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Abstract architectural features such as multiple levels of
Reconfigurable computing is emerging as a viable designreconfiguration and multiple data caches. o
alternative to implement a wide range of computationally ~ In [7] we presented a new approach to scheduling in
intensive applications. The scheduling problem becomes d€econfigurable computing. Given a task graph showing
really critical issue in achieving the high performance that data dependencies, together with some additional
these kind of applications demands. This paper describednformation (task execution time, data sizes, ...), the goal
the different aspects regarding the scheduling problem in aof that work was to find the task schedule having the
reconfigurable architecture. We also propose a general optimal execution tlme._To do a realistic investigation, our
strategy in order to perform at compilation time a Work targeted a particular coarse-grain reconfigurable
scheduling that includes all possible optimizations device, MorphoSys [8], that imposes a set of architectural
regarding context (configuration) and data transfers. In constraints, and provides dynamic reconfiguration.
particular, we focus especially on the methodology and Nevertheless, the proposed approach is quite general in
mechanisms to solve the ‘context scheduling. Soméature, and can be adapted to other reconfigurable systems,
experimental results are presented to validate our provided that their key architectural characteristics are
assumptions. Finally, the problem of data transfers is only known. i o
formulated and will be addressed in future work. While the above mentioned research focused on finding
the best task execution order, other very important aspects,
such as the scheduling of data transfers and reconfiguration
i (context) updates were only optimistically estimated.
1. Introduction However, even if a highly efficient task schedule is found,
Reconfigurable computing is consolidating itself as a the impact of reconfiguration and data scheduling should
real alternative to ASICs and general purpose processordl0t be neglected. If a large part of all these context/data
The main advantages of reconfigurable computing deriveli@nsfers cannot be performed in parallel with effective
from its unique combination of broad applicability (like CcomPutation, as assumed during the task scheduling, the
general-purpose systems), and achievable performancXPected performance may severely decrease. So, in this
(comparable to special purpose circuitry). Recently, this WOrK, besides —summarizing the task scheduling
area of computing has reached performance figures thafn€thodology, we present a framework where all the
enable it to appear as a serious competitor in a DSP an{gossmle optimizations regarding configuration and data
multimedia applications market. However, the scheduling ransfers are considered. Such optimizations are done at
of the different tasks must be carefully analyzed to compilation time, so that runtime overhead is avoided. We
efficiently exploit all the capabilities of a reconfigurable €SPecially focus on context scheduling in order to
system. It is especially crucial in real time applications. ~ Maximize the context loading that overlap with
The scheduling problem in reconfigurable computing is cOmputation. The efficient management of the available
relatively new, and has only been addressed in a fewCONiext storage, from the point of view of allocation,
investigations. Most of them are versions of existing high- 'eplacement, and fragmentation, is also considered. The
level synthesis techniques extended in order to considef@la management is only formulated and will be addressed
specific features of reconfigurable systems, such as thdn future work. . . . .
reconfiguration time [1,2,3,4]. A heuristic technique based __1hiS paper is organized into 6 sections. First, we
on static-list scheduling, enhanced to consider dynamicProvide an overview of the MorphoSys architecture, as
area constraints, is proposed in [3], while [4] presents awell as the framework within which our work is being
level-based scheduling algorithm. A new approach to thed€veloped. Next, we present the kernel scheduler. In
problem is presented in [5,6], where an ILP model is section 4, the details of the context and data scheduler are
applied to the temporal partitioning of a task graph. discussed. Moreover, we present the mechanism to solve
However, none of the existing techniques considers keylNe context scheduling problem. Finally, we provide the
experimental results and conclusions.

