A Replacement Technique to Maximize Task Reuse

In Reconfigurable Systems

Abstract—Dynamically reconfigurable hardware is a promising
technology that combines in the same device both eéhhigh
performance and the flexibility that many recent aplications
demand. However, one of its main drawbacks is the
reconfiguration overhead, which involves importantdelays in the
task execution, usually in the order of hundreds ofilliseconds,
as well as high energy consumption. One of the mopbwerful
ways to tackle this problem is configuration reusesince reusing a
task does not involve any reconfiguration overheadn this paper
we propose a configuration replacement policy foreconfigurable
systems that maximizes task reuse in highly dynamic
environments. We have integrated this policy in aexternal task-
graph execution manager that applies task prefetciby loading
and executing the tasks as soon as possible (ASARhwever, we
have also modified this ASAP technique in order tanake the
replacements more flexible, by taking into accounthe mobility of
the tasks and delaying some of the reconfiguration$n addition,
this replacement policy is a hybrid design-time/rurtime
approach, which performs the bulk of the computatims at design
time in order to save run-time computations. Our esults
illustrate that the proposed strategy outperforms ther state-of-
the-art replacement policies in terms of reuse rakand achieves
near-optimal reconfiguration overhead reductions. h addition,
by performing the bulk of the computations at desig time, we
reduce the execution time of the replacement techoie by 10
times with respect to an equivalent purely run-timeone.

Keywords. reconfigurable architectures, task replacement, task
scheduling, Field Programmable Gate Arrays (FPGAS)

l. INTRODUCTION

In the last few years, many applications in fietdeh as
image processing, multimedia and artificial visidrave
become more and more computationally intensive.sThu
embedded execution platforms have evolved into d¢exnp
Systems-On-Chip  (SoC), most of which can
reconfigurable resources (such as FPGAS), in otmleadapt
themselves to different execution contexts [1, 2].

However, a well-known drawback of FPGAs is the gela
related to their reconfiguration processes, whigh lbe of the
order of hundreds of milliseconds [3], in additibm high
energy consumption due the access to an extermabmyeand
the movement of a large amount of data [4]. Thesshmads
can greatly degrade the performance of the apgitaif they
demand reconfigurations very often. Hence, embedgisigms
that include reconfigurable resources must impleénaegood
scheduling strategy that explicitly takes into account the impact
of the dynamic reconfigurations in order to guaganthat the
applications achieve their required performanceadidlition,
modern embedded systems are characterized by higdir
degree of dynamism, i.e., the status and the wadkiof the
system can greatly vary dynamically. Hence, susbheduling
technique should be applied least partially at run time, in
order to be able to deal with dynamic and unexpgeetents.

include

One of the most powerful techniques proposed taaed
the reconfiguration overhead is to reuse the régordtions
that have been loaded previously in the systemecésiy
when dealing with tasks that are executed recuyref
addition, this approach can be combined with ostate-of-
the-art scheduling techniques, such as task prefdicHence,
a goodreplacement policy that maximizes the configuration
reuse may have an important additional impact énréduction
of the reconfiguration overheads. However, very fearks
have addressed this problem. One could mistakéik that
the reason is that replacement has been alreadysixtly
studied for other problems such as cache repladeféén
However, configuration replacement and cache rephent are
very different problems. The reason is the largeméguration
latency. Cache replacement techniques typically tntes
applied within one clock cycle since otherwise ttag not
useful. On the contrary, more complex policies lbarused for
configuration replacement, since they are invokedy few
times in comparison with cache replacement oneseder, if
applied efficiently at run time, the time neededderide the
replacement victim is almost negligible when conegawith
the execution time of the applications and the mégaration
latencies (both of them typically in the order dfliseconds).

