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(57) ABSTRACT 

The present invention provides a method, system, and 
computer program product for encoding (and subsequently 
decoding) a sequence of periodic byte values that have a 
vertical correlation (e.g. so that they can be more ef?ciently 
stored and/or electronically transmitted for use in a real-time 
system or resource-constrained system). Redundant values 
are omitted through use of marker bytes and bits masks 
Which indicate When a set of values is unchanged and Which 
of the set have changed, respectively. In this manner, the 
resources required for transmitting, processing, and/or stor 
ing the values is reduced. In some systems, the reduction 
may enable shortening the periodic interval length, such that 
values of a ?ner granularity can be processed. An example 
scenario in Which the present invention may be used advan 
tageously is for transmitting periodic input data to a robot 
controller, in order to control movement of the robot. 
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FIG. 4A 
400 

Variables 
N = number of columns 

P[l]—P[N] = byte storage for previous values 
X[l]—X[N] = byte storage for current row (interval) 

410 I, J,K = index registers 

B 2 byte bitmask for current row 

C = current number of non-changing rows 

D 2 number of changed values in current row 

420 Logic 
input/output OB = output buffer as zero-based 

byte array 

initialize all variables to zero 

43° load N with number of columns (min 1, max 7) 

loop until all intervals read 

read interval values into X[l]-—X[N] 
__ loop J=l to N 

shift B left 1 bit 

if X[J] <> P [J] 
440 incr D 

450 incr B 

OB[I+D] <— X[J] 
P[J] <— X[J] 

endif 

__endloop 
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if B <> 0 

if K > 0 

set bit 7 in C 

OB [K] <— C 
K <— O 

C <— 0 

endif 

OB [I] <— B 

I <— I + D + 1 

B <— O 

D <— 0 

else 
if K > O 

incr C 

if bit 7 set in C 

OB [K] <— OXFF 
incr K 

incr I 

C <— 1 

endif 
else 

K <— I 

incr I 
C <— 1 

_ endif 

endif 

endloop 

if K > 0 

set bit 7 in C 

OB [K] <— C 

endif 
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FIG. 4B 
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m FIG. 5 

Variables 

N = number of columns 

I,J : index registers 

51° C = current number of non-changing rows (intervals) 

D = number of changed values in current row 

Logic 
input IB = input buffer as zero-based byte array 

(from encoder) 

520 initialize all variables to zero 

load N with number of columns (min 1, max 7) 

loop for each interval until data in 113 used 

if C > O 

decr C 

else 
_ if IE [I] > 127 

set C using bits 0-6 of IBM] 
else 

loop J=1 to N 
if bit N-J set in IE [I] 

530 540 550 560 incr D I 

send byte IB[I] +D to output device 
endif 

endloop 
I <— l + D 

D <— 0 

endif 

570 incr I 

__ endif 

_ endloop 
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TECHNIQUE FOR ENCODING A SEQUENCE OF 
PERIODIC BYTE VALUES WITH VERTICAL 

CORRELATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a computer system, 
and deals more particularly With a method, system, and 
computer program product for encoding (and subsequently 
decoding) a sequence of periodic byte values that have a 
vertical correlation (e.g. so that they can be more efficiently 
stored and/or electronically transmitted for use in a real-time 
system or resource-constrained system). 

[0003] 2. Description of the Related Art 

[0004] There are many computing applications for Which 
the delivery time of electronically-transmitted information is 
critical. Processing time for the received information may 
also be critical in these applications, and for that matter, 
processing time may be critical in applications Where deliv 
ery time is not an issue. Examples of computing applications 
Where delivery and processing time are both typically sen 
sitive to particular constraints include real-time systems 
such as computer-controlled robots, air-traf?c control sys 
tems, and so forth. In some computing devices, the memory 
and/or storage resources (hereinafter referred to as memory 
resources) used by computing applications are also of criti 
cal importance, especially With the on-going trend for 
smaller and smaller computing devices (such as handheld or 
Wearable computers, Web-enabled cellular phones, etc.). 

[0005] By Way of revieW, real-time systems are those in 
Which an executing application must respond to incoming 
events Within some time period imposed by external con 
straints (Which are typically application-speci?c). In the case 
of a computer-controlled robot, for example, it may be 
necessary to ensure that the robot’s arm moves to a particu 
lar location before a Widget is released at that location. Thus, 
the instructions that tell the robot to move its arm and the 
positional information that conveys the target destination 
must be received and processed by the time the Widget is 
released. As another example, a graphics-intensive applica 
tion such as a computer-generated movie animation, a 
virtual reality simulator, or a time-lapse Weather map that 
graphically simulates changing Weather conditions may 
need to receive and process neW information very rapidly in 
order to generate a display With smooth transitions and no 
unnatural “jerkiness”. 

[0006] For purposes of the present invention, any systems 
and applications having the types of information receipt, 
processing, and/or storage constraints that have been 
described Will be referred to hereinafter as “real-time sys 
tems” and “real-time applications” for ease of reference. 
Furthermore, the terms “real-time applications” and “real 
time systems” are used interchangeably hereinafter, unless 
otherWise stated, When referring to these types of applica 
tions and the systems on Which they execute. 

[0007] When an application has information receipt and/or 
processing time constraints, one Way to ensure that the 
application Will meet those constraints is to reduce the 
amount of information transmitted to it (eg by transmitting 
less frequently). HoWever, this is not alWays a practical 
solution. In the case of robots, for example, reducing the 

Oct. 3, 2002 

amount of information may result in jerky movements: 
While this result may be tolerable if the robot is, designed to 
clean a factory ?oor, it is not acceptable for other applica 
tions such as robotically-performed surgery. 