This work has been granted by Spanish Government Grant CICYT TIC 96/1071
and by Defense and Advanced Research Project Agency (DARPA) of the
Department of Defense under contract F-33615-97-3-c-1043



Application e[ A lication Description ‘ Execution || Execution | Execution |
Programmer ‘ i R 3 £ ‘ ° Kernel 1 Kernel 2 Kernel n
1 ‘Inform ation E xtractor ‘ Nt
B 3
Kernel ‘ KernelScheduler Execution Execution Execution
Library = Kernel 1 Kernel 2 | ' Kerneln | ]
1 ‘Context—Data Scheduler‘ . N "
R 2 t t
Kernel — . .
Source Codes [cede 5 cerator | Figure 2. Two extreme cases of execution sequence
for a generic application.
[Executable Code data transfer. While the RC array is working on data from
~ one set of the FB, the DMA enables data transfer between
; ; the other set and the external memory. The main
Instruction/Data TINY_RISC ey architectural issues of MorphoSys that are relevant for
Cache Core A .
T Processor RC scheduling are summarized as follows: _
v | Array (a) Computation on the RC array can overlap with:
Main Frame Buffer (8x8) — Context loading on CM row (column) positions, while
(2x2x256x8) computation is accessing column (row) positions,
Memory [ > — Data transfers (RAM— FB) to/from one set of the
(External 3 Context FB, if computation is using the other set.
RAM) > DMA «—s Memory (b) Context loading and data transfer can never overlap.
Controller (2x16x8x32) A detailed description of MorphoSys is given in [8].

Figure 1. Framework and M1 chip. Taking into account the constraints discussed above, we

can now address the processing of the application code. The

first step is information extraction. This means to generate

the information needed by the kernel scheduler, including

2. Overall framework kernel execution times, data reuse among kernels, as well as
. the data size and context size of each kernel.

A typical complex multimedia application is composed  The kernel scheduler explores the design space to find a
of a sequence of macro-tasks that are repeatedly executesbquence of kernels that minimizes the execution time.
within a loop. We use the terkernel[7] to refer to a well-  Although each application imposes some constraints on the
defined coarse-grain task of the application that can beexecution order (data/control flow), there may be a lot of
independently executed after the previous tasks in thevalid kernel sequences with different execution times.
execution flow graph. Its configuration information must Figure 2 shows two extreme schedules of a hypothetical
not exceed the size of the context storage. Also two kernelsipplication. If each kernel is executed only once before the
can not be executed simultaneously. Discrete Cosineexecution of the next one (ca@g each kernel's context has
Transform (DCT) may exemplify one of these typical tasks. to be loaded as many times as the total number of iterations,
While some kernels like DCT can be used in many differentN,. Conversely, if some data are reused by several kernels,
applications, other ones may be application-specific data reloading time can be saved. In the other extreme, if
procedures. However, taking these kernels as the logieach kernel is executed Nimes before executing the next
entities to be scheduled is usually a good choice, because @ne (caseb), each kernel's context has to be loaded only
further division of them implies a lot of data transfers once. However, as the size of the data produced and used
between parts. ) by all the kernels is likely to exceed the FB size, data reuse

An overview of the proposed framework is shown in may be low. Between these two extreme alternatives, the
Figure 1. The application description is given in C code. kernel scheduler can explore many intermediate solutions.
This code is written in terms of kernels that are available in  The notion of apartition plays a key role in kernel
a kernel library. The kernel programming is equivalent to scheduling. We understand a partition as a set of kernels
specifying the mapping of computations to the targetthat can be scheduled independently of the rest. Finding
architecture, and it is done only once. After a sequence ojood partitions eases the problem, because scheduling
transformations and optimizations, which encompass mostithin a partition only considers internal kernels and data
of this research and will be commented on later, thedependencies. In other words, a partition is scheduled as an
generated code could be executed by the M1 processor. Mindependent application. Thus, data reuse as well as
is the first implementation of MorphoSys, a coarse grainoverlapped computation and data transfer are possible only
reconfigurable architecture, mainly composed of an array ofwithin a partition.Figure 3a uses a time diagram to show a
reconfigurable cells (RC), a control RISC processor, asimple schedule of a partition composed of three kernels
frame buffer (FB), a context memory (CM) and a DMA {K,, K,, K3}. The amount of time available to interchange
controller. The core of M1 is the RC array, which has 64 information among the RAM, the FB, and the CM as well
cells arranged as a grid. Each cell is basically a processass the time intervals where context loading can overlap with
whose control information is provided by an internal execution, are also showrkigure 3a shows only the
configuration register. Such registers are loaded from thescheduling of kernels in iteratioti” . For the iteration
CM, which can store 32 context words (of 256 bits each):“i+1” the roles of both FB sets will be interchanged.

