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ABSTRACT

Partitioning a memory into multiple banks that can be inde-
pendently accessed is an approach mainly used for the reduc-
tion of the dynamic energy consumption. When leakage en-
ergy comes into play as well, the idle memory banks must
be put in a low-leakage ‘dormant’ state to save static energy
when not accessed. The energy savings must be large enough
to compensate the energy overhead spent by changing the
bank status from active to dormant, then back to active again.
This paper addresses the problem of energy-aware on-chip
memory banking, taking into account – during the exploration
of the search space – the idleness time intervals of the data
mapped into the memory banks. As on-chip storage, we target
scratch-pad memories (SPMs) since they are commonly used
in embedded systems as an alternative to caches. The pro-
posed approach proved to be computationally fast and very
efficient when tested for several data-intensive applications,
whose behavioral specifications contain multidimensional ar-
rays as main data structures.

Index terms– memory management, memory banking, multi-
dimensional signal processing, scratch-pad memory.

1. INTRODUCTION

As on-chip storage, the scratch-pad memories (SPMs) –
compiler-controlled SRAMs, are widely employed in embed-
ded systems as an alternative to caches because they achieve
comparable performance with higher energy efficiency [1].
They are, in fact, quite similar to caches in terms of size
and speed (typically, single-cycle access), but they do not
need any mapping logic: different from caches in which the
main memory data is dynamically assigned during program
execution by means of the line replacement mechanism, the
SPMs need only a static assignment1 – at design time, so the
caches’ tag area and hit/miss acknowledging circuitry is no
longer needed. In embedded systems, low-energy consump-
tion is more desirable than flexibility in the adaptation of
workload. Consequently, SPMs are often employed instead
of caches because they are more power-efficient and save

1Dynamic re-fills of SPMs are possible though, and may be beneficial [2].

some die area, at the cost of a possible loss of performance –
which is usually not very significant.

In spite of their superior power efficiency, SPMs are of-
ten the largest contributor to the on-chip energy budget: this
is caused by the tendency of the designer to store on-chip
as much data as possible in order to improve performance.
Moreover, since many signal processing systems, particularly
in the multimedia and telecommunication domains, are syn-
thesized to execute data-intensive applications, the memory
subsystem is, typically, a major contributor to the overall en-
ergy budget of the entire system [3] (and often a bottleneck
for performance – as the coined term ‘memory wall’ suggests
[4]). Hierarchical memory organizations reduce energy con-
sumption by exploiting the non-uniformities of memory ac-
cesses: the reduction of power consumption can be achieved
by assigning the frequently-accessed data to low hierarchy
levels [5], [6].

Moreover, within a given memory hierarchy level, power
can be reduced by memory partitioning – whose principle is
to divide the address space into several smaller blocks, and
to map these blocks to physical memory banks [2], [3], [7],
[8]. This issue has been widely acknowledged and several
teams of researchers came up with a wide spectrum of so-
lutions for partitioning caches [9], [10] and SPMs, foremost
targeting the reduction of dynamic energy consumption which
expands due to memory accesses. Kandemir et al. proposed
a compiler-controlled dynamic SPM management using loop
and data transformations [2] like, for instance, array inter-
leaving [11]. They also explored nonuniform partitioning so-
lutions [12]. Benini et al. proposed a recursive partitioning of
the SPM address space, that achieved a complete exploration
of the banking solutions [7]. A further computational model
was described in [8]: the cost function in the optimization was
shown to exhibit properties that allowed to apply a dynamic
programming paradigm.

