updates in accordance with a vehicle
navigational algorithm of the present invention, one
embodiment of which will now be described.

VIIIL. Overall Computer Program Structure

FIGS. TA-7C show three block diagrams which,
together, constitute an overall computer program struc-
ture that is utilized by the system 10. FIG. 7A refer-
ences a main program, with FIGS. 7B-7C referencing
interrupt programs. The interrupt program of FIG. 7B
is used to refresh the monitor 38 and to provide an
operator interface via the console means 46. The inter-
rupt program of FIG. 7C is the program performing the
vehicle navigational algorithm of the present invention.

Generally, in the operation of the overall computer
program structure, in response to all information that is
processed by the computer 12, as described above and
as will be further described below, the main program
computes and formats data necessary to select and dis-
play the selected map M and the vehicle symbol S,
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shown on the monitor 38 and provide the segments S in
the navigation neighborhood for the vehicle naviga-
tional algorithm. The execution of this main program
can be interrupted by the two additional programs of
FIG. 7B and FIG. 7C. The refresh display program of
FIG. 7B resets the commands necessary to maintain the
visual images shown on the monitor 38 and reads in any
operator command data via the console means 44
needed for the main program to select and format the
display presentation. The interrupt program of FIG. 7B
can interrupt either the main program of FIG. 7A or the
navigational program of FIG. 7C. The latter can only
interrupt the main program and does so approximately
every 1 second, as will be further described.

IX. The Vehicle Navigational Program and Algorithm

FIG. 8 is a flow chart illustrating an embodiment of
the overall vehicle navigational algorithm of the pres-
ent invention performed by the computer 12. As previ-
ously mentioned, every second the vehicle navigational
program interrupts the main program. First, the com-
puter 12 advances an old dead reckoned position DRP,
to a current dead reckoned position DRP, by dead
reckoning (see also FIG. 1B) and expands an estimate of
the accuracy of the DRP; (see also FIG. 5C-1) and
(block 8A), as described further below in relation to
FIG. 9. Next, a decision is made if it is time to test for
an update of the DRP,, the estimate and other informa-
tion (block 8B), as described below in relation to FIG.
12. If not, the remaining program is bypassed and con-
trol is returned to the main program.

If it is time to test for an update (block 8B), then a
multi-parameter evaluation is performed by computer
12 to determine if a2 segment S in the navigation neigh-
borhood contains a point which is more likely than the
current dead reckoned position DRP, (block 8C), as
will be described in relation to FIG. 13. If the multi-
parameter evaluation does not result in the determina-
tion of such a segment S (block 8D), then the remaining
program is bypassed and control is passed to the main
program. If the multi-parameter evaluation indicates
that such a more likely segment S does exist, then a
position along this segment S is determined and an up-
date is performed (block 8E), as will be described in
connection with FIG. 28, and thereafter control is re-
turned to the main program. This update not only in-
cludes an update of the current dead reckoned position
DRP.to the DRP,, (see FIG. 1C), and an update of the
estimate (see FIG. 5C-2), but also, if appropriate, an
update of calibration data relating to the distance sensor
means 16 and the heading sensor means 26 (see FIG. 2).

FIG. 9 shows a flow chart of the subroutine for ad-
vancing the DRP, to DRP, and expanding the estimate
of the accuracy of the DRP, (see block 8A). First, the
DRP, is advanced by dead reckoning to the DRP,
(block 9A), as will be described in relation to FIG. 10.
Next, the estimate of the accuracy of the DRP, is en-
larged or expanded (block 9B), as will be described in
connection with FIG. 11.

FIG. 10 illustrates the flow chart of the subroutine for
advancing a given DRP, to the DRP, (see block 9A).
Reference will be made to the equations shown on FIG.
10. First, the heading H of the vehicle V is measured by
computer 12 (block 10A), which receives the heading
data from the sensor means 26. The measured heading
H is then corrected for certain errors (block 10B). That
is, and as will be described in relation to FIG. 35-1, the
computer 12 maintains a sensor deviation table by stor-
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ing heading sensor deviation vs. sensor reading, which
heading deviation is added to the output of the heading
sensor means 26 to arrive at a more precise magnetic
bearing. Additionally, the local magnetic variation from
the map data base (see Section III.A.2.¢) is added to the
output of the heading sensor means 26 to arrive at a
more accurate heading H of the vehicle V.

Then, a distance Ad traveled since the calculation of
the DRP, is measured by the computer 12 using the
distance data from sensor means 18 (block 10C). Next,
the computer 12 calculates the distance AD (see FIG.
1B) (block 10D), in which the calibration coefficient
Cp is described more fully in relation to FIG. 35-2.
Next, the DRP, is calculated using equations 1’ and 2’
(block 10E), and this subroutine is then completed.

FIG. 11 discloses a flow chart of the subroutine for
expanding the contour CEP (see block 9B). Reference
also will be made to FIG. 11A which is a simplification
of FIG. 5C-1 and which shows the enlarged CEP hav-
ing area A’ after the vehicle V has traveled from one
location to another and the distance AD has been calcu-
lated.

First, the X and Y distance components of the calcu-
lated AD are determined by the computer 12, as follows
(block 11A):

€)
@

ADy==AD cos H
ADy=AD sin H

Next, the computer 12 calculates certain variable
heading and distance errors Egand Ep, respectively, to
be described in detail below. Generally, these errors Egy
and Ep relate to sensor accuracies and overall system
performance.

Thereafter, new XY coordinate data are calculated
by the computer 12, for each corner R'S'T'U’ of the
CEP as follows (block 11C):

R'x=Rx—EpADx—EgAD, ®)

R'y=Ry~EpADy+EnAD; ©
§'x=8x+EpADx—Eg.AD, U]
S'y=S,+EpADy—Eg.AD; ®)
T'x=Tx+EpADx+EpnADy (&)
Ty=Ty+EpADy—Eg.ADy 10)

Ux=Uy—EpADx+EnAD, aw
Uy=Uy—EpADy—Eg.AD; (12)

As indicated above, Ey and Ep are variables, as are
ADy and ADy since these data depend on the distance
traveled by vehicle V from one location to the other
when it is time to advance the DRP,; and expand the
CEP. Consequently, the rate at which the CEP expands
will vary. For example, the higher the values for Egor
- Ep, the faster the CEP will grow, reflecting the de-
creased accuracy of the DRP.and certainty of knowing
the actual location of the vehicle V.

With the DRP, now being advanced to the DRP.and
the CEP being expanded, FIG. 12 illustrates the flow
chart of the subroutine for determining if it is time to
test for an update (see block 8B). First, the computer 12
determines if 2 seconds have elapsed since a previous
update was considered (not necessarily made) (block
12A). If not, it is not time for testing for an update
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(block 12B) and the remaining program is bypassed
with control being returned to the main program.

If the 2 seconds have elapsed, computer 12 deter-
mines if the vehicle V has traveled a threshold distance
since the previous update was considered (block 12C).
If not, it is not time for testing for an update (block 12B).
If yes, then it is time to determine if an update should be
made (block 12D).

FIG. 13 is a flow chart of the subroutine for perform-
ing the multi-parameter evaluation by the computer 12
(see blocks 8C and 8D). First, the computer 12 deter-
mines a most probable line segment 8, if any, based on
the parameters (1)-(4) listed above (block 13A), as will
be further described in relation to FIG. 14. If a most
probable line segment S has been found (block 13B),
then a determination is made (block 13C) as to whether
this most probable segment S passes the correlation tests
of the correlation parameter, as will be described in
relation to FIG. 23. If not, a flag is set to bypass the
update subroutine (block 13D). If yes, a flag is set (block
13E), so that control proceeds to the update subrou-
tines.

FIG. 14 shows the flow chart of the subroutine for
determining the most probable line segment S and if this
line segment S is sufficiently probable to proceed with
the update subroutines (see block 13A). First, the XY
coordinate data of a line segment S are fetched by com-
puter 12 from the navigation neighborhood of the map
data base stored on medium 14 (block 14A). Then, the
computer 12 determines if this line segment S is parallel
to the heading H of the vehicle within a threshold (see
the heading parameter, Section IV B1.) (block 14B), as
will be described in relation io FIG. 15. If not, then the
computer 12 determines if this line segment S is the last
segment S in the navigation neighborhood to fetch
(block 14C). If not, then the subroutine returns to block
14A, whereby the computer 12 fetches another segment
S

If the line segment S that is fetched is parallel to the
heading H of the vehicle V within a threshold (block
14B), then the computer 12 determines if this line seg-
ment S intersects the CEP (block 14D) (see the close-
ness parameter relative to the estimate of the accuracy
of the DRP,; Section IV B2). An example of a proce-
dure for determining whether a line segment S inter-
sects the CEP is disclosed in a book entitled, “Algo-
rithms for Graphics and Image Processing,” by Theo-
dosios Pavlidis, Computer Science Press, Inc., 1982 at
§15.2 entitled, “Clipping a Line Segment by a Convex
Polygon”, and §15.3 entitled, “Clipping a Line Segment
by a Regular Rectangle”. If this line segment S does not
intersect the CEP (block 14D), and if this line segment
S is not the last segment S in the navigation neighbor-
hood that is fetched (block 14C), then the subroutine
returns to block 14A, whereby the computer 12 fetches
another line segment S. If this line segment S does inter-
sect the CEP (block 14D), then this line segment S is
added by the computer 12 to a list stored in memory of
lines-of-position L-O-P (block 14E) which qualify as
probable segments S for further consideration.

Next, the computer 12 tests this line segment S which
was added to the list for the parameters of connectivity
(see Section IV B3) and the closeness of two line seg-
ments S (see Section IV B4) (block 14F), as will be
further described in relation to FIG. 16. If this line
segment S fails a particular combination of these two
tests, it is removed from the L-O-P list. The subroutine
then continues to block 14C.
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When the segment test of block 14C passes, then a
most probable line segment S, if any, is selected by the
computer 12 from the remaining entries in the L-O-P
list (block 14G), as will be further described in relation
to FIG. 20. It is this selected most probable line segment
S which is the segment to which the DRP, is updated to
the DRP, if it passes the tests of the correlation param-
eter.

FIG. 15 shows the flow chart of the subroutine for
determining if a segment S is parallel to the heading H
of the vehicle V, i.e., the heading parameter (see block
14B). Initially, an angle 0 of the line segment S is calcu-
lated (block 15A) in accordance with the following
equation:

§=arc tangent {(¥2— Y1)/(X2— X))} (13)
where Xi, X2, Y1, Yz are the XY coordinate data of the
end points EP of the line segment S currently being
processed by the computer 12.

Then, the current heading H of the vehicle V is deter-
mined, i.e., the angle a (block 15B) from the heading
data received from the sensor means 26. Next, the com-
puter 12 determines if |6 —a| or [§—a+180°| is less
than a threshold number of degrees (block 15C). If this
difference is not less than the threshold (block 15D),
then the computer 12 determines that this line segment
S is not parallel to the heading H of the vehicle (block
15E). If this difference is less than the threshold (block
15D), then the computer 12 determines that this seg-
ment S is parallel to the heading H of the vehicle V
(block 15F).

FIG. 16 shows the flow chart of the subroutine for
testing for the parameters of connectivity and closeness
of two line segment S (see block 14F). First, the com-
puter 12 calculates the distance from the current dead
reckoned position DRP, to the line segment S (now a
line-of-position L-O-P via block 14E) being processed
(block 16A), as will be described further in relation to
FIG. 17. Then, the computer 12 accesses the navigation
neighborhood of the map data base to compute if this
line segment S is connected to the “old street”, which,
as previously mentioned, corresponds to the line seg-
ment S to which the next preceding DRP,, was calcu-
lated to be on (block 16B). This line segment S and the
old street segment S are or are not connected, as was
described previously in relation to FIG. 6C.

Then, if this is the first line segment S being processed
(block 16C), the XY coordinate data of this segment S
are saved as “side 1” (block 16D). This “side 1” means
that this line segment S is on one side of the DRP,, as
mentioned above in relation to FIG. 6D. Also, the re-
sult of the distance calculation (block 16A) is saved
(block 16E), as well as the result of the segment connec-
tion calculation (block 16B) (block 16F).

If this line segment S currently being processed is not
the first segment S (block 16C), then the computer 12
determines if this segment S is on the same side of the
DRP, as the side 1 segment S (block 16G). If it is on the
same side as the side 1 segment S, then the computer 12
selects the most probable segment S on side 1 (block
16H), as will be described in relation to the subroutine
of FIG. 18.

If this line segment S is not on side 1 (block 16G),
then it is on “side 27, i.e., the other side of the DRP,.
Accordingly, the most probable segment S on side 2 is
selected (block 161), as will be described for the subrou-
tine of FIG. 19. Thus, at the end of this subroutine of
FIG. 16, a most probable line segment S if any on side
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1 and a most probable line segment S if any on side 2 of
the DRP. have been selected, and these will be further
tested for closeness or ambiguity, as will be described in
relation to FIG. 20. All other L-O-P’s on the list (see
block 14E) have been eliminated from further consider-
ation.

FIG. 17 is a flow chart showing the subroutine for
calculating a distance d from the DRP,10 a line segment
S (see block 16A). First, using the coordinate data
X2Y; and XYj, which define the segment S, and the
XY coordinate data of the DRP,, the intersection I of a
line 1, perpendicular to the segment S, and the segment
S is calculated by the computer 12 (block 17A). The
reason for the perpendicularity of the line 1 is that this
will provide the closest intersection I to the DRP,. This
intersection I is identified by coordinate data X3Ys.
Then, the distance d between the DRP, and the inter-
section I is calculated using the XY coordinate data of
the DRP. and X3Y3 (block 17B).

FIG. 18 illustrates the flow chart of the subroutine for
selecting the most probable line segment S on side 1 of
the current dead reckoned position DRP, (see block
16H). First, the computer 12 determines if this line seg-
ment S being processed and the side 1 line segment S are
both connected to the old street segment S (block 18A).
If so connected, then the computer 12, having saved the
result of the distance calculation (block 16E), deter-
mines if this line segment S is closer to the current dead
reckoned position DRP, than the side 1 line segment S
(block 18B). If not, the side 1 segment S is retained as
the side 1 segment S (block 18C). If closer, then this line
segment S is saved as the new side 1 segment S along
with its distance and connectivity data (block 18D).

If this line segment S and the side 1 segment S are not
both connected to the old street segment S (block 18A),
then the computer 12 determines if this line segment S
and the side 1 segment S are not both connected to the
old street segment S (block 18E). If the answer is yes,
then the subroutine proceeds via block 18B as above. If
the answer is no, then the computer 12 determines if this
line segment S is connected to the old street segment S
and if the side 1 segment S is not so connected (block
18F). If the answer is no, then the side 1 segment S is
retained as the side 1 segment S (block 18C). Otherwise,
this line segment S becomes the side 1 segment S (block
18D). Thus, at the end of this subroutine, only one line
segment S on one side of the current dead reckoned
position DRP, is saved as the side 1 segment S.

FIG. 19 shows the flow chart of the subroutine for

_selecting the most probable line segment S on side 2, i.e.,

the other side from side 1 of the current dead reckoned
position DRP, (see block 16I). If this is the first line
segment S on side 2 being considered by the computer
12 (block 19A), then this line segment S is saved as the
“side 2” segment S along with its distance and connec-
tivity data (block 19B). If not, then the computer 12,
having saved the results of the street connection tests
(block 16F), decides if this line segment S and the side 2
segment S are both connected to the old street segment
S (block 19C). If yes, then the computer 12, having
saved the results of the distance calculation (block 16E),
decides if this line segment S is closer to the current
dead reckoned position DRP. than the side 2 segment S
(block 19D). If not, the side 2 segment S is retained as
the side 2 segment S (block 19E). If it is closer, then this
line segment S is now saved as the side 2 segment S
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along with its distance and connectivity data (block
19F).

If this line segment S and the side 2 segment S are not
both connected to the old street segment S (block 19C),
then the computer 12 determines if this line segment S
and the side 2 segment S are both not connected to the
old street segment S (block 19G). If the answer is yes,
then the subroutine proceeds through block 19D. If not,
then a decision is made by the computer 12 if this line
segment S is connected to the old street segment S and
the side 2 segment S is not connected to the old street
segment S (block 19H). If not, then the side 2 segment
S is retained as the side 2 segment S (block 19E). If yes,
then this line segment S is retained as the new side 2
segment S along with its distance and connectivity data
(block 19F). '

FIG. 20 shows the flow chart of the subroutine for
selecting the most probable segment S of the remaining
segments S (see block 14G). First, the computer 12,
having made a list of segments S qualifying as a line-of-
position L-O-P (block 14E) and eliminating all but no
more than two, determines if only one segment S has
qualified as such a line-of-position L-O-P (block 20A).
If there is only one, then this line segment S is selected
as the most probable segment S in the navigation neigh-
borhood at this time (block 20B). The computer 12 then
determines if this most probable segment S passes the
tests of the correlation parameter (block 20C), as will be
described in connection with the subroutine of FIG. 23.
If this segment S does not pass these tests, no update
will occur. If this segment S passes the correlation tests,
then the subroutine continues accordingly towards de-
termining the point on this line segment S to which the
DRP,, should be positioned i.e., towards an update of
DRP, to DRP.

If more than one remaining line segment S qualifies as
a line-of-position L-O-P (block 20A), then there is a side
1 segment S and a side 2 segment S, and the computer
12 determines if the side 1 segment S is connected to the
old street segment S and if the side 2 segment S is not
connected to the old street segment S (block 20D). If
the answer is yes, then the side 1 segment is selected as
the most probable segment S in the navigation neigh-
borhood (block 20E), and the subroutine continues
directly to block 20C. .

If the answer is no (block 20D), then the computer 12
determines if the side 2 segment S is connected to the
old street segment S and the side 1 segment S is not
connected to the old street segment S (block 20F). If the
answer is yes, then the side 2 segment S is selected as the
most probable segment S in the navigation neighbor-
hood (block 20G), and the subroutine continues directly
to block 20C. If the answer is no, then the computer 12
determines if the side 1 segment S and the side 2 seg-
ment S are too close together (block 20H) (see the ambi-
guity parameter; Section IV B4), as will be described
more fully in relation to the flow chart of FIG. 21. If the
side 1 segment S and the side 2 segment S are too close
together, then the computer 12 determines that no most
probable segment S exists at this time (block 20) and no
update will be made at this time.

If these two line segments S are not too close together
(block 20H), then the computer 12 determines if one
segment S is closer to the DRP. than the other segment
S within a threshold (block 20J), as will be further de-
scribed in connection with the subroutine of FIG. 22. If
not, then the computer 12 determines that no most prob-
able segment S occurs at this time (block 20I); conse-
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quently, no update will be made at this time. If yes, then
the one segment S is selected as the most probable seg-
ment S (block 20K) and the subroutine continues to
block 20C. Thus, at the completion of this subroutine,
either no most probable segment S exists at this time or
a most probable segment S exists if it passes the test of
the correlation parameter (see Section IV.B.5 above).

FIG. 21 shows the flow chart of the subroutine for
determining if the side 1 and side 2 segments S are too
close together (see block 20H). First, the distance be-
tween the two segments S is calculated by the computer
12 (block 21A). Then, the computer 12 determines if
this distance is below a threshold distance (block 21B).
If yes, then the two segments S are too close together,
representing an ambiguous condition (block 21C),
thereby resulting in no updating at this time. If not, the
segments S are determined to be not too close together
(block 21D) and an update possibly may occur.

FIG. 22 illustrates the flow chart of the subroutine for
determining if the side 1 segment S or the side 2 segment
S is significantly closer to the DRP, than the other (see
block 20J). First, the computer 12 calculates the ratio of
the distance from the DRP, to the side 1 segment S to
the distance from the DRP, to the side 2 segment S
(block 22A). Then, the computer 12 determines if this
ratio is greater than a threshold or less than 1/threshold,
(block 22B). If not, then the DRP, is determined to be
not closer to one segment S than the other segment S
(block 22C), thereby resulting in no updating at this
time. If yes, then the DRP, is determined to be closer to
the one segment S than the other (block 22D) and an
update possibly may occur.

FIG. 23 shows the subroutine for performing the
correlation tests with respect to the most probable seg-
ment S (see block 20C). As was discussed in relation to
the subroutine of FIG. 13, once the most probable seg-
ment S has been determined to exist, a determination is
made by the computer 12 as to whether or not the vehi-
cle has been turning, as will be described further in
relation to FIG. 25. If the computer 12 determines that
the vehicle V has not been turning (block 23A), it per-
forms the correlation test by a simple path matching
computation (blocks 23B-23F), as will be described in
conjunction with FIGS. 24A-24D (see also Section
IV.B.5b above). Otherwise, it performs the correlation
test by calculating and testing a correlation function
(blocks 23G-23J) (see also Section IV.B.5c above).

FIG. 24A to FIG. 24D are illustrations of plots of
various data used by the computer 12 in determining if
the simple path match exists. FIG. 24A is a plot of XY
positions of a plurality of segments S of the sireet St on
which the vehicle V may be actually moving, in which
this street St has six line segments S1-S¢ defined by end
points a-g, as shown, and one of which corresponds to
the most probable segment S. FIG. 24B is a plot of the
XY positions of a plurality of dead reckoned positions
DRP previously calculated in accordance with the
present invention and equations (1) or (1') and (2) or
(2), as shown at points A-K, including the current dead
reckoned position DRP, at point K. FIG. 24B shows
these dead reckoned positions DRP over a total calcu-
lated distance D traveled by the vehicle V, which is the
sum of AD1-AD10. FIG. 24C shows the headings hi-hg
corresponding to the line segments S1-Sg, respectively,
as a function of distance along the street St of FIG. 24A
(as distinct from the X position). As previously men-
tioned, the map data base has end point data identifying
the line segments S;-S¢ of a given street St shown in
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FIG. 24A, but the heading data of FIG. 24C are calcu-
lated by the computer 12, as needed in accordance with
the discussion below. FIG. 24D shows the correspond-
ing measured headings Hj-Hjo of the vehicle V for
AD-ADq, respectively, of FIG. 24B.

The AD distance data and the heading data Hi-Hjo
shown in FIG. 24B and FIG. 24D are calculated by and
temporarily stored in the computer 12 as a heading table
of entries. FIG. 24D is a plot of this table. Specifically,
as the vehicle V travels, every second the distance trav-
eled and heading of the vehicle V are measured. An
entry is made into the heading table if the vehicle V has
traveled more than a threshold distance since the pre-
ceding entry of the table was made.

With reference again to FIG. 23, the computer 12
calculates the heading h of the street St for each entry in
the heading table for a past threshold distance traveled
by the vehicle V (block 23B). That is, this heading h of
the street St is calculated for a threshold distance trav-
eled by the vehicle V preceding the current dead reck-
oned position DRP,. indicated in FIG. 24B. For exam-
ple, this threshold distance may be approximately 300 ft.

Then, the computer 12 calculates the RMS (root
mean square) heading error over this threshold distance
(block 23C). The RMS heading error calculation is
performed in accordance with the following equation:

RMS error (p) = 14)

\J L (street heading (ip) — heading())?
=0

where:

n=number of entries in heading table

heading (i)=heading of vehicle V at i entry in head-

ing table

street heading (i,p)=street heading for i* entry in

heading table assuming the vehicle V is at a posi-
tion p.

The computer 12 then determines if this RMS head-
ing error (calculated for one position p— the DRP,) is
less than a threshold (block 23D). If it is, then the com-
puter 12 determines that the measured dead reckoning
path of the vehicle V does match this most probable
element S and the latter is saved (block 23E). If not,
then the computer 12 determines that the measured
dead reckoning path of the vehicle V does not match
this most probable segment, so that there is no most
probable segment S (block 23F). Thus, if the match
exists, there is a most probable segment S to which the
current dead reckoned position DRP, can be updated;
otherwise, no update is performed at this time.

If the computer 12 determines that the vehicle V has
been turning (block 23A), then it performs the correla-
tion test by computation of a correlation function
(blocks 23G-23J). First, the computer 12 calculates a
correlation function between the measured path of the
vehicle V and the headings of certain line segments S
including the most probable segment S and line seg-
ments S connected to it (block 23G), as will be de-
scribed further in relation to FIG. 26. The computer 12
then determines if the results from this correlation func-
tion passes certain threshold tests (block 23H), as will be
described in relation to FIG. 27. If not, then no most
probable segment is found (block 23F). If the correla-
tion function does pass the threshold tests (block 23H),
then XY data of a “most probable point”, i.e., the best
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point BP previously mentioned, on the correlation func-
tion is saved corresponding to a position along the seg-
ment S with the best correlation (block 231). Then, this
segment S is saved as the most probable segment.

FIG. 25 shows the subroutine for determining if the
vehicle V is turning (see block 23A). The computer 12
begins by comparing the data identifying the heading H
associated with the current dead reckoned position
DRPand the data identifying the preceding heading H
associated with the old dead reckoned position DRP,
(block 25A). If the current heading data indicate that
the current heading H has changed more than a thresh-
old number of degrees (block 25B), then the computer
12 decides that the vehicle V has been turning (block
25C).

If the current heading H has not changed more than
a threshold number of degrees (block 25B), then the
computer 12 determines if the vehicle V has been on the
current heading H for a threshold distance (block 25D).
If not, the vehicle V is determined to be turning (block
25C); however, if the vehicle V has been on the current
heading H for a threshold distance (block 25D), then a
decision is made by the computer 12 that the vehicle V
is not turning (block 25E).

FIG. 26 illustrates the flow chart of the subroutine for
calculating the correlation function between the path of
the vehicle V and the selected line segments S men-
tioned above (see block 23G), while FIG. 26-1 illus-
trates the calculated correlation function. The correla-
tion function is calculated by first calculating a maxi-
mum dimension L of the CEP associated with the
DRP, (block 26A). Then, with reference again to FIG.
24A and FIG. 24C, which are also used to explain this
correlation test, the two end points EPy, EP; of the
interval I which are plus or minus L/2 respectively
from a best guess (BC) position or the DRP, are calcu-
lated by the computer 12 (block 26B). Next, the com-
puter 12 divides this interval L into a plurality of posi-
tions which are, for example 40 feet apart (block 26C).
Next, for each such position, the heading h of the street
St is calculated for each AD distance entry in the above-
mentioned heading table (block 26D). Thereafter, the
RMS heading error for each position (p) along the inter-
val L is calculated by the computer 12, using equation
(14) (block 26E).

