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(57) ABSTRACT

In a multi-core stream processing system and scheduling
method of the same, a scheduler is coupled to a number (N) of
stream processing units and a number (N+1) of stream fetch-
ing units, where N=2. When the scheduler receives a stream
element from a P” stream fetching unit, the scheduler assigns
a P” stream processing unit as a target stream processing unit
when the P” stream processing unit does not encounter a
bottleneck condition, assigns a Q™ stream processing unit,
which does not encounter the bottleneck condition, as the
target stream processing unit when the P” stream processing
unit encounters the bottleneck condition, where 1=P=N,
1=Q=N, and P=Q, and dispatches the received stream ele-
ment to the target stream processing unit such that the target
stream processing unit processes the stream element dis-
patched from the scheduler.

21 Claims, 5 Drawing Sheets
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1
MULTI-CORE STREAM PROCESSOR
HAVING (N) PROCESSING UNITS AND (N+1)
FETCHING UNITS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese Application
No. 097140970, filed on Oct. 24, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a scheduling method for a multi-
core system, more particularly to amulti-core stream process-
ing system and scheduling method for the same.

2. Description of the Related Art

In a conventional multi-core stream processing system,
since workloads of respective stream processing units differ
from each other, the utilization rate of each stream processing
unit cannot be optimized, thereby adversely affecting system
performance.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a
multi-core stream processing system and scheduling method
for the same that are capable of enhancing system perfor-
mance.

According to one aspect of the present invention, a multi-
core stream processing system comprises:

a number (N) of stream processing units, where N=2;

a number (N+1) of stream fetching units, a first one of
which is adapted to fetch a stream element from an external
device; and

a scheduler coupled to the stream processing units and the
stream fetching units, and controlling second to (N+1)? ones
of the stream fetching units so that each of the second to
(N+1)” ones of the stream fetching units fetches a stream
element from a source one of the stream processing units.

When the scheduler receives the stream element from a P”
one of the stream fetching units, the scheduler determines
whether a P” one of the stream processing units encounters a
bottleneck condition, assigns the P” one of the stream pro-
cessing units as a target one of the stream processing units
when the P” one of the stream processing units does not
encounter the bottleneck condition,

finds a Q” one of the stream processing units that does not
encounter the bottleneck condition, and assigns the Q7 one of
the stream processing units as the target one of the stream
processing units when the P” one of the stream processing
units encounters the bottleneck condition, where 1=P=N,
1=Q=N, and P=Q, and

dispatches the stream element received thereby to the tar-
get one of the stream processing units such that the target one
of the stream processing units processes the stream element
dispatched from the scheduler.

According to another aspect of the present invention, there
is provided a scheduling method for a multi-core stream
processing system. The multi-core stream processing system
includes a number (N) of stream processing units and a num-
ber (N+1) of stream fetching units, where N=2. The sched-
uling method comprises the steps of:

a) receiving a stream element from a P” one of the stream
fetching units, where 1 =P=N;

b) determining whether a P” one of the stream processing
units encounters a bottleneck condition;
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¢) assigning the P? one of the stream processing units as a
target one of the stream processing units when it is deter-
mined in step b) that the P” one of the stream processing units
does not encounter the bottleneck condition;

d) finding a Q” one of the stream processing units that does
not encounter the bottleneck condition, and assigning the Q”
one of the stream processing units as the target one of the
stream processing units when it is determined in step b) that
the P” one of the stream processing units encounters the
bottleneck condition, where 1=Q=N and P=Q; and

e) dispatching the stream element received in step a) to the
target one of the stream processing units for processing.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiment with reference to the accompanying
drawings, of which:

FIG. 1 is a schematic circuit block diagram illustrating the
preferred embodiment of a multi-core stream processing sys-
tem according to the present invention;

FIGS. 2a and 25 are flow charts illustrating a scheduling
method performed by the multi-core stream processing sys-
tem of the preferred embodiment;

FIG. 3 is a schematic diagram illustrating the preferred
embodiment operated in a case, where N=3 and none of three
stream processing units of the preferred embodiment encoun-
ters a bottleneck condition; and

FIG. 4 is a schematic diagram illustrating the preferred
embodiment when operated in another case, where N=3 and
a second one of the three stream processing units of the
preferred embodiment encounters the bottleneck condition.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the preferred embodiment of a multi-
core stream processing system according to the present inven-
tion is shown to include a number (N) of stream processing
units 1, a number (N+1) of stream fetching units 2, and a
scheduler 3, where N=2.

