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COMPACTLY STORING GEODETC POINTS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/839,985, filed Mar. 15, 2013, the 
entire content and disclosure of which is incorporated herein 
by reference. 

BACKGROUND 

0002 The present disclosure relates generally to the field 
of compactly storing geodetic points. 
0003. Due to the rapid adaptation of smartsphones includ 
ing GPS hardware, and other availability of geolocation tech 
niques (e.g., WiFi/cell tower triangulation), it is now easy to 
gather spatiotemporal data on hundreds of millions of entities 
in real time and analyze the data to improve business pro 
cesses and optimize services and infrastructure in a number of 
different industries. A key challenge in handling spatiotem 
poral data in real time is memory (e.g., RAM) requirements: 
experience shows that an application consuming data from a 
moderate size city can require several hundreds of gigabytes 
of RAM, making the overall analytic Solution expensive. 
0004. Much of the memory consumption incurs in storing 
geospatial objects whose specification can consist of thou 
sands of points on Earth. Conventional Solutions encode a 
geodetic point using two double values (one for latitude and 
another for longitude) taking a total of 128 bits. 
0005 Popular open source Geographical Information 
Systems (GIS) packages typically do not use any compres 
sion of geometrical objects and typically require at least 128 
bits to store a point. 
0006 Another example of a conventional process is text 
encoding of a point. The goal of this technique is to give a user 
friendly representation of a location on Earth. A text encoding 
may be used since street addresses are typically long (also, for 
many locations there is no address). A location can always be 
specified by its latitude and longitude, however latitudes and 
longitudes typically need to be specified to 6-8 decimal places 
(a total of 20+ digits to be entered including possibly minus 
signs, commas etc.) and there is a chance of Switching 
between latitude and longitude, and hence the use of latitude 
and longitude is not considered very user friendly. For these 
reasons, various approaches to user friendly text encoding 
(e.g., Suitable for URL specification) have been proposed. 
0007. The above-described text encoding has been cus 
tomized for user friendly representation of locations. The 
above-described text encoding further converts bits to human 
readable strings (at the loss of flexibility in storage needed). 
0008 Another example of a conventional process is binary 
encoding of geometries. Several Geographical Information 
Systems (GIS) systems (e.g., INFORMIX) use binary encod 
ing of geometries in their software implementations. These 
binary encodings allow different geometric objects to be 
passed back and forth as byte arrays regardless of what these 
geometries are (e.g., a point, a line segment, a polygon, etc.). 
It also provides flexibility to the software designer to later 
change how geometries are internally stored in the Software. 
IBM's geospatial software INFORMIX spatial database and 
STOCKHOLM congestion pricing application developed on 
INFOSPHERE STREAMS take this approach. These con 
ventional binary encoding approaches represent serialization/ 
serialization of data as opposed to encodings for the purpose 

Sep. 18, 2014 

of compressing data. With these approaches, using a Huffman 
Coding to compress, for example, binary encoding of 2 kmx2 
km polygon is unlikely to yield any significant size benefit. 
0009. Another example of a conventional process is given 
by a geohash. 

SUMMARY 

0010. In one example, the present disclosure relates to the 
field of compactly storing geodetic points. 
0011. In one embodiment a method for storing a geometry 
represented by a plurality of geodetic points is provided, the 
method comprising: assigning by a processor, to each of the 
points, a respective String, wherein each string has characters 
that are selected from the group of binary characters and 
ternary characters, and wherein each string has a prefix por 
tion and a non-prefix portion; reducing, by the processor, an 
amount of storage required to store the assigned Strings, 
wherein the reducing comprises applying compression to the 
strings that exploits at least one common prefix that is shared 
by at least a first one of the strings and second one of the 
strings; and storing, by the processor, the compressed strings. 
0012. In one example, all of the characters of each string 
are binary characters. 
0013. In another example, all of the characters of each 
string are ternary characters. 
0014. In another example, at least one of the strings has at 
least one binary character and at least one ternary character. 
0015. In another example, a length of the strings varies 
based upon an amount of precision to be provided by the 
Strings. 
0016. In another example, each string comprises latitude 
information and longitude information. 
0017. In another example, the compression comprises one 
of: (a) LZW encoding; and (b) Huffman Coding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 Various objects, features and advantages of the 
present invention will become apparent to one skilled in the 
art, in view of the following detailed description taken in 
combination with the attached drawings, in which: 
0019 FIGS. 1A and 1B depict diagrams showing an 
example binary division of longitude and latitude ranges 
according to an embodiment. 
0020 FIG. 2 depicts a diagram showing a table of preci 
sion according to an embodiment. 
0021 FIG. 3 depicts a diagram showing an example 
binary and ternary representation according to an embodi 
ment. 

