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(57) ABSTRACT 

A method of operating a communication server in handling 
data from a plurality of channels, which includes receiving 
data of a plurality of channels, by the communication server, 
determining, for the channels, target times by which the chan 
nels should be handled in order to avoid starvation of the 
channel, estimating handling times required for processing 
sessions of the channel and repeatedly selecting, by a sched 
uler of the communication server, a channel whose data is to 
be handled responsive to the determined target times and the 
estimated handling times. In addition, a processor of the 
communication server is scheduled to perform, without inter 
ruption for handling of data of other channels, a processing 
session on the selected channel, in which the received data is 
prepared for transmission and placed in an output buffer and 
at least one driver of the communication server transmits the 
data prepared for transmission independently of the processor 
of the communication server. 
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SCHEDULING IN A COMMUNICATION 
SERVER 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/203,304 filed Aug. 6, 2002, and titled 
“Scheduling in a Remote Access Server', which is a 371 of 
PCT Application No. PCT/IL01/00132 filed Feb. 8, 2001, 
which is a continuation in part of U.S. Ser. No. 09/501,078 
filed Feb. 9, 2000, now U.S. Pat. No. 6,978,311, issued Dec. 
20, 2005. The contents of the above applications are all incor 
porated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to communication sys 
tems and in particular to systems for handling remote access 
connections. 

BACKGROUND OF THE INVENTION 

0003. Many providers of communication services employ 
one or more communication servers, such as remote access 
servers, access routers, and Voice over IP gateways. The com 
munication servers may act as modems, Fax handlers, Voice 
over Internet Protocol (VoIP) servers and/or may provide any 
other communication services. 
0004 Some communication servers are multi-channel 
servers that have a capacity to concurrently handle a plurality 
of connections up to a predetermined maximal number. In 
addition, Some communication servers, which are imple 
mented mainly in software, for example, the servers of 3Com, 
Ascend, Access, ADI, Connexent, Telogy, and Hothaus, can 
concurrently handle different types of connections. Software 
based remote-access servers are generally implemented using 
a single processor, generally a signal processing processor 
Such as a DSP, which is cheaper than a general purpose 
processor and is more Suited for signal processing. 
0005. A multi-channel server, using a single processor, 
generally includes a scheduler that determines which channel 
is handled by the processor at any specific time. Usually, the 
channels are organized in a specific order and the processor, 
periodically, according to a scheduling cycle, provides a pro 
cessing session to each of the channels in the specific order. 
0006 Different connections require processing time, i.e., 
handling of their received data, at different cycle times. For 
example, the ITU standard G723.1 connection requires han 
dling of its data with a cycle of 30 milliseconds while the ITU 
standard G729A connection requires handling of its data with 
a 10 millisecond cycle. Some connections, e.g., modem and 
Fax connections, may operate over a large range of data rates 
and cycle times. All the channels must have their data pro 
cessed during each cycle of their cycle time. A state in which 
a connection is not handled during one of its cycles is referred 
to as a starvation state. A connection which reaches a starva 
tion state Suffers from a degradation of service and may be 
disconnected. 
0007. At the end of each processing cycle, an output driver 
takes the processed data from a predetermined memory area, 
which serves as an output buffer, and forwards it to its desti 
nation. In addition, at the beginning of each processing cycle, 
an input driver brings raw data (i.e., data not yet processed) to 
a predetermined memory area, from which the processor 
retrieves the data for processing. Generally, there is no 
mechanism that prevents the output driver from retrieving old 
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data, except the timing of the processor and the output driver. 
That is, if the processor requires time beyond the end of a 
cycle in order to finish the handling of one or more channels 
the output driver is not delayed but takes the data from the 
output buffer as usual, including old data. 
0008. Some communication servers execute, on the pro 
cessor, an operating system that performs preemption. In Such 
servers the scheduling of the processor to handle data from 
connections with different cycles may be lenient as the pro 
cessor may interrupt the processing of data from one channel 
to handle data from another channel. Preemption, however, 
may require large percentages of the resources of the proces 
sor and therefore is wasteful. 
0009. Other communication servers limit themselves to 
connections which are processed with a single cycle time. 
Sometimes such servers are included in an array of servers 
each of which handles a different type of connections. 
0010 When a plurality of connections, which require han 
dling of their data at different cycle times, are handled by the 
same server, the scheduler of the server chooses a longest 
scheduling cycle size of all the cycle times of the connections. 
Connections that require shorter cycle times are handled a 
plurality of times during each longest cycle rather than once 
during each of their own cycles. This, however, may involve 
degradation of the signals provided by the server for those 
connections, for example increasing their delay beyond 
allowed limits. 

SUMMARY OF THE INVENTION 

0011. An aspect of some embodiments of the present 
invention relates to a communication server which schedules 
processing sessions to different connections according to dif 
ferent scheduling schemes. In some embodiments of the 
present invention, different connections handled by the server 
receive processing sessions at different scheduling cycles. 
Optionally, in normal operation conditions, the processor 
performs actual data processing of the data of the connections 
in Substantially all the respective processing sessions of the 
connections. 
0012. In some embodiments of the invention, a scheduler 
manages, for each connection, a record, which states the 
scheduling cycle of the connection, the processing time 
required to handle the connection, the previous time at which 
the connection was handled and/or the next time up to which 
the connection is to be handled. Each time a connection is to 
be selected for handling, the scheduler selects, based on the 
connection records, a connection which is closest to the end 
of its respective scheduling cycle. Alternatively or addition 
ally, other factors, such as quality of service (QoS) rankings 
of the connections and/or long term fairness measures are 
taken into consideration in determining which connection is 
to receive a processing session. For example, when a few 
connections have the same time remaining to the end of their 
processing cycles, precedence may be given based on QoS 
and/or scheduling history. 
0013. In some exemplary embodiments of the invention, 
the scheduler allots processing sessions to connections 
according to two scheduling cycles: a short cycle and a long 
cycle. In some embodiments of the present invention, a long 
cycle time of connections handled by the server is an integer 
multiple of the cycle times of the other connections handled 
by the server. Optionally, each long cycle ends together with 
all the other cycles. Optionally, the order of connections 
having scheduled processing sessions during a plurality of 
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long cycles which handle the same connections is Substan 
tially the same, when the quality of service (QoS) of the 
connections do not change. Thus, a scheduler managing the 
scheduling of processing sessions may determine an order of 
several connections to be handled one after the other, such 
that other modules of the server (e.g., a memory unit) may 
prepare resources for the processing, ahead of time. 
0014. An aspect of some embodiments of the present 
invention relates to a method of determining whether to 
accept an incoming candidate connection, for handling by a 
server. In some embodiments of the invention, the available 
processing time of the server and the required processing time 
of the candidate connection are determined and compared, 
and accordingly it is determined whether the candidate con 
nection is accepted. In some embodiments of the present 
invention, a criteria by which the server decides if it should 
accept the candidate connection is whether the available pro 
cessing time of the server is larger than the required process 
ing time of the connection by at least a safety margin. The 
safety margin is optionally of a duration Sufficient to prevent 
starvation of a connection due to normal changes in the pro 
cessing times of the connections currently handled by the 
SeVe. 

0015. In some embodiments of the present invention, the 
available processing time is determined by direct measure 
ment. Alternatively or additionally, the available processing 
time is estimated based on the number of connections cur 
rently handled by the server and their average processing time 
utilization. In some embodiments of the present invention, the 
determination of the available processing time is performed 
by the server. Alternatively or additionally, the determination 
is performed by a router which provides the incoming candi 
date connections to the server. 
0016. An aspect of some embodiments of the present 
invention relates to a communication server which deter 
mines the order in which it processes data of various connec 
tions according to their quality of service (QoS). Optionally, 
the order in which a plurality of connections are handled may 
change, while the connections are carrying data, responsive to 
a change in the QoS of one or more of the connections and/or 
due to other considerations, such as distribution of starvation 
occurrences between connections. 

