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(57) ABSTRACT 

A method for updating a set of presentation images through 
a single-buiTered multipoint dispatcher over a network to 
multiple clients is provided. Each screen of a set of screens 
included in the presentation is divided into tiles. Packets 
respectively corresponding to the tiles of a ?rst screen are 
stored in a single bu?cered multipoint dispatcher according to 
a time sorted hierarchy, a top packet having a most recent 
time value and a bottom packet having a least recent time 
value. Each tile of the ?rst screen is compared With a 
corresponding tile of a second screen to identify any non 
matching tile pairs. For each non-matching tile of the second 
screen, a packet corresponding to that non-matching tile is 
provided to the single bu?cered multipoint dispatcher. Then, 
non-matching tiles of the ?rst screen are replaced With the 
respective non-matching tiles of the second screen, While 
maintaining the time sorted hierarchy. Such replacement 
supports clients With di?cerent connection speeds at di?cerent 
frame rates. 
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SYSTEM FOR DISTRIBUTING OBJECTS TO 
MULTIPLE CLIENTS 

CONTINUING APPLICATION DATA 

[0001] This application is a divisional of, and claims 
priority under 35 U.S.C. §§ 120 and 121 on, US. patent 
application Ser. No. 10/185,834 ?led Jun. 27, 2002, the 
contents of Which is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to data transmis 
sion systems and more particularly to a method for dispatch 
ing updates to objects in a pre-de?ned set. 

[0004] 2. Description of the Related Art 

[0005] With the Widespread adoption of the Internet, more 
applications are becoming prevalent to disperse information 
over distributed netWorks. Multiple computers each having 
different capacity constraints are communicating With each 
other over these distributed netWorks. For example, as video 
conferencing becomes more popular the distribution of a 
presentation or video to multiple clients Will naturally 
involve different computers With varying characteristics. As 
is generally known, the data is typically distributed in the 
form packets to each of the clients. The systems supporting 
multicasting, Where a server sends data to multiple clients, 
such as for videoconferencing, include a module capable of 
distributing packets to a de?ned set of clients referred to as 
a multipoint dispatcher. 

[0006] FIG. 1 is a simpli?ed schematic of a multipoint 
dispatcher. Multipoint dispatcher 100 receives tiles from 
presentation capturing process 102. Presentation capturing 
process 102 is a process in Which each of the clients is sent 
updated portions of a presentation, such as a slide shoW 
being video-conferenced. Thus, Where only a portion of a 
slide changes betWeen consecutive slides of the slideshoW, 
only the changed portion of the slides is sent to each of the 
clients. For example, a certain tile, i.e., tile X Which is a 
subset of the entire image, may differ from tile X of the 
previous capture. The packet containing tile X is dispatched 
to each of the clients Wherein the client combines the tiles to 
reconstruct the original image. 

[0007] The multipoint dispatcher manages the incremental 
disbursement of the changed portion of the slides. FIG. 2 is 
a simpli?ed schematic of a buffer-less multipoint dispatcher 
con?gured to dispatch a neW packet to three clients. Here 
neW packet 104 is received by multipoint dispatcher 100 and 
distributed to clients 1-3. While a buffer-less multipoint 
dispatcher requires minimal memory resources and is easy 
to implement, the buffer-less multipoint dispatcher can only 
successfully serve a static set of clients that have suf?cient 
bandWidth to keep up With the incoming packets. As the 
delivery is synchronous, each client has to be fast or the 
entire system Will stall. In addition, each client Will have to 
support the maximum speed of incoming packets. Therefore, 
each client Will have to support a connection speed above the 
burst speed of the incoming packets since the packets can 
arrive in bursts. 

[0008] FIG. 3 is a simpli?ed schematic of a buffered 
multipoint dispatcher con?gured to distribute a received 
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packet to three clients. Here, multipoint dispatcher 100 
maintains buffers 106, 108, and 110 for clients 1-3, respec 
tively. As neW packet 104 is received, the packet is placed 
at the top of each of the client queues of buffers 106, 108 and 
110. The packets are stored in the buffer and the packets at 
the bottom of the queue are sent to the respective client. 
Once sent, the packet is deleted from the queue. The delivery 
is asynchronous as the time for sending a packet to each 
client is different. The buffered multipoint dispatcher alloWs 
client to receive all their packets even if the clients have 
differing connection speeds. HoWever, the buffered multi 
point dispatcher is much more complex. Another shortcom 
ing of the buffered multipoint dispatcher is that the memory 
requirements increase sharply With the number of clients 
since each client has a dedicated buffer. In some instances, 
especially Where there are a large number of clients, the 
memory requirements may be prohibitive for support of 
such a system. 