Technology scaling past 45 nm offered advantages to em-
bedded systems in terms of energy consumption [13], but
the static energy due to leakage currents became more crit-
ical for memories: their high density of integration translates
into a higher power density that increases temperature, which
in turn increases leakage currents significantly. Kandemir
et al. exploited SPM bank locality for maximizing the idle-
ness, thus ensuring maximal amortization of the energy spent
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C[0] = 0 ;                                             //  int  A[64][64][64]: input;
for (int i=16; i<48; i++ )
  for (int j=16; j<48; j++ )
     for (int k=16; k<48; k++ ) {
        B[i][j][k][0] = 0 ;
        for (int p=i-16; p<=i+16; p++ )
           for (int q=j-16; q<=j+64; q++ )
              for (int r=k-16; r<=k+16; r++ )
                 B[i][j][k][1089*p+33*q+r-1089*i-33*j-k+17969] 
                    =  A[i][j][k] - A[p][q][r]
                    +  B[i][j][k][1089*p+33*q+r-1089*i-33*j-k+17968] ;
          C[1024*i+32*j+k-16911] 
                      = B[i][j][k][35937] + C[1024*i+32*j+k-16912] ;
     }
out = C[32768];

Fig. 1. Code example of behavioral specification.

on memory re-activation [14]. Hardware schemes putting a
memory block into a dormant (sleep) state with negligible en-
ergy spending have been proposed [15], [16]. These schemes
normally imply a time and an energy overhead: transition-
ing a memory block into and, especially, out of the dormant
state consumes both energy and time. A team of researchers
proposed an approach based on traces of memory accesses
targeting the reduction of the static energy: in their method,
the status of memory block is changed into the dormant state
only if the cost of the energy overhead and decrease of per-
formance can be amortized [17], [18].

This paper addresses the problem of partitioning the SPM
address space, focusing on the reduction of energy consump-
tion of the SPM. During the exploration of the search space,
this approach evaluates also the idleness of the banks, exploit-
ing the possibility of putting them temporarily into a sleep
state, in order to reduce the static energy consumption. Dif-
ferent from previous techniques that start from the execution
trace of the application [3], [7], [8], [17], [18], our approach
starts from the behavioral specification, deciding in a prelim-
inary phase the data assignment to the memory layers and the
mapping of signals to the physical memories. When tested for
several data-intensive applications, whose behavioral specifi-
cations contain multidimensional arrays as main data struc-
tures, the proposed approach proved to be computationally
fast even for SPMs of a larger size, being able to explore bank-
ing solutions with a larger number of partitions. The rest of
the paper is organized as follows. Section 2 briefly explains
the preliminary code analysis and the assignment of data to
the memory layers. Section 3 presents the SPM partitioning
algorithm that explores the idleness of the banks. Section 4
addresses implementation aspects and experimental results.
Section 5 states the main conclusions of this work.

2. PRELIMINARY MEMORY MANAGEMENT

The data-intensive algorithms for (real-time) multimedia ap-
plications are typically specified in a high-level programming
language, where the code is organized in sequences of loop
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Fig. 2. Partitioning signal A’s array space (from the illustra-
tive example in Fig. 1) into linearly bounded lattices (LBLs).

nests whose boundaries are either constant or linear func-
tions of the outer loop iterators, conditional instructions,
whose logical expressions may be both data-dependent or
data-independent and multidimensional signals whose array
references have (possibly complex) linear indices. This class
of specifications is often called affine due to the fact that they
contain array references whose indexes are affine functions
of the loop iterators [19].

Figure 1 shows an illustrative code example with 6 nested
loops. We call M [x1(i1, . . . , in)] · · · [xm(i1, . . . , in)] an ar-
ray reference of an m-dimensional signal M , in the scope of a
nest of n loops having the iterators i1, . . . , in. The iterator
space signifies the set of all iterator vectors i = (i1, . . . , in) ∈
Zn in the scope of the array reference. The index (or array)
space is the set of all index vectors x = (x1, . . . , xm) ∈ Zm

of the array reference. When the indices of an array reference
are linear expressions with integer coefficients of the loop
iterators, the index space consists of one or several linearly
bounded lattices [20] (LBLs):

{ x = T · i+ u ∈ Zm | A · i ≥ b , i ∈ Zn}
where x∈ Zm is the index vector of the m-dimensional signal
and i∈ Zn is the n-dimensional iterator vector.