0017. An aspect of some embodiments of the present 
invention relates to a communication server including a pro 
cessor which repeatedly handles data of a plurality of chan 
nels in processor cycles which end at driver controlled end 
points. When a scheduler of the communication server 
identifies that the handling of one or more of the channels 
overflowed beyond the end-point of a current cycle, the 
scheduler takes measures to prevent such an overflow from 
occurring in a following cycle. In some embodiments of the 
invention, the scheduler skips the handling of one or more 
channels in the following cycle. Alternatively or additionally, 
the scheduler assigns one or more of the channels to receive a 
limited processing session in the following cycle. Optionally, 
the channels receiving a limited session and/or the channels 
being skipped comprise the channels which suffered from the 
overflow, so as to limit the number of suffering channels. 
Alternatively or additionally, the channels receiving a limited 
session and/or the channels being skipped comprise channels 
other than those which suffered from the overflow, so as to 
distribute the suffering between the channels. 
0018. An aspect of some embodiments of the present 
invention relates to a communication server in which the 
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end-points of the processing cycles of data handling do not 
coincide with predetermined time points at which a driver 
begins to collect the processed data. In some embodiments of 
the invention, the pre-planned processing cycles end a prede 
termined time (e.g., 1 mSec) before the collection time points. 
Thus, in case a channel requires a slightly longer processing 
session in a specific processing cycle, the driver does not 
collect data which is not ready yet. In some embodiments of 
the invention, the processor begins the processing of a fol 
lowing cycle before the driver begins to collect the data of a 
previous cycle. 
0019. An aspect of some embodiments of the present 
invention relates to a multi-channel communication server in 
which an output driver begins to retrieve the data processed 
for different channels during a single processing cycle, at 
different times. Optionally, the processor places processed 
data blocks of different channels at different relative memory 
locations, such that the output driver retrieves different loca 
tions in the processed data blocks of different channels at the 
same time. In some embodiments of the invention, the data 
block of each channel handled by the processor is placed in a 
more advanced point in the output buffer relative to the pre 
vious handled channel. Optionally, the data blocks of con 
secutive sessions of different channels are placed in the output 
buffer such that the transmission periods of the data of the 
sessions are partially overlapping. The term partially overlap 
ping is used to describe the case where the periods do not 
entirely overlap. Using embodiments of the present inven 
tion, there is no need for the output buffer to wait for data of 
a later channel in forwarding data of an earlier channel. This 
can Substantially reduce the delay caused by the communica 
tion server. 

0020. In some embodiments of the invention, an input 
driver places input data for the processor in an input buffer. 
Optionally, the processor retrieves the data of different chan 
nels from different relative points in the buffers, such that a 
channel which is processed later during a processing cycle, 
processes data received later in time. Thus, the delay between 
receiving the data and transferring the data after processing, is 
shortened. 

0021. An aspect of some embodiments of the present 
invention relates to a scheduler for communication servers 
which has standard interfaces to the software and/or hardware 
components of the communication Software. Thus, the sched 
uler is easily replaced by updated versions. In addition, the 
scheduler is easily installed in other communication servers 
which have standard interfaces which are compatible with the 
standard interfaces of the scheduler. 

0022. There is therefore provided in accordance with an 
embodiment of the present invention, a method of scheduling 
the handling of data from a plurality of channels, including 
accumulating data from a plurality of channels by a remote 
access server, scheduling a processor of the server to handle 
the accumulated data from at least one first one of the chan 
nels, once during a first cycle time, and scheduling the pro 
cessor to handle the accumulated data from at least one sec 
ond one of the channels, once during a second cycle time, 
different from the first cycle time. 
0023 Optionally, the first cycle begins concurrently with a 
second cycle. Optionally, the first cycle time is an integer 
multiple of the second cycle time. Optionally, scheduling the 
processor to handle the accumulated data includes scheduling 
the processor, during the second cycle, to handle the accumu 
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lated data of substantially all the at least one second channels, 
before scheduling the processor to handle data from any other 
channels. 

0024 Optionally, scheduling the processor to handle the 
accumulated data from the at least one first one of the chan 
nels includes checking whether the second cycle has elapsed 
and scheduling the processor to handle the accumulated data 
from one the at least one first one of the channels only if the 
second cycle has not elapsed. Optionally, the at least one first 
one of the channels includes a plurality of first channels and 
the at least one second one of the channels includes a plurality 
of second channels. Optionally, the scheduling includes 
scheduling the processor to handle the accumulated data of at 
least one of the second channels at least twice before handling 
data from at least one of the first channels. Optionally, sched 
uling the processor to handle the accumulated data includes 
allowing the processor to utilize up to a predetermined 
amount of processing time of the processor for each channel. 
0025 Optionally, the processor does not execute an oper 
ating system adapted to perform preemption. Optionally, 
scheduling the processor includes having the processor wait 
without processing data from any of the channels if all the 
channels were processed during their respective current 
cycles. Optionally, the method includes measuring the 
amount of time in the first cycle time in which the processor 
is waiting and using the measured time in determining 
whether to accept handling data from an additional channel. 
Optionally, the scheduling is performed without interrupting 
the processor in the middle of handling accumulated data 
from a different channel. Optionally, the method includes 
processing an entire block of accumulated data of the sched 
uled channel responsive to the scheduling. 
0026. There is further provided in accordance with an 
embodiment of the present invention, a method of scheduling 
the handling of a plurality of connections, including accumu 
lating data from a plurality of channels by a remote access 
server which includes a processor that does not run an oper 
ating system which performs preemption, and scheduling the 
processor to process data from a first one of the channels at 
least twice, without Scheduling the processor to process data 
from a second one of the channels, therebetween. 
0027 Optionally, scheduling the processor includes 
scheduling the processor to handle data from the first one of 
the channels once during a first cycle time and scheduling the 
processor to handle data from the second one of the channels 
once during a second cycle time shorter than the first cycle 
time. Optionally, the method includes processing an entire 
block of accumulated data of the scheduled channel respon 
sive to the scheduling. 
0028. There is further provided in accordance with an 
embodiment of the present invention, a remote access server, 
including a plurality of channel drivers which accumulate 
data from respective channels, a processor which processes 
the accumulated data, and a scheduler which schedules the 
processor to handle accumulated data from a first channel 
once during a first cycle time and data from a second channel 
once during a second cycle time different from the first cycle 
time, wherein the scheduler does not interrupt the operation 
of the processor while it is processing data from a channel. 
0029 Optionally, the scheduler schedules the processor to 
handle the data from the first channel at least twice before 
scheduling the processor to handle data from the second 
channel. 
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0030 There is further provided in accordance with an 
embodiment of the present invention, a method of determin 
ing, by a remote access server, whether to accept an incoming 
connection, including determining an amount of unused pro 
cessing time of a processor of the server, and determining 
whether the amount of unused processing time is sufficient to 
handle the incoming connection. Optionally, determining the 
amount of unused processing time includes determining by 
the processor. Optionally, determining the amount of unused 
processing time includes measuring time in which the pro 
cessor does not process data from any connection. 
0031 Optionally, determining the amount of unused pro 
cessing time includes estimating the amount of time based on 
a number of connections being handled by the server and/or 
based on the types of the connections being handled by the 
SeVe. 

