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Abstract— We propose a methodology for Boolean matching
under permutations of inputs and outputs (PP-equivalence checking
problem) — a key step in incremental logic design that identifies
large sections of a netlist that are not affected by a change in
specifications. Finding reusable sections of a netlist reduces the
amount of work in each design iteration and accelerates design
closure. Our approach integrates graph-based, simulation-driven
and SAT-based techniques to make Boolean matching feasible for
large circuits. Experimental results confirm scalability of our
techniques to circuits with hundreds and even thousands of inputs
and outputs.

1. INTRODUCTION

Boolean matching is the problem of determining whether two
Boolean functions are functionally equivalent under the
permutation and negation of inputs and outputs. This formulation
is usually referred to as the generalized Boolean matching
problem or PNPN-equivalence checking (PNPN stands for
Permutation and Negation of outputs and Permutation and
Negation of inputs); however, different variants of the problem
have been introduced for different synthesis and verification
applications. The matching problem that we discuss in this paper
is PP-equivalence checking: two Boolean functions are called PP-
equivalent if they are equivalent under permutation of inputs and
permutation of outputs. The simplest method to determine
whether two n-input m-output Boolean functions are PP-
equivalent is to explicitly enumerate all the m!n! possible
matches and perform tautology checking on each. However, this
exhaustive search is computationally intractable.

PP-equivalence checking finds numerous applications in
verification and logic synthesis. In many cases, an existing design
is modified incrementally leaving a great portion of the design
untouched. In these cases, large isomorphic sub-circuits exist in
original and slightly modified circuits [15]. Identifying such sub-
circuits and reutilizing them whenever possible saves designers a
great amount of money and time. Due to the fact that
modifications to the original circuit are introduced by changing
certain specifications and the fact that even a slight change in
specifications can lead to large changes in implementation [10],
PP-equivalence checking helps designers identify isomorphic and
other equivalent sub-circuits.

Specifically, PP-equivalence checking can be used to find the
minimal set of changes in logic, known as logic difference,
between the original design and the design with modified
specification. DeltaSyn [11] is a tool developed at IBM Research
that identifies and reports this logic difference. The current
version of DeltaSyn uses a relatively inefficient and unscalable
Boolean matcher that only exploits the symmetry of inputs to
prune the search space.

Incremental Sequential Equivalence Checking (SEC) is another
application of PP-equivalence checking where isomorphic sub-
circuits can be used to create a number of highly-likely candidate
equivalent nodes [15]. The current implementation of incremental
SEC tires to find isomorphic subgraphs by performing extended
simulation and finding structural similarities. Although the
Boolean approach presented in our paper does not fully exploit

the structural similarities between two circuits, we believe that
our techniques combined with structural verification techniques
create a much more powerful tool for detecting isomorphic
subgraphs.

Motivated by the practical importance of PP-equivalence
checking in many EDA applications, we develop fast and scalable
Boolean matching algorithms and implement them in the ABC
package — an established system for synthesis and verification of
combinational and sequential logic circuits [5]. The collection of
all these techniques creates a powerful Boolean matching module
that can be integrated into Combinational Equivalence Checking
(CEC) to enhance its functionality. To this end, CEC requires two
designs whose primary I/Os match by name. Our work allows one
to relax this requirement with the help of a Boolean matcher. We
call the new command Enhanced CEC (ECEC). Figure 1 shows
how our Boolean matcher is integrated with CEC.
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Figure 1. The CEC (pre-existing) and ECEC (our) flows

In general, algorithms for Boolean matching fall into two
major categories: signature based and canonical form based. A
signature is a property of an input or an output that is invariant
under permutations and negation of inputs. The goal of signature
based matching is to prune the Boolean matching space by
filtering out impossible I/O correspondences [4][1]. On the other
hand, in matching based on canonical forms, first canonical
representations of two Boolean functions are computed and then
compared against each other to find valid /O matches [3][2].
Here, our PP-equivalence checking method first prunes the search
space using graph algorithms and simulation signatures, then it
invokes SAT-solving until exact I/O matches are found.

Main contributions of our work include:

1. Analyzing functional dependency. In a Boolean network
with multiple outputs, some inputs affect only a fraction of
the outputs, and different outputs are affected in different
ways. Hence, by analyzing the functional dependency of
outputs on inputs, we can distinguish the I/Os.

2. Exploiting input observability and output
controllability. We use the observabilty of inputs and the
controllability of outputs as (1) effective matching
signatures, and (2) ordering heuristics for our SAT-based

matching.
3. Building a SAT-tree. When information about
controllability, observability, and all simulation-based

information are exhausted, we resort to SAT-solving and
optimize the efficiency of SAT calls. This is accomplished
through the concept of a SAT-tree, which is pruned in
several ways.



4. Pruning SAT-tree using SAT counterexamples. In our
SAT-based matching, the SAT-solver returns a
counterexample whenever it finds an invalid match. The
information in these counterexamples is then used to prune
the SAT-tree.

The remainder of this paper is organized as follows: Section 2
provides relevant background and discusses previous work on
Boolean matching. Section 3 gives an overview of proposed
signature based techniques. Section 4 describes our SAT-based
matching approach. Section 5 validates our method in
experiments on available benchmarks and Section 6 concludes
our work.

2. BACKGROUND AND PREVIOUS WORK

In this section, we review necessary background and discuss
relevant work.

2.1. Definitions and Notation

In the following definitions, an input set of a Boolean network
N refers to the set of all the inputs of N. Similarly, an output set
of N refers to the set of the all outputs of N. An I/O set is either
an input set or an output set.

