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Abstract— The major drawback of partial dynamic reconfig- In order to reduce this delay overhead, component reuse be-
uration is the reconfiguration delay overhead. Component rase tween two consecutive implementations can reduce the §ize o
is a method to reduce the reconfiguration bitstream between the reconfiguration bitstream. In Figure 1, the nofign- T,
two consecutive implementations. However, this incurs adtional means that task, will be reconfigured and executed after
physical constraints to design which can lead to unroutabity right whereT; is located on the chip. As shown in FigureT,
and congestion in design. In this paper, we propose a physitg and T, have two common modules énda). Modulesa and
aware component reuse strategy. We first propose a floorplaring ¢ can be reused ifi,. Modulesc anda are referred to axed
algorithm to support two-dimensional reconfiguration schene. modules The location and configuration of the fixed modules
The proposed floorplanning tool enables a wide design spaceremain unchanged. The rest of the modules in both tasks are
exploration for component reuse. Key features are selectioof referred to ageconfigurable modulesBy component reuse,
the fixed modules, location of the fixed modules, mapping to 1 the number of reconfiguration frames between the consecutiv
fixed modules, and interconnect planning between the fixed ah tasks in a sequence can be reduced significantly.
reconfigurable modules. We implemented a sequence of dataflo
graphs on Xilinx Virtex 4 devices using our tool for componen
reuse. When reuse is exploited, the experimental results pert
more than 50% reduction in the number of reconfiguration
frames compared to the flow during which component reuse is
not applied. Our proposed floorplan-aware matching technige
(to map the modules to fixed components) can reduce the recon- Component reuse (a,c): Design | Component reuse (a,c): Design Il
figuration frames by 10% on average compared to dependency-
based matching algorithm. In addition, we show that by diffeent
placement of the modules for two consecutive tasks, the vation
in the number of reconfiguration frames can be between 25%-
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60% or it may even lead to unroutability of the circuits. The 11 1T A2 1 111
results imply that there is a need to tune the physical design
tools for better management of runtime reconfiguration delay Regions being reconfigured from task T10 T2

overhead.
Fig. 1. Improving runtime reconfiguration delay by enhaneptrof potential
reuse correlation among a sequence of applications.

Partial dynamic reconfiguration enables modification of the
design during execution. This feature can bring flexibitly =~ There are several related work which define the gain in
embedded systems for enhanced adaptivity and tolerancedoonfiguration between the two given tasks by looking at
variations and uncertainties. Xilinx Virtex FPGAs are exanfunctionality of the tasks [1], [2]. However, there is a laok
ples of such devices. However, the flexibility brought byseae physical planning in this flow. On the other hand, some other
devices comes with the cost of runtime reconfiguration delaglated work focuses on the bitstreams of two tasks regssdle
Xilinx Virtex 4 devices provide a much faster reconfiguratioof their functionality which is too low level [3], [4]. Given
rate compared to Virtex Il series and allow 2-D reconfigurati data flow graph representation of two tasks, the components
as opposed to Virtex Il devices in which configuration iare mainly basic arithmetic operations and registers. The
columnar-based. Along with advances in architecturalfest functionality of the blocks in the tasks is similar, hence
for reconfiguration, development of CAD tool support fothere is a great opportunity for component reuse. However,
reconfiguration is required. The size of the bitstream fdhe connectivity in two designs is different. The questien i
reconfiguration is proportional to the size of the resourcésat if they are placed and routed carefully, i.e., consider
being reconfigured. Hence, reconfiguration delay is detegthi connectivity of the modules, whether several operations ca
by the number of resources being reconfigured on the chipoverlap in the two tasks or not. In order to achieve this goal,

|I. INTRODUCTION



there is a need for physical planning for component re-use. Il. RELATED WORK

In this paper, we focus on placement-driven component reuse )
on target devices with two-dimensional partial reconfigora ~ DeSPite the advantages of component reuse, many proposed

support (e.g. Xilinx Virtex 4). Once a set of components agFneduling algorithms with dynamic reconfiguration suppor
observed between the two tasks, there is a need to mé&ked: [2], [7]) do not consider reuse for simplicity. Restears
decision on which can be fixed and where they are placé@ [8] have proposed a linear placement technique with ee-us