FIG. 27 illustrates the flow chart of the subroutine for
determining if the correlation function passes certain
thresholds (see block 23H). First, the computer 12 finds
the position of minimum RMS error (block 27A), which
is shown in FIG. 26-1. Then, the computer 12 deter-
mines if this RMS error is below a threshold (block
27B). If not, the remaining subroutine is bypassed and
no most probable segment S is found (returning to block
23F). If the RMS error is below a threshold, then the
curvature of the correlation function at the minimum
position is calculated by taking a second order differ-
ence of the RMS error vs. position (block 27C). If this
curvature is not above a threshold (block 27D), then the
correlation test fails and the remaining subroutine is
bypassed (block 27F). If this curvature is above the
threshold (block 27D), then the computer 12 determines
that the correlation calculation passes the test of all
thresholds (block 27E), whereby the position of the
RMS minimum error is the best point BP (see block 23I)
that becomes DRP,,. If the curvature is above the
threshold, then this assures that the correlation parame-
ter has peaked enough. For example, if the line seg-



4,796,191

27
ments S for the distances covered by the heading table
are straight, then the second order difference would be
zero and the correlation parameter would not contain
any position information for the DRP,,.

Consequently, and with reference again to FIG. 8,
assume now that as a result of the multiparameter evalu-
ation (block 8C), that a more likely position for the
DRP, can be determined (block 8D), in that there is a
line segment S to which the DRP; may be updated.
Therefore, FIG. 28 is a flow chart showing generally
the subroutine for the update (see block 8E). Thus, first
the computer 12 updates the current dead reckoned
position DRP, to the current updated dead reckoned
position DRP,, (block 28A), as will be further described
in relation to FIG. 29. Next, the computer 12 updates
the estimate of the accuracy of the DRP.(block 28B), as
will be described in relation to FIG. 32. Next, the sensor
means 16 and sensor means 26 are recalibrated (block
28C), as will be described in relation to FIG. 35.

FIG. 29 illustrates the flow chart of the subroutine for
updating the DRP, to the DRP,,. If the vehicle has
been turning (block 29A), then the XY coordinate data
of the DRP are set to the XY coordinate data of the
best correlation point BP previously calculated (see
block 23I), thereby updating the DRP, to the DRP,,
(block 29B). Then, a dead reckoning performance ratio
PR is calculated (block 29C), which, for example, is
equal to the distance between the DRP;and the DRP.y
divided by the calculated distance AD the vehicle V has
traveled since the last update of a DRP. to a DRP,y.
This performance ratio PR is used to calculate a certain
error in the system 10 that, as previously mentioned and
as will be further described, is used for determining the
varying rate or rate of growth of the CEP. If the vehicle
V has not been turning (block 29A), then the DRP, is
set to the most probable constant course position (block
29D), as will be described in relation to FIG. 30, fol-
lowed by the calculation of the dead reckoning perfor-
mance ratio PR (block 29C).

FIG. 30 illustrates the flow chart of the subroutine for
updating a given DRP, to a given DRP,, when the
vehicle V is on a constant heading H (see block 29D).
FIG. 30-1 also will be used to describe the updating of
the DRP, to the DRP,, and shows the DRP,, a given
CEP associated with the DRP,; and the most probable
line segment S.

Thus, first the computer 12 calculates the aspect ratio
AR of the CEP, which equals |RS| +-|ST| (block 30A).
Then, the computer 12 determines if this aspect ratio
AR is close to 1 within a threshold (block 30B). If it is,
then the update of the DRP.is made to the closest point
along the most probable segment S (block 30C). As
shown in FIG. 30-1, the closest point is point P3 which
is the point at which a line 1, drawn through the DRP,
and perpendicular to the segment Sy, intersects the
latter.

If the aspect ratio AR is not close to 1 within the
threshold (block 30B), then the computer 12 calculates
an angle a of the segment S shown in FIG. 30-1 (block

30D). Then, the computer 12 calculates an angle 8 of 60

the major axis of the CEP, as shown in FIG. 30-1,
(block 30E). Next, the computer 12 determines if the
angle (a-B) is less than a threshold (block 30F). If it is,
then the subroutine proceeds to block 30C. If not, the
DRP, is updated to a most probable point {(approxi-
mately the most probable point) on the segment S
(block 30G), as will now be described in relation to
FIG. 31

20

25

30

35

40

45

50

55

65

28

FIG. 31 shows the flow chart of the subroutine for
updating the DRP,to a most probable point on the most
probable segment S (see block 30G). Reference again
will also be made to FIG. 30-1. First, the computer 12
determines the sides which are parallel to the major axis
of the CEP, i.e., sides S and S in the example shown in
FIG. 30-1, (block 31A). Next, the computer 12 calcu-
lates the points P; and P where the sides S; and S
intersect the most probable segment S (block 31B).
Nezxt, the computer 12 calculates the mid-point P4 be-
tween point P; and P; (block 31C). Then, the computer
12 calculates the closest point P3 (block 31D) in the
manner previously described. Next, a distance d be-
tween point P3 and point P4 is calculated by the com-
puter 12 (block 31E). Finally, the computer 12 calcu-
lates the XY coordinate data of the DRP, (block 31F)
in accordance with the following equations:

DRP.y(x)=P3(x)+d cos (@a—B) cos a (15)

DRPc(y)=P3(y)+d cos (a—B) sin a (16)

Having now updated the DRP, to the DRP.,, the
computer 12 performs the subroutine shown in FIG. 32
for updating the CEP associated with the DRP. to an
updated CEPy associated with the DRP,, (see block
28B). If the vehicle has not been turning (block 324),
then the CEP is updated based on the constant heading
most probable position (block 32B), as will be described
in FIG. 33. If the vehicle has been turning, the CEP will
be updated based on the calculation of the correlation
function (block 32C), as will be described in FIG. 34.

FIG. 33 shows the flow chart of the subroutine for
updating the CEP to the CEP, based on the constant
heading most probable position (see block 32B). Also,
reference will be made to FIG. 33-1 which is used to
explain the flow chart of FIG. 33, in which FIG. 33-1
shows a given CEP, the associated DRP,, the DRP.,
and the resulting CEP,,. First, assume that the computer
12 has calculated the DRP,, as described previously in
relation to FIG. 30. Then, an angle a of the most proba-
ble segment S is calculated (block 33A). Then, the com-
puter 12 calculates a line 1; which is parallel to the most
probable segment S and passes through the DRP.
(block 33B), i.e., line 1; also has the angle a. Next, points
P; and P; along the line 1) which intersect the CEP are
calculated (block 33C). Next, the computer 12 calcu-
lates the distance di between the points P; and P; (block
33D). Next, for the major or longitudinal axis of the
CEP,, the distance d;=d1/2 is calculated (block 33E).
Then, the computer 12 determines the half axis or dis-
tance dj for the CEP,, perpendicular to the most proba-
ble segment §, in which d3 is equal to the half-width of
the width W of the street St that is fetched from the
navigation neighborhood of the map data base (block
33F). The calculated distances, d; and d3, are compared
to threshold minimum distances according to the map
accuracy data fetched from the map data base (block
33G) to set the minimum size of the CEP,, (see Section
II1.A.2.f). Finally, the XY coordinate data of the cor-
ners R“S"T"U"” of the CEP, are calculated as follows
(block 33H):

R'"(x)=DRPy(x)+dz cos a—di sin a an

s
19

R“()=DRPo(y)+d> sin a-+d3 cos a

S"(x)=DRPy(x)+d3 cos a—d3sin a
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S"(¥)=DRP::(y)+dj sin a—d3 cos a(20)

T"'(X)=DRPy(x)—d; cos a--d3 sin @ (21)

T"(3)=DRP;y(y)—d> sin a—d3 cos @ 22) 5
U"(x)=DRP(x)—d2 cos a—dj sin a @3)
U"()=DRPc,(y)—dy sin a-+d3 cos a 49

FIG. 34 shows the flow chart of the subroutine for
updating the CEP to the CEP,, based on the outcome of
correlation function (see block 32C). FIG. 34-1, which
shows the most probable segment S, the DRP, and the
resulting CEP,, will also be used to describe the flow
chart of FIG. 34. Thus, first, the computer 12 calculates
an angle a (block 34A). Then, an estimated uncertainty
of the position of the DRP,,, based on the curvature of
the correlation function is calculated, i.e., the distance
dz (block 34B). Next, the computer 12 determines the
half-width, d;, of the street St based on its width W 79
which is fetched from the navigation neighborhood of
the map data base (block 34C). As similarly described
above, the calculated distances, d1 and d3, are compared
to threshold minimum distances according to the map
accuracy data fetched from the map data base to set the
minimum size of the CEP,; (see Section II1.A.2f). Next,
the updated CEP, is calculated using similar equations
as shown for R"”, as follows (block 34D):

R"(x)=DRPy(x)—d} sin a+d; cos a (25)

30

R"(y)=DRP(y)+dj cos a+dysin a 26)

With the DRP,, being determined (see block 28A),
and the CEP, being determined (see block 28B), FIG.
35 now shows the flow chart of the subroutine for recal-
ibrating the sensor means 16 and 26 (see block 28C). If
the vehicle V is turning (block 35A), as may be deter-
mined in a manner previously described, then the re-
maining subroutine is bypassed and the sensor means 16
and 26 are not recalibrated at this time. If the vehicle V 40
is not turning, then the heading sensor means 26 is recal-
ibrated (block 35B), as will be described more fully
below in relation to FIG. 35-1. Next, if the vehicle V
did not just finish a turn, then the remaining subroutine
is bypassed (block 35C). If the vehicle V did just finish
a turn, then the distance sensor means 16 is recalibrated
(block 35D), as will be described more fully below in
relation to FIG. 35-2.

FIG. 35-1 shows a plot of the deviation of the head-
ing sensor means 26 as a function of the output of the
heading sensor means 26. This plot is stored on medium
14 as a heading deviation table mentioned previously.
Upon updating the DRP, to the DRP,,, the measured
heading H of the vehicle V and the actual heading h of
the street St corresponding to the DRP;y, are then
known, as previously described. Consequently, with
this heading data being available, any error or deviation
between the measured heading H and the actual head-
ing h of the street St is known. Therefore, the computer
12 can now make an appropriate correction in the head-
ing deviation table corresponding to a particular output
of the heading sensor means 26 to correct a correspond-
ing calibration coefficient stored on medium 14 and,
thereby, provide the more accurate advancement of a
given DRP, to a given DRP..

With reference to FIG. 35-2, assume that the vehicle
V is traveling on a street Stj and makes a right turn onto
the street Sta. Assume also that after the turn onto the
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street Sty, the calculation of the DRP. places the vehicle
V from position A to either position B, which is short of
the street St;, or to position B’ which is beyond the
street Sty. Also assume that as a result of the vehicle
navigational algorithm, the DRP, at position B or posi-
tion B’ is updated to position C which happens to coin-
cide with the actual location of the vehicle V.

The calibration of the distance sensor means 16 is
checked after the vehicle V makes the turn onto the
street Sto. When the vehicle navigational algorithm
updates the DRP, to the DRP,, for the first time to
position C after the turn is made, the calibration coeffi-
cient Cp (see FIG. 10) of the distance sensor means 16
is increased or decreased, as follows. If the DRP,placed
on the position of the vehicle V short of the street St
within a threshold, as shown at point B, the calibration
coefficient Cp is too low and, therefore, increased. If,
however, the DRP, placed the vehicle V beyond the
street Sty within a threshold, as shown at B’, the calibra-
tion coefficient Cp is too high and, therefore, is de-
creased. As with other calibration data, the distance
calibration coefficient Cp is stored on the medium 14
and processed by the computer 12 to provide a more
accurate DRP.

As was mentioned in relation to FIG. 5C-1, and dis-
cussed in relation to equations (5)-(12), the CEP may be
enlarged at a varying rate as the DRP, is advanced to
the DRP.as a function of the error variables Eand Ep.
FIG. 36 is a flow chart of a subroutine for determining
Egand Ep. First, the computer 12 calculates a change
in heading from information received from the flux gate
compass 28 shown in FIG. 2 (block 36A), as a DRP,is
advanced to a DRP,. Then, the computer 12 calculates
the change in heading from information received from
the differential wheel sensors 18 of FIG. 2 (block 36B)
as the DRP, is advanced to the DRP,.

Next, the computer 12 calculates an error ej based on
the above calculations (block 36C), as will now be de-
scribed in detail. As already indicated, heading mea-
surements are obtained from two sources, one being the
flux gate compass 28 and the other being the differential
wheel sensors 18. The flux gate compass 28 measures
the horizontal component of the terrestrial magnetic
field and indicates the orientation of the vehicle V rela-
tive to magnetic north. The differential wheel sensors
18 measure the rotation of opposing wheels on the same
axis of the vehicle V from which an angle A of turning
may be calculated, as follows:

A=(Dr-Dry/T @7
where D4 is the distance traveled by the right wheel,
Dy is the distance traveled by the left wheel, and T is
the track or distance between the right and left wheels.
Equation 27 holds true for rear wheels and should be
modified for front wheels.

Both sensor 28 and differential wheel sensors 18 are
subject to measurement errors. The flux gate compass
28 will incorrectly indicate the orientation of the vehi-
cle V if the terrestrial magnetic field is distorted (e.g.,
near large steel structures). Additionally, if the vehicle
V is not on a level surface (e.g., driving on a hill), and
the compass 28 is not gimbled, the compass 28 will
incorrectly read due to magnetic dip error. If the com-
pass 28 is gimbled, it will read incorrectly when the
vehicle V accelerates and decelerates, again due to
magnetic dip error. For these reasons, the compass 28 is
not absolutely accurate.
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The differential wheel sensors 18 are subject to errors
because of wheel slip. If the vehicle V accelerates or
decelerates too quickly, one or both of the wheels will
slip and the measured distance will be incorrect,
whereby the angle A will be incorrectly calculated.
Additionally, if the vehicle V turns sharply or fast
enough, the wheels will slip due to lateral acceleration
and, thereby, incorrectly indicate the- distance each
wheel traveled. Finally, the point of contact of each
wheel with the streets can change, making the track T
different and, hence, introducing error.

Consequently, the computer 12 makes comparisons
between the heading information from the compass 28
and from the differential wheel sensors 18 to determine
how accurate the overall heading measurement is, i.e.,
to determine e;. If both agree, i.e., e;=0, the rate of
growth of the CEP will not be affected by this factor. If,
however, they disagree, i.e., €1>0, then the CEP will
grow at an increased rate, reflecting the apparently
decreased accuracy of the heading measurement and,
hence, of the knowledge of the actual location of the
vehicle V.

With reference again to FIG. 36, having calculated
e1 (block 36C), the computer 12 now calculates an up-
date performance error e, as follows (block 36D):

e2=K.DR Performance Ratio (28)
where K=constant, and the DR Performance Ratio
(PR) is that described above (see block 29C).

Next, the computer 12 calculates Ey, as follows
(block 36E):

29

Eg=Ne? + o + e

where e1 and e; are as defined above, and e3 is a basic
sensor accuracy of the flux gate compass 28, e.g., sin 4°
0.07.

Then, the computer 12 calculates Ep, as follows

(block 36F):

(30)

Ep=NeZ + e .

where ez is as defined above, and e4is the basic accuracy
of the distance sensor means 16, e.g., 0.01.

Thus, the rate of growth of the CEP is dependent on
one or more factors, including (1) the characteristics of
the heading sensor data that indicate the quality of the
sensor data, i.e., e}, (2) the quality of the previous dead
reckoning performance, i.e., ez, (3) the basic sensor
accuracy, i.e., e3 and es, and (4) the distance AD trav-
eled by the vehicle V, pursuant to equations (5)-(12).

X. Summary of the Vehicle Navigational Algorithm

As the vehicle V moves over streets St identified by
the map M, a given DRP will be advanced and updated,
and a given estimate of the accuracy of the DRP will
change accordingly. As this updating occurs, the vehi-
cle symbol Sy on the monitor 38 will be moved relative
to the displayed map M, so that the driver may see the
current location of the vehicle V on or near a street St.
Accordingly, the driver will then be able to navigate
the vehicle V over the streets St to reach a desired
destination. If, for example, the vehicle V were a police
car or taxi cab, a communications network (not shown)
also could be employed to send the position data of the
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vehicle V from the vehicle V to a central station for
monitoring the current position of the vehicle V and
other similar vehicles V coupled within such a network.

The present invention provides a technique that al-
lows a vehicle V to be reliably and accurately navi-
gated. This is accomplished through the maintenance,
use and derivation of a significant amount of informa-
tion, including the position of the vehicle V, the map
data base, the estimate of the accuracy of the position of
the vehicle V and the updating of the calibration data.

As a result, the present invention makes reasonable
decisions as to whether to update a given DRP,. For
example, the present invention will not update to a
street St that is so far away from a DRP, that it is not
more probable that the vehicle V is on that street than
off all the streets in the navigation neighborhood of the
map data base. Conversely, an update will occur to a
distant street St if it is computed to be more probable
that the vehicle V is on that street. Furthermore, the
vehicle M may move on and off streets St shown in the
map M, such as onto driveways, parking lots and new
streets St (paved or unpaved) that have not been in-
cluded in the map M; yet, the vehicle navigational algo-
rithm will accurately track the vehicle V due, in part, to
the updating only to positions which are more probable.

XI. Program Code Listings

Assembly language code listings of significant aspects
of the vehicle navigation algorithm, which may be exe-
cuted onthe IBM PC mentioned above, are included as
part of this specification in the form of computer print-
out sheets. The title, operation and general content of
these assembly language code listings are as follows:

1. NAV—This is the main navigation function which
is called to test for and do the update.

2. DR—This calculates the dead reckoned positions
and calls QEP CALC.

3. QEP CALC—This expands the contour of equal
probability CEP (or QEP).

14. STRSRCH—This searches the map data base for
streets and performs part of the multiparameter evalua-
tion—particularly, this evaluates the heading parame-
ter, called INQEP (see below), calls SFCONNECT
(see below) and evaluates the closeness of two line seg-
ments S.

5. INQEP—This determines the intersection of a line
segment S with the CEP.

6. SFCONNECT-~This determines if two streets St
are connected.

7. BCORCALC—This performs a binary search cor-
relation calculation to evaluate the correlation parame-
ter, including calling NPAM; MCBUF AND CORRE-
LATE (see below)—if the vehicle V is turning, this also
calculates DRP,,.

8. NPAM—This finds a point on a segment S that is
a specified distance away from a given point on some
segment S where distance is measured along a specified
sequence of segments S.

9. MCBUF—Thi$ performs map course buffering;
particularly this calculates the DR heading and com-
pares it with the street heading.

10. CORRELATE—This calculates the RMS error
at the particular point determined by NPAM.

11. IPTDIST—This calculates the intersection of a
line (extending from a point) perpendicular to another
line and the distance from the intersection to the point.
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12. QEPMOD—This updates CEP to CEP,, and
determines DRP,, if the vehicle is not turning.
13. UPDSTCAL—This updates the calibration coef-
ficients for the distance sensor means 16.
14, DEVCORR—This updates the calibration coeffi-
cients for the heading sensor means 26.

2l [GHUDEL (X 2
include prologue.h

SCOULE BLS

SDATAI HEGHENT
dw i

@DATAL ENDS

eCUDE SELIMENT BYTE FUBLIC CubDE

C0DE EHDS

@DATAU  SEBHENT
db 16 DUP )
public HNAV

@DATAU  ENDS

@DATAB SEGMENT
extrn IDRFXsward
extrn IDRPY : word
extrn CUMPASS: word
extrn DELTA:word
extrn ICUURSE tword
extrn TURN: word
extrn STGHTDSTiword
extrn MAPCOUR: wor-d
extrn ONSTRTF s word
extrn NUORM: woe-d
extrn DISTCALs word

@DATAE ENDS

«CODE SEGMENT BYTE FUBLIC "CODE’

@CotE ENDS )
extrn STRSRCH: near
extrn UPNORM: near
extrn BCORCALC: near
extrn GEP_tiOD: near
extrn [ATANZ: near
extrn UPDSTCAL:near
extrn DEVUPDT : near
extrn bROTUFDT{near
extrn CNTRUPDT: near

@CODE SEGMENT BY¥TE PUBLIC CODE-”

N&Y FROC HNEAR -

. DA 335
gush BF _

mov BF L SE

aub SF, 14

MOV K elW A
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While the invention has been particularly shown and

"described with reference to preferred embodiments

thereof, it will be understood by those skilled in the art
that the foregoing and other changes in form and detail
may be made therein without departing from the spirit
and scope of the invention.

or AX  AX
e . 948
mov X LOMFASS
el AijW+4 AKX
Qv o omX 2 COMFASS
me SUW+E,AX
Hnov AaX 'Y DELTA
wov WUW+4 ,AX
1 Y=3% AX,DELTA
nov @UW+10, A%
mov AX,0
nav @I, mX
mov @UW+ L2, AX
nov SUW+14 ,AX
mov DX,0
MmOV @uw , ax
17~3" EUW+2,DX
. Q48 ;50
mov AX,0
mov =-1Z(BP1,AX
mov DNSTRTF ,AX
nov AX, TURN
or AX,AX
je . BA4
cmp WORD PTR @UW+12,0
ine .087
HaYv AX, L
mov AUW+12, /X
push WORD FTR @UW+2
push WORD PTR SUW
push WORD PTR &UW+8
push WORD PTR @Uw+1@Q
gpush WORD PTR GUW+4
push WORD PTR @UW+6
calt UFNORM
add SP,12
. .0871 591
mav AX, L
push AL
call STRSRCH
. add gP,2
cinp AX,Q
ie . 899
call BCORCALC
. G993 ;94
mov 2V
mov . A@UW+i4,AX
mav SP,BF
pop EP
ret
«GAd: 397
mov AX, UW+12
or AX ,AX
je .2c8
mov AX,.1 )
mov -12CBPT,AX
mov Al.,3
mov BUW+12, 48X
ROV AALDELTA
mov @UW+10, AX
© mov AX, COMPASS
mov aUuW+a,Aax
L AR : 1043

65
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)
ot
-

JaLl6F:

mov
push
call
add
nayvy
omp
e
MOov
Mmov
mav
mov
1{=A4
mav
mov
Mmov
(=274
nav
mov
pop
ret

mov
mov
inov
Mo
mov
MoV
nov
MOV
push
call
add
or
ine
jmp

mov
MoV
mav

push
mov
mov
nov
sub
push
call
add
mayv
OV
or
je
push
push
push
push
push
call
add

mav
ar
je
push
push
call

RS I=T]

«dd
push
push
call
=dd
push
push
call
add
[L D g
mov

35

AX, 3

X

STRSRCH
SF.2
-14CBF1,AX
AX,D

L0124

AX.0

~12CBF },AX
AX,DELTA
WU+6 , AX

AX ,COMFASS
aUW+d ,AX
AX,STGHTDST
DX,STGHTDST+2
aUl , AX
&UW+2,DX
SP, BP

BF

1110
AX, IDRPX
DX IDRPX+2
-8(EP1,AX
-6LBP],DX
A%, IDRPY
DX, IDRPY+2
-4{BP1,AX
~2{EkF3,DX :
WORD FTR —14(EP]
QEP _MOD
SP,2
AX,AX
21
.51DD

S1,-14(EF]
AX +4(S1]
SI,~13CBF3]
AX,LSI]
AX
SI.-134CEP3]
AX,+6[S1]
S1,-14LEP]
AX,+2LSI]
AL
IATANZ
SP, 4
-18LEP]AX
RA,—-120BP1
AX AX
LQ16F
WORD PTR -ZLRF1]
WORD PTR -4(BP1]
WORD PTR -oLBFJ
WORD PTR -BLEF]
WORD FTR @uW+4
UFDSTCAL
SF,.1@ |

3120
X aUW+14
AX,AX
LB1AS

WORD FTR -10C(BF]

WORD FTR COMPASS
DEYUPDT

Y )
WRD PTR SLBP]
WORD FTR CUMFRSS
R lUrDI
SF. 3
WURD FTR -100BP]
WURD FTR COMFASS
CHTRUFDT
SP LS
)
w+14,AX

;126

4,796,191

«Q1B4:
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NAY

35 aCODE
@CODE

hov
cwd
add
adc
imp

mav
cwd

[ul=2d
Mmov
nov

[ 0=3g
mav
mov
mav
mov
mov
mov
moyv
hayv
mnov
mov
pop
ret
ENDP

ENDS
SEGMENT
include
end

@B [GMULEL

HCODE

QU mid

45 @DATAU

aDATAR
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tnclude
ENDS
SEGHENT
Jdb
public
ENDS
SEGMENT
extrn
extrn
extrn
extrn’
extrn
extrn
extrn
extrn
extrn
extrn
extrn

ertrn

extrn

36

AX,-1@(EFP]
A%, ICOURSE
AX  ~16384
. 3164
SHORT .81C1
1428
AX,~1GLEP]
R%, ICOURSE
AL, 1o384
cBLCE
$128
Ak~ LOCEBF]

AX,—32768

Dx.@

SHORT .@102
5128

AX ~1BLEF]
;5128

MAPCOUR , AX

=3 P

ONSTRTF ,AX
3132

AKX ,DELTA

BUN+S (AKX

A%, COMPASS

aut+4 . AX

AL, STEHTDST

DX, STEHIDST+2

BUW , AL

BUN+L DX

RX,0

-120BP],AX

SP,BF

BF

BYTE FUBLIC "CODE’
epilogue.h

ELU %]
prolocque.h
42 DUP (7>

DR

ICOURSE:word
COMPASS:viord
IDRFXiword
IDRFY t word
IDISTX:ward
IDIST¥:word
IDIST:word
IREFPXsword
IQEFY s word
FERPF_ER:word
MAPCOUR s wor-d
ONSTRTF:sword