Definition 2.1. A partition P, = {Xy,...,X;} of an /O set
X = {x4, ..., xn} is a collection of subsets X, ..., X} of X such that
UL.X; =X and X; N X; = for all i # j. Partition size of P, is
the number of subsets in P, and is denoted by |P,|. Each X; in P, is
called an /O cluster of P,. The number of I/Os in X; is the
cardinality of X; and is denoted by |X;|.

Definition 2.2. A partition P, = {X;, ..., X} of set X is an
ordered partition if the subsets X, ..., X}, are ordered based on a
well-defined criterion. An ordering criterion is well-defined if and
only if for any two subsets X; and X; it can decide whether
Xi < X] OI'X]' < Xi'

Definition 2.3. The positive cofactor of function f(xy,..,x,)
with respect to variable x;, denoted by fy, is f(xy,..,x; =
1,...,x,). Similarly, the negative cofactor of f(xy,..,x,) with
respect to variable x;, denoted by fx{a i8S f(xg,.., %, =0, ., %)

2.2. And-Inverter Graphs

Recent tools for scalable logic synthesis, e.g., ABC, represent
Boolean functions using the And-Inverter Graph (AIG) data
structure. An AIG is a Boolean network composed of two-input
AND gates and inverters. Structural hashing of an AIG is a
transformation that reduces the AIG size by partially
canonicalizing the AIG structure [14]. Representing a Boolean
function in its AIG form is preferable to its Binary Decision
Diagram (BDD) form mainly because AIGs result in smaller
space complexity. Also, functional simulation can be performed
much faster on AIGs, but AIGs are only locally canonical.

2.3. Boolean Satisfiability (SAT) and Equivalence-checking

Boolean Satisfiability (SAT) is the problem of determining
whether there exists a variable assignment to a Boolean formula
that forces the entire formula evaluate to true; if such an
assignment exists, the formula is said to be satisfiable and
otherwise unsatisfiable. Pioneering techniques developed to solve
the SAT problem were introduced by Davis, Putnam, Logemann
and Loveland in early 1960s. They are now referred to as DPLL
algorithm [7][8]. Modern SAT solvers, such as MiniSAT [9],
have augmented DPLL search by adding efficient conflict
analysis, clause learning, back-jumping and watched literals to
the basic concepts of DPLL.

SAT is studied in a variety of theoretical and practical contexts,
including those arising in EDA. CEC is one of the main
applications of SAT in EDA. If two single-output Boolean

functions f and g are equivalent, then f@g must always evaluate
to 0, and vice versa. Now, instead of simulating all input
combinations, we take advantage of SAT solvers: if f@g is
unsatisfiable, then f@®g is zero for all input combinations and
hence f and g are equivalent; and if f@g is satisfiable, then f
and g are not equivalent and the satisfying assignment found by
the SAT-solver is returned as a counterexample. f@g is called
the miter of f and g [13]. If f and g have more than one output,
say m outputs fi,..,f,, and gq,..,gm, M; = f;@g; is first
computed for all i and then M; + ---+ M,, is constructed as the
miter of f and g. In our approach, instead of building one miter
for the entire circuit and handing it off to the SAT solver, we try
to find equivalent intermediate signals by simulation, and use
SAT to prove their equivalence. Counterexamples from SAT are
used to refine simulation.

2.4. Previous Work

Research in Boolean matching started in the early 1980s with
main focus on technology mapping (cell binding). A survey of
Boolean matching techniques for library binding is given in [4].
Until recently, Boolean matching techniques scaled only to 10-20
inputs and one output [6][2], which is sufficient for technology
mapping, but not for applications considered in our work. For
example, in 2008, Abdollahi and Pedram presented algorithms
based on canonical forms that can handle libraries with numerous
cells limited to approximately 20 inputs [2]. Their approach uses
generalized signatures (signatures of one or more variables) to
find a canonicity-producing (CP) phase assignment and ordering
for variables.

A DAC 2009 paper by Wang, Chan and Liu [16] offers
simulation-driven and SAT-based algorithms for checking P-
equivalence that scale beyond the needs of technology mapping.
Since our proposed techniques also use simulation and SAT to
solve the PP-equivalence checking problem, we should articulate
the similarities and the differences. Firstly, we consider the more
general problem of PP-equivalence checking where permutation
of outputs (beside permutation of inputs) is allowed. In PP-
equivalence, the construction of miters must be postponed until
the outputs are matched, which seems difficult without matching
the inputs. To address this challenge, we develop the concept of
SAT-tree which is pruned to moderate the overall runtime of PP-
matching. In addition to our SAT-based approach, we also use
graph-based techniques in two different ways: to initially
eliminate impossible I/O correspondence and to prune our SAT-
tree. Furthermore, we have implemented three simulation types;
two as signatures for outputs (type 1 and type 3) and one as a
signature for inputs (type 2). While our type-2 simulation is
loosely related to one of the techniques described in [16], the
other two simulations are new. We additionally introduce
effective heuristics that accelerate SAT-based matching.

3. SIGNATURE-BASED MATCHING TECHNIQUES

We now formalize the PP-equivalence checking problem and
outline our Boolean matching approach for two n-input m-output
Boolean networks.