In this paper we present a hybrid design-time/rmet
replacement policy for applications that run ireaanfigurable
multitasking system that is composed of a set afakgized
reconfigurable units (RUs), such as the ones pexpos[7, 8].
These applications are represented as Directedliddgcaphs
(DAGS), where the nodes represent computationkes taisd the
edges, dependencies among them. We have integoated
replacement policy in an external task-graph manfjethat
applies task prefetch by loading and executingabks as soon
as possible (ASAP). However, it is well-known thaSAP
techniques often fall into locally optimal solutjanHence in
certain situations some reconfigurations are delayerder to
improve the task reuse rates (the replacement ypaidy
delays a reconfiguration if this can be done withntroducing
any additional execution-time overhead). For thisppse, an
important part of this technique is carried outd@sign time in
order to extract some useful information about ith@ming
task graphs that will be used later at run timer @sults will
illustrate that by increasing task reuse, our Egt@ent policy
achieves near-optimal reconfiguration overhead atols
while introducing a negligible run-time penalty.iglalso has a
positive impact in the energy consumption overhaate by
increasing task reuse, fewer reconfigurations arged out.

The rest of the paper is structured as follows.tiGed|
illustrates the problem at hand by means of tworrgples.
Section 1l overviews other relevant works aboutskta
scheduling and configuration replacement on regonéble
systems. Section IV gives more details about therpal task-
graph manager upon which we have integrated olsicement
technigue. Section V describes our replacementcydind



Section VI presents the experimental results. Bindéction
VIl summarizes this article with final conclusions.

Il.  WORK ENVIRONMENT AND MOTIVATIONAL EXAMPLES

Our scheduler receives as input a set of applicatio be
executed (represented as one or several DAGs)mamahges
their execution taking into account their interdabendencies
and the dynamic status of the system. The schegtbeesses
the task graphs sequentially. In each instantroétiit has a
sorted list of enqueued applications that have ecekecuted
next (that we have calledynamic List or DL). However, this
list can be dynamically updated with new appligasiowhich
are also inserted iDL, for instance, following a First In-First
Out (FIFO) policy (making this decision is out bktscope of
this work). In any casehe complete list of applications that
will be executed is unknown at design time. Figecribes an

(a) DL= | JPEG |MPEGl| HOUGH | new applications

1 b———{weaavrea]

(b) DL= | MPEG1| HOUGH | MPEG1 | MPEG! |
MPEG1 finishes

JPEG finishes

(c) DL= | HOUGH | MPEG1 | MPEGl|
HOUGH finishes

Figure 1. Example of update of the sorted lisasks (Dynamic List, dbL) of
our scheduler, which contain the tasks that wlekecuted in the near future

comparesLocal LFD (Fig. 2c) with LFD (Fig. 2b) and other
well-known replacement policy, Least Recently UgeRU,
Fib. 2a). For each case, the figure shows the nextes and the
delays generated with respect to an ideal schedbbkre no

example of howDL is updated at run time, assuming that thereconfiguration overhead is generated. In ordesinglify the

applications are enqueued following a FIFO polkeyst of all,
this sorted list is composed of 3 applications: GPEIPEG1
and HOUGH (Fig. 1a). After the execution of JPE&) new
instances of MPEG1 come for their execution. Hetioe
newly executed JPEG is deleted fradh and the two new
instances of MPEGL1 are added at the end of thewtsth is
updated and composed now of four items: {MPEG1, KBBI)
MPEG1, MPEG1} (Fig. 1b). Then, after the executafnthe
first MPEG1, the scheduler does not receive anyitiaddl
application. Hence the first MPEGL is deleted fidinand no
additional application is enqueued (Fig. 1c). Thestem
continues executing applications umil is empty. Note that at
the beginning of this process, the scheduler onbws 3 out of
the whole sequence of 5 applications that will becated.
Hence, the run-time scheduler can only use therimdton that
is available at run time in order to make the salied
decisions. In addition, for the sake of simplicitye assume

example, forLocal LFD we assume that there is always only
one task graph enqueued L. In other wordslocal LFD
only has the information about the following tastagh. In
addition, in this example we assume that all thekdaare
loaded ASAP; i.e., without delaying any reconfidimas.