COUR _TC:word
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extrn DELTA: word

lea SI,EUW+13
. 2 . mov £SIJ,AX
extrn INITDR:word nov AX ,COMPASS
NS lea S1,&UW+28
extrn TURN: word 5 mov (SI11,A%
- = -
extrn STEHTDST:word iﬁ: ?éi%g::“é
3 Fnd
extrn COURDIFF:word ng ?éii?:X~4
@DATAB  ENDS A ol g
@CODE  SEGMENT BYTE PUBLIC ‘CODE" 10 LW+ ID . 4
@CODE ENDS mov @UW+Z0, AX
= SN RY , =1AIRET
extrn COUR MOD:near ———— —
- mOV 2w, A%
extrn LAES:near oV Aa, clalbk.
mov aUlW+2, AX
extrn WCFLTR: near 15 oy X, CUMFASS
mov aUW+ 43, AX
extrn  ROSENSOR:near Mmov P& 3393
b mav DX, 2
extrn  DRCALC:near mov AU 26 AX
20 wmG v GUW+Z8,Dx
extrn SDEV:near ' : mov ~X,0
mov LXx.0@
extrn ©  ICOSinear . nov STGHTDST ,&X
. o | mov STGHIDST+Z,DX
axtrn {3{linear : nowv AX,COMPASS
25 | mov aUW+ 48, AX
antrn ISORT s riear i nov AX,Q
: mov TURN . AX
axtrn  QEF CALU:nesar . OCcs: 113
: lea S1,IDIST
extrn  @AES:near f push S1 :
30 ! lea SI,-22CEF]
@CuuE SEGPIENT BYTE FUBLIC "CODE ) push SI
bR FEUC HEAR ] [11-1% X, ~1alBF]
@CoDE ENDS sub AR auu
entrn SLRSSHIF T near push AX
mov AA,~14CEP]
extrn SLMUL: near 35 sub AX  @UW+2
push AX
extrn ILLSHIFTinear call ORCALC
add SFP,8
@cOoE SEGHENT BYTE FUBLIC "CODE- : mov AXIDIST
.00 ;48 mav DX,IDIST+2
push & . 40 mov BX . @UW+36
mov ©F L, SP 1. 1=1Y% Ci ,@auw+3I8
sub SF,24 add . BX,AX
lea SI,-14CBP1 adc cx,DX
push S1 mov EUW+T6 , BX
lea SI,.-16L{BF] 45 Mnov EUW+38,CX
push SI mov #X ,COMPASS
lea 31 ,COMFASS sub AX dUW+d
push £33 mov ~-24LEBFJ.AX
call ROSENSOR mav AR, ~22(BF1]
add SP,6 " add @UW+a ,AX
mov AX s INITDR 50 ’ nav AX ,COMPASS
or AX AKX sub A EUW+S
ine 1 nov DELTA,AX
Jjmp .9CS . [} Y=3% X, @UW+3I6
iz nav 0% ,alW+38
MOV Ax ,CarFASS cmp DX .3
nov . AUW+S -X 55 jge ?2
mov RX,Q : jmp .B821A
nov DELTA..AX 1?23
mov wUW+8 ,AX : ine L0139
mov INITDR AKX cnp AX,3392
lea S1,&UW+16 ja 2?3
mav (SI3,AX 60 imp .821A
lea SI,aUW+14 7?33
mov {s11,AX ' 401393
lea SI,@UW+12 . mav
nov (S11,AaX% nov
mov AR BUW+E 6 mov
lea S1,&UW+22 5 mav
mov [SI],AX . nov
lea 51 ,aUW+20 push
mov £313,RX inc WORD FTR @UW+Id

mov AX  alibl + =0



. 61R0:

. O1ED:

WiFT;

cDLIFF:

wop
cwd
1dt v
[{{=24
mov
lea
MQv
zhl
=uddd
(=13
mayv
laa
Mmav
shl
add
nav
mov
lea
mAv
shl
add
mov
inOv

je
dec
danp

lea
push
call
add
cmp
ile
Moy
nov
lea
push
call
add
push
lea
push
call
add
PGCR
cmp
jge
mov
nav
push
push
mav
mov
push
push
call
pPop
pop
Impg

nmov
mov
mov
shi

claci

[Li=2"
Jmp

MGV
[{{&} 4
push
push
MmQv
mnov
push
push

39

BX

Bx
wUW+33, DA
AAGUEL T
S1,8UW+10
OX , @k 39
ba il
31.DX
(SIJ.RX
RX, BUW+6
SI,@UW+18
DX, aUW+30
DX,
S1,DX
LSI1,AX
AL COMPASS
SI.3UN+Z3
DA, QUW+39
DAt
S1,DX
£S11,AX
AR @UWH32
AX AX
.81/8

WORD FTR @UW+3Z2

LOZ21A
3135

AL, 8UW+LZ

Ax

SDEV

SF.2

AX,728

<@LFF

AX,3

@UW+3I2, AX

AA L BUW+2S

AX

SDEV

sP,2

A%

A% . BUW+18

AX

SDEV

SP,2

DX

AX,0X

<B1ED

A%, IDIST

DX, IDIST+2

SLRSSHIFT

2}

DX

SHORT .GLF9
“:1430

AX,COuR _TC

DX ,3

CX,D%-

A%, CL

LI ]
QWSS
SHORT .82iAd

s 142
=X, IDIST
DX, IDIST+2
Da
A
Ak, le
DX,9
DX
AX
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call
pop
pap
nov

push
push
push
call
add
mov
nav
add
MY
mov
MoV
sub
mav
mov
Sar
sub
mov
push
call
add
nov
mov
sar
cwd
push
push
mov
mov
push
push
mov
mov
push
push
call
pop
pop
push
push
call
pop
pop
push
push
mov
mov
push
push

. call

rwp
pap
MoV
Mav
push
call
add
MY
[JIDRE 3
SAar
cwr
push
push
mov
mov
push
push
MoV
mav
push
gush
call
pop
pop

pusm

40

SLRSSHIFT
AX
DX
auw+34, 4%
3149
WORD PTR @UW+34
WORD PTR BUW+8
WORD PTR DELTA
COur._MOD
5P,
auW-+8 ., &X
FX g EUW+S
BX aUN+S
ICOURSE ,AX
AX, ICOURSE
DX, ICOURSE
DX, @8UW+1G
BAs1
CX,BX
DX,CL
AX DX
-2QBLBPI,AX
WORD FTR -2GLEF]
1C0Ss
SP,2
DX, 4
CX,DX
X L.Cl -

DX
AX

AX, IDIST
DX, IDIST+2
DX

AX

AX.S

DX,@

DX

AX
SLRSSHIFT
AX

FLRSSHIFT
A

(VXY

1DISTx ,Ax
IDISTA+2,.D¢
WORD FPTR -2@GL(EF]
I5IM

SP,Z

D% .4

Cx,Dx

AX,CL

DX
nX
AX,IDIST
DX, IDIST+2
DX

AX

AYX,S

ox,0

DX

AX
FLRSSHIFT
AX

DX

DX



push
call
pop
pop
push
push
MOvY
mav
push
push
call
pop
pap
mov
mav
mov
mov
mov
mov
add
adcg
mov
AV
mav
mov
HOv
mov
add
ade
mov
nov
mov
[\ 1-1%
nov
moOv
push
push
push
call
add
nush
PUu=h
nav
mov
push
push
call
pop
pop
mo v
OV
mov
oy
push
push
MmOy
nav
push
push
call
pop
pop
[1.1=3
mov
push
push
push
push
call
pop
pop
push
push
push
push
call
pop
pop
add

41
A%
$LMUL
AX
DX
DX
aX

SLRSSHIFT

X

DX

IDISTY,AX
IDISTY+2,0%
AX,IDISTX

DA, IDISTX+2

BX, IDRFX
CX,IDRPX+2

BX ,AX

C4,DX .

IORPX (BX
IORPX+2,Cx
AX,IDISTY

DA, IDISTY+2

BX, IDRPY

CX, IDRPY+2 .

BX ,AX

CX,Dx

IDRPY , BX
IDRPY+2,CX
AX,PERP ER

DX FERP ER+Z
~1Z[BF],AX
-10(BF1,DX

WORD PTR IDIST+2
WORD PTR IDIST
WORD FTR DELTA
WCFLTR

SF.6

nY

AX

LLXRY-]

Dx,9

La

A

SLRGSHIFT

X

0X

-8LEBP],AX
-&{BFl,Dx

AX ,FERP ER

DX ,PERF _ER+2

DX

AX

AX, 16

Dx,.Q

Dx

AX

SLRSSHIFT

AX

bX

~-4LBPY,AXK
=2{RF],DX

WORD PTR ~4(EBEP3]
WORD PTR -BLEP1]
WORD PTR -&L(BP]
WORD PTR -B{EF1]
SLMUL

AX

D4 .

WORD FTR ~-2CEF]
WORD PTR =4C(EP]
WORD FPTR ~2(BP)]
WORD PTR -4{BP1
$LMUL

BX

99,4

FXBX
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«041D:

« 3426

«B342D:

»Q42F :

.@44C:

adc
push
push
call
add
cwd
push
push
mov
mov
push
push
call
pop
pPop
mov
mov
call
mov
mav
mov
mov
push
push
call
add
mov
hov
add
adc
nmov
MOV
HOv
sub
push
call
add
cnp
19
[1i{=3"
cwd
push
push
Mmayv
mov
push
push
call
Pop
pop
cmp
ja
ine
cmp
Jae

[:{=34
Mov
imp

mov
mov

imp

nov
oV
mov
may
mavy
mov
Mov
mov

mov
mov
Mmov
MOV
mov

AX, 16
DX,8

DX

AX .

ILLSHIFT

AX

DX

PERP_ER,AX
PERP_ER+2,DX
QEP_CALC
AX,-12CBF)
DX,~-10CEF]
PERF_ER ,AX
PERF_ER+2,DX .
WORD PTR IDIST+2
WORD PTR IDIST
LAES

SP,4
BX,STGHTDST
CX,STGHTDST+2

BX o m&

CA,Ux
STGHTLST, X
STEHTDST+2,Cx%
AX, ICOURSE
AX QUW+3Q

AX

BABS

SP,2 i
AX,COURDIFF
«Ba2F

AX,20

SLLSHIFT
AX
DX
DX, STGHTDST+2
8426
.@31D
AX STGHTDST
. 8425
5172
AX,@
TURN, AX
SHORT .@42D
172
AX,.1
TURN,.AX
35172
SHORT .@4a4C
3173
AX, ICOURSE
QUW+48,aX -
AX,0
Dx.@
STGHTDST, AX
STGHTDST+2,DX
AX,1
TURN, AX
5177
AX,~16(BP
@UW, AX
AXy=14LEF]
@UW+2,AX
AX ,COMPASS



4,796,191

43 “
mav auwW+4d,AX
moy AX 4 ICOURSE
mav QUW+10,AX
mov SP ., BP
pop BP
rat
DR ENDP

@CODE ENDS s

GCODE SEGMENT RYTE FUBLIC "CODE-
include epilogue.h
end

@B IGMODEL EQU -}
inciude prologue.h

@CO0E ENDS
QDATAC SEGMENT

db 101,114,114,111,114,32,105,110,32,102

db 117,110,99.116.1@5.111,110,32,113.151,112,99.97.1@8,99,8
db 101,114,114,111,114,32,105,110,32,113

db 101,112,99,97,108,99,32,32,115,119,105,116,99,104,32,8

@DATAC ENDS
@CODE SEGMENT BYTE PUBLIC °CODE"

public QEPCALC
aCOoDE ENDS
@DATAB SEGMENT
extrn QEPX: word
extrn GEPYiword
extrn IQEPX:ward
extrn IQEPY s word
extrn DRPX s word
extrn DRPY s word
extrn PERP _ER:ward
extrn PARL _ER:word
extrn DISTX:word
extrn DISTYsword
@DATAB ENDS
@CODE SEGMENT BYTE PUBLIC °‘CODE°
@CODE ENDS .
extrn PUTS:near
@CODE SEGMENT BYTE PUBLIC °CODE°
GEPCALC PROC NEAR
@CODE ENDS
axtrn $DLOAD: near
extrn $DCVTLsnear
extrn $DCER: near
extrn $DMUL s near
extrn $DSUB: near
extrn $DSTORE: near
@DATAI SEGMENT
dw ]
dw a

@DATALI ENDS
osxtrn TNOAR: naar



@DATAI

@DATAL

@CODE
. 90:

.83C:

+042;

extrn

SEGMENT
dn

dw
ENDS
extrn

extrn
extrn
extrn
SEGMENT

push
mov
sub
lea
push
call
mOv
cwd
push
push
call
call
pop
or
je
lea
push’
call
mov
cwd
push
push
call
call
pap
or
ie
mov
pop
ret

Mmavy
mov

cmp
jge
lea
push
call
lea
mov
shl
shl
shl
add
_push
-call
call
las
122
push
call
lea
mov
shi
shl
shl
add
push
call
call
call
lea
mov

4,796,191

45

S$0CLE:nea.

2,0,0,0
9,9,08,2 5

$DADD: near
$DNEGt near

$ISWITCHinear 10

$LCVTDiInear

BYTE PUBLIC °CODE°

;16
BP
BP,SP .
SP,46
AX,DISTX
AX
$DLOAD 20
AX,0
DX
AX
FOCVTL
$DCEQ
Aax
AX A
.83C
AX,DISTY
Ax
$DLOAD
AX,d

25

30

DX

AX
$DCVTL
$DCEQ
AX

AX AX
«@3C
SP,BP
BP

338
AX,d
-4CBP1,AX
. 138
WORD PTR -4(BP1,4
. 8A2
AX,DISTX
AX
*DLOAD
S1,GEPY
AX.~4LBP]
AX,1
AX,1
AX,1
S1,AX
s1
#DLOAD
FOMUL
ayY nrIarv

AX,DISTY
AX .
$DLOAD
SI,QEPX

45

50

55

. AX =4[ BF)

AX,1

AX,1

AX,1

SI,AX

SI

$0LOAD
$DMUL
$0suB .
S1,-46(BP1
AXy~4L{BP]

65

.@9Ds

. 0A2:

. @DE:

- AEd:

.813B3

shl
shil
shl
add
push
catl
add

inc
jmp

mov
mov
lea
push
call
lea
push
call
call
pop
or
je
lea

- push

call
lea
push
call
call
pop
or
je
mov
mav
imp

mov
mov

cmp
jqe
lea
mov
shl
shl
shl
add
push
call
lea
push

TTadan

call
call
pop

je
lea
mov
add
shl
shl
shl
add
push
call
lea
push
call
call
pop
or
Jje
mov
add
mov

inc
jmp

46

AXy1
AX, 1
AX,41
SI,AX
SI
$DSTORE
SP,B
339
WORD PTR -4LBP]
SHORT .0@42
539
AX,4 .
-2L{BP1,AX
S1,-22(EP1
SI
$DLOAD
AX,@IW
AX
$DLOAD
$DCGR
AX
AxX,Ax
- @DE
S1,-46LBP]
S1
$DLOAD
AX ,@IW+8
AX
$DLOAD
$DCLE
AX
AX  AX
. @DE
AX,3
-2CBP1,AX
SHORT .014Q
343
AX,8
~4LBP1,AX
344
WORD PTR -4(BP1,3
.0140
SI1,-46(BP]
AX,-4L[EP]
AX,
AX,1
AX,1
SI,AX
SI
$DLOAD
AX,@IW+16
AX

Ax
$DLOAD
$DCGR

AX

AX . AX
.@13B
S1,-44(EP1
AX,-4CBF1
AX,1

AX,1

AX,1

AX,1
SI,AX

$DLOAD

AX,8IW+24

AX

$DLOAD

$DCLE

AX

AX AX

9138

AX,~4(BP]

AX,1

~2LBP1,AX
547

WORD PTR ~4LBP3]

SHORT .QE4



.81430:

01581

‘.81641

«817As

.0182:

.8i88:

< B19F 2

.Q1A7:

«@1AD:

?1s

-@1C7:

47

cmp
jne
mov
mov
lea
push
call
add

mov
mov
mov
novY

cmp
jqe

[ =1

lea
moy
shl
add
mov

inc
inc
imp

mov
mov

mov
cmp
ige
mov
lea
mov
shl
e

mov

inc
ine
jmp

mov
maov

cmp
il
mp

lea
mov
shl
add
mov
push
Jmp

lea
push
call
lea
push
call
call
lea
push
call
lea
push
call
call
cali
lea
nov
shl

3148

WORD PTR -2(BFP1,4

.0158
AX,@
-2{BP1,AX
AX ( @SW
AX
FUTS
SP,2
359
AX =2LBP]
-4(BP1 vgx
AX 4,0
-&LBP1,AX
359

WORD PTR -4(BPJ,4

.8182
AX,—-6LBP1]
S1,-14(BP]
DX ,-4(BP1
DX.1
SI,DX
£SI1,AX

359

WORD PTR -4(BP1]
WORD PTR -6(BFI]

SHORT .0164

+ 59
AX 8
-4CBP1I1,AX

3 60
AX,~4LBP1]
AX ~2LBP1
QA7
AX ,~6LEP1]
S1,-14LEP]
DX -4LBF1
DX,
S5 ,0x
£SI1,AX

FY-1"]

WAORD FPTR -4(BP]
WORD PTR -6(EP1

SHORT .9188
360

AX,0

-4LBP1,AX
365

WORD PTR -4(BP],4
21

0408

S1,-14(BP1
AX,=4{BP1]
AX,1

SI.RAX
AX,£SI11]

AX

. «341B

;67
AX ,PARL_ER
AX
$DLOAD
AX,DISTX
AX
$DL.OAD
$DbMuUL
AX,PERP_ER
AX
$DLOAD
AX DISTY
AX
$DLOAD
FOMIUL
$DADD
S1,QEPX
AX,~4CEF]
AX,1

4,796,191
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shl
shl
add
push
call
call
push
call
add
lea
push
call
lea
push
call
call
lea
push
call
lea
push
call
call
call
lea
mav
=h1
shl
shl
add
push
call
call
push
call
add
imp

lea
push
call
lea
push
call
call
call
lea
push
call
lea
push
call
call
call
lea
mav
shil
shl
shl
add
push
call
call
push
call
add
lea
push
call
lea
push
call
call
call
iea
push
call
lea

48

AX,1
AX, 1
SI,AX
Si
$DLOAD
$DADD
SI
$DSTAORE

SDOMUL
AX,FPERP_ER
AX
$DLOAD
AX,DISTX
AX )
$DLOAD
S$DMUL
$DSUB
S1,QEPY
AX .,—4LBP1]
ax,
AX o1
AX 1
SI,AX
sI
$DLOAD
$DADD
=34
$DSTORE
SP,8
«8432

371
AX ,DISTX
AX
$DLOAD
AX,PARL_ER
AX
$DLOAD
$DNEG
$DMUL
AX PERP_ER
AX
$DLOAD
AX ,DISTY
AX
$DLOAD
SDHUL
$DADD
SI . QEPX
AX,=4CLBP1]
AX,1
AX,1
AX,1
SIAX
S1
$DLOAD
$DADD
S1
$DSTORE



«02EB:

. 03802

push
call
call
call
lea
mov
shl
shl
shl
add
push
cail
call
push
ezl
add
jmp

lea
push
call
lea
push
call
call
call
lea
push
call
lea
push
call
call
call
lea
mov
shl
shl
shi
add
push
call
call
push
call
add
lea
push
call
lea
push
call
call
call
lea
push

call

lea
push
call
call
call
lea
mov
shl
shl
shl
add
push
call
call
push
call
add
imp

lea
push
call

49

AX
$DLOAD
$DMUL
$DSUB
SI,QEPY
AX,-4L[BP1
AX, 1

AX, 1

375
AX,DISTX
AX
$DLOAD
AX,PARL_ER
AX

$DLOAD
$DNEG
FDMUL
AX,,PERP_ER
AX

$DLOAD
AX,DISTY
AX

$DLOAD
$DMUL
$DSUB
SI,QEPX
AX,-4LEP]
AX,1

AX,1

AXy1

S1,AX

S1

$DLOAD
$DADD

S1

$DSTORE
sP,8
AX,DISTY
AX

$DULOAD
AX,PARL_ER
AX

$DLOAD

$DNEG

*DMUL.

AX ,PERP _ER

AX

$DLOAD

AX,DISTX

AX

$DLOAD

FOMUL

$DADD

SI,QEPY

AX,~4(BP]

AXy1

AX,l

AX,1

SI,AX

SI

$DLOAD

$DADD

SI

$DSTORE

SP,8

.8432
d;79

AX ,PARL_ER

AX

$DLOAD

4,796,191

10

15

20

25

"30

35

45

i
i

'« @49E 2

50

|
|
|
;

«@341B:

55

65 .

mov
mov
push
push
call
lea
mov

50

AX,DISTX
2% 4 e
$DLOAD
FDMUL

AX ,PERP_ER
AX

$DLOAD
AX,DISTY
AX

$DLOAD
SOMUL
$DSUB
S1,QEPX
AX,-4LBP]
AX,1

AX, 1

AX,1

SI,AX

sI

$DLOAD
$DADD

sI

$DSTORE
SP,8

AX ,PARL_ER
AX

$DLOAD
AX,DISTY
AxX

$DLOAD
$OMUL
AX,PERP _ER
AX

$DLOAD
AX,DISTX
AX

$DLOAD
FDMUL
$DADD
SI,QEPY
AX ,~4(BP]

¥DSTORE

SF,8 _

SHORT .0432
383

AX , @SH+26

AX

PUTS

SP,2

SHORT .0432
385

$ISWITCH

= NUR

. @4ee
.@380
@ZFR
.@2%s

.31C7

o
[i]

AX,Q

DX,1

DX

AX

$DCVTL
SI1,QEPX
AX,=4(EF]



- B4A2:

. Q4A8:

shl
shi
shl
add
push
call
call
call
pop
pPop
lea
mov
shl
shl
add
mov
mov
mov
mov
push
push
call
lea
mov
shl
shl
shl
add
push
call
call
call
pop
pop
lea
mov
shl
shl
add
mov
mov

inc
Jjmp
mov

pop
ret

QEFCALC ENDP

ENDS

@CODE

@ConE SEGMENT |
include
end

2b IGMUDEL
nclude

2C0DE ENDS

aDATAT  SEDHENT
Jw

@baTal  ENDS

@C00E SEGMENT

@CooE ENDS

@DATAU  SEGHMENT
db
ORG

X_IHN LABEL
public
ORG

X MAX LABEL
public
URG

V_MIN LABEL
public
ORG

SI,IQEPX
BX,-4(EP1]
BX,1

BX,1
S1,BX
£S11,AX
+2(S13,DX

S1,QEPY
AX 4 ~4LEF1
AX, 1

AK,1

SI,IQEPY
BX,—4CEF]
BX,1
BX,1
ST,BX
€8I1,AX
+20SI11,DX
;88
WORD PTR -4({BF1
«91AD
;88
SP,BP
BP

BYTE FUBLIC °‘CODE-

epilogue.h
EQU "]
prologue.h
]

BYTE PUBLIC 'CODE

16 DUP ()

"]
WORD

X_MIN
2
WORD
X _MAX
Y3
WORD

¥ _MIN
5

4,796,

191

Y _MRX

5 @ATAU

@DATHE

10 :

15

20

30

35

45

50

55

65

i
@DATAB
#CODE
@CopE

@CODE
'STRSRCH
@CODE

@CODE
"1« H

LABEL

public
public
ENDS
GEGMENT
extrn

extrn
extrn
extrn
extrn
extrn
extrn
extrn
extrn
extrn
ENDS
SEGMENT
ENDS
extrn
eitrn
extrn
extrn
ertrn
b
extrn
estrn
estrn
axtrn
extrn
extrn
extrn
SEGMENT
FROC
ENDS
extrn
SEGMEMNT
push
Wov
sub
mav
mov
mov
mov
mov
mov
mov
mov
mov
nav
mov

mov
lea

52

WORD

Y _MAX

STRSRCH
IREPX:word
IGEPYsword
IDRPX:word
IDRPY:word
ICOURSE:word
MXDEVDIR:word
STRPTR:word
STRDQT:wdrd
STRCOOR: word
LANECOOR: ward
BYTE PUBLIC °CODE"
FRIORI}Y:near
IMNQEP:near
IFTDIST:near
[ATANZ:near
LU!PRUD:nrar
EVYSITISFinear
SFAUD: near
CLIP:near
RTLANE: nesr
CLOSTPT:znear
SFINCLSV: near
SFCONECT : near
CYSFTSI:inear

EYTE PUBLIC "CODE-
NEAR

FLRSSHIFT:near

BYTE FUEBLIC 'CODE"
161
Bp
BF,SP
S, 122
AX,8
~75CEBP 1, AX
-78LBFJ ,AX
-98CBF1,AX
ALl
-86LBPI,AX
A%, 32766
-48CBF1,AX
-SGLEP], AX
AX,0
STRDAT,AX
STRCOOR , AX
AX ,LANECOOR



.06D:

.30C:

. .@E1l:

mov
lea
mov
lea
mov
mov
mov
mnav
mnov
mov

mavy
mov
Mov
mov
mov
mav
mov
mov

cmp
ige
lea
mov
=h}
b1l
add
mov
wov

adc
push
push
Hov
nov
push
push
cxll
Pop
pap
lea
mov
shl
add
mov
lea
mov
shl
shl
add
MoV
mov
add

push
push
mov
mov
push
push
call
pop
pop
lea
mov
shl

mov

inc
Jop

Nnov
Mov
=dd
adc
push
push

53 4,796,191

-9&LBFP1,AX

AX,-122[BF1

-106CLBP1,AX

AX ,~114[EF]

~194CBP I, A%

AX,STRPTR

-3QLEPI,AX

AX,32786 v

EUW+4 , AX i

@UW,AX ’ ;

-64LBF1,AX ‘10

-66LEPY,AX

axX,-32766

@UW+6, AX

@UW+2, AX

-adLEBP1,AX

~-62LEF],AX |15

AX,8

-34CBP Y. AX :
1142

WORD FTR -B84(BPI,4

.BE1

S1, {QEPX : 20

AX,-83CRFY

A,

[a Y

S, A%

A%, 1513

DX, *2CS1) : 2501,

AX,-32768

DX ,9

bx

AX j

AX, 14 !