Definition 3.1. Consider two I/O sets X and Y of two Boolean
networks N; and N,. We define two ordered partitions P, =
{X, .., X} and P, = {V;, ..., ¥} on X and Y such that |B| = |P,]
and |X;| = || for all i. A cluster mapping of X;to ¥; (X; = Y;) is
defined as the mapping of I/Os in X; to all possible permutations
of I/Os in Y;. A mapping of X to Y (X — Y) with respect to P, and
P, is defined as mapping of all same-index clusters of X and Y,
ie., X; Y, forall i. P, and P, are said to be complete partitions
and the mapping X — Y with respect to to P, and P, is said to be a
complete mapping if |X;|=|Y;| =1 for all i.



Given two input sets X and Y and two outputs sets Z and W of
two Boolean networks N; and N,, the goal of PP-equivalence
checking is to find two complete mappings X - Y and Z - W
such that those mappings make N; and N, behave functionally the
same. In other words, there are two input sets and two outputs
sets given, while the objective is to partition or refine these I/O
sets based on some well-defined ordering criteria such that
impossible I/O matches are identified and removed in each step
until exact I/O matches are found. Furthermore, Definition 3.1
implies the following lemma.

Lemma 3.2. At any point in the refinement process of two I/O
sets X and Y of two Boolean networks Ny and N,, if |P| # |P,| or
|X;| # |Y;] for some i, we conclude that N; and N, behave
differently and we stop the Boolean matching process.

As mentioned earlier, refinement at each step requires a well-
defined ordering criterion, tailored to the specific refinement
technique used. Therefore, whenever we introduce a new
matching technique, we also explain its ordering criterion.
Furthermore, the following techniques are applied to the two
input circuits one after another.

3.1. Computing I/O Support Variables

Definition 3.1.1. Input x is a support variable of output z and
output z is a support variable of input x if there exists an input
vector V such that flipping the value of x in V flips the value of z.

Definition 3.1.2. The support of input (or output) x, denoted
by Supp(x), is the set of all the support variables of x. The
cardinality of the support of x, denoted by [Supp(x)|, is the
number of I/Os in Supp(x). The degree of x, denoted by D(x), is
defined as the cardinality of its support.

The goal here is to find a list of outputs that might be
functionally affected by a particular input and a list of inputs that
might functionally affect a particular output. Here, we contrast
functionally matching with structurally matching in the sense that
two structurally different circuits with the same functionality
should have the same I/O support. In general, the lack of
structural dependency between an output and an input precludes a
functional dependency, and the presence of a structural
dependency most often indicates a functional dependency — this
can usually be confirmed by random simulation, and in rare cases
requires calling a SAT-solver [12].

Example 3.1.3. Consider a 4-bit adder with input set X =
{Cin, Ay, ..., A3,By, ..., B3} and output set Z = {S,,...,S,}. The
ripple-carry realization of this 4-bit adder is shown in Figure 2.
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Figure 2. 4-bit ripple-carry adder

It is evident from the above circuit that A, can affect the values
of Sy,..,S, and A; can affect the value of §i,..,S;. So,
Supp(4y) = {Sy, ..., S4} and Supp(4,) = {S;, ..., S4}. Similarly,
the value of S, is only affected by the value of Ay, B, and Cy,; so,
Supp(So) = {Ao, By, Cin}.-

3.2. Initial refinement of 1/O clusters

Lemma 3.2.1. Two inputs (outputs) can match only if they
have the same degree.

Taking advantage of Lemma 3.2.1, we can initially refine the
/O sets by gathering all I/Os of the same degree in one subcluster
and then sort the subclusters based on the following ordering
criterion:

Ordering criterion 3.2.2. Let i and j be two inputs (outputs)
with different degrees and assume that D (i) < D(j). Then, the
subcluster containing i precedes the subcluster containing j.

Example 3.2.3. Consider the 4-bit adder of Example 3.1.3. The
degree of each input and output is given below:

D(A,) = D(By) =D(C) =5, D(A,) =D(B,) =4,
D(A;) = D(B,) =3, D(A3) =D(B3) =2,

D(So) =3, D(S1) =5, D(S2) =7, D(S3) =D(S,) =9
The ordered partitions of the I/O sets of the 4-bit adder are:
P, = {{A3, B3}, {4, B>}, {A1, B1}, {A¢, Bo, Cin}}

P, = {{So0}, {51}, {52}, {S3, S4}}

3.3. Scalable 1/O Refinement by Dependency Analysis

We mentioned earlier that the degree of each I/O is an effective
signature for initial refinement of I/O clusters. Here, we
generalize this concept by not only considering the number of
support variables but also carefully analyzing I/O dependencies.

Definition 3.3.1. Let x be an /O and let Supp(x) =
{zy,...,z,}. We define a sequence S = (Sy,...,5;) of unsigned
integers where each s; is the index of the I/O cluster that z;
belongs to. After sorting S, we call it support signature of x and
we denote it by Sign(x).

Lemma 3.3.2. Two I/Os i and j in the same I/O cluster are
distinguishable if Sign (i) is different from Sign(j).

Ordering criterion 3.3.3. Let i and j be two I/Os in the same
I/O cluster. Assume that Sign(i) < Sign(j) meaning that the
support signature of i is lexicographically smaller than the
support signature of j. Then, the subcluster containing i precedes
the subcluster containing j.

