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FINE-GRAINED BANDWIDTH CONTROL
ARBITER AND THE METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to an arbiter, it specifi-
cally relates to a fine-grained bandwidth control arbiter and
its arbitration method.

BACKGROUND OF THE INVENTION

[0002] In a shared bus system which consists of multiple
masters and slaves, the data transmissions among these mas-
ters and slaves, for example, the transmissions of control
signals and data, etc. are all through a shared bus. When
multiple masters in the system sending out bus usage requests
and compete for the priority of usage of the shared bus, bus
contention thus occurs; therefore, an arbiter is needed which
should make appropriate arbitration on the priority of usage
of the shared bus based on the real-time requirements or
bandwidth requirements of the master. The real-time require-
ment of the master means the requirement proposed should be
completed within a limited time and the bandwidth require-
ment means certain amount of data transmission is needed;
therefore, if the real-time or bandwidth requirement of any
master is violated, this system will be unable to work prop-
erly.

[0003] 1In a shared bus system, conventional arbitration
method consists of:

[0004] 1. First-Come-First-Served

[0005] The data first come will be the first served. Since the
bandwidth requirement of each master is not considered,
uneven system bandwidth distribution could easily be the
result.

[0006] 2. Fixed Priority

[0007] When bus contention occurs, the master having
higher priority will be the first served, which might lead to the
starvation of the master having lower priority; therefore,
uneven system bandwidth distribution still occurs.

[0008] 3. Dynamic Priority

[0009] This is a method that changes dynamically the pri-
ority of each master to improve the usage effectiveness of
shared resource. There are many ways to change the priority
of the master; however, it is still difficult to avoid the starva-
tion of master having lower priority.

[0010] 4. Earliest Deadline First

[0011] This is a method to complete in the first priority the
data transmission requirement which is closest to the dead-
line, although it can satisfy the real-time requirement of each
data transmission, uneven system resource distribution could
easily be the result.

[0012] 5. Round-Robin

[0013] This is a method that distributes system bandwidth
evenly to each master and limits that each master sharing the
resource can only use the same amount of bandwidth; there-
fore, it could easily lead to the delay of real-time data trans-
mission requirement.

[0014] 6. Time-Division Multiplexing

[0015] The priority of usage of shared bus is determined by
the time slots assigned in advance, although this method can
distribute evenly system bandwidth based on the requirement
of master, yet when the system is too complicated, the design
of time slot is difficult to satisfy simultaneously the real-time
and bandwidth requirement of each master.
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[0016] 7.Random

[0017] This is a method that determines randomly and
dynamically the priority of usage of shared bus according to
the ticket distribution preset in the system and the shared bus
usage situation proposed by master; although it can evenly
distribute the priority of bandwidth usage of each master, yet
it can not handle real-time data transmission.