[0008] One common measure used by real-time systems is 
the “period” of a particular task. The period is an interval of 
time representing the natural frequency of execution of that 
task. In the case of the virtual reality simulator, for example, 
the application may be designed to receive and process 
information some number of times per second, Where the 
particular number is designed to enable a perceiving human 
user to believe that the simulation does in fact model the real 
World. This particular number is then a period of the 
simulator application. (Distinct periods may exist for dif 
ferent types of data input used by an application.) When the 
period can be reduced, information of a ?ner granularity can 
be sent to and processed by the simulator, resulting in a more 
realistic result. HoWever, it may happen that the computing 
system on Which the simulator application executes does not 
have sufficient storage for very ?ne-grained information; or, 
the volume of data transmitted may overrun the applica 
tion’s or system’s processing capability. Therefore, in this 
virtual reality scenario (as Well as in other real-time sce 
narios), it is important that the How of input (i.e. control) 
information is optimiZed to ensure that processing and usage 
of memory resources are efficient. 

[0009] Accordingly, What is needed is an improved tech 
nique for sending information to applications that may be 
constrained as to delivery time, processing time, and/or 
memory. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide an 
improved technique for sending information to systems and 
applications that may be resource-constrained. 

[0011] Another object of the present invention is to pro 
vide a technique for sending information to systems and 
applications Where delivery time, processing time, and/or 
memory resources must be optimiZed. 

[0012] Another object of the present invention is to pro 
vide a technique for efficiently encoding information into a 
compressed format. 

[0013] Yet another object of the present invention is to 
provide an improved technique for encoding information 
that is to be transmitted, processed, and/or stored in a 
computing system. 

[0014] Still another object of the present invention is to 
provide an improved technique for encoding information 
that has a vertical correlation among particular values. 

[0015] A further object of the present invention is to 
provide an encoding technique that enables resource-con 
strained systems to handle ?ner-granularity information. 

[0016] Other objects and advantages of the present inven 
tion Will be set forth in part in the description and in the 
draWings Which folloW and, in part, Will be obvious from the 
description or may be learned by practice of the invention. 

[0017] To achieve the foregoing objects, and in accor 
dance With the purpose of the invention as broadly described 
herein, the present invention provides a method, system, and 
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computer program product for ef?ciently encoding a 
sequence of data values that have a vertical correlation. This 
technique comprises: accessing a plurality of data values, 
Wherein the plurality of data values is logically structured as 
a plurality of roWs, each of the roWs having a plurality of 
columns; and encoding the plurality of data values as a 
compressed output stream. The encoding further comprises: 
omitting selected ones of the plurality of data values from 
the output stream, Wherein the selected ones are those data 
values Which are repeated from one column in one roW to 
that column in a next-sequential roW; and indicating the 
omission in the output data stream Without loss of informa 
tion content. 

[0018] The technique may further comprise transmitting 
the compressed output stream to a receiver. In this case, the 
technique may also comprise: receiving, at the receiver, the 
transmitted output stream; and decoding the received output 
stream into the logical structure of the plurality of roWs and 
the plurality of columns. The decoded output stream may 
then be used as periodic input for an application. The 
application may be a real-time application. 

[0019] The encoding may further comprise: creating a 
marker byte to indicate hoW many sequential roWs have 
identical data values in each column; creating a bit mask for 
each roW that has changed data values, Wherein one or more 
bits in the bit mask are set on for each column in the roW 
Which has one of the changed data values; and Writing the 
marker bytes and the bit masks into the output stream, along 
With the changed data values. 

[0020] The data values may be byte values. Each of the 
roWs preferably represents a periodic set of data values. 

[0021] The present invention Will noW be described With 
reference to the folloWing draWings, in Which like reference 
numbers denote the same element throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a block diagram illustrating computing 
devices in Which the present invention may be practiced; 

[0023] FIG. 2 is a diagram of a netWorked computing 
environment in Which the present invention may be prac 
ticed; 
[0024] FIGS. 3A and 3B provide an eXample of periodic 
input values With a vertical correlation, and a result of 
encoding that information, respectively, to illustrate opera 
tion of the preferred embodiment of the present invention; 

[0025] FIGS. 4 and 5 provide pseudocode to illustrate the 
logic that may be used to implement the encoding and 
decoding techniques, respectively, of the preferred embodi 
ment of the present invention; and 

[0026] FIGS. 6A through 61 shoW interim results of 
operation of the encoding technique illustrated in FIG. 5, as 
applied to the eXample data in FIG. 3A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] FIG. 1 illustrates representative computing devices 
in Which the present invention may be practiced. Typically, 
a ?rst computing device 10 Will generate information to be 
transmitted to, and processed by, an application executing on 
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a second computing device 20. A transmission betWeen 
machines typically occurs using a netWork 40. In an alter 
native con?guration (not shoWn in FIG. 1), the information 
may be transmitted from one process to another Within a 
single machine, or may be transmitted betWeen machines in 
alternative manners (including direct attachment to a com 

munications channel). 

[0028] Computing device 10 is preferably a standard com 
puting device of the type that is commercially available, and 
comprises a central processing unit (CPU) 12, memory 14 
(Which may be primary and/or secondary memory), long 
term storage 16 (Which can include one or more of: a hard 
drive, diskette drive, tape drive, etc.), and netWork trans 
mission capability 18. Similarly, computing device 20 is 
preferably a standard, commercially-available computing 
device, and also comprises a CPU 22, memory 24 (Which 
may be primary and/or secondary memory), one or more 
types of long-term storage 26, and netWork transmission 
capability 28. Alternatively, computing device 20 may use 
ROM memory 24 and not contain long-term storage 26. 
Computer program instructions that implement the present 
invention are preferably stored in the memory 14 and 
memory 24 (and/or in storage 16, 26). The programming 
instructions stored in memory 14 comprise instructions for 
encoding information to be transmitted to device 20, and the 
programming instructions stored in memory 24 comprise 
instructions for decoding information that has been received 
from device 10). 