16 words corresponding to rows of the RC array, and 16 to The context and data events are planned by the
columns. When a row (column) word of the CM is copied context/data scheduler Figure 3b). Overlapping of

to a cell, all the cells of the same row (column) will share execution and information transfer is the key aspect to be
the same context. The FB has a dual structure (it isoptimized. However, it is also important to consider several
composed of twset§ to allow simultaneous execution and conditions that help to preserve code simplicity, and limit



the overhead introduced by scheduling. @
In the code generation step, the final version of th

application is created. It includes the code of all the kernel RAM—CM

together with the scheduling specification. Finally, th¢ |[RAM<>FB seto}

compiler generates the executable code. RAM<>FB set 1

RC computation

3. Kernel scheduler (over FE set 1)

Time

This subject is the focus of the work proposed in [7] Time available for context Time available for data tranfers:
However, for the sake of completeness and clarity a bri L loading: {1(C,),C,").KCy)}. 2B 1R, D" R, D" Ry, DSY
summary is presented here. From the point of view ¢ ©)
performance, the quality of a partitithcan be estimated Ty .

without scheduling. Assuming that overlapped computatic - " :

and data transfer is always possible, the computation tir |[RAM<FB set 0R, R,
can be directly obtained through the evaluation of a |RAM<-FBsetl
expression. Furthermore, this expression gives a low [RC computation

bound for the actual execution timeB(P). (over 7B set D) —
Let P = {Kl,___, K n }bea partition, Then LB(P) = o= event o in iteration i t(C;)= Context loading time.
corresponding to kernel j. D= Data loading time.
< 0 t(C ) n tgf_ﬂmguﬁt\a&gg;;ggr overlaping Riz Result saving time.
MAX|: K, ’Z (D1 + R )+ T:|; if Z ke, > t(CT ) of comp. and context loading W No transfer
iz i X = . . - .
= ' ' ' Figure 3. Scheduling within a partition for
n kC- n t C . . . .
MAX K — 'Z(Dl - Ri) + ( T); otherwise iteration i: a. Kernel schedule, b. Kernel and
i1 X )i X Data-context schedule.

where C; is the minimum number of context memory  _ Al
words that needs to be loaded per iteration lo@) is the P = {Cly Cly.....Clyc: Ol = {Ki~1’ Ki’z""’Ki’”“)}

time spent in loadingCy; x is the number of kernel {( ) NC ) n(i-1) n(i+1)
executions between changes of contéxts the execution ET(P) = 1S) +ZMAX kn ., Z R, + Z D
time of kernek;; kg is the portion of computation time that x o = g g

can overlap with context loading (it limits the number of \yhere partitionP is composed bNC clusters, and each
the input data from the RAM to the FB if kerél can  computation time that does not overlap with context
reuse the data of the previous kerrigls.., K., R is the  |9aqing: ¢ is the variablee, with its usual meaning,

time required to store the results from the FB into the corresponding to the kerndl;;. The schedule with the
RAM. The actual execution time equals the lower bound in|gest execution time will be the best solution.
the case of a big enough frame buffer. Otherwise, it is ™ Gjyen the similarity between partitioning and scheduling

necessary to optimize the scheduling. In order to simplify yithin a partition (clustering), both are guided by the same
the search process we divide the problem into two tasks: ')exploration algorithm. It is an iterative process whose

partitioning of the task graph, and ii) scheduling within & gtarting solution is the whole application to be partitioned,

partition. The first task explores the design space in searc o ;
of the best candidate partition. This is either the partifon, br the whole partition to be scheduled, respectively.

with the lowestLB(P), when the whole space has been
explored, or the partition whose lower bound equals the4. Context-data scheduler
lower bound for the whole search spdd8(SS)

n(i

The kernel scheduler generates a solutieigure 3a)