In all the cases, Fig. 2 shows that the prefetchrtigue is a
powerful means to hide the reconfiguration overBesidce it
hides most of them either totally or partially. Hower, a
replacement technique can be used in this contegtder to
achieve further overhead reductions. As the figlrews, the
reuse rates greatly differ depending on the reptace policy
used. Thus, if the scheduler uses LRU (Fig. 2&) réuse rate
is very low (16.7%), since there are 5 differesksacompeting
for 4 RUs. However, if LFD is applied (Fig. 2b)getscheduler
achieves the optimal reuse rate (41.7%) and aldoces the
reconfiguration overhead to half (by 11 ms). Thasam is that

that DL is updated only at the end of the execution of thavhen the first replacement has to be made (whek Jams to

applications, not during their execution.

be loaded), LFD selects RU3 as victim, which is ¢hadidate
(out of all the possible ones, namely Tasks 1,@ 3rthat will

At run time the scheduler deals with the task-grapthe requested farthest in the future. This makesilplesto reuse

execution deciding in which order the tasks arengdb be
loaded and executed. Each time that the schededetsrto load
a new task, if none of the available RUs is freee of the
previously loaded tasks must be replaced. We pmpos
include a specific replacement module to make deisision.
Since we are trying to maximize task reuse, we gsepto
apply the Longest Forward Distance (LFD) replacenpeticy

[10] using the information about the tasks enquenedL at

that moment. LFD selects the candidate that wilfdmuested
farthest in the future and, if it is applied ovdéirthe complete
sequence of tasks that will be executed, it guasmntthe

Tasks 1 and 2 from the second instance of Task HGlap
Similarly, when Task 3 has to be loaded for theosdctime,
LFD selects RU3 (which has Task 5 loaded). This emak
possible to reuse Task 4 during the following exiecuof Task
Graph 2 and to eliminate its reconfiguration overhe

Finally, Local LFD (Fig. 2c) also achieves the ol
reuse rate (41.7%), and its reconfiguration ovett{¢d ms) is
close to the optimal one (11 ms). In this case,difference
with respect to LFD is in the load of the firsttimsce of Task
5, which this time selects RU1 as victim. The reaisothat at

optimal reuse rate. Since we apply LFD over just a subset ofthe moment that replacement is carried @lt,contains only

the total sequence of tasks (which are those tleaerqueued

the second instance of Task Graph 2 and it doekrmo that

in DL at the moment of performing a replacement), weehavTask Graph 1 will be executed again. Hence, incage all the
called itLocal LFD. The reason of using it is to maximize taskexisting candidates (RU1, RU2 and RU3) have thesdamgest

reuse, which has a very positive impact on theoperdnce of
the running applications. In addition, it also reesi the energy
consumption and the pressure over the external meam
the system bus, since reconfigurations involve mgvarges
amounts of data from an external memory to the FPGA

Fig. 2 shows an example of how our replacement svork
the execution of two task graphs in a system wiRUs, and

forward distance. Hence Local LFD selects the @iestdidate it
finds, which is RU1. However, this limitation digmars if
there aretwo tasks enqueued inDL in the moment that
replacement is carried out. In this case, Local ld€bDieves the
same results as LFD. In any case, the exampldrdbes how
Local LFD can achieve significant reconfiguratiowethead
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Figure 2. Motivational example for a system witR4s and different
replacement policies: LRU, LFD and our Local LFDeTreconfiguration
latency is always 4 ms
reductions and almost optimal reuse rates evewnéinalimited
amount of information about the future is available

In the previous example we were making the replacdsn
following an ASAP approach. However, as mentionbdva,
we want to make the replacements more flexibleraeioto
improve the reuse rates. For this purpose, theaceptent
module delays a reconfiguration if it knows thate th
replacement victim is going to be used in the reare, and
this delay is not going to introduce any additiooakrhead in
the execution time.

Fig. 3 shows a motivational example of how LocalDLF
can escape from locally optimal solutions by delgysome
reconfigurations. The figure shows what happenthéf two
task graphs are executed in a system with 4 RUsusing our

and also allowing to delay a reconfiguration agyjlas it does
not introduce any additional delay in the execytidn both

Task Graph 1

z @3

(a) Local LFD ASAP

Task Graph 2 Reconfiguration that

generates overhead

Reconfiguration that does
not generate overhead
77 Reconfigured but idle
- Execution of task T
@ Execution of a reused task
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(b) Local LFD + Skip Events
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74 ms

RU1
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70 ms
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Figure 3. Motivational example of our skip-evenpach, for a system with 4
RUs and comparison with an purely ASAP approack.r€sonfiguration
latency is always 4 ms

delayed (Section IV will explain how this informati is
obtained). Hence, when Task 1 is selected as fflacement
victim, the scheduler decides to delay this requmfition
waiting for the following event (i.e. the end oktbexecution of
Task 4). Thus, when Task 4 finishes its executite t
replacement policy can select between two replanerietims
(tasks 1 and 4), and it will select Task 4 sinde itot going to
be used again in the near future. As a consequenE) Task
Graph 1 is executed again, Task 1 will be direstlysed and
its reconfiguration will not generate any delayhe execution.