In Figure 1, two different implementations locate the fixe@n FPGAS with column-based partial reconfiguration support
modulesa andc at different locations (Designs | and I1). TheHow_ever, the interface model betwee_zn the tasks and_ crossing
main challenges in component reuse areitioeirred physical the fixed components cannot be applied to 2-D reconfiguration
constraintsas well asinterfaceof the fixed components with Scheéme. In [9], the authors present placement of bus macros
reconfigurable components. Connectivity between the fix@8 the boundaries of the device for devices like Virtex 2.
module and reconfigurable components from one task tolhe® work in [10] describes merging of two or more
another can be so different that fixing the placement of ttq@nﬁgurapon sequences to avoid reconfiguration overhead.
fixed blocks may lead to unacceptable congestion in the otife?nsecutive sequences are matched and merged. The paper,
design and hence lead to increase in reconfiguration oveérhdpwever, does not deal with partial reconfiguration and icbns
The main objective of this work is to explore the maximur§'s full reconfiguration of device if the modules in the cutrg
potential overlap between the two given task graph with a stduence do not cover the next sequence. In [11], an algorith
of common components such that runtime reconfiguration d€f merging the two or more dataflow graphs is presented. The
lay can decrease. We first develop a floorplanning EPR~ Merging of interconnects is done by adding MUX trees. The
in which planning for two-dimensional runtime reconfigura@/gorithm minimizes hardware area and MUX area. However,
tion is considered. We adapted state-of-the-art ASIC flaprp different connectivity between a sequence of several dégs c
ning tool, Parquet [5] and modified the tool for this objeetiv Ma@ke the interconnect and MUX tree very complex and make
During floorplanning, we allow sufficient routing area ardunth€ routing congested.
each fixed component such that the interconnect between thé& [3], [12], it is shown that on average less tha% of
components does not interfere with the reconfiguration émmthe reconfiguration bits are different between configuratio
for the fixed region (white space allocation). We also inatgr of given two designs. However, due to frame-based archi-
a mapping algorithm to decide which components should fretural feature for configuration, the difference is large
mapped on the fixed components. Our tool enables a wiBactice. The proposed method in [4] reduces the amount of
systematic design space exploration on component reuse reonfiguration data that needs to be transferred to theeevi
partial dynamic reconfiguration. by making use of configurations that are already present in
Designers can use Xilinx CAD tool in guide mode to definthe configuration memory. In their method, placement and
the fixed components and their location on the device. Thaignment of the frames are studied after implementation at
the rest of the second design gets placed and routed wig@nfiguration bit level. Whereas in our approach, the playsic
regards to the fixed blocks. There is a lack of physical plagini Planning is considered earlier in design flow.
in this flow. Hence, we feed our tool to this flow so that In[13], a graph matching technique is proposed to optimize
the implementation of the second task can more physicalf@r reconfigurable sequence of designs on Xilinx 6000 series
aware overlap with the implementation of the first task thhe matching is applied mostly at gate level. In [14], the
reduce the difference in the two configuration bitstreame. Vgoal is to match the common hardware among different
applied this flow to a set of data flow graphs from MediaBendg#xecution sequences on a proposed reconfigurable arcinéect
benchmark suite [6] on Xilinx Virtex 4 devices. When reusgodel. The experiments were done using modular flow in
is exploited, the experimental results report more than 50%ftex 2. Since Virtex 4 supports frame-based reconfigorati
reduction in the number of reconfiguration frames comparéather than column-based reconfiguration, the complexity o
to the flow during which component reuse is not appliedeconfiguration is different in Virtex 4 from Virtex 2 devise
Our proposed floorplan-aware matching technique can redddereover, authors in [14] did not consider placement ane wir
the reconfiguration frames by 10% on average comparedttansfer.
dependency-based matching algorithm. In addition, we showin order to minimize the number of reconfigurations by
that by different placement of the modules in two conseeutiveuse on a sequence of tasks, the authors in [1], [15], have
tasks, the variation in the number of reconfiguration frameeveloped replacement heuristics based on a well-known
can be between 25%-60% or it may even lead to unroutabilityemory-page replacement strategy (LFD). In both appraache
of the circuits. it is assumed that the tasks with reuse are identical in func-
The outline of the paper is as follows: In Section Il, théionality and no interconnection overhead is considered.
related work is presented. Key features in FPGA floorplagnin Xilinx also provides CAD tool support for partial recon-
are outlined in Section Il followed by an outline of Parquefiguration on such devices. Guide mode of the tool tries
tool in Section IV. Our tool and design methodology foto maximize the overlap between two implementations once
component reuse is described in section V. The experimerttad fixed components are defined by user. Recently, Xilinx
results are presented in Section VI. floorplanning tool,Planaheadhas been modified to support