0032. Optionally, determining whether the amount of 
unused processing time is sufficient to handle the incoming 
connection includes determining whether the amount of 
unused processing time exceeds an amount Sufficient to 
handle the incoming connection at least by a predetermined 
safety margin. Optionally, the safety margin has a size deter 
mined responsive to a number of connections being handled 
by the server. 
0033. There is further provided in accordance with an 
embodiment of the present invention, a method of scheduling 
the handling of data, by a remote access server tracking a 
short cycle and a long cycle, from a plurality of channels 
including at least one short cycle channel and at least one long 
cycle channel, including accumulating data from the plurality 
of channels by the server, scheduling a processor of the server 
to handle the accumulated data from all the short cycle chan 
nels, determining whether a current short cycle has elapsed 
after scheduling the server to handle the data from all the short 
cycle channels, and scheduling the processor to handle the 
accumulated data from a long cycle channel if the current 
short cycle did not elapse, if there is a long cycle channel 
which was not processed yet during the current long cycle. 
0034. Optionally, the method includes determining 
whether the current short cycle has elapsed after scheduling 
the server to handle the data from the long cycle channel, and 
scheduling the processor to handle the accumulated data from 
an additional long cycle channel, if the current short cycle did 
not elapse. 
0035. Optionally, the method includes waiting, after 
scheduling the server to handle the data from all the short 
cycle channels, until the beginning of the next short cycle 
without processing data from any channel, if all the long cycle 
channels were already processed during the current long 
cycle. Optionally, the long cycle begins concurrently with a 
short cycle. Optionally, the long cycle time is an integer 
multiple of the short cycle time. 
0036. There is further provided in accordance with an 
embodiment of the present invention, a method of scheduling 
the handling of a plurality of connections, including accumu 
lating data from a plurality of channels by a remote access 
server, determining for at least one of the connections a qual 
ity of service level, and scheduling the processor to process 
data from the plurality of connections in an order determined 
responsive to the determined quality of service level. Option 
ally, the scheduling includes scheduling the processor to 
handle data from at least one first connection before handling 
data from at least one second connection having a lower 
quality of service level than the at least one first connection. 
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0037 Optionally, the method includes changing the qual 
ity of service level of at least one of the connections while 
accumulating the data and changing the order of scheduling 
responsive to the change in the quality of service level. 
0038. There is further provided in accordance with an 
embodiment of the present invention, a method of scheduling 
the handling of a plurality of channels, comprising determin 
ing, for each of the channels, a target time by which the 
channel should be handled in order to avoid starvation of the 
channel, estimating for each of the channels a handling time 
required to handle a processing session of the channel, select 
ing a channel with a shortest available time, which available 
time is the time remaining until its target time less its handling 
time, Scheduling the selected channel for handling, and pro 
cessing, for the scheduled channel, an entire data block of a 
predetermined size, without interruption for handling of data 
of other channels. Optionally, the target time includes a safety 
margin. 
0039. There is further provided in accordance with an 
embodiment of the present invention, a remote access server, 
comprising one or more output buffers, at least one driver 
adapted to transmit signals from the one or more output 
buffers on a plurality of channels, and a processor adapted to 
repeatedly perform, for each of the channels, at a respective 
channel cycle, processing sessions in which data is placed in 
specific positions in the one or more output buffers, the spe 
cific positions in which the data is placed determine a period 
in which the placed data is transmitted by the driver, and the 
processor is adapted to place the data of processing sessions 
of at least two of the plurality of channels in positions such 
that the transmission periods of the data are partially overlap 
ping. 
0040. Optionally, the processor is adapted to place the data 
of processing sessions of at least one of the channels in 
positions such that the transmission period of the data par 
tially overlaps transmission of data from sessions of Substan 
tially all the other channels. In some embodiments of the 
invention, the one or more output buffers comprise a buffer 
for each of the plurality of channels. Optionally, the at least 
one driver begins to transmit data of each current session of 
the processor before it begins to transmit data of Sessions 
performed by the processor after the current session. Possi 
bly, the respective cycles of the channels are of substantially 
the same length. In some embodiments of the invention, the at 
least one driver is adapted to receive signals from the plurality 
of channels and to place the received signals in one or more 
input buffers, and the processor is adapted to retrieve data for 
processing sessions of at least two of the plurality of channels 
from different positions such that the reception periods of the 
data are partially overlapping. 
0041. There is further provided in accordance with an 
embodiment of the present invention, a method for preparing 
data fortransmission by at least one driver adapted to transmit 
signals from one or more output buffers on a plurality of 
channels at times determined by locations of the data in the 
buffers, comprising performing a first processing session in 
which data for transmission on a first channel is placed in the 
one or more output buffers in a first location, performing a 
second processing session in which data for transmission on 
a second channel is placed in the one or more output buffers 
in a second location, the first and second locations are 
selected Such that the data from the first and second process 
ing sessions are transmitted by the driver during partially 
overlapping periods. 
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0042 Optionally, the second processing session is per 
formed after the first processing session and wherein the 
driver begins to transmit the data in the second location after 
beginning to transmit the data in the first location. 
0043. There is further provided in accordance with an 
embodiment of the present invention, a connection handling 
server, comprising one or more output buffers, at least one 
driver adapted to transmit signals from the one or more output 
buffers on a plurality of channels, a processor adapted to 
repeatedly perform, for each of the channels, at a respective 
channel cycle, processing sessions in which data for trans 
mission is placed in the one or more output buffers, and a 
scheduler adapted to determine occurrence of a starvation 
state in which the at least one driver began to transmit data 
from a portion of the buffer before the processor placed data 
in the buffer portion. 
0044 Optionally, the scheduler is adapted to skip or limit 
one or more processing sessions of one or more of the chan 
nels responsive to the determination of the occurrence of a 
starvation state. Possibly, the scheduler skips or limits one or 
more processing sessions of one or more channels which 
were affected by the starvation state and/or which were not 
affected by the starvation state. 
0045. There is further provided in accordance with an 
embodiment of the present invention, a method of scheduling 
a processor of a remote access server, which server includes at 
least one driver adapted to transmit signals from one or more 
output buffers on a plurality of channels, comprising sched 
uling a processor to perform a processing session in which 
data is placed in a specific location in the one or more output 
buffers, and determining whether a starvation state occurred 
in which the at least one driver began to transmit data from the 
specific location before the processor completed the process 
ing session. Optionally, the method includes instructing the 
processor to skip or limit one or more processing sessions of 
one or more of the channels responsive to determination of 
the occurrence of a starvation state. 

0046. There is further provided in accordance with an 
embodiment of the present invention, a connection handling 
server, comprising one or more output buffers, at least one 
driver adapted to transmit signals from one or more output 
buffers on a plurality of channels, a processor adapted to 
repeatedly perform, for each of the channels, during a com 
mon cycle, processing sessions in which data for transmission 
is placed in the one or more output buffers, the processor 
begins the processing of at least Some of the common cycles 
before the at least one driver begins to transfer the data pre 
pared during the previous common cycle. Optionally, the 
processor begins the processing of at least Some of the com 
mon cycles at least 1 ms before the at least one driver begins 
to transfer the data prepared during the previous common 
cycle. 
0047. There is further provided in accordance with an 
embodiment of the present invention, a method for preparing 
data for transmission by at least one driver adapted to transmit 
signals from one or more output buffers, comprising placing 
data in the one or more output buffers for each of a plurality 
of channels, during a first cycle, and beginning to place data 
in the one or more output buffers for at least one of the 
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plurality of channels in a second cycle, before the at least one 
driver began to transmit data placed in the one or more output 
buffers during the first cycle. 