Ill.  RELATED WORK

Much work has been published in the literature alvask
scheduling on reconfigurable systems. These appesac
explicitly take into account the reconfiguratioredvead during
the scheduling process in order to minimize theactmwf the
dynamic reconfigurations. They can be classified two big
groups: design-time and run-time scheduling. Hybrid
techniques (which combine the features of design-time and

Local LFD replacement policy (following an ASAP approach, "UN-time ones) have aiso been proposed.

Design-time approaches consist in applying the scheduling
before the application is executed. Integer Linear Programming

cases we assume tfaL always contains only one enqueued(ILP) formulations [11, 12] to schedule DAGs inoeéigurable

task graph. As the example shows, if an ASAP ambroa
used (Fig. 3a), the latencies of 7 out of 10 temles hidden.
However, in this case when Task Graph 1 is execigethe
second time, no task is reused; hence the achreuse rate is
0%. In addition, the total reconfiguration overheadl2 ms.
However, the results improve if the replacement uhed
decides to delay Task 7 (Fig. 3b). In this case,dbsign-time
scheduler has already detected that this task eamsalely

systems fall into this group. These approaches rea@th
optimal results; however they are impractical ef@nsmall
instances, since they do not scale well when istmgathe
sizes of the target architectures and of the inask graphs.
This is the reason heuristic methods are usuakjemed to
obtain sub-optimal results in reasonable time. Gne most
widespread ones is task prefetch [5], which cossistarrying
out the reconfigurations in advance and hence appithg



them with the execution times of other tasks. Tinghodology
has been applied to other techniques, such addsse
scheduling, in order to adapt them to reconfigwdidrdware
[13]. Design-time scheduling can also be usefadweelop task
replacement techniques in order to maximize tagkeeln fact,
the longest forward distance replacement policyD(LF10]
selects the candidate that will be requested farihehe future
and, as hinted above, it is proved to guaranteeqitieal reuse
rate. However, the main limitation of all these appitoes is
that they can only obtain good results if they deih systems
which behavior is well-defined at design time. Hetloey are
unsuitable for contexts with certain degree of dyisan.

This is the reasorrun-time scheduling has also been
extensively studied in the literature. These teghes make the
scheduling decisionghile the application is being executed.
Hence they are able to adapt themselves to higihardic
contexts. For instance, in [14] the authors proposean-time
scheduler for HW tasks in a reconfigurable devibat tis
partitioned into a set of reconfigurable blocks hwiifferent
sizes. In this work, the authors explore differenheduling
policies. Task prefetch [5] is also applied in afl them.
However, their main limitation is that they do motlude any
specific support for task replacement in order txximize task
reuse. Hence their task reuse rates are still d@g vhich
limits the system performance. In particular, vefgw
techniques specifically designed for reconfigurab&dware
have been proposed in the literature to addressfticeent task
replacement in order to maximize task reuse. I, fee
majority of them just consist in adapting generache
replacement algorithms [6] to reconfigurable handwand to
use them for the run-time task replacements [1&i.ifstance,
in [16] the authors propose several run-time caepéacement
approaches and adapt them to different reconfideirab
architectures. However, their reuse rates are farjrom the
optimal ones that can be obtained with LFD (whlofytuse as
upper-bound), and the reconfiguration latencies #ra not
hidden are always from 2 to 3 times the ones trebhtained
with LFD. Another interesting approach is [17], wdethe
authors propose a run-time list-based replacenestintque
that collaborates with an external scheduler calleabk
Concurrency Manager (TCM), which applies task potfeoy
loading the tasks following an ASAP approach. Hosvethis
technique greatly relies on the output of the TCthesluler
and just makes some adjustments at run time, whitts its
ability to deal with the execution of several cangee tasks
under highly dynamic conditions. On the contratye task
replacement policy that we propose in this paperndg
dependent on any specific external scheduler. Itdy o
requirement is to perform a previous design-timasghin order
to analyze the incoming task graphs. In additibre, fact of
carrying out an important part of the computatiamsdesign
time allows to greatly reduce the run-time compatet (unlike
[17]). Finally, our approach makes the task repiaa®ts more
flexible by delaying some of the reconfiguratiorepending on
their mobility and the current status of the system