N ARy ANy e the nets to be routed and the design may not be routable.
= === === === Recently, Xilinx Planahead tool has been modified to support
ER EEEN EEEE EEENE partial reconfiguration. It provides easy interface to #yec
=I ===I ===I ===I ilinx Vertex placement of some components (knowrpatocky and find a

BN EEEE EEEE EEEE Achitecture placement of the remaining componengblocks. However,

II IIII IIII IIII currently, Planahead placement becomes very slow wittelarg
= *=== :=== —=== = number of pblocks and does not guarantee that global wires
II IIII IIII IIII do not cross the pblocks.
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- Whitespace allocation is applied to reduce congestion and

buffer insertion for ASIC designs as well. Hence, ASIC
Multiplier floorplanning tools can be adjusted for FPGA floorplanning.
However, for partial reconfiguration support, white spakte- a
cation around the fixed modules should be planned carefully.
In the next section, the outline of ASIC floorplanner tool,
partial reconfiguration. In the next sections, the restitd of Parquet, is presented. Then, we describe how we modify
the tools are explained in more detalils. the tool for FPGA floorplanning with partial reconfiguration
support.
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Fig. 2. A Virtex device
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IIl. KEY FEATURES INFPGA H.OORPLANNING

The target architecture is a two-dimensional partial recon IV. PARQUET FLOORPLANNERTOOL
figurable architecture. Xilinx Virtex 4 devices are exangpdé

such architectures. Figure 2 shows the architecture Omer.based floorplanner for wirelength and area minimizatiore Th

4 device. The basic unit of _reconflguratl_on Is a frame SpEfmmln%quuet floorplanner is a fixed outline floorplanner, meaning
n columns. Every module implementation spans a contlguo%s

. . . at it can constrain the design in rectangular shapes o fixe

set of frames horizontally and vertically. Hence, impletaen . X . .
. . . aspect ratio. The cost function of simulated annealing has
tion consists of macro-based placement (or floorplanning) a . . .
: . ) three components: area, wirelength, and aspect ratio. The
interconnect between the moduleglabal wireg given that . . : i .

o . ST main moves of simulated annealing are swappings in sequence
the connectivity in each module (local wires) lies inside th

: . o .. pair (or b-tree) representation of floorplan, and changing
module configuration. Xilinx CoreGen tool followed by X|kn_ orientation of blocks. The floorplanner uses half-boundiag

floorplanngr provides such a layout. However, the gIObaés\”rfor computing the wire length. The floorplanner is fast and is
can go inside the modules as well. : ; . . . )
) . . . . widely used in academia for fixed outline floorplanning.
The partial reconfiguration poses a stricter constraint on .
. . . . Parquet floorplanner, however, assumes that the wires are
the routing of global wires. The global wires which are not

reconfigured should not use the area of modules that will é%uted in the metal layers above the silicon die and hence,

. . : . does not consider the congestion caused due to the presence
reconfigured, as that area will not be usable during reconfig . ) .
. . . . . —of other components in the design. Further, it does not add
ration and hence, will affect the operation of the wire dgrin : ; :
. . . . . the whitespace to allow the routing of global wires. On the
that time. The global wires, which will be reconfigured, sliou o .
. ; other hand, it finds the most compact floorplan and tries to
not use the area of modules that witht be reconfigured, oth-

erwise these wires will require reconfiguration of the fixedt( remove any existing whitespace in the placement. This makes

reconfigured) modules as well. Thus, providing whitespaclt:rgeFtsg*nsu'table for floorplanning for partial reconfigtion

becomes an important requirement for floorplanning to sttppo
effective partial reconfiguration. The global wires shoblg We have created a floo.rplanner baged on Parquet roorpI.an-
r tool to support the implementation of partial dynamic

routed over the global modules or the whitespace, as fjg" o : :
switches over the area of local modules are occupied by tEeeconflguratlon on FPGAs. The floorplanner, which we call
w