0022 FIG. 4 depicts a diagram showing an example 
oblong line segment in the form of a road according to an 
embodiment. 
0023 FIG. 5 depicts a flowchart of a method according to 
an embodiment. 
0024 FIG. 6 depicts a block diagram of a system accord 
ing to an embodiment. 
0025 FIG. 7 depicts a block diagram of a system accord 
ing to an embodiment. 

DETAILED DESCRIPTION 

0026. In one example, one or more systems may provide 
for automatically compactly storing geodetic points. In 
another example, one or more methods may provide for auto 
matically compactly storing geodetic points. In another 
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example, one or more algorithms may provide for automati 
cally compactly storing geodetic points. 
0027. For the purposes of this disclosure the term “geo 
detic point' is intended to refer to a point that identifies a 
position relative to the Earth (for example, a point at a par 
ticular location on the surface of the Earth). In this regard, 
there are various ways of representing a point on the earth— 
depending on the Datum (see, e.g. http://en.wikipedia.org/ 
wiki/Datum '%28geodesy'629). 
0028. For the purposes of this disclosure the term “geo 
hash' is intended to refer to a string encoding of a point on the 
Earth. The point on the Earth may be represented (among 
other possible coordinate systems) as a latitude/longitude or 
Easting/Northing the choice of which is dependent on the 
coordinate system chosen to represent a point on the Earth. 
Geohash refers to an encoding of this point, where the geo 
hash may be a binary string comprised of 0s and 1s corre 
sponding to the point, or a string comprised of 0s, 1s, and a 
ternary character (Such as X)—which is used to refer to a 
don't care character (0 or 1). A geohash can also be repre 
sented as a string encoding of the point, for example, one 
possible encoding is base-32, where every 5 binary characters 
are encoded as an ASCII character. 
0029. For the purposes of this disclosure the term "CAM” 
(or Content Addressable Memory) is intended to refer to 
hardware search engines (as opposed to algorithmic Search 
engines) that significantly improve the search time (as little as 
one clock cycle). The term CAM may refer to either a binary 
CAM where the address to be searched for is comprised of 
only 0s or 1s. It may also refer to a ternary-CAM where the 
address to be searched for is comprised of 0s, 1s, and a don’t 
care marker (denoted typically by X), where X can match a 0 
or a 1. 
0030. For the purposes of this disclosure the term “binary’ 