As hinted above, the task replacement policy that w
propose in this paper falls into the group hybrid design-
time/run-time scheduling; which appears as something in the
middle between these two ends. The basic idea &pply a

run-time approach to deal with certain degree ofaayism, but
carrying out as many computations as possible sigdgime
in order to save run-time computations. Some génera
scheduling techniques have also been proposedisnfigid,
such as [18], which main idea is to generate ségefedules
at design time and then select at run time the rmyogtopriate
one. In [19], the authors propose a hybrid desigefun-time
prefetch approach and integrate it in the schedinligially
proposed in [18]. However, none of them addresgtbelem
of maximizing task reuse under highly dynamic ctinds.
Hence, it is clear that this field needs to betfertexplored.

IV. SCHEDULING ENVIRONMENT

As mentioned above, we have integrated our replanem
policy in an external task-graph execution mang@ér It
manages the execution of the incoming task graghsking
into account their internal dependencies and tawistof the
system. For this purpose, it only considers sonseretized
time instants following an event-triggered approadihus,
when certain events happen the manager will carry out the
proper actions in order to load and execute thiestfdlowing
an ASAP approach. This approach greatly reduces the
complexity of the run-time scheduling process, duthe same
time it provides enough flexibility to optimize tlexecution.

First of all, the manager performs a pre-processinthe
task graphs at design time in order to identifyninich order
the tasks must be loaded in the system. Thus, ables tare
stored in a sortedequence of reconfigurations that will be
followed at run time. Once this sequence of regumfitions
has been obtained, the execution manager carriestheu
execution of the task graphs. Three different evémgger the
execution of the managenew_graph, which is generated
when a new task graph is receiveig of reconfiguration,
which is generated when a new task has been loadadhen
the RU has identified that a task can be reusecksinwas
already loaded in a previous execution; and of execution,
which is generated when a task finishes its exeoulti

Fig. 4 depicts the actions triggered by each evimis, for
thenew_task graph event (1), if the reconfiguration circuitry is
free, the system attempts to trigger the recondiiom of the
first task in the reconfiguration sequence by nogllithe
replacement module (2-4). For the reused task and
end_of reconfiguration events (5), the manager checks if the
task that has been loaded or reused is ready éxdmited (6);
i.e., if all its predecessors have already finistiegr execution.

In that case, the system starts its execution Then, the
manager invokes again the replacement module i{@ll¥; for

the end_of _execution event (10), the manager checks again if
the reconfiguration circuitry is idle. In that cagteinvokes the
replacement module (11-13). After that, it updates task-
graph dependencies, decreasing by 1 the number
predecessors of each successor of the finished1d3kThen,
the manager checks if any of the tasks that arewntly loaded
in any RU can start its execution (15-19).

of

V. OUR REPLACEMENT TECHNIQUE

Every time the manager has to load the next regordtion
from the reconfiguration sequence, it invokes tiglacement



/* task = task that triggered the event */
CASE event IS:
1. new_task_graph:

2. IF (reconfiguration_circuitry_idle ()){

3. replacement_module (&rec_sequence);
4. 3}

5. end_of_reconfiguration or reused_task:
6. IF (ready (task)){

7. start_execution (task);

8. 3}

9. replacement_module (&rec_sequence);
10. end_of_execution:

11.  IF (reconfiguration_circuitry_idle ()){

12. replacement_module (&rec_sequence);
13. 3}

14. update_task_dependencies (&task);

15. FOR (i := 0 TO NUMBER_OF_RUS){

16. IF (RU_idle (i)) && (ready (task (i)))<{
17. start_execution (task (i));

18. b

19. 3}

Figure 4. Pseudo-code of the external task-grapbution manager used

module (Fig. 4, Lines 3, 9 and 12). However, a jmey
design-time pre-processing of the task graphs inestarried
out in order to assign to each task a valuenalfility. Hence,
our replacement policy is composed afesign-time phase and
arun-timeone, as Fig. 5 shows.