A first one of the stream fetching units 2 is adapted to fetch
a stream element from an external device (not shown). In this
embodiment, each of second to (N+1)” ones of the stream
fetching units 2 includes a receiver 21.

In this embodiment, each of the stream processing units 1
includes a storage unit 11, a kernel unit 12 coupled to the
storage unit 11, and a request arbiter 13 coupled to the kernel
unit 12.

The scheduler 3 is coupled to the storage units 11 and the
request arbiters 13 of the stream processing units 1, and to the
stream fetching units 2. The scheduler 3 controls the second to
(N+1)? ones of the stream fetching units 2 so that each of the
second to (N+1)” ones of the stream fetching units 2 fetches
a stream element from a source one of the stream processing
units 1. It is noted that the stream element fetched by each
stream fetching unit 2 includes stream data and a stream
index.

When the scheduler 3 receives the stream element from a
P? one of the stream fetching units 2, where 1=P=N, the
scheduler 3 determines whether a P” one of the stream pro-
cessing units 1 encounters a bottleneck condition. In this
embodiment, the bottleneck condition for each stream pro-
cessing unit 1 indicates that an amount of data stored in the
storage unit 11 thereof is greater than a threshold amount.
When the P” one of the stream processing units 1 does not
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encounter the bottleneck condition, the scheduler 3 assigns
the P one of the stream processing units 1 as a target one of
the stream processing units 1. On the other hand, when the P#
one of the stream processing unit 1 encounters the bottleneck
condition, the scheduler 3 finds a Q% one of the stream pro-
cessing units 1 that does not encounter the bottleneck condi-
tion, where 1 =Q=N, and P=Q, and assigns the Q” one of the
stream processing units 1 as the target one of the stream
processing units 1. It is noted that, when P=1, the Q” one of
the stream processing units 1 is in an idle state, where
2=Q=N. When 2=P=N-1, the Q" one of the stream pro-
cessing units 1 is in a stall state, where 1=Q=P-1, and is in
the idle state, where P+1=Q=N, in case first to (P-1)" ones
of'the stream processing units 1 are not in the stall state. When
P=N, the Q" one of the stream processing units 1 is in the stall
state, where 1=Q=N-1. Thereafter, the scheduler 3 dis-
patches the stream element received thereby to the target one
of the stream processing units 1, wherein the stream element
dispatched from the scheduler 3 is stored in the storage unit 11
of the target one of the stream processing units 1, and outputs
stream index information corresponding to the stream ele-
ment received from the P” one of the stream fetching units 2
to a (P+1)" one of the stream fetching units 2, wherein the
stream index information from the scheduler 3 is received by
the receiver 21 of the (P+1)” one of the stream fetching units
2.

In this embodiment, the stream index information includes
target information associated with the kernel unit 12 of the
target one of the stream processing units 1, and the stream
index of the stream element received by the scheduler 3 and
associated with a starting storage address in the storage unit
11 of the target one of the stream processing units 1. The
receiver 21 of the (p+1)” one of the stream fetching units 2
issues an action request corresponding to the stream index
information received thereby to the target one of the stream
processing units 1 through the scheduler 3 upon receipt of the
stream index information from the scheduler 3.

In this embodiment, for each stream processing unit 1, the
storage unit 11 stores at least one stream element dispatched
from the scheduler 3. The request arbiter 13 receives at least
one action request from the stream fetching units 2 through
the scheduler 3, and stores the at least one action request. The
kernel unit 12 is operable to process in sequence the at least
one stream element stored in the storage unit 11, and updates
the at least one stream element stored in the storage unit 11
with the at least one stream element processed thereby. It is
noted that, for the target one of the stream processing units 1,
the kernel unit 12 processes the at least one stream element
stored in the storage unit 11 in response to the at least one
action request received by the request arbiter 13.

In other embodiments, for the target one of the stream
processing units 1, when the storage unit 11 is stored with a
plurality of the stream elements and the request arbiter 13 is
stored with a plurality of the action requests corresponding to
the stream elements stored in the storage unit 11, the kernel
unit 12 processes the stream elements stored in the storage
unit 11 based on the action requests stored in the request
arbiter 13 in a round robin order.