[0009] Another shortcoming of the above described mul 
tipoint dispatchers is that the addition of a neW client is a 
cumbersome task. For example, a separate memory portion 
of the multipoint dispatcher is reserved for the original 
image data of the slide shoW or other type of presentation. 
This stored data is used for the initial addition of a neW 
client, Which further increases the memory requirements to 
support the system. 

[0010] As a result, there is a need to solve the problems of 
the prior art to provide a method and apparatus for a 
multipoint dispatcher capable of supporting a large number 
of clients during a multicast operation through a multipoint 
dispatcher Without requiring a large memory capacity. Addi 
tionally, the multipoint dispatcher is con?gured to easily add 
neW clients. 

SUMMARY OF THE INVENTION 

[0011] Broadly speaking, the present invention ?lls these 
needs by providing a method and system for dispatching 
objects to multiple clients through a shared, ?xed siZe, 
single-buffer multipoint dispatcher having minimal memory 
requirements. It should be appreciated that the present 
invention can be implemented in numerous Ways, including 
as a process, a system, or a device. Several inventive 
embodiments of the present invention are described beloW. 

[0012] One aspect of the invention involves a method for 
updating a set of images for a presentation through a 
single-buffered multipoint dispatcher over a netWork to 
multiple clients. Each screen of a set of screens included in 
the presentation is divided into tiles. Next, packets respec 
tively corresponding to the tiles of a ?rst screen are stored 
in a single buffered multipoint dispatcher according to a time 
sorted hierarchy, Wherein a top packet has a mo st recent time 
value and a bottom packet has a least recent time value. 
Then, each tile of the ?rst screen is compared With a 
corresponding tile of a second screen to identify any non 
matching tile pairs. Next, for each non-matching tile of the 
second screen, a packet corresponding to that non-matching 
tile is provided to the single buffered multipoint dispatcher. 
Then, each packet corresponding to a non-matching tile of 
the ?rst screen is replaced With the paired non-matching tile 
of the second screen, While maintaining the time sorted 
hierarchy, Wherein the time sorted hierarchy is maintained 
during the replacing operation to support clients With dif 
ferent connection speeds at different frame rates. 
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[0013] Other aspects and advantages of the invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention will be readily understood by 
the following detailed description in conjunction with the 
accompanying drawings, and like reference numerals des 
ignate like structural elements. 

[0015] FIG. 1 is a simpli?ed schematic of a multipoint 
dispatcher. 
[0016] FIG. 2 is a simpli?ed schematic of a bu?fer-less 
multipoint dispatcher con?gured to dispatch a new packet to 
three clients. 

[0017] FIG. 3 is a simpli?ed schematic of a buffered 
multipoint dispatcher con?gured to distribute a received 
packet to three clients. 

[0018] FIG. 4 is a simpli?ed schematic diagram of a 
single-buffered multipoint dispatcher having three clients in 
accordance with one embodiment of the invention. 

[0019] FIG. 5A is a simpli?ed schematic of a dynamic 
single-buffered multipoint (DSM) dispatcher con?gured to 
maintain the latest copy containing each element, i.e., image 
tile, of the originating set in accordance with one embodi 
ment of the invention. 

[0020] FIG. 5B is a simpli?ed schematic diagram of the 
DSM dispatcher after receiving a new packet in accordance 
with one embodiment of the invention. 

[0021] FIG. 6 is a ?owchart diagram of the method 
operations for processing packets received by a DSM dis 
patcher in accordance with one embodiment of the inven 
tion. 

[0022] FIG. 7A is a simpli?ed schematic diagram of the 
con?guration of a section of the DSM dispatcher before 
sending a packet to a client in accordance with one embodi 
ment of the invention. 

[0023] FIG. 7B is a simpli?ed schematic diagram of the 
con?guration of a section of the DSM dispatcher after 
sending a packet to a client in accordance with one embodi 
ment of the invention. 

[0024] FIG. 8 is a ?owchart diagram of the method 
operations for sending a packet from the DSM dispatcher to 
a client in accordance with one embodiment of the inven 
tion. 

[0025] FIG. 9 is a simpli?ed schematic diagram of a DSM 
dispatcher having a bandwidth control channel in accor 
dance with one embodiment of the invention. 

[0026] FIG. 10 is a ?owchart diagram of the method 
operations performed by a packet serving process for main 
taining an updateable set of image tiles with respect to a 
slideshow in accordance with one embodiment of the inven 
tion. 

[0027] FIG. 11 is a simpli?ed schematic diagram of a 
dispatcher implementation data structure incorporating a 
doubly-linked list in accordance with one embodiment of the 
invention. 