[0029] Computing device 10 may be a server or main 
frame, a single-user Workstation, or any other type of 
computing device that has information to be transmitted to 
another device or process. When computing device 20 is a 
separate device, it may be a resource-constrained device 
such as the controller for a robot, a microprocessor Within a 
“smart” appliance in the home, or any other type of com 
puting device that needs to receive and process information 
ef?ciently. (Furthermore, the present invention may be used 
advantageously even though the receiving computing device 
20 is not resource-constrained.) 

[0030] NetWork 40 may be a local area netWork (LAN) or 
a Wide area netWork (WAN), or computing devices 10 and 
20 may operate in a client/server or peer-to-peer netWork, or 
any other type of netWorking con?guration may be used. 
Such con?gurations, as Well as the appropriate communi 
cations hardWare and softWare, are knoWn in the art. 

[0031] FIG. 2 illustrates an eXample netWork con?gura 
tion 40 in Which the present invention may be practiced. The 
netWork 40 may include a plurality of individual netWorks, 
such as Wireless netWork 42 and netWork 44, each of Which 
may include a plurality of individual computing devices of 
the type described With reference to FIG. 1. Additionally, as 
those skilled in the art Will appreciate, one or more LANs 
may be included (not shoWn), Where a LAN may comprise 
a plurality of intelligent Workstations coupled to a host 
processor. 

[0032] Still referring to FIG. 2, the netWorks 42 and 44 
may also include mainframe computers or servers, such as 
a gateWay computer 46 or application server 47 (Which may 
access a data repository 48). A gateWay computer 46 serves 
as a point of entry into each netWork 44. The gateWay 46 
may be preferably coupled to another netWork 42 by means 
of a communications link 50a. The gateWay 46 may also be 
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directly coupled to one or more Wired or Wireless devices 10 
using a communications link 50b, 50c. The gateway com 
puter 46 may be implemented utilizing an Enterprise Sys 
tems Architecture/370 available from the International Busi 
ness Machines Corporation (IBM), an Enterprise Systems 
Architecture/390 computer, etc. Depending on the applica 
tion, a midrange computer, such as an Application System/ 
400 (also knoWn as an AS/400) may be employed. (“Enter 
prise Systems Architecture/370” is a trademark of IBM; 
“Enterprise Systems Architecture/390”, “Application Sys 
tem/400”, and “AS/400” are registered trademarks of IBM.) 

[0033] The gateWay computer 46 may also be coupled 49 
to a storage device (such as data repository 48). Further, the 
gateWay 46 may be directly or indirectly coupled to one or 
more devices 10. A real-time system 50 and real-time 
controller 54 (Which together may comprise the second 
computing device 20 of FIG. 1) are coupled to gateWay 46 
for purposes of communicating With a device 10. Typically, 
system 50 is coupled to controller 54 via a direct connection 
52. In the case of a robot, for eXample, controller 54 is a 
robot controller and is typically operably coupled to a 
movable part of the robot such as the robot arm (not shoWn 
in FIG. 2). 

[0034] Those skilled in the art Will appreciate that the 
gateWay computer 46 may be located a great geographic 
distance from the netWork 42, and similarly, the devices 10 
may be located a substantial distance from the netWorks 42 
and 44. For example, the netWork 42 may be located in 
California, While the gateWay 46 may be located in TeXas, 
and one or more of the devices 10 may be located in NeW 
York. The devices 10 may connect to the Wireless netWork 
42 using a netWorking protocol such as the Transmission 
Control Protocol/Internet Protocol (“TCP/IP”) over a num 
ber of alternative connection media, such as cellular phone, 
radio frequency netWorks, satellite netWorks, etc. The Wire 
less netWork 42 preferably connects to the gateWay 46 using 
a netWork connection 50a such as TCP or UDP (User 
Datagram Protocol) over IP, X25, Frame Relay, ISDN 
(Integrated Services Digital NetWork), PSTN (Public 
SWitched Telephone NetWork), etc. The devices 10 may 
alternatively connect directly to the gateWay 46 using dial 
connections 50b or 50c. Further, the Wireless netWork 42 and 
netWork 44 may connect to one or more other netWorks (not 
shoWn), in an analogous manner to that depicted in FIG. 2. 

[0035] In the preferred embodiment, the present invention 
is implemented in computer softWare. Alternatively, the 
present invention may be embodied in hardWare, or in a 
combination of softWare and hardWare. In a softWare 
embodiment, as depicted in FIG. 2, softWare programming 
code Which embodies the present invention is typically 
retrieved by the CPU 12 and 22 from long-term storage 
media 16 and 26 of some type, such as a CD-ROM drive or 
hard drive, and loaded into memory 14 and 24. Alternatively, 
some or all of the softWare programming code may be 
retrieved directly from ROM memory 14 and 24. The 
softWare programming code may be embodied on any of a 
variety of knoWn media for use With a computing system, 
such as a diskette, hard drive, or CD-ROM. The code may 
be distributed on such media, or may be distributed from the 
memory or storage of one computing device over a netWork 
of some type to other computing devices for use by such 
other devices. Alternatively, the programming code may be 
accessed directly from long-term storage 16 and/or 26. The 
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techniques and methods for embodying softWare program 
ming code in memory, on physical media, and/or distribut 
ing softWare code via netWorks are Well knoWn and Will not 
be further discussed herein. 

[0036] Note that While the discussions herein are in terms 
of a ?rst computing device transmitting encoded information 
to a second computing device, this is for purposes of 
illustration and not of limitation. Other scenarios are also 
Within the scope of the present invention. As has been 
discussed, such other scenarios include transmission of 
encoded information from one process to another process 
Within a single computing device. Furthermore, a ?rst com 
puting device (or process) may encode information and 
transmit that encoded information to multiple target devices 
(or processes). Hereinafter, reference to a transmitting or 
receiving computing device includes a transmitting or 
receiving process as Well as multiple receiving devices and 
receiving processes. 

