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Abstract In this paper we propose a new approach to make run
time reconfiguration faster by defining a new type of re-
Dynamically reconfigurable architectures or systems are configurable architectures. We use the fact that algorithms
able to reconfigure their function and/or structure to suit or computations typically consist of different phases where
changing needs of a computation during run time. The in- during each phase only a fraction of the reconfiguration po-
creasing flexibility of modern dynamically reconfigurable tential of the underlying architecture is needed. The idea is
systems improves their adaptability but also makes fast re-to make the reconfiguration potential itself reconfigurable.
configuration difficult because of the large amount of nec- The smaller the actual reconfiguration potential of an ar-
essary reconfiguration information. However, even when a chitecture is the smaller will the amount of reconfiguration
computation uses this flexibility it will not use it all the time. information be that has to be transferred during reconfigu-
Therefore, we propose to make the potential for reconfig- ration and the faster will a reconfiguration step be. Due to
uration itself reconfigurable. This allows for speeding up space limitations this paper focuses on the introduction of
reconfiguration operations during phases where only parts the concept of hyperreconfigurable architectures.
of the total flexibility are required. Such architectures are
called hyperreconfigurable and use two types of reconfigu-
ration operations: hyperreconfigurations for changing the
reconfiguration potential and ordinary reconfigurations for
actually configuring a new context for a computation.

We call dynamically reconfigurable architectures and
systems which allow to alter the reconfiguration potential
during run timehyperreconfigurable architectureslyper-
reconfigurable architectures have two types of reconfigu-
ration steps: dqrdinary) reconfiguration stepare used to
. . actually define a new configuration of the system &iyd
1 Hyperreconfigurable Architectures perreconfiguration stepare used for defining the actual re-
configuration potential that is available for the ordinary re-
configuration steps. The actual state of the system that can
be changed by reconfiguration is calledntext Thus, a
hyperreconfiguration step defines the set of contexts that is
available for the (ordinary) reconfiguration steps. Such a set

Dynamically reconfigurable architectures can adapt their
function and/or structure to suit the changing needs of a
computation during run time (e.g., [1,2]). A problem is the
tradeoff between flexibility and the amount of information

needed for reconfiguration to define the new state of the r . u-vie ontexts is calledhypercontext With "avail-

system. Moreover, the increasingly higher integration of able” we assign those reconfigurable resources that are ac-

reconflgl_JrabIe hardW""Te requires mcrea_sed bandwidths fOrtivated by the hypercontext and therefore are available for
transferring the reconfiguration information. Modern FP-

GAs f | d | bvies of f i reconfiguration. If a reconfiguration needs resources that
q ts fo rexample nee sf(_averat_meg? y e1s_r? rtlacon lgura IO?are not included in the hypercontext they have to be acti-

ata for a singie reconfiguration step. 1his fargé amount, o qinciuded by a hyperreconfiguration. We assume here
of data transfer makes run time reconfigurations time crit-

. : : _ ) . that a reconfiguration step requires reconfiguration infor-

ical operat|on_s, especially, for _computaﬂons which exploit mation for all activated resources (even when it says that
the ful! capamt.y of these architectures by frequent reCON” ihe resource is not used in the context). Examples for hy-
flgur_atlons. Different a.pprogches have been proposeq Inpercontexts are the set of activated reconfigurable units that
the literature to cope with this problem, e.g., compression

thods for the st f i tion bits (13.4 q are available for reconfiguration or the available routing re-
methods for the stream ot reconfiguration bits ([34]) an sources. Often the context requirements might be an esti-
self-reconfigurability (see [5,6,7].

mated upper bound on the requirements that will actually
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2 Formal Models for Hyperreconfiguration calledDAG-modelis for coarse grained reconfigurable ma-
chines where the set of possible hypercontexts is not too

We introduce ideal models that allow us to con- . ) .
sider algorithmic aspects for hyperreconfigurable architec-Iarge and where different reconfigurable submachines (hy-
9 P yp 9 percontexts) can be defined that can be ordered with re-

tur(_as. These model; can be made more specific to de"spect to their computational power by a precedence rela-
scribe concrete architectures. We assume that an algo:

rithm/computation is characterized by a sequenamaofext tion. A directed acyclic graph (DAG) where each node is