Jul. 27, 2006 

[0028] FIG. 12 is a schematic diagram of a link object 
data structure used for objects of FIG. 11 in accordance with 
one embodiment of the invention. 

[0029] FIG. 13 is a simpli?ed schematic diagram of an 
exemplary con?guration of a system implementing the DSM 
dispatcher in accordance with one embodiment of the inven 
tion. 

[0030] FIGS. 14A-14E provide exemplary schematic dia 
grams of how tiles from consecutive frames of a slideshow 
are received and placed into queue by the DSM dispatcher 
in accordance with on embodiment of the invention. 

DEFINITIONS 

[0031] An “image tile” as used herein refers to a subset of 
an image de?ned by its position, siZe, shape and image data 
that belongs to it. 

[0032] A “dynamic set” as used herein refers to a set in 
which elements can be added or dropped at arbitrary times. 

[0033] A “client” as used herein refers to a remote process 
with which a controlled connection is maintained. 

[0034] A “packet” as used herein refers to a data block 
intended for a client and formatted in a way that is under 
standable by the client. 

[0035] A “multipoint dispatcher” as used herein refers to 
a module capable of distributing packets to a de?ned set of 
clients. 

[0036] A “burst” as used herein refers to a sequence of 
packets delivered at a speed signi?cantly above the average 
overall delivery speed. 

[0037] A “buffer” as used herein refers to a structure that 
keeps objects in memory for a temporary amount of time. 

[0038] A “client pointer” as used herein refers to a client 
speci?c reference to a packet inside a multipoint dispatch 
er’s shared queue. 

[0039] A “DSM dispatcher” as used herein refers to a 
dynamic, single-buffered, multipoint dispatcher for a ?xed 
set of updateable objects. 

[0040] Client latency is de?ned as follows: 

Client latency=most recent time stamp-time stamp of 
the packet pointed at by the client pointer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] An invention is described for an apparatus and 
method for dispatching updates to objects in a set through a 
shared ?xed siZe priority queue. It will be obvious, however, 
to one skilled in the art, that the present invention may be 
practiced without some or all of these speci?c details. In 
other instances, well known process operations have not 
been described in detail in order not to unnecessarily 
obscure the present invention. FIGS. 1-3 are described in 
the “Background of the Invention” section. 

[0042] The embodiments of the present invention provide 
a method and apparatus for using a dynamic single-buffered 
multipoint dispatcher for a ?xed set of updateable objects. 
The dynamic single-buffered multipoint dispatcher is con 
?gured to reduce the memory requirements of the multipoint 
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dispatcher and allow for slower frame rates for slower 
clients, while keeping all clients up-to-date with the most 
recent data. By representing each client buffer as a subset of 
the single, shared buffer and by setting a ?xed siZe for the 
shared buffer, separate memory structures are not necessary. 
In one embodiment, the multipoint dispatcher is further 
con?gured to meter multiple packets, referring to the same 
object, to slow clients. Thus, slow clients will not receive 
multiple packets referring to the same object, i.e., the slower 
client are provided a slower frame rate. In addition, the 
single-buffered multipoint dispatcher is enabled to support 
adding new clients without any assistance from the process 
that is sending the packets and without any need to store a 
base image. In one embodiment, a bandwidth control pro 
tocol is included to support slow and variable speed clients. 
As will be explained in more detail below, maintaining a 
single queue and a list of pointers into that queue (indicating 
which packet is next to be sent to each user), results in each 
packet being queued only once regardless of the number of 
clients. 

[0043] FIG. 4 is a simpli?ed schematic diagram of a 
single-buffered multipoint dispatcher having three clients in 
accordance with one embodiment of the invention. Multi 
point dispatcher 120 includes shared queue 122. In one 
embodiment, shared queue 122 is a ?rst in-?rst out (FIFO) 
bulfer. As new packet 124 is received it is placed on top of 
shared queue 122. Client 1128, client 2130, and client 3132 
are each associated with client pointer 134, client pointer 
136, and client pointer 138, respectively. Consequently, each 
time a packet is to be sent to a client, the dispatcher looks 
up which packet the corresponding client pointer is pointing 
to, and sends that packet to the corresponding client. The 
client pointer is then adjusted to point to the packet above 
the packet that has been sent. For example, if client 2130 has 
been sent packet d 140, then client pointer 136 is adjusted to 
point to packet e 142. In one embodiment, once the bottom 
packet has been sent to all clients, it is removed from the 
queue. 