A. Design-Time Phase: Mobility Calculation

The objective of this phase is to assign to eask td the
task graph a value ahobility, which defines how many times
that reconfiguration can be delayed without gemggatny
additional performance degradation. More specificathis

value represents how many events can be skippeorebef

loading a task without generating any addition#yge

Fig. 6 depicts this algorithm. First of all, it elois a

Mobility calculation (task_graph):

1 | ref_sch := obtain_reference_schedule () |

v

Task Set (TS) := tasks (task_graph) \
initial_task(task_graph)

ex_time (new_sch) >
ex_time (ref_sch)?

o [ ooty ]
9

Figure 6. Flowchart of the algorithm that assigaobilities

Fig. 7 shows an example of the mobility calculationthe
Task Graph 2 of Fig. 3. First of all, the algorittohtains a
reference schedule (Fig. 7a) assuming that alltélsks are
loaded in the system following an ASAP approacheriithe
algorithm attempts to delay 1 event the reconfitoinaof Task
5 (Fig. 7b). However, if this task is delayed, avreverhead of
6 ms is generated with respect to the referencedsibh. Hence

reference schedule (ref_sch, Step 1) assuming that the mobility the mobility of Task 5 is set to 0. The mobility Tdisk 6 is also

of all the tasks is 0. Then, an initial set of ®$kS, Step 2) is
initialized by selecting all the tasks from thekiggaph except

0, since when the algorithm tries to delay it oneng, an
additional overhead of 2 ms is generated (Fig. Foally,

the first task in the sequence of reconfiguratigsisice its Task 7 can be delayed once without any performance
mobility is 0). Then, ifTSis not empty (Step 3), the algorithm degradation (Fig. 7d). Thus, in the first iteratibe scheduler
extracts a taskfrom there (Step 4). Then, the iterative procesdirstly attempts to delay this reconfiguration oexent. Since

(Steps 5-7) tentatively assigns a greater mobildjue tot
(Step 5) and obtains a new scheduiem sch, Step 6), but

no additional reconfiguration overhead is generatedhen
attempts to delay it 2 events, but in this casewva overhead of

assuming that is delayed as many times as the value of msis generated. Hence, the mobility of Tasksétgo 1.

t.mobility. The condition of Step 7 checks if it is feasilbe
assign that new mobility tbwithout generating any additional
reconfiguration overhead. In that case, this iteeaprocess is
repeated at least one more time (back to SteptBer@ise, the
algorithm restores the former mobility valuett(Step 8) and it
removed from TS since its mobility has been calculated (Ste
9). The external loop (Steps 3-9) is repeated dohdask until
TSis empty (Steps 3 and 10).

The proposed replacement technique

Design time:
-Mobility calculation

Run time:
-Task replacement

Figure 5. Steps of the proposed replacement tgalni

B. Run-Time Phase: Task Replacement

At run time, our replacement module (Fig. 4, LiBe® and

12) makes the replacement decisions each timexbeuton
manager decides to load a new task. For this parpits
p|mplements thd_ocal LFD replacement technique taking into
account the information contained in thgnamic List (DL) of
our manager and the dynamic status of the systeiddition,

if the selected victim is going to be used in tleamfuture (i.e.
inside the boundaries dbL) the replacement module can
decide whether to delay that reconfiguration or, depending
on its mobility.

Fig. 8 depicts this function. First of all, it netves the next
task from the reconfiguration sequence (Step 1)satetcts the
replacement victim for it following our Local LF2placement
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policy (Step 2). If such victim does not exist (deare no
available candidates, Step 3) the replacement taake place
and the function finishes (Step 8). Otherwise, rd@acement
module decides whether to load that task in thecsedl RU or
not (Steps 4-8). For that purpose, the variakipped events

keeps track of the number of events skipped soirfathe

execution of the current task graph (this variabl@nitialized

externally to this function each time a new tasipbr starts its
execution). In any case, if the replacement cae tdlce, the
function checks if the selected victim is goingbi reused in
the near future and if the mobility of the taslgisater than the
number of total skipped events at that moment (8jen that
case, the function just increases the number gipski events
so far (Steps 5, 8). Otherwise, it triggers theondiguration

void replacement_module (&rec_sequence):

1 | new_task := next_task (rec_sequence) |

h 4
2 | victim := apply_replacement (new_task) |

reusable (victim) &&
new_task.mobility >
skipped_events?