LB(SS = MAX{ >k, Z(Dlw,» +R )} that only imposes a high-level order (sequence of kernels).
_ ) Vkemel - kernel . i However, the context loading and data movements have not

LB(SS)is obtained with the assumptions of maximal been scheduled (compaFégure 3a and 3b). During the
overlapping, as well as zero context loading. __kernel scheduling task, it is estimated that these events are

Once the best candidate partition has been found, it isoptimally scheduled. So, if the scheduling of these actions
scheduled. If the execution time is lower than any otheris not carefully performed, the efforts of the kernel
partition lower bound, the best solution has been found.scheduling solution will be in vane. Similarly to the kernel
Otherwise, it is necessary to schedule the next partition, inscheduler, the context-data scheduler has to maximize the
ascending order ofB(P), until the previous condition is  overlapping of context and data transfers with computation
met. The scheduling can be viewed as an assignment ofo that the final execution time is minimized.
computations to sets of the frame buffeiggre 3a). Some The selection of the positions for the data in the frame
groups of kernels are assigned to one set of the frameuffer and the context words in the context memory is
buffer, while the other set is used for data transfers. We calklosely related to the scheduling. Firstly, a bad use of the
clusterto a group of kernels that are assigned to the samenemory resources may force some avoidable reloading of
set of the frame buffer during scheduling, and are executediata to be performed. Secondly, it may have the drawback
consecutively. Only if the size of the data used by all theof generating memory fragmentation, which cause two
clusters is smaller than the size of the frame buffer, thenegative impacts on the execution time: memory access
schedule ‘is valid. In this case, the execution time isinitialization time and the generation of a more complex
computed through the expression: code (next step in the framework). Every time a loading



process has to be started, a new loading statement isumber of free positions in the context memory also limits
introduced in the code. This overhead may delay thethe number of context words that can be loaded. The time
ﬁ;}(g;:gggguggrmiernéollowing instructions and increase the gyjilable is Z(SCMR(C)_Ci), whereSCM© s the size

There are more considerations regarding the complexity, vilkieP ;
of the final code. As stated before, the schedule of a typicaf)ﬁl thﬁ conygxt memor%/ correslpondmg |to rows (coéumns%.
application can be represented as a loop of a series ollotw(ienseel Sgtisor(l:'an e simultaneously expressed in the
kernels. This facilitates the translation into a programmin © 9¢€q :
language. Similarly, from the data and context point O%AOCQ =
view, it is desirable to obtain a periodical schedule in order
that the complexity of the final code is minimized. We will MAX O MIN
say that this schedule is periodical in time. '

The above reasoning can also be applied to spatial . . ©
recurrence. If the data is placed in the same positions The maximum is used to ensure tH&OCY is never
(periodical in space) as it was in the previous iteration, thelower than zero. i
form of the statements will be the same. If not, the increase In summary, data movements use as much time as they
in code and the resulting processor overhead that the non?eed and the free time (if available) is used by context
periodical solution introduces makes them worse solutions. loading.

To summarize, it is desirable to find a solution such that: _ The experimental results have shown that, the way
e Overlapping of context and data transfers with TAOCis splitbetween rows and columns has no impact on

computation is maximized. the overall execution time (s€able 2). Because of this
e Data and context memory fragmentation is minimized. fa.flt and for the sake IOf ?lmpIICI%y,ér?wthle net>_<t Sec“‘?{;‘s V‘{e
e Its schedule is periodical in time and space. will assume ‘a single type o ocations  without
The next step is th)) tackle the problem ofphow to SChedu|ed|st|ngu|sh|ng between rows or columns. Each of them will

data and context movements. The methodology that wi eed a separate and equivalent process. Hence, we will use
propose divides this into three tasks: éFAOCtO refer to eitheTAOC" or TAOC",

1. Distribution of overlapping time between context

Sk Y0 R): The: zt(scw@)—c:.ﬂ

vilKieP  VilK;eP VilK; eP vilK; eP

and data movements. 4.2.Context scheduling
2. Context scheduling. . . . .
3. Data scheduling. As context words are reused in each iteration, it is good