Then, the (P+1)” one of the stream fetching units 2 fetches,
based on the stream index information received by the
receiver 21 thereof, from the storage unit 11 of the target one
of the stream processing units 1, the stream element corre-
sponding to the stream index information and processed by
the kernel unit 12 of the target one of the stream processing
units 1 through the scheduler 3.
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4

FIGS. 2a and 25 are flow charts illustrating a scheduling
method performed by the multi-core stream processing sys-
tem of the preferred embodiment.

In step S1, the scheduler 3 receives a stream element from
a P” one of the stream fetching units 2, where 1=P=N. In
step S2, the scheduler 3 determines whether a P” one of the
stream processing units 1 encounters the bottleneck condi-
tion. If negative, the flow proceeds to step S3. Otherwise, the
flow goes to step S6. In step S3, the scheduler 3 assigns the P”
one of the stream processing units 1 as a target one of the
stream processing units 1. In step S4, the scheduler 3 dis-
patches the stream element received in step S1 to the target
one of the stream processing units 1 for stream processing. In
step S5, the scheduler 3 outputs stream index information
corresponding to the stream element received in step S1 to the
(P+1)” one of the stream fetching units 2. In step S6, the
scheduler determines whether P ranges from 2 to N-1. If
affirmative, the flow goes to step S7. Otherwise, the flow goes
to step S11. In step S7, the scheduler 3 determines whether
one of first to (P-1)" ones of the stream processing units 1 is
in the stall state. If affirmative, the flow goes to step S8.
Otherwise, the flow goes to step S9. In step S8, the scheduler
3 assigns said one of the first to (P-1)” one of the stream
processing units 1 determined in step S7 as the target one of
the stream processing units 1, and the flow goes to step S4. In
step S9, the scheduler 3 determines whether one of (P+1)” to
N? ones of the stream processing units 1 is in the idle state. If
affirmative, the flow goes to step S10. Otherwise, the flow
goes back to step S2. In step S10, the scheduler 3 assigns said
one of the (P+1)? to N? ones of the stream processing units 1
determined in step S9 as the target one of the stream process-
ing units 1, and the flow goes to step S4. In step S11, the
scheduler 3 determines whether P is equal to 1. If affirmative,
the flow goes to step S12. Otherwise, i.e., P is equal to N, the
flow goes to step S14. In step S12, the scheduler 3 determines
whether one of the second to N ones of the stream process-
ing units 1 is in the idle state. If affirmative, the flow goes to
step S13. Otherwise, the flow goes back to step S2. In step
S13, the scheduler 3 assigns said one of the second to N ones
of'the stream processing units 1 determined in step S12 as the
target one of the stream processing units 1, and the flow goes
to step S4. In step S14, the scheduler 3 determines whether
one of the first to (N-1)" ones of the stream processing units
1 is in the stall state. If affirmative, the flow goes to step S15.
Otherwise, the flow goes back to step S2. In step S15, the
scheduler 3 assigns said one of the first to (N-1)” ones of the
stream processing units 1 determined in step S14 as the target
one of the stream processing units 1.

FIG. 3 illustrates the multi-core stream processing system
of the preferred embodiment operated in a case, where N=3
and none of the stream processing units 1 encounters the
bottleneck condition. In this case, as indicated by the imagi-
nary-line arrow (R1) in FIG. 3, the scheduler 3 receives a
stream element fetched from the external device (not shown)
from a first one of the stream fetching units 2, and dispatches
the stream element received thereby to a first one of the stream
processing units 1 for stream processing. Then, as indicated
by the imaginary-line arrow (R2) in FIG. 3, a second one of
the stream fetching units 2 fetches, from the first one of the
stream processing units 1, the stream element processed by
the first one of the stream processing units 1 through the
scheduler 3 and sends the same to a second one of the stream
processing units 1 through the scheduler 3 for stream process-
ing. Thereafter, as indicated by the imaginary-line arrow (R3)
in FIG. 3, a third one of the stream fetching units 2 fetches,
from the second one of the stream processing units 1, the
stream element processed by the second one of the stream
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processing units 1 and sends the same to a third one of the
stream processing units 1 through the scheduler 3 for stream
processing. Finally, as indicated by the imaginary-line arrow
(R4) in FIG. 3, a fourth one of the stream fetching units 2
fetches, from the third one of the stream processing units 1,
the stream element processed by the third one of the stream
processing units 1 through the scheduler 3 and sends the same
to the outside.