BRIEF DESCRIPTION OF FIGURES 

0048 Exemplary non-limiting embodiments of the inven 
tion will be described with reference to the following descrip 
tion of embodiments in conjunction with the figures. Identical 
structures, elements or parts which appear in more than one 
figure are preferably labeled with a same or similar number in 
all the figures in which they appear, in which: 
0049 FIG. 1 is a schematic illustration of a connection 
handling server, inaccordance with some embodiments of the 
present invention; 
0050 FIG. 2 is a flowchart of the actions performed by a 
scheduler in the server of FIG. 1, in accordance with some 
embodiments of the present invention: 
0051 FIG. 3 is a schematic time chart illustrating the 
operation of a scheduler of the server of FIG. 1, inaccordance 
with some embodiments of the present invention; 
0052 FIG. 4 is a flowchart of the actions performed by a 
server in determining whether to accept an incoming connec 
tion, in accordance with some embodiments of the present 
invention; 
0053 FIG. 5 is schematic illustration of a scheduler table, 
in accordance with an embodiment of the present invention; 
and 
0054 FIG. 6 is a schematic illustration of input and output 
drivers in a stepped usage, in accordance with an embodiment 
of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0.055 FIG. 1 is a schematic illustration of a connection 
handling server 20, in accordance with an exemplary embodi 
ment of the present invention. Server 20 handles a plurality of 
channels 26 (referred to also as connections) from which it 
receives data and to which it transfers data. The data on 
channels 26 may comprise Voice, fax, modem and/or any 
other type of communication signals. Server 20 optionally 
comprises a driver 22 which includes for each channel 26 an 
input buffer 24 and an output buffer 34. Driver 22 optionally 
places symbols from channels 26 into their respective input 
buffers 24 at a predetermined input rate and transfer symbols 
from the output buffers 34 to their respective channels 26 at a 
predetermined output rate, optionally equal to the input rate. 
A processor 28 periodically retrieves data from input buffers 
24, processes the data and passes the processed data on an 
upper layer interface line 32. In addition, processor 28 
receives data from interface line 32, processes the received 
data and places the processed data in output buffer 34. 
Optionally, in some cases, the contents of the output data 
placed in output buffer 34 depends on the contents of the data 
in input buffer 24. 
0056. In some embodiments of the invention, the input 
and/or output rates of driver 22 are a function of the type of 
data passing on the respective channel 26. In some embodi 
ments of the invention, the rates of operation of the drivers 
may be set by a user of system 20. 
0057 Optionally, driver 22 comprises a single hardware 
unit and/or a common processor, optionally processor 28. 
Alternatively, some or all of channels 26 comprise separate 
hardware units which perform the tasks of driver 22 for the 
one or more channels. 
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0058. In some embodiments of the invention, driver 22 
comprises an input direct memory access (DMA) 27 which 
transfers data into buffers 24 from their respective channels 
26 and/or an output DMA 33 which transfers data from buff 
ers 34 to their respective channels 26. Alternatively, driver 22 
comprises a single input and output DMA. 
0059 Server 20 may be employed as a stand alone server 
or may be used as part of an array of servers, of the same or 
different types. The array of servers is optionally used with a 
channel router, of any type known in the art, for example, the 
router described in PCT application PCT/IL00/00703, filed 
Nov. 1, 2000, which is assigned to the assignee of the present 
application, and the disclosure of which is incorporated 
herein by reference. 
0060. In some embodiments of the invention, processor 28 
executes for each channel 26 a process which retrieves the 
data from buffer 24 and places data for transmission in buffer 
34. Generally, the process of each channel 26 should be 
executed periodically within certain time constraints in order 
to ensure that data overwritten in input buffer 24 was already 
retrieved by processor 28 and/or that data transferred from 
output buffer 34 to channel 26 is new data recently placed by 
processor 28. 
0061. In some embodiments of the invention, each chan 
nel 26 has a respective cycle, having an associated cycle time, 
in which it should receive a handling session from processor 
28. It is noted, however, that the connection does not neces 
sarily receive the processing session at the same time point 
within each cycle. In some embodiments of the invention, at 
the end of the respective cycle of the channel, driver 22 begins 
to pass onto channel 26 the block of data from output buffer 
34 prepared during the processing cycle. If the processing of 
the channel is not completed before the end of the cycle of the 
channel, the data retrieved from output buffer 34 may be old 
data, thus providing erroneous data onto channel 26. Option 
ally, output DMA 33 is set to begin retrieving the processed 
data a predetermined time, e.g., 0.5-5 mSec, after the end of 
the cycle. Such that a small delay in the processing does not 
CalSea O. 

0062 Optionally, buffers 24 and/or 34 comprise first-in 
first-out (FIFO) cyclic buffers in which new data continu 
ously overwrites old data. In some embodiments of the inven 
tion, buffers 24 and 34 have room to accommodate data of at 
least two processing cycles (optionally, of four to eight pro 
cessing cycles) of each channel handled by server 20. Option 
ally, all the buffers 24 and/or 34 have the same size. Alterna 
tively, different buffers have different sizes according to the 
lengths of the processing cycles of their respective channels. 
0063 Ascheduler 30, which is optionally run on processor 
28, sets the order in which processor 28 schedules processing 
sessions to the connections, and optionally the durations of 
the sessions. Generally, when scheduler 30 allocates a pro 
cessing session to a connection, the connection utilizes an 
amount of processing time according to its needs. That is, in 
different cycles a connection may utilize different amounts of 
processing time and different connections may have different 
average processing times. 
0064 Optionally, once scheduler 30 allocates the use of 
processor 28 to a channel, the scheduler does not interrupt the 
processing of that channel until the processing of the channel 
is completed. Further optionally, processor 28 does not run an 
operating system which performs preemption. Not running 
an operating system that performs preemption reduces the 
processing power required from processor 28 and reduces the 
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number of times data blocks required for processing need to 
be moved into the internal memory of the processor. 
0065. In some embodiments of the invention, scheduler 30 
comprises a generic Software which can be executed on dif 
ferent hardware platforms and/or can cooperate with various 
types of related units (e.g., operating systems, processes, 
DMAs). Optionally, a standardized set of commands is used 
to pass instructions between scheduler 30 and related units, 
such as driver 22 (including DMAS 27 and 33), the channel 
processes on processor 28, a memory manager, an operating 
system and/or an application programmer interface (API) 
which controls server 20. Optionally, the standardized set of 
commands does not relate to particularities of the implemen 
tation, such as buffer sizes. 
0.066. In some embodiments of the invention, the connec 
tions handled by server 20 have either a short cycle or a long 
cycle. Optionally, the cycle sizes of the connections are inte 
ger multiples of each other (e.g., the long cycle is an integer 
multiple of the short cycle). The cycle schedules optionally 
overlap Such that each long cycle begins at the same time as a 
short cycle and contains an integer number of short cycles. In 
the following description, the connections will be referred to 
according to their cycles, i.e., long cycle connections and 
short cycle connections. Scheduler 30 optionally operates a 
clock which keeps track of the short and long cycles. 
0067 FIG. 2 is a flow chart of the actions performed by 
scheduler 30, in accordance with some embodiments of the 
present invention. At the beginning of each long cycle, sched 
uler 30 marks (50) all the long cycle connections as unproc 
essed. Thereafter, scheduler 30 optionally allocates (52) pro 
cessing sessions on processor 28 to each of the short cycle 
connections. 

0068. After all the short cycle connections are allocated 
processing sessions, scheduler 30 optionally determines 
whether (54) any long cycle connections are marked as 
unprocessed. If there is at least one unprocessed long cycle 
connection, Scheduler 30 chooses a long cycle connection to 
receive a processing session (56) and processor 28 processes 
the data of the chosen connection. After the processing of the 
long cycle connection, scheduler 30 checks (58) whether the 
current short cycle has elapsed. If the current short cycle has 
elapsed, scheduler 30 again allocates (52) processing ses 
sions to each of the short cycle connections. If (60) the end of 
the current short cycle ends a long cycle, scheduler 30 marks 
(50) all the long cycle connections as unprocessed before 
allocating processing sessions to the short cycle connections. 
If the current short cycle has not elapsed (58), another long 
cycle connection is allocated a processing session, if an 
unprocessed connection exists. Otherwise, processor 28 
waits (62) until the end of the current short cycle. 
0069. Referring additionally to FIG. 3, FIG. 3 is a sche 
matic time chart illustrating the operation of scheduler 30 on 
two short cycle connections (C1, C2) and five long cycle 
connections (C3, C4, C5, C6 and C7), in accordance with an 
embodiment of the present invention. A long cycle 80, which 
is for example 20 milliseconds long, includes, for example, 
four short cycles 82 (marked 82A, 82B, 82C and 82D) of 5 
milliseconds each. At the beginning of each long cycle 80, the 
two short cycle channels C1 and C2 are processed. Thereafter 
long cycle channels C3 and C4 are processed. After channel 
C4 is processed, short cycle 82A has already elapsed. There 
fore, channels C1 and C2 are again processed. Although the 
time between consecutive processing sessions of channels C1 