[0018] Ina patent with patent number 93136895 applied in
Taiwan, Republic of China, named “A bus arbiter, bus device
and bus arbitration method”, a bus system is disclosed, which
consists of multiple counters and a control circuit; the counter
means the amount of usage of bandwidth of each master,
which is used to record the frequency of usage of bus by each
master; the control circuit then changes the priority of the
master according to the counted value on the counter and the
priority of usage of shared bus is determined through the
amount of bandwidth usage that is preset in advance.
Although this kind of arbitration method can satisfy the band-
width requirement of each master, yet the real-time require-
ment of the master is not considered. In a patent with patent
number 1257551, named, “Bus arbitration system and
method”, an arbitration system comprising of a priority order
distribution device and a arbiter circuit is disclosed, which
can effectively reduce the access time of the master having
higher priority and change dynamically the priority of master;
therefore, the starvation of master faced in the arbitration
method having fixed priority can thus be avoided. However,
such method can not cope effectively with the real-time
requirement of master. Furthermore, a patent applied in Tai-
wan, Republic of China with patent number 1258081, named
“A bus control priority arbitration method and arbiter”, an
arbitration system consists of multiple time accumulator is
disclosed; therefore, when any master in the system proposes
bus usage request, its corresponding time accumulator will
then start to accumulate; when the value in the time accumu-
lator s larger than the preset threshold value, the master will
then obtain the highest priority of usage of the bus; although
this kind of arbitration method can satisfy the real-time
requirement of each master, yet the bandwidth requirement is
not considered and system bandwidth is thus difficult to be
distributed evenly. In a patent applied in Taiwan, Republic of
China with patent number 1220500, a system consists of
equipment Round-Robin order table, transmission require-
ment table and equipment usage record table is proposed; in
the system, equipment Round-Robin order table and trans-
mission requirement table are dynamically checked in order
to decide the bus usage order of each master; in the mean time,
the usage situation is recorded in the equipment usage record
table. The bus usage situation by the master is recorded
through massive amount of memory devices in order to adjust
dynamically the arbitration method and satisfy the real-time
and bandwidth requirement of each master. However, the
very important equipment Round-Robin table in the present
invention is still difficult to be designed in the present com-
plicated system. In addition, inan U.S. Pat. No. 6,633,939, an
arbitration method with dynamic priority is disclosed which,
based on the behavior of the master, changes the master’s
corresponding priority dynamically. Since usually the master
having higher priority obtains the priority of usage of'the bus,
the starvation of master having lower priority is still difficult
to be avoided. In an U.S. Pat. No. 6,694,488, which is also an
arbitration method of dynamic priority; in the system, each
master consists of a communication architecture tuner (CAT)
circuit which is used 1o decide appropriately the priority of
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usage of bus for each master when bus contention occurs.
Although the CAT circuit can help arbiter to satisfy the real-
time requirement of master, yet the bandwidth requirement
can not be satisfied in the same time. In an U.S. Pat. No.
6,877,053, an arbitration method based on random number is
proposed; in the system, each master has a preset ticket,
therefore, when bus contention occurs, arbiter will grant arbi-
trarily the priority of usage of the bus according to weighted
average way and according to the tickets of each master;
although such method can fairly distribute bandwidth, the
real-time requirement of each master is not taken into
account.

[0019] Therefore, an arbiter and arbitration method that can
satisfy the simultaneous real-time and bandwidth require-
ments of the master in a system is thus hoped.

SUMMARY OF THE INVENTION

[0020] One purpose of the present invention is to provide a
three levels arbiter.

[0021] Another purpose of the present invention is to pro-
vide a three-level shared bus control arbitration method.
[0022] According to the present invention, an arbiter con-
sists of a real-time handler, a bandwidth regulator and a
lottery manager with tuned weight; therefore, when multiple
masters propose bus usage requests, the arbiter will decide the
priority of usage of a shared bus. Those masters have real-
time and/or bandwidth requirements and tickets are preset
respectively; the real-time handler will check whether the bus
usage requests as sent out by those masters include real-time
requests and judge if those bus usage requests are urgent and
finally agree the most urgent bus usage request; if there are no
urgent bus usage requests in the system, the real-time handler
will not be in action and the bandwidth regulator will detect if
those bandwidth requirements from those masters are satis-
fied and limit those masters that have bandwidth requirements
satisfied to send out bus usage requests; the lottery manager
with tuned weight will grant the usage request of any bus in
weighted average way and in random way based on the tickets
of those masters and the proposed bus usage requests.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and other objects, features and advantages of
the present invention will become apparent to those skilled in
the art upon consideration of the following description of the
preferred embodiments of the present invention taken in con-
junction with the accompanying drawings, in which:

[0024] FIG. 1 is an illustration of shared bus system;
[0025] FIG. 2is a block diagram according to one embodi-
ment of the present invention; and

[0026] FIG. 3 is an illustration according to one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] FIG. 1is an illustration of the shared bus system 10
based on the present invention, the master 111, 112,113, 114
and the slave 121, 122 will perform data transmissions
through the shared bus 101; the arbiter 102 is connected to
each master and can perform appropriate arbitration on real-
time and/or bandwidth request according to the tickets of the
master when the bus contention occurs.

[0028] FIG.2 is ablock diagram of the arbiter based on the
present invention. Arbiter 200 consists of a real-time handler
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201, a bandwidth regulator 202 and a lottery manager with
tuned weight 203 so as to provide a three-level bus control
arbitration method.