[0044] FIG. 5A is a simpli?ed schematic of a dynamic 
single-buffered multipoint (DSM) dispatcher con?gured to 
maintain the latest copy containing each element, i.e., image 
tile, of the originating set in accordance with one embodi 
ment of the invention. DSM dispatcher 150 includes shared 
?xed siZe queue 152. Shared ?xed-siZe queue 152 serves as 
a shared buffer and also maintains all the information 
necessary for a newly added client to be introduced without 
requiring additional data from the process supplying the 
packets. Packets A-Z are stored in shared ?xed-siZe queue 
152. The packets inside shared ?xed-siZe queue 152 repre 
sent the latest update for all the elements in the originating 
set, such as with successive screens of a slideshow. As will 
be explained in more detail below, the packets can represent 
image tiles of a video conference multicast presentation sent 
to multiple clients. In this embodiment, dispatcher 150 is in 
communication with client 1156, client 2158, and client 
3160. Associated with clients 1-3 are client pointers P1-P3, 
respectively. Client pointers P1-P3 point to the most recent 
packet in the table the respective client has received. It 
should be appreciated that the most recent packet the client 
has received is not necessarily the last packet the client has 
received, since the last packet the client received may have 
been updated. 
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[0045] Still referring to FIG. 5A, new packet 154 is 
transmitted by a packet serving process in one embodiment. 
Here, new packet 154 represents an update of a packet 
contained in shared ?xed-siZe queue 152. New packet 154 is 
received by DSM dispatcher 150. For exemplary purposes, 
new packet 154 is identi?ed as an update for packet D in 
shared ?xed-siZe queue 152. Thus, new packet 154 replaces 
packet D to maintain the siZe of queue 152 as will be 
explained in more detail below. 

[0046] FIG. 5B is a simpli?ed schematic diagram of the 
DSM dispatcher after receiving a new packet in accordance 
with one embodiment of the invention. New packet 154, 
which is an update of packet D, is placed on the top of queue 
152 since it has the most recent time stamp, i.e., it was 
introduced into the queue most recently. It should be appre 
ciated that the siZe of the queue is maintained because the 
outdated packet (packet D) is replaced by new packet D 154. 
At the same time, DSM dispatcher 150 determines if any 
client pointers are affected by the addition of the new packet 
to the top of queue 152 or the removal of the outdated packet 
from its previous position in the queue. For example, DSM 
dispatcher 150 has three clients. Client 1156 has already 
received all the packets in the queue including outdated 
packet D, client 3160 is due to receive outdated packet D 
after receiving packets F and E, and client 2158 has received 
outdated packet D but is pointing to outdated packet D since 
client 2 has yet to receive packet C. 

[0047] Still referring to FIG. 5B, after new packet D 154 
replaces outdated packet D, client 1156 will receive new 
packet D next. Client 3160 will receive new packet D, 
however, packets C, B and A are received before new packet 
D is received by client 3. Client 2 is still due to receive 
packet C next, but since packet D has moved client pointer 
P2 for client 2 is moved to the next lowest packet, i.e., packet 
E, as packet E is the most recent packet in the queue that 
client 2 has received. While FIGS. 5A and 5B illustrate the 
DSM dispatcher having 3 clients, it will be apparent to one 
skilled in the art that the dispatcher can interface with any 
number of suitable clients. Furthermore, additional clients 
can easily be added as will be explained in more detail 
below. 

[0048] FIGS. 5A and 5B illustrate clients 1-3 pointing to 
different packets. While each of the client pointers initiate at 
the bottom of the shared ?xed siZe queue 152, each of the 
clients will advance upward at their own speed. It should be 
appreciated that the different clients may have faster con 
nections to the dispatcher or the client computers themselves 
can have different operating speeds. Thus, in FIGS. 5A and 
5B, client 1156 can process the data more quickly than client 
3160. One skilled in the art will appreciate that no band 
width control is necessary here since the speed which 
packets are sent to a client is determined by how fast each 
client can handle the packets. 

[0049] FIG. 6 is a ?owchart diagram of the method 
operations for processing packets received by a DSM dis 
patcher in accordance with one embodiment of the inven 
tion. The method initiates with operation 170 where a new 
packet X‘ is received by the DSM dispatcher. The method 
then advances to operation 172 where an existing packet X, 
for which new packet X‘ is the update, is located in the 
queue. Here, the queue is a shared ?xed siZe queue such as 
the queue in FIGS. 5A and 5B. The method then moves to 
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decision operation 174 Where it is determined if any client 
pointers are pointing to packet X. If one or more client 
pointers are pointing to packet X, then the method advances 
to operation 176 Where each of the client pointers pointing 
to packet X is set to point at the packet beloW packet X. 
Thus, each client pointer is set to point at the most recent 
packet in the queue that the corresponding client has 
received. If none of the client pointers are pointing to packet 
X, then the method proceeds from decision operation 174 to 
operation 178 Where packet X is moved to the top of the 
queue. For example packet D of the shared ?xed siZe queue 
of FIG. 5A Would be moved to the top of the queue here. 