5

4' skipped_events++ |

6 | load (new_task, victim)
h 4
7 | delete (new_task, &rec_sequence) |

Figure 8. Flowchart of our run-time replacementioie

A. Performance evaluation

First of all, Fig. 9a shows the reuse rates ackidwe our
Local LFD replacement technique for different sizd#sthe
Dynamic List: 1, 2 and 4 task graphs (displayed_otal LFD
(1), Local LFD (2) andLocal LFD (4), respectively). All the
reuse rates are calculated as the number of reasksl divided
by the total number of executed tasks. In this case are
assuming that the tasks are loaded following an RSA
approach; i.e., assuming that the mobility of b# tasks is 0.
The figure also compares these rates with LRU &fid. LFirst
of all, we can observe that LRU achieves poor reates with
respect to the optimal results of LFD. In fact, #verage reuse
rate for LRU is 30.06%, whereas the optimal ond597%.
However, these results greatly improve by usingaldd-D.
We can observe that in many cases the reuse retegesy
close to the optimal ones if our replacement pojlist knows
the next task graph to be executedcél LFD (1)). In addition,
the more task graphs are stored in DL, the betteal LFD

of new_task replacing the selected victim (Step 6) and deleteworks. For instance, the average reuse ratédoal LFD (4)

new_task from the reconfiguration sequence (Step 7).

VI. EXPERIMENTAL RESULTS

We have carried out several experiments in ordéegbthe
efficiency of our replacement policy. For that pasp, we have
tested it using a set of task graphs extracted famtual
multimedia applications. These applications are:JREG

(45.93%) is very close to the optimal one (45.97%).

Secondly, Fig. 9b shows the reuse rates for Lod&D L
when it implements th&kip Event feature. For simplicity, this
plot just illustrates what happens when tbgnamic List
contains just the following task graph about tharntiture
(Local LFD (1)). As the figure shows, thg&ip Event feature
has a positive impact on the reuse rates of thenimgn

decoder, a MPEG-1 encoder and a pattern recognitioPPlications. For instance, in averagecal LFD (1) + Skip

application (which applies the Hough transform).e3é task
graphs are composed of 4, 5 and 6 nodes, resgdgctive
have evaluated the reconfiguration overheads aedréhse
rates for our Local LFD technique. For that purpage have
executed a sequence of 500 applications randomécted
from our set of benchmarks. In addition, we hage avaluated
the run-time delays generated by our replacemelitypm
comparison with other well-known techniques: LR &fD.

Events reuses 48.19% of the tasks, whereas for LFD y#itésis
44.38%. Hence in this case, if Local LFD implemeahesSkip
Event feature, it outperforms LFDwhich is the optimal one
regarding task reuse. And this happens when Local LFily
has the information about the following task grgphcourse,
the more task graphs are stored in the DL, theebate these
reuse rates). These results may look strange, siecachieve
"better results than the optimal". Clearly the ceag that we
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Figure 9. Performance evaluation of our Local LEplacement technique in comparison with LRU and L&l for a number of RUs that range from 4 torh@
“Avg.” sections show the average results

are playing with different rules, because LFD cdrdeay any
reconfiguration, whereas our proposed replacemeicyp
takes advantage of this optimization opportunithede nice
results involve other positive effects over thefaenance of
the system. In fact, higher reuse rates reducsytiem energy
consumption, since a reconfiguration process coesuanlarge
amount of energy [4]. In addition, higher reuseesatlso
reduce the pressure over the external memory andytstem
bus, since the reconfigurations involve moving éasgnounts
of data from an external memory to the FPGA.

RUs grows (and this competition decreases), LFpoiserful
enough to outperform Local LFD. In any case, LocBD
achieves near-optimal overhead reductions, whichvesy
interesting taking into account that this policy ¢z applied to
dynamic systems, whereas LFD cannot.