[0029] Real-time handler 201 consists of multiple real-time
counters 204 and a warning line, each real-time counter is
corresponded to a master respectively and the counter is used
to record the difference between the bus usage request time
proposed by the master and the current time, that is, the
waiting time of the master; the warning line is preset by the
users in advance and it means the shortest time to solve the
bus contention in the system. When the master sends out bus
usage request, the real-time handler 201 will check if the bus
usage request includes real-time requirement, then the real-
time counter 204 corresponded to the master which sends out
bus usage request, which includes real-time requirement, will
start to count and stop until the right of usage of bus is
obtained by the master. If the real-time counter 204 reaches
the warning line, it means the bus usage request sent out by
the master is urgent and the real-time handler 201 will grantin
the first priority the bus usage request and give the bus usage
priority to the master. If there is no urgent bus usage request,
the real-time handler 201 will not be in action. In the present
embodiment, the real-time counter 204 is a down-counting
counter, therefore, when there is real-time bus usage request
propose by the master, the real-time counter 204 corre-
sponded to the master will then start the down-counting from
a preset value; when the real-time counter 204 down-counts
to a counted value smaller than the warning line, the real-time
handler 201 will then treat the usage request of the bus as
urgent and grant in the first priority the usage request of the
bus. If the multiple urgent masters exist in the system, the
real-time handler 201 will treat the bus usage request corre-
sponding to the real-time counter 204 having smallest
counted value as the most urgent and grant the most urgent
bus usage request. If all the counted values of real-time
counter 204 are all larger than the warning line, it means there
are no urgent bus usage requests and the real-time handler 201
will thus not be in action.

[0030] The bandwidth regulator 202 will check the bus
bandwidth of each master and the bandwidth regulator 202
consists of multiple bandwidth registers 205 to record respec-
tively the bus usage of each master transmission. Each band-
width register 205 will start the counting when the corre-
sponding master acquires bus usage priority until the bus
usage priority is released by the master; the bandwidth regu-
lator 202 will check the bus usage proportion by each master
and when in a certain period of time, if the bandwidth usage
proportion of the master exceeds the bandwidth requirement
ofthe master, that is, the bandwidth requirement of the master
is satisfied, the bandwidth regulator 202 will temporarily
limit bus usage request sent out by the master and yield the
bus usage priority to the other master which has bandwidth
not satisfied in the system.

[0031] A lottery manager with tuned weight 203 consists of
random number controller 206 and the random number con-
troller 206 is stored with tickets of each master; the ticket
assignment can be simulated by software or can be decided by
the experiences of the designer, therefore, when the bus con-
tention occurs and when the real-time handler 201 is not in
action, the random number controller 206 will then grant the
bus usage priority of any master in weighted random way
according to tickets of each master and the bus usage request
proposed by each master.
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[0032] Inorderto provide the above-mentioned message to
the real-time handler 201, to bandwidth regulator 202 and to
a lottery manager with tuned weight 203, each master in
shared bus system also consists of a real-time counter, which
1s used to reflect the urgency of the real-time requirement of
the master, for example, a down-counting counter. Each mas-
ter further consists of a bandwidth register to record respec-
tively the bus usage proportion to be provided to the band-
width regulator 202; moreover, the arbiter 200 will grant at
most one usage request from one bus in the same time point,
that is, only one master can acquire the bus usage priority in
one time.

[0033] FIG. 3 is an embodiment of arbiter according to the
present invention, the bus arbitration system 300 consists of
the master M1, M2, M3 and M4, to propose respectively bus
usage requests, which include real-time and bandwidth
requirements, R1, R2, R3 and R4; the real-time handler 321
will check if bus usage requests R1~R4 include real-time
requirements and judge their urgency so as to assign the
shared bus usage priority to the master that has urgent and
real-time requirement. The bandwidth regulator 331 will
record the bandwidth usage proportion of each master and
generate limiting signals S1~S4 according to the satisfaction
situation of the bandwidth requirements of these masters. If
there is no urgent master in the system, the real-time handler
321 will not be in action and the bus usage priority will be
decided by the lottery manager with tuned weight 341; lim-
iting signals S1~S4 will then limit bus usage requests R1~R4,
through AND GATE 332~335, from entering a lottery man-
ager with tuned weight 341 to limit the bus usage request of a
master that has bandwidth requirement satisfied; a lottery
manager with tuned weight 341 will then grant in weighted
random way the bus usage request from any master according
to tickets W1~W4 of master M1~M4 and the bus usage
requests limited by the limiting signals S1~S4.