internal wires. However, in FPGAs, due to the presence ﬁ_orplanner for Partial Reconfigur_ation (FFPR)' adds the
long wires, it is also possible that some wires can pass tfirou |f[espace betwee_n modules to avoid co_ngesnon_ a_nq averlap
the local modules without using any switch. Further, thouggl“ fixed and reconfigurable part. It glso tries to minimize the
internal wires use the switches present in the routing ar Hmber of frames used by the design.
of local modules, there may be some switches available for
the global wires to pass through. Hence, in FPGA, the local
modules have limited capacity to allow the global wires to
pass through. Our floorplanner for partial reconfiguration is built from
The current Xilinx floorplanner does not guarantee enoudfarquet floorplanner and optimizes congestion, whitespade
whitespace between the modules for global wires. Some wifeames. We add the total routing congestion and total fraimes
thus pass through the modules, forcing the fixed componettts total cost in the simulated annealing stage of floorptann
to be reconfigured. If the global wires are not allowed to pa3$e following subsections discuss the various componehts o
through the modules, then there may not be enough spacedost in the simulated annealing of our floorplanner tool.

The Parquet floorplanner tool [16] is a simulated-annealing

V. PROPOSEDFLOORPLANNER FORPARTIAL
RECONFIGURATION



A. Congestion Model

We use the probability congestion model given in [17] to
find the congestion of wires. The wires between any two pins
are assumed to take only L and Z shaped routes within the
bounding box. The L-shaped paths have higher probability
than the Z-shaped paths. If there is an obstacle in path due

'
'
y Virtex 4 FPGA
'

to presence of either the two components containing pins or 16 cLBS | Frames

due to a third component, then that path is not taken. An .

obstacle corresponds to presence of logic that should not be 1 CLB has 22/23 vertical frames
reconfigured. A wire passing through a fixed logic can lead

to reconfiguration in the fixed component. The floorplanner Fig. 3. Frames in Virtex 4 FPGA

shoulc_j, the_refore, a_void occurence of Sl_JCh routes_ in thigles 5y cause the fixed components to be reconfigured. For those
and give higher weights to other paths in the design. The o[, \ve add a very high constant value to the congestion of

probability of all L and Z shaped routes 1s Hence, if there g containing two pins. This ensures that the floorplanner
aren number of paths for a net, the probability of each paifyes 15 minimize the number of such nets (it is very hard to
is 1/n. For weighted paths (L-shaped paths), the We'ght?gmove all such nets).

summation is used for finding probabilities.
Multi-terminal nets are taken as multiple two-pin nets fror8. Total Reconfiguration Frames
source to each destination and the individual probalslitoe The reconfiguration overhead is measured in terms of

each path of each net a_r(_e_found. This assumption simpliﬁes_ﬂhmber of frames that are needed to configure a design. As
computation of probabilities and makes simulated anngali,|ained earlier, the minimum granularity of reconfigicmat
stage more efficient. The final shape of multi-terminal net Bh Virtex devices is frames. While in VirtexE and Virtex 2

also not easily prediqtab_le until th_e routing stage. ... devices, a frame spans the whole column of a device, in Virtex
To find the congestion in the device, the device is partlmbngl devices, a frame has a fixed height of 16 CLBs. A frame

Into two-dlmen_smna! array Qf bins. Th?se l_3|ns will corresg on Virtex 4 FPGA consists of a fixed number of bytes for all
to C.LBS. (conflguranqn logic bk.)CkS) n Vlrte_x 4 FP_GAS'_Athe devices. The time taken to reconfigure a device is a linear
pin lies in only one bin and a bin may contain multiple P"Sunction of the number of frames that are reconfigured.
We assume that _aII p"?s in a bin lie in_ the _Center of the b_in. Figure 3 show the frames in Virtex 4 FPGA devices. The
A bin may contain _Iog|c as we_II as wires just as a CLB B ames are vertical and span 16 CLBs. Each CLB contains
FPFCi;Al‘J i}e\gcgh%w;a;ni:%mlz S\lli(r:teei Zr:ghri?eljélt:?é The devi around 22 frames. To minimize the number of frames that are
9 P o C ?gconfigured, a floorplanner should place the fixed and recon-
consists of CLBs, block RAMs, and multipliers. In this Workﬁ ured part in separate frames. Presence of a reconfigured pa

we do not model BRAMSs and special multipliers and assurri}g?a frame requires the frame to be reconfigured. A floorplan-