However, if the second one of the stream processing units
1 encounters the bottleneck condition, the stream element
processed by the first one of the stream processing units 1
cannot be dispatched to the second one of the stream process-
ing units 1 such that the first one of the stream processing
units 1 is in the stall state. In this case, as indicated by the
imaginary-line arrow (R2') in FIG. 4, the scheduler 3 receives
from the second one of the stream fetching units 2 the stream
element processed by the first one of the stream processing
units 1, and dispatches the stream element received thereby to
the first one of the stream processing units 1 for stream pro-
cessing. Then, as indicated by the imaginary-line arrow (R3")
in FIG. 4, the third one of the stream fetching units 2 fetches,
from the first one of the stream processing units 1, the stream
element processed by the first one of the stream processing
units 1 and sends the same to the third one of the stream
processing units 1 through the scheduler 3. As a result, the
utilization rate of the first one of the stream processing units
1 is enhanced, thereby enhancing overall performance of the
multi-core stream processing system.

While the present invention has been described in connec-
tion with what is considered the most practical and preferred
embodiment, it is understood that this invention is not limited
to the disclosed embodiment but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifica-
tions and equivalent arrangements.

We claim:

1. A multi-core stream processing system comprising:

a number (N) of stream processing units, where N=2;

a number (N+1) of stream fetching units, a first one of
which is adapted to fetch a stream element from an
external device; and

a scheduler coupled to said stream processing units and
said stream fetching units, and controlling second to
(N+1)” ones of said stream fetching units so that each of
the second to (N+1)” ones of said stream fetching units
fetches a stream element from a source one of said
stream processing units;

wherein, when said scheduler receives the stream element
from a P? one of said stream fetching units, said sched-
uler

determines whether a P” one of said stream processing
units encounters a bottleneck condition,

assigns the P” one of said stream processing units as a
target one of said stream processing units when the P”
one of said stream processing units does not encounter
the bottleneck condition,

finds a Q” one of said stream processing units that does not
encounter the bottleneck condition, and assigns the Q'
one of said stream processing units as the target one of
said stream processing units when the P?” one of said
stream processing units encounters the bottleneck con-
dition, where 1=P=N, 1=Q=N, and P=Q, and

dispatches the stream element received thereby to the tar-
get one of said stream processing units such that the
target one of said stream processing units processes the
stream element dispatched from said scheduler.
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2. The multi-core stream processing system as claimed in
claim 1, wherein the Q” one of said stream processing units is
in one of a stall state and an idle state.

3. The multi-core stream processing system as claimed in
claim 2, wherein:

when P=1, the Q” one of said stream processing units is in

the idle state, where 2 Q=N;

when 2=P=N-1, the Q” one of said stream processing

units is in the stall state, where 1=Q=P-1, and is in the
idle state, where P+1=Q=N, in case first to (P-1)” ones
of said stream processing units are not in the stall state;
and

when P=N, the Q” one of said stream processing units is in

the stall state, where 1 =Q=N-1.

4. The multi-core stream processing system as claimed in
claim 1, wherein each of said stream processing units
includes:

a storage unit coupled to said scheduler and storing at least

one stream element dispatched from said scheduler; and

a kernel unit coupled to said storage unit, operable to

process in sequence the at least one stream element
stored in said storage unit, and updating the at least one
stream element stored in said storage unit with the at
least one stream element processed thereby.

5. The multi-core stream processing system as claimed in
claim 4, wherein the bottleneck condition for each of said
stream processing units indicates that an amount of data
stored in said storage unit thereof is greater than a threshold
amount.

6. The multi-core stream processing system as claimed in
claim 4, wherein the stream element fetched by each of said
stream fetching units includes stream data and a stream index.

7. The multi-core stream processing system as claimed in
claim 6, wherein:

said scheduler further outputs stream index information

corresponding to the stream element received from the
P one of said stream fetching units to a (P+1)” one of
said stream fetching units; and

each of the second to (N+1)? ones of said stream fetching

units includes a receiver coupled to said scheduler for
receiving the stream index information therefrom.

8. The multi-core stream processing system as claimed in
claim 7, wherein the stream index information includes target
information associated with said kernel unit of the target one
of said stream processing units, and the stream index of the
stream element received by said scheduler and associated
with a starting storage address in said storage unit of the target
one of said stream processing units.