Sep. 25, 2008 

and C2 in cycles 82A, 82B and 82C are longer than their cycle 
the channels do not starve, as they receive a processing ses 
sion during each cycle. 
0070 Two more long cycle channels C5 and C6 are then 
processed, as there is Sufficient time to begin their processing 
before the end of short cycle 82B. After short cycle 82B has 
elapsed, channels C1 and C2 are again processed. Afterwards, 
long cycle channel C7 is processed. Since there are no more 
long cycle channels which were unprocessed, processor 28 
remains idle until the end of short cycle 82C. In short cycle 
82D, only channels C1 and C2 are processed and processor 28 
remains idle until the end of long cycle 80. In a next long cycle 
80 this process is repeated. 
0071. In some embodiments of the invention, a safety 
period after the end of each short cycle 82, driver 22 (FIG. 1) 
begins to transfer the output data in buffer 34 of short cycle 
channels C1 and C2 on channel 26. Likewise, a safety period 
after the end of each long cycle 80, driver 22 begins to transfer 
the data of from buffer 34 of the long cycle channels, e.g., C3, 
C4, C5, C6 and C7. The safety period adds robustness to 
system 20. For example, if a processing session of one of the 
channels goes slightly beyond the end of a long cycle 80 (due 
to a rare occurrence), driver 22 does not retrieve from buffer 
34 old data. It is noted, however, that the safety period adds to 
the total delay of system 20. Therefore, the safety period is 
optionally chosen as a compromise between the delay it adds 
and the additional robustness it provides. In an exemplary 
embodiment of the invention, the safety period is between 0.5 
to 5 msec for a 30 msec long cycle. The duration of the safety 
period may depend, for example, on the extent of the uncer 
tainty in the processing times of the sessions performed by 
processor 28. In some embodiments of the invention, during 
the safety period processor 28 continues to perform process 
ing sessions, and normally begins a new processing cycle, 
although driver 34 did not begin to transfer to channels 26 the 
data from the previous cycle. 
0072. In some embodiments of the invention, scheduler 30 
schedules processing sessions to begin only after a signal 
from input DMA 27 is received indicating that the input data 
of the channel was already placed in buffer 24. Alternatively 
or additionally, Scheduler 30 schedules processing sessions 
only a predetermined time (e.g., 0.5 msec) after the data to be 
processed during the session was scheduled to be placed in 
buffer 24. 