The first step is taken so that the two following tasks, t0 keep as many words as possible in the memory, while
may be addressed as separate problems. It distributeferforming the minimum number of context reloadings that
between context and data movements, the time available fof0 not overlap with computation. Therefore, we first have
overlapping with computation. This decision divides the to establish which context words have to be loaded, and
problem into two sub-problems, and is based on the smallvhich may stay in the memory, so that the total execution
interaction between both tasks. time is minimized. At the same time, the decision over

The next two subsections describe the first and secondvhich loadings will overlap with computation is made. The
step in this methodology. The case of data scheduling willProcess just described will be calledntext selectignand

be addressed in a future work. its goal is to minimize the total number of context loads that
do not overlap with computation.
4.1. Distribution of overlapping time Once the specific context words that will be reloaded

have been chosen, it is necessary to select the memory
: ; ; locations that these words will occupy. Thontext
dat-;hsetr(?ragea& g;r)r?é}aar}\tlvg)l/f;elrgrelgethtéegv;c?neen Cg%?éii(twg?g llocation process takes into account the initialization time
whereas the data may change from one execution t$’1at results when a block is placed in non-consecutive
ocations (memory fragmentation). Context selection has

another. If some context words are kept in the context, . : - -
memory until the next iteration execution, their reloading PI99€r impact on the overall execution time than context

will be avoided. Furthermore, if time for overlapping is allocation, so it will be considered first.
available during the execution of a kernel, it can be used to . ,
perform some loading of context words of other kernels. 4.2.1. Context selectionA mathematical model has been

Therefore, this loading is skipped so that some time will becr?ntnvr?d to dsfl'gfate the problerrln, a_rllﬂ t?.'s has bee? solve”d
saved in case there is no time for overlapping in future fNTOUgh two difierent approaches. The first one explores a

executions. We could say that the context gives mor feasible solutions in search of an optimal result, and its role
“optimization choices” than data transfers, and so it is good!s to validate the results reached by the second one, which

to use as much time as is available for context loading. O @ heuristics. _

Let's consider the example shown figure 4 to
the contrary, data tran(g;‘ers usually use the same amount (?Iflustrate several definitions thpat will be usedq lafer{K
time. ThereforeTAOCY® (total computation time available AL

: ; ; ; K,, K3} is a scheduled partition whose context loading we
for overlapping with context loading corresponding to rows 2 3 .

io T : ; want to schedule. The corresponding numbers of context
(columns)) is limited to the time that is not used by datawords areC,=18, C,=14, C,=10. In this case we Suppose

movements, Z(ki (D, +R))- SCM=32 As the total number of context words4g, it is
vilkiep necessary to reload some of them.
FurthermoreTAOC @ is also limited by the free time of We present our method through a matiREP_EX.
the row (column) CM locations, RC) . Finally, the  The ‘i-th” column represents the number of context words
( ) qu y that are in the CM corresponding to kerngl Different

vi[KieP rows stand for different instants. The first row takes into



P={K,, K,, K C,=18, C,=14, C,=10 PREP_computatio(i ) EX _computatia(i )
PREP_EX= PR { PREP =C;S=C;j=i+1 { EX, =C;AEX = S=0;j =i+15 = TAOG;

12 PREP=| 16 o | | while(j=i) while(s > 0and j =i and S < SCM)
a8’ 12 10 12 [10 { PRER, =MIN[EX, ,;SCM-S]; | { EX,, = MIN[C};PREP, +5];

16 2 |—> _ _ (o _

4 (12’ 4 12 2 S-S+ PREP; if (S= S+ EX,,)> SCM

10 12 [10 EX=| 14 14" 4 || i=i+1}} { BX; = EX; - (S-SCM)

10 12 (10, 10 12 10 Figure 5. Computation S=ScM™; |

- . . rocedure fora PREP row. _ .
Figure 4. Context configuration arrays. P AEX = AEX + EX; ; - PREP;;

account the context words that are in the CM just before the é __TA_OQ ABXij =i+ )
execution ofK; (the context words have bepreparedfor while(j # i)

execution), while the second one represents the contex { EX, :M|N[PREP.-SCM_5]-
words loaded in the CM just at the end of the kernel N n ’

—

execution Similarly, the third and fourth rows, and the fifth S=S+EX;;

and sixth rows have the same role with resped{,tand j=j+s )}

Ka. This matrix is split int®REP(odd rows) andX (even . .

rows) which group the rows concernipgeparation(before Figure 6. Computation

execution), and those ones related watkecutionitself. procedure foran EXrow.