Example 3.3.4. Consider a circuit with input set X =

{x1,x,,x3} and output set Z ={z,z,,z3} where: z; =X,
Zy = X1 * X, Z3 = X, * X3. The 1/O supports of the circuit are:
Supp(z;) = {x:}, Supp(2,) = {x1, %2}, Supp(z3) = {xz, x3}
Supp(x,) = {21, 2}, Supp(x;) = {2, 23}, Supp(x3) = {23}
Since D(z;) = 1 and D(z,) = D(z3) = 2 and D(x3) = 1 and
D(xy) = D(x,) = 2, we can initialize I/O clusters as follows:
P, = {{z1}.{z2, 233}, B = {{x3}, {x1,x,}}. Now, we try refining
based on support signatures: Sign(z,) = (2,2), Sign(z;) =
(1,2), Sign(x,) = (1, 2), Sign(x,) = (2, 2). Since Sign(z;) <
Sign(z,) and Sign(x;) < Sign(x,), we can further partition
{2223} and {x,x,}; so, P, ={{z1},{z5},{z;}} and P, =
{{xs}, (1} %23}

After each round of refinement based on I/O dependencies, we
check if any I/O cluster is further partitioned. If a new partition is
added, the algorithm performs another round of refinement. The
procedure terminates when no new refinement occurs after a
certain number of iterations.

3.4. Scalable 1/O Refinement by Random Simulation

Functional simulation holds the promise to quickly prune away
unpromising branches of search, but this seems to require a
matching of outputs. Instead, we find pairs of input vectors that
sensitize comparable functional properties of the two circuits.

Notation 3.4.1. Let V =< vy, ...,v, > be an input vector of
Boolean network N. The result of simulating VV on N is called the
output vector of N under V and is denoted by Rv =<1y, ... 15, >.

Definition 3.4.2. Let N be a Boolean network with input set
X and let P, = {Xj, ..., X, } be an ordered partition of X. An input
vector V =< vy, ...,1, > is said to be proper if it assigns the
same value (0 or 1) to all the inputs of N which are in the same
input cluster, i.e., v; = v; if [, j € X; for some l. The input vectors
consisting of all Os or all 1s are the #rivial proper input vectors.

Definition 3.4.3. Let X = {xy,...,x,} and Y = {y,, ..., y,,} be
the input sets of two Boolean networks N, and N, and let
P, ={Xy, ..., X} and B, = {V;, ..., Y} be two ordered partitions
defined on them. Two proper random input vectors V =<



Vi, e, Uy > and U =< uy, ..., u,, > of N; and N, are said to be
consistent if, for all 1 <1<k, x; € X, and y; €Y, imply that
v = u]'.

Intuitively, two consistent random input vectors try to assign
the same value to all potentially matchable inputs of the two
Boolean networks. In the next three subsections, we distinguish
three types of simulation based on pairs of consistent random
input vectors that help us sensitize certain functional properties of
the two circuits.

3.4.1 Simulation type 1

Lemma 3.4.4. Let VV be a proper random input vector and let
Rv =<7y, ...1, > be its corresponding output vector under V.
Two outputs i and j in one output cluster are distinguishable if
T * 7}

Ordering criterion 3.4.5. The output subcluster of all Os
precedes the output subcluster of all 1s.

3.4.2 Simulation type 2

Definition 3.4.6. Let V be a proper random input vector and let
Rv =<ry,..1, > be its corresponding output vector under V.
Let V' be another input vector created by flipping the value of
input x in V and let Rv' =<'y, ...7",, > be the corresponding
output vector under V'. The observability of input x with respect
to V denoted by Obs(x) is defined as the number of flips in the
outputs caused by V', i.e., the number of times r; # 7';.

Lemma 3.4.7. Two inputs i and j in one input cluster are
distinguishable if Obs (i) # Obs(j).

Ordering criterion 3.4.8. Let i and j be two inputs in one
input cluster and let Obs(i) < Obs(j). Then, the input
subcluster containing i precedes the input subcluster containing j.

3.4.3 Simulation type 3

Definition 3.4.9. Consider a proper random input vector V and
its corresponding output vector Rv =<1y, .15, >. Let V;, ..., 1,
be n input vectors each created by flipping the value of only one
input in V and let Rv; =<rq, ..,y >, ..., Ry, =<
Tpas s Tum > bE the corresponding output vectors
under V3, ..., V,,. The controllability of output z with respect to V
denoted by Ctrl(z) is defined as the number of times r; # 7;;, for
alll<j<n

Lemma 3.4.10. Two outputs i and j in one output cluster are
distinguishable if Ctrl(i) # Ctrl(j).

Ordering criterion 3.4.11. Let i and j be two outputs in one
output cluster and let Ctrl(i) < Ctri(j). Then, the output
subcluster containing i precedes the output subcluster containing

Example 3.4.12. Consider an 8-to-1 multiplexer with output z.
Assume that X = {a, ..., a7, S, 51,52} is the input set of the
multiplexer in which ay, ..., a; are data signals and s,, s, s, are
control signals. Initially P, has only one partition, namely X.
Initial refinement does not partition P,. We now try to refine P,
using type 2 simulation (simulation of type 1 and 3 are for
refining output clusters). First, we consider the trivial input vector
V of all 0s. We flip one input in V at a time and we apply the
resulting vectors to the multiplexer. Only flipping a, flips z; so,
P, = {{ay, ...,a5,50,51,52}, {ao}}. Then we try the trivial input
vector V of all 1s. This time flipping a, flips z; hence, P, =
{{aq, -, ae, S0, 51, 52}, {a-}, {ay}}. Next, we put a, to 1 and all the
other inputs to 0. Now flipping sg,S;,S, flips z, so P, =
{{ay, ..., a6}, {50, 51,52}, {a;}, {ap}}. If we continue partitioning
based on the remaining proper input vectors no additional
refinement will be gained.