Dx,8 30

Dx

AX

$LRSSHIFT

AX

Dx .35

SI,-28CEF]

BX,~-84CEF]

BX, 1

SI,EX

£SI1,AX :

SI,I0EPY 0

AX,~84CBP1

AX,1

AX, 1

SI,AX

AX,[SI]

DX ,+2[SI1 45

AX ,-32768

DX,

Cen 11 BLT7T
DX, @ :50

SLRSSHIFT
AX
Dx 55
SI,~-20CEF]
BX,-84L[EP)
BX,1
SI,BXx
[SI11,AX .
5145 60
WORD FTR -84LEF1]
SHORT .Q&D
5145
AX, IDRPX !
OX,IDRFX+2
AKX, -32768 65
DX,@
DX
AX

.0199;

mov
mav
push
push
call
pop
pop
nov
mov
nov
add
ade
push
push
MOV
"oV
push
push
call
rop
Rap
mnov
MOV
nov

cmp
il
imp

lea
mav
shl
add
mav
cmp
ige
lea
mav
stil
add
nov
mov

lea
mov
shl
add
mav
cmp
ige
laa
mov
shl
add
nov
mav

lea
mav
shl
add
mav
cmp
ile
lea
mov
shl
add
mov
mav

l2a
mov
shl
add
mav
cmp
ile

SLRSSHIFT

AX *

DX

=120[BF],AX

AX, IDRPY

DX, IDRFY+2

Kk —127568

DX,@

oX

A

mAL,La

Dx,Q

DX

X

SLRSSHIFT

A

DX

~LULEF] , A&

K@

-84LEBP1,AX
5149

WORD FTR -BAalEPI,s

21

.G1C1

SI,~-28(8F]
AKX, ~BACEF]
AX, 1
S1,AX
AX, L8113
AR, @UW
+O1S5
SI,-28LEF]
AX =84 CEF]
AX,1
SI,AX
AX,CSI]
GUW,AX
152
SI,-ZBCEFP]
AX,~84CEBF]
Al
SI,AX
AX,CSI1
AX, @UW+4G
.8177
S1,-20LEF]
AX,—84[EP]
AX,1
SI.AX
AX,CSI]

- @UW+4 , AX

3153
SI,-2Z8LBF]
AL ,~84(BF]
AX,1 :
51,A%
AL,LST]
AKX, @UN+2
Q199
SI,-28CBF1
AX,-84(EF]
AX, L
SI,AX
AX,LSI1
GUW+2,AX

. . 5158
S1,-20(EP]
AX,-84L[BP1]
RX,1
SI1.AX
AX,(S11]

AL, BUW+S
.O1BH



.01BB:
SICL:

L

e

les
Wy v
sinl
add
(1= 21

Lnc
unp

Qv
sub
mov
add
N0V
mov
sub
neov
add
mov
Mov
add
mav
add
mav
mov
add
mov
add
“uov
nov
or

je

mov
mov
sub
mov
mov
mov
mov
sub
mov
mov
mov
Mmov
sub
Mmov
mov
mov
mov
sub
mov
mav

moy
add
mav
mov

ine
jmp

mov
mov
mov
mov
mov

MmO v
Mav
cbw
sub
cinp
L

mp

mav
O

55

ST, *ATRRY
A, Telbw
nA,l
SI,AX
LIS19]
AU +o AR
;18
WORD FPTR -84{EF1
L9129
3128
RA,=12CBP]
R G20
DX, @UW
DX ,AX
@®@UW, DX
#X,~14LBF]
A% 28
DX alW+d
DX, RX
U+, DX
AR, ~120EF]
AX,20
DX, @QUW+2
DX .AX
aUwW+2,DX
AX,~10LEF]
RA,20
DX, dUW+o
DX ~X
EUW+S6 DX
AL elW
A AKX
D247
SI;&1lW
AX,L[SI]
RA,=12(BP]
Sl,~-106CEF]
[s131.8X%
SI.@lu
AX  +4£S11
AX,~12LBF]
SI,~186LEF3]
+4{S131,AX
Si @elW
AL ,+2(S11]
AX,~13LBF]
S1,-106(EP]
+20SIJ.AX
SI.2IW
AKX +6EST]
AX,=1ACEF]
S1,~106LBRP1]
+6LSI1,AX
3173
SI,~-38CBP1
WORD PTR -ZOCEFI.2
AX,LS11
~-94{BFP1,AX
AX , AX

.0693 °

SI,-93CEF)
SI,+2CS1]
-88LEF).SI
AX.9
-82LEF1.AX
5 '8
SI,-F4LEF.
wl o [SI]

AX,1
A%, -82LEBP]

- 0690

AX,~88LEF]
=1QZLEF],RL

4,796,191
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T

65 .@312:

Wwoy -

mav
mov
LT=3%
mGv
mov
mov
nav
Mov
mov
[L{=2"4
mov
lea
push
lea
push
lea
push
lea
push
call
add
cmp
jne
jmp

mov
nov
mov
sub
push
mav
hQv
mov
sub
push
call
add
mov
mov
sub
mov
mov
neq
cmp
jge
wov
cmp
ige
jmp

mov
cwd
add
Y Lot
AT ¥)
Jle

Jmnp

My
(w2
pLEN
puwzh
Qv
cwd
pop
pap
sub
shb
QP
31
Jymp

mav
naov
noy

56

SI,-10Q2(BF1
AX,[SI1
-74CBP1,AX
S1,-1@2CLEF]
AX+4ES11]
~72CLBFIAX
S1,-102CBF]
AX,+2L811
-7BCLEF] &X
SI,-102CBF]
RX,+6LSI1]
~68LBPI AX
SI,~68LEFP]J
Si
SI1,-72LEP]
S1
81,-70CBF]
SI
SI,-74(EBF]
SI
CLIP
sP,8
AX,0
.@z2c2
. 8683 .
;186
S1,~1Q2ZLEF]
AR, +8L051]
S{,-1@82[BF]
A% L811]
AX
S1,-102(8P]
AX,+6L0511]
SI.~1Q2(BF1
AX +2(SI]

T RAX

IATANZ
SF,4
-42CBF1,/%
RX,~32LBF]
RX, ICOURSE
-49CBP1 ,AX
AX MXDEVDIR
AX
AX,-4Q8LEF]
. 9304
AX,,-4@CEF]
AX  MXDEVDIR
<9384 ¢
SHORT .©315
5196
AX MADEVDIR

AX,=327468
D‘('-..j
A, Uil
sy W)
3196
SHORT .@332
1196
RA,=32768
DX,-1
DX
X
AX MXDEVDIR

BX

cx

BX,AX
CX,DX

BX ,~4@LEF]
24

.8585

s196
S1,-192C(EP1
AX,L81I]
S1.-96CBRP1



MOV
mav
wWwo v
mav
mov
MOV
mav
ROV
nov
MOV
mev
MoV
mav
push
MoV
mov
cbw
push
c=ll
add
push
push
call
a«dd
push
call
add
or
ine
Jinp

cmp
ine
lea
push
mov
push
call
add
push
push
MoV
noy
sub
pash
Call
add
push
push
wav
mav
sub
push
call
add
push
push
lea
push
MOv
push
call
add
push
push
MoV
mov
sub
push
call
«dd
push
push
nov
mov
sub
push
call
add
push
push

57

€S11,AX
S1,-192(BP]
AX,+2L51)
S1,-96(EBP]
+2(S13,AX
SI1,~-102(BP]
AX,+4(S1]
S1,~94(EP1
+4(S11,AX
SI,-102(EF]
AX,+6(S1)
SI,-96(BF1
+6(S11,AX
WORD PTR ICOURSE
S1,-94({EF]
AL, +1(S511]

AX

FRIGRITY

SP.2

AX

WORD PTR —-96[BF1
RTLANE

SF,&

WORD FTR -96(BF1
INQEP

WORD PTR +4(BFJ,1

© .04@5

S1,-4(EF]
SI
Ax,o
AX
CVSITSF
SF,2

DX

AX
SI,-96LEF]
Ak, +5LS11
ma o lOLEP
A
CVSITSF
5F,2

DX

AX
SI.,-96LEF]
AX,+2CSI]
Ri, - 1GLEF]
AX
CVSITSF
SF,2

DX

AX
SI,-8LEP]
Si

YN

AX

CVSITSF
SF,2

DX

AX
SI,-96CEF]
AX,+4(3511
AX,=12(BP)
AX

CYSITSF
SP,2<

DX

AX
SI,-96CEF]
AX,ISI]
AX,-12(BF]
AX

CVSITSF
SF,2

DX

<

AX .
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047%s

C47E:

58
call
.add
mov
jmp

iea
pusih
oy
push
call
add
push
push
MoV
mav
sub
push
cali
add
push
push
L. 1-1%
mov
sub
push
call
add
push
push
lea
push
mav
push
call
add
push
push
mov
mov
sub
push
call
add
push
push
MOV
mov
sub
push
call
add
push
push
call
add
mov

(=41 V]
ine
imp

push
push
aov
mov
sub
push
call
add
push
push
. MmOV
mov
sub
push
call
add
push
push
push
push

CLOSTPT

SFP,28

-3441BF1,AX

SHORT .@475
31218

SI,-4(EP1

si

AX,0

Ax

CVSITSF

5P,2

(7}

AX

SI,-96L(BP]

AX,+6lSI1

AX,~18L(BP]

AX .,

CVSITSF

SP,2

DX

AX

SI1,-96(EF]

AX,+2(S11

AX,~12(BF]

AX

CVSITSF

SF,2

ny

A

SI,-9LBP]

sSI

AX,Q

AX

CVSITSF

SP,2

Dx

AX

S1,-96(BF1]

AX,+4LS11

AX,=-12{BR1

AX

CVSITSF

SP,2

oX

AX

S1.-96C(EF]

AX,C[S11

AX,=12C8P]

AX

CYSITSF

SP,.2

DX

AX

IPTDIST

SP,28

-44(BP1,AX

.
322

WORD PTR +4LBF],

.GA7E

SHORT .@4DE
3274

WORD PTR -2(BF1

WORD PTR -4(BF1

SI,-96(BF]

AX,+6(S11

AX,~13C(BF1]

AKX

CVSITSF

SP,2

DX

AX

S1,~-96LBP]

AX,+2(SI1

AX,-10QLBP]

AX

CVSITSF

SP,2

DX

AX

WORD PTR —&LBP]

WORD FTR -8BLEF]



P41

.B4DE:

nov
mov
sub
push
call
add
push
push
mov
mov
sub
push

call

add
push
push
call
«dd
ar
ine
ymp

push
push
mov
mav
push
push
call
add
mov
mov
push
push
nav
mov
push
push
call
add
mov
mav
mov
mov
sub
mov
mov
mov
mav
sub
mnav
mov
mov
MoV
sub
nov
@aov
mov
mov
sub
nav
mov
push
push
call
add
mov
mav
or
je
push
push
call
add
maov
push
push
catl

CVSITSF

59

S1,-96LBP]
AX,+4(SI3
AX,-12LEBP]

CVSITSF
sP,2 -

SI,-96L{EF]
AX,LSI]
AX,-12(BF]

SF INCLSV
SP, 24
AX,AX

. 0685

3234

WORD PTR -6(BF1
WORD PTR -8LBF]
AX,127

DX ,—32768

SP.8

-8LEBF],AX
-6(BP1,DX

WORD PTR -2CBFP]
WORD PTR ~-4L(BP1
AX 127
DX,-32768

SP,.8
~4(BPI,AX
-2CBFP1,DX
S1,-102C(BF]
AX,(SI]
AX,—120(BP]
S{,~104LEF]
(SI3,RX
SI,-102(BF]
AX,+4(S1]
RX,~12(BP]
S1,-104(BP]
+4LSI],AX
SI,-102(BP]
AX,+2(SI]
AX,~10C(BP]
SI.~104[EP]

- +2(S11,AX

S1,-102{EF]

AX ,+6(511

AX ,~18CEP]
S1.-104(EP]
+6[S13,AX

WORD PTR -106LBP]
WORD PTR -1@4[EF]
SFCONECT

SP,4

-80LBF1 , AX

AX ,-86LEP]

Ax ,AX

.@sa1

WORD PTR -6LBF1
WORD FTR -BCBP]
CVSFTSE

SF,4

-S8LBP1,AX

WORD PTR -2(EF)
WORD FTR —4(EBF]
FUSE1ST
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.OSEZ:

LOSFD:

60

auyd
nmav
nmav
G v
gy
mov
[i(TwRg
MmO~
[1{=2Y
WO
mov
hov
Jmp

push
push
call
add
push
MmOy
push
push
push
call
add
push
mov
push
push
mov
push
push
nov
push
call
add
cmp
il
ne
cmp
jbe

mov
cmp
jle

imp

MoV
cmp
me
ii=)
cap
ige

push
push
call
add
mov
push
push
call
add
mov
mav
mov

ma v
mav
N0
WHwo v
NQAV

oV

T

e
cnp
ile

o, 4
L X W X1 2
AL, -4 {BF]
~SBLEBFI, AL
mX,=1UZ(BF}
-10GIRF] AL
A, =FRLBF]
~IZLRFI AX
A, ~BOLEF]
-78(BF 1, AX
RL,8
-8&6(EBF]1,RX
. 0685

5 &2
WORD FTR -2(EP]
WORD FTR -4{BP]
CVSFTSI
SP.4

WORD PTR -oflBP1
WORD PTR -BLEP]
CVSFTSI
SF .3
AX
AL,
AX .
WORD FPTR -S3(BF)
RAX .3
X
WORD FTR -SB{EF]
AX,Q
AX
DOTPROD
SP,16
DX,0
0635
.@SEZ
AX,98
. D635
;267
AX ,-8ALBF]
AX,=78(EBP]
.©QSED
SHURT .@SFD
5279
AA,-BALEF]
AX,~78(BF]
. @637
AX,~44(BF]
AX ,~SA8LEF]
<633
3278
WORD PTR -&6LEBP1]
WORD FPTR -B8LEBEF1]
CVSFTS1
SP,. 4
-S8LEF],AX
WORD FTR -2(BP]
WORD PTR -4LEBF]
CVSFTSI
SP.4
~S4LBFPI,AX
AX,-44(BF]
-SACEFY,ax

FA,-BALEP
~-78(BF1,m
AR, ~1DTLEF]
-123(BF1,AK
AX,-94(EP1
-92LBFY AL
;278
SHORT .8368S
1278
nX-83LEBF]
AX,~7&(BF]
. B&3F



.B&3F:

«Q64aF:

.0685:

. B69F:

. Q6A2;

. B&BD:

U605

-Q6F i

.. Q&6FB:

mnp

mov
«mp
neé
Qv
cmp
ige

push
pPuUSh
call
add
nov
push
push
call
add
mov
MmOv
ROV
mov
nav
mov
nov
mov
MoV

inc
add
jmp

imp

cmp
ine
mov
mp

Mav

mov
cmp
ine
cmp
jqe
mav
cmp
ile
Jmp

MoV
cnp

ne

)i

Hov
add
cmp
1qe
i

Hidv
push
mov
mov
imul
pop
Cwd
1div
mov
cmp
jle
imp
cinp
jge
imp

imp

61

SHORT . Qs&4F
281
AX,-8QLEF)
nX,-76(BF1
. 2689
AX,-44(BF]
AX,-48LBF]
. BeB% :
;381
WORD FTR ~6CBF]
WORD FIR ~-3LEBF]
CVSFTSI
SF,4
-S&lBFl.AL
WORD FIR -2(EF1
WORD FTR -4(BF]
CVSF TSI
SF.4
=32LBP],AX
AX ,~3AL{EBF]
=-48{BFJ],AL
AX,-80LEF]
=7&LBFP1,AX
AX,-102(EF]
=98CLEBF],AX
AX ,~F3(BF]
~9QCEF1,AX
$ 9%

WORD FTR -8ZCBF)

WORD FTR -88{HBFP1.4

. Q268
1299
9247
329
WORD FTR -SQCEFI,0
< D69F
AX,1
SHORT .@&A2
. 3 299
AX,-S@LEF)
3299

-SOCEP],AX

WORD FTR -86(EFP1,Q

« Q&FF

WORD PTR -48CBF1,32766

. Q&FD
AX,=78(EF]
AX,-76(BF1
. @&6BD
SHORT .@7@8
1319
AX,-78C8FP] -
AX,-75LEF])
AR
PR RE-T
i..4
A ~4BLEF ]
AX ,=SACBF]

AY, 3@

. Q605

SHORT .@701
1319

AL, =SOCEF]

AX

Bx, 100

AX =48 EF]

BX

BX

BX

=46LEBF ], AX

WUORD PTR ~36(EF1,Z00

. 06F L

SHORT .Q708
$ 323

WORD PTR -46{EF],33

. Q6FB
.878A
328

SHORT .Q7061
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.Q&FD:
» O6FF 3

.0701:

.Q78A:

62
uhp
inp

mov
nav
pap
ret

lea
mov
mov
mav
mov
mov
MmOV
nav
mav
mov
MmOV
hav
nov
mov
Ay
mov
mov
nov
mav
mov
nov
mov
mav
mov
mav
mov
nav
mov
mov

TOv

[=IXE
WQ v
Mmov
cbw
push
call
add
push
push
call
add
mov
MoV
pop
ret

lea
Mmov
mov
maov
mnav
MoV
Mnov
nov
mov
nov
mov
[ 1=1"4
mav
mov
MOV
mov
mov
mov
nov
may
mov
mov
WayY
Mmov

$ 329
SHORT .@708
$331
SHORT .8701
$ 334
AX, 8
SP . BP
BF

3337
AX , @UW+3
@IW,AX
AX,~92(BF1
STRDAT ,AX
AX,-10aLEBP]
STRCOOR,AX
S1,-100(EF]
AX,(SI]
SI,-96(BF]
(S1l1.AX
SI,eIW
£SI1,RAX
SI,-10a(BF]
AX,+4LS1]
S1.-%alBF]
+4(SI1,AX
Sl,elW
+4(SI1,AX
SI,~-10Q(BF]
AX,+2CS1)
S1,-96(EF]
+2({S11,AX
Si,elw.
+20811,AX
SI,-10@(BF]
AX,+6[S1]
SI,-96(EF]
+6(S511,AX
SI.31lw
+60S1),.Ax
Wb FiR
SI,-9ZLEF .
AL, *lESI]

Uk

nX
FRIORITY
5P ,<

AX

WORD FTR
RTLANE
Spﬁb
AX,-?6LEF]
SP, BP

BP

-?alBF]

;250
£X ,3UW+B
@lW,AX

Hx , ~9OCBF]
STRDAT ,AX
AKX ,~93CBP1]
STRCOOR , AX
S1,-98{EF1]
A%, [SI1]
SI,~56(EF]
(S11,AX
St,@IW
{SI3,AX
S1,-78LEF]
AX,+4{SI1
S1,-96CEF1
+4IS11.AX
SI,@lwW
+4LS11,AX
SI,-98L(EF]
AX,+2LS1]
51,-9alBF]
+20S11,AX
SI,&IW
+20S13,AX



L.

Movy
wav
mov
WMoV
[ le A
mav
push
Hov
nov
cbw
push
call
add
push
push
call
add
mov
Mnov
pop
ret
STRSRCH ENDFP

ENDS
SEGMENT

@CoDE
@COCE

@B [GMODEL
1nclude

public
ENDS
SEGMENT
extrn

«CODE
@DATrB

extrn

ENDS
SEGMENT
ENDS
extrn

@DATAB

@CODE

@CODE
extrn
axtrn
extrn
extrn

extrn

SEGMENT
PROC

-@CODE
INQEP
.09

push
mov
sub
mav
mov
.2c:
cmp
jge
lea
mov
shl
shl
add
push
push
call
add
lea
mov
shl
shil
add
mov
mov
lea
mov

63

TSI, -98L(EF]

AR ,+6lST1]
SI,~-96LBF]
+6(513,RX

SI,®Iw

+a(S11,RX

WORD FPTR ICQURSE
SI,~-F@CEF]

AL, +10S5T]

213

FRIORLTY

SP,2

AX

WORD PTR -96CEBF1]
RTLANE

SP, &

AX,-96(BF1

SF , BF

BF “

BYTE FUBLIC "CODE-
inclnde gpiianuea,h

ELU Q
prologue.h

INGEP

IQEP X3 word

[QEPY:sword

BEYTE PUBLIC 'CODE’

CVSLTSF:inear
CVSITSF:near
CVSFTSL:near
SFXPROD: near
INT2LAONG: near

SFCMP:near

BYTE PUBLIC °CODE’

NEAKR
327
BP
BF ,SP
SP,72
AX.B
-22LBP1,AX
343

WORD PTR -22(BF1,%

. 26A
s1,I1QEPX
AX ,~22[EP1
AX, 1

AX,1

S1,AX
WORD PTR +2(S11
WORD PTR [SI1
CVSLTSF
SP, 4
S1,-72(EP1
BX,~22(BP]
BX,1

BX,1

S1,BX
£S13,AX
+20511,DX
S1,IQERY
AX ,~22(BP1
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. @65:

- H

64

shl
shl
add
push
push
call
arted
lea
mav
sti
snl
add
mov
maov

1nc
Jjmp

mov
push
call
add
push
push
call
add
mov
mov
mov
push
call
add
push
push
call
add
mov
mov
mov
push
call
add
push
push
call
add
may
mov
mov
push
call
add
push
push
call
add
mov
mov
mov
mav
lea
push
push
lea
push
push
push
push
push
push
push
push
nush

push
push
push
call
add
mav
mov

AX, 1

Aax,1

SI1,AX

WORD FTR +2(S11
WORD PTR (SI1
CVSLTSF

e a4

Si,-Soltbi
BX,-2206F)
BX,1

BX,1

SI,BX%

(SIJ,AX
+20(SI1,Dx

;98
WORD PTR -22[{EBF]
SHORT .@C
HET-

SI,+4(BP]

WORD PTR [SI1
INT2LONG

SP,2

DX

AX

CVYSLTSF

SP,4

-20CEF],AX
-18(BF1,DX
SI,+4(BF]

WORD FPTR +SLSI1
INT2LONG

SP,2

DX

AX

CVSLTSF

SP,4

-1&6CBP1,AX
-14(BP1]1,DX
SI,+4(BF]

WORD PTR +2(SI1
INTZLONG

SF,.2

DX

AX

CVSLISF

SP,4

-12E0BP1,AX
~1G6C(BF1,DX
S1,+4(BF1]

WAORD PTR +7(SI1
INT2LONG

SP,2

DX

AX

CVYSLTSF

SP,4
~8iBP1,AX
-6(BP1,DX

AX,Q

—-24(BFP1 ,AX
SI,-S&LEFP]

WORD FTR +2(SI1
WORD PTR (SI3]
SI,~72(EP]

WORD PTR +2[S11
WORD PTR (SI11
WORD PTR -1Q(BF]
WORD PTR -12(EF1
WORD FTR -18(BF]
WORD FTR -Z2@0LEF1]
WORD PTR -6LBPFP1]
WORD FTR -8(BF1
WNRN FTR 130 RFY

wWURD e Lotor g
WORD PTR -18(BF]
WORD FTR -20(BFP1]
SFXFROD

5P, 32

-4LBP],AX
-20(BF1,DX
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65 66
nov AX,Q | mov {S13,AX
cwd I _ : mov AX,-28CEF ]
push DX . o mav -26C§PJ,AX
push AX .91EB: ;70
push WORD PTR ~2(BF] 5 cmp WORD PTR -24(BF1,2
push WORD PTR -4(BF] ‘ jne .BiFL
call SFCMP imp SHORT .@81F7
add SP,8 (@1F1s 371
cmp AX,-1 inc WORD FTR -22(EF1
ile - 8133 imp .8147
mov AX,1 10 LQ1F7: 371
imp SHORT .@136 cmp WORD PTR -24(EF1,0
.0133: 357 . T jne . 2285
mov AX,0 mov AX,d
0134 57 . mov SP BF
mov =-26[EF] ,AX B pop BP
mav AX,3 15 ret
lea S1,-30LEP1] . 0205: $76
mov £S11,AX . mov AX,2
mov AX,1 mov -220BF1,AX
mov -22[BF] ,AX @208 376
©.@147: 359 cmp WORD PTR -22(BF1,2
cmp WORD PTR -22(BF1,4 20 51 A
i1 ?1 imp .@40C
imp .Q1F7 22;
?1: lea S1,-5S6(BP]
lea S1,-56(BP] mov AX, 4
mov AX,-22CBF] 25 push AX
shl AX,1 © lea DI,-32C(BP]
shl AX,1 mov AX,—22{BP]
add SI,AX shl AXo1
push  WORD PTR +2[SI] add DI.AX
push WORD PTR [SI1 movy . AX,L{D13}
lea S1,-72LBP1] 30 add AX,1
mov AX,~22CEF1 pop BX ¢
shl AX,1 cwd
shl AX,1 idiv BX
add SI,AX shl DX,1
push WORD PTR +2(SI1] shl DX,1
push WORD PTR (SI) 35 add SI.DX
push WORD FTR -1@(BP] Aush WARD FIR +70QT17
push WORD PTR -12CEP]
push WORD PTR -18(BF] push WARD FIR | @]
push WORD PTR -20(BF] lea S1,-72(BF.
push WORD PTR -6LBF] mov AX .4
push WORD PTR -B(EF] 40 push AX
push WORD PTR -13(EP1 lea DI,=-32CBF1
push WORD PTR -14LEF] mov AX,=22(EF]
push WORD PTR -1QLEF] shl AX, 1
push WORD FTR -12CEP) add DI,AX
push WORD FTR -18(EF1 mav AX, (DI
push WORD PTR -20CEF] 45 add AX, 1
call SF XPROD pop BX
add SP,32 cwd
mav -4[BF],AX 1div BX
mov ~2LBP1,DX shl DX,1
MO =YX .0 - T shl Dx,1t
cwd 30 add SI,DX
push DX push WORD PTR +2{S11
push AX push WORD PTR (S13
push WAORD FTR ~Z2(BF1 lea SI,-%56(EF)
push WORD PTR =-4(BP) laa DI,-320(EF)
call SFCMP 55 mov AX ,~22[BP]
add sP,8 shil AX,1
cmp AX, =1 add DI,AX
)jle +@B1BF mav AX,C(DI3
mov AX,1 shil AX,1
3mp SHORT .@1C2 shl AX, 1
.@1BF: 62 60 add SI,AX
mov AX,2 push WORD PTR +2(S11
.@iC2: ;62 push WORD FPTR (SI1]
mov -28CBP1,AX lea SI1,-72(BF1
mov AX,-281BF) lea D1,-32(BF1
cmp AX,~26(BF] mov AX ,=22(BF]
i .@1E8 65 shl AX, 1
mov AX,—=22({FEP1] add DI,AX
sub AX 1 mov AX,CDI1
lea SI,-32{BF1 shl AX,1
mov DX,-24L(BFP] shl AX,1
inc WORD PTR -24(BF1 add SI,AX
shl DX, 1 push WORD PTR +2(SI1

add S1,DX push WORD PTR (SI]