. - . a hypercontext is used to describes the precedence relation
requirementgach describing the resource requirements thatbetween the hypercontexts. We assume that a hypercon-
it needs for a corresponding reconfiguration step. Hence th '

. Sexth exists that satisfies all possible context requirements,
number of context requirements equals the number of re-i o h(C) = C. Formally, given a DAGG — (V, E) with
configuration steps. Since the actual reconfiguration steps"/ _ N ar:d f(.)r cachh é’% a seth(C) suc?] tha;t for each

might depend on data that are only available at run time a dge in(hy, hy) € E the relationsi; (C) C hs(C) holds. In

context requirement specifies the (estimated) maximal set ofe o o _
resources that could possibly be needed. When the mean‘:jlddltlon letcost(h) > 0 andinit(h) = w for eachh € 71

o : ) and a constant > 0 such that for each eddé, hs) € E
ing is clear we call a context requirement simply context. e
A reconfiguration info a new context can in general only “°5{(1) < cost(hz). Then a computation is character-
be realizegd during run time when the machinge isina hy- ized by a partition of' into subsStiingsS. ..., Sy, r > 1
ercontext that cgntains all contexts possible accordin yto(i'e' ¢ = 51...5,) and hypercontexts, ..., h, such that
P . ) POS 9 S; C h;(C) and the total (hyper)reconfiguration costs are
the corresponding context requirement, i.e., the hypercon- 7
o . . rew+ Y. cost(hg) - |S;].
textsatisfieghe corresponding context requirement. !

In the followi d i ¢ models t t th The second variant calle@witch-modelis for fine
n the foflowing we describeé cost mode’s fo count Ihe grained machines. We assume that there exists a set of small
(hyper)reconfiguration time. Le&f be the set of possi-

bl text . s f f. bl hi d(similar) reconfigurable units and every subset can be used
€ context requirements for a reconfigurablé machin€ and, yafine the reconfigurable machine that is available during
C =ci...cm, ¢; € C be the sequence of context require-

: : : a hypercontext. For example each unit might be a switch in
ments that characterizes an algorithm/computatiorhyA b b 9

. . o . a switch box on an FPGAs and the more routing require-
percontexts a state of the machine which is characterized

by th bset of text . ts that tisfied ments an algorithm has for a context, the more switches
y the subset ot context requirements that are salished o, 14 pe available in the hypercontext for reconfiguration
when the machine is in this state. At any time exactly one

h text i lized on th hi Lebe th i during run time. For reconfiguration the state of each avail-
ypercontext is realized on the machine. € the se able switch has to be defined. Thus the cost for reconfigu-
of possible hypercontexts. For a hypercontext H let

) ration is the number of available units plus overhead cost.
h(C) C C be the subset of context requirements that are Sat'FormaIIy letX = {z1 2} aset of F;witches and de-
isfied byh. The se’rh(fC) is called thg:ontext Sebgh‘ rl:or fineC = H = 2%, i.e.,C andH equal the set of all subsets
a sequtznlcel G O C(})Ln(tjex(; requwehmefnts ?1” fa yper:- of X. For context: € X the relationz € h(C) holds, when
con:ex: eter ... e < (1). kenote;cé ?]Ctlé atl or Eac x C h. Letcost(h) = |h|, where|h] is the size ofy, i.e.,
c:])n ex rt?lqwremﬁ.nii,,z €fll: t]f; € h( )to S- INOTAET 4he number of switches available inandinit(h) = n for
change the machines current nypercon extyperrecon- h € H. A computation is characterized by a partition(of
figuration stepis necessary. For each hypercontext H into substringss; S.r>1(eC=S5...5,)and
two cost measures are definedin}t(h) is the cost of per- hypercontexts, ’ ’h Ts’ucﬁthas- C hs(C) and tr:e total
forming a hyperreconfiguration that brings the machine into (hyper)reconfigl;rati7onrcosts are nl+ Z’f il - 14]
hyperc'ontexlih ii) cost(h) denotes the c.os.t of an ordinary Future work: Multi task hyperreconflig:ghralble rr;achines
reconfiguration step when the machine is in hypercoritext and algorithmic aspects will be discussed elsewhere.

Then a computation is characterized by a partitio'of
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