Example: The array reference from the code sample in Fig. 1
B[i][j][k][1089 ∗ p+ 33 ∗ q+ r− 1089 ∗ i− 33 ∗ j − k + 17969]

can be represented by the following LBL:⎧⎪⎪⎨
⎪⎪⎩
[

x
y
z
w

]
=

[
1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0

−1089 −33 −1 1089 33 1

]⎡⎢⎢⎣
i
j
k
p
q
r

⎤
⎥⎥⎦ +

[
0
0
0

17969

]⎫⎪⎪⎬
⎪⎪⎭

where x, y, z, and w are the four indexes; the iterators satisfy
the inequalities: 16 ≤ i, j, k ≤ 47 , i − 16 ≤ p ≤ i +
16 , j − 16 ≤ q ≤ j + 16 , k − 16 ≤ r ≤ k + 16 �

The flow of the memory management methodology before
SPM partitioning is:
Step 1: Decomposition of the array space of every indexed
signal into disjoint linearly bounded lattices.
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  for (int i=0; i<=12; i++)
    for (int j=i+1; j<=2*i; j++)
      for (int k=-i+j; k<=i+2*j; k++)
      {    . . . . 
         if ( 10*i+ 7*j+ 9*k <= 118  && 28*i-18*j+44*k >= 227
          && 26*i-10*j+14*k <= 147 && 64*i+26*j+20*k >= 351 )
           . . . .  = A[f(i,j,k)][g(i,j,k)][h(i,j,k)] ; // f, g, h linear functions
      }

Fig. 3. Loop nest with an array reference.

This decomposition can be performed analytically [21] by
intersecting recursively the lattices of the signal’s array refer-
ences. This allows to compute exactly the number of memory
accesses to the different parts of the arrays. For instance, the
central partition C in the decomposition of signal A’s array
space – shown in Fig. 2 – gets 1,659,473,920 read accesses,
out of the total of 2,355,167,232.
Step 2: Signal assignment to the memory layers: select
the lattices having the highest numbers of memory accesses,
whose total size does not exceed the maximum SPM size
(assumed to be a design constraint), and assign them to the
on-chip SPM. The other signals will be assigned to the off-
chip DRAM. Afterwards, we compute mapping functions to
the memory layers for every lattice of signals [21].

3. ALGORITHM FOR SPM BANKING
BASED ON ANALYSIS OF DATA IDLENESS

Since information on data idleness is relevant in our context,
we’ll start by explaining the computation of the idleness of
an array reference from the specification code. When are the
elements of the array reference accessed and when they are
not during the code execution? Figure 3 shows a code with
one array reference A[f(i, j, k)][g(i, j, k)][h(i, j, k)] within
the scope of three nested loops and an if statement. Out of the
2392 iterations, the first one accessing the array reference is
(i, j, k)1 = (2, 3, 8) and the last one is (i, j, k)2 = (3, 4, 6).
Relative to the lexicographic order,2 (i, j, k)1 and (i, j, k)2
are the minimum and the maximum iterator vectors. They can
be computed by taking the integral polytope [22] determined
by the 10 linear inequalities in i, j, and k derived from the
loop boundaries and logical expression, and projecting it [23]
on the i-axis of the iterator space; replacing the minimum,
then the maximum i in the integral polytope, and doing an
integral projection on the j-axis, and so on. Note that we con-
sidered here only loops with iterators that increase by a step
of 1: if some loop iterator is decreasing, and/or some step
is different from 1, simple linear transformations [24] can be
applied to make all the loop iterators increasing by 1.