67
push WORD FPTR -10CEF1
push WORD PTR -12({BF]
push WORD PTR -18(EBF1]
push WORD PTR -2Q@(EBP1]
lea SI,~56(BF]
lea DI,-32(BF1
mov AX —-22LBP]
shl AX ol
add DI, AX
moOv AX,EDI]
shl AX 1
shl AX, L
add S1,AX
push WORD PTR +2{SI]
push WORD PTR LSI11
lea SI,-72CBR]
lea DI, -32{EF]
mav AX,-22CBF]
shl A1
add DI AX
mov AX,EDI1
shl AX,1
shl AX 1
add SI1,AX
push WORD FTR +2LSI1]
nueh WARD FTR ST
call SFXPROD
add SP,32
mov ~4LBF1,AX
mov -2{BF1,DX
mov AX,8
cwd
push DX
push AX
push WORD PTR -2LBF]
push WORD PTR -4(BF])
call SFCHMP
add SP,8
cnp AX =1
Jle .@2FB
mov AX, 1
imp SHORT .@ZFE
. BZ2FE: ;83
mov AX,0
.@2FE: ;83
lea SI,~-4Q(BP1]
mov DX ,-22CBF1
shl DX,1
shl DX,1
add SI.DX
mov £S11,AX
lea SI,-S&6LBF] )
mov AX,4
push AX
lea DI, -32CBF]
mav RX,~22LBF1
shl AX, 1
add DI, AX
mov AX,EDI]
add AX, 1L
pop BX
cwd
idiv BX
shl DX,1
shl DX 1
add SI,.DX
push WORD PTR +2[SI3
push WORD FTR (SI1
lea SI,=72CEF]
mav RAX .4
push AX
lea BI.-32CBP]
mav AX,-22(BF]
shi AX,1
add DI AX
mav AX,C(DI1
add AX,1
pop BX
Cwd
. idiv BX
shl DX, 1
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shl
add
push
push
lea
lea
mav
shl
add
mav
ehl
anl
adg
push
~ush
lea
lea
mov
shl
add
mav
shl
shl
add
push
push
push
push
push
push
lea
lea
mov
shl
add
mav
shl
shil
add
push
push
lea
lea
mov
shl
add
mov
shl
shl
add
push
push
call
add
mav
mav
mov
cwd
push
push
push
push
call
adad
cmp
ile
mov
jmp
.@B3F2:
mov
. @3F 33
lea
mov
shl
add
shl
acn

mov

.04Q6:
inc
1mp

DX,

S1,Dx

WORD PTR +2(S11]
WORD PTR (SI1
SI,-S6(BF]
DI,-32(BF1]
AX,-22CEBF]

AXgl

D1,AX

AX,(D12

a4 1

Al

ST AX

WORD FTR +2CSI11
WORD FTR (SI1
Si,-72(BF]
01,-32C8F)
AX,~22(BF1

AX, 1

DI, AX

AX,(DI1

AX 1

AX,l

SI,AX

WORD PTR +2(S11
WORD FPTR (SI]
WORD FTR -6(BF1
WORD PTR -8LEP)
WORD FTR -14(BF]
WORD PTR —16CEP]
SI.-S&6LEP]

DI ,-32(BF]
AX,-22(EP1

AX, 1

0I,AX

AX,EDT]

AX, 1

RX 1

SI,AX

WORD PTR +2(S11
WORD PTR (SI1
SI,-72LBP]
DI1,-32(BP]

AX ~22LBP1

AX,l

DI,AX

AX,LDI]

AX,1

AX,L

SI.AX

WORD PTR +2LS11
WORD PTR (SI11
SFXFROD

SF,32

-4(BPJ,AX
-2{BP1,DX

AX,8

DX
AX
WORD PTR -2(BF]
WORD PTR ~-4(BF1]
SFCMP
sP,8
AXo—-1
- O3F2
AX,1
SHORT .@3FS

< ;89
AX .0

; 89

S1,-40L8BP]
DX, -22(EFP]
DX 1
DX,1
DX,1
ST ,NnY

(s, na

;.90
WORD PTR -22LEBF]
.028B



.34aC:

. 84372

INQEFP

' @CODE
@CODE

lea
lea
mov
cmp
jne
les
lea
mov
cmp
Jjne
lea
lea
mov
cmp
Jje

mov
mav
pop
ret

mov
mav
Pop
raet
ENDF

ENDS
SEGMENT
include
end

el [GHODEL

“CODE

@CODE

include
publiuc
ENDS
extrn
axtrn
extrn
extrn
extrn
extrn
extrn
extrn

extrn

SEGMENT

SFCONECT

. «008:

r.910:

.018:

JOBIF:

push
mav
sub
Mmov
cmp
ne
Jnp

mav
cmp
ine

nov
MOV
pop
ret

MoV
cmp
ine
hWov

69
190

SI1,-78(BF1
D1,-4Q(EP]
AX, (D11
AX{SI]

. 0437
S1,~34(EF]
01,-3&LBP]
AX,L[DI]
AX,(SI]
Q437
SI,~36(BP1]
DI,~48(BP1
AX,LDI11]
AX,LS1]

. Q437
AX,98
SP,BP

BF

594
AX,1
SF ,BF
BF

BYTE PUBLIC °‘CODE"
epilogque.h

EQuU %]
prologque.h

SFCONECT
CVSITSF:near
SFADD: near
SFSUB: near
SFDIVtnear
SFMUL: near
XFROD: near
SFINTRST:near
SFINCLSV:near

SFCHMF:negear’

BYTE PUBLIC "CODE"

PROC NEAR
Hp1
BF
BP,SP
SF, 34
A, +4(BF]
AX,d
.01
SHORT .@18
333
AX ,+OLRF]
Aax,d
.B1F
333
4,0
SP, BF
BF
34
RA, F4(BF]
R, toliF]
.Q2E
AX, 1
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LB2E;

L Dl

287:

‘QAC:

mov
push
call
add
mov
mov
mov
push
call
add
nav
MoV
mav
push

70

SF,BF
BF

37
SI1,+&(EF)
DI,+4CEF]
AX,CDI]
AX,[51)

. D44
SI,+elBF]
DI, +4CBF]
AX +20(01)
AL 4251
. @37
BTN Y PR
Sl.vol b}
Dl,+4LlEr]
AR, (D13
X +40S])
.60
Sl.+6LEP)
Ol,+4C{EF]
AX,+2{DI1)
AX,+6(SI1
.@6C

;38
AX,1
SP,BP
BF

140
SI,+volBF]
Dl,+4(EF)
AKX, +4LDI]
AX,LST2
. 369
SI,+6LEF]
DI ,+a0EF)
H"X,+6(011
AL, +2(ST1]

. 289
SHORT .QAS

591
SI,+60BF)
DI,+4(bP]
AX,+4CDL1]
AX,+34LSI]

. BAC
SI,+6CkF]
DI,+4(EBF]
AL, +6[D1]
AX,r&(SI1]
. @AC

s 41
AX, 1
SF  BF
BF

HE
SI,+4(EFP]
WORD PTR [S13]
CYSITSF
SP,2
-32(BF1,~X
~30CEP1,DX
SI,+4(BF]
WORD PTR +4(S11
CVSITSF
SP,2
-28(BF1,AX
~26CBF1,DX
SI,+34CEP)
WORD FTR +2[S1)
CVSITSF
SP,2
~16CBF1,AX
—14(RBF1,DX
SI,+4(EF]

PIFED TR 1Afs(1



Tls

.@110a;

Ced
add
nov
mov
nOv
push
call
edd
mav
mQv
mov
push
call
add
oV
oy
MOV
push
call
add
mav
hov
Qv
push
call
add
Wwov
nMov
MoV
push
call
add
mov
hOv
lea
push
lea
push
push
push
push
push
push
push
push
push
push
push
push
push
push
push
push
push
call
add
or
jne
jmp

push
push
pusth
push
push
push

puashe

push
push
puwsh
push
push
call
«dd
ot
e
[Eie)

push
push

gh !

Lol or

3F. 2

—12(BF1,RAx
-18(BF1,DXL
Si.+6lBP]

WURD FTR (SI1
CYSITSF

SF,2

-Z4(BP1,AX
-22(BF1,DX
S1,+4(BP1

WORD FTR +4(S11]
CVSITSF

SP,.2

-20LBP 1, RX
-18CBP1.DX
Sl,+alEF]

WORD FTR +2(S513
CVSITSF

SF,2

~8LEP]1,AX
-olBF1,DX
S1,+oLEBF]

WOKRD FTR +olSI1]
CVSITSF

SF,2

-4CBP AL
-2CBF3,0X

Y. )

A X

CYSITSF

SP,2

-36[(BP1,AX
-34LEF1,DX
SI,-40CBF]

SsI

SI,-44(BF]

S1

WORD FPIR -2CBF]
WORD FTR —-4CkF]
WORD FTR —-6(EP]
WORD FPTR -BlEF]
WORD FTR -19L{BF1]
WORD PTR —-12(EBF]
WORD FPTK -14(BF]
WORD FTR —~1&LEF]
WORD PTR -13CEBF]
WORD FTR -2OLBF1
WORD FTR =-22(FF]
WORD FTR -24[EF1]
WORD FTR -24(BF1
WORD FTR -28({EBF]
WORD PTR -ZQCEF)]
WORD PTR -32LBF1
SFINTRST

SF,36

RAX o AX

1 -

«@ZEF

WORD PTR ~38CEF1]
WORD FTR -4@L(BF]
WORD FTR ~-1QCBF1
WORD PTR —1ZLEBF]
WORD FTR -14LBF]
WORD PTR ~t1&(EBFP)

WURL FIR AN T3]
WORD PIR o4l EF]
WUORD FTR -ZolbF]
WORD FIR ~28(EFP]
WORD FTR ~Z0L&F]
WORD FIR -TUlEF]
SFINCLSV
SF,.2
MA G RA
.31C0
.82z

i74
WORD FTR -J4(E&F]
WORD PTR ~ZalEBF]
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72

push
push
push
push
call
add
push
push
push
push
push
push
Call
add
push
push
call
add
push
push
push
push
push
push
call
add
push
push
push
push
push
push
call
add
push
push
call
add
push
push
call
add
push
push
call
add
cmp
jge

mp

pish

folials
push
push
push
push
call
add

push
push
push
push
push
push
call
add

push
push
call
add

push
push
push
push
push
push
call
add

oush
push

WORD FTR
WORD FTR
WORD FTR
WORD FTR
SFSUB
SP,8

DX

AX

WORD FTR
WGRD FIR
WORD FTR
WORD FTR
SFSUB
SF,8

Dx

Y

SFHUL.
Sk, 8

DX

Ax

WORD FTR
WORD FTR
WORD FTR
WORD FTR
SFSUB
SF,8

DX

AX

WORD PTR
WORD FTR
WORD FTR
WORD FTR
SFSUR
sP,8

AX,Q
.923C

.aCRg

Wwhen FIe

WUkL Fin
WORD FTR
WOFD FTR
WORD FTR
WURD FTR
SFSUR
SP.8

Da

~nA

WORD FTR
WORD PTHR
WORD FTR
WORD PTR
SFSUBR
SP,.8

DX

X

SFMUL
SF,8

D&

AX

WORD FTR
WORD FTR
WORD FTR
WURD FTR
SF3UB
SF,8

DX

AX

s

~-38LEF]
~4@CBF]
~14(BF]
~1&(BF]

-3BLBF]
~4WlBF )
~14{BF]
~la(BF]

=42(BF1
=434{EF]
~T0LBF1
-32(6BF]

-320BF]
-43CBP]
~3BLEF]
~3208F]

74

+ 74

SRR

i)

J(BF ]
~4GURF)
-13(EBF 1]
~120BF]

- 28(BF1
-48(BF]
~-1QCBF]
~12(BF1

=4Z(BP1]
—34L{BF]
=26(EBF]
~28LEBF]



a9
2323

. 32682

LOLRY:

push
push
push
push
call
add
push
push
call
add
push
push
call
add
push
push
call
add
cmp
il
imp

push
pust
push
push
push
push
push
push
push
push
push
rpush
call
add

ol
e
imp

push
push
push
push
push
push
catl
add
push
push
push
push
push
push
call
«dd
push
push
call

push
push
push
push
push
push
call
add

push
push
push
push

push

push
call
add

push
push

73

WORD PTR -42(EF]
WORD FTR ~-44(BF]
WORD PTR -26LBF]
WORD FTR -28(BF1
SFSUB

SF,8

$74
WORD PTR -T8LEF]
WORD FTR -40CEF]
WORD FTR -2LBP1
WORD FTR -4(BF]
WORD PTR -o(EF]
WORD PTR -8(EF]
WORD FTR -42(EF)]
WORD FTR ~44(EF1
WORD PTR ~18LEF1]
WORD FTR -ZO(CBF]
WORD FIR -ZZLBP)
WORD FTR -Z4L(BF1
SFINCLSV
SF.2
nACHA
JAZE9
0762

74
WORD FTR =-I3(EF1
WORD FTR =To(KF)
HORD FTR -Z8(EBF]
WORD FTR —d0CEF)
WORD FTR -olEF]
WORD PTR -B8{EF]
SFSUR
SP,8
DX
AX
WORD PTR ~3Z8(EF]
WORD FTR -4BLEF ]
WORD FTR =-4CEP]
WORD FTR -8LEBF3
SFSUE
SP,.8
DX
X
SFMUL

WORD FTR -42(BF]
WORD FTR -34CBP1
WORD PTR -22(EF]
WORD- PTR -24(EF1

WORD PTR -42(EF]

WORD PTR ~44(EF] -

WORD PTR -22(BF)]
WORD PTR ~24(EP]
SFSUB

SP,8

DX

AX
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1ZDE:

J3EC:

JZEF:

call

add
push
push
call
add
push
push
call
add
cnp
jqe

Jap

push
push
push
push
push
push
call
add
posh
push
puUah
push
push
push
call
#dd
push
push
call
add
push
push
push
push
push
push
call
add
push
push
push
push
push
push
call
add
push
push
call
add
push
push
call
add
push
push
call
add
cmp
jqge
moyv
Mwov

pop
ret

mav
Mmov
rOop
ret
Jap

MmO+

374

< 374

WORD PTR ~Z4(BF1
WORD FTR -36(EF)
WORD FTR ~3BLEF]
WORD PTR =-4@LEF]
WORD FTR —-2{EF]
WORD FTR -4CEF]
SFSUE

SF.8

iy

HA .
Wukl FIR 8Lk J
VIORD FTR —4ULEBF]
WORD FTR -2(EBEF]
WORD FTR -4(BF]
SFSUk

5r,8

DX

AR

SFMUL

SP,8

DX

AX

WORD PTR -42(EF]
WORD FPTR -d44(EF]
WORD FTR -18[EF3
WORD PTR ~Z@CEBF)
SFSUR

5F,8

73

AX

WORD PTR -4Z(EF]
WORD FTR ~44CBF]
WORD FTR -18{EF]
WORD FTR -2Q(EBF)
SFSUE

SF,8

DX

AX

SFHMUL.

AX,1

AKX, B
SF , BF
EF

377
. 0499
178

SI,+4(EBFP]



.842D:

.248B:

<@452:

2499

push
nQv
push
mov
push
MoV
push
Mmov
push
MoV

push

WO v
push
o v
push
call
add
r
Je
(=37
[L=2
pop
ret

push
push
push
push
push
push
push
push
push
push
push
push
call
add
or
ie
Jmp

push
push
push
push
push
push
push
push
push
push
push
push
call
add
or
je

mov
mov
pop
ret

nav
nov
pop
ret

mov
mov
pop
ret

SFCONECT

®CODE
@oOnE

EHNDS

SERHIFNN

75

WORD FTR +6[S1)
SI,+60BF]
WORD FTR +2511)
Sl +4(EF]

WORD FTR +4(SI]
SI,.+6LEF1

WORD FTITR (SI3J
SI,+4LEF]

WORD FTR +Z[S13
SI,+&0BF]

WORD FTR +ZLSI]

YL TN
WORD FTR L1
Si, rolbF]
WURD FTR LSI)
AFROD

SF.le

DX, AX

Q42D

AX,d

SF, 8P

BF

;84
WORD PTR =&[EF]
WORD FTR -8L{EF]
WORD PTR —~1O(BF]
WORD FPTR ~t2(BF1
WORD PTR =13(BF)
WORD FTR —-16LEF]
WORD FTR -22{BP]
WORD PTR =-24(BF]
WORD PTR -26(BF]
WORD FTR -28LCBF1]
WORD FPTR -IQCEF]
WORD FPTR -3Z2LBF]
SF INCLSY
SF,24
AX 8K
. 845D
SHORT .0488B

;85
WORD PTR -2(BF}
WORD PTR -4[BF1
WORD FTR —1QCBP]
WORD FTR -12(EF]
WORD FTR -14CBP1]
WORD FTR —16(EF]
WORD PTR -18LEF]
WORD FPTR —-20(EF)]
WORD PTR -24(EF1
WORD PTR —-Z8LEP)
WORD PTR ~-ZOCLEF)]
WORD PTR -Z2LEF)
SFINCLSY
SP,24
AX  AX
.@492

AX, 1
SF,BP
BF

AX,0
SP,EF
BF

AX,0
SP,BP
BP

ENDP

Mo TF PR 0 FObE

4,796,191

10

15

20

30

35

45

50

55

60

65

76



4,796,191
771 o 78

BCORCALC
{1 of i3
@B TG UIDEL EQU i}
include praloque.h
3 0DE ENDS
@inlAl  SEGMENT
ab 67,111,114,114,101,108,97.11a.105,111,110,40.96.52
db 02,114, 111,199,732, .57,100,44, 37,188, 22, 116, L1, 20, o0, 139
Jb 4,37, 1G04, 32,99, 10 L, ik, 52,97, 116 1d3 0, 20, L7
db 100,44,22,99,97,114,32,97,110,107,01,32,37,1d0,19.0

*DATAC ENDS
0Dk SEGHENT BYTE FUBLIC CODE"

public BCORCALC
3Ca0E ENDS
@DATAEB  SEGMENT
extrn STRDAT;ward
extrn STRCOUOR: word
extrn IDRPX:word
axtrn IDRFY:word
extrn {GEPX:word
extrn I10EFY:word
extrn ICOURSE : word
1
@DATAB  ENDS
"@CODE SEGMENT EYTE FUBLIC °CODE’
@C0DE ENGS
extrn CVSITSF:near
extrn CVSLTSFsnear
extrn CLOSTFT:near
@sitrn CVSFTSI:near
extrn ISORT: near
extrn NFAM: neer
extrn MCBUF : near
extrn CORELATE: near
extrn FRINTF:near
extrn IATANZ2: near
extrn ISMUL: near
extrn IC0S:near
<
extrn ISIN:near
extrn FRIORITrsnear
o QEF EXFinear
L yve seLfieN! Wik FUBLIC "COLE"
pLURLALE FRUL WNE aF

A DE ENDS
e tin $LLRSSHIFT:near

extrn

60

esten SLMUL: near

e trn L3DIVinear

ashrn FLLSHIFT :near 65
WCODE SEGMENT BYTE FUBLIC "CODE-
[ H §32%

push BF

Wy BF . SF

sub SF,82

nav AX,0



4,796,191

79 : 80
S call CVSFTSI
mov -26LEP],AX ~dd SF .4
nav AL, IDRFX mav OX,~S4C(BF]
mav DX, IDRPX+2 add DX ,AX
push Ox 5 mov -S4CBF1,DX
push K push WORD FPTR -34(EBF]
mav LY ¥R Y- push WORD PTR ~45(EF]
mov Dx .0 call CVSFTSI
push D& add SP,4
push nX mov DX, ~S2LEF]
call FLRSSHIFT 10 add DX .84
pop A4 mov ~SZIEF1,DX
pop DX lea SI,IQEFPX
mav ~-S4CBF1,AX mav AX ST
mav AX, IDRFY mov DX,+2(511
mov DX, IDRFv+2 lea SI,I0EFX+8
push DX 15 sub AX,[SI]
push AX sbb DX, +2(S11]
mov AX, 16 push 134
mowv bx.@ push - S
push Dx mov AL, 16
push AX mov DX ,0
call SLRSSHIFT 20 push DX
pop AX push AX
pop DX ‘call SLRSSHIFT
WOV ~SZIEBP1,AX pop AX )
nov AX ,STRDAT pop DX
mov —-82LEF] . AX mav -18({BF],AX
mov A%, STRCOOR 25 mov -16(BF1,DX
mav -B8BLBF] AX lea SI,10EFY
lea S1,-4o(BP] mov AK,I(SI]
push Si mav DX, +2{S11
mov AL,Q lea S1.IQEFY+83
push AX . ’ . -
call CVSITSF 0 e B;:igé;[]
add sF.2 push DX
push DX - L.
push A
push Ax . mov AX, 16
mov SI,STRCOOK DA‘B
mov AX+6LS11] 35 m°“r o
sub AX,-S2(BP] ZEZQ ax
2:?? ESSITSF call SLRSSHIFT
add SF,2 pap g;
push DX paop
o nav ~14C(BP1,AX
push AX 40 -
SI.STRCOOK mav TI‘EEP].DX
aav AX . +20ST1 push  WORD PTR ~16(EF]
mav s push  WORD FTR -1B8(EF)
___ &uh Rl push WORD FTR -16(EF]
posts A push WORD PTR —-18(EF)]
call CY3[iSF 45 call SLMUL
add SF. 2 pop AX
push Ga pop DX
push Ax push WORD FTR -12(BF]
lea Sl,-Taler) push WORD FTR -14CBF)
push S1 push WORD FTR —-12C(EF]
MOV LY ' 50 push WORD PTR -14(BF1
pust AA call SLMUL
cail CVSITSF pop BX
add SF.2 pop CX
push DX add AX,BX
push AX adc DX,CXx
nov S1,STRCOOR 55 push DX
mov AX ,+3[S1] push AX
sub AR ~S4LEF] : call ISGRT
push X : add SP,4
call CVSITSF mav ~2@CBFP1,AX
add SP,2 cmp WORD FTR ~ZQ@QLEF1,24Q
push DX 60 ile 9172
push AX mov AX 240
mav S1,STRCOOR ' imp SHORT .@175
mov AX,I{S1] LQ172: 589
sub AL, =SALEFR] : mov AX ,~2@C(BF]
push AX 65 .8173: ;80
call CVSITSF nov -20(BF1,AX
add SP.2 1 1-3% AX ,~ZQCBF)]
push Dx neg AL
push AX oV DX,1
call CLOSTFT mav Ci,Dx
add SP .28 sar AX,CL
push WORD FTR —46CEP] push Ax

push WORD PTR -SQLEF1



L0iCR;

lea
push
lea
push
lea
push
lea
push
call
add
mov
push
push
push
push
call
add
Tald

leo

WOV

. Cmp

Qe
Jnp

mov
lea
WOV
MOV
mov
nav
Sar
sub
push
lea
push
lea
push
Ea
push
lea
push
call
add
nov
push
push
push
push
call
add
call
lea
mov
cnp
ige
jmp

nov
mav
lea
nov
MOV
MOV
MOV
sar
Mmav
lea
mov
MoV
neq
push
lea
push
lea
push
lea
push
lea
push
call
add

81
S1,-S2(EF]
SI
SI,-54(BF]
SI
SI,-80CBF]
SI
SI,-82LBF)
SI
NF&M
SF,1@
~24LBF 1L AX
WORD PTR -S2(BF)
WORD FTR ~S4CEF]
WORD PTR -8QC(EF]
WORD FTR -B2(EF]
MCBUF
5F.8

COEEE S1F

21, ‘3ILpF
(513,A4
L")
.01C0
G748

199
AL,0
S1,-70L8F)
{SI),nm4
AL, =2A(BF]
Dx,1
CX,DXx
AX,CL
AX,=24(BF]
AX
SI,~-S2(eF]
SI
SI,-S4CBF]
SI
SI,-8@LEF]
SI
S1,-82(8F])
S1
NPAM
SF,10
~22{BF1,As
WORD PTR -S2CEF2
WORD PTR -S3(EF]
WORD FTR -80@(EBFP]
WORD FTR -B2C(BF)
FMCBUF
SF,8
CORELATE
SI1,-74(BF1
[SI1.AX
AX 9
2211
«@74E

397
AX,-22(BF]
~Ss{BF],AX
SI,-46(BF]
£SI11,AX
AX,~S5&6LBF]
DX,1
CX,Dx
AX,CL
-62(BF1,AX
S1,~o8({BF]
(SI3,AX
AX ,—&Z2LEF]
AX
AX
SI,-52(EF]
S1
SI,-S4{BP]
SI
S1,-80(BF1
SI °
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025008

«QZ7D:

LQLC7:

cacf B

push
push
push

push
call
add
call
lea
nOv
cnp
1qe
jap

lea
Mov
lea
sub
cmp
ile
Jjmp

lea
mav
lea
sub
cap
Jq

Jmp

lea
lea
hav
cmp
ile
lea
lea
mov
cnp
ig

lea
mov
lea
sub
lea
mov

(-]
lea
nov
g
ige
MY
hov

1P

nav
mov

82

WORD FTR -S2[EF]
WORD FTR -Sa[pF]
WORD FTR -3BC(EF ]

VUKL F IR NI
HCBUF
SF .8
CORELATE
SI,-7&(EBF]
CSI3,mx
X,
.@24C
.@738
;109
SI,.-o8(EF)
AX,(SI]
SI,-7Q8(EBF1
AX,(S11]
AnX,3
.9270
SHORT .@28F
;139
SI,-66(EFP]
AX,LSI1]
S1,-6BLEF]
AX,LSI1
AX,8
1
. 8488
3 169
SI.-74(BF]
0I,-78(EF]
AX,L{DI]
AX,(S]]
< Q2CF
SI1.-74(EFP1
DI,-7&6CEF]
AX,IDI)
AX,(S11
«B2CF
SI1,-66LBF]
AX,[SI]
SI1,~68LEFP)
X, LSI]
SI,-68LEP1]
DX ,[SI11
SI,-70(EFP]
bx,£sSI1
DX ,AX
.a2C7
AX,1
~1ACBF1,AX
SHORT .Q2CD
. 5421
AX,2
-10(BF1,AX
5122
SHORT .@329
3123
S1,-7&6CEF]
DI,-78({EBF1
AX,I[DI1.
AX,(S11
. 2703
SI,-74(EBF]
DI,-76LEBF]
AX,CDI1
AX,LSI]
N 542 R
Dl 4LLE
Dl ~730BF
LN SO0
AALLSL]
.QIFB
AXLL
~13(BF1.AX
SHORT .4a301
1128
AKX, 2
~13CBF ], AX