that the device consists of only CLBs. This assumption malﬁggr should also avoid putting inter-modular connectiontha

suré that any block can be placed anywhere in the.dewce.fr mes containing fixed part. We estimate the total number of
With these assumptions, we calculate the congestion of eac . . . .
. i réconfigured frames in the device and add a normalized factor
bin as the sum of probabilities of all the paths that pass -, . ; .
: S . . of it in the total cost of the simulated annealing.
through the bin. A bin ixongestedf its congestion exceeds
a threshold. The congestion of floorplan is, then, calcdlat C. Whitespace allocation

sum of excess congestion of each bin. . The Parquet tool usesequence pairepresentation to make
In our congestion model, we are using L-shaped and Z-

. -~ random moves of placement. In sequence pair representation
shaped for the wires between modules, rather than a staircas : b . q P =presen
. L . WQ permutations (orderings) of the blocks are maintaifiée.

shape. We think that it is a reasonable assumption as the L an ; . )
0 permutations capture geometric relations betweeeh eac

Z shapes are the most common shapes of nets in the FPGA. . S
: : air of blocks. Every two blocks constrain each other inegith
The wires between modules may span long distance and can.. . oo . i
vertical or horizontal direction. The following relatidmips

be timing critical. The delay of switches make the use of oth .
. R - L old for sequence pairs:

shapes for these wires rare in timing critical applicatiortss

simplistic assumption leads to faster computation of w&io (<..,a,..,b,..>,<.. a,.,b,..>) [&ik to the left ofb

paths between any two pins during iterations of simulatect< @, b, > <..b, .. a,.>) &l aboveb.

annealing of floorplanning.

Unrouteable NetsThere are some nets which cannot beThe sequence pair representation is shift-invariant sihce
routed using L and Z shapes only, due to presence of amly encodes pairwise relative placements of modules. Ac-
structions. If such nets exist in a floorplan, then they haveal placements are produced by aligning from horizontal
to be routed using higher delays (more number of switcheand vertical axes, starting from = 0 andy = 0. All
Further, it has been observed that these nets usually gieingieighboring blocks are placed adjacent to each other. This
the obstruction which in our case are fixed components. Thiepresentation automatically does compaction of the flaarp



also increased the number of iterations of simulated ameal
in order to get better results, as the tool has to optimizeemor
number of objectives.

1) Total Cost: In simulated annealing, a random move is

whitespace

|
R L™ Biock ﬁi generated, and the cost of new system is computed. This cost
| [ E | is then subtracted to the current cost of system. If the chang
i EEEEEL i _—_—_—_—_—_~'_| in cost, A\, is negative, the move is accepted. If the cost of
! : E : new system is more than the previous cost, the move is only
: i | accepted with a temperature based probability.

Our FFPR tool uses the cost of congestion and total frames
in the system, as explained in previous section. The trawiti
Fig. 4. Whitespace Allocation through Offsets Pa.rquet floprplanner has three cost components - area,taspec
as no whitespace is added and blocks are placed as clEg# and wire length. These cost components are incorporat
to each other as possible. While this feature is good ff the FFPR as well. The change in cdSf,.; of a system
finding minimum area floorplans, it is not desirable for firglinin FFPR is given by
congestion and modules-wire overlap free floorplans. SomeA _
X . . . . = oA + BA —ratio T YD ire—
extra whitespace is required in such floorplans for wires to” " area BBaspect—ratio + YBuwire—tength
pass through. However, sequence pair representation has ma +  0congestion + 8D frames

advantages. It is a simple structure to allow random moves-j, variablesg, B, y, 8, and, are the respective weights
placement. By a theorem given in [18], at least one minimaz areqa, aspect ratio, wirelength, congestion and franfei t
area placement is representable with any sequence pair. g m js equal td. The variousAs represents the change in cost
In order to use the sequence pair representation for findiggihe respective components. We reduced the weights of all
a congestion and module-wire overlap free placement, we §fitdbe components present in Parquet floorplanner to include
four new offsets to each block. The four new integral offset§,; own components. The weight of wirelength cost was
n, s, w, ande, represent the whitespace region on all oYl ,ced considerably as the congestion cost of Section V-A
sides of blocks. The total width of the block is, therefore; iy jnclydes wirelength component. Congestion of theesyst
increased byv +e and total height is increased ly+s. The i pe higher (the sum of congestion aongestedbins)
original block is placed inside this expanded block and thgnan there are long wires in the systems. Longer wires pass

remaining space is occupied as whitespace. For this work, yugh more number of bins than shorter wires. However,
only consider rectangular blocks for FPGA placements,ghoug;p,ce congestion is not directly proportional to wireléngte
this technique can be easily extended for any rectilineapsh | keep the wirelength cost in FFPR.