If we know whether the array reference is stored off-chip
in a DRAM, or onto an SPM, as well as the number of cy-

2Let x = [x1, . . . , xm]T and y = [y1, . . . , ym]T be two m-
dimensional vectors. The vector y is larger lexicographically than x (writ-
ten y � x) if (y1 > x1), or (y1 = x1 and y2 > x2), . . . , or
(y1 = x1, . . . , ym−1 = xm−1, and ym > xm).

void LeakageAware_Banking (m, M, i, EnergyConsumed)
{   EnergyConsumed +=  δE           ;
     ΔE = SPM_dyn ( Addr[i] , Addr[n] , RW) ;
     compute the intersection of the idleness intervals of lattices L     , ... , L   ;
     ΔE += SPM_st (Addr[i] , Addr[n] , active) + SPM_st (Addr[i] , Addr[n] , sleep) ;
     ΔE += SMP_transitionsEnergy ;  // between sleep state and active state
     if ( EnergyConsumed + ΔE < crtMinEnergy ) // a better partitioning solution ...
     {  crtMinEnergy = EnergyConsumed + ΔE ;   //   ... was detected: record it!
         crtBestPartitioning = top(SolutionStack) U { Addr[i] } ;
     }
     if ( m < M )   // if the maximum number of banks is not reached yet
                           //    then explore finer partitions
     {  push(SolutionStack, top(SolutionStack) U { Addr[i] })  ;
         for (int k = i+1; k<n; k++)
         {    ΔE = SPM_dyn ( Addr[i] , Addr[k] , RW) ;
               compute the intersection of the idleness intervals of lattices L     , ... , L  ;
               ΔE += SPM_st (Addr[i],Addr[k],active) + SPM_st (Addr[i],Addr[k],sleep);
               ΔE += SMP_transitionsEnergy ;  // between sleep state and active state
               if  ( EnergyConsumed + ΔE + δE           >= crtMinEnergy )  break ;
               LeakageAware_Banking (m+1, M, k, EnergyConsumed + ΔE) ;
         }
         pop(SolutionStack) ;
     }
}

m,m+1

m-1,m

i+1 n

i+1 k

Fig. 4. The core of the bank-partitioning algorithm.

cles for a read/write operation, the time intervals in clock
cycles when the array reference is not accessed can be de-
termined. This idleness analysis can be done even more accu-
rately: between (i, j, k)1 and (i, j, k)2 the array reference is
not accessed during 4, then during 7 iterations. If we decide
the minimum number of cycles such that a time interval be
considered idleness, the number of intervals may increase.

Since each array reference is actually a lattice, for each
LBL in the decomposition of the array space, we compute
the time intervals (in clock cycles) when the lattice is not ac-
cessed. The small idleness intervals can be eliminated though
for the following reason. In order to overcome the energy
overhead entailed by the transition of a memory bank from the
active state into the sleep state and back to the active state, the
bank must remain in the sleep state at least a minimum num-
ber of clock cycles (otherwise, the economy of static energy is
lesser than the energy overhead of the transitions). This min-
imum number of cycles can be estimated; typical values are
in the order of hundreds of cycles [18]. The idleness intervals
of each lattice are organized into an interval tree [25] as the
depth of this data structure containing n intervals is O(log n),
entailing logarithmic complexity for interval operations.

In addition to the maximum number of SPM banks M ,
the inputs of the SPM partitioning algorithm are:

Input 1: An array Addr of ordered SPM addresses where
the linearly bounded lattices, assigned to the on-chip SPM,
are stored: the LBL Lk is mapped at the SPM addresses
Addr[k−1], . . . , Addr[k]−1. The storage requirement after
mapping for each lattice is computed at Step 2, Section 2.

Input 2: An array RW whose elements represent the numbers
of read/write accesses for each lattice mapped onto the SPM.