Since during the execution Kf, its whole context has to be ]

in the CM, the circled numbeEX;, always equalsC. TAOG > Y MAX|0; EX;- PRER;], Vi

Similarly to EX;, PRER; (within a rectangle) always v _ _ )
equalsG, as the context words & are “prepared” for its Any proposed solution that meets all these expressions is
imminent execution. TherefordéJAX(0 ; PRER.; - EX;) a feasible solution. In order to evaluate the quality of this

is the number of context words Kf that have been loaded ~ solution we will use a cost function given by the number of
without any overlap with execution, just after the execution context loads that do not overlap with computation.

of K;. On the contraryMAX(0 ; EX; - PRER)) is the CF1=ZZMAX[0? PREP, - EX,

number of context words d; that have been loaded with Vi v o !
Ki execution overlap. Thus, the goal of context selection is |f several solutions have the sam@F;”, the best one

to minimize the number of context words that are reloadedhas the minimum number of context loads that overlap with

without overlapping with computation, computation. So, the secondary cost functi@r(" ) is:
3 MAX(0;PREP, , ~EX, ,)- CF, = " > MAX[0; EX,- PRER]
— Vi A

Ja) Mathematical model
We present here a mathematical model whose solutions  p) Heuristic approach

(EX'andPREParrays) are valid context distributions. Two  Dyring the complete execution of a kernel, all its context

cost functions will be used to quantify the quality of the words are in the CM. So, if it is possible to overlap context

solutions. From the discussion in the previous subsection, ifoading with computation, new context words have to be

is clear that all the context words have to be in the CMstored in positions that are not occupied by the current
during the whole execution of a kernel. Thus: kernel. If a kernel has just been executed, its context words
if K, e P,then: EX;; =C,Vi; and PRER =C,Vi have the highest probability of being replaced, since before

The total number of words in the CM can not exceed itsits next execution, all the other kernel has to be executed. If

size,SCM Moreover, there are no free positions, since theytheré are not enough locations, the previous kernel in the
would be used in order to minimize the number of context €X€cution flow will also be used. The rest of the context

loads. So: words remain in the CM. This way, we can compute the
ey - _ ) row, “i”, of EX, from the row, I, of PREP.
%“Exi,j = SCM,Vi; and ;PREEJ. = SCM, Vi EX,, = MINI_CJ.; PREP 4]
~The number of context words allocated to a kerkgl,  wheredis the portion oTAOG that has not yet been used.
will never exceed the total. So: The same reasoning is applied if the context loading does

EX;; <C;,Vi# ], and PRER, <C;,Vi# ] not overlap with computation. However, all the CM
locations are then candidates. The first locations replaced
Only a portion of TAOC (TAOG) is assigned to each belong to the kernel that has just been executed, and the
kernel,K;. It may be used for context loadingKyf=, and  Previous ones are used if necessary. Consequently, we can
it cannot be greater thag and t(SCM©-C). Moreover, compute the row,i", of PREPfrom the row, f-1", of EX:

TAOCis a limit for S°a0q PREP, = MIN|EX, ,;; SCM- S
= whereS is the number of locations that are currently being
TAOC, = MIN ke, ;t(SCM - C, )} Vi used. . o
Both expressions are used within two procedures, so that
TAOC> ZTAOQ one EX row and onePREProw are generated. They are

shown inFigures 5 and6. Notice that each row is generated
from the previous row. Therefore, it is necessary to produce
a starting row. The process is repeated until a periodical

i
TAOQG limits the time assigned for overlapping with



Starting row: P={K,, K, K3} PREP_EX= Contet
Ci Co- R, ..., G -R| C,=18, C,=14, C,=10 Static PREP_EX e
Y. C, - scM TAOC=4, TAOG=2,, i=1,2 o) o 10 4 Vemory | PHKule K K
R & TAOG=0 (90 0 10 4 G714, G5, L7, GRI0
NT -1 Starting row=18 9 5 9 [0 10 4 9| Ky TAOG=4, TAOG=3
PREP_EX= 9 (0 10 4 TAOG=2, TAOG=3
TAOC ;| = 9 5 9 0 4 K SCME=32
9 0 4 10
TAOC ¢ NTisodd || A8 11 3 s o 4 MRS 04
?ATOE:l 15 14, 3 9o o 10 (4 [4]K, 3 :
if NT is even 13 5 + {
13 9 [10 Dynamic PREP | Dynami f
13 T} 4 0 0 4 9 | postions 0 0 O
(5 4 0 0 ®*4 0 o0
Figure 7. Heuristic example. 4 0 o0 0 0 0
1 (5% 3 o setof 19 (5% 3 o
solution is found, or otherwise it stops after a number of | 1 1 0 equivalens g 0
iterations and selects the best solution found. The startingl 0 o (77 2 Dmamc | o o (72 2
row is computed by allocating the CM positions, so thatthe| 0 o 3 [§ PRPEX o 0o 0 [6
number of loadings for each kernel is the same. We can\ 3 0o 0 () 3 0 o0 (@

imagine that there is a free block in the CM, and every time
a kernel is going to be executed, its own context words

occupy the free block. In the casBAOC=0, this kind of Figure 8. Context allocation example.

solution will lead to a periodical one. In the general case, CM final allocation:

TAOCX0, the heuristics will build the solution. [1d 1d( 1R
RegardingTAOG, we have found from experiments that 24 [ 28

the best solution is obtained wh@8RAOC is divided as Tiol 161 1h

equally as possible among @&MOG, if the total number of b %‘ T El“’kken

kernels NT) is even. OtherwiseNT odd), the division is S o¢

carried out amon{T-1, as inFigure 7. TAOCis expressed 2c| [ 2f L2

in integers of one context word loading time, and in 2d 29—

PREP EX, TAOG is represented as a superscript

associated with the circled elements. Figure 9. Block dependency graph.

. . The allocation process now has to avoid the
4.2.2. Context allocation. The context selection task fragmentation of the context blocks that are loaded as a
obtains a solution that provides information about the ynole in one step. Thus, a gragtig@re 9) representing the
optimal configuration of context words in the memory dependencies among the context blocks is generated, so that
(periodical "in time”), as well as whether the context g possibilities can be explored in an orderly manner. A
loading overlaps with computation or not. The next step iSpode in the graph represents a dynamic block. An edge is
to decide where to place each context word so that memorgqded between the nodes if the source node disappears from
fragmentation is minimized, while providing a periodical he set of dynami®®REP_EX, and the destination node
solution "in space". appears later ’

In the context selection solution there are some context | &v's consider the set of dynamRREP _EX array in

words that remain in the CM (static context words) during igure 8. If we suppose that the context loadings that are

all the iterations, and some others that are reloade ecessary in each row are loaded consecutively, but

(dynamic). We can always choose to allocate the dynamiGnyenendently of the other rows, there are 8 context blocks.
positions in a single block (sé8gure 8). Therefore, the  Thege piocks are identified with letters, froaf to "h",
problem is reduced to studying the allocation of the jnq™the number indicates how many context words the

dynamic context words. . : . block has. The graph of the context block dependencies is
~ The specification of a context selection configuration represented irFigure 9. For example, the block2g” is
includes complete information about which context words Jonacted to“2b” and “4c” . However, for*2g”, the

have to be replaced and which ones have to be placed. Thigenendencies can not go further than the first row of
fact constraints too much the context allocation task. ForPREPJEX (i.e.“3e” ), because all its dynamic positions are