0073. As described above, at least one long cycle channel 
is allocated a processing session (if an unprocessed connec 
tion remains) during each short cycle. Alternatively, Sched 
uler 30 checks (58) whether the current short cycle elapsed, 
before checking (54) whether any unprocessed long cycle 
connections remain. In some embodiments of the invention, 
scheduler 30 checks (58) whether the current short cycle 
elapsed before checking (54) whether any unprocessed long 
cycle connections remain only for the second and later short 
cycles of a long cycle. This is because, if at least one long 
cycle connection is being handled by server 20, it is substan 
tially impossible that the first short cycle (82A) will elapse 
before the processing of one or more long cycle connection 
begins. 
0074. In some embodiments of the invention, the short 
and/or long cycle connections are allocated processing ses 
sions in a fixed order such that in all the long cycles 80 the 
order of processing is the same. Optionally, the processing 
order is determined according to the quality of service (QoS) 
levels of the respective connections, such that connections 
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with a high QoS are processed before connections with lower 
QoS. Thus, if due to unexpected extreme changes in the 
processing times required by the connections, one of the 
connections suffers from starvation, it will then be a connec 
tion with lowest QoS. Alternatively or additionally, the order 
of processing is determined based on the number of times 
each channel Suffered from starvation. For example, a chan 
nel which due to its being last in the processing order suffered 
from starvation may be moved up in the processing order. 
0075. The QoS of a connection may change during the 
handling of the connection by server 20. When such a change 
occurs, the position of the connection in the order of connec 
tions to be processed in further cycles is optionally adjusted 
responsive to the change in the QoS. 
0076. In some embodiments of the invention, scheduler 30 
keeps track of the utilization level of processor 28. Option 
ally, scheduler 30 determines for each long cycle 80, the 
amount of idle time during which processor 28 is waiting 
(62), i.e., not processing any channel. In addition, Scheduler 
30 optionally determines the idle time 84 in the short cycle 
which is least utilized, i.e., the last short cycle 82D within a 
long cycle. The determined idle times are optionally used in 
determining whether an additional channel may be handled 
by server 20. In some embodiments of the invention, the idle 
time during a long cycle 80 is represented as a percentage of 
the length of the cycle, and Such representation may be used 
as a measure of the efficiency of server 20. Alternatively or 
additionally, the idle time is represented in absolute times. 
0077 Alternatively or additionally to determining the 
time in which processor 28 is idle, scheduler 30 keeps track of 
the number of connections being processed by server 20 and 
the processing time of each connection. Accordingly, Sched 
uler 30 calculates the current (and expected) idle time of 
processor 28. Optionally, scheduler 30 is notified of any 
change in the processing time utilized by one of the connec 
tions, so that it can precisely track the idle time of the proces 
sor. For example, scheduler 30 keeps track of addition and 
removal of connections, changes in the cycle lengths of the 
connections and changes in the processing times of the con 
nections in each cycle. 
0078. In some embodiments of the invention, the idle 
times are determined based on approximations. For example, 
scheduler 30 may not be able to know the exact processing 
time required by each connection, and instead uses average 
processing times according to the types of the connections 
(e.g., fax, modem, VoIP). 
0079 FIG. 4 is a flowchart of the actions performed by 
server 20 in determining whether to accept an incoming can 
didate connection, in accordance with an exemplary embodi 
ment of the present invention. Optionally, server 20 receives 
(100) for each of the incoming connections, its cycle length, 
i.e., whether the connection requires processing every short 
cycle or long cycle, and its average required processing time 
per cycle. Scheduler 30 optionally determines (102) whether 
the idle time during a recent long cycle is sufficient in order to 
process the incoming connection. That is, if the incoming 
connection is a long cycle connection, scheduler 30 deter 
mines whether the average required processing time of the 
incoming connection is shorter than the available idle time of 
the recent long cycle. If, however, the incoming connection is 
a short cycle connection, scheduler 30 optionally determines 
whether the average required processing time multiplied by 
the number of short cycles in a long cycle is shorter than the 
available idle time of the recent long cycle. 
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0080 Optionally, if the candidate incoming connection is 
a short cycle connection, scheduler 30 also verifies (104) that 
the idle time 84 of the least utilized cycle is longer than the 
average required processing time. If there is enough time to 
handle the incoming connection, the connection is accepted 
(106). Otherwise the incoming connection is refused by 
server 20. Such refusal may result in a busy signal or in 
passing the incoming connection to a different server by a 
controlling router. 
0081. In some embodiments of the invention, the method 
of FIG. 4 is also performed when a connection requests to 
Switch from being allocated a processing session each long 
cycle to being allocated a processing session each short cycle. 
Alternatively or additionally, the method of FIG. 4 is also 
performed when a connection requests to Switch from being 
allocated a processing session each short cycle to being allo 
cated a processing session each long cycle. In some embodi 
ments of the present invention, the method of FIG. 4 is per 
formed when a connection requests to increase its processing 
time utilization during long cycles. Such increase may be due, 
for example, to Switching between being allocated a process 
ing session each short cycle and being allocated a processing 
session each long cycle and/or due to a change in the type of 
the connection (e.g., an increase or decrease in the transmis 
sion rate of the connection) or due to any other reason. 
0082 In some embodiments of the invention, scheduler 30 
accepts an incoming connection only if a predetermined 
amount of reserve processing time will remain after the 
incoming connection is accepted. The reserve processing 
time is useful in case one or more of the existing connections 
will require additional processing time. For example, the 
reserve processing time may be used in case an existing 
connection Switches from receiving processing time each 
long cycle 80 to each short cycle 82, or when an existing 
connection requires a longer processing time during each 
cycle. 
I0083. In some embodiments of the present invention, one 
or more connections may require processing periods which 
vary between cycles. Such connections are optionally evalu 
ated based on their average and/or maximum utilization. The 
reserve processing time protects against starvation in case the 
processing utilization temporarily increases during one or 
more long cycles 80. 
0084. In some embodiments of the invention, the amount 
of processing time reserved by scheduler 30 depends on the 
number of connections handled by server 20. Alternatively or 
additionally, the amount of reserved processing time depends 
on the number of handled connections which are utilizing 
Substantially less processing time than a maximal amount of 
processing time which may be utilized by a connection. In 
some embodiments of the invention, the amount of reserved 
processing time depends on the number of channels which are 
processed during long cycles 80 and which may be converted 
to short cycles 82. 
I0085. In some embodiments of the present invention, the 
amount of reserve processing time is chosen in order to 
achieve a predetermined chance of channel starvation. For 
example, a user may choose to use a relatively large amount of 
reserve processing time in order to prevent channel starvation 
at the expense of being able to handle fewer connections 
concurrently. Alternatively, a small amount of reserve time is 
used in order to maximize the number of connections handled 
by server 20 although allowing a higher starvation chance. 
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I0086. In some embodiments of the invention, the lengths 
of long cycle 80 and/or of short cycle 82 may be changed by 
a system manager of server 20 when the server is not in use. 
Such a change may include changing the length of long cycle 
80 and/or of the number of short cycles 82 within a single long 
cycle 80. Alternatively or additionally, the lengths of long 
cycle 80 and/or of short cycle 82 may be changed during the 
operation of server 20. Optionally, before changing the length 
of either of cycles 80 or 82, processor 28 verifies that such a 
change will not cause starvation to any of the connections 
currently handled by the processor. 
0087. In some embodiments of the invention, all of drivers 
22 accumulate the data at a common sampling rate. In an 
exemplary embodiment, the sampling rate of drivers 22 is 8 
kHz, the length of short cycle 82 is 5 msec and the length of 
long cycle 80 is 20 msec. Thus, in each short cycle, drivers 22 
accumulate 40 samples and in each long cycle the drivers 
accumulate 160 samples. 
0088. It is noted that each connection should receive a 
processing session during every cycle (large or Small), but the 
amount of time between consecutive processing sessions of a 
connection may be larger than the cycle. The interval between 
two consecutive processing sessions of a connection may be, 
under Some conditions, close to twice the cycle of the con 
nection. It is further noted that the time between consecutive 
processing sessions may be shorter thana cycle, for example, 
when a different connection is disconnected from server 20 or 
when the QoS of one or more of the connections, changes. 
I0089 Although the above description refers to connec 
tions having either a short cycle or along cycle. Some embodi 
ments of the invention may be implemented with substan 
tially any number of different cycles, as is now described. 
0090 FIG. 5 is schematic illustration of a table 200 of 
scheduler 30, in accordance with an embodiment of the 
present invention. For each channel handled by server 20, 
table 200 comprises a record 202 which lists the cycle of the 
channel 204, the estimated time required to handle the chan 
nel in each cycle 206 and/or the time at which the channel's 
next cycle ends 208. In some embodiments of the invention, 
the cycle of a channel ends when driver 22 is scheduled to 
collect processed data of the channel from output buffer 34. 
Alternatively, the cycle of a channel is scheduled to end a 
predetermined time before driver 22 is scheduled to begin 
collection of the processed data, so that slight delays beyond 
the end of the cycle do not cause transfer of erroneous data. As 
described above, the length of the predetermined time may 
depend, for example, on the variance of the processing times 
of the sessions performed by processor 28. 