[0037] The present invention de?nes an improved tech 
nique for transmitting information from one computing 
device to another by encoding that information in an ef?cient 
manner that capitaliZes on vertical correlations among the 
data values. The encoded information can be ef?ciently 
decoded for processing at the receiving device. 

[0038] As an eXample of data that has a vertical correla 
tion, suppose a multi-aXis robot has a number of independent 
positional motor controls. Target position values at a par 
ticular point in time may be speci?ed for each aXis. To 
control the movement of the robot, these position values are 
typically transmitted (and processed) at uniform intervals. A 
collection of target position values for some number of 
intervals may be represented (conceptually as Well as physi 
cally) as a table of data, Where the values in each column are 
values for a particular position at different ones of the 
intervals and the values in each roW are the set of values for 
each position at some particular point in time. The values in 
the roWs of the table correspond to the information that is 
used to control the robot’s movement at uniform intervals. 
As Will be described, the present invention de?nes an 
ef?cient technique for reducing the amount of data that must 
be transmitted While still preserving the information content. 

[0039] Another eXample of data having a vertical corre 
lation is a multi-character indicator on a Wireless device 

(such as a display for a smart appliance in the home, a digital 
phone, etc.). It may be desirable to make periodic updates to 
the display ?eld at relatively short intervals. In this eXample, 
the columns of the table may represent the multiple char 
acter positions on the display While the roWs represent the 
changing values to be displayed in those positions at each 
periodic update. Or, the columns may represent multiple 
positions as Well as attributes (such as color) for the char 
acter to be displayed at that position. In this case, the values 
in each roW preferably specify a set of characters and 
attribute values for those characters. 

[0040] Many prior art systems used in these types of 
scenarios send each roW in its entirety. HoWever, sending all 
of the values at each interval is an inef?cient transmission 
technique that Wastes communication bandWidth, and may 
lead to overrunning the capabilities of the receiving device. 
One Way in Which prior art systems address this concern is 
to increase the period interval, thereby transmitting data less 
frequently. The disadvantages of this approach have been 
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discussed above. Other prior art systems may attempt to 
reduce the amount of data transmitted by looking for rela 
tionships in neighboring data values or across column data 
in a horizontal fashion. For example, the Well-knoWn Lem 
pel-Ziv compression technique looks for relationships 
among neighboring bytes in a data stream and uses these 
relationships to reduce the siZe of the data stream. 

[0041] When a vertical correlation exists among the roWs 
of a table of the type described—that is, When data is to be 
transmitted that speci?es periodically-changing values for a 
?xed set of parameters or columns—the encoding technique 
of the present invention can be used advantageously to 
minimiZe the amount of data that must be transmitted. In 
particular, the present invention transmits only changes in 
position values. As a result, input/output traf?c, transmission 
time, and memory requirements are reduced. These reduced 
resource requirements may enable reducing the periodic 
interval, thereby providing information With a ?ner granu 
larity (depending on the characteristics of a particular appli 
cation With Which the present invention is used). 

[0042] In the preferred embodiment, up to 7 independent 
columns of byte values (i.e. values from 0 to 255 hexadeci 
mal) are compressed using the novel encoding technique 
de?ned herein. It Will be obvious to one of ordinary skill in 
the art hoW this encoding technique may be expanded to 
accommodate more than 7 columns of data, based upon the 
teachings herein (eg by using multiple bytes instead of a 
single byte for the bit mask described beloW). 

[0043] FIG. 3A illustrates an example table that has 4 
roWs of periodic data values With a vertical correlation, each 
roW having 5 columns, that Will be used as input to describe 
operation of the preferred embodiment of the encoding 
technique of the present invention. In prior art systems, a 
periodic task is normally created to send a roW of these 
values to an external device via an output netWork interface 
or channel at an appropriate interval. For this example table, 
this prior art approach Would result in sending 20 bytes of 
values. HoWever, note that the ?rst 2 roWs of this table are 
identical. Furthermore, the only difference betWeen roWs 2 
and 3 is the changed values in columns 2 and 5, and roW 4 
is identical to roW 3. Thus, transmitting the entire table 
results in transmission of a signi?cant amount of redundant 
information. 

[0044] By encoding the example table of FIG. 3A accord 
ing to the preferred embodiment of the present invention, 
these 20 bytes can be reduced to the 11 bytes shoWn in FIG. 
3B. (As Will be obvious, signi?cant bene?ts Will be realiZed 
for tables having more roWs than shoWn in this example, 
including tables that continue to groW dynamically as peri 
odic data is generated.) The manner in Which this encoding 
technique operates to create an output sequence Will noW be 
described in general terms. The pseudocode in FIG. 4, 
Which describes the logic of an algorithm that may be used 
to implement this encoding technique, Will then be dis 
cussed. Operation of this algorithm Will be illustrated With 
reference to the interim results in FIGS. 6A through 61. 
Finally, a decoding technique Will be described With refer 
ence to the pseudocode in FIG. 5. 

[0045] At each time interval represented in the input table, 
the values of Zero or more of the columns in the table 
change. The encoding technique of the present invention 
places a bit mask byte in the output stream to identify 
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changed columns and a marker byte to collapse blocks of 
non-changing roWs. (Depending on the interval siZe and the 
complexity of the example data, as Well as the behavior of 
a particular real-time application, the number of changes 
occurring in each interval Will vary. Generally, a short 
interval combined With comparably infrequent changes Will 
require the feWest updates per interval.) 