is intended to refer to a representation of information (e.g., 
computer representation) using one of two possible values. 
0031. For the purposes of this disclosure the term “ter 
nary” is intended to refer to a representation of information 
(e.g., computer representation) using one of three possible 
values. 
0032 For the purposes of this disclosure, an important 
observation is that the Earth is approximately only 4e+13 
micrometers around and that micrometer precision is typi 
cally more than Sufficient for spatiotemporal applications. 
However, the dynamic range of a computer double-precision 
number format is from -10e--308 to +10e--308, so the data 
type typically used is larger than required for an application 
where more than micrometer precision will not be needed. 
0033. Thus, in various embodiments, compact and effi 
cient storage is based on binary division of longitude and 
latitude ranges of the Earth to impose a successively refined 
grid on the Earth. Each box in this grid approximates a point 
on the Earth. An application can adaptively choose a grid size 
that is Suitable for its purpose and then use an index in the grid 
to represent a point. 
0034. In this regard, reference is now made to FIGS. 1A 
and 1B. As mentioned above, binary division of longitude and 
latitude ranges is used. For example, assume that we wish to 
identify a point in Denmark. If we were to use only 1 bit to 
represent the point, we end up with “0” (see FIG. 1A), if we 
have two bits at our disposal, then we end up with a represen 
tation of “00 for the point (see FIG. 1B). At the depth of 2 
bits, the grid size is rather large compared to the point of 
interest; however, it is easy to see that due to exponential 
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decrease in size (each time a dimension is reduced by /2), the 
size of the grid shrinks rapidly and we get good approxima 
tion of the point by these bit strings. The table shown in FIG. 
2 gives the size of the grid as a function of the number of bits 
(hash length is the combined number of latitude and longitude 
bits). 
0035) Still referring to FIG. 2, special attention could be 
paid to 32 bit, 64 bit and 128 bit representations of a point 
which have precision of roughly 305 meters, 10 millimeters, 
and 2 picometers if the area of interest is the whole Earth. 
Clearly, 10 millimeter is sufficient for many applications 
(e.g., traffic and transportation related applications) and using 
a 64-bit representation saves half the memory space (vs. 128 
bits). 
0036) However, if the area of interest is smaller than the 
whole Earth, for example, New York City (about 22 kmx4 km 
area), 32 bit storage that uses only one fourth of the original 
storage, will result in 33 cm precision—again, Sufficient for 
many applications. 
0037. These examples illustrate how a variable amount of 
storage can be used for representing a point while still meet 
ing application precision requirements. It should also be 
noted that compact representations of different geometries 
can be done using this concept as geometries are ultimately 
specified in terms of points (e.g., a polygon is specified by its 
boundary, which is specified by a sequence of line segments, 
and each line segment is specified by two points). 
0038. In one embodiment, the length of bit representation 
of latitude and longitude could be different for a given point. 
For example, latitude could be specified in 16 bits while 
longitude in only 8 bits, giving a 24 bit representation of a 
point—this could be sufficient, for example, for points near 
the pole where longitude lines converge and hence do not 
need to have as high a precision. In another example, the bit 
representations of the latitude and longitude could be inter 
leaved to store a single bit array. 
0039. In another embodiment, once a compact way of 
representing a point is found, compact representations for 
other geometries can build on the disclosed compact repre 
sentation of a point. For example, in order to specify a line 
segment, two points need to be specified. These points could 
be stored individually as two bit arrays or their bit represen 
tations can be concatenated to obtain a single bit array repre 
sentation of a line segment, and so forth. 
0040. As described herein, this compact bit representation 
of point possesses a property that can be used to compact a 
large collection of points that are next to each other. For 
example, consider a lake 2 kmx2 km whose boundary may be 
specified using four thousand points each roughly a few 
meters apart from its neighbors. From the table in FIG. 2, it is 
highly likely that the first 25 bits of the points used in speci 
fying the boundary are same. In this case, a prefix compres 
sion scheme, such as Huffman Coding or LZW encoding may 
be used to further compress representation (e.g., binary rep 
resentation) of points. Other examples are Shannon-Fano 
coding and Varicode. In general, Humman codes area class of 
prefix compression schemes. There are several variants of 
Huffman codes—e.g., n-ary Huffman coding, Adaptive Huff 
man coding, Hu-Tucker coding, etc. In certain circumstances, 
LZW encoding is better than Huffman. 
0041 As described herein, various mechanisms provide 
for storing geographical geometries, wherein a geometry is 
represented by a collection of points and each point is repre 
sented using a geohash binary and/or ternary string of vari 
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able length (that is chosen based on application require 
ments). Such that points that are closer to each other share a 
longer binary and/or ternary prefix. Compression (e.g., Huff 
man Coding or LZW encoding) is applied that exploits com 
mon prefixes in the binary and/or ternary Strings to compactly 
represent and store the geometry (in one specific example, the 
geometries may be stored efficiently on a CAM (e.g., binary 
CAM, ternary-CAM). 
0042. As described herein, mechanisms are provided for 
handling ternary representations of geometries. For example, 
oblong geometries (e.g., oblong polygons, oblong line-seg 
ments) that cannot be represented in purely binary form (e.g., 
the rectangular box 301 as shown in FIG. 3) may need the 
introduction of a ternary (e.g., don't care character X) sym 
bol for representing/encoding a geometry efficiently. In this 
context, a don't care character (usually represented as X) 
implies that the character can be interpreted as either a 0 or 1. 
For example, if the character were an X at position i, then if 
we compare it with a geohash that has a 0 in positioni, the two 
provided geohashes will be equal at that position. In other 
words, an X can be treated as a 0 or a 1 
0043. In various examples, many geometries Such as poly 
gons representing counties or line segments representing 
roads are naturally oblong geometries (see FIG.4, showing an 
oblong line segment 401 in the form of a road). 
0044) Referring now to FIG. 5, a method for storing a 
geometry represented by a plurality of geodetic points is 
shown. As seen in this FIG. 5, the method of this embodiment 
comprises: at 501—assigning by a processor, to each of the 
points, a respective String, wherein each string has characters 
that are selected from the group of binary characters and 
ternary characters, and wherein each string has a prefix por 
tion and a non-prefix portion; at 503—reducing, by the pro 
cessor, an amount of storage required to store the assigned 
strings, wherein the reducing comprises applying compres 
sion to the strings that exploits at least one common prefix that 
is shared by at least a first one of the strings and second one of 
the strings; and at 505 storing, by the processor, the com 
pressed strings. 
0045 One example of how the characters may be applied 
to strings (that is, applying characters to a point) can be found 
at http://en.wikipedia.org/wiki/Geohash. The character set 
used in this article is alphanumeric. One can encode these 
alphanumeric characters as binary strings, for example, using 
their ASCII values. 