Input 3: An array E = [δE12 δE23 . . . δEM−1,M ] whose
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Application Address CPUfull
expl. [3] CPU Energy savings vs.

space M=4 [sec] M=8 [3] (M=4) [8] monolithic

Gaussian blur filter 14,336 7,305.48 57.64 10.1 % 8.0 % 58.7 %
Motion detection 9,600 5,289.28 34.37 11.2 % 8.9 % 63.8 %
Motion estimation 1,024 736.52 6.12 9.4 % 7.5 % 54.6 %
Durbin’s algorithm 512 247.05 2.89 9.8 % 7.7 % 52.5 %
SVD updating alg. 16,384 7,524.13 68.73 12.4 % 9.6 % 68.4 %
Voice coding kernel 2,048 1,377.56 11.87 10.8 % 8.9 % 61.4 %

Table 1. Experimental results for SPM banking, assuming a 32 nm technology.

elements δEk,k+1 are the energy overheads resulting from
moving from an SPM with k banks to one with k + 1 banks.
The elements of these arrays were estimated synthesizing de-
coding circuits, using the ECP family of FPGA’s from Lattice
Semiconductor. The Power Calculator from Lattice Diamond
[26] was used to estimate the energy overheads.

The banking algorithm starts from the monolithic archi-
tecture and searches for the optimal partitioning of the SPM in
no more than M memory banks, such that the borderlines be-
tween banks are addresses in the array Addr (hence, ensuring
that each LBL is entirely stored in one bank). The function
SPM dyn(start addr, end addr, RW) uses CACTI
6.5 [27] and the array RW of numbers of accesses to compute
the dynamic energy consumed in a bank delimited by the ar-
gument addresses. Similarly, the function SPM st computes
the bank static energy consumed in the sleep or active state.

A recursive function LeakageAware Banking (Fig.
4), whose first formal parameter is the current number of
banks (initially called for m = 2), searches for the opti-
mal solution such that the first m − 1 banks end at Addr[i].
EnergyConsumed accumulates the amount of energy con-
sumed from the start of the SPM till the borderline Addr[i].
First, the function investigates the case when the m-th bank
is between Addr[i] and Addr[n] – the end of the SPM. The
idleness intervals of the lattices Li+1, . . . , Ln assigned to
this m-th bank are intersected in order to determine whether
there are idleness intervals at the bank level. If this is the case,
and if the idleness intervals exceed the size threshold, then
the energy cost of the bank is computed taking into account
the switch to the sleep state during the idleness intervals that
are large enough. A time overhead of one clock cycle for
the transition from sleep to active state is also applied, in
accordance with simulated data on caches reported in [16].

If the maximum number of banks is not reached yet, then
the function explores solutions with m + 1 banks or more,
considering them-th bank only betweenAddr[i] andAddr[k]
(i < k). A backtrack mechanism is incorporated before the
recursive call (since the energy cost is monotonically increas-
ing with the SPM size), to prevent the search towards more
expensive partitioning solutions. A solution stack is used to
keep track of the exploration of the solution space. The out-
put of the algorithm is an array of SPM addresses delimiting
the banks, and the corresponding energy consumption.

4. EXPERIMENTAL RESULTS

The banking algorithm described in Section 3 has been im-
plemented in C++; the experiments have been carried out on
a PC with an Intel Core 2 Quad 2.83 GHz processor. The
main input of the software tool is an algorithmic specification
of the signal processing application, expressed in a subset of
the C language (see, for instance, Fig. 1). An interface to
CACTI 6.5 [27] has been also implemented in order to obtain
numeric data concerning static and dynamic power. (CACTI
6.5 supports 32, 45, 68, and 90 nm technologies.)