[0050] The method of FIG. 6 then proceeds to operation 
180 Where packet X is replaced With packet X'. Thus, the 
packets representing the latest updates for the originating 
elements are kept in the queue. Additionally, the packets are 
stored in a time sorted fashion according to the time each 
packet is introduced into the queue. That is, as each update 
for an existing packet is received, the existing packet is 
moved to the top of the queue and replaced by an updated 
packet. The updated packet remains at the top of the queue 
as it is the most recently received packet into the queue. 

[0051] Thus, the DSM dispatcher is con?gured to send 
packets to clients With different connection speeds at differ 
ent frame rates. As illustrated in FIGS. 5A, 5B and 6, 
incoming packets replace packets that are already in the 
queue. The replaced packets may or may not have been sent 
out to all clients. Depending on the relative speed of the 
clients and the speed at Which the packets are coming in, a 
packet may be replaced after it has been sent to a ?rst client, 
but before it has been sent to a second client. This results in 
the ?rst client having received both the old and the neW 
packet, While the second client Will only receive the neW 
packet. Therefore, the second client Will receive feWer 
packets over the same period of time, Which means it Will 
have the sloWer frame rate. Referring to FIG. 5B, client 1, 
156 has already received the outdated version of packet D 
and Will receive neW packet D 154. HoWever, client 3160 
receives only neW packet D 154. In effect, client 3 receives 
only the neWest copy of packet D, therefore, client 3 is 
associated With a loWer effective bandWidth because client 3 
is sloWer. Consequently, there is no need to maintain any 
tables Which must be accessed in order to achieve different 
bandWidths for clients having differing performance capaci 
ties. 

[0052] The DSM dispatcher is con?gured to support easily 
adding neW clients. In one embodiment the clients are 
enabled to construct a Working default con?guration. Here, 
after a neW client is added, it is initialiZed using a default 
con?guration. The dispatcher creates a corresponding client 
pointer that points beloW the last valid packet in the queue 
as Will be explained beloW With reference to FIG. 11. After 
a certain amount of time, all of the objects in the default 
con?guration Will be replaced by their current versions 
through packets received from the dispatcher. Therefore, a 
current state of the set can be obtained from a DSM 
dispatcher Without requesting additional data from the pro 
cess supplying the DSM dispatcher With packets. That is, 
there is no need to supply a base image to the client. The 
DSM dispatcher is supplied With the latest versions of each 
of the packets and by pointing a neW client at a bottom of the 
shared ?xed siZe queue, each neW client can initiate its oWn 
base image. 
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[0053] FIG. 7A is a simpli?ed schematic diagram of the 
con?guration of a section of the DSM dispatcher before 
sending a packet to a client in accordance With one embodi 
ment of the invention. Here, pointer P2 associated With 
client 2158 is pointing to packet E in the shared ?xed siZe 
queue of the DSM dispatcher. Thus, packet E 190 is the most 
recent packet received by client 2. Once a signal is received 
by the DSM dispatcher that client 2 is ready to receive the 
next time sorted packet from the queue, the dispatcher Will 
look up the client pointer and advance it to point at the 
packet above packet E 190. 

[0054] FIG. 7B is a simpli?ed schematic diagram of the 
con?guration of a section of the DSM dispatcher after 
sending a packet to a client in accordance With one embodi 
ment of the invention. Continuing from the example dis 
cussed With reference to FIG. 7A, pointer P2 associated 
With client 2158 has been moved to point at packet C 192, 
i.e., the packet above packet E. At the same time, packet C 
192 is transmitted to client 2158. It should be appreciated 
that this process Will repeat until pointer P2 for client 2158 
points to the most recently received packet in the shared 
?xed siZe queue. That is, the process Will continue until the 
pointer is pointing at the top packet of the queue. 

[0055] FIG. 8 is a ?owchart diagram of the method 
operations for sending a packet from the DSM dispatcher to 
a client in accordance With one embodiment of the inven 
tion. The method initiates With operation 200 Where it is 
indicated that client N is ready to receive a packet. It Will be 
apparent to one skilled in the art that the dispatcher can be 
con?gured to receive a signal from client N indicating that 
client N is ready to receive a signal. The method then 
advances to operation 202 Where, in response to receiving 
the signal that client N is ready to receive a packet, an 
existing packet X is located. Packet X is being pointed at by 
a pointer associated With client N. The method then proceeds 
to decision operation 204 Where it is determined if packet X 
is the most recent packet in the queue. If packet X is the most 
recent packet in the queue, i.e., packet X is at the top of the 
queue, then the method proceeds to operation 206. In 
operation 206, a signal is sent indicating that there are no 
packets to be sent and the method returns to operation 200. 
It Will be appreciated by one skilled in the art that a Wait 
period can be built in here to de?ne a time interval for 
Waiting to check if client N is ready to receive a packet. The 
packets are sent out to each of the clients of the dispatcher 
asynchronously in one embodiment of the invention. 