After matching I/Os using random simulation, we check if any
progress is achieved in refining I/O clusters. If a new cluster is
added, the algorithm continues refining based on random

simulation. The procedure terminates when no new refinement
occurs in input or output subclusters after a certain number of
iterations.

4. SAT-BASED SEARCH

The scalable methods we introduced so far typically reduce the
number of possible matches from n!m! to hundreds or less, often
making exhaustive search (with SAT-based equivalence-
checking) practical. However, this phase of Boolean matching
can be significantly improved, and the techniques we develop
facilitate scaling to even larger instances.

4.1. SAT-based Input Matching

The basic idea in our SAT-based matching approach is to build
a tree data structure called SA7-tree that matches one input at a
time from the remaining non-singleton input clusters.
Subsequently, after an input is matched, all the outputs in its
support which are not matched so far are also matched, one by
one. In other words, we build a dual-purpose SAT-tree that
repeatedly matches inputs and outputs until exact I/O matches are
found. We take advantage of the following lemma to build our
SAT-tree:

Lemma 4.1.1. Assume that two Boolean networks N; and N,
with input sets X ={x;,..,x,} and Y ={y,,..,y,} are
functionally equivalent under two complete ordered partitions
P, ={X1,...X,} and P, ={Y;,..,Y;}. Also, assume that X; =
{x;} and ¥; = {y;}. Let N'; be the positive (negative) cofactor of
N; with respect to x; and N', be the positive (negative) cofactor
of N, with respect to y;. N’y and N', with input sets X' = X —
{x;} and Y' =Y — {y;} behave functionally the same under two
complete ordered partitions P, = P, — {X;} and P,, = P, — {V}}.

The inputs to the SAT-based matching algorithm are two
ordered input partitions and two ordered output partitions, and we
assume that some of the partitions are incomplete (if all partitions
are complete, then we have already found an exact match).
Without loss of generality, assume that in two ordered partitions
P, ={Xy,...X,}and B, = {Yy, ..., Y} of sets X and ¥, Xy, ..., X;_4
and Y;,..,Y_; are all singleton clusters and Xj,..., X, and
Y}, ..., Y, are non-singleton clusters. Repeatedly applying Lemma
4.1.1 allows us to create two new Boolean networks N'; and N',
by putting all the inputs in Xj,..,X; and Y, .., Y, to either
constant 0 or constant 1. In other words, we shrink input sets X to
X' =X—-{x|xe{X,...X;}}and inputset Y toY' =Y — {y|y €
{Y,, ..., Y,}} such that X' and Y’ only contain the inputs that have
exact match in N; and N,. Note that, by definition, the ordered
partitions P’y = P, - {X,,..,X;} and P'y, =P, —{V,.., Y, }are
complete partitions of X' and Y. According to Lemma 4.1.1, N';
and N', must be functionally equivalent if N; and N, are
equivalent. N'; and N', are called the Smallest Matching Sub-
circuits (SMS) of N; and N,.

After finding the SMS of N, and N,, we try to expand X' and Y’
back to X and Y by matching one input at a time. Let X; and Y, be
the first two non-singleton input clusters of P, and P, and let
x; € X;. The goal here is to match x; with one of the |Y;| inputs in
Y;. Assume thaty; € Y}, and we pick y; as the first candidate to
match x;. Now, in order to reflect our matching decision, we
partition X; and Y; to make {x;} and {y;} two singleton clusters;
so, X; is partitioned to X;; = {x;} and X;, = X; — {x;} and ¥} is
partitioned to Y;; = {y;} and Y, =Y, — {y;}. Complying with
our previous notation, now X ,, ..., X and Y ,, ..., Y, are the new
non-singleton clusters. We then build two Boolean networks N'';
and N"', from N; and N, by putting all the inputs in non-singleton
clusters to either constant 0 or constant 1, and we pass the miter
of N''; and N"', to the SAT-solver. The result of the SAT-solver
might be either satisfiable or unsatisfiable. If the result is:



o unsatisfiable: N"'; and N", are functionally equivalent. In
other words, x; and y; has been a valid match so far. So, first
try to match the outputs in the supports of x; and y; (only the
outputs that have not been matched so far) and then match the
next two inputs in X; , and Y} ,.

e satisfiable: N''; and N"', are not functionally equivalent. In
other words, x; cannot match y;. Backtrack one level up and
use the counterexample to prune the SAT-tree.

4.2. Pruning Impossible Input Matches

Pruning the SAT-tree using counterexamples produced by SAT
is a key step in our Boolean matching methodology. Continuing
the scenario in Section 4.1, assume that the miter of N”; and N",
is satisfiable. Suppose that the SAT-solver returns an input vector
V =<wvy,..,v41 > as the satisfying assignment. This input
vector carries a crucial piece of information: the matching attempt
before matching x; and y; was a successful match; otherwise, we
would have backtracked in the previous level and we would have
never tried matching x; and y;. Thus, the input vector V sensitizes
a path from x; and y; to the outputs of the miter.

According to Lemma 4.1.1, if we repeatedly calculate negative
and positive cofactors of N; and N, with respect to the values of
vy, ...,V in vector V, we obtain two new Boolean networks N
and N, that must be functionally equivalent under some ordered
partition P, — {X;, ..., X;} and P, — {V;, ..., V;}. In other words, N;
and N, are two smaller Boolean networks that only contain the
inputs of N; and N, that have not found exact match so far. Since
N, and N, are computed with respect to the values of v, ..., v; in
V and since V is a vector that sensitizes a path form x; and y; to
the output of the miter, we conclude that there exists an output in
N; that is functionally dependent on x;. Existence of such an
output ensures that D(x;) > 0. We can now apply our simple
filtering signature from Lemma 3.2.1, to prune the SAT-tree.
Specifically, x; € X; can match to y, € ¥; (q # j) only if D(x;) =
D(y,) in Ny and N, .