Table 1 shows experimental results for various bench-
marks. Column 2 displays the size of the SPM address space.
Column 3 reports the computation times for a full exploration,
implemented as the technique presented in [7] targeting en-
ergy reduction, setting to 4 the maximum number of banks
and using CACTI 6.5 [27] for power estimation. Column
4 reports the computation times in seconds for our banking
algorithm where M was set to 8 – a value that proved impos-
sible for [7]. Columns 5 and 6 show the savings of energy
consumption of our algorithm versus [7] and [8]. Note that
the dynamic programming technique of [8] yielded better re-
sults than [7] since that algorithm found energetically-better
solutions having more than 4 banks. On the other hand, our
algorithm found even better solutions since it could exploit
the idleness intervals of the memory banks (which [8] does
not do). The energy savings versus a monolithic SPM are also
displayed in Column 7. The additional exploration constraint
– that no LBL can cross a bank boundary – ensures the effec-
tiveness of our approach for M ≥ 4, reducing significantly
the search space but typically yielding near-optimal solutions.

5. CONCLUSIONS

This paper has addressed the problem of energy-aware SPM
banking, by exploiting the possibility of putting temporar-
ily the banks into a sleep state, in order to reduce the static
energy consumption. Different from previous banking algo-
rithms that start from the execution trace of the application,
this novel approach starts with an idleness analysis of the
behavioral specification, deciding in a preliminary phase the
data assignment to the memory layers, followed by the map-
ping of signals to the off-chip and on-chip memories.

5062



6. REFERENCES

[1] R. Banakar, S. Steinke, B.-S. Lee, M. Balakrishnan, and P.
Marwedel, “Scratchpad memory : A design alternative for
cache on-chip memory in embedded systems,” in Proc. 10th
Int. Workshop on Hardware/Software Codesign, Estes Park
CO, May 2002, pp. 73-78.

[2] M. Kandemir, J. Ramanujam, M.J. Irwin, N. Vijaykrishnan,
I. Kadayif, and A. Parikh, “Dynamic management of scratch-
pad memory space,” in ACM/IEEE Design Automation Conf.,
Las Vegas NV, June 2001, pp. 690-695.

[3] A. Macii, L. Benini, and M. Poncino, Memory Design Tech-
niques for Low Energy Embedded Systems, Boston: Kluwer
Academic Publishers, 2002.

[4] M. Verma and P. Marwedel, Advanced Memory Optimization
Techniques for Low-Power Embedded Processors, Springer,
2007.

[5] P. R. Panda, F. Catthoor, N. Dutt, K. Dankaert, E. Brockmeyer,
C. Kulkarni, and P. G. Kjeldsberg, “Data and memory opti-
mization techniques for embedded systems,” ACM Trans. De-
sign Automation of Electr. Syst., vol. 6, no. 2, pp. 149-206,
Apr. 2001.

[6] F. Balasa, I.I. Luican, H. Zhu, and D.V. Nasui, “Automatic
generation of maps of memory accesses for energy-aware
memory management,” in Proc. IEEE Int. Conf. Acoustics,
Speech, and Signal Processing, pp. 629-632, Taipei, Taiwan,
Apr. 2009.

[7] L. Benini, L. Macchiarulo, A. Macii, and M. Poncino,
“Layout-driven memory synthesis for embedded systems-on-
chip,” IEEE Trans. VLSI Syst., vol. 10, no. 2, pp. 96-105, Apr.
2002.

[8] F. Angiolini, L. Benini, and A. Caprara, “An efficient profile-
based algorithm for scratchpad memory partitioning,” IEEE
Trans. CAD, vol. 24, no. 11, pp. 1660-1676, Nov. 2005.

[9] U. Ko, P. T. Balsara, and A. K. Nanda, “Energy optimization of
multilevel cache architectures for RISC and CISC processors,”
IEEE Trans. VLSI Syst., vol. 6, no. 2, pp. 299-308, June 1998.

[10] W. Shiue and C. Chakrabarti, “Memory exploration for low
power embedded systems,” Proc. 36th ACM/IEEE Design Au-
tomation Conf., pp. 140-145, New Orleans LA, June 1999.

[11] V. Delaluz, M. Kandemir, N. Vijaykrishnan, M.J. Irwin, A.
Sivasubramaniam, and I. Kolcu, “Compiler-directed array in-
terleaving for reducing energy in multi-bank memories,” in
Proc. Asia & South Pacific Design Automation Conf., Banga-
lore, India, Jan. 2002, pp. 288-293.