[0046] In the preferred embodiment, the ?rst byte of the 
encoded output sequence de?nes the number of columns in 
the table. According to the algorithm in FIG. 4, this value is 
alWays one of the folloWing: 

Value (in hex) 

Ox7F for 7 columns of input values 
Ox3F for 6 columns 
OxlF for 5 columns 
OxOF for 4 columns 
0x07 for 3 columns 
0x03 for 2 columns 
0x01 for 1 column 

[0047] This byte is immediately folloWed by the initial 
values for each column, in the same order as the values 
appear in the columns of the input table. All columns must 
be represented by a 1-byte value. For the example table in 
FIG. 3A, the byte sequence Written to an output stream to 
represent the ?rst roW (in hex) is: 

IF 80 EA 29 0C C8 

[0048] The encoding of the subsequent intervals begins by 
determining the differences in values from one roW to the 
next, based on the vertical correlation among the columns. 
That is, the value in a particular column for one roW 
(representing a previous interval) is compared to the value 
for that column in the next roW (representing a current 
interval). This, process is repeated for each of the columns. 
If the differences for all the columns are 0, then it is not 
necessary to transmit the (redundant) values from this roW. 
Instead, a counter is incremented until a roW is found Where 
at least one column value has changed. Once this roW has 
been found (or the end of the table, or sequence to be 
transmitted, is reached), a marker byte is created to indicate 
the number of non-changing roWs (i.e. the number of 
intervals Where no change occurred). In the preferred 
embodiment, the high-order bit of this marker byte is alWays 
set on (i.e. it has the value 1). The remaining 7 bits represent, 
in hexadecimal, the number of non-changing roWs. If the 
number of non-changing roWs exceeds 127, more marker 
bytes are added until the cumulative total of the marker bytes 
the appropriate roW count. For the example data in FIG. 3A, 
Where the second roW is unchanged as compared to the ?rst 
roW, but a change occurs in the third roW, the count of 
non-changing roWs at this point is therefore 1. Thus, the 
marker byte is encoded as 0x81 (i.e. ‘1000 0001’B, Where 
the 1 in the high-order bit signi?es that this is a marker byte 
and the 1 represents the count of 1 non-changing roW). is 
encountered With at least 1 column value changed, the ?rst 
byte appearing in the output stream for this changed roW 
indicates Which column values have changed. In the pre 
ferred embodiment, the interpretation of the bit pattern in 
this byte is dependent on the number of columns in the table. 
(Setting each of the appropriate bits in these bit patterns 
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occurs according to the algorithm of FIG. 4.) For a 7-col 
umn table, the following bits are used: 

Bit 

7 always set to O (high-order bit) 
6 indicates whether column 1 changed 
5 indicates whether column 2 changed 
4 indicates whether column 3 changed 
3 indicates whether column 4 changed 
2 indicates whether column 5 changed 
1 indicates whether column 6 changed 
0 indicates whether column 7 changed 

[0049] For a S-column table, such as that shown in FIG. 
3A, the following bits are used: 

Bit 

7 always set to O (high-order bit) 
6 always set to 0 (not used) 
5 always set to 0 (not used) 
4 indicates whether column 1 changed 
3 indicates whether column 2 changed 
2 indicates whether column 3 changed 
1 indicates whether column 4 changed 
0 indicates whether column 5 changed 

[0050] The bytes following this bit mask byte are the new 
(i.e. changed) values for the changed row, in the order of 
their appearance in the table (and in the order indicated by 
the bit settings in the bit mask). Values of any columns that 
did not change within this row are not written to the output 
stream. For the example table, the third row would therefore 
be encoded (in hexadecimal) as: 

09 B2 C3 

[0051] The ?rst of these bytes, 0x09 (‘0000 1001’B) is the 
bit mask which signi?es that the values in columns 2 and 5 
have changed, as compared to the prior row (and the 
previous interval). The second and third of these bytes 
specify the changed values. 

[0052] The complete encoding for the example table in 
FIG. 3A is therefore (in hexadecimal): 

1F 80 EA 29 OC C8 81 09 B2 C3 81 

[0053] as shown in FIG. 3B, wherein the output stream 
has been annotated to show the meaning of the various 
bytes. 

[0054] Referring now to the algorithm represented by the 
pseudocode 400 in FIG. 4, the interim output sequences in 
FIGS. 6A through 6I will be used to illustrate operation of 
the algorithm on the example input data in FIG. 3A. The 
variables used by this algorithm are de?ned as shown at 
element 410. A variable “N” represents the number of 
columns in the input table. For the example table in FIG. 
3A, N has the value 5. A 1-dimensional array P[l] through 
P[N] is used to store the column values for the previous row 
or interval, and a 1-dimensional array X[l] through X[N] 
stores the column values for the current row. Avariable “I” 
is used as an index into the output buffer “OB” that is being 
constructed. Variable “K” also points into this output buffer. 

Oct. 3, 2002 

(During the processing of each row, variable I points to the 
next available position for storing a changed byte in the 
output buffer, and K points to a position which precedes the 
location of variable I and which is reserved for storing a 
marker byte or a bit mask byte.) Variable “J” is used as a 
loop counter while processing the columns of each row. 
Preferably, index registers are used for variables I, J, and K 
in order to optimiZe the speed of the algorithm. A variable 
“B” stores the bit mask for the current row, and variable “C” 
stores a count of the number of non-changed rows. Variable 
“D” stores a count of the number of changed columns in the 
current row. 

[0055] The logic of the algorithm in FIGS. 4A and 4B is 
shown at element 420. The output buffer OB (referred to 
herein equivalently as an output stream) is preferably 
de?ned as a Zero-based 1-dimensional array or stream of 

bytes. The algorithm begins (see element 430) by initialiZing 
all the variables (as described at element 410) to Zero and 
then setting N to the number of columns in the table (where 
N=5 for the example). 

[0056] Next, a loop depicted at element 440 is performed 
for each row, until all the rows in the table have been read 
and processed. This loop begins by setting X[l] through 
X[N] to the column values from the current row. The loop 
shown at 450 is iterated for each of the (J=1 to N) columns 
in this row. First, the bit mask B is shifted one bit position 
to the left. In this manner, the change ?ag bit for the current 
(J-th) column can be set, if the column contains changed 
data, simply by adding 1 to the bit mask, irrespective of 
which column it is that changed. The data value in the 
current J-th column (stored in is then compared to the 
data value in the J-th column of the previous row (stored in 
P[J If these values are identical, loop 450 is complete for 
this value of J, and J is then incremented for another iteration 
(unless all N columns have been processed, in which case 
control transfers to the if statement that begins at 460). When 
the values are not identical, however, the number of changed 
columns is incremented (in variable D); the change bit for 
the current column is set on (by incrementing variable B, as 
just discussed); the data value of the changed column is 
written to the next available position in the output buffer 
(which is the location having index I+D); and this changed 
data value is also stored in the “previous row values” buffer 
at position P[J]. 