by keeping fc_’l_” or more offsets._ - ) 2) Moves: The moves made by FFPR during any iteration
These additional offsets also give the ability to make vehite j¢ i 1ated annealing are following:

pace moves. For our floorplanner, we start with initial vadfie . .
1 for each offset. During simulated annealing, we allow moves 1) Offset-bas_ed Moye@hange in offset of a single block
for allocating whitespace;

that change one offset of any random block randomly. The2 Pl ¢ MovesS : f 1 d blocks |
range of each offset is a fixed range starting frorfcurrently ) Placemen ovesswapping of two random bIocks In
sequence pairs;

the maximum value of any offset i§). The probability ) : . . .
distribution of the offsets has very high probabilities ¥atues 3) ggsgﬁggkgoves Random change in orientation of

1 and2 and very low probabilities fob, 4 and5. . )
The sequence pair representation stores only the relativ%; I\SA(;fttcﬁiIr?ng'\g(\)/\éstcizzc?unsgszclinir?hna:e?(? g;t?s:g;totr)]l_mk’

placement of blocks and is not affected by the size of the
modules. The only change required for using the offsets 1€ first move is explained in Section V-C. The next three
that while finding placement from sequence pairs, the sizesBoves are explained in [16] and [5].
the blocks are computed adding the the current offsets.
Figure 4 explains the allocation of whitespace throu
addition of offsets. The size of the colored block is incessto ~ Once designer has identified a fixed component in the first
the size of shaded box. Note that the offsets are not geperdlesign (fixed components are components that exist in the
comparable to the area of the modules, as shown in the figuggcond design after partial reconfiguration), it is possthht

Floorplan with block offsets

g%' Component Matching

and are smaller in practice to avoid area overhead. the second design has multiple components of the type of
) ) the fixed component. So out of these multiple components,
D. Simulated Annealing designer has to then find an appropriate matching of the fixed

In this section, we discuss the simulated annealing of FFPRock in the first design to a block of same type in the second
The simulated annealing of FFPR has been derived fraesign. For example, if there arke multipliers in the first
simulated annealing of Parquet floorplanner with changesdesign and multipliers in the second design, then designer
incorporate whitespace, congestion and total frames ®Wést. can match all the four multipliers of the first desigrdtout of



TABLE |

5 multipliers in the second design. There can be many number
BENCHMARK DESCRIPTIONS

of permutations of these matchings. Component matching is
referred to the task of assigning mappings of components of a

. . . . Pair Design 1 Design 2
type in one design to components of same type in other design. Descripion | No_of || Description | No. of
An effective matching of components from the first design to _ slices __ slices
A . . .. P1 Invert matrix 1 1459 Substitution 1 1538
similar components in the second design is important toaedu from Mesa from Rjindael
congestion due to routing, P2 In\f/ert n’1v|atrix 2 | 3176 In\f/ert mN?trix 3| 3613
- - rom Mesa rom Mesa
Our FFPR tool can run in a second mode to fln_d component 3 [ Key Schedule 1| 2686 Shift Row 5337
matching. The FFPR tool takes the second design and place- from Rjindael from Rjilndael
. : : f : P4 Invert matrix 4 8392 IDCT Float 1 6857
ment of the first design as input. It also takes information from Mesa from JPEG
about the fixed common components of same type. It then P5 IDCT 2 5394 Matmul 1 4934
uses the technique mentioned in work of [16] to place fixed from JPEG from Mesa

components in the design. It is done by adding extra nets ) _
and extra terminals to the fixed components. We then modifyed modules is not changed and only non-fixed components