0091 Alternatively or additionally to stating the time at 
which the next cycle of the channel ends 208, table 200 states 
the time at which the channel was previously handled. The 
time at which the channel was previously handled 208 may be 
stated as the beginning and/or end time. 
0092. In some embodiments of the invention, in determin 
ing which channel is to be scheduled, scheduler 30 calculates 
for each channel the time remaining until it must receive a 
handling session, such that its handling is completed before 
the end of its respective cycle. Optionally, the channel with 
the shortest remaining time is selected to be processed. In 
Some embodiments of the invention, the remaining time is 
calculated as the time until the end of the respective cycle of 
the channel minus the estimated time required to handle the 
channel. Optionally, the estimated time required to handle the 
channel is calculated as an average or maximum of the time 
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consumed in previous handling sessions of the channel. Alter 
natively or additionally, the estimated required time is calcu 
lated as a function of one or more attributes of the channel, 
e.g., the type of data it caries (modem, fax, Voice). 
0093. In some embodiments of the invention, table 200 of 
scheduler 30 lists the quality of service (QoS) 210 of each 
channel. Optionally, when a plurality of channels have the 
same (shortest) time remaining until the end of their respec 
tive cycle, the processor is optionally scheduled to process the 
channel with the highest QoS rating. In some embodiments of 
the present invention, when two or more channels have the 
same cycle and the same QoS, the scheduler selects one of the 
channels randomly. Alternatively, scheduler 30 assigns an 
arbitrary order to each of the two or more channels such that 
the scheduler substantially always schedules the two or more 
channels in a same order. Alternatively or additionally, the 
table of scheduler 30 lists the most recent time in which each 
channel was handled. When a plurality of channels are oth 
erwise with equal right for processing, the channel waiting for 
processing for the longest duration, precedes. 
(0094) Further alternatively or additionally, scheduler 30 
keeps track of the occasions in which channels did not receive 
a processing session on time (i.e., before the driver retrieves 
the processed data). Optionally, scheduler 30 determines 
which channel is to be handled earlier, according to the num 
ber of occasions in which the channels did not receive pro 
cessing sessions on time. Further alternatively or additionally, 
other methods, for example as described in PCT application 
PCT/IL00/00733, filed Nov. 9, 2000, the disclosure of which 
is incorporated herein by reference, are used to select for 
scheduling one of a plurality of channels with equal time 
remaining until they must be processed. 
0.095 Optionally, if a channel suffers from starvation, 
server 20 attempts to continue with the handling of the con 
nection although it suffered from starvation. The starvation 
may be identified and corrected by an error correction (EC) 
layer which requests retransmission of the lost data and/or by 
performing a retrain on the connection. 
0096. In some embodiments of the invention, when sched 
uler 30 determines that the processing session of one of the 
channels (referred to herein as the starved channel) ended 
after the driver picked up the data of the channel, it skips 
and/or shortens the handling session of one or more of the 
channels in the following cycle of the starved channel. The 
skipping and/or shortening of the handling session of the one 
or more channels reduces the chances that the late ending of 
the processing session will be repeated. In some embodi 
ments of the invention, scheduler 30 skips and/or shortens the 
handling session of the starved channel. Alternatively or addi 
tionally, scheduler 30 skips and/or shortens the handling ses 
sion of one or more channels other than the starved channel. 
0097. In some embodiments of the invention, the skipping 
and/or shortening of the handling session of the one or more 
channels are performed in a manner which does not cause the 
other end of the connection to disconnect the connection. 
Alternatively or additionally, the skipping and/or shortening 
of the handling session is not noticed by the other end appa 
ratus of the connection, except possibly due to a retrain or 
retransmission request initiated by server 20. 
0098. Optionally, shortening the processing session of one 
or more of the channels comprises scheduling the channel to 
receive a limited processing session. In some embodiments of 
the invention, limiting the processing session of a connection 
comprises reducing the processing power utilization of the 
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reception portion of the connection. Alternatively or addition 
ally, limiting the processing session of a connection com 
prises reducing the processing power utilization of the trans 
mission portion of the connection. Further alternatively or 
additionally, limiting the processing session comprises pro 
cessing a reduced size block of the accumulated data. Option 
ally, the limiting of the processing session comprises not 
performing one or more tasks performed in unlimited ses 
sions of the connection. In some embodiments of the inven 
tion, limiting the processing session of a modem connection 
comprises not performing one or more of the tasks of the 
decoding layer of the data pump (for example, in the V.34 the 
Viterbi decoder, shell dewrapper, deprecoder, non-linear 
decoder and/or descrambler). Alternatively or additionally, 
limiting the processing session of a modem connection com 
prises not performing the tasks of the data-pump and/or the 
ECDC layers. In some embodiments of the invention, limit 
ing the processing session of a fax connection comprises not 
performing the tasks of the data pump and/or protocol layers. 
In some embodiments of the invention, limiting the process 
ing session of a Voice connection comprises ignoring a certain 
percentage of received signals and/or not performing the 
tasks of the vocoder. In some embodiments of the invention, 
limiting of the processing session comprises changing one or 
more parameters of the handling, for example, reducing the 
length of a filter used and/or changing from Soft decision to 
hard decision. 
0099. Alternatively or additionally, limiting the process 
ing session is performed in accordance with any of the meth 
ods described in above mentioned PCT application PCT/ 
IL00/00733, U.S. Pat. No. 5,995,540 to Draganic and/or in 
U.S. patent application Ser. No. 08/969,981 to Abraham 
Fisher et al, filed Nov. 13, 1997, the disclosures of which 
documents are incorporated herein by reference. 
0100. In some embodiments of the invention, scheduler 30 
selects channels to be processed a predetermined time before 
they are actually processed. For example, scheduler 30 may 
instruct a memory controller to load into a memory associated 
with processor 28, data relating to a channel which is going to 
be processed at a later time. Alternatively or additionally, 
scheduler 30 checks in advance for several channels that they 
will receive processing sessions on time. Optionally, if it is 
estimated that one or more of the channels will not receive a 
session on time, Scheduler 30 assigns one of the channels to 
receive a limited processing session, for example as described 
in PCT application PCT/IL00/00733. 
0101. In some embodiments of the invention, each time 
processor 28 processes a connection, it processes only a 
single input block of samples, including samples accumu 
lated in a single cycle of the connection, even if more samples 
have been accumulated in the respective buffer 24. In addi 
tion, processor 28 generates only a single output block of 
samples which are placed in output buffer 34. Thus, the pro 
cessing time required to process a connection is Substantially 
constant, simplifying the estimation of the processing time 
required by each connection. 
0102 Optionally, the single input block comprises a block 
of symbols accumulated during a previous cycle of the cycle 
scheme of the connection, and the output block of samples is 
transferred by driver 22 at about the end of the current cycle 
of the cycle scheme of the connection. Thus, the same data 
samples of the connection are processed by processor 28 
regardless of the relative time in its cycle in which the pro 
cessor is scheduled to handle the data of the connection. 
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Alternatively, as described with reference to FIG. 6, the input 
and/or output blocks comprise blocks of symbols accumu 
lated Substantially immediately before the processing begins 
and exported by driver 22 substantially immediately after 
they are placed in output buffer 34. This reduces the delay 
between receiving data from channel 26 and transmitting a 
response thereto onto channel 26. 
(0103. In some embodiments of the invention, scheduler 30 
may assign one or more of channels 26 to perform a short 
processing session which handles less than a single block of 
data. Such short processing session may be used instead of 
regular processing sessions when processor 28 is short of 
processing power. 
0104 FIG. 6 is a schematic illustration of input buffers 24 
and output buffers 36, in accordance with an embodiment of 
the present invention. In the embodiment of FIG. 6, process 
ing sessions of different channels during a single common 
cycle are performed on data accumulated in buffer 24 at 
different, possibly partially overlapping, times. 
0105. As described above, drivers 22 continuously add 
data into buffers 24 and extract data from output buffers 34. In 
FIG. 6, data received at the same time is shown on a common 
memory slice 320 or 420. For the following explanation each 
slice 320 or 420 is assumed to include 5 ms of data. Possibly, 
slices 320F, 320G, 320H, etc. coincide with slices 420B, 
420C, 420D, etc. 
0106. In the example of FIG. 6, the processing cycles of 
channels 1 and 2 are 15 ms, while the processing cycles of 
channels 3, 4, 5 and 6 are 30 ms. The processing sessions of 
channels 1 and 2 take about 2.5 ms and the processing ses 
sions of channels 3, 4, 5 and 6 take about 5 ms. In the 
processing of a channel, processor 28 retrieves from input 
buffer 24 of the channel data accumulated during a time 
period equal to the length of the cycle of the channel and 
places data into output buffer 34 which will be transmitted 
during the same time period. 
0107. In some embodiments of the invention, the retrieval 
points of data from buffers 24 are organized such that gener 
ally the data of a channel is retrieved shortly after the last 
memory slice 320 of the retrieved data is filled by driver 22 
with raw data. Similarly, in some embodiments of the inven 
tion, the data placement points in buffers 34 are set, such that 
the processed data is placed in buffer 34 shortly before the 
first slice 420 of the placed data is output by driver 22. 
0108. The following description is an exemplary order of 
occurrences for a common processing cycle of 30 ms: 
0109 Processor 28 handles channel 1, retrieves 15 ms of 
data from a raw data area 301. In addition, processor 28 places 
data for transmission in a data area 401 of buffer 34 of channel 
1 