[0056] Still referring to FIG. 8, if packet X is not the most 
recent packet in the queue, i.e., packet X is not at the top of 
the queue, then the method proceeds from decision opera 
tion 204 to operation 208. In operation 208, a packet Y is 
located, Wherein packet Y is located above packet X in the 
shared ?xed siZe queue. The method then moves to opera 
tion 210 Where packet Y is sent to client N and a pointer 
associated With client N is set to point at packet Y. It should 
be appreciated that FIGS. 7A and 7B pictorially illustrate 
the method operations described herein With respect to FIG. 
8. 

[0057] FIG. 9 is a simpli?ed schematic diagram of a DSM 
dispatcher having a bandWidth control channel in accor 
dance With one embodiment of the invention. DSM dis 
patcher 150 receives packets 220 from packet serving pro 
cess 224. Dispatcher 150 is capable of asynchronously 
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distributing packets 22011-22011 to client 1226a-client n 
22611, respectively. Bandwidth control channel allows for a 
regulating protocol to be executed between dispatcher 150 
and packet serving process 224. In one embodiment, the 
regulating protocol enables dispatcher 150 to notify packet 
serving process 224 to adjust a speed at which the packets 
are being delivered to the dispatcher. 

[0058] Each client receives packets from the queue at its 
own pace (depending on connection speed). Assuming dif 
ferent clients have different connection speeds, client laten 
cies will gravitate toward different average values. There 
fore, a client with a fast connection will tend to have a lower 
average latency, while a client with a slow connection will 
have a higher average latency. As is generally known, all 
client latencies are inversely proportional to the incoming 
packet speed. 

[0059] In effect, client latency is a value that can be 
quickly accessed and can be used to measure speeds of client 
connections relative to the incoming packet speed. This 
information can be used to regulate the refresh rate of the 
packet-serving process. When appropriate, packet-serving 
process can increase or decrease the number of object 
updates which results in greater or fewer total number of 
packets sent. 

[0060] Still referring to FIG. 9, if dispatcher 150 receives 
new packets in bursts, the period after the bursts gives each 
of the clients time to catch up. Accordingly, all client 
pointers will eventually reach the top of the queue, unless 
the packets 22011-22011 are coming in faster than a client 
22611-22611 can receive them, i.e., an average incoming 
packet speed is greater than that client’s connection speed. 
Where a client is having dif?culty catching up and the 
average latency for the client exceeds a prede?ned threshold 
value, it would be necessary to notify packet serving process 
224 feeding packets 220 to slow down its refresh rate. For 
example, if packet serving process 224 is providing packets 
220 to dispatcher 150 at a rate of ten frames per second, 
which the clients are having dif?culty in keeping up with, the 
dispatcher can request that the packet serving process pro 
vide the packets at 5 frames per second. After a certain time 
period the dispatcher can re-check the ability of the clients 
to keep up with the modi?ed rate and further modify the rate 
based upon the latencies of the clients. On the other hand, if 
all the clients have a very easy time handling all the new 
packets and their latencies are very small, the dispatcher 
may notify the process feeding the packets to increase the 
frame rate. It will be apparent to one skilled in the art that 
the frame rate may be applicable to a slideshow where the 
slideshow incorporates an animated graphics interchange 
format (GIF) ?le. 

[0061] In one embodiment, the packets can be grouped. 
That is a dispatcher can be con?gured to send packets in 
groups rather than one by one. Here, packet grouping logic 
can be de?ned to allow for an enhanced presentation of the 
image tiles. In a basic DSM dispatcher, grouping can be 
done by time stamp or by index. With a time stamp, the 
packets are grouped according to the time introduced into 
the DSM dispatcher. Alternatively, an index indicating the 
position of tiles of a slideshow can be used as a reference to 
group packets. For example, since the borders of a presen 
tation change the least while a middle section containing text 
changes the most, the location of the least changing or most 
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changing tiles can be determined by the index. Accordingly 
the tiles can be grouped. In a more advanced implementa 
tion, such as one that is able to understand the format and 
content of the packets, more complex grouping algorithms 
may be implemented (e.g. adjacent image tiles are grouped). 
[0062] When sending groups of packets, an optimal range 
of the transmission siZes will usually be chosen for each 
client, based on their connection bandwidth, latency, frame 
rate, etc. Depending on the image tile siZes, compression 
method used, and consequent relative siZes of packets, the 
optimal siZe can be described in the maximum and minimum 
optimal number of packets. For example, the packets may be 
sent in groups less than or equal to n, but greater than n/2 
(when possible). Table 1 below illustrates one embodiment 
of how the packets are banded depending on the number of 
packets in a group. This advanced method of transmission 
management can be used to achieve balance between cli 
ent’s bandwidth, latency and frame rate, or to optimiZe a 
dispatcher’s outgoing transmission rate by appropriating the 
transmission siZe to best ?t the underlying networking 
protocol. 