0046. In one example, any steps described above may be 
carried out in any appropriate desired order. 
0047 Referring now to FIG. 6, in another embodiment, a 
system 600 for storing a geometry represented by a plurality 
of geodetic points is provided. This system may include the 
following elements: an input element 601 configured to 
receive each of the points; an assigning element 603 in opera 
tive communication with the input element configured to 
assign, to each of the points, a respective String, wherein each 
string has characters that are selected from the group of binary 
characters and ternary characters, and wherein each string has 
a prefix portion and a non-prefix portion; a reducing element 
605 in operative communication with the assigning element 
configured to reduce an amount of storage required to store 
the assigned strings, wherein the reduction comprises apply 
ing compression to the Strings that exploits at least one com 
mon prefix that is shared by at least a first one of the strings 
and second one of the strings; and a storing element 607 in 
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operative communication with the reducing element config 
ured to store the compressed strings. 
0048. In one example, communication between and 
among the various components of FIG. 6 may be bi-direc 
tional. In another example, the communication may be car 
ried out via the Internet, an intranet, a local area network, a 
wide area network and/or any other desired communication 
channel(s). In another example, each of the components may 
be operatively connected to each of the other components. In 
another example, some or all of these components may be 
implemented in a computer system of the type shown in FIG. 
7. 
0049 Referring now to FIG. 7, this figure shows a hard 
ware configuration of computing system 800 according to an 
embodiment of the present invention. As seen, this hardware 
configuration has at least one processor or central processing 
unit (CPU) 711. The CPUs 711 are interconnected via a 
system bus 712 to a random access memory (RAM) 714, 
read-only memory (ROM) 716, input/output (I/O) adapter 
718 (for connecting peripheral devices such as disk units 721 
and tape drives 740 to the bus 712), user interface adapter 722 
(for connecting a keyboard 724, mouse 726, speaker 728, 
microphone 732, and/or other user interface device to the bus 
712), a communications adapter 734 for connecting the sys 
tem 700 to a data processing network, the Internet, an Intra 
net, a local area network (LAN), etc., and a display adapter 
736 for connecting the bus 712 to a display device 738 and/or 
printer 739 (e.g., a digital printer or the like). 
0050. As described herein, various mechanisms provide 
for a shared binary and/or ternary prefix (that is, shared for 
points that are closer to each other than other points) that may 
be exploited by a compression algorithm. In one specific 
example, this may be important when dealing with large 
quantities (e.g., millions) of geometries that are in physical 
proximity to each other. For example, in one model, Stock 
holm, Sweden has approximately 5M road segments—the 
geohash for these road segments will share a common prefix 
of length 26 bits (assuming use of a 64-bit geohash (i.e., 9.4 
mm precision)). The result in this example is thus a storage 
size savings of at least 40.625% (i.e., 26/64). 
0051. As described herein, various mechanisms provide 
for the efficient storage and/or encoding and/or compression 
of an arbitrary geometry as a collection of points (using 
binary and/or ternary strings) on CAMS (e.g., binary-CAM, 
ternary-CAM). 
0052. As described herein, various mechanisms provide 
for storage and/or encoding and/or compression of an arbi 
trary geometry in a compact form. 
0053 As described herein, mechanisms are provided to 
store a point in a dynamic amount of memory that can be 
adopted depending on the application. 
0054 As described herein, various embodiments may be 
provided in the context of web technology (e.g., wireless). 
0055 As described herein, various embodiments may be 
provided in the context of: (a) telecommunications networks: 
and/or (b) wireless/mobile networking. 
0056. As described herein, various mechanisms may be 
provided to use a compact representation of a point in GIS 
software. 
0057. As described herein, various mechanisms may be 
provided to internally store (e.g., in RAM) one or more geom 
etries. 
0.058 As described herein, mechanisms are provided for: 
(a) saving storage space by compressing data; (b) keeping 
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information at the level of bits—allowing flexibility at the bit 
level; and/or (c) storage of arbitrary geometries (e.g., a point, 
a line segment, a polygon, etc.). 
0059. In one embodiment a method for storing a geometry 
represented by a plurality of geodetic points is provided, the 
method comprising: assigning by a processor, to each of the 
points, a respective String, wherein each string has characters 
that are selected from the group of binary characters and 
ternary characters, and wherein each string has a prefix por 
tion and a non-prefix portion; reducing, by the processor, an 
amount of storage required to store the assigned Strings, 
wherein the reducing comprises applying compression to the 
strings that exploits at least one common prefix that is shared 
by at least a first one of the strings and second one of the 
strings; and storing, by the processor, the compressed strings. 
0060. In one example, all of the characters of each string 
are binary characters. 
0061. In another example, all of the characters of each 
string are ternary characters. 
0062. In another example, at least one of the strings has at 
least one binary character and at least one ternary character. 
0063. In another example, a length of the strings varies 
based upon an amount of precision to be provided by the 
Strings. 
0064. In another example, each string comprises latitude 
information and longitude information. 
0065. In another example, the compression comprises one 