0110 Processor 28 handles channel 2, retrieves 15 ms of 
data from a raw data area 302. In addition, processor 28 places 
data for transmission in a data area 402 of buffer 34 of channel 
2 

0111. At this point driver 22 finishes placing data in 
memory slice 320F and begins placing data in memory slice 
320G. In addition, driver 22 finishes exporting data from slice 
420B and begins exporting data from slice 420C. 
0112 Processor 28 retrieves 30 ms of data of channel 3 
from a raw data area 303. In addition, processor 28 places data 
for transmission in a data area 403 of buffer 34 of channel 3. 

0113. At this point driver 22 finishes placing data in 
memory slice 320G and begins placing data in memory slice 
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320H. In addition, driver 22 finishes exporting data from slice 
420C and begins exporting data from slice 420D. 
0114 Processor 28 retrieves 30 ms of data of channel 4 
from a raw data area 304. In addition, processor 28 places data 
for transmission in a data area 404 of buffer 34 of channel 4. 
0115. At this point driver 22 finishes placing data in 
memory slice 320H and begins placing data in memory slice 
320I. In addition, driver 22 finishes exporting data from slice 
420D and begins exporting data from slice 420E. 
0116 Processor 28 handles channel 1, retrieves 15 ms of 
data from a raw data area 311. In addition, processor 28 places 
data for transmission in a data area 411. 
0117 Processor 28 handles channel 2, retrieves 15 ms of 
data from a raw data area 312. In addition, processor 28 places 
data for transmission in a data area 412. 
0118. At this point driver 22 finishes placing data in 
memory slice 320I and begins placing data in memory slice 
320.J. In addition, driver 22 finishes exporting data from slice 
420E and begins exporting data from slice 420F. 
0119 Processor 28 retrieves 30 ms of data of channel 5 
from a raw data area 305. In addition, processor 28 places data 
for transmission in a data area 405. 
0120 At this point driver 22 finishes placing data in 
memory slice 320J and begins placing data in memory slice 
320K. In addition, driver 22 finishes exporting data from slice 
420F and begins exporting data from slice 420G. 
0121 Processor 28 retrieves 30 ms of data of channel 6 
from a raw data area 306. In addition, processor 28 places data 
for transmission in a data area 406. 
0122. At this point driver 22 finishes placing data in 
memory slice 320K and begins placing data in memory slice 
320L. In addition, driver 22 finishes exporting data from slice 
420G and begins exporting data from slice 420H. 
0123. In some embodiments of the invention, the delay 
caused by the handling of channels 1 and 2 includes the 15 ms 
during which the handled data, i.e., 301,302,311 and 312, is 
accumulated, and up to 5 ms for processing (i.e., about 5 ms 
for channel 1 and 2 until the data of channel 1 is transmitted, 
and 2.5 ms for channel 2). The delay of channels 3, 4, 5 and 6 
includes 30 ms for accumulating the data and 5 ms for pro 
cessing. It is noted that in the prior art, all of the channels 
(which in the prior art would have a common cycle), would 
retrieve data from the same memory slices 320. In addition, in 
the prior art all of the channels would place their data in the 
same slices 420. Therefore, the total delay caused by a prior 
art server would be about 60 ms. 
0.124. It is noted that although in some embodiments of the 
invention both the retrieval of data from buffers 24 and the 
placement of data in buffers 34 are performed in the stepwise 
arrangement shown in FIG. 6, at least Some of the advantages 
in shortening the delay may be achieved by using the step 
arrangement only in buffers 24 or only in buffers 34. For 
example, if the stepwise arrangement is used only with 
respect to output buffers 34, channels receiving earlier ses 
sions in a common processing cycle have a shorter delay than 
channels later in the common processing cycle. In these 
embodiments, channels requiring a shorter delay are option 
ally scheduled to receive processing sessions at the beginning 
of the common cycle. 
0.125. In some embodiments of the invention, a safety 
period is kept between the time at which the channel process 
ing sessions are scheduled to end and the times at which the 
data they store in output buffer 34 is retrieved by driver 22. 
The length of the gap is optionally a function of the uncer 
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tainty in the time at which the processing sessions of the 
channels are scheduled. When there are many critical points, 
due to the retrieval of the data placed in buffer 34 being close 
to the placement of the data, the gap is optionally relatively 
large (e.g., 2-4 mSec). 
0.126 Alternatively or additionally to processor 28 relat 
ing to different positions in different buffers 34 and/or 24, 
DMA 27 places the data it retrieves from different channels 
26 in different relative locations in buffers 24 and/or DMA 33 
retrieves data from different relative positions in output buff 
ers 34 to channels 26. 
I0127. It will be appreciated that the above described meth 
ods may be varied in many ways, including, changing the 
order of steps, and/or performing a plurality of steps concur 
rently. For example, the order of the acts indicated as 102 and 
104 in FIG. 4 may be interchanged and/or these acts may be 
performed concurrently. It should also be appreciated that the 
above described description of methods and apparatus are to 
be interpreted as including apparatus for carrying out the 
methods and methods of using the apparatus. The present 
invention has been described using non-limiting detailed 
descriptions of embodiments thereofthat are provided by way 
of example and are not intended to limit the scope of the 
invention. It should be understood that features and/or steps 
described with respect to one embodiment may be used with 
other embodiments and that not all embodiments of the inven 
tion have all of the features and/or steps shown in a particular 
figure or described with respect to one of the embodiments. 
Variations of embodiments described will occur to persons of 
the art. Furthermore, the terms “comprise.” “include.” “have 
and their conjugates, shall mean, when used in the claims, 
“including but not necessarily limited to.” 
0128. It is noted that some of the above described embodi 
ments may describe the best mode contemplated by the inven 
tors and therefore may include structure, acts or details of 
structures and acts that may not be essential to the invention 
and which are described as examples. Structure and acts 
described herein are replaceable by equivalents which per 
form the same function, even if the structure or acts are 
different, as known in the art. Therefore, the scope of the 
invention is limited only by the elements and limitations as 
used in the claims. 

1. A method of operating a communication server in han 
dling data from a plurality of channels, comprising: 

receiving data of a plurality of channels, by the communi 
cation server, 

determining, for the channels, target times by which the 
channels should be handled in order to avoid starvation 
of the channel; 

estimating handling times required for processing sessions 
of the channel; 

repeatedly selecting, by a scheduler of the communication 
server, a channel whose data is to be handled responsive 
to the determined target times and the estimated han 
dling times; 

scheduling a processor of the communication server to 
perform, without interruption for handling of data of 
other channels, a processing session on the selected 
channel, in which the received data is prepared for trans 
mission and placed in an output buffer, and 

transmitting the data prepared for transmission by at least 
one driver of the communication server, which driver 
operates independently of the processor of the commu 
nication server. 
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2. A method according to claim 1, wherein the target times 
include a safety margin. 

3. A method according to claim 1, wherein the plurality of 
channels include at least two channels requiring processing 
sessions at different rates. 

4. A method according to claim 1, wherein the plurality of 
channels include at least three channels requiring processing 
sessions at different rates. 

5. A method according to claim 1, wherein scheduling the 
processor to handle the data comprises allowing the processor 
to utilize up to a predetermined amount of processing time for 
each channel. 

6. A method according to claim 1, wherein the processor 
does not runan operating system which performs preemption. 

7. A method according to claim 1, wherein each of the 
channels has a cycle time such that it must receive a process 
ing session in each cycle and wherein scheduling the proces 
Sor comprises having the processor wait without handling 
data from any of the channels if all the channels were sched 
uled for handling during their respective current cycles. 

8. A method according to claim 1, wherein scheduling the 
processor comprises scheduling the processor to handle data 
of a first channel at least twice before handling data from a 
second channel. 

9. A communication server, comprising: 
one or more output buffers; 
at least one driver adapted to transmit signals from the one 

or more output buffers on a plurality of channels, accord 
ing to a predetermined timing scheme independent of 
the placement of data in the one or more output buffers; 

a processor adapted to repeatedly perform, for each of the 
channels, processing sessions of tasks of a communica 
tion server, in which data is placed in specific positions 
in the one or more output buffers, for transmission by the 
at least one driver, and 

a scheduler adapted to schedule the processor to handle 
each of the channels, the scheduler being adapted to 
schedule the processor to handle at least some of the 
channels after the driver has transmitted data processed 
in an immediately previous processing session of the 
channel. 

10. A communication server according to claim 9, wherein 
the specific positions in which the data is placed determine a 
period in which the placed data is transmitted by the at least 
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one driver, and wherein the processor is adapted to place the 
data of processing sessions of at least two of the plurality of 
channels in positions in the one or more output buffers such 
that the transmission periods of the data are only partially 
Overlapping. 

11. A server according to claim 10, wherein the processor 
is adapted to place the data of processing sessions of at least 
one of the channels in positions such that the transmission 
period of the data partially overlaps transmission of data from 
sessions of all the other channels. 

12. A server according to claim 9, wherein the one or more 
output buffers comprise a buffer for each of the plurality of 
channels. 

13. A server according to claim 9, wherein the at least one 
driver is adapted to receive signals from the plurality of chan 
nels and to place the received signals in one or more input 
buffers, and the processor is adapted to retrieve data for pro 
cessing sessions of at least two of the plurality of channels 
from different positions such that the reception periods of the 
data are partially overlapping. 

14. A connection handling server, comprising: 
one or more output buffers: 
at least one driver adapted to transmit signals from the one 

or more output buffers on a plurality of channels: 
a processor adapted to repeatedly perform, for each of the 

channels, at a respective channel cycle, processing ses 
sions in which data for transmission is placed in the one 
or more output buffers; and 

a scheduler adapted to determine occurrence of a starvation 
state in which the at least one driver began to transmit 
data from a portion of the buffer before the processor 
placed data in the buffer portion. 

15. A server according to claim 14, wherein the scheduler 
is adapted to skip or limit one or more processing sessions of 
one or more of the channels responsive to the determination 
of the occurrence of a starvation state. 

16. A server according to claim 15, wherein the scheduler 
skips or limits one or more processing sessions of one or more 
channels which were affected by the starvation state. 

17. A server according to claim 15, wherein the scheduler 
skips or limits one or more processing sessions of one or more 
channels which were not affected by the starvation state. 
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