[12] O. Ozturk and M. Kandemir, “Nonuniform banking for reduc-
ing memory energy consumption,” in Proc. ACM/IEEE Design
Automation and Test in Europe, Munich, Germany, Mar. 2005,
pp. 814-819.

[13] A. Papanikolaou, H. Wang, M. Miranda, F. Catthoor, and W.
Dehaene, “Reliability issues in deep submicron technologies:
time-dependent variability and its impact on embedded system
design,” in IFIP Int. Federation for Information Processing,
vol. 249, Springer, 2007, pp. 119-141.

[14] M. Kandemir, M.J. Irwin, G. Chen, and I. Kolcu, “Compiler-
guided leakage optimization for banked scratch-pad memo-
ries,” IEEE Trans. VLSI Syst., vol. 13, no. 10, pp. 1136-1146,
Oct. 2005.

[15] S. Kaxiras, Z. Hu, and M. Martonosi, “Cache decay: Exploit-
ing generational behavior to reduce cache leakage power,” in
Proc. Symp. Computer Arch., June 2001, pp. 240-251.

[16] K. Flautner, N. Kim, S. Martin, D. Blaauw, and T. Mudge,
“Drowsy caches: Simple techniques for reducing leakage
power,” in Proc. Symp. Computer Architecture, May 2002, pp.
148-157.

[17] O. Golubeva, M. Loghi, M. Poncino, and E. Macii, “Archi-
tectural leakage-aware management of partitioned scratchpad
memories,” in Proc. ACM/IEEE Design Automation and Test
in Europe, Nice, France, Apr. 2007, pp. 1665-1670.

[18] M. Loghi, O. Golubeva, E. Macii, and M. Poncino, “Architec-
tural leakage power minimization of scratchpad memories by
application-driven subbanking,” IEEE Trans. Computers, vol.
59, no. 7, pp. 891-904, July 2010.

[19] F. Catthoor, K. Danckaert, C. Kulkarni, E. Brockmeyer, P. G.
Kjeldsberg, T. V. Achteren, and T. Omnes, Data Access and
Storage Management for Embedded Programmable Proces-
sors, Springer, 2010.

[20] L. Thiele, “Compiler techniques for massive parallel archi-
tectures,” in State-of-the-art in Computer Science, P. Dewilde
(ed.), Kluwer Acad. Publ., 1992. Kluwer Acad. Publ., 1992.

[21] F. Balasa, H. Zhu, and I.I. Luican, “Signal assignment to hi-
erarchical memory organizations for embedded multidimen-
sional signal processing systems,” IEEE Trans. VLSI Systems,
vol. 17, no. 9, pp. 1304-1317, Sept. 2009.

[22] Ph. Clauss and V. Loechner, “Parametric analysis of polyhe-
dral iteration spaces,” VLSI Signal Processing, vol. 19, no. 2,
pp. 179-194, 1998.

[23] S. Verdoolaege, K. Beyls, M. Bruynooghe, and F. Catthoor,
“Experiences with enumeration of integer projections of para-
metric polytopes,” in Compiler Construction: 14th Int. Conf.,
R. Bodik (ed.), vol. 3443, Springer, 2005, pp. 91-105.

[24] R. Allen and K. Kennedy, Optimizing Compilers for Modern
Architectures: A Dependence-based Approach, Morgan Kauf-
mann Publ., 2001.

[25] M. De Berg, O. Cheong, M. van Krefeld, and M. Over-
mars, Computational Geometry: Algorithms and Applications,
Springer, 2010.

[26] Lattice Power Calculator [Online]. Available: http://www.
latticesemi.com/prod-ucts/designsoftware/diamond/index.cfm

[27] CACTI 6.5 [Online]. http://www.cs.utah.edu/∼rajeev/cacti6/

5063



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