TABLE 1 

Less than n/2 
Between n/2 and 11 

Greater than n 

Combine group with next, reconsider 
Send all packets in the group 
Send ?rst n packets in the group only 

[0063] FIG. 10 is a ?owchart diagram of the method 
operations performed by a packet serving process for main 
taining an updateable set of image tiles with respect to a 
slideshow in accordance with one embodiment of the inven 
tion. Here, as each screen of the slideshow is captured, the 
screen is divided into tiles using the same geometry each 
time. The new set of tiles is compared to the one captured 
prior to it, and non-matching tiles are sent out to the 
dispatcher as updated packets. The method initiates with 
operation 230 where a tile pattern is de?ned. For example, 
a pattern for a set of tiles for a slideshow screen is de?ned 
here. As will be explained in more detail below, the pattern 
can be de?ned where each of the tiles in the set are equal in 
siZe, where there are differences between the siZes of each 
tile or some combination thereof. It will be apparent to one 
skilled in the art that the de?ned pattern should stay con 
sistent for each screen of the slide show to minimiZe 
processing. 
[0064] Still referring to FIG. 10, the method advances to 
operation 232 where a new screen is captured. Here, a screen 
of a slideshow, such as a POWERPOINT® presentation, is 
captured. The method then proceeds to operation 234 where 
the new screen is subdivided into tiles according to the 
pattern de?ned in operation 230. Here, the set of tiles is the 
originating set of tiles when the identi?ed screen is the ?rst 
screen of a slideshow. The method then moves to decision 
operation 236 where it is determined if the identi?ed screen 
is a ?rst screen. If the identi?ed screen is a ?rst screen then 
the method proceeds to operation 238 where the set of tiles 
is transmitted to the dispatcher. Here, the data from the ?rst 
screen de?nes the originating set of packets in the shared 
?xed siZe queue of the dispatcher. The method then moves 
to operation 246 where the ?rst set of tiles is stored as the 
current set of tiles. 

[0065] If the identi?ed screen is not the ?rst screen in 
decision operation 236, then the method proceeds to opera 
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tion 240 Where each corresponding pair of tiles from the neW 
screen and the previous set of tiles are compared to identify 
differences. For example, a slideshoW may use a constant 
background but the tiles containing text may change from 
screen to screen. The changing tiles betWeen screens are 
identi?ed here. The method then advances to operation 242 
Where the data corresponding to the tiles identi?ed as 
different in operation 242 are transmitted to a dispatcher. 
Here, the updated packets to the originating set of packets 
are sent to the dispatcher as described With reference to 
FIGS. 5A and 5B. The method then advances to operation 
244 Where the previous set of tiles is discarded. One skilled 
in the art Will appreciate that by replacing the set of tiles 
from the previous screen With the set of tiles from the neW 
screen alloWs for comparing successive screens, i.e., com 
paring a second screen to a third screen and so on. The 

method the proceeds to operation 246 Where the current set 
of tiles is stored. In one embodiment the current set of tiles 
is stored in the shared ?xed siZe queue. The method then 
moves to decision operation 248 Where it is determined if 
there are more screens. If the current screen is the last 

screen, then the method terminates. If the current screen is 
not the last screen, then the method returns to operation 232 
Where the above described method is repeated. That is, as 
each screen is captured, it is divided into tiles using the same 
geometry each time. The neW set of tiles is compared to the 
one captured prior to it i.e., the previous set of tiles, and 
non-matching tiles are sent out to the dispatcher. 