ST A N

.@ZB4:

g

lea
lea’
mov
cmp
ile
lea
lea
MmQv
cmp
jle
mov
mav
mp

Mnov
mov

cmp
Je
imp

lea
mav
lea

mov
mov
sar
lea
mav
lea
nov
sub
push
lea
push
lea
push
lea
push
lea
push
cali
add
lea
mov
mov
push
push
push
push
call

add
call
lea
mov
cnp
19e
MR

leo
lea
mav
cmp
jle
lea
nov
lea
MoV
lea
mov
lea
mov
Jop

83
1129

SHORT .@32
1120
SI,-76(BF]
DI1,-78(EF]
RX,CDI]
AX,LSI]

Rl
DA

S1.-74(BF]
DI,~76LEF1]
n%,L0I11
AX,(SI]
.@32%

AX,2
-13(BF1.AX
SHORT .Q32v

3134
AX,l
-19LBF1,RX

3139
WORD PTR -1@CEBFI,1
7?2
. @Z0DF
SI.-70LEF]
AX,[311]
S1,~-68(EF]
AXL,LST]
DX,1
€X,DX
AX,CL
SI.,~54(BP]
(SI1,AX
SI,-64(EF]
AX,[S11]
AX,~&2LEF]
AX
SI,-S2CEF)
SI
SI,-S4CEP]
S1
S1,-8@LBF]
SI
51,-82(BP]
SI
MNP AM
SP,10
S1,-&641{EF]
AXL,LSI]

=-620(BF]1,AX

WORD PTR -S2C(BF]
WORD FTR -S4CBF]
WURD FTR -8OLEFP]
WORD FTR -32(EFP]

. MCBUF

sF LB
LORELATE
Sl ., =7_(BFP]
(SI),Ax
AL,
N st
Q794

1147
31,-75(EF]
DI, ~-72{EF]
AX.CDL1]
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".9%0C:

.@3DF:

<@43E:

lea
mov
lea
mav
lea
mav
lea
MoV
lea
mav
lea
mov
lea
mav
lea
mav

imp

lea
mov
lea
add
mav
nav
sar
lea
mav
lea
mov
sub
push
lea
push
lea
push
lea
push
lea
push
call
add

1oa

Muv
Mo v
push
push
push
push
call
add
call
laa
nov
cinp
jage
Jmnp

lea
laea
mov
cmp
1le
lea
mav
lea
MoV
lea
mov
lea
mov
lea
noy
lea
mov
lea
mav
lea

84

S1,-74CEF]
AX,LSI)
S5{.-74(BF]
(S11,A%
S1,-48(6BF]
AXL31]
SI,-66(BF]
£S11,RAX
S1,~-720BF1]
AX,LSI]
S1,-76(BF1]
(511.RX
S51,-64CBF)]
AX,CSI1 B
SI,-68(EFP1
(S13,AX

. 94438
1154
S1,-&8LBF]
AX,(SI]
S1,-66CEF]
A%, LS1]
DX,1
CX,0A
AX,CL
SI,-64(EF]
€S11,AX
S1,~64[BF]
AX,(S11
AX,~620BF]
AX
S1,-52Z[BF1
sI
SI,-S3LEBF1
sI
SI,-80LEF]
sI
S1.-820EF]
31
MFAN
SF.10
ST, ~AMMFEFI

mA LDV
~ollbBF ),
WORD FTR -3S2(EF]
WURD FTR -S40BF1]
WORD FTR -8@({EBF]
WORD FTR -B2(BF]
MCBUF
SF.8
CORELATE
SI,-72({EBF1
[3I].AX
AX,0
. B43E
.374B

160
S1,-72CBF]
01,-7&6LBF1
AX,CDI]
AX,(S1]
.9474
S1,-76(8F]
AXL.ISI]
S1,-78(BF]
(SI3,AX
SI,~68(EBF]
AX,[S11
S51,-7OLEF]
[SI),Aa
SI,~72(BF1
AX ST
SI,-76(BP1
[SIl,AX
SI,~-64(BF1
AX.[S13]
SI,-a8L8F]



8474

o1

mov
imp

lea
mov
lew
mov
lea
mov

mav
imp

lea
lea
mov
cmp
19

jmp

lea
mav
cmp
31

imp

les
MOV

©amp

IR
mp

lea
nQv
lea
sub
push
leza
mov
le2a
mov
Qv
MOV
shl
sub
laa
a«dd
pap
cwd
idiv
cmp
iq
jnp

lea
nav
lea
add
nov
mov
sar
mov
lea
mov
lea
add
mov
moav
Sar
hov
lea
nmov
lea
3ub
mav
lea
mav

85

[S1l.AX
SHORT .Q488
$163
SI,-72(BF]
AX,[S]11]
SI,-74(BF)
(SI1,AX
S1,-64LEF]
AX,[(SI1
SI,-06CEF]
CSId,AX

5167

. R24C

;168
S1,-76(8P)
OI,-78LEBF]
AX,(DI]
AXL,ESI)
?3
. 4748

SI,-74C(EF)
D1,-76CEF]
AX,CDI]
AX,LSI]

4

.@74B

SI,-7&fbF1 ~
AXL L5
A, THE0

.d74R

$1,-60lBF]
RXL,LS1]
SI,~-7QLBF]
mALLST]

X
31,-78(BF]
“X,(SI]
Sl,~75LBF1
DX,L{S11
BXx,1

CX,BX
0x,CL
AX,DX
S1,~74(EF]
AX,(S11]

BX

BX
AX 17
7e
.a74B

SI,-7BLER]
AKX, LS
SI,-o8(EF]
AX,(SI1
DX.1

CXx,Dx
AX,CL
-8C(BF1,AX
SI,-&68LEF]
AX,CSI
S1,-66CEF)
AX,LSI1
Dx,1

CX,DX
AX,CL
-6lBP1,AX
S1,-78LBF1
AX,[S11
S1,-74LEF]
AL, LS13
-3(BP1,AK
SI,-75CEF]
A%,0S13
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86
lea
sub
nov
mov
cwd
push
push
nmov
sub
cwd
push
push
nov
sub
Cwd
push
push
I
wwd
push
push
call
rop
pop
push
push
call
Pop
pyp
poe
Pop
sub
sbb
lea
nav
lea
mav
sub
push
lea
push
lea
push
lea
push
lea
push
call
add
mov
push
mav
pop
cwd
idiv
push’
mov
push
mov
mov
MOV
push
push
mav
mav
push
push
call
pop
pop
sub
push
mav
mav
nov
push
push
mov
mov
push

SI,~74(BF]
AX,LSI]
-2(BP1,AX
AX,-&[EBP]

DX
AX

AX,-2(BF]
AX,~3CEF]

Dx
AX
AX,~&[EBF]
AX,~-8LEBF]

DX
AX
I N xrﬁP1_

Dx

HA
LML
=¥

DX

Dx

nX
¥LSDIV

SI,-BALEF]

SI,-82(EF]
SI

NFAM

sP, 10
AX,182

AX

AX, ICOURSE
BX

BX

AX

AX,182

AX
AX,-S4(BP)
BX , IDRFX
CX, IDRPX+2
Cx

AX,=5Z(EP]
BX, IDRPY
CX, IDRPY+2
CX
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87 - 88
call TATANZ
ol siRss add SP.4
SSHIFT -
mov ~-28L{BF1,AX
pop aX z
pop Cx mov 6¥v¢B
[ 5 push n}
sub A b push WORD PTR -28(bF]
push X call 1C0s
call LATAND add SF,2
add SP .4 push AX
pop BX call I1SHUL
cwd 10 . add SF,4
1dy v BX : cwd
push RAX push DA
push WORD FTR -S2CBF] push RE
push WORD PTR ~S4(LBF] mov X, 16
Mo v AX, IDRPY MoV DX .09
mov DX, IDRFY+2 15 push D&
push DX push AL
push AX call FLLSHIFT
nav AX,16 pop AX
mov DXx,@ pop DX
push DX mov ~36(BF],AX
push AX 20 mov ~34CBF1,DX
call FLRSSHIFT mov AL 20
pup AX push AX
pap DX push WORD PTR -28(BF)
push AX call ISIN
nov AX, IDRFPX 25 add sF,2 R
mov DX, IDRPX+2 push AX
push Dx call I1SMUL
push AX add SP,4
mav AX,1h cwd
mov DX 2 push Dx
push Dx 30 push [y
push X OV Y PRY-)
call FLRSSHIFT mov DX,8
pop AX push DX
pop DX push AX
push AX call FLLSHIFT
lea AX , @SW 35 pop AX
push AX pop 134
call PRINTF mov ~32(BF1,AX
add SP,14 mov -Z@(BP1,DX
mov AX ,~S4CBF] MoV 51,STRDAT
cwd ) mav AL,+1(3511
push DX 40 cbw
push AX push AX
mov AX,la call PRIORIFY
mov Dx.a add SF.2
push DX mav -4ZLEFPY, A
push AX oV AX,-42[BF)
call SLLSHIFT 45 imul WORD FTR -342(EBF]
pop AX add R
pop DX cwd
mov IDRFX . AX push DX
nav IDRPA+2,DX push aX
mav AX,=S2CRP] 50
cwd c=ll {auki
push DX add SF .4
push AX push A
mGv AX 16 1Y=1% A ,0
mav DX,0 push AX
push DX 55 Rit=2% X, =20 HF]
push AX - v DX, ~ZILEF)
call FLLSHIFT neqg LA
pop AX g nX
pog DX sbb Lx,a
mov IDRPY ,AX push DX
mov IDRPY+2,DX 60 push HX
mov AKX -BBC(ERF] call CVSLTSF
wov SIRCOOR -7 add SP,.4
e e push DX
wnav :.l‘ “:.:'E;‘rl-; push &X
mav el ush WORD PTR -3OCEF]
e S1,STRECO0R 65 gusn WORD FTR -320BF]
Fub ARLLSD) call CVSLISF
push R4 add SF, 4
mov S1,STRCOOR push DX
mov nx.:o(?l] push AX
nos SI,:TRLOUR mov AX ,~36LEF]
sub 4, *2CSE mav DX, ~Z4LEF)

push AX 7 neq DX
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.89 . 90
neg X call CVSITSF
sbb Dx,Q adg SP,2
push DX mov -8(BFP1,AX
push AX ] mov ~-6(BP],DX
call CVSLTSF mav ~4(BP1,AX
add SP,4 5 mav -2({BF1,DX
push DX mav SI.+4LEP1]
push AX mov SI,{S1]
push WORD PTR -34CBF3] mav DI ,+4{BF]
push WORD PTR -Z&LEBF] moy DI,I{DI]
call CYSLTSF add SI,+8(D11
add SF,4 10 mov D1,+4LEP]
push OX mav DI,+ZCDI2
push AX add SI.+4LD1]
call QEF EXF e - TAFEET QT
add SP,20 : - T .
nov A, 1 15 <04 3;
nav SP ,BF mov AX, 1L
pcp BF ar AX G AX
ret jne Y
.874B: $ 213 - Jmp .8I33
mov AX,d ?13
mov STRDAT ,AX 20 mov SI,~24(EF)
mov STRCOOR ,AX mav AX,(SI1
mav SF ,BF cmp AX, @UW+2
pop BF ’ Je . Q%A
ret amp SHORT .Q@é6
BCORCALC ENGF .@SA: ;80
25 mov SI,-24(EBF]
@CODE ENDS mov AX,+20(S13
3CODE SEGMENT BYTE FPUBLIC "CODE" cmp AX ,@UW+4
include epilogue.h e . 868
end 3661 ;8@
i . Jmp SHORT .@74
®BIGMODEL ’ EQU Q 30 . 2568: 160
include prologue.h mov SI,~24(BF]
«CODE ENDS mav AX,+5(SI]
@DATAU SEGMENT cmp AX, @UW+o
’ db 14 DUP (?) - je .76
. @74 ; 8@
public NPAM 35 imp SHORT .@85%
@DATAU  ENDS : +@76: ;8@
@CODE SEGMENT BYTE PFUBLIC °‘CODE’ moy S1,-24(8BF)
@CODE ENDS mov AX,+7[S1]
extrn CVSFTSL:near cmp AX ,eUW+8
40 Jne 22
extrn CVSITSF:near - imp «OFE
extrn SFADDt near .885: ;8@
mov SI1,-24(EF)
extrn SFSUB:near moy AX,(SI3
45 mov eUW+2, AX
extrn SFMUL: near mov S1,-24(EBP)
mov AX,+2(S13
@xtrn SFDIV:inear mov @UW+4 , AX
mov SI,~-24(BP]
extrn ISORTinear MOV AX,+5(SI1
50 mov QUW+6, AX
extrn @ABS:near . mov . S1,-23(BF1]
. mav AX,+7(SI1]
extrn CVSFTSIinear mov aUW+8,AX
mov AX , QUW+&
extrn RSFTSIsnear sub AX, EUW+2
v 55 mov eUW+1@,AX
@CODE SEGMENT BYTE FUBLIC ‘'CODE’ mav AX,@UW+8
NFAM FROC NEAR sub AX, @8UW+4
- @CODE ENDS mov #UW+12,AX
extrn SLMUL: near mov AX,8UW+10
60 Cwd
. @CODE SEGMENT BYTE PUBLIC ‘CODE- push DX
.0a: ;41 push AX
push BP mov AX,@LIW+1Q
mov EF ,SP Cwd
sub SP, 24 push DX
mov SI1,+4LBF1] 65 push AX :
mov SI,+4(SI11 call FLMUL
mov ~24(BP1,SI pop AX
nov AX ,+18LBF] pop DX
mov -18LEFP1,AX push DX

push WORD PTR +1@(BF1] push AaX
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91 . .92
mav AX,3UW+12 ) Push AX
vt call SFMUL
add SFP,8
z::g g: .818A: 397
. X . &UW+12 5 mov -16(BFJ1,AX
. mov -14(BF1,DX
cwd push WORD PTR -6(BF1
push 0x push WORD FTR -8(BF]
push AX push WORD PTR -14(BP]
call FLMUL push WORD PTR -~1&6(BP]
pap AX . 10 call SFADD
pop DX adg SP,8
pap BX : mov -12(EBF] ,AX
pop Cx mav -1Q0CBP1,DX
add BX,AX push WORD PTR -10CEF1]
adc CX,DX push WORD PTR -12(EBF]
:u:: g: 15 call CVYSFTSI
) add SF,4
.:sél égﬂif cmp AX,8
9 jqe .0212
oFE mov @UwW, AX o3 mov AX , @UW+2
. : 393
push WORD FPTR GUW+12 20 :g: féi?fiipl
call :ABS mav AX,eUW+4
;d:n Ai,z : mav SI,+8(EBF]
u m S13,AX
push  WORD PTR &UW+10 o éxx-;~g3p]
11 @ABS e
C:d P .o 25 mov DX,-19C(BP]
a va mov ~-8C(BFJAX
pop mov -6LBF1,DX
§T2 A;;Bi mov AX ,~24(BF]
8152 m ~-22{BP1,AX
push WORD PTR &uUw 53; AX S )
call CVYSITSF 30 cmp AX,-20[BF]
add SP,2 Jae .@203
pul: g: push WORD PTR -&(BF1
pus . push WORD FTR -BLEBF]
push WORD FTR @UW+10Q push WORD PTR -2(BF1
call CVSETSF push WORD PTR -4[EF]
add SP,2 35 call SFSUB
bumn  ax pasn X
push DX
mov SI,+4LBP] push AX
mov AXL,LSI] call RSFTSI
:::n Q:VGUN+2 0 add SF,.4
mov sP,BP
call CYSITSF pop BP'
add SP,2 ret
push Dx . 92032 ‘5109
push AX mov AX,~24LBF]
call SFDIV 5 mov -220BFP1,AX
add sP,8 4 sub AX,S
push 2§ ' mov ~24(BF1,AX
push + : imp .9z20
call SFMUL. ,8212: ;5110
add SP .8 nueh WARD TR - 1QFRF
imp SHORT .0@18A
.2152; ;97 30 push  WORD PTR .IZ(BF]
push WORD PTR GUW call CVYSFTS1
call CVSITSF add SP,4
add SP,2 cmp AX , GUW
push DX B BY-] 23
push AX 55 mp «Q2AF
push WORD PTR @UW+12 ?3:
call CVSITSF : mov: AX, dUW+6
add SF,2 mov S1,+6{BF]
push DX mav £SI1.AX
push AX mav AX , AUW+8
: v ST .+ATRFET . 60 ) mov S1,+8(CBP]
mav AX,[S1] mov (SI1,AX
sub AX ,@UW+3 push WORD PTR auw
push AX call CVSITSF
call CVSITSF add SP,2
add SP,2 push DX
push DX 65 push AX
push AX push WORD FTR -1@CBF]
call SFIIV push WORD PTR -12(BF1
add SF .8 call SFSUB

push DX add SP.8



.@2RO:

«Q2AF:

mov
mov
mov
mov
add
push
mov
push
mov

mov
mov
and
mul
pop
add
sub
pop
cmp
Ja
push
push
push
push
call
add
push
push
call
add
mov
pop
ret

mav
mov
add
mov
imp

push
push
push

B

add
push
push
push
call
add
push
push
call
add
push
push
call
add
push
push
call
add
add
mav
mov
push
push
push
call
add
push
push
push
call
add
push
push
call
add
push
push

93
-8(BP1,AX
~6LEF1,DX
AX,-24(EF)
~22LBF1,AX
AX,S
AX
AX,~20(EF]
AX
BX,S
S1,+4(BP)
SI,+2(SI]
AL ,+2(811
AX 255
BX
Si

'SI,AX

S1,S

DI

SI1,DI

. Q2R

WORD PTR -6LEF]
WORD PTR -8CEF)
WORD FPTR -2CBF]
WORD PTR -4{EBEF]
SFSUB

SP,8

;118
AX ,~24(BP]
=-22({BF],AX
AX,5 °
-24[BF1,AX
. 8330

5119
WORD PTR -1Q(EP]
WORD FTR ~12(BF1]

‘WORD PTR @Uw

CUSTTSF

SP,2

DX

AX

WORD FTR @Uw+1@
CVS1TSF

SP,2

AX , @UW+2
SI,+olBF]
£SIJ,AX

WORD PTR -1QCEP]
WAORD PTR —~12(BF]
WORD PTR @UW
CVSITSF

SFP,2

DX

AX

WORD FTR e@uUW+12
CVSITSF

SP,2
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T T call SFMUL
2 add SP,B
f push DX
b push AX
’ call RSFTSI

5 ‘ add SP,4
add AX ,@UW+4
mov S1,+8(BF1
mov [(SI3,AX
mov AX,-18C(EBF]

by mav SP,BP

10 pop BP
ret

.@8338: : §129
Jmp - . @343
@333 3430

15 mov SP ,BF
pop BF
ret

NFAM ENDP
' &CODE  ENDS .

20 «CODE SEGMENT BYTE FUBLIC "CODE’
include epiloque.h
end

@B IGMODEL EQu Q
1nclude proloque.h

25 public MCBUF

@CODE ENDS
ADATAB SEGMENT
extrn ICOQURSE : word
30 extrn HISTiword
@DATAB ENDS
@CODE SEGMENT BYTE FUBLIC "CODE"
@CODE ENDS
extrn IATAN2: near
35
extrn ISAGRT:near
2C0DE SEGMENT BYTE PUBLIC "CODE”
MCBUF FROC NEAR
&CODE ENDS
40 extrn sLMULinear
?CODE SEGMENT BYTE PUBLIC °‘CODE’
.00 336
push BP

45 mov BF,SP
sub SP,24
mov S1,.+4LBP]
mov S1,+4LS11
mov -18(BPFJ3,SI
mav -14(BF],SI

50 mayv AX,8
mov HIST+4,AX
moy SI,~18(BF1
may AX,+S(SI1]
mov SI,-18(8F1
sub AX,LS11

55 push AX
mov S1,.,~18(EBF)
mov . AX,+7LS1]
mov S1,-18(BF]
sub AX,+2(S1]
push AX

60 call IATAN2
add SP,4
mov ~10C(BF],AX
mov AX,-10CBP]
mov -8{BP1,AX
mov AX,-1

65 mov -12LBF1,AX
mov AX,—-1QCBP]
sub AX , ICOURSE
cmp AX,146384
jle .0%6
Jmp SHORT .0@6&3

.BS&;: 376
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95 96
mov AX,-10CBP] ) ! call SLMUL
sub AX , ICOURSE ST : pop AX
cmp AX,-16334 pop DX
jqe .87¢C push DX
L AR «7h 5 push AX
s e S mov SI,~16(BP1
o étééEF].AA mav AX,C(SL]
add WORD FTR -16(BF1,S sub AX. +6LEF]
mav AX,~32748 1 c:ih DX
mov DX,~-1 10 ' zush AX
-mov BX,-3(BF] , mov SI,-160(BF]
add BX AX
mav -8LBP1], BX nay AX,LS11
07C: .84 | :ug AX ,+6(BP1]
. W
mav AX,Q
mav -6(BP1,AX 15 z::: g:
mav ~4(BP1 ,AX l call SLMUL
mov SI,+4(BP] pop ax
mov SI,(S1] ! oop bx
mov DI, +4CEP] pop BX
mov DI,LDI] pop cx
add SI,+8L(DI1 20 ! add BX . AX
mav DI, +4LEP] ade Cx. DX
mov DI,+2(DI1 ush cx.
add S1,+4(DI)] pusn BX
mov -14(BF1,S1 ' o) T1SQRT
. Q9E: 3193 add SP.4
mov - AX ,=16(BF] 25 —-r
e e
. L]
j;; ?ézao : _— add —4(8P],Ax11_
213 X - - 3 2
- lea AX HIST+134
moxn  ax ol 0 | mev  DK.WIST2
mov BX,S = *
mov S1,+4CEP] add gx,ox
mav SI,+2(S13 mav I.AX
mav AL, +2LS13 e n 2§°[SI]
and AX 255 35 ?:: AX,HIST+134
mul BX push AX“ ”
= o
sub S1,5 push Ax
cmp S1.—-16CEF] mov AX HIST+2
w2 0 a0 Aximersel
pas jop . 320D cwd )
mov SI,-160BP] div. o BX
mov BX,S shl DX, 1
mav AX —~12[BP] - ?op sI
" add S1,DX
imul BX 45 pop AX
sub Si,AxX sub AX,{SI]
mav AX,(S1] mov ~24LEF1,AX
mov SI,-1&6(EF] " S
b AX 813 cmp AX,-3L[EP]
push AX oy :GlEq
mav Slc—lb[BP] 50 . L Y3V ax . =24arwuel
mov BX,5 cmp AX, r1OLBF
mov AX,=12CBP] iqe -B1E9
imul BX mov AX,-108LBF]
sub SI,AX mov DX,-1QCEF]
mov AX ,+2(S1] 55 sub DX, ~8CEBF]
mov SI,-16(BF) mov BX.1
sub AX ,+20S11] mov Cx,Bx
push AX ’ sar DX, CL
call IATANZ sub AX DX
add SP,4 lea DX ,HIST+7@
mov -18CBF 3 ,AX 60 mov BX,-&6(BF]
mov SI,-16(BF] shl BX, !
mov AX +2LSI] add DX,BX
<uh ax . +ACRFT mav . 81,DX
cwd : mov (SI3,AX
push DX 65 mov A;EEQDLBF]
push AX mov - 1,AX
mov S1,-16(EF) mav AX,-alBF]
mov AX +2(511 add AX,1
sub AX, +BCEF] mov HIST+4,AX
ewd mov AXHIST+4
push DX cmp AX, +12[BF]
il .aicc

push AX



imp
.21CCy
mov
push
mov
add
pop
Cwd
idiv
cmp
ine
imp
.Q1ES:
inc
jmp
.OlETy
mov
mov
mov
mov
mov
mav
mov
mov
imul
mov
add
mov
jmp
. 820D:
mav
Pep
ret

MCBUF ENDP

@CODE
@CODE

ENDS

end

- @B [GMODEL

1nclude

@CODE - ENDS

" @DATAB.
. axtrn
QDATAB ENDS
QCODE
@CODE ENDS

extrn

@CODE
CORELATE
QCODE ENDS

extrn
extrn

@*CODE
.00:
push
mav
sub
mov
mov
mov
mov
mav
mav
-mov
mav
«QiF:
lea
mov
shl
add
mov
mov

SEGMENT
include

publaic

SEGMENT
SEGMENT

SEGMENT

SEGMENT

97

SHORT .Q@2@D
3122

AX,16

AX

AX HIST+2

AX,-&({BF1

BX

BX
DX, ,HIST
.QIE3
SHORT .@200

3124
WORD FTR -6(EP]
.0153

5126
S1,-16(BP]
AX,(S1]
+6CBP1,AX
SI,-16CBP]
AX,+2[S]]
+8{BF1,AX
BX,S
AX,~-12(BP]
BX
DX,-16[BP]
DX,AX
-16CEP1,DX
. Q9E

5131
SP,BP
BF

BYTE PUBLIC "CODE"

epilogue.h

Eau Q
prologue.h

CORELATE

HIST:word

BYTE FUBLIC "CODE-

ISORT:near

BYTE PUBLIC 'CODE
FROC NEAR

$LSDIV:inear

SLLSHIFT:near

BYTE FUBLIC "CODE-

317
EBP
BP,SP
SP,14
AX,Q
pXx,a
-8LBF1,AX
-6[BEP1,DX
AX,8
-14(BP],AX
AX HIST+2
-12[BP1 ,AX
337
AX HIST+&
DX, -12({BP)
DX, 1
AX,DX
SI,AX
AX,LSI]
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45
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55

60

65

.Q75:

.@8C:

98

lea
mov
shl
add
mov
sub
mav
mov
sar
mov
mov
imul
cwd
mav
mov
add
adc
mov
mov
mov
MO

mov
push
inc
mov
pap
Cwd
1dav -
mov

1nc
mov
cmp
jqe
mov
cmp
je

jmp

mov
cwd
push
push
push
push
call
pop
pap
push
push
mov
mov
push
push
call
pop
pop
push
push
call
add
mov
pap
ret

CORELATE

acope
@CODE

ENDS
SEGMENT
include
end

@B IGMOGEL

aCObE

include
public
END3
extrn

@xtrn

DX ,HIST+78
BX,~14(EP]

BX, 1

DX, BX

SI,DX

AX,LSI1

ox,8

CcXx,Dx

AX,CL

-4CBP1,AX
AX,=-4LBF)

WORD PTR -3CEF]

BX,~B(EF]
CX,-6(BF]
BX,AX

CX,DXx
-8LEBF1,BX
-&(BFP],CX
AX,-12(EF]
~tAraPy ay -

AX, 16

AX

WORD FPTR ~12(EF]
AX =12(BFP]