Example 4.2.1. Consider two 8-to-1 multiplexers with input
sets X = {ay, ..., a7, Sy, 51,5,} and X' ={a'y,..,a';,5"0,5'1,5'5}
and outputs z and z'. Refining X and X' based on the techniques
explained in Section 3 would result in two ordered partitions
P ={{ay, .., ac}, {So, 51, 52}, {as}. {ao}} and P, = {{a'y, ..., a'c},
{s'o,s'1, s’} {a’;},{a's}} (refer to Example 3.4.12). In order to
find exact input matches, we build our SAT-tree and we first try
matching s, and s’y. The SAT-solver confirms the validity of this
match; so, we continue. Then, s; matches s’; and s, matches s',.
These two matches are also valid. So far, P, = {{a,, ..., a¢},
{52}, {s1} {so}. {as}, {ao}} and P, ={{a'y,..,a'6},{5'0},{5"1},
{s',},{a’;},{d'y}}. Now, we look at the next non-singleton input
cluster and we match a; and a’;. Our SAT-solver specifies that
matching a, and a’; do not form a valid match and then it returns
vector V in which s’y =5,=0, s’;, =5,=0, s, =5 =1,
a;,=a,=0,ay=a,=0, a'y =a, =1 as a counterexample.
In order to see why V is a counterexample of matching a; and
a'y, we look at the cofactors of the two multiplexers, ¢ and ¢,
where all the inputs in non-singleton clusters are put to 0:
C=095,5 50+a,5,5 So+a;5,55 and ¢ =a,5,5s;s,
+a'isy §; s, +a'ys'ys'ys',. Applying V to ¢ and ¢’ would result
inc =1 and ¢’ = 0. Since we know that a; does not match a';,
we use the counterexample to prune the SAT-tree. Specifically,
we compute cofactors of the two multiplexers, d and d’, with
respect to the values of matched inputs in V. So, d = a, §; 5; 54
and d'=d', sy s;s',. Ind and d', D(a,;) =D(a’,) = 1. This
means that a; can only match ay. In other words, we have
pruned the SAT-tree by not matching a, to any of inputs
a'y,a';,a’s and a's. We continue matching inputs of the
multiplexer until we find valid matches.

4.3. SAT-based Output Matching

Let Z and W be the output sets of two Boolean networks N;
and N, and let P, = {Z,, ..., Z;} and B, = {W,, ..., W} be two
ordered partitions defined on them. Continuing the scenario in
Section 4.1, assume that z; € Z; is a support variable of x;,
w; € W, is a support variable of y;, and Z; and W, are two non-
singleton output clusters of P, and P,,. In order to verify if z; and
w; match under current input correspondence, we add z;@w; to
the current miter of N”'; and N, and we call SAT-solver once
again. If SAT returns unsatisfiable, i.e., z; matches w;, we
continue matching the unmatched outputs in the support of x; and
yj. If the result is satisfiable, we once again use the
counterexample returned by SAT to prune the search space.

4.4. Pruning Impossible Output Matches

When output z; € Z; does not match output w; € W, the
counterexample returned by SAT is a vector V that makes z; = 1
and w; = 0 or vice versa. This means that z; matches output
wg € W, (q # j) only if z; = w, under V. This simple fact allows
us to drastically prune SAT-tree whenever an invalid output
match occurs.

4.5. A Heuristic for Matching Candidates

In order to reduce the branching factor of our SAT-tree, we first
match I/Os of smaller I/O clusters. Also, within one I/O cluster,
we exploit the observability of the inputs and controllability of
the outputs, to make more accurate guesses in our SAT-based
matching approach. Heuristically, the probability that two I/Os
match is higher when their observability/controllability are
similar. We observed that, in many designs, the observability of
control signals is higher than that of data signals. Therefore, we
first match control signals. This simple heuristic greatly improves
the runtime — experiments indicate that once control signals are
matched, data signals can be matched quickly.

5. EMPIRICAL VALIDATION

We have implemented the proposed approach in ABC and we
have experimentally evaluated its performance on a 2.67GHz
Intel Xeon CPU running Windows Vista. Table 1 shows the
runtime of our algorithms on ITC’99 benchmarks. In Table 1, #I
is the number of inputs, #O is the number of outputs and |AIG| is
the number of nodes in the AIG of each circuit. The last two
columns show the execution time for P-equivalence and PP-
equivalence checking problems. Specifically, Columns 1, 2, 3 and
4 under each checking problem demonstrate the initialization time
(computing I/O support variables, initially refining I/O cluster and
refining based on I/O dependencies), simulation time, SAT time,
and overall time. Furthermore, (I1%) and (I%,0%) show the
percentage of inputs and I/Os that are matched after each step.
Note that for each testcase we generate 20 new circuits each
falling into one of the two following categories: (1) permuting
inputs for verifying P-equivalence (2) permuting both inputs and
outputs for verifying PP-equivalence. The results given in Table 1
are the average results over all the generated testcases for each
category. Furthermore, the AIGs of the new circuits are
reconstructed using ABC’s combinational synthesis commands to
ensure that the new circuits are structurally different from the
original ones.