[0066] FIG. 11 is a simpli?ed schematic diagram of a 
dispatcher implementation data structure incorporating a 
doubly-linked list in accordance With one embodiment of the 
invention. DSM dispatcher 150 includes shared ?xed siZe 
queue 152 having a set of objects. The set of objects of 
shared ?xed siZe queue 152 are con?gured as a doubly 
linked list. One skilled in the art Will appreciate that a 
doubly-linked list alloWs for movement of the objects in 
either an up or doWn direction, removal of an object and to 
place the object at the top of shared ?xed siZe queue 152. In 
order to determine a starting point and an endpoint for the 
doubly-linked list a head and a tail are maintained. Last 
object 252 is the tail While most recent object 250 points to 
object A, i.e., the top object, Which is the head. Last object 
252 is not associated With any tiles, thus it Will never be 
updated. Therefore last object 252 Will remain at the bottom 
of shared ?xed siZe queue 152. Accordingly, last object 252 
is useful for adding neW clients. For example, client 3254 is 
identi?ed as a neW client, then pointer P3 is created for client 
3 to point to last object 252. Thus, client 3 Will receive each 
object in shared ?xed siZe queue 152. Once pointer P3 is 
pointing to object A (the most recent object) client 3 Will 
have received each of the objects from shared ?xed siZe 
queue 152. 

[0067] FIG. 12 is a schematic diagram of a link object 
data structure used for objects of FIG. 11 in accordance With 
one embodiment of the invention. Each of the objects 
include a time stamp, a packet containing the data for a 
corresponding tile and data for the previous object (object 
beloW) and the next object (object above) in the queue. Thus, 
as a packet is received, the object holding a matching tile is 
located. The packet inside the object is replaced With the 
updated object and the object’s time stamp is updated to 
re?ect the most recent value. As mentioned previously the 
object is pushed to the top of the queue, i.e., doubly linked 
list. When the time comes for a packet to be sent to a client, 
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the object above the one pointed to by the client pointer is 
located, i.e., the next object. Then the packet inside the next 
object is sent to the client once the client has indicated it is 
ready to receive the next object. In one embodiment, the 
object itself remains after the packet has been sent. That is, 
the client pointer is the only variable that is updated as 
de?ned by the DSM dispatcher design. 

[0068] Referring back to FIG. 11, the most recent object 
pointer is maintained for client latency calculations and also 
to alloW easier movement of updated objects to the top of the 
queue. For example, bandWidth control can be implemented 
in accordance With the prototype of FIG. 11. The average 
latency is calculated by averaging the client latency at the 
moment each k-th packet is received (k being a set positive 
integer value, eg 10). If one of the clients maintains an 
average client latency that is beloW a pre-set value (eg 
number of tiles/l0), or if all the average client latencies 
maintain values above a different threshold (eg number of 
tiles/25), a bandWidth adjustment request is sent to the 
capturing process, i.e., packet serving process. Depending 
on the request, the capturing process captures screens at 
greater or smaller intervals. 

[0069] The clients receive the packets and extract the tiles 
accordingly. The tiles are then incorporated into the output 
image, giving the client a vieW similar to the captured data. 
Because a DSM dispatcher is used, the client is ensured to 
receive the most up-to-date tiles available While maintaining 
a frame rate that is related to the available bandwidth. 

[0070] FIG. 13 is a simpli?ed schematic diagram of an 
exemplary con?guration of a system implementing the DSM 
dispatcher in accordance With one embodiment of the inven 
tion. The packet serving process includes the capture pro 
gram for capturing the different screen of a slideshoW. 
Computer 260 contains the slideshoW to be dispatched. 
Server 262 includes the code for executing the DSM dis 
patcher functions Where the packets are sent from the packet 
serving process to the DSM dispatcher. In turn, the DSM 
dispatcher assembles the packets in a shared ?xed siZe queue 
for distribution to clients 266a-266n. It should be appreci 
ated that the functionality of the packet serving process and 
the DSM dispatcher can be incorporated on one computer in 
one embodiment. Additionally, the code performing the 
functionality of the packet serving process and the DSM 
dispatcher can be hard coded onto a semiconductor chip. 
One skilled in the art Will appreciate that the semiconductor 
chip can include logic gates con?gured to provide the 
functionality discussed above. For example, a hardWare 
description language (HDL) can be employed to synthesiZe 
the ?rmWare and the layout of the logic gates for providing 
the necessary functionality described herein. 

[0071] FIGS. 14A-14E provide exemplary diagrams of 
hoW tiles from consecutive frames of a slideshoW are 
received and placed into queue by the DSM dispatcher in 
accordance With on embodiment of the invention. For each 
of FIGS. 14A-14E the left hand side of the ?gure represents 
image data obtained by the capturing process. In this 
example, the image is divided in 48 tiles for simplicity. 
Image tiles are named by their location on the screen (x, y). 
It is assumed that image tiles are fed to the DSM dispatcher 
from bottom-right to top-left, roW-by-roW for exemplary 
purposes here. The right hand side of each ?gure displays the 
tiles from the corresponding frame arranged in the shared 