example, irFigure 8 the number of context words of kernel oCCUDi h L ) ;
; : . pied. The process is now divided into two steps. First,
Kz is decreased in 4 words from the fourth row to the fifth we look for a periodical solution, because it is the most

row of the dynami®®REP_EX. Hence, these free positions important condition. Then, we try to place the context

are replaced lk)JytEour ccl)nt@ext Wor%s gf ﬂ:[‘reiéth'rd kelel  p5cks in consecutive positions. In order to find a periodical
owever, a better solution could be th&§ uses one  qqtion, the graph is explored from the sources until it
position ofK,. In order to consider all the possibilities, we o7ches a context word that belongs to the starting kernel
will not specify how many context words disappear from (i o {aea). If this is not possible, we perform
one row to the next one. Once a kernel has been executed, \iracking. The context words that are added to a path
all its dynamic positions are free, and the context aIIocatlonare removed from the graph. If a non-periodical path is
task decides which to use. We use a representation of all th,ji; '\e perform backtracking to look for a periodical path.
possibilities as presented igure 8 (set of equivalent  The'\whole process is applied until there are no context
dynamicPREP_EX). words in the graph. Afterwards, we try to place the paths in



Context | COntextloads (error) / Fgaentations / N° of iteration fourld Context
Experimental data | TAOC®®|  loads Heuristics_ loads
Optimal _ TAOQG distribution: _ Random
Uniform Non-uniform generation
NK=3;3C=49 12 20 20 (0%)/0/1 20(0%)/0/1 29
NK=4;,2C=41 14 3 3(0%)/0/3 5(67%)/0/1 27
NK=4;3C=75 20 44 46 (4.5%)/1/3 46 (4.5%)/1/3 65
NK=5;2C=56 18 17 17(0%)/2/4 22 (29%) /171 52
NK=7;2XC=73 34 20 20 (0%) /4711 25 (25%)/6/2 58
NK=8;2C=80 43 18 19055%) /714 22 (2%)/9/4 75
NK=10;2C=92 40 32 32(0%)/7/5 38 (19%)/10/5 92
NK=12;2C=111 48 43 44 2%) /415 62 (44%) /712 105
NK=16;2C=131 64 46 48 (4%) /10/5 50 (9%)/15/6 129
MPEG2: NK=7,2C=70 28 21 25 (19%)/0/2 30(43%)/0/3 68
Table 1. Context Selection and Allocation Experimental results.
HContex}oloa_ds: I 6. Conclusions
Experimental data [TAOQ (iunstlc _ptlma —
P TAOC=[TAOC=[TAOC= In this work, we presented a general strategy to face the

TAOC | TAOC | TAOC

NK=43CI=53.3C=49] 17 | 4174042 /40 407 40 scheduling problem in reconfigurable computing. In

e T particular, we have focused on the context loading problem
%ﬁ;g:g@ggéé@;?g %g gg;gg gg;gg gg;gg for the MorphoSys architecture. The problem is divided
NK=7 3C™=70.3C°=95| 37 192/8790/881 89/88 into two tasks: context selection and allocation. We

NK=12 1597 | 160/ | 163/ proposed a mathematical model for context selection and
sCR=122-3C%=141 | 97 | 147 148 146 two different ways to solve it. The first one is a heuristic
’ e T technique for context selection, which provides a nearly
Table 2. TAOC row-column distribution results. optimal solution in only a few iterations. The second
odlternative is used to validate the heuristics through the
exhaustive exploration of the feasible solutions. The
comparison of the experimental results shows the good
quality solutions that can be obtained. Finally, we have
solved the context allocation through the exploration of a
block dependency graph, so that the memory fragmentation
is minimized. Future work will address data scheduling.

the context memory, so that context words that belong t
the same block are in consecutive positions. The final
solution for our example is shown i#gure 9. All the
blocks, except'f” , are placed in consecutive positions.
Sometimes, the optimal solution implies some
fragmentation. This usually happens when (aEigare 9)

the TAOC distribution among the kernels is not uniform. If
it were uniform, the sizes of the dynamic blocks would be
similar and, therefore, fragmentation could be avoided. References
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