of: (a) LZW encoding; and (b) Huffman Coding. 
0066. In another embodiment a computer readable storage 
medium, tangibly embodying a program of instructions 
executable by the computer for storing a geometry repre 
sented by a plurality of geodetic points is provided, the pro 
gram of instructions, when executing, performing the follow 
ing steps: assigning, to each of the points, a respective String, 
wherein each string has characters that are selected from the 
group of binary characters and ternary characters, and 
wherein each string has a prefix portion and a non-prefix 
portion; reducing an amount of storage required to store the 
assigned Strings, wherein the reducing comprises applying 
compression to the Strings that exploits at least one common 
prefix that is shared by at least a first one of the strings and 
second one of the strings; and storing the compressed strings. 
0067. In one example, all of the characters of each string 
are binary characters. 
0068. In another example, all of the characters of each 
string are ternary characters. 
0069. In another example, at least one of the strings has at 
least one binary character and at least one ternary character. 
0070. In another example, a length of the strings varies 
based upon an amount of precision to be provided by the 
Strings. 
0071. In another example, each string comprises latitude 
information and longitude information. 
0072. In another example, the compression comprises one 

of: (a) LZW encoding; and (b) Huffman Coding. 
0073. In another embodiment a computer-implemented 
system for storing a geometry represented by a plurality of 
geodetic points is provided, the system comprising: an input 
element configured to receive each of the points; an assigning 
element in operative communication with the input element 
configured to assign, to each of the points, a respective String, 
wherein each string has characters that are selected from the 
group of binary characters and ternary characters, and 
wherein each string has a prefix portion and a non-prefix 
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portion; a reducing element in operative communication with 
the assigning element configured to reduce an amount of 
storage required to store the assigned strings, wherein the 
reduction comprises applying compression to the Strings that 
exploits at least one common prefix that is shared by at least 
a first one of the strings and second one of the strings; and a 
storing element in operative communication with the reduc 
ing element configured to store the compressed strings. 
0074. In one example, all of the characters of each string 
are binary characters. 
0075. In another example, all of the characters of each 
string are ternary characters. 
0076. In another example, at least one of the strings has at 
least one binary character and at least one ternary character. 
0077. In another example, a length of the strings varies 
based upon an amount of precision to be provided by the 
Strings. 
0078. In another example, each string comprises latitude 
information and longitude information. 
0079. In another example, the compression comprises one 
of: (a) LZW encoding; and (b) Huffman Coding. 
0080. In other examples, any steps described herein may 
be carried out in any appropriate desired order. 
I0081. As will be appreciated by one skilled in the art, 
aspects of the present invention may be embodied as a system, 
method or computer program product. Accordingly, aspects 
of the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment (in 
cluding firmware, resident software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 
may all generally be referred to herein as a “circuit,” “mod 
ule' or “system.” Furthermore, aspects of the present inven 
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav 
ing computer readable program code embodied thereon. 
I0082) Any combination of one or more computer readable 
medium(s) may be utilized. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor System, apparatus, or device, or any suitable com 
bination of the foregoing. More specific examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com 
pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
I0083. A computer readable signal medium may include a 
propagated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
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that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 
0084 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF, etc., or any Suitable combination of the foregoing. 
0085 Computer program code for carrying out operations 
for aspects of the present invention may be written in any 
programming language or any combination of one or more 
programming languages, including an object oriented pro 
gramming language Such as Java, Smalltalk, C++ or the like 
or a procedural programming language, such as the “C” pro 
gramming language or similar programming languages. The 