[0057] Each full iteration of loop 450 ?nds the changes in 
the current row, counts them, writes them to the output 
buffer, remembers them for processing the next row, and sets 
the bit mask accordingly to re?ect the columns that have 
changed as compared to the previous row. At the completion 
of loop 450 for the ?rst row of an input table, the output 
buffer contains the initial values for each row. (By de?nition, 
each of these columns represents a change when the algo 
rithm ?rst operates, and thus the statements within the if 
clause of loop 450 are executed for each column.) After 
processing the ?rst row of the example table up through loop 
450, the output buffer and variables are as shown in FIG. 
6A. 

[0058] The if statement shown at 460 and 470 executes 
next. If bit mask B is not zero (ie if this row contained 
changed columns), the if clause 460 executes; otherwise, 
else clause 470 executes. 5 Following completion of either 
clause 460 or clause 470, control returns to the top of loop 
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440 to load the next roW into X[1] through X[N] and process 
this roW, unless all roWs have already been processed. In the 
latter case, the logic of if statement 490 is executed to 
complete the output buffer. 

[0059] Turning noW to the if clause at 460, K has a 
non-Zero value only When it has been necessary to Write at 
least one marker byte into the output buffer. Thus, Working 
through the example in FIG. 3A, the embedded if clause at 
465 Will be skipped. The bit mask in B is then Written to the 
output buffer, in a position (indexed by variable I) that 
precedes the locations Where the changed values it repre 
sents have already been Written. Referring to the example, 
the output buffer noW has the values shoWn in FIG. 6B. 
Because all 5 columns of this ?rst roW are considered 
changed, the ?rst bit mask has the value 0x1F (‘0001 
1111’B). Variable I is then incremented to move past the last 
changed column value in the output buffer, to the next 
available position, by adding (D+1) to the current value of 
I. The bit mask B and changed-column counter D are then 
reset, and processing returns to the top of loop 440. The 
output buffer and variables resulting from processing the 
example table have the values shoWn in FIG. 6C. 

[0060] On the next iteration of loop 450 (for the second 
roW of the table in FIG. 3A), no changed columns are 
detected. Thus, the variables and the output buffer remain as 
shoWn in FIG. 6C. On the subsequent execution of if 
statement 460, the else clause 470 Will be processed because 
B has the value Zero (since no changes Were detected in the 
current roW). Since K has the value 0 at this point, the 
embedded else clause shoWn at 480 is executed, setting K to 
the position in the output buffer Where I noW points; then 
moving I to the next sequential position; and setting variable 
C to 1 (to signify that one non-changing roW has been 
detected). The result of this processing is re?ected in FIG. 
6D. 

[0061] Control then returns to the top of loop 440 to begin 
processing the third roW in the example input table. Loop 
450 Will detect changes in columns 2 and 5. Accordingly, 
changed column counter D Will be set to 2; bit mask B Will 
be set to 0x09 (‘0000 1001’B); the changed values B2 and 
C3 Will be stored in the output buffer at positions 8 and 9; 
and these changed values Will also be remembered in the 
previous roW buffer at P[2] and P[5]. This result is shoWn in 
FIG. 6E. 

[0062] Because changes Were detected in the current roW, 
bit mask B has a non-Zero value and thus if clause 460 Will 
be executed next. K noW has a non-Zero value as Well, since 
a non-changed roW (roW 2) has been detected on the 
previous iteration. Thus, the embedded if statement at 465 
executes and creates a marker byte. The existing count of 
non-changed roWs in variable in C is used as the basis for the 
marker byte, Which then has its top-order bit set to 1 to 
signify that it is a marker. The value of the marker byte (in 
variable C) is then Written to the output buffer at position 
K—that is, in a reserved location that precedes the infor 
mation that is being Written out for the changed roW (roW 3, 
in the example) that has forced the generation of the marker 
byte. The location for the next marker byte (variable K) and 
the count of non-changing roWs (variable C) are then reset. 
The output buffer and variables thus have the values shoWn 
in FIG. 6F. 

[0063] Next, the bit mask for the changed roW is Written 
into the output buffer at the position indicated by variable I. 
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This variable is then incremented to point past the informa 
tion for the current (changed) roW by adding (D+1) to I, and 
the bit mask B and changed column counter D are reset to 
Zero. The output buffer and variables are as shoWn in FIG. 
6G. 

[0064] The fourth roW of the input table of FIG. 3A is then 
processed in loop 450, Where no changes are detected. Thus, 
the output buffer and variables remain as shoWn in FIG. 6G. 
Because bit mask B has the value Zero at this point, else 
clause 470 executes next. Because K has been reset to Zero, 
the embedded else clause 480 executes and sets K to the 
position Where I has been pointing, increments I, and then 
sets variable C to indicate that a non-changing roW has been 
processed. See FIG. 6H for the corresponding output buffer 
and variable values. 

[0065] Because all 4 roWs of the example input table have 
noW been processed, control reaches the if statement at 490. 
Variable K has a non-Zero value, indicating that (at least) one 
non-changing roW has been detected and a marker byte 
therefore needs to be Written into the output buffer. Thus, the 
non-changing roW counter in variable C is made into a 
marker byte by setting its high-order bit to 1. The value of 
C is then Written into the output buffer at the position 
indicated by the value of K. See FIG. 61, Which re?ects the 
processing of the entire example table from FIG. 3A (and 
Which shoWs that the output buffer noW matches that shoWn 
in FIG. 3B). 