BXx

BX
-12CBF1,DX
§43
WORD PTR -14(BF]
AX,~14LEP]
AX,HIGT+4
.a8cC
AX ,HIST
AX,-1BLBP1
.@8C
SHORT .Q1F
343
AX,-14[BP]

Dx

AX

WORD PTR -&(EP]
WORD PTR -8LEF1
SLSDIV

AX

DX

DX

AX

ENDP

BYTE PUBLIC
epilogue.h

‘CODE "

EQU 7]
prologue.h

IPTDIST
CVSFTSL:inear

SFADD: near



ACGDE
IPTDIST
.UAs

extrn
extrn
extrn
extrn

SEGHENT
FROC

push
ROV
sub
push
push
push
push
call
add
mov
nov
push
push
push
push
Call
add
mov
nov
push
push
push
push
call
add
push
push

~ push

push
push
push
call
add

push
push
call
add

mov

mov

push
push
s ah
push
call
add

push
push
push
push
push
push
call
add

push
push
call
add

Mmov

noy

puszh
push
push
push
call
add

push
push

99

SFSUB: near
SFMUL: near
SFDIV:near
[SERTinear

BYTE PUBLIC "COLE
NEAR

21
BP
BF,SP
SF.2
WORD FTR +200EF)
WORD FTR +18(BF]
WORD PTR +2Z4(EF]
WORD PTR +22(BP1
SFSUB
SP,8
-8CLBP1,AX
-6(BFI,DX
WORD FTR +&6LERF)
WORD PTR +4CBFP1
WORD FTR +1@GLEF]
WORD PTR +8(BF]
SFSUB
SP,8
-4LBP1.AX
-2(8F1,.04
WORD PTR -Z2CEBF1]
WORD PTR -4(8F1
WORD FTR -2CLEBF1
WARD PTR —-4(BF1
SFHUL
sF,a
0%
Y
WAORD PTR -6LBF1]
WORD PTR -8LBF]
WORD FPTR —-&LBF]
WORD FPTR -8(BP1
SFMUL
sP,8

SP,8
~Z2BLEF ], AX
-18CEF1,DX

WORD PTR —olEF]
WORD PTR ~8(EF]
WUhL F Ik gl
WORD F 1R s ol BF]
SFHUL

SF .8

Dx

AX

WURD FTR ~2LEF]
WORD FTR ~4{EF]
WORD FTR +14{EF]
WORD PTR +1ZCEF]
SFMUL

SF .8

SF,8

~16(BFI1,AN
~14C(BF]1,DX

WORD FTR +24(BF]
WORD PTR +22(BF1]
WORD FTR +o(BF1]
WORD PTR +4(BF1
SFHUL

SF .8

DX

AX
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100

push
push
push
pueh
call
add
push
push
call
add
mov
mov
push
push
push
push
push
push
call
add
pust
push
push
push
push
push
call
add
push
push
call
add
push
push
call
add
mov
mov
push
push -

pual
push
push
push
call
add
push
push
push
push
push
push
call
add
push
push
call
add
push
push
call
add
mav
mov
push
push
push
push
call
add
hwov
mov
push
push
push
push
call
add

WORD FTR +IGCEF1
WORD PTR +18(EBF]
WORD FTR +1OCEF]
WORD FTR +3(BF1
SFMUL

SP,8

DX

AX

SFSUB

SF,8

~1ZLEPI, AX
-10CBP1,DX

WORD FPTR -18(HP3
WORD FTR -20CEF]
WORD FTR -1@LEF1
WORD PTR -12(BF]
WORD FTR -6(EBF]
WORD FTE -8CEF]
SFMUL

SF,8

DX

AKX

WORD PTR ~14(EF]
WORD PTR —1o(BF]
WORD FTR -2C[BF1
WORD PTR -4CEF]
SFMUL

SP,8

SP,.8

~28LBF1,Ax
-2&6LBFY,0X

WORD FPTR -18LEF1
HORD CTR CACRET

Wuru F ik +LLE )
WORD FTR -i1olBF1
WORD FTR -olBF]

WORD FTR -8LEF1

SFMUL

SF,8

La

AX

WORD FTR -10uBF]
WORD PTR -12(EF]
WORD PTR -2LEBF]

WORD PTR -4(BF]

SFMUL

SP,8

SP.8

=28(BF1,AX
~2Z2CBPJ,DX

WORD FTR +13(8F]
WORD PTR +12CEF]
WORD FTR -Z6LEF]
WORD PTR -I8(BP]
SFSUB

SP,8

~Z@QCEBF1,AX
-18(BF1,DX

WORD PTR +28LEBP1
WORD PTR +2&6(BF]
WORD FTR -22(EFP1
WORD FIR —-24L(BF]
SF SuB

SF,8
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101 : 102
mov -16LEF],AX ’ ) . CYSLTSF : nea
a0 -14CEF] . DX extrn SLTSF:near
push WORD PTR =-14CEF] y VSITSF:
push  WORD FTR -16CBF] ®atrn CVSITSFinear
push WORD PTR -14[EF) _ . TSL s
oush WORD PTR -1oLBF1 5 extrn CVSFTSL:near
Z:;l ;g?gL extrn IFTDIS i near
push 9x extrn SFINCLSV:near
push AX
push WORD FTR -16CEF] 10 t —
push  WORD PTR -Z@CEF1 g«trn 8 near
push WORD PTR —-18(BF] ] FRIORI[Y:nes
Push  WORD PTR -20(BP] extrn FRIORITY:near
call SFMUL axtrn GEF EifF:near
add SF,8 :
push Dx 15 extrn ISERT: near
push nX
calt nggD @CODE  SEGMENT BYTE FUBLIC CODE
a ) QEP _HOD FROC NEAR
mov ~20CEP1,AX iy ~
18LEF 1. Dx GCODE  ENDS
nav - v o . =
aGv AX.-2BLEF] 20 2xtrn SLLSHIFT:near
o 2;':i2§§§} @COLE  SEGHENT EVTE FUBLIC -CODE-
] i - =
nov £S13,AX - @33 push £ i42
nav +2(S11 .f_ﬁX Moy EF,SF
mov » ‘_HX.—.OHZBF’] 25 . sub SP.114
Mo v Da, -l LBF [M=1Y; AX .0
mov S1,+I@LEF. mav -114CBF],AX
mov LSI3,AX .AC: . 371
nav +20(S11,Dx cmp WORD FTR -114(BF1.4
push WORD FTR ~18(EF1 ige . B6A
push WORD FTR -2QLEF] 30 lea SI, [0EFX
OV AX,L27 mov AL, —-114CkF]
- DX ,=-32748 shl A, 1
push Ox shl AL, 1
push AX ) add SI.A%
call SFADD 35 pust WUKL FIR (5
»dd SF,8 push WORD FTR .13
P“‘? 2: call CVSLTSF
push A add SFL4
Call LzSiISL lea SI,~4d(EF]
«dd Sk, - BX,-114CEF)
P”‘: ?: 40 shl BX, |
pus A
Call ISOKT shi Bx.1
add S1,8X%
add SF .4
M v £s11 TAX
oV SF ., BFP mov +205S11,Dx
f:z BF o5 lea S1, IQEFY
wov AX,~114CEF]
IFTDIST ENDF i Ax.1
@CODE  ENDS . > o' h
. 5 2 CODE " .
#COpE $E“TE:: EYITOFg:L;C c push WORD FTR +2[SI]
‘“g u p1logue. 50 push WORD PTR CSI3]
_éen _ call CVSLTSF
6 [GHOUEL EQU ) add SF, 4
tnciude proloque.h lea SI,-24CEF]
[ -1% BX,~114CEBP]
puciic  QEF_FMUL shl BX,1
@COLE  ENGS 55 shl EX,1
SDATHE  SEGHENT add SI,EX
ertrn IQEFPX: word nov (SIJ.AX
mov +20S113.Dx
astrn IQEPY: word .065: i74
. inc WORD PTR ~-{13CEF3
entrn IDRPX;:; word 60 jwp SHORT .
. . G6A: 374
extrn IDRFf s word mov SI,+4(BF]
mov AX,L(S11
extrn SIRUAT:word Cwd
push DX
@DATAH  ENDS 65 push AX
@CODE  SEGMENT BYTE FUBLIC °'CODE" mov AX,16
4COLE  ENDS mav DX,2
eitrn SFADD: near push DX
push AX

aitrn SFMUL: near call FLLSHIFT
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103 i 104
pop AX push WORD PTR ~S@LBF]
pop DX push WAORD FPTR -S2LEBF]
sub AX , TDRP A lea SI,-1084CEF]
sbb DX, IDRFX+2 push S1
push DX 5 nov AX‘,B
push AX cwd
call CVSLTSF push DX
add SP .4 push AL
nOV ~S&LEPT, AX push WORD FTR -4&6(EF]
mav -S4CEP],DX push WORD FTR —-48LEP]
mov * S1,+4(EF] 10 push WORD FTR -S4{BF1]
nov QK""“[S[] push WORD FTR -S&6lEBF]
cwd call IFTDIST
push DX add 3F .8
push AX push WORD FTR - -8LEF]
mov AX, 16 - push WORD FTR -1J@CEF]
mav DX.0 15 push WORD FTR -42(EF]
push DX ¢ pusi WORD FTR -44(EBF)
push AX push WORD FTR -SOCBP]
call FLLSHIFT push WORD FTR -S2LEF)
pap AX pusih WORD PTR -14U2CEF I
pap GX push WURD PIR -1U4LEF1]
sub AX, IDREX 20 push WORD FTR -4&CEF]
stb DX, IDRPA+2 prsh WORD FTR -48LEF]
push D2 ’ push WORD FTR -S4(EF)
. : ush WORD PTR -S&LEF]
push ah 2;11 SFINCLSV
Call LVSL TSF 25 add SP,.23
add SF L4 or AKX, AX
nov ~44(BF].AX e 1
mov -dolEBF1,Dx jmp .@2530
nov 31, +4LEBF] s
- AN+ ILST] mov AX,S11
Cwd 30 mav Dx,-1
push Da mov ~0d4LEF],AX
push AX nav -52(BF1,DX
mov AX, L6 mayv FX 285
mav DX ,0 mov DX, -1
push DX mov -aBLEPY AX
push AX 35 maov -ZS8(BP1.DX
call BLLSHIFT mov SI,+2(BF]
pop AX mov DI +4CBF1]
pop Dx nov AX,LDI]
sub Ak, IDRPY cmp A%, +4051]
sbb DX, IDRFY+2 ine 72
push D« 40 Jjmp .0300
push ~X 7?2
call CVSLTSF nov AX O
add SF, 4 NOv -1 14CEBF1,Ax
mov -S20EP1 . AX <GlAR: 3183
mov -S0LBF1,DX 45 cmp WORD PTR -L114(BF1,4
MOV S1,+4CEBF] Jl 7?3
mov AX,+6(S1] Jmp . Q2FD
Cwd ?3s:
push DX lea AX ,~BBLEF)
push AX mov Da,-114C(EF]
mav AX 16 50 shil Dx,1
mov Dx,@ shl DX,1
push DX add RAX,DX
push AX push AX
call FLLSHIFT mov ~A 127
pop 2% nov DX,-327&68
pop DX 55 push DX
sub AX, IDRPY push Y3
sbb DX, IDRFY+2 lea S1,-24LFBF]
push DX mov AX, 4
push AX push AX
call CVSLTSF [1:1-3% RX,~114CBF]
add SP,4 60 add AX,1
mov -33LBF1,AX pop BX
mov -42(EFP] . Dx cwd
lea S1,-10QCEF] idiv BX B
push SI shil 0Xx,1
nov AX,Q ' shil bX,1
cwd 65 add S1,DX
push DX push WORD PTR +Z(S113
push AX ‘ push WORD FTR (511
push WORD FPTR -42(EBF] lea S1.-230BP1]

push WORD PTR -44(BP1 0. AY . LT3R
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105 106

- -t shl AX,1
shl AR, shl AX,1
add S1,Ax add SI,AX
push WORD FTR +20S]13 inav AX,LSI1]
push WORD FTR (313 5 mov DX, +20S1]
call SFADD mav -60CBP1,AX
ad =+ 8 mov -S8CEF), DX
push DX . Q283; ;115
push push WORD PTR -42[EF]
call SRMUL push WORD FTR —-a4[BF]
add SF,8 10 lea SI,-96LBFP1
push oX mov AX,~114{BFP]
Push  ox shi A%, 1
push WORD FTR ~42(EF] shi AKX, 1
push WORD FTR -43CBF) “dd SI,AX
push  WORD FTR —Soren push  WORD FTR +2(513
PUSh  WORD PTR -S2(EF) 15 Push  WORD FTR (s1)
lea A%, =76 (EP) calr sFowe
nov DX,~114CBF] add SF.8
shi DX, cmp AX, L
shl DX, 1 ine - Q2F7
add AX, DX 20 nav AX,-114CEF]
push ax mov ~110(BF3,AX
mov AX, 127 lea 31,-96(EF]
oV Dx,-32758 mov - AXy-114C8BF1
push bX shil AX,1
oush  ox shl AX,1

a1 e add SI,AX
rea :;:4*D‘EF] 25 mov AX.LSII
push ax nov DX, +20(S1]
mnov AX, -1 14CEF] mov —64LBF],AX
o X1 _ mav ~52CBFJ,Dx
pop BX -8TF7: $119
Foe 30 inc WORD PTR -114CBF1
idiv BX ~ imp «G1RA
shl X, 1 «DZFD: _ 0459 5119
shl DX, 1 - Jmp - 045
add SI,DX . 3200: o ;x o 3120
push  WORD PTR +20SI3 o
push  WORD PTR 513 35 - mov TH13IBP, Ax
lea SI,~400EF1 -B306: 121
ity X 1iacee cmp WORD PTR -114CEF1,4
shi AX, 1 J1 4
bl ax 1 ) imp . 8459
add SI,AX 40 e
push WORD FTR +20513] lea AX,-8B{EF]
push WORD FTR (511 mav DX, =113CE71
call SFADD shl bX, 1
add SF,8 shl DX, 1
push DX add Hf.DX
Push AX 45 ngh e: 127
call SFMUL . oy DY v 7ia
add SF,B e
push DX [FINE1N) DA
push AX pu?h Tx - :
Push  WORD FTR —-36[EF] ey STER
push WORD FTR -48LEF] 50 -156 M9 N
push  WORD FTR -S4CEF] push o .
push  WORD FYR -Se[BF] nev mE = L14IBF]
call IFTDIST #dd nal
add SP,28 pon B
mav - 198LEF 1, AX Ewa ,
PUSH  WORD FTR -SSLEF] 35 tdivo BX
Push  WORD FTR -&@LEF) snl DX, 1
lea SI,-96(EF] shi 0,1
mov AX,-114(EF] add SI,Dx

. e e . push WORD FPTR +2[S3511

shl a1 push  WORD PTR CSI1
shl Xyl 60 lea SI,-24LBF3
#3d Sl,AX mav RX,~114CEBF)
push WORD FTR +2(31) shl A%, 1
push  WGRD FTR (SI] shil AX, 1
call SFCHF add SI,AX
add 5F .8 push  WORD FTR +20SI31
cmp Ak, -1 65 push WORD FTR (S1]
ne +Q2E8 catil SFADD
nov AX,=-114(kF] add SF,8
nav ~112CBFP),AX push Dx
lea S1,-96(BP] push AX

nov AX,=114CBF] ) call SFMUL



JA414:

add
push
push
push
push
push
push
lea
mov

push
push
call
add
cmp
ine
mov
mov
lea
naQv
shl
shl
«dd
MNOv
mav
mov
mov

push

107

WORD PTR -42LKF]
WORD PTR -44LEF]
WORD PTR -SQLBEF1
WORD PTR =SZ{EF]
AKX, ~96(EF]
DX,~114LEF]

DX, 1

DX, 1

Fk DX

AX

AX,127

DX ,~-32748

DX

AX

S1,-48CEF]

AX, 4

AL

AX,-114{6F]

A%, 1

BX

BX

DX,

Dx,1

SI,Dx

WORD PTR +2(S11
WORD PTR C[SI1
S1,-4@CEF]
AX,~1140EF]

Ak,

AX, L

SI,A%

WORD FTR +2(SI3
WORD FTR [SI]
SFADD

SF .8

Da
A
SFMUL
SF.8
Dx
AX
WORD PTR ~d&alEBF]
VIORD FTR ~-48(8BF]
WORD PTR ~S4(BF]
WORD FPTR -SolBF1
IPTDIST
3F,2
~1@8LBFI,M
WORD PTR ~-S8CEF)
WORD PTR ~-60LEF]
SI,-80(8F]
AX,-114L8F]
AX,1
AKXl
SI,AX
WORD PTR +2(SI1
WORD FTR [SI]
SFCMF
SF,8
AX,—-1
L0414
AX,-114(BF]
=~1120BFP 1, AL
SI,~-BGLEF]
AX,-114(BF]
nX,1
AX,t
SI,AX
AX,[S11]
DX, +2Z{s511
RE-17 1812 - ¢
-S8C8F1],DX

3 132

WORD PTR -6ZL[EBF]
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L4579

108

push
lea
nav
shl
shl
add
pusi
push
call
add
cnp
ine
mov
mav
lea
mov
shil
shl
add
mav
mov
mov
mov

inc
ymp

Hea v
oV
chw
push
call
add
mav
O
1mal
add
=wd
push
push
call
add
push
nov
push
lea
mov
shl
shi
add
push
push
lea
moy
shl
shl
add
push
push
lea
noyv
shl
shl
add
push
push
lea
mav
shl
shi
add
push
push
call

push
push
call

WORD FTR -&4(EF]
SI1,-380LBF]
AX,-113CEBF]
AX,1
AL,
S1,AX
WORD FTR +2(S11
WORD FTR €SI1
SFCMF
SF .8
AX, 1
. 0453
AX,-113(BF1
-110CEF,AX
S1,-80LEF]
AX,-113[BF1
AX,1
AX,1
SI,AX
AX,CSI]
Dx,+2(S11
-&64LBF1,AX
-62{BP1,DX

$137
WORD FTR -114(BF]
.Q206

s 1 7R

2ly2lhum
AL, +10511]

AX

FRIORITY

5F .2

-13&6LEP]T,AX
AX,~1060(EBF]

WORD FTR ~186(bF1
RX,196

DX

AX

ISORT

SF, 4

Ax

Ax,0

Fi

SI,-8a(EBF1

A%, -110CEF]
AX,1

fX, 1

SI,AX

WORD PTR +2(SI)
WORD FTR [S13
SI1,-B@CEF]
AX,-112[BP]
AX,1

Ak, 1

ST,AX

WORD PTR +2(SI3
WORD PTR [SI]
S1,~960BF1
AX,~110CBF]
AX,1

AX,1

SI1,AX

WORD PTR +2CSI]
WORD PTR [S11
SI,-9alBF1

A%, ~112[EF)
Ak, L

A%, 1

SI,A%

WORD FTR +2CSIJ
WORD FTR CSI3
DEF_EXF

SF.Z0

WORD FTR -1Q@2CEF)
WORD FPTR -LQ4LBF]
EVSFTSL



mov
mov
sub
sbb
mov
mov
mov
mov
lea
mov
shil

ahl

add
mav
mav
sub
sbb
mov
mov

inc
Jjmp

maov
mov
pop
ret

mnav
mov
pop
ret
QEP_MOD EMDF

&CODE ENDS

@CODE SEGMENT
incliude
end

ap [GHOGEL
1nclude

public

109
SP,3
-BLEFP],AX
-6LBF1,DX
WORD PTR ~98CEF]
WORD PTR -10@LEF]
CVSFTSL
5P, 4
-3[BFI{AX
-2CBF1,DX
AX,-BLEF)
DX,-56L&F]
8X, [DRFX
CX,IDRFX+2
BX,AX

CX.Dx

IGRFX B

[DRPX+2,Cx

RX 4L BF]

Dx,~ZLEBF1

BXx, IDRFY

CX,IDRPY+2

BX ,AX

Cx,Dx

IDRFY ,BX

IDRPY+2,CX

AX,B

-114{BP],AX
1163

WORD PTR -114(EBP1,4

.@579

AX,-BLBF1]

DX ,-6lEF1

SI,IQEFX

BX,~114L(BF]

BX,1

BX,1

S1,BX

BX,[S11]

CX,+2(SI1

BX,AX

CXx,DX

€S13,BX

+2(S11,CX

AX,~-4(BF]

DX ,-2CBF]

SI, IQEPY

BX,-114(BP]

BX,1

B8X,1

S1,BX

BX,(SI11]

CX,+2(SI1]

BX ,AX

CXx,DX

£S11,BX

+20S11,C%
167

WORD FTR -114(BF)

SHORT .QS2B
s167

AX,1

SP,EBF

&P

3170
AX,0
SF , BF
BP

BYTE FUBLIC ‘CODE-
epilogue.h

EQU 9
prulogue.h

UFDSTUAL
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i

|

eCOLE
“0ATAR

@DATRHE
@ ODE
@CODE

@CODE
UFDSTCAL
@CODE

@COLE
.@a:

. @20:

.B&E:

< B&F:

110
ENDS
SEGMENT
extrn COMPASS:word
extrn DISTCAL: wardg
extrn LDRFX: word
axtrn IDRPY: word
ENDS
SEGMENT EBYTE FUBL.IC 'CODE"
ENDS
extrn LAES: near
@itern [ATANZ: near
extrn 2’BS: near
SEGMENT BYTE FUBLIC CODE
FROC NEAR
ENDS
extrn SLRSSHIFT: near
SEGMENT BYTE FUBLIC °‘CODE”
1T
push BF
mav BF,.SP
sub SF,4
mov AX ,COMFRSS
sub AX,+4(BF]
push AX
call e@nbSsS
add SF,2
mov -4{BF]1,AX
cmp WORD FTR ~4(EF]1,13653
ige . 929
mp SHORT .@Z27
HE 31
cmp WORD FPTR -4CEBEF1,2093S5
jle . 828
. 3495
mov SP,BEP
pop BF
ret
159
mov AX, IDRFX
mav DX, IDRPX+Z
sub AX ,+&LBP]
sbb DX ,+8(RP]
push DX
push AX
call LABS
add SF,4
push DX
push AX
N0y AL IDRFY
Moy D, [DRF .+
sub AL, 1O BF
sbb DY, +12LbF)
push Dx
push nX
call LABS
add SP, 3
pap B
pop CXx
add BX,AX
adc CX,Dx
cnp Cx,1@
Jg « Q6F
Jne . Q68
cmp BX,8
JEY) . BaF
;Se
mov SF, BP
pop BF
ret
154
nav AX, IDRFPX
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111 112
mov DX, IDRFX+2 push DX
Sub AX ,+albBP] push AX
sbb DX, +8LEF1 mov AX, 14
push ox mov DX,8
push AX 5 push DX
mov A, 16 push X
mov DX,0 call FLRSSHIFT
push DX pop AX
push RA pop DX
call SLRSSHIFT mov BX,DISTCAL
pop AX 10 mov CX,DISTCAL+2
pop DX sub BA,AX
push AKX sbb CX,.DX
mov nX, TORPY mov PISTCAL ,BX
mav DX, IDRPY+2 mav DISTCAL+2,CX
sub AX,+1QCEP] mav SF,BP
sbb DX ,+12LBP] 15 pop BP
push DX : ret
push AX .@1543;3 71
mov Rk, 16 mov SP,BP
mov bX,2 pop BF
push DX 20 ret :
push AX : UrDSTCAL ENDF
call FLRSSHIFT
pop AX @wCODE ENDS
pop DX @CODE SEGMENT BYTE FURLIC 'CODE-
push ax . ) include epiloqgue.h
call IATANZ 25 end
add SP,4 ab IGMODEL EQU %)
mov ~2CEBF,AX 1nclude praloqgue.h
mav AX,-2CBP1
, sub AX +4CEP] public DEYCORR
cmp AX,4550 @ UDE ENDS
ige .OFB 30 @DATAE  SEGMENT
mov AX,—2CBF] extrn DEViword
sub AX +3LEP]
cmp AX ,—-4550 @DATAHE  EMDS
jle . OFB ] @CODE SEGMENT BYTE FUBLIC "CODE-
mov AX  DISTCAL DEVCORR FROC NE#AR
nav 0% ,DISTCAL+2 35 @ 0ODE ENDS
push DX extrn SLRSSHIFT:inear
push AX
mov AX,.14 extrn SLMUL.: near
W ny . a
pUsh UA o - @C0DE SEGMENT BYTE FUBLIC "CODE”
push A 40 .00; 115
call ILRSSHIFT push BF
pop AKX mov BP,SP
pop OXx sub SF,&6
nav BX,DISTCAL mov AX,3I2
mav CX , DISTCAL+Z 45 . pusih AX
add BX AX mav R ,=32768
adc Cx,DX mov DX,
mov DISTCAL,BX add AX ,+4CBF]
mav DISTCAL+2,0» mav DX,11
mov SP,BP mov Cx,DX
pop BP 50 shr Aax,CL
ret pop BX
. OF B2 Y-T wor DX, DX
nov AX,=2CBF1 div BX
sub AL, +4LBF] mav -6LEBF3,DX
cwd lea s1,DEV
cmp DX,-1 55 mov AX . =6LEP]
jg .0111 shl AX,1
ine . B10F shl AX, 1
cmp AX,—-28218 add SI,RA
1ae .8111 mov AX,C(SI
.O18F: . 3 04 nov DX,+2{S1]
imp SHORT .0125 60 push DX
L0111 jod push AL
mov AX ,-2(BF] : nov AX,16
sub AX , +4[(EBF1 nOV DX.9
cwd push DX
cmp DX,.-1 push AX
il .0154 65 call SLRSSHIFT
jne L3125 pop AX
cmp AX,28218 pop DX
jbe .0154 mav ~4LBFP1,ARX
L01:25: =L 4 lea sI,DEV
mov AX ,DISTCAL nov AX,32

mav DX ,DISTCAL+2 push AX
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mov AX ~&LBF] extrn SLRSSHIFTtnear
add AX,1 )
pPop BX extrn SLMUL: near
cwd
idiv BX 5 «CODE SEGMENT BYTE PUELIC ‘CODE
shl DX,1 .00; 315
shi DX, 1 7 push BP
sdd L St.nw . mov BP,SP
v mA Lol sub SP,6
mav OX,+20S1. mov AX,32
push DX 10 push AX
push AL mov AX,-32768
nov AX,la . mov Dx,9
mov Ox,2 add AX ,+4(BP]
push DX mov DX,11
push AX mav CX,DX
call FLRSSHIFT 15 shr AX,CL
pop AX . pap BbX
pop DX xor DX ,DX
mav -2[BP1,AX div Bx
nov AX, 2048 mov -6LBP1,DX
push AX 20 lea Si,DEV
mov AX, +4[EF] mov AX,=-6(BP]
pop BX shl AX,1
war DX, DX shl AX,1
div BX add SI,.AX
mov AX,DX . mov AX,L(SI]
xor OX,DX 25 mov DX,+2(S11]
push ox push DX
push AX push AX
mov AX,-2CEF] mov AX,16
sub AX,-4CEP] mov Dx,@
cwd push DX
push DX 30 push AX
push #X call SLRSSHIFT
call SLMUL pop AX
pop ax pop DX
pop DX mov -4C(BP1] ,AX
oush oX lea S1,DEV
push ax 35 - mov AX,32
mov AX, 11 \ ' push AX
aav 0X,0 mov AX,-bEQP]
push ox ) add AX,1 ¢
push AX : - Pop Bx
cail SLRSSHIFT Cwd
pop ax 40 idiv BX
pap DX shl DX,1
add AX, -4 LEF] shl Dx, 1
mov DX, +4CBF1 : 2ad sr o
add DX ,AX ——— ..
mov +3(BF1,DX 45 mowv AX,(S1]
mov AX,+A4(BF] mov Dx,+2(SI1
(1 1=1 SF, BP push DX
pop BFP push AX
ret mov AX, 16
DEVCORR ENDF P mov Dx,a
@CODE  ENDS §3ZQ 2;
@ C-0ODE SEBNENT BYTE PUBLIC "CODE call SLRSSHIFT
include epilague.h pop AX
end pop 2.4
@6 [GMODEL EQu Q 55 o ;§‘§§36Ax
mov )
1nclude prolgque.n push Aax
public DEVCORR mav AX,rarER
&CODE  ENDS pap BX
@DATAB  SEGMENT nor ROl
. : iv
extrn DEV:ward 60 mov AX,DX
@ATAE ENDS xor DX, bx
@CODE SEGMENT BYTE PUBLIC ‘CODE’ :::: 2; .
DEVCORKR PROC NEAR mov AX,-2(BP]

ACODE  EN
ENDS 65 sub AX ,-4(BP]
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cwd
push DX
push AX
call sLMUL
pop AX
pop DX
push DX
push AX
mov Al 11
mov DX .0
push DX
push AX
call $LRSSHIFT
pop AX
pop DX
add AX,-4(BR1]
mov DX ,+4(BF]
add DX ,AX
mov +3({BP1,DX
mov AX ,+4(BP]
mov SP , BF
pop BP
ret
DEVCORR ENDP
@CODE ENDS
@CODE SEGMENT BYTE PUBLIC °CODE-’

include epilogue.h
end

What is claimed is:

1. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position, and for providing data identifying a mea-
sured heading of the vehicle;

(b) second means for providing a map data base of the
streets; and )

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein one of said parameters is the mea-
sured heading of the vehicle as compared with the
headings of the streets of the map data base.

2. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position;

(b) second means for providing a map data base of the
streets; and

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein one of the parameters is the close-
ness of two streets of the map data base to one
another.

5
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3. Apparatus, according to claim 2, wherein the two
streets qualify as possibly correponding to the more
probable current position, one of said two streets being
on one side of said current position and the other of said
two being on the other side of said current position.

4. Apparatus, according to claim 3, wherein said
means for deriving rejects said two streets as possibly
corresponding to said more probable current position if
the distance between said current position and said one
street and the distance between said current position
and said other street are similar to each other.

5. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets

15 in a given area, comprising:
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(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position, and for providing data identifying a mea-
sured heading of the vehicle;

(b) second means for providing a map data base of the
streets;

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base

| to determine if a more probabie current position

‘ exists, wherein one of said parameters is the mea-

sured heading of the vehicle as compared with the
headings of the streets of the map data base; and

(d) means for providing an estimate of said accuracy

. of the respective positions.

6. Apparatus, according to claim 5, wherein each
position of the vehicle has an accumulation of error, and
wherein said estimate changes as the vehicle moves to
reflect the accumulation of error and changes if a more
probable current position is determined to exist to re-
flect a greater accuracy of the more probable current
position.

7. Apparatus, according to claim 6, wherein said
estimate changes at a varying rate as the vehicle moves.

8. Apparatus, according to claim 6, wherein said
estimate is a contour enclosing an area having a proba-
bility of containing the actual location of the vehicle.

9. Apparatus, according to claim 5, wherein one of
said parameters is the closeness of said current position
to respective streets of the map data base, said closeness
being dependent on said estimate.

10. Apparatus, according to claim 9, wherein a given
street of the map data base does not qualify as possibly
corresponding to the more probable current position if
said closeness parameter indicates that the distance of
said current position to said given street is greater than
a given threshold.

11. Apparatus, according to claim 9, wherein a given
street of the map data base qualifies as possibly corre-
sponding to the more probable current position if said
closeness parameter indicates that the distance of said
current position to said given street is less than a given
threshold.

12. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising;

(a) first means for providing data identifying respec- .
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position;
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(b) second means for providing a map data base of the sured heading of the vehicle;
streets; and (b) second means for providing a map data base of the

(c) means for deriving any of a plurality of parameters ‘

in dependence on one or more respective positions

of the vehicle and the streets of the map data base 3

to determine if a more probable current position
exists, wherein one of the parameters is the connec-
tivity of the streets of the map data base.

13. Apparatus, according to claim 12, wherein one of
‘the positions of the vehicle is an old position corre-
sponding to a point on one of the streets of the map data
‘base, and wherein a given street may not quality as
‘possibly corresponding to the more probable current
_position if said given street is not directly connected to
said one street.

14. Apparatus, according to claim 12, wherein one of
the positions of the vehicle is an old position corre-
sponding to a point on one of the streets of the map data
base, and wherein a given street qualifies as possibly
corresponding to the more probable current position if
said given street is directly connected to said one street.
¢ 15. Apparatus for providing information to improve’
‘the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position;

(b) second means for providing a map data base of the -

streets; and

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein one of said parameters is a correla-

tion of the path of the vehicle indicated by the
respective positions of the vehicle and the path of a,

given street of the map data base.
. 16. Apparatus, according to claim 15, wherein said
-means for deriving determines that the more probable
.current position corresponds to a point on said given
sstreet indicated by said correlation parameter as the best
‘correlation.

17. Apparatus, according to claim 15, wherein a
given street does not qualify as possibly corresponding
to the more probable cusrent position if said correlation
parameter has a minimom value greater than a given
threshold.

18. Apparatus, according to claim 15, wherein said
correlation parameter has a minimum value, and
wherein said given street does not qualify as possibly
corresponding to the more probable current position if
a second order difference equation identifies a change in
slope at said minimum value less than a given threshold.

—
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19. Apparatus, according to claim 15, wherein a .

given street qualifies as possibly corresponding to the
more probable current position if said correlation pa-

rameter has a minimum value less than a given thresh-

old and if a second order difference equation identifies a
change in slope at said minimum value greater than a
given threshold.

20. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(a) first means for providing data identifying respec-

65

tive positions of the vehicle, each position having

an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position, and for providing data identifying a mea-

0

streets; and
{c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein one of said parameters is the mea-
sured heading of the vehicle as compared with the
headings of the streets of the map data base, and
wherein a given street of the map data base does
not qualify as possibly corresponding to the more
probable current position if the difference between
said measured heading and the heading of said
given street is greater than a given threshold.
21. Apparatus for providing information to improve
:the accuracy of tracking a vehicle movable over streets
:in a given area, comprising: »
(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having'
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position, and for providing data identifying a mea-
sured heading of the vehicle;
(b) second means for providing a map data base of the
streets; and

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein one of said parameters is the mea-
sured heading of the vehicle as compared with the
headings of the streets of the map data base, and
wherein a given street of the map data base quali-
fies as possibly corresponding to the more probable
current position if the difference between said mea-
sured heading and the heading of said given street
is less than a given threshold.

22. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(2) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative fo an actual location of the
vehicle and one of said positions being a current
position;

(b) second means for providing a map data base of the
streets; and

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein said means for deriving determines
from said plurality of parameters if any said streets
of said map data base qualify as possibly corre-
sponding to the more probable current position,
and if no said street is determined, then said current
position is retained as an old position by said first
means for providing data to provide data identify-
ing a succeeding position of the vehicle.

23. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position;

(b) second means for providing a map data base of the
streets; and
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(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists, wherein said means for deriving determines
from said plurality of parameters if any of said
streets of said map data base qualify as possibly
corresponding to the more probable current posi-
tion, and if one of said streets is determined, then
said more probable current position is retained as
an old position by said first means for providing
data to provide data identifying a succeeding posi-
tion of the vehicle.

24. Apparatus for providing information to improve

the accuracy of tracking a vehicle movable over streets
-in a given area, comprising:

(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the

vehicle and one of said positions being a current

position;

(b) second means for providing a map data base of the

streets;

(c) means for deriving any of a plurality of parameters .

in dependence on one or more respective positions

of the vehicle and the streets of the map data base -
to determine if a more probable current position

exists; and

(d) wherein said first means for providing data com- |

prises sensor means for producing heading data

indicating the direction of the vehicle, wherein a

given one of said streets of said map data base has

a direction corresponding to the direction of the

vehicle, and further comprising means for calibrat-

ing said sensor means by comparing said direction
of the vehicle and said direction of said given street
and adjusting said heading data to minimize aver-
age error between said direction of the vehicle and
said direction of said given street.
25. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets
in a given area, comprising:

(2) first means for providing data identifying respec-
tive positions of the vehicle, each position having
an accuracy relative to an actual location of the
vehicle and one of said positions being a current
position;

(b) second means for providing a map data base of the
streets;

(c) means for deriving any of a plurality of parameters
in dependence on one or more respective positions
of the vehicle and the streets of the map data base
to determine if a more probable current position
exists; and

(d) wherein said first means for providing comprises
sensor means for producing distance data indicat-
ing the distance traveled by the vehicle; wherein,
upon the vehicle moving from one street onto an-
other street, the position of the vehicle may be at a
certain distance away from the corresponding
other street of the map data base; and further com-
prising means for calibrating said sensor means by
adjusting said distance data in dependence on said
certain distance.

26. A method of automatically tracking a vehicle
movable about streets of an overall given area, compris-
ing:

(2) providing first data identifying respective posi-

tions of the vehicle as the vehicle moves about the
streets, each position having a certain accuracy and

120

one of the positions being a current position;

(b) providing second data being an estimate of the
accuracy of the respective positions of the vehicle,
the estimate changing as the vehicle moves about .

5 the streets to reflect the accuracy of the respective

positions;

(c) providing a map data base of the streets of the
given area; and

(d) determining if a more probable current position
than the current position exists in response to the -
first data, the second data and the map data base.

27. Apparatus for providing information to improve
the accuracy of tracking a vehicle movable over streets,
comprising:

(a) first means for providing data identifying respec-
tive positions of the vehicle, each position having a
certain accuracy and a current position possibly
being subject to being updated; and

(b) second means for providing an estimate of the
accuracy of the positions of the vehicle, the esti-
mate changing as the vehicle moves and changing
if the current position is updated, the estimate being
used to determine if a more probable position than
the current position exists.

25 . 28. Apparatus, according to claim 27, wherein said
first means for providing data comprises sensor means
for generating information about the distance traveled
'and heading of the vehicle, and wherein said estimate

changes in dependence on the accuracy of said sensor

means.

29. Apparatus, according to claim 27, further com-
prising means for providing a map data base having a
certain accuracy of the location of the streets, and
wherein said estimate is dependent on the accuracy of
said map data base.

30. Apparatus, according to claim 27, wherein said
estimate changes at a varying rate as the vehicle moves.

31. Apparatus, according to claim 30, wherein said
first means for providing data comprises sensor means
for generating information having a certain quality
about the heading of the vehicle, and wherein said vary-
ing rate is dependent on the quality of the heading infor-
mation.

32. Apparatus, according to claim 30, wherein said
first means for providing data comprises sensor means
for generating information having a certain quality
about the distance traveled by the vehicle, and wherein
said varying rate is dependent on the quality of the
distance information.

33. Apparatus, according to claim 30, wherein said
varying rate is dependent on the performance of the
apparatus.

34. Apparatus, according to claim 33, wherein said
performance is dependent on the distance that a current
position was moved upon being updated and the dis-
tance traveled by the vehicle between the update of a
preceding position and the update of the current posi-
tion.

35. Apparatus, according to claim 27, wherein said
estimate of the accuracy of the positions can be different
in different directions relative to the direction of move-
ment of the vehicle.

. 36. Apparatus, according to claim 27, wherein said

'estimate of the accuracy of the respective positions is a

probability density function in the vicinity of the re-

spective positions.

37. Apparatus, according to claim 27, wherein said
estimate of the accuracy of the respecitve positions is a
plurality of points defining a shape enclosing an area
having a probabilty of including the actual location of
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the vehicle.

38. Apparatus, according to claim 27, wherein said
estimate of the accuracy of the respective positions is a
set of one or more equations defining a distribution of
probability associated with the respective positions.

39. Apparatus, according to claim 27, wherein said
estimate is a table of values defining a distribution of
probability associated with the respective positions.

40. Apparatus for automatically tracking a vehicle
movable about streets of an overall given area, compris-
ing:

(a) first means for providing first data identifying
respective positions of the vehicle as the vehicle
moves about the streets, each position having a
certain accuracy and one of the positions being a
current position;

(b) second means for providing second data being an
estimate of the accuracy of the respective positions
of the vehicle, the estimate changing as the vehicle
moves about the streets to reflect the accuracy of
the respective positions;

(c) third means for providing a map data base of the
streets of the given area; and

(d) means for determining if a more probable position
than the current position exists in response to the
first data, the second data and the map data base.

41. Apparatus, according to claim 40, wherein said
means for determining updates the current position to
an updated current position if a more probable position
exists.

42. Apparatus, according to claim 41, wherein said

means for determining comprises:
(a) means for identifying a most probable street on
which the vehicle may be actually moving; and
(b) means for correlating certain of the positions with
positions along the most probable street, the up-
dated current position corresponding to a most

probable point on the most probable street in re- :

sponse to the correlation.
43. Apparatus, according to claim 41, wherein said
means for determining updates the estimate of the accu-

racy of the current position to an updated estimate of .

the accuracy of the updated position.

44. Apparatus, according to claim 43, wherein said
updated estimate is decreased in size relative to the size
of the estimate of the accuracy of the current position to
reflect the greater accuracy of the updated current
position.

45. Apparatus, according to claim 40, wherein said
means for determining does not update the current posi-
tion if it is determined that a more probable position
does not exist.

46. Apparatus, according to claim 40, further com-
prising fourth means for providing calibration data for
calibrating said first data providing means, and means
for periodically adjusting the calibration data.

47. Apparatus, according to claim 40, wherein said
means for determining comprises:

(a) means for identifying the current position;

(b) means for identifying a most probable street on

which the vehicle may be actually moving;

(c) means for determining a most probable point on

the most probable street; and

(d) means for determining a most probable overall

update position of the vehicle in response to the
current position and the most probable point, the
overall update position not necessarily lying on the
most probable street.

48. Apparatus, according to claim 40, wherein the'

vehicle may be moving over an actual path not all of
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which is in the map data base, and wherein said means
for determining updates and does not update the current
position to a more probable position as the vehicle
moves on and off the streets of the map data base.

‘49. Apparatus for automatically tracking a vehicle
movable about streets of an overall given area, compris-
ing:

(a) first means for providing first data identifying
respective dead reckoned positions of the vehicle
as the vehicle moves about the streets, each dead
reckoned position having a certain accuracy and
one of the dead reckoned positions being a current
position;

(b) second means for providing second data identify-
ing an estimate of the accuracy of the respective
dead reckoned positions in the form of a contour
containing the respective dead reckoned positions
of the vehicle and approximating a probability of
containing the actual location on the vehicle, the
contour changing as the vehicle moves about the
streets;

(c) third means for providing a map data base of the
streets of the given area; and

(d) means for updating the current dead reckoned
position of the vehicle to an updated current dead
reckoned position corresponding to a more proba-
ble point on one of the streets in response to said
first data identifying the current dead reckoned

position, said second data identifying the contour
associated with the current dead reckoned position,
and said map data base. ’

50. Apparatus, according to claim 49, further com-
prising means for updating the contour associated with
the current dead reckoned position to an updated con-
tour upon updating the current dead reckoned position.

51. Apparatus, according to claim 50, wherein the
contour associated with the current dead reckoned
position is updated in response to the second data identi-
fying the contour associated with the current dead reck-
oned position and the one street of the map data base,
the updated contour having approximately the same
probability of containing the actual location of the vehi-
cle as the contour associated with the current dead
reckoned position but contracting in size to reflect the
increased accuracy of the updated dead reckoned posi-
tion as compared to the current dead reckoned position.

52. Apparatus, according to claim 49, wherein said
first means for providing comprises:

(2) means for producing data indicating the distance

traveled by the vehicle; and

(b) means for producing data indicating the heading
of the vehicle.

53. Apparatus, according to claim 52, further com-

prising:

(a) means for providing calibration data for calibrat--
ing said means for producing distance data and said
means for producing heading data; and ~

(b) means for adjusting the calibration data.

54. Apparatus, according to claim 49, wherein the
contour associated with one dead reckoned position is
moved and expanded relative to the contour associated
with a preceding dead reckoned position if the vehicle
has moved a minimum distance.

55. Apparatus, according to claim 54, wherein the
contour is expanded in proportion to the distance trav-.
eled by the vehicle.

5§6. Apparatus, according to claim 54, wherein the
contour is expanded in proportion to the accuracy of
said first means for providing data.

_ 57. Apparatus, according to claim 49, wherein said
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means for updating determines one or more streets of
said map data base as qualifying as lines-of-position.
58. Apparatus, according to claim 57, wherein the
line-of-position of the one street having the point corre-
sponding to the updated current dead reckoned position
is substantially parallel to the heading of the vehicle.
59. Apparatus, according to claim 58, wherein the
line-of-position of ‘the one street intersects the contour
associated with the current dead reckoned position.
60. Apparatus, according to claim 59, wherein the
line-of-position of the one street is connected to another

line-of-position having a point corresponding to a next.

preceding updated current dead reckoned position.

61. Apparatus, according to claim 49, wherein said '

means for updating comprises means for correlating
certain of the dead reckoned positions indicating the
path of the vehicle with the path of the one street to
determine said more probable point on the one street in
response to the correlation.

62. Apparatus, according to claim 49, wherein said
means for updating determines lines-of-position in re-
sponse to the map data base, eack line-of-position corre-
sponding to a street over which the vehicle may be
moving and being substantially parallel to the heading
of the vehicle and intersecting the contour associated
with the current dead reckoned position.

" 63 Apparatus, according to claim 62, wherein said

means for updating determines which one of the lines-
of-position is the most probable line-of-position corre-
sponding to the most probable street over which the
vehicle may be moving, the most probable street being
the one street. h

64. Apparatus, according to claim 63, wherein said
means for updating determines if no one line-of-position
is most probable and, in response, the current dead
reckoned position is not updated.

65. A system for automatically tracking a vehicle

movable on streets of a given area, comprising:

(2) first means for providing first data being respec-
tive dead reckoned positions of the vehicle, one of
the dead reckoned positions being current dead
reckoned position, including
(i) means for generating data identifying the dis-

tance traveled by the vehicle, and
(ii) means for generating data identifying the head-
ing of the vehicle;

(b) second means for providing second data identify-
ing and estimate of the accuracy of the respective
dead reckoned positions in the form of a contour of
equal probability containing the respective dead
reckoned positions of the vehicle and approximat-
ing a probability of containing the actual location
of the vehicle, the contour changing as the vehicle
moves on the streets;

data base of the streets of the given area;

(@) means for determining lines-of-position corre-
sponding to the streets in response to the map data
base, in which one or more lines-of-position are
substantially parallel to the heading of the vehicle

and intersect the contour associated with the cur-
rent dead reckoned position, one of which may be

a most probable line-of-position corresponding to a
street on which the vehicle most probably is mov-
ing;

(e) means for updating the current dead reckoned

position to an updated current dead reckoned posi-
tion corresponding to a point on the most probable
line-of-position; and
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(f) means for updating the contour associated with
the current dead reckoned position to an updated
contour upon updating the current dead reckoned
position, in which the contour containing the re-
spective dead reckoned positions expands in size as
the vehicle moves to reflect a decreased accuracy
in the respective dead reckoned positions until the
updated dead reckoned position is produced and
then contracts in size to reflect the increased accu-
racy of the updated dead reckoned position as com-
pared to the current dead reckoned position, the
expanding contour and contracted contour having
approximately the same probability of containing
the actual location of the vehicle.

66. A system, according to claim 65, wherein said
means for generating distance data and said means for
generating heading data each has a certain accuracy,
and wherein the contour expands in proportion to the
said accuracy.

67. A system, according to claim 66, wherein the
contour expands at a varying rate which is dependent
on the distance that the current dead reckoned position
is moved upon being updated and the distance traveled
by the vehicle between a preceding update of a dead

reckoned position and the update of the current dead
reckoned position. .

68. A system, according to claim 66, wherein said
means for generating heading data comprises:

(a) first sensor means for generating first heading

data; and

(b) second sensor means for generating second head-
ing data.

69. A system, according to claim 68, wherein the
contour expands at a varying rate which is dependent
on any difference between said first heading data and
said second heading data.

70. A systemn, according to claim 65, wherein said
means for determining lines-of-position comprises:

(a) means for determining all the lines-of-position on
one side of the current dead reckoned position and
selecting one line-of-position on the one side clos-
est to the current dead reckoned position;

(b) means for determining all the lines-of-position on
the other side of the current dead reckoned posi-
tion and selecting one line-of-position on that other
side closest to the current dead reckoned position;
and

(c) means for selecting between the one line-of-posi-
tion on the one side or the one line-of-position on
the other side as the most probable line of position.

71. A system, according to claim 70, wherein neither
the one line-of-position on the one side or the one line-
of-position on the other side is selected if the distance
between the one line-of-position on the one side and the
one line-of-position on the other side is smaller than a
given threshold.

72. A system, according to claim 65, wherein said
third data identifying a map data base includes street
foreshortening error information, and wherein said
dead reckoned positions are provided in dependence on
said street foreshortening error information.

73. A vehicle navigational system for automatically
tracking a motor vehicle movable over streets of a
given area identified by a map, the vehicle navigational
system being installable on the vehicle, comprising:

(a) first means for sensing the distance traveled by the

motor vehicle and for generating distance data;

(b) second means for sensing the heading of the motor
vehicle and for generating heading data;

(c) means for storing a map data base identifying of
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the streets; |
(d) means for displaying the map and a motor vehicle|

symbol movable relative to the displayed map; and'
(€) programmed computer means for:

(i) providing data identifying respective dead reck-
oned positions of the motor vehicle in response
to the distance data and the heading data, one of
the dead reckoned positions being a current dead
reckoned position;

(i) providing data identifying a contour containing
the respective dead reckoned positions, the con-
tour expanding from one dead reckoned position
to another dead reckoned position as the vehicle
moves until the current dead reckoned position
is updated;

(iif) determining lines-of-position corresponding to
respective streets in response to the map data

base, one of which may be a most probable line-
of-position corresponding to a street over which
the motor vehicle may be moving, the most
probable line-of-position being substantially par- -
allel to the heading of the motor vehicle, inter-
secting the contour associated with the current
dead reckoned position and being connected to a
next preceding most probable line-of-position
corresponding to a next preceding updated cur-
rent dead reckoned position;

(iv) updating the current dead reckoned position to
an updated dead reckoned position on a more
probable point on the most probable line-of-posi- :
tion in response to the current dead reckoned .
position, the contour associated with the current
dead reckoned position and the most probable
line-of-position; :

tour containing the updated dead reckoned posi- -

tion in response to the contour associated with
_ the current dead reckoned position and the most _
probable line-of-position; and

4,796,191
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(v) updating the contour associated with the cur-
rent dead reckoned position to an updated con-
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(vi) controlling said displaying means to display the
map in response to the map data base and to
display the motor vehicle symbol in response to
the data identifying the respective dead reck-
oned positions.

74. A vehicle navigational system, according to claim
73, wherein the current dead reckoned position is not
updated if it is determined that there is no most probable
line-of-position.

75. A vehicle navigational system, according to claim
74, wherein said programmed computer means stores
calibration data about said first means for sensing and
said second means for sensing and adjusts the calibra-
‘tion data upon updating the current dead reckoned
position and the contour.

76. A vehicle navigational system, according to claim
74, wherein the contour expands at a varying rate
which is dependent on the distance that the current
dead reckoned position is moved upon being updated
and the distance traveled by the vehicle between a
‘peceding update of a dead reckoned position and the
update of the current dead reckoned position.

77. A vehicle navigational system, according to claim
76, wherein said first means and said second means for
sensing each has a certain accuracy, and said varying
‘rate is in proportion to such accuracy.

78. A method for providing information to improve
the accuracy of tracking a vehicle movable over streets
30 in a given area, comprising:

(a) providing data identifying respective positions of
the vehicle, each position having an accuracy rela-
tive to an actual location of the vehicle and one of
the positions being a current position;

(b) providing a map data base of the streets; and
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(c) deriving any of a plurality of parameters in depen-
dence on one or more respective positions of the
vehicle and the streets of the map data base to
determine if a more probable current position ex-

40.  ists.
x kX %k & -
45
50
55
60

65



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,796,191
DATED ! January 3, 1989
INVENTORG)' Honey, et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Page 1 of 2

Column 8, line 51: "parts Pl—R5“ should be -- parts Pl 5
Column 8, line 58: "true length" should be -- true lengths --
Column 10, line 48: "horizontal of XY" should be

—-- horizontal or XY --
Column 11, line 42: "time of the vehicle" should be

-- time the vehicle --
Column 14, line 51: "segments 32" should be -- segment 82 -=
Column 27, line 55: "Sl" should be —— 5§ —

Column 29, Line 1: The "(20)" should be moved to the right

Column 29, lines 11-12: After "of" add "the".

Column 30, lines 15-16: "placed on the position" should be

—-— placed the position —-

Column 30, line 52: "where D4" should be —-- where DR -

Column 117, line 12: "may not quality" should be
—-— may not qualify --

Column 120, line 69: "respecitve positions™ should be

—-—- respective positions --
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