9. The multi-core stream processing system as claimed in
claim 8, wherein said receiver of the (P+1)” one of said
stream fetching units issues an action request corresponding
to the stream index information received thereby to the target
one of said stream processing units through said scheduler
upon receipt of the stream index information from said sched-
uler.

10. The multi-core stream processing system as claimed in
claim 9, wherein each of said stream processing units further
includes a request arbiter coupled to said kernel unit thereof
and said scheduler, receiving at least one action request from
said stream fetching units through said scheduler and storing
the at least one action request therein, said kernel unit of the
target one of said stream processing units processing the at
least one stream element stored in said storage unit of the
target one of said stream processing units in response to the at
least one action request received by said request arbiter.

11. The multi-core stream processing system as claimed in
claim 10, wherein, for the target one of said stream processing
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units, when said storage unit thereof is stored with a plurality
of the stream elements and said request arbiter thereof is
stored with a plurality of the action requests corresponding to
the stream elements stored in said storage unit, said kernel
unit thereof processes the stream elements stored in said
storage unit based on the action requests stored in said request
arbiter in a round robin order.

12. The multi-core stream processing system as claimed in
claim 9, wherein the (P+1)? one of said stream fetching units
fetches, based on the stream index information received by
said receiver thereof, from said storage unit of the target one
of said stream processing units, the stream element corre-
sponding to the stream index information and processed by
said kernel unit of said target one of said stream processing
units through said scheduler.

13. A scheduling method for a multi-core stream process-
ing system that includes a number (N) of stream processing
units and a number (N+1) of stream fetching units, where
N=z2, said scheduling method comprising the steps of:

a) receiving a stream element from a P” one of the stream

fetching units, where 1 =P=N;

b) determining whether a P one of the stream processing
units encounters a bottleneck condition;

¢) assigning the P? one of the stream processing units as a
target one of the stream processing units when it is
determined in step b) that the P” one of the stream
processing units does not encounter the bottleneck con-
dition;

d) finding a Q” one of the stream processing units that does
not encounter the bottleneck condition, and assigning
the Q7 one of the stream processing units as the target
one of the stream processing units when it is determined
in step b) that the P” one of the stream processing units
encounters the bottleneck condition, where 1=Q=N
and P=Q; and

e) dispatching the stream element received in step a) to the
target one of the stream processing units for processing.

14. The scheduling method as claimed in claim 13, wherein
the Q” one of the stream processing units is in one of a stall
state and an idle state.

15. The scheduling method as claimed in claim 14, wherein
the Q” one of the stream processing units is in the idle state
when P=1, where 2=Q=N.

16. The scheduling method as claimed in claim 14, wherein
the Q” one of the stream processing units is in the stall state
when P=N, where 1=Q=N-1.
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17. The scheduling method as claimed in claim 14,
wherein, when 2=P=N-1, step d) further includes the sub-
steps of:

d-1) determining whether one of first to (P-1)" ones of the

stream processing units is in the stall state;

d-2) assigning said one of the first to (P-1)” ones of the
stream processing units as the Q” one of said stream
processing units when it is determined in sub-step d-1)
that said one of the first to (P-1)” of the stream process-
ing units is in the stall state;

d-3) determining whether one of (P+1)” to N” ones of the
stream processing units is in the idle state when it is
determined in sub-step d-1) that none of the first to
(P-1)" ones of the stream processing units is in the stall
state; and

d-4) assigning said one of the (P+1)” to N ones of the
stream processing units as the Q% one of said stream
processing units when it is determined in sub-step d-3)
that said one of the (P+1)” to N” ones of the stream
processing units is in the idle state.

18. The scheduling method as claimed in claim 13,
wherein, in step b), the bottleneck condition indicates that an
amount of data to be processed by the P one of the stream
processing units is greater than a threshold amount.

19. The scheduling method as claimed in claim 13, wherein
the stream element received in step a) includes stream data
and a stream index.

20. The scheduling method as claimed in claim 19, further
comprising the step of:

) outputting stream index information corresponding to
the stream element received in step a) to a (P+1)” one of
the stream fetching units.

21. The scheduling method as claimed in claim 20, each of

the stream processing units including a storage unit, wherein:

the stream element dispatched in step e) is stored in the

storage unit of the target one of the stream processing
units; and

the stream index information outputted in step f) includes
target information associated with the target one of said
stream processing units, and the stream index of the
stream element received in step a) and associated with a
starting storage address in the storage unit of the target
one of the stream processing units.
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