What is claimed is:

1. A fine-grained bandwidth control arbiter is used to
decide the usage priority of shared bus when multiple masters
propose bus usage requests on a shared bus, those masters
possess respectively real-time requirement and bandwidth
requirement and are preset with tickets respectively, the arbi-
ter consists of:

a real-time handler, is used to judge if those bus usage
requests are urgent when those bus usage requests
include real-time requirements and to grant the most
urgent bus usage request;

a bandwidth regulator, is used to detect if there is master
with bandwidth requirement satisfied, and within certain
period of time, is used to limit the bus usage requests of
those masters with bandwidth requirement satisfied; and

a lottery manager with tuned weight, based on those tickets
and the situation of proposing bus usage request, is used
to grant the usage request of one of the bus in weighted
random way;

wherein when there is no urgent bus usage request, the
real-time handler will not be in action.

2. The fine-grained bandwidth control arbiter of claim 1
wherein the real-time handler consists of multiple counters
corresponding to those masters and the real-time handler is
used to record the waiting time of the usage request of each
bus.
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3. The fine-grained bandwidth control arbiter of claim 2
wherein the real-time handler will treat the bus usage request
as urgent when the waiting time of any bus usage request
reaches the warning line.

4. The fine-grained bandwidth control arbiter of claim 2
wherein those counters are down-counters which will down-
count from a preset value to generate multiple counted values
so as to record the waiting time of those bus usage requests
when corresponding masters send out bus usage request
which includes real-time requirement.

5. The fine-grained bandwidth control arbiter of claim 4
wherein the real-time handler will treat the bus usage request
corresponding to the counted value as urgent when any
counted value is smaller than the warning line.

6. The fine-grained bandwidth control arbiter of claim 5
wherein when there are several urgent bus usage requests, the
real-time handler will treat bus usage request of smallest
counted value as the most urgent and grant the most urgent
bus usage request.

7. The fine-grained bandwidth control arbiter of claim 1
wherein the bandwidth regulator consists of multiple band-
width registers to correspond respectively those masters so as
to record the bandwidth usage proportion of each master.

8. The fine-grained bandwidth control arbiter of claim 7
wherein those bandwidth registers will start the counting after
the corresponding master acquires bus usage priority until the
bus usage priority is released by the master.

9. The fine-grained bandwidth control arbiter of claim 1
wherein the lottery manager with tuned weight consists of a
random number controller.

10. The fine-grained bandwidth control arbiter of claim 1
wherein at the same point of time, the arbiter only grants one
bus usage request.

11. A fine-grained bandwidth control arbitration method is
used to decide the usage priority of the shared bus when
multiple masters propose an usage request on a shared bus;
those masters possess real-time requirements and bandwidth
requirements and are respectively preset with tickets; more-
over, the arbitration method consists of the following steps:

checking if those bus usage requests include real-time

requirements;

judging if those bus usage requests, which include real-

time requirements, are urgent;

granting the urgent bus usage request;

detecting if the bandwidth requirements of those masters

are satisfied;

limiting the bus usage requirements of those masters hav-

ing bandwidth requirements satisfied; and

granting in weighted random way any of the bus usage

requests according to those tickets and the situation of
proposing bus usage requests.

12. The fine-grained bandwidth control arbitration method
of claim 11 wherein the steps of judging if those bus usage
requirements, which include real-time requirements, are
urgent include the recording of the waiting time of the usage
request of each bus.

13. The fine-grained bandwidth control arbitration method
of claim 12 wherein when any waiting time reaches the warn-
ing line, the bus usage request corresponding to the waiting
time will be treated as urgent.

14. The fine-grained bandwidth control arbitration method
of claim 12 wherein the steps of recording the waiting time of
the usage request of each bus include the generation of a
counted value by counting down from a preset value.
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15. The fine-grained bandwidth control arbitration method
of claim 14 wherein when a counted value is smaller than the
warning line, the bus usage request corresponding to the
counted value will be seen as urgent.

16. The fine-grained bandwidth control arbitration method
of claim 15 wherein when multiple urgent bus usage requests
exist, the bus usage request with smallest counted value will
be granted.

17. The fine-grained bandwidth control arbitration method
of claim 11 wherein the method further consists of the record-
ing of bandwidth usage proportion of each master.
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18. The fine-grained bandwidth control arbitration method
of claim 17 wherein the steps of recording the bandwidth
usage proportion of each master consist of the start of count-
ing when the corresponding master acquires bus usage prior-
ity until the bus usage priority is released by the master.

19. The fine-grained bandwidth control arbitration method
of claim 11 wherein the arbitration method grants only one
bus usage request in each time.
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