the simulated annealing of FFPR to make swap moves Y€ re_configured, resulting in better separation of the faedl _
fixed components. In each swap move, two fixed componef@n-fixed components. The module based flow in Virtex 4, if
of same type swap their respective position. For example,Rfovided in future, will still require proper placement ofdd
memory blocks A and B are originally mapped to location€®mponents and proper whitespace allocation for conrgectin
L1 and L2 respectively, then after the swap move, blocks ¥!f€S- _ .
and B will be mapped to locations L2 and L1, respectively. In We implemented our design flow using a set 1df ap-
this way, swapping changes the mapping of fixed componerﬂg?at'ons e>_<tracted fr_o_m MediaBench tgst _benc_hmark_sgjsm
The matching thus found by FFPR tool is placement-awars)!F compiler. We divided thes0 applications in5 pairs,
matching. The FFPR computes a matching that minimiz®4th _each pair consisting of appllcat_lons of alm_ost same.siz
congestion, wirelength and area for that placement. Thi¥e find the common components in each pair and find the
this matching is more accurate and placement aware thaf"@tching of common components using FFPR tool and a
matching that looks at graph dependency and edge weight@?u”snc matchmg. The FFPR is run in two modes - floorplgn
If there is a sequence df tasks for reconfiguration, then@nd matching mode. In floorplan mode, a floorplan of a design
our technique can be used iteratively for each consecutiefOUnd that minimizes congestion, wirelength, and area by
pair of tasks. That is, FFPR tool can be used to compute dding whitespace. In the matching mode, while the tod| stil
placement and matching of second task from first task, thifi@ds a floorplanning of second design, it swaps position of

task from second task. and so on. common components during simulated annealing so that the
best matching for that placement could be found.
VI. EXPERIMENTS Unless otherwise mentioned, we do reconfiguration from

In this section, we explore the effects of matching and plac@esignl to design2 for each pair. We then find the cost of
ment on reconfigurable designs. We analyse how placemetfinfiguring from first design to second design for each pair.
aware matching can improve the results. The following se¢h€ description of each pair is given in the Table I. In order
tions discuss various aspects of partial reconfiguratiom into ensure that the second design follows the placement of firs

design. design, we usguidefile option available in Xilinx ISE 7.1.
Using guide file, the Xilinx place and route tool places the
A. Experimental Setup components having same name and same type in exactly same

In order to analyse component reuse for partial reconfigut@cations.
tion, we are using difference-based reconﬁguration ten]'a'” AISO, in order to ensure that the external wires of com-
available for Xilinx Virtex 4. The difference based techmég Ponents start from fixed locations (and not from arbitrary
compares bitstreams of two implementations and then aedfi@gion inside the component), we add external wrappers to
another bitstream consisting of differences between the t®ach component. These wrappers are implemented as &i-stat
implementations only. The new bitstream can be used to-traR¥dffers which can enable and disable the inputs and outputs
form the first design into the second design during runtinff @ component. The wrappers are placed in fixed locations
using least number of frames. The Xilirbitgen application around the component.
is used to find the difference bitstream. ,

A more sophisticated technique for reconfiguration 8- Matching Common Components
module-based reconfiguration, which is available in Xilinx For reconfiguration, we want to make sure that if two
Virtex Il devices but is not currently available in Xilinx ex designs have common components and one has to be recon-
4. The components are divided into modules and bitstreamfigfured on another, the reconfiguration time can be reduced by
each module is computed separately. Final design merges hitt reconfiguring the common components and reconfiguring
streams of all thenodulesThe module-based flow offers moreonly the difference of two designs. However, if two desigres a
savings compared to difference based flow as bitstream imiplemented independent of each other, then there is \dey li



TABLE Il
Reconfiguration frames with different percentage of matchings
NUMBER OF RECONFIGURATION FRAMES USING OPPOSITE FLOWS
., 8000
;7000 - - - - -
= Pair | Design 1— Design 2 | Design 2— Design 1
5 8000 Y PL 962 698
gsooo 4 s P2 P2 2078 821
Z 4000 1 —+ P3 P3 1994 1491
2 3000 & P4 P4 3414 Unrouteable
5“5 2000 | . P5 P5 886 Unrouteable
E 1000 4
=0 o ‘ -~ ‘ o ! remaining components are placed by Xilinx PAR tool without
Percentage Matching any location constraint. The first design is placed using our
FFPR floorplanner using floorplanning mode. The matchings
Fig. 5. Increasing Component Matching are found using FFPR tool running in the second mode.
TABLE Il The Figure 5 shows that as we increase the matching, the
NUMBER OF RECONFIGURATIONERAMES WITH AND WITHOUT number of frgmes required to reconf_lgure from one design
MATCHING to other design decreases. The savings of frames are due
to the more number of components that are common in the
Bair | With Matching | Without Maiching Fje5|gn. Th_ls shows that we should find maximum overlap
PI 962 1753 in two designs. In some cases the reconfiguration could not
0 o o be improved by increasing matching as expected due to the
P4 3414 7662 congestion of design and routing overhead. This is seeniin pa
P5 886 4329 0, H
AoTagE 559 559 P1 for 75% matching.