In Table 1, 18 circuits out of 20 have less than a thousand 1/Os.
Checking P-equivalence and PP-equivalence for 12 out of thesel8
circuits take less than a second. There is only one circuit (b12) for
which our software cannot match I/Os in 5000 seconds. The
reason is that, for b12, 1033 out of 7750 input pairs (13%) are
symmetric and since our implementation does not yet account for
symmetries, our SAT-tree repeatedly searches symmetric



Table 1. Results for ITC'99 benchmarks

Circuit #1 #O |AIG| P-equivalence Runtime (sec.) and Percentage of Matched Inputs PP-equivalence Runtime (sec.) and Percentage of Matched I/Os
Initialization Simulation SAT Overall Initialization Simulation SAT Overall
b01 6 7 48 0.30  (66%) 0 (100%) 0 (100%) 0.30 0.37  (50%,43%) 0 (83%,85%) 0.02  (100%,100%) 0.39
b02 4 5 28 0.28  (50%) 0 (100%) 0 (100%) 0.28 0.28  (50%,60%) 0 (100%,100%) 0 (100%,100%) 0.28
b03 33 34 157 0.36  (97%) 0 (97%) 0.04 (100%) 0.40 038 (48%.38%) 0.01  (54%.47%) 0.43  (100%,100%) 0.82
b04 76 74 727 0.41  (64%) 0.04 (100%) 0 (100%) 0.45 0.37  (16%,13%) 0.1 (100%,100%) 0 (100%,100%) 0.47
b05 34 70 998 052 (84%) 0.02 (100%) 0 (100%) 0.54 0.51  (34%.24%) 0.03  (54%.47%) 033 (100%,100%) 0.87
b06 10 15 55 0.37  (80%) 0 (100%) 0 (100%) 0.37 039  (30%,47%) 0 (50%,53%) 0.04  (100%,100%) 0.43
b07 49 57 441 0.41  (67%) 0.01 (100%) 0 (100%) 0.43 0.43  (67%,70%) 0.03  (94%,95%) 0.19  (100%,100%) 0.65
b08 29 25 175 0.36  (90%) 0 (100%) 0 (100%) 0.36 0.41  (27%.36%) 012 (100%,100%) 0 (100%,100%) 0.53
b09 28 29 170 | 0.40 (100%) 0 (100%) 0 (100%) 0.40 0.41  (46%.48%) 0.01  (46%,48%) 0.20  (100%,100%) 0.62
b10 27 23 196 0.34  (85%) 0 (100%) 0 (100%) 0.34 0.37  (88%,95%) 0 (100%,100%) 0 (100%,100%) 0.37
bll 37 37 764 0.40  (95%) 0.01  (100%) 0 (100%) 0.41 0.41  (65%,65%) 0 (100%,100%)  0.02  (100%,100%) 0.43
b12 125 127 1072 | 0.38  (60%) 025 (100%) 0 (100%) 0.63 0.38  (21%.25%) 1.05  (41%41%) > 5000 > 5000
bl13 62 63 353 0.38  (71%) 0.01 (100%) 0 (100%) 0.39 0.35  (43%.50%) 0.05  (97%.97%) 0.14  (100%,100%) 0.54
bl4 276 299 10067 | 6.89 (73%) 329 (100%) 0 (100%) 1018 | 7.99  (72%.58%) 3.89  (89%.90%) 27 (100%,100%) 38.8
b15 484 519 8887 | 14.26 (57%) 582 (100%) 0 (100%) 20.08 16.40  (62%,67%) 45.6  (94%94,%) 6.30  (100%,100%) 68.3
bl7 1451 1512 32290 246  (63%) 46.14 (99%) 1.41  (100%) 294 249 (62%,65%) 229 (94%,94%) 148 (100%,100%) 626
bl18 3357 3343 74900 | 2840 (69%) 51.6  (99%) 2.96  (100%) 2895 2862  (65%,63%) 530 (93%,93%) > 5000 > 5000
b20 521 512 20195 | 52.8 (83%) 223 (100%)  0.01 (100%) 55 533 (70%.51%) 13.82  (89%.89%) 146 (100%,100%) 213
b21 521 512 20540 | 52.8 (83%) 230 (100%) 0.01  (100%) 55 533 (70%,51%) 1170 (89%,89%) 159 (100%,100%) 225
b22 766 757 29920 | 150  (82%) 3.85  (100%) 032 (100%) 154 151 (70%,50%) 26.28  (88%,88%) 473 (100%,100%) 650

branches that do not yield valid I/O matches. For b20, b21 and
b22 and for bl7 and bl8 with more than a thousand I/Os,
computing functional dependency is the bottleneck of the overall
matching runtime. Note that checking PP-equivalence for bl8
results in a very large SAT-tree that cannot be resolved within
5000 seconds, although our refinement techniques before
invoking SAT find exact matches for 3123 out of 3357 inputs
(93%) and 3111 out of 3343 outputs (93%).

In order to compare our work to [16], we have tested our
algorithms on circuits from [16] that have more than 150 inputs.
Results are listed in Table 2. For the results reported from [16],
Orig, Unate and +Symm respectively show the runtime when no
functional property is used, only functional unatness is used and,
both unateness and symmetries are used. Note that experiments
reported in [16] used 3GHz Intel CPUs, while our runs were on a
2.67GHz Intel CPU. To make the numerical comparisons entirely
fair, our runtimes would need to be multiplied by 0.89. However,
we omit this step, since our raw runtimes are already superior in
many cases. According to Table 2, our matching algorithm times
out in 5000 seconds on C2670, i2 and i4. This is again due to the
symmetries that are present in the inputs of these circuits. Note
that the approach in [16] cannot solve these three circuits without
symmetry search, either. For some other circuits, such as C7552,
our approach verifies P-equivalence in less than 10 seconds but
the approach in [16] cannot find a match without invoking
symmetry finder. It is also evident from the results that checking
P-equivalence for very large circuits, such as s38584 and s38417,
is 3.5-11 times slower when symmetry finding and unateness
calculations are performed during Boolean matching. This
confirms our intuition that symmetry and unateness are not
essential to Boolean matching in many practical cases, although
they may occasionally be beneficial.