[0066] If variable K has a Zero value upon reaching if 
statement 490, this indicates that the ?nal roW of the input 
table contains one or more changed columns, and thus it is 
not necessary to Write a marker byte into the output buffer. 

[0067] The example did not illustrate the processing of the 
if clause 475 embedded Within else clause 470. This logic is 
executed When there Was no change in the current roW (i.e. 
bit mask B=0), and When at least one non-changing roW has 
previously been detected (i.e. K points to some non-Zero 
location in the output buffer that is being reserved for a 
marker byte). The count of non-changing roWs is then 
incremented in variable C, and C is checked to see if an 
over?oW condition has occurred. An over?oW of variable C 
exists When the 128-th (or multiples thereof) sequential 
non-changing roW is detected, causing bit 7 of C to be set to 
1. This condition is handled by Writing a marker byte having 
a value of 0xFF into the output buffer (representing a count 
of 127, or ‘0111 1111’B, after replacing the 0 bit in the 
high-order position With a 1 bit to indicate that this is a 
marker byte); incrementing K to point to the next available 
location in the output buffer, thereby reserving space for 
another marker byte; incrementing I to point past the posi 
tion for the additional marker byte; and resetting the count 
of non-changing roWs in C to 1. 

[0068] Preferably, the loop shoWn at 440 is terminated by 
testing Whether a pointer to the next roW in the input table 
indicates that there are no more roWs, and the end of the 
table has therefore been reached. This approach accommo 
dates a dynamically-groWing input table, for Which values 
Will continue to be transmitted to re?ect only the changes 
from previously-transmitted values. (Note that While the 
input table groWs as data values are generated for neW 
periodic intervals, the storage used to hold the table does not 
necessarily groW, as the pertinent content of roWs that have 
been processed Will be remembered by the algorithm, and is 
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therefore preferably discarded.) The actual transmission of 
the output buffer has not been re?ected in the algorithm of 
FIG. 4. Transmission preferably occurs When the encoded 
information (or a periodic subset thereof) is complete. In the 
robot example, this typically corresponds to completing a set 
of commands for movement of the robot. In a dynamic case 
(or over a long interval), the encoded information can 
therefore be sent in chunks and buffered on the receiving 
system. 

[0069] Pseudocode for a decoding algorithm that reverses 
the transformations performed by the encoding algorithm of 
FIG. 4 is shoWn in FIG. 5. This logic executes on the 
receiving device, and uses variables N, I, J, C, and D (see 
element 510 of FIG. 5). Variable “N” again re?ects the 
number of columns in the table to be processed. Variable C 
holds a count of non-changing roWs. Variable D counts the 
number of changed columns in a roW. Variables I and J are 
counters, Which are preferably stored in index registers. 
Variable I is used to index through an input buffer “IB”, and 
variable J is a loop iteration counter. 

[0070] As shoWn at 520, the variables are initialiZed and 
the value of variable N is learned from the value of the ?rst 
byte from the received encoded ?le stored in the input buffer 
IB (Which receives the encoded data transmitted from the 
sending device). Loop 530 then executes to decode all the 
roWs re?ected by this input buffer. When the decoding 
operation begins, C remains initialiZed to Zero, so else clause 
540 executes. The input buffer does not have a value greater 
than 127 in the I-th position at this point, because variable 
I still points to the ?rst byte of input (Which is a bit mask 
representing the ?rst roW, and Which is used to set N). 
Therefore, the embedded else clause Within statement 550 
executes. 

[0071] This embedded else clause Within statement 550 
begins With a loop 560 that executes to potentially retrieve 
up to N bytes of data from the decoded input buffer by 
iterating for (J =1 to N) executions. Each bit in the bit mask 
stored in the current (I-th) position of the input buffer is 
inspected to see Whether the corresponding column has 
changed data. If so, then variable D is incremented and the 
changed column data, Which is stored in position (I+D) of 
the input buffer, is sent to the output device (eg to the robot 
arm axis, When the present invention is used With a robot) for 
processing. 

[0072] After loop 560 ?nishes for the current roW, variable 
I is incremented to point to the (already-decoded) location in 
the input buffer Where D had been pointing, and variable D 
is reset to indicate that there are as yet no changed columns 
in the current (i.e. next) roW. Variable I is then incremented 
(see element 570) to point to the next un-decoded location 
in the input buffer. 

[0073] Upon reaching a marker byte in the input buffer, the 
test (IB[I] >127) at the top of if statement 550 Will be true 
(because a marker byte is the only byte having its high-order 
bit set, and therefore no other bytes have a value >127). In 
this case, the count of non-changing roWs is retrieved from 
the loW-order bits of this byte and used as the value of 
variable C. The column retrieval process in loop 560 is 
bypassed (because presence of the marker byte indicates at 
least one period for Which the roW did not change), and 
variable I is moved (see element 570) to point to the byte 
folloWing the marker byte. When next returning to the top of 
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loop 530, C is greater than Zero, so the value in C is 
decremented. The iterative processing of loop 530 thus 
comprises repeatedly decrementing C (in effect counting 
doWn through the appropriate number of non-changing 
roWs), until C again reaches Zero. When C reaches Zero, this 
indicates that the column data for the corresponding period 
contained at least one change. This changed data is retrieved 
in loop 560, as has been described. This retrieving of 
changed column values, and decrementing C for each 
unchanged roW, continues until the entire input buffer has 
been decoded, at Which time the processing represented by 
FIG. 5 ends. 

[0074] As has been demonstrated, the encoding technique 
of the present invention provides a very ef?cient, compact 
process for reducing the siZe of a data stream and thus 
reducing the I/O and memory requirements of systems 
(including, in particular, real-time systems and other 
resource-constrained systems) Without loss of data stream 
content. The corresponding decoding algorithm is also ef? 
cient and compact. Furthermore, in a particular application, 
the ef?ciencies gained through use of the present invention 
may make it possible to reduce the periodic interval and 
thereby increase the granularity of the transmitted informa 
tion (Without degrading operation of the application). 