program code may execute entirely on the user's computer, 
partly on the user's computer, as a stand-alone software pack 
age, partly on the user's computer and partly on a remote 
computer or entirely on the remote computer or server. In the 
latter scenario, the remote computer may be connected to the 
user's computer through any type of network, including a 
local area network (LAN) or a wide area network (WAN), or 
the connection may be made to an external computer (for 
example, through the Internet using an Internet Service Pro 
vider). 
I0086 Aspects of the present invention may be described 
herein with reference to flowchart illustrations and/or block 
diagrams of methods, systems and/or computer program 
products according to embodiments of the invention. It will 
be understood that each block of the flowchart illustrations 
and/or block diagrams, and combinations of blocks in the 
flowchart illustrations and/or block diagrams, can be imple 
mented by computer program instructions. These computer 
program instructions may be provided to a processor of a 
general purpose computer, special purpose computer, or other 
programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 
0087. These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, Such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
0088. The computer program instructions may also be 
loaded onto a computer, other programmable data processing 
apparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
apparatus or other devices to produce a computer imple 
mented process Such that the instructions which execute on 
the computer or other programmable apparatus or other 
devices provide processes for implementing the functions/ 
acts specified in the flowchart and/or block diagram block or 
blocks. 
0089. The flowcharts and block diagrams in the figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
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present invention. In this regard, each block in the flowcharts 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in Some implementations, the 
functions noted in the block may occur out of the order noted 
in the figures. For example, two blocks shown in Succession 
may, in fact, be executed Substantially concurrently, or the 
blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved. It will also be 
noted that each block of the block diagrams and/or flowchart 
illustrations, and combinations of blocks in the block dia 
grams and/or flowchart illustrations, can be implemented by 
special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0090. It is noted that the foregoing has outlined some of 
the objects and embodiments of the present invention. This 
invention may be used for many applications. Thus, although 
the description is made for particular arrangements and meth 
ods, the intent and concept of the invention is suitable and 
applicable to other arrangements and applications. It will be 
clear to those skilled in the art that modifications to the dis 
closed embodiments can be effected without departing from 
the spirit and scope of the invention. The described embodi 
ments ought to be construed to be merely illustrative of some 
of the features and applications of the invention. Other ben 
eficial results can be realized by applying the disclosed inven 
tion in a different manner or modifying the invention in ways 
known to those familiar with the art. In addition, all of the 
examples disclosed herein are intended to be illustrative, and 
not restrictive. 
What is claimed is: 
1. A method for storing a geometry represented by a plu 

rality of geodetic points, the method comprising: 
assigning by a processor, to each of the points, a respective 

string, wherein each String has characters that are 
Selected from the group of binary characters and ternary 
characters, and wherein each String has a prefix portion 
and a non-prefix portion; 

reducing, by the processor, an amount of storage required 
to store the assigned strings, wherein the reducing com 
prises applying compression to the strings that exploits 
at least one common prefix that is shared by at least a first 
one of the strings and second one of the strings; and 

storing, by the processor, the compressed strings. 
2. The method of claim 1, wherein all of the characters of 

each string are binary characters. 
3. The method of claim 1, wherein all of the characters of 

each string are ternary characters. 
4. The method of claim 1, wherein at least one of the strings 

has at least one binary character and at least one ternary 
character. 

5. The method of claim 1, wherein a length of the strings 
varies based upon an amount of precision to be provided by 
the strings. 

6. The method of claim 1, wherein each string comprises 
latitude information and longitude information. 

7. The method of claim 1, wherein the compression com 
prises one of: (a) LZW encoding; and (b) Huffman Coding. 
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