D. Direction of Matching

correlation in the final bitstream of each design. This is due perform reconfiguration, designers implement the origi-

to differences in routing and placement of the common blocks,, design and then try to map the second design on existing
in two implementations. There.is a very little probabi!it)at design. This puts the implementation of second design at
same components are placed in exactly same place in the ¥y, qvantage. It is possible that if we floorplan the second
designs. T_h|s hinders the reuse qf common components, a“ﬁé@ign and then find a mapping for the first design, the

turn, requires more reconfiguration bits. Hence, the comm@agjgns are more optimal. This is due to a better placement of
components should be placed at exactly same location in {4 second design that also helps reconfiguration to the first
two designs. design.

In Table Il, we show the number of frames required to re- | grder to see the effect of direction (from first to second
configure for egch pair with and without matching of commog; from second to first) of floorplanning and matching, we
blocks. In the first column, we use our FFPR floorplanner {@yersed the direction of reconfiguration and then compitred
find the placement of first design with whitespace and then Uz@h the original direction. We first found a floorplan of seco
FFPR floorplanner to find the ma_tching for second design._F@ésign using FFPR in floorplanner, find a mapping of second
second column of the table, we implemented the two desigfssign to the first design using FFPR matching, implemented
in each pair independently using Xilinx ISE. We then compuigst design and finally see the difference in bitstreams ef th
the cost of reconfiguring from one design to other designgusig, o designs.

Xilinx bitgenapplication. It is interesting to observe that even if we are reversing

The Table Il shows that if the same placements are used {Rg flow of reconfiguration, we can still maintain the oridina
components, then on average, we can get savings of more thgfy, We show this as follows. Le%; be the bitstream required
50% frames compared to without using component reuse. o configure first design andb be the bitstream to configure

. second design. Lef\;, and\,;1 be the difference bitstreams
C. Extent of Matching to configure from design one to design two and configure

We analyse how many components should be matched to fyetn design two to design one, respectively. In simple terms
the maximum reuse of the bitstream. In maximum matchindy = 6; + A;> and d; = 0, + Ay, where plus operation
the design which is reconfigured could be excessively cothanges/flips the bits of initial bitstreabnto bits represented
strained. Hence, we varied the matching amount, computegA. Hence, A1, andA,; both contain only the frames that
total reconfiguration overhead and then observed the savinghange between the two designs and tHds,,| = |Aq2],

Figure 5 shows the number of frames required to reconfigusaere|A;| is the size of reconfiguration difference bitstream.
from first design to second design for various percentagesTdfis shows that the savings in a reverse flow of reconfiguation
matching. For50% matching, we only matched half of theis same as savings in original flow.
common components. That is, we forced the Xilinx place Table Ill shows the number of frames required for recon-
and route tool to put only half of the fixed componentfiguration of each pair in the two opposite directions. While
(like fixed multipliers) in same locations as first designeThin some cases, reversing the direction has lead to savings of



TABLE IV

reuse. When reuse is exploited, the experimental resydtstre
NUMBER OF RECONFIGURATION FRAMES USING DIFFERENT MATCHING

more than50% reduction in the number of reconfiguration
frames compared to the flow during which component reuse

Pair FFPR Matchin Dependency based Matchin . . .

PT 967 g E y]_ggl 2 is not applied. We explored features such as selection of

P2 2078 2077 the fixed modules, location of the fixed modules, matching

P3 1994 2087 . . . i

P4 3414 33690 to the fixed modules, whitespace allocation and intercannec

PS5 886 964 planning between the fixed and reconfigurable modules. Sys-
Average 1869 2095

tematic approach to find the location of fixed modules and
better management of congestion are the ongoing work in this
upto60% as in the case of pair P2, in some cases, the designject.
was not routeable in opposite direction. This shows thatemor
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