[0075] While the preferred embodiment of the present 
invention has been described, additional variations and 
modi?cations in that embodiment may occur to those skilled 
in the art once they learn of the basic inventive concepts. 
Therefore, it is intended that the appended claims shall be 
construed to include both the preferred embodiment and all 
such variations and modi?cations as fall Within the spirit and 
scope of the invention. 

What is claimed is: 
1. A computer program product for ef?ciently encoding 

data values that have a vertical correlation, the computer 
program product embodied on one or more computer read 
able media and comprising: 

computer-readable program code means for accessing a 
plurality of data values, Wherein the plurality of data 
values is logically structured as a plurality of roWs, 
each of the roWs having a plurality of columns; and 

computer-readable program code means for encoding the 
plurality of data values as a compressed output stream, 
further comprising: 

computer-readable program code means for omitting 
selected ones of the plurality of data values from the 
output stream, Wherein the selected ones are those data 
values Which are repeated from one column in one roW 
to that column in a next-sequential roW; and 

computer-readable program code means for indicating the 
omission in the output data stream Without loss of 
information content. 

2. The computer program product according to claim 1, 
further comprising computer-readable program code means 
for transmitting the compressed output stream to a receiver. 

3. The computer program product according to claim 2, 
further comprising: 

computer-readable program code means for receiving, at 
the receiver, the transmitted output stream; and com 
puter-readable program code means for decoding the 



US 2002/0140585 A1 

received output stream into the logical structure of the 
plurality of roWs and the plurality of columns. 

4. The computer program product according to claim 3, 
further comprising computer-readable program code means 
for using the decoded output stream as periodic input for an 
application. 

5. The computer program product according to claim 4, 
Wherein the application is a real-time application. 

6. The computer program product according to claim 1, 
Wherein the computer-readable program code means for 
encoding further comprises: 

computer-readable program code means for creating a 
marker byte to indicate hoW many sequential roWs have 
identical data values in each column; 

computer-readable program code means for creating a bit 
mask for each roW that has changed data values, 
Wherein one or more bits in the bit mask are set on for 

each column in the roW Which has one of the changed 
data values; and 

computer-readable program code means for Writing the 
marker bytes and the bit masks into the output stream, 
along With the changed data values. 

7. The computer program product according to claim 1, 
Wherein the data values are byte values. 

8. The computer program product according to claim 1, 
Wherein each of the roWs represents a periodic set of data 
values. 

9. A system for ef?ciently encoding data values that have 
a vertical correlation, comprising: 

means for accessing a plurality of data values, Wherein the 
plurality of data values is logically structured as a 
plurality of roWs, each of the roWs having a plurality of 
columns; and 

means for encoding the plurality of data values as a 
compressed output stream, further comprising: 

means for omitting selected ones of the plurality of data 
values from the output stream, Wherein the selected 
ones are those data values Which are repeated from 
one column in one roW to that column in a neXt 

sequential roW; and 

means for indicating the omission in the output data 
stream Without loss of information content. 

10. The system according to claim 9, further comprising 
means for transmitting the compressed output stream to a 
receiver. 

11. The system according to claim 10, further comprising: 

means for receiving, at the receiver, the transmitted output 
stream; and 

means for decoding the received output stream into the 
logical structure of the plurality of roWs and the plu 
rality of columns. 

12. The system according to claim 11, further comprising 
means for using the decoded output stream as periodic input 
for an application. 

13. The system according to claim 12, Wherein the appli 
cation is a real-time application. 

14. The system according to claim 9, Wherein the means 
for encoding further comprises: 
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means for creating a marker byte to indicate hoW many 
sequential roWs have identical data values in each 
column; 

means for creating a bit mask for each roW that has 
changed data values, Wherein one or more bits in the bit 
mask are set on for each column in the roW Which has 
one of the changed data values; and 

means for Writing the marker bytes and the bit masks into 
the output stream, along With the changed data values. 

15. The system according to claim 9, Wherein the data 
values are byte values. 

16. The system according to claim 9, Wherein each of the 
roWs represents a periodic set of data values. 

17. A method for ef?ciently encoding data values that 
have a vertical correlation, comprising the steps of: 

accessing a plurality of data values, Wherein the plurality 
of data values is logically structured as a plurality of 
roWs, each of the roWs having a plurality of columns; 
and 

encoding the plurality of data values as a compressed 
output stream, further comprising the steps of: 

omitting selected ones of the plurality of data values 
from the output stream, Wherein the selected ones are 
those data values Which are repeated from one col 
umn in one roW to that column in a neXt-sequential 

roW; and 

indicating the omission in the output data stream With 
out loss of information content. 

18. The method according to claim 17, further comprising 
the step of transmitting the compressed output stream to a 
receiver. 

19. The method according to claim 18, further comprising 
the steps of: 

receiving, at the receiver, the transmitted output stream; 
and 

decoding the received output stream into the logical 
structure of the plurality of roWs and the plurality of 
columns. 

20. The method according to claim 19, further comprising 
the step of using the decoded output stream as periodic input 
for an application. 

21. The method according to claim 20, Wherein the 
application is a real-time application. 

22. The method according to claim 17, Wherein the 
encoding step further comprises the steps of: 

creating a marker byte to indicate hoW many sequential 
roWs have identical data values in each column; 

creating a bit mask for each roW that has changed data 
values, Wherein one or more bits in the bit mask are set 
on for each column in the roW Which has one of the 
changed data values; and 

Writing the marker bytes and the bit masks into the output 
stream, along With the changed data values. 

23. The method according to claim 17, Wherein the data 
values are byte values. 

24. The method according to claim 17, Wherein each of 
the roWs represents a periodic set of data values. 