B. Run-time delays generated by the replacement module

Table | shows the execution times of different aepment
techniques: LRU, LFD and Local LFD with differenimbers
of task graphs stored iDL. We have measured them by

Finally, Fig 9c shows the remaining reconfigurationrunning them in one of the Power PC processors dddukin a

overhead that is still generated when the systempliesp
different replacement policies: LRU, LFD, as wedl lzocal
LFD (1), Local LFD (2) and Local LFD (4) when they

Virtex-1l Pro XC2VP30. For that purpose, we havealeped a
SW simulator written in C and compiled for the PovirRC
architecture using the Xilinx™ EDK 9.1.02i develogmh tool.

implement theSkip Event feature. These results are shown agdn these experiments, the operating frequency efpitocessor

the percentages of the original reconfigurationrbesad that
remains after applying the different replacementcpas. As

is always 100 MHz. For LFD and Local LFD, this &bl
evaluates the delays generated in a system withigl fBr the

the figure shows, in these experiments the remgininworst-case scenario. In other words, the selected replacement

reconfiguration overhead is still very high evenewtapplying
a prefetch approach. For instance, for 4 RUs armulyimg

LRU, this percentage is 19.19%. This important begad can
be reduced if we increase the number of RUs irsyiséeem and
we apply a replacement technique that takes adyarghthe
reuse opportunities, as the replacement policyeptesl. LFD

candidate never exists in the complete list of négarations
or the Dynamic List, respectively. Hence the replacement
module always has to search in the whole list untiéalizes
that the given task is not going to be reused énrtbar future.
In addition, this scenario also involves that theRWs are
replacement candidates (and hence this searclo thesdarried

achieves the besterage overhead reduction, since in this caseout 4 times).

only 7.22% of the original overhead is still presétfinally, the
average results of Local LFD are between theseames. In
addition, in the latter case these overhead peagestdecrease
as more information about the near future is alkgléor Local
LFD, almost reaching the performance that LFD aase For
instance, forLocal LFD (4) + Sip Events, this average
percentage is 8.9%, which is just 1.68% higher tliag
average one that LFD obtains. It is important topout that
these overhead reductions are applied over higptimized
solutions, since the execution manager already shide
significant amount of the reconfiguration overhealy
applying prefetch.

Looking at Fig. 9c, one can observe that this trisndlso
repeated for all the displayed number of reconfible units,
except for the experiment carried out with 4 RUsfdct, this
case is interesting since tBkip Event featurealso reduces the
remaining reconfiguration overhead with respecLk®. The
reason is the extremely high competition that eatzd in this
experiment, since 15 different tasks compete fost jé
reconfigurable units (this also happens for 3 Rutsch is not
shown in the figure for simplicity). However, agthumber of

As the table shows, LRU is the fastest replacerpslity,
since it barely generates a delay of g2 On the contrary, the
worst-case execution time of LFD is more than 11 wisch is
a very significant delay in the applications exemutime (as it
will be shown below). However, Local LFD is muchster
than LFD, since it reduces its execution time by @ders of
magnitude. In addition, the penalty generated kySkip Event
feature itself is negligible with respect to thechb LFD

TABLE I. RUN-TIME DELAYS GENERATED BY DIFFERENT
REPLACEMENTPOLICIES IN ASYSTEM WITH 4 RECONFIGURABLEUNITS

Replacement strategy R;;ég&?gnvyr?ﬁ;gﬁ;e
LRU 0.00720
LFD 11.34983
Local LFD (1) + Skip Events 0.06028
Local LFD (2) + Skip Events 0.07412
Local LFD (4) + Skip Events 0.11020




TABLEIl.  IMPACT OF THEREPLACEMENTMODULE IN THE SYSTEM PERFORMANCE
Initial Run-time Replacement Module Performance
Task ) - —
Execution Management Worst-case run-time performance Design-time performance
Graph Ti inT9
ime (ms) in [91(MS) | Execution time (ms) | Overhead (%) Execution time (ms)
JPEG 79 0.87 0.08153 0.10 8.60
MPEG-1 37 1.02 0.08153 0.22 11.09
HOUGH 94 0.88 0.08153 0.09 14.48
technique when it applies a purely ASAP approaicttesmost
of the additional computations are carried outesigh time. REFERENCES

Finally, Table Il compares the execution time of oun-
time replacement module and its design-time phlsalso
compares them with the execution times of the bexacks, as
well as with the execution times of the remainirapkt
management computations. Column 2 shows the initial
execution time of the tested applications assumiaj no [3]
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