Table 2. Results for the benchmarks in [16]

Circuit #l #O P-equivalence Runtime (sec.) CPU Time in [16] (sec.)
Init. Sim. SAT Overall Orig +Unate  +Sym

C2670 233 140 0.14 1.18 >5000 >5000 >5000 >5000 7.96
C5315 178 123 033  0.11 0.06 0.5 6.31 2.86 3.29
C7552 207 108 0.51 376 4.83 9.10 >5000 >5000 14.56
des 256 245 038  0.07 0 0.45 10.21 0.25 2.33
i10 257 224 0.43 1.03 1.23 2.69 25.63 15.16 17.56
i2 201 1 034 028 >5000 >5000 >5000 >5000 1.02
i4 192 6 031 027  >5000 >5000 >5000 >5000 0.22

i7 199 67 036  0.18 0 0.54 0.82 0.04 0.19
pair 173 137 032  0.14 0 0.46 0.84 0.64 2.44
$3384 226 209 0.10 025 0.47 0.82 4.79 2.14 4.02
$5378 199 213 0.11 053 0.63 1.27 1.31 3.38 2.42
$9234 247 250 311 053 2.85 6.49 3.41 5.84 7.82
$38584 1464 1730 58 1.66 1.54 61 76 210 458
$38417 1664 1742 50 9.46 30.9 90 91 324 999

6. SUMMARY AND CONCLUSION

In this paper, we proposed techniques for solving large-scale
PP-equivalence checking problem. Our approach integrates
graph-based, simulation driven and SAT-based techniques to
efficiently solve the problem. Empirical validation on available
benchmarks confirms its scalability to circuits with thousands of
inputs and outputs. Future advances in Boolean matching, as well
as many existing techniques, can also be incorporated into our
framework to improve its scalability.

REFERENCES

[1]1  A. Abdollahi, “Signature Based Boolean Matching in the Presence of
Don’t Cares,” Proc. DAC'06, pp. 642-647.

[21 A. Abdollahi, and M. Pedram, “A New Canonical Form for Fast
Boolean Matching in Logic Synthesis and Verification,” Proc. DAC'05,
pp. 379-384.

[3] G. Agosta, F. Bruschi, G. Pelosi, and D. Sciuto, “A Unified Approach to
Canonical Form-based Boolean Matching,” Proc. DAC'07, pp. 841-846.

[4] L. Benini, and G. De Micheli, “A survey of Boolean matching
techniques for library binding,” ACM Trans. Design Automation of
Electronic Systems, Vol. 2, No. 3, pp. 193-226, 1997.

[5]1 Berkeley Logic Synthesis and Verification Group. ABC: A System for
Sequential Synthesis and Verification. Release 70930. http://www-
cad.eecs.berkeley.edu/~alanmi/abc.

[6] D. Chai, and A. Kuehlmann, "Building a Better Boolean Matcher and
Symmetry Detector,” Proc. DATE'06, pp. 1079-1084.

[71 M. Davis, and H. Putnam, “A Computing Procedure for Quantification
Theory,” Journal of the Association for Computing Machinery, vol. 7,
no., pp. 201-215, 1960.

[8] M. Davis, G. Logemann, and D. Loveland, “A Machine Program for
Theorem-Proving,” Communications of the ACM, vol. 5, no. 7, pp. 394—
397, 1962.

[91 N. Eén, and N. Sorensson, “An Extensible SAT-solver,” SAT’03, pp.
502-508.

[10] R. Goering, “Xilinx ISE Handles Incremental Changes,” EETimes, Jan.
15, 2007. http://www.eeproductcenter.com/article/printableArticle.jhtml
7Tarticle]D=196900852

[11] S. Krishnaswamy, H. Ren, R. Puri, and N. Modi, “DeltaSyn: An
Efficient Logic Difference Optimizer for ECO Synthesis,” Proc.
ICCAD'09, pp. 789-796.

[12] C.-C. Lee, J.-H. R. Jiang, C.-Y. Huang, and A. Mishchenko, "Scalable
exploration of functional dependency by interpolation and incremental
SAT solving,” Proc. ICCAD'07, pp. 227-233.

[13] A. Mishchenko, S. Chatterjee, R. Brayton, N. Een, "Improvements to
Combinational Equivalence Checking," Proc. DAC'06, pp. 836-843.

[14] A. Mishchenko, S. Chatterjee, R. Jiang, and R. K. Brayton, “FRAIGS: A
Unifying Representation for Logic Synthesis and Verification,” ERL
Technical Report, EECS Dept., UC Berkeley, Mar 2005.

[151 S. Ray, A. Mishchenko, and R. Brayton, “Incremental Sequential
Equivalence Checking and Subgraph Isomorphism,” IWLS'09, pp. 37-
42.

[16] K. Wang, C. Chan, and J. Liu, “Simulation and SAT-Based Boolean
Matching for Large Boolean Networks,” Proc. DAC'09, pp. 396-401.




<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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


